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1-1 [XT»IT

K EIE ORI, RS FIc—EU EORAE 12 b o v MEEW Z RWIE3TZ b
WHED. BESCZSAEREZENE LIRS FEERGOBREICE N TL, BI»rot+molbah % A
IV == T HENA AN~ NAZ Y —=27 HIS) #EfEiT 52 LT, &y MEAW»IEE
CRWEENTE . LinLARs, Zo "0 E- 20 R ERMEMEN PPI) 2130H L L, ¥
72 B AE G & b 72 R WECRT T D & v MEGHOBRIZREE E ShTns L

ZO—NE LTHTS ICHWAILEM T A 7T U — OEEIZERME ORI R ST 5. 5K
SEVR Y v 7Y 7R Buchwald-Hartwig 7 v 7V U ZNCREEND 70 Al v T o T RGO
X, sp” IRFE L TORETERERG L, HEFREWE R LT 5 AWTEES FOBFE R ED S
T&72 2 ZORE, ERLD 102 O LD OMEL, BERN-FENE L O BN4E T 2
AVZFER e R 2 b A KR S 1 SRS TALERE S LIS D 2 L 0D, fEIEZ AR KN
LTcAbBEM 7 A4 77 U —TTiL, BIZEEN S MRS 5. AISEM A IEFE T 572012, HEKEL
AWM EBE LT FEREHC LY, I INAR—ZREPEFTT D2 LR kD LD 4

A XTI, EIFEMHABICBWTEOIERAN R I s TCE =Rtk om a2z L, Al
DT I N ANR—=ZAZYLIET DL HFZEITEY FHATZ.

1-2 EIELBERICBIT HENSFORY

AN T, 74 %2 U R (DNA) 726 U A2 (RNA) MEE 4, RNA 2B Z LR 7R
RSN T\ D (Figure1-1). B> F I/ K7 <° L LTIRBEINTZ—HOWENL L1 D K I,
HTEEN ISR ARG D T TRV N> TEY, TOZNENDAIFIEN &5 5.

JIESEY

DMNA RMNA Atk

Figure 1-1. DNA 7~ LN 73O B H £ TO—H O

LU B, ZHIVE CTITKR SRS FEIRERMIZL, RONTZHEEO LRSS 5 F I ERN E 2o
TW5. KERMEFKLF (FDA) IZX > TEAR IR AZEKIIONT, ERD 2L OEDHERE
PLFICRT (Figure 1-2)°. ¥ — B2 G0EEE AN & T 23T KD 33%, G ¥ /37 BEIESE
& (GPCR) 1% 21%, A 4> F ¥ FME 7%, ENZHEIET 5%, N TV AR—F—L4%THH.Z
DL, EELOERND, BROZBIROMIEEZ L oTm ¥ v R BIRE L TRBY, ¥ /X373
FEHEAER (PPI) 291 L CHERET 2 & /X7 R, B ZIERY & LT E3EEBRFE 3 5A LA TV 7220
ZLER LTS, RO A~DIBFRE DT R LooH 8K, AR OIEFEA KD b b,
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Figure 1-2. 1900-2020 E(Z7>F T FDA (2GR S 7= 8% 0 DR 431 D NER

1-3  AESTOERE DR

ATEICIE, RO FEHED, RONTCHEBEOARE D F 2RI L TWD T &k~ 2
DEIRRYNECTVLER L LT, RS0 OISR E Z & AERE DR AR E < Fp
D2 ENBETOND. KEIZBWTIE, MR RRE LTRIET 52 /37 B, PPL 241 L THERE
55 I, £ LT, RNA 20612 L CRIFERIOER H ORFEOE NI OV TIERD,

1-3-1 BEROZBRORK

BERIT, FrE OREIT L, MK R EOILF S & Al 9 28R 2 &0, A RIT, WK
Ty REFEGTH I ETU T T NRESCWERELZI . Lo T, BROZARIITES TbE
MNFEETE D L 9 RIBWES CEFI 30043 NFEEL, THEEOFRAIME L TGEHTE 5 &
BT, NRMS T OMEZ I LRI Z TR T 2. —flé LT, =aF 7 I F-N-
AFNET AT 2T —E (NNMT) BEAOREFiEZ L FIZRT % NNMT (%, S-adenosyl-i-
methionine (SAM) D A FNEAE=aF o7 I RNLEHEBT L0 METMETHDL. DL X,
SAM (1) L= F > 7 IR 2) OGN, ¥ X7 BIZIHENRBEICHFEL TS
(Figure 1-3A). £ LT, 26 —DOEEMNY 1 —%Ir L TG Lic X 5 el 235t 2 L T,
NNMT [HEH 3) N RAWZ &7 (Figure 1-3B).

fEE O AR OER I, W< A TWD Z &I Z, Figure 1-3A @ SAM & NNMT & OIZ R 5
D XD, BUKMEFH EAEHOLR 2 L TKEREBZBHISND. 202 LT, mEEREEEAIC
L DB OEREIRMED ) EoKENEZR E OO UGEN IR T, EIEMBHFICA R 2R T
H5.



(A) BBRE 2 3L ¥ & B8R (B) NNMTRE & 755 5
_ N NH
NH; =
N/
N
] I,ﬁ.jm

C—> wN [  NwEEm

NHz (Ki=88£23nM)

-
=
e ZAFUPIF Q)
(PDB code 3ROD)
" R0ES W ARES m EHOMEIET EEARE

Figure 1-3. B3R 245209 & U 7 [HEHIBHZE D Hi

1-3-2  PPI R\ DR

P S 05z BRI AR 72 SE A BT MFAE L Q=D & RHIRIIS, PPT RIS, R/ S 7e A
CE¥IRI 100A%) 20 LT2READ, X o "0 BREO =NO Hr HCRELTRLND 7. LTS T,
PPI PLERI OG22 5 &, B LI AL 2 IZR L T 572012, S TENRE L RDEA1H
L, Bl LT, A F =A% 2(L2) LA F—uAF 2% FIKa sl (IL-2Ra) @ PPI[HLE
Az~ IL-2/IL-2Ra FHAAERIE, T MROTEMEAGICEE D 2 235, Z O AE/FHE O E L R+ 5 &
(PDB code 1792)°, M7/ 27E TR H72Vy (Figure 1-4A). & L C, PPI (2327 IL-2Ra @ Asp4d &
Arg36 DEENIALEIZHFE L TV D, ZORER, Z OB T-RE G 2 AR/ & 5 5729, IL-2/IL-2Ra
FAIAAEFHLERICTH S SP4206 (4) D4y 1-EIFK) 649 & (Figure 1-4B)°, RO LE L TEFE LWV E X
ND5THE 500 L FOLME "2 K& ERl>TW5D. £72, PPLAMEOKAHERD 85%1%, BRAKMEM
HERICE DD THY, KFEHEE (13.7%) A T MEORES (2.5%) 728 L H_THREPITH D
2 L7e3oC, PPl BHERI ORREMELE < 72 DA & 5 2%, ARETED @ S, BEREIRIEOIR T %
W<HERE LTHBHITEY, PPLHEAIOFF A RE#IZ L Tnd B,

(A) IL-2/IL-2RoiE E 4 Fif (B) IL-2/IL-2Ra#8 & £ FE fE % 7

Y i [Aowrati

R
~,»'4 N&urn ’{‘%

1 SP4206 (4)
- < o iF (MW:648.59)
" (PDB code 1292) ASp4iE & EB{ | (PDB code 1PY2)
mEWCFSE mENRES B SFROEX

Figure 1-4. PPI /£ i OFF
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1-3-3 RNA D%

VAR, AR L U CHER 2489555 % RNA L, TOMRERNEHBTHY, 7 ) ek
BN L9254 R0 LIRS R E < e % RNA KL, U vt ichsk L TRICHEL T
BY (Figure 1-5), [EHMFEFHIBWT, #EMAIEHZI LTRSS TLEW & OIER R 72556 %
WD Z EARDEND. £z, RNA HEEHITEINTH Y, BERSOZIHFERO X S, Wik
HALZ 72720, TS O OEV ) B, RNA ZAI3ERN & L2 & &, E@RRECHR A o -
I, 2 oy BRI I e o Ty TRk kO B D

(PDB code 6HMO)

Figure 1-5. RNA 2 [ O FF %

1-34  AIBKERNOERAE OFHEOEBENDE &L ®

BIERAEE) = L OVEFE ORI OENEZ LI TICE & 95 (Table 1-1). HERDRSy 1 EEH L AR &
L CEIMESCZRMIL, NWRMEO Y B2 RBFET D20, KO bEMREET 201250 Li-
W&z o, ZHUSK L, PPI° RNA IZNRMED U 4 > K& 727, T OERE bR R IR O
BREATAL & 1%, HEENICBRFBERMIC B RE /s,

Table 1-1. BIEER) OVE ] iH O R

[N PPI RNA
WIKME Y > RoF H i i3
1 FH T O A TRNE A TRV 703 pAE EES]
I BRK I 7R BR BN %, MEAS 1 e |
ﬁgﬁﬁﬁ@ﬁ%zﬁ/’j%% %ﬁ7ké/‘jf££%ﬁ%)ﬁﬁ fﬁﬂﬂﬁﬁ IEJI/ ﬁ&\_'ﬁﬁ’@, L/,Cl/ %)

1-4 ERLFARICBT DILEMOREDRY

ATEI Tl ~72 & 910, EE D F OB ORER - HEXRIRHERIT, T OEREPREIC L > TR
ERRD, Lo T, EEMABICAVWONDILEMIL, ERSF I IR R DRFEEZ S
EWEEND. L, RS TFRRESCZARIR> TWD IR, EELSZ OBA e DR
PEICHRY AT TERY, AEEEMOIFEZRNEEIC L T D, LUF, ORI OV TR,



1-4-1 BEHEEDRY

IR TIL, EOLFREELZ b O —EHOLEMREEZ AR L, MoEEEZwZ L T
< Z &T, mhEom et odE XD B ZoHEOLFEREEIL, SO “BREHE” L LR
SNTEY, (LEWDOYNELEMEITICRE B2 5 2, EHRMEEHIB W THODR R3S 2 3
723 ' Blagg 513, EHKEEZOBEMELAEMOT —H X—AThH5H ChEMBL % L, FFE#stEE

WCRERRBYNOLZEEHELL V. T72bb, MATICHW 519341 L OILEMOH B, b
?#NWE%EV@EM%T/MA% EIRDT5%% HH7=8 Z L C,519341{LEMD 5 5, D 12%
IZH7=% 60145 {bEWIE. BLFIRT O MIUREO S ERILAEY 5-8 #RFEE LT IR T
V72 (Figure 1-6).

H H
N Ny er\ N
Y P 8¢ P
5 6 7 8
22869 molecules 14084 molecules 13325 molecules 9867 molecules

Figure 1-6. =3 055 THM S 2 BEE# Off1E

1-4-2 3 FARDRY
R TIE, BRONTZREEORERICESOTERMLBERPED 5N TN Z & Zilk 7=, AHT
X, FBFEEED R 6T, B FREEOBRICBREY WELTWDLZ LE2RRD. fEMT A7 5
— DIEERF S A A3 % F1ED—21Z, PMI (Principal Moment of Inertia) 7' 2 v b B B35 X
TW5. PMI my ML, 477V —IZHGENHLE0%, %0)37}/(75%5375§7/1/«*\*3/@J2 RS
%%mﬁwMEEEﬁ%@ELK,Nyﬁymio ZHARRIZITVNE EFR T, T Z D
INTEHARIZIEWVME SR Bl 7 m Yy b5, EBIELT —F _X—ZTH S DrugBank"” (T8 ER ST
Z)ﬁkn EHSO PMI 7' > M & LUFIZART (Figure 1-7)°. AU /Ty (9) A ~F=7 (10), &
Laxy 7 (M) IREIND LD RIECROIRS FEEMIL, TAx R0 BURO X D ITHEBRT
SEHE ARSI > TWD 2 ERREN TN D.
Lﬁ@ﬁ%ﬂb , ERDIE TEIRLORIZHMY oD Z ENR—R L THLMNIRY, TH~
YEDEIICERITEDENVG IR, KR I NV AR—RA LR TEH T RSN,

3 Blagg © 1%, CAEMBL 286k S L L EWITIE, 68370 FMHDO REEHAEIE N G Eh, D 95 B 3.06%DEIEDFE
BT, ALEWEILD 15% % EDDHZ AR LTED T, ZOLEXORFKEOEZRT L7 (68370 x 0.0306 =
2092.1).
b PMI 712 v b DFERIZ W T ALE ) O = IR e IE, LigandScoutd.42° D “iCon” BEREIZ & ¥ 84 X 17 B
D Db, FEEREZ AW, PML 71 v b OFEREE, RDKiIt?! 2 FHW TR 7z,

6
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Figure 1-7. ZAGRESLHO PMI 7' v b

1-5 ERLBAFICKIT IBMELEEE b oo FOR MM

ATEIZ W T, R DR FEIE MO RFE RGO FRIRICR Y 86 0, REMBFEICKT 5
T I AN A= ZDILFENNE ZIRITTED S WVERRIRO 5N D Z L b~z ZRIeED S E R
(3, SEMEFEEBE ST D VENH T 2728, FEBEASWITHANTEMRNRETH L. L Lan
5, =WontEnmE <, BRI Z 0 FRGHIERY AND Z & T, ERBRITHT e EWiEt sy 7 2 Al
L5252 2 AREITiER2%.

1-5-1 BHERERICEDZ VR ERE~DRES

IHETHRRTELEY, FEEAYE RS L LRI TE KL Aoy 5 PPI
I T & RN T OIXREEC 2 > TV D, — 5T, MRS T B E L ORI BIE, R
BRSO B2 R ERENAEET D 2 & TEMIEZRBLT 28I L < AnZahTng
(Figure 1-8). FIBAHKIE LTS FIH S D37 U 280 (12) 1IEEEA T A B O HBE S iz
KM THY, Fa—7 VU VREIHESTD Z L TRNEOBEASZE L, M2z mE+ s 2
Wk Cd D Garcinia hanburyi 7> B BLEE 3172 (-)-gambogic acid (13) %, 0¥ ¥ X2 Th b
HSP90 @ N Rl CiE G2 2 & TEOMRATHLEFE L, IR AL RT Z ERHE SN TND
2 W RINY) T % lactrunculin A (14) 1%, ATPARFINCEAT 527 7 F 07 v AT U v 7 5T
WAL, TOERAZEETS ¥ 7o arz v r-A A5 ITEEONRMEY & L CHEESh, Y
IZBWT,PPLIZED D 1433 X VB EFEGTHZ LT, OAEBEE#HET S .

PERDIRSy T EIMIZ R DN WEMIEME A L ORI OREEICE R T 5 &, ZRETHBE SN
TETALAMBECHA_NTRO L) RENH D Z BRI EN TS . Thbb, KL, O ~
FRFEEZL< b, @ BHOBMMENE, @ BRMFEEIL, MEME, 2EME, KA RO
REOICEE STk iBZ & 5 2 &g,

R D X O =WoetEnd s <, MR B 2 0 FaXaHZI Advd 2 & T, PPL #ilflisnF41E U
D ET D, FHAEMIEES TOBSESHIfFTE 5.



paclitaxel (-)-gambogic acid lactrunculin A fusicoccin-A

W rich in chiral centers W sp’-rich B rigitified with bridged, fused, and spiro rings

Figure 1-8. % /"7 EEMmITH AT D KR

1-522 =RTHEDOBVVERICEDZEEMLO LI DR L

1997 452 Lipinski 1%, @ KFRESHEGEN 5 2LV 2V, @ KFBEEZEHEN 10 Lo L0,
@ ZFEMN 500 LY KX\, @ CLogP OfEN 5 X0 K& WbLAWIL, wfpt-cagiErticz
LWMEHAIZH D, FRHEHMLICHES RN L2REL TS " Wb d “rule of 57 EFEIND Z
OFEIEIE, EEMLARICENT, (AW “EFERLO LIS 26 DI ENEETHLI LERLT
W5, Z LT, AbEMDO=RIeHENREWIE E, EREL D LW EREIT STV 5.

Lovering 51X, 0 DOEMES 2R3 2E L LT, O FICEENDIRFBIRTDH b, sp’ IRHLE
Bl HIRFEOEESTHEE SIS “fraction sp® (Fsp®)” & #i5 L7z (Figure 1-9)Y. fil 2 1E, Y AF ¥
Uy (Fsp’=029) L AFNENRY P (Fsp’=1.0) 72l & Fsp’ OFWNT AT LR ¥
Y DOIMSETH Y, SEOBEMRE O LD, LVBEMERS T THD LTSS,

Fsp® = (number of sp® hybridized carbons/total carbon count)
N oMy M o o e
UL X U0
N'h. N“\.
oqes

dimethylpyridine dimethylpiperidine
Total 5 isomers Total 34 isomers
Fspi=(2/7)=0.29 Fsp*= (7/7)=1.0

Figure1-9. Y AF LB Y DU LV AFILEY U0 DFsp’

Z LT, BRBBRICHEA CODILEMREZRITT 5 &, Fsp’ DEREWIZE, (LEMDEIEML L L
ENRHEL TV £7, BOEIIKBMETH D Z ERRDO LD D, Fsp® AT EAREMED ) L
L Tz (Figure 1-10A). F£72, @R 175°CTH H/LEWD Fsp’ 7% 0.27 THHDIZTZ L, 25°CT
1% 0.34 12\ £ L CWe (Figure 1-10B). @O ElR 2 S DAL EWITKICERAEBICH Y, 8O W
WCHEHELHEZ 52 600, Fsp? NEWIZEEIELL LWEEFZ 5. 2L T, BREEO(LEHD
Fsp® O EMEDY 0.35 TH DHDIZx L, ARBEIKSIZB N TIL047 126 ELTWS (Figure 1-10C). L
725 T, Fsp’ &0 E&W 5 Z &%, (bEHDILFRMEDBED R 6T, EEGLE L TEMMLEN
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o

HREROM EICHEENRD Z VRSN, TIUHIZHEE 5T, Lovering 1%, fEAYEIRMED Fsp® & FHB
MEOLNDZ EaRfE L%

) ® ()
E | | E I I I . I I I | |
in ('] n
25 2] 128 178 Dasoovary Phase 1 Phase2 Phased Dy
Logs
AEEDRE E BADIET BEAT—

Figure 1-10. Fsp® & E3K0 6 L & OFHEY

1-5-3 RBEEOHEANIC L DG TIDM E

EEMBARIZE N T, O ONEREEZBEET 5 2 &1, AIEREN~ORAE 2R ESE 5 DI
HEREIETHD ¥, AEER L EEM Y FOR/EGHBRT= XX —AGIE, = hr b —2{bAH &
T NVE—ZELAS ZHWT, AG=AH-TASEEIND. Lo T, ASORBMITHEEICAFNIC
B <2, AIFEEROREHEIZIB N THFO L DGO REEITHIR S D Z &0 DASORE 1Tk
LRV, ZOLE, HENU O TONREEZBE L TR X, AIFEENORSEIZISIT HASD
BWEZ /NS LT D2 ET, #EETom ERHFRETE 5.

Wiinsch H1%, 7'~ 1 (01) ZBBRV AT RELTRWESNEEXT V0 16 2512, “BRM(L
A% 17 %3352 & T, o1 ZBE~OFEETIOM EAEER LTS (Figure 1-11)°. BXZ U
16 1%, “FEEHOWT RN FET D Z &ITNZ, BTV UVRIC FALT_%%V/7/I/:~/M>
B H _IEI%:T%%)_M)%, SART IR A L VS5, ZhUTxt L, ZBRIEILEM 171, 2GS
MEAINTZZEICRY, EXTUUVROVAKREEL B FeX U EomEBNEEIN TS, 0
FER, CERMEE 17 BERT U 16 IZHART, o1 ZEEA~OBWEES NZ R LT (Ki=175vs
12.4 nM).

16 16 17
Ki=12.4nM Ki=7.5nM

Figure 1-11. ZEEREEDEANIC LD o1 ZFERA~OHES T10 M E

Hausch 5%, BXYU T2 18 ~ L 2UEMEZEAN L BRI (EAaW 19 Z2i%ET 52 & T, FEE’]ﬁ
XU TH % FK506-binding protein 51 (FKBP51) ~DfEA 1D 1H E &R L7 (Figure 1-12)'.
AR D8 R BRMLEW 19 DA LR = ViR T, FKBP5S1 OF 1 2 58 (Y113) &mj%ﬁaﬁ*ﬁ
AERMLTWD ZERRBENTNDS., ZDEE, BN D 18 [ZOWTHE, [BHEAEER /LR =
9



o

IVIEDFER BN T Y113 & O EVER 2SI T 5 O 2Bl E % & 20BN S 5. KRNI,
TERMEA 19 1IZOWTIE, AR = VRN Y113 EAEAER T 5 OIZiEY) 7 Bl A ARG E I X

DHEFF S TWD . R E LT, ZRIMEEW 19 OFSA N E LY P 18 2Tl EL (Ki=
0.3 vs 7.6 uM).

H Q H O
\<N\)l>/ YN\)SI
3 OQOMe 2 OQOMe
Y113\©\ S Y113\©\ S
oH-_2 o OMe |:> OH \3} N OMe
§ s <R S
18 N:S\ N>=O 19 N/S\ N>=O
[o}g \O H 0% N
Ki=7.6 uM Ki= 0.3 uM

AVSTCHE 7 X 510, SRR 2 SUOEHE DR L, EIREGHC B TR TH 5.
HTh, ZEEEZ b OFRSTIE, RIMTR LIS X 91T, ROy FEHEN TIIREE T 72
BRI BEREA~ERESLES. S50, AE TR X 91, AIERER~ ST 2 010m8Y) 7
SEARBREE AR EF D 2 & T, BB  ~DFES ST DI LS C X 2. SRS 4 Az b 5 2 )
RENC LV, B EEES T ORI T 5.

1-6 =RITHEDEVVERE DB RERE
AIENCBWN T, ZRITEDOEVVE R Z2 S FiREHCR 0 AND Z & T, il AWmiEMs % BuuS
LG5 Z a7, RIEIZBWTIE, 2 E T FE I TE 72 ZRoTERS O BRI 218 R 5 .

1-6-1 ZARPERR M A AR

Schreiber & 13, & AIIC 4R 70 B B BE 2 D BIIICIT 5 72 O A Rk iE T H D LRI B4 Ak
(diversity-oriented synthesis, DOS) % #2"8 L 7232 DOSIZ, sp*fR 3 O E| &3 m R &2 B0 2 A kR B
T5HZ LT, mFBEICEZHREL BT DA TH Y, RO ZSOFIEICKEND. T7bb,
O —oDIEF A BB DL EZ XD FikL, @ RO ISR E 2 5 EIZHEMH LT
RN BREGD HIETH .

Schreiber & IZO DM IS & BHOKISR EARFRFEE DT I ) a0 X7 ra—)u
20z 3@ & U, BN E WD Z & T EW21-25~ L Jyl X ¥ 7= (Figure 1-13)®. &
ST, {bEM222b 526,27~ &, {LEM25 % L5 28-30~ L iE =, @ fE{A207 & +FEEH O
b =2 T 5 Z LI LT, G oo Bmsid, B8 EolbaW22, 24, 5705 KRE S OB
&% — RO B 121,23,26, ZEEMIEZ © LA 129,30, MiBRiE % $-02527,28&L o7z Kk 51T,
HEEMIZRRIEICE A TNz
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gl

H,C=CH, Ac,0, Et;N, DMAP InCly, DCE TBAF NaH
Hoveyda-Grubbs DCM, 0 °C micro wave 90 °C THF, 0°C THF, -10 °C
2nd gen, toluene, rt

# 22 23 24 25
! |
ethylene C05(CO)g ethylene Grubbs 1stnd gen, Co,(CO)g
Hoveyda-Grubbs NMO Hoveyda-Grubbs DCM, rt NMO
2nd gen, DCM, 45 °C y THF. 1t 2nd gen, benzene, rt w then Pd(OAc)4 THF, rt

Irx )

0
VN
o:‘s oN
' %
0 "N
“, o _< /\/

Figure 1-13. —D>OII@HEMA) b Z AR B HE T2 15 5 DOS D FH LA

X

HEIE@IZHES W =DOSE LT, Showb 1285 T7 7 X MEEWM T A 77 U —OEENRFET LS
(Figure 1-14A)*, BAHMEEF SN2 7 LT B R31E 7 2 RINH) B A 2 U REEH-O L, BREEK
MBBLEINESETT I X LBREMEEL, WVRUBEMEAR LT, SONT- VR E34E T v
(RNH2) Zfiia L CT7 I R3BLEL=DL, EfNOEHIESZ LTI 7 ¥ 5361572, =
EE, AW KkY33a-daZEH 35 LT, 77X LEORE SOVNIMEFEERE T2 LR T
% % (Figure 1-14B). & 512, AIVAH 7 2 (R'NHz, R?:NH2) kb &85 Z & TL0LEWH Bk
5mA%7477)~@%$émﬁ.%%mth%#%EW%&\%%%ﬁﬁék,%%@ﬁ%
T RIS TIEBRE R EETH - 7= & > /37 B -DNAF BAERBREAIB6e % A3 Z L I2pEh LT\ 5.
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1 0. 0}
1 I N
R'-NH, H 33 R
—_— —_—
QS| imine Si’O lactamization Q 0. R
P’ \opr formation P’ \opr 32 Si” HO,C
sl \, 34
i-Pri-Pr
(0]
R! RR
N N
N
R2NH .
2 R HF/Pyr :
[ —— S"O ) —_— HO R
condensation i /\' NHR elution 0 NHR?2
i-Pri-Pr 35
36
(B)
R T : ? ;
N : :
NHR? ? :
‘\( e ;
— HO Ar'o : Ar :
36a ! 33a :
1) R'NH,, drying agent : :
0 2) anhydride33 , 0 : [e] :
3) R2NH,, HATU R\N : o :
QL H NHR? :
O 4) HF /Pyr g i 0 :
P SC P — HO S 0 H S~ar E
i-Pr” Ci-Pr Ar H 33b H
3 36b ; ;
0 : o :
O Lo
H e :
H OPNHR? 33c :
N : ;
u,,« NMe2 36¢c E '
o 0 : o :
R! : :
°N H :
6o - D m a
g e :
Protein-DNA HO O Me : :
interaction inhibitor 07 "NHR? : Me H
: 33d
36d  eeesseseeeeceeeeedd

Figure 1-14. [Al— DRSS % $70 2 B2 FH L 72DOS D 5 45

R L7z, PRESRSRR ARG 2 2 & T, MEMZRIEICE ARG FILEm T (7
TV —DOWENWRETHD. MESNIALEN T A 7 T U —DHm b, o LWz R34k
YR RSN TEY, EFELFHFREICE T DMER SO HEM) IR ST,

1-6-2 %ﬁt%wzkiﬁﬁéﬁm& L7477 —HE

1-5-1 Tk 7= K 9512, RIRMIL, 1RO FEHES TIIR bR o o AEMiEMEZ R~ L, 8
&R O, FRICE ORESIEEICERT 5 &, KRARMO T — X ~—RZ (Dictionary of Natural
Products, DNP) (28 &k SN TV BLEWD 5 H70%703Fsp® > 045D %2 L 1, HERDIKFLEH D
FERAESE (Fsp’< 045) LV b, MOV =RoetEZ o2 EBIT STV D®E Lizhi- T, VfRK
AL 2 R T DR, KRR B 5 R ORI A 20 2 I Td 5. Quinne & 1%, DNPIT %
Gk ST TR B =R TTED T WRRFE R (Fsp® > 0.45) ZfERErciiti+2 2L T, B R Bk
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o

37 (Fsp*=1)% R 72 L 7= (Figure 1-15)%. & K7 U /EH&37 2 REE IS & L 7= RIS L kk 7 EiE %
RLTW2Z &b, RERZ 5 Fikahciiy Aivd 2 & T, FiBliatEs OIS IR Sz, E
BRIZ, B RT UBEREITICEMEZEANLTALEM TA T 7 ) — 28T DL, aFa—7 U UITE
BT 268, X bay RUTIERTLEW, VY Y —NERT 267 8, SR EMiE
P T E BT

Figure 1-15. KW E#s % s L7z =Rtk A7 4 77 U — DR

1-6-3 Pseudo-natural product

AITECas L7z & 912, EMIEES T ORGHIRB W T, RERWSZDOFEROEENEHTE 5. =
52, 1981420194 (2 )T TR E‘S?}/Lf_l:%un@i’ﬁ% IR TH -T2 EnEINTWDEY,
LU G, R OREER IR LIRS, ZOHEEK L 2o 72 RRW & RO AR Lo
RSN ERBASIND. ZhCk L, Waldmann & 1%, DD H 72 5 KIKWEI& &t 7=
“pseudo-natural product” ZF&FEt9 5 Z & T, Hilo e EMIEEOESICEN D Z L ARBLEE® LUF
\Z—Hl%7~9 (Figure 1-16)®. £7°, /m~ B#38L T h T Kb’ IV EHK39%E HORIR
WD, SRR AR AR T ZEICHER Le. LT, 26 o0 BB NGRS CEllE S
chromopynone 40%-, pseudo natural product & L Ta%l L7z, #X#l L7zchromopynone 40 1%, f&d# & =3
DZOoD~TuxRELD, EHEEICI sV =kootEz b o, gL L7 E#&3839D ¢
NEBRESBROIBETH Y, FHAYIEELZERST S 2 &Sz, FEERIZWaldmann & 13
ENETHER DR -T2, 703 — AEERGLUT-1025-4D 5 5, GLUT-1& GLUT- 3@20%@?){
AL BEEE 9% chromopynone 40az Al L T\ 5.
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gl

@

o O
N._-O
CF
Tl 1
rj kATR
cartenoid anitibiotic
biosynthesis
R
Br. )N|\
oz NH 3 HN” “NH
: R? TN RZ_K ,& R
o N © )
CsHaq [©) 38 H 39 N
Chromane tetrahydropyrimidione R2
analgestic effect Antiproliferative
N Ve -
H
o i /\/©/
N\ Y N .
R—,/ N~R2 o) H
O
40 R ~ O
Chromopynone ) 40a )
dual selective GLUT-1/-3 inhibitor

Figure 1-16. pseudo-natural product D&% &

EENE R S O RRD & fAG D, ENRFRO S B2 D IHEHREBEST L LT, Fitihd
WTEME D F MG DT, 53 F OEMIEMEDR £ O ZRTTHEEICRE SIEKFEL TWD Z EARRE L, #Hil
B ORIENEWEVESFORIMIZEN D Z L3 s NS,

1-7 PPIREEAIDBEZS

AIETE T2, ZRITTEOEVVE R Z 7y Tk FHC I AN s 2 & T, ek FEELTITRD
N T2 AEMIEN 2 S LGS Z L 2R~ AEICRB W CIE, WSRO FERR S TIXBIZEN
R #EEZ 72 > TV DPPIFLERNCOWT, v E TORIRERS IZ W Tk,

1-7-1 R7F FEEM L U-PPIFEAI OB

PPIBHEHI DOBHFEIZ T, PPUREIINLE T 57 F REHZ O L OB EROBHIZ /20 155, L
ML, RXTF REEEGLE L THOWDIZEIRO L5 Z2RESSER SN WD, T77bh, XTFR
#T, © RFLEIcZ L, RN 70T 7 —PI2 X 0 EGITNKSIRE S, G2 fER T&
20N, @ MRBEE RIS Z LS AEANSREICHEH SN TLE S, @ BHOSLIEEEE & v 15
D720, FEREIRMEICZ LW, e 8L o/ TERME L TORMIZE S 7.

FROBEETIRT D720, Zo0T X BREEEEAER-AHEOY U —F N L TERB LI AT
— 7L RXTF K (stapled peptide) 23BHFE XA CW% (Figure 1-17A)°. 27— )L RRXTF KL, U
VI —DONESLRE S ZBEYNCT D 2L TRTF RO kG2 L e L, HEoH 5 RS2 RFT
ALy, REEELZR EES®D, —HT, A7 —7 0 RRTF Ri3nd Ul Esme: o8
NTCWD DT TIEZRL, IHEAREDORTF REITH L, BIRST T RECIELT T RO 2%
AT 5 &, EREE R ST LERH S (Figure 1-17B). Z iU, 0 TAEEOBH LA <
ERIFEZ, RO E LCOINHETS.
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(A) (B)
FARTFFIEMIE - 1
_-“h_NJLN’\l
WRRTFF i . o
X o~ r————— ——— e, P
- ‘\V _— Nz N, -"._..P\H.-. N
H 4\47':‘“ , : "o,
: H Lirker
RCEOEE SN i
» RINERIEOML s rJP? b ! e
m EERREOHL Oy N [ . o
- 3 A
i " q_\gw :
H o 0
Ha~g O
: e P W RS 0R LD,
® A mimacmait

. N
...........................................

Figure 1-17. A7 —7 /L R X7 F RO

BRARTTF RIE, BEHOTF RE e &, O MuEatticEns, @ RErEErticEn
5, @ B T EE DBFMEREWRE, Z OETCEELE LTHHTH LY K, H1&E
DELERR R N3 5 (Mw > 500) FRfRBGE @M BN D 2 & 1%, 1EREOISWPPIZAZER) & 45 F
THERFHMTHS., —flE LT, GEmbHl s LTHOWLR TS Y7 rARY A@L) 1L, 0T
1201 REWRNLRAOFGAREETH Y, MlaN T 7 v~ 1 U v (cyclophilin) & /1y ==2—
U > (calcineurin) MPPI% 22 E L35 (Figure 1-18)%04  Ls L7255, BRIRT F RAMEN 7-Fl A
JEB PRI 2 R 3121, 72 FEFZ RIS AF VR EZEAT D HERDH D% N- 2 F 1k
RXTF ROEH R ERFIEIIRESR ETH 5.

cyclosporin A

Figure 1-18. 7 0 2R U > A O

1-72 A7 V—=v7%@EmE LB T PPIBEAIOBRR

PPI [HEAIORFIZHTZ Y, FIE TR LICHEA X 2 X7 F RIcfb Y, K9 HbamiE—&ic
RO WIPE BN, SR AR TEEZBRN D 720, TORARYFESH S, K1 PPI LERNL,
WIS G, HTS (2 XD RN &R T 5 % p53/MDM2 FHAEABLER] 42)Y Pt F v n—
~ A /LA (HPV) EI/E2 fHEAEFLER] 43) °°, KEAPI/NRF2 FHAAEMABLER] @4 72 EndH 5
(Figure 1-19). L22L7228 5, HTS 1T K % PPIHEAIAREETH L D1%, Lk L TE7@bh Th 5.
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OY\ OQH'N O N 20
N N S\\ //S
. ) §:§ W, Q
~ I o
N
\O 0 MeO OMe
)\ 42
nutlin-3a 43 44

Figure 1-19. HTS {2 X ¥ FFE S 472 PPI FHE A OHEE

Ay ) —=2 T % W tho T25 & L C Fragment-based drug design (FBDD) 23215 541%. FBDD
X, B 20 ELLT &, NS 7 T 7 A MEEWE W TAZ U —=2 72T, FE
BRI EIKEG LT D7 7 7 A v MeahEERET 5 2 LT, fEehom ELEY — FMed
MEED FETH D 2 PPLILERIOBIFICEW T, FBDD I, A 048 L7z PPL R HICHEAT D
IbEWa R LIRFTE D720, ALK TH 2 . FBDD # & LCR% S vz PPI BLEH
& LT, PrEMAESA & U CRGR S U7 venetoclax (45) 23%81F H41 5 (Figure 1-20)°. 37205, &
V== ZIC R0 oNT=T7 T 7 Ay MuAY 46,47 2T 252 L TS oM ELIALEY
48 (Ki=36nM) & L7 b, fEiERmEIC & 0 RS ME 2503 L, venetoclx (45)73A%E 7z,

o., ,O
— H
HN N
Srade
o HN” Y
o) °=s
(¢)
— Q
F N\) 45
300 UM Venetoclax
i (BCL-2) < 0.01nM
BCLXL) 36 nM K(BCLXL =48 nM

6000 UM

Figure 1-20. FBDD % £ /AT BH¥E S 4L72 venetoclax D1

HTS <° FBDD (Z L V&4 1 PPI FLERIDFFE SV TWDAN, A7 U —= 72 0 BEL | R
fEM L EME RNTEZ 5 LT 5MWE b, BERRBOILAEYNEREIND. A7 V—=2 71200
A ERIAR 1 PPI B EA A2 35532 FIEZ L TSR 5.

1-7-3 RFF RS FI2 & B1E5F PPILEAI DB
27 Y —= 28 RWE SN2 nutlin-3a (42) 13, £=HZ L7 B0 MDM2 EFEET 5 & X,
Z OEHILOZEMIFLE D p53 X7 T ROMBEHOE/MEE & —H L TWnWH I LR X n‘?f*aa*%n_ﬁﬂﬁ
KOG NEZRS> TS (Figure 1-21A). [E3 AL & L THEGR 41TV 5 venetoclax (45) (ZHBWTH [A]
KR, ZDEMBIEONEN, VA RRXTF KO—>Th S Bax OAIEHOZZMBLE & — ﬁzbﬂ\

(Figure 1-21B).
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(A) \
CY\ { ) : »IPhe
|_ r-N\J N‘V *Qc .. /
o PR oy~ W Nutlln-Sall_
o8 e Nutlin-3a Trp (PO &ED

(B)

S| Venetoclax

(PDE:2AX0) Venetoclax (POB: 80OK)

Figure 1-21. {431 PPI BHEA|OEHILELE & U H o KT F RO 0> Z2 f B o ik

IO EnG, KO LA ERER L L, PPL REICBIT 5 U W RTF RofEA#EE
BELT D 7T N1 ORGEE)S, PPLBREAIDOBFICIWTHEH 24%© % > Hamilton 513,
TNT = Z)VEREAY ST TF RO a~Y v 7 AEEEZ M LGS 2 & Z28E LTz (Figure 1-22)”. 4%
7 x =V BICEBIENEAN SN T VT = = VERS 49 1, S FINONRRIEIZ LD, Uit
Eh LD, ZDOLEOBBILDOREN, o~ v 7 AXTF RO, i+3,i+7 FHICINET D7 I/ B
OB DOZERBLE Z B L T D Z EREEND LI, TV 7 2= VB 25352 LT,
Y AREEER S LI ANVET 2 ) v (CaM) EBRIRX 7 LA T R =25 7 —+8 (PDE) DA
TERBRETEE 2 & DI F L a9 50 AW E STz,

O _-CO2H
49 50
a-helical peptide terphenyl scaffold CaM/PDE interaction
inhibitor

Figure 1-22. 7 /L7 = = /L 1% 49 (ZF55 < X7 F FEH)

Hamilton 5%, 7/V7 = =)VERKA9LISMNC G, T LE Y DB S1S, T L7 X LT 2 RE# 52,
RV UTER §3%, AU 7 I RNER 547 I SISV o Y v 7 AR A2 BRFE L T
(Figure 1-23). ‘B4& 51-54 [T 2OWTIE, 0 FPIKFERMEIZ LY, EONRBUESEE D K DI
FFENTWS. LT, INLOEKERFERKE L, PPILERIO R 5T, X /37 B -RNA HHAAE
FABRLEAIABAE S 72 . Hamilton S OAE %5217, MG RISt om L2 B L, HER

17



o

TR A FEMAICEL D AT~V v 7 ABUSY - 55,56 & B STV 5 42 Z 6 D7 F R
Sy DR BRI EEEOE W EEE LA B WS TE . —J7, Arora S, BB O =kt
PEDREmNA Y TAF Y ERT V8T ZFEFRHANVTS, ~U v 7 ZREORIEE D22 Mkl & 2 #E ik T
XHZEEREL TS ® BB ESNTTT REW S 1%, B FEERIZ W T OB E 2 T
ZEPREEINTED ¥ XTF FE T2 LD PPIBHEROBR P E TH D Z ARSI N,

Y

B
L]
Z IO,R
No /
H
N
.

o
m oo
z [+4]
,. G R?

/
N/
/H
’
w2 R3 (7] N 7]
N7 o o _R3
|1 O
R
Y X
51 52 53 54
terpyridine terephtalamide benzourea oligo amide

R'

o
N=<
\ /N R2 1~
N +3 k?
i+4 U] i+4 | p2W
(N L N R
re L] &[] ( I
S TN
R* No

R COzMe

55 56 57

pyrrolopyrimidine pyridadine oligooxopiperazine
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FIEIL, BIZEFER O SRS 2 F-5 < structure-based drug design (SBDD) &, BEEIOIEMHEAL AW DL
11235 < ligand-based drug design (LBDD) (Z K5I & 415 (Figure 1-24)%.
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2-1 [XLCHIT

Fram Cik_7-i8 Y, BEBRICAEME S L U T I TEERDRSy FERMIE, T OMiE
N EARA-EE A7 S DI > TV 5. EIRLOIRIT, X 37 B L O AAER ORI S
BEREHREO—OTHY, HEENZEEMEO XK LIZBUROLAWEETIE, ABRER S £7-HIRE N
L. Lo, AIEENEZ LT 5720, TNE THFICER IR T IR e ZRoeED & v
FOBFPRS EEND.

ORI REROL L, UUFREMAEIL, BEEEER THL T I r[33.1]/ 2-m o FR T
% AR L 3D TR A W L2 (Figure 2-1A)'. RIIE 28R ORI, OB EOKE
I = ROTZER O R E ONLEIZALE TE 5720, AR EWTEES 7 O FHI B W THZD
IRERIE B2 DILD . REIZBWTE, FEREROEMIEE S T ~DIEHE S bIcEDH L, B8
& BRI T 28R S, 28 S BRIE R I OFH %% 2 7= (Figure 2-1B). +72b b, 2846 =
BRI 2 /885 & LT, 4806 BRUEH I 138 R - I E SO ZEMElE ¥ — v 25895
Z LT, BT T ORI A B LS.

o— R® R®
P ..o R? R?
RJ(O CO,R? R —
3
I I mon

Figure 2-1. 37 1[33.1]/ »2-T U BH& T OREE (A) & 256 =B B& IIT ~DJEB] (B)

222 BRB=RUER OB REHE

ZRRE BRI ERS T OSRE & LT, FU 27 1m[64.0.0Y]- FF 0 B 1 DA Crowe 512 X
DHEINTND (Scheme2-17. £9°, =/ 2L B-7 P AT LI EZHEHELE L, v Y UBR
LZ/RC, 2806 —BRIEEH 4 28R LTz, B 4 ZHEMESRM T OMET 52 LT, AT LT ATV
DI TR Fge < BURBREUGS S EEIT L, T 8 2587, Ty S h s TRAZRTI vHEKE
L LT fRIC, I UFHEIR 612 LDA ZEH SE D Z & T FINBRILRIEEIT L, 448 —BRIEE#%
1 DAERRE R LT

L, BlRoOAEET - >ofMERZ#2 5. —o BRI, 3 UHEK6 DY FHREERR IS X
ST, BE ZBRIEEHR 1 2T 57010, 2006 BRI AR S O TR G OFRER L AT L=
EThHDH. —oORIE, FUHEEREN, VT AT LAY—IREW TH HUME BRIEER 4N OFHESH
T=ie®, D50 THNELRINZEN T, KIGOHEIT LSRR YEK 6b RIS TLE -2 &
Thb.
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Robinson

9 o annulation Me H aq. KOH H N 4 steps
= MeO,C M H o
* N _cog T —> on ————>» ° OH —
o] MeOH, reflux 0
2 steps
3 4 (dr = 1:4.3) decarboxylation 5 (dr=1:1)
! H
LDA
Me H Me |
oTBS —> OTBS + OTBS + OTBS
o) intramolecular (0]
cyclization
6 1a: 35% 1b: 15% 6b

Scheme 2-1. Crowe 51255 FU &7 2[64.00*]- K70 B 1 OERK

FR USRS ORI EZ B L, AFRICBWNUOITY N v a KTty 7 2 68ERNE LT
%t L7z (Scheme 2-2). 2248 —EBRMEEHS 7 %2 7 /L > 8 D4 fillt % FV 7= Conia-ene i * 12 XL 0 &
T HZ &L, ZhICKY, "a T URTFEBEAT L OOERELIE LE L LRWEIE =
BRIEFOMELERTEXDHLEE 2. 2 LT, 7% r 8%, 446 BIEEK 9~/ ULX
NIEOBENZEWEOND EEZTZ. TAXy 8 OERF T LICEA SN v/ UL i, £
DAL EE S ATV 28, Conia-ene SIZE W TETORENMEE SNWGDL LB AT,

Au cat.
Conia-ene
cyclization

.y = "

Scheme 2-2. Z4H —BRIEEHFE 7 DG RLGEHE

23 TH MYV u RFEY 7Ta OARBR

BRREHEIZIE, T RY v 7 v RTe 58 Ta DA Z T L72 (Scheme 2-3). £9°, Mannich
FOMZ & 02846 “BRMEBE 13 215706, KBWWINMEIGIZ L O X OV EERET HZ LT,
T I 148 Lz BT I 14 E7a oL LT e R (15) OREE#BRKSICEY, Tn
FOVENT 2216 B ULHR 88% TR, Hi VT, 2,6-VF U UAFIE FC TBSOTf EiRATDHZ & T, &
Y)vx ) —)x—7 )L 8a il L7-. BRALAIEAAK 8a [ZXk L by /A% ) — ) ViRETREEH, & fih
#i & LT JohnphosAuCl % VT Conia-ene iz Zikdr7z. Z DR, 6-endo-dig BRAGSUSDHEIT L,
BLOTH )7 a Rty TadEGEons-.
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H
i

= Br

>
HoN
0 e} 2 z
10 /\© 15
. 12 N H, (balloon) NH K,CO4
—_— — -
j\/ﬁ\/loj\ H,0,0°C tort oﬁ( MeOH, 50 °C Oﬁ( MeCN, rt
HO OH 1% ’ 88%
" Mannich Reaction 13 14
= TBSOTf = 10 mol% JohnphosAuCl
S S —
\l 2,6-lutidine \I 15 mol% AgOTf
N ~N " N, N
DCM PhMe/MeOH (10:1) g
o -78°Cto 0 °C TBSO 40 °C to 50 °C o
16 quant. 8a 7a: 20% 17a: 17%

Scheme2-3. 7V U7 1 KTk Ta DR

PLEDOKEING, 2566 B g k& 8a D&l 2 V7= Conia-ene SURIZ KV, ZEFG = ERMFH# Ta
PHEETEXAHZEZHLMIT L. LU D, ZBRIEER Ta DIERIL 20% LM ED W DT
1272 <, 5-exo-dig BRALEMAK 172 HULK 17% TEOLNTE Y, (LESERMENHEE o7,

2-4 &% V72 Conia-ene i DAL BRI A _EDORRES
2-4-1 BT & ERIE DORRET

BTS00, 30 b ) — e 8a D43 TIBMERISIC 551 % (L RIS & 72
Sfc. 2T, ol 1L A AR S5 2 & T, RIS OERRMEDO M E4 BiE L2
REFORE R A Table 1 (ZR7. R Z AgOTf & L, flix OELALF-Z VT Conia-ene Ui & % i L 7=
L Z A, PPhs, Sphos, MeDalphos, CycloJhonphos % 2RI (entry 1,7-9), E¥e 7a 7S 5-exo-dig ¥
bR 17a LV L < EH-. LvL, Ta & 17a EDIROENEFERK TS 23% (entry 8) &, R
PHEITR b pinoTe. o, MEtL72 12 (40D 5 5 7 F&F (entry 3-6,10-12) (ZFBWT, HE 2L
17a DU Ta DILHRZ LRI TE Y, Sexo-dig BALITE 2 0 090 2 L MRS,

VL EORRFIN G, B+ EEEA2 AR 352 & TliE, U= /) —)L=—7 )L 8a @ Conia-ene JX
JEDRLEBR D [ BN NEECTH D & AT,

@ Barijault 5%, >V /> /) —x—T )L IV O4filiE % v 72 Conia-ene SRIZBWTC, BN FOEEIZX -
CLERPRIE A2 2 & 28 LT D (Table 2-A, entry 1 vs 2).6

Table 2-A. FoALFDZEFIZ K 2 4 fit % F\ 7= Conia-ene St O B SRR Dl 1H]

TIPSO

o Me,
[LAUNCMe]SbFg (5 mol%)
acetone, rt
E E
\"

Q  Me P(Bu); P(Cy),
i R R
e | R R=fr R
Vi L1 L2

e R = OPr
v
entry L Yield (%) of V/VI
1 L1 24/58
2 L2 5523
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Table 2-1. ENZ+ & $RIE DKt

X
S 10 mol% LAuCI — ¢
N 15 mol% AgX N N /@B”
/ . P.
TBSOKL( PhMe/MeOH = (10:1) Y g o7y
40°C Bu )
8a 7a 17a Phosphite
MeQ
entry L X yield (%)* of 7a  yield (%)* of 17a Q 'f’f e
10 PPh; OTf 24 12 onte
Brettphos: R = P(Cy),
20 Phosphite OTf <5 <5 ‘BuBrettphos: R = P('Bu),
3b Xphos OTf 31 42 R
; O3
4 t-BuXphos OTf 37 39 ipr
5 Brettphos OTf 35 43 BxXoton R ol
R
6 t-Brettphos OTf 37 44
O
7 Sphos OTf 40 30 .
Johnphos: R = P('‘Bu),
8 MeDalphos OTf 52 29 Cyclodonnphos: R = P(CY)2
Ad.__Ad
9 CycloJohnphos OTf 45 33 Pf e,
10° Johnphos OTf 41 42
MeDalphos
1 Johnphos NTf, 28 58 o,
MeO,
12 Johnphos SbF 41 46 S
P ° 4!!F’Meo

“Determined by crude 'H NMR analysis with 1-methylpyrazole as an internal standard. “Reaction was
performed at 40 °C and heated to 50 °C. Cy = cyclohexyl, Ad = 1-adamantyl.

Sphos

242 TNF v E~OBBRIEE AT X B SAPLRIE O BRI EORE

RIS, 2 SR TS B 5T, 74 MY o7 m K7 Ta ORI GRUSHEET
otz —75, I K % Conia-ene SUSDALERIRMEL, 7 /1% EOEHILOENIL >TH
HESnBEsP 22T, 7%y Lickix OEHES S OBRGHTEEK 8 278 L, Zh 5o Conia-
ene SUGIZ R D ALEERMEZ A L7 (Table 2-2).

9, Tk LI TMS A A LTS 8b OBALIUG A7 A D &, RN 51T TMS H03 kR
EENTHY,8a % A7 & & LIRREC, BALAE OBIRMEICK & AR SN0 57 (entry 2).
THNFXy BIC4-A N7 2o VAR T5IE 8¢ WD &, SERRALERIRMEIZ T 6-endo-dig
BRALIK Te DSEIFRIGE (75%) TH O (entry 3). 512, YBXF VAT, 77X LA I T
AFNEE, AFNIEE VST T RN IE T 5 BRI 8d-f b e R EEIMEIC TT R Y

b She 5%, &filifilc L% Conia-ene FMZBWNT, TA¥x L FEOBHENAFILIELTH D VI 225 1% T-endo-
dig BALIR IX BRI B, A R U hR =)L %E £ O VI 551 6-exo-dig BRALIA X ARG S
N5z Lz L Cu5 (Scheme 2-A).

0TBS
AuCIPPh3 AgBF,
@"" \ DCM/HZO (10:1) @ @
N"o
MOM MOM MOM MeOzC
IX: 81% X: 55%
VI R= Me
VIII: R = CO,Me

Scheme 2-A. 7 /L3 FOEHILDENT K 555 T PNBRAV UGS O & SR A 0D i 18]
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0=
v u RTEy TdAICEBR S (entryd4-6). —J7, hU ZuAd v AFLHEEA LT 8g o=
A7)V 8h, T X R8i LWolz, TILF v EOEMENEFRGIETHLGE, 5-exo-dig BRLIK 1T 2
SERTMIERRPIEIC TR G (entry 7-9). 728, I — K7V 8 ZARKIGSICAHT &, #HE
TRIRBMNE LT (entry 10)
MetofER, >V Lx ) —/Lxm—TF )L 8 O Conia-ene FULDNLEERMEN, Z DTV F v LD EH#
ECE-oTHIITELZ L ZHLMNICL, FFILETY R V7 v KT BK 7 2/ fnEisE
PHEDD BAF/RINER TR D Z EITplE LTz,

Table 2-2. K¥iii 7 /b 2% > DIERRIT L D LB IR A 72 AR BRAL OIS O R

R R
§| JohnphosAuClI (10 mol%) Ra= \
0,
N AgOTf (15mol%) _ N N
TBSOKL( toluene, MeOH, 80 °C o
7 17

entry substrate R yield (%) of 7¢ yield (%) of 17¢
1 8a H 20 17
2 8b TMS 21¢ 26¢
3¢ 8c 4-MeOCsHy 75 0
4¢ 8d TBSOCH, 67 0
o
5 Se @N-CHZ 55 0
[¢]
6 8f Me 66 0
7 8g F;C 0 25 (45)
8 8h EtOCO 0 50
9 8i n-BuNHCO 0 36
108 8j I

“Isolated yield. *Performed at 40 °C and heated to 50 °C. “The product was obtained as 7a. “The product was obtained as
17a. “Performed at 40 °C. /Single diastereomer. SComplex mixture. "Recovery of 8g in parenthesis.

B SN2 7 % v EOBEBILIC X DMERFIEOE NI OWT, LIFO#@Y B8 L7z, T7hb
L, BHENE L5 RE S OGA, 6-endo-dig BRAUIE DIERIRAE TS2 12T, BEERFE DOFS
SIEBEM N EEAC ZZ T 5 2 & TERIRMER B Lz &5 272 (Figure2-2). 7 /L% 2 EOEHILN
T XNV ETHI28E, BRI TSI & TS2 ICBWTETHIRIRICENRNE ZEZ N D, B
LR 8 017 DR RBENCEHE SN TS Z D, BBOT HD LD /NSWREEROARNMELL
TebBExTz. BHWENEFRSIETH D56, EBIREE TSI TR W TRER FIZAE U DY IERE
ff DAL AL 21D L [RIREIZ Michael 1L O S EHEAL S35 729, S-exo-dig BRALDN BN AL
ZoltEZT
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(Aul

5-exo-dig O
cyclization C
—

[AU] ’
TBSO 0

\ 17

TBsoﬁL( Adl R

—
R R’C)_\l —_— N
S+
6-endo-dig (0]
izati TBSO

cyclization

z—/+

P

Y
zZ

Figure 2-2. ¥ U/l /) —/)L—7 )L 8 O4pflii| X % Conia-ene SISO HEE S

2-5 VT NIV u RTRVERA~DREH
2-5-1 T RY I u RTRUCEROAKEE

UG = BRIV E S 2 AT TRy T~ BT 5720121, FOEKICK L TSR E k28 AT
XpHZENERIND. T, TRV lvrt‘/7 DOEAEFNZ, BHRILEADOREND &7
HERFAEZILICEALLEY TRV 7m Koty 18 Z3%itL, ToaKEHETZ L L
(Scheme 2-4). FHEIL7ZUTH MU KT 181%, F2MT I U0W VA=V, vafky
xR #Hry & LERIBE AN X, Zhatt@mb e LT bam o7 4 77 V) — 2T
X5 EEZ T, B RIMEEHS 18 1%, H 8b L[FERIC (Table 2-2), 7% v bizvueXx i s b
DOERAGATBRA 19 DA flt 2 V7= Conia-ene SGNIZ Lo THHETE 5 LB 2 7. Z OBR{LATHA 19
I, G RMERE 20 ISR L T ARV EABEALTZOL, VYT ) — b —T ) &R
THIETHTE L EERT.

Au cat.

TBSO — Conia-ene TBSO/\‘
N reaction ; N NH
& ) J— TBSOK)/( — o%)/(
HN N PG,N

PG’
18 19

Scheme24. 7 N L7 RFv B 18 DA REHE

252 PTHFRY V7 v KT UVEROA B
BRGETEIZHEV, T R U v 7 v RT & B8 18 O URGTHIELY LA 72 (Scheme 2-5). 77,
Wiinsch & & [FEROFETY T AT B R 23 OBRICIV AT b bbb, Bamo4f IR 218 %
LiAlHs |12 & 23850, BUKSEIEICIC L 52X DV EORRE, AR LT2H k7 I > ® Cbz KT &
HIRED = TRERT, VA= 2 ~L8 W, BN A —/1 22 %, NalOs & FIWTRRLIIIZ
FAEELZ LT, HOYT AT E K23 L Lz, 7 b 13 D& E FBEIZ (Scheme 2-3), 7T
LTk R 23 &2 Mannich SSIZ X - C, Y7V Y7 03311 FUEKE L OH kT
200 FORLT-. H BT I 0202l Fu AL - R ERBEAY Y LAER, TER=F
U VIREE R TR 5 2 & TRZEBSOSDSET L, =7 I 25 %2 = TF2 33% DI T,
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0
W7 I 25 E MU ZFAT I EY 7 un AL UEBERTRA L0 L, TBSOTf 2 RNT 5
ZETYINT L 19a BEEMIICGHBM LZ., YUV —Lx—7 )0 19a ZHE L L, &l
% v /2 Conia-ene SUG A7 A2 &, 46 = BR MK 26 D AERCDSHERR S L7, 4446 = BRI B 45 26 1%
VUBFNT O~ NI T T 40— KD RS, ﬁﬂaﬁ%ﬂﬂé@%%%}: DIREME LT %'ci‘ozm:
BAEME LT LI 26 IZOWT, B YU Az W7o R BB ITL 2 AR5 & ° T v 4
EERFF LI E F Cbz D BrESH, BMOYTH R v om ]\7"12/ 18 75~ THE 79% DU T
Hmohr.

(e}
Hozc\)]\/cozH
LiAlH,, THF, 90 °C cbz NalO, bz 1
Pd/C, MeOH, 50 °C N THF, H,0 i aq. NH,
. (\N/m .
iii) CbzOSu, NazCO3 [ rt O (¢] H,0, rt
1,4-dioxane, H,0 HO OH Mannich reaction
0°Ctort
3 steps 43% 22 23
|
TBSO/\/

— ~
TBSO/\| TBSOTY TBSO/\I
%/( K,CO3 N Et3N N
L L 7
MeCN, rt o%)/( DCM TBSOK)/(
3 steps 33% N

N -78°Cto 0 °C L
Cbz quant. Cbz
20a 25 19a
JohnphosAuCl TBSO — TBSO —
AgOTf Rh/Al
g _ N /Al,04 o N
toluene/MeOH MeOH
40 °C o N) 50 °C °© HN)
Cbz” 2 steps 79%
26 18

Scheme 2-5. 7 FU 7o KTt EH 18 DAL

FROBEMNS, TAFr EOEREE DX OAFALELETL2ET, VLT ) —LT—T
2T IZBWT Y 6-exo-dig BRALDMESE L, BRIOTH R L7 m R0 18 28 TR 79% & B it
RPN THLNDLZ EEWOMNT L. RO WEED R < LEN D EIMLETICBNT,
B B RERAL S T8 —BRVE B 18 1A e B IRIC e 0 iED 5B 2 D,

26 VTH NIV a RTRVERERERLE LT TF FEfH S FOE

JFrim Chik 7z K918, MBI T T Ny 2 %Et T2 ECHRREK Ch 5. T742b
b, %Eﬁ”ﬁ’*%@iﬁiﬁﬂﬁ IXTRFECEE SN TB Y, AR Fata s i cx 2. 2L ¢, fa
FRFBNEE CTH HHAEHKIT, FMRFZEERTF FHEELZBT2OICHETHEE2D. ¥
THYEY 7 a R85 18 Z R E L7 T FE 256G L, EWiEtEs oIt %= B
fRL7-.

¢ Pd/C filiifa H o & 2 A, HUERW) 26 705 18 MUK 56% TR OLNDICE T o7z, 26018 DT /L7 V)
HARNSETLINTLEY, ROIKTEZRWEEXS.
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2-6-1 HIF-1 o 84855 7 DFkEE

AT T N1 DF%EH 21T 9 12872 1V |, hypoxia-inducible factor-1a (HIF-1a) @ C K~V » 7 A
(helix 3) ZEFT /N7 F & L7 (Figure 2-3). HIF-1 o /p300 FHAAERIEZ A IRIFEOREN & L CHEH
INTHY, ZTAETICS, helix 3 MG Fa4i%eT 52 & T, PPIRAERNE I TNS >
£7-, YHFZEEMMEIE, helix3 ICE £S5 Leusls, Leus19, Leu822 RIS D22 [ AL & & #5fii L 7= 45+
BERET D L TAPIESES TEAIH L TR Y. RFRICBNTEH, ZO=208 A ¥ RO
i e S R O

Leug818

Leu822

HIF-1a/p300 complex HIF-1a C-termunal helix
(POB ID: 1LBC) (helix 3)

Figure 2-3. HIF-1 a /p300 O &K L HIF-1 o C K7 F K (helix 3) DA

FT, DT R s a RFEVERK 18 I OB A N7 (bEW 27 &7 F e
DFDOETIMLEY & L TREFL7Z (Figure2-4). EHAILICIZ, BUKMET 2 VR CThH L a1 2 2 O
OB AZIEM L7-Zb O R =Bu) Mz, 7=z=LT7 7= OMEOEMZRH LI-HD R =
Bn) LD ARz,

©\)OLO — )\/ﬁ\o _ @\)OLO _ )\/ﬁ\OH _
¥ N H N H ! ; I}
T T T

Figure 24. ~7'F REUIY F0 T4 75 U —ikat

d S SN0 OVEFEFE XA S 2y TR, HIF-la DR GIEMEAZFLET 5 2 ERRE Szt
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[
A L2 T MEA 27 M helix 3 #FE L CWD 0 a7 7 —~a 77 ET U 7% (2807
L7= (Figure2-5A). £7°, ZHZENDLAMITHONT 25 FOBEA /L S+, helix3 ¢ LLxxL Fl 5
I, ZoOBUKMAEERSENOEREND 7 7 —~a 7+ T 2ER L. HWOT, BUEES
HESHTZETT MEEW 27 OFD, fER L7 7—~ T 3T &l T b0 A7 V—=2 7 Lz,
ZORER, ET MEEW 27a X, oD A v VRO ZEMEE A FEL LSS Z LR RWIZE .
T2, BoNTEEE helix 3 CEHEREDELZ LT, RFEROC T R o7 a RT12 BN,
RTF REHOAMEIZIN E > TND Z ERFEND b, FREOFERD, 7 UEE® 27b 12OV
THHEF LT (Figure 2-5B).

CLL ‘
conformer ’\\: "~

generation P
m => /' ",, [—
-—

25 conformess

LNBW
LeuIHB
pharmacophore

CY“")"

———>  Pharmacophore fiting

M—‘

maw

Hydrophobic pharmacophore Suparimposition with peplice
(yellow sphere)

i |
)\)Lo -
i N ij Y
S €2
N A
21 b : -t
Pnarmacophore fitting Supermposition with peptide

Figure 2-5. helix 3 B 5y 7 D

2-62 FERBUANAD N ¥ 230 BIRYEG T Ok
FERIFIL, JERIG Y A LA B L 55 & 4 L APERIRE T V| J68, B, S5, VA
7 & DIERE O, TERASTEAE L T2 b DBBERIL 100%I35 <, Z DA B A < LENT
W5 RFERIR YA NADFFONF VB, U A LA RNA O L BROBBIZ D - TR Y,
FORBEENETHZ LT, A NLAORFEEIIHTE A 2 ENWMESHTNDS B £, FRFEO
N % 237 B OREEIE, X Mt a ST ic L VB 522 L 225> TH Y (PDB code 2GTT)™, £ D7k
TEMICHE S S FREINARETH H. N XUV EHEOREZ A L, IEBICIHET 5 =2 DBk

¢ Ty—~aZxT7ETI/VOIERIZIL, LigandScout4.4 ' & .
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7 3 JEEOEIF L LT, FxxFL B4 (Phed38—Phedd], Leudd2) 75~ v 7 AKEIEIC & E TS = &
DGR TE % (Figure 2-6).

Rabies Virus N protein AJYOAREBIZEEND
(PDB code 2GTT) FxxFLEEH)

Figure 2-6. JERIFH T A VAN Z X7 EOMEE (A) &~V v 7 AMEEIZE £i115 FxxFL Bl

ATE CRREF L2 =0 OBUKMEEHILZ & OF T LAY 27 73, ExxFL BoA| O 2 fifit LS5 7>
BT 7—<aATFTET VR VFHE LT, ZORE, L&Y 27b O = OO EHIL)Y FxxFL fid
DT 7—<aT 4T &l LTEY, ZORENBNTTF FEHOMBIZIE D 2 &R S
7= (Figure 2-7).

27b

Pharmacophore fitting Superimposition with peptide

Figure 2-7. JERIE 7 A /L AD N X L 737 BRSOk

R U7 E ik, R LT RY 7 a R B 18 13, LLxxL BlyIR° FxxFL E
e &, Sikia~V v 7 AREEEEMLED Z L LI LT

2-7 RTFF RS FDOERK
ATEICRNT, D7V R rm R FHE 18 ZRVEKE T2 2L T, ~U v 7 A& 28l
LFDZ LM L. KEICBWTIE, &EE LB+ 27 OB RBREHTER Y AT,

2-7-1 R F NSy F D5 AR

PLRIZAT T RISy 27 DA REERS 2779 (Scheme 2-6). 9720 H, B R ITT I R 28 O
PEFVAFIINACK L CZ AT AFEGE N L CEATE D EE X -, BRI R? OBEAL, U7
PRV oa RTE B2 OO NVKRVEET I ) EANEEB L0, fiARC L0 EAT
HZEEEZ BEHER T, B ORT I I8 LT AT E REDOBEITMT 2 fbicky, BREITE
ALTGD EFE 2T
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R3ﬂ\ TBSO TBSO TBSO™ N=
R3cox chox R'CHO N

= & )

N HN

R1
27 28 29 18

Scheme 2-6. 7" F R 1 27 O W5 BfFEHT

2-7-2  XTF RS F O ERERE

AT TR L7 B RERIG I EE D &, _T°F FEUYF 27 DA RCZRET L2 (Scheme 2-7). 37, ¥
TH R Z7a Rt 18 EXET 5707 b ROBETHT I /{ic XV, @ R 25 %7
SUEMIANEAL, BT RV 29a,b 45T V0T, EHUE R A B AT 5, W TROEEE
BEWERRETHNR= NI RENVICT I ) EZEA L. 37200, 8 =7 I 29ab DA /LR
=)VHE%E LIAIH 2K gt L, ébf:t Raxo a2 b L=, £ L, DMF #EHH 80 °CT
NaN; EIRAT D L, SREBEHBSISHETL, 7 K 30ab & = BPEIUE 59%77% TE-. oz
7Y R 30ab 2, PPh: HAF T, THF/H0 IRAHEEH T 70°CIThIZE 2 2 & TT 22 31ab ~ & HWN
. BenkET Iy 31a,b EXHET DHNR R E DREEIZ LY, BEHE R 2R 75%-91% CTEA
L7z, 20L&, 73 K 28b OGN X BiEabEiiiric , VT RN ua R EEO
HEB XD, 73 /EO)J{Z’KH@H@EL%%E L7z. KW\, ) /@E%ﬁﬁb\f? 2 K 28a-d @ TBS &
EBRELEODL, XMIGTEHNLRUIREDHEAIZL Y ZATUFEEEZ N L CEBE RPZEAL, X
7T REHEY T 27a-h & IR 33%-89% CH7-.

R'CHO, NaBH(OAc) i) LiAH,, Et,0, 0°C TBSO\ =
AcOH i) MsCI, Et;N, CH,Cl,
¢ 0°C tort N N
> r 3 )
DCE, rt iii) NaN3, DMF, 80 °C N
R1
18 29a: R'=Bn 30a: R'=Bn
29b: R' =Bu 30b: R"=Bu
TBSO — . TBSO — Ay
PPh, N BnCO,H or '‘BuCO,H , H N :
- HoN > R\n/N = \?
THF, H,0, 70 °C nll) NMM, EDCI-HCI o nll) ‘yﬂ,
R’ HOBt-H,0, R’ ‘\:“}
31a:R'=Bn CH,Cl,, DMF, rt  28a: R'=Bn; R?=Bn
31b: R =Bu 28b: R' =Bn; R?= 'Bu  X-ray crystal
28¢c: R'= Bu: R2 = Bn structure of 28b
o 28d: R"'= Bu; R? = Bu
) HsPO,, MeCN, 1t . ) 27aR'=BnR2=Bn;R®=Bn 27e:R'=/Bu;R*=Bn;R*=Bn
) o RZ\n,N 27b:R'=Bn; R?=Bn; R®=Bu  27f:R'= Bu; R?=Bn; R®= /Bu
Ii) BnCO,H or 'BuCOH M 27¢:R'=Bn R?=Bu; R =Bn; 27g:R'=Bu; R2 = 'Bu; R = Bn

NMM, EDCI-HCI

27 R 27d:R'=Bn; R?= Bu;R*='Bu  27h:R'= Bu; R? = Bu; R®*= Bu
HOBt-H,0, CH,Cl,, DMF, rt

Scheme 2-7. X7 F R+ 27 DAL
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H =

FROBFHZEBWT, 73 K 28b O X BUkESEERNT 5, LiAlHs ZHWTH b2 29 OB LR

SAEERILTAHE, AUDE e v ld, @E#E R ONCEE SN D Z BRI I .

AL, 729 O THNCALE T D ERT D UAEEN, WIEES L5 TB Y, LiAIHa A K VA7
IRBEED D72\ NS I VR VAT L2720 & & 2 5 (Figure 2-8).

o L%
TBSO™ N=-H"AlH; TBSO™ \—=
29
04 ) )
. HO
N o u® N
. R" H—AIH; R’

Figure 2-8. /7 b > 29 @ LiAlHa % F\ N 72 TR 7238 S0 i OHE TE S5

FROBFNC LY, LT TF MUY 27 OB EER L. BIR LG ik, =
DOEMILE BENNIZEANT L2 0D, TNENOEBICE N TR IMEZEALSS. Zh
X, YTV R u R EKICEAT DB OMA G DOEDOLIRICEN Y, G
ARBERRETCHDLEEZD.

2-8 MRMET X BEEREAR BRI LB EDEA

AT CIE, LLXXLALSSCFXXFLACS Ofsfia fRIm L, BKET XV BERETH L a1 v RS T
ToNT T VR AR U ERE AT R v a RS ERKI8ICE A LT, L LR
B, A T UREAKBRES E Vo TomET X R EZ N T 5/E BPPUCITEETH S, £/,
7F REUCIR 53, ZAEREREOBANARETH D 2 L%, 2866 Bt E 18 % AEWis Tty 1
DEEHE LTHHAT S ETCEETHS., TZTAETIE, YT R 7 a RTE 51811
PET R BRFR A AR Lo E R A AL, (LB T A 77 ) —DOfkiEE B LT,

2-8-1 BE#E R OZERA{L

RTPF R T A4 77V —%JEETH12H20, £F, 22T ARAZN L TEAT S B
7R OZKAL AT L7= (Scheme 2-8). 7 2 K 28a @ TBS & frE L, @bk cdhH 71—
V32 5T Fonle T v a— 0 32 Z W, it DMAP fZ/E T, Lo CEREEH 80°CI gk
+% 2L TR NI (33) ZBHBR &4, Glu-Phe-Phe £4i5y 1~ 27i Z2157=. fe\ T, 7/ =2—/1 33
XIS DAV VR 34-38 HfEG LT DD, BEMES: T TR S S Z & C, Tyr-Phe-Phe F{i 4y 1
27j, GIn-Phe-Phe {53 27k, Trp-Phe-Phe #{i5> - 271, His-Phe-Phe #5{53 - 27m, Lys-Phe-Phe #{fi
BDF2In B ENENETZ. 0L &, VR UERO B CHEE 2B T D728, VR Tk 34 % PMB %
T, VR PR 36 38 % Boc KT, WAVRU L3S & 37 & Tt e TTOMR#ELL. b Of#
X, 73— 33 LOKEE R, PRAEEOBBERZAE T D VRS F A OfHES & LT EaSiH %
&, TFA Z W TRRE L.

Fo. XTTF A RN LT BHEO 72 6F, by A (39) v 7 uasF P A LR
=n7ualUR @) Z27Lva—/33 LRIGSELHZEICED, TIR270,27p 215562 L L TE T2,
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28a

271

«CF3COOH

27m

A

aq. H3POy4

MeCN, rt
88%

i) /@/\[rCI
PMBO' °

34
Et;N, DCM, 0°Ctort

32

i) TFA, Et3SiH, DCM, rt
2 steps 52%

i) " o
N

DMAP
toluene, 80 °C
62%

i) 9
BocHN/\/\)LOH

38

NMM, EDCI-HCI, HOBt-H,0
DCM, DMF, rt

27i

«CF3COO0H

Mg OH
O 35

NMM, EDCI-HCI, HOBt-H,0
DCM, DMF, rt

A

ii) TFA, Et;SiH, DCM, rt
2 steps 55%

ii) TFA, Et3SiH, DCM, rt
2 steps 55%

Cl

39

OH
36
NMM, EDCI-HCI, HOBt-H,0
DCM, DMF, rt

A

ii) TFA, Et3SiH, DCM, rt
2 steps 36%

Et;N, DCM, 0 °Ctort
2%

Cl

40

Y

o
o
@f

NMM, EDCI-HCI, HOBt-H,0
DCM, DMF, rt

A

i) TFA, Et3SiH, DCM, rt
2 steps 57%

EtsN, DCM, 0 °C to rt
37%

Scheme 2-8. E ik R’ DZERL
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o

£70, TAX= B TH DT AT IV 27q DB GRATZN, Fid SR OWEITEE 0 LT,
FEt 2 W& L7z (Scheme 2-9). Ser-Phe-Phe Fifftsy ¥ 27r DA Z A~ 2 &, Ma& G & THP i
REIZL Y BRI OAR DR CEZbo 0, HEEREETH Y, Mmitabra L.

(0]

(o}
i) BOCHN\H/H\/\)LOH BOCHN\H/H\/\)LO _
NBoc NBoc @
X > m H N)

NMM, EDCI+HCI, HOBt-H,0

HON\= DCM, DMF, rt
H N
OReY
o HN Q Ho\)L
D THP
©) o\)LOH
NMM, EDCI-HCI, HOBt+H,0

DCM, DMF, rt

ii) TFA, DCM, rt

27r

gradually decomposed

Scheme 2-9. 7 X R 27q,r OHLDIRET

2-8-2 B#E R’ DZRRA(L

AR E, T F NS F+T7 A4 7 7V — &R T <<, BT I 22810 & LTEA
T 5 WL R OZERMLICER Y $A 72 (Scheme2-10). £3°, 7 I 2 31a & WALR VR 3T i L, T
2 K 28e & 86%DULKE TET-. HH =T 2 N 28e lZxf L, TBAF |2 X 5 TBS JEDRZE, 7 = =L
fi# BnCO:H) & Dffif, A4 I 4V —/LE LD Trt J£0 TFA 2 X BFREO = T %R T, Phe-His-Phe
Ry F 27s 2157, VT, 722 31a L WLR R 35 ZHiA Lm0, TBS KA RETHZ LT
T a—)L 28f 5T, 5, 7 = = LR L OfES, Trt FEOBRED " TFRIC LY Phe-Gln-Phe i

DT 2Tt A LTS, E5I21F, Boc HAT I 31a lZEALT28g L L7=Dh, vy AT L
PA~DEHFLEAZITO LT, #IndT 57 2 K27Tu b&ELNT-.
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N
<\N]\/ﬁ\OH

OTBS

TBSO” N= 37
HN N NMM, EDCI-HCI
2 ) HOBt-H,0O
H N
DCM, DMF, rt
©) 86%
31a

o 35

NMM, EDCI-HCI, HOBt-H,0
DCM, DMF, rt

s

o

gj;

ii) TBAF, THF, rt
2 steps 30%

Boc,0, DMAP

o=

*"r“%

DCM, rt
65%

2-8-3 EB#E R' OZER{L

o

289

H

i) TBAF, THF, rt

ii) BhCOOH, EDCI-HCI
NMM, HOBt*H,0
DCM, DMF, rt

59

’\n/\n’

ii) TFA, Et3SiH, DCM, rt
3 steps 29%

27

i) BACOOH, EDCI-HCI o
NMM, HOBt-H,O
DCM, DMF, rt o
> o) -
i) TFA, EtzSiH, DCM, rt J\/\n’n N
2 steps 70% H2N )
0 N
: 27t
) 0
i) TBAF, THF, rt ©\/IL
ii) BACOOH, EDCI-HCI o

NMM, HOBt-H,O
DCM, DMF, rt

Y
~
O=<ZI

2 steps 63%

27u

Q

Scheme 2-10. &1k R2 DL EEAL

i

BEHILR OZFICHE VT Z & & L7z (Scheme2-11). 718 L7 /LT b N 41 DETHT

J/EIZ R, BT I 29¢ BARTC.
ZEY TR 31e ZULER T5% T

L, #e<ETRSH

7 R28h A LI=-DOb, U R

HEyFFFIcREISRTLE -,
27v ~ L ENTE.

ENSY a0

TIV3le A VE

THRT IV 29¢ A =TRETT VR 30¢ ([ZEH
Kfgr vl Rafaa L

X% TBS BokrEaiRAD L, 7= /)X ED tert-7F v
I T, MEIEDOA Y HERE LA EITH) LT, VATV
7 2 R 28i [IZOW T, TBAF (25 Y TBS A @EIRMICkRELE. LT, 7 ==L

FEfs 255 L7205, TFAIZ LY 7 =/ — )V E tert-7 F VI & FRET % Z & T, Phe-Phe-Tyr #5731

27w AR L=,

40



?“di
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J@A
O TBSO

- TBSO —
i) LiAH,, Et,0, 0 °C N N
TBSO” N= ii) MsCI, Et;N, DCM, 3
E\' NaBH(OAG)3, AcOH o 0°Ctort & N) PPh,
HN

—_— —_— —_—
o) DCE, rt iii) NaN3, DMF, 80 °C THF, H,0, 70 °C
95% 75% yield
30c

3 steps 59%
18 o 29¢ \|,o

i) H3PO,, MeCN, rt

o)
o L TBSO = ii) ‘BUCOOH, EDCI-HCI )\/‘LO
ucoc NMM, HOBt-H,0 -
EDCI-HCI, HOBt- Hzo Y\n/ DCM. DMF, rt N N
s s 3 W
o] N)
67% yield

DCM, 0 °C 2 steps 50%
TBSO — ,[ :]
H,oN ) O 27v

TBSO™ = |) TBAF, THF, rt
) BnCOOH, EDCI-HCI
o 31c BRCOOH, NMM NMM, HOBt-H,0
EDCI-HCI, HOBt H20 __DCM DME : .

DCM, DMF, rt |||) TFA, Et3SiH
47% DCM, rt
o)
. 3 steps 84%
28i

Scheme 2-11. EH#i R' OZER(L

HO
27w

PLEOREIG, BB LT R 7 a Rtk 2 18 1261 S E#A R!, R?, R® OFRA72E
MNIZRRH U7z, BEF LA RGRRIS 1, BREETAMEICEN TR, 7= KT v ik b notz
MR ERREDOAIR LT, WVRUVEESLT I K, HELERR EOZIRITE D BREHL DB A % 2K
L7-.

2-9 /\°7"? F‘frﬁﬁiﬁ%?% 7 Z U —D =R TR

ATETE TICARR L 72T F RS 1 27a-—p,s—w O = RITHEIZOWT, PMI 7' v b B 2GR E
ﬁmk%@?é_kﬁﬂﬁbkG@mﬂ@)%iéﬁt:ﬁm%ﬁ@%ﬁﬁ%@%%%ffMl%
Wi 3295 &, FDA AGRIEIRLICHOWTIE, £ Ry RREFLTEY, “+ TR LT Y EE
I% (nprl, npr2) = (0.27, 0.83) Th o7z, LI, AR LTZEERER 27 IZIAHIF VI 77 > R
LR L TRY, YRR L (0.47,083) Thotz. Lo T, BIRLEYTH M) 7 a K5k
T 18 ZRFEME & Lo FiGHE, 1EROESG FERML LD b =RoeEOmn 7 I IV AR—AD
BREARICT D EEZD.

