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Abstracts

Fluorine-containing heterocyclic compounds exhibit a variety of biological activities. Thus, the
development of a general method for the synthesis of fluoroheterocycles is a highly desirable goal.
Focusing on the properties of fluorine, its electron-withdrawing and leaving-group ability, the author
has established systematic methods for the synthesis of fluorine-containing 6- and 5-membered
heterocycles via intramolecular nucleophilic addition to difluorovinylic or trifluoromethylvinyl
compounds.

Synthesis of fluoroquinoline derivatives via intramolecular nucleophilic addition or radical addition to
gem-difluorovinylic compounds

Addition of CN to imines 1 followed by proton transfer generated o-cyanocarbanions 2, which
were readily trapped by the intramolecular difluoroalkene moiety. Successive elimination of HCN
gave the desired 3-fluoroquinolines 3. This process proceeded with a catalytic KCN in the presence of
K,CO:;.

1 1 1
R cat. KCN R R
K,CO
T o (20— LT
R 80°C/DMF |R? -F R
NC H Kk —HCN
1 2 3 44-85%

Isocyanides 4 were treated with n-Bus;SnH and AIBN to undergo intramolecular 6-endo-trig radical
cyclization via the o-stannylimidoyl radicals, leading to 2-stannyldihydroquinolines. When these
intermediates were subjected to the Stille coupling and subsequent (A) dehydrofluorination or (B)
reduction, 3-fluoroquinolines 6 or 3,3-difluoro-1,2,3 4-tetrahydroquinolines 7 were obtained,
respectively.

R i) n-BugSnH, cat. AIBN A:DBU R R
F, 80 C/Toluene 80 C / DMF £
ii) ArX, Cul B NaBH, S or
. cat. Pd(PPhy), rt/CHCL AT AN
4 80 °C/DMF A :632-70% B :735-50%

Synthesis of 6- and 5-membered fluorine-containing heterocycles via cyclization of
trifluoromethylvinyl compounds

Generation of imine, oxime, a-cyanocarbanions, tosylamidate ion, or thiolate ion at the ortho
position of o-trifluoromethylstyrenes 8, 11, 13, and 14 promoted the intramolecular cyclization,
leading to the construction of fluorinated 6- and 5-memberd rings. These reactions provided
isoquinoline (9, 10), quinoline 12, indole (15, 17), and benzothiophene (16, 18) derivatives bearing a
trifluoromethyl, difluoromethyl, or difluoromethylene group. It should be noted that the normally
disfavored nucleophilic 5-endo-trig cyclization was accomplished with trifluoromethylvinyl

compounds.
Fa C : NH,OAc (5.0) Fs KCN (0.2)
r.t./ DMF-H,O Z DBU (1 1)
D : NH,OH-HCI 12 : 80 °C/DMF _
70 °C / DMF- H o 5
984% (C 10 86% (D) ! 12 27-76%
G : DBU (0.3) E:NaH (1.2)
<« 120°C/DMF °C / DMF __80°C/DMF_ °C / DMF
H: KQCO3 (1.1) F: KOtert—Bu 1.1)
reflux / MeOH reflux / THF
G 17 81% :18 70% Y = NHTs(13), SAc(14) E 15 84% F :16 65%
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1 1 1
R cat. KCN i R
K
0 s |0 — OO0
R 80°C/DMF |R? -F R

NC H K —HCN
1 2 3 44-85%

&, AVIPZR4RAZXL R KX AIBN Z{ERE 3L, BEFTSA-RXYZNWAERAN
STIHIVN, STIHNUNTRIB/RRS VEW 6-endo-rrig BIBO T, 2-RL2Y =) RaFJINY
25238, 31&ME, Stille HYINYT2{F0N5 20, (ABHF T2l B)ETRITS2XLT. 3-2
WAAFINY 6 XA 33-I2)0F0ThSLROFINY 7T 2BRITSSENTER,

R i) n-BugSnH, cat. AIBN R A :DBU
80 °C/ Toluene 80 °C / DMF
Fy »
ii) ArX, Cul ;m B : NaBH, m Fm
cat. Pd(PPhg), Ar rt/CHClL AT

80 °C / DMF

4 5 A :632-70% B: 735 50%
RN2VFARFIE=NDBENZHRENE X TSEE2NVAOPLVFNVEZHD6,. 55EBATO
RS0 SH

ZIWREBB- RN 2)VAARFWRAFVYEEIRS 11,13,14 ZHNT, 412, 4FJA. a-2
PIDNWRP=AY, RINWPEF=RAZY. FAS5-RAFYRASIFRSWBIUINRN
2iThe 32213, CF,,CEH,CE=B24I24/4YVF )N 9,10, F )N 12, 1Y K= 15,17,
NYVFZ2x216,18 BHRINZERITSSENTER, BRESABREERIBNTY. Baldwin lIT
FH2 R NBEMOP 1 0VRIEED 5-endo-1rig TRIBINEITO R RS,

Fs C : NH,OAc (5.0) KCN (0.2) 2H
rt./ DMF-H,0 _osu@)
D : NH,OH-HCI 12 80 C/DMF -
70 °C / DMF— H o :
9 84% ( 10 86% (D) ! 12 27-76%

G :DBU (0.3) E :NaH (1.2)
<« 120°C/DMF C/DMF 80 C/DMF
H: KQCO3 (1.1) F: KOtert—Bu 1.1)

reflux / MeOH reflux / THF
G 17 81% :18 70% Y = NHTs(13), SAc(14) E 15 84% F :16 65%
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25 AD{BEE Moissan (1906 T = NIWBREKE) N. 2 v{BKE (HP)
OBIDBRIVI2VYRLHRAOER - ERCHADTRNOZOR 18836 FTHok
N, 2OEBOHERBA, 2vELTRANBOBOVRNIE. BElE. SEA\OR
SN, POFIARENENEZERNoZ, OND. 1930 FRE. 2vHEILEW
ORANEBRARKRLZCEBARD. SR 2vERFRIARMBZORB2RASEEALT
RO-D2RVTRAZNIBIASRKE 22, TEHSE., 2vRIBEN. BRRIBKER
DRFZL2TERZRARIZ 2 vRTEBROZANNLZIZEANRD 20T QBENR.
—ARD27vRTBHOLRZEADZ vRLENRCR. BhrEE2E533VDONEBS
LRVBERTHEY., BREARCHLIBANSZNTNS .

2vERFI. AHETAIRAZIBENTRLELRZREBD. RORFREAT
BEHIRLE2Z2HEOITNS. 2OERHLO2VTRTOIINEFHLNS.

(7) Z2FTEPRAOBILREE

(2) KERFREW van del Waals $42

Cvan del Waals 48(A) : H(1.2), F(1.35), Cl(1.80)]

(3) RERCFREBIRNVF-

(C-X &EB I RWF —(kcal mol") : C-F (116), C-H (99.5), C-C1 (78))

SNHOBHRIY. G2 vRIESHRAKRRVINBNB I TIBENEE2
B, HRSERPERZOIBTERRILTNS.

HEZIRBRBNTR. IFPRZSBO2 vERF2EADZANLDBLLIRZN
N2 Z0ENN2 vREAERROTHNSNTNS. 2OXSKR2 vRIEEW
Q. —HBRED TSR - BEHORBE2ES5. R52QEXK - BRELWSHKE
Vo zRBmiEZ2BOTNSONBETHS. M. T20Y0BREBTADH
BRN(TRS20VA0IFVY) Q. BhriFalE. MEEE FRE R
2. BB SJ;ILEKE. MR, BIFB2BR280. BUBEEIND
+260 ‘C R TORERBTREATES.

—5. EREOIABRBNTR. IFPOBEBONREOARAZBEIRNLC 2 v&RL
OREBB2 v&RIBEWM (QvRAEAERNY) N EERRPREXOVTEYTE
ZEZRNBEZEDBIASRE-TNIS. BRI 2 v RSO BE X ERET X ORAE
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REBISX. ATONRNETSNS.

2vERZMARCAKEZRIRVTHREARFTHY., 29vyEBARISIFO
ZHHAZBRIDEN, 20Y». BRERGEILENOKRERF2Z2 vERFRE
HOTYH., ZRAZMARENTER VLY. ¥NSREMARCRVIAINRS (2
EvIMR) . —H. RE-22vEESRIBLRELI. BERND2ZRB2VEL. B
ARASMHRDOEI RN (FOv 2R . XoT. EMARRVAZRRZ
E2vAEHtal. RE’ NI, IBFARRBMINTHI vROREEGRE
NS TSI TRAUZADTOLES. S2SVREE vIRNREIOvINR2
RO ZFINARIORANOMMN, 5-20230DS5Z W (5-FU) THS. Heidelberger
X, 5-FU OFBLFUEBORRR I vRORENBATH IS X 2{ERBEFO
BHCEONTARL . £8TYH5-FU OB EMOARMARRIBALRITDNTNS.
MAE. 5FU O TROEERFERCTRSLROI2SYREZBBAODRTH2-0
&, BBRONLARDNLOBECHNDHRTBY, k2. BRBOBRILCI vV
FL2BANORTFEI2EYA. BRNABEZOHBEONA RO TERENCHN
SR TN B(Fig. 0-1)’,

Figure 0-1. Hll 25 A%
NHo
HN HN N=
Ofﬁ’ Oﬁf )
H N @) N
‘ } Ho/ﬁ
(5-FU) H F

5-fluorouracil
tegafur

gemicitabine

Iz, BRIEENN\DO2vERFHISNEIRD2NVFIOXFIVELRED 2T
QP VFIVEZBEATISE, HRKIE (GRMIE) NENISOT. EMATORIR.
WENREINS. Table 0-1 2, BEB R ZROBEHRIESOHKIENS X—
L—-111E)2R3 *'. MENARZNERRKENRELIRSZLLZ2BHOTHEY. B
BRD2VZORFNVEZBADZHOR. HMARENAREIIEBAOTNS.
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Table 0-1. Bf/KE/STA—% —

R (CeHs-R) e Mg = log (Pa/ Ay

F 0.14 N
cl 0.71 P=A4%/—=)L1k BOHEFRE

OH -0.67
CF; 0.88

Me 0.56
OCF3 1.04

OMe -0.02

Bpisf, FRERNBORIWELZ. (BENARCRBNOF MR BELET
BERE INMTAVYRY-) CBEHASIBLEHN. EERIFARCBNTHEHL
REMNRNATNS. SOXSKEMAMROTI2vREHEREZANI O ONS L. M
ZX2N0FOEZVEZ2PE RESOFHEHBXL O THHI SHAANETDH
3°% 2h. PERESX2)VAOPNVSYOREH. &8EHE. BRIIHOM
PEREIIDBOT, EZREBNITF NAOPE RESZ2NVFOP VTSI TESE
BAT. AROBEZEIOEBNDD. NKIBRBERICH I SE2ELRAKIEDIE
AR2ERALRZY O THS(Table 0-2),
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Table 0-2. 7S RETZIARATIVT VDL

R1 ﬁ{Z R1 R2
Ry /H(N\/COQH Ry )\)\:/COQH
hoo hoofoE
IRTFR A7 IViry
H H
|
C1\n/N‘Me C1f\M o
O Ci=Me Ci=
wEA EEIERE wE EEIERE

C-C-N 114> C-N 132 A [Cy-Ce-C 124° C-C 132 A
N-C-O 125° C-O 124 A |C-CkF 121° C-F 136A
C4-C-O 121° Cy-C 153 A | C4-Ce-F 115°  Cy4-Cg 1.52 A

PO LEE(AM1ETE)>
o 341 o 124 -0.096
HoN HoN HoN v
0.275 —> -0.014—> -0.201—>
H
7
-0. 366 HOzC -0. 138 HOzC 0.122 HOXC

. IJ2VFOXFUVYEBZBERFLBFHLRARIZXLT,. 2vgd0L
ZNFYBNVDNVE=ZNVERD X222 )0Z7QRFIVENE ROFIEBONAST A
VYRA2-20T. BRAFINTNISFig0-2),

Figure 0-2. N A VY X & —Dfl
F _F

T = X 5 = <

HILRZJLE C7)FAEZYF R ErOF>HE CZIAOAFIVE

REBARZISR. EREOIBRBNT. 29vERFBITRD2)v70X
FNVE. J2NFORXFUVYBRI2N0TORXFIVELZHIEGHE D v RIBERE
D TRIFRVBEMETHSLNAS. 2OPTHHRERATORILENR. ERER
PR, BBLLEOBRBRTHI Y. S2OIASK2vRERELH5I3\70
RIEENOKER. BFRBCEBRNTNS . DNV, RBRCREI2VENT
DRENEFZEOLRNOT. 20RBIBHERIBIZNFRELCESZLERS.
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E279vEATUOEIBENMR. RO=20924 JI2AN& K B (Fig.0-3).

) RREELRI2vERFL2EITILO

1) BREFER20ZQPVFVEZZE2)0ZFQP VT =IVE
(CF,,CF,H, =CFE,, etc) 283330

Figure 0-3. 87 v &ZATORILEW

type I type I1

3. RRFR 22 vEZEHDATORESHMOERIRKA. LV T2 vHR{IBRK
NEDHDNRTBY " 2NHREBHR()RBFHI2 v RBAIX b)REZN 2 v RibAl2
B3 =BROFERCINISSENTES. TAOHSHAEL FOBT. EEQ
FOBTATORR22vEZEBALTNS.

REFN2 v RBAORTAR 2 vRIRATHY., 2OMROLTOSIWINS
52020952 IOEBRMNB S (Scheme 0-1),

Scheme 0-1. FoH RZA W=7 v 1L

O o]

0]
HN)j Fo HN F A or EtsN HNJ]/F
> >
OJ\H AcOH OJ\H OAc O)\N

R
5-FU

OND. 29vEGRAA. BvEREUNEDTE. RVBLINBELRZODE
—RBOARCHIALRINHOOTRARN ", 201D, RN2NVZFTARFINAKR2N
54 R(CFOF) ", REBLIYDA2NVESARCSOF " 2v{BFL )Y (XeF)
5. 2v{BB200NCIOFH “BE, 2vRGASVRVBURINREFHO v
RHCANAR R BN, WIFNRBBREL2B0RY. RPABREBERRISRED
RERND 3.

REBTR. N-20FAENI=DLBRREENS NF EE82HIORBFH?
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v R{BAIN. AR - MBRENRTNS . SHZBURZRRE=NVI-FTIVO2v
Z{BOMZRATRARF (Scheme 0-2)°, SOWMMARBIRZENTA, —BFBHhisE
(Single Electron Transfer)INRIBR BT H Y. ~BRZHBRIEIRONABN. £ 72,
N-20pZAENI =D ABOXSKRRBFHN? v RBAR—BRCSMETHY. 20
HRRARBNBFEELRBHUCRELNS.

Scheme 0-2. N-ZJLAOEBYU =9 AIBEZR W=7 vEiL

+
Nie 0~ NOi-Pr

L _
F OTf 39% trans/cis=1.5/1

—5H. REN22vRBAIRIBE2 vENTURILSWIEROREME LT,
Balt-Schiemann BIS "“RNAQF Y REI2 v HB "NEF SN B. Balt-Schiemann R
WBRPEIJRB2Z2IPYVBOLRZOS. 2vRBEBN\LREIT SFETHS. Scheme
0-3 BRI XS, Hawkins S Balt-Schiemann RISZHBBO T, 2-PE)E¥NY

IMS2-2 AN J2EROLTNS ",

Scheme 0-3. Balz-Schiemann&icZEBW\=2-Z)LAOEYU > DERK

HBF,
(j\ NaQCO3 A
N=N| BF 4~ NZNF

B NaNO»
34%

ps
NZ NH,

OND. A\TURZ2EISIPY=DAKA, —BRERRCTFRE TERENG
V7Y, WT B2 vRBMORENEL., RAXIRRIS.

NOFYREI vEBRIBA., BBISA\TORLEREZRRFZ2HIBEN2.
2v{BKZR (HF) H3NE29vIIEHN DA (KF) RREZNSPLHNEREI vV
{BATNOTYRRIBSFETHS. OND. SOFER. SVERRRER. 2V
A2 0ithN2RERES Y. BERBNDAKBIFRIBOBAZBELIT S

IBEMB W (Scheme 0-4)"°,
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Scheme 0-4. \NOF U RWRIGER N =ATORD 7 v E1L

HF, collidine HF, collidine Noorm

70% 90%

. BRRCIASATORILENOEE 2?2 vERIEORSMODHIN. IRBMNE
LEZBHBEBRBREENBETH S (Scheme 0-5)%,

Scheme 0-5. ANTFOBRDER 7 v &EI

COoEt COJEt
X -2e-H* A -2¢-H*
| 2 MeaFarF | z N\ HF /Py /EGN N )
N 4 N F \N y 3 \N F
22% I\I/Ie I\I/Ie 33%

REDSSR. A\TUROBRELR 2 vERFLENAITSREARFE2D
T. 29Y2HTARRELNSKBFEI?2 v&{B (Scheme 0-1,2)R, Balz-Scheimann
BIS(Scheme 0-3), NQF YR v RABBRWS(Scheme 0-4), BE 2 v &{B(Scheme
0-5BREDREN? v RIERIBZ2BALVRZ. DNV, WFHROHXBT B2 vR{BIK
ORENEN o2V, RARRSOVRYEOMBINDS 2. NRALIvES
BATORBESNISRIZEOMAENBLIZEINTNS.

—4A. 20F0PVFNVEZHIATORIBEWOESRT. RN 20F0OXF
MEBRARONTREINSHRINTHY. 20BSANHS *'. 2D,
ARD2VZAXRFIVBEIOERELB) RN 2VZTORXFIVBEENOERTOY
POEBO200FERAAISENTES.

RD20ZAXFVEBRIROTR., RD2VZFORXFNVEBECEMRRD 2
WZARXRFIWSTDNCFNERBUSNRTNS. RD20ZF0XFNVEEED
55, JN=Z»—=NDEAM=Mg). NFDARKAM=L)HRFRE2THARAI ATV
BN, BR”VARE - NAIARE N, NOFBEINTNS. 2D{RD2ND
ZOXFNWCFHRRIVABABEOZRD 203 O RXF DVIR(CF,Cy)ZBANRZ 2-20
QF JNYFEORD20FARFIVBOMZ RS (Table 0-2)*, SORBTARN
BRSRERBHEORNBETHSZTOHRNSS.
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Table 0-3. CF3CuZRW\5F /YA VF /U DRI ZIVARATFIVE

Cu
ArX + CF3l — > Ar—CF3+ CuX
130-140 °C
/ DMF (X=1,Br, Cl)
Starting Material Product Yield /%
2-Chloroquinoline 2-CF 5-quinoline 10 CF3 & Z
2-lodoquinoline 2-CF 3-quinoline 60 & Na
3-lodoquinoline 3-CF 3-quinoline 11 N oF
4-Chloroquinoline 4-CF 3-quinoline 11 8
1-Chloroisoquinoline 1-CF z-isoquinoline 30

E72. RN 2 VA OFEOBERIBIACF.CO,), R CEI 2RIVEERLIRZRND
WAAXFNSIHN2ATORRCUNKIBIHEDBFND N T W BM(Scheme
0-6)”. RBHBIURBSRIRELRLCRBNDS.

Scheme 0-6. CF3Z P hILERWSA > K—)LD ~U Z)bA O AFINE

CF3
-30 °C
H H H

24% 1%
CF3
N N N
H H H
30% 15%

REAXBHTH RN, CFHifitk CREF I CF,{BED 28RO AT OR
DORD20ZFARFVBNBS. Shreeve . RN 2VFARFNVRANVKT=DA
E28R0U. 2hZ2BRZEOQ-IVORY2 VA0 RXF V{2 IS O 72(Scheme
0-7)°, IRPRENN, SORBFH2 v RBAORBCRSEE2Z2BEXD. X
RREZEOSNVATORBENARUNBEBTELRN R EZOERIND S.
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Scheme 0-7. REFHICFLFIZRAL\5EO—)LD MY Z)bA O AFI)E

@ * ©\§/©\N02 Trefux. 2h 4/,\13\(}3

H / THF H

|
CF3 -
CF3S03 80%

RD2)0Z70XFNVBRIZBRSRDVE. RN2VFOXFIVEZEDER
Z0v72BENBRLOTA\TORZERITISFRLHS.

Eguchi &R, Staudinger/aza-Wittig RIS ZfIRAD. 6L RN 2NVZFORXFNVE
2853334 ROENKRYZEBU TN S(Scheme 0-8)7,

Scheme 0-8. Staudinger/aza-WitigR G ZFIA T %6- b YU Z)AOAFIL-45-2E ROEY R &R

1) NaOEt / EtOH (0] 0] 0] 0]
CF3CO4Et reflux J\/\/U\o 1) SOCl, Jk/\/lj\
> Fsc H > Fsc N3

+ 2) 30% H,SO, 2) TMSN g

CHQ(CHQCOQEt)Q reflux 42%
0]
PPhs / CgHg 0 0
> > HN
-Ny F C)k/\/u\N”PPh3
3 FaC”

49% (2 steps)

% 2. Aza-Diels-Alder RIGRR. Claisen a2 28|33 S22 TRN2)A 0 XF
VEZBIIThSEROFINY. FhShaasvoaQuyBattfdso2e R
QA4YVFINY2EBRT B2 XN TEB(Scheme 0-9, 10)*%,

Scheme 0-9. Aza-Diels-AlderRcZEFIFAL=2- FUZILAQAFILTFSERAF /U DERK

CF3 CF3

NJ . HN
LO BF3'Et20
[ j R —_— OR
OMe OMe

R = Et (56%), Bu (60%)

11
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Scheme 0-10. Claisen#sfii # L\ =CF: B & H T2 \TOBR{LEVDERK
WO /\ﬁ) i) NaH CF3 NaBH,4 HO Fs
—_—
ACOH C

O.Et OoEt
70% 92%

Piperidine

CF3

CF3 ’
MeC(OEt)3 @:coga LiAIH, @:jo/o
- — H
200 °C OEt

(Claisen#zfir) 739 90%

CF
CF. 3
— @f” e T
— > —_—
OH

72%
TsCI

_BNH, @:)

62% 80%

RD22NVZAORFNEZHINTORBENOERENRKBENSIBEEINT
V3ORHY. J2NWZARXFUVYEBRI20FORFIVEHINTORIEENZ
BRI SFRRED TREAND RN, RF. ERFEOIBTY2nd0kL=0N7
YERRI2NVZARXRFNVEND VR NDVERL ROFIBONATAVRE—2
OTHHRNBNDD. ChOOBEEZ2HIN\TURILENOANIZNOR,
CORSKRBREZ2E5ISNTORIBENONFALRERBNRLEZENTN
BROURZHDEELIDNS.

J2NFARFUIEBZ2HINTORBENOERELOTR. EINBWittig
DORBNANSNRTHEY. PITER ThY. STRIBEODNVI=VEZ
J20ZFARXFUVIBTES. RROZOFETR., BRUIYEOAFIRAFNVEY)
YBRIPERHMPT)NBETHY., IRPIT L R2ARKBERRBTRIGNE
TFI3H0D. TRhY2ORRBIFBRIEW (Scheme 0-11)*7',
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Scheme 0-11. WittigBd D RICEFIA LEATORADZ Z)VAOAF LV EDEA
OMe CFaBry, F,C.Me,

HMPT w
—_—_—m
/ THF Piv OMe

86%

Piv OMe

CF5Bro, Fo

TBSO Zn, HMPT TBSO
R —

/ THF 4

68%

<[(M82N)3PCBI‘F2]+BI‘_ A» [(MegN)3PCF22nBr]+Br‘— (MegN)3P=CF2>

k. IJ2NZFORXFNVEZ2HION\TORIBENMOERER. 2 VT 0XF

VYBZNSIDA-REDRET TRE/IN T SFH&(Scheme 0-11)°, I F WP
£ )22 v{BIRADAS Z2{ERR L T. KW VEL2I220Z0RXF VBT SF
#&(Scheme 0-12)”, RN 2VZARFIVENSO HF OB X B&HZXB2HRO T
TI2N0FARF VWEAXLBEE T SFIE(Scheme 0-13)* W5 B, Scheme 0-11, 12 OF
ZEQ. BREFEBHCRABENSY. 22 DAST BBV vHEBAKOT. R
OFJBOI2vHRBENTLES.

Scheme 0-12. DASTZRW\=7ILTE RO Z)LAOAFIVE

0 o)
RN EtoNSF3 RN
)\ | (DAST) |
—_—
onc2 oY / CHoCly HF O R =-CHzCeH4OMe
° E

52%

13
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Scheme 0-13. CR3 BEDBRHFE KO FEREEZZEBRTH O 7IA0AFIVEDEA
Me Me Me

EtO,C CO.Et  EtO.C OEt EtO2C A CO2E
+ P A g P
FaC” N” CFs FsC7 N7 CFs / THF FaC” N7 CFoH

62%

RE 29vERFHISNARDIO2NVZOARXFVERXEO20ZOQPVFNVEZD
QE72vENTURILENORRNBEREL2BNTERN,. ERERPHEHM LD
TEZXNSE2vR\TORIENR. SOBHREBNBHOTNIS 22N,
DRANONARCEDBN LERFEORRNNEIATNS,

—ASHRETR. SHETHROBERNOEBINTNLZ? vRIELEWNZ "8
RIEZRCOZIZENDR A ZHAR" 21ToTNS. 2RV, (BERPO 2 vENSA
BREREISFARBEBIT 29T Y20 TORRE2ERAIS2 LT,
E72vRILENTHINBRREITISHRNLERRDORRE2ZBEBOLTNS.
29y ROKEHEREBOLRZE? vy RIEEIICHBEBNLTHONERRISNAZERN
K. SRBO2 v RBZOHLZLBEBRANANS Y TR, BRERIBZOIBRLS
NTH., "BROER" LUTO2vEOERAENRANZINSOTRARNNEED
3.

22T, BRE2VTO2vRDBELZRTASY. 2vROARERBIIEBY
BREILOEGZ2BORBNHEEIR (1 R)L. 2vROKREG/FUHLCS
SBFRSBTONRNSS. BEBQ. 2 vENEEISRALCINENH SRS
REDFENKREL. MNMEN\BIF2Z2EVADRBDRR L. KREBFHL0
BFREBC 2 TaARONBF 2L RRHOR S NHBBMRIM)NB S (Fig. 0-4),
2yROBHEBDRCR. COIXSKRBIRIINEDEBFRESKEHR H3WNA
MH2NSHRTISMIRNRTFO. ONBVI2vRRFOEEOVTNSREMN. sp'(R
AIMBEN. H30R P (FDRBENCI 2T, KOOV TESLOMRNR
RARKSNNRES. SORN,. B2 v RLEWNORDIE2REIT SBIF MR
DRAOHBETHS.
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Figure 0-4. BFR3E
: oo. +oo ‘J\_ oo.
BRSBTS
—C—>F . —C -« — - =
| /N \ B A /N
I : +RIE : s

sp IRRREEURZI2vADRER-I MRNREACHEHE. MiXENIIKERE
DHONVRP=ZFYR. 2vEQARZUP THI BRI TOLRBIEENS. 223N,
BDA-DNWERP=AIYNITI)S—-ROIASRREZAREARAZINT sp° FERAE
223BERR. TEBFLIVROEREGBIUANIVEEI SO, INMTHRN
BAOTIDRREY. BR2VTTFRBIBLZEY S (Fig. 0-5. 20220, &
BIFLOA-REOBEEND vEOBARI > TETISRR
(CH,CO,Et > CHF,CO,ENiCR B2 2INT&E B *,

Figure 0-5.

! 120° : B RE
QY b YaQle
31095 : wC —> : ‘ o
\\'“7(1\ E /ﬁ \N: E cl.:o.

07 ZA VRER(HR) ' PT=AVRERPR) ' o7 ZF (HBER)TRER(+HnHR)

k. 29RNEEBUTNSRELOVFA YA, sp’REO DR hR238E
L8P, SHN-IDRRBI DR, BEIER N B(Fig. 0-6)”,

Figure 0-6. AF 7+~ ICHEIFB+R%HR

Uc ,
>6£.F.* ~— >=.F.:

Hy29v&ER. 2942V TORBENDOHIRE2E53T3. 20
., BEERCE2ENS2vEREEEY. 2vEOLBRRERGBIFUNEDS
PRHAY. B8 2EM T B(Fig.0-1)",
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Figure 0-7. 7 wit¥A # > & L TORiREkRE

\—2, (—:o ! 'll,, .
Y > Cc—Y
B
Z -

kRO vEORER. SRIBZHARCBNDNLROOTHY. #HICO vROBIEO
PZZFY2AHF3JRNITSEROBFANRI. RONOTFIYRFIHNTKRE
N, 2ha0RB2EMAISCL2L1. EERELREBRBNT. J2ouzOL
ZWBEMBIT RN 2 )VZORXRFVEZNEEIIZBRENBL I SERAIN2
RIATS2LROLR. IRDOHS, SHBO02NVAFOAP VT YROBFAP=FIB
QUSIHNRB2AAOT. 2vERSF. 20F0PVFVESI30R2/N0ZF0
PL7=VB2Z2E5I3E7vENTURBREORARZZ2BEI2XRLE.

1) 207 )BENOIFARZERZ2H4MT S 3-20F70F )N Y 08
5]

J2NFAEZNVENOARELRBHE. RE-RE_BEENBIFRIIEO
BUI2VERRFODREILY., RBFR2EBISRTHS. P Yaka, 8
FLI2VERFOKREBINOBFRRAOVBET. 2 vRNEBREEORKRERL
S+. RMAIORFZRS-ICLAEI DO TNS(Fig. 0-8), 2DFEA. 207

QL= VEEMD "C NMR RBFBEOGTEERRRTERNS.
Figure 0-8. ZZILA Q7 IVT > D518

3C NMR Electrostatic Charges

o+ o 5<125 5>135
FgC:C< Ca"51\io ca 090 <\ /> +0.52 -0.74 -0.33 -0.33

/

H,=CH
_ r, \ _ CF>=CH, CHy=CH>
cF=c cH=c{

calcd. by pBP-DN**

2D, Scheme 0-14 CRIASR. J2vF0E Vi8R RERZ2{EBRR
¥32 REBRBR 2 vENBERBRSLUZRARERAREZ Y, ¢0#&{IPR
BNS72 VIS Y NRB IS T. BRR2VT2vENREATEREI NS

3738
-]
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Scheme 0-14. £ 7)LA4 0 EZ)IVEEMDKEZEH IZ XL 5 0 FRIERR G

R X [ R X ] _ R X
wp=cl- G G| = H>czc<
F X - 80 °Q / Ether Fz): X X
X = Cl, SEt M = Li or MgBr .

R . A& Phior PhiMgX. Phi\ Q,F —F" i) :Cf
- No|  —80°C/Ether FQC g PHF ol

ONVI2ODIXSHREBERRIDE. N2 —IARERPNFDARROIS KRN0
REAZBRAOEBENERBNEITORN, ¢2TEER. SORNZIFANEBRT
NERNRER N, KBHNBNRZEZANVTORBNEITISOTRRONE
BAk., IBRDS5. Scheme 0-15 RRIFT ISR, REOVORREBRIO vENEED
RIREARIIND. ¥ 2 vibidA T NREIT S S X THERID 2 L SHRRN2
NFO. REBRAR I VERFLEIS\TOROBRNAEBLARS.

Scheme 0-15. 2 Z7)LA O EZJULLEVID D FRRZIEICK 2BERRIG
R

2) J2 70BN\ OIFASIHNVtNZ2EBITS2070F )N Y
Boam

J20ZOEZNVIBENRREZENRSTONVRENRIDEZT IS XNBER
NTBY ., MAE Scheme 0-16 RRIXSR. J2070PW57YR2 =%
FSIHNWNOT. VDT BAN24R2ELSB Y.

Scheme 0-16. 2 Z)LA O EZIJILLEMAND D FRES 2 HILFHN

= benzoyl peroxide R R
4 - PhS%—C/
F

_ ‘ H  R=Akyl.A
o+ —C\i + PhSH reflux / THF \HH yiLar
F

17
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Y2 TEER. COXSBRBFRTOSIHNIINZIFAN\NLHBI L.
BREOSIYVNVRBTARSNBNBIRENERISOTRRNUNEEA . TR
D5 SAFRINWSIDNVOBFASIHDNVRBTR, BR 6-endo-1rig RIBR Y
NT S-exo-trig RIENBINREB2 S 2. SERILEINIZ2EBANRCERTS
(Scheme 0-17)*,

Scheme 0-17. 5-A\+ =)L S HILDSFRERIL

wBr n-BusSnH ﬁ\) .
)
/ Benzene

N0

98% 2%

—H. MWFTB gem-I20ZFAP VS ITR. J20F70RXFUVIRERRBNW
REFE2H85IS2YD. IFARREES IV 2RZERLTLE. 2vEOA2R
BA\STONINRENT B2 LT, BRER 6-endo-trig RIBMEFEITFO., SOER?
YERFL2I2HIGEBRILEINIDOEMMNINE T E S(Scheme 0-18),

Scheme 0-18. > 7)AOEZIVELEMID R FAS P HIIVEEICK B MRIE

6-endo-trig
He
—_—
" Hoe HF>C,

5-exo-trig

18
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S)RN2VFARXFNVEZNDEEN2HRRENELISEVO2vERG. BRRATO
Rit&mosm

Table 0-4. KEFIZBA /= bV Z)LAOEZ I EEYMDOBRR G

Nu
NuM (1.0 eq) Fo —F Nu
FsC - /C N > F-C
R / THF or Et20 Ii) R o
R = Ph, Ph(CHa)3
NuM Yield/%
ester enolate
R MeLi n-BuLi PhLi (-Pr)oNLi ester enolate OLi
Ph 90 93 90 90 0 P Z “OMe
Ph(CHo)3 85 87 0 0 _

RD2)0ZARFIEZIBEIAS. CF,EOBNBIFRIIERS o TREZAN
{HNORI. SRUMNBNDS 2 v 4 NBBO T, BANRKK S28
OERNNFSN B (Table 0-2)°, SOBRBREBERIRZANOHNINKEL, €0
SRIEZARABARSINTNZ. AAE. RD2VFOXFNVEOARRERR?
1= VEZEISEBR. 222 WNFDA20RBNBBREITISHLOD. P
LFVEZE5IISEETRIINAZIBZHERN. . 2= VE2H5ITI3EE
ZARANTY. TRATVI)S5—PROISKRBUREAMLRIRBOAN, ONDES
Q. 2ORD20ZOXFIVEZNBENOBERDZIFATITAR. T hO
E-HreEaflcRs2 2 TCRIDNRERN. KBNGFLREAZAN T ORI NE
TIBOTRRNNEEAR. SORFARDZHATSE 2 vENTORILEW
BRO#ER% Scheme 0-19 BRI,
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Scheme 0-19. FVU ZJ)LAOEZ IV LEVID D FAERE X OTIIRIG

<HFHEBES  ETO R ERE>S CF2 CF2H

1 .,
-’ - - "
-

e J -t I I
PN NN
-vY 1 J _ 1

N7 S Yoy ~oe* \ CF3 CF3

n

+ -~ -~
H ~ 7 _— > /I"‘e

<SFAMM : 7O kRG> Yoo s us? Yo b eoe?

FHRHSE, RN2VFARXFNVEZIBENOBFARATORF2Z2EDRE
B2RERYE. CHRIASBHRNNETINE. J2NVTOXFVIEB2E5TS
ATORI NERTESZLRARS. AR DAV 2 4+ JARANAR\NLRIET
N, J2NFOXFVEBL2E5FTS\TOR N \BEISILNTES. —4.
RD2VZAXFNVEOMRTHINPRARTHSP=FJENRBILINSOT.
Z0hYERETTRB2TAE. 298I NBIRE I SHIC IO b J{BNE
FO. D2 ZaXFVEZEISATORIN NERTEILIALE. I
NOBMARRNEFTIARE. RD2VTOXFNVEZ2EITSATORIV Nigond
SRS, 2OXSL. RN2Z0RXFVEOMRTEEHDSNIMINLNS
ZODRA7OBRN21ISZENTENE. E-ORENMUN>E 2O VFO7P
DENVEZHINTORNABARERTESZLRAS,

RF. I20Z70E)BENOIFRRZBEZ24RT S 3-2070% )1
YDEH (BF—28) . J2NFOENWBEN\OIFAST 2 NitN2ERT S
2pA0F )NYRAOEH (E=B) . BAURD2pFOXFIE=VEENZ
HENBLISEIVvROCERRBIAUSARATORILENIOER (GRR: E=
8. S5RR:FAOD) CONT. Z2ha0#A2MENS.
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F-8 I FOEENVBEINOBFAREZEEZFRTS 3-20
FOF)NJOER

1-7 &S

F)NYAR. MPSNPRBAOF=—R. RBROTHODATNSF)
2847, HINVIERZBIDYTRTIIYOBRBRBTHY. \TORILEN
OPTHEERDOOO-ITHB .

OH X

MeO N

5
N
Quinine (A~ > U 7 RRA) Quinophthainone (4}

Camptothecin (45 A#l)

#£o0T. FNYBRBR2O2vEZBAORZZ2VZOF )N YEAR. 2vE&EEE
ROBVERDNSBRBERERORRNNE TES 2D, HED THRIKWIRWIL
8WMTHS . 2)070F)NYORTY 3-2)040F0YREBINEE
WTHY. MaiasE Kato RAVIVO72vEBHREN. FINJOERRR
K2MANFTSSLNMONCEN. EREN\OEHNRFRNTNS . LML,
322 0Z70FI)NYOIASRENTIYROIUN 2 vERBR N ZF INIOER
BRI SHEIRDTIRAN.

SINSHANSNTNS 3-2070FI)NYOESRFIER. BRTOHLENR
Balt-Schiemann RO TH S °. 2. PEIEBZIPVIBOLRZOS5 2 vEEBRE
\NR2RETISFETHY. Hawkins S, Balt-Schiemann RISZFIBO T, 3-P=
JFININS3-2)070F )N Y 2E8HR O T B(Scheme 1-1)°,
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Scheme 1-1. Balz-Schiemann &&= B W= 3-Z)L.AAF /U DERK
—_——
N T
74%

Schlosser . 2-2 WA A-3-RRFIPI2NV NPV RhZ2HBE|ENEXD. 3T
BT3-2)070F )N Y2BTNBM (Scheme 1-2), SEMBOESRBRXES.

Scheme 1-2.3-ZJ)LAAF /U DERK

65% (3 step)

3-20F0F I)NYRIBDT. ENJYBRNI2vRBRkF I)NYERORE
DHREMZRTHABEL, XATOIIOINEFHNS. Chambers HA, 2vHXAD
2ORGM2HAALREF I)NY D202 v Z{EZEE L TN B(Scheme 1-3)%, O
N, SCORBRCHANDNS 2 vRLTRAR. BEPEEENEL. BERORRET
REBRBOIANRETHS.

Scheme 1-3. 7 v HF-AVREEMERWE=F /U D7 vFHEit

(D e (D fD
NS > Nt
N CFQC|CFC|2, 0°C N = \N

|

I

54%

Uchibori 2. 2-200F JNYOERRF 22 vRRERIS2 LT, 2-20
ZOF )N Y2ZERO TN SB(Scheme 1-4)°, 2SOFETHWS N S n-Bu,PF-HF X,
n-Bu,POH 22 Y {BKBRENSOABETEISN . 2 v{BARZBRABENEL. BB
neRER2EIT .
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E 5=
Scheme 1-4. /\O% 33 hs 7 v BLRIG

X > X
Cl N F~ °N

99%

Strekowski . 2-RD2NWAZARF VP =NY 2 RF VT RIITI)S—-hER
BREBZ22T. ModT3 42N0F0FI)NIYNBEONIS2X2Z2H/BIOTND
(Scheme 1-5)"",

Scheme 1-5.4-Z)bA Q%+ /U DA
F

FsC _
L.+ 0 = -
R Li HoN —-78°C—rt,3h R \N

/ THF

33-40%

R = Me, t-Bu, ’ \@ \g

ONVNIFNORKDY. ¢OERARABARREZCHBRZ2EISZEND, ¥
NIYBRNBRAR I vRIUENRZF INYONBARERIBEORRENEZINT
W38, B2 Scheme 1-5 DHER. 2RI VS -NBROBHREZHD 420
FOFJ)NY2ERUVUTNIN. SHREKBEROBANYELBBEOSNED vV
AF)NJROBRAREL. SHRESITHSANEHTHAN.

—5. BRTOLBRARZI SR 8emI 2 0A0PNVFTIR. IN=»—VEREKR
BENFDARELBLOBOVREAZRBD. {TN-HiE28TovROBENE
338 ". BARZTR. COBRNZIFARDNLERI ST, LEEIHN
REETOLDFABENEBEITISISRAY. RBBRRAR I vERFLZENTS
SCHBRLKBES I vENTURBENOERZBEVLTNS. 40RO —-M2
OT. ZVRRRIPIRAFNPEIBZEISLLI2N0TQRAFVY 12 OR
WBMNBS. 1-2 12, LITMP 2 NaH REDER2{EAK YIS 2RO b Y NEITO.
REISAIPIDIVERP=ZY 13 RSNV vEODFREBEZITS
S¥T. 24-2@8#-3-2)040F N Y 1-4 2{8 TN B(Scheme 1-6)",
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A: >(Nj< (6.0)

n-Bu Li

n-Bu RCHO (2.5) ~78°C,1h
FZC)D KCN (25) FZC)D /| THF
AcOH (3.5 B : NaH (2.1
(3.5) NCZ\N (2.1)

HoN reflux / MeOH r.t,1.5h
1-1 1-2 / DMF

Scheme 1-6. 2,4-—@#-3-7)LbAOF/ U > DERK

R = H 84%, Ph 40%, 2-furyl 45%

n-Bu n-Bu

F
— _ N
NCTﬂ HCN RN
R A:R=H64%
1-3 1-4  B.R=Ph81%, R =2-furyl 81%

COBRRTR. PIEBDARRRLRCEZET SHBNFBLREZERIVE=D
B2 vEOPIFASBENEITO. RKERK HCN NB2VEHEBOLTNS. 20
FREQA. F)NYO2RP VT RAROKRLZLEBRBOBANYETHY. &
BEBRORN 3-2)0F70FI)NYOERIELXNAS.

BO. SOFETRAONVKRP=AY 1-3 Z2RELES2HI2 LITMP R NaH X ¥
OREBEZANVAEINELRDRNZ 2. RILOBRENIE 12 27PN 1-1 N>
RBUISER. BABEOKCN NBBTHIZRY, REINERNBEEINTN
8. ¥2TEER. PRAKO A-IPIONVIRP=ZY 1-3 2BREREERESI
b, ZPIBMATIEAZYOBRBREBD 2(Scheme 1-7), FHRHSE, P
(BT Y2 A YRIERAIBIL. IPYBAATIRAZ VERAIRHENOE
BAPZZIANERTS. A NS0 hYBRNEITINEBOSSKAa-TIP)
DIWRP=FIYNRED. 21K Scheme 1-6 OPRER 1-3 PEAVTHIB.

