Rk 1 5 S

KU 7t v 2T e = U btEYosn+NEMEIGNIZ KD
G 7 wFE~T kLAY DG

FORUR R F B E AW FE R L B
R BRIRAIE =R

=3 A



i N T7AFrRAFLE =LA 6-endo-trig BRAbAK
ERWEA VXU HEHOERK
1—1 #s
1—2 4—TTNFaAFNAYF Y HHOEK
1—3 4— RV T7AFarFoALIx ) U OEK

HEoE RN A AFLE =LA D 5-endo-trig BRbIZ L B
~T 1 RORFE 5 BER O
2—1 #a
2—2 3=V INFBRAFLIALRY UDOERK
2—3 3fL7NVARRBELRA L N—/ILDAERK
2 —4 EHEREMIZ LD 5-endo-trig Bl
AN 7 VA RBESHEE T O DOERK
2—5 AfL7NAwRFEERT 0 SFFEERDOERK
2—6 WiEsREMIZX S 5-endo-trig BRAL
AT NARRFEBRT T FeTFA47 = OEK
2 — 7 RFEREFIZ LD 5-endo-trig AL
ANLT VA O IRFBE Y 7 0 XX DERK

EHEA~T 15 HEROHES

w
|
—
oF

RAEGTHRET VAT I ROFHH

w

|

w
_Ww W
[ ==
mf oo oo

oo o> o
oy 0O O

EAAaTAE0 0 Drobmk

FERIA
TG
51 FH STk
A

MERREAZBTHHRET VLT I RO b-endo-trig iz L 5
==

EA2HTHRET VLT I RO 5-endo-trig Bt

11
14
18

21
27
28

37
49

6 2

6 4

68
71

74

75
104
108
111



Ac acetyl

AIBN 2, 2’-azobisisobutyronitrile

Alloc allyloxycarbonyl

Bn benzyl

Boc t-butoxycarbonyl

BPO benzoyl peroxide

t-Bu t-butyl

cod 1,5-cyclooctadiene

Cy cyclohexyl

DAST diethylaminosulfur trifluoride
DBU 1,8-diazabicyclo[5.4.0]-7-undecene
DDQ 2,3-dichloro-5,6-dicyano-p-benzoquinone
DEAD diethyl azodicarboxylate

DIBAL diisobutylaluminium hydride
DMAP 4-dimethylaminopyridine

DMF N,N-dimethylformamide

DMI 1,3-dimethylimidazolidin-2-one
DMSO dimethyl sulfoxide

dppb 1,4-bis(diphenylphosphino)butane
EWG electron-withdrawing group
HMPT hexamethylphosphorous triamide
LDA lithium diisopropylamide
LHMDS lithium hexamethyldisilazide
LTMP lithium tetramethylpiperidide
nbd norbornadiene

NBS N-bromosuccinimide

NCS N-chlorosuccinimide

NIS N-iodosuccinimide

NMR nuclear magnetic resonance
NOE nuclear Overhauser effect

Pr propyl

TBAF tetrabutylammonium fluoride

TBS t-butyldimethylsilyl



TEA triethylamine

TEMPO 2,2,6,6-tetramethylpiperidinyloxy
THF tetrahydrofuran

THP 2-tetrahydropyranyl

TMS trimethylsilyl

Ts p-toluenesulfonyl



FF i

&7y RAEBREWT. oA a7 ALEHRRALKFZRIEE T~
T, WEICHIEFIICLEBEZ RESRICTDLZ EnEN, 2L, 7y E
JRF-25MD N 7 AR FEITIT e, LU NI R TR R E 2 A 572
HTHDH,

1. 7vREFIE, KBIZROWT/HERF LS, 77 0T 0T — /L 2
IIARFED 11345 (EFEIT1.506%).CFREAGOEIIXC-HEAD1.251% (C-Cl
faald 162 f5) THY ., KFELEUT D, ZD7d, KFELMOITETE
BT 256, 7 v FREBEANL D0 TONMEHEITR B /IS,

2. 7vEF, BIKEOI L TRROEBEXEMELSH L, WOERSMEOH
R 2 RET 5,

3. 7y HRiFI. BFHNHLNIH T TREREELRT 22 LR TE D,

4. C-F#AHI1E. = x/L¥—(116 kcal/mol)73, C-Cl#EE (81 keal/mo)iE b H
AhDZ L, C-HFEEO99 keal/mol)=° C-O #5A(86 kecal/mol)lZ Fb~_T & 45 By
ICR&EL, LIRS E,

ZORIRT v FEAROMWHES C-F fit OMWEITES S FrREAZ2MEIL, B
CEAEIZISHIATEY, LTDO XS 208z 6ns,

BT HOKEZEOETHDWVIIKEDINT v B TEBRLINT-~VL T VA0 i
IR Y 7 A e b B WL, THEVE . 3K SRR AL PR ENE)  BEKEE MY
HRFE) 2 &L 7w FAEA LA TIZ R B WD TR e 2R L, A
U~—, Wi, BEdl, HEHE ol AW ToORERH 5, FlR. T
7arOREMATHOLNTWDRY (T F T 7t axF Li)iE, BEWA N
AITE T ANBIOAIR L BEHZCER L TR Y | #xtFEIE< 22 5+260 CE TOH
JEHRPACTHEATE 2 RIELS REMWETH D,



1 H |
: N s
X N
H 0" ~O

FF f
E ) N £
FET N”CF, }

\

CF
1 RY(FrS7L4A0TFLY) 2 ;/leﬂoquine 3 Tipranavir

— . WA T v ELSNIALEWIX, 7 v REHBREICE 0L T
DR FRVEDOFRBN AR & 720 | ERE- 3 & O EPGVEWE O REMER B S L
THERMELHDTND, X fiv 7V 7HE LTHEA I T DS
WDx ) U B CF J5 &8 A L7= Mefloquine 2 (%, &< oAIHE T
% Quinine {ZxH 3 A MHPEFRBIZ AL E VD KA FF> T 5, 72, BV
B HIZ CF3 24 E A L 72 Tipranavir 3 (%, HL HIV #l & U CERRER S FE i <0 T
W5,

F 7R, APEVEM E R AR RE R E O R E O S Z . LRI
LEMMORIERBEEL AT ODERERE (NA A4 Y2 F2—) ITEEHZ D{LFHE
fNEATH Y | EIRLSCIEBEOI DD DY — VORI E B & L TIAL
RSN Tnd, 2okl LT7 vHFZEHWDLONREL, BlziE7 v
Fr b= VEET I MEAOFEMERLE LTHAT R ARRTT b5, FE
B, FRUTRLIEDRTIF R 413, ZAFuatdL 7 00 5 LEETFHRMEEL
EOTWVAZ ENEBIENSHLMNIENTND, 5-T /4T F1a-6-7
T =3 ATV 6 BT TF R TH LT T AKX A P D Phe-Gly HiLD
RbVITARD &V D EBRERT, ZOREFERLE L<ABLTVD Y,

R' R? R' R? Ph
. §
R N__CO.H R. /l\fﬁL\v,CozH CO,H
~ ~ . 2
H O = H F = F
4 SRTFF 5 7)LARALI0Y 6
YIXEUR P ﬂ-
Arg-Pro-Lys-Pro-GIn-GIn-Phe-Phe-Gly-Leu-Met-NH,
Ph
( o
Arg-Pro-Lys-Pro-GIn-GIn-Phe-l\llWLeu-Met-NHz
H F



FRER BRI D, PTINFTRAF LU ABBERTFLREELRRT LT, ¥
TNFABAF VN INVR=ZNVEORA AV AZ—L LT, £V TNF
BAFNERE P EONM A4 Y 22 =L LTHELHFEFENATND
(Fgure. )2, ZD7=%, ZH LI b ZAFua X Fuh, 7o dnmrF Lok
R, VINFuAFNVEEETLE Ty FABEEWICHIRDN R b, €D
HCHFIT, ~T aRIEAEM D EEEMEE O BRI ERTH D720,
INHDET v FEREEAFFOE T v BT e RILEMPLFEETEITHERE
LOTWD, LL, 2o LEE7 vHFEASATaBLEWITRINIITHFEL 2N
2. T ORIV ERIE DTN AEE LSO BB\ THE R iRE &
o TS,

QL FRF
4 __ F_ F
)J\ ~“H < TH

Figure 1

NU T a A FAVEEFEHEA~T 0 BRICEAT 2 FEEELS Ao Sn
THEY, ZLOWEBRH S, EICANLNLFEE. P 7rdo A FL4e
BREA VD HEE N IAF R A FATOHANERANDL HETHD (A% —
A1), VLRI TZAAR ATV EEI VAR L N Tt e AT LA 9
ATV —VHE ST R E, NUTZAF O RAFAT U —AbEMNELND
D,oFE e B HAVITBISICE YV RESEE ) IAFRAFATY
HIE, FHER~T 0B, 20 N 74 a2 F LR AHETH D (R
¥—242) 7,

| N CF3l/Cu | N
17 N7 DMF FsC” N7
60%
Scheme 1
(/D CFs3l/ hv ac@
N N
H H 459

ratio of 2-CF3 : 3-CF3=2:1
Scheme 2



FHEGHE~T BBRIZEAS FEFFHRONTRRIC N 7vda XA TF VL B
BATLZELEIRETHY , EREDZ L, P IArFda A FVEERTS
BALRIBE A 2 Ak LT RRICERIEEITH) 2 L T, &7 v ~T b ae Ak
LTWb, ffilziX, B{bX)i & LT Staudinger/aza-Wittig U ZFA L, U 7
NABRATFNILETT HEBRA~T A REMET D HERH D (AF—L03)Y,

1) NaOEt / EtOH
CFsCO,Et e 0 0 1)s0CH,
+
CHa(CH,CO,CoHs), 2 30% H2SO; FsC OH  2)TmsN,
reflux
0
O (0] PPhs / CgHg O (@)
. , HN
A~ N M~ PP

F3C N3 -N, FsC N ™

F3C
Scheme 3

F72. Aza-Diels—Alder [ZJ5X°, Claisen Sz ZFH LT R Y 74w X F L5
AFOTRTERRX ) UUVEEAERTHIENTED (Ax—24, 509,

CFs CF3

N/) R? HN R?
BF;-Et,0
. E o, oR'
OR'
OMe OMe
Scheme 4

Robinson

i CF 1,2-reduction
P O %\fO_JEﬁEL+ ° 3 lw\i::wg
(0] (0]

CO,Et CO,Et
Claisen CF3 CF3
Rearrangement CO,Et LIAIH, @\/\CHzOH
CO,Et CH,OH
TeCl (1 eq) CF3 CF3
S eq NaH
@\ACHZOTS a @@o
CH,OH
CF3 CF3
TsCI (2 eq) @\/\CHZOTS BnNH, @\/?
N Ph
CH,OTs ~
Scheme 5



PLEdR_7ZE 51, 2nb N It a A FEEHT 57T i@ ba W Ok

F9EIT, ZoMICH L BEESRTWAS ), ZhICH L, Y7 FuAF Lo
B, VA Aa ATFNEEEENT D FHEIZOW T, WD THEFI A D720,
EEE, VINFORATF LRSI NAA AT VEN T NLR = VERSE R X
VEDNSAFA I AZ =L LTOMREMMHEINRDBOE, b OBE#RES
BT 5T RBRILEWITE - BIEOSIF THE VLTV, ZOMHMAIL,
TN DEMREEZGET 5T v BBILEWOERFIENRIEMESL STV
DThHDLHEEZBND,

VINFRRAF L UHEOEANEE LTI, VR = VI 5 Wittig Ao
IS HITWND, T2 LI OFETIE, BT MEOH S (MepN);P (HMPT)
MLETHY, 12T VT b REIXRMRIRTRIGT 2237 b & OFUGHE
FRHTRNVEVIRALH Y, BREARIELITEZ R (Rx—206) Y,

F

Q cFBr, F HF,C,
2_)\ / Zn, HMPT Pd/ G, H,
L, _Pd/CH,
N CO2Bn N CO,Bn N YCO,Bn
|
Boc Boc Boc
48% 64%

Scheme 6

CINF O AFUIEOBEALELE LTE, VINAFTORAFLURERT DT L
— RFEDFE T TKRBRINT 5 H51E (AX—206) Y, 75t RITK L DAST
RHWTHLRZVEN Z ST Fa AFLoAbT 5 5E (A% —47) Pk
VI NFaAFNEDS HE ORi#EE FEBLEFIAL TP 704 m A F L5
LB E (AF—58) BHD ',



]\ H (EtoN),SF; (DAST) I\

N |
Ts © Ts
80%
Scheme 7
CH; CH; CHs;
EtO,C CO,Et EtO,C COEt  pBU/THF EtO,C N CO,Et
[ ] . [ — ®
F3C Il\l CF3 Fs;C N “CFj3 F3C N~ “CFyH
H
62%
Scheme 8

INETRTERELIIE, VA nRABEBBREZGT H~T uGbamos
FOEICET 2MER Tl HICBERRISZ 57 v FEEW~EHHA L TWDH H O
NN, MFFEETIX, 7 v BORMEICER L7 v BIEEWITR A OB L
BRCERIET D ENAHBO 7 v FIEFOREREENC R DEEX, [Ty
R uAE AL TR OIRZ TR R L T2, T7hbb, 7 vk
DR Z FEENIE 3 28 LWAREG RBUS DL BEEL T, 2O X
IRBENDEEIT, PV TIAFuRXRFLME DT FurFLog YT
FrAFNEE AT B BREAEY~SBHEANCEAT 2 FIEERET L & Lz,
Tbb, N TZAFrAFAE=EEMEZTY LT, KoM & BiEERE
LV Ty R ORERRI 72 R AR D> U T8 7o 72 RS DB 2 kA Tz,

1= MV ZAFaAF V=GR ZER ST 8, L7 1 v
DRIFRFBIAI LT, T VNN 2o TT (kA F o BBEL . gem
CINFaT N G20 SN R EITT A I ERNHL TS WD, LD
AN, ZO—EMEITIIREREFINH Y | AL FRRISHIZR b TV,
TRbb, OSHEEHERT 272D, M) 7 Fa XA FLED a il ==
WERANR=NVED XS BRE R EZ2NELT D, HlxE, a—7 ==/
BEHAT, TAXVIF TN OFTUNLRESEET =4, &R7T IR
R EDOREAHEIET D, 2 L, o =7 b F VBRI ROGHE DR (2
K<, TVFNVFULLEIRISTLHDOD, 7=2=)L)FULATTORIGL
b (F—7n1) 1,



CF
CFs  RL(1.0eq) FoC” -F~ CF,
B —— C —_— R
Y R Y Y
Y = Ph, (CHy)3 Ph
Table 1
Yield (%)
Y MeLi  n-BuLi ¢-BuLi PhLi  (i-Pr),NLi
Ph 90 93 92 90 90
(CHy)3Ph 85 87 90 0 0

LM LERIL, 2o M) 7t X FLe=taWmo SN2 KG %45y FHNO
REIALTIT AL, ZORISHEDOREZRRTE 5 BT, Thbb, *F
WAL E R INAFAa A TF A=V E AT L TRBLIEEE T,
Wﬁm@t@miykme—muﬁﬂmﬁb\&@ﬁﬁﬁLﬁ#é%@&%%
L7z, ZORIGOEERM A A F — L5 9ITRT,

SN2' &t
CF, CFX
—F_ PN N
@I\;:iz’l Q/
n n
CF; CF; B C

A CF;3
(n=0,1) -H 2N,
: —_— H H
Y~ S I~.~;:::}

n

E

RS

Scheme 9

HL, O FARINETHZETTEEY N 7t AF e =1{ta¥ho
SN2 LT T DL, UINFaATF LU EERTH~T aRILAEY B A
BB TEDLZ LD, —H. A DORBEBORIZT kA F > Ol
BEak Z <3, TR ETTIE, Y 7vd e 2 F AR RO~
TaEBRILAEYD RERTE D, ZOX Iy THNIEOEBMMEEZFIH L CT~T
PERILAEY B, D OGP ER TEIULX, ZOBRGEHRILEZIT/R> LTIV



0 RFBEBRILEZ FFONT 0 BILAMC, E~LRDICHFET L Z ENARETH A
Ve THUTEY | WERENT-GRIED NS E T vFEA~AT abEWITK L
TR EIEZ L CEX 5 2 L2725, 61T, ZOFEICEY 5 BB
FaATH T LR TEIUL, Baldwin B TARF| & S HURD THA I DD 72 RIEZRY
72 S-endo-trig BRALZ RN CTE 722 & &7 0 | RISHEAEIIZ & BLERR U,

Z Z T Baldwin HI & /%, J. E. Baldwin S AR 2R Z2EE L T, BILRIED
HZVRXTIOHG 2R LI —KAITH D, RISOETIZIE, KIST DR F72
WL OHGER EOME/EANEZETH Y . 43 FHE O J7 D OGO HEST
RNV 2 M AT GLIEETIR) . BT, DR )VEA~DINT

T, SREEANTR 1097 OfAEE L > THNVRoVIRFEZLEST S 2 EKRD
%ﬂéoﬁwﬁ:wﬁ%@@@ﬁEKsﬁﬁ§~®ﬁ&W%Ki55§%@%
FNZBWT, S-exo-trig BALIZZ D 109° OAEE LD B W= DFF] B & &
ILTWDDIZKE L, 5-endo-trig BRAGITIRFBHFNFE N2 OIZ 109° OAFEER & 0 i
<L EWICARRBRLE STV D

5-exo-trig B={b (Favored) 5-endo-trig 2:1t. (Disfavored)

Y X_ “““ o j i, <Yj
X w109 /////Z;D_x a=109° 4 X-

ERRIZ, ZORFE SND S-endo-trig BRALDIEIT L TWDRISHNIE, RO &
57 RETHIEZRANDIEL (AF—A10) P50 H 0Bl (AF—A411)
Bz oV TORENSL N,

h A
Ts Me Ts
Scheme 10 82%
BuszSnH (1.2 eq) i
O\ L __ABN(01eq) @{J o
reflux 3h H
/ toluene Ph

Scheme 11



ZAUBIZXE L, KBRS S-endo-trig BRAL THBALFRICRIH SN2 flix, v
VAR AS~OREMAIN (R —21 2) Woft, BEl L,

PhO,S PhO,S
)—)f KH (0.05 eq) Z_><R1
2 0 ;
Hy” R 25 7, 10 min v~ ~R® Y =0, NPh, C(CO,Et),
Scheme 12

—J5. 2 FE TIZUMFEETIX, gem-T 7 VA0 T 7 OREZTER LT,
ﬁi‘?ﬁ/ﬂfi 5-endo-trig BALFISZBIFE L TE - (A% —2113) Y, ZoORIEHR
TLEHEAIZOWT, ROZHEZEZ TS, —DBIE, 7 vHRET LD
ST E CHE G OaE T L ORIEIT LY RE—IRFE CEEE D KE
L. ZHESOKRmKE & RETAL & ORNCEEN S 0B &, BRIEZEEL
TWLRTHD, ZoHIT, BRIBBREEIZ T oAb A A 3BT 2 Z & IC &
V. BARZMA THRESBEMEDHTOND LI R THD,

R R R
Q PN 5-endo-trig PN — F PN
A R N S Y
+ H .3 - ' 5 : »
d -y s F N Y
Scheme 13 Y=N,0,C S
Fs x4 FiC

e 5-endo- trlg ?j )j
o : _— >
-Y .~\~::a’

Scheme 14
CORGEARFFEDE (AF—2514) ZRIERDE. ZO - OORIGHEE
PlLTWB Z EiZ&S<, Thbb, Wb 00— B2 8 25 R E #a 5 E
Thbd, M) T7NFdnr XAFIVEEORNE 7RG NU ZFda AT
E:w%@kﬁﬁ%mﬁ&%&@W%ﬁtzb\itﬁm%7ym%4ﬁyﬁ
B9 2, =9 LIZEEMEND, MY 7adn 2 Fre =AW Th, K&
172 5-endo-trig BRAL IS ETT 2 DO L WIFFTE 5,

U EOBEHG, EFITELREIZBWT, M) 7t 2 Fre= s
WO Z 5 T NBALEOS IR T 5 2 & & L, OE&EK (A% —2409)
IZIE- T, 6-endo-trig BRILICEK DA VX2V A VXU -N-FFT RDOE



R (B—%). 5-endo-trig BRALIZ L 557 v 5 BERILEW DO BRI OV THES
ATV (BBE) |, IAA R RFEREEZ AT 5T v BRALEWITHTT D RAeH)
IHEFHEDMENL A BIE LT, E720ME T, R 7adm 2 Fre=1{tawll
DALEW T 5-endo-trig BRALOFRGFT 21T 72 (B =%), L FZDOFEEMIZON
TAGm Tk~ D,

10



B—2F N 7udaXAFAE= UL EYID 6-endo-trig BRALIKRZ HV =
A Vx Y CEHOERK

1—1 =

AVF 2V 1-11F, ¥V o7 AED =
~TRELEY L RIERIC, RARIFET HEL< D TE:(]
TodiaA RIZERBEELTEENTEY, Kx 1-1 isoquinoline

IRAEEEME R R, BlZIE, A V%) R E

BT D7 RY N2 FT A~V EEND T NI A BT, il Hs &
b, #HEAE L THWONRTWD, £, HIROET AV hu A RTHLZ AT
Y13 1HEHAIE LTHOWLNTE Y, EEEH. .17 A—MEHOH 5 Z &2
MONTWD, ZBIXIEFEADO—FITHY, 4 VF U o2 ERERIZFFOT
v A REgmbIR  FBEE G SR TH L, TNOD I L EEETDH L,
TOLTEA YR U EKIC N 70 Fu AF NS T A a A F VLR Y
D7 NABIRBEBRELZEANLTZE 7 vHA Y XU VML, 7 v HEEWIC
LI UIEA OGN D R R R B BEME DS IR T X D720, d THUIRRVME G &
Wz D,

MeO

MeO | X MeO
MeO N

O OMe N ™ OMe

OMe (IIOMe

1-2 papaverine 1-3 emetine

KOy

UL, A VX /) N7 A e RBEBRIEZE AT 5 FEIBO TR
TW5, FHRBICEZE RN 7t n AFLVEZEATIEAICKELHONT
WA HFEZ, FimCTbl 7=k 912, M) 7t 2AF LEeRfEE b ik

11



ERNUTNFBRATFNTIANERND FIETH DL, EEEA VXU o0
ThH, NI TAFaAFAREBEATLHHEE LT, KR ORESE N
INFBAFNT VAN ERCDRERHD (AF—211-1) 9, =ELZD
FETIE, WEIRD TR L2vb U ZuF 1 A F AL O AL E RN L
W) BN D D,

CF 1-CF3; 2%

Y CF3Br, hv R /‘/\\ ::: 4-CF3; 2%
N : N 5-CF3; 8%
B / CH3CN (S 8-CFa; 2%

Scheme 1-1
— . BT ey 7 ERWAFEERLE 4N TIAFaATFLAL VXY
v DA REE LT Pictet-Gams BRALFUSIC L A HENRH D (AF—n1-2) 17D,

O 1, NaCN F3C_ OMe NaBH, F3sC_ OMe
FsC OMe 2, (Me0),SO, NG OMe  CoCl, OMe
NH,
F3C_ OMe FsC. OMe CF3
Ac0 OMe Ppocl, OMe KOH y OMe
r
H3C CHj CHj
Scheme 1-2

F72. SMLIC R A AT NEEFFSOVE RuA VX2 U OaRkiEE
LT, M ongdurAFLikefocr Iy I=vLsrnl FhoiEon
HANT ORI 6B RSN ON TS (AF—2AL1-3) 19,

FsC
3 \(\cozEt CO,Et
NH, reflux, 48 h FsC~ CO,Et (300 nm) F3Ca~
+ —_— —_—
o / CHCl, Ny NMez ) Hexane NX
l-\ll_Mez Ph NMe,
Cl Cl—
Scheme 1-3

12



NUTZNFaAFNEEET HA VX U EROBEEZ. 2 oMl
7 v RIRTEENEERETERACESRIENESH 5 0HT D REFLEST
X7\, Fo, YA Fa XTI Y X U AT E S TR, GBI
LEFMOBNTWVARY, T2 CHRim TRz FEICID 407 VA e RABE
LA FFOA VX ) U VHHOERERAD Z LT LT,

IHAFZEEE Tl M Cli 72 X 9722 MU 7 vFd v A F e =V EORG
PEZFIH L. 6-endo-trig BEAb & 72 553 P INOS &R LT\ 5 20, 9722
H, AL ELVINVEEZEDa-F) 7 g AFILAF L 14 |2,
NH,OAc & L< I NH,OH-HCl #/ER &E5 &, b 7 da A F VROV
ERefyFx /U 185a°Ve KaAf V¥ U U-N-AF2 K 1-5b BUEER <
AR TETND (AF—L41-4),

oF, CFs
> —_—

NH,0AC (5 eq) H;if:l:::] i &:i:l:::]

CF3 t, 4 h X

é@ / DMF - H,0 (10 : 1) 1-5a 84%
Ox or NH,0H-HCl
70°C,3h CFs
1-4 / DMF - H,0 (10 : 1) — .
HON " {0 " N N

Scheme 1-4 1-5b 86%

B DERTIE, /KEDMF OIRGEBEF L WD 7a b ARSI T TN %
ToTWbHTeD, 7oA A ORBEL VERL T r b AL Z 0 457
WIS DB NHEIT LT, b 7t 2AFufbESnizye KaA V%Y
VHEBRRICEZTWS, 2T, ZOFETELN 4R Tt a AT
NPt RaAYFx U 18a, P RaAYFx U -N-AFL R 1-5b 05, &
s VX ) ~OFEERRI LT, Thbb, ZNOIZHEERZEHISET
JiHF S, Y7 nAFLrkazbove Fuf Yk /) JoRove FaA Y
XU UN-FFUREL, EBITAEUT exo- A T L U EL & BRINER~ & BPEAL
SHTIOTINARATFNVEEL DAY X ) VR YX ) U V-NAFY R

13



KD EE LT, £21-5 DFAKFEIZEY, N 7t a XAFVEEESA Y
XV rOERbRAT (AFXF—241-5),

CFH
- HF CF2 J
Y
CF3 X
i : Base
~ or Pd/C CF3

1-5a: Y =N ~
1-5b: Y =N*-O" —
_ H2 Y\

Scheme 1-5

1—2. 4= I70FarXF AL Yx/ U 8H1-6 DERK

FT 4NV TAF R ATV KaAg V% U2 1-5a Ot HF KG%1T 9
T=OlZ, HWDHERZME L7z, THF 1, 1-5a Z LDA TR L7223, REME
ftLle (= hU—1), 22T, X05WELETH S DBU #%0 DMF H1 TfE
A=A, iRV I HF N Z 5 & & 112, AU exo- A F L U ELD
MBI X D HFFBACE T—BITEITL, D7 F e A FrEkezbo ¥k
U 1-6a BFoiiz (= MU —2), —J, AR UR T JOSITIEFIC
E<, BAERMIZOTNELNTZ OO, 13E A ERFEEIE 27z (=
> U —3), ZOft DMI, DMSO # M\ 7z & Z A, DMSO IZHW 255 66%
EROBRFRINETA Y INA R AT NA VX)) 1-6a 21552 LN TE -
(= hU—4, 5), £/, - NV 7L FaAF LI Raaf VX U -N-
A% Rzt LCHEERIC DMF ¢ DBU 2{EfH &®7-& 2 A, RUL B HF
& exo AT L UL DBRNEI A~ D BN HEIT L, P70 F 1 A FIVEEFFO
AVFx 7V -N-FF R 1-6b B 59%DILETH LT,

14



CFH

o= o - C@C@

1-5a:Y =N
1-5b :Y =N*-O
Table 1-1
entry substrate base solvent conditions 1-6/% 1-7/ %
12 1-5a LDA (1.2) THF -78 °C, 30 min 0 0
2 1-5a DBU (1.3) DMF 90 °C,12h 53 2
3 1-5a DBU (1.3) Dioxane 100 °C, 17 h 5 —
4 1-5a DBU (1.3) DMI 100°C, 11 h 61 5
5 1-5a DBU (1.3) DMSO 100°C,2.5h 66 5
6 1-5b DBU (1.2) DMF 80 °C, 20 min 59 0

a) [RAIEIR32%
ZZTEIVERME LTT AT R 1-Ta G550, —HEEEL7- 1-6a % [F

FMT T L THELNZWNWI EnD, 1-5a 705 1-6a 2T 124K L TWD
ZEMND, TOESEEIILUITOL>IZEZLND (AF—A1-6),

HO F
CF, _ |
Base OH
—_—
/ DMF Na - F Na

_o .,
CHO
=
— L = N
o
I 1-7
- F o

Scheme 1-6 N

X 52 1-6 DU\ E&a BHIET ETNCRIK T OJRK A K miE ChiiEd 25 7
AEA TN D EB X T, TNEMHERT A0, 1-5a (12X L TT7 vk~
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AR THD CsF #hz 100 CTIHEMMEA L= A, A V% U 1-6a
N 42% DI THE S AU, F I ROSR LR MHE L L. )OSR 19F NMR #l
WX > TEHOE7 v FILAEMORIEEHR LT (AFXF—A51-7), 2O &
5. BEELE 7 v A Ak, R E Ul CARMIG & HEET 528, [A)
RRICRINZ 5| S LEREELZ 52 TCWDH 2 ENgholz, £ T, KibiH
FECHRE L7 7 oAb A A v T 2 WRINAI 2 a3 2 2 Llo Lie, [ARRC
Z OHIEFNCIT 1-5a 725 7 AL A2 DBBER R TR S R T 5,

CF3 CF, CF,H
CsF (1.2 eq) z
_ > — 0 5 +  1-5a B 13%
Nx 100°C, 3h Nx NS
1-5a / DMSO 1-6a 42% + RETEERY

Scheme 1-7

FPIIC OIS, BIEIN 7 oAb A 4 > 2 U CRISOS 295 0 E 9
DEID DT, IRDOEREAToT2, T7205H, 1-5a (27 AWA A PR TH
% CsF & Z0HeAl L LT LiBr 232 TN LI- & 2 A, tiEa< i

T8, £7- 1-5a OHMEL R ootz (AF—A1-8), ZORERIT. 7
AL A AW LiF 725 2 L TRIE L, RISICEEB L2 ho /- LHfRCTX
Do AF—AL1-7, 1-8DFEFFRENS, LiBr O X 5 RiNAIZNZ 5 Z &
T At A F PR SR TRIKEE A bID Z LB nhotz, £ T,
T2 ORIMBIOTFAE T CRISZIT720, R\ E2 BT Z &Lz,

