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B & U T BRI
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WD &S REIREIED I WEEIRICRTS 5 PP O R 72 B EAE A 5 M2 72 5 T
52 EDG, PP AIBIER) & L CTHEEE ST b ¢, HURESRAL L PPI A 42
AN L7 JEBRAO 72 6 O 7203, i@ d I Z L=, fiEN O PPI 22945 2 &
MR T o o7, K7 EIESIIEN 7 RIS i 0 1 #¢ 5- D ATRENE 2 3 2 23,
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(ABT-199) 7% FDA (ZH&RE S 7= 1819, Venetoclax [L7 7R k—3 2l s 7L Bel-
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IRIRIFIERN T d 5 PPLICKHT T 2R3 Y 7' —F 2307 2,
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W5 B, PMIFENTIE, 3 T OSLAEEEN G BEMEE—A U F2EH L, i =AF0S Z
7K7uy%¢6 %@%@ﬁﬁ 2TFv Ry THEvU A ESL, AL
AT <IEES SRR ENREND, KO FEELOT —Z N—2
(DrugBank**) %PMI fEHT U7 A5 3% Figure 1-4 1ZR 9, 77 7 EMIDNE, 5 LSBT
o Z b, ALNCERS TORRIZER - FEN T, TH~ 20X 9 RERIR
DHITEFITROENTND Z DD, EHIT, 13 A EDHRIEIEIX, RERMIZ
BEND LD BRRERARTF RRAE rER, MR EZ b OL BRI ERK S SO,
BRDHEE L WO RREN D D — 7T, AR D sp® REFEFLOEIG (Fsp®) @iE
& EDIRGFRIFED B B IRRER 2 8 CEEMIZ R DHERPEN D ER R I Tw
% 3536 F T, oy TREEORIE M PPI OFIEICEETHLH Z & %ﬂ“”""éﬂ‘(b‘é 7,
ZDO XD, FTBRAKEER TH D PPL AR LICEF Sy T AT D72 0I2id, B
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1-2-3 ST DEEMEEZER L7245 F5%EF (Diversity-Oriented Synthesis; DOS)

Bz AR T 2 R ARG 2 R 28R & LT o P& O ZARME DAL
BARR S TWD 3% UL, HRMICEY FERL & 20 5 505 F08E, 109
Zb Ep EFHE SN TEY, 2o MBSz (X I DNVAR—R) | OFT T ElRET
IZEKRT D Z LIIRFMEBEROE TARABEE S b 9, ZOREZRRT 57201,
Schreiber & 23BH%E L7- DOS 2 FH ST\ 5 442, DOS &1, HiEErE L OEERIC
BE RS E L O T2 BN ORI ART DT 7 a—FTh Y | Kb
FREMEZRBETE LD TEMET L ENENTHD L IND ¥, Fil 2L, Figure 1-5 12
AT LI, HEBOA I =0 LT Fonn, ZEAOEMIEES TIISH TE 25
DERRPIME SN TWD 8, ITETIE, 20T ERICERAMSERBERZ VWD Z L
T, ZRIEHEDEWDOS 74 77 U BRI TND 95, LinL, 2O X5 1THx 7
Sy FREEIZHES < DOS DRRENHED LR TWEHLDOD, BROLHENEZEHRT S HE
D A2 OB T D ERH R EBIEOE AEIIMSL SN TV RN T —ARE N, &
WAL TORRFHIIE, MBEO SN L EE TH D720, RN ERIEE AENRD 5
N5,
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1-3 ¥ U T B D5 R %o T ERE

RIBDORK L7205 & R BEORBAN L~V AR T S5 2 & 1E, £0isEicniT
HEREHEO—>TH 5, 7T vU ALY X7 LAF RO RNA T2 8O
WM & 87 BAERGX, 0 TAW SO TIIZ VX0 v o gk
L CTIALS ZITF AL TS, MIEH TORLEESCHIEIFIEOREN S | B3
EADOIRITEERETH D & INTND 4, =9 Lo, L0 AEKRNTOREMENR
i <L MR ETE S B & SRS F Ao 7o, MR D & o3 7 BB B
ThdHabeXF o -TuaT TV —AREBRNCHEESTH LT, ¥\ T EOSHE
BXMICHE T 2B ORBENED LI TND 850 2B 2vxF o 7ur7 V—2A
R, 2T UIEMALEESE El ISk o TR b STz, 2 X F AR B2 &
E3 U —EREEEKEZMR L, B3 T—FIZLo GRS NI v\ ENR 2 FF
MAEEN, 26S T T TV — ML DRPFHEESIND R TH D S, RETIE, i
FEFIH S TWD 2 S>OBIE 2/ %,

1-3-1 Proteolysis-Targeted Chimera (PROTAC)

PROTAC (X, 2 2D U H > Rinb 75 2 DOMEENE S F 2 W AHIETHY . 120
HH)D % 77 & (Protein Of Interest; POI) I[Zf5A L. 9 1 DIXE3 U AH—EAE U 71
— hLTPOl D2 EFF AL ZHEET 5 9525 (Figure 1-6A) , A S NS L2 HxAID
PROTAC I%, L EFF L AbD7=89 D Skpl-Cullin-F box HEAEED Y H > K TH 5 IkBo 2
TFRE, AFA=UT I ) R_RTFH—F2 (MetAP-2) OHEFEEERTH DAY &
VEMBEGDE T, 2 EXT T 0T T Y — MEIFIIIC MetAP-2 5 fRT D 2 & E R
L7255, POl #7925 E3 UV A—FiZ. & &/ & B 600 FELL EOEE T HE(E
L. EOEMFRFEMEZFEBLL T 5 %, #il21X, nutlin-3a (MDM2 U 47> K) 5 bestatin
(XIAP U 47> F) 8, vonHippel Lindau (VHL) U %> K ¥4 pomalidomide (cereblon
UBR) 78D E3 UH—BEEMIC L0 TR STV D 02 2021 FEHIFE,
Arvinas fEOBEF A ARV-110 X° ARV-471 T 2 MEKRBRAEE ST b el
PROTAC 73 FOFEMREAHIFF STV D &,

1-3-2 BfAMEZ 7 (HyT) AT A

PROTAC 73, POID YU H > KL B3 UH—ED Y H o REEAIERIFTHHDIC
U, E3 U T—BYU T FOROYIT THUKM:4 27 (Hydrophobic Tag; HyT) | & FEIT#L
HBKMED @S W E L EANT H 2 & T, Z U\ ESRETHET DS BRI S 1
TW5% (Figure 1-6B), BEIT 2002 4, =R k2 Z@INAYIZ 53 M% T & 5 Fulvestrant 73
AR PEFLS AUTEHEEE & L C FDA (Food and Drug Administration)7» 5 &GRS TUN 5 %4,
HELEBBIRTZ A ba U ZR/RIREY 2 L —4%— (SERM) & LCREtan=n, #%
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|Z Fulvestrant @ perfluoroethyl LD EWEKPEIZ LY, =& a7 U2 AR a (ERa)
SRR OGENFEIND Z LR LN ST S,

—77. 2011 4812 POI & L T HaloTag # > 737 & %\ T, HyT13 (Figure 1-6B) A
BRI MRZ RS T 5 Z & % Neklesa BN U722 & 2520812 . ARAYIZ HYyT 27 A
DWFFEDIEE o7 €, MIFINDOT 7 =/ RROI AT 3 —/L KL= X X7 X,
Yav X URIEHSP) 77V —ThH U Xa NIl ko TELICER# S L,
AEXRF TR T T Y= LARTRESND 78, ZOMEERBEAFIHL, ¥ X0
FOFRMEIZ HYyT ZEAL, ?V/*’?EOD*%E%W{Béﬁé & T, HamZe s rERE
PR S AL, ¥ _a P KD DO%, POl DN FEIND EEZHILT
%, Selective Androgen Receptor Degrader (SARD) Z W3NG, vy Xm i1k
LT HSP70 WEEREFNZHT 2 Z EPRBENTWVDR O T, EOFEM e
BTSN TRV, HyT VA7 A% HET HE0MEE LT, ZRETIC HYT &L
T HyT13 X° SARD D L 5 27 X~ U FNELIZ T T L | tert-7 F IV LN A — R T
i SNT7eT7 ¥ = (Boc3Arg) HFIHINTND 0, ZD 2 DOBUKMES 73—k
PN TERY . 7o P F U ZF R X b a7 B EDOMIZ Her3 X° PARP &
Wo Tehfkx 70 2 X7 B O RFEBRBHFE I N TND T2, LavL, Boc3Arg I
mTORC1 ZA L= A2 T ET D L W oA 7 2 =4y MR BHEE SN TV D
7o B e HyT OXEF b ME L ST D
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1-4 Computer-Aided Drug Design (CADD) #Z#I|f U 7-#kR&

1-2-3 THTHEATZ & O e 10 B DT 6725 7 S DNV ANR—=A D 1R
X L CTHEMED & Db EMERBR T H - OICHBE I N3 RENT 7' r ~?‘%’f
Computer-Aided Drug Design (CADD) & FEOR 576 % L X7 H OfGdfiE &= 5l Lz
Structure-based Drug Design (SBDD) "7 {HMALAW DR > 127000 T 5% it 3 5
Ligand-based Drug Design (LBDD) (ZKAl&41% (Tablel-1), 2 EF FU T A7 IR
FY =P8N 2N—Ty A7 Y —=7 (HTS) T X DHEETEMEMBE R 8182,
Protein Structure Initiative (PSI) <°% > /X7 3000 72 =7 MI XD X /37 H L{&5
T OBEAEMEEREH2Y, 4 H E TIZ ChEMBLS, ZINCY, DrugBank®, Protein Data Bank'

(PDB) & W oo NEDT —F X=X ZEHINTND ™,

SBDD Tid, E(ZPDB b Z ™7 HARy FEA G 2 IS L. FEEALIC BT
DR T X RV BEOMAERZ X NFXF—3RICL o TRODLZENERERD
T E T B NI AR T L I RO Al o TMABRJEDO TR AT S Z L
SN ﬁﬂf@éﬁkjﬂjﬁ%lﬁ@‘é O ONLARREE (WIIBE) DRERICRE B e 52
58, ELICRyF Iy Ialb—varTlE, 72—y 77 0T AT —L AT L
W T 725y 1 ) DR, Molecular Dynamics (MD) &2 = L—3 3 > ClLiEE)
BAZME, BREANETHT 2L 0o LI RVFX— O FEIENRR D 3,
ITAHETIE, QM/MM  (Quantum Mechanics/Molecular Mechanics) 5 & W) 9 &1 155 H %
MAGOETEFEOHOWONTHD A, TRIFEIXS < 722 KHE, EAUlHs] L CEtRE
BEHEZBRDLMEMITH D B, —FH T, EREEBENO Y r—~a 7T 2L, £
NEWZT B RLOLERREZRRT 27 7 —~a7+T7 7 4 v 7 4 7 b K
AEEOVRWTEE L TEDRD, v, 77y —~a 7+ 7 &, XN EERS
T O TRFRICMLE L SNDERERETH D . BUKM:, KEHKE N—, 7278 7%

ATFHY T FEREEVSTRESRA SN D, Fyxr v ialb—Y
a UG DOSRRRE & & N7 B OF BAEH & B REFHRE U C R 7R Bl & BRER
DKL, 77 —=~aAT7 T 74T 4 71F, HOLUHSFOIY 5 D SLARRLEE
%Eﬁﬁéﬁf:?*&f*\*x%ﬁfﬁﬁbfk’%\ KT y—~aATxT L OERDHHPHNZ
iﬁiﬁﬂfﬁ IEWAaT BT 5, 200, 77—~ 747 OIERIT TH D ikt
CEEND T ERIUEEL &V 5 DEEEZBER LTV,

¢ ChEMBL : WG5S+ DO 7 —Z _— A BUE 210 T{EEWINERE TV 5D
httpsillwww ebi.ac.uk/chembl/

d ZINC : fig bFH SN TW LA PEE T — 2 X— A 10 B VWMEE I ER ST
%, httpsi//zinc.docking.org/

¢ DrugBank : [E3 3 L OEEMEMEEH DT — % ~— A httpsi//go.drugbank.com/
£ PDB : & L7 B OFEAEET — % _X—A BIE 18 TU EOBERBEI N TN 5D,
https://lwww.rcsb.org/
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Table 1-1. CADD O FE

SBDD LBDD
TR PDB ChEMBL, ZINC
B R (f(x)) TRV —EE Bl
AT =48 (x)  Fr5 B LIRS T O RO
%‘%H#ﬁaﬂ gb\ TR
"""""""""""""""" Fokorosar—say T sk T
ERFIE MD, QM/MM %W%m

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

LBDD Ti%, ChEMBL 72 &2 6 Hf5 LIoEEIETEG A & & I b Mo E by
R (FLik 1 : Descriptor) #2880 & U CIEMEEZ TRIT 2 ERET LV EAHEET L 2 &
MEATOND 8%, SBDD & Bie 0 mELRFREEZITORW-D, L0EZ kel %s
WOHH ZENTE D, &HIT, Figure 1-7 IR T K 912, {bEMOREER 2 4
HZETHREEZHOT I ENTE S, (LEMOREET 2 RotHE DMz, TUPAC fiy
BIEIZ RS T—RBIZRT I ENTEDN, V— AP MR LICAHRBREL D, £12E
A4 b5, SEICL2EIIFa U Ea— X ZE I 720, £ 2T, —RITLTFH
Fo%ll & L CF#RBIT 5 SMILES 23BA% S 7= 0, s oA L kFEEZE &, 10/
e U, BATERMEROLAREMEERS [/ X T@) 20D 2 L TREAEETH D, L
L. HEEORE SNTCFINEPMEF T 5 2 &0, Rl T DR O OiEVIZ L - T
BORBFENET D E WO MERNSH S, —J5C, Fingerprint (FP) & FEEiL5 [0,1]
DYy MREUZT D Z & THTOREEMETE 2 2 ehmbnsd, —EE Yy PRI
EHLTLE D L2 ETE 250, By MEEHET S Z & T, fHlaE
BE—35HZ LN TE D, ¥FIZ, Extended Connectivity FingerPrint (ECFP) & MR 5
0 DR E ORRBEIC 5 25 i 2 5 x EiF A7 03 AR K< fibh s *' FP ik
L7 &Y OFELEE B AR EcRxay ) 7 L, iEME%EZ THIT 5 Quantitative
Structure Activity Relationship (QSAR) {E23Mliioi1 5, QSAR I, HEERIZELIL 7-(bA
%ﬁﬁubk%@%??&wiﬁﬁ’ﬁd% TEHEALEY & DBBEREL< 2D L 91T

AT D Y, ZOHEZ, WEROEER R EOIER S LUSMT S PPLICKT 557
%maL%ﬂméMTwé%meA%%%_QMR%TN%WWLkﬁm?—&&
— A EENDHEICHLU LA T LDEH TE RN E NI KRB D D,

¢ BARRE LAY A L BB T 2 0EEOR (o) LAY A IZE 5 iEE
(a) &BIC iﬂ7%A%L(w<D@ﬁfﬂOt@ TR H, BRI S = ¢ /(atbtc)
LHETE S, BlxIE, FPALL7-ME A To011). B 11100). C l1011) & L7=HE. A
L OBKRFEEIL. B=0/4=0, C=3/4=0.75 L7325,
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F 72, ZWRoutESE R & SLARED G R &2 A P> 72 Structure Data File (sdf) T2 H 401D
KHGEE L THDNLS, 261X OMEGA” K iCon® &\ » 7o bk & 7Bl ARk 7 L =
UALZE > THLND EH LAY O =R oiEE LT b &7 7 —~ a7+ 7 Z{E L,
Ty ATFT T 4T 4 I KR EE A A RIS e ST
% %, ZDJ7{EIT LBDD & SBDD Z#lAGHOEI- L9 RFIETHY . QSAR IEDOHKEE
FRIEDOREZ iR TE 2,

o. _OH 2-hydroxybenzoic acid SDFFZzt
(IUPAC)
OH > % TUF IS
A — '
YUFILE  3M5HE (e
y 000 0s
(I'E)%%) § :: ?ECINI'?(TW]?'W -0.206250 0.000000 0+
M 2 C -1.071707 -1.031250 0.000000 0+
— alt 1018 0smm Liege s =
: ' Y i3
1R5% B sy | RFAR
13[M V30 7 C -0.357236 1.031250 0.000000 0+
TR SRt
O:C(O)C1 =C(O)C=CC=C1 16 E éﬁ?ﬁ}%m 0.206250 0.000000 0+ _
i
(SMILES) Tl
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W 5256 ff.:tA:|'EE$E
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Ewv Mb SN 071870
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Figure 1-7. LBDD (Zfi 041 % 53 T O R B 1k
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1-5 JVRT A
1-5-1 BNV AR T v DILZERRHE

{520 CB1oH 12 T2 &5 Dicarba-closo-dodecaborane (LA T, H/LAR T v) X +1H
ROBAKMES T 2B =03 F T 5, 2 HDRFIRT & 10 HDOFR T HRFEF, HTEHAIZ 1 E
TR 10 B OKFIR T THEL S AL, closo DARINR/RTIEY [02TWR) 17 Thod, B
AT 2R UERTERER T3 FL2EBHAZAL, ThEnnsb 2o, 3
OFOMUEE AL D FF 26l (4nt2 {E) DE 1 T OEREREIZH R/ L T D720,
b oy FNVANCES S FFEBEEB LY = 4 FAMIES < ZReiEE R ENEZ b,
Z OB TRIENCIERENL L, ZRITICHEENLEIL L T\ D 2 & 2 lBE &N
MRS, EBICHNART o ORTHRER ST, 302 BEFFHEAICLVZED 2p BENZ
<, —MIBRAB T FELEMN b ORIV A ABIEE R E 2, TRHDZ EnD, L
BT TR e M ITRIEE TH D 20 5 B IR T TR ENE & R
FICICHcT 2 BkMEAZ b B, [ZRIR_ B b EHEhTw5 (Figure 1-
SA) 96,97O

HNVRT AL, 2 ODIRFEIFEADNEIZ LY o-, m-, p-D =D DREEBMER N FAES
58 IRBIRTDEEET D o VAR T AITNAX L ETHRT > (BioH) 2P HAK S
. 465-500°CTC 0-TIVR T L IvD m-T1 VR T AZEMAL L, 615-700 °CT m-J1 VR Z
VIR p-TIVR T AR T D O, L LAROEMES ST /g L IEEICEMT
b5, 0->m->p-ONAIZ AR E | p->m->o-DINAIZBAKRMED EV, ZHUTKE (X
=255) LATHE (X=2.05) DOEKEHEDEND, WHFET—A 2 FBRETTWD
72D Th 5D,

BKPEDOMIZ, ZDORE S BRHEANI TH D, X MEmEIEND 7 7 T /D — /L AR
L LCEHEINTEY ., o-. m-. p-HIART U TEIEN 148, 143, 141 A3 THY |
SRR & FRRIC BRI TR D P, — /T, 7Y Z DT 7 T 0T — )L ZAEFEN
136 A3, RUBU % 360° RS W7 & ZITHATHEMEN 102 A ThDH Z & Lk
HEHNERT AATHKEERTHRILKFETHLT F~v 2o EBrLh b RE
IRBUKMES T &5 2 D

h 7= RHJ : 1971 4, Kenneth Wade |Z X » THE L7248 7 B L O OFE&EKOAR
B L ZE e ARG OB OBfR Z R~ E R 123, 731X BmHn O R 7 AMEEWITE
WA A R x OFE, mintx OEIZ K > T, RT ALEMDOLE &S (closo, nido,
arachno, hypo) DHEETE D, HIVERT DX IIIRENGEND DN NKRT D

. BH % CHz (2 2 22 CTHRERIZEK Y 2D, Bl 21X m +n +x=2m + 2 OFE, closo
OFHEZLED, m+n+x=2m+4 DK}, closo D—HTE ST nido DERHEZ LD LS
b T\,
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1-5-2 VR T > DKk

TNV T o DIERRIZ A B D — R 72 S % Figure 1-8B (2§ 7100101 - 3R oD i
0. o-HNWVRT A, Lewis MEIFE T, 7T F LU T HART  (BioHw) ZMMELL .
MIGEEH 2 ETHLND, BT VX U LRBRICKIGT 5720, — () BHO o-7
NRT IR CTE D, m-,p-HIVR T %, ZHEH 465-500°C, 615-700°C T
BEMALIC L > TARESND %,

JINARTZ 1%, On-BuLi (pKa=35) 72X OMGHRICEbRE OB Ta hvbL,
e REBETAIE O, QREFEBRLISHETT D, S HITEMEERIZL > T, KIS
MNBRI D120, a2 G BRIEZEAN L= VR T VBB TE D, omm-, p-T1/L
AT AL, ENERN 12460 (o) LTAE (m-) . L1247 (p-) DfRSE B CRISOETT
%o ZORGHEZFIAT 5 & 1,2-0 1,7-, L 12-BHRIZZHF 0., 63.4 FE (cos'(1/V5)) .
116.5 &£ (cos'(-1/4/ 5)) . 180 FEICEMIEFE A IET HZ LN TE D, —H T, 9,12 4%
(0-)v 9,100L (m-) 24L (p-) DARVFEETRIGQVEITT D, 72720, FHFICE-T
LiEWAR A2 5 % . 4,5,7,8,9,10,11,12-F 27 # AF )L-o- T VIR T L 128°3.456,7,8,9,10,11,12-
RFA I aa-0-INVKRT 1B B ERENTND, —F T, MORMEEIZE~TSH
MR b RE W 0- TV T %, @MEEMESRM T, 3AL0R U RIFF1Tx U CREZBE
MERGITEIT L, NUENEE LT nido-IVR T a5 2 5 1% closo-H VT v b it
F720 10,11 VDB T RIKBNEE LA A MO THY, 5T n-BuLi % T
MET DL, ZOHBELCWDKRFEB T 2 FvfbEnd, BGBonio 7T =4 L&
SBEEIESED LT, BERYY FA v FRIGEK (A X T HNVKRT V) BAEKTE
%15, I BT, Xie 7V —7IZ X o TEBMEEE N7z o- B VR T 2 ONLEEIRI
B REHSG D JIHINTHFGE ST B 100107
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J -] b e
o-AIILRS> m-AIR>> p- 7J}L7R7/ FHIHF> [0 9% %
148 A3 143 A3 141 A3 136 A3 79 A3

F : CByHy,
—TEABKEIS AT —DTF

B)

12 ®n-BuLi (pKa =35) [c&D
acetylene PK,=23 H ¥ n-Buli+ E* B0 Ak H pK, =30
H\ H REFE (EY) ERIG 112 /X a
Lewis base o </ n-BuLi + E* o
— = 3 QRBFAERIG ikl
Em 2 Nu” \-" "
> ©) W i -
decaborane o-carborane SRR ) R0 car:orane
(B1gH14) Nu° i
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y 1© 1,7

H ;
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M
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Figure 1-8. A) 71/VR T v O & B) E

1-5-3 @%wHW?4Vﬁ7uy7

TAVE T2 X 91T, R et & BOGHEZ SO AVR T L, AIENES O
AR AT b\ffﬁjﬁ7kr$77~v:r77r7’}: L THWLATWD 1% Z0Of#]% Figure 1-9A
2R T, 1999 FRITEE HIZ K- T BEI120 IO NVRT o HBKME7 7 —~a 7+ 7
FIH L7001 & LTSSz 1% BEI20 (I A ha X USREEESHETHY, =4
ca F U RIRORETHD 17B- A b T VA — VI T 10 5L EOBFEE R L
oo SDIZET AT AW in vivo BB EE S TE Y, BEI20 O 5ICL-
THNESH ~ 7 A28 5 FEOWADITK L CTER AR L2 10, 2010 21, S50
FBIXLW6 DT X~ Z & TR T B L= GN26361 78 HIF-1a D45y fif % ifik-4
572772 < . HSP60 ZHEHI & LTWAHZ & &#HL L M, —J57T LW6 X von Hippel-
Lindau (VHL) OJEMALZ R L TWD Z ED HIVR T 34 /R BIZR LT,
THw B LT R DR AR AR TS 2 ENRE S 1 sy, A v
RAZ L DANRT VHFERSRKEM THH~ T T A OFERBHSE ST
11\5 113,1140
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ShiLTng 2 SEilkod CAIL & nido-71 VR T =0 m-F VAR T o O il bk i 2 Kz
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2-5), 72, nido-BVIRT L OAERIE, 37 ppm (12D B), -33 ppm (10 i B) I
K0 HERR L7z 224, (LB 17 2 @ESCHRICIE > TR L 2, (bEW 13 OFiH & FfkD
FETE)A4A-(E ) T -4-A )T 7 U VER LfiEe SE T, 155172 18 % Boe D Jifki#
%, p-HINKRT U IINVR U 15¢ EROGSE, XY DA TVR = p- VIR T 19
RFT,
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Scheme 2-2. (LA 2, 19 DAL ; BISSEAM: © (a) (E)-3-(pyridin-3-yl)acrylic acid, EDCI,
HOBt, DIPEA, THF, r.t., 82%; (b) HCI, dioxane, r.t.; (¢c) (COCl),, toluene, reflux; (d) TEA,
DCM, r.t., 43-63% 2 steps; (e) (i) NH.NH»-H»O, EtOH, reflux; (ii) (£)-3-(pyridin-3-yl)acrylic
acid, EDCI, HOBt, THF, r.t. quant. 2 steps; (f) (i) HCI, dioxane, r.t.; (ii) 15¢, HATU, DIPEA,
THE, r.t. 3.6%.
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| \ .‘v ":‘ —_\___‘\/ \\\‘ "
\_,I\_/ \\\\.L Van

Figure 2-5. A % / — /L HIZEIT H{LAEY 3-14a OREFUEAITHI 7253 fE% "B NMR |2 X
> THRMT 3 R nido-1 vV RT D 1AED B (37 ppm) . 102D B (33 ppm) % 7R

‘a_o
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S BRDOMETDTD . Scheme 2-3 (2> TILEW 2¢ DFFERZRRGT - Rk LTz, 1k
B 2213 2¢ £V BIRFEDN 1 DEWZ AT LG 25 1ITIRFH N 1 D RWF A 7T
b5, ALEMI0BLON3IE, p-H—RT D ppilTNEN_ S AVEBLOE Y A
Fr VN (TMS) OEMREZGT 5, (bEW3IBLO3ISIE, 7FATI RN o h—

(C4) DRDOYVIZA~FT LY o T1— (C5) ZHT D m-BLWp-WNLVAKRT U FHERTH
B IDIZ, DIVRT T H~ B DONARE TR Z T 57012, {bE 37
HRST DT H~ o F IV IVR R 36 B AR LT,

=
» a n H 9 b Na | n H 9
HO — 3 Boc” NN —_— = NN
o o o o
15¢ 22

21

=
| H P
(4 c H 3 e h@\/\,rn H
CI\n@ —_— X\/\/\/N\"@ E— =z I SN
0 ° 25 °
16¢c

d I: 23: X=0H
24: X = NPhth

-R o _R
SR h o i H o
B — HO — N OINNAAUN
H o NZ H

f p-Carborane : R=H 28: R=COPh 30: R=COPh

Ezs: R =COPh 29:R=TMS 31: R=TMS

27: R=TMS

oA 0 N
I e\ i e XY N
e PhthN f — | _ H 3
N
o-Carborane 32: o-Carborane 34: o-Carborane
p-Carborane 33: p-Carborane 35: p-Carborane
fo) [o]

HO, K XN N M 080:
IO - o =
0 N o o)

36 37 PhThN(CH,)sOTs

Scheme 2-3. LAWY 2¢ FHEARDARL ; UGS : (a) 20, HATU, DIPEA, THF, r.t.; (b) (i)
HCI, dioxane, r.t.; (ii) (E)-3-(pyridin-3-yl)acrylic acid, HATU, DIPEA, THF, r.t., 41%, 3 steps;
(¢) 5-aminopentan-1-ol , TEA, DCM, r.t.; (d) Phthalimide, PPh;, DIAD, THEF, r.t.; (e) (i)
NH:NH-H,0, EtOH, reflux; (ii) (£)-3-(pyridin-3-yl)acrylic acid, HATU, DIPEA, DMF, r.t.
(25: 11%, 4 steps, 34: 10% 3 steps, 35: 12%, 3 steps); (f) n-BuLi, PhCOCI, THF, —78 °C to
0 °C, quant.; (g) n-BuLi, TMSCI, Et,0, —78 °C to 0 °C; (h) diisopropylamine, n-BuLi, CO,,
THF, =78 °C to 0 °C; (i) 14, HATU, DIPEA, DMF, r.t. (30: 43% 2 steps and 31: 25%, 3 steps);
(j) n-BuLi, PhthN(CH>)sOTs,* THF, —78 °C to 0 °C; (k) 14, HATU, DIPEA, DMF, r.t., 30%.
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2-5 AR LT=5F O NAMPT BREE LM

NAMPT DOEEZETEMEIX, CycLex® NAMPT colorimetric assay kit Z FVW TRl L7z, %
DOFfEF % Table 2-1 12779, PAICK LT, 6-11 1L 1la B LN 1b LV &V NAMPT 12
WP HEEMEZ R & oo tz, VR T v EET NAMPT [LER 2% 5B
U LT 7 UAT 2R (A) (Figure 2-3) Z=2F 7 I REEHEAL & Lfﬁéﬂﬁ“é
TENRETHD I EIIRENT, WIT, ANKRT T I REHT 5 2b, 2¢, 19 D ICs
fEIX, 1a, 1b X° FK866 L ¥ H A EIZIK - 72, FFIZ 2¢ 135 HHEN 7= NAMPT BHLETEME
Zas L, FK866 D 10 [5DfEAE R LTc, ZHNHDFRERITZ, RyFxFr /v Ialb—ay

TRIBENZE I, Hisl91 & HRT T I ROBOKZBHEMEMERAICED LD
EEZ b5 (Figure 2-4), £72. TNETOWNREITERY, p- VR T U HEHO
IEEWIZHBNT m-AVAR T VFEAREL D S 2 FREWVIEERRO bz, Zhix, v
RT DI LD ZEKREBREEN., p-HIVRT L ORICESICHESE LTSI L%
BEHRLTWD, —JF, FK866 D7 = =)VI%& p-HVR T o ClE# Lo bE% 19 1%, 1b
ERIFRED L~UL (ICs9=032 £ 0.05uM) T, FK866 OKJ 2 5D H E 72 NAMPT fHE
EEE R LT, 2D DORERNS . DIVRT B OBKMEICINZ T 3 Rt 72 257
HE OB NAMPT OBUKPER 7 > M LT\ D 2 ERRIBE T, KRIZ, 2b X 2¢
DEINTHNRT T I PR EF AW OF T, NAMPT FEEMHZ B LTZ, F
T, NAMPT [HEVEMHEIZY o W —ORSICREFEIN, AW U —%FF> 22 O
ICso EIXAEITHMULT=, BV B —%FD 25 @ ICso EITHM L 72 o 7272 T
b5, UL, NAMPT OFEEEMAMBEEZ L TR, U A—"EngEs 22), =
aF 2T 2 NEAERAL AR SIS BIE CE 9, [LEFRMENIFEA Ao ho 27
HEEZBND, 30 DA, WY U —ITRAEAICND 5 Z ERTER, 30 D
TNVRT T I REHII EOEENETE CKEB-EEIEDL Z LR TE ehote, &
D7z, 30 O NAMPT 259 28X 2 DXV L& o722 EZBND, 2 DHIT,
30 & 31 ® NAMPT [HEEME S, 2¢ £V K172, 2O NAMPT & OFFMEDIK T
X, IART v EICEA LT EREO S REEICGERT 5 B2 05, 32HIZ, 2¢
& 35 D ICs iz L35 & 35 O NAMPT FLEHEMEIL 2¢ 2N LD LA EIZED -
2o TOFERIL, 2 DT 2 FiEA & NAMPT @ HI91 & ORI O KERE A FEA BN %
ML EEEMIT, SBIT,. 35D p-HIVKRT & 0-NNVKRT TEE LT 34 B IF
BROFERZ R Uiz, &BRIT, 2¢ & 37T OLEGD D, BIVAR T ML NAMPT BRLETEME
EEODHIEEMIA LI, 21, THEY X EET 3T LD D 100 f5TRVFAEEEZ
FoTWe, ZOXIH1T, 2ciF, WEUIRY U H—K, IVKRT EMNEZETDHZ L T
NVARTZ T IR E HIO O qk%ﬁ/a\rﬁ:ﬁfa“é Z &G, 587172 NAMPT [HEAIC
HoHZ Enbnrol,
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Table 2-1. &% L72ALEY D NAMPT BHETEM:

?“di
it

NAMPT NAMPT
Compound Compound
1Cso [uM] 1Cso [uM]
(> Wy la 061£0.01 | ~A MVQJ@ 19 0324005
gy b 037+003 | “Aioon KF 22 >30
o~ ““@ 6 %02 A MY@ 25 0.17+0.02
0 M\@ 7 >30 At Y@*@ 30 0.63+0.04
o Ry 8 >30 o %Y@ 31 0.18+001
Oy 10 >30 @/vw\)f@ 34 0374002
& ””““@ 1 >30 @A\AN@ 35 025+0.06
~ /\NY@ 2b  0.098+0.008 | [y~ i 37 80x1
i y 0.057%0.001 | ~ Mv@*@ 0.62 +0.05

A N’\/\/n 2¢
| H i
N

FALEWILH 55 UH NAMPT LiEEG L. CycLex® kit ™ 1 step assay buffer 2 1% 7,
450nm O ZRIE L, {LEWD NAMPT (ZxF 3 2 HER ICs 2 HH L72 (n=3) ,

38



2-6 AR L7250 F O T EE M A

fEWCHE 72 NAMPT FREEH 2R~ L7z /bB % 1a. 2b, 2¢ OIS ATEMEZ N5 72
DIT, A549 (b MRS ERZ ) . MDA-MB 468 (b h¥LJ#E). HeLa (b hFESH
BE) AT DA GFEREZ MTT 7 v A Tilfli L7z, Z Oft % Table 2-2 1Z/R
T BRSO, ARSI NTALEWITEER LT X ToMiaicxt LTH FK866 LV b
FVHIl M 2R S 2o 7o, TAUE, 2b E700E 2¢ OKBEER I NAVHR T 7 I Rick
> THARDIL, TORRE, MlAEOZEEMET LcbDEFEX biLD, —F. 2b & 2¢
DHHEING | TV T > BRI R O MR EE M O M IR E O AR IR 8T, Mila7E
PEIE NAMPT BRETSMEICELR] L CTHIN3 % 2 &R &z,

Table 2-2. &% L7=ALEW O EHMIRIZ 5T D HUS AAEMEREA

MDA-MB 468
A549 [nM] HeLa [nM]
[nM]
1a 17.8+ 8 32.3+7 21.2+3
2b 14.4+5 25.6 7 11.8+ 3
2¢ 3.77+ 0.8 14.4 + 2 7.19+ 0.6
FK866 1.74 £ 0.5 3.33+0.3 2.83+0.4

27 VHINRKRT ALEHOFE

{EE# 19 O NAMPT FHEIGMEZ FK866 L i35 &, 7 ==V EE IR T UITE
Bad D2 L T2 ERETEMENE BTS2 L b o7z (Table 2-1), HART D 3K
JERIRBORMEIZ LD, IEHERM E LT E 2 b5, S 5T, Figure 2-5A (233789
IZ. 19 & NAMPT Z W\ CfTo72 Ry F o7y 32—y a Tk (kW1 oL
RN O DUEMICNET D AR ENT, £, 4V h—%F
95 1a O ICsofE1E 0.61+0.01 pM., C6-U > I —%FH 5 34 D ICso fiEi1% 0.3710.02 uM
TholzDIiZxt L, C5-V B —%F95 6 D ICsEIX 4902 uM ThH-o7-, DIk
PEAH B BLBRTZR < . NAMPT O U 5 REEGIENLIZIL 2 DDOEBTERI I VAR T AR
Ty MRBHDHDOTIIRWNEE R, ZORGRIZEDNT, 2OV RT &2 ELY
HNRT ALEY) 38 #%Ft L= (Figure2-5B), Ky ¥ 7 v I alb— 9 Tk, 19
EDRIFIA—R—T o TR SN T- (Figure 2-5C), 7=, 38 DK ANRT 1L,
la L 34 DB NVR T UFERENLIALE L T2 (Figure 2-5D), = 2T, S L7 HHF5ED
7eiz, PIHNVRT ALEMERKT HZ LT LT,
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Figure 2-5. Ko ¥ 722l —3 a2k b VR T ALEY 38 Oi%it: (A)
{EA %) 1a(yellow) & 19 (green)d R v & > ZELEELLES ; (B) (LA 38 DL ; (C) 1k
A% 1a (yellow), 19 (green), 38 (black)® K & JEEEE ; (D) {LAY) 38 & 1a
(green), 6 (blue), 34 (yellow) & D EH DO,

2-8 BELICVINEA T AW DOERLE NAMPT RETE LR

Scheme 2-4 |29t > T, L& 38, 50, 51, 55 Z & Liz, £F, p-W/VRT % THF
G n-Buli CREEL, UF AL p- B VAR T U EER LT, 2 tert-butyl(4-
iodobutoxy)dimethylsilane (39) & [ S, /LAY 40 Z4537-, %tV > C THF HC 40 % n-
BuLi CTUF AL L=, FEAF L THRALIMELT A 257, Znx ) FHL-
m-ETNE p IR v &S SET-%, R TOEET 5 & TBS BRI S sy
ANRT VHER 42 L B BEhENGLRT, 42 O— T LI = E R B LT
%, 7Y RTEHL, 551727 ¥ K 45 % Dess-Martin Periodinane Tl LT, ¥ /L
KT 46 Z1572, 46 DT ¥V K% 7 I/ FEIT Staudinger ot L72#, f3ohie7 I 47
B(E)A(E Y P r-a-A /)T 7 VAR LA SE, PHVRT =N b 38 e, —
77, p-FIVIR T VEHEAR A3 B YUIERGNC LY T 2 A I RICEER L TR EY) 48 157
B, E RTVUVERWTHHNT DT I 4912 LT, 749 Z(E)-4-(E ) ¥ -4-
AT 7 VAR LA S, UHART AT a—L 50 257, ZhEiEkLTY
HIVRT =N b 51 &R, RBRIC LT, p- i VR T DR VIS m- T VR T 2
UL I—ITRER LY INRT = b 55 b AR LT,
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%
it

WIZ, B LTALEY D NAMPT [HETEMEZ 70 L 72 (Table2-3), £, WA T
AEEW uM A —#— O NAMPT FEEME 2R L2 2 Lnb, 2 DOBUKMERZ v b
INEBICHEE LTS Z EREA LN, L, 26 DA WIE FK866 <° 1a
FUHIEENMELS, 2 2ODNVART U DIELWRRENEETHD EE LT, EE. 2o
DHINVIKRT o FeRIRE 2T v a— ) v —IC k> THEA L7z 50 OFFMEIL, XV
MIE 72 VA=Y ol —% 6051 OFFEL D HEN TV, BERENZ L, 38 &
51 2T 5L RGO ANRT I3 A ZBMEIRTH D 38 O NAMPT [HEIEMET, /3
T BMERTH D 51 O NAMPT BEEHE L D @ o7z, Ziud, BAR T oo RMER
MB X7 EEFEAEHT 5 HIEOEN, R ZEAKERE Z N L2 HIEOEWZ R
LTWbEEZDLND, &EIC, LAY 55 13K LIEEOBRWTS I NLVR T ALAMTH
STEDIZHI LT, V=B LIV R T NN T BMATH S 51 TIIIEMEN K
BRI L7z, Z OfER S, NAMPT BRETEMEICITRGED VAR T - ORLE D EE T
D LT TR, ANVKT ORMEEZEMEST 52 & T, WVRT v EOEBIED
SEAREC B & BB IS CE D 2 RIS T,

Table 2-3. A L7172 VR T ALEY D NAMPT BHETEM:

Compound 1Cso [uM]
la 0.61 £0.01
38 3.76 £0.5
50 451+0.9
51 >10
55 292+0.5
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p-Carborane 40 42: m-Carborane

43: p-Carborane
“ @ )@ @ )@

44: X = OTs
[
45: X =N,

A Bt w@*@
N/
OH
Z
o — f\}@“)@ : i N@ @
—_— —_— N N
M ’ (N/)/\/‘LH 2 g

48: Y = NPhth 50: Z = CHOH
[ an
49: Y = NH, 51:Z=CO

N@m@ WN@@

Scheme 2-4. it L7V VAR T ALBEMD AR ; BOGERM: : (a) 39, n-BuLi, THF, 0 °C;
(b) n-BuLi, HCO,CHj3, THF, -78 °C; (c) (i) Carborane, n-BuLi, Et;O, -78 °C to 0 °C; (ii) HCI,
dioxane, r.t.; (d) TsCl, TEA, DMAP, DCM, r.t.; (¢) NaN3;, DMF, 80 °C, 11%, 6 steps; (f) Dess-
Martin periodinane, DCM, r.t.; 53%; (g) PPhs, THF/H20, r.t.; (h) (E)-4-(pyridin-4-yl)acrylic
acid, EDCI, HOBt, DIPEA, THF, r.t., (38: 43%, 3 steps, 50: 29%, 3 steps, 55: 37%, 7 steps; (i)
Phthalimide, PPhs;, DIAD, THF, r.t.; (j) NH.NH,-H,O, EtOH, reflux; (k) (i) p-Carborane, n-
BuLi, Et,0, -78 °C to 0 °C; (ii) Dess-Martin periodinane, DCM, r.t. (iii) HCI, dioxane, r.t.
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2299 £L®

AKETIL, NAMPT FREH & LCT—HO B LR T U FEEE2RET - A LTz, BRL
AL B O T, 2¢ b IR I72 NAMPT [LEHITH Y . FK866 ™ 10 fFLL EDLE
wEE L -SZ E 2RI L (Figure 2-6), Ry X7 v alb— a2 {Tol2hER.
2 DHIVKRT T 2 KE NAMPT @ H191 & ORIZKER‘EAEDERSND Z & T 2e D
NAMPT [HEIEMEA M B35 &Pl i, BB IART 0T I ReG £ bEaw
350%, 2c (ICHARTH A EOIEEZ /R LIZZ &, &V NAMPT FEFEMEIC T VR
FUT I RGN EETHDLZ ENbDNLoT, £, ANVER T D 3 IRTTARBKIEIS
I, BN ELEZEEZ LN Q¢ & 37 DB, 2¢ Z MW THEEIFEVERBIFSE
EELICHEDDE, (1) REBEARDO) U —NBEETHDHZ &, (2) FwkitE HR
TV DNERD DIZDIZH NIRRT DRV ID LEMASBETHDHZ &, 3) WILRT
YOT I NEEPHIN EKRFREGEMNLT DD ETHH L LN LT,
EDICRyF Ty Ialb—va il TG ENTZ 2 DOBUKMER7 v b & FEtl
THUHNRT ALEY 38, 50, 51, 55 (%, FEEEED NAMPT BLEEMEZ R L2 O
D, 2 ITHARTEHRMEN -T2, LrL, 25 OFRIZ. NAMPT OREHE A EALIC
2ODBUKMERY v b+ 52 ERBFFELIZIZIT TR, INVRT v DREMEZFIA
T35 LT BRABBRERBRENFRETH D Z & 2R Uiz, AT TH O A
%, NAMPT [HEHIO S 572 28 GHIAHRZET T, IART &2 AW EEBR
FICHENLDOHEDTH D,

IC5 =0.61 £ 0.01 uM IC50 =0.13 % 0.01 uM (ortho)
NAMPTREZ ICsp = 0.098  0.008 uM (meta)
(Lee, M. W.et al. J. Med. Chem. 2012) ICso =0.057 % 0.001 UM (para)

aNA EAE
DEKERTY b

AIVRS DO RYFDS =3 L—>3 VEEREU THARNAMPTIRERI DRI ALTH

KFRFEEDRAZHE A '
Autodock Vina HIS 191 22 2D

Figure 2-6. % " &HFE L
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Experimental Section

Synthesis

General Methods

NMR spectra were recorded on a Bruker biospin AVANCE II (400 MHz for 1H, 100 MHz for
13C) or a Bruker biospin AVANCE III (500 MHz for 1H, 125 MHz for 13C) instrument in the
indicated solvent. Chemical shifts are reported in units per million (ppm) relative to the signal
(0.00 ppm) for internal tetramethylsilane for solutions in CDCls (7.26 ppm for 1H, 77.16 ppm for
13C). Multiplicities are reported using the following abbreviations: s; singlet, d; doublet, dd;
doublet of doublets, t; triplet, q; quartet, m; multiplet, br; broad, J; coupling constants in Hertz.
Mass spectra were measured using a JMS-700 Mstation. HRMS (EI, 70 eV) was calibrated as
perfluorokerosene. All reactions were monitored by thin-layer chromatography carried out on 0.2
mm E. Merck silica gel plates (60F-254) with UV light (254 nm) and were visualized using an
aqueous alkaline KMnOQOy solution, ninhydrin AcOH solution and/or p-anisaldehyde EtOH
solution. Column chromatography was performed on Silica Gel 60 N, purchased from Fuji Silysia
Chemical Ltd. Microwave-assisted synthesis were performed on microwave synthesizer (Biotage,
Initiator). Compound la was known and synthesized from 3a according to the literature

procedures.

Synthesis of 1-(Phtalimido-/V-pentyl)-1,2-dicarba-closo-dodecaborane (4b)

PhthN

o

4b
To a solution of alkyne 3b (131 mg, 0.541 mmol) and N, N-dimethylaniline (103 pL, 0.812 mmol)
in chlorobenzene, was added decaborane (79 mg, 0.649 mmol). The resulting mixture was stirred
at 130 °C under argon atmosphere for 10 min with microwave synthesizer. The resulting mixture
was added 1 M HCI and Et,O after which the product was partitioned between the aqueous and
organic layers. The aqueous layer was washed with Et;O and combined organic layers were
washed with brine, dried over sodium sulfate and concentrated under vacuum. Then, the crude
materials were purified by column chromatography on silica gel (40% EtOAc in hexane) afforded
4b as a white solid (184 mg, 0.531 mmol, quant.). '"H NMR (400 MHz; CDCls): § 7.85-7.83 (m,
2H), 7.73-7.71 (m, 2H), 3.67 (t, J= 5.8 Hz, 2H), 3.56 (s, 1H), 2.19 (t, /= 6.0 Hz, 2H), 1.67 (q, J
=6.0 Hz, 2H), 1.51 (q,J = 6.0 Hz, 2H),1.31 (q, J = 6.0 Hz, 2H), 2.5-1.6 (m, 10H); '*C NMR (125
MHz; CDCl5): § 168.5, 134.1, 132.2, 123.4, 75.2, 61.1, 38.0, 37.6, 28.8, 28.2, 26.2; !'B NMR
(160 MHz; CDCls): 6 -2.36, -5.824,-9.35, -11.5,-12.3, -13.2; HRMS (ESI, pos) for CisH25B10NO>
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(m/z): calcd 382.2788 (M+Na)*, found 303.2796.
Synthesis of 1-((E)-4-(3-(pyridin-3-yl)acrylamido)pentyl)-1,2-dicarba-closo-dodecaborane
(6)
(0]
| XY N
_ H

N 0
6

To a solution of phthalimide 4b (84 mg, 0.234 mmol) in 2-propanol: water (6:1, v/v), was added
NaBHj (44 mg, 1.17 mmol). The resulting mixture was reacted at room temperature until the full
conversion of a starting material was observed. After which, 12 M HCI aq. was slowly added and
stirred at 80 °C for 6 h under argon atmosphere. The reaction mixture was concentrated under
vacuum. The resulting ammonium salt Sb was dissolved in water and washed twice with CH>Cl..
The aqueous phase was concentrated under vacuum, and the residue was dissolved in ethanol and
filtered through a small cotton plug. After removal of ethanol under vacuum, the crude product
was used for the next step without further purification. To a solution of the crude 5b, (E)-3-
(pyridin-3-yl)acrylic acid (35 mg, 0.234 mmol), and 1-[bis(dimethylamino)methylene]-1H-1,2,3-
triazolo[4,5-b]pyridinium 3-oxid hexafluorophosphate (HATU) (89 mg, 0.234 mmol) in THF was
slowly added N, N-diisopropylethylamine (DIEA) (102 pL, 0.585 mmol). The resulting mixture
was stirred at room temperature under argon atmosphere until the full conversion of a starting
material was observed. The resulting mixture was added aq. NaHCO; and EtOAc after which the
product was partitioned between the aqueous and organic layers. The aqueous layer was washed
with EtOAc and combined organic layers were washed with brine, dried over sodium sulfate and
concentrated under vacuum. Then, the crude material was purified by column chromatography on
silica gel (10% MeOH in CH,Cl,) afforded 6 as a white solid (20 mg, 0.0554 mmol, 27% from
4b). m.p. 167-168 °C; '"H NMR (500 MHz; CDCls): & 8.75 (s, 1H), 8.58 (d, J= 2.2 Hz, 1H), 7.78
(d, J=4.0 Hz, 1H), 7.62 (d, /= 8.0 Hz, 1H), 7.33-7.30 (m. 1H), 6.43 (d, J= 8.0 Hz, 1H), 5.67 (s.
1H), 3.57 (s. 1H), 3.38 (ddd, J = 10, 5.0 Hz, 2H), 2.21 (t, J = 7.5 Hz, 2H), 1.61-1.50 (m. 4H),
1.37-1.33 (m. 2H), 2.5-1.9 (br. 10H); *C NMR (125 MHz; CDCl5): § 165.3, 150.6, 149.3, 137.8,
134.5,130.7,123.8,122.6,61.17,39.6, 38.1,29.8, 29.5, 29.0, 26.4; "B NMR (160 MHz; CDCI;):
6 -2.29, -5.77, 9.33, -11.5, -12.2, -13.2; HRMS (ESI, pos) for C;sH2BioN2O (m/z): calcd
383.3104 (M+Na)", found 383.3108.
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Synthesis of 1-(5-(1H-Pyrrolo|[3,2-c]pyridine-2-carboxamido)butyl)-1,2-dicarba-closo-
dodecaborane (7)
(o)
N
N

7\ | H 2

N= 7
This compound was prepared from compound 4a (42 mg, 0.123 mmol) and 1H-pyrrolo[3,2-
c]pyridine-2-carboxylic acid (20 mg, 0.123 mmol) using the procedure described for 6.
Purification by column chromatography (10% MeOH in CHxCl,) gave 7 in 62% vyield as
amorphous. "H NMR (500 MHz; CDsCN): & 8.92 (s, 1H), 8.26 (d, J= 6.0 Hz, 1H), 7.40 (d, J =
5.0 Hz, 1H), 7.06 (s, 1H), 4.12 (s, 1H), 3.34 (t, J = 6.0 Hz, 2H), 2.25 (t, /= 8.0 Hz, 2H), 1.94-
1.91 (m, 2H), 1.53-1.48 (m, 2H), 2.5-1.6 (br. 10H); *C NMR (125 MHz; CDsCN): §161.8, 146.2,
143.0, 140.5, 133.8, 125.9, 108.0, 102.1, 77.4, 63.3, 39.2, 37.7, 29.4, 27.3; "B NMR (160 MHz;
CD;CN): 6 -3.03, -6.31, -9.88, -11.60, -12.02, -13.26; ; HRMS (ESI, pos) for CisH2B10N>O;
(m/z): calcd 361.3072 (M+H)", found 361.3070.

Synthesis of 1-(5-(1H-Pyrrolo|3,2-c]pyridine-2-carboxamido)pentyl)-1,2-dicarba-closo-
dodecaborane (8)
H (o)
N

2SI

N= 8
This compound was prepared from compound 4b (18 mg, 52.4 umol) and 1H-pyrrolo[3,2-
c]pyridine-2-carboxylic acid (10 mg, 52.4 umol) using the procedure described for 6. Purification
by column chromatography (10% MeOH in CH>Cl,) gave 8 in 26 % yield as a white solid. m.p.
148-149 °C; '"H NMR (500 MHz; CDCls): 6 9.83 (bs, 1H), 9.00 (s, 1H), 8.35 (d, J= 5.5 Hz, 1H),
7.36 (d, J= 6.0 Hz, 1H), 6.91 (s, 2H), 6.36 (s, 1H), 3.57 (s, 1H), 3.52-3.48 (m, 2H), 2.21 (t, J =
5.6 Hz, 2H) 1.66 (q, J = 7.6 Hz, 2H), 1.53 (q, J = 8.0 Hz, 2H), 1.38 (q, /= 8.5 Hz, 2H), 2.5-1.9
(br. 10H); *C NMR (125 MHz; CDCl5): 8 165.4, 150.6, 149.3, 138.0, 134.6, 130.6, 123.9, 122.5,
75.1,61.4,39.0,37.6,29.2,26.5; "B NMR (160 MHz; CDCl;): 6 -2.17, -5.60, -9.25, -11.5, -12.2,
-13.1; HRMS (ESI, pos) for CisH27B1oN30O; (m/z): caled 374.3237 (M+H)*, found 374.3238.
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Synthesis of 1-(4-Azidebutyl)-1,2-dicarba-closo-dodecaborane (9a)

N3

o

9a

To a solution of alkyne 3¢ (48 uL, 0.400 mmol) and N, N-dimethylaniline (76 uL, 0.600 mmol) in
chlorobenzene, was added decaborane (57 mg, 0.480 mmol). The resulting mixture was stirred at
130 °C under argon atmosphere for 10 min with microwave synthesizer. The resulting mixture
was added 1 M HCI and Et,O after which the product was partitioned between the aqueous and
organic layers. The aqueous layer was washed with Et;O and combined organic layers were
washed with brine, dried over sodium sulfate and concentrated under vacuum. The resulting crude
material was used for the next step without further purification. To a solution of the crude material
in dimethylformamide (DMF), was added sodium azide (78 mg, 1.20 mmol) at room temperature
and then the mixture was stirred at 80 °C under argon atmosphere for 12 h. The reaction was
quenched with water and the mixture was extracted with Et,O, washed with brine, dried over
sodium sulfate and concentrated under vacuum. The residue was purified by column
chromatography on silica gel (30% EtOAc in hexane) to afford azide 9a as color less oil (55 mg,
0.228 mmol, 61%). 'H NMR (500 MHz; CDCls): § 3.57 (s, 1H), 3.30 (s, 2H), 2.25-2.21 (m, 2H),
1.56 (m, 4H), 2.80-1.50 (m, 10H); *C NMR (125 MHz; CDCls): § 75.3, 61.7, 51.4, 38.2, 28.8,
27.0; "B NMR (160 MHz; CDCl5): § -2.17, -5.60, -9.28, -11.5, -12.2, -13.1; HRMS (ESI, nega)
for CsH19B10N3 (m/z): caled 278.2241 (M+Cl), found 278.2242.

Synthesis of 1-(5-Azidepentyl)-1,2-dicarba-closo-dodecaborane (9b)

N5 3

9b

This compound was prepared from compound 3d (100 mg, 0.571 mmol) and decaborane (84 mg,
0.685 mmol) using the procedure described for 9a. Purification by column chromatography (30%
EtOAc in hexane) gave 9b in 79% yield as a colorless liquid. "H NMR (500 MHz; CDCl5): & 3.56
(s, 1H), 3.27 (t, J= 6.6 Hz, 2H), 2.21 (dd, J = 8.5 Hz, 17 Hz, 2H), 1.61-1.56 (m, 2H), 1.53-1.47
(m, 2H), 1.38-1.34 (m, 2H) ; 3*C NMR (125 MHz; CDCl3): 8 75.1, 61.2, 51.2, 38.1, 28.9, 28.6,
26.2; "B NMR (160 MHz; CDCl5): & -2.17, -5.60, -9.28, -11.5, -12.2, -13.1; HRMS (ESI, nega)
for C7H21B10N3 (m/z): caled 254.2658 (M-H), found 254.2651.
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Synthesis of 1-(4-(4-(Pyridin-3-yl)-1H-1,2,3-triazol-1-yl)butyl)-1,2-dicarba-closo-
dodecaborane (10)

7 \__y/
N= N=

To a solution of 3-ethynylpyridine (17 mg, 0.164 mmol) in DMF:H-O (4:1, v/v), were added Cul
(3.5 mg, 6.85 umol), sodium ascorbate (7.2 mg, 0.0137 mmol) and azide 9a (33mg, 0.137 mmol).
The mixture was stirred at room temperature under argon atmosphere for 8 h. The reaction was
quenched with water and the mixture was extracted with CH,Cl,, washed with brine, dried over
sodium sulfate and concentrated under vacuum. The residue was purified by column
chromatography on silica gel (100% EtOAc) to afford 10 as a white solid (16.1 mg, 0.0467 mmol,
34%). m.p. 150-151 °C; '"H NMR (500 MHz; CDCls): 6 8.99 (d, J = 1.8 Hz, 1H), 8.59 (dd, J =
1.8 Hz, 6.0 Hz, 1H), 8.20 (td, J = 2.4 Hz, 6.0 Hz, 1H), 7.83 (s, 1H), 7.39 (dd, /= 6.0 Hz, 9.6 Hz,
1H), 4.43 (t, J = 8.7 Hz, 2H), 3.59 (s, 1H), 2.27 (dd, J = 11 Hz, 21 Hz, 2H), 2.00-1.93 (m, 2H),
1.61-1.53 (m, 2H), 3.00-1.50 (m, 10H)."3C NMR (125 MHz; CDCl5): 6 149.5, 147.2, 145.1, 133.1,
126.7, 123.9, 119.9, 74.5, 61.3, 49.8, 37.4, 29.6, 26.2; "B NMR (160 MHz; CDCl3): & -2.24, -
5.65,-9.24,-11.6,-12.2,-13.0; HRMS (ESI, pos) for Ci3H24B10N4 (m/z): calcd 345.3083 (M+H)",
found 345.3091.

Synthesis of 1-(4-(4-(Pyridin-3-yl)-1H-1,2,3-triazol-1-yl)pentyl)-1,2-dicarba-closo-
dodecaborane (11)

7 \_y/
N= N=

This compound was prepared from azide 9b (58 mg, 0.198 mmol) and 3-ethynylpyridine (25 mg,
0.238 mmol) using the procedure described for 10. Purification by column chromatography
(100% EtOAc) gave 10 in 40% yield as a white solid. m.p. 85-86 °C; '"H NMR (500 MHz; CDCI;):
6 9.00 (d, J= 1.6 Hz, 1H), 8.60 (dd, J = 1.6 Hz, 4.8 Hz, 1H), 8.22 (td, /= 1.9 Hz, 6.0 Hz, 1H),
7.85 (s, 1H), 7.40 (dd, J = 4.8 Hz, 8.0 Hz, 1H), 4.44 (t, /= 7.0 Hz, 2H), 3.58 (s, 1H), 2.20 (dd, J
= 8.7 Hz, 17 Hz, 2H), 2.00 (tt, J = 7.7 Hz, 7.7 Hz, 2H), 1.57-1.50 (m, 2H), 1.38-1.33 (m, 2H),
3.00-1.60 (m, 10H); *C NMR (125 MHz; CDCls): § 149.4, 147.1, 145.0, 133.1, 126.8, 124.0,
119.9, 74.9, 61.3, 50.3, 37.9, 30.0, 28.8, 26.0; "B NMR (160 MHz; CDCls): § -2.24, -5.65, -9.24,
-11.6, -12.2, -13.0; HRMS (ESI, pos) for Ci4sH26B10N4 (m/z): calcd 381.3060 (M+Na)*, found
381.3056.
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Synthesis of zert-Butyl (E)-(4-(3-(pyridin-3-yl)acrylamido)butyl)carbamate (13)
| AN H/\/\/ “Boc
Z

N

=Y

3

To a solution of 12 (226 mg, 1.20 mmol), carboxylic acid (149 mg, 1.00 mmol), and HATU (380
mg, 1.00 mmol) in THF (3 mL) was slowly added DIEA (261 uL, 1.50 mmol). The resulting
mixture was stirred at room temperature under argon atmosphere until the full conversion of a
starting material was observed. The resulting mixture was added aq. NaHCOs and EtOAc after
which the product was partitioned between the aqueous and organic layers. The aqueous layer
was washed with EtOAc and combined organic layers were washed with brine, dried over sodium
sulfate and concentrated under vacuum. Then, the crude material was purified by column
chromatography on silica gel (10% MeOH in CH,Cl,) afforded 13 (390 mg, quant.) as a white
solid. "H NMR (500 MHz; CDCls):  8.72 (s, 1H), 8.53 (d, J= 2.2 Hz, 1H), 8.07 (d, J= 4.0 Hz,
1H), 7.57-7.49 (m, 2H), 6.74 (d, J= 8.0 Hz, 1H), 3.76-3.70 (m, 2H), 3.42-3.37 (m, 2H), 1.63-1.55
(m, 4H), 1.44 (s, 9H); '3C NMR (125 MHz; CDCls): § 165.4, 156.4, 150.4, 149.2, 137.1, 134.4,
130.9, 123.8, 123.2, 79.5, 40.1, 39.6, 28.5, 28.0, 28.0, 26.2; HRMS (ESI, pos) for Ci7H25N303
(m/z): calcd 342.1788 (M+Na)*, found 342.1787.

Synthesis of (E)-N-(4-(1,7-Dicarba-closo-dodecaboranyl)amidebutyl)-3-(pyridin-3-
yDacrylamide (2b)

33

(o)

N X N
_ H

I
N 2b

To a solution of the dicarba-closo-dodecaborane-1-acetic acid 15b (43 mg, 0.221 mmol) in
toluene, was slowly added excess oxalyl chloride. After the resulting mixture was stirred at 60 °C
under argon atmosphere for 12 h, the reaction mixture was concentrated under pressure. The crude
materials 16b were used to the next reaction without further purification.

In another flask, to a solution of 13 (47 mg, 0.147 mmol) in CH>Cl,, was slowly added TFA in
dioxane. The resulting mixture was stirred at room temperature under argon atmosphere until the
full conversion of a starting material was observed. After evaporation of the solvent, 14 was used
to the next reaction without further purification.

To a solution of the unpurified amine 14 and triethylamine (60 uL, 0.441 mmol) in CH,Cl,, was
slowly added dicarba-closo-dodecaborane-1-acetyl chloride (16b) in CH,Cl, at 0 °C. After the
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resulting mixture was stirred 0 °C under argon atmosphere for 1 h, the resulting mixture was
added NH4Cl aq. and CH,Cl; after which the product was partitioned between the aqueous and
organic layers. The aqueous layer was washed with CH,Cl, and combined organic layers were
dried over sodium sulfate and concentrated under vacuum. Then, the crude materials were purified
by column chromatography on silica gel (10% MeOH in CH,Cl,) afforded 2b as a white solid
(24.4 mg, 0.063 mmol, 43%). m.p. 131-132 °C; '"H NMR (500 MHz; CD;0D): § 8.71 (s, 1H),
8.51(dd, J=5.0 Hz, 1H), 8.03 (d, /= 8.0 Hz, 1H), 7.53 (d, J= 16 Hz, 1H), 7.47 (dd, /= 5.0 Hz,
8.0 Hz, 1H), 6.72 (d, J = 16 Hz, 1H), 3.65 (s, 1H), 3.27 (t, J= 5.5 Hz, 2H), 3.13 (t, /= 7.8 Hz,
2H), 1.48-1.45 (m, 4H), 1.53-1.52 (m, 4H), 2.87-1.59 (m, 10H); *C NMR (125 MHz; CD;0D):
6 167.7,162.5,150.7, 149.7, 137.4, 136.2, 132.9, 125.5, 124.8, 77.4, 56.8, 41.3, 40.1, 27.6, 27.5;
"B NMR (160 MHz; CD;0D): § -5.61, -7.45, -11.1, -11.6, -13.4, -15.6; HRMS (ESI, pos) for
Ci5H27B1oN30: (m/z): caled 390.3187 (M+H)", found 390.3195.

Synthesis of  (E)-N-(4-(1,12-Dicarba-closo-dodecaboranyl)amidebutyl)-3-(pyridin-3-
yDacrylamide (2c)

[0 P
| N7 N
_ H

N 2c

Preparation and purification of compound 2¢ was carried out according to the procedure of
compound 2b (Yield: 63%). m.p. 173-174 °C; 'H NMR (500 MHz; CD;OD): 6 8.70 (d, J = 2.0
Hz, 1H), 8.51 (dd, J=1.3 Hz, 4.9 Hz, 1H), 8.03 (d, /= 8.0 Hz, 1H), 7.53 (d, /= 16 Hz, 1H), 7.47
(dd, /= 1.3 Hz, 8.0 Hz, 1H), 6.70 (d, J= 16 Hz, 1H), 3.35 (s, 1H), 3.27-3.25 (m, 2H), 3.27 (t, J
= 13 Hz, 2H), 3.07 (t, J = 13 Hz, 2H), 1.47-1.46 (m, 2H), 2.87-1.59 (m, 10H); '*C NMR (125
MHz; CD;OD): 6 166.4, 163.5, 149.3, 148.3, 136.0, 134.9, 131.5, 124.2, 123.5, 54.5, 38.9, 38.7,
30.3, 26.2, 26.1; "B NMR (160 MHz; CD;OD): & -13.6, -15.2; HRMS (ESI, pos) for
CisH27B1oN30» (m/z): caled 413.2975 (M+Na)", found 413.2966.
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Synthesis of zert-Butyl (E)-4-(4-(3-(pyridin-3-yl)acrylamido)butyl)piperidine-1-carboxylate

(18)
Ny N
_ H

N

18

To a solution of 17 (204 mg, 0.528 mmol) in EtOH (6.3 mL) was added hydrazine monohydrate
(70 uL, 1.32 mmol). The resulting mixture was stirred at reflux temperature under argon
atmosphere until the full conversion of a starting material was observed. After evaporation of the
solvent, to the reaction mixture were added water and CH,Cl,. The product was partitioned
between the aqueous and organic layers. The aqueous layer was washed with CH,Cl, and
combined organic layers were dried over sodium sulfate and concentrated under vacuum. The
crude materials were used to the next reaction without further purification.

To a solution of adamantane-1-carboxylic acid (79 mg, 0.528 mmol), HATU (95 mg, 0.634 mmol)
in THF (1.5 mL) was slowly added DIEA (138 uL, 0.792 mmol). The resulting mixture was stirred
at room temperature under argon atmosphere until the full conversion of a starting material was
observed. The resulting mixture was added aq. NaHCOs and EtOAc after which the product was
partitioned between the aqueous and organic layers. The aqueous layer was washed with EtOAc
and combined organic layers were washed with brine, dried over sodium sulfate and concentrated
under vacuum. Then, the crude material was purified by column chromatography on silica gel
(5% MeOH in CH,Cl,) afforded 18 as a white solid (231 mg, 0.596 mmol, quant.). 'H NMR (400
MHz; CDCl3): 6 8.72 (s, 1H), 8.53 (d, J = 2.2 Hz, 1H), 8.07 (d, J = 4.0 Hz, 1H), 7.57-7.49 (m.
2H), 6.74 (d, J = 8.0 Hz, 1H), 3.76-3.70 (m, 2H), 3.42-3.37 (m, 2H), 1.63-1.55 (m, 4H), 1.44 (s,
9H); HRMS (ESI, pos) for C2,H33N30; (m/z): calcd 410.2414 (M+Na)*, found 410.2420.

