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E—5
CPME:---cyclopentyl methyl ether
DAST -+ (diethylamino)sulfur trifluoride
DBDMH:--1,3-dibromo-5,5-dimethylhydantoin
DCE--+1,2-dichloroethane
DCM:---dichloromethane
DEAD:--diethyl azodicarboxylate
DIBAL - --diisobutylaluminum hydride
diglyme---diethyleneglycol dimethyl ether
DMAP:---4-(dimethylamino)pyridine
DME---1,2-dimethoxyethane
DMF---N,N-dimethylformamide
DMI--+1,3-dimethyl-2-imidazolidinone
DMPU---1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone
DMSO---dimethyl sulfoxide
HFIP---1,1,1,3,3,3-hexafluoro-2-propanol
LDA:--lithium diisopropylamide
MVK:--methyl vinyl ketone
NBS:--N-bromosuccinimide
NMI---1-methylimidazole
NMP---1-methyl-2-pyrrolidone
PPTS:--pyridinium p-toluenesulfonate
TBAC:--tetrabutylammonium chloride
TBAI---tetrabutylammonium iodide
TFA:--trifluoroacetic acid
TFEDMA---1,1,2,2-tetrafluoroethyl-N,N-dimethylamine
THF---tetrahydrofuran
THP---tetrahydropyran

Ac---acetyl (CH3C(=0)-)
Ada---adamantyl (C1oH1s-)

Ar---aryl
Bdmim:--1-butyl-2,3-dimethylimidazolium
Bmim:--1-butyl-3-methylimidazolium
Bn---benzyl (CsHsCH>-)

Bu---butyl (CH3CH2CH.CHz>-)
Cy---cyclohexyl (CeH11-)
Emim---1-ethyl-3-methylimidazolium
Empy:---1-ethyl-3-methylpyridinium
Et:--ethyl (CHzCHy-)



iPr---isopropyl ((CH3),CH-)

Me---methyl (CHz-)

Nf---nonafluorobutane-1-sulfonyl (CFsCF2CF2CF2SO2-)
Ph---phenyl (CeHs-)

Pr---propyl (CHsCH>CH2-)

Bu---tertiary butyl ((CH3)sC-)
Tf--trifluoromethanesulfonyl (CF3SO2-)
TMS:-trimethylsilyl ((CH3)sSi-)

Ts'--p-toluenesulfonyl (CH3CsH4SO2-)

El---electron ionization

EWG:--electron withdrawing group
FID---flame ionization detector

GC---gas chromatography

GPC:---gel permeation chromatography
LRMS:--low resolution mass spectrometry
MS:--mass spectrometry

ND---not detected

NMR:---nuclear magnetic resonance
RAFT---reversible addition/fragmentation chain transfer
RID---refractive index detector

s---singlet

d---doublet

t---triplet

q:--quartet

sext---sextet

m---multiplet

dd---doublet of doublets

dt---doublet of triplets

dq---doublet of quartets

td---triplet of doublets

tt---triplet of triplets

qd---quartet of doublets

gt---quartet of triplets

ddd---doublet of doublets of doublets
ddt---doublet of doublets of triplets
tdd---triplet of doublets of doublets
dddd---doublet of doublets of doublets of doublets
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1. Fia

T 4 AT VAET LERA~— b 7+ VHIAW O T DIERITH BN Ch 2, Z oL
5 E TS K DR L SITND D, ZORLRE 72572013 1888 4F-0 Reinitzer 512 L DIk OIE L5
R Chs, LEEMI L AT UL (K1) 751455 °C & 1785 °C. 2 SORUEEA LTS &1 ) BIEOREL
W), SRR DWREATE LT-D3, 1922 F0 Friedel |2 8 25572 25562 K 0 BR)NRE LTz, WREROMEED W)
DTEMEINIZDIE 1960 FicHESNIa L AT Y v 7l EFINT DIREA A=Y FH#/ -3 ThDH, 22
75 K[E D David Samoff Research Center %z HULN kG IR & SHUTAER, 1962 FRIZIX R~ T 7 k%
FIAT 2 BEEOEEOFRFE T A BHFES L, 1968 FAIXREET 1+ A7 LA OIREL 72 D5 LS DARBLOHE T
DT EVAN—V 3 U EEGTIE R AN, = 2 THO B T3 Schiff #iiTh 7243, Schiff
IR EIHEAME S . EHE CRIESZ A L QW2 B REEN L2 B E LIZEnASh, BV«
SATNVR= RV O ANER T D L 51T oTe, ZHOIREBIRBOBERIZ DWW TR T 223, FAUTHENL > TR
7 A A7 LA DFTRFHITHOWTHAT 5,

X1, ZEERa VATV (F) | Schiff ke () BIOE 7 x=/LbiR= UV (f) OffE

AT 4 A7 LA DFRE— RIEIRE T T3 DAHET 203, BnbDO V7 = =V b= b U VREHESNT, K
BT A AT LA OFIHAICBE%E &7 Twisted Nematic (TN) ©— R7(HVWBAD, K2 (2 TN B— ROFE 1A
B, JERD DI 2 DRI CEA-DIAL D K DRRGH ST, 2 DRy 3iE
2F % X HITALE SAVTN D728, 1 BB ORI K VRS & 72 o T Al S 52T 3712 2 BB IR~
BIEET 5 L E 2DDENTBBETE R, H@ihT A A7 LA FH T 2 ORI ORI e A £
TEY (KaekE) . TN T— R CIsEE R Z OfEsaE)s 2 BeOBLREZ L 0 453Dl 0Y573 90 *tadi T b, £D7z
2 2 imiE T AR A 90 RS Hi, AR E LT 2 MDA BERTE 5 L )1t TnD, —
Ji. 2 BRI FEIEZ T2 SR EITESA IENENLT D KX 9IR DT, T 2 aEET DR~ DR
HHRY 72< 01T 2 BB ORI AEFBH TE 72 < 725, 2D X 9 7oA CEEIG ClzibbaM Thit b,
ZO XD IeEER B D720k B DIRE Y TOME & LT, O FOESHRICHKFR®H D Z &, @4
FII BT 2 DI 78RBS D Z & @ FVERHIZEZA L TD 2 LD 3 i b
%o Teob, Btk LB EZIE A -~ F v VA L 0 | REFIAICKE kR 21kaW
(R S 72 5,
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2. TN &— FOFE FHfiE

BIEZEIIN L 7RA O3 g L7 < 722 TN B— MO LT, BEZRIT 2 Z LIk vdaird 2 X 5127
HFoE— K& LT, Vertical Alignment (VA) E— R8923%, % (M 3) . ZDOF— FCIFEIAIRIC X 0 iRh 5y 1733
BRI 572012, EFERHIRENRREEZFE Y LT 2 B H ORI ZEE TE 72 s, B2 HIINL Cikda
TS LT D & 2 2 AT ARGl A AL S DS 70 2 M H ORI A BB TE 5 X 5127 D,
TN E— R, FIMIRR U T F 058 LIC72 2 B3 8 B 723D, SR HIvD DI A C R & 727k
REFTHEGT G (RS T D,
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3. VA E— RO FAkiE

3 DH®E— i In-Plane Switching (IPS) E— R 10" CH 2% (1X14) , ZOF— NI TS TIE RIS
LIZ72oTE Y | IRy 1L o723~/ 23R 2 2 L 12 L 0 Sl 2 258 X 1C 2 #i B O AR OZFER
By TS5, BEAFINT 2 5MEEER Cliie < ACEHETH 2 OMRFHCH O . Wiy FIimN g A1
YT U TFTHINT T D, BENHOFHEERITHINT 5 72 DIR VBN L OSSR ARRS OV TR b S
Do
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4. IPS &— FOFEFA#IE (AR REEE & VT2 f)

WTIDE— RIZBWT b RGO G ZIRE L THW D, IBEHOITHNE X 0 Bl (5
ERBET) | A R NREEDA D720 Th 5, Fio, AMEMDRGHAEEZ D Z LIZK VL LT
OFFERISNE Ne, 7 VT R N, EREHEE vi 36 JOVEHTREL I An S OYIMEE 2B CRET CE 2 2 & bR
TdH D,

Z 2T, ERESNDRHERE T DA BB L O ORIEX 5 B LU 6 ICENEIURT, Znbbs
WNTIIAE BT RELBEN 2 2D D, 1 AR 0 FTRSEE R D 1o DI OB E DG HE 2T U ORG
BEITER L, TR EHEL NS L Q0D Th D, BlE)WIE TH 5 05250 1R ChdA)
T2 LN TE, FEGIERAIREHIEN I 2 FEEFATH 5 23U 551003888 ZEs S AU CiiEhEs - S
%o MHIHNW SN TOBIEEI IV BUEBRTH DN, V7 e~ TV URICGEEHZ 5 Z LI X VR E LT
BAER N ESED LV TT BRI ASINTE L, £, RO RIWKRERO BRFEE~T R B E#Z D
Z LIZ R W IBROFER R BT DHRE A TG LT b O BB L. ZRRERAE A5, W hosEEcEs
WTHAaFalne v RIS £ ITHEGHE L REEE SN TWD Z ENEETH Y | fIREROSAI2IE 2
FEOFNEARA LT 2 L o3 TosTiulhind o T L E D cis R LY b trans (KOS BAFeWEE AT 5, 2 Bl 57
TACHER IS A R D T2 DICEXFEME DR\ ~T 1 JF -2 AR E 7B A LW Th D, 751
NOEFEEDMRE > T DU EEDHINIG U7 Bdmte 2 2 L 912725, d <7 ufif& U TERE T
AR LIZbORTRTH Y . Schiff kL S D X 5 TR G L L THEASIVERGTROFER € RS HZ0 |
BTz =V HNVR= R UV SO X D ICAE L U CEA LERUF R OFESE g2 RS E-0 LT, Bl
LTy 7 uand B LND L 9ICmb &, o7 /34 axial MAISEA LT el RS E 555 2 885 L
2o ZOX A EEDDBRE SALCTE DS, T ITZEFR - ORI ) DI S 7> HAJE Rl 2 T IAZS
FUNzh, FFOPDREE 22> TV, ZORMBERRT XGE LT=ON T v FRMEEH B Th D, 2ok
O b RERBEXFEMEL AT 57 v HRT, R FOFERRGM AR S5 ECHERITENIIHETH D
T2, Wa EEFT R TR SIS K 91T,

7



..
| | straight (good) crooked (bad)

O T
A: phenylene, cyclohexane-1,4-diyl, ...
X: alkyl, alkenyl, alkoxy, ... W =
Y: (single bond), alkylene, -N=CH-, -COO-, ...
Z: alkyl, alkoxy, cyano, ... W ,{(\/\)\)\
Q:F, CF;, ... n

5. MAWEIZHW LD

Ae =¢;-¢ <0 negative type LCs ﬂ

Me«ZON\\%_QOBU O_Q

R. Eidenschink et al.['?]
G. H. Heilmeier et al.%)

€
-------- . ::> short axis f === ===~ -
dielectric anisotropy

" long axis of the molecule

Age=¢;-¢g >0 positive type LCs

G. W. Gray et al.[0]
S. Sugimori et al.l!

6. RELEICHWBIEAE DG & iR R

0\ T IR O BB 2 A & SRR ST - TR 35, 72 112 1968 4E0DRR 3L 8 125 E Goldmacher
BIZ K > THIFES AR “ OffiER LOMHESIRE 2R Lic, T DfEZ L TH 5 K512, WTholkEéw b
—CI% 80 °C Hiifh £ CTHBAL 2\ EiRdFHAZ R ST, A B L CRFA/E DI b ZIR AT
HZLIZRY TnZEFESETHWSOR TV, B—TEW Tn 26T 5803, fix ORBFERETS EChiEED
NENVEDSEHE AR EDSLE T2 2 T D SRN IR FE ORERE & 725 TS, SRR CIREEZ R EEH (K 7) 1523
1969 FFITHIO Tty S, ERKITES 2 & &,
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#1. Goldmacher & DA #H S TWOAIEAWER L OSEAM OF B RE

compound Tn(°C) Tc(°C) composition Tn(°C) T.(°C)
e S
MeO N Pr OON
\\—Qo 8 19 Me—( \\—Qosu 0wl
° ° 47 108
le) o
CsH130@N\ O>—Pr 86 120 MGOON\‘ () O>_Me
< > 50 wt%
uat
Me \\—QOBU 82 13 OON
_<O Me—<O \ OBu 25 W%
e vay
Me—< \\—QO/_>—M9 74 82 Me—< A OCgHy3
[0} M 25 wt%
¢ © ° 39 104
O O
Me—< \ OCgHq3 88 109 Me—< N OCgH.7
N o) 25 wt%
o)
OON Meo—QN —Me
Me— \ OCqH,s 80 1055 \\_@O
5 25 Wt%
o~ :
Me—< \ OCgHyg 86 100 MeOON\\_QC}_Pr
o 50.1 wt%
48 118

o o
MEOON\ >—Me 81 110 C6H1SOON\ >_Pr
\_< >_o \—< >—O
49.9 wt%

s
T, =20°C, T, = 41 °C

7. R TR Z LAY

LML 5, Schiff SR IR RSN DHEDME &9 EH EORED B -7z, Z OREZE R
PR BRINT=073 1970 4T SteinstréBer (2 &> THFASWZT Y ¥ ALEY (K 2) ®ThD, 7V FTHk
13 Schiff AR TR R DR ) AR ST DWE 2H 57T, Schiff ik & 572 ) 225 7R G301
FNHK L CLE CTH DT REABRT T 2AEDDIEN T, L LA, 450 nm LUED AL 2RI LT L
FOT VR VEORM L, FFAEAIFALTLE D LW I BIORERIVETT,



2. Steinstraler DEFFHIEIE STV A EEE L OME OF iR 1R

compound Tn(°C) T.(°C) composition Tn(°C)  T(°C)
Bu—QN BUON
_\\,N+—©7 OMe 165 76 \\N+O OMe
6] o 62 Wt% 5 81
o : '\{\ 37 91 5 C '\{\
,N+—©fOBu _ ,N+ OBu
" o 38 wWt%
\
~ \,N+OOCSH13 285 92 \\N+O OMe
o] el 65 wWt% 15 85
g e
\\NOOBU 62 % \N+OOCBH13
-+ -
o) 0 35wt%
o
Oy S s
\tN @ g 26.5 67 \\,N+—©* OMe
e} - 67 Wt% 7 79
o) (0]
P N PFON CeH
' <:> \\NO?—BU 39 855 \\,N+4©,o>_ e
P —_
o o 33wWt%
- 5
Pr N CeHiz Bu—QN
) \\,"L@’ S 315 875 \\,"L‘Q’ OMe
0] - 68 wt% 9 73
o (0]
Et N
B”ON\ )—8u 8 7 O Y o>_B”
zN+ o -+
o % 32 W%

GRS L ORI TR L7 B R Z N2 &5 1973 RIS RS A S 72 B = = VRO oy -
(32 3) 873 Gray HIZ L > TEREINIZ, ZOMEHI, HRRD X 9 72K i B L W T RS 720 2 L,
R OB RSO F A~ AN S, ST 4 A7 LA ORHRSBBR LT,

# 3. Gray bR UL S 11T D EWEs L UERA ORISR
compound Tm(°C) T.(°C) composition Tm(°’C)  T.(°C)

S on ms aYa
o Cs”“HCN 83.5mol%

15 42
CsH13CN 135 28 CeH1300N

16.5 mol%

el Yl yon ms w2
745 CsHyq CN 56 M0l%

0.5 37

5 765 07H15HCN
44 mol%

()
»

CeHy30

:

Z T REET 4 AT LA B ORI G X TR R OM B O GRIEEZ R 8 IR, 72, B = =V,
(2B % Gray & DS I EAMOPIWE IS Z S TR TH Y . ARSI 2Rt 3y, Bran P8
D sp? RFAFIH A B A S DR TR YT STV Vo 7228, 1970 AR A TR HoMAR BT
KOHESNI T VT MlEAZ NS 7 0 21 7Y T OB I €7 = S VRIOREBFED SRR L, 2
DBER Lo T 201044408 ) — S FEE A LT- DI EFE O b Va5 Z & Th b, 2D X 51,

10
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SR DB SN LA OEIED ML L, BUSBIREOEEM S S £ > TE T D,

OONHZ PhSO;H (6.3 mol%) OON
Me—( + OHCOOBU Me—( \\—Qosu
o o)

benzene
reflux, 3 h
64%

Bu@No . BUON\\ 30% H,0,

N

-+

AcOH AcOH (o]
80°C,4h 80°C,3h
R Cu, A R —
d el 4
) @X SN \ 2 Ullmann coupling
= (X=1Br) = 7R

8. Schiff iifds LU Y ALEMOBRIE L B = =/ VB O I G R

BT ==LV = N U VEOBSHAZ L VIRAET « A7 LA ORBENSHe T Sivlz, LI OBRSI T EseE(L -
EIMIE AL > 72 6 D & 725, 1980 FETIT, AL FHILEM AR ESED 2 &2 HRE LT, 7AAr Y 2 =/Lo
AT IVE (F4) BB SN, ZHOEEWRAT. B 7 == b= BV @ F AT ==L
JVIR= kU LS OFFERAINME Ae = 11) L R LT Ae DIEITNSV, Vi 2K T SEME2HT5 2 L5
METRY | X VARWERE THRE) T % rlREME VRS,

11



#£4. 74107 =)L 27 VER X OSRM OMpE
compound T.(°C) composition Ae Tc(°C) n(cP) Vn(V)
O
45 Wt%
(0]
29 Wt%
o ° 124 633 60 165
CsHm‘@—/(O . CSH17OCN
~ >‘ 15 W%
(o]
arao{ 4 s aTa
613 O@F 371 5T 1 Wit%
(= mixture A)
(o]
CvH1sO‘©—/< C 406
° F ixture A 80 Wt%
mpdure ° 116 M 50 131
(o] (0]
CusO‘@—/( 425 BU‘Q—/(
(o] F (0] F
~ >‘ <:> 20 Wt%
H—H o]
C5H11W 159.0
© C) F ixture A 80 Wt%
o mixdure ° 17 486 45 145
H o o
E“Q—O—/( 1125 CsHmO‘@—/( C
(o] F (o] F
'< >‘ 20 Wit%
H—H o
”*C>—<jy< Cj 1217
© F ixture A 90 W%
o o mxddre ° 121 702 60 177
H o H 0
(0] F (o] F
10 W%
H—H o
%W—<>F<:}4 112
© C) F ixture A 80 Wt%
o fwf ° 105 645 NA 17
H o H o
o F o] F
20 Wt%

AR ORI BHLIRI TR RS IR~ T 7 iR A A DIk 1 & L TR S h=on, 2
1981 4RIBIE LIV 7 A0 7 2 =)L B L7 uAF LVBER (£ 5) B ThHD, THHITHEALAEWTHIE TR
~F v ZARRERE A L, VA= B UVEITRS U THWTHRE n OBIEEE Vn 2 HE 0 EH-SE52 L
AT v VRERERE A THZENTED, ZOXIIC, 7yREFEEHNTLZ LT o7 7 Kok
K95 ikttt RBUETETE &V o T-BRER AR CE 5 Z MRS, DR, 7 » R AR i i35
TRGHDER END L 91Tl oTz,

12
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#£5. V7N A BT ==L BV a3 VEBERE L OSR O

compound temp. range (°C) composition temp.range (°C) n(cP) Vin(V)
F H—H
e\ 518 856 Pr‘O_QCN 28 W%
Et F
H—H
. 05H11—'<:>—QCN PR 52 23 153
Vi an\ 42 1237 °
Pr F H——H
F 30 Wi%
an Vi an\ 441 1182
Bu F
H —H
H—8 B 453 1241 224 Wk
CsHy F HH

; 36wt% 15 615 23 158
= 523 1160 H—u
CeHiz F C7H15GQCN 24 Wt%
0

F
T M5 1176 a7\
CrHys F Pr F
20 Wi%

7 v FRIRER DYy £ R [R] © < LT 1982 SR VEIREE D) 0B b e AR E LTC3EY » ERIREE Th
Dy AA-TERE T T anF VRSB LT (6) 1, ZOB T aaR I LiBERIT LT ) A S0
TeOITHEEE N VNS < ZNEIRE LTC I DSBS e 2, £, v 7/ BTERT 28 iz
I C& D72 OICBIEERE Vin BIRTT 5 2 &0, WEICET 28 NEIHT 22 L8 TE D, ZnbbEWit
L trans-> 7 BT UEBRE A L TWDORFHE CTH 575, HUIEK 9 ITRT X 22T trans-3 7 m~FH U8
R LT AL A OBEHILAE B TG CTEHT 5 Z LI K D ARSIV, SEHEEL & LTz HE 5120
K 2 FRBGEENVIA L 12 578, BREEZAAT 5 20 DIV EAKHE TH 5 T2 DITHIH T E D RUEAVD 78
<. BUECHUBRYEOBRENEEN TND, ZOAEWRHIB L QI 2 B|IC TGRSR~ 5,

13



#£6. 44-CTIILXILE LT BT L O

compound Tn(°C) Tc(°C) composition Tmn(°C) Tc(°C) n(cP) Vi (V)
H H H H
-C, -C; H,—H
Pr—< b Me 4 24.5 -
r Pr CN 30 Wi%
H—H H—H H, —H
prwp, 643 816 C5H11GQCN 3 85 23 15
40 Wi%
t' H t' H H H
P'MB” 83 952 Cﬁ%O—QCN
30 W%
H—H H—H
- ; H,—H
b ; 156 972 i
H—H H—H H/—H
~TP 20 425 18 145

H—H H —H H—H
05H11MM6 128 443 C7H15—<:>—QCN _
0
H— el
C5H‘1WB“ 47 1053 Pr Me

C5H11WCSH13 177 1008

16.7 wt%

H H H H 0 H,80,(0.97 eq) H H H H O LiAIH,(0.75 eq) H H OH
OH MeOH OMe THF

reflux, 4 h 55°C,2h
90% 85%
H, (atmosphere)
50% HBr (4.5 eq) 5% Pd/C (97 wt%)
H,S0, (1.1 eq) H r Br MgO (97 wt%) i r
reflux, 7 h EtOAc-EtOH (1 : 1)
71% rt, 1h
54%

9. 4-AF)L4-T T EILE LT T LDERE

1985 I, ZNETORBUERRY 7 unF Y U BRICRDOBRIEE S LT 1,3- U4 VEBRAA T Diki 7
T (FE7) 22 Demus HIZTK>THE Sz, Zb VA XV BRI TREZ R~ T 720 o, A U8R
FUADBRG -~ — A o MKW RS ERE M Ae 2H T D58 aRi > TH Y Demus HIZ& D &xPO=h
UIUEED Ne BB FEE T D LIRXHITWD, ZORHEATED L, BNRD 7 » RIFF- 2 ENT D BRI
BT Sz (X 10)2, ARdEE LTIMST 2 04— VHET AT e FEEZMNWD T 82—/ UEEUETH D73,
SEARFEEADVE LT LU E 5 72 OICHTED trans (K220 150 Z EBNEETH Y . ZOSHAHHEIEDBIFEN L E

NTN5, ZOEYRAZEEL T, 23 I THEIMISRETS

14
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# 7. Demus & DR CUTFEAE S 4L TV D LA DM EE
compound Tn(C) T.(C) compound Tu(C) T.(C)

H —oH H—H H—oH
CGH13—<:>—<: T-Cetis 345 109 05H11—'<:>—<: ’—QCN 84 220
o
H—H H—0oH

H H H—H H—oH
Et—O—'<: YcaHy <25 8 C6H13—'<:>—<: )—Q—CN 9% 214

o o

H—H H—0oH H —H H—H H—oH
C6H13—<:>—'<: >'—'<:>—06H13 55 229 06H13—'<:>—<: ’—QO%H“ 45 203
o o
H—H H—oH H—H
Et—<:>—'<: ’—'<:>—06H13 <25 194
o

F F
OH H H TsOH (12 mol%) H—oH H H
Pr—<: + OHC— F > Pr—<: { F
OH PhMe (o]
F F

reflux, 3 h ) Ae =237
; recryst. from heptane (twice)
13%

X10. 1,3-UAX VU BREGT D 7 v R AMEAMOFHERIEGME L ARkik

WiT 4 AT LA DEEEDNSZERUILED, Bfix 22 SR TE DA EEREIND L HI2/8olz, 20
=—RIR A B, TIE TEREE EIZOAHAA T TN 7 » B A B~ SR 500 Taxdt 24
BRIN, PTH, BREATEIEROLO (K1) 22 PRI AR, Z2C K121 7rdr 7
T2V X2 DDV 7 maF Y U BRER T HREN AW OFERESME: Me 3 LOREE vi 2 F L0722,

BB E ORI TGS T AT D 2 LI R W MEAR T S5, TR BIVEREDN E4X 5 2 LA
TEDHEEZLNDAMN, FBHREITEAD L HICTF L UAERA L THREMME T LAV 2813230 23 Ae HME
TLTCLEI LW REDHD, TEREDL AT LUAFUHZEALTLE D &y DSAREEICHmL L
£95, FEEAD X IS TFRIFEEMEHOFNNT v T 70 FuxTF L U HEEAT 5 &y 1 HENARTT528, 75
D7y FFFDENDOTRHFE—A L FEAZ L TLE D 72DIZ Ae BPRIBIAEFLTLE D, ZOX I 2RI
Y LD FBFROT T A1 X SR IFEGEET Th D, ZOREEHET Ae DW) & v IR T A [FIRA T 2
SELHDTH L LI, WA R IREIRD AN & W Y BN RFRE R LTV D, ZORHEIE. BREE ORI
L V4 U % anti/ gauche AR D=0 LB —23 R E VO DSEU Iy TR e > RIRER BT < o TS 72T
BB EMASNTND B, ZOERELONRAVHEEEDOBFIFE L T, 54 BEICTEMS R L D,

HO%

e S To T e

%] 11. 57/7ﬁ&ﬁf*%( ) BT vFERIE () 2A T DT
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F B F H—H H F
H—H H—H Pr— H—H Pr—

Pr— { F { F F

Ae=9.7,y,=160 mPa's F Ae=94,y,=212mPas F Ae=93,y, =214 mPa-s F

H H H H F H H H H F E F H H H HF E E
(0] F (0] F F

F
F
Ae=83,y, =357mPa's F Ae=10.5,y; =145mPa's F Ae=8.1,y, =150 mPa's F

12. =BiEZ A D+ Ot

Tty TAZH N CHEYINE & U GRERREME Ae MWHTFTDND Z L& ZNFETHIRRTE T, BB IO
FEAFEDOBHRC LY Ae OFREID B DIREFRE T o723, PEE=—RITIRZ 5 T DI AL OBEU 21>
ZEHLEETHY . FAT gDORE VRN Z 5y Fiitd 5 LTI RO ORIV L 72 57280, 2D
BIRALEEN TV, Z2T, R8T v R AT A2 UARIREOFZMEDTZ, 7 v FRIFE DL Ae OITIIFAR
PRBIVRNZ EWVNDA, ThUL, BOOMG{-E— A L D EFR LT 0 BT R OFER e AR SHT720
THZEICLY, 7yRFEFORENALT LY A OHKRICEN LR T RN E&2EWT 5, 2FD, 7 vHER
T-ORNRANFRINT A ~IREHL720DITT 7 v RIF T OFCE IR 2 0NEER S D, D& EITHH
LR DO HHEREAE Z SV HEE TH Y . BYTRIEAPFE LSS OB L TE, £ON My b HE
LD, TNBET vET VT = VAEEOSIIARSEREAEGUEOBFICEA L T, 55 BT THERT 2,

K8 BIRD T v FRAImE AT DI T OYIE

R Ae R Ae R Ae
F FF

125 174 132

H—H H—H F £ F [ref23] }—o . [ref30] i_o c o [ref30]

° R 12 PR as Fa s

CsFn : — : ;

[ref 28] ‘—o/_/ ref23] !—o/=/ Iref 24]

179 /\ 245 //\ 254
CFROCFs  [ref2) !‘0 CFaH ref2) i—o CFs  ref24]

BLED L SIS, T 2B DRCIIBEE L 57 » REAOME BB L 725, EHII0R16 B
BRI UG 7 o RE RO EETIEN L, fie OFARFEE I LEDT, Zhi
N TR TSRS (5 9) .
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2. LEHL 7 1~ B O RRIN R AL

2. BB 7 a~FY UEBRONEIRAES

H, —H H—H H—H
1

4 13. 5 2 OB YEREF L OG5

21. 1,4 BB 7 a~FY L OBRESF~OFIFE R - RERBIF

Fi1 B TIRATZ LD IRET 1 AT LA ORI & LTy FIEE 7 = = VA= R U VES Th 5,
LInL7eH 6, S LAY EREE AT DIREE (AR Tm 22 DBV T £T) VAR (R 10) . 20
MRS 2ok d<< Eidenschink H13_0 P U Bz S 7 o3 U BRICHE S AL LA A-REH L. Te DKM
HZE LT 128182 = C L 0 vy s VBRSNS T OBREE & L CHTCH D Z EARRES ., B
TINDH LT eoTe, NUBUERERRY | v uaF Y LB EORFER 2T axial & equatorial ™ 2 JFa100fS
BB DT80, W B RER A B 2 7R CRET RO ESR ¢ & BTN OFEE e O EH L AR ST D
Ve TR TG TE DR bR TH D,

#10. =k VLR EEWORSIS KOG A

H H H H H H H H H CN

[ref 6] [ref 31] [ref32] [ref 12]
Tm (°C) T:(°C) Tm (°C) T:(°C) T (°C) T.(°C) Tm (°C) T.(°C)
CsH; - - 36 46 58 80 40 49
CaHo - - 41 41 - - -
CsHy 25 35 31 55 62 85 24 66
CeHis 135 28 42 47 - -
CHis 285 42 30 59 71 83

Z ZC, Eidenschink &5 L7-AREZ K 14 1 Rd 123192 £ 7 oaFH 7 A~ Grignard [
RV BT N a—N 2F RS, ZVEGRELTCRIC— 2= VA T OISR L7 B, & 9 — &8
T 0 MM CNHARRE L7223 HENEHUETT LT trans4-7 /LX /Ly 7 o~ U SR B U B AT D, fHil
T, 5o =&Y % Friedel-Crafts 5 F TV F /UL L, DT v F/NIEE A adL LRSI LY v
RNFINVHN LA L TREFRFERETD, T’ Y = b U VRERLHAITIE I OEEILRF IV
BT I RRIHCYT ) AL BB L, BV 7 uanF iR = MY VEERSGAICIEE TRAKRL TEL
% BVHRE A 2 — BT VR R U~ & 25 T VR =L afii &2 Bk S5 Z L2 LV trans, trans (K415
TRV NI LT ) FHAEBEHL TG, EBHDV 7 anF BRIV R =V afiid
FHEZAED LTSIAAHIENE K DL T D7, IEIRERRTHEL T A D, BV 7 andi V= kv
(THIZ LDA Z =7 /3 a (o7 v B ALZ#ED 7 LS HEIC K VFEEHE L TV 205, ZOFHETIIHLY
0 R ALRRC S 7 B U BROSRMEZNER L, TR UEDBC 71 : 29 FREE B O@IWETRIGT 57201
H—{tEW & LT DIFREECTH 5,
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2. ZEHLL 7 1o ~FH B O RERIN ST

1) AcX, Lewis acid
H H H

PhMgBr H, —0OH Ra-Ni, H, H 2) X,, base H
Omo 2 TR 2% D) Seras
H, —0OH Pd/C, H, 1) socl,
[ R

2) NH,OH
3) POCI,

Pd/C, H, 1) SOCl,
1) SOCl, 2) NH,0H 1) LDA
H/—H 2) 1,0 3)POC13[ H—H H—H JZ)R'X[ H—H H—CN

14. = b UVREEMDOERIE

B Te O 00 FR4EO BBELSINIBIT 53 7 B F U BRORHSE LCIE, [BHREEEE yi O I3
BB, Y1 DMERWNEE S F OIS D720, T A ZA7 LA RO TUTEEZHIN L THHilkRE S
B D ECOREINNEL 725, TROBISEHRENN 5 LW ORISR H D, ZOX 522 BRICIE, KR Lo
ﬁﬁkﬁéwéﬁ%g%%%btﬁmmﬁ%m%%Wﬂ%ﬁ%wgmé(Eﬂﬂo:m%m@%m@%@%&%ﬁ
TZIRNTZOIZ B TR e 2 STV, fOWEA Y SIRGT 2 Z IC& D | bR O EfE
(e, y1BIOTE) it 28EIZH S, SHEOFRE— ROTHTHHNWD Z LN TE, 2 2OT VX UHE
EEETDHZ LIZ L VPR EE CE DT DIRAVTFEE G T LAY CH D, BERUHIOGHIEL. AR
Eidenschink ©&DJFEIZ L V15D HVR U ERE 71TV AR = B U WSk L CHIERBOGE L OSE e 1T 9 F
ECThote, Ziud, 7 anF Y URONBEHIHTE 2FETIED 58, TEEDRVZDIZE A M &
TLEOOMRRETH T,

R"MgX

: : [ref 34] l
1) Socl,
2)R",Zn H—H O NH,NH, KOH
Ao e SO
[ref 35] [ref 34-35]

2) LiAlH,

3) HBr, H,S0, R'Li

KO
|

‘ 1) MeOH, H,S0,

[ref 19] [ref 19]

15. BRAWKFERIEEO—I O HIDOERIE

TIVIR AR Z R MR 2 FERIEE LTER SNOR 7 anFV ) aRERDIEIR & it < KRN
TH2 (M16) o« WITNHLNHDIETH D - OREFFRFORMUNT L A S RTS8, R &V kE
INIMOSIAREIRMED S0 HIVD &S FNADHERNE ST D 3, KFININZ L RSN D 27 BT VRO
SEREIRIE B 79 1 21 FREE, AROBRIETS 85 1 15 FREL & P L TR DWW ETIFARV S, BT 5 cis 1
RS RV BRET 202 BB L CHAEFEMEDORWTETH Y . KRS ATREE 7o o 72,



2. LEHL 7 1~ B O RRIN R AL

RUCH,PPhy KOBu Pd/C, H, = =N H— 80—
O %H%%R%H}RWR%H%R'

‘ R'MgX acid Pd/C, H, T

16. ALAFSREE MO TREARIE

AR X D12, fERAM X D5 1,4-EHfs 7 a3 cis B I QMtrans IRAEWTH Y | k& LT
A7z rans (A2 Et b DECIIIHATFT 5 cis (REBEHET 5 2 LIT72 D72, A MEPE EIROBLE I DAFE L<
72 HRDUBNEEN TN, ZOREEMERT 27 7 n—F L LTL ARIRFD trans BUEZ M Lxw5
Fik& | R cis (K% 72 trans (R~ & 5T 5 FHED 2 O3B 2 Hivd, HBEE LT, XU VMNORFR e
BAEFA LI TEROL OSSN C0D (X 17) 7903, Sl CE BN T ==L 7 a~d Y U BikE A
THHDIRESINLD, ZO L9 785D, 2011 HT X~ L FNA T F F0NA AfEEFIF LT 4-=F /14
NUTNE VT OAF VORISR ShTs (X18) 04, ZIUIRU B UBRE A SV IEE ORI VRIS
Th Y IKHREEITEH CELFETH D EBADND, EIEREBNI b B AT D &, A7 & At L4 B
& LTARRRT Vs o DRRMA R ROT S o 2 o DERLBE, NBUBREA STRWT NV o DRI T ER S &
2 b L < HIESN TN D,

H,SiW 5,04 (20 wt%) H H h TfOH (8 eq) H H
PhMe ! DCM
0, | .
trans : cis = 39.2 : 60.8 115°C,25h trans : cis = 90 : 10 I trans : cis = 41 : 59 1, 5 min trans : cis =98 : 2
[ref 37] ! 84%
! [ref 39]
]
________________________________________________1 _______________________________________
1
AICLy (1 wt%) \ LiCl (3 eq) H H
DCM : H,0
trans : cis = 60 : 40 20°C,1h trans : cis =98 : 2 : trans : cis =41 : 59 140°C, 24 h trans : cis =72 : 28
[ref 38] ) 68%
[ref 39]

17. RUDNALDRIEHEERIR UTifiitoy+ O S EBass1

TfOH (7.5 mol%)
AdaOH (3 mol%)

AICl; (12 mol%)

H H ‘BuCl (1.8 mol%) H H H H
DCM

1
1
1
1
:
0 ' 0,
-25°C,4.5h all-trans isomer = 99.64% ' ﬁ -55°C,2.5h all-trans isomer = 96.6%
1
1
1
1
1
1

JI
T
JI
T

H H
DCM
ﬁ 87% 83%
trans : cis = 60 : 38 [ref 40] trans : cis = 83.6 : 16.4 [ref 41]

TfOH (5 mol%) BpyAl,Cl, (6.2 mol%)

=n
I
'T
I

H, —H BuCl (2 mol%) - BuCl (1.8 mol%)
05H11—Q—OEt—>C5H11 EtIEt C5H11—>Et4<:>—<:>—C5H11
DCM ! DCM

ﬁ -25°C,45h all-trans isomer = 98.8% | -55°C,2.5h all-trans isomer = 98.2
87% ' 90%
trans : cis = 60 : 38 [ref 40] ! trans : cis = 64 : 36 [ref 41]

18. NURUEREA SRV DSV LU
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2. LB 7 1T B O RERIN ST

2-2. 1,4-—BW 7 a~XP REWD trans B{LSUG
2-21. 4 TFN-A4-TaENET T aAFIIL (1) O trans bR

FUSBZEDIERHEAM L LTI, 47 FL4-Ta ey 7 u~Figl 1)@k Lz, ZHUTBERESME
Ae NHF 0 DWREL DT CTHY . LA W EIRE L THWS Z &I X 0 BRSO 2 T D% EI 240 5 720,
AR 2 ] SO EERMEEW Th D, ZOMMEMIDOSIREEIIX 19 DX OITRE LTz, T, il
D A-(trans-4- 711 BV 7 AW 7 tsF ) AT LT Wittig Sis &, TV OWUERSERSER L, ZAUS/KSERIN
THZ LK TFNIUD Y 7 mFe UBRICBTT 5 BMEK trans-1 BTN cis1 AIREME L TR, [FERIC
4-(trans-4-7 F /L2 7 BF LV manF Y ) Lk ZIRFEHEIR LTARITKEEINIT 2 Z LIc k0 7'm e /VESIoD
2T et UBRIZRET 5 VA trans-1 38 LU rans-" A RA M & LTS, it BC NMR 38 L1V GC-MS %
WETDHZ LTI 225077 a~FH BRI trans Th 2 BIEAZHBITX 5,

BuPPh;Br NiCl, (~===-==-=--=------ N
3 1

X119, B 7 B ioL 1 ONRREERGE

BERHEEZRE LT=DT, FOIZ, BER "IN -T X~ & ) —L e ") 7 2 Z 0 2R RO/
HEPOHZE DB (E 1), 2B, BONIAWEZE Y7 a1 13 rans R BRI L 0 dElidb 3
LEORHEE G LT bDOTHY | & ORI THL 4-Tm ey 7 a~Fkiib 3) 254 T05, hU 7
VAT AL AR AR HNAAET DR TUET F~ o X ) —NER L TT A~ o 2 U DVERR L TS Z e
DT ETFNAF AP ET 7 anF il ORFRFRF 2t R FE U THIERNTND Z EDVRIBI DS,
TRy DT K~ B ) —IVISKREISD E E5AT LTS entry 2 TEMAEDET L TN A0, 1 JIFEERISTH -
7= entry 1 ZRNTT &~ & ) —LOFRNIE: & B LOEITEICADOHBER RSN EhD, TE~FAHF
AT LR OB RS 5 5 L HEZR ST, N 7uda A 2 U ZVR RO EINE: & B bOE TR IE
OFBERRONDREREZR D L TH~ 2 ) —NVOBKEBEHUZRES LR TeRED B ) I A a X 2 A
JVIR BN EN TR LA L TS EBER BIND, £ T, THVUZ ) —NIHER TR Zvdr A K
VANV aanF ol ERIG ST b 2 AR B LTS 2 Vo7 (entry B) . Z
D LD, REVMHYBISOEOMEI L N 7 vAda A ¥ U AVERAETHY | THE~ U H ) —UIARERICRE
ThHESZ D, 108, FOGDRIKR TE V7 aaF oL 1 ORE R ST (99%) . H>GC, NMR £
F OS2 GPC IZ TEDMDAHI Y 7 T ADREH SN L AR L TV D Z Lnb, trans-1 LSO TR
(2 & DA% 7 trans-1 A ELLOBENINCIEZR < | cis-1 D trans-1 ~DZHa, T 72 b BRSO TLCd &
WrTx 2,

21



2. LEHT 7 1o~ B OSBRI

1. NI TIAFO AL VIR ARE 1-T X< B ) — )V Ofitii iRt

TfOH
H H AdaOH (4) H HH H H H H H
Pr—O—OBu—» Pr— 3 Bu PrMBu Pr—O—Q @\OH @
DCM
trans / cis-1 -20°C,3h trans-1 2 3 4 5
entry TIOH 4 GCMS areas trans : cis of 1
(mol%) (mol%) 5 4 3 sl tans1 2 '

(starting mixture) ND ND 179 637 171 04 212:788

1 75 30 1.1 ND 165 610 203 0.1 250:75.0

2 75 6.0 0.6 38 194 423 319 0.2 43.1:56.9

3 15 30 13 trace 163 19 76.2 0.1 975:25

4 15 6.0 26 trace 164 223 56.2 0.1 716:284

5 30 0 ND ND 160 32 713 ND 95.7:4.3

6 30 30 14 ND 171 22 756  trace 97.1:29

7 30 6.0 28 ND 164 24 747 trace 96.8:3.2

8 30 15 11.1 ND 209 317 364 ND 535:46.5

F£72. GC-MS TIHEFHHBIER S A TE RN & D, THERHTE 20MEE LTHA X7 v~
777 4 (GPCRID) &0 L7z, % 11 O entries 5, 7-8 DUNIC L W EOLNIZIRAMEZHT D L, TH~ 4
J = )VOFEIRTT L C 23 9~25 3D E— 27 PR L TN D 7o, T X~ 4 ) — )V ORINEARE 721 T
<HIBOSZAREL TS LHrcE 5 (£12) .