Scheme 1-7. 7M1t A A A4V DRIE

CN™ CN CN
Ar —_— Ar > Ar
RN\ - R/‘\N/ - R)—\”/
H —
A B

SOUVRASEYDNYVAIERBREALTR. ZNEXTAEYO=ENND
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NBORTH ok, Strain AAZTYRIPIMNAT Y ZBRNE BB L, RET S
A-IPIDNVEPZZIYNBOAZTYRIENITI ST, ZEI{ENEITISLHE
2 O TN B(Scheme 1-8)™,

Scheme 1-8. A FETIRAZI Ay TV Y

CN F|>h
CN~ e N,Ph P NH

Ph - >
0 gl a— H .
Ph

Pm’Ph_

Zrz. SL&iEMiller DR, IPIIBMA T 2RO RZBIFAPIVRASIHYT
NY 2BV TWB(Scheme 1-9)",

Scheme 1-9. #FRHRTIVRAZI Ay TUL Y

-

N N

HQ op NN ©O1) o OH
o OO0

88%

Scheme 1-8,9 ORI XRXRAY. TO Scheme 1-10 CRIBRN TR, #EIFT S a
YPIDNWEKRP=ZY2RFATI20ZQP VT YRR THEINCHRI S2
2T, 12YRATO=2{Z2NL. BARRFINVIENBRTESLNEENS.
&k, RIEOBBNBEERIAIZY 1-5BP=NY 1-1 2P LT RIVBRER
AEJETHY. SREOFAROR/RNBATNS. 62T, A2V 15 2IPI1E

NAZYORNBZHRTS3-2)070F )N 14 DEaRZIRANIS2 RO,
Scheme 1-10. 7 EIA A ERWE=3-7)LA0F/ U U EBEDRR

R1 R1 R1 R1
2 F
EXE O | 0| X0
HoN RSN NC7~N RZSN

R2 H +
1-1 1-5 K 1-4

1-2 FNVRRRAZSYBR2HIB.-I2VFTAQRAFVIORAR

25



[E—-&]

RMCHBMRZETA. RD2NWZFOQITFNVRIS—-h 1-6 ZHENEEL T B, L5
J2NWAQRFUVYOEREZBEOTNS . SORNKE., FOEP—RBIRO
1.2-BR2ES22RAY., RKPTIY2VFAE=ZNVERSY 1-7 Z2RBO. N3Y
DABBEL ADBRFTET. ADMPN-NVE2QRDYINYTEE, BI2
WAAQRAF VI 2BB3LNSBHBOTHB. ¢2T. oA-KPNYZ2ANSZ X
T. ZVRRRPEIB2EBISLLI2NVFIARFVY 1-1 28RO, 1-1 2P
WTERZRBRYE, MoITSAZY 1-5 ZFABO % (Scheme 1-11),

Scheme 1-11. )L MIICA S VB Z HDBB-C7IVAORF LV DFRAE

R
1) n-BuLi (2.1) Yi cat. Pd® Cul (1.0) FoC
CF3CH,0Ts » |CF,— .
s 2) RsB(1.1) 2 C\BR 2-lodoaniline (0.9) HAN
1-6 —78°C - r.t. rt.,6h 2
/ THF 1-7 / THF-HMPA (4 : 1) 1-1a(R=n-Bu):77%

(
1-1b (R =Et) : 77%
1-1a (R = sec-Bu) : 68%
1-5a (R = n-Bu, R' = Ph) : 92%
1-5b (R =Et, R' = Ph) : 94%

(
(
R1CHO 1.2) 1-5¢ (R = sec-Bu, R' = Ph) : 90%
L )D 1-5d (R = n-Bu, R" = p-MeOCgHy) : 45%
/ Benzene FﬂA 1-5e (R = n-Bu, R' = m-MeOCgH,) : 62%

1-5f (R = n-Bu, R' = p-MeCgHy) : 58%
1-5g (R = n-Bu, R' = 0-MeCgH,) : 62%
1-5h (R = n-Bu, R" = p-CF3CgHa) : 63%
1-5i (R = n-Bu, R' = p-BrCgHa) : 52%

7-3 HMHBREBO KCN ZHNS8 3-2WA0FI)NYDERNR
S03S5RVTERMOVRAZEY 15 ZAANT. 3-2)070F)NY 14 DEBRO
Bit20”7. 23 . B 1-5a 12.DMF 2 770 molxZ® KCN 2{H& 4. 80 °C

T3HRNAERL2{TISL. PRHOLIASKREBHNO 3-2070F )N 1-3a 2
BO6ZDBIRFTTRIS LMW TER(SCheme 7-72),
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Scheme 1-12. 3-Z)LAAF /Y > DERK

n-Bu KCN (110 mol%) n-Bu
18-Crown-6 (30 mol% F.
FQC/ ( ) > Z
80 °C, 3 h/DMF
PN P SN
1-5a 1-4a 86%
] KCN HCN ‘4
\/
n-Bu n-Bu n-Bu
F
F.CZ —_ F.C? KF Z
0= L0
Ph—T™N P N P N
NC ~ g+ NC H g+ NC H

COERERR. RO3ODEBZ2EBAHL TEITOTNS. IS, (D7
ML Y WNA 2 JBRARINO. 00 hyBENBS S22 Ta-Y
PIDNWERP=ZY Il REZXIS. (DRZFOLRKZ I CXYV. DFAMTRRENE
139 3. (iDlE HCN 2{#SBERENEITO. ¥ I3 3-2040F )N 1-4a
WERT 3.

RREER. KBEORETTRN21TAR. £FIF3S HCN R PYikiA 4
YNRIZENTE., ARISCOBIMENRANS L LR 2ITok. ¢2TRE
1-5a 2, DMF B 20 molxZ® KCN B UEERX D T&~%2 770 molx® DBU,
Et:N, NaH, K:CO: Z2{gl & 4. 80 °C T3WRIRN21To12¥23. K2COs
ZBORZIBEE. RICRAFAREITD. 8542NSSRFTHNT S 3-2040
FINY 142 ZBB2XLNTER, REOERZ2ZXLHT Table 1-1 BRT.
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Table 1-1. 3-ZJ)bAOF / U > DERIEEDRED

- n-Bu -
n-Bu KCN (20 mol%) - nBu
F.C? Base (110 mol%) Fo,C% _F- Z
» —
PN 80 °C, 3 h / DMF Phﬂ\H —HCN Ph” N
NC
1-5a 1-4a
Entry Base (pKa) Yield of 1-4a /% Recovery of 1-5a /% *pKa
12 DBU (11-12) 32 33 HCN (9.1)
28 EtsN (10.7) 41 23 HF (3.2)
32 NaH (35) 20 11
4 K»CO3 (10.3) 85 0

MO T, BN RBERGE (IBIF:OMF, KCN:20 molx, 2R KC0: (770
molx)) 22Xk, 2,4-ZBE-3-2/0F0F/NY 14 OEREBNT. BR-
fRiE 0t 2iToz (Table 7-3) . 3. 1S JVEBRFZLRI2z=ZNVEZHO
BEBIR*=Ph). R'OBHEZ2IFNVE. TFNVE. secT7FNVEBE2RAZTHR
BERRELREZRRSNT. MT S 3-2)040F)NY 1-3a—« ZBIRTTES
2 ¥ INT & iz(Entries 1-3),

. A2 J)BRZALOPN-NVERRBFREBR(Entries 4-7). BFRIIB%2
(Entries 8 and NFBADTH. RIRABIZEIFTO. XMNI S 3-2,070F 0N
1-4d-i 2B NTER., VNV, PN—NVELOZ I RER XA F{RICEHREN
BANB2. NSBHROEBBRHUNRISEBENE A 2 7Z(Entries 5and 7). 24
& A4S )EBERAOZMNEBOBET. JPIIBMATINAE JBRARIND
RIXIBokrDEEZONS.

=4, RR2DTPON-VERIND. 2-ENINVERENLry 70), XIVAND
B IRFIONKRZNBOISHKRBIRIIBZBADTH(ENTries 77 and
72). ¥NIT S8 3-2070F )N 14j-1 NigDHS., 8B, Entries 9-77
RBNTR. 1SY2ERETR. P=NYND one-pot TRB2iTFo DT,
3-20F70FJ)NY 14j-1 ORFRIP=NY 1-1 SVHEROL®Z, 12YQ. F
NMR ZBWN TARIZEREINYE (CF)LCTol) RISEZ{ToR¥23. VT
N SOXEEZEROTNIZL2ZEROLTNS. REOER2Z2XEHT Table
1-2 2R3,
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Table 1-2. Syntheses of 2,4-Disubstituted 3-Fluoroquinolines 1-4

R KCN (20 mol%) R
FZCJID KsCO4 (110 mol%l F. .
RN DMF R2
1-5 1-4
Entry R R? 1-5 Conditions  Yield%

1 n-Bu Ph 1-5a 80 °C,3 h 85 (1-4a)
2 Et Ph 1-5b 80°C,2h 72 (1-4b)
3 sec-Bu Ph 1-5¢ 80 °C,2h 64 (1-4c)
4 n-Bu p-MeOCgH 4 1-5d 80°C,1.5h 79 (1-4d)
5 n-Bu m-MeOCgHs  1-5e  80°C,5h 69 (1-de)
6 n-Bu p-MeCgH 1-5f 80°C,2h 79 (1-4f)
7 n-Bu 0-MeCgH4 1-59 80°C,14h 58 (1-49)
8 n-Bu p-CF3CeHy 1-5h  80°C,2.5h 77 (1-4h)
9 n-Bu p-BrCgH4 1-5i 80°C,4h 81 (1-4i)
10 nBu 2-Pyridyl 1-52  80°C,1h 61 (1-4)°
11 n-Bu PhCO 1-5k2 80°C,4h 46 (1-4k)°
12 n-Bu EtO,-C 1-5F  80°C,4h 44 (1-4l)P°

aSubstrates 1-5i-1 were prepared from the corresponding aniline and
2-pyridinecarboxaldehyde (120 mol%) or phenylglyoxal hydrate (130 mol%)
or ethyl glyoxylate (150 mol%) in refluxing benzene (2 h), respectively,

and used without purification. bYield based on the aniline.
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REROR

General. NMR spectra were obtained on a Bruker DRX-500 or a Bruker Avance-500
spectrometer. Chemical shift values were given in ppm relative to internal Me,Si (for 'H
NMR: 6 0.00), CDCl; (for >C NMR: & 77.0), and C¢F, (for '°F NMR: & 0.00). IR spectra
were recorded on a Horiba FT-300S spectrometer. High resolution mass spectra were taken
with a JEOL MS-700M mass spectrometer. Elemental analyses were performed with a
YANAKO MT-6 CHN Corder apparatus. Column chromatography and preparative
thin-layer chromatography (PTLC) were performed on silica gel. Toluene and 1,4-dioxane
were freshly distilled from lithium aluminium hydride before use. Tetrahydrofuran (THF)
was purchased in anhydrous from Kanto Chemical Co., Inc. Dichloromethane was distilled

from phosphorus peroxide and calcium hydride, successively, and dried over MS 4A.

FA-SRRON

EF-2F7-284

2-(1-Butyl-2 2-difluorovinyl)aniline (1-1a)

Butyllithium (1.56 ml, 1.63 M in hexane, 2.54 mmol) was added to a solution of
2.2 2-trifluoroethyl p-toluenesulfonate 1-6 (301 mg, 1.21 mmol) in THF (10 ml) at -78 °C
over 10 min under nitrogen. The reaction mixture was stirred for 20 min at —78 °C, and then
tributylborane (1.33 ml, 1.00 M in THF, 1.33 mmol) was added at —78 °C. After being stirred
for 1 h, the reaction mixture was warmed to room temperature and stirred for an additional 3 h.
The solution was treated with hexamethylphosphoric triamide (HMPA, 3 ml),
triphenylphosphine (25 mg, 0.1 mmol), and
tris(dibenzylideneacetonyl)bispalladium-chloroform (1/1) (25 mg, 0.02 mmol) and stirred for
15 min. To the resulting solution was added N-butylmagnesio-o-iodoaniline [generated from
o-iodoaniline (238 mg, 1.09 mmol) and dibutylmagnesium (2.47 ml, 0.44 M in Et,0O, 1.09
mmol) in THF (3 ml) at 0 °C for 30 min] and copper(I) iodide (230 mg, 1.21 mmol). After
the mixture had been stirred for 1 h at room temperature, the reaction was quenched with
phosphate buffer (pH 7). The mixture was filtered through Celite, and then organic materials
were extracted with AcOEt three times. The combined extracts were washed with brine and
dried over Na,SO,. After removal of the solvent under reduced pressure, the residue was
purified by column chromatography on silica gel (hexane—AcOEt 5:1) to give 1-1a (176 mg,
77%) as a pale yellow liquid.
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'H NMR (500 MHz, CDCl;) § 0.87 (3H,t,J = 7.1 Hz), 1.30-1.35 (4H, m), 2.29 (2H, tdd, J =
7.0 Hz, Jyr = 2.3,2.3 Hz), 3.66 (2H, br s), 6.70-6.77 (2H, m), 7.00 (1H, dd, J = 7.6, 1.5 Hz),
712 (1H,ddd,J=7.6,7.6,15Hz). "“CNMR (126 MHz, CDCl,) 6 13.8,22.4,27.7,29.8 (dd,
Jer=3,3 Hz),89.1 (dd, Jor = 22,17 Hz), 115.6,118.4,119.0 (d, Jor = 3 Hz), 128.9, 130.6, (d,
Jor =2 Hz), 144.3,152.8 (dd, Jor = 290,288 Hz). '""F NMR (471 MHz, CDCl;) 6:68.7 (1F,d,
Jer =43 Hz),72.7 (1F, d, Jiz = 43 Hz). IR (neat) 3475, 3375, 2960, 2930, 2860, 1740, 1620,
1495, 1230 cm™. Anal. Calcd for C,,H,sNF,: C, 68.23; H, 7.16; N, 6.63. Found: C, 68.14; H,
7.07; N, 6.52.

2-(1-Ethyl-2,2-difluorovinyl)aniline (1-1b)

Compound 1-1b was prepared by the method described for 1-1a using butyllithium (15.3 ml,
1.59 M in hexane, 24.4 mmol), 2,2 2-trifluoroethyl p-toluenesulfonate (2.96 g, 11.6 mmol),
THF (10 ml), triethylborane (12.8 ml, 1.0 M in THF, 12.8 mmol), HMPA (12 ml),
triphenylphosphine (244 mg, 0.93 mmol), tris(dibenzylideneacetonyl)bispalladium-chloroform
(1/1) (267 mg, 0.47 mmol), N-butylmagnesio-o-iodoaniline [generated from o-iodoaniline
(2.04 g, 9.30 mmol) and dibutylmagnesium (9.30 ml, 0.44 M in Et,0, 9.30 mmol) in THF (10
ml) at 0 °C for 30 min], and copper(I) iodide (2.21 g, 11.6 mmol). Purification by column
chromatography on silica gel (hexane—AcOEt 5:1) gave 1-1b (1.32 g, 77%) as a pale yellow
liquid.

'H NMR (500 MHz, CDCl3) §0.97 (3H, dt,J = 7.1 Hz, Jyz = 1.0 Hz), 2.29-2.35 (2H, m), 3.62
(2H,s),6.70 (1H,dd,J =7.6,1.4 Hz),6.74 (1H,ddd, J =7.6,7.6,14 Hz),7.00 (1H, dd, J =
7.6,1.4 Hz),7.11 (1H,ddd, J=7.6,7.6,14 Hz). "“C NMR (126 MHz, CDCl;) § 124, 21.3,
90.3 (dd, Jer = 22, 17 Hz), 1154, 118.3, 118.7 (d, Jcr = 5 Hz), 1289, 1304, (d, Jor = 2 Hz),
144.4,152.5 (dd, Jor = 289, 289 Hz). '""F NMR (471 MHz, CDCl;) 8:68.5 (1F, dt, Ju = 43
Hz, Jey = 2 Hz), 72.3 (1F, dt, Jgz = 43 Hz, Jgy = 2 Hz). IR (neat) 3390, 2972, 1736, 1616,
1498, 1454,1228,908 cm™. HRMS caled for C,,H,;NF, 184.0938 (M*); found 189.0938.

2-(1-sec-Butyl-2 2-difluorovinyl)aniline (1-1c)

Compound 1-1¢ was prepared by the method described for 1-1a using butyllithium (1.56 ml,
1.63 M in hexane, 2.54 mmol), 2,2 2-trifluoroethyl p-toluenesulfonate (301 mg, 1.21 mmol),
THF (10 ml), tri(sec-butyl)borane (1.33 ml, 1.0 M in THF, 1.33 mmol), HMPA (3 ml),
triphenylphosphine (25 mg, 0.10 mmol), tris(dibenzylideneacetonyl)bispalladium-chloroform

(1/1) (25 mg, 0.02 mmol), N-butylmagnesio-o-iodoaniline [generated from o-iodoaniline (238
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mg, 1.09 mmol) and dibutylmagnesium (2.47 ml, 0.44 M in Et,0, 1.09 mmol) in THF (3 ml) at
0 °C for 30 min], and copper(I) iodide (230 mg, 1.21 mmol). Purification by PTLC on silica
gel (hexane—AcOEt 5:1) gave 1-1¢ (157 mg, 68%) as a pale yellow liquid.

'H NMR (500 MHz, (CD;),SO, 100 °C) 6 0.99 (3H, t, J = 7.3 Hz), 1.03-1.15 (3H, m),
1.31-1.45 (1H, m), 1.54-1.66 (1H, m), 2.44-2.58 (1H, m), 4.58 (2H, br s), 6.62 (1H, dd, J =
74,74 Hz),6.79 (1H,d,J =74 Hz),692 (1H,d,J =74 Hz),7.07 (1H,dd,J =7.4,74 Hz).
"C NMR (126 MHz, (CD;),S0, 100 °C) § 10.1, 17.2, 26.9, 34.5,92.4 (dd, Jo = 16, 16 Hz),
114.5,115.4,116.1,127.8,129.6, 145.8,151.7 (dd, Jor = 290,288 Hz). '""F NMR (471 MHz,
(CD;),S0, 100 °C) 6:71.2 (1F, d, Jgz = 49 Hz), 74.1 (1F, d, Jgz = 49 Hz). IR (neat) 3390,
2960, 1730, 1615, 1495, 1455, 1300, 1215, 935, 750 cm”. HRMS caled for C,,H;sNF,
211.1173 (M"); found 211.1184.

Benzylidene-[2-(1-butyl-2,2-difluorovinyl)phenyl]Jamine (1-5a)

To a solution of 1-1a (169 mg, 0.80 mmol) in benzene (7 mL) was added with benzaldehyde
(102 mg, 0.96 mmol). The reaction mixture was heated under reflux for 3 h, and the solvent
was removed under reduced pressure. After removal of the solvent under reduced pressure,
the residue was purified by column chromatography on Florisil (hexane) to give 1-5a (219 mg,
92%) as a pale yellow liquid.

'H NMR (500 MHz, CDCl,) §0.87 (3H,t,J =7.1 Hz), 1.31-1.34 (4H, m), 2.38-2.41 (2H, m),
699 (1H,d,/ =78 Hz),7.19 (1H,dd,J=7.5,7.5 Hz), 723(1H,dd, J=7.5,7.5 Hz), 7.33(1H,
dd,J=7.8,7.8 Hz),7.45-7.49 (3H, m), 7.86-7.88 (2H, m), 8.35 (1H,s). '">C NMR (126 MHz,
CDCl;) 613.8,22.1,27.9,29.6,90.7 (dd, Jog = 24, 16 Hz), 118 .4,125.4,127.8 (d, Jor = 2 Hz),
128.3, 128.7, 128.8, 1304, 131.1, 131.3, 136 4, 151.2, 153.0 (dd, Jcr = 286, 286 Hz), 160.1.
"F NMR (471 MHz, CDCl,) 6:67.1 (1F, d, Jez = 43 Hz, Jyy = 2 Hz), 71.0 (1F, d, Ji = 43 Hz).
IR (ZnSe) 2956, 1741, 1631, 1452, 1220, 1190, 912 cm'. HRMS calcd for C,,H;,NF,
300.1564 (M"); found 300.1556.

Benzylidene-[2-(1-ethyl-2,2-difluorovinyl)phenyl]amine (1-5b)

Compound 1-5b was prepared by method described for 1-5a using 1-1b (255 mg, 1.39 mmol),
benzaldehyde (177 mg, 1.67 mmol) in benzene (10 mL). Purification by column
chromatography on Florisil (hexane) gave 1-5b (356 mg, 94%) as a pale yellow liquid.

'H NMR (500 MHz, CDCl;) §0.96 (3H, td, J = 7.5 Hz, Jyz = 1.0 Hz), 2.42 (2H, qdd, J = 7.5
Hz,Jy=2.3,23Hz),7.00 (1H,ddd,J=7.8,7.8,1.2 Hz),7.20 (1H,ddd,J=7.8,7.8, 1.2 Hz),
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722 (1H,d,J =73 Hz), 733 (1H,dd, J = 7.8, 12 Hz), 746 (2H, dd, J = 7.3, 7.3 Hz), 747
(1H,dd,J=7.8,12Hz),7.87 (2H,d,J =7.3 Hz),8.35 (1H,s). “C NMR (126 MHz, CDCl,)
5124,21.6,92.1 (dd, Jop =23, 15 Hz), 118.4, 1254, 127.5,127.6 (d, Jo = 4 Hz), 128.7, 128 8,
130.6, 131.4, 1363, 1512 (d, Jor = 3 Hz), 1527 (dd, Jos = 286, 286 Hz), 160.1. '"F NMR
(471 MHz, CDCLy) 8:66.8 (1F, dt, Ju =46 Hz, Jiy, =2 Hz), 70.4 (1F, dt, Jy =46 Hz, Jp, =2 Hz).
IR (ZnSe) 2971, 1739, 1629, 1452, 1223, 1190, 749 cm’. HRMS caled for C,,H,sNF,
272.1251 (M"); found 272.1260.

Benzylidene-[2-(1-sec-butyl-2,2-difluorovinyl)phenylJamine (1-5¢)

Compound 1-5c¢ was prepared by method described for 1-5a using 1-1¢ (123 mg, 0.58 mmol),
benzaldehyde (74 mg, 0.70 mmol) in benzene (8 mL). Purification by column
chromatography on Florisil (hexane) gave 1-5¢ (156 mg, 90%) as a pale yellow liquid.

'H NMR (500 MHz, CDCl;) 60.96 (3H,t,J =7.4 Hz), 1.10 (3H,d,J = 7.4 Hz), 1.33-1 .41 (1H,
m), 1.53-1.61 (1H, m),2.52 (1H,qt,J=74,74 Hz),698 (1H,dd, J =7.8 Hz), 7.19(1H, dd, J
=6.8,68 Hz),7.20(1H,dd,J =6.8,6.8 Hz), 7.31-7.35 (1H, m), 7.44-7.48 (3H, m), 7.87 (1H, d,
J=78Hz),7.88 (1H,d,J =6.8 Hz). "“C NMR (126 MHz, CDCl;) § 12.3, 18.8,28.0, 36.0,
93.8 (dd, Joz = 15, 15 Hz), 1184, 125.1, 127.1 (d, Jor = 5 Hz), 128.7, 128.8, 128.9, 130.9,
131.3,136.4,151.9,152.9 (dd, Jor = 284, 284 Hz), 160.3. ""FNMR (471 MHz, CDCl;) &:68.5
(1F,d,Jgz =46 Hz), 729 (1F, d, Jgs = 46 Hz). IR (ZnSe) 2964, 1734,1631, 1452, 1225,912,
742 cm™. HRMS calcd for C,oH,,NF, 300.1564 (M*); found 300.1564.

[2-(1-Butyl-2 2-difluorovinyl) phenyl]-(4-methoxybenzylidene)amine (1-5d)

Compound 1-5d was prepared by method described for 1-5a using 1-1a (189 mg, 0.89 mmol),
p-methoxybenzaldehyde (183 mg, 1.34 mmol) in benzene (8 mL). Purification by column
chromatography on Florisil (hexane) gave 1-5d (132 mg, 45%) as a pale yellow liquid.

'H NMR (500 MHz, CDCl;) § 0.84 (3H,t,J = 7.0 Hz), 1.28-1.35 (4H, m), 2.39 (2H, tdd, J =
73 Hz,Jy==20,20 Hz),3.87 3H,s),698 (2H,d,J=8.8 Hz),7.00 (1H,dd,J=7.6, 1.1 Hz),
717 (1H,ddd,J=7.6,76,1.1 Hz),722 (1H,dd,/J=7.6,1.1 Hz),7.31 (1H,ddd,J =7.6,7.6,
1.6 Hz), 7.82 (2H, d, J = 8.8 Hz), 8.27 (1H, s). "“C NMR (126 MHz, CDCl;) § 13.8, 22.1,
27.8,29.6,554,908 (dd, Jz = 23, 16 Hz), 114.1, 118.5, 1250, 128 .4, 128.7, 129.5, 1300,
130.4, 130.4, 153.0 (dd, Jor = 286, 286 Hz), 159.3, 162.2. ""F NMR (471 MHz, CDCl,) &
66.9 (1F, td, Jgr =45 Hz, Jgg =2 Hz), 709 (1F, d, Jgz = 45 Hz). IR (ZnSe) 2927, 1738, 1604,
1512, 1252, 1219, 1163, 1032, 831, 771 cm™’. Anal. Caled for C,0H, NF,0: C, 72.93; H,

113



(RO HF-=)

6.43; N,4.25%. Found: C,73.22; H,6.67; N,4.10%.

[2-(1-Butyl-2,2-difluorovinyl) phenyl]-(3-methoxybenzylidene)amine (1-5e)

Compound 1-5e was prepared by method described for 1-5a using 1-1a (216 mg, 1.02 mmol),
m-methoxybenzaldehyde (208 mg, 1.53 mmol) in benzene (8 mL). Purification by column
chromatography on Florisil (hexane) gave 1-5e (208 mg, 62%) as a pale yellow liquid.

'H NMR (500 MHz, CDCl;) §0.85 (3H,t,J =7.2 Hz), 1.32-1.34 (4H, m), 2.38-2.41 (2H, m),
3.88 (3H,s),7.00 (1H,d,J =7.8 Hz), 705 (1H,d,J =72 Hz),7.21 (1H,dd,J =738, 7,8 Hz),
724 (1H,d,J =72 Hz),733 (1H,dd,J=72,7.2 Hz), 7,38 (1H,dd, J =7.8, 7.8 Hz), 740
(1H,d, J = 7.8 Hz), 7,50 (1H, s), 8.33 (1H, s). "C NMR (126 MHz, CDCl;) 6 13.8, 22.1,
279,296 (d, Jor =2 Hz), 55.3,90.5 (dd, Jor = 24, 16 Hz), 112.1, 1155, 1180, 118.4, 122.2,
1254,1278 (d,Jr =5 Hz), 128.7,129.7,130.4,137.8, 151.1 (d, Jog =2 Hz), 154.2 (dd, Jcr =
286,286 Hz), 159.9. "“F NMR (471 MHz, CDCl,) 6:67.2 (1F, d, Jir = 46 Hz), 71.2 (1F, d,
Jir = 46 Hz). IR (neat) 2956, 1739, 1630, 1581, 1230, 1215, 912 cm”. HRMS calcd for
C,0H,NFO 310.1607 (M"); found 310.1631.

[2-(1-Butyl-2 2-difluorovinyl) phenyl]-(4-methylbenzylidene)amine (1-5f)

Compound 1-5f was prepared by method described for 1-5a using 1-1a (206 mg, 0.98 mmol),
p-tolulaldehyde (176 mg, 146 mmol) in benzene (8 mL). Purification by column
chromatography on Florisil (hexane) gave 1-5f (177 mg, 58%) as a pale yellow liquid.

'H NMR (500 MHz, CDCl;) § 0.84 (3H,t,J = 7.1 Hz), 1.30-1.34 (4H, m), 2.37-2.41 (2H, m),
243 3H,s),6.99 (1H,dd,J=7.7,13 Hz),7.19 (1H,ddd,J=7.7,7.7,1.3 Hz),7.23 (1H,dd, J
=7.7,13 Hz),7.28 (2H,d,J =8.1 Hz), 733 (1H,ddd,J=7.7,7.7,1.3 Hz), 7.77 (2H,d, J =
8.1 Hz), 8.31 (1H,s). "“C NMR (126 MHz, CDCl,) 6 13.8, 21.6, 22.1, 27.8,29.6, 90.7 (dd,
Jer=23,16 Hz), 118.5,125.2,127.7 (d, Jog = 3 Hz), 128.7, 128.8,129.5, 1304, 133.8, 141 .8,
151.4 (d, Jop = 3 Hz), 153.0 (dd, Jor = 282, 282 Hz), 160.0. 'F NMR (471 MHz, CDCl;) &
67.0 (1F, dt, Jgz = 46 Hz, Jgy =2 Hz), 709 (1F, dt, Jgz = 46 Hz, Jpy =2 Hz). IR (neat) 2952,
1739, 1628, 1228, 1217, 1173, 908 cm™. HRMS calcd for C,H,,NF, 314.1720 (M*); found
314.1747.

[2-(1-Butyl-2 2-difluorovinyl) phenyl]-(2-methylbenzylidene)amine (1-5g)
Compound 1-5g was prepared by method described for 1-5a using 1-1a (219 mg, 1.03 mmol),

o-tolulaldehyde (187 mg, 1.55 mmol) in benzene (8 mL). Purification by column
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chromatography on Florisil (hexane) gave 1-5g (200 mg, 62%) as a pale yellow liquid.

'H NMR (500 MHz, CDCl3) 6 0.84 (3H, t,J = 7.1 Hz), 1.30-1.34 (4H, m), 2.36-2.41 (2H, m),
2.58 3H,s),6.97 (1H,d,J =79 Hz), 7.12-7.24 (3H, m), 7.28-7.36 (3H, m), 8.00 (1H, d, J =
7.6 Hz),8.62 (1H,s). "“C NMR (126 MHz, CDCl;) § 13.8,19.6,22.2,27.9,29.6, 90.6 (dd,
Jer = 24, 24 Hz), 118.6, 1253, 126.3, 128.4, 128.7, 1304, 1309, 131.1, 1342, 138.6, 151.8
(dd, Jor = 286, 286 Hz), 159.3. "F NMR (471 MHz, CDCl;) & 67.0 (1F, d, J = 46 Hz),
710 (1F, d, Jeg =46 Hz). 1R (neat) 2925, 1739, 1624, 1593, 1570, 1489, 1221, 970,912,771
cm’. HRMS calcd for CyH,,NF, 314.1720 (M*); found 314.1726.

[2-(1-Butyl-2 2-difluorovinyl) phenyl]-(4-trifluoromethylbenzylidene)amine (1-5h)
Compound 1-5h was prepared by method described for 1-5a using 1-1a (288 mg, 1.36 mmol),
p-trifluoromethylbenzaldehyde (356 mg, 2.05 mmol) in benzene (8 mL). Purification by
column chromatography on Florisil (hexane) gave 1-5h (314 mg, 63%) as a pale yellow liquid.
'H NMR (500 MHz, CDCl;) §0.85 (3H,t,J = 7.1 Hz), 1.30-1.36 (4H, m), 2.39 (2H, tt,J = 7.3
Hz, Jys =22 Hz), 701 (1H,d,J =74 Hz),7.21-7.27 (2H, m), 7.36 (1H,dd, J =74, 74 Hz),
7.73 (2H, d, J = 82 Hz), 799 (2H, d, J = 82 Hz), 841 (1H,s). "C NMR (126 MHz,
CDCl,) 6 13.7,22.1,28.0,29.6 (dd, Jor = 2,2 Hz), 90.4 (dd, Jor = 24, 24 Hz), 118.1,123.9 (q,
Jer =272 Hz), 125.7 (q, Jor =4 Hz), 126.1, 128.8, 128 .9, 130.5, 132.8 (q, Jor = 32 Hz), 1394,
150.5 (d, Jor = 2 Hz), 153.0 (dd, Jor = 286, 286 Hz), 158.4. '""F NMR (471 MHz, CDCl;) &
674 (1F, td, Jgg =45 Hz, Jpy = 2 Hz), 71.3 (1F, d, Jge = 45 Hz). IR (neat) 1741, 1631, 1321,
1309, 1234, 1219, 1169, 1130, 1065 cm™. HRMS caled for C,oH,sNFs 368.1438 (M™); found
368.1455.

[2-(1-Butyl-2,2-difluorovinyl)phenyl]-(4-bromobenzylidene)amine (1-5i)

Compound 1-5i was prepared by method described for 1-5a using 1-1a (251 mg, 1.19 mmol),
p-bromobenzaldehyde (286 mg, 1.55 mmol) in benzene (8 mL). Purification by column
chromatography on Florisil (hexane) gave 1-5i (233 mg, 52%) as a pale yellow liquid.

'H NMR (500 MHz, CDCl;) 6 0.84 (3H, t,J = 7.0 Hz), 1.28-1.36 (4H, m), 2.36-2.40 (2H, m),
698 (1H,d,J =7.8 Hz), 7.19-7.25 (2H, m), 7.31-7.36 (1H, m), 7.60 (2H, d, J = 8.5 Hz), 7.74
(2H,d,J =8.5 Hz), 8.30 (1H,s). "“C NMR (126 MHz, CDCl;) § 13.8,22.1,28.0,29.6,90.5
(dd, Jer = 24, 16 Hz), 125.7, 1259, 1280 (d, Joz = 3 Hz), 128.8, 129.7, 130.1, 1304, 130.5,
132.0, 135.2, 150.8, 153.0 (dd, Jor = 286, 286 Hz), 158.7. '""F NMR (471 MHz, CDCl,) &
67.2 (1F, td, Jgg =46 Hz, Jpy = 2 Hz), 71.2 (1F, d, Jgz = 46 Hz). IR (neat) 2956, 1739, 1630,
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1489, 1232,906 cm™. HRMS calcd for C;,H;sNBrF, 378.0669 (M*); found 378.0659.

E-2F7-3@

4-Butyl-3-fluoro-2-phenylquinoline (1-4a)

To a solution of 1-5a (93 mmol, 0.31 mmol) in DMF (3 mL) was added with KCN (4.0 mg,
0.062 mmol) and K,CO; (47 mg, 0.34 mmol). After the reaction mixture was heated at 80 °C
for 3 h, phosphate buffer (pH 7) was added to quench the reaction. Organic materials were
extracted with EtOAc (3 x 30 mL). The combined extacts were washed with brine (40 mL)
and dried over MgSQO,. After removal of the solvent under reduced pressure, the residue was
purified by PTLC on silica gel (hexane—EtOAc, 5: 1) to give 1-4a (74 mg, 85%) as a colorless
oil.

'H NMR (500 MHz, CDCl;) 6 098 (3H, t, J = 7.6 Hz), 149 (2H, tq, J = 7.6, 7.6 Hz),
1.67-1.76 (2H, m), 3.14 (2H, td J = 7.6 Hz, Juz = 1.9 Hz), 7.49-7.57 (4H, m), 7.63-7.67 (1H,
m), 7.96 (1H, d, J = 8.2 Hz), 8.02-8.06 (2H, m), 8.16 (1H, d, J = 8.2 Hz). "’C NMR (126
MHz, CDCl;) 6 13.8,22.8,24.7 (d,Jeg =4 Hz),31.9, 1233 (d,Jer =5 Hz), 126.8, 127.8 (d, Jc&
=3 Hz), 128.1,128.4,129.3,129.4,130.8, 132.6 (d, Jog = 15 Hz), 136.2 (d, Jor = 5 Hz), 145.2
(d,Jop =3 Hz),148.6 (d, Jop = 17 Hz), 1529 (d, Jor = 256 Hz). ""F NMR (471 MHz, CDCl5)
& 324 (1F, s). IR (neat) 2958, 2929, 2871, 1603, 1458, 1406, 1381, 1362, 1192, 760 cm™.
HRMS calcd for C,oH,sNF 280.1502 (M"); found 280.1495.

4-Ethyl-3-fluoro-2-phenylquinoline (1-4b)

Compound 1-4b was prepared by method described for 1-4a using 1-5b (95 mg, 0.35 mmol),
KCN (4.6 mg, 0.070 mmol), K,CO; (53 mg, 0.38 mmol) in DMF (3 mL). Purification by
column chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4b (63 mg, 72%) as a
colorless oil.

'H NMR (500 MHz, CDCl,) 6 1.35 (3H, t,J =7.7 Hz),3.15 (2H,dq,J = 7.7 Hz, J 3 = 2.1 Hz),
745-7.58 (4H, m),7.65 (1H,dd J =8.5,8.5 Hz), 795 (1H, d, J = 8.5 Hz), 8.03-8.06 (2H, m),
8.16 (1H, dd, J = 8.5,8.5 Hz). ""C NMR (126 MHz, CDCl;) § 142, 17.8 (d, Joz = 5 Hz),
123.1 (d, Jor =5 Hz), 126.8,1274 (d, Jog = 13 Hz), 128.1 (d, Jog = 6 Hz), 1284, 1293 (d, Jer
=4 Hz), 1304, 133.8 (d, Jor = 54 Hz), 136.2 (d, Jor = 5 Hz), 145.1 (d, Jor = 3 Hz), 148.6,
148.7,152.6 (d, Jor = 257 Hz). '""F NMR (471 MHz, CDCl;) & 314 (1F,t, Js; = 1 Hz). IR
(neat) 1604, 1408, 1385, 1362, 1215, 1146, 906, 752 cm. Anal. Calcd for C,;H,,NF: C,
81.25; H,5.62; N, 5.57%. Found: C, 81.21; H,5.85; N, 5.40%.
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4-sec-Butyl-3-fluoro-2-phenylquinoline (1-4c)

Compound 1-4¢ was prepared by method described for 1-4a using 1-5¢ (115 mmol, 0.38
mmol), KCN (5.0 mg, 0.077 mmol), K,CO; (58 mg, 042 mmol) in DMF (3 mL).
Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3b (68 mg,
64%) as a colorless oil.

'H NMR (500 MHz, CDCl;) 6§ 0.90 3H, t, J = 7.4 Hz), 1.50 (3H, dd, J = 7.4, 7.4 Hz),
1.87-2.07 (2H, m), 3.58-3.63 (2H, m), 7.65 (1H,ddd, J = 84,84, 1.2 Hz), 7.45-7.57 (4H, m),
8.01-8.03 (2H, m), 8.11 (1H,d, J = 8.4 Hz), 8.18 (1H,dd, J = 8.4, 8.4 Hz). ""C NMR (126
MHz, CDCl;) 6 12.8,19.1 (d, Jog =3 Hz), 284 (d, Jor =4 Hz),34.0,123.3,126.7, 127.8 (d, Jc
=5Hz),128.0,128.3,129.0,1294 (d, Jcr =5 Hz), 130.6,136.2 (d, Jog =4 Hz), 1363 (d, Jor =
11 Hz), 1452, 149.3 (d, Jor = 18 Hz), 153.5 (d, Jor = 258 Hz). ""F NMR (471 MHz, CDCl;)
& 36.6(1F, br). IR (neat) 2966, 1597, 1406, 1381, 1358, 1200, 1146, 903 cm”. HRMS
calcd for C,oH,{NF 280.1502 (M"); found 280.1490.

4-Butyl-3-fluoro-2-(4-methoxyphenyl)quinoline (1-4d)

Compound 1-4d was prepared by method described for 1-4a using 1-5d (123 mg, 0.37 mmol),
KCN (4.9 mg, 0.075 mmol), K,CO; (57 mg, 0.41 mmol) in DMF (3 mL). Purification by
column chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4d (91 mg, 79%) as a
colorless oil.

'H NMR (500 MHz, CDCl;) 6 098 (3H, t, J = 7.4 Hz), 148 (2H, tq, J = 74, 7.4 Hz),
1.68-1.74 (2H, m), 3.12 2H,td J = 7.6 Hz, Jyz = 2.1 Hz), 7.04 (2H,d, J = 6.8 Hz), 7.53 (1H,
dd,J=7.7,7.7 Hz),7.64 (1H,dd,J=7.7,7.7 Hz),7.94 (1H,d,J =7.7 Hz), 8.05 (2H, d, J =
6.8 Hz), 8.16 (1H,d,J =7.7 Hz). "“C NMR (126 MHz, CDCl;) § 13.9,22.8,24.1 (d, Jor = 4
Hz),319,553,123.2 (d,Jog =5 Hz), 126 4,127.5 (d, Jor = 3 Hz), 128.0, 128.7 (d, Jor = 5 Hz),
130.2,130.7,130.8,132.4 (d, Jog = 15 Hz), 145.1 (d, Jog = 4 Hz), 148.1 (d, Jor = 16 Hz), 152.9
(d,Jer =257 Hz),160.6. ""FNMR (471 MHz, CDCl;) & 32.5 (1F,s). IR (neat) 2958, 1604,
1516, 1504, 1425, 1252, 1176, 1032, 912 cm™.  Anal. Calcd for C,0H,NF;0: C, 77.64; H,
6.52; N,4.53%. Found: C,77.59; H,6.61; N,4.50%.

4-Butyl-3-fluoro-2-(3-methoxyphenyl)quinoline (1-4e)
Compound 1-4e was prepared by method described for 1-4a using 1-5e (90 mg, 0.27 mmol),
KCN (3.6 mg, 0.055 mmol), K,CO; (42 mg, 0.30 mmol) in DMF (3 mL). Purification by
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column chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4e (59 mg, 69%) as a
colorless oil.

'H NMR (500 MHz, CDCl;) 6 098 (3H, t, J = 7.4 Hz), 149 (2H, tq, J = 74, 7.4 Hz),
1.69-1.75 (2H, m), 3.14 2H,dt,J =74 Hz, Juys = 1.6 Hz), 7.03 (1H, dd, J =8.2,8.2 Hz), 743
(1H,dd,J=8.2,8.2 Hz), 7.55-7.68 (4H, m),7.96 (1H,d,J=8.2 Hz), 8.16 (1H,d, J = 8.2 Hz).
C NMR (126 MHz, CDCl;) 6 13.8,22.8,24.2 (d, Jop = 4 Hz), 319,553, 1145 (d, Jop = 5
Hz), 1154, 121.8 (d, Jor = 6 Hz), 1233 (d, Jog = 5 Hz), 126 .8, 127.8 (d, Jor = 3 Hz), 128.1,
1294,1304,132.7 (d, Jog = 15 Hz), 1374 (d, Jor = 5 Hz), 1450 (d, Jog =4 Hz), 148.3 (d, Jer
=16 Hz), 152.8 (d, Jor = 257 Hz),159.6. ""F NMR (471 MHz, CDCl;) & 32.7 (1F, s). IR
(neat) 2952, 1601, 1583, 1456, 1360, 1284, 1252, 1221, 1144, 1049 cm™. HRMS calcd for
C,0H,NFO 310.1607 (M"); found 310.1631.

4-Butyl-3-fluoro-2-(4-tolyl)quinoline (1-4f)

Compound 1-4f was prepared by method described for 1-4a using 1-5f (152 mg, 0.48 mmol),
KCN (6.3 mg, 0.097 mmol), K,CO; (74 mg, 0.53 mmol) in DMF (3 mL). Purification by
column chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4f (112 mg, 79%) as a
colorless oil.

'H NMR (500 MHz, CDCl;) 6 098 (3H, t, J = 7.4 Hz), 149 (2H, tq, J = 74, 7.4 Hz),
1.69-1.75 (2H, m), 2.44 2H,td J =74 Hz, Jyz = 2.2 Hz), 7.33 (2H, d, J = 8.0 Hz), 7.56 (1H,
dd,J =7.6,7.6 Hz), 7.66 (1H,dd,J=7.6,7.6 Hz),7.95 2H,d,J =80 Hz), 796 (1H,d, J =
7.6 Hz), 8.15 (1H,d, J = 7.6 Hz). "“C NMR (126 MHz, CDCl;) § 13.9, 21.4,22.8, 24.1 (d,
Jer =4 Hz),319,1233 (d, Jor = 5 Hz), 126.6, 127.6 (d, Jog = 3 Hz), 128.0 (d, Jor = 2 Hz),
129.1,1292 (d, Jog = 5 Hz), 130.3, 1325 (d, Jor = 15 Hz), 1333 (d, Jor = 5 Hz), 1394, 145.1
(d,Jop =4 Hz),148.6 (d, Jop = 17 Hz), 1529 (d, Jor = 257 Hz). ""F NMR (471 MHz, CDCl;)
8325 (1F, s). IR (neat) 2985, 1603, 1504, 1419, 1381, 1362, 1190, 1144,908 cm.  Anal.
Calcd for C,H,,NF: C,81.88; H,6.87; N,4.77%. Found: C, 81.75; H, 7.06; N, 4.83%.

4-Butyl-3-fluoro-2-(2-tolyl)quinoline (1-4g)

Compound 1-4g was prepared by method described for 1-4a using 1-5g (94 mg, 0.30 mmol),
KCN (3.9 mg, 0.060 mmol), K,CO; (46 mg, 0.33 mmol) in DMF (3 mL). Purification by
column chromatography on silica gel (hexane-AcOEt 5:1) gave 3f (51 mg, 58%) as a colorless
oil.

'H NMR (500 MHz, CDCl,) 6 097 (3H, t, J = 7.4 Hz), 146 (2H, tq, J = 74, 74 Hz),
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1.68-1.76 (2H, m), 2.29,3.14 2H, dt,J = 7.4 Hz, J,;z = 1.8 Hz), 7.32-7.38 (3H, m), 7.45 (1H,
d,J=76 Hz),7.59 (1H,dd,J=7.6,7.6 Hz),7.67 (1H,dd,J=7.6,7.6 Hz),8.00 (1H, d, J =
8.4 Hz),8.16 (1H,d, J = 8.4 Hz). '*C NMR (126 MHz, CDCl,) 6 13.8, 19.5 (d, Joy = 2 Hz),
2277,24.1 (d, Jor = 3 Hz), 319, 1233 (d, Jor = 5 Hz), 125.7, 126.8, 127.8 (d, Jor = 3 Hz),
128.1, 128.9, 129.6, 130.2, 130.3, 1320 (d, Jor = 14 Hz), 1359, 136.6, 1449 (d, Jor = 4 Hz),
150.7 (d, Jeg = 22 Hz), 1524 (d, Jos = 253 Hz). "F NMR (471 MHz, CDCLy) & 33.5 (1F, s).
IR (neat) 2960, 1608, 1506, 1383, 1215, 1144, 906, 750 cm™”. HRMS Calcd for C,,H,NF
294.1658 (M*); found 294.1655.