CF3 CsF (1.2 eq)
LiBr (2.0 eq)
N No Reaction
N 100 °C, 3 h
1-5a / DMSO
Scheme 1-8

1-5b 1%, U 7 Fa XFVED yMIZE RGO N-A X RENNEZH L
TWA7=H, 1-5a L0 L HF LS <. (KIED»OEREE TSR T 5, £
DT, WINFIOMFHZ 1-8b ZFHWAZ L L LT,
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CF3 CF, CFyH CHO
DBU
= — o , Z
Y / solvent Y Y Na
1-5 1-6 1-7
1-5a:Y =N
1-5b:Y =N"-O
Table 1-2

entry substrate DBU/eq solvent additive (eq) conditons 1-6/% 1-7/%

1 1-5b 1.2 DMF none 80°C,20 min 59 0
2 1-5b 1.4 DMF LiBr (1.0) 80°C,60min 72 1

3 1-5b 1.4 DMSO LiBr(1.0)  80°C,30min 80 2
4 1-5b 1.4 DMSO LiBr(2.0)  80°C,40min 83  trace
5 1-5b 3.0 DMSO LiBr(3.0) 80°C,40min 81 trace
6 1-5b 1.4 DMSO LiCl (1.0) 80°C,40min 62 4
7 1-5b 15 DMSO Lil (1.0) 80°C,40min 74 1

8 1-5b 1.5 DMSO  MgBrp(1.0) 80°C,40min 71 3
9 1-5b 1.4 DMSO  CaBry(1.0) 80°C,40min 75 2
10 1-5b 1.4 DMSO  Ca0(1.0) 80°C,40min 69  trace
11 1-5b 1.4 DMSO "BusNBr(1.0) 80°C,40 min 76 trace
12 1-5a 1.3 DMSO none 100°C,2.5h 66 5
13 1-5a 1.2 DMSO LiBr (1.0) 100 °C, 3 h 80 4

T U2, 1-5b (TR LHEAIE LT LiBr 25V &N CTRIGEI T T2 &
ZA WERITHWIFFEY 80%ETh L (= MU —38), 72721, WAz
A TWRNGEME (= R U —1,20%7) (ZHATRISKHD 30 73 & 00 < e
S Z e, LiBr 3B L 727 oAb A A 2ttt T o b oD, 7 oA
Fr ORBEE Db O EEET D RIL RN E Bbiud, KIZ, LiBr OWIIE%
2GR, SHEEALEE L TRCEITo720Y, BERIZIZE A 2 IT 72D
ol (2 bV —4, 5), £z, WO T =F 2B Ao nb,
¥, 3 A A NTEE LU THIZN, 62%, T4% ETCRIE T L (=2 k
U—6, 7)., RICEBOMRERDLZDIZ, VFULEYT RV T L, ALY
VANEERLTHEN, ZNODORELHETOIRRK AR (= |k
U—8, 9. 10), ¥z, ;W F AL L LTT U E=U LA A ZR A LT2D,

17



RO EE 7ot (= b —11), Z0OX5I2, LiBr 205 2 & 28
B & o l-, £ 2T, 1-5a 2% L CH [EEEIC LiBr & 1 &£/ &M 2 T
BATol2L 2 A, 1-6a DULEN 0% FE Ch EL7 (= FU—1 3),

1—3. 4-FVT7AFaRrXF A% )0 1-11 OFRK

Ve RuA VxR U 1-8a alikFE (BBL) $r2&nTEnd, U7
FaxAFNEEbO4 VXV 1- 11 BERTE D, £Z T, TTREAIOKR
SNEAT ST, —EMREREAITH D DDQ R 4-7/ 0 T =L ERUB U THNWE
&2 A, RIRTIEBARENETET, MBS 5 L KISRBEM L L7 (= b
U—1, 2), PZuurAX P T4 70T =)V S5 L RIETHEEHE
KL, ZOHEHRIIEMEEL T, BTGRP o7 (= F) —
3). b~y (V) ZHWTRUEBUH 1 6 REFMBLVER AT o 7203, %0
X0 ST TH 5 1-5a BEIL SN D720 T, BIIG ool (=
YU —4), ZThITK L, ML UHINMBURIE R TNT VT A— KRBT K HHE
KT LR T 2 A, 13% ERINRLNGHNE TS 4~ M 7 rd e X5
NAYX V- ZHELZENTE (= —5),

CF3 CF;

reagents Z
—_—
N & .H2 N N
1-5a 1-11
Table 1-3
entry reagent (eq) solvent conditions 111/ %

1 DDAQ (3.9) benzene reflux, 2 h —
2 4-Chloranil (1.2) benzene reflux, 4 h —
3 4-Chloranil (1.2)  CH,Cl, rt, 24 h —
4? MnO, (5.0) benzene reflux, 16 h —
5°) 5% Pd-C (0.05) toluene reflux, 18 h 13

a) 1-5a 50%[EUX  b) 1-5a 43%[E]UR

LA LTANT VU L—IRFENNDZ LI L, ONEEA R Lz, b
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N WSS (o P Y —1) IR EEO 1-5a 73 43%[EI S 7= 2
EXY, FTRIEEEESEDLTO I DICHIR TG EI T T2, WlEZT 7Y
AT T 2HFEMBGET S 2 & FEHIIHA LI ARISRITEML L T L %
CBERITIEEAEM E Lo (b —2), BIT, pF L HR
T VU L—RFEE 2MEENVEHWVTINEGEREZ SKMIT o7& 2 A, BlIAESH
Ao 20 IERG M LU, BIEEAES ko (=Y —3), Z0D
IR DAL T OJREIE, HFEEEN-5a <0 B I AE B 1-11 23IEPERICE A LT
WoHTehbEZ, NIVTL—RIFOHEMEZHOT ZLIC L, HHEL 25
mol% F T 5O LT 14 B IIEGER 5 &, BEERm EL, BIOET5 4- 1
DINFaRAFNAYFX )Y 1-11 DI 68%FE Thl ELTc, NTP T L—
RFEDEZ ZHIZ 10 mol% E TG T & | FUGKHIIE 100 REEMLEL & 72 5 7273,
80% & kb RAFRINEA H 272 (= b —5),

CF; CF3
—_—
NX solvent Ny
1-5a 111
Table 1-4
entry Pd/mol% solvent conditions 111/ %
12 5 toluene reflux, 18 h 13
2 5 decaline reflux, 12 h 29
3 200 p-Xylene reflux, 8 h 45
4 25 p-Xylene reflux, 14 h 68
5 10 p-Xylene reflux, 100 h 80

a) 1-5a[E11X 43%
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Pk, B—FTIE, 4NV 70 FaAF 34V Kaag VX U HE 15
MO AT TNFARAFAAYX )V HHL-6 &, 4~ M) TFaAF A
U211 ~SOZEHTHOW TRz, $720 5, 1-5a, b (2 DMSO H' LiBr OAF
EFTHEL LTDBU 2EASED 2 80k, IWREL VT Fa AF LA
V¥ /U 1-6a, b ~EFHBETEL AR L, 2, 15 & p-F L
T5% Pd / C EHITIET 5 Z LIZ X - TRAERIGEITH &, EIEET 1-11

AT AHZENTEDL (AF—L1-9),

foe

- HF
—
DBU (1.2-1.4)
CF3 LiBr (1.0-2.0)
dI) / DMSO
A or Pd/C (5mol/ %)
o reflux, 100 h
1-5a:Y = N+ ] / p-Xylene
1-5b: Y =N"-O —
- H2
Scheme 1-9

CF;

=z
Ny

1-11 80%

20
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_ 0O, *#&
Y

1-6a : 80% (100 °C, 6 h)
1-6b : 83% (80 °C, 30 min)



[ . N A a AF =LA D S-endo-trig BRALIZ X 5

~T 1 MO 5 BB DS

\V)
|
—
u\a\g
if{

FB—ETH., N 7L Fa AFLE=LEMD 6-endo-trig BRALIZ L V15
N 79HFE e FaA VX)) VEHOBRIZOWTHRH L, Y71 Fa X5
NI MU TINFaRATFAEERT LA VX UV UV ERERTELZ 5T L
2o AETIEZ., PV 70 XAFNLE =LA D 5-endo-trig BRALICK W, 7
VA B RBERILEET DA R—v 21, ErY P22 T hTe RuFt
T2 23, ral A -4 7 D5 BERIGAEMARRIEE R LR RICo
WTIE~ D,

o Q 0
1

2-1 indole 2- 2 pyrrolidine 2-3 tetrahydrothiophene  2-4 cyclopentane

BEFESERBETHLIA UV F— VRO DUVRIT, A VX U UERE
U< RRICHFET 2T VA ROFKIZEZ Abns, flzid, 12 F—
NERERT DTN RN 25 13EM (TARICHFELERAEOEK) ITF
EFNTEY, MEyERERE, EM3EE LTHOWLRTWD, £, ¥ U3 2H
T D7 I /IS A F=VEREERATLHRI T 770260, Bl U
BROORD7a ) 270355,

CO,H
NH,
) { I~
N N~ YCOH
H H
2-5 Ergometrine 2-6 tryptophane 2-7 proline
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o, BWMES BRILEMER DL, X7 VAV RT T ) —AROBRER T
EMERICEES B IZFT A X7 LAY RIZRREOEEZ R 2 & 288 < A
HILTWD, Bl xiE, BEESEERIIFEORERE L TCHWSL N TWD araC @
MEFRIF A Wi CiE#e L7z 2-8 1%, araC LRI UIEMEA~T, S HIT, KK
JFHFOHRTEEBRAEELTVWLA 7 a0 2 VBT, 2 L AT a—)L 29 2l
DIk % IR R DEARBIK, INKGEN TN D,

NH,
N=
O—_—< /
HO~ _s. N
OH
/
HO H
2-8 2-9 cholesterol

2O X ST, b HEMENEBEEMESS KR OBEARERIZIAS HENT
WHZEeEFBETLHE, TyRFEFEAEALLLS BRILEWII. &7 v F LG
WS OAEBIE SN IIFF S, FEFICHBEN R oD, Lol 7 vHED
BBLEMTHDLA L F—N, ErY VY T hIERRFL T2, Vo0
NUZANZONT Y, T RBEWRILZEAT L FEIRONA TN D,

MU TZNFdu AFNVEELROS BRILEWM AR LI E LTIE, Y7
FBRAFNANT AN ERANTERRZIZNY 7 a A FNEEBEANTHIELE
B O T CFs AR OAMFE T Th HHURAMEEEZ ARk Ltk BRI %
179 HIERHRE I TW5,

KLV FEAESEE N IAAaATFAT OOV ER D EAL LV R—L
Z U TIAFAEXAFAAETE P, ACEEFE, DERILIHE TE 5 HD T
v, (AFx—n2-1) 2,

hv F3C
74 X
CFaly + (N\/O / DME Q;V\’O

2-CF3: 28%
Scheme 2-1 3-CF3; 18%

22



a7 ZERALBTERAZ WS A VAR = VEAE~D RS EIZ L 0 3k
KE255HE (Ax—02-2) 2 FUVMABRIKE (AF—252-3) P ff
MBALE S (AF—52-4) 2RI+ 5 HFER MO TN,

CF
’ Ho_ CFs3 FsC

o) tt, 4 h
EtO —— | EtO,C O —— Eto,c—¢ O
\H/\N ‘l / CF5CO,H N O N O
(0]

99%
Scheme 2-2

N
F
SYN\/) AIBN (cat.)
0O BusSnH (1.1eq) R FsC

F3;C
n-Cobho reflux, 4.5 h
/ Benzene

Scheme 2-3

. NC CFj3
E:N o NC o CF3 -45°C,5h Facud—LucN
’ +
: : Ph
S” “Ph F5C CN / THF s” “ph
Scheme 2-4 42%

LorL, ZHODBRBISIZ X VRS Z1T O 2T ETOREHNL, BRALAT
BitkL &7 v#E 5 BBRILEME XSS5, EDIFEMNOERIETH
D, R EITWVWEEONFIEICR SN TWE, b L, —2DE T v RERILATEE
ENSHEREOE 7 v # 5 BBRILAEMZ ZHMICERTE 27251, Ziuddk
HICEN AL E 72D,

Flo, VINAMFa AT L UREOEANEE LT, P cbii_7=L o b
A= VRIS B Wittig O ISFR SN TWDE (AF—02-5) P, =72
LZDOFETIEH, B MO H 5 MeN):P (HMPT)RMLETHY , £72T7 /1T b
R ENZBAF R IR CTROGT 2 237 b AR T 5 SO PEIX Ty Thav & v o 3
BB D,
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Zn-dust

Q&8N AT ESNI
S e S

47%
Scheme 2-5

—J7. BOESWFRETIEI N At e A F A= b EmEFRIAT 5 Z LT
L0, FA—0HREEER2-10 b7 0Aa AF LUk B g n XA F Lk
O 2FEFD 7 VA v IRBERILEFFOA R 2 2-11, 2-12 &% % BRI E
T 5 Z ST LTS 2, Fhabb, FL ML b T 2 REEFoo-
FU 74 a AF )L AF L2 2-10 12, DMF H1 NaH Z1Efl &85 & 5P Sx2’
FORDHEIT LT, V7N AFaAF LU EEEESA 2 R 2 2-11 RARTE D,
F7-. F—0OHEERTHS 2-10 \[ZfillfED DBU #{EHSE35L. 2-10
(Ar(Ts)NH), & L <ITZRPFITIFEET 2 DBU O T - E=v Ll DBU-H) BN/ 1
NAREZ2 D . S FNAIIREREITL TR ZvFdr A FLEE o0 R
2A R 212 36N EEHRELTND (AF—42-6),

S\2' RIS
—
NaH (1.2 eq) )tO
CF; 120°C, 2 h CF;
4At1::j /DMF i}iI::] 211 79%
HN or DBU (0.3 eq) N
Ts 120°C, 1 h Ts
2-10 / DMF , <L:I::]
Scheme 2-6 MRS

212 81%

ZIT, ZOVINFRAF LA N 2 2-11 & 52 DEALSUS DR %
M ESEDELEBIT, FmDAF—LIITRLEMERD X 512, 2-11 D exo-
AF L NI D ZEAE S RN AL S5 2 L THEEBRILEITRV, £
TA O RBEBRIEE O,V R— A ~DFEE{THIZ L L (A% —L2-
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7).

CF, CFyX
O —— O
N N
Ts Ts
211 X=H,F,Br
Scheme 2-7

EIAHT, AFX—L2-6 DEALIIETIES BBREZMETE TVLN, 20X
INIREEENL E A L7 4 VEALIN 7 = = L VBB SN TV D 5E. R én
BRIREFRONT X0 BB AR L TOW D AREMEN KD (AF—22-8), fE-o
T, Fim Cik~7z Baldwin R CTARFIZ2BR{L & STV D KRR 72 S-endo-trig 57
LT LTV D DN E D D, HfETIER W,

IR IR BT RGO RIGHE
A’
CF, CF; F-cF, CF,
ARy = -
—_— ‘, — —_— E —_—

N N N N

Ts Ts Ts Ts
Scheme 2-8

Z T, 2-10 DEUEH OB UBRER AN, ATF L UG S Lo
BOBRLKISZEITHIZ L& L, ZRUCEY ., B{EEDN R 74 e AFLE
=B D 6aBRE T RIGIZ L VLN TV D AREM A PR T 2 & & BT,
REALSE O AP Z IR TE %, 27 LFm ChR_7z L 918, ZoN#E
T V=V ETIERLSTNAVFNVEZRT L N 7 vda XAF L e =G5 T
I, SN2EUSHEDRRESIE T T & TFREIND, Tk L TESIL. 7 1TW
RIGOT Yy ha E— R B LD 2O Z 0 #HOWERILKISO FTREMN &
HEEZ, HFWNICERRERE, MEREME, RERBEEZER ST T
5-endo-trig BRAL ZMFEI L. 5 BEBROE 7 v REIRMLEW D — M 72 & RIE DT
SEHBELE (AF—402-9),
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SN2' Bt

CF3

%1_

Y R

- F

IR

Y = NTs, S, C(EWG),

Scheme 2-9

H+

F5C
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2— 92, 3-UINAFOAFLUALY RY DA

DT, 3-TYINFaAF LAY R > 2-11 OWEROM EZ B L,
UIFFEEDO ZNETOMIELY | WK TORRILS -7 vFr X F LA
Y RU L 2-1 WARLEERTZO E > TS, Thbb, 2-11 1TEWYZEMED

Dz, BYET U I TCOHRBHREOBE TIX—H VAR U BRIZE{L LT
LEY (AF—242-10), TOD, 7Y INBTLEHNDZ LITEVIY
RI% THEfSNA TV (R2-1, = U —1),

CF, CO5H
N -2HF N
Ts Ts
2-11
scheme 2-10

2O LIz 2-11 OB ARZENES 25 E L, FOSRE Z T TBRILZ1T 72
EZA, 80 CETIRELZ NTTHERILDETT D2 Enbhrole, iz, filltH
LT b HEEREZAT O ANCZER R C— HIRET 5 & 2-11 OUEERIL 64%I21K
TFTLTLES (=P —2), Z0H . 2-11 ORLZESBRKEEZEZ BILD,
% 80 CTITW B0 7 1 U D dh B W T HPES Y 4L CHiE
BEZIT O & 2-11 OPERIL 84% FTh ELz (= hU—3, 4),

CF3 CF,
)D NaH (1.3 eq) )t©
HN / DMF N

Ts Ts

2-10 2-11
Table 2-1
entry conditions purification 211/ %
1 120°C,2h florisil 79
23) 80 °C, 5 h florisil 64
3 80°C,5h florisil 83
4 80 °C,6 h neutral silicagel 84

a) MR —BRE
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2—3. S3fr7NAuRFBEEA S R—ILDOERK
2—3—1. 3 -UINAFaAFINA L R—LDERE (e - I LB Bk
i)

3—YI7NFurAFLrA L RY 211 &, FmOaX (AF—249) 12
Mo THEBELZAT/RV, ML T VA o REEBREELZ AT DA F—L~ZE
BT b L EMmE Lz,

ETHIOIIC, BeHAHVITIERIC L 5 T EEAORM(bEITOZ EIC LT, 2
DFFET, ZEHEGORMESEITTIX, 3 - VI F e AFAL U R—L
EHRTE D,

CH:Cle F CANKR VB EEH S 7208, T ET LR »7 (=2 b
U—1), EFARERYINA L VLT 0 VEMO T v ko ALIZREEE TS
HT2D, SHITBHEDOE RN 7t a AR AR UREERN, BT 4
ZEALDFDO K Z N HFIP ((CF3):CHOH) W TS ZE R AT, < DAY
WELKE (2 hU—2),

DTS A T, HEEAWDS Z Lic L, THF T LiITMP #{EH &+
Tl ZA RIVEBLDERMEG 251077 (= b —3), ZHud,
FRMEEDEWNA > R v 2-11 @ 27 a b oI X v gl ko, AL
T4 VBPNEITL T LESTEZ EBRFEREEZ X BND,

UED X1z, BHHINVTEEOWNTNEHNTY exo- —HHEH DERALILE
ZH7, 2-11 OFFHRAEITH Z LT TERNoT,

CF, CFH
)j@ Base or Acid @
N N
Ts Ts
2-11 213
Table 2-2
entry reagent solvent conditions 213/ %
1 CSA (1.1) CH,Cl, reflux, 15 h 0
2 CF3S0O3H (1.1) (CF3),CHOH  reflux. 2 h 0
3 LiITMP (1.2) THF -78 °C, 1h 0
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2—3—92. 3- gl TFaRXRFA L R—=ILDOERK

o ETIIY IV A B ATF VA R—=/L 2-13 ~DFEFIFILEERT HZ &
MTERDoTlH, WY TINFaAF LAy Ry 2-11 Z5EFE LT D
FHiEE LT, TIVTZHNVOBRMEIZ LD FHFEFRILE ., ~a 06N
— i ALK BIZ L DFEEHRILD 2 5D FEEE X, ZNLDOHETH
FIEALDET TR, 3P a7 At n A F R E O A » K—/L 2-14 78
BRTE D, LAF, EIZHAT 2,

TUVNTGIHNEROTEE X, ~a Iz 2-11 ©7 U ik
FEGIEHNTT INNT VN ERAESE, ZOT U NVERNIZ LY HFEREREE
HBITSHLHDOTHDH, £Z T, CCLLH NCS &fiiiii & AIBN Z{EH & 4
RFRINEGERE L7 & 2 A, DT B 6 BOILEMTH L 3—ruaa o7 A
OAFNA Y R=ARESNE (2 FU—1), ¥\ T, CCly T NBS & fir
& BPO Z{FH St SRRIMBVER L7z 2 A, AL T2 3—7rEV T
NFaXAFNA o R=ABLEEGELNE (2 F)—2), ZDXkoHZ, FTh
VDAL~ — R 21T 2 & T, ARICER N L B &35 K EFRILEIT
ZEINTET,

CF, CF, *CF, CFyX
. X
S0 % | R0 | = | (0| = {0
N - HX N N - Xe N
Ts Ts Ts Ts
211 2-14
Table 2-3
entry reagents (eq) conditions 2-14

1 NCS (1.1), AIBN (0.002) reflux, 4 h/CCl, 10 (X = Cl)
2 NBS(1.1),BPO(0.002) reflux,3h/CCly 32 (X=Br)

SHICEDOR EZBfE L, ~Na 7 g OMNIN—Bie 7 ALK IS
FHEBACE R Ui, V7V FAaA L7 ¢ CELT Losa 5o 4r - (Xe) 2 AN
SHIL, HXOBEEZIT) Z &Ik 0| FHERELIZS —~u YTt AF
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NA YV R=NZ/LENWI TIETHDH, T2 T 2211 I CCLP T L AFH S
=08, BIETIEEL RIS Lo Tz, ZORIGNESY % 3 BRINEGRE U725,
RVIY B EWIIGELT. THEMI3 P T Fu A F A F—)L
2-13 &G 27 (v hU—1), —J5, CClH 2-11 |2 Bre Z1EH S ¥ =i
T 3BT 5 &L 96% MO TRIFRIGRTHNE T2 3— T nEey 7 0A
2 AFIA Y R=A2-14 G NT (2 FU—2),

CF, CFyX CFyX
—_— —_— /
N N N
Ts Ts Ts
2-11 214
Table 2-4
entry reagents (eq) conditions 214
12) I, (1.3) reflux, 3 h/ CCly 0X=1
2 Bry (1.3) rt, 3h/CCly 96 (X =Br)

a) 2-13 22% (X = H)

TREVI7NABRATUET, In R° Zn EHWTAZVEL, AR =L
EMERORESED & MINAERMBROND ZERMBATNDS 20, 5T,
ZITHELBNES -V IAAIRTEEATFAAL L =L 2- 14 ZHNWDL L, U7
WA AF LB RATA o R=NVEBREAT 2ILEMOERRNAREL 2D,

2—3—3. 3—UTINFaAFNA L R— O (HI OFI—BiiEiz &
% FPEAL)

FEClRART—T N2 4D R —1TlE, P70 FRAFL AR
—2-11 Z L TRELICHBDLT, I URLEEFERNI VT FrRAF
AV K==L 2-13 BNESBNTz, 20 2-13 1%, 2—3—1 TR XHiC 2-11
[ZFEOHE I E D FIETIESE LN 272D T, O 2-11 NS Y 74| R
FNA L F=2-13 NUERRLSFET L2 L2 HFEL7Z, BroOfHIE HBr @
FRBEIC J 0 BEBRAEOSHEITL, SIETS - 7 aEV 7 da A F A R—
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L2-14 oz &b, 2-11 & I L ORIST 2-13 LN TZREIIL, %
BICGEENTWEZHIN Y 7V Aad L7 ¢ VEMLIAIN L., & O#% N HI A3
1ITLI-T=&E T,

CF2 CFzH CFzH
gjij HI ' ~ HI
— —_— /

N N N

Ts Ts Ts
2-11 213

table2-5

entry reagents (eq) conditions 213

CF3CO5H (1.2)

] reflux, 4 h / CCly 30
15 (1.2)
80°C,5h :
2 Kl (3.5) / 90% H3PO, aq. no reaction
TMSCI (1.6 eq) rt, 10 h / CH3CN 96

Nal (1.6), H,0 (0.8)

FPT MY A FEEE O BBESRIE T T 2-1112 o Z2FH S THRTH,
2-13 DPRIC BN S 2RO M Rl 72 ro7c (= —1), 2250WT, J v
b KL 2S5 2 E CRAET DI HL ZMIESEL D & L2, 208
£<ﬁmﬁLﬁL@¢ok(iyku—znﬂl%%iéﬁém®ﬁ&kbf\
7 =K U /LHTTMSCI & NaliZ HoO ZM 2 5 IG 2% A5 Z L2 LT,
ZOFEERAWZEZA, BLEM THDH 3 -V T F R AT A R—)L
2-13 % 96% & EUICETHMT 5 2 N TE o, 728, HI O MOELFHEIZ D
TiX2—3—5Tik35,

2—3—4, 3S—hUZFaXF Ay R—=ILDOERL

oIy, T Fa A LT 0 CERALIZ KT DA & BRI o T
2-11 OFFFRALZINRBLSATZ D EN otz FRkIC, Y7 vtna 4L~
g EICKRE LT XE ofin e i HX Z# 58 TiT2I1E, MY 7uF e X
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FAIEEEDOA L R—L2-15 R TEXAHLE 2T,

CF, CF; CF;
5\\. C XF X?Ij - HX /?jij
N N N
Ts Ts Ts
2-11 215
table 2-6
entry reagents (eq) conditions 2-15
a) NBS(1.1) o
1 EtN-3HF (4.0) 0°C, 4 h/CHyCl, 0
2b) NIS(1.1) °C 4h H-Cl 30
Et;N-3HF (4.0) 07C, 4h/CH.Cl
NIS(2.3) -10°C, 3h / CH,Cl, 90

Et;N-3HF (2.5)

a) 2-14 (X=Br) 90% b) R EIN54%

FPF. U TNAF A LT 4 VEALIZ BrF 2P InEE 5 Z L L, CHCl ' T
NBS & EtsN-3HF #{EH &7 20, 2 2 THME LI MU ZbFa 2 F LR
2-15 T, 3= REVIAATRAFIAL L F—L2-14 BfELNT (=
FU—1), ZORRKIZ, LFOLIICBEZ NS, RIGHIHITIX, NBS & HF
o BrF 34T 20, HFEFCOBICHBET 2 HBr 1 HF £V $ 5V EET
NBS & OEHER K Z W2 SR OHETT & U2 Bro 354 L TL 5D, 28,
2—3— 1T/ LHITBra DML HBr DA 5 & 292 & T2-14 23
ARt D (AF—202-11),
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NBS + HF

CF2 l CF3 CF3
$\t C BrF Br?\/© ~ HBr 5\ C
. —
N N N
Ts Ts Ts
211 215
0O
NBS + HBr ——>  Br, + [‘éNH
O
CF, CF,Br CF3Br
)D Br, Br?@ - HBr >t C
N SN
N N N
Ts Ts Ts
2-11 214
Scheme 2-11

ZOHAE, Bra BT NAA TN AL T LE SR, 2—3— 20K
D LIFMER I 7V Aa T AT o ERIGLIRNZ LR T D,
ZZ T, Be TlERL LRRAETOIRIEREEZ T (AF—202-12), T7&b
H, VI FaF VLT 0 VELA~D IF &7 9 Z & & L, 2-11 (2 CHeCle Y
TNIS & EtsN-3HF Z#{EH&®/-L 24, BWERHTHD 3 — Y 7t n
AFNA Y K=V 2-158 WERTE =, 7272 L. BB L7 HI 78 NIS Z{H#& L C
LE D728, NIS ZEE/LEHWZZT TIE, BB 2-11 23 54%EIN Sz (=
> hU—2), NIS % 2 fFENEL EHWD & 2-111THK L, 90%DEINETH
BAERMTHE3— M) AT aXAF A R—12-15 gL (= b
—3).
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NIS + HF

CF, l CF;
IF '
B ———
N N
Ts Ts

2-11

NIS + HI

CF,l

CF,
N N
Ts Ts

2-11

Scheme 2-12

2—3—5.