#12. TA PR v~ 87T 7 K DEs T ERD SRR

TOH (30 mol%) 0 mol%
H H 4 (0-15 mol%) H H H H e 6 Mmol%
trans / cis-1 -20°C,3h trans-1
GPC-RID area%
entry 4 (mol%)
byproducts 1,2and 3

5 0 20 98.0

7 6.0 6.0 94.0

8 15 120 88.0

22 23 24 25 26 (min) 27

GPC IZ T SN AT, Z ORI O E L 7 mAaF b 1 O 2 5B L3 ED 1A XEH/ LT
WD EHEESNLD, THNMR CRIFIIRISIEAERIC Loy 7 Vs B7e ke GC TRt S iz 2 5 &
ZOAIIMEIE Y 7 maFiv 1 ORKEZREUATHY . K20 (TR"T LD RA VT 4 L DAFH L EARRDK
JOHREC Z D AR L TD LB X HID, IHICIE &R I, —RR 2 FRIEAFIR L7, B mak il
1 OF=MRFET 4 ETTHY . TOWTIHEIRAITR V1570, BHORMEEIVER L T2 EHEIISD,
HNVRAF A LHF S DT 1 b IS KB TV 2 OARGERN I TH 572 H1E, Ly b U =Dk
B L 0 RIERO7T 8 N AREREEE 2 DAERIIFRRITH A7, 71 MM 5T 2~ 2 ) —L ORI
BHOVDIRWNEE 2 DAEREDINZ B, fERE U TEEEROERBIMITE L LBRIND, Flo, TH~Z )
—/UITERRNIBOKIEA & LT TS 72D, WIS DN & ZERORIEZ BT D W RIAED L

22



2. ZEHLL 7 1o ~FH B O RERIN ST

TWbEERD, B, THE~UH ) —)BEFE R COIIVRI F A LR T, /KT ADRAENTBD B
WREB X OES T ERVEMIOEREN ) 7 vd v 25 o Z)VR RO &I THoiobanmd v, e R
U ROARFHRE | & P EPRIIEEIND Z &, vy kYRR SO A /L_ =17 DA A AR O AL
MR SUETCTH D B2 BND, ARUGIE, BIEIZ L0 VR AF AL NZEL SN D5 =R BT D0t
THHIZOIL, vV 7K D GERMEEIMEN R Y 7ud b A 2 2 Z)VR U CH oy 7efiliiiE a2 R LTz L B S
ho,

4 + TfOH

@ 1 [1-H]Y

Ot f e ” O
57 P

20. = FEARDOHET RS

Z T ABUGOMER JOVEEE AR AR T 5 2 L & Lis (R13) . HIRD, TH v H ) —NIEFHERT
N ZAm A EZ o AR AR 30 mol%EH L7o SIS A HAESAT: (entry 0) & L. SUOSIREZAK N S5 & B
{LOBITEBIK T L7- (entries 1-2) . ZAUISIGIEEZ-50 °C (K F SW7256C b [RIEEOMEA) ) SR S -
(entries 3-6) 73, -20 °C LV $-50 °C 575 E trans tha 5.2, FFAREEREPH IR~ T, £o. NREEZ-78°C
F O F &2 E MBI TR M L= (entry 7) o ZHUHOFERL Y, BV 7 a1 inbohn
R A T MHF DR L e oS R I KE ORI 5Ty IARIFA L AH 5 1 VAR
T 2RO trans JEIWE & SONREIIIAOHERNRH 5 LEX BND, Y TAFAm X E o Z VAR A FIZd6u
T 7 A-HIAERGERE (- 50D trans JEIUWEZ 1] | S5 72O OFEEEIE-50 °C fHITh 5 Z L& R Lz
723D, Z O Ot DR A 7 A T= & 2 A 7.5 mol% T B B THE & 72 % 2 L3~ 7= (entry 8)
VRN USRI BAF R 2 G- 2 T —T7 . T OMOBEH TIINTN bIT L A EERIHEOEITA
HER SN2 o7 (entries 9-16) , BEERAZBET DL, Yrru A L7 uad)V AHVRHTE LTSI Ch 5
LE25, NUTAAE AL ARV (Ho=-14.1) DRDVIZ ) FIAATT H AR A (Ho=-132)
ZRWSA. 20 °C TIRBEWRN O HEMEALEIT L7223, -50 °C TIHZ & A EHEME L L7272 (entries
17-22) , WMHEEDY D UARW=OIZ, VR T4 AA-HI OARGEFE IR A BT 57O THH LB 2 B
b, — T, LVEBHEORNEA(R Zdn AL ZVIR =)W T R o E DTS BT T L2V (entry
23) Z&binoTRY, Biic T m R LGRS UTERT 2 CIIRATE R, 7 e 2R (Ho =

-13.8) 1L MY 7vAm A B L AJVIR U & H U CTENNCEMEEE IR A LR B TH Y . Ziva B ORI
23



2. ZEHL 7 1Y B O RRIN R AL

WEATE R Y 7va A B 2R ARIZIROCRAF kiR A2 5.2 7= (entries 24-33) , FFETRNERE LT,
78 °C |2\ TIEr v v AL VD S IS E OB VI TRE 2 -2 5 58T BIVD DS, ZHUTK A/LTR ROEE
FEVEDFENFBE L TS EEZ HLD,

F A3, i JOVRELORET

H—H H—H

conditions

trans / cis-1 (21.2 : 78.8) trans-1

moun conc. temp. trans:cis (GC-MS) amount conc. temp. trans:cis (GC-MS)
entry - catalyst ?mglg/)t solvent. “ ) (°C[; fme=3h tme=1gh O VSt (mqo,) sovent Ty (°C‘)) fme=3h time=18h
0 TOH 30 DCM 10 =20 957:43 971:29 17 NOH 30 DCM 10 =20 455:545 720:280
1 ToH 30 DCM 050 20 941:59 - 18 NOH 30 DCM 10 -50 - 237:763
2 TOH 30 DCM 025 20 719:281 - 199 NOH 30 CHCh 10 20 247:753 -
3 TOH 30 DCM 10 50 945:55 995:05 20 NOH 30 CHCh 10 -50 - 218:782
4 TOH 30 DCM 050 50 992:08 - 21 NOH 30 DCE 10 -20 - 651:349
5 TOH 30 DCM 025 50 99.1:09 - 2 NOH 30 PhCl 10 20 211:789 -
6 TOH 30 DCM 013 50 97.4:26 - 23 THNH 30 DCM 10 20 - 214:786
7 TOH 30 DCM 10 -78 489:511 - 24 CISOH 30 DCM 10 -20 - 819:181
8 TOH 75 DCM 10 50 944:56 - 25 CISOH 30 DCM 10 -50 993:07 986:14
9 TOH 30 CHCh, 10 =20 763:237 - 2% CISOH 15 DCM 10 50 - 992:08
10 TOH 30 CHC, 10 50 735:265 960:40 27 CSOH 10 DCM 10 -50 - 447:553
1 TOH 30 DCE 10 -20 . 866:134 28 CISOH 30 DCM 10 78 689:311 -
12 TOH 30 PhCl 10 20 259:741 - 20 CISOH 30 DCM 050 78 903:97
13 TIOH 30 hexane 10 20 215:785 219:781 30 CSOH 30 DCM 025 78 57.8:422 -
14 TOH 30 MeNO, 10 =20 211:789 - 31 CISOH 30 CHCh 10 -20 - 553:447
15 TOH 30 CS, 10 =20 . 217:783 32 CSOH 30 CHChb 10 50 993:07 995:05
16 TOH 30 CPME 10 -20 . 210:790 33 CISOH 15 CHCh 10 -50 . 566:434

P E. MRS TOa ESHEE T A trans-1,4-—jBHL 7 a~FP U BORESSE S LT, BMEESY @ trans
BASUSETNL LTz, a7 AV KERE T, KR T T/ _8— 7 A4 a 7L L 2V VR £ 12137 ma AL
RS2 LW IORTFEIL, BHEOTIEL L0 SRV IRV ETHMRNEWEEZ Hb,

22-2. trans BALRIGODRRA 728853 T3 T U DERIE~DEA

KU 7 a X5 Z)VR ALY v v Z VR CBEOVERIC L0 1,4- B 7 oY B O trans B LA E
T35 EDholziztd, BV and VB ETITT 2=y 7 and B E a7 Dk~ ik Gz i
WCZORIGOIE AR Z MRS T 52 L & Uiz (& 14) , BT AL e T 7 anF el 5 &,
TVRBHEOBE N L D ISR ROZERII R OO0, BT EORKENSOIMKE (TE B) ISR DA%
PEDSHE N DI SUSHEE DI F AN LB (entries 1-6) . A L7 1 &G D AEIHEN LT DI E -T2
(entries 7-8) , =—T UFEAE AT HIE D BMIZIZE A CHETTET (entries 9-12) . FHI T =/ ¥ EDEE
(ISR UCAMESE L THIT L Cu e, AT VRS2 AT D508 &4 < S LoD 71 3801 S AU 3 TEHEI SHE
o7 (entries 13-14) . ZIVHDOFER LV | BERERERDMAET HLAITITZED T 1 NALIMEIET 7 DI =
Wk DO R REIEKENHEFESNTLE S LHERIND, N BUVRICEHEL A SN T 2=y 7 mas
X U FRER AT R < B LA TS 5705, ZERMED S DIZHAT=EBRIED & DIFEFHEIMES | SHEBIZ

24



2. LB 7 1T B O RERIN ST

A& Th 7= (entries 15-18) . NP U p Ail™ by FAHT HIE T, EEHO O LV IKHTIEH S
HODFEMAVEIEEST LTz (entries 19-20) , =7 /UiEB a4 A L CWDICH B0 LT RIS 2 mlTe s 7 s
FVHREIRKIC I DRER LR D8, Ziudt R RO5|EEE DN Z D USRI F A 258 EL TE %
NUVMLTHD Z &, BROWERTA EOINIEFABR BB LI L TWD 72Dl 7 e b NREIMET
LCWBZENFRNTHD EBZOND, I, U BUBRICT v FHET2A T2 REICBO UL, 7 vFEFRTO
EHALENC L FOSHEARE <M LT, o AT v HEFDS 1 DIHET D720 T, HlHER T O M
bT HREEFE ChOSHERRE UK F LT LE I FER E 27228 (entries 21-22) . m 77 FRIF ISR DK
TabLELTHOOM ET 2T L OB NI/2< (entries 23-24) | p L7 » FIFFTHIM LIS EA~DFHE
DGR SR T2 (entry 25) . ZHUHDFERNG 7 v FBIFA-DO-1 FIZ KO BUSHEDME T L, p D R ZMFIT
KV ZORIGHHE F IR ST D EBZ B, T, o i mLZ 7 v HEF T2 A L TOTh, p AL+ %)
REGTDHATNVHEL R REET DA M VAL OIRE ThIUT, L0 FBICRMEAET L T D
(entries 26-28) , D7 v FIFFH AT HIEICE L THRBRZHIITE, 2 DO 7 v HIRFZ K HHIHREAFH
FRUNZDIZUWT IS NSRS CTdh > 72 (entries 29-34)

K14, Wi T KO DIFRRIAD I LIS

R4 RS R* RS
H H catalyst (30 mol%) H H H H catalyst (30 mol%) H H
DCM (1 M) DCM (1 M)
ﬁ ﬁ ﬁ R7 ﬁ R7

trans : cis (SM) trans : cis (result) trans : cis (SM) trans : cis (result)

ey R RS menod WSS emy ROROR R R RS menor "SSS
1 Et Pr 794:206 A >00.5:<0.5 17 Pr H H H H 409:591 A 98.5:1.5
2 Et Pr 794:206 B >00.5:<0.5 18 Pr H H H H 409:591 B 99.1:09
3 Pr Bu 81.3:18.7 A 952:48 19 Pr H H OEt H 298:702 A 53.5:46.5
4 Pr Bu 81.3:18.7 B 96.6:34 20 Pr H H OEt H 298:702 C 89.5:10.5
5 Pr pentyl 80.5:195 A >00.5:<0.5 21 Pr F H H H 44.9:551 C 446:554
6 Pr pentyl 80.5:195 B 91.1:89 22 Pr F H H H 44.9:551 E 46.2:53.8
7 Pr  3-butenyl 49.5:50.5 A 53.8:46.2 23 Pr H F H H 329:671 A 459:54.1
8 Pr  3-butenyl 49.5:50.5 B 54.8:45.2 24 Pr H F H H 329:671 D 95.1:49
9 Pr OPr 29.3:70.7 A 29.9:701 25 Pr H H F H 48.0:520 A 973:27
10 Pr OPr 29.3:70.7 B 29.9:701 26 Pr F H Me H 395:605 C 96.6:34
1 Pr OPh <0.5:>99.5 A <0.5:>99.5 27 Pr H F Me H 346:654 A 976:24
12  Pr OPh <0.5:>99.5 B <0.5:>99.5 28 Pr H F OMe H 60.1:399 A 935:6.5
13 Pr CHCOEt 36.3:63.7 A 36.1:63.9 29 Pr H F F H 252:748 D 61.7:38.3
14 Pr CH)COEt 36.3:63.7 C 36.1:63.9 30 Pr H F H F 221:779 A 253:74.7
15 Pr Ph 414 :58.6 A 98.8:1.2 31 Pr F F Me H 401:59 E 43.1:56.9
16 Pr Ph 414 :58.6 B 68.7:31.3 32 pentyl F F OEt H 66.1:339 A 68.5:31.5
33 Pr H F Bu F 43.0:57.0 D 82.1:179

34 Pr H F OMe F 287:713 A 40.6:59.4

%A TfOH, -20 °C, 3 h; B -+ CISOsH, -50 °C, 3 h; C -+ TfOH, -20 °C, 18 h; D -~ TfOH, 20 °C, 120 h; E -~ TfOH, 1t, 3 h
bdetermined by GC-FID (entries 1-20) or F NMR (entries 21-34)

B, 7 TN R GFEROSM TR DONNIKED T v T o T ERE D E LT (1K
21) . PO trans (RO P KFET axial RS A L TOD 7o DIZBRERSRATD axial 7K5E & 1312 Hz 5] T

717V 7L, [Alequatorial K3 &1L 3 HZ B Th v 7Y 7 LT (X1, 246 ppm D tt) , —J7, cis{k
25



2. ZEHL 7 1Y B O RRIN R AL

DD equatorial HTANTRES L TN A T2 DI B REENEDASE L ITHTRREE D » 7 ) o Ve Cdo -
7= (BdH, 256 ppm @ septet) , BB axial ST LD OB TI Y N UK & BEEIR SRR
FEDT 7Y 7 ERIT axial /K > equatorial /K3 & 7o TD,

£ Pl 0 HHHHNNHNHHHH
Wb LI B e T LR A

2733Hz

R—\
4648Hz
MWR
12.0-12.3 Hz

9296Hz

21. 37 aA~F NP U FRERO S IESRE

RN T, BRSNS Z AT D -~ O 2 7o (X 22) , Bl OFESR e ZHERIED 4 h %
23-TT7NART ==V TEK 14 D entry 32 \TRIILD KO IUEN LB L LZARWNE BN SOSEZAR N S5
2=y FCTHDHN, 7 a~F VU BEDORICT7 =L a1 S0 Lt B ==L 6 TIEREE R < B ksl T
LTz, —HIAUZT T IMET v HRFFNEASNIZE 7 ==L 7136 10 HIESISETH Y, 0T v 7 v
Y UBRITERST 2B U BROEFBENMUSHAIRENT 2 EHER T 7 7 4 —Th D EBEZAbND, Kil7mo
AR g REED 34,5- M) 7 A T 2 S VS FT O AR T S5 =y P THD LB HIVDHA,
BP0 7 aaF YU B E 345- M) A a7 oV KORIc T 2= LKA 1 O LT E T ==L 8

(IR < BB T LTz, &7 o VBRICIERE LTe B VBRI AR TS 2 2=y N ThoTh,

b 9 — BT IVIE TR BTHBEOHEIRE VT 2 = VEThIUSISEIIdEE SN, 4T FF23-Y
INA T 2 VBT DB 9 ITREDORISHEER L, 345- M) IAA 0T == R AT S
BB 10 128> UTa< Ml < BIEDSHE T LT, ZHud, By DUikE 2 20 5 HE FRE
DIV RKRE 727 = = NVHLNOKRFEDS X PDITHNVAR D F AU DERT D EIZEVEITL T D EE LD,

TFOH (30 mol%) H, —H
Ar/ R—OAr _— Ar/R—O—Ar
DCM (1 M)

-20°C,3 h

trans-6 : cis-6 = 93.6 : 6.4 (36.4 : 63.6) trans-T7 : cis-7=39.6 : 60.4 (31.1 : 68.9)
trans-8 : cis-8 =>99.5 : <0.5 (43.0 : 57.0)

shown as: ratio after reaction (initial ratio) H H R F H H F
O -G
OEt F
19F NMR (7,9-10)
F

GC-FID (8) trans-9 : cis-9=31.2:68.8 (16.5: 83.5)

trans-10 : cis-10 =>99.5 : <0.5 (37.0 : 63.0)

22. “BAEEEAT DT TR LU OBRAD R ESIE



2. LB 7 1T B O RERIN ST

BRROFER LY . HEIC Lo CIREMAME T2 bORHD = LIS, AT, DT ARLT—F L,
HEHET—T VB IOGEHE T NAY FRZIUTEYE L, PTHZAT VB LUV T LR —7 WIRUGHEDK
TRFEECTHD, T T, INOHERSARENICHFEE TEROLOTH DO AR, B s
ITT2HE -7 FN4-Tae ey r ki) ORMMUISZ, NS EREEZ AT HLEWIAFE T TiTo
7= (#15) , BHR=T /L, YT T—T )L I aXTNATFINE—T VB IO = —VEIRIN LT C
TR DR PHESILTWDDITH L, 7AA BRI LIS CIREEE DK TSR 55 & DD FME
{EEERITET L., 202 b, 2T, DT AF N T—T UIARIHCBO TR TERVWERERETH 5
EEZOND, —HTHEHEZNVAY R, MEEMEOREIR - Zd F  EE 72572003 WEHORIERD
BTREEZ RE LS LEBHSELNT & L THEENLERERELTHD LS X5,

# 15, WNIFEINC & 2 RS PHERSR

entry additive trans : cis (GC-FID)

- none 97.1:29
TfOH (30 mol%)

H H additive (1 eq) H H H H 1 EtOAc 21.1:78.9
X OO X O 2 om0 oo

DCM )
trans [ cis-1 (21.2 : 78.8) -20°C, 18 h trans-1 3 CPME 21.3:78.7
4 PhOMe 21.2:788
5 PhF 916:84

PLEXY | REINITT XN E T T B VRS, IERREITE FEE 7 =Ly 7 ani U iHE
IR h7e rans EALETHDH—H T, 77 TNMAIE TR IMEREF T 52 REBIIIARmE THY . R
WARITEL TWDHDLEZ ) TRWEDRH D EfESn 5,

23, ZOMDY 7 v~FP U BRO RIS

U A CBRITRA T TSNS S ZEDNC G BN D BIIE Th D, T/ A ROV DT 7 1
AFYPUBREZFEHE LTEY . M TASCOFEREEYRECH D AT HA RDOLHIZT 7 maFi UBRE L
DR LTALE M B < BN TND, 22T, ZEH 7 n~F BT 7 und o URE SR LAY
(AR ESOS D 278 T,

LB 7 o~ ORI T, 0B ELESN (R 16) . AT maF Y
131,236 KLU B-EHRI ST 2 THEB ORRNZDRAEV T2 60D, WTiLh BRIFRRMAE 252 T 2
M, B ERZ R OE IR D =R —E L, mO/NSRATFAIETHHE T2 & TE S
Z Dol (entries 1-6) , HERMEE ) TR THDOA X AT N) IAAa AR Z)VRUEE, 7 ar AL
RARIINA T FINA 0T H A-Z)VR AT [RIFEO SV TEDTEO B, Bl 44-27 L F 1y
ATV E N SR T HRE THD EE 2D (entries7-9) , U AT LT anFH o bR R
PAEOHEITLCERY |, FHT 1, 24-BEHRNL 4 FEO DT AT LA~ —DMFHET DM, 1HFHE—DLEW~EITR LT
V7= (entries 10-13) , 728, trans (SIS AT AJRE T o 72 A 2 & L BRI ABRE TRE L TURU S,
AP TBI ) F AR T DB DO TH D Z &b, WTho ATV equatorial [ATE 5 2 E IRV E

27



2. ZEHL 7 1Y B O RRIN R AL

LS TND EHER S D,
#16. HERT 7 maSH RO R VAU
R % Re.
MeO catalyst (30 mol%) Mequ q
DCM (1 M)
entry substrate ratio of isomers? R method®  ratio of isomers? (result)

1 1,2-dimethylcyclohexane 146:854 2-Me A 93.8:6.2

2 1,2-dimethylcyclohexane 146:854 2-Me B 89.9:10.1

3 1,3-dimethylcyclohexane 68.0:32.0 3-Me A 945:55

4 1,3-dimethylcyclohexane 68.0:32.0 3-Me B 885:11.5

5 1,4-dimethylcyclohexane 515:485 4-Me A 945:55

6 1,4-dimethylcyclohexane 515:485 4-Me B 96.0:4.0

7 p-menthane 51.4:486 4Pr A 95.8:4.2

8 p-menthane 51.4:486 4Pr C 95.9:4.1

9 p-menthane 51.4:486 4Pr D 956:44

10 1,2 4-trimethylcyclohexane  6.2:0.9:46.1:46.8 2-Me, 4-Me A 914:28:27:31
1" 1,2 4trimethylcyclohexane  6.2:0.9:46.1:46.8 2-Me, 4-Me B 952:16:15:18
12 1,3,5-timethylcyclohexane 788:21.2 3-Me, 5-Me A 94.1:59

13 1,3,5-trimethylcyclohexane 788:21.2 3-Me, 5-Me B 954:46

2determined by GC-MS (recorded in order of retention time)
PA -+ TfOH, -20 °C, 3 h; B *+- CISO4H, -50 °C, 3 h; C --CISOzH, -20 °C, 3 h; D - NfOH, -20 °C, 3 h

DI VB 2 ONMEER LT T 0 ) RBEHADFMHUIZ N TR, —BlEFROTHEOW SRR AR
Mofe (R A7), MEEHLT ) O trans [ cis IO THIUOERATE 1 1 1 BRENORE SEBT 5 Z Li3e<
(entries 1-3) . 2T 7 m EVHA 1 DT 2 HE b SUSORTHE CEMRLOZER L F VD H b7z -T2 (entry
4) , “EHOIE L LTIk 2,6-2 7 1 EUAR L OFEFR R 2-7 F/L-6-7 1 EOUED 2 Fli A V= & 2 A,
Wb i b IRERRAH O FIER B L S, FROIIBAPHMAITR L CTFE B 208 L 7oAl ST E—0 5
KL LTELAT- (entries 5-9) , 1BC NMR fEATIZERBW T, BN ERITOT v — MIEHE R L O TH - T-03 B b
FBIZIT T IRFBEZORRRS 7T N a5 2 TEY | I HFHE—DIRMR~NEZ L TND Z EVnd (K123) . K
EEPNTRIRDEAKTE T 2 T2DIT X B SRS S K D AREDOREITITE > TV VLY, FWEITSTT
FIDOEARN I b DD, $55 < DEMERNEAEL O LT 1 ) ATBNTHE—DILEW~ LR 5
AUFFEFIBIRR R TH D,
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2. LB 7 1T B O RERIN ST

KAT. WiBRT ) BRI VISR

H
0,
R catalyst (30 mol%) H —R
R— : R H
DEM (1 M) (+ enantiomer)

T

entry substrate / ratio of isomers? ratio of isomers® R R method® ratio of isomers® (result)
1 decahydronaphthalene 48.3:51.7 H H A 57.2:42.8
2 decahydronaphthalene 48.3:51.7 H H B 545:455
3 decahydronaphthalene 48.3:51.7 H H C 48.7:51.3
4 2-propyldecahydronaphthalene 18.1:782:3.7 Pr H B 228:77.2:<05
5 2,6-dipropyldecahydronaphthalene 295:128:509:19:50 Pr Pr A 419:15.7:241:17.7:05
6 2,6-dipropyldecahydronaphthalene 295:128:509:19:50 Pr Pr B 57.3:5.0:335:35:08
7 2,6-dipropyldecahydronaphthalene 295:128:509:19:50 Pr Pr C 37.8:74:509:39:<05
8 2-butyl-6-propyldecahydronaphthalene  25.3:2.3:604:17:64 Bu Pr B 942:<05:3.1:27:<05
9 2-butyl-6-propyldecahydronaphthalene 25.3:2.3:604:17:64 Bu Pr C 466:22:29.8:215:<05
2determined by GC-FID (recorded in order of retention time)
®A - TfOH, -20 °C, 3 h; B -+- CISO3H, -50 °C, 3 h; C ---TfOH, -50 °C, 3 h
before isomerization after isomerization
BERZECBEINERIRBNASAREE BY %B S8E B ZIRE3RE EEE & g & 8¢
£2993385555493833JJ888N g8 g2 S g €93 555 388 & g C e
SN\ N = V ¥ V vV \V L N Nl \V | [ | \/
ﬁ
il §| [} ST K )
4‘0 3‘5 3‘0 2‘5 2‘0 ppm T 777:0 R ;; i jv A 2'574 o “2‘0 IR 1T:u;;m
T AR S AR AR AR @ (@ 2l A slhls ey clhs @ R als
TOOEEEONEIENTEREE B e B8 [ EeaEeE s R g B L

X 23. 2-7F/L6-7 O EILTF e Rat 7 & Lo ORMVIGHTED 13C NMR 7% — k

PLEXD, RFEATHRBIOWERE D OO 7 anF - UBRIC b PR B L FETH D L EZ D120,
SROBEEL LTHARDZMBRLEWOT 7 u_ 2 VB~OREM GOz T, AT 1A FEOGRER~
DISHDFRF S D,

24, BEH T a~FY U BRONASERIREAREORKE

LIE, SE# 7 0~ U BROSBIRAORESE L LT, BB FI L= 7 o4 a5
PRIz RN U e, Bilea V2886 b, BRI 2 b DD, %< DFURITR L TNEMETH 2B
BRACKFEIN DIEMRRZ S AE S5 2 A TE B AU bR BRI ©h v | B ko472 59 C-H BRER L
FIS~DISHbHIFCE 5, ZiEHL 7 X VBROSMEF A EEGR S DRI B0 TE, RFERE
NCEZAL-DTNFNE YT a~F U VHERCIERICARIETH Y | —OR AR b A TRECTH
HZEERH U, EARTRENEEREMT D7 7 7 2 —Id, BIHE LTS m e U B0 —=fkfRE HiZ
BT B IINVR I T AL OLEEACRE &R 2 JIE S DA AEFEMEERERRDO A CTH L7280, Ff&mn ki
NAE 72 b DT> TG IRBRAL G A DB CRIMEL T 2 L W o T TRBMEE 0D L5425 (X
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2. ZEHL 7 1Y B O RRIN R AL
24, % 18) .

FF F

F F
O O Craon. —— O om

suitable for isomerization less suitable for isomerization
trans : cis = 32.9 : 67.1 ) cat. TFOH cat. TFOH ( trans : cz:s =31.1:68.9
trans : cis = 95.1 : 4.9 trans : cis = 39.6 : 60.4

24. IBEUGHEDIESY T LB SPEDRIBIRA

#18. RUSMEDFFS

= —
F
H—H
~ >_< />7F
R F

—

@@
@@
Ol

25. F2EIETHFER
GC-MS Dottt

HEE X QP2010 (FEERYERT) & FV =, 517 232 DB-5MS (Agilent, X 30 m, PN££0.25 mm, I 0.25 um) %
D, Fr U7 HAE LT A (iDEH 100 mUmin) 2 V2, SYEEIRERS JOWHEREAE 280 °C, 717 A
IREIE 80 °C C 3 ZfEEHREMREF L7211 10 °C/min OEEEECTHAR L 300 °C BIEZOHTHE T F CERARF LT,

GC-FID D534

HEE X GCATA (BERYER) & V=, 77 23 DB-5MS (Agilent, £ & 30 m, P£0.25 mm, 55 0.25 ym) %
Ry, Fx UTHRAE LTI UL (iEE 90 mUmin) 2V e, SdbEsiEs JOMHEREE X 280 °C, 717 A
TRE13 80 °C 7>5 10 °Clmin D3 TR L 280 °C FllEEf% 2 /yHRIRRF L7,

GPC-RI D14

#E[#13 GL-7400 (GL Sciences) % V7=, 7 21 TSKgel superH5000 (3> —, X 15cm, NS 6 mm, hifk
3um, FL£6.5nm) . TSKgel superH3000 (113 7.5 nm fiiFIRiT) . TSKgel superH2000 (FL1% 2.0 nm IR 35 &
XN TSKgel superH1000 (FL£E 1.0 nm fli[EIRT) 45 1 A% Z OIECEFNERE LTV, 7T AEEE 40 °C ISRE L
7o, BEMHE LCIE THF (0.4 mUmin) Z vz, fHigsid GL-7454 (GL Sciences) % v 7z,

NMR DO HT5(E
$EE X ASCEND %7213 ULTASHIELD PLUS (Bruker) % V-, PEMEMEME L LCT b7 AF LT (H

BIOBRC1ZH1F5 0ppm) Z AV, 'THNMR 5 L OV 9F NMR [ 3FE5H 16 [BC, BC NMR |35 1024 [0]F 7213 256
30




2. LB 7 1T B O RERIN ST

[T ENRIE LT,

B 7 a1 ONIARSERE

BuPPh;Br NiCl, (~===-=-=-=-------- .
H—H KO'Bu H—H Pr NaBH, H—H H—H : H—H H—H
THF EtOH
: trans-1 . cis-1
PrPPh;Br NiCl, ! X
H H KO'Bu H H NaBH, H H H H ' H H H H

trans-1'

<A> TIVIUFIKT, 7INV R T =R AR=U A7 R (5599, 14mmol) (Y U Ltert-7 b
RO THF 7 (1M, 14 mL) Z=IR TN T2 R L. VA U RiRERRL7-, 21Ul 4-(trans4-7' 2 &5
N7 AT V)7 anF Y 2 (222 g, 10 mmol) @ THF (5.0 mL) iz F L CIRRE T 2 IR L=,
ZORUGNEZE~F > (100 mL) &K (45 g) DIREMTICHIT, AREE KR~ 7212 7 T CHE L TR
JE FHE LT, IRz s ) AN 3y B (IR = ~F 5 0) ICTRERL, 7Ax ) 7o 7 L ghE
(R (259g,99%) & LT, “hATH J—L 20mL) BL02-7 18 —L (10mL) IZFf# LT
Kintk, k=72 (1.30g, 10 mmol) A%, KFELARTFEF N U 7L (946 mg, 25 mmol) Z/ &3 DNz 7=
PRI ERIRC 1 BRI L7, FOSIRIC/K (40 mL) 21 T4 (20mLx2) (STl L, AHE 2 ks~
TR N THEE LT I TR LT trans-1 38 X Wcis-1 DIEEH) (0.6:0.4) A HEAOYAEAR (2.26 g, 86%)
& L T2, GC-MS DOfF-ERHE 17.70 min (cis-1) 38X 1817.83 min (trans-1) .
13C{"H} NMR (100 MHz, CDCls) &: 43.6 (0.6*2C), 42.0 (0.4C), 40.6 (0.4C), 39.9, 38.0 (0.6C), 37.7 (0.6C), 37.6
(0.4C), 37.3 (0.6C), 34.7 (0.4C), 33.8 (0.6*2C), 33.71 (0.6*2C), 33.66 (0.4*2C), 33.1 (0.4C), 30.5 (0.4*2C), 30.2
(0.6"4C), 29.9 (0.4C), 29.7 (0.4*2C), 29.3 (0.6C), 25.8 (0.4*2C), 23.10 (0.6C), 23.05 (0.4C), 20.1, 14.5, 14.20 (0.4C),
14.18 (0.6C).

<B> M) 7= 7BENRAR=UL70I R (539 g, 14 mmol) 35 LW 4-(rans-4-7 F /Lo 7 maF L)
Tra~FY /2 (2369, 10 mmol) 725 <A> & EHEOEMET trans-1 B L O trans-1'DIEAY) (0.6 :04) &,
DOHEIR (1.87 9,2 TFE71%) & LTSz, GC-MS OfRFHIER] 17.76 min (frans-1°) 35 X1 17.83 min (trans-1) ,
13C{'H} NMR (100 MHz, CDCls) 5: 43.6 (0.62C), 42.0 (0.4C), 40.6 (0.4C), 39.9 (0.6C), 38.0 (0.6C), 37.9 (0.4C),
37.7 (0.6C), 37.3, 35.8 (0.4C), 34.5 (0.4C), 33.75 (0.6*2C), 33.70 (2C), 30.5 (0.4*2C), 30.1 (0.6*4C), 29.6 (0.4*2C),
29.3,25.8 (0.4*2C), 23.1, 20.6 (0.4C), 20.1 (0.6C), 14.5 (0.6C), 14.4 (0.4C), 14.2.

B 7 anF b1 OFRMERIE (K11, entry 5 D)

TNAIFHLAT, MU 7vdn A% 2R (90.0mg, 0.60mmol) L7 A% (20mL) & DIRA
W2-20 °CIZHAIL, BV 7 mairb1 (529 mg, 2.0 mmol, trans : cis = 21.5 : 78.5) % L CIRNE T 3 HFHH
Uz, ZORUSRICHAIER /K 2 mL) BLOANFY > @ ml) 22 CT=EIR T T MR L, Sbhni- Ak
J& 7 AR~ 7R T TR L, ZOABEET OEW 1 ORI Z GC-FID 12 Toffr L7z & Z A trans : cis

=057 :43 Th-olz, IRWTEMBEZITRNG L, (LA 1 ZEEATRIRY (524 mg, 99%) & L7z, £/, &
31




2. ZEHL 7 1Y B O RRIN R AL

BV A THF WA LA A KPR 1t~ b 25 7 (ST LTz & 2 A B TR A 2.0% 5 A CUT,
H NMR (400 MHz, CDCls) 8: 1.75-1.67 (8H, m), 1.34-1.24 (6H, m), 1.17-1.07 (6H, m), 1.04-0.93 (6H, m), 0.89-0.79
(10H, m).

3C{'H} NMR (100 MHz, CDCls) &: 43.6 (2C), 39.9, 38.0, 37.7, 37.3, 33.73 (2C), 33.68 (2C), 30.1 (4C), 29.3, 23.1,
20.1,14.4,14.2.

EY 7 v 1 QR (11 B8L03 12, entry 5 LIS

TNAFREAT, MU 7uda A% 2R (015060 mmol) L7 um 2%y (1.8mL) & DRANRE
20 °CITHHIL, 1-7H~ 4 ) —)L (B) DY an A% A (0.30-15M, 020 mL) % F Lz, = ORI
12, B 7 maF i1 (529 mg, 2.0 mmol, trans : cis = 21.5: 78.5) %4 N L CREIET 3 MEfHE L7, ZORIG
HRICESFNER/K (2 mL) BRONFY (4 mL) 200x CER FC5 ofReE L. 150 aiE 4 ki~ 7
R NTHPEL, ZOREEH A 1 OEYEA A GC-FID IZTHHT L7, Entries 7-8 [ZOWCIIfiE %
TBIENRHE L CIECIRID 215, ZO—E% THF I LA AR v~ N7 7 7 4 12Tt LT,

By L 1 ORPEHUET (£ 13)

TV UER T, il (0.15-0.60 mmol) EVAME (2.0 mL) & ORATEREFTEDIREICHHAIL, Ev 7 a~Fy
/L1 (529 mg, 2.0 mmol, trans : cis = 21.5: 78.5) % I L CIARE T 3 Bl & 7213 18 itk L7, Z ORIGkIc A
FHEE7K (2 mL) BLUNFV (4 mL) 202 TEIR FC5 iR L, Sohn/- A (e LT=rr A
5 T VTSRO ~F Y U JE) 2 KEilE~ 7220 LTRE L, ZORBE (FIRT) Tolkad 1 o5t
{Att%& GC-FID 12 CTolr L=,

4-(3-T7 T =)V)4-Ta E)LE L 7 a~F ) LEPHRESY) (3% 14, entries 7-8 DIVE) DOEK

1) KOtBu (1.4 eq)
2) H—H
8> 0 Pr—'<:>—<:>:O NiCl, (1+0.1 eq) 0
(2/—< :> NaBH, (2.5+0.25 eq) Ij: H : p— :>
Ph,P o) > Pr o)
(14 eq) THF EIOH
rt, 70+70 min rt, 5 h + overnight
93%
H—H CHO TMSCH,Li(14¢eq)  H,SO, (18.7 eq) H—H /
HCO,H THF t,2h
reflux, 1 h -78°Ctort,2.5h 28% trans : cis =49.5 : 50.5

91%

TNIUFHAT, 2-(1,3-VA4F 24 /W F /N M) 7 2 =)VRAKR=r 5713 K (25.0 g, 55 mmol) &
THF (40 mL) BB A U w7 A tert-7 33 Ro> THF IR (1M, 55 mL) 23§ F L CERIEC 70 Shk L=, 55
N2 oA ) RERIRIZ 4-(rans-4-7' B BV 7 oL aa~Fh /2 (8.89 g, 40 mmol) @ THF (30 mL)
WA T L CRIRT 70 08 L=, 7K (100 mL) BL U2 (100 mL) Zhiz ToiR L., AHEE 7K (50
mL) . 60% A % —/LKEEHE (50 mL x 2) YRUNT/K (50 mL) 12 CHEd L-i41c, MokRiis~ 7 %7 ICClig
L. JBE NG LT, Sbhitiae 0y 7 —/L (80mL) (TR L. k=>4 (5.18g,40 mmol) Zhx., /K
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FLARYFEF LU A (3789, 0.10 mol) ZIIACIER Lo RPNz a5 B L7~ AL7 (v
DT BT, Hifb=//L (518 mg, 4.0 mmol) 35X OVKHFELAwFHEF RV 74 (378 mg, 10 mmol)
BTN 7= R CRIRIE LT, BOSIRIZK (100 mL) BEOANFH (100 mL) 21z CT= v 7L a%i
e TA NEEIZ L VBRI L, AEZK (50 mLx 2) (2 CHEE LIz1kIc, JoKhifg~ 71w AT
WO L, IR RIS LT 2-(24-(trans4- 7" 11 E /LS 7 i L L) 7 s LU T L) 3-D A4 Y A Al
fk (12.0g,93%) & LCH-,

FRETELNZ 2 (FEHR 13-V A4 %Y (11.9 g, 37 mmol) (ZFEE (37 mL) ANz T 1 BHER L=, Wtk X
JNRIZAK (B0 mL) FXONFH (50 mL) ZHNZ CTHk L., BRgEEZ KL (50 mLx2) Li=IZHKhiiE~ 7+
S LTTHRAR L, BE TIEE L C 34-(rans4- 70 E/LL 7 A L) 7 aaF T a e AU T LT e R
Z ARG (8909, 91%) & L TR,

TNIFEREAT., PR CELNARET VT e K (747 g, 28 mmol) % THF (113 mL) (ZiafiE L C-78 °C |
WAL, Y AT Y VAT F 7 L2 LEE (1M, 40 mb) 23 T L7510 2.5 BT CoRiRE ©
FSRAR Lo B Uiz, 2 ORUSIKICHTE (28.2 mL, 0.53 mol) Zb-< Vil F L, SR T 2 HiER L=, /K
(100 mL) 3BEONFH (100 mL) ZMZ TR L, AHPEZAYE (B0mLx2) Lifkic, AL U 7 AcT
R L. DT RIS L CARE LA A (2.08 g, 28%) L LTE, Z0H0% GCFID S L= & =4,
trans : cis =49.5:50.5 Th -7,

H NMR (400 MHz, CDCl:) &: 5.82 (1H, m), 4.99 (1H, m), 4.92 (1H, m), 2.08-2.00 (2H, m), 1.75-1.68 (6H, m),
1.39-1.23 (8H, m), 1.15-1.11 (5H, m), 0.98-0.85 (10H, m).

13C{'H} NMR (100 MHz, CDCls) &: 139.50 (0.5C), 139.48 (0.5C), 114.0 (0.5C), 113.9 (0.5C), 43.52 (0.5C), 43.51
(0.5C), 41.9 (0.5C), 40.5 (0.5C), 39.9 (0.5*2C), 37.7 (0.5C), 37.6 (0.5C), 37.4 (0.5C), 36.7 (0.5C), 34.2 (0.5C), 33.7
(05*2C), 336 (0.5*2C), 335 (0.5*2C), 32.6 (0.5C), 31.8 (0.5C), 31.3 (0.5C), 30.5 (0.5*2C), 30.1 (0.5*2C), 30.1
(0.5*2C), 29.5 (0.5*2C), 25.7, 20.1, 14.4.

Ta EL=4-Ta ELE LT aanF L4 A )L —T ) LREMHRESY) (3% 14, entries 9-10 OIYE) OEHAK

HC(OPr); (1.1 eq) TFA (4.0 eq)
H H Amberlyst-15 (10 wt%) H H OPr Et;SiH (2.6 eq) H H
PrOH OPr DCM
i, 1d -78°C,1h trans : cis =29.3 : 70.7
99% ; distillation

70%

T FRRT, 4-(trans-4-7 1 /LT 7 a7 a2 (8.89 g, 40 mmol) D 1-7msX ) —u
(40 mL) ¥IRIZAVL B EEE N U 7 e BV (9.52 mL, 44 mmol) 33 1OV Amberlyst-15 (88.9 mg) A /% T=EIET1 H
PR U7, A8 25 U CISIRATRIE RIS L., 4-(rans-4-7 0 ELY 7 oA L) 7 aa~Fd ) D7 m e
T2 — LA IR (12.89,99%) & LT,

TNAACFRHEA T, FEeTELN-T®Z— (11.0g,34mmol) 27 ma A% (68 mL) [ CT-78 °C
WAL, b Y 74 aEE (104 mL, 0.14 mol) YRW\C R Y =F 17 (14.1 mL, 88 mmol) %3 F L CRET
1 BB U7, SO (100 mL) B0 (100 mL) 200z CTHik L, AHE 2 safEsAK (50 mL)
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(TR LT RICH R~ 70 0 WNSTHZR L, JE TR L7, GO AR5 LIick &
LA TR (6.349,70%) & LT, ZDObD%E GC-FID /ot Li—& 24, trans:cis=29.3:70.7 Th
275,

"H NMR (400 MHz, CDCl;) &: 3.46 (1H, m), 3.33 (2H, t, J = 6.6 Hz), 1.83 (1H, m), 1.75-1.72 (4H, m), 1.57 (2H, sext,
J=6.8Hz), 1.41-1.27 (8H, m), 1.14-1.04 (5H, m), 0.97-0.82 (11H, m).

13C{'H} NMR (100 MHz, CDCls) 5: 73.8, 69.3, 42.4, 42.3, 39.9, 37.6, 33.6 (2C), 30.2 (2C), 30.0 (2C), 24.5 (2C), 23.4,
20.1,14.4,10.8.

7 = =/l=cis-4-(trans4-7 o /L7 a~F V)T b —T )L (F 14, entries 11-12 OIE) OERL

PhOH (1.1 eq)
PPhy(12¢eq)  10% Pd/C (2 wi%)
H—H NaBH, (1 eq) H—H H —H DEAD (l.1eq)  H, (balloon) H—H H—H

EtOH PhMe EtOH
rt, 1 h t, overnight rt,5h
80% < H—" >

4-(trans-4-7' 1 E L7 manF L)y aasF v (17.8 g, 80 mmol) DX/ —/L (120 mL) IRRIZ=ER T
TARFELARTFEF U T4 (3.02g, 80 mmol) ZRIAITIEE L3 /B Oz, [FRET 1 R L, MG
WRITKEMA CTEEZATH S, W EERE, KL Tz L7z, foncEBEREZ~F o0 bifbam L,
trans-4-(trans-4- 71 B /L2 7 A I V) U7 aaF ) —LE A afEiR s LT,

TNIVERAT, FrtciEbniz7/ra— (2249,10mmol) . 7=/ —/L (1.04g, 11 mmol) BLO KV 7
T=/VARAT (315 g, 12 mmol) & ~vx (10 mL) (TR L, 7Y HNVR BT =FND MV AR
(22M,4.99 mL) % T L CERIR TR L=, FORRICT U 1490 (10Q) 2INZ CIREATEE S, T T
BEARE B LTARIS AT TRl ata i U, TR T L. #FE L THTH L2 ) ALkt 282
L. POV MEfE L TR A ST, ZObOI38ET 2MBESUNER Th 5 4-(rans-4-7" 1 E/LS 7 s
XLV anF U EE ATV, =4 ) —)L (20 mL) T T 10%/ 37 U0 AR (20 mg) fildiia v Ok
FHRIVK T, =I5 B L CRELAW & trans-4-7 1 ELE S 7 3L & OIREY & AR (240 g,
<80%) & LT,

H NMR (400 MHz, CDCls, impurity omitted) &: 7.29-7.23 (2H, m, overlap with CHCs), 6.92-6.88 (3H, m), 4.51 (1H,
m), 2.03-2.01 (2H, m), 1.77-1.74 (4H, m), 1.55-1.46 (5H, m), 1.31-1.22 (2H, m), 1.16-1.06 (6H, m), 1.01-0.92 (2H, m),
0.89-0.81 (5H, m).

13C{'H} NMR (100 MHz, CDCls, impurity omitted) 5: 157.8, 129.4 (2C), 120.3, 116.2 (2C), 72.0, 42.7, 42.4, 39.8,
37.6, 33,6 (2C), 30.2 (2C), 29.8 (2C), 24.3 (2C), 20.1, 14.4.
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4-7 0 LB i gL-4-A NP U EMHRESY) (3% 14, entries 15-16 DEYE) OERK

1) CeCl,(1.2 eq)
2) H H

Pr—:<:>—<:>:o H, (balloon)

. H,S0, H—H 10% Pd/C (1 wt%)  H—H
- OO

(1.2 eq) P hexane

THF hexane
278 °C, 1+1 h rt, 30 min t, 6 h trans : cis =41.4 : 58.6
40% 99%

Az ) O LT KFW) (8.94 g, 24 mmol) A ELZEAMENGRE L, 77 /LA L GRHHAUT C THF IR S C-78 °C 12
H LT, ZOBREIRIC T ==V ) F 7LD a~FH - DT )Lo—T LR (1M, 22mL) Z3E FLCREIET
1RFHEIR LTz, Z Zi24-(rans4-7" 0 /LT 7 BTV v 7 a2 (445 g, 20 mmol) @ THF (15 mL)
W2 B L, B2 1 EEER U, BOGIRIZK (A0 mL) BEOANFY 40mL) 2Nz THRIEE THEL, 4
R LT, AEZKNE (B0mLx2) L7fRIZ, HKAlE~ 71w LI THR L, JBE TR L7, 507l
et (20 mb) (SR, BilE (2.5 mL) AN CEEIR T 30 ol L, AlE 2 oK iREE T U o AT THE
L, JBE T LT 4-(trans4-7" 0 E /LS 7 AL 7 ot -4 LB U A& BAER (224 g,
40%) & L7,

FRLTELNZT AV (224 g, 7.9 mmol) 2T (20 mL) ISIAEfR L, 10%/37 20 LfRSE (224 mg) %
INZCTKERPHR T, IR T 6 R Uiz, 7TV RIRR T & LI-BICRIGRE 7 A MR L, IR E
TR L CERE LA A AR (223 g, 99%) & L TR, ZOH D% GC-FID 4t L7 & 24, trans : cis =
414:586 ThoT-,

H NMR (400 MHz, CDCls) &: 7.31-7.24 (2H, m, overlap with CHCl3), 7.21-7.15 (3H, m), 2.63 (0.6H, m, cis isomer),
2.44 (0.4H, tt, J = 12.2 Hz, 3.4 Hz, trans isomer), 1.93-1.65 (8H, m), 1.51-0.81 (18H, m).