4-Butyl-3-fluoro-2-(4-trifluoromethylphenyl)quinoline (1-4h)

Compound 1-4h was prepared by method described for 1-4a using 1-5h (129 mg, 0.35 mmol),
KCN (4.6 mg, 0.070 mmol), K,CO; (53 mg, 0.39 mmol) in DMF (3 mL). Purification by
column chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4h (94 mg, 77%) as a
colorless oil.

'H NMR (500 MHz, CDCl;) 6 098 (3H, t, J = 7.3 Hz), 149 (2H, tq, J = 7.3, 7.3 Hz),
1.68-1.75 (2H, m), 3.13 (2H,dt,J =7.3 Hz, Juyr = 2.1 Hz), 7.58 (1H,dd, J =7.6,7.6 Hz), 7.67
(1H,dd,J=7.6,7.6 Hz),7.75 (2H,d, J =82 Hz), 797 (1H,d,J = 7.6 Hz), 8.15 2H,d, J =
8.2 Hz),8.17 (1H,dd,J =7.6 Hz). "“C NMR (126 MHz, CDCl,) 6 13.8,22.8,242 (d, Jor = 4
Hz),319,123.3 (d,Jer =5 Hz),124.2 (q, Jor = 272 Hz), 1253 (q, Jcr, =4 Hz), 127.3,128.0 (d,
Jer=3 Hz), 1284 (d, Jog =2 Hz), 131.1 (q, Jog =32 Hz), 1332 (d, Jog = 15 Hz), 139.6 (d, Jr
=5Hz),139.6 (d,Jer =5 Hz), 145.1 (d, Jor =4 Hz), 146 .8 (d, Jor = 16 Hz), 152.8 (d, Jcp = 257
Hz). "FNMR (471 MHz, CDCl;) & 32.0 (1F,s),99.1 (3F,s). IR (ZnSe) 2960, 1603, 1323,
1167, 1126, 1066, 1018, 912, 849 cm™. HRMS Calcd for C,oH;;NF, 348.1375 (M*); found
348.1360.

4-bromophenyl-4-butyl-3-fluoroquinoline (1-4i)

Compound 1-4i was prepared by method described for 1-4a using 1-5i (102 mg, 0.27 mmol),
KCN (3.5 mg, 0.054 mmol), K,CO; (41 mg, 0.30 mmol) in DMF (3 mL). Purification by
column chromatography on silica gel (hexane-AcOEt 5:1) gave 1-4i (65 mg, 67%) as a
colorless oil.

'H NMR (500 MHz, CDCl;) 6 098 (3H, t, J = 7.4 Hz), 148 (2H, tq, J = 74, 7.4 Hz),
1.68-1.74 (2H, m), 3.12 2H,dt,J =74 Hz, Jus = 2.2 Hz),7.57 (1H,dd, J =7.7,7.7 Hz), 7.63
(2H,d,J=8.6 Hz),7.66 (1H,dd,J=7.7,7.7 Hz), 795 (1H,d,J =7.7 Hz), 796 2H,d, J =
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8.6 Hz),8.13 (1H,d,J=7.7 Hz). "“C NMR (126 MHz, CDCl,) §13.8,22.8,242 (d, Jop = 4
Hz), 319, 1233 (d, Jos = 5 Hz), 1270, 127.8 (d, Jor = 3 Hz), 1282 (d, Jos = 2 Hz), 130.3,
130.9 (d, Jop = 6 Hz), 131.6, 1329 (d, Jor = 14 Hz), 135.0 (d, Jor = 5 Hz), 145.1 (d, Jor = 4 Hz),
147.1 (d, Jor = 16 Hz), 152.8 (d, Jor = 257 Hz). ""FNMR (471 MHz, CDCL,) & 32.3 (1F, s).
IR (ZnSe) 2960, 1684, 1653, 1558, 1541, 1419, 1011, 903, 831 cm'. HRMS Calced for
C,,H,,NBrF 358.0607 (M*); found 358.0627.

4-Butyl-3-fluoro-2-pyridylquinoline (1-4j)

To a solution of aniline 1-1a (106 mg, 0.50 mmol) in benzene (8 mL) was added with
2-pyridylcarboaldehyde (64 mg, 0.60 mmol). The reaction mixture was heated under reflux
for 2 h, and the solvent was removed under reduced pressure. To a solution of the residue
(1-5j) in DMF (3 mL) was added KCN (6.5 mg, 0.10 mmol) and K,CO; (76 mg, 0.55 mmol)
under argon. After the reaction mixture was heated at 80 °C for 1 h, phosphate buffer (pH 7)
was added to quench the reaction. Organic materials were extracted with Et,O (3 x 20 mL).
The combined extacts were washed with brine (30 mL) and dried over MgSO,. After
removal of the solvent under reduced pressure, the residue was purified by PTLC on silica gel
(hexane—EtOAc 5: 1) to give 1-4j (85 mg, 61%) as a pale yellow oil.

'H NMR (500 MHz, CDCl;) 60.97 (3H,t,J =7.4 Hz), 1.49 (2H,tq,J =7.4,7.4 Hz), 1.70-1.76
(2H, m), 3.17 2H,dt,J =74 Hz, Ju = 2.0 Hz), 7.39 (1H,dd,J=7.6,7.6 Hz), 7.60 (1H, dd, J
=8.0,8.0 Hz),7.69 (1H, dd, J=8.0,8.0 Hz),7.87 (1H,dd, J=7.6,7.6 Hz),8.00 (1H,d, J =
7.6 Hz), 8.05 (1H, d, J = 7.6 Hz), 8.23 (1H, d, J = 8.0 Hz), 8.85 (1H, d, J = 80 Hz). "C
NMR (126 MHz, CDCl;) 6 13.8,22.8,24.1 (d, Jor =4 Hz),31.8,123.3 (d, Jor = 5 Hz), 123.6,
128.3 (d, Jor = 3 Hz), 130.7,133.5 (d, Jog = 16 Hz), 136.5, 1449 (d, Jor =4 Hz), 1472 (d, Jcr
=16 Hz), 149.6,152.9 (d, Jor = 258 Hz), 154.7 (d, Jos =6 Hz). '""F NMR (471 MHz, CDCl;)
8314 (1F,s). IR (ZnSe) 2956, 1587, 1475, 1363, 1209, 1147, 995 cm™. HRMS Calcd
for C,gH;N,F 281.1454 (M"); found 281.1437.

2-Benzoyl-4-Butyl-3-fluoroquinoline (1-4Kk)

To a solution of aniline 1-1a (159 mg, 0.75 mmol) in benzene (8 mL) was added with
phenylglyoxal (131 mg, 0.98 mmol). The reaction mixture was heated under reflux for 2 h,
and the solvent was removed under reduced pressure. To a solution of the residue (1-5k) in
DMF (3 mL) was added KCN (7.9 mg, 0.12 mmol) and K,CO; (92 mg, 0.66 mmol) under

argon. After the reaction mixture was heated at 80 °C for 2 h, phosphate buffer (pH 7) was

120



(RO HF-=)

added to quench the reaction. Organic materials were extracted with Et,0 (3 x 20 mL). The
combined extacts were washed with brine (30 mL) and dried over MgSO,. After removal of
the solvent under reduced pressure, the residue was purified by PTLC on silica gel
(hexane—EtOAc 5: 1) to give 1-4k (103 mg, 46%) as a colorless oil.

'H NMR (500 MHz, CDCl;) 60.98 (3H,t,J =7.4 Hz), 1.49 (2H,tq,J =7.4,7.4 Hz), 1.70-1.76
(2H, m), 3.15 (2H, dt, J =74 Hz, Jys = 1.9 Hz), 747-7.50 (2H, m), 7.61-7.73 (3H, m), 8.00
(2H, m), 8.04 (1H,dd,J =8.2,1.0 Hz), 8.15 (1H,dd,J=8.2,1.0 Hz). "“C NMR (126 MHz,
CDCl;) 613.8,22.8,24.1 (d,Jeg =3 Hz),31.8,62.3,123.5 (d, Jog =5 Hz), 128.3, 128.5, 128.6
(d,Jer =2 Hz), 128.8 (d, Jor = 3 Hz), 130.6, 130.8, 133.7 (d, Jor = 13 Hz), 1339, 135.7, 144.1
(d,Jop =3 Hz), 146.6 (d, Jop = 20 Hz), 152.3 (d, Jor = 257 Hz), 191.7. ""F NMR (471 MHz,
CDCly) 6 29.7 (1F, s). IR (ZnSe) 2958, 2924, 2862, 1678, 1599, 1456, 1375, 1282, 1221,
1173, 899,762,688 cm™. HRMS Calcd for C,oH;sNFO 308.1451 (M*); found 308.1431.

2-Ethoxycarbonyl-4-butyl-3-fluoroquinoline (1-41)

Compound 1-4]1 was prepared by method described for 1-4k using f3,8-difluoro-a-butylaniline
1-1a (176 mg, 0.84 mm), glyoxylic acid ethyl ester (128 mg, 1.25 mmol), KCN (10 mg, 0.16
mmol), K,CO; (108 mg, 0.78 mmol) in DMF (3 mL). Purification by column
chromatography on silica gel (hexane-AcOEt 5:1) gave 1-41 (100 mg, 44 %) as a colorless oil.
'H NMR (500 MHz, CDCl;) 60.97 3H,t,J =7.4 Hz), 1.47 (2H,tq,J =7.4,7.4 Hz), 1.48 (3H,
t,J =84 Hz),1.67-1.73 (2H, m), 3.13 2H,td J =74 Hz, Ju = 2.1 Hz),4.56 2H,q,/ =84
Hz),7.66 (1H,ddd,J=8.3,83,1.2 Hz),7.71 (1H,ddd,J =8.3,8.3,1.2 Hz), 799 (1H,dd, J =
8.3,12 Hz),823 (1H,dd,J =8.3,12 Hz). "C NMR (126 MHz, CDCl;) § 13.8,14.2,22.8,
24.1 (d, Jog =3 Hz), 31.8,62.3,123.3 (d, Jor = 5 Hz), 1280, 128.7 (d, Jor = 6 Hz), 1293 (d,
Jer=4Hz),130.1,131.1,1344 (d, Jor = 14 Hz), 144.3,152.8 (d, Jor = 260 Hz), 163.8 (d, Jor =
6 Hz). "“F NMR (471 MHz, CDCl;) & 32.3 (1F, s). IR (ZnSe) 1732, 1458, 1379, 1286,
1217,1163,1024,906 cm™.  HRMS Calcd for C,sH,sNFO, 276.1400 (M"); found 276.1405.

121



[H=F]
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Figure 2-1.
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Table 2-1. AM1iEZ R\ e FHLEFE
HOMO Energy (eV) LUMO Energy (eV)

MeQ
— -10.8 0.7
J/\o?_{ 107 0.6
Q

=°

MeQ
\— -10.8 1.9

EtO,G

-13.0 0.2

BRTOBAZISRI2)0AQP VST I\NDSTI 7 vighk. IFBRBN
VLIINAWBNRTNS. FTORRTKIXSR. 2 070PNV5Y0T2ivzd0aR
FUYRRRFZSTIDNVNEN0. MITBRAI2 « RNBS RSN, IFAR
WO XZREZNTNARNFig. 2-2)°,

Figure 2-2. S FBTODZ ZIARATIVIT DS 2 HIVEI

_cat. BPO__ R = n-CyHa21 : 58%, p-MeCgHy : 78%,

FoC + PhSH X/R NCCgHy : 74%, p-CICgHy : 49%
=<R reflux/THE  PhS P e plers

¥2TEEQ. IJ20FOP V7Y OIFARREEOSNSIHN2RER Y
N, J20FTORXRFUVYRARBNVRBIEZ2E5I 3. SORE THRIRALR
STV NVRIENEITISOTRRUNEEA R, ERORNBNEITIT . RIEE
BRN2OT HEF-ETHR\ZEBRINTALRL. 29vyERFZ2212NBNES
n3I2XrK3.

BU335TDNRVT. A 1SYOARRREIREUSAERANSIDIRE
BO#%. Tundo . 1 ERANWVSIHNE2EBIFFRPIVFI2ORNBZHBOT
FINIYRZEBROTNSN(Scheme 2-1)', SOBRIVASRANVSTH VAR
BiE2B8I322NTEEINS. R, 1S RANVS3THpRIBTI2N0a407P
W7 INDBFASIHNVENNEITINE. RREFLR O vERFZ2HLIEER
ANTOROERNTEL RS,
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Scheme 2-1. A S RAINSPHIVEBFARTIVF  EDRIE
R

/@ =z R = Ph (75%), COMe (70%),
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X, 2-22Y=0-38.3-I2 70T ROFINY 2-3 NERITSI2LRARY,
SHRZRPRRLOT,. 32040F)0DNY 114 2 3.3-¥2)0707h35k k0
FI)0NY2-4 \OFBENRANSLMBORRERZ2 — 360).
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Scheme 2-3. AV 7 /-B-C7INA0DRFL 2 ERA=6-endo-trig B8 DS 2 hIVIRIE
R

<6-endo-trig> Fole
R R n-BusST” N
n-BuzSne b+ Jo- - -
F2C _ > F2C N
[d -
N n-BusST N *CF

Z

He
22 > R
BusSr” N
<5-exo-trig> | 1EUs
R R
F T F
F . INA F
—_— or
N NS
n-BusS N E N E N
2-3 1-4 2-4

Iz, ERTS 3-2N0F70F)NY 14 B, SRPRIKL O THERKERN sp’
RE-2vEEG2B0TNIS S, ¥2T. 203 2070F)NY02vEEE
RS ZHAL TRBNER\ONHZEARZ. THRDS, Scheme 2-4 BRI X SI2,
1T7RRCPIVFIVEZHIVNVIRVEY 25 08R2ITo
(REE2 -4,

Scheme 2-4. 11IICTILFIEEZHDHIUTRLECDERK
R

R R
HF
FoC — > BocN N O — 1\1 Z O
—_— N B —
. A O N N

2-2 1-4 2-5
2-2 FNWRRBREAVIPIBL2HILLI2VIOQRFVIOAR

FA-ZH T — 2800 Scheme 1-12 2RHKOFEZBNT. RD2)VFOXF VB
IS5=R1-6 WS . I2NVFOE=ZNVELEOERER XOTI7FNVERA4V 0K
WEZHIP=NY 1-1a BAY 1-1d ZRABEO . R NKBRFOP =N 1-1e
. 1-6 JVBHNS8T2WVFQE=ZNWRSS5—h 2-6 £ Cp,ZrBu,’ ZRIBRE T,
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22-y2 0= pIna)ed 27 2RRL . NTo-A—RP=NJ 2O
2029 INYT72iTNEROLRZ. ESRP=NY 1-1 2ENIJ YR, FEBEX
UBKEBTRIBOT. N-RILEDVB2TN 2-1 \2BBL. BiElcdr00X%
IR 2-1 REBBRARTDIVBITRDIFNVPESYTRARD °. RIBORBL A
Bo-AVIPI-BLL-TI2N0AFQRF VY 2-2 ZFABE O #2(Scheme 2-5)",

Scheme 2-5. 04 Y7 /-BB-C7IVAOARFL DR R

0
cat. Pd~ Cul (1.0) _ FuC
2) RsB(1.1) CFo= 2-lodoaniline (0.9)
1-6 C\BR2 HoN

—78 °C — r.t. rt.,6h

/ THF 1.7 / THF-HMPA (4 : 1) 1-1
< 1-1a: R = n-Bu (77%)
1-1d : R = i-Pr (68%)

1) n-Bui (2.1)
" CF3CH 0TS ——— > ‘ A

H

n-BuLi (2.1) /OTs CpsZBus (2.0) /H cat. Pd® Znl (1.1) F.C
\ 16 —— > CF,—C — > | CF,=C _ >
—-78°C/ THF M —78°C > r.t. \ZGCZX 2-lodoaniline (1.1) N

I THF reflux, 2 h :
/ THF

2-691% 2-7

R
HCO.H (1.2) R POCI5 (1.2)
Aco0 (1.2) F.C EtsN (2.2) FoC
11 — —_—
rt,1h OHCy 0°C,05h
/ pyridine H / CHoCly ic?
2-1 2-2
2-1a: R = n-Bu (90%) 2-2a: R = n-Bu (83%)
2-1d : R = i-Pr (77%) 2-2d : R = i-Pr (79%)

2-1e : R = H (59%) 2-2e : R = H (33%)

1-1e 50%

2-3 3-2NpF20FI)NYBAY 3.3-IyapzaarhsehaxInNYy
DEer

SO3S5RVLTEBROLZAVIP=R22a ZRALRDRZ2BOURZSIHIVR
RBREFLCHMOT. EMITBrRRYZNWAERANSTDIVRA B 6-endo-trig B|IR
BRSIDIVRIENEITITSNESNEBRORLZ., AVIP=NR 2-2a DOWMBOR
BRISNEFTINE. 2RRALY=NVEZ2HD 3.3-IY2pFayekaFx./Ny
2-3a MERITIS2RRES. BB, RIBERWMTH S 2-3a AFRBTHIS2 2N
PRENZOTHREBERIVADTNVOSARISEM2RABRLNIROR). “F
NMR ZHWZRE2{TN. RRLHBR IS 2 LIC O (Table 2-2),
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Table 2-2. Radical 6-endo-trig Cyclization n-Bu
6-endo-trig F

7 BusSn” N
n-Bu n-BuzSnH n-Bu / et

2-
pek lcee :
80 °C
N n-BuaST SN

0.2 N n-Bu
-2a
5-exo-trig Hbcm;m
N
n-BusS N
Entry n-BusSnH/mol%  Solvent Time/h  Yield/%? 2-8a
1 220 CH3CN 2 (42)  2-3a:'F NMR (471 MHz, CsD/CFs)
2 220 Benzene 2 (57) & 53.0 (1F, dd, J¢ =273 Hz, dyar = 17 Hz),
3 220 Toluene 2 (57) 66.3 (1 F, dd, JFF =273 Hz, JHaF =5 HZ)
4 120 1,4-Dioxane 1 (69)  2-8a:'°F NMR (471 MHz, CsD¢/CoFs)
5 120 Toluene ] (81) 8 42.2 (1F, dd, e =276 Hz, Jybr = 56 Hz),

46.2 (1 F, dd, JFF =276 HZ, JHbF =56 HZ)
apetermined by °F NMR (Internal Tol,C(CF3), Standard).

PLh=RD PR, 220 mol%® NnBusSNH B3 URIIRE D AIBN Z2{ER& 4,
80 °C T2 #AEE£L21Toz. FPO “FNMR 2RO 23, {§:530
(IF, dd, Jix = 273 Hz, J,.= 17 Hz), 66.3 (IF, dd, Jz = 273 Hz, Jz = 5 Hz) Q¥ =2 %
EERAROTCHAOL. SHHOE-2R1. Iz EFVOFFHvINYITBX
U29vR2HBEISRELDOI70RY 20D HF HvINYIZROTNS2EN
. 6-endo-trig BIRARKR ST D WRIENEIFTOEROZZE ROF I 2-3a
RCHBISLIVTE, O NMR RBW 42% T 2 2(Entry 1), L. 5-exo-trig
BOSIHINVBENEBITORIBE. CFHEZHDIOE58R 2-8a NERT S22 2RA
8. "FNMR Tl 2-8a CHABIFTSELBONBE -6, 422 (IF, dd, Ji: = 276 Hz,
Jur =56 Hz), 46.2 (1F, dd, J;. =276 Hz, J,;, = 56 Hz) *CFEHEBO H-FOZ 2 EF N H v
INYT7R50H 2B 2RBRMBONERTERN O 2,

2035k, BREIBAERANSTIDIRAB 6-endo-trig BIRABRSSDH N
RIENEITISSNBNoZOT. RRCERBRFOBRIRITo. BIROIRE2
ToRE23.PR=ZRDIVRRATANYEIYRPRIVIYZHNS S X TIREN
@O z(Entries 2 and 3), BIRLOTRNMIYZEBN. n-Bu,SnH QEBREZ 120
mol% R T2z 23. NMR IRE 81% T 2-3a BRI SN TER(Entry 5), &
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BEHRREALTR. 6-endo-trisBOSIH NEIENEITORIZE. BRER=HB
STDWNED. SHNRRNVIYNSBINRKEZIISKRES. BRI X SEHR
R 23T SHRNHSHLBELZTNS. COBRND, AVIP=NR 2-2a
MSD 6-endo-trig BIROAB ST D WRIBT., 2-A492Y=N-3.3-J2vz70Jk R
QF /)N 23 ZERRLSERBRFLOUOTRERIRFZAHANS 2 2RRLR.
(B8 : RIVI Y. n-BuSnH(120 mol%). AIBN(cat.). 80 °C T 7 B5RAN&BEEIR) .
ZRORZZEROF DY 2-3a Z2FFTO. 3.3-J2/0a0F7hSkhaFIN)
Y 2-4a \QRBREZRR, AVIPoRY 2-3a ZABOKIE. BHRORLIY
ZINKV—-2-TBED. HWTCHCLYP NaBH. Z2{EH& ¥, X3 3 3.3
J20Fd0FRhSROFINY 2-4a 2 41 %QBBTIBSSNTER
(Scheme 2-6),

Scheme 2-6.3,3-27)bAAFT bSE RAF/ Y 2-4aDERK

n-Bu n-BusSnH (1.2) £ MBu g HBu
FoC cat. AIBN F NaBH4 (1 .1)> F
80 °C, 1h ~ rt,1h N

1 / Toluene n-BugS” "N / CHoCly H

2-2a 2-3a 2-4a 41%

JehaFInNY 2-3a MSHER HF WEIFTITHRE. 3-20F70F 0D 14 N{g
ONB2RRHSB. ¥2T. AVIP-RAVARENS2-3ale. ERXVTDBU
Z2{ERAR R L 2 3. B HF 2 SBRRBENEFTO. ROV TRVRBL2IIS2XT
20 \EBEO 3-20A70FJ)NY 14m 2 74%4DWBRTI/SILNTER
(Scheme 2-7),

Scheme 2-7.3-Z)bA0% ./ U >1-4m, nDERK
n-BugSnH (1.2) n-Bu n-Bu

DBU (2.2) HaO*
9.0 _ CALABN [ ” Sa] . A Ny
80 °C, 1h 80 °C, 1h
/ Toluene n-BugSn” SN SN

1-4m 74%

I (2.0) mBu DBU (22) F T
2 \&. R .
- | . z
rt,3h R 80 °C, 2h ~
1N " °N

1-4n 75%

Ik, RPYZNEZAVERFCRARISAARALLT, JehOFJINY 2-3a
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2 DBU 2B %ZHR HF 2T 2o TNSADR2{EARE X2 3. IR HF OBEBT
—RBRARYZNVENRERFREBEEN. 2RBERF /DY 1-4m NEIZEL 2.
¥2T. JehOFJNY 23a RADHEZEAR L RIBRIRHF 23522 T.
2RRADRBERZ2HI3-20F0F I)NY 1-4n 2 75%DRBTR/SZENT
& 72(Scheme 2-7),

=5.JROFI)NY 23 R2BRRALY=ZNVEZBOTNS 22N, Stille
DYINYTRI2T2NRBREBZBANITS2ENTES . 2vINYIE.
Boh3JROF I)NYORHF 21721, 2RI HRABREZ2HOOFINY
1-4 DBRNARLES. 82T, AVIP=NR 2-2a T ROFJINY 2-3a
Z2BRALVFINY 14 2ERIB2RRVR. 2-3a ND 14 28RIT SBOFIAX
OTH. Scheme2-7 THORZIX S, &2 DBU ZBWRZAR HF 2i39528. R4
YZNWEBEN-RBARKERFTERENRTOLESRY. Stille DY INYT2ERITN.
COEBRRHF X2 TFINY 14 \BEITS2RROR. £3. 2vINYT
DHEEBORBEREZROEBIZYD. 2-KWNYEY/ZANT. EROHMNMAIZRE
O %2(Table 2-3),

Table 2-3. Stille 1w 7V > & Di&st

n-Bu n-BuzSnH n-Bu
Fo0 _cat AIBN_ -
80°C,1h \N
:C’)\l / Toluene n-BusS
2-2a 2-3a
Phl (1.2) E n-Bu n-Bu
DBU (1.1 F
cat. Pd E ( )» .
Additive ~ 80°C,1h ~
/ DMF Pl N Ar N
1-4a
Entry cat. Pd (eq) Additive (eq) Solvent Conditions Yield/%
12 Pd(PPhg), (0.05) LiCl (5) TO'UZ”G;)DMF 100 °C, 12 h 28
2 Pd(PPh3)4 (0.1) Cul (0.5) DMF 80°C,2h 70
3 Pd(PPhg)4 (0.1) CuCl (0.5) DMF 80°C,3h 58
4 Pdo(dba) s (0.04) Cul (0.5) DMF 80°C,1.5h 57
PPhj (0.16)
a1-4m 37 %
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Entry |l RTRTAOR. RIWIIYRTSI 7 NWIR{B24T 2 218, 5 mol% D Pd(PPh,),.
5 BENEOLICIZHN. 2—-RAXYB/ 2D Stille HwINYT2iTo¥23
(LiCl QBRI 2 LT SO IBIFBIRO DMF 2ha ). v 7N YTk 1-4a DR
B 28%RIEZY, 2BEBROF )N 1-4m W 37%81FEO . Stille w21
Jrik. SOHENRABLOTEHENTHISLNSE/ENH3OT ", Cul 2z
S22k, 2O Cul BhTYicREBRBI RN 22, kO
FINY 2-3a RBIPTRIRRIBBORNS NS (*2-3a RV DFNVDHS
ATRAB). BIRRW2ITS2ROLE., Entry 2 BRI XS, ST IIRIBIE.
RIVIYZINKV—-L2—-TREOTOMF £h1x. Cul 2NOTHYINYY
Z2RAR 223, BRBEBEITRED. WFE 70%T 1-4a BISSNTER,
k., Cul RRAT CuCl 2B ZIBER (Entry 3). Pd(PPh), RRZ T
Pd,(dba),»CHCL,—PPh, 2 W0 238 &(Entry 4). 1-4a DIRBRENEN 58%, 57%
22V, Entry 2 RIENIRBENET O 72,

MW T Table 2-4 RRIASR. EROADMPN—NVEO Stille v ITNYT
2130, 282 PN-NDVERPEZDEZ2EBAORZ 3-2)0Z0F)NY 1-4 DER
2RO, BvE. RVIYRTSIHIVRBZITo IR, RLIY2ZBARD
PLIYBAITTDMF 2%, BRIRE O T 10 mol%® Pd(PPh,), BX YU 50 mol%
@ Cul ZRNTADBPN =D XD stille v ITNY T 20, Ri&2 DBU Z2H
WzW HF 2{F o %2,
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Table 2-4.3-7)LAO%+ /Y 1-4DERK

R n-BusSnH i R i) ArX (1.2) i R
F,C cat. AIBN F cat. Pd, Cul P/
80°C,1h S i) DBU (1.1) A \N
s /Toluene [ MBUsST N go°c,1h Ar
0.2 0.3 / DMF i

Entry R 2-2 ArX Time /h Yield/%

1 nBu  2-2a Ph 3 70 (1-4a)

2 i-Pr 2-2b Phl 3 64 (1-40)

3 H 2-2¢ Phi 2 32 (1-4p)

4 nBu  2-2a p-MeOCgHyl 3 43 (1-4d)

5 nBu  2-2a 0-MeCgHyl 4 68 (1-4g)

6 n-Bu 2-2a p-AcCgHyl 3 57 (1-4q)

7 n-Bu  2-2a 2 46 (1-4r)
8 nBu  2-2a P X' 2 51 (1-4s)

J2NWZOEZ DR EOEHRE R XV TIFIVE(2-2a). 41V 20K IE(2-2b),
KERFZHIQ2204VIPZRONTHNDD, X33 3-2)0d40FINY
71-4 28382 XN TE R (Entries 1-3), A1 VZP=R2-2c R=HTR, ¥FIDN
1-4c DIRFENARELETOZN. SN 22 NRAR TR ZDLELIDN S,
BHE. 2-22c D3I HNVRBEORISIRZ “FNMR THREIORZXL 23, Table22 R
RORZIASROBROERNCHB IS -V (-CFHREBRENKZN. SERECX
w3 BEIMOE - (CFH- REBRTERNO 2, 2-2c ODISRI2)NFOE=
WERNBEEBETDHY. S-cvo SIYDINVRBREFALBOHNISARBNTY. I2N
AP VS Y ORBIFARKBEERIY 6-endo-rrig RIBMBIRAREITORZEEZ
TWn3.

Stille 2Yv 7NYIZTAHANI3ADIPN—-NVROVT, PN-NVELREBFRSE
(Entries 4 and 5). BFRIIB(ENtry ) VI NOBREZHIISBETY. Hv
7N Y7RDBREFTOTCHRNIS 3 20F0FI)NY2BIS2XNTER
(Entries 4-6), NOFJBALODT. 7-23—=KRF22VYRB-70ERF VY %#H
NB2XT,. 2BRIF2FNVERRAFVIVEZHD 3-2070FI)NY2B32
¥ ¥ TE 2(Entries 7 and 8),
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MRS, Table 2-5 BRI ISR 2PN -NVEZHD 3.3-J2)0F40F k5L
RaFJ/NY2-8 DERZEIML 2.

Table 2-5.3,3-7)lAO0F Sk ROF /U 2 2-8DERK

n-Bu n-BuzSnH (1.2) . n-Bu
F,C cat. AIBN E
80°C,1h
: C/)\l / Toluene n-BugST N
2-2a 2-3a
ArX (1.2) . n-Bu - n-Bu
Pd(PPhg)4 (0.1) Fm NaBH4(1.0)
> —_—
Cul (0.5) N rt,2h
Ar A N
80 °C / DMF / CHoCly N
2-8
Entry ArX 2-8/% Side products
1 Ph-I 43 (2-8a) 13% (1-4c)
2 p-AcCgHy-| 35 (2-8b) 16% (1-4f)

3 50 (2-8c) 10% (1-4h)

AVIPZR 2-2a OSTIDHNVRIBTERT S 2-R2Y=pekhaF)nNYy
2-3a 22ADBPN—NVRO Stille HY TNYT21Toki&. FEHROZXXBRNR
CH,CL, ' NaBH, TREBI 32, ZEROEBEFTMTH S 3.3-2/0F07h35k R0
F)0NY2-8NBHNRR, OND.Stille DY ITNYTDEB TR Hr NE2 Y,
3-2)0F0F )N 1-4 NEIZE D 72(Table 2-5),

2035, AVIPZRRSIVDIEBBREFTRAIL R K2{EMES2
BT REFTSBCRFYZWAERAWSTIDIVR I B 6-endo-trig BIRAAKR ST/ 2
IBB2TW0. Pd BEEZB0R Stille ZYINYTZBABNHES2L T, 3-2
VZFAFINY 1-4 KU 3.3-I2ua07hSkRh0FINY 2-8 DERE
ZRARISCENTER., —5. RIEOBRENBTHISAVIP=R2-2 02
WZAEZPVEERR. H2LERE2BAISZENYETHSOT. 20 3-
2070F 10N 1-4 ZERPRBHRR VT, 2NIThVEY 2507 7 2E8ERIAD
Bm2RRR.
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2-4 7T71RRPIVFNVEBLZ2HIO2VTRLEYROER

Fig. 23 BRI ASR. FIYRNY "RF INYREAY R—NVRNBRO {8
BIATHY. FYRNIO NXFNBENRRIBEMN IV ITRUVEY “THS.

Figure 2-3. ¥ RU VY BLUSUTLEY
11 11

90 /

Quindoline Cryptolepine

SNOOE/MBMMEO T, Rocca D] S PEI)FI)NYZHUENMBLLT, 3I
2T 3-2020-2.2-KRFI)NY2ERL. SHEPN—=INVEKDEBEO Suzuki
DYINYT7RIVERENIS2NVZAEPN - IS BERFRIB2vED
DFABR2ITISSET. FYRNYZEBROTWNSB (Scheme 2-8)",

Scheme 2-8. Quindoline®& K (3-Z)bA A%t/ VU U BERTPREIE)

NaNO, 1) LDA |
N/ 3) Hz0* N/ 2) H30* N/ |
74% 94% 95%
B(OH),
NHCO®Bu 1. Pyridinium
Pd(PPhz)4 NHCOt Bu Chloride (215 C)
/ EtOH-Toluene 2. NH,OH
94% 83%

HoO3R.3- 207 0F /)N Y2ZE8HAY T2 Scheme 2-9 CRIT XSRIBIBIET.
A R=DVRBEFINIYBZIRREBROTFIRDNIZERD. EBRIZ2NIRV
vyAN2BEBBOTNS Y,
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Scheme 2-9. Cryptorepine D& Ak

Fe, AcOH H2N Q
(] ? 0
NO> OoN ”

95%

N
PhI(OAC), O NH i) Mel O = I\‘
THF O ii) NaxCOs (aq.) N~ O

41% 72%

—2%. 1999 ZTF Martin DRIV, PI2NHRERISEWMTH S Cryprolepis
sanguinolenta WS 1T TR AVI7OQENVEZ2HIDVN IR UVE Y OERMNEER
N, 2NITRVEYRR. RBEZPRDANIVRABERLZORRRERIEIE2
BIS22NAHNTNIN 2, RENSRBEONBONERN2 NS, (B
BRI SHBRBNNEINTNS. 71 TRRARKERFZ2HI22DVIhVEYD
8. Scheme 2-9 THAZ Ho “OBRFand "R 2 TOHERENTNIS N,
71778RPILVFIVEZHIIVNVNIRVEYDERAZZBEINTNALRN. 20
RO, EBENRAROZ 3-2)070F)NYERETR. RIBOSBKRTH B4
J20ZAQRFUYOTI20ZFQEZNDEER. ROPLVF KRS YBROPILF
WENBATESOT, ARRERBPIVFIVEZHOIFINVNINEHRTES, ¥
2T, 32070F)NY28RPRIMLOTHNS. 2NThEY 250717
BaRh0aR2iRIANIS 2RO,

MED Scheme 2-5 CFTRROLZFEREN. B2 VFOXTFVRTS
—h1-6 RVPEI)RAF VY 1-1 Z2ZBAVT,. EZNEERAVIOQELERRIF
WERZ2HIAVIPR22d,22a RO, AVIP=R222AXLRN KX
AIRE D AIBN TRIBO T 6-endo T2 IRB2ITN. EWIT B 2-R9Y=NVY
eROFJ)NY 238, 22-RP=NYJOPE)B%ZBoCETREOZIELEY
X Stille 7Y 7N YT #21F o 2i8W HF 2430, FJ RN Y 2-9 OBILFHBIR 2
158 3-2N0F0FINY 1-4t BAUY 1-4u 248172,

42



[H=F]

Scheme 2-10. Synthesis of 11-i-Pr and n-Bu Cryptolepines

R
1) n-BuLi (2.1) VA cat. Pd® Cul (1.0) .G
CF3CHOTs > |CcF,—= » 2
s 2) RaB (1.1) 2 2-lodoaniline (0.9)
Rz HoN
1-6 —78°C —>r.t. rt., 6h 2
/ THF 1-7 / THF=HMPA (4 :1) 1-1d : R = i-Pr (68%)

1-1a: R = n-Bu (77%)

HCOLH (1.2) R POCl3 (1.2) R
Ac0 (1.2) F,C EtsN (2.2) F.C
_—_— _—->
OHC. 0°C,05h
rt, 1 h N :C/)\]

/ pyridine H / CHoCl»
2-1d : R = i-Pr (77%) 2-2d : R = i-Pr (79%)
2-1a : R = n-Bu (90%) 2-2a : R = n-Bu (83%)
I
(1.2) R
n-BusSnH (1.2) _— NHBoc g F
cat. AIBN :j\)D Pd(PPhg)4 (0.1) BocN |
—> :
80°C,1h Cul (0.5) \N O
n-BusS \N o
/ Toluene 8 80°C,2-4h O
2.3 / DMF
R
DBU (1.1 HF
(1.1) Boc N ' O
80°C,1h O \N
1-4t (R = i-Pr : 61%)
1-4u (R = n-Bu : 74%)
R R

i) Pyridinium Chloride i) Mel (excess)

/180 °C, 15 h HN—# O reflux, 20 h / THF N Z O
ii) NH,OH O SN ii) 5% aq. Na;COg / N
e

Quindolines Cryptolepines
2-9a (R = i-Pr : 66%) 2-5a (R = i-Pr : 61%)
2-9b (R =n-Bu : 75%) 2-5b (R = n-Bu : 57%)

3-2070FI)NY 14t BAY 1-4u NS, 2N ITRVEY 2-5 ETOFHEAX
MOFEREN ", EFBIBENI=ZDAZRANTEERFRLRIAS2vEDDF
RBE2{T0. FIYRNY 2-9a BAY 2-9b 28RO 7. Roccadld. PEIJEROD
RBERROTENOQOANVEZABANT =, 71 71RBBBOFYRNIZEROEN
(Scheme 2-8), FY RN Y 2-9a BAU 2-9p 8RBV TR. EANOQASNVEIY
TRFIDNVEZNWEBoc BYZHEITSFINY 1-4 ZBORAN, 2-9 OREN
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EFaNorz. RiER. FYRNY 29 RHBRAZEOADIAF V2ERIBT M
RXFNBYL. BRATHIS N IR UVEY 2-52 BAUY 2-5b OERZEROR
(Scheme 2-10),

RE FZETR. TNVRRRAVIPIBZ2OHIL£I2NVFTURAF VIO
BRSOV 6-endo-rrig BRAKRSIHNVRIBZHAAROLT. 3-2)70F00NY
R 33-IJ20FOTRSLROF INYOERELZEARISSENTER., 8D
. BROZ3-20A0F /) NY2ERPREKME D THIRAL. RBNTHS
717884V NVEBZ2HIV2NTRVEY2ERTISZXROBRNVR,
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HAERRBROR

H-EH2-2

2 2-Difluorovinyl-p-toluenesulfonamide (2-6)

Butyllithium (39 mL, 1.6 M in hexane, 63 mmol) was added to a solution of 1-6 (7.62 g, 30
mmol) in THF (150 mL) at —78 °C over 10 min under argon. The reaction mixture was
stirred for 20 min at —78 °C, and then the reaction was quenched with H,O-THF (1:1, 100
mL). Organic materials were extracted with EtOAc (3 x 80 mL), the combined extracts were
washed with brine (80 mL) and dried over MgSO,. After removal of the solvent under
reduced pressure, the residue was purified by column chromatography on silica gel
(hexane—AcOEt 10:1) to give 2-6 (6.40 g,91%) as a colorless liquid.

'H NMR (500 MHz, CDCl;) 6 2.47 (3H,s), 6.08 (1H, dd, J = 14.5,3.8 Hz), 7.39 (2H,d, J =
8.3 Hz), 7.82 (2H,d,J = 8.3 Hz). "C NMR (126 MHz, CDCl;) §21.6, 100.8 (dd, Jcr = 60,
15 Hz), 128.3, 130.0, 131.1, 140.1, 156.9 (dd, Jor = 293, 283 Hz), 166.7. ""F NMR (471
MHz, CDCl;) 6:529 (1F, dd, Jmz =51 Hz, Jgy =4 Hz), 71.5 (1F, dd, Ji = 51 Hz, Jpy = 14 Hz).
IR (neat) 1759, 1383, 1344, 1248, 1178, 1119, 1090, 928 cm™. Anal. Caled for CoHgF,05S:
C,46.15; H, 3.44. Found: C,46.17; H,3.58.

2-(2,2-Difluorovinyl)aniline (1-1e)

Butyllithium (33 mL, 1.59 M in hexane, 52 mmol) was added to a solution of zirconocene
dichloride (7.62 g, 26 mmol) in THF (100 mL) at —78 °C under argon, and the resulting
mixture was stirred at the same temperature for 0.5 h. To the reaction mixture was added a
solution of 2-6 (3.05 g, 13 mmol) in THF (5§ mL) at —78 °C. After stirring for 5 min, the
mixture was warmed to r.t. and stirred dor an additional 3 h. PPh; (546 mg, 2.08 mmol), and
Pd,(dba);*CHCIl; (538 mg, 0.52 mmol), and Znl, (9.96 g, 31 mmol) were added at 0 °C, and
the mixture was stirred for 0.5 h. To the resulting solution were successively added
o-iodoaniline (3.13 g, 14 mmol). After refluxing for 2 h, the reaction mixture was quenched
with H,O. The mixture was filtered through Celite and organic materials were extracted with
EtOAc (3 x 50 mL), the combined extracts were washed with brine (80 mL) and dried over
MgSO,. After removal of the solvent under reduced pressure, the residue was purified by
column chromatography on silica gel (hexane—AcOEt 10:1) to give 1-1e (1.10 g, 50%) as a
pale yellow oil.

'H NMR (500 MHz, CDCl;) 6 2.47 (2H, s), 5.18 (1H, dd, J; = 25.3,2.9 Hz), 6.68 (1H,d, J =
80 Hz),6.77 (1H,dd,J=8.0,8.0 Hz),7.08 (1H,dd, J=8.0,8.0 Hz),7.22 (1H,d, J = 8.0 Hz).
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F NMR (471 MHz, CDCLy) 8.76.7 (IF, dd, Ju = 31 Hz, Joy = 25 Hz), 77.8 (IF, dd, Jip = 31
HZ, JFH =3 HZ).

2-(2,2-Difluoro-1-isopropylvinyl)aniline (1-1d)

'H NMR (500 MHz, CDCl,) 6 1.58 (6H,d,J =7.0 Hz),2.82 (1H, sept, J =7.0 Hz ), 3.68 (2H,
$),6.72-6.74 (2H, m),6.96 (1H,d,J=7.5 Hz),7.13 (1H,dd,J=7.5,7.5 Hz).

"FNMR (471 MHz, CDCl,) 6:70.2 (1F,d, Juz = 44 Hz),77.8 (1F, d, Js = 44 Hz).

N-[2-(1-Butyl-22-difluorovinyl)phenyl]formamide (2-1a)

To a solution of aniline 1-1a (1.46 g, 6.92 mmol) in pyridine (30 ml) was added formic acid
(0.65 ml, 17.3 mmol), acetic anhydride (1.63 ml, 17.3 mmol), and a catalytic amount of
DMAP at room temperature under nitrogen. After being stirred for 1 h, the reaction mixture
was quenched with phosphate buffer (pH 7). Organic materials were extracted with AcOEt
three times. The combined extracts were washed with aq. HCl (2 M) and brine, and then
dried over Na,SO,. After removal of the solvent under reduced pressure, the residue was
purified by column chromatography on silica gel (hexane—AcOEt 2:1) to give 2-1a (149 g,
90%) as a pale yellow liquid.

"F NMR (471 MHz, (CD;),SO-100 °C) 6:70.9 (1F, dt, Juz = 39 Hz, Jry = 2Hz), 74.6 (1F, dd,
Jee=39,39 Hz). IR (neat) 3309, 2958, 2931, 2862, 1738, 1676, 1522, 1246, 1130, 968,912,
725 cm™.  Anal. Calcd for C,;H,;sNF,O: C, 65.26; H, 6.32; N, 5.85. Found: C, 65.46; H, 6.44,
N; 5.66.

2-(1-Butyl-2 2-difluorovinyl)phenyl isocyanide (2-2a)

To a solution of 2-1a (166 mg, 0.70 mmol) in CH,CI, (6 ml) was added triethylamine (0.21 ml,
1.53 mmol) and phosphorus oxychloride (0.08 ml, 0.83 mmol) at 0 °C under nitrogen.
After being stirred for 0.5 h, the reaction mixture was poured into 10% aqueous sodium
carbonate. Organic materials were extracted with CH,Cl, three times. The combined
extracts were washed with brine and dried over Na,SO,. After removal of the solvent under
reduced pressure, the residue was purified by PTLC on silica gel (hexane—AcOEt 10:1) to give
2-2a (130 mg, 85%) as a pale yellow liquid.

'H NMR (500 MHz, CDCl;) §0.87 (3H,t,J = 7.0 Hz), 1.25-1.37 (4H, m), 2.38-2.43 (2H, m),
728 (1H,dd,J=7.7,14 Hz),7.35 (1H,ddd, J =7.7,7.7, 1.4 Hz), 7.38-7.44 (2H, m). "“C
NMR (126 MHz, CDCl;) 613.7,22.1,27.8,29.6 (dd, Jor = 3, 3 Hz), 88.9 (dd, Jor = 26, 16 Hz),
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1274, 128.7, 1294, 130.6, 131.7, 131.8, 153.2 (dd, Jo = 290, 290 Hz), 166.7. "“F NMR
(471 MHz, CDCl;) 6:70.5 (1F, d, Jgz = 39 Hz), 745 (1F, d, Jgz = 39 Hz). IR (neat) 2960,
2930, 2860, 2130, 1740, 1705, 1275, 1240, 1135, 760 cm”. HRMS calcd for C,;H,;NF,
221.1016 (M"); found 221.1022.