2-15

CF,l

TCIINF A VT 4 ENLS KT D AN s OB a1

2—3—3&¢2—-3—4THhR_REZHI L IFICEDY7vAad L7 ¢ VL
SOMIIRZE RS & BRERETHDH Z LIRS, Thbb, Al
DO HREREHEET D L. HIOMINTIEAR AN F A BNELCTNDD
Xt L, IFOMIMTIEY ZAda AFABTFFHoNELTND (AF—452-1

3),
g -3- H
HI d{Fhn (2-3-3) CF,
H* +
—
N
CF, Ts
0
Ts CF,
2-1 It |
—_—
N
IF @{thn (2-3-4) Ts
Scheme 2-13
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CF,H CF,H
| - HI
—_— —_— /
N N
Ts Ts
2-13
CF3 CF3
| - HI
—_— —_— /
N N
Ts Ts
2-15



RN TFF L CIERNCEBVROBNRIZED T vFEDa—TF A A
X7 v BIRT EOANLE X OFAVARIZ LY | & BICLENEZ T D, —5,
NN FHA L CIEBIMDT v HREFOFELRIZ L > TRZEN S, *
VI NFARF VT 4 LD D EHIETH DT /L F L (CHe) (12X - T
b ZEZ T 5D, FUSTIR, TNDDMEOME LTIV LERD T 2Bk
BN T 21T THD, 2—3 — 4BV T2-11 & IF TULE LR, 7
Fra— NEREEIIGELNAR2 ST (AF—452-14), ZTOEREFEND
NRUVNMLNZATF A BEKR LT C X0, ot a XA F BT 4 nER
LIZADHEPEETHHEZEZ NS, ZOZ EE, a—T /X /NEWRD gem
—VINFRAF UL ATKREFREEHSEDL L, XU TF A TEHRL
o —INFaRFA U EBRNCE 2D & AR L TR BBRZRY,

GF2 NG CFs
| e
~ HI
CF, / Ts Ts ¥s
A B 2-15
. LV
Ts ‘\\& CF, CF2| CF2|
. + - F _
2-11 | F HF )
—_— —_—
N N N
Ts Ts Ts
Scheme 2-14 c D E

FROE SR DN T A BETEHIZE b 5T, HLORIT
3=V INFRAFNA L R=ABELNHEBIZONTIE, LD X9 IZE
HT&5 (AF¥—22-15), ¥hbb, Y7rtuat b7 0 Ai~0 HI O
NI, HRED F—1 Z r[#r9Ic 5zéﬁ\:@$?%¥1ﬁ%ﬁﬁm?%

Do ZDTeD I DR DRE TIEBMR 7R <L AT 2> B IE AT 72
HI OBEENEIT L, BOEERI -V 7 Aa AF A v F—12-13 BZMEHH
EZBND,

Flo, BEOBICL D “HEEGORM O L HIZ, H »OEER T 7 h
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L0223 EoNTW LA H D, LrL, 2—3—17THI X0 bk
FEDOEN R 7bdm A X 2R R TIE, 2-13 MRS T EBR
&L FBUA A ORI VIR E N Evn . HIBAM U7 T &880
LT2-13ICEoTebD EHERISND,

*ch, CF,l

H - H
—_—
N N

H+
CF, / Ts Ts

3%@ ] °
N

H* H.
Ts = CF, CFyH CFH
211 + 1~ | - HI Y
- > - =
-
N N N
Ts Ts Ts
Scheme 2-15 H I 213 (R&ZE)

b, Yot rFrofr R 2-11101%, V7t ud L7 0 UL~
DRI E BBERE Z BB DD Z L TH v K= ~DOFEEFRILDPEITT 5 2
CERH L, ZOFECEIY, DA FaAF L N TG a AF LR,
TREDINFORAFIVEO=ZFED 7V F o fRFEBERHRLAE 3> A v F—
NEBERTHZ LI LT (AF—42-16),

CF, CFY CFyY
)D XY X HX Y
o -~ o
N N N
Ts Ts Ts
211 Y=H:2-13 96%
Y=F:2-15 90%
Y =Br:2-14 96%
Scheme 2-16
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2—4. EFR R XD 5-endo-trig BRAL. :
AN 7 VA RBESHE T Y O DOERK

2—4—1. ZHFRAICFATIREMLEAT LD M) 70 FdrAFre=1
L& DT

HETbd_IZL I, ANVMILUZ AT ) ERERFTDa - FY 70A
0 AF)VAF L DOBILIZEBW T, 5-endo-trig BRil & 72 DA LB S i D LI
A7 6mE T ERIRSUG TH B ATREMES R SN TV e, W o cBRib L
TWDMMEFEND D20, REEILE AL 7 1 VENLDS AT L U TG S R
TWDLEEZMWT, 5 BREMEZRARD Z LI LT,

EP. BILRSEITORE L 25 b7 2 R 221 O E TR~ 7- (A%
—22-17), XEEAHD 2 — N 7 Aa 2AF AT VAT T 218 LEFET L
T RORIGH D, Hx RBREEZ AT HHRET VAT V2 —)L 2-197% A
L7ze 2D, SRS 3VIZ L Y NTsBoe JEAE AL 220 & L7z, U 7L
O FEEE T Boc EARETHZEIZED AT IV EEFTH N 74 m
AF N =) ULEY 2-21ab,d-g IR T L LN TE L, B, &HEO NI 7
VA T FERRIC K D BAREOMRFE T, 2-20c 1IMHL R LT I RBEITLTLE W,
F 72 2-20g 1% Boc £:7217 T/ < THP £ il 3817 L. THP J & Boc Fd 4
N, 25OV T OBRENET LIALAMOREY A2 5 2=, Zhb o
DEFIZE LTI, 2-19¢,g (2T 2 MIERUS 30123 T NTsAlloe A2 EA L
7=t . Pd(PPhs)s & F\ % RS T C Alloc ZEDOBifE#EETT 5 Z EI2 LY &k
L7z,

Flo. DT RNICZ AT VELZ BT 5 b7 2 R 2-21h (X, LU FIZRR5F
LT LT, T — VN A AT A= MY LA DIBAL#EI LTI VT B K
EL, INETINT T 28 ERISEEHZ LX), TR AN ER
FTHRET VAT I3 —)L 226 45T, RIS 3V ZITRV, & Fu s
$5% NTsBoe ST EH LTz, 78 & — VEML 2 b L CT= A7 )1 2-28 & L7c#%,
NU 7 A ueEiEEE VT Boe ZEOBREEITRV, R LT X K 2-21h &5
L7 (A% —242-18),
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38

CF.COLEL TMSCH,MgClI (2.1) HO CF; conc. Hy,SO4 CF3
3C02
t, 6 h/ THF ™S TMS ™S
2-16 217 71% 2-18 51%
RCHO (1.1)
TBAF (0.15)
MS4A CFs R
rt/ THF OH
2-19a:R=Ph:75% 2-19e : R = styryl : 43%
2-19b : R = p-BrCgH,4 : 84% 2-19f : R = n-hexyl : 52%
2-19c : R = 0,p-(MeO),CgH3 : 63% 2-19g : R = CH,OTHP : 43%
2-19d : R = 2-furyl : 72%
PPh; (1.5), DEAD (1.5)
NHTsBoc (1.3) CF3 R CF3COzH (10) CFs R
rt, 6 h/ THF NTs rt, 10 h / CH.Cl, NTs
Boc H
2-20a: R=Ph:95% 2-21a: R=Ph:94%
2-20b : R = p-BrCgH, : 85% 2-21b : R = p-BrCgH, : 77%
2-20c : R = 0,p-(MeQ),CgH3 : 84% 2-21c : R = 0,p-(MeO),CgH3 : 0%
JE— 2-20d : R = 2-furyl : not determined 2-21d : R = 2-furyl : 29% (from 2-19d)
2-20e : R=styryl : 25% 2-21e : R = styryl : 61%
2-20f : R = n-hexyl : 73% 2-21f : R = n-hexyl : 84%
2-20g : R = CH,OTHP : 43% 2-21g: R = CH,OTHP : 50%
PPh3 (1.5), DEAD (1.5) Pd(PPhs), (0.02)
CF; R o aridi CF; R
NHTsAlloc(1.3) piperidine (4.0) 3
r,6h/THF NTs r, 10 h / CH3CN NTs
Alloc H
2-22¢ : R = 0,p-(MeQ),CgH3 : 58% 2-21c : R = 0,p-(Me0),CgH3 : 93%
2-22g : R = CH,OTHP : 57% 2-21g : R = CH,OTHP : 95%
Scheme 2-17
OMe DIBAL (1.2) OMe
NC/\)\OMe i, 9h OHC OMe
[CHCL, 2-25 51%
2-25(0.9) MeO OMe MeO OMe
TBAF (0.15) PPh; (1.5), DEAD (1.5)
CF3 MS4A NHTsBoc (1.2) CF
T™S CF3 — 3
rt, ovenight , ovenig
/ THF OH | THF NTs
) Boc
2-18 2-26 40% 227 66%
H,0, (15) CO,Me CO,Me
conc. HCl aq (1.5) CFs3 CF3CO,H (10) CFs
40°C,6h NTs rt, 8 h / CH,Cl, NTs
/ MeOH BOC H
2-28 76% 2-21h 88%
Scheme 2-18



2—4—92. A—TTINFuRAFLLERYCLOE

2-21a T /ULAME LT, Zhic DMF 7 NaH #{Efl &4, 80 °CT 20

REFIRHR LTz, ZORER, MIfF LA ThH4 -V 70 Fdr AT L ER
U 2-24a 53 66% DR TH LN (2 MY —1), BUSREZ 120 Cl2T
5 & ROSIE 3 FEHTHT L, 91%DINER T HBVAER 2-24a 2155 Z L TE T
(m bV —2), BWiEZ M AZERT D & RISTEETETICRR
Bl 2-21a NENEND DA TH -7z (= U —3), Fiz, #HHELL L TKH %
MANWTH 2-24a 2155 Z LN TEZH, IERIT 87% L 72 ¥ NaH Z W - RFZ
RLEEZETET L (= hU—4),

D DFERMNG FJ?UVjTI%77VEwJVﬂ/V%a) >N SN2 SRS A
FLUVBEBINTZGE TORGICHEITT 52 RH LN E R oTe, B, ET
KBIFEAFFZRD R 7oA AF L =LA O SN2 UG TR EEZ A, =

BN ETHZ LK THBIZETTA2Z 2R L, £/, K
ﬁmﬁmikﬁmﬁ5embw@%mfké EDRHBLNTH Y, M5 Tk
KREEELE AL 7 ¢ NN T = = L VBB ST 2-10 OBRALESIC OV T b
6nBRR A BUL TIE 2R < KW 7: 5-endo-trig BRAL DM EIT L TN D 2 & ZoRig
THRBETH D,

CF;

S _—

HN” > Ph / DMF N~ Ph N~ TPh
Ts Ts Ts
2-21a 2-23a 2-24a

Table 2-7
entry base (eq) solvent conditions  2-24a/ %

NaH (1.3) DMF 80 °C,24h 66
NaH (1.3) DMF 120 °C, 3 h 91
NaH (1.3) Toluene reflux, 5 h 0
KH (1.5) DMF 120 °C,1h 87

A WO N =

WNCARBAV S D FE — i EZ2 N D H Z 2L, Eal oo 20028 A
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TEHIEWELEZMFT LIz, RET VNI T ==V p—7 0®7 = =LA,
24— VA NX VT 2=V 2= T UNKEKBREDT ) —VEEETDH RULT
T RTIE, WIRBIERELSBRILEE 5272 (v —1—4), 7o, AF
YW TR TR AN EAETOBEBRETHOINERSRILLE (=
Y hU—=5—7), Fl2, HFRICZ AT AN EET D FI LT 2 R 2-21h T
%, 5-endo-trig BRALITEIT L, = AT AENEZHTHE R Y V2 2-24h MUK
63% LN, 7272 L, ZORIGTIE 5-exotrig BR{LIKE 70D T 7 % 1 2-29
N 12%DILR TR L7z,

D&, NI TAFEAFALE=IULEMD SN2 G % S NG i
3% Z & TREENZ: 5-endo-trig BRb A R L, 40T 7 Fm A F Lok
EHETOHEEER ) DU EAKRT DI EICKkE LT,

CFs CFs ) CF,
N e DL Y T
.
120 °C / DMF
HN” R NT R NT R
Ts Ts Ts
2-21 2-23 2-24
Table 2-8
entry R time/h 2-24/%  entry R time/h 2-24/%
1 Ph @ 3 91 5 ~Ph (e 2 73
2 p-BrCgHy4 b) 4 79 6 n-Hexyl (f) 2 82
3 0,p(MeO)CeHs(c) 3 93 7 o @ 2w
4 /@ d 2 74 88 ~_CO,Me(h) 3 63
CF;
a) AL ko s,
Ts
2-29

2—4—3, 4— KRy T7rFarRFrral) DO

ik U7-BALRTERAR 2-21 Z VT, 4= 7 FurFLoenl 224
WA TANIZ N Zrdu AT NEERS>er ) U0 2-30 #6475 Z LIZ
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L7z, T ETHR_=a— M) 748 AF L RF L UFEKR 2-10 T 1
WNATINBOS LT LT Sefb 2 OIS 2k Ar 7z, F 27 X K 2-21a |2 DMF H
Tt RO DBU B &4, 120 “CC 3 FEEINEVE I RS D F NMR % &1
L7zo 3 FNAHIBOR DS EST L= b U 7 v a A F AR 2-30a 1 X4ERE T, T
RBENTZDITS TN SN2 UG DOHELT L7z 2-24a (PF NMR UK 10%) 7211 T, 1F
ENEDFEEIBEI S e (AF—452-19),

CF;

CF3 CF,
DBU (0.3)
0 Z_>\ z_)\ + JR¥l2-21aEUY 89%
HN Ph 120 C 3h Ph
Ts / DMF
2-21a 2-30a 0% 2-24a 10%
Scheme 2-19

UIREOLURIOMEIZBNT, a— M) ZAFaAFLAF L2 2-10 O
DBU (2 X 54+ G %2 F NMR TBBR L7 fE 805 ROS@E T < 2-10
D—HFIFT7 TR SN2 BISITE Y 2-11 £ Db DD, ZHIUTT vbA A2 03 F
FERMT5Z 2o TR 7 da AF K 2-12 R L TWD Z 030y
Mo TG (AF—52-20) 2,

CFs CF, / N
)D DBU (cat.) ?D / B
HN N

Ts Ts GFs
2-10 DBU-H*
or 2-10 N
- Ts
Scheme 2-20 2.12

Flo. 33—V TINFuAF LA R—b 2-11 (27 vk A F R TH D
n-BuNF (TBAF)Z{E &H D &, 7 vk Ao BT A ad L7 4 VEL
(RSB L, M) 7Adm ATF R 2-12 605 2 & bER STV D
(ZF—212-21) 2,
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CF, CF;

TBAF (1.5)
—_—
N rt, 12 h N

Ts [ THF Ts
2-1 212 47%
Scheme 2-21

TR L, BIETAR L4 -V 74 aiFrorral Py 2-24a |12
TBAF #{EA &S TH, MU 7ud 1 A F UMK 2-30a 135 H 7o 7= (A%

—A52-22),
CFZ CF3
z_)\ TBAF (1.5) Z_)\
4/ > No Recation
N~ ~Ph ” NPh :
Ts rt, 24 h Ts
2-24a 2-30a 0%
Scheme 2-22

ZDZENL, VTIIVKIVEID gem-T T NA AT VT Th D 2-24 137 vk
MA A OREREEZ THLS, BN ELDE MY 73 e X2 F bk
2-30 [ZIFEMSNIRNZ NG 0nD, 6o T, 2-30 ZURE S BRT D 72012
X, INVERT =A4 2 223 o7 bAoA F o ORBECESE LT e b oAb L7
FIUTR B0 (AF—452-23), 22T, 7 b AMREET COBRL A G
L7z,

SN2 Bt CF
_ 2
-F
___________________ -
s N~ R
CF; CF; Ts
base —b\ 2-24
HN" R NT R
Ts Ts . CF3
2-21 2-23 | H
N R
Scheme 2-23 RS Ts
2-30

4 2



CF;

CF3 CFs CF;
)j\ Base _b\ +H* z—>\
/ Solvent Ph
N N
HF‘S Ph Ts Ts
2-21a 2-23a 2-30a 2-24a
Table 2-9
entry base solvent conditions  2-30a/ % 2-24a/ % 2-21a @I/ %
1 tBuOK (1.3) t'B“(?H ;)DMF 120°C,3h 35 30 0
22 tBuOK (1.3) [BUOH:DMF oy 11 3 8 84
(10 1)
3 MeONa (1.3) 'V'eg“_ ;S)MF 120°C,6h 29 41 0
4  KOH(1.3) H0:DMF  4550c 10n 40 45 0
(1:10)
50 KoH(1.3) M20:DMF  refiux 13 h 6 0 94
(1:5)
6  KOH(1.3) HM20:DMSO  4p0°c 6n 45 29 0
(1:5)
7 KOH(1.3) H2c()1:_[’1'\)"50 120°C,20h 63 6 15
8  KOH (5.0) H2c()1: D1'\)"SO 120°C,20h 74 <4 <8
9 n-BuyNOH (1.3) HZ%:_DZ'\)"SO 100°C,6h 60 0 <6
10 KOH (5.0) (CH,OH), 130°C,20h 82 0 0

a) "9F NMRIRZE (ZE#E (CF3),Ctoly )

£, tBuOH & DMF @ 1 : 1 OIRAEEY, 2-21a IZ +BuOK #1/EH =&

T~ A, T oAA F U B LT 2-24a & SR BB Y A PRI S 28
AT L722-30a %2 35%DINETH 27 (> FU—1), EHIZHERL 7 b

ANEEATIRDE LTI,

tBuOH 0El&% EiFsZ iz, tBuOH &

DMF ™10 : 11IRABREET CTRISZIT 27208, Z OBE IR ENMEL
SO E N FEFIZEL e o7z (= bY—2), WIZ, +BuOH X v & EethEm
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&\ MeOH & DMF @ 1 : 1 0BG M MeONa W TG 1T > 72, H
1 &2 2-30a 23 29% 15 BN b DD, 7 AW A A 2 D L 72 2-24a % 41%
Bohiz (= hU—3), EIZ MeOH DOEIEZEL T 5L, KSREDEKT
X VBAEHERELS 20 1T L A ERFEREINICKED 72, £ 2T, KNk
JExE< TE 5 X912, Ho0 & DMF OIRA VB TS %17 5 72, H20 & DMF
D1 : 10 DREAEES KOH -2 & 2-30a 7% 40%, 2-24a 7% 45% DI
THRLNTE (=P —4), EHITH0 DEIGEZHIT, HiO & DMF D1 : 5
DIRAEA AN ZA, KRB TH D ANE LT IR 2-21 OEMFEHENIE
WIZEL R 13 A EDRFEREIICED 72 (= hU—5), Wiz, EED
fRtE % EF 572912, HoO & DMSO OIRGIREEEA W5 Z &l Lz, 20
A H20 & DMSO O 1 :5 BRAEHAZFAWTH ALK T 2 RIZEM L. 120 C
TORFRMEA L 7= & 2 A, 2-30a 2% 45%, 2-24a 8 29% DR TH LN (=
FU—6), IHIZT1 : 1IRAGWEZ WD & 2-24a DAL 6% T3 2-30a
D 66%1F DIV, T oAA A DONBEL eV Mz s s TERE (= hY
— 7). ¥z, BEOEZ 5FE/NEITIET & HAVAERD 2-30a DILERIT T4%
EEbiTm L, 2-24a DEIEIFZ A% T 2o (= MU —8), KOH H2k
DIV T EAFT DT AbA T ORBEZIR L TWD EB X, X AF A0
TR AETHD nrBWNOH # W& 24, 7 w1 Ao OBiEEL R
e 7o Te M3, 2-30a DYLEEIX 60%ICIE F Lz (= U —9), Ya v
PRI T D@m= F Lo 7 ) a— L 2 I Vv 130 CT 20 RFEINEL
Licd 2 A, 7 viknA F o OB 522z T, B LAY 2-30a 2 B
172 82% DK TH LN (= FU—10), B, ZZTtHohiztn Y
> 2-30a X, BCOZY R —ZBWCYT AT LAY—T VTR Uik
2392 1 8 ThHY ., TUFEBRMIZEONTZ, ZONME(LF, BIPEIZOW T
Bk T 5,

WICARBRAC S DIEE — R EZfEND D72, Bl Yo 20l ATE
LEWEAMEI L, 7ol p7aE T oo 24—V A R T
= 2= UKl T — KRS D LT X R 2221a-d TlE, WT
NHICER S BRILEPEIT L, @RI VT RD 2-30 #5272 (= kY
—1—4), £z, TAFNVE TEX—NAEMNEAETHERETHIERE B

4 4



ftL., ETETORRLTT o FHRB/EELELTTHEONEZ (=) —6, 7),
7el2 L, AFUNANEEFFORET VLT I R 2-21e 7210 1F, BRILHZ S BRI
LM ANT 4 VB LT AL ZRIZE L, 2-30e DARKIE 23% & {RIETH > 72

(= hU—=5), ZOLHT, =F L7 ) a— B TRILKEEZIT) 2 &I
L0, 7oA A ORI A T223 270 hAETHZ LTk L, 4
MAZ R I Fa AFAEERT k427 ) DU 2GR TE T,

CF; CF ) CFs
KOH (1.3) _Z_>\ H %,
_—
HN R / solvent N R Q‘R
Ts Ts Ts
2-21 2-23 2-30
Table 2-10
entry R KOH / eq solvent conditions  2-30/ % (anti : syn)
1 Ph (a) 5.0 (CH,0H), 120 °C, 20 h 85 (92 : 8)
2 p-BrCgHs  (b) 5.0 (CH,0OH), 130°C, 10 h 76 (92: 8)
3 0, p«(MeO),CgH3 (c) 1.3 (CH20H), 130 °C, 20 h 74 (90 : 10)
4 /@ (d) 5.0 (CH,0H), 120 °C, 24 h 69 (83:17)
52) ~-Ph  (e) 5.0 (CH0H), 130 °C, 10 h 23 (78 : 22)
6 nHexyl () 50 (CHZE?OH_){)THF 130°C,20h 67 (77:23)
0 (CHOH),- THF 0 _
7 oo (9) 5.0 10: 1) 130 °C, 20 h 67 (70 : 30)
CF;

a AEIE (<17%
: th B 1)

LZAT, ETR_7E=XkHic4— R T7rFduaAFreal v 2-30 %, 32
KHRMEETHL AR T U FEROIREHE L THLNTL D, WTNLb v
HTNTT NTIIDBECE oo T, ME— p7eE7 o= LEfitn ) U

2-30b DA _FEORMARKE Y BTNV T A THBEECE -, 22T, ZZEND

NOESY A7 MEZRFET S Z LICL Y EDONREEZRE LT, 77205,
H2 & H L OFIC NOE AN & 5 Fih k% o &, NOE fHBID 7o\ Bk %
TUFRERE LR (M2-1), 16> T, 564172 2-30b 17 FIRB EAKD
ThoLZ Enbhol,
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Figure 2-1

£7-. p 7 BET = = VEBRLIA O 2-30b DOSLIRILFIZOWTIE, #2-8
RTEIICETOIEHTHY ZAda AFNED afiOKFEHY O 7+
R LEHIN TH - 72, F Db 7 Ma% 2-30b Ol FAEROMME & el L
TR EHEE L, 7235 2-30g (2B L Cix, THP A2 &L/l 4 DY
T AT LA~ —MEEL NMR A7 ML IERICHEMETH » 7272, THP K
ZhrE L (FEEE, THF, KO 4:2: VIRAWEF, 40 C. 4 FEE], IR 84%) |
ERRF U AFIR2-30i & LB TOT AT LAY —thEH LT,

FaCad Ha s
0 e
N~ YR N~ TR
Ts Ts
syn anti
2-30
Table 2-11 "HNMREZ S T MME ()
R H* (syn) H* (anti) anti : syn
Ph (a) 2.63 2.96 92:8
p-BrCeHs  (b) 2.64 2.92 92:8
o, p-(MeO),CgH3 (c) 2.46 2.90 90: 10
,@ (d) 276 3.27 83:17
~-Ph  (e) 2.69 3.00 78:22
n-Hexyl ) 2.28 2.95 77 :23
“~OH (i) 2.25 3.09 70: 30
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BALIK 2-30 DT AT LA~ = ERD &, WTNLbL T U TFIERB TR & e
S TWN5, ZOHHEE LTI, ROBIT)FRVER &l EFRIVER O V303
EZ NS, BIIFHEER L1, U7 AT LA~ — N 2-30 DB R E M
TRESTWVDLETHHLDTHD, DFVD ., KISHERATY AR ET FIRITF
BRI H > T, T FERB VAR L Y BN LEERIITTHD (AF
—52-24),

CF;
H* {\‘ R
base _Z"_)\ o syn-2-30

. g
HN” R N
Ts Ts \ CFs
2-21 2-23 " O\
N~ YR

anti-2-30
Scheme 2-24 BEEE

LTI T, RNTY AR L T U FEPHERRIBIZ® 570 £ 9 i~ D 12012,
VT AT VA= CE L p 7 RET 2 = VEHEK 2-30b DT TR E T
KRB 2 ZBRALROS E RIS T T L 7o, £ ORR, WHE L b IZRMEI
AL RLNRNWZ EEHERELE (AF—202-25), ZOIZENnD, 2-30 DT
TR E  RITEERRRBIC IR <. EOBI) BRI ERIIS E ST,

CF3 | CF3
/ - KOH (5.0) KOH (5.0)
N \ —— > noreaction | N —— > no reaction
Ts S/ ~Br 130°C,20h P Ts Br 130°C,16h
/ (CH,0H), i / (CH,0H),
anti-2-30b i syn-2-30b
Scheme 2-25

- T, VT AT LA~—TEEGRHIEN, T772b5 223071 Avbo
B CHERMIICIRE > TND Z EICRDH(AF—L2-26), Ziuk, FRHIKE
ERDINKRT =A4 2 223 BN, VUAER~DT v b ALX D LT U TFIRA~D T 1
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M AVICER i E R L > TWAZ L2 EETS (K2-1),

CF;
H* N R
)j\ base N R syn-2-30
R H*
HN” R N
Ts Ts \ C//f 3
2-21 2.23 &
N R
Ts
Scheme 2-26 anti-2-30

/S}O /SEO
S@%: SN
I I
2-23
Figure 2-1

TOFNT =AU FEE, FEELY YT Iy MEEOT N LZETH D |
BT RHITORFEO spPIBEBUEICINAE S ND Z &R FbID, £ T,
AKBOGEDOHEIA 2-23 OWEEZRZ 2 5 &, BT 2EWER & Ts H LIRS
ERET DL OREEE LT, M2-101 LTOELLIDORE LD ETRIN
Do ITORETIE, Er Y Pro2fERER & ) 7t AFEke O
WCNARRENAE L A7, P 704 a 2T 0L EHIL R 250 5 & mui-
WEL DT NZETHA D, TOME, HETDOREGNL R0, T OIHLA
B RAOINBESNTOWDEEMMNS 7 a hAbEND Z & T, 7T U F RN EL
LTHELNELDEEZ TS,
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2—5. ANL T VA

nRBEML T ) HEEROE R
2—5—1. ApkErE

R
BT B3 RAT I/ BTHHTr ) D ZPKG%H
H

ISR & L CEEDO IR A ST D,
APEMETF RICE# T 0 U 2l AT, HEE
DOIEEZRORN S, ZOYWHEEZRET 2T F RIAT 47 AE, BAE
$R i OB & A PSP O BIRAEIIC, AR TEL 2o T D P,

ANLEHT 0 ) ERWEXTFRIAT 47 ATIE, 70U O 4007
v BIRFEZBANTHHEN L AT TS, BlxIE, A EDO—FET
DT =7 U ERHRTHNTF R ((X-Y-Gly-) 1. X, Y LTLIZLIZT 1
U (Pro)fE i 4R)— b Fuxo 7 ml U Hyp)EkasEATnd, 7ul) o
AN 7 v FRAZEA LT 4R)-7 VA1 71 U U (Flp)iHk% Pro X° Hyp OfX;
DOIZEATLE, a7 =7 ORZEENET Z Mo TEY ., Eirfb
%, RO WD BREATHTES TN TV D P, i Cilkiz k5 iz,
VINFBRAFUENE RaX vk L RSEOEE AT oL T L, 4V
NGB AFTw Y P Hyp BREEOFTIZARERACUA L LT~TF FI AT
4 7 AIFHTE 2000 Liviavy,

ZOXOI, BT R ) NIRRT F MEFRICBWTREARERT I JBETH
D, INHEOERIEORENLEENL WD, I T, ETHLNZ MY 74
0 A FNE =L EWD 5-endo-trig BRALIKIN G, AALIZAFE 7 VA b fRFEE L
Kafornl) OB EITR ) Z eI LT,

4-substituted proline
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APLIZ 7 VA a REZBHREAZE S 70 ) D OSRICHOWTIL, EFEIC/- T
2WMEIN TS (AF—202-27, 2-28), Goodman HlE, 4-t Fu ¥
R UAFNT AT 231 HHFEERE L, T-8AT v TTE FrE
BV UVRERT D237 BLUN2-40 ~LENTWD, ZONA— KT, U7
A AFAIIT A X T m Y CFFEK 2-33 ~D CFsTMS O INC LV EA
SNTWD, £DH%, 2-37 &, 2(LEHE LT OE) B RN _HK G OKE
BEITRWN, R4 — NV TFdaxFrralr 2-39 ~FEL TV,
F72, 2440 Ot Fux v ReeR~EA LS5 2 T CALEHBRILLEFEC
HHAKFILEITIRD, ToFRO4 - U Tt axrFLrrel 242 HE
LTS (AF—52-27) 3,

HO HO Trichloroisocyanuric acid le)
2 Boc,0, TEA % TEMPO n
Q‘0020H3 rt, 18 h / CHoCl, Q‘Cozcm 0°C, 20 min / CH,Cly N~ TCO2CH3
H Boc Boc
2-31 2-32 94% 2-33 94%
CF3TMS OH NaBH, OH
TBAF FsC LiCl FsC
0°C —rt, 24 h/THF N~ TCO.CHs it, 18 h N~ TCH;OH
Boc JEtOH:THF (2: 1) Boc
2-34 56% 2-35 94%
TBSCI
TEA OH
DMAP FsC
rt, 18 h / CH,Cl, N~ YCH,OTBS
Boc
2-36 89%
1) TsCl, NaH
0°C —rt,2h F3C FsC, NaClO, NaCIO,  F5C
/ THF H, (1 atm), Pd / C 2—>‘ TEMPO 2—>‘
—_—
2) tBuOK N7 TCHOTBS 1t 8h/AcORt N7 TCH20H  45°C, / MeCN - N~ YCO.H
-40°C. 2 h Boc Boc Ph 6.7 NaH,PO, Buffer Boc
| THF 2-37 76% 2-38 (syn) 78% 2-39 (syn) 94%
TBAF
rt, 30 min
| THF
Hy (1 atm)
FsC [Ir(cod)(py)PCy3] F3G, NaCIO, NaClO,  F,C,
Z/—>‘ (2mol%) & TEMPO O‘
N~ YCH,0OH 1, 4 h / CH,Cl, N~ TCHOH  45°C,/MeCN - N~ TCOzH
Boc Boc Ph 6.7 NaH,PO, Buffer Boc
2-40 85% 2-41 (anti) 91% 2-42 (anti) 96%
Scheme 2-27
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F7- Qing HiE, B Faxv 7l 243 2 HEFEEE LCRRICAHS VT
0 U R 2-46 ~E\ N =1%, CFsTMS, CFeBre & W C MU 74 m A F )L
EHDLWNIZTINA R AF LU EEZEAL, S LI ZEHES O NAKRRAAKFE
RIZED, syn—4— bV T7AFaAFrral) 2-49 & anti— 4 —V 7040
AFNTEY 25 PERTEDERELTND (AF—452-28) Y,