F =W oehkiE D3 A1, LigandScout 4.4. % 7=,
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Figure 2-9. ~7"5F N+ 27 @ PMI fiftt

2-10 RT7F FEBLF OLEYIEE
2-10-1 BB SETEIN TS A

ZWIUERE A TR LT T T N1 27 05, EMTEE 2R LIS D) &Rl 5 <, b M
EEN /UMK (HeLa Mife) KO, ~ 0 AR EHINGE (N2a flAL) MM GEMmENEE %2 MTT 7 v
EAICKVFHME L., bbb, ENENOMAZ 7T NG 27 OFFE T T 72 KRR L
=G, HMIFRALTERDN 50 % & 72 DILEMIRE (ICs0) Z3RT-. 2D L &, HeLa Mz CiZ, 1k
B OEEDREKMEE 30 uM & L, N2a HilZ >\ T, bLAEMORKIEREZ 36 uM & LT-.

MTT 7 v & A OFER % Table 3 12/~ {LEW) 270, p, v I HeLa flifd & N2a ffg OV 4usxt LT
b LEEE A SR A BESE AN IR M (ICso< 10 pM) %7~ L7= (entry 16, 17,21). —J7, /L& 27i, k, m, n,
s, t1X, W offafEIzx LT iROEEFRINHITEE 2 R S 72 o 72 (ICso > 20 uM, entry 10, 12, 14,
15,18,19). = L C, {b&# 27a-h,t [T HeLa Al & ¥ & N2a FHfOHIFE 258 < fHE L TV 7= (entry 2-
9,20). /L5 27,1, w I X Hela flifc & N2a M OHE5H % [RIFREEFHRE L7z (entry 11, 13, 22).

L& 27j,1, 0, p, v, w 1T, FIIREICHE &9 RRRE OBFEIHEIEMEZ R L T2 & D, REEDIE
FBERr CHEMIEMEZFBLL TWDH Z ENEZX/DL. W ALOMALFEI S LT % 58y LS S S
Pea R E R oTAbEW 2T, k, myn, s, t 1F, WARUEE, TINKN, AIF—, TIvEWo-fi
MERER 2 S b, MRS EIEI BN -T2t E 2D, LAY 27a-h, t |3 HeLa #ifa LV & N2a #
faizxr LT L 0 s I B TS E 2 R L TR Y, M L > CRARZIEHBF 2 L bED &
E2D.
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Table 2-3. X7 F RELSYF 27 @ HeLa Al [ O N2a HHE O B 5E S0 VE M2 A

entry 1 2 3 4 5
o 9 0 o
@\)Lo _ )\/lLo _ ©\/IL0 _ )\/u\o _
compound m ) m ) Y ) T V)
(control) : J J ©)
27a 27b 27¢ 27d
ICso HeLa 1.9+£0.1 nM 10.3+0.8 159+2.6 >30 >30
[uM] N2a 2.3+£0.5nM 2.1+£0.6 34+1.0 92+2.0 56+04
6 7 8 9 10 11
o o o]
@\)Lo /I\/lLo @\/u\o

27e

27fF

A
5
Y

27h

[o}
Hol(\)L 0@
m@»

27i

o

27j

16.9+£43

25704

>30 >30 > 30 149+1.7
39+£1.2 4.8+0.1 11.8+1.6 17.8+1.7 26.9+9.8 126£1.1
12 13 14 15 16 17
o HN o HN O  *CF3COOH *CF;COOH i 2
H,N \g/\)j\()@ @)\)\OE‘ QN]\/U\OE Uo _ @Jl\o@ @O@
N N N N H N N N
oY oVE | oV | ol | OFF | O
27k 271 27m 27n @2 270 50
> 30 14.8+1.7 > 30 > 30 44+09 4.6+0.7
> 36 14.1£0.7 > 36 > 36 74+£0.7 5.7+1.1
18 19 20 21 22
0 ° 0 0
A, ©\)L | Qu M| Qi
WE Wy b Ty YU oY)
[o]
O or Nog Y S s N i
27t
>30 > 30 11.5+1.4 53+1.8 147+3.5
> 36 21.2+3.0 58+04 3.7+0.6 11.6+1.0
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2-10-2  HIF #5555 D PR ETE R

RTF Ry F 27a,b 13, helix 3 D =2D v A 2 L FRIEDOMIEH O ZERMIECE 2 Bk L1525 = & & h
2O TEY (Figure 2-5), HIF-1a/p300 fHAMER ZBHET 2 Z E R WIfF S LD, £ 2T, Ffilir 1 27a,b
78 HIF B BEIEMEZHET AN ENLY T 27 —PLR—F——0 T v ALV L. T74b
B, HIF (KRR R 2 WLy 7 =7 — 8B LR — 4 — %38 A L7- HeLa Ml %, B4y 127 & ICEESR
B 1%BRE FC REMEEZELE-OD, Vo727 —VYoiREEE2 8T 5 Z L T, HIF ORGSR
MZFHMl L=, 20 & &, 27a,b TNz, = OOB/KMERILAZ &2 27c-h &2 L 7-.

FHMRE % Table 4 (RT. NPT 4 7 ar bra—b e LT YC-1" Z Wiz, /LAY 27h (entry 8)
I, HIF-1 o #5505 M 2 B I IIBAE LRy~ 72 (ICso > 30 uM).  #EAli L72/b &P 5 5, 27a (entry
1) b BOLEFRMEZ /R L7z (ICso =4.1 uM). L7>L, 27a 1 HeLa HlR O B FEINHITE D 1Cso i
£ 103 uM & HREGAY R < (Table 2-3), HIF-1 o Z [EHEEAJICIER) LTV D 2EN TRV, —JF | 27¢ 1%
B8\ HeLa FARESSEANHTEE 2 78 97 (Table 2-3, MTT ICso> 30 uM), HIF-1 o B5 535 4 A LRl )8 <
P L7z (entry 3, ICso= 9.1 uM). 27b, d—g | %, ICso f2° 11.0-21.2 uM O HiPH CTRHEIEMEZ R LT,

Table 2-4. HIF #5575 MO B ETEVEFEAL

Inhibition of HIF Inhibition of HIF
entry compound transcriptional entry compound transcriptional
activity: ICso [uM]* activity: ICso [uM]“

At SN
H
1 m@ 4108 6 @AWN’E' 18.9%6.0
o Y

27f

27a
A
0@ @\/&0 _
2 SR A 11.0£0.1 W@ 7s42
©) O\H" T +4.

27b
QAL
o —
3 TY 9.1+18

RN

27g

o
P N
8 YU >30

o 27c Y
)\/U\o _ 27h

n N YC-1

+

4 Y\E%‘ 212+22 ? (positive control) 2913

27d

5 Y 125+2.7

“Indicated values are mean = SD of single experiment conducted in triplicate.
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2-10-3  FUERIF Y A )V ATEYEDFEAH

RTF RS+ 270 BIERIF T A IV AD N X 237 R D FxxFL A OGS 2 B L1525 Z &
Z k7= (Figure 2-7). & ZC, Aifi & [RARIZ, 27a-h OIERIF 7 A /L ABEFEINHENEZ, Vo7 =T
—BUR—F—T vEAIZLVFHMI L7z, 77205, N2a #ild% Gaussia V> 7 =7 —BELE 52D
ODFERIFTANALE L HIZ 3 BB L-OL, % FEEHRIRL LY 7 27— 2%, ©
DIFNEZARE L. 2D L&, LMD RNRELZ 18uM & L7z,

ARG B Table 2-5 1R, ARUT 4 7y ha—/L b LTT-705 2 & fl 7z, #5551 27h (entry
8) ILHIEIRE DFLFH N THWEL Y A NV AIEEZ RS o7 (ICs0 > 18 uM). #ifiisy 1 27a-g I3,
ICso 7 4.1-12.4 uM O#IFH TH U A NV AIEVEZ R LT (entry 1-7). FSy 1 27a-g 1L, JERF T A
IVADEETH D N2a MEOHEFEMHREME S 1Cso fEAY 2.1-11.8 uM OFIFH T/R L T\ 5 (Table 3,
entry 1-7). L7235 T, 1564072 7 A L ARNHINENEDS, (LEW 27 OFU A NV AERIZL D 6D
TlE7e<, wEMIICHTOMIEEBEMEICLD2HDOTHDL Z LA BETX RV, — 5T, N2a HiaHsE
PRGN & 7 A L ABFEIETEE ORI, ©3 L HFHEBRRA R, (LEW 27 BT A LV ATEME
EHOZEEELICHRELRNEEZD.

Table 2-5. HUERIA 7 A /L ATEM: O FEAM

entry compound Antiviral activity: ICso [uM] ¢ entry compound Antiviral activity: ICso [uM] ¢

o
©\/ILO _ )\/ﬁ\o —
n N H N
1 m% 11.0£3.6 6 @WE 121405
o ,

Y

27

NS}

27a
)\/?LO = @\/ﬁ\o
E e
m@)g 42+12 7 YU 83+33

27b 279

O A
N N 8 / > 18
3 W% 124443 \H

27h

27c T-705
)\/ﬁ\ ? (positive control) 377
°H = “Indicated values are mean = SD of single experiment
A Y\'TN 3 N 07530 conducted in triplicate.
o N . .

27d

-
Y 11.6+0.9
0 N

(V)]
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H =

AEIEMEREA OFE B, 7T REURSY - 27 1 Hela {IIA & N2a fRIZ 63 2 S5l iEE, HIF §is

BIEMOE, iAWV AEEZ R LEZ. £ LT, ZALOEMHEIZ—HETIZR <, BREORAE

WCREKFEL Wz, Thbb, 7Y )7 a RFEv o, AT BRI L A%E
MEAFEERRETH D, EELBARICBWTCHRALRREKR THD EEZD.

2-11 £¢®
ARETIE, =R i%% REWOBI L, £ONTF NEHGF~DISHIZ DWW TR~/ (Figure 2-
10)7. £7°, ZRICHOEVER E LT, BilcZe ZRIEHEAER 7 OMETFIEOMNLIZEY AT,

f)%ﬂﬁﬁﬁ%ﬁﬁ—"%%:ﬁ’*&? I8 &L, I NBRILEGE Afilit 2 U 72 Conia-ene i &35 2 & T,
THERY v ra RTECER T OFENRERTFIEEZRE L. Zosx, 7ud s Eo@Efiks

G L35 Z LT, 6-exo-dig BRALSUSHIEBIRICETT A 2 2 RH LT S5, KA FES
%:,%%ﬁ%ﬂ—okmént/7%%)/&m%7k/ B 18 OREEE~C R L. B LT
—ERMEER 18 1T, MEICERALEINTEY, ZERQEBIE AN ZR I 5 EHEMLBAFICENT,
HHREE DL LEEXD.

FENT, BB 18 RS & LI~ T T RESy 127 OF%GEHE ARICT MATE. 77—~
a7 FTETIV UL, BRICZSOEBEZEATDHZ LT, A)y&x%ﬁ’ffﬁé
LLxxL Bc&1=> FxxFL BAI OIS D 22 EIBLE 2 Bl L1555 2 & 2 62N LTz, B+ D& R
kofﬁ,ZO®%@%%%m%h&%%mﬁkﬁéé%ﬁ%%%%ﬁé;kf,ﬁ21@ﬁ®mé
MR BILEN T A 7T ) — a5 Lz, 2 L, Ak LIAL ARt = koot 2 35 L, fEko
A FEHN L0 HERIRICEWT S BV RAL—ZNETHZ L 2L L.

B BT _T T R 727 \ZDOWTEMIETEZ G L7 & 2 A, 28 AMMBasEFEnSilE M, HIF 63
GIHEEEZ R LIZE LB, IVA NV AEREZ O Z LR ST, BT 2/ BE# L o
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Experimental section
General techniques

NMR spectra were recorded on a Bruker biospin AVANCE 11 (400 MHz for *H, 100 MHz for **C, 376 MHz
for '°F) or a Bruker biospin AVANCE Il (500 MHz for *H, 125 MHz for **C) instrument in the indicated
solvent. Chemical shifts are reported in units of parts per million (ppm) relative to CDCls (7.26 ppm for 'H
NMR, 77.16 ppm for *C NMR), CDsOD (3.31 ppm for *H NMR, 49.00 ppm for *C NMR), or DMSO-ds (2.50
ppm for *H NMR, 39.52 ppm for *C NMR). Multiplicities are reported using the following abbreviations: s;
singlet, d; doublet, dd; doublet of doublets, t; triplet, g; quartet, m; multiplet, br; broad, J; coupling constants in
Hertz (Hz). IR spectra were recorded on a JASCO FT/IR-4200 spectrometer. Only the strongest and/or
structurally important peaks are reported as IR data given in cm™. High-resolution mass spectra (HRMS) were
recorded on Bruker ESI-TOF-MS (micro TOF I1). Analytical thin layer chromatography (TLC) was performed
on a glass plate of silica gel 60 GF254 (Merck) with UV light (254 nm), visualized by an aqueous alkaline
KMnO:s solution. Column chromatography was performed using silica gel (Fuji Silysia, CHROMATREX PSQ
60B, 50-200 um). Preparative thin-layer chromatography (PTLC) was performed using Wakogel B5-F silica
coated plates (1.0 mm) prepared in our laboratory. Gel permeation chromatography (GPC) for purification was
performed on Japan Analytical Industry Model LC- 9225 NEXT (recycling preparative HPLC) and a Japan
Analytical Industry Model UV-600 NEXT ultraviolet detector with a polystyrene gel column (JAIGEL-1H, 20
mm x 600 mm), using chloroform as solvent (3.5 mL/min). Analytical HPLC was performed using JASCO
PU-2080 Plus Intelligent HPLC pump system with a JASCO UV-2075 Plus Intelligent UV/VIS Detector,
JASCO CO04060 Column Oven, JASCO LG-4580 Quaternary Gradient Unit, JASCO DG-2080-53 3-Line
Degasser, JASCO AS-4550 Autosampler and JASCO LC-Netll/ADC Interface Box. 9-
Azabicyclo[3.3.1]nonan-3-one  (14), (3S,4S)-1-benzylpyrrolidine-3,4-diol (21),% tert-butyl(4-iodobut-2-
ynyloxy)dimethylsilane (24), ® 2-(1-(tert-butoxycarbonyl)-1H-indol-3-yl)-acetic acid (36),* 2-(1-trityl-1H-
imidazol-4-yl)acetic acid (37),> Boc-5-aminovaleric acid (38),° carboxylic acid S177 were prepared according

to the literatures.
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Chemistry

Preparation of ketone 15

Br/\\\ Q\I

NH
15 N
o)
K,CO3, MeCN, rt g

88%
14 16

A mixture of amine 14 (1.40 g, 10.1 mmol, 1.0 equiv.), K2COs3 (2.09 g, 15.2 mmol, 1.5 equiv.), and propargyl
bromide (15) (770 pL, 10.2 mmol, 1.0 equiv.) in MeCN (30 mL) was stirred at room temperature for 2.5 h under
an argon atmosphere. After this time, another amount of propargyl bromide (350 pL, 4.65 mmol, 0.46 equiv.)
was added and stirred for additional 1 h. The reaction mixture was diluted with water and the aqueous layer was
extracted with EtOAc for three times. The combined organic layers were washed with brine, dried over
anhydrous NaxSOs, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane : EtOAc =70 : 30 to 50 : 50) to afford ketone 16 (1.58 g, 8.91 mmol, 88% yield) as a
white solid. Mp 91 °C; "H NMR (400 MHz, CDCls) § 3.45 (d, J = 2.4 Hz, 2H), 3.42 (m, 2H), 2.59 (dd, J = 16.7
Hz, J=6.6 Hz, 2H), 2.20 (t, J=2.4 Hz, 1H), 2.12 (d, J = 16.8 Hz, 2H), 1.83-1.76 (m, 2H), 1.42-1.26 (m, 4H).
C (100 MHz, CDC13) §210.1, 80.3, 72.6,53.2,42.5,41.9, 28.8, 16.1; IR (neat): 3220, 2952, 2935, 2915, 2871,
2823, 1697, 1465, 1445, 1412, 1352, 1208, 1122, 1103, 979, 913, 841, 753 cm™; HRMS (ESI) calcd for
C1:H1sNO" [M + H]" 178.1226, found 178.1229.

Preparation of silyl enol ether 8a

= TBSOTY =
—~ —~
\I 2,6-lutidine \|
N — > ; N
DCM, -78 °C to rt
o quant, TBSO
16 8a

To a solution of ketone 16 (293 mg, 1.65 mmol, 1.0 equiv.) and 2,6-lutidine (290 uL, 2.50 mmol, 1.5 equiv.)
in DCM (5.0 mL) was added TBSOTT (460 uL, 2.00 mmol, 1.2 equiv.) dropwise at -78 °C under an argon
atmosphere. After being stirred for 40 min at 0 °C, the reaction mixture was diluted with water. The aqueous
layer was extracted with EtOAc for three times. The combined organic layers were washed with brine, dried
over anhydrous Na>SO4, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (deactivated with 1% triethylamine in hexane, hexane : EtOAc = 70:30) to afford silyl enol
ether 8a (483 mg, 1.66 mmol, quant.) as a yellow oil. "H NMR (400 MHz, CDCls) § 4.65 (d, J = 5.2 Hz, 1H),
3.49-3.48 (m, 1H), 3.32-3.22 (m, 3H), 2.33 (dd, J=18.2, J= 7.2 Hz, 1H), 2.19 (t, J = 2.5 Hz, 1H), 1.87-1.76
(m, 2H), 1.71-1.59 (m, 2H), 1.55-1.51 (m, 1H), 1.46-1.39 (m, 2H), 0.91 (s, 9H), 0.15 (s, 3H), 0.14 (s, 3H); °C
(100 MHz, CDCls) 6 150.3, 102.5, 81.3, 72.0, 53.3, 51.4, 42.9, 33.5, 30.0, 29.6, 25.8, 18.1, 15.6, 4.2, -4.3; IR
(neat): 3310, 2928, 2854, 1662, 1460, 1430, 1252, 1099, 1054, 864, 837, 710 cm™; HRMS (ESI) calcd for
Ci17H0NOSI* [M + H]* 292.2091, found 292.2093.

49



?“di
gl

Preparation of azatricyclidodecene 7a and Azatricyclononae 17a

=
== JohnphosAuCl
\l AgOTf
G N
TBSO% PhMe/M:OOI-é (10:1)

8a Ta: 44% 17a: 17%

To a mixture of silyl enol ether 8a (29.7 mg, 0.102 mmol, 1.0 equiv.), JohnPhosAuCl (5.4 mg, 0.010 mmol,
10 mol%), and AgOTf (4.6 mg, 0.018 mmol, 18 mol%) in toluene (500 pL) was added MeOH (50 uL) and
stirred at 40 °C for 24 h under an argon atmosphere. The reaction mixture was passed through a pad of Celite®
and concentrated under reduced pressure. The residue was purified by PTLC with EtOAc to afford 7a (8.0 mg,
0.0451 mmol, 44% yield) as a yellow oil and 17a (3.1 mg, 0.0175 mmol, 17% yield) as a yellow oil.
7a: '"H NMR (400 MHz, CDCl3) § 5.94-5.82 (m, 2H), 4.04 (d, J = 19.6 Hz, 1H), 3.49-3.47 (m, 1H), 3.33-3.28
(m, 2H), 2.95-2.87 (m, 2H), 2.15 (d, J = 15.8 Hz, 1H), 1.94-1.82 (m, 2H), 1.76 (d, /= 13.1 Hz, 1H), 1.76 (d, J
= 14.8 Hz, 1H), 1.51-1.45 (m, 2H); “C (100 MHz, CDCls) § 210.2, 131.0, 126.8, 59.8, 57.5, 55.7, 52.2, 39.4,
33.2,29.7, 16.2; IR (neat): 3031, 2926, 2878, 2850, 1698, 1637, 1573, 1468, 1435, 1279, 1164, 1079, 1018,
907, 844, 734 cm™; HRMS (ESI) calcd for C11Hi1sNO™ [M + H]* 178.1226, found 178.1226.
17a: '"H NMR (400 MHz, CDCl3) & 5.17 (s, 1H), 4.96 (s, 1H), 3.80 (d, J = 16.6 Hz, 1H), 3.52-3.48 (m, 2H),
3.40 (s, 1H), 3.20 (s, 1H), 2.70 (dd, J=16.2 Hz, J = 8.0 Hz, 1H), 2.11-1.99 (m, 2H), 1.94-1.85 (m, 2H), 1.66
(d, J=13.0 Hz, 1H), 1.51-1.39 (m, 2H); "*C (400 MHz, CDCl:) & 208.6, 150.4, 107.4, 64.7, 63.5, 58.9, 57.9,
40.3, 32.6, 24.8, 15.0; IR (neat): 2939, 2923, 2885, 2853, 1707, 1658, 1468, 1445, 1415, 1376, 1287, 1265,
1198, 1176, 1072, 1010, 901, 856, 754 cm™; HRMS (ESI) calcd for C11HisNO* [M + H]" 178.1226, found
178.1227.

Preparation of silyl enol ether 8b

He TMS—=o
\| n-BuLi, THF, -78 °C \|

~N —————————» ~-N
then
TBSO TMSCI, -78 °C to 0°C  TBSO

57%
8a 8b

To a solution of silyl enol ether 8a (409 mg, 1.40 mmol, 1.0 equiv.) in THF (10 mL) was added »#-BuLi (880
pL, 1.59 M in hexane, 1.40 mmol, 1.0 equiv.) at -78 °C and stirred for 30 min at the same temperature under an
argon atmosphere. TMSCI (190 pL, 1.50 mmol, 1.1 equiv.) was added to the reaction mixture and stirred for
another 4 h at 0 °C. The reaction mixture was diluted with saturated aqueous NH4Cl and the aqueous layer was
extracted with EtOAc for three times. The combined organic layers were washed with brine, dried over MgSOa,
and concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane/EtOAc =95:5 to 90:10) to afford silyl enol ether 8b (291 mg, 0.800 mmol, 57% yield) as an orange oil.
'H NMR (400 MHz, CDCls) § 4.63 (d, J= 5.2 Hz, 1H), 3.44 (brs, 1H), 3.27 (m, 3H), 2.32 (dd, /= 18.1 Hz, J =
7.2 Hz, 1H), 1.86-1.76 (m, 2H), 1.69-1.62 (m, 2H), 1.52-1.49 (m, 1H), 1.41-1.39 (m, 2H). 0.90 (s, 9H), 0.13-
0.12 (m, 15H); *C NMR (125 MHz, CDCls) § 150.2, 103.2, 102.4, 88.4, 53.2, 51.2,43.8 (t,J =2.8 Hz), 33 .4,
29.9,29.6,25.8,18.0,15.6,0.10, 4.25, -4.32; IR (neat) 3042, 2957, 2934, 2898, 2859, 2179, 1664, 1363, 1350,
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1249, 1194, 865, 841 cm™; HRMS (ESI) calcd for C20HasNOSi2* [M + H]* 364.2486, found 364.2485.

Preparation of N-propargylamine S1

|
He D
\| Pd(PPhs)a, Cul, Et;N Q
N —
MeCN, 60 °C
S 89%
16

Following a reported procedure,® to a mixture of ketone 16 (177 mg, 1.00 mmol, 1.0 equiv.), 4-iodoanisole
(234 mg, 1.00 mmol, 1.0 equiv.), Cul (17.1 mg, 0.0899 mmol, 0.09 equiv.), and Pd(PPhs)s (34.7 mg, 0.0300
mmol, 0.03 equiv.) in MeCN (5.0 mL) was added EtsN (210 pL, 1.51 mmol, 1.5 equiv.) and stirred at 60 °C for
15.5 h under an argon atmosphere. The reaction mixture was concentrated under reduced pressure and the
residue was purified by silica gel column chromatography (hexane : EtOAc = 70:30 to 50:50) to afford ketone
S1 (252 mg, 0.889 mmol, 89% yield) as a brown solid. Mp 129 °C; 'H NMR (400 MHz, CDCl:) § 7.35 (d, J =
8.5 Hz, 2H), 6.80 (d, J= 8.5 Hz, 2H), 3.78 (m, 5H), 3.60 (brs, 2H), 2.77 (dd, J = 16.7 Hz, J = 6.6 Hz, 2H), 2.27
(d, J=16.7 Hz, 2H), 1.99-1.93 (m, 2H), 1.56-1.45 (m, 4H); *C NMR (100 MHz, CDCl3) § 210.7, 159.7, 133.2,
115.1,114.0, 84.7, 84.2, 55.3, 53.5,43.1, 42.8,29.2, 16.4; IR (neat) 2936, 2878, 2837, 1701, 1606, 1569, 1509,
1291, 1249, 1185, 1173,1032, 831 cm™'; HRMS (ESI) calcd for C1sH22NO2" [M + H]* 284.1645, found 284.1650.

MeO
= TBSOTY, EtzN =
—_—
N DCM, -78 °C to 0 °C ~N
56% TBSO

S1 8c
To a solution of ketone S1 (172 mg, 0.607 mmol, 1.0 equiv.) and EtN (130 pL, 0.933 mmol, 1.5 equiv.) in
DCM (3.0 mL) was added TBSOTT (180 uL, 0.783 mmol, 1.3 equiv.) at -78 °C and stirred for 1 h at 0 °C under

Preparation of silyl enol ether 8c

an argon atmosphere. The reaction mixture was added silica gel, passed through a pad of Celite® eluting with
EtOAc, and the filtrate was concentrated under reduced pressure. The residue was purified by GPC to afford
silyl enol ether 8¢ (135 mg, 0.340 mmol, 56% yield) as a yellow oil. "H NMR (400 MHz, CDCl3) § 7.37-7.33
(m, 2H), 6.80-6.76 (m, 2H), 4.68 (d, J = 5.2 Hz, 1H), 3.75 (s, 3H), 3.55-3.53 (m, 1H), 3.48 (d, /= 1.9 Hz, 2H),
3.38-3.36 (m, 1H),2.40 (dd, J=18.2 Hz, /= 7.3 Hz, 1H), 1.90-1.79 (m, 2H), 1.73-1.62 (m, 2H), 1.56-1.53 (m,
1H), 1.46-1.43 (m, 2H), 0.93 (s, 9H), 0.160 (s, 3H), 0.156 (s, 3H); *C NMR (100 MHz, CDCl3) § 159.3, 150.2,
133.2,115.7, 113.8, 102.5, 85.1, 83.7, 55.2, 53.2, 51.3,43.6, 33 .4, 30.0, 29.6, 25., 18.0, 15.6, -4.2, -4.3; IR (cm’
') 3046, 2998, 2930, 2857, 1738, 1663, 1607, 1509, 1362, 1351, 1248, 1196, 1182, 865, 834 cm™; HRMS (ESI)
calcd for C24H3sNO:2Si* [M + H]" 398.2510, found 398.2505.
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Preparation azatricyclododecene 7¢

MeO.

MeO
= JohnphosAuCI (10 mol%) —
%N AgOTI (15mol%) N
PhMe/MeOH (10:1)
B S
SO 40 °C

75%
8c ? 7c

To a mixture of silyl enol ether 8¢ (40.1 mg, 0.101 mmol, 1.0 equiv.), JohnphosAuCl (5.3 mg, 10 mol%), and
AgOT(f (3.9 mg, 15 mol%) in toluene (500 pL) was added MeOH (50 pL) and stirred at 40 °C for 14 h under an
argon atmosphere. The reaction mixture was passed through a pad of Celite® and the filtrate was concentrated
under reduced pressure. The residue was purified by PTLC with EtOAc to afford 7¢ (21.6 mg, 0.0762 mmol,
75% yield) as a yellow oil. "H NMR (500 MHz, CDCl3) & 7.43 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H),
6.16-6.15 (m, 1H), 4.18 (d, /=20.1 Hz, 1H), 3.78 (s, 3H), 3.51-3.45 (m, 3H), 3.38 (brs, 1H), 2.89 (dd, /=15.6
Hz, J=7.4 Hz, 1H), 2.20 (d, J = 15.6 Hz, 1H), 1.97-1.91 (m, 2H), 1.85 (d, /= 11.7 Hz, 1H), 1.69 (d, J=13.2
Hz, 1H), 1.65-1.52 (m,2H); "*C NMR (100 MHz, CDCl3) § 210.7, 159.1, 135.9, 132.1, 126.5, 123.6, 114.0, 60.0,
58.2,55.8,554,54.4,39.7,32.8, 29.7, 16.2; IR (neat) 2933, 2835, 1697, 1607, 1512, 1258, 1247, 1173, 1143,
1033, 850 cm™; HRMS (ESI) calcd for C1sH22NO2" [M +H]" 284.1645, found 284.1652.

Preparation of N-propargylamine S2
TBSO

/\/OTBS \\I
ﬁ N
K,CO3, MeCN, rt 0

70% s2

A mixture of amine 14 (417 mg, 3.00 mmol, 1.0 equiv.), K2COs (415 mg, 3.00 mmol, 1.0 equiv.), and
propargyl iodide 24 (931 mg, 3.00 mmol, 1.0 equiv.) in MeCN (15 mL) was stirred at room temperature for
15.5 h under an argon atmosphere. The reaction mixture was diluted with saturate aqueous NH4Cl and the
aqueous layer was extracted with EtOAc for three times. The combined organic layers were washed with brine,
dried over anhydrous Na>SOs, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane : EtOAc = 70:30) to afford ketone S2 (675 mg, 2.10 mmol, 70% yield) as a
yellow oil. '"H NMR (400 MHz, CDCl3) 6 4.18 (t,J = 1.9 Hz, 2H), 3.46 (t, J = 2.0 Hz, 2H), 3.40 (brs, 2H), 2.56
(dd, J=16.8 Hz,J=6.6 Hz, 2H), 2.10 (d, /= 16.8 Hz, 2H), 1.81-1.75 (m, 2H), 1.40-1.24 (m, 4H), 0.75 (s, 9H),
0.04 (s, 6H); °C (100 MHz, CDCls) 6 210.0, 83.0, 80.9, 53.1, 51.6, 42.4,42.2, 28 .8, 25.6, 18.1, 16.1, -5.3; IR
(neat): 2944, 2928, 2880, 2856, 1707, 1470, 1406, 1354, 1335, 1252, 1186, 1143, 1113, 1078, 836, 777, 748
cm’; HRMS (ESI) calcd for C1sH3:2NO2Si* [M + H]* 322.2197, found 322.2206.
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Preparation of silyl enol ether 8d

TBSO TBSO
= 2 6 utidine =
%L(N DCM, -78 °C to rt KL{N
o 83% TBSO
s2 8d

To a solution of ketone S2 (821 mg, 2.55 mmol, 1.0 equiv.) and 2,6-lutidine (450 ul,3.88 mmol, 1.5 equiv.)
in DCM (7.7 mL) was added TBSOTT (700 pL, 3.05 mmol, 1.2 equiv.) dropwise at -78 °C under an argon
atmosphere. After being stirred for 50 min at 0 °C, the reaction mixture was diluted with water and the aqueous
layer was extracted with EtOAc for three times. The combined organic layers were washed with brine, dried
over anhydrous MgSQs4, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane : EtOAc = 80:20) to afford silyl enol ether 8d (921 mg, 2.11 mmol, 83% yield) as a
yellow oil. "H NMR (400 MHz, CDCl3) § 4.64 (d,J =4.8 Hz, 1H), 4.31 (s, 2H), 3.47 (s, 1H), 3.34-3.25 (m, 3H),
2.32 (dd, J=18.2 Hz, J = 7.2 Hz, 1H), 1.84-1.75 (m, 2H), 1.70-1.60 (m, 2H), 1.52 (d, J = 12.1 Hz, 1H), 1.42
(d, J=9.8 Hz, 2H), 0.92 (s, 9H), 0.89 (s, 9H), 0.144 (s, 3H), 0.136 (s, 3H), 0.09 (s, 6H); "*C (100 MHz, CDCls)
5 150.2, 102.6, 82.5, 82.1, 53.2, 52.1, 51.4,43.2, 33.5, 30.0, 29.6, 26.0, 25.8, 18.4, 18.1, 15.7, 4.2, -4.3, -5.0;
IR (neat): 2955, 2930, 2897, 2857, 1664, 1472, 1462, 1363, 1350, 1254, 1196, 1143, 1113, 1082, 866, 837, 777
cm’'; HRMS (ESI) calcd for C24HasNO2Si* [M + H]" 436.3062, found 436.3073.

Preparation of azatricyclododecene 7d
TBSO

~ JohnphosAuCl TBSO —
== AgOTf N
_—_—
g N PhMe/MeOH = (10:1) o
TBSO 40°C

8d 7d

To a mixture of ketone 8d (850 mg, 1.95 mmol, 1.0 equiv.), JohnPhosAuCl (102 mg, 0.192 mmol, 10 mol%),
and AgOTf (76.6 mg, 0.298 mmol, 16 mol%) in toluene (9.8 mL) was added MeOH (980 pL) and stirred at
40 °C for 14 h under an argon atmosphere. The reaction mixture was filtered through a pad of Celite® and
concentrated under reduced pressure. The residue was purified silica gel column chromatography (hexane :
EtOAc = 70:30 to 50:50) to afford 7d (420 mg, 1.31 mmol, 67% yield) as a yellow solid. '"H NMR (400 MHz,
CDCls) 6 5.81 (s, 1H), 4.04 (d, J=19.4 Hz, 1H), 3.98-3.91 (m, 2H), 3.45-3.43 (m, 1H), 3.32 (dd, /= 19.4 Hz,
J=1.8 Hz, 1H), 3.26 (s, 1H), 2.81 (dd, J=16.0 Hz, J =7.4 Hz, 1H), 2.75 (s, 1H), 2.11 (d, J = 16.0 Hz, 1H),
1.93-1.84 (m, 2H), 1.76 (d, J=13.4 Hz, 1H), 1.63 (d, J=13.0 Hz, 1H), 1.53-1.36 (m, 2H), 0.88 (s, 9H), 0.041
(s, 3H), 0.025 (s, 3H); °C (100 MHz, CDCls) & 209.5, 137.1, 122.5, 64.0, 59.6, 57.4, 55.2, 52.7, 39.4, 33.1,
29.7, 26.0, 18.5, 16.3, -5.30, -5.32; IR (neat): 2953, 2928, 2902, 2884, 2855, 1701, 1672, 1471, 1435, 1410,
1361, 1251, 1174, 1155, 1132, 1086, 1073, 861, 836, 777, 737 cm™'; HRMS (ESI) calcd for C1sHz2NO:2Si* [M
+ H]* 322.2197, found 322.2205.
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Preparation o silyl enol ether 8e

— —
== \ phtalimide, PPhg, /\| /\l
TBSO/\'!‘ TBAF HO DEAD TBSOTY, EtsN
—_—
THF, rt THF, rt DCM -78°Ctort
O%L( O%L( 3 steps 14% TBSO

S2 S3 S4 8e
To a solution of ketone S2 (293 mg, 0.911 mmol, 1.0 equiv.) in THF (1.0 mL) was added TBAF (1.8 mL,
1.0 M in THF, 2.0 equiv.) and stirred at room temperature for 10.5 h under an argon atmosphere. The reaction
mixture was diluted with saturated aqueous NH4Cl and the aqueous layer was extracted with EtOAc for three
times. The combined organic layers were washed with brine, dried over anhydrous MgSOs, and concentrated
under reduced pressure to afford crude alcohol S3, which was used for the next reaction without further
purification.

To a solution of crude alcohol S3, PPhs (359 mg, 1.37 mmol, 1.5 equiv.), and phthalimide (197 mg, 1.37
mmol, 1.5 equiv.) in THF (5.0 mL) was added diethyl azodicarboxylate (DEAD, 620 pL, 40% in toluene, 1.5
equiv.) under an argon atmosphere. After being stirred at room temperature for 5 h, the reaction mixture was
diluted with saturated NaHCOs and the aqueous layer was extracted with EtOAc for three times. The combined
organic layers were washed with brine, dried over anhydrous MgSOs, and concentrated under reduced pressure.
The residue was purified by PTLC with toluene : EtOAc =70 : 30 to afford crude imide S4 (71.5 mg), which
was used for the next reaction without further purification.

To a solution of crude imide S4 (71.5 mg, 0.213 mmol, 1.0 equiv.) and Et3N (50 pL, 0.359 mmol, 1.7 equiv.)
in DCM (1.0 mL) was added TBSOTT (60 uL, 0.261 mmol, 1.2 equiv.) dropwise at -78 °C under an argon
atmosphere. After being stirred at 0 °C for 20 min, the reaction mixture was added silica gel, passed through a
pad of Celite® eluting with EtOAc, and the filtrate was concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane : EtOAc = 80:20 to 60:40) to afford silyl enol ether 8e
(56.3 mg, 0.125 mmol, 14% yield over 3 steps) as a white solid. Mp. 130 °C; '"H NMR (400 MHz, CDCl3) §
7.85 (dd, J =5.4 Hz, J = 3.0 Hz, 2H), 7.72 (dd, J = 5.4 Hz, J=3.0 Hz, 2H), 4.63 (d, J= 5.3 Hz, 1H), 4.46 (s,
2H), 3.45 (s, 1H), 3.27-3.22 (m, 3H), 2.30 (dd, J=18.2 Hz, J=7.2 Hz, 1H), 1.85-1.76 (m, 2H), 1.68-1.59 (m,
2H), 1.52 (d, J=16.1 Hz, 1H), 1.43-1.41 (m, 2H), 0.90 (s, 9H), 0.13 (s, 3H), 0.12 (s, 3H); *C NMR (100 MHz,
CDCl) 6 167.2,150.3,134.2,132.3, 123.6, 102.3, 80.3,77.4,53.3,51.4,43.0,33.3,29.9,29.7,27.7,25.8, 18.1
15.6, 4.2, -4.3; IR (neat) 2929, 2857, 1772, 1722, 1664, 1469, 1422, 1391, 1345, 1196, 1117, 942, 866, 722
cm'; HRMS (ESI) calcd for C2sHzsN20sSi* [M + H]* 451.2411, found 451.2420.
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Preparation of azatricyclododecene 7e

(0]
/\I JohnphosAuCl (10 mol%) N —
AgOTf (15mol%) N
(0]
[e]

toluene, MeOH o
TB
SO 80 °C

559
8e & Te

To a mixture of silyl enol ether 8e (47.2 mg, 0.105 mmol, 1.0 equiv.), JohnphosAuCl (5.6 mg, 10 mol%), and
AgOTf (4.0 mg, 15 mol%) in toluene (500 puL) was added MeOH (50 pL) and stirred at 80 °C for 17.5 h. The
reaction mixture was passed through a pad of Celite”™ and the filtrate was concentrated under reduced pressure.
The residue was purified by PTLC with EtOAc to afford 7e (19.3 mg, 0.0574 mmol, 55% yield) as a yellow oil.
'H NMR (500 MHz, CDCl3) & 7.87-7.83 (m, 2H), 7.74-7.70 (m, 2H), 5.81 (m, 1H), 4.35 (dq, J = 15.5 Hz, J =
2.4 Hz, 1H), 4.14-4.11 (m, 1H), 4.07 (d, J=19.6 Hz, 1H), 3.48 (m, 1H), 3.38-3.34 (m, 2H), 2.94 (s, 1H), 2.84
(dd, J=16.0 Hz, J = 7.5 Hz, 1H), 2.09 (d, J = 16.1 Hz, 1H), 1.96 (bs, 2H), 1.79-1.76 (m, 1H), 1.62-1.59 (m,
1H), 1.50-1.37 (m, 2H); *C NMR (125 MHz, CDCls) § 208.4, 168.3, 134.2, 132.1, 131.8, 125.7, 123.5, 59.8,
57.7,54.9,53.6,41.9, 39.1, 32.6, 29.1, 15.9; IR (neat) 2922, 2881, 2850, 1771, 1712, 1613, 1468, 1426, 1390,
1347,1331, 1173, 1113, 732, 711 cm™; HRMS (ESI) calcd for Ca0H21N203" [M + H]* 337.1547, found 337.1556.

Preparation of ketone S5

Br/\ Mo

NH K,CO3
—_— N
O%L( MeCN, rt %L(
quant. o
14 S5

To a suspension of amine 14 (178 mg, 1.28 mmol, 1.1 equiv.) and K2COs (221 mg, 1.60 mmol, 1.3 equiv.) in
MeCN (3.0 mL) was added 1-bromo-2-butyne (110 uL, 1.22 mmol, 1.0 equiv.) and stirred for 27 h at room
temperature under an argon atmosphere. The reaction mixture was passed through a pad of Celite® and the
filtrate was concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane : EtOAc =70:30 to 40:60) to afford ketone S5 (237 mg, 1.24 mmol, quant.) as a white solid. Mp. 80 °C;
"H NMR (500 MHz, CDCI3) § 3.51 (brs, 2H), 3.48 (q, J = 2.3 Hz, 2H), 2.68 (dd, J= 16.8 Hz, J = 6.7 Hz, 2H),
2.21(d,J=16.6 Hz, 2H), 1.91-1.85 (m, 2H), 1.78 (t,J = 2.4 Hz, 3H), 1.51-1.36 (m, 4H); *C NMR (100 MHz,
CDCb) & 210.6, 80.6, 75.2, 53.3, 42.6, 42.5, 29.1, 164, 3.7; IR (neat) 2934, 2873, 2821, 1702, 1406, 1357,
1279, 1187, 1110, 1100 cm™; HRMS (ESI) calcd for C12H1sNO* [M + H]* 192.1383, found 192.1387.

55



?“di
gl

Preparation of silyl enol enter 8e

Me—= Mo~
\| TBSOT, EtzN \|

N —————————— 7 N
DCM, -78 °Cto 0 °C
(6] 89% TBSO

S5 8f

To a solution of ketone S5 (672 mg, 3.51 mmol, 1.0 equiv.) and EtsN (730 pL, 5.24 mmol, 1.5 equiv.) in
DCM (18 mL) was added TBSOTT (910 pL, 3.96 mmol, 1.1 equiv.) at -78 °C and stirred for 15 min at 0 °C
under an argon atmosphere. The reaction mixture was added silica gel, passed through a pad of Celite®™ eluting
with EtOAc, and the filtrate was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane : EtOAc = 80:20 to 70:30) to afford silyl enol ether 8f (949 mg, 3.11 mmol,
89% yield) as a yellow oil. '"H NMR (400 MHz, CDCls3) & 4.63 (d, J = 5.2 Hz, 1H), 3.46 (brs, 1H), 3.29-3.15
(m, 3H), 2.31 (dd, /= 18.1 Hz, J=7.2 Hz, 1H), 1.86-1.74 (m, 5H), 1.70-1.57 (m, 2H), 1.53-1.49 (m, 1H), 1.43-
1.40 (m, 2H), 0.90 (s, 9H), 0.13 (s, 3H), 0.12 (s, 3H); *C NMR (100 MHz, CDCls) § 150.2, 102.6, 79.5, 76.2,
53.1,51.2,43.1,33.5,30.0,29.6,25.8, 18.1, 15.7,3.8, -4.2, -4.4; IR (neat) 3041, 2929, 2858, 1664, 1471, 1362,
1350, 1195, 1184, 865, 839 cm™'; HRMS (ESI) calcd for C1sHa2NOSi* [M + H*] 306.2248, found 306.2251.

Preparation of azatricyclododecene 7f

Me
xl JohnphosAUCI (10 mol%)  MeN—=
%L(N AgOTF (15mol%) N
PhMe/MeOH = (10:1) S
TBSO o

669
8f % 7f

To a mixture of silyl enol ether 8f (61.0 mg, 0.200 mmol, 1.0 equiv.), JohnphosAuClI (10.6 mg, 10 mol%),
and AgOTf (7.7 mg, 15 mol%) in toluene (1.0 mL) was added MeOH (100 uL) and stirred at 80 °C for 13.5 h
under an argon atmosphere. The reaction mixture was passed through a pad of Celite® and the filtrate was
concentrated under reduced pressure. The residue was purified by PTLC with EtOAc to afford 7f (25.0 mg,
0.131 mmol, 66% yield) as a yellow oil. '"H NMR (400 MHz, CDCl3) § 5.55-5.53 (m, 1H), 3.98 (dq, J = 19.3
Hz,J=2.4 Hz, 1H), 3.43-3.41 (m, 1H), 3.28-3.22 (m, 2H), 2.83 (dd, J=16.0 Hz, J= 7.5 Hz, 1H), 2.70 (s, 1H),
2.09 (dd, J=16.0 Hz, J= 0.4 Hz, 1H), 1.94-1.83 (m, 2H), 1.77-1.72 (m, 1H), 1.65-1.60 (m, 4H), 1.54-1.38 (m,
2H); *C NMR (100 MHz, CDCl3) § 209.4, 134.0, 123.4, 59.4, 57.3,57.1, 55.3,39.2,33.1, 29.6,21.9, 16.3; IR
(neat) 3018, 2921, 2878, 2851, 2834, 1699, 1667, 1170, 1159, 738 cm'; HRMS (ESI) calcd for C12HisNO* [M
+ H]" 192.1383, found 192.1386.
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Preparation of ketone S6

TSy RS TSy
14 S6

Following a reported procedure ,” a mixture of Cul (286 mg, 1.50 mmol, 1.5 equiv.), K2COs (415 mg, 3.00
mmol, 3.0 equiv.) and N,N,N’,N -tetramethylethylenediamine (TMEDA, 230 pL, 1.54 mmol, 1.5 equiv.) in
DMF (4.3 mL) was stirred at room temperature under air atmosphere for 15 min. After this time, TMSCF3 (295
pL, 1.99 mmol, 2.0 equiv.) was added and stirred for another 15 min. The reaction mixture was cooled to 0 °C
and a solution of amine 14 (177 mg, 1.00 mmol, 1.0 equiv.) and TMSCF3 (295 pL, 1.99 mmol, 2.0 equiv.) in
DMF (4.3 mL), which was pre-cooled to 0 °C, was added in one portion. After being stirred at 0 °C for 30 min,
the reaction mixture was warm to room temperature and stirred under air atmosphere for another 16.5 h. The
reaction mixture was diluted with ice cooled water and the aqueous layer was extracted with Et2O for three
times. The combined organic layers were washed with brine, dried over anhydrous MgSOs, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (hexane : EtOAc =
60:40) to afford ketone S6 (170 mg, 0.693 mmol, 69% yield) as a yellow oil. '"H NMR (500 MHz, CDCls) &
3.72 (q, J=3.3 Hz, 2H), 3.48 (brs, 2H), 2.72 (dd, J = 16.8 Hz, J = 6.6 Hz, 2H), 2.31 (d, /= 17.0 Hz, 2H), 1.98-
1.90 (m, 2H), 1.60-1.43 (m, 4H); *C NMR (100 MHz, CDCls) § 209.5, 113.9 (q,.J=255.5 Hz), 84.9 (q, J=5.5
Hz), 71.6 (q, J = 52.3 Hz), 53.7, 42.9, 41.8, 28.5, 16.1; "°F (376 MHz, CDCl:) & -50.5; IR (neat) 2941, 2880,
2286, 2259, 1704, 1286, 1137 cm™; HRMS (ESI) calcd for C12H1sFsNO* [M + H]* 246.1100, found 246.1104.

Preparation of silyl enol ether 8g

F3;C = F3;C =
\| TBSOTY, Et;N \|

N ———————————— 3 7 N
DCM, -78 °Cto 0 °C
O 86% TBSO

S6 8g

To a solution of ketone S6 (142 mg, 0.579 mmol, 1.0 equiv.) and EtsN (120 pL, 0.861 mmol, 1.5 equiv.) in
DCM (2.9 mL) was added TBSOTT (170 pL, 0.740 mmol, 1.3 equiv.) at -78 °C and stirred for 30 min at 0 °C
under an argon atmosphere. The reaction mixture was added silica gel, passed through a pad of Celite® eluting
with EtOAc, and the filtrate was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane : EtOAc = 95:5 to 90:10) to afford silyl enol ether 8g (179 mg, 0.498 mmol,
86% yield) as a yellow oil. "H NMR (400 MHz, CDCls) § 4.66 (d, J = 5.2 Hz, 1H), 3.46-3.33 (m, 3H), 3.23-
3.21 (m, 1H), 2.34 (dd, J=18.3 Hz, J=7.2 Hz, 1H), 1.86-1.75 (m, 2H), 1.70-1.62 (m, 2H), 1.60-1.53 (m, 1 H),
1.47-1.41 (m, 2H), 0.92 (s, 9H), 0.153 (s, 3H), 0.146 (s, 3H); °C NMR (125 MHz, CDCls) § 150.4, 114.1 (q, J
= 255.1 Hz), 101.9, 85.6 (q, J = 6.6 Hz), 71.4 (q, J = 51.9 Hz), 53.7, 51.9, 42.6, 33.4, 29.9, 29.6, 25.8, 18.1,
15.3, -4.26, -4.32; F (376 MHz, CDCls) § -50.2; IR (neat) 2932, 2858, 2266, 1664, 1364, 1287, 1208, 1197,
1140, 864, 839 cm™; HRMS (ESI) calcd for C1sHzo FsNOSIi* [M + H]* 360.1965, found 360.1969.
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Preparation of azatricyclononane 7g

FiC FsC
3 &I JohnphosAuCI (10 mol%) >~ \\
AgOTF (15mol%)

KL(N > N
toluene, MeOH o)
TBSO 80 °C

259
8g & 79

To a mixture of silyl enol ether 8g (71.8 mg, 0.200 mmol, 1.0 equiv.), JohnphosAuCl (10.6 mg, 10 mol%),
and AgOTf (7.7 mg, 15 mol%) in toluene (1.0 mL) was added MeOH (100 pL) and stirred at 80 °C for 13.5 h
under an argon atmosphere. The reaction mixture was passed through a pad of Celite® and the filtrate was
concentrated under reduced pressure. The residue was purified by PTLC with EtOAc to afford 7g (12.2 mg,
0.0497 mmol, 25% yield) as a yellow oil. "H NMR (500 MHz, CDCls) § 5.65 (qq, J = 7.8 Hz, J =2.2 Hz, 1H),
3.94 (dt,J=17.2 Hz, J=2.7 Hz, 1H), 3.69-3.64 (m, 2H), 3.53-3.52 (m 1H), 3.44-3.43 (m, 1H), 2.59 (dd, J =
16.2 Hz, J=8.0 Hz, 1H), 2.19 (d, J = 16.2 Hz, 1H), 2.15-2.06 (m, 1H), 2.00-1.91 (m, 2H), 1.74-1.69 (m, 1H),
1.56-1.50 (m, 2H); >*C NMR (125 MHz, CDCl3) § 204.6, 152.7 (m), 122.7 (q, J = 269.1 Hz), 112.3 (q,J =35.5
Hz), 64.9, 60.3, 59.5, 57.7, 40.9, 32.0, 24.1, 14.6; "°F (376 MHz, CDCl3) § -59.1; IR (neat) 2946, 2926, 2855,
1715, 1686, 1364, 1353, 1268, 1173, 1173, 1154, 1114, 1100, 859 cm™; HRMS (ESI) calcd for C12HisFsNO*
[M + H]" 246.1100, found 246.1104.

Preparation of silyl enol ether 8h

He EtO,Cs
\| n-BuLi, THF, -78 °C \|

; N ————— ; N
then
TBSO CICOEt,-78 °Ctort  TBSO

48%
8a 8h

To a solution of silyl enol ether 8a (272 mg, 0.933 mmol, 1.0 equiv.) in THF (3.7 mL) was added n-BuLi
(590 uL, 1.59 M in hexane, 0.938 mmol, 1.0 equiv.) at -78 °C and stirred for 15 min at the same temperature
under an argon atmosphere. After this time, ethyl chloroformate (90 pL, 0.945 mmol, 1.0 equiv.) was added and
the reaction mixture was slowly warm to room temperature and stirred for 10.5 h. The reaction mixture was
diluted with saturated aqueous NH4Cl and the aqueous layer was extracted with EtOAc for three times. The
combined organic layers were washed with brine, dried over anhydrous MgSOs, and concentrated under reduced
pressure. The residue was purified by GPC to afford silyl enol ether 8h (163 mg, 0.448 mmol, 48% yield) as a
yellow oil. '"H NMR (400 MHz, CDCl3) 6 4.63 (d, J=5.2 Hz, 1H), 4.18 (q, J= 7.1 Hz, 2H), 3.44-3.34 (m, 3H),
3.25-3.23 (m, 1H),2.31 (dd, J=18.3 Hz, J=7.3 Hz, 1H), 1.83-1.72 (m, 2H), 1.68-1.56 (m, 2H), 1.54-1.50 (m,
1H), 1.44-1.38 (m, 2H), 1.26 (t, J = 7.1 Hz, 3H), 0.90 (s, 9H), 0.13 (s, 3H), 0.12 (s, 3H); °C NMR (100 MHz,
CDCls) 6 153.6, 150.2, 102.1, 85.5, 76.1, 61.9, 53.5, 51.7, 43.0, 33.4, 29.9, 29.5, 25.7, 18.0, 15.4, 14.1, -4.3, -
4.4; IR (neat) 2928, 2858, 2237, 1713, 1663, 1472, 1462, 1364, 1351, 1251, 1204, 1197, 1066, 868, 838 cm™*;
HRMS (ESI) calcd for C20H3aNOsSi* [M + H]* 364.2302, found 364.2309.
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Preparation of azatricyclononane 7h

EtO,C EtO,C
2 XI JohnphosAuCl (10 mol%) XN
AgOTf (15mol%)

%L(N > N
toluene, MeOH o
TBSO 80 °C

509
8h % 7h

To a mixture of silyl enol ether 8h (72.9 mg, 0.201 mmol, 1.0 equiv.), JohnphosAuCl (10.6 mg, 10 mol%),
and AgOTf (7.7 mg, 15 mol%) in toluene (1.0 mL) was added MeOH (100 pL) and stirred at 80 °C for 13.5 h
under an argon atmosphere. The reaction mixture was passed through a pad of Celite® and the filtrate was
concentrated under reduced pressure. The residue was purified by PTLC with EtOAc to afford 7h (25.2 mg,
0.101 mmol, 50% yield) as a yellow oil. '"H NMR (500 MHz, CDCls) § 5.84 (m, 1H), 4.29 (d, J = 1.2 Hz, 1H),
4.23-4.14 (m, 2H), 3.98 (d, J = 17.7 Hz, 1H), 3.68 (d, J = 17.7 Hz, 1H), 3.55-3.54 (m, 1H), 3.44 (s, 1H), 2.60
(dd, J=16.1 Hz, J=7.8 Hz, 1H), 2.18 (d, /= 16.1 Hz, 1H), 2.14-2.09 (m, 1H), 2.02-1.96 (m, 2H), 1.73-1.70
(m, 1H), 1.63-1.52 (m, 2H), 1.29 (t,J=7.2 Hz, 3H); *C NMR (125 MHz, CDCl3) § 205.3, 165.4, 160.7, 114.3,
65.0, 61.6, 60.6, 60.4, 57.9,41.4,32.4,24.4, 14.9, 14.4; IR (neat) 2925, 2850, 1718, 1660, 1370, 1344, 1267,
1175, 1154, 1035, 854 cm*; HRMS (ESI) calcd for C14H20NOs* [M + H]* 250.1438, found 250.1439.

Preparation of silyl enol ether 8i

S a =
\| n-BuLi, THF, -78 °C N
~N ———————— ~-N
then
TBSO n-BuNCO, -78°C  TBSO

66%
8a 8i

To a solution of silyl enol ether 8a (529 mg, 1.81 mmol, 1.0 equiv.) in THF (13 mL) was added n-BuLi (1.14
mL, 1.59 M in hexane, 1.81 mmol, 1.0 equiv.) at -78 °C and stirred for 20 min at the same temperature under
an argon atmosphere. After this time, the reaction mixture was added butyl isocyanate (200 pL, 1.80 mmol, 1.0
equiv.) and stirred for another 1.5 h at -78 °C. The reaction mixture was diluted with saturated aqueous NH4Cl
and the aqueous layer was extracted with DCM for three times. The combined organic layers were washed with
brine, dried over anhydrous MgSOs, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (hexane : EtOAc =40:60 to 30:70) to afford silyl enol ether 8i (463 mg, 1.19 mmol,
66% yield) as a yellow oil. "H NMR (400 MHz, CDCl3) § 5.94 (m, 1H), 4.64 (d, J= 5.2 Hz, 1H), 3.46-3.35 (m,
3H), 3.28-3.23 (m, 3H), 2.34 (dd, J = 18.3 Hz, J = 7.2 Hz, 1H), 1.86-1.75 (m, 2H), 1.71-1.59 (m, 2H), 1.56-
1.41(m, 5H), 1.37-1.28 (m, 2H), 0.92-0.88 (m, 12H), 0.14 (s, 3H), 0.13 (s, 3H); °C NMR (100 MHz, CDCl3) §
153.1,150.2, 102.1, 83.1, 78.6, 53.5, 51.7, 43.0, 39.6, 33.3, 31.4, 29.9, 29.6, 25.7, 20.0, 18.0, 15.3, 13.7, 4.3, -
4.4; IR (neat) 3258, 3053, 2954, 2930, 2859, 2243, 1739, 1662, 1633, 1540, 1363, 1255, 1196, 867, 839, 778
cm'; HRMS (ESI) calcd for C22HzoN202Si* [M + H]* 391.2775, found 391.2784.
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Preparation of azatricyclononane 7i

Q
\\/\ »\‘ JohnphosAuCl (10 mol%)  /~\__ 7™\

AgOTf ( 15mo|%)

- N
toluene, MeOH
TBSO%A( 80 °C (o]

36%
8i 7i
To a mixture of silyl enol ether 8i (78.1 mg, 0.200 mmol, 1.0 equiv.), JohnphosAuCl (10.6 mg, 10 mol%),
and AgOTf (7.7 mg, 15 mol%) in toluene (1.0 mL) was added MeOH (100 pL) and stirred at 80 °C for 14 h

under an argon atmosphere. The reaction mixture was passed through a pad of Celite® and the filtrate was

concentrated under reduced pressure. The residue was purified by silica gel column chromatography (EtOAc
100% to DCM : MeOH = 90:10) to afford 7i (19.8 mg, 0.716 mmol, 36% yield) as a yellow oil. "H NMR (400
MHz, CDCls) 6 5.83 (brs, 1H), 5.79 (m, 1H), 4.00 (d, J=2.3 Hz, 1H), 3.90 (dd, J=17.3 Hz, J=2.0 Hz, 1H),
3.59 (d,J=17.3 Hz, 1H), 3.51-3.49 (m, 1H), 3.38 (brs, 1H), 3.30-3.26 (m, 2H), 2.59 (dd, J=16.7 Hz, J=8.0
Hz, 1H), 2.17 (d,J=16.7 Hz, 1H), 2.11-2.03 (m, 1H), 1.98-1.89 (m, 2H), 1.69-1.66 (m, 1H), 1.57-1.42 (m, 4H),
1.40-1.32 (m, 2H), 0.92 (t, d, J = 7.4 Hz, 3H); *C NMR (125 MHz, CDCl3) § 206.4, 165.1, 151.1, 119.0, 64.5,
60.8, 59.5, 57.2, 40.5, 39.6, 32.0, 31.7, 24.4, 20.3, 14.8, 13.9; IR (neat) 3283, 3057, 2954, 2930, 2872, 1707,
1673, 1635, 1545, 1442, 1246, 1177, 1159, 854, 751 cm™; HRMS (ESI) calcd for CisHzsN202" [M + H]
277.1911, found 277.1917.

Preparation of ketone S7

Following a slightly modified procedure in the literature,'® to a mixture of amine 14 (332 mg, 1.87 mmol, 1.2
equiv.) and Cul (17.7 mg, 0.0929 mmol, 0.06 equiv.) in THF (4.7 mL) was added N-iodomorpholin-hydrogen
iodide (541mg, 1.59 mmol, 1.0 equiv.) and stirred for 3 h at room temperature under an argon atmosphere. The
reaction mixture was passed through a pad of basic alumina and the filtrate was concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane : EtOAc = 80:20 to 70:30) to
afford ketone S7 (226 mg, 0.746 mmol, 47% yield) as a white solid. Decomposed at 140 °C; '"H NMR (400
MHz, CDCls) & 3.70 (s, 2H), 3.47 (bs, 2H), 2.68 (dd, J = 16.8 Hz, J = 6.6 Hz, 2H), 2.22 (d, J = 16.9 Hz, 2H),
1.93-1.84 (m, 2H), 1.51-1.35 (m, 4H); °C NMR (100 MHz, CDCl3) 6 210.3, 90.6, 53.4, 44.2, 42.8,28.9, 16.2,
0.6; IR (neat)2936,2875,2852,2816, 1735, 1698,1685, 1362, 1353, 1216, 1203, 1099 cm™*; HRMS (ESI) calcd
for C11HisNOI™ [M + H]" 304.0193, found 304.0198.
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Preparation of silyl enol ether 8j

I~— I —
\| TBSOTY, EtsN \|

N ——————————————— 3 7 N
DCM, -78 °Cto 0 °C
o 82% TBSO

s7 8j

To a solution of ketone S7 (211 mg, 0.696 mmol, 1.0 equiv.) and EtsN (145 pL, 1.04 mmol, 1.6 equiv.) in
DCM (3.5 mL) was added TBSOTT (190 pL, 0.827 mmol, 1.2 equiv.) at -78 °C and stirred for 30 min at 0 °C
under an argon atmosphere. The reaction mixture was added silica gel, passed through a pad of Celite®™ eluting
with EtOAc, and the filtrate was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane : EtOAc =90:10 to 80:20) to afford silyl enol ether 8j (239 mg, 0.573 mmol,
82% yield) as a white solid. Mp 97 °C; "H NMR (400 MHz, CDCls) § 4.64 (d, J = 5.2 Hz, 1H), 3.49-3.40 (m,
3H), 3.28-3.26 (m, 1H), 2.33 (dd, /J=18.2 Hz,J=7.2 Hz, 1H), 1.87-1.75 (m, 2H), 1.71-1.59 (m, 2H), 1.55-1.52
(m, 1H), 1.45-1.42 (2H), 0.92 (s, 9H), 0.15 (s, 3H), 0.14 (s, 3H); *C NMR (100 MHz, CDC1s) § 150.3, 102.4,
91.6,53.3,51.5,44.9,33.4,30.0,29.6,25.8, 18.1, 15.6, -1.3, -4.2, -4.3; IR (neat) 2929, 2898, 2857, 1255, 1197,
866, 839,778 cm™*; HRMS (ESI) calcd for C17H29INOSI* [M + H]* 418.1058, found 418.1054.

Preparation of benzyl (3S,4S)-3,4-dihydroxypyrrolidine-1-carboxylate (22)

Bn Bn H Cbz
o N o LiAIH, N Pd/C, H, (balloon) N CbzOSu, Na,CO3 N
—_—_— —_—_— —_—_—
Tj THF, 90 °C / MeOH, 50 °C ", H,0, 1,4-dioxane 5—7,
HO "OH HO ”OH HO OH O°Ctort HO OH
3 steps 43%
21 S8 S9 22

To a suspension of LiAlH4 (4.90 g, 129 mmol, 2.5 equiv.) in THF (260 mL) was added imide 21 (11.5 g, 52.0
mmol, 1.0 equiv.) at 0 °C under an argon atmosphere. The reaction mixture was heated to 90 °C and stirred for
3.5 h before saturated aqueous Na>SOs was added dropwise at 0 °C. The reaction mixture was filtered through
a pad of Celite” and the solvent was removed under reduced pressure to afford crude amine S8 (7.45 g, 38.6
mmol), which was used for the next reaction without further purification.

To a solution of crude amine S8 (7.45g, 38.6 mmol) in MeOH (120 mL) was added Pd/C (1.50 g, 20wt%)
and stirred at 50 °C for 4 h under H2 atmosphere. The reaction mixture was filtered through a pad of Celite® and
the solvent was removed under reduced pressure to afford crude amine S9 (3.93 g, 38.1 mmol), which was used
for the next reaction without further purification.

To a solution of crude amine S9 (3.93 g, 38.1 mmol, 1.0 equiv.) in 1,4-dioxane (100 mL) and aqueous Na2CO3
(20wt%, 80 mL) was added CbzOSu (11.4g, 45.7 mmol, 1.2 equiv.) at 0 °C under air. After being stirred for 2.5
h at the same temperature, the reaction mixture was diluted with saturated aqueous NH4Cl and the aqueous layer
was extracted with EtOAc for three times. The combined organic layers were washed with brine, dried over
anhydrous MgSOs, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (DCM : MeOH =98:2 to 90:10) to afford diol 22 (5.32 g, 22.4 mmol, 3 steps 43%) as an orange

oil. The compound data was in accordance with previous report.'!
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Preparation of ketone 25

TBSO

HO,C CO,H \\I
Cbz /\g/\ | \\
] NH OTBS N
N NalO, Cbz ) 24 %)/(
, —
o] (o]
N
S—\'-,, Et,0, H;0, 1t (N N eq, 00, 1 N N
HO'  OH 0 0 280, B0 MO oy KzCO3, MeCN, rt cbz”
3 steps 33%
22 23 20a 25

Following a slightly modified procedure in the literature,’ to a solution of diol 22 (5.03 g, 21.2 mmol, 1.0
equiv.) in Et2O (100 mL) was added a solution of NalO4 (5.43 g, 25.4 mmol, 1.2 equiv.) in H2O (60 mL) and
stirred at room temperature for 19 h under air. The reaction mixture was concentrated under reduced pressure,
diluted with brine, and the aqueous layer was extracted with EtOAc for three times. The combined organic
layers were dried over anhydrous Na>SOs and concentrated under reduced pressure. The residue was diluted
with DCM and MgSOs was added. The resulting suspension was filtered and concentrated under reduced
pressure to afford crude dialdehyde 23, which was used for the next reaction without further purification.

To a solution of 1,3-acetonedicarboxylic acid (3.11 g, 21.3 mmol, 1.0 equiv.) and 25% ammonia solution (15
mL) in H20 (15 mL) was added crude dialdehyde 23 dissolved in Et2O (8.0 mL) at 0 °C under air. The reaction
mixture was slowly warmed to room temperature and stirred for 46 h. The resulting mixture was diluted with
brine and the aqueous layer was extracted with EtOAc for three times. The combined organic layers were dried
over anhydrous MgSOs, filtered, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (DCM : MeOH = 98:2 to 90:10) to afford crude amine 20a (2.68 g, 9.76 mmol) as
an orange oil, which was used for the next reaction without further purification.

A mixture of crude amine 20a (2.68 g, 9.76 mmol, 1.0 equiv.), K2COs (2.02 g, 14.6 mmol, 1.5 equiv.), and
propargyl iodide 24 (3.04 g, 9.80 mmol, 1.0 equiv.) in MeCN (30 mL) was stirred at room temperature for 7.5
h under an argon atmosphere. The reaction mixture was filtered through a pad of Celite™ and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (hexane : EtOAc = 70:30 to
50:50) to afford ketone 25 (3.24 g, 7.10 mmol, 3 steps 33%) as a yellow oil. "H NMR (400 MHz, CDCls) &
7.36-7.28 (m, SH), 5.09 (d, /= 6.9 Hz, 2H), 4.33 (s, 2H), 4.06-3.92 (m, 2H), 3.61 (s, 2H), 3.50 (d, J = 14.7 Hz,
2H), 3.17 (m, 2H), 2.65 (dd, J=15.8 Hz , J = 5.8 Hz, 2H), 2.25 (m, 2H), 0.90 (s, 9H), 0.10 (s, 6H); °C NMR
(100 MHz, CDCl5) 6 205.2, 155.5, 136.5, 128.6, 128.2, 84.1, 80.1, 67.8, 54.6, 51.9,48.4, 48.2, 42.3, 40.8, 25.9,
18.4, -5.1; IR (neat): 2953, 2929, 2857, 1711, 1432, 1362, 1244, 1204, 1130, 1107, 1077, 984, 837, 778 cm™*;
HRMS (ESI) calcd for C2sH3ssN204SiNa™ [M + Na]* 479.2337, found 479.2338.
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Preparation of silyl enol ether 19a

OTBS OTBS
= =
TBSOTf, EtzN
N ——— ~—N
DCM, -78 °C to 0 °C
o] ) quant TBSO )
/N /N
Cbz Cbz
25 19a

To a solution of ketone 25 (1.84 g, 4.03 mmol, 1.0 equiv.) and Et;N (840 pL, 6.03 mmol, 1.5 equiv.) in DCM
(20 mL) was added TBSOTT (1.11 mL, 4.83 mmol, 1.2 equiv.) at -78 °C and stirred at 0 °C for 10 min under an
argon atmosphere. The reaction mixture was diluted with saturated aqueous NH4Cl and the aqueous layer was
extracted with DCM for three times. The combined organic layer was washed with brine, dried over anhydrous
MgSOs, filtered, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane : EtOAc = 70:30) to afford silyl enol ether 19a (2.27 g, 3.98 mmol, quant.) as a yellow
oil. "H NMR (400 MHz, CDCls) § 7.34-7.33 (m, 5H), 5.15-4.99 (m, 2H), 4.65 (dd, J =17.1 Hz, J=4.8 Hz ,
1H), 4.33 (s, 2H), 4.08 (dd, J=51.6 Hz, J=13.2 Hz, 1H), 3.85 (dd, J=41.4 Hz, J=12.4 Hz, 1H), 3.47-3.08
(m, 6H), 2.35 (dd,J=18.3 Hz,J=7.0 Hz, 1H), 1.79 (dd, /= 34.6 Hz, J=18.2 Hz, 1H), 0.90 (m, 18H), 0.12-
0.10 (m, 12H); *C NMR (100 MHz, CDC1:) § 156.2, 155.9, 150.4, 149.8, 136.9, 128.59, 128.56, 128.1, 128.03,
127.98, 99.8, 99.6, 83.2, 81.1, 67.3, 52.8, 52.7, 52.0, 51.0, 50.9, 50.7, 48.1, 47.9, 42.8, 28.6, 28.5, 25.9, 25.8,
18.4,18.0,-4.4,-4.5,-5.0; IR (neat): 2954, 2928, 2895, 2857, 1703, 1664, 1471, 1461, 1432, 1362, 1254, 1200,
1131, 1079, 948, 838, 779 cm*; HRMS (ESI) calcd for Cs1Hs:N204Si2* [M + H]* 571.3382, found 571.3376.

Preparation of diazatricyclododecene 18

TBSO

= JohnPhosAuCl TBSO™ N= Rh/AI,O; TBSO™ =
AgOTf N H, (balloon) N
N — _—
%)/( toluene, MeOH, 40 °C o N) MeOH, 50 °C 7 )
TBSO g

, Cbe’ 2 steps 79% HN
Cbz

19a $10 18

A suspension of silyl enol ether 19a (2.27 g, 3.98 mmol, 1.0 equiv.), JohnPhosAuCl (213 mg, 0.397 mmol,
10 mol%), and AgOTTf (160 mg, 0.623 mmol, 16 mol%) in toluene (20 mL) was added MeOH (2 mL) and stirred
at 40 °C for 1.5 h under an argon atmosphere. The reaction mixture was filtered through a pad of Celite® and
concentrated under reduced pressure to afford crude ketone S10 (2.51 g), which was used for the next reaction
without further purification.

To a solution of crude ketone S10 (2.51 g) in MeOH (12 mL) was added Rh on activated alumina (500 mg,
20wt%) and stirred at 50 °C under H2 atmosphere. After being stirred for 11 h, the reaction mixture was filtered
through a pad of Celite® and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (EtOAc 100% to DCM : MeOH = 95:5) to afford 18 (1.01 g, 3.13 mmol, 2 steps 79%) as a
yellow oil. "HNMR (400 MHz, CDCls) § 5.68 (s, 1H), 3.92-3.87 (m, 3H), 3.20-3.26 (m, 2H), 3.01 (s, 1H), 2.95-
291 (m, 2H), 2.86 (d,J=11.2 Hz, 1H), 2.71 (d, J=10.8 Hz, 1H), 2.66-2.61 (m, 2H), 2.03 (d, /= 15.5 Hz, 1H),
1.54 (bs, 1H), 0.76 (s, 9H), -0.07 (s, 3H), -0.09 (s, 3H); *C NMR (100 MHz, CDCls) § 205.2, 137.2, 121.4,
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63.8, 60.3, 57.9, 54.9, 52.8, 51.5, 49.8, 38.7, 25.9, 18.3, -5.4, -5.5; IR (neat): 3346, 2952, 2928, 2903, 2855,

2830, 1700, 1671, 1473, 1471, 1460, 1435, 1410, 1346, 1252, 1184, 1166, 1137, 1086, 836, 777 cm*; HRMS
(ESI) calcd for C17H1N20.Si* [M + H]" 323.2149, found 323.2151.

Representative procedure for synthesis of ketones 29a—c

TBSO” =
TBSO \\—= i-PrCHO, NaBH(OAc); N
AcOH
N o @ )
N

S
18 ©) 29a

To a solution of amine 18 (652 mg, 2.02 mmol, 1.0 equiv.), benzaldehyde (310 pL, 3.07 mmol, 2.5 equiv.),
and AcOH (115 pL, 2.01 mmol, 1.0 equiv.) in DCE (10.0 mL) was added NaBH(OAc); (856 mg, 4.04 mmol,
2.0 equiv.) under an argon atmosphere. After being stirred at room temperature for 40 min, the reaction mixture
was diluted with saturated aqueous NH4Cl and the aqueous layer was extracted with EtOAc for three times. The
combined organic layers were washed with brine, dried over anhydrous MgSOQs, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel chromatography (hexane : EtOAc = 30:70) to afford
ketone 29a (541 mg, 1.31 mmol, 65%) as a colorless oil. '"H NMR (400 MHz, CDCl3) & 7.33-7.29 (m, 2H),
7.23-7.21 (m, 3H), 5.81 (s, 1H), 4.03-4.00 (m, 3H), 3.53 (d, J=13.2 Hz, 1H), 3.47 (d, J=13.2 Hz, 1H), 3.34-
3.32 (m, 2H), 3.15 (s, 1H), 2.81 (d, J = 11.1 Hz, 1H), 2.75-2.70 (m, 2H), 2.63 (d, J = 10.7 Hz, 1H), 2.45-2.41
(m, 2H), 2.10 (d,J = 15.5 Hz, 1H). 0.89 (s, 9H), 0.05 (s, 3H), 0.04 (s, 3H); *C NMR (100 MHz, CDCl3) § 203.9,
138.1, 137.4, 128.8, 128.5, 127.2, 121.5, 63.9, 62.3, 59.9, 59.2, 57 4, 56.5, 54.4, 51.8, 39.0, 26.0, 18.5, -5.31, -
5.34; IR (neat): 3059, 3026, 2952, 2928, 2905, 2883, 2855, 2810, 2768, 1703, 1672, 1496, 1461, 1410, 1389,
1369, 1344, 1279, 1253, 1179, 1141, 1082, 1066, 1050, 1027, 1005, 837 cm™*; HRMS (ESI) calcd for
C24Hz7N20:Si* [M + H]" 413.2619, found 413.2619.

TBSO =
N
Y

Following representative procedure using amine 18 (350 mg, 1.09 mmol) and isobutylaldehyde (250 pL, 2.74

Preparation of ketone 29b

29b

mmol), purification by silica gel column chromatography (hexane : EtOAc =20:80) afforded ketone 29b (349
mg, 0.922 mmol, 85%) as a colorless oil. 'H NMR (500 MHz, CDCls) § 5.80 (m, 1H), 4.03-4.00 (m, 3H), 3.35-
3.31 (m, 2H), 3.15 (s, 1H), 2.79 (d, J = 11.2 Hz, 1H), 2.75-2.70 (m, 2H), 2.64 (dt, /= 10.8 Hz, J=2.3 Hz 1H),
2.41-2.37 (m, 2H), 2.12 (d, J = 15.6 Hz, 1H), 2.09-2.02 (m, 2H), 1.74-1.67 (m, 1H), 0,89 (s, 9H), 0.82 (d, J =
3.9 Hz, 3H), 0.81 (d, J =3.9 Hz, 3H), 0.05 (s, 3H), 0.03 (s, 3H); "?C NMR (125 MHz, CDCls) § 203.1, 137.4,
121.3, 66.3, 63.9, 60.2, 59.9, 57.4, 57.2, 54.4, 51.9, 38.9, 26.0, 25.8, 20.8, 20.7, 18.5, -5.28, -5.31; IR (neat):
2952, 2928, 2903, 2855, 2807, 2360, 2340, 1705, 1672, 1471, 1255, 1145, 1085, 836, 777 cm™*; HRMS (ESI)
calcd for C21HsoN20.Si* [M + H]" 379.2775, found 379.2785.
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Preparation of ketone 29¢
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O
TBSO
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AcOH
N
DCE rt
O
HN) 95%

18 \|/O 29c¢

Following representative procedure using amine 18 (753 mg, 2.34 mmol) and 4-tert-butoxybenzaldehyde
(1.02 mL, 5.85 mmol), purification by silica gel column chromatography (hexane : EtOAc = 70:30 to 50:50)
afforded ketone 29¢ (1.08 g, 2.23 mmol, 95%) as a yellow oil. "H NMR (500 MHz, CDCls) § 7.02 (d, J = 8.5
Hz, 2H), 6.85 (d, /=8.5 Hz, 2H), 5.72 (s, 1H), 3.94-3.92 (m, 3H), 3.39 (d, /=13.2 Hz, 1H),3.35(d, /=13.3
Hz, 1H), 3.26-3.22 (m, 2H), 3.07 (s, 1H), 2.73 (d, J = 11.2 Hz, 1H), 2.66-2.62 (m, 2H), 2.54 (d, /= 10.8 Hz,
1H), 2.35-2.32 (m, 2H), 2.01 (d, J = 15.5 Hz, 1H), 1.24 (s, 9H), 0.81 (s, 9H), -0.02 (s, 3H), -0.04 (s, 3H); °C
NMR (125 MHz, CDCls) 6 203.6, 154.3, 137.2, 132.6, 129.0, 123.9, 121.4, 78.0, 63.8, 61.6, 59.7, 58.9, 57 .2,
56.2,54.2,51.6, 38.8, 28.8,25.9, 18.3, -5.4, -5.5; IR (neat): 2975, 2952, 2928, 2906, 2885, 2855, 2830, 2813,
1702, 1673, 1607, 1506, 1460, 1364, 1256, 1235, 1174, 1160, 1142, 1086, 1069, 1050, 897, 837, 776, 744, 669
cm™; HRMS (ESI) calcd for C2sHasN20sSi* [M + H]* 485.3194, found 485.3195.

Representative procedure for synthesis of azides 30a-c

TBSO = TBSO — TBSO — TBSO —
N LiAIH4 N MsClI, Et3N N NaN3 N
H > H — 3 N3
) Et,0, 0 °C HO N) DCM, 0 °C to rt MsO N) DMF, 80 °C 1Y

N

3 steps 59%
©)ZQa ©)S11 ©)S12 ©)SOa

To a solution of ketone 29a (57.8 mg, 0.140 mmol, 1.0 equiv.) in Et20 (980 uL) was added LiAlH4 (13.3 mg,
0.350 mmol, 2.5 equiv.) portion wise at 0 °C and stirred at the same temperature for 20 min under an argon
atmosphere. The reaction mixture was diluted with saturated aqueous Na2SOs, filtered through a pad of Celite®,
and concentrated under reduced pressure afford crude alcohol S11, which was used for the next reaction without
further purification.

To a solution of crude alcohol S11 and triethylamine (29.3 puL, 0.21 mmol, 1.5 equiv.) in DCM (420 pL) was
added MsCl1 (13.0 uL, 0.168 mmol, 1.2 equiv.) at 0 °C under an argon atmosphere. After being stirred at room
temperature for 1 h, the reaction mixture was diluted with EtOAc and washed with water and brine. The organic
layer was dried over anhydrous Na2SO. and concentrated under reduced pressure to afford crude mesylate S13,
which was used for the next reaction without further purification.