2-(2,2-Difluoro-1-isopropylvinyl)phenyl isocyanide (2-2d)

'H NMR (500 MHz, CDCl,) 6 1.10 (6H,d,J = 6.6 Hz),2.90 (1H, sept, J = 6.6 Hz ), 7.25 (1H,
d,J=7.7Hz),7.37-744 3H, m).

"FNMR (471 MHz, CDCl,) 6:70.2 (1F,d, Juz = 44 Hz),77.8 (1F, d, Jsx = 44 Hz).

HRMS calcd for C,H,;NF, 208.0938 (M"); found 208.0910.

2-(2,2-Difluorovinyl)phenyl isocyanide (2-2¢)

'H NMR (500 MHz, CDCl;) §5.64 (1H, dd, Jyz = 24.0,4.6 Hz), 7.27 (1H,dd, J = 8.4, 8.4 Hz),
7.38-7.40 (2H, m), 7.58 (1H,d,J =84 Hz). "FNMR (471 MHz, CDCl;) 6:82.8 (1F, dd, Ji
=20 Hz, Jyrs = 24 Hz), 829 (1F, dd, Ji = 20 Hz, Jyz = 5 Hz).

F-EX2-3M

4-Butyl-3,3-difluoro-1,2,3 4-tetrahydroquinoline (2-4a)

'H NMR (500 MHz, CDCl,) §0.90 (3H,t,J = 7.3 Hz), 1.29-1.52 (4H, m), 1.78-1.85 (1H, m),
303 (1H,ttt,J =9.8,49 Hz, Jys = 2.5 Hz),3.46 (1H, dddt,/ = 19.6,9.8,49 Hz, Jyz =2.5 Hz),
3.57 (1H, dddd, Jyz =29.4,12.4,3.0 Hz,J = 0.8 Hz), 3.88 (1H, br-s), 6.67 (1H,dd,J=7.7,1.0
Hz),6.71 (1H,ddd,J=7.7,7.7,1.0 Hz),7.00 (1H,dd,J=7.7,1.0 Hz),7.06 (1H,ddd,J=7.7,
77,10 Hz,). "C NMR (126 MHz, CDCl,) § 13.8,22.8,29.4,32.5 (dd, Jos = 6,3 Hz), 44.8
(dd, Jog = 45,45 Hz),45.1 (dd, Jo = 34,27 Hz), 1142, 117.7,121.2, 121.3 (dd, Jr = 246, 246
Hz), 127.8,120.0,141.1. '""FNMR (471 MHz, CDCl,) 8:49.8 (1F, ddt, Jiz = 239 Hz, Jpy = 6,
3 Hz), 659 (1F, ddt, Jsz =239 Hz, Jiy =29, 12 Hz). IR (neat) 3417, 2956, 2862, 1608, 1500,
1466, 1377, 1309, 1219, 1084 cm'. HRMS Calcd for C,;H;NF, 226.1407 (M"); found
226.1395.

4-Butyl-3-fluoro-2-phenylquinoline (1-4a)
To a solution of isocyanide 2-2a (113 mg, 0.51 mmol) in toluene (4 mL) was added n-Bu;SnH
(0.15 mL, 0.56 mmol) and a catalytic amount of AIBN under agron. The reaction mixture

was heated at 80 °C for 1 h and removal of the solvent under reduced pressure. PhI (102 mg,
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0.5 mmol), Pd(PPhj;), (48 mg, 0.042 mmol), and Cul (40 mg, 0.21 mmol) were added to a
solution of the residue in DMF (3 mL) at room temperature. After the reaction mixture was
stirred for 2 h at 80 °C, DBU (0.07 ml, 0.46 mmol) was added and the reaction mixture was
heated at 80 °C for 1 h. The reaction was quenched with phospahte buffer (pH 7) and the
mixture was filtered through Celite. Organic materials were extracted with Et,O three times.
The combined extracts were washed with aq. KF, brine and dried over MgSO,. After
removal of the solvent under reduced pressure, the residue was purified by PTLC on silica gel

(hexane-AcOEt 10:1) to give 1-4a (100 mg, 70%) as a pale yellow oil.

4-Butyl-3-fluoroquinoline (1-4m)

'H NMR (500 MHz, CDCl;) §0.97 (3H,t,J =7.3 Hz), 1.46 (2H,tq,J =7.4,7.4 Hz),

1.64-1.72 (2H, m),3.08 2H,td,J=7.8, Jyz=1.8 Hz),7.59 (1H,ddd,J =7.6,7.6,0.8 Hz),

7.66 (1H,ddd,J=7.6,7.6,0.8 Hz),7.98 (1H,dd,J=7.6,0.8 Hz), 8.11 (1H,dd,J=7.6,0.8
Hz),8.74 (1H,s). "C NMR (126 MHz, CDCl,) § 13.8,22.8,23.9(d, Jos = 3 Hz), 31.8, 123.5
(d,J.s=6Hz),1272,1279 (d,Jz =3 Hz), 1280 (d, Jos =4 Hz), 1303, 131.6 (d, Joz = 12
Hz), 141.0 (d, Jop =29 Hz), 145.5 (d,Jor =2 Hz), 154.3 (d, Jor = 251 Hz). ""F NMR (471
MHz, CDCl;) 6:28.6 (1F,s). IR (neat) 2960, 2931, 1512, 1464, 1379, 1323, 1225, 1142, 760,
665 cm™”. HRMS calcd for C;;H ,NF 203.1110 (M*); found 203.1128.

4-Butyl-3-fluoro-2-iodoquinoline (1-4n)

To a solution of isocyanide 2-2a (101 mg, 0.46 mmol) in toluene (3 ml) was added n-Bu;SnH
(0.16 ml, 0.593 mmol) and a catalytic amount of AIBN under argon. After the reaction
mixture was heated at 80 °C for 1 h, I, (188 mg, 0.74 mmol) was added at room temperature.
After being stirred for 1 h, DBU (0.12 ml, 0.814 mmol) was added and the reaction mixture
was heated at 80 °C for 2 h. The reaction was quenched with sat. Na,S,0;. Organic
materials were extracted with Et,O three times. The combined extracts were washed with aq.
KF, brine and dried over MgSO,. After removal of the solvent under reduced pressure, the
residue was purified by PTLC on silica gel (hexane-AcOEt 10:1) to give 1-4n (90 mg, 74%)
as a colorless oil.

'H NMR (500 MHz, CDCl,) §0.78 (3H,t,J =7.3 Hz), 1.46 (2H,tq,J =7.3,7.3 Hz), 1.68 (2H,
tt,J=73,73),308 2H,td,J =7.3,Jyz=1.6 Hz),7.61 (1H,dd,J =7.6,7.6 Hz), 7.65 (1H,
dd,J=7.6,7.6Hz),795 (1H,d,J=7.6 Hz),8.06 (1H,d,J=7.6 Hz). "“C NMR (126 MHz,
CDCly) 6 13.8,22.7,24.7,31.7, 110.6 (d, Jog = 34 Hz), 123.6 (d, Jor = 5 Hz), 127.6, 128.7,
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129.6, 131.7, 131.8, 1469 (d, Jor = 2 Hz), 152.2 (d, Jor = 253 Hz). ""F NMR (471 MHz,
CDCL) 6:53.1 (1F,s). IR (neat) 2958,2929, 1585, 1549, 1466, 1333, 1317, 1163, 758 cm™.
Anal. Calcd for C;;H;NFI: C, 47.94; H, 3.98; N, 4.26%. Found: C,47.65; H,4.10; N, 3.99%.

3-Fluoro-4-isopropyl-2-phenylquinoline (1-40)

'H NMR (500 MHz, CDCl;) 61.60 (6H,d,J=7.1 Hz),3.86 (1H, sept,J =7.1 Hz ), 7.47-7.57
(4H, m), 7.66 (1H,dd,J =8.2,8.2 Hz), 8§.00-8.03 (2H, m), 8.12 (1H, d,J = 8.2 Hz), 8.17 (1H,
d,J =82 Hz). "FNMR (471 MHz, CDCl;) 8:36.0 (1F, s). IR (neat) 2961, 1602, 1412,
1360, 1215, 1146, 906, 750 cm”'. HRMS: Caled for C,iH(NF (M*) 266.1345, found
266.1322.

3-Fluoro-2-phenylquinoline (1-4p)

'H NMR (500 MHz, CDCl,) 6 7.47-7.57 (4H, m), 7.67-7.70 (1H, m), 7.79 (1H,d, J = 7.7 Hz),
7.86 (1H, d, Jyr = 11.2 Hz), 8.06-8.09 (2H, m), 8.17 (1H, d, J = 7.7 Hz). "“C NMR (126
MHz, CDCl;) 6 1119 (d, Jz= 19 Hz), 126.7 (d, Joz= 5 Hz), 1273, 128.2 (d, Joz= 6 Hz),
128.5,128.7,128.8,129.2 (d, Jop= 5 Hz), 129.6 (d, Jog=4 Hz), 135.7 (d, Jor= 5 Hz), 1452 (d,
Jer=3 Hz), 149.1 (d, Jor= 14 Hz), 155.1 (d, Jor= 261 Hz). '""F NMR (471 MHz, CDCl;) &
372 (1F, d, Jyy= 11 Hz). IR (neat) 3060, 1608, 1493, 1419, 1344, 1200, 1155, 912 cm.
HRMS Calcd for C,sH,,NF 224.0876 (M*); found 224.0872.

2-(4-Acetylphenyl)-4-butyl-3-fluoroquinoline (1-4q)

'H NMR (500 MHz, CDCl,) §0.99 (3H,t,J =7.4 Hz), 1.50 2H,tq,J=74,7.4 Hz),1.72 (2H,
tt,J=74,74 Hz),2.66 (3H,s),3.15 2H,t,J =74 Hz),7.59 (1H,dd,J=7.3,7.3 Hz), 7.68
(1H,dd,J=7.3,73 Hz),798 (1H,d,J=7.3 Hz), 8.09 (2H,d, J =84 Hz),8.16 2H,d, J =
8.4 Hz),8.17 (1H,d,J =7.3 Hz). "“C NMR (126 MHz, CDCl,) § 13.8,22.8,24.1 (d, Jop= 4
Hz),26.7,31.9,123.3 (d, Jog=5 Hz), 127,3,128.0 (d, Jog=3 Hz), 128.2,128.3 (d, Joz=2 Hz),
1295 (d, Jog= 6 Hz), 130.5, 133.1 (d, Jog= 14 Hz), 137.3,140.5 (d, Jog= 5 Hz), 145.1 (d, Jr=
4 Hz), 1470 (d, Jor= 17 Hz), 152.9 (d, Jor= 257 Hz), 197.8. ""F NMR (471 MHz, CDCL,) &
324 (1F, s). IR (neat) 2958, 1682, 1604, 1358, 1263, 912, 744 cm". HRMS Calcd for
C, H,,NFO 322.1607 (M"); found 322.1595.

4-Butyl-3-fluoro-2-(1-naphthyl)quinoline (1-4r)
'H NMR (500 MHz, CDCl;) 6 098 3H, t, J = 7.3 Hz), 149 (2H, tq, J = 7.3, 7.3 Hz),
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1.73-1.79 (2H, m), 3.17 (2H, td, J = 7.3 Hz, Jyz = 1.9 Hz), 7.43 (1H,ddd, J =8 .4,8 4, 1.1 Hz),
7.49 (1H, ddd, J = 8.4, 8.4, 1.0 Hz), 7.58-7.63 (2H, m), 7.68-7.71 (2H, m), 7.74 (1H, d, J =
8.5Hz),7.91 (1H,d,J = 8.1 Hz),7.96 (1H,d,J = 8.1 Hz),8.05 (1H,dd, /=84 , 1.1 Hz),8.21
(1H,dd, J = 84,10 Hz). "“C NMR (126 MHz, CDCl,) § 13.8,22.8, 242 (d, Jo = 3 Hz),
319, 1234 (d, Jo = 5 Hz), 1252, 1254, 1259, 126.4, 1270, 127.8, 127.9 (d, Jos = 3 Hz),
128.2 (d, Jor = 2 Hz), 128.3,129.4, 1304, 131.5, 132.3 (d, Jop = 14 Hz), 133.7, 1338 (d, Jop =
3 Hz), 145.0 (d, Jop = 3 Hz), 149.7 (d, Jo = 21 Hz), 152.8 (d, Jop = 254 Hz). "F NMR (471
MHz, CDCL,) & 34.7 (1F, s). IR (neat) 2958, 1604, 1508, 1456, 1415, 1377, 1358, 1217,
1144,802 cm™. HRMS Calcd for C,;H, NF 330.1658 (M*); found 330.1642.

4-Butyl-3-fluoro-2-styrylquinoline (1-4s)

'H NMR (500 MHz, CDCl,) §0.97 (3H,t,J =7.4 Hz), 1.46 2H,tq,J =7.5,7.4 Hz), 1.68 (2H,
tt,J/=7.5,7.7Hz),3.07 2H,td,J=7.7 Hz, Jys = 1.3 Hz),7.32 (1H,dd,J =7.5,7.5 Hz), 7.39
(2H,dd,J=175,7.5Hz),7.50 (1H,dd,J=7.7,7.7 Hz),7.56 (1H,d, J = 16.1 Hz), 7.63 (1H,
dd,J=7.7,7.7Hz),7.67(2H,d,J=7.5 Hz),7.89(1H,d,J =7.7 Hz),8.03 (1H,d,J = 16.1 Hz),
8.09 (1H,d,J =7.7 Hz). "C NMR (126 MHz, CDCl,) 6 13.8,22.8,23.9 (d, Joz = 4 Hz), 31 8,
799, 1209, 123.3(d, Joz = 5 Hz), 1264, 1275, 127.7 (d, J = 3 Hz), 128.1, 128.6, 128.7,
129.9,131.6(d, Joz = 14 Hz), 135.9(d, Jor = 5 Hz), 136.6, 145.1 (d, Joz = 3 Hz), 1458 (d, Jor =
16 Hz), 152.8(d, Jor = 257 Hz). ""F NMR (471 MHz, CDCl,) 5:28.8 (1F,s). IR (neat) 2958,
2862, 1635, 1604, 1504, 1448, 1415, 1379, 1217, 974, 750, 688 cm”'. HRMS Calcd for
C, H,,NF 306.1658 (M"); found 306.1642.

4-Butyl-3,3-difluoro-2-phenyl-1,2,3 4-tetrahydroquinoline (2-8a)

To a solution of isocyanide 2-2a (92 mg, 0.41 mmol) in toluene (3 mL) was added n-Bu;SnH
(0.12 mL, 0.46 mmol) and a catalytic amount of AIBN under argon. The reaction mixture
was heated at 80 °C for 1 h and removal of the solvent under reduced pressure. Phl (83 mg,
0.40 mmol), Pd(PPh;), (39 mg, 0.034 mmol), and Cul (32 mg, 0.17 mmol) were added to a
solution of the residue in DMF (3 mL) at room temperature. After the reaction mixture was
stirred for 2 h at 80 °C, the reaction was quenched with phospahte buffer (pH 7) and the
mixture was filtered through Celite. Organic materials were extracted with Et,O three times.
The combined extracts were washed with aq. KF, brine and dried over MgSO,. After
removal of the solvent under reduced pressure, NaBH, (9.8 mg, 0.41 mmol) was added to a

solution of the residue in CH,Cl, (3 mL) at room temperature under argon. The reaction
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mixture was stirred for 12 h at room temperature and the reaction was quenched with sat.
NaHCOs;. Organic materials were extracted CH,Cl, three times. The combined extracts
were washed with brine and dried with MgSO,. After removal of the solvent under reduced
pressure, the residue was purified by PTLC on silica gel (hexane-AcOEt 5:1) to give 2-8a (54
mg,43%) as a pale yellow oil.

'H NMR (500 MHz, CDCl;) 60.83 (3H, t,J =7.1 Hz), 1.18-1.32 (4H, m), 1.44 (1H, qtdd, J =
71,7.1,52,0.8 Hz), 1.75-1.83 (1H, m), 3.23 (1H,dddd, J =94,44 Hz, Jys = 179, 5.7 Hz),
720 (1H,dd,J=75,15Hz),7.26 (1H,ddd,/J=7.5,7.5,12Hz),736 (1H,ddd,J=7.5,75,
1.5 Hz), 7.44-7.51 3H, m),7.59 (1H,dd,J =7.5,1.5 Hz), 795 2H,d,J =74 Hz). "C NMR
(126 MHz, CDCl;) 6 13.8, 22.6, 28.8(dd, Jog = 7, 4 Hz), 44.5(dd, Je = 23, 23 Hz), 117.3(dd,
Jer = 256, 256 Hz), 128.0, 128.3, 128.4, 128.5, 128.6, 128.7, 130.7, 134.1(d, Jor = 3 Hz),
141.4(d, Jor = 3 Hz), 159.4(dd, Jor = 29,29 Hz). "F NMR (471 MHz, CDCl;) 6:47.1 (1F,
dd, Jgg = 273 Hz, Jgy = 6 Hz), 672 (1F, dd, Jgz = 273 Hz, Jgz = 18 Hz). IR (neat) 2956,
2862, 1479, 1446, 1344, 1219, 1180, 1128, 1113, 1049, 771, 692 cm”'. HRMS Calcd for
C,oH,,NF, 302.1720 (M"); found 302.1695.

4-(4-Butyl-3,3-difluoro-1,2,3 4-tetrahydroquinolin-2-yl)acetophenone (2-8b)

'H NMR (500 MHz, CDCl;) §0.83 (3H,t,J = 7.1 Hz), 1.18-1.33 (4H, m), 1.46 (1H, tqd, J =
7.2,72,50 Hz), 1.75-1.84 (1H, m), 3.23 (1H, dddd, J =8.9,44 Hz, Jy;z = 18.3,6.1 Hz),7.22
(1H,dd,J=7.3,13 Hz),7.30 (1H,ddd,J=7.3,73,13 Hz),7.39 (1H,ddd,/J=73,73,1.3
Hz), 7.60 (1H, dd, J = 7.3, 1.3 Hz), 8.03-8.08 (4H, m). "“C NMR (126 MHz, CDCl;) 6§ 13.7,
22.6,26.7,28.5,28.7(dd, J = 4, 4 Hz), 44.4(dd, Jr = 23,23 Hz), 117.2(dd, J = 246, 246
Hz), 128.1,128 4, 128.5, 128.8,128 .9, 129.0, 138.1, 138.2, 141.2, 158.2(dd, Jr = 29, 29 Hz),
197.6. "F NMR (471 MHz, CDCl;) 8:46 9(1F, dd, Jg = 275 Hz, Jpy = 6 Hz), 67.3(1F, dd,
Jer =275 Hz, Jpy = 18 Hz). IR (neat) 2958, 2864, 1684, 1608, 1358, 1263,1219, 1188, 1128,
1113,1047,771,746,667,619 cm™.

4-Butyl-3,3-difluoro-2-naphthalen-1-yl-1,2,3 4-tetrahydroquinoline (2-8c)

'H NMR (500 MHz, CDCl,) §0.85 (3H,t,J = 7.3 Hz), 1.21-1.40 (4H, m), 1.52-1.60 (1H, m),
1.82-1.90 (1H, m), 3.28 (1H, dddd,J =9.8,49 Hz, Juz = 17.5,49 Hz), 725 (1H,dd,J =7.5,
1.0 Hz), 7.30 (1H,ddd,J =7.5,7.5,1.0 Hz), 740 (1H,ddd, J =7.5,7.5, 1.4 Hz), 749-7.57
(3H,m),7.62 (1H,dd,J=7.5,10Hz),7.76 (1H,d,J=9.0 Hz),7.89 (1H,dd,J=9.0,2.9 Hz),
7.96 (1H,d,J =9.0 Hz),8.31 (1H,dd,J=9.0,29 Hz). "“C NMR (126 MHz, CDCl;) § 13.8,
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22.6,28.6 (dd, Jor =7, 3 Hz), 28.8, 44.5 (dd, Jor = 23, 23 Hz), 116.5(dd, Jr = 256, 246 Hz),
124.6,1254,126.1,127.0,127.3,127.4,128.2,128.5,128.6,128.6, 128.7,130.5,131.2, 131 4,
134.0,141.3,161.0(dd, Jor = 32,22 Hz). "F NMR (471 MHz, CDCl;) 6:45.2 (1F, dd, Jg =
272 Hz, Jgy = 5 Hz), 66.5 (1F, dd, Jgg = 272 Hz, Jgz = 18 Hz). IR (neat) 3049, 2956, 2862,
1589, 1508, 1477, 1456, 1219, 1192, 1174, 1130, 1111, 1182, 1038, 949, 800, 771 cm™.
HRMS Calcd for C,3Hy;NF, 352.1877 (M*); found 352.1880.

H-EH2-4mm

[2-(3-Fluoro-4-isopropylquinolin-2-yl)phenyl]carbamic acid zert-butyl ester (1-4t)

'H NMR (500 MHz, CDCl;) 6 1.48 (9H, s), 1.54 (6H, d, J = 7.1 Hz), 3.87 (1H, sept, J = 7.1
Hz),7.14 (1H,dd,J =17.6,7.6 Hz), 743 (1H, dd,J = 8.1, 8.1 Hz),7.61 (1H,dd,J=7.6,7.6
Hz),7.69 (1H,d,J=7.6 Hz),7.70 (1H,dd,J = 8.1, 8.1 Hz),8.10 (1H,d,J = 8.1 Hz), 8.15 (1H,
d,J=8.1Hz),825(1H,d,J =7.6 Hz),9.87 (1H,s). '""F NMR (471 MHz, CDCl,) &:39.1
(IF, s). IR (neat) 2962, 1718, 1585, 1458, 1365, 1215, 1157, 744 cm”'. HRMS Calcd for
C,;H,5N,FO, 381.1978 (M*); found 381.1954.

[2-(4-Butyl-3-fluoro-quinolin-2-yl)phenyl]carbamic acid tert-butyl ester (1-4u)

'H NMR (500 MHz, CDCl;) 6§ 098 (3H, t, J = 7.4 Hz), 1.48 (9H, s), 1.46-1.51 (2H, m),
1.70-1.76 (2H, m), 3.11-3.15 (2H, m), 7.08-7.12 (1H, m), 740 (1H, dd, J = 7.6, 7.6 Hz), 7.57
(1H, dd, J = 7.6, 7.6 Hz), 7.65-7.69 (1H, m), 7.70-7.72 (1H, m), 797 (1H, d, J = 7.6 Hz),
8.07-8.09 (1H, m), 8.28 (1H,d,J =7.6 Hz). "C NMR (126 MHz, CDCl;) § 13.7,22.8,24 4
(d,Jer =4 Hz),283 (d, Jog =4 Hz),319,79.8,1209, 1219, 122.5 (d, Jo+ = 5 Hz), 123.3 (d,
Jor=5Hz),1272,127.5 (d,Jor = 3 Hz), 1284, 129.6, 130.2, 130.8 (d, Joz = 10 Hz), 134.0 (d,
Jer = 15 Hz), 138.0, 1439 (d, Jo = 4Hz), 148.2 (d, Joz = 16 Hz), 152.5 (d, Jo = 258 Hz),
153.1. "“F NMR (471 MHz, CDCl,) 8:36.0 (1F, s). IR (ZnSe) 3283, 2958, 1724, 1583,
1520,1230, 1157,912 cm™.  HRMS Calcd for C,,H,,N,FO, 395.2135 (M*); found 395.2109.

11-Isopropylquindoline (2-9a)

Anhydrous pyridinium chloride (5.3 g) was added at 180 °C to the 1-4t (107 mg, 0.28 mmol)
and the solution mixture was refluxed for 15 h at 180 °C. The resulting solution was poured
into a 2M aqueous ammonia solution (10 mL). Extraction of the aqueous layer with EtOAc,
drying over MgSO,, filtration and solvent removal affored to a crude product which was

purified by column chromatography on silica gel (hexane-AcOEt 2:1) to give 2-9a (49 mg,
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(RO HF=F)

66%) as a yellow solid.

'H NMR (500 MHz, (CD;),SO, 100 °C) §1.66 (6H,d,J =7.2 Hz), 4.18 (1H, sept, J = 7.2 Hz),
726 (1H,dd,J=7.7,7.7 Hz),7.52-7.65 (5H, m), 8.22 (1H,d,J=7.7 Hz),8.35 (1H,d, /= 8.6
Hz),10.7 (1H,s). "“C NMR (126 MHz, (CD5),SO, 100 °C) §20.6,26.7, 111.1, 111.3, 118.7,
118.8, 120.7, 120.8, 122.6, 1229, 124.0, 125.0, 128.9, 129.6, 130.5, 1439, 145.6. HRMS
Calcd for C,H 4N, 275.1548 (M*); found 275.1553.

11-Butylquindoline (2-9b)

Anhydrous pyridinium chloride (5 g) was added at 180 °C to the 1-4u (110 mg, 0.28 mmol)
and the solution mixture was refluxed for 12 h at 180 °C. The resulting solution was poured
into a 2M aqueous ammonia solution (10 mL). Extraction of the aqueous layer with EtOAc,
drying over MgSO,, filtration and solvent removal affored to a crude product which was
purified by column chromatography on silica gel (hexane-AcOEt 2:1) to give 2-9b (58 mg,
75%) as a yellow solid.

'H NMR (500 MHz, CDCl;) §0.90 (3H,t,J =7.9 Hz), 1.42 (2H,tq,J=7.9,7.9 Hz), 1.79 (2H,
tt,/=79,79 Hz),3.29 2H,t,J =79 Hz),7.29 (1H,dd,J=7.7,7.7 Hz),749 (1H,d,J =79
Hz), 7.55 (1H,dd,J=7.7,7.7 Hz), 7.56 (1H, dd, J = 84, 8.4 Hz), 7.65 (1H,dd,J = 84,84
Hz),8.13 (1H,d,J=8.4 Hz),8.35 (1H,d,J = 8.4 Hz),8.50 (1H,d,J = 7.7 Hz), 8.64 (1H, s).
"C NMR (126 MHz, CDCl;, 50 °C) §13.9,23.2,27.1,31.9,111.0, 1204, 122.3,122.8, 123.1,
1250, 1258, 1260, 126.1, 129.6, 130.2, 131.6, 143.6, 145.1, 1459. IR (ZnSe) 3018, 2954,
2927, 1616, 1566, 1495, 1338, 1217, 769 cm™. HRMS Calcd for C,oH,N, 289.1705 (M*);
found 289.1714.

11-Isopropylcryptolepine (2-5a)

Mel (1 mL, 6.6 mmol) was added to a solution of 2-9a (47 mg, 0.18 mmol) in THF (3 mL),
and the mixture was refluxed for 20 h. After ccoling to r.t., the precipitate was collected to
afford the yellow 2-5a*HI. Cryptolepine 2-5a was liberated from its hydroiodide by
treatment with 5% Na,CO; and extraction with CHCl;, Chromatography over neutral alumina
(CH,Cl1,-MeOH 99:1) afforded 2-5a (30 mg) in 61% yield.

'H NMR (500 MHz, CDCl,, 50 °C) 6 1.84 (6H,d,J =7.3 Hz),4.73 (3H,s),4.97 (1H, sept, J =
73 Hz),693 (1H,dd,J =8.3,8.3 Hz), 744 (1H,dd, J = 8.3,8.3 Hz), 7.59 (1H, dd, J = 8 4,
84 Hz),7.76 (1H,dd,J=84,84 Hz),792 (1H,d,J=8.3 Hz),8.09 (1H,d,J = 8.3 Hz), 8.11
(1H,d, J = 8.4 Hz), 8.66 (1H,d, J = 8.4 Hz). "“C NMR (126 MHz, CDCl,, 50 °C) § 22.3,

130
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29.1,38.3,113.2,114.0, 1144, 115.7, 117.3, 120.3, 122.8, 122.9, 1235, 126 .9, 128 .2, 130 4,
133.7, 1379, 146.6. IR (ZnSe) 2873, 1616, 1576, 1456, 1371, 1338, 1215, 739 cm™.
HRMS Calcd for C,0H,,N, 289.1705 (M*); found 289.1728.

11-Butylcryptolepine (2-5b)

Mel (0.51 mL, 3.4 mmol) was added to a solution of 2-9b (31 mg, 0.11 mmol) in THF (3 mL),
and the mixture was refluxed for 20 h. After ccoling to r.t., the precipitate was collected to
afford the yellow 2-SbeHI. Cryptolepine 2-Sb was liberated from its hydroiodide by
treatment with 5% Na,CO; and extraction with CHCl;, Chromatography over neutral alumina
(CH,Cl1,-MeOH 10:1) afforded 2-5b (19 mg) in 57% yield.

'H NMR (500 MHz, (CD;),SO) §0.93 (3H,t,J =74 Hz), 149 2H,tq,J =74,7.4 Hz), 1.75
(2H,tt,J=74,74 Hz),3.75 2H,t,J =74 Hz),4.84 (3H,s),7.00 (1H,dd,J =7.7,7.7 Hz),
749 (1H,dd,J =7.7,7.71 Hz), 7.67 (1H,d,J =7.7 Hz), 7.71 (1H, dd, J = 6.7, 6.7 Hz), 7.89
(1H,dd,J=6.7,6.7 Hz), 843 (1H,d,J =7.7 Hz), 848 (1H,d,J = 6.7 Hz), 849 (1H,d, J =
6.7 Hz). "“C NMR (126 MHz, (CD;),SO) 6 14.1,22.9,27.2,32.7,39.2, 1144, 116.5, 117 2,
119.2,122.5,123.8,125.0,125.5,128.3,128.5,129.9, 133.1, 137.0, 140.5, 167.1. IR (ZnSe)
2956,2929, 2870, 1620, 1489, 1458, 1371, 1340, 1215,741 cm™. HRMS Calcd for C,,H,,N,
303.1861 (M"); found 303.1851.

'"H NMR (500 MHz, CDCl,, 50 °C) 5 0.98 (3H, t, J = 7.4 Hz), 1.60 2H, tq, J = 7.4, 7.4 Hz),
1.90 (2H, tt,J=74,7.4 Hz),3.84 (2H,t,J =74 Hz), 463 3H, s),6.93 (1H, ddd, J = 8.5, 8.5,
1.2 Hz), 746 (1H,dd, J = 8.7,8.7 Hz), 7.57 (1H, ddd, J = 8.5, 8.5, 1.2 Hz), 7.74 (1H, dd, ] =
8.7,8.7 Hz), 791 (1H,d,J=8.7 Hz),8.01 (1H,d, J = 8.7 Hz), 8.07 (1H, dd, J = 8.5, 1.2 Hz),
8.37 (1H, dd,J=8.5,12 Hz). “C NMR (126 MHz, CDCL,, 50 °C) § 14.0, 23 .4, 28.0, 33.0,
379, 114.3,1153, 1169, 120.7, 123.0, 123.1, 123.5, 126.0, 128.1, 130.1, 133.2, 137.6, 141 8,
144.7,160 4.
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Table 3-1. K&EHFIZA /= MY Z)LAOEZIVEEYDBIRRIG

R2 R? R2
PRI B
/ THF / F2C
R' o Et,O 'i) R’ R!

Entry R! R? NuM Yield/%  Ref.

1 Ph(CH»s H RLi (R = Alkyl) 0-90 1a

2 Ph(CHp)s PhLi 0 1a
. A H RLR=-Akyl, Vil Ph) 503 1a

Ph H RaNLi 60-90 1a

5 Ph H Ester enolate 0 1a

6 CO.Na H LiAIH,4 54 1b

7 CO-Bn H (n-Hex)>MgCu 66 1c

8 F NMe, RMgBr (R = Alkyl, Vinyl, Alkynyl, Ar) 21-92 1d
9 W H  Ph(CH).CH=C(OL)OtBu n=1,2 6586  1e

10 H H LiCPh(CO4EY) 5 0 Te

R2TEEQ. RD2NVFTORFNVE=ZNVBENOBERKB2Z2IFATITZ
. TYhOL-HRkEHARESRZY. ARDORENMETEIEAR.
SRRV, BENFBUREFAZAVTOBRRHNEFTO. RD2 070X
FLEZWB2REBE 22z VIYENYEYR) TENIZBYEXZY TR
L AFVIYHEPLVFVE)TENZEETHOERRRONEITISOOLEA
’Z. CORBO#HER2 Scheme 3-1 R T,
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Scheme 3-1. MU Z)LAOEZIVEEYID N FREERS LUK
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I SMERBRCOBMTHS (Fig. 3-2)°,

Figure 3-2.
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Scheme 3-2. CFsCuz B W\\5 14V F/ U+ /1) D CFsft
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3 O TWB(Scheme 3-7)",

Scheme 3-7. AL I RAIEB NS 2-MU Z)LAQAFILF /Y DERK
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Scheme 3-9. 4L (C7Z)LAOFIFIVEEZHDAVF/ U EDERK
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Scheme 3-10. Suzuki cross-coupling of boronic acid 3-1 with ArX
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J\ NasCO3 (aq.)
FsC” “B(OH), * >
® (OF): HO 80 °C, 6 h HO
(0.8) / Toluene—MeOH
3-1 3-289%
TsNHBoc (1.5) CF3 CF3
PPhs (3.0)
DEAD (2.5) CF3CO-H (10)
> BocN > HN
rt.,2h Ts rt,4h Ts
[ THF 3-391% / CHLCly 3-4 96%

E. AVRBRRNVEIVEZHDA -RD2VFARFNVRAFVY 3-5 0
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BRI, Scheme 3-11 2EA#HKROFEZ2ANT . KOYE 3-1 2 2-2—RK\Y
APVTER2OBMDYINYT2TNABOR (Scheme 3-12), 22 TH
W7z 2-A=RKRXYAXAPNLTERR., 2-2-K22&E#%# BH,.-THF TEFTOT
=B 2. 3-=RXYIJNWPNLIA-NDRD. ChZB2YHY TH{EISS
Xravagmor.

Scheme 3-12.
| Pd(PPhg)4 (2 mol%) CF3
J\ NasCOg3 (aq.)
FsC” “B(OH), + - >
OHC 80°C,8h OHC
(0.8) / Toluene-MeOH
3-1 : 3-590%
I BH3 THF (1.5) MnO5 (10) I
» —
Cg; r.t.,24h H r.t., 24 h ©;
OoH / THF / CHoCl5 HO
90% 86%

Bk Scheme 3-11 & 3-12 RO RFERIY. RIERNOBRNELKS
A-RN2NVFARFNVRAFVY 34, 3-5 ZEBMITSZENTER. RR2NH
SZRANRZIRBRBOERIONTIARCENS.

3-2-2 RFABEZFAIS 42040 XFVYTRS3EROAY
FINYOERW

Scheme 3-11 RRORZFETEBRORZRINWPER 3-4 RIERZ{ERK Y.
RETBPRINWPEL-RATIYRIB 2T IOBBEZESDTFA
BE21T0. 4RI I2NVTORXFUVIEZEISTRhSLROAIVFINY
3-6 DBMZ ROz (Table 3-2), 3-4 & DMF P NaH 2{EH&4¥. 80 °C T3
BREROZ2Z23. HMBORERWATH S 3-6 N LOORFETHEDINR
(Entry 1), RIGIBEZ 120 °C 2T 382. RRSBRTRIV. 4400RR
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3-6 23S ¥NTER (Entry 2), IEB2ODT KH ZBW. 120 °C T 2 BRE#E
BIBL. 8%OWRET 3-6 283822 NTEREy 3), 2. BERE
BERAZJBORBNVINDAEL2R 22T, RENNALL. DFABR
NABREITIBIASRE RRDE2EADNS. 8RR, 3-6 NHRARAN?
« YBNEFTO. I20F70RXRFUVYENABAREIITHE. 432 CF,H
B285334A4VYFI)NY 3-7 NBONSOTRRNVNEEZL, 34 12 DMF ¥
BRSO KH 2{EMAKY 2, 120°C T2 EERAEHROZN,. B HF M 3-6 N 77%
OR|THEDN. PO 3-7 OERDERTERNoZ (Entry 4). REDE&E
R2Z22HT Table3-2 RRT.

Table 3-2. Synthesis of 4-difluoromethylene-1,2,3,4-tetrahydroquinoline 3-6

CF3 CF5 CF»
Base <l -F
—_— —_—
HN /DMF | TsN TsN
Ts
3-4 3-6
Entry Base (eq) Conditions 3-6/% Comments
1 NaH (1.5) 80°C,8h 42 3-4 3% recovered
2 NaH (1.5) 120 °C, 3 h 44
3 KH (1.5) 120 °C, 2 h 78
4 KH (2.5) 120°C, 2h 77
5 DBU (0.3) 120 °C, 2 h 9 3-25 44%
CF> CF> CFoH GF3
— TolS(O)OH
............ - 00 - 2] 0
TsN N N S
3-6 3-7 3-25

SCODFRBIBREBIS D, -ZOQENWVRINVPER2Aa-RD200T
OXFIVRFUVY2ORFRBRNZRIAOZN, MNIT B gem-Z2N0ZF0Q7P
W5 YREBMBONEBONEBM o7 (Scheme 3-13),
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Scheme 3-13.

CF3 CF»

NaH (1.3)
+ n-Pr-NTs —m8 — n-Pr—N
Ph H 80 °C, 8 h TS Ph

/ DMF trace

2035k, IFBETREFTUORCINVRINVPERRISEEHRN23F
ARBRERT B L. 6-endo-rig RIENBBREF[O. 42200 XF
VYB2BISTRIEROAVYFINY 3-6 ZRBRIRBTR/SZENT
&R,

3-2-3 AZTYORIFANNZ2HAHITS 4-PDBITZ20FAXFN
AVEINIROER

RN2NVZAORARFLEZDESAOP VYRR, BFRIIEDRN CF,
BOMWRTENREFHRZE33S. SoT. Po-AYVELR/EILARITY,
AZYRTFIADAZS IRERRIASAIFANNNEITISLHMETES.

29, ASY2ZHOLZRHMLOT. Scheme3-11 TBRORZZT N LRBRKND
ENVEZ2HD Ad-RD2NVFAORXFNWVRF VY 3-5 2, DMF-H,0(10:1)IR 85 1%
P, NH,OAc TREBOZ. 2OBR. RPRAZY 3-8 NEV. |MWTAE)
BEARISIFANNNEITOLLRBDNS. 42k CF, B2853 3 34-
JEROAVFINY 39 M1 NSBRBBIRPT/ONRZ (Scheme 3-14),

Scheme 3-14.
CF3 CF3 CF3

)D NH,OAc (5.0) f : I
> )
rt,5h HN N
OHC / DMF=H,0 X X

(10:1)
3-5 3-8 3-9 84%

RURKB2XK2NA3RC DMFPRTIToRIFE.3-9OIRER 73%THo k2,
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2h . DMF-H,0(10: )R BB DMF T NH,0Ac DBBENEL.
ERZTORYRBOTATHENS RRZDEBZTNSI.

ERHRE3-2—-281® Table 3-2 RV NaH R KH 2B OTHNS
RIIWPERORIBERKB TR, BRREFTRD2ITokRD,. 2vibAITY
OB ZESDFASBENEITOR., S2HRMO.  Scheme 3-14 TR, RSN
RD2NVZARXRFIVEZNVBANOREMNNTEZIY . 2viBdAT S OB
BZDBEMok, 2hB. RPRAPERICOEITLLHELR NH,0Ac NDHEY
SHEBNFEI SO {UNPRAKNERINCIOMI 2SI RRZDEEL
Th3.

20385k, DMF-H,0 REBHEP2N SO0 JERET TR 2ITS2
RT. 2942 JO0HEREBAISIORYE2Z2ERO TIFAGNNE
FO. 4RI 2NVFIOXRFVEZBEIISITLROAVFINY 3.9 2183
S¥NTER,

% 72 Scheme 3-14 X A#HDORN%Z. CF,B%Z Mc BREBSWARBYTITo
THARL2 3, RIBIMRBOINEBMNoR (Scheme 3-15), 2D NS, 6TE
FRIRERNOAYHE2RE2RCRBEBTERNH OO, Scheme 3-14 TR CF, &
DBNBFRIIBRIVPILVTIYOREBIUNSEIS 2T . 1S J)BERR
XBRN2VAORFVEZNVEANODFRUNNRBERINZ2ELTNSI.

Scheme 3-15.
Me

Me Me
NH4OAc (5.0) \
rt.—»70°C,2h
I ] ’ HN I j Nl: I j
OHC / DMF-H,0 X X

(10 : 1) 0%

MR, Scheme 3-14 TS N 4-PN2FORXF NI ROASVFINY
39ND., AVFININ\NOFEZFB2RAOL, TRDHS 39 CIERZ{EMR
Y HF 2170, Z2USB cxo- AFVYBENBAR\NRKEKIRE. 4ty
20ZAORXFIVEBZEITSAVFINY 3-7 NiBHNS2 L I12AK B(Scheme
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3-16),
Scheme 3-16.
CF5 CF3 CF» CFoH
Base -F @) =
Na N N N
3-9 3-7

¥2T. RHF 2135 OER2KRAOL. THFR, 4-RD20ZFQRXF N
JeEROFJ/)NY3-9RLDA Z{ERR BN . Z2BROERMNZEU L (Entry 1),
2T, SVPBREETHSDBU %Z, DMFR 39 RIERIE X2 3. W
OB HF ZRIANBONRZ. ZUR cxo- RF VY RBRBIABABINCRYE
BOTEERBEITHN—RREIFTO. 4-I20FARXRFVAVFINY 3TN
53%QWRB|TEROR (Entry 2). AN SBW2RAORLEZ3. JTFHIP
TR. RICOEITRIKBWREL (Entry 3). DMI R DMSO ZHW X223, 3-7
WENREN 61%,66% DRPTR/SONK (Entries 4 and 5). REODER2XLD
T Table 3-3 BRI,

Table 3-3.
CF3 CF» CFoH CHO
Q0 = 002~ 20 - 20
N / DMF Na N Nx
3-9 3-7 3-10
Enrty Base (eq) Solvent Conditions 3-7/% 310/ %
1 LDA (1.2) THF -78°C,0.5h 0 0
2 DBU (1.3) DMF 90°C,12h 53 2
3 DBU (1.3) Dioxane 100 °C, 17 h 5 0
4 DBU (1.3) DMI 100 °C, 11 h 61 5
5 DBU (1.3) DMSO 100°C,25h 66 5

S2TRIZERPAXPOTPITER 3-10 Nig>h3N. —BEHFHOR 4-I2
WAARFNWAVFINY 3-7% Entry 5 LRAURGTTHNROTHP VT
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R 3-10 BigoNAHRN22NS, 3-10 & 3-7 28Fk. ATEeRITISRI?
WFARXRFNFYIEROFINY A ONAKRIBRLIVEROTNIXEX
S 1 8 (Scheme 3-17),

Scheme 3-17.
F

CF3 CF HO
Base H20
HE

3-9 A
HO H CHO
—HF
Na N~
3-10

4-F2N0ZARFNVAVFINY 3-TORBEN 66%2ERLEZ>TNIR
BR2UVT.RBETCHEIS 2 v/ d YR 2 TEIRDRBZ 2TNS
RHDEELZONS. CH2ERISY. P2 VFORXF LT KROAY
F /)10 3-9 12 DMSO BT CsF 2{E&¥ 100 °C T3 N 2ITo 22
23. AVFINY 37T N L%0RBTEOIN. BWRANPRI@MIBOL
(Scheme 3-18), 2D M. MBOZI2 vibMATYRERXLOTHEI L
ROAVFINYIINSOB HF 2RI 3N, RABREAIRKBOLIERBZ D
TNI3ZNBNok. 2T. RBETHBORZI2vibiaAT Y 2HRT
SHINFlORA LTS LIRL K.

Scheme 3-18.

CF3 CF» CFoH

CsF (1.2)
—— _ O, 7 + 3-913% recovered
\ 100°c,3h | [ N
X / DMSO X X

3-9 3-7 42%
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WAL OT LiBr ZHN. 4-IJ2N0Z7QXFNVAVFINY 3-7 ORFR
kzBEI2RORZ. ¥3 LiBr M2 vi{bi« 4 2HR0 CEIRDZiNE
TINESNZ2EBBISRYD. 4-RN2F0XFNTROAIVFINY
3-9 & CsF & LiBr 2RENATNROZELZ3. 39 RZJRBOLEBNOR
(Scheme 3-19), SOERR. 2vIBMATINLIF RSB LTREORZ D

B850,

Scheme 3-19.
CF3 CsF (1.2)
LiBr (2.0)
> No Reaction
Na 100 °C, 3 h

/ DMSO
3-9

R2T. JehOQ4VFINY 3912 DMSO®R, DBU B UHMNAHLLT
LiBr Z{EBBRETRID21T2o 2223, 4-IJ20FQRXRFNAVFINY 37
MW0%LNSBRBIRETI®EDNZ (Scheme 3-20).