Synthesis of  (E)-N-(4-(1-(1,12-Dicarba-closo-dodecaboranyl)piperidin-4-yl)butyl)-3-
(pyridin-3-yl)acrylamide (19)

i /\/\/C"‘l
N
l NN P

~

N
19

To a solution of 4 N HCl in dioxane was added 18 (54.0 mg, 0.139 mmol). The resulting mixture
was stirred at room temperature for 12 h under argon atmosphere. The resulting mixture was

concentrated under vacuum. It was used to the next step without further purification.
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To a solution of the crude material, 15¢ (32 mg, 0.167 mmol), and HATU (63 mg, 0.167 mmol)
in THF was slowly added DIEA (50 pL, 0.278 mmol). The resulting mixture was stirred at room
temperature under argon atmosphere until the full conversion of a starting material was observed.
The resulting mixture was added aq. NaHCO; and EtOAc after which the product was partitioned
between the aqueous and organic layers. The aqueous layer was washed with EtOAc and
combined organic layers were washed with brine, dried over sodium sulfate and concentrated
under vacuum. Then, the crude material was purified by column chromatography on silica gel
(10% MeOH in CH,Cl,) afforded 19 as a solid (2.3 mg, 0.0050 mmol, 3.6% 2 steps). m.p. 138-
139 °C; '"H NMR (500 MHz; CD;OD): § 8.71 (d, J = 2.0 Hz, 1H), 8.51 (dd, J =2.0 Hz, 4.9 Hz,
1H), 8.04 (dt, J=2.0 Hz, 8.0 Hz 1H), 7.53 (d, /= 20 Hz, 1H), 7.47 (dd, J = 4.9 Hz, 8.0 Hz, 1H),
6.72 (d,J =20 Hz, 1H), 4.35 (d, /=10 Hz, 2H) 3.45 (s, 1H), 3.30-3.29 (m, 3H), 2.77 (t, J=12.5
Hz, 2H), 1.72 (d, J = 12.5 Hz, 1H), 1.59-1.51 (m, 3H), 1.42-1.35 (m, 2H), 1.30-1.25 (m, 2H),
1.01-0.93 (m, 2H), 3.10-1.70 (m, 10H)."3C NMR (125 MHz; CDCl5): 6 165.3,159.2, 150.3, 149.1,
137.2, 134.4, 130.9, 123.8, 123.1, 83.8, 64.0, 47.3, 39.8, 35.9, 35.8, 32.6, 29.9, 24.0; ''B NMR
(160 MHz; CD;0OD): 6 -12.6, -15.3; HRMS (ESI, pos) for C2H3sB10N3O- (m/z): calcd 493.3401
(M+Cly, found 493.3391.

Synthesis of zert-Butyl (1,12-dicarba-closo-dodecaboranylamido)propyl)carbamate (22)

22

To a solution of 15¢ (77 mg, 0.408 mmol), 20 (71 mg, 0.408 mmol) HATU (155 mg, 0.408 mmol)
in THF (2 mL) was slowly added DIEA (100 pL, 0.612 mmol). The resulting mixture was stirred
at room temperature under argon atmosphere until the full conversion of a starting material was
observed. The resulting mixture was added aq. NaHCOs and EtOAc after which the product was
partitioned between the aqueous and organic layers. The aqueous layer was washed with EtOAc
and combined organic layers were washed with brine, dried over sodium sulfate and concentrated
under vacuum. It was used to the next step without further purification.

To a solution of 4 M HCI (100 uL, 0.408 mmol) in dioxane was added the crude material. The
resulting mixture was stirred at room temperature for 12 h under argon atmosphere. The resulting
mixture was concentrated under vacuum. It was used to the next step without further purification.
To a solution of the crude material, (£)-3-(pyridin-3-yl)acrylic acid (61 mg, 0.408 mmol), and
HATU (155 mg, 0.408 mmol) in THF was slowly added DIEA (142 uL, 0.816 mmol). The

resulting mixture was stirred at room temperature under argon atmosphere until the full
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conversion of a starting material was observed. The resulting mixture was added aq. NaHCOs and
EtOAc after which the product was partitioned between the aqueous and organic layers. The
aqueous layer was washed with EtOAc and combined organic layers were washed with brine,
dried over sodium sulfate and concentrated under vacuum. Then, the crude material was purified
by column chromatography on silica gel (10% MeOH in CH,Cl,) afforded 22 as amorphous (48.6
mg, 0.129 mmol, 41%, 3 steps). "H NMR (500 MHz; CD;0D): § 8.72 (s, 1H), 8.52 (d, /= 4.8 Hz,
1H), 8.04 (d, /= 8.0 Hz, 1H), 7.50 (d, /=20 Hz, 1H), 7.43 (dd, /= 6.1 Hz, 8.6Hz, 1H), 6.67 (d,
J=20Hz, 1H), 3.36 (bs, 1H), 3.23 (t, /= 10 Hz, 2H), 3.10 (t, /=10 Hz, 2H), 1.62 (td, /= 5 Hz,
10 Hz, 2H); "B NMR (160 MHz; CD;0D): §-12.6, -15.3; 3C NMR (125 MHz; CD;OD): & 168.0,
163.1, 150.7, 149.7, 137.6, 136.2, 132.8, 125.5, 124.6, 63.3, 55.8, 38.9, 37.7, 30.0; HRMS (ESI,
pos) for C14sH25B10N302 (m/z): caled 398.2855 (M+Na)*, found 398.2849.

Synthesis of  (E)-V-(4-(1,12-Dicarba-closo-dodecaboranyl)amidepentyl)-3-(pyridin-3-
yDacrylamide (25)

N H H

25

To a solution of 5-aminopentan-1-ol (103.2 mg, 1.00 mmol) and tricthylamine (340 pL, 2.00
mmol) in CH,Cl,, was slowly added carbonic acid chloride in CH>Cl; at 0 °C. After the resulting
mixture was stirred 0 °C under argon atmosphere for 1 h, the resulting mixture was added NH4Cl
ag. and CH,Cl, after which the product was partitioned between the aqueous and organic layers.
The aqueous layer was washed with CH>Cl» and combined organic layers were dried over sodium
sulfate and concentrated under vacuum. It was used to the next step without further purification.
To a solution of PPhs (262 mg, 1.00 mmol), phthalimide (220 mg, 1.00 mmol) in THF was slowly
added 1.9 M diisopropyl azodicarboylate in Toluene (526 pL, 1.00 mmol) at 0 °C. The resulting
mixture was stirred at room temperature for 1 h under argon atmosphere. To the resulting mixture
was added the crude material at 0 °C. The resulting mixture was stirred at room temperature for
16 h. After evaporation of solvent, it was used to the next step without further purification.

To a solution of the crude material in EtOH was added Hydrazine Monohydrate (125 uL, 2.50
mmol). The resulting mixture was stirred at reflux temperature for 12 h. After evaporation of the
solvent, the crude product was resolved in CH,Cl, and filtered. The filtrate was concentrated
under vacuum. The crude materials were used as amine to the next reaction without further
purification.

To a solution of the crude material, (£)-3-(pyridin-3-yl)acrylic acid (149 mg, 1.00 mmol), and
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HATU (380 mg, 1.00 mmol) in THF (1 mL) was slowly added DIEA (348 uL, 2.00 mmol). The
resulting mixture was stirred at room temperature under argon atmosphere until the full
conversion of a starting material was observed. The resulting mixture was added aq. NaHCOs and
EtOAc after which the product was partitioned between the aqueous and organic layers. The
aqueous layer was washed with EtOAc and combined organic layers were washed with brine,
dried over sodium sulfate and concentrated under vacuum. Then, the crude material was purified
by column chromatography on silica gel (10% MeOH in CH»Cl,) afforded 25 as a white solid
(45.5 mg, 0.113 mmol, 11%, 4 steps). m.p. 85-86 °C; 'H NMR (500 MHz; CD;OD): § 8.71 (d, J
=2.0Hz, 1H), 8.51 (dd, J=6.1 Hz, 2.0 Hz, 1H), 8.04 (d, /=8.6 Hz, 1H), 7.54 (d, /=20 Hz, 1H),
7.46 (dd, J=6.1 Hz, 8.6 Hz, 1H), 6.73 (d, /=20 Hz, 1H), 3.32 (bs, 1H), 3.28 (t, /= 7.0 Hz, 2H),
1.54 (quin, J = 7.0 Hz, 2H), 1.44 (quin, J = 7.0 Hz, 2H), 1.29-1.23 (m, 2H), 2.97-1.85 (m, 10H);
"B NMR (160 MHz; CD;0D): & -12.6, -15.3; 3C NMR (125 MHz; CD;OD): § 167.6, 163.0,
150.7, 149.7, 137.3, 136.2, 132.9, 125.5, 124.8, 84.4, 63.2, 41.3, 40.4, 29.9, 29.6, 24.9; HRMS
(ESI, pos) for CisH29B10N30: (m/z): calcd 426.3163 (M+Na)", found 426.3169.

Synthesis of 1-Benzoyl-1,12-dicarba-closo-dodecaborane (26)
(o)

26

To a solution of p-carborane (200 mg, 1.39 mmol) in Et;O, was slowly added »-BuLi 1.6 M
solution in hexane (984 uL, 1.53 mmol) at -78 °C. After the resulting mixture was stirred -78 °C
under argon atmosphere for 1 h, benzoyl chloride (176 pL, 1.53 mmol) was added. Then, the
resulting mixture was stirred at room temperature for 2 h. After that, the reaction mixture was
concentrated under pressure. The resulting mixture was added water and hexane after which the
product was partitioned between the aqueous and organic layers. The aqueous layer was washed
with hexane and combined organic layers were dried over sodium sulfate and concentrated under
vacuum. The crude product was purified by column chromatography on silica gel (10 % Et,O in
hexane) afforded 26 as white solid (356.4 mg, 1.435 mmol, quant.). "H NMR (500 MHz; CDCl5):
8 7.48-7.44 (m, 3H), 7.36-7.32 (m, 2H), 2.88 (s, 1H), 3.01-1.57 (m, 10H); ''B NMR (160 MHz;
CDCls): & -12.6, -15.3; *C NMR (125 MHz; CDCls): & 189.7, 136.4, 131.9, 128.3, 87.3, 63.6;
HRMS (ESI, pos) for CoH;¢B10O (m/z): caled 271.2101 (M+Na)*, found 271.2093.
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Synthesis of (E)-N-(4-(1-Benzoyl-1,12-dicarba-closo-dodecaboran-12-yl)amidebutyl)-3-
(pyridin-3-yl)acrylamide (30)
(o)

30

To a solution of isopropyl amine (18 uL, 0.127 mmol) in Et;O, was n-BuLi 1.6 M solution in
hexane (71 uL, 0.110 mmol) slowly added at 0 °C. After the resulting mixture was stirred 0 °C
under argon atmosphere for 1 h, was added a solution of 26 (21 mg, 0.0846 mmol). Then, the
resulting mixture was stirred at room temperature CO, atmosphere for 3 h. After that, the reaction
mixture was concentrated under pressure. The resulting mixture was added and hexane after
which the product was partitioned between the aqueous and organic layers. The aqueous layer
was washed with hexane. Then, the aqueous layer was added 6 M HCI and hexane after which
the product was partitioned between the aqueous and organic layers. The aqueous layer was
washed with hexane and combined organic layers were dried over sodium sulfate and
concentrated under vacuum. The crude materials were used to the next reaction without further
purification.

To a solution of the crude material, excess amount of 14 and HATU (48 mg, 0.127 mmol) in THF
was slowly added DIEA (44 uL, 0.254 mmol). The resulting mixture was stirred at room
temperature under argon atmosphere until the full conversion of a starting material was observed.
The resulting mixture was added aq. NaHCO; and EtOAc after which the product was partitioned
between the aqueous and organic layers. The aqueous layer was washed with EtOAc and
combined organic layers were washed with brine, dried over sodium sulfate and concentrated
under vacuum. Then, the crude material was purified by column chromatography on silica gel
(10% MeOH in CH,Cl,) afforded 30 as a solid (18.0 mg, 0.0365 mmol, 43%, 2 steps). m.p. 64-
65 °C; '"H NMR (500 MHz; CD;OD): § 8.71 (d, J = 2.0 Hz, 1H), 8.51 (dd, J = 6.1 Hz, 2.0 Hz,
1H), 8.04 (d, J = 8.6 Hz, 1H), 7.56-7.40 (m, 7H), 6.70 (d, J = 20 Hz, 1H), 3.29-3.26 (m, 2H),
3.09-3.06 (m, 2H), 1.47-1.45 (m, 4H), 3.20-1.88 (m, 10H); "B NMR (160 MHz; CD;OD): & -
12.6, -15.3; BC NMR (125 MHz; CD;0D): & 189.3, 166.3, 161.2, 149.3, 148.3, 136.1, 136.0,
134.9, 131.8, 131.5, 127.8, 127.6, 124.1, 123.4, 85.2, 83.4, 39.8, 38.7, 26.2, 26.1; HRMS (ESI,
pos) for C2oH3B10N303 (m/z): caled 517.3242 (M+Na)*, found 517.3233.
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Synthesis of (E)-N-(4-(1-Trimethylsilyl-1,12-dicarba-closo-dodecaboran-12-yl)amidebutyl)-
3-(pyridin-3-yl)acrylamide (31)

o p,TMS

N (0]
31

To a solution of p-carborane (27 mg, 0.185 mmol) in Et,O, was slowly added »-BuLi 1.6 M
solution in hexane (120 uL, 0.185 mmol) at -78 °C. After the resulting mixture was stirred -78 °C
under argon atmosphere for 1 h, TMSCI (23 uL, 0.185 mmol) was added. Then, the resulting
mixture was stirred at room temperature for 2 h. After that, the reaction mixture was concentrated
under pressure. The resulting mixture was added water and hexane after which the product was
partitioned between the aqueous and organic layers. The aqueous layer was washed with hexane
and combined organic layers were dried over sodium sulfate and concentrated under vacuum. It
was used to the next step without further purification.

To a solution of the crude material in Et,O, was slowly added #-BuLi 1.6 M solution in hexane
(120 uL, 0.185 mmol) at -78 °C. The resulting mixture was stirred at room temperature under
argon atmosphere for 1.5 h. The resulting mixture was stirred at room temperature CO,
atmosphere for 3 h. After that, the reaction mixture was concentrated under pressure. The resulting
mixture was added water and hexane after which the product was partitioned between the aqueous
and organic layers. The aqueous layer was washed with hexane. Then, the aqueous layer was
added 6 M HCI and hexane after which the product was partitioned between the aqueous and
organic layers. The aqueous layer was washed with hexane and combined organic layers were
dried over sodium sulfate and concentrated under vacuum. The crude material was used to the
next reaction without further purification.

To a solution of the crude material, excess amount of 14 and HATU (70 mg, 0.185 mmol) in THF
(1 mL) was slowly added DIEA (64 uL, 0.370 mmol). The resulting mixture was stirred at room
temperature under argon atmosphere until the full conversion of a starting material was observed.
The resulting mixture was added aq. NaHCO; and EtOAc after which the product was partitioned
between the aqueous and organic layers. The aqueous layer was washed with EtOAc and
combined organic layers were washed with brine, dried over sodium sulfate and concentrated
under vacuum. Then, the crude material was purified by column chromatography on silica gel
(10% MeOH in CH,Cl,) afforded 31 as a solid (21.0 mg, 0.0455 mmol, 25%, 3 steps). m.p. 65-
66 °C; "H NMR (500 MHz; CD;OD): § 8.72 (d, J = 2.0 Hz, 1H), 8.53 (dd, J = 6.1 Hz, 2.0 Hz,
1H), 8.06 (d, /= 8.6 Hz, 1H), 7.52 (d, /=20 Hz, 1H), 7.49 (dd, /= 6.1 Hz, 8.6 Hz, 1H), 6.72 (d,
J =20 Hz, 1H), 3.33-3.22 (m, 2H), 3.09-3.08 (m, 2H), 1.49-1.47 (m, 4H), 2.95-1.71 (m, 10H),
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0.01 (s, 9H) ; "B NMR (160 MHz; CD;OD): 6 -12.6, -15.3; 3C NMR (125 MHz; CD;0D): §
166.3, 161.7, 149.3, 148.3, 148.3, 136.0, 134.9, 131.5, 124.2, 123 .4, 85.8, 71.6, 39.7, 38.7, 26.2,
26.1, -2.69; HRMS (ESI, pos) for CisH3sB1oN30.Si (m/z): caled 485.3374 (M+Na)*, found
485.3376.

Synthesis of 1-((E)-4-(3-(Pyridin-3-yl)acrylamido)hexyl)-1,2-dicarba-closo-dodecaborane
(34

o)
Ny X N
_ H

N
34

To a solution of o-carborane (40 mg, 0.277 mmol) in THF (2 mL) was slowly added n-BuLi 1.6
M solution in hexane (179 uL, 0.277 mmol) at 0 °C. The resulting mixture was stirred at 0 °C for
over 1 h under argon atmosphere. Then PhthN(CH;)sOTs (111 mg, 0.277 mmol) was added at
0 °C. After the resulting mixture was stirred for 12 h at room temperature, the resulting mixture
was added water and hexane after which the product was partitioned between the aqueous and
organic layers. The aqueous layer was washed with hexane and combined organic layers were
washed with brine, dried over sodium sulfate and concentrated under vacuum. Then, the crude
material was purified by column chromatography on silica gel afforded products. The crude
material was used to the next reaction without further purification.

To a solution of the crude material in 2-propanol:water (2.0 mL, 6:1, v/v), was added NaBH4 (52
mg, 1.39 mmol). The resulting mixture was stirred at room temperature. After 2 h, conc.HCI (200
uL) was added after which was reacted at 80 °C for 6 h under argon atmosphere. The reaction
mixture was dried by repeated co-concentration with methanol. The product was dissolved in
water and washed twice with CH,Cl,. The aqueous phase was concentrated in vacuo, dissolved
in ethanol and filtered through a small cotton plug. The crude material was used without further
purification.

To a solution of the crude material, (E)-3-(pyridin-3-yl)acrylic acid (41 mg, 0.277 mmol) and
HATU (105 mg, 0.277 mmol) in THF (500 uL) was slowly added DIEA (97 uL, 0.554 mmol).
The resulting mixture was stirred at room temperature under argon atmosphere until the full
conversion of a starting material was observed. The resulting mixture was added aq. NaHCOs and
EtOAc after which the product was partitioned between the aqueous and organic layers. The
aqueous layer was washed with EtOAc and combined organic layers were washed with brine,
dried over sodium sulfate and concentrated under vacuum. Then, the crude material was purified

by column chromatography on silica gel (5% MeOH in CH>Cl,) afforded 34 as a solid (10.5 mg,
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0.028 mmol, 10%, 3 steps). m.p. 125-126 °C; 'H NMR (500 MHz; CDCls): 6 8.71 (d, J = 2.0 Hz,
1H), 8.51 (dd, /= 6.1 Hz, 2.0 Hz, 1H), 8.04 (d, /= 8.6 Hz, 1H), 7.54 (d, /=20 Hz, 1H), 7.46 (dd,
J=6.1Hz, 8.6 Hz, 1H), 6.73 (d, /=20 Hz, 1H), 4.52 (bs, 1H), 2.27 (m, 2H), 1.58-1.46 (m, 4H),
1.40-1.29 (m, 6H), 2.97-1.85 (m, 10H); !'B NMR (160 MHz; CDCls): § -2.24, -5.65, -9.24, -11.6,
-12.2, -13.0; *C NMR (125 MHz; CDCl;): § 167.6, 150.7, 149.6, 137.3, 136.2, 132.9, 125.5,
124.8, 86.0, 59.7, 40.4, 40.0, 30.4, 30.2, 29.7, 27.5; HRMS (ESI, pos) for CisH30B10N>O (m/z):
calcd 374.3476 (M+H)", found 374.3463.

Synthesis of 1-((E)-4-(3-(Pyridin-3-yl)acrylamido)hexyl)-1,12-dicarba-closo-dodecaborane
(35

o p
N7 N
~ H 3
35

N

To a solution of p-carborane (40 mg, 0.277 mmol) in THF (2 mL) was slowly added n-BuLi 1.6
M solution in hexane (179 uL, 0.277 mmol) at 0 °C. The resulting mixture was stirred at 0 °C for
over 1 h under argon atmosphere. Then PhthN(CH;)sOTs (111 mg, 0.277 mmol) was added at
0 °C. After the resulting mixture was stirred for 12 h at room temperature. The resulting mixture
was added water and hexane after which the product was partitioned between the aqueous and
organic layers. The aqueous layer was washed with hexane and combined organic layers were
washed with brine, dried over sodium sulfate and concentrated under vacuum. Then, the crude
material was purified by column chromatography on silica gel afforded products. The crude
material was used to the next reaction without further purification.

To a solution of the crude material in EtOH (1 mL) was added hydrazine monohydrate (19 uL,
0.277 mmol). The resulting mixture was stirred at reflux temperature for 6.5 h under argon
atmosphere. After evaporation of solvent, to the reaction mixture were added water and CH,Cl,.
The product was partitioned between the aqueous and organic layers. The aqueous layer was
washed with CH>Cl, and combined organic layers were washed with brine, dried over sodium
sulfate and concentrated under vacuum. The crude material was used without further purification.
To a solution of the crude material, (E)-3-(pyridin-3-yl)acrylic acid (41 mg, 0.277 mmol) and
HATU (105 mg, 0.277 mmol) in THF (500 uL) was slowly added DIEA (97 uL, 0.554 mmol).
The resulting mixture was stirred at room temperature under argon atmosphere until the full
conversion of a starting material was observed. The resulting mixture was added aq. NaHCOs and
EtOAc after which the product was partitioned between the aqueous and organic layers. The

aqueous layer was washed with EtOAc and combined organic layers were washed with brine,
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dried over sodium sulfate and concentrated under vacuum. Then, the crude material was purified
by column chromatography on silica gel (5% MeOH in CH,Cl») afforded 35 as a white solid (12
mg, 0.033 mmol, 12%, 3 steps). m.p.147-148 °C; '"H NMR (500 MHz; CDCls): 6 8.71 (s, 1H),
8.51 (s, 1H), 8.04 (s, 1H), 7.57-7.47 (m, 2H), 6.71 (m, 1H), 3.27 (m, 2H), 3.10 (bs. 1H), 1.64 (s.
2H), 1.51 (m, 2H), 1.30 (bs, 2H), 1.18 (m, 4H), 2.5-1.9 (br. 10H); "B NMR (160 MHz; CD;0D):
8 -13.0, -15.9; BC NMR (125 MHz; CDCls): & 167.6, 150.7, 149.6, 137.3, 136.2, 132.9, 125.5,
124.8, 86.0, 59.7, 40.4, 40.0, 30.4, 30.2, 29.7, 27.5; HRMS (ESI, pos) for CisH30B10N2O (m/z):
caled 397.3261 (M+Na)", found 397.3268.

Synthesis of (3r,5r,7r)-N-(4-((E)-3-(pyridin-3-yl)acrylamido)butyl)adamantane-1-
carboxamide (37)
o
H
l N\ N/\/\/N
H
~

N 37 o)

To a solution of adamantane-1-carboxylic acid (30 mg, 0.166 mmol), excess amount of 14, 1-(3-
Dimethylaminopropyl)-3-ethylcarbodiimide =~ (EDCI) (34 mg, 0.177 mmol), 1-
hydroxybenzotriazole (HOBt) (34 mg, 0.249 mmol) in THF was slowly added DIEA (87 uL,
0.498 mmol). The resulting mixture was stirred at room temperature under argon atmosphere until
the full conversion of a starting material was observed. The resulting mixture was added aq.
NaHCOs and EtOAc after which the product was partitioned between the aqueous and organic
layers. The aqueous layer was washed with EtOAc¢ and combined organic layers were washed
with brine, dried over sodium sulfate and concentrated under vacuum. Then, the crude material
was purified by column chromatography on silica gel (10% MeOH in CH,Cl,) afforded 37 as a
white solid (19.2 mg, 0.0503 mmol, 30%). m.p. 194-195 °C; 'H NMR (400 MHz; CD;OD): &
8.71 (d,J= 1.6 Hz, 1H), 8.51 (dd, /= 6.0 Hz, 1.6 Hz, 1H), 8.04 (d, /= 8.0 Hz, 1H), 7.54 (d, J =
20 Hz, 1H), 7.47 (dd, J = 6.0 Hz, 8.0 Hz, 1H), 6.72 (d, J = 20 Hz, 1H), 3.34-3.22 (m, 2H), 3.09-
3.08 (m, 2H), 2.00 (s, 3H), 1.86-1.71 (m, 12H), 1.56 (t, J = 3.2 Hz, 4H); *C NMR (125 MHz;
CDs;OD): 6 181.0, 167.7, 150.7, 149.7, 137.4, 136.2, 132.9, 125.5, 124.9, 41.8, 20.3, 40.3, 40.2,
40.0, 37.6, 29.7, 28.0, 27.7; HRMS (ESI, pos) for C»3H31N30, (m/z): calcd 404.2308 (M+Na)",
found 404.2328.
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Synthesis of (4-(4-Azidobutyl)-1,12-dicarba-closo-dodecaboranyl) -1,7-dicarba-closo-
dodecaboranyl)methanol (45)
OH

N;

45
To a solution of p-carborane (72 mg, 0.50 mmol) in THF (4 mL) was slowly added »-BuLi 1.6 M
solution in hexane (318 uL, 0.50 mmol) at -78 °C. The resulting mixture was stirred at 0 °C for
over 1 h under argon atmosphere. Then 39 (157 mg, 0.50 mmol) was added at -78 °C. After the
resulting mixture was stirred for 12 h at room temperature, the resulting mixture was added water
and hexane after which the product was partitioned between the aqueous and organic layers. The
aqueous layer was washed with hexane and combined organic layers were washed with brine,
dried over sodium sulfate and concentrated under vacuum. Then, the crude material was purified
by column chromatography on silica gel afforded products. Then, the crude material 40 was used
to the next reaction without further purification.
To a solution of the crude material 40 in THF (2 mL), was slowly added n-BuLi 1.6 M solution
in hexane (318 uL, 0.50 mmol) at 0 °C. After the resulting mixture was stirred at 0 °C under argon
atmosphere for 1 h, the resulting mixture was cooled to -78 °C. Methyl formate (62 pL, 1.00
mmol) was slowly added the resulting mixture was stirred at the same temperature for 2 h. After
that, the resulting mixture was quenched by NH4ClI aq. and concentrated under pressure. The
resulting mixture was added water and hexane, after which the product was partitioned between
the aqueous and organic layers. The aqueous layer was washed with hexane and combined organic
layers were dried over sodium sulfate and concentrated under vacuum. Then, the crude material
41 was used to the next reaction without further purification.
To a solution of m-carborane (72 mg, 0.50 mmol) in Et,O (2 mL), was slowly added n-BuLi 1.6
M solution in hexane (318 uL, 0.50 mmol) at 0 °C. After the resulting mixture was stirred at -
78 °C under argon atmosphere for 1 h, the resulting mixture was cooled to -78 °C. The crude
material 41 in Et,O was slowly added the resulting mixture was stirred at the same temperature
for 2 h. After that, the resulting mixture was quenched by NH4Cl aq., the resulting mixture was
partitioned between the aqueous and organic layers. The aqueous layer was washed with hexane
and combined organic layers were dried over sodium sulfate and concentrated under vacuum.
Next, to a solution of 4 M HCI in Dioxane (500 puL) was added the crude material at room
temperature. After the resulting mixture was stirred for 12 h, and concentrated under vacuum.
Then, the crude material 42 was used to the next reaction without further purification.

To a solution of the crude material 42, triethylamine (205 pL, 1.50 mmol), and DMAP (6.1 mg,

63



0.050 mmol) in dichloromethane, was slowly added p-toluenesulfonylchloride (191 mg, 1.00
mmol) at room temperature. After the resulting mixture was stirred at room temperature under
argon atmosphere until full conversion of a starting material was observed. The resulting mixture
was added water and CH,Cl, after which the product was partitioned between the aqueous and
organic layers. The aqueous layer was washed with CH,Cl, and combined organic layers were
washed with brine, dried over sodium sulfate and concentrated under vacuum. Then, the crude
material 44 was used to the next reaction without further purification.

To a solution of the crude material 44 in dimethylformamide, was added sodium azide (162 mg,
2.50 mmol). After the resulting mixture was stirred at 80 °C under argon atmosphere until full
conversion of a starting material was observed. The resulting mixture was added water and Et,O
after which the product was partitioned between the aqueous and organic layers. The aqueous
layer was washed with Et;O and combined organic layers were washed with brine, dried over
sodium sulfate and concentrated under vacuum. Then, the crude material was purified by column
chromatography on silica gel afforded 45 as a colorless oil (23.8 mg, 0.0570 mmol, 11%, 6 steps).
"H NMR (400 MHz; CDCl5): 8 3.84 (d, J = 8.0 Hz, 1H), 3.20 (t, J= 10.8 Hz, 2H), 3.10-1.60 (m,
20H), 2.85 (s, 1H), 2.23 (d, /= 8.0 Hz, 1H), 1.67-1.62 (m, 2H), 1.44-1.37 (m, 2H), 1.26-1.23 (m,
2H); "B NMR (160 MHz; CDCl3): § -3.99, -6.94, -11.2, -13.2, -15.6; *C NMR (125 MHz;
CDCls): 6 84.4, 82.6, 74.5,66.0, 51.1, 37.5, 28.5, 26.2; HRMS (ESI, pos) for CoH31B20N30 (m/z):
calcd 436.4367 (M+Na)', found 436.4367.

Synthesis of (E)-N-(4-(4-(1,7-Dicarba-closo-dodecaboranecarbonyl) -1,12-dicarba-closo-
dodecaboranyl)butyl)-3-(pyridin-3-yl)acrylamide (38)

0] P \m
N N
| H 2
N
38

To a solution of 45 (8.3 mg, 0.020 mmol) in CH>Cl, was added Dess—Martin periodinane (20 mg,
0.040 mmol) at room temperature. The resulting mixture was stirred under argon atmosphere until
full conversion of a starting material was observed. The resulting mixture was quenched by
NaHCOs aq., after which the product was partitioned between the aqueous and organic layers.
The aqueous layer was washed with CH,Cl, and combined organic layers were washed with brine,
dried over magnesium sulfate and concentrated under vacuum. Then, the crude material was used
to the next step without further purification.

To a solution of the crude material in THF : H,O (500 uL, 10:1, v/v), was added PPhs (10 mg,
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0.040 mmol). The resulting mixture was stirred at room temperature for 12 h under argon
atmosphere. After evaporation of solvent, the crude product 47 was used to the next reaction
without further purification.

To a solution of the crude material 47, (E)-3-(pyridin-3-yl)acrylic acid (3.0 mg, 0.020 mmol),
EDCI (4.6 mg, 0.024 mmol), HOBt (4.6 mg, 0.030 mmol) in THF was slowly added DIEA (10
uL, 0.060 mmol). The resulting mixture was stirred at room temperature under argon atmosphere
until full conversion of a starting material was observed. The resulting mixture was added aq.
NaHCOs and EtOAc after which the product was partitioned between the aqueous and organic
layers. The aqueous layer was washed with EtOAc and combined organic layers were dried over
sodium sulfate and concentrated under vacuum. Then, the crude material was purified by column
chromatography on silica gel (5% MeOH in CH>Cl,) afforded 38 as a white solid (4.4 mg, 8.5
umol, 43%, 3 steps). m.p. 127-128 °C; '"H NMR (500 MHz; CD;OD): 6 8.71 (s, 1H), 8.51 (d, J=
5.0 Hz, 1H), 8.04 (d, /= 8.0 Hz, 1H), 7.54 (d, J= 15 Hz, 1H), 7.47 (dd, J= 5.0 Hz, 8.0 Hz, 1H),
6.70 (d, /=15 Hz, 1H), 3.72 (s, 1H), 3.22 (t, /= 7.0 Hz, 2H), 3.10-1.60 (m, 20H), 1.72 (t, /= 8.5
Hz, 1H), 1.41-1.37 (m, 2H), 1.24-1.21 (m, 2H); "B NMR (160 MHz; CDCl;): & -4.56, -10.9, -
13.1, -14.9; BC NMR (125 MHz; CD;0D): & 181.7, 167.7, 150.7, 149.7, 137.5, 136.3, 132.9,
125.6, 124.7,79.5, 57.5, 57.1, 54.8, 39.9, 39.0, 29.7, 27.8; HRMS (ESI, pos) for Ci7H36B20N20O>
(m/z): calcd 540.4652 (M+Na)*, found 540.4637.

Synthesis of (E)-N-(4-(4-(1,12-Dicarba-closo-dodecaboranyl(hydroxy)methyl) -1,12-
dicarba-closo-dodecaboranyl)butyl)-3-(pyridin-3-yl)acrylamide (50)
OH

B

N

Iz
N

50
To a solution of p-carborane (34 mg, 0.240 mmol) in Et,O (2 mL), was slowly added n-BuLi 1.6

M solution in hexane (151 pL, 0.240 mmol) at 0 °C. After the resulting mixture was stirred at -
78 °C under argon atmosphere for 1 h, the resulting mixture was cooled to -78 °C. The crude
material 41 (described above) was slowly added the resulting mixture was stirred at the same
temperature for 2 h. After that, the resulting mixture was quenched by NH4Cl aq., the resulting
mixture was partitioned between the aqueous and organic layers. The aqueous layer was washed
with hexane and combined organic layers were dried over sodium sulfate and concentrated under
vacuum. Next, to a solution of 4 M HCI in Dioxane (500 puL) was added the crude material at
room temperature. After the resulting mixture was stirred for 12 h, and concentrated under

vacuum. Then, the crude product was used to the next reaction without further purification.
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To a solution of PPh; (63 mg, 0.240 mmol), phthalimide (35 mg, 0.240 mmol) in THF (1.5 mL)
was slowly added 1.9 M diisopropyl azodicarboylate in toluene (126 pL, 0.240 mmol) at 0 °C.
The resulting mixture was stirred at room temperature for 1 h under argon atmosphere. To the
resulting mixture was added the crude material at 0 °C. The resulting mixture was stirred at room
temperature for 16 h. After evaporation of solvent, the crude product was used to the next reaction
without further purification.

To a solution of the crude material in EtOH, was added hydrazine monohydrate (30 puL, 0.600
mmol). The resulting mixture was stirred at reflux temperature under argon atmosphere until full
conversion of a starting material was observed. After evaporation of solvent, to the reaction
mixture were added water and CH,Cl,. The product was partitioned between the aqueous and
organic layers. The aqueous layer was washed with CH,Cl, and combined organic layers were
dried over sodium sulfate and concentrated under vacuum. The crude materials were used to the
next reaction without further purification.

To a solution of the crude material, (£)-3-(pyridin-3-yl)acrylic acid (36 mg, 0.240 mmol), EDCI
(55 mg, 0.029 mmol), HOBt (55 mg, 0.360 mmol) in THF was slowly added DIEA (126 uL,
0.720 mmol). The resulting mixture was stirred at room temperature under argon atmosphere until
full conversion of a starting material was observed. The resulting mixture was added aq. NaHCO;
and EtOAc after which the product was partitioned between the aqueous and organic layers. The
aqueous layer was washed with EtOAc and combined organic layers were dried over sodium
sulfate and concentrated under vacuum. Then, the crude material was purified by column
chromatography on silica gel (5% MeOH in CH>Cl,) afforded 50 as a white solid (36 mg, 0.0686
mmol, 29%, from 41). m.p. 204-205 °C; 'H NMR (500 MHz; CD;OD): § 8.71 (s, 1H), 8.51 (d, J
=5.0 Hz, 1H), 8.04 (d, /= 8.0 Hz, 1H), 7.53 (d, /= 15 Hz, 1H), 7.47 (dd, J=5.0 Hz, 8.0 Hz, 1H),
6.70 (d, J= 15 Hz, 1H), 3.44 (s, 1H), 3.25 (s, 1H), 3.21 (t, J= 8.0 Hz, 2H), 2.90-1.50 (m, 20H),
1.67 (t,J = 8.5 Hz, 1H), 1.40-1.37 (m, 2H), 1.24-1.19 (m, 2H); "B NMR (160 MHz; CDCI;): & -
12.9, -15.7; BC NMR (125 MHz; CD;0D): & 167.7, 150.7, 149.7, 137.5, 136.3, 132.9, 125.5,
124.7, 90.6, 85.3, 75.6, 64.4, 54.8, 40.0, 38.5, 29.8, 28.0; HRMS (ESI, pos) for Ci7H3sB20N20O>
(m/z): calcd 542.4809 (M+Na)*, found 542.4813.
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Synthesis of (E)-N-(4-(4-(1,12-Dicarba-closo-dodecaboranecarbonyl) -1,12-dicarba-closo-
dodecaboranyl)butyl)-3-(pyridin-3-yl)acrylamide (51)
(o)

NS

N

Iz
N

51
To a solution of 50 (16.3 mg, 0.029 mmol) in CH>Cl, (500 uL) was added Dess—Martin

periodinane (24.6 mg, 0.058 mmol) at room temperature. The resulting mixture was stirred under
argon atmosphere until full conversion of a starting material was observed. The resulting mixture
was quenched by NaHCO; aq., after which the product was partitioned between the aqueous and
organic layers. The aqueous layer was washed with CH,Cl, and combined organic layers were
washed with brine, dried over magnesium sulfate and concentrated under vacuum. The crude
product was purified by column chromatography on silica gel (5% MeOH in CH,Cl,) afforded 51
as a white solid (8.1 mg, 0.0155 mmol, 53%). m.p. 176-177 °C; '"H NMR (500 MHz; CDCl5): §
8.74 (s, 1H), 8.57 (d, J=4.0 Hz, 1H), 7.77 (d, J= 8.0 Hz, 1H), 7.60 (d, /= 16 Hz, 1H), 7.30 (dd,
J=4.0 Hz, 8.0 Hz, 1H), 6.43 (d, /= 16 Hz, 1H), 5.72 (s, 1H), 3.28 (dd, /= 7.0 Hz, 14 Hz, 2H),
2.87 (s, 1H), 2.90-1.60 (m, 20H), 1.62 (t, J= 8.5 Hz, 1H), 1.41-1.35 (m, 2H), 1.25-1.16 (m, 2H);
B NMR (160 MHz; CDCl;): 6 -13.0, -15.4; 3C NMR (125 MHz; CDCl5): § 180.5, 165.2, 150.5,
149.2, 137.7, 134.5, 130.7, 123.8, 122.7, 86.6, 85.9, 70.7, 65.2, 39.4, 37.9, 29.2, 26.8; HRMS
(ESI, pos) for Ci7H3¢B20N20> (m/z): calcd 540.4652 (M+Na)*, found 540.4653.

Synthesis of (E)-N-(4-(4-(1,12-Dicarba-closo-dodecaboranecarbonyl) -1,7-dicarba-closo-
dodecaboranyl)butyl)-3-(pyridin-3-yl)acrylamide (55)

fo) P
N 72
55

B
~
N

Preparation and purification of compound 55 was carried out according to the procedure of
compound 38 as a white solid (11.8 mg, 0.023 mmol, 37%, 7 steps). m.p. 209-211 °C; '"H NMR
(500 MHz; CDCl3): 6 8.74 (d, J= 1.5 Hz, 1H), 8.57 (dd, /= 1.5 Hz, J= 6.0 Hz, 1H), 7.78 (d, J =
8.0 Hz, 1H), 7.62 (d, J= 15 Hz, 1H), 7.31 (dd, /= 5.0 Hz, 8.0 Hz, 1H), 6.45 (d, /= 15 Hz, 1H),
5.80 (s, 1H), 3.35 (q, /= 6.7 Hz, 2H), , 2.91 (s, 1H) 3.10-1.50 (m, 20H), 1.95 (t, J= 8.5 Hz, 1H),
1.51-1.42 (m, 2H), 1.41-1.38 (m, 2H); "B NMR (160 MHz; CDCls): § -2.24, -7.24, -11.0, -12.8,
-15.3; *C NMR (125 MHz; CDCl3): & 180.2, 165.3, 150.5, 149.3, 137.8, 134.5, 130.7, 123.8,
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122.7, 85.8, 77.7, 75.6, 65.4, 39.4, 36.7, 29.3, 27.3; HRMS (ESI, pos) for C17H3eB20N20, (m/z):
caled 539.4686 (M+Na)", found 539.4682.

Biology

Recombinant NAMPT Inhibition Assay

The assay was performed according to the manufacturers protocol (CycLex NAMPT Colorimetric
Assay Kit, MBL International Corp., Woburn, MA). The NAMPT assay was performed according
manufacturers protocol. Briefly we used the "1-Step Assay Method" for which following reagents
were mixed to make assay buffer and kept at ice before starting the assay: 10 uL each of 10X
NAMPT assay buffer, nicotinamide, PRPP, ATP and EtOH; 2 uL each of recombinant NMNAT1,
WST-1, ADH, diaphorase and dH,O. The NAMPT inhibition assay was performed by mixing 2
uL of various concentrations (DMSO as vehicle control) with the following: 2 uL recombinant
NAMPT and 36 uL dH,O. The reaction was initiated by adding 60 pL of 1- Step Assay Buffer to
each well and mixed thoroughly followed by incubation at 30 °C for 20 mins. After this period,

the absorbance at 485 nm was measured and compared with the positive control.

MTT assay

Human epithelioid cervical carcinoma HeLa cells were used for the cell viability assay. The cells
(5%10* cells/mL of 96-well plate) were incubated at 37 °C for 72 h in 100 uL of RPMI-1640
medium containing various concentrations of compounds. After the incubation, 10 puL of 3°-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, TCI) in PBS (5 mg/ml) was added
into the each well, and the cells were further incubated at 37 °C for 2 h. After the removal of the
medium, 100 uL. of DMSO was added and the absorbance at 595 nm was determined by a
microplate S6 reader. The drug concentration required to reduce cell viability by 50% (ICso) was

determined from semilogarithmic dose-response plots.

Modeling

Docking study

Ligand structures and geometries were optimized with Discovery Studio 4.1 using CHARMm
force field. The crystal structures for NAMPT complexed with the NAMPT- selective inhibitor
FK866 (PDB ID: 2GVJ) were downloaded from the Protein Data Bank (PDB). All ligands and
water molecules were removed. One monomer of NAMPT was prepared for docking with
AutoDock Vina. The optimized geometries of the ligands were prepared for docking. Ligand
nonpolar hydrogens (including carborane C—H protons) were merged to conform to the AutoDock

atom types, and all of the torsion angles within the carborane clusters were set to nonrotatable. A
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new atom type (B) was defined for the boron atoms, utilizing the force field parameters reported
by Tiwari et al. for docking of carborane-containing ligands. The docking area was defined using
AutoGrid, Three-dimensional affinity grid with 1.0 A grid point spacing was placed around the
NAMPT active site. Docking was performed with AutoDock Vina.
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Spectra data
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do-N-pentyl)-1,2-dicarba-closo-dodecaborane (4b)
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1'B NMR (160 MHz; CDCls)
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1-((E)-4-(3-(pyridin-3-yl)acrylamido)pentyl)-1,2-dicarba-closo-dodecaborane (6)

'H NMR (500 MHz; CD;0D)
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13C NMR (125 MHz; CDCl3)
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icarba-closo-dodecaborane (7)
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1IB NMR (160 MHz; CD;CN)
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13C NMR (125 MHz; CDCl3)
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1-(4-Azidebutyl)-1,2-dicarba-closo-dodecaborane (9a)
"H NMR (400 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-(5-Azidepentyl)-1,2-dicarba-closo-dodecaborane (9b)

'H NMR (400 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1-(4-(4-(Pyridin-3-yl)-1H-1,2,3-triazol-1-yl)butyl)-1,2-dicarba-closo-dodecaborane (10)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-(4-(4-(Pyridin-3-yl)-1H-1,2,3-triazol-1-yl)pentyl)-1,2-dicarba-closo-dodecaborane (11)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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tert-Butyl (E)-(4-(3-(pyridin-3-yl)acrylamido)butyl)carbamate (13)
'"H NMR (500 MHz; CDCls)
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(E)-N-(4-(1,7-Dicarba-closo-dodecaboranyl)amidebutyl)-3-(pyridin-3-yl)

acrylamide (2b)

'H NMR (500 MHz; CD;0D)
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1IB NMR (160 MHz; CD;0D)
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(E)-N-(4-(1,12-Dicarba-closo-dodecaboranyl)amidebutyl)-3-(pyr

acrylamide (2¢)

'H NMR (500 MHz; CD;0D)
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13C NMR (125 MHz; CD;OD)
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(E)-N-(4-(1-(1,12-Dicarba-closo-dodecaboranyl)piperidin-4-yl)butyl)-3-(pyridin-3-

yDacrylamide (19)

'H NMR (500 MHz; CD;0D)
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1IB NMR (160 MHz; CD;0D)
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(E)-N-(4-(1,12-Dicarba-closo-dodecaboranyl)amidepropyl)-3-(pyridin-3-yl)acrylamide (22)

'H NMR (500 MHz; CD;0D)
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13C NMR (125 MHz; CD;OD)
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(E)-N-(4-(1,12-Dicarba-closo-dodecaboranyl)amidepentyl)-3-(pyridin-3-yl)acrylamide (25)

'H NMR (500 MHz; CD;0D)
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1IB NMR (160 MHz; CD;0D)
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1-Benzoyl-1,12-dicarba-closo-dodecaborane (26)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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(E)-N-(4-(1-Benzoyl-1,12-dicarba-closo-dodecaboran-12-yl)amidebutyl)-3-(pyr

yDacrylamide (30)

'H NMR (500 MHz; CD;0D)
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1IB NMR (160 MHz; CD;0D)
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13C NMR (125 MHz; CD;OD)
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ba-closo-dodecaborane (34)

icar

3-yl)acrylamido)hexyl)-1,2-d
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1-((E)4-G-(Pyr

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-((E)-4-(3-(Pyridin-3-yl)acrylamido)hexyl)-1,12-dicarba-closo-dodecaborane (35)

'H NMR (500 MHz; CD;0D)
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13C NMR (125 MHz; CD;OD)
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(3r,5r,7r)-N-(4-((E)-3-(pyridin-3-yl)acrylamido)butyl)adamantane-1-carboxamide (37)

'H NMR (400 MHz; CD;0D)
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(4-(4-Azidobutyl)-1,12-dicarba-closo-dodecaboranyl) (1,7-dicarba-closo-
dodecaboranyl)methanol (45)
'"H NMR (400 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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(E)-N-(4-(4-(1,7-Dicarba-closo-dodecaboranecarbonyl)-1,12-dicarba-closo-

dodecaboranyl)butyl)-3-(pyridin-3-yl)acrylamide (38)

'H NMR (500 MHz; CD;0D)
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13C NMR (125 MHz; CD;OD)
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(E)-N-(4-(4-(1,12-Dicarba-closo-dodecaboranyl(hydroxy)methyl)-1,12-dicarba-closo-

dodecaboranyl)butyl)-3-(pyridin-3-yl)acrylamide (50)

'H NMR (500 MHz; CD;0D)
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1IB NMR (160 MHz; CD;0D)
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(E)-N-(4-(4-(1,12-Dicarba-closo-dodecaboranecarbonyl)-1,12-dicarba-closo-

dodecaboranyl)butyl)-3-(pyridin-3-yl)acrylamide (51)

'H NMR (500 MHz; CD;0D)
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13C NMR (125 MHz; CD;OD)
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(E)-N-(4-(4-(1,12-Dicarba-closo-dodecaboranecarbonyl)-1,7-dicarba-closo-

dodecaboranyl)butyl)-3-(pyridin-3-yl)acrylamide (55)

'H NMR (500 MHz; CD;0D)
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1IB NMR (160 MHz; CD;0D)
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DIEA, DCM, r.t. o/\n/ */\0-)2’\/\/\/
T —— .
[e]
26% 2 steps
HyT55 (2)
o}
8, EDCI,
@ n-BuLi, CO, COOH 1ot DIEA N*\/OWC|
—_— H
THF, 78 Ctort. WY, DCM, r.t. 60% N7 3
m m
quant.
m-carborane 11
n-Buli,

BrCH,C0O,Bn X 1) (COCI), o
THF, -78 °C to r.t. DCM reflux */\0‘)/\/\/\/
o ———>» Yy O
41% 2) 8, EtzN, DCM
0°Ctort.

H,, PdIC X=0Bn 12

MeOH, r.t. |

86 % =0OH 13

o-carborane 65% 2 steps
Scheme 3-1. HyT13 (1), HyT55 (2). 3. 4 DAREK
3-3 BRLIEANKT ACEWMDZ X7 B s SRl
HEAE N @ HaloTag2 @it & > 3 7 B3 2AL6H 3 88 KL OV 4 D3R sh e % 7ML 7=,
2 hr—/L& L THyT13 (1) & HyT55 (2) & /=, ~~ 27 /L= (HA) . Enhanced
Green Fluorescent Protein (EGFP), 33 J T8 HaloTag2 O@ha % > 737 'E (HA-HaloTag2-
EGFP) % Flp-In293 i CZEMICHKIR S EIm, ZOMAE LAY & 24 BEE A o % =
~N— k L7z, MifN O HA-HaloTag2-EGFP O E i %4, HA Hilk&a fWni-A4 o/ 71
T4 THEL, 7a—H A M A—%—%H T EGFP OHELEE 245, 2
DOMNL LT-FHIE CTER LTz, £ORR%L Figure2 (27, A 5/ 70y T 470
fii 5. HA-HaloTag2-EGFP ® % /37 B L~Li%, 1uM @ HyT13, HyT55. 3L MbE
M3, 4L oT, ALEMERIML72WGAE LR LT, ZRE1 49, 79, 43, 65%D
FHE L2 AEICHED LI Z EBHLNER 5T (Figure 3-3A), 7 X~ ¥
NE, HyT & LTRLS A ENTWAN, VR T % HyT & LTCEATHILEW 3
IZ HyT13 £V bW & X7 B RS R a r Lz,
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RIERD & X7 3fshRid 7 o —H A B A MU —53#7 T H #8152 S 417, HA-HaloTag2-
EGFP %8179 % Flp-In 293 Mifu ORI, 1 uM @ HyT13 L&) 3
B4 TS5 Lk Vi Lz (Figure 3-3B),

A) swoms  B)
Compound - - HyT13 HyT55 3 4 80 EGFP (+)_, '« EGFP (+)with 4
with HyT13 f{~
HA-EGFP-
HaloTa - " ® * * * 60 EGFP(+) [/ '\ EGFP (+)
4 withd [
anti-HA L e — 40 1'.

Cell Number

ratio N.D. 1.0 0.49 0.79 0.43 0.65

20 ,J 4-— SO

anti-tubulin  E —— —— —

0 00 101 00 109
EGFP Fluorescence

Figure 3-3. #fEN D HaloTag2 @l & # v /37 BIZxT HLEW 3 B LN 4 04y fiihE
ZhiR (A Flp-In 293 cell (HA-EGFP-HaloTag fH7# R EIKR) . (ALAWIEEE: 1.0 uM, 3R
Fl B 24 h) 5 A) HA-PUAKZ WA L/ 7 v w7 47 tubulin & TEYE(L
L7 HA OEfER A BB THIZrd, B) 7r—% A4 b X MU —3Hr2 X5 EGFP @
G HREE O E

BN T, LAY 3 DF U RITESRN, 2 X F T aT TV — AR AET B
FARDI=0, 7aT T Y —AREAITH D MG132° ORI L D0 fshRo 2%, %
ERBRICHA TR Z WA L 7 v T ¢ 7Tt L7e (Figure 3-4) . & DfER.
HyT13 &M{bEW 3 O L X7 RIE ALEIRM L7 WG E LIFEAEEDD
hole, ZOZENLILEY 31X, EHBEY X F LT a7 TV —AREN LTI
2R EREFHET L LIRS,

INHDFRERMNS, DNVKRT VB E R TEGROT-DO HyT & LTEATESZ
EDRENTZ, EBITEA Y 3 ARG L TAL A O R TTic b W iR S R A R
Lz et S%OFETIIm-INVART % HyT & LTHEHTHZ EIC LT,

Compound - HyT13 3
HA-EGFP-
HaloTag + * +

antiHA  —— -

anti-tubUIIN = s— ——

MG132 [10uM]

Figure 3-4. 7' 07 7 YV — ARHEFI MG132 (10 uM) @I L5 HyT13 B L MELEY
3DF N EEFHEIEEOMH] (R SMFIL. Figure 3-3 IZ[FI L)
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3-4 HYT VAT AIIRBITBB 9 v 7 778 (HSP) DOB5

%2, HyT ¥ A7 AIZBWT POl OEZELZ BT o &H 2 b o2& b T
WA HSP 77 2 U —0DB5Z~5 7%, Figure 3-5A (A& % 7~9 HSP90, 70, 60 FH
EX|TH D geldanamycin (GA) 7. apoptozole (Az) ®, GN26361 (26) ° #Z N4 1 uM
PRIN L 7= 4 A > CLHyT13 &AbA% 3 @ HA-HaloTag2-EGFP /) fifah Eah 4 & L
72 728, GA 1T HSP90 DFLEIC L > T, £D 7 4 — RNy 7 RN~ HSP70 D FEE
BEHEMSEL 286N TND 1, [ ZUDIZA &/ Ta vT 4 v 7 OFE R % Figure
3-5B T, £7 . HyT %ML 722WGE (D~®@) 12T, HyT13 (B~®) &1k
A3 (9~1©) ORI X - T HA-HaloTag2-EGFP 43 fi# A3, Figure 3-3 (2733 #l 5 & [7]
FRICHER STz, feW T, HyT13 22U L= Creied 5 &, 4 HSP [HEANT
FHENREFmD DEBEE SN (B vs. ©®~O®), F7z Figure 3-5C (IR 7 12—
A R A MY —DFERN B HSP BES OB X o TH 7 B O3S S
NTWDZ ENRD05, FARREAIZALEY 3 2RI LS/ ICB N THBIE INT,
GA DRI & - T HSP90 A PHE I 5 & [RIRFZ, MALN D HSP70 DFBLEN G X 5
728, HyT (2 X D0 fissim v oMedE 42 = 1%, Crews DO ATHFZEDORE R & —E T
% 1, —J7T HSP60 HEHITH D GN26361 DHEHNTIL, S EEFEEOMHI N I SR/
S7272®, HSP60 DR GO RIEEMITIRW B X bivd, LA L, Az 1L HSP70 D ATP #
PUHEAIE LT HSP70 O v ¥ X AEEEAET 2 Z ERMLNTE Y, HyT I2X5
BRI BDOS RS EMET DI T ThH o722, @, DITRT & 9 1cde LA A
PMEELTZ, ZNHOFRRNG, S ORDIMFORMITH 5 H DD, HSPT0 LIAMI 6
HyT ¥ A7 MG T 53 v 2a v & U X EOFER R E T,
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A) d %
o
= o
NN o\)LN/@
E R O Hooon
F3C’ F3 'A\\\virb‘
Geldanamycin (GA) Apoptozole (Az) GN26361 (26)
HSP90 inhibitor HSP70 inhibitor HSP60 inhibitor
+ HSP70 enhancer
B) ® ®© ® ® 6 6 O ©) ®
HyT - - - - HyT13 HyT13 HyT13 HyT13 3 3 3 3
HSPi - GA Az 26 = GA Az 26 - GA Az 26

Anti-HA — - S— S G S ——
1.00 0.70 0.90 0.80 0.58 0.42 0.45 0.45 0.64 0.52 0.41 0.49

Anti-actin T — ~-—-———¢_—.~—~—

C)
1+ GA
80 ‘l AL>>
1 + Apop
& Control

60
o
Q
=
=z 40
T
S

20

0 10 ot 102 100

EGFP Fluorescence

Cell Number

80

60

40

20

Control

102

EGFP Fluorescence

1

Figure 3-5. HSP [LEAITRINIFICIBIT 5 HyT13 B L OMEAEW 3 O & 37 By fifih
R s A) HSP FREHIOREE ; B) HA-FUAZ WA A 7 v v 7 427 tubulin &
THEAEL L7 HA O EZ B FHIoRdT, B) 7a—HA A M) =S5k 5

EGFP Odt Y658 O W E
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3-5 MIC-BSA DA%

FEWTHYTIZ L DX v A\ EOEEEZP LS T 572012, 3-3 Thed im0 iR
HENEE R LT m- VR T BB 7L LT L2 X VB R AL, €
DR 21T o 72, £, Mgk Z o R 7B L LT BSA 28R L, m-BILRT N
TRV =% LT LA I RERA L7 Maleimide-conjugated carborane (MIC:
Scheme 3-2) & FefE /AR RE/K (PBS) #EEHE T THIS S, MIC-BSA ZHHk L7z

(Figure 3-6A), 7ok, ABMSEHTTIL, ~bA I RERFUNRXTEDOV AT A 5%
HAIGEIRMITHEEST D Z LTS MBILTWAN, RURY T AX—LfEE S~
A REF, VATAVERE Y VUVERICHLEA LY DHAEHRTND 12

WAZ 1 531D BSA IZxF LTI 53 10 MIC 23 EET 5 B M3 2 _< | ki e —
LRSI —Y =T T L—2 3 (DB-LA) E&ESHTE P 2 T MIC-BSA D4y &%
BIE L7eb, — X X TEOA F AL, =27 hr X7 L—ik (BSI) °~< b
Vw7 AXE L —W—A 435 (MALDD 23FIH &5, DB-LA 13, KEKRY >~
IV DWRIGIZ K10 OH MFEIRENC ) ST 25 IR L—H—% M5 Z & T, KEKT
ORMEZHEFF LI FEF. 777 AT —va BRI ER XU RIEDA AL
BITHZENTED M RIEAD BSA & 10 2480 MIC & BSA % 37°CO PBS 1T 6
IRFfH] S i S 72 MIC-BSA (BSA/MIC =10/1) @ DB-LA & &34 D#&F: % Figure 3-6B |2
T ARERTD BSA TIX, E D3 FREICHYS T 5 66kDa D B — 7 BNEIE I lc— T,
MIC-BSA(10/1) Ti BSA (2x T 6.2 430 MIC IZHST 20 FENERESH
7oo MIC & 10 YEMA7ZITH DL T, 62 D TOMENALNIZZ LD, 4
MIC-BSA(10/1) % Ff%& U 7= 50 CRIFIRREIZ 72 D Z E Xy no T, £ 2T /G S5
MIC D% 3 YfEe LT, £ 5 MIC HEFED MIC-BSAG/)DEKREIT>T-, £ LT
RERTD BSA, MIC-BSA(10/1) . MIC-BSAG/)D VR T AHE R A | HLh LR T P
KeHWEA L) T ayT 0 7 TER LR, Figure 3-6C (1 X 912, #ifm
D, /% MIC fHEFE% $ D MIC-BSA ORI L7z,

1) NHB:
HNTA N E0C o o

COOH 2) HClI, dioxane, H 0
HATU, DIEA, N~~~ NHBoc DCM, r.t. N/\/N\n/\/\N
— H — H o) //
77 DCM, r.t. / 3) 4-maleimidobutylic acid X fo]
m
.4 HATU, DIEA, DCM, r.t. m
1 14 36% 3 steps Maleimide conjugated carborane

(MIC)
Scheme 3-2. MIC D&%

bR ERIEA FR, A (EEBERSE EEE) L OFRAFRIC L - TE I
776
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’\ {bam3EECHyT coprre
o ' o] f’,"f" )
@WN\/\H)@ » &

o
(¢]

MIC MIC-albumin conjugates
(BSA) (MIC-BSA)
n=1 BSA™ c) BSA + + +
MIC [eq.] 0 3 10
e BSADF
, e Mimimaposen st Anti- P
4557 Lo0n T LIRS Y -
W\(m) R REGET A ratio 0 3.4 6.2
MIC/BSA = 10/1
‘ ' Mg Anti-
. , ; . . x \ . : ! R
0 20 3 4 50 6 |70 s 90 100

Figure 3-6. MIC-BSA D& ; A) A% —2A ; B) DB-LA EH &5 HTETH M7= BSA B
L OYMIC-BSA DEE AT Fb, 50 yM DY > 7 )L Z Eie /KIEHKIZ 3591em™, 1 /%
NA BT 5.5m] ORI L—F—Z2 B L CTHIE ; C) LUV RT UHuikE i A
L) TayT 47, BSA BETER LI VR T o OEER 2B TR,

3-6 MIC-BSA DHsEZEAM

F9°, MIC-BSA © — &%, MmY —fatt (CD) A7 MLVOWPEIZ X - THER
L7- (Figure3-7), BSA 3 X TXMIC-BSA ™ CD A7 kL%, 30°CT 208~222 nm D
FIZAD/NNY RERL, BSA @O o-~U v 7 AFEEITEK L TWD Z ERbhrolz 15,
N Z T, MIC-BSA (10/1)i%. HRfELfD BSA X° MIC-BSA (3/1)(ZLERT, BUZ L HHEEE
ERIHI STz, 2 b OFEE) D, MIC-BSA O —IkAEIGEITIAEA BSA & [A%ET
HV ., BSA DELEMEICOT N RELE T 6T 2 LRI,

(a) &1ZEMDBSA (b) MIC-BSA (3/1) (c) MIC-BSA (10/1)
20, 20 20, fﬂ
0 i\_ Q 0 ; 0 ;,;'_‘}/ -
‘ /
§ -20 _§ 20 - :U} -20 P /
g ot wc £ 40 E 40 ;
0'C - -~
i <0 20'0 g 60 3 <0 —30C
C a 2 — 40"
-100 ) L4 100 | -100 o
-120 | 120/ 120 | 80'C
-140 L -140 L A - N A " P -140 L . A R A R
190 200 210 220 230 240 250 190 200 210 220 230 240 250 190 200 210 220 230 240 250
Wavelength [nm) Wavelength [nm] Wavelength [nm]

Figure 3-7. CD A2 kL2 K% MIC-BSA O Ik Mgt & B2 e Ml (30-80°C
H D 10CA 7 THIE)
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VT MIC-BSA DR )27kl 78 (DLC) & B — X L% Table3-1 [Z/R9, HiI
TEEIX MIC/BSA OIRAE EITHBA L2y, 2o OIRAGHIZE —F BT KRELE
BL7-, T7bb, MIC OIRAHLOHENNIL BSA OF ik EOAERZ NS, HyT O
PN BSA OFGEZbZFRT D ARetEZ2 B L T, BF L HyT ¥ VN7
WS DB K VEREIRIZE ) I D Z LI K> TRE EIZEZL OV P UVERANHA L7729
EE 2T,

Table 3-1. MIC-BSA @ DLS & B —# &

BSA MIC-BSA (3/1) MIC-BSA (10/1)
KL 7£& [nm] 8.32+0.67 7.19 £ 0.59 6.85 +0.59
Y — X BN [mV] -4.91+1.20 -7.52+0.66 -8.43 £2.55

HIE S« Zetasizer Nano ZS (Malvern Panalytical) at 25 °C. The concentration of each sample

was prepared at 0.1 mg/mL. All measurements were performed in triplicate.

3T BHLZY P UBREDEERIZL S HyT A% v 37 BOWEECIEYT

OB LY VUREOKRGEEIT ) XL, IAF LAy AV THETT F— b -
7 A Y ~—1 (FITC) ZHMHW/ %k LV E® L7 (Figure3-8A), FITC (%, A VFF
TR — ML kT I VR EEIRIIRIST D72 NI EO ) VU RO
FAREFRIC L < HWHIL b, £ 2T, BSA 35X TYMIC-BSA (10/1), MIC-BSA (3/1)% PBS
o FITC THREE L7, FTUAAEEST NV A RY 727 U7 I R VESIKE
(SDS-PAGE) D14, 43> K® FITC #I8E % & L 72, Figure 3-8B (I~ K 912,
FITC #5658 13, MIC/BSA HLIZIRIE L TN LT, 2B, £ 7 /LD BSA D&%,
Coomassie Brilliant Blue (CBB) %442 X » ClH—Th 5 Z & gl L T\ 5, FEEE MIC-
BSA (10/1)DHE LR 1T, RAER BSA OIRED 1.6 (5 TH Y . BKMED VAR T AEH
IZE > T.BSA LD Y PUREOBRBNNFE I N TND Z & AR S L7z (Figure 3-8C)
Figure 3-7 D CD A7 KR Table 3-1 DR FROFEREFOETEZL L, ZFr N7

IZHEA L7z HyT 1&, ZUBEEPCREROREIITIZLEAEREL G2V DD,

//%z%@ AL L %U%tmﬁfﬁkﬁﬁﬁ IHETDHZENRHLNE ST,
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MIC-BSA MIC-BSA
A) B) (10/1) (3/1)

BSA

FITC

CBB

Figure 3-8. 71/L78 7 MERfIIZ X5 BSA OHEEZAL ; A) FITC Of%i&E, B) MIC-BSA
~O FITC 5k, BUGSAE : BSA B L O'MIC-BSA % 1 mMFITC % 4°CC 8 B[], M
AT CROS & H T2, 30 kDa DRSS Aiate, IfE#LZ PBS THAM L. 50 mM Tris, pH 7.4,
4% KT U OVEREE T N U w7 A[SDS]. 10% 7 Utra—/b, 4%2-FA4 % /—)b, 50 u
gmL 7 0ET = ) —NVT =Gty 7 7y —TEMN I, TD%, SDS-PAGE (Z
Lo TykEh L, FITC DHE (L e=498 nm, Aen=5221nm) ZHIEL7- (0=3) ; C)
AR 5782 L7z HyT OFEAIC & B % v X7 F o EE L O]
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3-8 MifasZ Ry BOAMBIZI T D4y fE

B %12 MIC-BSA O3RN CTHE I TNDE N E I DEH LT 5720, i
JAIZ A U7 MIC-BSA O3 fif A X 7 v v T 4 7 THE LT, MIC |2 X 550 fif1E,
HIREND X R T ERRY AT 2N LTiThbb L EXbNDT0, Y Y —Lb%
NS PFIHIENIZE VAL LERH D, D7), LNCaP fifdic=1 7 hrRL—
T a VIETMIC-BSA #8 A L7, 7a—H A KA KU —|ZX DM Tix, LNCaP Hifiz
DEGFREBRTFTSEDLZERL,FITCHEGBSAD T VAT 27 v a VNG 7
5 X912, MIC-BSA DT L7 haRb—3 g9 OFRMEZET L7z (Table3-2, Figure 3-
9), = DfEF, FITC-BSA DEANENZ < | M Ofifa eI g 528 D /b 72\ Condition
2 RS E LT,

Table 3-2. FITC-BSA Z# i\ /e L7 FuR L—3 g o OFMHET
Condition® Voltage  Pulse length  Interval Number  Decayrate  Polarity

[V] [ms] [ms] [7e]
1 150 10 50 5 20 +
2 150 20 50 5 20 +
3 150 10 50 1 20 +
4 150 30 50 5 20 +
5 150 10 50 5 10 +
6 150 20 50 5 10 +

# Condition for poring pulse. Condition for transfer pulse was constant as follows: transfer pulse;
pulse voltage, 20 V; pulse length, 50 ms; pulse interval, 50 ms; pulse number, 20; decay rate, 30;
polarity, +/-.

@) . (b)
2y v
g £ I Fluorescence intesity
Untreated o Ratio of dead cells ot
5| BSA =10 (P! positive)
| <
| £ - = 180
. f Condition 1 210 =
| ; b o o =
é | ~ N - Condition 2 E 160 »
@
Condition 3 % 10° s
8 {40
P Condition 4 8 2
| =} S [+ 4
! . 310
(Y N Condition 5 = I 120
[}
ey @
oL - » - ~; . mmCondlllon 6 =40t I 0
. Untreated ~ BSA 1 2 3 4 5 6

Fluorescence intensity [a.u.]