HO HO, HO,
%, Boc,0 %, BnBr @‘
—_— —_—
Q‘COZH /10% NaOH N~ YCOH TEA N~ YCOzBn
H Boc Boc
2-43 2-44 quant 2-45 45%
(0)
CrO3
—_—
/ Pyridine N~ TCOBn
Boc
2-46 84%
OH CFs CF3
1) CF3TMS, TBAF F3Cb‘ S0Cl, Z_>‘ Pd/ C, Hy (1 atm) b‘
2) sat, NH4Cl ag. N~ YCOBn  /pyridine N~ YCOBn / EtOH N~ YCOoH
then TBAF B
Boc Boc oc
— 2-47 81% 2-48 78% 2-49 90%
CF,Bry, Zn CF, CFoH
HMPT Pd/C, Hy (1 atm) Z
—_— B ——————
| THF N~ TCO2Bn / EtOH Q‘COZH
Boc Boc
2-50 48% 2-51 64%
Scheme 2-28

FEHIT, KEA —TNVARRABEBR T 0 Y D, S HISRHERIRERTFED
MBI L, N T Ada AT Uorda AT, Ut a xF
VR AR ST R ) VORI ERADL Z LI LT, EOHIEME L LT,
2EAF TR L I, N I Fda AT e ={taW 2-21 O S-endo-trig
BALEOSIC E W B Lz, 247027 = =L Hi(a), 2,4-F A ¥ 7 = =1 H(c).
-7 U NVE). T B —AEN(@)a BT HV 7 AR AF L ER]Y U 2-24a,
,dg NN Tt AFrenal v 2-30a,¢,d, g i8N, TNHE4—7
NABRBER T2 ) CNFET L EZZ (AF—02-29),
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2-24
HN R
Ts C//’,:3 C/£=3
o () - (N
N R N~ TCOzH
H H
2-30

<R= O MeonOMe 0 AO@ )

(a) (c) (d) (9)

Scheme 2-29

2—5—2. 4—KUTZAFaRrAFrral)  EHEEROER

2—4—4IZBWCT yFBmRIEONT-Ea U DrodnG 20027 Y
— VAo 4- N7 FarAF e al) P 2-30a, 2-30c, 2-30d IR, T
U—VEEDOBRLIZ L - T, AP R g 2 F ke so7n ) v E ARk
THZ LI, 7. MOVVEERREORN ST 207 = = VEZ K
4mumwgm=%-&:\mo<mxm CClL DIRAHHF . RuCly & NalOy

A THRA S RuOy 2 EA &2 & 259 SR RE TR b3 AT LT
y%%zim%@N—va7mUyznamp@m=%:&ﬁ%%%%mto
WEMEDNST2T20, B EFREINLZE BECHBILZZ T H VWA R T =
:W%K%EL\L%Mmﬁwm=%ﬂ®%ﬁ%@ﬁ%?%ﬁbko__T%i
IREREF CRUGHHEIT L. IR 72% TN— 71 U (anti : syn =90 : 10)ITi35
WMTE, ¥, ZUNERATAHE R Y P 2-30d (anti : syn = 85 : 152 b [A]
PO EATR D & IR 89% & e b BAFRINET 4- MU 7 A r AF 71
U SR (anti : syn =85 ISIZFHFETHZ ENTX T,
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C/f3 RuCl3-nH,0 (2 mol%) CF;

%

% NalO, (11.0) ;
A—N)‘R / H,0 - CH4CN - CCl, Q‘COZH

Ts Ts
2-30 2-52
Table 2-12
entry R 2-30 (anti: syn)  conditions  2-52/ % (anti : syn)
12) Ph (a,92:8) rt, 4 day 45(92:8)
2 0, p-(MeO),CeHz (c,90:10) n,6h 72 (90 : 10)
3 A (d, 83:12) t, 4 h 89 (85 : 15)

a) 2-30 [EX 21%

B I TELNEN-FI AT E Y Y 2-52 OSAREIBIZ OV I, B & [E
BEIZ, 2-30b O ERMERE A7 m Fo Dby 7 FERT 5 2 LT X 0 H#HEE
L7,

CFs CF;
N~ YCOH N
Ts Ts Br
2-52 2-30
"HNMR H* anti§ : 3.15 "HNMR H* anti § : 2.92
synd :2.70 synd :2.64

29—5—3. 4—TI7NAFnRrAFrrnl EEKROLK

WIZ2—4—2TEBRLIZAMICY I vFr A F Lo kaRorn ) U uin
by A—VIAFRAFAT R L ~OFHERAT, bk L 2f7 ) — b
EDNIVRF L IAOBALOE Theb K WRERZ 5 2727 U Vi foen Y
U 224d WL Z LT LT, TV TAL AL T 4 VR EKFILL, ¥
TNA B AT NHANTHEY D RSS2 LT,
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CF, reagents CFH CFH

rt, Hy (1 atm)
(@) —>/ ot /O O
solven
% AN
2-24d 2-53 2-54

Table 2-13

entry  reagent (mol%) solvent  time 2-53/ % (anti: syn) 2-54 [E]4X 2-24

1 Pd/C (5) EtOH 30 min 81(38:62) <9 5
2 Pd / C (5) AcOEt  1h 83 (45 : 55) <10 4
3 Pd/C (5) CH.Cl, 24h <33 (40 : 60) <10 17
4 Rh/C (5) EtOH 6h <29 (36 : 64) <10 14
5 RhCI(PPhs); (10) EtOH 24 h <19 (35 : 65) 0 44
6 PtO, (5) EtOH 1h Comepex Mixture 0 0
7 Raney Ni (excess) EtOH 12h No Reaction 0 0
8 Nyt (600) EtoH  24h No Reaction 0 0

WIEDOKFEFRHZ T T, EtOH i 2-24d Z R0 /T P h—prFE &3t

ST 2 L B E T 5V T 1 A FILBEHUK 2-53 78 81% & BAF 7RI
RBCHELNT, o, BIESDE L TTPEMMCT U A E TKRBLENTALE
Y254 RN (b —1), WHERE R 572012 AcOEt 1 TG %
1Tleolc e ZA, IERITIZEANEED BRI SToN, SEERSEIRENME T L (=
YRV —2), F£72. CHoCls P CTHKFEATRSTZD, FOSHEITIEL 720
WENMETT 572 ThHoTz (= bY—3), KIZ, fillEOKRE %1772 Z &
& LTz, m YU A—pkFES Willkinson 5% 2 & B4R 2-53 DI
FELIERTFLE (= hU—4, 5), £z, PtO: W% & 2D AR H
BlZAELTLZEVW, Raney Ni TiE, KIS E<ET Loz (= FU—6,
7)e EBHIT, VAIRNZEDBEBLBEZ LR (M) —8), ZD K
N, NI VT LARFBEHAND L 2-24d ZINRE L KFELLTEDZ ERbD -
Teo 2-83 OV ARET UFIRIFI I AT NV a~ T T T 4 —ThHEECE 72
STl 2B DONMRLFEIZ OV T Y 2-30b O RMERE AN 7 1 kDb
U7 Mg U CHEE LT,
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H4 H4
O IS
#s \_/ ¥s \ Z Br
2-53 2-30b
"HNMR H* anti §:2.99 "HNMR H* anti §:2.92
synd:2.55 synd :2.64

TN T, 22 TR LI 2-53(syn : anti = 60 : 40)D 7 U )V A SR THA
SH72 RuOs IC L0 A NVRF VAL L D, 2 2 TH LRSI AR RRE
TH#AT L, KRR 4 —Y T4 aAF L7l ViFER2-55 26K T 52 &
NTEZ (AF—2A52-30),

CFH RuCl3-nH,0 (2 mol%)  CFpH
NalOy (11.0)
O
N \ / /HZO - CchN = CC|4 N COZH
Ts Ts
2-53 (syn : anti = 60 : 40) 2-55 89% (syn : anti = 61 : 39)
Scheme 2-30

ORI, VINAATFAREKEFFOT 0 ) VERERITIGE NN, 20
FIETITSAMREREN T E A E, A7 VA aiRBEBR T2 COHE L
LT, 2=5—1THRLEXIBRXRTFRIAT A7 ALEZ DL, MIKE
PR Z TN ENBRIRICER CTE D FIELZMLT D ENEETH D, £ T,
IKEACSOE TIARRIRVE 2 B S D - DICRICRT o FiEEme Lz,
72bb, 2-24g ® THP J:%&[R%E L7- 2-24h Db F o 5% 4@ it C il s S
VRN L, B ReX U AFNELFR L bKRF M EIT0H 2 LT, T oFE
Rz 7 A a AFNLVEBERES D HE (AF—252-31) &, THP &4 5
A WA 2 TEONREFE ZFIH L TR S bAKRFEEITRV, &
VBRI VA A FOUURE RS HETH D (AF—02-32),
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CF,

ngH C/sz
Ddoon — Do — [,
N N COH
Ts Ts N 2
Ts
2-24h anti
Scheme 2-31
CF, CFyH CFRH
z_)\/OY ’ b\/OY —
N N CO,H
Ts Ts T’\é 2
2-24 syn
Scheme 2-32

£7 2-24g DIRERLOER 2 Te o7, (AF—A52-33), mEW riis
LT, tBuMesSi £(2-24i), -PrsSi & (2-24j) . tBuPhsSi #£Q-24k) & Ff> T 7
A AF L ET Y P 224i-k AL,

(A) TBSCI (1.5)
CF. TEA (2.0)
¢ Ck DMAP (cat.) CF,
OTHP  40°C,24h bVOH rt, 3h / CH,Cl, z_)v
N _— oY
Ts / ACOH - THF - H,0 T"é or (B)YCI(15) N
2-24g @:2:0 o Ts
- R o
2-24h 90% A :2-24i : Y = Sit-BuMe, (94%)
B : 2-24j:Y = Sii-Pr3 (12 h, 93%)
B : 2-24k : Y = Sit-BuPh, (24 h, 69%)
Scheme 2-33

XU IZ 2-24h ZFEITERDY, b Mo X oo ~ofA 25 HT 5,
TUFRRR T T AR AF AR Y V2 2-56 DO EKE L, B RaF
VIO X B BINAKFEL N HE X TV B [Ir(cod) Py(PCys)|PFs % 5
mol% VT 2-24h DKFLEITI-7= 3903, HIL T2 2-56 (XL ALED
nighpole (= bV —1), [FUE%A 30 mol% M5 &, 9F NMR T~
ROAERITBI SN TITTFZERARINE T anti BRF LN, USIFIERIC
< 2-56 1 TRINETH -7z (v b —2), DFIZ, a VU LOH T4
£ % [Rh(nbd)dppbl BFs Z il I =23, 2 OFA RIS T4 < 1T L
ol (= hU—=3), NTVTLA—RFEEZMND L. EtOH X° AcOEt i
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TIFE A BB R N7 ho720n (= b —4., 5), CHeCl: FCIZ
HAGE 925 2-56 37 > FK: K83 117 L T E T OBEPFMETEHESL Z &0
T/ (o h Y —6),

CF, reagents C/f 2H
H, (1 atm), rt *

N / solvent N

Ts Ts

2-24h 2-56h

Table 2-14
entry catalyst (mol%) solvent  time 2-56h / % (anti : syn) [EYR 2-24h

1 [Ir(cod)Py(PCy3)]PFg (5) CH,Cl, 24h trace >98%
2 [Ir(cod)Py(PCy3)]PFg (30) CH.Cl, 24h >10% (>98 : 2) 64
3 [Rh(nbd)dppb]BF4 (5) CH,Cl, 10h No Reaction
4 Pd/C (5) EtOH 1h 88 (47 : 53) 0
5 Pd/C (5) AcOEt 1h 94 (59 : 41) 0
6 Pd/C (5) CH,Cl, 48h 50 (83 :17) 36

O, EEEEFIH Lz v BIRIKFICORF 21T o 72, fllilix, ¥
TINF A LT 0 L DOKFD R BINRBE S ETT L7V A—RFEX
AnsZ iz Lz, U Fufx Uiz THP tRi# L7 2-24h ZKFEL LTz & 2 A,
69:31 L7 UF BN FEEIWE LTHONL (MU —1), KRIT, fRiEREE
THP 3£ L 0 K&\ £BuMesSi #& & L7z 2-24i |12 AcOEt HCKFLZEITR D &
T TR ARI13:87 &V U ERDEEN L oo (= R Y —2), EtOH
HCAKF LT DL, ERIFTEIHIZH ELUI 89 T RN EIRMICHE LT (=
YRU—3), IOICRELEEZRELSTHI LT, LBRRMIC //¢#ﬁ6m
fék%ﬁ%/22@(1Pm&£@%22ﬂqb&ﬂ%ﬁmi%%ﬁaﬂtbtﬁx WY
REENRKE R E CTROGDEIT LEES 720 . RUGRERIAS 6 FE[H], 20 e & &<
ALY DI /N ANl ot i R A /Al i
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CF, 5% Pd/C CFH

Hy (1 atm), rt
oy ——> oY
/ solvent

N N
Ts Ts
2-24 2-56
Table 2-15
entry Y solvent time 2-56 / % (anti : syn)
1 THP  (9) EtOH 1h 97 (69 : 31)
2 Sit-BuMe, (i) AcOEt 1h 98 (13 : 87)
3 Sit-BuMe; (i) EtOH 1h 99 (11 : 89)
4 Sii-Pr3 (i) EtOH 6h 92 (20 : 80)
5 Sit-BuPh, (k) EtOH 20 h 93 (27 :73)

#2-110Ox ) —6LEK2-120x2 M) =3 TT U FIK, v kxt
NENNRBIRMICER LT 4- P70 daAFreal v 2-56 ., ¥
E R 2AFAEORICLY 7' n ) VS ERA~OFE LT RoTe, T T
RN EAR) D 2-56(anti : syn =83 :17) Ot RuFx A F /L% TEMPO T
Bt L7z 30 Z A SERGRFF CEAMLBUS P EIT L TR E 327 o FiEiRm 72
A— MV TZNFaRFLTral) 25858 ~EEIETES ZENTE (AF—
52—34),

TEMPO (2 mol%), NaBr (20 mol%)

C/!:ZH Trichloroisocyanuric acid (2.0) C/!:ZH
% NaHCOj; (6.0) *
[ et
N rt,3h N CO,H
Ts / Acetone— H,0O Ts
2-56h 2-55 96%
(anti: syn=83:17) (anti: syn=83:17)
Scheme 2-34

Fio. VUERBREABY D 2-56i(anti - syn = 11 : 89)D TBS HAfrE L4,
[k TEMPO Tlgb9 5% 9L L iR 4 — ) 7ot arFrra ) v
2-55 N EBICELS Z N TESE (AF—L42—-35),
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TEMPO (2 mol%), NaBr (20 mol%)

CFpH CFH Trichloroisocyanuric acid (2.0) CFH
TBAF (1.2) \ NaHCO; (6.0)
OTBS —mmM OH -
N rt, 1h/ THF N r,3h N~ YCO,H
Ts Ts / Acetone— H,0 Ts
2-56i 2-56h 90% 2-55 100%

(anti: syn=11:89) (anti: syn=11:89) (anti: syn=11:89)
Scheme 2-25

D285, VURET UTFIRE RSNV a~w NS T T 4 —THEET
XMool T2D, 2-30b DENFENDEMERE A7 v b DIbFT 7 b & g
L CHERIL 7=,

CF,H CF;
H4 H4
IS
Ts Ts ~ Br
2-55 2-30
"HNMR H* anti & : 2.86 "HNMR H* anti §:2.92
synd :2.45 synd :2.64

2—5—4. 4—7rFurFLroral) SHEEKOSK

RIZ, 4= TNFurAFLrral) VOGRERG Lz, £TIELDIT,
2N 7 2 =NV Z R D2 24a R L THAARFTHEIZT HZ LIT LT, 2-24a
\Z HoO, CH3CN, CCly DIEAVEREF . RuOs THALZITo72 P08, 7 == 5
Lol Fuat LT 0 SEAREBIEICAAE L T LEWVWERN D4 -7
NFrAFLr7rl) 28T I FERTERPT. (AF—L2—-36),

CF RUCl3-nH,0 (2 mol%) CF O
NalO, (11.0) z—>‘
+ ~<
N t,10h N~ ~COH N R\
Ts Ts Ts /

/Hy,0:CHsCN:CCly=3:2:2
2-57 0% 2-58 13%

2-24a

Scheme 2-36

FZT. a0 224h O 2{rk RaXx AF /L% TEMPO IZ LD LR
FUNEANLEET AT L Y TR hooH, 2-24h (2RO TEMPO,
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FREAIE LT R Zaag Vo7 X—IVik%E 2 5T/ 8, SOICHAE L
THREE D NaBr Z MR T IR SE L 280 Vordut L7 v
BN AR D) Z e VB ET R4V T u AF LT e Y L 2-57 & 94%
DEETERT HZ EICHEIILE (AF—22—-37),

TEMPO (2 mol%), NaBr (20 mol%)

CF, Trichloroisocyanuric acid (2.0) CF,
NaHCO3; (6.0)
OH
N t,3h N~ COH
Ts / Acetone— H,0 Ts
2-24h 2-57 94%
Scheme 2-37
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DLk, ZEHEREMEZ HZ 5-endo-trig BRALIZ K W AR L7 1 U 22 2-30¢,
2-24h ZHWT, U TZnFdaAFudl UorFua ATl YT Fu AT
VAR TD 0 ) VEEK2-52, 2-55, 2-57 AT A Z LTI L, 7R
B, VINAA R AF NIRRT 0 ) 255 X, VUK ET U TFREZEREN
BAFIBRIUL THRT H Z LnTE I,

CF, RuUCly-nH,0 (0.02) CFs
% OMe NalO, (11.0)
N rt, 6 h QCOzH
Ts OMe /HzO - CCly - CH,CN Ts
2-30c 2-52 72%
(syn : anti=90: 10) (syn: anti=90 : 10)
TEMPO (2 mol%),
CF,H NaBr (20 mol%) CF,H
H, (1atm) %2 Trichloroisocyanuric acid (2.0) %2
1, 48 h OH NaHCO; (6.0)
/ CH,Cl, N i, 3h N~ COH
Ts / Acetone— H,0O Ts
2-56h 50% 2-55 96%
(anti : syn =83 :17) (anti: syn =83 :17)
1)TBSCI (1.5)
TEA (2.0) CF,H CFH
L DMAP (cat) 1) TBAF (1.2)
bVOH rt / CH2CI2 OTBS rt,1h/THF o
N 2) H, (1atm) TN 2) TEMPO (2 mol%), TN 2
Ts t, 1h s NaBr (20 mol%) S
2.24h / EtOH (ani 2-56i 9?:/0 69) Lri;hcl:o(;oi?gc(:)y)anuric acid (2.0)  2.55 90%
anti: syn=11: aHCO; (6. ;- =11
TEMPO (2 mol%), 1, 3h /Acstone- H,o (2t syn=11:89)
NaBr (20 mol%) CF,
Trichloroisocyanuric acid (2.0)
NaHCO3 (6.0) - 2—)‘
m,3h N~ TCOH

| Acetone— H,0O Ts
2-57 94%
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2—6. MFEREMEIZLD
AN NVA B IRFEBRT bT 8 KaTF47 = OEK
2—6—1. S 1TNICHERESMNEZRFO Y 7041 X F Ve = bEY
DY

5-endo-trig 321t -

AIETE T, EFRKEREICLD NI 7rF e AT re=1{ILEaWmD
5-endo-trig BRALDIN IRIZHEITT 5 2 & 2l 70, AREITIX, Wi R TR
DEAZRETT 2282, 22 TET., o FHICIBCSRESMZFT 2 |k
VontaAF = fbemas ek Lz, 2 - N7t axXF Ly Uiy
FUETATE RORIENSEEZ Y ZvFa AFLEEEFEORET VLT L
a—V, FAERE W TOMERISZITRD 2 & T, RET VAT BT
NFFEAEFFD 2-59 G LNTZ, ZHUZ, A% —H0 CT K,CO; #1EH
SHETHTETFALTEE, ANVDT NEEL SN 7t a A TFLE=ubh
Y 2-60 RS D ENTE (AF—52—38),

PPh; (2.0)
DEAD (2.0)
CF3 R AcSH (1.5) CF3 R K,COj3 (1.0) CF; R
OH 0°C,12h/THF SAc  0°C,1h/THF SH
2-19a:R=Ph 2-59a:R=Ph 35% 2-60 : R=Ph 88 %
2-19f : R = n-hexyl 2-59f : R = n-hexyl 51%

Scheme 2-38

2—6—2. 4-CINFuRAFLT I RaFF 7O

FPHEL U720 FPIC AV 7 S H %2 FF5 2-60 |2 . DMF 1 NaH 2Bl &85 &,
BALLT-BAULEW 4 - VoA e AF LT T8 RaFA4 7o 2-61a 8
64%DIVRTELNT- (2 FU—1), 2-59 2O HLT7 BF /L LE{L%E one-pot
TITH Z e TEUE, TREOEMEWNEOR ERRADD EBE 2T, 22
T, 2-59a |2 DMF #CNaOMe z{EH 7=t 2A, ALDT AT — A AV
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N SN RS EFT L, KV EEIC LD 82% & MR T 2-61a & AT
L2ENTERE (P —2), EHIIAFINELFFD 2-59b 12, [FIERIC
DMF #1 T NaOMe #/FHl &7 & 2 A HE T 5 2-61b Z IR 75% THH5H 2
ENTE, ThI FaF A7 2D 20T VRV EEEATSHZ LNTE
77

CF;

Base cmb\
/ DMF
R
Xs” >R S
2-60 : X=H, R=Ph 2-61
2-59a : X = Ac, R=Ph
2-59b : X = Ac, R = n-Hex
Table 2-16
entry substrate base conditions 2-61

1 2-60 NaH (1.3) 100°C, 1 h 64
2 2-59a NaOMe (1.3) 100 °C, 10 h 82
3 2-59b  NaOMe (1.3) 100°C,15h 75

2—6—3. 4-FVTZLAFaRARFLT T FaFt7 D8k

RTEOBLKISZ 7' 2 b AROFE T TIT2E, MY 7t a 2 F Vs s
57 878 RaFA 72 RERTE L EHFIND, Ao r ) UG
R CIRA_72 X IZ AR T I REROEFRREFEZ AW KISO5EIZIE,
FWRTHLZF L7 U a—)VHTMET H 0 E R Nb T, ZHITK L,
RN T AT — MIEFERERE LY LREIPE VO T, KIETH BHOBREK
JSNEITT LD EE X, £, ER LXK 2T 8 F AT A (AcS)DMi T
T F N EBRILKE%E onerpot TITo721E ) DI RE S BALAEN G TE 22 &
NH, ZZTH AcS EEAT D 2-59 b —RICBR(LEITH) Z LT Lz,

2-59a [T A Z 7 —/)LHIT KCOs ZE &8, 2 RFIINBGEE LTz, £ DR R,
i 7 & v & BB 7S one-pot THEAT L. 7 v kWA A OBz 7E Iz 2
L2 ENTE, NI TVFuAFVELZR>T hJ e RueF 47 = 2-62a %
T6%DIVETHKT D Z LN T2, 2-62 a ([TIE DDA RIMEENEFEIEL 9 D
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RO 'H BOVPF NMR O A7 M vERD & By LR T
o2 EMmb ., ZOBRITE YT AT LABRIRBICEITLTWD, £,
AcS FD a LI T VA RO 2-59b T [AIERIZER(LANETT LT, 2-62b H3UY
QY% (VT AT LA~—E92:8) THELNT,

CFs FiC

K,COj3 (1.1)
reflux / MeOH : s L R
XS R
2-59a: R =Ph 2-62
2-59b : R = n-Hex
Table 2-17
entry substrate time 2-62
1 2-59a 2h 76 (>98: 2)
2 2-59b 1h 82 (92:8)
2—7. IRFEREZMEIZL D 5-endo-trig£%ﬂ: :
AN 7 VA ajRBER T a XX DERK
2—7—1. ix%w%m\:Fvw%M%ﬁ#éFU7wﬁm%%wE:
AL E Y DT

TETHRRTELZDIL, ANVKLT I RERSCT AT — o IR
ETDH NI INFRAFAE=MEEYORIETHY . WTh b7 ronEK
EFEIZ & D 5rendo-trig BRAL G TH o T2, D OWT, [RFBREEFE 2 H 2 [RAR
® 5-endo-trig Bt Ak 5 2 & & U, BRAVATEEA & 72 5 BB O 21T - 7=,
Knoevenagel KSIC L VL 722-63 2 - NUTAABATFAT UL T
2-18 OIBEMINFIEN G, = MU AEML, = 2T VEL 2 —2b LT Z2f
THRU 7 Fda AT e = bEY) 2-64a-d ZFHBL LT (AF—252-39),
T2 Ly T Rk TR 2-64¢ 1, DO HIEIZ X D RN TR o 727z
O RET YT L2 — Wkt L CR BRI EHEROE 2D 24778 > TRELL 7= (A
¥—152-40),
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TBAF (20 mol%) CF; Ph

CFs R’
MS4A 1
4¢L\V;TMS + Ph\¢¢L\R2 cfl\v/L\T/R
rt/ THF R2
2-18 2$3a:R1=CN,R2=y 2-64a 45%
2-63b: R' = CO,Et, R*=H 2-64b 36%
2-63c:R'=CN, R>=CN 2-64c >6%
2-63d : R' = CO,Et, R? = CO2Et 2-64d 41%
Scheme 2-39
CH,(CN), (1.5)
CF; Ph BUsP=CH,CN (1.5) CF3 Ph
OH rt, 24 h / Benzene CN
CN
2-19a 2-64c 29%

Scheme 2-40

2-—7—9. TVINLFaAFLLUIIaLE U DERK

N Znda AFLEeE=bEY 2-64 AW CTERILILERAA T, £TI1EC
DIZ, T ) Hh—oFT 5 2-64a AN T, BILRISOEMEZBETH Z LI
L7z, THF W, ¥ L LT LDA X° LHMDS #{EH 72L& Z A, EB&ERN
LBHRMET DY 7 a2 2-66a 03567z (U —1, 2), HROLL
SMCEE DAL EHDOREIVEN R bNT=T2, LI EIETH D KoCOs & V7
W, TS E S o7 (= hU—3), —F, #FE LT KH X NaH
WD EIRIT20%E TR L (2 h)—4, 5), XUV T K
I B E NS T A A A DOHEIT LTV D AR B o T2 D T
VT ) EET MR IR =NV A TG Z1T o 72, 2-64b (2 DMF ' NaH
EERSEN, IEET18% EIFEAEEIL L o7 (= Y —6), 22
T, ISHEDEmWT ) T — "R, o FRIRS7e EDORIRSZ2 5] & e Z 372 DI
FERMEFLTCWDEEX, LVRERINART oA L 2 RAETE DE.AT L
VIR T D 2-64c,d TRALBUGAATRO Z LI LT, £ T, v/ = |
U Ao~ v SR Y = F VEMNL 2 BT 5 2-64¢,d | DMF F1 NaH Z{FH &
MENL 72 2 A, PREBVINENRM ELY VA AF Lo EErREor 7 m
v A 2-66¢ ISR 61%., 2-66d MUK 57% THRONTE (MU —T7, 8),
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/-, v UBY T VN EED 2-64d Tl KH Z21/EHSE 5L, 612N
KBKNE L, BRIOS 7 a0 Z 2 2-66d IR T1%DIHNERTHEKT 5 Z &
NTE- (b —9),

CF3

CF; CF,
Base Q\ - F Q
R’ — Ph | — Ph
Ph solvent N2 AN
R2 R'R R'R
2-64 2-65 2-66
Table 2-18
entry R’ R? base (eq) solvent conditions 2-66
¥ CN H (@ LDA(1.1) THF -78°C,1h—rt2h <7
2" ¢N H (@ LHMDS(1.1) THF -78°C,1h—rt,2h <3
3¥  CN H (& KyCOs(1.1) THF 120°C, 12 h 4
4 CN H (@ KH(1.5) DMF 120°C, 3 h <20
5 CN H (@ NaH(1.3) DMF 120°C, 20 h 22
6 COEt H (b) NaH(1.3) DMF 120°C, 3 h 18
7 CN CN () NaH(1.3) DMF 100°C, 3 h 61
8  COsEt COzEt(d) NaH(1.5) DMF 110°C, 6 h 57
9 CO,Et COLEt (d)  KH (1.8) DMF 110°C, 2 h 77

2—7-—3. NY Z)uFda AF 7l B DERK

AT Cib 72 (RFCSRIZHEIC K D BRLBUG &2 7 1 b R OF(E T TITWv, R Y
INFaAFNILERET DL 7 a2 DERE R,

TF LY a—f 2-64d |2 KOH Z{EH SH T, 130 CT 1 K@ L
T=o ZOFREF JREHIMHEEA LR HBO MY 7vF a 2 F/VEHIR 2-67 134K
B9 T AT VBRPET LIAL BN ERICEOND TR T2, £ 2T,
T AT NRZHIZ L DBEN Kol ) — VR TBRALIGEIT Y 2 L 25
2Tz, T2 L, =% 7 — /VORTRE TIIBRILITEIT LW EB 2 57D T,
HEPCRIGEITY) Z LI L, =&/ —f NaH Z{EH S® T, H#HEH
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130 CT20 RPN L 72 2 A BE T2 MU 7 vda A F NV EEfRFo>v 7
R K 2-67 B 6%DPEETH LN (= b —2), ZOMIZEIARY &
LT, BED 2-64d, B LOBRIL LT= 2-67 DT AT VERRL KIS L E &
(2R R bR S8 LT LA 2-68 & 2-69 134 %2 20% & | 3% DR TH LI, &
DX, PR TORRIL, KGRI T NITAFET D KIZ L DIk
EEZ. RPTOKEERVBRS ZODICELF2 T —3—T7 A 3A ZIRINL TRt %
7o (= bV —3), LovL, MK E B R bRFE A ERITIMZ 5 2 &
X TE T, 2-68,2-69 DEIAEL TLES7D, 2-67 DILEZE 25%F Th EXH 5
ZEINTET,

CF;

CF; CF3
base - -F
EtO,C — Ph | — Ph
Ph  solvent
CO,Et EtO,C CO,Et EtO,C CO,Et
2-64d 2-65 2-67
Table 2-19
entry  base (eq)  solvent conditions 2-67
1®  KOH (5.0) (CH,OH), 130°C,1h 0