Scheme 3-20.
CF5 DBU (1.2) CF» CFoH CHO
LiBr (2.0)
= Q e + z
Na 100 °C, 3 h Na Na Na
/ DMSO
3-7 80% 3-10 5%

3-9

k. 4-RD2FORXFLIEROAAVFINY 39 ZIRREZ LA,
RD2NVFTOXFVEBZ2EFTSAVFINY 3-11 28MTES,. 2 T.DDQ
CREXNSELOHEBAIZ 39 CIERR L, 3. NJEYRTDDQR
4-205=ZV2EMR3B 223 ZRTRMARINGLLEEITEI. N
FTSLANBRBOR (Entries 1,2), 200QRXLJPT4-2053=VZ2AN
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SLZ2RTRBRBEERN N COBSLANBMEBY. BRAMRBOINAR
M 2 Z(Entry 3), 3-9 REM{BLYHY (V)ZHINOT. XYEYR 16 h &R
R2iFor. 3-IN5072BRENSOAT. 20BSHBHNAREBDNEN
2 Z(Entry 4), 2HARHRO. NSIDARRRIS 3-9 DEBBIXZ2EAL

223, BR2ERBANSBNALITS 4-RD20FARXFNVAVFINY
3-11 21832 2NTER., REOERZ2EXLHT Table3-4 BRT.

Table 3-4.
CF3 CF3
6)@ Reagent %D
N —H> N
3-9 3-11
Enrty Reagent (eq) Solvent Conditions 3-11/%
1 DDQ( 3.0) Benzene reflux, 2 h -
2 4-Chloranil (1.2) Benzene reflux, 4 h -
3 4-Chloranil (1.2) CH,Cly rt, 24 h -
48 MnO5 (5.0) Benzene reflux, 16 h -
5P 5% Pd-C (0.05) Toluene reflux, 18 h 13

a) 3-9 50% recovered  b) 3-9 43% recovered

BAROTINSIDA-REZANSZ22RRY. RioBHO®RMN 21T
. hLVIZYZ2ZHANEZBECABENBOIEROAVFINY 3-9 N 43%8
RENZOT (Entry 1), HORERTRIB2ITISZ2 2RO, Bif2THNY
ROUTT72B5BNABR IS L. I ROAVFINY 39 BBEROENDRIG
ANBRBO. 4-PD22NVZARXRFNAVFINY 3-11 ORRRX 29%TdH o
Z(Entry 2), 2T, p-FIVIBRNSIIDALA-REZZ2ETIEARNTHNR
RBRN28BAITo 223, BIZRNNROINEBIN 2 2N, 3-11 BR® 45%
ONELEBTERN oL (Entry 3). S2HE. 3-9 R 3-11 NERRRBEOTNS

63



RODEBZ. NSIDL—REZDOIEREZ 10 Mol2XTESD. RIGEHREAZ 7
O OBV ZX23. 3-11 Z 3022 NSBREBNMBTIRILNTE
7Z(Entry 4), REDERZ2ZXLHT Table3-5BRT.

Table 3-5.
CFs CF3
ool e >
N —Ho N
3-9 3-11
Enrty 5% Pd-C/ mol% Solvent Conditions 3-11/%
18 5 Toluene reflux, 18 h 13
2 5 Decaline reflux, 12 h 29
3 200 p-Xylene reflux, 8 h 45
4 10 p-Xylene reflux, 100 h 80

a) 3-9 43% recovered

REDISR, o-hVEN-a-RD2WZFAORFWVRAF VY 3-5 12, DMF-H,0
REBWP. NH,0Ac 2{ERRBIBZ 2RI ST, 4-bN2pF0RXF LI
ROAVFINY 39 2BRITS28NTER., kBDN* 3-9 %, DBU
THB HF R Pd-C THARBEOT. 4RBRI2)0FOXFVERRD2)VFOX
FNEZ2BEISAVFINY 39, 3- 11 \NLRHIS2LYHTER.

3-2-4 AFJA20IFANNZ2HBITS 4 bNBITI20F0OXF
WAVEINYREDODER

MM TRASY2HVURZIFIREBZIToZN,. RRAFZARISEI
2R} OZ., PILTER 351, DMF-H,0(10:)iR 8BsP. NH,OH-HCI 2{&
HRYz¥23, 2BRTRAFIA 3-12 NERTIBZITHo 2. ¢0%
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70 °C TNRITISZLRIAVRIBNEF[O. 4-RD20FORXFN-34-Tk
ROAYVFINY-N-ZFT REBR=DPOY ) %2 3-13 £ 75%2DQRET/S2
INT&ER, ERPILTER 3-5 1 NH,0H-HCI Z{ElA&¥T. LI 70 °C
T3 BRNRBEROLZL23., 3-13 2 3622 NSBRBHBRIRRTH/IS2BNT

& 72 (Scheme 3-21),

Scheme 3-21.
CF3 CF3 CF3

)D NH,OH+HCI (1.2) i\/(j d)
OHC / DMF-H50 HO” -0

(10: 1)
3-5 3-12 3-13

Conditions Yield of 3-13 / %
rt., 4h—70°C,25h 75

70°C,3h 86

CORBTY.Scheme 3-14 RRO A EJ 2N RRIBRISOERLEER.
ZFIARIBRI2VZORXFNVEZDVEANONNETFORZER. 2vi8
MAZIYNRBOZIBEMRBONEN 2. 20RBA. RRAPREKR
HCI MBET S 2D, ({INPEMRO ORI IENRER WD E2EZDNS.
. ASJOUNBRRRBBTEITOLZN, FFZATRNBO R0 LN
NBZ2OHENokZ, 2HR. ASYRHRNIFIADASIBERZORZIN
ETOTNSONEBRELZTNIN. cNTBIFRIRRDNEITO TRIBER
M252TNI3PEXEDOTIBLDNS.

—#4. Scheme 32l QA F T ADORIBERN2Z2IEROBET TITA K. RIbig
29iBNATIYNRBOT. PHTERISNH-FRABRI2NVFTOXSF
VWEZBIISAVFINIYN-ZFIRI- 4 NBLRB30TRR Wh2HELK.
2 TEBRPOTEBEPES YR NaHCO, 2O TRNZITo 2.

Et;N 28O 7z223. BRARLZI2N0ZORXFIBIR  3-14 2 5220
SEBERFTEAZ. IZRD2VTZTOXFVEZ2E5IISRIR=PAY 3-13027%

65



BONER . COROEERMRAPHMCROTRIZ2NIORXFVEZHDS
BROBIR=KRAQY 3-15 TH o Z(Entry 1), 3-15 AWBRAL. ¥4 3-12
DAZSIBERRIS RN 2)VZIORFIWE=ZNVEBAD  S-exo-trig BIENELT
ORZERNTHIN., RMEOX23 3-15 OXERBWIFTWTH S, i-Pr,NEt
2BMNORZBERR.S5EB=RAQY 3-15 DIREN 57%%F TRALOZ (Entry 2),
SO ENJYR NaHCO, ZHNOREBRIELROAVFINY 3-13 00X
W& R85%, 57% DT T3S M (Entries 3 and 4), DBU ZHNRZIBER. 68
BR=-bOY3-13REBDZNT. J20F20RXFNV{ERh3-14 BRAUSHBRE=-RO
Y 3-15 N NEN 23%, 31%i8DN %k (Entry 5). REDERZILHT Table
3-6 RRT.

Table 3-6.
CF3 NH,OH-HCI (1.2) CF3 CF2H Me
Base z CFs
» + + N+ + N+
70 °C _ _N& — _N& - N
OHC /DMF-H,0 O © ©
3-5 (10 : 1) 3-13 3-14 3-15
Enty Base(eq)  Time/h  3-13/%  3-14/% 3-15/%
1 EtsN (2.2) 2 27 5 51
o iPrNEt(2.2) 2 23 7 57
3 pyridine (2.2) 3 85 - -
4 NaHCO4(1.5) 2 57 - -
5 DBU (2.2) 15 - 23 31

. TFJADEZRFLCHRBELZBAD 2 O-PLRFNIFTA 3-16
ZHANTRILRB 2RO, 3-16 . PIVTER 35 W TFT A 3-12 2
BRO. RVTEXGRZ2EMIYLS X THARUZ(Scheme 3-22), FF T A
BE-DORBBRXOTEDN. BB CF, B2 FJARBOIMRRET E
HROFFIADRNEROTCNIS2EZADONS.
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Scheme 3-22.
CFj NH,OH-HCI (2.0) CF3 Ac20 (2.0) CF3
Et3N (3.0) EtsN (3.0)
» —»
rt,1h N r.t., 12 h N
OHC / EtOH HO” /CHCl,  AcO”
3.5 3-12 95% 3-16 86%

Table 3-7T R TSR, 8Nk 0-PRFIVAIFTA 3-16 ZR LI YW
BORZEZ3, 4-BN20ZARFNAVFINY 3-11 W 9% DR/
Z(Entry 1), SN NMTBFRAERRNBZ Y, BECHBNGB IS LT
3-11 NERORZLEBLATNS. BNAILOTEHE2NAZL2 3. 3-11 QW
BN 76%% TRAEOZ (Entry 2).

Table 3-7.
CF3 CFs CFs3
é@ — é@ ~ é@
AcO’N AcO’N Z ) N
3-16 —AcOH 3 44
Enrty AcOH (eq) Solvent Conditions 3-11/%

1 _ Toluene reflux, 2 h 49
2 2.0 Toluene reflux, 2 h 76
3 - 1,4-Dioxane reflux, 3 h 41
4 3.0 1,4-Dioxane reflux, 3 h 72
54 3.0 THF reflux, 1 h 11

a) 3-16 58% recovered

#WT Scheme 3-21 TRO2NROG[IR=POY 3-130JROAVFID
YNDFEB2RIAOEL, =hOYH. 13- RBEFLUTLERBERBEHBR
NTHBY, PTHRR=POYIEBRERPRMRTSH S . 3-13 CRNE
FIRL O T PhNCO 2{ERB¥RE23. [B2/1MRIBOREK. RRBENE
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FO. TRBR2z=ZVPEIBZ2HIOTROAVFINY 3-17 2 802D
BCTHEzrz. 25EB=-RPOAY 3-15 ZHVRAEORB2{TN. A1VALYR
— )V 3-18 Z2WRFE 50% T8, (Scheme 3-23),

Scheme 3-23. 1,3-Dipolar Addition

CF3 B CF3 7 CF3
r:i:[::j PhNCO (1.2) -CO,
+ > >
_O’N \ r.t., 15 min N NS
/ DMF <
313 >—NHPh NHPh
L O . 3-17 80%

CFs /) © PANCO (1.2)  CF3 /'
» ) %
_ ,N't rt, 12 h N + 3-15 12% recovered
O / DMF

3-15 NHPh
3-18 69%

EHRBR=POY 3-130 BRI SB&EKRE2RHOZ. 3-131 DBU
BAUBMALOT LiBr Z2{EMAKY 32X, i HF £ cxo- XAF VY RBORR
NORBENEFTO. ARRIZ2NVFIORXRFNVEZBETSAVFINY-N-Z
FIR 3-14 2 83%DIRBTR/S2BNTER  (Scheme 2-24), BIR=bhOY
3-13 . P2 NVZORXFNVEBOrRRrEBIRIIEO -2+ REAR2HD
., JehQA4VFINY3I9VBHRHF ORI, BRI TRRONRS
Ok,

Scheme 3-24.
CF3 DBU (1.4) CF, CFoH
LiBr (2.0) Q _ .
't© WSS o £© 't©
3-13 3-14 83%

REDISR. 7V hERTFIZ2HB2H2aA-RII2VAFORF VRS
VYORIFARBZIAROTCORRORA=POY 3-13. 5ARORKR=R
QY315 BIAT4-RD2VAARXRFIVAVFINY 3-11 ZEROR. B
BONRO6BRE=-ROY 3-13 BAUSHBE=-ROY 3-15 2. PhNCO Z{:H
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EB2]ENBIZIFTN. 72 z=NVPEIRBZHOIOIFEROFINY
3-17 BRAUTAVAY R—D 3-18 Z28RLEK. Tk, 6EAR=POY 3-13 O
DBU ZHAWN %R HF 21352 ¥ T. 4faRkI2V0A0XFNVEZ HI24A4VF
INYN-ZTFIRIISN\NLRHITIBSZLYHTER,

3—-3 4RI I2NVAORFNVEZ2HBIFINIOER
3-3-7 FNWLRRAZSYERWZ2HD2A-PN22NVAFARXFNVRAFVID

=11

FEQE-SHT-3MT. ZVDPRRAZSYEABZ2HIBLTI20ZAR
FUYRHEIBED KCN ZBW0OZ 3-20Z70F )N 08RRI2NVTaNE,
SCORBTR. BFARREI Sa-IPI)ADNKRP=FY2I2)0ZQP V7
YRR THRISZELT. ASYRATO-EZNARBZRERLIITS2®
WMTER, RETRDFAR-IPIDIVERP=ZY%Z,. D2 F0RXFE
ZVETHRISZ2XRROUR., FBHSB. Scheme 3-25BRITIASLR. FI K
A E2YERZHIA -RN2VFTAORXFNVRAF VIR KCN Z2{EHEE. &
EFSONVARPFIRIASIFABHZTN. 4ac2 VT 0RXFIVEZR
B33FI)NY0EameRIISZRRLR.

Scheme 3-25. 4-CF,H¥/ U > DERK
CF3 CF3 CF, CFoH

)D—’ )ID o fb - fj@
RN NCR7\H —HCN | gy RSN

RIEOMRENBL RS AEY 3-20 &, % F Scheme 3-11 R 3-12 2EHROF
ZE2BAN. FOQYE 3-1 2 2-3-RP=NYHIY 2-70FT-5-Z00r="n
JR2OBRDYINYTRIFToTP=NY 3-19a BAVU23-19c ABOR. P
=N 3-19¢ B, ZNVPRRR=ZPROBZ2HDa-RN22NVZTORXRFNVRAFVY
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3-25 ZEBFTOTERORZ. GOUTP=NY 3-9k. BROPNVNTL RKZ{ER
REPAZY 3-20 Z2:ABO 7 (Scheme 3-26),

Scheme 3-26.
Pd(PPhg)4 (2 mol%)  CFs3

JL .\ NazCO3 (aq.) 3-19a(R=H, 6 h) : 89%
F3C” "B(OH)2 - > i B ano
HoN R2 80 °C R2 3-19¢ (R=Cl, 14 h) : 30%

0.8) / Toluene-MeOH 12N
3-1 % =l or Br 3-19 89%
| Pd(PPhg)4 (2 mol%)  CFs Fe (4.0) CF3
o1 D\O Na>COj (aq.) conc. HCI (3.0)
- —_—_—m
0N Me 80°C, 7 h rt,12h
058) /Toluene-MeoH ~ O2N Me . EtoH HaN Me
3-25 81% 3-19e 62%
GF3 CF3 3-20a (R' = Ph, R2=H) : 86%
R'CHO (1.2) 3-20b (R' = Ph, R?=Cl) : 73%
el 3-20d (R' = p-MeCgH4, R%=H) : 75%
HoN R? reflux, 3-6h RSN R? 3-20e (R' = p-BrCgHs, R2=H) : 52%
319 / Benzene 3.20 3-20f (R" = p-CF3CgHa, R® = H) : 67%

3-20g (R' = p-CF3CgHa, R = Cl) : 94%
3-20k (R' = m-BrCgH4, R%=H) : 84%
3-201 (R' = 0-CF3CgH4, R%=H) : 79%

3-3-2 RFABEZFRIS4-IJI2NAARXFVFINIODER

SOXSRVLTERUOLRZEY 3-20f 2. DMF W 20 mol%® KCN B X UER
20T 110 mol%® K,CO, Z{EMK Y. 30 °C T3 WRANBKE®R2IToL2 23,
PHORZISRRIE EIFO. BADO4-IJ20Z70RXFVFINY
3-24f #Z 60%DWMBTV/S SN TER(Entry 1), BEEBODRHN2{T0V. NaH,
Et:N, DBU ZHN3 ¥, MISI B 3-24f ZENEN 494, 40%, 724 T8
B2 2N T E Z(Entries 2 and 3), REDERZZ2HT Table 3-8 kw7,
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Table 3-8. 4-T 7 LA OAFIF /U 3-24f DB (R = p-CF3CgH,)
CFs CFoH
KCN (20 mol%)
Z Base (110 mol%) Z
RN 80 °C / DMF RN
3-20f 3-24f

Base
CF3 CF» ‘ CF»
R—TSN

RN RN
NC H NC H
3-21 3-22 3-23
Entry Base (pKa) Time /h Yield of 3-24f / % “pKa

1 KoCO3 (10.3) 2.5 60 HCN (9.1)
2 NaH (35) 1 49 HF (3.2)
3 Et3N (10.7) 2.5 40
4 DBU (11-12) 2.5 72

FINY 324 OERBEEI. ROLID20EE2BHOTHEHIFTOTNS. 3
Bhs, (DIPIUBMATINAZT)EBRAREND. 20&JO b8
NRB2BZLTaIPIANWKRP=FZY 321 NEETS, (DEZFOR 3-21
RASIFAMNBIENEITTS. (i HCN B Y exo-XF UV YD
RAR\OREB2ESSERBNEFTO,. ¥vdd 4-IJ20d0XFNVF
JNY 324t MEWRTS. (VKRR Oz HCN RIEENERL. P YA
FINBETS.

mNT. BoNRRBRGE (B : DMF, KCN: 20 mol%, &8 : DBU (110
mol%)) 2R, 4-I2N0ZORXFIVFJNYOERRISO—EIEZIRINO
7z (Table 3-9),
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Table 3-9. Synthesis of 2,7-Disubstituted 4-Difluoromethylquinolines 3-24
CFoH

KCN (20 mol%)
44:1::1\ DBU (110 mol%) /Jil:[::l\
RN R2 80 °C/DMF R SN R2
3-20 3-24
Entry R R2 3-20 Time/h Yield/%
1 Ph H 3-20a 12 76 (3-24a)
2 Ph Cl 3-20b 9 56 (3-24b)
3 Ph OMe  3-20c@ 14 61 (3-24¢c)°
4 p-MeCgH4 H 3-20d 12 51 (3-24d)
5 p-BrCgH4 H 3-20e 1 70 (3-24e)
6 p-CF3CgHa H 3-20f 3 72 (3-24f)
7 p-CF3CeHa Cl 3-20g 2 44 (3-249)
8 p-CFsCeHs  OMe  3-20h? 3 73 (3-24h)°
9 PhCO H 3-20i2 1 30 (3-24i)°
10 EtO-C H 3-20j2 1 27 (3-24j)°
11 m-BrCgHg H 3-20k 2 63 (3-24Kk)
12 0-CF 5CgHa H 3-201 2 76 (3-24l)

8Substrates 3-20c,3-20h—j were prepared from the corresponding anilines 3-19 and
benzaldehyde (120 mol%), 4-trifluoromethylbenzaldehyde (120 mol%),
phenylglyoxal hydrate (130 mol%), or ethyl glyoxylate (150 mol%) in refluxing
benzene (12 h, 12 h, 3 h, or 2 h), and used without purification.

bYield based on the anilines 3-19.

HE 320 DS J)BRALOBHE R BAUNYEYRLOBHE R 2
RATFINY 3-24a- 1 OEMRZARRZ. R RVT2I2zZNWVER PRI NVED
Q2BZEDIRE. RICHBERNELIR oM (Entries 1-4), R" 20T p-70E2x
ZNDWER p-RD2VFORFNI2z=VEZ2VIOBHOIBE. RO REH
B TR I O 2(Entries 5-8), SORBR. CORORBEENS P I{B
MATIOAZ I)IBRENOUINTHSZD2ELADNS. R' RBFKRIKE
DEEB2BAIIL. /1S )VEBEORBIFENSIS Y. JPIYAATY
NEMORIIBRBSLBONS. #oT R OBHEEB2VTPN-VERCKRA
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TNYVASIVEBRIRFIONKRZNWEBZBAORZBEEGRR. RS IRE
BRITRID. MwISFI/NYNBSNZZ (Entries 9 and 10), KB, Entry 3
BRU310kBNWTR. 1SY2EWMBITR. P=NYMD one-pot TRIB2
FokODT,. 4-TJ2VZARXFNVFI)NY 324 DRF|RP=NY 3-19XVE
HO7%.

COIASRHAERI-3HTR. MIREDO KCN 2HNS 4-J2 0F0XF
WFINJEREZARISCENURLZ. AFETR. 1SJ2IP YL
ATZYV2OBRRTREISB aIPIDNVEKRP=ZFY%Z. hD2)FORXFIE
ZNWETEINCHRIBZRT. 1SYRALO-EZ2MABZI2NTSE,
J2NZAORFNVEZ2HIORIBERNLIBISSENTER.

RE E=ZZTR. RD2VFORFVEZNENZEENLELISE
2vRGARATORIBENOER2{Tok. IFHRNTR. BHEHRILE
CHAISREAXINRKENVRDI2NVAIORFVEZVIBENLREA2O
BitZ. 3FARBAERIS22RIY. IRRIBESSVIMNRNZ
THhE . BEIONVTOPNVFILEZEISAVFINIRPFINIOERER
FMRISENTER.
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A=ZSRRO3B

E=EX3-2M

1-(Trifluoromethyl)vinylboronic acid (3-1)

To a suspension of magnesium turnings (1.41 g, 58 mmol) and trimethylborate (16.2 mL, 145
mmol) in THF (100 mL) was added 2-bromo-3.3,3-trifluoropropene (5.00 mL, 48.3 mmol) in
THF (5 mL) over 1 h at 0 °C under argon. The reaction mixture was stirred at 0 °C for 3 h.
The reaction mixture was quenched with aq HCl (6 M), and organic materials were extracted
three times each with 100 mL of Et,0. The combined extracts were washed with brine and
then dried over MgSQO,. After removal of the solvent under reduced pressure, the residue
was immediately used without purification in the following palladium-catalyzed coupling

reaction with ArX.

"FNMR (471 MHz, C¢Dy) 6:98.3 (3F, ).

2-(1-Trifluoromethylvinyl)benzylalcohol (3-2)

The mixture of a-(trifluoromethyl)ethenyl boronic acid 3-1 (501 mg, 3.58 mmol),
o-iodobenzylalcohol (670 mg, 2.86 mmol), sodium carbonate (4 mL of 1.0 M aqueous
solution), Pd(PPh;), (83 mg, 0.072 mmol) in toluene-MeOH (36 mL, 5:1) stirred at 70 °C for 6
h. The reaction was quenched with phosphate buffer (pH 7). The mixture was extracted
with ethyl acetate three times. The combined extracts were washed with brine and dried over
MgSO,. After removal of the solvent under reduced pressure, the residue was purified by
column chromatography on silica gel (hexane-AcOEt 5:1) to give 3-2 (524 mg,91%) as a
colorless oil.

'H NMR (500 MHz, CDCl;) 62.08 (1H, t,J = 5.8 Hz),4.62 (2H, d, J = 5.8 Hz), 5.56 (1H, q,
Jur =13 Hz),6.12 (1H, q, Jug = 1.3 Hz), 7.24 (1H,d, J = 7.6 Hz), 7.30 (1H,dd, J=7.6,7.6
Hz),7.40 (1H,dd,J =7.6,7.6 Hz),7.53 (1H,d,J=7.6 Hz). "“C NMR (126 MHz, CDCl;) §
62.5,122.8 (q,Jcr =274 Hz), 1234 (q, Jor = 5 Hz), 1274, 128.3,129.2, 1324, 136 .8 (q, Jor =
31 Hz), 139.4. "“F NMR (471 MHz, CDCl;) 6:94.7 (3F, s). IR (neat) 3330, 1342, 1217,
1169, 1115,769 cm™. Anal. Caled for C,(H,F;0: C, 59.41; H, 449%. Found: C, 59.21; H,
4.58%. Anal. Calcd for C,(HyF;0: C,5941; H,4.49%. Found: C, 59.21; H, 4.58%.

4-Methyl-N-[2-(1-trifluoromethylvinyl)benzyl]-N-(z-butoxylcarbonyl)benzenesulfonamid
e (3-3)
To a solution of 2-(1-trifluoromethylvinyl)benzyl alcohol 3-2 (218 mg, 1.08 mmol), PPh; (845
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mg, 3.24 mmol) and N-t-butoxycarbonyl-p-toluenesulfonamide (439 mg, 1.62 mmol) in
THF (5 mL) at 0 °C was added DEAD (40% in toluene solution, 0.49 ml, 2.70 mmol) under
argon. After the reaction mixture was stirred at room temperature 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 3-3 (448 mg, 91%) as a colorless solid.

'H NMR (500 MHz, CDCl;) 6 1.31 (9H, s), 2.44 (3H, s), 507 (2H, s), 5.64 (1H,'s), 6.18 (1H,
s), 723 (1H,d,J=7.5 Hz),7.28 (2H,d,J =83 Hz),7.29 (1H,dd,J=7.5,7.5 Hz), 7.36 (1H,
dd,J=75,7.5Hz),7.37 (1H,d,J =7.5Hz),7.71 (2H,d,J =83 Hz). '"“C NMR (126 MHz,
CDCl;) 621.6,27.8,479,84.5,1229 (q, Jor = 274 Hz), 123.6 (q, Jor = 5 Hz), 126.2, 126 8,
128.2, 129.1, 1292, 130.1, 131.8, 136.2, 1369 (q, Jor = 31 Hz), 1444, 1510, 1603. "“F
NMR (471 MHz, CDCl;) & 94.7 (3F, s). IR (neat) 2983, 1778, 1728, 1356, 1215, 1169,
1126,750 cm™. HRMS Caled for C,,H,,NF;0,S 456.1456 (M*); found 456.1468.

4-Methyl-N-[2-(1-trifluoromethylvinyl)benzyl]benzenesulfonamide (3-4)

To a solution of
4-Methyl-N-[2-(1-trifluoromethylvinyl)benzyl]-N-(z-butoxylcarbonyl)benzenesufonamide 3-3
(425 mg, 0.93 mmol) in CH,CI, (5 mL) at 25 °C was added CF;CO,H (0.72 mL, 9.34 mmol)
under argon. The reaction mixture was stirred at room temperature for 10 h. The reaction
was quenched with NaHCO; (10 mL) and organic material were extracted with CH,Cl, (3 x 10
ml). The combined extracts were washed with brine, and dried over Na,SO,. After removal
of the solvent under reduced pressure, the residue was purified by column chromatography on
sillica gel (hexane—AcOEt 2:1) to give 3-4 (318 mg, 96%) as a colorless solid.

'H NMR (500 MHz, CDCl;) §2.43 (3H,s),4.07 (2H,d,J = 6.1 Hz), 4.85 (1H,t,J = 6.1 Hz),
545 (1H,q,Jur =14 Hz),598 (1H,q, Jur =14 Hz),7.18 (1H,d,J=7.5 Hz),7.27 (1H, dd, J
=7.5,75Hz),7.30 2H,d,J=82Hz),732 (1H,dd,J=7.5,7.5 Hz),7.38 (1H,d,J =7.5 Hz),
7.72 (2H,d,J =82 Hz). "C NMR (126 MHz, CDCl;) § 21.5, 44 .4, 122.6 (q, Jor = 274 Hz),
1238 (q, Jcr = 5 Hz), 127.1,127.7, 1294, 129.7, 129.8 (q, Jcr = 29 Hz), 130.1, 1329, 1350,
136.3, 143.6. ""F NMR (471 MHz, CDCl;) & 94.5 (3F, s). IR (ZnSe) 3275, 1404, 1325,
1157, 1117, 1059, 910, 729 cm'. HRMS Calcd for C,;H;,NF;0,S 356.0932 (M*); found
356.0919.

2-(1-Trifluoromethylvinyl)benzaldehyde (3-5)

The mixture of a-(trifluoromethyl)ethenylboronic acid 3-1 (1.32 g, 9.43 mmol),
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o-iodobenzaldehyde (1.75 g, 7.54 mmol), sodium carbonate (10 mL of 1.0 M aqueous
solution), PPh; (198 mg, 0.754 mmol), Pd,(dba);*CHCI; (195 mg, 0.189 mmol) in
toluene-MeOH (100 mL, 5:1) stirred at 70 °C for 10 h. The reaction was quenched with
phosphate buffer (pH 7). The mixture was extracted with ethyl acetate three times. The
combined extracts were washed with brine and dried over MgSO,. After removal of the
solvent under reduced pressure, the residue was purified by column chromatography on silica
gel (hexane-AcOEt 10:1) to give 3-5 (1.70 g, 90%) as a colorless oil.

'H NMR (500 MHz, CDCl;) §5.62 (1H, q, Jyr = 1.3 Hz), 6.29 (1H, q, Jyr = 1.3 Hz), 7.41 (1H,
d,J =75 Hz), 7.55-7.65 (2H, m), 8.01 (1H, d, J = 7.5 Hz), 10.1 (1H, s). "“C NMR (126
MHz, CDCly) 6 1224 (q, Jor = 274 Hz), 125.1 (q, Jor = 5 Hz), 1284, 129.5, 130.7, 133.6,
134.8,135.5(q, Jor = 32 Hz), 136.6,190.9. '""F NMR (471 MHz, CDCl,) 6:94.7 3F,s). IR
(neat) 1700, 1599, 1346, 1173, 1126, 1070, 962 cm™. Anal. Caled for C,oH,F;0: C, 60.01;
H,3.53%. Found: C, 60.03; H, 3.66%.

4-Difluoromethylene-2-(p-toluenesulfonyl)-1,2 3 4-tetrahydroisoquinoline (3-6)

To a solution of 3-4 (70 mg, 0.20 mmol) in DMF (3 mL) at 0 °C was added KH (40 mg, 0.30
mmol, 30% dispersion in mineral oil) under argon. After the reaction mixture was stirred at
0 °C for 15 min and then 120 °C 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 brine and dried over Mg,SO,. After removal of the solvent under
reduced pressure, the residue was purified by PTLC on silica gel (hexane—AcOEt 2:1) to give
3-6 (52 mg, 78%) as a colorless solid.

'H NMR (500 MHz, CDCl;) § 2.36 (3H, s), 4.09 (2H, d, J = 2.4 Hz), 444 (2H, s), 7.04-7.10
(1H, m), 7.15-7.21 (3H, m), 7.38-7.40 (1H, m), 7.53-7.55 (1H, m), 7.62 (2H, d, J = 8.3 Hz).
"C NMR (126 MHz, CDCl,) §21.4,42.6 (dd, Jor = 4, 4 Hz), 48.5,84.5 (dd, Jor = 23,23 Hz),
126.5, 126.6, 1268, 127.3, 1274, 127.6, 129.5, 131.2, 131.3, 134.0, 143.8, 152.8 (dd, Jr =
288,288 Hz). '""FNMR (471 MHz, CDCly) 6:76.4 (1F, d, Jg= = 36 Hz), 77.3 (1F, d, Ji = 36
Hz). IR (neat) 3008, 1724, 1275, 1263, 1163,912 cm™.  Anal. Calcd for C,,H,sF,NO,S: C,
60.88; H,4.51; N, 4.18. Found: C, 60.62; H, 4.59; N, 3.94.

4-Trifluoromethyl-3 4-dihydroisoquinoline (3-9)
To a solution of 2-(3,3,3-trifluoro-1-propen-2yl)benzaldehyde 3-5 (89 mg, 0.45 mmol) in
DMF (3 mL)-H,0O (0.3 mL) was added NH,OAc (172 mg, 2.23 mmol) under air. After the
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reaction mixture was stirred at room temperature for 5 h, phosphate buffer (pH 7) was added
to quench the reaction. Organic materials were extracted with EtOAc three times. The
combined extracts were washed with brine and dried over MgSO,. After removal of the
solvent under reduced pressure, the residue was purified by PTLC on silica gel
(hexane—EtOAc 2:1) to give 3-9 (75 mg, 84%) as a colorless oil.

'H NMR (500 MHz, CDCl;) §3.38-3.45 (1H, m), 3.81 (1H,dd,J =17.7,6.8 Hz),4.46 (1H, d,
J = 17.7 Hz), 7.36-7.38 (2H, m), 7.47-7.49 (2H, m), 8.36 (1H, s). "“C NMR (126 MHz,
CDCl;) 6 38.5 (q, Jor = 27 Hz), 46.5 (q, Jor = 2 Hz), 126.1 (q, Jor = 281 Hz), 127.8, 1279,
128.3,129.5, 129.6, 131.5, 159.8. "F NMR (471 MHz, CDCl;) & 90.8 (3F, d, J; = 9 Hz).
IR (neat) 1632, 1581, 1345, 1277, 1240, 1228, 1209 cm'. HRMS Calcd for C,,H;NF,
200.0687 (M"); found 200.0697.

4-Difluoromethylisoquinoline (3-7)

To a solution of 4-trifluoromethy1-3 ,4-dihydroisoquinoline 3-9 (70 mg, 0.35 mmol) and LiBr
(33 mg, 0.38 mmol) in DMSO (3 mL) was added DBU (70 ul, 0.47 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 (§ x 20 mL). The
combined extracts were washed with brine and dried over Na,SO,. After removal of the
solvent under reduced pressure, the residue was purified by column chromatography on silica
gel (hexane—AcOEt 5:1) to give 3-7 (51 mg, 80%) as a colorless crystal.

'H NMR (500 MHz, CDCl;) 6 7.07 (1H, t, Jyr = 54.0 Hz), 7.70 (1H, dd, J = 8.2, 8.2 Hz), 7.82
(1H,dd,J =8.2,8.2 Hz),8.06 (1H,d, J=8.2 Hz),8.20 (1H,d, J = 8.2 Hz), 8.66 (1H, s5), 9.35
(1H,s). "C NMR (126 MHz, CDCl;) 8 115.1 (t, Jor = 238 Hz), 123.1, 123.2 (t, Jor = 22 Hz),
127.9,128.4,128.4,131.6,132.1, 141.7 (t, Jor = 9 Hz), 156.0. '""F NMR (471 MHz, CDCI,)
& 50.8 (2F, d, Jey=54 Hz). IR (ZnSe) 3438, 1623, 1572, 1510, 1385, 1155, 1122, 1043,
1024,904, 752,667 cm™.  Anal. Calcd for C,,H;NF,: C, 67.04; H, 3.94; N, 7.82%. Found: C,
66.88; H,4.20; N, 7.75%.

4-Trifluoromethylisoquinoline (3-11)

To a solution of 4-trifluoromethyl-34-dihydroisoquinoline 3-9 (59 mg, 0.29 mmol) in
m-xylene (3 mL) was added Pd/C (5%, 51 mg, 0.024 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
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chromatography on silica gel (hexane—AcOEt 5:1) to give 3-11 (46 mg, 80%) as a colorless
oil.

'H NMR (500 MHz, CDCl;) 6 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). "“C NMR (126
MHz, CDCls) 6 120.2 (q, Jer = 29 Hz), 1232, 1243 (q, Jor = 272 Hz), 128.1, 128.3, 128 4,
131.4,132.1,141.0 (q,Jor = 7 Hz), 156.9. FNMR (471 MHz, CDCl;) 8:101.6 (3F,s). IR
(ZnSe) 3030, 1554, 1456, 1313, 1257, 1161,912 cm™.

4-Trifluoromethyl-3.4-dihydroisoquinoline NV-oxide (3-13)

NH,OHeHCI (33 mg, 0.47 mmol) was added 2-(3,3 3-trifluoro-1-propen-2yl)benzaldehyde 3-5
(78 mg, 0.39 mmol) in DMF (3 ml)-H,O (0.3 ml) at room temperature under air. After the
reaction mixture was heated at 70 °C for 3 h, phosphate buffer (pH 7) was added to quench the
reaction. Organic materials were extracted with CHCI; three times. The combined extracts
were washed with brine and dried over MgSO,. After removal of the solvent under reduced
pressure, the residue was purified by PTLC on silica gel (EtOAc-MeOH, 10:1) to give 3-13
(72 mg, 86%) as a colorless solid.

'H NMR (500 MHz, CDCl3) § 3.74-3.82 (1H, m), 434 (1H, dd, J = 17.1, 2.0 Hz), 4.42 (1H,
ddd,J=17.1,7.1,2.0 Hz), 722 (1H, d, J = 7.5 Hz), 7.38-7.40 (2H, m), 7.42-7.46 (1H, m),
7.77 (1H,d,J=2.0 Hz). "“C NMR (126 MHz, CDCl;) §42.4 (q, Jor = 29 Hz), 56.2 (q, Jor =
2 Hz), 122.1, 125.1 (q, Jor = 282 Hz), 1259, 128.9, 129.6, 129.7, 130.0, 133.0. '""F NMR
(471 MHz, CDCl;) 6:89.5 (3F, d, Jgy = 9 Hz). IR (ZnSe) 3392, 1599, 1568, 1267, 1238,
1209, 1171, 1120,912 cm™.  HRMS Caled for C,,HsNF;0 216.0636 (M™); found 216.0625.

3-Trifluoromethyl-3-methylisoindole N-oxide (3-15)

NH,0OHeHCI (28 mg, 041 mmol) and i-Pr,NEt (96 mg, 0.74 mmol) were added
o-formyl- a-trifluoromethylstyrene 3-5 (68 mg, 0.34 mmol) in DMF (3 ml)-H,O (0.3 ml) at
room temperature under air. After the reaction mixture was heated at 70 °C for 2 h,
phosphate buffer (pH 7) was added to quench the reaction. Organic materials were extracted
with CHCI; three times. The combined extracts were washed with brine and dried over MgSO,.
After removal of the solvent under reduced pressure, the residue was purified by PTLC on
silica gel (EtOAc—-MeOH, 10:1) to give 3-15 (41 mg, 57%) as a colorless solid.

'H NMR (500 MHz, CDCl;) 6 1.89 (3H, s), 7.39-7.49 (4H, m), 7.80 (1H,s). "“C NMR (126
MHz, CDCl;) 617.8,79.2 (q, Jor =29 Hz), 120.5, 126.1 (q, Jor = 284 Hz), 123.1,128.3,130.3,
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133.9,134.9, 136.1. ""F NMR (471 MHz, CDCl;) &:85.5 (3F, s). IR (ZeSe) 3082, 1718,
1533, 1468, 1369, 1302, 1255, 1223, 1182, 1105, 1065, 752, 675 cm'. HRMS Calcd for
C,0HgNF;0 216.0636 (M"); found 216.0614.

2-[1-(Trifluoromethyl)vinyl]benzaldehydeoxime (3-12)

Pyridine (0.25 mL, 2.55 mmol) and NH,OHeHCI (118 mg, 1.70 mmol) were added
o-formyl- a-trifluoromethylstyrene 3-5 (170 mg, 0.85 mmol) in EtOH (3 mL) at room
temperature under air. After the reaction mixture was stirred at room temperature for 1 h,
phosphate buffer (pH 7) was added to quench the reaction. Organic materials were extracted
with Et,0O three times. The combined extracts were washed with brine and dried over MgSO,.
After removal of the solvent under reduced pressure, the residue was purified by column
chromatography silica gel (hexane-AcOEt 5:1) to give 3-12 (174 mg, 95%) as a colorless
solid.

'H NMR (500 MHz, CDCl;) 6 5.54 (1H, q, Jyz = 1.4 Hz), 620 (1H, q, Ji;+ = 1.4 Hz),
7.30-7.33 (1H, m), 7.39-7.43 (2H, m), 7.87-7.90 (1H, m), 8.26 (1H, s), 8.72 (1H, s).

"C NMR (126 MHz, CDCl;) 6 122.6 (q, Jor = 274 Hz), 124.8 (q, Jor = 5 Hz), 126.1, 129.3,
129.7, 130.1, 131.0, 133.5, 136.3 (q, Jor = 32 Hz), 148.6. '""F NMR (471 MHz, CDCl;) &
94.7 (3F,s). IR (ZnSe) 3232, 1491, 1406, 1348, 1311, 1163, 1122,976 cm”. HRMS Calcd
for C,,HgNF;0 216.0636 (M"); found 216.0647.

2-[1-(Trifluoromethyl)vinyl]benzaldehyde-O-acetyloxime (3-16)

Et;N (1.02 mL, 7.31 mmol) and Ac,O (0.46 mL, 4.88 mmol) were added 3-12 (525 mg, 2.44
mmol) in CH,Cl, (5 mL) at room temperature under air. After the reaction mixture was
stirred at room temperature for 12 h, phosphate buffer (pH 7) was added to quench the
reaction. Organic materials were extracted with CH,CI, three times. The combined extracts
were washed with brine and dried over MgSO,. After removal of the solvent under reduced
pressure, the residue was purified by column chromatography silica gel (hexane-AcOEt 10:1)
to give 3-16 (540 mg, 86%) as a colorless liquid.

'H NMR (500 MHz, CDCl;) §2.23 (3H,s),5.56 (1H, q, Jyz = 0.9 Hz), 6.25 (1H, q, J;z = 0.9
Hz), 736 (1H,d,J =73 Hz), 746 (1H,dd,J =7.3,73 Hz), 749 (1H, dd, J = 7.3, 7.3 Hz),
8.13 (1H,d,J =73 Hz), 846 (1H,s). "C NMR (126 MHz, CDCl;) § 19.4, 1223 (q, Jor =
274 Hz),125.2 (q,Jeg = 5 Hz), 127.2,129.2,129.3,130.0, 131.1, 134.4, 135.8 (q, Jcr = 32 Hz),
153.8,168.4. ""F NMR (471 MHz, CDCI) & 94.7 (3F, s). IR (ZnSe) 1770, 1344, 1290,
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1173, 1124,908, 769 cm™. HRMS Calcd for C,,H,,NF,0, 258.0742 (M*); found 258.0744.

4-(Trifluoromethyl)-N-phenylisoquinolin-1-amine (3-17)

To a solution of 4-trifluoromethy1-34-dihydroisoquinoline N-oxide 3-13 (61 mg, 0.28 mmol)
in DMF (3 mL) was added PhNCO (40 mg, 0.34 mmol) under argon. After the reaction
mixture was stirred at room temperature for 15 min, phosphate buffer (pH 7) was added to
quench the reaction. Organic materials were extracted with EtOAc (3 x 20 mL). The
combined extracts were washed with brine and dried over Na,SO,. After removal of the
solvent under reduced pressure, the residue was purified by column chromatography on silica
gel (hexane—AcOEt 2:1) to give 3-17 (66 mg, 80%) as a colorless solid.

'H NMR (500 MHz, CDCl3) § 3.75 (1H, dd, J = 11.3, 3.2 Hz), 3.79-3.84 (1H, m), 3.93 (1H,
dd,/=113,25Hz),6.17 (1H,s), 6,50 (1H, d,J =7.7 Hz), 6.96-6 .99 (2H, m), 7.14 (1H, dd, J
=7.7,7.7 Hz), 7.37-7.39 (3H, m), 740 (1H,dd, J = 7.7,7.7 Hz), 745 (1H, d, J = 7.7 Hz).
"C NMR (126 MHz, CDCl) 6 42.8 (q, Jor = 28 Hz), 48.1, 77.6, 1254 (q, Jor = 281 Hz),
127.0, 128.4, 128.6, 128.9, 129.6, 129.7, 1299, 130.0, 134.1, 156.9. "F NMR (471 MHz,
CDCly) 8:94.2 (3F, d, Jey = 9 Hz). IR (ZnSe) 1763, 1597, 1496, 1352, 1240, 1219, 1126,
1093 cm™.  HRMS Calcd for C;¢H3N,F; 291.1109 (M*); found 291.1089.

Methyl-N-phenyl-1-(trifluoromethyl)-1H-isoindol-3-amine (3-18)

To a solution of 3-Trifluoromethyl-3-methylisoindole N-oxide 3-15 (52 mg, 0.24 mmol) in
DMF (3 mL) was added PhNCO (35 mg, 0.29 mmol) under argon. After the reaction
mixture was stirred at room temperature for 12 h, phosphate buffer (pH 7) was added to
quench the reaction. Organic materials were extracted with Et,O (3 x 20 mL). The
combined extracts were washed with brine and dried over Na,SO,. After removal of the
solvent under reduced pressure, the residue was purified by column chromatography on silica
gel (hexane—AcOEt 2:1) to give 3-18 (48 mg, 69%) as a colorless liquid.

'H NMR (500 MHz, CDCl,) 6 1.84 (3H, q, Jy+ = 0.5 Hz), 6.65 (1H,s),7.16 (1H,d,J = 7.7 Hz),
7.30-7.36 (4H, m), 7.43-7.53 (4H, m). "“C NMR (126 MHz, CDCl;) § 17.6, 78.0 (q, Jor =
30 Hz),82.9,123.7,1239, 124.6,125.2 (t,Jcr =282 Hz), 127.3,129.6,129.9, 131.3, 134.5 (q,
Jer = 11 Hz), 1379, 154.8. 'F NMR (471 MHz, CDCl;) & 83.4 (3F, s). IR (neat) 1780,
1599, 1504, 1456, 1383, 1319, 1182 cm”. HRMS Calcd for C,sH;3N,F; 291.1109 (M*);
found 291.1150.
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4-Difluoromethylisoquinoline N-oxide (3-14)

To a solution of 4-trifluoromethy1-34-dihydroisoquinoline N-oxide 3-13 (70 mg, 0.33 mmol)
and LiBr (57 mg, 0.65 mmol) in DMSO (3 mL) was added DBU (68 ul, 0.46 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 CHCI; three times.
The combined extracts were washed with brine and dried over Na,SO,. After removal of the
solvent under reduced pressure, the residue was purified by column chromatography on silica
gel (MeOH-ACcOEt 10:1) to give 3-14 (53 mg, 83%) as a colorless crystal.