To a solution of crude mesylate S12 in DMF (560 pL) was added NaNs (18.2 mg, 0.280 mmol, 2.0 equiv.)
and the reaction mixture was stirred at 80 °C for 1 h under an argon atmosphere. The reaction mixture was
diluted with EtOAc and washed with brine. The organic layer was dried over anhydrous MgSOs, filtered, and
concentrated under reduced pressure. The residue was purified by column chromatography (hexane : EtOAc =
60:40) to afford azide 30a (36.2 mg, 0.0823 mmol, 3 steps 59 %) as a yellow oil. 'H NMR (400 MHz, CDCls)
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§7.36-7.32 (m, 2H), 7.29-7.24 (m, 3H), 5.82 (s, 1 H), 5.41-5.36 (m, 1H), 4.29 (dd, J=14.0 Hz, J= 1.9 Hz, 1H),
4.05 (dd, J = 14.0 Hz, J = 2.0 Hz, 1H), 3.83 (d, J = 18.9 Hz, 1H), 3.45 (s, 2H), 3.16 (dd, J = 19.2 Hz, J = 2.4
Hz, 1H), 3.00 (s, 1H), 2.92-2.89 (m, 2H), 2.79 (d, J = 10.4 Hz, 1H), 2.49-2.45 (m, 2H), 2.32 (d, J= 5.0 Hz, 1H),
1.87-1.77 (m, 2H), 0.92 (s, 9H), 0.082 (s, 3H), 0.077 (s, 3H); *C NMR (100 MHz, CDC15) § 138.4, 138.2, 128.9,
128.6, 127.3, 122.0, 66.8, 63.2, 59.2, 58.7, 57.4, 56.6, 54.2, 54.1, 37.3, 28.1, 26.1, 18.6, -5.1, -5.2; IR (neat):
3028, 2952, 2927, 2903, 2855, 2807, 2768, 2091, 1460, 1347, 1252, 1146, 1119, 1004, 836, 776, 736 cm™*;
HRMS (ESI) calcd for C24H3sNsOSi* [M + H]™ 440.2840, found 440.2841.

TBSO —
N
N3
"

N

YZ‘aOb

Following representative procedure using ketone 29b (349 mg, 0.922 mmol), purification by silica gel column
chromatography (hexane : EtOAc = 40:60) afforded azide 30b (288 mg, 0.710 mmol, 3 steps 77%) as a yellow
oil. 'HNMR (500 MHz, CDCl3) § 5.79 (s, 1H), 5.31-5.27 (m, 1H), 4.26 (dd, /= 13.9 Hz, J= 1.9 Hz, 1H), 4.04
(dd, J=14.0 Hz, J = 2.0 Hz, 1H), 3.79 (d, J = 18.2 Hz, 1H), 3.12 (dd, J=19.2 Hz, J = 2.5 Hz, 1H), 2.96 (s,
1H),2.85 (d,J=4.0 Hz, 1H), 2.84 (d, J =3.3 Hz, 1H), 2.74 (d, /= 10.6 Hz, 1H), 2.37-2.30 (m, 3H), 1.98 (d, J
= 7.5 Hz, 2H), 1.84-1.72 (m, 3H), 0.89 (s, 9H), 0.88-0.86 (m, 6H), 0.06 (s, 3H), 0.05 (s, 3H). *C NMR (125
MHz, CDCls) 6 138.1, 122.1, 66.9, 66.8, 59.5, 58.8, 57.4, 57.1, 54.3, 54.1, 374, 28.2, 26.1, 25.2, 21.0, 20.9,
18.5,-5.1,-5.2. IR (neat): 2954, 2928, 2902, 2869, 2856, 2833, 2807, 2780, 2091, 1461, 1251, 1150, 1119, 1067,
1005, 888, 836, 776 cm™*; HRMS (ESI) calcd for C21H4oNsOSi* [M + H]* 406.2997, found 406.3006.

TBSO —d
N
N3 )
H N
/©)30c
\|,O

Following representative procedure using ketone 29¢ (996 mg, 2.05 mmol), purification by silica gel column
chromatography (hexane : EtOAc =40:60) afforded azide 30¢ (616 mg, 1.20 mmol, 3 steps 59 %) as a yellow
oil. "HNMR (400 MHz, CDCl3) 6 7.14 (d, J= 7.8 Hz, 2H), 6.93 (d, J= 7.6 Hz, 2H), 5.80 (s, 1H), 5.38-5.33 (m,
1H), 4.27 (d, J = 14.0 Hz, 1H), 4.04 (d, J = 14.0 Hz, 1H), 3.80 (d, J = 19.1 Hz, 1H), 3.38 (s, 2H), 3.14 (d, J =
19.1 Hz, 1H), 2.98 (s, 1H), 2.88-2.86 (m, 2H), 2.76 (d, J=10.6 Hz, 1H), 2.44-2.41 (m, 2H), 2.29 (d, /J=4.8 Hz,
1H), 1.84-1.74 (m, 2H), 1.33 (s, 9H), 9.37 (s, 9H), 0.06 (s, 6H); *C NMR (100 MHz, CDCls) § 154.5, 138.2,
133.0,129.2, 124.1, 122.1, 78.3, 66.7, 62.5, 59.1, 58.7, 57.3, 56.5, 54.2, 54.0, 37.2, 28.9, 28.0, 26.1, 18.5, -5.1,
-5.2; IR (neat): 2952, 2927, 2902, 2855, 2807, 2089, 1607, 1505, 1461, 1389, 1365, 1345, 1236, 1160, 1147,
1119, 1086, 1065, 1004, 896, 837,776, 736, 664 cm™*; HRMS (ESI) calcd for C2sHasNsO:2Si* [M + H]* 512.3415,
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found 512.3414.

Representative procedure for synthesis of amines 31a—c

TBSO = TBSO —
N N HoN N

3 ) PPhs 2 )

H N _— H N
THF, H,0, 70 °C
84%

30a 31a

To a solution of azide 30a (20.4 mg, 0.0464 mmol, 1.0 equiv.) in THF (500 puL) and H20 (50 pL) was added
PPhs (18.3 mg, 0.0696 mmol, 1.5 equiv.). The reaction mixture was stirred at 70 °C for 2.5 h before concentrated
under reduced pressure. The residue was purified by column chromatography (DCM : MeOH : EtzN = 92:8:1)
to afford amine 31a (16.2 mg, 0.0392 mmol, 84%) as a yellow oil. 'H NMR (400 MHz, CDCl3) § 7.28-7.26 (m,
4H), 7.24-7.18 (m, 1H), 5.80 (s, 1H), 4.50-4.44 (m, 1H), 4.23 (dd, J=14.1 Hz, J= 1.8 Hz, 1H), 4.04 (dd, J =
14.1 Hz, J=2.0 Hz, 1H), 3.79 (dd, J = 19.1 Hz, J =2.5 Hz, 1H), 3.41 (d, J=13.1 Hz, 1H), 3.37 (d, J=13.2
Hz, 1H), 3.14 (dd, J=19.2 Hz, J=2.3 Hz, 1H), 2.90-2.88 (m, 2H), 2.82 (d, /=1.6 Hz, 1H), 2.77 (d, J = 10.6
Hz, 1H), 2.43-2.40 (m, 2H), 2.18 (d, /=4.7 Hz, 1H), 1.64 (dd, J=13.2 Hz, J=5.3 Hz, 1H), 1.49-1.42 (m, 1H),
1.33 (brs, 2H), 0.89 (s, 9H), 0.053 (s, 3H), 0.048 (s, 3H); *C NMR (125 MHz, CDCls) § 138.7, 138.4, 128.8,
128.3,126.9, 122.5,67.7,63.3,59.5,57.8, 56.9, 54.6, 54.2,47.5, 41.3, 34.0, 26.1, 18.5, -5.19, -5.21; IR (neat):
2951, 2927, 2898, 2855, 2804, 2767, 1471, 1460, 1389, 1370, 1253, 1145, 1145, 1145, 836, 776, 732 cm™*;
HRMS (ESI) calcd for C24H40N3OSi* [M + H]" 414.2935, found 414.2943.

TBSO —
N
HoN )
HN
\l) 31b

Following representative procedure using azide 30b (247 mg, 0.609 mmol), purification by silica gel column
chromatography (DCM : MeOH = 95:5 to 9:1) afforded amine 31b (183 mg, 0.482 mmol, 79%) as a yellow oil.
"HNMR (400 MHz, CDCl3) § 5.75 (s, 1H), 4.36-4.31 (m, 1H), 4.20 (dd, J=14.1 Hz, J=1.8 Hz, 1H), 4.01 (dd,
J=14.1 Hz, J= 2.1 Hz, 1H), 3.74 (dd, J = 19.1 Hz, J =2.6 Hz, 1H), 3.09 (dd, J=19.1 Hz, J = 2.4 Hz, 1H),
2.84-2.77 (m, 3H), 2.69 (d, J=10.4 Hz, 1H), 2.32-2.27 (m, 2H), 2.15 (d, J=4.6 Hz, 1H), 1.91 (d, J=7.5 Hz,
2H), 1.73-1.67 (m, 1H), 1.59 (dd, J=13.1 Hz, J=5.3 Hz, 1H), 1.45-1.37 (m ,1H), 1.17 (brs, 2H), 0.85 (s, 9H),
0.812 (d, J = 1.2 Hz, 3H), 0.80 (d, J = 1.2 Hz, 3H), 0.02 (s, 3H), 0.01 (s, 3H); *C NMR (100 MHz, CDCls) &
138.4, 122.4, 67.6, 67.1, 59.7, 57.8, 57.3, 54.7, 54.2, 47.4, 41.4, 34.2, 26.0, 25.2, 20.90, 20.87, 18.5, -5.22, -
5.24; IR (neat, cm™): 2952, 2927, 2899, 2857, 2830, 2804, 2777, 1460, 1361, 1252, 1148, 1115, 1091, 1067,
835, 775 cm™; HRMS (ESI) calcd for C21Ha2NsOSi* [M + H]* 380.3092, found 380.3094.

Preparation of amine 31b
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Preparation of amine 31c¢

Following representative procedure using azide 30¢ (576 mg, 1.13 mmol), purification by silica gel column
chromatography (DCM : MeOH = 95:5 to 90:10) afforded amine 31c¢ (413 mg, 0.850 mmol, 75%) as a yellow
oil. "HNMR (400 MHz, CDCl3) 6 7.12 (d, J= 8.2 Hz, 2H), 6.87 (d, J= 8.3 Hz, 2H), 5.77 (s, 1H), 4.48-4.43 (m,
1H), 4.20 (d, J=14.0 Hz, 1H), 4.02 (d, /= 14.0 Hz, 1H), 3.76 (d, J=18.9 Hz, 1H), 3.34 (d, /= 13.1 Hz, 1H),
3.29 (d,J=13.1 Hz, 1H), 3.11 (d, /= 19.2 Hz, 1H), 2.87-2.72 (m, 4H), 2.39-2.35 (m, 2H), 2.16 (d, / =4.4 Hz,
1H), 1.64-1.39 (m, 4H), 1.29 (s, 9H), 0.86 (s, 9H), 0.03 (s, 3H), 0.02 (s, 3H); *C NMR (100 MHz, CDCls) &
154.2, 138.3, 133.4, 129.1, 123.9, 122.7, 78.2, 67.6, 62.7, 59.4, 57.7, 56.8, 54.6, 54.2, 474, 41.3, 33.8, 28.9,
26.0, 18.5, -5.22, -5.24; IR (neat): 2975, 2952, 2927, 2899, 2856, 2803, 2767, 1607, 1579, 1506, 1461, 1389,
1365, 1252, 1235, 1160, 1146, 1092, 1067, 898, 837, 776 cm™; HRMS (ESI) calcd for C2sHasNsO:Si* [M + HJ*
486.3510, found 486.3511.

Representative procedure for synthesis of amides 28a—e, i

TBSO = TBSO —
HAN N BnCOOH, NMM H N
2 ) EDCI+HCI, HOBt-H,O m )
H —_— H
N DCM, DMF, rt o N
85%
31a 28a

To a solution of amine 31a (25.3 mg, 0.0612 mmol, 1.0 equiv.) in DCM (250 puL) and DMF (60 pL) were
added phenylacetic acid (10.3 mg, 0.0757 mmol, 1.2 equiv.), 4-methylmorpholine (20.3 pL, 0.185 mmol, 3.0
equiv.), HOBt-H20 (10.4 mg, 0.679 mmol, 1.1 equiv.), and EDCI* HCI (16.9 mg, 0.0882 mmol, 1.4 equiv.) at
room temperature under an argon atmosphere. After being stirred for 2 h, the reaction mixture was diluted with
saturated aqueous NaHCOs and extracted with EtOAc for three times. The combined organic layers were
washed with brine, dried over anhydrous MgSOs, filtered, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (hexane : EtOAc =20:80 to 10:90) to afford amide 28a (27.6
mg, 0.0519 mmol, 85%) as yellow oil. '"H NMR (400 MHz, CDCl3) § 7.45-7.43 (m, 2H), 7.36-7.32 (m, 4H),
7.28-7.26 (m, 3H), 7.24-7.21 (m, 1H), 5.90-5.82 (m, 2H), 5.63 (d, J = 8.9 Hz, 1H), 3.90-3.76 (m, 3H), 3.56-
3.42 (m, 4H), 3.13 (dd,J=19.3 Hz, J=2.0 Hz, 1H),2.98 (d, /= 11.2 Hz, 1H), 2.88 (s, 1H), 2.82-2.79 (m, 2H),
2.46-2.42 (m, 2 H), 2.32 (d, J=4.6 Hz, 1H), 1.65 (dd, J=13.0 Hz, J=5.5 Hz, 1H), 1.47-1.40 (m, 1H), 0.91 (s,
9H), 0.07 (s, 6H); *C NMR (100 MHz, CDCls) § 169.9, 138.6, 138.0, 135.4, 129.4, 129.1, 129.0, 128.5, 127.2,
127.0, 124.8, 67.4, 63.2, 59.1, 57.5, 56.6, 54.5, 54.2, 45.8, 44.2, 38.7, 29.5, 26.1, 18.7, -4.9, -5.0; IR (neat):
3295, 3061, 3028, 2952, 2926, 2898, 2855, 2804, 2765, 1644, 1540, 1495, 1454, 1370, 1254, 1146, 1083, 1065,
836, 777, 735 cm™; HRMS (ESI) calcd for Cs2HsN3O2Si* [M + H]* 532.3354, found 532.3360.
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Preparation of amide 28b
TBSO —d

H N
nr HN)

©)zsb

Following representative procedure using amine 31a (60.7 mg, 0.147 mmol) and isovaleric acid (17.9 puL,
0.162 mmol), purification by silica gel column chromatography (DCM : MeOH =95:5 to 90:10) afforded amide
28b (43.4 mg, 0.0872 mmol, 75%) as a white solid. Mp. 149-150 °C. '"H NMR (400 MHz, CDCl3) & 7.45 (d, J
=74 Hz, 2H), 7.33 (dd, J=7.4 Hz, J = 7.4 Hz, 2H), 7.21 (t, J = 7.4 Hz, 1H), 5.95-5.84 (m, 3H), 4.07 (d, J =
129 Hz, 1H), 3.99 (d, J=13.4 Hz, 1H), 3.81 (d, /=19.1 Hz, 1H), 3.49 (d, J=13.1 Hz, 1H),3.45 (d, /J=13.1
Hz, 1H), 3.17 (d, J = 19.0 Hz, 1H), 2.99 (d, J = 11.0 Hz, 1H), 2.90 (s, 1H), 2.85-2.80 (m, 2H), 2.48-2.42 (m,
2H), 2.29-2.26 (m, 1H), 2.21-2.11 (m, 1H), 2.05-1.93 (m, 2H), 1.73 (dd, J=13.2 Hz, J=5.0 Hz, 1H), 1.54-147
(m, 1H), 0.96 (d, J = 6.7 Hz, 3H), 0.94 (d, J = 7.0 Hz, 3H), 0.92 (s, 9H), 0.10 (s, 6H); °C NMR (100 MHz,
CDCls) 8 171.6, 138.6, 137.9, 129.1, 128.5, 127.0, 126.0, 67.9, 63.2, 59.2, 57.5, 56.6, 54.6, 54.3, 46.5, 45.2,
39.6,29.9,26.20,26.17,22.8,22.5,18.8, 4.8, 4.9; IR (neat): 3274, 3062, 3028, 2954, 2928, 2902, 2857, 2803,
2767, 1639, 1542, 1460, 1371, 1254, 1147, 1114, 1003, 836, 776, 738 cm™; HRMS (ESI) calcd for
C29H4sN3z02Si* [M + H]" 498.3510, found 498.3519.

TBSO” N=
H N
)
m HN
ﬁ)zsc

Following representative procedure using amine 31b (137 mg, 0.361 mmol) and phenylacetic acid (73.8 mg,
0.542 mmol), purification by silica gel column chromatography (EtOAc : hexane = 60:40 to DCM : MeOH =
95:5) afforded amide 28¢ (158 mg, 0.317 mmol, 88%) as a yellow oil. "H NMR (400 MHz, CDCls) § 7.32-7.29
(m, 2H), 7.25-7.22 (m, 3H), 5.81(s, 1H), 5.75-5.68 (m, 1H), 5.56 (d, J = 8.8 Hz, 1H), 3.85-3.76 (m, 3H), 3.47
(s,2H), 3.12 (dd, J=19.3 Hz, J= 1.8 Hz, 1H), 2.96 (d, J = 11.2 Hz, 1H), 2.88 (s, 1H), 2.80-2.77 (m, 2H), 2.36-
2.33 (m, 3H), 1.99 (d, J=7.5 Hz, 2H), 1.83-1.75 (m, 1H), 1.65 (dd, J =12.9 Hz, J=5.3 Hz, 1H), 1.46-1.39 (m,
1H), 0.95 (d, J= 6.5 Hz, 3H), 0.93 (d, J = 6.4 Hz, 3H), 0.91 (s, 9H), 0.06 (s, 6H). *C NMR (100 MHz, CDCls)
6169.7,137.9,135.3,129.3, 128.9, 127.2, 124.6, 67.3, 67.2,59.7, 57.5, 57.0, 54.5, 54.2, 45.7, 44.1, 38.6, 29.5,
26.1, 25.3, 21.1, 21.0, 18.7, -4.97, -5.03; IR (neat): 3295, 3062, 3029, 2953, 2927, 2900, 2856, 2805, 2779,
1644, 1541, 1495, 1460, 1348, 1254, 1149, 1068, 1003, 836, 777, 739 cm™; HRMS (ESI) calcd for
C29H1sN30:Si* [M + H]" 498.3510, found 498.3518.

Preparation of amide 28c
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Preparation of amide 28d
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Following representative procedure using amine 31b (137 mg, 0.361 mmol) and isovaleric acid (60 pL, 0.542
mmol), purification by silica gel column chromatography (DCM : MeOH = 95:5 to 90:10) afforded amide 28d
(152 mg, 0.328 mmol, 91%) as a white solid. Mp 119-120 °C "H NMR (400 MHz, CDCls) § 5.87-5.84 (m, 2H),
5.76-5.68 (m, 1H), 4.06 (dd, J=13.3 Hz,J=1.4 Hz, 1H),3.99 (dd, J=13.2 Hz, J=1.2 Hz, 1H), 3.80 (d, J =
18.2 Hz, 1H), 3.16 (dd, /J=19.3 Hz, J=1.7 Hz, 1H), 2.96 (d, J=11.1 Hz, 1H), 2.89 (s, 1H), 2.83-2.78 (m, 2H),
2.38-2.30 (m, 3H), 2.17-2.07 (m, 1H), 2.02-1.89 (m, 4H), 1.83-1.71 (m, 2H), 1.52-1.45 (m, 1H), 0.95-0.88 (m,
21H), 0.09 (s, 6H); *C NMR (100 MHz, CDCl3) § 171.4, 137.9, 125.7, 67.8, 67.2, 59.6, 57.6, 57.2, 54.6, 54.3,
46.4,45.3,39.5,299,26.2,26.0,25.4,22.8,22.4,21.1,21.0, 18.8, -4.87, -4.94; IR (neat): 3285, 2953, 2930,
2897, 2870, 2810, 2780, 1634, 1545, 1464, 1368, 1253, 1149, 1109, 1079, 1062, 835, 773 cm™*; HRMS (ESI)
calcd for C26HsoNsO2Si* [M + H'] 464.3667, found 464.3667.

Preparation of amide 28e

OH
OTBS Trt-N/Y\ﬂ/ OTBS

\=N
— 37
N NMM
H,N EDCI+HCI, HOBt:| H20
/ Trt-N/\l/\n’
N DCM DMF, rt
86%
©)31a 28e

Following representative procedure using amine 31a (104 mg, 0.251 mmol) and carboxylic acid 28 (139 mg,
0.377 mmol), purification by silica gel column chromatography (hexane : EtOAc =40 : 60 to DCM : MeOH =
90:10) afforded amide 28e (166 mg, 0.217 mmol, 86%) as a yellow oil. '"H NMR (500 MHz, CDCl3) § 7.44 (d,
J="7.3 Hz, 2H), 7.38 (d, /= 1.3 Hz, 1H), 7.34-7.31 (m, 11H), 7.21 (t, J=7.4 Hz, 1H), 7.12-7.10 (m, 6H), 6.86
(d, J =8.9 Hz, 1H), 6.69 (s, 1H), 5.87-5.81 (m, 2H), 4.12 (dd, J = 13.8 Hz, J = 1.5 Hz, 1H), 3.94 (d, /= 13.9
Hz, 1H), 3.83 (d, J=19.0 Hz, 1H), 3.50-3.42 (m, 4H), 3.16 (dd, /=19.2 Hz, /= 1.9 Hz, 1H), 3.03 (d,J=11.2
Hz, 1H), 2.94-2.87 (m, 1H), 2.83-2.78 (m, 2H), 2.47-2.44 (m, 3H), 1.60-1.51 (m, 2H), 0.85 (s, 9H), 0.008 (s,
3H), 0.009 (s, 3H); °C NMR (100 MHz, CDClz) & 169.4, 142.4, 138.8, 138.59, 138.56, 135.4, 129.8, 129.0,
128.4,128.2,126.9,123.2, 119.6,75.4,67.1,63.2,59.2,57.4,56.7,54.4,54.2,45.6,37.9, 36.4,29.3,26.1, 18.5,
-5.06, -5.09; IR (neat): 3299, 3059, 3030, 2927, 2854, 2804, 2767, 1667, 1536, 1494, 1445, 1295, 1254, 1148,
1125, 1065, 1001, 837, 745, 701 cm™; HRMS (ESI) calcd for CasHssNsO2Si* [M + H]" 764.4354, found
764.4347.
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Preparation of amide 28i

OTBS
Y
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Following representative procedure using amine 31c¢ (112 mg, 0.231 mmol) and phenylacetic acid (52.6 mg,
0.386 mmol), purification by silica gel column chromatography (hexane : EtOAc = 30:70 to DCM : MeOH =
95:5) afforded amide 28i (79.8 mg, 0.132 mmol, quant.) as a yellow oil. '"H NMR (400 MHz, CDCls) & 7.35-
7.24 (m, 7H), 6.95 (d, J = 8.4 Hz, 2H), 5.87-5.81 (m, 2H), 5.63 (d, /= 8.9 Hz, 1H), 3.90-3.78 (m, 3H), 3.54 (d,
J=16.2 Hz, 1H), 3.50 (d, J=15.9 Hz, 1H), 3.43 (d, J=13.1 Hz, 1H), 3.39 (d, J=13.0 Hz, 1H), 3.13 (dd, J =
192 Hz,J=1.8 Hz, 1H), 2.98 (d,J=11.2 Hz, 1H), 2.89 (s, 1 H), 2.80-2.77 (m, 2H), 2.46-2.41 (m, 2H), 2.32 (d,
J=4.5Hz, 1H), 1.64 (dd, J=13.0 Hz, J = 5.4 Hz, 1H), 1.47-1.40 (m, 1H), 1.32 (s, 9H), 0.91 (s, 9H), 0.06 (s,
6H); "C NMR (100 MHz, CDCl3) § 169.9, 154.4,137.9, 135.3, 133.2, 129.4, 129.3, 129.0, 127.2, 124.6, 124.2,
78.2, 67.3, 62.6, 58.9, 57.5, 56.5, 54.5, 54.2, 45.7, 44.1, 38.5, 29.4, 29.0, 26.1, 18.6, -4.98, -5.03; IR (neat):
3298, 3060, 3029, 2975, 2952, 2928, 2901, 2856, 2829, 2803, 1649, 1540, 1506, 1460, 1348, 1294, 1255, 1236,
1160, 1119, 1066, 1001, 896, 837, 777,738, 696 cm™*; HRMS (ESI) calcd for CasHsaNsOsSi* [M + H]* 604.3929,
found 604.3924.

Preparation of carboxylic acid 35

tritylamine, DMAP 0

Oﬁﬁo R OH
toluene, 100 °C TrHN 5
35

A mixture of succinic anhydride (208 mg, 2.08 mmol, 1.0 equiv.) and triethylamine (543 mg, 2.09 mmol, 1.0
equv.) in toluene was added DMAP (20.7 mg, 0.169 mmol, 0.081 equiv.) and stirred at 100 °C for 13 h under
an argon atmosphere. The reaction mixture was diluted with aqueous 6M NaOH and washed with Et20O. Then
the aqueous layer was acidified with aqueous 2M HCl and extracted with EtOAc for three times. The combined
organic layers were washed with brine, dried over anhydrous MgSOs4, and concentrated under reduced pressure.
The residue was washed with Et2O to afford crude carboxylic acid 35 (379 mg, 1.05 mmol, 50%) as a white

solid. The compound data was in accordance with the literature.'
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Preparation of amide 28f

[0}

OH
oTBS TF“"N OTBS

OH
NMM 9 H g
N EDCIHCLHOBHHO T J\/\n/ TBAF Trt\NJ\/\n/N N
DCM DMF, rt THF rt H o} N)
2 steps 30%

31a s13 28f

To a solution of amine 31a (82.7 mg, 0.200 mmol, 1.0 equiv.) in DCM (800 pL) and DMF (200 uL) was
added carboxylic acid 35 (105 mg, 0.292 mmol, 1.5 equiv.), 4-methylmorpholine (70 pL, 0.637 mmol, 3.2
equiv.), HOBt-H20 (41.3 mg, 0.270 mmol, 1.4 equiv.), and EDCI* HCI (55.5 mg, 0.290 mmol, 1.5 equiv.) at
room temperature under an argon atmosphere. After being stirred for 8 h, the reaction mixture was diluted with
saturated aqueous NaHCOs and extracted with EtOAc for three times. The combined organic layers were
washed with brine, dried over anhydrous MgSQs, filtered, and concentrated under reduced pressure. The residue
was purified by PTLC with DCM : MeOH =93:7) to afford crude amide S13, which was used for the next
reaction without further purification.

To a solution of crude amide S13 in THF (600 uL.) was added TBAF (1.0 M in THF, 400 pL, 0.40 mmol, 2.0
equiv.) and stirred at room temperature for 1 h. The reaction mixture was diluted with saturated aqueous NH4Cl
and the aqueous layer was extracted with EtOAc for three times. The combined organic layers were washed
with brine, dried over anhydrous MgSOs, and concentrated under reduced pressure. The residue was purified
by PTLC with DCM : MeOH =98:2, diluted with Et.O, and filtered to afford amide 28f (38.8 mg, 0.0605 mmol,
2 steps 30%) as a white solid. Decomposition temperature 220 °C. "H NMR (500 MHz, DMSO-ds) & 8.63 (s,
1H), 7.46-7.42 (m, 3H), 7.28-7.18 (m, 16H), 5.76 (s, 1H), 5.64-5.59 (m, 1H), 4.80 (t, /= 5.3 Hz, 1H), 3.81 (dd,
J=13.4Hz,J=4.6 Hz, 1H), 3.74 (dd, /=13.0 Hz, J=3.3 Hz, 1H), 3.61 (d, /J=19.0 Hz, 1H),3.49 (d, /J=13.6
Hz, 1H), 3.39 (d, J=13.7 Hz, 1H), 3.09 (d, /= 18.8 Hz, 1H), 2.88-2.86 (m, 2H), 2.75 ((d, /=9.9 Hz, 1H), 2.65
(s, 1H), 2.60-2.54 (m, 1H), 2.47-2.41 (m, 1H), 2.36 (d, J = 9.5 Hz, 1H), 2.31-2.17 (m, 4H), 1.58-1.53 (m, 1H),
1.43 (dd, J = 12.6 Hz, J = 5.2 Hz, 1H); ">*C NMR (125 MHz, DMSO-ds) & 171.4, 170.3, 145.0, 139.1, 138.5,
128.6,128.4, 128.3,127.4, 126.7, 126.3, 69.2, 65.5, 62.5,59.1, 56.4, 56.2,53.7, 53.4,44.9, 31.7,30.9, 28.5; IR
(neat): 3276, 3056, 3024, 2901, 2803, 2773, 1645, 1523, 1491, 1446, 1371, 1290, 1146, 1031, 1000, 745, 699,
636 cm™; HRMS (ESI) calcd for Ca1HasN4Os* [M + H]* 641.3486, found 641.3484.

8BS0 N= 850" =
N H N
HaN ) Boc,0, DMAP XO\H/N ),
H N o HN
©) DCM, rt ©)
31a 289

To a solution of amine 31a (47.4 mg, 0.115 mmol, 1.0 equiv.) in DCM (500 pL) was added di-tert-butyl
dicarbonate (46.6 mg, 0.214 mmol, 1.9 equiv.) and DMAP (1.0 mg) at room temperature under an argon

Preparation of amide 28g

atmosphere. After being stirred for 30 min, the reaction mixture was concentrated under reduced pressure. The
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residue was purified by silica gel chromatography (hexane : EtOAc = 60:40 to EtOAc 100%) to afford amide
28g (38.4 mg, 0.0747 mmol, 65% yield) as a white solid. Mp 107-108 °C. 'H NMR (400 MHz, CDCl3) § 7.41
(d, J=7.2 Hz, 2H), 7.33-7.30 (m, 2H), 7.22 (t, J = 7.3 Hz, 1H), 5.84 (s, 1H), 5.48 (s, 1H), 4.85 (d, /= 8.3 Hz,
1H), 4.08 (d, J=14.5 Hz, 1H), 4.02 (d, /= 13.6 Hz, 1H), 3.81 (d, J=19.1 Hz, 1H), 3.49 (d, J = 12.9 Hz, 1H),
3.44 (d, J=12.9 Hz, 1H), 3.16 (d, J = 19.2 Hz, 1H), 2.99-2.91 (m, 2H), 2.83-2.81 (m, 2H), 2.49-2.45 (m, 2H),
2.36 (d,J=4.1 Hz, 1H), 1.74 (dd, J =13.0 Hz, J = 5.0 Hz, 1H), 1.46 (m, 10H), 0.92 (s, 9H), 0.10 (s, 6H); °C
NMR (100 MHz, CDCl5) & 155.2, 138.6, 138.2, 129.1, 128.4, 127.0, 123.8, 78.8, 67.4, 63.1, 59.0, 57.6, 56.6,
54.5,54.3,46.8,39.0, 29.8, 28.7,26.2, 18.7, -5.1; IR (neat): 3336, 2954, 2927, 2900, 2856, 2767, 2360, 1709,
1494, 1472, 1460, 1389, 1364, 1347, 1292, 1254, 1168, 1150, 1117, 1088, 1070, 1046, 1021, 981, 939, 837,
777,734, 699 cm™; HRMS (ESI) calcd for C2sHsN3sOsSi* [M + H]* 514.3459, found 514.3456.

Preparation of amide 28h

TBSO0” \= TBSO" \=
N H N
HoN ) i-BuCOCI, Et:N \r\n,N )
ﬁ
H N DCM, 0 °C o HN

: J 67% : J
\|,0 \|/0
31¢c 28h

To a solution of amine 31¢ (108 mg, 0.222 mol, 1.0 equiv.) and Et:N (61.8 pL, 0.443 mmol, 2.0 equiv.) in
DCM (700 uL) was added isovaleryl chloride (32.4 pL, 0.266 mmol, 1.2 equiv.) at 0 °C and stirred for 1 h at
the same temperature under an argon atmosphere. The reaction mixture was diluted with saturated aqueous
NaHCOs and extracted with EtOAc for three times. The combined organic layers were washed with brine, dried
over anhydrous MgSOQs, filtered, concentrated under reduced pressure. The residue was purified by column
chromatography (hexane : EtOAc¢ =30:70 to DCM : MeOH = 95:5) to afford amide 28h (85.2 mg, 0.149 mmol,
67%) as a yellow oil. '"H NMR (400 MHz, CDCl3) § 7.31 (d, J = 8.2 Hz, 2H), 6.94 (d, J = 8.2 Hz, 2H), 5.95-
5.84 (m, 3H),4.07 (d, J=13.9 Hz, 1H), 3.99 (d, J =13.2 Hz, 1H), 3.82 (d, /=19.4 Hz, 1H), 3.44 (d, J=13.1 Hz,
1H), 3.39 (d, J=13.0 Hz, 1H), 3.17 (d, J =19.4 Hz, 1H), 2.99-2.91 (m, 2H), 2.80 (m, 2H), 2.48-2.42 (m, 2H),
2.29 (d, J = 3.7 Hz, 1H), 2.18-2.10 (m, 1H), 2.04-1.92 (m, 2H), 1.72 (dd, J = 13.2 Hz, J = 5.2 Hz, 1H), 1.54-
1.46 (m, 1H), 1.31 (s, 9H), 0.96-0.91 (m, 15H), 0.09 (s, 6H); *C NMR (100 MHz, CDCl3)§ 171.6, 154.3,137.9,
133.3, 1294, 125.6,124.2,78.2,67.8, 62.6, 58.9, 57.6, 56.4, 54.6, 54.2,46.5,45.2, 39.5, 29.8,29.0, 26.2, 22.7,
22.4,18.7, -4.87, -4.93; IR (neat): 3311, 3058, 2954, 2928, 2900, 2857, 2828, 2803, 2767, 1649, 1606, 1539,
1506, 1462, 1389, 1365, 1348, 1298, 1256, 1236, 1160, 1116, 1084, 1065, 1003, 898, 838, 779, 669 cm*; HRMS
(ESI) calcd for CssHssN3OsSi* [M + H]* 570.4085, found 570.4085.
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Representative procedure for synthesis of esters 27a-h, v

o
TBSO
BnCOOH, NMM O -
H3PO4 ©/\n/ EDCI-HCI, HOBt HZO ¥ N
o HN

MeCN rt DCM DMF, 0°Ctort
2 steps 62%

28a 32 27a

To a solution of amide 28a (19.6 mg, 0.0369 mmol, 1.0 equiv.) in MeCN (300 uL) was added HsPO4 (>85
wt%, 200 puL) under an argon atmosphere. After being stirred for 1 h at room temperature, the reaction mixture
was diluted with saturated aqueous NaHCOs and extracted with EtOAc for three times. The combined organic
layers were washed with brine, dried over anhydrous MgSOs, filtered, and concentrated under reduced pressure
to afford crude alcohol 32, which was used for the next reaction without further purification.

To a solution of crude alcohol 32 in DCM (400 pL) and DMF (100 pL) was added phenylacetic acid (5.4 mg,
0.0397 mmol, 1.1 equiv.), 4-methylmorphorine (12.3 pL, 0.111 mmol, 3.0 equiv.), HOBt-H20 (7.3 mg, 0.0477
mmol, 1.3 equiv.), and EDCI-HCI (9.6 mg, 0.0500 mmol, 1.4 equiv.). The same amount of phenylacetic acid,
4-methylmorphrine, HOBt-H20, and EDCI-HCI was repeatedly added until the full consumption of alcohol 32.
The reaction mixture was diluted with saturated aqueous NaHCOs and extracted with EtOAc for three times.
The combined organic layer was washed with brine, dried over anhydrous MgSOsa, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (EtOAc 100% to DCM :
MeOH = 95:5) to afford ester 27a (12.3 mg, 0.0230 mmol, 2 steps 62%) as a yellow oil. 'H NMR (500 MHz,
CDCls) 6 7.45-7.19 (m, 15H), 6.14 (d, J=9.9 Hz, 1H), 5.93-5.87 (m, 1H), 5.50 (s, 1H), 4.33 (d,/=14.3 Hz,
1H),4.12 (dd, J=14.4 Hz,J=2.3 Hz, 1H), 3.71-3.65 (m, 3H), 3.56 (d, /= 14.7 Hz, 1H), 3.50 (d, /= 14.7 Hz,
1H), 3.45 (d, J=13.2 Hz, 1H), 3.42 (d, /= 13.1 Hz, 1H), 3.02 (dd, /= 19.4 Hz, J=2.3 Hz, 1H),2.93 (d, J
=11.2 Hz, 1H), 2.85 (s, 1H), 2.79-2.74 (m, 2H), 2.43-2.38 (m, 2H), 2.19 (d, J=4.8 Hz, 1H), 1.58 (dd, J=13.1
Hz, J = 5.5 Hz, 1H), 1.44-1.39 (m, 1H); >*C NMR (125 MHz, CDCls) § 171.9, 170.3, 138.5, 135.6, 133.74,
133.68, 129.44, 129.40, 129.1, 128.84, 128.77, 128.6, 127.5, 127.1, 127.0, 124.0, 67.2, 63.2, 59.1, 57.4, 56 4,
54.0,53.8,45.1,44.2,41.6,37.4,29.3; IR (neat): 3341, 3085, 3060, 3028, 2914, 2804, 2804, 2483, 1729, 1662,
1495, 1454, 1294, 1243, 1155, 1110, 1075, 734 cm*; HRMS (ES]I) caled for CasH3sNzOs* [M + H]* 536.2908,
found 536.2908.

Preparation of ester 27b

A
O —_—
“ N
SRR
27b
Following representative procedure using 28a (29.3 mg, 0.051 mmol) and isovaleric acid (12.2 pL, 0.110
mmol), purification by silica gel column chromatography (EtOAc 100% to DCM : MeOH = 95 : 5) afforded

ester 27b (9.4 mg, 0.0187 mmol, 2 steps 34%) as a yellow oil. '"H NMR (CDCls, 400 MHz) § 7.46-7.44 8 (m,
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2H), 7.37-7.28 (m, 6H), 7.25-7.22 (m, 2H), 6.40 (d, /= 10.0 Hz, 1H), 6.00-5.93 (m, 1H), 5.68 (s, 1H), 4.39 (d,
J=14.5Hz, 1H), 4.13 (dd, J=14.6 Hz, J= 2.4 Hz, 1H), 3.85 (d, J=18.1 Hz, 1H), 3.59 (d, J= 14.5 Hz, 1H),
3.53 (d,J=14.5 Hz, 1H), 3.46 (s, 2H), 3.14 (dd, J=19.3 Hz, J=2.2 Hz, 1H), 2.98 (d, J = 11.6 Hz, 1H), 2.92
(d, J=24.4 Hz, 2H), 2.81 (d, J=10.8 Hz, 1H), 2.53 (d, J=9.6 Hz, 2H), 2.28-2.26 (m, 3H), 2.20-2.10 (m, 1H),
1.65 (dd, J=13.4 Hz, J = 5.5 Hz, 1H), 1.53-1.46 (m, 1H), 1.00 (d, J = 1.6 Hz, 3H), 0.99 (d, /= 1.6 Hz, 3H) ;
*C NMR (125 MHz, CDCls) § 173.6, 170.2, 138.5, 135.8, 134.2, 129.4, 129.2, 128.8, 128.6, 127.1, 127.0,
123.8, 66.7, 63.3, 59.2, 57.4, 56.6, 54.1, 54.0, 45.0, 44.1, 43.5, 37.6, 29.4, 25.9, 22.7, 22.6; IR (neat): 3662,
3060, 3027, 2957, 2925, 2871, 2804, 2767, 2481, 1726, 1665, 1495, 1429, 1371, 1293, 1252, 1184.,1167, 1110,
1028, 795, 735 cm™*; HRMS (ESI) calcd for CaiHaoNsOs* [M + H]* 502.3064, found 502.3072.

Qi
>

27c

Preparation of ester 27¢c

Following representative procedure using 28b (12.8 mg, 0.0257 mmol) and phenylacetic acid (3.9 mg, 0.028
mmol), purification by silica gel column chromatography (EtOAc 100% to DCM : MeOH = 95:5) afforded ester
27¢ (6.6 mg, 0.0132 mmol, 2 steps 51%) as a yellow oil. '"H NMR (500 MHz, CDCls) § 7.46 (d, J = 7.5 Hz,
2H), 7.36-7.26 (m, 7H), 7.23 (t,J =7.3 Hz, 1H), 6.25 (d,/=10.2 Hz, 1H), 5.97-5.91 (m, 1H), 5.48 (s, 1H), 4.65
(d, J=14.5 Hz, 1H), 4.29-4.26 (m, 1H), 3.72-3.68 (m, 3H), 3.47 (d, J=13.7, 1H), 3.44 (d, J=13.5, 1H), 3.03
(dd, J=19.4 Hz, J=2.1 Hz, 1H),2.97 (d, J=11.2 Hz, 1H), 2.86 (s, 1H), 2.81-2.78 (m, 2H), 2.44-2.40 (m, 2H),
2.23-2.13 (m, 2H), 2.05-2.03 (m, 2H), 1.61 (dd, J = 13.2 Hz, J = 5.6 Hz, 1H), 1.50-1.44 (m, 1H), 0.95 (d, J =
5.3 Hz, 3H), 0.94 (d, J = 5.4 Hz, 3H); °C NMR (125 MHz, CDCl3) § 172.0, 171.9, 138.6, 133.8, 133.7, 129 4,
129.2, 128.8, 128.6, 127.5, 127.0, 123.5, 67.2, 63.2, 59.2, 57.5, 56.6, 54.1, 53.9, 46.3, 44.6, 41.6, 37.8, 29.8,
26.3,22.8, 22.6; IR (neat): 3025, 2952, 2917, 2850, 2831, 2804, 2768, 1729, 1600, 1529, 1495, 1454, 1369,
1241,1148,1107,1003, 797, 732 cm™; HRMS (ESI) calcd for CaiHaoNzOs* [M + H]* 502.3064, found 502.3072.

>

27d

Preparation of ester 27d

Following representative procedure using 28b (13.9 mg, 0.0279 mmol) and isovaleric acid (3.4 pL, 0.031
mmol), purification by silica gel column chromatography (EtOAc 100% to DCM : MeOH = 95:5) afforded ester
27d (4.3 mg, 0.0092 mmol, 2 steps 33%) as a yellow oil. '"H NMR (500 MHz, CDCl3) § 7.47 (d, J = 7.4 Hz,
2H), 7.35 (dd, J = 7.6 Hz, J = 7.6 Hz, 2H), 7.23 (t, J = 7.4 Hz, 1H), 6.48 (d, J = 10.1 Hz, 1H), 6.00-5.95 (m,
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1H), 5.71 (s, 1H), 4.63 (d, J = 14.5 Hz, 1H), 4.26 (dd, J=14.6 Hz, J=2.5 Hz, 1H), 3.79 (d, J=18.7, 1H), 3.49
(d, J=13.0 Hz, 1H), 3..45 (d, /= 13.0 Hz, 1H), 3.14 (dd, J = 19.3 Hz, J = 2.3 Hz, 1H), 3.00 (d, J= 11.3 Hz,
1H), 2.89 (s, 1H), 2.85 (s, 1H), 2.81 (d, /=10.7 Hz, 1H), 2.47-2.42 (m, 2H), 2.28 (d, /= 7.1 Hz, 2H), 2.24-2.23
(m, 1H), 2.21-2.03 (m, 4H), 1.65 (dd, J= 13.1 Hz, J = 5.4 Hz, 1H), 1.55-1.49 (m, 1H), 0.99-0.95 (m, 12H); °C
NMR (125 MHz, CDCls) 6 173.7, 172.0, 138.6, 134.3, 129.2, 128.6, 127.0, 123.3, 66.7, 63.3, 59.1, 57.5, 56.6,
54.2,54.0, 46.4,44.6,43.4, 38.0, 29.8, 26.3, 25.9, 22.8, 22.6, 22.5; IR (neat): 3650, 3496, 3062, 3027, 2956,
2926, 2871, 2803, 2765, 1726, 1667, 1648, 1531, 1453, 1370, 1294, 1167, 1110, 1001, 744, 700 cm*; HRMS
(ESI) calcd for C2sH22N3sOs*™ [M + H]™ 468.3221, found 468.3229.

0
H N
m H N)
Y 27e
Following representative procedure using 28b (30.3 mg, 0.0609 mmol) and phenylacetic acid (16.6 mg, 0.122
mmol), purification by silica gel column chromatography (EtOAc 100% to DCM : MeOH = 95:5) afforded ester
27e (27.3 mg, 0.0544 mmol, 2 steps 89%) as a yellow oil. 'H NMR (500 MHz, CDCl3) § 7.38-7.29 (m, 5H),
7.25-7.17 (m, 5H), 6.08 (d, J=9.8 Hz, 1H), 5.80-5.73 (m, 1H), 5.51 (s, 1H), 4.33 (d,J=14.3 Hz, 1H), 4.12 (dd,
J=14.3 Hz, J=2.3 Hz, 1H), 3.70-3.66 (m, 3H), 3.52 (d, J=14.6 Hz, 1H), 3.45 (d,J = 14.7 Hz, 1H), 3.01 (dd,
J=19.4Hz,J=2.4 Hz, 1H), 2.93 (d, /= 11.2 Hz, 1H), 2.84 (s, 1H), 2.77 (d, /= 10.6 Hz, 1H), 2.73 (s, 1H),
2.34-2.28 (m, 2H), 2.22 (d, J=4.7 Hz, 1H), 1.98 (d, J= 7.5 Hz, 2H), 1.82-1.74 (m, 1H), 1.59 (dd, /= 13.1 Hz,
J=5.5 Hz, 1H), 1.44-1.38 (m, 1H), 0.97 (d, J = 6.5 Hz, 3H), 0.94 (d, J = 6.5 Hz, 3H); °C NMR (125 MHz,
CDCl3) 6 171.9,170.1, 135.6, 133.8, 133.7, 129.44, 129.41, 128.8, 128.7, 127.5, 127.0, 124.1, 67.3, 67.2, 59.8,
574,56.9,54.1,53.9,45.2,44.1,41.6, 37.5,29.4,25.4,21.11, 21.06; IR (neat): 3327, 3061, 3029, 2952, 2926,
2868, 2805, 2779, 1731, 1650, 1531, 1495, 1455, 1438, 1366, 1295, 1250, 1148, 1106, 998, 725 cm*; HRMS
(ESI) calcd for Ca1HN3Os™ [M + H]* 502.3064, found 502.3076.

AL
(©) —
H N
Y
Following representative procedure using 28b (27.5 mg, 0.0552 mmol) and isovaleric acid (12.1 pL, 0.110
mmol), purification by silica gel column chromatography (EtOAc 100% to DCM : MeOH = 95:5) afforded ester
27f (14.8 mg, 0.0316 mmol, 2 steps 57%) as a yellow oil. '"H NMR (500 MHz, CDCls) § 7.31-7.27 (m, 4H),

7.25-7.21 (m, 1H), 6.27 (d, J=9.9 Hz, 1H), 5.83-5.77 (m, 1H), 5.68 (s, 1H), 4.38 (d, J = 14.4 Hz, 1H), 4.15-
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4.11 (m, 1H), 3.76 (d, d, J=19.4 Hz, 1H), 3.55 (d, J = 14.6 Hz, 1H), 3.49 (d, /= 14.6 Hz, 1H), 3.10 (dd, J =
19.4 Hz, J=2.5 Hz, 1H), 2.97 (d, /= 11.2 Hz, 1H), 2.87 (m, 1H), 2.81-2.78 (m, 2H), 2.35-2.32 (m, 2H), 2.27-
2.26 (m, 3H), 2.19-2.11 (m, 1H), 2.00 (d, /= 7.5 Hz, 2H), 1.83-1.75 (m, 1H), 1.63 (dd, /= 13.1 Hz,J=5.5 Hz,
1H), 1.49-1.43 (m, 1H), 1.01 (d, J= 1.5 Hz, 3H), 0.99 (d, J = 1.5 Hz, 3H), 0.97 (d, J = 6.5 Hz, 3H), 0.95 (d, J
= 6.5 Hz, 3H); "C NMR (125 MHz, CDCl3) § 173.6, 170.2, 135.8,134.1, 129.4, 128.7,126.9, 123.8, 67.3, 66.8,
59.8,57.5,57.0,54.2,54.0,45.2,44.1,43.5,37.6,29.5,25.9,25.4,22.64,22.57,21.11, 21.09; IR (neat): 3299,
3063, 3025, 2955, 2927, 2910, 2869, 2805, 2776, 1730, 1648, 1534, 1495, 1458, 1367, 1294, 1187, 1167, 1106,
997,728 cm™; HRMS (ESI) calcd for C2sHa2NsOs* [M + H]* 468.3221, found 468.3225.

Preparation of ester 27g
AL
O —
H N
Y\Ic])/ H N)
v Y

Following representative procedure using 28¢ (36.4 mg, 0.0785 mmol) and phenylacetic acid (21.4 mg, 0.157
mmol), purification by silica gel column chromatography (EtOAc 100% to DCM : MeOH = 95:5) afforded ester
27g (29.2 mg, 0.0624 mmol, 2 steps 79%) as a yellow oil. '"H NMR (500 MHz, CDCl3) § 7.36-7.28 (m, 5H),
6.17 (d,J=10.0 Hz, 1H), 5.83-5.76 (m, 1H), 5.49 (s, 1H), 4.65 (d, /= 14.3 Hz, 1H), 4.28 (dd, J=14.5 Hz, J =
2.6 Hz, 1H), 3.71-3.68 (m, 3H), 3.03 (dd, /=19.4 Hz, J =2.5Hz, 1H), 2.96 (d, J = 11.3 Hz, 1H), 2.86 (s, 1H),
2.81-2.77 (m, 2H), 2.34-2.31 (m, 2H), 2.23 (d, J = 4.8 Hz, 1H), 2.17-2.10 (m, 1H), 2.05-1.95 (m, 4H), 1.83-
1.75 (m, 1H), 1.63 (dd, J=13.1 Hz, J = 5.5 Hz, 1H), 1.49-1.43 (m, 1H), 0.97 (d, J= 6.6 Hz, 3H), 0.95 (d, J =
6.6 Hz, 3H), 0.91 (d, J = 6.4 Hz, 3H), 0.90 (d, J = 6.4 Hz, 3H); "C NMR (125 MHz, CDCl3) § 172.0, 171.9,
133.8, 133.7, 129.4, 128.8, 127.5, 123.5, 67.3, 67.2, 59.7, 57.5, 57.0, 54.1, 54.0, 46.3, 44.8, 41.6, 37.9, 29.7,
26.1,25.4,22.8,22.6,21.1; IR (neat): 2953, 2868, 2806, 1731, 1647, 1537, 1455, 1367, 1298, 1249, 1159, 1108,
1078, 796, 724 cm™*; HRMS (ESI) calcd for C2sHa2NsOs* [M + H]* 468.3221, found 468.3228.

A
O —
H N

Y\[or H N)
Y 27h

Following representative procedure using 28¢ (30.6 mg, 0.0660 mmol) and isovaleric acid (14.6 pL, 0.132
mmol), purification by silica gel column chromatography (EtOAc 100% to DCM : MeOH = 95:5) afforded ester
27h (15.4 mg, 0.0355 mmol, 2 steps 54%) as a yellow oil. "H NMR (500 MHz, CDCls) § 6.39 (d, J = 10.0 Hz,
1H), 5.86-5.80 (m, 1H), 5.71 (s, 1H), 4.64 (d, /= 14.5 Hz, 1H), 4.27 (dd, J=14.5 Hz, J=2.4 Hz, 1H), 3.79 (d,

J=19.2 Hz, 1H), 3.13 (dd, /=19.3 Hz, J= 2.3 Hz, 1H), 2.99 (d, /= 11.2 Hz, 1H). 2.89 (s, 1H), 2.84-2.81 (m,
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2H), 2.38-2.35 (m, 2H), 2.28-2.24 (m, 3H), 2.18-2.10 (m, 2H), 2.09-1.98 (m, 4H), 1.82-1.77 (m, 1H), 1.67 (dd,
J=13.1 Hz, J = 5.4 Hz, 1H), 1.69-1.65 (m, 1H), 0.99-0.91 (m, 18H); *C NMR (125 MHz, CDCls) § 173.6,
171.9, 1343, 123.4, 67.2,66.8, 59.7, 57.6, 57.1, 54.2, 54.0, 46.4, 44.8, 43 4, 38.0, 29.8, 26.1, 25.9, 25.4, 22.8,
22.7,22.6,22.5,21.11, 21.09.IR (neat): 3521, 3345, 2955, 2929, 2869, 2804, 2778, 1730, 1644, 1534, 1464,
1367, 1296, 1186, 1167, 1108, 1003 cm™; HRMS (ESI) calcd for C2sHuNsOs* [M + H]" 434.3377, found
434.3386.

Preparation of ester 27v

TBSO \—= Ho )\/ﬁ\
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28h S14

Following representative procedure using 28h (34.8 mg, 0.0611 mmol) and isovaleric acid (13.5 pL, 0.122
mmol), purification by PTLC (EtOAc 100%) afforded diester 27v (17.4 mg, 0.0306 mmol, 2 steps 50%) as a
yellow oil. "H NMR (400 MHz, CDCl3) § 7.48 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 6.54 (d, J=10.2
Hz, 1H), 6.01-5.91 (m, 1H), 5.71 (s, 1H), 4.63 (d, J=14.3 Hz, 1H), 4.27 (dd, /= 14.6 Hz, J=2.2 Hz, 1H), 3.82
(d, J=19.4 Hz, 1H), 3.45 (s, 2H), 3.15 (dd, /=19.3 Hz, J=2.1 Hz, 1H), 3.00 (d, /= 11.2 Hz, 1H), 2.92-2.81
(m, 3H), 2.47 (m, 2H), 2.41 (d, J = 7.2 Hz, 2H), 2.29-2.13 (m, 6H), 2.09-2.01 (m, 2H), 1.67 (dd, J=13.2 Hz, J
= 5.5 Hz, 1H), 1.57-1.49 (m, 1H), 1.06-0.94 (m, 18H); °C NMR (125 MHz, CDCls) § 173.7, 172.1, 171.8,
149.8,135.9,134.4,130.1, 121.7,66.6, 62.4, 58.7,57.6, 56.1, 54.2, 53.8,46.4,44.4,43.5,43.4,37.9,29.6,26.3,
26.0, 25.9, 22.8, 22.6, 22.54, 22.48; IR (neat): 3342, 3059, 2958, 2929, 2871, 2803, 2360, 2340, 1755, 1730,
1670, 1652, 1525, 1507, 1464, 1417, 1369, 1295, 1248, 1191, 1162, 1103, 1015, 1001, 856, 796, 750 cm™*;
HRMS (ESI) calcd for CasHsoNsOs* [M + H]" 568.3745, found 568.3746.

Preparation of primary alcohol 32

TBSOE - ©/\n/ E

MeCN rt
88%

283 32

To a solution of amide 28a (521 mg, 0.980 mmol, 1.0 equiv.) in MeCN (4.0 mL) was added phosphoric acid
(=85wt. %, 2.0 mL) and stirred at room temperature for 1 h under an argon atmosphere. The reaction mixture
was diluted with saturated aqueous NaHCOs and the aqueous layer was extracted with EtOAc for three times.
The combined organic layers were washed with brine, dried over anhydrous MgSOs, and concentrated under
reduced pressure. The residue was purified by silica gel chromatography (DCM : MeOH = 95:5 to 90:10) to
afford alcohol 32 (363 mg, 0.869 mmol, 88% yield) as a yellow amorphous solid. "H NMR (400 MHz, CDCl:)
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§7.46-7.19 (m, 10 H), 6.81 (d, J=8.5 Hz, 1H), 5.90-5.84 (m, 2H), 3.89 (dd, J= 11.9 Hz, J= 0.8 Hz, 1H), 3.75
(d, J=18.5 Hz, 1H),3.67 (d,J= 11.9 Hz, 1H), 3.53-3.41 (m, 4H), 3.09 (d, J = 19.3 Hz, 1H), 2.94 (d, J=11.2
Hz, 1H), 2.84-2.76 (m, 4H), 2.47-2.40 (m, 2H), 2.30 (d, J=4.3 Hz, 1H), 1.76 (dd, J= 13.1 Hz, J=5.3 Hz, 1H),
1.45-1.37 (m, 1H); *C NMR (100 MHz, CDCl5) § 170.4, 138.5, 137.7, 135.8, 129.5, 129.0, 128.8, 128.5, 128.1,
127.0, 67.1, 63.1, 59.0, 57.5, 56.5, 54.7, 54.1, 45.5, 44.2, 39.7, 29.6; IR (neat): 3259, 3061, 3029, 2904, 2806,
1647, 1557, 1542, 1523, 1508, 1455, 1435, 1349, 1301, 1147, 997, 735, 698 cm%; HRMS (ESI) calcd for
CasHaNsO2" [M + H]" 418.2489, found 418.2492.

Preparation of ester 27i

HO = Y\)j\
VOOP
DMAF‘
toluene, 80 °C
62%
32

To a solution of'alcohol 32 (20.6 mg, 0.0493 mmol, 1.0 equiv.) and succinic anhydride (5.9 mg, 0.059 mmol,
1.2 equiv.) in toluene (500 pL) was added DMAP (1.0 mg) and stirred at 80 °C for 20 min under an argon

27i

atmosphere. After this time, another amount of succinic anhydride (2.9 mg, 0.029 mmol, 0.59 equiv.) was added
and stirred for additional 20 min at 80 °C. The reaction mixture was concentrated under reduce pressure and the
residue was purified by silica gel chromatography (DCM : MeOH = 98:2 to 85:15) to afford ester 27i (19.3 mg,
0.0373 mmol, 62% yield) as a yellow amorphous solid. "H NMR (400 MHz, CDCl3) § 7.43-7.21 (m, 10H), 6.80
(d,J=10.2 Hz, 1H), 6.06-5.97 (m, 1H), 5.95 (s, 1H), 4.39 (d, J=15.3 Hz, 1H), 4.13 (d, /= 15.3 Hz, 1H), 3.87
(d, J=18.7 Hz, 1H), 3.64-3.43 (m, 4H), 3.25-3.10 (m, 3H), 2.96 (d, /= 12.0 Hz, 1H), 2.81 (d, /= 11.6 Hz, 1H),
2.72-2.56 (m, 6H), 2.28 (d, J = 4.4 Hz, 1H), 1.77-1.63 (m, 2H); *C NMR (125 MHz, CDCls) § 177.1, 173.7,
170.8, 137.6, 135.5, 133.5, 129.3, 129.1, 128.8, 128.7, 127.5, 127.0, 119.0, 66.3, 62.6, 57.0, 56.4, 53.2, 51.7,
44.1, 44.0, 37.2, 30.41, 30.36, 28.8; IR (neat): 3422, 3341, 3057, 3028, 2924, 2817, 1727, 1657, 1547, 1536,
1453, 1376, 1352, 1297, 1243, 1207, 1159, 1073, 989, 793, 735, 700 cm™*; HRMS (ESI) calcd for C3oHzsNsOs"*
[M + H]" 518.2649, found 518.2641.

Representative procedure for synthesis of 27k,i,t
o

OH

[¢]
H,N
E NMM /E\ \E,]/\)LOH/EL
©/\n/ EDCI+HCI, HOBt-H,0 TFA, Et;SiH N
DCM DMF, 0°C to rt ©/\ﬂ/ DCM rt m H N)
2 steps 55% J

32 $15 27k
To a solution of alcohol 32 (36.9 mg, 0.0884 mmol, 1.0 equiv.) in DCM (360 pL) and DMF (90 pL) was
added carboxylic acid 35 (63.1 mg, 0.176 mmol, 2.0 equiv.), 4-methylmorpholine (29.3 uL, 0.266 mmol, 3.0
equiv.), HOBt-H20 (27.8 mg, 0.181 mmol, 2.0 equiv.), and EDCI-HCI (32.2 mg, 0.168 mmol, 1.9 equiv.) at
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room temperature. The same amount of carboxylic acid 35, 4-methylmorphrine, HOBt-H20, and EDCI-HCI
was repeatedly added until the full consumption of alcohol 32. The reaction mixture was diluted with saturated
aqueous NaHCOs and extracted with EtOAc for three times. The combined organic layer was washed with brine,
dried over anhydrous MgSOs, filtered, concentrated under reduced pressure to afford crude ester S15, which
was used for the next reaction without further purification.

To a suspension of crude ester S15 in DCM (500 pL) were added Et3;SiH (500 pL) and TFA (500 pL) at room
temperature. After being stirred for 2 h, the reaction mixture was diluted with saturated aqueous NaHCO3 and
the aqueous layer was extracted with EtOAc for three times. The combined organic layers were washed with
brine, dried over anhydrous MgSQs4, and concentrated under reduced pressure. The residue was purified by
PTLC with DCM : MeOH = (95:5) to afford ester 27k (24.9 mg, 0.0482 mmol, 2 steps 55%) as a white solid.
Mp 117 °C. 'H NMR (500 MHz, CDCl3) § 7.43-7.22 (m, 10H), 6.06 (m, 1H), 5.95-5.89 (m ,1H), 5.74 (s, 2H),
5.59 (s, 1H), 4.35 (d, J=14.2 Hz, 1H), 4.23 (d, /= 14.2 Hz, 1H), 3.85 (d, J/=19.1 Hz, 1H),3.58 (d, J=15.0
Hz, 1H), 3.53 (d, /= 15.0 Hz, 1H), 3.46 (s, 2H), 3.16 (d, /= 19.1 Hz, 1H), 3.00-2.91 (m, 3H), 2.80 (d, /=10.8
Hz, 1H), 2.81-2.65 (m, 2H), 2.56-2.49 (m, 4H), 2.38 (s, 1H), 1.62 (dd, /= 13.3 Hz, /= 8.0 Hz, 1H), 1.51-1.45
(m, 1H); *C NMR (125 MHz, CDCls) § 173.9, 173.2, 170.6, 138.1, 135.4, 133.7, 129.4, 129.1, 128.9, 128.6,
127.21,127.17,123.6, 67.1, 62.9, 58.4, 57.5,55.8, 54.1, 53.5,45.1,43.9, 37.1, 30.1, 29.3, 28.8; IR (neat): 3327,
3197, 3061, 3029, 2919, 2810, 1729, 1669, 1538, 1496, 1373, 1349, 1295, 1243, 1201, 1170, 1030, 1000, 799,
738, 700 cm™; HRMS (ESI) calcd for CaoH37N4Os* [M + H]* 517.2809, found 517.2811.

Preparation of ester 27i

NMM, EDCI+HCI, HOBtH,0
DCM, DMF, rt

v% Q“ﬁ%

ii) TFA, Et3SiH, DCM, rt
2 steps 36%
32 27i

Following representative procedure starting using alcohol 32 (22.1 mg, 0.0529 mmol) and carboxylic acid 36
(32.1 mg, 0.117 mmol), purification by silica gel chromatography (hexane : EtOAc = 10:90 to DCM : MeOH =
97:3) afforded ester 27i (11.0 mg, 0.0191 mmol, 2 steps 36%) as a colorless oil. 'H NMR (500 MHz,CDsOD) &
7.53 (dt, J=7.9 Hz, J= 0.9 Hz, 1H), 7.40 (d, J = 7.0 Hz, 2H), 7.34-7.16 (m, 10H), 7.06-7.03 (m, 1H), 6.97-
6.94 (m, 1H), 5.84-5.80 (m, 1H), 5.63 (s, 1H), 4.41 (d, J=13.4 Hz, 1H), 4.28 (dd, /= 13.5 Hz, J = 1.8 Hz, 1H),
3.79 (dd, J=15.2 Hz, J=0.7 Hz, 1H), 3.75 (dd, J = 15.1 Hz, J=0.7 Hz, 1H), 3.57-3.43 (m, 5H), 3.06 (d, J =
19.2 Hz, 1H), 2.93 (s, 1H), 2.79 (d, J = 11.5 Hz, 2H), 2.49 (s, 1H), 2.40 (d, /= 11.1 Hz, 1H), 2.30-2.27 (m, 2H),
1.69-1.63 (m, 1H), 1.52 (dd, J=13.5 Hz, J=5.6 Hz, 1H); "C NMR (125 MHz, CD:0D) § 174.0, 173.2, 139.5,
138.0, 136.9,135.4,130.2, 130.0, 129.6 128.5, 128.1, 127.9, 124.9, 122.6,120.0, 119.7, 112.3, 108.5, 68.5, 63.7,
59.0, 58.6, 56.7, 55.2, 54.0, 46.5, 44.0, 38.2, 32.5, 29.0; IR (neat): 3263, 3059, 3028, 2919, 2850, 2807, 2765,
1726, 1645, 1532, 1494, 1455, 1371, 1352, 1293, 1244, 1155, 1108, 1010. 796, 739, 699 cm™; HRMS (ESI)
calcd for CssHaoN4Os™ [M + H]*575.3017, found 575.3017.
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Preparation of ester 27t

) BhCOOH, EDCI-HCI
NMM, HOBt-H,O

(0]
DCM, DMF, rt e}
O —
H
TrtHNJl\/\n, ) TFA, EtgSiH. DCM. 1t NJ\/\n’N N
2 steps 70% 2 )
0 N

28f 27t

Following representative procedure using alcohol 28f (28.5 mg, 0.0445 mmol) and phenylacetic acid (12.1
mg, 0.0889 mmol), purification by silica gel column chromatography (EtOAc 100% to DCM : MeOH = 95:5)
afforded ester 27t (16.1 mg, 0.0312 mmol, 2 steps 70%) as a yellow oil. '"H NMR (400 MHz, CDCl3) & 7.42-
7.27 (m, 9H), 7.25-7.21 (m, 1H), 6.52 (d, J=9.8 Hz, 1H), 6.38 (brs, 1H), 5.92-5.84 (m, 1H), 5.52 (s, 1H), 5.40
(brs, 1H), 4.61 (d, J = 14.4 Hz, 1H), 4.32 (dd, J = 14.4 Hz, J = 2.3 Hz, 1H), 3.72-3.64 (m, 3H), 3.44 (s, 2H),
3.03 (dd, /J=19.4 Hz, J=2.3 Hz, 1H),2.95 (d,/J=11.2 Hz, 1H), 2.87 (s, 1H), 2.80-2.77 (m, 2H), 2.62-2.47 (m,
4H), 2.44-2.40 (m, 2H), 2.22 (d, J=4.8 Hz, 1H), 1.60 (dd, J=13.2 Hz, J = 5.6 Hz, 1H), 1.52-1.45 (m, 1H); °C
NMR (125 MHz, CDCl3) 6 175.0, 172.3,171.5,138.5, 133.73, 133.65, 129.5, 129.1, 128.8, 128.5, 127.5, 1271,
123.8,67.3,63.2,59.1, 57.3, 56.4, 53.94, 53.85,45.2,41.6, 37.5, 31.8, 31.3, 29.3; IR (neat): 3330, 3195, 3060,
3029,2915, 2806, 2769, 1726, 1660, 1536, 1454, 1371, 1293, 1244, 1155, 1110, 1000, 983, 796, 734,700 cm™!;
HRMS (ESI) calcd for CaoHs7N+O4" [M + H]" 517.2809, found 517.2811.

Representative procedure for synthesis of 27m and 27n

N o -CF3COOH
Q]\/u\ ™
N OH

HO — 37
H N NMM
) EDCI+HCI, HOBt. H20 TFA, Et3S|H
o HN
DCM DMF, 0 °C to rt DCM rt
©) (2 steps 57%)
32

To a solution of alcohol 32 (24.6 mg, 0.0599 mmol, 1.0 equiv.) in DCM (240 pL) and DMF (60 pL) were
added carboxylic acid 37 (44.3 mg, 0.120 mmol, 2.0 equiv.), 4-methylmorpholine (19.8 uL, 0.180 mmol, 3.0
equiv.), HOBt-H20 (18.6 mg, 0.121 mol, 2.0 equiv.), and EDCI-HCI (24.6 mg, 0.128 mmol, 2.1 equiv.) at room
temperature under an argon atmosphere. The same amount of carboxylic acid 37, 4-methylmorphrine,
HOBt-H-0, and EDCI-HCI was repeatedly added until the full consumption of alcohol 32. The reaction mixture
was diluted with saturated aqueous NaHCOs and extracted with EtOAc for three times. The combined organic
layer was washed with brine, dried over anhydrous MgSOs, filtered, concentrated under reduced pressure to
afford crude ester S16, which was used for the next reaction without further purification.

To a suspension of crude ester S16 in DCM (500 pL) were added Et3SiH (500 pL) and TFA (500 uL) at room
temperature. After being stirred for 2 h, the reaction mixture was diluted with saturated aqueous NaHCO3 and
the reaction mixture was concentrated under reduced pressure. The residue was purified by silica gel
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chromatography (DCM : MeOH = 95:5 to 85:15) to afford TFA salt of 27m (21.4 mg, 0.0407 mmol, 2 steps
57% yield) as an amorphous solid. "H NMR (500 MHz,CDsOD) § 8.02 (d, J = 1.0 Hz, 1H), 7.41-7.20 (m, 10H),
7.15 (s, 1H), 5.97-5.92 (m, 2H), 4.50 (dd, J = 14.0 Hz, J = 1.3 Hz, 1H), 4.46 (dd, /= 14.0 Hz, /= 1.8 Hz, 1H),
4.08 (d, J =18.6 Hz, 1H), 3.76-3.66 (m, 3H), 3.58-3.49 (m, 5H), 3.36 (s, 1H), 3.19 (d, /= 12.8 Hz, 1H), 3.05
(d, J=12.4 Hz, 1H), 2.78 (dd, J=5.2 Hz, J= 1.7 Hz, 1H), 2.68 (d, /= 12.6 Hz, 1H), 2.64 (dd, J=12.9 Hz, J
=3.6 Hz, 1H), 2.06-2.00 (m, 1H), 1.85 (dd, J=14.2 Hz, J= 5.5 Hz, 1H); C NMR (125 MHz, CDs0OD) § 173.7,
171.5, 163.3, 138.5, 136.6, 136.0, 135.6, 130.7, 130.2, 130.1, 129.7, 129.6, 128.5, 128.0, 122.1, 119.4, 118.6,
117.1, 68.2, 63.0, 59.6, 57.3, 56.0, 55.2, 53.1, 45.7, 43.8, 37.9, 32.6, 27.8; F NMR (376 MHz, CDsOD) § -
77.2; IR (neat): 3413, 1680, 1440, 1206, 1135, 842, 802, 724 cm™'; HRMS (ESI) calcd for CaiH3sNsOs* [M+H]*
526.2813, found 526.2816.

Preparation of ester 27n

i) o
BocHN/\/\)LOH

38

HO™ Y= NMM, EDCI-HCI, HOBt-H,0 07 N\=
H N DCM, DMF, rt
N _ H N
/ > N
0 HN ii) TFA, Et;SiH, DCM, rt m b N)

«CF3COOH

: J 2 steps 55%

32 27n

Following representative procedure using alcohol 32 (24.9 mg, 0.0596 mmol) and carboxylic acid 29 (26.1
mg, 0.120 mmol), purification by silica gel chromatography (DCM : MeOH = 90:10 to 85:15) afforded TFA
salt of ester 27n (20.8 mg, 0.0403 mmol, 2 steps 55%) as a an amorphous solid. 'H NMR (400 MHz,CDs0OD) §
7.94 (d,J=8.2 Hz, 1H), 7.41-7.24 (m, 9H), 6.02-5.94 (m, 2H), 4.48 (s, 2H), 4.18 (d, /= 18.2 Hz, 1H), 3.80 (d,
J=19.1 Hz, 1H), 3.66-3.51 (m, 6H), 3.25 (d, /= 13.0 Hz, 1H), 3.08 (d, /= 12.5 Hz, 1H), 2.94-2.85 (m, 3H),
2.75-2.68 (m, 2H), 2.41 (t, J = 6.7 Hz, 2H), 2.13-2.06 (m, 1H), 1.92 (dd, J = 14.2 Hz, J = 5.6 Hz, 1H), 1.69-
1.63 (m, 4H); “C NMR (125 MHz, CD;0OD) § 174.4, 173.9, 173.8, 163.3, 163.0, 138.3, 136.6, 136.0, 130.3,
130.1, 129.7, 129.6, 128.6, 128.0, 119.4, 117.1, 71.0, 67.6, 62.8, 59.9, 56.7, 56.2, 54.8, 52.8, 45.6, 43.8, 40.3,
37.8,34.0,27.9,22.7; YF NMR (376 MHz, CD30D) § -77.2; IR (neat): 3401, 2967, 2922, 2866, 2844, 1681,
1438, 1206, 1134, 1054, 1033, 843, 802, 725 cm™'; HRMS (ESI) calcd for C3iHaN4Os* [M + H]* 517.3173,
found 517.3173.

Preparation of acid chloride 34

mOH (COCl),, DMF /@/\H/CI
—_—

(0] R (0]

PMBO DCM, 0°C PMBO

S$17 34

To a suspension of carboxylic acid S17 (49.5 mg, 0.182 mmol, 1.0 equiv.) in DCM (1.0 mL) was added oxalyl
chloride (50 pL, 0.583 mmol, 3.2 equiv.) and DMF (10 pL) at 0 °C under an argon atmosphere. After being
stirred at 0 °C for 1 h, the reaction mixture was concentrated under reduced pressure to afford crude 34. The
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product was used in the next step without further purification.

Preparation of ester 27j

PMBO HO o
o J@/\m \©\)L QA
H O =
@ PMBO _ TRAEWSH H N
m HON /
: J o HN

Et3N DCM DCM it
0°Ctort (2 steps 52%)

32
S18 27j

To a solution of alcohol 32 (23.5 mg, 0.0563 mmol, 1.0 equiv.) in DCM (200 pL) were added triethylamine
(100 pL) and acid chloride 34 suspended in toluene (500 pL) at 0 °C under an argon atmosphere. After being
stirred at room temperature for 1 h, the reaction mixture was diluted with saturated aqueous NaHCO3 and the
aqueous layer was extracted with EtOAc for three times. The combined organic layers were washed with brine,
dried over MgSOs, and concentrated under reduced pressure to afford crude ester S18, which was used for the
next reaction without further purification.

To a solution of crude ester S18 in DCM (200 pL) were added Et:SiH (200 pL) and TFA (200 pL) at room
temperature under an argon atmosphere. After being stirred for 1h, the reaction mixture was diluted with
saturated aqueous NaHCOs and the aqueous layer was extracted with EtOAc for three times. The combined
organic layers were washed with brine, dried over anhydrous MgSOs, and concentrated under reduced pressure.
The residue was purified by silica gel chromatography (DCM : MeOH = 97:3) to afford 27j (16.6 mg, 0.0293
mmol, 2 steps 52%) as a yellow oil. '"H NMR (500 MHz CDCls) & 7.43 (d, J = 7.0 Hz, 2H), 7.33 (t, J = 7.5 Hz,
2H), 7.29-7.21 (m, 6H), 7.13 (d, J= 8.6 Hz, 2H), 6.73 (d, J = 8.6 Hz, 2H), 6.29 (d, /= 10.0 Hz, 1H), 5.95-5.89
(m, 1H), 5.31 (s, 1H), 4.34 (d, /J=14.3 Hz, 1H), 4.10 (dd, J = 14.5 Hz, J= 2.4 Hz, 1H), 3.61-3.50 (m, 5H), 3.44
(d, J=13.2 Hz, 1H), 3.41 (d, J=13.1 Hz, 1H), 2.97-2.86 (m, 3H), 2.79-2.74 (m, 2H), 2.47-2.41 (m, 2H), 2.18
(d, J=4.7 Hz, 1H), 1.59 (dd, J = 13.2 Hz, J = 5.5 Hz, 1H), 1.44-1.39 (m, 1H); "C NMR (125 MHz, CDCl;) §
172.4,170.7,156.2,138.4, 135.5, 133.7,130.6, 129.4, 129.2, 128.8, 128.6, 127.13,127.09, 125.0, 123.4, 115.8,
66.9, 63.1, 58.7, 57.3, 56.2, 53.9, 53.4, 45.1, 44.1, 40.9, 37.3, 29.2; IR (neat): 3407, 3061, 3028, 2916, 2809,
2770, 1726, 1648, 1516, 1453, 1371, 1271, 1245, 1151, 1107, 1085, 986, 826, 798, 737, 699 cm™'; HRMS (ESI)
calcd for C3sH3sNsO4" [M + H]* 552.2857, found 552.2850.

Representative procedure for synthesis of esters 270 and 27p

HO N\ =
H
N
©/\[r ) PhCOCI, Et3N /E‘
° 3 m
DCM, 0 °C to 1t
-
27o

To a solution of alcohol 32 (19.9 mg, 0.0477 mmol, 1.0 equiv.) and triethylamine (13.3 pL, 0.0954, 2.0 equiv.)

in DCM (500 uL) was added benzoyl chloride (6.6 pL, 0.057 mmol, 1.2 equiv.) at 0 ‘C under an argon

atmosphere. After being stirred for 1 h at room temperature, the same amount of benzoyl chloride and
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triethylamine was added and stirred for another 20 min. The reaction mixture was diluted with saturated aqueous
NaHCO:s and the aqueous layer was extracted with EtOAc for three times. The combined organic layers were
washed with brine, dried over anhydrous MgSOs4, and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (hexane : EtOAc =5:95 to DCM : MeOH =95:5) to afford ester 270 (18.0
mg, 0.0345 mmol, 2 steps 72%) as a yellow oil. "H NMR (400 MHz, CD;OD) § 8.03 (d, J = 8.1 Hz, 2H), 7.65-
7.16 (m, 13H), 5.98-5.94 (m, 2H), 4.68 (d, J = 13.8 Hz, 1H), 4.55 (d, J=13.9 Hz, 1H), 3.76 (d, J = 19.2 Hz,
1H), 3.56-3.51 (m, 3H), 3.43 (d, J=13.1 Hz, 1H), 3.29-3.24 (m, 1H), 3.08 (d, /= 11.5 Hz, 1H), 3.00 (s, 1H),
292 (s,1H),2.83 (d,J=10.8 Hz, 1H), 2.59 (d, /=4.5 Hz, 1H), 2.50-2.45 (m, 2H), 1.85-1.77 (m, 1H), 1.60 (dd,
J=13.4Hz, J=5.4 Hz, 1H); °C NMR (125 MHz, CDCl3) § 170.5, 167.0, 138.2, 135.7, 134.1, 133.7, 129.9,
129.7, 1294, 129.2, 128.79, 128.75, 128.7, 127.2, 127.0, 66.9, 63.1, 58.5, 57.7, 55.9, 54.2, 53.6, 44.8, 44.1,
37.6. 29.3; IR (neat): 3343, 3060, 3028, 2925, 2805, 2767, 1711, 1663, 1601, 1495, 1452, 1426, 1294, 1272,
1176, 1141, 1110, 1070, 1026, 733, 712, 699 cm™'; HRMS (ESI) calcd for CasHasNzOs™ [M + H]* 522.2751,
found 522.2747.