Condition

Figure 3-9. FITC-BSA ZH\W/x= L7 FaKR L — a > OFRMMFEORE R

o HAPE iz, WHE it OuNRY c8mE b arsenn) & OLFEEIC L - THE
i Sz,
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eV T, LNCaP Ml E A L2 HyT 2> Y 27— FBSADEEZ VT AX Ty k
2k o> TER L7 (Figure3-10A), RBHIDT=O MIC DANRT v o T X~ Z
|Z{EH#4 L 72 Maleimide conjugated adamantane (MIA) % H\ T, MIC-BSA & [Fl#ED FIA
T MIA-BSA Z il L 72, MIC-BSA. MIA-BSA DRFRIEIFRI 22 0 i % b4 5 7
DI, 0, 6, 9 FERTIZI1T D LNCaP Mg BSA &% & L7z, F7=. Figure 3-10B (27
7 F B THEME(L L7z MIC-BSA OEREZ £ L7 (n=3), ZDOFER., RIEAiD BSA
DB 6-9 FFREID A o F 2 _X— g Tl E A EBEN A BN - 7273 MIC-BSA
TILHF MR AR 72 3 B D HERR S AU, MIC-BSA(10/1)i% MIC-BSA(3/I)NZ LT BSA D
DRRPo T, [ CHEA A, MIA-BSA & W ERICHE W T H B S 417z (Figure 3-
10A F), ZDZ &b, BSA IZfEffi &7z HyT OO0y, HIIAN D BSA D4y % i
THZELICHEBRL WD EEZ BN,

R HyT AT MIa X F 2 B3 U —EREAET5 26S 7'u7 7T Y —AREK
BN L CH NI EONREEFET D EDRHEINTNDTD 107 IR T Tk
% BSA OO RO A I3 = X b7 LY RS~ 5 ~< | MIC-BSA ZE A L7z LNCaP i
% 268 7T 7 Y —AEAITH D MG-132°0 & HDM2 = &% F > E3 U B —FHEH
T& 5 HLI-373'8 THLEE L 7= (Figure 3-10C) , MG-132 ¥ 72 (% HLI-373 C4LEE L 7= LNCaP
AR TIX, MIC-BSA (3/1) X OMIC-BSA (10/1) D433 X4u7-73, LNCaP #f
B A L7 REMiD BSA DIEIXIFEAEEIL Lo, IO ORERIF, X
JENWCANRT VBB LI LT 28X F o 7us TV —LRORKEN L
T, EDX NI EONREFHFET HEEMEZRL TS, EbIZ, XU RXTEDY Y
VERIEIE, B3 U —EE N LI B T AICHEOEF EZ R LTS Z Ll
INTWD ) Figure3-8B TR LTEAER D, BSA DU VU REOFEH T, HVRT
VORERGHN B NNE EGEmL IpoTle, T EMNL, IIVKRT UNE RTEITHEART D
&L B EELIC L > TH RNV BEO Y D UBRENBER L, 28X F U E3 U
—VPHEEO T T T Y —LE N LTINS Z ENRES D,
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A) FIEEHBSA MIC-BSA(3/1) MIC-BSA(10/1)
[hour] 0 6 9 0 6 9 0 6 9
BSA -

66 kDa
= 42kDa

B-Actin—

RIEEFBSA MIA-BSA(3/1) MIA-BSA(10/1)
[hour] o 6 9 0 6 9 0 6 9

)

BSA — 66 kDa

B-Actin— 42 kDa
B) 0.35 —

03 -
0.25
0.2
0.15

Normalized BSA/B-actin

0.1
0.05

0
Time[h)] 6h 9h 6h 9h 6h 9h ()
sigg5  MIC-BSA (3/1) MIC-BSA (10/1)

BSA
Figure 3-10. LNCaP 2 31} 5 MIC-BSA D43 fi# ; A) HL BSA Hifk & F\ 7= A &/
7u T 47 ; BSA, MIC-BSA (3/1), MIC-BSA (10/1), MIA-BSA (3/1)& ~ 7 >
ATz ar LTC09 KR E, MlaiL, 4L/ 780y T 7% T>
72o B) PB-actin & THE#E(L L 7= MIC-BSA @& (n=3), mean= SD (n=3, *p < 0.05,
**p < 0.01, ***p < 0.001, NS: not significant).
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1

C) FiEHBSA MIC-BSA(3/1) MIC-BSA(10/1)
MG-132 - + - -+ - -+ -
HLI-373 - - # - - + - . *

2.5 s

Normalized BSA/B-actin

MG132 - + - - + = = 4 =

HLI;373 = - + = = + = = +
Fieth MIC-BSA (3/1) MIC-BSA (10/1)
BSA

Figure 3-10. (§iX) C) MG-132 (268 7'uF 7 YV —AEH]) . HLI373 (2% F
> E3 U —EHEA) 25 MIC-BSA D fiflZ 5 % % 52%, mean+ SD (n=3, *p <
0.05, **p < 0.01, ***p < 0.001, NS: not significant).
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39 £&9
ARETIE, THS U ZARDDLHT-72 HyT L L CAONRT v ERIRH L2 2%
B EAIORIHN 21T -7 (Figure 3-11), BBRIRWZ &2, WAVRT &2 S LEW

3. INFETRMICHWSLNTE T HyT13 (1) TR TEWH V87 B fish=R
R LTz (43% vs. 49%) . HyT O3 fRFEIEMEIT, BUKMEZ T TR <, 3 kT, &
DWRER T 7T NIT—NVAKEE LSO ENEETHDL Z ENRBINTZ, — T,
HyT ¥ AT NMZEE 2 ZENZ OB 3 v 7 X378 (HSP) OFHEA% A 7= 526k
MH, ZHUETRBINTWD HSPT0 OFEET 72, oy Xa & "7 EIT
LD WENRE S T,

£, WIVRT VRS SETMRNZ 2378 (HA-HaloTag2-EGFP) 721 T72< |
Mgk o & X7 8 (MIC-BSA) HllaNDO X F 7 aT T Y — LR THfif a5
52 L EHELMMT LI HyT ¥ AT L& AW THIA Z o X7 B % 55 ff L2006 T
%, BT, MIC-BSA OB — X BNOBENS, BIIVRT i3 BSA OEEEL 2 i3
TDHIENRBENT, UL, BAVRT R E o ENE OBUKEERICEE S
HZEIZRY, RENZZL DY VUEENHBA L0 EEZ bLD, EEE. FITC T
FEGE L7= MIC-BSA D8R I3 MIC/BSA HITIRFE L TN L 72, AR T Itk -
THl T Z ENDFEMAR 2 X E SRR ITETEA O DI SN TV RN, ALK T
YISRERT H T ST BSA DD TNRIEEN Y VUREOBRHAHEEL, I
NAEFFUE V=R IONT T T VY —AICE B H2, X7 ézx\ﬁér (237
N5EBxbN5, LEOZ b RBFFETHE OV FLIEL, #i7o72 HyT O%EHT
BNLDTET TV HyT Y AT ADOSERILEEEMIC AT T2 EERFRND THDH LW
25
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@\i o Compound - - HyT13 HyT55 3 4
H*\/ Y\/\/\CI HA-EGFP-
1 Tj’ﬂ 3) He.lloTag ) - * * * * *
i ANOIAN A N cl anti-HA WP W = e
N | oINS
@A" L @\'5 R o N.D. 1.0 0.49 0.79 0.43 0.65

BRAKMESD ELTHIRS O HERTHSICEZREUE

\ HILRSS
- +

ZHI > INOBEEUTRE - DfiFENS AEFFL-TOFPY—LER

and (or) A—hJ7>—

Figure 3-11. (i —FFE & ®

Reference

)

2

(€))

4

6))

(6)

Tae, H. S.; Sundberg, T. B.; Neklesa, T. K.; Noblin, D. J.; Gustafson, J. L.; Roth, A. G.;
Raina, K.; Crews, C. M. Identification of Hydrophobic Tags for the Degradation of
Stabilized Proteins. ChemBioChem 2012, 13 (4), 538-541.

Kasar, R. a; Knudsen, G. M.; Kahl, S. B.; Francisco, S.; January, R. V. Synthesis of 3-
Amino-1-Carboxy- o -Carborane and an Improved , General Method for the Synthesis of
All Three C-Amino-C-Carboxycarboranes. Inorg. Chem. 1999, 38, 2936-2940.
Neklesa, T. K.; Tae, H. S.; Schneekloth, A. R.; Stulberg, M. J.; Corson, T. W.;
Sundberg, T. B.; Raina, K.; Holley, S. A.; Crews, C. M. Small-Molecule Hydrophobic
Tagging-Induced Degradation of HaloTag Fusion Proteins. Nat. Chem. Biol. 2011, 7 (8),
538-543.

Tae, H. S.; Sundberg, T. B.; Neklesa, T. K.; Noblin, D. J.; Gustafson, J. L.; Roth, A. G.;
Raina, K.; Crews, C. M. Identification of Hydrophobic Tags for the Degradation of
Stabilized Proteins. ChemBioChem 2012, 13 (4), 538-541.

Neumann, W.; Xu, S.; Sarosi, M. B.; Scholz, M. S.; Crews, B. C.; Ghebreselasie, K.;
Banerjee, S.; Marnett, L. J.; Hey-Hawkins, E. Nido-Dicarbaborate Induces Potent and
Selective Inhibition of Cyclooxygenase-2. ChemMedChem 2016, 11 (2), 175-178.

Lee, D. H. Proteasome Inhibitors: Valuable New Tools for Cell Biologists. Trends Cell

123



(7

®)

€))

(10)

an

(12)

(13)

(14)

(15)

(16)

Biol. 1998, & (10), 397-403.

Schulte, T. W.; Akinaga, S.; Soga, S.; Sullivan, W.; Stensgard, B.; Toft, D.; Neckers, L.
M. Antibiotic Radicicol Binds to the N-Terminal Domain of Hsp90 and Shares
Important Biologic Activities with Geldanamycin. Cell Stress and Chaperones. 1998, pp
100-108.

Ko, S. K.; Kim, J.; Na, D. C.; Park, S.; Park, S. H.; Hyun, J. Y.; Baek, K. H.; Kim, N.
D.; Kim, N. K.; Park, Y. N.; Song, K.; Shin, I. A Small Molecule Inhibitor of ATPase
Activity of HSP70 Induces Apoptosis and Has Antitumor Activities. Chem. Biol. 2015,
22 (3),391-403.

Ban, H. S.; Shimizu, K.; Minegishi, H.; Nakamura, H. Identification of HSP60 as a
Primary Target of o - Carboranylphenoxyacetanilide, an HIF-10, Inhibitor. J. Am. Chem.
Soc. 2010, 7132 (34), 11870-11871.

McLean, P. J.; Klucken, J.; Shin, Y.; Hyman, B. T. Geldanamycin Induces Hsp70 and
Prevents a-Synuclein Aggregation and Toxicity in Vitro. Biochem. Biophys. Res.
Commun. 2004, 321 (3), 665-669.

Gustafson, J. L.; Neklesa, T. K.; Cox, C. S.; Roth, A. G.; Buckley, D. L.; Tae, H. S.;
Sundberg, T. B.; Stagg, D. B.; Hines, J.; McDonnell, D. P.; Norris, J. D.; Crews, C. M.
Small-Molecule-Mediated Degradation of the Androgen Receptor through Hydrophobic
Tagging. Angew. Chemie - Int. Ed. 2015, 54 (33), 9659-9662.

Kawai, K.; Nishimura, K.; Okada, S.; Sato, S.; Suzuki, M.; Takata, T.; Nakamura, H.
Cyclic Rgd-Functionalized Closo-Dodecaborate Albumin Conjugates as Integrin
Targeting Boron Carriers for Neutron Capture Therapy. Mol. Pharm. 2020, 17 (10),
3740-3747.

Asami, H.; Kawauchi, N.; Kohno, J. ya. Photodissociation Spectroscopy of Protonated
Guanosine Monophosphate Based on IR-Laser Ablation of Droplet Beam and
Quadrupole Ion Trap Mass Spectrometry. Chem. Phys. Lett. 2019, 720 (January), 119—
123.

Kohno, J. Y.; Nabeta, K.; Sasaki, N. Charge State of Lysozyme Molecules in the Gas
Phase Produced by IR-Laser Ablation of Droplet Beam. J. Phys. Chem. A 2013, 117 (1),
9-14.

Goszczynski, T. M.; Fink, K.; Kowalski, K.; Le$nikowski, Z. J.; Boratynski, J.
Interactions of Boron Clusters and Their Derivatives with Serum Albumin. Scientific
Reports. 2017, pp 1-12.

Neklesa, T. K.; Tae, H. S.; Schneekloth, A. R.; Stulberg, M. J.; Corson, T. W.;
Sundberg, T. B.; Raina, K.; Holley, S. A.; Crews, C. M. Small-Molecule Hydrophobic
Tagging—Induced Degradation. Nat. Chem. Biol. 2011, 7 (8), 538-543.

124



a7

(18)

(19)

(20)

@2y

Neklesa, T. K.; Noblin, D. J.; Kuzin, A.; Lew, S.; Seetharaman, J.; Acton, T. B.;
Kornhaber, G.; Xiao, R.; Montelione, G. T.; Tong, L.; Crews, C. M. A Bidirectional
System for the Dynamic Small Molecule Control of Intracellular Fusion Proteins. ACS
Chem. Biol. 2013, 8 (10), 2293-2300.

Kitagaki, J.; Agama, K. K.; Pommier, Y.; Yang, Y.; Weissman, A. M. Targeting Tumor
Cells Expressing P53 with a Water-Soluble Inhibitor of Hdm2. Mol. Cancer Ther. 2008,
7 (8), 2445-2454.

Dikic, I.; Wakatsuki, S.; Walters, K. J. Ubiquitin-Binding Domains from Structures to
Functions. Nat. Rev. Mol. Cell Biol. 2009, 10 (10), 659—671.

Scholz, M.; Blobaum, A. L.; Marnett, L. J.; Hey-Hawkins, E. Ortho-Carbaborane
Derivatives of Indomethacin as Cyclooxygenase (COX)-2 Selective Inhibitors.
Bioorganic Med. Chem. 2012, 20 (15), 4830-4837.

Brozek, E. M.; Mollard, A. H.; Zharov, . Silica Nanoparticles Carrying Boron-
Containing Polymer Brushes. J. Nanoparticle Res. 2014, 16 (5).

125



Experimental Section
Synthesis

General

NMR spectra were recorded on a Bruker biospin AVANCE II (400 MHz for 'H, 100 MHz for
13C) or a Bruker biospin AVANCE III (500 MHz for 'H, 125 MHz for *C, 470 MHz for 'B)
instrument in the indicated solvent. Chemical shifts are reported in units per million (ppm) relative
to the signal (0.00 ppm) for internal tetramethylsilane solutions in CDCl; (7.26 ppm for 'H, 77.16
ppm for 3C). Multiplicities are reported using the following abbreviations: s; singlet, d; doublet,
dd; doublet of doublets, t; triplet, q; quartet, m; multiplet, br; broad, J; coupling constants in Hertz.
Mass spectra were measured using a JMS-700 Mstation. IR spectra were recorded on a JASCO
FT/IR-4100 spectrometer. IR spectrum was recorded on a JASCO Corporation FT/IR-4100 FT-
IR Spectrometer. ATR PRO ONE was attached to the FT/IR-4100 in measuring solid IR
spectroscopy by single reflection attenuated total reflection. Only the strongest and/or structurally
important peaks were reported as the IR data given in cm™!. High-resolution mass spectra (HRMS)
were recorded on a Bruker ESI-TOF-MS (micrOTOF II). All reactions were monitored by thin-
layer chromatography carried out on 0.2 mm E. Merck silica gel plates (60F-254) with UV light
(254 nm) and were visualized using Hanessian’s stain solution. Column chromatography was
performed on Silica Gel 60 N, purchased from Fuji Silysia Chemical Ltd. HyT13 (1), HyT55 (2)
and 2-(2-((6-chlorohexyl)oxy)ethoxy)-ethanamine (HaloTag linker 8) were known and

synthesized according to the literature procedures.>*

Synthesis of 1-carboxyl-1,7-dicarba-closo-dodecaborane (11)

@COOH
/,
m

11

To a solution of m-carborane (488 mg, 3.38 mmol) in THF (15 mL), was slowly added »n-BuLi
1.6 M solution in hexane (2 mL, 3.21 mmol) at -78 °C. After the resulting mixture was stirred
room temperature under argon atmosphere for 1 h, the CO, balloon was attached. Then, the
resulting mixture was stirred at room temperature CO; atmosphere for 3 h. After that, the reaction
mixture was concentrated under pressure. The resulting mixture was added and Hexane after
which the product was partitioned between the aqueous and organic layers. The aqueous layer
was washed with Hexane. Then, the aqueous layer was added 6 M HCl and Hexane after which

the product was partitioned between the aqueous and organic layers. The aqueous layer was
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extracted with Hexane and combined organic layers were dried over sodium sulfate and
concentrated under vacuum to afford 11 (444 mg, 2.36 mmol, 74%). '"H NMR (400 MHz, CDCl;):
8 3.03 (brs, 1H), 4.10-1.60 (m, 10H). This spectrum is consistent with the reported values.?

Synthesis of N-(2-(2-((6-chlorohexyl)oxy)ethoxy)ethyl)-1,7-dicarba-closo-dodecaborane-1-

carboxamide (3)
(0]

By
W 3

To a solution of 3 (6.1 mg, 0.031 mmol.) and HaloTag linker 6 (40 mg, 1.78 mmol) in DCM (1.2
mL) were added HOBt (15 mg, 0.11 mmol) and EDCI (17.9 mg, 0.093 mmol). After the reaction
mixture was cooled to 0 °C, was slowly added DIEA (40 pL, 3.09 mmol). The resulting mixture
was stirred at room temperature for 8.5 h and quenched with H,O. The mixture was extracted
twice with ethyl acetate and the combined extracts were washed with brine, dried over Na;SOg,
filtered, and concentrated. The residue was purified by column chromatography on silica gel (70%
EtOAc in Hexane) afforded 3 as slight yellow oil (7.5 mg, 0.019 mmol, 60%). '"H NMR (400
MHz, CDCl3) 6 6.32 (bs, 1H), 3.61-1.59 (m, 2H), 3.57-3.51 (m, 6H), 3.47 (t, J = 6.7 Hz, 2H),
3.39 (q, J=5.2 Hz, 2H), 3.02 (s, 1H), 2.80-1.80 (m, 10H), 1.82-1.76 (m, 2H), 1.65-1.59 (m, 2H),
1.48-1.44 (m, 2H), 1.41-1.36 (m, 2H). '*C NMR (125 MHz, CDCl;): § 160.6, 71.7, 70.8, 70.4,
69.3,55.2,45.4,40.8, 32.9, 30.0, 29.8, 27.0, 25.8. "B NMR (160 MHz, CDCl5): § -5.68, -7.46, -
10.9, -11.6, -13.3, -15.7; IR (NaCl disc): 2926, 2856, 2604, 1686, 1519, 1276, 1216, 1114, 760
cm’!; HRMS (ESI, positive) for C13H3.B190CINO;s (m/z): calculated 418.2927 (M+Na)*, found
418.2918.

Synthesis of 1-(2-(benzyloxy)-2-oxoethyl)-1,2-dicarba-closo-dodecaborane (12)

OBn
y, O

12
To a solution of o-carborane (757 mg, 5.25 mmol) in THF (20 mL), was added »-BuLi 1.6 M
solution in hexane (3.28 mL, 5.25 mmol) at -78 °C. After the resulting mixture was stirred at 0 °C
under argon atmosphere for 1 h, benzyl bromoacetate (784 uL, 5.0 mmol) was added. Then, the
resulting mixture was stirred at room temperature for 3 h. After that, the reaction mixture was
quenched with H,O. The mixture was extracted twice with ethyl acetate and the combined extracts
were washed with brine, dried over Na,SO,, filtered, and concentrated. The residue was purified
by column chromatography on silica gel (10% EtOAc in Hexane) afforded 12 as colorless oil
(691 mg, 2.36 mmol, 47%). '"H NMR (400 MHz, CDCls): 8 7.40-7.33 (m, 5H), 5.14 (s, 2H), 4.35
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(s, 1H), 3.27 (s, 2H), 3.00-1.60 (m, 10H); *C NMR (125 MHz, CDCl;): § 167.3, 134.6, 129.1,
128.1, 128.8, 67.9, 58.7, 41.7; "B NMR (160 MHz, CDCl5): § -2.05, -4.98, -9.23, -10.5, -12.0, -
12.8; IR (NaCl disc): 2592, 1739, 1178 cm'; HRMS (ESI, positive) for Ci11H20B1002 (m/z):
calculated 317.2305 (M+Na)", found 317.2307.

Synthesis of 1-(carboxymethyl)-1,2-dicarba-closo-dodecaborane (13)

OH
y O

13
To a solution of 12 (207 mg, 0.71 mmol) in MeOH (10 mL), was added Pd/C wetted with water
(34 mg). The resulting mixture was stirred at room temperature until the full conversion of a
starting material was observed. The reaction mixture was filtered on celite pad and concentrated.
The resulting mixture was dissolved with aq. NaHCO; and washed with hexane three times. After
the water layer was acidified with aq. HCI, extracted with EtOAc, dried over Na SO, filtered,
and concentrated afforded 13 (123 mg, 0.61 mmol, 86%). '"H NMR (400 MHz, CDsCN): & 8.93
(br, 1H), 4.64 (s, 1H), 3.28 (s, 2H), 3.10-1.40 (m, 10H). This spectrum is consistent with the

reported values.?!

Synthesis of N-(2-(2-((6-chlorohexyl)oxy)ethoxy)ethyl)-1,7-dicarba-closo-dodecaborane-1-

ORI
o o 4

To a solution of 13 (40 mg, 0.20 mmol) in CH,Cl, (1 mL), was slowly added excess amount of

acetamide (4)

oxalyl chloride. After the resulting mixture was stirred at 50 °C under argon atmosphere for 12 h,
the reaction mixture was concentrated under pressure. The crude materials were used to the next
reaction without further purification.

To a solution of HaloTag linker 8 (44 mg, 0.20 mmol) and triethylamine (400 uL) in CH,Cl; (1
mL) at 0 °C was slowly added the crude material in CH>Cl, (500 pL). After the resulting mixture
was stirred at 0 °C for 30 min, it was warmed up to room temperature and stirred for 1 h. The
reaction mixture was quenched with 1M aq. HCL. The mixture was extracted three times with
CH,Cl; and the combined extracts were dried over Na,SOy, filtered, and concentrated. Then, the
crude materials were purified by column chromatography on silica gel (70% EtOAc in Hexane)
afforded 4 as a white solid (50 mg, 0.12 mmol, 62%). m.p. 38-40 °C; "H NMR (400 MHz, CDCl;)
8 6.36 (bs, 1H), 4.60 (s, 1H), 3.64-3.62 (m, 2H), 3.59-3.52 (m, 6H), 3.48 (t, /= 6.7 Hz, 2H), 3.43
(q,J=5.2 Hz, 2H), 3.04 (s, 2H), 2.80-1.60 (m, 10H), 1.81-1.75 (m, 2H), 1.64-1.59 (m, 2H), 1.50-
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1.44 (m, 2H), 1.40-1.36 (m, 2H). *C NMR (125 MHz, CDCls): § 166.3, 71.4, 70.5, 70.1, 69.3,
69.2, 58.8,45.1,43.5,39.7, 32.6, 29.6, 26.8, 25.5. "B NMR (160 MHz, CDCl5): § -2.15, -5.17, -
9.53,-10.7, -11.8, -12.7; IR (NaCl disc): 2937, 2865, 2590, 1659, 1556, 1098 cm™'; HRMS (ESI,
positive) for C14H34B190CINOs (m/z): calculated 432.3084 (M+Na)*, found 432.3073.

Synthesis of 1-((2-(4-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)butanamido)ethyl)carbamoyl)-
1,7-dicarba-closo-dodecaborane (MIC)

(o] H 0
A~N
O\ (o]

m

Maleimide conjugated carborane
(MIC)

To a solution of 3 (270 mg, 1.43 mmol), HATU (815 mg, 214 mmol), and DIEA (369 mg, 2.86
mmol) in CH,Cl,, was added N-Boc-ethylenediamine (400 mg, 2.50 mmol) and stirred for 3 h at
room temperature. The mixture was washed with 1 M HCl aq., saturated NaHCOs aq., and Brine.
The organic layer was dried over MgSQs, and dried up under the reduced pressure. To a solution
of the resulting crude materials in CH,Cl, (1.0 mL), was added 4 M HCI in dioxane (4.0 mL) at
0 °C and the mixture was stirred at room temperature for 10 h. After removal of the solvent under
the reduced pressure, the residue was suspended in EtOAc and washed with saturated NaHCO;
aqg. and brine. The organic layer was dried over MgSQO,, the solvent was removed. The crude
materials were used to the next reaction without further purification.

To a solution of 4-maleimidobutyric acid (256 mg, 1.40 mmol), HATU (570 mg, 1.50 mmol), and
DIEA (387 mg, 3.00 mmol) in CH>Cl, was added the crude material in CH,Cl,, and stirred at
room temperature for 11 h. The resulting mixture was washed with 1 M HCI aq., saturated
NaHCO:s aq., and Brine. The organic layer was dried over MgSQOs, and dried up under the reduced
pressure. The crude materials were purified by column chromatography on silica gel (20% EtOAc
in Hexane) afforded MIC as a white solid (204 mg, 0.516 mmol, 36% 3 steps). m.p. 48-50 °C;'H
NMR (500 MHz; CDCls) 6 7.09 (s, 1H), 6.73 (s, 2H), 6.39 (s, 1H), 3.58 (t, /= 6.5 Hz, 2H), 3.33-
3.38 (m, 4H), 3.05 (s, 1H,), 2.17 (t, J = 7.0 Hz, 2H), 1.94 (quin, J = 6.5 Hz, 2H). *C NMR (125
MHz; CDCls) § 173.2, 171.0, 161.18, 134.2, 75.45, 42.10, 38.82, 36.93, 33.08, 24.60. ''B NMR
(160 MHz; CDCls) 6 -5.63, -7.46, -10.87, -11.57, -13.27, -15.73; IR (NaCl disc): 3343, 3062,
2939, 2604, 1706. HRMS (ESI, positive) for Ci3H2sB10N304 (m/z): calculated 420.2690 (M+Na)";
found 420.2688.
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Biology

Cell culture and materials.

Flp-In™ 293 cell line purchased from Invitrogen (California, USA) was incubated with DMEM
(high glucose) medium, supplemented with 10% fetal bovine serum and 1%
penicillin/streptomycin (Gibco; ThermoFisher Scientific, Waltham, MA). Cells were incubated in
a cell incubator with 5% CO, at 37 °C. HA-EGFP-HaloTag2 was a gift from Craig Crews
(Addgene plasmid # 41742; http://n2t.net/addgene:41742; RRID: Addgene 41742) from pHT2
vector (Promega). pOG44 Flp-Recombinase Expression Vector was purchased from Invitrogen.
Stable Flp-In™ 293 cells were raised by co-transfection of HA-EGFP—HaloTag2 plasmid and
pOG44 according to the manufacturer’s procedure. A clonal population of cells expressing HA-
EGFP-HaloTag2 was isolated using hygromycin. These cells were used for Immunoblotting and
Flow cytometry analysis study. LNCaP cell line, a human cell line derived from prostate
adenocarcinoma, was obtained by RIKEN BRC (Tsukuba, Japan), and cultivated under a
humidified 5% CO, atmosphere at 37 °C in RPMI1640 (Wako Pure Chemical Industries, Osaka,
Japan) supplemented with 10% (v/v) fetal bovine serum (FBS), penicillin (100 U mL™"), and
streptomycin (100 pg mL™1).

Immunoblotting for HA-EGFP-HaloTag2 degradation using HyTs.
The HA-EGFP-HaloTag2 expressing cells (2x10° cells per well of a 12-well plate) were

incubated for 24 h with or without drugs. The indicated cells were washed twice with cold PBS,
and the cells were lysed in 100 uL of lysis buffer (20 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1
mM EDTA, 1| mM EGTA, 1% Triton X-100) with protease inhibitor cocktail (Promega, Wisconsin,
USA). The lysates were cleared by centrifugation at 16,100 g for 5 min. The total protein
concentration was determined by BCA assay using Pierce™ BCA Protein Assay Kit (Thermo
Scientific, Massachusetts, USA). 50 ug of protein was lysed with a sample buffer (50 mM Tris,
pH 7.4, 4% sodium dodecyl sulfate [SDS], 10% glycerol, 4% 2-thioethanol, and 50 pg/mL of
bromophenol blue) and boiled for 5 min. The cell lysates were then subjected to SDS—
polyacrylamide gel electrophoresis (PAGE), transferred to a polyvinylidene difluoride (PVDF)
membrane (GE Healthcare Buckinghamshire, UK), and immunoblotted with anti-HA antibody
(BioLegend, California, USA), anti-tubulin antibody (Santa Cruz Biotechnology, Santa Cruz, CA,
USA), anti-B-actin antibody (Sigma-Aldrich, Missouri, USA), anti-BSA antibody (Bioss,
Massachusetts, USA), and anti-MIC antibody (prepared from SCRUM Inc. Japan). Following
overnight incubation at 4 °C with the primary antibodies, the membranes were further incubated
with a horseradish peroxidase (HRP)-conjugated secondary antibody at 4 °C for 1 h. The
membranes were then treated with ImmunoStar LD (Wako Chemical, Japan), and protein

expression was visualized with iBright™ CL1500 Imaging System (Invitrogen, California, USA).
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Preparation of BSA-MICs.?®

To a solution of BSA in PBS (pH = 7.4) solution (6.6 mg/mL) was added various concentration
of maleimide-conjugated MIC in DMSO (10 eq.) and incubated in an Eppendorf tube at 37 °C for
6 h. The reaction mixture was diluted with PBS (400 pL), ultrafiltered, and rediluted 3 times with
PBS, and then the mixture was diluted with PBS (200 pL). BSA-MIC solution was finally

obtained.

Flow cytometry analysis.

The HA-EGFP-HaloTag2 expressing cells (2x10° cells per well of a 12-well plate) were
incubated for 24 h with or without drugs, washed with PBS, trypsinized. These cells were
centrifugated and removed of the supernatant. The resulting cell precipitates were resuspended in
PBS and the intracellular EGFP level was measured by Cytomics FC500 (Beckman Coulter,

California)

DLS and zeta-potential.

The dynamic light scattering (DLS) and zeta potential analysis of BSA, MIC-BSA (3/1), and
MIC-BSA (10/1) was performed using Zetasizer Nano ZS (Malvern Panalytical) at 25 °C. The
concentration of each sample was prepared at 0.1 mg/mL. All measurements were performed in

triplicate.

FITC capping assay.”

To a solution of 0.1 mM BSA or BSA-MIC in PBS (20 uL) was added 0.2 pL of 100 mM FITC
in DMSO and incubated in an Eppendorf tube at 4 °C for 8 h in the dark. The reaction mixture
was diluted with PBS (100 pL), ultrafiltered, and rediluted 3 times with PBS, and then the mixture
was diluted with PBS (30 pL). After that, FITC modified BSA or BSA-MIC solution was lysed
with a sample buffer (50 mM Tris, pH 7.4, 4% sodium dodecyl sulfate [SDS], 10% glycerol, 4%
2-thioethanol, and 50 pg/mL of bromophenol blue) and boiled for 5 min. The resulting mixture
were then subjected to SDS-PAGE. The fluorescence of gels was detected with iBright™ CL1500
Imaging System (Invitrogen, California, USA).
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Circular dichroism (CD) spectra.

The solutions of BSA, MIC-BSA (3/1), and MIC-BSA (10/1) dissolved in PBS (0.1 mg/mL) were
prepared, and their CD spectra were recorded on a JASCO spectropolarimeter, model PS-450J
(JASCO, Tokyo, Japan). The spectra were scanned between 190 and 250 nm with 0.2-nm

resolution at a heating rate of 1.0°C/min.

Electroporation for a transduction of MIC-BSA.

LNCaP cells were incubated for 24 h under serum-reduced Opti-MEM (Gibco, Grand Island,
USA) to reduce the value of albumin in cells. Unmodified BSA, 3MIC-BSA, and 10MIC-BSA
(80 pg) were electroporated into the albumin-reduced LNCaP cells (2x10° cells/800 uL in Opti-
MEM) using the Super Electroporator NEPA 21 (NEPA GENE Co. Ltd., Chiba, Japan). The
electroporation was conducted under following conditions (condition 2, Table 3-2): (1) poring
pulse; pulse voltage, 150 V; pulse length, 10 ms; pulse interval, 50 ms; pulse number, 50; decay
rate, 20%; polarity, +; and (2) transfer pulse; pulse voltage, 20 V; pulse length, 50 ms; pulse
interval, 50 ms; pulse number, 20; decay rate, 30; polarity, +/-. The electroporated LNCaP cells
were washed with PBS twice. The cells were seeded on 6 well-plate dish (Iwaki, Japan) coated
with fibronectin (Sigma-Aldrich) and incubated for 6 and 9 h. For the inhibition measurement for
protease system, MG132 (Sigma-Aldrich) (20 uM) and HLI-373 (10 uM) were pretreated to
LNCaP cells for 30 min before the electroporation. After the electroporation in the same manner,
the electroporated LNCaP cells was incubated with MG132 and HLI-373 for 6 h.

To determine the electroporation condition, FITC-labeled BSA was electroporated into LNCaP
cells with following condition (Table 3-2). The electroporated LNCaP cells was collected by
trypsin treatment, stained with propidium iodide (PI) (3 uM). The fluorescence intensity of cells
was measured with flow cytometry (EC-800; Sony, Tokyo, Japan). On condition 2, the
electroporated LNCaP cells showed a higher fluorescence intensity for FITC-BSA and a lower
fluorescence intensity for PI. Hence, the electroporation for MIC-BSA into LNCaP cells was

performed by the condition 2.
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Immunoblotting for MIC-BSA intracellular degradation.

The electroporated LNCaP cells cultured on 6-well plate dish for prescribed time was washed
twice with PBS and lysed in RIPA buffer (Wako Chemical) containing protease inhibitors (Nacalai
Tesque) and phosphatase inhibitors (Nacalai Tesque). The lysate was clarified by centrifugation
at 12,000 rpm for 10 min at 4 °C and the supernatant was collected. The supernatant was mixed
with Laemmli buffer (BioRad) containing 10% 2-mercaptoethanol. SDS-PAGE was performed
on a 12% poly(acrylamide) gel for 50 min at 150 V. The separated proteins were then transferred
to a PVDF membrane (Bio-Rad, Hercules, CA, USA) using a Trans-Blot Turbo transfer system
(Bio-Rad). The membrane was blocked with TBS-T (20 mM Tris-HCI, 500 mM NacCl, 0.05%
Tween 20, pH 7.5) containing 5% skim milk for 60 min at room temperature. The membrane was
treated overnight with the following primary antibodies at 4 °C: mouse polyclonal anti-BSA
(1:1,000 dilution) (BSA-7G10; Abcam) and mouse polyclonal anti-B-actin (6D1; MBL) (1:1,000
dilution). Then, the membrane was treated with horseradish peroxidase (HRP)-conjugated goat
anti-mouse IgG (MBL) (1:10,000 dilution) for 60 min at room temperature, and was treated with
ImmunoStar Zeta (Wako Chemical) for 5 min. The chemiluminescence images were acquired on
an LuminoGraph [ (WSE-6100; ATTO). The band intensity of the captured images was measured

using ImagelJ software.
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N-(2-(2-((6-chlorohexyl)oxy)ethoxy)ethyl)-1,7-dicarba-closo-dodecaborane-1-carboxamide

(©))

'H NMR (400 MHz, CDCL;) (1)
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13C NMR (125 MHz, CDCL;) (1)
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1-(2-(benzyloxy)-2-oxoethyl)-1,2-dicarba-closo-dodecaborane (4)
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acetamide

N-(2-(2-((6-chlorohexyl)oxy)ethoxy)ethyl)-1,7-dicarba-closo-dodecaborane-1-

()

'H NMR (400 MHz, CDCL) (2)
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13C NMR (125 MHz, CDCL) (2)
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1-((2-(4-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)butanamido)ethyl)carbamoyl)-1,7-dicarba-
closo-dodecaborane (MIC)
"H NMR (400 MHz, CDCls)
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1'B NMR (160 MHz, CDCL3) (MIC)

1

B
N
BRR NPT
N7 o
H

\||

b

b\J - FX:‘CQS51;‘;~§3 s
T T T T T T T T T o li_]
80 60 40 20 0 -20 -40 -60 -80 ppm

13C NMR (125 MHz, CDCL3) (MIC)

JOL H it " 5 mm copB0 55
' O ot
H // e
© [¢]
\)
C/
H
l L 1B
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

139



o5 DU B
PRI A A — 0 T fam LTz
Gd A % T IV T EERDE RIS



&
=
1

4-1 IC®HIC

R FRVEFHEREE (BNCT) (X, AvFE ('B) BT L OIS TAEL D o
ki (He') Z MW THAMIR 2T 2 BURFRHER TH D | 2020 43 HIZHIOTAT
Ao = PNEFAREZZIT -2 THE 5 ONABREL L TERAIEREGEE->TND
L ZORISTRAET D o K- OFRFEDK) 10~14 uym TH Y . 23 AU 1 E O EE
IZVCHT 2 Z & h . BDAMBRRRICE Y RIbEMEEET 5 2 L T, [KIBEETERIN
72 DX AARIRDNATRE & 72 D, LT28 o TARIBIR Z I RANAT 9 7o 01d, AU R 2 F T
HIOERNIIAR LG ~OEREEZ a2 ha—)35 2 ENEETH S, BNCT HAN b
% B RINARIZFERGETH D720, ZDORNAG % IR ERINCHET 5 2 L1372
WINEECTH Y 2, @, R bter-xoIvyiar NEST 70— (PET) MO
Bk A 38T 22053, A% v MBS AT (PGAA) A VT 1B JRFEZ0° 1 2 i 4
LCAL D IR ERET 20OWT BN mnEE 725 4 LhrL, Zhbokik
TN T SRR R E A LB L L, B OEFKE CIIRIHTE v, 22T, EES
Wrikd L CROILS AVDLNTWS Gd &2 A A=Y ZAlE L TR LIRR IR A A
—2 7 (MRD IZ4&H L7257, MRIIFRES & B 2 RN OKRCAEN D554 %
Wrigmig & LT, IFRENICBIZET 2HITTH O . BIBROMERNE D 720 - o Hk i i &
ICFIHTE 2, E61T, YGd b B & [AERICHMETENFTRETH D . = OWrimfEIx
B D605 ThDHESD, ''BOKIETaf (REE9Inm=EEMIE) NELDHD
2Ly YGd ORESOG T, v B ORER 100 um=EEHAL) 2ET 5720, HHINE
FE L7 AHIIRZ 1 T < L DS AKRREZD ORI L THAEDTH Y | RIS
T 24—V 2 BRI LD RETRIEGREG O IFTED LWV o LR EREZ B D,
InNETICY=F LN T UHERE (DTPA) X 1,4,7,10-7 7 7% 7a RTH
»-1,4,7,10-7 ~ e (DOTA) *F L — MANZ Gd SR L7k & E VAR T o hiE
FE LT T OARPHE I TS 10 (Figure 4-1A), L2xL, 2D X 5 72 Gd $81K1%,
AEEL 7 pHT.4 DS TIR E & HICERRPEEN TON D tHES DA 1, LIZLIE
KNTO GE DI B ERMR S LD, GEITR 2T ERHEE (NSF) & Xidhd
VAR D Fz J& Db A 51 Z L Z L, FRCERERENME T LTV DG, FICEDL Y A7 O
WEIWERIZZ2 D Z 033> T D 128, —55 T, nido- IV T 3% < OEREE L
BERY Y KA v FRGER (X2 T ANKRT V) 2T 52 EnmMb TV (Figure
4-1B) ¥, ZZTARETIE, FUREEL Gd ITLDA A=V U T EFRFICER T 572
D, Gd-A X THNKRT o OEKEHIE L,
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N 0C—N N—

! AN NT=CO,

1 .CO, S 2%
....... [ b J 0

0. R N, H /lk/o
Q—:gg ‘\gzzﬂw 0,6=N \N—\n/N'(\/)\H
2 2 3
\_/ o
o-carborane Gd-DTPA complex o-carborane Gd-DOTAMA complex

@—> s

closo-carborane nido- carborane
metallacarborane

Figure4-1.A) ZHNE TSN TEILARURE T N =0 L& L7255 F ; B)
A BT ANKT » DERKIE

42 BERGA-AZTANKT L Di=dDY v Nikdt& Ak

IHETIC, Gd-AZ T IR T & LT[3,3-(THF)-3,3” -Gd(1,2-CoBoH 11 )] "D AR
B9 23Tk 1 BloAH D03, EORMEIIMEFHTEDHD L LTiEA+S T%ot”
FEGANRBTDHTUH A ROAXTANRT AT, — Ry T DB RI
Kﬁﬁf%éﬂ\ﬁﬁ“/5/Fﬂ@Ff—ﬁ%a@%@ﬁ%%ﬁﬁwT7/ﬁm%%
HNWDZ LT, ZORENZEBODLIENTELZ ERDroT S, ZO%E, R h—
HEOX L — MIREDPEBR SN DB I HED Z LI Lo TR ZEMEN TR LT
HTZ LD, IHIT, ZTbD R F—RKZALESREEORIZEDHZ LT, &V
BEMEPM ETHEEZEZOND, T, AZTHNVKRT AN T 2T NRTF
770 BN LTEGRAMAIZESE T8 2 OD= RINVKRT N2 207 I REE%
ate) U —TCHEHFEINIY T 1, 2 235 L7 (Figure 4-2),

sy

Ligand 1 (n =0)
2(n=1)

Figure 4-2. N — 528 AN L2 VAR T B+ O
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BWTU T F1, 2% Scheme4-1 IZE->THEK LTz, 9. WLRT =)V VR B
1-HOOC-1,2-C;BioH11 (3) & WV T =Ll 1-HOOCCH,-1,2-CoB1oHiy (4) % SCHRIZAE
WFFEL P20 T b ERNET A v ) RICER L%, NV ZF AT IVFEFT
FL YT v RIGEHE, LI -u«(CHNH(O)C-1,2-CoBigHn), (5) . 1,17-pu-
(CHoNH(O)CCH»-1,2-CoBioHir), (6) % ZAVE AV 48%, 84% TiH7-, m&IZ, (L&Y
565X ) — VT AT BT LEITT vibBY T ATUET S L 0- L
RT OB T FACEOGSHHEIT U, nido-71VRT G ) H o K1, 2 % 55-87%DIY
RTHT,

2+
(Me3NH),
1) PCl;, toluene -

HoOoC reflux . 0 NH4F EtOH, reflux H

N\/\N N\/\
2) HzN(CHz)zNHz H then (MegNH)CI
0 [o] P\
) H X2

Et;N, DCM, r.t.
3 " 5 (48% ° (87%)

ZT

A,
1) PCl;, benzene o 0% o o
reflux H CsF or NH4F
HOOC - N ~n - ~N
& 2) HyN(CH,),NH, | © H EtOH, reflux (S H
Et;N, DCM, r.t. 6 (84° ;
4 ? (84%) H o 2a: X = (MeNH); (57%)

b:X= Cs; (55%)
Scheme 4-1. FXEF L=V T 1, 2 DAL

¥, ALEW 5 OMEEIL, A X AMEERATIC X o CE L7z (Figure 4-3A), 2
DEEAAEMS X 1 BT OFH U L OBEEFMOTE (1:1) THREBLD R S L7z,
72 FEOFEAE (Canon-C(0) 1.527 B3 LWV 1.516 A ; C=0 1.231 B L' 1.23A ; C(O)-N
1332 B LN 1.337A) 1%, BEFID 0- VAR T =T 2 ROFEER LRRETH -7 12,
BRSNTZDTOar 743 A=y aryTEH BRI 1 57572 2 505
TRIKFEREA DRSNS — 5T (Figure 4-3C) . I FINAKZEMEITBE SN2 &
W% (Figure 4-3A), = Z THFHKBR-EVDIR SN D ATREMEZR~D 72D, &
TALFEE A AW T E OIS % fi{b L7 (Figure 4-3B), £ OF5R., TREED | 451N
KFEFEA (ddkcal/mol) #H L., fESBE L IZV LERLZa T3 A= a URTHIS
Nnic, E-fEfb L&, 1R 7 ko H3 & H4 ORIOFWEIJIMAEER (-
0.3kcal/mol) 2L > THHEEL TS, DX HMAEMERIL, MatEdEh CHER T
7z,
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Figure 4-3. A) b5 5 O HifE M X #iffiE ; B) &1b7F
& C) 5 Offh Xy ¥

43 Gd-AF FHNR T v DBEME L [GA(C:BsH)(DME)[ DEF Y > 7

Scheme 42 (2759 % 512, +BuOK fF{ET, 12-Y A4 h¥ x> (DME) HC, ik
WAL R = (GACl) & VUH VK1, 2b Z2F NS EZE A, HiT 5
BRI DN ST T, UH YK 2a ERUSSERL 25, RISRAWOE RS
Hr (ESI-MS) A7 hUiZiE, [GALy(DME)] $&(KIZxfIGT 5 650.8 D~ A F— 7 F
ADBMBI S L7, Lo L, Gd OBIUZIEIZ DME 23 FMFE(ET D LD 2 & id, YDk
ST VRS LRI 0T I WKEEA S B I3 o - 5T DME A TG = &
BEEWT D, ZOHEAS. IVRT VBN I THEEIVERE L TCWA L EL B, Mg g
SR Y v H—E. B ORI S L IR R EAL S EASEA o &
2

o. K
RN
GdClj;, t-BuOK HNAM

1,20 —N—> | B
DME, reflux HN )IACAL
WP

Av { S

\»
A
K

o
GdCl3, t-BuOK HN’U\/O
2a ———>»

DME, reflux HN\n/\o

Scheme 4-2. Gd- A Z# T J1 VIR T DA Rk
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% Z T [GA(C2BoH11)o(DME) [ $EKE T /L D & b5 R 217\, Gd OEANZE D 2 5
DA FHADME TED LN TWBEBAD. HART VRN FOLFE LB 2 FH27-

(Figure 4-4) % BERIOD d-BJED A X T HIVIRT T, EEEHE X OSFRAIZ B X
NIV R T VAL ADEE . 3 DOIRFEMBREE R — 2~ —RNFEL 25 JERRI
(ZEHE ST BLAL T DOE . 5 DOIEEM/R BVERNFEET D 22, —FHTUNRT
DI DY > THINLT SR TIL, FREZR B — X~ —DEBNIL DT Z N, ZiUE, 2250
FIVAR T RN DEFAC LV AU D BV ORI R ERR ST T, FL— M
S 17z DME Bf1- & ORI ERR O 2T 5720 ThHH EEZXDbILD, 2 DD
H VIR T AL T % DME BOAL It L CHRTMIC iz S ¥ 5 2 & T,
[GA(C2BoH 1 )2(DME)[ DH Y 5 ha—&~—%FIZE L, fix b ZERELE (Figure 4-4A) &
RLZEIRBLEE (Figure 4B) % 71k L7z, DME IZ#}$ 2 B VR T B F O [RERFEAM I 1%,
i cent(00)-Gd-Bio-cent(CC) Z W 7o (cent (FRHET 273t O H L ZEK L,
cent(O0)IZ DME D —ODOERFF DL, cent(CONIAIIVRT > D DD RIFEDH L
ERT), TNENDOINRT AZXK LT, ZOfEi%E DI & D2 LEHKRLE,

KbUIFELWEHRE SN —X~—TlL, HLRT VBN CH 7)Y DME E7
TR U C anti-DALEIZH Y (D =165 ,D,=163" ; Figure 4A). —F5. &biFE L
{lpva—H<—"7TlX, WHFDOH/NAKRT D CHEHN DME BAL 2% LT syn-OfLE
iZ®H % (D1=27" ,D,=9° ; Figure4-4B), O THISIN S Hr—F~—T%, D1, D2
DWTINH 125° ([TEVMLEICH D (Table 4-1), o —HF ~—DTF/LX— DI
ED2DOEIC—BELTEKFL TS DERELSTDHELERTD) Zenb, b
DEAIRTIE, BVR T UEANLT-H DME BN T & anti-ONLE 2 ifte 2 L A S L 7

277,

2 Dr. Sergey A. Anufriev, Dr. Kyrill Yu. Suponitsky, Dr. Oleg A. Filippov, Prof. Igor B. Sivaev
(A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences) & @

ERBFFEIC LD FEffi ST,
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The most favored rotamer The least favored rotamer
E = 0.0 kcal/mol, E = +13.4 kcal/mol,
D1 =165.2°, D2 =163.3°, D = 31.5 D1 =27.2°,D2=8.7°, D= 359

Figure 4-4. &L RIEIZ L > TP S 72[GA(C:BoH 1 )2(DME)| D 0 — & = — ;
A) ILEMIE, B) NEZEMKIE

Table 4-1. [Gd(C,BoH 1 )2(DME)| D 11— % = —(Z 31T 5 =R /LX— & T

rotamer 1 2 3 4 5 6 7 8 9

AE 13.4 5.8 3.0 6.4 53 0.0 3.1 7.4 3.1

D1 27.24 -14.25  -15.39 13.21 30.30 165.22 179.28 87.22 165.93
D2 8.69 125.28  -164.85 -127.32 15245 1633 -145.98 125.03 -125.14
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4-4 FL®

AETIL, RUEOEEL MRI A A —2 0 7 % [RIFEHIATEEIC T % BNCT 35D B %E
ZHELT, FP—EE2E8A LIRS VRN E2RE. A LTS, Gd A X T 7
VIR T U DERICHEER L7z (Figure 4-5), FR&7N 6, RERMEREHGL Z LI TE 22
Moo, BUNEEY N [GIL(DME)] $5ARICKTIET 5 650.8 D~ A F— 7 F /L
BN (ESI-MS) TRUHIS Lz, ZORRND, UWD Gd BT 2 & THIL T
T HIVR T VENL DT R REDZEM %, DME OBEZER TN EA L TND Z EIURE
Tz, & 2T, Bz 7285 KE T /L [GA(CoBoH )A(DME) Z 4218 L, & T RIC L Y,
Gd GEARZTHINKRT LV ODISESERaALy T A= a r OREMREZFM LT, FD
FER, OB ERa T A—a Tk, BVRT CBEANL O CH 275 DME Bz -1
IZH L Canti-lZE L TR, ANVKRT VRN T EREIRSE S & ROLEMEDNME T3
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Experimental Section

Synthesis

General Method

1-HOOC-1,2-C;B1oHi1 (1) and 1-HOOCCH,-1,2-C;B1oH1i (2) were prepared according to the
literature procedures.!>?° Diethyl ether, tetrahydrofuran, 1,2-dimethoxyethane, dichloromethane,
benzene and toluene were dried using standard procedures. All other chemical reagents were
purchased from Sigma Aldrich, Acros Organics and ABCR and used without purification. The
reaction progress was monitored by thin layer chromatography (Merck F254 silica gel on
aluminum plates) and visualized using 0.5% PdCl, in 1% HCI in ag. MeOH (1:10). Acros
Organics silica gel (0.060-0.200 mm) was used for column chromatography. The NMR spectra
at 400 MHz (1H), 128 MHz (11B) and 100 MHz (**C) were recorded with an Inova 400
spectrometer (Varian). The residual signal of the NMR solvent relative to MesSi was taken as the
internal reference for 'H- and *C-NMR spectra. "B-NMR spectra were referenced using
BF5-Et;O as external standard. High resolution mass spectra (HRMS) were measured on a
micrOTOF II instrument (Bruker) using electrospray ionization (ESI). The measurements were
done in a negative ion mode, mass range from m/z 50 to m/z 3000. Low resolution mass spectra
(MS) were measured on a 2010 EV Liquid Chromatograph-Mass Spectrometer (LC-MS)
instrument (Shimadzu) using electrospray ionization (ESI). The measurements were done in a

negative mode, mass range from m/z 200 to m/z 1000.

Synthesis of 1-C1(O)C-1,2-C,B1oHu (3)

Phosphorus pentachloride (13.50 g, 64.9 mmol) was slowly added to 1-HOOC-1,2-C,BoHi;i (1)
(11.70 g, 62.2 mmol) in 50 mL of toluene and the reaction mixture was stirred for 30 min. Then,
the toluene and phosphoryl chloride were removed by distillation at 110 °C. The crude product
was purified by vacuum distillation (5 mbar) to collect 1-C1(O)C- 1,2-C2B1oHi11 (3) (8.70 g, yield
68%, bp = 40 °C). 1-CI(0)C-1,2-C;B1oH; (3): '"H-NMR (400 MHz, CDCls): 4 4.13 (1H, br s,
CHcam), 3.4-1.4 (10H, br m, BHcys) ppm. '"B-NMR (128 MHz, CDCl3): 6 —1.4 (1B, d, J= 108
Hz),—2.1 (1B, d,J=133 Hz), —8.5 (2B, d, /=153 Hz), —11.5 (4B, d, /=187 Hz), —13.2 (2B, d,
J =191 Hz) ppm. IR (film): vmax 3074 (CHcaun), 2588 (BHcu), 1763 (CO) cm™!. The spectral

data match those described in the literature.'®
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Synthesis of 1,1’-(CH,NH(O)C-1,2-C;B1oH11):2 (5)

Under an argon atmosphere a mixture of ethylenediamine (0.10 mL, 1.5 mmol) and triethylamine
(0.42 mL, 3.0 mmol) in 10 mL of dichloromethane was added dropwise to 1-C1(O)C-1,2-C,B1oH1;
(3) (0.62 g, 3.0 mmol) in 10 mL of dichloromethane and reaction mixture was stirred for 60 min.
Thereafter, volatiles were removed under reduced pressure. The column chromatography on silica
using ethyl acetate as eluent gave pure pale-yellow solid of 5 (0.29 g, yield 48%). 'H-NMR (400
MHz, acetone-de): & 7.84 (2H, br s, NH), 4.88 (2H, br s, CHcu), 3.45 (4H, t (1:1:1), /= 2.7 Hz,
CH,), 3.2-1.4 (br m, BHcus) ppm. 'B-NMR (128 MHz, acetone-ds): 8 —3.9 (4B, d, J = 146 Hz),
-9.2 (4B, d, J = 150 Hz), —12.7 (8B, m), —13.6 (4B, d, J = 154 Hz) ppm. *C-NMR (100 MHz,
acetone-de): 8 160.3 (CO), 73.7 (CcarnCO), 59.2 (CcarsH), 41.0 (CHz) ppm. IR (film): vmax 3360
(NH), 3074 (CHcum), 2597 (BHcu), 1684 (CO) cm™. HRMS (ESI): found m/z 423.4043 [M
+Na]*, CsH2sB1sN2NaO, calculated for C CsHosB1sN2NaO, [M +Na]" = 423.4054.

Synthesis of 1-C1(O)CCH>-1,2-C;BioH11 (4) and 1,1’-(CH:NH(O)CCH2»-1,2-C>BoH11): (6)
Under an argon atmosphere phosphorus pentachloride (0.21 g, 1.0 mmol) was slowly added to 1-
HOOCCH:-1,2-C2B1oHi1 (0.20 g, 1.0 mmol) in 5 mL of toluene and reaction mixture was stirred
for 10 min. Then, the reaction mixture was heated under reflux for 1 h. Thereafter, the
dichloromethane and phosphoryl chloride were removed by distillation at 110 °C. The obtained 4
was used in the next step without further purification.

Under argon atmosphere mixture of ethylenediamine (0.03 mL, 0.5 mmol) and triethylamine
(0.14 mL, 1.0 mmol) in 10 mL of dichloromethane was added dropwise to 4 in 10 mL of
dichloromethane and reaction mixture was stirred for 60 min. Thereafter, volatiles were removed
under reduced pressure. The column chromatography on silica using a mixture of ethyl acetate
and hexane (1:1, v/v) as eluent gave pure white solid of 6 (0.18 g, yield 43%). '"H-NMR (400
MHz, acetone-de): & 7.75 (2H, br s, NH), 4.98 (2H, br s, CHcur), 3.32 (4H, t (1:1:1), F =2.7 Hz,
NCH»), 3.23 (4H, s, CH2), 3.1-1.3 (br, m, BHcus) ppm. 11B-NMR (128 MHz, acetone-ds): 6 —2.8
(2B, d, J =147 Hz), =5.6 (2B, d, J = 145 Hz), 9.7 (4B, d, J = 130 Hz), —10.6 (4B, d, /= 137
Hz), —11.7 (4B, d, J = 152 Hz), —13.0 (4B, d, J = 158 Hz) ppm. 3C-NMR (100 MHz, acetone-
de): 6 167.4 (CO), 71.6 (CcasCH2), 61.0 (CcarnH), 43.3 (NCH>), 39.7 (CH2) ppm. HRMS (ESI):
found m/z 429.4545 [M+H]", C10H33B20N>0,, calculated for CioH33B20N20> [M+H]"= 429.4549.
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Synthesis of (Me3;NH),[7,7°(8”)-(CH,NH(O)C)-7,8-C2B9oH11):] (1)

Ammoniumfluoride (0.86 g, 23.3mmol) was added to 1,1’-(CH,NH(O)C-1,2- C:BioHi1)2 (4)
(0.47 g, 1.2 mmol) in 30 mL of ethanol and the reaction mixture was heated under reflux until the
disappearance of starting material on TLC. Thereafter, volatiles were removed under reduced
pressure and to the residue water (10 mL) was added. The aqueous solution was filtered and added
to solution of (Me3;NH)CI (0.33 g, 3.5 mmol) in 5 mL of water to form precipitate. White solid
was filtered and dried over P,Os to give (MesNH),[7,7°(8”)-(CH,NH(O)C-7,8-C2BoH11)2] (1)
(0.51 g, yield 87%). '"H-NMR (400 MHz, acetone-de): 8 6.66 (2H, br s, NH), 3.18 (4H, s, CH?),
3.07 (18H, s, MesNH"), 2.39 (2H, br s, CHcar), 2.8-0.5 (br m, BHeas), —2.76 (2H, br q (1:1:1:1),
J =44 Hz, BHB) ppm. 'B- NMR (128 MHz, acetone-ds): § —9.5 (2B, d, J = 102 Hz), —10.2 (2B,
d,J=119 Hz), —14.4 (2B, d, J= 154 Hz),-17.3 (4B, d, J= 125 Hz), —20.9 (2B, d, J = 145 Hz),
-23.0 (2B, d, J = 150 Hz), —32.6 (2B, dd, J' = 132 Hz, J°= 44 Hz), —35.8 (2B, d, J = 139 Hz)
ppm. BC-NMR (100 MHz, acetone-de): 8 173.6 (CO), 59.7 (CcusCO), 45.7 (MesNH"), 41.5
(CcarsH), 40.3 (CH2) ppm. IR (film): vmax 3410 (NH), 3037 (CHcar), 2528 (BHcar), 1617 (CO)
cm ' HRMS (ESI): found m/z 380.4036 [M +H]~, CsH29B1sN20s, calculated for CsHxoB1sN>O»
[M+H] = 380.4024.

Synthesis of (Me3;NH);[7,7°(8’)-(CH.NH(O)CCH»-7,8-C2BoH11)2] (2a) and Cs;[7,7°(8)-
(CH:NH(O)CCH:-7,8-C,B9H11):] (2b)

(a) Ammonium fluoride (0.11 g, 3.0 mmol) was added to 1,1’-(CH,NH(O)C-1,2-C2BoH11)2 (7)
(0.09 g, 0.2 mmol) in 30 mL of ethanol and reaction mixture was heated under reflux until the
disappearance of starting material on TLC. Thereafter, volatiles were removed under reduced
pressure and to the residue water (5 mL) was added. The aquatic solution was filtered and added
to trimethylamine hydrochloride (0.10 g, 1.0 mmol) in 5 mL of water to form precipitate. White
solid was filtered and dried over P,Os to give (MesNH),[7,7°(8”)-(CH.NH(O)C-7,8-C2BoH 1):]
(22) (0.06 g, yield 57%). 'H-NMR (400 MHz, acetone-de): 8 7.15 (br s, NH), 3.36 (4H, m, NCH,),
3.20 (18H, s, MesNH"), 2.55 (2H, d, J = 15.0 Hz, CHH), 2.24 (2H, d, J = 15.0 Hz, CHH), 1.81
(2H, br's, CHcarp), —2.71 (2H, br q (1:1:1:1), J=42 Hz, BHB) ppm. 'B-NMR (128 MHz, acetone-
ds): 6—10.1 2B, d,J=133 Hz),—11.2 (2B, d, /=138 Hz), —13.7 (2B, d, /=170 Hz), —15.0 (2B,
d,J=135Hz),—19.4 (4B, d, J= 130 Hz), —21.0 2B, d, J = 156 Hz), —32.7 (2B, dd, J' = 128 Hz,
J =42 Hz), -36.6 (2B, d, J= 135 Hz) ppm.

(b) Cesiumfluoride (3.12 g, 20.5 mmol) was added to 1,1’-(CH.NH(O)CCHz-1,2-C2B1oH11)2 (7)
(1.47 g, 3.4 mmol) in 30 mL of ethanol and reaction mixture was heated under reflux for 48 h.
Thereafter, the reaction mixture was filtered, volatiles were removed under reduced pressure. The
column chromatography on silica using ethanol as eluent gave pure white solid of Cs»[7,7°(8)-
(CH2NH(O)CCH:-7,8-C2BoH11)2] (2b) (1.24 g, yield 55%). '"H-NMR (400 MHz, acetone-de): &
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7.40 (2H, br s, NH), 3.40 (4H, s, NCH>), 2.57 (2H, d, J = 14.9 Hz, CHH), 2.25 (2H, d, J = 14.9
Hz, CHH), 1.80 (2H, br s, CHcas), —2.79 (2H, br q (1:1:1:1), J = 54 Hz, BHB) ppm. "B-NMR
(128 MHz, acetone-ds): 6 —9.9 (2B, d, J= 137 Hz), —11.6 (2B, d, J= 151 Hz), —-13.8 (4B, d, J=
133 Hz), —20.4 (6B, d, J = 130 Hz), —32.5 (2B, d, J = 118 Hz), —36.5 (2B, d, J = 138 Hz) ppm.
HRMS (ESI): found m/z 203.7113 [M]*", C1oH32B1sN20», calculated for CioH3,B1sN>O> [M]* =
203.7133.

Single Crystal X-ray Diffraction Study

X-ray diffraction experiment for compound 4 was carried out using a SMART APEX2 CCD
diffractometer (Bruker) (A(Mo-Ka) = 0.71073 A, graphite monochromator, o-scans) at 120 K.
Collected data were processed by the SAINT and SADABS programs incorporated into the
APEX?2 program package. The structure was solved by the direct methods and re-fined by the
full-matrix least-squares procedure against £~ in anisotropic approximation. The refinement was
carried out with the SHELXTL program. Both solvate hexane molecules occupy special position
and are disordered over two positions. Occupancy ratios are 0.728(7):0.272(7) and
0.869(9):0.131(9). The CCDC number 2061631 contains crystallographic data for 4:
CsH2sB20N20,-CsHyy are triclinic, space group P-1: a = 9.6759(11) A, b = 10.3862(12) A, ¢ =
16.0979(17) A, a.= 105.859(3)°, o = 104.585(2)°, y = 90.158(3)>, V = 1501.63) A’, Z=1,M =
486.69, deryst = 1.076 g-cm . wR2 = 0.2388 calculated on Fy for all 7214 independent reflections
with 20 < 56.0°, (GOF = 1.049, R = 0.0763 calculated on Fu for 4938 reflections with I > 2o(I))

Quantum-Chemical Calculations

For geometry optimization of the [Gd(C2BoHi1)2(DME)]™ complex ORCA v4.2.0 was used.?®
ZORA Hamiltonian® was used for treating of relativistic effects, PBEO functional®® with
Grimme’s DFT-D3 correction®! and Becke—Johnson damping (D3BJ)*? was applied. Use of PBEO
functional was proved to be reliable for estimation of geometry and energy of different classes of
compounds.**3 The def2-TZVP for light (H, B, C, O) atoms, and scalar all-electron relativistic
TZVP basis set (SARC-ZORA- TZVP)* for Gd atom were used with the general-purpose
auxiliary basis set SARC/J. The RIJCOSX was used to improve the calculations efficiency. The
calculations were performed by using an unrestricted formalism (S = 7/2). Such computational
approach was shown to lead to a free energy difference of ca. 2-5 kcal/mol in comparison with
experiments’’ for lanthanide complexes. Calculated electron density of compound 4 was analyzed
with AIM theory using AIMAIl program. Energies of intramolecular noncovalent interactions
were estimated using correlation between energy of a contact and potential energy density at bond
crit- ical point (E = 1/2/(r))*® that is widely used for energetic analysis of noncovalent

interactions.®*!
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1-CI(O)CCH;-1,2-C:B1oHys (4) and 1,1’-(CH:NH(O)CCH;-1,2-C;B10H11):2 (6)
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FEAEMET 52 LR TE D, ZhEa KeyMMS (Matched Molecular Series) & FES, 72
B, MMS [ IHEEDN LT 2GR E E%RT 5,

3. KeyMMS & Values D7V v K= v 71l

2 TIH7- KeyMMS OIEENGZEND 7 T 7 A &, 1 TAERK LT Key ODHF 026
H U, HEhcI 25, £/, 2150 Key 5D Value | 29X CRUEHIZIFRTI Y »

R~y TEERT 5, B, BENT —FZ RXR—=ANIZEEN TV D~ AIEET — 4
Z A5y U CHDIAT,
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ZDXEDITARMS I SARM WO AT~ 21X, N—F ¥ L REEFLETH Y |
T A R=2CEHEEN TR W (EERHEGR S LTV RV LA TH H, & 51T SARM
% ~_—Z|Z LTz Free-Wilson E7 /L% ZHWT, EOEMEELE TRITLZ LN TE S,
FRE, 2O LI A TRNTL Y, in-house 72T — & _— AN B FHHLOTEMEAL AP 3 AL &
naTng o,

AREE T, SAR O KM /2 AT — 2 _X— 2T 5 ChEMBL" 7» 5 SARM & A RL L,
SAR % 8RN HNTT D Z & T, HT272 Activity cliff O PHICHIGHTE 52 E 2., ~
Ny 72X Zua7as7T7—E (MMP) -1 BHEHID Activity cliff 2 Tl L, FEBRAJIZH
FEL7-,

SEHBIAIRT — STy -
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Figure 5-1. SARM O/ T L2 Y X A

A TE DAL RS E DO FIIZ LV | IEMEE THIT 5 Rk, 1964 12 Free & Wilson (2L > T
BE N,
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5-2 ChEMBL 7 —# RX—Z[ZH-3< SARM DARK & Activity cliff o T

MMP /Z, a5 F—F 773V —D—>ThHV ., EEETOTEEEIZBWTHL
M7 E e e LT D 128 2 E T < O MMP BLERINTIN AR E LTHFZES N
TEN, WERO TR &S B 218 CTRERMERKSR (FDA) ITERIN
TWHDIE, R¥IHA 27V NKIOHRTHD Y, —HT, MOILEWH IR T AES
MBS 2 kG & L7588 2 FHERBRIC A - TV D 5, 29 LI Z &b HILTE, k&% 72 MMP-
1 B5EH] & %D SAR 7 —# 73 CAEMBL 7 — & X — X [TH R S 41T Y (ChREMBL332) ,
K23 NFrIRE7R 644 b5 A FIH L T SARM & ARk L7z,

Figure 5-2 27”9 X 912, SARM % Rk L Activity cliff O Pl 247 ->72, Z @ MMP-1
FHEAIE v F2rBIE, 2,697 fHD SARM 3G 6Tz, 2D 955, 6 UATOH T pKi OfE
2.0 UL EZALT BT ThbbR—OREKE L HRN AN 1 2R b
T TIEMENA R E KB LT D Activity cliff ZHitH L7=, SRIO%HE, (L& 1L 27D
BAGRDN, BEANOD MMP-1 FLEAID Activity cliff TH Y, 7x=/LikE MU 7140 A F
NIRICEH S S Z L TIEMENRIEICH EL TS Z &N 005, —5 T, B U
BRI DATT, N—=F v UbEME —2ELH =T 2 REBE L, 7k, Ak OEY |
IN—F ¥ AL B OTEMAEIL Free-willson ET VI L > CTPHIL-EZFIA L7, £D
FER ALEW 38 L 4 DTN, Hiiz 7z Activity cliff TS & THI L. F 7z Figure 2B O
HUTHE - TEE L. #9100 5 OTENER L3 RIAE L7z,

N—=F v UALEY) 4 OIEVEEIX, B2 D REH & EREZ O Ew 1 SR 5/
a2 HOMAEY 2 ITESWTTRISITEY, kO QSAR IETIX FHITE el ol
HLOThD, 5T, BERESH IR T 266 1 & 3 OIFHEEIL, 725 SAR
WFZEIC L0 S STV D720, SARM (T K D KK T — 2 X — 2 Ot A3 BEA 7]
RIZoToE Wz 5, FRIT ALEY 3 13, TACE  (tumor necrosis factor-o-converting enzyme)
PHEAIE L CHE SILTE Y . MMP-1 (233 2 IEEEIGEIUER T O —5 & L T
ENTWZ B ZD X HIT, KR T — & X—ZAOfTII#E b v 7 — % EIR & 16
T& %,

A .’@ *’CF3 )
pK;= 6.4 8.5
0, Ry ( o I9
. e oD [

i g % u o
644 MMP-1 inhibitors Wﬁ{u % »o—"m,
1 2

5.6
SAR matrixD&ER; (26971E)

B = b O O Ii

B

PKi (4) = pK; (3) + {PK; (2) - pK; (1)} = 5.6 + (8.5-6.4) = 7.7

Figure 5-2. MMP-1 [E#ID SARM 7> 5 Activity cliff z Tl
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5-3 THIL 7= Activity cliff (LA DE K & MMP-1 FLERE ML

72 Activity cliff 2 5- 2.5 & PRIL7ZALEW 3 L 4 G LT, S 61T, SR
B 7B W DEMEIC MIET B A TR D 7202, 3L 4DV T AT LA~ —ThHLEW
PP HLAM LT, EREREORELZIKRT 5720, 307 = = VI EKFERICE
LAk S8 L 4D N T F R AFAEE XA ZICEBR LAY 6 % X5tHRYL
e L TCER L7 (Scheme 5-1),

TATNT10 ZHEMEE L, THF HFO U F U LAY A Y a7 I K (LDA) T
B C, FZ AT LD a (BRI ATFAIELLET U AKEEANL, S5 T UL
TATNEFY VR L > TS 5 2 LT 3T 57 /07 B R11-14 25k LT=,
WIZTVTE R11-14 D p-7 T =2 AF IV AT I L BT 2 ke FhnickE<
77 buAkE | B, SRR ROFE T, YRy M TITW, T 5 y-7 7 # A 15-
18 % 29-49%DINEKT, 1:1 OV T AT LA~—lTH-, Y IATFXrVAhT L7~ b
7774 —CVT AT VA~—%5 L%, NH,OH & KOH # W Ty-7 7 % A 15-
18 /05 N-BE R 7 2 R 3-6 BLU3-4% 43-98%DILE THT-,

CHO R?