13C{"H} NMR (101 MHz, CDCls) &: 147.9 (0.4C), 147.4 (0.6C), 128.30 (0.4*2C), 128.26 (0.6*2C), 127.1 (0.6*2C),
126.9 (0.4*2C), 125.8 (0.4C), 125.7 (0.6C), 44.8 (0.4C), 43.5 (0.4C), 43.0, 39.9 (0.4C), 39.5 (0.6C), 37.8 (0.4C), 37.5
(0.6C), 37.0 (0.6C), 34.7 (0.4*2C), 33.7 (0.4*2C), 33.6 (0.6*2C), 33.5 (0.6C), 31.1 (0.6*2C), 30.5 (0.4*2C), 30.2
(0.4*2C), 29.4 (0.6*2C), 27.7 (0.6*2C), 20.1, 14.5.

GCMS-El mi/z: 284 [M]* (38.1), 104 [CeHg]* (100).

4-7 0 BN anF ISP UERMARESY) (3% 14, entries 21-22,26,31 DFYE) OEKR

F RS Pr—<:>:o F. R®  10%Pd/C (2 wt%) F RS
base H,S04 H, (balloon)
RS 2 3 > Pr “ Q R® Pr R6
THF -78°C,3 h hexane toluene

-78°C,2h rt, 1 h 100 °C
; distillation

F
O
(R*=Ré=H)

<C> 7NAVFHR T, 7/vAn~_ B (450mL, 48 mmol) (24 U v Atert-7 b33 RO THF AR (1M, 44
mL) 2%, 78 °CITAEILT=, ZORAET -7 T F7 ADO~FH 4 (2.67M, 165mL) 2 T L. [7
IR CTRHEHREE LT 500727 U — ) F 0 DRI LSS R (4.36 g, 44 mmol) Z 1% CTRIZ 30 /s L,
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WNTA4-T a7 a~Ft 7 2 (6.19 mL, 40 mmol) %4 N LT 90 ZffliidE L7-, SOSiRIZK (50 mL) F54:
Ot (60 mL) A NNR CEsi S CRbl L72AR ISR L, A 2 SRt b7 &= LOKESIK (20 mLx 2) 12
TUER L, KA~ 70 AT L, P FiEfE L7z, Sbivc iz~ (40mL) ([Cifif L., s
(5.0mL) ZNA TR T 1 RfEEE L7, AHRE A EKRIED U & STz U CRIE MRME L7o, IRtz
WITHR LT naF b L il a iRk (5.119,59%) & LT, Z0Ovr o~ bk (4189, 19
mmol) % kLl (20 mbL) TR L., 10%/37 U0 LS (83.6 mg) Z AN TR T 100 °C C 4 HHl
LT, . TAIUFEHRA T E LIRICET A MNEE L, I8RZRITE MR L C 2-7v4u-1-@-7m ey
7 BTN U A EERIR (267 g,63%) & LTS, ZOH0E YFNMR T L7c& 24, trans : cis =
44.9:551 Th-o7z,

H NMR (400 MHz, CDCls) &: 7.24 (1H, m, overlap with CHCls), 7.14 (1H, m), 7.07 (1H, tt, J = 8.8 Hz, 1.4 Hz), 6.98
(1H, ddd, J = 10.6 Hz, 8.0 Hz, 1.4 Hz), 2.83 (1H, m), 1.88-1.02 (13H, m, overlap with H20), 0.93 (0.6*3H, t, J = 7.2
Hz), 0.90 (0.4*3H, t, J = 7.2 Hz).

13C{"H} NMR (100 MHz, CDCls) &: 160.7 (1C, d, Wcr = 245 Hz), 134.4 (0.6C, d, 2)cr = 14.4 Hz), 134.3 (0.4C, d, Zcr
=146 Hz), 127.8 (0.6C, d, 3Jcr = 5.4 Hz), 127.6 (0.4C, d, *Jcr = 5.2 Hz), 127.0 (1C, d, 3Jcr = 8.4 Hz), 124.0 (0.4C, d,
4Jcr = 3.8 Hz), 132.9 (0.6C, d, “Jcr = 3.6 Hz), 115.20 (0.6C, d, 2Jcr = 23.0 Hz), 115.17 (0.4C, d, 2Jcr = 22.9 Hz), 39.7
(0.4C), 37.2 (0.4C), 37.1, 33.7 (0.6C), 33.5 (0.4*2C), 32.9 (0.4*2C), 32.3 (0.6C), 30.2 (0.6*2C), 27.5 (0.6*2C), 20.9
(0.6C), 20.0 (0.4C), 14.41 (0.4C), 14.38 (0.6C).

F{'H} NMR (376 MHz, CDCl) &: -119.3 (0.6F, s, cis isomer), -119.5 (0.4F, s, trans isomer).

F

(R°=H, R® = Me)

TITUFIR T, 3-7/44 1 brxy (5.74ml, 52 mmol) % THF (32 mL) (ZiafiE L, -78 °ClTmEI Lz, =
DERRIZ sec-7 TN F 7 LDT 7 anFth -~FH IR (1.06 M, 41.5 mL) 2z ClRRE T 2 R L, &
WT4-T ey aaFi s 2 (6.19 mL, 40 mmol) Zi F LT 2 R L7s, DBRE <C> L [RkkOEMEE
T, 37 A n4-G-F a7 aaF L) Mo s AR (564 g, 60%) & LT, ZOHD% 9F
NMR Z3#r L7 & Z A, trans:cis=39.5:60.5 THh-7=,

'H NMR (400 MHz, CDCl3) &: 7.13 (0.6*1H, t, J = 7.9 Hz), 7.09 (0.4*1H, t, J = 7.8 Hz), 6.88 (1H, d, J = 7.8 Hz), 6.81
(1H, d, J = 11.5 Hz), 2.80 (1H, m), 2.30 (3H, s), 1.86-1.05 (13H, m, overlap with H-0), 0.93 (0.6*3H, t, J = 7.2 Hz),
0.90 (0.4*3H,t,J=7.1 Hz).

3C{'H} NMR (101 MHz, CDCls) 5: 160.6 (1C, d, *Jcr = 244.3 Hz), 137.2 (1C, d, 3Jcr = 8.1 Hz), 131.3 (0.6C, d, XJcr
=14.7 Hz), 131.2 (0.4C, d, 2Jcr = 14.8 Hz), 127.6 (0.6C, d, %Jcr = 5.9 Hz), 127.3 (0.4C, d, *Jor = 5.9 Hz), 124.6 (0.4C,
d, 9Jcr = 3.0 Hz), 124.5 (0.6C, d, “Jcr = 2.9 Hz), 115.82 (0.6C, d, 2Jcr = 22.9 Hz), 115.79 (0.4C, d, 2Jcr = 22.8 Hz),
39.8 (0.4C), 37.1 (0.4C), 37.0 (0.4C), 36.8 (0.6C), 33.8 (0.6C), 33.6 (0.4*2C), 33.0 (0.4*2C), 32.3 (0.6C), 30.3
(0.6*2C), 27.6 (0.6*2C), 21.0 (0.6C), 20.8 (1C, d, “Jcr = 1.1 Hz), , 20.1 (0.4C), 14.41 (0.4C), 14.38 (0.6C).
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F{'H} NMR (376 MHz, CDCl) &: -120.2 (0.6F, s, cis isomer), -120.5 (0.4F, s, trans isomer).

FF

(R°=F,R®=Me)

TN FHA T, 2,3-Y 74 e hvx (544 mL, 48 mmol) % THF (48 mL) (Zi&fi# L. -78 °C (T L=,
ORI n-T TN F 7 DONFHARIR (2.65M, 16 mL) A N2 CTRRE T 2 BfEFER L, kW T4 ey
7 u~FH 2 (6.19mL, 40 mmol) Z LT 2 BfifiFR L7z, DIEHE <C> LIRERODEEEITV, 23-0 704
B-4-(4-7' 2 BV T aaF L) BV B EHEIR (6.919,68%) & LT, ZOH0% FNMR 4T L7 &
Z A, trans:cis=40.1:59.9 Th-7-,

H NMR (400 MHz, CDCls) &: 6.90-6.82 (2H, m), 2.82 (1H, m), 2.255 (0.6*3H, d, “Ju = 1.7 Hz), 2.253 (0.4*3H, d,
“Jue = 1.5 Hz), 1.86-1.05 (13H, m, overlap with H20), 0.92 (0.6*3H, t, J = 7.1 Hz) 0.90 (0.4*3H, t, J = 7.2 Hz).

3C{'H} NMR (101 MHz, CDCls) &: 149.29 (0.6C, dd, “Jcr = 245.2 Hz, 2Jcr = 13.7 Hz), 149.26 (0.4C, dd, “Jcr =
2452 Hz, Jcr = 13.7 Hz), 148.7 (0.6C, dd, YJcr = 245.1 Hz, 2Jcr = 12.8 Hz), 148.6 (0.4C, dd, *Jcr = 245.0 Hz, 2Jcr =
12.8 Hz), 134.0 (0.6C, d, 2Jcr = 11.7 Hz), 133.9 (0.4C, d, 2Jcr = 12.4 Hz), 125.2 (1C, m), 123.9 (1C, d, 2Jcr = 13.9 Hz),
121.5 (0.6C, t, “Jcr = 4.3 Hz), 121.2 (0.4C, t, “Jcr = 4.4 Hz), 39.7 (0.4C), 37.2 (0.4C), 37.1 (1C), 33.8 (0.6C), 33.5
(0.4*2C), 33.0 (0.4*2C), 32.3 (0.6C), 30.2 (0.6*2C), 27.5 (0.6*2C), 20.9 (0.6C), 20.1 (0.4C), 14.40 (0.4C), 14.37
(0.6C), 14.1 (1C, t, 3Jcr = 2.8 Hz).

F{'H} NMR (376 MHz, CDCls) &: -143.37 (0.4F, d, J = 20.2 Hz), -143.39 (0.6F, d, J = 20.4 Hz), -145.5 (0.6F, d, J =
19.9 Hz, cis isomer), -145.7 (0.4F, d, J = 20.3 Hz, trans isomer).

4-7 0 BNy anF ISP U ERMHARESY) (3¢ 14, entries 23-25,27-29,34 DFYE) DEK

R® LiCl pr4<:>: R®  10% Pd/C (2 wt%) R®
Mg H,SO, H, (balloon)
Sy O e O
THF rt,3 h hexane toluene

R’ rt,2h rt, 1h 100 °C R7

; distillation
F
e
(R°=F R®=R’=H)

<D> 7N UFHA T, bV F UL (220 g, 52 mmol) BLUHME~ 7% 7 A (1.26 g, 52 mmol) % THF
(48 mL) (Z8E &1, RIROKB ET3-7re7v4n By (5.72ml, 52mmol) Zd-< Vi FL, [FHET2
WHEER L2, = Turbo-Grignard i838I12 4- 7' 0 /LY 7 ot/ > (4.26 mL, 28 mmol) i F L CRIET 3
AR L7, BOSIHATAK (50 mL) 38 X UFH2 (50 mL) 20Nz T L. AHIE4 ki (30 mLx2) L7-#

\ZHEKEE~ 7% 0 MTTHR L, IE T L, 3D A~ (20 mL) (SiAf# L, Filig (5.0 mL)
ZINZ CERIR T 1 R U7, A 2 SR RE T U o TRzl U QIR R L7z, IRHerit A 7R
LTy 7 U iBdhkats, Zhz oy (20mL) (ISR L. 10%/37 20 Mg (103 mg) 20Nz Tk
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FHAUT 100 °C T4 Wil L7z, Mk, 7T RN E LIRICET A Ml L, I8 E FiRiE L C
3T NFuA-4-T ey anF LB A IEEEIR (5.039,83%) & LT, ZOH D% F NMR 43
Hri7z& 2 A, trans:cis=329:67.1 Th-o7o,

H NMR (400 MHz, CDCls) &: 7.23 (1H, m, overlap with CHCl3), 7.00 (0.7H, d, J = 7.7 Hz), 6.97 (0.3H, d, J = 7.7 Hz),
6.95-6.83 (2H, m), 2.57 (0.7H, m), 2.45 (0.3H, tt, J = 12.2 Hz, 3.1 Hz), 1.91-0.99 (13H, m, overlap with H,0), 0.92
(0.7H,t,J =7.0 Hz), 0.90 (0.3H, t, J = 7.4 Hz).

13C{'H} NMR (100 MHz, CDCls) &: 163.0 (1C, d, Wcr = 244.5 Hz), 150.6 (0.3C, d, 3Jcr = 6.6 Hz), 150.4 (0.7C, d,
3Jcr = 6.7 Hz), 129.57 (0.3C, d, 3Jcr = 8.2 Hz), 129.54 (0.7C, d, 3Jcr = 8.4 Hz), 122.6 (0.7C, d, “Jcr = 2.4 Hz), 122.5
(0.3C, d, “Jcr = 2.8 Hz), 113.8 (0.7C, d, 2Jcr = 20.9 Hz), 113.6 (0.3C, d, 2Jcr = 20.7 Hz), 112.5 (0.3C, d, 2Jcr = 21.1
Hz), 112.4 (0.7C, d, 2Jcr = 21.0 Hz), 44.4 (0.3C), 43.4 (0.7C), 39.7 (0.3C), 37.0 (0.3C), 34.20 (0.7C), 34.16 (0.3*2C),
33.5(0.3*2C), 32.6 (0.7C), 30.0 (0.7*2C), 28.8 (0.7*2C), 20.9 (0.7C), 20.0 (0.3C), 14.41 (0.3C), 14.37 (0.7C).

19F{'H} NMR (376 MHz, CDCls) 5: -113.9 (0.3F, s, trans isomer), -114.0 (0.7F, s, cis isomer).

KOO goerr=ppe=p

3T INAORBORDYICA-TaE T AR (568 mL, 52 mmol) & VT <D> LR
BEEATO, 470 F 04T e T s Ve il b LTEATWD 4-7 04 rA-4- 7Ly aaFky
IR BRI (3.90 g, <64%) & LTI, ZOHD%E FNMR 94T L7=& 24, trans : cis =48.0:52.0
T ol
H NMR (400 MHz, CDCls, impurity omitted) &: 7.20-7.13 (2H, m), 6.99-6.93 (2H, m), 2.54 (0.5H, m), 2.44 (0.5H, tt,
J=12.3 Hz, 3.0 Hz), 1.88-1.02 (13H, m, overlap with H>O and impurity), 0.92 (0.5*3H, t, J = 7.1 Hz), 0.90 (0.5*3H, t,
J=7.3Hz).
13C{'"H} NMR (100 MHz, CDCls, impurity omitted) &: 161.15 (0.5C, d, 1Jcr = 243.1 Hz), 161.09 (0.5C, d, YJcr =
2430 Hz), 1435 (0.5C, d, “Jcr = 3.0 Hz), 143.3 (0.5C, d, “Jcr = 3.2 Hz), 128.2 (0.5*2C, d, 3Jcr = 7.8 Hz), 128.1
(0.5*2C, d, 3Jcr = 7.5 Hz), 114.90 (0.5*2C, d, 2Jcr = 20.7 Hz), 114.87 (0.5*2C, d, 2Jcr = 20.9 Hz), 43.9 (0.5C), 43.0
(0.5C), 39.7 (0.5C), 37.0 (0.5C), 34.5 (0.5*2C), 34.1 (0.5C), 33.6 (0.52C), 32.6 (0.5C), 30.1 (0.5*2C), 29.1 (0.5*2C),
20.9 (0.5C), 20.0 (0.5C), 14.41 (0.5C), 14.37 (0.5C).
19F{'H} NMR (376 MHz, CDCls, impurity omitted) &: -118.0 (0.5F, s, trans isomer), -118.1 (0.5F, s, cis isomer).
GCMS-EI: m/z 220 [M]* (23.9), 122 [CeH/F]* (100).

F
(R°=F R =Me, R"=H)

3T uEINFOR P ORDYIC4-T aE2-7 041 b (6.52 mL, 52 mmol) 2V, 47 ey
7 a~FH ) % 6.19 mL (40 mmol) (ZHEE L T <D> & [AERAEMEAI TV, 3-7 VA B 4- A F/L4- 7 a e e
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o VERHME L TEHEATND 2-7 LA H-4-(4-F 1 BV 7 anF L) hLr L iR (540 g, 58%) &
LT, 2060 YFNMR T L7 24, trans:cis=34.6:654 Th-o7,

H NMR (400 MHz, CDCls, impurity omitted) &: 7.07 (1H, m), 6.91-6.83 (2H, m), 2.53 (0.7H, m), 2.42 (0.3H, tt, J =
12.2 Hz, 3.1 Hz), 2.230 (0.3*3H, s), 2.226 (0.7*3H, s), 1.89-1.00 (13H, m, overlap with H20), 0.92 (0.7*3H,t,J=7.0
Hz), 0.90 (0.3*3H, t,J = 7.4 Hz).

3C{'H} NMR (101 MHz, CDCls, impurity omitted) &: 161.4 (1C, d, YJcr = 243.6 Hz), 147.8 (0.3C, d, %Jcr = 6.8 Hz),
147.5(0.7C, d, 3Jcr = 6.7 Hz), 131.1 (0.3C, d, *Jcr = 5.4 Hz), 131.0 (0.7C, d, 3Jcr = 5.5 Hz), 122.3 (0.7C, d, “Jcr = 3.0
Hz), 122.2 (0.3C, d, “Jcr = 3.1 Hz), 121.8 (0.3C, d, 2Jce = 17.3 Hz), 121.7 (0.7C, d, 2Jcr = 17.1 Hz), 113.4 (0.7C, d,
2)ce = 21.9 Hz), 113.2 (0.3C, d, ZJcr = 21.7 Hz), 44.1 (0.3C), 43.0 (0.7C), 39.7 (0.3C), 37.0 (0.3C), 34.3 (0.3*2C),
34.2 (0.7C), 33,5 (0.3*2C), 32.7 (0.7C), 30.0 (0.7*2C), 28.9 (0.7*2C), 20.9 (0.7C), 20.1 (0.3C), 14.41 (0.3C), 14.37
(0.7C), 14.1 (1C, d, 3Jcr = 3.5 Hz).

19F{'H} NMR (376 MHz, CDCls, impurity omitted) &: -118.2 (0.3F, s, trans isomer), -118.3 (0.7F, s, cis isomer).

F

(R°=R°=F,R"=H)

3T uEINFORP U ORDVICA-T BT 2-D 7Aoo E L (589 mL, 52 mmol) &V, 47
N7t % 6.19mL (40 mmol) (ZHEE LT <D> ERERZREMEZIT, 1,2-V 7 A a4-4-7a ey
7 aNF L)W AR (7819, 82%) & LT, ZOHD%E FNMR o L72& 24, trans: cis =
252:748 ThH-oTz,

H NMR (400 MHz, CDCls) &: 7.08-6.96 (2H, m), 6.91 (1H, m), 2.53 (0.7H, m), 2.42 (0.3H, tt, J = 12.2 Hz, 3.0 Hz),
1.87-0.97 (13H, m, overlap with H20), 0.92 (0.7*3H, t, J = 7.0 Hz), 0.90 (0.3*3H, t, J = 7.3 Hz).

13C{"H} NMR (100 MHz, CDCls) &: 150.2 (1C, dd, 1Jcr = 246.7 Hz, 2Jcr = 12.5 Hz), 148.53 (0.3C, dd, 1Jcr = 245.0
Hz, 2Jcr = 12.7 Hz), 148.46 (0.7C, dd, YJcr = 245.2 Hz, 2Jcr = 12.8 Hz), 144.9 (0.3C, m), 144.6 (0.7C, m), 122.6
(0.7C, dd, 3Jcr = 5.8 Hz, “Jcr = 3.5 Hz), 122.5 (0.3C, dd, *Jcr = 5.9 Hz, “Jcr = 3.6 Hz), 116.74 (0.3C, d, 2Jcr = 16.8
Hz), 116.71 (0.7C, d, ZJcr = 16.7 Hz), 115.6 (0.7C, d, ZJcr = 16.9 Hz), 115.4 (0.3C, d, 2Jcr = 17.0 Hz), 43.9 (0.3C),
42.8 (0.7C), 39.6 (0.3C), 36.9 (0.3C), 34.3 (0.32C), 34.1 (0.7C), 33.4 (0.3"2C), 32.6 (0.7C), 29.9 (0.72C), 28.9
(0.7*2C), 20.8 (0.7C), 20.0 (0.3C), 14.4 (0.3C), 14.3 (0.7C).

®F{'H} NMR (376 MHz, CDCl;) &: -138.7 (0.3F, d, J = 21.8 Hz), -138.8 (0.7F, d, J = 20.5 Hz), -142.6 (0.3F, d, J =
21.8 Hz, trans isomer), -142.7 (0.7F, d, J = 21.2 Hz, cis isomer).

F

F (R®=R’=F,R® = 0OMe)
3T aETNAUR B ORDIZ4- T rE26-C7A T =Y —L (10.0 g, 45 mmol) ZHV, 4-7a
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N7 a~F ) % 6.19mL (40 mmol) ([ZHERE L C <D> LA EMEAT T, 26-V 7 VA n4-4-7 o ey
I AT V)T = — )V EEIRIR (6.259,58%) & LTI, ZOH D% FNMR 4t L7- & 24, trans : cis =
287:713 Tholz,

H NMR (400 MHz, CDCl) &: 6.79-6.70 (2H, m), 3.96-3.95 (3H, m), 2.49 (0.7H, m), 2.38 (0.3H, t, J = 12.3 Hz, 3.0
Hz), 1.87-0.97 (13H, m, overlap with H,0), 0.92 (0.7*3H, t, J = 7.0 Hz), 0.90 (0.3*3H, t, J = 7.4 Hz).

13C{'H} NMR (101 MHz, CDCls) &: 155.6 (2C, dd, YJcr = 247.1 Hz, 3Jcr = 6.4 Hz), 143.5 (0.3C, t, 3Jcr = 7.5 Hz),
1432 (0.7C, 1, 3Jcr = 7.5 Hz), 110-5-110.2 (3C, m), 61.8 (1C, t, “Jer = 2.9 Hz), 43.9 (0.3C), 42.7 (0.7C), 39.6 (0.3C),
36.9 (0.3C), 34.2 (0.7C), 34.1 (0.32C), 33.3 (0.3*2C), 32.6 (0.7C), 29.8 (0.7°2C), 28.7 (0.7°2C), 20.8 (0.7C), 20.0
(0.3C), 14.34 (0.3C), 14.29 (0.7C).

19F{'H} NMR (376 MHz, CDCl3) : -129.5 (0.3*2F, s, trans isomer), -129.6 (0.7*2F, s, cis isomer).

F

(R°=F,R®=0OMe,R’=H)

3T uETINAORBORDVIZA-T aE2-7 VA u T =Y —)L (666 mL, 52 mmol) ZH\, 4-7 e
v aa~F Y & 6.19mL (40 mmol) (THEE L C <D> E AR EAL TV, AfERE ST, hES
WS L, 78 °CIZHEI LT L7= trans & (1.33 g, 13%) 2 L. 15 DAV IA T TG L, 2-7 04
04-(4-7 LS 7 O~V T = — )i LT A ER (162 g, 16%) & LT, Db Dz
L TRl —LSETOFNMR 04T L7= & Z A, trans :cis =60.1:39.9 Th -7z, B LISV DEICIE
MDY 7mm A2 AR E LTV,

H NMR (400 MHz, CDCls) 5: 6.98-6.85 (3H, m), 3.863 (0.4*3H, s), 3.860 (0.6*3H, s), 2.50 (0.4H, m), 2.38 (0.6H, t,
J=122Hz, 3.2 Hz), 1.87-1.00 (13H, m, overlap with H20), 0.92 (0.4*3H, t, J = 7.2 Hz), 0.90 (0.6*3H, t, J = 7.4 Hz).
13C{'"H} NMR (101 MHz, CDCl) &: 1524 (1C, d, Wcr = 244.7 Hz), 145.5 (0.6C, d, 2Jcr = 10.8 Hz), 145.4 (0.4C, d,
2Jcr = 10.6 Hz), 141.3 (0.6C, d, *Jcr = 5.6 Hz), 141.0 (0.4C, d, 3Jcr = 5.4 Hz), 122.3 (0.4C, d, 3Jcr = 3.5 Hz), 122.1
(0.6C, d, 3Jcr = 3.3 Hz), 114.6 (0.4C, d, 2Jcr = 17.0 Hz), 114.5 (0.6C, d, 2Jcr = 17.5 Hz), 113.44 (0.6C, d, *Jcr = 2.1
Hz), 113.41 (0.4C, d, “Jcr = 1.8 Hz), 56.4 (1C), 43.7 (0.6C), 42.5 (0.4C), 39.7 (0.4C), 37.0 (0.6C), 34.4 (0.6*2C), 34.2
(0.4C), 33,5 (0.6*2C), 32.7 (0.4C), 30.0 (0.4*2C), 29.0 (0.4*2C), 20.8 (0.4C), 20.0 (0.6C), 14.40 (0.6C), 14.36 (0.4C).
19F{'H} NMR (376 MHz, CDCls) 5: -135.79 (0.6F, s, trans isomer), -135.82 (0.4F, s, cis isomer).

35-U 7N A a1-(4-F e e T anF WP U BHRIESY) (G2 14, entry 30 DEVED) DAL

ZnCl, (10 mol%)

F LiCl F 10% Pd/C (2 wt%) F
Mg Pr HS0, H, (balloon)
sr = O
THF ambient temp., 3 h hexane toluene
F ambient temp., 2 h rt, 1 h 100°C, 4 h F

; distillation
69%

<E> TIVIUEFEHA T, #bYF UL (220 g, 52 mmol) BLOUHK~ 7R 7 A (1.26 g, 52 mmol) % THF
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(48 mL) |[JRE S, | T5- 7 nE-13-U 7 AP (595mL, 52mmol) & 20 4N T FL (M F
H LN T2 LIES < 1X THF 23082 K D8R L CU) | 4 IEIEFR L7=, = Turbo-Grignard iA3EI 2k
iAo THF %% (0.5 M, 8.0 mL) AN C 30 SR L7=t5. 4-7 1 ELs 7 a4/ L (6.19 mL, 40 mmol)
Z FLUC (BOSENT LD LIRS &) « 3 RFEHRFR L7z, SOSRIZK (50 mL) F8 K UFH2 (50 mL) &Nz
TR L., AEZKE (30 mLx2) L7cRIZEKEifE~ 742 7 MITHE L, J8IE TiRiE L7z, #3DITcFRiE
ety (A0 mL) (SR L. Bl (5.0 mL) ZANZ CERIR T 1 REIRER U714, AE 2 BoKREE D U 7 AIZT
Rz U CIRUE T s L, IR 2 by (40 mL) IR L, 10%/37 20 Lkde (160 mg) Nz CkE
PHACT 100 °C T4 Rifrifiifr L, mtk, 7V 55T & LI T Mgl L, A 0E TiE L7,
IEHETRIE 2 I 7R L CFE L A% IR (5.76 9,60%) & LTHT, Z0OH0% YFNMR T Li& 25,
trans:cis=22.1:77.9 Th-o7-,

"H NMR (400 MHz, CDCls) &: 6.77-6.69 (2H, m), 6.60 (1H, tt, J = 9.0 Hz, 2.3 Hz), 2.55 (0.8H, m), 2.45 (0.2H, tt, J =
12.2 Hz, 3.2 Hz), 1.88-0.97 (13H, m, overlap with H20), 0.92 (0.8*3H, t, J = 7.0 Hz), 0.90 (0.2*3H, t, J = 7.4 Hz).
F{'H} NMR (376 MHz, CDCls) &: -110.9 (0.2*2F, s, trans isomer), -111.0 (0.8*2F, s, cis isomer).

4-TF )35V 7 )N A T-A-(4-T 2 IV 7 a~F )W) P U BIEHRNESY (3 14, entry 33 OIVE) DA

F 1) "BuLi (1.1 eq) PrPPh;Br (1.4 eq) F Et 10% Pd/C (5 wt%) F
2) DMF (4.0 eq) KO‘Bu (1.4 eq) / H, (balloon)
) Q —~ Q —0 Q &
THF THF 2- mcthoxycthdnol
-78°C,2+2 h 100°C, 8 h F

 disillation 63%
TNIUFR T, #E <BE> 2B A[HKkE LTHELNZ 13-V 74 r-5-@-7r Ly 7 a4
SR (7.449,30 mmol) % THF (30 mL) (Z¥AfiE L T-78 °C ITHEIL, 7T/ F 17 ADO~FH AR (2.65

M, 12.5 mL) ZZ CRIE T 2 BEIFER L7z, BUSIRIZ DMF (3.08 mL, 40 mmol) %+ L CIRRE T 2 Bk L

7%, 7K (50 mL) I EUFH (B0mL) N2 THk L. AREZ/KYE (30 mLx2) L7c#&IZEKEE~ 7

T NITHIR L, IE TG L T 26-Y 704 e4-@-7a ey 7 andt o A-A WU RT VT b RE

AL LT,

TNAIAVEFERLAT., N 7=/ (Ta )R AR=r A7 0 I R THF (24 mL) (28 S, SROKs BT
AV T Ltert-7 Y RO THF AR (1M, 42mL) 23 F L CRIRT 2 B L=, 20U a1 U RiEile, -
LTHELNET AT RED THF (20 mL) ¥RAE N L ClRIEC 3 I Uiz, SOSIRIZK (100 mL) 3850V~
X (100 mL) 212 T L, ARE A7k (50 mL) . 60% A % / —/LKEE (50 mLx 2) Tk (50 mL) (2
T LRI, BEOKEiE~ 27 2w DI TREEE L I8 P L7, it 202k L C7 7 R A A4S,
TR 2-A PRI /L (20mL) ITEFEL, 10%/ 3T P AR (130 mg) ANz CTREFIHE F 100°C T
8 IEiFE Lic, k. 7V FIR N E LIc&ITET 4 Nl L, IR TE TG L CRE A ik
B (7429,63%) &L LT, ZObD% FNMR p#rLi=& Z A, trans:cis=43.0:57.0 Th-olz,

H NMR (400 MHz, CDCl;) &: 6.74-6.64 (2H, m), 2.61 (2H, t, J = 7.4 Hz), 2.51 (0.6H, m), 2.40 (0.4H, tt, J = 122 Hz,

3.2 Hz), 1.87-0.97 (17H, m, overlap with H20), 0.94-0.88 (6H, m).

13C{'H} NMR (101 MHz, CDCls) &: 161.5 (0.6C, dd, *Jcr = 245.0 Hz, *Jcr = 10.2 Hz), 161.4 (0.4C, dd, *Jcr = 245.1
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Hz, 3Jcr = 10.0 Hz), 148.0 (0.4C, t, 3Jcr = 8.7 Hz), 147.7 (0.6C, t, 3Jcr = 8.7 Hz), 115.1 (0.4C, t, 2Jcr = 21.0 Hz), 115.0
(0.6C, t, 2Jcr = 21.0 Hz), 109.3 (0.6C, dd, 2Jcr = 19.0 Hz, 3Jcr = 7.3 Hz), 109.2 (0.4C, dd, 2Jcr = 18.8 Hz, 2Jcr = 7.2
Hz), 44.1 (0.4C), 42.9 (0.6C), 39.7 (0.4C), 37.0 (0.4C), 34.3 (0.6C), 34.1 (0.42C), 33.4 (0.4*2C), 32.7 (0.6C), 31.8
(1C), 29.9 (0.6*2C), 28.7 (0.6*2C), 22.5 (1C), 21.9 (1C, t, 3Jcr = 2.0 Hz), 20.8 (0.6C), 20.0 (0.4C), 14.4 (0.4C), 14.3
(0.6C), 13.8 (1C).

19F{'"H} NMR (376 MHz, CDCls) 5: -117.09 (0.4*2F, s, trans isomer), -117.13 (0.6*2F, s, cis isomer).

AP OMER. (£ 14)

TN FHAT, filflt (060 mmol) &7 unm X (20mL) & ORAREFTEDRECHEIL, FE (20
mmol, EAIEEICIRY 1 MDY 7 ma A% REE LT 2.0 mL) &3 F L CRIRCHTE ORI Lz, ZOK
IR EIFNEE K (2 mL) BRONFY> (4 mL) 2Nz TSR T ot L., 50 i-AiE % ki~
T3 NCHIER L entries 1-20 (ZOW I Z OFEEF O 7 a~FH L aHERO AL Z GC-FID (2Tl
L. entries 21-34 (2O T Z OFRE ZE FiifE L T2 OFkiEZ F NMR 2Tt L7z,

e 6 FIEEEM DAL

LiC (13 eq) Pr—<:>:O Mg (1.1 eq)
Mg (1.3 eq) H,80, LiCl (1.1 eq) B(OMe); (1.2 eq) ,OH
THF 0°C,2h Hex THF ~rt, overweekend bH

(1.5 eq) 0°C,2h t,1h 0°C,2h 54%
40%

4-bromo-2,3-difluorophenetole (1.0 eq)

K;PO, (3 cq)
PPh; (25 mol%) F, F 10% Pd/C (5 wt%) F, F
Pd(OAc), (5 mol%) H, (balloon)
- oL OO X OO
PhMe PhMe
80°C,26 h 100°C, 16 h
28% 96%

T FHE T B EY F U A (220 g, 52 mmol) 3 X OHIME~ 71w L (1.26 g, 52 mmol) % THF (20 mL)
IR S, KR ET14-U7 m e BUDO THRF K (3M,20 mL) 20 ==2—7 Th-< Vi FL, THF (10
mL) Tt & PE MAA CIRREC 2 BEEEIRE L7=, 2o Turbo-Grignard #{ZEIZ 4-7 1 E/L 7 a7 > (6.19
mL, 40 mmol) Z4ii F LT, [FNE T2 Befefe L7z, SOk (50 mL) I8 X UF42 (650 mL) &z THik
L. AREAZKEE (B0mLx2) LIRS~ 7220 M CHAR L, BT TIRAE L7, S ol fkifz~%
o (40mL) ITHEL, B (5.0 mL) A INA TERIE T 1 BRI L%, AHE 2 MK EEE D ) w7 AT L
TR TIRAE LTz, ISR A A & ) — /M IRR S BT B L C 4-7 2E-1-G-7r ey 7 naFkt s
A-A NN B BRI EER (450 g, 40%) & L TR,

TV FFR T, k) F 7 2 (699 mg, 17 mmol) 38 LUk~ 7% 7 2 (401 mg, 17 mmol) Z &0 BLY |

ZORAEMTKB LT, FRRTHELNEET U —/L (4199, 15 mmol) @ THF (20 mL) ¥iE %3 ~ L CRIE T2
RERER L7=, 2 Turbo-Grignard s3&I 2R g R U A F/1 (2.01 mL, 18 mmol) %4 F L CHARFESIE>> 3
AR Uiz, BOSIRIC 1 N HiE (15 mL) Z01Z2 C 30 0 L7=#, 7K (50 mL) 38 L OWEiE—=F/L (50 mL) %
MZTHER LT, KEazlig—T /v (30 mLx2) (2T L, & LIcAlE s Bokiiig~ 7 120 MMTTHEE LT
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TRIE T ikfE L7, IR e~ U N Il ST ARG IEER L C 4-@-7 m e 7 nanFd 1A )7 = =
Ve g BEER (1999, 54%) & LT

TINAFRAT, 4708237047 h—/L (190 g, 80 mmol) . V=Y A (509 g, 24
mmol) , FELTHELNIZAR U (1.989,81mmol) . FU 7 x=/L7RkA7 ¢ (525 mg, 2.0 mmol) 5 L UWHE
XT3V L (89.8 mg, 040 mmol) &V Y, ZOREASWIZ Fb (10 mL) A512 T 80 °C T 26 IRfi#: L
Tzo Wtk, Nzt 7 A M U7 BRICIEHE 20T T L, iaiitia A 2 —/W I S B 7R s [T8ER
LTC23-U7 A a-dd-4-7a ey okt A1-4 V)7 2 =/V7 =R b—/V&FEEIR (798 mg, 28%) &
LT

FRETCHELNIZT =% b= U RE hb s (20 mL) IS8R L. 10%/3T7 U0 LS (40 mg) ZNZ CKSETRH
S F 100 °C T16 BfifiiFR L7z, mte, 7V FIKT & LIZRICE T A Mt L, I8RARIE MR L CRE
e AR (774 mg, 96%) & LT, ZOHD% HNMR 4T L7-& 25, trans: cis=36.4:63.6 Tb
27,
H NMR (400 MHz, CDCls) 8: 7.44-7.41 (2H, m), 7.31-7.29 (2H, m), 7.09 (1H, m), 6.78 (1H, m), 4.16 (2H, g, J = 7.0
Hz), 2.61 (0.6H, m, cis isomer), 2.51 (0.4H, tt, J = 12.2 Hz, 3.0 Hz, trans isomer), 1.90-1.01 (16H, m, overlap with
H0),0.93 (0.6*3H, t, J = 7.1 Hz), 0.91 (0.4*3H, 1, J = 7.4 Hz).
19F{'H} NMR (376 MHz, CDCls) &: -141.8 (0.6F, d, J = 19.2 Hz), -141.9 (0.4F, d, J = 20.2 Hz), -158.9 (1F, d, J = 19.7
Hz).

e T FVERES WO ERK

1) *BuLi (1.1 eq)
F 2) B(OMe); (1.2 eq)

F
3) MeC(CH,OH); (1.0 eq) o 9\ L
- O
THF o)

-78 °C, 1 h + overnight

~rt,4 h
71%
4-bromo-2,3-difluorophenetole (1.0 eq) F F F 10% Pd/C (5 wt%) F F F
Pd(OAC), (5 + 5 mol%) H, (balloon)
-~ OO — i X OO
DMF PhMe
rt, 1 +2d 100°C, 16 h

; recryst. (Hex) 86%
28%

TAFIRT, BlE <D> (BT 2HRE L TR LILEZ 3714 r-1-4-7 e ey 7 gt 1A L)
~ B (7.26 g, 33 mmol) % THF (72 mL) (ZI&fi# L C-78 °CIZHHIL, sec-7 TN F T LD 7 g~ -
AFH AR (0.99 M, 37 mL) Z4 L ClRRE T 1 RefElfFR Uiz, ZOROSRIZAR R MU AF/L (446 mL, 40
mmol) % T L C-78 °C THAREE L7=1412 R U AFm—/Lm 2 (4.00g, 33 mmol) 1z CHMRFHRL >4
IR U7z, SOSIRATIE FIsiE L. IRl 2~ AT L CatlElis (8.28 g, 71%) %1597,

THTFHEAT, L TELeAR L — ME (3879, 11mmol) | 4-71E23-U 747 ok h—/L (237
g, 10 mmol) 33 LUK/ X7 27 2 (112 mg, 0.50 mmol) Z&EV Eh . ZOIEEWIZ DMF (20 mL) %Nz C=iE
T1 B L, ZORIGKRICHER N7 27 2 (112 mg, 0.50 mmol) @ DMF (2.0 mL) #&&ik 2z CRIE CREIZ
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2 HHR L7=, BOSIICK (30 mL) BE O hvy (50 mL) ZMZ Tk L, KE%a ke (30 mLx 2) 12T
L, & L7oAE a2 EKie~ 7R 7 MTTHZR L, B TR L7z, R ~F Y DT %
ZLICEY, 23-VINFRAR-TNF 44T T E LT anF A V)T ==V T =R bV AR
(1.059,28%) & LT/

FRETHELNZT =R b—/UE%E P (20 mL) (SR L, 10%/37 27 LfRSE (53 mg) Z /R C/RKIRIRH
S F 100 °C T16 Wit L7z, e, 7T FIHA N & LIZRICE T A Ml L, JI8RA TR M L TR
{bEWE AGEER (911 mg, 86%) & LT, ZDOH0% HNMR M LIZE 24, trans: cis=31.1:689 Th
27,

H NMR (400 MHz, CDCls) &: 7.26 (1H, m, overlap with CHClz), 7.09-6.99 (3H, m), 6.79 (1H, m), 4.16 (2H,q,J=7.0
Hz), 2.61 (0.7H, m, cis isomer), 2.53 (0.3H, tt, J = 12.1 Hz, 3.2 Hz, trans isomer), 1.95-1.01 (16H, m, overlap with
H;0), 0.93 (0.7*3H, t, J = 7.0 Hz), 0.91 (0.3*3H, t, J = 7.4 Hz).

F{'H} NMR (376 MHz, CDCls) &: -115.72 (0.3F, d, J = 16.5 Hz), -115.75 (0.7F, d, J = 16.6 Hz), -138.17 (0.7F, dd, J
=16.4 Hz, 6.8 Hz), -138.22 (0.3F, dd, J = 17.6 Hz, 6.8 Hz), -159.0 (1F, d, J = 18.2 Hz).

e 8 FIEAE S D AR

LiC (1.2 eq) Pentyl—<:>:0
Mg (1.2 eq) H,S04
BrOBr > > > PentyIBr
THF rt,2 h Hex

(1.5eq) rt,2 h rt, 1 h
38%

2,4,6-tris(3,4,5-trifluorophenyl)boroxin (0.5 eq)

K,CO5 (1.5 eq)
PPh; (25 mol%) F  10% Pd/C (5 wt%) F
Pd(OAc), (5 mol%) H, (balloon)
e aTats SR eTaTal
PhMe - H,O (1: 1) PhMe
80°C,26 h F 100°C, 6 h E

10%

TN FHET, HbY F U 4 (3059, 72mmol) | Bk~ 7R A (1759, 72mmol) B LM 4- 7 e E
AP (212 g, 90 mmol) ZIRA L. =IEOKE LT THF (40 mL) %4 F L CRRET 2 MR Lz, Zo
Turbo-Grignard 382 4-~0F Ly 7 maFH 7 > (11.3 mL, 60 mmol) 24 F L C, [FIRT 2 B L=, X
TSI (B0 mL) FLONFHL (60 mL) ZMNZTHIK L. BHEAAHE (A0 mLx2) L=t ki~ 7 %
T LITTHIEE L TR TR LT, S0z ~F3 2 (40 mL) IZEfEL. il (5.0mL) ANz T=iET
1 RRHRER L7, A2 BRI U o DT U CRIE MR L7z, IRaiiEa A 2 ) — /W S
BTG EI L T 4-7 0 B1-@- 0 F 7 aandet Ao W)U U AR AR (6.94 g, 38%) & LTHTZ,

TNTVFERE T, i TiEonziZe7 V—1 (6.159,20mmol) | 24,6-~V Z2(34,5- N 7/vA a7 ==)1)
Ay (4.749,10mmol) | ki Y 7 A (4.159,30mmol) . Y 7 ==/LEA7 1 (1.319,5.0 mmol) ¥
FOWHR ST 27 & (225mg, 1.0 mmol) Z &V HY ., ko (15mL) B3LUYK (15 mL) %12 C 80 °C T26
RFEHRIR LT, Wk, BUNREZ IR L, AEZ2K0E 20 mLx2) L, BoKEiiE~ 7% 0 MITHER, BIE T
TR LT, BERE 2~ AR LT U T Xy REE L, IBIRETE FRME L, S0tz A5
— /U IR S CER ARG S L7, ZOERE by (20 mL) (&L, 10%/37 27 Lk (50 mg) %
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NNZCKFEFEHZ T 100 °C T 6 B Lz, Wk, 7AIVFHK R E LI T MNEBE L, I8k
TR L CERE LA A BEER (721 mg, 10%) & LTE7Z, 2O H0% GC-FID /9T Liz& Z A, trans : cis =
43.0:57.0 Th-Tz,

"H NMR (400 MHz, CDCls) &: 7.43-7.41 (2H, m), 7.32-7.28 (2H, m), 7.19-7.12 (2H, m), 2.61 (0.5H, m), 2.51 (0.5H, tt,
J=12.2 Hz, 3.2 Hz), 1.93-1.01 (17H, m, overlpa with H>0), 0.91-0.89 (3H, m).

F{'H} NMR (376 MHz, CDCls) &: -134.5 (2F, d, J = 20.6 Hz), -163.3 (1F, t, J = 20.5 Hz).

e 9 FAEAIEE YO GRL

F F @—O-:o 10% PA/C (5 wi%%) FF
n-BuLi (1.1 eq) H,S0, H, (balloon)
et Ry (e
THF 78°C,2h Hex PhMe

-78°C, 1h rt, 1h 100°C, 6 h
48% quant.

TNAIFHEAT, 470823747 3% h—/L (948 9,40 mmol) % THF (20 mL) (Zi&fiE L7, ZD
Wi A-18 °CIZHHAIL, n-7 TV F 7 LONFT VAR (276 M, 16.6 mL) Z¥i T L ClARET 1 REEREE L=,
ZOT V=NV TFULRRIZA-T == mat ) COTHFEIR (2 M, 20 mL) 43 L CIRIE C 2 Rk
U7z, BOSHRIZAK (B0 mL) 8L hb (60 mL) ANz CEIRE CHIR L72RICHIR L, AisE 2 fufniEtr
R LIKERIR (20 mLx2) (ZCHES L, MK~ 7k AT L, JBIE MR LT, b niiki A
MLy (0 mL) (CHR L. B (5.0 mL) Zh0Z CRIRT 1 BREE Li-1%. AHE A Bk U o AT
B CRIE TG L C. 23-Y 704 04-4-7 ==Ly 7 i r-A-4 V)7 =% h—/L 2GR (6.04 g,
48%) & LT

FEETELNZT =% LA (3.14 9,10 mmol) Z hbm (20 mL) (TR L. 10%/37 27 LR (63 mg)
ZINZCTKEFIAR T 100 °C T 6 RfElfit Uiz, Wk, 7TV FRR T E Lc&ICE T4 MgE L, JERE T
JE e L CREU LA A B b U7 IR (316 g, quant) & LT3, 2O b ODWRIEH 4% F
NMR 53T L7=& Z A, trans:cis=16.5:83.5 Th-o7-,

H NMR (400 MHz, CDCl;) 5: 7.34-7.14 (5H, m, overlap with CHCs), 6.88 (1H, m), 6.66 (1H, m), 4.10 (0.2*2H, g, J =
7.0 Hz), 4.08 (0.82H, g, J = 7.0 Hz), 3.09 (0.8H, m), 2.97 (0.8H, m), 2.89 (0.2H, m), 2.60 (0.2H, m), 2.15-1.58 (8H,
m), 1.44 (0.2*3H, t, J=6.9 Hz), 1.43 (0.8"3H, t, J = 6.9 Hz).