2°)  NaH(1.3) EtOH  130°C,20h 6%
39® NaH(1.3) EtOH  130°C,20h 25

CF3Ph O CF;3
a) 0 b)  CFsPh Q
Ph
%o ) A A_CO,Et Ot
quant 2-68 20%Y  2-69 3%Y

d) NMRYR 3 e) MS3A%M  c) 2-68 19%, 2-69 4%

BRSNS TEEARETOMBHNI LV 23R, g, RFERKEEHALE Y 70
B AFNE = VHENTTF U B TAE STV A EE T 5-endo-trigiiib & £
T HZENTER, Thbb, Gk FRICE DHKRH 7 MU 7 A
BAFNE= LA D SNPRGE . 7 FANBRILROS~EBT 22 & 2 LI K
STHRRESETSEDL ZENTE, 7 vy HLAREY DO RFAIREARIE
WENLTE o, 7o, RBEALSISD K b-endo-trig BRIk TH 5 Z & L] H )
(2720 FERERIC S BBRIE O EOR 2 BT 2 E R TE 72,
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ERA AT HHRET YNAT I RO b-endo-trig BRILIZ L 5

SNEH
GaFE~T O 5 BB OREE

BT, MY 7t u AF e = kA ORIGEERIRT S 2 Lk
V. Baldwin HI] TIZ[K#E & 4TV 5 5-endo-trig R & 2Rk L 7o fE B &k ~ 7,
ZOFEERANT VAR RBEHRELZ AT 55 BRILAEW THDL A R—IL,
vanlvy, FhIeRuFtror, v7uaRXr A ORISR Lz, K
T ClL brendo-trigBRILZ Db DITE S EZ Y T, 7 v BEBILONEIZ OV TR
ST ALEELIZ, MOBEREEZAETOHIARET VAT I NCRILEZERATER %
w5,

5-endo-trig BRALDI AR R BRALIZEA & SN TV D BEHBIZHOWTIE, BEIZF#R T

WwRFz, Fhbh, ZEEAEERT D IRESOREMINZL, 1097 OMEE
EoTsp RELZKBESTHZ ENEREINS, L L, 5-endo-trig BBAL TIERFE
PN DIZZ D 109° AR #E< . ARIREREE STV D,

Z DX DR 7 5-endo-trig BRAL LT LRV Z & A Baldwin 1%, RO
LIOREREETRLTWS ¥, FlziE, "RETUATLa— 3-1 ZHET
WA T 5L, T o7 R 77033 13e<E6nT ., S-exo-trig BR{L LT
Li2Z7 7 F320B13G60%5 (AF¥F—AL3-1),

5-exo-trig L i o

O OMe base O
3-2
HO
3-1 5-endo-trig :§—>
Scheme 3-1 0
3-3
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F/o. BREREECTHLRBEOEBNEOND, WIndT2EREZ P TCT 2
V34 HFEE S D & N S-exo-trig BRALDSEIT L, T 7 X L35 35D

No, (AF—L3-2),
MeOZC”lC;fi;O

5-exo-trig

Os__OMe 3-5
OMe
H-N M
2 COMe 5-endo-trig 0
34
COQMG
Scheme 3-2 3.6

S BT, 5-endo-trig BRALLIAN D SOGKRE D 7o ) 2 3-T I THUEE L ThH
Bk &< #IT L2, (AF—A3-3)

@) MeONa / MeOH
z - no reaction
HO or NaH/THF
3-7
Scheme 3-3

B OZ MDD Baldwin 1E., 5-endo-trig BRALIIHRD TR B LB 72 L E
L TWa,

FERRZ Z OAF72 5-endo-trig BRALDSHEIT L TV D EH] & LTIk, KETHI
EHAOWDERILRS T P HIVBILICOWTOREN L | WS T ToREH
78 5-endo-trig BRALDNEIT LT2HlIZE =V ANVEKR WG (A% — LA 3-
4) 7 &L BB BB

PhO,S 1 KH(005eq  PNO2S
R - R
2 ° i
Hy” R 25 /c, 10 min v~ ~R® Y =0, NPh, C(CO,Et),
THF
Scheme 3-4
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INHDOI END, TR RN 72 5-endo-trig BRI TdH H ARBRLIL
EFHIZBE LW ENGND (AF—L3-5),

CF;
CFs CF;
base
- Do D
HY” >R vy~ "R vy~ "R

Y =NTs, S, C(COQEt)z

Scheme 3-5

Z T, 20D 5-endotrigtiRIbT DL DIZE R Z YT, KBR(LA MY 7 vA4
AFNE = LGB RIS TH LN ETM D702, tMOBEREEREZ AT
LRETIUNT I RTRILZITRV, RETT228 &L, E= LD
RBEEL LT, ZyRER U v THHIERICEZTZ N7 A F L
@%@%E@%%mﬂmbtﬂmmmu@%@%mﬁ<%34)ﬁ@bU7w
FaAF ALY LB RIIMEOE WY T M Bk LisS-exo-trig BRALIK L
MELNREWERESHEREEICHD (AF—A3-1, 3-2) T FFT AR
=D SFEERAE, TROOEREEZAETHHRET VAT I K 3-8,3-9,3-10
ZHWT, bz b 2 & & LT,

Table 3-1 Hammett® & #a & F 41

Bl o1
| N
CCl C CO,Et o oo
H 0
CO,Et 0.30
HN” Ph HN” >Ph HN” >Ph CFs 0.40
Ts Ts Ts CN 0.57
3-8 3-9 3-10 SOLCH, 059

3—2. S{IERREEZATLIFRETIUNAT I RO

P LS N s ua A FE T ) EERFORET VLT R R 3-8,
39 8 L7 (AF—A3-6), TR ERVATALTE ROT L R—/LK
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JGIZE>TR—b ReXr b 312 #658L, Dkt Fua X% TBS &
THRELTI13 557, 3-131Ich V7 AFur=4r8 LIy 7T A1
AF RS ETT Vv a— L 314 ~L B W, v U TclfbF A=
AERHSETHIKL, 3-15 28 L7z, 20 3-15 ~DOBiKOEE, BRNEBIC &
MEAEEECTALBEYNEIAE LT, YU BTN E T A THBETHZ LT T,
3-15 ® TBS K& frE LIcRICEIERIS 217720y, NTsBoe A4 A LT, 556
N723-17 D Boc & RETHZET, M ZamrAF =i 7 /=
NEEHOFRET VAT I R38, 39 2T LR T,

LDA (1.1) TBSCI (1.3)

o) PhCHO(1.1) O OH  Imidazole (1.3) O OTBS
_ —_—
)J\ -78°C, 30 min )J\/kph r, 6 h )J\)\Ph
/DMF
3-11 / THF 3-12 95% 3-13 86%
(A) LDA (2.0)
CHCl; (2.0)
-78°C, 1h
/ THF R OH OTBS SOCl, R OTBS TBAF (1.1) R OH

—_— —_— —_—
(B) KCN(3.0) Ph r,3h NPh rt,3h NPh

AcoH S{f) (A)R=CCls: 3-14a 98% ™" 3453 39%  /THF  3.46a 78%
, _ . - 0, - 0,
/ MeOH -Hzo(B)R'CN'3'14b 22% 3-15b 51% 3-16a 75%
(2:3)
DEAD (1.5)
PPh, (1.5)
NHTsBoc (1.2) M TFA (10) M
—_— _—
rt overnight NTs rt,10h NTs
I THF BoC  /CH,Cl, H
3-17a 85% R =CCl3:3-8 62%
3-17b 66% R=CN :39 77%
Scheme 3-6

WIZ, BANICZ AT AR E BT HHRET VLT IR 3-10 85 LT, 7
ARV AT IV 318 LNT ARV LT IVT B R 3-19 M5, STHRBEZI O Tk % H
WCHRET VAT IV a—)L 322 2572, Dk, AX—2A53-6 & [REERICEIERX
MZ XV B Fe o f% NHTsBoc ZEICEHL L7, Boc 4 frET 52 LIk
DY AT VENEZ AT HHRET VAT R K310 AT 52 LN TE
7= (A¥—LA3-7),
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_KCO3(12)  COE PBrs (0.5) CO,Et
_COEt + \e/())\ A on T—=

(EtO) rt, 10 min OH rt, overnight Br
3-18 3-19 I'H0 3-20 75% / DMF 3-21 83%
DEAD (1.5)
Zn powder (2.2) o. OEt PPh; (1.5) o. OEt o. OEt
PhCHO (1.2) M NHTsBoc (1.3) ;/\j TFA (10) M
.
0 °C, overnight Ph rt, overnight NTs rt,10h NTs
/| THF I THF Boc  /CH,Cl, H
3-22 62% 3-23 93% 3-10 87%
Scheme 3-7
3—3 SNERKEHETHHRET Y LT I RO 5-endo-trig 21l :
ANERREEZATHERY U DOAERK

FT. P 7 raAF =AY 3-8 TERILBISZ1TRW, 7 v R E DN
A, EXPEMERE, K& IR EDEVD DTSN NI L % 5-endo-trig Bk
(CEDE DB E G 2D DN,

CClj
HN Ph / solvent N~ Ph N~ Ph
Ts Ts Ts
3-8 3-24 3-25
Table 3-2

entry base (eq) solvent conditions  3-25/%

1 NaH (1.3) DMF 40 °C,4h 64
2 NaH (1.3) DMF 80 °C,15min 89

DMF ' 3-8 |Z NaH Z{Ef &, 40 CT 4 Wi Lz, T oORER,
5-endo-trig BRALINEIT L=V 7 nn AF L U EaHFHorn U P 0 3-25 7Y 64%
Bon (= hU—1), £/, 80 CTHIGETT D & 15 7 TERALEE! 3-8 1%
HRL, 89 %DULET325 25 tNTE (b —2), 2O LIIT,
WAL A A ORiBEE £ 5 SN2t % 5-endo-trig BALSISICHEA T 5 &, 7
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FRFOE X (120 C) £V HIKE (40—80 C) TERILT A Z Enbiolz,
WIZ, FYTAFArATFAIELDROREFRGMEORENTT V EEFT S
3-9 OB AR 72, DMF H 3-9 |2l 800 NaH Z{/E/H S 50 CT 4 Wi
T2 &, o TNAINBOSSEIT L, 460237 / EaFoenr U U v % 88%1%
HZENTE (AF—AL3-8), ZTOMLTIE, BART =42 3-26 MHF
WME 39D NT I EOTm N rEg|EHh< 2o, NaH (3 E CRUSH
HEITLTW5D,

CN
50 °C, 4 h Ph Ph
HN” “Ph ’ N N
Ts / DMF Ts Ts
3-9 3-26 3-27 88%
Scheme 3-8

ZOEHC, ARETIATIROE=Z AN M) Z0Ada XAFLRLY HE
FREIERLRRENWTT V EZHATLE, M) 7 Fa X FAREOLE
(120 C. 2 E5[#]) X0 HECh gkt (50 °C. 4 Ff[#]) TERALDSELT L7z,
AT VN E /T HHRET VAT R 3-10 THRBEOBLEIT-o72 (A%
—23—8), DMF HC 3-10 |Zfitift 2> NaH #{EH &, 110 ‘CT 3 Kefiif
L7z, TORER, 5-endo-trig BRALIK 3-29 DL WULEK 79% CTHEONT-, ST
WIRARIZAF—2L3-1, 3-2D S-exo-trig BRALIKL GO NN ETHHEEE
oL, ZOMBITERICET D,

NaH (0.1) C_OzEt " CO,Et
oo | G| T U
110 °C, 3 h Ph Ph 0 Ph

CO,Et

3-10 3-28 3-29 79% 3-30 0%
5-endo-trigiR 1t A& 5-exo-trigir 1t ik
Scheme 3-9

Zoroi., 7yRELFLY BNEESNASWVWER IR THL, ¥ 7L
Fa AFAEIY BB FREMEOE N T VBB ALTH, BN REMHET
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5-endo-trig BRALDHEIT L7, SHIC, =T bR HNUR=VEEZEALTH, Rk
(XELT L7z,

B DOREDHET LB BIZ DWW TIE S DICFHEM RGNS EIEN . BT
DEZARD2 [EBEZTND

1. BIKILEISEZ T2 b3 AT 2 RIIK3— 10 L H1c, AET VU ILED
I E#EE L S EDOE FRSIMEREE ORISR I DA U,
5-endo-trig BRAL D EIT LT WEIE LY &> T D

EWG
j R
EWG
\\\H —= .
‘ HN™Z

Ts

Figure 3-1

2. "NINATIF—F DL IRFEELDWREREEZHAWS Z LT, Michael LD
BALDNEIT LG < 2o TV 5,

Flo, 7RI THEELEAVD Z ECRISHERH ELZOIX, R R
BAFAEN RN ZFa A F LRI bEmmnizolil, Bk L7z X 97223k
ﬁ%%%<%c\ﬁmﬁLﬁﬁémp%kb%ﬁ@ot:kk\ﬁm%4ﬁy
N7 AbA A E 0 BEERED m <. SN2 E LW LB TV D
Flo, NI TG aATFNEEE YT IR AT 5-endo-trig BRALSS D3 EST L
DL g oTeHlIL, EFREINPETZ & TCRIEZEOFHETH L ILRT =
326 DEEMNRKREL RDTI2HEBZEZTND

DL KRW/XTA(T%7JW%@IMA/7Fﬁﬁ&%&kﬁ
Bk, SNLICTE R OB E2-HIE, P 7oA a A F VIR ST,
Ny ZmuaxAFrdk V778 =XV INVAR=NVEEGTLHHRETIALT
T RTH, RICHEEE STV 5 5rendotrig BRAL B EITT 5 2 &£ 2 LM
L7z,
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EBRDER

R AT RE B XL P IR LR 2 L 72,
H EimiE I A ~27 kv (*H NMR)
Bruker Avance500 (500 MHz), Bruker DRX500 (500 MHz),
JEOL-AL400 (400 MHz), JEOL-AL270 (270 Hz)
BC A2~ kL (13C NMR)
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1—2.

4-Difluoromethylisoquinoline (1-6a)

To a solution of 4-trifluoromethy1-3,4-dihydroisoquinoline 1-5a (70.1 mg, 0.352
mmol) and LiBr (32.6 mg, 0.375 mmol) in DMSO (3 mL) was added DBU (70 ul,
0.468 mmol) under argon. After the reaction mixture was stirred at 100 °C for 6 h,
phosphate buffer (pH 7) was added to quench the reaction. Organic materials were
extracted with AcOEt (5 x 20 mL). The combined extracts were washed with brine
and dried over Naz2SO4. After removal of the solvent under reduced pressure, the
residue was purified by column chromatography on silica gel (hexane—AcOEt 5:1) to
give 1-6a (50.5 mg, 80%) as a colorless crystal.

'H NMR (500 MHz, CDCls) § 7.07 (1H, t, Jur = 54.0 Hz), 7.70 (1H, d, J = 8.2 Hz),
7.82 (1H, d, J= 8.2 Hz), 8.06 (1H, d, J= 8.2 Hz), 8.20 (1H, d, J= 8.2 Hz), 8.66 (1H, s),
9.35 (1H, s). '3C NMR (126 MHz, CDCls) 6 115.1 (t, Jor = 238 Hz), 123.1, 123.2 (t,
Jer = 22 Hz), 127.9, 128.4,128.4, 131.6, 132.1, 141.7 (t, Jor = 9 Hz), 156.0. 9F NMR
(471 MHz, CDCls) 8 50.8 (2F, d, Jru =54 Hz).

IR (neat) 3438, 1623, 1572, 1510, 1385, 1155, 1122, 1043, 1024, 904, 752, 667 cm''.
Anal. Caled for CioH7NF2: C, 67.04; H, 3.94; N, 7.82%. Found: C, 66.88; H, 4.20; N,
7.75%.

4-Difluoromethylisoquinoline- N-oxide (1-6b)

To a solution of 4-trifluoromethy1-3,4-dihydroisoquinoline-N-oxide 1-5b(70.3 mg,
0.327 mmol) and LiBr (56.5 mg, 0.650 mmol) in DMSO (3 mL) was added DBU (68
ul, 0.455 mmol) under argon. After the reaction mixture was stirred at 80 °C for 40
min, phosphate buffer (pH 7) was added to quench the reaction. Organic materials
were extracted with CHCls (3 x 20 mL). The combined extracts were washed with
brine and dried over Na2SO4. After removal of the solvent under reduced pressure,
the residue was purified by column chromatography on silica gel (MeOH-AcOEt
10:1) to give 1-6b(52.6 mg, 83%) as a colorless crystal.

'H NMR (500 MHz, CDCls) § 7.06 (1H, t, Jar = 53.9 Hz), 7.70 (2H, m), 7.80 (1H, m),
8.05 (1H, m), 8.36 (1H, ), 8.82 (1H, s). '3C NMR (126 MHz, CDCls) 8 112.2 (t, Jor =
242 Hz), 123.2, 125.1, 125.7, 128.2 (t, Jor = 23 Hz), 129.9, 130.0, 130.1, 135.6 (t, Jor
=10 Hz), 137.8. 9F NMR (471 MHz, CDCls) ér 47.1 2F, d, Jru=54 Hz). IR (neat)
3444, 1564, 1506, 1452, 1400, 1329, 1186, 1167, 1113, 1018, 779, 646 cm™'. HRMS:
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Calcd for C10HsNF20 (M*) 196.0575, found 196.0574.

1—3.
4-Trifluoromethylisoquinoline (1-11)

To a solution of 4-trifluoromethy1-3,4-dihydroisoquinoline 1-5a(58.6 mg, 0.294
mmol) in m-Xylene (3 mL) was added Pd/C (5%, 50.7 mg, 0.0238 mmol) under argon.
After the reaction mixture was refluxed for 100h, the mixture was filtered through a
pad of Celite. After removal of the solvent under reduced pressure, the residue
was purified by column chromatography on silica gel (hexane-AcOEt 5:1) to give
1-11(46.4 mg, 80%) as a colorless oil.

'H NMR (500 MHz, CDCls) 8 7.74 (1H, dd, J = 8.5, 8.5 Hz), 7.87 (1H, dd, J = 8.5, 8.5
Hz), 8.09 (1H, d, J= 8.5 Hz), 8.16 (1H, d, J = 8.5 Hz), 8.87 (1H, s), 9.41 (1H, s). 13C
NMR (126 MHz, CDCls) 8 120.2 (q, Jcr = 29 Hz), 123.2, 124.3 (q, Jor = 272 Hz), 128.1,
128.3, 128.4, 131.4, 132.1, 141.0 (q, Jcr = 7 Hz), 156.9.

O
2 =2
3-Difluoromethylene-1-tosylindoline (2-11)

To a susupension of sodium hydride (NaH, 148 mg, 60 % dispersion in mineral oil,
3.70 mmol) was added 2-10 (970 mg, 2.84 mmol) in DMF (15 mL) at 0 °C under an
argon atmosphere. The reaction mixture was stirred for 6 h at 80 °C, and then
phosphate buffer (pH 7) was added to quench the reaction. Organic materials were
extracted with AcOEt (20 mL x 3). The combined extracts were washed with brine
and dried over MgS0O4. After removal of the solvent under reduced pressure, the
residue was purified by column chromatography on sillica gel (hexane—AcOEt 10:1)
to give 2-11 (767 mg, 84%) as a colorless solid.

1H NMR (500 MHz, CDCIls) 6 2.37 (3H, s), 4.55 (2H, dd, J = 4.1, 4.1 Hz), 7.03 (1H, t, J =
7.5 Hz), 7.22-7.27 (4H, m), 7.67-7.7.1 (3H, m). 13C NMR (126 MHz, CDCl3) § 21.5, 49.2
(d, Jor = 3.5 Hz), 88.2 (dd, Jcr = 22, 22 Hz), 114.8, 123.3 (d, Jor = 2 Hz), 123.4 (d, Jor = 2
Hz), 124.2, 127.2, 129.0, 129.9, 133.5, 142.7 (d, Jor = 5 Hz), 144.6, 149.8 (dd. Jer = 287,
287 Hz). 19F NMR (471 MHz, CDCl3) or 74.9 (1F, dt, Jrr = 43 Hz, Jru = 4 Hz), 77.8 (1F,
dt, Jrr = 43 Hz, Jru = 4 Hz). IR (neat) 3504, 1760, 1597, 1475, 1464, 1362, 1269, 1169,
812, 752 cm!. Anal. Calcd for CisH13NF202S: C, 59.80; H, 4.08; N, 4.36%. Found: C,
59.96; H, 4.25; N, 4.18%.
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2—3

3-Bromodifluoromethyl-1-tosylindole (2-14)

To a solution of 2-11 (74.9 mg, 0.233 mmol) in CCls (3 mL) at 25 °C was added Brs
(51.6 mg, 0.323 mmol) in CCls (0.3 mL) under argon. After the reaction mixture
was stirred at 25 °C for 2.5 h and phosphate buffer (pH 7) was added to quench the
reaction. Organic materials were extracted with AcOEt (3 x 20 mL). The
combined extracts were washed with aq. Na2S203and brine, and dried over NazSOu.
After removal of the solvent under reduced pressure, the residue was purified by
column chromatography on Florisil (hexane—AcOEt 5:1) to give 2-14 (89.2 mg, 96%)
as a colorless crystal.

'H NMR (500 MHz, CDCls) § 3.04 (3H, s), 7.29 (2H, d, J = 8.6 Hz), 7.35 (1H, dd, J =
7.6, 7.6 Hz), 7.40 (1H, dd, J= 7.6, 7.6 Hz), 7.76 (1H, d, J = 7.6 Hz), 7.83 (2H, d, J =
8.6 Hz), 7.89 (1H, s), 7.97 (1H, d, J= 7.6 Hz). 13C NMR (126 MHz, CDCls) § 21.6,
113.5, 114.3 (t, Jer = 297 Hz), 120.1 (t, Jor = 28 Hz), 120.6, 124.1, 124.2 (t, Jer = 7
Hz), 125.2 (t, Jor = 3 Hz), 125.8, 127.1, 130.2, 134.5, 134.8, 145.8. 19F NMR (471
MHz, CDCls) ér 121.9 (2F, S). IR (neat) 3149, 3018, 2924, 1562, 1448, 1379, 1190,
958 cml. Anal. Caled for CisH12NBrF202S: C, 48.01; H, 3.02; N, 3.50. Found: C,
48.18; H, 3.18; N, 3.27.

3-Difluoromethyl-1-tosylindole (2-13)

To a solution of Nal (54 mg, 0.36 mmol) in CHsCN (2 mL) at 25 °C was added
MesSiCl (39 mg, 0.36 mmol), water (3.2 mg, 0.18 mmol), and then 2-11 (72 mg, 0.23
mmol) under argon. The reaction mixture was stirred at room temperature for 10
h. The reaction was quenched with water (10 mL) and organic material were
extracted with AcOEt (3 x 15 ml). The combined extracts were washed with aq.
Na2S20s and brine, and dried over Na2SOs. After removal of the solvent under
reduced pressure, the residue was purified by column chromatography on sillica gel
(hexane—AcOEt 10:1) to give 2-13 (69 mg, 96%) as a colorless crystal.

'H NMR (500 MHz, CDCls) § 2.36 (3H, s), 6.86 (1H, t, Jur = 55.6 Hz), 7.26 (2H, d, J =
8.4 Hz), 7.30 (1H, dd, J= 7.4, 7.4 Hz), 7.38 (1H, dd, J= 7.4, 7.4 Hz), 7.68 (1H, d, J =
7.4 Hz), 7.78 (1H, t, Jur = 2.4 Hz), 7.80 (2H, d, J= 8.4 Hz), 7.98 (1H, d, J = 7.4 Ha).
13C NMR (126 MHz, CDCls) $ 21.6, 111.8 (t, Jor = 235 Hz), 113.7, 116.6 (t, Jcr = 26
Hz), 120.4, 123.9, 125.5 (t, Jor = 10 Hz), 125.6, 126.6, 127.0, 130.1, 134.8, 135.0,
145.6. 9F NMR (471 MHz, CDCls) 8 50.6 (2F, dd, Jur = 56, 2 Hz). IR (neat) 3114,
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3022, 2968, 1595, 1568, 1446, 1373, 1174, 968 cm™. Anal. Caled for Ci6H13NF202S;
C, 59.80: H, 4.08; N, 4.36. Found: C, 59.83; H, 4.18; N, 4.14.

3-Trifluoromethyl-1-tosylindole (2-15)

To a solution of 2-11 (226 mg, 0.704 mmol) in CH2Cl: (3 mL) at — 10 °C was added
EtsN+3HF (285 mg, 1.77 mmol) and N-iodosuccinimide (364 mg, 1.62 mmol) under
argon. After the reaction mixture was stirred at —10 °C for 2.5 h, aq. Na=2S203 was
added to quench the reaction. Organic materials were extracted with AcOEt (3 x
15 mL). The combined extracts were washed with brine and dried over NazSOsu.
After removal of the solvent under reduced pressure, the residue was purified by
column chromatography on sillica gel (hexane-AcOEt 5:1) to give 2-15 (214 mg,
90%) as a colorless crystal.

'H NMR (500 MHz, CDCls) § 2.37 (3H, s), 7.28 (2H, d, J = 8.5 Hz), 7.33 (1H, dd, J =
7.7, 7.7 Hz), 7.40 (1H, dd, J= 7.7, 7.7 Hz), 7.66 (1H, d, J = 7.7 Hz), 7.82 (2H, d, J =
8.5 Hz), 7.94 (1H, q, Jur = 1.4 Hz), 7.99 (1H, d, J= 7.7 Hz).

13C NMR (126 MHz, CDCls) 6 21.6, 112.9 (q, Jor = 37 Hz), 113.6, 120.1, 122.8 (q, Jcr
=266 Hz), 124.2, 125.6, 125.8, 126.1 (q, Jcr = 6 Hz) 127.1, 130.2, 134.6, 134.7, 145.9.
19F NMR (471 MHz, CDCls) r 102.3 (3F, s). IR (neat) 3124, 3064, 2978, 1595, 1448,
1387, 1176, 1147, 1030, 912 cml. HRMS: Calcd for C10HsNF20 (M*) 340.0620,
found 340.0617.

2—-4

2—-4—1

ST N A 2AF A= VR FEFO AR T I ROFREEOREF & LT,
2-21a OFHELEA 7T, 2-21b-h 1 2-21a & [AIERO FIETHR L7z,
N-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-N-z-butoxylcarbonyl-p-toluenesulfonamide
(2-20a)

To a solution of 1-phenyl-3-trifluoromethyl-but-3-en-1-ol 2-19a (512.0 mg, 2.37
mmol), PPhs (1.24 g, 4.73 mmol) and N-t-butoxycarbonyl-p-toluenesulfonamide (945
mg, 3.48 mmol) in THF (15 mL) at 0 °C was added DEAD (40% in toluene solution,
0.82 ml, 4.70 mmol) under argon. After the reaction mixture was stirred at 0 °C for
10 h. After removal of the solvent under reduced pressure, the residue was purified

by column chromatography on silica gel (hexane—AcOEt 10:1) to give 2-20a (1.12 g,

95%) as a colorless oil.
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'H NMR (500 MHz, CDCls)  1.26 (9H, s), 2.40 (3H, s), 3.22 (1H, dd, J = 15.5, 6.5 Hz),
3.39 (1H, dd, J=15.5, 8.7 Hz), 5.50 (1H, s), 5.83 (1H, s), 5.93 (1H, dd, J = 8.7, 6.5 Hz),
7.20 (2H, d, J=8.1 Hz), 7.31 (1H, t, J= 7.4 Hz), 7.35 (2H, t, J= 7.4 Hz), 7.45 (2H, d,
J=17.4 Hz), 7.53 (2H, d, J=8.1 Hz). 13C NMR (126 MHz, CDCls) & 21.5, 27.7, 31.9,
58.9, 84.6, 121.5 (q, Jor = 6 Hz), 123.6 (q, Jcr = 272 Hz), 127.8, 128.1, 128.3, 128.4,
128.9, 134.7 (q, Jcr = 30 Hz), 138.6, 144.1, 150.8, 171.1. °F NMR (471 MHz,
CDCls) dr 93.3 (3F, s). IR (neat) 3018, 2981, 2933, 1728, 1599, 1354, 1169, 1151,
1122 eml. Anal. Caled for C2sH26NF304S; C, 58.84; H, 5.58; N, 2.98. Found: C,
58.60; H, 5.71; N, 2.79.

N-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-p-toluenesulfonamide (2-21a)

To a solution of
N-(1-phenyl-3-trifluoromethyl-but-3-enyl)- N-t-butoxylcarbonyl- p-toluenesulfonami
de 2-20a (933.8 mg, 1.99 mmol) in CH2Clz (15 mL) at 25 °C was added CFsCO:zH
(1.53 ml, 19.9 mmol) under argon. The reaction mixture was stirred at room
temperature for 10 h. The reaction was quenched with Na:COs (20 mL) and
organic material were extracted with CH2Clz (3 x 15 ml). The combined extracts
were washed with brine, and dried over Na2SOi. After removal of the solvent
under reduced pressure, the residue was purified by column chromatography on
sillica gel (hexane—AcOEt 2:1) to give 2-21a (688.4 mg, 94%) as a colorless crystal.
'H NMR (500 MHz, CDCls) § 2.37 (3H, s), 2.58 (1H, dd, J = 15.3, 7.2 Hz), 2.71 (1H,
dd, J=15.3, 7.8 Hz), 4.49 (1H, ddd, J= 7.8, 7.3, 7.2 Hz), 4.91 (1H, brs), 5.19 (1H, s),
5.63 (1H, s), 7.02-7.04 (2H, m), 7.14 (2H, d, J = 8.2 Hz), 7.17-7.19 (8H, m), 7.54 (2H,
d, J=8.2 Hz). 3C NMR (126 MHz, CDCls) & 21.4, 37.6, 56.5, 121.9 (q, Jor = 5 Hz),
123.3 (q, Jor = 272 Hz), 126.6, 127.1, 127.8, 128.6, 129.3, 133.4 (q, Jcr = 30 Hz),
137.2, 139.5, 143.2. 19F NMR (471 MHz, CDCls) or 93.4 (3F,s). IR (neat) 3269,
3064, 3030, 2927, 1456, 1325, 1159, 1120, 912 cm™. Anal. Caled for Ci1sH1sNF302S;
C, 58.52; H, 4.91; N, 3.79. Found: C, 58.56; H, 5.08; N, 3.80.