R2
2 2 o] 1 o 1
MeO,C R® abec Me0,C R d Me R Me R
- — > R N + Ry N Y
R' R'
o o

15 R'=Ph,R2=H,R®=0 156" R = Ph, R? = H, R® = OMe

7:R"=Ph R?=H 11:R'=Ph R?=H Me
! : - RT= 2 - 3= € a.Riz 2 - 3 = e
8 R'=CFy RZ=H 12 R = CFy R2= H 3:R'=Ph, R?=H, R®= NHOH < 3.R—Ph,R—H‘R—NHOH<_—|
"R1=R2= -R1=R2=
:6-RR1_=RH_R|:=C,:3 I F_QzH:CFa 16:R' = CF3, R = H, R® = OMe 16" R' = CF3, RZ= H, R® = OMe
’ ' ’ ' 4:R*=CF3,R2=H,R3=NH0H<_—|6 4':R‘=CF3,R2=H,R3=NHOH<_—|6

17: R'=R?=H, R®= OMe :|
5 R'=R2=H, R®= NHOH e

18: R" = H, R?= CF3, R®= OMe :_|
6:R1=H, R?= CF3, R3 = NHOH <] ©

Scheme 5-1. (LA 3-6 DAL ; SIS « (a) LDA, Mel, THF, -78 °C; (b) LDA, allyl
bromide, THF, -78 °C; (¢) O3, CHxCl,, PPh; -78 °C to r.t.; (d) p-alanine methyl ester, Zn, acetic
acid, reflux (15: 29%; 16: 47%; 17: 49%; 18: 29% yield for 4 steps; d.r. = 1:1); (¢) NH.OH,
MeOH (3: 72%; 3°: 98%:; 4: 90%; 4°: 72%; 5: 49%; 6: 43% yield).

T, AR LTALEY 3-6 D MMP-1 1Z%F3 2 FHETEME 4t a8 &5 K - THNE
L7z, ZD7 &A%, MMP-I Inhibitor Screening Assay Kit (ab139443) % F T30 L
7o MMP-1 OYIEFALNF A= ATV TCEBLINTNDL T AXTF K (Ac-PLG[2-
mercapto-4-methyl-pentanoyl]-LG-OC,Hs) Z3EFEE L LT, MMP-1 O a7 7 —EiE
PWAERET D, TANTTF R MMP-1 12 K > TR A ST 5 2 & THRT 5 AL
7 & R UL (SH %) 23, Ellman 343 (5-(3-Carboxy-4-nitrophenyl)disulfanyl-2-nitrobenzoic
acid: DTNB) DY ANV ¢ G EGBEL, ER LT 2-= ba-5-2 V0 7 N2 BERE

(TNB) DWW (A m=4120m) ZERLT 5,
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SEATRS B4 Table 5-1 1279, (a4 D ICsofE (0.18 + 0.03 pM) X, {LEW3 D
ICsofE (11.5 £ 1.3 uM) £V % 60 fFHK<, THIL 7 Activity cliff DB STV D Z
ENRER SN, —FH, VT AT LAY —TH 5 3IBLOLIE, 100uM TH MMP-1 |2
% U CHEFEEZ RS e ole, —H ALEWM 3 O 7 = = VA IKFITEBR L LAY
5 ORREEHITFFRRE (1.54 = 0.08uM) TH Y, iAW E L <ITBUKMEDO R B 54k
A3 OT7 =3IV Y T g a XAFOVEBREOFNEE LW EARENT,
Flo. AZMLUT MY 7 A v AFAVEERT /66 6 1. {bEW 3 & RIFRE OTE M

(11.1 = 0.5uM) Z/RL7=,

Table 5-1. 55% L7215 MMP-1 [HETEM:
L&Y ICso [uM]

m/k 3 11.5+13
%W 4 0.18 = 0.03
\(\b«/@ 5 1.54 +0.08
\(\&/@ 6 11.140.5
N‘O/LN 3 > 100
%W # > 100

[a] The compound concentration required for 50% inhibition (ICso) was determined from semi-

logarithmic dose-response plots, and the results represent the mean + standard deviation of

triplicated samples.
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54 Ty —~aTFxT I 4T 4 TITED Activity cliff DFFHT

REALEY 4 & MMP-1 M ORE S AEM 27T 272012, LA SC44463 &
MMP-1 ODEASROFE A (PDB: 1FBL) O 77—~ 7 4 7T VAR LY,
SC44463 1%, b RuXH AL G OXTF RRX—2DOAEHTH Y, MMP-1 DIE
PEERALOHEENA A2 & F L— MEAT D (Figure 5-3A), Z OfEgE N HKFER-ST
77 % — (HA), BUKMERL (Hy) . SRS AALERE (ZL) O3>0 7 7 —~a~”
+ 7 Z - (Figure 5-2B), MMP 7 7 I U —NTEWSIAN 2 5 SUAR T > RNODBIK
PEFREAEM & HignaF L — MREAEMERIZ. MMP FLEA OFEM: &BIRMEICRE < BRI 5
WEKRZ, ZOT7y—~a T TETMULEY 4 TEAGDEER. 4 DN T
WA RATNT = = VIS, SCA4463 DA VT F BT HHOKIED SUA S |
\ZELE &7z (Figure 5-2B), ZODETAEBETLH L, (bEW 3 OB T = = VT
BT ECSUART Yy MIlS W EE 2 b, F£72 Figure 5-3C IR T X H 12, L&Y
4%, MU 7oA m AFIUHEE MMP-1 @ ARG214 555 & ORC, ~ae U iic ks
FMHEERZERT S ARERD S, —FH, PTATLA—3BLO41E, WFhi3
BLU4 L0 HAEITED MMP-1 1Zx3 2 BEFTEME (ICs > 100 pM) Z/RL72, 2D
FERIT, y-T7 7 X LD HIVR =V LEUL64 785538 OV ALAL6S 780k & O /KFER A
B A8 LT, MMP-1 [HEEMICEHEERERHZ R L TWDL ZENbHBATED B,
AEET LTI, ALEW 4 D y-F 7 F 2k MMP-1 @O LEU181 38 L TN ALAL82 & DfEIC
KBREADEEEN TS Z EDUREB S0, BMIK 4 Tld 2 O KEH AR B
7o 7= (Figure 5-3C),

Figure 5-3. (A) SC44463 & MMP-1 Ofiift#%iE (PDB: 1FBL) ; (B) {L&# 4 & MMP-
|\ D77 —~=aT7xT 74T 4 7ETNE (C) ZDOMANERGNT
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AT, KB SAR DAT — X X—2T3H % ChEMBL 754372, SAR fF# %
HEFEODIZIRAT L. #7272 Activity cliff @ TId L OV O FZERMGEEZ 1T > 7= (Figure 5-
4), FEEHIBEID 644 O MMP-1 [HEAID D SARM % VT, Tl L7z Activity cliff ©
oo EW3 EN—F X LEW 4 & OFFEREZ G L MMP-1 BLEIEME A2 T ~72,
BB LIAbEm 4%, 7o 7L —MEEHDO 3 L0 b 60 5 b mWVIEMEZ R~ 2
ENDY . PRSI Activity cliff OFEFEIZKED LTz, & HICT 7 —~ 37 4 7 fiflT
TiX, LEW 4 DXTALDO N 7vA 1 AF L E MMP-1 O ARG214 L ORJIZTEE 72
MWEAERAR S D Z &, TV 7 EEREREN —E LT,

A OSERERE R IFEHR D QSAR TIXAAIHEZ: SARM OFMEEZRTHLOTHD |
SARM % H 7= SAR 7 — & OREFEMIMNTIC L o TEEF Lo "—F v Uk &z, 18l
B A<, BRI AZ V—=2 7 LT, TSIz Activity cliff & B-2UF 5 HiEIC
BeNio, LinL, AFEZEATHICE, 7T —FX—ANIIEHER KO SAR B35
FNTVWDILERS S, T72b5, SARM OITICxET 57T 7 A v sz it
Activity cliff O FHINKETH 5, Zix, ¥ 7 EMHEAAER k?ﬁﬁﬁﬁﬁ”%ﬁﬂ’]
KT DI ERZRET ABRICGRE L 25 LB 2 b s, FERRIZ, ChEMBL (ZUUEk S 4
TV % HDM2/p53 @ PPl HFEAINNG . FMEDT 70 —F T SARM ZARL L7 fE R,
Figure 5-4 FIZd X 912, MMP-1 @ SARM & el L TIT8 Db 72~ R U » 7 AR
RSNz, ZD X9 7RE, Activity cliff D TN TE 5 AREMITIRL 22D, TDT
. K0 SEREEREAET DA E AV SARMFET H20ERH DL EF XD,

SAR®D
BHF—HNR—2 ’,. N@
Mo’"r\ ,s

644 MMP-1 inhibitors

(ChEMBL322) a=s Zipa=ss)
mﬁ%‘ f“‘. Ho’
SAR matrixDER (2697E) Predlcted
[ e o[
e ARk &l
[:] E :] 3 New Activity CIiff 4
ICso=11.5+1.3uM s 0.18 £0.03 pM
E <13
LT
m i U]E3 5
(I N | i S ——

233 HDM2/p53 inhibitors
(ChEMBL5023) 4521@

Figure 5-4. KEDOF & 0 L&
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Experimental Section
Synthesis

General Method

Compounds 3 and 5 were known and synthesized according to the literature procedures.'® Purity
of the compounds tested for MMP-1 inhibitory assay was determined by HPLC analysis using
Inertsil ODS-3 5 pm (4.6x75 mm; GL Science) with a linear gradient of 0.1% formic acid in
water/0.1% formic acid in MeCN (100/0 to 0/100 for 10 min).

Synthesis of methyl (R)-2-((S)-3-methyl-2-0x0-3-(4-(trifluoromethyl)phenyl)pyrrolidin-1-
yl)propanoate (16) and methyl (R)-2-((R)-3-methyl-2-0x0-3-(4-(trifluoromethyl)phenyl)-
pyrrolidin-1-yl)propanoate (16°)

(0] (0]
Me CF; Me CF;
MeO N MeO N r
(o) (0]
16 16’

To a solution of methyl 2-(4-(trifluoromethyl)phenyl)acetate (8) (579 mg, 2.56 mmol) in THF
(7.5 mL), was slowly added LDA 1.0 M solution in hexane/THF (1 : 2) (3.30 mL, 3.30 mmol) at
-78 °C. After the resulting mixture was stirred at 0 °C under argon atmosphere for 1 h, Mel (319
uL, 5.12 mmol) was added. Then, the resulting mixture was stirred at room temperature for 1 h.
After that, the reaction mixture was concentrated under pressure. Brine was added to the mixture
and the product was extracted with ethyl acetate, dried over sodium sulfate, and concentrated
under vacuum. The crude product was used in the next step without further purification.

To a solution of the crude material in THF (7.5 mL), LDA 1.0 M solution in hexane/THF (1 : 2)
(3.30 mL, 3.30 mmol) at -78 °C was slowly added. After the mixture was stirred at 0 °C under
argon atmosphere for 1 h, allyl bromide (433 pL, 5.12 mmol) was added. The resulting mixture
was stirred at room temperature for 1 h and the reaction mixture was concentrated under the
reduced pressure. The reaction was quenched with brine and the mixture was extracted with
EtOAc, washed with hexane, dried over sodium sulfate, and concentrated under vacuum. The
crude product was used in the next step without further purification.

Ozone was pumped into a —78 °C solution of the above crude material in CH,Cl, (5 mL) until the
starting material disappeared, as monitored by TLC analysis. The mixture was purged with argon.
Triphenylphosphine (806 mg, 3.07 mmol) was added. After 1 h at room temperature, the mixture
was concentrated under vacuum. Purification by short column chromatography on silica gel (20%

EtOAc in Hexane) gave the crude product 12 which was used to the next step without further
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purification.

To a solution of the above product (12) and D-alanine methyl ester hydrochloride (275 mg, 1.97
mmol) in acetic acid (10.7 mL) was added portion-wise zinc powder (1.17 g, 17.9 mmol). The
mixture was heated to reflux for 12 h, and then cooled to room temperature. Following addition
of CH,Cl,, the mixture was filtered and the filter cake washed with methanol/ CH,Cl,. The filtrate
was concentrated at 45 °C in vacuo to remove acetic acid. The residue was treated with ethyl
acetate and filtered to remove insoluble materials. The filtrate was concentrated and purified by
column chromatography on silica gel (40% EtOAc in hexane) to afford 179 mg of fast eluting
isomer (16'), 135 mg of slow eluting isomer (16), and 80 mg of mixture containing a mixture of
both isomers (total 394 mg, 1.20 mmol, 47% yield for 4 steps) as a colorless oil.

16: '"H NMR (400 MHz; CDCl5): 8 7.60 (d, J = 8.8 Hz, 2H), 7.56 (J = 8.8 Hz, 2H), 4.97 (q, J =
7.5 Hz, 1H), 3.69 (s, 3H), 3.41 (q, /= 4.5 Hz, 2H), 2.48-2.41 (m, 1H), 2.23-2.16 (m, 1H), 1.58 (s,
3H), 1.48 (d, J = 7.2 Hz, 3H); *C NMR (125 MHz; CDCl;3): 6 177.3, 171.9, 147.9, 129.1 (q, J =
32.3 Hz), 126.7, 125.6 (q, J = 180.1 Hz), 125.5 (q, J = 3.6 Hz), 52.5, 49.8, 48.9, 40.6, 35.3, 24.5,
15.0; YF NMR (470 MHz, CDCl;): & 62.5; HRMS (ESI, positive) for CisHisFsNO; (m/z):
calculated 352.1131 (M+Na)*, found 352.1128.

16’: '"H NMR (400 MHz; CDCls): 8 7.59 (d, J = 8.5 Hz, 2H), 7.56 (d, J = 8.5 Hz, 2H), 4.93 (q, J
=17.5 Hz, 1H), 3.75 (s, 3H), 3.53-3.49 (m, 1H), 3.36-3.30 (m, 1H), 2.46-2.39 (m, 1H), 2.30-2.23
(m, 1H), 1.58 (s, 3H), 1.45 (d, J = 7.5 Hz, 3H); *C NMR (125 MHz; CDCl;): & 177.3, 171.9,
147.8, 129.0 (q, J = 14.9 Hz), 126.7, 125.5 (q, J = 3.6 Hz), 124.2 (q, J = 270.2 Hz), 52.4, 49.8,
48.9, 40.6, 35.3, 24.5, 14.9; F NMR (470 MHz, CDCl;): & 62.5; HRMS (ESI, positive) for
Ci6H1sF3NOs (m/z): calculated 352.1131 (M+Na)*, found 352.1145.

Synthesis of (R)-N-hydroxy-2-((S)-3-methyl-2-0x0-3-(4-(trifluoromethyl)phenyl)pyrrolidin-
1-yl)propanamide (4)

0
CF
/N N
HO
()

4

Hydroxylamine hydrochloride (234 mg, 34 mmol) in hot methanol (1.2 mL) was treated with a
solution of KOH (281 mg, 50 mmol) in methanol (700 puL). The mixture was cooled to room
temperature and the insoluble KCl was removed by filtration to yield a clear solution
(approximately 1.76 M of NH,OH). The freshly prepared hydroxylamine solution (371 pL, 0.655
mmol) was added to a solution of 16 (43 mg, 0.131 mmol) in methanol (500 puL). The reaction
mixture was stirred at room temperature for 25 min and then adjusted to pH 5-6 by addition of

1IN HCl while the flask was cooled on an ice-water bath. The precipitate was collected by filtration,

178



i
=
1

rinsed with methanol/water (2:1, 500 uL), water (500 uL), and dried under vacuum to give
amorphous compound 4 (39 mg, 90%). 'H NMR (500 MHz; CD;0D):  7.63 (d, J = 8.5 Hz, 2H),
7.59 (d, J= 8.5 Hz, 2H), 4.65 (q, J = 7.2 Hz, 1H), 3.61-3.52 (m, 2H), 2.43-2.39 (m, 1H), 2.25-
2.20 (m, 1H), 1.55 (s, 3H), 1.43 (d, J = 7.2 Hz, 3H); 3C NMR (125 MHz; CD;0D): & 179.3,
170.1, 149.6, 130.0 (q, J = 32.1 Hz), 128.2 (t, J = 14.4 Hz), 126.3 (q, /= 3.7 Hz), 125.7 (q, J =
269.4 Hz), 50.6, 50.0, 42.3, 36.8, 24.2, 15.2; ’F NMR (470 MHz, CD;0D): § 64.0; HRMS (ES],
negative) for CisHi7FsN2Os (m/z): calculated 329.1108 (M-H)", found 329.1109; HPLC purity
99.6%, retention time 7.36 min (MeCN+0.1% formic acid/H,O+0.1% formic acid, 0-10 min:
0:100 to 100:0).

Synthesis of (R)-/N-hydroxy-2-((R)-3-methyl-2-0x0-3-(4-(trifluoromethyl)phenyl)pyrrolidin-
1-yl)propanamide (4°)

o)
CF
/N N
HO
()

4
This compound was prepared from ester 16° (47 mg, 0.413 mmol) using the procedure described
for 4 in 72% yield as a white solid. m.p. 105-107 °C; '"H NMR (500 MHz; CD;0D): & 7.64 (d, J
= 8.5 Hz, 2H), 7.58 (d, J = 8.5 Hz, 2H), 4.63 (q, J = 7.2 Hz, 1H), 3.68-3.63 (m, 2H), 3.48-3.43
(m, 1H), 2.45-2.40 (m, 1H), 2.29-2.25 (m, 1H), 1.55 (s, 3H), 1.41 (d, J = 7.2 Hz, 3H); *C NMR
(125 MHz; CDs;0OD): 6 179.3, 170.1, 149.5, 130.0 (q, J = 32.3 Hz), 128.1, 126.4 (d, /= 3.8 Hz),
125.7 (q,J = 269.5 Hz), 50.6, 49.9, 42.3, 36.4, 24.2, 15.3; ’F NMR (470 MHz, CD;0D): & 64.0;
HRMS (ESI, negative) for CisHi7FsN2O3 (m/z): calculated 329.1108 (M-H)", found 329.1090;
HPLC purity 96.01%, retention time 7.52 min (MeCN+0.1% formic acid/H,0+0.1% formic acid,
0-10 min: 0:100 to 100:0).

Synthesis of methyl (R)-2-((S)-3-( [1,1'-biphenyl]-4-yl)-3-methyl-2-oxopyrrolidin-1-yl)-
propanoate (15) and methyl (R)-2-((R)-3-( [1,1'-biphenyl]-4-yl)-3-methyl-2-oxopyrrolidin-
1-yl)-propanoate (15°)

Tg Tg

This compound was prepared from ester methyl 2-([1,1'-biphenyl]-4-yl)acetate (7) (601 mg, 2.76

mmol) using the procedure described above for 16 and afforded 156 mg of fast eluting isomer
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(15%), 118 mg of slow eluting desired isomer (15) (total yield 274 mg, 0.812 mmol, 29% for 4
steps) as a colorless oil.

15: 'TH NMR (400 MHz; CDCls): & 7.58-7.55 (m, 4H), 7.49 (d, J = 6.8 Hz, 2H), 7.41 (d, J= 6.1
Hz, 2H), 7.31 (d, J= 6.1 Hz, 2H), 4.98 (q, /= 5.9 Hz, 1H), 3.67 (s, 3H), 3.42-3.35 (m, 2H), 2.50-
2.45 (m, 1H), 2.19-2.13 (m, 1H), 1.59 (s, 3H), 1.46 (d, J = 5.9 Hz, 3H); *C NMR (125 MHz;
CDCl): 6 177.8, 172.0, 142.7, 140.8, 139.5, 128.8, 127.2, 127.1, 127.0, 126.8, 52.2, 49.6, 48.6,
40.5,35.9, 24.6, 14.8; HRMS (ESI, positive) for C2;H23NO; (m/z): calculated 360.1570 (M+Na)*,
found 360.1572.

15’: 'TH NMR (400 MHz; CDCls): § 7.58-7.55 (m, 4H), 7.47 (d, J = 6.8 Hz, 2H), 7.42 (d, J = 6.1
Hz, 2H), 7.33 (d, J= 6.1 Hz, 2H), 4.97 (q, J = 6.0 Hz, 1H), 3.74 (s, 3H), 3.50-3.46 (m, 1H), 3.36-
3.31 (m, 1H), 2.49-2.44 (m, 1H), 2.27-2.21 (m, 1H), 1.60 (s, 3H), 1.45 (d, J = 6.0 Hz, 3H); 1*C
NMR (125 MHz; CDCls): 6 177.9, 172.1, 142.8, 140.9, 139.7, 128.8, 127.3, 127.1, 126.6, 52.4,
49.7, 48.6, 40.6, 35.5, 24.7, 15.0; HRMS (ESI, positive) for C;H23NOs (m/z): calculated
360.1570 (M+Na)*, found 360.1573.

Synthesis of (R)-2-((S)-3-([1,1'-biphenyl]-4-yl)-3-methyl-2-oxopyrrolidin-1-yl)- V-hydroxy-
propanamide (3)

H%No Me O

3

HO’

This compound was prepared from ester 15 (58 mg, 0.172 mmol) using the procedure described
above for compound 4 in 72% yield as a white solid: m.p. 160-162 °C; '"H NMR was the same as
reported'®; HRMS (ESI, negative) for CoHx»N>Os (m/z): calculated 337.1547 (M-H)", found
337.1547; HPLC purity 99.4%, retention time 7.96 min (MeCN+0.1% formic acid/H,O+0.1%
formic acid, 0-10 min: 0:100 to 100:0).).

Synthesis of (R)-2-((R)-3-([1,1'-biphenyl]-4-yl)-3-methyl-2-oxopyrrolidin-1-yl)-V-hydroxy-

propanamide (3°)

oo Cony

3!

HO’

This compound was prepared from ester 15° (46 mg, 0.136 mmol) using the procedure described
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above for compound 4 in 98% yield as a white solid: m.p. 137-138 °C; '"H NMR (500 MHz;
CD;OD): 8 7.59-7.57 (m, 4H), 7.43-7.39 (m, 4H), 7.31 (t, /= 7.4 Hz, 1H), 4.66 (q, J= 7.2 Hz,
1H), 3.65-3.60 (m, 1H), 3.44-3.35 (m, 1H), 2.45-2.40 (m, 1H), 2.22-2.17 (m, 1H), 1.54 (s, 3H),
1.39 (d, J = 7.2 Hz, 3H); *C NMR (125 MHz; CD;OD): § 180.0, 170.1, 143.9, 141.8, 141.0,
129.9, 128.4, 128.1, 127.8, 127.7, 50.3, 49.8, 42.3, 36.7, 24.4, 15.3; HRMS (ESI, negative) for
C20H2:N»03 (m/z): calculated 337.1547 (M-H)', found 337.1541; HPLC purity 99.20%, retention
time 7.91 min (MeCN+0.1% formic acid/H>O+0.1% formic acid, 0-10 min: 0:100 to 100:0)..

Synthesis of methyl (R)-2-((S)-3-methyl-2-oxo0-3-phenylpyrrolidin-1-yl)propanoate (17)

(0]
Me
o
(0]

17

This compound was prepared from ester methyl 2-phenylacetate (9) (561 uL, 4.00 mmol) using
the procedure described above for 16 and afforded 224 mg of fast eluting isomer, 98 mg of slow
eluting desired isomer (17), and 190 mg of mixture containing a mixture of both isomers (total
yield 512 mg, 1.96 mmol, 49% for 4 steps) as a colorless oil. 'H NMR (400 MHz; CDCl5): & 7.42
(d, J=17.2 Hz, 2H), 7.33 (d, J= 7.6 Hz, 2H), 7.23 (t, J = 7.2 Hz, 1H), 4.98 (q, J = 7.4 Hz, 1H),
3.68 (s, 3H), 3.37 (t, J= 6.7 Hz, 2H), 2.49-2.43 (m, 1H), 2.18-2.11 (m, 1H), 1.56 (s, 3H), 1.46 (d,
J=17.4 Hz, 3H); C NMR (125 MHz; CDCl5): § 177.9, 171.9, 143.7, 128.5, 126.8, 126.4, 52.3,
49.7, 48.9, 40.5, 36.1, 24.8, 14.9; HRMS (ESI, positive) for CisHioNOs (m/z): calculated
284.1257 (M+Na)", found 284.1259.

Synthesis of (R)-N-hydroxy-2-((S)-3-methyl-2-0x0-3-phenylpyrrolidin-1-yl)propanamide

)]

(o)

H Me
IN N
HO
(0]

5
This compound was prepared from ester 17 (65 mg, 0.249 mmol) using the procedure described
above for compound 4 in 49% yield as amorphous material. The structure was determined by
comparison with authentic samples prepared by the literature procedure;'® HPLC purity 96.1%,

retention time 6.17 min (MeCN+0.1% formic acid/H,0+0.1% formic acid, 0-10 min: 0:100 to
100:0).
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Synthesis of methyl (R)-2-((S)-3-methyl-2-0x0-3-(3-(trifluoromethyl)phenyl)pyrrolidin-1-
yl)propanoate (18)

CF;
(o)
Me
MeoTé\N
(0]
18

This compound was prepared from methyl 2-(3-(trifluoromethyl)phenyl)acetate (10) (898 mg,
4.12 mmol) using the procedure described above for 16 afforded 21 mg of fast eluting isomer, 96
mg of slow eluting desired isomer (18), and 278 mg of mixture containing a mixture of both
isomers (total yield 396 mg, 1.12 mmol, 29% for 4 steps) as a colorless oil. 'H NMR (400 MHz;
CDCl): 6 7.67-7.64 (m, 2H), 7.50-7.46 (m, 2H), 4.98 (q, /= 7.4 Hz, 1H), 3.67 (s, 3H), 3.40-3.35
(m, 2H), 2.48-2.42 (m, 1H), 2.24-2.17 (m, 1H), 1.58 (s, 3H), 1.48 (d, J = 7.4 Hz, 3H); *C NMR
(125 MHz; CDCl3): 6 177.1, 171.7, 144.7, 130.7 (q, J = 31.8 Hz), 130.0, 128.9, 123.7 (q, /= 3.8
Hz), 123.6 (q, J = 3.8 Hz), 124.2 (q, J = 270.8 Hz), 52.3, 49.6, 48.8, 40.4, 35.7, 24.7, 14.7; "F
NMR (470 MHz, CDCl3): 6 62.4; HRMS (ESI, positive) for CisHisFsNOs (m/z): calculated
352.1131 (M+Na)*, found 352.1135.

Synthesis of (R)-N-hydroxy-2-((S)-3-methyl-2-0x0-3-(3-(trifluoromethyl)phenyl)pyrrolidin-
1-yl)propanamide (6)

(o)
H Me
N N
HO
(0]

6

CF;

This compound was prepared from ester 18 (67 mg, 0.204 mmol) using the procedure described
above for compound 4 in 43% yield as amorphous material. 'H NMR (500 MHz; CD;OD): & 7.74
(s, 1H), 7.66 (d, J=7.2 Hz, 1H), 7.56-7.51 (m, 2H), 4.64 (q, J= 7.2 Hz, 1H), 3.62-3.53 (m, 2H),
2.44-2.39 (m, 1H), 2.27-2.12 (m, 1H), 1.55 (s, 3H), 1.43 (d, J= 7.2 Hz, 3H); *C NMR (125 MHz;
CD;0OD): 6 179.3, 170.0, 146.5, 131.7 (9, J=31.0 Hz), 131.4, 130.3, 124.6 (q, /= 3.8 Hz), 124.1
(q, J = 3.8 Hz), 124.2 (q, J = 272.6 Hz), 50.3, 50.0, 42.3, 40.4, 36.6, 24.3, 15.2; ’F NMR (470
MHz, CDs;0D): 6 64.0; HRMS (ESI, negative) for CisH;7F3N2O3 (m/z): calculated 329.1108 (M-
H), found 329.1117 ; HPLC purity 95.5%, retention time 7.91 min (MeCN+0.1% formic
acid/H,0+0.1% formic acid, 0-10 min: 0:100 to 100:0).
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Biology

Evaluation of MMP-1 inhibitory activity

MMP-1 inhibitory assay was performed using the assay kit according to the manufacturer’s
protocol. A 96-well clear microplate (1/2 volume), 30.6 U/uL of MMP-1 enzyme, MMP-1
inhibitor (1.3 mM NNGH in DMSO), MMP-1 substrate (25 mM in DMSO), and colorimetric
assay buffer were contained in MMP1 Inhibitor Screening Assay Kit (ab139443, abcam). The
MMP-1 substrate and an MMP-1 inhibitor were thawed at room temperature. The MMP-1
inhibitor was diluted at 1/200 in assay buffer and brought to 37 °C. Also, the MMP-1 substrate
was diluted at 1/200 in assay buffer and brought to 37 °C. The MMP-1 enzyme was diluted at
1/25 in assay buffer and warmed up to 37 °C as soon as the assay was started. After the assay
buffer was pipetted appropriately into each well, 20 puL of the prepared MMP-1 enzyme solution
was added to the control, MMP-1 inhibitor, and test compound wells. While 20 uL of the prepared
MMP-1 inhibitor solution was only added to the MMP-1 inhibitor wells, the desired volume of
test inhibitor was added to test compound wells. The microplate was incubated for 30 min at 37 °C.
The 10 uL 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 A412nm using a microplate reader every

1 minute, and data analysis was performed.

Modeling

Pharmacophore fitting

To predict binding interaction between compounds and MMP-1, a pharmacophore model was
constructed from the crystal structure of SC44463/MMP-1 (PDB: 1FBL) using LigandScout 4.4
(InteLigand GmbH). Then, three pharmacophore features of SC44463 were used including a
hydrogen bond acceptor (HA), hydrophobic (Hy) moity, and zinc binding location feature (ZL).
For pharmacophore evaluation, the scoring function was set to ‘Relative Pharmacophore-Fit’. For
alll other parameters, default values were used. Compounds were fitted to the SC44463

pharmacophore model followed by interaction energy minimization with MMP-1.

183



ppm

g

N
(=}
[

J

=]
-

-Y

N
(=3
-

o

-7

-

J.LUL

10
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(R)-2-((R)-3-(|1,1'-Biphenyl]-4-yl)-3-methyl-2-oxopyrrolidin-1-yl)-N-hydroxypropanamide
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(R)-N-Hydroxy-2-((S)-3-methyl-2-0x0-3-(4-(trifluoromethyl)phenyl)pyrrolidin-1-

'H NMR (CD;OD, 500 MHz)
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(R)-N-Hydroxy-2-((R)-3-methyl-2-0x0-3-(4-(trifluoromethyl)phenyl)pyrrolidin-1-

yl)propanamide (4°)
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(R)-N-Hydroxy-2-((S)-3-methyl-2-0x0-3-phenylpyrrolidin-1-yl)propanamide (5)

'H NMR (CD;OD, 500 MHz)
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(R)-N-Hydroxy-2-((S)-3-methyl-2-0x0-3-(3-(trifluoromethyl)phenyl)pyrrolidin-1-

'H NMR (CD;OD, 500 MHz)

yl)propanamide (6)
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19F NMR (CDsOD, 470 MHz)
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Methyl (R)-2-((S)-3-([1,1'-biphenyl]-4-yl)-3-methyl-2-oxopyrrolidin-1-yl)propanoate (15)
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13C NMR (CDCl, 125 MHz)
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13C NMR (CDCl, 125 MHz)
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'H NMR (CDCl;, 400 MHz)
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13C NMR (CDCl, 125 MHz)
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Methyl (R)-2-((R)-3-methyl-2-0x0-3-(4-(trifluoromethyl)phenyl)pyrrolidin-1-yl)propanoate
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19F NMR (CDCls, 470 MHz)
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13C NMR (CDCl, 125 MHz)
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2-((S)-3-methyl-2-0x0-3-(3-(trifluoromethyl)phenyl)pyrrolidin-1-yl)propanoate
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13C NMR (CDCl, 125 MHz)
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Purity analysis of tested compounds by HPLC
(R)-2-((S)-3-(|1,1'-Biphenyl]-4-yl)-3-methyl-2-oxopyrrolidin-1-yl)-V-hydroxypropanamide
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3

2800000

22000000

Intensity [pV]

1000000

0 I\

T T T T
0.0 2.0 4.0 6.0 8.0

T T T T d
10.0 12,0 14.0 16.0 18.0 20.0
Retention Time [min]

(R)-N-Hydroxy-2-((S)-3-methyl-2-0x0-3-(4-(trifluoromethyl)phenyl)pyrrolidin-1-
yl)propanamide (4)

939 2-CHS| |
220000

200000

100000

Intensity (V)

T T T T
0.0 20 4.0 6.0 8.0 ¥ 12.0 14.0 16.0
Retention Time [min]

199



i
=
1

(R)-N-Hydroxy-2-((R)-3-methyl-2-0x0-3-(4-(trifluoromethyl)phenyl)pyrrolidin-1-
yl)propanamide (4°)
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B 1-2-2 TR X912, BUFEAGR STV D ERGO S TIARITER £ 72137
@%@%®ﬂk%ﬁ%£@f“él =Y %iﬁf%%btiOL\WI®i9@ﬁ
BUAISEIERIC R D PEAI A B FHT D 72012l MRERY7e SAR f#fT 2 AlRE & 972 =k
TR NREROBRENLEEN D, _hif’$@ T ORLEIZ X - 7 MRS & L,
RIKD D HRDOSLER) 2 BFE R 2R T 28500 23, 55— 1-2-3 T L7ci—oG
R & 24 72 R ¥ & G B3 5 Diversity-Oriented Synthesis (DOS) +¢. 431 DAL
BYEZRTRT A= FEOEMEE TRER SN D NN—FT ¥ VT4 77 U ORE /o &
MHE SN TND, LL, 26 ORI TGS DS I AR REE TS| &k
#%AT%%%%@ﬁ@;iwﬁﬁ%ﬁSAR%%%%T%&WOR&Lﬂ%éoém
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INETHNRT A%, HE, FEEmOMRO L ST, FRCZEOBKMED S SICHEH
LT TN TE T, L LR b, FETOMELEL T, VR T o8
REENIT 2 2 & CEBIERLE ORE 2N TH D Z LITb ROV, EEE,
ZOEHILHEENL, T Ra U F KT 2 RFERS manassantin A 755 KZ 350
THHRTEH Y, ZDZ b, Figure6-1 ITRT LI, [HIART U ERERKE L
T, O 12 THENSEEDOMEIC 3 SOEHIEEZEATHIE, 20710 % 22 I 85
TEXD| B2, FIANVRT O 12 THREHERT 5 REFFRT & A YR FI3MHEA
[CHERIR DR SOOI, AR 3BEBRANRT V2GR THIENTESL 0, Ln
L, EEICINETHEIN TS 3EH I VAT OEITIR B4 20 Wb 3R
mfERI LB OB EZ BRIV E LTV, KRETIE, o-WVAR T b EKT &L m-
HIVRT I ERRILE IV, p-HVRT U NSEREV D532 — 03 BH#I VR T
vEAR L, E DB OEYIEVERIGZ1T 5 2 & T, M7 72 SAR fiiT 2 E8L4 2,
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WIT, S RE = OEEERICFHIHT 2RIGE LT, ESNTWDHILRT VDK
e, KU EBEEOE WG DO AR L7 (Scheme 6-1),
O ANRT T =F Tkl LT REEHEOS 3 IAVRT OIS E L TReb — X
LN D IS TH D, HIVRT O C-H OBEREEES pKa (o-1K : 23, m-fK : 28, p-
& :30) 1%, n-BuLi ® pKa (35) (ZHA_TEW =8, n-BuLi F7E F CESIIH T v kv
fbL. Z(bRBFELNRTHFLLAT LT R EOREBETHIE Kn S5 LT, CEf
TIVIRT U RFFHID Y,
@ FURONERRN 2D RS ; DVRT BREOE R T RBE OB TBERN
HpH &R LT MERIRN 2 3 URIEPITA D, IRBIRF DR bEEL A Y
FIRFDOBEBFEENEL ., o-IKTHIIE 9,12 7, m-IKTHIIE 9,10 L, p-IKTHIIE 2
MOFRTRFRFNIURELEND D, F7-3 VEOYEORAEL L2 52 LT, —&
BafRk & TEBURE TN EIRIRIICE S Z LN TE D 2, oKD 3D FR 7 R T-I12B
LTI, nido-INVR T &kl L7 3 URIERARETH D, 3NMDOF UV RFEFIT, &b
BFREDMENTZD | 7 oAb A KB A A T K0 BIRANITL AR 7 BSOS
DETT 5, #i<, n-BuLi iC X 7w hAkic k), T =F 24k, FJ 3
bR Ty Bh) 2GS ED L 3AT T UENEANIILIZ 0- VIR T VDA RN AT
BETH D 2,
@ FATEHINVRT AT DAy TV TG ; AL AVRT L, 3T U —
NIEED XD BRBUSHEZE R T ZERMLNTEY, 7 =y — i3k AV H-E2-
Cortiu 7 B AH v T Y72 RUTNF B EEEFKIE 7 0 A0 ) 7 3,
=V & DI EAR-Heck S ICE D, B-CREZEEKRTHZENTED,
@ Btz R Ule 4 AR T L U ROS ; O~@ TR~ 72 fUiiE, 2010 4LART )
BAEIDAIVTUWZA, 2016 12 Xie HIZ X - T, X UH T 4 L8R B-N¥,  B-C* i
BORRSIERNHE SN, 2SI, 1M ORER I3 L THAR 2R A &
ELTHATHZ L TP A 4 LD D RIF I S, ATESRRT 7 B-H G
fbEFEBL, ZENENANY T UL RAN—= T4 7OT I JERBWET v 7Y 7% in
situ TITH Z & TER IS,
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B, = AT 123- M) T VR ERIR Uz, Wb EREL S TICENT 5 ERE
EThHO, 7I FESLZ AT AVREIL, KE/EEEKT D2 LT L E L DOHAELE
MzERD DT TR ALEWOBUKEOM EIZb %575, 1,23- 8 7 — L33
BRI TOMBTE— AL EPRRENZ ENDS, T I FELFE U X 5 ITKER-S Z AL
THEREE LTHWSLND 2, 727211, o- /WA T EKICEREY X FEEZEAT
L e, EOBEBFWHIMEDREIC L DMA T FLISDETT 5720 (LEWOLEMED
BEDLS 0-INVRT o ~OT I REEOE A TTEET 72 303
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6-2-1 o-INRTZ U ERAWVEERKRT & I OERK

T8 1 (1,2,3-trisubstituted-o- 1 VAR 7 ) DG RE%E Scheme 6-2 127”9, £, o-H /b
AT D 3INMOBRM I UFLL 2, HFoi/z B3-3 Vb VR 7 & TMS 7&F L
vEREM-ER-Corriu 72 AN vV T EORISESED &L IR 70%TT ¥ 3
DL, TAX 3D Cl % n-Buli TUFAHELLEH, XTHLLAT AT E R
Nz, f$6lce Rrx iK% tert-butyldimethylsilyl (TBS)Z: TR L7, C2 fiZlzD
WTHFEIERICE R AFAEEZEATHZ LT, 7Aha— A s B GLNT, RED
VO LEANTTAa—L 5D ) AFLL UL (TMS) EZ2RETsL, £/ 70z
—L 6 LTT T T DIREMNZENEI 5T% & 40% DIHETH LT, R, ¥
T a—L 7 ORI X ST IC X o TIvES T, B/ TV a—L 6 EH T ==
NTEvFNLr7al) RCZAT T DHE, ATV 8 D 81%DINERTH LI, D
#%.TBS ExfrEL o7 ra—niEAf Y L vral) RCo AT /UbT 5 &,
90% D 2 BMEIERTT L% 9 RGO, WZIC, TAF 9% Cul LT AaLe
e NV T ADFETFT TR ULT Y RERIEA Y 7F AT P K E Hiisgen RGN
JEEATVN, 3EHA VAT U da & Ib ZE T 45% & 88% DI TIF=, —J7, U7
A= TD2ODE FaFx e F—OEHEL T AT /T2 E, T/4F 2 10a &
10b NZINEI 2% & T4% DL TH LT, L EFERIZ, T/AF 2 10 1Zx L TRY
UNT Y RERIEA Y TF AT Y REO Hiisgen BRALA IS ZITH &L 8~T72%D UYL
HCHNRT I RGO, ZDOX DI, B 1O 3BT VAT o DE R K
L7z,

™S 1) n-BuLi, (CHO), ™3
1 n-BuLli, E,0, rt. TMSC,MgBr, \\ THF, -78°C to 0 °C \\
KF, EtOH, reflux K+  then,Bl;, ! Pd(PPh;),Cl, 2) TBSOTY,
then, HCI, Me;NHCI toluene, r.t. 7 THF, 80 °C > 2,6-lutidine, r.t. TBSO ~
—_— —> —_ —_—
B8 1 87% o 70% o 20%, 2 steps

o-carborane

n-Buli, (CHO),, THF \\
-78°Cto 0°C K,CO;, MeOH, rt.
o 1880 203, Me TBSO =
2% HO Hovo v . v é
6 (57%) 7 (40%) Xray of Scaffold I

(1,2,3)

R1
1) HCl-dioxane, CH,Cl,, r.t. BnNj; or ‘BuN3, Cul, ‘N’N“
BnCOCH, EtN, 2) 'BUCOCI, Et;N, Na-ascorbate, N
CH,Cly, rt. DMF/H,0, rt. -
6 CHCly, rt. 8BS0 _ Rt iBuoco _ A iBuoco
1% BnOCO._ - zmps BnOCO._. BnoCO._ ¢

Ia: R" = Bn (45%)
Ib: R' = Bu (88%)

BnN; or '‘BuNj3, Cul, ‘N-N,

Bn(orBu)COCI, Et,N, 1\ Na-ascorbate, \“N Ic: R? = Bn, R® = Bn (8%)
CH,Cly, rt. R20CO 7 DMF/H,0, r.t. 2 A o
7 — O, — s R0CO Id: R? = Bn, R® = 'Bu (10%)
R0CO_ o R?0CO._. Te: R2 = Bu, R® = Bn (72%)

- R2 = f 3 = if o
10a: R2 = Bn (72%) If: R2 = ‘Bu, R® = 'Bu (34%)

b: R? = 'Bu (74%)

Scheme 6-2. 1,2,3-trisubstituted o-carborane (F# 1) DOHE L
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fEV VT, Scheme 6-3 1Z/R T K 912, BHS 1T (1,2,4-trisubstituted-o- 7 /LR T >) DE AL
ZiTo0z, £, 720X L p- A FF IRV (PMB) =—F5 0 (11) TR
N LT, Z7aaRX B U NN-UAF LT =) U OFLE RIS, A4 7 v (MW)
ERST 58T 1 EB -V ART 212 IR 79% T2 2, RIZ, Xie b O#HAEIC
eV n-BuLi & “RILIRFEZFHWTHILR T 212 O C2 ML VAR VEERERAL &2 38 A L,
ZOANVKR B ERREE UTHIA L, BANARIRIZT v xF = kL, (ka6 13 %
2 BYPEC 31%DIN R TE7- 2, Scheme 6-1 T/x L7Z[RERD TR TILAW 13 D C2 Ll
R AFNVEEEANLTE, TAFUENMNO U A Y ey (TIPS) %
brEL. (LAY 14 % 2 BefE T 80% DU T, (L& 14 O PMB 52 FRET D &,
VA= 18 BE LIV, X BHERERNTIC L W EESRE S, £, kA 14 O R
DX A TBS CHREL-Z. KEOTAX I Rax T AF AP EAT AT L
TiLEW 16 RS LT, ﬂ:é}% 16 Db Fr XTI, = AT AFEEEZMLTICE-
TBn A (17a, I 83%) F72iEL Butk (17b, quant) ZEALZ, fW\TLEW 17
D PMB }A 23-70056-Uv 7T ) p-_Y ) (DDQ) AWV GRIRICERE
L. Z7==AT7%kFnrrznal) R4 /A LUz al Rz 27Ukt 5 L e
¥)18a-d ’MF SN T-, HHBIZTBS KAEFRE L%, =AT /L 18 D C2 {72 Bn J & Bu
HAEEALT, 3EMBIILAET LV a-d % 43-89%DIETHEZ, X612, k&M 1T %
UAFH U, BB TCOELL, BoNmUA— L 1912 Bn EB LN Bu EAEAL T,
{tE%) Te-h % I3 23-88% T157-,

1) n-BuLi, CO,, E,0, ~78 °C to r.t.
BoHua, 2) TIPSC=CH, Pd(OAc),, 1ps 1) n-BuLl, (CHOn,

rOH
N,N-dimethylaniline, oL AgOAc, K;HPO,, THF, -78 °C to 0 °C o &
\/ PhCl, 130 °C, MW PMBO toluene, 80 °C PMBO 2) TBAF, THF, 0 °C PMBO
PMBO. 4>
Big Tethzeers Taonzsteps
14

1 1
1) TBSOTY, 2,6-lutidine,
CH,Cl;, 0°Ctort. oTBS DDQ, NaH,PO,
2) n-Bui, (CHO)n, { Bn(or'Bu)COCI, Et;N, f CH{Cl H0, rt.
THF, -78 °C to 0 °C =~ ToH CH,Cl,, rt. =~ TOCOR! 84%
— 3 PMBO ——  » PMBO
77% 2 steps =

f H
=z
16 17a: R' = Bn (83%) H >
b: R" = /Bu (quant.)
1) DDQ, NaH,PO,, s

CH,Cl, H,0, r.t. 1) HCl-dioxane, CH,Cl,, r.t. OCOR?
2) Bn(or'Bu)COCI, EtN, 2) Bn(orBu)COCI, E:N, f ocort
CH,Cly, rt. 'OCOR! CH;CI; rt R20CO
17aorb —» R’0CO
18a: R' = Bn, R = Bn (63% 2 steps) Ia: R' = Bn, R2= Bn, R% = Bu (61% 2 steps) & S;‘Z”"'d Z
b: R" = Bn, R? = Bu (80% 2 steps) b: R' = Bn, R? = Bu, R® = Bn (43% 2 steps) (1.24)
c: R'=/Bu, R? = Bn (76% 2 steps) c: R"=/Bu, R? = Bn, R% = Bu (89% 2 steps)
d: R" = Bu, R? = Bu (76% 2 steps) d: R'=Bu, R? = Bu, R = Bn (71% 2 steps)

OCOR?

l/ = 'OCOR!
Bn(or’Bu)COCI Et;N,  R20CO
CH;CI; rt.
S HO

Ile: R' = Bn, R? = Bn, R® = Bn (57%)
f: R = Bn, R? = Bu, R® = 'Bu (23%)
g: R'='Bu, R2=Bn, R® = Bn (72%)
h: R"=/Bu, R? = Bu, R® = 'Bu (88%)

19a: R" = Bn (60%)
b: R" ='Bu (87%)

Scheme 6-3. 1,2,4-Trisubstituted o-carborane (‘F#% 1I) DAL
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6-2-2 m-INRT UERANWZERIN & IV DERL
FT. m-ANVRT a2 MRS LT, B L (1,7,9-trisubstituted m-7 VAR T ) %
ARk L7z (Scheme 6-4), m-H/ViRT > @ B 2Rz a v Fk L., I vk o- /LR
T DEGEE Iﬂﬁ'@@?llﬁ‘(“Tﬂ/ﬂ?‘/%gﬁ]\ L7, 51T Scheme 6-1 (Z/x L7ZLEY 4
DARIFELERIC L2, EoNZ9- (R AF ALY LT =)L) m-FIVRT O Cl
m Tk Re¥F A ?/V%%%J\ L. %< TBS PRA#EZAT O &, 4 TR T 42% DT 1,9-
B m-TIVAR T 23 1572, D%, n-BuLi & _ILIRFEEZHNT, (LEW 23 O
CINAT NN BEEAN LT, NV R U2 %, 1- BG-PAFALT I 70
EV) 3-mF IR YA I RERRIE (EDCD, 1-B Re$ X2 U7 Y ——K
fi¥m (HOBt), NNN-¥A Y 7Nz F )T 2 (DIEA) DFETF, XUPLT I 0%
A TFAT I ERANTT R MELT, VT TMS EEREL, (LAY 25a &
25b Z E LI 16% & 55%DUHE TRz, KIT, 2D 2 >D{LE% . Scheme 6-1 127~
L7z HIETRU DV T ¥V RERIZA Y T F AT ¥ REO Hiisgen B INIGE1T D
&L ALEY) 26a-d & 14-93% DR TRz, KH#&IZ, TBS KA frE LRI 2T 1k
ZATH Z LT, 3EMANART 2V Ma-h % 2 BT 61%0° 6 E &N RN TR,

TMSC,MgBr, NN
I, (1 eq.), PdCI,(PPh;), (CHO),, n-Buli, o
@ AICI; DCM, r.t. Nm THF, so °c THF 78°Ctort.
B 1 L] L)
m-carborane

TBSOTf 1) BnNH,, or ‘BuNH,,
2,6-lutidine n-Buli, CO,, o EDCI, HOB, DIEA, THF, r.t.
M, 0 ° THF, 78 °C t0 0 °C MeOH, r.t. gt
DCM,0°Ctort. m” NOTBS HO ™ ~oTas 2 K2C03 MeOH, rt. RHNOC. " OTES
99% 92%
2l 2 ||
™S ™S

25a: R" = Bn (16% 2 steps)
b: R" = Bu (56% 2 steps)

Xray of Scaffold Il
(1,7,9)
BnN; or ‘BuN3, Cul, i 1) HCl-dioxane, CH,Cl,, r.
Na-ascorbate, ~R'HNOC m”NoTBs 2) Bn(orBu)cocCl, EtN, “Rwoc m”~NOCOR?
DMF/H,0, r.t. CH,Cly, rt.
llla: R" = Bn, R? = Bn, R® = Bn (81% 2 steps)
.R1= B 3=
NN N b: R'=Bn, R2 =Bn, Rs- '‘Bu (76% 2 steps)
N-N N-N c: R'=Bn, R2=Bu, R®=Bn (68% 2 steps)
R? R? d: R'=Bn, R? = 'Bu, R® = Bu (quant. 2 steps)
:Rl= 2= 3= o
26a: R = Bn, R = Bn (70%) e:R ’Bu, R4 =Bn, R® = Bn (61% 2 steps)
b:R'=Bn, R2=Bu (84%) f:R'=/Bu, R2=Bn, R*='Bu (77% 2 steps)
c: R'='Bu, R? = Bn (93%) g: R =/Bu, R2=Bu, R® = Bn (quant. 2 steps)
d: R" = Bu, R? = 'Bu (14%) h: R' = Bu, R? = 'Bu, R® = 'Bu (quant. 2 steps)

Scheme 6-4. 1,7,9-Trisubstituted m-carboranes (‘B4 1I)
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FEWTER IV OARE (1,9,10-trisubstituted m- 74 V78 7 ) % Scheme 6-5 (7R3, MW
IR T Tm-BILR T D 9,10 ML ATEIRICY I U FE L, 9,10-2F — F-m-H LR T
27 % 4% DINHE TR, B RNEZ LI, ZTRETHMEIN TV 59,10- Y 33—
R-m-J1 ViR 7 2 2P ISENVAER) & LTI 10% Tl b iz, 27 & TMS 7T L&D
REM-EE-Corriu 7 2 A1 7'V > 7 % Scheme 6-2 & [FAR DGR TITU, 9,10-E
A (TMS-=F =)V) -m-T1)VAR T 2 28 ZUUH 94% T1aTz, FI/VAR T 2 28 O Cl LIl
NWARVBBEEAN L%, o0V ARBRIZ COMU ZHWTRU VLT I U EE
AVTFNT IV EMATT I MERIGEITW) 3, (LA 292 38 LTV 29b & 2424 2
BEPET 41%3B L OV 48%DINR THT-, Z DRSS NTZ /LR RO TMS HZ RERH U
U LFIE T CHRET D & (LAY 30 28 2 BEfE T 30% DR TR LN, — T, T
I N 29 O TMS R & BrZE U721, Hiisgen BRILMAIISIS 24TV, {LA Y TVa-d & 2 BefE
T 29-82%DINR TG, 728, 72 K29 O TMS EDOBE#ENSESLND 2 >DT L
X UDIEENRFSETH D0, 123-8 ) TV — B a2 N L TR D ERLEZE AT
HZ L, REETH-T,

WaRbMatl LT, 123-F U T Y= EoRboice=1Ea) o h—& L7z IVe
DERAEIT>72 (Scheme 6-5B), I — R-m-H/VRT 27 1Zx% LT, RESNTWD
24 C 1-((allyloxy)methyl)-4-methoxybenzene % )iz & ¥ 5 LALAEY 31 ZALE RIEAKD
RAMTE, Z LT (LAW29 2K L=FIET, CINLICH VRV EBEOEAN, T2
RMEzEITW, YU BTV TAra~ N7 77 4 =2 0ERT D L EROHE LA
)32 % 3 TFET 2% DR T, PMB A& FRE LT, 5 b7 7 /L 2 —/L % | Dess-
Martin 32 KX D W8k, #¢< Pinnick-Kraus E&fb & BBV SIFITIRTZ LT,
WA E B LT FONTINVR B EA Y TTFNAT I U EfiiGd 52 & T 1vVe
% 4 TFEC 39%DUILER THT-,

BIRIZ, BT &I &2 X sl ClH oM Lz L 91, 18 (F#% 1), 5,9,10- h
Ua—Rm-BVRT 227, BEOMEEH 30 (B IV) OGS X S fmiric k-
THRE LT,
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1) n-BuLi, CO,,
A) o THF, -78 °C
2(1eq), TMSC,MgBr, 2) BnNH,, or ‘BuNH,,
HNO;3, H,S0, Pd(PP:‘I;)zC'z: Egcz| HOBt ‘ m,CONHR‘
AcOH, 80 °C ' m THF, 80 °C m y ¥
@ (+ > L DIEA, THF, r.t.
| 94%
I | // 1) n-Buli, CO,, // | '
=22\ ! | S ™M THF, -78 °C
m-carborane 27 (84%) 27" (10%) e 28 2) K,CO3, MeOH, r.t. s
29a: R' = Bn (41% 2 steps)
b: R' = 'Bu (48% 2 steps)

1) K,CO3, MeOH, r.t. Xray of 27'

2) BnN, or BuNj, Cul, _CONHR! (5.9,10)

Na-ascorbate, m
DMF/H,0, r.t.
—_— s IVa: R" = Bn, R? = Bn (82% 2 steps)
NN A b: R'=Bn, R? =Bu (29% 2 steps) Xray of Scaffold IV
v c: R'=/Bu, R? = Bn (75% 2 steps) (1,9,10)
Mgz d:R'=Bu, R?='Bu (38% 2 steps)
B) \ N .CONH'Bu
Allyl-OPMB, Ag;PO, 4 1) n-Bui, CO, “
'm  Herrmann’s catalyst THF, -78 °C to r.t.
s PMBO_A - s PMBO
. DMF, 120 °c" \ 2) ‘BuNH,, COMU,
I E/Z mixture DIEA, DMF, r.t.
27 31 OPMB 2% 3 steps OPMB

,,-CONHBu ,,-CONHBU _CONH'Bu

1) NaCl0,, NaH,PO,, m
2-methyl-2-butene

DDQ, NaH;PO‘ acetone/h0  jprnoc”

P — .
DCM/H;O rt. DCM rt. 2)/BuNH,, COMU \
' ' ;
2% 2% DIEA, DMF, rt. PrHNOC

76% 2 steps
34 IVe

Scheme 6-5. (A) 1,9,10-trisubstituted m-carboranes (F#% IV) D&KL, (B) B =M%
Vo h—& LTHWZALEY TVe DE AL
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6-2-3 p-INRT UERAWEERKRV EZOHEEBEDOER
BRI p-TIVIRT U EHWT, 1,2,12-B# VR T > DA %ETT - 72 (Scheme 6-6) ,
p-FIIVIRNT D B2 (& REFHINZI UFEL LT, T rLFL PMB =—7 L& H
WCHIH-HIR Y 0 2y 7V 7 %AT D &, 2 BeBE T 49% DINER T B2 (LB # A V7R 5
Y36 DGO n-BuLilZ LB Y FALERTHRNLLT VT & RADOFIIISIZ LD |
36 1Ct KXy AF LA EATH L, 12-"EHRHLVRT L 1,7- BB VRT
MOT AT UA—RAEWIT & LTHOLNZ, & Rafx U AaR#ET 57012 TBS X
EEANLTHR, b))~ HFORBRFICHNVARFVEEZEAL THEONTREYZ, /7E
HPLC % H W= 0B ERZITH 2 & T, 3 TR TI1,7,12- =@ h /LR T 38a & 1,2,12-
ZEHAIVIR T L 38b BTN 21% E 16% DR THT=, Z DA VAR ik 38a & 38b
%Z . Scheme 6-4 L [FEEDTTIET, RUVAT I VFERIFIA Y TFAT I HZHNWET 2
R E1T > 77, %W T, PMB £&FRZE L7-%. Dess-Martin FR{b 2175 &, 3 B
TI15-75%DIHFETT /LT & K3lab & 35ab G572, 2 H DT LT & K% Pinnick-
Kraus fi8{fb L. f6NTZDNVRUBEFBORNC LT I VEEA Y TFALT I TT
I MM L7, TBS Z&BrET D & 32a-d 33 100 36a-d 73 3 BEfE T 55-85% DU T
HiLTm, &IZ, Scheme6-1 E[RIBRDOFIETT7 == 17T F NIl REIEA L
Vvrual RC AT UL 5 & ALAY Va-p 23 25%-EmM 2R TH LN, 20
2 DO BEMEROMERHEE L, X B SmEEMAITIC LY 32d & 36d THD Z &R S
72
foe < A ERET & LT, Bk V OFFEIRE K ZTT 572 (Scheme 6-7), £7°. ‘54 Vj,m,p

DTF =7 I REEE123- 87— )VINZEHL U T2 B8 Vg-s DA %% Scheme 6-7A
\ZRd, I 7Ab p-BI VAR T 2 35 12%F LT, Scheme 6-6 & [FEEDFNAT, TMS 7EF L
Y ERWIZEEEARIE S > 7Y 7KV EAL, Hi< n-BuLi IT X D U F A L E T AR
VAT NVT B RADMIISIZE D GO T AT VA~—IREME L Y AT NT
ThIaw NI T T 4 —THT LT, LT-ERILERT L 48a L 1,2-EH
JVART 2 48b % 2 BEME T 86% DI TGz (dr. = 1:1), HIIVAR T 48a ZIREED U U
LIFET . TMS BOBUR#EZIT H & 7L a— 1 49 NE BRI RN T S, X s
MERATICE D, TOWEEZRIE LT, —H T, 48a Dk Fr¥ A TBS TIR#EL
7et%. n-BuLi i X 2 U FAAb & “BAGIRE DATMBOSIZ K0 . VR o 51 % 2 Befs
T 95%DINHETHF7=, F%IZ, Scheme6-4 LRI U HIET, RUUALT IV, AV TF)L
TIVEEFA VAN TFAT I EANET R MME, TBS B X O TMS EogrE, 7
T VR E I3 VYV EEBE AW AT U RV T Y RERIRA T FLT
¥ R%& A7z Hiisgen BRALATIIS 21T 5 2 & T, BH Va-s & 5 BT 21~76%D UL
RTHT,
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PMBO///
1) I, HNO3, H,S0y4, PdCIy(PPhs),, Cul 1) n-Buli, (CHO),, — PMB OH
AcOH, 80 °C toluene/piperidine, 80 °C" THF, -78°C tor.t. zZ = OPMB
> > pvBOo,_Z —_— *
quant. 1 64% \l
OH
p-carborane 35

37 (mixture)

Bigv

2) TBSOTY, 2,6-lutidine, Ho@/‘. %/\.MB
DCM,0°Ctor.t.
OH
3) n-BuLi, CO,,
THF,-78 °Ctor.t.

38a (21% 3 steps) 38b (16% 3 steps)

1) NaClO,, NaH,PO,,
2-methyl-2-butene,

BnNH,, or 'BuNH. acetone/H,0, r.t.
Eoc, Hot, =* 2 ng’(‘:zl auroiz‘:NHZ' CONHR Bn(or'Bu)COCI g1 o CONHR?
i ] 1 1 R'HNOC. Z
4 DIEA, THF,rt. < HNOC = DIEA THF, rt. RiHNoc Et,N CH,Cly, r.t.
g — OCOR?
\/OTBS 3) HCl-dioxane ad
CH,Cl,, r.t.
39a: R' = Bn, X = CH,OPMB (68%) 42a: R'=Bn, R2=Bn (81% 3 steps) Va: R' = Bn, R? = Bn, R® = Bn (70%)
DDQ, NaH,PO, |: b:R'=Bu, X = CH,OPMB (47%) b:R'=Bn, R2=Bu (83% 3 steps) [; };: gn ;;i %n R:g- rgu ((gg://n;
CH,Cl,, H0, rt. _ n, u, R®=Bn
BELHEET 40a: R" = Bn, X = CH,0H (88%) c:R"=Bu, R? = Bn (85% 3 steps) d: R' = Bn, R? = Bu, R = Bu (550};)
33:;;’#:3: b: R" = Bu, X = CH,0H (89%) d: R"=Bu, R? = Bu (82% 3 steps) e:R'=/Bu, R? = Bn, R® = Bn (71%)
CH,Cl,, r.t. 41a: R'=Bn, X = CHO (62%) f: R} =Bu, Ri n, R33= 'Bu (62%)
b: R' = Bu, X = CHO (quant.) g: R'=Bu, R?=Bu, R%= Bn (54%)

h: R"=Bu, R? = Bu, R® = 'Bu (48%)

42d
Xray of Scaffold V-1

1) NaCIO,, NaH,PO,,
2-methyl-2-butene,

BnNH,, or ‘BuNH,, acetone/H,0, r.t.
EDCI, HOBY, otes N ok el CONHRZ Bn(orBujcoci  OCOR? CONHR?
= =
- DIEA, THF, r.t. Z DIEA THF, r.t. E‘ju CH,Cly, rt. Z
—_—
P~CONHR! 3 é‘:‘:z'gimr‘:"’ ~CONHR! “CONHR!
43a: R' = Bn, X = CH,OPMB (73%) 46a: R" = Bn, R2 = Bn (55% 3 steps) Vi: R'=Bn, R2=Bn, R® = Bn (quant.)
DDQ, NaH,PO, I: b:R'=Bu, X = CHZOPMB (83%) b: R' Bn, R?='Bu (63% 3steps)  J: R: Bn, R§=IBn. R33='Bu (49%)
g::i—d':m: b R: 'Bu X= CHZOH (92%) d:R'= Bu, R*="Bu (78% 3 steps) :R1 Bu, Rz_Bn R3-Bn (51%)
CH,Cl,, r.t. 45a: R' = Bn, X = CHO (29%) .

R'=/Bu, R? = Bn, R® = Bu (42%)
R =By, R? = Bu, R® = Bn (67%)
=Bu, R2 = 'Bu, R® = Bu (25%)

b: R' = Bu, X = CHO (98%)

o33 -x=

< Xray of Scaffold V-2

Scheme 6-6. 1,2,12-trisubstituted p-carboranes  (‘F# V) DOERKL
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TMS-acetylene,
PdCl,(PPh;),, Cul TMS  (CHO),, n-BuLi, OH

Pz
toluene/plpendlne zZ THF -78°Ctor.t.
130 °C. quant. 86/ (dr. 1:1)

47
oTBS TMS n-Buli, CO, oTBS mms TEDCLHOBLDIEA
Pz o o = R'NH,, THF, r.t. =
TBSCI, NaH Z  THF,-78°Cto0°C Z 2, THF, r.t. Z
48a —_— —_— —_
THF,0°Ctor.t. 95% P 2) HCI, dioxane/DCM, r.t. 3 1
K,CO;s quant. COOH 3) K,CO5, MeOH, r.t. CONHR
o
51 52
4) Bn or 'BuCOOH,
EDCI, DMAP, DCM, r.t.
5) R2N3, CuSO,,
NaAscorbate, DMF/H,0, r.t.
3 =N
X-ray of 49 OCOR N=! g
[
“CONHR'
Vq: R'=Bn, R? = Bn, R%=Bu (39% 5 steps)
r: R'='Pen, R? = Bn, R® = Bn (21% 5 steps)
1= 2 = | 3= 0,
B) 1) EDCI, HOB, s: R'='Bu, R? ='Bu, R®*='Bu (76% 5 steps)
BnNH,, DIEA
1) TBSOTI Iu!udlne COOH 2
THF, rt. CONHBn
2) K;CO; MeOH rt. n-BuLi, CO, 2) HCI, dioxane/DCM
48b OTBS ——————» _OTBs ————>
9M1%2 SQCPS quant. 68% 2 steps

53 pKa (Cpar.H) =
pKa (C=CH) = 25

¥ X-ray of 55

‘Bucocl, 1) NaOH, MeOH, r.t.
EDCI, DMAP CONHBn BnN; BnHNOC, 2) Dess-Martin BnHNOC Bn

DCM rt. toluene 90 °C Periodinane, DCM, r.t. f N‘N
—_— N’
vaCO Bu quant OCO’Bu 3) Na(CI
(d.r.=100:0) 4) EDCI, HOBt, “CONHPen

Isoamylamine
79% 4 steps Vu

X-ray of Vu

Scheme 6-7. ‘5% V OFEARERK ; A) 1,23-F V7Y — Lz o H—E L THW=3

BT NVRT 2 Va-s DERK, B)3EH N TV — VA2 GT 5 3 EHRT VAT Vi,
Vu DA%

FENT, 48b Z RN LT 123- b U 7Y — AN L T2 o0 EBREEZ AT 5
3EHAIVET LV, Vu DB EIT 7= (Scheme 6-7B), £7°, 48b Dt x4
TBS EIZ K W IRFE L7, RIEA Y 7 AMEET, TMS B2 BIRICHRET HZ LTS3
Z 2 BEFE T 9% DR TH T, HtW T, p- VAR T v RALDRFEIRFI2H HKFE (pKa
=30) LV b, K7 BF L EDOKHFE (pKa=25) OFBPLTE b ALLLT NI &
ZRALT, 1 YED n-BuLi I X 5 U FA L E ZBLRFEOMIMISIZEY, 7E®F L
VRUGIZ VAR F VPN EAN S NTALEY) 54 B ERENRETER, T, XY
NT I RAWET X NMeZ Lictg, BRI T, TBS B4 RET52 &6 T 55 %
2 BEBET 68% DI THI =, 72 B8 ALA W) 55 13 X Mk b S AT I TREE 2 RIE L T2,
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550t RueXxviE%E, Jx=A7tFArrual REHWTZ AT /{EL, 56 & 96%D
IR THRFTZ, HEVN T 56 L XUV T Y R MLV IR 100 CTRIG S5 & 1,3-
PR BACATINBOG ST U, B R&EZ LT 1,23- MU 7V — VD 14,5 (LAMEfi
SINTALEY Vt OB EERRANCE &R TH L, —iRIZ, 2 BT L%
AT LT L3R BRAGATINBUS 24T 9 Yt AR DAL EERPFIESIE 23 KT H 5
D3, ZDAET HAERMERIT'NMR TERR LT T VAT 5720, A2 k3
HZEMNTED (Figure6-2) 33, UL b, ARRISIZEBWTIL, VR T DL
(KB 2T 727200, B VE O(LFY 7 FOBRNBHI Sz, %I, VEOT R T
IWHEE KB T B Y 7 ATFE T, MAKRDRIZE > Tk Ru o BRI E i L, Scheme 6-5
CRBEDFINET BRI, %< A Y TINATILEDOT I NMRIZE Y. Vu % 4 B
T 79%DIHETH-, £ LT, Vu OffikI 2 X #fs miE i 1o L - CTRE Lz,
Vt, Vu OEHIEEFCE DN 5025727210 T, BRI Vvu D2 2O 7 I K
B 20ADEHFICALE L TRY . KBMEEERT DARMERH D Z LRG0T
(Figure 6-3)

Br Bn BN
R"N‘N ©/ EnN; N N I LY CO, BnNH, 5547
“ N
Ry—=—H |§(\N Mgsr  THF ©)\< Pd(OAc),, Xantphos N 5462
L 52/ 2 steps TEA, DMF, 70 °C Nh@

€] [Cu] 4 80% d
R %'N Szuroczki, P.; Molnar, L.; Dérnyei, A.; Kollar, L. ChemistrySelect 2020, 5(2), 448-451.
N 55.94

_ Risg-N, Cul BnN, en €O, BNNH, N2 p

Ro——R; N 8

Rz)\< Ra)\( Gly rol, rit. Pd(OAc),, Xantphos ©/‘}
Rs

7days 65% TEA, DMF, 50 °C
90% 54.44

MNEEYAHNTEE Szuroczki, P.; Samson, J.; Kollar, L. ChemistrySelect2019, 4(19), 5527-5530.