F{'"H} NMR (376 MHz, CDCls) &: -142.0 (0.8F, d, J = 19.1 Hz, cis isomer), -143.2 (0.2F, d, J = 19.1 Hz, trans
isomer), -159.6 (0.2F, d, J = 19.3 Hz), -159.8 (0.8F, d, J = 19.2 Hz).

LB 10 FYHRREY O EHE

F LiCl (1.1 eq) @_O:O 10% Pd/C (2 wt%) F
Mg (1.1 eq) H,SO, H, (balloon)
-~y O-O-C
THF -78°C,2h PhMe
F

Hex
F rt,2h rt, 1h 100°C, 6 h
56% quant.

TN FHA T R F U A (1.87 g, 44 mmol) B LOHIK~ 271> 2 (1.07 g, 44 mmol) % THF (20 mL)
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(B S, FIROKR ETSE-70E123- 8 74P (4.74 mL, 40 mmol) o< DiE L, [FiR
T 2 BEiiEHE L 7=, = Turbo-Grignard #4382 4-7 = =13 7 m~FH 2 o0 THF ik (1.0 M, 40 mmol) %
L CIRREC 2 REfEE L7z, SOSIRIZK (B0 mL) BE O3 (50 mL) ZINZ Tk L. A% ki (30 mL
X 2) L7RRICHKEiE~ 720 NI TR L, I TIRAE L7, SOz~ (20 mL) (Z5fEL .
il (5.0 mL) ZINA T=RIRT 1 BieER Licie, APE 2K U w7 LI Cighi: Ui TR L T 1,2,3-
N I NA05-4-7 ==L 7 s Ao )R L E ARER (6.41g,56%) & LT,

FEETHEEY 7Tk (2889, 10mmol) Z kbl (20 mL) (TR L. 10%2 37 2 LkEE (57.6 mg)
ZINZCKFEFFFAK T 100 °C T4 Rk Uiz, Wk, 7TV FIK TS L7e&RICE T M@ L, J8RAT
JETESELT1,23- MY 70410547 ==Ly 7 aanF W) _uP o 2R (2.90 g, quant) & LTHE-
ZDOHD% YFNMR 7T LIz 24, trans:cis=37.0:63.0 Th o7z,

H NMR (400 MHz, CDCls) &: 7.33-7.14 (5H, m, overlap with CHCls), 6.91-6.81 (2H, m), 2.91-2.81 (0.6°2H, m),
2.61-2.51 (0.4*2H, m), 2.05-1.48 (8H, m).

19F{'H} NMR (376 MHz, CDCls) &: -135.2 (0.4F, d, J = 20.5 Hz), -135.3 (0.6F, d, J = 20.5 Hz), -164.6 (0.4F, t, J = 20.5
Hz, trans isomer), -164.9 (0.6F, t, J = 20.6 Hz, cis isomer).

S ISP OMER. (X 22)

T FEREAT, M 7ud v X4 2R (90.0mg, 0.60mmol) &7 mm A4 (20mL) & DG
WA-20 CIZHEIL, FEOY 7 vn A X2 ARE (1M, 2.0 mL) 24 F U CRIET 3 ERE L=, 2 ORIGNRIC
fFNEE/K 2 mL) BLONFTY (@ mL) 212 CEIR T T iR L, SO a2 IoKhiE~ 7 %>
U LTHAR L, LAY 8 12HOW TR OB DL 7 o~ LR AD FMEA 2 GCFID (2 THHT L. #h
LISHNZOWTIR Z OFHEAIRIE ik L T 02 NMR IZTHMT LT,

NN & 2 FUCPHETR (£ 15)

T EFERET, MY 7vdm 22 2V R (90.0 mg, 0.60mmol) &7 ara A K (20mL) & DR
#5720 °CIZMAEIL, W (2.0 mmol) Z Iz 7z, IRWTEY Y m~F b1 (529 mg, 2.0 mmol, trans : cis =
215:78.5) % F L ClAiEC 3 KEEHHE L=, ZORISIICAIIER /K (2 mL) SL0FH @ml) &z
R TS oML, B3O ARE A K~ 7R U LA THREL, ZOAETOEY 7 e F 1o

FMERLEA GC-FID (2 CTholir Lz,

FEEE FHETAOMER. (5 16)

TN FHAT, il (060 mmol) &7 A%y (20mL) & ORATREFTEDEEICHAIL, FE (20
mmol) %% N L ClRIEC 3 REifIE L7z, ZOMUNKICEFIEE /K @mL) BLOYZ7am 2% (4ml) Znx
TER TS5 ML, AHEZIKIREERD Y ¥ A CTHREL, ZORMETOY 7 maS3 3RO BIERLE
% GC-MS (%1 7 AL 40 °C T 2 ZfElEfeR: L7 ICHTHE T % T 12 °Clmin O THAR) (2THtr L,
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A B ATHIIRD trans (R 2 (RIS THHT L. {REHFE 6.9 min 23 trans &, & 5 — O 7.1 min % cis /&
ThdEREL,

2- 70 )Tk Rut 7 X LU SRRSO AR

1) pyrrolidine (2 eq), toluene, azeotropic reflux, 3 h

2) MVK (1.25 eq), toluene, reflux, 6 h 10% Pd/C (2 wt%) H KOH (3 eq) H
3) NaOMe (1 eq), MeOH, rt, 1.5 h H, (balloon) H O NH,NH,-H,0 (3 eq) H
Pr—<:>:O Pr —> Pr
EtOH H ethylene glycol H

rt, 6 h 180°C,2h
45% (4 steps) 180 °C to rt, overnight
22%

<F> TILIUFEK T, 47 ne Ny s~/ v (2559,0.18 mol) @ kbl (100 mL) Rice e Uy
> (30 mL, 0.36 mol) Z/Nz., Dean-Stark #&E2{; L-CHIPMIK L7eid 5 3R Uiz, SUGNEND hlo i,
KBIOER Y DU EREL, L MLy (140 mL) [ZEfREL, AT L E =/ o (20 mL, 0.24 mol) Z 1
Z.C 6 WHEIBNGEE LTz, SULNENS vy Ea U VU BLUAT A= N2 EL, FREEAX ) —
Jb (120 mL) (2R L, U 7 A4 R R (9.839,0.18 mol) Z Nz T=RIE T 1.5 B L7, FUSIC 1N
e Nz CHRAI L, 7K (200 mL)F L OWHB=F /L (200 mL) 2Nz Tk L., K@z ‘T (100 mL x 2)
[T L, & LioAiE 2 BoKRTe~ 70 o 0 WS THIEE LT, JRUE TG L7z, Ifekiia— % /—L (120
mL) (R L, 10%/ 37 U AR (150 mg) w12 COKEFHR T, HERT 6 R L=, 73 FHA T
& LTt E T A Mg L, IRIRAIIE FIRHE LT, MR A > VSN T 8 a~ 777 ¢ (BSHEIEE =
A FHATT UL =9:1) ICTRRIL, 227 e AT h e Rt T X L 64 & PR (16.19,45%) &
LTHS7,

FETELNIAEERS o (3.89 g, 20 mmol) ZF LY m—)L (40 mL) (TERfE L. 85% K LA U v
(6.6g,0.10mol) BL VL RF P —kFi¥) (4.86 mL, 0.10 mol) %1% 180 °C T 2 iR L 7=, FUSA#
B LN B Ly 7K @0 mL) BEUANFY> (A0mL) 21z THiE L., AKEE~FH> (40mLx2) (2T
ML, A L7 AHE 2 MoK~ 7 % >0 MR L%, 80T FINE L7, Ifierkid 2 sk L, RE(k
BWEEERRIR (T79 mg, 22%) & L Ci57-, 2O 0% GC-FID 734 L7z & Z A 3 FED BB S, £
DRI IEIZ 18.1:78.2: 3.7 Th o712,
3C{'"H} NMR (101 MHz, CDCl;) &: 43.5 (0.2C), 43.1 (0.2C), 41.1 (0.2C), 40.1 (0.8C), 39.9 (0.2C), 38.2 (0.8C), 37.6
(0.2C), 36.2 (0.8C), 36.1 (0.8C), 34.3 (0.2C), 34.1 (0.2C), 34.0 (0.2C), 33.4 (0.2C), 32.8 (0.8C), 32.6 (0.8C), 32.5
(0.8C), 27.8 (0.8C), 27.2 (0.8C), 26.8 (0.2C), 26.7 (0.2C), 25.9 (0.8C), 21.0 (0.8C), 20.03 (0.2C), 19.99 (0.8C), 14.5
(0.8C), 14.4 (0.2C).

GCMS-El m/z (major isomer): 180 [M]* (19.3), 137 [M-Pr]* (61.0), 81 [CeHg]* (100)
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26-C7u T he Rat 7 & L BHKEEMO AR

H PrPPh;Br (1.4 eq) H, (balloon) H
1&0 KOtBu (1.4 eq) 10% Pd/C (0.5 + 2.5 wt%) i<§>rpr
Pr Pr H
H THF hexane H

0°C,1h rt, overnight + 6 h
50% (2 steps)

TNAIAVEFERLAT., M) 7= a ek AR=r A7 823 R (10.8 g, 28 mmol) @ THF (100 mL) ##&ikiC
KB, DU Atert-7 b2 K (3.14 g, 28 mmol) @ THF (60 mL) ¥4 Iz CIRRE T 1 BillEiR Lz, 2oV
A ) NI <F> 10T BN 270 EAF A E Rad 74 L6742 (3.89 g, 20 mmol) & THF (40
mL) ¥R A N U CRIET 1 BRFREFRER L7z, BOSIRIZK (100mL) B804 (100 mL) Z N2 TR, A
HYB% /K (50 mLx2) UNT 60% A % —/L K (50 mLx2) 1o CPad L. FEKYE (50 mLx2) 7. Mk
YR TLTTHAR L BIE MR LT, IRaRigEL T ) 7y B (IR = ~F80) ICTRRL, 41
T AMRERGT, TR (20 mL) IEEL, 10%737 VU ARFE (20 mg) AN COKEFHA T, =i
TR LT, 7T FRIR T & UTIE A 7 1 Mg LTz & 2 AKRIIINTER L CWRo7eD T,
FEAFHL (20 mL) BET10% 85 U LRE (100 mg) 2V CRKEERE . SRIRT 6 MRIBHE L, 7L
TUFPRT & LT A 7 A MigE U CIRRATRIE FiRiE L, IRt 2 iilEsc U CRELE Y2 EER A
(223 g, 2 TH#E50%) & L H7=, ZOHD% GC-FID [ZTHHT L1z & Z A 5 FEOFMEAS B S, Ok
PREFIRFE OV IAIZ 29.5:12.8:509:1.9:50 TH-o7=,

GCMS-EI m/z (major isomer): 222 [M]* (29.7), 179 [M-P1]* (53.5), 95 [C7H«]* (100)

22T FN6-T U LT HE Rt 7 X LU BHRES DA

H BuPPh;Br (1.4 eq) H Pr H, (balloon) H
1&0 KOtBu (1.4 eq) H)<§>=/ 10% Pd/C (2 wt%) H)<§>v8u
Pr Pr —_—3> Pr H
H THF H EtOH H

-20°C, 1 h rt,6 h
63% quant.

TNAFEHAF, 7FNV M) 7 2= R AR=7 L5712 K (6.33g, 16 mmol) % THF (50 mL) (Z5## SH8C
20°CIZHHAIL A Y 7 htent-7 b R (1.78 g, 16 mmol) @ THF (20 mL) ¥&iiZ Nz CIRRE T 1 B L7,
TV A NABICHEE <F> ICTELIE 227 R EAF A E FaF 74 L 6-4> (220g, 11 mmol) @ THF
(20 mL) ¥ T U CRIETT 1 BEHER U7, ROSIIZK (100 mL) B8 L U4 (100 mL) Zh1Z ToHik L.
FEZK (50 mLx2) RUNT60% A %/ —/LKEER (50 mLx 2) (2 CHas L. FEKPE (50 mLx2) 4. HEKhk
fe~ 7227 DTHIR L, TBUE NIRME L7, MG A S U sy B (R = ~F80) ICTRRIL, 2-
TFVTFoe- TN T e Rat 78 Lo 2 laEk (1.679,63%) & LT,

FRLTHERLNIA VT ¢ AR ) —/L (20 mL) ICHESHE, 10%/37 VU LK (334 mg) 1R TKFE
TS, SR CHRAERIE LT, 7T FRRA T E UClA 71 MEE L CRIREATRE FiRfE L, FEka
Yy IRk (1.85 g, quant) & L 7=, ZDOHD% GC-FID IZTHHT Liz & & A 5 FREEO FMEANEBEH X,
Z DI RRHRE O IEIZ 25.3:2.3:60.4:1.7:6.4 Th-o7-,
13C{'"H} NMR (101 MHz, CDCl;, major 2 isomers) : 43.1 (0.25*2C), 40.82 (0.25C), 40.78 (0.25C), 40.1 (0.6C),
39.9 (0.25C), 38.5 (0.6C), 38.2 (0.6C), 37.9 (0.25C), 37.6 (0.25C), 37.5 (0.6C), 37.3 (0.25C), 36.0 (0.6*2C), 34.1
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(0.252C), 33.5 (0.25C), 33.4 (0.25C), 32.82 (0.6C), 32.79 (0.6C), 32.4 (0.62C), 29.3 (0.25C), 29.2 (0.6C), 27.9
(0.6C), 27.8 (0.6C), 23.0, 20.0, 14.4, 14.2.
GCMS-El m/z (major isomer): 236 [M[* (32.4), 193 [M-Pr]* (19.2), 179 [M-Bu]* (36.1), 95 [C7H1]* (100)

FEE IR OMER. (3% 17)

TSRS, Ml (060mmol) LY/ nn Xy (20mL) EORATHEAFTEDRECARIL, HE (2.0
mmol) Z F L CIRRC 3 BEHE L7, —ORISTICAREE A @mL) BLONF ¥ @ml) 202 TR
TSR L ARE A KR~ 7R T WTHUR L. ZOFABETOT U RO A A GC-FID
(Tt L7,
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3. ZEHL1,3-T 4 %V B O AREIR AR

3. ZE#A3-DA XY UEBROIINERAOEE

F
H,—oH H—0H H—H
FCH| oG
o o
11 F

25. i 3 O EH R LAY

31, 2,5-"BHA3-TAF T U DR T~ DRI R - 1k

RSy FOEERYME L LT, SFEREGME Ae 23D, T OEOHERHEA K EWWE EBEOHINIR ik
EDRL T2 BT, BENEEDIKT, T2 bEE/NRIIFTE 5, BB T, RO S CER RN
DT BJFFAEANT D 2 LI K R MOFER e oMl moOFER e 2RI E 00 FEHIBEL
TRATZD, ARBETIIBERSEDO AT n i A8 AT 20 FaHc B LGtk 2, Bt e L O ERA
T AN TAT B G A EAT LERTIL, fEFORG B SRR LWL Z ENTERD T, —
Ui, Bt UCAIRN 6 BREZAT DEAMICIEONTL, L0 EXREMEOR WHER 2RI TE 2720 Ae &
RESEBEIELZ ENAHETH D (K 26) , FHENEEIZBO T e RMEORE VT b T R T VB
HWLTWD, 7T R RRE TR 2T T INMLY v RFT2HT 57 = = /VERFEE L WD EE1E, R
HIFA & 7 FIRAOFFERCR 2T DB & 72 0 EOORBRRA-T—A L NF L CLE S 72, il
DD 2 b 7o 59 947 RIOREERZIWTL gEREIRDREN 1,3-AFH BN L TRV . ZOHIEhR
13 1,3- VA B 2 (ASHE G LT REIR - OIRMENEIZ LV spd > sp? DFFFI| L7025 2, 3 DO 7 » F- &
1,3- VA XV VERA IR OLAY M IFTIERFICKE 72 Ae 2R T HENTALEW TH D,

As 11.0121

5 g:H 5: ’_Q {OH H: :<<

Ae = 157121

As -5.446-47]

H Ho H
OEt Pr Et

Ag = -3. 8 [46-47] Ag =-7. 3[45-47]

Ae =23. 721

(126, A (7)) 3 X OR AR () (2361 DIERIFEFOEANE & Ae DfE

I DIEEmE LTIFE Ly RIS F 7222720, 0o b alsdfafn 6 BEROSME,
FINTILD trans THD Z ENEEL DN, ZOMKERIVAEEUINETH -7, 7 Ik Rub T UEE
AT A HBEREBDOSAREIRA A I ITTEAR DIC L0 B SNz 723, 1,3-U 4 XY U BRA AT DR AR O
BERAGE R BRI EEGINR <. IR T & 2 —/UERURIZ K D 1§D 0 BIERNES R L THW TS
DOPFURTH D,

32, 2E#13-Tu XU IVB IO OEMEE TATE REDOT R UL
3-21. 57 n-2{trans4-(34,5-F U 7N FA T 2=V aAFUAM3-UAFY L (11) O trans ERAY
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3. ZEME 1,3- VA4 X B OISR REEE
Y%

— IO T TR BALD 25- (& 1,3- DA EIE, $HeT 5 2-EH#L 1,3-7 a s U — L E T LT |
ML DT & Z—/MUSURNT Lo TERRS LD, TERDTEE L TIRNAET DK EIRET 5 2 LIT kWi
JSZAIHIL TRV 21 ZOZRM FTIIE6ND5 2,5- {EH-1,3-2 A Y BB AOS IR S trans : cis = 3 1 1
FREE & i< 720, L & L CTEMZRDIT trans (KD CTH Y | AREL72 cis NIRRT & 0 /08 L=t B b s
OB EAAR Y RS 72N AR CE 2202, BRI BRIEORIRNEEIN TN D, IREELSMIE ZiT %
&6 BERT B X —/UIRERL & L CORIMBI®ATKE % 56, SRR L 72—V E 1 LR =
IEE E DRI THDHT-OIZLERL 6 BERT £ X — LV ONMEFE AR U T D HONEEA LR, 2

TEHIL. TeZ— b s T AT RS UUIRIZ I D IR SR T — & DI AT LT,

EAACE CTH D UAF > 1 OVAFY LB EONHMEFEIE NOESY 12 L W iRE Lz (1X127) . BRI
FIHZRIT 5 311 FREOINMERESHED DO BRI LV GO FEMHRE G5 &L A5 V8 2 (DK
XA BR 4 AL axial /K56 EAHRA LoD 2 &b axial HTlchE A LD LRt liinng, A% R
5 (LDARFRTTAFH L BR 4 (LD equatorial /K3 & IIARBEDN L. O 2 —T757C, A axial /K3 & IFAHEIA L2
LB IH LY axial HISHE LT\ SRt D, Fio, BT = eV POKHE L DAY B 4 (Lo
axial /K% & BN ROND Z Eh, 7 e ELIET equatorial JFTAICHEA L CVD Z & bt s, UbnZ
LMD, VAR UEBRONKRIL trans THDH Z EMERTE B,

=’
i F
) O

W F

27. 234> 11 ® NOE fH

MEOIZ, BKTRRZ LI L LI b T AT 22—/ MERIRICE T D OGIREE « ORI ATV, Z ORI
LZB L= (3 19) , SR T, ML fTp- MLm s VR A% V3813 5 4IRS T & h A R 12
ETNTE RFA3 D R T AT 24— U bhS5elE LT 581 42 FREDRMEKRL O VAW 11 5.2, D% 24 I
757 C 82: 18 F2E & T trans E{LAMEITL (entries 1-9) . -18 °C I CIRKEDSUGELT D & 56 : 44 FEE D FMEAR
AR L7e E F 3RHHNT T R 7 U AT X — LT LT (entries 10-17) . ZHUHLDFERND, R T AT
& —/UEDET T DB TIIEDNT trans BRI AR L, B DIRELL HIZRUWTIEZ ORIHAREYD trans &1k
PEEITLTND EBZ BIND, T 2T, HIMBUKSEHC TR O DIRED DO RPN 31 1 R, SRR TR
SIVDIREORMEARLAN 41 FRETHD Z 0D, RO HA LV & trans foa 5.2 2EAZH D Z EAVhDd
DN, SOSNEE KT SE4E 5 &R E AL Z 572 2o TLE 9 72012 p- Mbm s 2 LR U filfi ol
W72 5 trans oo HITHFFCE NI CE 5, Fio, AlEAZETE U7oEhZdow v Cids < O copi ik
(LR ST (entries 18-20) | ME—FM LSRR ST 1,3- B A[3,5-EA( MU ZvA v AF /W) T = =/F 4
L7 (14) R II=RIEF TR T AT X — T i T L7e< 725 (entries 21-22) FER& 720 . A7/l T 7
Bieiolz,
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3. ZEHL1,3-T 4 %V B O AREIR AR

#19. FT7 AT B —IUUERIRIZ E D VA 1 Aﬁiﬁﬂ‘?\@ﬁiﬁ - JREERRRY

F
CF CF
H acid 3 3
gt o e 25 QL
Me PhMe
F,;C N J\N CF
H H
14

12 (1.1 eq) 13 F temp., time trans / cis-11

entry acid "Z‘r;“c‘)’lﬂ/")‘)t t?:;nép)). (trl‘:i]r?) ratio of 112 trans-11 : cis-11° entry acid ?I[nn;gﬁ?)t t?%‘;' (tlr,;?:) ratio of 112 trans-11 : cis-11°
1 TsOH 1.0 it 5 >99.5% 58.2:41.8 12 TsOH 1.0 -18 30 65.2% 56.7:43.3
2  TsOH 1.0 rt 15 >99.5% 585:415 13 TsOH 1.0 -18 60 80.4% 56.7:43.3
3  TsOH 1.0 rt 30 >99.5% 62.6:37.4 14 TsOH 1.0 -18 20 86.7% 56.7:43.3
4  TsOH 1.0 rt 60 >99.5% 68.2:31.8 15 TsOH 1.0 -18 120 94.9% 57.0:43.0
5 TsOH 1.0 rt 90 >99.5% 71.7:28.3 16 TsOH 1.0 -18 150 97.2% 56.5:43.5
6  TsOH 1.0 it 120 >99.5% 75.1:24.9 17 TsOH 1.0 -18 180 97.5% 56.7:43.3
7  TsOH 1.0 it 150  >99.5% 775:225 18 PPTS 50 rt 180 17.1% 56.4:43.6
8  TsOH 1.0 rt 180  >99.5% 794 :20.6 19 TFA 1.0 80 2880 21.8% 54.3:45.7
9 TsOH 1.0 rt 1440  >99.5% 81.9:18.1 20 BFsELO 1.0 -18 120 53.7% 56.9:43.1
10 TsOH 1.0 -18 5 6.1% 55.0:45.0 21 14 1.0 it 60 <0.5 -
11 TsOH 1.0 -18 15 16.2% 55.7:44.3 22 14 1.0 80 1620 >99.5% 786:214

2determined by GC-MS

WIT, p- PV Z)VIR AR B2 361 DI AR IS5 Z & & Lz (R 20) . RAWKTR, ~e oAbk
fLkE, =T, = baTABBLOT R oHTCIE4 1 BiEORMEERLE G2 722 Lvn, ML LRl
(B L DI T L QD Z &2V % (entries 1-9) . —J7, 7 R, 7 LT, ANARFY RBXUOVKHTIE3:
2 itk DINERI 2 5.2 72780 BRI AR LTo A M RS B L2 2 & 72 <AFE LT C
WD EWND ZERGDDLD, ZHUTRIED VA ABEFAEZ LY p- bV 2V CEROMEREDHES L T D72
ThHLEEZHND (entries 10-14, 19) , KPTHIF IUFFRY M ~LEHE L TN Z D, WU
Td DNVKGIHRIATLEI IV TIIARD THEIT LER & E 2 B, ik T AT 2 — ki ol Tk
(XFHCLE TN T E V0D, SEMEATE T D HFIP o ViR R CIERUEHES T L7220 > - XA R
TR SR EET T L TR Y | RHC HFIP T 9: 1 IGADRERTH D Z & Bili OA A 27220 h
B HZ EEAH LT (entries 15-18) . SUGIRMEE L CA AR E FHOGE, A 40 7 253815191 B
ko trans a5 2 7-—75 (entries 20-25) . BV =0 LRI1T 41 Rtk DEMEIRLL A 52 D12 E o7 (entries
26-28) , I F AL DE MR IR BBA KT L CND EBZDNDN, A XYY T L2 ATFNIE
BT HHOThHErans fba 52 TWD Z ENDH13-UT XA XY U T LRA A AR OXFRERIT &
LRAEOIIEEIND, T=A v O8EL LUL, 7 R 7 drARL— henF Y704 nRA 7 = — MR
T2 HDD, p- ML AR — bR CORETIZ DO A S5 Z LAV 508, ZIUTRUS
SROBEEREDE N L D b D ERHEER SN D, F2,p- MV ZVAR Ui E Nz 7280 & 4 BORAHEFT L7eU (entry
21) 2 e, A A ARRNIAEETIT e < BURE L L TOREIDZ 2> TG LT E 5,
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3. ZEA 1,3-2 A4 Y LB O NTARER AR L

# 20. h?yx7t&~w4ﬁﬂi’ié?ﬁ%%y4r%wﬂﬁ@%ﬁ@ﬁ

F
H TsOH (l mol%) 0 H
pr{ - oHe : {
solvent

12 (1.1 ¢q) 13 F 1, 24 h trans | cis-11

entry solvent ratioof 112 trans-11 : cis-11° entry solvent ratioof 112  trans-11 : cis-112
1 CeHua 94.0% 821:17.8 15 HFIP 96.0% 88.2:11.8
2 cyclo-CeHro 95.9% 80.3:19.7 16 HCOH <0.5% -
3 CHCl; 95.0% 81.1:189 17 AcOH >99.5% 85.3:14.7
4 CeF1a 91.1% 86.8:13.2 18  tert-CsH,.CH,COH  >99.5% 80.7:19.3
5 CPME 95.0% 79.9:20.1 19 H.O 97.4% 60.2:39.8
6 THF 94.7% 779:221 20 [Bmim]BF,4 98.5% 985:15
7 DME 94.4% 786:214 21° [Bmim]BF,4 <0.5 -
8 MeNO, 85.2% 83.1:16.9 22 [Bm,im]BF4 96.0% 978:22
9 Me,CO >99.5% 775:225 23 [Bmim]PFs >99.5% 98.2:1.8
10 NMP >99.5% 58.1:41.9 24 [Emim]OTs >99.5% 69.9:30.1
1 DMPU 92.2% 58.1:41.9 25° [Emim]OTs >99.5% 958:4.2
12 DMI >99.5% 58.9:411 26 [Empy]BF4 >99.5% 829:171
13 DMF >99.5% 62.0:38.0 27 [Empy]OTs >99.5% 736:264
14 DMSO >99.5% 60.2:37.8 28° [Empy]OTs >99.5% 784:216

2determined by GC-MS

Breaction without TSOH

‘reaction temp. =50 °C

A I VY LRA A AREFTEISEITH Z LI X0 & trans BERAOIC 2,5- & 1,3-24 %0 a8k 5
BIDZEERM UM, A A ARKIIEISEAT T 2 S 72 DI THBUL CORITE L TV vy, 22T, A4
EIRAD DM NI A ARG D 2 & & LT, A AN IE DA A5 Th D I b0, 203
w7 & UTIEBROBIRIAIR 2% ORI 2Rt L7z (£ 21) . ZHETT & Mo F12 25k LTHOL T
T, BIESRICE DR TUA 115 LT Mo K12 L& T, 1 liE 7ol 2 o B ko fafkes
I, EEGRIVAERIED A 11 2525 b OBRE-T208, BEFIATEK IR LootEr T e
S, BRI VREENKIESIRI 22 TUIA A ARIR T TORER LR ERRZ 5 2 7 (entries 1-7) . HfbdESH
FEBSHBR VLA AFRIEZR A5 2 LD, p- MLy VR R E IO RONSEC O RS A T2 8 2 A, FITE
U trans FLATRTRER & 2272 (entry 8) o Entry 8 1Z351T HUNERIT 85% Tlro 73, AaFE SR /KIS ki
IR TH LTI FN AT A I 272 2 LD, WEIHHERN I TE 2RVREIR & 7o e, WA C
Y723 AT B Y U DFEIRUKEEROIED AT & b R, iy & b= b VRO 2 fiH 0Tt L7
25, Wb I o b U U AIEHE FORER I 0 ENCE  trans thE 52 DT £ -7 (entries 9-11) , 2R 1
T = T D ORRUKESE T IR LD LR b ODE o T2)s, T 8T 7 A AR L— kDA
SR DT L, S A LRl D trans thAE 52 72 (entries 12-16) , =2 C, p- MV ALK VRS U
¥ LOEIFKEIRF CO trans Feasi HIKS . fEF LB EIR I8N T p- MV ZVR UEBIEFE T O
D3 trans thaE 52 TDD Z EMD, ARIGIZEBWT p- MV 2V g— N7 =4 M SO E R A L
TWD EBZ BILD,
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3. ZEHL1,3-T 4 %V B O AREIR AR

21, RUREHRYSI A A AL ORI B

F
OH H TsOH (1 mol%)
F‘r{ or F‘r{ + OHC F {
OH solvent

15 (1.1 eq) 12 (1.1 eq) 13 F 1,24 h trans | cis-11

entry 12o0r15 solvent trans-11 : cis-11? entry 12o0r15 solvent trans-11 : cis-11°
1 15 sat. LiCl/ H;0 59.6:40.4 9 15 sat. Nal /H;O 67.7:323
2 15 sat. NaCl/ H,O 788:212 10 12 sat. Nal / Me;CO 83.2:16.8
3 15 sat. MgCl,/ H,O 52.8:47.2 11 12 sat. Nal / MeCN 829:17.1
4 15 sat. CoCl,/ H,O 572:428 12 15 sat. NaNO; / H,O 58.6:414
5 15 sat. NiCl,/ H,O 52.8:47.2 13 15 sat. Na;SO, / H,O 56.8:43.2
6 15 sat. CuCl,/ H,O 55.9:44.1 14 15 sat. NaOTs/H,O 49.2:50.8
7 15 sat. ZnCl,/ H,O U.3:57 15 15 sat. NaBF4/H,O 81.9:18.1
8 15 sat. ZnCl,/ H,O 98.8:1.2 16 15 sat. NaSCN / H,O 54.1:459

2determined by GC-MS

Breaction without TSOH

Z 2T AW DEfibliA p- Lo ZOVIR CRED DR~ &2 L CRIBE ORI KEIR AT D 2 & &
L7z (22) s C b &R UIEAE T Cldtrans : cis = 3 : 2 BUE DML 2 52 7=—J7 (entry 1)
CAUTHRFEDBJEH WA 2 B S WG Cld, il ORISR TR ON5 trans tcis =4 1 Z A1 % trans L
whz 7= (enties 2,5and 9) , F7z., Hifbt Y ¥ AEAIRI SHETIEE T CIIAABERD trans He RIS 727>
72bDOO, WM EDEIT L TUVZ (entry 11) o 7235, enties 2 BTN ITHIT DUERIZZIZEI 9% LY
96% CH v | HYLHEHSFIHII TR E 722 o QO BRI TG C X DR Ch o7, AR LfFgage:
THAAMEDORNRPAE Ch o7 L, Hbh D AL il UTHIYRY T 0 AOTTHELR S A YEREREEAMEN Vi
EEET DL, @BEONA ABENEERRFThDH EEZ2 D, o, b O DOEERKT & LIS
HAUOTRFRIED T BiLD, & trans a2 7k F U A St~ 73w b, Sbn oo L S Egh
BROMEE Y T AN THL S KIS DUSAFEED Ol Im S 72, SRR & L CTRVWEBR TSR kD
HENREINEEZ DD,

# 22, MENRMEBRIERE AR 2 A2 A Y o 1 OB Rds T

oo Sesetad
sat. MCl, / aq. HCI

15 (1.1 eq) 30 C 24h trans / cis-11

solubility of MCly solubility of MCl,

entry  sat. MCl/aqg. HCI trans-11 : cis-11? entry sat. MCl/ aq. HCI trans-11 : cis-11°

(9/100 g-H0) (9100 g-H.0)
1 1NHCI - 585:415 7 sat. KCI/ 1N HCI 34.2 59.5:40.5
2 sat. LiCI/0.1 NHCI 835 97.3:27 8 sat. CaCl,/ 0.1 NHCI 745 62.4:37.6
3 sat. NaCl/0.1 NHCI 359 59.9:401 9 sat. CaCl,/ 1N HCI 745 97.9:21
4 sat. NaCl/ 1N HCI 359 686:31.4 10 sat. BaCl,/ 1 NHCI 358 59.9:40.1
5 sat. MgCl,/ 1 N HCI 546 90.0:10.0 1 sat. CeCl;/ 1N HCI N/A 80.4:19.6
6 sat. AICl; / H,O 458 53.5:46.5

2determined by GC-MS

ZHNFETORENCT, JERICE trans ex 52 725030\ o0vd 573, B2 ZEB L. fafuE kL
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3. ZEHA 1,3- U4 %V B OISR AR

DR A e b LTSRS L. Z ORISR 21T O 2L & Ui, THAVE CTOMGRTCIE, PR bR A
BB~ BRSNS A4T > TUAS, &2 TR LA RER L= (5223) . 30 °CITBWTId, RUSHGH 1 i
HIOREAClL trans : cis = 3 1 2 FREE DMPEERRAV AR Ty 7273 RF#ID SR~ 512241 C trans LoD E2S L B 41,
24 IFEOFERTTIEIZ trans (KD A L 72572 (entries 1-5) , 50 °C (23 Cid, 30 °C LY § trans thodim) EviEEse
TH Y BB 9 RER DR CIRE trans (RDA L 727 (entries 7-9) . —F7, BIZFHIRL T 70 °C T
2179 L trans Feodlb] FEE = FEO 0D, trans : cis = 51 1 Bifg THEFTH L 72~ 7= (entries 10-12) , Ziuds:
RR LT A3 M RG2S 70 °C ORIRRECRlEL T Y. BEDSUGS & 7o o TR LA L2 7 BOKE
IR EMHE L CLE S 72D Th D L EZ HILD, Thebb, BRI Z EBWARRIGOFEL 72
HESR D, DT, SINREIIEIIG U CGHERET DUNEERSH D EFZ D,

# 23. FBURNREL I DR b oBHHI

F F
OH H—H o H—H
Pr—<: + OHC— F Pr—<: { F
OH sat. CaCl, / aq. HC1 %
13 F F

15 (1.1 eq) temp., time trans / cis-11

entry temp.(°C) time(h) trans-11:cis-112 entry temp.(°C) time(h) trans-11:cis-11?

1 30 1 583:41.7 7 50 1 67.7:32.3
2 30 3 65.2:34.8 8 50 3 9022:78
3 30 9 91.1:89 9 50 9 98.7:1.3
4 30 24 97.9:21 10 70 1 756:244
5 30 72 984:16 1 70 3 84.6:154
6° 30 24 975:25 12 70 9 83.1:16.9
2determined by GC-MS
breaction without stirring

AROFRER LY | SBIA NG D 1 N R Tl R S E T8, ko0 AafifnSE7- 1N
FEHCIIIERICE trans b~ & B LD T35 Z &MV o Cnb T, b v o NIRRT 2 el T 5
Tl LT (E24)  HUEI T T AARE (entry 1) SfEFN (entry 7) ORI 5 SO L L TSIV &
ZA, Bt D DREEDSEE L trans oA 52, BRI REEE TR trans thodin) F3d D Z & 03y
ol HALIN T MR CAKFIETERR T 5 2 EDVHIBIVTN D23, BIRAKIRIROK EHb vy o
BVHUR 75 LERSNDTZD, DD DA A ATENL L TR SEREO /K FMb TH 7R < ZORBRIRER
Bindm trans LA G LD TH D B 2 Hivd,
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3. ZEHL1,3-T 4 %V B O AREIR AR

#24. Zoiﬁ{ ANV DERIROIRE L1565 “/“ﬂ‘:\’**f‘/ 11 DEMERELOFERY

0 H
+ OHC —<:
CaCl,/ 1 N HCI

30°C,24h
15 (1.1 eq) trans / cis-11 o\° 80
concentration of H,O/ CaCl, A1 e qqa :
ety  “CaChwt%)  (mol/mol)  Tansiosl A 60
G
1 0.0 - 585:415 ©
o
2 26 203 60.5:39.5 = 40
3 327 122 64.3:357 -
< 20
4 369 102 71.2:288 S
R
5 388 94 786:214 0
6 405 87 845:155 0 10 20 30 40 50
7 44.2° 75 97.9:21 concentration of CaCl, (wt%)
2determined by GC-MS
bsaturated

BRI, M CRssRA 72 sS4 2 AT 2 SIS Uiz, THSERiZ AR - A —T v TRt a7
72 (X128) , REF—ZTHDI2ODISHEDK FAMERSID DD, i trans : cis =99.0: 1.0 DA
M & 9B%DYER TS Z LN TE, KA — /L THIERME LPERITK T LN Z E 3otz

CaCl, (50.0 g) F
conc. HCI (1.00 mL) o H H
P + OHC > Pr—<: ¥ F
sat. CaCl, / 1 N HCI (320 mL) 50 gcsn/lz h 0
15(39.8 ¢, 034 mol) 13 (77.7 g 0.32 molf 50°C, 18 h o F

11 (105 g, trans : cis = 99.0 : 1.0)

28, UAFH 11 D100g A7 —/LEH

LLE Wi+ OE ST 5 2,56- T f8H#L 1,3- AW U BRI ZIBW T, A A ARIERE 713060
PP ARG B LI DN R T 5 Z E 2 R UT-, tFCh. BRFEIEOBLED D IERERE R b L ™
LPIKRIEDMEIL TN D EE 2 B,

3-22. trans JERH 2,5- " BE# 1,3-UF -V L BRIESRUGDRR A 7RIREG T8 K O DEE~DE A
HEFATAMERERIE b L T BRI 2,5- e 1,3-2 4 U ERD trans EIAREEUCAE I CHH Z L& R
UTzT28, RFREalER 7 2-Ef A — L LT VT e R E OMAG RS LAY R 2740 L7s (K
29) , trans-4-(34,5- NV 7 A T = =)L)y uanF Y A LT B RERO A 1720 130T 0B
72 < @ trans SR AF DIV TR U | RRS AT Y2 AT 13 S ALEBED N A NS IR A TN TH DI H BT
5P ERIEDE UIFERICBRER , 7 Y RICEBEL A L QO WIS B TX, FRIT L%
JUREZ 4 < A ST A 22 (TEMEO S S, cis 1873 GC-MS OIRHHIRARLLT & 72 RO EERMET
boTo, EHIHONEET VT8 RNDELNL VAFT L 23 REF KBV AT VT B ROBELN5 VA4S
> 2527 ICHHEATE, HOBEREOENWI A XY FEREGT SBRIIEFRICARRTFETH D L E R D,
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3. ZEA 1,3-2 A4 Y LB O NTARER AR L

OH
R{ + OHC-R' ——mm@™ ™ > R{
OH

CaCl,/ 1 N HCI
(1.1 eq) 30°C,24h
F
H—0oH H—H
e _ = - OO X )
o
trans-17 : cis-17=93.9: 6.1F trans-18 : cis-18=99.0: 1.0 F trans-19 : cis-19=98.7: 1.3

yield = 65% (50 °C, 9 h)

RO RO OO » O{MQ

trans-20 : cis-20 =98.0 : 2.0 trans-21 : cis-21 =958 : 4.2 trans-22 : cis-22 =>99.5 : <0.5 trans-23 : cis-23=97.7:2.3
yield = 65% (50 °C, 9 h) (70°C, 12 h)
F
Oy . . O:; < > 0:! C ':'CH 'j:oH
{ { { Bu ‘ - F
o
trans-24 : cis-24=94.6 : 5.4 trans-25 : cis-25 =>99.5 : <0.5 trans-26 : cis-26 =93.2 : 6.8 trans-27 : cis-27 =>99.5 : <0.5

yield = 99% (50 °C, 9 h)

[X]29. Ffx 72idn sy 13 L O sk IA~DiiE

3-3. 25-"E#1,3- U4V UFHEED trans BARET

55 2 {iCldE trans BRI T & # — BSOSOV TR TE 7223, SOSOERMDNE < CH T CHEd
D E~ AT bERTERWEL RS20, ARG DRI bE L 725, EROE TS LTX, K
trans Heod 1,3-2 A0 R A AR CRARIEN Z 1 0 B 32 D230 273, trans:cis =51 1 FREE L 5
<70y, B2 FI T~ To & 91T, FHEIA A ARRAR I IR 2 SOSS L 775 Z IR ZORMEAL DS
BRI LT3, L0 ROBIR 2B ~< . BRI E1To7

I VR FATINR = UEE DU BT & X — L O T IR S D%, T AT B E—bsUG%E
fified 25 = LB ILTND, £ITC. Z0IA IR EHWT 5-7 e EL-2-{trans4-(345- N 7 A e T 2=
)T asF I 3- DA F Y DB VOS AR LTS (3225) o MV Cldtrans tcis =5 1 FREE L
WO p- MV 2R R OB b & KSR SR & 7o T2 (entries 1-2) . — 5, Bafiif kY 57 LUKEE
i, Bt b~ 70 o SOKERIERS S ORI b Vs KRR CIIFERIZE trans bk CREMLSE T L T

0., OO IZa UFRSTaiE e U THW TS RISSORN TS Z & 2 i L7z (entries 3-5) , ¥
BURIZR N &1T, SR Ol b S T i AR 2 B 2 QU EBE ARG ORI T, I
A NI I LA T L, & trans tba 52 72 (entry 6) o W HUOSHHHZIRBW T H IR R I
HENZR2NZ LD, IKIIARISNZIBWCIFFITA R B ¥ Th D LE2 DD, UKL 225018 L
T, TRFY ROBHERA A — RIC L 2R Y =—7 ) UREEDOSRERIRAEESI LA A BTN D 8, ZDORUSIK
DINTARFIE, b FaX I VBB LOT T Fr T = VORI 1 L KER-GT 5 2 LICK Vo
(iR JONRERAN BRI b E T3 2 LR ST Y &1 AR L 72 BMUEROSIZIW TS A=V gL
HORERIE T L IR & OREREGDBEE- L O D FIREMEDSRWNC D D & B 2 Hivd,
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3. ZEHL1,3-T 4 %V B O AREIR AR

#25. FUREAEL DAY 11 DRV

entry solvent time (h) trans-11: cis-11°

1 PhMe 14 84.9:15.1

2 PhMe 28 823:17.7

{ (10 mol%) {OH H 3 satlCl/HO 65 989:1.1
solvemt 4  satMgCL/HO 65 98.8:1.2

trans | cis-11 30°C, time trans-11 5  sat.CaCl/H0 65 985:15
(62.5:37.5) H,0 14 97.7:23

2determined by GC-MS

5TsOH was used in place of |,

LUk, 2,5-fE#1,3-2A % U BRO MU trans BERANITHE T3 2 52 R UTc, ATHEIR. fafniaiiz
AT 2B 2 < (R BRVES 72 3 TR ERDT 2 D b DT HT2DIFFIEBNI-TFETH DL L EX D,

3-4. ZEWA3- VATV U BRONSEIRA ORI

PUE, 2 1,3- A 0 VBROSIASEIREEGALE L LT, A AU RIRE T B R Rk 2 fOss & L CH
WAETEH =l s 8T AT B — BRI AL LT, ARSI TEEEERRIC trans : cis = 3 1 2 FREEDIRAWN
AR LT AR VA IZ L 0 trans BAL L TWD 2 E->TRY . ZORMETRRICIE S UFHE EKOMAE
PEBHAND LN TELZ L bR LT, A A ARASCEIR AR 3A A LMD TH D Z LB A

=0 AT TENT DR EA L, R EEL TS EEX BND, TORE, SR EITENNT
L QO DB OB TH 072 B DR TE D721, BAHNCEIRE L TRUGRIMAEHTH Lo
trans (ADMENIZAF HAL D D TRV EHEER LT D, BUSHIHID MR DMER R RIZIW T, BB LTIRGY)
DR L TOD5EEIT I OERM b RUSS & LTIV T LE 5 28, AANTICIT 2 84k Th 3:1~6: 112
JEE Tl trans BALDHEITTH 728D, ZOMFE T trans ROHTHIANE Z 2R ChHIUIARTIEONFI T RHE
INDEEZBND, RCEFNIEIEKIAR 2 D Z L2 X D RO AR CITSEBL C & e o T mndd iy
BUGHATZ % LW FFLIIIEFICAE CTH D LB bivd, Bz, A Iike 13-4 — i &R o
BN U TATFEA AT UL, FHIC rans-1,3- U A X VEREZGT D@0 FAMEOILD EBZX HNDTD, R
U E= VT T T/ REOIEREANTHEHALS trans 38 KO cis DYEMEAHET D 8501 & 13570 2 Wi
FHA D LSS (KM30) o ZO& D ISR LS LT D TH A 5 A ROBIAIC S BIL)S R D,

[%130. BEAFOE ) ESTAEERIGT & & — /USRI XD ES T-ARE ()

3-5. I EIT DR
GC-MS DSt
HEET QP2010 (FEERYERT) & FV =, 517 22 DB-5MS (Agilent, & 30 m, PN££0.25 mm, fEE 0.25 um) %
v, Fx VT HAELTAY 7 A (FiEE 90 mUmin) 2 vz, SUEEIEER JOMHHEREEEL 280 °C, 717 A
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3. ZEA 1,3-2 A4 Y LB O NTARER AR L

{13 80 °C T 3 /yf#l5I RRF L 728212 20 °Clmin @ TR L 300 °C RERITHS T % THlRRF L7

A ORIESAT:

4L MP 70 (Mettler Toledo) % iV 7z, FEEE% 0.5 °C/min (Za%iE L CRIGR THE L. SGBEBED 100%
272D ETOWRB 2R LTz, A BIEBIRIE~ LT D HDIT 1 iDF, iBH CIREEFAZ RS b OIFREER
TR ZAR I 2~3 JEERatH LT,

TRIMBIR ALY S OVORIIES:
FEEILFT-720 (HORIBA) Z v iz, w7 7T v RidiE 2 fed-9 1o 2ek b CllE L, ARIE AR 2
ZOFEFHWTHER 16 [FITHIE LTz,

NMR D52t

$E# X ASCEND %7213 ULTASHIELD PLUS (Bruker) % v /-, PEMEWEME L LCT b7 AF 1T (H
BEIOBCIZBITH0ppm) BER N Z7ra 7t 2 & Ly (F 25 0 ppm) 2V, 'H NMR 35 KOV SF
NMR [3FE5 16 [B1C, BC NMR [3FEH 1024 [BICE2hllE Lz,

T b A B 12 DER

OH p-TsOH (1 mol%) O Me
-~ ~Cx
OH 2,2-dimethoxypropane 0 Me
75°C,3h
15 69% (after dist.)