Preparation of ester 27p

(o]
OhD s
.,

Following representative procedure using alcohol 32 (22.3 mg, 0.0534 mmol) and cyclohexanecarboxylic
acid chloride (8.7 uL, 0.064 mmol), purification by silica gel column chromatography (hexane : EtOAc = 5:95
to DCM : MeOH = 95:5) afforded ester 27p (10.3 mg, 0.0195 mmol, 37%) as a yellow oil. "H NMR (400 MHz,
CDCl3) 6 7.45 (d, J=17.6 Hz, 2H), 7.37-7.21 (m, 8H), 6.41 (d, J=9.9 Hz, 1H), 5.98-5.90 (m, 1H), 5.64 (s, 1H),
4.34 (d,J=14.5 Hz, 1H), 4.10 (d, J=14.6 Hz, 1H), 3.79 (d, J = 18.9 Hz, 1H), 3.59 (d, /= 14.5 Hz, 1H), 3.52
(d, J=14.5 Hz, 1H), 3.45 (s, 2H), 3.11 (dd, J=19.2 Hz, J = 1.8 Hz, 1H), 2.98 (d, J = 11.3 Hz, 1H), 2.90 (s,
1H), 2.84-2.78 (m, 2H), 2.48-2.46 (m, 2H), 2.37 (tt, /= 11.3 Hz, J= 3.4 Hz, 1H), 2.23 (d, /J=4.4 Hz, 1H), 1.95
(m, 2H), 1.81-1.78 (m, 2H), 1.69-1.59 (m, 2H), 1.52-1.43 (m, 3H), 1.37-1.21 (m, 3H); *C NMR (125 MHz,
CDCl3) 8 176.6, 170.4, 138.2, 135.7, 134.4, 129.4, 129.2, 128.7, 128.6, 127.2, 127.0, 121.8, 66.2, 63.0, 58.4,
57.7,55.9, 54.2, 53.6, 44.6, 44.1, 43.3, 37.5, 29.3, 29.2, 29.1, 25.8, 25.6, 25.5. IR (neat): 3024, 2930, 2855,
2805, 2769, 2360, 2324, 1717, 1652, 1540, 1455, 1419, 1288, 1276, 1191, 1169, 913, 764, 748, 698 cm';
HRMS (ESI) calcd for Cs3H42N3O3* [M + H]* 528.3221, found 528.3211.
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Representative procedure for synthesis of 27s and 27w

OTBS @\/E
— o —
H BnCOOH, NMM y
N TBAF EDCI-HCI, HOBt-H,0 N
N ZDEHEl RoBEY. N
=YY — m_N/\,/\,r =YY
DCM DMF, rt N

=N O N) THF, 1t \=N 0

©)28e s19 ©)szo

07 N=
) H
TFA, Et;SiH N N
—_— W )
DCM, rt \=N o) N
3 steps 29%
©)27s

To a solution of amide 28e (88.8 mg, 0.116 mmol, 1.0 equiv) in THF (300 pL) was added TBAF (1.0 M in
THEF, 230 pL, 0.23 mmol, 2.0 equiv.) and stirred at room temperature for 30 min under an argon atmosphere.
The reaction mixture was diluted with saturated aqueous NH4Cl and the aqueous layer was extracted with
EtOAc for three times. The combined organic layers were washed with brine, dried over anhydrous MgSOs,
and concentrated under reduced pressure to afford crude alcohol S19, which was used for the next reaction
without further purification.

To a solution of crude alcohol S19 in DCM (460 pL) and DMF (120 puL) were added phenylacetic acid (31.0
mg, 0.228 mmol, 2.0 equiv.), 4-methylmorpholine (38.4 uL, 0.349 mmol, 3.0 equiv.), HOBt-H20 (36.0 mg,
0.235 mol, 2.0 equiv.), and EDCI-HCI (49.0 mg, 0.257 mmol, 2.2 equiv.) at room temperature under an argon
atmosphere. The same amount of phenylacetic acid, 4-methylmorphrine, HOBt-H:O, and EDCI-HCI were
repeatedly added until the full consumption of alcohol S20. The reaction mixture was diluted with saturated
aqueous NaHCO:; and extracted with EtOAc for three times. The combined organic layers were washed with
brine, dried over anhydrous MgSQs, filtered, concentrated under reduced pressure to afford crude ester S20,
which was used for the next reaction without further purification.

To a solution of crude ester S20 in DCM (200 pL) was added EtsSiH (200 uL) and TFA (600 pL) at room
temperature under an argon atmosphere. After being stirred for 1 h, the reaction mixture was diluted with
saturated aqueous NaHCOs and the aqueous layer was extracted with EtOAc for three times. The combined
organic layers were washed with brine, dried over anhydrous MgSOs4, and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (DCM : MeOH = 95:5 to 90:10) to afford ester
27s (17.4 mg, 0.0331 mmol, 3 steps 29%) as a yellow oil. "H NMR (500 MHz, CDCls) § 7.44-7.41 (m, 3H),
7.34-7.30 (m, 4H), 7.27-7.25 (m, 3H), 7.22 (t, /= 7.4 Hz, 1H), 6.78 (s, 1H), 6.73 (d, /=9.5 Hz, 1H), 5.91-5.84
(m, 1H), 5.63 (s, 1H), 4.32 (d, J=13.8 Hz, 1H), 4.13 (dd, J=13.7 Hz, J = 1.5 Hz, 1H), 3.71 (d, J=19.5 Hz,
1H), 3.63 (s, 2H), 3.54 (d, J=16.2 Hz, 1H), 3.50 (d, /= 16.4 Hz, 1H), 3.46 (d, J=13.2 Hz, IH), 341 (d, J=
13.1 Hz, 1H), 3.06 (dd, J=19.4 Hz, J= 1.8 Hz, 1H), 2.93 (d, /= 11.3 Hz, 1H), 2.87 (s, 1H), 2.79 (d, J=10.5
Hz, 1H), 2.72 (s, 1H), 2.43 (d, J = 10.5 Hz, 1H), 2.38 (dd, J = 11.3 Hz, J = 3.7 Hz, 1H), 2.27 (d, J=4.7 Hz,
1H), 1.60 (dd, J = 13.0 Hz, J = 5.5 Hz, 1H), 1.53-1.47 (m, 1H); "C NMR (125 MHz, CDCl:) § 172.1, 169.7,
138.5, 1354, 133.9, 133.7, 129.5, 129.0, 128.8, 128.5, 127.4, 127.1, 125.6, 67.7, 63.2, 59.2, 57.3, 56.4, 54.0,
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53.9,454,41.5,37.3,35.0,29.0; IR (neat): 3192, 3086, 3061, 3029, 2907, 2807, 2769, 1731, 1651, 1536, 1496,

1454, 1371, 1346, 1295, 1254, 1154, 1108, 1085, 1000, 984, 822, 797, 737, 700, 664, 626 cm™'; HRMS (ESI)
calcd for Ca1HasNsOs*™ [M + H]* 526.2813, found 526.2806.

Preparation of ester 27w

|) TBAF, THF, rt

©\/ﬁ\
) BnCOOH, EDCI-HCI o
TBSO NMM, HOBt:H,0 w
DCM DMF, rt N N
|||) TFA, Et3SiH ©/\[Or N)

DCM, rt
3 steps 84%

\|,0 28i HO” : 27w

Following representative procedure using 28i (25.0 mg, 0.0414 mmol) and phenylacetic acid (12.9 mg,
0.0947 mmol), purification by silica gel column chromatography EtOAc 100% to DCM : MeOH = 95:5)
afforded ester 27w (19.1 mg, 0.0346 mmol, 3 steps 84%) as a yellow oil. "H NMR (400 MHz, CDC13) & 7.37-
7.17 (m, 12H), 6.81 (d, J=8.5 Hz, 2H), 6.31 (d, J=10.1 Hz, 1H), 5.93-5.85 (m, 1H), 5.49 (s, 1H), 430 (d, J =
14.0 Hz, 1H), 4.11 (dd, J=14.1 Hz, J=1.7 Hz, 1H), 3.71-3.66 (m, 3H), 3.58 (d, /= 14.6 Hz, 1H), 3.50 (d, J =
14.6 Hz, 1H), 3.34 (d, J=12.8 Hz, 1H), 3.30 (d, /= 12.6 Hz, 1H), 3.00 (dd, /= 19.2 Hz, J=2.0 Hz, 1H), 2.92-
2.89 (m, 1H), 2.85 (s, 1H), 2.77-2.74 (m, 2H), 2.40-2.34 (m, 2H), 2.17 (d, J =4.5 Hz, 1H), 1.56 (dd, J =134
Hz,J=4.5 Hz, 1H), 1.44-1.37 (m, 1H); *C NMR (125 MHz, CDCl5) § 172.0, 171.1, 155.9, 135.3,133.7, 133.6,
130.4, 129.44, 129.40, 129.38, 128.84, 128.79, 127.5, 127.1, 123.9, 115.6, 67.1, 62.5, 58.7, 57.3, 56.1, 53.9,
53.7,45.3,44.0,41.6,37.3,29.2; IR (neat): 3327, 3061, 3029, 2921, 2806, 2768, 1727, 1649, 1613, 1595, 1515,
1496, 1455, 1370, 1347, 1293, 1246, 1150, 1106, 1080, 997, 985, 833, 796, 726, 697 cm '; HRMS (ESI) calcd
for CasH3sN3O4" [M + H]* 552.2857, found 552.2859.

Preparation of ester 27u

0
850" N= HO” N=
o. N N o. M N BnCOOH, NMM S
X g ) TBAF X Y J| EDCI-HCL HOBE-H;0 o. N N
H H h’
° THF, 1t DCM, DMF, Tl /
28 s21

9

27u

To a solution of amide 28¢g (31.8 mg, 0.0619 mmol, 1.0 equiv.) in THF (400 puL) was added TBAF (1.0 M in
THEF, 120 pL, 0.12 mmol, 1.9 equiv.) and stirred at room temperature for 15 min under an argon atmosphere.
The reaction mixture was diluted with saturated aqueous NH4Cl and the aqueous layer was extracted with
EtOAc for three times. The combined organic layers were washed with brine, dried over anhydrous MgSOsa,
and concentrated under reduced pressure to afford crude alcohol S21, which was used for the next reaction
without further purification.

To a solution of crude alcohol S21 in DCM (240 pL) and DMF (60 pL) were added phenylacetic acid (16.9
mg), 4-methylmorpholine (20.4 uL, 0.186 mmol, 3.0 equiv.), HOBt-H20 (19.0 mg, 0.124 mol, 2.0 equiv.), and
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EDCI-HCI (23.7 mg, 0.124 mmol, 2.0 equiv.) and stirred at room temperature under an argon atmosphere. The
same amount of phenylacetic acid, 4-methylmorphrine, HOBt-H20, and EDCI-HCI was repeatedly added until
the full consumption of crude alcohol S21. The reaction mixture was diluted with saturated aqueous NaHCO3
and extracted with EtOAc for three times. The combined organic layers were washed with brine, dried over
anhydrous MgSOs, filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane : EtOAc = 5:95 to DCM : MeOH = 95:5) to afford ester 27u (20.3 mg, 0.0392
mmol, 2 steps 63% yield) as a yellow oil. '"H NMR (400 MHz, CDCls) § 7.40-7.24 (m, 10H), 5.69 (s, 1H), 5.54
(s, 1H),4.71 (d, J=8.3 Hz, 1H),4.57 (d,/J=13.4 Hz, 1H),4.41 (d, J=13.4 Hz, 1H), 3.76 (d, /= 19.3 Hz, 1H),
3.67 (s,2H), 3.51 (d, J=13.1 Hz, 1H), 3.42d, J=12.4 Hz, 1H), 3.08 (d, /= 19.6 Hz, 1H), 2.98-2.88 (m, 2H),
2.80-2.74 (m, 2H), 2.48-2.46 (m, 3H), 1.67 (dd, J = 13.2 Hz, J = 5.4 Hz, 1H), 1.46 (m, 10H); *C NMR (125
MHz, CDCl3) 8 171.3, 155.2, 138.4, 134.03, 133.95,129.4, 129.1, 128.7, 128.5, 127.3, 127.1, 126.2, 79.1, 68.1,
63.0, 58.6, 57.4, 56.3, 54.1, 53.7, 46.6, 41.5 38.4, 29.4, 28.6; IR (neat): 3413, 3362, 3061, 3029, 2974, 2926,
2805, 2768, 1733, 1709, 1507, 1469, 1390, 1365, 1347, 1295, 1242, 1165, 1046, 1019, 979, 770, 731, 698
cm™'; HRMS (ESI) calcd for CaHaoNsOs* [M + H*] 518.3013, found 518.3002.

Biology

Cell culture

Human epithelioid cervical carcinoma (HelLa) cells were incubated with RPMI-1640 medium (FUJIFILM
Wako Pure Chemical) containing 10% fetal bovine serum (Gibco; Thermo Fisher Scientific) and 1%
peniciline/streptomycine (FUJIFILM Wako Pure Chemical). Cells were incubated in a cell incubator with 5%
COzat 37 °C.

Neuro 2a (N2a) cells were incubated with D-MEM medium (FUJIFILM Wako Pure Chemical) containing
10% fetal bovine serum (Gibco; Thermo Fisher Scientific) and 1% peniciline/streptomycine (FUJIFILM Wako
Pure Chemical). Cells were incubated in a cell incubator with 5% COzat 37 °C.

MTT assay

HeLa cells or N2a cells (5x10° cells per well of a 96-well plate) were incubated under 5% COzat37 °C in
RPMI-1640 media (for HeLa cells) or D-MEM media (for N2a cells) containing 10% fetal bovine serum, 1%
peniciline/streptomycine, and various concentrations of compound 20a-h (10 mM in DMSOQ) for 72 h. After the
incubation, 3’-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide (MTT) in PBS (5mg/mL, 10 uL)
were added, and the cells were further incubated at 37 °C for 2 h. After removal of the medium, DMSO (100
ulL) was added and the absorbance at 590 nM was measured with a microplate reader. The ICso value was
determined from semilogarithmic dose-response plots.
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Luciferase reporter gene assay for HIF transcriptional activity

HeLa cells transfected with hypoxia response element dependent firefly luciferase reporter construct (HRE-
Luc) were seeded in a 96-well plate (2.5<10" cells per a well) and incubated for 6 h under 5% CO2at37 °C
with RPMI-1640 media containing 10% fetal bovine serum, 1% peniciline/streptomycine. After the incubation,
cells were treated with various concentration of compound 21a-h (10 mM in DMSO) and incubated at the same
condition for 1 h. Then the cells were incubated at normoxic condition (1% O2,5% COz2, 37 °C) for 12 h. At the
same time, cells without compounds were incubated at hypoxic condition for 12 h. After removal of the media
cells were washed with PBS and the luciferase reporter gene assay was performed with Luciferase Assay System
(Promega, Madison, WI, USA) according to the manufacturer’s instructions. The compound concentration
required to reduce relative luminescence units (RLU) by 50% (ICso) was determined from semilogarithmic dose-
response plots.

Luciferase reporter gene assay for antiviral activity against rabies virus

The recombinant rabies virus strain 1088 expressing gaussia luciferase (1088/GLuc) was generated as
described previously.™ The virus titer was determined using focus assay as reported** and expressed as focus-
forming units (FFU). N2a cells (4 < 10* cells per well) and 1088/GLuc (4 X 10*FFU per well) were prepared
in E-MEM containing 10% fetal bovine serum and antibiotics, and the mixed solution was applied to a 96-
well black plate with clear bottoms (Greiner). Subsequently, various concentrations of compounds were
prepared in the medium and added to each well. The microplates were incubated at37 °C under 5% COx2 for 3
days, and then, a luciferase reporter gene assay was performed using Pierce Gaussia Luciferase Glow Assay
Kit (Thermo Fisher Scientific). The substrate solution was added to each well, and RLU was immediately
measured using a microplate luminometer LuMate (Awareness Technology). Based on the RLU value, 1Cso
was determined from semilogarithmic dose-response plots.
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Figure S1. Antiproliferative effect of compounds on HeLa cells. FK866 was used as positive

control.®®
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Azatricyclononae 17a
"H NMR (400 MHz, CDCl5)
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'"H NMR (400 MHz, CDCls)
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'"H NMR (400 MHz, CDCls)

EEEE%%&EEE%EEEE?EHE%H%EEﬁEEﬁE&&EEEE_

B B L T R okt Sk el ok o ot

S et ettt

H

—
TBSO/\|
N
O@

10 s 8 7 6 5 ’ 2 2 1 o ppm
| 1 |
g odr [ HEE BB
3C NMR (100 MHz, CDCl3)
| \f W
TBSO/\l
N
F
) o 1,| ‘ |‘
2';11 Eil)ﬂ 1:‘] 1IIH]- 1'.;':! 1;“] 1!’;11 1-;5 1!50 15!} 'I'IID 'III}D Elﬂ Elﬂ ?IU E:D 5:0 -I:l] :blﬂ 2'Il] ;In 1I] Ipp.}.l.'l:i.

102



Silyl enol ether 8d

"H NMR (400 MHz, CDCl5)
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"H NMR (500 MHz, CDCl3)
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"H NMR (500 MHz, CDCl3)
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Silyl enol ether 8f
"H NMR (400 MHz, CDCl5)
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"H NMR (500 MHz, CDCl3)
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YF NMR (376 MHz, CDCl:)
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"H NMR (400 MHz, CDCl5)
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'"H NMR (400 MHz, CDCls)
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"H NMR (400 MHz, CDCl5)
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"H NMR (400 MHz, CDCl5)
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"H NMR (400 MHz, CDCl5)
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"H NMR (500 MHz, CDCl3)
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"H NMR (500 MHz, CDCl3)
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"H NMR (400 MHz, CDCl5)
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'"H NMR (400 MHz, CDCls)
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"H NMR (500 MHz, CDCl3)
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'"H NMR (400 MHz, CDCls)
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Ester 27a
"H NMR (500 MHz, CDCl5)
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'"H NMR (40 Hz, CDCl3)
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Ester 27e
"H NMR (500 MHz, CDCl3)
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Ester 27f
"H NMR (500 MH
z, CDCl3)
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Ester 21h
"H NMR (500 MHz, CDCl3)
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'"H NMR (400 MHz, CDCls)
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"H NMR (500 MHz, CD:OD)
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Ester 27m
"H NMR (500 MHz, CD:OD)
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"H NMR (500 MHz, CD:OD)
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YF (376 MHz, CD;OD)
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Ester 270
"H NMR (400 MHz, CD30D)
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"H NMR (400 MHz, CDCl5)
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Ester 27s
"H NMR (500 MHz, CDCl3)

FafefePePefPefefefefe el eSO RGN NN T T T T R T AAAAAOAG OGO OMMNA NN AN N = = F e e e e

10 s 8 7 6 5 ! 3 2 1 o ppm
BeEEey kY EEEEEEEEsisEEETEee
3C NMR (125 MHz, CDCl3)
| SR IS T
Qg
0 N=
“ N
LU Y,
Il h |
220 200 180 160 14 120 100 & e 40 2 0 ppm

162



Ester 27t
"H NMR (400 MHz, CDCl5)
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Ester 27u
"H NMR (400 MHz, CDCl5)
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3-1 IZIUBIC

Fram Cib 72180, BIFEEROILFR D=0, EFEMBAFRITAH MR =R oehED mVVE OB N E
FND.EEICBONTE, SRTHEOEVER E LT EREREER 2B L2, TEIRT
DERICHEED. RESTFIE, BV R~A F 'O X9 IC8EG BMRR - TR D AEWIEEE b Hi5
52l HFESENC L DR CIXE Y OB RIEEN S0%ICHED Z &b, AEGRIND
ZEDREEND (Figure 3-1). AETIE, EILEFEIZHWNTHEHRS FEKOBIMZ BIIZ, K&
BRI RE e FEAL A OS2 BEs LTz

A B ENERF L TR 5 EWiETEE b B FEHENC X DUROIET

N : ¥ FETE
Z.H ] Has Cc, D . C D E_" (8]
151 ! (L —_—
; I{;E I{P% B B

; Stk IR <50%
HUEZAF
fEEaRERY fEE AL

Figure 3-1. [E3ESHBHFICEIT B ARHF A RO EEM

3-2 Diels-Alder T X 2 #ERVE R DIBE L S RUERLE Y DRE

Diels-Alder Fiaid, & 77 v OARIIINBRILEIGETH D, IWEOMAEDEIZ L -
T, GRAE 7 &2 B LB, IO A ORI B ECRIG A HEITT 5 (Figure 3-2A). £72, 70 F
NG ETHZ LT, —TRTOZESIEEWDERNATETHH Z &b, HHR LR EZ b
OFAEROBEICARRAR TH D L& X 5 (Figure 3-2B).

A 45 FB& Diels-Alder i

= [4+2]
( Pl A
—

#HELUTL TFThi
B 43+ W Diels-Alder K inlZ £ D LB ALEY DB A%

G

SWALEW
Figure 3-2. Diels-Alder )i

IHNETICY, 27N Diels-Alder SUGIZ L DTG T O G L, 155 BEHEA~OBEHIE A2
E2I6EMTA T TV —OEERRE I TS 2 Moody B, Er—VERZIE = L Lzs
W Diels-Alder KGZ LD FERFE I NG ONLZ E2WMEL, EDIEMT A 7T U —DOFESE AW
5 U 7= (Figure 3-3A)*. Clausen H 1%, 7 U L7 2, 7UT & R, 7 UbRa UEED Petasis St ZHE <
53+ Diels-Alder SUGSIZ Ko T, ZhERAY R FEAVE R T OS2 2 L TR Y, flix OEHHSE AIZ K
HICEWMTA 7TV —OHEFEZHRE L T\ 5 (Figure 3-3B).°
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A v o— LAy b L2454+ Diels-Alder Ui tZ & 2 BERVE #& DR S
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N

OaN
_R! Dlels-Alder CO,Et XX “R2
@/\ reaction Q H 2 Q H
—_—
R1_N\>\:Q\IB—BOC
o4

—_—
—_—
o] R'—N NS-R3
EtO,C
B7 o vgpmtfkoro b Lt/\%lj\] Diels-Alder )& & 2 FEMALE & DAL
RL R R2 RA-R
o R WNF BocN_ | Diels-Aider “NBoc N
oc H reaction '-:i 3 ';
0, L —— ||?1 O\ | —> R1—N @ ——— R'—N
I / B(OH), OH WN S H
H
st\éo HO™ “R3 | R°07 “R3
R¥ SOH |

Figure 3-3. 53 7-/ Diels-Alder JS1Z & 2 8745 T OB ALAM T A 75 ) — DR

tbEWMT7 A 77U —DESEE B E L TR0 E OO, Booker-Milburn 5 (345 ™ Diels-Alder 5 it
Gié@%@%ﬂﬁﬁwq®%ﬁ%éﬁbfwéSmmw3Dﬁﬂdﬁb7/0/vﬂﬂk7jw7
YT = IV 28T V0 AR T CIRET 5 2 LT, “BRAMERER V NAERL, i oW
Diels-Alder SUialZ X » THUBRMEERI S+ VI N T B IhE LTE LN BONZNUBEMET 2 0l
WL, THETICAERBIN 72 <, EERLBFRITISHT 5 2 & THEMIE é/\%@ﬁumrﬁﬁ;ﬁﬁf% 5. K

BBV T, UBRMFERVEH VI OB 2GR & L, EEMLFEAB~DICHZEM LT, ZOR
FAIEOMENLIZE Y flTeZ & & LTz,

Dlesl-Alder
H R2 Pd cat. react/on
+ RILA_OA /\(\
RN

m v Ro vy
Scheme 3-1. VUBsPEEERL 4 DAL

3-3 DURMEFERE R OSREE

XFINT—EE, TIBOTAREVSTEATRGBRAT D TE2FERHZHNWSD Z LT, X
D IEHER AT DV EH BT 2 ETH D, Wipf HIiE, Foi  aFEk 1 25EE L, Phl(OAc) %
HWbHZ ET, 77 hr2~bilix G MAKSIRIC X U " BRVEFEEREHS 3 & 97%ee THREOND Z &

% #4 L 7= (Scheme 3-2).*

OH

O
PhI(OAC)2 KOH/H20
OH CO,Me
HN. ox:datlve Cbz -20 C o N
HO Cbz cyclization H tbz

97%ee

Scheme 3-2. & 7 )L 7" —)L{EIT J: 5 TERMAMEER RS 3 @Tﬁ:/\ﬁi

ABFFENC BT, ERMEMEERER 3 2 W5 2 & T, TERMEFERVEIR 4 DRFAREERTE D
& & %72 (Scheme 3-3). T 72bbh, AREER 4 1%, G S O TBSERARETHZ L THLIZ L L
Lz, # mﬁ%Si/JWE/—WE—TW6@\%mDmHmmﬁm Lo TSR TR A E LT,
yU»:/~w:~7w6ﬁ,7Jw7m K8 ZHWEE T I T ~DT U NIEDEALIZ
FEHITLILE L. =T R, REFEARSNDMER BRAEHK 3 00FET 5 2 & T, AR
4 DREFBEPIERL I NDE ZT-.
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functional group AcO OTBS AcO COzMe
transformation “, Diels-Alder
— |y S — \/\
MeO,C 5 TBSO 6
o CO,Me
siliy enol ether AcO CO,Me oxidative AcO 2
formation R cyclization N
. p— “cbz
— y PNl H
o 7 8 0 3

Scheme 3-3. O EHILE AN 2 H SOIUERMEERVEE 4 OB REHE

3-4 NBREEHEREROABRBRR

B RGGHEIZHE, 7, 58 8T X > T DGR AT (Scheme 3-4A). BEENID —BRIMHMEER 545 3' D
E R ka7 v FLRTHRH#ELZOL, TV7 UAFE R T Cbz FEOBIR R REEZ R D mb
RT VT Lt L EGN F7E FC, EGSIH 22U L7228 L L, ISR OEM L2 E, BROE
%7‘V7iﬁ%h@ﬁ@ﬁ‘ﬁﬁﬁ$ﬁ@%%bt%l@—okhﬁ}i/V@V%DT%V%&
NV L & LTz RIS HEZR 3D (Scheme 3-4B).°

A
CO,Me CO,Me  Pd(OAc), CO,Me
HO 2 AcIZD(K/I,AE;g,N AcO 2 Et,SiH, Et;N AcO 2
N N, NH
., “Cbz —_— ., “Cbz —K— '
CHxCl, CH,Cl,
o 3 0Ctwrt g rt o 7
B
ACO CO,Me CO,Me CO,Me

— O — (T =
N

Scheme 34. k7 I 2 7 OEFMRF (A) & HELE S DRIRIE (B)

‘W

aWipf 513, 7 /b4 > VILIZK L, PAOAC), Il EAFAE T C EtSiH &I 2 5k 5 CH k7 I > VIIL A 90%
DOIETHOND Z L #E LT 5 (Scheme 3-A).°

H Pd(OAc), H
S EtySiH, EtzN S
COoMe — CO,Me
TBSO™ N CHCI TBSO™ N
H ‘Cbz r2t : HH
Vil 90% Vil

Scheme 3-A. 7 /L7 > VII ® Cbz D%

b Jenkins 5%, =/ > IX ZEEMUKFEETTCOSRMEICAT &, 7 ua~®d ) o XENAER L2 & 2HE L.
TOEEDHEAELE LT =/ XDV baT W~ A ONERM TH Y ) v X ZIRBEL TS
(Scheme 3-B).”

CO,Me o co,Me

HO H HO CO,Me
Pd/C, Hy
N . HN{ —_— HN{
“Boc ~ Boc Boc
H EtOH

lo] IX 0] X (o] Xl
Scheme 3-B. = / o IX DB 2 £F 5 1B 0K
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=

PR L7291, ZRIWEERK 9 D= ) UHEEDNRICRFOEML 2B —RIZhoT & X, 7 b
VENLERIL LT DB O Coz FDFREZRAD Z & & L7z (Scheme 3-5). £7, RAMERE 3 %
TETFMEL TRLNTE= 912k L, CeCfFAE FC NaBHs Z1RINT 5 2 & T, 128K ThH 5
TUNATIa—)L 10 & T 19%DIRTE-. o777 VLT /a—/L 10 Dt Ko ks
TBS FCIR#ET D Z & T, NUDINFRTT /L7 11 ~EEWz, Z LT, EiR L7254 (Scheme 3-4)
WZED, TAT 11 D Coz D REZRALDL L, BRIOE 7T I 21208 82% & BAFRINERTH L
ni-.

HO, COMe  Ac,0,Et,N  AcO COMe  \aBH, COMe
DMAP CeCI3 7H20
N, N,
Cbz ——————> Cbz ——>»>
H CH,Cl, H MeOH
4 0°Ctort d 78 °C 6
3 9 2steps 79%
TBSCI AcO COMe  py0ac), AcO COMe
imidazole N. Et3SiH, EtzN NH
—_— Cbz
CH,Cl, \ H CH,Cl, \ H
rt S rt 5 12
92% TBSO 82% TBSO

Scheme 3-5. &5 k7 2 2 12 O SR

HRT I 12 RN &G, UERMFETE K 4 OMEELMETT 2 2 & & L7z (Scheme3-
6). H_ LTI 12ET I NTEI RS EDORKEBINTEY, TV 13 21572, TV 13a
O TBS #:% HF-pyridine Z V"% Z & T, 7 /L4 13b ® TBS 5% TBAF Z /% = & T, 1L
MifRiE L, 7 —/b 14a,b & 90%LL EDO R THE-. AL Rax v EEsmb+52 LT
T /15 ¢ LENAFEF CTBSOTf 2T 52 LTz ) —Lz—TF )L 6 ~L BN\ 55
Nz Inx ) —nLxz—7)v 6 % MV UIEEHTINET 5 2 & C IUERMEESEHE 5 @%ﬁé%’f%ﬁk
u‘_ I Zprx, ¥F/LHPLCIC LY, HEMEROT T F A ~—IBRIZEN 97%ce ThHHZ L &k
78 L (Figure 3-S1), "ERVEMEER B 3 2 VD Z & CIBRMEEERVE O RF AR A ER LIZ. filh T,

3*”“%’*% 51 HF-pyridine Z/EH &¥25 Z & C, TBS EAWRGE L, SAEEN & LTRELZZ 4

BINIET-. 7 b4l VR VEEREND & LT EREE AL RRRICT D & L b, B
ﬂ"“%”*% 4 1THART EHEL S LS DOBIED—>Th D Fsp fiE *23A £ LTV 5 (0.82vs 0.91)°.

¢ V77 2 13b O TBS B DO Wifri# 2 HF-pyridine TikAr 5 &, BUGRH OB Z W, ZhiX, B YUk
FOSDEIT L C L E »72 & %5 % (Scheme 3-C), TBAF |2 K5 TBS JED B & it L7-.

COzMe COzMe CO,Me
O
AcO,
C ﬂQ AcO, NH }\(
/ o H o+ N@ OBn
QOBn OBn H ,\/_\>

OTBSA\ </ \> OTBS OTBS

Scheme 3-C. HF-pyridine (ZX 5 7 /17 > 13a @ TBS FEOWIRFE OIRFHT I W THEE S M7= B OS

d Y x ) —)LE=—T)L6b L, KihR%E 80°CETMENT S Z & T, JFEDIHARD TLC |12 THER I 7= 23,
U N ) =)L —T )L 6alZDOWTIE, 150°CE CHIET AMLENH 7=,
CHERE RS D Fspld, BRHEEICHE FALD IRFE DA D HE L7z (Figure 3-A).

ﬁ
% <ﬁ O sp? hybridized carbon

5 4
Fsp®=0.82 Fsp®=0.91

Figure 3-A. FEAUEH# 5 & 4 D Fsp* (O H I 7= R
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CO,Me COzMe Condition A AcO CO,Me
K2003 MeCN HF- pyrldlne THF R
70 °c °c to rt N

A H

880 880 Condition B HO
\/& TBAF, THF
8a:R=H 13a: R =H (95%) 0°Ctort 14a: R =H (condition A, quant.)
8b: R = CO,Bn 13b: R = CO,Bn (quant.) 14b: R = CO,Bn (condition B, 92%)
. - 2
AcQ CO,Me TBSOTf AcO CO,Me Condition A
DMP R EtzN R toluene, 150 "C
E— N —_— N _—
CH,Cl, H CH,Cl, \/& Conldition B
0°Ctort -78°C toluene
© TBSO 60 °C to 80°C
15a: R =H (92%) 6a: R =H (92%)
15b: R = CO,Bn (95%) 6b: R = CO,Bn (95%)
OTBS
ACO{% HF- pyl’ldlne
THF
Me020 0°Ctort
5a: R = H (A, 2 steps 84%) 4a: R = H (quant.)
5b: R = CO,Bn (B, 2 steps 80%) 4b: R = CO,Bn (quant.)

Scheme 3-6. VUERMEEEAL B HE DO AEEL

3-5 DOERMEFERVE AR~ D BEHIE A DRET
AN BN T, FERVEHE 5 ORES Ak L, BHILBE A BH# 0 L2 WV R= )V iE o7 b
CANELNTEZ (E DD, EHFSE A FVEOMSIICHY fHie 2 & & LTz,

3-5-1 7 b 4a ~DEHFE A RS
i'ﬂx 7 R da ~OEHAFSEANIZEY fTe Z & & L7z (Scheme 3-7). 3726, BAD = (EHLUK 16
gﬁiﬁﬁr 170t Fa I dkl HLR g (R-COH) 2T 5L THEDLZ L& Lz, EHfRK
X, —EHK 18 0T I ) FE VR VR (R-COH) A LI-O b, FE T L2527 %
LT, —EHR 181, ¥ b da ~DAF N AT NNLA~ET 2 R'-NH) 2EATHZ L THED
o EEXT. I LICBRMRRIRIZ LY, = 2D R 5 EHILE, BAEOEE M6 S TEATE
HEEZT.

OsR»

N R Y NH

(@) N 2
NH AcQ, O
R\Z_ O@% \c[)r R-COH MO, R2-COH <ﬁg RNHz  AcO,,
N — T — N — 1S+

5 H o=\ 1 s
= -R
O -R! oA N MeO,C
H N~
H
16 17 18 4a

Scheme 3-7. 7 b > 4a ~DEHILE A G

FR U7e B RGNV, A AR FHIEL Y #LA 72 (Scheme 3-8). 7 b da DA F IV AT L%
Me;SnOH (2 & 1 Yﬁ%JVﬁﬁfTT@?ﬂé’J IR L VR 19 & L= WAV R 19 & T
XY (R'NH2) % TCFH & NMI Z W CHES L, — D H OEHELZBEA L. SoN7=T7 I K20 D
JUIR =)V % L-selectride I L ViZEL L, 7/ba— L 21 ~LE W= 20L&, 7a—21ald, K
B EZ I H— 0)4{2@% PER L U CTHE A0, 7L 2—) L 21b 13, BT, IRE W & L“CO”(O)
FOSICHWE o7 va—n 21 A b L, SREZEBSONZ KD, 7Y REZEA L. 2
k % 7V K 23a,b 13, FE B ER, LICHE— O RBEMER L L CTEZ. S0 7 Y N 23 % THF 3:7J<

AV, PPha{F/E FCHEAT 2 2 L TT ¥ REEBETTL, %?ﬁﬁi 18 2157, —EH#A 18 &
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HVR R (RPCOOH) ZHEA L, 72 R24 752 LT, “HOHDEWHBEEALZ. 7 F 24|24
X — VIR, max%@ﬁéﬁé*&f?t%wﬁ%%%@L_:%ﬁw17%%t DL E,
17a OFEEIT X ARG A EfRT S 4, Z DORFIRFNZE T DM AR E SR E Sz, £ LT, E
Hik 17 & 1 V7R R (R*COOH) % 2-methyl-6-nitrobenzoic anhydride (MNBA)" %2 AW CHEA T 5 Z &
T AT )L L, = o2 b DB MRS RS 16a-h OGS KE ER L. 2D L X, 7 = = LR

(BnCO:H) & #fié LT 5417z 16a,c.e,8 DULER (30-46%) 1, A ¥ HEEE (BuCO:H) & D&

72 16b,d,fh DI (44-88%) LV HLARWMEENZH > 7=,

L, 7==WFRAEERTH Y, FOSIEERETH D b= il +457

R'NH, ACO O
AcOy,, Me3SnOH TCFH NMI y L-slectride
—_——
DCE 80 °C MeCN it N THF, -78 °C
MeO,C HO,C o= g
4a 19 H’
20a:R'=Bn
20b: R' = j-Bu
WOH wOMs Ng
AcO, AcO,
MsCl, Et3 / NaNs
N N
CHZCI 0°C ﬁ\ DMF $
of\ o 1 ° ° oA Rt
N’R1 N-R 80 Cto100 C N-R
H H
21a: R' = Bn (3 steps 55%) 22a:R"=Bn 23a: R" = Bn (2 steps 75%)
21b: R' = j-Bu 22b: R' = j-Bu 23b: R' = j-Bu (5 steps 54%)
H
NH 2
AcO, : R’CO,H ACO N\n/R
PPh, TCFH, NMI % o K,CO,
—_— N —_— N
THF/H,0 (10:1) _§ MeCN, rt 3 MeOH, rt
70 °C o»\N_R1 o gt
H N
18a: R' = Bn (87%) 24a: R'=Bn, R?=Bn
18b: R' = i-Bu (quant.) 24b: R' = Bn, R2 = i-Bu
24c:R'=i-Bu, R?=Bn
24d: R' = j-Bu, R? = i-Bu
' 3
= ,NH <, ¥ 4 MNBA o) i
H?ﬁg 4 Et;N, DMAP R % S
— —_——
= N
\ N \VLZ toluene, 80 °C 3
Of‘:\ y );’b ¥ ' "’ C)ﬁN—R’I
N-R A, yedd. H
H
17a: R' = Bn, R?=Bn 16a: R' = Bn, R2 = Bn, R% = Bn (30%)
17a: R' = Bn, R? = Bn (2 steps 81%) 16b: R' = Bn, R2 = B, R? = /-Bu (88%)
17b: R' = Bn, R2 = j-Bu (2 steps quant.) 16c: R' = Bn, R? = i-Bu, R® = Bn (34%)
17¢: R" = i-Bu, R? = Bn (2 steps 87%) 16d: R' = B, R2 = /-Bu, R3 = /-Bu (75%)
17d: R' = i-Bu, R? = j-Bu (2 steps 83%) 16e: R' = i-Bu, RZ = Bn, R® = Bn (31%)

16f: R' = i-Bu, R? = Bn, R = i-Bu (44%)
16g: R' = j-Bu, R? = i-Bu, R® = Bn (46%)
16h: R' = j-Bu, R? = i-Bu, R® = i-Bu (85%)

Scheme 3-8. 77 7 4a ~DEHEE A Kaat
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bk U7z X912, 7/v 22— b 17a D NEARHER L E 5 XA fSaa i & ic K A St 7o T S,
T ORERNG, 7 b V2 DBETCICE S THEL DT L a— )L 21 AFREZBOHSIELEIZS THHZ LN
TR E T2, T, iBIEAI TH D L-selectride 235, 7 h 2 20 DT B F VI ABET DRI T, IR =

IVINZHERE L7272 &35 2 % (Figure 3-4).

L-selectride

Figure 3-4. ’7 [N 20 DIRTCITIT DSARIBIRME D HE 42

3-5-2 & bV 4b ~DBHAELE ARt

W THT hr db ~DOEBILEAZ R T DL L L. 20L&, F b danbmpn_r U
TATNVEREND & LT, BHREE AL T 5 Z L5527 (Scheme 3-9). —EHLA 25 1%, “E A
26 DATFIVERATEMLCT 2 (RP-NH) ZEAT 52 L THOLND E& 2 7. EHK 26 1%, —
B 27 DR DIV T AT ANICT 2 2 RENH) AT H 2 L THL 2 L& L. —EHL 27
X, 7 b db D ANV NIET I ) FEANEEBBR L0, IV R (R'-COOH) EfidT 52 &
THONDEEZT. RN PNVTE AT IVEER LEBRIEEAICLY, 7 h o 4bid, 7 b 4a L3R
oA B O ZEMEEE ER AL L EZLD.

R
Os_R!'

\NH
R1-C02H AcQ,

0
€0, R® NH2 ‘\ R2- Co2 WNH .
, I CO,Bn
N—R2 COzBn N
M602C

HN—R?
MeOzC MeOzC
R3
25 26 27 4b

Scheme 3-9. 77 > 4b ~O (& ¥aFHE A Z[H|

IR U7 B RGHEIZE Y, 7 b db ~OEHAHSE A Z 15t L 72 (Scheme 10). 7 |~ & 4b % NaBHa (Z
LB, BREYER, 7la—L 28 A HE—DOY T AT L Aw— L LTEE. Bon-7ra—
28 Dt R a2 AT b LTZDb, KIZEWRIZL D7V K 29 ~OfFE, i EITRIGIZE
D730 L L7 7230 & LR VR R'ICOOH) A L, —DHDEBREZEAN L. S5

c—EHAR 27a DNV NV ATV EEMUKEGETCIC L > THRE L I VR Ui E LD, 7
IV (RNH) EHEET 252 & C, —DHO@EHILZEA Lz fil T, EHRAR 26a,b D A F Lo AT
JL% MesSnOH CIERAICIKGIE LT-0H, 7 22 (R*PNH) AT 52 & T, B MBEM:FE
HEF& 25a—d DA LA TERL LT-.

TNa— N 2OUT AT LAY —EB LD 2 DA E TLC L CHERE L7, BBEIMb7ehoTa. Fiz,

B R o S HOSESEE, %R0 K 512 R KT B = L 4V < R S U7 (Scheme 3-13 ).
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N
AcO = NaBH, AcO OH i) MsCl, EtzN AcO, R
Z CeClz 7H,0 ° CH,Cl,, 0 °C %
co,Bn ——————> CO,Bn > CO,Bn
N 2 MeOH N 2 ii) NaNg, DMF N 2

MeOz('S -78 °C 100 °C

MeO é Meozé
4b 56% > 28 60%
OsLR!
ACO wNH; RCO,H AcO WNH i) P/C, MeOH
PPhs </<g7 NMI, TCFH %, H, balloon, rt
—_— COBn — 3 —_—
2 CO,Bn
THF, H,0 N MeCN N 2 ii) Ry;NH,, TCFH
[CR MeO,C "t MeO,C NMI, MeCN, rt
30
27a: R' = Bn (quant.)
27b: R = i-Bu (quant.)
27¢: R'= Ph (94%)
OsLR!
Os_R'’
Ao ANH
C
AcO WNH i) Me3SnOH 2 o
g o DCE, 80 °C
—» N 2
N 2 ii) i-BuNH,, TCFH H HN-R
$ HN-R NMI, MeCN, rt o=
MeO,C » MELN, NH
R3
26a: R' = Bn, R% = Bn (2 steps 90%) 25a: R' = Bn, R? = Bn, R® = Bn (2 steps 85%)
26b: R' = Bn, R? = j-Bu (quant.) 25b: R" = Bn, R? = Bn, R® = i-Bu (2 steps 72%)

25¢: R' = Bn, R? = i-Bu, R® = Bn (2 steps 30%)
25d: R" = Bn, R? = j-Bu, R® = j-Bu (2 steps 64%)

Scheme 3-10. /7 ~ > 4b ~O E#L S A et

FROBFHIBWT, 72 R 27b DR PNV AT )V EHEMUKFLETT D &, A X ) — VA~
DEEFRYEPME L, BOSIZHWZ PAIC & OLBERREECH > 7. & 2T, (bLBEW ORI 7 =95 2
EERWREL, ZOHOBEBEL A TF N AT IVENEA~ERITEAT D MR AR T2 L8 L
72 (Scheme 3-11). 7 X K 27b,c D A F /LT AT )V A BHRANTHKR IR L, F O NVR A2 T
¥ (R-NH) EfEET 562 6T, “OHOEHBEAZEA L., SO @A 31 afOX VL=
AT IVEEMKFGETCIC K > TRE L, BN VR U BET I RENH) Efiad5H 2 &
T 2 EHAA 25e—0 DAL Z R LT, ZEHIK 25i-k,n,0 (DWW TIE, A ¥/ — /LIREEF T KoCOs & IR
BETHZETT BT NREERAEL, 7 /L2 —/L 250-K,n°,0°~ & EU 7,
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1
Os _R! R 31ar'- i-Bu, R® = Bn (2 steps quant.)
. i) MesSnOH NH 31b: R = i-Bu, R® = -Bu (2 steps 94%) i) Pd/C, MeOH
AcO » DCE/THF. 80 °C AcO, o 31c: R = Ph, R® = Ph (2 steps 94%) H,, balloon, rt
%, : ; s
; —_—> 31d: R' = Ph, R® = CH,CH,Ph (2 steps 80%)
! COBN ) RINH,, TCFH N oen 31e: R =Bn, R? = Ph (2 steps 83%) ii) R?NH,, TCFH
$ NMI, MeCN, rt = NMI, MeCN, rt
MeO,C S 3. R'=Bn, R3= E/W (2 steps 78%)
1
27a:R'=Bn R®
27b: R" = i-Bu
27c:R' = Ph
O _R' 25€ R' = j-Bu, R?=Bn, R® = Bn (2 steps 89%) 25n: R' = Bn, R?= 4-MeOCgH,4, R® = m (2 steps 73%)
25f: R = i-Bu, R?= Bn, R® = /-Bu (2 steps 78%)
WNH  25g: R" = -Bu, R? = -Bu, R® = Bn (2 steps 64%) ] ) -
' ' ' ‘R'= = N R3=Ph(2 759
AcO, o 25h:R'=iBu,R?=Bu, R = i-Bu (2 steps 68%) 260:R" =P, R? = } \ 4 R'=Ph(2steps 75%)
25i: R' = Ph, R? = j-Pr, R® = Ph (2 steps quant.)
3 N NH 25j: R' = Ph, R? = j-Pr, R® = CH,CH,Ph (2 steps 52%)
o=xX R? 25k: R' = Bn, R%= 4- FCgH,, R® = Ph (2 steps quant.)
R,";H 251: R" = Bn, R2= 4- FCgH,4CH,, R® = Ph (2 steps 75%)
25m: R" = Bn, R?= 3- FCgH,CH,, R® = Ph (2 steps 90%)
1
Oy-R 25i". R' = Ph, R2 = j-Pr, R® = Ph (58%)
y NH 25j": R' = Ph, R? = j-Pr, R? = CH,CH,Ph (71%)
K,CO,4 °, o 25k": R' = Bn, R? = 4- FCgHy, R® = Ph (57%)
—»
MeOH, rt N HN=R2  25n" R"=Bn, R?=4-MeOCgH,, R® =m (2 steps 63%)

Oﬁ\NH 250" R'=Ph,R? = §—<\://\N R3 = Ph (58%)
I}

Scheme 3-11. JIAfF 2 28 50 U 7= & ML HSE A O fit

e~ U 7= PUBRMEEERL B A% ~0D3E A J57E  (Scheme 3-9-11) 1%, = OD@EHILAIMSITEAL TN D
e, ZERREBREOMAG DR EFREICT S EEZD. £, 7 b b iZB WL, @k
DEANEFZLEETEHZ L A2FIFLTEY (Scheme 3-10 vs 3-11), FREFZF A2 Z & L1- SRR
HEINT 5 Z & T, ZRREREEAEERL TEX D525,

3-6 MIBRMEFEEVERED X b2 HEEE#

BA%E L 7-UBRMEEETVE R DTG &2 JAT 5 X<, & 572 5 BREHDE A 237 7= (Scheme 3-12). 43
W Diels-Alder S inlZ K-> CTELNZT Y b ) —)Lo—F )L 5b [TxF L, fHiE_7 = fthj
UAFEFTT AT MU U LAEZRINT 2 2 & TR M AR E TR ES N T 2WnH o0, 7Y
R 32 BHE—DNAREMERE L TEONZ. BEASNTT Y REZE#RNY & LT, S50 EfGE

ADBHIRFTE 5.
N
OTBS N o _OTBS
aN3
AcO,, Ce(NH),(NOg) A%
! CO,Bn . ! CO,Bn

MeO,C  sp qlzrﬁ MeO,C 35

single diastereomer

Scheme 3-12. EERVERE~D X 57257 ¥ REDE A
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FEWNT, TUERMBAE D X 72 D' F G DO L2 772 (Scheme 3-13). £9°, 7/Lba—/1 28 O A
FNTZATNVENMKSRE L, 7= v A LT BT 2 R33DXR UV AT )L a2 ik E
LIRS K OBRE L CTHNVR VR E L. SO NT VR VB EEE ST &, o FHNT 7 B
AEDEIT L, B HERMEERE A RSN, ZONTFNT 7 b ALOEIT L2 &b, Tba—
IV 28 DA IRFEDIMRELEILI R THDH Z ENM /RIB I N, 2, 73— 21 OxfILT 5K
FIRFBOHELE S S THDH D LRI TH - T7=.

( N\

OH
OH i) MessnoH A, e, 1

AcO, i) Me3Sn . - i) Pd/C, H, balloon

, DCE/THF, 80 °C CO,Bn _ MeOH/THF, rt N ©

\ i 2, $ ii) TCFH, NMI =

\ : o=

Me0,6 NMI, MeCN, rt oﬁ\N,@ MeCN, rt N
H

2 steps 91%
28 33 34

Scheme 3-13. FTH LB MEEERE IS DA

T a— L 281X 56%DICR CTHEESNTEB Y, 7 b 20 &7 b 4b DOIRITTISZ BT, SR
HRPEDR R LTV D Z AR ST, 2T, 7 b 4b OEFETTICBWTE, 7R F ALY %
BRIV AT IV E DNARFEEZRET D Z EAEL LT, KEBIFUE ST N T AR LR=
VIIZEET L7272 2 % (Figure 3-5). 2D X 9 72 NEMREPUEO MR A5 = 1%, A CIUBREEE
Bk E L HRN S G, BREOZEERZEWEE Y — B RICT D EEZD.

Figure 3-5. 77 | > 4b DIRITIZI T DS LAERBRME DB %2
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3-7 ZE#KD HeLa MKHEFEINHINE M DR

P B R s O MR BOERIE B D I A 15 5 7200, ZBHUAD HeLa MIREFHINHITETE 2
MTT 7 /t4’ CEVEMEE L7z, £, ZEHK 16a-h _ou\fnﬂﬁ L7z (Table 3-1). {bLEW DIRRSED
100 uM {23V T, HeLa MR O FEFE % 57%-87% D& THid L7=. 10 uM DL EWIREIZ BV T
22%-43% D HEiH T HeLa e OHE5E A Bl L 7. (LS IR 10 uM T HeLa i@ OHEFE 2 40%F2 FERH
EL7ZIUEEY (entry 14) D H B, = 2OD{LAEWY) (entry 1-3) ITEHIL R E L TR DNV EH - T
VWL EHREL R & EHUL R ICOWTE, A 77“?"/1/%&&“/\‘/“/1/%72 b AL E WD O T O(EE L
TV, ZILHD Z EnD, B R )Y HeLa ARNEEFEANHIE M RT3 528803 LI 58\ 2 & B3R
1 3 gl

Table 3-1. ={&H#1{K 16a-h ® HeLa HfuE a5

o *Growth
a
Entry compound R! R? R3 Growth inhibition inhibition rate

0,
rate (%) at 100 Mo o 0 v

1 16b 52‘/\(j if\@ }“Y 87+1 4344
3%

2 16a 8343 43415

3 16f }“Y i{\© }‘fj/ 7546 4049

4 16g Y Y }“/\© 68+4 40+12

5 16e }“Y i{\© }{\© 8343 35422
6 16¢ Hf\@ Y }“/\© 7346 34416
7 16d :"/\@ }“Y }‘Y 60+3 25422
8 16h }‘f\( }“Y }‘l\( 5746 2247

“Growth inhibition rate of HeLa cells shown as the meantSD of triplicated samples.
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RN T, —EHLA 25a-0 D HeLa MIRUEESHANGENE 2 FF 4l L 72 (Table 3-2). HeLa fifid% 100 uM @
{LEMIREETREFR LTz & &, 7%-93% D CHEREHGFE A Bt 4172, 10 uM DL BRI BV T,
HeLa Ml DG A 5 EBHE L 72UV ) (entry 12-15), 15%0°0 5 58% D#iFH T L7z (entry 1-11). L&
W 10 pM C HeLa RO S A 40%FRELE L2 U LAY (entry 14) D H 5, =ZSDLEW
(entry 1-3) I, BEH#EE R & L TRV EE O, BHRER E LT 7= EE o TNVE, X
512, TD9 B TALAWIT (entry 1,3), EHER' E L TRUDNVEAZEBRLER? E LT ==V 5%
HoTNDZ LD, [EHIEER' &EHIL R OMAA DY, HeLa MACHEFMHENIEIEIC AL 5 2
DT EDREE T,

Table 3-2. —EHi{K 25a—0 > HeLa FHATHEFEAMNHTEIE
HoR
7 (0]
N NH
o= . R
HN—-R
*Growth *Growth
entry  compound R' R? R’ inhibition rate inhibition rate
(%) at 100 uM_ (%) at 10 uM
X X F
1 25m 9341 58+5
2 25i @ BQJ\ @ 717 4444
31‘ F
3 25K O :{©/ @ 9421 4316
4 25b 1‘{\Ej j"/\[j Y 7541 42410
X
5 251 93+1 3746
F ”
6 25h Y Y Y 507 36+16
7 250 @ 2<© EO 93£1 3346
8 25 Y 3"/\@ i(\[j 5726 3025
9 25a i{\ﬂj }“/\© i“/\@ 8542 20+18
X * ‘
10 25g 427 19410
11 25¢ “{\@ AY i“/\(3 635 1547
12 25n i‘(\(j ,{©/ Ny 4942 b
. b
13 25 @ s Z{\Q 28+5 -
14 25d 35\@ Y Y 19411 L
15 25¢ Y }{\© Y 7419 2

4Growth inhibition rate of HeLa cells shown as the mean+SD of triplicated samples. ®No inhibitory activity was observed.
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HNT, TEFILEOBUREHEIC X - TH S - ZEHIK 251Kk, n°,0° 0> HeLa AMIAES SN HITE M &
FFAMG L7z (Table 3-3). 7 EF /L&A & —EHK 25i-kno & [FERIZ, (SR 10 uM T HeLa ffifi@
DYFEZ A0%FREFE Lz (LA (entry 1,2) 1%, BEHIER' & L TRV ULV EE S O), @EHL R
LLTT7 = EE b5 TEY, BT, EHER & EHIL R OG0 HeLa AlEHE5HE HH]
TG AR 5.2 5 2 EWRB I, 7, ZEHRK 250 & = EHRE 250 % b5 &, BT BTV
BIZ K> TEE IR EE 10 uM T OABRRIEFEINHNEEDS 16%FREE M L (33% vs 48%), —E A4 251 &
SEBAR 250 IC BV TS, I8%FRE DK T ZHIUVE (44% vs 26%). Z D Z LD, [EHAIER!, RL R3O
IR 5T, TR F LI ONREIC X - CTH WBRMEFER S O A WTE M2 HlE L1525 23R S,

; 0
N NH

\\N

o=

HN-R3

)
R2

Table 3-3. = {E#{K 25i°—Kk’,n’,0°?> HeLa AR H5E B TETE

.
H R

entry compound

Rl

R2

R3

Growth
inhibition rate
(%) at 100 uM

Growth
inhibition rate
(%) at 10 uM

1 25Kk’
2 250’
3 251’
4 250’
5 25§

flCINey

SOING:

O

SN

}{\@ § @OME

SO

SN

K

O
L2
O
v

97+0

94+1

704

60+3

41+6

51£7

49+5

2642

25422

b

aGrowth inhibition rate of HeLa cells shown as the mean+SD of triplicated samples. ®No inhibitory activity was observed.

R D AEMIEVERM S, WUBRMFEAEKRICHOWT, O MlaEZEZBLY 5L, @ BKREY
(RS DO A RS RN 2 &, @ BEEOMAGDEZL A5 Z LIZX > ThEYENEZ
<o

LIS 2 LOVRSH, EEMFEICBITORER L L TUENTESLEAD.
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3-8 PUBRMEEETB#E D =R T O

B U 7= DUBRTERER OSSN 2 RT3 2 72D, Z[EHAK 16 725 ONT 25 @ 28 (LEWIZ OV T
PMI 7' 1 v & {ERR L7z (Figure 3-6)°. 7KGRIEIRZ R 1A, W=ABOLE LI Trry &
NTHEY, 7 TRUEHEEE, (@prl, npr2) = (027, 0.84) TH -7-. ZhicxiL, —@EAOHE
BEHK 4 ZR7T 7y MY, LOEEZARSTEY, EOVHEREX (0.47,082) Tholz. Lo
N T, WERMEFERVEK Z/RPERRE LIy Fititic L » ¢, kO TEEM X0 b ZRoctED
BT I NNV AR ZADEREZFRRIZTHEEZD.

BRI

e

Figure 3-6. MU BRIEFERY F 5 O PMI iRt

39 F&¥

ARBEICBWTE, ERED TORERKZ RN L2 RS O R A RRIEDRENLIZ OV Tih < 7
(Figure 3-7)." HH 7 I WV AR—ZDBHT 5720, 7F JIETOEKIW)O CTHE S 7= BRIk
R OMIEEZAIEN & L, Ta v VS8R E HREWE L 95 2 & T, MREFEREKORES
pi & FIREIC L7z, BURFHCRBW T, BT v 77 my V # BR324 2 LT, #AEEKO®RLRD
THARICEBIBE AL FTRRIC T 5 & & B, RAFRFBIZBIT A EFORENAIETH D Z & & R
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Experimental section
General techniques

NMR spectra were recorded on a Bruker biospin AVANCE 11 (400 MHz for *H, 100 MHz for *C, 376 MHz
for *°F) or a Bruker biospin AVANCE II1 (500 MHz for *H, 125 MHz for **C) instrument in the indicated
solvent. Chemical shifts are reported in units parts per million (ppm) relative to CDCls (7.26 ppm for *H NMR,
77.16 ppm for *C NMR) or CDsOD (3.31 ppm for *H NMR, 49.00 ppm for *C NMR). Multiplicities are
reported using the following abbreviations: s; singlet, d; doublet, dd; double doublets, ddd; double double
doublets, dg; double quartet, t; triplet, g; quartet, m; multiplet, br; broad, J; coupling constants in Hertz (Hz).
IR spectra were recorded on a JASCO FT/IR-4200 spectrometer. Only the strongest and/or structurally
important peaks are reported as IR data given in cm™. High-resolution mass spectra (HRMS) were recorded on
Bruker ESI-TOF-MS (micro TOF II). Analytical thin layer chromatography (TLC) was performed on a glass
plate of silica gel 60 GF254 (Merck) with UV light (254 nm), visualized by an aqueous alkaline KMnOa solution.
Column chromatography was performed using silica gel (Fuji Silysia, CHROMATREX PSQ 60B, 50-200 um).
Preparative thin-layer chromatography (PTLC) was performed using Wakogel B5-F silica coated plates (1.0
mm) prepared in our laboratory. Gel permeation chromatography (GPC) for purification was performed on
Japan Analytical Industry Model LC- 9225 NEXT (recycling preparative HPLC) and a Japan Analytical
Industry Model UV-600 NEXT ultraviolet detector with a polystyrene gel column (JAIGEL-1H, 20 mm x 600
mm), using chloroform as solvent (3.5 mL/min). Analytical HPLC was performed using JASCO PU-2080
Plus Intelligent HPLC pump system with a JASCO UV-2075 Plus Intelligent UV/VIS Detector, JASCO
C04060 Column Oven, JASCO LG-4580 Quaternary Gradient Unit, JASCO DG-2080-53 3-Line Degasser,
JASCO AS-4550 Autosampler and JASCO LC-Netll/ADC Interface Box. Bicyclic scaffold 3'and ally bromide
8b? were prepared according to the literature.

Chemistry

Preparation of alcohol 10

OH Ac,0, EtzN OAc NaBH, OAc
DMAP CeCl3*7H,0
CO,Me ————— CO,Me ———— CO,Me
N CH,CI N MeOH N
© Cbz 0 °Coto © Cbz 78 °C HO Cbz
2 steps 79%
3 9 10

To a solution of alcohol 3' (6.02 g, 17.4 mmol, 1.0 equiv.) in CH2Cl2 (90.0 mL) was added EtzN (2.20 mL,
15.8 mmol, 3.0 equiv.), Ac20 (3.29 mL, 34.8 mmol, 2.0 equiv.), and DMAP (213 mg, 1.74 mmol, 0.10 equiv.)
at 0 °C. After being stirred at room temperature for 5.5 h under an argon atmosphere, the reaction mixture was
diluted with saturated aqueous NaHCOs, and the aqueous layer was extracted with CH2Clz for three times. The
combined organic layers were washed with brine, dried over Mg2SOs, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 60:40 to
hexane:EtOAc = 45:55) to afford crude enone 11 (5.61 g) as a yellow amorphous solid.

To a solution of crude enone 9 (5.61 g) in MeOH (120 mL) was added CeCls-7H20 (7.04 g, 18.9 mmol) at
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room temperature. The reaction mixture was cooled to -78 °C, and NaBH4 (605 mg, 16.0 mmol) was added.
After being stirred at -78 °C for 10 min under an argon atmosphere, the reaction mixture was diluted with
saturated aqueous NH4Cl and passed through a pad of Celite®. The aqueous layer was extracted with CH>CL for
three times. The combined organic layers were washed with brine, dried over Mg2SO4, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc =50:50
to hexane:EtOAc = 45:55) to afford alcohol 10 (5.34 g, 13.7 mmol, 2 steps 79%) as a white amorphous solid.
[a]p 2°* —524.2 (c 1.00 in CHCI3); 'H NMR (400 MHz, CDCls) § 7.37-7.28 (m, 5H), 5.97-5.90 (m, 1H), 5.82-
5.74 (m, 1H), 5.27-5.02 (m, 2H), 4.61-4.45 (m, 3H), 3.72-3.58 (m, 3H), 2.86-2.62 (m, 2H), 2.46-2.02 (m, 2H),
1.93-1.91 (m, 3H), 1.46-1.34 (m, 1H); *C NMR (100 MHz, CDCl3) § 171.7,171.2, 170.3, 170.0, 154.7, 154.2,
136.7, 136.4, 136.4, 136.2, 128.7, 128.6, 128.3, 128.2, 128.1, 125.2, 124.9, 85.4, 84.4, 67.6, 67.3, 66.0, 65.8,
61.0, 60.2, 58.6, 58.4, 52.4, 52.2, 39.6, 38.9, 38.8, 37.9, 22.0, 21.9; IR (neat): 3455, 3064, 3034, 2952, 1738,
1706, 1413, 1366, 1353, 1248, 1233, 1212, 1127, 1115, 1067, 1031, 970, 765, 753 cm™'; HRMS (ESI) calcd for
C20H»NO7Na" [M + Na]" 412.1367, found 412.1376.

Preparation of silyl ether 11
OAc TBSCI OAc

imidazole
CcCOo,Me —™ > CO,Me
w N CH,CI w N
HO Cbz 0 °Cztozrt TBSO Cbz
10 92% 11

To a solution of alcohol 10 (1.58 g, 4.06 mmol, 1.0 equiv.) in CH2Clz (20 mL) was added TBSCI (918 mg,
6.09 mmol, 1.5 equiv.) and imidazole (831 mg, 12.2 mol, 3.0 equiv.) at 0 °C. After being stirred at room
temperature for 14 h under an argon atmosphere, the reaction mixture was diluted with water and the aqueous
layer was extracted with CH2Cl: for three times. The combined organic layers were washed with brine, dried
over Mg>SO0s, filtered, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane:EtOAc =90:10 to hexane:EtOAc = 50:50) to afford silyl ether 11 (1.89 g, 3.75 mmol,
92%) as a colorless oil. [a]p >’ —370.6 (c 1.00 in CHCl3); '"H NMR (400 MHz, CDCls) § 7.38-7.27 (m, 5H),
5.87-5.69 (m, 2H), 5.34-5.01 (m, 2H), 4.62-4.38 (m, 3H), 3.73-3.57 (m, 3H), 2.77-2.38 (m, 3H), 1.93-1.90 (m,
3H), 1.46-1.36 (m, 1H), 0.88-0.85 (m, 9H), 0.10-0.00 (m, 6H); *C NMR (100 MHz, CDCls) & 171.8, 171.2,
170.3, 170.0, 154.5, 154.1, 137.8, 137.5, 128.7, 128.5, 128.34, 128.30, 128.2, 128.1, 124.4, 124.3, 85.7, 84.6,
67.6,67.2,66.7,60.5,61.2,60.3, 58.53, 58.46,52.3,52.2,39.7,39 4, 38.8, 38.3, 25.94, 25.90, 22.0,21.9, 18 .21,
18.20, -4.45, 4,54, -4.63, -4.78; IR (neat): 3064, 3034, 2953, 2930, 2886, 2856, 1758, 1740, 1711, 1411, 1344,
1251, 1213, 1090, 1040, 836, 776, 698 cm™; HRMS (ESI) caled for C26H37NO-SiNa" [M + Na]* 526.2231,
found 526.2234.
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Preparation of amine 12

OAc Pd(OAc), OAc
Et;SiH, Et;N
R Cco,Me  —m8 3 @—COZMe
TBSO" 'C\l)bz CHthCIz S~ H
1 82% 12

Following the slightly modified procedure reported in the literature,® to a solution of Pd(OAc): (27.1 mg,
0.121 mmol, 0.05 equiv.) in CH2Cl2 (12 mL) was added EtsN (33.7 uL, 0.242 mmol, 0.1 equiv.) and Et;SiH
(850 pL, 5.34 mmol, 2.2 equiv). After being stirred at room temperature for 15 min under an argon atmosphere,
ester 11 (1.22 g, 2.42 mmol, 1.0 equiv.) dissolved in CH2Cl2 (12 mL) was added, and the reaction mixture was
stirred for another 4.5 h. After this time, the reaction mixture was diluted with saturated aqueous NaHCO3, and
the aqueous layer was extracted with CH2Cl: for three times. The combined organic layers were washed with
brine, dried over Mg2SOs, filtered, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (hexane:EtOAc =95:5 to hexane:EtOAc = 70:30) to afford amine 12 (735 mg, 1.99
mmol, 82%) as a pale yellow oil. [a]p >’ =353.7 (¢ 1.00 in CHCl3); 'H NMR (400 MHz, CDCl3) § 6.00 (d, J =
10.2 Hz, 1H), 5.82 (dd, J=10.2, 2.6 Hz, 1H), 4.32 (m, 1H), 3.87 (t, J = 7.02 Hz, 1H), 3.73-3.70 (m, 4H), 2.83
(brs, 1H), 2.55 (d, J= 6.8 Hz, 2H), 2.04 (dt, J=13.3, 4.7 Hz, 1H), 1.92 (s, 3H), 1.77-1.70 (m, 1H), 0.86 (s, 9H),
0.06 (s, 6H); >°C NMR (100 MHz, CDCls) § 175.1, 170.3, 135.0, 126.2, 85.1, 65.8, 60.8, 58 .4, 52.3, 41 .4, 37.3,
25.9,21.9, 18.2, 4.58, -4.63; IR (neat): 3456, 3356, 3037, 2953, 2930, 2886, 2857, 1740, 1461, 1387, 1367,
1320, 1252, 1084, 1017, 977, 936, 836, 777 cm™'; HRMS (ESI) calcd for C1sH:2NOsSi™ [M + H]™ 370.2044,
found 370.2054.

Preparation of allyl amine 13a

BFW
OAc ngo OAc
2 3
w N e TBSO™
TBSO H 70 °C §)
95%
12 13a

To a mixture of amine 12 (2.22 g, 6.01 mmol, 1.0 equiv.) and Ko2COs (4.15 g, 30.0 mmol, 5.0 equiv.) in MeCN
(18 mL) was added allyl bromide (8a) (1.52 mL, 18.0 mmol, 3.0 equiv.) and stirred at 70 °C for 1 h. After this
time, ally bromide (500 pL, 5.91 mml, 0.98 equiv.) was further added and stirred at the same temperature for 1
h before another amount of ally bromide (500 pL, 5.91 mml, 0.98 equiv.) was added. After being stirred at 70 °C
for another 1 h, the reaction mixture was passed through a pad of Celite®, and the filtrate was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 95:5 to
hexane:EtOAc = 80:20) to afford allyl amine 13a (2.29 g, 5.59 mmol, 93%) as a colorless oil. [a]p *** —434.3
(c 1.00 in CHCIs); "H NMR (400 MHz, CDCls) § 5.96-5.85 (m, 2H), 5.79 (dt, J =10.2, 1.3 Hz, 1H), 5.20 (dq,
J=17.1,1.47 Hz, 1H), 5.09 (dd, J=10.1, 0.8 Hz, 1H), 4.38-4.34 (m, 1H), 3.81 (dd, /= 12.3, 4.8 Hz, 1H), 3.68
(s, 3H), 3.58 (dd, J = 9.4, 4.9 Hz, 1H), 3.44 (ddt, J=13.5, 5.3, 1.6 Hz, 1H), 3.34 (dd, J = 13.5, 5.3 Hz, 1H),
2.61 (dd, J =14.5, 5.0 Hz, 1H), 2.40 (dd, J = 14.5, 9.4 Hz, 1H), 2.20-2.14 (m, 1H), 1.98 (s, 3H), 1.40-1.32 (m,
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1H), 0.89 (s, 9H), 0.072 (s, 3H), 0.068 (s, 3H); *C NMR (125 MHz, CDCl5) 5 173.9, 170.8, 136.6, 135.9, 126.3,
117.3, 85.8, 67.0, 63.8, 61.9, 52.1, 51.9, 41.1, 34.3, 26.0, 22.4, 18.3, -4.5, -4.6; IR (neat): 3074, 3034, 2952,
2930, 2886, 2857, 1738, 1471, 1366, 1251, 1193, 1175, 1084, 994, 836, 776, 665 cm™'; HRMS (ESI) calcd for
Ca1H3NOsSi* [M + H]" 410.2357, found 410.2362.

Preparation of allyl amine 13b

CO,Bn
Br
OAc
OAc 8b
" KaCOs COo,Me
—_—— R
TBSO™ e Mecn, 70°c 180" RN cosen
H quant. \\«
12 13b

A mixture of amine 12 (1.51 g, 4.08 mmol, 1.0 equiv.), allyl bromide 8b* (3.04 g, 11.9 mmol, 2.9 equiv.), and
KaoCOs (7.25 g, 52.5 mmol, 19.9 mmol, 4.9 equiv.) in MeCN (16.0 mL) was stirred at 70 °C for 4 h under an
argon atmosphere. After this time, the reaction mixture was passed through a pad of Celite®™, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane:EtOAc = 95:5 to hexane:EtOAc = 80:20) to afford allyl amine 16b (2.17 g, 3.99 mmol, quant.) as a
colorless oil. [a]p **” —104.1 (c 1.00 in CHCIs); "H NMR (400 MHz, CDCls) & 7.37 (m, 5H), 6.24 (s, 1H), 5.84-
5.79 (m, 3H), 5.23 (d, J=13.0 Hz, 1H), 5.17 (d, J=12.5 Hz, 1H), 4.38 (dd, /=10.3, 4.4 Hz, 1H), 3.88 (d, /=
15.8 Hz, 1H), 3.78-3.72 (m, 2H), 3.64-3.55 (m, 4H), 2.63 (dd, J = 14.4,2.9 Hz, 1H), 2.31 (dd, /= 14.2,9.1 Hz,
1H), 2.19-2.13 (m, 1H), 1.94 (s, 3H), 1.38-1.30 (m, 1H), 0.88 (s, 9H), 0.07 (s, 3H), 0.06 (s, 3H); *C NMR (100
MHz, CDCls) 6 174.0, 170.5, 166.7, 138.7, 137.2, 136.2, 128.7, 128.3, 128.2, 126.2, 125.8, 86.0, 67.0, 66.5,
63.8,62.2,51.6, 48.8, 40.6, 36.9, 26.0, 22.2, 18.3, -4.4, 4.6. IR (neat): 3065, 3033, 2951, 2930, 2886, 2856,
1734, 1456, 1253, 1141, 1083, 836, 777, 697 cm™; HRMS (ESI) calcd for C20HaiNO7Si" [M + H]" 544.2725,
found 544.2724.

Preparation of alcohol 14a

OAc OAc
HF—pyridine
@—COZMG _— R CO,Me
TBSO™ N THF HOY N
0°Ctort
= quant. =
13a 14a

To a solution of allyl amine 13a (252 mg, 0.627 mmol) in THF (3.1 mL) was added pyridinium
poly(hydrogenfluoride) (630 uL) at 0 °C. After being stirred at room temperature for 50 min under an argon
atmosphere, the reaction mixture was diluted with saturated aqueous NaHCOs, and the aqueous layer was
extracted with EtOAc for three times. The combined organic layers were washed with brine, dried over Mg2SOs4,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane:EtOAc = 80:20 to hexane:EtOAc =40:60) to afford alcohol 14a (188 mg, 0.637 mmol,
quant.) as a pale yellow oil. [a]p *** =501.9 (c 1.00 in CHCl3); "H NMR (400 MHz, CDCl3) § 6.07 (dd, J=10.2,
0.5 Hz, 1H), 6.02 (dd, /=10.2, 4.4 Hz, 1H), 5.81-5.71 (m, 1H), 5.14 (dq, J = 17.1, 1.5 Hz, 1H), 5.09 (dq, J =
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10.1, 0.8 Hz, 1H), 4.10 (dd, J=8.1, 4.0 Hz, 1H), 3.78 (dd, J=9.0, 3.4 Hz, 1H), 3.75 (t, J = 4.1 Hz, 1H), 3.67-
3.62 (m, 4H), 3.30 (dd, J = 13.6, 8.3 Hz, 1H), 2.53 (dd, J = 14.6, 9.0 Hz, 1H), 2.42 (dd, J = 14.6, 3.4 Hz, 1H),
2.13-2.01 (m, 2H), 1.95 (s, 3H); *C NMR (100 MHz, CDCl:) & 173.2, 170.2, 134.6, 131.4, 129.4, 118.2, 82.6,
643, 63.5,60.4,51.5,50.6,41.9, 28.9,21.8; IR (neat): 3438, 3076, 3033, 2951, 2927, 2859, 1736, 1435, 1369,
1245, 1202, 1174, 1117, 1061, 1032, 927, 789 cm™'; HRMS (ESI) caled for C1sH»NOs™ [M + H]" 296.1492,
found 296.1493.

Preparation of alcohol 14b

OAc OAc

@_COZMe TBAF @"COZME}

- —_— “

TBSO" N HO N

H NCOan THF H \\«0028”
0°Ctort

13b 92% 14b

To a solution of allyl amine 13b (10.9 g, 20.0 mmol, 1.0 equiv.) in THF (100 mL) was added
tetrabutylammonium fluoride (TBAF) (ca. 1 mol/L in THF, 60 mL) at 0 °C. After being stirred for 1.5 h at room
temperature under argon atmosphere, the reaction mixture was diluted with saturated aqueous NH4Cl, and the
aqueous layer was extracted with EtOAc for three times. The combined organic layers were washed with brine,
dried over Mg>SOs, filtered, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane:EtOAc = 70:30 to 50:50) to afford alcohol 14b (7.88 g, 18.3 mmol, 92%) as
a pale yellow oil. [a]p ** — 145.30 (¢ 1.00 in CHCI3); '"H NMR (400 MHz, CDCl3) § 7.35-7.32 (m, 5H), 6.27
(s, 1H), 6.09 (d, /= 10.2 Hz, 1H), 6.03 (dd, J=10.1, 5.6 Hz, 1H), 5.69 (s, 1H), 5.22 (d, J=12.3 Hz, 1H), 5.15
(d,J=12.3 Hz, 1H), 4.09 (brs, 1H), 3.99 (d, J=13.3 Hz, 1H), 3.81-3.75 (m, 2H), 3.65-3.60 (m, 5H), 2.55 (dd,
J=14.5,9.3 Hz, 1H), 2.34 (dd, J = 14.6, 2.9 Hz, 1H), 2.23-2.18 (m, 1H), 2.07 (dt, J =15.1, 4.0 Hz, 1H), 1.97
(s, 3H). °C NMR (125 MHz, CDCls) § 173.4, 170.2, 166.1, 137.1, 135.9, 131.3, 129.2, 129.0, 128.7, 128.5,
128.4, 81.9, 66.9, 63.9, 62.5, 59.8, 51.5, 49.0, 41.6, 28.9, 21.8; IR (neat): 3463, 3091, 3065, 2950, 2890, 1734,
1455, 1435, 1368, 1255, 1201, 1168, 1124, 1063, 1036, 750, 699 cm™; HRMS (ESI) caled for C23HsNO7* [M
+ H]" 430.1860, found 430.1867.

Representative procedure for preparation of enone 15a,b

OAc OAc
@_ DMP
CO,Me > CO,Me
Ho N CH,Cl, o N
P o QC b
92%
14a 15a

To a solution of alcohol 14a (155 mg, 0.525 mmol, 1.0 equiv) in CH2Cl2 (2.6 mL) was added Dess-Martin
periodinane (DMP) (274 mg, 0.646 mmol, 1.2 equiv) at 0 °C. After being stirred at the same temperature under
an argon atmosphere, the reaction mixture was diluted with saturated aqueous NaHCO3, and the aqueous layer
was extracted with CH2Cl: for three times. The combined organic layers were washed with brine, dried over
Mg>SOq, filtered, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane:EtOAc = 80:20 to hexane:EtOAc = 70:30) to afford enone 15a (142 mg, 0.483 mmol,
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92%) as a pale yellow oil. [o]p ' —343.9 (c 1.00 in CHCl3) '"H NMR (400 MHz, CDCl3) § 6.92 (dd, J = 10.3,
1.5 Hz, 1H), 5.93 (d, J=10.3 Hz, 1H), 5.75-5.65 (m, 1H), 5.09 (dq, J=17.2, 1.5 Hz, 1H), 5.03 (dd, J = 10.1,
0.8 Hz, 1H), 3.97-3.95 (m, 1H), 3.74 (dd, J=9.31, 3.56 Hz, 1H), 3.65 (s, 3H), 3.40 (ddt, J=13.9,4.9 Hz, J =
1.7 Hz, 1H), 3.22 (dd, /= 13.9, 8.0 Hz, 1H), 2.84 (dd, J = 16.6, 5.0 Hz, 1H), 2.62-2.54 (m, 2H), 2.43 (dd, J =
14.6, 3.6 Hz, 1H), 2.01 (s, 3H); *C NMR (100 MHz, CDCl3) § 196.9, 173.5, 170.2, 145.8, 135.0, 128 .4, 117.6,
81.4,64.3, 60.6, 51.6,50.6,41.1, 37.6, 21.5. IR (neat): 3077, 3005, 2978, 2952, 2907, 2852, 1736, 1688, 1434,
1369, 1239, 1200, 1170, 1111, 1038, 928, 763 cm™; HRMS (ESI) calcd for C1sH20NOs™ [M + H]" 294.1336,
found 294.1342.

Preparation of enone 15b

OAc OAc

@_COZMe DMP mCone

\ —

HO® RN coBn bCM 0 BN cogBn
0°Ctort

14b 95% 15b

Following the representative procedure using alcohol 14b (94.0 mg, 0.219 mmol, 1.0 equiv.), purified by
silica gel column chromatography (hexane:EtOAc = 75:25 to hexane:EtOAc = 70:30) afforded enone 15b (88.6
mg, 0.207 mmol, 95%) as a yellow oil. [a]p *** — 61.80 (c 1.00 in CHCl3); '"H NMR (400 MHz, CDCl;) § 7.36-
7.31 (m, 5H), 6.93 (dd, J=10.3, 1.5 Hz, 1H), 6.23 (d, /= 0.7 Hz, 1H), 5.96 (d, /= 10.4 Hz, 1H), 5.63 (d, J =
1.5 Hz, 1H), 5.21 (d, J=12.5 Hz, 1H), 5.14 (d, J = 12.4 Hz, 1H), 4.03-4.01 (m, 1H), 3.79 (dd, /=9.1, 3.3 Hz,
1H), 3.67 (s, 3H), 3.63 (d, J = 16.1 Hz, 1H), 3.56 (d, J=16.0 Hz, 1H), 2.87 (dd, J = 16.8, 4.9 Hz, 1H), 2.63-
2.57 (m, 2H), 2.47 (dd, J = 14.5, 3.4 Hz, 1H), 2.04 (s, 3H); °C NMR (125 MHz, CDCls) § 196.7, 173.6, 170.3,
166.3, 145.8, 137.5, 136.1, 128.7, 128.6, 128.33, 128.31, 127.0, 81.0, 66.5, 64.5, 60.6, 51.8, 47.9, 41.4, 37.8,
21.5; IR (neat): 3090, 3062, 3032, 2952, 2888, 1735, 1689, 1651, 1455, 1369, 1240, 1208, 1121, 1038, 981,
750, 699 cm™; HRMS (ESI) caled for C2sH26NO7" [M + H]" 428.1704, found 428.1712.