N-[1-(p-Bromophenyl)-3-trifluoromethyl-but-3-enyl]-p-toluenesulfonamide (2-21b)

'H NMR (500 MHz, CDCls) $ 2.39 (3H, s), 2.49 (1H, dd, J = 15.2, 7.2 Hz), 2.64 (1H,
dd, J = 15.2, 8.0 Hz), 4.46 (1H, ddd, J = 8.0, 7.6, 7.2 Hz), 5.21 (1H, s), 5.61 (1H, s),
5.91 (1H, brs), 6.90 (2H, d, J = 8.4 Hz), 7.12 (2H, d, J= 8.1 Hz), 7.25 (2H, d, J= 8.1
Hz), 7.50 (2H, d, J =8.4 Hz). 13C NMR (126 MHz, CDCls) § 21.4, 37.4, 55.9, 121.6,
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122.3 (q, Jor = 6 Hz), 123.2 (q, Jor = 272 Hz), 127.0, 128.4, 129.4, 131.5, 133.0 (q, Jor
= 30 Hz), 136.9, 138.4, 143.6. F NMR (471 MHz, CDCls) r 93.5 (3F, s). IR
(neat) 3263, 3061, 3030, 2924, 2872, 1489, 1321, 1155, 1117, 953 cm™’. Anal. Calcd
for CisH17NBrFs0:2S; C, 48.23; H, 3.82; N, 3.12. Found: C, 48.14; H, 3.77; N, 2.89. mp.
131-133 C.

N-[1-(2,4-Dimethoxyphenyl)-3-trifluoromethyl-but-3-enyl]-p-toluenesulfonamide (2-21¢)

'H NMR (500 MHz, CDCIs) § 2.32 (3H, s), 2.61 (1H, dd, J = 15.4, 6.9 Hz), 2.75 (1H,
dd, J =154, 7.8 Hz), 3.70 (3H, s), 3.73 (3H, s), 4.49 (1H, ddd, J = 9.9, 7.8, 6.9 Hz),
5.23 (1H, s), 5.48 (1H, d, J= 9.9 Hz), 5.62 (1H, s), 6.18 (1H, d, J = 2.3 Hz), 6.21 (1H,
dd, J=8.2, 2.3 Hz), 6.70 (1H, d, J = 8.2 Hz), 7.04 (2H, d, J = 8.2 Hz), 7.45 (2H, d, J =
8.2 Hz). 13C NMR (126 MHz, CDCls) & 21.3, 35.4, 55.1, 55.3, 55.5, 98.7, 103.8,
119.0, 121.2 (q, Jcr = 6 Hz), 123.5 (q, Jcr = 272 Hz), 126.9, 128.9, 130.7, 134.0 (q, Jcr
= 30 Hz), 137.5, 142.6, 157.3, 160.5. 9F NMR (471 MHz, CDCls) &r 93.2 (3F, s).
IR (neat) 3276, 3003, 2939, 2839, 1614, 1508, 1325, 1157, 1115, 1034 cm. Anal.
Caled for C20H22NF504S; C, 55.93; H, 5.16; N, 3.26. Found: C, 55.91; H, 5.20; N, 3.05.

N-[1-(2-Furyl)-3-trifluoromethyl-but-3-enyl]-p-toluenesulfonamide (2-21d)

'H NMR (500 MHz, CDCls) § 2.38 (3H, s), 2.66 (1H, dd, J= 15.1, 8.0 Hz), 2.70 (1H,
dd, J=15.1, 7.5 Hz), 4.61 (1H, ddd, J = 8.6, 8.0, 7.5 Hz), 5.24 (1H, s), 5.32 (1H, d, J =
8.6 Hz), 5.64 (1H, s), 5.92 (1H, d, J= 3.2 Hz), 6.10 (1H, dd, J= 3.2, 1.8 Hz), 7.16 (1H,
d, J=1.8 Hz), 7.19 (2H, d, J= 8.1 Hz), 7.61 (2H, d, J=8.1 Hz). 13C NMR (126 MHz,
CDCIs) & 21.4, 35.0, 50.2, 107.8, 110.3, 121.9 (q, Jcr = 6 Hz), 123.3 (q, Jer = 272 Hz),
127.0, 129.4, 132.1 (q, Jer = 30 Hz), 137.3, 142.1, 143.3, 151.2. 19F NMR (471 MHz,
CDCls) dr 93.4 (3F, s). IR (neat) 3269, 1599, 1326, 1157, 1114, 1011, 949 cm.
HRMS: Calcd for C1sH17NO3F3S (M*) 360.0882, found 360.0878.

N-(1-Styryl-3-trifluoromethyl-but-3-enyl)-p-toluenesulfonamide (2-21e)

'H NMR (500 MHz, CDCIs) § 2.29 (3H, s), 2.44 (1H, dd, J = 15.2, 7.4 Hz), 2.53 (1H,
dd, J=15.2, 7.4 Hz), 4.16 (1H, dddd, J= 7.4, 7.4, 7.4, 7.4 Hz), 4.52 (1H, d, J= 7.4 Hz),
5.44 (1H, d, J = 1 Hz), 5.74 (1H, s), 5.76 (1H, dd, J = 16.0, 7.4 Hz), 6.25 (1H, d, J =
16.0Hz), 7.12 (2H, d, J = 7.4 Hz), 7.20-7.27 (5H, m), 7.71 (2H, d, J =8.3 Hz). 13C
NMR (126 MHz, CDCls) & 21.4, 36.2, 54.5, 122.0 (q, Jor = 6 Hz), 123.3 (q, Jor = 272
Hz), 126.4, 127.1, 127.3, 127.9, 128.4, 129.6, 132.6, 133.4 (q, Jcr = 30 Hz), 135.8,
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137.6, 143.5. 19F NMR (471 MHz, CDCls) or 93.4 (3F, s). IR (neat) 3261, 1599,
1495, 1323, 1215, 1157, 1119, 966 cmt. Anal. Caled for C20H20NF302S; C, 60.75; H,
5.10; N, 3.54. Found: C, 60.54; H, 5.03; N, 3.48.

N-(1-n-Hexyl-3-trifluoromethyl-but-3-enyl)-p-toluenesulfonamide (2-21f)

'"H NMR (500 MHz, CDCl3) § 0.84 (3H, t, J= 7.1 Hz), 1.02-1.32 (9H, m), 1.45 (1H, m),
2.26 (1H, dd, J = 14.9, 7.3 Hz), 2.37 (1H, dd, J = 14.9, 6.6 Hz), 2.42 (3H, s), 3.40 (1H,
m), 4.29 (1H, brs), 5.32 (1H, s), 5.66 (1H, s), 7.29 (2H, d, J = 8.5 Hz), 7.74 (2H, d, J
=8.2 Hz). "C NMR (126 MHz, CDCl;)  14.0, 21.4, 22.4, 24.9, 28.7, 31.5, 34.3, 36.0,
52.4, 121.3 (q, Jor = 6 Hz), 123.2 (q, Jor = 272 Hz), 127.0, 129.5, 134.3 (q, Jcr = 29
Hz), 137.9, 143.3. '"F NMR (471 MHz, CDCL) &r 93.6 (3F, s). IR (neat) 3276, 3020,
2956, 2929, 2860, 1217, 1159, 1120 cm’’. Anal. Caled for C,sHyNF;0,S; C, 57.27; H,
6.94; N, 3.71. Found: C, 57.03; H, 7.20; N, 3.59. mp. 65-67 C.

4-Methyl-N-[1-(tetrahydro-pyran-2-yloxymethyl)-3-trifluoromethyl-but
-3-enyl]-benzenesulfonamide (2-21g)

(55 : 45 mixture)

'H NMR (500 MHz, CDCl;) major o 1.44-1.80 (6H, m), 2.40-2.52 (5H, m), 3.43-3.61
(4H, m), 4.36 (1H, m), 5.39 (1H, s), 5.49 (1H, d, J= 8.1 Hz), 5.69 (1H, s), 7.29 (2H, d,
J=T7.9Hz),7.74 2H, d, J=7.9Hz). minor § 1.44-1.80 (6H, m), 2.40-2.52 (5H, m),
3.31 (1H, dd, J=10.1, 3.5), 3.43-3.61 (3H, m), 4.32 (1H, m), 5.10 (1H, d, J= 7.5 Hz),
5.41 (1H, s), 5.69 (1H, s), 7.29 2H, d, J=7.9 Hz), 7.75 2H, d, J = 7.9 Hz).

7,7-Dimethoxy-2-trifluoromethyl-hept-1-en-4-ol (2-26)

'H NMR (500 MHz, CDCls) & 1.51 (1H, dddd, J = 14.6, 8.4, 8.4, 6.3 Hz), 1.64 (1H,
dddd, J = 14.6, 8.6, 6.6, 3.6 Hz), 1.72-1.83 (2H, m), 2.32 (1H, dd, J = 14.9, 8.7 Hz),
2.33 (1H, s), 2.41 (1H, dd, J= 14.9, 4.3 Hz), 3.35 (3H, s), 3.83 (1H, m), 4.40 (1H, dd, J
=5.4, 5.4 Hz), 5.50 (1H, d, J=1 Hz), 5.79 (1H, d, J= 1 Hz).

13C NMR (126 MHz, CDCls) 6 28.8, 31.8, 38.0, 52.9, 53.1, 68.8, 104.5, 120.7 (q, Jor =
6 Hz), 121.1 (q, Jcr = 272 Hz), 135.1 (q, Jer = 29 Hz).1F NMR (471 MHz, CDCls)
93.5 (3F, brs).IR (neat) 3452, 2939, 2833, 1444, 1165, 1115, 1053, 949 cm'L.
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N-(t-Butoxycarbonyl)-N-[1-(3,3-dimethoxy-propyl)-3-trifluoromethyl-bu
t-3-enyl]-4-methyl-benzenesulfonamide (2-27)

'H NMR (500 MHz, CDCls) 6 1.40 (9H, s), 1.65 (2H, m), 1.81 (1H, m), 2.04 (1H, brs),
2.43 (3H,s), 2.66 (1H, dd, J = 14.5, 6.6 Hz), 2.89 (1H, brs), 3.31 (3H, s), 3.32 (3H, s),
4.39 (1H, dd, J = 14.5, 6.6 Hz), 4.66 (1H, dddd, J = 7.0, 7.0, 7.0, 7.0 Hz), 5.44 (1H,
brs), 5.76 (1H, s), 7.29 (2H, d, J= 7.9 Hz), 7.80 (2H, d, J= 7.9 Hz). 3C NMR (126
MHz, CDCls) § 21.5, 27.7, 27.9, 29.8, 33.6, 52.6, 53.1,57.9, 84.5, 104.0, 121.6 (q, Jer =
6 Hz), 123.6 (q, Jor = 272 Hz), 128.3, 129.0, 134.9 (q, Jor = 30 Hz), 137.3, 144.1,
150.7. 1°F NMR (471 MHz, CDCls) or 93.4 (3F, brs). IR (neat) 3276, 2954, 2924,
2852, 1734, 1718, 1437, 1329, 1157, 1117 cmt. Anal. Caled for C22H3s2NF306S; C,
53.32; H, 6.51; N, 2.83. Found: C, 53.10; H, 6.59; N, 2.70.

N-[1-(Methoxycarbonylethyl)-3-trifluoromethyl-but-3-enyl]-p-toluenesu
1Ifonamide (2-21h)

'H NMR (500 MHz, CDCls) 6 1.58 (1H, ddt, J = 14.5, 9.7, 7.0 Hz), 1.88 (1H, dtd, J =
14.5, 7.0, 3.8 Hz), 2.21 (1H, dd, J= 14.9, 8.2 Hz), 2.25-2.38 (3H, m), 2.43 (3H, s), 3.48
(1H, m), 3.65 (3H, s), 4.90 (1H, m), 5.35 (1H, s), 5.64 (1H, s), 7.30 (2H, d, J = 8.3 Hz),
7.72 (2H, d, J= 8.3 Hz). 13C NMR (126 MHz, CDCls) § 21.4, 29.0, 29.8, 36.3, 51.7,
52.1, 121.7 (q, Jor = 6 Hz), 123.2 (q, Jor = 272 Hz), 127.0, 129.7, 133.9 (q, Jor = 30
Hz), 137.7, 143.5, 173.8. 9F NMR (471 MHz, CDCls) &r 93.6 (3F, s). IR (neat)
3276, 2954, 2924, 2852, 1734, 1718, 1437, 1329, 1157, 1117 cm’. Anal. Calcd for
C16H20NF504S; C, 50.65; H, 5.31; N, 3.69. Found: C, 50.44; H, 5.48; N, 3.57.

2—4—-2

4-Difluoromethylene-2-phenyl-1-tosylpyrrolidine (2-24a)

To a solution of 2-21a (658 mg, 1.78 mmol) in DMF (15 mL) at 0 °C was added NaH
(92 mg, 2.3 mmol, 60% dispersion in mineral oil) under argon. After the reaction
mixture was stirred at 0 °C for 15 min and then 120 °C for 3 h, phosphate buffer (pH
7) was added to quench the reaction. Organic materials were extracted with
AcOEt (3 x 20 mL). The combined extracts were washed with brine and dried over
Na2S04. After removal of the solvent under reduced pressure, the residue was
purified by column chromatography on silica gel (hexane—AcOEt 5:1) to give 2-24a
(564 mg, 91%) as a colorless crystal.

'H NMR (500 MHz, CDCls) & 2.42 (3H, s), 2.54 (1H, br d, J = 15.0 Hz), 2.70 (1H, m),
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4.13 (1H, dm, J = 14.5 Hz), 4.19 (1H, dm, J= 14.5 Hz), 4.95 (1H, ddd, J= 8.2, 3.1, 1.5
Hz), 7.22—7.31 (TH, m), 7.57 (2H, d, J= 8.3 Hz). 13C NMR (126 MHz, CDCls) § 21.5,
33.9, 47.0 (d, Jor = 4 Hz), 63.2, 85.4 (dd, Jcr = 25, 22 Hz), 126.2, 127.4, 127.7, 128.5,
129.6, 134.8, 140.8, 143.7, 149.8 (dd, Jor = 283, 283 Hz). YF NMR (471 MHz,
CDCls) &r 72.0 (1F, ddd, Jvr = 54 Hz, Jur = 3, 3 Hz), 74.5 (1F, d, Jrr = 54 Hz). IR
(neat) 3064, 3032, 2927, 2866, 1782, 1350, 1273, 1219, 1161, 1093, 1058 cm. Anal.
Calcd for C1sH17NO2F2S; C, 61.88; H, 4.90; N, 4.01. Found: C, 61.81; H, 4.95; N, 3.74.

2-(p-Bromophenyl)-4-difluoromethylene-1-tosylpyrrolidine (2-24b)
Compound 2-24b was prepared by the method described for 2-24a using 2-21b (134
mg, 0.30 mmol), NaH (15.5 mg, 0.39 mmol, 60% dispersion in mineral oil) in DMF (3
mL) at 120 °C for 4 h. Purification by column chromatography on silica gel
(hexane—AcOEt 4:1) gave 2-24b (101 mg, 79%) as a colorless crystal.

'H NMR (500 MHz, CDCls) 6 2.43 (3H, s), 2.49 (1H, br d, J = 15.0 Hz), 2.70 (1H, m),
4.13 (1H, br d, J = 15.0 Hz), 4.16 (1H, br d, J = 15.0 Hz), 4.86 (1H, dm, J = 7.9 Hz),
7.11(2H, d, J= 8.4 Hz), 7.26 (2H, d, J= 7.8 Hz), 7.40 (2H, d, J = 8.4 Hz), 7.57 (2H, d,
J=17.8Hz). 13C NMR (126 MHz, CDCls) 6 21.5, 33.9, 47.0 (d, Jcr = 4 Hz), 62.6, 85.1
(dd, Jor = 26, 24 Hz), 121.6, 127.3, 128.0, 129.7, 131.6, 134.6, 139.9, 143.9, 149.9 (dd,
Jor = 285, 285 Hz). 1°F NMR (471 MHz, CDCls) or 72.4 (1F, ddd, Jrr = 53 Hz, Jru =
3, 3 Hz), 74.9 (1F, d, Jir = 53 Hz). IR (neat) 3026, 1782, 1489, 1350, 1275, 1219,
1163, 914 cmt. Anal. Caled for Ci1sHisNBrF202S: C, 50.48; H, 3.77; N, 3.27. Found:
C, 50.49; H, 3.93; N, 3.15. mp. 76-77 C.

4-Difluoromethylene-2-(2,4-dimethoxyphenyl)-1-tosylpyrrolidine (2-24¢)
Compound 2-24¢ was prepared by the method described for 2-24a using 2-21c¢ (96.4
mg, 0.224 mmol), NaH (7.0 mg, 0.39 mmol) in DMF (3 mL) at 120 °C for 3 h.
Purification by column chromatography on silica gel (hexane—AcOEt 2 : 1) gave
2-24b (84.9 mg, 93%) as a colorless crystal.

'H NMR (500 MHz, CDCls) § 2.42 (3H, s), 2.43 (1H, m), 2.62 (1H, m), 3.72 (3H, s),
3.79 (3H, s), 4.14-4.22 (2H, m), 5.16 (1H, d, J= 8.3 Hz), 6.36 (1H, d, J = 2.2 Hz), 6.42
(1H, dd, J= 8.4, 2.2 Hz), 7.19 (1H, d, J= 8.4 Hz), 7.27 (2H, d, J= 8.1 Hz), 7.62 (2H, d,
J=8.1Hz). 13C NMR (126 MHz, CDCls) 6 21.4, 33.2, 47.3 (d, Jcr = 4 Hz), 55.0, 55.3,
59.2, 85.9 (dd, Jcr = 25, 22 Hz), 98.4, 103.7, 121.8, 127.2, 127.8, 129.5, 135.1, 143.4,
149.7 (dd, Jor = 282, 282 Hz), 156.9, 160.4. 9F NMR (471 MHz, CDCl3) &r 71.1 (1F,
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ddd, Jrr = 56 Hz, Jur = 3, 3 Hz), 73.6 (1F, d, Jrr = 56 Hz). IR (neat) 3001, 2939,
2839, 1782, 1614, 1589, 1506, 1348, 1209, 1160, 1093, 1041 cm’. Anal. Caled for
C20H21NF204S: C, 58.67; H, 5.17; N, 3.42. Found: C, 58.60; H, 5.24; N, 3.22.

4-Difluoromethylene-2-(2-furyl)-1-tosylpyrrolidine (2-24d)

Compound 2-24d was prepared by the method described for 2-24a using
N-[1-(2-furyl)-3-trifluoromethyl-3-butenyll- p-tolueneslfonamide 2-21d (82 mg, 0.23
mmol), NaH (12.4 mg, 0.31 mmol, 60% dispersion in mineral oil) in DMF (3 mL) at
120 °C for 3 h. Purification by column chromatography on silica gel (hexane—AcOEt
4:1) gave 2-24d (61 mg, 78%) as a colorless crystal.

'H NMR (500 MHz, CDCls) § 2.40 (3H, s), 2.64-2.68 (2H, m), 3.99 (1H, dm, J = 13.4
Hz), 4.18 (1H, dm, J= 13.4 Hz), 5.09 (1H, ddd, J=6.3, 4.1, 1.9 Hz), 6.24 (1H, br d, J
=3.3 Hz), 6.25 (1H, dd, J = 3.3, 1.9 Hz), 7.18(1H, m), 7.23 (2H, d, J = 8.3 Hz), 7.54
(2H, d, J=8.3 Hz). 13C NMR (126 MHz, CDCls) § 21.5, 30.9 (dd, Jcr = 2, 2 Hz), 46.2
(dd, Jcr = 4, 1 Hz), 55.6, 85.6 (dd, Jcr = 26, 23 Hz), 107.6, 110.1, 127.2, 129.6, 134.8,
142.3, 143.5, 149.9 (dd, Jcr = 282, 282 Hz), 152,6. '*F NMR (471 MHz, CDCls) or
71.8 (1F, ddd, Jvr = 55, Jrr = 3, 3 Hz), 74.4 (1F, d, Jrr = 55 Hz). IR (neat) 3120,
3028, 2924, 2868, 1784, 1599, 1350, 1275, 1163, 1093 cm. Anal. Caled for
Ci6H1sNF:203S; C, 56.63; H, 4.46; N, 4.13. Found: C, 56.45; H, 4.45; N, 3.86. mp.
63-64 C.

4-Difluoromethylene-2-styryl-1-tosylpyrrolidine (2-24¢)

Compound 2-24e was prepared by the method described for 2-24a using
N-[1-styryl-3-trifluoromethyl-3-butenyll- p-tolueneslfonamide 2-21e (109mg, 0.28
mmol), NaH (13.8 mg, 0.35 mmol, 60% dispersion in mineral oil) in DMF (3 mL) at
120 °C for 3 h. Purification by column chromatography on silica gel
(hexane—AcOEt 4:1) gave 2-24e (75 mg, 74%) as a colorless crystal.

'H NMR (500 MHz, CDCls) 6 2.40 (3H, s), 2.41 (1H, dm, J= 11.7 Hz), 2.57 (1H, m),
4.03 (1H, dm, J = 11.8 Hz), 4.07 (1H, dm, J= 11.8 Hz), 4.46 (1H, m), 5.93 (1H, dd, J
=15.8, 7.4 Hz), 6.52 (1H, d, J = 15.8 Hz), 7.24-7.32 (7H, m), 7.69 (2H, d, J = 8.3 Hz).
13C NMR (126 MHz, CDCls) 8 21.5, 32.2, 46.4 (d, Jcr = 4 Hz), 62.1, 85.1 (dd, Jcr = 26,
22 Hz), 126.6, 127.5, 127.8, 128.0, 128.5, 129.7, 131.8, 135.0, 136.0, 143.8, 150.1 (dd,
Jor = 283, 283 Hz). °F NMR (471 MHz, CDCls) or 71.8 (1F, ddd, Jrr = 55 Hz, Jur =
3, 3 Hz), 74.5 (1F, d, Jrr = 55 Hz).
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4-Difluoromethylene-2-hexyl-1-tosylpyrrolidine (2-24f)

Compound 2-24f was prepared by the method described for 2-24a using
N-(1-hexyl-3-trifluoromethyl-3-butenyl)-p-tolueneslfonamide 2-21f (82 mg, 0.22
mmol), NaH (10.2 mg, 0.255 mmol, 60% dispersion in mineral oil) in DMF (3 mL) at
120 °C for 2 h. Purification by column chromatography on silica gel
(hexane—AcOEt 5:1) gave 2-24f (64 mg, 82%) as a colorless oil.

'H NMR (500 MHz, CDCls) § 0.89 (3H, t, J = 6.5 Hz), 1.21-1.46 (10H, m), 2.06-2.16
(2H, m), 2.43 (3H, s), 3.87 (1H, m), 3.96 (1H, dm, J= 14.7 Hz), 4.03 (1H, dm, J= 14.7
Hz), 7.31 (2H, d, J =8.4 Hz), 7.70 (2H, d, J= 8.4 Hz). 13C NMR (126 MHz, CDCls)
14.1, 21.5, 22.6, 25.7, 29.0, 30.2, 31.7, 35.4, 46.2 (d, Jcr = 3 Hz), 60.7, 85.9 (dd, Jcr =
25, 22 Hz), 127.3, 129.8, 135.1, 143.7, 149.9 (dd, Jcr = 282, 282 Hz). F NMR (471
MHz, CDCls) 8r 71.4 (1F, ddd, Jrr = 56, Jru = 3, 3 Hz), 74.2 (1F, d, Jrr = 56 Hz). IR
(neat) 3026, 2956, 2927, 2858, 1782, 1348, 1217, 1163, 912 cm’. Anal. Calcd for
C1sH2sNF202S; C, 60.48; H, 7.05; N, 3.92. Found: C, 60.50; H, 7.10; N, 3.63.

4-Difluoromethylene-2-Methoxycarbonylethyl -1-tosylpyrrolidine (2-24h)

Compound 2-24h was prepared by the method described for 2-24a using 2-21h (80 mg,
0.21 mmol), NaH (6.5 mg, 0.27 mmol) in DMF (7 mL) at 120 °C for 3 h.
Purification by column chromatography on silica gel (hexane-AcOEt 4:1) gave 2-24h
(48 mg, 63%) as a colorless oil.

'H NMR (500 MHz, CDCls) 8 1.79 (2H, m), 2.02 (1H, m), 2.09 (1H, d, J = 14.4 Ha),
2.44 (3H, s), 2.50 (1H, dt, J=16.9, 6.7 Hz), 2.55 (1H, dt, J= 16.9, 6.7 Hz), 3.71 (3H,s),
3.96 (1H, dm, J = 15.1 Hz), 3.99-4.05 (2H, m), 7.32 (2H, d, J= 8.0 Hz), 7.69 (2H, d, J
=8.0 Hz). 13C NMR (126 MHz, CDCls) § 21.5, 29.9, 30.1, 30.5, 46.0 (d, Jcr = 4 Hz),
51.6, 59.7, 85.7 (dd, Jor = 24, 22 Hz), 127.3, 129.9, 134.8, 144.0, 150.0 (dd, Jor = 283,
283 Hz), 173.6. 19F NMR (471 MHz, CDCls) ér 72.1 (1F, ddd, Jrr = 55 Hz, Jru = 3, 3
Hz), 74.8 (1F, d, Jrr = 55 Hz).

IR (neat) 2952, 2927, 2871, 1782, 1734, 1437, 1348, 1269, 1161, 1092 cm™.

HRMS: Calcd for Ci6H20NF204S (M*) 360.1082, found 360.1089.

2—4—3
4-Trifluoromethyl-2-phenyl-1-tosylpyrrolidine (2-30a)
2-30a (146 mg, 0.395 mmol) in ethyleneglycol (3 mL) at 25 °C was added KOH

powder (111 mg, 1.97 mmol) under argon. After the reaction mixture was stirred
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at 130 °C for 10 h, phosphate buffer (pH 7) was added to quench the reaction.
Organic materials were extracted with AcOEt (3 x 20 mL). The combined extracts
were washed with water and brine, and dried over Na2SO4. After removal of the
solvent under reduced pressure, the residue was purified by column
chromatography on silica gel (hexane—AcOEt 5:1) to give 2-30a (antisyn = 92:8
mixture , 124 mg, 85%) as a colorless crystal.

'H NMR (500 MHz, CDCls) anti & 2.05 (2H, dd, J = 8.6, 5.4 Hz), 2.44 (3H, s),
2.88-3.06 (1H, m), 3.50 (1H, dd, J = 10.5, 8.8 Hz), 3.85 (1H, dd, J = 10.5, 8.3Hz), 4.94
(1H, dd, J=5.4, 5.4 Hz), 7.23-7.48 (TH, m), 7.67 2H, d, J=8.2 Hz). syn 6 2.42 (3H,
s), 2.48-2.53 (2H, m), 2.58-3.68 (1H, m), 3.58 (1H, dd, J = 11.5, 9.8 Hz), 3.96 (1H, dd,
J=11.5, 8.1 Hz), 4.71 (1H, dd, J = 9.3, 7.3 Hz), 7.23-7.48 (TH, m), 7.54 (2H, d, J =
8.2 Hz). 13C NMR (126 MHz, CDCls) anti 6 21.6, 34.8, 40.9 (q, Jcr = 29 Hz), 47.7,
62.6, 125.9, 126.1 (q, Jcr = 275 Hz), 127.5, 127.7, 128.6, 129.7, 134.2, 141.1, 143.9.
19F NMR (471 MHz, CDCls) anti dr 91.1 (3F, d, Jru = 8 Hz,). syn or 91.3 3F, d,
Jrun = 8 Hz). IR (neat) 3030, 2983, 2881, 1452, 1400, 1348, 1157, 1120 cm™..  Anal.
Caled for C1sH1sNF502S: C, 58.52; H, 4.91; N, 3.79. Found: C, 58.43; H, 5.00; N, 3.59.
mp. 90-91 C.

2-(p-Bromophenyl)-1-tosyl-4-trifluoromethylpyrrolidine (2-30b)
Compound 2-30b was prepared by the method described for 2-30a using
N-(1-(p-bromophenyl)-3-trifluoromethyl-3-butenyl)- p-tolueneslfonamide 2-21b (207
mg, 0.462 mmol), KOH powder (129 mg, 2.3 mmol) in ethyleneglycol (6 mL) at
130 °C for 20 h. Purification by column chromatography on silica gel
(hexane—AcOEt 5:1) gave 2-30b (anti, 146 mg, 70%; syn, 13 mg, 6%) as a colorless
crystal.

anti—2-30b: '"H NMR (500 MHz, CDCls) 6 2.01 (1H, ddd, J =12.9, 7.2, 3.3 Hz), 2.08
(1H, ddd, J=12.9, 9.9, 8.2 Hz), 2.45 (3H, s), 2.92 (1H, m), 3.47 (1H, dd, J= 10.6, 8.6
Hz), 3.85 (1H, dd, J=10.6, 8.2 Hz), 4.83 (1H, dd, J= 8.2, 3.3 Hz), 7.17 (2H, d, J= 8.5
Hz), 7.33 (2H, d, J = 8.1 Hz), 7.45 (2H, d, J =8.5 Hz), 7.65 (2H, d, J = 8.1 Hz). 13C
NMR (126 MHz, CDCls) § 21.6, 34.8 (q, Jcr = 2 Hz), 40.8 (q, Jor = 29 Hz), 47.8 (q, Jcr
=3 Hz), 62.1, 121.6, 126.0 (q, Jcr = 276 Hz), 127.5, 127.7, 129.8, 131.7, 134.0, 140.2,
144.1. F NMR (471 MHz, CDCls) 8r 91.1 (3F, d, Jru = 8 Hz).IR (neat) 3030, 2910,
1489, 1400, 1350, 1163, 1122, 914 cm'l. Anal. Calced for CisH17NBrFs02S: C, 48.23;
H, 3.82; N, 3.12. Found: C, 48.04; H, 3.84; N, 2.87. mp. 119-120 C.
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syn—2-30b : 'H NMR (500 MHz, CDCls) 6 1.99 (1H, ddd, J = 13.3, 11.0, 9.4 Hz), 2.44
(3H, s), 2.52 (1H, ddd, J=13.3, 7.5, 7.5 H 2), 2.64 (1H, m), 3.58 (1H, dd, J = 11.5, 9.7
Hz), 3.94 (1H, dd, J = 11.5, 8.2 Hz), 4.65 (1H, dd, J=9.4, 7.5 Hz), 7.14 (2H, d, J= 8.4
Hz), 7.27 (2H, d, J = 8.0 Hz), 7.40 (2H, d, J =8.4 Hz), 7.54 (2H, d, J= 8.0 Hz). 13C
NMR (126 MHz, CDCls)  21.6, 36.2, 41.6 (q, Jcr = 30 Hz), 48.5 (q, Jcr = 3 Hz), 63.0,
121.7, 125.6 (q, Jor = 276 Hz), 127.4, 128.2, 129.8, 131.6, 134.6, 139.7, 144.1. °F
NMR (471 MHz, CDCls) &r 91.2 (3F, d, Jra = 8 Hz). IR (neat) 2960, 2910, 1489,
1404, 1360, 1271, 1161, 912 cm'™.