TN EFERGA T, A1 15(2369,20mmol) & 22-U A ko7 moRy (20mL) ZRA L, p- Mbmr A
JVIR KR (38.0 mg, 0.20 mmol) Z AN C Am%d % A &/ — L% Dean-Stark & 4 H\ W ClrE 5575 °C
TIMRE L=, !tk ToKREES U v A (1.38 g, 10 mmol) 2Nz CROSEEIE L, =—TF M TRRGRE %
T8 UT-ARITIITE T LT, IR 20 AR 35 2 Lo L v RELA # kiR (220 g,69%) & LT
7
IR vmax (neat): 2993, 2958, 2933, 2854, 1456, 1369, 1254, 1196, 1157, 1119, 1034, 829.

H NMR (400 MHz, CDCls) : 3.84 (2H, dd, J = 12.0 Hz, 4.7 Hz), 3.56 (2H, dd, J = 12.0 Hz, 9.8 Hz), 1.86 (1H, m),
143 (3H, s), 1.40 (3H, s), 1.36-1.26 (2H, m), 1.19-1.13 (2H, m), 0.90 (3H, t, J = 7.2 Hz).
13C{"H} NMR (101 MHz, CDCl) 5: 97.4, 64.7 (2C), 33.8, 30.7, 27.3, 20.2, 19.5, 13.9.

b7 L AT S AR OfEARE T (3% 19)

TITFREAT, 78 MA K12 (34.8 mg, 0.22 mmol) :53L U7 /L7 & K13 (48.4 mg, 0.20 mmol) DIEEY)
\Z hbx s (020 mL) Zhnz., fibli (FTEfE) 202 CRTEDIRE CHkE Lo, PrEkiRmci Uizt 7
U7 L .GCMS IZTARRT DT & M A K12 B8 LOT AT & K13 OBAFRITNC VA0 11 OFMERL %
SHT LT,
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b7 Y AT 2 RIS OTREERET (3 20)

TATUEIE T, 78 A K 12(34.8mg, 0.22 mmol) L0 LT E K13 (484 mg, 0.20 mmol) DIREH
(ZIHE (020 mL) ZINZ. p- B VAR ARk (0.38 mg, 2.2 pmol) 24 TESIE T 24 FHIBEHR L7,
FOSHREFNEE K (20mL) BLO b (20mL) 2z, AHE RS V) v 2 TR L, GC-MS 2T
FHIBTOT ¥ M A F12BL0T LT b K13 OBAFRIEONC A4 1 OEPERHE T L=,

TRE—E - T AT 2 — MU OREEET (3 21)

TN TR T, A1 15(26.0 mg, 0.22 mmol) F£7-1%7 & ~ A K 12(34.8 mg, 0.22 mmol) %7 /L7 &
N13 (484 mg,0.20 mmol) LG L, BRI (0.20 mL, JRUFOEE  HiET | U DA ZERS etk
WIOKA~DIEHATHFA T T B) ZNNA, p- MV 2R AB—KF (0.38 mg, 2.2 umol) %12 TR
T 24 RHHEFE LT, BOGHRIZ My (2.0mL) ZA0Z., A2 RIEs Y o LT Tizdg L, GC-MS IZTHIE
HORJFRIOFA TR LA 11 OFEMEHERLL A 50T LT,

T2 2/ AUSUEDOEIRET (3 22)

TN FHA T, Y A4—115(26.0 mg, 0.22 mmol) %7 /L7 & K13 (484 mg, 0.20 mmol) LiRA L. AufniE
PR (0.20 mL, FHRIFOIEE: : Hifb Y F 0 ALB L O 2 el DI~ D R N L 7L 3 =
ADKADOVE IFE A Z R T B) N Z CERIRT 24 WeiElREE Uz, BOGHRIZ hvmy (20mL) Ziz, b
IV J@BHE IR ) T NS THEE L, GC-MS 12T MU EHD AH—1 15 BLOT /L7 b K13 OEFRIT
(ZVA Y 1 OEIEREEA T LT,

72— MEBOSDEERET (3523, 3K 24)

TN EREA T, 4 —115(26.0mg, 0.22 mmol) %27 /L7t K13 (484 mg, 0.20 mmol) EIRA L. Hfshe
PRI LS D DRI (0.20 ML, FHEWFOIER © Hif b2 b2 0 A DI~ DIRAEIIFE I TS T TH 5) A
CHTEDIRE CHIE DRI LT, FOSRIC Fvmy (20mL) 2z, MVm @A REED U o TR L,
GC-MS (ZT MU FTDVA =SB LU VT b FA3 OFRAFERITONT A 1 DEPEREE 255047 LT,

FEEHHEPHOMES (X129, (LA 17-18, 21-26)

TITFEHEA T, P4V (022 mmol) 27 /L7 k K (0.20 mmol) LiEA L. HERsIAsFE bl L 2
WK (0.20 mL, FHEIFDOVER © ML /b2 0 ADIEIE~DIGHE I HEW T T B) ZNA TEIRT 24 K
(A 23 1Z[RY 70 °C CT12 Bjil]) ##R L7, BRI by (20mL) 201z, bV @z mligh ) o A
T, GC-MS (2T MU @O UA—NBLOT ATt ROBAFRITING A9 i8R0 Sk AL &
ST LT,

GCMS-El miz (trans-17): 314 [M]* (1.4), 313 [M-H]+ (1.4), 213 [CeH10CsH2F3]* (0.9), 183 [M-CsH2F]* (0.6), 101
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[M-CeH1oCeH:F ] (100).

GCMS-El miz (trans-18): 375 [M-HJ* (0.6), 213 [CeH1oCsHzF3]* (0.6), 163 [M-CeH1oCoHaFa]* (27.8), 104 [CeHel*
(100), 77 [Ph]* (7.1).

GCMS-El miz (trans-21): 211 [M-HJ* (3.9), 129 [M-Cy]* (90.9), 83 [Cy]* (74.7), 55 [CaH7]* (100), 43 [Pr]* (10.9).
GCMS-El miz (trans-22): 245 [M-H]* (1.1), 163 [M-Cy]* (29.8), 104 [CgHs]* (100), 83 [Cy]* (5.3), 77 [Ph]* (8.8).
GCMS-El miz (trans-23): 330 [M]* (8.4), 329 [M-H]* (15.9), 253 [M-Ph[* (6.4), 225 [M-CHxCHoPhJ* (100), 139
[BuCsHq]* (2.3), 105 [CHCHzPhI (24.6), 77 [Ph* (17.5), 57 [Bu* (25.9).

GCMS-El miz (trans-24): 282 [M]* (62.8), 281 [M-HJ* (100), 205 [M-Ph]* (25.3), 153 [PhCeHal* (22.7), 129
[M-CroHa]* (8.9), 77 [Ph]* (10.5), 43 [Pr]* (15.6).

GCMS-El miz (trans-25): 251 [M]* (7.0), 250 [M-H]* (21.7), 129 [M-CeHaNOZJ* (9.0), 122 [CeHaNOZJ* (2.9), 55
[CaH7]* (100), 43 [Pr]* (20.2).

GCMS-El miz (trans-26): 274 [MJ* (20.2), 273 [M-H]* (38.8), 205 [M-CFal* (4.4), 145 [CeHsCFa]* (12.6), 129
[M-CeH4CF3]* (9.6), 69 [CF3]* (16.8), 55 [CaH]* (100), 43 [Pr]* (19.8).

DAY ONAREIRAYE AR

F
H—oH H —H
+ OHC F ——mm > Pr{ % F
sat. CaCl, / 1 N HCI o
1 F

15 (1.1 eq) 30 “9C6,0/24 h
0

<FREA T —L >

TN AT, A1 15 (650 mg, 5.5 mmol) 35 LU LT B K13 (1.21 g, 5.0 mmol) A4 L., HEER:
PERFIS LI V> NERIE (5.0 mL, HEUFOVEE - MLV /b2 0 ADUHRAN~DBAHITE I FHFGT T D) &
T 30°C T 24 Bt L, BUiNRE My Thi U, BEKERIRA U 7 L TRt U 7oA 280 T ik L
BONTFEEE L U DTNy B (N 0) ICTRERIL ¢, FELAYZ AaEk (165 g, 96%) & LTHE-,
ZOHD%E GC-MSIZTHT 5 &, trans:cis=96.1:3.9 Th o7z,
<100g 27—/ (1X128) >

TITFREA T, VA—115(39.89,0.34 mol) XU /v7 & K13 (77.7 g,0.32 mol) ZRA L., Hafamst:
ARG L V> T NERHR (320 mL, FHEUNFDIEE: @ M L0 /b2 7 A DHIE~ DV I I ZFE T B) &N
Z7C 50 °C T 18 REIE L7, SUSKICIEERE (1.0 mL) BL O bl w A (50.09) AhNx THIZ 12 IR
U7, Snth, BERES REH L OK TS (PEESHMECZe 2 £ 0) T 52 Lok, FEbawmE A
ER (105g,95%) & LT, Z0OH0%E GC-MS IZT/HoMird 5 &, trans:cis=99.0:1.0 ThHh-o7-,
mp: 92.2-93.2 °C.
IR vmax (neat): 2958, 2920, 2852, 2359, 2333, 1612, 1531, 1442, 1348, 1226, 1153, 1034, 945, 849, 783, 700
cm.
"H NMR (400 MHz, CDCls) &: 6.81-6.76 (2H, m), 4.21 (1H, d, J = 5.1 Hz), 4.08 (2H, dd, J = 11.7 Hz, 4.6 Hz), 3.29

(2H, t, J = 11.4 Hz), 2.40 (1H, tt, J = 11.8 Hz, 3.2 Hz), 2.01-1.88 (5H, m), 1.57 (1H, m, overlap with H,0), 1.38-1.18
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(6H, m), 1.04-0.98 (2H, m), 0.90 (3H, t, I = 7.3 Hz).

3C{"H} NMR (101 MHz, CDCls) &: 151.1 (2C, ddd, *Jcr = 244.4 Hz, 2Jcr = 9.7 Hz, *Jcr = 4.1 Hz), 143.8 (1C, td, 3Jcr
=6.5 Hz, “Jcr = 4.5 Hz), 137.6 (1C, dt, *Jcr = 248.6 Hz, 2Jcr = 15.4 Hz), 110.6 (2C, dd, ek = 15.4 Hz, *Jcr = 5.3 Hz),
104.8,72.3 (2C), 43.6,41.8, 34.3,33.4 (2C), 30.4, 27.3 (2C), 19.6, 14.2.

®F{'H} NMR (376 MHz, CDCls) &: -135.9 (2F, d, J = 20.4 Hz), -165.2 (1F, t, J = 20.4 Hz).

Anal. Calcd for C19H2s5F302: C, 66.65; H, 7.36; F, 16.65; O, 9.35. Found: C, 66.53; H, 7.32.

GCMS-El m/z: 342 [M]* (0.9), 341 [M-H]* (1.2), 129 [M-C12H12F3]* (100).

DA 19 OB AR

H,—H OH H,—H " H—H H—0oH H_—H "
OH sat. CaCl, / 1 N'HCI 0
13 F 19 F

50°C,9h
65%

TNTUFER T, 2-(trans-4-7 F /L7 BAaF L V)-1,3-7 1R V4L (85.8 mg, 0.40 mmol) B LT LT
t N 13(96.9 mg, 040 mmol) ZiEG L, HEEFarEfarnti bl Lo v DK (0.80 mL, FHEUFONEE : Hafk >
A DMV IHEFA T TH B) 2 INZ T 50 °C T QMR Lz, fotiiz e Tt L, ik
PRIET U 7 I CHEG U T AR AR PG L. LA E AR (166 mg, 94%) & LTz, ZObH0
% GC-MS I[Z T/ % &, trans:cis=98.7:1.3 Th-o7z,
mp: 115.5-115.7 °C, 121.6-122.0 °C.
IR vmax (neat): 2918, 2843, 2362, 2330, 1531, 1444, 1348, 1228, 1155, 1138, 1032, 847, 704 cm"".
'H NMR (400 MHz, CDCl;) &: 6.82-6.75 (2H, m), 4.18 (1H, d, J = 5.0 Hz), 4.16 (2H, dd, J = 11.8 Hz, 4.6 Hz), 3.40
(2H,t, J = 11.4 Hz), 240 (1H, tt, J = 11.8 Hz, 3.0 Hz), 1.97-1.88 (4H, m), 1.76-1.73 (3H, m), 1.67-1.63 (2H, m), 1.56
(1H, m, overlap with H20), 1.38-1.12 (11H, m), 1.00-0.93 (3H, m), 0.89-0.78 (5H, m).
13C{"H} NMR (101 MHz, CDCl;) &: 151.1 (2C, ddd, “Jcr = 244.5 Hz, 2Jcr = 9.7 Hz, 3Jcr = 4.0 Hz), 143.7 (1C, td, 3Jcr
=6.5 Hz, “Jcr = 4.5 Hz), 137.9 (1C, dt, Ycr = 248.6 Hz, 2Jcr = 15.4 Hz), 110.6 (2C, dd, 2Jcr = 15.4 Hz, 3Jcr = 5.2 Hz),
104.6, 70.8 (2C), 43.6, 41.8, 39.6, 37.5, 37.4, 37.1, 33.4 (2C), 33.0 (2C), 29.9 (2C), 29.1, 27.3 (2C), 23.0, 14.1.
9F NMR (376 MHz, CDCl;) 5: -135.9 (2F, d, J = 20.5 Hz), -165.2 (1F, t, J = 20.6 Hz).
Anal. Calcd for CasHa7F302: C, 71.20; H, 8.50; F, 13.00; O, 7.30. Found: C, 71.05; H, 8.51.
GCMS-El m/z: 438 [M]* (0.6), 437 [M-HJ* (1.3), 225 [M-C12H12F3]* (70.4), 55 [C4H7]* (100).
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DA 20 OSTAERAYERL

F
OH H—H
H—H + OHC—
Pr— OH sat. CaCl, / I N HCI Pf
13 F

50°C,9h
65%

TINTFERE T, 22-(trans4-7' 1 £ /Ly 7 a~F V)T LA,3-7 e U —L (914 mg, 040 mmol)
BLOT /AT E F13(96.9mg, 040 mmol) AiEA L, SRR EaRE b o< 0 LK (0.80 mL, FHEUFOVEE :
L2 /b2 0 ADIFFEDIEHE I I ZFE T T 3) %N T 50 °C T 9 Wil Uiz, RUtKE hva Chli
L HOKEARA U o L TRk U 7oA 2080 PR L <L REEWE AEER (154 mg, 85%) & LT,
ZDOH D% GC-MS IZTHtrd % &, trans:cis=98.0:2.0 Th-o7z,
mp: 100.0-106.4 °C.

IR vmax (neat): 2910, 2850, 2359, 2339, 1533, 1442, 1344, 1227, 1153, 1136, 1041, 947, 852, 700 cm™.

H NMR (400 MHz, CDCls) &: 6.82—6.75 (2H, m), 4.20 (1H, d, J = 5.1 Hz), 4.08 (2H, dd, J = 11.6 Hz, 4.6 Hz), 3.28
(2H, t, J =11.4 Hz), 2.40 (1H, tt, J = 11.8 Hz, 3.2 Hz), 1.97-1.87 (5H, m), 1.72-1.68 (4H, m), 1.57 (1H, m, overlap with
H20), 1.37-1.08 (12H, m), 1.06-1.00 (2H, m), 0.88-0.82 (7H, m).

13C{"H} NMR (101 MHz, CDCI3) &: 151.1 (2C, ddd, *Jcr = 245.0 Hz, 2Jcr = 9.7 Hz, 3Jcr = 4.0 Hz), 143.7 (1C, td, 3Jcr
= 6.5 Hz, *Jce = 4.5 Hz), 137.9 (1C, dt, }Jcr = 248.6 Hz, 2)cr = 15.4 Hz), 110.6 (2C, dd, 2Jcr = 15.4 Hz, 3Jcr = 5.3 Hz),
104.8,72.3 (2C), 43.6,41.8,39.8,37.9,37.5,34.7, 33.9, 334 (2C), 33.2 (2C), 33.2 (2C), 27.3 (2C), 25.6, 20.0, 14.4.
19F{'H} NMR (376 MHz, CDCl;) 5: -135.9 (2F, d, J = 20.6 Hz), -165.2 (1F, t, J = 20.5 Hz).

Anal. Calcd for C27H39F302: C, 71.65; H, 8.69; F, 12.59; O, 7.07. Found: C, 71.45; H, 8.72.

GCMS-El m/z: 452 [M]* (0.8), 451 [M-HJ* (0.5), 239 [M-C12H12F3]* (26.6), 55 [C4H7]* (100).

A%t 27 ONHREIRAYERR

sat. CaCl, / 1 N HCI
50°C,9h
99%

TIVIAFEREA T, 2-(trans4-7 F /L7 a~Fi)-1,3-7 a8 V4L (85.8 mg, 040 mmol) 5L TU34-
UINABRRCXT VT E R (56.8 mg, 0.40 mmol) AiRE L., HEEAEAMAFE L L L T AR (0.80 mL, A
HFDVER © L /L2 T DD~ I 1 2B Tp B) 22T 50 °C T 9 i Lz, SOk k
Jb TR UL BOKERET U L TR U T ARE 280 E it L <L REaa A EER (134 mg, 99%) &
LTz, Z0OH0% GC-MS I THHTrT % &, trans:cis=>995:<05 Th -7z,
mp: 86.9-87.6 °C.

IR vmax (neat): 2922, 2843, 2359, 2333, 1518, 1429, 1389, 1281, 1153, 1130, 1115, 1032, 891, 806, 771, 683 cm".
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H NMR (400 MHz, CDCLy) &: 7.32 (1H, ddd, J = 10.6 Hz, 8.0 Hz, 2.1 Hz), 7.20 (1H, m), 7.13 (1H, m), 5.32 (1H, s),
430 (2H, dd, J = 11.7 Hz, 4.6 Hz), 3.62 (2H, t, J = 11.5 Hz), 1.89 (1H, m), 1.78-1.68 (4H, m), 1.30-1.21 (4H, m),
1.20-1.12 (3H, m), 1.09-0.95 (3H, m), 0.92-0.78 (5H, m).

13C{'H} NMR (101 MHz, CDCl) &: 150.6 (1C, dd, YJcr = 250.9 Hz, 2Jcr = 14.8 Hz), 149.1 (1C, dd, YJcr = 249.5 Hz,
2)er = 14.5 Hz), 135.7 (1C, m), 122.3 (1C, dd, 3Jcr = 6.4 Hz, “cr = 3.8 Hz), 116.9 (1C, dd, 2 = 16.2 Hz, 3Jcr = 1.1
Hz), 1155 (1C, dd, Zcr = 16.7 Hz, 3Jcr = 2.7 Hz), 99.8, 71.2 (2C), 39.2, 37.5, 37.3, 37.0, 33.0 (2C), 29.9 (2C), 29.1,
23.0, 14.1.

19F{'H} NMR (377 MHz, CDCls) : -138.4 (1F, d, J = 20.6 Hz), -138.5 (1F, d, J = 20.6 Hz).

Anal. Calcd for CxoHzsF>02: C, 70.98; H, 8.34; F, 11.23; O, 9.45. Found: C, 70.95; H, 8.19.

GCMS-El m/z: 338 [M]* (12.2), 337 [M-H]" (24.6), 319 [M-FT* (0.8), 225 [M-CsHsF3]* (1.5), 113 [CeHsF3]* (55.4), 67
[CsH7]* (100).

A Y 11 BYEREEMDO AR,

p-TsOH- HZO (2 mol%)
Pr + OHC
DMF

15 (1.1 eq) rt832:;h 11 (trans : cis = 6 : 4) F
0

FAIUEREF. YA —115(1.00g,85mmol) L7 AFE K13 (1.86g,7.7 mmol) % DMF (8.0 mL) \ZFfi#
S, p- MV RVR R —KF (15.0 mg, 79 pmol) 1 CEIR T 24 B L=, SOGIRIZZK (10 mL)
BLUANEFL (10mL) 22 THE L, ~FF 82 AL (10 mLx2) LIl Bokpieh U 7 A Tk,
W TSRS 5 2 £128 0 trans-11 B LWV cis-11 DIEEY) (0.6:04) AR (2199,83%) & L THIZ
"H NMR (400 MHz, CDCls) &: 6.83-6.75 (2H, m), 4.31 (0.4H, d, J = 5.0 Hz), 4.21 (0.6H, d, J = 5.1 Hz), 4.08 (0.6*2H,
dd, J =11.7 Hz, 4.6 Hz), 3.95-3.85 (0.4*4H, m), 3.29 (0.6*2H, t, J = 11.4 Hz), 2.40 (1H, m), 2.01-0.98 (14H, m,
overlap with H0), 0.94 (0.4*3H, t, J = 7.3 Hz), 0.90 (0.6*3H, t, J = 7.3 Hz).

AR 11 OEPHESORORE (3225, entries 1,3-6)

TV AT, trans-11 38 L U cis-11 DIRAH) (68.4 mg, 0.20 mmol, 0.6 : 0.4) (2 (0.20 mL, HZdFD
TEE L MY FUA, b~ 7R DAL L2 7 ADKNOIBAHIHEFIETFI To D) Z2IMZ, T
# (5.4 mg, 20 pmol) %12 T 30 °C CTHTEDKHNRHE L=, FUSHRICEFIESAK (1.0 mL) . AT

U0 LK (1.0 mL) BEOY by (20mL) 20 CEif T T3 UROEAHKT 2 TR L7z, oy
Je& 2 AR PRI V) 7 N THzZE L . GC-MS (2T ML g 11 DENERLIEZ 54T LT,
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4. 7)Fn X bFRIREEEOEE

Sagafale

31. 2 4 BEOERYERT JOYLEwb
41. V7N Au R M UREEEORRS F~OFI R - PEET
TINAE A MR URESTEOBENE I BE SN TWDR, LT 2 DIZRy D, 1217 v R 1%
B3 D RN A TR G 2 BUGERE T 2 FHET, b D 1 DIIWEIR 277 2 Rl ZAEEE U7
FORIC LV BT A FETH S, B TS T RED 741 A X 2 (CBrF,) ARSEIRE LTV DL,
FEATENL Y 7 B~ VB THAGAITIEY A VU RIZL D7 b OHRG, fEaEs~_ BB ThHYs
ATV — VBRI 2 IV RARASDEOS A Svd (K132) 8, 7V — /L agEffl CBrF, & ORISR
HIRER2 b OTHY 26 MG 7 v EFTEATDHT VU F U AU CEIATEORISNTE T L7220, 2014
FIPF I LV EFRET Y —/L Grignard 338 HEHTE 5 Z ERRMIN 805, HEOGKI L, Wiy
F OB TENFE D, £2. ZHOORISICBOTIEIRERD & LT oA AR S B RS
NHY, ZOUERE LTI rEY 741 XX (CHBIF,) 0T 2 FHENESE S8 oo, 7 ek
DRV IZT 1 M AR, FebBFRIOASEIIEZ 5 L NI NETH D Z & BRI > TV
W ERIZ, 5% CHBrR TS R U AL EEIZ L DB 25T 57D TE 220y,

CBr,F,
PR, Br pBr
-~ O-Oroe OO == -O-CH:
3,4,5-trifluorophenol
ch03 H,, Pd/C
Pr— — :}—F — Pr—{ — >—F
22% overall

Pr—O—QBr (30%) e
X
. ,
F F
- CBo, Br E @,MQXCLZFL/ N
Pr Li Pr  (0%) : _‘_ [ref 64] _‘_ DF
X EWG EWG
.
o Yl S om0

32. TaEVIINA O RS NS T VAT A SR AEE RO
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b 9O T v FEUSERIAT 2 FEE LTE GhifbEMORMAL L THRARZ WD b OAE
HIVTWD (X33) . WV EAE T AT )L~ L2 L T-#41Z Lawesson #3EIC & 0 Gt bE4 4152 722
BERA L CODREIRROND TH, A CAONVR A 1,3-7 /X0 OF AL LIRS, Bl T4 %45
HFED 2004 MR ST 6, ZHFHEATRFZEISE T&E 223, fsSER b E VTN
&V RIBERD D 2,

3,4,5-trifluorophenol

F
DCC Q Lawesson's reagent (1.1 eq) (6] Q F
PhMe S F

150 °C (sealed tube), 15 h

OH [ref 27]
T S N . NBS (25 | DM
o) [ref 66] . . Olah's reagent (14 eq) | -78°C,2.5h
s S)
1,3-propanedithiol (1 eq) OTf Et;N (2.2 eq) N
TfOH (3 eq) S 3.,4,5-trifluorophenol (2 eq) DBDMH (5 eq)
S

120°C,0.5h DCM -70°C,1.5h
60% -70°C,2h 46%

X 33. GHRATEMAZRRD 7 VA1 A N2 A5 IR OREE

COX I REEDNS, Ra R FTEEMEAMEROGHIENFTESN TN D, 26 (UZ7 R TF2A7 oG
WIZB U CIIABRD K S ITERIEDAE L T D DT, BEAESEH TE R MEEY) 28 OERUEFRBICEFT S
Ll (M34) . ZNDALEWERIC K O AhEREGYE Ae T D 2 BN, TT TNMUT v F RS 2
AT DAY 28 1 IR OFES e 3K E < 2, BEOHINIH T 2 BN TV D,

Q oo WQ

g, =52
Ae =223 Ag =19.6 € = 9]
Ag =212

X 34. 35O PLEELE U7 AT A N AES A AT DI T- O

42, TV —N=T V=)L 7)VF1u A FI)N—T )VOERIRET
4-21. FEHETA ) IVRET ) —ND 2 TRERK

1 HiTHR-L 92, TV —A=T V=L TNF 1 AFLa—T LOERIES LT, BEEFA VR
ET ) — VORI T RIS SV CND 8 ZOFFERT A ) VIR ART U — I ERI VR AT
U —/DF ViR =)L 5% Lawesson RS2 L W FA VAR = VEA L L TS5 73, Lawesson alSE)
BWE T2 R TRRED R, RIEDFENLEEN TV (X35) , £Z T, IEERMFLEW TH L
WAVIRFZ Z R & 3 D IFEIRT A ) VR AT ) — VOB TSRO EITo Z & & L, LAY 28 DOk
KCTHD 4-TLXNR3-VINAB YT 2 =)V TF A ) VR 34,5- N 7vAn 7 = = VB E Uiz, AL
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BWNIT AT NVAR=NVHD o (AN FLAE L UTHRET 2 7 v BIRF 2 AT 5 2 &b, Y Tk E
MT&nEBELBND,

condensing agent

target:

@il o OB

X 35. BEFOT A/ AT VERIE LAFHH A OWE AT

TR EEE Grignard B3R & UG L, SFATIVIR RO N~ TR MR AR D 2 ERNE L B EIb
TW% (X136) %8, —75, Grignard #3EDMRH 0 IZT Y — 1 F 0 2383 A OV DGAITIZ YT A VAR Y T
¥ LDIFIN G EGET A—ND Y F 7 MEHIVER L CLE S T2d, ZOBRdcEZ B & LT 1 flio#iE 27N
T D ENST LIRDBEEL 72 7% &,

patemt @b hmi

1) CuBr (X mol%)
CS,

1

1

1

:

1

! .

\ Li < >—<
: THF-hexane
1

1

1

-50°C

[ref. 69] X o ____-—____! "maderate ywl.d

X 36. AHEAERASE L “hibiRTEE & DO

INHHEFIEBEIC 42T N23-TCTNA B T 2= VY F 7 L E TR E OIS E T T (K37)
7 U=V ) F U MEZRE LT B IIREROERE ) FAKEIC LY Grignard FR3E L D HAKIRAD DR TFR CTORRER,
IRFTRETH Y | 0 (27 v RIRFEDOMBHEZ AT 2 HE Th-> THEFMER FHNL72DThH D, 1 liOFiE
D9 b b TLER T T AEZ IO T THF TR EATO AR % U F 0 A A~ /U LT NMR
T LIZE A, ORI SN2 EMBRUSPMEHE L TWD 2 &3gnolz, HTh, FrDiin
ITLTIROLND VT AT ATV 30 LEHRRORISUSOFRERAE L DANT 4 K31 D7 F VN1 2T FRETHY |
Z DBPWEDRE NS A UEET DB B D L EZ B,
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FF

(-0

29

SBuLi (1.1 eq, 30 min)
THF

-78°C,2h
1) CuCN (15 mol%), -78 °C, 15 min
F 2) CS, (1.2 eq), ~ -50 °C, 30 min F, F F, F

F
3) BnCl (1.5 eq), ~ rt, 2 days S—-Bn 'Bn other
AL - eI O i
S compounds

complex mixture
30:31=1:2.7) 30 31

37. DF A= ATILI0 GEEER LT Y =LY Fr AR E RS & ORIS

Grignard fRHCT U —/L U F 7 LGk & TR EIREE & OSIRIIVTIVE THFE I CORISBIDARE STz
ZEME, ETRIEOEFE ARG L2 (X38) . THF IS CRUSIMEMHET 2350008 S8 IRE LTSNS Y
TFNT—T NV T RRROEM EEAT 072 & 2 A, JFE29, FrEO Y F AT 271 30, REALT 4 F31 B &
O BAUAK 32 O 4 FOADHER SN DIEFITHBE . NMR Fv— hMED Tz, &3 7L ORMEn bR &
NOWEREOIIE30:31=44:1 THY | FISOBRIEDPBINICSGESILVTND Z EBNmND, iz, IrFERRS
MBI ET—T VRIAIECEH 5 CPME 2 VT 30 0 31 = 44 ¢ 1 FRE L IEFICmBIRI it R L e o7, ED
5a2MWTHBUSOERIETRIEIRNZ L5 HlHs | s s b & AR LI D 0 TReMEDm
CPME A3ALUGRITIE LTV D &I L7z, 7238 ARBUGN T3 DIEIEII oW TR 5 3 il CREMIZEE T

FF

O

F, F
29 ,Bn
j SBuLi (1.1 eq, 30 min) Et Q O S

Et,0 or CPME
31

78°C, 3 h
1) CuCN (15 mol%), -78 °C, 15 min

F F 2) CS, (1.2 eq), ~ -50 °C, 30 min F, F F, F F F
3) BnCI (1.5 eq), ~ rt, 2 days S-Bn
29:30:31:32=5:88:2:4 (in Et,0) S
8:87:2:3 (in CPME) 30 32
67% (in Et,0)

66% (in CPME)

38. VT )=—7 /L ET2IL CPME FICTOUE

ThifbRE L T ) — L ) F U A E ORI HAEIEIPR TSGR SV, FRRC T AT AT 30 H
Bit92 & ZDIERIT V=T Lt —T LT 67%, CPME H17C 66% & HEE CTH - 7=, IE mE < Z2WEIR E LT,
NRUVBIRICER A L QO Dm0 T bivd, YT AIVRR) T LAOREENRH E D < 72
OO THEE U CafEROS T L QDD TEDITICEME T L TWAH LB R, TRV UbRIGENET
~< DMF Ziin Uiz & Z AR5 O IEEDSEIRZ A B L7z (X39) o
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1) *BuLi (1.1 eq, 30 min), CPME, -78 °C, 3 h
FF 2) CS, (1.2 eq), ~ -50 °C, 30 min, ~ rt, 30 min FF

3) DMF (8.7 eq), BnCl (1.5 eq), 1t, 4 h S-Bn
(3 mol%) 91% S

29

39. DMF I £ B0 2L TR

FENT, BRI COLTH ) ATV 33 55, VFATAT/NI0 L 345- N T FrT = ) —)L
EDIATNAHIIEERRTTH 2 & & Uiz (£ 26) . TADVR= VAT D8t & U CHERE ity
TR CRIGE T2 8 24, ICRIT 30%FEFE TH 72 (entries 1-2) , 34,5- 1) 7417 = ) —LOREZM % 1H]
LSRRG RIR & Z A, FHIETHDEHRT U 7 NITIIES L HNT (entry 3) | R T
% U Y Mert-7 h L MRS 57% % Tl L SH7- (entry 4) o SEOBECI T, 7 AT
(IRl 7= (entry 5) 75, HifbEi G CIIRHE 6 & HEE D570 MR & 72 o 7= (entry 6) o HIHEZ & 1 sk
BEAIDOROEEZ 1) b S CHICRITPREE T £ o 7o 7= ORI ORI 258747- (entries 7-8) & =%, DMAP
ERVIRHCR S BUERE 52, 82%DIERTT A ) = AT )L 33 2445 Z LN TE -, 72p, Bl 50
NFFRIR ZRAUT LY DR DN D ANT 4 RERDETHREASE TSN T L E H 720, ZOfbaz AL
L THERAHE FChUGEAT-> TN,

#26. TATNVAHSUGORET

catalyst (30 mol%)
additive (30 mol%)
O2 (balloon)

F
F, F
. ' S-Bn + HO . ' 0 E
Et solvcm Et Q Q
60°C,24 h S E
33

entry catalyst additive solvent yield (%)

1 CuOAc - PhMe 30
2 CuOAc - CPME 31
3 CuOAc KOAc PhMe 26
4 CuOAc KOBu PhMe 57
5 CuCN KOBu PhMe 20
6 CuCl KOBu PhMe 55
7 CuCl NMI PhMe 61
8 CuCl DMAP  PhMe 82

VLB, 7V = F 0 LHEREMA 29 & “HifikENO T F AT AT )L 30 ik CHIE T HF 4/ = A7 /L 33
% 2 THE, R 75% DR TIRD Z LN TE Iz, EEALEWDIRhEE L L TRAIZAEh LT 7o, fekik & g L
TEN-FETHD LER D,

4-2-2. FFWEFF ) INR BT V—ND 1 TEER
BB L7=F4 ) =251 33 OEEFRHOE 1 TRCBWC, DF 427/ 30 BNEIERTEOLND Z &2 RH
LCWA, ZIUTTTAIIVAR R T AHRHREZZRIICH CE QD Z &2 ENT 5, £2C. 2o
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AR ZEEEME L T34,5- N 7vA 7 = ) —/L ERUGRSEIUT, BRIE T5F 4/ = A7/ 33 % 1 TRETH
RTEDEEBRT,

TIVIR ABROTEMEIZ I W T b TF A = v & WAL T S VOGN EE & SITWDTa, UF A LR
VRV T U LHREOTEMH LI LT A =V O D2 o7 (X 40) , 345- R 7Amr7x ) —LEedD
FOMZER U ORISR Tdo D & D RIDROFN R 2757 U EESEREZ AL LT NMI Z2 iz & ZAF A
J ATV 33 F TI%DIERTES Z LN TE T, TISUWHEDRRS T ) —/L U F 7 AFERTEMA 34 250k
LA B RIS T A ) =271 35 & 68%DINER T Z L N T T,

1) *BuLi (1.1 eq, 30 min), CPME, -78°C,3 h
2) CS, (1.2 eq), ~-50 °C, 30 min F

F, F 3)SOCl, (1.1 eq),~rt, 1h F, F
4) NMI (3 eq), 3.4,5-trifluorophenol (1.2 eq), rt, time [e) F
R + CuCN (3 mol%) - R
time =3 h (R = Et) S F

29 (R =Et) time = 14 h (R = Pr) 33:71% (R = Et)
34 (R="Pr) 35: 68% (R = Pr)

40. i;ﬁ'fta:j‘:ﬂ/%ﬁﬁb N=TFA ) AT DA I*E%/EI\E}Z

VUL, TEREMTIIRNEETH 727 U — ) F 0 DS DOIFEBET A TNV AT U —/V DR G K,
U7o, IERIET B L UGBEORMITIH 208, T F AT NVERD 2 TREHRE D HHEITKa A MEB LU
BERETETRY., HRITAMRFTHETHD LEABND,

423. TYV—N=T Y—ATTNFaRAFNT—TIVDERK

AR TR SN EIRT A IV AET ) — VOl 7 32 EEUG T 21TV Bk AR ThH 57T Y —/L=
T V=7 A a AT Ne—T VAR LT (X 41) ., T4 ATV 361k LT, 7oA AL JRE LT
Olah #8348, Ml L TRIBAEMIE L Z LIZLVRINT H—T /1 28 ZE B G55 2 LN TET,

F F
R F HF Py (8 eq) F F
[e] F Br, (2 eq) O F
=0 OO
S F PhCl E F F
35 rt,2h 28

quant.