Figure 6-2. 3 (&4 kU 77>/ — L O (& 3 PR il 1

KERS
2.0A

el

Figure 6-3. Vu O gib i THERE S 7o KFERE S
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6-3 AR LT3 B LRT D PMI fET

B LT B D5 TR 2 TR 5 123012 PMI AT 24T - 72, i Tk ~7- X 912,
O, 2-7F v (B, ReBr (), 7H v 2y (kIR Ll LTk
BN FIARZFHET 272012, —RAICHWL NS FETHD |, T, 3 BIRD
VAR T OSNLAKELH % | LigandScout 4.4 @ [iCon fast] 4 7Y 3 > ZHWTAER L7 ¥,
FALE AR U T2 SEAREREE H> & RDKitaZ VT PMIMEA 5 L, 72 v + L7 (Figure
6-4), ERREZERTAH EICTERIBIOU OGS bk, HOR) oL, thosk Xk
DHELEENTVDLIERHALN LT, —FH, BV (B Z0R) RV
b&WIE. 77 7 OFRE KOMBROE 2 5D 2R b o7z, Zhid, 2 2D@
BIEN HE NI R TR CHEBRIICEA THWDTZD EBEZ B XD, m-BNVRT AZHET S
BHITBLOIVOEY GE, BOR) X, 77 7FREz2 5D TR0, BRIRBXL W
PR OR B E SO EN g5, ZOX ARG/ LT, B I~V TX¥— 27
FEINT 3B VR T ACEWIT PMIEITIC L > TR END 3 RO 5T TR ZEH]
T RTCOEKRTHAN—TEH T LRI,

©disc
05
0.0 0.2 04 06 08 1.0
[4/1,
o Bigl o Ei%I =yl
BiEIV e BigV

Figure 6-4. G L7z 3 B VAR T o D PMI i

a RDKit: Open-source cheminformatics tool; http:/www.rdkit.org
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6-4 AL 3 BEINLRT v OAEYIENME

EWANRT T4 T ) —DEYFRNENEZ T 5 729D, Ml ~— 2 TOIXER
ﬂaméﬁ;l% (HIF) -1 8BYEMERRSE ., FUERF 7 A L2 (RABV) 61, 3 L ONlaE
PEZIE LT, HIF-1 8855 ML, RREISE T L A > b (HRE) &EHEOLY 7 =5
— B LR —% —BE T2 LZEMIEAN LTz HeLa fligz W CTITo 7= ALEME RN L,
EEAZ ST T 12 BRI L%, Ly 72 U ERINL, BONEREHmEL NS
{EEH D ICs [EZFH L=, 72 B fiiik i@ ¥ HIF-1a @ C A helix (helix3) @ Leu818,
Leu819, Leu822 @ 3 DD w A ¥ U FHIE, WGIEME L FHE 9 5 HIF-1a & p300 ¢ PPI
IZBA5- LT\ 5 B, —J5 T, Bt RABV i 1X N2a ffifd 2~ — R |Z Gaussia /L 7 = 7 —
P UL R—=F —%@E SEIIERIF YA LA RNA Z2 VT oA L ARG 2 VER L 72
%, {LEWAEIE T CR: 8 Lz, fifash s S hi-fila Bishon v 7 = 7 —8istt%
HE L, ICsoEAZE LT2, RABV T, N-¥ U RV EHEOERICLVEIAIND Z &N
SNTEY., ZTORMITIT, C R~V v 7 A0 Phe438, Phed4l, Leudd2 DB/KMEFE
FENR Yy FARy hELTHEET D, £/2, WIHO LR—% —8n12H07=1E
1ML EY OB ENEDFEEEZ T D=8, MTT (3-[4,5-dimethylthiazol-2-y1]-2,5 diphenyl
tetrazolium bromide) 5% VT, HeLa fifldds X O N2a flfiaiZ x4~ 2 e A 72 2 ) E
L7,

—HOFER % Table 6-1 [ZR” T, ETEHRLIALEHO > B, B VIZET S Vim B
FZ ¥ Vo I, HeLa ffaizxtd 2 @mMENHER I NI DD (ICs5=15.0-30uM) . £ LY
HARJRE T HIF-1 O SIEMEA A RICIHET 2 2 L n3ba o7z (ICs=3.24-23.2 uM).,
£72. Vi,Vvm,Vp DY > I —ThHHF =)L 7 I REE 123-F U 7Y — VIR E# L
72 Vg-s & 1Cso=3.24-5.59 uM C HIF-1 D#ZEEIEEZ R LT, — 7 THOEH [~1V
RV OEMEE (Va-Vh) 7%’5’1‘% LLT 1601 LAY TIiX, HIF-1 S553EMEICIT & A Eg
EHZINZ D BRI DTN VIR T v OEHIE A — | TEE <
KT D2 ENRBREIND, if: 3EW N T Y=V EHTDH Vi, Vu bEE L HIF
Bﬂiﬁ.ﬂi%f L7z (ICso= 1.34, 1.46 uM) 7%, HHBRZEVNZ &2 VE i Va £V % HeLa #fl

I LT 10 fE R TR A N E b RS S A7 (1.88 uM vs. 16.2 M), Z DIEWMT,
Vu O X #fk i S i AT (F1gure6-3) MHEDLNDLEINZT I FERSDLZ EITL->ThH
THNOKRFEREE DTS D D, T AT NLEIZ R > TWEIZD, ZOKERE
IFERCET, Vt & Vu @J{MEF@ EMWNRRDZLICERT S EEZ LN,

WIZ, B TIZET 5 Ib-g 35 L OVEA& V D Va-h IX, RABV IZxFT D810 A VAR
P (ICso = 2.17-8.37 uM) 5 X OME MRS T~ DRV HERR EEME (ICso> 30 uM) Z7R L
7co F7o. HIF-1 SR EPHFTEMEDORE & FARIZ, B V ORBMEREZ T O oo F i Tldix
ENERBEEGZ N LRy rolc, — T, BEIVEATHIVDOIEMR N T
=NV EATDH VL, BT A L ATEME (ICs = 5.96 uM, 2.51 uM) & HIF-1 #55-fH
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FEEME (ICs0=17.4 uM, 1.34 uM) OW ST OIEMZ RS 720 AFRET 2 5223 hiE
1 55 CHEEOEMIHERT 5T 2 7T VIER L L CORANIRES DS Y,

52, B REZ LT Vi, Vo, Vp &, RABV O % LT 5 Z L nvboo T,
ZIVE TIZ, RABV OHIFEZ GV T 2L B OHEIT R, T2 THIO TRWES L
At &M Th 5D, BIREEWZ L2, R CEK V OINVRT o ThHIEY Va DR ER
P A NV AKEM (ICs = 3.87 uM) Z R L7=DIZx L, Vi l3IERIF 7 A )V A DEE % 1%
PEAL L7 [A B V CALEY) Va & Vi s[F] U E AL TRERK 4TV A (R'=R?*=R*=Bn)
IZHb BT, 29 LIEIEHOBEWAERNTZZ L 1E, #IRT DY o — HiEEICRE
G2 5 ERRB IS, RIS, (LAY Va-h LAY Vi-p, Vg-s DRI HIEHED
TEREDS FL B A7z,
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Table 6-1. &% L7= 3 BH#L T LR T ALE W O AW TEPE ARG 5

i

1

Scaffold Compound HIF-1[ RABVI HeLacells N2a cells

Ia >30 >9 >30 >30

Ib >30 >9 >30 >30

Ic >30 >9 >30 >30

| Id > 30 >9 >30 > 30
Ie >30 >9 >30 >30

If >30 >9 >30 >30

Ila >30 >9 > 30 > 30

IIb >30 5.74 >30 >30

IIc >30 6.87 >30 >30

1Id >30 3.30 >30 >30

Ile >30 8.14 >30 >30

. 1If >30 5.78 >30 >30
IIg >30 8.37 >30 >30

ITh >30 >9 > 30 > 30

IIIa >30 >9 > 30 > 30

IIIb 26.3 >9 >30 >30

IIIc > 30 >9 > 30 > 30

II1d 23.0 >9 >30 >30

IITe > 30 >9 > 30 > 30

i 1IIf >30 >9 >30 >30
Ilig >30 >9 > 30 30

IITh >30 >9 > 30 > 30

IVa >30 >9 > 30 > 30

IVb 17.4 5.96 >30 >30

IVe >30 >9 > 30 > 30

Ivd >30 >9 > 30 > 30

v

IVe >30 >9 > 30 > 30

218



B
E

Va > 30 3.87 >30 > 30
Vb > 30 2.17 > 30 > 30
Ve > 30 4.44 > 30 >30
vd > 30 3.95 >30 > 30
Ve > 30 3.46 >30 > 30
\%i > 30 2.56 > 30 > 30
Vg > 30 5.08 > 30 >30
Vh >30 4.00 >30 > 30
Vi 5.46 Activation 16.7 > 30
Vij 3.24 Activation > 30 22.6
Vk 3.64 Activation 15.0 21.2
Vi 18.1 Activation 21.7 25.2
Vm 23.2 >9 > 30 > 30
Vn > 30 >9 > 30 > 30
Vo 9.21 Activation  20.9 7.90
Vp > 30 Activation > 30 8.00
Vq 5.590 >9 > 300 > 30
Vr 3.48lc] >9 > 300 > 30
Vs 3.24lc] >9 > 300 >30
Vit 1.34 2.51 16.2 5.69
Vu 1.46 - 1.88 -

The compound concentration required to inhibit the relative light units by 50% (ICso) was determined
based on semi-logarithmic dose—response plots. All the samples were tested in triplicate. [a] YC-1 was
used as positive control with ICso of 0.17 uM. [b] Favipiravir was used as a control with ICso of 38

puM. [c] HIF and Glso data were measured by Shao Y. and Li G. at Dalian University of Technology.
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eV T, HIF-1 8B P HEEMEZ 7R L2 /B Vo, Vi-VK Z i L 72 HeLa 2351
%, HIF-1 ® Tt Td % Carbonic anhydrase (CA) 9 DFBLEZ VAKX 71 v MIX
> THeNDT= (Figure 6-5B) ', 2B, RYT 473 hua—/,Lk LT HIF-1 [LEH|T
&5 GN44028 = 7z 2, ZDFER, WTNDLEWIZE W TS HIF-1a O %D
T CAY ORBLENHD L TNDHZ ERHLMNERoTo, EHIZVKIZE L T, RT-PCR
IZE D, CA9 ® mRNA EHFARTLE A, VK DIRINC L5 HE B D3 iR Sz

(Figure 6-5C), ZH 5O R, {LAEW O HIF-1 IEHEFEEZEMNT LD E -
776

H OCOBn CONH Bu OCOBn CONHBn OCO'Bu CONHBn OCOBn CONH Bu
oL, OO0
~CONH'Bu “~CONHBn “~CONHBn “CONHBn
GN44028
ICs0 = 0.014 uM ICso = 921 +209 uM  ICso = 54611 30 M ICso = 324;;090 pM  ICso = 3641014pM
B) Nor Hyp
S 3
Comp - - Vo Vi V] VK
>
Conc. [uM] - - 10 30 30 30 30
HIF-1a LA RN R
N.D.1.00 1.140.76 0.89 1.34 1.03
CA9 WD G S— - ——
N.D. 1.00 0.78 0.64 0.56 0.87 0.52
actin [ — —
C)
CA9 mRNA expression
1.80 B
160 0COBn > CONHB
1.40
120 ~CONHBn
1.00
0.80 IC50 = 354&014 puM
0.60
0.40 i
0.20
0.00 i
Normoxia Hypoxia GN44028

Figure 6-5. 3 B2 /LR T o O HIF-1 BB HFETEMERHMN ; A) AW ALEmorE &
ICso;:B) WA X7y MILDHE U RVEER, 77 F o OEFERETEREL L
TNEND KX XY G Bl TEiZ~d, C) RT-PCR
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KBS N7 =7 =87 v EAIZT RABYV OHFTEN R STz Vp & [F Ut
Z b ORI HERR S 72 o 72 Vi lZ B T (Figure 6-6A) . RABV % 8% S 72 N2a
MO ANAR R EOERE V= AZ 7 vy TR LT (Figure 6-6B) b, %
DOFEH, Vp OFINC LV, BAER T AN AL 7O HEER Snl-, — T,
B ENTZ T A NV A IO EERERETIE. 250 TETR LN, (LEWEIR
MLTWeWEE LR U7E 572 (Figure 6-6C) ° RABV X, HflXh/-~ /7 LA RNA &
N-Z U RTENYARX T VA2 X378 (RNP) ZHZAK L. RNP 2SHIISMC i S5
ZEEZBEL Y, Vp MRS T A VA E BT, MlRNO A VAR RNy
BOERBIZ T 2TLESETND I 0D, Vpl, 7/ A RNA & N-¥ o878 LDk
AZEAFEL, RNPEREHEL TS Z ERNEZLND, 2L, AROMKRTIIES
IREEEMEIICIIAR T TH Y . Vp OFERBSHIIZEIE L2, T A VAT ) LA T
WBLEHZ D ERPRD LT, BRI ORN D EEZ TV,

A)
5.0E+05 5.0E+05
4.0E+05 4.0E+05 ] Vn
oco'Bu CONH'Bu oco/Bu CONHBn
Z o Z
@ 3.0E+05 § 3.0E+05 J------emmmmmmemmeneaneaaas
35
p\CONH'Bu i 2.0E+05 p\CONH‘Bu 3 SOEHB Jississrinsimssnsasinsenssnsss
Vp 1.0E+05 | pecogrozogess vn 1.0E405 1ecmmoemeemeeeens
0B 00 15450 9 18 0.0E+00 —_—
Conc. (uM) UM 0 051545 6 9 18
Vn Vp Conc. (uM) WM
B) — C)
510 510 (-) 1000000
10000 +---
RSV M ] 2 )
=1 1000 ¢--- o5 uM
[T
w

1 . '
Actin - [ | . PR

Figure 6-6. RABV FHUENEH 2 AT 2{bEH Vp L X HT 47 a2 ba—/L Vi ;

A) VA NAZ R EOERE, B) VA VA NEOHRIE (forcus forming unit (FFU)

/mL EFEERR 1 mL FICT A VA K > TEELTEMER EDL W bEnae Tk

7)

DI EERRR R L (EIRER) & OILFEFIEC & - THIE S vz,

221



6-5 MIEHDOELEIZE S SAR f#HT

AT, 3ERI VAT o OFRICKT DR Z T EO5 TR NARTH D Z
EHRIBART, FEWNT, B & OMEHIZK T 5 SAR matrix (SARM) (2 X 2T 217 -
7o BHAEFETHPI L2 X 212, SARM [t A E 2 Ll U 72 RlEras . ARl 085 4 7
~XT, SAR 27V v R~y T 5, ZOHEIH > TER L7 RABV OFRELEY)
@ SARM % Figure 6-7 (279, £3°, SIS U IEHEE b3 B CE 7=, SRIAWE
MHIZ 7 == AT T=, aAf VU DOBTHL XUV AV TFALETHY , »
THOBUKMEEZAT 08, N DONVITHEERE, 4 Y 7 FNVEENETHL Z L0 K
T ZDE (Vo [A0]H: R DN=118vs. A Y TTFI)N=79) N D 7=, IEHEICTxT 5
WRRNTWNWDHEEZEZBND, KRIZ, BT LD SARM Z T & B VITED
TIEMABHICR L CIEFICEAETH DL Z WD, 2O Enn, ZLb DILEMIE
FIZ o _7EERAELTWAR Yy ARy b (b LATEERT > b)) X, HOBRED
REDDOEMPHERIILTND Z ENRBIND, —FH T, BRIV CIE, BEEIC
TEMEDME T T 2 MHDOMAGDOER R 6D, B 11O SARM 2 7.5 &, ETFrbh
T TIEMERE < R 2 BABHER TE 5, ZiUL, MIBHOMAGDER LY
TFNSA YV TFNY o FNRDNRE— L —FH LTS, ZOZ Lnn, B 11Ok
BYBKEET DAY ARy NTIE, FEBEEDO r A% vx 7 01%, & LAJIHD
REINEICHBE 525 2 ENRBINDS, F2EH IV T, IVe DABIEEE
b H, PR R TR ER CE D, S OICMOER &IERR D (1,23- ) 7Y
—VENRY =L LTEEN TS Z EITA T, EMEREBICIIN DL 28I 2
OHTLHMENDDH, ZOZ b, IVe LEEH X EDAR Yy h ARy MIIEE
BT I VBB EEN, n AX XU TICLDMEERANEETHDL Z ENRBIND,
ORI, 3EEANRT D SAR T2 SARM IZ X > TITH &, RFEEA @ L
TWD T2, B KT D IEME DR B2 RRERICTHI R D Z E N TE D,

Bigv Y\© Y BN Y\© Y B/igIv Y\© A d

:
@X@/\:’\Q va Vb lla I IVa
s
__id ICs =387 | 247 >9 8.37 >9
s
o Y| ve | va e | nd Vb
)
I 444 3.95 >9 5.74 >9
:
Y‘ 20| Ve vf lle 1if Ve
VDIO 3.46 256 6.87 8.14 5.96
o
Y‘HQ@/ ¥ 7| vg | vn lig ith Ivd
JI 5.08 4.00 5.78 3.30 >9
s
& | &

Figure 6-7. RABV [HEF{L 54D SAR matrix

222



B
E

6-6 FHRINBIVOERV OILEWHEELZFE LHEERREOTH

AIE DN BER T &V O[T, BUKMET 2 BIEREN Ok S b, 5
BEOREIOFRy NARy NTENZ ORI EEHAERT L Z ERBIn-
D, LHEOFERI A HODTIERWNE B X T, £ T, RABV [AEEEAET 57
BV OILEMNL T 7 —~a T x T E2ERL, £DOT 7 —~a 7 T IIx L THE
UIDILEME T 4T 7352 & Thriik a7 (Figure 6-8), £, LigandScout
4.4 ® [Ligand-based Pharmacophore Creation| %72 5 2K V| Va-Vh )06 7 57—~ 2
T+ 7w LT, ZORER, KFERE FF— (HD). KFE/MET 7 &7 % — (HA).
BKMEEAL (Hy) . HEBRIERE (Bx) 22D 5ETADNERI NIz, HEWTIDETIUIC
XFUT, Bk D& W OfbEame 7 4« v 7 47 LItk 25, RABV ILEHEEZ A
TLIMAd b TR T 4T « ‘/7“%?“/1/753‘1%6%7‘:*%‘(\ TEYED 720 T 137
7N AT x T I ST E R hoTl, ZORENG, HE V. OMISEELE
A Ib 72 EOF I HEY 5 5 Z ENR Iz, £/, RABV HELEGWICHE
L C PMI T & Fohin L7 G R, Ll 2 0m 0 MER S, ek 9 o FIikae & v
252 ¢& %/\iho oo U EDFERN NG, SEIOFKI & V64354107 RABV OFHE
{bEwE, HEOIENZ N IEBEI Ry ARy hEHALTWALEBEZBILD,

- ;5;"';  HRNE ()
l @/ Bkt (8)
nylt AFHE EF— ()
ICso = 2.17-5.08 UM ot . _ "“ A @ IFHETIETS— ()
) ot ogﬁ“.
~ ()
‘ LK
J4vT4>27D
-
‘//
X 9
~ = RABvBﬂEma)PMmﬁ jro)
0COBn =
Mi

I‘ll

lld: IC5o = 3.30 pM ?ﬁk ‘% "‘ £
; =330 o
BuOCO’ r // oo n.

Lo o |/l2

IIb: ICso = 5.74 uM 'jQ;( Ma: ICs,>9uM @ ¢

Figure 6-8. ‘HH VD7 v —~a 7 xT/HERE, TDOT7 4 v T 4 THER
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6-7 EHEZUNITELEOREMEMD T 77—~ T7FT 74T 4T

e T, BRETEMAL A L HER 2 L R B ORISR S Ao TR 7 7
=N ATFT T4 T 4 U TICKVIToT, T72DH, 6-4 HTIR7Z K 9 IZAEIOKR
AFFERY & L7z PPI |Z HIF-1a/p300 (PDB: 1L3E) & RABV N-# X7 B DO #E4 (PDB:
2GTT) TH V. FNENOH S Z HC, HIF-1 IREHEFEEEZ S HOD Fifiio
CA9 D EMERE AW/ &7 VK (IC50=3.64 pM) B L U RABV [HLEIEMEZH T2 Vb (ICs
=217uM) &L DOFREEHRKZTHI LT, £T. Z o XV HEOMEEEN DA 2 DFR v M A
R kT D HIF-lo @ C Kb helix (helix3) @ Leu818, Leu819, Leu822 5 & X RABV
N-% > X7 E D C Kz~ v 7 AD Phed38, Pheddl, Leudd2 #H/KMERAL (Hy) & L
TERLTe, ZOT7 7y —~a 747zl ILEW DN AKELE % LigandScout 4.4 O
['Virtual Screening] A 7' a »ZFIH L TR LR, Figure 6-9 (Z/~ 3 SLARELEE %
EDHBZET, VKD 2ODOXR DNV 1ODA Y 7 F)VHEDS HIF-1o D 1 A 3 FRFHEN
MELE 77—~ 74T T4 T A 7T DI ENyNoTz, FEEIZ, RABV @ N-
BUNTBEIZKILTE Vb D 20D DN —oDA YV TF VMR GO N-&
WRIBFOT7 2= VT T = pkHk, a4 v R EFE CHTICALE Lz, LEDET Y &
TG ZILbDIREMIL. ~Y v 7 AREEE M 5 2 & T, HIF-1a/p300 B LW
RABVN-%Z > /X7 E D PPL DA v b ARy MIFEE L, BEEEZ G T 52 LR S
iz,

—J57C.Vb &R CMIgH/ % — > % ¢, 5 RABV [LEE M 243 2 IIb (ICs0=5.74 uM)
LIRBEICET U 7 Lime 2 A, BIRIENZ L1 Vb &4 < [ CIRISHAL B C B K M7
D7 7—~aATF T EWMIET I ENTroT,

ANVHRT B BIEROMEITETED bOD, X R EREES—ADET Y 7T
., 6-6 THRARIEHE I & VAELBEDIEN X R EBIOFRy hARYy haF+5Z
&R S LTz,
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ICso =5.74 £ 2.93 M A\
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Figure 6-9. % L "V EI§iER—AD T 7 —~a T+ THRE . ZDT 4 v T 4 T

ES

6-8 {LAW Vt D HIF-10 2R ES R

6-4 THC Vt 7’ HeLa AHfE-<° N2a fllidiZ st U CRIISEAE NGRS D —H T (ICs =
16.2,5.69 uM) | HIF-1 #55fHEIEME (ICso=1.34 uM) <=° RABV BHETEM: (ICs0=2.51 uM)
EHETAHI EEIRART, £Z T, 7 Figure 6-5 L [AIEEIZ, Vt 22U L7 HeLa M@
IZBIT D HIF-la & ZD FRDZ NI EHThDH CAYDEMEL VT AZ Ty MT
Ko TRz, B, RNYT 4 73 ha—/L & LT HSPIO [HEAITH % Geldanamycin

(GA) % F\ 7=, HSP90 I% HIF-1a D ELICEE 2%H 2 22 X7 ETH Y, GA
DOWINZ LY | HIF-lo OHIFENERBEEMET T2 2 ERMHILTND ¥, 7235, AllusE
FBEINDREL VB WVRECTYZAZ Ty ME{ToTWDH, BN REZR D
7o (FEBRESHR) | MIISEEE T O DA HIF-la ~DRBER~L Z LN TE S
%, ZDORfER % Figure 6-10A (2”77, B RE Z LI, 30uM O VEIRINZ & » THZE 7
HIF-lo % > X7 B O, ZHUTEED CA9 DI MR S vz, X 51T, Figure 6-5 &
[f] U J7# T RT-PCR (2 X - T, HIF-la ® mRNA &, HIF-1 S55iEMICKAFET D 2 o8
7 THDH CAY & & NEAaEsEA ¥ (VEGF) @ mRNA # E& L7z & Z A, Figure
6-10B {Z/R K 912 VE DEHINZ K Y  HIF-1o @ mRNA % 84> X912, VEGF ® mRNA
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RO ESED LN ol THHDORERNG . ZHVE THEE LTz HIF-1a/p300
@ PPI PHE ClL72 < . HIF-la D44 £ 5 B 72 D VEREME 2 ZWwd 5,

A)
A
e=C
0=8B Geldanamycin (GA)
vt (HSP90 inhibitor)
02 02
B) 20% 1% ©
= . 3 =2
comp. - - e oo MRNAZ I & (HypZ1.0LLI-HxESR)
2.50
Conc.[uM] - - 30 3 30 3

2.00

HIF-1a rar . -I

N.D. 1.00 0.88 1.04 N.D. 1.01

= VEGF
1.
CA9 - 4
0.28 1.00 0.41 0.55 0.31 1.09
0.00

Actin T — —— — Normoxia Hypoxia GN44028

= HIF-1a

8

o
g

Figure 6-10. Vt |Z & % HIF-la 3f#{ER OF L ; A) Vt D& ; B) VA X Ty

NMZ XD HIF-1 B X VX BOER, 77 F  OEMECTEEL L2 ETho ¥

VR G B A i TENCRT ; B) RT-PCR |2 X % HIF-1 B# % > /37 B D mRNA O
iE 7

HIF-1 OEREIEME IR~ 7R CHIfl S Z enmond ¥, FCbva v ¥
Y78 (HSP) 7 7 X U —23 HIF-la DZERICH T 5 Z LN LMNITR>TEY
ZIVE TIZZENZEFL HSP90, 70, 60 ZPAE L. HIF-lo OFRZ i3 2 A0
ENTW5 (Figure 6-11) #5484 #r 2 HSP70 [HLEHA|TH 5 IDF-11774 1, 7R b—
AEHBEICHET L7720, FRANSAAIE UCHKRESE 1 HRRE THED ST D %,
S 52, HSP70 FHEANIIERIFT Y A LA (RABV) T 7 A /LA (DENV), VH ¥
A VA (ZIKV) OBLEFIE LTHALETHD ZENHFL NI TND S Ll ko
&b, HIF-la 23 f#VEA (Figure 6-10, ICso = 1.34 uM) . FIESEFHEENE (ICs (HeLa)
=16.2 uM, ICso (N2a) =5.69 uM), RABV PHETEME (ICso=2.51 uM) ZFEIFFIZAHA T2 Vi
23 HSP70 BLEAITIZ VW EE X HILD,

B(OH),

[¢]
oA,
! ] l S i H
Geldanamycin (GA) IDF-11774 GN26361
(HSP30 inhibitor) (HSP70 inhibitor) (HSP60 inhibitor)

Figure 6-11. HSPs [ (2 X 5 HIF-lo ) fifif SiG M 2 A4 2L aW
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6-9 3BEHINART L DABRMEE LIFRMEE

3EWAIVAR T OBEBILELE X, SEIEK LT 5 Y — AN TR R E S
5 & Figure 6-12 /R /8% — YRR T 5 2 &N TE 5, (LEBRMERIX, 6-2 Tik7z
FETHRATRER S, BRIV O 9,10 (DK U FE EOERIENE—TH D720, FREN
D, —HTHPRMERIT, o-DNVKRT 2 m-TINVA T a2 HsEEE LB T &
I, IVICHFETE L., p-IVR T 3 fifilia o7, B8 VITIXFTE L 720 (Figure 6-
12B), ZAUD DN FEMER AL IR G T D Z L IZREETH > 7275, Xie 7 /L—7 )
DELA & ARFEL & TP e il i T B-HIGMAL 288 L7 A% T U —vk,
TN = IARKEDS T < Flr i S 5455, Z oM 2 BOSZFIHTUE, B 1
DO FRMARE B E LT EREAREN IR D, o, FEHRET VW 00, Fi
I & [FEAEOBIE CARFAMRNATREETIT ARV N EEZBND, —H T, m-HIIVRT &
BEE T 284 T TV 1L, BLradk & OBEENS o- h VR T v k) b1 72 5728, Kl
R LN ERTREIND,

X X
R! R R! R!
T &b v@““%@ 2.8, 8.8
RY R? R? R3 R3R2 RZR3

K B G G B K K B G G B K
/— —\F TN ZINF b 2N ZTNF
Aigg;)n “4§£;§;)J K\EE/) H4 ) Kigg;% H4§£E;)J J&EE;)H H&;_E;)J
E~ D DY E E D DY E

E\/D

@ 2

Figure 6-12.3 &7 VIR T NAFAE L D DALE BV &SP BYEER 5 A) BRLDER
FE . ORI BV TERE S V2B, OIEAMIFEIC BV TR L TW R WSS
B SN TS (ref54), AlL—EBRER., XIIMUGHREFRE, —IFHFE LW
LHEFRT, B) HAE I~V OFFE L 9 7 BVER O E AL A &

FRIZER VX, MEEREEZEZEFHLRTET7 IR LE L7072, Scheme
6-8 [T K D ITEHELZ AN T DMET A SEIT > T\ D, VLT RT 20 %
JEEEE LT, 970D CuCN Z W7z 7 7k 36, 10 fir% Scheme 6-4 & [AlfRk72 )7L T
F=bT 52 LT, Q10T RRDEHEZGALIALEM S 2GR L., i<
lithium diisopropylamide (LDA) (2L 2 U F At & /XT RNV LT VT & KOS
2L, 3ODERLEWREEZH T HILAEY 60 DERAERL TWDH, LirL, 20D
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T IR LT, e K O BN S D MUK 53, Diisobutylaluminium hydride
(DIBAL) X° LiAlHs Z W 2iEit, 7V = v — Va3 ORBHE, Vv ¥ — L&
LI, Wb B E 52 700o02, 2O X5, BEO HEEEH AR L
N7 ALEMOER) I, T NEREIE SN TN D,

CucN, 12 (1eq.),
Pd(PPh3)4 N HNO;, H,S0, N
—_—
DMF 130 °C AcOH, 100 °C
i I

0/
MW, 100 min, 70% NC MW, 110 min, 69% NC

TMSC,MgCI/LICI, S oH o kAR
Pd(PPha)zmz @ LDA, (CHO), (B - 1REM)
N\ -, A=
THF, 50 °C =
THFOCtort = A,
= . ;R 71 =
36% / e 16% NC */( Qi

60 - Dwsy—KIG

Scheme 6-8. EHLEZ AN T N5 EK IV OSSR E

6-10 F&0

ARETIZ, INAVRT o OZHEEESEIZER L, 12 HEDNOEED 3 2T E gL
BEANSNE =2 D3 EBRANVET ALK - T, ZRICEM 2 NFRRNCIRE TE 5 L1
ML, FEiEx1T7->7- (Figure 6-13),

F—OFEFEE LT, BifflO72\0 DOS &M L7 3 BRI LR T o DOERE . o-. m-,
p-HIVINT VDRI, RUFRNLIRD 12 TAROKGMEDENZBRAE UCER LTz,
HIZ, TRTOEE Y — BN T, £ Ot Y72 EH R S 2 RS i X RS AE
BrZ X 0P Uiz, Al HESE L= A RIEICHESITHE, M 7= 2 B A o
HHICERTE 5720, SAR WFFEIC RV D, £, JHMICE/R LT 26
O PMIFENTIZ L D | 5 3% = OFKIE, TNEN TR D 2R TRREL O L
N LML T,

TOFEFEE LT, FRAERENTH D PPI Ao o AEMTE MR ATV B A
DIEMEZ T AWM E G T, 27 DIEMH LAY %2 AT = LITaE L,

ZOZAEEOT R TOEMERRTEX D 3 BRINVRT ALEWMER AT Y
— = 7T K AR 7 SAR TR, EIESBHF OWIMIBREIZ B W TEITH 2 & T,
BHNCELR Ry TE2RBAT D Z L& > Miff s 5,

F - ERIE Z L2, HIF-10/p300 X° RABVN-# )7 B O PPI FLETR 2 A7 51k
&Y (FRILIV,V) ZRAMT7Z0772<, ZNETICHE SN & DRV RABV O
WA LT 2bEM (B V O—8) /AT Z EIClkS Lz, X LT, ZOMmoEH
(B TP T, ARARHEEEEZ L2202 &b, #%im&ﬁﬂﬁmfi@

<V BRAFA U EREREIC L > T, B Z NI B D55 78k & W (il < &
5:&%%%éﬁto:h%@%%ﬂ6\3ﬁ@ﬁwﬁ?V#%%@W%ﬁPHﬁﬁm
EMOFFICHELTHD Z LR ENT,
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RS L IR DEERNCKR L TIEE A R LT 2 & h | 3EMALAR T DR
W& XTI K DI T2 7 T8RN TS Z E B SN E e o Te, T D01l
MHEF BT SAR &, BH T &2 SARmatrix 2> THTL7=& Z A, BEH R
BOMERHRAEVNELETIC, ZOMGHNOMAFEREZHET L2 N TE T,

— T R EDOREREEIC RS T =~ a T A T T 4 v T 4 TS0 R
VRN BANY 7 ZAEEHMT 52 LT, ZOFEREEZFEBLL T D Z L a Tl
L7z, EDIZRABV HEEEZET 2KV &5 T OAEYIX, [F CHIHAELE T
95 EPRERE I, PMINT CH BT D20 MR I N2 &b, B KT
HEPOMEREZ & 5 Z LI k> CTRBRRIEEZ BT DR H D52 L 2R L
oo TOWEFUX, XN EOWEER W7 7y —~a T T T4 v T4V TICEDE
TV ITNE bR SNTz, RETERLIZ S X —r D3 @BRANLVEAT DL
EHERE 2 = ROTAIZHIE T & 20 F & RHHIICER G D HkIg 1, thoFIHE T 7'm —
F TG DR S T T2 R ETE M T2 BT 2 & W ) RE AR ATREMEAS AL 6O TV
HEFEELTWD,

12IARDEBRDIMFRCERBZEATIILET
IATOZEMOIBETES !

HN

sphere@ %@/L aulﬁ
o]
HN
.. g’ .

X IC50=324:l:090|1M ICso = 2.17 + 0.14 M
sy v HIFBEE RABVEE

RS Bn
”-N n \ JBu
N/ ~Bn Bu.o, Z H

0
'BuoCO Y

Vvt

v
HIF-1afE55EEE  RABVIEIEEIHE
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Experimental Section
Synthesis

General

NMR spectra were recorded on a Bruker biospin AVANCE II (400 MHz for 'H, 100 MHz for
13C) or a Bruker biospin AVANCE III (500 MHz for 'H, 125 MHz for *C, 470 MHz for 'B)
instrument in the indicated solvent. Chemical shifts are reported in units per million (ppm) relative
to the signal (0.00 ppm) for internal tetramethylsilane solutions in CDCl; (7.26 ppm for 'H, 77.16
ppm for 3C). Multiplicities are reported using the following abbreviations: s; singlet, d; doublet,
dd; doublet of doublets, t; triplet, q; quartet, m; multiplet, br; broad, J; coupling constants in Hertz.
Mass spectra were measured using a JMS-700 Mstation. High-resolution mass spectra (HRMS)
were recorded on a Bruker ESI-TOF-MS (micrOTOF II). All reactions were monitored by thin-
layer chromatography carried out on 0.2 mm E. Merck silica gel plates (60F-254) with UV light
(254 nm) and were visualized using Hanessian’s stain solution. Column chromatography was
performed on Silica Gel 60 N, purchased from Fuji Silysia Chemical Ltd.
Compound 1, 2%, 117, 20, 21, 35, 477, 57°° were synthesized synthesized according to the

literature procedures.
»  Synthesis of scaffold I-type compounds

Synthesis of 3-(2-(trimethylsilyl)ethynyl)-1,2-dicarba-closo-dodecaborane (3)
TMS

\\

3

To a solution of 3-iodo-1,2-dicarba-closo-dodecaborane (2) (909 mg, 3.36 mmol) prepared
according to the reported literature®® and dichlorobis(triphenylphosphine)palladium (236 mg,
0.336 mmol) in THF (3 mL), was added trimethylsilylethynylmagnesium bromide (0.9 M, 9.3
mL, 8.41 mmol) freshly prepared from trimethyl acetylene and ethynylmagnesium bromide. The
resulting mixture was stirred at 50 °C for 24 h. Then, the resulting mixture was cooled to room
temperature and quenched with water, which was filtered on celite pad. The filtrate was wash with

brine and dried over sodium sulfate and concentrated under vacuum. The crude material was
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purified by column chromatography on silica gel (5% to 10% EtOAc in Hexane) afforded 3 (573
mg, 2.38 mmol, 71%) as a white solid; m.p. 76-77 °C; 'H NMR (500 MHz; CDCl5): & 3.68 (s,
2H), 3.00-1.50 (m, 9H), 0.19 (s, 9H); *C NMR (125 MHz; CDCl;): § 105.3, 57.5,-0.22; ''B NMR
(160 MHz; CDCl3): 6 -2.6, -8.7, -11.4, -12.7, -13.7, -14.5; HRMS (ESI, negative) for C;H20B10Si
(m/z): calculated 277.1977 (M+Cl)", found 277.1966.

Synthesis of 1-((tert-butyl)dimethylsilyl)hydroxymethyl)-3-((trimethylsilyl)ethynyl)-1,2-
dicarba-closo-dodecaborane (4)

T™MS

\\

TBSO

4

To a solution of 3 (572 mg, 2.38 mmol) in THF (9.5 mL), was slowly added n-BuLi 1.6 M solution
in hexane (1.45 mL, 2.38 mmol) at -78 °C. After the resulting mixture was stirred at 0 °C under
argon atmosphere for 2 h, paraformaldehyde (79 mg, 2.62 mmol) was added at 0 °C. Then, the
resulting mixture was warmed up to room temperature and stirred for 3 h under argon atmosphere.
The reaction mixture was quenched with aq. 1 M HCI. The resulting mixture was partitioned
between the aqueous and organic layers. The aqueous layer was washed with EtOAc, and the
mixture was extracted with EtOAc, washed with brine, dried over sodium sulfate, and
concentrated under vacuum. The residue was used in the next step without further purification.
To a solution of the above material and 2,6-lutidine (141 uL, 1.21 mmol) in DCM (3.2 mL) was
slowly added TBSOTT (222 uL, 0.967 mmol) at 0 °C under argon atmosphere. The resulting
mixture was stirred at 0 °C until the starting material disappeared as monitored by TLC analysis.
Then, the reaction mixture was quenched with a small amount of aq. NaHCO; and filtered on
celite pad. The filtrate was concentrated under vacuum. The crude material was purified by
column chromatography on silica gel (0% to 10% EtOAc in Hexane) to afford 4 (187 mg, 0.486
mmol, 20% 2 steps) as white solid. '"H NMR (500 MHz; CDCl;): 6 4.26 (d, J=10.5 Hz, 1H), 4.03
(d, J = 10.5 Hz, 1H), 3.00-1.50 (m,9H), 0.90 (s, 9H), 0.19 (s, 9H), 0.10 (J = 1.5 Hz, 6H); 13C
NMR (125 MHz; CDCl;): & 74.9, 63.8, 58.9, 25.8, 18.4, -0.13, -5.3, -5.5; ''B NMR (160 MHz;
CDCl): 6 -3.9, -5.0, -8.2, -10.5, -11.3, -13.7; HRMS (ESI, positive) for Ci4H3sB100Si> (m/z):
calculated 409.3156 (M+Na)", found 409.3157.
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Synthesis of 1-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-hydroxymethyl-3-
((trimethylsilyl)ethynyl)-1,2-dicarba-closo-dodecaborane (5)
TMS

\\

TBSO

HOvo

5

To a solution of 4 (127 mg, 0.329 mmol) in THF (2.4 mL), was slowly added »n-BuLi 1.6 M
solution in hexane (221 pL, 0.362 mmol) at -78 °C. After the resulting mixture was stirred at 0 °C
under argon atmosphere for 2 h, paraformaldehyde (12 mg, 0.395 mmol) was added at 0 °C. Then,
the resulting mixture was warmed up to room temperature and stirred for 3 h under argon
atmosphere. The reaction mixture was quenched with aq. IN HCI. The resulting mixture was
partitioned between the aqueous and organic layers. The aqueous layer was washed with EtOAc,
and the mixture was extracted with EtOAc, washed with brine, dried over sodium sulfate, and
concentrated under vacuum. The crude material was purified by column chromatography on silica
gel (10% EtOAc in Hexane) to afford 5 (27.4 mg, 0.0661 mmol, 20%) as colorless oil.

"H NMR (500 MHz; CDCls): 6 4.50 (d, J = 12.3 Hz, 1H), 4.24 (dd, J= 5.2 Hz, J= 13.7 Hz, 1H),
4.11 (d, J=12.3 Hz, 1H), 4.03 (dd, J= 5.2 Hz, J= 13.7 Hz, 1H), 2.90-2.87 (m, 2H), 2.90-1.40
(m, 9H), 0.92 (s, 9H), 0.22 (s, 9H), 0.14 (J = 6.8 Hz, 6H); *C NMR (125 MHz; CDCls): § 110.0,
78.3,717.7, 64.1, 63.5, 25.9, 18.5, 0.2, -5.3; "B NMR (160 MHz; CDCl5): § -3.94, -10.8, -11.6;
HRMS (ESI, positive) for CisH3sB1002Si, (m/z): calculated 439.3263 (M+Na)*, found 439.3270.

Synthesis of 1-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-hydroxymethyl-3-ethynyl-1,2-
dicarba-closo-dodecaborane (6); 1,2-bis(hydroxymethyl)-3-ethynyl-1,2-dicarba-closo-

dodecaborane (7)

\ \

TBSO v, HO

HOvo HOvo

6 7

To a solution of 5 (96 mg, 0.232 mmol) in MeOH (1 mL), potassium carbonate (160 mg, 1.16
mmol) was added. The resulting mixture was stirred at room temperature until the full conversion

of a starting material was observed. After that, the reaction mixture was concentrated under
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pressure. To the resulting mixture was added water and EtOAc after which the product was
partitioned between the aqueous and organic layers. The aqueous layer was washed with EtOAc
and combined organic layers were washed with brine, dried over sodium sulfate and concentrated
under vacuum. The crude material was purified by column chromatography on silica gel (10% to
50% EtOAc in Hexane) to afford faster eluted product 6 (45 mg, 0.132 mmol, 57%) as colorless
oil and later eluted product 7 (21 mg, 0.0924 mmol, 40%) as white solid in total 97% yield.

6: "H NMR (400 MHz; CDCls): § 4.49 (d, J= 12.4 Hz, 1H), 4.29 (d, /= 13.7 Hz, 1H), 4.13 (d, J
=12.4 Hz, 1H), 4.07 (d, /= 13.7 Hz, 1H), 2.60-1.50 (m, 9H), 2.48 (s, 1H), 0.92 (s, 9H), 0.15 (d,
J=17.4 Hz, 6H); *C NMR (100 MHz; CDCls): & 89.3, 78.4, 77.8, 63.9, 63.3, 25.7, 18.3, -5.5, -
5.7; "B NMR (128 MHz; CDCl;): § -3.8, -9.7, -10.5, -11.5, -12.7; HRMS (ESI, positive) for
Ci2H30B100:Si (m/z): calculated 367.2862 (M+Na)*, found 367.2861.

7: '"H NMR (500 MHz; CDCl5): & 3.46 (s, 2H), 2.98 (s, 1H), 1.77 (s, 1H), 2.90-1.60 (m, 9H); 13C
NMR (125 MHz; CDCls): 6 89.8, 78.3, 63.7; '"B NMR (160 MHz; CDCl;): § -3.6, -9.9, -11.4, -
12.8; HRMS (ESI, positive) for CeHi6B1002 (m/z): calculated 253.1985 (M+Na)®, found
253.1978; m.p. 130-131°C.

Synthesis of 1-((fert-butyl)dimethylsilyl)hydroxymethyl)-2-phenylacetoxymethyl-3-ethynyl-

1,2-dicarba-closo-dodecaborane (8)

TBSO
BnCOO._0

8

To a solution of 6 (35.3 mg, 0.103 mmol) and triethylamine (21 pL, 0.155 mmol) in CH,Cl, (500
uL), was slowly added phenylacetyl chloride (16 pL, 0.124 mmol) in CH>Cl; at 0 °C. After the
resulting mixture was stirred 0 °C under argon atmosphere for 1 h, aq. NaHCOs and CH,Cl, were
added. The product was partitioned between the aqueous and organic layers. The aqueous layer
was washed with CH,Cl, and combined organic layers were dried over sodium sulfate and
concentrated under vacuum. The crude material was purified by column chromatography on silica
gel (10% EtOAc in Hexane) to afford 8 (38.3 mg, 0.0831 mmol, 81%) as colorless oil.

"HNMR (400 MHz; CDCls): § 7.39-7.27 (m, 5H), 4.74 (d, J= 13.1 Hz, 1H), 4.59 (d,J= 13.1 Hz,
1H), 4.32 (d, /= 12.4 Hz, 1H), 4.11 (d, J = 12.4 Hz, 1H), 3.68 (s, 2H), 3.00-1.50 (m, 9H), 0.90
(s, 9H), 0.09 (d, J = 8.2 Hz, 1H); 3C NMR (100 MHz; CDCls): & 170.1, 133.0, 129.6, 128.8,
127.6, 89.3,79.2, 74.1, 63.6, 62.3, 41.1, 25.8, 18.3, -5.4, -5.5; "B NMR (128 MHz; CDCl;): § -
34,-44,-9.9,-11.0, -11.8; HRMS (ESI, positive) for C20H3¢B1003Si (m/z): calculated 485.3289
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(M+Na)", found 485.3287.

Synthesis of 1-hydroxymethyl-2-phenylacetoxymethyl-3-ethynyl-1,2-dicarba-closo-
dodecaborane (S1)

\

HO
BnCOO._0

$1
To a solution of 8 (38.3 mg, 83.1 umol) in CH,Cl, (500 uL), was added 4N HCI in Dioxane (500

uL). The resulting mixture was stirred at room temperature until the full conversion of a starting
material was observed. After that, the reaction mixture was concentrated under pressure. The
crude material was purified by column chromatography on silica gel (25% EtOAc in Hexane) to
afford S1 (26.0 mg, 0.0751 mmol, 90%) as colorless oil.

"HNMR (400 MHz; CDCls): § 7.41-7.29 (m, 5H), 4.89 (d, J= 13.6 Hz, 1H), 4.64 (d,J= 13.6 Hz,
1H), 4.26 (d, J = 14.0 Hz, 1H), 4.14 (d, J = 14.0 Hz, 1H), 3.73 (s, 2H), 3.00-1.50 (m, 9H); 13C
NMR (100 MHz; CDCls): § 170.8, 132.7, 129.5, 129.0, 127.8, 79.8, 74.9, 63.3, 62.4, 41.2; ''B
NMR (128 MHz; CDCls): 6 -3.4, -3.9, -9.5, -10.5, -12.3; HRMS (ES]I, positive) for Ci4H22B1003
(m/z): calculated 367.2862 (M+Na)", found 367.2861.

Synthesis of 1-(3-methylbutanoyl)oxymethyl-2-phenylacetoxymethyl-3-ethynyl-1,2-

dicarba-closo-dodecaborane (9)

'Buoco
BnCOOvo

9

To a solution of S1 (18.9 mg, 43.9 umol) and triethylamine (18 pL, 0.132 mmol) in CH>CI: (1
mL), was slowly added isovaleryl chloride (8.0 uL, 65.8 umol) in CH,Cl, at 0 °C. After the
resulting mixture was stirred 0 °C under argon atmosphere for 1 h, aq. NaHCO3 and CH,Cl, were
added. The product was partitioned between the aqueous and organic layers. The aqueous layer
was washed with CH,Cl, and combined organic layers were dried over sodium sulfate and
concentrated under vacuum. The crude material was purified by column chromatography on silica
gel (10% Et;O in Hexane) to afford 9 (20.9 mg, 48.5 umol, quant.) as colorless oil.
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"H NMR (500 MHz; CDCl5): 8 7.36-7.26 (m, 5H), 4.77-4.67 (m, 3H), 4.61 (d, J= 13.5 Hz, 1H),
3.68 (s, 2H), 3.00-1.50 (m, 9H), 2.44 (s, 1H), 2.20 (d, J = 6.5 Hz, 2H), 2.13-2.07 (m, 1H), 0.96 (J
= 1.2 Hz, J = 6.6 Hz, 6H); '*C NMR (125 MHz; CDCl;): § 171.4, 169.9, 132.8, 129.5, 128.9,
127.7,89.8,75.5,75.2,62.2,61.7,42.8, 41.0, 25.6, 22.50 22.48; ''B NMR (160 MHz; CDCls): &
-3.5, 9.4, -10.5, -12.0; HRMS (ESI, positive) for CioH30B1004 (m/z): calculated 455.2997
(M+Na)", found 455.2997.

Synthesis of 1,2-bis(phenylacetoxymethyl)-3-ethynyl-1,2-dicarba-closo-dodecaborane (10a)

BnCOO
BnCOOvo

10a

This compound was prepared from 7 (19.5 mg, 85.4 umol) and 2.0 equivalent of phenylacetyl
chloride using the procedure described before for 5 in 72% yield as colorless oil.

"H NMR (500 MHz; CDCls): § 7.34-7.24 (m, 10H), 4.71 (d, J = 13.5 Hz, 2H), 4.63 (d, J = 13.5
Hz, 2H), 3.00-1.50 (m, 9H), 3.61 (s, 4H); *C NMR (125 MHz; CDCls): § 169.9, 132.8, 129.5,
128.9, 127.7, 89.9, 75.3, 62.2, 40.9; "B NMR (160 MHz; CDCls): § -3.4, -9.4, -10.6, -12.1;
HRMS (ESI, positive) for C22HsB1904 (m/z): calculated 489.2844 (M+Na)*, found 489.2842.

Synthesis of 1,2-bis((3-methylbutanoyl)oxymethyl)-3-ethynyl-1,2-dicarba-closo-
dodecaborane (10b)
'BucooO
iBuCOO\/o
10b

This compound was prepared from 7 (15.3 mg, 67.0 umol) and 2.0 equivalent of isovaleryl
chloride using the procedure described before for 10a in 74% yield as colorless oil.

"H NMR (500 MHz; CDCls): § 4.78 (d, J = 13.5 Hz, 2H), 4.66 (d, J = 13.5 Hz, 2H), 3.00-1.50
(m, 9H), 2.48 (s, 1H), 2.26 (d, J = 6.5 Hz, 4H), 2.15-2.10 (m, 2H), 0.98 (d, J = 6.7 Hz, 12H); 1*C
NMR (125 MHz; CDCls): § 171.4, 89.8, 75.4, 61.8, 42.9, 25.6, 22.5; "B NMR (160 MHz;
CDCl3): 6 -3.5, 9.4, -10.6, -12.0; HRMS (ESI, positive) for CisH3:B1004 (m/z): calculated
421.3149 (M+Na)", found 421.3148.
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Synthesis of 1-(3-methylbutanoyl)oxymethyl-2-phenylacetoxymethyl-3-(1H-1,2,3-triazol-4-

yl)benzylcarbamoyl-1,2-dicarba-closo-dodecaborane (Ia)

BnCOOvo

Ia

To a solution of 9 (9.8 mg, 22.8 umol) in DMF:H,0 (4:1, v/v, 500 uL), were added Cul (0.43 mg,
2.28 umol), sodium ascorbate (0.90 mg, 4.46 umol), and benzylazide (6.0 uL, 45.5 pmol). The
mixture was stirred vigorously at room temperature for 12 h. The reaction was quenched with
water and the mixture was extracted with EtOAc, washed with brine, dried over sodium sulfate,
and concentrated under vacuum. The residue was purified by column chromatography on silica
gel (20% EtOAc in Hexane) to afford Ia (11 mg, 20.0 umol, 88%) as colorless oil.

"H NMR (500 MHz; CDClL3):8 7.72 (s, 1H), 7.40-7.24 (m, 10H), 5.55 (s, 2H), 4.99 (d, J = 13.7
Hz, 2H), 4.97-4.81 (m, 3H), 3.61 (s, 2H), 2.90-1.60 (m, 9H), 2.15 (d, J = 6.5 Hz, 2H), 2.09-2.03
(m, 1H), 0.94 (dd, J = 1.8 Hz, J = 6.6 Hz, 6H); *C NMR (125 MHz; CDCls): § 171.3, 169.9,
134.3, 133.0, 131.6, 129.5, 129.1, 128.8, 128.4, 127.6, 76.1, 75.7, 62.0, 61.4, 54.1, 42.9, 41.0,
25.5,22.52,22.51, ; "B NMR (160 MHz; CDCl3): § -3.6, -7.2, -9.5, -10.9, -11.8; HRMS (ES],
positive) for C26H37B10N304 (m/z): calculated 588.3644 (M+Na)*, found 588.3645.

Synthesis of 1-(3-methylbutanoyl)oxymethyl-2-phenylacetoxymethyl-3-((1H-1,2,3-triazol-4-
yl)-3-methyl-butanoyl)-1,2-dicarba-closo-dodecaborane (Ib)

BnCOO.__0

Ib

This compound was prepared from 9 (11.1 mg, 25.8 umol) and 2.0 equivalent of isovalerylazide
using the procedure described before for Ia in 45% yield as colorless oil.

"H NMR (500 MHz; CDCl5):3 7.76 (s, 1H), 7.36-7.26 (m, 5H), 5.00 (d, J = 13.7 Hz, 2H), 4.91-
4.83 (m, 3H), 4.19 (d, /= 7.3 Hz, 2H), 3.64 (s, 2H), 2.27-2.21 (m, 1H), 2.16 (d, J= 6.5 Hz, 2H),
2.10-2.04 (m, 1H), 0.97-0.94 (m, 12H); *C NMR (125 MHz; CDCl5): 6 171.3, 169.9, 133.0, 132.1,
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129.5,128.8, 127.6, 76.0, 75.7, 62.0, 61.4, 57.5,42.9, 41.1, 29.8, 25.6, 22.5, 20.1; ''B NMR (160
MHz; CDCls): 6 -3.6, -7.2,-9.6, -12.0; HRMS (ESI, positive) for C23H39B10N3O4 (m/z): calculated
554.3798 (M+Na)", found 554.3796.

Synthesis of 1,2-bis(phenylacetoxymethyl)-3-(1H-1,2,3-triazol-4-yl)benzylcarbamoyl-1,2-

dicarba-closo-dodecaborane (Ic)

BnCOOvo

Ic

This compound was prepared from 10a (27.6 mg, 59.4 umol) using the procedure described
before for Ia in 8% yield as colorless oil. "H NMR (500 MHz; CDCls):5 7.68 (s, 1H), 7.38-7.21
(m, 15H), 5.53 (s, 2H), 4.93 (d, /= 13.7 Hz, 2H), 4.80 (d, J = 13.7 Hz, 2H), 3.55 (s, 4H), 2.80-
1.60 (m, 9H); *C NMR (125 MHz; CDCls): § 169.8, 134.3, 133.0, 131.6, 129.5, 129.4, 129.1,
128.8,128.4, 127.6, 75.8, 62.0, 54.1, 40.9; "B NMR (160 MHz; CDCl5): § -3.5, -7.5, -9.5, -11.8;
HRMS (ESI, positive) for CooH35B19oN304 (m/z): calculated 622.3491 (M+Na)*, found 622.3491.

Synthesis of 1,2-bis(phenylacetoxymethyl)-3-((1H-1,2,3-triazol-4-yl)-3-methyl-butanoyl)-

1,2-dicarba-closo-dodecaborane (Id)

This compound was prepared from 10a (26.5 mg, 57.0 umol) and 2.0 equivalent of
isovalerylazide using the procedure described before for Ia in 10% yield as colorless oil. 'H NMR
(500 MHz; CDCl3):6 7.71 (s, 1H), 7.34-7.23 (m, 10H), 4.92 (d,J=13.7 Hz, 2H), 4.81 (d, /= 13.7
Hz, 2H), 4.16 (d, J = 7.2 Hz, 2H), 3.58 (s, 4H), 2.90-1.80 (m, 9H), 2.24-2.19 (m, 1H), 0.95 (d, J
= 6.7 Hz, 6H); 3C NMR (125 MHz; CDCl5): § 169.9, 133.0, 132.1, 129.5, 128.8, 127.6, 75.7,
62.0, 57.5, 41.0, 29.8, 20.0; "B NMR (160 MHz; CDCls): 6 -3.4, -7.3, -9.4, -10.8; HRMS (ESI,
positive) for C2sH37B10N304 (m/z): calculated 588.3644 (M+Na)*, found 588.3642.
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Synthesis of 1,2-bis((3-methylbutanoyl)oxymethyl)-3-(1H-1,2,3-triazol-4-

yl)benzylcarbamoyl-1,2-dicarba-closo-dodecaborane (Ie)

This compound was prepared from 10b (18.4 mg, 46.4 umol) using the procedure described
before for Ia in 72% yield as colorless oil. "H NMR (500 MHz; CDCl5):8 7.76 (s, 1H), 7.41-7.39
(m, 3H), 7.32-7.31 (m, 2H), 5.57 (s, 2H), 4.95 (d, J = 13.6 Hz, 2H), 4.87 (d, J = 13.6 Hz, 2H),
3.00-1.70 (m, 9H), 2.20 (d, J = 6.6 Hz, 2H), 2.13-2.06 (m, 1H), 0.95 (dd, /= 1.2 Hz, J= 6.6 Hz,
12H); '*C NMR (125 MHz; CDCl5): § 171.3, 134.3, 131.7, 129.4, 129.1, 128.4, 76.0, 61.5, 54.2,
43.0,28.5,25.6,22.53,22.51; "B NMR (160 MHz; CDCl5): §-3.5,-7.4,-9.6,-10.8, -11.8; HRMS
(ESI, positive) for C23H39B10N304 (m/z): calculated 554.3798 (M+Na)*, found 554.3812.

Synthesis of 1,2-bis((3-methylbutanoyl)oxymethyl)-3-((1H-1,2,3-triazol-4-yl)-3-methyl-
butanoyl)-1,2-dicarba-closo-dodecaborane (If)
Bu

If
This compound was prepared from 10b (23.7 mg, 59.8 umol) and 2.0 equivalent of

isovalerylazide using the procedure described before for Ia in 34% yield as colorless oil. 'H NMR
(500 MHz; CDCl5):6 7.82 (s, 1H), 4.95 (d, J=13.7 Hz, 2H), 4.89 (d, J= 13.7 Hz, 2H), 4.21 (d, J
= 7.2 Hz, 2H), 2.29-2.23 (m, 1H), 2.21 (d, J = 6.7 Hz, 2H), 2.14-2.07 (m, 2H), 0.98-0.95 (m,
18H); *C NMR (125 MHz; CDCl5): & 171.3, 132.2, 76.0, 61.5, 57.6, 43.0, 29.8, 25.6, 22.53,
22.52,20.1; "B NMR (160 MHz; CDCl;): § -3.5, -7.2, 9.5, -10.9, -11.8; HRMS (ESI, positive)
for C20H41B10N304 (m/z): calculated 520.3951 (M+Na)*, found 520.3934.
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»  Synthesis of scaffold II-type compounds

Synthesis of 1-(3-(4-methoxybenzyl)hydroxymethyl)-1,2-dicarba-closo-dodecaborane (12)

o]
PMBO

12

To a solution of 1-methoxy-4-((prop-2-yn-1-yloxy)methyl)benzene (11) (370 mg, 2.10 mmol)
prepared according to the reported literature® and N, N-dimethylaniline (399 pL, 3.15 mmol) in
chlorobenzene, was added decaborane (308 mg, 2.52 mmol). The resulting mixture was stirred at
130 °C under argon atmosphere for 10 min with microwave synthesizer. To the resulting mixture
was added 1M HCI and Et,O after which the product was partitioned between the aqueous and
organic layers. The aqueous layer was washed with Et;O and combined organic layers were
washed with brine, dried over sodium sulfate, and concentrated under vacuum. Then, the crude
material was purified by column chromatography on silica gel (10% EtOAc in Hexane) to afford
12 (489 mg, 1.66 mmol, 79%) as a white solid. m.p. 65-67 °C; 'H NMR (500 MHz; CDCl;): &
7.19 (d,J= 8.8 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 4.46 (s, 2H), 3.95 (s, 1H), 3.83 (s, 2H), 3.82 (s,
3H), 3.00-1.60 (m, 10H); *C NMR (125 MHz; CDCl;): 8 159.8, 129.6, 128.4, 114.2, 73.5, 72.7,
70.6, 57.8, 55.4; "B NMR (160 MHz; CDCls): 6 -3.13, -4.95, -9.17, -11.71, -13.37; HRMS (ES],
positive) for Ci1H2.B100, (m/z): calculated 319.2461 (M+Na)*, found 319.2460.

Synthesis of 1-(3-(4-methoxybenzyl)hydroxymethyl)-4-((triisopropylsilyl)ethynyl)-1,2-
dicarba-closo-dodecaborane (13)

TIPS
=

"
9 =
PMBO A

13

To a solution of 12 (1.56 g, 5.30 mmol) in Et,O (22 mL), was slowly added #n-BuLi 1.6 M solution
in hexane (3.69 mL, 5.83 mmol) at -78 °C. After the resulting mixture was stirred at -78 °C under
argon atmosphere for 2 h, CO; balloon was attached. Then, the resulting mixture was warmed up
to room temperature and stirred for 12 h under CO, atmosphere. After that, the reaction mixture
was concentrated under pressure. Hexane was added after which the product was partitioned
between the aqueous and organic layers. The aqueous layer was washed with hexane. Then, to the

aqueous layer, were added 6 M HCI and Et,O after which the product was partitioned between
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the aqueous and organic layers. The aqueous layer was washed with hexane and combined organic
layers were dried over sodium sulfate and concentrated under vacuum. The crude material was
used in the next step without further purification.

To a suspension of the crude material, K;HPO4 (1.85 g, 10.6 mmol), Pd(OAc), (119 mg, 0.530
mmol), and AgOAc (2.65 g, 159 mmol) in toluene (50 mL), was slowly added
(triisopropylsilyl)acetylene (3.5 mL, 15.9 mmol) in toluene (3 mL). The resulting mixture was
stirred at 80 °C for 16 h. Then, the resulting mixture was cooled to room temperature and
quenched with water, which was filtered on celite pad. The filtrate was extracted with Et,0O,
washed with brine, dried over sodium sulfate, and concentrated under vacuum. The crude material
was purified by column chromatography on silica gel (5% to 10% EtOAc in Hexane) afforded 13
(776 mg, 1.63 mmol, 31%) as colorless oil.

"H NMR (500 MHz; CDCl5): & 7.20 (d, J = 8.7 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 4.48 (s, 2H),
4.10 (s, 1H), 3.84-3.81 (m, 5H), 2.80-1.60 (m, 9H), 1.09-1.05 (m, 21H); '3*C NMR (125 MHz;
CDCls): 6 159.9, 129.6, 128.4, 114.2, 101.7, 73.6, 72.5, 70.5, 59.2, 55.5, 18.7, 11.3; "B NMR
(160 MHz; CDCls): 6 -3.63, -4.12, -8.40, -9.76, -12.10, -12.66; HRMS (ESI, positive) for
C2H4B100:Si (m/z): calculated 499.3823 (M+Na)*, found 499.3822.

Synthesis of 1-(3-(4-methoxybenzyl)hydroxymethyl)-2-(hydroxymethyl)-4-
((triisopropylsilyl)ethynyl)-1,2-dicarba-closo-dodecaborane (S2)
rOH
TIPS
o F
PMBO
S2

To a solution of 13 (776 mg, 1.63 mmol) in THF (13 mL), was slowly added »#-BuLi 1.6 M
solution in hexane (1.14 mL, 1.80 umol) at 0 °C. After the resulting mixture was stirred at room
temperature under argon atmosphere for 2 h, paraformaldehyde (59 mg, 1.96 mmol) was added
at 0 °C. Then, the resulting mixture was warmed up to room temperature and stirred for 3 h under
argon atmosphere. The reaction mixture was quenched with aq. 1 M HCI. The resulting mixture
was partitioned between the aqueous and organic layers. The aqueous layer was washed with
EtOAc, and the mixture was extracted with EtOAc, washed with brine, dried over sodium sulfate,
and concentrated under vacuum. The crude material was purified by column chromatography on
silica gel (5% to 10% EtOAc in Hexane) afforded S2 (647 mg, 1.30 mmol, 80%) as a colorless
oil. 'TH NMR (500 MHz; CDCls): 8 7.23 (d, J = 8.7 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 4.54 (d, J
=11.5 Hz, 1H), 4.50 (d, /= 11.5 Hz, 1H), 4.33-4.23 (m, 2H), 4.04 (d, /= 12.1 Hz, 1H), 3.97 (d,
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J=12.1 Hz, 1H), 3.82 (s, 3H), 3.10-3.07 (m, 1H), 3.00-1.70 (m, 9H), 1.07-1.03 (m, 21H); 1*C
NMR (125 MHz; CDCl3): 6 159.8, 129.6, 127.9, 114.2, 103.9, 79.0, 76.0, 73.6, 69.9, 63.4, 55.3,
18.6, 11.1; "B NMR (160 MHz; CDCls): § -2.70, -3.67, -9.51, -10.66, -12.07; HRMS (ESI,
positive) for C23H4B1003Si (m/z): calculated 529.3919 (M+Na)*, found 529.3919.

Synthesis of 1-(3-(4-methoxybenzyl)hydroxymethyl)-2-(hydroxymethyl)-4-ethynyl-1,2-

dicarba-closo-dodecaborane (14)

PMBO A

14

To a solution of S2 (21 mg, 41.6 umol) in THF (500 uL), was slowly added TBAF 1 M solution
in THF (42 uL, 41.6 umol) at 0 °C. After the resulting mixture was stirred at 0 °C under argon
atmosphere for 30 min, the reaction mixture was quenched with waterthe resulting mixture was
partitioned between the aqueous and organic layers. The aqueous layer was extracted with Et;0,
dried over sodium sulfate, and concentrated under vacuum. The crude material was purified by
column chromatography on silica gel (20% EtOAc in Hexane) afforded 14 (16 mg, quant.) as
colorless oil.

"H NMR (500 MHz; CDCls): & 7.23 (d, J = 8.6 Hz, 2H), 6.90 (d, J = 8.6 Hz, 2H), 4.53 (d, J =
11.5 Hz, 1H), 4.50 (d, J = 11.5 Hz, 1H), 4.33-4.29 (m, 1H), 4.21 (m, 1H), 4.05 (d, J=12.0 Hz,
1H), 4.00 (d, J=12.0 Hz, 1H), 3.82 (s, 3H), 3.00 (t, /= 7.8 Hz, 1H), 3.00-1.70 (m, 9H), 2.34 (s,
1H); 3C NMR (125 MHz; CDCls): 6 160.0, 129.8, 127.8, 114.3, 87.3,79.2,76.1,73.8, 70.1, 63.3,
55.4; "B NMR (160 MHz; CDCl5): 8 -2.56, -3.37, -9.60, -10.71, -11.3, -11.9; HRMS (ESI,
positive) for C14H24B1003 (m/z): calculated 373.2571 (M+Na)*, found 373.2561.