'H NMR (500 MHz, CDCl;) 6 7.06 (1H, t, Jyz = 53.9 Hz), 7.69-7.72 (2H, m), 7.79-7.81 (1H,
m), 8.04-8.05 (1H, m), 8.36 (1H, s), 8.82 (1H,s). ">C NMR (126 MHz, CDCl;) § 112.2 (t,
Jer =242 Hz), 1232, 125.1,125.7, 128 2 (t, Jor = 23 Hz), 1299, 130.0, 130.1, 135.6 (t, Jor =
10 Hz), 137.8. ""F NMR (471 MHz, CDCl;) & 47.1 (2F, d, Jzy=54 Hz). IR (ZnSe) 3444,
1564, 1506, 1452, 1400, 1329, 1186, 1167, 1113, 1018, 779, 646 cm™'. HRMS Calcd for
C,0H;NF,0 196.0574 (M"); found 196.0575.

E=2E3-3@

2-(1-Trifluoromethylvinyl)aniline (3-19a)

A mixture of 1-(trifluoromethyl)vinylboronic acid 3-1 (856 mg, 6.11 mmol), o-iodoaniline
(1.07 g, 4.89 mmol), sodium carbonate (6 mL of 1.0 M aqueous solution), and Pd(PPh;), (141
mg, 0.122 mmol) in toluene-MeOH (60 mL, 5:1) was stirred at 70 °C for 5.5 h under argon.
The reaction was quenched with phosphate buffer (pH 7). The mixture was extracted with
AcOEt three times. The combined extracts were washed with brine and dried over MgSO,.
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-(1-trifluoromethylvinyl)aniline
3-19a (810 mg, 89%) as a pale yellow oil.

'H NMR (500 MHz, CDCl;) §3.75 (2H, br s),5.68 (1H, q, Jy-= 1.4 Hz),6.19 (1H, q, J;z= 14
Hz), 6.72 (1H,dd,J=8.1,1.0 Hz), 6.75 (1H,ddd, J = 8.1,8.1, 1.0 Hz),7.07 (1H,dd, J = 8.1,
1.0 Hz), 7.16 (1H, ddd, J = 8.1, 8.1, 1.0 Hz). ">C NMR (126 MHz, CDCl;) 6 115.8, 118.1,
1198, 123.0 (q, Jor = 274 Hz), 124.1 (q, Jor = 5 Hz), 1299, 130.3, 136.3 (q, Jor = 31 Hz),
144.5. "“F NMR (471 MHz, CDCl;) & 94.8 (3F, s). IR (neat) 3477, 3388, 3205, 1620,
1496, 1454, 1344, 1120, 1080, 960 cm”. HRMS Calcd for C;H;NF; 188.0687 (M*); found
188.0668. Anal. Calcd for CoHgNF;: C, 57.76; H,4.31; N, 7.48%. Found: C, 57.67; H, 4 .44,
N,741%.
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4-Methyl-2-(1-trifluoromethylvinyl)aniline (3-19b)

'H NMR (500 MHz, CDCl;) 8 2.23 (3H, s), 3.62 (2H, br s), 5.66 (1H, q, Jyz== 1.2 Hz), 6.16
(1H, q, Jur= 1.2 Hz), 6.64 (1H,d, J = 8.2 Hz), 6.89 (1H, s), 698 (1H,d, J = 8.2 Hz). "C
NMR (126 MHz, CDCl;) 6 17.2, 1130, 122.8, 122.9 (q, Jor = 274 Hz), 124.5 (q, Jor = 5 Hz),
135.6 (q, Jor = 33 Hz), 139.1, 148.7, 1542. "F NMR (471 MHz, CDCl;) & 949 (3F, s).
IR (neat) 3311, 3174, 1614, 1464, 1161, 1122,912, 742 cm™.  Anal. Caled for C,,H,,NE,: C,
59.70; H,5.01; N, 6.96%. Found: C, 59.76; H,5.08; N, 6.84%.

5-Chloro-2-(1-Trifluoromethylvinyl)aniline (3-19c)

'H NMR (500 MHz, CDCl;) §3.83 (2H, brs), 5.67 (1H, q, Jur= 1.0 Hz), 6.20 (1H, q, Jyz= 1.0
Hz), 6.71 (1H,d,J =20 Hz), 6.72 (1H, dd, J = 8.7,2.0 Hz), 6.98 (1H,d, J = 8.7 Hz). "C
NMR (126 MHz, CDCl;) § 1154, 117.1, 118.1,122.8 (q, Jor = 274 Hz), 124.7 (q, Jor = 5 Hz),
131.4, 1354 (q, Jor = 32 Hz), 135.5, 145.7. "F NMR (471 MHz, CDCl;) & 94.8 (3F, s).
IR (neat) 3494, 3398, 1618, 1495, 1342, 1169, 1122, 1078, 910 cm’. Anal. Caled for
C,H;NCIF;: C,48.78; H,3.18; N, 6.32%. Found: C, 48.49; H,3.21; N, 6.18%.

4,6-Difluoro-2-(1-trifluoromethylvinyl)aniline (3-19d)

'H NMR (500 MHz, CDCl;) §3.70 (2H, brs), 5.75 (1H, q, Jyr= 1.0 Hz), 6.25 (1H, q, Jyz= 1.0
Hz), 6.68 (1H,dd, Jys = 8.3 Hz,J =2.8 Hz),6.82 (1H, ddd, Ju;z = 8.3,8.3 Hz, J = 2.8 Hz).

“C NMR (126 MHz, CDCl,) 6 1044 (dd, Jor = 27,23 Hz), 111.9 (dd, Jor = 23, 4 Hz), 1204
(q,Jcr=5Hz),122.6 (q,Jer =274 Hz),125.1 (q, Jcr = 5 Hz), 1300 (dd, Jor = 13,3 Hz), 134.5
(q,Jcr =31 Hz), 151.0 (dd, Jog =242, 12 Hz), 154.1 (dd, Jor = 239, 12 Hz).

"F NMR (471 MHz, CDCl,) &: 32.8 (1F, dd, Jmy = 10 Hz, Jgz = 10 Hz), 37.1 (1F, ddd, Jy = 10,
10 Hz, Jzz = 10 Hz), 949 (3F, s). IR (neat) 3491, 3398, 1591, 1491, 1365, 1290, 1174, 1119,
771 cm”. HRMS Calcd for CoHgNFs 224.0499 (M*); found 224 .0470.

4-Methoxy-2-nitro-1-(1-trifluoromethylvinyl)benzene (3-25)

'H NMR (500 MHz, CDCl;) 6 3.90 (3H,s),5.59 (1H, q, Juz = 1.0 Hz),6.07 (1H, q, Jy= = 1.0
Hz), 7.16 (1H,dd, J = 8.5,2.6 Hz), 7.31 (1H,d, J = 8.5 Hz), 7.53 (1H,d, J = 2.6 Hz). "C
NMR (126 MHz, CDCl;) 6 55.9,109.7, 119.0,120.6, 122.4 (q, Joz = 274 Hz), 1229 (q, Jor = 5
Hz), 133.0, 1360 (q, Jor = 32 Hz), 1500, 160.5. '°F NMR (471 MHz, CDCl,) 695.7 (3F, s).
IR (ZnSe) 3020, 1537, 1352, 1215, 1176, 1128 cm™. HRMS Calcd for C,,HgNF,0, 248.0535
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(M"); found 248.0534.

5-Methoxy-2-(1-trifluoromethylvinyl)aniline (3-19¢)

'H NMR (500 MHz, CDCl;) § 3.75 (3H, s), 3.78 (2H, br s), 5.65 (1H, q, Ju = 0.8 Hz), 6.16
(1H,q, Jyr =0.8 Hz), 6.26 (1H,d,J =2.5 Hz),6.33 (1H,dd,J=8.4,2.5 Hz), 699 (1H,d, J =
8.4 Hz). "“C NMR (126 MHz, CDCly) 6 55.0, 100.9, 104.0, 111.8, 123.1 (q, Jor = 274 Hz),
1240 (q, Jop = 5 Hz), 131.2, 1359 (q, Jor = 31 Hz), 1458, 1609. '"F NMR (471 MHz,
CDCL,) 6:94.8 (3F, s). IR (ZnSe) 3388, 1616, 1510, 1344, 1213, 1167, 1119, 1076 cm.
HRMS calcd for C,,H,,NF;0 218.0793 (M"); found 218.0810.

Benzylidene-[2-(1-trifluoromethylvinyl)phenyl]Jamine (3-20a)

To a solution of 3-19a (169 mg, 0.80 mmol) in benzene (7 mL) was added with benzaldehyde
(153 mg, 1.44 mmol). The reaction mixture was heated under reflux for 3 h, and the solvent
was removed under reduced pressure. After removal of the solvent under reduced pressure,
the residue was purified by column chromatography on Florisil (hexane) to give 3-20a (283
mg, 86%) as a pale yellow liquid.

'H NMR (500 MHz, CDCl;) §5.58 (1H, q, Jyr = 1.2 Hz), 6.11 (1H, q, Jyr = 1.2 Hz), 7.05 (1H,
dd,J=7.7,10Hz),7.24 (1H,ddd,J=7.7,7.7,1.0 Hz), 7.36 (1H,dd, J =7.7, 1.0 Hz), 7.41
(1H,td,J=7.7,7.7,10 Hz),7.45-751 (3H, m), 7.87 (2H, dd, J = 7.6, 1.9 Hz), 8.39 (1H, s).
C NMR (126 MHz, CDCl;) 6 118.6, 123.1 (q, Jop = 274 Hz), 1239 (q, Jor = 5 Hz), 1255,
128.1, 128.7, 1289, 129.9, 1300, 131.5, 136.1, 136.8 (q, Jor = 31 Hz), 1510, 160.6. "“F
NMR (471 MHz, CDCl;) 8: 96.6 (3F, s). IR (neat) 1724, 1631, 1579, 1452, 1346, 1217,
1169, 1122, 1072,908 cm™. Anal. Calcd for C,(H,,NF,: C, 69.81; H, 4.39; N, 5.09%. Found:
C,70.10; H,4.68; N,4.89%.

5-Chlorobenzylidene-[2-(1-trifluoromethylvinyl)phenyl]amine (3-20b)

To a solution of 3-19¢ (142 mg, 0.64 mmol) in benzene (10 mL) was added with benzaldehyde
(82 mg, 0.77 mmol) and TsOH*H,O (22 mg, 0.128 mmol). The reaction mixture was heated
under reflux for 6 h, and the solvent was removed under reduced pressure. After removal of
the solvent under reduced pressure, the residue was purified by column chromatography on
Florisil (hexane) to give 3-20b (147 mg, 73%) as a pale yellow liquid.

'H NMR (500 MHz, CDCl;) 6 5.57 (1H, q, Jyr = 1.2 Hz), 6.12 (1H, q, Jyr = 1.2 Hz), 7.18 (1H,
s),7.21 (1H,d,J=8.0 Hz), 7.28 (1H,d, J = 8.0 Hz), 7.45-7.52 3H, m), 7.85 2H,d,J =7.6
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Hz), 8.36 (1H,s). '"°C NMR (126 MHz, CDCL,) § 118.8, 122.9 (q, Jo = 274 Hz), 1245 (q,
Jee = 5 Hz), 1253, 126.6, 1288, 129.1, 1310, 1319, 1354, 135.7, 135.8 (q, Jor = 32 Hz),
1520, 1614. '""F NMR (471 MHz, CDCL,) & 96.5 (3F, s). IR (neat) 2925, 1631, 1581,
1344,1217, 1169, 1124, 908, 690 cm”. HRMS Caled for C,¢H,,NCIF, 310.0810 (M*); found
310.0620.

(4-Methyl-benzylidene)-[2-(1-trifluoromethylvinyl)phenyl]amine (3-20d)

Compound 3-20d was prepared by method described for 3-20a using 3-19a (200 mg, 1.07
mmol), p-tolulaldehyde (192 mg, 1.60 mmol) in benzene (8 mL). Purification by column
chromatography on Florisil (hexane) gave 3-20d (232 mg, 75%) as a pale yellow liquid.

'H NMR (500 MHz, CDCl;) §2.41 (3H,5),5.58 (1H, q, Jyr = 1.3 Hz),6.10 (1H,q,J J;z = 1.3
Hz) ,7.03 (1H,dd,J =7.6,1.1 Hz), 7.22 (1H,ddd,J=7.6,7.6,1.1 Hz),7.27 (2H,d,J =8.0
Hz), 735 (1H,dd,J=7.6,1.1 Hz), 739 (1H,ddd,J=7.6,7.6, 1.1 Hz),7.76 (2H,d,J =80
Hz),8.34 (1H,s). "C NMR (126 MHz, CDCl;) §21.6, 118.6, 123.1 (q, Jor = 274 Hz), 123.9
(q,Jer =5 Hz), 125.2,128.0, 1289, 1294, 129.5,129.9, 133.6, 136.8 (q, Jcr = 31 Hz), 142.0,
151.2, 160.5. "F NMR (471 MHz, CDCl;) 6:96.7 (3F, s). IR (neat) 1628, 1570, 1346,
1217,1171,1124,904 cm™. HRMS Calcd for C;H,,NF; 290.1157 (M*); found 290.1154.

4-Bromobenzylidene-2-(1-Trifluoromethylvinyl)phenylamine (3-20e)

Compound 3-20e was prepared by method described for 3-20a using 3-19a (251 mg, 1.19
mmol), p-bromobenzaldehyde (264 mg, 1.43 mmol) in benzene (8 mL). Purification by
column chromatography on Florisil (hexane) gave 3-20e (233 mg, 52%) as a pale yellow
liquid.

'H NMR (500 MHz, CDCl;) §5.55 (1H, q, Jyr = 1.1 Hz), 6.10 (1H, q, Jyr = 1.1 Hz), 7.03 (1H,
d,/J=78Hz),724 (1H,dd,J=7.8,7.8 Hz),7.35 (1H,d,J=7.8 Hz), 740 (1H,dd, J = 7.8,
7.8 Hz),7.59 (2H,d,J = 8.4 Hz),7.73 (2H,d,J = 8.4 Hz), 833 (1H,s). "“C NMR (126 MHz,
CDCly) 6 118.3, 123.1 (q, Jor = 274 Hz), 123.8 (q, Jor = 5 Hz), 1258, 126.1, 128.3, 130.0,
130.1, 130.2, 132.0, 135.0, 136.8 (q, Jor = 31 Hz), 150.5, 159.1. "“F NMR (471 MHz,
CDCl;) & 96.7 (3F, s). IR (neat) 1630, 1589, 1566, 1489, 1346, 1169, 1124, 1068 cm™.
HRMS Calcd for C,(H,,NBrF; 354.0105 (M"); found 354.0117.

2-(1-Trifluoromethylvinyl)phenyl-(4-trifluoromethylbenzylidene)amine (3-20f)
Compound 3-20f was prepared by method described for 3-20a using 3-19a (183 mg, 0.98
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mmol), p-trifluoromethylbenzaldehyde (256 mg, 1.47 mmol) in benzene (8 mL). Purification
by column chromatography on Florisil (hexane) gave 3-20f (226 mg, 67%) as a pale yellow
liquid.

'H NMR (500 MHz, CDCl;) §5.57 (1H, q, Jyr = 1.1 Hz), 6.20 (1H, q, Jyr = 1.1 Hz), 7.07 (1H,
dd,J=75,1.1Hz),727 (1H,ddd,J=7.5,7.5,1.1 Hz),7.37 (1H,dd,J =7.5 1.1 Hz), 743
(1H,ddd,J=75,75,1.1Hz),7.72 (2H,d,J=8.2 Hz), 798 (2H,d,J =8.2 Hz), 8 .44 (1H, s).
"C NMR (126 MHz, CDCl,) § 118.2, 123.8 (q, Jor = 272 Hz), 123.9 (q, Jor = 5 Hz), 125.7 (q,
Jer =4 Hz), 126.1, 128.5,129.1, 129.8 (q, Jor = 261 Hz), 130.0, 130.2, 132.9 (q, Jor = 33 Hz),
136.8 (q, Jor = 31 Hz), 139.1, 150.2, 158.8. ""F NMR (471 MHz, CDCl;) & 96.6 (3F, s),
98.9 (3F, s). IR (neat) 1631, 1323, 1169, 1124, 1065, 1016 cm'. HRMS Calcd for
C;H,NF, 344.0874 (M"); found 344.0879.

[5-Chloro-2-(1-trifluoromethylvinyl)phenyl]-(4-trifluoromethylbenzylidene)amine
(3-20g)

Compound 3-20g was prepared by method described for 3-20a using 3-19¢ (140 mg, 0.63
mmol), p-trifluoromethylbenzaldehyde (132 mg, 0.76 mmol) in benzene (8 mL). Purification
by column chromatography on Florisil (hexane) gave 3-20g (225 mg, 94%) as a pale yellow
liquid.

'H NMR (500 MHz, CDCl;) §5.57 (1H, q, Jy== 1.3 Hz), 6.12 (1H, q, Jyz= 1.3 Hz), 7.07 (1H,
d,/=20Hz),7.25(1H,dd,J=8.3,2.0 Hz),7.30 (1H,d,J=8.3 Hz),7.73 (2H,d,J = 8.2 Hz),
798 (2H, d, J = 8.2 Hz), 8.43 (1H, s). "C NMR (126 MHz, CDCl;) § 118.6, 122.8 (q, Jor =
274 Hz), 123.8 (q, Jor = 273 Hz), 1244 (q, Jor =5 Hz), 1258 (q, Jor = 4 Hz), 126.0, 1269,
129.2,131.3, 1333 (q, Jor = 33 Hz), 1350, 1359 (q, Jor = 32 Hz), 138.7, 151.3, 159.8. “F
NMR (471 MHz, CDCl3) 6 96.5 (3F, s), 98.8 (3F, s). IR (ZnSe) 1633, 1585, 1323, 1169,
1126, 1065,912 cm™. HRMS Calcd for C,,H,NCIF, 378.0484 (M*); found 378.0486.

3-Bromobenzylidene-2-(1-Trifluoromethylvinyl)phenylamine (3-20k)

Compound 3-20k was prepared by method described for 3-20a using 3-19a (129 mg, 0.69
mmol), m-bromobenzaldehyde (153 mg, 0.83 mmol) in benzene (10 mL). Purification by
column chromatography on Florisil (hexane) gave 3-20k (205 mg, 84%) as a pale yellow
liquid.

'H NMR (500 MHz, CDCl;) 6 5.57 (1H, q, Jyr = 1.1 Hz), 6.12 (1H, q, Jyr = 1.1 Hz), 7.02 (1H,
d,J =79 Hz),726 (1H,dd,J=7.6,7.6 Hz),7.34 (1H,dd,J=79,79 Hz),7.36 (1H,d, J =
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7.6 Hz),741 (1H,dd,J=7.6,7.6 Hz),7.60 (1H,d,J=7.6 Hz),7.78 (1H,d,J =7.9 Hz), 8.02
(1H,s), 8.32 (1H,s). "“C NMR (126 MHz, CDCl;) 6 118.4, 123.0, 123.1 (q, Jor = 274 Hz),
1240 (q,Jer =5 Hz), 1259, 127.6,128.3,130.0, 130.1, 130.3, 131.5, 134.3,136.7 (q, Jor = 31
Hz), 138.1, 1504, 158.9. "F NMR (471 MHz, CDCl;) &: 96.6 (3F, s). IR (neat) 1628,
1566, 1344, 1217, 1169, 1122,912, 748 cm”. HRMS Calcd for C,(H;,NBrF; 354.0105 (M*);
found 354.0078.

2-(1-Trifluoromethylvinyl)phenyl-(2-trifluoromethylbenzylidene)amine (3-201)
Compound 3-201 was prepared by method described for 3-20a using 3-19a (119 mg, 0.64
mmol), o-trifluoromethylbenzaldehyde (133 mg, 0.77 mmol) in benzene (10 mL).
Purification by column chromatography on Florisil (hexane) gave 3-201 (174 mg, 79%) as a
pale yellow liquid.

'H NMR (500 MHz, CDCl;) §5.56 (1H, q, Jyr = 1.1 Hz), 6.13 (1H, q, Jyr = 1.1 Hz), 7.07 (1H,
dd,J=76,1.1Hz),7.28 (1H,ddd,J=7.6,7.6,1.1 Hz), 7.38 (1H,dd,J =7.6, 1.1 Hz), 748
(1H,ddd,J =7.6,7.6,1.1 Hz),7.56 (1H,dd,J=7.8,7.8 Hz), 7.65 (1H,dd, J = 7.8, 7.8 Hz),
7.73 (1H,d,J =7.8 Hz),8.37 (1H,d,J =7.8 Hz),8.76 (1H,s). "C NMR (126 MHz, CDCl;)
6118.6,123.1 (q, Jeg = 274 Hz), 124.0 (q, Jor = 5 Hz), 124.2 (q, Jor =274 Hz), 125.7 (q, Jer =
6 Hz), 126.1, 128.3, 128.7, 129.7 (q, Jcr = 31 Hz), 130.1, 130.2, 130.8, 132.2, 134.0, 136.7 (q,
Jer = 32 Hz), 150.5,156.9. ""F NMR (471 MHz, CDCl;) & 96.4 (3F, s), 104.8 (3F, s). IR
(neat) 1630, 1577, 1491, 1346, 1311, 1161, 1109, 1034, 914, 770 cm”'. HRMS Calcd for
C;H,NF, 344.0874 (M"); found 344.0868.

4-Difluoromethyl-2-phenylquinoline (3-24a)

To a solution of 3-20a (93 mmol, 0.31 mmol) in DMF (3 mL) was added with KCN (4.8 mg,
0.073 mmol) and DBU (0.06 mL, 0.40 mmol). After the reaction mixture was heated at
80 °C for 12 h, phosphate buffer (pH 7) was added to quench the reaction. Organic materials
were extracted with EtOAc (3 x 30 mL). The combined extacts were washed with brine (40
mL) and dried over MgSO,. After removal of the solvent under reduced pressure, the residue
was purified by PTLC on silica gel (hexane—EtOAc, 5: 1) to give 3-24a (71 mg, 76%) as a
pale yellow oil.

'H NMR (500 MHz, CDCl;) § 7.18 (1H, t, Jyr = 54.7 Hz), 748 (1H,ddd, J = 7.1,7.1, 1.3 Hz),
7.54 (2H,ddd,J=7.1,7.1,13 Hz),7.60 (1H,ddd,J=69,69,13 Hz),7.77 (1H,ddd, /=69,
69,13 Hz),8.04 (1H,s),8.05 (1H,dd,/J =69, 1.3 Hz), 8.17 (2H,dd, J =7.1, 1.3 Hz), 8.24
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(1H,dd,J =69, 13 Hz). "“C NMR (126 MHz, CDCL,) § 113.5 (t, Jo = 241 Hz), 1159 (t,
Jer =8 Hz), 122.9 (t, Jor = 3 Hz), 123.0, 1274, 1275, 128.9, 129.8, 130.1, 130.6, 138.4 (t, Jor
=22 Hz), 138.8, 148.7, 156.9. 'F NMR (471 MHz, CDCL,) & 46.6 (2F, d, Jpy = 54 Hz).
IR (neat) 1608, 1554, 1373, 1219, 1115, 1039, 912 cm’. HRMS caled for C, H,,NF,
256.0938 (M"); found 256.0956

7-Chloro-4-difluoromethyl-2-phenylquinoline (3-24b)

Compound 3-24b was prepared by method described for 3-24a using 3-20b (145 mg, 0.47
mmol), KCN (6.1 mg, 0.093 mmol), DBU (0.077 mL, 0.51 mmol) in DMF (3 mL).
Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 9b (75 mg,
56%) as a pale yellow oil.

'H NMR (500 MHz, CDCl;) 6 7.08 (1H, t, Jyr = 54.7 Hz), 7.46-7.53 (4H, m), 7.94 (1H,d, J =
8.9 Hz),7.97 (1H,s),8.13 (2H, dd,J = 8.0, 1.3 Hz), 8.18 (1H,d,/J =19 Hz). "“C NMR (126
MHz, CDCl;) 6 1134 (t, Jog = 241 Hz), 116.0 (t, Jor = 8 Hz), 121.3,124 4,127 4,128.2, 1289,
129.4,130.1,136.0, 138.2, 138.5 (t, Jor = 22 Hz), 149.2,158.0. '""F NMR (471 MHz, CDCl,)
& 470 (2F, d, Jgy = 54 Hz). IR (neat) 1606, 1508, 1371, 1119, 1084, 1039, 908 cm™.
HRMS Calcd for C,¢H,,NCIF, (M") 290.0548; found 290.0546.

4-Difluoromethyl-7-methoxy-2-phenylquinoline (3-24c)

To a solution of 4-methoxy-2-(1-trifluoromethylvinyl)aniline (81 mg, 0.37 mmol) in Benzene
(10 mL) was added with benzaldehyde (48 mg, 0.45 mmol). The reaction mixture was
heated under reflux for 14 h, and the solvent was removed under reduced pressure. To a
solution of the residue (3-20c¢) in DMF (3 mL) was added KCN (4.1 mg, 0.063 mmol) and
DBU (0.052 mL, 0.35 mmol) under argon. After the reaction mixture was heated at 80 °C
for 12 h, phosphate buffer (pH 7) was added to quench the reaction. Organic materials were
extracted with Et,O (3 x 20 mL). The combined extacts were washed with brine (30 mL) and
dried over MgSQO,. After removal of the solvent under reduced pressure, the residue was
purified by PTLC on silica gel (hexane—EtOAc 5:1) to give 3-24¢ (66 mg, 61%) as a pale
yellow oil.

'H NMR (500 MHz, CDCl;) §3.97 (3H,'s), 7.12 (1H, t, Jyr = 54.7 Hz), 7.25 (1H,dd, J = 9.1,
24 Hz),748 (1H,ddd,J=72,72,1.2 Hz),7.51-7.57 (3H, m),7.88 (1H,s),7.95 (1H,d, J =
9.1 Hz),8.15 (2H,dd,J=7.2,1.2 Hz). "“C NMR (126 MHz, CDCl;) § 55.5, 108.9, 113.6 (t,
Jer =241 Hz), 113.7 (t, Jor = 8 Hz), 118.1 (t, Jor = 3 Hz), 120.5, 124.1, 1274, 1289, 129.7,
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138.3 (t, Jor = 22 Hz), 1390, 150.7, 1574, 161.0. "“F NMR (471 MHz, CDCL,) & 472 (2F,
d,Jry =54 Hz). IR (neat) 1624, 1604, 1522, 1458, 1373, 1215, 1113, 1032, 746 cm™. Anal.
Calcd for C;H;NF,0: C,71.57; H,4.59; N,4.91%. Found: C,71.65; H,4.56; N,4.78%.

4-Difluoromethyl-2-(4-tolyl)quinoline (3-24d)

Compound 3-24d was prepared by method described for 3-24a using 3-20d (105 mg, 0.39
mmol), KCN (5.1 mg, 0.078 mmol), DBU (0.064 mL, 043 mmol) in DMF (3 mL).
Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24d (54 mg,
51%) as a pale yellow oil.

'H NMR (500 MHz, CDCl;) § 2.42 (3H, s), 7.16 (1H, t, Jyr = 54.6 Hz), 7.32 2H,d,J =79
Hz), 7.57 (1H,ddd, J =69, 69, 1.2 Hz), 7.75 (1H,ddd, J = 6.9, 6.9, 1.2 Hz), 801 (1H, s),
8.03 (1H,dd,J =6.9,1.2 Hz), 8.08 (2H,d,J =79 Hz),821 (1H,dd,J =69, 1.2 Hz). "“C
NMR (126 MHz, CDCl3) § 21.3, 113.6 (t, Jog =241 Hz), 115.7 (t,Jog = 8 Hz), 1229 (t, Jop =3
Hz), 1230, 127.1, 127.3, 129.7, 1300, 130.5, 134.0, 138.3 (t, Jor = 22 Hz), 1400, 148.7,
156.8. "F NMR (471 MHz, CDCl;) & 46.7 (2F, d, Ji; = 54 Hz). IR (neat) 1608, 1556,
1508, 1375, 1215, 1117, 1049, 904 cm™. HRMS Calcd for C;;H;;NF, (M*) 270.1094; found
270.1114.

2-(4-Bromophenyl)-4-difluoromethylquinoline (3-24e)

Compound 3-24e was prepared by method described for 3-24a using 3-20e (128 mg, 0.36
mmol), KCN (4.7 mg, 0.072 mmol), DBU (0.059 mL, 040 mmol) in DMF (3 mL).
Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24e (84 mg,
70%) as a pale yellow oil.

'H NMR (500 MHz, CDCl;) 6 7.16 (1H, t, Jyr = 54.6 Hz), 7.59 (1H,dd, J =7.7,7.7 Hz), 7.62
(2H,d,J=8.1 Hz),7.76 (1H,dd,J=7.7,7.7 Hz),7.96 (1H, s), 802 (1H,d,J =7.7 Hz), 8.03
(2H,d,J = 8.1 Hz),8.20 (1H,d,J =7.7 Hz). "“C NMR (126 MHz, CDCl;) 6 113.3 (t, Jor =
241 Hz), 1152 (t, Jor = 8 Hz), 122.9,123.0 (t, Jor = 3 Hz), 1245, 127.6, 128.9, 130.2, 130.5,
132.0,137.5,138.6 (t, Jor = 22 Hz), 148.6, 155.5. ""F NMR (471 MHz, CDCl,) & 46.4 (2F,
d, Jgy = 54 Hz). IR (neat) 1608, 1587, 1550, 1400, 1373, 1117, 1074, 1039, 904 cm™.
HRMS Calcd for C,¢H,,NBrF, (M*) 334.0043; found 334.0024.

4-Difluoromethyl-2-(4-trifluoromethylphenyl)quinoline (3-24f)
Compound 3-24f was prepared by method described for 3-24a using 3-20f (112 mg, 0.33
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mmol), KCN (4.2 mg, 0.065 mmol), DBU (0.053 mL, 0.36 mmol) in DMF (3 mL).
Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24f (75 mg,
72%) as a pale yellow oil.

'H NMR (500 MHz, CDCl3) §7.19 (1H, t, Jyr = 54.7 Hz), 7.63 (1H, ddd, J = 8.3,8.3, 1.2 Hz),
7.6 2H,d,J =8.1 Hz),7.79 (1H, ddd, J = 8.3,8.3, 1.2 Hz), 8.03 (1H, 5), 8.05 (1H, dd, J =
8.3,12 Hz),8.23 (1H,dd,J =8.3,1.2 Hz), 827 (2H,d,J = 8.1 Hz). "“C NMR (126 MHz,
CDCl;) 6 1132 (t, Jog = 241 Hz), 115.5 (t, Jog = 8 Hz), 123.0, 1233 (t, Jor = 3 Hz), 124.1 (q,
Jer =272 Hz), 1258 (q, Jor = 4 Hz), 127.7,128.0, 1304, 130.7, 131.5 (q, Jor = 33 Hz), 138.8
(t, Jop = 22 Hz), 1419, 148.7,1552. F NMR (471 MHz, CDCl;) &: 46.8 (2F, d, Jg; = 55
Hz),99.0 (3F,s). IR (neat) 1610, 1323, 1169, 1113, 1074, 1051,904 cm™.  Anal. Calcd for
C;H(NF;s: C, 63.16; H, 3.12; N, 4.33%. Found: C, 63.20; H,3.30; N,4.15%.

7-Chloro-4-difluoromethyl-2-(4-trifluoromethylphenyl)quinoline (3-24g)

Compound 3-24g was prepared by method described for 3-24a using 3-20g (156 mg, 041
mmol), KCN (5.4 mg, 0.083 mmol), DBU (0.070 mL, 045 mmol) in DMF (3 mL).
Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24g (65 mg,
44%) as a pale yellow oil.

'H NMR (500 MHz, CDCl3) 6 7.15 (1H, t, Jyr = 54 Hz), 7.58 (1H,d,J = 8.9 Hz), 7.79 (2H, d,
J=83Hz),801 (1H,d,J =89 Hz),8.02 (1H,s),8.23 (1H,s),8.27 (2H,d,/ =83 Hz). "“C
NMR (126 MHz, CDCl;) 6 113.2 (t, Jog = 241 Hz), 115.8 (t, Jog = 8 Hz), 121.7 (t, Jor = 3 Hz),
1240 (q, Jeg = 273 Hz), 1245, 1259 (q, Jor = 4 Hz), 127.8, 1289, 129.6, 1319 (q, Jor = 33
Hz), 136.5, 139.0 (t, Jor = 22 Hz), 141.4,149.2,156.3. ""F NMR (471 MHz, CDCl,) & 46.8
(2F, d, Jey =55 Hz), 990 (3F, s). IR (neat) 1608, 1502, 1321, 1163, 1111, 1070, 1014, 847
cm™’. Anal. Calcd for C,;H,NCIFs: C, 57.08; H, 2.54; N, 3.92%. Found: C,57.09; H,2.82; N,
3.68%.

4-Difluoromethyl-7-methoxy-2-(4-trifluoromethylphenyl)quinoline (3-24h)

To a solution of 4-methoxy-2-(1-trifluoromethylvinyl)aniline (134 mg, 0.62 mmol) in benzene
(10 mL) was added with 4-trifluoromethylbenzaldehyde (129 mg, 0.74 mmol). The reaction
mixture was heated under reflux for 12 h, and the solvent was removed under reduced pressure.
To a solution of the residue (3-20h) in DMF (3 mL) was added KCN (8.0 mg, 0.124 mmol)
and DBU (0.10 mL, 0.68 mmol) under argon. After the reaction mixture was heated at 80 °C

for 3 h, phosphate buffer (pH 7) was added to quench the reaction. Organic materials were
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extracted with Et,O (3 x 20 mL). The combined extacts were washed with brine (30 mL) and
dried over MgSQO,. After removal of the solvent under reduced pressure, the residue was
purified by PTLC on silica gel (hexane—EtOAc 5: 1) to give 3-24h (159 mg, 73%) as a pale
yellow oil.

'H NMR (500 MHz, CDCl;) 6 3.87 (3H,'s),7.03 (1H, t, Jyr = 54.6 Hz), 7.17 (1H,dd, J = 9.2,
2.1 Hz),743 (1H,d, J=2.1 Hz), 7.66 (2H,d,J =8.3 Hz),7.76 (1H,s),7.83 (1H,d, /=92
Hz),8.14 (2H,d,J =8.3 Hz). "C NMR (126 MHz, CDCl;) 6 55.5,108.4, 113.4 (t, Jcp = 240
Hz), 118.4 (t, Joe =3 Hz), 121.2, 1240, 124.1 (q, Jog = 272 Hz), 125.7 (q, Jor = 3 Hz), 1277,
128.8, 1314 (q, Jor = 33 Hz), 138.7 (t, Jor = 22 Hz), 142.1, 150.7, 155.6, 161.2. '""F NMR
(471 MHz, CDCl;) 6: 47.0 (2F, d, Jgy = 55 Hz), 99.2 (3F, s). IR (neat) 1618, 1603, 1523,
1456, 1379, 1325, 1213, 1117, 847 cm™.  Anal. Calcd for C;sH;,NF;0O: C, 61.19; H, 3.42; N,
3.96%. Found: C,61.27; H,3.64; N, 3.72%.

2-Benzoyl-4-difluoromethylquinoline (3-24i)

Compound 3-24i was prepared by method described for 3-24h  using
2-(1-trifluoromethylvinyl)aniline 3-19a (142 mg, 0.76 mm), phenylglyoxal (132 mg, 0.99
mmol), KCN (8.0 mg, 0.12 mmol),DBU (0.10 mL, 0.68 mmol) in DMF (3 mL). Purification
by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24i (65 mg, 30%) as a
pale yellow oil.

'H NMR (500 MHz, CDCl;) 6 7.19 (1H, t, Jyr = 54.3 Hz), 7.52 (2H, dd, J = 8.0, 8.0 Hz), 7.64
(1H,dd,J=8.0,8.0 Hz),7.76 (1H,ddd,J=7.0,7.0, 1.2 Hz),7.85 (1H,ddd,J=7.0,7.0,1.2
Hz), 8.19 (1H,dd,J =70, 1.2 Hz), 824 (1H,dd, J =70, 1.2 Hz), 8.28 (2H, d, J = 8.0 Hz),
8.30 (1H,s). "C NMR (126 MHz, CDCl;) 6 113.6 (t, Jop = 241 Hz), 118.2 (t, Jor = 8 Hz),
1235, 124.7, 1282, 129.6, 130.5, 131.4, 1314, 133.3, 135.7, 139.0 (t, Jor = 22 Hz), 1472,
154.3,192.7. "“F NMR (471 MHz, CDCl;) & 47.5 (2F, d, Ji; = 55 Hz). IR (neat) 1660,
1597, 1331, 1254, 1217, 1051, 906, 756 cm™. HRMS caled for C,;H,;NF,0 284.0887 (M*);
found 284.0868.

4-Difluoromethyl-2-ethoxycarbonylquinoline (3-24j)

Compound 3-24j was prepared by method described for 3-24h  using
2-(1-trifluoromethylvinyl)aniline 3-19a (141 mg, 0.75 mm), glyoxylic acid ethyl ester (115 mg,
1.13 mmol), KCN (7.5 mg, 0.12 mmol),DBU (0.094 mL, 0.63 mmol) in DMF (3 mL).

Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24j (52 mg,
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27%) as a pale yellow oil.

'H NMR (500 MHz, CDCl3) 6 1.51 (3H, t, Jyz = 7.1 Hz), 4.59 (2H, q,J = 7.1 Hz), 7.20 (1H, t,
Jur=54Hz),7.77 (1H,dd,J=74,74 Hz),7.87 (1H,dd,/J=74,74 Hz),8.16 (1H,d, /=74
Hz),8.37 (1H,s),8.42 (1H,d,J =74 Hz). "“C NMR (126 MHz, CDCl;) 6 14.3,62.5, 113.2
(t, Jor = 241 Hz), 118.2 (t, Jor = 8 Hz), 123.3, 125.1, 1298, 130.6, 131.7, 139.1 (t, Jor = 22
Hz), 1480, 148.1, 164.6. '""F NMR (471 MHz, CDCl;) & 47.0 (2F, d, Jsy = 54 Hz). IR
(neat) 1718, 1464, 1371, 1250, 1215, 1107, 910, 750 cm™.  Anal. Calcd for C;3;H,,NF,0,: C,
62.15; H,4.41; N, 5.58%. Found: C, 62.42; H,4.70; N, 5.30%.

4-Difluoromethyl-2-(3-bromophenyl)quinoline (3-24k)

Compound 3-24k was prepared by method described for 3-24a using 3-20k (174 mg, 049
mmol), KCN (6.4 mg, 0.098 mmol), DBU (0.081 mL, 0.54 mmol) in DMF (3 mL).
Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-24k (104 mg,
63%) as a pale yellow oil.

'H NMR (500 MHz, CDCl;) 6 7.20 (1H, t, Jyr = 54.6 Hz), 7.40 (1H,dd, J =7.9,7.9 Hz), 7.60
(1H,d,J=8.5Hz),7.63 (1H,dd,J=7.9,79 Hz),7.80 (1H,dd,J =8.5,8.5 Hz), 8.00 (1H, s),
807 (1H,d,J =79 Hz), 8.08 (1H,d,J =8.5 Hz),823 (1H,d,J =79 Hz),8.37 (1H,s). "“C
NMR (126 MHz, CDCl,) 6 113.3 (t, Jog = 241 Hz), 115.5 (t, Jop = 8 Hz), 123.0, 1232 (t, Jog =
3 Hz), 123.3, 1259, 127.8, 130.3, 1304, 130.5, 130.7, 132.7, 138.7 (t, Jor = 22 Hz), 140.7,
148.6, 155.2. "F NMR (471 MHz, CDCl;) & 46.5 (2F, d, Ji; = 55 Hz). IR (neat) 1699,
1608, 1550, 1508, 1358, 1217, 1041, 908, 750 cm™.  Anal. Calcd for C,¢H,,NBrF,: C, 57.51;
H,3.02; N,4.19%. Found: C, 57.67; H,3.28; N,4.01%.

4-Difluoromethyl-2-(2-trifluoromethylphenyl)quinoline (3-241)

Compound 3-241 was prepared by method described for 3-24a using 3-20f (127 mg, 0.37
mmol), KCN (4.8 mg, 0.074 mmol), DBU (0.061 mL, 041 mmol) in DMF (3 mL).
Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 3-241 (93 mg,
76%) as a pale yellow oil.

'H NMR (500 MHz, CDCl;) 6 7.19 (1H, t, Jyr = 54.5 Hz), 7.59 (1H,dd, J =7.9,7.9 Hz), 7.60
(1H,d,J=74Hz),7.67 (1H,dd,J=79,79 Hz),7.68 (1H,dd,J=7.4,74 Hz),7.75 (1H, s),
782 (1H,dd,J=74,74 Hz),7.83 (1H,d,J=79 Hz),8.13 (1H,d,J =79 Hz),8.25 (1H,d,J
=74 Hz). "C NMR (126 MHz, CDCl;) § 113.3 (t, Jor = 241 Hz), 118.9 (t, Jo+ = 8 Hz),
1230 (t,Jorp =3 Hz), 123.2,124.0 (q, Jor = 274 Hz), 126.6 (q, Jcr, =5 Hz), 128.0, 128.5 (q, Jcr

149



(RO HF=F)

=31 Hz), 1289, 130.3, 130.6, 131.4, 131.8, 137.8 (t, Jor = 22 Hz), 1394, 148.1, 157.8. "“F
NMR (471 MHz, CDCl,) 8- 46.6 (2F, d, Jgy = 55 Hz), 105.1 (3F, s). 1R (neat) 1606, 1558,
1512,1373,1311, 1217, 1169, 1111, 1034, 771 cm™. HRMS Calcd for C,,H,,NFs 324.0812
(M™); found 344.0826.
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y . Me (CF3C0O)0 GOﬂ\OMe

/ EtOH / Pvridi
MeO NH, yridine MeO H,COCF3

74% (2 steps)

PPhs h3P Ph
120 °C 12 h —PhgP= O
MeO
/ Toluene Fs

57%

% 72 Scheme 4-7 RTASR. RY2NV0AZOQPLRAERANVSTITHILO
5-ex0-dig BOSTIDNWBIBBANT. 2-RD2VFAQARXRF VA R=IVNERT
&3 "7,

Scheme 4-7. A S RAINSPHIVERWNB2- MU ZILABQAFIVL > F—ILDERK

H CF3CO-H P
ool oS Do
+
HoN Ph / CC"‘ F3CJ\\N

90%

P P
-BusSnH
A rBus A
Nal 0 cat. AIBN N
—_ > )\ —— . _— |
/ Acetone FoC SN / Benzene Fsc&N FsC H
51% (2 steps) 61%

Hojo 5. 1-(FRXRF WP E )T 22VYE2 RN 2 VF0EHBREKIAS VA
HENS I-(FRFIPE )24 ER(RD20ZOPLF V)T I22VI%2H
RNBLY. SRTYIZT 3-RO2NWATAORXRFVAI R-VBBHRZ2ERD
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T W B(Scheme 4-8) °°,

Scheme 4-8. 3- MU Z)LABAAFIVA > R—ILFHEEXEDEK
NH3+CI‘

NMe»o CFSCO NMes o0 02 _NaOAc CS?:EFt3
/Pyrldlne / CH3CN- HgO
COCF3 COCF3
95% quant.
OgEt COzEt
HN
Et3 N
T CHaON. Fs 7 CFcoH
COCF3 COCF3
91% 99%

Taguchi &, Scheme 4-9 RIRI XSRS TIHNRIEZABOUTRIY2VF0O
XFPI 20N 2Y2B8ROTNIN " RENBOAHCIHEE2ZRBER
3 3.

Scheme 4-9. S AINRIERIGER WS MY ZILAAQAFILI AR F O DERK

SYN\) n-BuzSnH
FaC\g/\COZEt —> EC cat. AIBN F3C
—_— Z EEEEE——
/ Benzene
75%

OBz
4% (9 steps)

CF, EZOIOPNVFY2HRNBROTSERZ2BROTNIAMR. RO
Scheme 4-10,-11 CRIFENS S.