Anal. Caled for CisH17NBrF30:S; C, 48.23; H, 3.82; N, 3.12. Found: C, 48.30; H,
3.90; N, 2.90.

4-Trifluoromethyl-(2,4-dimethoxyphenyl)-1-tosylpyrrolidine (2-30c)
Compound 2-30c was prepared by the method described for 2-30a using
N-[1-(2,4-dimethoxyphenyl)-3-trifluoromethyl-3-butenyll-p-tolueneslfonamide 2-21¢
(88 mg, 0.21 mmol), KOH powder (15 mg, 0.27 mmol) in ethyleneglycol (3 mL) at
130 °C for 20 h. Purification by column chromatography on silica gel
(hexane—AcOEt 4:1) gave 2-30c (antiisyn = 90 : 10 mixture, 65 mg, 74%) as a
colorless oil.

'H NMR (500 MHz, CDCls) anti 6 1.89-2.01 (2H, m), 2.44 (3H, s), 2.90 (1H, m), 3.42
(1H, dd, J=9.8, 9.8 Hz), 3.75 (3H, s), 3.80 (3H, s), 3.84 (1H, dd, J=9.8, 9.8 Hz), 5.11
(1H, d, J= 8.0 Hz), 6.40 (1H, s), 6.45 (1H, d, J= 8.4Hz), 7.26 (1H, d, J= 8.4 Hz), 7.31
(2H, d, J= 8.0 Hz), 7.84 (2H, d, J = 8.0 Hz). syn § 2.08 (2H, m), 2.41 (3H, s), 2.46
(1H, m), 3.55 (1H, dd, J= 9.9, 9.9 Hz), 3.62 (3H, s), 3.80 (3H, s), 3.95 (1H, dd, J= 9.9,
9.9 Hz), 4.86 (1H, dd, J= 7.6, 7.6 Hz), 6.28 (1H, s), 6.44-6.46 (1H, m), 7.15-7.18 (1H,
m), 7.22 (2H, d, J = 8.1 Hz), 7.49 (2H, d, J = 8.1 Hz). 13C NMR (126 MHz, CDCls)
anti § 21.5, 33.3, 41.0 (q, Jor = 29 Hz), 47.8, 55.1, 55.3, 59.8, 98.6, 103.5, 121.8,
126.2 (q, Jcr = 256 Hz), 127.4, 127.8, 129.6, 134.4, 143.6, 156.6, 160.5. 19F NMR
(471 MHz, CDCls) anti 6r 91.3 (3F, d, Jru = 8 Hz,). syn or 91.4 (3F, d, Jru = 8 Hz).
IR (neat) 3001. 2958, 2839, 1614, 1589, 1506, 1340, 1161, 1034 cml. HRMS: Calcd
for C20H2sNF304S (M*) 430.1301, found 430.1284.

2-(2-Furyl)-4-trifluoromethyl-1-tosylpyrrolidine (2-30d)
Compound 2-30d was prepared by the method described for 2-30a using

N-[1-(2-furyl)-3-trifluoromethyl-but-3-enyll-p-tolueneslfonamide 2-21d (155 mg,
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0.431 mmol), KOH powder (124 mg, 2.2 mmol) in ethyleneglycol (7 mL) at 120 °C for
10 h. Purification by column chromatography on silica gel (hexane—-AcOEt 4:1)
gave 2-30d (anti‘syn = 83:17 mixture, 107 mg, 69%) as a colorless oil.

'H NMR (500 MHz, CDCls) anti § 2.10 (1H, ddd, J = 12.6, 10.8, 8.2 Hz), 2.20 (1H,
ddd, J=12.6, 7.2, 1.9 Hz), 2.41 (3H, s), 3.27 (1H, m), 3.52 (1H, dd, J = 10.0, 8.4 Hz),
3.67 (1H, dd, J=10.0, 8.8 Hz), 5.05 (1H, d, J = 8.2 Hz), 6.28 (1H, dd, J =3.2, 1.9 Hz),
6.30 (1H, dm, J=3.2 Hz), 7.20 (1H, dd, J= 1.9, 0.9 Hz), 7.26 (2H, d, J = 8.3 Hz), 7.53
(2H, d, J=8.3 Hz). syn § 2.30 (1H, m), 2.41 (3H, s), 2.45 (1H, m), 2.76 (1H, m),
3.45 (1H, dd, J=10.5, 10.5 Hz), 3.94 (1H, dd, J = 10.5, 7.9 Hz), 4.96 (1H, dd, J = 8.0,
8.0 Hz), 6.27 (1H, dd, J = 3.2, 1.8 Hz), 6.31 (1H, dm, J = 3.2 Hz), 7.21 (1H, m), 7.26
(2H, d, J = 8.3 Hz), 7.50 (2H, d, J = 8.3 Hz). 13C NMR (126 MHz, CDCls) anti §
21.5, 31.5 (q, Jcr = 2 Hz), 41.7 (q, Jer = 29 Hz), 46.7 (q, Jcr = 3 Hz), 56.2, 108.1, 110.2,
126.2 (q, Jor = 275 Hz), 127.2, 129.6, 134.6, 142.2, 143.6, 152.9. 1°F NMR (471 MHz,
CDCls) anti 6r 90.9 (3F, d, Jru =8 Hz). syn dr 91.5 (3F, d, Jru = 8 Hz). IR (neat)
2958, 2925, 1598, 1348, 1271, 1159, 1120, 1011, 912 cml. Anal. Calcd for
C16H16NF50sS; C, 53.48; H, 4.49; N, 3.90. Found: C, 53.52; H, 4.65; N, 3.72.

4-Trifluoromethyl-2-styryl-1-tosylpyrrolidine (2-30e)

Compound 2-30e was prepared by the method described for 2-30a using
N-[1-styryl-3-trifluoromethyl-3-butenyll- p-tolueneslfonamide 2-21e (65 mg, 0.16
mmol), KOH powder (12 mg, 0.21 mmol) in ethyleneglycol (3 mL) at 130 °C for 20 h.
Purification by column chromatography on silica gel (hexane—AcOEt 4:1) gave 2-30e
(anti:syn =78 22 mixture, 17 mg, 27%) as a colorless oil.

'H NMR (500 MHz, CDCl3) anti 6 1.91-1.97 (2H, m), 2.42 (3H, s), 3.00 (1H, m), 3.42
(1H, dd, J=10.5, 8.3 Hz), 3.74 (1H, dd, J = 10.5, 8.5 Hz), 4.44 (1H, ddd, J = 8.5, 8.3,
6.3 Hz), 6.00 (1H, dd, J = 15.7, 6.4 Hz), 6.57 (1H, d, J = 15.7 Hz), 7.18-7.32 (7TH, m),
7.71 (2H, d, J = 8.3 Hz). syn § 1.91-1.97 (1H, m), 2.32 (1H,m), 2.39 (3H, s), 2.69
(1H, m), 3.49 (1H, dd, J=11.2, 8.9 Hz), 3.81 (1H, dd, J= 11.2, 8.5 Hz), 4.28 (1H, ddd,
J = 8.9, 85, 8.0 Hz), 5.96 (1H, dd, J = 15.8, 8.0 Hz), 6.57 (1H, d, J = 15.8 Hz),
7.18-7.32 (TH, m), 7.68 (2H, d, J = 8.3 Haz).

4-Trifluoromethyl-2-hexyl-1-tosylpyrrolidine (2-30f)
Compound 2-30f was prepared by the method described for 2-30a using

N-(1-hexyl-3-trifluoromethyl-3-butenyl)-p-tolueneslfonamide 2-21f (82 mg, 0.22
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mmol), KOH powder (61 mg, 1.08 mmol) in ethyleneglycol (3 mL) and THF (0.3 mL)
at 130 °C for 20 h. Purification by column chromatography on silica gel
(hexane—AcOEt 4:1) gave 2-30f (anti:syn = 77:23 mixture, 56 mg, 67%) as a colorless
oil.

'H NMR (500 MHz, CDCls) anti 6 0.89 (3H, t, J = 7.0 Hz), 1.25-1.53 (9H, m), 1.64
(1H, m), 1.75-1.83 (2H, m), 2.41 (3H, s), 2.95 (1H, m), 3.24 (1H, dd, J=10.5, 9.1 Hz),
3.65 (1H, dd, J=10.5, 8.3Hz), 3.70-3.78 (1H, m), 7.33 (2H, d, J = 8.0 Hz), 7.71 (2H, d,
J=8.0Hz). synd0.89 (BH, t, J= 7.0 Hz), 1.25-1.53 (9H, m), 1.64 (1H, m), 1.91
(1H, m), 2.12 (1H, ddd, J=12.8, 8.1, 8.1 Hz), 2.28 (1H, m), 2.45 (3H, s), 3.31 (1H, dd,
J=10.5, 8.8 Hz), 3.70-3.78 (2H, m), 7.34 (2H, d, J= 8.0 Hz), 7.72 (2H, d, J = 8.0 Hz).
13C NMR (126 MHz, CDCls) anti § 14.0, 21.4, 22.5, 25.8, 29.0, 30.0, 31.7, 35.8, 41.1
(q, Jor = 29 Hz), 47.2 (q, Jor = 2 Hz), 60.1, 126.2 (q, Jor = 276 Hz), 127.4, 129.7, 134.0,
143.7. F NMR (471 MHz CDCls) anti 6r 90.9 (3F, d, Jru = 8 Hz). syn &r 91.5
(8F, d, Jru = 8 Hz). IR (neat) 3020, 2956, 2929, 2858, 1456, 1402, 1348, 1273, 1163,
914 cml. Anal. Caled for CisH26NF302S; C, 57.27; H, 6.94; N, 3.71. Found: C,
57.32; H, 6.99; N, 3.53.

4-Trifluoromethyl-2-(tetrahydro-pyran-2-yloxymethyl)-1-tosylpyrrolidi
ne (2-30g)

Compound 2-30g was prepared by the method described for 2-30a using
N-[1-(tetrahydro-pyran-2-yloxymethyl)-3-trifluoromethyl-3-butenyll- p-tolueneslfon
amide 2-21g (165 mg, 0.42 mmol), KOH powder (117 mg, 2.09 mmol) in
ethyleneglycol (5 mL) and THF (0.5 mL) at 130 °C for 20 h. Purification by column
chromatography on silica gel (hexane—AcOEt 4:1) gave 2-30g (42:29:18:11 mixture,
110 mg, 67%) as a colorless oil.

19F NMR (471 MHz, CDCls) 8r 90.6 (3F, d, Jru = 8 Hz), 90.9 (3F, d, Jru = 9 Hz), 91.6
(3F, d, Jru = 9 Hz), 91.7 (3F, d, Jrn = 8 Hz).

4-Trifluoromethyl-2-hydroxymethyl-1-tosylpyrrolidine (2-30i)

2-30g (44 mg, 0.112 mmol) in THF (1 mL), H2O (0.5 ml) and CHsCOzH (2 ml) was
stirred at 40 °C for 40 h. And then aq. NaOH (1N) was added to quench the
reaction. Organic materials were extracted with Et20 (3 x 20 mL). The combined
extracts were washed with brine, and dried over MgSO4. After removal of the

solvent under reduced pressure, the residue was purified by column
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chromatography on silica gel (hexane—AcOEt 2:1) to give 2-30i (antisyn = 70:30
mixture , 30 mg, 84%) as a colorless crystal.

'H NMR (500 MHz, CDCls) anti § 1.79 (1H, ddd, J=13.1, 9.1, 9.1 Hz), 2.07 (1H, ddd,
J=13.1, 7.6, 3.4 Hz), 2.46 (3H, s), 2.51 (1H, brs), 3.09 (1H, m), 3.22 (1H, dd, J= 10.3,
8.6 Hz), 3.62-3.72 (2H, m), 3.77 (1H, dd, J = 10.3, 8.0 Hz), 3.82-3.88 (1H, m), 7.36
(2H, d, J=8.0 Hz), 7.73 2H, d, J=8.0 Hz). syn 1.92 (1H, ddd, J=13.1, 11.1, 8.7
Hz), 2.10 (1H, m), 2.26 (1H, m), 2.46 (3H, s), 2.77 (1H, brs), 3.44 (1H, dd J = 12.1,
10.1 Hz), 3.62-3.72 (3H, m), 3.82-3.88 (1H, m), 7.38 (2H, d, J=8.0 Hz), 7.74 (2H, d, J
=8.0 Hz). 13C NMR (126 MHz, CDCls) anti § 21.5, 28.7, 41.1 (q, Jor = 29 Hz), 48.6
(q, Jer = 3 Hz), 60.9, 65.3, 126.1 (q, Jcr = 276 Hz), 127.6, 129.9, 133.0, 144.3. syn
21.5, 28.5, 41.1 (q, Jcr = 29 Hz), 48.8 (q, Jcr = 3 Hz), 61.8, 64.6, 125.6 (q, Jor = 275
Hz), 127.5, 130.2, 133.8, 144.5. 19F NMR (471 MHz, CDCls) anti dr 90.5 (3F, d, Jru
=8 Hz,). syndr91.3 (3F, d, Jru = 8 Hz). IR (neat) 3521. 2956, 2929, 2883, 1599,
1342, 1271, 1159, 1132 cm’l. HRMS: Calcd for C13H17NF303S (M*) 324.0882, found
324.0901.

2-5

2—5—2

4-Trifluoromethyl-1-tosylproline (2-52)

To a suspention of NalO4 (518 mg, 2.42 mmol) in CHsCN (1 mL) and H20 (1.5 mL)
was added a solution of 2-30 (82 mg, 0.23 mmol) in CCls (1 mL) and then RuCls* H20
(1.1 mg, 0.0053 mmol). The reaction mixture was stirred for 4 h at room
temperature, and then water was added to quench the reaction. Organic materials
were extracted with Et20 (15 mL x 3). The combined extracts were extracted with
aq. NaOH (1N, 15 mL x 3). The aqueous layer was brought to pH 3.0 with aq. HCI
(6N) and extracted with Et2O (30 mL x 3). After removal of the solvent under
reduced pressure, 11 (antisyn = 85:15 mixture, 68 mg, 89 %) was obtained as a
colorless crystal.

'H NMR (500 MHz, CDCls) anti § 2.13 (1H, ddd, J=13.4, 9.2, 9.2 Hz), 2.34 (1H, ddd,
J=13.4, 7.0, 2.7 Hz), 2.46 (3H, s), 3.15 (1H, m), 3.37 (1H, dd, J = 9.9, 8.3 Hz), 3.78
(1H, dd, J=9.9, 8.3 Hz), 4.41 (1H, dd, J = 9.2, 2.7 Hz), 7.37 (2H, d, J = 8.4 Hz), 7.76
(2H, d, J=8.4 Hz), 8.04 (1H, brs). syn § 2.27 (1H, ddd, J=13.5, 8.9, 7.4 Hz), 2.46
(3H, s), 2.51 (1H, ddd, J=13.5, 8.2, 8.2 Hz), 2.70 (1H, m), 3.45 (1H, dd, J= 11.3, 10.4
Hz), 3.77 (1H, m), 4.47 (1H, dd, J= 8.2, 7.4 Hz), 7.37 (2H, d, J= 8.4 Hz), 7.79 (2H, d,
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J=8.4 Hz), 8.04 (1H, br s). 13C NMR (126 MHz, CDCls) anti § 21.6, 30.0, 41.6 (q,
Jor = 30 Hz), 47.1, 59.9, 125.7 (q, Jor = 276 Hz), 127.5, 130.0, 133.8, 144.5, 175.8.
YF NMR (471 MHz, CDCls) anti 6r 90.9 (3F, d, Jru = 8 Hz). syn 8r 91.5 (3F, d, Jru
=8 Hz). IR (neat) 3238, 2956, 2926, 1732, 1401, 1350, 1271, 1161, 1128, 1039 cm™..
Anal. Caled for Ci1sH14NF304S; C, 46.29; H, 4.18; N, 4.15. Found: C, 46.38; H, 4.25; N,
3.89. mp. 121-122 C.

2—-—5—3

4-Difluoromethyl-2-(2-furyl)-1-tosylpyrrolidine (2-53)

To a solution of 2-24d (96 mg, 0.28 mmol) in EtOH (3 mL) was added Pd/C (5%, 30
mg, 0.014 mmol) under argon. The mixture was stirred under Hs (1 atm) at room
temperature for 30 min. The mixture was filtered through a pad of Celite. After
removal of the solvent under reduced pressure, the residue was purified by column
chromatography on silica gel (hexane—AcOEt 2:1) to give 2-53 (anti:syn = 38:62
mixture, 78 mg, 81%) as a colorless oil.

'H NMR (500 MHz, CDCls) anti § 1.97 (1H, ddd, J = 12.8, 10.6, 8.5 Hz), 2.15 (1H,
m), 2.42 (3H, s), 2.99 (1H, m), 3.41 (1H, dd, J=9.7, 9.7 Hz), 3.60 (1H, dd, J=9.7, 7.9
Hz), 5.03 (1H, dd, J=8.2, 1.4 Hz), 5.76 (1H, td, Jur =56.1 Hz, J = 4.8 Hz), 6.28 (1H,
d, J =3.1 Hz), 6.28 (1H, d, J= 3.1 Hz), 7.20 (1H, dd, J= 1.4, 1.4 Hz), 7.24 2H, d, J =
8.1 Hz), 7.53 (2H, d, J = 8.1 Hz). syn § 2.15 (1H, m), 2.32 (1H, ddd, J = 13.4, 8.3,
8.3 Hz), 2.42 (3H, s), 2.55 (1H, m), 3.43 (1H, dd, J = 10.5, 9.7 Hz), 3.76 (1H, dd, J =
10.5, 7.6 Hz), 4.90 (1H, dd, J = 8.3, 6.1 Hz), 5.76 (1H, td, Jur = 56.4 Hz, J = 6.2 Hz),
6.28 (1H, d, J =3.1 Hz), 6.32 (1H, d, J = 3.1 Hz), 7.22 (1H, m), 7.24 (2H, d, J = 7.9
Hz), 7.563 (2H, d, J= 7.9 Hz). 13C NMR (126 MHz, CDCls) anti 6 21.4, 31.5 (t, Jcr =
4 Hz), 41.6 (t, Jor = 22 Hz), 46.8 (t, Jor = 6 Hz), 56.3, 107.8, 110.2, 116.4 (t, Jcr = 240
Hz), 127.2, 129.5, 134.8, 142.1, 143.4, 153.3. syn d21.4, 31.5 (t, Jor = 4 Hz), 41.8 (¢,
Jor = 22 Hz), 47.9 (dd, Jor = 8, 4 Hz), 56.1, 108.4, 110.3, 116.4 (t, Jor = 240 Hz), 127.2,
129.6, 135.0, 142.3, 143.5, 152.6. 9F NMR (471 MHz, CDCls) anti &r 41.8 (2F, dd,
Jvu = 56, 12 Hz). syn or 41.7 (1F, ddd, Jvr = 286 Hz , Jru = 56, 11 Hz), 43.0 (1F,
ddd, Jrr = 286 Hz , Jru = 56, 12 Hz). IR (neat) 2951, 2882, 1599, 1346, 1161, 1090,
913 cm™.

4-Difluoromethylene-2-hydroxymethyl-1-tosylpyrrolidine (2-24h)
Compound 2-24h was prepared by the method described for 2-30i using 2-24g (215
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mg, 0.56 mmol) in THF (2 mL), AcOH (4 ml) and H20 (1 ml) at 40 °C for 24 h.
Purification by column chromatography on silica gel (hexane—AcOEt 4:1) gave 2-24h
(151 mg, 90%) as a colorless oil.

'H NMR (500 MHz, CDCls) § 2.27 (1H, m), 2.39 (1H, d, J = 14.5 Hz), 2.45 (3H, s),
2.52 (1H, brs), 3.65(1H, dd, J= 11.5, 5.8 Hz), 3.70 (1H, dd, J= 11.5, 4.7 Hz), 3.82 (1H,
m), 3.96 (1H, d, J = 14.1 Hz), 4.08 (1H, d, J = 14.1 Hz), 7.35 (2H, d, J= 7.9 Hz), 7.73
(2H, d, J=17.9 Hz). 13C NMR (126 MHz, CDCly) § 21.5, 27.5, 47.5 (d, Jcr = 3 Hz),
61.8, 64.4, 84.9 (dd, Jer = 23, 23 Hz), 127.5, 130.0, 133.7, 144.3, 149.9 (dd, Jor = 283
Hz). F NMR (471 MHz, CDCl) 6r 71.7 (1F, ddd, Jrr = 54 Hz , Jru = 3, 3 Hz), 74.4
(1F, dd, Jwr = 54 Hz , Jru = 1 Hz). IR (neat) 3529, 2954, 2924, 2854, 1782, 1344,
1271 cm’. HRMS: Caled for Ci1sH16NF203S (M*) 304.0820, found 304.0828.

2-(t-Butyl-dimethyl-silanyloxymethyl)-4-difluoromethylene-1-tosylpyrr

olidine (2-24i)

To a solution of 2-24i (81 mg, 0.268 mmol) in CH2Cl: (3 mL) at 25 °C was added
t-BuMe2SiCl (61 mg, 0.41 mmol), NEts (54.2 mg, 0.54 mmol), and DMAP (10 mg)
under argon. The reaction mixture was stirred at room temperature for 3 h. The
reaction was quenched with water (10 mL) and organic material were extracted
with AcOEt (3 x 15 ml). The combined extracts were washed with brine, and dried
over NazS0O4. After removal of the solvent under reduced pressure, the residue was
purified by column chromatography on sillica gel (hexane—AcOEt 10:1) to give 2-24i
(105 mg, 94%) as a colorless oil.

'H NMR (500 MHz, CDCIs) 8 0.43 (3H, s), 0.51 (3H, s), 0.86 (9H, s), 2.18 (1H, m),
2.44 (3H, ), 2.49 (1H, d, J= 15.3 Hz), 3.55 (1H, dd, J=10.1, 7.1 Hz), 3.74 (1H, dd J
=10.1, 3.6 Hz), 3.92-3.98 (2H, m), 4.01 (1H, d, J=13.7 Hz), 7.32 (2H, d, J = 8.2 Hz),
7.71 (2H, d, J= 8.2 Hz).

anti-4-Difluoromethyl-2-hydroxymethyl-1-tosylpyrrolidine (2-56h)

To a solution of 2-24h (57.7 mg, 0.19 mmol) in CH2Cl: (3 mL) was added Pd/C (5%,
20 mg, 0.0095 mmol) under argon. The mixture was stirred under Hs (1 atm) at
room temperature for 48 hour. The mixture was filtered through a pad of Celite.
After removal of the solvent under reduced pressure, the residue was purified by
column chromatography on silica gel (hexane—AcOEt 2:1) to give 2-53 (anti:syn =

83:17 mixture, 29 mg, 50%) as a colorless oil.
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H NMR (500 MHz, CDCls) 6 1.67 (1H, ddd, J=12.9, 8.8, 8.8 Hz), 2.04 (1H, m), 2.46
(3H, s), 2.71 (1H, brs), 2.77 (1H, m), 3.16 (1H, dd, J=10.1, 8.2 Hz), 3.61-3.73 (3H, m),
3.80 (1H, dd, J=10.9, 2.9 Hz), 5.38 (1H, td, Jur =56.1 Hz, J =4.8 Hz), 7.37 (2H, d, J
=8.0 Hz), 7.74 2H, d, J= 8.0 Hz). 13C NMR (126 MHz, CDCls) 6 21.4, 28.5, 41.0 (t,
Jor = 22 Hz), 48.5 (t, Jor = 4 Hz), 61.0, 65.2, 116.1 (t, Jor = 240 Hz), 127.6, 129.9,
133.3, 144.2. 1°F NMR (471 MHz, CDCls) r 40.5 (1F, ddd, Jrr = 285 Hz , Jru = 56,
14 Hz), 41.4 (1F, ddd, Jer = 285 Hz , Jru = 56, 12 Hz). IR (neat) 3516, 2956, 2887,
1597, 1339, 1159, 1090, 1030 cm’. HRMS: Calcd for C1sH1sNF20sS (M*) 306.0977,
found 306.0978.

2-(t-Butyl-dimethyl-silanyloxymethyl)-4-difluoromethyl-1-tosylpyrrolid
ine (2-56i)

Compound 2-56i was prepared by the method described for 2-53 using 2-24i (75 mg,
0.18 mmol) and 5% Pd/C (18.9 mg, 0.009 mmol) in EtOH (3 mL) at 25 °C for 1 h.
Purification by column chromatography on silica gel (hexane—AcOEt 5:1) gave 2-56i
(anti: syn=11:89, 73 mg, 98%) as a colorless oil.

'H NMR (500 MHz, CDCls) anti  0.08 (6H, s), 0.89 (9H, s), 2.02-2.12 (2H, m), 2.44
(3H, s), 2.83 (1H, m), 3.11 (1H, dd, J = 9.7, 8.6 Hz), 3.66 (1H, dd, J = 9.7, 6.5 Hz),
3.72-3.79 (3H, m), 5.43 (1H, dd, Jur = 57.8Hz, Jun = 5.2 Hz), 7.34 (2H, d, J = 8.4 H2),
7.72 (2H, d, J=8.4 Hz). syn 0.08 (6H, s), 0.89 (9H, s), 1.92 (1H, ddd, J= 13.4, 8.6,
6.1 Hz), 2.00 (1H, ddd, J = 13.4, 8.0, 8.0 Hz), 2.08 (1H, m), 2.44 (s, 3H), 3.30 (1H, dd,
J=11.7,8.6 Hz), 3.56 (1H, dd, J=11.7, 7.5 Hz), 3.72-3.79 (2H, dd, J= 9.9, 3.0 Hz),
5.69 (1H, dd, Jur = 56.3 Hz, Jun = 5.6 Hz), 7.34 (2H, d, J= 8.4 Hz), 7.72 2H, d, J =
8.4 Hz).

syn-4-Difluoromethyl-2-hydroxymethyl-1-tosylpyrrolidine (2-56h)

To a solution of 2-57i (anti: syn =11 : 89, 86 mg, 0.204 mmol) in THF (3 mL) at 25 °C
was added TBAF (1M solution in THF, 0.25 ml, 0.25 mmol) under argon. The
reaction mixture was stirred at room temperature for 1 h. The reaction was
quenched with water (10 mL) and organic material were extracted with AcOEt (3 x
15 ml). The combined extracts were washed with brine, and dried over Na2SOs.
After removal of the solvent under reduced pressure, the residue was purified by
column chromatography on sillica gel (hexane—AcOEt 10:1) to give 2-56h (anti: syn
=11:89, 56 mg, 90%) as a colorless oil.
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'H NMR (500 MHz, CDCls) 6 1.80 (1H, m), 1.93-2.12 (2H, m), 2.46 (3H, s), 2.89 (1H,
brs), 3.39 (1H, dd, J=11.8, 8.6 Hz), 3.58 (1H, dd, J=11.8, 7.8 Hz), 3.61-3.73 (2H, m),
3.87 (1H, d, J=10.5 Hz), 5.69 (1H, td, Jur =56.2 Hz, J =5.4 Hz), 7.37 (2H, d, J= 8.0
Hz), 7.74 (2H, d, J=8.0 Hz). 13C NMR (126 MHz, CDCls) 8 21.5, 28.7, 41.0 (t, Jcr =
22 Hz), 49.2 (t, Jor = 4 Hz), 61.8, 64.8, 116.2 (t, Jcr = 240 Hz), 127.5, 130.1, 133.6,
144.3. F NMR (471 MHz, CDCls) 6r41.7 (1F, ddd, Jrr = 286 Hz , Jru = 56, 11 Hz),
42.7 (1F, ddd, Jrr = 286 Hz , Jru = 56, 12 Hz). IR (neat) 3516, 2956, 2887, 1597,
1339, 1159, 1090, 1030 cmt. HRMS: Calcd for C1sH1sNF203S (M*) 306.0977, found
306.0978.

4-Difluoromethyl-1-tosylproline (2-55)

To a solution of 2-56h (anti:syn = 11:89 mixture, 54 mg, 0.18 mmol) in acetone (2
mL) was added a solution of aq. NaHCOS3 (15%solution, 0.6 ml), NaBr (4 mg, 0.03
mmol) , TEMPO (0.56 mg, 0.0036 mmol), and then trichloroisocyanuricacid (82.2 mg,
0.035 mmol). The reaction mixture was stirred for 3 h at room temperature, and
then water was added to quench the reaction. Organic materials were extracted
with Et20 (15 mL x 3). The combined extracts were extracted with aq. NaOH (1N,
15 mL x 3). The aqueous layer was brought to pH 3.0 with aq. HCI (6N) and
extracted with Et20 (30 mL x 3). After removal of the solvent under reduced
pressure, 2-55 (anti:syn = 11:89 mixture, 57 mg, 100 %) was obtained as a colorless
crystal.

H NMR (500 MHz, CDCls) anti § 1.98 (1H, ddd, J=13.3, 9.5, 9.5 Hz), 2.30 (1H, ddd,
J=13.3, 6.8, 2.8 Hz), 2.46 (3H, s), 2.86 (1H, m), 3.29 (1H, dd, J = 10.0, 8.2 Hz), 3.69
(1H, dd, J=10.0, 8.0 Hz), 4.38 (1H, dd, J= 8.9, 2.7 Hz), 5.60 (1H, td, Jur =55.3 Hz, J
=4.4 Hz), 7.37 2H, d, J= 8.5 Hz), 7.76 (2H, d, J= 8.5 Hz), 8.20 (1H, br s). syn d
2.19 (1H, ddd, J = 13.5, 6.4, 6.4 Hz), 2.35 (1H, ddd, J = 13.5, 8.8, 8.8 Hz), 2.45 (1H,
m), 2.46 (3H, s), 3.47 (1H, dd, J = 11.1, 6.5 Hz), 3.54 (1H, dd, J= 11.1, 7.6 Hz), 4.32
(1H, dd, J=9.1, 5.8 Hz), 5.79 (1H, td, Jur =56.1 Hz, J =6.0 Hz), 7.38 (2H, d, J = 8.0
Hz), 7.78 (2H, d, J= 8.0 Hz), 8.20 (1H, br s).