M. FA ) =270 35 DRl 7 v TG

THUTEY | WL LTARZRY 7 A m A MR UREGEOBEREL LT, T4/ = AT NV aifkd 2 THRE
DA MMASGECE T2,

4-2-4. EDMDWESR T RIS RRA~DEA

INAaT L—nh A TRETHINT 2T ) TAT VB EHT 2 FENNL TE /2o, a7 AnT L
—BIOT = ) VHERAWTERET A ) AT VEGK LT (M42) , ©7 ==L 34 LU TV AT x ) —
NEVERTE DT A AT )L 36-38 [ L7 v RIFF-OEMTEIZ B 57" 6 FIfRE IR CHLN, MY 7L
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4. V7N F 0 A NI USROS

AV ATFNIEGT HTF A TAT IV 39 DICENRZ MR IS, 7 = ) —/VEED 2 BRIEEI e >7- ) 74 m T L
— U BIEIC 72 o720 LTHRIER S ARG DL, 287 =/ —)LVE 1 BT A T L—r OfflAaioe
Wb ARE CTh o7, Flo, 7=/ —/UHlE 2,6 (rC 7 v 24 L T TOITEDORICH TS 5, F4
J AT 36, 38 FLUNA2 [T T v FAUSUSEAT ST &ITAIL B ) FAA LA LS ATREL 72 D720
ZD X S LMD LD RUTIERIED mO E B X DB,

00 e e

36; 59% 37; 60% 38; 60%
F F F
F F F F F F
0 CF; [0) Q Q F 0 F
O O~ P
S F S F S F
39; 40% 40; 60% 41; 59%
42;32% 43;25%

[X|42. FF ) T AT VERO R

43. 7YY FULEE ZHiMURSE L ORIGOREIRR

F2HIUTT, BE7 ==/ 29 O LT U— U F 0 L “hi bR & ORISR L 0 B2 %
Z L mIRN, 2T ARRUSOERESN RIS L OEBENR A5 0 2 & & L,

F9, TRO7 ==Y F U L% AW TERIBEIREZTHI L7 (R 27) . 7ok, SHMEAMOERFIEZOWTII%
T2, RAGKERBECH DY 0 ML hTld, FrOYF A 2570 48 NGy E L TER LT
DHO0, EEHE LTALT 4 K450 8 U FA4H—RFr— b 49 D% < it &, BIZATF L 50 &
Hbiud miz =410 Oy bR LTz (entries 1-2) . U F 07 AENHEDENN T Z ) A CIE R biRsE & DK
JEDIERMED R L CTALT ¢ K45 PTGy & 720 BEROLMHTHSD THF D SR L 72572 (entries
34) . —J5, BUKMOE T —T LR TR RAF SR TR T LT (entries 5-9) o R ZIEHUE
D712 2-MeTHF 38 LT CPME 2WARUSOIRE L L TN TR Y, itk b %595 & CPME 2MoEialii ¢
LEERD,
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4. V7N F T X N USROS

K27, 7=V FULE TSR L DRUSIZIT DR

CuCN (3 mol%)
CS,(1.2eq) BnBr(1.2eq) S S
a Ya S SAWS, T
solvent DMF S
48

(inBu,0) -50°C,0.5h it,4h
~1t, 0.5 h
GC-MS area%
entry solvent
438 45 44 46 47 49 50
1 hexane 68.2 10.9 038 <0.5 14 10.5 78
2 toluene 781 70 1.0 0.6 13 6.7 53
3 diglyme 315 50.2 46 ND 28 10.0 09
4 THF 778 16.7 12 ND 19 24 <0.5
5 Bu,O 791 14 0.8 ND 10.0 26 26
6 4-MeTHP 88.3 77 0.8 ND 28 ND ND
7 Pr,0 91.7 20 0.5 ND 0.7 32 17
8 2-MeTHF 9.6 0.9 13 ND 12 ND ND
9 CPME 97.2 0.6 0.7 ND 038 06 ND

22T, BALBMOHEE AR A X 43 1R @IC L ARED v SV S THELDE T 2L 44 1T

XY T — k47 13, MW7 ==V ) F U LRV T IFNT—T VR Clo D720l ) FU LT ML RHVE
L., T Y ERFERN TR DL ERISE L TNDE NG THD EFZ i, V7 Fa—T VR CRIGE
1773227 @ entry 5 CEDAERKENEHE L COD D b IFFIND, AVT 4 RA5 BNV T AT A7/1-48
(I7 ==L ) F 7 A E TRYURSE L ORISR E VAL D 28O Y F 0 MERZNTA_R U END Z 2Tk
DAERRT D, 22T, BT ==V F U LOREZZTH ETF AT — NORBEZ NN OF A R 46 D3V
L. Wi L 72T 47— b HAURFBIRNTEALR DNV ERIST D Z 8K D N T h—Rx— b 49 NE
T 5, £i2, BBITKLTT AT = ) — VDT =AU PN AT N AR T T LB RER T AT AT ANED
DI, ZHUTEGCEAUIA A DREEESZ T CTF AT v L —IVDRET =4~ EHBEN, 9 1 570D 48
LS UTTFABAIA Ao DORBEZARNT A T VBB L. BERA A OB L F 4 RAMA 7 DI
BEANEE Z 2 Z &AT &0 AT/ B0 HVERCT S 2, {BEH) 50 ITHEEHIE > TE ST, LRMS O FA 4 —7
LISAOTEBRHG DI TR DITHEE DA eV, iR L b D DT AR EEET = =NoF A T AKD
R SV CUVR Ve BT T — 2 b7 e, Z OB NS B OMRE L 725,
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=07 ﬁc%

P

Bu,O S

Br
o l CS,
o s, o—’(e BB 0—< p o s . O
Bik — BU o nBr B
- <

43. DT AT ATV 48 GRIZIIT HAARA A DOHERE ARk

BT, &7 AL EIRY F U LEE O TRISIEZRHE L7z (3228) o A7V b U FAAEAAIREZRT- OB Rk 0D
FIRDIRE | Wi T 21X Lo &3 D% ZRBEREMEM BRI T 2B TH D720, ZORIGHEZEE§ 2 R,
WIEFTEHE T D LEZ BNEINSTHD, 7Aooz ) FA LTRSS, THE h o3y F4=
ATV 64a: ANVT7 4 K 52a 03 4.3 1 1 ONLEEIRE, 2-MeTHF HCldiky 37.6 : 1 OALESEIUE CRUSHHET L,
HEEHL T = =)L) F 0 L LT REOR A 52 72 (entries 1-2) 725, CPME HCIL Y b3 e #ired,
WiAbIREE & DRSO AT Z LIS TEARDo72 (entry 3) . — . 7 vHEFEA4 2 S AT EIT
CPME H CHREAR S UV F AT LT, 1,2-0 7 A a8 a2 HvWziGa, CPME HCldEdERmiz 54b
T2 7203, THE FCidaT Ly 55b & LA EICAR L TV (entries 4-5) , RIRROMEEHL T -
=Y F U DO AIT AR D AT 50 L3RR | 65b (IFGE - LA ONEETH DN,
MUE7 v HBFR AL DR BUBROE TEEMET L NS ZOIC T AT AL . S8 b F A LR =)Lk
~OFAWA A DBEEDHEIT L, il — b LT D EBZ TS, —H, T AIEAHE T CRINEATI &
CPME " CIE it i & DFUGHGERAEN—EI S, THE Peide 7 ARG L 0 2 E 720 52b
DHERED E L 72572 (entries 6-7) , ZAVHDFERND | SREIISRIEFEIZ K 2 ZHif LR DIRRIR -~ DB AL
S D1 & A L. CPME HrCE RIS & OB IR 2 S S22 v o 7 75 0 o RROEAY e T L7au iz
ThdZ EDNIND, £io, VT AUBEFE T T 55b OAREAEIK L T Z L 2v, THF iR\ Tl T
ZOZEURISHIEL TLE D ZE bbb, WEE LT 13V I7A R EHnE, GC-MS ET
IRIEDEAAR DV FR Gy Th -T2 (entries 8-9) , BRI To7-HAGRLITRZ LY 13- 7 A4 m B
D 2 fIANHFEEANZY FAHALISIVTND Z EDBHERSNTND T, 26-U 74 n 7 ==L FLL Thifk
R L DFISHEDPRD TR EB 2 HD, WEE LT 14070 4Aa0EBrBlt123- M) 7t a8
YEAWEGAEIR. 1,2-U 7 A a B EERRIC CPME 1 CIIdERICEEER) THh 5 —5C THF HClidhs
7SS TH -T2 (entries 10-13) , —H7, 12,34-7 b T 7 A a2 fVT5A12iE, THF 1 ¢h-T
HATED 54f 3SR TG DAV (entries 14-16) , o7 AUHRIEGAE FCTH & HFRE OSBRI WL TX 5720,
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fDRY TNFAa B LR OWEZA L CND EFRD, ZORKIET v HREFITLDNB U ERDOE
FREEEDHRRD TR T L TWD T2 DITRIEMAMES | ZHf WIRFR DD BSOS RIS D EEZE 72 B8N 2 1 B
e ThHDHLEEZDND, HNAS=F O mAOT v HEFFIE R 2R U722y i 7RG M TH L 72
D, Bt LT B D 9 bMg—2 2O mAL7 v RFF 20 5 bONRRDPOSHZ RIFER L IRoTe L F R D, X
AN THES T L7 BB LTl s 92-98% & W5 @il C H S b,

#28. (RV)INA R B RS T D VT AT AT IVERROEIEENIS

Fn DMF(2mL) ©n
@H "Buli (1.1q) CS,(12¢q) Bubr (1.2 cq) @_.( p @_{b @S n
— solvent -50 °C, 30 min rt,
F -78°C,3h  ~rt, 30 min
. (; mol%) 5da-f 51a-f 52a-f
entry substrate solvent GCMS areae yielci of 54
51 52 53 54 55 (%)
1 fluorobenzene THF <05 175 47 754 <05
2 fluorobenzene 2-MeTHF <05 25 16 939 <05
F fluorobenzene CPME (no reaction) 0
4 1,2-difluorobenzene THF <05 392 34 105 417 -
5 1,2-difluorobenzene CPME <05 07 <05 978 09 98
6° 1,2-difluorobenzene THF <05 493 <05 425 <05
7°° 1,2-difluorobenzene CPME - - - - - 0
g 1,3-difluorobenzene THF <05 146 17 93 <05 -
o 1,3-difluorobenzene CPME - - - - - 0
10 1,4-difluorobenzene THF <05 309 26 145 514 -
1 1,4-difluorobenzene CPME <05 <05 <05 976 19 97
12¢ 1,2,3-trifluorobenzene THF <05 353 47 137 194

13 1,2,3-trifluorobenzene CPME <05 <05 08 979 <05 92
14 1,2,34-tetrafluorobenzene THF <05 <05 35 948 <05 -
15 1,23 4-tetrafluorobenzene CPME <05 <05 <05 957 <05 97
16°  1,2,34-tetrafluorobenzene THF <05 1.2 <05 834 <05

@ no lithiation proceeded

b reaction without CUCN

° no peaks except unreacted BnBr were detected

9 unreacted BnBr was detected (59.0%)

¢ another unidentified compound was detected (24.4%)

AR Y 2,6-2 7N AR T 2= F U LORISHEDRD THUEL | T2 VT AT AT VAR R G52
ERNEETH o727z, ZOREITB L THAR DM 21T 072 (#629) . ARSI IANL L ChusMEZ ) b
SHHRI T I HEORNERG LIz ZA NNNNN-S X AF NI F L MU T U bR T
0. 24BHWSZ SO RIS T LI (entry 7) o ZZ2C AR U T R EORINC X0 SIS L
TWDZ Db, VT AIBEHEE F CHRBRDOMUGEIT o728 2A, VF AT AT /L 54¢ L A/L7 1 K 52¢ D
P10 1 FREEE T L7 (entry 8) . HERZHT 5 52¢ DRIEASTERIZIIHITE TRWed, £72F72
SEENREEND,
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#29. 13-U7NA B UEFEEE T D UTF AT AT IVERRICET DA

&
F additive DMF (2 mL) F F R Bn
*BuLi(l.leq) CS,(l.2eq) BnBr(l.2eq) Sp Bn F S
e o0
CPME -50°C,30min 1, 4h S S-Bn
E 78°C,3h  ~rt, 30 min F F F
+ 54¢ 52¢ 55¢
CuCN (3 mol%)
GC-MS area%
entry additive amof,‘”t .
(mol%) BnBr 52c 54c  55¢c
1 3 >995 <05 <05 <05
2 Me N~ NMe2 200 559 231 210 <05
3 200 66.3 194 143 <05
4 3 >995 <05 <05 <05

10 >005 <05 <05 <05

MesN NM
&2 \/\Rl/le/\/ 2 5 386 203 411 <05

7 200 66 257 677 1.1

& 200 74 83 843 <05

g MeN A~~~ NMe; 200 232 289 479 <05
2 reaction without CuCN

PEDI ST, o M7 vHEIRFE2GTHT V—L Y F U LENORIET H VT AT AT NVEIEER S GRkT 5
FIEOBIFIZHH) Lz, Grignard s3EA 1L U & T 5% < OFHEGERIIA 2 /UbOERND & L TRER 5D
R A B e LUy, AFRECHWD T U — ) F 0 SETH T 7 b A KD B2 A 2 U5 T
E D 7DIZHIIATFIE BN TR Y . ZOMARHEOIBRIAER TH L LB bND, BHIVTF AT AT
JTEA FALFSY B CHESER I (RAFT #l) & LTINS Z LD TEX HEHEETH D BDOT, HFEtOmEMNIA
N7z Z SN K0 BiHeHSRER T RAFT BIDBRIESE, A% ORISR 5,

4-4. CFFTRATNVORIPL— MERR

By T CoHT U —=T U — LT T )NAa AFNT—T VORKFEEE L TOT A AT ANERATHS
ZEEE TN, UFATATIERICEAL T, ZRETT VU F U LA D FHEORRE AT TE
7y, ZOFRIERMEOMR SHICEREES AR 2N MR & LTEET oD, 22T, ZhvE M
W72 TR e UC IS T COYF AT AT VARRIEOBIIICE T Uiz, FAREORE E LTER LZ0i,
X N TZAAY METHD (X44) , b 7ud v AFARIIEFICEERERE CTH D720, ZOERELE
TREE LI F ERNDENI A ZHET D Z L DES Th D AFEEN TV D, — T, ZSYbR U RICLDRE-7 v #
FEAUIMIP SIS S TWD A4 o ) 74 a AFARERA LT 5 2 L b AHETH Y Late-Stage T
DEREHAEBIFIATE 2O TII RV EB R T2,

44. X MY 7A Y REEO Late-Stage 2t
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RFE-T o FRER Z W 272D AV AEERE LI =BbR v R L0 B2 TR o WAES etk 7 v =
Y AESEIR L, L L IRV O ANA T Z % AT (R45) o SUSIEEMTHET LTI Y . 10 5o
BRI CRUSNR A DN LT= 8 2 A, RO B U 704 ) RIZSERITE L, SF AT 2T 1 48 DR
RSN, FrED 48 LSNIITIN DN AT RRE AR L TODIED, HE_ DB LR b o
DRI EIVTND, ZIVBIIN DNV AN T Z A BRORIE Th D LB 2 HiHTed, N M) ZuAY
ROZEHEROR L USRI 48 VERL L TV D EE X 5, 7ed, HINICh 5 48 LEIEM T H VR ULV A
VT 4 ROMEDMEL TN D T2 DI BB R IREEC o » Bl CHEHCITE > Qi

BnSH (3.2 eq)
A1C13 (3.2eq)
DCM

rt, 10 min
10.1%* 2.3%* 35.4%*

51. 3 %*
* GC-MS area of reaction mixture

45, X Y TAY RERCDIVA)NVHE T H o EERNE T OF AT AT L 48 SRk

DI AESHARISIAT 46 (TR, P M7 A=Y ACE DY B Y TAA Y RORHET

SR AN SIL, ISR DN AN T E DR SRS D, I, AR LT AT ¢ RHRHADRSE-
WEEAE DTS, 7 AT AR AN RN T IR L, BEEDSU DIV AT T B DI
BT CHIMWE 525, —IFEEIE DN AND T H S UIA L DB A T CA R E ) B 52 DT
b, TORFNTHIME FHERE 725, 728, BEAER L TW AR D VORBFITE LT LI =7 LD
ThbEEZBND,

/\ A1C13 AICI,

E AlCl; /—];SH / \ F B BnsH (‘s BnSH

C C - HF-AICl, -Bn,S 7Bn
- HF-AICl, - HF- AlCl3

AlCl F

46. DT AT AT )L 48 OHEEA RS

Vb, X MU TIAAY BN VT AT ATV ERR TE L 2 RH LT, BRI v I =0 A
EXRUNANT T H w3 B EANDIRG |72 TETH D _FICEVEMORRFIGRENR A T2, XUV T4
FHHIEAI ORISR -7 - A A OISO O bARFHE K B SIS0A Attm ERE Ein b,

45 U7)NAnm R MR UREBTEOBEOWIE

PUE, Wi FORBERIINE Ne ZFRETT 2 DICHEMR Y 7 A m A R UG IEORRMEEaEZ B T &
7o BTN OFER €L ZHIRSELToOICHERAINTND T T 7L 7 v RIR - Zilakk s L TR 5 2 &l
L0, VTl « ZHURE E ORIEERDE TR TT V—N=T ) =AU N A AF)NT—T Ve B TE D
AFRIEEMDRENE B2 bND, Eo, ARG E UTBG LI FAZRATUER L, Y FA ba#ks
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SN T ORSEEE LABHRIZRALESN T & 22 DS ORISBRFE DA A b L U7, HE7eR- T » il &
W D 0NFR LS, FIC HIEFBEOAEE > TWD 0 THD B, RUICSHEDIRFUIZ L > TRy Y
INAY FEDT v 3R FF7Z 1 OTENERACGESREEE TR TE UL, D741 A F R Uiba iz EHEa
THIENTE LD, ERITAMRIGL 2D EEZBND,

46. FAEIETHER
GC-MS D434t

HEETT QP2010 (FEUYER) & V-, 717 2% DB-5MS (Agilent, 5 =30 m, PI££0.25 mm, F55 0.25 uym) %
Ho, X UTHRAELTAY 74 (i 90 mUmin) 2 Ve, KYbEEIEE R JOMRHIZRREEIL 280 °C, 17 A
{1 80 °C T 3 /yMSHIRIRFF L1412 20 °Clmin 058 THAR L 300 °C BFES /T T CERIARFE LT,

AR OBIESAT
HEE T MP 70 (Mettler Toledo) % v /=, FHEHE % 0.5 °Clmin (Z3%E L CBICA CHIE L, YoFEEAED 100%
WD ETEUIEE LR 2D ECOHBZFIR LT, [EUAD DIRIRA~ 2T 2 R AR LT,

FRINRIN ALY L OMBIES:
FEEILFT-720 (HORIBA) Z =, w7 7T v Ridik e fet91c2s5 b CllE L, ARIE AR
ZDOFEFHWTHERE 16 [BITHIE LT,

NMR Do 5t

45783 ASCEND %7713 ULTASHIELD PLUS (Bruker) %\ =, WEBEEHEME L LCF R AFL LT (H
FLONC 12815 0 ppm) % HVy, HNMR 35 508 19F NMR (5 16 [5]C, 8C NMR (305 1024 [5]% 7213 256
B CENZIVIIE LT,

VT ATV 30 BIROYIIFES (] 37-38)

TNTUFEHR T, 7 ==/129 (655 mg, 3.0 mmol) Z VAL (2.4 mL) (ZiafR S, -78 °C ITMHAI LT-t4. sec-
TFNY F Y DD AT ARG (10 M, 3.3 mmol) % 30 237 Tl F L7, 7T 3 i
FRLit, ©7 AV (40.3mg, 045 mmol) AAIX TRIRT 16 ARIHELZ, =007 U — L) 5 AW
{55 (0.22mL, 3.6 mmol) A T L. -50 °C |25 LC 30 R Lz, ZOEHLE [ty LT THF 20
TR TIR Y R Ea) IR 2L (052 mL, 4.5 mmol) A3 F L, =i E THIE L->>2 BRI L,
ISR (5O ML) AN CHERHEHE L. AHIEIOE 7 o FLAMIOIFELE F NMR ICTT LT,
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CF AT ATV 30 DERL (X 39)

1) *BuLi (1.1 eq, 30 min), CPME, -78 °C,3 h

F F 2) CS, (1.2 eq), ~ -50 °C, 30 min, ~ 1t, 30 min F F
3) DMF (8.7 eq), BnCl (1.5 eq), rt, 4 h S-Bn
Et + CuCN (3 mol%) - Et
91% s
29 30

TITFHE T, 7 Ak (8.0 mg, 90 umol) 35 X TUET = =/1- 29 (655 mg, 3.0 mmol) DiEAYIZ CPME
(4.8mL) 2Nz T-78 °CITHHIL. sec-7 TV F 7 LD 7 anFH L -~FH ARETER (1.0 M, 3.3 mmol) %
SYNT T R U7, RN C 3 REE L7ct2, 2 OBUGIKRIC —hifkids (0.22mL, 3.6 mmol) % F L. -50 °C
(ZFHE L C 30 Aol Lie, & DEALEFRIRA 25 £ CHHR LoD 30 /fdlii: L7-1%. DMF (2.0 mL, 26 mmol) 35
F UMb~ 2L (052 mL, 4.5 mmol) Z Nz T 4 RfElfiEE L7z, BONRIK (8.0 mL) &Nz Tk L., /Kigz
~FH (40mLx2) ITTHItH L, & L7AfEE 2 Bk~ 7 120 ATTREE L7 i%, I8 Mt Lo, IRt
Bz VTN T hra~ N7 T 7 4 (IBHIR © ~F00) ICTRR L, RELAWZELEARIR (1.05 g,
M%) & LTHT-,
IR vmax (neat): 3026, 2964, 1618, 1604, 1495, 1454, 1407, 1290, 1236, 1084, 1003, 974, 895, 841, 816, 796, 769,
729,694 cm™
H NMR (400 MHz, CDCl3) 5: 7.48 (2H, dd, 3Jun = 8.2 Hz, 5J4r = 1.6 Hz), 7.45-7.28 (8H, m), 7.19 (1H, ddd, 3Jun =
8.5 Hz, Jur = 6.8 Hz, 1.8 Hz), 4.61 (2H, ), 2.71 (2H,q, J = 7.6 Hz), 1.28 (3H,t, I = 7.6 Hz).
3C{'H} NMR (101 MHz, CDCl;) &: 220.5, 148.2 (1C, dd, Xcr = 251.1 Hz, ZJor = 13.7 Hz), 147.0 (1C, dd, YJcr =
256.0 Hz, 2Jcr = 15.0 Hz), 145.2, 134.4,134.1 (1C, d, 2Jcr = 9.5 Hz), 133.1 (1C, d, 2Jcr = 10.6 Hz), 131.4, 129.4 (2C),
129.0-128.8 (4C, m), 128.4 (2C), 128.0, 124.4 (1C, m), 123.8 (1C, d, 3Jcr = 4.0 Hz), 42.5, 28.8, 15.5.
19F{"H} NMR (376 MHz, CDCls) 5: -138.4 (1F, d, J = 20.3 Hz), -141.9 (1F, d, J = 19.9 Hz).
HRMS (FAB): m/z calcd for CooHioF2S2 [M+H]*: 385.0896; found: 358.0886.

T /) AT )V 33 DERGERT (32 26, [X140)

catalyst (30 mol%)
additive (30 mol%)
02 (balloon)

S-Bn + HO
Et solvent Et
60°C,24h

<T AT VASHAES> FRFEFIACT., difili (0.30 mmol) . #RIIE (0 £721%0.30 mmol) L 34,5- U 74
17 = /—/L (163 mg, 1.1 mmol) DIRAMIIALE (2.0mL) Zz, YT 4= 271 30 (385mg, 1.0 mmol) %l
ZT60 °C C24 Wik L7, SUSRAE 7 A Migi# L CEHRT T /U TR L, IRIRATBE NG L7, e
Bt S ) BAAN T DT a~w N 5T ¢ (TR ~) ICORRLL, RELAY A S EER (20-82%) &

T
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1) BuLi (1.1 eq, 30 min), CPME, -78°C, 3 h

2) CS, (1.2 eq), ~-50 °C, 30 min F
F, F 3) SOCI, (1.1 eq), ~rt, 1 h F, F
4) NMI (3 eq), 3.,4,5-trifluorophenol (1.2 eq), rt, 3 h [e) F
Et + CuCN (3 mol%) > Et ::
71% S F
29 33

<ULRy MNE> TV FHA T, 7 AL (8.0 mg, 90 ymol) L OE~7 = =)L 29 (655 mg, 3.0 mmol) ™
IR CPME (4.8 mL) Z W1z C-78 °C ITHAIL, sec-7F /LY F 7 LD 7 anFH - ~FH ARATAIR (1.0
M, 3.3 mmol) % 30 7373 Ciéi T L7z, [FREC 3 RERIHER L7214, Z ORSRIZ —FifbiRs# (0.22 mL, 3.6 mmol) %
L, -50 °CIZHHR LT 30 /s L7z, Z OEALEERIIE LT A4 =/1 (0.24 mL, 3.3 mmol) i FL, =
IRE THIR LoD 1 R L7 AT 2 KRITRE ST 7 0 L DONNT T —2@ U Tt LTz) . SIS
R L QWD bAKSEZ T LT T— LIt BORIZ NMI (0.71 mL, 9.0 mmol) Ik\NT34,5- 8V 7141
7 = /=)0 CPME &% (2.4 M, 3.6 mmol) % F L CRIET 3 REfifirE L7, MUSHZK (8.0 mL) &1z CToy
L, KEgze~F¥ (40mLx2) [CTHIH L, A& L7oAE 2 BKiliE~ 71 20 TR L7, TB0E TR
i LTce WMEREZ S ) B TNAT L0~ b7 T 7 4 (IR © ~F5 ) ICTRRIL, RE(LEWa me A
(870mg, 71%) & LCH57=,
mp: 101.6-102.7 °C
IR vmax (neat): 3082, 2979, 2933, 2871, 1628, 1450, 1406, 1300, 1236, 1182, 1126, 1103, 1045, 987, 876, 845,
822.
H NMR (400 MHz, CDCls) &: 7.91 (1H, ddd, 3Ju = 8.6 Hz, Jur = 6.8 Hz, 1.8 Hz), 7.53 (2H, dd, 3Jun = 8.2 Hz, *Jyr =
1.6 Hz), 7.34 (2H, d, J = 8.4 Hz), 7.28 (1H, ddd, 3Jun = 8.5 Hz, Jur = 6.8 Hz, 1.8 Hz, overlap with CHCl3), 6.86 (2H, dd,
Jue = 7.3 Hz, 5.8 Hz), 2.73 (2H, g, J = 7.6 Hz), 1.30 (3H, , J = 7.6 Hz).
3C{'H} NMR (101 MHz, CDCls) &: 205.5, 151.5 (2C, ddd, *Jcr = 251.7 Hz, 2Jcr = 10.8 Hz, 3Jcr = 5.1 Hz, overlap
with 149.0), 149.0 (1C, dd, Jcr = 262.7 Hz, 2Jcr = 15.3 Hz, overlap with 151.5), 148.5 (1C, td, 3Jcr = 11.6 Hz, *Jcr =
4.6 Hz), 148.4 (1C, dd, YJcr = 251.3 Hz, 2Jcr = 13.9 Hz), 145.6, 138.7 (1C, dt, }Jcr = 251.1 Hz, 2Jcr = 15.2 Hz), 135.4
(1C, d, 2Jcr = 10.0 Hz), 130.9 (1C, m), 128.8 (2C, d, “Jcr = 3.2 Hz), 128.4 (2C), 127.5 (1C, d, 3Jcr = 3.9 Hz), 126.9
(1C, d, 2Jcr = 6.6 Hz), 124.2 (1C, t, 3 cr & “J cr = 3.5 Hz), 107.9 (2C, dd, 2Jer = 17.4 Hz, 3Jcr = 6.6 Hz), 28.7, 15.4.
19F{'H} NMR (376 MHz, CDCls) &: -132.1 (2F, d, J = 20.5 Hz), -134.7 (1F, d, J = 19.1 Hz), -141.9 (1F, d, J = 19.2 Hz),
-162.0 (1F, t, J = 20.5 Hz).
HRMS (FAB): m/z calcd for C21H14F50S [M+H]*: 409.0686; found: 409.0687.

FF ) = A5 )L 35 DAL (13 40)

1) SBuLi (1.1 eq, 30 min), CPME, -78 °C, 3 h

2) CS, (1.2 eq), ~ -50 °C, 30 min F
F, F 3) SOCI, (1.1 eq), ~rt, 1 h F, F
4) NMI (3 eq), 3.4,5-trifluorophenol (1.2 eq), rt, 14 h [} F
Pr + CuCN (3 mol%) Pr ::
68% S F
34 35

TN FHEA T, 7 AL (8.0 mg, 90 umol) F LU~ = =/L 34 (697 mg, 3.0 mmol) DIRA¥IZ CPME
(4.8mL) ZMNZT-78 °C AL, sec-7TF /NN F 7 LDL 7 a~FH L -~F P ARGERE (1.0M, 3.3 mmol) %
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30 437NF T R L7z, [RNRC 3 WeiIfise L7ot, ORISR —hifkisg (0.22mL, 3.6 mmol) % F L. -50 °C
(ZHHE LT 30 iR LT, ZoBESLai i T4 =/ (0.24 mL, 3.3 mmol) Zifi F L, =RiEE THEL>
S 1 B LT G DM LKEILE ST 7 4 L DONRT T =5 U TR L) . SRETICERE L Q5
{WKFEZT N T/R—=P LI, BOSEIZ NMI(0.71 mL, 9.0 mmol) W\ T 34,5- U 747 = ) —/Lod
CPME &% (24 M, 3.6 mmol) i F L ClRlE C 14 Fefilisde L7z, FOGNRIZK (80mL) ZMMA TRl KEz
AFHL (40mLx2) (ICTRE L, & LI-AHE & SRR~ 70> 7 ST Ut UE PR L7, e
Wi VRINAThra~ 7T 7 4 (IR - ~F 90 [CORERIL, RELEW A EAER (866 mg,
68%) & LT,

mp: 70.0-70.5°C

IR vmax (neat): 3080, 2958, 2931, 2871, 2322, 1630, 1525, 1452, 1404, 1201, 1134, 1041, 987, 874, 787.

H NMR (400 MHz, CDCls) 8: 7.91 (1H, ddd, 3J+ = 8.5 Hz, Jur = 6.8 Hz, 1.8 Hz), 7.52 (2H, dd, 3Jun = 8.2 Hz, %Jue =
1.6 Hz), 7.32-7.26 (3H, m, overlap with CHCl3), 6.86 (2H, dd, Jur = 7.4 Hz, 5.8 Hz), 2.66 (2H, t, J = 7.4 Hz), 1.70 (2H,
sext, J=7.4 Hz),0.99 (3H, t, J = 7.4 Hz).

3C{'"H} NMR (101 MHz, CDCl;) &: 205.4, 151.5 (2C, ddd, “Jcr = 251.8 Hz, 2Jcr = 10.8 Hz, 3Jcr = 5.0 Hz, overiap
with 149.0), 149.0 (1C, dd, “Jcr = 263.0 Hz, 2Jcr = 15.2 Hz, overlap with 151.5), 148.6 (1C, td, 3Jcr = 11.6 Hz, “Jcr =
4.4 Hz), 148.5 (1C, dd, LJcr = 251.1 Hz, 2Jcr = 13.9 Hz), 144.1, 138.7 (1C, dt, cr = 251.2 Hz, 2Jcr = 15.2 Hz), 1354
(1C, d, ZJcr = 10.7 Hz), 130.9 (1C, m), 129.0 (2C), 128.7 (2C, d, “Jcr = 3.5 Hz), 127.5 (1C, d, 3Jcr = 4.1 Hz), 126.9
(1C, d, 2Jce = 6.6 Hz), 124.2 (1C, t, “Jcr & 3Jcr = 3.4 Hz), 107.9 (2C, dd, 2Jcr = 17.3 Hz, 3Jcr = 6.6 Hz), 37.8, 24 4,
13.8.

19F{'H} NMR (376 MHz, CDCls) 5: -132.1 (2F, d, J = 20.4 Hz), -134.7 (1F, d, J = 19.2 Hz), -141.9 (1F, d, J = 19.1 Hz),
-162.1 (1F, t, J = 20.5 Hz).

HRMS (FAB): m/z calcd for CooH1eFs0S [M+H]*: 423.0842; found: 423.0850.

T—7)L 28 DERL (K41)

F F
F, F HF Py (8 eq) F, F
O F Br, (2 eq) O F
S F PhCl F F F
35 rt,2 h 28

quant.

T LA LRI T O FEP (CoFs-CaFe EEAA) BbimibiE . T4/ =271 35 (84.4 mg, 0.20 mmol) %7 mu
B (020 mb) (TERESET, IR T TR L DD, ZORIKIZ 70% 7 v kAKFHE-2) 2 (41.6 pL, 1.6 mmol)
BINZ. BFEO7 v u~ B (0.20 mL, 0.40 mmol) 4 F LT 2 BSEHE Ui, SUSHa Kimic CARI L,
FIFNEETK (2.0 mL) ROTEIFITF AR N U O KK (20 mL) 2z 7z, ZOREGHEZ~F Y (2.0 mLx
3) T L, A& LI-AiE & JoKRiliE~ 7 % >0 M TR UT-f4, JBUE NG L7, Ieiiss o ) vk
Fhruv NTTT7 40 (R = ~FY0) ICTHERIL, RE(LAWE AEEIR (88.5mg, quant) & L CH7-,
mp: 56.1-56.8 °C
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IR vmax (neat): 2960, 2933, 2871, 1628, 1522, 1460, 1450, 1329, 1236, 1122, 1072, 1045, 831, 787.

1H NMR (400 MHz, CDCls) 5: 7.49-7.45 (3H, m), 7.31-7.27 (3H, m), 6.99 (2H, dd, Ju = 7.9 Hz, 5.9 Hz), 2.66 (2H, t,
J=7.4Hz),1.70 (2H, sext, J = 7.4 Hz), 0.98 (3H, t, J = 7.4 Hz).

3C{'H} NMR (101 MHz, CDCl5) &: 151.1 (2C, ddd, XJcr = 250.9 Hz, 2Jcr = 10.7 Hz, 3Jcr = 5.3 Hz, overlap with
148.4), 148.9 (1C, dd, YJcr = 258.0 Hz, 2Jcr = 15.3 Hz), 148.4 (1C, dd, Jcr = 251.1 Hz, 2)cr = 12.5 Hz, overlap with
151.1), 114.7 (1C, td, 3Jcr = 11.6 Hz, “Jcr = 3.8 Hz), 143.9, 138.5 (1C, dt, YJcr = 250.4 Hz, 2Jcr = 15.3 Hz), 134.7 (1C,
d, 2Jcr = 10.3 Hz), 130.9 (1C, m), 128.9 (2C), 128.7 (2C, d, “Jor = 3.0 Hz), 124.5 (1C, t, *Jcr & “Jor = 3.3 Hz), 1214
(1C, q, 3Jcr = 4.6 Hz), 1207 (1C, td, 2 = 32.6 Hz, 8.8 Hz, overlap with 120.4), 120.4 (1C, t, Jor = 264.8 Hz,
overlap with 120.7), 107.4 (2C, dd, 2Jcr = 17.4 Hz, 3Jcr = 6.6 Hz), 37.8,24.4, 13.8.

F{'H} NMR (376 MHz, CDCl;) &: -65.6 (2F, d, J = 12.2 Hz), -132.4 (2F, d, J = 21.5 Hz), -138.7 (1F, dt, J = 20.3 Hz,
122 Hz), -141.4 (1F, d, J = 19.8 Hz), -163.1 (1F, t, J = 20.5 Hz).

HRMS (FAB): m/z calcd for CoH1sF70O [M]*: 428.1011; found: 428.1019.

FF ) AT )L 36-43 DR (1 42)

1) SBuLi (1.1 eq, 30 min), CPME, -78 °C, 3 h
2) CS, (1.2 eq), ~ -50 °C, 30 min
F F 3)SOCl, (1.1 eq), ~rt, 1 h

F, F
4) NMI (0.1 eq), NEM (2.0 eq), ArOH/MeCN (1.2 eq), 1t, 14 h o
R' + CuCN (3 mol%) R'
S
R2

R2

TIVTLFRKA T, v 7 AL (8.0 mg, 90 umol) BE U7 /vA4 e 7 L—2 (3.0 mmol) DIEEYZ CPME (4.8
mL) 2z T-78 °CITHHIL, sec-7FI/L U F 7 LD 7 a~FH -~ L AREEE (1.0 M, 3.3 mmol) % 30
SN T T UTe, [ARRC 3 IRFRIRFR L7212, S ORUGNIKIZ —hitfbi3E (0.22 mL, 3.6 mmol) i KL, -50 °C (T
HIR U T30 iR Lz, Z OBk b F 4= (0.24 mL, 3.3 mmol) i FL, =iEE CTHREL>D1
BRI LT 8T DHULAGRITIREN T 7 0 v DT T —% 8 U Tl LT2) o SEEFPICERE L QLA bk
FaT NI TR=D LT, SOSEIZ NMI (23 yl, 30 pmol) kW C7 =/ —/ VDT & F= bk U VIR (3.0
mmol) %3 F L CIRIEC 14 BEHEE LU= FUSIITK (8.0 mL) ZhNz TaMk L. K@z ~F+> (4.0mLx2) i
THIH L, & LIcAE 2 KIS~ 70 0 DT LT, TB0E TR LT, IRiE x> U 07715 L
s~ "7 7 4 (BHIR © ~FP) ICTHERIL, 74 =271 3643 2O F -3 aER (25-60%) &
L TH

O~
mp: 90.3-92.1 °C
IR vmax (neat): 2958, 2931, 2871, 1722, 1458, 1408, 1298, 1227, 1188, 1113, 997, 895, 837, 768, 715.

H NMR (400 MHz, CDCls) 5: 7.96 (1H, ddd, Jun = 8.5 Hz, Jue = 6.7 Hz, 1.8 Hz), 7.53 (2H, dd, 3Jun = 8.2 Hz, °Jue =

1.7 Hz), 7.32-7.26 (3H, m, overlap with CHCls), 7.20-7.16 (2H, m), 7.00 (1H, m), 2.66 (2H, t, J = 7.4 Hz), 1.70 (2H,
81
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sext, J = 7.4 Hz), 0.99 (3H, t, J = 7.4 Hz).
13C{'H} NMR (101 MHz, CDCl;) 5: 204.1, 151.6 (1C, dd, XJcr = 250.0 Hz, 2Jcr = 10.7 Hz), 149.3 (1C, dd, Xcr =
263.3 Hz, 2Jcr = 15.3 Hz), 1485 (1C, dd, Lcr = 250.9 Hz, 2Jcr = 13.8 Hz), 144.0, 143.0 (1C, dd, Xcr = 252.7 Hz,
2Jer = 14.5 Hz), 142.7 (1C, dd, Zcr = 9.8 Hz, 3Jcr = 2.4 Hz), 135.3 (1C, d, 2Jer = 11.0 Hz), 131.1 (1C, m), 129.0 (2C),
128.8 (2C, d, “Jcr = 3.2 Hz), 127.4 (1C, d, 2Jcr = 4.1 Hz), 126.7 (1C, d, 2)cr = 6.8 Hz), 124.1 (1C, dd, 3Jcr = 4.4 Hz,
43 = 2.9 Hz), 123.7 (1C, dd, 3Jcr = 7.9 Hz, “cr = 5.0 Hz), 119.1 (1C, d, 3Jer = 3.5 Hz), 115.5 (1C, d, 2Jer = 17.3 Hz),
37.8,24.4,139.

19F{'H} NMR (376 MHz, CDCls) : -134.2 (1F, d, J = 19.3 Hz), -135.4 (1F, d, J = 21.6 Hz), -142.0 (1F, d, J = 19.0 Hz),
1492 (1F, d, J = 21.2 Hz).

E

Naratecy

mp: 72.7-76.4 °C

IR vmax (neat): 2958, 2931, 2871, 1620, 1508, 1454, 1406, 1292, 1246, 1182, 1107, 1097, 1076, 957, 877, 777,
629.

H NMR (400 MHz, CDCls) &: 7.92 (1H, ddd, 3Jun = 8.6 Hz, Jur = 6.8 Hz, 1.8 Hz), 7.52 (2H, dd, 3Ju = 8.2 Hz, 34 =
1.7 Hz), 7.32-7.24 (4H, m, overlap with CHCl3), 7.04 (1H, ddd, Jur = 10.2 Hz, 6.6 Hz, Jun = 2.8 Hz), 6.92 (1H, m),
2.66 (2H,t,J = 7.4 Hz), 1.70 (2H, sext, J = 7.4 Hz), 0.99 (3H,t, J = 7.4 Hz).

13C{"H} NMR (101 MHz, CDCls) 5: 206.2, 150.5 (1C, dd, *Jcr = 251.1 Hz, 2Jcr = 14.1 Hz), 149.6 (1C, dd, *Jcr = 8.4
Hz, “Jcr = 3.5 Hz, overlap with 148.4), 149.0 (1C, dd, o = 262.6 Hz, 2Jcr = 15.3 Hz), 148.9 (1C, dd, YJcr = 247.7
Hz, 2Jcr = 12.5 Hz), 148.4 (1C, dd, YJcr = 251.2 Hz, 2Jcr = 13.8 Hz, overlap with 149.6), 144.1, 135.2 (1C, d, 2Jcr =
10.2 Hz), 131.0 (1C, m), 129.0 (2C), 128.8 (2C, d, “Jcr = 3.2 Hz), 127.5 (1C, d, 3Jcr = 4.0 Hz), 127.2 (1C, d, e =
6.7 Hz), 124.1 (1C, dd, 3Jcr = 3.8 Hz, “Jcr = 3.2 Hz), 118.3 (1C, dd, 3Jcr = 6.4 Hz, *Jcr = 4.0 Hz), 117.7 (1C, d, ek =
19.0 Hz), 112.4 (1C, d, Xcr = 19.9 Hz), 37.9, 24.4, 13.9.

19F{'H} NMR (376 MHz, CDCls) 5: -133.9 (1F, d, J = 21.5 Hz), -135.0 (1F, d, J = 19.5 Hz), -139.5 (1F, d, J = 20.5 Hz),
-142.1 (1F, d, J = 19.2 Hz).

L

mp: 81.7-83.8°C
IR vmax (neat): 3087, 3060, 3024, 2958, 2931, 2871, 1608, 1454, 1404, 1300, 1211, 1119, 989, 980, 849, 843, 656.
H NMR (400 MHz, CDCls) &: 7.92 (1H, ddd, 3Jun = 8.5 Hz, Jue = 6.8 Hz, 1.9 Hz), 7.52 (2H, dd, 3 = 8.2 Hz, S0k =
1.7 Hz), 7.32-7.26 (3H, m, overlap with CHCl), 6.81 (1H, tt, 2Jue = 8.8 Hz, “Jun = 2.3 Hz), 6.77-6.73 (2H, m), 2.66 (2H,

t,J=7.4Hz),1.70 (2H, sext, J = 7.4 Hz), 0.99 (3H, t, J = 7.4 Hz).
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13C{'H} NMR (101 MHz, CDCl3) 5: 2054, 163.3 (2C, dd, %Jcr = 250.0 Hz, 3Jcr = 14.6 Hz), 155.3 (1C, t, 3Jcr = 13.7
Hz), 149.0 (1C, dd, Wcr = 262.6 Hz, 2Jcr = 15.2 Hz), 1484 (1C, dd, Wcr = 250.9 Hz, 2Jcr = 13.8 Hz), 144.1, 135.3
(1C, d, ZJcr = 10.2 Hz), 131.0 (1C, m), 129.0 (2C), 128.8 (2C, d, “Jcr = 3.5 Hz), 127.5 (1C, d, 3Jcr = 4.1 Hz), 127.1
(1C, d, 2Jcr = 6.6 Hz), 124.1 (1C, t, 3 o & Wcr = 3.5 Hz), 106.7 (2C, dd, 2Jce = 20.3 Hz, “Jcr = 8.1 Hz), 1025 (1C, 1,
2)cr = 254 Hz), 37.8, 244, 13.9.

19F{'H} NMR (376 MHz, CDCls) : -107.8 (2F, s), -134.8 (1F, d, J = 19.0 Hz), -142.0 (1F, d, J = 19.1 Hz).

mp: 95.7-974 °C

IR vmax (neat): 2968, 2931, 2879, 1610, 1452, 1406, 1288, 1184, 1132, 1049, 874, 847, 812, 766.

'H NMR (400 MHz, CDCls) &: 7.92 (1H, 23w+ = 8.5 Hz, Jur = 6.8 Hz, 1.8 Hz), 7.53 (2H, dd, 3Jnn = 8.2 Hz, I = 1.6
Hz), 7.33-7.26 (3H, m, overlap with CHCls), 6.90 (2H, d, ®Jur = 9.2 Hz), 2.66 (2H, t, J = 7.4 Hz), 1.70 (2H, sext, J =
7.4 Hz),0.99 (3H,t, =74 Hz).

13C{'"H} NMR (101 MHz, CDCls) &: 204.3, 161.6 (2C, dd, Jcr = 260.3 Hz, 2Jcr = 6.9 Hz), 157.4 (1C, t, *Jcr = 14.2
Hz), 149.1 (1C, dd, “Jcr = 263.3 Hz, 2Jcr = 15.3 Hz), 148.5 (1C, dd, Xcr = 251.4 Hz, 2Jcr = 14.0 Hz), 144.2, 135.7
(1C, d, 2Jcr = 10.5 Hz), 130.9 (1C, m), 129.0 (2C), 128.7 (2C, d, “Jcr = 3.3 Hz), 127.6 (1C, d, 3Jcr = 4.0 Hz), 126.6
(1C, d, 2Jcr = 6.4 Hz), 124.3 (1C, t, ®Jcr & I cr = 3.5 Hz), 121.4 (1C, q, }er = 275.4 Hz), 108.2 (2C, dd, 2Jcr = 25.2
Hz, 4Jcr = 4.0 Hz), 106.5 (1C, qt, 2Jcr = 34.0 Hz, 14.6 Hz, very weak signals), 37.8, 24.4, 13.9.

9F{'"H} NMR (376 MHz, CDCls) &: -56.3 (3F, t, “J = 21.9 Hz), -108.1 (2F, q, *J = 21.9 Hz), -134.3 (1F, d, = 19.4 Hz),
-141.7 (1F, d, 3 =19.1 Hz).

F F
FF

OB OC
mp: 100.0-100.8 °C
IR vmax (neat): 3064, 2968, 2931, 2871, 1618, 1537, 1496, 1454, 1402, 1246, 1194, 1043, 862, 823, 762, 648.
H NMR (400 MHz, CDCls) &: 7.95 (1H, ddd, 3Jun = 8.6 Hz, Jur = 6.8 Hz, 1.8 Hz), 7.53 (2H, dd, 3Jun = 8.2 Hz, ®Jue =
1.6 Hz), 7.49 (1H, m), 7.33-7.26 (3H, m, overlap with CHCl3), 7.22 (2H, dd, Jur = 7.4 Hz, 6.6 Hz), 7.09-7.04 (2H, m),
2,66 (2H, t, J = 7.4 Hz), 1.70 (2H, sext, J = 7.4 Hz), 0.99 (3H, t, J = 7.4 Hz).
13C{'H} NMR (101 MHz, CDCls) &: 205.9, 159.6 (1C, d, Jcr = 251.8 Hz), 154.8 (1C, d, *Jcr = 11.0 Hz), 151.2 (2C,
ddd, Ner = 250.1 Hz, 2Jcr = 9.5 Hz, 3Jcr = 4.1 Hz), 149.0 (1C, dd, s = 262.7 Hz, 2Jcr = 15.0 Hz), 1485 (1C, dd,
YJer =250.0 Hz, 2cr = 14.0 Hz), 144.1,139.6 (1C, dt, *Jcr = 252.7 Hz, 2Jcr = 13.8 Hz), 135.2 (1C, d, 2Jcr = 10.3 Hz),
131.0 (1C, m), 130.9-130.8 (2C, m), 129.0 (2C), 128.8 (2C, “Jcr = 3.2 Hz), 127.5 (1C, d, 3Jcr = 3.8 Hz), 127.2 (1C, d,

2Jce = 6.7 Hz), 124.6 (1C, d, 2Jcr = 13.1 Hz), 124.1 (1C, t, 3 cr & “Jcr = 3.7 Hz), 118.8 (1C, d, 3Jcr = 3.8 Hz), 113.3
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(2C, ddd, “Jcr = 16.4 Hz, 2cr = 6.4 Hz, 3Jcr = 3.2 Hz), 111.3 (1C, d, 2Jcr = 25.7 Hz), 37.8, 24.4, 13.9.
19F{'H} NMR (376 MHz, CDCls) 5: -114.0 (1F, s), -134.1 (2F, d, J = 20.5 Hz), -134.8 (1F, d, J = 19.1 Hz), -142.0 (1F, d,
J=19.1 Hz), -161.0 (1F, t, J = 20.5 Hz).

mp: 33.9-35.6 °C

IR vmax (neat): 2979, 2962, 2939, 2871, 1630, 1450, 1273, 1194, 1184, 1132, 1043, 995, 974, 868, 831, 725.

H NMR (400 MHz, CDCls) 5: 7.78 (1H, ddd, 33w = 8.4 Hz, Jur = 6.7 Hz, 1.8 Hz), 7.01 (1H, ddd, 3Jun = 8.2 Hz, Jur =
6.5 Hz, 1.8 Hz), 6.83 (2H, dd, Jur = 7.4 Hz, 5.8 Hz), 2.70 (2H, td, 3Jun = 7.5 Hz, “Jue = 1.2 Hz), 1.69 (2H, sext, J = 7.4
Hz), 0.99 (3H, t, J = 7.4 Hz).

3C{'"H} NMR (101 MHz, CDCls) &: 205.9, 151.4 (2C, ddd, Jcr = 251.6 Hz, 2Jcr = 10.9 Hz, 3Jcr = 5.1 Hz), 149.4 (1C,
dd, Wcr = 247.6 Hz, 2cr = 12.9 Hz), 148.6 (1C, td, 3Jcr = 11.6 Hz, “Jcr = 4.4 Hz), 148.4 (1C, dd, Ycr = 262.7 Hz,
2Jcr = 14.9 Hz), 138.6 (1C, dt, Wcr = 251.3 Hz, 2Jcr = 15.3 Hz, overlap with 137.3), 137.3 (1C, d, ZJcr = 14.2 Hz,
overlap with 138.6), 127.3 (1C, d, 3Jcr = 3.8 Hz), 126.3 (1C, d, 2Jcr = 6.2 Hz), 124.5 (1C, t, 3Jcr & Ycr = 4.3 Hz),
107.9 (2C, dd, 2Jcr = 17.4 Hz, 3Jcr = 6.6 Hz), 31.1, 22.9, 13.7.