Konno X, Pd MfZHA0N THRIZRR CF,EZBIPVFY ¥ 2.2-KRP=
NYORIBRBZHABOLT, 2-hN2VZARFNAIY R-VOERZBED
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TN3N., —RRERBRTHS 3-RD2N0F7ORXRFNVAY R—=VNEZET
8 (Scheme 4-10) ",

Scheme 4-10. CR3EZ SO T IV F U EZAWR2-FU 7 AOAFILAL » K= ILDERK

| R cat. Pd(PPh3)4
(G
NH»> 80°C/ DMF

CF3  R=p-CICgH4

62% 17%

Z7z2.Scheme 4-11 BRI ADR. IPYRZIYLFANIYYI22I)YD 13-
RIBFN ZHABAOTHBRINSFPIPYNY 2. 23-ER(RN2F0 RN
F)2°20=RN) NS CF.BZ22HVI2FhSROFAT 22 IYNERT
&3 °,

Scheme 4-11. fTINRILRIEZERWNS4- R Z)LAQAFIL T SERAFA 7 DOERK

N F
— 3 N
C F 3C’

CF5
1, +CN
S _ . =N Fa N —
I_)L + H,C-N=N —> E XPh —_ Ph
Pt ~Ph S” “ph / THF S

Ph
95% 42%

RE CZHEITHSRATNIS2NVZOPVFVEZ2E5TSSAERILEN
DEREBRELZBNTERN. 2SO BENORANOINARCENLLZE
RIZEORAENEZINTNS. BJR. CFLEZ2BOHRENB2RIEE T, CF,
BRUTHR CRLHERI2NVZORXFUVIB2HOEHEERRILEN2Z2ER
TEIRDE. SNRBRRERBERS.

2T, RD2ZAORXFVEZNVIEEN2ZANTSBREBR2Z2HA. &
2VZAPVFNVEZ2HIOATORBENODRA L ERZORR2BED
k. ZBBRF=ZZRBNT. PN2WZORXFNLE=NVIEEINDOIFARBR
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WZ2AAOZGBRERRI2T. E29v&AVFINY., FI)NYBERD
Bli2iTok. ¢2TRER. COFE2Z s5sAERBRNCHISZX2EAR.

SRR CABRRRETHRNZ2OTVZMYZ2VFOXFVLEZ VS
NOZTWPRPBEHREBONYIWVRREZZEVRZOO. FRODETVRRCERE
REZEEZ2HBISRND2VFZORAFLEZNIEEMTIFARBKZITAZESN
S ¥R KB Fig. 4-3),

Figure43 F=E: 6 BIREARD. EME : 5 BREARIG
: GF2 Fa
—F —F
or
205000 0= o

B, 2OXSKRRBEA. FFANBIBO—iEAI TH S Baldwin Bl " THFH2X
&N B 5-endo-trig BIBL KRS, CORMATHR. spP’ REOFALHREIT SR
AORIEEZ(Q)N 109°2RBLER. ROLBRBENBZVRENX2 DTN B(Fig.
4-4), RADSSKEBBHBRDIBE (6-endo-irig BiH)lcR. COBEORSE
2ERRXIZENTEIORNVLT. REF/AN-28EIN3 5 ABRBATAH.
250 rRB2RVELI. FECFHRBBRINTNSI.

Figure 4-4. Baldwin's Rule

trig 5 (n=1) 6 (n=2)
«—X X~ -
C endo ) endo disfavored favored
Y. Y.
d a exo favored favored

5-endo-trig (Disfavored)

Zf—’ Qf
”"! m)(a
a=109°

HRCOBAORIRISERRMEZ2RIYL. PL7FYA\NORBFAIZHE
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0 BE’{B(Scheme 4-12) ¥, ST WIE{Y(Scheme 4-13) " R I N T OHEENSN.

Scheme 4-12. Electrophile-driven 5-endo-trig cyclizations

SeAr
\')WL ArSeBr (2.1) H-%H H
> - >
OH —-78°C/ CH2C|2 n'CsH13 ;§G:+

n-CGH 13 n-CGH 13
Ar 84%
Ar =
’-" ) |
/ 12 (3.0) n-Pr /
e npr ———> NH E— "o Py
HTs Ts N
Ts
82%
Scheme 4-13. Radical-initiated 5-endo-trig cyclizations
[ n-BugSnH (1.2) (\. H
cat. AIBN . )
reflux, 3 h
/ Toluene H Ph
Ph Ph
92%

ShRXMO. RENR 5-endo-rrig BIBEOMB. €W RIKYZEWZA
(Scheme 4-14)* 2R VDR O, BANNDNSOARTHo72,

Scheme 4-14. Nucleophile-driven 5-endo-trig cyclizations

SOsPh SOsPh SO,Ph

KH (0.05)
» —_— _
HY- r.t., 10 min -y \_Lr! Y =0, NPh, C(CO2Et),
R2 R! / THF R2 R )

—HBHARZBTR. F—. ZBTEHARZ gem-T2N0FOAPNVTIOBK2%E
BWHOT. RER 5-endo-trig IRIBZ2EM O TW B(Scheme 4-15)*"** , S2DR
RNEFTORZEBAROWTR. RO02200BAZEATNS. 72B. 2v&

82



[FOE]

RILOAMIEBFIHNLPNTIONBIFLORRTRE-REEZENK
ELPBY. _EEEORRRRLRZBVLOBMTHBHRZNDNBE. R
ZREOVTNUSRTHIS. . RILBAMER O vk T I NRBEIS2 ¥
T. RN 2RSARZ2MNADRERIRBBNELNBLNOIRTHS.

Scheme 4-15.

%_ R R
ot s 5-endo-trig F Loy RN
FoC ; S > =7 T —-F VA 3
1 I A I » F f I
—- ~ -,,'— < FQ "','. \‘-"4"

Y ~

Scheme 4-16.
CF3 Fo / Fo
PECN 5-endo-trig N N
\ a > e - F (|
1 U ¢ 1 1 —_— 1 1
_Y \‘.",' ‘!','. Y “‘?'4

29ERFORZEBERD2NSHRNDRIS 2. D203 0XFE=
VBB DRIS X (Scheme 4-16)&. 2 NWZ AL ZVBEWMDO RIS (Scheme
4-152RNIBIRNHS. TRANDS. WINHL_ERENBNRBFE2SE
O. PORBRENORBEBENRBZ Y, R0 TRIBER O viba« T VR
BMOTWNS. 20D, RN2NVZORXFNVE=ZNVIEEWATOLREZENAR
5-endo-trig TRIBMEITTSOTRRNNREMBFO.

¥2T. RN2VZAORXRFNVEZIBEWD 5-endo-1rig BIEZEHBORZE
29yR5BRATORILEINIOER2RIATS2 RO, Scheme 4-17 BR
FTIASR. A-RN22NWZAORFVRAFUVIDT IV RRREZBIUREARE
A2 IOBLEZ2ZANTIFABRBIATIINRS 2{T0N. 3taley2vgd0
RFVYERRRDI2NZORXRFVEZEISAIRNYRANIYYVFET O
DERZIToR (MEEI—2H)). BB, Bank3tarIo2nzaxX+vY
B2HI3AYRNYOBEEZEB2TN. SRREEI2VFIOPVFIVEELZE
FT3AYR-NW\NOREOH B TR O, RHRINVRER. RABIUR
ZREZBR2HD 2-RN2VZARF V- 1-PL5Y2ZRANTRAKOIFAS
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BRLUNERR 2RO, 4RI 2NVTAOXFUVIBRRD2NVZTOXFVE
28330NIJY. TRILROFZ2xY. 20N JYPJDERBITo
R(MREFE3-38).

Scheme 4-17. Z)LAOQ7 I F I EHE=HDORIES BBRILEVDERK

1 ¢"| 1 o i _
CF3 7 %j‘,,l )Sj\ i ‘b E = COzEt, CN
Ts ’ E”E
1

. Y

i
~ -
~-

Ts
Z = NTs, SAc, CH(CO-Et), CH(CN)>

CF> FoX

m _0O / X =H, F, Br

Ts Ts

4-2 3RRI2NVZIOAPNVFNVEZHINYEIYREESRARILEN
DEalk

4-2-7 AVRPRRAVKYPERBIVFPLFNFAZEZHOA-hY)
2VWZFARXFVRAFVIOER

H=ZETEBRMEROL (Scheme 3-26)P =N 3-19 2. TsCl B Y NsCl 21{&
A&Y. PEJEOD Ts {BR Ns {8 2170, RIEOBENBLERSRANVKY
PER4-1 28RO R (Scheme 4-18), k. 3-19aOPEIJIB2IPYBOR
8. NaSAc Z{EHREL S22 T. ANVRBRPELFNVFIEZHIA-RND
WZFARXFIVRAF VY 4-2 288 U #2(Scheme 4-19),
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Scheme 4-18.
CFs TsCl or NsCl CFs 4-1a(R=Ts, R", RE R®=H):87%
R! (1.2) R' 4-1b (R=Ts,R'=Me, R?, R® =H):87%
cat. DMAP 4-1c (R=Ts,R?=CI,R', R® = H) : 92%
o 2
HoN R® 0°C—rt,12h  HN 3 R®  44d (R=Ts, R, R3=F, R2 =H) : 59%
R3 / Pyridine 4 R 4-1e (R = p-Ns, R' R RS = H) : 84%
3-19 4-1f (R = o-Ns, R', R% R®=H) : 58%
Scheme 4-19.
CF3 CF3CO5H (2.0) CF3 CF;
Me,>CH (CH5)>,0ONO (2.0) NaSAc (2.0) .
HoN 0°C,0.5h i+ 0°C—rt,5h
2 / MeCN N=N ACS
3-19a 4-231%

4-2-2 P[FABEZIAI S 3-J2N0FARXRFUVIAYRNYBIY
JEROANYVFZI21JDER

ZRARFLOBEE R2VOTHRINVE(TsB)2Y I4-1alc NaH 2{ERR B,
REFTBANVKYPEY—-hAZY RASBFABHEZBMNOZ. BWLXOLT
THFRIAZF Y 2HNRIBEE. RSB EIEIFTUBMN o M (Entries | and 2),
DMF Z2HW 80 °C T ¢ fREMNAER2{To¥2 3. BRXITS3ARI2
WZAORXFUVIYBZEITSAIRNY 4-3a Z 349D BB TRSBNTE
ZZ(Entry 3), NYEBYRER Me BRERRFZ2BAOREY 4-1b,c ZAWR
BEYL MWIBSAYRNY 4-3b, c BENEN 2%, 54% D YRS T187%2 (Entries
4and 5), BEARFLOBHRE R 2VUT=ZRONXYEJRIVEK=NVE Ns B)%2
©I4-le, f ZHNRIFE. 80 °C TRRWNEITFORNoZMN, 120 °C R
WREZLEFSELRIENEITO. AYRNDY 4-3¢e,f BENREN 56%, 45% DU
BCTEAR (Entries6and 7)., 2OXSR. hD2vF0XFE=N{ENZ
AN TOREZNAL S-endo-rrig RIEMEBITISLNS, AFRNANR2IFSS
2R, REOERL2ZXLHT Table 4-1 RRT.
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Table 4-1.

CF3 CF3 CF»
—_—) —_—
HH R2 _ﬁ R2 N R2
4-1 4-3

Enty R R' R? 41 Solvent Conditions Yield/%
1 Ts H H 4-1a THF reflux, 6 h 0 (4-3a)
2 Ts H H 4-1a 1,4-Dioxane reflux, 3 h 0 (4-3a)
3 Ts H H 4-1a DMF 80°C,6h 84 (4-3a)
4 Ts Me H 4-1b DMF 80 °C,5h 72 (4-3b)
5 Ts H Cl 4-1c DMF 80 °C,7 h 54 (4-3c)
6 pNs H H 4-1e DMF 120°C,1h 56 (4-3e)
7 oNs H H 4-1f DMF 120°C,3h 45 (4-3f)

Z 2 Table 4-2 BRI RS2, 4-2 12 DMF ® NaOMe 2 {ER& Y. 80°C T7
BRANKER 2T o223 . IRATVIRBRIAVEESISFAIS-hA4FY
RIASDFASENEIIFTO. 3RRI2NVFIORXFUVIEBZEITS23-JER
OXYVYVFZE 2z 4-4 2 20%2DRBTR/IS2LNTER (Entry 1),

Table 4-2.

CF3 CF3 CF2 CFoH
0 == |20 = 0 - 40
AcS -S S S

4-2 4-4 4-5

Entry Base (eq.) Solvent Conditions 4-4 /%  4-5/%
1 NaOMe (1.6) DMF 80 °C,7 h 26 0
2 KOtert-Bu (1.1) DMF 80 °C,1h 38 19
3 KOtert-Bu (1.1) THF reflux, 2 h 65 0
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512 DMF ¥, EBXUT KOter-Bu 2{ 812 233tuk CF,.B%28H
33 4-4M38%8ON. Tk, ~R_BXENREBO TEERIBNEITO.
3Bl CFRHB2Z2HINYVFA2xY 450 19%18>N % (Entry 2), Bif#%
THF RRZTBRR2{T2o2223. 6520 WRE TRIRAIR 4-4 2B32¥NT
& 7z (Entry 3),

4-2-3 3RBR2N0FZ0PNVFIVEZHIALAYR-NVOER

4-2-2TERLEZIVRI2NVFIORXFUVIEBZEBISAIRDY
4-3a Z2BEBRBRENE. A R-NVANORENARLES. ¥2TXITA
D2, BH3NREBRIS_EESORK2ITN. 3R CFRLHEZHD
A R=N36DE8RZHAR >,

Table 4-3 BRI X SR, CH,CLWMT 10-H2Y 2 7 =R IWHKYVER (CSA)Z{EB
PPN, BRRZLIEBEITFTOBRNOZ (Entry 1), BFFIBARI2N0F0QP VY
YO70hJERBETHISLIVEINISH . RS5HBEEOSN CF,SOH
ZHN. DFFYRBIEHROAZW(CF,),CHOH[HFIPIR TR Z R A 12N,
ANBWBORZ (Entry2). MU TEEZANZREBOKRALOLT. THFPT
NFHDAT RS RXFIEANNY RLITMP)Z2{ERR BN, $0ERNA2S
Z. BRATHS 4-6 DEMIERTERN oI (Entry 3),

Table 4-3.
Fa Reagent CF2H
Acid or Base
( Y
N
Ts Ts
4-3a 4-6
Entry Reagent (eq) Solvent Conditions 4-6 /1%
1 CSA (1.1) CH.Cl» reflux, 15 h 0
2 CF3SOgH (1.1) HFIP reflux, 2 h 0

3 LITMP (1.2) THF —78°C,1h 0
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2035k, BH3NABEZBNTY., A1YRNY 4-3a O exo-RF VYR
{20 AB\OREB2EFSBERBL2ITSSLRBREN o 2,

¥ 2T. 4-3a D exo- XF VY WBAD 1F, Br,, HI R EZ O REBFH D% 4T
S22k, INKNSMNOATFIIBRENBITIHE. 1 R-LREBS

n322rKhI.
42 RN Y 4-3a 12 CH,CL,LP . NIS ¥ Et,Ne3HF 2{EBR8RX23 > exo-

XFUVYEBBAD IF O, RHINB2Y, 3SR CFLBZ2BISAIY K-
W 4-7 2 90%DRBTEMT B2 XM T & R2(Scheme 4-20).

Scheme 4-20.
GF NIS (2.4) CF3 Fa
Q\D EtsN-3HF (2.5) jD —HlI
- | - ¢
N —-10°C, 2 h/CH oCl» N
TS HIF{TJ-I"]" Ts TS
4-3a 4-7 90%

E’z. 4-3a R CCLLY, Br, Z{El AR ¥ 23. SRR CFBrE#8533 A4
JR=)4-8 M6 DRE TSN (Scheme 4-21),

Scheme 4-21.
CF2 FQBF CFzBF
Bry (1.3) Br — HBr y
rt,3h/CCly
Ts "Brgﬁﬂl]" Ts Ts
4-3a 4-8 96%

CF.BrB2633BKB28RARARCHAOTNSMEYOT. Burton R, Zn
ZANT 3-70€-33-Iy20d070A Y22 N0 K=k ZR . Xt
BT 8 gem-T2N0ZAREPINPIVIA— NV#2iFTNS (Scheme 4-22)*°, &2
Dolbier ® & . CFBr B 2 &8 3 3N IJ X T FHB VY - D 2,
Tetrakis(dimethylamino)ethylene[TDAE]Z2 AN TEFTO. 2NV K= VB2 R
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WRET, MWIFSPNVI—IV2BTNS (Scheme 4-23), #2T. SE@ERW
ORAYR=NV482Z2ND>ORBCHANSE. J2NWAORXFVIEBZBRL
TAYR-—NVR25TSLENOERNABTTES,

Scheme 4-22.
1 Zn Q" R = Ar, Alkyl, Alkenyl
+  BrCFpCH=CH > /k\ _ = Ar, Alkyl, Alkeny
R1)l\R2 /| THF R RQCFZCH—CHZ R? = H, CF3, Me
41-75%
Scheme 4-283.
N TDAE N Me,N  NMe,
W»—CFBr + RCHO — " N—cF TOAE = °
©:o>—c 25 CHO ) bwF O>_C>2—R MezN)_{jMez

HO
R = Ph (62%), p-CF3CgHg (63%)

P2, CH,CN P T Nal, TMSCI, BRU H,O NS HI Z2RELE > 1Y K
DY 4-3a RIEARERZE 23, exo-XAF VY HRBAO HIGMNEIFTO. 20
B HI NB2S822¥T. 32 CF,HBZ2BITSAIYR—-WD 4-6 ZRFRL
832 ¥MTER (Scheme 4-24),

Scheme 4-24.
Nal (1.6)
CF2 TMSCI (1.6) FoH CF2H
|
H>0O (0.8 -
)j@ 008 | HE %;@
N r.t., 10 h/CH3CN
TS "H”Tj-j_"]" TS TS
4-3a

4-6 96%

22T, 3-RN20ZFAORF VA R—JV 4-7(Scheme 4-20)BRY 3-TF 2
A XF VALY K= 4-6(Scheme 4-24)BREEADT. I20Z7QP VLTI
ORBIFANNERD2RUNS 2. BRARNBrRo-TN3Z2RRN. T
Bhs, ERANSPREABRZERISE. IF NTRI2VFQORXFNVLHSF
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FYANZEUTN3ORHO. HIENTREINYIWAFZY BREUOTNS
(Scheme 4-25),

Scheme 4-25.
- -
n I F{Tj-jju" | F2 | FS F3
F —HlI /
CF» I - -
| Ts i Ts Ts
A 4-7
_H -
Ts H+\\ Fo CFoH FoH
4'3a + —_ I
. _—H, 7
"Hifh0" | Ts i Ts Ts
B 4-6

29vE0aOHNVERAFTY A R, 29vERFLOMZEBFHORENA
ARIVEBIEZSEISN, —HTNYINWHFZY B RBRAD2 vERF
OBBMNRRI o TFREBRNIS. ¢NCOHEAHS I HI{ENT 3R CF,H
B2Z2YHbI24YR—- 4-6 OANBINR2ZLR. RTOIXSRHIBTES
(Scheme 4-26), FMBHS, IJ2VZAPNVTI\NO HI{ENTRR, PRAKD ¥
F2QBRAREA3N. 2OWPT F ZUNR HIRIVBERLSS.

Scheme 4-26. _ -

CF» CFol
H - H
—_—
HY _~
GF2 Ts Ts
o7 -
H* -H ]
Ts i‘ CF, FoH FoH
4'3a + I_ I —HI
—_— I /
Ts Ts Ts
E F 4-6
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SORHZHHOPRAMORRERBERLEL. BRAK F NHIRIJEEK HI
OBBENEITO. BORBRAIR—= 4-6 NBDh2ELIDNS. 2.
BROBRIAS-EESORRIBOISIR., E NSEHEBRITO I NEIFTO.
AYR=N4-6 NGO LYEZEOHS. ONV. Table43 TAI RN Y
4-3a 2, HI SV OBEEOBORI2)N0ZORXL2YANTYEB2{ERR SR
BEBTOHOAYR=NV4-6 MBOIBNoRZ 2R, ADBAA T Y RREZEDN
ARENZ2E2NS, HI N{ghOZ F ZERAVTAIYR—-D 4-6 CEo k2R
&nh3.

REDIXSE, 3ARRI2 WAORXRFUVYEBZ2BITSAIRNY 4-3a 122
O. REFUMEBMNOTIIEKRRZ2EBARAEDBI 2T, BERLAY K-
WABERZRENEITISZLLZ2RNVBOZ. SOFERIY. SRRV
ZOXF PR, FJUEI2NVZTOXAFIVE. I2VFTOXFIVE2EITSAY
R=-NVZ2E8RIS2ENTES.

4-2-4 [FANNZIAITS 3-hN2VFZAXRFNAY KDY BIY
JEROANYVFZI21JDER

RZBFEI-2-3WTEN\RZ ISR, F NV RARAZTYRTF A8
Z2H2A-RN2NVZARFNVRAFUINDS, 1S IJ)BEBRRISIFALN
WEFTO. 4l CF,E2833JRO0AVFINYBEBEN 39, 3-13 28
BITB22NTER, CORBE. J0RYERETTIToOT. IFAL
NMNDBREFTOLLEATNS., 2T, ADKYPER41 2ZBORER
Biod. 20 YERFTTITaE. SRR CF.EZ2E533MNKRAI KDY
4-9 NBHNSLMBOL.

Table 4-4 BRI XS, R NWPE RN 4-1a & DMF W, 130 mol%® DBU %2
{ER X223, 3REY, 3Bl CF,E2BISAY RN Y 4-9a NigD
NEHRRBR 189122 EZX 2R (Entry 1),

91



[FOE]

Table 4-4.
CF3 Fs CF3 Fo
DBU = DBU-H* 2t©
—_— >
N N
H_II\_IS Ts Ts Ts
4-1a 4-9a 4-3a
Enrty DBU / mol% Solvent Conditions 4-9a/% 4-3a/%
1 120 DMF 120°C,2h 18 0
80°C,2h
2 20 DMF —120°C, 1h 69 6
3 30 DMF 120°C, 1 h 81 0
4 110 (CH5OH)o 120°C, 7 h 48 0

CORRQ, BRXOTIAZ DBUMN. H7O0RYOTPIYE=DAKRA

Y, S2HNMNPRERZIORIBIS22T,. 3-RD20FAORFNVAY R
N 4-9aNERORLEZDNS, 2OBE. DBUNBEII2XRHEBD

T. DBURMBRETINZ22ERS. ¥2T. 20 mol%® DBU ZHW. 80 °C
T2BRRS2{T0. ¢0O "“F NMR 2HlB0%z223. RERRIVPPER

4-1a BRUAIRNY 4-32,4-9a NBHEOTNIS 2NN o 2. RICRER
WP T, 120°C TRID21To 223, 4-1a BRBERV. 4-3a 2492 0FRK
X 4-9a \IRROTNI2NPM o (Entry 2, Scheme 4-27), SOERX. 7
ORYBENTIRENOT-ER2viAAIINRBOTI20da0RXF
VYthd-3a 2523MN. BRBORZI2vBAATINZD  exo-XF UV Y EHEBA
NI S2ET. PN2NVZORXRFIVN 4-92a ZZXEUTNISELZONS. T
20FARXFVY 432 \O2viBAdo0NMEEIONVTR. 4-3a I
n-BuNF(TBAF)2{EA L3 2. RN20Z0RXF K 4-9a N 47O RFT
8N (Scheme 4-28), %k 4-3a C KF Z2{ERAKBBERY . REDNBW
., I20FOP L5 YRUAOENREIFTOBNOZ . DBU OEREZ
30 mol%2RIBRU. 120°C TTHEBRN2{To223. RD2N0ZFOQXFN
ik 4-9a 2 312DV TERANRBISZENTER (Entry 3). TR0 bhYE
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BEPTRB2TAE. 3FAMN2RETEIOTRRAOUNEEL,. ZFV
YINIA-DVRTRID2iTok, 2DIBE. DBU NBIBELX2RRBNELA
¥E{Fed. DBU OEMEZ 110 mol%R2EBRD. 120 °C T7HRARN2{T 2
r223. R 4-1a RBEBORZN, PN 2103 0QRF IR 4-9a OIRFT X 48%
CR2E2ZVNEFEORAECEES KRN %2 (Entry 4),

Scheme 4-27.
CF3 CF3 CF2
44%:[::] DBU (20 mol%) Zt:I::j -F
- a
B —
HN F
Ts Ts Ts
4-1a DBU-H*J 4-3a
CFs Conditions 4-1a 4-3a 4-9a
m 80°C.2h 6 : 2 - 1
N 120°C,1h 0 : 1 : 12
4-9a Determined by 19 NMR
Scheme 4-28.
CF» Fs CF2 Fs
TBAF (1.5
_TBAFOS m KFOS W,
rt, 12 h 80 °C / DMF W\
Ts / THF Ts Ts Ts
4-3a 4-9a 47% 4-3a 4-9a 0%

BonrzBEBERE (B : DMF. DBU : 30 mol%. RISEBE :120°C) 29
2R. 3-RN2NWZORXFNAYRNY 499 BREBNTEE-BIEORNZ
i3 o 2(Table 4-5), NYEBYRERRXFIVEBRERRF. 2vERF2HODM
JIWPER41b,c,d NS WBITB3-PN20FARFIVAI KDY 4-9b, ¢,
d2EREN 69%,71%, 657 DB TRSZSLNTER (Entries 2,3,4). Ek=
ROXY BYRANWKIPER 41 MBH, 1SRN 4-9f 2 60%2DRF TR
B2 2N T EZ(Entry 5),
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Table 4-5.
CFS CF3 ] CF3 ;
R' DBU (30 mol%) S R™1 DpBU-H* R
_— _—
HN R2 120 °C / DMF R R2 N R2
R RS RS RS
4-1 4-9
Entry R R! R2 RS 4-1 Time /h Yield/%
1 Ts H H 4-1a 1 81 (4-9a)
2 Ts Me H 4-1b 1 69 (4-9b)
3 Ts H Cl H 4-1c 0.5 71 (4-9c)
4 Ts F H F 4-1d 0.5 60 (4-9d)
5 o-Ns H H H 4-1f 2 65 (4-9f)

MNT. FAS-hAMFYRIABIFAMNZIRIAORZ. THEDB 421X
2)—PT K,CO, Z2{EMAY. THENABR2ITor. ¢O0&R. W7
LFV2EBRRENEIFTO. SRR CF,EBZ2H223-JkhONIYVF T2
Y 4-10 ZBIIRANRIBSSLINTER (Scheme 4-29), X2 )= VR TRIBZ{T
22DT. 2vibAA Y NBRE T SH. iNPRAKRLZRERRIOMIHBT
ErRRHDEEZDNS.

Scheme 4-29.
CF3 CF3 Fa Fa
)D KoCOg (1.1) )D = H* 2j©
_— —
reflux, 1 h - S
AcS / MeOH S
4-2 4-10 70%

RE MEFR4-28TE. ZVPEEHA-RI2NVFARXFNVRAFVID
ANWKRYPET =R FTYBIAVFTS—PhATIRIABIFABRBIY
{8 5-endo-trigiRiE2iIN. SR I2NVFTOPNVFVEZE5ISA
YR=WBAUNYVF T2z YR2ZBREBRBETIEIS SRV,
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4-3 4RBRINVFOAPIVLFNVEZII2ERASARILENMOER
4-3—-7 DFARRIIVPERE . PLFNFTEB. I RATNVEDBS
U=RDNEBZHD 2-RD20FARXFN-1-TFTJOER

HETR. a-R2NVFZARXRFNRAFUVYDRANVKIPEY—-RATYSB
QUFAS—=R A FJREAB 5-endo-trig BIYZ{ToR, 2DIBE. PIL5Y
BRLREBREN 2 ZVIYRIBENTBY.  5-endo-trig BRIBL 1 B {h0lR
BERDORE. RBALONBFRARDNBITOTCNITRBEORINNTN
., 2T, VFNOBRTRIBOTNSONZENDS D, PILr it
PREBOUNAFUVIYHTREBENZELGZANTSERBR2Z2BAAS22
RO, F=ZERS—THORSTHORARZISR. hN2VFOaXFE=
WEENOE=NVEBERCPIVFIVENEARNRS L REALORBENKE
LHETIS. 2ORYD. XFVYHETRIEBERNRZEBE TR 5-endo-trig TB{BIN
BIIORLNEIVRNIN. ZER. IFARBOIY hOL-HRECI V.
SCOXSHBIRROHEITISOTRRVUNEEAZ, 2 TIAFARER.
RB. RERZE2RERYE. 2HRIASB  5-endo-rrig BIEZHBOLSBR
DE2vARREGMOEBR2ZERIISSRRLR.

PEY-RAFTY CASRILERWORRBINEELERSRINVPENR 4-17a-¢ KX,
XEBEAN "D 2-RN2VAARXRF VPN SY 4-13 LEEP VT L R20O
BB, BRBIFTBREPDNWVPNVI—4-14a-e ZERORZ, &HOT. %
ERN *° 2470 4-15a-¢e 2O 2. CF,CO,H T Boc BZIRERIB2XLThIND
P E R 4-17a-e AWM O 72(Scheme 4-30),
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Scheme 4-30.
CF
TMSCH,MgCI (2.1) HO, CFs conc. HoSO, %/TM S
CF3CO.Et > TMS TMS -
rt.,6h/THF
4-11 4-12 71% 4-13 51%
RCHO (1.1) GF3 PPh; (1.5) CF3
TBAF (0.15) DEAD (1.5)
MS 4A NHTsBoc (1.3)
rt,12h HO™ "R rt,6h/THF BocN "R
/ THF
4-14a : R = Ph (75%) 4-15a : R = Ph (95%)
4-14b : R = p-BrCgHy4 (84%) 4-15b : R = p-BrCgH4 (85%)
4-14c : R = styryl (43%) 4-15c¢ : R = styryl (25%)
4-14d : R = 2-furyl (72%) 4-15d : R = 2-furyl (not determined)
4-14e : R = n-CgHq3 (52%) 4-15e : R = n-CgH13 (73%)
CF3 4-16a : R = Ph (94%)
CF3CO2H (10) 4-16b : R = p-BrCgH4 (77%)
rt. 10 h 4-16¢ : R = styryl (61%)
/ CHxCl» HN” R 4-16d : R = 2-furyl (29% from 4-14d)
Ts 4-16e : R = n-C6H13 (84°/o)

FAS—RAZYRCIESBIEROBENBERBIKEPNINVIBRP LS
WFZBZHD 4-17a,b B. Scheme 430 CROZFEZEZHBVEBROZEIEP

NDVPRVIA-NV4-14a . FAHBRZBNZRERDBZ2ITVERORZ
(Scheme 4-31),

Scheme 4-31.
CFj PPh; (2.0) CFj
DEAD (2.0)
AcSH (1.5)
HO™ °R 0°C.12h . ASTR
4-14a:R =Ph / THF 4-17a : R = Ph 35%
4-14e :R = n-C6H13 4-17b : R = n—CﬁH13 51%

BWEXFUVIYODOITI)S—-PRRIASRIEERDORBRENLLES. TRAT L3R
RIYPIBZHBOIORD2NVAZORXFNE=IBE 4-19a, b . Knoevenagel
RS VABOR 4-18122-RN 2 VAQRF VPNV S Y 4-13 ZRi%
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NMRGARORZ, 2ZO22OQJ)=RDNVBEBIKR 4199 3. SOFREZLIRETEN
BOTENOZOT . FEPNNVPNLIA-NVECREBORIERN ' 2170 TR
& O 72 (Scheme 4-32),

Scheme 4-32.
o . TBAF (0.2) CF3
3
P __MS4A 4-19a : R = COEt (41%)
TMS + R
rt./ THF R o, 419b:R=CN (6%)
4-13 4-18a : R = COLEt R
4-18b : R = CN
CF3 CF3
CHo(CN)5 (1.5)
n-BugP=CH,CN (1.5)
> NC
HO” Ph rt., 24 h Ph
/ Benzene CN
4-14a 4-19b 29%

4-3-2 [FABEZAEHI S 4200 XFPEUONSTY, Th
SkRO0F 22z YBIVPIZ20NYRYDER

RIWPER4-16a ZET V{EEWMX O T. DMF B NaH 2{ER&4¥. 80 °C
T20MNBEER2IToz . COER. HBFOLRILENTHI 4RI N
FORXFUVYBZEHEITILONIT Y 4-20a W, 66% DB T/DN R (Entry 1),
BISEBE2Z 120 CRIS LRI IBETRID. 91720BWET 4-20a 218
B2X¥NTEREyY2)., BlIZRVIYREEI S 2, RR2IEFTLT
RHEEWNY 4-16a RNARE NS (Entry 3). EBROT KH ZANRZIBE. Nal
ZRVZEBERCKARINEBRRELI B >N BRERXSFET O.4-20a 2 87%
DB TR/ (Entry 4), REOBERZ2XLHT Table4-6 CRT.
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Table 4-6.
CF3 F3 CF2
Base - -F ?_)\
—_— R
Ph Ph
N N
HN Ph
Ts Ts Ts
4-16a 4-20a
Enrty Base (eq) Solvent Conditions 4-20a / %
1 NaH (1.3) DMF 80 °C, 24 h 66
2 NaH (1.3) DMF 120°C,3h 91
3 NaH (1.3) Toluene reflux, 5 h 0
4 KH (1.5) DMF 120°C, 1 h 87

FrOBALZN, BERIO2NZOXAFLEZ VSO - VREBHRE
WPVFNVEZ2, REAMLORBERETIS. RIE Scheme 4-33 BRI X
SR. RIWPEHF—=RAZTY RIXB5-2z=W-2-RD20FORXFI-1-N\
YT 421 ORFHEBERDRIT LA EEITEI. NI SERM 4-22 K.
DIN22Q0RF[TONBDHRAEN.

Scheme 4-33.
CF3 NaH (1.3) CF2
)\/\/Ph + MPNTS ————> PN \)I\/\/Ph
H 120°C, 3 h Ts
4-21 / DMF 4-22 2%

COZ2hNd. BFETRELLEZBITFTORNOZBRBTY. FFATIT
SZ2RIAVDFERIETV. NI SEERERNDZRERISAR.

RREE-BEOER2ITork, REPVIMBIR PhE, p-70F2z=ND
B RAFNDNVE 2-2DNVEB AFINVEBZOHOIRINWPE R 4-16a-¢e ZHN.
RIBORA21Tor223 NIFNOBERINB IS 4RI 2VTOXF
VYBZ2HOEONTY 4-20a-¢e ZEZR. REOER2EX 2T Table 4-7
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CRd
Table 4-7.
CF3 Fa CF»
NaH (1.3) = -F
[ — —_—
120 °C / DMF N N R
HN R
Ts Ts Ts
4-16 4-20
Enrty R 4-16 Time /h Yield/%
1 Ph 4-16a 3 91 (4-20a)
2 p-BrCgH4 4-16b 4 79 (4-20b)
3 AFh 4-16¢ 2 73 (4-20c)
4 l’;\) 4-16d 2 74 (4-20d)
5 n-CgH13 4-16e 3 82 (4-20e)

IRk, FAS—PRATIYRIASBEBRDORFERLEITIS. KEPV NG
RPEFNFAIRBZH D 4-17a,b 12, DMF B NaOMe 2L 3 ¥, #%E
BFAS—RP=FYRIASIFABENEITO. 4RI I2NVTORXF VY
B28337h5h0FAd2x4-23a, b2, BNEN 82%, 15%DRET
BM3 B2 XN TEZ(Scheme 4-34),

Scheme 4-34.
(s Fs F2
NaOMe (1.3) = —-F
- —_
100 °C / DMF Ph

AcS R
4-17a: R =Ph 4-23a : R = Ph 82% (10 h)
4-17b : R = n-CgHq3 4-23b : R = n-CgH1375% (15 h)

Ry, PRYEBIITF I 4-19a BIATEQJ)=RDVEBKR 4-19p Z2HB0
T. EBRBERRZEHANO”%Z. 4-19a 12 DMF 1 NaH Z{EMARE. 110 °C TOBR
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N/BBEHRORZEZS MBFOLORLABRI2NVZIOAFUVIEBZHOI270ANY
K22 4-24a % 57% DWRE TI8% (Entry 1), NaH C{8%Z T KH 2{ERA¥z¥ 2
3. R 2B TRIV. 4-24a ORFN 772 ALV (Entry 2). T,
4-19b 12 DMF W NaH 2{E& ¥, 100 °C T3RANKEHR2ITo L2 3,

20NY 2 4-24b M61%DRBTI/DNR (Entry3), REOERZ2Z 2D
T Table 4-8 R T,

Table 4-8.

CF3 CF3 G2
Base = -F
—_—— >
R o/ DMF Ph Ph
R R
R
4-19 4-24

Enrty R 4-19 Base (eq) Conditions Yield/%
1 CO.Et  419a NaH(1.5) 110°C,6h 57 (4-24a)
2  CO.Et 419a KH(1.8) 110°C,2h 77 (4-24a)
3 CN 4-19b  NaH (1.3) 100°C,3h 61 (4-24b)

S0ISR. RESBULPVTIRBUNAFUVIHETRIBENZEBETY.
5-endo-trig IRIB2BHIT SIFRABRNEFTO. 4RI I2NVFTOXF VIR
2833L0NJY. TRhILROFA 2z YBIAPTI20NY LRI 2ERT
BCENTER,

4-3-3 [/FAMNZIAEAIS 4-hN2FaXF AN Y BIY
Th5EROFA21YDER

METl. IFABR2Z2AALLZI2NVTORXF VI EL2EBTS5AERE
BORM2ITok, —H. B=ZBEI3-2HPREA4-2-4MTRHRARIS
. ZO0RYHERFTTRN2T2AE. IFAMNNMETES. €2 T, K
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EPNIVRBRRINVPERBRIPRFINFIEZHD 4-16,4-17 ZHN. 4f2
RCFEBZ2833L0NIY 4-25Th5ROF T2 4-26 DER 2K
dFB22ROLRK.

R WP E R 4-16a 2 DMF B T 30 mol%® DBU Z{gM&+¥. 120 °C T3
BRNAMEROZE. BBERO “F NMR 2P0z, 201BE8. IFAiH
MEIFTOZRD2NZARXFVBIR 425 B3ERLT. BRI ZORDIFA
BERNEIFTORZI2VZTAORXF VIR  4-20a (F NMR IRFE 10%)2. KD
BBREAE 4-16a TBH o 72 (Scheme 4-35).

Scheme 4-35.
CF5 F3 CEo
)j\ DBU (30 mol%) Cz_)\ §_>\
N on 120°C. 3 h > '|Ns Ph + "Fls Ph + 4-16a 89% recovered
Ts / DMF
4-16a 4-25a 0% 4-20a 10%

ZVRRRRCRIIVEZOIa-RN2VFTAORXRFNVARAFVY 4-12a 2 DBU O
B TR. 242 "F NMR TEIO Z&ER(Scheme 4-27)X V. 4-1a O—3N
SRBERBNEITOT. I2VFAORFVIBZHIAIRNY 432 2K
BN, CHRCBE2 vk NWNISZLT. hN2)VZORXFVEZ
BIFSAIYRNY 4-9a NERDOTWNSB (Scheme 4-36),

Scheme 4-36. CF»
CF3 CF3 }V N
DBU - / TS
— - 4-3a
HN Ts CF
Ts \ 3
4-1a DBU'H+

4-9a
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SO . REFEL4 -3 -2 TERORZIZ2NVAIORXRFVIEBZ5I I
QNI 4-20a T TBAF Z2{EAKYTY. CF,{Bih 4-25a Qid kMo
(Scheme 4-37),

Scheme 4-37.

CF» Ca

f}i&\. TBAF (15) <§:I::] TBAF (1.5) <::I::]
NP T aan N Ph rt, Toien
Ts / THF / THF
4-20a (No Reaction) 4-25a 0% 4-3a 4-9a 47%

S22, IJPNFIVEBEOI2N0ZQPIVT Y 4-20a ARBFIENEN
DOT. 29T Y OREBRENBITOHRLL. —B 4-20a NEXEUSX RN D
WZAORXF VB 4-25a CREER N BNEEBADNS. §€oT 4-20a ZIRF
BRLB\B3ZHR2I. UNPRABKNS 2 v T ORBERBALTIOMY
(B2 EIFREBINEBRDRN (Scheme 4-38), 82T, PLIA-NWRKOILS
1220 b YRBERTHNRS 2RO 2.

Scheme 4-38. CE>
— F:';y
CF3 CF3 o R

T N
= . i Ts
Base F-
LN Do W 20
H¥ R Ts \\\\\\ CF3
s N
4-16
N R
Ts
4-25

Table 4-9 BRT XS, rerr-BuOH-DMF(1:1) O IRBBIFPR. 4-16a 2
KOtert-Bu Z{EAR B2 23, 29T NRBORZI 20T QRXF D
B28533420a 223k HBOZIFRUNNEBEFTOZRY 20T O XS
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W{BR 4-25a W 35 DB TBSDNRZ (Entry 1), RSB ELCHBRLI IO Y2
TFoR®R. rert-BuOH OEE#2 kY. tert-BuOH-DMF(10: 1) D REBITP TR

W21iTokiN. COBREBRRBEENE

(tert-BuOH : bp 83 °C). RSB

REBLIIRo” (Entry 2), ¥2T. BRBEZ28ITES3S5I2. H,O-DMF(1:10)
DREBIEPZHAN. EBXOTKOHZBWZX23, RD2NFQRXFND
{BiR 4-25a W 40%. J2N0FAQARF UV IR 4-20a N 452Q B TidDNR

(Entry 3),

Table 4-9.

CF3 CFs F3 CF»
Base _Zj\ H*
- N~ ~Ph N + Ph

HN” Ph Ts Ts

Ts
4-16a 4-25a 4-20a
Enrty Base (eq) Solvent Conditions  4-25a/% 4-20a/% 4-16a recovered/ %
- —-DMF
1 KOtBu(1.3) " B‘(J1O_H1) 120°C, 3h 35 30 0
pa  KOtBu(1.3) eFBUOH-DMF  (ix 1h 3 8 84
(10: 1)
3 KOH (1.3) HonDMF 120°C, 10 h 40 45 0
(1:10)

42 KOH (1.3) Hzg‘_%'\)"F reflux, 10 h 6 0 94
5 KOH (1.3) H2O(:[_)'\5")SO 120 °C, 6 h 45 29 0
6 KOH (1.3) HZO(;E_)':")SO 120°C,20 h 63 6 15
7 KOH (5.0) Hzo(f)':")so 120°C,20h 74 4 8
8 KOH (5.0) (CHo0OH), 130 °C, 20 h 82 0 0

2Yields were determined by'®F NMR (Internai Tol,C(CF3), Standard).

H,O Q8l&ZLk¥. H,O-DMF(1:5QREBWBZANRZE23. RJIVPER

4-16a O BBENEBREBLILRY.,

4-16a MBE L LXARE N7 (Entry 4), 4-16a
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OBREZEFS O H,0-DMSO(1:5DREBHRZBORZEL23. 4-16a X
BRBRBORN, RD2)FARF VBN 4-252a OIRBR 45%T. I20F0RXF
U {8k 4-20a N 29%4i8S N % (Entry 5), H,O-DMSO(1:1)DREBBIFZBN S
¥ 4-25a MW 63%i3DM. 4-200 DB 2 6% X TMASSENTERZ (Entry 6),
EBTHS KOH OEHE2LS5BTNVERIEBRIZ ¥ T, RD2NZARXF N
{BiR 4-25a ORF|N 742X TRALD. F2N0FARF UV Y{BK 4-20a DIRF L
4% ok (Entry 7)., 20N JETERROBBETHISTF LI TINIA-N
(bp 196-198 °C)Z BIFICHAW. 130°C T2O0BRANMABO ZX 2 3. PR
NOO2viBATYOREZRIRMAT. BAO RN 2)0Z 0 RXF V{BK
4-25a Z 2L NOROVBPRIBTHRS S LNBRLZ (Entry 8), BB, 22
TN rEONTY 4250 Q. Z2TOITY RN -RBNWTIPARATVE2—-
BN, PYFR: =92 :8THY. PYFERHOREBD MR, 202
IMEEBIUPYSF. JYOBRERONTRIERTS.