Synthesis of 1-(3-(4-methoxybenzyl)hydroxymethyl)-2-((zer-butyl)dimethylsilyl)-
hydroxymethyl)-4-ethynyl-1,2-dicarba-closo-dodecaborane (S3)
OTBS

0 =
PMBO

S3
To a solution of 14 (343 mg, 1.00 mmol) and 2,6-lutidine (233 uL, 2.00 mmol) in DCM (4 mL)
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was slowly added TBSOTf (276 uL, 1.20 mmol) at 0 °C under argon atmosphere. The resulting
mixture was stirred at 0 °C until the starting material disappeared as monitored by TLC analysis.
Then, the reaction mixture was quenched with a small amount of aq. NaHCO; and filtered on
celite pad. The filtrate was concentrated under vacuum. The crude material was purified by
column chromatography on silica gel (0% to 10% EtOAc in Hexane) to afford S3 (451 mg, 0.98
mmol, 98%) as colorless oil. 'H NMR (500 MHz; CDCl5): & 7.22 (d, J = 8.7 Hz, 2H), 6.89 (d, J
= 8.7 Hz, 2H), 4.53 (d, J = 11.7 Hz, 1H), 4.47 (d, J= 11.7 Hz, 1H), 4.41 (d, J = 12.3 Hz, 1H),
4.20 (d,J=12.3 Hz, 1H), 3.99 (d, /= 11.9 Hz, 1H), 3.96 (d, /= 11.9 Hz, 1H), 3.82 (s, 3H), 3.00-
1.50 (m, 9H), 2.29 (s, 1H), 0.90 (s, 9H), 0.19 (s, 9H), 0.08 (d, J = 3.3 Hz, 6H); *C NMR (125
MHz; CDCls): 6 159.7, 129.4, 128.8, 114.1, 86.8, 78.9, 76.6, 73.4, 69.6, 63.0, 55.4, 25.8, 18.3, -
5.46,-5.47; "B NMR (160 MHz; CDCls): § -2.68, -3.70, -10.9, -11.8; HRMS (ES], positive) for
C20H33B1003Si (m/z): calculated 487.3446 (M+Na)", found 487.3453.

Synthesis of 1-(3-(4-methoxybenzyl)hydroxymethyl)-2-((zert-butyl)dimethylsilyl)-
hydroxymethyl)-4-(3-oxoprop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (16)

r0TBs
o. = OH
=
PMBO A
16

To a solution of S3 (154 mg, 0.333 mmol) in THF (2.7 mL), was slowly added n-BuLi 1.6 M
solution in hexane (232 pL, 0.366 mmol) at -78 °C. After the resulting mixture was stirred at 0 °C
under argon atmosphere for 2 h, paraformaldehyde (12 mg, 0.399 mmol) was added at 0 °C. Then,
the resulting mixture was warmed up to room temperature and stirred for 3 h under argon
atmosphere. The reaction mixture was quenched with aq. IN HCI. The resulting mixture was
partitioned between the aqueous and organic layers. The aqueous layer was washed with EtOAc,
and the mixture was extracted with EtOAc, washed with brine, dried over sodium sulfate, and
concentrated under vacuum. The crude material was purified by column chromatography on silica
gel (25% to 40% Et,O in Hexane) to afford 16 (130 mg, 0.263 mmol, 79%) as colorless oil.

"H NMR (500 MHz; CDCls): & 7.21 (d, J = 8.7 Hz, 2H), 6.89 (d, J = 8.7 Hz, 2H), 4.52 (d, J =
11.7 Hz, 1H), 4.46 (d, /= 11.7 Hz, 1H), 4.38 (d, J = 12.3 Hz, 1H), 4.27 (s, 2H), 4.17 (d, J=12.3
Hz, 1H), 3.98 (d, J = 11.9 Hz, 1H), 3.94 (d, J = 11.9 Hz, 1H), 3.81 (s, 3H), 3.00-1.50 (m, 9H),
0.89 (s, 9H), 0.19 (s, 9H), 0.07 (d, J = 1.3 Hz, 6H); *C NMR (125 MHz; CDCl;): § 159.7, 129.4,
128.8,114.1,97.2,78.6,78.5, 73.4,69.7, 63.0, 55.4, 51.8, 18.3, -5.46, -5.48; "B NMR (160 MHz;
CDCly): 6 -2.77, -3.72, -10.6, -11.9; HRMS (ESI, positive) for C21H40B1004Si (m/z): calculated
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517.3553 (M+Na)", found 517.3556.

Synthesis of 1-(3-(4-methoxybenzyl)hydroxymethyl)-2-((zer-butyl)dimethylsilyl)-
hydroxymethyl)-4-(2-phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (17a)
rOTBS

o~ ~OCOBn
PMBO A

17a

To a solution of 16 (70 mg, 0.121 mmol) and triethylamine (100 pL, 0.723 mmol) in CH,Cl; (2
mL), was slowly added phenylacetyl chloride (48 uL, 0.361 mmol) in CH,Cl; at 0 °C. After the
resulting mixture was stirred 0 °C under argon atmosphere for 1 h, aq. NaHCOs and CH,Cl, were
added. The product was partitioned between the aqueous and organic layers. The aqueous layer
was washed with CH,Cl, and combined organic layers were dried over sodium sulfate and
concentrated under vacuum. The crude material was purified by column chromatography on silica
gel (25% Et;0O in Hexane) to afford 17a (122 mg, 0.200 mmol, 83%) as colorless oil.

"H NMR (500 MHz; CDCls): 6 7.33-7.26 (m, 5H), 7.22 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.7 Hz,
2H), 4.71 (s, 2H), 4.52 (d, J = 11.7 Hz, 1H), 4.46 (d, J=11.7 Hz, 1H), 4.35 (d, /= 12.4 Hz, 1H),
4.14 (d,J=12.4 Hz, 1H), 3.97 (d,J=11.9 Hz, 1H), 3.94 (d, J=11.9 Hz, 1H), 3.81 (s, 3H), 3.66
(s, 2H), 3.00-1.50 (m, 9H), 0.88 (s, 9H), 0.05 (d, J = 3.7 Hz, 1H); *C NMR (125 MHz; CDCl5):
6 170.9, 159.7,133.7,129.4, 128.82, 128.78, 127.4, 114.1, 73.4, 69.7, 63.0, 55.4, 53.3,41.1,25.8,
18.3,-5.50, -5.51; "B NMR (160 MHz; CDCls): 6 -2.5, -3.6, -10.8, -11.8; HRMS (ESI, positive)
for C2oH46B1005Si (m/z): calculated 635.3980 (M+Na)*, found 635.3992.

Synthesis of 1-(3-(4-methoxybenzyl)hydroxymethyl)-2-((zer-butyl)dimethylsilyl)-
hydroxymethyl)-4-(3-((3-methylbutanoyl)oxy)prop-1-yn-1-yl)-1,2-dicarba-closo-
dodecaborane (17b)

OTBS

or =~ ~0coBu
PMBO A

17b

To a solution of 16 (186 mg, 0.377 mmol) and triethylamine (157 uL, 1.13 mmol) in CH>Cl; (2
mL), was slowly added isovaleryl chloride (69 uL, 0.566 mmol) in CH,Cl, at 0 °C. After the
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resulting mixture was stirred 0 °C under argon atmosphere for 1 h, aq. NaHCOs and CH,Cl, were
added. The product was partitioned between the aqueous and organic layers. The aqueous layer
was washed with CH,Cl, and combined organic layers were dried over sodium sulfate and
concentrated under vacuum. The crude material was purified by column chromatography on silica
gel (20% EtOAc in Hexane) to afford 17b (225 mg, quant.) as colorless oil.

"H NMR (400 MHz; CDCl5): & 7.21 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 4.68 (s, 2H),
4.51 (d,J=11.7 Hz, 1H), 4.45 (d, J=11.7 Hz, 1H), 4.38 (d, /= 12.4 Hz, 1H), 4.16 (d, /= 12.4
Hz, 1H), 3.98 (d, J = 11.9 Hz, 1H), 3.94 (d, J = 11.9 Hz, 1H), 3.81 (s, 3H), 3.00-1.50 (m, 9H),
2.21 (d, J= 6.8 Hz, 2H), 2.15-2.10 (m, 1H), 0.96 (d, J = 6.6 Hz, 6H), 0.89 (s, 9H), 0.08 (d, J =
1.7 Hz, 1H); *C NMR (100 MHz; CDCl5): 6 172.2, 159.7, 129.3, 128.8, 114.1, 92.8, 78.8, 77.3,
76.6,73.4,49.7, 63.0, 55.4, 52.5, 43.2, 25.9, 25.8, 22.5, 18.3, -5.53, -5.55; "B NMR (128 MHz;
CDCl3): 6 -3.8, -11.0, -11.8; HRMS (ESI, positive) for C26H4sB100sSi (m/z): calculated 601.4134
(M+Na)", found 601.4136.

Synthesis of 1,2-bis(hydroxymethyl)-4-ethynyl-1,2-dicarba-closo-dodecaborane (15)
OH

0 =
/
HO A

15

To a solution of 14 (18.1 mg, 51.9 pmol) and NaH,PO4 (12.5 mg, 0.104 mmol) in DCM/H»O (1
mL, 10:1, v/v) was added DDQ (24.0 mg, 0.104 mmol) at 0 °C under argon atmosphere. After the
resulting mixture was stirred at room temperature until the starting material disappeared as
monitored by TLC analysis. Then, the reaction mixture was concentrated under pressure. Then,
the reaction mixture was quenched with a small amount of aq. NaHCOj3 and filtered on celite pad.
The filtrate was concentrated under vacuum. The crude material was purified by column
chromatography on silica gel (25% EtOAc in Hexane) to afford 15 (10 mg, 43.8 umol, 84%) as
white solid. m.p. 167-168 °C; 'H NMR (500 MHz; CDCls): & 4.47 (d, J= 4.8 Hz, 1H), 4.44 (d, J
=4.7Hz, 1H), 5 4.39 (d,J=7.5 Hz, 1H), 4.37 (d, /J="7.6 Hz, 2H), 4.22 (d, J= 6.0 Hz, 1H), 3.20-
1.60 (m, 9H), 2.94 (t,J = 6.9 Hz, 1H), 2.85 (d, /= 6.9 Hz, 1H), 2.36 (s, 1H); *C NMR (125 MHz;
CDCls): 8 87.4, 78.6, 64.4, 63.6; ''B NMR (128 MHz; CDCl;): § -2.2, -2.9, -3.7, -9.1, -10.1, -
11.4, -12.3; HRMS (ESI, positive) for CeH16B10O2 (m/z): calculated 253.1985 (M+Na)", found
253.1982.
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Synthesis of 1-(2-phenylacetoxymethyl)-2-((zert-butyl)dimethylsilyl)-hydroxymethyl)-4-(2-
phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (18a)
OTBS

or =~ ~0COBn
BnOCO A
18a

To a solution of 17a (62.9 mg, 0.103 mmol) and NaH,PO4 (24.7 mg, 0.206 mmol) in DCM/H,O
(1 mL, 10:1, v/v) was added DDQ (46.7 mg, 0.206 mmol) at 0 °C under argon atmosphere. After
the resulting mixture was stirred at room temperature until the starting material disappeared as
monitored by TLC analysis. Then, the reaction mixture was concentrated under pressure. Then,
the reaction mixture was quenched with a small amount of aq. NaHCOj3 and filtered on celite pad.
The filtrate was concentrated under vacuum. The crude material was shortly purified by column
chromatography on silica gel (20% to 40% EtOAc in Hexane) to use in the next step without
further purification.

To a solution of crude material and triethylamine (43 uL, 0.309 mmol) in CH>Cl; (1 mL), was
slowly added phenylacetyl chloride (20 uL, 0.155 mmol) in CH,Cl, at 0 °C. After the resulting
mixture was stirred 0 °C under argon atmosphere for 1 h, aq. NaHCOs and CH>Cl, were added.
The product was partitioned between the aqueous and organic layers. The aqueous layer was
washed with CH>Cl, and combined organic layers were dried over sodium sulfate and
concentrated under vacuum. The crude material was purified by column chromatography on silica
gel (25% Et;0O in Hexane) to afford 18a (39.7 mg, 65.2 umol, 63%, 2 steps) as colorless oil.

"H NMR (500 MHz; CDCl5): § 7.37-7.26 (m, 10H), 4.73-4.71 (m, 3H), 6.88 (d, J = 8.7 Hz, 2H),
4.64 (d, J=13.1 Hz, 1H), 4.32 (d, /= 12.6 Hz, 1H), 4.20 (d, /= 12.6 Hz, 1H), 3.67 (d, J=3.2
Hz, 1H), 3.00-1.50 (m, 9H), 0.89 (s, 9H), 0.08 (d, /= 1.1 Hz, 6H); *C NMR (125 MHz; CDCl5):
6 170.8,169.9, 133.6,132.9, 129.5, 129.4, 128.9, 128.8, 127.7,127.4,92.8,79.4, 74.3, 63.5, 62.8,
53.1, 41.10, 41.08, 25.7, 18.2, -5.53, -5.56; "B NMR (160 MHz; CDCl;): & -2.1, -4.0, -11.4;
HRMS (ESI, positive) for CooH44B1903Si (m/z): calculated 633.3823 (M+Na)*, found 633.3837.
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Synthesis of 1-((3-methylbutanoyl)oxymethyl)-2-((tert-butyl)dimethylsilyl)-
hydroxymethyl)-4-(2-phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (18b)
OTBS

or =~ ~0COoBn
iBuOCO A
18b

This compound was prepared from 17a (53.1 mg, 86.9 umol) and 2.0 equivalent of isovaleryl
chloride using the procedure described before for 18a in 80% yield as colorless oil.

"H NMR (500 MHz; CDCl5):8 7.33-7.28 (m, 5H), 4.72 (m, 3H), 4.63 (d, J = 13.1 Hz, 1H), 4.40
(d, J=12.5Hz, 1H), 4.25 (d, J=12.5 Hz, 1H), 3.66 (s, 2H), 2.25 (d, /= 7.1 Hz, 2H), 2.90-1.60
(m, 9H), 2.16-2.09 (m, 1H), 0.98 (d, J = 6.6 Hz, 6H), 0.90 (s, 9H), 0.10 (s, 6H); 3C NMR (125
MHz; CDCls): 8 171.5, 170.8, 133.6, 129.4, 128.8, 127.4,79.5, 74.6, 63.5, 62.4, 53.2,43.0, 41.1,
25.7,25.6,22.5,18.3,-5.51,-5.54; "B NMR (160 MHz; CDCl5): § -2.3, -4.1, -11.4; HRMS (ESI,
positive) for C26HssB1003Si (m/z): calculated 599.3977 (M+Na)*, found 599.3971.

Synthesis of 1-(2-phenylacetoxymethyl)-2-((zer-butyl)dimethylsilyl)-hydroxymethyl)-4-((3-
methylbutanoyl)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (18¢)

rOTBs
o~ OCOBu
BnOCO
18c

This compound was prepared from 17b (66.0 mg, 144.5 umol) and benzyl chloride using the
procedure described before for 18a in 76% yield as colorless oil.

"HNMR (500 MHz; CDCl5):8 7.37-7.26 (m, 5H), 4.71 (d, J = 13.1 Hz, 1H), 4.68 (s, 2H), 4.64 (d,
J=13.1 Hz, 1H), 4.34 (d, J=12.5 Hz, 1H), 4.21 (d, J= 12.5 Hz, 1H), 3.67 (s, 2H), 2.23 (d, J =
7.0 Hz, 2H), 2.90-1.60 (m, 9H), 2.15-2.10 (m, 1H), 0.97 (d, /= 6.6 Hz, 6H), 0.90 (s, 9H), 0.10 (d,
J=13.0 Hz, 6H); *C NMR (125 MHz; CDCl5): § 172.3, 169.9, 132.9, 129.5, 128.9, 127.7, 93.1,
79.4, 74.3, 63.5, 62.8, 52.5, 43.2, 41.1, 25.9, 25.7, 22.5, 18.3, -5.5, -5.6; "B NMR (160 MHz;
CDCl3): 6 -2.1, 4.1, -11.4; HRMS (ESI, positive) for Co6H4sB1003Si (m/z): calculated 599.3977
(M+Na)", found 599.3972.

251



"
o

Synthesis of  1-(3-methylbutanoyl)-2-((zer-butyl)dimethylsilyl)-hydroxymethyl)-4-((3-
methylbutanoyl)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (18d)
OTBS

_ or =~ ~O0COBu
'BuoCO

18d

This compound was prepared from 17b (66.0 mg, 144.5 umol) and isovaleryl chloride using the
procedure described before for 18a in 76% yield as colorless oil.

"H NMR (500 MHz; CDCl5):5 4.70 (d, J = 13.1 Hz, 1H), 4.68 (s, 2H), 4.63 (d, J = 13.1 Hz, 1H),
4.41(d,J=12.5Hz, 1H),4.27 (d,J=12.5 Hz, 1H), 2.24 (d,J=7.1 Hz, 2H), 2.22 (d, /= 7.0 Hz,
2H), 2.90-1.60 (m, 9H), 2.14-2.09 (m, 2H), 0.97 (d, J = 6.6 Hz, 6H), 0.96 (d, J = 6.6 Hz, 6H),
0.91 (s, 9H), 0.12 (d, J = 1.3 Hz, 6H); 3*C NMR (125 MHz; CDCls): § 172.3, 171.5, 93.2, 79.5,
74.6, 63.5, 62.3, 52.5, 43.2,43.0, 25.9, 25.7, 25.6, 22.53, 22.48, 18.3, -5.5, -5.6; ''B NMR (160
MHz; CDCl;): 6 -2.2, 4.1, -11.4; HRMS (ESI, positive) for C23H4sB1003Si (m/z): calculated
565.4131 (M+Na)", found 565.4128.

Synthesis of 1,2-bis(hydroxymethyl)-4-(2-phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-closo-
dodecaborane (19a)

r0H
o. = ocoBn
=
HO A
19a

To a solution of 17a (66 mg, 0.109 mmol) in CH,Cl, (1 mL), was added 4 M HCI in Dioxane (1
mL). The resulting mixture was stirred at room temperature until the full conversion of a starting
material was observed. After that, the reaction mixture was concentrated under pressure. The
crude material was purified by column chromatography on silica gel (25% to 50% EtOAc in
Hexane) to afford 19a (24.7 mg, 0.0656 mmol, 60%) as colorless oil.

"HNMR (500 MHz; CDCls): § 7.35-7.29 (m, 5H), 4.69 (d, J=15.7 Hz, 1H), 4.64 (d,J= 15.7 Hz,
1H), 4.27 (d, J=13.9 Hz, 1H), 4.16-4.13 (m, 3H), 3.68 (s, 2H), 3.00-1.50 (m, 9H); *C NMR (100
MHz; CDCl5): 6 172.3, 133.4, 129.3, 129.0, 127.6, 92.3, 79.1, 78.8, 64.2, 63.1, 53.7, 41.3; ''B
NMR (128 MHz; CDCls): 6 -3.24, -9.97, -10.9, 11.6; HRMS (ESI, positive) for CisH24B100s
(m/z): calculated 401.2522 (M+Na)", found 401.2519.
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Synthesis of 1,2-bis(hydroxymethyl)-4-((3-methylbutanoyl)prop-1-yn-1-yl)-1,2-dicarba-
closo-dodecaborane (19b)

OH

or _=~NocoB
HO Ny~
19b

To a solution of 17b (70 mg, 0.121 mmol) in CH>Cl, (1 mL), was added 4 M HCI in Dioxane (1
mL). The resulting mixture was stirred at room temperature until the full conversion of a starting
material was observed. After that, the reaction mixture was concentrated under pressure. The
crude material was purified by column chromatography on silica gel (25% to 50% EtOAc in
Hexane) to afford 19b (36.7 mg, 0.106 mmol, 87%) as colorless oil.

"H NMR (500 MHz; CDCl5): 6 4.67 (d, J = 15.7 Hz, 1H), 4.60 (d, J= 15.7 Hz, 1H), 4.44 (d, J =
13.8 Hz, 1H), 4.29 (d, /= 13.8 Hz, 1H), 4.18 (d, J= 2.7 Hz, 2H), 3.00-1.50 (m, 9H), 2.24 (t, J =
3.9 Hz, 2H) 2.14-2.08 (m, 1H), 0.97 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCl;): § 173.9,
92.9,79.1, 78.8, 64.2, 63.3, 53.0, 43.3, 26.0, 22.4; "B NMR (128 MHz; CDCl5): § -3.24, -9.97, -
10.9, 11.6; HRMS (ESI, positive) for Ci2Hz¢B1004 (m/z): calculated 367.2675 (M+Na)*, found
367.2683.

Synthesis of 1-((3-methylbutanoyl)oxymethyl)-2-((3-methylbutanoyl)oxymethyl)-4-(2-
phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (I1a)

roco"Bu
o // OCOBn
BnOCO A
IIa

To a solution of 18a (27 mg, 44.3 umol) in CH,Cl, (500 pL), was added 4 M HCI in Dioxane
(500 uL). The resulting mixture was stirred at room temperature until the full conversion of a
starting material was observed. After that, the reaction mixture was concentrated under pressure
to use in the next reaction without further purification.

To a solution of the crude material and triethylamine (18 uL, 133 pmol) in CH,Cl, (500 pL), was
slowly added isovaleryl chloride (8.1 pL, 66.5 umol) in CH2Cl, at 0 °C. After the resulting
mixture was stirred at room temperature for 9 h, the resulting mixture was concentrated under

vacuum. The crude materials were filtered through basic Al,O; pad and purified by column
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chromatography on silica gel (25% Et;O in hexane) afforded IIa (15.6 mg, 27.0 umol, 61% 2
steps) as colorless oil.

"HNMR (500 MHz; CDCls): 6 7.33-7.26 (m, 10H), 4.75-4.67 (m, 6H), 3.68 (s, 2H), 3.67 (s, 2H),
2.20(d,J=7.1 Hz, 1H), 2.11-2.06 (m, 1H), 3.00-1.50 (m, 9H), 0.96 (d, /= 6.6 Hz, 6H); *C NMR
(125 MHz; CDCls): 6 171.2,170.8, 169.8, 133.7, 132.7, 129.5, 129.4, 129.0, 128.8, 127.8, 127 .4,
75.8, 75.3, 63.1, 61.4, 53.0, 42.9, 41.1, 41.0, 25.6, 22.5; '"B NMR (160 MHz; CDCl;): & -3.1, -
11.0; HRMS (ESI, positive) for CysH3sB100s (m/z): calculated 603.3532 (M+Na)*, found
603.3532.

Synthesis of 1-((3-methylbutanoyl)oxymethyl)-2-(2-phenylacetoxymethyl)-4-((3-
methylbutanoyl)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (IIb)

rOCOBn
. 0 // OCOBn
'BuOCO
IIb

This compound was prepared from 18b (39.7 mg, 69.1 umol) and benzyl chloride using the
procedure described before for Ila in 43% yield as colorless oil.

"H NMR (500 MHz; CDCl5): 8 7.35-7.27 (m, 10H), 4.85 (m, 6H), 3.68 (d, J= 13.7 Hz, 1H), 4.80
(d, J=13.7 Hz, 1H), 4.68 (s, 2H), 4.51 (d, /= 1.0 Hz, 1H), 3.67 (s, 2H), 3.66 (s, 2H), 3.00-1.50
(m, 9H), 2.20 (d, J = 7.0 Hz, 2H), 2.11-2.07 (m, 1H), 0.96 (d, J = 6.6 Hz, 6H); *C NMR (125
MHz; CDCl3): 6 171.2,170.9, 169.8, 133.7, 132.9, 129.5, 129.4, 128.9, 128.8, 127.7, 127.4, 75.61,
75.57, 62.4, 62.0, 53.0, 42.8, 41.1, 41.0, 25.6, 22.5; "B NMR (160 MHz; CDCl): § -3.1, -11.1;
HRMS (ESI, positive) for CosH3sB19Os (m/z): calculated 603.3532 (M+Na)*, found 603.3529.

Synthesis of 1-(2-phenylacetoxymethyl)-2-((3-methylbutanoyl)oxymethyl)-4-((3-
methylbutanoyl)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (Ilc)

roco"Bu
o~ ~OCOBu
BnOCO A

Ilc
This compound was prepared from 18¢ (29.8 mg, 51.8 umol) and isovaleryl chloride using the

procedure described before for IIa in 89% yield as colorless oil.
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"H NMR (500 MHz; CDCl5):6 7.37-7.25 (m, 5H), 4.73 (d, J = 3.8 Hz, 2H), 4.68 (m, 4H), 3.67 (s,
2H), 2.90-1.60 (m, 9H), 2.24-2.20 (m, 4H), 2.14-2.07 (m, 2H), 0.98-0.96 (m, 12H); *C NMR
(125 MHz; CDCls): 6 172.3,171.2,169.8, 132.8, 129.5, 129.0, 127.8, 94.0, 75.9, 75.4, 63.1, 61.5,
52.3,43.2,42.9,41.1,25.9, 25.6, 22.5; "B NMR (160 MHz; CDCl;): & -3.1, -11.0; HRMS (ES],
positive) for C2sHaoB10Os (m/z): calculated 569.3685 (M+Na)*, found 569.3680.

Synthesis of 1-(3-methylbutanoyl)-2-(2-phenylacetoxymethyl)-4-((3-methylbutanoyl)prop-
1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (I1d)
OCOBn
. or -~~~ ~OCO'Bu
‘BuOCO

Ild

This compound was prepared from 18d (32.3 mg, 59.7 umol) and benzyl chloride using the
procedure described before for IIa in 71% yield as colorless oil.

"H NMR (500 MHz; CDCls):8 7.36-7.27 (m, 5H), 4.85 (d, J = 3.1 Hz, 1H), 4.66 (s, 2H), 4.52 (d,
J=0.9 Hz, 1H), 3.69 (s, 2H), 2.90-1.60 (m, 9H), 2.29-2.18 (m, 4H), 2.15-2.05 (m, 2H), 0.96 (d,
J=6.6 Hz, 12H); 3C NMR (125 MHz; CDCl5): § 172.4,171.2,169.8, 132.9, 129.5, 128.9, 127.8,
75.6, 75.5, 62.4, 62.1, 52.4, 43.2, 42.8, 41.0, 25.9, 25.6, 22.49, 22.48; "B NMR (160 MHz;
CDCl3): 6-2.9, -11.1; HRMS (ESI, positive) for C2sHoB100s (m/z): calculated 569.3685 (M+Na)*
found 569.3681.

b

Synthesis of 1,2-bis(phenylacetoxymethyl)-4-(2-phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-

closo-dodecaborane (Ile)

rocon3n

o ~OCOBn
BnCOO A

IIe

This compound was prepared from 19a (11.9 mg, 31.6 umol) and 2.0 equivalent of phenylacetyl
chloride using the procedure described before for 13a in 57% yield as colorless oil.

"HNMR (500 MHz; CDCl;):5 7.33-7.21 (m, 15H), 4.68 (d, J = 4.3 Hz, 4H), 4.49 (s, 2H), 3.66 (s,
2H), 3.61 (s, 4H), 2.90-1.40 (m, 9H); *C NMR (125 MHz; CDCls): & 170.8, 169.7, 169.7, 133.7,
132.9, 132.7, 129.51, 129.49, 129.41, 129.0, 128.9, 128.8, 127.7, 127.4, 93.5, 75.4, 75.1, 63.0,
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62.1, 53.0, 41.1, 41.0; "B NMR (160 MHz; CDCI5): & -3.10, -11.4; HRMS (ESI, positive) for
C31H36B100s (m/z): calculated 637.3378 (M+Na)*, found 637.3386.

Synthesis of 1,2-bis((3-methylbutanoyl)oxymethyl)-4-(2-phenylacetoxy)prop-1-yn-1-yl)-1,2-

dicarba-closo-dodecaborane (IIf)

rOCO"Bu

[o) // oC
iBuCOO A oB

1If

This compound was prepared from 19a (12.6 mg, 33.5 umol) and 2.0 equivalent of isovaleryl
chloride using the procedure described before for 13b in 23% yield as colorless oil.

"HNMR (500 MHz; CDCl;):5 7.35-7.27 (m, 5H), 4.87 (d, J= 13.8 Hz, 1H), 4.79 (d, J = 13.8 Hz,
1H), 4.71 (s, 2H), 4.70-4.65 (m, 2H), 3.68 (s, 2H), 2.90-1.60 (m, 9H), 2.25 (d, J = 7.1 Hz, 4H)
2.16-2.07 (m, 2H), 0.99-0.97 (m, 12H); *C NMR (125 MHz; CDCl5): 6 171.3,171.3,170.8, 133.7,
129.4,128.8,127.4,75.9,75.7, 62.5, 61.4, 53.0, 42.92, 42.89, 41.1, 25.62, 25.60, 22.5; ''B NMR
(160 MHz; CDCl3): ¢ -3.15, -11.1; HRMS (ESI, positive) for C,sH40B100s (m/z): calculated
569.3685 (M+Na)", found 569.3684.

Synthesis of 1,2-bis(2-phenylacetoxymethyl)-4-((3-methylbutanoyl)prop-1-yn-1-yl)-1,2-
dicarba-closo-dodecaborane (11g)
0OCOBn
or -~  "OCOBu
BnCOO A

IIg

This compound was prepared from 19b (18.6 mg, 54.3 umol) and 2.0 equivalent of phenylacetyl
chloride using the procedure described before for 13a in 72% yield as colorless oil.

"H NMR (500 MHz; CDCl5):8 7.36-7.28 (m, 6H), 7.25-7.22 (m, 4H), 4.71 (s, 2H), 4.66 (s, 2H),
4.50 (s, 2H), 3.63 (s, 2H), 3.61 (s, 2H), 2.90-1.40 (m, 9H), 2.23 (d, /= 7.1 Hz, 2H), 2.16-2.09 (m,
1H), 0.97 (d, J = 6.6 Hz, 6H); *C NMR (125 MHz; CDCl;): § 172.3, 169.70, 169.69, 132.9,
129.50, 125.49, 128.93, 128.89, 127.8, 127.7,93.9, 75.4, 75.2, 63.0, 62.1, 52.3, 43.1, 41.0, 25.9,
22.5; "B NMR (160 MHz; CDCls): § -2.9, -10.3, -11.0; HRMS (ESI, positive) for CosH3sB190s
(m/z): calculated 603.3532 (M+Na)", found 603.3521.
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Synthesis of 1,2-bis((3-methylbutanoyl)oxymethyl)-4-((3-methylbutanoyl)prop-1-yn-1-yl)-
1,2-dicarba-closo-dodecaborane (ITh)

OCOBu

) or = OCO'Bu
iBuCOO 74\
IIh

This compound was prepared from 19b (19.4 mg, 56.7 umol) and 2.0 equivalent of isovaleryl
chloride using the procedure described before for 13b in 88% yield as colorless oil.

"HNMR (500 MHz; CDCl;):5 4.88 (d, J=13.7 Hz, 1H), 4.82 (d, J = 13.7 Hz, 1H), 4.68-4.67 (m,
4H), 2.90-1.60 (m, 9H), 2.26-2.22 (m, 6H) 2.16-2.08 (m, 3H), 0.98-0.95 (m, 18H); 1*C NMR
(125 MHz; CDCl3): 6 172.3,171.3, 94.0, 75.8, 75.7, 62.5, 43.1, 42.92, 42 88, 25.9, 25.61, 25.60,
22.51,22.50,22.47; "B NMR (160 MHz; CDCl5): § -3.0, -10.3, -11.0; HRMS (ESI, positive) for
C25sHi0B100s (m/z): calculated 535.3839 (M+Na)*, found 535.3839.

»  Synthesis of scaffold III-type compounds

Synthesis of 1-hydroxymethyl-9-((trimethylsilyl)ethynyl)-1,7-dicarba-closo-dodecaborane
(22)

I,
T™MS

To a solution of 9-(2-(trimethylsilyl)ethynyl)-1,7-dicarba-closo-dodecaborane (21) (238 mg,
0.989 mmol) prepared according to the reported literature?! in THF (4 mL), was slowly added n-
BuLi 1.6 M solution in hexane (622 uL, 0.989 mmol) at -78 °C. After the resulting mixture was
stirred at -78 °C under argon atmosphere for 2 h, paraformaldehyde (44 mg, 1.48 mmol) was
added at -78 °C. Then, the resulting mixture was warmed up to room temperature and stirred for
12 h under argon atmosphere. The reaction mixture was quenched with aq. 1 M HCI. The resulting
mixture was partitioned between the aqueous and organic layers. The aqueous layer was washed
with EtOAc, and the mixture was extracted with EtOAc, washed with brine, dried over sodium
sulfate, and concentrated under vacuum. The residue was purified by column chromatography on
silica gel (20% EtOAc in Hexane) to afford 22 (122 mg, 0.452 mmol, 46%) as colorless oil.
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"H NMR (500 MHz; CDCl5): & 3.81 (s, 2H), 2.93 (s, 1H), 3.40-1.60 (m, 9H), 0.15 (s, 9H); 1*C
NMR (125 MHz; CDCls): § 105.1, 76.2, 65.3, 53.6, 21.2, 0.21; "B NMR (160 MHz; CDCl5): & -
4.3, -8.6, -10.0, -11.5, -12.8, -14.1, -16.7, -18.3; HRMS (ESI, positive) for CsH2,B100Si (m/z):
calculated 295.2281 (M+Na)", found 295.2273.

Synthesis of 1-((tert-butyl)dimethylsilyl)hydroxymethyl)-9-((trimethylsilyl)ethynyl)-1,7-

dicarba-closo-dodecaborane (23)

Sm” NOTBS

Il 23
TMS

To a solution of 22 (132 mg, 0.487 mmol) and 2,6-lutidine (85 pL, 0.730 mmol) in DCM (2 mL)
was slowly added TBSOT{ (132 uL, 0.584 mmol) at 0 °C under argon atmosphere. The resulting
mixture was stirred at room temperature until the starting material disappeared as monitored by
TLC analysis. Then, the reaction mixture was quenched with a small amount of aq. NaHCO; and
filtered on celite pad. The filtrate was concentrated under vacuum. The crude material was
purified by column chromatography on silica gel (10% EtOAc in Hexane) to afford 23 (185 mg,
0.480 mmol, 99%) as colorless oil. '"H NMR (500 MHz; CDCls): § 3.81 (s, 2H), 2.93 (s, 1H),
3.40-1.60 (m, 9H), 0.15 (s, 9H); *C NMR (125 MHz; CDCl;): § 105.1, 76.2, 65.3, 53.6, 21.2,
0.21; "B NMR (160 MHz; CDCl5): & -4.3, -8.6, -10.0, -11.5, -12.8, -14.1, -16.7, -18.3; HRMS
(ESI, positive) for C14H36B100Si> (m/z): calculated 409.3156 (M+Na)*, found 409.3153.

Synthesis of  7-((fert-butyl)dimethylsilyl)hydroxymethyl-9-(trimethylsilyl)ethynyl-1,7-

dicarba-closo-dodecaboranylcarboxylic acid (24)

HOoOC Sm” ~OTBS

[l 24
T™MS
To a solution of 23 (184 mg, 0.478 mmol) in THF (1.8 mL), was slowly added »-BuLi 1.6 M
solution in hexane (316 uL, 0.502 mmol) at -78 °C. After the resulting mixture was stirred at -
78 °C under argon atmosphere for 2 h, CO, balloon was attached. Then, the resulting mixture was

warmed up to room temperature and stirred for 12 h under CO; atmosphere. After that, the reaction
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mixture was concentrated under pressure. Hexane was added after which the product was
partitioned between the aqueous and organic layers. The aqueous layer was washed with hexane.
Then, to the aqueous layer, were added 6 M HCI and Et,0 after which the product was partitioned
between the aqueous and organic layers. The aqueous layer was washed with hexane and
combined organic layers were dried over sodium sulfate and concentrated under vacuum to afford
24 (188 mg, 92%) as a white solid.

"H NMR (500 MHz; CDCl5): & 3.75 (s, 2H), 3.10-1.80 (m, 9H), 0.89 (s, 9H), 0.16 (s, 9H), 0.04
(s, 6H); *C NMR (125 MHz; CDCl): 6 165.7, 105.9, 79.3, 69.2, 65.5, 25.8, 18.4, 0.18, -5.5; '"'B
NMR (160 MHz; CDCls): & -3.9, -6.8, -10.4, -12.7, -17.1; HRMS (ESI, positive) for
Ci5H36B1003Si, (m/z): calculated 453.3056 (M+Na)*, found 453.3051; m.p. 119-120 °C.

Synthesis of 1-((tert-butyl)dimethylsilyl)hydroxymethyl)-7-benzylaminocarboxyl-9-ethynyl-

1,7-dicarba-closo-dodecaborane (25a)

BnHNOC ‘m/\OTBS

|| 25a

To a solution of 24 (87.8 mg, 0.281 mmol) in THF (1 mL), benzylamine (37 pL, 0.337 mmol),
EDCI (65 mg, 0.337 mmol), HOBt (65 mg, 0.422 mmol) and DIEA (143 pL, 0.843 mmol) were
slowly added. The resulting mixture was stirred at room temperature under argon atmosphere
until the full conversion of a starting material was observed. The resulting mixture was added aq.
NaHCOs and EtOAc after which the product was partitioned between the aqueous and organic
layers. The aqueous layer was washed with EtOAc and combined organic layers were washed
with brine, dried over sodium sulfate and concentrated under vacuum. The crude material was
used to the next reaction without further purification.

To a solution of the crude material in MeOH (500 pL), potassium carbonate (40 mg, 0.444 mmol)
was added. The resulting mixture was stirred at room temperature until the full conversion of a
starting material was observed. After that, the reaction mixture was concentrated under pressure.
To the resulting mixture was added water and EtOAc after which the product was partitioned
between the aqueous and organic layers. The aqueous layer was washed with EtOAc and
combined organic layers were washed with brine, dried over sodium sulfate and concentrated
under vacuum. The crude material was purified by column chromatography on silica gel (10%
EtOAc in Hexane) to afford 25a (20.5 mg, 0.0460 mmol, 16% 2 steps) as colorless oil. '"H NMR
(500 MHz; CDCls): 6 7.36-7.17 (m, 4H), 7.18 (d, J = 7.0 Hz, 2H), 6.09 (s, 1H), 4.38 (d, /= 5.5
Hz, 2H), 3.78 (s, 2H), 3.40-1.60 (m, 9H), 2.27 (s, 1H), 0.89 (s, 9H), 0.04 (s, 6H); *C NMR (125
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MHz; CDCls): 6 160.0, 136.8, 129.1, 128.1, 127.6, 86.4, 73.6, 65.5, 45.0, 43.9, 25.8, 18.3, -5.5;
"B NMR (160 MHz; CDCls): & -4.6, -7.9, -10.9, -12.5, -15.3, -16.6; HRMS (ESI, positive) for
C19H35B1002NSi (m/z): calculated 470.3291 (M+Na)*, found 470.3285.

Synthesis of 1-((tert-butyl)dimethylsilyl)hydroxymethyl-7-isobutylcarbamoyl-9-ethynyl-
1,7-dicarba-closo-dodecaborane (25b)

i
BuHNOC ‘_m/\OTBS

|| 25b

This compound was prepared from 24 (102 mg, 0.327 mmol) using the procedure described for
25a in 56% yield as a white solid. '"H NMR (500 MHz; CDCls): § 5.83 (s, 1H), 3.76 (s, 2H), 3.02
(t,J=6.4 Hz, 2H), 3.40-1.80 (m, 9H), 2.27 (s, 1H), 1.79-1.70 (m, 1H), 0.88 (s, 9H), 0.87 (d, J =
6.8 Hz, 6H), 0.03 (s, 6H); *C NMR (125 MHz; CDCl5): 8 159.9, 86.4, 76.5, 74.0, 65.5, 48.1, 28.5,
25.8,19.9,18.3,-5.5; "B NMR (160 MHz; CDCl3): 5 -4.9,-7.9, -11.0, -12.5, -15.5, -16.6; HRMS
(ESI, positive) for Ci6sH37B10NO,Si (m/z): calculated 436.3444 (M+Na)*, found 436.3423; m.p.
69-70 °C.

Synthesis of 1-((zert-butyl)dimethylsilyl)hydroxymethyl)-7-benzylaminocarboxyl-9-(1H-
1,2,3-triazol-4-yl)benzylcarbamoyl-1,7-dicarba-closo-dodecaborane (26a)

BnHNOC ‘m/\OTBS

N ) 26a
N-N

A}

Bn

To a solution of 25a (17 mg, 38.4 pmol) in DMF:H,O (1:1, v/v, 500 uL), were added Cul (0.7
mg, 3.84 umol), sodium ascorbate (1.5 mg, 7.67 pmol), and benzylazide (5.1 puL, 38.4 umol).
The mixture was stirred vigorously at room temperature for 12 h. The reaction was quenched with
water and the mixture was extracted with EtOAc, washed with brine, dried over sodium sulfate,
and concentrated under vacuum. The residue was purified by column chromatography on silica
gel (40% EtOAc in Hexane) to afford 26a (15.5 mg, 26.8 umol, 70%) as a white solid.

"HNMR (500 MHz; CDCl;):5 7.37-7.26 (m, 10H), 7.18 (d, J= 7.0 Hz, 2H), 6.25 (s, 1H), 5.50 (s,
2H), 4.38 (d, J = 5.5 Hz, 2H), 3.81 (s, 2H), 3.50-1.80 (m, 9H), 0.88 (s, 9H), 0.04 (s, 6H); 13C
NMR (125 MHz; CDCls): 6 160.3, 136.9, 134.9, 129.2, 129.0, 128.7, 128.3, 128.0, 127.6, 74.1,
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65.5,53.8,44.9, 29.8, 25.8, 18.3, -5.2; "B NMR (160 MHz; CDCl;): § -5.2, -8.1, -10.6, -12.2, -
16.6; HRMS (ESI, positive) for CosH4:B10N4O,Si (m/z): calculated 603.3938 (M+Na)*, found
603.3939; m.p. 66-68 °C.

Synthesis of 1-((zert-butyl)dimethylsilyl)hydroxymethyl)-7-benzylaminocarboxyl-9-((1H-
1,2,3-triazol-4-yl)-3-methyl-butanoyl)-1,7-dicarba-closo-dodecaborane (26b)

BnHNOC ‘mAOTBS

Ny 26b
N—N
YiBuy

This compound was prepared from 25a (38.0 mg, 85.3 umol) and isovalerylazide using the
procedure described before for 26a in 84% yield as a white solid; m.p. 49-51 °C; '"H NMR (500
MHz; CDCl3):8 7.40 (s, 1H), 7.33-7.26 (m, 3H), 7.18 (d, J = 7.0 Hz, 2H), 6.24 (s, 1H), 4.39 (s,
2H), 4.12 (d, J= 5.7 Hz, 2H), 3.83 (s, 2H), 3.20-2.00 (m, 9H), 2.19 (m, 1H), 0.92 (d, /= 6.4 Hz,
6H), 0.89 (s, 9H), 0.05 (s, 6H); *C NMR (125 MHz; CDCl5): § 160.3, 136.9, 129.0, 128.0, 127.6,
74.0, 65.5, 57.2, 44.9, 29.8, 25.8, 20.1, 18.3, -5.5; ''B NMR (160 MHz; CDCl;): 6 -5.1, -8.1, -
12.9, -15.3; HRMS (ESI, positive) for C23Ha4B10N4O,Si (m/z): calculated 569.4092 (M+Na)*,
found 569.4075.

Synthesis of 1-((tert-butyl)dimethylsilyl)hydroxymethyl)-7-isobutylcarbamoyl-9-(1H-1,2,3-
triazol-4-yl)benzylcarbamoyl-1,7-dicarba-closo-dodecaborane (26¢)

'BuHNOC
uHNO Sm” NOTBS

NN 26¢
N-N_
Bn

This compound was prepared from 25b (34.6 mg, 84.1 umol) using the procedure described
before for 26a in 93% yield as colorless oil. "H NMR (500 MHz; CDCl;):8 7.37-7.23 (m, 5H),
5.94 (s, 1H), 5.50 (s, 2H), 3.80 (s, 2H), 3.02 (m, 2H), 3.00-1.80 (m, 9H), 0.87 (m, 15H), 0.03 (s,
6H); 3C NMR (125 MHz; CDCl5): 8 160.2, 135.0, 129.1, 128.7, 128.2, 74.4, 65.5, 48.2, 25.8,
20.0, 18.3, -5.5 "B NMR (160 MHz; CDCl;): 6 5.1, -8.1, -12.2, -15.2; HRMS (ESI, positive)
for C23H44B10N4O,Si (m/z): calculated 569.4092 (M+Na)*, found 569.4078.
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Synthesis of 1-((fert-butyl)dimethylsilyl)hydroxymethyl)-7-isobutylcarbamoyl-9-((1H-1,2,3-
triazol-4-yl)-3-methyl-butanoyl)-1,7-dicarba-closo-dodecaborane (26d)

i
BuHNOC ‘m/\OTBS

N| Ny 26d
N—N
“iBu

This compound was prepared from 25b (35.8 mg, 87.0 pmol) and isovalerylazide using the
procedure described before for 26a in 14% yield as colorless oil. "H NMR (500 MHz; CDCl5):3
7.43 (s, 1H), 6.04 (s, 1H), 4.14 (d, J=7.1 Hz, 2H), 3.82 (s, 2H), 3.04 (m, 2H), 2.24-2.19 (m, 1H),
1.79-1.77 (m, 1H), 0.94 (d, J = 6.6 Hz, 6H), 0.89 (s, 9H), 0.87 (d, J = 6.7 Hz, 6H), 0.05 (s, 6H);
BC NMR (125 MHz; CDCls): 8 160.3, 74.6, 65.6, 57.5, 48.2, 29.9, 28.5, 20.1, 20.0, 18.4, -5.4;
B NMR (160 MHz; CDCls): & -5.4, -8.2, -10.6, -12.5, 16.4; HRMS (ESI, positive) for
C20H46B10N4O:Si (m/z): calculated 535.4245 (M+Na), found 535.4230.

Synthesis of 1-phenylacetoxymethyl-7-benzylaminocarboxyl-9-(1H-1,2,3-triazol-4-
yl)benzylcarbamoyl-1,7-dicarba-closo-dodecaborane (I11a)

BnHNOC Sm”~0COBn

Ny IIla
N-N,
Bn

To a solution of 26a (11.9 mg, 26.8 umol) in CH>Cl, (500 uL), was added 4N HCI in Dioxane
(500 uL). The resulting mixture was stirred at room temperature until the full conversion of a
starting material was observed. After that, the reaction mixture was concentrated under pressure
to use in the next reaction without further purification.

To a solution of the crude material and triethylamine (16.7 uL, 0.121 mmol) in CH,Cl, (500 uL),
was slowly added phenylacetyl chloride (5.3 uL, 40.2 umol) at 0 °C. After the resulting mixture
was stirred at room temperature for 9 h, the resulting mixture was concentrated under vacuum.
The crude materials were filtered through basic Al,Os pad and purified by column
chromatography on silica gel (20% to 40% EtOAc in hexane) to afford IIla (12.6 mg, 21.6 pmol,
81% 2 steps) as colorless oil.

"HNMR (500 MHz; CDCl;):5 7.40-7.17 (m, 15H), 6.15 (s, 1H), 5.51 (s, 2H), 4.38 (d, /= 5.8 Hz,
2H), 4.34 (s, 2H),3.65 (s, 2H), 3.40-1.80 (m, 9H); '*C NMR (125 MHz; CDCls): 6 170.1, 159.8,
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136.7, 135.0, 133.1, 129.5, 129.2, 129.1, 128.8, 128.7, 128.3, 128.1, 127.6, 127.5, 127.0, 74.5,
71.8, 64.6,53.8,45.0,41.1; "B NMR (160 MHz; CDCl5): § 4.7, -7.5, -10.3, -12.0, -15.0; HRMS
(ESI, positive) for C,sH34B10N4O3 (m/z): calculated 619.3301 (M+Na)*, found 619.3329.

Synthesis of 1-(3-methylbutanoyl)oxymethyl-7-benzylaminocarboxyl-9-(1H-1,2,3-triazol-4-
yl)benzylcarbamoyl-1,7-dicarba-closo-dodecaborane (I11b)

BnHNOC S N0COBu

NN b
N-N
Bn

This compound was prepared from 26a (7.1 mg, 12.3 umol) and isovaleryl chloride using the
procedure described before for IIla in 76% yield as colorless oil.

"H NMR (500 MHz; CDCl;):5 7.33-7.26 (m, 9H), 7.18 (d, J = 8.2 Hz, 2H), 6.15 (s, 1H), 5.51 (s,
2H), 4.38 (d, J=5.7 Hz, 2H), 4.33 (s, 2H), 3.40-1.80 (m, 9H), 2.23 (d, /= 7.2 Hz, 2H), 2.14-2.07
(m, 1H), 0.96 (d, J = 6.7 Hz, 6H); 3C NMR (125 MHz; CDCl3): & 171.6, 159.9, 136.7, 135.0,
129.2,129.1, 128.7, 128.3, 128.1, 127.6, 127.0, 74.5, 72.1, 64.2, 53.8, 45.0, 43.0, 25.6, 22.5; ''B
NMR (160 MHz; CDCls): & 4.7, -7.5, -10.2, -11.8, -15.3; HRMS (ESI, positive) for
C2sH36B10N4O3 (m/z): calculated 585.3455 (M+Na), found 585.3460.

Synthesis of 1-phenylacetoxymethyl-7-benzylaminocarboxyl-9-((1H-1,2,3-triazol-4-yl)-3-
methyl-butanoyl)-1,7-dicarba-closo-dodecaborane (I1lc)

BnHNOC Sm” >0COBn

N e

[\)
N—
N\

'Bu
This compound was prepared from 26b (17.6 mg, 32.3 umol) using the procedure described
before for Ila in 68% yield as colorless oil. '"H NMR (500 MHz; CDCl;):8 7.39 (s, 1H), 7.36-
7.27 (m, 8H), 7.19 (d, J = 6.8 Hz, 2H), 6.13 (s, 1H), 4.39 (d, J= 5.7 Hz, 2H), 4.36 (s, 2H), 4.13
(d, J=7.2 Hz, 2H), 3.67 (s, 2H), 3.40-1.80 (m, 9H), 2.23-2.17 (m, 1H), 0.94 (d, J= 6.7 Hz, 6H);
BC NMR (125 MHz; CDCls): 6 170.1, 159.8, 136.7, 133.1, 129.5, 129.1, 128.8, 128.1, 127.6,
127.5,127.5,74.5, 71.8, 64.6, 57.2, 45.0, 41.0, 29.8, 20.1; "B NMR (160 MHz; CDCl5): § -4.5,
-7.1, -10.0, -11.6, -15.3; HRMS (ESI, positive) for CosH3sB10N4O3 (m/z): calculated 585.3455
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(M+Na)", found 585.3470.

Synthesis of 1-(3-methylbutanoyl)oxymethyl-7-benzylaminocarboxyl-9-((1H-1,2,3-triazol-
4-yl)-3-methyl-butanoyl)-1,7-dicarba-closo-dodecaborane (I11d)

BnHNOC S N0CoBu

Ny IId
N-N_
'Bu

This compound was prepared from 26b (20.2 mg, 37.1 umol) and isovaleryl chloride using the
procedure described before for IIla in quantitative yield as colorless oil.

"H NMR (500 MHz; CDCl5):5 7.41 (s, 1H), 7.35-7.28 (m, 3H), 7.19-7.18 (m, 2H), 6.20 (s, 1H),
4.39 (d, J= 5.7 Hz, 2H), 4.35 (s, 2H), 4.13 (d, J = 7.2 Hz, 2H), 3.20-1.80 (m, 9H), 2.24 (d, J =
7.1 Hz, 2H), 2.22-2.17 (m, 1H), 2.15-2.09 (m, 1H), 0.97 (d, J = 6.6 Hz, 6H), 0.93 (d, /= 6.7 Hz,
6H); *C NMR (125 MHz; CDCl5): § 171.6, 159.9, 136.7, 129.0, 128.1, 127.6, 127.5, 74.5, 72.0,
64.2,57.2,45.0,43.0, 29.8, 25.6, 22.5, 20.1; "B NMR (160 MHz; CDCl5): 5 -4.8, -7.63, -10.4, -
12.1, -15.0; HRMS (ESI, positive) for C2,H3sB10N4O3 (m/z): calculated 551.3609 (M+Na)*, found
551.3639.

Synthesis of 1-phenylacetoxymethyl-7-isobutylcarbamoyl-9-(1H-1,2,3-triazol-4-
yl)benzylcarbamoyl-1,7-dicarba-closo-dodecaborane (Ille)

i
BuHNOC Sm”~0c0oBn

Ny TIlle
N-N,
Bn

This compound was prepared from 26¢ (20.8 mg, 38.1 umol) using the procedure described
before for Ila in 61% yield as colorless oil.

"H NMR (500 MHz; CDCl5):8 7.40-7.23 (m, 10H), 5.89 (s, 1H), 5.52 (s, 2H), 4.34 (s, 2H), 3.65
(s, 2H), 3.02 (d, J = 6.0 Hz, 2H), 1.78-1.71 (m, 1H), 0.87 (d, J = 6.7 Hz, 6H); '*C NMR (125
MHz; CDCl5): § 171.1, 159.8, 135.1, 133.1, 129.5, 129.2, 128.8, 128.7, 128.3, 127.5, 127.0, 74.9,
71.8, 64.6, 53.8, 48.2, 41.0, 28.5, 20.0; ''B NMR (160 MHz; CDCl;): § -5.0, -7.5, -10.4, -12.2, -
15.3, -16.7; HRMS (ESI, positive) for C,sH3¢B10N4O3 (m/z): calculated 585.3455 (M+Na)*, found
585.3456.
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Synthesis of 1-(3-methylbutanoyl)oxymethyl-7-isobutylcarbamoyl-9-(1H-1,2,3-triazol-4-
yl)benzylcarbamoyl-1,7-dicarba-closo-dodecaborane (IIIf)

i
BuHNOC Sm™ > 0coBu

N IIIf
N-N,
Bn

This compound was prepared from 26¢ (22.0 mg, 40.3 umol) and isovaleryl chloride using the
procedure described before for IIla in 77% yield as colorless oil.

"H NMR (500 MHz; CDCI5):8 7.40-7.26 (m, 5H), 5.92 (s, 1H), 5.52 (s, 2H), 4.33 (s, 2H), 3.02 (t,
J=6.4 Hz, 2H), 2.23 (d, J = 7.1 Hz, 2H), 2.14-2.07 (m, 1H), 3.00-1.80 (m, 9H), 1.78-1.72 (m,
1H), 0.96 (d, J = 6.7 Hz, 6H), 0.86 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCl;): & 171.6,
159.8, 135.0, 129.2, 128.7, 128.3, 127.0, 74.9, 72.0, 64.2, 53.8, 48.2, 43.0, 28.5, 25.6, 22.5, 20.1,
20.0; "B NMR (160 MHz; CDCl5): § 4.9, -7.7,-10.4, -12.2, -15.4, -16.8; HRMS (ESI, positive)
for C2H3sB19N4O; (m/z): calculated 551.3609 (M+Na)*, found 551.3611.

Synthesis of 1-phenylacetoxymethyl-7-benzylaminocarboxyl-9-((1H-1,2,3-triazol-4-yl)-3-
methyl-butanoyl)-1,7-dicarba-closo-dodecaborane (I111g)

]
BuHNOC Sm” >0COBn

N g
N-N_
'Bu

This compound was prepared from 26d (3.9 mg, 7.64 umol) using the procedure described before
for IIla in quantitative yield as colorless oil. 'H NMR (500 MHz; CDCl;):8 7.40 (s, 1H), 7.35-
7.32 (m, 2H), 7.29-7.27 (m, 2H), 5.88 (s, 1H), 4.36 (s, 2H), 4.14 (d, /= 7.2 Hz, 2H), 3.66 (s, 2H),
3.03 (t, J = 6.4 Hz, 2H), 3.20-1.80 (m, 9H), 2.24-2.19 (m, 1H), 1.78-1.73 (m, 1H), 0.95 (d, J =
6.7 Hz, 6H), 0.88 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCl;): 6 170.1, 159.8, 133.1, 129.6,
128.8, 127.54, 127.48, 74.9, 71.8, 64.6, 57..3, 48.2, 41.1, 29.9, 28.5, 20.1, 20.0; ''B NMR (160
MHz; CDCl): 6 4.8, -7.1, -10.4, -12.1; HRMS (ESI, positive) for C»H3sB1oN4O3 (m/z):
calculated 551.3609 (M+Na)", found 551.3633.
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Synthesis of 1-(3-methylbutanoyl)oxymethyl-7-benzylaminocarboxyl-9-((1H-1,2,3-triazol-
4-yl)-3-methyl-butanoyl)-1,7-dicarba-closo-dodecaborane (I11h)

i
BuHNOC Sm” >0coBu

Ny TITh
N-N_
'Bu

This compound was prepared from 26d (16.5 mg, 32.3 umol) and isovaleryl chloride using the
procedure described before for IIla in quantitative yield as colorless oil.

"H NMR (500 MHz; CDCl5):3 7.42 (s, 1H), 5.93 (s, 1H), 4.35 (s, 2H), 4.14 (d, J = 7.3 Hz, 2H),
3.04 (d, J = 7.3 Hz, 2H), 3.00-1.80 (m, 9H), 2.24 (d, J = 7.1 Hz, 2H), 2.23-2.17 (m, 1H), 2.15-
2.07 (m, 1H), 1.79-1.73 (m, 1H), 0.97 (d, J = 6.7 Hz, 6H), 0.95 (d, J = 6.7 Hz, 6H), 0.87 (d, J =
6.7 Hz, 6H); 3C NMR (125 MHz; CDCl3): § 171.7, 159.9, 127.5, 74.9, 72.0, 64.2, 57.3, 48.2,
43.0,29.9, 28.5, 25.6, 22.5, 20.1, 20.0; ''B NMR (160 MHz; CDCl;): § -4.8, -7.3, -10.2, -12.2, -
15.0, -16.7; HRMS (ESI, positive) for C19HsoB10N4O3 (m/z): calculated 517.3752 (M+Na)*, found
517.3733.

»  Synthesis of scaffold IV-type compounds

Synthesis of 9,10-diiodo-1,7-dicarba-closo-dodecaborane (27) and 4,9,10-triiodo-1,7-

dicarba-closo-dodecaborane (27°)

27 27

To a solution of m-carborane (72.1 mg, 0.500 mmol) and I, (133.1 mg, 0.525 mmol) in acetic acid
(1.5 mL) was added a 1:1 mixture of concentrated H.SO4 and concentrated HNOs (0.375 mL).
The resulting mixture was stirred at 100 °C for 40 min with microwave. Then, the colorless orange
mixture was cooled to room temperature and poured into ice waterthe white precipitate was
filtered, washed with water, and the resulting mixture was purified by column chromatography
on silica gel (15% EtOAc in hexane) to give white solids 27 (166.7 mg, 0.42 mmol, 84%) and 27’
(26.6 mg, 0.051 mmol, 10%).

(27)'H NMR (500 MHz; CDCls): 8 3.18 (s, 2H).

The NMR spectra of this compound is consistent with previous report.?!
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(27°)'H NMR (500 MHz; CDCls): 8 3.61 (s, 1H), 3.48 (s, 1H), 4.00-2.50 (m, 7H); '*C NMR (125
MHz; CDCl;): 58.9, 54.0; & ;''B NMR (160 MHz; CDCl5): 6 -4.1,-9.9, -11.8, -15.7, -18.0; HRMS
(ESI, positive) for C;HyBjols (m/z): calculated 546.8665 (M+Na)*, found 546.8665.

Synthesis of 9,10-di((trimethylsilyl)ethynyl)-1,7-dicarba-closo-dodecaborane (28)

\.m

%

ms” ||| 28
T™MS

To a solution of TMS acetylene (1.46 ml, 10.6 mmol) in THF (6 ml), add ethyl magnesium
bromide 3.0 M in THF (3.51 ml, 10.6 mmol) under argon; reflux at 60 °C for 2 hours.
To a solution of 27 (837.7 mg, 2.11 mmol) in THF (14 ml), add dichlorobis(triphenylphosphine)-
palladium (147.3 mg, 0.21 mmol) under argon and degas. Add the previously adjusted TMS
acetylene magnesium bromide and reflux at 60°C overnight. The reaction was quenched with
NH4Cl and the brown mixture was extracted with EtOAc, washed with brine, dried over sodium
sulfate, and concentrated under vacuum. The crude material was purified by column
chromatography on silica gel (10% EtOAc in Hexane) afforded 28 (666.7 mg, 1.98 mmol, 94%)
as a white solid.
"H NMR (500 MHz; CDCls): & 2.83(s, 2H), 0.17 (s, 18H).
The NMR spectra of this compound is consistent with previous report.?!
Synthesis of 1-benzylaminocarboxyl-9,10-di((trimethylsilyl)ethynyl)-1,7-dicarba-closo-
dodecaborane (29a)

\._~CONHBn
m

A
ms” ||| 2%

TMS
To a solution of 28 (0.952 g, 2.50 mmol) in THF (10 mL), was slowly added »n-BuLi 1.6 M
solution in hexane (1.75 mL, 2.75 mmol) at -78 °C. After the resulting mixture was stirred at -
78 °C under argon atmosphere for 2 h, CO, balloon was attached. Then, the resulting mixture was
stirred at 0 °C for 2 h under CO;, atmosphere. The reaction was quenched with 1 M HCI and the

mixture was extracted with Et,O, washed with brine, dried over sodium sulfate, and concentrated
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under vacuum. The crude materials were used to the next reaction without further purification.

To a solution of the crude material in THF (4 mL), benzylamine (328 pL, 3.00 mmol), COMU
(1.18 g, 2.75 mmol) and DIEA (871 uL, 5.00 mmol) were added. The resulting mixture was stirred
at room temperature under argon atmosphere for 25 min until complete conversion of the starting
material was observed. The resulting mixture was added aq. NaHCO; and EtOAc after which the
product was partitioned between the aqueous and organic layers. The aqueous layer was extracted
with EtOAc and combined organic layers were washed with brine, dried over sodium sulfate, and
concentrated under vacuum. The crude material was purified by column chromatography on silica
gel (10% EtOAc) to afford 29a (484.4 mg, 1.03 mmol, 41% 2 steps) as a white solid; m.p. 127-
128 °C; "H NMR (400 MHz; CDCls): 8 7.35-7.16 (m, 5H), 6.15 (t, J/=5.3 Hz, 1H), 4.35(d, J= 5.7
Hz, 2H), 2.96(s, 1H), 0.18 (s, 18H) *C NMR (125 MHz; CDCl5): § 159.6, 136.7, 129.1, 128,1,
127.6, 107.2, 72.0, 51.4, 45.0 0.22 "B NMR (160 MHz; CDCls): § -6.32, -9.63, -13.63, -18.77;
HRMS (ESI, positive) for C20H3sB10NOSi, (m/z): calculated 494.3114 (M+Na)*, found 494.3117.

Synthesis of 1-isobutylaminocarboxyl-9,10-di((trimethylsilyl)ethynyl)-1,7-dicarba-closo-
dodecaborane (29b)

\._.CONHBu
m

A
™S | 29b

TMS

This compound was prepared from 28 (1.01 g, 2.65 mmol) and isobutylamine using the procedure
described before for 29a (572.4 mg, 1.31 mmol, 48% 2 steps) as a white solid; m.p. 166-167 °C;
"H NMR (400 MHz; CDCl5): 6 5.85 (t, J = 5.5 Hz, 1H), 3.00 (t, J = 6.5 Hz, 2H), 2.93 (s, 1H),
1.78-1.68 (m, J = 6.7 Hz, 1H), 0.86 (d, J = 6.7 Hz, 6H), 0.16 (s, 18H); '*C NMR (125 MHz;
CDCls): 6 159.6, 107.0, 72.4, 51.4, 48.2, 28.5, 20.0, 0.24; "B NMR (160 MHz; CDCl5): § -6.52,
-9.73, -13.75, -18.90; HRMS (ESI, positive) for Ci7H37B1oNOSi, (m/z): calculated 460.3268
(M+Na)", found 460.3265.
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Synthesis of 1-benzylaminocarboxyl-9,10-di((trimethylsilyl)ethynyl)-1,7-dicarba-closo-
dodecaborane (30)

o)

N

x.m OH

4 | 30

To a solution of 28 (460 mg, 1.37 mmol) in THF (11 mL), was slowly added »n-BuLi 1.6 M
solution in hexane (957 uL, 1.50 mmol) at -78 °C. After the resulting mixture was stirred at -
78 °C under argon atmosphere for 2 h, CO, balloon was attached. Then, the resulting mixture was
stirred at 0 °C for 2 h under CO; atmosphere. The reaction was quenched with 1M HCI and the
mixture was extracted with Et,O, washed with brine, dried over sodium sulfate, and concentrated
under vacuum. The crude materials were used to the next reaction without further purification.
To a solution of the crude material in MeOH (10 mL), potassium carbonate (568 mg, 4.11 mmol)
was added. The resulting mixture was stirred at room temperature for 30 min until the full
conversion of a starting material was observed. After that, the reaction mixture was concentrated
under pressure. Hexane was added after which the product was partitioned between the aqueous
and organic layers. The aqueous layer was washed with hexane. Then, to the aqueous layer, were
added 6 M HCl and Et,O after which the product was partitioned between the aqueous and organic
layers. The aqueous layer was washed with hexane and combined organic layers were dried over
sodium sulfate and concentrated under vacuum to afford 30 (97 mg, 0.411 mmol, 30% 2 steps) as
a white solid; m.p. 166-167 °C; '"H NMR (400 MHz; CDCl5): & 5.85 (t, J = 5.5 Hz, 1H), 3.00 (t,
J=6.5 Hz, 2H), 2.93 (s, 1H), 1.78-1.68 (m, J = 6.7 Hz, 1H), 0.86 (d, J = 6.7 Hz, 6H), 0.16 (s,
18H); *C NMR (125 MHz; CDCls): 6 159.6, 107.0, 72.4, 51.4, 48.2, 28.5, 20.0, 0.24; "B NMR
(160 MHz; CDCls3): 6 -6.52, -9.73, -13.75, -18.90; HRMS (ESI, positive) for Ci7H37B10NOSi»
(m/z): calculated 460.3268 (M+Na)", found 460.3265.

Synthesis of 1-benzylaminocarboxyl-9,10-diethynyl-1,7-dicarba-closo-dodecaborane (S4a)
\._~-CONHBn
'm

// ” S4a

To a solution of 29a (484.4 mg, 1.03 mmol) in MeOH (10 mL), potassium carbonate (1.40 g, 10.3

mmol) was added. The resulting mixture was stirred at room temperature for 30 min until the full
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conversion of a starting material was observed. To the resulting mixture was added DCM after
which the product was filtered with celite. The material was purified by short column
chromatography on silica gel (DCM 100%) to afford S4a (309.1 mg, 0.95 mmol, 92%) as a white
solid; m.p. 141-142 °C; '"H NMR (400 MHz; CDCls): § 7.28-7.08 (m, 5H), 6.09 (t, J = 4.8 Hz,
1H), 4.29(d, J = 5.7 Hz, 2H), 2.97(s, 1H), 2.33 (s, 2H); *C NMR (125 MHz; CDCls): 5159.2,
136.6, 129.0, 128.128.1, 128.0, 87.7, 72.6, 52.0, 45.0; "B NMR (160 MHz; CDCls): § -5.33, -
6.62, -9.88, -12.02, -13.42, -18.39; HRMS (ESI, positive) for Ci1sHi9B1oNO (m/z): calculated
350.2312 (M+Na), found 350.2318.

Synthesis of 1-isobutylaminocarboxyl-9,10-diethynyl-1,7-dicarba-closo-dodecaborane
(S3b)

<. CONHBu
m

// || S3b

This compound was prepared from 29b (572.4 mg, 1.31 mmol) using the procedure described
before for S4a (383.0 mg, 1.31 mmol, quant.) as a white solid; m.p. 148-149 °C; '"H NMR (400
MHz; CDCl3): 6 5.90 (t,J=4.9 Hz, 1H), 3.06 (s, 1H), 3.02 (t, /= 6.4 Hz, 2H), 2.40 (s, 2H), 1.80-
1.70 (m, J = 6.7 Hz, 1H), 0.86 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCl5): 6 159.1, 87.7,
77.4,77.1,76.8,72.9,51.9, 48.1, 28.3, 19.8; 'B NMR (160 MHz; CDCl;): § -5.28, -6.81, -9.95,
-12.03, -13.47, -18.47, HRMS (ESI, positive) for Ci1H21B1oNO (m/z): calculated 316.2464
(M+Na)", found 316.2465.