13C NMR (126 MHz, CDCls) anti § 21.8, 30.2 (t, Jor = 3 Hz), 41.7 (¢, Jor = 22 Hz),
47.4 (t, Jor = 5 Hz), 60.2, 115.8 (t, Jcr = 241 Hz), 127.7, 130.2, 134.3, 144.6, 176.2.
syn § 21.8, 30.4 (t, Jcr = 3 Hz), 42.3 (t, Jer = 22 Hz), 48.3 (t, Jor = 4 Hz), 60.0, 116.1
(t, Jor = 240 Hz), 127.9, 130.3, 133.9, 144.8, 176.3.  9F NMR (471 MHz, CDCls)
anti dr 40.2 (1F, ddd, Jrr = 287 Hz , Jru = 55, 13 Hz), 41.0 (1F, ddd, Jrr = 287 Hz ,
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Jvu = 55, 11 Hz). syn or 40.9 (1F, ddd, Jvr = 287 Hz , Jru = 56, 11 Hz), 42.3 (1F,
ddd, Jrr =287 Hz , Jru =56, 13 Hz). IR (neat) 3546, 3220, 2964, 1733, 1340, 1219,
1161, 1035 ecmt. Anal. Caled for CisHisNF204S; C, 48.90; H, 4.73; N, 4.39. Found:
C, 48.99; H, 4.85; N, 4.12.

2—-—5—4.

4-Difluoromethylene-1-tosylproline (2-57)

Compound 2-57 was prepared by the method described for 2-55 using 2-24a (77 mg,
0.25 mmol) , a solution of aq. NaHCOs (15%solution, 0.9 ml), NaBr (5 mg, 0.05
mmol) , TEMPO (0.79 mg, 0.005 mmol), and then trichloroisocyanuricacid (117.6 mg,
0.5 mmol) in acetone (3 mL) at 25 °C for 3 h. Purification by extraction gave 2-57
(76 mg, 94%) as a colorless crystal.

'H NMR (500 MHz, CDCls) § 2.44 (3H, s), 2.59 (1H, m), 2.78 (1H, d, J = 15.1 Hz),
4.04 (1H, d, J = 13.2 Hz), 4.09 (1H, d, J = 13.2 Hz), 4.51 (1H, dm, J = 8.7 Hz), 5.40
(1H, brs), 7.34 (2H, d, J = 8.0 Hz), 7.74 (2H, d, J = 8.0 Hz). HRMS: Calcd for
C13H1sNF204S (M*) 318.0613, found 318.0601.

2—6.

2—6—1.

S TS RN 2 AT 2 AE7 UL T X K 2-59a, b, 2-60 (X, AFwiZiiidk L7+
LT LT,

Thioacetic acid S-(1-phenyl-3-trifluoromethyl-but-3-enyl) ester (2-59a)
'H NMR (500 MHz, CDCIs) § 2.30 (3H, s), 2.82 (1H, dd, J = 15.8, 8.7 Hz), 2.87 (1H,
dd, J = 15.8, 7.2 Hz), 4.81 (1H, dd, J = 8.7, 7.2 Hz), 5.21 (1H, s), 5.66 (1H, s),
7.23-7.33 (5H, m). 13C NMR (126 MHz, CDCls) & 30.3, 35.7, 45.8, 120.9 (q, Jcr = 6
Hz), 123.4 (q, Jcr = 272 Hz), 127.7, 127.7, 128.7, 134.6 (q, Jcr = 30 Hz), 140.0, 194.0.
19F NMR (471 MHz, CDCls) 6r 93.4 (3F, s). IR (neat) 3064, 3032, 2929, 1693, 1217,
1169, 1124 ecmt. Anal. Caled for CisH13F30S; C, 56.92; H, 4.78; N, 0.00. Found: C,
56.89; H, 4.90; N, 0.00.

Thioacetic acid S-(1-n-hexyl-3-trifluoromethyl-but-3-enyl) ester (2-59b)

1H NMR (270 MHz, CDCls)  0.87 (3H, t, J=6.5 Hz), 1.27-1.75 (10H, m), 2.32 (3H, s),
2.47 (2H, d, J= 7.6 Hz), 3.70 (1H, m), 5.41 (1H, s), 5.78 (1H, s).
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1-Phenyl-3-trifluoromethyl-but-3-ene-1-thiol (2-60)

IH NMR (500 MHz, CDCls) § 2.06 (1H, d, J= 4.8 Hz), 2.79 (1H, ddd, J=15.2, 7.9, 1.0
Hz), 2.89 (1H, ddd, J = 15.2, 7.4, 1.0 Hz), 4.81 (1H, ddd, J = 7.9, 7.4, 4.8 Hz), 5.27
(1H, dddd, J=1.0, 1.0, 1.0 Hz), 5.71 (1H, d, J = 1.0 Hz), 7.24-7.35 (5H, m).

2—-—6—2.

4-Difluoromethylene-2-phenyl-tetrahydro-thiophene (2-61a)

2-59a (80 mg, 0.29 mmol) in DMF (3 mL) at 0 °C was added NaOMe (19.2 mg, 0.355
mmol) under argon. After the reaction mixture was stirred at 100 °C for 10 h,
phosphate buffer (pH 7) was added to quench the reaction. Organic materials were
extracted with AcOEt (3 x 20 mL). The combined extracts were washed with water
and brine, and dried over Na2SO4. After removal of the solvent under reduced
pressure, the residue was purified by column chromatography on silica gel
(hexane—AcOEt 5:1) to give 2-61a (52 mg, 82%) as a colorless oil.

'H NMR (500 MHz, CDCls) § 2.76 (1H, m), 3.06 (1H, dd, J= 13.7, 5.7 Hz), 3.63 (1H,
d, J=13.6 Hz), 3.69 (1H, d, J= 13.6 Hz), 4.52 (1H, dd, J= 8.4, 5.7 Hz), 7.26 (1H, t, J
= 7.3Hz), 7.33 (2H, t, J = 7.3 Hz), 7.38 (2H, d, J = 7.3 Hz). 13C NMR (126 MHz,
CDCls) § 30.2 (d, Jer =2 Hz), 38.5 (d, Jer = 2 Hz), 51.8, 90.0 (dd, Jcr = 22, 22 Hz),
127.3, 127.6, 128.6, 140.6, 150.3 (dd, Jcr = 284, 284 Hz). F NMR (471 MHz,
CDCls) 87 71.7 (1F, ddd, Jvr = 54 Hz, Jru = 3, 3 Hz), 72.6 (1F, dd, Jrr = 54 Hz, Jru =4
Hz). IR (neat) 3064, 3030, 2912, 1765, 1267, 1219, 1049 cm''.

4-Difluoromethylene-2-hexyl-tetrahydro-thiophene (2-61b)

Compound 2-61b was prepared by the method described for 2-61a using 2-59b (80.2
mg, 0.28 mmol), NaOMe (20.2 mg, 0.37 mmol) in DMF (3 mL) at 100 °C for 15 h.
Purification by column chromatography on silica gel (hexane-AcOEt 50:1) gave
2-61b (46.6 mg, 75%) as a colorless oil.

'H NMR (500 MHz, CDCls) 6 0.88 (3H, t, J = 7.1 Hz), 1.22-1.41 (8H, m), 1.54 (1H, m),
1.63 (1H, m), 2.30 (1H, m), 2.78 (1H, dm, J = 14.3 Hz), 3.34 (1H, m), 3.45 (1H, dm, J
=12.9 Hz), 3.48 (1H, dm, J = 12.9 Hz). 3C NMR (126 MHz, CDCls) $ 14.0, 22.6,
28.6, 28.8 (d, Jcr = 1 Hz), 29.1, 31.7, 36.1, 36.4 (dd, Jcr = 2, 2 Hz), 48.8, 89.8 (dd, Jcr
=21, 21 Hz), 150.4 (dd, Jor = 283, 283 Hz).  9F NMR (471 MHz, CDCl3) 8¢ 70.6
(1F, dm, J¥r = 56 Hz), 72.2 (1F, d, Jrr = 56 Hz). IR (neat) 2956, 2926, 2854, 1765,
1267, 1201, 1047, 912 cm'l.  Anal. Caled for CiiHu1F2S; C, 59.97; H, 8.23. Found: C,
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59.84; H, 8.21.

4-Trifluoromethyl-2-phenyl-tetrahydro-thiophene (2-62a)

2-59a (86.9 mg, 0.31 mmol) in MeOH (3 mL) at 25 °C was added K2COs (46.9 mg,
0.34 mmol) under argon. After the reaction mixture was refluxed for 2 h,
phosphate buffer (pH 7) was added to quench the reaction. Organic materials were
extracted with AcOEt (3 x 20 mL). The combined extracts were washed with water
and brine, and dried over Na2SO4. After removal of the solvent under reduced
pressure, the residue was purified by column chromatography on silica gel
(hexane—AcOEt 20:1) to give 2-62a (66 mg, 76%) as a colorless oil.

'H NMR (500 MHz, CDCls) § 2.35 (1H, ddd, J= 13.3, 6.2, 6.2 Hz), 2.53 (1H, ddd, J =
13.3, 8.0, 7.1 Hz), 3.05-3.15 (2H, m), 3.26 (1H, m), 4.64 (1H, dd, J=7.1, 6.2 Hz), 7.26
(1H, t, J=17.4 Hz), 7.34 (2H, t, J= 7.4 Hz), 7.41 (2H, d, J= 7.4 Hz). '3C NMR (126
MHz, CDCls) § 31.2 (q, Jcr =2 Hz), 39.4 (q, Jcr = 1 Hz), 46.0 (q, Jor = 27 Hz), 50.8,
127.0 (q, Jor = 277, 277 Hz), 127.4, 127.4, 128.6, 141.6..19F NMR (471 MHz, CDCls) &
r91.8 BF, d, Jru = 8 Hz). IR (neat) 3064, 3020, 2945, 2875, 1381, 1267, 1215,
1151, 1159, 1107 cm™™,

4-Trifluoromethyl-2-n-hexyl-tetrahydro-thiophene (2-62b)

Compound 2-62b was prepared by the method described for 2-62a using 2-59b (81.1
mg, 0.29 mmol), K2COs (43.3 mg, 0.31 mmol) in MeOH (3 mL) for 1 h. Purification
by column chromatography on silica gel (hexane—AcOEt 50:1) gave 2-62b (92:8
mixture, 56.2 mg, 75%) as a colorless oil.

'H NMR (500 MHz, CDCls) 6 0.88 (3H, t, J= 7.1 Hz), 1.23-1.65 (10H, m), 2.00 (1H,
m), 2.19 (1H, ddd, J = 12.9, 8.4, 7.0 Hz), 2.91-3.05 (3H, m), 3.40 (1H, m). 13C NMR
(126 MHz, CDCls) & 14.0, 22.5, 28.4, 29.0, 30.2 (q, Jcr = 3 Hz), 31.7, 36.5 (q, Jcr = 2
Hz), 37.7, 46.0 (q, Jor = 27 Hz), 47.4, 127.1 (q, Jor = 277 Hz). 9F NMR (471 MHz,
CDCl3) 6791.8 (3F, d, Jru = 9 Hz). IR (neat) 2956, 2927, 2873, 2856, 1380, 1269,
1161, 1111 cm'.,

2—17.
2—-—7—1.

2-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-malononitrile (2-64c)
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"H NMR (500 MHz, CDCl;) 6 2.91 (1H, dd, J= 15.1, 8.8 Hz), 2.98 (1H, dd, J = 15.1, 7.0
Hz), 3.52 (1H, m), 3.99 (1H, d, J = 5.4 Hz), 5.35 (1H, s), 5.79 (1H, s, 7.35-7.45 (5H, m).
C NMR (126 MHz, CDCl;)  29.3, 32.8, 44.2, 111.2, 111.3, 123.0 (q, Jcr = 6 Hz), 123.1
(q, Jor = 272 Hz), 127.9, 128.6, 129.4, 133.4 (q, Jor = 30 Hz), 135.1. 19F NMR (471
MHz, CDCls) 8r 94.1 (3F, s). IR (neat) 3070, 3035, 2908, 2260, 2192, 1456, 1348,
1169, 1120, 956 cml. Anal. Caled for Ci«H11FsN2; C, 63.63; H, 4.20; N, 10.60.
Found: C, 63.38; H, 4.33; N, 10.33.

2-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-malonic acid diethyl ester
(2-64d)

"H NMR (500 MHz, CDCl3) § 0.96 (3H, t, J=7.2Hz), 1.29 (3H, t, J= 7.2 Hz), 2.53 (1H,
dd, J=15.0, 10.1 Hz), 2.73 (1H, dd, J = 15.0, 3.2 Hz), 3.66 (1H, d, J = 10.1 Hz), 3.68
(1H, ddd, J=10.1, 10.1, 3.2 Hz), 3.90 (2H, q, J = 7.1 Hz), 4.23 (1H, dq, J = 10.8, 7.2
Hz), 4.26 (1H, dq, J=10.8, 7.2 Hz), 4.96 (1H, s), 5.51 (1H, s), 7.19 2H, t, J= 7.6 Hz),
7.20 (1H, t, J= 7.6 Hz), 7.27 (2H, d, J = 7.6 Hz). '*C NMR (126 MHz, CDCl;) § 13.6,
13.9, 33.8, 43.7, 58.4, 61.3, 61.7, 120.8 (q, Jer = 6 Hz), 123.5 (q, Jer = 272 Hz), 127.2,
128.3, 128.5, 134.8 (q, Jcr = 30 Hz), 139.0, 167.4, 167.9. °F NMR (471 MHz,
CDCls) &r 93.5 (3F, s). IR (neat) 3032, 2983, 2939, 2906, 1749, 1732, 1369, 1219,
1167, 1122 cmt. Anal. Caled for CisH21F304; C, 60.33; H, 5.91. Found: C, 60.26; H,
6.01.

2—-7—=2

4-Difluoromethylene-2-phenyl-cyclopentane-1,1-dicarbonitrile (2-66¢)

To a solution of 2-(1-phenyl-3-trifluoromethyl-but-3-enyl)-malononitrile2-64¢ (54.2 mg,
0.205 mmol) in DMF (3 mL) at 0 °C was added NaH (10.6 mg, 0.265 mmol, 60%
dispersion in mineral oil) under argon. After the reaction mixture was stirred at
0 °C for 1 h and then 100 °C for 3 h, phosphate buffer (pH 7) was added to quench
the reaction. Organic materials were extracted with AcOEt (3 x 20 mL). The
combined extracts were washed with brine and dried over Na2SO4. After removal
of the solvent under reduced pressure, the residue was purified by column
chromatography on silica gel (hexane—AcOEt 5:1) to give 8a (30.6 mg, 61%) as a
colorless oil.

"H NMR (500 MHz, CDCl3) § 2.95 (1H, ddm, J= 15.8, 7.5 Hz), 3.04 (1H, ddm, J = 15.8,
11.3 Hz), 3.16 (1H, dm, J = 15.6 Hz), 3.37 (1H, dm, J = 15.6 Hz), 3.72 (1H, dd, J =
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11.8, 7.5 Hz), 7.42-7.48 (5H, m). '"*C NMR (126 MHz, CDCl;) & 28.4, 38.4 (d, Jcr = 3
Hz), 41.5, 54.4, 83.3 (dd, Jcr = 27, 23 Hz), 113.4, 114.6, 128.0, 129.2, 129.6, 133.0,
151.5 (dd, Jor = 285, 285 Hz). 1°F NMR (471 MHz, CDCls) 8r 76.0 (1F, dm, Jrr = 49
Hz), 76.3 (1F, dm, Jrr = 49 Hz). IR (neat) 3033, 2935, 2360, 2332, 1772, 1498, 1271,
1078 ecmt. Anal. Caled for Ci14aH10N2F9; C, 68.85; H, 4.13; N, 11.47. Found: C, 68.83;
H, 4.21; N, 11.37.

4-Difluoromethylene-2-phenyl-cyclopentane-1,1-dicarboxylic acid
diethyl ester (2-66d)

To a solution of 2-(1-phenyl-3-trifluoromethyl-but-3-enyl)-malonic acid diethyl ester2-64d
(83 mg, 0.232 mmol) in DMF (3 mL) at 0 °C was added KH (49.6 mg, 0.37 mmol,
30% dispersion in mineral oil) under argon. After the reaction mixture was stirred
at 0 °C for 1 h and then 110 °C for 3 h, phosphate buffer (pH 7) was added to quench
the reaction. Organic materials were extracted with AcOEt (3 x 20 mL). The
combined extracts were washed with brine and dried over Na2SO4. After removal
of the solvent under reduced pressure, the residue was purified by column
chromatography on silica gel (hexane—AcOEt 5:1) to give 2-66d (60.4 mg, 77%) as a
colorless oil.

"H NMR (500 MHz, CDCl3) § 0.94 (3H, t, J=7.1Hz), 1.25 (3H, t, J= 7.1 Hz), 2.71 (1H,
dm, J=16.4 Hz), 2.82 (1H, dm, J= 16.8 Hz), 2.95 (1H, m), 3.34 (1H, dm, J= 16.8 Hz),
3.71 (1H, dq, J=10.7, 7.1 Hz), 3.90 (1H, dq, J = 10.7, 7.1 Hz), 4.05 (1H, dq, J = 7.9,
5.8 Hz), 4.18 (1H, dq, J=10.7, 7.1 Hz), 4.26 (1H, dq, J = 10.7, 7.1 Hz), 7.19-7.28 (5H,
m). "C NMR (126 MHz, CDCl;) § 13.5, 13.9, 31.7, 33.2, 49.6, 61.2, 61.7, 65.1, 87.1
(dd, Jer = 23, 22 Hz), 127.3, 128.1, 128.2, 1139.8, 150.4 (dd, Jcr = 281, 281 Hz), 168.9,
171.0. F NMR (471 MHz, CDCls) 87 71.7 (1F, dm, Jrr = 58 Hz), 71.9 (1F, dm, Jrr =
58 Hz). IR (neat) 3032, 2983, 1772, 1730, 1558, 1367, 1269, 1221, 1036 cm™’. Anal.
Caled for CisH20F204; C, 63.90; H, 5.96. Found: C, 63.74; H, 5.89.

2—-—7—3

2-Phenyl-4-trifluoromethyl-cyclopentane-1,1-dicarboxylic acid diethyl
ester (2-67)

To a solution of 2-(1-phenyl-3-trifluoromethyl-but-3-enyl)-malonic acid diethyl ester
2-64d (84 mg, 0.23 mmol) in EtOH (3 mL) at 0 °C was added NaH (7 mg, 0.29 mmol)
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under argon. After the reaction mixture was stirred at 0 °C for 1 h and then 130 °C
for 20 h, phosphate buffer (pH 7) was added to quench the reaction. Organic
materials were extracted with AcOEt (3 x 20 mL). The combined extracts were
washed with brine and dried over Na2SOs. After removal of the solvent under
reduced pressure, the residue was purified by column chromatography on silica gel
(hexane—AcOEt 10:1) to give 2-67 (20.9 mg, 25%) as a colorless oil.

"H NMR (500 MHz, CDCl3) § 0.94 (3H, t, J=7.2Hz), 1.23 (3H, t, J= 7.2 Hz), 2.17 (1H,
dd, J=14.5, 7.0 Hz), 2.30-2.43 (2H, m), 2.89 (1H, dd, J= 14.4, 9.3 Hz), 3.24 (1H, m),
3.62 (1H, dq, J=10.8, 7.0 Hz), 3.90 (1H, dq, J = 10.8, 7.0 Hz), 4.11 (1H, dd, J = 8.9,
8.9 Hz), 4.14-4.26 (2H, m), 7.21-7.27 (5H, m). "“C NMR (126 MHz, CDCl;) § 13.4,
13.9, 31.5 (q, Jcr = 2 Hz), 34.8 (q, Jcr = 2 Hz), 41.1 (q, Jcr = 28 Hz), 49.7, 61.2, 61.5,
65.3, 127.3, 128.0 (q, Jcr = 28 Hz), 128.0, 128.4, 138.9, 170.1, 170.8. F NMR (471
MHz, CDCls) 8r89.8 (1F, d, Jru = 9.9 Hz). IR (neat) 3033, 2984, 2941, 1724, 1260,
1160, 1121 cm™. HRMS: Calcd for CisH22F304 (M) 359.1471, found 359.1497.
[

3—2.

N-(1-Phenyl-3-trichlororomethyl-but-3-enyl)-p-toluenesulfonamide (3-8)

'H NMR (500 MHz, CDCls) § 2.36 (3H, s), 2.82 (1H, dd, J = 16.3, 6.4 Hz), 2.91 (1H,
dd, J=16.3, 8.5 Hz), 4.67 (1H, ddd, J= 8.5, 6.4, 6.4 Hz), 4.97 (1H, d, J= 6.4 Hz), 5.08
(1H, s), 5.87 (1H, s), 7.11-7.14 (4H, m), 7.19-7.20 (3H, m), 7.53 (2H, d, J = 8.2 Hz).
13C NMR (126 MHz, CDCls) § 21.4, 38.6, 65.8, 98.6, 117.7, 126.6, 127.1, 127.7, 128.5,
129.3, 137.1, 139.8, 143.2, 144.2. IR (neat) 3267, 3064, 3034, 2870, 1456, 1319,
1219 1157, 1093 cm’!.  Anal. Caled for CisHisNCIsNO2S; C, 51.63; H, 4.33; N, 3.34.
Found: C, 51.43; H, 4.31; N, 3.19.

N-(1-Phenyl-3-cyano-but-3-enyl)-p-toluenesulfonamide (3-9)

'H NMR (500 MHz, CDCIs) § 2.39 (3H, s), 2.64 (1H, dd, J = 14.1, 7.8 Hz), 2.83 (1H,
dd, J=14.1, 6.7 Hz), 4.49 (1H, ddd, J= 7.8, 6.7, 6.7 Hz), 4.98 (1H, d, J= 6.7 Hz), 5.63
(1H, s), 5.80 (1H, s), 7.04 (2H, m), 7.17-7.23 (5H, m), 7.61 (2H, d, J = 8.2 Hz). 13C
NMR (126 MHz, CDCls) § 21.5, 42.2, 56.6, 117.8, 118.5, 126.5, 127.1, 128.1, 128.8,
129.5, 134.0, 136.9, 138.6, 143.5. IR (neat) 3267, 3064, 3031, 2927, 2251, 1599,
1456, 1322, 1219, 1155, 945 cm™t.  Anal. Caled for CisH1sN20:2S; C, 66.23; H, 5.56; N,
8.58. Found: C, 66.49; H, 5.69; N, 8.37.
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N-(3-Ethoxcarbonyl-1-phenyl-but-3-enyl)-p-toluenesulfonamide (3-10)

'H NMR (500 MHz, CDCls) 6 1.29 (83H, t, J = 7.2 Hz), 2.36 (3H, s), 2.64 (1H, dd, J =
13.5, 6.0 Hz), 2.65 (1H, dd, J=13.5, 8.5 Hz), 4.15 (2H, q, J= 7.2 Hz), 4.50 (1H, ddd, J
= 8.5, 6.0, 6.0 Hz), 5.37 (1H, d, J = 6.0 Hz), 5.49 (1H, s), 6.11(1H, s), 7.10-7.13 (4H,
m), 7.17-7.22 (3H, m), 7.52 (2H, d, J = 8.3 Hz). 13C NMR (126 MHz, CDCls) § 14.1,
21.4, 40.3, 57.7, 61.1, 126.4, 127.1, 127.3, 128.3, 128.9, 129.2, 136.1, 137.5, 140.7,
142.8, 167.1.IR (neat) 3280, 3061, 3030, 2981, 2927, 1707, 1457, 1321, 1153, 1093,
951 cml. Anal. Caled for C20H23NO4S; C, 64.32; H, 6.21; N, 3.75. Found: C, 64.21;
H, 6.27; N, 3.66.

3—3.

4-Dichloromethylene-2-phenyl-1-tosylpyrrolidine (3-25)

To a solution of N-(1-phenyl-3-trichloromethyl-3-butenyl)-p-tolueneslfonamide 3-8
(55.0 mg, 0.131 mmol) in DMF (3 mL) at 0 °C was added NaH (4.1 mg, 0.17 mmol)
under argon. After the reaction mixture was stirred at 0 °C for 15 min and then
80 °C for 15 min, phosphate buffer (pH 7) was added to quench the reaction.
Organic materials were extracted with AcOEt (3 x 20 mL). The combined extracts
were washed with brine and dried over Na2SO4. After removal of the solvent under
reduced pressure, the residue was purified by column chromatography on silica gel
(hexane—AcOEt 5:1) to give 3-25 (44.8 mg, 89%) as a colorless crystal.

"H NMR (500 MHz, CDCl3) § 2.42 (3H, s), 2.70 (1H, dm, J=17.1 Hz), 2.83 (1H, dd, J =
17.1,8.4 Hz), 4.17 (1H, d, J=16.2 Hz), 4.24 (1H, d, J= 16.2 Hz), 4.96 (1H, dd, J= 8.4,
4.0 Hz), 7.22— 7.31 (7TH, m), 7.55 (2H, d, J = 8.2 Hz). '°C NMR (126 MHz, CDCL;) &
21.5, 40.5, 52.4, 63.5, 112.9, 126.4, 127.4, 127.9, 128.7, 129.7, 134.6, 135.0, 140.4,
143.8. 1R (neat) 3064, 3032, 1652, 1350, 1219, 1161, 1092, 912 cm'!.  Anal. Calcd for
CisHi7NCLO,S: C, 56.55; H, 4.48; N, 3.66. Found: C, 56.27; H, 4.50; N, 3.49.

4-Cyano-2-phenyl-1-tosylpyrrolidine (3-27)

To a solution of N-(1-phenyl-3-cyano-3-butenyl)-p-tolueneslfonamide 3-9 (78.2 mg,
0.24 mmol) in DMF (3 mL) at 0 °C was added NaH (0.5 mg, 0.021 mmol) under
argon. After the reaction mixture was stirred at 0 °C for 15 min and then 50 °C for
4 h, phosphate buffer (pH 7) was added to quench the reaction. Organic materials

were extracted with AcOEt (3 x 20 mL). The combined extracts were washed with
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brine and dried over Na2SO4. After removal of the solvent under reduced pressure,
the residue was purified by column chromatography on silica gel (hexane—AcOEt
1:1) to give 3-27 (63 : 37 mixture, 68.7 mg, 88%) as a colorless crystal.

'H NMR (500 MHz, CDCls) major § 2.16-2.24 (1H, m), 2.42 (3H, s), 2.67-2.79 (2H,
m), 3.66 (1H, dd, J= 11.4, 8.8 Hz), 4.09 (1H, dd, J= 11.4, 7.3 Hz), 4.81 (1H, dd, J =
7.9, 7.9 Hz), 7.25-7.35 (TH, m), 7.56 (2H, d, J = 8.3 Hz). minor 6 2.16-2.24 (2H, m),
2.46 (3H, s), 3.08 (1H, m), 3.60 (1H, dd, J = 10.4, 8.1 Hz), 3.97 (1H, dd, J = 10.4, 7.5
Hz), 4.93 (1H, dd, J = 6.1, 6.1 Hz), 7.25-7.35 (7TH, m), 7.70 (2H, d, J = 8.2 Hz). 13C
NMR (126 MHz, CDCIs) major § 21.6, 27.3, 39.9, 51.7, 63.0, 118.3, 126.4, 127.4,
128.0, 128.7, 129.8, 134.8, 140.1, 144.1. minor § 21.6, 26.4, 39.5, 51.3, 62.3, 118.5,
125.9, 127.6, 127.9, 128.7, 130.0, 134.8, 140.5, 144.4. IR (neat) 3064, 3030, 2953,
2924, 2247, 1597, 1348, 1159, 1093, 1022 cm’l. HRMS: Calcd for C1sH19N202S (M)
327.1168, found 327.1173.

4-Ethoxycarbonyl-2-phenyl-1-tosylpyrrolidine (3-29)

Compound 3-29 was prepared by the method described for 3-27 using 3-10 (84.8 mg,
0.23 mmol) and NaH (0.5 mg, 0.023 mmol) in DMF (3 mL) at 110 °C for 3 h.
Purification by column chromatography on silica gel (hexane—AcOEt 5:1) gave 3-29
(59 : 41 mixture, 66.7 mg, 79%) as a colorless oil.

'H NMR (500 MHz, CDCl3) major 8§ 1.18 (3H, t, J= 7.1 Hz), 2.06 (1H, ddd, J = 12.5,
6.7, 3.0 Hz), 2.13- 2.20 (1H, m), 2.41 (3H, s), 3.08 (1H, m), 3.57 (1H, dd, J=10.1, 8.7
Hz), 3.89 (1H, dd, J = 10.1, 7.9 Hz), 4.00-4.05 (2H, m), 4.90 (1H, dd, J= 8.1, 3.0 Hz),
7.20-7.31 (7H, m), 7.69 (2H, d, J= 8.4 Hz). minor § 1.15 (3H, t, J = 7.1 Hz), 2.13-
2.20 (1H, m), 2.43 (3H, s), 2.49 (1H, ddd, J=13.0, 7.5, 7.5 Hz), 2.71 (1H, m), 3.77 (1H,
dd, J=11.3, 8.9 Hz), 3.91 (1H, dd, J = 11.3, 8.0 Hz), 4.00-4.05 (2H, m), 4.74 (1H, dd,
J=1.8, 7.8 Hz), 7.22-7.31 (TH, m), 7.60 (2H, d, J = 8.4 Hz). 3C NMR (126 MHz,
CDCl3) major & 14.0, 21.5, 38.3, 41.3, 50.8, 61.0, 62.8, 125.9, 126.4, 127.4, 127.5,
128.4, 134.5, 142.0, 143.5, 171.8. minor § 14.0, 21.5, 39.4, 42.6, 51.1, 61.0, 63.6,
125.9, 126.3, 127.3, 127.5, 128.3, 135.1, 141.5, 143.5, 171.4 IR (neat) 3032, 2920,
2850, 1732, 1348, 1219, 1161, 914 cm't. Anal. Caled for C20H23sNO4S; C, 64.32; H,
6.21; N, 3.75. Found: C, 64.07; H, 6.17; N, 3.55.
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