19F{'H} NMR (376 MHz, CDCls) 5: -132.2 (2F, d, J = 20.7 Hz), -135.8 (1F, d, J = 20.2 Hz), -142.3 (1F, d, J = 20.2 Hz),
-162.2 (1F, t, J = 20.6 Hz).

for s@
mp: 62.3-64.3 °C
IR vmax (neat): 2958, 2927, 2866, 1747, 1481, 1471, 1269, 1174, 1101, 1001, 879, 812, 787, 744, 719.
H NMR (400 MHz, CDCl5) &: 7.89 (1H, ddt, 33y = 8.1 Hz, “Jur = 6.3 Hz, “Jnn & %Jue = 1.7 Hz), 7.48 (2H, dd, 3Jn =
8.2 Hz, °Jur = 1.6 Hz), 7.40 (1H, dddd, *Jue = 11.3 Hz, 33 = 8.4 Hz, “Jur = 7.2 Hz, “Jun = 1.7 Hz), 7.31-7.25 (3H, m,
overlap with CHClz), 7.18 (1H, tdd, 3Jun = 8.2 Hz, Jue = 4.7 Hz, 1.7 Hz), 7.03 (1H, ddd, 3Ju = 8.7 Hz, Jue = 6.6 Hz,
2.0Hz),2.65(2H,t,J=7.4 Hz), 1.70 (2H, sext, J = 7.4 Hz), 0.98 (3H, t, J = 7.4 Hz).
3C{'"H} NMR (101 MHz, CDCls) &: 204.4, 151.2 (1C, dd, YJcr = 249.7 Hz, 2Jcr= 13.1 Hz, overlap with 148.5), 148.9
(1C, dd, YJcr = 251.1 Hz, 2Jcr = 11.1 Hz), 148.5 (1C, dd, 1Jcr = 262.8 Hz, 2Jcr = 14.0 Hz, overlap with 151.2), 143.3
(1C, dd, YJcr = 252.4 Hz, 2Jcr = 15.4 Hz), 143.2, 141.2 (1C, dd, 2Jcr = 10.2 Hz, 3Jce = 2.0 Hz), 131.4 (1C, m), 129.7
(1C, d, 2Jcr = 10.6 Hz), 128.9 (1C, d, 2Jcr = 6.6 Hz), 128.84 (2C, overlap with 128.79), 128.79 (2C, d, “Jcr = 3.0 Hz,
overlap with 128.84), 127.8 (1C, d, 3Jcr = 3.4 Hz), 124.3 (1C, t, 3Jcr & “Jcr = 3.6 Hz), 123.7 (1C, dd, 3Jcr = 6.7 Hz,
“Jer =5.3 Hz),121.2 (1C, d, 2ce = 17.3 Hz), 118.4 (1C, d, 3Jcr = 4.1 Hz), 37.8, 24.5, 13.9.

®F{'H} NMR (376 MHz, CDCls) &: -135.5 (1F, d, J = 20.6 Hz), -136.7 (1F, d, J = 20.0 Hz), -139.9 (1F, d, J = 20.6 Hz),
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1484 (1F, d, J = 22.3 Hz).
F

F

mp: 63.1-65.3 °C

IR vmax (neat): 3076, 2962, 2931, 2871, 1637, 1522, 1479, 1302, 1205, 1126, 1036, 941, 862, 835, 795.

H NMR (400 MHz, CDCl5) &: 7.83 (1H, dddd, 33 = 10.6 Hz, “Jue = 8.4 Hz, 6.3 Hz, °Jue = 2.4 Hz), 7.49 (2H, d, 3Jum
=8.2 Hz), 7.30 (2H, d, 33w = 8.3 Hz), 7.22 (2H, d, 3Jur = 10.4 Hz), 7.06 (2H, d, 3Jur = 8.0 Hz), 2.65 (2H, t, J = 7.4 Hz),
1.69 (2H, sext, J = 7.4 Hz), 0.97 (3H,t, J = 7.4 Hz).

3C{"H} NMR (101 MHz, CDCls) &: 200.2, 160.3 (2C, dd, *Jcr = 257.2 Hz, ®Jcr = 5.9 Hz), 154.4 (2C, dd, 1Jcr = 252.4
Hz, 3Jcr = 6.0 Hz), 1485 (1C, t, 3Jcr = 125 Hz), 147.1 (1C, t, 3Jcr = 10.5 Hz), 144.4, 134.8, 129.4 (2C), 128.0 (1C, 1,
2Jcr = 15.7 Hz), 126.8 (2C), 122.3 (1C, m), 120.5 (1C, t, Jcr = 265.7 Hz), 114.2 (1C, dd, 2Jcr = 21.5 Hz, 3Jcr = 3.3
Hz), 110.7 (2C, dd, 2Jcr = 23.9 Hz, “Jcr = 2.6 Hz), 107.8 (1C, m), 106.9 (2C, d, 2Jcr = 25.2 Hz), 37.7, 24.4, 13.8.

The multiplet signals having 1Jcr (ca. 250-260 Hz) -+ 146.4, 143.6, 141.5, 112.5 (1C each, very weak signals).
9F{'"H} NMR (376 MHz, CDCl;) &: -61.5 (2F, t, “J = 26.1 Hz), -110.6 (2F, t, “J = 26.0 Hz), -122.7 (2F, s), -133.9 (1F,
ddd, 33 =21.6 Hz, 43 =12.0 Hz, °J = 9.6 Hz), -137.8 (1F, ddd, 3J = 21.7 Hz, 3 = 12.2 Hz, 5] = 2.6 Hz), -147.0 (1F, td,
3)=21.1Hz,431=9.3 Hz),-153.2 (1F, td, 3] = 20.5 Hz, *J = 2.4 Hz).

7 ==V F UL E iR L ORURICIST DR (5 27)

CuCN (3 mol%)
CS,(1.2¢eq) BnBr(l. 2eq) S
a O\t Q T
solvent DMF

b0y 2 S

TITFHE T, 7 AL (8.0 mg, 90 ymol) AP (4.8 mL) ([ ZHRE SHC-50 °CImAEIL, 7 ==
F U LD TFNT—T )VEE (1.6 M, 3.0 mmol) Ziii F L7z, ZORGHKIZ “miftix# (0.22 mL, 3.6 mmol) %
L, [FRET 30 R Lz, Z Oz 5= £ THIE Lo 30 /iR L72#%. DMF (2.0 mL, 26 mmol)
FOBRIE~ L (043 mL, 3.6 mmol) ANz T 4 e Lz, ROGHRIZK (8.0 mL) 2Nz Tk L., Al
% GC-MS 2Tt LTz, (L&) 44-49 IZMEE Chh %,
H NMR (400 MHz, CDCls, compound 45) : 7.36-7.22 (10H, m), 4.16 (2H, s).
13C{"H} NMR (101 MHz, CDCls, compound 45) &: 137.7, 134.1, 131.5 (2C), 129.3 (2C), 128.6 (2C), 128.2 (2C),
127.2,127.0,40.0.

H NMR (400 MHz, CDCls, compound 48) &: 8.02-7.98 (2H, m), 7.52 (1H, tt, 3] = 7.4 Hz, 4J = 1.2 Hz), 7.41-7.26
(7H, m), 4.60 (2H, s).
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13C{'H} NMR (101 MHz, CDCls, compound 48) 5: 227.5, 144.8, 135.1, 132.6, 129.4 (2C), 128.9 (2C), 128.5 (2C),
127.9,127.1 (2C), 42.4.

GCMS-El miz (compound 50): 410 [M[* (34.7), 319 [M-Bn]* (7.2), 241 [M-Bn-Ph-H]* (64.4), 210 [M-BnS-Ph]* (100),
178 [M-BnS-PhSJ* (25.5), 165 [M-Bn-Ph-Ph]* (21.1), 91 [Bn* (24.2), 77 [Ph]* (11.2).

(ENTNA BB DLDVFATAT VAR (3 28)

DMF (2 mL)

Fa
SBuLi (1.1 eq) CS, (1.2 eq) BnBr (1.2 eq) | | | |
- 2 4 /N /\/\SSBU
— solvent -50 °C, 30 min rt,
F -78°C,3 h ~rt, 30 min

n
CuCN (3 mol%)

TITLFHET., 7 Ak (8.0 mg, 90 ymol) L7 /LA r T L— (3.0 mmol) DIEEZ CPME (4.8
mL) Z/N%C-78 °CITWmAHIL, sec-7 T/ F T LDT 7 a~Ft e~ ARG (1.0 M, 3.3 mmol) % 30
SIONT TR T U7, [FREC 3R L7214, 2 ORSRIZ i bidE (0.22 mL, 3.6 mmol) % T L., -50 °C 2

B LT 30 R LT, Z ORIk A =i £ THIE Lo 30 Zofiii#k L7=#%. DMF (2.0 mL, 26 mmol) 35 LM
e 2L (043 mL, 3.6 mmol) Z N2 T4 IRFHRERE Uiz, SOSRIZK (8.0 mL) 2Nz Toik L, FitéE % GC-MS
(Tt LI,

GCMS-El m/z (compound 53): 224 [M]* (11.4), 133 [M-Bn]* (12.2), 101 [M-SBnJ* (16.8), 91 [Bn]* (100), 57 [*Bu]*
(3.9).

QY Qi

54a-f Sla-f 52a-f

F F
51a

GCMS-El m/z (compound 51a): 190 [M]* (100).

GCMS-El m/z (compound 52a): 218 [M]* (13.6), 127 [M-Bn]* (3.6), 91 [Bn]* (100).

H NMR (400 MHz, CDCls, compound 52a) &: 7.31-7.21 (5H, m), 7.17 (1H, m), 6.93 (1H, ddd, Jur = 9.4 Hz, Jun =
8.5 Hz, 1.0 Hz), 6.89 (1H, td, 3Jun = 7.5 Hz, °J4e = 1.1 Hz), 6.55 (1H, m), 3.99 (2H, s).

3C{'H} NMR (101 MHz, CDCl;, compound 52a) &: 159.1 (1C, d, *Jcr = 247.1 Hz), 137.8 (1C), 130.9 (1C),
129.3-129.1 (4C, m), 128.4 (2C), 127.0 (1C), 123.5 (1C), 115.2 (1C, d, 2Jcr = 22.2 Hz), 38.4 (1C).

F{'H} NMR (377 MHz, CDCl;, compound 52a) &: -113.3 (1F, s);

GCMS-El m/z (compound 54a): 262 [M]* (11.6), 171 [M-Bn]* (3.0), 139 [M-SBnJ* (75.1), 123 [SBn]* (1.5), 91 [Bn[*
(100).

H NMR (400 MHz, CDCl;, compound 54a) &: 7.59 (1H, td, 3Jun = 7.6 Hz, “Ju¢ = 1.8 Hz), 7.42-7.25 (6H, m), 7.15
(1H, td, 33 = 7.6 Hz, °Jur = 1.1 Hz), 7.10 (1H, ddd, *Jnr = 10.4 Hz, Jun = 8.3 Hz, 1.1 Hz), 4.59 (2H, s).

3C{'H} NMR (101 MHz, CDCls, compound 54a) &: 222.7 (1C), 157.4 (1C, d, YJcr = 253.4 Hz), 134.5 (1C), 134.1
(1C, d, ZJce = 12.2 Hz), 132.0 (1C, d, 3Jcr = 8.7 Hz), 1294 (1C, d, “Jer = 1.2 Hz), 129.2 (2C), 128.7 (2C), 127.7 (1C),

86



4. V7N F 0 A NI USROS

124.0 (1C, d, 3Jcr = 3.7 Hz), 116.3 (1C, d, 2Jcr = 22.2 Hz), 42.2 (1C).
19F{"H} NMR (377 MHz, CDCl3, compound 54a) 5: -113.8 (1F, s);

F

B 0

s s

<) ; = O

s s

F FF F FF F F FF
51b 52b 54b 55b

GCMS-El m/z (compound 51b): 226 [M]* (100).

GCMS-El m/z (compound 52b): 236 [M]* (10.3), 145 [M-Bn]* (2.7), 91 [Bn]* (100).

H NMR (400 MHz, CDCls, compound 52b) &: 7.40-7.24 (5H, m), 7.04-6.99 (2H, m), 6.93 (1H, m), 4.11 (2H, s).
3C{'H} NMR (101 MHz, CDCls, compound 52b) &: 150.7 (1C, dd, *Jcr = 249.9 Hz, 2Jce = 13.6 Hz), 149.7 (1C, dd,
e = 246.3 Hz, 2Jce = 13.2 Hz), 136.8 (1C), 128.9 (2C), 128.6 (2C), 127.5 (1C), 127.3 (1C, d, %Jcr = 3.3 Hz), 125.6
(1C, d, ek = 14.5Hz), 124.1 (1C, d, 3Jce = 3.8 Hz), 116.1 (1C, d, 2Jce = 17.4 Hz), 38.4 (1C, d, “Jcr = 2.6 Hz).

9F{'H} NMR (377 MHz, CDCl3, compound 52b) &: -133.8 (1F, d, 3J =21.9 Hz), -137.1 (1F, d, 3J = 21.8 Hz);
GCMS-El m/z (compound 54b): 280 [M]* (8.8), 157 [M-SBn]* (24.2), 91 [Bn]* (100).

IR vmax (neat, compound 54b): 3062, 3030, 1676, 1653, 1587, 1475, 1454, 1271, 1227, 1167, 1093, 1063, 999,
966, 839, 760, 694 cm™.

H NMR (400 MHz, CDCls;, compound 54b) &: 7.39-7.28 (6H, m), 7.22 (1H, m), 7.08 (1H, ddd, 33+ = 8.0 Hz, *Jue =
4.7 Hz, °Jue = 1.7 Hz), 4.59 (2H, s).

13C{'"H} NMR (101 MHz, CDCls, compound 54b) &: 220.7 (1C), 150.7 (1C, dd, “Jcr = 250.0 Hz, 2Jcr = 13.0 Hz),
146.1 (1C, dd, YJcr = 255.7 Hz, 2Jcr =13.9 Hz), 136.0 (1C, d, 2Jcr = 9.5 Hz), 134.2 (1C), 129.2 (2C), 128.8 (2C),
127.9 (1C), 124.0 (1C, d, 3Jcr = 3.5 Hz), 123.8 (1C, dd, *Jcr = 6.9 Hz, “Jcr = 5.4 Hz), 118.9 (1C, d, 2Jcr = 17.4 Hz),
424 (1C).

9F{'"H} NMR (377 MHz, CDCls, compound 54b) &: -136.6 (1F, d, °J = 20.4 Hz), -139.6 (1F, d, 3J = 20.7 Hz).
HRMS (FAB, compound 54b): m/z calcd for C14H11F2S2 [M+H]*": 281.0270; found: 281.0267.

GCMS-El m/z (compound 55b): 496 [M]* (5.6), 405 [M-Bn]* (2.4), 282 [M-Bn-SBn]* (8.9), 250 [M-SBn-SBn]* (1.1),
123 [SBn]* (8.7), 91 [Bn]* (100).

Q@ @9

GCMS-El m/z (compound 52c): 236 [M]* (12.5), 145 [M-Bn]* (2.4), 91 [Bn]* (100).

"H NMR (400 MHz, CDCls;, compound 52c) &: unassignable-7.17 (6H, m, overlap with major product 54c),
6.89-6.82 (2H, m), 4.06 (2H, s).

13C{"H} NMR (101 MHz, CDCls, compound 52c) &: 163.4 (2C, dd, “Jcr = 248.4 Hz, 3Jcr = 5.4 Hz), 135.0 (1C),
130.1 (1C, t, 3Jcr = 10.3 Hz), 129.3 (2C), 128.8 (2C), 127.9 (1C), 111.5 (2C, dd, 2Jcr = 20.6 Hz, *Jcr = 6.6 Hz), 41.6
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(1C), 1C could not be detected.

F{'H} NMR (377 MHz, CDCls, compound 52c) &: —104.8 (2F, s).

GCMS-El m/z (compound 54c): 280 [M]* (9.4), 157 [M-Bn]* (51.9), 113 [M-SBn]* (3.7), 91 [Bn]* (100).

H NMR (400 MHz, CDCl;, compound 54c) &: 7.41-7.21 (6H, m), 6.93 (2H, dd, 3Jun = 8.4 Hz, *Jue = 7.5 Hz), 4.62
(2H, s).

3C{'H} NMR (101 MHz, CDCls, compound 54c) &: 216.4 (1C), 157.7 (2C, dd, YJcr = 252.0 Hz, 3Jcr = 5.5 Hz),
134.2 (1C), 130.7 (1C, t, *Jcr = 10.7 Hz), 129.2 (2C), 128.9 (2C), 128.0 (1C), 123.8 (1C, t, 2Jcr = 19.8 Hz), 111.8 (2C,
dd, 2Jcr = 19.7 Hz, 4Jce = 5.4 Hz), 42.2 (1C).

9F{'H} NMR (377 MHz, CDCl3, compound 54c) &: -113.9 (2F, s);

o Qi

52d 54d

GCMS-El m/z (compound 52d): 236 [M]* (10.9), 145 [M-Bn]* (3.4), 91 [Bn]* (100).

GCMS-El m/z (compound 54d): 280 [M]* (7.4), 157 [M-SBn]* (23.9), 91 [Bn]* (100).

IR vmax (neat, compound 54d): 3064, 3030, 1670, 1647, 1589, 1489, 1454, 1412, 1248, 1173, 1066, 1043, 1028,
953, 872, 850, 820, 752,696 cm™.

H NMR (400 MHz, CDCls, compound 54d) &: 7.39-7.28 (6H, m), 7.10-7.06 (2H, m), 4.58 (2H, s).

3C{'H} NMR (101 MHz, CDCls, compound 54d) &: 220.7 (1C), 158.0 (1C, dd, YJcr = 244.6 Hz, “Jcr = 2.2 Hz),
153.5 (1C, dd, 1Jcr = 249.7 Hz, “Jce = 2.0 Hz), 134.8 (1C, dd, ZJcr = 15.1 Hz, 3Jcr = 7.4 Hz), 134.2 (1C), 129.3 (2C),
128.8 (2C), 127.9 (1C), 1184 (1C, dd, Zcr = 24.0 Hz, 3Jcr = 8.4 Hz), 117.6 (1C, dd, Jcr = 25.3 Hz, *Jcr = 8.3 Hz),
116.1 (1C, dd, 2Jcr = 25.3 Hz, 3Jcr = 1.5 Hz), 42.5 (1C).

9F{'H} NMR (377 MHz, CDCls, compound 54d) &: -118.3 (1F, d, 3J = 17.6 Hz), =119.6 (1F, d, ®J = 17.7 Hz).
HRMS (FAB, compound 54d): m/z calcd for C14H11F2S2 [M+H]*: 281.0270; found: 281.0266.

GCMS-El m/z (compound 55d): 496 [M]* (4.9), 405 [M-Bn]* (1.5), 282 [M-Bn-SBn]* (7.1), 250 [M-SBn-SBn]* (1.2),
123 [SBn]* (9.8), 91 [Bn]* (100).

F, F
0
S S
S S
F F F F F F F F F F
51e 52e 54e 55e

GCMS-El miz (compound 51e): 262 [MJ* (100).

GCMS-El m/z (compound 52e): 254 [M[* (7.1), 163 [M-Bn[* (2.9), 91 [Bn]* (100).

GCMS-El m/z (compound 54e): 298 [M]* (6.3), 175 [M-SBn]* (15.7), 131 [CeFsHa]* (3.1), 91 [Bn]* (100).

IR vmax (neat, compound 54e): 3064, 3030, 1630, 1604, 1504, 1468, 1306, 1279, 1259, 1176, 1072, 1047, 1028,
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4. V7N F 0 A NI USROS

980, 957, 798, 696 cm™".

H NMR (400 MHz, CDCl;, compound 54e) 3: 7.40-7.28 (6H, m), 6.98 (1H, tdd, 33 = 9.1 Hz, “Jur = 6.9 Hz, 53 =
2.2 Hz), 4.58 (2H, s).

13C{'H} NMR (101 MHz, CDCls, compound 54e) 5: 219.3 (1C), 152.3 (1C, ddd, Ycr = 255.2 Hz, 2 = 10.0 Hz,
3Jcr = 2.8 Hz), 1475 (1C, ddd, Hcr = 257.9 Hz, 2cr = 1.1 Hz, 3Jcr = 3.6 Hz), 140.0 (1C, dt, Jer = 253.3 Hz, 2cr =
15.7 Hz), 134.1 (1C), 131.6 (1C, dd, ZJcr = 9.5 Hz, Jcr = 3.9 Hz), 129.3 (2C), 128.8 (2C), 128.0 (1C), 1234 (1C, dd,
3Jcr =7.7 Hz, 40 Hz), 111.9 (1C, dd, Zcr = 17.6 Hz, 3Jcr = 3.8 Hz), 42,5 (1C).

19F{'H} NMR (377 MHz, CDCls, compound 54e) &: —130.0 (1F, dd, 3 = 21.7 Hz, %J = 10.2 Hz), -134.2 (1F, dd, J =
21.7 Hz, *3 = 10.2 Hz), -158.6 (1F, t, 3 = 21.7 Hz).

HRMS (FAB, compound 54e): m/z calcd for CiaH1oFsS, [M+H]*: 299.0176; found: 299.0176.

GCMS-El miz (compound 55¢): 532 [M[* (4.5) , 318 [M-Bn-SBnJ* (5.7), 123 [SBn* (7.3), 91 [Bn]* (100).

20 P

GCMS-El m/z (compound 52f): 272 [M]* (4.1), 91 [Bn]* (100).

GCMS-El m/z (compound 54f): 316 [M]* (4.4), 193 [M-SBn]* (7.9), 149 [CeF4H]* (1.8), 123 [SBn]* (1.4), 91 [Bn]*
(100).

IR vmax (neat, compound 54f): 3064, 3030, 1684, 1624, 1522, 1475, 1352, 1167, 1128, 1080, 1045, 1018, 947,
860, 752,696 cm™.

H NMR (400 MHz, CDCls, compound 54f) &: 7.38-7.27 (6H, m), 4.57 (2H, s).

3C{'H} NMR (101 MHz, CDCl;, compound 54f) &: 217.6 (1C), 146.6 (1C, ddd, *Jcr = 248.0 Hz, 2Jcr = 11.0 Hz,
3)ce = 2.7 Hz), 143.7 (1C, ddd, Jcr = 254.4 Hz, 2Jcr = 11.2 Hz, *Jcr = 2.4 Hz), 141.8 (1C, dddd, Jcr = 258.8 Hz, 2Jcr
=16.5 Hz, 12.6 Hz, *Jcr = 2.8 Hz), 140.9 (1C, dddd, *Jcr = 255.2 Hz, 2Jcr = 17.3 Hz, 12.2 Hz, ®Jcr = 3.9 Hz), 133.9
(1C), 129.6 (1C, ddd, 2Jcr = 23.7 Hz, 3Jcr = 11.2 Hz, 4.9 Hz), 129.3 (2C), 128.9 (2C), 128.1 (1C), 111.1 (1C, dd, ZJcr
=21.1Hz, 3Jce = 3.3 Hz), 42.7 (1C).

9F{'H} NMR (377 MHz, CDCls, compound 54f) &: -138.5 (1F, ddd, 3J = 23.1 Hz, “J = 13.0 Hz, °J = 2.8 Hz), -139.0
(1F, ddd, 3J = 23.1 Hz, 3 = 13.1 Hz, %3] = 59 Hz), =151.7 (1F, td, 3J = 22.6 Hz, ] = 7.0 Hz), -153.6 (1F, td, 3 =21.8
Hz, 4 =2.8 Hz).

HRMS (FAB, compound 54f): m/z calcd for C14aHoF S, [M+H]*: 317.0082; found: 317.0081.
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4. V7N F T X N USROS

T AT ATV Bde DERURTT (3 29)

L

F additive DMF (2 mL) Bn
SBuLi (1.1 ed)  CSy(1.2¢q) BnBr(l2eq) p F / s
H
CPME -50 °C, 30 min rt,
,: 78°C,3h  ~tt, 30 min

+
CuCN (3 mol%)

TNTFHER, V7 A (8.0 mg, 90 umol) . A (0.090-6.0 mmol) IR U7 AArT L— (30
mmol) OIEEGYINZ CPME (4.8 mL) ZH1Z T-78 °CITHAIL, sec-7 TV T U LD 7 aAFH L -~F 58 E
Wi (1.0M, 3.3 mmol) % 30 7372 ) T F L7, [RNEC 3 Refifir L7, Z ORURNRIC —Hifbikss (0.22mL, 3.6
mmol) % L. -50 °C 25 LC 30 /ofilfidh L=, Z Ok Z =81l & TR Lo 30 43k L 7% . DMF (2.0
mL, 26 mmol) 3 X O~ 2L (043 mL, 3.6 mmol) A1z C 4 B Uiz, SOsIizK (8.0mL) 2Nz T
ML, AHE%E GC-MS ([Tt Lz,

Sc

XY N LAY RSO PF AT AT )L 48 SEiksE] (X1 45)

BnSH (3.2 eq)
AlCl5 (3.2 eq)
DCM

rt, 10 min

10.1%* 2.3%* 35.4%*

S1. 3°/ *
* GC-MS area of reaction mixture

T ERET, BT VI =7 A (853mg, 64 mmol) Z7 mu A X (8.0mL) (ZERE S, EIROKE
T R Y 74T R (0.25 mL, 2.0 mmol) BEUOYW DA 7 2 (0.75 mL, 6.4 mmol) Z3i L=,
[FRIET 10 ZfiHEEE L7ct2, Jkin T CRIfEE /K2, AE2 GC-MS IZTHtr L7z, Btk K OVERMN T
N NIMEAEMTH 2,

90



5. G 7 wET IV =LA LR D RS

5. 57 9RT N7 =)VEF L REBE DRSS
H—H H—H F F CR H—H H—H F F
F>r4<:>_<:>_ko QO/—/ PFW QOF\C%
56a F 56b F

CFXH3-X
H H H H F E F CF,H H H H H F E F
AR A OO A
o] 0] 0o O CF,H
56¢ F 56d F

47. 5 5 FEORENYEE JOMEEWI
51. B7 yRT NI =AU ASEEDIRE 3 T~ ORI R - TERET
333 M 7du R VA AR OMEE L LT, 227 1 E-33,3- M A n T a R TG in
situ FREL L7z 3,3,3- IV 7 A w7 B AT HEEFSREEARDOM NS AR L2 b O3 ST 8235,
TV A~DONIBUGSIE rans (SITTH % 77 728D, Z K 2452 DI L T\ %~ TEREGLDIZIIARETH 5,
WFFEIHETF LT MIE, RIRO T L3 AR DOFUGE RO THREBNT/R < | Rt & L TOMREDIZ & A EARANL
Tholz, T, FdRIpsrTRGEHEAT O 1o T > THBMHRE B NEY 430F DHAHTR KD HIL T D,

52 1-7un-333-ry7rduruXr b7 ) —/VEEDOREG
ARl L7k 912, 3,3,3- N U ZuA e 7 v 2FHT 5 3,33- b U 7 A n 7 a =A% RO Tl
THEAEAEOBMIBIT D BMREAED 91T D Z LN TER, EITC, WEMEENAFARECH D 1-7 7 r-33,3-
N ZNFAuTaRo a2 0T, SRR —T MU OSOBIFRE 2 TS 2 & L L, 1-27mm-333- MU 7L
Fa7aXrEHOCBBFORISE & L TET oAA A 8 T 2 2 BB L OT AL 0% L ORIGIHE S
TEY., BMAICEERNH D OB L UL E RERMITELND LS TnD (X48) ,

! . PhSH

CF3 KF CF3 ‘ CF3 piperidine CF3 I CF3 NaOH CF3
Cl solvents F ! Cl [ref 79] N ! [¢]] EtOH PhS
{ N £ 80
E : Z = undescribed [ref 78] E:Z=9:1 : E:Z=65:35 : E : Z = undescribed [ref 80] 80%
1 1

. . E : Z = undescribed
' 91% (GC purity = 94%)

48. 1-7 1 1-333- LV 7L 7 a2 % AW EO RO

FhEOIZE1-7 11333 b 74 n 7o 20T E3.3,3 N 7vduraX=Lm—7 VED SR A
st L7= (330) , FUSHIOMSEAN 19 °CRETH D120, NG TH S entry 2 LIEIIA— b7 L—7%H
THERCEUSEAT 12 & 25, 50°C Tix 4 RIS SETH 13% LA BEIAE LT (entry2) . 130°C £
THEAL T L H0K BAFRSUSEN RS2 (entries 3-9) . W NDOZRMTH Z MIIHER S LT, BEIRME I
ZEWRIND, LInLRING, #—7 = =/\VEREAT HT—7 /L 62a 2455 SURNIRV T, IR ZZ 80% & &
WHEDD, E:Z=9:1 & BPEHEORIEDHER S (entry 10) . FHINTHEEEE CHEITL CQW1D EB X BIDARIK
ST, AINBURT & 0 LT 2 T VS = o LM R D SR T 58 % KAE S L HER ST, 6t
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5. B 7 BTN =LA X R OREEE

FA L OFS AT oI ZAH, AV T L~OELINROE T2 H726 Lz (entry 1) —J5, HIURRT =7 4
HHAF N T Z RORIER R BN IR DR & 72572 (entry 12) o HEE SIVD RO FEBIERE IR 95,

#30. E-1-7 1 w1-333- NV 7L a7 al d O AR S

(R F Fo
' H—H H—H H —oH :
CF, - Pr—O—O—’ Pr—'<: Pr O O .
J— , 0 :
1 1
. - Cl (25¢q) r . o ! 56a 57a F ?:Sa E !
base (1.0 eq) 3.
F F !
R—k additive R—k ~ H—oH !
(6] OH — (6] O v Pr Pr |
solvent . (0] '
F temp., time F ! 50, 60a F H
! F F Foo
L H—H .
M =
1 1
1 1
H 6la F 62a F H
I e o e e e e e e e e e e e e e = = —— 1
" amount temp.  time yield (%)
e target base  addive solvent —_—
nry 9 (mol%) v (°C) () Edisomer Z-isomer

1 56a NaH - - THF rt 24 0 0

2 56a NaH - - NMP 50 94 132 0

3 56a NaH - - NMP 130 100 44 0

4 56a NaH - - NMP 130 24 56 0

5 57a NaH - - NMP 130 24 37 0

6 58a NaH - - NMP 130 24 69 0

7 59a NaH - - NMP 130 24 47 0

8 60a NaH - - NMP 130 24 70 0

9 61a NaH - - NMP 130 24 50 0

10 62a NaH - - NMP 130 24 722 &

1" 62a KH - - NMP 130 24 3¢ 12

12 62a NaH TBAC 50 NMP 130 24 75 0

@calcurated by NMR

F7/2. Z1-70n-333- b 7t u sV —T VA bR L. (F 31) . RO b ERIED
BIpoTof—7 = = VEREAT HEE L OGS TIETHIB Y GERMETH Y (entry 1) . Z OEPURIIEEIUHR T
VEZULEORICE Y EIE T L (entry 2) . BERIFEF66%~ &[0 E LTV D Z & DB EISOIEEENRD &
D LWL, VLT = o SHEENIR CRUGRE DIRFYEIC X 238Dk E2Al-7223, ERTH 5 62a D
EIAEI TR T e o7 (entry 3)
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5. G 7 BT IV SV LR D RS

#%31. Z-1-71u-333-~ U 7bAd a7 a a2 A

CF3

F F (2.5 cq)
F e F NaH (1.0 eq) CF3
-0 Meooo
(e} OH — >
F NMP
F temp., 24 h

amount temp.  Yield (%)
(mol%)  (°C) 62a 62b
1 - - 130 8 22
2 TBAC 50 130 24 42
3 TBAC 5.0 70 8 28
2calcurated by NMR

entry  additive

= ZC, WEEARO AR A X 49 1~ E-1-7 1 u-333- R A n T ae AR LTT = ) 3 ROMit
MTne, 7V—AXLHE T =A WHRETE MY 7udn AFVENENEI anti ITAET D VS =F
UIVERCT B T ZINDHUUIA A DIRBET D7D IERIT - £ T = A s anti 12725 & O B b Z %
WEMENGH B8, 7 U —AF ikl N 7 AT VOB G SHUZ SRS K&\ W— T, T=A4 VDK
i3 L7Z BRI RIS S N &\ RIC 60 OHDEHETHTeI=00, HAE DT TRV, 165 T E RMESEAIIC
Bt 5, Z1-7mnu-333- ) 7Aadn T a XU 2R LSS S, SRR L Y 7oA m A T LR ORERE
MR ENZDIZENAZRET DI CIRERIINC Z RAERDME T 5, IR T o E=0 MEFE T T, &b b H
F L CHEIHINC X 0 28878 EARODERI I E LTINS Z Eovh, KRERIT A LRI S=A L DN
EEDTNDLFZZBND, ZIHDZ Lhb ARISHRIT ERGHIZHE L T\ 77T Z RERGZI3E LTy Ve
W R Bivd,

CF
Cl H _ 8 /—\ H
H:®<CF3 <CI/ > < Cl CF3> \@:CF3
l ArO” l ArO”
slow slow
cl g H — H g OAr _ ArO g H — HCI
- CF — / M —
H OAr 3 rotate 120 °© H CFs ArO CF3 H CFy rotate 120 ° H/ OA CFs
- - L Cl 4 Z-isomer L Cl J L r A
fast T+ flip fast T+ flip
[ 1 [ cl 1 CFy [ cl 1 i 1
| H fast H CF J— CF fast cl
Wl | = | WY —— YO | == | xS,
rotate 60 ° ArO @ H H @ OAr rotate 60 °
L OAr B E-isomer L L OAr i

X 49. {PIEEEO S 231 B ROSHRHAD = 2 —~ A4

7 = ) %Y ROMIMBBEIGT K 5 =7 VA RIS EASERIPEAMEL AA e FEET 5 BIC, BEL TEED
E <72y, ZOFKD 1 DIZT7 = ) F ROREHEDR S 3T Hivd, ARG CRETMOFER ¢/
RS L7200 28 (7 v HRIF A& ANLDT TN A1 A MR AEGEN B UROEEELY T QDT
DOIZIERL T =/ 3 K&l U TR &5 2 S, TEEE T2 & 5 3l 7 St i
Lo TND, 22T, 7= /)Xy ROKRBNER LA ST 7 7 0 —FIZ R Clen Sl L, 1-2 = 12-3,3,3-
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5. &7 vET NI =LA R DR

M) NG a T aReORE R BRI D 2 & L U, SREBFARIOEMIUIZEH S 70T DSR2 I 2
Z L& L. 33— K77 VBT T VOMINIREESOL 8 #5812 14- 7 e 7 n22214 7 % (63) ZHWT
FIeEAT-T2 (32) o WD 7 = /) — VS RIZEBNTHRINT D=7 A0MEH 4L, O _HEE O8I
AWz 1-7mnu-333- N 7t ara ezl E—TCho7, E-1-7un-333-F 74 n7a~id Z
IR & Ll UCROSHEMEL . FEDER DR L 7poTe, Ev 7 X VB EHT 57 = / —/ViEERD DMF
SOVRFRPED R TR OTRE A ML~ LAEH LT (entry 6) & & AUCEROE] SR bz,

% 32. RiZfimit 63 2 - 3,3,3- b U 7oA X L —T L OERL

_CF3 :R= F F E

F F Cl (15 ¢q) E - - H/—OH :
- S0kt A A OO < Q Q :
o OH ! © I

solvent 56a / 56b
rt, 65 h

F | i i i
Cl CF (1.5 eq) : :
(o) R —k e |
solvent A‘

1, 65 h NJ

56b, 60b-62b 1 4-diazabicyclo[2.2.2Joctane (63)

1-chloro-3,3,3- yield (%)

enty target  iuoropropene solvent E-isomer  Z-isomer

1 56b Z-isomer DMF 0 82

2 60b Z-isomer DMF 0 85

3 61b Z-isomer DMF 0 87

4 62b Z-isomer DMF 0 79

5 56a E-isomer DMF 252 0

6 56a E-isomer PhMe 32 0
2calcurated by NMR

ZITNAYTFEY 7 uR2214 7 2 (63) AMEEE D ISRIEAME S UTHIEL QWD EDETERRT D 2
& & Uiz, OSREFEAMAE L7\ Golth T ClIsRIZ A & SR 7 & OSUSHERIAMBII S D133 Th 5D T,
7 = ) —/VEIHE T, E-1-2nn-333-h U 74 nruo L 63 &2 EDMF FEREA L. BRI NMR
ExAToT- (33, X50) , 1A 5 /7 DORERT 6.6%FENFHIURT =0 MM~ L, UMY E1-7anm
3.33- MU A u T m T 63 O ZIREISIIHES TR LT, —, AR L7k T = A3
WA o DRI L VBB L, 1-(2-7 1 0 =F /L) 4-(E-3,3,3- b U 74 Fu =)L)\ e' T~ LS
TVE, 2T 22 OIS T 97%IZ5ET 5, R Z OBERIA~E BRI T LE-T2RIC T =/ —/VEE N
ZTHRINT D=—T /VEIFAERR LN 2 &b, R1ED 63 DML T b1 A D5 U7 550Uk e =
¥ DEANEMER A TS D Z LD, — T, Z1-7 1 1-333- kU 74 7 a0 & AV CRBROBIIZ
179 &, EREHER U CHIURLT =0 DEOERDRNZ LW oTe, 7= ) —/VIAE FORINZRIT %
T—T VEDUEEIN Z (R > E (R E 7 oToDIE, ALEHMRROREEANIELL FIZ EF- L7 Z RO A3 SA
DEITEIZ DAL, FERE U THTEORIEIERINIET LT W ed TH D LE X B,
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733, RiZfE 63 & 1-7 m-33,3- I U /LA u 7 u U OISO

5. &7 vFET IV =)V X VORI EL DR

ime 'HNMRratio (%)
(Mmin)  Hy2  Hy  He
cl 0 10 0 0
A“ 2 934 66 <05
N T J¢ OH o7 676 221 103
CF, CF, CF, cl CFs3
— 7 @300 — — ol _ 206 424 232 344
cl H, —>(—N® Hy, —> (—N H, |——#+#—>clI e} 455 172 123 705
DMF-d7 o ,2d 1373 15 14 970
rt,27.5h ’\'l\l Cl Cl N_) Cl -
i / ] fime H NMR ratio (%)
(min)  Hy He Hr
/\ 0 100 0 0
[NN\7 ) } 15  >995 <05 <05
Hqy He Hr 50 981 19 <05
/= _ 6300 ~ ~ 169 896 78 28
¢’ CF;——>| ~N® CFy—> N  CF,
DMEF-d7 (,_\1 o (__) 40 748 127 125
t N cl c N 1366 469 61 470
L N/ i 1905 399 28 573
3184 353 <05 644
4785 341 <05 659
100.0% H
90.0% N \ //
80.0% \
\ S~
70.0% -\ ~
0 \ a / S . Hf e ————
600/0 \ / - ~ - = o
50.0% ~o
7
40.0% X > = - e
30.0% H = e
i AN
20.0% <
10.0% %&. He
7 ™ e e e -
0-0% T T T I- — — I_ L T
0 10 20 30 40 50 60 70 (h)

50. sRiZfiit 63 & 1-7 1w 1-33,3- ~ U 7/LA 1 S DRSO,

PLEEY, 333 FU 704 n 7 u=Lo—7 L0 2 FEOLYAEIEAREEY 45T AR OB LT

53. 1-7un-33-U71inruXdgme 7 ) —/VIEE ORG

WIZEHL 3 IV 7 A r T a_=/Lo—7 /L (56c, 56d) ZAFLAamE L TRE LT, Ziud, H_FiT
WA= 1 4-0T7 e u22214 7 % (63) &AW i-=—T UtiE, 1-7 1 -3 3-2 7 VA 7 G
ATsZsicknEonstEziz, 1-70n33-U7 A4 n 7 a Tl SN TR0 4 TR TER LT
8283 &, D& TS, OB S I35A EHET Led -T2 (X151) o 7 U ALY FIETH 1 D~ 7272
\ZH VT 4 COREFHIMET U, SREZAE 63 OFIIDIEFITEIT LI K R TV D LEX BID,
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5. &7 wET N =LA VR OESR

ol Yarovenko's reagent (1.5 eq) ol ol
AIBN (4 mol%) H O Olah's reagent (1.5 eq) [H]
\\_ Cl3C >=\ . — e i‘:\
OEt ccly OEt acetone Cl CHO ODCB Cl CFyH CF,
reflux, 4 h reactive dist. 70°C,7h
96% 59% 30% |
N\7 H H H H F E F
63 2. Pr— X —
—H o (0] CF,H
DMF
tt, 115 h target compound: 56¢/56d  F

X 51. 1-7 anr-33-7 /) ta a2 o— U Lok

ZIT, 2 A UHERTEAT S 1-7/ mr333- M) 7dn2-9— R a XU oA S 2 1o, 3 UFEET
IKFEA L0 bEXFEMERE < BT VRFOPTIER IRV NSWZDICA LT o OB HEELKT T
THLEBEZONDZ LD, KRIEZAE 63 2 WA IBER S ZH1T D RIS S < 725 & TRREND, -,
fRF-3 U FEIIR DI UWATRE TH 5720, I VR AIT=—T LA TS IZITRETE 57200 T2, Zh
TR & LT 5B L b THEFICAND Z LN TE L AHRMHBLE Ch L L ZE 2 bnD, HnD 1-7mm
3,3-U 7N AR-2-T— R R _RUIK B2 IR TS TR LTz, £ 7 r B — Ui A F /LA BER 8 12T
d—R7urfbl, WOTTAT % DIBAL 3250 L7227 v A 64 12 L0 U7 v m A T )L~ L 25
Lz, TOT MIAm TV ATEGEMTZ L ZRREIRT 2 & 2 BIRREEDIER & 22 o723, iR~ v #Mk
BU&# 0 ® DIFRIEE R < AT LTV, PRUATH D 3-7 nu2-3— K7 7 v LA VNIREHRFET S & Bk LT
LEID, WTNDRISZBNTHA L7 ¢ COBMIRFFEN, E1-7/nr-33-Y 704 n-2-9— R/ a %
SAREIRANAG D Z L TE T,

Me
1
TBAI (3.0 ¢ | DIBAL (1.4 e I 64 (1.5¢ | !
=Cco,Me _BATGY e = DAt dded = _Hase =X ! ‘Bu—QfSﬁ,
DCE Cl CO,Me DCM Cl CHO DCM Cl CF,H
reflux, 18 h -78 °C, 15 min rt, 1.5h : Me
48% 73% 19% ' 4-tert-butyl-2,6-dimethylphenylsulfur
' trifluoride (64)

52. E-1-721u-33-Y7 /L4 u2-9— R 7ra X0 O8H

BoNIZEA-7 nu-33-U 7 A u-2-9— R 7 a0 VT, SR 63 12Xk 57 = ) — VEE ORISEAT
o7z (53) o I 55% & HHREECTdo 5 b DO SUSAMET L, Z (RORIEIIHER S e o T, 72
B, GUHRFEFORETAIREITT FTXA( N T2 )VIRRA T f YTV MFE T, KEEFRTUFET R T A
AEHSE 2 Z LIC R VI A48 5 2 L2 <75 2 &N TE, =—7 /1 56d 23 EndRA AR Hiv,
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5. G 7 BT IV SV LR D RS

Cl”  CF,H

(1.0 eq) 7V e L F ' NaBH, (1 eq)
W C<< B0 fw C<< =~ Pd(PPhy), 2 mol%) § /==\
o 0 CFRHl ——2— 5 l—o CF,H
DMF DMF
1,24 h F ,35h 56d

55% 75%

53. E-1-7 ru-33-U 7/ A u-2-g9— R a2 % O AR 63 L OV 3 7 B0

L)L 56d DIEEIEATEH 571 56¢ £1FHHANTE Z-1-7 nn-33-Y 7 LA u 29— R nsv %
FAWTRBEDO RIS EATZITRWE EZ BILEAS, 56c 17 1YLV T )L a— LA RESR L TAHEC L VES
(485 T LNTE D (M54) 720, ATIEOERIMTA,

OH

= /
(5.0eq)
MnO, (20 eq) CHO TFEDMA (3.0 eq) __CFH
Et;N (3.0 eq) Olah's reagent (1.5 eq) /
OH —  » _— !—0
PhMe DCE
50°C, 14h 70°C. 64 h 56¢

50% (2 steps)

54. s L VT )L a—)LEIREGHIR E 5 E-3,3-2 7 VA S a k= )Lm—7 )L 56 DA

LIk, SRzl 63 2 - SERREPR OIS UG 2. 7 v FRIFT-0 1 DD 7o —7 )L 56d OIZAEERE)
BHUCHEHTE D Z & 2R Lz, ARUSHEATT 203EMNTA VT 4 OBEFEEICE VIRE D720 —7
IVOREEZ &> TE PR RERE ORI & 22 %705, BIIFHNTARN 2 Z RO GO TR T % )Tk
WIHERED @ EBZ BiIvD,

54. 7Y —VELDRIG

RIZARE 63 Z NG T v ET N =T A RET = ) —/VHE OSHRERIIGZBIRE TE 20T, £D
HDRNZHE & DFIEADIGH Z7AT Tz, BEREM b AREHI AN, A EL SEEBICA LN B THL IV
ISR A LB = VR U ORE LTS EIT 1228, FrEOBIGI3HET L7277 (X 55) .
INBT Y VLT = ) — VST 0 SRl 63 OHERMETIINT v b AL TE AN DIZT = A D%
ADFAADT, EHEF T OB RO B VB E OB L IEREL L CODTDISREEEN AR LT
WhHEEZ BID, BRI OITEZ WD & REETEMFREOEIMERE LT LE S 72, AR 7 =/ —/VH
YU EDOREMEEZGT DREICANTHD L EZ 5,
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5. &7 vET NI =LA R DR

CF3 CF3

c’ (15¢q) CFy 1 c’ (15eq) CF,

63 (3 ¢q) ~ 63 (3 eq) ~
NH ——FH—> N . NH —H—— N
O PhMe O | N/r PhMe N/r
O I, 65h O X 1, 65h

55. ZFRHEL E-1-7 1 1-333- b 7L A nFals b OokiET

55. &7 yRT N7 =)VAF VAR OREEORTE
Vb, 7=/ =V DMIST a7 v HET N =)V t—T VHORSEZ BI%E LT, BUTECAERI E (5%
2RI JOHRREE A | B FPAICAR R Z (R A5 2 BRI oRIZAME 63 222V o 2 &
(2L EMERDIED NSRS ATRE L 7p otz ATRNIARMFICE H L7 BiE1T 57203, X 56 DX HICE”
VRT W ZVAR AMIDFEAEEE U CTBT 5 X9 ey TRHI b FTRE T 5 B 2 b, ki 05
PRI DIEDN A 72572 L B R Do

56. &7 BT IV =LA F /fk/\%%:ﬁa“émza Fap e

5-6. %5 FEICBT 5
S ORIE S

HE#EI X MP 70 (Mettler Toledo) % v /-, FiEE % 0.5 °Clmin (Z3%E L CRIECR THIE L, JaBEiRE 100%
(272 E TOHRATIER LT, [BEERD DIEBARIE~E 2T 2 b DOIL 1 MDA, BH Tk %1% 2 & Ol
L ZAR I 2~3 RENEhati LT,

TRINIIN AT SV ORESE
HEEIT FT-720 (HORIBA) % iV iz, /N7 75 v RigehE A g Ic 2P ClllE L, ASHIE XA A
ZDEFHTHERA 16 [BITHIE L7z,

NMR D4t t:

41X ASCEND %7213 ULTASHIELD PLUS (Bruker) %\ 7=, WEREHEMEIL LCT R T AF LT (H
BLORCIZHIT5 0 ppm) 20, H NMR 3 L0V NMR (355 16 [1T, 13C NMR |35 4096 [E], 1024
[AlE 7213 256 [BI CENEFUHIIE LT,
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5. &7 wERT N =T VRO
(k& 56a DL

CF
H—H H—H F F — 3 H—H H—H F _ F CFs
00 N el o0 0l
o) OH ) o)
F F

<KFT MU UL A— 7 L—T 60%KFE(LT KU A (800 mg, 20 mmol) Z~F TR S 2
LIZEVFH T Y —& L7222 NMP (40 mL) (IR S ETo, T OREIKIC 26-0 7 VA n-4-(Y 7 )V 41
[trans-4-(trans-4- 7" 11 E /LY 7 B ANF V)7 BAF WA XN T =/ —/L (8.059, 20 mmol) Z NNz TN
IWNEDFETHIEL, FRAAKBHAZT NI T/—=T LT, E-1-7 1 e-333- ) 714 r7r~r (50mL, 50
mmol) ZANZ TEE LT 130 °C T 24 IfiliEIR L7z, k. BUGIAAOK BHiZd T, At U7cERZ 0 e L
7o BEONEERZ U BTNy B (AT ATTER) ICTHERL, Z8kaYz AaiEk (5.54 g, 56%) &
LT

<SKREES 7LV FEHE T, 26- 7 A n-4-(Y 7 VA aftrans-4-(trans-4-7 11 BV 7 msF L) T
EAF LA F)T =/ —/b (121 g, 3.0 mmol) 5 L OSREZE 63 (1.01 g, 9.0 mmol) % ~/Lbx (24 mL)
(iR L, E-1-7 1 01-333- Y 747 a2 (045mL, 4.5 mmol) 01z TR T 65 Rl L-, MUtk
T A Mg U ORI PG Lo, aRiga > U 7Ny R (AT ASTE) TR L, &8
{b&W% AR (469 mg, 32%) & LT,
mp: 51.5-52.3 °C, 101.0-101.2 °C
IR vmax (neat): 2954, 2918, 2852, 1687, 1608, 1520, 1448, 1327, 1277, 1248, 1227, 1171, 1119, 1066, 1034, 941.
H NMR (400 MHz, CDCls) 3: 7.19 (1H, dg, “Jue = 2.2 Hz, 3Jun = 124 Hz), 6.87 (2H, d, 3 = 84 Hz), 5.23 (1H, dg,
33ke = 6.5 Hz, 3 = 12,5 Hz), 2.05-1.94 (3H, m), 1.89-1.81 (2H, m), 1.79-1.68 (4H, m), 1.39-1.26 (4H, m), 1.18-1.10
(3H, m), 1.10-0.92 (6H, m), 0.91-0.80 (5H, m).
13C{'H} NMR (101 MHz, CDCls) &: 154.7 (2C, dd, 3Jcr = 6.0 Hz, Ycr = 251.9 Hz), 153.0 (q, *Jor = 7.8 Hz), 147.9 (t,
3Jcr = 12.6 Hz), 128.4 (t, 2or = 15.2 Hz), 126.0 (t, Ucr = 271.2 Hz), 1239 (q, Nor = 267.2 Hz), 106.5 (2C, d, 2Jcr =
245 Hz),99.4 (q, 2Jcr = 34.5 Hz), 43.7 (t, 2Jcr = 25.5 Hz), 43.2, 42.7, 39.8, 37.6, 33.5 (2C), 30.1 (2C), 28.7 (2C), 25.7
(2C, 1, 3Jcr = 2.4 Hz), 20.0, 14.3.
19F{"H} NMR (376 MHz, CDCls) 5: -60.3 (3F, s), -78.8 (2F, 5, -125.8 (2F, 5).