Preparation of tetracyclic amine Sa

OAc TBSOTf OAc toluene AcO, oTes
mCOZMe EtN - @—Cozl\ﬂe 1%0C <ﬁ@
o N CH,Cl, TBSO N 2 steps 84% —N
— -78°C = MeO,C
15a 6a 5a

A solution of TBSOTT (1.40 mL) in DCM (4.6 mL) was prepared. To a solution of enone 15a (1.10 g, 3.75
mmol, 1.0 equiv) in CH2CLz (19 mL) was added Et;N (1.57 mL, 11.3 mmol, 3.0 equiv.) and the prepared solution
of TBSOTT (4.9 mL) at -78 °C. After being stirred for 10 min at the same temperature under an argon atmosphere,
the reaction mixture was again added the prepared solution of TBSOTf (1.0 mL) and stirred for another 10 min.
The reaction mixture was diluted with saturated aqueous NaHCOs3 and the aqueous layer was extracted with
CH2Cl for three times. The combined organic layers were washed with brine, dried over Mg2SOy4, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane:EtOAc = 95:5 to hexane:EtOAc = 80:20) to afford crude silyl enol ether 6a (1.43 g) as an orange oil.
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Sealed tube was charged with the crude silyl enol ether 6a (1.43 g) and then toluene (15 mL) was added. The
reaction mixture was stirred at 150 °C for 3.5 h before being concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (hexane:EtOAc = 70:30 to hexane:EtOAc = 30:70) to afford
tetracyclic amines 5a (1.28 g, 3.15 mmol, 84%) as a pale yellow oil. [a]p *"* —52.6 (¢ 1.00 in CHCI:); '"H NMR
(400 MHz, CDCls) 6 5.02 (dd, J=7.1, 2.2 Hz, 1H), 3.84 (dd, J=9.8, 3.5 Hz, 1H), 3.72 (s, 3H), 3.45-3.41 (mm,
2H), 3.28-3.26 (m, 1H), 2.92-2.89 (m, 1H), 2.65 (dd, J=15.5,9.9 Hz, 1H), 2.40 (dd, J=15.5,3.6 Hz, 1H), 2.4
(d, J=11.3 Hz, 1H), 2.07-2.03 (m, 1H), 1.94 (s, 3H), 1.60-1.54 (m, 1H), 1.17 (dd, J = 13.9, 1.7 Hz, 1H), 0.91
(s, 9H), 0.13 (s, 6H); °C NMR (100 MHz, CDCls) § 174.5, 170.4, 152.4, 104.6, 94.0, 73.1, 71.1, 64.3, 52.3,
49.0, 38.3, 36.0, 34.0, 32.7, 25.8, 21.7, 18.1, -4.2, -4.5; IR (neat): 3064, 2952, 2932, 2883, 2858, 1732, 1646,
1453, 1366, 1251, 1221, 1202, 1170, 1072, 931, 835, 781 cm™'; HRMS (ESI) calcd for C21H3sNOsSi* [M + H]
408.2201, found 403.2208.

Preparation of tetracyclic amine Sb

OAc OAc OTBS

TBSOTF AcO,
N N —_— CO,Bn
© H CO2Bn DCM TBSO H CO,Bn 60 °C t0 80 °C N
-15°C MeO,C
5b

15b 6b

To a solution of enone 15b (7.31 g, 17.1 mmol, 1.0 equiv.) and EtsN (7.00 mL, 47.4 mmol, 2.8 equiv.) in CH2Clz
(7.0 mL) was added TBSOTT (4.70 mmL, 20.4 mmol, 1.2 equiv.) at -15 °C under an argon atmosphere. After
being stirred for 10 min at the same temperature, the reaction mixture was diluted with saturated aqueous
NaHCO:s, and the aqueous layer was extracted with CH2Cl: for three times. The combined organic layers were
washed with brine, dried over Mg2SOs, filtered, and concentrated under reduced pressure to afford crude silyl
enol ether 6b.

The crude silyl enol ether 6b was dissolved in toluene (50 mL) and stirred for at 60 °C for 12.5 h under an
argon atmosphere. After this time, the reaction mixture was heated to 80 °C and stirred for additional 30 min
before being concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane:EtOAc =70:30 to hexane:EtOAc = 50:50) to afford tetracyclic amine Sb (7.42 g, 13.7
mmol, 2 steps 80%) as a red oil. [a]o *® — 66.80 (c 1.00 in CHCls); 'H NMR (400 MHz, CDC13) § 7.35-7.27
(m, 5H), 5.08 (s, 2H), 5.02 (dd, J = 7.13, 2.14, 1H), 3.82 (dd, J = 9.88, 3.84, 1Hz) 3.75-3.72 (m, 4H), 3.53-
3.51 (m, 1H), 3.38-3.34 (m, 2H), 2.70 (dd, /= 15.5, 9.9 Hz, 1H), 2.58 (d, /= 11.3 Hz, 1H), 2.42 (dd, J = 15.5,
3.9 Hz, 1H), 2.14-2.10 (m, 1H), 1.95 (s, 3H), 1.46 (dd, J = 14.3,2.9 Hz, 1H), 0.88 (s, 9H), 0.103 (s, 3H), 0.099
(s, 3H); "C NMR (100 MHz, CDCl3) § 174.3, 173.3,170.4, 151.2, 135.9, 128.6, 128.3,127.9, 103.8, 93.1, 73.3,
70.8, 67.0, 66.9, 52.4, 52.0, 50.1, 38.5, 36.7, 35.0, 25.7, 21.7, 18.1, -4.3, -4.6; IR (neat): 3066, 30332, 3004,
2953, 2931, 2886, 2856, 1731, 1646, 1455, 1435, 1367, 1253, 1207, 1085, 835, 763, 750, 698 cm’'; HRMS
(ESI) caled for C20H4oNO7Si" [M + H]" 542.2569, found 542.2574.
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Representative procedure for preparation of ketone 4a,b

. 0TBS O 0
¢ <f!@ HF—pyridine ¢ </<'g
—_—
N THF N

3 0°Ctort $
Me0,C quant Me0,C

5a 4a

To a solution of tetracyclic amine Sa (576 mg, 1.41 mmol) in THF (7.0 mL) was added pyridinium
poly(hydrogenfluoride) (1.40 mL) at 0 °C. After being stirred at room temperature for 50 min under an argon
atmosphere, the reaction mixture was diluted with saturated aqueous NaHCOs, and the aqueous layer was
extracted with EtOAc for three times. The combined organic layers were washed with brine, dried over Mg2SOq,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane:EtOAc = 80:20 to hexane:EtOAc = 40:60) to afford ketone 4a (188 mg, 0.637 mmol,
quant.) as a yellow oil. [a]p *** —=16.7 (¢ 1.00 in CHCl3); "H NMR (400 MHz, CDCls) & 3.88 (dd, J =9.8, 4.0
Hz, 1H), 3.73 (s, 3H), 3.64 (d, J = 4.8 Hz, 1H), 3.46 (dd, J = 11.3, 3.7 Hz, 1H), 2.80-2.94 (m, 1H), 2.87-2.85
(m, 1H), 2.77 (dd, J=15.5, 9.8 Hz, 1H), 2.55 (dd, J=15.5, 4.0 Hz, 1H), 2.45 (d, J = 11.3 Hz, 1H), 2.34-2.30
(m, 1H), 2.25 (dt, J=19.3, 2.9 Hz, 1H), 2.00 (s, 3H), 1.98-1.93 (m, 2H), 1.43 (d, J = 14.9 Hz, 1H); °*C NMR
(125 MHz, CDCl3) 6 212.4, 174.0, 170.3, 89.3, 72.0, 69.6, 65.6, 55.0, 52.5, 39.33, 39.32, 34.5, 33.0, 30.8, 21.5;
IR (neat): 2951, 2877, 1730, 1436, 1370, 1243, 1218, 1068, 1023 cm™; HRMS (ESI) calcd for C1sH20NOs" [M
+ H]" 294.1336, found 294.1339.

OTBS (0]
AcO, AcQ,
% HF-pyridine %
COan 3 COZBn
N THF N

MeO,C 0°Ctort MeO,C
5b quant.

Preparation of ketone 4b

Following the representative procedure using Sb (572.5 mg, 1.06 mmol, 1.0 equiv.), purified by silica gel
column chromatography (hexane:acetone = 80:20 to hexane:EtOAc = 50:50) to afforded ketone 4b (447 mg,
1.05 mmol, quant.) as an orange oil. [o]p 2" — 21.9 (¢ 1.00 in CHCI3); '"H NMR (400 MHz, CDCls) § 7.36-7.24
(m, 5H), 5.10 (d, J=12.4 Hz, 1H), 5.06 (d, /= 12.4 Hz, 1H), 3.85 (dd, J =10.0, 4.7 Hz, 1H), 3.73-3.69 (m,
5H), 3.14 (d, J=5.28 Hz, 1H), 3.04 (brs, 1H), 2.83 (dd, J=15.5, 9.8 Hz, 1H), 2.68 (d, J = 11.4 Hz, 1H), 2.53
(dd, J=15.4,4.7 Hz, 1H), 2.37 (d, J = 14.8 Hz, 1H), 2.26 (dt, J =19.2, 2.9 Hz, 1H), 2.05-2.00 (m, 4H), 1.70
(dt,J=15.0, 3.0 Hz, 1H); *C NMR (125 MHz, CDCl3) § 208.9, 173.8,172.1,170.2, 135.2, 128.7, 128.5,128.1,
88.1, 72.5, 69.6, 67.4, 67.3, 56.9, 52.6, 49.8, 39.6, 38.8, 33.6, 33.5, 21.4; IR (neat): 3089, 3063, 3032, 2953,
2889, 2845, 1732, 1455, 1436, 1243, 1175, 1147, 1087, 749, 699 cm™; HRMS (ESI) caled for C23H2NO7" [M
+ H]" 428.1704, found 428.1707.
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Preparation of alcohol 21a

o) o) o) AcO, '
AcO, AcO, BnNH, AcO, y
/ Me3SnOH 7 TCFH, NMI 7 L-slectride N
— —_— —_— )
N

—N DCE, 80 °C —N MeCN, rt THF, -78 °C o=

Me0,C HO,C o= 3 steps 55% N
N
H
20a

4a 19

Following the slightly modified procedure reported in the literature,” to a solution of ketone 4a (371 mg, 1.26
mmol, 1.0 equiv.) in DCE (6.0 mL) was added trimethyltin hydroxide (342 mg, 1.89 mmol, 1.5 equiv.). After
being stirred at 80 °C for 50 min under an argon atmosphere, the reaction mixture was added another amount of
trimethyltin hydroxide (114 mg, 0.631 mmol, 0.5 equiv.) and stirred for 1h. After this time, another amount of
trimethyltin hydroxide (22.7 mg, 0.126 mmol, 0.1 equiv.) was added and stirred for 20 min. The reaction mixture
was concentrated under reduced pressure and passed through a pad of silica eluting with MeOH to afford crude
carboxylic acid 19 (345 mg) as a white solid.

Following the slightly modified procedure reported in the literature,’ to a suspension of crude carboxylic acid
17 (345 mg), benzylamine (165 pL, 1.51 mmol, 1.2 equiv.), and N-methylimidazole (300 pL, 3.80 mmol, 3.0
equiv.) in MeCN (5.0 mL) was added TCFH (424 mg, 1.51 mmol, 1.2 equiv.). After being stirred for 40 min at
room temperature under an argon atmosphere, the reaction mixture was diluted with water and the aqueous layer
was extracted with EtOAc for three times. The combined organic layers were washed with brine, dried over
MgaSOxs, filtered, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane:EtOAc = 10:90 to hexane:EtOAc = 5:95) to afford crude amide 20a (504 mg) as a
yellow oil.

To a solution of amide 18a (504 mg) in THF (8.8 mL) was added L-selectride (1.4 mL, 1.0 M in THF, 1.1
equiv.) at -78 °C. After being stirred for 20 min at the same temperature under an argon atmosphere, the reaction
mixture was diluted with saturated aqueous NH4Cl, and the aqueous layer was extracted with EtOAc for three
times. The combined organic layers were washed with brine, dried over Mg2SO4, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc =30:70
to EtOAc:MeOH =90:10) to afford alcohol 21a (258 mg, 0.696 mmol, 3 steps 55%) as a white amorphous solid.
[a]o 27 + 80.0 (c 1.00 in CHCI3);1H NMR (500 MHz, CDCI3) & 8.10 (t, ] = 5.3 Hz, 1H), 7.36-7.28 (m, 5H),
448 (dd, J =14.9,6.1 Hz, 1H), 4.43 (dd, J=14.9,5.9 Hz, 1H), 4.18 (d, ] =9.8 Hz, 1H), 3.62 (dd, J = 10.2, 4.4
Hz, 1H), 3.37 (d, ] =4.9 Hz, 1H), 3.32 (dd, J = 11.0, 3.6 Hz, 1H), 2.77 (dd, J = 15.5, 10.2 Hz, 1H), 2.67 (dd, J
=15.5,4.4 Hz, 1H), 2.60 (brs, 1H), 2.42 (dd, J =8.4,4.0 Hz, 1H), 2.28 (d, J = 11.1 Hz, 1H), 2.04 (s, 3H), 1.99-
1.96 (m, 1H), 1.84-1.79 (m, 1H), 1.70-1.65 (m, 2H), 1.51 (ddd, J = 14.7, 5.4, 2.7 Hz, 1H), 1.16 (d, J = 14.6,
1H) ; 13C NMR (125 MHz, CDCI3) é 174.0, 170.0, 138.7, 128.8, 127.8, 127.5, 90.1, 70.5, 67.7, 65.6, 64.8,
45.9,43.4,40.2,33.7,32.4,31.0,30.5,21.7; IR (neat): 3421, 3339, 3086, 3060, 3028, 2932, 2869, 2359, 2341,
1727,1653, 1518, 1454, 1367, 1224, 1055, 1036, 1022, 732, 699 cm-1; HRMS (ESI) calcd for C21H27N204+
[M + HJ+ 371.1965, found 371.1965.
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Preparation of azide 23a

WOH N3
ACO,’ AcO,’
i) MsCl, EtzN
N CH,Cl,, 0 °C N
N e 3
o=\ i) NaNg, DMF o=xX

N ° ° N
H/D 80 °C to 100 °C Hb
0,
21a 2 steps 75% 23a

To a solution of alcohol 21a (677 mg, 1.83 mmol, 1.0 equiv.) and EtsN (765 pL, 5.46 mmol, 3.0 equiv.) in
CH:Cl2 (7.3 mL) was added methanesulfonyl chloride (184 pL, 2.38 mmol, 1.3 equiv.) at 0 °C. After being
stirred for 10 min under argon atmosphere at the same temperature, the reaction mixture was diluted with
saturated aqueous NaHCOs, and the aqueous layer was extracted with EtOAc for three times. The combined
organic layers were washed with brine, dried over Mg2SOs, filtered, and concentrated under reduced pressure to
afford curde mesylate (762 mg) as a white amorphous.

To a solution of crude mesylate (762 mg) in DMF (7.3 mL) was added NaN; (240 mg, 3.66 mmol, 2.0 equiv.)
and stirred at 80 °C under argon atmosphere. After being stirred for 2 h, the reaction mixture was heated to
100 °C and further stirred for 40 min. After this time, the reaction mixture was diluted with ice cooled water,
and the aqueous layer was extracted with EtOAc for three times. The combined organic layers were washed
with brine, dried over Mg2SOxs, filtered, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane:EtOAc = 65:45 to hexane:EtOAc = 45:65) to afford azide 23a (543
mg, 1.37 mmol, 2 steps 75%) as a colorless solid. [a]p **' +38.5 (¢ 1.00 in CHCl3); "H NMR (400 MHz, CDCls)
0 8.04 (t,J=5.5Hz 1 H), 7.37-7.26 (m, SH), 4.51-4.41 (m, 2H), 3.94-3.89 (m, 1H), 3.64 (dd, J=10.2,4.4 Hz,
1H), 3.30 (dd, J = 11.2, 3.6 Hz, 1H), 3.17 (d, J = 5.0 Hz, 1H), 2.77 (dd, /= 15.5, 10.3 Hz, 1H), 2.63 (dd, J =
15.5, 4.5 Hz, 1H), 2.57-2.55 (m, 1H), 2.35-2.32 (m, 1H), 2.27 (d, J = 11.2 Hz, 1H), 2.21-2.17 (m, 1H), 2.05-
1.97 (m, 4H), 1.94-1.88 (m, 1H), 1.28-1.21 (m, 2H); *C NMR (100 MHz, CDCl3) 6 173.8, 169.9, 138.7, 128.8,
127.8,127.5, 89.8, 71.1, 70.7, 65.9, 54.0, 43.3, 43.2, 39.7, 30.8, 30.5, 30.2, 29.3, 21.6; IR (neat): 3343, 3086,
3062, 3028, 2936, 2872, 2099, 1733, 1670, 1511, 1454, 1367, 1243, 1227, 1076, 1024, 699 cm™"; HRMS (ESI)
caled for C21H26N503" [M + H'] 396.2030, found 396.2035.

Preparation of azide 23b

o o)
AcO, BnNH, AcO,
' Me3SnOH TCFH NMI /
N DCE 80 °C MeCN rt —N

MeO,C 4a HOZC 19 oﬁlNZOb
H,v/

WOH N

AcO, ; _ AcO, ’
2 i) MsCl, EtzN 2,
L-slectride CH,Cl,, 0 °C
—" - N —_— \ N
THF, -78 °C of\ 21b i) NaNg, DMF o= 23b

N 100 °C N
H 5 steps 54% H
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To a solution of ketone 4a (979 mg, 3.34 mmol, 1.0 equiv.) in DCE (16.0 mL) was added trimethyltin
hydroxide (906 mg, 5.01 mmol, 1.5 equiv.). After being stirred at 80 °C for 1.5 h under an argon atmosphere,
the reaction mixture was added another amount of trimethyltin hydroxide (604 mg, 3.34 mmol, 1.0 equiv.) and
stirred for 1 h. The reaction mixture was concentrated under reduced pressure and passed through a pad of silica
eluting with MeOH to afford crude carboxylic acid 19 (893 mg) as a white solid.

To a suspension of crude carboxylic acid 19 (893 mg), isobutylamine (400 uL, 4.03 mmol, 1.2 equiv.), and
N-methylimidazole (790 puL, 10.0 mmol, 3.0 equiv.) in MeCN (13.0 mL) was added TCFH (1.13 mg, 4.01 mmol,
1.2 equiv.). After being stirred for 4 h at room temperature under an argon atmosphere, the reaction mixture was
diluted with water and the aqueous layer was extracted with EtOAc for three times. The combined organic layers
were washed with brine, dried over Mg2SOs, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane:EtOAc =10:90 to EtOAc = 100%) to afford crude amide
20b (1.83 g) as a yellow oil.

To a solution of the crude amide 20b (1.83 g) in THF (23.0 mL) was added L-selectride (4.00 mL, 1.0 M in
THEF, 1.1 equiv.) at -78 °C. After being stirred for 15 min at the same temperature under an argon atmosphere,
the reaction mixture was diluted with saturated aqueous NH4Cl, and the aqueous layer was extracted with EtOAc
for three times. The combined organic layers were washed with brine, dried over Mg2SOs, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane:acetone = 65:35 to 45:55) to afford crude alcohol 21b (685 mg) as a white solid.

To a solution of the crude alcohol 21b (685 mg, assumed as 2.04 mmol, 1.0 equiv.) and EtsN (850 pL, 6.10
mmol, 3.0 equiv.) in CH2Cl2 (8.0 mL) was added methanesulfonyl chloride (20.5 pL, 2.65 mmol, 1.3 equiv.) at
0 °C. After being stirred for 10 min under argon atmosphere at the same temperature, the reaction mixture was
diluted with saturated aqueous NaHCOs, and the aqueous layer was extracted with EtOAc for three times. The
combined organic layers were washed with brine, dried over Mg2SOsx, filtered, and concentrated under reduced
pressure to afford curde mesylate (708 mg) as a white amorphous.

To a solution of crude mesylate (708 mg) in DMF (8.0 mL) was added NaN3 (265 mg, 4.08 mmol, 2.0 equiv.)
and stirred at 100 °C under argon atmosphere. After being stirred for 1 h, the reaction mixture was diluted with
ice cooled water, and the aqueous layer was extracted with EtOAc for three times. The combined organic layers
were washed with brine, dried over Mg2SOs, filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane:acetone = 80:20) to afford azide 23b (651 mg, 1.80 mmol,
5 steps 54%) as a colorless solid. [a]o *** —45.3 (¢ 1.00 in CHCl3); 'H NMR (400 MHz, CDCl3) § 7.79 (brs,
1H), 3.96-3.92 (m, 1H), 3.58 (dd, J =10.4, 4.6 Hz, 1H), 3.34 (dd, J=11.2, 3.5 Hz, 1H), 3.17 (d, J=5.0 Hz,
1H), 3.16-3.09 (m, 1H), 3.06-3.00 (m, 1H), 2.76 (dd, J=15.5, 10.2 Hz, 1H), 2.58-2.53 (m, 2H), 2.40-2.37 (m,
1H), 2.28 (d, J = 11.2 Hz, 1H), 2.23-2.20 (m, 1H), 2.04-1.97 (m, 4H), 1.94-1.88 (m, 1H), 1.85-1.75 (m, 1H),
1.28-1.21 (m, 2H), 0.93 (s, 3H), 0.91 (m, 3H); “C NMR (125 MHz, CDCl3) & 173.7, 169.9, 89.7, 71.1, 70.8,
65.9, 54.0, 46.5, 43.2, 39.8, 30.8, 30.4, 30.2, 29.3, 28.8, 21.6, 20.3, 20.2; IR (neat): 3343, 2956, 2935, 2871,
2100, 1734, 1671, 1517, 1465, 1368, 1242, 1227, 1178, 1073, 1023, 948 cm; HRMS (ESI) calcd for
Ci1sHsNsOs™ [M + H]" 362.2187, found 362.2190.
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Representative procedure for preparation of amine 18a,b

N NH
ACQ 8 Acq 2
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\ N —_— \ N

s THF/H,0 (10:1 3
o= PO =X

N N
Hb 87% Hb
23a 18a

To a solution of azide 23a (78.5 mg, 0.199 mmol, 1.0 equiv.) in a mixture of THF (1.0 mL) and H20 (100
pL) was added PPhs (85.8 mg, 0.327 mmol, 1.6 equiv.). After being stirred for 2 h at 70 °C under an argon
atmosphere, the reaction mixture was concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (EtOAc = 100% to CH2Cl./MeOH/Et;N = 90:10:1) to afford amine 18a (64.4 mg,
0.174 mmol, 87%) as a colorless oil. [a]p *** +59.2 (¢ 1.00 in CHCIs); "H NMR (400 MHz, CDCl3) § 8.11 (t, J
= 5.46 Hz, 1H), 7.35-7.25 (m, 5H), 4.45 (d, J = 6.24 Hz, 2H), 3.63 (dd, J = 10.4, 4.5 Hz, 1H), 3.30-3.24 (m,
2H), 3.14 (d, J=5.0 Hz, 1H), 2.79 (dd, J = 15.5, 10.3 Hz, 1H), 2.58 (dd, /= 15.4, 4.6 Hz, 1H), 2.48 (brs, 1H),
2.25 (d, J=11.1 Hz, 1H), 2.20-2.18 (m, 1H), 2.09-2.06 (m, 1H), 2.04-1.96 (m, 4H), 1.93-1.86 (m ,1H), 1.60
(brs, 2H), 1.18 (d, J = 14.4 Hz, 1H), 0.90 (ddd, J=13.7, 5.2, 2.2). "C NMR (125 MHz, CDCls) § 174.1, 169.9,
138.6, 128.6, 127.6, 127.2, 89.8, 71.0, 70.95, 66.1, 46.9, 43.1, 42.6, 39.8, 33.6, 31.03, 31.00, 29.4, 21.5; IR
(neat): 3341, 3292, 3085, 3059, 3029, 2932, 2868, 1730, 1663, 1513, 1454, 1367, 1246, 1227, 1078, 1022, 732,
699 cm™; HRMS (ESI) calcd for C21HasNsOs" [M + H™] 370.2125, found 370.2131.

NH
Aco, 2
PPhs
. N

S

3 THF/H,0 (10:1
o= B

N N
H,7/ quant. H/v/

23b 18b

preparation of amine 18b

Following the representative procedure using azide 23b (615 mg, 1.70 mmol, 1.0 equiv.), purification by
silica gel column chromatography (EtOAc = 100% to CH2Cl./MeOH/Et;N = 90:10:1) afforded amine 18b (599
mg, 1.78 mmol, quant.) as a yellow oil. [o]p >’ — 17.4 (¢ 1.00 in CHCl3); 'H NMR (400 MHz, CDCls) § 7.86
(t,J=5.6 Hz, 1H), 3.56 (dd, J =10.4, 4.6 Hz, 1H), 3.31-3.28 (m, 2H), 3.15-3.09 (m, 2H), 3.05-3.00 (m, 1H),
2.77(dd,J=15.4,10.4 Hz, 1H), 2.53-2.48 (m, 2H), 2.26 (d, J=11.1 Hz, 1H), 2.14-2.19 (m, 1H), 2.14-2.11 (m,
1H), 2.03-1.96 (m, 4H), 1.93-1.86 (m, 1H), 1.85-1.75 (m, 1H), 1.41 (brs, 2H), 1.18 (d, /= 14.6 Hz, 1H), 0.92-
0.87 (m, 7H); *C NMR (125 MHz, CDCl3) § 174.1, 170.0, 90.0, 71.3, 71.2, 66.3, 47.1, 46.5, 42.9, 40.0, 33.9,
31.2,31.1, 29.6, 28.8, 21.6, 20.3, 20.2; IR (neat): 3342, 2955, 2931, 2869, 1731, 1661, 1519, 1466, 1368, 1246,
1227,1078, 1022, 750 cm™'; HRMS (ESI) caled for CisH30N30s" [M + H'] 336.2282, found 336.2287.
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Representative procedure for preparation of alcohol 17a-d:

H
NH, N
AcO, HO,
; BnCO,H o ; 0
\ N TCFH NMI 2 3 \ N
3 MeCN t MeOH rt 3
o= 2 steps 81% o=

N
H H
18a 24a

To a solution of amine 18a (211 mg, 0.571 mmol, 10 equiv.), phenylacetic acid (93.3 mg, 0.685 mmol, 1.2
equiv.), and N-methylimidazole (192 pL, 1.71 mmol, 3.0 equiv.) in MeCN (2.3 mL) was added TCFH (192 mg,
0.685 mmol, 1.2 equiv.). After being stirred for 1 h at room temperature under an argon atmosphere, the reaction
mixture was diluted with saturated aqueous NaHCOs, and the aqueous layer was extracted with EtOAc for three
times. The combined organic layers were washed with brine, dried over Mg2SOs4 filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc =10:90
to EtOAc = 100%) to afford crude amide 24a (314 mg) as a white amorphous solid.

To a solution of the crude amide 24a (314 mg) in MeOH (2.3 mL) was added K2COs (315 mg, 2.28 mmol, 4.0
equiv.) and stirred at room temperature for 3 h under an argon atmosphere. After this time, another amount of
MeOH (1.0 mL) and K2COs (78.9 mg, 0.571 mmol, 1.0 equiv.) and stirred for additional 15 h. The reaction
mixture was diluted with saturated aqueous NH4Cl and the aqueous layer was extracted with EtOAc for three
times. The combined organic layers were washed with brine, dried over Mg2SOs filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 10:90
to EtOAc:MeOH = 90:10) to afford alcohol 17a (207 mg, 0.465 mmol, 2 steps 81%) as a white amorphous solid.
[o]p 2°* - 31.3 (c 1.00 in CHCl3); '"H NMR (400 MHz, CDCls3) § 8.09 (t, J = 5.8 Hz, 1H), 7.36-7.23 (m, 10 H),
5.42 (d,J=7.4 Hz, 1H), 4.46-4.36 (m, 2H), 4.32-4.25 (m, 1H), 3.54 (s, 2H), 3.50 (dd, /=9.8,4.4 Hz, 1H), 3.19
(dd, J=11.2,3.6 Hz, 1H), 2.96 (d, J = 5.0 Hz, 1H), 2.68 (brs, 1H), 2.54-2.40 (m, 2H), 2.34 (dd, J = 14.6, 4.5
Hz, 1H), 2.27-2.25 (m, 1H), 2.15 (d, J=11.2 Hz, 1H), 1.79-1.77 (m, 1H), 1.70 (s, 1H), 1.65-1.59 (m, 1H), 1.17
(d,J=14.4 Hz, 1H), 0.70 (ddd, J = 13.7, 4.9, 2.1 Hz, 1H); >C NMR (125 MHz, CDCl3) § 174.3, 170.6, 138 4,
135.1, 129.4, 129.1, 128.8, 127.7, 127.5, 82.1, 72.3, 70.4, 65.7, 43.9, 43.3, 43.2, 42.9, 41.8, 34.3, 31.6, 31.0,
29.8; IR (neat): 3409, 3307, 3078, 3061, 3028, 2929, 2870, 1644, 1454, 1357, 1309, 1264, 1177, 1099, 1029,
970, 930, 730, 697 cm™'; HRMS (ESI) caled for C21H32N30s" [M + H]" 446.2438, found 446.2443.

Preparation of alcohol 17b

H
NH, N
AcO, AcO, 1Y YY
7 -BuCO,H 7 (o}
N TCFH, NMI N ch:o3
> —_— >

o=\ MeCN, rt o= MeOH rt

N N 2 steps quant.
H ?\' ) H 7\' ) H ?\’ )
18a 24b 17b

Following the representative procedure using amine 18a (236 mg, 0.639 mmol, 1.0 equiv.) and isovaleric
acid (84.7 uL, 0.767 mmol, 1.2 equiv.) purification by silica gel column chromatography (hexane:EtOAc =
10:90 to EtOAc:MeOH = 90:10) afforded alcohol 17b (257 mg, 0.624 mmol, 2 steps quant.) as a white

195



[
amorphous solid. [a]p **° + 16.6 (¢ 1.00 in CHCI3); "H NMR (400 MHz, CDCls) & 8.12 (t, J = 6.7 Hz, 1H),
7.35-7.25 (m, 5H), 5.51 (m, 1H), 4.47-4.30 (m, 3H), 3.54 (dd, J=9.9, 4.4 Hz, 1H), 3.26-3.23 (m, 1H), 3.01 (d,
J=5.0 Hz, 1H), 2.73 (brs, 1H), 2.61-2.46 (m, 2H), 2.37 (dd, J = 14.6, 4.5 Hz, 1H), 2.32 (m, 1H), 2.22 (d, J =
11.2 Hz, 1H), 2.12-1.95 (m, 4H), 1.85-1.78 (m, 2H), 1.26 (d, J = 13.8 Hz, 1H), 0.94-0.91 (m, 6H), 0.89-0.84
(m, 1H); °C NMR (100 MHz, CDCl:) § 174.4, 172.2, 138.5, 128.8, 127.7, 127.5, 82.2, 72.4,70.5, 65.9, 46.3,
43.5,43.4,43.1,41.6,34.5,31.8,31.3, 30.0, 26.4, 22.6, 22.5; IR (neat): 3409, 3310, 3085, 3063, 3029, 2954,
2927, 2869, 1643, 1521, 1454, 1359, 1309, 1263, 1214, 1113, 734, 698, 669 cm™'; HRMS (ESI) calcd for
C24H3N30:3" [M + H]" 412.2595, found 412.2599.

Preparation of alcohol 17¢

H
NH, N
AcO, HO,
7 BnCO,H 7 o]
N TCFH NMI cho3 !

o= MeCN rt MeOH rt

N 2 steps 87% ﬁ\N
- T ZZZY i

Following the representative procedure using amine 18b (225 mg, 0.671 mmol, 1.0 equiv.) and phenylacetic
acid (110 mg, 0.805 mmol, 1.2 equiv.), purification by silica gel column chromatography (hexane:EtOAc = 5:95
to EtOAc:MeOH =90:10) afforded alcohol 17¢ (241 mg, 0.586 mmol, 2 steps 87%) as a white amorphous solid.
[o]p 7° —49.0 (¢ 1.00 in CHCI3); "H NMR (400 MHz, CDCl3) § 7.80 (t, J = 5.5 Hz, 1H), 7.38-7.24 (m, 5H),
534 (d, J=17.6 Hz, 1H), 4.33-4.27 (m, 1H), 3.56 (s, 2H), 3.45 (dd, /=9.9,4.2 Hz, 1H), 3.24 (dd, /=112, 3.6
Hz, 1H), 3.12-2.98 (m, 2H), 2.95 (d, J =4.9 Hz, 1H), 2.55-2.48 (m, 1H), 2.45-2.39 (m, 1H), 2.35-2.30 (m, 1H),
2.29 (dd,J=14.6,4.3 Hz, 1H),2.17 (d, J=11.2 Hz, 1H), 1.81-1.71 (m, 3H), 1.65-1.59 (m, 1H), 1.20-1.17 (d,
J =142 Hz, 1H), 0.91 (s, 3H), 0.90 (s, 3H), 0.72-0.68 (m, 1H); °*C NMR (125 MHz, CDCl3) § 174.1, 170.6,
135.2,129.4,129.2,127.5,82.2,72.4,70.4,65.7,46.6,44.0,43.2,43.0,41.9, 34.3,31.7,31.0, 29.9, 28.7, 20.31,
20.28; IR (neat): 3412, 3299, 3086, 3061, 3027, 2956, 2925, 2869, 1644, 1529, 1465, 1264, 1211, 1099, 1031,
729, 696 cm™; HRMS (ESI) calcd for C24H34N305" [M + H]" 412.2595, found 412.2602.

Preparation of alcohol 17d

NH,
Aco, YY YY
/ i-BuCO,H
N TCFH NMI K2C03

5 MeCN rt MeOH rt
O)\N 2 steps 83%
18b 24d 17d

Following the representative procedure using amine 18b (209 mg, 0.623 mmol, 1.0 equiv.) and isovaleric
acid (83.0 uL, 0.752 mmol, 1.2 equiv.), purification by silica gel column chromatography (hexane:EtOAc =
5:95 to EtOAc:MeOH = 90:10) afforded alcohol 17d (196 mg, 0.518 mmol, 2 steps 83%) as a white amorphous
solid. [a]p ***— 1.9 (¢ 0.756 in CHCI:); "H NMR (400 MHz, CDCl3) & 7.85 (t,J=5.8 Hz, 1H), 5.44 (d,J=17.5
Hz, 1H), 4.38-4.32 (m, 1H), 3.49 (dd, /=10.0,4.3 Hz, 1H), 3.29 (dd, J = 11.2, 3.6 Hz, 1H), 3.13-2.98 (m, 3H),
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2.62-2.56 (m, 1H), 2.48 (dd, J = 14.6, 10.1 Hz, 1H), 2.41-2.38 (m, 1H),2.31 (dd, J= 14.6, 4.4 Hz, 1H), 2.24 (d,
J=11.2 Hz, 1H),2.15-1.97 (m, 4H), 1.85-1.73 (m, 3H), 1.29-1.25 (m, 1H), 0.95-0.85 (m, 13H); *C NMR (125
MHz, CDCls) § 174.2, 172.2, 82.3, 72.5, 70.5, 65.9, 46.6, 46.4, 43.5, 43.2, 41.6, 34.5, 31.8, 31.3, 30.0, 28.7,
26.4,22.6,22.5,20.32, 20.29; IR (neat): 3307, 3064, 2956, 2926, 2869, 1642, 1530, 1465, 1367, 1214, 1096,
1032, 749 cm™; HRMS (ESI) caled for C21HseN3Os* [M + H]* 378.2751, found 378.2759.

Representative procedure for preparation of ester 16a-h

H
HO, N BnCO,H
% o) MNBA
N EtN DMAP

toluene 80 °C

oﬁxN
0,
17a 16a

Following the slightly modified procedure reported in the literature,® to a mixture of alcohol 17a (41.9 mg,
0.0940 mmol, 1.0 equiv.), phenylacetic acid (25.6 mg, 0.188 mg, 2.0 equiv.) and DMAP (1.4 mg, 0.011 mmol,
0.12 equiv.) in toluene (500 pL) was added EtsN (39.0 pL, 0.280 mmol, 3.0 equiv.) and MNBA (69.9 mg, 0.203
mmol, 2.0 equiv.). After being stirred for 1.5 h under an argon atmosphere, the reaction mixture was diluted
with saturated aqueous NaHCO3, and the aqueous layer was extracted with EtOAc for three times. The combined
organic layers were washed with brine, dried over Mg2SOxs, filtered, and concentrated under reduced pressure.
The residue was purified by GPC to afford ester 16a (15.9 mg, 0.0282 mmol, 75%) as a colorless oil. [a]p *** —
26.1 (c 1.00 in CHCl3); 'H NMR (500 MHz, CDCl3) § 8.03 (t,J = 5.7 Hz, 1H), 7.37-7.23 (m, 15H), 5.22 (d, J
=7.6 Hz, 1H), 4.48 (dd, J=14.8, 6.3 Hz, 1H), 4.40 (dd, J=14.8, 5.7 Hz, 1H), 4.14-4.09 (m, 1H), 3.60-3.51 (m,
5H), 3.22-3.18 (m, 2H), 2.74 (dd, /= 15.5, 10.3 Hz, 1H), 2.59 (dd, J=15.5, 4.6 Hz, 1H), 2.42 (brs, 1H), 2.28-
2.26 (m, 1H), 2.19 (d, J = 11.2 Hz, 1H), 1.79-1.73 (m, 2H), 1.66-1.59 (m, 2H), 1.14 (d, J = 14.7 Hz, 1H), 0.58
(ddd, J = 14.1, 5.6, 2.2 Hz, 1H); °C NMR (125 MHz, CDCls) & 173.8, 170.59, 170.58, 138.6, 135.1, 134.0,
129.3, 129.2, 128.82, 128.75, 127.7, 127.6, 127.5, 127.3, 90.0, 71.0, 70.6, 66.0, 44.0, 43.3, 42.8, 42.0, 41.5,
40.0,31.2,30.9,30.6,29.7; IR (neat): 3308, 3084, 3059, 3028, 2871, 1731, 1644, 1519, 1454, 1256, 1160, 1076,
1018, 728, 697 cm™'; HRMS (ESI) caled for CasHzsN:O4" [M + H'] 564.2857, found 564.2863.

Preparation of ester 16b

N
i
HQ BUCOZ
2 o MNBA
Et3N DMAP
\—N
toluene, 80 °C

o=
17a 16b

Following the representative procedure using alcohol 17a (40.1 mg, 0.0900 mmol, 1.0 equiv.) and isovaleric
acid (20.0 uL, 0.181 mmol, 2.0 equiv.), purification by PTLC (hexane:acetone =65:35) to afford ester 16b (41.8
mg, 0.0789 mmol, 88%) as a colorless oil. [a]o >’ +32.4 (¢ 1.00 in CHCI3); "H NMR (500 MHz, CDCl5) § 8.05
(t,J=5.3 Hz, 1H), 7.37-7.23 (m, 10H), 5.37 (d, J=7.6 Hz, 1H), 4.53 (dd, J=14.8, 6.7 Hz, 1H), 4.36 (dd, J =
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14.9, 5.5 Hz, 1H), 4.27-4.23 (m, 1H), 3.59 (dd, J=10.2, 4.3 Hz, 1H), 3.55 (s, 2H), 3.22-3.20 (m, 2H), 2.75 (dd,
J=15.5,10.3 Hz, 1H),2.57 (dd, J=15.5, 4.4 Hz, 1H), 2.49 (brs, 1H), 2.29-2.27 (m, 1H), 2.20 (d, /= 11.2 Hz,
1H), 2.16-1.98 (m, 4H), 1.82-1.80 (m, 1H), 1.69-1.64 (m, 1H), 1.17 (d, J = 14.6 Hz, 1H), 097-0.92 (m, 6H),
0.74 (ddd, J = 14.0, 5.3, 2.1 Hz, 1H); *C NMR (125 MHz, CDCls) § 173.8, 172.2, 170.7, 138.7, 135.0, 129.4,
129.2, 128.8, 127.7, 127.6, 127.5, 89.4, 77.4, 71.0, 70.7, 65.9, 44.0, 43.8, 43.2, 42.9, 41.6, 40.0, 31.19, 31.15,
30.7,29.7, 25.7, 22.60, 22.57; IR (neat): 3299, 3084, 3060, 3028, 3005, 2956, 2930, 2870, 1729, 1644, 1519,
1519, 1454, 1361, 1296, 1255, 1167, 1077, 748, 729, 697 cm™; HRMS (ESI) calcd for C3HaoN3Os* [M + H]*
530.3013, found 530.3014.

Preparation of ester 16¢

HO Y\( Bn002 \r(\r
% o MNBA
! Et3N DMAP

oﬁ:\ toluene 80 °C

N o
H 34% H
17b 16¢c

Following the representative procedure using alcohol 17b (42.3 mg, 0.103 mmol, 1.0 equiv.) and phenylacetic
acid (28.0 mg, 0.206 mg, 2.0 equiv.), purificaton by GPC afforded ester 16¢ (18.4 mg, 0.0347 mmol, 34%) as a
colorless oil. [a]p **' —6.73 (c 0.728 in CHCIs); '"H NMR (400 MHz, CDCls) § 8.06 (t, J = 5.8 Hz, 1H), 7.37-
7.22 (m, 10H), 5.30 (d, J="7.6 Hz, 1H), 4.49 (dd, J=14.9, 6.3 Hz, 1H), 4.41 (dd, J = 14.9,5.7 Hz, 1H), 4.52-
4.38 (m, 1H), 3.63-3.52 (m, 3H), 3.27-3.23 (m, 2H), 2.79 (dd, J = 15.5, 10.3 Hz, 1H), 2.60 (dd, J =15.5, 4.7
Hz, 1H), 2.48 (brs, 1H), 2.35-2.32 (m, 1H), 2.25 (d, J = 11.2 Hz, 1H), 2.13-1.95 (m, 4H), 1.85-1.76 (m, 2H),
1.22 (d, J=14.7 Hz, 1H), 0.95 (d, J=4.9 Hz, 3H), 0.93 (d, / =4.9 Hz, 3H), 0.74 (ddd, J = 14.0, 5.8, 2.1 Hz,
1H); °C NMR (100 MHz, CDCl3) § 173.9, 172.1, 170.6, 138.6, 134.1, 129.4, 128.83, 128.76, 127.8, 127.5,
127.3,90.1,71.1,70.7, 66.1,46.3,43.3,43.1, 42.0,41.3,40.1,31.4, 31.1, 30.8, 29.8, 26 .4, 22.6, 22.5; IR (neat):
3310, 3085, 3062, 3029, 2954, 2928, 2869, 1732, 1644, 1519, 1455, 1255, 1219, 1159, 1128, 1076, 1018, 750,
726, 698 cm™; HRMS (ESI) calcd for C32HaoN3O4" [M + H]" 530.3013, found 530.3018.

Preparation of ester 16d
H

HO NW i-BUCOH \"/Y
% o MNBA
! Et3N DMAP

o=\ toluene, 80 C

N o,
17b 16d

Following the representative procedure using alcohol 17b (42.3 mg, 0.103 mmol, 1.0 equiv.) and isovaleric
acid (23.0 uL, 0.208 mmol, 2.0 equiv.), purified by PTLC (hexane:acetone = 65:35) afforded ester 16d (38.5
mg, 0.0777 mmol, 75%) as a white amorphous solid. [a]p *"* + 67.4 (¢ 1.00 in CHCl3); 'H NMR (500 MHz,
CDCl5) 6 8.08 (t,J =5.9 Hz, 1H), 7.35-7.27 (m, 5H), 5.49 (d, J=7.6 Hz, 1H), 4.53 (dd, /= 14.9, 6.5 Hz, 1H),
4.36 (dd, J=14.9,5.6 Hz, 1H), 4.32-4.26 (m, 1H), 3.62 (dd, /= 10.3, 4.4 Hz, 1H), 3.28-3.24 (m, 2H), 2.79 (dd,
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J=15.5, 103 Hz, 1H), 2.60-2.56 (m, 2H), 2.34-2.33 (m, 1H), 2.26 (d, J = 11.2 Hz, 1H), 2.19-1.97 (m, 8H),
1.87-1.82 (m, 1H), 1.27-1.23 (m, 1H), 0.97-0.89 (m, 13H); >C NMR (125 MHz, CDCls) § 173.9, 172.3, 172.2,
138.6, 128.8, 127.7, 127.5,89.5, 71.0, 70.8, 66.1, 46.3, 43.8, 43.2, 43.1,41.3, 40.2, 31.3, 30.9, 29.9, 26.4, 25.7,
22.61,22.57,22.5; IR (neat): 3309, 3196, 3085, 3063, 3029, 2956, 2930, 2870, 1729, 1643, 1519, 1464, 1367,

1296, 1178, 1119, 1077, 1019, 730, 699 cm™'; HRMS (ESI) calcd for C20Ha2N304" [M + H'] 496.3170, found
496.3173.

Preparation of ester 16e

N
HQ Bn002
?, o MNBA
! Et3N DMAP

oﬁ"\N tolue;?o/SO °C

s ““f

Following the representative procedure using alcohol 17¢ (44.1 mg, 0.107 mmol, 1.0 equiv.) and phenylacetic
acid (21.9 mg, 0.161 mg, 1.5 equiv.), purification by GPC afforde ester 16e (17.6 mg, 0.0332 mmol, 31%) as a
24 _66.9 (c 1.00 in CHCI:); 'H NMR (500 MHz, CDCl3) § 7.77 (t, J = 6.1 Hz, 1H), 7.38-
7.21 (m, 10H), 5.22 (d,J=7.6 Hz, 1H), 4.16-4.11 (m, 1H), 3.56-3.51 (m, 5H), 3.25-3.21 (m, 2H), 3.16-3.12 (m,
1H), 3.00-2.95 (m, 1H), 2.73 (dd, J=15.6, 10.3 Hz, 1H), 2.50 (dd, /= 15.4, 4.7 Hz, 1H), 2.43 (brs, 1H), 2.35-
2.33 (m, 1H), 2.20 (d, J=11.2 Hz, 1H), 1.82-1.71 (m, 3H), 1.64-1.59 (m, 1H), 1.13 (d, J=14.7 Hz, 1H), 0.92
(s, 3H), 0.90 (s, 3H), 0.58 (ddd, J = 14.1, 5.7, 2.2 Hz, 1H); *C NMR (125 MHz, CDCl3) § 173.7, 170.7, 170.6,
135.1, 134.0, 129.4, 129.3, 129.2, 128.7, 127.6, 127.2,90.0, 71.1, 70.7, 65.9, 46.5, 44.0, 42.9, 42.0, 41.6, 40.2,
31.2,30.9,30.5,29.7,28.7,20.3, 20.2; IR (neat): 3298, 3085, 3063, 3028, 2955, 2929, 2870, 1732, 1644, 1524,
1252, 1159, 1074, 728, 696, 669 cm™; HRMS (ESI) calcd for C32Hs0oN3O4™ [M + H] 530.3013, found 530.3021.

16e

colorless oil. [a]p

Preparation of ester 16f

H
?, o MNBA
</<,g Et3N DMAP </<Vg

toluene 80 °C

N
0,
H/v/ 44% H/)/

17¢ 16f

Following the representative procedure using alcohol 17¢ (41.7 mg, 0.101 mmol, 1.0 equiv.) and isovaleric
acid (17.0 uL, 0.154 mmol, 1.5 equiv.), purification by PTLC (hexane:acetone = 65:35) afforded ester 16f (22.1
mg, 0.0446 mmol, 44%) as a colorless oil. [o]p 2** —40.2 (¢ 1.00 in CHCI3); "H NMR (400 MHz, CDCl3) 8 7.78
(t, J=5.8 Hz, 1H), 7.38-7.24 (m, 5H), 5.34 (d, J= 7.6 Hz, 1H), 4.30-4.24 (m, 1H), 3.57 (s, 2H), 3.53 (dd, J =
10.3,4.5 Hz, 1H), 3.27-3.14 (m, 3H), 2.97-2.93 (m, 1H), 2.74 (dd, J=15.5, 10.3 Hz, 1H), 2.51-2.46 (m, 2H),
2.36-2.33 (m, 1H), 2.21 (d, J=11.1 Hz, 1H), 2.13-1.96 (m, 4H), 1.84-1.73 (m, 2H), 1.70-1.63 (m, 1H), 1.17 (d,
J=14.6, 1H),0.91-0.90 (m, 12H), 0.75-0.70 (m, 1H); *C NMR (125 MHz, CDCl5) § 173.8,172.3,170.7, 135.0,
129.4,129.2,127.6,89.4,71.1,70.9,65.9,46.4,44.0,43.8,42.9,41.7,40.3,31.20, 31.16, 30.7,29.7, 28.8, 25.7,
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22.6,22.5,20.22, 20.15; IR (neat): 3297, 3082, 3062, 3028, 2957, 2927, 2870, 1730, 1644, 1527, 1465, 1367,
1296, 1167, 1121, 730, 697 cm™'; HRMS (ESI) calcd for C20Ha2N304" [M + H]" 496.3170, found 496.3178.

Preparation of ester 16

N
”, o MNBA
Et3N DMAP
N
o

ﬁ?\N toluezgo/so °C
m H“ng

Following the representative procedure using alcohol 17d (40.9 mg, 0.108 mmol, 1.0 equiv.) and phenylacetic
acid (29.4 mg, 0.216 mg, 2.0 equiv.) purification by GPC afforded ester 16g (24.8 mg, 0.0500 mmol, 46%) as
a colorless oil. [a]o **? = 70.0 (¢ 1.00 in CHCIs); '"H NMR (400 MHz, CDCl3) § 7.81 (t, J = 6.0 Hz, 1H), 7.31-
7.20 (m, SH), 5.34 (d, J=7.6 Hz, 1H), 4.21-4.14 (m, 1H), 3.57-3.49 (m, 3H), 3.29-3.25 (m, 2H), 3.19-3.12 (m,
1H), 3.01-2.95 (m, 1H), 2.78 (dd, J = 15.5, 10.3 Hz, 1H), 2.53-2.48 (m, 2H), 2.41-2.38 (m, 1H), 2,25 (d, J =
11.1 Hz, 1H), 2.16-1.96 (m, 4H), 1.81-1,74 (m, 3H), 1.20 (d, J = 14.8 Hz, 1H), 0.95 (d, J = 4.4 Hz, 3H), 0.94
(d, J = 4.4 Hz, 3H), 0.92 (s, 3H), 0.90 (s, 3H), 0.73 (ddd, J = 14.1, 5.8, 1.92 Hz, 1H); *C NMR (125 MHz,
CDCh) 6 173.8, 172.2, 170.6, 134.0, 129.3, 128.7, 127.2, 90.0, 77.4, 71.2, 70.8, 66.1, 46.3, 43.1, 42.0, 41.3,
40.3,31.3, 31.1,29.8, 28.7, 26.4, 26.3, 22.6, 22.5, 20.3, 20.2; IR (neat): 3306, 3089, 3064, 3030, 2955, 2929,
2869, 1732, 1643, 1527, 1455, 1253, 1219, 1159, 1075, 1018, 727, 695 cm™; HRMS (ESI) calcd for
C20H2N304" [M + H]" 496.3170, found 496.3177.

Preparation of ester 16h

H
%g“ﬂ e >f C’g W
! EtsN, DMAP

o= toluene, 80 °C
N 85%
vl I

Following the representative procedure using alcohol 17d (42.1 mg, 0.112 mmol, 1.0 equiv.) and isovaleric
acid (25.0 uL, 0.226 mmol, 2.0 equiv.), purification by PTLC (hexane:acetone = 65:35) afforded ester 16h (43.9
mg, 0.0951 mmol, 85%) as a colorless oil. [o]p ** — 17.8 (c 1.00 in CHCl3); "H NMR (400 MHz, CDCl3) § 7.81
(t,J=6.1 Hz, 1H), 5.45 (d, J=7.6 Hz, 1H), 4.35-4.28 (m, 1H), 3.56 (dd, /=10.3, 4.6 Hz, 1H), 3.30 (dd, J =
11.1,3.5 Hz, 1H), 3.26 (d, J=5.1 Hz, 1H), 3.22-3.15 (m, 1H), 2.98-2.92 (m, 1H), 2.79 (dd, J = 15.5, 10.3 Hz,
1H), 2.57 (brs, 1H), 2.50 (dd, J=15.5,4.6 Hz, 1H), 2.42-2.39 (m, 1H), 2.27 (d,J=11.1 Hz, 1H), 2.17-1.96 (m,
8H), 1.88-1.73 (m, 2H), 1.27-1.23 (m, 1H), 0.96-0.87 (m, 19H); *C NMR (125 MHz, CDCl:) § 173.8, 172.31,
172.27,89.5,71.1, 71.0, 66.0, 46.4, 46.3, 43.8, 41.1,40.4, 31.4, 30.8, 29.9, 28.8, 26.4, 25.7, 22.6, 25.7, 22.62,
22.55.22.5,20.23, 20.16; IR (neat): 3305, 3061, 2957, 2931, 2870, 1731, 1643, 1528, 1465, 1367, 1296, 1254,
1167, 1120, 1089, 1019, 750, 674 cm™'; HRMS (ESI) calcd for C2sHasN3O4" [M + H]" 462.3326, found 496.3334.
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Preparation of alcohol 28

0 OH
AcO, NaBH, AcO,
¢ CeC|37H20 i
COBn ————— > CO,Bn
N z MeOH N 2

$ -78°C $
Me0,C 6% Me0,C

To a solution of ketone 4b (328 mg, 0.767 mmol, 10 equiv.) and CeCls-7H20 (765 mg, 2.05 mmol, 2.7 equiv.)
in MeOH (6.0 mL) was added NaBHa4 (63.3 mg, 1.67 mmol, 2.2 equiv.) at -78 °C and stirred for 40 min under
argon atmosphere. The reaction mixture was diluted with saturated aqueous NH4Cl, and the aqueous layer was
extracted with EtOAc for three times. The combined organic layers were washed with brine, dried over Mg2SOq,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane:EtOAc = 30:70 to 25:75) to afford alcohol 28 (184 mg, 0.428 mmol, 56%) as a white
amorphous solid. [a]o '** — 1.5 (¢ 1.00 in CHCl3); 'H NMR (400 MHz, CDCl3) § 7.36-7.30 (m, 5H), 5.24 (s,
2H), 4.15 (brs, 1H), 3.74-3.67 (m, SH), 3.51 (d, /= 5.0 Hz, 1H), 2.89-2.83 (m, 2H), 2.74 (dd, J=15.4, 9.9 Hz,
1H), 2.64 (brs, 1H), 2.50 (d, /= 11.2 Hz, 1H), 2.46-2.38 (m, 2H), 2.13-2.07 (m, 1H), 2.02 (s, 3H), 1.47 (d, J =
14.9 Hz, 1H), 1.21 (dd, J = 14.0, 3.6 Hz, 1H); *C NMR (125 MHz, CDCl3) 6 175.7,174.2,170.4, 135.5, 128.8,
128.6, 128.2, 88.7, 72.0, 69.8, 69.2, 67.3, 63.7, 52.5, 48.3, 46.7, 39.8, 34.0, 33.7, 31.3, 21.5; IR (neat): 3493,
3091, 3067, 3033, 3003, 2951, 2884, 1731, 1455, 1435, 1371, 1247, 1092, 1040, 749, 699 cm™; HRMS (ESI)
caled for C23sHasNO7™ [M + H]™ 430.1860, found 430.1861.

Preparation of azide 29

OH N3

AcO, i) MsCl, Et;N AcO, *
%, CH,Cly, 0 °C ?,
CO,Bn —— > CO,Bn
N 2 ii) NaNg, DMF N 2
Me0,C 100 °C MeO,C
28 60%

To a solution of alcohol 28 (2.79 g, 6.50 mmol, 1.0 equiv.) and Et;N (2.70 mL, 19.4 mmol, 3.0 eqiv.) in
CH:Cl2(26.0 mL) was added methanesulfonyl chloride (1.00 mL, 12.9 mmol, 2.0 equiv.) at 0 °C. After being
stirred for 20 min under argon atmosphere at the same temperature, the reaction mixture was diluted with
saturated aqueous NaHCO3, and the aqueous layer was extracted with EtOAc for three times. The combined
organic layers were washed with brine, dried over Mg2SOs, filtered, and concentrated under reduced pressure to
afford curde mesylate (3.30 g) as a yellow amorphous solid.

To a solution of the crude mesylate (3.30 g) in DMF (20 mL) was added NaN3(1.27 g, 19.5 mmol, 3.0 equiv.)
and stirred at 100 °C under argon atmosphere. After being stirred for 10.5 h, the reaction mixture was heated to
100 °C and further stirred for 40 min. After this time, the reaction mixture was diluted with ice cooled water,
and the aqueous layer was extracted with EtOAc for three times. The combined organic layers were washed
with brine, dried over Mg2SOx4, filtered, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (hexane:EtOAc = 70:30 to hexane:EtOAc = 55:45) to afford azide 29 (1.77
g, 3.89 mmol, 2 steps 60%) as a yellow oil. [o]p *'° + 8.5 (¢ 1.00 in CHCls); '"H NMR (400 MHz, CDCl3) §
7.35-7.27 (m, 5H), 5.15-5.09 (m, 2H), 3.98 (dt, J =10.1, 3.2 Hz, 1H), 3.76-3.67 (m, 6H), 2.87 (t, J =4.1 Hz,
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1H), 2.69-2.62 (m, 2H), 2.54 (dd, J = 15.5, 3.7 Hz, 1H), 2.45 (d,J= 11.2 Hz, 1H),2.19 (d, J= 14.8 Hz, 1H),
2.06 (s, 3H), 1.76-1.69 (m, 1H), 1.61 (dd, J=14.7, 2.8 Hz, 1H), 1.43 (d, J= 14.9 Hz, 1H); *C NMR (125 MHz,
CDCls) § 174.0, 173.0, 170.7, 135.5, 128.8, 128.6, 128.1, 83.2, 68.8, 68.6, 68.2, 67.1, 52.6, 52.0, 47.6, 45.4,
40.0,33.1,31.7,27.5,21.6; IR (neat): 3091, 3065, 3004, 2951, 2886, 2853, 2102, 1730, 1455, 1436, 1370, 1248,
1090, 749, 699 cm™'; HRMS (ESI) calcd for C2sH27N4Os™ [M + H]* 455.1925, found 455.1925.

Preparation of amine 30

N3 ANH,
AcQ, AcQ,
¥ PPhg ¥
COo,Bn ————> CO,Bn
\—N THF, Hy0 —N
M9026 70 :C M6026
29 93% 30

To a solution of azide 29 (111 mg, 0.244 mmol, 1.0 equiv.) in THF (1.2 mL) and H20 (120 pL) was added
PPh3 (96.0 mg, 0.366 mmol, 1.5 equiv.). The reaction mixture was stirred at 70 °C for 10.5 h under argon
atmosphere before being concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (EtOAc 100% to CH2Cl.:MeOH = 90:10) to afford amine 30 (97.1 mg, 0.227 mmol, 93%) as
a yellow oil. [a]o *** — 2.3 (c 1.00 in CHCl3); '"H NMR (400 MHz, CDCl3) § 7.35-7.26 (m, 5H), 5.12 (d, J =
12.4 Hz), 5.08 (d, J=12.4 Hz, 1H), 3.74-3.67 (m, 6H), 3.21 (dt, J=10.7, 32 Hz, 1H), 2.75-2.67 (m, 3H), 2.50-
2.44 (m, 2H), 2.24 (d, J = 14.0 Hz, 1H), 2.05 (s, 3H), 1.82-1.75 (m, 1H), 1.71 (brs, 2H), 1.37-1.26 (m, 2H) ; °C
NMR (125 MHz, CDCls) 6 174.4, 173.6, 170.3, 135.7, 128.8, 128.5, 128.1, 89.0, 69.2, 68.9, 68.8, 66.9, 52.5,
50.0, 48.1, 41.9, 40.3, 32.8, 32.18, 32.15, 21.6; IR (neat): 3370, 3063, 3031, 2989, 1730, 1455, 1436, 1371,
1246, 1091, 763, 750, 699 cm™; HRMS (ESI) caled for C23H20N20s" [M + H]™429.2020, found 429.2022.

Representative procedure for preparation of amide 27a-c

)
AcO, WNH PhCH,CO2H AcO, NH
?, NMI, TCFH %,
COBn —————> CO,Bn
N 2 MeCN N z
MeO,C rt MeO,C
30 quant. 27a

To a solution of amine 30 (344 mg, 0.803 mmol, 1.0 equiv.), phenylacetic acid (132 mg, 0.969 mmol, 1.2
equiv.), and N-methylimidazole (190 pL, 2.38 mmol, 3.0 equiv.) in MeCN (3.2 mL) was added TCFH (278 mg,
0.991 mmol, 1.2 equiv.). After being stirred for 3 h at room temperature under an argon atmosphere, the reaction
mixture was diluted with saturated aqueous NaHCOs3 and the aqueous layer was extracted with EtOAc for three
times. The combined organic layers were washed with brine, dried over Mg2SOq, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (hexane:acetone = 80:20
to 65:35) to afford amide 27a (436 mg, 0.798 mmol, quant.) as a white amorphous solid. [a]p ** —29.9 (c 1.00
in CHCl3); "H NMR (400 MHz, CDCl3) § 7.36-7.21 (m, 10H), 5.52 (d, J= 9.1 Hz, 1H), 5.16 (d, J = 12.4 Hz,
1H), 5.11 (d, J = 12.4 Hz, 1H), 4.54-4.49 (m, 1H), 3.71 (s, 3H), 3.68-3.52 (m, 4H), 3.32 (d, J = 5.0 Hz, 1H),
2.84-2.82 (m, 1H), 2.69 (dd, J=15.3, 10.0 Hz, 1H), 2.57 (brs, 1H), 2.44 (d, J=11.1 Hz, 1H), 2.34 (dd, /=154,
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4.9 Hz, 1H),2.23 (d, J = 14.7 Hz, 1H), 1.83-1.76 (m, 1H), 1.60 (s, 3H), 1.27 (d, J= 14.9 Hz, 1H), 1.85 (dd, J =
14.7,2.69 Hz, 1H); *C NMR (100 MHz, CDCL:) § 174.2, 172.9, 169.8, 169.6, 135.7, 134.9, 129.6, 129.3, 128.7,
128.3, 128.0, 127.6, 88.4, 69.2, 69.0, 68.6, 67.1, 52.4, 47.6, 45.5, 44.0, 40.2, 39.5, 32.4, 31.6, 30.1, 21.1; IR
(neat): 3415, 3315, 3086, 3061, 3030, 2952, 1731, 1669, 1652, 1508, 1455, 1370, 1246, 1092, 763, 750, 699
cm’'; HRMS (ESI) caled for C31HzsN2O7* [M + H]* 547.2439, found 547.2448.

Preparation of amide 27b
OYY
AcO, »NH2 BUCO,H AcO, N
? NMI, TCFH ?
CoOBn ——————> CO,Bn

N MeCN N
$ rt 5

Me0,C quant. MeO,C

30 27b

Following the representative procedure using amine 30 (767 mg, 1.79 mmol, 1.0 equiv.) and isovaleric acid
(237 pL, 2.15 mmol, 1.2 equiv.), purification by silica gel column chromatography (hexane:acetone = 80:20 to
50:50) to afford amide 27b (887 mg, 1.73 mmol, quant.) as a white amorphous solid. [o]p ** —31.1 (¢ 1.00 in
CHCI3); "H NMR (400 MHz, CDCl3) § 7.35-7.27 (m, 5H), 5.60 (d, J = 8.7 Hz, 1H), 5.15 (d, J = 12.4 Hz, 1H),
5.11 (d, J=12.4 Hz, 1H), 4.53-4.47 (m, 1H), 3.71-3.67 (m, 5H), 3.58 (d, J = 5.8 Hz, 1H), 2.85-2.84 (m, 1H),
2.75(dd, J=9.9, 15.4 Hz, 1H), 2.67 (brs, 1H), 2.49-2.44 (m, 2H), 2.30-2.26 (m, 1H), 2.09-1.87 (m, 7H), 1.34-
1.24 (m, 2H), 0.94 (d, J= 6.5 Hz, 6H); °C NMR (100 MHz, MeOD) § 174.3, 172.9, 171.1, 169.6, 135.7, 128.7,
128.3, 128, 89, 69.5, 68.9, 68.5, 67.1, 52.4,47.7,46.5, 45.5,40.3, 394, 32.7,31.7,30.9, 26.3, 22.6, 22.6, 21.5;
IR (neat): 3288, 3008, 2980, 2965, 2922, 2841, 2824, 1732, 1654, 1541, 1525, 1456, 1368, 1247, 1218, 1054,
1032, 1013, 796 cm™'; HRMS (ESI) caled for C2sH37N207" [M + H]" 513.2595, found 513.2602.

e

Preparation of amide 27¢

Ao, [ PhCO,H Ao,
?, NMI, TCFH %
coBn ———> CO,Bn
N MeCN N
< rt <
MeO,C MeO,C
30 94% 27¢

Following the representative procedure using amine 30 (108 mg, 0.252 mmol, 1.0 equiv.) and benzoic acid
(37.1 mg, 0.303 mmol, 1.2 equiv.), purification by silica gel column chromatography (hexane:acetone = 80:20
to 70:30) to afford amide 27¢ (126 mg, 0.237 mmol, 94%) as a white amorphous solid. [o]p **° -43.0 (c 0.853
in CHCI:); 'H NMR (400 MHz, CDCl3) § 7.72-7.70 (m, 2H), 7.50 (t,J = 7.3 Hz, 1H), 7.43 (t, J= 7.4 Hz, 2H),
7.36-7.29 (m, SH), 6.39 (d, /= 8.6 Hz, 1H), 5.21 (d,J=12.4 Hz, 1H), 5.16 (d, J=12.4 Hz, 1H), 4.73-4.67 (m,
1H), 3.75-3.70 (m, 6H), 3.03 (t, J/=4.5 Hz, 1H), 2.81 (dd, J=9.9, 15.4 Hz, 1H), 2.74 (brs, 1H), 2.54-2.48 (m,
2H), 2.34 (d, J = 14.6 Hz, 1H), 2.06 (s, 3H), 2.04-1.97 (m, 1H), 1.45-1.36 (m, 2H); *C NMR (100 MHz, CDCl5)
0 174.5, 173, 169.6, 166.3, 135.7, 134.7, 131.7, 128.8, 128.8, 128.4, 128.1, 126.7, 89.2, 69.6, 69.1, 68.7, 67.2,
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52.5,47.6,45.4,40.5,40.2,32.9, 31.8,30.9, 21.5; IR (neat, cm™): 3439, 3062, 3031, 2951, 2884, 1731, 1655,
1519, 1486, 1369, 1245, 1091, 912, 745, 697 cm™; HRMS (ESI) calcd for C30H3:N207" [M + H]" 533.2282,
found 533.2278.

Representative procedure for preparation of amide 26a,b
o

NH i) Pd/C, MeOH ACO wNH
AcO, N H, balloon, rt Z%_«O
% —_——
CO,Bn ii) BANH,, TCFH N o
N N
3 NMI, MeCN, rt MeO,C
MeO,C 2 steps 90%
27a 26a

To a solution of amide 27a (403 mg, 0.737 mmol, 1.0 equiv.) in MeOH (3.5 mL) was added Pd/C (46.6 mg,
12wt%) and stirred for 3.5 h at room temperature under H> atmosphere. The reaction mixture was passed through
a pad of Celite®, and the filtrate was concentrated under reduced pressure to afford crude carboxylic acid.

To a solution of the crude carboxylic acid, N-methylimidazole (175 pL, 2.20 mmol, 3.0 equiv.), and
benzylamine (100 pL, 0.915 mmol, 1.2 equiv.) in MeCN (3.8 mL) was added TCFH (255 mg, 0.909 mmol, 1.2
equiv.). After being stirred for 1 h at room temperature under an argon atmosphere, the reaction mixture was
diluted with saturated aqueous NaHCO3, and the aqueous layer was extracted with EtOAc for three times. The
combined organic layers were washed with brine, dried over Mg2SOx, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane:acetone = 70:30 to 40:60).
Further purification with silica gel column chromatography (EtOAc:MeOH = 98:2) afforded amide 26a (360
mg, 0.660 mmol, 2 steps 90%) as a white amorphous solid. [a]o **"' — 21.9 (¢ 1.00 in CHCIs); '"H NMR (400
MHz, CDCls) & 7.39-7.22 (m, 10H), 6.61 (brs, 1H), 5.37 (d, /= 7.6 Hz, 1H), 4.56 (dd, J = 14.8, 6.2 Hz, 1H),
4.39-4.34 (m, 2H), 3.72 (s, 3H), 3.68 (dd, J=9.8, 4.2 Hz, 1H), 3.57 (s, 2H), 3.44 (d, J=11.2 Hz, 1H), 3.38 (d,
J=4.9 Hz, 1H), 2.84-2.82 (m, 1H), 2.68 (dd, J=15.6, 9.8 Hz, 1H), 2.62-2.60 (m, 1H), 2.53 (d, /=1.2 Hz, 1H),
242 (dd, J=15.4,4.1 Hz, 1H), 2.18-2.14 (m, 1H), 1.83-1.75 (m, 1H), 1.68 (m, 3H), 1.49 (d, /= 15.2 Hz, 1H),
1.03 (dd, J =14.7,3.1 Hz, 1H); C NMR (125 MHz, CDCl3) § 174.2,172.7,171.2, 169.8, 138.3, 134.6, 129.7,
129.4, 128.8, 127.6, 127.5, 88.5, 69.6, 69.4, 68.7, 52.5, 48.1, 43.81, 43.75, 43.6, 40.5, 39.9, 33.2, 32.0, 28.8,
21.3; IR (neat): 3413, 3318, 3085, 3061, 3005, 2950, 2871, 1734, 1647, 1525, 1455, 1369, 1255, 1204, 1171,
843, 763,749, 699 cm™; HRMS (ESI) calcd for C31H36N306" [M + H'] 546.2599, found 546.2606.

Preparation of amide 26b

o)
o
NH i) Pd/C, MeOH ACO wNH
AcO, " H, balloon, rt ng_«o
% —_——
CO,Bn ii) -BUNH,, TCFH N o
N $
) NMI MeCN, it o & _>_
MeO,C 2 steps quant.
27a 26b

Following the representative procedure using amide 27a (429 mg, 0.785 mmol, 1.0 equiv.) and isobutylamine

(95.0 uL, 0.956 mmol, 1.2 equiv.), purification by silica gel column chromatography (hexane:acetone = 70:30
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to EtOAc:MeOH = 97:3) afforded amide 26b (415 mg, 0.811 mmol, 2 steps quant.) as a white amorphous solid.
[o]p 2*7 = 6.7 (c 1.00 in MeOH); 'H NMR (400 MHz, CDCl3) § 7.41-7.25 (m, SH), 6.27 (brs, 1H), 5.33 (d, J =
7.42 Hz, 1H), 4.34-4.31 (m, 1H), 3.74-3.72 (m, 4H), 3.66-3.57 (m, 2H), 3.39 (d, J=5.5 Hz, 2H), 3.17-3.11 (m,
1H), 3.07-3.01 (m, 1H), 2.84 (m, 1H), 2.74 (dd, J = 15.3, 10.0 Hz, 1H), 2.60-2.57 (m, 2H), 2.41 (dd, J=15.6,
4.4 Hz, 1H), 2.08 (d, J=14.8 Hz, 1H), 1.83-1.75 (m, 2H), 1.66 (s, 3H), 1.59 (d, /= 15.3 Hz, 1H), 1.02 (dd, J =
14.4, 2.6 Hz, 1H), 0.90 (d, J = 6.6 Hz, 6H); °C NMR (100 MHz, MeOD) § 175.5, 175.3, 173.7, 172.0, 136.9,
130.1, 129.8, 128.0, 90.0, 70.1, 68.8, 68.7, 52.7,49.5, 48.2, 48.1, 45.0, 43.5, 42.0, 40.4, 34.0, 33.4, 30.0, 29.6,
214, 20.5; IR (neat): 3417, 3297, 3064, 3029, 3004, 2957, 2872, 2844, 1734, 1655, 1530, 1371, 1256, 1052,
1032, 842 cm™; HRMS (ESI) calcd for C2sHzsN3Os™ [M + H]" 512.2755, found 512.2757.

Representative procedure for preparation of amide 25a—d

O,

0 WNH

AcO,
ACO «wNH i) Me3SnOH / O
%, 0 DCE, 80 °C N
e N HN
N o i) -BuNHz, TCFH  o=X,
MeO.G NMI, MeCN, rt NH
2~ 26a { 25a

2 steps 85%

To a solution of amide 26a (40.3 mg, 0.0739 mmol, 1.0 equiv.) in 1,2-dichroloethane (500 uL) was added
trimethyltin hydroxide (23.5 mg, 0.130 mmol, 1.8 equiv.), and the reaction mixture was stirred for 45 min at
80 °C under an argon atmosphere. After this time, another amount of trimethyltin hydroxide (16.5 mg, 0.913
mmol, 1.3 equiv.) and stirred for additional 3 h. The reaction mixture was passed through a pad of silica gel
with MeOH, and the filtrate was concentrated under reduced pressure to afford crude carboxylic acid (37.7 mg)
as a white solid.

To a solution of the crude carboxylic acid (37.7 mg), N-methylimidazole (18.0 uL, 0.228 mmol, 3.1 equiv.),
and benzyllamine (10.0 pL, 0.0915 mmol, 1.2 equiv.) in MeCN (500 pL) was added TCFH (30.4 mg, 0.108
mmol, 1.5 equiv.). After being stirred for 1 h at room temperature under an argon atmosphere, the reaction
mixture was diluted with saturated aqueous NaHCOs3 and the aqueous layer was extracted with EtOAc for three
times. The combined organic layers were washed with brine, dried over Mg2SOs, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography (hexane:acetone =70:30
to EtOAc:MeOH =97:3) to afford amide 25a (28.9 mg, 0.0466 mmol, 2 steps 85%) as a white amorphous solid.
[o]p **? — 1.7 (c 1.00 in MeOH); '"H NMR (400 MHz, MeOD) & 7.37-7.21 (m, 15H), 4.49-4.30 (m, 5H), 3.71
(dd, J=10.1, 3.8 Hz, 1H), 3.55 (s, 2H), 3.49-3.44 (m, 2H), 2.83 (dd, /= 4.9, 3.1 Hz, 1H), 2.74 (dd, /=154,
10.2 Hz, 1H), 2.62-2.53 (m, 3H), 2.15 (d, J=13.5 Hz, 1H), 1.89-1.82 (m, 4H), 1.63 (d, J= 14.8 Hz, 1H), 1.38-
1.34 (m, 1H); *C NMR (100 MHz, MeOD) & 176.4, 175.2, 173.5, 171.8, 140.1, 140.0, 136.9, 130.1, 129.8,
129.6, 129.5, 128.4, 128.3, 128.2, 128.1, 90.3, 70.6, 69.8, 69.0, 49.7, 45.3, 44.2, 43.9, 43.7, 42.0, 41.0, 33.7,
33.5,30.3, 21.4; IR (neat): 3408, 3313, 3085, 3058, 3026, 3006, 2938, 2844, 1734, 1653, 1519, 1454, 1367,
1247,1052, 1032, 843, 748, 697 cm™'; HRMS (ESI) calcd for C37HaiN4Os" [M + H'] 621.3071, found 621.3079.
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Preparation of amide 25b
o

° ANH
NH

AcO,’
ACO . i) Me3SnOH / O
2 o DCE, 80 °C N
— e N HN
N N ii) i-BuNH,, TCFH o=
MeO.G NMI, MeCN, rt NH
¥ 26a y 25b

2 steps 72%
Following the representative procedure using amide 26a and isobutylamine (11.0 pL, 0.110 mmol, 1.3 equiv.),
purification by GPC to affordded amide 25b (36.5 mg, 0.662 mmol, 2 steps 72%) as a white amorphous solid.
[a]p 2" = 9.7 (¢ 0.58 in CHCl3); '"H NMR (400 MHz, CDCl3) & 7.62 (t, J = 6.1 Hz, 1H), 7.37-7.21 (m, 10H),
6.53 (t,J=5.6 Hz, 1H), 5.33 (d, /J=7.5 Hz, 1H), 4.56 (dd, J = 14.8, 6.0 Hz, 1H), 4.42-4.33 (m, 2H), 3.51 (dd,
J=10.3,4.4 Hz, 1H), 3.39 (d, /= 11.0 Hz, 1H), 3.16-2.99 (m, 3H), 2.81 (dd, /= 5.1, 3.3 Hz, 1H), 2.73 (dd, J
=15.6, 10.3 Hz, 1H), 2.63 (brs, 1H), 2.56-2.50 (m, 2H), 2.17 (d, /= 14.0 Hz, 1H), 1.84-1.76 (m, 2H), 1.62 (s,
3H), 1.52 (dt, J = 15.2, 3.0 Hz, 1H), 1.04-1.00 (m, 1H), 0.93 (dd, J = 6.7, 0.8 Hz, 6H); °C NMR (125 MHz,
CDCh) 6 173.2, 172.4, 171.1, 169.4, 138.3, 134.6, 129.7, 129.4, 128.9, 127.9, 127.8, 127.6, 88.8, 70.1, 69.3,
69.1, 48.3, 46.6, 43.9, 43.8, 43.7, 40.6, 40.0, 33.2, 332.0, 28.7, 21.2, 20.3, 20.2; IR (neat): 3407, 3310, 3082,
3061, 3028, 2956, 2937, 2923, 2870, 2843, 1733, 1651, 1524, 1238, 1053, 1032, 699 cm™'; HRMS (ESI) caled
for C3aH43NsOs" [M + H'] 587.3228, found 587.3236.

Preparation of amide 25¢

O,

° ANH
WNH

AcO,
AcQ ' i) Me3SnOH {%_«O
Zﬂ_«o DCE/THF, 80 °C N AV
N~ HN

ii) BANH,, TCFH o= _>—
_>_ NMI, MeCN, rt NH
26b 2 steps 30% 25¢

MeO,C

Following the representative procedure using amide 26b (51.1 mg, 0.0999 mmol, 1.0 equiv.) and benylamine
(14.0 uL, 0.128 mmol, 1.3 equiv.) purification by PTLC (EtOAc:MeOH =97:3) afforded amide 25¢ (17.4 mg,
0.0297 mmol, 2 steps 30%) as a white amorphous solid. [o]p 2! +2.5 (¢ 1.00 in MeOH); '"H NMR (400 MHz,
MeOD) 6 7.36-7.20 (m, 10H), 4.46 (d, J = 14.9 Hz, 1H), 4.36 (d, J = 14.9 Hz, 1H), 4.27 (dt, J =10.8, 3.4 Hz,
1H), 3.70 (dd, J=10.1, 3.7 Hz, 1H), 3.53 (s, 2H), 3.45 (d, /= 5.0 Hz, 1H), 3.40 (d, /= 10.9 Hz, 1H), 3.05-2.96
(m, 2H), 2.78 (dd, J=4.9, 3.1 Hz, 1H), 2.73 (dd, J = 15.6, 10.1, 1H), 2.60-2.52 (m, 3H), 2.10 (d, /= 14.4 Hz,
1H), 1.88-1.76 (m, 5H), 1.63 (d, J= 14.8 Hz, 1H), 1.35 (dd, J = 14.4, 3.2 Hz, 1H), 0.89 (d, J = 6.7 Hz, 6H); "*C
NMR (100 MHz, MeOD) 6 176.3, 175.3, 173.6, 171.8, 140.1, 136.9, 130.1, 129.8, 129.6, 128.5, 128.3, 128.1,
904, 70.5, 69.8, 69.1, 49.8, 48.1, 45.1, 44, 43.6, 42.1, 40.9, 33.9, 33.6, 30.1, 29.6, 21.4, 20.5; IR (neat): 3416,
3319, 3064, 3030, 3003, 2955, 2922, 2870, 2844, 2824, 1733, 1653, 1521, 1247, 1053, 1032, 1016, 843 cm™';
HRMS (ESI) caled for C3sHasNsOs™ [M + H]" 587.3228, found 587.3217.