Synthesis of 1-benzylaminocarboxyl-9,10-bis((1H-1,2,3-triazol-4-yl)benzylcarbamoyl)-1,7-

dicarba-closo-dodecaborane (IVa)

To a solution of S4a (148 mg, 0.455 mmol) in DMF:H,O (1.6 mL, 4:1, v/v), were added Cul (8.6
mg, 45 umol), sodium ascorbate (18 mg, 91 pmol) and azide (114 pL, 0.910 mmol). The mixture
was stirred at room temperature for 24 h under argon atmosphere. The reaction was quenched

with water and the mixture was extracted with EtOAc, washed with brine, dried over sodium
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sulfate, and concentrated under vacuum. The residue was purified by column chromatography on
silica gel (80% EtOAc) to afford I'Va (220 mg, 0.372 mmol, 82%) as a white solid; m.p. 70-72 °C;
"HNMR (400 MHz; CDCls): 6 7.33 (s, 2H), 7,28-7.10 (m, 15H), 6.66 (t,J = 5.7 Hz, 1H), 5.31 (s,
4H), 4.34 (d, J = 5.8 Hz, 2H), 3.18 (s, 1H); *C NMR (125 MHz; CDCl5): 3 159.7, 142.5, 136.8,
134.9, 128.9, 128.4, 127.8, 127.7, 127.6, 127.4, 72.9, 53.3, 52.2, 44.7; ''B NMR (160 MHz;
CDCl3): 6 -4.01, -11.27; HRMS (ESI, positive) for CsH33B10N7O (m/z): calculated 616.3607
(M+Na)", found 616.3596.

Synthesis of 1-benzylaminocarboxyl-9,10-bis((1H-1,2,3-triazol-4-yl)isobutylcarbamoyl)-
1,7-dicarba-closo-dodecaborane (IVb)

_CONHBn
m

This compound was prepared from S4a (161 mg, 0.494 mmol) using the procedure described
before for IVa (75 mg, 0.143 mmol, 29%) as a white solid; m.p. 76-77 °C; 'H NMR (500 MHz;
CDCl): 6 7.60 (s, 2H), 7.28-7.22 (m, SH), 6.88 (t,J=5.0 Hz, 1H), 4.38 (d, /= 5.9 Hz, 2H), 4.04
(d, J= 7.2 Hz, 4H), 3.28 (s, 1H), 2.17-2.09 (m, 2H), 0.85 (d, J = 6.7 Hz, 12H); *C NMR (125
MHz; CDCls): §159.6, 137.1, 128.8, 128.7, 127.7, 127.6, 73.3, 57.4, 52.5, 44.7, 29.5, 19.9; ''B
NMR (160 MHz; CDCl3): 6 -5.07, -12.35, -17.16; HRMS (ESI, positive) for C22H37B10N70O (m/z):
calculated 548.3914 (M+Na)", found 548.3916.

Synthesis of 1-isobutylaminocarboxyl-9,10-bis((1H-1,2,3-triazol-4-yl)benzylcarbamoyl)-

1,7-dicarba-closo-dodecaborane (IVc)

\_~CONHBu
m

This compound was prepared from S4b (192 mg, 0.660 mmol) using the procedure described
before for IVa (277 mg, 0.497 mmol, 75%) as a white solid; m.p. 176-177 °C; 'H NMR (500
MHz; CDCls): & 7.34 (s, 2H), 7.30-7.13 (m, 10H), 6.24 (t, /= 5.7 Hz, 1H), 5.35 (s, 4H), 3.22 (s,
1H), 3.01 (t, J = 6.5 Hz, 2H), 1.78-1.70 (m, 1H), 0.83 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz;
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CDCls): 8159.6, 128.7, 128.2, 127.7, 127.6, 73.1, 53.2, 52.1, 47.9, 28.1, 19.7; "B NMR (160
MHz; CDCl): 6 -4.70, -13.10, -17.48; HRMS (ESI, positive) for C2sH3sB10N-O (m/z): calculated
582.3761 (M+Na)", found 582.3759.

Synthesis of 1-isobutylaminocarboxyl-9,10-bis((1H-1,2,3-triazol-4-yl)isobutylcarbamoyl)-
1,7-dicarba-closo-dodecaborane (IVd)

\._~CONHBu
m

This compound was prepared from S4b (191 mg, 0.654 mmol) using the procedure described
before for IVa (123 mg, 0.251 mmol, 38%) as a white solid; m.p. 103-105 °C; '"H NMR (500
MHz; CDCl): 6 7.51 (s, 2H), 6.20 (t,J= 5.3 Hz, 1H), 4.10 (d, /= 7.5 Hz, 4H), 3.22 (s, 1H), 3.05
(t,J= 6.5 Hz, 2H), 2.22-2.13 (m, 2H), 1.85-1.77 (m, 1H), 0.89 (d, J= 6.7 Hz, 12H), 0.88 (d, J =
6.7 Hz, 6H); *C NMR (125 MHz; CDCls): §159.5, 128.5, 73.81, 57.5, 52.0, 48.2, 29.5, 28.4, 20.0,
19.9; "B NMR (160 MHz; CDCl3): & -4.81, -11.24, -17.19; HRMS (ESI, positive) for
Ci19H39B10N7O (m/z): calculated 514.4067 (M+Na)*, found 514.4064.

Synthesis of 9,10-bis((E)-3-((4-methoxybenzyl)oxy)prop-1-en-1-yl)-1-isobutylcarbamoyl-

1,7-dicarba-closo-dodecaborane (32)

\_-CONHBu
m
PMBO._ Xy
E \ E
OPMB
32

To a solution of 9,10-diiodo-1,7-dicarba-closo-dodecaborane (27) (1.03 g, 2.60 mmol), silver
phosphate (2.72 g, 6.50 mmol), and Herrmann’s catalyst (trans-di-u-acetatobis[2-(di-o-
tolylphosphino)-benzyl]dipalladium)(II) (244 mg, 0.26 mmol) in dry DMF (15 mL) was added 1-
((allyloxy)methyl)-4-methoxybenzene (1.02 g, 5.72 mmol). The mixture was heated to 120 °C
and stirred for 3 h. The resulting mixture was diluted with methylene cloride and filtered through

a pad of Celite. The filtrate was wash with ice water to remove DMF and dried over sodium

272



"
o

sulfate and concentrated under vacuum. pressure. The crude material was purified by column
chromatography on silica gel (10% Et,O in Hexane) to use in the next step without further
purification.

To a solution of the crude material in THF (2 mL), was slowly added »n-BuLi 1.6 M solution in
hexane (180 uL, 0.281 mmol) at -78 °C. After the resulting mixture was stirred at -78 °C under
argon atmosphere for 2 h, CO; balloon was attached. Then, the resulting mixture was stirred at
room temperature for 2 h under CO; atmosphere. The reaction was quenched with 1M HCI and
the mixture was extracted with Et,O, washed with brine, dried over sodium sulfate and
concentrated under vacuum. The crude materials were used to the next reaction without further
purification.

To a solution of the crude material in DMF (1 mL), isobutylamine (31 pL, 0.306 mmol), and
COMU (131 mg, 0.306 mmol) was added DIEA (130 uL, 0.765 mmol). The resulting mixture
was stirred at room temperature under argon atmosphere for 25 min until complete conversion of
the starting material was observed. The resulting mixture was added aq. NaHCO; and EtOAc after
which the product was partitioned between the aqueous and organic layers. The aqueous layer
was extracted with EtOAc and combined organic layers were washed with brine, dried over
sodium sulfate and concentrated under vacuum. The crude material was purified by column
chromatography on silica gel (25% EtOAc in Hexane) to afford 32 (26 mg, 0.0440 mmol, 2% 3
steps) as colorless oil.

"H NMR (500 MHz; CDCls): & 7.25 (d, J = 8.6 Hz, 4H), 6.86 (d, J = 8.6 Hz, 4H), 5.99 (Ddd, J =
5.5 Hz, 17.6 Hz, 2H), 5.84 (s, 1H), 5.77 (d, /= 17.6 Hz, 2H), 4.42 (s, 4H), 3.98 (Dd, J = 1.4 Hz,
5.5 Hz, 4H), 3.79 (s, 6H), 3.02 (t, J = 6.4 Hz, 2H), 2.95 (s, 1H), 3.00-2.00 (m, 8H), 1.78-1.73 (m,
1H), 0.87 (d, J= 6.7 Hz, 6H); 3C NMR (125 MHz; CDCl;): 6 160.3, 159.3, 139.4, 130.6, 129.6,
113.9,74.7,72.6, 71.8, 55.4, 51.6, 48.1, 28.5, 20.0; ''B NMR (160 MHz; CDCls): § -2.2, -6.6, -
7.7,-13.8,-19.3.

Synthesis of 9,10-bis((E)-3-hydroxyprop-1-en-1-yl)-1-isobutylcarbamoyl-1,7-dicarba-closo-
dodecaborane (33)

\_~CONHBu
m
HO "X
E \ E
OH
33
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To a solution of 32 (26 mg, 0.0440 mmol) and NaH,PO4 (11 mg, 0.0880 mmol) in DCM/H,O
(500 mL, 10:1, v/v) was added DDQ (30 mg, 0.132 mmol) at 0 °C under argon atmosphere. After
the resulting mixture was stirred at room temperature until the starting material disappeared as
monitored by TLC analysis. Then, the reaction mixture was concentrated under pressure. Then,
the reaction mixture was quenched with a small amount of aq. NaHCOj3 and filtered on celite pad.
The filtrate was concentrated under vacuum. The crude material was purified by column
chromatography on silica gel (80% EtOAc in Hexane) to afford 33 (11 mg, 0.0315 mmol, 72%)
as colorless oil.

"H NMR (500 MHz; CDCl3): & 6.04 (Ddd, J = 5.0 Hz, 17.6 Hz, 2H), 5.87 (s, 1H), 5.75 (d, J =
17.6 Hz, 2H), 4.14 (Dd, J= 1.6 Hz, 5.1 Hz, 4H), 3.03 (t, /= 6.4 Hz, 2H), 2.97 (s, 1H), 3.00-2.00
(m, 8H), 1.79-1.74 (m, 1H), 0.88 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCls): & 160.3,
142.0, 120.6, 72.6, 65.5, 51.7, 48.1, 28.5, 20.0; ''B NMR (160 MHz; CDCl3): § -2.3, -6.3, -7.9, -
12.2,-13.7,-19.1.

Synthesis of 9,10-bis((E)-3-oxoprop-1-en-1-yl)-1-isobutylcarbamoyl-1,7-dicarba-closo-
dodecaborane (34)
~.CONH'Bu

\./m

O 34

To a solution of 33 (11 mg, 30.9 umol) in DCM (500 pL) was added Dess-Martin periodinane
(20 mg, 46.4 umol) at 0 °C under argon atmosphere. After the resulting mixture was stirred at
room temperature until the starting material disappeared as monitored by TLC analysis. Then, the
reaction mixture was concentrated under pressure. To the resulting mixture were added NaHCO;
aqueous and Et,O after which the product was partitioned between the aqueous and organic layers.
The aqueous layer was washed with Et,O and combined organic layers were dried over sodium
sulfate and concentrated under vacuum. The crude material was purified by column
chromatography on silica gel (25% EtOAc in Hexane) to afford 34 (7.8 mg, 22.2 pmol, 72%) as
colorless oil.

"H NMR (500 MHz; CDCl5): 6 9.48 (d, J = 7.7 Hz, 2H), 6.91 (d, J = 17.6 Hz, 2H), 6.43 (Ddd, J
=7.6 Hz, 17.6 Hz, 2H), 5.88 (s, 1H), 3.19 (s, 1H), 3.07 (t, /= 6.4 Hz, 2H), 2.95 (s, 1H), 3.00-2.00
(m, 8H), 1.82-1.76 (m, 2H), 0.90 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCls): & 194.3,
159.1, 143.0, 74.1, 53.0, 48.3, 28.5, 20.0; "B NMR (160 MHz; CDCls): § -3.47, -6.09, -7.65, -
11.7,-13.1,-17.4.
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Synthesis of 9,10-bis((E)-3-(isopropylamino)-1-isobutylcarbamoyl-1,7-dicarba-closo-
dodecaborane (IVe)

_CONH'Bu
'm

\( © IVe

To a solution of 34 (3.5 mg, 10.0 umol) and 2-methyl-2-butene (21 uL, 200 umol) in acetone
(500 pL) was slowly added a freshly prepared solution of NaH,PO4 (19 mg, 120 pwmol) and
NaClO; (9.0 mg, 100 umol) in water (500 uL) at 0 °C. After the resulting mixture was stirred at
room temperature until the starting material disappeared as monitored by TLC analysis. Then, the
reaction mixture was concentrated under pressure. Then, the reaction mixture was quenched with
brine, which was partitioned between the aqueous and organic layers. The aqueous layer was
washed with DCM and combined organic layers were dried over sodium sulfate and concentrated
under vacuum to use in the next step without further purification.

To a solution of the crude material in DMF (500 pL), isopropylamine (2.0 uL, 22.0 pmol), COMU
(9.4 mg, 22.0 umol), and DIEA (5.1 pL, 30.0 umol) were slowly added. The resulting mixture
was stirred at room temperature under argon atmosphere until the full conversion of a starting
material was observed. To the resulting mixture were added aq. NaHCOs and EtOAc after which
the product was partitioned between the aqueous and organic layers. The aqueous layer was
washed with EtOAc and combined organic layers were dried over sodium sulfate and
concentrated under vacuum. The crude material was purified by column chromatography on silica
gel (80% EtOAc in Hexane) to afford I'Ve (3.8 mg, 7.62 pmol, 76% 2 steps) as colorless oil.

"H NMR (500 MHz; CDCls):  6.85 (d, J= 17.5 Hz, 2H), 6.04 (d, J= 17.5 Hz, 2H), 5.85 (s, 1H),
5.50(d,J=7.6 Hz, 2H), 4.16-4.12 (m, 2H), 3.05-3.03 (m, 3H), 3.00-2.00 (m, 8H), 1.80-1.73 (m,
2H), 1.19 (d, J = 6.5 Hz, 12H), 0.88 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCl5): § 164.8,
159.7,135.3,73.5,52.4, 48.2, 41.6, 29.8, 28.5, 22.9, 20.0; "B NMR (160 MHz; CDCl5): § -2.87,
-6.07,-7.52,-13.4, -18.3.
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»  Synthesis of scaffold V-type compounds

Synthesis of 2-(3-((4-methoxybenzyl)oxy)prop-1-yn-1-yl)-1,12-dicarba-closo-dodecaborane
(36)

=~ “OPMB
P

36

To a solution of 1-methoxy-4-((prop-2-yn-1-yloxy)methyl)benzene (11) (1.59 g, 9.00 mmol) in
toluene:piperidine (13.5 mL, 2:1, v/v), were added Cul (57.0 mg, 0.300 mmol), PdCI>(PPhs), (210
mg, 0.300 mmol) and 2-iodo-1,12-dicarba-closo-dodecaborane (35) (810 mg, 3.00 mmol)
prepared according to the reported literature.?! The mixture was stirred at 80 °C under argon
atmosphere for 40 min with microwave synthesizer. The reaction was quenched with 1N HCI aq.
and Et;O. The resulting mixture was partitioned between the aqueous and organic layers. The
aqueous layer was washed with Et,O, and the mixture was extracted with Et,O, washed with brine,
dried over sodium sulfate, and concentrated under vacuum. The residue was purified by column
chromatography on silica gel (5% to 10% EtOAc in Hexane) to afford 36 as a colorless oil (50
mg, 0.157 mmol, 49%).

"H NMR (500 MHz; CDCl5): & 7.28 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 4.53 (s, 2H),
4.13 (s, 2H), 3.80 (s, 3H), 3.01 (s, 1H), 2.78 (s, 1H), 2.90-1.40 (m, 9H); *C NMR (125 MHz;
CDCls): 6 159.5, 130.0, 129.6, 93.56, 71.4, 66.3, 63.2, 57.6, 55.4; "B NMR (160 MHz; CDCl5):
6 -13.3, -14.3, -15.1, -16.8; HRMS (ESI, positive) for Ci3H2.B1002 (m/z): calculated 343.2464
(M+Na)", found 343.2472.

Synthesis of 12-((tert-butyl)dimethylsilyl)hydroxymethyl)-7-(3-((4-
methoxybenzyl)oxy)prop-1-yn-1-yl)-1,12-dicarba-closo-dodecaboranyl-1-carboxylic  acid
(38a) and 12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-((4-methoxybenzyl)oxy)prop-
1-yn-1-yl)-1,12-dicarba-closo-dodecaboranyl-1-carboxylic acid (38b)

oTBS
HOOC 7 OPMB = OPMB
oTBS
38a 38b

To a solution of 36 (202 mg, 0.634 mmol) in THF (2.5 mL), was slowly added n-BuLi 1.6 M
solution in hexane (400 uL, 0.634 mmol) at -78 °C. After the resulting mixture was stirred at -
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78 °C under argon atmosphere for 2 h, paraformaldehyde (23 mg, 0.761 mmol) was added at -
78 °C. Then, the resulting mixture was warmed up to room temperature and stirred for 12 h under
argon atmosphere. The reaction mixture was quenched with aq. 1IN HCI. The resulting mixture
was partitioned between the aqueous and organic layers. The aqueous layer was washed with
EtOAc, and the mixture was extracted with EtOAc, washed with brine, dried over sodium sulfate
and concentrated under vacuum. The residue was purified by column chromatography on silica
gel (10% to 20% EtOAc in Hexane) to afford the mixture of regioisomer to use in the next step
without further purification.

To a solution of the mixture (37) and 2,6-lutidine (56 uL, 0.482 mmol) in DCM (1.2 mL) was
slowly added TBSOTf (89 uL, 0.386 mmol) at 0 °C under argon atmosphere. The resulting
mixture was stirred at room temperature until the starting material disappeared as monitored by
TLC analysis. Then, the reaction mixture was quenched with a small amount of aq. NaHCO; and
filtered on celite pad. The filtrate was concentrated under vacuum. The crude material was
purified by column chromatography on silica gel (10% EtOAc in Hexane) to afford the mixture
of regioisomer to use in the next step without further purification.

To a solution of the mixture in THF (1 mL), was slowly added n-BuLi 1.6 M solution in hexane
(185 uL, 0.288 mmol) at -78 °C. After the resulting mixture was stirred at -78 °C under argon
atmosphere for 2 h, CO; balloon was attached. Then, the resulting mixture was warmed up to
room temperature and stirred for 12 h under CO; atmosphere. After that, the reaction mixture was
concentrated under pressure. Hexane was added after which the product was partitioned between
the aqueous and organic layers. The aqueous layer was washed with hexane. Then, to the aqueous
layer, were added 6 M HCI and Et,O after which the product was partitioned between the aqueous
and organic layers. The aqueous layer was washed with hexane and combined organic layers were
dried over sodium sulfate and concentrated under vacuum. The crude material was purified by
reverse-phase HPLC (40% to 100% MeCN in H»O) to afford 60.5 mg of faster eluting isomer 38a
as colorless oil, 43.6 mg of slower eluting isomer 38b as a white solid, and 10.5 mg of the mixture
(total yield 114.6 mg, 0.226 mmol, 37%, 3 steps).

38a: 'H NMR (400 MHz; CDCls): major isomer & 7.28 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz,
2H), 4.53 (s, 2H), 4.15 (s, 2H), 3.81 (s, 3H), 3.63 (s, 2H), 3.00-1.70 (br, 9H), 0.85 (s, 9H), -0.01
(s, 6H); *C NMR (100 MHz; CDCl5): § 166.3, 159.7, 130.0, 129.4, 114.1, 96.3, 85.2, 74.8, 71.3,
65.0, 57.5, 55.5, 25.8, 18.3, -5.4; '"B NMR (128 MHz; CDCls): & -13.2; HRMS (ESI, positive)
for Ca6H36B10N204 (m/z): calculated 531.3346 (M+Na)*, found 531.3342.

38b: 'H NMR (400 MHz; CDCls):  7.28 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 4.50 (s,
2H), 4.10 (s, 2H), 3.81 (s, 3H), 3.44 (s, 2H), 3.00-1.70 (br, 9H), 0.85 (s, 9H), -0.03 (s, 6H); 1*C
NMR (100 MHz; CDCl3): 6 164.1, 159.6, 130.2, 129.5, 114.1, 71.0, 66.5, 57.4, 55.5, 25.8, 18.3,
-5.5; "B NMR (128 MHz; CDCl3): & -13.2; HRMS (ESI, positive) for Ca6H36B10N204 (m/z):
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calculated 531.3346 (M+Na)", found 531.3345.

Synthesis of 1-((fert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-((4-methoxybenzyl)oxy)prop-
1-yn-1-yl)-12-benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (39a)

BnHNOC -~ OPMB
. OTBS
39a

To a solution of 38a (25.2 mg, 49.7 umol) in THF (1.0 mL), benzyllamine (6.5 puL, 59.7 umol),
EDCI (11 mg, 59.7 umol), HOBt (11 mg, 74.6 umol) and DIEA (25 uL, 0.149 mmol) were slowly
added. The resulting mixture was stirred at room temperature under argon atmosphere until the
full conversion of a starting material was observed. To the resulting mixture were added aq.
NaHCOs and EtOAc after which the product was partitioned between the aqueous and organic
layers. The aqueous layer was washed with EtOAc¢ and combined organic layers were washed
with brine, dried over sodium sulfate and concentrated under vacuum. The crude material was
purified by column chromatography on silica gel (20% EtOAc in Hexane) to afford 39a (20.2 mg,
33.9 umol, 68%) as a colorless oil. "H NMR (400 MHz; CDCl5): & 7.33-7.27 (m, 5H), 7.15-7.13
(m, 2H), 6.88 (d, J= 8.7 Hz, 2H), 5.88 (s, 1H), 4.53 (s, 2H), 4.30 (d, /= 5.7 Hz, 2H), 4.15 (s, 2H),
3.81 (s, 3H), 3.65 (s, 2H), 3.10-1.70 (br, 9H), 0.85 (s, 9H), -0.01 (s, 6H); *C NMR (100 MHz;
CDCl): 6 160.8, 159.6, 137.1, 129.9, 129.6, 129.0, 128.0, 127.5, 114.1, 71.4, 64.9, 57.6, 55.4,
44.8, 25.8, 18.3, -5.4; "B NMR (128 MHz; CDCl;): § -13.1; HRMS (ESI, positive) for
C2sH4sB1oNO4Si (m/z): calculated 620.3982 (M+Na)*, found 620.3990.

Synthesis of 1-((fert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-((4-methoxybenzyl)oxy)prop-
1-yn-1-yl)-12-isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (39b)

IBUHNOC -~ OPMB

pVOTBS

39b

To a solution of 38a (35.3 mg, 69.7 umol) in THF (1.0 mL), isobutylamine (8.4 uL, 83.6 umol),
EDCI (16 mg, 83.6 umol), HOBt (16 mg, 0.105 mmol) and DIEA (36 uL, 0.209 mmol) were
slowly added. The resulting mixture was stirred at room temperature under argon atmosphere
until the full conversion of a starting material was observed. To the resulting mixture were added

ag. NaHCOs and EtOAc after which the product was partitioned between the aqueous and organic
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layers. The aqueous layer was washed with EtOAc¢ and combined organic layers were washed
with brine, dried over sodium sulfate and concentrated under vacuum. The crude material was
purified by column chromatography on silica gel (20% EtOAc in Hexane) to afford 39b (18.3 mg,
32.6 pmol, 47%) as a colorless oil. "H NMR (400 MHz; CDCls): 6 7.28 (d, J = 8.6 Hz, 2H), 6.88
(d, J=8.6 Hz, 2H), 5.64 (s, 1H), 4.53 (s, 2H), 4.15 (d, /= 5.7 Hz, 2H), 3.81 (s, 3H), 3.65 (s, 2H),
2.94 (t,J = 6.4 Hz, 2H), 3.10-1.70 (br, 9H), 1.75-1.65 (m, 1H), 0.85 (s, 9H), 0.84 (d, J = 6.7 Hz,
6H), -0.01 (s, 6H); *C NMR (100 MHz; CDCls): § 160.7, 159.6, 129.9, 129.6, 114.0, 83.9, 79.4,
71.3, 64.9, 57.6, 55.4, 48.0, 29.8, 28.4, 25.8, 19.9, 18.3, -5.4; ''B NMR (128 MHz; CDCI5): § -
13.3; HRMS (ESI, positive) for C2sHa7B1oNO4Si (m/z): calculated 586.4136 (M+Na)*, found
586.4136.

Synthesis of 12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-((4-
methoxybenzyl)oxy)prop-1-yn-1-yl)-1-benzylaminocarboxyl-1,12-dicarba-closo-
dodecaborane (43a)

OTBS _
= OPMB

P~conHBn

43a

This compound was prepared from 38b (18.4 mg, 36.3 umol) using the procedure described
before for 39a in 73% yield as colorless oil. '"H NMR (500 MHz; CDCls): § 7.28-7.26 (m, 5H),
7.19-7.17 (m, 2H), 6.89 (d, J = 8.7 Hz, 2H), 6.42 (s, 1H), 4.46 (s, 2H), 4.34 (d, /= 5.6 Hz, 2H),
3.94 (s, 2H), 3.82 (s, 3H), 3.48 (s, 2H), 3.00-1.70 (br, 9H), 0.87 (s, 9H), -0.01 (s, 6H); *C NMR
(125 MHz; CDCl3): § 160.3, 159.6, 137.1, 130.0, 129.4, 128.9, 127.8, 127.7, 114.0, 83.8, 79.7,
71.4,66.3,57.4,55.4,44.8,29.8, 25.8, -5.5; "B NMR (160 MHz; CDCl;): 6 -13.6; HRMS (ESI,
positive) for C2sHasB1oNO4Si (m/z): calculated 620.3982 (M+Na)*, found 620.3987.

Synthesis of 12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-((4-
methoxybenzyl)oxy)prop-1-yn-1-yl)-1-isobutylcarbamoyl-1,12-dicarba-closo-
dodecaborane (43b)

oTBS _
= OPMB

P~conHBu

43b
This compound was prepared from 38b (23.1 mg, 45.6 umol) using the procedure described

279



"
o

before for 39b in 83% yield as colorless oil. 'H NMR (500 MHz; CDCl;): § 7.28 (d, J = 8.6 Hz,
2H), 6.88 (d, J = 8.6 Hz, 2H), 6.10 (s, 1H), 4.52 (s, 2H), 4.12 (s, 2H), 3.81 (s, 3H), 3.46 (s, 2H),
2.96 (t,J = 6.4 Hz, 2H), 3.00-1.80 (br, 9H), 1.72-1.64 (m, 1H), 0.85 (s, 9H), 0.82 (d, J = 6.7 Hz,
6H), -0.03 (s, 6H); '*C NMR (125 MHz; CDCls): § 160.2, 159.6, 130.0, 129.4, 114.0, 96.9, 83.6,
80.2, 71.4, 66.3, 57.5, 55.4, 48.1, 28.4, 25.8, 20.0, 18.3, -5.5; "B NMR (160 MHz; CDCl;): & -
13.6; HRMS (ESI, positive) for C2sHa7B1oNO4Si (m/z): calculated 586.4136 (M+Na)*, found
586.4136.

Synthesis of 1-((zert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-hydroxyprop-1-yn-1-yl)-12-

benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (40a)

BnHNOC ~ OH
b OTBS

40a

To a solution of 39a (20 mg, 33.6 umol) and NaH,PO4 (8.1 mg, 67.1 umol) in DCM/H,0 (500
uL, 10:1, v/v) was added DDQ (15 mg, 67.1 mmol) at 0 °C under argon atmosphere. After the
resulting mixture was stirred at room temperature until the starting material disappeared as
monitored by TLC analysis. Then, the reaction mixture was concentrated under pressure. Then,
the reaction mixture was quenched with a small amount of aq. NaHCOj3 and filtered on celite pad.
The filtrate was concentrated under vacuum. The crude material was purified by column
chromatography on silica gel (20% to 40% EtOAc in Hexane) to afford 40a (14 mg, 29.4 mmol,
88%) as white solid. m.p. 113-114 °C; '"H NMR (500 MHz; CDCl5): § 7.34-7.28 (m, 3H), 7.13 (d,
J=17.0 Hz, 2H), 5.88 (s, 1H), 4.30 (d, /= 5.8 Hz, 2H), 4.28 (s, 2H), 3.63 (s, 2H), 3.00-1.80 (br,
9H), 0.86 (s, 9H), -0.00 (s, 6H); *C NMR (125 MHz; CDCl5): § 160.7, 137.0, 129.0, 128.0, 127.5,
84.1,78.9, 64.8, 51.8, 44.8,25.8, 18.3, -5.4; "B NMR (160 MHz; CDCls): § -13.6; HRMS (ESI,
positive) for C20H37B10NO3Si (m/z): calculated 500.3398 (M+Na)*, found 500.3399.

Synthesis of 1-((zert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-hydroxyprop-1-yn-1-yl)-12-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (40b)

IBUHNOC ~~ OH
% OTBS
40b

This compound was prepared from 39b (18.3 mg, 32.6 umol) using the procedure described
before for 40a in 89% yield as white solid. m.p. 122-123 °C; "H NMR (500 MHz; CDCl;): § 5.62
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(s, 1H), 4.29 (s, 2H), 3.63 (s, 2H), 2.94 (t, J= 6.4 Hz, 2H), 2.90-1.70 (br, 9H), 1.72-1.66 (m, 1H),
0.86 (s, 9H), 0.83 (d, J = 6.7 Hz, 6H), 0.00 (s, 6H); *C NMR (125 MHz; CDCls): 5 160.7, 83.8,
79.3,64.8, 51.8, 48.0, 28.4,25.8, 19.9, 18.3, -5.4; "B NMR (160 MHz; CDCl;): § -13.1, -13.6, -
14.5; HRMS (ESI, positive) for C17H39B10NOsSi (m/z): calculated 466.3552 (M+Na)*, found
466.3552.

Synthesis of 12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-hydroxyprop-1-yn-1-yl)-1-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (44a)
OTBS _
= OH

P~conHBn

44a

This compound was prepared from 43a (15.0 mg, 25.2 umol) using the procedure described
before for 40a in 73% yield as white solid. m.p. 141-142 °C; '"H NMR (500 MHz; CDCls): 8 7.35-
7.28 (m, 3H), 7.24-7.22 (m, 2H), 6.42 (s, 1H), 4.35 (d, J= 5.6 Hz, 2H), 4.00 (s, 2H), 3.45 (s, 2H),
3.00-1.70 (br, 9H), 0.84 (s, 9H), -0.03 (s, 6H); 3*C NMR (125 MHz; CDCl5): § 160.3, 137.3, 128.9,
128.00, 127.97, 83.9, 79.6, 66.3, 51.5, 44.9, 25.8, 18.3, -5.5; ''B NMR (160 MHz; CDCl;): § -
13.5; HRMS (ESI, positive) for C20H37B10NOsSi (m/z): calculated 500.3398 (M+Na)*, found
500.3392.

Synthesis of 12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-hydroxyprop-1-yn-1-yl)-1-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (44b)

OTBS P
~~ OH
P~conHiBu
44b

This compound was prepared from 43b (20.0 mg, 35.6 umol) using the procedure described
before for 40a in 92% yield as white solid. m.p. 111-112 °C; 'H NMR (500 MHz; CDCls): § 6.07
(s, 1H), 4.26 (s, 2H), 3.45 (s, 2H), 2.99 (t, J= 6.4 Hz, 2H), 3.00-1.80 (br, 9H), 1.76-1.70 (m, 1H),
0.87 (d, J= 6.7 Hz, 6H), 0.84 (s, 9H), -0.03 (s, 6H); *C NMR (125 MHz; CDCl;): § 160.3, 83.6,
66.3,51.7,48.1, 28.5, 25.8, 20.0, 18.3, -5.5; '"B NMR (160 MHz; CDCl;): 6 -13.5; HRMS (ESI,
positive) for C17H39B10NO3Si (m/z): calculated 466.3552 (M+Na)*, found 466.3550.
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Synthesis  of  1-((fert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-oxoprop-1-yn-1-yl)-12-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (41a)

CHO

BnHNOC =

%._-OTBS

41a

To a solution of 40a (12.0 mg, 25.2 umol) in DCM (1 mL) was added Dess-Martin periodinane
(21.0 mg, 50.5 umol) at 0 °C under argon atmosphere. After the resulting mixture was stirred at
room temperature until the starting material disappeared as monitored by TLC analysis. Then, the
reaction mixture was concentrated under pressure. To the resulting mixture were added NaHCO;
aqueous and Et,0O after which the product was partitioned between the aqueous and organic layers.
The aqueous layer was washed with Et;O and combined organic layers were dried over sodium
sulfate and concentrated under vacuum. The crude material was purified by column
chromatography on silica gel (20% EtOAc in Hexane) to afford 41a (9.6 mg, 20.3 pmol, 62%) as
colorless oil. 'TH NMR (500 MHz; CDCl5): 8 9.19 (s, 1H), 7.34-7.28 (m, 3H), 7.14 (d, /= 7.2 Hz,
2H), 5.88 (s, 1H), 4.30 (d, /= 5.6 Hz, 2H), 3.62 (s, 2H), 3.10-1.80 (br, 9H), 0.86 (s, 9H), -0.00 (s,
6H); C NMR (125 MHz; CDCls): § 176.4, 160.3, 136.9, 129.0, 128.0, 127.5, 84.4, 79.5, 64.8,
44.9, 25.7, 18.3, -5.5; "B NMR (160 MHz; CDCls): § -13.7, -14.1; HRMS (ESI, positive) for
C20H35B1oNO;3Si (m/z): calculated 498.3241 (M+Na)*, found 498.3249.

Synthesis  of  1-((fert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-oxoprop-1-yn-1-yl)-12-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (41b)

CHO

iBUHNOC =

pVOTBS

41b

This compound was prepared from 40b (10.0 mg, 22.6 umol) using the procedure described
before for 41a in quantitative yield as colorless oil. 'H NMR (500 MHz; CDCls): & 9.20 (s, 1H),
5.62 (s, 1H), 3.61 (s, 2H), 2.95 (t, J = 6.4 Hz, 2H), 3.00-1.80 (br, 9H), 1.73-1.68 (m, 1H), 0.86 (s,
9H), 0.84 (d, J = 6.7 Hz, 6H), 0.00 (s, 6H); *C NMR (125 MHz; CDCl5): § 176.4, 160.2, 84.2,
79.9, 64.8, 48.0, 28.4,25.7,19.9, 18.3, -5.5; "B NMR (160 MHz; CDCl5): § -13.6, -14.2; HRMS
(ESI, positive) for Ci17H39B10NO3Si (m/z): calculated 466.3552 (M+Na)*, found 466.3552.

282



"
o

Synthesis  of  12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-oxoprop-1-yn-1-yl)-1-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (45a)

OoTBS CHO

=

P~conHBn

45a

This compound was prepared from 44a (8.0 mg, 16.8 umol) using the procedure described before
for 41a in 29% yield as colorless oil. "H NMR (500 MHz; CDCl;): § 8.95 (s, 1H), 7.32-7.27 (m,
3H), 7.21-7.19 (m, 2H), 6.03 (s, 1H), 4.35 (d, /= 5.7 Hz, 2H), 3.46 (s, 2H), 3.00-1.80 (br, 9H),
0.85 (s, 9H), -0.03 (s, 6H); *C NMR (125 MHz; CDCls): 6 176.4, 159.4, 136.9, 129.0, 128.1,
127.8, 84.5, 80.0, 66.2, 45.0, 25.8, 18.3, -5.5; "B NMR (160 MHz; CDCl;): & -13.4; HRMS (ESI,
positive) for C20H3sB10NOsSi (m/z): calculated 498.3241 (M+Na)*, found 498.3242.

Synthesis  of  12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-oxoprop-1-yn-1-yl)-1-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (45b)

OTBS CHO

=

P~conHiBu

45b

This compound was prepared from 44b (12.0 mg, 27.2 umol) using the procedure described
before for 41a in 98% yield as colorless oil. 'H NMR (500 MHz; CDCl;5): § 9.15 (s, 1H), 5.78 (s,
1H), 3.46 (s, 2H), 3.00 (t, /= 6.4 Hz, 2H), 3.00-1.80 (br, 9H), 1.76-1.70 (m, 1H), 0.86 (d, /= 6.8
Hz, 6H), 0.85 (s, 9H), -0.03 (s, 6H); *C NMR (125 MHz; CDCls): & 176.4, 159.4, 84.3, 80.5,
66.2, 48.2, 28.5, 25.8, 20.0, 18.3, -5.5; ''B NMR (160 MHz; CDCls): § -13.4; HRMS (ES],
positive) for C17H37B10NOsSi (m/z): calculated 464.3395 (M+Na)*, found 466.3401.
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Synthesis of 1-(hydroxymethyl)-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-12-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (42a)
CONHBn
BnHNOC Z
p~CH

42a

To a solution of 41a (63.3 mg, 0.134 mmol) and 2-methyl-2-butene (283 uL, 2.68 mmol) in
acetone (1 mL) was slowly added a freshly prepared solution of NaH>PO4 (250 mg, 1.60 mmol)
and NaClO; (121 mg, 1.33 mmol) in water (1 mL) at 0 °C. After the resulting mixture was stirred
at room temperature until the starting material disappeared as monitored by TLC analysis. Then,
the reaction mixture was concentrated under pressure. Then, the reaction mixture was quenched
with brine, which was partitioned between the aqueous and organic layers. The aqueous layer was
washed with DCM and combined organic layers were dried over sodium sulfate and concentrated
under vacuum to use in the next step without further purification.

To a solution of the crude material in THF (1 mL), benzylamine (18 uL, 0.161 mmol), EDCI (30.9
mg, 0.161 mmol), HOBt (30.8 mg, 0.201 mmol) and DIEA (68 uL, 0.402 mmol) were slowly
added. The resulting mixture was stirred at room temperature under argon atmosphere until the
full conversion of a starting material was observed. To the resulting mixture were added aq.
NaHCOs and EtOAc after which the product was partitioned between the aqueous and organic
layers. The aqueous layer was washed with EtOAc and combined organic layers were dried over
sodium sulfate and concentrated under vacuum to use in the next step without further purification.
To a solution of the crude material in CH>Cl, (500 uL), was added 4N HCl in Dioxane (500 uL).
The resulting mixture was stirred at room temperature until the full conversion of a starting
material was observed. After the reaction mixture was concentrated under pressure, the crude
material was purified by column chromatography on silica gel (20% EtOAc in Hexane) to afford
42a (50.6 mg, 0.109 mmol, 81%) as white solid. m.p. 64-66 °C; '"H NMR (500 MHz; CDCls): §
7.38-7.29 (m, 8H), 7.13 (d, J = 7.0 Hz, 2H), 6.26 (bs, 1H), 5.84 (bs, 1H), 4.47 (d, /= 5.8 Hz, 2H),
4.29 (d, J= 5.6 Hz, 2H), 3.66 (s, 2H), 3.00-1.50 (br, 9H); 1*C NMR (125 MHz; CDCls): § 160.2,
152.5,137.0,136.9, 129.1, 129.1, 129.0, 128.2, 128.1, 128.06, 127.5, 84.6, 79.4, 64.7, 44.9, 44.2;
B NMR (160 MHz; CDCls): & -14.1; HRMS (ESI, positive) for C21HasB10N2O3 (m/z): calculated
489.2954 (M+Na)", found 489.2951.

284



"
o

Synthesis of 1-(hydroxymethyl)-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-12-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (42b)
CONH'Bu
BnHNOC Z
p~CH
42b

This compound was prepared from 41a (63.3 mg, 0.134 mmol) and isobutylamine instead of
benzylamine using the procedure described before for 42a in 83% yield as amorphous. 'H NMR
(500 MHz; CDCls): 6 7.35-7.29 (m, 3H), 7.13 (d, J= 6.8 Hz, 2H), 6.03 (s, 2H), 5.86 (s, 1H), 4.30
(d, J=5.6 Hz, 2H), 3.13 (t, J = 6.5 Hz, 2H), 3.00-1.80 (br, 9H), 1.84-1.79 (m, 1H), 0.94 (d, J =
6.7 Hz, 6H); *C NMR (125 MHz; CDCls): 6 160.3, 152.7, 136.9, 129.1, 128.1, 127.5, 84.6, 79.4,
64.8, 47.4, 44.9, 28.5, 20.2; "B NMR (160 MHz; CDCl;): § -14.1; HRMS (ESI, positive) for
Ci1sH30B10N203 (m/z): calculated 455.3107 (M+Na)", found 455.3107.

Synthesis of 1-(hydroxymethyl)-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-12-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (42c)
CONHBn
BuHNOC =Z
p~OH
42c

This compound was prepared from 41b (54.5 mg, 0.124 mmol) using the procedure described
before for 42a in 85% yield as white solid. m.p. 135-136 °C; '"H NMR (500 MHz; CDCls): 8 7.37-
7.29 (m, 5H), 6.42 (s, 1H), 5.61 (s, 1H), 4.47 (d, J=5.8 Hz, 2H), 3.64 (s, 2H), 3.00-1.80 (br, 9H),
2.93 (t,J = 6.4, 2H), 1.72-1.66 (m, 1H), 0.83 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCl5):
5160.2,152.7,137.0, 129.0, 128.2, 128.1, 79.8, 64.6, 48.0, 44.1, 29.8, 28 4, 19.9; "B NMR (160
MHz; CDCIl;): 6 -13.6; HRMS (ESI, positive) for CisH30B1oN2O3 (m/z): calculated 455.3107
(M+Na)", found 455.3092.
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Synthesis of 1-(hydroxymethyl)-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-12-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (42d)
CONH'Bu
'BUHNOC =Z
p~OH
42d

This compound was prepared from 41b (54.5 mg, 0.124 mmol) and isobutylamine instead of
benzylamine using the procedure described before for 42a in 82% yield as white solid. m.p. 128-
129 °C; 'H NMR (500 MHz; CDCl5): § 6.16 (s, 1H), 5.62 (s, 1H), 3.67 (s, 2H), 3.13 (t, J = 6.5,
2H), 2.94 (t, J = 6.4, 2H), 3.00-1.80 (br, 9H), 1.84-1.79 (m, 1H), 1.73-1.67 (m, 1H), 0.94 (d, J =
6.7 Hz, 6H), 0.84 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCl5): § 160.3, 152.9, 84.5, 79.8,
64.6, 48.1, 47.4, 28.5, 28.4, 20.2, 19.9; "B NMR (160 MHz; CDCl;): & -14.0; HRMS (ESI,
positive) for CisH3,B10N203 (m/z): calculated 421.3260 (M+Na)*, found 421.3261.

Synthesis of 12-(hydroxymethyl)-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (46a)
OH CONHBnN
=
P~conHBn
46a

This compound was prepared from 35a (50.8 mg, 0.107 mmol) using the procedure described
before for 32a in 55% yield as amorphous. '"H NMR (500 MHz; CDCls): & 7.35-7.16 (m, 10H),
6.18 (s, 1H), 6.04 (s, 1H), 4.38 (d, /= 5.9 Hz, 2H), 4.32 (d, J = 5.8 Hz, 2H), 3.49 (s, 2H), 3.00-
1.60 (br, 9H); *C NMR (125 MHz; CDCl5): 8 159.8, 152.6, 137.0, 129.0 127.9, 127.5, 127.49,
84.3, 80.1, 65.9, 47.3, 44.9, 28.5, 20.2; "B NMR (160 MHz; CDCl;): & -13.8; HRMS (ESI,
positive) for Ci1sH30B10N203 (m/z): calculated 489.2954 (M+Na)"*, found 489.2947.

Synthesis of 12-(hydroxymethyl)-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-1-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (46b)
OH CONH/Bu
=
P~conHBn
46b
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This compound was prepared from 45a (50.8 mg, 0.107 mmol) and isobutylamine instead of
benzylamine using the procedure described before for 42a in 63% yield as amorphous.

"H NMR (500 MHz; CDCls): 6 7.30-7.25 (m, 3H), 7.19 (d, J = 7.1 Hz, 2H), 6.24 (d, J = 5.4 Hz,
2H), 5.88 (d,J=5.2 Hz, 2H), 4.35 (d, /J=5.4 Hz, 2H), 3.50 (s, 2H), 3.03 (t, /= 6.6 Hz, 2H), 3.00-
2.00 (br, 9H), 1.76-1.71 (m, 1H), 0.89 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCls): § 159.8,
152.6, 137.0, 129.0, 127.9, 127.5, 127.49, 84.3, 80.1, 65.9, 47.3, 44.9, 28.5, 20.2; '"B NMR (160
MHz; CDCl;): 6 -13.8; HRMS (ESI, positive) for CisH30B1oN2O3 (m/z): calculated 455.3107
(M+Na)", found 455.3106.

Synthesis of 12-(hydroxymethyl)-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (46¢)
OH CONHBnN
=
P~conn'Bu
46¢c

This compound was prepared from 45b (43.6 mg, 0.094 mmol) using the procedure described
before for 42a in 68% yield as white solid. m.p. 134-135 °C; '"H NMR (500 MHz; CDCls): 8 7.35-
7.27 (m, 5H), 6.23 (s, 1H), 5.84 (s, 1H), 4.45 (d, /= 5.9 Hz, 2H), 3.51 (d, /= 7.3 Hz, 2H), 2.97
(t,J=4.3 Hz, 2H), 3.00-1.90 (br, 9H), 1.73-1.67 (m, 1H), 0.82 (d, J= 6.7 Hz, 6H); *C NMR (125
MHz; CDCls): § 159.5, 152.2, 137.1, 129.0, 128.2, 128.1, 83.8, 66.0, 48.3, 44.1, 28.5, 20.0; ''B
NMR (160 MHz; CDCl;): 6 -13.4, -14.1; HRMS (ESI, positive) for CigH3B1oN2O; (m/z):
calculated 455.3107 (M+Na)", found 455.3099.

Synthesis of 12-(hydroxymethyl)-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-1-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (46d)
OH CONH/Bu
=
P~conHiBu
46d

This compound was prepared from 45b (43.6 mg, 0.094 mmol) and isobutylamine instead of
benzylamine using the procedure described before for 42a in 78% yield as white solid. m.p. 157-
158 °C; 'H NMR (500 MHz; CDCl;): 6 5.92 (s, 1H), 5.87 (s, 1H), 3.52 (s, 2H), 3.11 (t, J = 6.5
Hz, 2H), 3.00 (t, J = 6.4 Hz, 2H), 3.00-1.90 (br, 9H), 1.82-1.71 (m, 2H), 0.93 (d, J= 6.7 Hz, 6H),
0.86 (d, J= 6.7 Hz, 6H); '*C NMR (125 MHz; CDCl5): § 159.5, 152.2, 137.1, 129.0, 128.2, 128.1,
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83.8, 66.0, 48.3, 44.1, 28.5, 20.0; "B NMR (160 MHz; CDCls): & -13.4, -14.1; HRMS (ESI,
positive) for CisH3,B10N203 (m/z): calculated 421.3260 (M+Na)*, found 421.3264.

Synthesis of 1-phenylacetoxymethyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-12-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Va)

CONHBnN
BnHNOC Z2

%_OCOBN

Va

To a solution of 42a (25.3 mg, 54.5 umol) and triethylamine (22 pL, 164 umol) in CH,Cl, (200
uL), was slowly added phenylacetyl chloride (8.6 uL, 65.4 umol) in CH,Cl, at 0 °C. After the
resulting mixture was stirred at room temperature for 9 h, the resulting mixture was concentrated
under vacuum. The crude materials were filtered through basic Al,O; pad and purified by column
chromatography on silica gel (20% to 40% EtOAc in hexane) afforded Va (22.1 mg, 37.9 umol,
70%) as amorphous. "H NMR (500 MHz; CDCls): § 7.34-7.24 (m, 11H), 7.19 (d, J= 6.6 Hz, 2H),
7.12 (d, J= 6.8 Hz, 2H), 6.47 (s, 1H), 5.86 (s, 1H), 4.39 (d, J = 5.9 Hz, 2H), 4.28 (d, /= 5.7 Hz,
2H), 3.58 (s, 2H), 3.10-1.60 (m, 9H); *C NMR (125 MHz; CDCls): & 170.4, 159.9, 152.2, 137.2,
136.8, 133.0, 129.5, 129.0, 128.9, 128.8, 128.1, 128.0, 127.8, 127.52, 127.46, 92,9, 80.1, 79.9,
63.6, 44.8, 43.9, 40.9; "B NMR (160 MHz; CDCl;): & -13.6; HRMS (ESI, negative) for
C29H34B10N204 (m/z): calculated 619.3178 (M+Cl)’, found 619.3187.

Synthesis of 1-((3-methylbutanoyl)oxy)methyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-
12- benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vb)

CONHBnN

BnHNOC Z

%._0COBu

Vb

This compound was prepared from 42a (25.3 mg, 54.5 umol) and isovaleryl chloride instead of
phenylacetyl chloride using the procedure described above for Va in 74% yield as amorphous. 'H
NMR (500 MHz; CDCls): 6 7.36-7.28 (m, 8H), 7.12 (d, J= 7.1 Hz, 2H), 6.62 (s, 1H), 5.88 (s,
1H), 4.47 (d, J= 5.9 Hz, 2H), 4.29 (d, J = 5.7 Hz, 2H), 4.21 (s, 2H), 2.13 (d, J = 7.2 Hz, 2H),
1.97-1.92 (m, 1H), 3.00-1.80 (m, 9H), 0.88 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCl;): &
171.9,160.0, 152.3,137.3,136.8, 129.0, 128.9, 128.2,128.1, 127.9, 127.5, 127.3, 93.0, 80.2, 80.1,
63.1,44.9, 44.0, 42.9, 25.5, 22.5; "B NMR (160 MHz; CDCls): § -13.6; HRMS (ESI, negative)
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for C26H36B10N204 (m/z): calculated 585.3333 (M+Cl),, found 585.3344.

Synthesis of 1-phenylacetoxymethyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-12-

benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vc)

CONHBu

BnHNOC =Z

. OCOBnN

Vc

This compound was prepared from 42b (23.9 mg, 55.5 umol) using the procedure described above
for Va in 55% yield as amorphous. "H NMR (500 MHz; CDCl;): § 7.35-7.26 (m, 6H), 7.23 (d, J
=6.7 Hz, 2H), 7.13 (d, J = 6.7 Hz, 2H), 6.23 (s, 1H), 5.86 (s, 1H), 4.29 (d, /= 5.7 Hz, 2H), 4.25
(s, 2H), 3.62 (s, 2H), 3.04 (t, /= 6.5 Hz, 2H), 1.73-1.68 (m, 1H), 3.00-1.80 (m, 9H), 0.88 (d, J =
6.7 Hz, 6H); 3C NMR (125 MHz; CDCl5): 8§ 170.5, 160.0, 152.5, 136.8, 133.0, 129.6, 129.1,
128.8, 128.1, 127.6, 127.5, 93.4, 80.1, 90.0, 63.6, 47.2, 44.9, 41.0, 18.4, 20.2; ''B NMR (160
MHz; CDCIl;): 6 -13.6; HRMS (ESI, negative) for CsH36B10N204 (m/z): calculated 549.3559
(M+Cly, found 549.3566.

Synthesis of 1-((3-methylbutanoyl)oxy)methyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-

12- benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vd)

CONH'Bu
BnHNOC =

p-_-OCOBu
Vd

This compound was prepared from 42b (23.9 mg, 55.5 umol) and isovaleryl chloride instead of
phenylacetyl chloride using the procedure described above for Va in 55% yield as amorphous. 'H
NMR (500 MHz; CDCls): 6 7.33-7.26 (m, 3H), 7.23 (d,J=6.7 Hz, 2H), 7.13 (d, /= 6.9 Hz, 2H),
6.36 (s, 1H), 5.88 (s, 1H), 4.30 (d, J= 5.6 Hz, 2H), 4.24 (s, 2H), 3.12 (t, /= 6.5 Hz, 2H), 2.19 (t,
J=17.2 Hz, 2H), 2.07-2.03 (m, 1H), 1.83-1.78 (m, 1H), 3.00-1.80 (m, 9H), 0.945 (d, /= 6.7 Hz,
6H), 0.939 (d, J= 6.7 Hz, 6H); *C NMR (125 MHz; CDCl5): 6 171.8, 160.0, 152.6, 136.8, 129.1,
128.1,127.5,93.3, 80.2, 80.1, 63.1, 47.3, 44.9, 43.0, 28.5, 25.6, 22.5, 20.2; "B NMR (160 MHz;
CDCls): 6 -13.5; HRMS (ESI, negative) for C23H3sB10N2O4 (m/z): calculated 551.3487 (M+Cl),
found 551.3502.
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Synthesis of 1-phenylacetoxymethyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-12-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (Ve)

CONHBn
iBUHNOC =

pVOCOBn

Ve

This compound was prepared from 42¢ (24.1 mg, 56.0 umol) using the procedure described above
for Va in 71% yield as amorphous. '"H NMR (500 MHz; CDCl;): 8 7.34-7.18 (m, 10H), 6.49 (s,
1H), 5.61 (s, 1H), 4.40 (d, J = 5.9 Hz, 2H), 4.21 (s, 2H), 3.58 (s, 2H), 2.93 (t, J = 6.4 Hz, 2H),
3.05-1.60 (m, 9H), 1.72-1.66 (m, 1H), 0.83 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCl5): &
170.4, 160.0, 152.2, 137.3, 133.0, 129.5, 128.9, 128.8, 128.1, 127.9, 127.6, 92.9, 80.5, 79.7, 63.6,
48.0, 43.9, 41.0, 28.4, 19.9; "B NMR (160 MHz; CDCl;): & -13.7; HRMS (ESI, negative) for
C26H36B10N204 (m/z): calculated 585.3344 (M+Cl), found 585.3334.,

Synthesis of 1-((3-methylbutanoyl)oxy)methyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-
12-isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (V{)

CONHBn

iBUHNOC =

p~_-OCO'Bu

A"

This compound was prepared from 42¢ (24.1 mg, 56.0 umol) and isovaleryl chloride instead of
phenylacetyl chloride using the procedure described above for Va in 62% yield as white solid.
m.p. 84-86 °C; '"H NMR (500 MHz; CDCl;): § 7.33-7.28 (m, 5H), 6.64 (s, 1H), 5.62 (s, 1H), 4.48
(d, J=5.9 Hz, 2H), 4.21 (s, 2H), 2.94 (t, /= 6.4 Hz, 2H), 2.13 (t, /= 7.2 Hz, 2H), 1.97-1.92 (m,
1H), 1.72-1.67 (m, 1H), 3.05-1.60 (m, 9H), 1.72-1.66 (m, 1H), 0.89 (d, J= 6.7 Hz, 6H), 0.83 (d,
J=6.7 Hz, 6H); *C NMR (125 MHz; CDCl): 6 171.9, 160.0, 152.3, 137.3, 128.9, 128.2, 127.9,
92.9, 80.5, 80.0, 63.1, 48.0, 44.0, 42.9, 28.4, 25.5, 22.4, 19.9; "B NMR (160 MHz; CDCl5): 6 -
13.6; HRMS (ESI, negative) for CxH36B10N20s (m/z): calculated 551.3487 (M+Cl)y, found
551.3510.
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Synthesis of 1-phenylacetoxymethyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-12-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (Vg)

CONHBu

iBUHNOC Z

. OCOBn

Vg

This compound was prepared from 42d (21.2 mg, 53.5 umol) using the procedure described above
for Va in 54% yield as amorphous. 'H NMR (500 MHz; CDCls): § 7.29-7.22 (m, 5H), 6.26 (s,
1H), 5.62 (s, 1H), 4.25 (s, 2H), 3.62 (s, 2H), 3.04 (t, J = 6.5 Hz, 2H), 2.94 (t, J = 6.4 Hz, 2H),
1.74-1.66 (m, 2H), 3.05-1.60 (m, 9H), 0.88 (d, J= 6.7 Hz, 6H), 0.88 (d, J= 6.7 Hz, 6H); *C NMR
(125 MHz; CDCl3): 6 170.5, 160.0, 152.5, 133.0, 129.6, 128.8, 127.6, 93.3, 80.5, 79.8, 63.6, 48.0,
47.2, 41.0, 28.40, 28.36, 20.2, 19.9, ; "B NMR (160 MHz; CDCl): & -13.7; HRMS (ESI,
negative) for C23H3sB1oN2O4 (m/z): calculated 551.3498 (M+Cl)", found 551.3485.

Synthesis of 1-((3-methylbutanoyl)oxy)methyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-
12-isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (Vh)

CONHBu

IBUHNOC =

% 0OCOBu

Vh
This compound was prepared from 42d (21.2 mg, 53.5 umol) and isovaleryl chloride instead of

phenylacetyl chloride using the procedure described above for Va in 48% yield as amorphous.
"H NMR (500 MHz; CDCls): 8 6.37 (s, 1H), 5.61 (s, 1H), 4.24 (s, 2H), 3.13 (t, J = 6.5 Hz, 2H),
2.94 (t,J=6.4 Hz, 2H), 2.20 (d, /= 7.2 Hz, 2H), 2.09-2.03 (m, 1H), 1.84-1.79 (m, 1H), 1.73-1.68
(m, 1H), 3.00-1.50 (m, 9H), 0.95 (d, J = 6.7 Hz, 6H), 0.94 (d, J = 6.7 Hz, 6H), 0.84 (d, J= 6.8
Hz, 6H); *C NMR (125 MHz; CDCl;): § 171.9, 160.0, 152.6, 93.3, 80.5, 80.0, 63.1, 48.1, 47.3,
43.0, 28.5, 28.4, 25.6, 22.5, 20.2, 19.9; "B NMR (160 MHz; CDCl;): & -13.6; HRMS (ESI,
negative) for C20Hs0B10N2O4 (m/z): calculated 517.3641 (M+Cl)", found 517.3640.
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Synthesis of 12-phenylacetoxymethyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vi)

OCOBn CONHBn

=

P~coNHBn

Vi

This compound was prepared from 46a (13.8 mg, 29.6 umol) using the procedure described above
for Va in quantitative yield as white solid. m.p. 126-128 °C; 'H NMR (500 MHz; CDCls): § 7.34-
7.15 (m, 10), 6.20 (s, 1H), 6.15 (s, 1H), 4.38 (d, /= 6.0 Hz, 2H), 4.30 (d, /= 5.8 Hz, 2H), 3.98 (s,
2H), 3.57 (s, 2H), 3.00-1.80 (m, 9H); *C NMR (125 MHz; CDCls): § 170.0, 159.4, 152.1, 137.1,
136.9, 133.0, 129.5, 129.0, 128.9, 128.8, 128.1, 128.0, 127.9, 127.63, 127.57, 127.5, 92.7, 80.7,
79.3, 65.1, 60.5, 44.9, 44.0, 41.0; ''B NMR (160 MHz; CDCls): § -13.9; HRMS (ESI, negative)
for C290H34B10N,O4 (m/z): calculated 619.3178 (M+Cl)", found 619.3186.

Synthesis of 12-((3-methylbutanoyl)oxy)methyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-
1- benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vj)

OCOBu CONHBn

=

P~coNHBn

Vj

This compound was prepared from 46a (13.8 mg, 29.6 umol) and isovaleryl chloride instead of
phenylacetyl chloride using the procedure described above for Va in 49% yield as white solid.
m.p. 133-135 °C; '"H NMR (500 MHz; CDCl;): & 7.28-7.17 (m, 10), 6.12 (s, 1H), 5.90 (s, 1H),
4.40 (d, J = 6.0 Hz, 2H), 4.33 (d, J = 5.8 Hz, 2H), 3.98 (s, 2H), 2.16 (d, J = 7.1 Hz, 2H), 2.08-
2.03 (m, 1H), 3.00-1.50 (m, 9H), 0.94 (d, J = 6.6 Hz, 6H); 3*C NMR (125 MHz; CDCl5): 5 171.5,
159.4, 152.1, 137.1, 137.0, 129.01, 128.96, 128.1, 128.01, 127.95, 127.7, 127.5, 92.8, 80.7, 79.5,
64.8, 44.9, 44.0, 42.9, 25.6, 22.5; ''B NMR (160 MHz; CDCls): § -13.8; HRMS (ESI, negative)
for C26H36B10N20O4 (m/z): calculated 549.3559 (M-H), found 549.3561.
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Synthesis of 12-phenylacetoxymethyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-1-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vk)

OCOBn CONHBu

=

P~conHBn

Vk

This compound was prepared from 46b (14.5 mg, 33.6 umol) using the procedure described above
for Va in 83% yield as amorphous. "H NMR (500 MHz; CDCl;): 8 7.29-7.18 (m, 10H), 6.15 (s,
1H), 5.74 (s, 1H), 4.35 (d, J = 5.7 Hz, 2H), 3.99 (s, 2H), 3.59 (s, 2H), 3.05 (t, /= 6.6 Hz, 2H),
1.78-1.73 (m, 1H), 3.00-1.50 (m, 9H), 0.90 (d, J = 6.7 Hz, 6H); *C NMR (125 MHz; CDCl;): &
170.0, 159.4, 152.3, 136.9, 133.0, 129.5, 129.0, 128.8, 127.9, 127.6, 127.5, 93.1, 80.8, 79.3, 65.1,
47.3, 44.9, 41.0, 28.5, 20.2; "B NMR (160 MHz; CDCl;): & -13.5; HRMS (ESI, negative) for
C26H36B10N204 (m/z): calculated 585.3333 (M+Cl)’, found 585.3342.

Synthesis of 12-((3-methylbutanoyl)oxy)methyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-
1- benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (V1)

OCOBu CONHBu

=

P~conHBn

Vi

This compound was prepared from 46¢ (14.5 mg, 33.6 umol) and isovaleryl chloride instead of
phenylacetyl chloride using the procedure described above for Va in 44% yield as amorphous. 'H
NMR (500 MHz; CDCls): ¢ 7.33-7.20 (m, 3H), 7.20 (d, J= 7.1 Hz, 2H), 6.14 (s, 1H), 5.71 (s,
1H), 4.36 (d, J= 5.8 Hz, 2H), 3.99 (s, 2H), 3.05 (t, /= 6.6 Hz, 2H), 2.17 (d, /= 7.2 Hz, 2H), 2.10-
2.03 (m, 1H), 1.78-1.72 (m, 1H), 3.00-1.50 (m, 9H), 0.94 (d, /= 6.7 Hz, 6H), 0.90 (d, J= 6.7 Hz,
6H); *C NMR (125 MHz; CDCl5): § 171.5, 159.5, 152.3, 136.9, 129.0, 127.9, 127.6, 93.1, 80.7,
79.5,64.8,47.3,44.9,42.9, 28.5, 25.6, 22.5, 20.2; "B NMR (160 MHz; CDCl;): § -13.5; HRMS
(ESI, negative) for C23H33B10N20s (m/z): calculated 551.3487 (M+Cl)’, found 551.3506.
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Synthesis of 12-phenylacetoxymethyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (Vm)

OCOBn CONHBn

=

P~conHBu

Vm

This compound was prepared from 46¢ (13.8 mg, 32.1 umol) using the procedure described above
for Va in 51% yield as white solid. m.p. 112-115 °C; '"H NMR (500 MHz; CDCls): § 7.37-7.23
(m, 10H), 6.16 (s, 1H), 5.82 (s, 1H), 4.46 (d, J=5.9 Hz, 2H), 3.99 (s, 2H), 3.58 (s, 2H), 2.96 (t, J
= 6.4 Hz, 2H), 1.74-1.67 (m, 1H), 3.00-1.80 (m, 9H), 0.81 (d, J = 6.7 Hz, 6H); *C NMR (125
MHz; CDCl3): 6 170.0, 159.2, 152.1, 137.1, 133.0, 129.5, 129.0, 128.8, 128.2, 128.1, 127.6, 92.5,
81.3, 79.1, 48.2, 44.1, 41.0, 28.4, 20.0; "B NMR (160 MHz; CDCl;): & -13.8; HRMS (ESI,
negative) for C2sH36B10N2O4 (m/z): calculated 585.3333 (M+Cl),, found 585.3339.

Synthesis of 12-((3-methylbutanoyl)oxy)methyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-
1-isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (Vn)

OCOBu CONHBn

=

P~coNHBu

Vn

This compound was prepared from 46d (13.8 mg, 32.1 umol) and isovaleryl chloride instead of
phenylacetyl chloride using the procedure described above for Va in 42% yield as white solid.
m.p. 116-118 °C; '"H NMR (500 MHz; CDCl;): § 7.36-7.27 (m, 5H), 6.16 (s, 1H), 5.83 (s, 1H),
4.46 (d, J=5.9 Hz, 2H), 3.98 (s, 2H), 3.58 (s, 2H), 2.96 (t, J = 6.4 Hz, 2H), 2.16 (d, /= 7.1 Hz,
2H), 2.08-2.03 (m, 1H), 1.73-1.67 (m, 1H), 3.00-1.80 (m, 9H), 0.94 (d, J = 6.6 Hz, 6H), 0.82 (d,
J=6.7 Hz, 6H); *C NMR (125 MHz; CDCl3): 6 171.5, 159.3, 152.1, 137.1, 129.0, 128.2, 128.1,
92.5,81.2,79.3, 64.7, 48.2, 44.1, 42.9, 28.5, 25.6, 22.5, 20.0; "B NMR (160 MHz; CDCl5): § -
13.3; HRMS (ESI, negative) for C3H3sB10N2Os (m/z): calculated 551.3487 (M+Cl)y, found
551.3498.
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Synthesis of 12-phenylacetoxymethyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-1-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (Vo)

OCOBn CONHBu

=

P~conHiBu

Vo

This compound was prepared from 46d (14.6 mg, 36.8 umol) using the procedure described above
for Va in 67% yield as white solid. m.p. 115-119 °C; '"H NMR (500 MHz; CDCls): § 7.36-7.23
(m, 5H), 5.93 (s, 1H), 5.86 (s, 1H), 3.99 (s, 2H), 3.59 (s, 2H), 3.11 (t, J= 6.6 Hz, 2H), 2.99 (t, J
= 6.4 Hz, 2H), 1.82-1.72 (m, 2H), 3.00-1.80 (m, 9H), 0.93 (d, J = 6.7 Hz, 6H), 0.85 (d, J = 6.7
Hz, 6H); *C NMR (125 MHz; CDCl;): 6 170.0, 159.3, 152.4, 133.0, 129.5, 128.8, 127.6, 92.9,
81.3,79.1,65.1,48.3,47.3,41.0, 28.51, 28.46, 21.2, 20.0; ''B NMR (160 MHz; CDCl5): § -13.9;
HRMS (ESI, negative) for C23H33B10N2O4 (m/z): calculated 551.3487 (M+Cl)’, found 551.3495.

Synthesis of 12-((3-methylbutanoyl)oxy)methyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-
1-isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (Vp)

OCOBu CONHBu

=

P~conHiBu

Vp

This compound was prepared from 46d (14.6 mg, 36.8 umol) and isovaleryl chloride instead of
phenylacetyl chloride using the procedure described above for Va in 25% yield as white solid.
m.p. 93-94 °C; '"H NMR (500 MHz; CDCls): § 5.91 (s, 1H), 5.86 (s, 1H), 3.99 (s, 2H), 3.59 (s,
2H), 3.11 (t,J= 6.6 Hz, 2H), 3.00 (t,J= 6.4 Hz, 2H), 2.17 (d, /= 7.0 Hz, 2H), 2.10-2.04 (m, 1H),
1.82-1.71 (m, 2H), 3.00-1.80 (m, 9H), 0.94 (d, J = 6.7 Hz, 6H), 0.92 (d, J = 6.8 Hz, 6H), 0.86 (d,
J=6.7 Hz, 6H); *C NMR (125 MHz; CDCl;): § 171.5, 159.3, 152.4, 92.8, 81.2,79.3, 64.8, 48.3,
47.3,42.9, 28.51, 28.47, 25.6, 22.5, 20.2, 20.0; ''B NMR (160 MHz; CDCls): § -13.9; HRMS
(ESI, negative) for C20H40B10N20s (m/z): calculated 517.3641 (M+Cl), found 517.3649.
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Synthesis of 1-(hydroxymethyl)-7-((trimethylsilyl)ethynyl)-1,12-dicarba-closo-
dodecaborane (48a) and 1-(hydroxymethyl)-2-((trimethylsilyl)ethynyl)-1,12-dicarba-closo-
dodecaborane (48b)

OH ™S ™S
Z =
P P\‘
OH
48a 48b

To a solution of 2-(2-(trimethylsilyl)ethynyl)-1,12-dicarba-closo-dodecaborane (47) (172 mg,
0.713 mmol) in THF, was slowly added »-BuLi 1.6 M solution in hexane (506 pL, 0.784 mmol)
at -78 °C. After the resulting mixture was stirred -78 °C under argon atmosphere for 1 h,
paraformaldehyde (41.0 mg, 1.07 mmol) was added. Then, the resulting mixture was stirred at
room temperature for 2 h. After that, the reaction mixture was concentrated under pressure. To
the resulting mixture were added water and hexane after which the product was partitioned
between the aqueous and organic layers. The aqueous layer was washed with hexane and
combined organic layers were dried over sodium sulfate and concentrated under vacuum. The
crude product was purified by column chromatography on silica gel (10 % Et;O in hexane)
afforded 48b (74.9 mg, 0.277 mmol) as a faster eluting isomer and 48a (72.8 mg, 0.267 mmol) as
a slower eluting isomer totally in 86 % yield. 48a: "H NMR (500 MHz; CDCls): § 3.46 (s, 2H),
2.98 (s, 1H), 1.77 (s, 1H), 2.90-1.60 (m, 9H), 0.16 (s, 9H); "B NMR (160 MHz; CDCl5): 5 -13.8,
-14.6,15.2; 3C NMR (125 MHz; CDCls): 6 105.5, 84.5, 66.6, 62.1, -0.013;

48b: "H NMR (500 MHz; CDCls): & 3.65 (s, 2H), 2.74 (s, 1H), 2.26 (s, 1H), 2.90-1.50 (m, 9H),
0.18 (s, 9H); "B NMR (160 MHz; CDCl5): § -12.1, -13.4,-13.9, 14.6, 16.1; *C NMR (125 MHz;
CDCl3): 6 108.1, 86.0, 66.1, 59.3, -0.08.