{51 57a-62a DY,

CF;
Cl (25¢q)
F F F NaH (1.0 eq)

F F CF
F 3
R—k TBAC (0 or 5 mol%) R—k /=/
(e} OH S o (0]
NMP
F F

130°C, 24 h

F—hr 7 L—T7H, 60%KHE(LT FY A (300 mg, 7.5 mmol) AT T T A Z izl vy ) —L
L7212 NMP (15 mL) (068 St-7=, = ORI 7 = 7 —/ViElk (7.5 mmol) ZhNZ CHRIaANNE % % Chikk
L. BATKBEH AZT LT TR—=T LT, E-1-7 11333 KU 74 a7 n~ (1.86mL, 19 mmol) &Nz
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5. B 7 BTN =LA X R OREEE

TEME LC130°C T24 Bl Uiz, W, SONREKK HIZH T, B LizEiRa s BEE L7, 5370
Ko VAT B (T ATTEL) ICTHERL, e a ek LT, ok, {tEY 62a &
BUZER LT3R 1/6 4 vy, 7L/ 3—U4%I2 TBAC (20.8 mg, 75 mol) Z/Nx TGS aAT -7,

F
H—oH F e F CF,4
Pr—<: /=/
o} o} o]
F
F

mp: 55.2-55.8 °C

IR vmax (neat): 3103, 29464, 2933, 2850, 2320, 1685, 1508, 1435, 1390, 1327, 1228, 1124, 1080, 1005, 931, 860.
"H NMR (400 MHz, CDCls) &: 7.19 (1H, dq, “Jue = 2.2 Hz, 3Jun = 12.4 Hz, overlap with 7.14), 7.14 (2H, d, 3J4= = 10.1
Hz), 6.98 (2H, d, 3w = 8.0 Hz), 5.37 (1H, s), 5.25 (1H, dq, *Jxr = 6.5 Hz, 3Jun = 12.4 Hz), 4.24 (2H, dd, 3 = 4.6 Hz,
2)=11.8 Hz), 3.52 (2H, t, 3 & 23 = 11.5 Hz), 2.12 (1H, m), 1.39-1.29 (2H, m), 1.13-1.06 (2H, m), 0.93 (3H,t, =74
Hz).

13C{"H} NMR (101 MHz, CDCls) 5: 159.9 (2C, dd, 3Jcr = 5.5 Hz, YJcr = 257.8 Hz), 154.7 (2C, dd, Jcr = 5.8 Hz, 1Jcr
=252.8 Hz), 152.9 (1C, q, 3Jce = 7.8 Hz), 147.1 (1C, t, ®Jce = 12.5 Hz), 145.0 (1C, t, 3Jce = 10.2 Hz), 129.2 (1C, t, ZJce
=15.2 Hz), 123.8 (1C, q, “Jcr = 267.1 Hz), 120.2 (1C, t, \Jcr = 266.5 Hz), 110.6 (2C, dd, “Jcr = 3.3 Hz, 2Jcr = 24 4
Hz), 109.5 (1C, tt, 2Jcr = 14.0 Hz, 32.3 Hz), 107.2 (2C, dd, “Jcr = 6.1 Hz, 2Jcr = 18.7 Hz), 99.6 (1C, q, 2Jcr = 34.5 Hz),
98.7,725(2C), 33.9,30.2,19.5, 14.1.

9F{'"H} NMR (376 MHz, CDCls) &: -60.3 (3F, s), -61.7 (2F, t, “J = 26.5 Hz), -110.2 (2F, t, *J = 26.4 Hz), -125.1 (2F, s).

PrF‘Q’o/z/ 3

F

mp: 41.2-42.0°C

IR vmax (neat): 3103, 2966, 2935, 2877, 2351, 2320, 2312, 1685, 1635, 1558, 1508, 1238, 1109, 1084, 935, 795.
H NMR (400 MHz, CDCls) &: 7.49 (2H, d, 3 = 8.2 Hz), 7.30 (2H, d, 3J = 8.2 Hz), 7.24-7.18 (3H, m), 7.02 (2H, d, *Ju¢
=8.0 Hz), 5.26 (1H, dq, 3Jne = 6.4 Hz, 33w = 12.5 Hz), 2.65 (2H, t, J = 7.4 Hz), 1.68 (2H, sext, J = 7.4 Hz), 0.97 (3H, t,
J=74Hz).

13C{"H} NMR (101 MHz, CDCl5) &: 160.3 (2C, dd, Jcr = 6.0 Hz, YJcr = 257.2 Hz), 154.7 (2C, dd, 3Jcr = 5.8 Hz, 1Jcr
= 2529 Hz), 152.9 (1C, q, 3Jcr = 7.8 Hz), 147.2 (1C, t, *Jcr = 11.9 Hz, overlap with 147.1), 147.1 (1C, t, *Jcr = 104
Hz, overlap with 147.2), 144.4, 134.7, 129.4 (2C, overlap with 129.2), 129.2 (1C, t, 2Jcr = 15.1 Hz, overlap with
129.4), 126.8 (2C), 123.8 (1C, q, YJcr = 267.2 Hz), 120.4 (1C, t, {ce = 266.5 Hz), 11.07 (2C, dd, *Jcr = 2.8 Hz, 2Jcr =
24.0 Hz), 107.7 (1C, tt, 2Jcr = 14.9 Hz, 32.1 Hz, overlap with 107.3), 107.3 (2C, dd, “Jcr = 6.2 Hz, 2Jcr = 19.0 Hz,
overlap with 107.7), 99.7 (1C, q, 2Jcr = 34.5 Hz), 37.7,24.4,13.8.
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5. &7 wERT N =T VRO

19F{H} NMR (376 MHz, CDCls) &: -60.3 (3F, s), -61.6 (2F, t, %J = 26.0 Hz), -110.7 (2F, t, “J = 26.0 Hz), -125.1 (2F, s).

mp: 88.3-88.9 °C, 89.8-90.3 °C

IR vmax (neat): 2970, 2933, 2364, 2322, 1716, 1684, 1558, 1541, 1516, 1489, 1244, 1157, 1092, 1036, 933, 796.
H NMR (400 MHz, CDCls) &: 7.75 (2H, d, 3) = 8.6 Hz), 7.69 (2H, d, ) = 8.5 Hz), 7.53 (2H, dt, “Jur = 1.7 Hz, 2 = 8.2
Hz), 7.29 (2H, d, 3] = 8.2 Hz, overlap with CHCs), 7.21 (1H, dq, “Jue = 2.3 Hz, 3Jus = 12.4 Hz), 7.01 (2H, d, 3Jne = 8.2
Hz), 5.26 (1H, dg, 33 = 6.4 Hz, 3Jun = 12.4 Hz), 2.65 (2H, t, J = 7.4 Hz), 1.69 (2H, sext, J = 7.4 Hz), 0.98 (3H, t, J =
7.4 Hz).

13C{'H} NMR (101 MHz, CDCl) : 154.8 (2C, dd, 3Jcr = 5.8 Hz, YJcr = 252.4 Hz), 153.0 (1C, q, *Jcr = 7.8 Hz), 147.8
(1C, 1, 3Jcr = 12.3 Hz), 144.3, 142.9, 137.2, 131.1 (1C, t, 2Jcr = 31.0 Hz), 129.1 (2C, overiap with 128.9), 128.9 (1C, t,
2Jcr = 15.2 Hz, overlap with 129.1), 127.2 (2C, overlap with 127.1), 127.1 (2C, overlap with 127.2), 125.9 (2C, t, 3Jcr
=4.0Hz), 123.7 (1C, q, Ycr = 267.3 Hz, overlap with 122.6), 122.6 (1C, t, 1Jcr = 264.1 Hz, overlap with 123.7), 107.0
(2C, dd, “Jcr = 5.8 Hz, 2Jcr = 188 Hz), 99.6 (1C, q, 2cr = 34.5 Hz), 37.7, 24.5, 13.8.

19F{'H} NMR (376 MHz, CDCls) : -60.3 (3F, s), -66.1 (2F, s, -125.3 (2F, s).

F F
H—oH P e F CF3
AT~
0 o} o}
F
F

mp: 77.2-78.9 °C, 84.9-85.5 °C, 96.2-97.9 °C

IR vmax (neat): 3103, 2966, 2933, 2852, 2378, 2320, 1685, 1637, 1508, 1400, 1294, 1228, 1111, 1076, 1032, 837.
H NMR (400 MHz, CDCls) &: 7.45-7.34 (3H, m), 7.22-7.20 (3H, m), 7.02 (2H, d, Jur = 8.0 Hz), 544 (1H, s), 5.26
(1H, dq, 3Jue = 6.4 Hz, 334w = 12.9 Hz), 4.26 (2H, dd, 3J = 4.6 Hz, 23 = 11.7 Hz), 3.55 (2H, t, 3] & 2] = 11.6 Hz), 2.16
(1H, m), 1.40-1.30 (2H, m), 1.14-1.07 (2H, m), 0.94 (3H, t, J = 7.4 Hz).

3C{'"H} NMR (101 MHz, CDCls) &: 159.9 (2C, dd, *Jcr = 5.8 Hz, *Jcr = 257.5 Hz), 159.5 (1C, d, Jcr = 250.2 Hz),
154.8 (2C, dd, *Jcr = 5.8 Hz, 1Jcr = 252.9 Hz), 153.0 (1C, q, *Jcr = 7.8 Hz), 147.1 (1C, t, *Jcr = 12.4 Hz), 142.2 (1C,
d, 3Jcr = 8.0 Hz), 141.4 (1C, t, *Jcr = 11.0 Hz), 130.0 (1C, d, “Jcr = 2.4 Hz), 129.3 (1C, t, 2Jcr = 15.2 Hz), 125.6 (1C, d,
2Jor = 12,6 Hz), 123.9 (1C, q, Wcr = 267.2 Hz, overlap with 122.6), 122.6 (1C, d, 3Jcr = 3.5 Hz, overlap with 123.9),
120.3 (1C, t, Wcr = 266.9 Hz), 114.6 (1C, d, 2Jcr = 24.1 Hz), 113.2 (2C, dt, “Jcr = 3.2 Hz, 2Jcr = 24.2 Hz), 108.8 (1C,
tt, 2Jcr = 14.0 Hz, 32.2 Hz), 107.3 (2C, dd, “Jcr = 5.9 Hz, 2Jcr = 18.6 Hz), 99.9 (overlap with 99.7), 99.7 (1C, g, 2Jce =
34.5Hz), 72.7 (2C), 34.0, 304, 19.6, 14.2.

9F{'"H} NMR (376 MHz, CDCl:) &: -60.3 (3F, s), -61.8 (2F, t, “J = 26.4 Hz), -110.6 (2F, t, *J = 26.1 Hz), -116.9 (1F, s),
-125.0 (2F, s).
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.
Pr‘lj.H . ‘ F<OF—C§70/=/ -

" F
mp: 100.3-101.4 °C, 130.3-130.8 °C
IR vmax (neat): 3095, 2922, 2852, 2366, 2322, 1685, 1635, 1508, 1400, 1304, 1228, 1113, 1080, 1034, 939, 829.
H NMR (400 MHz, CDCl:) : 7.50 (2H, d, J = 8.3 Hz), 7.32 (2H, d, 3J = 8.2 Hz), 7.24-7.18 (3H, m), 7.02 (2H, d, 3Ju¢
= 8.0 Hz), 526 (1H, dq, 2Jue = 6.4 Hz, 33 = 12.9 Hz), 253 (1H, tt, 3J = 3.2 Hz, 12.2 Hz), 1.95-1.86 (4H, m),
1.54-1.42 (2H, m, overlap with H,0), 1.41-1.20 (5H, m), 1.13-1.02 (2H, m), 0.91 (3H, 1, J = 7.3 Hz).
13C{'H} NMR (101 MHz, CDCl) 5: 160.3 (2C, dd, %Jcr = 6.0 Hz, LJcr = 270.0 Hz), 154.7 (2C, dd, 3Jcr = 5.8 Hz, YJcr
= 252.8 Hz), 152.9 (1C, q, 3Jor = 7.8 Hz), 149.6, 147.2 (1C, t, 3Jcr = 12.7 Hz, overlap with 147.1), 147.1 (1C, t, 3Jcr =
10.4 Hz, overlap with 147.2), 134.8, 129.3 (1C, t, 2Jcr = 15.1 Hz), 127.8 (2C, overlap with 123.8), 126.8 (2C), 123.8
(1C, q, Ycr = 267.3 Hz, overlap with 127.8), 120.4 (1C, t, Jcr = 266.6 Hz), 110.7 (2C, dd, “Jcr = 2.6 Hz, 2Jcr = 23.9
Hz), 107.7 (1C, tt, 2Jcr = 14.4 Hz, 32.1 Hz, overlap with 107.3), 107.3 (2C, dd, “Jcr = 6.0 Hz, 2Jcr = 18.8 Hz, overlap
with 107.7), 99.7 (1C, q, 2Jcr = 34.5 Hz), 44.4, 39.7, 37.0, 34.2 (2C), 33.5 (2C), 20.0, 14.4.
19F{'H} NMR (376 MHz, CDCls) : -60.3 (3F, s), -61.6 (2F, t, *J = 26.2 Hz), -110.7 (2F, t, J = 26.1 Hz), -125.1 (2F, s).

F F
F F CF3

OO

" F
mp: 81.7-82.2 °C, 104.0-104.7 °C, 124.6-1249 °C
IR vmax (neat): 3101, 2964, 2933, 2875, 2368, 2322, 1689, 1637, 1516, 1396, 1308, 1236, 1113, 1082, 1036, 798.
H NMR (400 MHz, CDCl3) &: 7.56-7.52 (2H, m), 7.50-7.48 (2H, m), 7.43 (1H, d, 3Jur = 12.3 Hz), 7.32-7.26 (4H, m,
overlap with CHCl3), 7.21 (1H, dq, “Jur = 2.0 Hz, 334 = 12.3 Hz), 7.03 (2H, d, 2Jur = 8.0 Hz), 5.26 (1H, dg, 3= = 6.4
Hz, 33 = 124 Hz), 2.65 (2H, t, J = 7.4 Hz), 1.69 (2H, sext, J=7.4 Hz), 0.98 (3H, t, J = 7.4 Hz).
13C{"H} NMR (101 MHz, CDCls) &: 160.0 (2C, dd, 3Jcr = 4.9 Hz, 1cr = 258.9 Hz, overlap with 159.9), 159.9 (1C, d,
Jcr = 250.2 Hz, overlap with 160.0), 154.7 (2C, dd, 3Jcr = 5.8 Hz, "Jcr = 252.9 Hz), 152.9 (1C, q, 3Jcr = 7.5 Hz),
147.1 (1C, 1, 3Jcr = 12.6 Hz), 144.5 (1C, d, 3Jcr = 8.5 Hz), 143.3, 1415 (1C, t, 3Jcr = 11.3 Hz), 130.3 (1C, d, {Jcr =
3.1 Hz), 129.3 (1C, t, 2Jcr = 15.0 Hz, overlap with 129.2), 129.2 (2C, overlap with 129.3), 126.8 (2C), 123.8 (1C, q,
YJcr = 267.2 Hz), 123.6 (1C, d, 2Jcr = 12.7 Hz), 123.2 (1C, d, *Jcr = 3.0 Hz), 120.3 (1C, t, *Jcr = 267.0 Hz), 114.8 (1C,
d, 2Jcr = 23.2 Hz), 113.0 (2C, dt, “Jcr = 3.5 Hz, 2Jcr = 24.2 Hz), 108.6 (1C, tt, 2Jcr = 14.9 Hz, 31.9 Hz), 107.3 (2C, dd,
“Jcr = 6.5 Hz, 2Jcr = 184 Hz), 99.7 (1C, q, 2cr = 34.4 Hz), 37.7,24.5, 13 8.
19F{"H} NMR (376 MHz, CDCl;) &: -60.3 (3F, s), -61.7 (2F, t, “J = 26.1 Hz), -110.7 (2F, t, “J = 26.1 Hz), -116.9 (1F, s),
-125.0 (2F, s).
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{EE) 56b DERL

H H H H F H H H H F
by b F F /—\ by b F F
Pr Cl CF,4 Pr =\
o OH —— > o O CF3
F F

mp: 63.5-64.3 °C, 169.4-169.8 °C

IR vmax (neat): 2952, 2931, 2918, 2850, 1684, 1516, 1448, 1269, 1155, 1117, 1049, 889, 872, 758, 742.

H NMR (400 MHz, CDCls) 3: 6.84 (2H, d, 33 = 8.4 Hz), 6.53 (1H, dt, 53 = 1.5 Hz, 33y = 6.8 Hz), 5.02 (1H, qd,
33h = 6.8 Hz, 3 = 7.9 Hz), 2.05-1.92 (3H, m), 1.88-1.81 (2H, m), 1.79-1.68 (4H, m), 1.39-1.26 (4H, m), 1.18-1.11
(3H, m), 1.11-0.92 (6H, m), 0.92-0.78 (5H, m).

13C{'H} NMR (101 MHz, CDCl:) &: 154.5 (2C, dd, 3Jcr = 5.8 Hz, YJcr = 251.3 Hz), 151.2 (1C, m), 147.4 (1C, t, 3Jcr =
12,5 Hz), 130.7 (1C, t, 2Jcr = 14.6 Hz), 126.0 (1C, t, Jcr = 271.0 Hz), 1224 (1C, q, Jcr = 269.7 Hz), 1065 (2C, dd,
43 = 6.3 Hz, 2Jcr = 185 Hz), 994 (1C, q, cr = 35.9 Hz), 43.7 (1C, t, 20cr = 25.5 Hz), 43.2, 42.7, 39.8, 37.6, 33.6
(2C), 30.1 (2C), 28.8 (2C), 25.7 (2C, t, 3Jcr = 2.1 Hz), 20.1, 14.4.

19F{'H} NMR (376 MHz, CDCl) : -57.8 (3F, s), -78.8 (2F, s, -126.9 (2F, s).

{54 60b-62b DK

) F o F cl 63((:;8 (1)5 eq) : (1
q /_\ ' N
e Q oy
F 1

DMF
F rt, 65 h 1,4-diazabicyclo[2.2.2]octane (63)

56b, 60b-62b
TNTFRAR T, 7 =/ —/ViHEA (3.0 mmol) & >Rzt 63 (1.01 g, 9.0 mmol) DIEEHIZ DMF (24 mL) %
Mz, Z1-7 333U 74 n7m~2 (045 mL, 4.5mmol) %01z TR T 65 B Lz, ISRk
EINZ T LT RB R L, KBE LTz, 153DV EiAZ BB L i-th, ~F0 b LT
LA E BEER (79-87%) & LT, 708, (LAY 62b DARICES LTIt 2/3 B4 FV v CRIL%1T-
7

F F
H—oH Foo  F
" % & ~
0 o 0 CF,
F
F

mp: 114.4-115.1 °C, 162.1-162.7 °C

IR vmax (neat): 3111, 2974, 2956, 2927, 2860, 1685, 1508, 1402, 1292, 1271, 1120, 1086, 1028, 887, 839, 796.

H NMR (400 MHz, CDCls) 5: 7.44-7.35 (3H, m), 7.20 (2H, d, *Ju = 10.9 Hz), 6.99 (2H, d, 3 = 8.1 Hz), 6.56 (1H,
dt, 5Jke = 1.4 Hz, 33 = 6.8 Hz), 5.4 (1H, s), 5.04 (1H, qd, 3Jun = 6.8 Hz, 3Jue = 7.9 Hz), 4.25 (2H, dd, %) = 4.6 Hz, 2J

103



5. B 7 BTN =LA X R OREEE

= 11.8 Hz), 3.55 (2H, t, 3] & 2J = 11.5 Hz), 2.16 (1H, m), 1.40-1.31 (2H, m), 1.13-1.08 (2H, m), 0.94 (3H, t, J = 7.4 Hz).
13C{'H} NMR (101 MHz, CDCl) 5: 159.9 (2C, dd, %Jcr = 6.5 Hz, Xk = 257.5 Hz), 1594 (1C, d, YJcr = 250.4 Hz),
154.6 (2C, dd, 3Jcr = 5.8 Hz, Hcr = 252.3 Hz), 151.0 (1C, m), 1466 (1C, t, 3Jcr = 12,5 Hz), 142.2 (1C, d, 3Jcr = 8.0
Hz), 141.4 (1C, t, 3Jce = 11.2 Hz), 131.5 (1C, t, 20ce = 14.5 Hz), 130.0 (1C, d, “Jer = 2.7 Hz), 125.6 (1C, d, 2Jcr = 12.9
Hz), 122.6 (1C, d, 3Jcr = 3.6 Hz), 1224 (1C, q, Yk = 269.7 Hz), 120.2 (1C, t, Jcr = 264.0 Hz), 114.6 (1C, d, 2 =
24.1 Hz), 113.2 (2C, dt, “Jcr = 3.2 Hz, 2Jcr = 24.2 Hz), 108.8 (1C, tt, 2Jcr = 18.7 Hz, 32.5 Hz), 107.2 (2C, dd, “Jcr =
6.6 Hz, 2 = 18.4 Hz), 9.9 (1C, d, *Jor = 2.2 Hz, overlap with 99.6), 9.6 (1C, g, Zcr = 35.9 Hz, overlap with 99.9),
726 (2C), 34.0, 30.3, 19.6, 14.2.

19F{'H} NMR (376 MHz, CDCl) 3: -57.9 (3F, s), -61.7 (2F, t, 4 = 26.0 Hz), -110.6 (2F, t, 4] = 26.1 Hz), -116.9 (1F, s),
-126.1 (2F; s).

F
H—H F o F
X HOAD -
o 0 CF,
F

F

mp: 97.1-98.0 °C, 191.1-192.3 °C

IR vmax (neat): 2924, 2856, 2844, 2360, 1684, 1635, 1508, 1450, 1271, 1228, 1209, 1113, 1028, 881, 831, 795.

H NMR (400 MHz, CDCl;) &: 7.49 (2H, d, 3J = 8.3 Hz), 7.32 (2H, d, 3J = 8.2 Hz), 7.20 (2H, d, 3Ju= = 10.4 Hz), 6.99
(2H, d, 334 = 8.1 Hz), 6.55 (1H, dt, °Jur = 1.4 Hz, 3Jun = 6.8 Hz), 5.04 (1H, qd, 3Jun = 6.9 Hz, 3Jur = 7.9 Hz), 2.53 (1H,
tt, 3J = 3.2 Hz, 12.1 Hz), 1.93-1.88 (4H, m), 1.54-1.42 (2H, m, overlap with H20), 1.41-1.19 (5H, m), 1.13-1.02 (2H,
m), 0.91 (3H,t, J=7.3 Hz).

13C{"H} NMR (101 MHz, CDCl) &: 160.3 (2C, dd, 3Jcr = 6.0 Hz, *Jcr = 257.0 Hz), 154.6 (2C, dd, 3Jcr = 5.7 Hz, YJcr
= 252.3 Hz), 151.0 (1C, m), 149.6, 147.1 (1C, t, 3Jcr = 10.6 Hz), 146.7 (1C, t, 3Jcr = 12.4 Hz), 134.9, 1315 (1C, t,
2Jcr = 14.6 Hz), 127.8 (2C), 126.9 (2C), 122.4 (1C, q, Ncr = 269.6 Hz), 120.4 (1C, t, Jcr = 266.0 Hz), 110.7 (2C, dd,
“Jcr = 2.7 Hz, 2Jcr = 23.9 Hz), 107.7 (1C, tt, 2cr = 14.3 Hz, 32.3 Hz, overlap with 107.2), 107.2 (2C, dd, “Jcr = 6.5 Hz,
2Jcr = 18.4 Hz, overlap with 107.7), 99.6 (1C, q, 2Jcr = 35.9 Hz), 44.4, 39.7, 37.0, 34.3 (2C), 33.5 (2C), 20.1, 14.4.
9F{'H} NMR (376 MHz, CDCls) &: -57.9 (3F, s), 61.5 (2F, t, 4] = 26.2 Hz), -110.7 (2F, t, *J = 26.0 Hz), -126.1 (2F, s).

F F
FF F
OO0 -~
(¢} (¢} CF3
F

F

mp: 113.9-114.8 °C, 150.5-151.1 °C, 189.6-190.4 °C

IR vmax (neat): 2970, 2933, 2360, 2343, 2322, 1684, 1637, 1516, 1508, 1396, 1308, 1115, 1032, 860, 798.

H NMR (400 MHz, CDCls) &: 7.55-7.53 (2H, m), 7.49-7.48 (2H, m), 7.42 (1H, d, 3Jur = 12.4 Hz), 7.30-7.26 (4H, m,
overlap with CHCI3), 7.01 (2H, d, 3Jur = 8.1 Hz), 6.56 (1H, dt, °Jur = 1.5 Hz, )y = 6.8 Hz), 5.05 (1H, qd, 3J4 = 6.9
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Hz, 3Jue = 7.8 Hz), 2.65 (2H, t, J = 7.4 Hz), 1.69 (2H, sext, J = 7.4 Hz), 0.98 (3H, t, J = 7.4 Hz).

13C{'H} NMR (101 MHz, CDCl) 5: 159.9 (3C, d & dd, overiap), 154.6 (2C, dd, 3Jcr = 5.6 Hz, Lcr = 252.4 Hz), 151.0
(1C, m), 1466 (1C, t, 3Jcr = 12.5 Hz), 1445 (1C, d, 3Jcr = 8.4 Hz), 143.3, 141.4 (1C, t, 3Jcr = 10.5 Hz), 136.2 (1C, m),
131.5 (1C, t, 2Jor = 14.6 Hz), 130.3 (1C, d, “Jer = 3.0 Hz), 129.2 (2C), 126.8 (2C), 123.6 (1C, d, 2Jcr = 12.6 Hz,
overlap with 122.4), 123.1 (1C, d, 2Jcr = 2.9 Hz), 122.4 (1C, q, YJcr = 269.0 Hz, overlap with 123.6), 120.3 (1C, t, tcr
= 269.3 Hz), 114.8 (1C, d, 2Jcr = 23.3 Hz), 113.0 (2C, dt, “Jcr = 3.4 Hz, 2Jcr = 24.2 Hz), 108.6 (1C, tt, 2Jcr = 15.2 Hz,
33.7 Hz), 107.2 (2C, dd, “Jcr = 6.1 Hz, 2 = 18.8 Hz), 99.6 (1C, q, 2Jcr = 35.9 Hz), 37.7, 24.5, 13.8.

19F{'H} NMR (376 MHz, CDCl) 5: -57.9 (3F, s), -61.6 (2F, t, 4 = 26.1 Hz), -110.7 (2F, t, 4 = 26.1 Hz), -116.8 (1F, s),
-126.1 (2F, s).

{24 56d DAL
=—CO,Me
3 steps } |
(1. Oeq NaBH, (1 eq) H—H H—H F F
63 (2.0eq)  Pd(PPhy), (2 mol%) Pr S o/_\— -
2
DMF DMF
1,24 h t,3.5h F

55% 75%

7= FIHEF. TBAI (259, 68 mmol) % 1,2-07 ma= iy (40 mL) (L, 71 EA4—LigA T (5.0
mL, 60 mmol) %1% C 85 °C C 18 BflliR LT- (TF L2 Z R AT SO CEE Y —2 L7 o Vath. =T
U (120mL) BLO U BAL (40Q) ZINZ. AWz I L Ol BE L, FET—7 L (80mL) .k
O U A7V (20 g) ZINA TGRS 8 LTz, IRIRABIE TilfE L C E-3-7 mu-2-9— K7 7 U /LA F
JL B BT EIRIR (748 9,51%) & LTS,

TNAIFHAT, Ficioni-y a7 27 ) L—Fh (32g,13.0mmol) 27 mu A4 (28 mL) (Z¥afiE L
TT8°CITHEIL, KFLTA VY TFNANT NI =0 LDOT 7 ar A X ARE (1M, 18 mmol) % 10 232N F T F L
7oo [FRECHIZ 5 MR LTct, A% /—L 25mL) BIONEAEET NV UL Y T AORIFIKEER (70 mL)
EMZ TS EEIESYE, =71 (50 mL) ZZ CHRF CHRIE L2 2 Bt L=, —E@anikL., XE
r—7 )b (25 mLx2) \IZTHIH L, & Lo AiE &2 MoK~ 27 % > w7 A CRalg U Qe PRI A H 5 L,
BONIREL S VDTN AT LT a~ NTTT 4 (R B 80% - =—T /L 20%\ TR, REFUZL S AW
DIBTIEE) (TR, E-3-7 mu-2-3— K77 1 LA U 2EAIEIR (259 g, 92%) & LTS, B&bhi-
AN IARLEE T2 T OB HIZIR OISV V=,

H NMR (400 MHz, CDCls) 3: 9.31 (1H, d, J = 0.6 Hz), 7.78 (1H, d, J = 0.7 Hz)

FEP (CoF4-CaFe LEAA) BhmitEd, FlTRoNT 7 ulb A U fhkE Y7 am A4 (6.0 mL) (2R L,
Atert-7FN26-C AT NT =P T 7— U 74T K (3299, 13 mmol) Zhiz., =R T 3 KR L7,

Z DS Bl FEP U gsth Gl L7- 2,6-2 7 VA 1 -4-(3 7 L4 aftrans-4-(frans-4- 7" 11 B /Ly 7 S
V)7 BAFTIUA RN T /)L (4.83 ¢, 12 mmol) 35 X USRI 63 (2.69 g, 24 mmol) @ DMF (96 mL)
BRI TN A, 281RC 90 MR L7z, SUGIRIZK (200 mL) 2Nz T~F4 (150 mLx2) Tt L, Ak

105



5. B 7 BTN =LA X R OREEE

HHKER~ 7D LITTHME L, B MAIEARE LT, BB Z ) 7Sy B (T AZTE
H) IZ TR, E-33-U 74 029 — K7/ a~o o —7 Uk% B (257 g, 727 2 LA AR 35%)
& LT,

mp: 83.9-85.1 °C

IR vmax (neat): 2910, 2852, 2359, 1645, 1506, 1227, 1090, 1036, 995, 872, 762.

H NMR (400 MHz, CDCls) &: 6.86-6.84 (3H, m), 6.39 (1H, t, ) = 55.4 Hz), 2.02-1.99 (3H, m), 1.86-1.83 (2H, m),
1.77-1.74 (4H, m), 1.38-1.26 (4H, m), 1.16-1.13 (3H, m), 1.08-0.92 (6H, m), 0.89-0.81 (5H, m).

13C{'H} NMR (101 MHz, CDCls) 5: 154.4 (2C, dd, 3Jcr = 5.8 Hz, “Jcr = 251.3 Hz), 152.8 (1C, t, *Jcr = 8.3 Hz), 147.6
(1C, t, 3Jcr = 125 Hz), 1299 (1C, t, Uer = 14.7 Hz), 126.0 (1C, t, Yer = 271.0 Hz), 107.4 (1C, t, L = 234.0 Hz),
106.6 (2C, dd, “Jor = 6.0 Hz, 2Jor = 18.7 Hz), 74.3 (1C, t, 2Jor = 28.4 Hz), 43.7 (1C, t, 2Jcr = 25.5 Hz), 43.2, 42.7, 39.8,
37.6,33.5 (2C), 30.1 (2C), 28.7 (2C), 25.7 (2C, t, 3Jcr = 2.4 Hz), 20.0, 14.4.

19F{'H} NMR (376 MHz, CDCl:) : -78.8 (2F, s), -111.1 (2F, 5), -126.7 (2F, s).

EiEetHonio—7 Uk (214 g, 35 mmol) BEUT FTFFA(M) T 2= ViRAT 4 STV A (81.8
mg, 0.071 mmol) % DMF (10 mL) [ZIAfE L., ks FCKRELARYHET R U 7 A (804 mg, 2.1 mmol) iz, i
b DEZAT L CERIRT 1.5 IR Lz, seeBUSHRDSRZE LR T F NMR (Z TRUGOET T s
LoD, AEIARTHES N U AZEMU TR L7 (KFERUHFET B 7 LAORIEALE 134 mg = 35
mmol, ¥ALUGIERE] 3.5 ) , Btz ~F4> (20 mLx 2) ([ THitH L. ~F9 2 BAEKiE~ 7127 LI
THMR U CRIE PG LT, SO A S U B Ry B (AR UACTARH) ICTBRLL, RE(tawE A
IR (1269, 75%) & LTRE-,
mp: 63.1-63.8 °C, 150.1-150.9 °C
IR vmax (neat): 2956, 2931, 2918, 2850, 1674, 1514, 1448, 1333, 1246, 1130, 1086, 1043, 1018, 989, 868, 756.

H NMR (400 MHz, CDCls) &: 6.84 (2H, d, 3Jur = 8.5 Hz, overlap with 6.79), 6.79 (1H, tdd, *Ju = 0.6 Hz, 3y = 7.3
Hz, 2Jur = 55.4 Hz, overlap with 6.84), 6.50 (1H, d, %Juu = 6.5 Hz), 5.07 (1H, qd, 3w = 6.4 Hz, 3Ju = 7.4 Hz),
2.05-1.94 (3H, m), 1.88-1.81 (2H, m), 1.79-1.68 (4H, m), 1.39-1.25 (4H, m), 1.18-1.10 (3H, m), 1.10-0.92 (6H, m),
0.92-0.79 (5H, m).

3C{'H} NMR (101 MHz, CDCls) 5: 154.6 (2C, dd, 3Jr = 6.0 Hz, Yer = 250.9 Hz), 150.2 (1C, tt, *Jer = 2.0 Hz, 12.2
Hz), 147.1 (1C, t, 3Jcr = 12.8 Hz), 130.6 (1C, t, 2Jcr = 14.6 Hz), 126.0 (1C, t, Wcr = 270.9 Hz), 110.2 (1C, t, Jor =
230.0 Hz), 106.6 (2C, dd, “Jcr = 6.5 Hz, 2Jcr = 18.6 Hz), 104.5 (1C, t, 2Jcr = 27.2 Hz), 43.7 (1C, t, 2Jcr = 25.5 Hz),
432,427,39.8,37.6,335 (2C), 30.1 (2C), 28.8 (2C), 25.7 (2C, t, 3Jcr = 2.1 Hz), 20.1, 14.4.

19F{'H} NMR (376 MHz, CDCl) 5: -78.8 (2F, s), -112.1 (2F, 5), -126.9 (2F, s).
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6. fEim

VLB, WAy TR CEE & 72 2 fafl 6 BERES KOV B S ONHARIENE R HONTE 7 » BB RERL DRI
FUEDBIFE AN ODNERR LT,

F BT, BB ORANDT 4 AT LA ~DIGH. & LTI FEO BRI 5 £ COEL 21 -0
MEEARHBICE B LoD Lz,

5 2 BECIIATI AR LIS < WRIFNERALKE TH D 1,4-3 7 o~ F L iFERI T L OS2 VB S50
FCRMAREEYO trans BLAAITT 22 LA R L, 2KV RIBIG TH L LB LD EE) LTz, AF
A VIR, RGO RSB S OFEN G A 4-7 F 47 BV BT 7 mFe o VR
WETHZENTEDLLDITRD, Fio, WEHEAEHOMERLUIANS L 2 IS HER R A 18 U RS TR EL
BN L, v 7 anF U BREAT DIk O Faa RO RS NN ORI R A5G, BRI IbUGHED &
W DIZIREZRBAT & 130 720 & W D BRED R > TS Z D, FRERENCIZ X 0 IR B LIEOBRFE AR
DHID EBZ BNDATFHIRBUR CORE L U TE B LKEN DIEHREZ T2 L 3ATREE e o 7272,
HREEALSIEA~DIGH b IR S LD,

55 3 W TIL6 BERT B — /UEREUGIZI T A A RIS 1,3-2 A4 BRO trans / cis LA BRI A
LT EEREML, HIT, H OO FIREOES R 2 AT 5 2 L b28& kDT, TEERITZAMIZA
FRReZetA b Vs N3 L OMERE D - CIERN BN TR BT 5720, FRMEOEWFETH L EE 2D
N5, Flo. BYEHREAYO trans Bibx BROE LTEBRZIE, KB Ta vRnTaEHSE 5 &0 ) filif#7e AT
mvtrans / cis lba 52 % Z & b R L, IEROAHIAEER TR TR o7, FERFRIEO T TR
UIC bR LT, T HTEC K R GENFEBT 5 1,3-0 4 VEBREA IR 1%, BRIEIEE O
BAFEIF DR D AREL TS Z Enh, BElGAIOFER e @\ RV & L CHHATH 5, BIREN
BOSSAZ L VKIS0 SV Rtk B BE S50 & 72 0 15 D IRV~ 2 L i & LTk > T
BY | R COBRPIEREEOBIRN S B LEEND, T DRSS TARSUN RO CRi e 2R g
ZEDgmolcicd, T —/AEBOGIZBR O T IREZAR NS5 Z LT KV | HiTe R R BN D LR
S D

FAETIET T 7T v EHT X B VRIS L TTF A VR = VA F UG A 1 TR CEAT S
FEOBIFZEHN Uiz, ZOF A HNR =N AF UAEE T Ty T3\ CREUT RO ES ¢ OHEKICH AT
IHEEZR T A1 A KR AERHAL B EMATRECTH D120, EilEE - TS BT CH
HEERD, BRtO—BRE LTIRYBIRE LT U —1 U F 0 LK & DSURIZ 31T DN A A U752,
CPME 2RISUGOIIHFNZIEFFIRAICH D Z L 2 AT & L bl T A INVRBEDT VX /UAURIZEEL T
DMF OFIAANTHD ZEBIAL, PF AT AT NOEIRERIEEZMN L, FHRlC iz =5
Grignard FA3E CIIIFHNRNEE CThH -7, ol 7 vHBRF 20T DV TALERRT AT VA EKTE D LIk
STeTeD, VTFATATNVOIED 1-2Th 5 RAFT Fla s fakal 3 DBOIENI AN S Te L 2 5, VT ATAT
NEREERINIGD Z ENTETCND S TFF ) AT DRI ZDEL oo TWDH Z &b, FF4hL
N AR OTEMBIEICSGEORHY B D L5 2 Hivd,
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6. r\tuﬁﬁ%

EEETITT = /) — VIS LT 33,3 b 74 u 7 u = ViR 33-U 7 LA n S LA STAREIRAY
\DENT D IHEDOBIFIIE) LT, THEAL T COfIIREER S 36V TR B ORI E SR EZm) LS
B, HEREAT CIIZIRANATFD 2 LIS TE RS TALBW BN AR TE D L 91078 o T, BITFRNTARIZ
Z R Z A D BRI REZ A TV CREFAIDTEM LA D Z LI X0 @R TE . B Ta ERt S e
FROEERIETHMMZGD Z LN TE DR THEFITAAERENWEEZ b D, KRFEICIVEHRTED
(D3&3FU7”1E73&;Wiw?wﬁ@\%ﬁ*ﬁ%%ﬁ?éké@&%@bfﬁ%E%ﬁf%6:&ﬁ%

. RIROHER 1L LTREE TH D, FREOREICEAE Y TSI Cho T 7e OIVAMECZ LnZ &
DAREE LCET DL, Bl kA BT BRCIIA V7 4 v OB & ROSHEOMHRZHERT 5 Lo 7ok
ROBEREPEHEROBND, RO 22O F R U TRGITHEMAZAED 731 5 2 LN TELULRTHD
7o, KHEOH T T REG I OARTEETE T Z LN TEIUL, BITILFR 0 TR TREE 702 E iR S
o

BEABLU T, MERIERCERIRE FBIT 572DDRA » e LTETONLOIE, S () L IsMERED
FEETH D LD, %< O — A TREEIS L TRBRITAEE L TWODIIEORZETITRE < 2T
MO CTEHETHD, T, BECHREI A Y OEMEREORAIEDEYNGERT S Z LIk, ZOMWE 2R AR
T D Z LN TED, ZIHARA » MIAEIER & LTk RO TR b A E SR 2B H Y T
XEDLHDOTHD EEZ B, WL ERICHAGDE L 2 L Z2MUFROGEHR D ECRbEE/RZ L Tho &
feam T B D,
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