206



?Udi
|
i

Preparation of amide 25d

o
AcO,’
ACO NH i) MesSnOH / o
”, o DCE/THF, 80 °C i
—_ > HN
N ii) BANH,, TCFH o _>—

$ HN NMI, MeCN, rt NH
MeO2C 1 25
2 steps 64% S/ ¢

M.,

Following the representative procedure using amide 26b (53.1 mg, 0.104 mmol, 1.0 equiv.) and benylamine
(13.0 pL, 0.130 mmol, 1.2 equiv.), purification by silica gel column chromatography (hexane:acetone = 70:30
to EtOAc:MeOH =97:3) afforded amide 25¢ (37.0 mg, 0.0669 mmol, 2 steps 64%) as a white amorphous solid.
[o]p *'° = 10.0 (c 1.00 in MeOH); '"H NMR (400 MHz, MeOD) § 7.67 (t, J = 5.7 Hz, 1H), 7.34-7.23 (m, 5H),
4.29 (dt,J=10.9,3.4 Hz, 1H), 3.64 (dd, J=10.1, 3.8 Hz, 1H), 3.55 (s, 2H), 3.44 (d, /=4.9 Hz, 1H), 3.41 (d, J
=11.0 Hz, 1H), 3.12-2.96 (m, 3H), 2.81-2.79 (m, 1H), 2.71 (dd, /=15.3, 10.2 Hz, 1H), 2.59-2.57 (m, 2H), 2.49
(dd, J=15.4,3.9 Hz, 1H), 2.10 (d, J = 14.6 Hz, 1H), 1.87-1.77 (m, 6H), 1.62 (d, J = 14.9 Hz, 1H), 1.38-1.33
(m, 1H), 0.94-0.89 (m, 12H); “C NMR (100 MHz, MeOD) § 176.2, 175.3, 173.6, 171.8, 136.9, 130.1, 129.8,
128.1, 90.3, 70.5, 69.8, 69.1, 49.8, 48.1, 47.6, 45.1, 43.6, 42.1, 41.0, 33.8, 33.5, 30.1, 29.8, 29.6, 21 .4, 20.5,
20.4; IR (neat): 3407, 3328, 3061, 3026, 3003, 2957, 2937, 2870, 2842, 1734, 1650, 1523, 1455, 1237, 1053,
1032, 1017, 844 cm™; HRMS (ESI) caled for C31HasN4Os* [M + H]" 553.3384, found 553.3386.

Representative procedure for preparation of amide 31a—f

O A}
YY AcO,
AcO «WNH i) Me3SnOH / O
2 0 DCE/THF, 80 °C
—_— N OB
N - ii) BNNH,, TCFH o=\

NMI, MeCN, rt NH

27b 2 steps quant. 31a

s n
MeO,C

To a solution of amide 27b (52.6 mg, 0.102 mmol. 1.0 equiv.) in 1,2-dichroloethane (1.0 mL) was added
trimethyltin hydroxide (29.1 mg, 0.161 mmol, 1.6 equiv.), and the reaction mixture was stirred for 1 h at 80 °C
under an argon atmosphere. After this time, another amount of trimethyltin hydroxide (31.0 mg, 0.171 mmol,
1.7 equiv.). After being stirred for 1 h, the reaction mixture was passed through a pad of silica gel with MeOH,
and the filtrate was concentrated under reduced pressure to afford crude carboxylic acid (56.6 mg) as a white
solid.

To a solution of the crude carboxylic acid (56.6 mg), N-methylimidazole (24.0 puL, 0.304 mmol, 3.0 equiv.),
and benzylamine (13.0 uL, 0.119 mmol, 1.2 equiv.) in MeCN (500 pL) was added TCFH (46.9 mg, 0.175 mmol,
1.6 equiv.). After being stirred for 45 min at room temperature under an argon atmosphere, the reaction mixture
was diluted with saturated aqueous NaHCOs, and the aqueous layer was extracted with EtOAc for three times.

The combined organic layers were washed with brine, dried over Mg2SOs, filtered, and concentrated under
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==
reduced pressure. The residue was purified by silica gel column chromatography (hexane:acetone = 75:25 to
60:40) to afford amide 31a (61.4 mg, 0.104 mmol, 2 steps quant.) as a colorless oil. [a]p *'7 -25.7 (c 1.00 in
CHCls); '"H NMR (400 MHz, CDCl3) § 7.94 (t,J = 5.8 Hz, 1H), 7.35-7.26 (m, 10H), 5.49 (d, J = 8.4 Hz, 1H),
5.15 (s, 2H), 4.51-4.38 (m, 3H), 3.63-3.59 (m, 2H), 3.33 (d, /= 5.0 Hz, 1H), 2.89 (dd, /= 10.4, 15.6 Hz, 1H),
2.83 (t,J=4.4 Hz, 1H), 2.71 (brs, 1H), 2.61 (dd, J=5.1, 15.5 Hz, 1H), 2.49 (d, /= 11.2 Hz, 1H),2.31 (d, J=
13.6 Hz, 1H), 2.09-2.04 (m, 4H), 2.00-1.95 (m, 2H), 1.95-1.88 (m, 1H), 1.40 (d, /= 14.9 Hz, 1H), 1.28-1.24
(m, 1H), 0.95 (d, J = 2.4 Hz, 6H), 0.94 (d, J = 2.5 Hz, 6H); °C NMR (100 MHz, CDCl) § 173.5, 172.8, 171.3,
169.2,138.5,135.7,128.8, 128.8, 128.5, 128.2, 127.9, 127.6, 89.3,70.5, 69.1, 68.4, 67.2,47.9, 46.6,45.6, 43 4,
40.5, 39.6,32.6,31.8, 30.6,26.3,22.7,21.5; IR (neat): 3316, 3061, 3031, 3008, 2954, 2923, 2867, 2842, 2825,
1731, 1653, 1519, 1508, 1454, 1368, 1094, 1054, 1032, 1014, 783, 731, 698 cm™; HRMS (ESI) calcd for
C34HN3O06" [M + H]" 588.3068, found 588.3062.

Preparation of amide 31b

O \
W Aco,
ACO WNH i) MesSnOH / o
%, o DCE/THF, 80 °C N
—_—— N OBn
N 0B

N ii) i-BuNH,, TCFH o=\
NMI, MeCN, rt NH

MeO2(§
27b 2 steps 94% 5/ 31b

Following the representative procedure using amide 27b (64.9 mg, 0.127 mmol. 1.0 equiv.) and isobutylamine
(15.0 puL, 0.150 mmol, 1.2 equiv.), purification by silica gel column chromatography (hexane:acetone = 75:25
to 60:40) afforded amide 31b (65.9 mg, 0.119 mmol, 2 steps 94%) as a colorless oil. [a]p *** -19.0 (¢ 1.00 in
CHCIs); 'H NMR (400 MHz, CDCl3) § 7.69 (t, J= 6.0 Hz, 1H), 7.39-7.30 (m, 5H), 5.50 (d, J = 8.4 Hz, 1H),
5.17 (s, 2H), 4.53-4.48 (m, 1H), 3.66 (d, J = 11.0 Hz, 1H), 3.55 (dd, /= 5.1, 10.3 Hz, 1H), 3.34 (d, /J=5.1 Hz,
1H), 3.07 (t, J= 6.5 Hz, 2H), 2.91-2.84 (m, 2H), 2.71 (brs, 1H), 2.58-2.49 (m, 2H), 2.33-2.30 (m, 1H), 2.13-
2.05 (m, 4H), 2.02-2.00 (m, 2H), 1.95-1.89 (m, 1H), 1.84-1.74 (m, 1H), 1.41-1.38 (m, 1H), 1.27-1.23 (m, 1H),
0.96 (d, J= 6.4 Hz, 6H), 0.91 (d, J= 6.7 Hz, 6H); *C NMR (125 MHz, CDCl3) § 173.4, 172.9, 171.3, 169.2,
135.7,128.8, 128.5, 128.3, 89.3, 70.5, 69.2, 68 .4, 67.3, 47.8, 46.6, 46.6, 45.6, 40.6, 39.7, 32.6,31.8, 30.6, 28.7,
26.4,22.7,22.7,21.5,20.3,20.2; IR (neat): 3437, 3322, 3063, 3032, 3005, 2956, 2869, 1732, 1653, 1522, 1464,
1368, 1244,1059, 1032, 733, 697 cm™'; HRMS (ESI) calcd for C31H44N3Os" [M + H]" 554.3225, found 554.3222.
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Preparation of amide 31c

Oy J: ]
0
i) Me3SnOH NH
NH DCE/THF, 80 °C  AcO o
ACO,’ * [ - “,
7 i) PANH,, TCFH CO,Bn
N CO,Bn NMI, MeCN, rt \—N
3 [e=N
MeO,C 2 steps 79% H/@

27¢ 31c

Following the representative procedure using amide 27¢ (107 mg, 0.201 mmol. 1.0 equiv.) and aniline (22.0
pL, 0.241 mmol, 1.2 equiv.), purification by silica gel column chromatography (hexane:EtOAc = 60:40 to
50:50) to afford amide 31¢ (94.3 mg, 0.159 mmol, 2 steps 79%) as a white amorphous solid. [a]p *** -28.2 (c
1.02 in CHCl3); '"H NMR (400 MHz, CDCl3) § 9.62 (s, 1H), 7.74-7.71 (m, 2H), 7.62-7.60 (m, 2H), 7.52-7.48
(m, 1H), 7.45-7.29 (m, 9H), 7.09 (t, J/ =7.4 Hz, 1H), 6.34 (d, J = 8.4 Hz, 1H), 5.23 (s, 2H), 4.76-4.70 (m, 1H),
3.79 (d,J=11.2 Hz, 1H), 3.71 (dd, J =5.2,10.5 Hz, 1H), 3.56 (d, J = 5.4 Hz, 1H), 3.12 (t, J =4.6 Hz, 1H), 2.99
(dd, /=10.6, 15.7 Hz, 1H), 2.80 (brs, 1H), 2.69 (dd, J=5.2, 15.6 Hz, 1H), 2.63 (d, J = 11.2 Hz, 1H), 2.42-2.39
(m, 1H),2.07-2.03 (m, 4H), 1.49-1.41 (m, 2H); "C NMR (100 MHz, CDCl3) § 172.8, 171.6, 169.1, 166.3, 137.6,
135.6, 134.5, 131.8, 129.1, 128.9, 128.8, 128.5, 128.3, 126.7, 124.4, 119.3, 89.4, 70.9, 69.2, 68.5, 67.4, 47.7,
45.5,40.6, 40.3,32.7,31.9,30.4, 21.5; IR (neat): 3438, 3264, 3059, 3031, 2954, 2885, 1730, 1660, 1600, 1519,
1486, 1442, 1240, 1091, 1030, 911, 753, 731, 695 cm™; HRMS (ESI) caled for C3sHzsN3Os ™ [M + H]"594.2599,
found 594.2592.

Preparation of amide 31d

O@
o)
ﬁ)@ i) Me3SnOH

NH

NH DCE/THF, 80 °C  AcO
ACO” * —_— K
/ i) PACH,CH,NH,, CO,Bn
N CO,Bn TCFH, NMI \—N
N MeCN, rt 3
$ ' o=\
MeO,C 2 steps 79% H’\/Q
27c 31d

Following the representative procedure using amide 27¢ (118 mg, 0.222 mmol. 1.0 equiv.) and 2-
phenylethylamine (34.0 pL, 0.269 mmol, 1.2 equiv.), purification by silica gel column chromatography
(hexane:acetone = 75:25 to hexane:EtOAc = 30:70) afforded amide 31d (110 mg, 0.177 mmol, 2 steps 80%) as
a white amorphous solid. [a]p " -8.51 (c 0.67 in MeOH); 'H NMR (500 MHz, CDCl3) § 7.74 (d, J = 7.0 Hz,
2H), 7.65 (t,J=5.8 Hz, 1H), 7.54 (t, J=7.3 Hz, 1H), 7.48 (t, / =7.5 Hz, 2H), 7.41-7.32 (m, 5H), 7.18-7.12 (m,
4H), 7.01 (t,J=7.3 Hz, 1H), 6.30 (d, J=8.5 Hz, 1H), 5.20 (s, 2H), 4.71-4.67 (m, 1H), 3.58-3.41 (m, 4H), 3.27
(d,J=4.6 Hz, 1H), 2.95-2.74 (m, 5H), 2.51-2.47 (m, 2H), 2.32 (d, J = 15.7 Hz, 1H), 2.09 (s, 3H)1.98 (t, J =
12.5 Hz, 1H), 1.42-1.38 (m, 2H); *C NMR (125 MHz, CDCl:) & 173.5, 172.9, 169, 166.3, 139, 135.7, 134.6,
131.9, 128.9, 128.9, 128.8, 128.5, 128.5, 128.2, 126.7, 126.5, 89.3, 70.5, 69, 68.3, 67.3, 47.6, 45.3, 40.8, 40.3,
40.3,35.6,32.7,31.8,30.5,21.5; IR (neat): 3433, 3355, 3082, 3060, 3026, 1725, 1650, 1519, 1485, 1455, 1367,
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1240, 1093, 1066, 1032, 842, 749, 699 cm™; HRMS (ESI) caled for C37H39N30sNa’ [M + Na]* 644.2731, found
644.2729.

Preparation of amide 31e

O,
i) Me3SnOH

o
NH DCE/THF, 80 °C  AcO wNH

AcO, * [ . 2

% ii) PHNH,, TCFH </<%—cozsn

<jg—cozsn NMI, MeCN, rt N
MeOzé 2 steps 83% Oﬁ\u’@

27a 31e

Following the representative procedure using amide 27a (130 mg, 0.238 mmol. 1.0 equiv.) and aniline (30
pL, 0.329 mmol, 1.4 equiv.), purification by silica gel column chromatography (hexane:acetone = 75:25 to
hexane:EtOAc = 30:70) afforded amide 31e (120 mg, 0.197 mmol, 2 steps 83%) as a white amorphous solid.
[o]p **7 -8.7(c 0.904 in MeOH); '"H NMR (400 MHz, MeOD) § 7.61 (d, J = 7.6 Hz, 2H), 7.39-7.24 (m, 10H),
7.18-7.12 (m, 2H), 5.20 (d, J = 12.3 Hz, 1H), 5.16 (d, J=12.3 Hz, 1H), 4.31 (td,J=3.2, 10.9 Hz, 1H), 3.80
(dd, J=3.9, 10.1 Hz, 1H), 3.73 (d, /= 11.1 Hz, 1H), 3.54 (s, 2H), 3.51 (d, J=5.0 Hz, 1H), 2.86 (dd, J= 3.6,
4.8 Hz, 1H), 2.74 (dd, J=10.1, 15.4 Hz, 1H), 2.66 (d, /= 11.1 Hz, 1H), 2.61 (dd, J=4.0, 15.4 Hz, 1H), 2.56
(brs, 1H), 2.28 (d, J=15.0 Hz, 1H), 1.90-1.82 (m, 4H), 1.59 (d, J= 14.9 Hz, 1H), 1.35 (dd, J=2.9, 14.5 Hz,
1H). "C NMR (125 MHz, CDCl:) § 172.7,171.5,170.1, 169.2, 137.6, 135.5, 134.7, 129.6, 129.3, 129.1, 128.7,
128.4,128.2, 127.7,124.3, 119.3, 88.7, 70.7, 68.8, 68.3, 67.3, 47.6, 45.4, 44, 40.2, 39.8, 32.4, 31.6, 29.5, 21.0;
IR (neat): 3451, 3290, 3059, 3028, 2968, 2949, 2880, 1735, 1663, 1599, 1499, 1412, 1367, 1231, 1092, 753,
696 cm™; HRMS (ESI) calcd for C3sH3sNsOs™ [M + H]" 608.2755, found 608.2757.

Preparation of amide 31f

0,
o,
i) Me3SnOH NH
NH DCE/THF, 80 °C  AcO N
ACO,‘ * —_— “
7 i) C3H5CH,NH,, CO,Bn
N CO,Bn TCFH, NMI N
MeCN, rt s

MeO,C a7a 2 steps 78% Oz\u’» a1
Following the representative procedure using amide 27a (120 mg, 0.220 mmol. 1.0 equiv.) and
cyclopropylmethylamine (100 pL, 1.17 mmol, 5.3 equiv.), purification by silica gel column chromatography
(hexane:acetone = 75:25 to hexane:EtOAc = 25:75) afforded amide 31f (101 mg, 0.172 mmol, 2 steps 78%) as
a white amorphous solid. [a]o ”* -10.4 (c 1.00 in MeOH); "H NMR (500 MHz, CDCl3) & 7.66 (t, J= 5.5 Hz,
1H), 7.40-7.31 (m, 7H), 7.29-7.27 (m, 1H), 7.24-7.23 (m, 2H), 5.43 (d, J = 8.6 Hz, 1H), 5.18 (d, /= 12.5 Hz,
1H), 5.15 (d, J = 12.4 Hz, 1H), 4.52-4.47 (m, 1H), 3.65 (d, /= 11.0 Hz, 1H), 3.61 (d, /= 16.8 Hz, 1H), 3.57
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(d,J=16.5 Hz, 1H), 3.49 (dd, J=5.0, 10.3 Hz, 1H), 3.17-3.05 (m, 3H), 2.88 (t, /= 4.4 Hz, 1H),2.77 (dd, J =
10.5, 15.7 Hz, 1H), 2.61 (brs, 1H), 2.48-2.41(m, 2H), 2.26 (dd, J = 1.3, 14.8 Hz, 1H), 1.83-1.77 (m, 1H), 1.58
(s, 3H), 1.35-1.32 (m, 1H), 1.05-1.02 (m, 1H), 1.00-0.93 (m, 1H), 0.55-0.53 (m, 2H), 0.24-0.21 (m, 2H); *C
NMR (125 MHz, CDCls) § 1734, 173, 170.1, 169.3, 135.7, 134.9, 129.7, 129.3, 128.8, 128.5, 128.2, 127.7,
88.8,70.3,68.8, 68.4, 67.3,47.7,45.5,44.1,44,40.4,39.8,32.5,31.6,29.7,21.1,10.8,3.5, 3.4; IR (neat): 3325,
3082, 3061, 3026, 2969, 2933, 2872, 1736, 1717, 1644, 1576, 1525, 1487, 1455, 1363, 1277, 1108, 1076, 1044
cm’'; HRMS (ESI) caled for C3aHawoN:Os™ [M + H]* 586.2912, found 586.2919.

Representative procedure for preparation of amide 25e—o

m i) Pd/C, MeOH WNH

. AcO, )
Aco,</<'@7 H,, balloon, rt % o
% —_——
CO.Bn ii) BANH,, TCFH N
N 2 NMI, MeCN, rt HN

o=
2 steps 89% NH
NH 31a @// 25e

To a solution of amide 31a (42.4 mg, 0.0721 mmol, 1.0 equiv.) in MeOH (700 pL) was added Pd/C (5.6 mg,

13wt%) and stirred for 3.5 h at room temperature under H2 atmosphere. The reaction mixture was passed through

.

O

a pad of Celite®, and the filtrate was concentrated under reduced pressure to afford crude carboxylic acid (43.5
mg).

To a mixture of the crude carboxylic acid (43.5 mg), N-methylimidazole (17.0 pL, 0.215 mmol, 3.0 equiv.),
and benzylamine (9.0 puL, 0.0823 mmol, 1.1 equiv.) in MeCN (500 pL) was added TCFH (43.8 mg, 0.156 mmol,
2.2 equiv.). After being stirred for 17 h at room temperature under an argon atmosphere, the reaction mixture
was diluted with saturated aqueous NaHCO3, and the aqueous layer was extracted with EtOAc for three times.
The combined organic layers were washed with brine, dried over Mg2SOs, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (hexane:acetone = 70:30 to
EtOAc:MeOH = 98:2) to afforded amide25e (37.8 mg, 0.0644 mmol, 2 steps 89%) as a white amorphous solid.
[o]p 2*? +7.9 (¢ 1.00 in MeOH); '"H NMR (400 MHz, CDCl3) & 7.88 (t,J = 5.9 Hz, 1H), 7.34-7.22 (m, 10H),
6.77 (t,J=5.2 Hz, 1H), 5.37 (d, J= 7.1 Hz, 1H), 4.54 (dd, J= 5.9, 14.7 Hz, 1H), 4.56-4.31 (m, 4H), 3.60
(dd, J=4.8,9.1 Hz, 1H), 3.38 (d, /= 11.1 Hz, 1H), 3.29 (d, /= 4.9 Hz, 1H), 2.81-2.70 (m, 4H), 2.55 (d,J =
11.2 Hz, 1H),2.16 (d, J = 14.8 Hz, 1H), 2.07-1.99 (m, 6H), 1.93-1.86 (m, 1H), 1.61 (d, J=15.0 Hz, 1H), 1.28-
1.24 (m, 1H), 0.95-0.92 (m, 6H); *C NMR (100 MHz, CDCl3) § 173.1, 172.7,172.6, 169.5, 138.5, 138.4, 128 8,
127.9, 127.8, 127.6, 127.5, 89.3, 69.9, 69.1, 69, 48.5, 46.2, 43.7, 43.5, 40.7, 39.7, 33.4, 32.2, 28.9, 26.3, 22.6,
22.6, 21.7; IR (neat): 3319, 3008, 2965, 2866, 2844, 2824, 1736, 1718, 1647, 1634, 1540, 1455, 1317, 1240,
1054, 1032, 1013783, 698 cm™'; HRMS (ESI) caled for C3aHasN4Os* [M + H]" 587.3228, found 587.3229.
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Preparation of amide 25f
0
0 Y'Y
m i) Pd/C, MeOH AcO wNH
AcO, " H, balloon, rt Z%_«O
2 >
| CO,Bn ii) BANH,, TCFH N AV

\ NMI, MeCN, rt _F

s O=A
o=\ 2 steps 78% NH
7//NH 31b V 25f

Following the representative procedure using amide 31b (64.7 mg, 0.110 mmol, 1.0 equiv.) and benzylamine
(13.0 uL, 0.119 mmol, 1.1 equiv.), purification by silica gel column chromatography (hexane:acetone = 75:25
to EtOAc:MeOH = 98:2) afforded amide 25f (47.4 mg, 0.0858 mmol, 2 steps 89%) as a white amorphous solid.
[o]p *"' = 21.7 (c 1.00 in MeOH); 'H NMR (400 MHz, CDCls) § 7.63 (t,J = 6.0 Hz, 1H), 7.33-7.24 (m, 5H),
6.82 (t,J=5.6 Hz, 1H), 5.42 (d,J= 7.0 Hz, 1H), 4.54 (dd, J= 6.0, 14.8 Hz, 1H), 4.41-4.32 (m, 2H), 3.53
(dd, J=4.2,9.7 Hz, 1H), 3.41 (d, J=11.0 Hz, 1H), 3.31 (d, /= 4.9 Hz, 1H), 3.14-3.07 (m, 1H), 3.03-2.97 (m,
1H), 2.88 (dd, /= 3.1, 4.7 Hz, 1H), 2.77-2.63 (m, 3H), 2.55 (d, /= 11.1 Hz, 1H), 2.19-1.98 (m, 7H), 1.92-1.85
(m, 1H), 1.82-1.72 (m, 1H), 1.61 (d, J = 14.9 Hz, 1H), 1.27-1.24 (m, 1H), 0.95 (d, /= 4.4 Hz, 6H), 0.89 (d, J =
6.7 Hz, 6H); “C NMR (100 MHz, CDCl3) § 173.1, 172.9, 172.8, 169.6, 138.4, 128.8, 127.9, 127.5, 89.3, 69.9,
69.2, 68.9,48.4,46.6, 46.2,43.7, 43.6, 40.8, 39.8,33.4, 32.2, 28.9, 28.7, 26.3, 22.6, 22.5, 21.6, 20.2, 20.2; IR
(neat): 3423, 3317, 3062, 3026, 3005, 2956, 2923, 2869, 2826, 1733, 1652, 1524, 1464, 1369, 1248, 1054, 1032,
1017, 845 cm™: HRMS (ESI) calcd for C31HasN4Os™ [M + H]" 553.3384, found 553.3381.

Preparation of amide 25g

o)
o) W
m i) Pd/C, MeOH AGO WNH

Acoiﬁg; H, balloon, rt Zﬁ%_«o

% —_——

CO.,Bn ii) -BUNH,, TCFH N
N z NMI, MeCN, rt _§ HN
_§ o=\

(o= 2 steps 64% NH

NH 31a 25¢g

o

Following the representative procedure using amide 31a (58.8 mg, 0.100 mmol, 1.0 equiv.) and isobutylamine
(11.0 uL, 0.110 mmol, 1.1 equiv.), purification by silica gel column chromatography (hexane:acetone = 70:30
to EtOAc:MeOH = 98:2) afforded amide 25g (35.3 mg, 0.0639 mmol, 2 steps 64%) as a white amorphous solid.
[o]p 22— 1.8 (¢ 1.00 in MeOH); 'H NMR (400 MHz, CDCl3) 8 7.89 (t, J=5.7 Hz, 1H), 7.35-7.28 (m, 5H), 6.44
(t,J=5.3 Hz, 1H), 5.35 (d, J=7.7 Hz, 1H), 4.50-4.39 (m, 2H), 4.33-4.29 (m, 1H), 3.62 (dd, J=5.2, 8.6 Hz,
1H),3.35(d,J=11.1 Hz, 1H), 3.30 (d, J=4.8 Hz, 1H), 3.10 (t, /= 6.3 Hz, 2H), 2.82-2.75 (m, 4H), 2.57 (d, J =
11.2 Hz, 1H), 2.14-2.00 (m, 7H), 1.92-1.78 (m, 2H), 1.65 (d, J = 15.2 Hz, 1H), 1.28-1.25 (m, 1H), 0.95-0.90
(m, 12H); *C NMR (100 MHz, CDCl3) § 173.1, 172.9, 172.8, 169.6, 138.6, 128.8, 127.9, 127.6, 89.4, 69.9,
69.2,48.5,47.1,46.2,43.5,43.4,40.8,39.7,33.6, 32.3, 28.8, 28.6, 26.4, 22.6, 22.6, 21.7, 20.3, 20.3; IR (neat):
3322, 2980, 2965,2922, 2867, 2843, 1733, 1653, 1637, 1540, 1508, 1362, 1238, 1054, 1032, 1013 cm™'; HRMS
(ESI) caled for C31HasN4Os™ [M + H]" 553.3384, found 553.3386.
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Preparation of amide 25h

0
o YY
I\r i) Pd/C, MeOH AGO wNH
AcQ, " H, balloon, rt Zﬁ@_«o
% _—
N CO,Bn ii) -BuNH2, TCFH \—N HN

\ NMI, MeCN, rt _§
s o=
o=\ 2 steps 68% NH

Following the representative procedure using amide 31b (50.8 mg, 0.0917 mmol, 1.0 equiv.) and
isobutylamine (10.0 pL, 0.0998 mmol, 1.1 equiv.) purification by silica gel column chromatography
(hexane:acetone = 70:30 to EtOAc:MeOH = 98:2) afforded amide 25h (32.6 mg, 0.0628 mmol, 2 steps 68%)
as a white amorphous solid. [o]p *'” — 9.4 (c 0.705 in MeOH); 'H NMR (400 MHz, CDCls3) § 7.63 (t, J= 6.0
Hz, 1H), 6.47 (t,J = 5.5 Hz, 1H), 5.39 (d, J= 6.8 Hz, 1H), 4.34-4.30 (m, 1H), 3.56 (dd, J = 4.6, 9.9 Hz, 1H),
3.39 (d,J=11.1 Hz, 1H), 3.31 (d, J=4.9 Hz, 1H), 3.16-3.06 (m, 3H), 3.04-2.97 (m, 1H), 2.85 (dd, /=2.9, 4.9
Hz, 1H), 2.78-2.65 (m, 3H), 2.58 (d, J = 11.1 Hz, 1H), 2.13-2.01 (m, 7H), 1.92-1.75 (m, 3H), 1.65 (d, /= 14.9
Hz, 1H), 1.28-1.24 (m, 1H), 0.97-0.89 (m, 18H). *C NMR (100 MHz, CDCl3) § 173, 173, 172.8, 169.5, 89.4,
69.9,69.3,69.2,48.5,47.1,46.6,46.2,43.3,40.9,39.7, 33.6,32.2, 28.8, 28.6,26.4,22.7,22.5,21.7, 20.3,20.3,
20.2, 20.2; IR (neat): 3416, 3326, 2957, 2936, 2870, 2843, 1734, 1652, 1525, 1465, 1369, 1248, 1053, 1032,
1015, 846 cm™; HRMS (ESI) caled for C2sHa7N4Os™ [M + H]" 519.3541, found 519.3538.

i ) Pd/C, MeOH

H, balloon, rt AcO
—> _<
CO,Bn i) i-PrNH,, TCFH
NMI, MeCN, rt
Oﬁl 2 steps quant. oz\ @
H

31c

Preparation of amide 25i

Following the representative procedure using amide 31c (77.2 mg, 0.130 mmol, 1.0 equiv.) and
isopropylamine (100 pL, 1.17 mmol, 9.0 equiv.), purification by silica gel column chromatography
(hexane:acetone =70:30 to EtOAc:MeOH = 95:5) afforded amide 25i (70.5 mg, 0.129 mmol, 2 steps quant.) as
a white amorphous solid. [a]p *** — 14.5 (c 0.994 in MeCN); 'H NMR (400 MHz, CDCl3) § 9.57 (brs, 1H), 7.74-
7.71 (m, 2H), 7.61-7.59 (m, 2H), 7.54-7.51 (m, 1H), 7.47-7.43 (m, 2H), 7.33-7.29 (m, 2H), 7.09 (t,J = 7.4 Hz,
1H), 6.30 (d, J=7.6 Hz, 1H), 6.11 (d, J=7.2 Hz, 1H), 4.58-4.51 (m, 1H), 4.19-4.09 (m, 2H), 3.72 (dd, J=4.3,
9.8 Hz, 1H), 3.53-3.50 (m, 2H), 3.03 (dd, /= 3.1, 5.0 Hz, 1H), 2.89 (dd, /=9.9, 15.7 Hz, 1H), 2.83-2.78 (m,
2H), 2.68 (d, J = 11.2 Hz, 1H), 2.25 (d, J = 14.3 Hz, 1H), 2.08-1.99 (m, 4H), 1.70-1.66 (m, 2H), 1.43 (dd, J =
3.2,14.7 Hz, 1H), 1.28-1.22 (m, 7H); *C NMR (100 MHz, CDCl:) § 171.7, 171.3, 169.5, 167.8, 137.8, 134.1,
132.1, 129.2, 129, 126.8, 124.4, 119.4, 89.5, 70.5, 69.2, 48.4,43.7,41.9, 41.3, 39.8, 33.5,32.4, 29,22 .8,22.8,
21.7; IR (neat, cm™): 3547, 3474, 3412, 2965, 2939, 2844, 2827, 1732, 1646, 1522, 1444, 1370, 1053, 1032,
1014, 841; HRMS (ESI) calcd for C51H37NsOs™ [M + H]" 545.2758, found 545.2757.
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Preparation of amide 25j
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H H
31d -

Following the representative procedure using amide 31d and isopropylamine (100 pL, 1.17 mmol, 10.5
equiv.), purification by silica gel column chromatography (hexane:acetone = 70:30 to EtOAc:MeOH = 97:3)
afforded amide 25j (33.1 mg, 0.0578 mmol, 2 steps 52%) as a white amorphous solid [o]p *** + 14.2 (c 0.720
in MeOH); "H NMR (500 MHz, CDCls) & 7.76-7.75 (m, 2H), 7.62-7.55 (m, 2H), 751-7.42 (m, 2H), 7.17-7.12
(m, 4H), 6.98-6.94 (m, 1H), 6.21 (d, J=7.7 Hz, 1H), 6.11 (d, J=7.3 Hz, 1H), 4.53-4.48 (m, 1H), 4.14-4.08 (m,
1H), 3.56-3.49 (m, 2H), 3.45-3.38 (m, 1H), 3.30 (d, /= 11.2 Hz, 1H), 3.20 (d, J = 5.0 Hz, 1H), 2.87-2.74 (m,
5H), 2.62 (dd, J = 15.6, 4.3 Hz, 1H), 2.53 (d, J = 11.1 Hz, 1H), 2.18 (d, /= 14.0 Hz, 1H), 2.10 (s, 3H), 2.01-
1.95 (m, 1H), 1.59 (d, J=15.1 Hz, 1H), 1.40 (dd, J=3.1, 14.6 Hz, 1H), 1.25 (d,J= 7.3 Hz, 3H), 1.20 (d, J =
6.5 Hz, 3H); *C NMR (125 MHz, CDCl3) §173.3, 171.8, 169.4, 167.6, 139.1, 134.2, 132.1, 129, 129, 128.5,
126.8, 126.5, 89.4, 70, 69.2, 69, 48.2,43.5,41.8, 41.2, 40.4, 40, 35.6, 33.3, 32.3, 29, 22.8,22.7,21.7; IR (neat,
cm™): 3423, 3337, 3064, 3027, 2968, 2938, 2875, 1730, 1650, 1523, 1484, 1462, 1371, 1248, 1174, 1028, 842,
751, 702; HRMS (ESI) calcd for C33HaiN+Os™ [M + H]" 573.3071, found 573.3077.

Preparation of amide 25k

o o
NH i) Pd/C, MeOH
\

AcO, ' H, balloon, rt AcO, .
" it) p-fi il / HN_O_F
CO,Bn i) p-fluoroaniline
N z TCFH, NMI N Y
g MeCN, rt 3
Of\ Of\
N 2 steps quant. N
H H

31e 25k

Following the representative procedure using amide 31e (101 mg, 0.166 mmol, 1.0 equiv.) and p-fluoroaniline
(25 pL, 0.264 mmol, 1.6 equiv.), purification with PTLC (hexane:EtOAc = 30:70) afforded amide 25k (96.7
mg, 0.158 mmol, 2 steps quant.) as a white amorphous solid. [a]o **° + 6.6 (c 0.90 in CHCI3); "H NMR (400
MHz, CDCl3) 8 9.55 (s, 1H), 8.37 (s, 1H), 7.73-7.63 (m, 2H), 7.64 (d, J = 7.8 Hz, 2H), 7.40-7.35 (m, 4H), 7.31-
7.28 (m,3H), 7.15 (t, J=7.4 Hz, 1H), 7.04 (t, J = 8.6 Hz, 2H), 5.33 (d, J = 6.6 Hz, 1H), 4.42-4.40 (m, 1H), 3.71
(dd, J=5.0,9.4 Hz, 1H), 3.67 (s, 2H), 3.59 (d, J=11.1 Hz, 1H), 3.28 (d, /= 5.0 Hz, 1H), 3.05 (dd, /=2.5,4.9
Hz, 1H), 2.79-2.69 (m, 4H), 2.19 (d, J = 15.8 Hz, 1H), 1.88-1.81 (m, 1H), 1.76-1.71 (m, 4H), 1.10-1.07 (m,1H);
C NMR (100 MHz, CDCl3) 6 172.3, 171.2, 171, 169.4, 159.7 (d, J = 244 Hz), 137.8, 134.3, 134.1 (d,J = 2.3
Hz), 129.7, 129.5, 129.3, 128, 124.5,121.9 (d, J=7.7 Hz), 1194, 115.8 (d, J = 22.5 Hz), 88.6, 70.5, 69, 68.9,
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49.3,43.8,42.9,41.1,39.4,33.5,32.4,27.8,21.3; °F NMR (376 MHz, CDCl3) § -117.7; IR (neat, cm™): 3289,
3028, 2969, 2945, 2873, 1736, 1663, 1600, 1509, 1443, 1367, 1232, 1162, 1092, 1034, 834, 755, 695; HRMS
(ESI) caled for C3sHisFNsOs”™ [M + H] 611.2664, found 611.2652.

Preparation of amide 251

O, O,
NH i) Pd/C, MeOH

AcO, “ H, balloon, rt
oA @ Mze (s:th: 75% oA @

Following the representative procedure using amide 31e (33.1 mg, 0.0545 mmol, 1.0 equiv.) and 4-
fluorobenzyleamine (10.0 pL, 0.0879 mmol, 1.6 equiv.) purification by silica gel column chromatography
(hexane:acetone = 75:25 to EtOAc:MeOH = 95:5) afforded amide 251 (25.4 mg, 0.0407 mmol, 2 steps 75%) as
a white amorphous solid. [a]o *** — 2.6 (c 0.99 in CHCl3); 'H NMR (400 MHz, CDCls) § 9.55 (s, 1H), 7.63
(d, J=7.7 Hz, 2H), 7.38-7.27 (m, 6H), 7.24-7.22 (m, 3H), 7.14 (t, /= 7.4 Hz, 1H), 7.02 (t, /= 8.7 Hz, 2H), 6.65
(t,J=5.4Hz, 1H), 5.33 (d,J=7.2 Hz, 1H), 4.50 (dd, /= 5.9, 14.7 Hz, 1H), 4.42-4.32 (m, 2H), 3.66 (dd, J =
4.3,10.2 Hz, 1H), 3.58 (s, 2H), 3.47 (d, J = 11.1 Hz, 1H), 3.20 (d, /= 5.0 Hz, 1H), 2.89 (dd, J=3.2,4.9 Hz,
1H), 2.79 (dd, J=10.3, 15.7 Hz, 1H), 2.67-2.61 (m, 3H), 2.18 (d, J = 14.2 Hz, 1H), 1.84-1.77 (m, 2H), 1.64 (m,
3H), 1.57 (d, J=15.0 Hz, 1H), 1.04 (dd, J = 3.0, 14.7 Hz, 1H); ?C NMR (100 MHz, CDCl3) § 172.5, 171.6,
171.4,162.4 (d, J=245.9 Hz), 161.1, 137.8, 134.5, 134.1 (d, /= 3.2 Hz), 129.7, 129.6 (d, J = 8.2 Hz), 129.5,
129.2,127.9,124.5, 119.4, 115.8 (d, J=21.6 Hz), 88.8, 70.6, 69.3, 68.9, 48.3,43.9,43.7,43.1,40.7,39.8, 33.2,
32.2,28.6,21.2; YF NMR (376 MHz, CDCl3) § -115.0; IR (neat, cm™): 3414, 3297, 3059, 3028, 3005, 2968,
2943, 2875, 1735, 1654, 1600, 1519, 1443, 1368, 1229, 846, 756, 695; HRMS (ESI) calcd for C3sH3sFNsOs "
[M + H]" 625.2821, found 625.2823.

Preparation of amide 25m

o o
NH i) Pd/C, MeOH

AcO, o H, balloon, rt
% —_— ‘
&cozsn ii) 3-fluorobenzylamine
TCFH, NMI
MeCN, rt
Oﬁ\ ’@ 2 steps 90% Oﬁ\ @
Following the representative procedure using amide 31le (36.9 mg, 0.0607 mmol, 1.0 equiv.) and 3-

fluorobenzyleamine (10.0 uL, 0.0887 mmol, 1.5 equiv.), purification by GPC afforded amide 25m (34.2 mg,
0.0547 mmol, 2 steps 90%) as a white amorphous solid. [o]p *** —2.45 (c 1.02 in CHCI3); 'H NMR (400 MHz,
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CDCls) §9.54 (s, 1H), 7.63 (d, J = 7.7 Hz, 2H), 7.38-7.28 (m, 5H), 7.24-7.22 (m, 3H), 7.15-7.09 (m, 2H), 7.03-
6.94 (m, 2H), 6.81 (t, J= 5.7 Hz, 1H), 5.34 (d, J= 7.2 Hz, 1H), 4.57 (dd, J= 6.1, 15.0 Hz, 1H), 4.43-4.33 (m,
2H), 3.66 (dd, J = 4.4, 10.2 Hz, 1H), 3.58 (s, 2H), 3.48 (d, J= 11.0 Hz, 1H), 3.20 (d,J = 5.0 Hz, 1H), 2.90
(dd, J=3.2, 4.9 Hz, 1H), 2.79 (dd, J = 10.3, 15.6 Hz, 1H), 2.68-2.63 (m, 3H), 2.19 (d, J = 15.1 Hz, 1H), 1.85-
1.78 (m, 1H), 1.65 (s, 3H), 1.59 (d, J= 15.2 Hz, 1H), 1.05 (dd, J = 2.9, 14.6 Hz, 1H); 3C NMR (125 MHz,
CDCl5) 8 172.5, 171.6, 1714, 169.4, 163.1 (d, J = 246.2 Hz), 140.9 (d, J= 6.9 Hz), 137.7, 134.4, 130.4 (d, J =
8.0 Hz), 129.6, 129.4, 129.2, 127.9, 124.4, 123.3 (d, J = 2.8 Hz), 119.4, 114.6 (d, J = 12.4 Hz), 114.5 (d, J =
11.9 Hz), 88.7, 70.5, 69.3, 68.9, 48.3, 43.8, 43.5, 43.2 (d, J = 1.9 Hz), 40.8, 39.7, 33.1, 32.1, 28.5, 21.2; "°F
NMR (376 MHz, CDCL3) § -112.7; IR (neat, cm™): 3409, 3289, 3082, 3059, 3028, 2936, 2875, 1734, 1652,
1599, 1519, 1443, 1368, 1233, 1030, 754, 696; HRMS (ESI) calcd for C3sHssFN:Os™ [M + H]' 625.2821, found
625.2824.

Preparation of amide 25n

) Pd/C, MeOH

H2 balloon, rt
CO,Bn p an|3|d|ne C
CFH, NMI
MeCN rt

2 steps 73%
H H
’» 31 25n

Following the representative procedure using amide 30f and p—anlsldlne (31.6 mg, 0.257 mmol, 1.9 equiv.),
purification by PTLC (EtOAc = 100%) afforded amide 4v (58.5 mg, 0.0974 mmol, 2 steps 73%) as a white
amorphous solid [a]o *** +2.4 (c 0.83 in MeOH); "H NMR (500 MHz, MeOD) § 7.43 (d, J=9.1 Hz, 2H), 7.33-
7.32 (m, 4H), 7.27-7.23 (m, 1H), 6.87 (d, J=9.0 Hz, 2H), 4.38 (td, J = 3.5, 11.0 Hz, 1H), 3.77 (s, 3H), 3.67
(dd, /=3.8,10.1 Hz, 1H), 3.57 (s, 2H), 3.52 (d, /=11.0 Hz, 1H), 3.49 (d, /J=5.0 Hz, 1H), 3.10 (d, /= 6.9 Hz,
1H), 2.93 (dd, J= 3.1, 5.0 Hz, 1H), 2.75-2.68 (m, 2H), 2.61 (brs, 1H), 2.53 (dd,J = 3.8, 15.4 Hz, 1H), 2.20
(d,J=14.5 Hz, 1H), 1.89-1.86 (m, 4H), 1.72 (d, J = 14.7 Hz, 1H), 1.38 (dd, /= 3.3, 14.4 Hz, 1H), 1.05-0.99
(m, 1H), 0.52-0.49 (m, 2H), 0.26-0.23 (m, 2H); *C NMR (125 MHz, MeOD) § 176.1, 173.7, 173.7, 171.8,
158.3, 136.9, 132.3, 130.2, 129.8, 128.1, 124.2, 114.9, 90.4, 70.5, 69.7, 68.8, 55.8, 50.3, 45, 44.8, 43.6, 42.1,
40.9,33.8,33.7,30,21.4, 11.7, 3.8, 3.6; IR (neat): 3406,3312,3059, 3030, 3003, 2936, 2873, 2836, 1735, 1653,
1510, 1242, 1027, 833 cm™; HRMS (ESI) caled for C3aHaiN4Os™ [M + H'] 601.3021, found 601.3022.
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Preparation of amide 250
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CO,Bn ii) 4-aminopyridine \ /
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MeCN, rt ):

O’\ /® 2 steps 75% O’\

H

Following the representative procedure using amide 31e¢ (74.1 mg, 0.125 mmol, 1.0 equiv.) and 4-
aminopyridine (18.5 mg, 0.197 mmol, 1.6 equiv.), purification by PTLC (EtOAc:MeOH = 90:10) to afforded
amide 250 (55.4 mg, 0.0933 mmol, 2 steps 75%.) as a white amorphous solid. [a]p *** +9.25 (¢ 0.984 in MeOH);
"H NMR (400 MHz, CDCls) § 9.49 (s, 1H), 9.19 (s, 1H), 8.55 (d, J= 5.7 Hz, 2H), 7.83-77.79 (m, 4H), 7.59-
7.56 (m, 3H), 7.49 (t, J=7.5 Hz, 2H), 7.31 (t, J/ = 7.8 Hz, 2H), 7.09 (t, /= 7.4 Hz, 1H), 6.22 (d, /= 6.1 Hz, 1H),
4.61-4.60 (m, 1H), 3.74 (dd, J=2.5,9.6 Hz, 1H), 3.65 (d, J=11.2 Hz, 1H), 3.55 (d, /=4.8 Hz, 1H),3.25 (d, J =
3.2 Hz, 1H), 2.96-2.90 (m, 2H), 2.81-2.73 (m, 2H), 2.24 (d, J = 14.9 Hz, 1H), 2.08-2.03 (m, 4H), 1.89 (d, /=
15.5 Hz, 1H), 1.53 (d, J = 13.2 Hz, 1H). "C NMR (125 MHz, CDCl3) § 172.5, 170.8, 169.8, 168.9, 150.9, 145.4,
137.7,133.4,132.5,129.2,129, 127, 124.4, 119.5, 114.3, 89.1, 69.9, 69.1, 67.9,49.9,42.7, 42, 38.8, 33.6, 32 4,
27.5, 21.8; IR (neat): 3435, 3273, 3085, 3058, 3032, 2948, 2875, 1733, 1681, 1592, 1518, 1443, 1330, 1287,
1241, 911, 830, 730 cm™'; HRMS (ESI) caled for C33H34NsOs* [M + H'] 580.2554, found 580.2555.

250

Representative procedure for preparation of alcohol 25i’-k’,n’,0’—

NH
AcO, - K2COg
? HN—< — HN—<
MeOH, rt
N N 58%
o= o
N
H

}\.,,

25i H 25i

To a solution of amide 25i (26.6 mg, 0.0488 mmol, 1.0 equiv.) in MeOH (500 pL) was added KoCOs (27.0
mg, 0.195 mmol, 4.0 equiv.), and the reaction mixture was being stirred for 3 h at room temperature under an
argon atmosphere. The reaction mixture was diluted with saturated aqueous NH4Cl, and the aqueous layer was
extracted with EtOAc for three times. The combined organic layers were washed with brine, dried over Mg2SOs4,
filtered, and concentrated under reduced pressure. The residue was purification by silica gel column
chromatography (EtOAC 100% to EtOAc:MeOH =95:5) to afforded alcohol 25i” (14.1 mg, 0.0281 mmol, 58%)
as a white amorphous solid. [a]o **° —4.48 (c 0.580 in CHCls); "H NMR (400 MHz, CDCl3) § 9.58 (brs, 1H),
7.73 (d, J= 7.8 Hz, 2H), 7.49-7.44 (m, 3H), 7.37 (t, J= 7.5 Hz, 1H), 7.20 (t, /= 7.9 Hz, 1H), 7.02 (t, J="7.9
Hz, 1H), 6.73 (d, J= 7.4 Hz, 1H), 6.42 (d, /= 7.7 Hz, 1H), 4.51-4.46 (s, 1H), 4.16-4.08 (s, 1H), 3.64 (dd, J =
4.3,9.7 Hz, 1H),3.43 (d, /= 11.2 Hz, 1H), 3.23 (d, J = 5.1 Hz, 1H), 2.96-2.94 (m, 1H), 2.64-2.56 (m, 2H), 2.50
(dd, J=4.4, 14.7 Hz, 1H), 2.18 (d, J = 15.0 Hz, 1H), 2.04-1.96 (m, 2H), 1.92-1.86 (m, 1H), 1.66 (d, J=15.0
Hz, 1H), 1.28-1.21 (m, 6H); °C NMR (100 MHz, CDCl3) § 172.3, 172, 167.7, 137.6, 134, 131.8, 129.1, 128.8,
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127, 124.4, 119.5, 81.6, 70.7, 70.1, 69.2, 48.3, 44, 42.8, 41.8, 41.6, 36, 34, 28.4,22.8, 22.8. IR (neat): 3285,
3053, 3031, 3008, 2966, 2936, 2921, 2869, 1646, 1522, 1444, 1360, 1317, 1277, 1051, 1032, 1010, 754, 691
cm’'; HRMS (ESI) caled for C20H3sNsO4™ [M + H]* 503.2653, found 503.2654.

AcO -
a2 6@%
MeOH rt
N )

);“ 71%
O’\N’\/@? 02\ ’\/O
H
25j

Following the representative procedure using amide 4r (19.6 mg, 0.0342 mmol, 1.0 equiv.), purification by
PTLC (EtOAc 100%) afforded alcohol 4r’ (14.1 mg, 0.0281 mmol, 58%) as a colorless oil. [o]p *** +27.4 (c
0.420 in CHCI3); '"H NMR (400 MHz, CDCl3) § 7.79-7.77 (m, 2H), 7.58-7.42 (m, 2H), 7.44 (t, J = 7.4 Hz, 2H),
7.16-7.09 (m, 4H), 7.02-6.98 (m, 1H), 6.66 (d, J= 7.3 Hz, 1H), 6.37 (d, J= 7.7 Hz, 1H), 4.48-4.42 (m, 1H),
4.15-4.06 (m, 1H), 3.52-3.36 (m, 3H), 3.28 (d, /= 11.2 Hz, 1H), 2.95 (d, J = 5.0 Hz, 1H), 2.84-2.69 (m, 3H),
2.53-2.47 (m, 2H), 2.31 (dd, J=4.0, 14.7 Hz, 1H), 2.12 (d, J = 14.5 Hz, 1H), 1.99-1.88 (m, 3H), 1.62 (d, J =
14.9 Hz, 1H), 1.25 (d, J= 6.5 Hz, 3H), 1.20 (d, J = 6.5 Hz, 3H); °C NMR (100 MHz, CDCls) & 174.0, 172.5,
167.6, 138.9, 134.2, 131.8, 128.9, 128.8, 128.6, 127.1, 126.6, 81.4, 70.7, 69.5, 69, 48.2, 43.8, 42.9, 41.7, 41.6,
40.4,35.9,35.6,34.1,28.3,22.8,22.7; IR (neat): 3325, 3082, 3061, 3026, 2969, 2933, 2872, 1736, 1644, 1525,
1363, 1277, 1227, 1108, 1044, 700 cm™; HRMS (ESI) caled for C3iH39N4O4" [M + H'] 531.2966, found
531.2960.

Preparation of alcohol 25j’

Preparation of alcohol 25K’

O,

Acoif@j: K,CO
Lo e, & -
N MeOH rt
o”iN,@ ° ore o=X @

. 25k 25K’
Following the representative procedure using amide 25k (44.3 mg, 0.0725 mmol, 1.0 equiv.), purification by PTLC
(hexane:EtOAc = 20:80) afforded alcohol 25k’ (23.3 mg, 0.0410 mmol, 57%) as a white amorphous solid. [a]p 28
—36.8 (¢ 1.10 in MeOH); '"H NMR (400 MHz, MeOD) § 7.62-7.55 (m, 4H), 7.48 (d, J=7.6 Hz, 1H), 7.35 (t, J=7.9
Hz, 2H), 7.30-7.24 (m, 4H),7.19-7.12 (m, 2H), 7.04 (t,J= 8.8 Hz, 2H), 4.42-4.38 (m, 1H), 3.77 (dd, J=4.2, 10.1
Hz, 1H), 3.58 (d, J= 11.2 Hz, 1H), 3.53 (d, J= 14.4 Hz, 1H), 3.48 (d, J= 14.4 Hz, 1H), 3.26 (d, J= 5.0 Hz, 1H),
2.93(dd,J=3.5,4.9 Hz, 1H), 2.76 (d, J=11.2 Hz, 1H), 2.59 (dd, J=10.3, 14.4 Hz, 1H), 2.38 (dd, /=4.3, 14.4 Hz,
1H),2.21(d, J=14.2 Hz, 1H), 1.94 (brs, 1H), 1.86-1.71 (m, 3H); 3C NMR (100 MHz, MeOD) 6 174.7, 174, 173 4,
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161.0 (d, J=242.2 Hz), 139.1, 136.8, 135.7 (d, /= 3.1 Hz), 130.1, 129.9, 129.7, 128, 125.6, 124.4 (d, J=7.7 Hz),
121.3,116.1 (d, J=22.5 Hz), 81.9, 71.1, 71, 68.8,50.3, 45.8, 44.1, 44, 42.1, 37.2, 34.4, 29.6. ’F NMR (376 MHz,
CDCl3) 8 -117.9; IR (neat, cm™): 3463, 3027, 3015, 3003, 2967, 2946, 2924, 1737, 1441, 1366, 1216, 912, 846;
HRMS (ESI) caled for C33H34FN4O4* [M + H*] 569.2559, found 569.2552

Preparation of alcohol 4n’

o o)

O NH o NH
HN HN

ot R

H/» 25n H/» 25n"

Following the representative procedure using amide 25n (37.9 mg, 0.0631 mmol, 1.0 equiv.), purification by
PTLC (EtOAc:MeOH = 95:5) afforded alcohol 25n” (22.2 mg, 0.0397 mmol, 63%) as a white amorphous solid.
[op *** —12.8 (c 0.99 in MeOH); 'H NMR (400 MHz, MeOD) & 7.43 (d, J = 9.0 Hz, 2H), 7.33-7.21 (m, 5H),
6.86 (d,J=9.0 Hz, 2H), 4.39 (td, /= 3.8, 10.2 Hz, 1H), 3.76 (s, 3H), 3.59 (dd, J=4.5, 10.1 Hz, 1H), 3.56-3.47
(m, 3H), 3.17 (d, J=5.1 Hz, 1H), 3.10 (d, /= 7.0 Hz, 2H), 2.85 (dd, J = 3.6, 5.0 Hz, 1H), 2.66 (d, J=11.0 Hz,
1H), 2.52 (dd, /=10.6, 14.2 Hz, 1H), 2.24 (dd, J = 4.6, 14.3 Hz, 1H), 2.18 (d, /= 14.5 Hz, 1H), 1.90 (brs, 1H),
1.85-1.74 (m, 2H), 1.66 (d, J = 14.6 Hz, 1H), 1.06-0.97 (m, 1H), 0.53-0.48 (m, 2H), 0.26-0.23 (m, 2H); "*C
NMR (100 MHz, MeOD) 6 176.7, 174.1, 173.3, 158.3, 136.8, 132.4, 130.2, 129.7, 128, 124.3, 114.9, 81.8, 71,
70.7,69.2,55.9,50.2,46,44.8,44.4,44,42.2,37.3,34.4,29.8,11.6, 3.8, 3.7; IR (neat): 3449, 3026, 3018, 3001,
2967, 2941, 1737, 1643, 1511, 1441, 1366, 1216, 1111, 1030, 900, 827, 726 cm™; HRMS (ESI) calcd for
C32H39N4Os" [M + H]" 559.2915, found 559.2911.

A Hf
%
MeOH, rt
O
N N

Preparation of alcohol 250’

AcO, : — K2CO3 HO, ‘ —
N Y 58% N Y
= o=
H 250 H 250’

Following the representative procedure using amide 250 (37.5 mg, 0.0647 mmol, 1.0 equiv.), purification by
PTLC (EtOAc:MeOH =90:10) afforded alcohol 250° (14.1 mg, 0.0454 mmol, 70%) as a white amorphous solid.
[o]p #° —14.3 (c 0.580 in MeOH); '"H NMR (400 MHz, CDsCN) & 9.84 (s, 1H), 8.72 (s, 1H), 8.45 (d, J=6.0
Hz, 1H), 7.80-7.77 (m, 2H), 7.71-7.69 (m, 2H), 7.62 (d, J=7.6 Hz, 2H), 7.53-7.49 (m, 1H), 7.44 (t, J =7.4 Hz,
2H), 7.29 (t, J=7.9 Hz, 2H), 7.18 (d, J =7.6 Hz, 1H), 7.06 (t, J/ = 7.4 Hz, 1H), 4.63-4.58 (m, 1H), 3.69 (dd, J =
4.3,10.3 Hz, 1H), 3.51 (d, J=11.1 Hz, 1H), 3.36 (d, /=5.2 Hz, 1H), 3.03 (dd, J=3.6,5.0 Hz, 1H),2.78 (d, J =
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11.0 Hz, 1H),2.61 (dd, J=10.3, 14.5 Hz, 1H), 2.36 (dd, J=4.6, 14.6 Hz, 1H), 2.10 (d, J = 14.4 Hz, 1H), 2.02-
1.98 (m, 2H), 1.87-1.77 (m, 2H); '*C NMR (125 MHz, CDCl3) § 174.1, 173.5, 167.6, 151.5, 146.9, 139.6, 135.6,
132.4, 129.8, 129.5, 127.9, 124.7, 120.5, 114.9, 82.3, 71, 70.7, 68.5, 50.3, 45.1, 44, 42.4, 36.9, 34.4, 29.2; IR
(neat, cm™): 3367, 3255, 3033, 3005, 2938, 2869, 1646, 1592, 1519, 1444, 1417, 1329, 1284, 1051, 1032, 832,
754, 693; HRMS (ESI) caled for C31H3NsOs* [M + H]* 538.2449, found 580. 538.2441.

Preparation of azide 32

N
OTBS 3
AcO, NaNj ACO O
% Ce(NH,)2(NO3)g 3
—_—
N COzBn MeCN N CO,Bn

$ -15°C s
MeO,C 5

5b quant. MeO,C 32

Following the slightly modified procedure reported in the literature,’ to a solution of silyl enol ether 5b (162
mg, 0.299 mmol, 1.0 equiv.) in MeCN (1.2 mL) was added ammonium cerium(I'V) nitrate (509 mg, 0.928 mmol,
3.1 equiv.) dissolved in MeCN (3.6 mL). After being stirred for 20 min at - 15 °C under an argon atomosphere,
the reaction mixture was diluted with saturated aqueous NaHCOs, and the aqueous layer was extracted with
EtOACc for three times. The combined organic layers were washed with brine, dried over Mg2SOx4, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane:EtOAc = 60:40 to hexane:EtOAc = 30:70) to afford azide 32 (139 mg, 0.297 mmol, quant.) as a white
amorphous solid. [a]p *'~ + 96.2 (¢ 1.00 in CHCl3); 'H NMR (400 MHz, CDCl) § 7.37-7.28 (m, 5H), 5.14
(d,J=12.2 Hz, 1H), 5.09 (d, J=12.2 Hz, 1H), 3.86 (dd, J=3.9, 9.8 Hz, 1H), 3.88-3.68 (m, 6H), 3.24 (d, J =
5.0 Hz, 1H),2.97 (d, J=2.8 Hz, 1H), 2.78 (dd, J =9.8, 15.6 Hz, 1H), 2.72-2.65 (m, 2H), 2.60 (dd, /=3.9, 15.6
Hz, 1H), 2.05 (2, 3H), 1.52-1.48 (m, 1H); °C NMR (100 MHz, CDCl3) § 205.6, 173.4, 171.3, 170.1, 135.1,
128.7, 128.6, 128.2, 87.8, 72, 69.1, 67.6, 67.5, 58.1, 55.8, 52.6, 50.8, 39.9, 38.4, 27.1, 21.5; IR (neat, cm™):
3090, 3065, 3033, 2953, 2890, 2106, 1734, 1455, 1436, 1371, 1275, 1240, 1078, 1035, 749, 698; HRMS (ESI)
caled for C23H2sNsO7" [M + H]" 469.1718, found 469.1705.

OH
Acozfyg i) Me,SnOH </<@
_DCETTHF, 80°C
N COan COan

3 )PhNH2 TCFH
Me0,C NMI, MeCN, rt

2 steps 60% H
28 33

Preparation of amide 33

To a solution of alcohol 28 (76.7 mg, 0.179 mmol. 1.0 equiv.) in 1,2-dichroloethane (700 puL) was added
trimethyltin hydroxide (49.3 mg, 0.273 mmol, 1.5 equiv.), and the reaction mixture was stirred for 1 h at 80 °C
under an argon atmosphere. After this time, another amount of trimethyltin hydroxide (51.1 mg, 0.284 mmol,
1.6 equiv.). After being stirred for 1 h, the reaction mixture was passed through a pad of silica gel with MeOH,
and the filtrate was concentrated under reduced pressure to afford crude carboxylic acid (60.8 mg) as a white
solid.
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To a solution of crude carboxylic acid (60.8 mg), N-methylimidazole (35.0 uL, 0.439 mmol, 2.5 equiv.), and
aniline (16.0 pL, 0.175 mmol, 0.98 equiv.) in MeCN (500 pL) was added TCFH (125 mg, 0.445 mmol, 2.5
equiv.). After being stirred for 30 min at room temperature under an argon atmosphere, the reaction mixture was
diluted with saturated aqueous NaHCO3, and the aqueous layer was extracted with EtOAc for three times. The
combined organic layers were washed with brine, dried over Mg2SOs, filtered, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane:EtOAc = 60:40 to 55:45) to
afford amide 33 (52.4 mg, 0.107 mmol, 2 steps 60%) as a white solid. [o]p *** -25.9 (¢ 1.00 in CHCI3); '"H NMR
(400 MHz, CDCl3) 6 9.59 (s, 1H), 7.61 (d, J = 7.7 Hz, 1H), 7.41-7.32 (m, 7H), 7.11 (t,J= 7.4 Hz, 1H), 5.20
(d,J=12.2 Hz, 1H), 5.16 (d, J=12.2 Hz, 1H), 4.18-4.12 (m, 1H), 3.73-3.70 (m, 2H), 3.46 (dd, J=5.3, 28.3
Hz, 1H), 2.93-2.87 (m, 2H), 2.83 (dd, J=2.5, 5.1 Hz, 1H), 2.67-2.59 (m, 3H), 2.48-2.44 (m, 1H), 2.18-2.12 (m,
1H), 1.98 (s, 3H), 1.59 (m, 1H), 1.26-1.21 (m, 1H); *C NMR (100 MHz, CDCls) é 175.6, 171.7, 170, 137.7,
135.4, 129.2, 128.9, 128.8, 128.4, 124.4, 119.6, 88.9, 71.6, 71.4, 69, 67.6, 63.7, 48.5, 46.9, 39.9, 33.8, 33.6,
31.6, 21.5; IR (neat, cm™): 3446, 3273, 3089, 3060, 3032, 2953, 2888, 1730, 1674, 1599, 1519, 1443, 1246,
1091, 1079, 912, 753, 732, 696; HRMS (ESI) calcd for C2sH31N30s" [M + H]" 491.2177, found 491.2182.

Preparation of lactone 34

AcO ont AcC, o
Z i) Pd/C, H, balloon -
1 co,an  MeOH/THF t 1 (o)
N iy TCFH, NMI 3
o= MeCN, rt SERN
N H
H

2 steps 91%
33 34

To a solution of amide 33 (63.8 mg, 0.130 mmol, 1.0 equiv.) in MeOH (1.0 mL) and THF (500 pL) was added
Pd/C (11.1 mg, 17wt%) and stirred for 3 h at room temperature under H> atmosphere. The reaction mixture was
passed through a pad of Celite®, and the filtrate was concentrated under reduced pressure to afford crude
carboxylic acid (57.4 mg) as a white amorphous solid.

To a mixture of crude carboxylic acid (57.4 mg) and N-methylimidazole (31.0 pL, 0.393 mmol, 3.0 equiv.)
in MeCN (1.0 mL) was added TCFH (76.2 mg, 0.272 mmol, 2.1 equiv.). After being stirred for 20 min at room
temperature under an argon atmosphere, the reaction mixture was diluted with saturated aqueous NaHCOs3, and
the aqueous layer was extracted with EtOAc for three times. The combined organic layers were washed with
brine, dried over Mg2SOu4, filtered, and concentrated under reduced pressure. The residue was purified by PTLC
(hexane:EtOAc = 75:25) to afforded lactone 34 (45.0 mg, 0.118 mmol, 2 steps 91%) as a white amorphous solid.
[o]p °° = 12.9 (¢ 0.945 in MeOH); 'H NMR (400 MHz, CDC13) § 9.55 (brs, 1H), 7.62 (d, J = 7.8 Hz, 2H), 7.34
(t,J=7.8 Hz,2H), 7.12 (t, J=7.4 Hz, 1H), 4.78 (t, J=5.5 Hz, 1H), 3.75 (dd, /= 5.6, 10.6 Hz, 1H),3.48 (d, J =
5.2 Hz, 1H), 3.41 (d, J=10.8 Hz, 1H), 3.18 (t, /=5.3 Hz, 1H), 3.08 (dd, /=10.7, 15.6 Hz, 1H), 2.82 (brs, 1H),
2.68 (dd, J=5.6, 15.5 Hz, 1H), 2.50 (d, /= 10.9 Hz, 1H), 2.22 (dd, J= 2.7, 15.1 Hz, 1H), 2.01 (s, 3H), 1.93-
1.82 (m, 2H), 1.56 (d, J=15.1 Hz, 1H); *C NMR (100 MHz, CDCl3) § 172.9, 171.5,169.7,137.5,129.2, 124.5,
119.6, 86.1, 74.7,71.5, 63.6, 59.6,49.1, 47, 41.8, 32, 30.8, 26.7, 21.5; IR (neat, cm™): 3270, 2955, 2935, 1780,
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1732,1681, 1599, 1520, 1443, 1371, 1235, 1070, 1052, 907, 845, 755, 695; HRMS (ESI) caled for C21H23sN20s"
[M + H]" 383.1601, found 383.1603.

HPLC analysis of 5b

HPLC analysis of 22b on Daicel CHIRALCEL® OD (i-PrOH/hexane = 80:20, flow rate = 1.0 mL/min, 254
nm) indicated 97% ee: tR (major) =4.30 min., tR (minor) = 6.47 min

LA0N0T Y 188 3ve JOF2DN D4 0 1440
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Figure S1. HPLC analysis of 5b
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X-ray structural analysis of 24a

checkCIF/PLATON report

Structure factors have been supplied for datablock(s) cri41-1740_autored

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE FOR
PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found. CIF dictionary Interpreting this report

Datablock: crl41-1740_autored

Bond precision: c-C = 0.0098 A Wavelength=1.54184
Cell: a=6.1843(1) b=11.5565(1) c=34.6069(3)
alpha=%0 beta=90 gamma=90
Temperature: 90 K
Calculated Reported
Volume 2473.32(5) 2473.32(5)
Space group B. 21 21-Z1 P 21 21 21
Hall group P 2ac 2ab P 2Zac 2ab
Moiety formula C27 H31 N3 03, Cl Ccl, C27 H31 N3 03
Sum formula €27 H31 C1 N3 03 C27 H31 Cl N3 03
Mr 481.00 481.00
Dx,g cm3 1.292 1.292
Z B 4
Mu (mm-1) 1.636 1.636
F000 1020.0 1020.0
F000” 1024.22
h, k, Imax 7,14,43 7,14,43
Nref 5235[ 3029] 5034
Tmin, Tmax 0.851,0.926 0.529,1.000
Tmin’ 0.729

Correction method= # Reported T Limits: Tmin=0.529 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 1.66/0.96 Theta(max)= 76.681

wR2 (reflections)=

R(reflections)= 0.0934( 4922) 0.2563( 5034)

S = 1.054 Npar= 384
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The rollowing ALERTS were generated. Each ALERT has the format
test-name ALERT alert-type_alert-level.
Click on the hyperiinks for more details of the test.

@ Alert level B

PLATO35_ALERT _1_8B _cnem.!.cal_absolute_contiqurat10n info Not Given
PLATO94_ALERT 2 B Hatio of Maximum / Minimum Residual Density ....
PLATO97_ALERT Z B Large Reported Max. (Positive) Residual Denstity
PLATI971_ALERT 2 B Check Calcd Resid. Dens. 0.80ANng From N7

Please Do !
&.57 Heport
1.92 eA-3
2.82 eA-3

@ alert level C

DIFMX02 _ALERT_1_C The maximum difference density is > 0.1*ZMAX~0.75

The relevant atom site should be identifled.
PLATO042 _ALERT_1_C Calc. and Reported MoletyFormula Strings Differ
PLATO84_ALERT_3_C High wR2 Value (l1.e. > 0.25) ...ccecccecccnncans

PLAT213 _ALERT 2 _C Atom 06 has ADP max/min Ratio .....
PLAT234_ALERT_4_C Large RHirshfeld Difference N005 --C32 s
PLAT340_ALERT_3_C Low Bond Precision on C-C BONAS ....ccccccecaas
PLAT431_ALERT_Z C Short Inter HL..A Contact Clio0l . .NOODS .
XY,z =

PLAT906_ALERT_3_C Large K Value in the Analysis of Variance ......

Please Check
0.26 Report
3.1 prolat
0.17 Ang.
0.00984 Ang.
3.06 Ang.
1_555 Check
2.281 Check

PLATI916 _ALERT_3_C Reflection(s) with I(obs) much Smaller I{calc} . 3 Check
PLAT975_ALERT_2_C Check C3lcd Resid. Dens. 1.09Ang From NOO5 - 0.45 eA-3
9 alert level G

PLATO003 ALERT_2_G Number of Ulso or Ui)] Restrained non-H Atoms ... 45 Report
PLATOO07_ALERT_5 G Number of Unrefined Donor-H Atoms .............. 4 Report
PLATO072_ALERT_Z G SHELXL First Parameter in WGHT Unusually Large 0.15 Report
PLATOB3_ALERT _Z G SHELXL Second Parameter 1in WGHT Unusually Large 6.47 Why ?
PLATI42 ALERT 4 G S.u. OoOn b - Axis Small or MIsSsSing .....cccccuane ©.00010 Ang.
PLAT143 _ALERT 4 G sS.u. Oon € — AX1S Small or MISSIng ...ceccccncaas 0.00030 Ang.
PLAT178_ALERT_4_G The CIF-Embedded .res File Contains SIMU Records 2 Report
PLATIS6_ALERT_4_G The CIF-Embedded .res Fille Contains ISCR Records 2 Report
PLAT301_ALERT_3_G Main Residue Disorder ....... cveseva (RS 1 ) 33% Note
PLAT410_ALERT 2 G Short Intra H...H Contact HOOF ..H32 - 1.92 Ang.

X,y,z = 1_555 Check

PLAT720_ALERT_4_G Number of Unusual/Non-Standard Labels .......... 45 Note
PLAT791_ALERT_4_G Model has Chirality at CCO8 (Sochnke SpGr) R Verifry
PLAT791_ALERT_4_G Model has Chirality at C009 (Sohnke SpGr) R Verify
PLAT791_ALERT_4_G Model has Chirality at COOB (Schnke SpGr) R Verify
PLAT791_ALERT_4_G Model has Chirality at CCOD (Sohnke SpGr) R Veriry
PLAT791_ALERT_4_G Model has Chirality at COCOF (Schnke SpGr) 5 Veriry
PLATB11_ALERT_5_G No ADDSYM Analysis: Too Many Excluded Atoms .... ! Info
PLATB60_ALERT_3_G Number of Least-Squares Restraints ............. 738 Note
PLAT912_ALERT_4_G Missing ¢ of FCF Reflections Above STh/L= 0.600 54 Note
PLAT978_ALERT 2 G Number C-C Bonds with Positive Residual Density. 1 Info

0 ALERT lewel A - Most likely 2 serious problem - resolve or explaln
¢ ALERT lewvel B - A potentially serious problem, consider carefully
10 ALERT lewel C - Check. Ensure 1t is not caused by an omission or 0\'&!51gh!

20 ALERT lewvel G
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Biology

Cell culture
Human epithelioid cervical carcinoma (HeLa) cells were incubated with DMEM medium (FUJIFILM Wako
Pure Chemical) containing 10% fetal bovine serum (Gibco; Thermo Fisher Scientific) and 1%

peniciline/streptomycine (Gibco, 15070063). Cells were incubated in a cell incubator with 5% CO- at 37 °C.

MTT assay

HeLa cells (1.0 x 10° cells/dish) were seeded in a 96-well plate and incubated at 37°C for 24 h in 5% CO2. The
medium was replaced with new medium containing indicated concentration compounds. After incubation at
37°C for 72 h in 5% CO, the medium was replaced with new medium containing 0.5 mg/mL thiazolyl blue
tetrazolium bromide (MTT). After incubation for 3 h at 37 °C, the medium was removed, and 150 pL of

dimethyl sulfoxide (DMSO) was added. Absorbance at 590 nm were measured using a microplate reader.

PMI analysis
PMI analysis® of the synthesized compounds was performed as follows. Conformers of the compounds were
generated using “iconfgen” module implemented in LigandScout 4.4.® Normalized PMIs (nprl, npr2) were

calculated for the structures with the lowest energy among the generated conformers, using RDKit.’

References

(1)  Pierce, J. G.; Kasi, D.; Fushimi, M.; Cuzzupe, A.; Wipf, P. Synthesis of Hydroxylated Bicyclic Amino
Acids from L-Tyrosine: Octahydro-1H-Indole Carboxylates. J. Org. Chem. 2008, 73, 7807-7810.

(2) Liu, H.; Ge, L.; Wang, D.-X.; Chen, N.; Feng, C. Photoredox-Coupled F-Nucleophilic Addition:
Allylation of Gem-Difluoroalkenes. Angew. Chem. Int. Ed Engl. 2019, 58, 3918-3922.

(3) Wipf, P; Rector, S. R.; Takahashi, H. Total Synthesis of (-)-Tuberostemonine. J. Am. Chem. Soc. 2002,
124, 14848-14849.

(4) Nicolaou, K. C.; Estrada, A. A.; Zak, M.; Lee, S. H.; Safina, B. S. A Mild and Selective Method for the
Hydrolysis of Esters with Trimethyltin Hydroxide. Angew. Chem. Int. Ed. 2005, 44, 1378-1382.

(5) Beutner, G. L.; Young, 1. S.; Davies, M. L.; Hickey, M. R.; Park, H.; Stevens, J. M.; Ye, Q. TCFH-
NMI: Direct Access to N-Acyl Imidazoliums for Challenging Amide Bond Formations. Org. Lett.
2018, 20,4218-4222.

(6)  Shiina, I.; Ibuka, R.; Kubota, M. A New Condensation Reaction for the Synthesis of Carboxylic Esters
from Nearly Equimolar Amounts of Carboxylic Acids and Alcohols Using 2-Methyl-6-Nitrobenzoic
Anhydride. Chem. Lett. 2002, 31, 286-287.

(7)  Magnus, P.; Barth, L. Oxidative addition of azide anion to triisopropylsilyl enol ethers: synthesis of a-
azido ketones. Tetrahedron Lett. 1992, 33, 2777-2780.

(8)  Sauer, W. H. B.; Schwarz, M. K. Molecular Shape Diversity of Combinatorial Libraries: A Prerequisite
for Broad Bioactivity. J. Chem. Inf. Comput. Sci. 2003, 43, 987-1003.

(9) RDKit: Cheminformatics and Machine Learning Software. http://www.rdkit.org.

226



ppm

.f

2

h

ERCER

et

|

!

I Ty
s g

i

COzMe
Cbz

OAc

10

HOW

"H NMR (400 MHz, CDCl3)
3C NMR (100 MHz, CDCl;)

NMR spectra

Alcohol 10

B0 LT -

u,nn_u.luu1

[y

Y
1o
u!.un.\..w.
[
==
i
[T
N

T
I —

Em....u.‘..w_.

[
CIace L__.

B —
e

ZLHETL
n_.nnn_u...
SELEEL =)

OOTEEL =,
O RS ——
LEE R
CED BEL

25T 1L —
EE_H%-
ST i)

e

00 il
BET FE J||1rk|

B0 DL -
T

T T e
el .hpL\_u.