Synthesis of 1-(hydroxymethyl)-7-ethynyl-1,12-dicarba-closo-dodecaborane (49)

OH

=

49
To a solution of 48a (18.6 mg, 0.0688 mmol) in MeOH (500 pL), potassium carbonate (46 mg,
0.344 mmol) was added. The resulting mixture was stirred at room temperature until the full
conversion of a starting material was observed. After that, the reaction mixture was concentrated
under pressure. To the resulting mixture was added water and EtOAc after which the product was

partitioned between the aqueous and organic layers. The aqueous layer was washed with EtOAc
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and combined organic layers were washed with brine, dried over sodium sulfate and concentrated
under vacuum. The crude material was purified by column chromatography on silica gel (10%
EtOAc in Hexane) to afford 49 (11.3 mg, 0.0570 mmol, 83%) as colorless oil. 'H NMR (500
MHz; CDCls): & 3.48 (s, 2H), 2.99 (s, 1H), 2.21 (s, 1H), 3.00-1.60 (m, 9H), 1.66 (s, 1H); *C
NMR (125 MHz; CDCls): 8 85.8, 85.6, 84.8, 66.6, 62.1; ''B NMR (160 MHz; CDCl5): § -13.2, -
13.8, 15.2.

Synthesis of 1-((fert-butyl)dimethylsilyl)hydroxymethyl)-2-((trimethylsilyl)ethynyl)-1,12-
dicarba-closo-dodecaborane (50)

OTBS TMS
=

P

50
To a solution of 48a (43 mg, 0.159 mmol) in CH,Cl, (500 uL) was added NaH (6.4 mg, 0.159

mmol) at 0 °C under argon atmosphere. After the resulting mixture was stirred for 10 min, TBSCI
(32 mg, 0.216 mmol) was slowly added. The resulting mixture was stirred at room temperature
until the starting material disappeared as monitored by TLC analysis. Then, the reaction mixture
was concentrated under pressure. To the resulting mixture were added NH4Cl aqueous and hexane
after which the product was partitioned between the aqueous and organic layers. The aqueous
layer was washed with hexane and combined organic layers were dried over sodium sulfate and
concentrated under vacuum, which afforded 50 in quantitative yield. "H NMR (500 MHz; CDCl5):
6 3.42 (d, J = 3.7 Hz, 2H), 2.93 (s, 1H), 2.80-1.50 (m, 9H), 0.94 (s, 9H), 0.16 (s, 9H), -0.03 (s,
6H); 3C NMR (125 MHz; CDCls): 5 104.9, 84.8, 66.8, 61.9, 25.8, 18.3, 0.04, -5.5; "B NMR (160
MHz; CDCls): 6 -13.0, 13.9, 15.3.

Synthesis of 1-((fert-butyl)dimethylsilyl)hydroxymethyl)-2-((trimethylsilyl)ethynyl)-12-

carboxyl-1,12-dicarba-closo-dodecaborane (51)

OTBS MS

T
=
e
(o)
51
To a solution of 50 (90 mg, 0.234 mmol) in THF (4 mL), was slowly added #-BuLi 1.6 M solution

in hexane (166 pL, 0.257 mmol) at -78 °C. After the resulting mixture was stirred at -78 °C under

argon atmosphere for 1 h, CO; balloon was attached. Then, the resulting mixture was stirred at -
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40 °C for 2 h under CO; atmosphere. After that, the reaction mixture was concentrated under
pressure. To the resulting mixture was added hexane after which the product was partitioned
between the aqueous and organic layers. The aqueous layer was washed with hexane. Then, the
aqueous layer was added 6 M HCI and hexane after which the product was partitioned between
the aqueous and organic layers. The aqueous layer was washed with hexane and combined organic
layers were dried over sodium sulfate and concentrated under vacuum to afford 51 (96 mg, 0.223
mmol, 95%) as a white solid.

"H NMR (400 MHz; CDCl5): & 6.00 (br, 1H), 3.45 (s, 2H), 2.80-1.50 (m, 9H), 0.87 (s, 9H), 0.20
(s, 9H), -0.01 (s, 9H), -0.02 (s, 6H); *C NMR (125 MHz; CDCls): § 107.3, 83.5, 79.3, 66.4, 25.8,
18.3,-0.08, -5.5; "B NMR (160 MHz; CDCl5): & -13.9.

Synthesis of 1-(3-methylbutanoxymethyl)-2-((1H-1,2,3-triazol-4-yl)benzylcarbamoyl)-12-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vq)

OCO'Bu N=N
~.,N=Bn

P~conHBn

Vq

To a solution of 51 (44.4 mg, 0.104 mmol) in THF (1 mL), EDCI (24 mg, 0.125 mmol), HOBt
(24 mg, 0.156 mmol) and DIEA (36 uL, 0.208 mmol) were slowly added. The resulting mixture
was stirred at room temperature under argon atmosphere until the full conversion of a starting
material was observed. The resulting mixture was added aq. NaHCO; and EtOAc after which the
product was partitioned between the aqueous and organic layers. The aqueous layer was washed
with EtOAc and combined organic layers were washed with brine, dried over sodium sulfate and
concentrated under vacuum. The crude materials were used to the next reaction without further
purification.

To a solution of the crude material, 4 M HCI in Dioxane (500 uL) was added. The resulting
mixture was stirred at room temperature until the full conversion of a starting material was
observed. After that, the reaction mixture was concentrated under pressure. The crude materials
were used to the next reaction without further purification.

To a solution of the crude material in MeOH (500 uL), potassium carbonate (72 mg, 0.52 mmol)
was added. The resulting mixture was stirred at room temperature until the full conversion of a
starting material was observed. After that, the reaction mixture was concentrated under pressure.
Then, the crude materials were shortly purified by column chromatography on silica gel (25%
EtOAc in hexane) afforded the resulting mixture to use in the next step without further purification.
To a solution of the resulting mixture in CH,Cl, (500 uL), were added EDCI (20 mg, 0.104 mmol),
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a catalytic amount of DMAP and isovaleric acid (11 uL, 0.104 mmol). The mixture was stirred at
room temperature under argon atmosphere for 8 h. The reaction was quenched with water and the
mixture was extracted with CH,Cl,, washed with brine, dried over sodium sulfate and
concentrated under vacuum. The residue was shortly purified by column chromatography on silica
gel (20% EtOAc) to afford the resulting mixture to use in the next step without further purification.
To a solution of the resulting mixture in DMF:H,0 (4:1, v/v, 500 uL), were added CuSO; (1.0
mg, 1.7 umol), sodium ascorbate (1.0 mg, 3.4 umol) and benzylazide (12 mg, 0.0866 mmol). The
mixture was stirred at room temperature for 12 h. The reaction was quenched with water and the
mixture was extracted with EtOAc, washed with brine, dried over sodium sulfate and concentrated
under vacuum. The residue was purified by column chromatography on silica gel (25% EtOAc)
to afford Vq (19 mg, 0.0350 mmol, 34% 5 steps) as a white solid.

"HNMR (500 MHz; CDCl5): 8 7.52 (s, 1H), 7.37-7.35 (m, 3H), 7.23-7.22 (m, 4H), 6.93-6.91 (m,
2H), 6.48 (s, 1H), 5.45 (s, 1H), 4.08 (d, J = 5.8 Hz, 2H), 4.02 (s, 2H), 2.14 (d, /= 7.2 Hz, 2H),
2.08-2.02 (m, 1H), 3.20-1.80 (m, 9H) 0.92 (d, J = 6.6 Hz, 2H); '*C NMR (125 MHz; CDCl5): &
171.6,160.0, 137.0, 134.6, 129.4, 129.3, 128.9, 128.7, 128.2, 127.6, 127.4, 81.2, 80.5, 65.0, 53.9,
44.5,42.9,25.5,22.5; "B NMR (160 MHz; CDCl;): §-8.04, -13.4.

Synthesis of 1-(phenylacetoxymethyl)-2-((1H-1,2,3-triazol-4-yl)benzylcarbamoyl)-12-(3-
methylbutyl)aminocarboxyl-1,12-dicarba-closo-dodecaborane (Vr)

OCOBn N=N
~.,N=Bn

P~conHiPen

Vr

To a solution of 51 (24 mg, 0.056 mmol) in THF (500 uL), 3-metylbutylamine (6 uL, 0.0672
mmol), EDCI (13 mg, 0.0672 mmol), HOBt (13 mg, 0.084 mmol) and DIEA (22 pL, 0.122 mmol)
were slowly added. The resulting mixture was stirred at room temperature under argon
atmosphere until the full conversion of a starting material was observed. To the resulting mixture
were added aq. NaHCOs and EtOAc after which the product was partitioned between the aqueous
and organic layers. The aqueous layer was washed with EtOAc and combined organic layers were
washed with brine, dried over sodium sulfate and concentrated under vacuum. The crude materials
were used to the next reaction without further purification.

To a solution of the crude material, 4 M HCI in Dioxane (500 uL) was added. The resulting
mixture was stirred at room temperature until the full conversion of a starting material was
observed. After that, the reaction mixture was concentrated under pressure. The crude materials

were used to the next reaction without further purification.
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To a solution of the crude material in MeOH (500 uL), potassium carbonate (38 mg, 0.28 mmol)
was added. The resulting mixture was stirred at room temperature until the full conversion of a
starting material was observed. After that, the reaction mixture was concentrated under pressure.
To the resulting mixture were added water and EtOAc after which the product was partitioned
between the aqueous and organic layers. The aqueous layer was washed with EtOAc and
combined organic layers were washed with brine, dried over sodium sulfate and concentrated
under vacuum. The crude materials were used to the next reaction without further purification.
To a solution of the crude material and triethylamine (17 pL, 0.168 mmol) in CH,Cl, (500 uL),
was slowly added phenylacetyl chloride (16 pL, 0.112 mmol) in CH,Cl, at 0 °C. After the
resulting mixture was stirred 0 °C under argon atmosphere for 1 h, aq. NaHCOs and CH,Cl, were
added. The product was partitioned between the aqueous and organic layers. The aqueous layer
was washed with CH,Cl, and combined organic layers were dried over sodium sulfate and
concentrated under vacuum. The crude materials were used to the next reaction without further
purification.

To a solution of the crude material in DMF:H>O (4:1, v/v, 500 uL), were added CuSOs (1.0 mg,
1.7 umol), sodium ascorbate (1.0 mg, 3.4 umol) and benzylazide (6.0 uL, 0.034 mmol). The
mixture was stirred at room temperature for 12 h. The reaction was quenched with water and the
mixture was extracted with EtOAc, washed with brine, dried over sodium sulfate and concentrated
under vacuum. The residue was purified by column chromatography on silica gel (30% EtOAc)
to afford Vr (6.5 mg, 0.0116 mmol, 21%) as a white solid.

"H NMR (500 MHz; CDCl5): & 7.56 (s, 1H), 7.39-7.31 (m, 2H), 7.31-7.21 (m, 8H), 6.16 (s, 1H),
5.53 (s, 2H), 4.02 (s, 2H), 3.57 (s, 2H), 2.90 (q, /= 8.4 Hz, 2H), 2.90-1.60 (m, 9H), 1.34-1.29 (m,
1H), 1.07 (g, J = 9.0 Hz, 2H), 0.78 (d, J = 8.4 Hz, 2H); *C NMR (125 MHz; CDCl;): & 170.1,
159.7, 134.6, 133.2, 129.5, 129.3, 129.0, 128.7, 128.2, 127.4, 81.7, 80.2, 65.3, 54.0, 41.0, 39.1,
37.5,25.7,22.4; "B NMR (160 MHz; CDCl5): & -7.48, -13.2.

Synthesis of 1-(3-methylbutanoxymethyl)-2-((1H-1,2,3-triazol-4-yl)benzylcarbamoyl)-12-
(3-methylbutyl)aminocarboxyl-1,12-dicarba-closo-dodecaborane (Vs)
OCO'Bu N=N
~ N-iBy
P~conniBu
Vs

This compound was prepared from alcohol 51 (51.3 mg, 0.120 mmol) using the procedure
described for Vq in 76% yield as a white solid.
"H NMR (500 MHz; CDCls): 8 7.63 (s, 1H), 6.29 (s, 1H), 4.15 (d, J = 7.2 Hz, 2H), 2.76 (t, J =
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6.5 Hz, 2H), 2.23-2.19 (m, 1H), 2.16 (d, J = 7.2 Hz, 2H), 2.09-2.03 (m, 1H), 1.53-1.47 (m, 1H),
0.94 (d, J= 2.7 Hz, 6H), 0.93 (d, J= 2.7 Hz, 6H), 0.66 (d, J = 6.7 Hz, 6H); 3C NMR (125 MHz;
CDCls): § 171.6, 159.9, 129.9, 81.7, 80.3, 77.4, 65.0, 57.3,48.0, 42.9, 31.7, 29.8, 28.2, 25.5, 22.8,
33.5,20.0, 19.8, 14.2; 'B NMR (160 MHz; CDCls): § -8.14, -13.3.

Synthesis of 1-((fert-butyl)dimethylsilyl)hydroxymethyl)-7-ethynyl-1,12-dicarba-closo-
dodecaborane (53)

=

P
OTBS

53
To a solution of 48b (240 mg, 0.887 mmol) and 2,6-lutidine (310 uL, 2.66 mmol) in DCM (4 mL)
was slowly added TBSOTT (306 uL, 1.33 mmol) at 0 °C under argon atmosphere. The resulting
mixture was stirred at room temperature until the starting material disappeared as monitored by
TLC analysis. Then, the reaction mixture was quenched with a small amount of aq. NaHCO; and
filtered on celite pad. The filtrate was concentrated under vacuum. The crude material was used
in the next step without further purification.
To a solution of the crude material in MeOH (1.2 mL), potassium carbonate (148 mg, 1.07 mmol)
was added. The resulting mixture was stirred at room temperature until the full conversion of a
starting material was observed. After that, the reaction mixture was concentrated under pressure.
Then, the crude materials were shortly purified by column chromatography on silica gel (hexane)
afforded 53 (102 mg, 0.325 mmol, 91% 2 steps). 'H NMR (500 MHz; CDCl5): § 3.62 (s, 2H),
2.73 (s, 1H), 3.00-1.60 (m, 9H), 2.28 (s, 1H), 0.86 (s, 9H), 0.00 (s, 6H); 3*C NMR (125 MHz;
CDCls): 6 87.2, 85.9, 65.3,59.4, 25.8, 18.3, -5.4; "B NMR (160 MHz; CDCl3): 6 -12.4, -13.2, -
14.9,-15.9, -16.5.

Synthesis of 1-((fert-butyl)dimethylsilyl)hydroxymethyl)-7-carboxyethynyl-1,12-dicarba-
closo-dodecaborane (54)

COOH

=

OTBS
54

To a solution of 53 (101 mg, 0.325 mmol) in THF (3 mL), was slowly added »n-BuLi 1.6 M

solution in hexane (207 uL, 0.325 mmol) at -78 °C. After the resulting mixture was stirred at -
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78 °C under argon atmosphere for 1 h, CO, balloon was attached. Then, the resulting mixture was
stirred at room temperature for 2 h under CO, atmosphere. After that, the reaction mixture was
concentrated under pressure. To the resulting mixture were added and hexane after which the
product was partitioned between the aqueous and organic layers. The aqueous layer was washed
with hexane. Then, to the aqueous layer was added 6 M HCI and hexane after which the product
was partitioned between the aqueous and organic layers. The aqueous layer was washed with
hexane and combined organic layers were dried over sodium sulfate and concentrated under
vacuum to afford 54 (116 mg, 0.325 mmol, quant.). 'H NMR (500 MHz; CDCl;): § 6.47 (br, 1H),
3.60 (s, 2H), 2.79 (s, 2H), 3.00-1.60 (m, 9H), 0.86 (s, 9H), 0.00 (s, 6H); *C NMR (125 MHz;
CDCl5): 6 156.8, 86.3, 65.3, 59.8, 25.8, 18.3, -5.5; "B NMR (160 MHz; CDCl;): § -12.6, -14.3, -
15.5.

Synthesis of 1-hydroxymethyl-7-(3-3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1,12-dicarba-
closo-dodecaborane (55)

CONHBn

=

™
o
55
To a solution of 54 (73 mg, 0.205 mmol) in THF (1 mL), benzylamine (27 pL, 0.246 mmol),
EDCI (47 mg, 0.246 mmol), HOBt (47 mg, 0.307 mmol) and DIEA (104 pL, 0.614 mmol) were

slowly added. The resulting mixture was stirred at room temperature under argon atmosphere

H

until the full conversion of a starting material was observed. To the resulting mixture were added
ag. NaHCOs and EtOAc after which the product was partitioned between the aqueous and organic
layers. The aqueous layer was washed with EtOAc¢ and combined organic layers were washed
with brine, dried over sodium sulfate and concentrated under vacuum. The crude materials were
used to the next reaction without further purification.

To a solution of the crude material in CH,Cl, (1 mL), 4 M HCl in dioxane (1 mL) was added. The
resulting mixture was stirred at room temperature until the full conversion of a starting material
was observed. After that, the reaction mixture was concentrated under pressure. Then, the crude
material was purified by column chromatography on silica gel (10% EtOAc in Hexane) afforded
55 as a solid (88.7 mg, 0.139 mmol, 68%). '"H NMR (400 MHz; CD;0D): § 7.35-7.24 (m, 5H),
4.39 (s, 2H), 3.60 (s, 2H), 3.35 (s, 1H), 3.10-1.40 (m, 9H); 3*C NMR (125 MHz; CDCl;): § 154.9,
139.2, 129.6, 128.7, 128.4, 88.1, 65.4, 61.4, 44.3; "B NMR (160 MHz; CDCl5): § -12.7, -15.9.

Synthesis of 1-(3-methylbutanoxymethyl)-7-(3-3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1,12-
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dicarba-closo-dodecaborane (56)

CONHBn

=

P
OCO'Bu

56
To a solution of 55 (8.2 mg, 0.025 mmol) in CH,Cl, (500 uL), were added EDCI (7.0 mg, 0.037
mmol), a small amount of DMAP and isovaleric acid (4.0 uL, 0.0375 mmol). The mixture was
stirred at room temperature under argon atmosphere for 8 h. The reaction was quenched with
water and the mixture was extracted with CH,Cl,, washed with brine, dried over sodium sulfate
and concentrated under vacuum. The residue was purified by column chromatography on silica
gel (20% EtOAc) to afford 56 (10 mg, 0.024 mmol, 96%) as a white solid.
"H NMR (500 MHz; CDCl5): & 7.36-7.29 (m, 5H), 6.66 (s, 1H), 4.48 (d, J = 5.8 Hz, 2H), 4.19 (s,
2H), 3.49 (s, 2H), 2.81 (s, 1H), 2.13 (d, J = 7.2 Hz, 2H), 1.99-1.92 (m, 1H), 2.80-1.50 (m, 9H),
0.88 (d, J= 6.7 Hz, 6H); *C NMR (125 MHz; CDCl5): § 172.0, 152.5, 137.4, 128.9, 128.2, 127.9,
92.2, 82.0, 63.7, 60.4, 44.0, 43.0, 25.5, 22.5; ''B NMR (160 MHz; CDCl5): § -12.7, -13.6, -14.8.,
-15.9.

Synthesis of 1-(3-methylbutanoxymethyl)-2-((1H-1,2,3-triazol-4-yl)benzylcarbamoyl)-7-(1-
benzyl-5-1,12-dicarba-closo-dodecaborane (Vt)

BnHNOC_ |
n N

Vvt

To a solution of 56 (184 mg, 0.443 mmol) in toluene (1 mL), was added excess amount of
benzylazide. After the resulting mixture was stirred at 90 °C for 48 h, the reaction mixture was
concentrated under pressure. Then, the crude material was purified by column chromatography
on silica gel (40% EtOAc in Hexane) afforded Vt in quantitative yield. '"H NMR (500 MHz;
CDCl): 6 7.31-7.15 (m, 10H), 6.38 (s, 1H), 5.71 (s, 2H), 4.50 (d, J = 5.8 Hz, 2H), 3.91 (s, 2H),
3.00-1.60 (m, 9H), 2.87 (s, 1H), 1.95 (d, J= 6.7 Hz, 2H), 1.91-1.84 (m, 1H), 0.83 (d, /= 6.6 Hz,
6H); *C NMR (125 MHz; CDCl5): & 171.8, 160.0, 137.4, 136.5, 135.1, 129.0, 128.5, 128.48,
128.3,128.1, 82.7, 63.7,61.5, 52.8, 44.4, 42.7, 25.4, 22.4; "B NMR (160 MHz; CDCl5): § -8.35,
12.7,-14.8, -15.7.
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Synthesis of 1-hydroxymethyl-2-(1-benzyl-5-(benzylcarbamoyl)-1H-1,2,3-triazol-4-yl)-
1,12-dicarba-closo-dodecaborane (S5)

BnHNOC, |
n N

S5

To a solution of Vt (180 mg, 0.328 mmol) in MeOH (2 mL), was added NaOH (52 mg, 1.31
mmol). After the resulting mixture was stirred at room temperature under argon atmosphere for
24 h , the reaction mixture was concentrated under vacuum. The resulting mixture was added
brine and EtOAc after which the product was partitioned between the aqueous and organic layers.
The aqueous layer was extracted with EtOAc and combined organic layers were washed with
brine, dried over sodium sulfate and concentrated under vacuum.The crude material was purified
by column chromatography on silica gel (40% EtOAc in Hexane) to afford S5 (140 mg, 0.302
mmol, 92%) as colorless oil.

"HNMR (500 MHz; CDCls): 6 7.34-7.26 (m, 8H), 7.15-14 (m, 2H), 6.31 (t,J = 5.4 Hz, 1H), 5.71
(s, 2H), 5.43 (s, 2H), 4.52 (d, J = 5.8 Hz, 2H), 3.53 (s, 2H), 2.72 (s, 1H), 3.00-1.80 (m, 9H); 1*C
NMR (125 MHz; CDCls): 6 159.5, 153.6, 136.7, 136.3, 134.6, 129.1, 129.0, 128.8, 128.6, 128.4,
128.2,126.1, 87.9, 65.7, 59.3, 53.6, 53.1, 44.5; "B NMR (160 MHz; CDCls): 6 -9.6, -11.8, -12.7,
-14.5,-15.5, -16.6.

Synthesis of 1-formyl-2-(1-benzyl-5-(benzylcarbamoyl)-1H-1,2,3-triazol-4-yl)-1,12-
dicarba-closo-dodecaborane (S6)

BnHNOC

S6
To a solution of S5 (32 mg, 68.9 umol) in DCM (1 mL) was added Dess-Martin periodinane (58
mg, 138 umol) at 0 °C under argon atmosphere. After the resulting mixture was stirred at room
temperature until the starting material disappeared as monitored by TLC analysis. Then, the
reaction mixture was concentrated under pressure. To the resulting mixture were added NaHCO;
aqueous and Et,0O after which the product was partitioned between the aqueous and organic layers.

The aqueous layer was washed with Et;O and combined organic layers were dried over sodium
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sulfate and concentrated under vacuum. The crude material was purified by column
chromatography on silica gel (25% EtOAc in Hexane) to afford S6 (28.8 mg, 62.3 pmol, 90%) as
colorless oil. "H NMR (500 MHz; CDCls): & 8.89 (s, 1H), 7.31-7.28 (m, 6H), 7.24-7.21 (m, 2H),
7.16-7.14 (m, 2H), 6.44 (t, J = 5.5 Hz, 1H), 5.68 (s, 1H), 4.52 (d, J = 5.8 Hz, 2H), 2.95 (s, 1H),
3.10-1.80 (br, 9H); *C NMR (125 MHz; CDCl5): & 185.7, 159.5, 136.4, 134.9, 129.0, 128.95,
128.6, 128.4, 128.1, 86.0, 63.7, 52.9, 44.3; "B NMR (160 MHz; CDCl3): 6 -8.2, -13.4, -15.2.

Synthesis of 2-(1-benzyl-5-(benzylcarbamoyl)-1H-1,2,3-triazol-4-yl)-1,12-dicarba-closo-
dodecaboranyl-1-carboxylic acid (S7)
BnHNOC

S7

To a solution of S6 (16.2 mg, 0.035 mmol) and 2-methyl-2-butene (74 uL, 0.70 mmol) in acetone
(500 pL) was slowly added a freshly prepared solution of NaH,PO4 (66 mg, 0.42 mmol) and
NaClO; (32 mg, 0.35 mmol) in water (500 uL) at 0 °C. After the resulting mixture was stirred at
room temperature until the starting material disappeared as monitored by TLC analysis. Then, the
reaction mixture was concentrated under pressure. Then, the reaction mixture was quenched with
brine, which was partitioned between the aqueous and organic layers. The aqueous layer was
washed with DCM and combined organic layers were dried over sodium sulfate and concentrated
under vacuum. The crude material was purified by reverse-phase HPLC (50% to 100% MeCN in
H:0) to afford S7 (13.4 mg, 0.028 mmol, 80%). "H NMR (500 MHz; CDCl;): 8 7.65 (bs, 1H),
7.25-7.17 (m, 10H), 5.47 (s, 2H), 4.44 (d, J = 5.6 Hz, 2H), 2.76 (s, 1H), 3.00-2.00 (br, 9H); 13C
NMR (125 MHz; CDCls): 6 165.6, 160.6, 137.7, 136.7, 134.6, 128.8, 128.7, 128.5, 128.4, 128.36,
127.7,89.4, 60.9, 52.8, 44.3; ''B NMR (160 MHz; CDCl5): & -9.0, -13.0, 16.0.
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Synthesis of 1-isopentylcarbamoyl-2-(1-benzyl-5-(benzylcarbamoyl)-1H-1,2,3-triazol-4-yl)-
1,12-dicarba-closo-dodecaborane (Vu)

BnHNOC, 2"

|

'ZN

N
N

P~coNHiPen

Vu

To a solution of 87 (6.3 mg, 13.2 umol) in THF (500 pL), isopentylamine (1.5 pL, 13.2 umol),
EDCI (3.0 mg, 15.8 umol), HOBt (3.0 mg, 19.7 pmol) and DIEA (6.7 uL, 39.5 umol) were slowly
added. The resulting mixture was stirred at room temperature under argon atmosphere until the
full conversion of a starting material was observed. To the resulting mixture were added aq.
NaHCOs and EtOAc after which the product was partitioned between the aqueous and organic
layers. The aqueous layer was washed with EtOAc¢ and combined organic layers were washed
with brine, dried over sodium sulfate and concentrated under vacuum. The crude material was
purified by column chromatography on silica gel (20% EtOAc in Hexane) to afford Vu (6.2 mg,
11.3 umol, 86%) as a colorless oil. '"H NMR (400 MHz; CDCls): 8 7.80 (t, J = 5.7 Hz, 1H), 7.29-
7.14 (m, 10H), 5.98 (t, J = 5.5 Hz, 1H), 5.72 (s, 2H), 4.54 (d, /= 5.9 Hz, 1H), 2.98 (s, 1H), 2.94-
2.88 (m, 2H), 3.00-1.80 (br, 9H), 1.39-1.32 (m, 1H), 1.10 (q, /= 7.2 Hz, 2H), 0.75 (d, /= 6.6 Hz,
6H); *C NMR (100 MHz; CDCls): 8 160.7,159.9, 137.1,135.3,128.9, 128.8, 128.4, 128.2, 127.6,
84.8, 63.4,52.8,44.0, 39.2, 37.6, 25.7, 22.6, 22.3; ''B NMR (128 MHz; CDCl5): & -8.0, -14.0, -
15.9.

306



"
o

»  Synthesis of scaffold IV-type compounds with different substituents

Synthesis of 9-cyano-10-iodo-1,7-dicarba-closo-dodecaborane (58)

N.m

I
NC

58
To a solution of 9-cyano-1,7-dicarba-closo-dodecaborane (57) (532 mg, 3.14 mmol) and I, (399

mg, 1.57 mmol) in acetic acid (12.5 mL) was added a 1:1 mixture of concentrated H,SO4 and
concentrated HNOs (4.7 mL). The resulting mixture was stirred at 100 °C for 2 h with microwave
synthesizer. Then, the colorless mixture was allowed to cool to room temperature and poured into
ice water. The white precipitate was filtered, washed with water and purified by column
chromatography on silica gel (25% Et,O in Hexane) afforded 58 as a white solid (640 mg, 2.17
mmol, 69%). 'H NMR (400 MHz; CDCl;): § 3.41-1.65 (m, 8H), 3.08 (s, 2H); *C NMR (100
MHz; CDCl5): § 55.2; "B NMR (128 MHz; CDCls): § -6.38, -9.97, -13.4, -15.4, -17.2.

Synthesis of 9-cyano-10-iodo-1,7-dicarba-closo-dodecaborane (59)

\.m

=
Z NC
59

To a solution of 58 (640 mg, 2.17 mmol) and dichlorobis(triphenylphosphine)palladium (70 mg,

TMS

0.10 mmol) in THF (3.3 mL), was added turbo Grignard reagent freshly prepared
(trimethylsilyl)acetylene (1.0 mL, 7.50 mmol) and 1.3 M isopropylmagnesium chloride-lithium
chloride complex in THF (7 mL). The resulting mixture was stirred at 50 °C for 36 h. Then, the
resulting mixture was cooled to room temperature and quenched with water, which was filtered
on celite pad. The filtrate was wash with brine and dried over sodium sulfate and concentrated
under vacuum. The crude material was purified by column chromatography on silica gel (25%
EtOAc in Hexane) afforded 59 (206 mg, 0.774 mmol, 36%) as a white solid. 'H NMR (500 MHz;
CDCl5): 6 3.30-1.60 (m, 8H), 3.00 (s, 2H), 0.18 (s, 9H); *C NMR (125 MHz; CDCl;): § 53.0,
0.06; ''"B NMR (160 MHz; CDCl5): § -5.65, -9.04, -12.9, -13.7, -14.2, -17.5, -19.6.
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Synthesis of 1-hydroxymethyl-9-cyano-10-((trimethylsilyl)ethynyl)-1,7-dicarba-closo-
dodecaborane (60)

Nm/\OH

4 NC

60
To a solution of 59 (49 mg, 0.186 mmol) in THF (800 uL), was slowly added lithium
diisopropylamide (LDA) 1.1 M solution in THF (211 pL, 0.223 mmol) at -78 °C. After the
resulting mixture was stirred at -78 °C under argon atmosphere for 1 h, paraformaldehyde was
added. Then, the resulting mixture was stirred at room temperature for 2 h under argon atmosphere.
After that, the reaction mixture was quenched with brine, which was partitioned between the
aqueous and organic layers. The aqueous layer was washed with Et;O and combined organic
layers were dried over sodium sulfate and concentrated under vacuum. The crude material was
purified by column chromatography on silica gel (25% to 40% EtOAc in Hexane) afforded 60
(9.0 mg, 0.0305 mmol, 16%) as a white solid. 'H NMR (500 MHz; CDCl5): & 3.83 (s, 2H), 3.02
(s, 1H), 3.50-1.80 (m, 8H), 0.18 (s, 9H); *C NMR (125 MHz; CDCl;): 6 108.9, 75.9, 64.8, 52.7,
0.06; "B NMR (160 MHz; CDCl5): § -4.0, -8.3,-9.4, -11.6, -12.4,-13.1,-13.8, -14.6, -16.3, -18.6.
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X-ray Crystallography
All data generated or analyzed were provided in supplementary information. CCDC 2110331,
2110336-2110341.

Scaffold IV Scaffold V-1 Scaffold V-2

Compound 27’ Compound 49 Compound 55
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Table S1 Crystal data and structure refinement

Compound
Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

v/°

Volume/A3

Z

Pealcg/cm’

wmm'!

F(000)

Crystal size/mm?
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

7 (Scaffold I)
CRL-26-1263
CsHi6B 1002

228.29

90

orthorhombic

Pna2;

12.0547(4)
13.7982(4)
7.4135(2)

90

90

90

1233.11(6)

4

1.230

0.510

472.0

0.163 x 0.074 x 0.053
CuKa (A=1.54184)
9.742 to 153.358
-14<h<14,
-15<k<17,-8<1<3
4182

"
o

15 (Scaffold II)
CRL261328-2 autored
CsHi6B100:

228.29

90

monoclinic

12/a

24.7677(3)
15.2606(2)
26.7524(3)

90

100.1710(10)

90

9952.7(2)

32

1.219

0.506

3776.0

0.27 x 0.078 % 0.041
CuKoa (A=1.54184)
6.694 to 153.06
-:31<h<3l,
-18<k<18,-33<1<33
72811

1774 [Rint = 0.0262, Rsigma = 10199 [Rint = 0.0453, Rsigma =

0.0301]

1774/326/165

1.081

R, = 0.0598, wR, = 0.1571
R, =0.0615, wR, = 0.1586
1.00/-0.91

310

0.0202]
10199/2105/822

1.133

R, = 0.2344, wR, = 0.6794
R, = 0.2370, wR, = 0.6856
1.97/-1.92



Table S1 Crystal data and structure refinement (continued)

Compound
Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

v/°

Volume/A3

Z

Pealcg/cm’

wmm'!

F(000)

Crystal size/mm?
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

24 (Scaffold III)
CRL-26-1114 3
Ci5H36B1003Si2
428.72

90

monoclinic

I2/a

11.4845(4)
12.7847(5)
36.4855(13)

90

95.462(3)

90

5332.7(3)

8

1.068

1.296

1824.0

0.297 x 0.053 x 0.046
CuKoa (A=1.54184)
7.33 to 149.398

8

30 (Scaffold IV)
CRL-26-1021
C7H12B100:
236.27

293(2)

triclinic

P-1

6.9823(4)
7.3010(4)
13.2381(8)
76.236(5)
83.750(5)
89.704(4)
651.42(7)

2

1.205

0.510

240.0

0.121 x 0.119 x 0.071
CuKa (L =1.54184)
6.918 to 152.73

1

-14<h<14,-15<k<12,-44<-8<h<8,9<k<8§,-10<1<

1<43

16339

5168 [Rin = 0.0217,

Ryigma = 0.0236]
5168/0/280

1.052

R, =0.0397, wR, = 0.1047
R, = 0.0435, wR, = 0.1073
0.59/-0.32

311

16
6996

2599 [Rin = 0.0265,

Ryigma = 0.0309]
2599/0/217

1.069

R, = 0.0360, wR, = 0.0957
R, =0.0397, wR, = 0.0988
0.24/-0.32



Table S1 Crystal data and structure refinement (continued)

Compound
Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

v/°

Volume/A3

Z

Pealcg/cm’

wmm'!

F(000)

Crystal size/mm?
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

42d (Scaffold V-1)
CRL-26-1132 2
C31HesB20C12N4Og
877.97

90

monoclinic

C2/c

29.1281(13)
8.7234(4)
20.1283(9)

90

108.963(5)

90

4836.9(4)

4

1.206

1.543

1848.0

0.186 x 0.177 x 0.124
CuKoa (A=1.54184)
6.418 to 149.99

"
o

46d (Scaffold V-2)
CRL-26-1134 4
Ci5H32B1oN203
396.52

90

triclinic

P-1

9.1672(5)
11.8780(5)
12.9840(5)
105.803(4)
102.443(4)
111.614(4)
1183.29(10)

2

1.113

0.514

420.0

0.342 x 0.1 x 0.055
CuKoa (A=1.54184)
7.564 to 149.972

36<h<34,-10<k<10,-25<-11<h<1l,-14<k<13,-15<

1<22 1<15
14464 13384

4740 [Rix= 0.0472, Rygma=4674 [Rix= 0.0308, Rigm: =
0.0388] 0.0373]

4740/486/290 4674/0/285

1.041 1.075

R1=0.0906, wR> = 0.2566
R =0.0939, wR> =0.2612
1.71/-1.37

312

Ri=0.0552, wR>=0.1535
R1=0.0642, wR>=0.1617
1.03/-0.32



Table S1 Crystal data and structure refinement (continued)

Compound
Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

v/°

Volume/A3

Z

Pealcg/cm’

wmm'!

F(000)

Crystal size/mm?
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

27
CRL64-1-2
C>HoBiol3
521.89
293(2)
monoclinic
P2i/c
8.6488(2)
12.1509(2)
12.6613(2)
90
89.949(2)
90
1330.58(4)
4

2.605
54.923
920.0
?7x7x7?

CuKa (L= 1.54184)

"
o

49

NFT26 1002
CsHi4B10O
198.409

90

tetragonal

14/a

23.9820(2)
23.9820(2)
16.1633(2)

90

90

90

9296.10(16)

32

1.134

0.406

3271.2

0.3 x0.06 x 0.02
CuKoa (A=1.54184)

10.09 to 151.506 6.6 t0 150.16
-10<h<10,-9<k<15,-15<-29<h<29, 29 <k<29,-20<
1<14 1<18

4669 108845

2191 [Rix= 0.0321, Rygma=4684 [Rix= 0.0361, Rigm =
0.0331] 0.0106]

2191/270/136 4684/0/371

1.184 1.039

R =0.0560, wR> = 0.1538
R1=0.0702, wR> = 0.1998
2.22/-3.33

313

Ri1=0.0377, wR> = 0.1049
Ri1=0.0401, wR> = 0.1069
0.28/-0.23



Table S1 Crystal data and structure refinement (continued)

Compound
Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

v/°

Volume/A3

Z

Pealcg/cm’

wmm'!

F(000)

Crystal size/mm?
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections

Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

55

NFT26 991
Ci3H21B10NO;
331.41

90

triclinic

P-1

6.93880(10)
8.8473(2)
14.7429(2)
82.9450(10)
85.523(2)
84.214(2)
891.65(3)

2

1.234

0.533

344.0

0.11 x 0.05 x 0.02
CuKa (A =1.54184)
10.118 to 148.444

"
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Vu

CRL261491 auto
C25H37B10NsO2
547.69

90

triclinic

P-1

10.6228(2)
11.6938(2)
13.23540(10)
101.0160(10)
95.4480(10)
103.261(2)
1554.13(4)

2

1.170

0.535

576.0

0.349 x 0.163 x 0.07
CuKoa (A=1.54184)
6.876 to 151.988

-8<h<8,-10<k<10,-18<1-13<h<13,-14<k<14,-16 <

<18 1<14
17485 47760

3480 [Rin= 0.0175, Rygmi=6209 [Rin= 0.0368, Rejgm =
0.0087] 0.0209]

3480/0/276 6209/0/381

1.076 1.056

R1=0.0365, wR, = 0.0995
R1=0.0379, wR, =0.1011
0.19/-0.28

314

Ri1=0.0415, wR>=0.1072
Ri =0.0444, wR> = 0.1096
0.29/-0.28
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Biology

Cell culture

Human epithelioid cervical carcinoma (HeLa) cells were obtained from the Cell Resource Center
for Biomedical Research, Institute of Development, Aging and Cancer, Tohoku University
(Sendai, Japan). The 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% CO; at 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% CO, at 37 °C

MTT assay

HeLa cells or N2a cells (5x10° cells per well of a 96-well plate) were incubated under 5% CO, at
37 °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 (10
mM in DMSO) for 72 h. After the incubation, 3’-(4,5-dimethylthiazole-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) in PBS (5 mg/mL, 10 uL) were added, and the cells were
further incubated at 37 °C for 2 h. After removal of the medium, DMSO (100 uL) was added and
the absorbance at 590 nm was measured with a microplate reader. The ICsy value was determined

from semilogarithmic dose-response plots.

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 (2.5x10* cells per a well) and incubated for
6 h under 5% CO; at 37 °C 42 with RPMI-1640 media containing 10% fetal bovine serum, 1%
peniciline/streptomycine. After the incubation, cells were treated with various concentration of
compound (10 mM in DMSQO) and incubated at the same condition for 1 h. Then the cells were
incubated at normoxic condition (1% O, 5% CO,, 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% (ICs) was

determined from semilogarithmic dose response plots.

315



"
o

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 (4x10* cells per well) and 1088/GLuc
(4x10*> 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 at 37 °C under 5% CO, 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, ICso was determined from semilogarithmic dose-response plots.
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Spectra data
3-(2-(trimethylsilyl)ethynyl)-1,2-dicarba-closo-dodecaborane (3)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl) hydroxymethyl)-3-((trimethylsilyl)ethynyl)-1,2-dicarba-closo-

dodecaborane (4)
"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl) hydroxymethyl)-2-hydroxymethyl-3-((trimethylsilyl)ethynyl)-
1,2-dicarba-closo-dodecaborane (5)
"H NMR (500 MHz; CDCls)
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1IB NMR (160 MHz; CDCls)
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Synthesis of 1-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-hydroxymethyl-3-ethynyl-1,2-
dicarba-closo-dodecaborane (6)

'H NMR (400 MHz; CDCls)
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13C NMR (100 MHz; CDCls)
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1,2-bis(hydroxymethyl)-3-ethynyl-1,2-dicarba-closo-dodecaborane (7)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-phenylacetoxymethyl-3-ethynyl-1,2-dicarba-

closo-dodecaborane (8)

'H NMR (400 MHz; CDCls)
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13C NMR (100 MHz; CDCls)

8v's-
L G- v

ce8l—
6L°Gc—

0Ly —

ve'29~_
c9e9—
cLrvL—
cc6L—

92'68 —

652l
£8'8CL >
65621

£0'¢El e

OLoLL—

J

ppm

40

T T T T T T
180 160 140 120 100 80

T
200

1'B NMR (128 MHz; CDCls)

08'LI-

10" LL- V
£€6'6-—
1S —

nv.m-.\

325



1-hydroxymethyl-2-phenylacetoxymethyl-3-ethynyl-1,2-dicarba-closo-dodecaborane (S1)

'H NMR (400 MHz; CDCls)
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1'B NMR (128 MHz; CDCls)

1-(3-methylbutanoyl)oxymethyl-2-phenylacetoxymethyl-3-ethynyl-1,2-dicarba-closo-

dodecaborane (9)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1,2-bis(phenylacetoxymethyl)-3-ethynyl-1,2-dicarba-closo-dodecaborane (10a)

'H NMR (500 MHz; CDCls)
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1IB NMR (160 MHz; CDCls)

1,2-bis((3-methylbutanoyl)oxymethyl)-3-ethynyl-1,2-dicarba-closo-dodecaborane (10b)
"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-(3-methylbutanoyl)oxymethyl-2-phenylacetoxymethyl-3-(1H-1,2,3-triazol-4-

yl)benzylcarbamoyl-1,2-dicarba-closo-dodecaborane (Ia)

'H NMR (500 MHz; CDCls)
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1-(3-methylbutanoyl)oxymethyl-2-phenylacetoxymethyl-3-((1H-1,2,3-triazol-4-yl)-3-
methyl-butanoyl)-1,2-dicarba-closo-dodecaborane (Ib)

1'B NMR (160 MHz; CDCls)
'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1,2-bis(phenylacetoxymethyl)-3-(1H-1,2,3-triazol-4-yl)benzylcarbamoyl-1,2-dicarba-closo-

dodecaborane (Ic)
'"H NMR (500 MHz; CDCls)
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1IB NMR (160 MHz; CDCls)
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1,2-bis(phenylacetoxymethyl)-3-((1H-1,2,3-triazol-4-yl)-3-methyl-butanoyl)-1,2-dicarba-

closo-dodecaborane (Id)

'H NMR (500 MHz; CDCl;)
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13C NMR (125 MHz; CDCls)
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1,2-bis((3-methylbutanoyl)oxymethyl)-3-(1H-1,2,3-triazol-4-yl)benzylcarbamoyl-1,2-

dicarba-closo-dodecaborane (Ie)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1,2-bis((3-methylbutanoyl)oxymethyl)-3-((1H-1,2,3-triazol-4-yl)-3-methyl-butanoyl)-1,2-

dicarba-closo-dodecaborane (If)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-(3-((4-methoxybenzyl)oxy)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (12)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-(3-(4-methoxybenzyl)hydroxymethyl)-4-((triisopropylsilyl)ethynyl)-1,2-dicarba-closo-
dodecaborane (13)

"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-(3-(4-methoxybenzyl)hydroxymethyl)-2-(hydroxymethyl)-4-((triisopropylsilyl)ethynyl)-
S2

1,2-dicarba-closo-dodecaborane (S2)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-(3-(4-methoxybenzyl)hydroxymethyl)-2-((zer-butyl)dimethylsilyl)-hydroxymethyl)-4-
ethynyl-1,2-dicarba-closo-dodecaborane (S3)
"H NMR (500 MHz; CDCls)
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1B NMR (160 MHz; CDCls)
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1-(3-(4-methoxybenzyl)hydroxymethyl)-2-((ter-butyl)dimethylsilyl)-hydroxymethyl)-4-(3-

oxoprop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (16)
"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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-1-yl)-1,2-dicarba-closo-dodecaborane (17a)

CDCls)
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1-(3-(4-methoxybenzyl)hydroxymethyl)-2-((ter-butyl)dimethylsilyl)-hydroxymethyl)-4-(2-

phenylacetoxy)prop-1-yn

"H NMR (500 MHz;
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1'B NMR (160 MHz; CDCls)
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13C NMR (100 MHz; CDCls)
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1,2-bis(hydroxymethyl)-4-ethynyl-1,2-dicarba-closo-dodecaborane (15)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-(2-phenylacetoxymethyl)-2-((zert-butyl)dimethylsilyl)-hydroxymethyl)-4-(2-

phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (18a)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl;)
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1-((3-methylbutanoyl)oxymethyl)-2-((zer-butyl)dimethylsilyl)-hydroxymethyl)-4-(2-

phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (18b)

'H NMR (500 MHz; CDCls)

13C NMR (125 MHz; CDCl3)
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1'B NMR (160 MHz; CDCls)
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1-(2-phenylacetoxymethyl)-2-((zert-butyl)dimethylsilyl)-hydroxymethyl)-4-((3-

methylbutanoyl)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (18¢)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-(3-methylbutanoyl)-2-((zert-butyl)dimethylsilyl)-hydroxymethyl)-4-((3-
methylbutanoyl)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (18d)

'H NMR (500 MHz; CDCls)
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1IB NMR (160 MHz; CDCls)

i

1,2-bis(hydroxymethyl)-4-(2-phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-closo-
dodecaborane (19a)

'H NMR (500 MHz; CDCl;)
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13C NMR (125 MHz; CDCls)
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1,2-bis(hydroxymethyl)-4-(3-((3-methylbutanoyl)oxy)prop-1-yn-1-yl)-1,2-dicarba-closo-

dodecaborane (19b)
'"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-((3-methylbutanoyl)oxymethyl)-2-((zer-butyl)dimethylsilyl)-hydroxymethyl)-4-(2-

phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (I1a)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1-((3-methylbutanoyl)oxymethyl)-2-(2-phenylacetoxymethyl)-4-((3-methylbutanoyl)prop-

1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (IIb)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-(2-phenylacetoxymethyl)-2-((3-methylbutanoyl)oxymethyl)-4-((3-methylbutanoyl)prop-

1-yn-1-yl)-1,2-dicarba-closo-dodecaborane (Ilc)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-(3-methylbutanoyl)-2-(2-phenylacetoxymethyl)-4-((3-methylbutanoyl)prop-1-yn-1-yl)-

1,2-dicarba-closo-dodecaborane (11d)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1,2-bis(phenylacetoxymethyl)-4-(2-phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-closo-
dodecaborane (Ile)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1,2-bis((3-methylbutanoyl)oxymethyl)-4-(2-phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-

closo-dodecaborane (IIf)

'H NMR (500 MHz; CDCls)
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1,2-bis(phenylacetoxymethyl)-4-(2-phenylacetoxy)prop-1-yn-1-yl)-1,2-dicarba-closo-

1'B NMR (160 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1,2-bis((3-methylbutanoyl)oxymethyl)-4-((3-methylbutanoyl)prop-1-yn-1-yl)-1,2-dicarba-

closo-dodecaborane (ITh)

'H NMR (500 MHz; CDCls)
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1IB NMR (160 MHz; CDCls)
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1-hydroxymethyl-9-((trimethylsilyl)ethynyl)-1,7-dicarba-closo-dodecaborane (22)
"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl) hydroxymethyl)-9-((trimethylsilyl)ethynyl)-1,7-dicarba-closo-
dodecaborane (23)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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dodecaboranylcarboxylic acid (24)
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13C NMR (125 MHz; CDCl3)
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1-((tert-butyl)dimethylsilyl) hydroxymethyl)-7-benzylaminocarboxyl-9-ethynyl-1,7-dicarba-

closo-dodecaborane (25a)
"H NMR (500 MHz; CDCls

N
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1'B NMR (160 MHz; CDCls)
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Synthesis of 1-((tert-butyl)dimethylsilyl)hydroxymethyl-7-isobutylcarbamoyl-9-ethynyl-
1,7-dicarba-closo-dodecaborane (25b)

"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl) hydroxymethyl)-7-benzylaminocarboxyl-9-(1H-1,2,3-triazol-4-
yl)benzylcarbamoyl-1,7-dicarba-closo-dodecaborane (26a)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl)hydroxymethyl)-7-benzylaminocarboxyl-9-((1H-1,2,3-triazol-4-
yl)-3-methyl-butanoyl)-1,7-dicarba-closo-dodecaborane (26b)

"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl) hydroxymethyl)-7-isobutylcarbamoyl-9-(1H-1,2,3-triazol-4-
yD)benzylcarbamoyl-1,7-dicarba-closo-dodecaborane (26¢)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1-phenylacetoxymethyl-7-benzylaminocarboxyl-9-(1H-1,2,3-triazol-4-yl)benzylcarbamoyl-

1,7-dicarba-closo-dodecaborane (II1a)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-(3-methylbutanoyl)oxymethyl-7-benzylaminocarboxyl-9-(1H-1,2,3-triazol-4-

yl)benzylcarbamoyl-1,7-dicarba-closo-dodecaborane (I11b)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1-phenylacetoxymethyl-7-benzylaminocarboxyl-9-((1H-1,2,3-triazol-4-yl)-3-methyl-

butanoyl)-1,7-dicarba-closo-dodecaborane (I1lc)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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methyl-butanoyl)-1,7-dicarba-closo-dodecaborane (I11d)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-phenylacetoxymethyl-7-isobutylcarbamoyl-9-(1H-1,2,3-triazol-4-yl)benzylcarbamoyl-

1,7-dicarba-closo-dodecaborane (I1le)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-(3-methylbutanoyl)oxymethyl-7-isobutylcarbamoyl-9-(1H-1,2,3-triazol-4-

yl)benzylcarbamoyl-1,7-dicarba-closo-dodecaborane (IIIf)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-phenylacetoxymethyl-7-benzylaminocarboxyl-9-((1H-1,2,3-triazol-4-yl)-3-methyl-

butanoyl)-1,7-dicarba-closo-dodecaborane (I111g)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)

1-(3-methylbutanoyl)oxymethyl-7-isobutylcarbamoyl-9-((1H-1,2,3-triazol-4-yl)-3-methyl-

butanoyl)-1,7-dicarba-closo-dodecaborane (I11h)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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4,9,10-triiodo-1,7-dicarba-closo-dodecaborane (27°)

'H NMR (400 MHz; CDCls)
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B NMR (160 MHz; CDCI3)
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1-benzylaminocarboxyl-9,10-bis((trimethylsilyl)ethynyl)-1,7-dicarba-closo-dodecaborane
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13C NMR (125 MHz; CDCls)
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1-isobutylaminocarboxyl-9,10-bis((trimethylsilyl)ethynyl)-1,7-dicarba-closo-dodecaborane
(29b)
"H NMR (400 MHz; CDCls)
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B NMR (160 MHz; CDCI3)
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1-benzylaminocarboxyl-9,10-bis((trimethylsilyl)ethynyl)-1,7-dicarba-closo-dodecaborane
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13C NMR (125 MHz; CDCl3)
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1-benzylaminocarboxyl-9,10-diethynyl-1,7-dicarba-closo-dodecaborane (S4a)

'H NMR (400 MHz; CDCls)
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B NMR (160 MHz; CDCI3)
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1-isobutylaminocarboxyl-9,10-diethynyl-1,7-dicarba-closo-dodecaborane (S4b)

'H NMR (400 MHz; CDCls)

< _.CONHBu
m

// || S4b

5.9087
5.8960
5.8840

A N
T T T T T T T T T
10 9 8 6 5 4 3 2 1 ppm
°7 ql@ ﬁ M S
S Szl (B | o
- N ™ - ©

408




B
E

13C NMR (125 MHz; CDCls)
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1-benzylaminocarboxyl-9,10-bis((1H-1,2,3-triazol-4-yl)benzylcarbamoyl)-1,7-dicarba-

closo-dodecaborane (IVa)

'H NMR (500 MHz; CDCls)
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1IB NMR (160 MHz; CDCI3)

1-benzylaminocarboxyl-9,10-bis((1H-1,2,3-triazol-4-yl)isobutylcarbamoyl)-1,7-dicarba-

closo-dodecaborane (IVb)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-isobutylaminocarboxyl-9,10-bis((1H-1,2,3-triazol-4-yl)benzylcarbamoyl)-1,7-dicarba-

closo-dodecaborane (IVc)

'H NMR (500 MHz; CDCls)
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1-isobutylaminocarboxyl-9,10-bis((1H-1,2,3-triazol-4-yl)isobutylcarbamoyl)-1,7-dicarba-

closo-dodecaborane (IVd)

1IB NMR (160 MHz; CDCI3)
'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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9,10-bis((E)-3-((4-methoxybenzyl)oxy)prop-1-en-1-yl)-1-isobutylcarbamoyl-1,7-dicarba-

'H NMR (500 MHz; CDCls)
13C NMR (125 MHz; CDCl3)

closo-dodecaborane (32)
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1'B NMR (160 MHz; CDCls)
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9,10-bis((E)-3-hydroxyprop-1-en-1-yl)-1-isobutylcarbamoyl-1,7-dicarba-closo-

dodecaborane (33)

'H NMR (500 MHz; CDCls)



13C NMR (125 MHz; CDCl3)
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9,10-bis((E)-3-oxoprop-1-en-1-yl)-1-isobutylcarbamoyl-1,7-dicarba-closo-dodecaborane

(34)
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1'B NMR (160 MHz; CDCls)
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9,10-bis((E)-3-(isopropylamino)-1-isobutylcarbamoyl-1,7-dicarba-closo-dodecaborane

(IVe)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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2-(3-((4-methoxybenzyl)oxy)prop-1-yn-1-yl)-1,12-dicarba-closo-dodecaborane (36)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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12-((tert-butyl)dimethylsilyl)hydroxymethyl)-7-(3-((4-methoxybenzyl)oxy)prop-1-yn-1-yl)-
1,12-dicarba-closo-dodecaboranyl-1-carboxylic acid (38a)
"H NMR (400 MHz; CDCls)
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13C NMR (100 MHz; CDCls)
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12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-((4-methoxybenzyl)oxy)prop-1-yn-1-yl)-
1,12-dicarba-closo-dodecaboranyl-1-carboxylic acid (38b)
"H NMR (400 MHz; CDCls)
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1'B NMR (128 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl) hydroxymethyl)-2-(3-((4-methoxybenzyl)oxy)prop-1-yn-1-yl)-
12- benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (39a)

"H NMR (400 MHz; CDCls)
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13C NMR (100 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl) hydroxymethyl)-2-(3-((4-methoxybenzyl)oxy)prop-1-yn-1-yl)-
12-isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (39b)
"H NMR (400 MHz; CDCls)
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1'B NMR (128 MHz; CDCls)
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12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-((4-methoxybenzyl)oxy)prop-1-yn-1-yl)-
1-benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (43a)

"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-((4-methoxybenzyl)oxy)prop-1-yn-1-yl)-
1-isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (43b)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-oxoprop-1-yn-1-yl)-12-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (40a)
"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-oxoprop-1-yn-1-yl)-12-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (40b)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)

T T T T T T T T T T T
90 80 70 60 50 40 30 20

T T T T T T T T
10 0 10 -20 -30 -40 -50 -60 -70 -80

ppm
12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-oxoprop-1-yn-1-yl)-1-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (44a)
"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-oxoprop-1-yn-1-yl)-1-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (44b)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-oxoprop-1-yn-1-yl)-12-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (41a)

"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-oxoprop-1-yn-1-yl)-12-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (41b)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-oxoprop-1-yn-1-yl)-1-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (45a)
"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)

—176.44

—159.40

—136.92
129.03
128.06
127.84
-5.53

—84.48
—79.99
—66.20

45.00
—25.76
—18.30

T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

1'B NMR (160 MHz; CDCls)

—-13.41

T T T T T T T T T T T T T T T T T

T T
9 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 ppm

442



B
E

12-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-(3-oxoprop-1-yn-1-yl)-1-
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (45b)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-(hydroxymethyl)-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-12-benzylaminocarboxyl-
1,12-dicarba-closo-dodecaborane (42a)

"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1-(hydroxymethyl)-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-12-benzylaminocarboxyl-

1,12-dicarba-closo-dodecaborane (42b)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-(hydroxymethyl)-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-12-isobutylcarbamoyl-1,12-

dicarba-closo-dodecaborane (42c)
'"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1-(hydroxymethyl)-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-12-isobutylcarbamoyl-1,12-
dicarba-closo-dodecaborane (42d)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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12-(hydroxymethyl)-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-1-benzylaminocarboxyl-

1,12-dicarba-closo-dodecaborane (46b)

'H NMR (500 MHz; CDCls)

13C NMR (125 MHz; CDCl3)
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1IB NMR (160 MHz; CDCls)
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12-(hydroxymethyl)-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1-isobutylcarbamoyl-1,12-
dicarba-closo-dodecaborane (46¢)

"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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12-(hydroxymethyl)-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-1-isobutylcarbamoyl-1,12-
dicarba-closo-dodecaborane (46d)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-phenylacetoxymethyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-12-
benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Va)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1-((3-methylbutanoyl)oxy)methyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-12-

benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vb)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-phenylacetoxymethyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-12-

benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vc)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1-((3-methylbutanoyl)oxy)methyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-12-

benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vd)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-((3-methylbutanoyl)oxy)methyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-12-

isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (Vf)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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((3-methylbutanoyl)oxy)methyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-12-

isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (Vh)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)

12-phenylacetoxymethyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1-

benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vi)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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12-((3-methylbutanoyl)oxy)methyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1-

benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vj)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)

12-phenylacetoxymethyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-1-

benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vk)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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12-((3-methylbutanoyl)oxy)methyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-1-

benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (V1)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1'B NMR (160 MHz; CDCls)

12-phenylacetoxymethyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1-

of
isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (Vm)

'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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12-((3-methylbutanoyl)oxy)methyl-2-(3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1-

isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (Vn)

'H NMR (500 MHz; CDCls)
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12-phenylacetoxymethyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-1-isobutylcarbamoyl-

1,12-dicarba-closo-dodecaborane (Vo)

1'B NMR (160 MHz; CDCls)
'H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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12-((3-methylbutanoyl)oxy)methyl-2-(3-(isobutylamino)-3-oxoprop-1-yn-1-yl)-1-

isobutylcarbamoyl-1,12-dicarba-closo-dodecaborane (Vp)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1-(hydroxymethyl)-2-((trimethylsilyl)ethynyl)-1,12-dicarba-closo-dodecaborane (48b)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-(hydroxymethyl)-7-ethynyl-1,12-dicarba-closo-dodecaborane (49)
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13C NMR (125 MHz; CDCl3)
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1-((tert-butyl)dimethylsilyl) hydroxymethyl)-2-((trimethylsilyl)ethynyl)-1,12-dicarba-closo-
dodecaborane (50)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-((tert-butyl)dimethylsilyl)hydroxymethyl)-2-((trimethylsilyl)ethynyl)-12-carboxyl-1,12-
dicarba-closo-dodecaborane (51)
"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1-(3-methylbutanoxymethyl)-2-((1H-1,2,3-triazol-4-yl)benzylcarbamoyl)

benzylaminocarboxyl-1,12-dicarba-closo-dodecaborane (Vq)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)

—-8.04
—-13.35

T T T T T T T T T T T T T T T T T T T
90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 ppm

1-(phenylacetoxymethyl)-2-((1H-1,2,3-triazol-4-yl)benzylcarbamoyl)-12-(3-

methylbutyl)aminocarboxyl-1,12-dicarba-closo-dodecaborane (Vr)
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13C NMR (125 MHz; CDCl3)
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1-(3-methylbutanoxymethyl)-2-((1H-1,2,3-triazol-4-yl)benzylcarbamoyl)-12-(3-

methylbutyl)aminocarboxyl-1,12-dicarba-closo-dodecaborane (Vs)

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1-((tert-butyl)dimethylsilyl)hydroxymethyl)-7-carboxyethynyl-1,12-dicarba-closo-

dodecaborane (54)
"H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-hydroxymethyl-7-(3-3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1,12-dicarba-closo-
dodecaborane (55)
"H NMR (400 MHz; CD;0OD)
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13C NMR (125 MHz; CD;OD)
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1-(3-methylbutanoxymethyl)-7-(3-3-(benzylamino)-3-oxoprop-1-yn-1-yl)-1,12-dicarba-
56

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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1-(3-methylbutanoxymethyl)-2-((1H-1,2,3-triazol-4-yl)benzylcarbamoyl)-7-(1-benzyl-5--
1,12-dicarba-closo-dodecaborane (Vt)
"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1-hydroxymethyl-2-(1-benzyl-5-(benzylcarbamoyl)-1H-1,2,3-triazol-4-yl)-1,12-dicarba-

'H NMR (500 MHz; CDCls)
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1'B NMR (160 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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2-(1-benzyl-5-(benzylcarbamoyl)-1H-1,2,3-triazol-4-yl)-1,12-dicarba-closo-dodecaboranyl-

1-carboxylic acid (S7)

"H NMR (500 MHz;
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1'B NMR (160 MHz; CDCls)
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1-isopentylcarbamoyl-2-(1-benzyl-5-(benzylcarbamoyl)-1H-1,2,3-triazol-4-yl)-1,12-

dicarba-closo-dodecaborane (Vu)
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13C NMR (100 MHz; CDCl3)
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9-cyano-10-iodo-1,7-dicarba-closo-dodecaborane (58)
"H NMR (400 MHz; CDCls)
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1IB NMR (128 MHz; CDCls)
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9-cyano-10-((trimethylsilyl)ethynyl)-1,7-dicarba-closo-dodecaborane (59)
"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCls)
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1-hydroxymethyl-9-cyano-10-((trimethylsilyl)ethynyl)-1,7-dicarba-closo-dodecaborane
(60)
"H NMR (500 MHz; CDCls)
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13C NMR (125 MHz; CDCl3)
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1'B NMR (160 MHz; CDCls)
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FBCEIODLRT ORI a2 —Va VO BT 7 —~a 73T &
L CHIH L7 NAMPT FHEAIOAIH ] Tk, Autodock Vina W= I/VRT D Ry %
7R ab—va CEEME L TERE L7, B 72 NAMPT [HEA| OREETEVERAES (SAR)
EHLMNI LI, SHIZ, 5B SAR & RyF U7y ab—va VORERE I
L7cbZTA 200NV RT UNEE S D DEKMERT >~ NOFIEICESS W, £ 2
T, 1D TIZ2ODHNKRT v EBTDHYINKRT ALEMEEKR, FHEi L7/ R, 2
OGERZE FZRE L2720 Tl AINVR TV OREEEFIRAT S Z & T BREREBRIEE
BHIENFEETH D & WO FHe &St & 21572 (Figure 7-1),

> Z
W 1 2a-c
ICsy = 0.61 £ 0.01 M ICs = 0.13 % 0.01 M (ortho)
NAMPTIEZ ICso = 0.098 + 0.008 uM (meta)
(Lee, M. W. et al. J. Med. Chem. 2012) ICso = 0.057 & 0.001 uM (para) . y
ICsp=2.92 £ 0.5
& ! . BERERERE
i = gy
IKFEES DR 5 Ez A" EARE
Autodock Vina HIS 191 ) 29@&*'&7‘{7“} I\

BRI D RYF IS 21 L—>3 VERELU THANAMPTIHERIDRIH (CATH

Figure 7-1. 71/VAR T B % H 7T % NAMPT FLEAIDAIRL
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o THUKMESY 778 LTHNAVRT CEFIH LTc & X B o s ma i ORI & ne g
Bl Tix, FER STV DEUKMES 77 (HyT) A7 DML DEE X7 B D5y
fEERIS I Z FE ST, DVR T OBUKMEE HyT IR 22 2 EFMB L, ZhET—
AN N TE T X~ FIVEANIZ R THIIVR T @\ X7 G 5 R
RrERRTZERRM L, E6IZ, HyTfEa % v /37 EET /L& LT MIC-BSA %Gk
L, Z o\ EOEEZBH LSRR, HyT IC L > TU D UEENREBEN T2 8%
R LT, B2 MIC-BSA BSIAN T EXF o 7 uTs T JV—LARICL > THEES
HZ &L= (Figure 7-2),
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ZEHIINOBEUTERE - AfiEEND 1EFF>-TO5PY—LR

and (or) A—hJ7>—

Figure 7-2. 1/VAR 7 % HyT & L CH VR0 G MRFHEANTIEH ., HyT > A7 AT
BT D2 7 EOREERA % BB

HNE TR A A=V R8I LT Gd A ¥ T VR T RO G RARIE) ©
3. 220D HNRT U ET I REEY U —ToORF 5 2 & CRERMBIRDO AR Z R AT
D, TN OSHENRHERR STz, ZOMREEREITH T2/ Gd A X T INRT VEIRET
IWERE L, ZTOE T IIFHBEICL ST 21T -7 (Figure 7-3),
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HOMEFERIMENT %2 SAR matrix (SARM)%Z FIWVTHRIEEE L, Hi7o72 Activity cliff @ ],

Z D ERIIRFEEIT -T2, ZOHFZEN S, SARM % FV 2 SAR T — Z DORBFERIFENTIZ
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27 OIEMEAL G E R L2 2 L THEIEL T,
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I SN TWD, SBIZ, ZNETIZRWIRILD DT 77—~ T T ThHHIZD
BRI IR TE 25D ThH D,

TZT.BEBMINKRT L TAT T ) BHNZEREEMA 7 ) —= T THLA
7=t v MEA#IZxE L. Scaffold hopping'* & Fiid 5 = & T, ZOt v MEEMDLEE
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1OEK\77—737j7%%K? >FAE. HPRDIRY AR E R TR KRR
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P EESEAERM & 720 9 éﬂ:é\%iﬁ F10°LL ETH Y | BIET T A2 MR REES
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HIHED de novo %&%ﬂ% ZEH L7z 3, 9 CIZARTIEIX, Discoidin Domain Receptor 1
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47 ZAERK L. ponatinib & e 5FKEZHT D T ILAEYMOIEMHALEYZRHTZ LT
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Figure 7-6 (23 A7 AOWE A /RT, 7. ChEMBL [TUF STV 55 THEE L F
HEw, R0 7747 70iiE% )7 % RNN (Prior Network) ZHEZE L7, #iV T
Prior Network Z &1, & 9 —->® RNN (Agent Network) %, H/VRT ALEMD T 7
=~ AT FTICEASL T 4 v T 4 7 A TIZ L AT RE A BT 55514 M)
ERAESN FE%%AMLKO_OLT ANV T ALEW & REOEEZ BB —ik
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ZERECTE S REMENH 5720, EHLBAFEO Y 27 28T 5 LRI TW5D,
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