227

120

CO,Me

OAc



Silyl ether 11

"H NMR (400 MHz, CDCls)

CO,Me

E

o

=8
|

: d
1
|

ol L
|
4
|

1 o
|
=

[ =
|
4

I
|
|
=%

—— Y
—
-

o
|

| ]
|
|ﬂll..”
|

-

Lo

L=

I

k'l

]

ks

[

N

8

3C NMR (100 MHz, CDCls)

B0 R

HE B
GLT L
£ LEL
LEL B

e
Ehbal

LEE B -

SR =D
T
r_n._.M".l.\._u-

CO,Me

T
160

T
180

228



Amine 12
'H NMR (400 MHz, CDCl3)
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Allyl amine 13b

"H NMR (400 MHz, CDCls)
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"H NMR (400 MHz, CDCls)
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Enone 15b
"H NMR (400 MHz, CDCls)
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Tetracyclic amine Sb
"H NMR (400 MHz, CDCls)
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Ketone 4b

'H NMR (400 MHz, CDCl5)
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"H NMR (500 MHz, CDCls)
S
WOH
AcO,”
@%
o=

e

I AT

—

mmmmmmmmmm

10 § a 7 &

5 ! 3 2 1 ppm
| ey I I |
E Bsle  [els ERaEe e
BC NMR (125 MHz, CDCls)
| | | A W1/ IR
WOH
AcO,”
o=x
e
220 200 180 60 140 120 100 s e 40 20 o ppm

240

H
gl



Azide 23a

"H NMR (400 MHz, CDCl3)
e LR E I A e B R PR e S e PR PP PR B PR P E R AL
= - e Fa P P F= f F e e T P Fefefef=T T T T AADMDM L L L e L e e e e R el ol

e J_. R SRR T 1 B | T Y PR S
10 g 8 7 6 5 ! 3 2 1 o ppm
Iul| | 1 | N L4 Ll R
Bk g [ HeEEaEEagy
BC NMR (100 MHz, CDCls)
| | S/ | ) [T T
N3
AcO,”
N
o=xX
N
H’\®
220 200 180 10 180 12 10 80 e 40 2 0 ppm

241

H

i



Azide 23b
"H NMR (400 MHz, CDCl:)
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Amine 18a
"H NMR (400 MHz, CDCls)
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Amine 18b
"H NMR (400 MHz, CDCls)
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Alcohol 17a
"H NMR (400 MHz, CDCls)
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Alcohol 17b
'"H NMR (400 MHz, CDCh)
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Alcohol 17¢
"H NMR (400 MHz, CDCls)
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Ester 16a

"H NMR (500 MHz, DCls)
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Ester 16¢
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Ester 16d
"H NMR (500 MHz, CDCls)
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Ester 16e
"H NMR (500 MHz, CDCls)
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Ester 16f
"H NMR (400 MHz, CDCls)
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Ester 16g
'"H NMR (400 MHz, CDCls)
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Ester 16h
"H NMR (400 MHz, CDCls)
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Alcohol 28
'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCl5)
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Amine 30
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'H NMR (400 MHz, CDCL)
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'H NMR (400 MHz, CDCls)
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Amide 25a
'H NMR (400 MHz, CD;OD)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CD;OD)
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'H NMR (400 MHz, CDCls)
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Amide 31c¢
'H NMR (400 MHz, CDC13)
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'H NMR (500 MHz, CDCls)
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Amide 31e
'H NMR (400 MHz, CD;OD)
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Amide 31f
'H NMR (500 MHz, CDCls)
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'H NMR (400 MHz, CDCl:)
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'H NMR (400 MHz, CDCL)
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'H NMR (400 MHz, CDCIs)
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Amide 25j
IH NMR (500 M CDCls)
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Amide 251
'H NMR (400 MHz, CDCIs)
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F (376 MHz, CDCl5)
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'H NMR (400 MHz, MeOD)

O,
NH
HO,
N HN—@—F
o=\
N
H
| 1aim
| ] I I| l
L R LN WL LY, -_...-IJ._;..—
10 9 8 7 6 5 ! 3 2 1 o ppm
- 4 g
g5eaey || EEEEglEe gy
BC NMR (100 MHz, MeOD)
283 ¢ SRNEENRECRRE I GHEEE &
a?a & éimuﬁig 1 oGER BEERLliE
N N/ VS
O,
NH
HO,
Y 0o
o=\
N
H
T T T T T Ll T T T T T T T
20 160 160 140 120 104 1] =] 4 20 L] Ppm

291



F (376 MHz, CDCl5)
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Alcohol 25n’
'H NMR (400 MHz, CDs0OD)
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'H NMR (400 MHz, CD;CN)
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'H NMR (400 MHz, CDCls)
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IH NMR (400 MHz, CDCl)
ﬁ sEagsne I BT P e LT
] NI T W e
AcO,‘ (o]
< )

H I LT

. |
10 9 8 7 6 5 ! 3 2 1 o ppm
L T v
1 sfe/ ¢ W |HelsEeee e
r-1 e l|ed]| | = - ] B P P B EE R
3C NMR (100 MHz, CDCl3
EEf § 2353 I By 3% GHEZ G@EE S
EEZ B OEazZ 8 =z F3 s:z g8 &
i |11 I N T AR TR
ACO,’ (o]
o
\ N
o= @
N
H
T * T * T * T * T * T * T - T - T T T T T
50 200 160 160 140 120 100 80 &0 a0 20 o ppm

297



298

H

i



o5 DU

TIRMEERIE OB &
CD28 7 F R sr 1 ~D )i



U

4-1 ZLHIT

FRamC bk _72i@ Y, R_TF R 7 Os%EHT L 55BN 7 PPL BEAIOBR 21D 5 729,
AR EHISE AN Z FREICT 2 RER OBENR RO LN TND. AF Y XTIV FKE, 73/
ERILLICHEE TCHD Z LMD ARFD T OBENFIRETH Y, 5 FDOSAREEDFEEITEN D Z
EMBHRTF FE TORFHIAEATHS . ZRETIZYH, XV ERT VU aE e RERK &
L7e~Y v 7 Aoy 1 2 5% 3 5 2 & C, PP BEEAIDBHR S AU C & 7= (Figure 4-1A)'°. £ LT,
ﬁ%/t«7/xé%o FERIERRICE BT 5 &, R -1 CFLEA] IV o o, 4
WIENE Y 1 DR ﬁ%&ﬁ%f&é kﬂ%bﬂéﬁ@mﬂlm BEEDIEN 73 1 12xF L CTEY
TEME AR Lﬁﬁélﬁ"*@%l_i “privileged structure” & FEFA ¢, BEHFBARIC K RVEETH D,

A FXRIERT VA b ONY v 7 ARG F

Ay R FoMe

»oe Y NH
Y Bk Yy mmﬁ; W - %' /
.--HrN. - HN-Z
. X FFERF R

O BEORE p300-HIF 1a PEX5-PEX14

TI/E FHRVERSTY PP PPITEAY
B HILD A BT D B OFFO RSO E Al

Aplaminal () Quinocarcinamide(ll) e re%ieramycine G(Il) FKBP-12fEF#I(IV)
Figure 4-1. 4% Y BT U F#E oL &M OREE

EESFORIBICEERMEE TH DL Lnb, TXVERT DU G AR EROBETED
WENEED Y, ZEEEO R D FREEOAK (Figure 4-2A) X°, FFE ORFIAN ~OEHILE A
(Figure 4-2B)® MIERR SN TWAD. L, O EELZ B AL E TEATE DL X ) ITHR
FHENTZFERA XY RGO OARBNIFEE . LR o T, RS EHREEAEZAREIZT 5
BRI XY BT OB AT UL, EIGEBO S I DNV AR—ZADYLFRICEN D LB 2T,

AREBEIZBWTIE, EHILEANKESGRENT XY EXT O BROBIRE L, T DT F NS
F~DISHEZBERE LTz, 22T, YE=ETEHEHLTWD PPLO—>TH 5 PIBK/CD28 FHAE
i & L.

A SRR IEHE 2 b SRR A T Y BT U

Bn ' '
Bn Bn O N R o COzMe 2,0 CoMe O i
" N T : COZM?H l!l NBn .
l\ — @,] — > Me0,C—N : :( N NBn @\Q_/NB"E
N N : :
l EoMe l EoMe nd Me

B AL XV V'NT D OFBIEAL ~D B EE A

[¢] (0] o o]
"I.I)LN COCl, R
l > NHN: > NHN
HN HN A\ A\
¢} H

Figure 4-2 A N //@Aﬁ$/£

300



U

4-2 PI3K/CD28 tHE{EH

G LNIRRITRA LT A NV ARRRIRZ PR T 2B TH 0, EFEOMER IC R E 2. L
DL, WEIRGEICEL, 7T hE—MEERREOT LAX =Y v~ T EoH CRERER
DRI 2D Z LD, SRR T OB AEEN TV D . GEIREE, PURERE% T
7= THENEEL S, =7 =7 Z—THila~ 07562 TIILES. 20 & X, THRO+5
PRIEMAER IR, T AIEPURZ AR (TCR) 76 OFURE M2 7V z, WBhig=Z s
& CD28 72 b OPURIERFR A 72 Bh s 7 F AN ETH D (Figure4-3)'?. £ LT, CD28 Z &K
DRy 7T NEM 1L LT, MRERS THD Y UIRED Y Vb Z T 2R A7 7 T
A ) h—)b 35—+t (PI3K) NEIH5 B, PBK OfEERIC L > CEESNTZHRAT 75
A Y =345 VR (PdInsPs) 1, T —E LUTHEREL, O Ty v & o
7B MY 7 v— R A Z & T T MEOIEELZHIET 5. PBK OfEE/ER X, & OffEH
Ta2=y b p85 A, CD28 D SH2 KAA D HH, Vb Ini-Fn s fEikaET pYMNM sl
ICREET 5 Z L TIEM b END. L= -> T, PIBK/CD28 A AAEHLERDOBETRIC L v, B OSSR
BT LILX DGR 5 E S5, PBK/CD28 M AAMERLERNL, AUy T A X —
THLINRT UV ERERE LTALED 1 DU E TV —T o REINTEDOHRTHD
PI3K/CD28 FH HAEH DOREREMEIASC, 1REIE~DISHZHED 572912, S H7¢% PIBK/CD28 FHAEH
FLEAIOBFE RO SN D.

R RHR

s \ ;‘,N

N \N~‘ N

PtdinsP, * {
TC M ° ; ?_H) \’<
U CD28-PI3KH#HEEMA

(@@é) g RN

S FIVEE
Figure 4-3. PI3K-CD28 #H A.{EH & PPI FHEA 1

4-3 PI3K/CD28 tHAEEFAFREH D/ Fi%Et

PI3K & CD28 OAHAAMEHmE OIS, X #fs i iEfENT (PDB code SAUL) (IZ K-> TH LM E 25
TR B, XX EONEHEEIZ S FRRE A AEETH H. PBK/CD28 FHAMEHm O IE%
95 &, CD28 HRDRTF ROWEN—RBIZEE > TELT, EH W\ TWe., 22T, #HAK
REEIZOWT, =) AX—R/MELT=DOBIC o fiket b 5 Z & & L7 (Figure 4-4).

Figure 4-4. PI3K/CD28 11 & (ihfiz 0 = %L F—Fe/Mb

@ PI3K/CD28 & 1&#1E D = % /¥ —f/IMEiZ 13, BIOVIA Discovery Studio'® @ “Simulation tools” % F 7=,
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F7, TRAX—F/MEIC K > TE OGS, PBK/CD2S MHE/EHIEICB T A7 7—~a 7
4 7 &7 /L% Ligand Scout4.4"" Z FIVTHERR L7z (Figure4-5A). = DS, CD28 X7 F RIZ2\ T,
TODAF A= UFRIEICHERT BRI AEER &, U VB b ST T v v U FR AL O EE L 72 Bk
MEFEAAER & BB AT ENMED PBK/CD28 HHAMERICEE TH L Z LR siz. 2L T, HBbi
o7 7 —~a 7 TR ZHEIZIAN S TN Z Enh, % BRI U ATERF 52 LT 2446
BEZEAL, NI TV EYZ 3311/ 7> Q)& THUE, CD28 =7 F KOS 22 MHC & & Rk
L1%5 &% %z 7= (Figure 4-5B).

A . B
rr=om] yL 5
—%— : 5 J7—3A747 HKiE Ane /'“-r“ @
B fEEn “ EFN ]
2R R o > X b
3 —

b )( A\ :

Figure 4-5. (A) PI3K-CD28 #HEAED 7 7 —~ a7+ T ET /VOMERK, (B) A%V BT V4%
EEbLHO M) T EY 7 r[33.1]/ T UERK 2) O,

[(AFA=s 1|

FALA X BT UEKK 2 & CD28 X7 TF Ry~ LI T 5720, GRIERLE YO
FHZE A TS, 95, CD28 XTF RO A F A= 38khE U Uik T v o U iR fE A o it
e Lo B E A RIS AL, BHEEMON—F x L7477V —%{ERk LT
(Figure 4-6). Z D & &, FAEHK 2 O EFR R LISE AT HE ML, (P ZEESE LT
g7 7a v ODANFRGME, ARESGEEZE L GRATR. T7hbb, AF 4= EEoBKME
ORI, BLEZ 0T WIER T2 bR E, 7AFLE07 = =% R R R OV Finic
EMATHZEE L 2LT, UMb oo BEOBMICE, AFASRT LT Z RS
HZlll, RRROWTNNCEATS L & Lie. IR UEiEGEE —>E T 2 & & R
{bEMEIIFT DL, BRESTHD EEZLND 36 (LA EET-.

=N AFAZURBOMBERE
FEVERD DR

,\,,Niw wrre: X0 N\@ Y ol

HZW\’NIK U UBHEF O L U RBORME RS
0O N™ ™0

R o A@*\f" BiLaH
2 RS, R'=

Figure 4-6. CD28 ~~7"F Ny F ORRFHIMNT 7o X—F v Vv T A 75 U — DS

BT, AEAICFAE S B 72 36 (LA DO H NG CD28 7T R OfE AR 2 Bl L1525 00 1 2 7
R D7D in silico A7V —=27 %47 -7= (Figure 4-7A). 9725, CD28 X7 F KDFEAEML
WZBWTC Ry F o7y Ialb—a 270, BEEMIZoONT, 2375 BA7 10 fZLAND Ry ¥
VIR R E BT T, S Ry 0 VR — X OSEREE IS\ T, CD28/PI3K A A1 i
WOER LT=T 7 —~2a 7577 /v (Figure 4-5A) ~D 7 4 v T 4 T &4To7=. U LD, T
NENT-EHEORBAHEAD S B, CD28 X7 F RERKROEXT Ry o7/ anzbéms L,
CD28 7T Ny & L7z, LA ED insilico A7 UV —=2 75, AR RAE ST 36 (LAWY
D56 3LEW (2a—¢) & CD28 ~7'F Nl & LT/ (Figure 4-7B).
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A CD28 X7 F FEk T DRR T T2 insilico A7 ) —=27
CD28%s &5/

>, — __‘7)’—\’—172'/’
. 249TY T

- . 4 > 3 '\.
X U - *27,‘
i 3 A4S /\'Q .,‘ )(“ -

P

~

#LEW 4 CD28#& {4+
A A7 10D
FovFdr /ii—X

B N—F vyt v MbEMOEE
~N OH
O (e O ]
C - by
2a 2b 2c

Figure 4-7. in silico A7 V —=> 7|2 X% CD28 ~7'F Nfit/y 1 D%k7

4-4 CD28 X7 F NS T D& R EHE

FERA X Y ERT U ER 2 ARFER L L, BERBEAEITH 2 LT, CD28 XT'TF ROfEAHE
EFHBALEGED2ZERHLNE RS2 0D, AREMLEY OARBRFICERY il LT
(Scheme 4-1). +72bH, AHHO N T7HET 7 a[33.1]/ F 8K 21, 7478 K3 OETHT
JMUIC L DBREREE DBEANIC L > T TE D B2 7. TAT e R3IE, ALV T4 4DAY 5y
FRICK - TELNDEEBEZT-. V700 41%, TINT BT —FS5DO/T 27 Ml a =551
NELE I L > TELND EEZEL. TUALTETF— 51, 7386 LB T I 7 D
BlILL o TERTE D EEZT-.

b TLT R R3IDETHT I GIC K D REREEDBAN L ER T H7OIIE, TI I ATFAEKETALTE R
FE cis BIDBIEZ D MER 8 5. Poh 5%, TULTET—HRV 0)/\7 DAVN U AV b i S EL
IZE 2T, cis MTHARY VI MBI O D Z & 23 LT % (Table 4-A)".

Table4-A cis TR DB SR Jﬁf%né %Vﬂfﬁdtmﬁ

5 mol% Pd(OAc),

NHﬁ 10 mol% dppe j \\ Ra, j/\
OAc
P

DMF
80 °C
\' cis-VI trans A"
entry R cis+trans (%) cis/trans
1 Me >98 50:50
2 Bn >98 65:35
3 3-CH,-indole >98 69:31
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o)
N)LRS reductive 1 N'p(32 ozonolysis 1 N'PG2
) N/\I’ amination PG\N/\I’ 4 PG\N/\I’
R*‘( /TL — HO&TL — H/TL
o N © N O N O
{ { &
2 3 4
0
PGl
Pd cat. N OH

o OAc
cyclization pG! /\Hj\ /\)/ condensation H o un
~ 6 A
— N v — | pe? OAc
HN R /\J
PG? HN
5 N7
Scheme 4-1. CD28 ~7"F M) T 2 DOF pRaHE

4-5 CD28 X7 F N T D5 ket

BRETEICHE, CD28 X7 F REUi S 2 OEBHRFHIE Y #H A7 (Scheme 4-2). B AFIEEZR
Fmoc-Dap(Boc)-OH (6a) # HF8JFENE L, IREIREEKYZREB L7258 k7 I L OMEIZ LY,
EHIE R VA SN =T 2 K Sa—c & 79%-82%D BAF/R IR THT-C. o= 8H k7 I’
® Fmoc J%, P F AT I U ERAOVTHREL, £ UEFE BT I % Ns I THR#ETDHZ LT,
TINTET—h 8a-cL L. BT IV ATET—F 52—’ D /X727 MMl 2 A 7=45+
WERALSIZ K- T, AL 7 1 2 4a—c % cis-trans KR DEEME LTEH-Z. 20X, WIiho
Y cis TNEEBTH 7=, GoNTI-A VL 7 1 dac 24 U RICE > TT LT B R biE
W=D, CFCOOH fFE T C EtSiH ZN7 5 &, &7 I b & 50 +NERIL S 23 AT
L, BO RN T7HET 7 a[33.1]/ 7B 8a—c DIEELER L. ZDOLE, &1L 7 1 4a—c
DERUIZBNT, cis BIEROERPMELT 20 THNRILEIGET 22 2T, fERlAX Y ERT Vv
8a—c [T = T2 50%LL EDINERTHELNZ. £ LT, #AF Y BTV 8a—c DIEZIL, Boc KD
R E Lo TGS TH -T2 2 D, VR VEE (R*COOH) & OfiAIc L v, EHER?ZE HIC
WA LTz, Foie ZEHRD Ns 5%, DMF {EIEH KoCOs /775 T C PhSH Z I3 2% 2 & CTHiLfRi#E
L, M7 I 9ac b Lz, ZOLE, TEHKIde b RIBEOE MR TR, Bo8
TIV 9d ETVITHANARE ) ATFALEMETHI LT, ZHDHOEWEZEA LTz, R&EIZ, A

C WIHEIRRENCRWT, T VR FOREEN Ns ETHLTI VMY, B RT IV IV EOfERERRD L,
It DEEITH3%h EEFR TE 72 ) o 7= (Table 4-B).

Table4-B. 73 / FE FICNs AL HOT7 I VB L 7T 2 v OB B

OAc

(o} (o]
it Y
Cbz. conditions Cbz. /\j
Y4 H/\)LOH "|_i __________ > V4 H ’}‘
HNJ N OAcC HN., Bn
v s B \=/ Ns
\'l Vil
entry conditions result?
1 VI, TCFH (2.0 equiv.), NMI (3.0 equiv.), MeCN, rt N.D.

isobutyl chroloformate (1.05 equiv.), NMM (2.0 equiv.), -15 °C
2 then trace
VI (1.0 equiv.), rt

(COCI), (1.2 equiv.), DMF (cat.), CH,Cl,, rt
3 then N.D.
VI (1.0 equiv.), CH,Cly/toluene, rt to 100°C

4analyzed by MS
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FILT AT IV E KT 5 Z &
IR 2d,e DAERLZER LT,

ThNRUFRE L,

REF L 72 CD28 <7 F RELis

U

71 2a-c EFD

ACO CICO,BuU o HA© .
Boc /\)j\ NMM Boce P i) Et,NH, MeCN, rt
OH * o H N ii) NsCl, DIPEA
THF NH R' i) NsCl, )
Cd
Fmoc” 0 Ctort Fmoc CHCly, rt
.1 =
ba  7aiR’=CHCH(CH), 5a: R' = CH,CH(CHs), (80%)
TBiR = CH,CH,Cels 5b: R" = CH,CH,CeHs (79%)
7c: R = CHCH,CH(CHg), 5¢: R' = CH,CH,CH(CHa), (82%)
Ns
N
o A Pd(OAC), | e i) Og, MeOH, -78 °C I
Boc /\)L /\) dppe NI\NH then Me;S, rt
~ - -
N N > ! > 1 (0]
NH R DMF N0 BOC i) Et;SiH, CF4COLH RN
Ns” 80 °C R CH,Cly, 1t
8a: R" = CH,CH(CH3),
5a": R' = CH,CH(CH3), 4a: R' = CH,CH(CHj3), (3 steps 57%)
(2 steps 95%) (cis:trans = 1.7:1) 8b: R' = CH,CH,CgHs
5b": R = CH,CH,CgHs 4b: R" = CH,CH,CgHs (3 steps 65%)
(2 steps 92%) (cis:trans = 1.9:1) 8c: R' = CH,CH,CH(CH3),
5¢": R' = CH,CH,CH(CHs), 4c: R' = CH,CH,CH(CH3), (3 steps 62%)
(2 steps 91%) (cis:trans = 1.8:1) o
OMe
i) R2CO,H, TCFH 0
NH
NMI, MeCN, rt . e N/\r HO,C /~-N OMe
-- - Y | = me [
II) PhSH, KzCO3 (6] R1_N O TCFH, NMI 0 o1 o ()
DMF, rt MeCN R-N
rt
9a: R! = CH,CH(CHj),, R? = CH,CH(CHs), 10a: R" = CH,CH(CHg),, R? = CH,CH(CH3), (78%)
(2 steps 69%) 10b: R" = CH,CH,CgHs, R? = CH,CH,CH(CH3), (67%)
9b: R! = CH,CH,CgHs, R? = CH,CH,CH(CHj3), 10c: R' = CH,CH,CgHs, R? = CH,CH(CH3), (70%)
(2 steps 79%) 10d: R" = CH,CH,CH(CHj3),, R? = CH,CH(CH3), (quant.)
9¢: R' = CH,CH,CgHs, R? = CH,CH(CHj3), 10e:R" = CH,CH,CH(CH3),, R? = CH,CH,CH(CH3), (74%)
(2 steps 78%)
9d: R' = CH,CH,CH(CHjs),, R? = CH,CH(CH3),
(2 steps 79%)
9e: R' = CH,CH,CH(CHj3),, R? = CH,CH,CH(CH3),
(2 steps quant.)
o}
LiOH-H,0 /~N OH
» R2 N
THF/MeOH/H,0 b1 /T/L S
Tt (o} R'-N o
2a: R' = CH,CH(CHj3),, R? = CH,CH(CHj3), (quant.)
2b: R = CH,CH,CgHs, R? = CH,CH,CH(CH3), (88%)
2c: R' = CH,CH,CgHs, R? = CH,CH(CHy3), (94%)
2d: R" = CH,CH,CH(CH3),, R? = CH,CH(CH3), (86%)
2e:R" = CH,CH,CH(CHj),, R? = CH,CH,CH(CH3), (80%)

Scheme 4-2. CD28 ~X7"F RS FDERL
4-6 FERIZ XY ©_RFI D PMIFRET

EiRi Lf:ﬁ*éﬁ”z“ﬂe VBT VB OSBRSS Z PMI 7 e > b P2 X0 fi#HT L7 (Figure 4-8).
fEMTIZIE, FERVEHS %2 1D 8a—c, 9a—e, 10a—e, 2a— % /-, Tié%@ﬁ/\?@ﬁéuﬁ’:&i, BRRIZ ATV
L%rﬁmA%%a@%ww FOEL BEROILAMIZET L THY, 4~ TRLEPMI 72 v
ks D JEEFEDONYENY, (nprl, npr2) =(0.27,0.84) TH 5. FAUTLERT, R LN AT Y BTV
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VEASE, W EATROBICHET D KO R B SEE R A R T 2 ST o T, FRIZ,
:E@¢9hei,¢gﬁﬁ@¢%% 7D/Féh/¥ﬁﬁﬁﬂmw EWIRENTZ. NI
T-EERVE RO PMI 7' 1 v N OEEOEEAE L (0.34,0.86) TH Y, FElA XY BT Dr &y 1kt
~NERDAND Z ET, WEROBESFEELLY S ZRITEOENT I WVANR—RAERERTE D
LEZD.

ERAK

Figure 4-8. AGREZH T L ALY BT DU FEHKO PMI 72 v b

4-71 FL 8

AREEIZBOTIE, BEBHEEANES R#E L EXT D BROBIE CD28 ~X7F REUSy
FOFFH~DIERIC DN TR (Figure 4-9). 4% Y BT U0, EMIEES +ORIBICER T
b DD, EOFM O ERIZHOWTUE, [EHEGFFI~DISHR A4 Th - 7. %2 T, PI3BK/CD28
FEERZEN S L, FERA XY BT DS AT F PRS2 T 5 2 & T, EHKS,
B D 7 I HIVAR—=ADYERZBIE LT2. _TF FEAY FOREHZEBWCIE, PI3K/CD28 FHA
YEFEHORE G, NUTYE 7 a[33.1]/ F B2 2 AER & L TRE L=, £ LT, nsilico
AN == Nk 0 FERME RS 2 73 CD28 X7 F NMABH D ZE Mkl B 2 L L1525 2 & 2N T-.

FXEF L72 CD28 7T Ny DA A FEERICHET L, §ERAX Y XTI U OE L =50
EHFSE N2 LT, — OOEBEIIZNENMSLIIEATE D Z &0, SiREBIEDOMA
HOHOMRFIZFHEICT 5. FRC, B R R, AR RICERA T2 E#nry & L-E
A& FEIZT D7, ﬁ%%®éﬁ%%%§%ﬁ?ék%zé.é% ZiE, ARERRREIE, BR s
FeD L 5 M ERER N BEATEDL L AFEIEL TR, B LGN AS Y BT U FKITE
HMBERICAAR BB THDL EEZD.

B2, AR LTZHRA Y B RT U0 O ERIRHR A AT L, EROEy FEHRM LY & =k
TEDOENT I DNV AR—RAEZRRTEH I EEHL NI L.

/\rN
O‘

WBRBAETS L CD28# {9 F~ DA ERaHomL
A VERTFIVyORR FIHANAR=ZADYT7 b

Figure 4-9. SHWUFED £ &
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Experimental section

General

NMR spectra were recorded on a Bruker biospin AVANCE II (400 MHz for 'H, 100 MHz for *C, 376 MHz for
"F) or a Bruker biospin AVANCE III (500 MHz for 'H, 125 MHz for °C) instrument in the indicated solvent.
Chemical shifts are reported in units of parts per million (ppm) relative to CDCl3 (7.26 ppm for '"H NMR, 77.16
ppm for *C NMR) or CD;0D (3.31 ppm for "H NMR, 49.00 ppm for *C NMR). Multiplicities are reported
using the following abbreviations: s; singlet, d; doublet, dd; double doublets, t; triplet, m; multiplet, br; broad,
J; coupling constants in Hertz (Hz). IR spectra were recorded on a JASCO FT/IR-4200 spectrometer. Only the
strongest and/or structurally important peaks are reported as IR data given in cm™. High-resolution mass spectra
(HRMS) were recorded on Bruker ESI-TOF-MS (micro TOF II). Analytical thin layer chromatography (TLC)
was performed on a glass plate of silica gel 60 GF254 (Merck) with UV light (254 nm), visualized by an aqueous
alkaline KMnOs solution. Column chromatography was performed using silica gel (Fuji Silysia,
CHROMATREX PSQ 60B, 50-200 pum). Preparative thin-layer chromatography (PTLC) was performed using
Wakogel B5-F silica coated plates (1.0 mm) prepared in our laboratory. Gel permeation chromatography (GPC)
for purification was performed on Japan Analytical Industry Model LC- 9225 NEXT (recycling preparative
HPLC) and a Japan Analytical Industry Model UV-600 NEXT ultraviolet detector with a polystyrene gel column
(JAIGEL-1H, 20 mm X 600 mm), using chloroform as solvent (3.5 mL/min). Compound 6a was purchased
from BLDpharm.

Virtual screening

Docking calculations were performed with BIOVIA Discovery Studio 2020." The crystal structures of PI3K c-
SH2 and CD28 (PDB code SAUL) were obtained from PDB.” After removing all water molecules, energy
minimization of the complex structure was performed using “Simulation tools” module. PI3K ¢-SH2 protein
(chain A) was further processed by the protocol “Prepare Proteins”, and the virtual library of compound 2 was
processed by the protocol “Prepare Ligands”. Then the docking calculations were performed at binding site
defined from CD28 (chain B), using CDOCKER module.” The resulted docking poses were filtered by
predefined pharmacophores, including three hydrophobic features and one negative ionizable feature, using
LigandScout 4.4.*

PMI analysis
PMI analysis’ of the synthesized compounds was performed as follows. Conformers of the compounds were
generated using “iconfgen” module implemented in LigandScout 4.4.* Normalized PMIs (nprl, npr2) were

calculated for the structures with the lowest energy among the generated conformers, using RDKit.
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Chemistry

Preparation of allyl amine 7a
i) PBrs, Et,0 — o
o e e

ii) BUNH,, Etz;N, THF >7
st THF, rt 7a

2 steps 32%

To a solution of alcohol S17 (3.25 g, 25.0 mmol, 1.0 equiv.) in Et20 (50 mL) was added PBr3 (1.19 mL, 12.5
mmol, 0.5 equiv.) at 0 °C under argon atmosphere, and the reaction mixture was stirred at room temperature for
20 min before being diluted with water. The organic layer was washed with saturated aqueous NaHCO3 and
brine, dried over MgSOs4, filtered, and concentrated under reduced pressure to afford crude product (2.94 g).

To a solution of isobutylamine (3.05 mml, 30.4 mmol) and EtsN (6.36 mL, 45.6 mmol) in THF (30.4 mL)
was added the above crude product (2.94 g) dissolved in THF (30.4 mL) dropwise at room temperature under
argon atmosphere. The reaction mixture was stirred for 3 h at the same temperature before being diluted with
saturated aqueous NaHCO:s. The organic layer was removed under reduced pressure, and the aqueous layer was
extracted with EtOAc for three times. The combined organic layers were washed with brine, dried over MgSOs,
filtered, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexan:EtOAc = 70:30 to EtOAc:MeOH = 90:10) to afford allyl amine 7a (1.46 g, 7.88 mmol,
2 steps 32%) as a yellow oil. (1.46 g, 7.88 mmol, 2 steps 32%) as a yellow oil. '"H NMR (400 MHz, CDCls) §
5.76-5.70 (m, 1H), 5.65-5.58 (m, 1H), 4.63 (d, J = 6.7 Hz, 2H), 3.31-3.30 (m, 2H), 2.41 (d, J= 6.8 Hz, 2H),
2.04 (s, 3H), 1.78-1.68 (m, 1H), 1.20 (brs, 1H), 0.90 (d, J = 6.7 Hz, 6H). °C NMR (125 MHz, CDCl3) § 171.0,
133.7, 125.2, 60.4, 57.8, 46.6, 28.5, 21.1, 20.8; IR (neat): 3026, 2954, 2870, 2812, 1739, 1467, 1445, 1372,
1230, 1118, 1028, 956 (cm™); HRMS (ESI): [M+H]" calcd for Ci1o0H20NO2: 186.1489, found: 186.1488.

Preparation of allyl amine 7b
>= i) PBrs, Et,0 _/=\_ >=O
— (o] 0°Ctort HN o]
HO_/_\_O -

ii) 2-phenylethylamine,

S1 EtsN, THF, rt 7b
2 steps 29%

This compound was prepared from alcohol S17 (3.25 g, 25.0 mmol) following the procedure described for
7a, using 2-phenylethylamine (3.41 mml, 27.0 mmol) instead of isobutyl amine. Purification by silica gel
column chromatography (hexan:EtOAc = 70:30 to EtOAc:MeOH =90:10) yielded allyl amine 7b (1.70 g, 7.29
mmol, 2 steps 29%) as a yellow oil. "H NMR (500 MHz, CDCls) & 7.29 (t, J = 7.5 Hz, 2H), 7.21-7.20 (m, 3H),
5.73-5.68 (m, 1H), 5.64-5.59 (m, 1H), 4.62 (d, J= 6.7 Hz, 2H), 3.33 (d, J = 6.7 Hz, 2H), 2.89-2.87 (m, 2H),
2.81 (t,J =6.9 Hz, 2H), 2.04 (s, 3H), 1.31 (brs, 1H). *C NMR (125 MHz, CDCl3) 6 171.0, 140.0, 133.3, 128.8,
128.6, 126.3, 125.4, 60.3, 50.8, 46.4, 36.5, 21.0; IR (neat): 3454, 3317, 3085, 3059, 3026, 2933, 2832, 1736,
1601, 1496, 1454, 1372, 1229, 1120, 1027, 954, 748, 700 (cm™); HRMS (ESI): [M+H]" caled for C14H20NOz:

234.1489, found: 234.1491.
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Preparation of allyl amine 7c

i) PBrs, Et,0 — >=O
A >=o 0°Ctort in—" \—d
HO O o
i) isoamylamine,
$1 EtsN, THF, rt 7b
2 steps 25%

This compound was prepared from alcohol 817 (3.25 g, 25.0 mmol) following the procedure described for
7a, using isoamylamine (2.86 mml, 24.6 mmol) instead of isobutyl amine. Purification by silica gel column
chromatography (hexan:EtOAc = 70:30 to EtOAc:MeOH = 90:10) to afford allyl amine 7¢ (1.27 g, 6.37 mmol,
2 steps 25%) as a yellow oil. "H NMR (400 MHz, CDCls) § 5.77-5.70 (m, 1H), 5.65-5.59 (m, 1H), 4.64 (d, J =
6.8 Hz, 2H), 3.32-3.31 (m, 2H), 2.61 (t,J=7.5 Hz, 1H), 2.05 (s, 3H), 1.65-1.59 (m, 1H), 1.40-1.34 (m, 2H),
1.23 (brs, 1H), 0.89 (d, J= 6.6 Hz, 6H). °*C NMR (125 MHz, CDCls) & 171.0, 133.5, 125.2, 60.4, 47.9, 46.6,
39.3, 26.3, 22.8, 21.1; IR (neat): 3317, 3023, 2955, 2924, 1740, 1642, 1466, 1372, 1230, 1118, 1028, 956, 750
(cm™); HRMS (ESI): [M+H]" caled for CiiH22NOz: 200.1645, found: 200.1646.

Preparation of amide 5a
OAc

f/\/
w{
S S 2 ¢
OC~ a
H OH > BOC‘N/\HLN\/(

HN‘Fmoc ispbutyl chroloformate H HN.
6a NMM, THF Fmoc
-15°Ctort 5a

80%

To a solution of Boc-Dap(Fmoc)-OH (6a) (426 mg, 1.00 mmol, 1.0 equiv.) and N-methylmorpholine (220
uL, 2.00 mmol, 2.0 equiv.) in THF (2.0 mL) was added isobutyl chloroformate (138 uL, 1.05 mmol, 1.05 equiv.)
at -15 °C under an argon atmosphere. After being stirred for 10 min at the same temperature, allyl amine 7a
(185 mg, 1.00 mmol, 1.0 equiv.) dissolved in THF (1.5 mL) was added to the mixture. After being stirred for 30
min at room temperature, the reaction mixture was diluted with saturated aqueous NaHCOs, and the aqueous
layer was extracted with EtOAc for three times. The combined organic layers were washed with brine, dried
over MgSOs, filtered, and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexan:EtOAc = 70:30 to 60:40) to afford amide 5a (474 mg, 0.798 mmol, 80%) as a white
amorphous solid. [a]3’3 =-4.21° (c =0.997, CHCl3); "H NMR (400 MHz, CDCls, mixture of rotamers) & 7.75
(d, J=17.5 Hz, 2H), 7.60-7.57 (m, 2H), 7.39 (t, J=7.4 Hz, 2H), 7.32-7.28 (m, 2H), 5.85-5.53 (m, 3H), 5.15-
5.03 (m, 1H), 4.81-4.64 (m, 3H), 4.40-3.88 (m, SH), 3.44-3.03 (m, 4H), 2.05 (s, 3H), 1.98-1.89 (m, 1H), 1.43
(s, 9H), 0.97-0.87 (m, 6H); *C NMR (125 MHz, CDCls, mixture of rotamers) & 170.9, 170.8, 170.6, 170.3,
156.2, 156.1, 156.0, 144.0, 143.8, 141.4, 141.4, 141.4, 141.4, 130.0, 129.8, 127.8, 127.3, 127.2, 126.7, 125.2,
125.2, 120.1, 79.8, 67.2, 67.1, 59.9, 59.7, 54.7, 53.2, 51.5,51.2,47.2,47.2,45.3,43.5,43.4, 28.4, 27.8, 26.8,
21.0,21.0,20.3,20.2,20.1, 19.7; IR (neat): 3319, 3066, 3038, 3003, 2962, 2933, 2872, 1720, 1631, 1512, 1450,
1366, 1229, 1167, 1083, 1032,951, 759, 742 (cm™); HRMS (ESI): [M+Na]" calcd for C33H43N307Na: 616.2993,

found: 616.2991.
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Preparation of amide 5b
OAc

f/\/
HN
\/D -
(0]
o (¢
Boc< b
N OH w. Boc< /\HL

H - N N
HN H
HN

“Emoc ispbutyl chroloformate

NMM, THF ‘Fmo:/D
6a -15°C tort 5b

79%

This compound was prepared from Boc-Dap(Fmoc)-OH (6a) (1.07 g, 2.50 mmol, 1.0 equiv.) following the
procedure described for 5a, using allyl amine 7b (583 mg, 2.50 mmol, 1.0 equiv.) instead of 7a. Purification by
silica gel column chromatography (hexan:EtOAc = 70:30 to 50:50) yielded amide Sb (1.27 mg, 1.98 mmol,
79%) as a white amorphous solid. [a]3°? =-5.64° (c = 1.01, CHCl3); "H NMR (500 MHz, CDCls, mixture of
rotamers) 6 7.76 (d, J=7.5 Hz, 2H), 7.61-7.59 (m, 2H), 7.39 (t, J=7.4 Hz, 2H), 7.32-7.18 (m, 7H), 5.95-5.88
(m, 1H), 5.74-5.69 (m, 1H), 5.59-5.57 (m, 1H), 5.08-5.07 (m, 1H), 4.76-4.53 (m, 3H), 4.41-4.36 (m, 2H), 4.24-
3.92 (m, 3H), 3.75-3.18 (m, 4H), 2.95-2.85 (m, 2H), 2.06-2.06 (m, 3H), 1.44-1.43 (m, 9H); >C NMR (125 MHz,
CDCls, mixture of rotamers) 6 170.9, 170.8, 168.8, 168.6, 156.3,156.2,147.9, 147.8, 134.6,134.3, 133.7,132.9,
132.8,130.5,130.4,129.2,129.2,127.8, 126.9, 126.0, 125.8, 80.1, 80.0, 59.7, 59.7, 54.7, 54.6, 54.2, 53.1,44.9,
44.0,43.7,43.5,28.4,27.38, 26.5,21.0, 20.1, 20.0, 19.9, 19.7; IR (neat): 3320, 3061, 3027, 3001, 2970, 2937,
1720, 1632, 1498, 1451, 1366, 1229, 1165, 1030, 758, 740, 700 (cm™); HRMS (ESI): [M+Na]" calcd for
C37H43N307Na: 664.2993, found: 664.2997.

Preparation of amide 5¢

OAc
74 Chemical Formula: C34Hy5N30,
Exact Mass: 607.33

HN

OAc
NS TR Y §
OC~
OH > BOC\H/\HLN
HN

HN‘Fmoc ispbutyl chroloformate .
NMM, THF Fmoc

-15°Ctort
6a 82% 5¢c

Iz

This compound was prepared from Boc-Dap(Fmoc)-OH (6a) (1.07 g, 2.50 mmol, 1.0 equiv.) following the
procedure described for 5a, using allyl amine 7¢ (498 mg, 2.50 mmol, 1.0 equiv.) instead of 7a. Purification by
silica gel column chromatography (hexan:EtOAc = 85:15 to 50:50) yielded amide Se (1.25 g, 2.06 mmol, 82%)
as a white amorphous solid. [a]3®° = -7.49° (¢ = 1.01, CHCIL3); 'H NMR (500 MHz, CDCls, mixture of
rotamers) 6 7.74 (d, J =7.5 Hz, 2H), 7.58 (t, J = 6.4 Hz, 2H), 7.38 (t, J = 7.4 Hz, 2H), 7.31-7.28 (m, 2H), 5.94
(brs, 1H), 5.74-5.54 (m, 2H), 5.17-5.11 (m, 1H), 4.74-4.63 (m, 3H), 4.41-4.33 (m, 2H), 4.24-3.91 (m, 3H), 3.49-
3.24 (m, 4H), 2.06-2.05 (m, 3H), 1.61-1.43 (m, 12H), 0.94 (d, J = 6.0 Hz, 3H), 0.91 (d, J = 6.6 Hz, 3H); °C
NMR (125 MHz, CDCls, mixture of rotamers) & 170.8, 170.8, 169.9, 156.1, 156.1, 143.9, 143.8, 141.4, 141.3,

130.1, 130, 127.8,127.3,127.1, 126.8, 125.2,125.2, 120, 79.7, 67.2, 67.1, 59.9, 59.6, 51.4, 51.3,47.2,46 .2, 45,
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44.9,43.6,43.3,43,37.9,36.1,28.4,26.2,26.2,22.6,22.5,22.5,21.0; IR (neat): 3319, 3067, 3039, 3002, 1713,
1632, 1512, 1450, 1367, 1229, 1167, 1081, 1032, 759, 740 (cm™); HRMS (ESI): [M+Na]" caled for
C34HusN307Na: 630.3150, found: 630.3168.

Preparation of sulfonamide 5a’
OAc OAc
0 f/\/ i) Et,NH, MeCN, rt 0 f/\/
Bocw P Boc.
N’\l)LN\/( ii) NsCI, DIEA, N/\HLN\/(
H CH,Cl,, 1t HoaN.

2 steps 95% Ns
5a 5a'

To a solution of amide 5a (893 mg, 1.50 mmol, 1.0 equiv.) in MeCN (6.0 mL) was added Et2N (3.0 mL) under

“Fmoc

an argon atmosphere. The reaction mixture was stirred for 1 h at room temperature before being concentrated
under reduced pressure to afford crude amine.

To a solution of the crude amine in CH2Cl2 (4.5 mL) was added N,N-diisopropylethylamine (332 pL, 1.95
mmol) and 2-nitrobenzenesulfonyl chloride (399 mg, 1.80 mmol) at room temperature under an argon
atmosphere. After being stirred for 45 min at the same temperature, the reaction mixture was diluted with
saturated aqueous NaHCOs, and the aqueous layer was extracted with CH2Cla for three times. The combined
organic layers were washed with brine, dried over MgSOs, filtered, and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (hexan:EtOAc = 70:30 to 55:45) to afford amide
5a’ (792 mg, 1.42 mmol, 2 steps 95%) as a yellow amorphous solid. [a]3°° =-34.16° (c = 1.01, CHCl3); 'H
NMR (400 MHz, CDCls, mixture of rotamers) & 8.06-8.02 (m, 1H), 7.91-7.86 (m, 1H), 7.73-7.65 (m, 2H), 6.77
(brs, 1H), 5.73-5.56 (m, 1H), 5.33-5.17 (m, 2H), 4.74-4.49 (m, 3H), 4.40-3.69 (m, 2H), 3.50-2.78 (m,4H), 2.07-
2.02 (m, 3H), 1.86-1.74 (m, 1H), 1.42 (s, 9H), 0.90-0.69 (m, 6H); *C NMR (125 MHz, CDCls, mixture of
rotamers) 6 170.9, 170.8, 168.8, 168.6, 156.3, 156.2, 147.9, 147.8, 134.6, 134.3, 133.7, 132.9, 132.8, 130.5,
130.4, 129.2, 129.2, 127.8, 126.9, 126.0, 125.8, 80.1, 80.0, 59.7, 59.7, 54.7, 54.6, 54.2, 53.1, 44.9, 44.0, 43.7,
435,28.4,27.8,26.5,21,20.1, 20,19.9, 19.7; IR (neat): 3340, 3098, 2968, 2933, 2872, 1737, 1709, 1641, 1542,
1410, 1366, 1276, 1232, 1170, 1107, 1030, 957, 854, 784, 741 (cm™); HRMS (ESI): [M+Na]" caled for
C24H36N4O9SNa: 579.2095, found: 579.2099.

Preparation of sulfonamide Sb’

OAc
o (¢ i) Et,NH, MeCN, rt

OAc
f\/ o f/\/
Boc > Boc<
‘N/\HLN ii) NsCI, DIEA, N/\)LN
H HN\ CHZC|2, rt H HN.
Fmoc 2 steps 92% Ns

5b 5b'
This compound was prepared from amide 5b (1.27 g, 1.98 mmol, 1.0 equiv.) following the procedure

described for 5a’. Purification by silica gel column chromatography (hexan:EtOAc = 70:30 to 50:50) yielded
sulfonamide 5b> (1.10 g, 1.82 mmol, 2 steps 92%) as a yellow amorphous solid. [a]38® = -9.02° (¢ = 1.02,

CHCls); '"H NMR (500 MHz, CDCls, mixture of rotamers) & 8.06-7.97 (m, 1H), 7.93-7.89 (m, 1H), 7.73-7.64
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(m, 2H), 7.33-7.09 (m, 5H), 6.73-6.67 (m, 1H), 5.73-5.60 (m, 1H), 5.35-5.16 (m, 2H), 4.68-4.50 (m, 3H), 4.24-
3.93 (m, 1H), 3.90-3.16 (m, 4H), 2.98-2.76 (m, 2H), 2.68-2.59 (m, 1H), 2.08-2.04 (m, 3H), 1.42-1.41 (m, 9H);
3C NMR (125 MHz, CDCls, mixture of rotamers) § 170.9, 168.7, 168.4, 156.2, 147.9, 147.9, 138.4, 137.6,
1345, 133.8, 133.0, 132.8, 130.5, 130.2, 129.4, 129.1, 129.0, 128.8, 128.7, 128.0, 127.1, 127.0, 126.7, 126.0,
125.9,80.1,59.7,59.6,54.4,54.2,48.8,47.9,45.1,43.6,43.6,43.1, 35.6, 33.6, 28.4, 28.4, 21.0; IR (neat): 3325,
3092, 3061, 3025, 3002, 2975, 2935, 1735, 1705, 1643, 1541, 1500, 1366, 1232, 1167, 1122, 1028, 742 (cm™);
HRMS (ESI): [M+Na]" caled for C2sHizsN4OoSNa: 627.2095, found: 627.2103.

Preparation of 5¢’

ii) NsCl, DIEA,

. \/Y CH,Cly, t \/v/
Fmoc 2 steps 91%

5¢ 5c’

OAc OAc
0 {/\/ i) Et,NH, MeCN, rt 0 f/\/
Boc. > Boc.
Y YN
HN HN.
Ns

This compound was prepared from amide 5¢ (1.21 g, 1.99 mmol, 1.0 equiv.) following the procedure
described for 5a’. Purification by silica gel column chromatography (hexan:EtOAc = 80:20 to 55:45) yielded
sulfonamide 5S¢’ (1.04 g, 1.82 mmol, 2 steps 91%) as a yellow amorphous solid. [a]3’* = -28.8° (¢ = 1.00,
CHCls3); '"H NMR (500 MHz, CDCls, mixture of rotamers) & 8.06-8.03 (m, 1H), 7.94-7.89 (m, 1H), 7.75-7.68
(m, 2H), 6.73 (brs, 1H), 5.75-5.58 (m, 1H), 5.39-5.16 (m, 2H), 4.75-4.49 (m, 3H), 4.34-3.72 (m, 2H), 3.64-2.95
(m, 4H), 2.09-2.04 (m, 3H), 1.61-1.34 (m, 10H), 1.29-1.06 (m, 2H), 0.97-0.80 (m, 6H); *C NMR (125 MHz,
CDCls, mixture of rotamers) 6 170.9, 170.8, 168.2, 156.3, 156.2, 147.9,134.6, 134.4, 133.8, 133.8, 132.9, 132.9,
130.5, 130.3, 129.5, 129.4, 127.8, 127.0, 126.1, 125.9, 80.1, 59.7, 59.7, 54.7, 54.6, 45.9, 45, 44.6, 43.9, 43.8,
43.0, 38.1, 36.0, 28.4, 28.4, 26.1, 22.6, 22.5, 22.5, 22.4, 21.0; IR (neat): 3328, 3173, 3094, 2958, 2934,
2870,1737, 1708, 1641, 1542, 1411, 1366, 1236, 1170, 1109, 1029, 958, 853, 783, 741, 654 (cm™); HRMS
(ESI): [M+Na]" calcd for C23H3sN4OoSNa: 593.2252, found: 593.2266.

Preparation of amine 8a*’

Ns
OAc \ ‘
7 Pd(OAc), Boc\N/a,, N\ i) O3 MeOH,-78 °C ~N
0 dppe H 1 then Me,S, rt HN’m
Boc< > 0 'N > N"No
H N\/< DMF ii) CF3COOH, Et;SiH 5\

Ns

80 °C CH,Cly, rt

(cis:trans ~ 1.7:1) 3 steps 57%
5a' 4a 8a

A round bottom flask was charged Pd(OAc) (15.7 mg, 0.07 mmol, 0.05 equiv.) and 1,2-
bis(diphenylphosphino)ethane (55.8 mg, 0.14 mmol, 0.10 equiv.), and a solution of sulfonamide 5a’ (779 mg,
1.40 mmol, 1.0 equiv.) in DMF (7.0 mL) was added to the flask under an argon atmosphere. The reaction mixture
was stirred for 6.5 h at 80 °C before being diluted with 1N aqueous HCI, and the aqueous layer was extracted
with EtOAc for three times. The combined organic layers were washed with brine, dried over MgSOs, filtered,

and concentrated under reduced pressure. The residue was purified by silica gel column chromatography
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(hexan:EtOAc = 70:30 to 55:45) to afford 4a as a mixture of cis-trans isomers (cis:trans ~ 1.7:1, 632 mg). The
mixture was used in the next step without further purification.

A solution of the 4a (632 mg) in MeOH (13.0 mL) was bubbled with ozone at -78 °C until the color of reaction
mixture turned blue. Then the nitrogen was bubbled into the solution until the blue color disappeared. The
reaction mixture was added dimethyl sulfide (342 pL, 4.62 mmol) and stirred for 18 h at room temperature
before being concentrated under reduced pressure to afford the crude aldehyde.

To a solution of the crude product in CH2Cl> (6.60 mL) was added EtsSiH (526 pL, 3.30 mmol) and
CFsCOOH (1.52 mL, 19.8 mmol) at room temperature. After being stirred for 7 h at the same temperature, the
reaction mixture was neutralized with saturated aqueous NaHCO3 at 0 °C, and the aqueous layer was extracted
with CH2Cl. for three times. The combined organic layers were washed with brine, dried over MgSOu, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexan:EtOAc = 90:10 to EtOAc:MeOH = 95:5) to afford amine 8a (304 mg, 0.795 mmol, 3 steps 57%) as a
yellow amorphous solid. [a]38® =-32.8° (c =0.75, CHCIs); "H NMR (500 MHz, CDClz) § 8.02-8.01 (m, 1H),
7.73-7.64 (m, 3H), 4.21-4.20 (m, 1H), 4.17-4.15 (m, 1H), 3.76-3.72 (m, 1H), 3.21-3.17 (m, 2H), 3.15-3.05 (m,
3H), 3.00 (dd, J= 1.5, 12.5 Hz, 1H), 2.95 (dd, J=3.0, 12.2 Hz, 1H), 1.93-1.87 (m, 1H), 1.72 (brs, 1H), 0.82
(d,J=6.7 Hz, 3H), 0.78 (d, J = 6.7 Hz, 3H); '*C NMR (125 MHz, CDCls) § 167.0, 147.7, 134.2, 133.0, 132.3,
130.9, 124.6, 56.4, 53.8,51.5, 50.3, 48.5,48.1, 26.1, 20.1, 19.9; IR (neat): 3334, 3091, 2958, 2870, 1650, 1542,
1495, 1465, 1439, 1370, 1336, 1176, 1130, 1068, 1012, 852, 745 (cm™); HRMS (ESI): [M+H]" calcd for
C16H23N41OsS: 383.1384, found: 383.1389.

Preparation of amine 8b

Ns
Ns
Pd(OAc), Boc\ /n N i) Oz MeOH,-78°C />N
\ S HN
dppe then MeyS, rt )

.

Boc >
b /\HL DMF ii) CF3COOH, Et;SiH N"“o
80 °C CH,Cly, rt
(cis:trans ~ 1.8:1) 3 steps 65%

5b’ 8b

This compound was prepared from sulfonamide S5b’ (1.01 g, 1.65 mmol, 1.0 equiv.) following the procedure
described for 8a. Purification by silica gel column chromatography (EtOAc = 100% to EtOAc:MeOH = 85:15)
yielded amine 8b (464 mg, 1.08 mmol, 3 steps 65%) as an orange amorphous solid. [a]3’8 =-10.8° (c =0.996,
CHCI3); '"H NMR (400 MHz, CDCl3) § 8.03-8.01 (m, 1H), 7.73-7.64 (m, 3H), 7.28-7.25 (m, 2H), 7.21-7.18 (m,
3H), 4.154.14 (m, 1H), 4.11-4.09 (m, 1H), 3.80-3.73 (m, 1H), 3.66 (dd, J = 6.6, 12.1 Hz, 1H), 3.30-3.24 (m,
1H), 3.12 (dd, J= 1.5, 12.7 Hz, 1H), 310-3.06 (m, 1H), 3.03 (d, J=12.3 Hz, 1H), 2.94 (dd, J=3.2, 12.5 Hz,
1H), 2.86-2.72 (m, 3H), 1.45 (brs, 1H); *C NMR (125 MHz, CDCl3) 5 166.6, 147.8, 138.6, 134.2, 132.9, 132.3,
130.9, 128.8, 128.7, 126.8, 124.6, 56.4, 51.1, 50.4, 48.3, 48.1, 47.8, 33.1; IR (neat); 3328, 3088, 3069, 3060,
3024, 2923, 1650, 1542, 1495, 1453, 1439, 1369, 1343, 1176, 1131, 1067, 851, 745, 701 (cm™); HRMS (ESI):
[M+H]" calcd for C20H23N4OsS: 431.1384, found: 431.1396.
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Preparation of amine 8c

OAc Ns
Y Pd(OAc), Bocs < i) O3, MeOH,-78°C />N
0 dppe £ then Me,S, rt HN/m
> N

Boc
‘N’\HLN DMF ii) CFsCOOH, EtSiH
H HN. \/7/ 80 °C CH,Cl,, rt
S (cis:trans ~ 1.8:1) 3 steps 62%

This compound was prepared from sulfonamide 5¢’ (941 mg, 1.65 mmol, 1.0 equiv.) following the procedure

8c

described for 8a. Purification by silica gel column chromatography (hexane:EtOAc = 10:90 to EtOAc:MeOH
= 85:15) yielded amine 8¢ (409 mg, 1.03 mmol, 3 steps 62%) as a yellow amorphous solid. [a]37® =-39.3° (¢
=0.973, CHCl3); '"H NMR (500 MHz, CDC13) § 7.98 (d, J = 6.1 Hz, 1H), 7.71-7.61 (m, 3H), 4.19-4.18 (m, 1H),
4.15(d,J=2.1 Hz, 1H),3.73 (dd, /=6.9, 12.4 Hz, 1H), 3.32-3.26 (m, 1H), 3.14-3.10 (m, 4H),2.99 (d, J=12.9
Hz, 1H), 2.96 (dd, J=2.9, 12.4 Hz, 1H), 1.71 (brs, 1H), 1.44-1.39 (m, 1H), 1.20-1.16 (m, 2H), 0.81 (s, 3H),
0.80 (s, 3H); >C NMR (125 MHz, CDCl:) § 166.4, 147.7, 134.1, 132.8, 132.3, 130.8, 124.4, 56.3, 51.5, 49.4,
48.3, 48, 45, 35.1, 25.9, 22.5, 22.4; IR (neat): 3327, 3092, 3072, 3018, 2955, 2927, 2869, 1651, 1542, 1497,
1466, 1438, 1370, 1345, 1176, 1130, 1068, 1011, 969, 928, 852, 780, 745, 649 (cm™); HRMS (ESI): [M+H]
calcd for Ci17H25N4Os: 397.1540, found: 397.1547.

Preparation of amine 9a*°

Ns
7~ N i) -BuCOH, TCFH /I~

HN ] NMI, MeCN, rt \(\‘( ’1
o >
O i) PhSH, K,COs4 o
DMF, rt
2 steps 69%

8a 9a

To a solution of amine 8a (146 mg, 0.382 mg, 1.0 equiv.), isovaleric acid (63.3 pL, 0.573 mmol, 1.5 equiv.),
and N-methylimidazole (90.8 uL, 1.15 mmol, 3.0 equiv.) in MeCN (1.9 mL) was added TCFH (214 mg, 0.764
mmol, 2.0 equiv.). After being stirred for 1.5 h at room temperature under an argon atmosphere, the reaction
mixture was diluted with saturated aqueous NaHCOs, and the aqueous layer was extracted with EtOAc for three
times. The combined organic layers were dried over MgSOs, filtered, and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (hexane:EtOAc =70:30 to 60:40) to afford crude
product.

To a solution of the above crude product and KoCOs (159 mg, 1.15 mmol) in DMF (1.90 mL) was added
benzenethiol (77.9 pL, 0.764 mmol) at room temperature under an argon atmosphere. After being stirred for 40
min at the same temperature, the reaction mixture was diluted with saturated aqueous NH4Cl, and the aqueous
layer was extracted with CH2Cl. for three times. The combined organic layers were dried over MgSOs, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(EtOAc 100% to EtOAc:MeOH = 70:30) to afford amine 9a (73.6 mg, 0.262 mmol, 2 steps 69%) as a colorless
oil. [a]3?® =-52.9° (c = 0.705, CHCI:); 'H NMR (500 MHz, CDCl3) § 4.63 (d, J = 13.4 Hz, 1H), 4.03 (d, J =

315



U

12.8 Hz, 1H), 3.56-3.52 (m, 2H), 3.35-3.34 (m, 1H), 3.29 (dd, J = 2.9, 12.8 Hz, 1H), 3.22-3.18 (m, 2H), 3.07
(dd, J=7.7,13.3 Hz, 1H), 2.92 (dd, J= 2.6, 13.3 Hz, 1H), 2.14-1.89 (m, 6H), 0.89 (d, J = 6.5 Hz, 3H), 0.86
(d, J=6.7 Hz, 3H), 0.83 (d, J= 6.7 Hz, 3H); *C NMR (125 MHz, CDCls) § 172.3, 169.2, 54.7, 54.0, 51.6, 48.7,
46.8,46.1,41.7,26.2,25.4,22.8,22.7,20.1; IR (neat): 3471, 3285, 2956, 2930, 2870, 1636, 1495, 1464, 1433,
1366, 1288, 1218, 1138, 1076, 817 (cm™); HRMS (ESI): [M+H]" caled for C1sHasN3O2: 282.2176, found:
282.2179.

Preparation of amine 9b

NS i) 4-methylvaleric acid NH
/~ TCFH, NMI /~
HNfl MeCN, rt )\/\‘(N/m
N > N
O i) PhSH, K,CO,4 0 ©
DMF, rt
2 steps 79%
8b 9%

This compound was prepared from amine 8b (203 mg, 0.472 mmol, 1.0 equiv.) following the procedure
described for 8a, using 4-methylvaleric acid (89.5 pL, 0.708 mmol, 1.5 equiv.) instead of isovaleric acid.
Purification by silica gel column chromatography (EtOAc 100% to EtOAc:MeOH = 75:25) yielded amine 9b
(128 mg, 0.373 mmol, 2 steps 79%) as a pale yellow oil. [a]37° = -59.5° (c = 0.810, CHCI:); '"H NMR (400
MHz, CDCls) é 7.30-7.26 (m, 2H), 7.21-7.18 (m, 3H), 4.65 (d, J= 13.3 Hz, 1H), 4.05 (d, /= 12.9 Hz, 1H),
3.67-3.60 (m, 1H), 3.56 (brs, 1H), 3.45 (dd, J= 6.3, 12.0 Hz, 1H), 3.39-3.31 (m, 2H), 3.29-3.27 (m, 1H), 3.24
(d, J=12.4 Hz, 1H), 2.93-2.89 (m, 1H), 2.87-2.83 (m, 1H), 2.77-2.71 (m, 1H), 2.26-2.22 (m, 2H), 2.01 (brs,
1H), 1.59-1.49 (m, 1H), 1.47-1.42 (m, 2H), 0.88 (s, 3H), 0.86 (s, 3H); °C NMR (125 MHz, CDCl3) & 173.1,
169, 138.8, 128.8, 128.7, 126.6, 54.8, 51.6, 48.7, 48.7, 46.9, 46.2, 34.0, 33.1, 30.9, 27.9, 22.5, 22.4; IR (neat):
3472, 3285, 3086, 3059, 3026, 2953, 2972, 2867, 1637, 1495, 1429, 1365, 1298, 1218, 1084, 750, 700 (cm™);
HRMS (ESI): [M+H]" calced for C20H30N302: 344.2333, found: 344.2332.

Preparation of amine 9¢
Ns

.

HN/\’N i) -BuCO,H, TCFH N/\’NH
N - N
O i) PhSH, K,CO4 0 o
DMF, rt
2 steps 78%
8b 9c

This compound was prepared from amine 8b (216 mg, 0.502 mg, 1.0 equiv.) following the procedure
described for 8a. Purification by silica gel column chromatography (EtOAc 100% to EtOAc:MeOH = 75:25)
yielded amine 9¢ (129 mg, 0.392 mmol, 2 steps 78%) as a pale yellow oil. [a]3®7 =-55.4° (¢ = 1.01, CHCl3);
'H NMR (400 MHz, CDCls) & 7.30-7.26 (m, 2H), 7.21-7.18 (m, 3H), 4.65 (d, J=13.3 Hz, 1H), 4.05 (d, J =
12.9 Hz, 1H), 3.58-3.50 (m, 2H), 3.47-3.40 (m, 2H), 3.33-3.27 (m, 2H), 3.23 (d, /= 12.1 Hz, 1H), 2.93-2.82
(m, 2H), 2.77-2.70 (m, 1H), 2.37-2.11 (m, 2H), 2.08-2.00 (m, 2H), 0.91 (d, J=2.8 Hz, 3H), 0.90 (d, / =2.7 Hz,
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3H); °C NMR (125 MHz, CDCl3) & 172.2, 168.9, 138.7, 128.8, 128.7, 126.6, 54.7, 51.6, 48.7, 46.9, 46.1, 41.7,
33.1, 25.5, 22.8, 22.7; IR (neat): 3472, 3284, 3087, 3059, 3026, 2955, 2929, 2867, 1636, 1496, 1454, 1431,
1365, 1345, 1298, 1216, 1081, 751, 700; HRMS (ESI): [M+H]" calcd for CioH2sN302: 330.2176, found:
330.2181.

Preparation of amine 9d

/~N i) -BuCO,H, TCFH

"
HN’I NMI, MeCN, rt Nlm
N"o - \(\‘g §N\ o}

9d

i) PhSH, K,CO3
DMF, rt
2 steps 79%
8c

This compound was prepared from amine 8c (168 mg, 0.424 mmol, 1.0 equiv.) following the procedure
described for 8a. Purification by silica gel column chromatography (EtOAc 100% to CH2Cl.:MeOH = 80:20)
yielded 9d (99.7 mg, 0.337 mmol, 2 steps 79%) as a colorless oil. [a]3%! =-55.2° (¢ =0.98, CHCls); "H NMR
(500 MHz, CDCls) 6 4.65 (d, J=13.3 Hz, 1H), 4.00 (d, J=12.9 Hz, 1H), 3.55-3.51 (m, 2H), 3.48-3.42 (m, 1H),
3.32-3.31 (m, 1H), 3.28 (dd, /=2.9, 13.0 Hz, 1H), 3.21 (d, J = 12.4 Hz, 1H), 3.10-3.04 (m, 1H), 2.89 (dd, J =
2.3,13.3 Hz, 1H) 2.13 (brs, 1H), 2.10-2.07 (m, 2H), 2.05-1.97 (m, 1H), 1.54-1.46 (m, 1H), 1.40-1.26 (m, 2H),
0.90-0.86 (m, 12H); *C NMR (125 MHz, CDCl3) & 172.0, 168.6, 54.7, 50.8, 48.7, 46.9, 46.2, 45.2, 41.6, 35.3,
26.1,25.4,22.9,22.7,22.6,22.5; IR (neat): 3472, 3290, 2954, 2929, 2868, 1739, 1635, 1545, 1498, 1433, 1366,
1215, 1132, 1063, 852, 779 (cm™); HRMS (ESI): [M+H] caled for CisH30N3O2: 296.2333, found: 296.2339.

Preparation of amine 9e

Ns i) 4-methylvaleric acid NH
/[~ TCFH, NMI /~
HN,I MeCN, rt )\/\WNII
N > N
O i) PhSH, K,CO4 o ©
DMF, rt
2 steps quant.
8c 9e

This compound was prepared from amine 8c (168 mg, 0.424 mmol, 1.0 equiv.) following the procedure
described for 8a, using 4-methylvaleric acid (80.4 pL, 0.636 mmol, 1.5 equiv.) instead of isovaleric acid.
Purification by silica gel column chromatography (EtOAc 100% to CH2Cl:MeOH = 80:20) yielded 9e (128
mg, 0.414 mmol, 2 steps quant.) as a colorless oil. [a]3’° = 47.9° (c = 0.955, CHCls); '"H NMR (500 MHz,
CDCls) 6 4.65 (d,J=13.3 Hz, 1H),4.00 (d, J=13.0 Hz, 1H), 3.58-3.50 (m, 3H), 3.32-3.28 (m, 2H), 3.22 (d, J =
12.4 Hz, 1H), 3.01-2.95 (m, 1H), 2.89 (dd, J=2.2, 13.3 Hz, 1H), 2.21-2.18 (m, 2H), 2.11 (brs, 1H), 0.88-0.85
(m, 12H); >C NMR (125 MHz, CDCl3) § 172.8, 168.6, 54.7, 50.8, 48.6, 47, 46.2, 45.2, 35.3, 33.9, 30.8, 27.9,
26.1,22.6,22.5,22.5,22.4; IR (neat): 3479, 3285, 2955, 2930, 2868, 1637, 1496, 1454, 1432, 1366, 1216, 1134,
1078, 916, 858, 781 (cm™) HRMS (ESI): [M+H]' calcd for C17H32N:0z: 310.2489, found: 310.2491.
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Preparation of methyl ester 10a'°
o
OoH o
MeO.
N/’\\’/LNH i N/YN OMe
! < L
> o}
\(\‘g N"o TCFH, NMI o N0
5\ MeCN 5\
rt

78%
9a 10a

To a solution of amine 9a (106 mg, 0.377 mmol, 1.0 equiv.), monomethyl terephthalate (102 mg, 0.566 mmol,
1.5 equiv.), and N-methylimidazole (89.2 pL, 1.13 mmol, 3.0 equiv.) in MeCN (1.9 mL) was added TCFH (212
mg, 0.754 mmol, 2.0 equiv.). After being stirred for 30 min at room temperature under an argon atmosphere,
the reaction mixture was diluted with saturated aqueous NaHCO3, and the aqueous layer was extracted with
EtOAc for three times. The combined organic layers were dried over MgSOg, filtered, and concentrated under
reduced pressure. The residue was purified by pTLC (hexane:EtOAc = 10:90) to afford methyl ester 10a (130
mg, 0.293 mmol, 78%) as a white amorphous solid. [a]3*? =-31.3° (¢ = 1.00, CHCIs); '"H NMR (500 MHz,
CDCls, mixture of rotamers) 6 8.10 (d, J=7.7 Hz, 2H), 7.47 (brs, 2H), 5.11 (d, J=98.4 Hz, 1H), 4.85-4.68 (m,
1H), 4.31-4.02 (m, 2H), 3.93 (s, 3H), 3.80-2.84 (m, 6H), 2.10-1.93 (m, 4H), 0.90 (d, J = 5.72 Hz, 6H), 0.86-
0.84 (m, 6H); *C NMR (125 MHz, CDCls, mixture of rotamers) & 172.3, 168.8, 166.1, 165.9, 165.4, 137.7,
132.5,130.4,127.4,57.7,54,52.6,52.3,50.9,49.5,48.2,47.7,46.2,45.7,44.1,43.7,42.1,41.7,26,25.4,22.7,
20.1, 19.9; IR (neat): 2957, 2929, 2870, 1725, 1650, 1493, 1425, 1330, 1280, 1107, 1074, 866, 724 (cm™);
HRMS (ESI): [M+Na]" caled for C24H33N30sNa: 466.2312, found: 466.2317.

Preparation of methyl ester 10b

OH 0
MeO.
/~—NH ~N OMe

TCFH, NMI (¢
MeCN
rt
67%
9b 10b

0]

This compound was prepared from 9b (98.7 mg, 0.287 mmol, 1.0 equiv.) following the procedure described
for 10a. Purification by pTLC (hexane:EtOAc = 30:70) yielded methyl ester 10b (99.8 mg, 0.197 mmol, 67%)
as a white amorphous solid. [a]3%° = -78.6° (¢ = 0.500, CHCls); '"H NMR (500 MHz, CDCls, mixture of
rotamers) & '"H NMR (500 MHz, CDCls) § 8.08 (d, /= 8.2 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 7.29 (t, J= 7.4 Hz,
2H),7.23 (t,J =7.3 Hz, 1H), 7.18 (d, J=7.0 Hz, 2H), 5.22-4.96 (m, 1H), 4.85-4.63 (m, 1H), 4.28-3.86 (m, 5H),
3.71-2.72 (m, 1H), 2.22 (m, 2H), 1.53-1.43 (m, 3H), 0.87 (brs, 6H); °C NMR (125 MHz, CDCls, mixture of
rotamers) 6 173.1, 168.5, 166.1, 165.6, 165, 138.5, 138.1, 137.6, 132.4, 130.3, 128.8, 127.4, 127.1,126.7, 57.7,

52.6,52.3,51.3,49.5,48.9,48.3,47.7,46.4,45.7,43.7,33.9,32.9,30.8, 27.8, 22.4, 22 4; IR (neat): 3086, 3062,
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3025, 2953, 2931, 2866, 1724, 1649, 1494, 1423, 1330, 1279, 1107, 997, 866, 824, 783, 740, 723, 700 (cm™);
HRMS (ESI): [M+Na]" caled for C20HzsN3OsNa: 528.2469, found: 528.2478.

Preparation of methyl ester 10c

0O

OH (0]
MeO.
NH N OMe

~ I~
S LA
- o)
o N0 TCFH, NMI o N0
MeCN
rt
70%
9c 10c

This compound was prepared from 9¢ (89.2 mg, 0.271 mmol, 1.0 equiv.) following the procedure described
for 10a. Purification by pTLC (hexane:EtOAc = 30:70) yielded methyl ester 10c (93.0 mg, 0.189 mmol, 70%)
as a white amorphous solid. [a]3°° =-70.0° (c = 1.03, CHCl3); '"H NMR (500 MHz, CDCl3) § 8.10 (d, J = 8.2
Hz, 2H), 7.40 (d, J= 8.3 Hz, 2H), 7.24-7.23 (m, 1H), 7.31 (t, J= 7.4 Hz, 1H), 7.19 (d, J=7.2 Hz, 2H), 5.23-
4.98 (m, 1H), 4.88-4.65 (m, 1H), 4.27-3.86 (m, 5H), 3.72-2.88 (m, 7H), 2.79-2.73 (m, 1H), 2.17-2.03 (m, 3H),
0.92 (brs, 6H); *C NMR (125 MHz, CDCls, mixture of rotamers) & 172.2, 168.5, 166.1, 165.6, 165, 138.6,
138.1, 137.6, 132.4, 130.3, 128.8, 127.5, 127.1, 126.8, 57.6, 52.6, 52.3, 51.4, 49.6, 48.9, 48.4, 47.8, 46.3,45.7,
43.7,41.6,32.9,25.4,22.8,22.7; IR (neat): 3085, 3061, 3024, 2953, 2930, 2868, 1724, 1648, 1493, 1423, 1330,
1279, 1109, 867, 724,701 (cm™); HRMS (ESI): [M+Na]" calcd for C2sH33N30sNa: 514.2312, found: 514.2320.

Preparation of methyl ester 10d

0]

\'(©)‘\OH 0
MeO
I~ /YN)‘\Q\WOMe
N o) N
/m > \(\\f /m
6 N

o)
\(\‘g N0 TCFH, NMI 0

MeCN
rt
quant.
9d 10d

This compound was prepared from 9d (79.8 mg, 0.270 mmol, 1.0 equiv.) following the procedure described
for 10a. Purification by pTLC (EtOAc = 100%) to afford methyl ester 10d (118 mg, 0.258 mmol, quant.) as a
white amorphous solid. [a]3*3 = -49.0° (c = 1.02, CHCl3); "H NMR (500 MHz, CDCls, mixture of rotamers)
0 8,10 (d, J = 7.8 Hz, 2H), 7.47 (brs, 2H), 5.18-5.01 (m, 1H), 4.87-4.71 (m, 1H), 4.27-4.00 (m, 2H), 3.93 (s,
3H), 3.78-3.20 (m, 4H), 3.13-3.08 (m, 1H), 2.97-2.81 (m, 1H), 2.08-2.01 (m, 3H), 1.56-1.48 (m, 1H), 1.41-1.28
(m, 2H), 0.92-0.88 (m, 12H); *C NMR (125 MHz, CDCls, mixture of rotamers) & 172.1, 168.6, 166.1, 165.2,
164.8, 138.0, 137.7, 132.4, 130.3, 127.5, 127.1, 57.7, 52.6, 52.3, 50.1, 49.8, 48.9, 48.4, 47.8, 46.3, 45.7, 45 4,
43.8,41.6,35.2,26.2,25.3,22.8,22.7,22.5,22.5; IR (neat): 2955, 2930, 2868, 1725, 1650, 1495, 1427, 1330,
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1279, 1107, 1042, 983, 867, 824, 724 (cm™); HRMS (ESI): [M+Na]" calcd for C2sH3sN3OsNa: 480.2469, found:

480.2480

Preparation of methyl ester 10e

Chemical Formula: C,5H37N305
Q Exact Mass: 471.27

T
=
@
o;
o
T
P4
:i |
@]
=
©

I~
P ol G A~
> o}
o MN7o TCFH, NMI o Mo
MeCN
rt
74%
9e 10e

This compound was prepared from 9e (88.3 mg, 0.285 mmol, 1.0 equiv.) following the procedure described
for 10a. Purification by GPC yielded methyl ester 10e (98.8 mg, 0.210 mmol, 74) as a colorless oil. [a]3*® =
-40.0° (c = 0.49, CHCl3); '"H NMR (400 MHz, CDCls, mixture of rotamers) & 8,10 (d, J = 8.0 Hz, 2H), 7.48-
7.47 (m, 2H), 5.19-5.00 (m, 1H), 4.85-4.73 (m, 1H), 4.29-3.99 (m, 2H), 3.94 (s, 3H), 3.76-3.30 (m, 4H), 3.08-
2.83 (m, 2H), 2.22 (br2, 2H), 1.55-1.27 (m, 6H), 0.91-0.86 (m, 12H); *C NMR (125 MHz, CDCls, mixture of
rotamers) & 173, 168.6, 166.1, 165.2, 164.8, 138.0, 137.7, 132.4, 130.3, 127.5, 127.1, 57.7, 52.6, 52.3, 50.1,
49.9,48.9,48.3,47.7,46.4,45.8,45.4,43.8,35.2,33.8,30.8,27.8,26.1,22.6, 22.5,22.4; IR (neat): 2955, 2932,
2869, 1725, 1649, 1495, 1425, 1330, 1279, 1107, 866, 823, 723 (cm™); HRMS (ESI): [M+Na]" calcd for
C26H37N30s: 494.2625, found: 494.2630.

Preparation of carboxylic acid 2a

0
~N OMe
\(\“/N’m LiOH-H,0
o)

THF/MeOH/HZO \(\W

N"So J\Q\W
g GRS

10a 2a
To a solution of methyl ester 10a (40.0 mg, 0.0901 mmol, 1.0 equiv.) in THF (180 pL), MeOH (180 pL), and
H20 (180 pL) was added lithium hydroxide monohydrate (11.3 mg, 0.270) at room temperature. After being

stirred for 1 h at the same temperature under an argon atmosphere, the reaction mixture was diluted with
saturated aqueous NaHCO:;. The aqueous layer was washed with Et2O for two times, acidified with 1N HCI,
and extracted with EtOAc for three times. The combined organic layers were dried over MgSOs, filtered, and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane:EtOAc =10:90 to EtOAc:MeOH = 90:10) to afford carboxylic acid 2a (39.9 mg, 0.0929 mmol, quant.)
as a colorless oil. [a]3’? =-41.1° (c =0.285, CHCl3); '"H NMR (500 MHz, CDCls, mixture of rotamers) & 8.13-
7.95 (m, 2H), 7.51-7.40 (m, 2H), 5.25-5.05 (m, 1H), 4.90 (d, /= 13.6 Hz, 1H), 4.74 (s, 1H), 4.26 (d, J=13.4
Hz, 1H), 4.06-3.84 (m, 1H), 3.64-3.01 (m, 5H), 2.19-1.98 (m, 4H), 0.92 (d, J = 6.3 Hz, 6H), 0.88 (d, /= 6.6 Hz,
6H); *C NMR (125 MHz, CDCls, mixture of rotamers) § 172.6, 169.3, 168.0, 167.4, 137.4, 132.4,130.5, 127.2,
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56.7, 54.4, 49.6,48.3,45.9,43.6, 41.7, 26.1, 25.5, 22.7, 20.1, 19.9; IR (neat): 2958, 2930, 2870, 2618, 2492,
1714, 1644, 1503, 1463, 1426, 1331, 1243, 1173, 1075, 1038, 866, 785, 738 (cm™); HRMS (ESI): [M-H] calcd
for C23H30N302: 428.2191, found: 428.2196.

Preparation of carboxylic acid 2b

o 0
~N OMe I~ OH
N oo I~V
N 0 > N 0
0 THF/MeOH/H,0 0
it
88%
10b 2b

This compound was prepared from 10b (47.5 mg, 0.0939 mmol, 1.0 equiv.) following the procedure described
for 2a. Purification by silica gel column chromatography (hexane:EtOAc = 50:50 to EtOAc:MeOH = 90:10)
yielded carboxylic acid 2b (40.7 mg, 0.0828 mmol, 88%) as a colorless oil. [a]3%° =-67.5° (c=0.810, CHCl);
"H NMR (500 MHz, CDCl3, mixture of rotamers) § 8.1-7.95 (m, 2H), 7.36-7.31 (m, 4H), 7.27-7.24 (m, 1H),
7.21 (d,J=7.2 Hz, 2H), 5.27-5.00 (m, 1H), 491 (d, J=13.6 Hz, 1H), 4.68 (s, 1H), 4.28 (d, /= 13.4 Hz, 1H),
3.90-3.75 (m, 1H), 3.65-3.57 (m, 2H), 3.40 (dd, J=12.7, 38.1 Hz, 2H), 2.30-2.27 (m, 2H), 1.58-1.51 (m, 1H),
1.49-1.46 (m, 2H), 0.88 (s, 3H), 0.87 (s, 2H); '*C NMR (125 MHz, CDCls, mixture of rotamers) & 173.5, 168.9,
167.5, 167.5, 137.7, 137.4, 132.3, 130.4, 128.9, 128.8, 127.3, 127.0, 56.7, 49.7, 48.7, 48.5, 46.0, 43.5, 34.0,
309, 27.8, 22.4, 22.4; IR (neat); 3449, 3085, 3061, 3024, 2954, 2927, 2866, 2619, 2484, 1715, 1649, 1496,
1453,1423, 1330, 1238, 1083, 866, 783, 740, 700 (cm™'); HRMS (ESI): [M-H] calcd for C2sH32N3Os: 490.2347,
found: 490.2358.

Preparation of carboxylic acid 2¢
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This compound was prepared from 10¢ (40.6 mg, 0.0826 mmol, 1.0 equiv.) following the procedure described
for 2a. Purification by silica gel column chromatography (hexane:EtOAc = 50:50 to EtOAc:MeOH =90:10) to
yielded carboxylic acid 2¢ (40.7 mg, 0.0828 mmol, 94%) as a colorless oil. [a]389 =-94.0° (c =0.420, CHCl:);
'H NMR (500 MHz, CDCls, mixture of rotamers) & 8.11-7.95 (m, 2H), 7.35-7.31 (m, 4H), 7.27-7.24 (m, 1H),
7.21 (d,J=7.31 Hz, 2H), 5.26-5.00 (m, 1H),4.92 (d, J=13.8 Hz, 1H), 4.66 (s, 1H), 4.28 (d, J=13.5 Hz, 1H),
3.90-3.73 (m, 1H), 3.71-3.65 (m, 1H), 3.57-3.56 (m, 1H), 3.38 (dd, J=12.7, 30.3 Hz, 2H), 3.14-2.78 (m, 3H),
2.21-2.04 (m, 3H), 0.94-0.92 (m, 6H); *C NMR (125 MHz, CDCls, mixture of rotamers) 6 172.6, 168.9, 167.5,

167.5,137.7,137.4,132.3,130.4, 128.9, 128.8, 127.3, 127.0, 56.7,49.7,48.7,48.5,45.9,43.5,41.6,32.9, 25 5,
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22.8, 22.7; IR (neat): 3449, 3058, 3025, 2956, 2928, 2870, 2621, 2501, 1715, 1648, 1499, 1424, 1330, 1234,
1173, 1078, 997, 867, 784, 741, 701 (cm™); HRMS (ESI): [M-H] calcd for C27H30N3Os: 476.2191, found:
476.2188.

Preparation of carboxylic acid 2d

o) 0
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N
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This compound was prepared from 10d (38.4 mg, 0.0839 mmol, 1.0 equiv.) following the procedure
described for 2a. Purification by silica gel column chromatography (hexane:EtOAc = 30:70 to EtOAc:MeOH
=90:10) yielded carboxylic acid 2d (32.0 mg, 0.0721 mmol, 86%) as a colorless oil. [a]3>¢ =-56.6° (c =0.38,
CHCIs); "H NMR (500 MHz, CDCls, mixture of rotamers) & "H NMR (500 MHz, CDCls) § 8.13-7.95 (m, 2H),
7.51-7.40 (m, 2H), 5.22-5.04 (m, 1H), 4.92 (d, J = 13.6 Hz, 1H), 4.69 (m, 1H), 4.25 (d, /= 13.4 Hz, 1H), 4.05-
3.80 (m, 1H), 3.61-3.56 (m, 1H), 3.39 (dd, J =12.5,25.0 Hz, 2H), 3.15-3.09 (m, 1H), 3.00 (d, /=13.2 Hz, 1H),
2.19-2.03 (m, 3H), 1.57-1.48 (m, 1H), 1.44-1.37 (m, 2H), 0.93-0.90 (m, 12H); *C NMR (125 MHz, CDCls,
mixture of rotamers) 6 172.4, 169.1, 167.4,167.3, 137.4, 132.4,130.4, 127.2, 56.6,49.1, 48.4, 45.9,43.6, 41.6,
35.1,26.2,25.4,22.9,22.7,22.5,22.4; IR (neat): 3443,2956,2931, 2870, 2607, 2487, 1716, 1647, 1506, 1426,

1330, 1240, 1075, 868, 768, 737 (Cm'l); HRMS (ESI): [M-H] calcd for C24H32N30s: 442.2347, found: 442.2345.
/YNJ\Q\'(OMe
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10e 2e

This compound was prepared from 10e (38.4 mg, 0.0839 mmol, 1.0 equiv.) following the procedure described
for 2a. Purification by silica gel column chromatography (hexane:EtOAc = 30:70 to EtOAc:MeOH =90:10) to
afford carboxylic acid 2e (28.5 mg, 0.0623 mmol, 80%) as a colorless oil. [a]3%? =-60.0° (c = 0.245, CHCL);
"H NMR (500 MHz, CDCls, mixture of rotamers) § '"H NMR (500 MHz, CDCl3) § '"H NMR (500 MHz, CDCls)
0 8.13-7.94 (m, 2H), 7.51-7.40 (m, 2H), 5.23-5.03 (m, 1H), 4.92 (d, J=13.6 Hz, 1H), 4.70 (s, 1H),4.26 (d, J =
13.4 Hz, 1H), 3.82-3.79 (m, 1H), 3.69-3.63(m, 1H), 3.40 (dd, J=12.5, 31.1 Hz, 2H), 3.07-2.99 (m, 2H), 2.27-
2.25 (m, 2H), 1.56-1.37 (m, 7H), 0.91 (d, J = 6.6 Hz, 6H), 0.87 (d, J = 6.3 Hz, 6H); °C NMR (125 MHz, CDCl;,
mixture of rotamers) 6 173.2, 169.1, 167.4,167.3, 137.4, 132.3,130.4, 127.2, 56.6,49.1, 48.4, 45.9,43.7,35.1,
33.9,30.9,27.8,26.1,22.5,22.5,22.4; IR (neat): 2955, 2929, 2869, 2614, 2490, 1715, 1648, 1504, 1425, 1330,
1311, 1078, 867, 784, 736 (cm™); HRMS (ESI): [M-H] caled for C25H34N30s: 456.2504, found: 456.2502.

Preparation of carboxylic acid 2e
0
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NMR spectra
Allyl amine 7a
"H NMR (400 MHz, CDCls)
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Allyl amine 7b
"H NMR (500 MHz, CDCls)
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Allyl amine 7¢
"H NMR (400 MHz, CDCls)
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Amide 5a
H NMR (400 MHz, CDCl3)
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Amide Sb

"H NMR (500 MHz, CDCls)
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Amide 4¢
"H NMR (500 MHz, CDCls)
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Sulfonamide 5a’

"H NMR (400 MHz, CDCls)
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Sulfonamide 5b’
"H NMR (500 MHz, CDCls)
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Sulfonamide 5¢’

"H NMR (500 MHz, CDCls)
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Amine 8a
"H NMR (500 MHz, CDCls)
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Amine 8b
"H NMR (400 MHz, CDCls)
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Amine 8c
"H NMR (500 MHz, CDCls)
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Amine 9a
"H NMR (500 MHz, CDCls)
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"H NMR (400 MHz, CDCls)
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Amine 9¢

"H NMR (400 MHz, CDCls)
ERENER **&ﬁﬁﬁﬁﬁimﬁ’*? 55 Eﬁiﬁsﬁmﬁiﬁhﬁﬁﬂﬁﬁﬁhrﬁ BrpucHERAHESEEY

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
T M | —————

"

L i

T PR T S

C NMR (125 MHz, CDCls)
83 3 cHES s i
4 g 3k gafgce ¢ sl
| INY WAL LAY
I~
N
/
N"~o
220 200 180 160 140 120 100 s e 40 20 :  pom

338



Amine 9d
"H NMR (500 MHz, CDCls)
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Amine 9e

"H NMR (500 MHz, CDCls)
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Methyl ester 10a

"H NMR (500 MHz, CDCls)
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Methyl ester 10b

"H NMR (500 MHz, CDCls)
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Methyl ester 10c
"H NMR (500 MHz, CDCls)
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Methyl ester 10d

"H NMR (500 MHz, CDCls)
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Methyl ester 10e

"H NMR (400 MHz, CDCls)
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Carboxylic acid 2a
"H NMR (500 MHz, CDCls)
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Carboxylic acid 2b
"H NMR (500 MHz, CDCls)
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Carboxylic acid 2¢
"H NMR (500 MHz, CDCls)
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Carboxylic acid 2d

"H NMR (500 MHz, CDCls)
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Carboxylic acid 2e
"H NMR (500 MHz, CDCls)
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W2t L CTHI T 2 RN &E PR HGEDOI N OMSL AT 2 78T 5 2 & T, SCEIRISORMIR AR & 4 #Ek
9% (Figure 5-2A). {LFHEEDORFLHFIELE LT, KRR 2SR OMIZ, SMILES! & FE3I 2 S5
W2 FENBIR ST\ 5 (Figure 5-2B). L72723> C, SMILES @i?ﬁﬂ@im‘m%j%%ﬁ%zé
K Al BEET 52 L T, ALFEED AR TRBIC /e 5. Z D& &, AMIENES T —HF _X— R T
ﬁéhﬁlz/\%%%%* ZAZ WAV, FEE LMI:%%%@@%E 0, EWENS IV
AN—ADYRERZ A[RBIZ T 5 (Figure 5- 2C)56.

BBEOSEUNDRAESTEELE B
bl . wan O
o ' Bt 1 } il ! * you say goodbye and | say hello . SMILES: clecceed
°° o CmmeE o
#+

E— xS

j clcce2inMiccc2et / Q 2@ecn 21@n 21 ©n N
X )m cocanoenezet L KoK ' ) ¢ “ ¢ clece2neenc2c
!‘If;' ctoocooeezet EWEFESFISB
- - - cle SMILESD 4 Rt

Figure 5-2. 4% Al OFEHNEOMHAIX & SMILES it & F 7o AbSaAfids Az sl ~D S
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ORI

i

AKEBIZBWTIE, KR I DNV AR=ZADHNG, XT7F B ORER&ICE L7 5ERE
WEERTHFEOREEZERE L.

5-2 HEAVEHRSERLER “DeepCubist” D BHFEEREE

F_ENLENRICEWTE, FEOFBKICERL, ZOFORTF REHF~OIEH %
L C&E72. ZOHETIE, FB LIBEKOREED, ERASTF ROMIEHOZZ ML E 2 3T 50
AT LHIEL TWRWNE W) REL X 5. ARITE W T, /\7°? FME&ELZR L LT, 0
MISH D 22 B & 2 T 2 DI b L7z fER B ORGH &2 FTRBIC T 2~ <, ARG AR

“DeepCubist” DBAFEIZHLY #A 72, DeepCubist (2 L 5 R FHE DREFHE, D DEMETER T 5 2
& %3 %z 7= (Figure 5-3).

—BE R, BT T I\@_Lﬁi*%l_%irﬁffﬁ('?‘%ﬂ) Wi b Lok Z b OB 2 FrE T 2
ZEThD., INEERTDHIEDIZ, £T, ZHRRE OO RFBEK ZWRENICELT —#
N—=2AZAERT 5. K\ T, 7“\“5’“\“*‘243@'%’%&1‘%9"]“\7 FROMELZERGDLEL LT, &
HERD @Eb\ﬁ’%@ﬁ/ﬁ%ﬁmﬁ“é

TEFE B, *Exﬁ \ZRFE SN TBIRE & OIRFBEEITH L, ~7T v {0 S 28 A
THIELTHD. IRFEKDEETIL, EOWET 21TV, FEEOGHRE 21T 5 OIZNE#ETH
5. T, AR Al ZHWTAT BRI S 2 8A LT EZ 1175 2 & T, AR
oK ERLEMEHRDLZ L EERT.

g sk , A
TBSO\ - BRMER -EFRabt /
N SARREARANSAAANSE1SERAAASARASAAALAGRIALIAEARASESRRRRA RAA »
o ) "‘DeegCubist" r%
HN - e n é
NT7F FHEEM TR EE 2

. J

Stepl: MEBFHOBBHIRLEICE D, HFHREHCHRBALBBHKOER

%Ep % :‘2‘; ;f@".:ffﬁﬁiﬁfj.'::"’; ig’ﬂ' %}

Step 2: FREFE (A) ITXAATARFEFRNHBESOBA

5 —e— 5

CC(CC1)C2C(C)CCICI1C2CE(C)C3 0=C1C2C3CN(C)CC(CICC=C2CO)CH

REREH WERBITOER
Figure 5-3. 'E 5/l 45 “DeepCubist” O B S Hik

353



L

5-3 HARIEHT — & _X—XDIERK

“DeepCubist” D B EERG IZHEV Y, FERVEHRE DT — 2 X—ZADOIERRIZE Y $LATE. T — X X—Z2ADfE
HIZHT= 0, SRATRERGIIICE END 7 I IV AR—RAEERT L0, #HERE [HLEREH
DWVIIANBER THL S D80G =R B R L O, ZRIBIUBRIEE#S) LER L. 2L, LB&E, N
BEMHEOBR OTHNEA/ NS K8, BRI LETH Y, BRATEENEWEEZX 2D TH
. FLTC, ZBRMENREEHKET2Z2E T, ZREFKRID BEERERBELIRRETELLE
Z Iz, BFRIHE, £, AERD D VVINEER TR S 1L D MEER & 286 0 “BRVEB# & 511267
L&, RNOOHEE (1-6) W& HLT- (Figure 5-4).

DODO0 ©
2 3 4 5 6
Figure 54. TLEER, NER THRS L “RIEEH

BEWT, ZNENO ZBREERKIC, REE m OBESMEEZ — SN 25 2 & TEREEK A5
L, SOz BRI L TELICRER n OESEEEEZMINT 5 28T, BRI Z
T5H & EEZ XTI (Figure 5-5). 2D L X, = FICHEENDIRFZOEIZ 101D 14HFETE L

(ERICERLED). D TICEENDIRFBOENEESND Z LD, & BIEEKICEAT S
B OIRFBIF A OHOMAE OE (mn) BDRESIND. —Flé LT, REFRTE 8 OIEHE R
PEEHS 100, RFEFFI0 OFERIEHR ZMET 2 & &, BEBEDRFROMAEDE (mn) IX
{2,0), (L)} D@V EX BILD. ZO XD, HF EEEKELOIRFRTE 10 6 14 OFERF
AR 2 L &RV, (mn) OMAELEEETEITT 22 &, —B8RME, DIBRMEEE 2 EE
FNZHESHT. ZoZ Lz, ESELZEAT HTEHAZEIRT 5 L X, THA (0,1), THA (0,2),
o THED (1,2), -, CTEROMAGDOEDNEFI 2T 5 Z & T, M IER A% TREIC L7z,

2 3 J!
';: a8 ; ; vl
7T o8 7 05

, Y HApWoRE | XY | Basoks

o4, ? i { i 1
T u&)‘ B i WJ
a

BB (# % ) iy
B EIm) TS (0.2) DS TES(2 4)DiES
SRR L

Figure 5-5. —Bgk, DUBRMEREIE OMEREN) 2L

WIZ, MERANCRAESEER#EED I D, O LAREABROALATHESIN TS, © ZEIEHE
ExboTWD, @ SAREEDRALIZEIT 5 =R /L —fH) 100 kcal/mol L FTH DHRMETT 41
AV T THZ IR, BHOFEMERKE 405 #E&EfS7- (Figure 5-6,82). 2D & &, Bifg BIEAR(E
ToOEIIXBETI, Fl—oboE LTEXT.

TN DBEOTRIILLTO L ) ICRED 5TV 5 (Table 5-A).

Table 5-A. > 7 a7 )V > DEROT A

BORKE X ERO A (keal mol™) AN BRON A (keal mol™)
3 27.6 6 0.1
4 26.3 7 6.4
5 6.5 8 10

b STARELEE D FEAITIX, Discovery Studio @ “Prepare Ligands” % FHV 7=,
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H
3
gl

5e
&P &

79 3 IR E

B A X
EEMEONE
BMET R ILE—
R A48 (4050 )
Figure 5-6. 7 (/L% U 7T X HEERIEH DB

BRI, BFONTHEERKICK LT, = >OBMAEAZ, HUHKKFZL —DOETHAL TEA
THI LT, 28440 OEEIVERS TR SN D T — X X— ZADIER &R LT (Figure 5-7). 2D & X,
B B RR L OREI XSS, F—obo s LTER L.

MRYRET—IX—-2

(2844018 1%)
B0 QE? =oNBBEBAMA
D

o>
s e [ U

Figure 5-7. BEHFLE A S DB XL 57 — & X—ZERL

5-4 HERVERRT — & _X— X DK

AT CREFEIIC T AE S BT EERVE R ARIC DWW T, BHELE A A2 15 LTV 405 HEED K K
FEUTI T DN % Table 5-1 1ZRT. KRFEEITIS 1T D EERVERS OBUX, 14-194 E OFIFH CorAii L
TR, REBDHEZ H1ZE, L0 OFEBEEPERIN TV, 2 LT, REFED 10 OFF
IZOWNWT, “TRITEKICB W TIIMERERK 5§ OATH7=DIZHR, 7 —F _X—2 2 14 EFE
LTz, BERVE RS 2 ZBaiE - DUBRME B L5 2 & T, K VIR#EART 2 L A_— X ORI IN Al HE
\ZlpoT-EEZ 5.

Table 5-1. FERIEREDRFBE T L D

BB D IRFEEK B E R O
10 14
11 22
12 53
13 122
14 194
&t 405

VERE U= FERL B 7 — 2 _R— 2D =R TTIEICHOWT PMI 71w b S LY fight L 7= (Figure 5-8).
MEATICIE, EHIESE A S A TG L TR0 405 s 2 V2, ERDAR 13 IE, D% N
ELRRA R 2SS (2R > TR Y, “+7 TRLEZ PMI 7o v FOEEOFEMENE, (aprl, npr2) =
(027,084)Td 5. FIUTHAT, EHTICHWZEREHKO PMI 7' > OB LT (047,
0.86) Tho7c. FAVEHITEHIGEZ 729, U TE 20D, 1ROy FEHE M K
DH=ZRICEDENZ EDRFEND DI, BESHTEMEREZREKE LIz rekitic kv, R
B D7 S DNAR—AFERTXDHLEZD
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0.7 1

0.6 A

o + MEFH

0.5+ v T T
0.0 0.2 04 0.6

08 npr1 1.0

Figure 5-8. Bk O Ik ST DA

5- 5 FEFEICL 5~T v iF L REffEE 0EA

B EEOT — 5“#2%1@521/71\_&7536, FFRREHI A IR & b DIRFBEE L FEE LT
@%@Ex[‘“ﬁk LC, WA ORLR & 72 DB~ L BT 2 FEORBICIY T Z & & LTz,
7, GRCATREZRE 1‘%9: %, FEIETHIEW EFEDORFEEEZ T2 bDOThH EExT. 22
T, RFEEHEEANE LIzt &, RIETHILAMOE S EEZ T2 X 5 2Bk Al BB TER
X, WAEROER &R DLFEENS D 2 5 & 272 (Figure 5-9).

. Hh: RETHEAHOD
AN EAE BHHE

o & -
);&fo ERLBLEFORI S—rpr T

Figure 5-9. ZER{ AL 1T X 2 IRFBEAEA~D AT v 1A REFRE S OBA

5-5-1 EFET—F &> b OIERR

AT v A ARG EAE T VORI T, FEICHWAANE L M EEDT — 2t v
kN DYERIZEL Y #1A 72 (Figure 5-10). F9°, 28T —# Jﬁméﬂ:ﬂ%:;k LC, EWiEES DT
— X X—RXTdhs ChEMBL’ &%%%1lﬁ/\%@7~5’«~x<&;5 COCONUT" [Z&gk ST 5
ﬂ:/\%%ﬁﬁb\‘é ET, WD FDOT7 I NV AR—ZADBRRNAIRRIZ /2 D EB 2 7. 2 LT, ARk Al

WX TH D ENDILEMDEH piEEEGED -0, RIS L EREECHELZR F2mMmE L. =
DL E, REEICEEN LWL, EHRILEASICANS TAHZENTEL LB 2. it L=
DREEIZDONWT, ~T R & RBIR 1~ &, REfifa & B G~ L BT 5 2 & THRk Al 0%

FZBIFAANIEE ST, 2O X I A IEEOMAEDOEEEMRT S &, 53075 OFET—4
v MBSO,
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3
il

FEESFOTIAINAAR—=R

EMEEDT EAMICEN
TR TR
ChEMBL * 1 COCONUT ‘
iR RERFIER  EREBAR

~

e H . HO, 4
HO O)"( HO “~ -
(=]

- SRl Anibi

|

530750 HEHE
Figure 5-10. ZEjik Al D87 — 2 > b OIERL

5-5-2 AERL Al T VO

TERR LT A E DT — 22y FEHWT, ERAIOFEEZITH) Z L Lz, £, X7 %
RS D Al DA L& LT LSTM (Long Short-Term Memory)'' & Transformer'? DOUNFFUABFIEIC
LTS PRI LT (Table 5-2). 7= 52 5 1 & 47767 WOTAT—5 00%) & 5308 {07
A RTF—=4 (10%) | 7/&ALA%L A oREE L LT, —#19 >0 SMILES # W58 %
Tole. FEHZ 100 B#VIRLIEDEL, TA M =20 5308 G2 ANTHWD &, (bFEs L
TR L2 I LSTM B W TCIE 5% H 725 46 tEE DA TH - 7=, ZiZxt L, Transformer T
1T 84%IZ 8 7= 5 4476 E DAL FAEED H J] Z417-. Transformer (%, AJJ & 1O %bRBR 2203 X <
¥R I D “Attention” & FEFXN A LA % H 5, SMILES ftika AW =0 FAEEDARIZBW T LA
FNZM < Z &t STV D B ALSHREE O RGHFE O EV Transformer & VT4 14 O 4 i
WHZE L LT

Table 5-2. 4% Al 5E7*ﬂ/’C 5 LSTM & Transformer O g

SMILES SMILES

CC1CCC2C1CCC(CKC) \
CiCc(C)c(CyT)c21 —

f A\ HO,
N\ oM
< 8 -) o, 0
LST™
or L

Transformer

7 CaC1C(=0)OC2C1CCC(C)
D-» (OXCICCOCCHONC2!

LSTM Transformer
NRT—5
! FARAF—4
" ~ WAF—5 {
e FARF—-S | =
‘,-:‘:v = " gy
FTAMT— NSMILEST | 7AFT—2OHHSMILEST
WAL TR LI BA | LA L TRIL ARG
46/ 5308 = 5“/ i 4476 / 5308 = 84%

5-5-3 Transformer % FV 7258 O

Transformer % 7258 Hik%E S DICHETT 5720, BICHEI Lz 47767 OFIHT — % 2
T, 4777 T A MHT—4% (10%) & 42,990 HOFIHHT—2 12 (90%) 5E! u‘_ SelREklc, ANJ)
L Hjjj \_/Dl/ VC—FEFET DD SMILES DfH A5 it % VT Transformer D5 2175 7-. (Flgure 5-
11A). 8% 200 [F1E CHED IR L72fER, FREEEE ERTWEET, 72 NHOT—Z 2 Wiz
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EED Al DEZRMET LT KR035 S 7= (Figure 5-11B). £ LT, —fil& L CRFBBEH 7
IZHOWNWT, AT i a2 EA SN EE 100 [ 3258, ANERUHEEZ -
TWEb DX 9 HDOATH >7= (Figure 5-11C). 7% D D 91 I, [RFEAE T ITIL2 W BEEEE D E
ASINIb D, RFEEHTOLERBEN I\ BRBEICILR LI b0, RFEEHK T O RLEERMEEN M
BEREEICHE/ NI b ODRHRENT. 202 b, AHEES LT—#9 oD SMILES %
WFE T, ANIESEEZRF LS FOEBICHENRN D H 2 EDRH LN E o7z,

(A) D5 i —HEDSMILES
AT nRHEhY EROE N

(B) Bl R

ANMEDEH = 91008

e _A.:I‘,’ T'\'\r I.—:'* ‘: 1 - a 4?~;,
Her W G Rert A
x IO x * x N x
smm;z ’:E’!Mit_ /\ﬂggg M RIS
J\ AR J\ARME SRS

Figure 5-11. At it & L CT—#9 2D SMILES % v 7o 5238 k)

5-5-4 FET—F OIR

AEE ARFF LT E F O~T o BRI A OENRENRH BN o2 2D, 28T
— XYy FOWBIZEY Tz & & L7z, SMILES Z AW S AR OB IZB W T, —o ke
W5 SMILES THRILT 22 LT, L0 DLFEENH N TED X )27 -722 & RHiE
SN TW5D " F7z, Song HiE, SMILES % W= & THIFE TV OBIRICB W T, i & MG
MZHONWT, FNFNEED SMILES THHLL, AWVOXFHORERRN K b8 25 K 9IS
HEDOETHEEEITH Z LT, PHKEENM EL-Z &2 L7z (Figure 5-12) .

, EEMIAN) @mEMonE REW (D)

= CACHNEco(Cine 10=0 HAsht CUCEN o CIne 1 GG =
| Celeinc(CloesICHN CCoincCloce1CHN |
M ml el ooc) CaMic 1 G=0 niciGcoo|CaM e 10 H-’

Figure 5-12. Song (2 X 2 & THIET VO E T — 4

RIERIZ, AP O~T i1 REaFfE 58 A€ T VOERIZB W T, AMDICEEFEEO
SMILES % B WO XL FHIESIN IR KIBIC T2 L5 IZFEH 21T H 2 & T, IEMEZREHN AlEIC 7R
HEEZ, FEFT—2%y bOVERRIZEY #A TS (Figure 5-13). £9, O AHAOREEICHOWT,
B Z AT L L3O SMILES ZH A L7-. % T, @ HAkEED SMILES I2& 5 ~T
R F A RER~E B L. 2 LT @ T RS OT T4 A2 N EITO B TRSE
S 7z Biopython'* & FWT, X5 & T 74 A L7z, ZDOLE X, Figure59 TRL7EL DI, A
77 SMILES 75 7 SMILES 7> HAERL S 7= b, £ v 725 AJ) SMILES O &2 BH N DA
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L

OENFELED. ZOMABEDEZRINTHZ LT, @ AJ) SMILES & H /) SMILES D L7451 %
RKRBRIZ—E T D2 T ZER LTz,

Song ©i%, #HEEA I W72 SMILES I[Z2WC, ZOIEXFIIHE LIz FEZH N TEY,
SMILES 2{& D353 [E 40 Fefd 134T > Ty B Z 2% L, Biopython Z VN5 &, SMILES (2
BENDIEXLTO—BEENWEMT 5 Z LD, K ORERBE /NS WA S DM AE DY
EREEDEEZS.

D IEEYOERFERESELI-SMILES

AFISMILES H ASMILES
CCCICICHC2CC2ICICICCOCIC 1SS ICHC)C H, o QLA CUEOIC20CICT CI0C=0C(=CIC1C O XTI
C1C2CICHIeCC2C2CICICICICICICOIRTICHEICIC CIC2E(=0 =00 2EaCIC OIS DICIOCIZCICNDIC 10
CCICCCaC 10O ICICCIC 1 3CE1C(CICIC N EIE2a CH=CICE0R0ECICCIOICIC DG 3001 COIS(C)ImE23
CCICCCRCICCCICICHEIC1ICC 1 CICICICHE)C2S H G=01 C{=0)0CAC  COOCIEHOIC1I0CIC{OM E NEC23
CACHCIC(CIC2CCIICICICOCICICICO(CICICIC wi [ SHCHDICIOICZOC2IC1ICI0C=0I0I=C)C 1 COIDICI(C D)

/

H HSMILES/| ©1(CHO)C(0)C20C23C1C10C(=0)C({=C)C1CC{0)C3(C)0 | P
— '«.‘_‘.A FEANT
§ ~TORFORERF(C)~DEE DR
F o JH — C1(C)/C)C|C)C2CT23ICICICC(=C)C(=C)C1CC(C)C3(C)C

(3) BiopythonlZ &£ 5
AHSMILES C1{C}[C}c{c}czcczamc1cﬂi—ic:fmmcc:c:csqn:]c W TS5 4 A

FrulH
Figure 5-13. =87 — % OYLE

555 PEBEL7=2EFT—# &y bW -RET

PR LT —4% vy FEHWT, HESE 21T 7= (Figure 5-14). T OF5H, —H#4 >0 SMILES
ERWEFE 2 To7- & & L, FHEEZERQTHLBET, BEEHAOT — X 1234 % EA%R
DIR TN TH DT DMER ST, £ LT, RFFHKETIZONWT, EAT il -ofufnis s
PEANSINT-EEZ ATIZ 100 BHDESED E, 2055 99 ENR AN DRFERK LR CHEEEZ S -
TEY, BWHEETANEENREFI .

Rp e B

,‘>.O Q) O.::l_ O(O) o]
1 0)C20C23C1C10C(=0)C C O o]
C C C C C C 2C(=C)C(=0)0C: oo O.O.W,,' Q)10
C Cc 'C C C (= (=0)0'.,.. O Q)C120C1C(O)C 0)C23
CC1CCC2( (C)C C.’ CC1C(C)C(C)(C >=C1C(=0)0C2C1 0 (o] 00CI1C(0 NO)C23
AlfEsER FEEDAIZKEAATORF - Z‘ﬁﬂﬁ]féAO)i!)\%%
o | —%’é’ﬁ%
- ' — RiL

"1 EEED ‘ | |
024[ ;l ."0 :T\I'CTO x.:a 71‘T l . | v | '
ADEEDFEFE =99/100[]

Figure 5-14. JL5E L7787 — 4 v M &2 HWFH
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L

556 HRVEHRT —HF N—RA~D~T 1R+ REgffEeE s LV OmEH

TARNT—H ’éiﬂt/\ﬂaﬁ% TIZKH LT, ZOAIEEZRFFLIZEE, ~7T ui o048
FFEEEZEANTE I D, BNEKOT — % X— 2 OS5 A e e L7z (Figure 5-
15). BEhaix, 7 —#X—2H| ’aihéﬁéﬁ”%%%ﬁ:7/§7.& Z 100 fEER L, &% OFIZON
T, ALICE DZEHZ 100 BT ORI T2, L ORER, ALIZE > THII SN2 3CFFIM bt & LT
BN LT I OEIG I 94% Th 7. 2055, K 9%ITATEE ZREFL Tz, 2o L
B, BAF L7z ALY, §ERVEREA~ L ~T r-OR s S 2 8 AT 501+ 8 2T %5
Z2T1=. £7-, B éhtﬂ:ﬂ%a_ TWTNLT AR T —ZIZEENTELT, 100%DOFHEELH L
TEY, KBEHEFr I NV ALR—RAOEREAREICT S EE 2D,

100 o = £

¥ 8 8 8 3 8 8

o

fEPHELLT  ADHEN MR
RIILERIE REShIEIE 100%
93.9:+8.8% 98.9+1.7%

Figure 5-15. FERUVE IR D~ 7 1R 1 ARG B8 A OFEAM

5-6 DeepCubist |Z X 3 X7 F RS> T DOFRE

DeepCubist DAELE R ThH HFHIMFIET — X X— R L ~T v Jfi- REAFRE A E 7 /L O BH% % AL
LizZ &, XTF F‘*ﬁfﬁﬁ%@m#’i’nﬁﬁé e L. £, BEiAT T FOMEOZEMBLE
b L T EMNEREZRET D702, XTF KD Ca-CBEEE L FEAEKOBEHIE A
REBEREDED (Figure 5-16). %@fﬁ BAFE L7 Rk Al &2 VT T B Rl REfnfs & 28 A L,
AT TG S RFF S VT HIE 2 e ZDEE, BONTMEED B TR Z T2 720, Ahk
HWAEE | (BRAS) 1D 10 (/\52.%@) TaHi§ 5 SAscore” ZH T 52 &L Lz, ERRoFIA
T, 2 — UM, ~Y v 7 AIE, V—TREED = DD R D TIRREE ORIy ORET H Z & T,
ARFEORHMEEZmFT 22L& L.

Figure 5-16. tEA)~<7'F N & R FHKOEQ DY LA E
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5-6-1 5'»—‘/%5%*;‘2{&5%%0)%%

T3, X — USRS ORREHTE Y #A72. Glu-Asp-Leu |% HIV-1 707 7 —EEAITH Y,
B8 DIEME LI BV T H — /%Ua‘: Lo TND Z &M X MG mREITIC L DV B0 E 725 T
% (PDB code 1A30)%. NUXFF KD Ca-CP ;f*/\k%ﬁ”ﬁ’%@%?ﬁ%gkn FENPDEDEDS L,
B2 DEAVEFT sum of standard deviations (SSD) 1, 0.94-26.1 A> DHFiH THA L TEY, TDI

YIfiENE 10.6 A> Th o 7= (Figure 5-17). 2D & X, Ilxb BWEZR D (SSD=0.94 A% %R L7-DIXEH
8 THY, B9 OEZLVNERL/NIhoT.

N -0

Asp

=/ EH =4
0.94 9.81 26.1
T T T T T T
0 5 10 15 20 25
\ Leu A Glu
‘ SsD (A?)
SSD = 0.944 A2 SSD = 26.1 A?

Figure 5-17. §ERE# & ¥ — UG OERQA DY

RN T, 15 DAVIZVUBRMEE S 8 ~D~T 1 i1 AEFIRS & DOEA 23 A 72 (Figure 5-18). Al D%
L LRABKIC, IO SMILES % 7 > % LSRR L, 100 HORSSEZ HH S5 &, BixAS
RS2 LT A SREERIC OV T, AKEES % 1 205 10 THT 5 SA score & HitH
THE, FRETH-Z (6.1710.21).

AAl 'C1(C)C2C3C(CC1)CCIC(CC3(C(C2)C)C1)C’
'C1C(C)C23CC(C(C2)C)CC2CCC(C1C32)C’
'C1C(C23CC(CC4C2C1C(C)CC4)C(C3)C)C!
'C1C2C3C(C(C1)C)CC(C)C13CC(C(C1eC)Cc2

8 'CC1CC23CC1CC1C3C(C(C)Cccrcecac!

HA (ANEED (F$F = 98 /100)

ﬁ&@»tﬁbrﬁ&ﬁé&ﬁb&%

6.17 598
637 6.18 6.23

wtﬁb r%%r%%r%%

SA score =6.17 £ 0.21
Figure 5-18. #ERVEH 8 ~D~T v 5l REaffks & oA
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5-622 Y v 7 AREEEMS T ORET

FBENT, ~U w7 ZAMEER Sy OREHIE D MATZ. 85K+ T&H % peroxisome proliferator-
activated receptor-y (PPAR-y) I, steroid receptor co-activating factor-1 (SRC-1) O~V v 7 A& IZE E
U5 LxxLL BB & FHAEAEHT 2 2 & 2% X fibda S i@ (PDB code 2PRG) IZ LV BIG2E72 5T
WD PNy 7 AREEICE £ 5 LaxLL fANE, %< o PPLEMEICA S », ZhEnofiE
B TR C & AUEIRE e PPIIREAOBRE S HIFFTE 5. #EHK & SRC-1 X7 F FEER
BOREIRER, WUBRMEEH 10 (SSD =1.28 A?) g b~X7F Mﬁﬂié@ CHIBCE 2 L LS 5 2 & A3

H&7p o7 (Figure 5-19). = LT, B 11 OFERYD B b/hE < (SSD = 26.1 A%), SSD O FH)E
1£10.6 A2 ThH 7=,

- }— | -
Leu
%)) 1) =
Leu 1.28 10.6 26.1
5 10 15 2 2%
SSD=128A2 SSD=26.1A2 SsD (A?)

(PDB: 2PRG)

Figure 5-19. ¥V EH L~V v 7 2AfEOENDE DY

B 1L ~D ALIZ LD ~T v i 7 R & 08 Az A5 & (Figure 5-20), 71 L72 100 Hid&
D HH B HIFATEEZ PREF L TRV, GRS E T RE & FH S/ (SAscore: 6.52+0.33).

A% 'C1(C2C3CC1CC1(C2)C(C3C)CCC(CT)C)C!
'C12C(C3C4C(C)C(CC2(C4)CC(CC1)C)C3)C!
'C1C(C)CC23C(C(C)C4CC(C(C)CACI)C2)CH"
'C1CC2C3(CC4C(CC(C4C)C3)C2C)CCIC!

10 'CC1C2C3(CC(CC2)C)CC2C1CC(C2C)C3!

HH (ANEED (F$F = 98 /100)

Lrﬁxﬁ?iﬁiﬁb Qx5

6.81 6.54 6.32 6.45 6.41

Jos-We=s @@ﬁéa)céa:fn

6.07 6.58 6.27 6.19 6.26 6.91

Xy 0L 0] 0] O] O]

7.01 6.15 6.43 6.35 6.05

SA score =6.52 £ 0.33
Figure 5-20. #8505 10 ~DO~7 071 REgffE & OEA
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5-6-3 N\ —THEERAE T DR

BN T, — T HREERM Y ORREHIH W A TS, 25K 1T % Nrf2 (nuclear factor erythroid 2-
related factor) OIEVE(LIE, 2SA DEITOEAIMIED —RTHY Z L5, Nef2 FHEAIOBRZIZL Y,
IS A DAL EEEIEC K DIREN RO M BRI &5 2. Keap 1 (Kelch-like-ECH-associated protein 1) &
ZOREG 2 LTHER LS D Nif2 (3, %@*ﬁm’ﬁﬁﬁﬁ IRWT, h=THIEE L o TND ZER

X MG S AT (PDB code SWFV) 22X VS E 72> TS, Nrf2 X7 F RIGH & FERF# D
HPADOEEFEITLIZE 25, SSD 1ﬁ@$i’71ﬁ 1850 A TH Y, 0.16-24.4 A> OFIH THA LTz
(Figure 5-21). = LC, DUBRMEEAS 12 (SSD H: 0.16 A?) 23 by T ORRFHTHE L T\ 5 Z & 25
Lol B 131, BT T OB FORGHIR bEI RN EEZHND.

12 13
4 | { I IR
vy =/ iy B
Glu 0.16 8.50 24 .4
Thr
Glu Thr T T T T T T
ey 0 5 10 15 20 25

SSD (A?)

SSD = 0.16 A? SSD = 24.4 A?
(PDB: 5WFV)

Figure 5-21. §EAVEHE & L — TG OENQE DY

3O FERIERS 12 ~O~T v i 7 A EaffE & OB A Z R A 5 & (Figure 5-22), 17 L7= 100 %
WD O L 85 MITANMEE A RFF L TRV, AREES EOEEIT HFEE & B S 4172 (SA score:
6.60£0.21).

ONFOET-FEAKGEDOEA

AT
'C1(CC23CC4CCC(C(C3)C4C(C)C2C1)C)C!
'C12C(C3CC(CC43CC1C(C)CCC2C4)C)C!
'C12C3C(CC4(C1)C(CC(C4)C)C3C)C(CC2)C!
'C1C23CCAC(C(C)C2CC(C3)C)C1CCCAC!

12 'C1C23CCACCC(C1C4C(C2CC(C3)C)C)C!
Hh (A HEEO{RIF = 85/ 100 compounds)

6.71 6.28 6.62 6.68 6.58 6.37
6.44 6.81 6.36 6.36 6.62
«J;s& oy 00 <) X «m
6.16 6.65 6.41 6.73 3

SA score of 100 scaffolds =6.60 £ 0.21
Figure 5-22. 80K 12 ~D~T 0 JF R EfIfE A OEA
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ﬁ”ﬁ’%’i’fﬁﬁ&ﬁ’) IRESHETET = RXR—RAEERTH LT, B E LT T RESEICE
AT BTN 2 RN 2 L3 TE e, F72, B LR Al 13, BRI
%bgﬁﬂﬂﬂﬁéwmwwwTAﬁ%ﬁ%%ﬁLtii@«%mﬁ%T@ﬁ#A@gﬂ%Eﬁ
L7z. L7235 T, DeepCubist I, Z4E7 PPI S #i5ER) & L7z PPl FREA 234G LG5 B % 5.

5.7 ¥&®
AREIZBWTIE, XTF NS FORFE & 72 2 F K OREHIMIT, #iEERasTh D
“DeepCubist” @F}ﬁ%\é [Z DWW Tl ~*7= (Figure 5-23)%. DeepCubist I, # ﬂi”'%’*%’i’ffl%ﬁ’%ﬁ’] IRAESHET
? HR_R—=2 L, BReA~D~T v i AEEFFEEBENET VO OO EFETHEZL LTz, MR

\ZFE A éﬁf:’%’éﬁéﬁ’% X, EROE FIEERML LY b =Rt &<, REH O I I AL—R
DEEEARETH D, BAETT/VORIIZ YT > L, FZEHITHWD AT EHI1D SMILES %, —D2®0
EEFAEIE I DD THEERAE S, SUTHIOESI B KIRIC—ET 5 X 9 IclAGbE S 2 & TH%
M7 AR LTz, R %O ALY, XTF Ry oG ERA 0 L, 2ET—XIZEF
ﬂf“ﬁ“%@’%’% LT, BRI~ T 1A ARG S OB D ZER S 1172, DeepCubist

WL THIN ENTALFAEEDREBIZAERTE D L0 LI RO 720D, WG RET 25 2 DS &
20, FERERERER L LT T NE S OG0Bl 72 5 &%7_5

DeepCubist

s N
heh é‘, L AFORF FEAGEHA

e - / mma
. BUS RS
_

Figure 5-23. FHEDE &0
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Experimental section
Preparation of scaffold database
Scaffold database for DeepCubist was prepared as follows.

1) Bridged or fused bicyclic systems consisting of 5- and/or 6-membered rings were enumerated to obtain 6
different structures.

2) Tricyclic ring systems were generated by adding fragments consist of m carbon atoms to every pair of the
bicyclic systems. From the resulting tricyclic ring systems, fragments with n carbon atoms were further
added to every atom pair of the tricyclic systems to obtain tetracyclic ring systems. Combination of (m,n)
can be determined from predefined number of carbon atoms of target scaffolds, which was set between 10
and 14 for this study.

3) The generated tri- and tetracyclic structures were then filtered to collect scaffolds with limited strain energy.
Scaffold conformers were generated using the “ligand preparation” option of Discovery Studio 2020.
Conformers with a “clean energy” value of no more than 100 kcal/mol were collected to obtain 405 different
3D scaffolds with no chiral information.

4) Finally, combinations of three substituents were added to each filtered scaffold. While the operation, each
scaffold was allowed to possess quaternary carbon at most one. case permitting the presence of at most one
quaternary carbon. As a result, a total of 28,440 unique carbon atom scaffolds with no chiral information.

Preparation of source and target structures for training

Compounds were obtained from ChEMBL (version 30)! and COCONUT?. Target (output) structures
were extracted from the original compounds by removing all exocyclic atoms, except for atoms
directly connected to the ring structures. The obtained target structures were then converted to Source
(input) structures by replacing of all heteroatoms with carbons and conversion of all bond orders to 1.
After original compounds were decomposed, target structures with no more than eight atoms in
individual rings and {C, N, O, S, F, CL, Br, I} elements were collected. A total of 53,075 pairs of targets
and corresponding source structures were obtained. The above-mentioned process was conducted
using RDKit?.

Transformer model architecture

Pytorch* was used to construct a multi-head attention transformer model (Figure S1). Tokens of
SMILES were embedded in 512 dimensions. The number of heads was set as 8. The number of sub-
layers in both encoder and decoder units was set to 3. The dimensionality of the feed-forward network
model was set to 512. For all remaining parameters, default settings were used as shown in Figure S1.
For introduction of heteroatoms and unsaturated bonds, SMILES tokens were sampled according to
the learned probability distribution.

Scripts for the calculations and the data are provided through the following link:
https://www.dropbox.com/s/4gdhew9xjit43e4/DeepCubist Materials.zip?d1=0.
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Source SMILES Target SMILES
Cl({C)C)C(C)C2CC23CIC  CHCHOYC(0)C20C23C1C10
1CCC(C)CICCC)CI(CIC  C(=0)C(=C)YCICC(O)CHC)Y0

Input Output
Embedding Embedding
512dim 512 dim

Multi-Head

Attention * 8 Masked
3 | — Muiti-Head
Feed Attention ~ 8
Forward
512 dim Muiti-Head

Aftention <8
|

TR
Feed

Forward
512 dim

Figure S1. Architecture of Transformer model and parameter settings

Design of peptide mimetics

The Ca-Cp bonds of the target peptide were superimposed on attachment points of bridged scaffolds stored in
DeepCubist’s database using the “rd Alignment.GetAlignmentTransform” module implemented in RDkit’. The
scaffolds with the lowest value of a sum of squared deviations (SSD) were then used as the input structure of
Transformer model to sample 100 unique structures. Those synthetic feasibility was evaluated with SA score’

using RDKit’.
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6-1 XU HIT

EHTBRICBIT 5 U — FEEfbix, (bLEENEWIEIEIC S 2 5 8, 3 /b HREETE AR
(SAR) ZfEHT L, iEMEDm oWt otk#Es & LIS A Y ik 2 L T T 1K
D EIREOBIRICEBNT, BEREERN R 2030 HHEEL L7 SAR 2779 Z &£ 005, SAR HRfif
Z ATREIC T B EA O E DENFLET S (Figure 6-1)2. 20 X 5 ZRBLEAOMAE DY %2 F T
TENIL, BETT XS EEZHIR T 2 Z EICE,R Y, 7 I IV AR—ZADRNRM e R % 7]
BEIZT 5. & 51T, ligand-based drug design (LBDD) Td H AR TE, # L /X7 B ONAREE 2 V2
W TRXEHE FIREICT 5 Z & B b, SAR H5FE AIRE 7R FLEHI DR AA o ORI FIEO B I X EE
Thd. ZNFETITHHELIL SAR 2T FEAIOMAS O 2 RE T 25 FIEITHE S D0,
BB ENELL LTS, HD VI, [A— RN X X7 % SO ERIE O RIRIZEEY 4,
SR HEHRFIEORENR RO HND.

i il

BRHA i *
A= XMQ < YOMO e YCF,
[ WBELISAR | [SAREM]
B RHEB o H T Y

4 e e )
Figure 6-1. HE/EMEAHRE (SAR) HaALA3 Al REZR HEFI DM A E D1

WHFGE T N— 1, ASEREEO L DOIRIIER L, TORERINET 74 A v45 2 & T, FE M
L72 SAR Z R4 HLERZIER T2 FEABEL TV D (Figure 6-2)°. AFEX, O £9°, MIgHHESE
ZIEMEDNAICES T 5. @ f T, gz 1T 5 HEAIFE LT, 22 OMIgHE S ORLUE %2 F
H L2, 201182 1ERKT 5. @ &%, B0FHEENIC LY, IS 5 LOFERIEDOAF R K L 7
HECTTA4 A b DHZ LT SAR D H# A AJREIC L 7=,

@ IS ZFHEEDIRIZES)

EEMA—R) EEFE-(R®)
R = ..0( < .0 < _Br R=,0_< ,C < /A < ,Br < )<:
’J\—.,%fiﬁ x I Py x .
/A \ kF
@ IS E D SR URE £ S BEHE O~ o A B K
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Figure 6-2. ISH&ET 7 A A2 MT X% SAR D Fik

afHl| A& D BRI 0 B HIIC X, Morgan fingerprint® & MQN descriptor’” ® —D D 73 F-Foib ¥ % > 7z 5,
bEHFTEE IC X B EAIOBEBE oigi:, T IV BESNOT 74 A v PICHICHI TV S 8,
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ARTFIER, KBRS 7 — 2 =2 S AIEEE OSERIN DT — Z _X— 2 Z R L
THL I ET, EAIORERRECEN) & LR 7 BITIRTFET, #8FEM72 SAR Ol flRglcd
%. 2 LT, BRI H ZBREFNCHOWT, FERORIEISIEMB 2R LoD, K0 Zike s
I SV BREA A SR T D Z & C, SAR AL & THI LTG5 (Figure 6-3). A IZIU T, SAR 5%
DTN K 5 HEAI OIS D Rk A2 FRET 2 2 L2 B & L.

EWEESF {BISHA%EEC T
T—R=2R T—RR—2R

HAT 4 Ak
l_, Me o H )F<F< Ll B F
AHiEa5l " ' CAREROTH) |
Me < H < ol < _ar—| BISURED | Ve < H | o< B ]
- - * . 754}‘/'\ e N - U< <'-Tv"
Figure 6-3. SAR #5550 1

6-2 MMP-1 BHZEH|~"D SAR EALDFHI

Matrix metalloprotease (MMP) %, HighA A AKFHEDO T 0 77 — Bl L O Z VNI E 7 7 2
V—ThV, aT—rrrlOMiast~ NV v 7 Ay & 0T 5&%EIZ2HH 5. MMP O F| 78 =
%, XA IR °, BIEI Y v~ F 02 POZEEARIREBICE b - TR Y, ERIBIZE 2D
BTV A N YMEZE 7 L—T71%, MMP OH 7 7 7 2 U —D—>Tdh b MMP-1 OHEA] 1a—'? 2
SU, ABEEE R 2 R Y 7 du AF L7 2 =)Lk Uiz 1dB 2 8572125%E L, MMP-1 FETEM: O
M) %R LT\ 5 (Table 6-1)°.

Table 6-1. MMP-1 P22 510> H s

0
N
HO” N 'R
0
R

Compound ICso(uM)
1a 11.5
CF,
1b \(@ 11.1
Ic Y© 1.54
CFs
1d \(©/ 0.18

AREZBWTIE, FEEA] 1a-d ORISHREE DR FI~D SAR #5554 FREIC T 5 FREA 2 FLH 9
Z LT, S5 ENEDM EA B L (Figure 6-4). 9, KB EMIEES DT — 2 _X—2R
T& %5 ChEMBL" {2 8§k 72 LA SN T, IS S 2 TR MEE ONEIZE S35 &, 146385 FitE D

¢ LA 1d IXMEAW 1e (Tl T, RIEZRAEFEEICH EARSND (ICs=0.18vs 1.54 pM). Z D X H 1T,
RO TE DAL S KIE 2275 M B2 & 72 & 9 BLZRIT activity cliff'> & M S, /LAY 1d 13, activity cliff % T
9~ % SAR matrix {4 W CEREFS 7z, TS B 0K 13 25 /.
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WERIN DGO, 0 & &, SERINOERIZ AW TZBLER OFER) 7y 11%, 2359 FEE CTH - 7-.
VERL LT=Be8 DT — Z ~_X— 2 & Table 6-1 Tsx L7= MMP-1 BLER 1 ORIEEREE O E RS % T 74
A2 ¥ % &, kinesin spindle protein (KSP) BHEA]2'° & [AEkD SAR Z/R L CW5H Z EMHI B &7
> 7= (Figure 6-4A). 9725, KSPFHEHI2 128\ T, Tablel T L7-IEHHERE R ONEE CHEME
23 LTz, F£72, KSPIEHI2 ICB O T, p-A h¥v 7= proa 7 =13k p-
U NVEEA~DOERIZ LY, S50 EEO ENRD L. 2 HHISHEE 2 MMP-1 BLER 1 ~
EBALT le-g ZaXalT 5 2 & T, MMP-1 FLETEMOM B3 THl 4072 (Figure 6-4B).

A H 0 CFs N
e o S o o
MMP-1IE & i1
|
=
235945 /9
6’ ‘
g R= < P < OB <O B < S
KSPﬁﬂiﬁ'IZ
MMP-1 R= — .< SN — @ <N —<0 SARimoa’f»a'l ]
FEEHN1
B

H (0] H (0] H (0]
it © U O W O |
1f 1

OMe
Figure 64. MMP-1 BHLEH] 1 ~? KSP HEFH] 2 7°5 SAR B O T (A) & HiH MMP-1 [HEH]
LA OREE (B)

FHEEA 2 OEERY7 1Tl D KSP 1X, M3 5 HO RO 55 Bl BB SEIR D Z AL &1 5 %
R TR =R RIETHD T Lo T, MMP-1 FHEHI 1 & KSP FHEA 2 1%, BLERIO
REERASE DIER X R RE S B s, S EORIER L, HRZEMEZRE L2V %
72 el 24T 5 AR TFIEIC L - T, ZNGIEAOMAEDOEDRFFETCETL LB ZD.

6-3 FH MMP-1 FRERERM LA DAL L FLETE AN

SAR BER D FHINC X » TREF &2 =250 MMP-1 [HEFIERIL AW 1e—g (2OWT, FHEERICIHE
TEPED A E LSS DMRRET 5 X<, T OARUCEY LA TZ (Scheme 6-1). HEAFIHEZ: 7 = = /L FEE—
AT N3 RS L, IIVAR= NV affflZ A TFAFEE T VAVEREZNAIZEALTT V4 & LTz,
BONEZT NI 4 24 UK 0T VT B R SiEE ) B, N RIE(E T C H-D-
Ala-OMe-HCI1 & 130 Clzh#hv42 &, #=oh7 2 (ki< 5N T 7 2 2MEREIT L2, it
BHy-F7 XN, BURRBIZOWT T AT LAS—IEEME L TEOLNTZD, BLEH] 1ad 128
W, kG5 S AR EERMEEZ o 28, LU DAV~ T T T 40— L DREREMER, S
KOy ZI72LS BH—VT AT VUY=L LB vI77X55 %, Kb VU LFETFTT
E X7 IV ERETHIET, B et Aaie L, it L7z MMP-1 BEESIEMHLEY 1e-
g 2157,
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N\ i) O3, DCM, -78 °C
R20 i) Mel, NaH, DMF, rt R20 then PPhg, rt
mW ii) allyl bromide, LDA o i) H-D-Ala-OMe-HCI
R!

THF, -78 °Cto 0 °C Zn, AcOH, 130 °C

3a: R' = OMe, R? = Me 4a: R' = OMe, R? = Me (85%)
3b: R'=CI, R? = Me 4b: R" = Cl, R? = Me (85%)
3c:R'=Me, RZ=Et 4c: R' = Me, R? = Et (quant)
0
Meo% b/ HONH,+HCI, KOH H\n)\ b/
- HO” N" Yo,
@\ MeOH, rt S @\
R1
5a: R' = OMe (17%) 1e: R' = OMe (53%)
5b: R' = CI (26%) 1f: R" = CI (25%)
5¢c: R' = Me (15%) 1g: R' = Me (31%)

Scheme 6-1. MMP-1 FLEFIERLEY) 1e-g DAL

R LR ERIE A OB R ER LT D, MMP-1 O T 7 —EEE M2t
EIEIZE VEHli L 7= (Table6-2). 37205, (LAY leg T7E T, MMP 1 @%—;ﬁ}im TIRTE L CAERKR
T52-= b RS5-ANTH T NEBEFBOWIEE (L max=412nm) % iE O BHETEME A LT
UZnda AT UK 1d L0 biEtEom LR TS :zoml:é\%@ 2, A MFUEEEK 1e &
AF VIR 1g 1, PAICK L CTIEMEDIR T 240 72 (ICs50=0.12 vs 0.36, 050 uM). 27 7 2 JE A8 A L
AbE1gix, FU 7 A XA FRRLId L0 b EWELEEMEZ R L (0.034 vs 0.12 uM), SAR #5
ALD TN K BIEMED M % 2k L.

Table 6-2. MMP-1 [HEE M LA

0
N
HO” N Y,
0

Compound R 1Cso (UM)*
1d CF; 0.12+0.01
le OMe 0.36+0.04
1f Cl 0.034£0.026
1g Me 0.50 +0.023

@The compound concentration required for 50% inhibition (ICsp) was determined from semi-
logarithmic dose—response plots, and the results represent the mean + SD of triplicated samples.

4 MMP-1 colorimetric drug discovery kit (ENZ, BML-AK404-0001) % FH\CFFffi L 7z, 2-= b 1 -5- 2 v 1 7 NZ R
FlE (V) 1L, Figure 6-A T/RL72 MMP-1 OBEERIGTAEL S, T7obb, MISRTICHFET HEETF R
1723 MMP-1 (2K W ki S, FA— VN BRAELD. FA— LN BT/~ B3 () &V ALVT 4 R
it 2D LT, 2-=bu-5- A h T NVEEFRE (V) BNELD.

o

5y o
O?N)Q _MMP1 )CJ)\/H)\= N i SH HO,C z © H\-)Lu/\g/; HS%;}
J\/N\n/\\)‘;r NH )0 \T(‘)/\Hi‘;r 7_> O;j@/ 'V\|/ HO,C  NO,

ON m

Figure 6-A. MMP-1 OB IGIC L 5 2-= b v -5- A L 7 NRZEEEE (V) D4R
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6-4 FE¥ MMP-1 FHEX O EHRKXDOET Y v 7

L& 1f DA MMP-1 FLEFIEMEDO ) b2 gk LB 2 5829 ~<, ZofakloET )
JIZHY $LATZ (Figure 6-5). MMP-1 ONCARRERIE, U A2 K6 & O35S & LT X Mk S s i
IZE > THBE2E > TS (PDBcode IFBL) Y. U #'> K 61, MMP fHEAI1 S [AERICE Ra x4
AETH Y, MMP-1 OFEMEFLTHEHSNA 4 (Zn®) EEALLTWD. U Renb 7y —~a7
AT BT NEARRLT B &, KRFEREG BT —1%, AERAENE, BOKE, A A R a o> 0
AR SN, ZOEFET VKL, MMP-1 [REAI1 27 7y —~a 747 74 vy 77 LD
L, BONTEED T RNF—H/MEEITH 2L TRAEET VL L.

HO :\)LN/
Rl i H
6 “ 1 we (M anao_1 == =i |
- S [F+=} FID |MMP-1 BAEHI |
& \\f‘\‘ ..... — | H e HO T~
\ B : -l ' : “ . "" "
§ (RO | A -iix 1. 97—<a7%7 %‘t 4
< " S e .'.’. g ’, 6 g T o s . 7 —_ ; , ;ﬂ.:
; o3 werucieesasebervelises I ﬁiﬁ o ‘942"2' i 249707 o { 2
_ ‘ ‘ 2. TRLF—B|/ME
MMP-1 (PDB: 1FBL) 27—AT7+T7 DAL

Figure 6-5. MMP-1 [HEAIDOFE SRR DOET Y > 7

BoONTREEETVNE T 7 —~a 7+ 7 ZEK L, fiatkzmiid 25 &, EAI1d & 1f o
FTHUZBNWTH Y T R 6 TROLNTRGHRR AR5 2 L AVRE Sz (Figure 6-6). 37205,
O b FaxHABEANEZT LT, HEA T ~DOEILTEY, @ Alal8l OH/LAR=/LE LKHE
WAEZRL, @ 7x==/1E%E2/A L TMMP-1 LHBUKHAEEAL TS Z ERENT-. £, @
V-7 7 X BEED B IVIR = VIRIZEBW T, Leul8l & Alal82 O 7 I REH LAKBHEAEZRL WD D
EHIHER 1d & 1f THE LTVt o 5548 LT Figure 6-6B TR L7 K 91T, 7 mr i
HOMER I ICBWTOR, B Arg2ld L a7 USRS L7 (N- - - ClLEEE 3.37A, N- -
Cl—C ffi: 153°). N~ UERIE, NP U A ZABEHEROMTE U 2EEGHRAETHY, VY
¥ RGT-H R ERORES IO EICEETH L Z ERfT STV D Z Lk 22 HEHR 1f
DILEIEMEA L —REE2 bhs, £ LT, MHEH e & 1g DIEFMEMME F L7z 2 & 225, Figure
6-6A IZBWTIIHI S 7e o2 b 00, BHES1d H Argl82 L 7 U fEE R L T2 AT
PEAEPERR L7V, L7235 C, Argl82 & Dt 7 Uil E O RREE DA HEMNPLEFR] 1 D MMP-1 [HEE
WEETHDL Z EIRBEINT.

® Figure S IZBF D7 7 —~ a7 4 v T 4 Y 7AW, UH Y K6 b Leul8l & KFEESE K
LTS Z EARBI LT,
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Figure 6-6. [LEA| 1d & 1f i A4 Ll

MMP-1 BEEH] 1 OIEEDOE EIZ, MMP-1 Z VX7 B0 Arg214 L O EMERANEE CTH S Z &1
KSP FHEHA] 2 OD%E/E}%WM”&%M% ETCHIFRFESND. KSPHEH| 2 & KSP % 7D X n"if*
R IERAT OWMEIT 72N OO, [HFEA] 2 D4 FEXFE ORI S T [HEA] 7 OFEERERITA G &
75T % (PBDcode 2XAE)?. # L C, FHEA 7 13, BHEH 2 O oHEE R ICkHET A& E LT,
snnfkiEboTND Z LR TE S (Figure 6-7). Z 0O 7 anlkix KSP % L /37 E D Ilel36,
Leul60, Phe239 (ZHL Y PHENZBKIEDERWEREE & > TEB Y, "X UFEENIEK LSS T LF
S UFRIIIAFE L TR, L7eR - C, KSP BHEA] 2 131 7V OF BIZKF L7V SAR
(KSP FHETEME: R = CFs <OMe < Cl <Me) Z 7~ L, XFIIIZ, MMP-1 BEEFNZIBWCIE, ~a 7 Ui
F-DIFEIHEAE LT SAR R LT % 2 5.

|' ' ql
Q Q A O (5, - S
J\('\p AL2 .‘H; Ag P

KSP/[HEHT7 HEK
(PDB code 2XAE)

Figure 6-7. KSP [HEH| DfE A4k

D EERIZ LD, MMP1 [HEAIORFHZBWT, ~"NaZF U fEEOBEEMEN R S e
FEADORESINE, Cl<Br<I THD 2L LiznoT, HEFRIIfDOX %ﬁéiﬁ@@rﬁﬂ:m VA=R=F-"

7T — FREICERTHZ ENEZ NS, Rl E (2 rfREIC L= ARTEX,
7o 72 %G DI ORI b D7 RN o Tz,
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ARFETIE, SAR BN A[ERBLER DM A GO 2 THIT 5 2 & ¢, dulIC S KiEd 5
FREMFIEIZE D $LA T2 (Figure 6-8) 2. £7°, E7 /L & L72 MMP-1 BHEHFNZ SV T, #EFER72 SAR D
g BRI LD, KSP FHEAINS SAR BN AIHETH D & THI L7z, 2O ESIL, ZOREHK
g, ERZ B ORELRE S B> TE Y, ERZEMEZIREETIC SAR OLIEITO A
HAMEZI ST L.

FHEA] 1d (2T MMP-1 BETEPEO ) B2 TRl &7z leg ZRHT 5 &, L&) 10c DFHENE
PENFERRICH E LTV, 20 Z L, MO EOUERINET T4 A v T DHAFIED, SAR 5/
OTHZERRRICT D L ZFERE LT, ¥ U XV EONREGE 2 LB L LR WARTIED, [IgHESE O
sl 72 e b &2 FTHEIC 9 5.

FLEA 1 OfEAERE2TT U 795 &, MMP-1 OFLEFFREO B EICiE, Arg2ld & oo~ 74
ADOFEHRNEETH D Z EIREBRENT-. 2L, SAR O THIO KR L 72 57~ KSP FLERIORS
R E TR D0 THY, o\ EONEEEZBEREICHBE L2 WAFIETEONTZHAATH
2.

A WROHLIER @ HBERIAOETIVY
et SR CANN G G A 2N

R S

Lz[SAR!nﬁ@%ml] T ] HNYN::< ’},’NOH
HO' TI)\ b/ . n\ . ----- - NH2 ezt
So8 ,@ ,Cf NS REEFIALL
1a 19 e 19 HFRFADER

| @ mamEtoRi |
1Csp: 0.12 vs 0.034 pM
Figure 6-8. i SEDE L
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Experimental section
General

Compound 1d was synthesized according to the previously reported procedures'. Compounds 3a and 3b,c
were purchased from Acros Organics and TCI Co. Ltd., respectively. The intermediates 4a and 4b were
synthesized according to the literature procedure and the compound data were in accordance with those in the

literature?.

Chemistry
Synthesis of methyl 2-methyl-2-(p-tolyl)pent-4-enoate (4c)

N\
EtO i) Mel, NaH, DMF, rt
\f(\©\ » EO
o} ii) allyl bromide, LDA
Me THF, -78 °C to 0 °C 0 Me

3c quant. 4c

A suspension of NaH 60% dispersion in Paraffin Liquid (116 mg, 2.90 mmol) in DMF (9.0 mL) was cooled
to 0 °C and ethyl p-tolylacetate (529 pL, 3.00 mmol) was added dropwise. After being stirred for 2 h at the same
temperature under an argon atmosphere, methyl iodide (187 pL, 3.00 mmol) was added, and the reaction mixture
was further stirred for 1 h at room temperature. The reaction mixture was then diluted with saturated aqueous
NH4Cl, and the aqueous layer was extracted with Et2O for three times. The combined organic layers were
washed with brine, dried over MgSOx4, filtered, and concentrated under reduced pressure. The residue was passed
through a pad of silica gel (hexane:EtOAc = 8:2) to afford crude ester (587 mg). To a solution of
diisopropylamine (600 pL, 4.27 mmol) in THF (12 mL) was added 1.59 M n-BuLi hexane solution (2.45 mL,
3.90 mmol) dropwise at -78 °C. The reaction mixture was stirred for 30 min at 0 °C under an argon atmosphere.
The crude ester (587 mg) dissolved in THF (3.0 mL) was added at -78 °C. After being stirred for 1 h at -78 °C,
the reaction mixture was added ally bromide (400 pL, 4.74 mmol) and stirred for 40 min at 0 °C. The reaction
mixture was diluted with saturated aqueous NH4Cl, and the aqueous layer was extracted with Et>O for three
times. The combined organic layers were washed with brine, dried over MgSQa, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (hexane 100% to
hexane:EtOAc = 95:5) to afford compound 4¢ (688 mg, 2.96 mmol, quant. in 2 steps) as a yellow oil. "H NMR
(400 MHz, CDCls) 6 7.22 (d, J= 8.3 Hz, 2H), 7.14 (d, J= 8.2 Hz, 2H), 5.69-5.59 (m, 1H), 5.10-5.04 (m, 2H),
4.14 (q,J=7.1 Hz, 2H), 2.83 (dd, J=13.7, 7.4 Hz, 1H), 2.65 (dd, J=13.7, 7.1 Hz, 1H), 2.34 (s, 3H), 1.52 (s,
3H), 1.20 (t,J =7.1 Hz, 1H); "C NMR (100 MHz, CDCl3) § 175.9, 140.7, 136.4,134.4,129.2, 126, 118.3, 77.5,
77.2,76.8, 60.9, 49.6, 43.9, 22.8, 21, 14.2; IR (neat): 3076, 2979, 2937, 2870, 1727, 1514, 1456, 1375, 1229,
1143, 1096, 1020, 815,916 cm™; HRMS (ESI) calcd for C1sH2102" [M + H]" 233.1536, found 233.1531.
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Synthesis of methyl (5)-2-(3-(4-methoxyphenyl)-3-methyl-2-oxopyrrolidin-1-yl)acetate (5a)

\ i) 05, DCM, -78 °C Q
then PPhg, rt
MeO 3 o MeO%N\b{"/
_ 7,
I ii) H-D-Ala-OMe-HCI o)
OMe Zn, AcOH, 130 °C

OMe
4a 17%

5a

Ozone was pumped into a solution of ester 4a (579 mg, 2.47 mmol) in CH2Clz (7.0 mL) at -78 °C. After
starting material disappeared by TLC analysis, the reaction mixture was purged with argon followed by the
addition of triphenylphosphine (579 mg, 2.96 mmol). After stirred for 1 h at room temperature, the mixture was
concentrated under vacuum. The residue was purified silica gel column chromatography (hexane:EtOAc =
90:10 to 80:20) to afford the crude aldehyde (394 mg). To a solution of the crude aldehyde and D-alanine methyl
ester hydrochloride (257 mg, 1.84 mmol) in acetic acid (8.0 mL) was added zinc powder (1.09 g, 16.7 mmol)
portion-wise. The mixture was stirred for 2.5 h at 130 °C, and then cooled to room temperature. Following
addition of CHzClz, the mixture was passed through a pad of Celite® and the filter cake was washed with
MeOH/CH:Cl.. The filtrate was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane:EtOAc = 80:20 to 70:30) to afford slow eluting isomer 5a (124 mg, 0.426
mmol, 17% in 2 steps) as a yellow oil. [a]o *** + 10.2 (c 1.00 in CHCl3); 'H NMR (400 MHz, CDCl:) § 7.33
(d, J=8.8 Hz, 2H), 6.85 (d, /= 8.8 Hz, 2H), 4.96 (q, J= 7.4 Hz, 1H), 3.77 (s, 3H), 3.66 (s, 3H), 3.36-3.33 (m,
2H), 2.44-2.38 (m, 1H), 2.14-2.07 (m, 1H), 1.52 (s, 3H), 1.45 (d, J = 7.1 Hz, 3H); °*C NMR (100 MHz, CDCls)
6 178.1, 171.9, 158.3, 135.7, 127.5, 113.8, 55.3, 52.3, 49.6, 48.2, 40.5, 36, 24.9, 14.8; IR (neat): 3068, 3032,
2954,2886, 2837, 1742, 1688, 1610, 1513, 1455, 1423, 1278, 1249, 1185, 1031, 832 cm™; HRMS (ESI) calcd
for CisH2NOs" [M + H]" 292.1541, found 292.1546.

Synthesis of methyl (5)-2-(3-methyl-2-0x0-3-(4-cholorophenyl)pyrrolidin-1-yl)acetate (5b)

\ i) O3, DCM, -78 °C 1
co then PPha, rt . Meo\n)\Nb/%
_ (4
S |

ii) H-D-Ala-OMe-HCI
Cl Zn, AcOH, 130 °C

4b 26%

Cl
5b

This compound was prepared from ester 4b (541 mg, 2.27 mmol) using the procedure described above for
Sa to afford the slow eluting desired isomer 5b (97.6 mg, 0.354 mmol, 2 steps 15%) as a yellow oil. [a]p *”!
—2.9 (¢ 1.0 in CHCl3); '"H NMR (400 MHz, CDCls) § 7.35 (d,J = 8.7 Hz, 2H), 7.28 (d, J = 8.7 Hz, 2H), 4.94
(q,J=7.4 Hz, 1H), 3.67 (s, 3H), 3.37-3.34 (m, 2H), 2.42-2.36 (m, 1H), 2.17-2.10 (m, 1H), 1.52 (s, 3H), 1.45
(d,J=7.4 Hz, 3H); °C NMR (100 MHz, CDCl3) § 177.5, 171.8, 142.2, 132.6, 128.6, 127.9, 52.3, 49.7, 48.5,
40.5, 35.8, 24.8, 14.8; IR (neat): 3026, 2969, 2952, 2928, 2876, 1718, 1690, 1653, 1514, 1455, 1364, 1277,

1214, 1179, 924 cm™; HRMS (ESI) calcd for C1sHisCINOsNa™ [M + Na]" 318.0867, found 318.0876.
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Synthesis of ethyl ($)-2-(3-methyl-2-0x0-3-(p-tolyl)pyrrolidin-1-yl)acetate (Sc)

\ i) O3, DCM, -78 °C Q
then PPhg, rt
MeO 3 _ Meom)\N\b{I
Y 7
1 ii) H-D-Ala-OMe-HCI o)
OMe Zn, AcOH, 130 °C

OMe
4c 15%

5¢

This compound was prepared from ester 4¢ (539 mg, 2.32 mmol) using the procedure described above for 5a
to afford the slow eluting desired isomer 5¢ (97.6 mg, 0.354 mmol, 2 steps 15%) as a yellow oil. [o]p *"* +3.0
(c 0.99 in CHCl3); "H NMR (400 MHz, CDCls) 6 7.30 (d, J = 8.2 Hz, 2H), 7.13 (d, J = 8.1 Hz, 2H), 4.97 (q, J =
7.4 Hz, 1H), 3.67 (s, 3H), 3.37-3.33 (m, 2H), 2.46-2.40 (m, 1H), 2.31 (s, 3H), 2.16-2.10 (m, 1H), 1.54 (s, 3H),
1.45 (d,J=7.5 Hz,3H); °C NMR (100 MHz, CDCl3) § 178, 171.9, 140.7, 136.3, 129.2, 126.3, 52.3, 49.6, 48.6,
40.5,36.1,24.9,21.0, 14.9; IR (neat): 3026, 2969, 2952, 2928, 2876, 1743, 1690, 1514, 1455, 1421, 1375, 1277,
1204, 1076, 818 cm™'; HRMS (ESI) caled for CisH22NOs"™ [M + H]" 276.1594, found 276.1598.

Synthesis of (R)-N-hydroxy-2-((S)-3-(4-methoxyphenyl)-3-methyl-2-oxopyrrolidin-1-yl)propenamide (1e)

Q 0
Meo%é/ HONH,*HCI, KOH H% \b/
N ‘v, L ’N N )
“, v HO (7}
o ©\ MeOH, rt o ©\
1e

OMe 53% OMe

5a

Hydroxylamine hydrochloride (738 mg, 11.4 mmol) in hot methanol (3.8 mL) was added KOH (890 mg, 15.9
mmol) dissolved in MeOH (2.2 mL). The mixture was cooled to room temperature and passed through a pad of
Celite® to afford 1.9 M hydroxylamine solution. To a solution of 5a (64.9 mg, 0.219 mmol) in MeOH (500 pL)
was added hydroxylamine solution (620 pL) and stirred for 1 h at room temperature under an argon atmosphere.
The reaction mixture was then diluted with water and the pH was adjusted to 5—6 with 1 N HCI at 0 °C. The
aqueous layer was extracted three times with EtOAc. The combined organic layers were washed with brine,
dried over MgSO4, filtered, and concentrated under reduced pressure. The residue was purified by preparative
TLC (hexane:EtOAc = 5:95) to afford hydroxyamide 1e (31.0 mg, 0.106 mmol, 53%) as a yellow oil. [o]p ***
+44.5 (c 095 in CHCI13); "H NMR (400 MHz, CDCl3) § 7.21 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8 Hz, 2H), 4.69
(q,J/=7.1 Hz, 1H), 3.74 (s, 3H), 3.42 (t, /= 6.5 Hz, 2H), 2.38-2.31 (m, 1H), 2.10-2.04 (m, 1H), 1.49 (s, 3H),
1.37 (d,J=7.0 Hz, 3H); °C NMR (100 MHz, CDCI3) § 179, 167.8, 158.5, 135.2, 127.2, 114.1,55.4,48.5, 48 4,
41.2,35.7,24.6, 14.2; IR (neat): 3208, 3029, 2969, 2936, 1716, 1513, 1455, 1431, 1249, 1186, 1031, 833 cm';
HRMS (ESI) caled for CisHi9N20s [M—H] 291.1350, found 291.1342.
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(R)-N-hydroxy-2-((S)-3-(4-chlorophenyl)-3-methyl-2-oxopyrrolidin-1-yl)propenamide (1f)

Q 0
MeO HONH,*HCI, KOH H
N, _N N
‘, o HO ‘uy
© ©\ ©
cl
(o] 1

MeOH, rt

0,
5b 25%

This compound was prepared from ester 5b (64.9 mg, 0.219 mmol) using the procedure described above for
1e to afford 1f (16.5 mg, 0.0556 mmol, 25%) as a yellow oil. [a]p *"* +56.9 (c 0.79 in CHCIs); 'H NMR (400
MHz, CDCIls) 6 7.24 (s, 4H), 4.69 (q, J = 7.04 Hz, 1H), 3.48-3.38 (m, 2H), 2.37-2.30 (m, 1H), 2.15-2.08 (m,
1H), 1.50 (s, 3H), 1.39 (d, J = 7.03, 3H); °C NMR (100 MHz, CDCl:) § 178.4, 167.8, 141.7, 132.9, 128.9,
127.6,48.8,48.4,41.2,35.5,24.6, 14.2; IR (neat): 3211, 3027,2971, 2932, 2882, 1737, 1660, 1492, 1455, 1429,
1372, 1281, 1098, 1010 cm™; HRMS (ESI) caled for C16Hi6N20s [M — H] 295.0855, found 295.0847.

Synthesis of (R)-N-hydroxy-2-((5)-3-(p-tolyl)-3-methyl-2-oxopyrrolidin-1-yl)propenamide (1g)

Q 0
MeO HONH,+HCI, KOH H
N Y. _N N
‘s, o HO ‘0,
Me Me
19

MeOH, rt

0,
5c 31%

This compound was prepared from ester 5S¢ (58.3 mg, 0.20 mmol) using the procedure described above for
1e to afford 1g (18.5 mg, 0.0669 mmol, 31%) as a yellow oil. [a]p 2** +44.7 (c 0.84 in CHCl3); '"H NMR (400
MHz, CDCl) 6 7.18 (d, J = 8.1 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 4.69 (q, J = 7.1 Hz, 1H), 3.44-3.39 (m, 2H),
2.39-2.34 (m, 1H), 2.29 (s, 3H), 2.12-2.07 (m, 1H), 1.51 (s, 3H), 1.38 (d, J/ = 7.1 Hz, 3H).; *C NMR (100 MHz,
CDCl) 6 178.9, 167.8, 140.1, 136.6, 129.5, 126, 48.8,48.4, 41.3,35.7,24.6, 21.0, 14.1; IR (neat): 3208, 3024,
2969, 2926, 2873, 1737, 1660, 1514, 1455, 1430, 1373, 1279, 1216, 1022, 817 cm™; HRMS (ESI) calcd for
CisHioN203™ [M - H] 7 275.1401, found 275.1393.
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Biology

MMP-1 inhibitory assay was performed using the Matrix Metalloproteinase-1 (MMP-1) colorimetric drug
discovery kit (ENZ, BML-AK404-0001) according to the manufacturer’s instructions. A known MMP-1
inhibitor, 2-[(2-Methylpropyl)[(4-methoxyphenyl)sulfonyl Jamino]acetohydroximic acid (NNGH), was used as
a positive control of the assay. Test inhibitors (10 mM in DMSO) were diluted at desired concentration in assay
buffer. NNGH was diluted at 1/200 in assay buffer. MMP substrate was diluted at 1/25 in assay buffer. MMP-1
enzyme was diluted at 1/40 in assay buffer. After appropriate amount of assay buffer was pipetted into each
desired well, prepared solutions of test inhibitors (20 pL, final concentrations: 0.014—10 uM), NNGH (20 pL),
and MMP-1 (20 uL) were added to appropriate wells. The microplate was incubated for 30 min at 37 °C. The
10 pL of the prepared MMP-1 substrate solution was added into each well to allow the reaction start. The

absorbance of the wells was measured at A412am using a microplate reader every minute for data analysis.

Pharmacophore fitting

A pharmacophore model was constructed from the crystal structure of the compound 6/MMP-1 complex
(PDB: 1FBL) using LigandScout 4.4 (InteLigand GmbH) for prediction of the binding interaction between
compounds and MMP-1. Four pharmacophore features of compound 6 were used including a hydrogen bond
acceptor, hydrophobic site, negative ionizable site, and zinc binding site/location feature. The scoring function
was set to ‘Relative Pharmacophore-Fit’. After test compounds were fit to the compound 6 pharmacophore

model, their interaction energy with MMP-1 was minimized.

Detection of SAR transfer analogue using AS alignment

The details of the SAR transfer methodology have been published elsewhere.’ Briefly, the procedure consists
of two steps of AS database construction and AS alignment. Compounds with activity data were obtained from
ChEMBL* (version 29). Compounds from each assay of a target protein were fragmented by cleaving exocyclic
single bonds applying the Hussain and Rea algorithm’ implemented in RDKit®. The value fragments
(substituents) consisted of up to 14 non-hydrogen atoms, and up to 40% of the non-hydrogen atoms of the source
compound were allowed. Key (scaffold) and value (substituent) fragments were stored in an index table. All
source compounds associated with the same key fragment (scaffold) form an AS with a single substitution site.
ASs were generated from each assay of a target protein if they contained at least three analogues. On the basis
of these selection criteria, AS dataset consisting of 146,385 ASs originated from 2,359 target proteins. AS
alignment enabled systematic search calculations in the AS dataset. In order to align between target AS and
query AS, AS alignment is achieved by Needleman-Wunsch dynamic programing.® Alignment scores range

fromOto 1.
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Purity analysis of tested compounds by HPLC
(R)-N-hydroxy-2-((S)-3-(4-methoxyphenyl)-3-methyl-2-oxopyrrolidin-1-yl)propenamide (1e)

GL science Inertsil ODS-3, 5 um, 4.6 x 75 mm (0.1% TFA in H2O / 0.1% TFA in MeCN = 78:22, flow rate =
1.0 mL/min, 254 nm)
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13.225 341 16] 0,038 0,060

(R)-N-hydroxy-2-((S)-3-(4-chlorophenyl)-3-methyl-2-oxopyrrolidin-1-yl)propenamide (1f)
GL science Inertsil ODS-3, 5 um, 4.6 x 75 mm (0.1% TFA in H20 / 0.1% TFA in MeCN = 73:27, flow rate =
1.0 mL/min, 254 nm)
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(R)-N-hydroxy-2-((S)-3-(p-tolyl)-3-methyl-2-oxopyrrolidin-1-yl)propenamide (1g)
GL science Inertsil ODS-3, 5 um, 4.6 x 75 mm (0.1% TFA in H2O / 0.1% TFA in MeCN = 73:27, flow rate =
1.0 mL/min, 254 nm)
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MMP1 inhibitory activity of compounds at tested concentration

(o]
N
S ReNs)
1 R

08

04

Relative enzyme activity

02

1d 1e 1f 19
R=CF, R=0Me R=Cl R=Me

=10 =3.33 =111 m0.37 w0.123 =0.0137 [uM]

Relative activity of MMP1 of compounds at indicated concentrations are shown as means + standard error of
the mean (SEM) from three independent experiments.
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NMR spectra of Compounds
Ethyl 2-methyl-2-(p-tolyl)pent-4-enoate (4¢)
'"H (400 MHz, CDCls)
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Methyl (S)-2-(3-(4-methoxyphenyl)-3-methyl-2-oxopyrrolidin-1-yl)acetate (5a)
'"H (400 MHz, CDCls)
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Methyl ($)-2-(3-methyl-2-0x0-3-(4-cholorophenyl)pyrrolidin-1-yl)acetate (Sb)
'"H (400 MHz, CDCls)
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Methyl (S)-2-(3-methyl-2-0x0-3-(p-tolyl)pyrrolidin-1-yl)acetate (5c)

'H (400 MHz, CDCls)
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(R)-N-hydroxy-2-((S)-3-(4-methoxyphenyl)-3-methyl-2-oxopyrrolidin-1-yl)propenamide (1e)
'H (400 MHz, CDCls)
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(R)-N-hydroxy-2-((S)-3-(4-chlorophenyl)-3-methyl-2-oxopyrrolidin-1-yl)propenamide (1f)

'H (400 MHz, CDCl5)
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(R)-N-hydroxy-2-((S)-3-(p-tolyl)-3-methyl-2-oxopyrrolidin-1-yl)propenamide (1g)
'"H (400 MHz, CDCls)
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