RRRIERICOBE-IEOHERLITok., Table4- 10 RTRITISR., KE
POVRER22z=IVE, p-ZOQT2z=DVE. 2-2DIVE. \AFZNVEZHD
RIIWPER4-16a,b.d, e TR, WIFNRNOHORFRIIFAMNNNEITO. B2
RARPYFHROEONSIY 4-25a,b,d, e {832 NTER (Entries 1,2, 4,
5. RFNNVEZHBIRTINWPER416c ZRORIBE. X3 3LONIY
4-25¢c QRFE R 23% TdH 272 (Entry 3), SN, 4-25c OERiE. BRI S
2N 1 YBORIBEW 4-26 WEIZORZRDLEZDNS.
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Table 4-10.
CFs CFs CFs
KOH (5.0) Z?jl\ H* Z_jL\
[ —
/ (CHoOH)y N~ R N~ R
HN” R
Ts Ts Ts
4-16 4-25
Enrty R 4-16 Conditions Yield/% (anti : syn)
1 Ph 4-16a 120°C,20 h 85 [4-25a (92 : 8)]
2 p-BrCeHs  4-16b 130 °C, 10 h 76 [4-25b (92 : 8)]
32 AFh 4-16¢ 130°C,10h 23 [4-25¢ (78 : 22)]
4 A 4-16d 120 °C, 24 h 69 [4-25d (83 : 17)]
50 n-CeH 13 4-16e 130°C,20 h 67 [4-25e (77 : 23)]
a GFs b Solvent : (CHsOH)o—THF (10 : 1)
P A/ ~Ph
N
4-26 17%

Table 4-10 RCROZX S, CF,EZ2HII3LQN I Y 4-25a-e B, ZIRRKE
MTHIPYFHREIYRORBRENMROLTEDNS. 2OWRT. p-F0E2x
ZNVEZ2HOEONTY 425 DH,. 2HERORBEMRZIVADTIVHSATH
BTE&R, 82T, ¢NEND NOESY ANV R V2B ITS2 T, ¢02
BB 2RBORZ, IKH5. H ¥ H' XORR NOE HEANDSRER2ZY
Y{K. NOE HENBNREMRZPYFIRLRARBORZ (Fig. 4-5). 2NV,
BaonreanNdYy 4-25b R, PIFHRNEERNTH S22 2NBNo 12,

Figure 4-5.
4— NOE 4
SHE ) HY LCF3
2 H2
‘|\
Y0
Ts Br

syn anti
4-25b

. p-70FT2z=ZVEZHBO2EONT Y 4-25b RID 4-25a, c-e D2
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{BEROWTR. Table4-11 RITASL. Z2TONBEWMTARKERFHHO 'H
NMR O EDNV 2R ENBEATH oD, COSETHIVTI2hEZR
4-25b O FHREMOBE X BEO TR R{BERERBO 2,

Table 4-11. '"H NMR Chemical Shifts (5)

4
H. .ICFS F 3 ‘,\H4
bf\“Hz .\‘H2
R N R

N
Ts Ts
4-25-anti 4-25-syn
R 4-25 H* (syn) H*(ant)  anti : syn
Ph 4-25a 2.63 2.96 92:8
p-BrCgH 4 4-25b 2.64 2.92 92:8
Fh 4-25¢ 2.69 3.00 78 : 22
/@ 4-25d 2.76 3.27 83:17
n-CeH13 4-25e 2.38 2.95 77 :23

EanNdY 4-25a-e OIPARATFUZ - ZR3B2. WFHOPIFHRNE
ERNXRoTNS. SCORBRLUTHR. KVDZNEAXPRERNEROD 2
NELDNS. IPATUT UM 4-25 ORNEHNRBETRE S1B8.
RS RR TR PYFRAFE KERHV. PYFHRNS YRS VBNDE
HRREBTHSLEADNS (Scheme 4-39),

Scheme 4-39. CF3

KOH (5.0) = "+ Ts
—_ > R syn-4-25
130 °C, 20 h N .
HNZ R ’ H
Ts / (CH20H), Ts \ &s
4-16 4-27 e &
H R

Ts
anti-4-25

¥2T. RPTIYMEPYF AN RERERHINESHANS DL,

106



[FOE]

JPARATFUL P23 TER p-ZUE2z=DEZHO2EONTIY 4-25b
DPYFHRE2IYMZHRCRIEERN 2 LARFTTNROLZ. ¢OER. @8
RHREBRZIRDNENoRk, 2O22ND, PYFRE2IYIMEFER
BRI, WNZNBRAEBRBENZ  (Scheme 4-40),

Scheme 4-40.
CFs + CF3
KOH (5.0) i KOH (5.0)
"I\'ls . m No Isomerizationi 'INS B m No Isomerization
/ (CH>,OH ' / (CHoOH
anti-4-25b (CH0H) | syn-4-25b (CH20H),

0T, JPRATFUA?-HRABERNER. 3LHS5MNPRALK 4-27 ©
Z0RYIBOBETRERNRCRIOTNSZLRARS (Scheme 4-41), 21X,
PRAMREESONVEP =Y 427 N, JYRIVOHBPYFHTOIOhI{Y
CEHAIBBEZ2oTNI3IRDEBADNS  (Fig. 4-6).

Scheme 4-41. CF3

H+

CF3 Fs / Z.INj‘ R
— S
/j\ Base . syn-4-25
R NT R

i RN
4-16 4-27 &
N

R
anti-4-25
Figure 4-6.
H+
)( Q@
_ X
H =
Ts Ts
A B

Scheme 4-41 D RGO PR 4-27 DRBLZBZSL . Fig 46DAXBOD¥S
ONOB2LIXLIBENS. A ORETR. LONJYO22EHEE R 2
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RD2NVZAORXRFIVELOBRZREBNED 2. RN 2VFORXFVE
YEBHRER NBHAZANKIEE B OSANREBTHSLELADNS. 2O
R. B2 B OFENZIRY. PYFMNBAOTEDONZOOXRELTN

3.

MUT. FAS—PRAFYRIASIFAMNZIRIF O 2. 4-17a(R = PhIE R
2)—PT K,CO, Z{EMR Y. 2BRNABR2ITo. ¢OE&R. 2v
BV oB2zRERNA. ARR CF.E2833Th5kR0F42x
Y 4-282 ZINE 76%i8 B2 RINTER (Scheme 4-42), 4-28 R 2002 MR
IMNBEOSSN. HBIXUFNMRODRAXNZRIVZRBL. E—RION
BRTEBNOoZOT. SORBOUBBIPAVTIBRAREITOTNS. %
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2-(1-Trifluoromethylvinyl)-p-toluenesulfonanilide (4-1a)

To a solution of 2-(1-trifluoromethylvinyl)aniline 3-19a (85 mg, 0.45 mmmol) in pyridine (3
mL) was treated with p-toluenesulfonyl chloride (104 mg, 0.545 mmmol) and a catalytic
amount of DMAP at 0 °C. The reaction mixture was stirred for 3 h at room temperature.
The reaction was quenched with phosphate buffer (pH 7). The mixture was extracted with
AcOEt (10 mL x 3). The combined extracts were washed with aq. HCl and dried over
MgSO,. After removal of the solvent under reduced pressure, the residue was purified by
PTLC on silica gel (hexane—AcOEt 2:1) to give 4-1a (130 mg, 84%) as a colorless solid.

'H NMR (500 MHz, CDCl3) 6 2.38 (3H, s), 5.07 (1H, q, Jyz= 1.4 Hz), 6.07 (1H, q, Jyz= 14
Hz),7.10-7.12 (2H, m), 7.23 (2H, d,J = 8.3 Hz), 7.32-7.36 (1H, m), 7.64 (2H, d, J = 8.3 Hz),
7.66 (1H,d,J = 8.4 Hz). "“C NMR (126 MHz, CDCl;) 6 20.6,21.6, 122.0, 122.4 (q, Jor =
274 Hz),125.2 (q,Jeg = 5 Hz), 125.5,127.3,129.6, 130.8, 130.9, 132.1, 134.7 (q, Jcr = 32 Hz),
134.8,136.3, 1440. "F NMR (471 MHz, CDCl;) & 94.4 (3F, s). IR (ZnSe) 3282, 1495,
1411, 1346, 1188, 1130, 916, 812, 771, 669 cm™.  Anal. Calcd for C,,H,,NF;0,S: C, 57.46;
H,4.54; N,3.94%. Found: C,57.42; H,4.78; N, 3.69%.

4-Methyl-2-(1-trifluoromethylvinyl)-p-toluenesulfonanilide (4-1b)

Compound 4-1b  was prepared by method described for 4-la  using
2-(1-trifluoromethylvinyl)-3-methylaniline 3-19b (432 mg, 2.15 mmol), p-toluenesulfonyl
chloride (492 mg, 2.58 mmmol), a catalytic amount of DMAP in pyridine (4 mL).
Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 4-1b (663 mg,
87%) as a colorless solid.

'H NMR (500 MHz, CDCl;) §2.28 (3H, s),2.38 (3H, 5),4.97 (1H, q, Jyz= 1.2 Hz), 6.00 (1H,
q,Jur= 1.2 Hz), 645 (1H, s), 691 (1H,s),7.14 (1H,d,J = 8.4 Hz), 722 (2H, d, J = 8.3 Hz),
7.53 (1H, d, J = 8.4 Hz), 7.61 (2H, d,J = 8.3 Hz). "“C NMR (126 MHz, CDCl;) 6 21.5,
121.1,122.4 (q, Jor = 274 Hz), 124 .6, 124 8,125.5 (q, Jor = 5 Hz), 127.3,129.7, 130.2, 130.5,
134.6 (q, Jor = 32 Hz), 134.8, 136.1, 144.2. ""F NMR (471 MHz, CDCl;) & 94.6 (3F, s).
IR (ZnSe) 3286, 1601, 1496, 1392, 1342, 1161, 1132, 904, 727cm”. Anal. Calcd for
CsHuNF;0,S: C,56.30; H,4.13; N,4.10%. Found: C, 56.49; H,4.29; N,3.97%.

5-Chloro-2-(1-trifluoromethylvinyl)-p-toluenesulfonanilide (4-1c)

151



(RO FWE)

Compound 4-1c¢ was prepared by method described for 4-1a using 3-19¢ (276 mg, 1.24 mmol),
p-toluenesulfonyl chloride (520 mg, 2.73 mmmol), a catalytic amount of DMAP in pyridine (5
mL). Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 4-1c¢
(430 mg, 92%) as a colorless solid.

'H NMR (500 MHz, CDCl3) 6 2.40 (3H,s), 5.15 (1H, q, Jyz= 1.2 Hz), 6.12 (1H, q, Jyz= 1.2
Hz), 6.68 (1H,s),7.04 (1H,d,J =83 Hz),7.08 (1H,dd,J =8.3,19 Hz), 727 (2H,d,J =84
Hz),7.67 2H,d,J =8.4 Hz),7.70 (1H,d,J = 1.9 Hz). "“C NMR (126 MHz, CDCl;) 6 21.5,
120.6, 122.1 (q, Jeg = 274 Hz), 122.6, 124.6, 126 .3 (q, Jor = 5 Hz), 127.3,129.8, 1314, 133.7
(q, Jop = 32 Hz), 135.6, 1360, 136.1, 133.6. ""F NMR (471 MHz, CDCl;) & 94.3 (3F, s).
IR (ZnSe) 3388, 3282, 1597, 1493, 1389, 1342, 1163, 1122, 1092 cm'. HRMS Calcd for
C,¢H3sNCIF;0,S 376.0386 (M"); found 376.0381.

4,6-Difluoro-2-(1-trifluoromethylvinyl)-p-toluenesulfonanilide (4-1d)

Compound 4-1d was prepared by method described for 4-la  using
2-(1-trifluoromethylvinyl)-4,6-difluoroaniline (226 mg, 1.01 mmol), p-toluenesulfonyl
chloride (250 mg, 131 mmmol), a catalytic amount of DMAP in pyridine (3 mL).
Purification by PTLC on silica gel (hexane-AcOEt 5:1) gave 4-1d (225 mg, 59%) as a
colorless solid.

'H NMR (500 MHz, CDCl;) § 2.44 (3H,s),5.72 (1H, q, Jyz= 1.1 Hz), 6.09 (1H, s), 6.15 (1H,
q, Jyr= 1.1 Hz), 6.82-6.88 (2H,m), 7.28 (2H, d, J = 8.3 Hz), 7.67 (2H, d,J = 8.3 Hz). "“C
NMR (126 MHz, CDCls) 6 21.6, 105 .4 (dd, Jcr = 25,25 Hz), 113.5 (dd, Jor = 23,4 Hz), 1190
(dd, Jeg = 19,5 Hz),1224 (q, Jor = 274 Hz), 122.6 (q, Jor = 5 Hz), 129.5, 1334 (q, Jog = 32
Hz), 136.2 (dd, Jo = 11, 11 Hz), 137.0, 144.1, 159.1 (dd, Jor = 254, 13 Hz), 161.0 (dd, Jr =
254,13 Hz). "FNMR (471 MHz, CDCl;) &:32.8 (1F,dd, Jgy = 9.0 Hz, Jiz =9 Hz),37.1 (1F,
ddd, Jgz = 9.0, 9.0 Hz, Jiz = 9 Hz), 96.1 (3F, s). IR (ZnSe) 3253, 1597, 1489, 1331, 1296,
1161, 1122, 1092, 771 cm”. Anal. Caled for C(H,,NF;0,S: C, 50.93; H, 3.21; N, 3.71%.
Found: C,51.05; H,3.42; N, 3.46%.

4-Nitro-N-[2-(1-trifluoromethylvinyl)phenyl]benzenesulfonamide (4-1e)

Compound 4-le was prepared by method described for 4-la  using
2-(1-trifluoromethylvinyl)aniline 3-19a (152 mg, 0.84 mmol), p-nitrobenzenesulfonyl chloride
(216 mg, 0.98 mmmol), a catalytic amount of DMAP in pyridine (3 mL). Purification by
PTLC on silica gel (hexane-AcOEt 2:1) gave 4-1e (255 mg, 84%) as a yellow oil.
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'"H NMR (500 MHz, CDCL,) 6 5.29 (1H, q, Jyz= 1.3 Hz), 6.14 (1H, q, J Jy = 1.3 Hz), 6.79
(1H,s),7.16 (1H,d,J = 8.0 Hz), 7.19 (1H, dd, J = 8.0, 8.0 Hz), 7.40 (1H, dd, J = 8.0, 8.0 Hz),
7.66 (1H, d, J = 8.0 Hz), 7.96 (2H, d, J = 9.0 Hz), 8.30 (2H, d, J = 9.0 Hz). °C NMR (126
MHz, CDCLy) § 1213, 1222 (q, Jor = 274 Hz), 1243, 1254, 1256, 1259 (q, Jos = 5 Hz),
128.6, 130.5, 130.9, 133.7, 134.6 (q, Jor = 31 Hz), 1447, 150.3. ’F NMR (471 MHz, CDCl)
8945 (s). IR (ZnSe) 3286, 1533, 1347, 1218, 1163, 1119, 1090, 912 cm™. HRMS calcd
for C,sH,,N,F,0,S 373.0470 (M"); found 373.0486.

2-Nitro-N-[2-(1-trifluoromethylvinyl)phenyl]benzenesulfonamide (4-1f)

Compound 4-1f was  prepared by  method described for 4-la  using
2-(1-trifluoromethylvinyl)aniline 3-19a (298 mg, 1.59 mmol), p-nitrobenzenesulfonyl chloride
(424 mg, 1.91 mmmol), a catalytic amount of DMAP in pyridine (3 mL). Purification by
PTLC on silica gel (hexane-AcOEt 2:1) gave 4-1f (345 mg, 58%) as a yellow oil.

'H NMR (500 MHz, CDCl;) §5.26 (1H, q, Jyr = 1.3 Hz), 6.09 (1H, q, Jyr = 1.3 Hz), 7.18 (1H,
d,J=7.7Hz),722 (1H,ddd,J=7.6,7.6,1.1 Hz),7.42 (1H,dd,J =7.7,7.7 Hz), 7.63 (1H,
ddd,/=7.6,7.6,1.1 Hz),7.65 (1H,s),7.72 (1H,dd,J=7.7,7.7 Hz),7.74 (1H,d,J =7.7 Hz),
7.86 (1H,dd,J=7.6,1.1 Hz),7.88 (1H,dd,J =7.6,1.1 Hz). "“C NMR (126 MHz, CDCl,) §
122.2 (q, Jeg =274 Hz), 124.0,125.2 (q, Jcr = 5 Hz), 125.4,125.9,126.7,129.9, 130.2, 130 .3,
130.9, 132.8, 133.0. 134.0, 134.6 (q, Jor = 31 Hz), 148.0. "F NMR (471 MHz, CDCl;) &
94.0 (3F,s). IR (ZnSe) 3354, 1541, 1404, 1348,1219, 1173, 1122,912 cm™. HRMS calcd
for C,sH,;;N,F;0,S 373.0470 (M"); found 373.0451.

2-(1-Trifluoromethylvinyl)benzene thioacetate (4-2)

CF;CO,H (043 mL, 5.6 mmol) and i-AmONO (0.75 mL, 5.6 mmol) were added to a CH;CN
(8 mL) solution of 2-(1-trifluoromethylvinyl)aniline (522 mg, 2.79 mmol) at 0 °C. The
reaction mixture was stirred for 0.5 h. The solution was treated with AcSNa [prepared from
AcSH (0.60 mL, 8.4 mmol), sodium hydride (NaH, 335 mg, 60 % dispersion in mineral oil,
8.4 mmol) in DMF (5 mL) at 0 °C] and stirred for 3 h at room temperature. The reaction was
quenched with phosphate buffer (pH 7). The mixture was filtered through Celite, and then
organic materials were extracted with Et,O three times. After removal of the solvent under
reduecd pressure, the residue was purified by column chromatography on silica gel
(hexane-AcOEt 10:1) to give 4-2 (214 mg, 31%) as a pale yellow oil.

'H NMR (500 MHz, CDCly) § 2.38 (3H, s), 5.52 (1H, s), 6.06 (1H, s), 7.36-7.38 (1H, m),
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743-745 (2H, m), 7.51-7.53 (1H, m). '"°C NMR (126 MHz, CDCL,) 6 30.0, 122.6 (q, Jo =
274 Hz), 123.5 (q, Jor = 5 Hz), 128.1, 129.6, 129.8, 130.7, 136.8, 137.2 (q, Jor = 33 Hz), 138.2,
1934. '"FNMR (471 MHz, CDCL,) 8:95.1 (3F, s).

IR (ZnSe) 1704, 1473, 1402, 1346, 1171, 1111, 1093, 906, 729 cm’. HRMS calcd for
C,,H,F;0S 247.0404 (M*); found 247.0415.

3-Difluoromethylene-1-tosylindoline (4-3a)

To a susupension of sodium hydride (NaH, 148 mg, 60 % dispersion in mineral oil, 3.70
mmol) in DMF (5 mL) was added 4-1a (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 MgSO,,.
After removal of the solvent under reduced pressure, the residue was purified by column
chromatography on sillica gel (hexane—AcOEt 10:1) to give 4-3a (767 mg, 84%) as a colorless
solid.

'H NMR (500 MHz, CDCl;) 6 2.37 (3H, s), 4.55 (2H, dd, Jyz =4.1,4.1 Hz),7.03 (1H,dd, J =
7.5,7.5 Hz), 7.22-7.27 (4H, m), 7.67-7.7.1 (3H, m). "C NMR (126 MHz, CDCl;) § 21.5,
492, Jer =4 Hz),88.2 (dd, Jog = 22,22 Hz), 114.8,1233 (d, Jog =2 Hz), 1234 (d, Jor =2
Hz), 124.2,127.2,1290, 1299, 1335, 142.7 (d, Jor = 5 Hz), 144.6, 149.8 (dd. Jor = 287, 287
Hz). "FNMR (471 MHz, CDCl;) & 74.9 (1F, dt, Jgr =43 Hz, Jiy =4 Hz), 77.8 (1F, dt, Jg =
43 Hz, J;y = 4 Hz). IR (ZnSe) 3504, 1760, 1597, 1475, 1464, 1362, 1269, 1169, 812, 752
cm”. Anal. Caled for C,H,sNF,0,S: C, 59.80; H, 4.08; N, 4.36%. Found: C, 59.96; H, 4.25;
N,4.18%.

3-Difluoromethylene-5-methyl-1-tosylindoline (4-3b)

Compound 4-3b was prepared by method described for 4-3a using 4-1b (169 mg, 0.47 mmol),
sodium hydride (NaH, 24.8 mg, 55 % dispersion in mineral oil, 0.57 mmol) in DMF (4 mL).
Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 4-3b (114 mg,
72%) as a colorless solid.

'H NMR (500 MHz, CDCl3) §2.28 (3H,s),2.36 (3H,s),4.52 (2H, dd, Jy = 4.3, 4.3 Hz), 7.04
(1H,d,J =82 Hz),7.06 (1H,s),7.23 (2H,d,J =83 Hz), 758 (1H,d, J = 8.2 Hz), 7.65 (2H,
d,J=8.3Hz). "CNMR (126 MHz, CDCl;) §20.9,21.5,49.4 (d, Jor = 3 Hz), 88.2 (dd, Jcr
= 22,22 Hz), 114.7,123.7 (d, Jog = 9 Hz), 1272, 129.7, 129.8, 133.5, 134 .0, 140.5, 1433,
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144.4,149.6 (dd. Jo = 288,288 Hz). '""F NMR (471 MHz, CDCl;) & 74.6 (1F, dt, J = 43
Hz, Jgy = 4 Hz), 77.5 (1F, dt, Jge = 43 Hz, Jgy = 4 Hz). IR (ZnSe) 2924, 2355, 2249, 1755,
1475, 1358, 1165, 912, 742 cm.  Anal. Calcd for C,;H,sNF,0,S: C, 60.88; H, 4.51; N,
4.18%. Found: C, 60.73; H,4.78; N,3.92%.

6-Chloro-3-Difluoromethylene-1-tosylindoline (4-3c)

Compound 4-3c was prepared by method described for 4-3a using 4-1c (150 mg, 0.40 mmol),
sodium hydride (NaH, 21 mg, 55 % dispersion in mineral oil, 0.48 mmol) in DMF (3 mL).
Purification by column chromatography on silica gel (hexane-AcOEt 5:1) gave 4-3c (76 mg,
54%) as a colorless solid.

'H NMR (500 MHz, CDCl;) §2.36 (3H,s),4.52 (2H, dd, Jyz = 4.3,4.3 Hz),7.04 (1H,d, J =
8.2 Hz), 7.06 (1H,s), 723 (2H,d,J =83 Hz), 7.58 (1H,d,J = 8.2 Hz), 7.65 (2H,d,J =83
Hz). "“C NMR (126 MHz, CDCl;) 6 21.6,49.6 (d, Jor = 3 Hz), 87.6 (dd, Jor = 27, 27 Hz),
1149, 1228 (dd, Jor = 4,4 Hz), 1239 (dd, Jor =9, 2 Hz), 124.2, 1272, 130.3, 133.3, 134 .8,
143.6 (d, Jop = 5 Hz), 144.9, 149.8 (dd. Jor = 289,289 Hz). '""F NMR (471 MHz, CDCl;) &
75.7 (1F, dt, Jgg =41 Hz, Jgy =4 Hz), 78.4 (1F, dt, Jgg =41 Hz, Jegy =4 Hz). IR (ZnSe) 3020,
1757, 1597, 1475, 1363, 1215, 1167, 966 cm™. HRMS Calcd for C,;H;,NCIF,0,S 356.0324
(M"); found 356.0332.

3-Difluoromethylene-1-(4-nitrobenzenesulfonyl)indoline (4-3e)

To a susupension of sodium hydride (NaH, 11 mg, 55 % dispersion in mineral oil, 0.26 mmol)
in DMF (3 mL) was added 4-1e (80 mg, 0.21 mmol) at O °C under an argon atmosphere. The
reaction mixture was stirred for 1 h at 120 °C, and then phosphate buffer (pH 7) was added to
quench the reaction. Organic materials were extracted with Et,0O (2 x 20 mL).  The
combined extracts were washed with brine and dried over MgSO,. After removal of the
solvent under reduced pressure, the residue was purified by column chromatography on sillica
gel (hexane—AcOEt 2:1) to give 4-3e (42 mg, 56%) as a yellow oil.

'H NMR (500 MHz, CDCl;) 6 4.60 (2H, dd, Jiz = 4.3, 4.3 Hz),7.10 (1H,dd, J = 7.6, 7.6 Hz),
728 (1H,dd,J=7.6,7.6 Hz),7.29 (1H,d,J=7.6 Hz),7.70 (1H,d,J=7.6 Hz), 799 (2H,d,J
=8.9 Hz),8.30 (2H,d,J =89 Hz). "C NMR (126 MHz, CDCl;) 6494 (d, Jor = 4 Hz), 87.7
(dd, Jor = 22,22 Hz), 114.7,123.6,123.7,124.5,125.1,128.3,129.3 (dd, Jog = 3,3 Hz), 141.6
(d, Jep = 6 Hz), 1420, 149.8 (dd, Jor = 289, 289 Hz), 150.6. '""F NMR (471 MHz, CDCl;) &
76.0 (1F, dt, Jgg =40 Hz, Jgy =4 Hz), 79.0 (1F, dt, Jge =40 Hz, Jgy =4 Hz). IR (ZnSe) 3104,
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1756, 1529, 1346, 1270, 1169, 1115, 913 cm”. HRMS Calcd for C,sH,,N,F,0,S 353.0408
(M™); found 353.0398.

3-Difluoromethylene-1-(2-nitrobenzenesulfonyl)indoline (4-3f)

Compound 4-3f was prepared by method described for 4-3e using 4-1f (73 mg, 0.20 mmol),
sodium hydride (NaH, 10 mg, 55 % dispersion in mineral oil, 0.24 mmol) in DMF (3 mL).
Purification by column chromatography on silica gel (hexane-AcOEt 2:1) gave 4-3f (34 mg,
50%) as a yellow oil.

'H NMR (500 MHz, CDCl;) 64.79 (2H, dd, Jyz = 4.4, 4.4 Hz),7.10 (1H,dd, J = 7.6, 7.6 Hz),
724 (1H,dd,J=7.6,7.6 Hz),7.37 (1H,d,J=7.6 Hz), 748 (1H,d,J =7.6 Hz), 7.63 (1H, ddd,
J=79,79,12Hz),7.67 (1H,dd,J=79,12 Hz),7.73 (1H,ddd,J=79,79, 1.2 Hz), 795
(1H,dd,J=79,12Hz). "“CNMR (126 MHz, CDCl;) §49.5 (d, Jor = 4 Hz), 87.9 (dd, Jor
=27,27 Hz), 114.3,123.6 (dd, Jor = 9, 2 Hz), 124.1 (dd, Jor = 6,4 Hz), 1245, 124.6, 129.0
(dd, Jor = 2,2 Hz), 130.1, 131.2, 131.8, 1344, 141.7 (d, Jog = 5 Hz), 148.4, 1499 (dd, Jor =
289,289 Hz). "FNMR (471 MHz, CDCl3) 8:75.5 (1F, dt, Jsz = 41 Hz, Jpy = 4 Hz), 78.8 (1F,
dt, Jgr = 41 Hz, Jgy = 4 Hz). IR (ZnSe) 2919, 1757, 1540, 1368, 1270, 1168, 1116 cm™.
HRMS Calcd for C;sH,,N,F,0,S 353.0408 (M"); found 353.0431.

3-Difluoromethylenedihydrobenzo[b]thiophene (4-4)

To a KO#-Bu (53 mg, 0.48 mmol) was added 4-2 (106 mg, 0.432 mmol) in THF (3 mL) at
0 °C under an argon atmosphere. The reaction mixture was heated under reflux for 2 h, and
then phosphate buffer (pH 7) was added to quench the reaction. Organic materials were
extracted with Et,O (10 mL x 3). The combined extracts were washed with brine and dried
over MgSO,. After removal of the solvent under reduced pressure, the residue was purified
by PTLC on sillica gel (hexane) to give 4-4 (52 mg, 65%) as a colorless liquid.

'H NMR (500 MHz, CDCly) 62.37 (3H, s), 404 (2H, dd, J;z = 4.1, 4.1 Hz), 7.06 (1H, ddd, J
=77,77,13Hz),7.13 (1H,ddd,J =7.7,7.7,13 Hz), 7.16 (1H,dd, J = 7.7, 1.3 Hz), 7.38
(1H,ddd,J =7.7,1.3 Hz). "“C NMR (126 MHz, CDCl;) 6 30.1 (d, Jos = 3 Hz), 94.2 (dd, Jr
=26,26 Hz),122.1,124.0 (dd, Jor = 2,2 Hz), 124.6,128.3, 131.5 (dd, Jor = 3,3 Hz), 142.7 (d,
Jer =5 Hz),152.0 (dd. Jor = 288,288 Hz). '""F NMR (471 MHz, CDCl;) & 75.6 (1F, dt, Ju =
40 Hz, Jgy = 5 Hz), 78.4 (1F, dt, Jgr = 40 Hz, Jgy = 5 Hz). IR (neat) 1732, 1464, 1446, 1327,
1252, 1217, 1105, 982 906 cm™. Anal. Calcd for C,H(F,S: C, 58.68; H, 3.28. Found: C,
58.46; H, 3.50.
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3-Trifluoromethyl-1-tosylindole (4-7)

To a solution of 4-3a (226 mg, 0.704 mmol) in CH,Cl, (3 mL) at — 10 °C was added Et;Ne3HF
(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,S,0; 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 Na,SO,. After removal of the solvent under reduced
pressure, the residue was purified by column chromatography on sillica gel (hexane—AcOEt
5:1) to give 4-7 (214 mg, 90%) as a colorless crystal.

'H NMR (500 MHz, CDCl;) §2.37 (3H,s),7.28 (2H,d,J=8.5Hz),7.33 (1H,dd,J=7.7,7.7
Hz),740 (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=14Hz),799 (1H,d,J=7.7 Hz).

C NMR (126 MHz, CDCl;) 6 21.6, 112.9 (q, Jor = 37 Hz), 113.6, 120.1, 122.8 (q, Jor = 266
Hz), 124.2, 1256, 125.8, 126.1 (q, Jor = 6 Hz) 127.1, 130.2, 134.6, 134.7,1459. "F NMR
(471 MHz, CDCl;) & 102.3 (3F, s). IR (ZnSe) 3124, 3064, 2978, 1595, 1448, 1387, 1176,
1147,1030,912 cm™. HRMS Calcd for C;¢H;,NF;0,S 340.0620 (M*); found 340.0617.

3-Bromodifluoromethyl-1-tosylindole (4-8)

To a solution of 4-3a (75 mg, 0.23 mmol) in CCl, (3 mL) at 25 °C was added Br, (52 mg, 0.32
mmol) in CCl, (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. Na,S,0;
and brine, and dried over Na,SO,. After removal of the solvent under reduced pressure, the
residue was purified by column chromatography on Florisil (hexane—AcOEt 5:1) to give 4-8
(89 mg, 96%) as a colorless crystal.

'H NMR (500 MHz, CDCl;) §3.04 (3H,s),7.29 (2H,d,J =8.6 Hz),7.35 (1H,dd,/=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,
$),797 (1H,d,J=7.6 Hz). "C NMR (126 MHz, CDCl;) 6 21.6, 113.5, 114.3 (t, Jo = 297
Hz), 120.1 (t, Jor = 28 Hz), 120.6, 124.1, 1242 (t, Jog = 7 Hz), 1252 (t, Jor = 3 Hz), 125 .8,
127.1,130.2,134.5,134.8,145.8. '""F NMR (471 MHz, CDCl;) & 121.9 (2F,s). IR (ZnSe)
3149, 3018, 2924, 1562, 1448, 1379, 1190, 958 cm™.  Anal. Calcd for C,(H;,NBrF,0,S: C,
48.01; H,3.02; N, 3.50. Found: C, 48.18; H, 3.18; N, 3.27.
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3-Difluoromethyl-1-tosylindole (4-6)

To a solution of Nal (54 mg, 0.36 mmol) in CH;CN (2 mL) at 25 °C was added Me;SiCl (39
mg, 0.36 mmol), water (3.2 mg, 0.18 mmol), and then 4-3 (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. Na,S,0;and brine, and dried over Na,SO,. After
removal of the solvent under reduced pressure, the residue was purified by column
chromatography on sillica gel (hexane—AcOEt 10:1) to give 4-6 (69 mg, 96%) as a colorless
crystal.

'H NMR (500 MHz, CDCl;) 6§ 2.36 (3H, s), 6.86 (1H, t, Jyz = 55.6 Hz), 7.26 2H, d,J = 8.4
Hz), 7.30 (1H,dd,J =74,74 Hz), 738 (1H,dd,J =74,74 Hz), 7.68 (1H,d, J = 7.4 Hz),
7.78 (1H, t, Jyr = 2.4 Hz), 7.80 (2H,d,J = 8.4 Hz),7.98 (1H,d,J =74 Hz). "“C NMR (126
MHz, CDCl;) 6 21.6, 111.8 (t, Jor = 235 Hz), 113.7, 116.6 (t, Jog = 26 Hz), 1204, 123.9,
125.5 (t, Jop = 10 Hz), 125.6, 126.6, 127.0, 130.1, 134.8, 1350, 145.6. '""F NMR (471 MHz,
CDCl;) & 50.6 (2F, dd, Jgy = 56, 2 Hz). IR (ZnSe) 3114, 3022, 2968, 1595, 1568, 1446,
1373, 1174,968 cm™.  Anal. Calcd for C,;H;;NF,0,S; C, 59.80: H, 4.08; N, 4.36. Found: C,
59.83; H,4.18; N, 4.14.

3-Trifluoromethyl-1-tosylindoline (4-9a)

To a solution of 4-1a (97 mg, 0.28 mmol) in DMF (3 mL) was added DBU (0.015 mL, 0.097
mmol) at room temperature under argon. After the mixture was warmed to 120 °C and
stirred for 1 h, and then phosphate buffer (pH 7) was added to quench the reaction. Organic
materials were extracted with Et,O (10 mL x 3). The combined extracts were washed with
brine and dried over MgSO,. After removal of the solvent unedr reduced pressure, the
residue was purified by PTLC on silica gel (hexane—AcOEt 5:1) to give 4-9a (90 mg, 81%) as
a colorless solid.

'H NMR (500 MHz, CDCl;) 62.37 (3H,s), 3.82-3.90 (1H, m), 4.05 (1H,dd, J = 11.8,5.6 Hz),
4.11 (1H,dd,J=11.8,10.3 Hz),7.05 (1H,dd,J =7.8,7.8 Hz),7.24 (2H,d, J = 8.2 Hz),7.25
(1H,d,J =78 Hz),7.34 (1H,dd,J=7.8,7.8 Hz), 7.68 (2H,d, J =82 Hz),7.70 (1H,d, J =
7.8 Hz). "“C NMR (126 MHz, CDCl;) 6 21.5, 44.3 (q, Jor = 30 Hz), 49.2 (q, Jor = 3 Hz),
1149, 1240, 1243, 1253 (q, Jcr = 279 Hz), 126.1, 1272, 129.8, 130.2, 133.5, 142.9, 144.6.
"F NMR (471 MHz, CDCl;) 6:89.5 (3F, d, Js; =9 Hz). IR (ZnSe) 2924, 1597, 1481, 1462,
1360, 1273, 1167, 1124, 1090, 814, 756, 660 cm™.  Anal. Calcd for C,¢H,,NF;0,S: C, 56.30;
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H,4.13; N,4.10%. Found: C, 56.42; H,4.23; N,4.09%.

5-Methyl-3-trifluoromethyl-1-tosylindoline (4-9b)

Compound 4-9b was prepared by method described for 4-9a using 4-1b (169 mg, 0.47 mmol),
DBU (0.016 mL, 0.11 mmol) in DMF (3 mL). Purification by PTLC on silica gel
(hexane-AcOEt 5:1) gave 4-9b (86 mg, 69%) as a colorless solid.

'H NMR (500 MHz, CDCl;) 6 2.30 (3H,s),2.37 (3H, s),3.77-3.82 (1H, m),4.02 (1H, dd, J =
11.5,5.6 Hz),4.07 (1H,dd,J= 115,115 Hz),7.05 (1H,s),7.14 (1H,d,J=8.3 Hz), 7.23 (2H,
d,J =80 Hz), 759 (1H, d, J = 8.3 Hz), 7.66 (2H, d, J = 8.0 Hz). "“C NMR (126 MHz,
CDCl;) 620.6,21.5,44.4 (q, Jor =30 Hz),494 (q, Jor = 3 Hz), 1149, 1245 (q, Jor = 2 Hz),
1254 (q, Jcr =279 Hz), 126.5,127.3,129.8, 130.8, 133.4,133.9, 140.6, 144 4.

"FNMR (471 MHz, CDCl;) 6:90.1 3F, d, Jm; = 9 Hz).

IR (ZnSe) 2924, 2362, 1599, 1489, 1358, 1217, 1167, 912,771, 748 cm™. HRMS Calcd for
C;H(NF;0,S 356.0932 (M"); found 356.0947.

5-Chloro-3-trifluoromethyl-1-tosylindoline (4-9¢)

Compound 4-9¢ was prepared by method described for 4-9a using 4-1¢ (109 mg, 0.291 mmol),
DBU (0013 mL, 0.087 mmol) in DMF (3 mL). Purification by PTLC on silica gel
(hexane-AcOEt 5:1) gave 3d (78 mg, 71%) as a colorless solid.

'H NMR (500 MHz, CDCl;) 62.40 (3H,s),3.18-3.87 (1H, m), 4.06 (1H,dd, J = 11.1,5.1 Hz),
412 (1H,dd,J=11.1,9.8 Hz),7.02 (1H,dd,J =7.7,19 Hz), 7.16 (1H,d, J = 7.7 Hz), 7.29
(2H,d,J =7.6 Hz),7.69 (2H,d,J = 7.6 Hz), 7.70 (1H,d, J = 1.9 Hz). "C NMR (126 MHz,
CDCl;) 6 21.6,43.8 (q, Jog = 30 Hz),49.6 (q, Jog = 3 Hz), 115.1, 124.1, 125.0 (q, Jor = 279
Hz), 1269, 127.2, 1300, 133.2, 136.3, 144.0, 1449, 149.8. ""F NMR (471 MHz, CDCl;) ;
89.5 (3F, d, Jgy =9 Hz).

IR (ZnSe) 2920, 1601, 1481, 1358, 1267, 1161, 1117, 1090, 1074 cm™.

HRMS Calcd for C,¢H,3NCIF;0,S 376.0386 (M"); found 376.0381.

5,7-Difluoro-3-trifluoromethyl-1-tosylindoline (4-9d)

Compound 4-9dc was prepared by method described for 4-9a using 4-1d (107 mg, 0.284
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(3 mL). Purification by PTLC on silica gel (hexane-AcOEt 5:1) gave 4-9d (70 mg, 65%) as
a colorless solid.

'H NMR (500 MHz, CDCl;) 62.43 (3H,5),3.66-3.71 (1H, m), 4.17 (1H,dd,J = 12.7, 8.3 Hz),
438 (1H,dd, J =12.7,9.0 Hz), 6.84-6.89 (2H, m), 7.30 (2H,d,J =8.3 Hz),7.67 2H,d,J =
8.3 Hz). "F NMR (471 MHz, CDCl;) & 48.0 (1F, dd, Juy = 10 Hz, J& = 10 Hz), 49.7 (1F,
ddd, Jgy = 10, 10 Hz, Ji = 10 Hz), 96.1 (3F, d, Jgy = 8 Hz). IR (ZnSe) 3020, 1612, 1487,
1348,1217, 1163, 1130, 1090 cm™.

HRMS Calcd for C,¢H,,NF;0,S 378.0587 (M"); found 378.0604.

3-Trifluoromethyl-1-(2-nitrobenzenesulfonyl)indoline (4-9f)

'H NMR (500 MHz, CDCl;) § 4.00-4.05 (1H, m), 434 (2H, d, J = 7.8 Hz), 7.12 (1H, dd, J =
7.6,7.6 Hz),7.35 (1H,d,J=7.6 Hz),7.37 (1H,dd,J=7.6,7.6 Hz),7.55 (1H,dd,J=8.0,1.3
Hz),7.62 (1H,ddd,J=8.0,8.0,1.3 Hz),7.64 (1H,d,J=7.6 Hz),7.72 (1H,ddd, J =8.0,8 0,
1.3 Hz),7.95(1H,dd,J =8.0,13 Hz). ""C NMR (126 MHz, CDCl,) 6 44.4 (q, Jor = 30 Hz),
494 (d,Jep=3Hz),114.7,124.1,124.5 (q, Jor, = 2 Hz), 124.6, 1253 (q, Jor = 279 Hz), 126 4,
130.1,130.3,131.0, 131.8, 134.4, 1420, 148.3. ""F NMR (471 MHz, CDCl,) 6:89.9 (3F, d,
Jmm = 9 Hz). IR (ZnSe) 1542, 1481, 1358, 1166, 1121, 913, 730 cm”. HRMS Calcd for
C,sH,;N,F;0,S 373.0470 (M"); found 373.0454.

3-Trifluoromethyldihydrobenzo[b]thiophene (4-10)

To a solution of 4-2 (97 mg, 0.28 mmol) in MeOH (3 mL) was added K,CO; (52 mg, 0.376
mmol) at room temperature under argon. After the mixture was heated under reflux for 1 h,
and then phosphate buffer (pH 7) was added to quench the reaction. Organic materials were
extracted with Et,0O (10 mL x 3). The combined extracts were washed with brine and dried
over MgSO,. After removal of the solvent unedr reduced pressure, the residue was purified
by PTLC on silica gel (hexane) to give 4-10 (49 mg, 70%) as a colorless liquid.

'H NMR (500 MHz, CDCl;) §2.40 (3H, s),3.49 (1H,dd,J = 12.0, 6.6 Hz), 3.59 (1H, dd, J =
12.0,9.0 Hz), 4.12-4.20 (1H, m), 7.08 (1H,dd, J =7.6,7.6 Hz), 7.21-7.25 (2H, m), 7.34 (1H,
d,J=7.6Hz). "C NMR (126 MHz, CDCl;) 6 31.4 (q, Jor = 3 Hz), 51.5 (q, Jor = 28 Hz),
122.5, 124.6, 126.0, 1262 (q, Jor = 280 Hz), 129.5, 132.6, 142.7. ""F NMR (471 MHz,
CDCl,) 6:91.2 3F, d, Jgy =9 Hz).

IR (ZnSe) 3018, 1587, 1466, 1445, 1350, 1265, 1215, 1159, 1107 cm. HRMS Calcd for
C,H,F;S 205.0299 (M"); found 205.0295.
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N-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-N-t-butoxylcarbonyl-p-toluenesulfonamide
(4-15a)

To a solution of 1-phenyl-3-trifluoromethyl-but-3-en-1-ol 4-14a (512 mg, 2.37 mmol), PPh;
(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 4-15a (1.12 g, 95%) as a colorless oil.

'H NMR (500 MHz, CDCl;) 6 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=8.1Hz),731 (1H,dd,/J=74,74 Hz),735 (2H,dd,J=74,74 Hz),745 (2H,d, J =
74 Hz),7.53 (2H,d,J =8.1 Hz). "“C NMR (126 MHz, CDCl;) §21.5,27.7,31.9,58.9, 84.6,
121.5 (q, Jer = 6 Hz), 123.6 (q, Jor = 272 Hz), 127.8,128.1, 128.3, 1284, 1289, 134.7 (q, Jcr
= 30 Hz), 138.6, 144.1, 150.8, 171.1. "F NMR (471 MHz, CDCl;) & 93.3 (3F, s). IR
(neat) 3018, 2981, 2933, 1728, 1599, 1354, 1169, 1151, 1122 ¢cm”. Anal. Calcd for
CpHxNF;0,S; 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 (4-16a)

To a solution of
N-(1-phenyl-3-trifluoromethyl-but-3-enyl)-N-z-butoxylcarbonyl-p-toluenesulfonamide  4-15a
(934 mg, 1.99 mmol) in CH,Cl, (15 mL) at 25 °C was added CF;CO,H (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,CO; (20 mL) and organic material were extracted with CH,Cl, (3 x 15
ml). The combined extracts were washed with brine, and dried over Na,SO,. After removal
of the solvent under reduced pressure, the residue was purified by column chromatography on
sillica gel (hexane—AcOEt 2:1) to give 4-16a (688 mg, 94%) as a colorless crystal.

'H NMR (500 MHz, CDCl;) §2.37 (3H, s),2.58 (1H, dd,J =15.3,7.2 Hz),2.71 (1H,dd, J =
153,78 Hz), 449 (1H,ddd, J =7.8,7.3,72 Hz),491 (1H, br s), 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 (3H, m), 7.54 (2H,d,J =82 Hz). "“C
NMR (126 MHz, CDCl;) 6 21.4,37.6,56.5,121.9 (q, Jer = 5 Hz), 123.3 (q, Jor = 272 Hz),
126.6,127.1,127.8,128.6,129.3,133.4 (q, Jor = 30 Hz), 137.2,139.5,143.2. "FNMR (471
MHz, CDCls) 6 934 (3F, s). IR (ZnSe) 3269, 3064, 3030, 2927, 1456, 1325, 1159, 1120,
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912 cm™. Anal. Caled for C,iH,{NF;0,S; C, 58.52; H, 491; N, 3.79. Found: C, 58.56; H,
5.08; N, 3.80.

N-[1-(p-Bromophenyl)-3-trifluoromethyl-but-3-enyl]-p-toluenesulfonamide (4-16b)

'H NMR (500 MHz, CDCl,) 62.39 (3H,s),2.49 (1H,dd,J = 152,72 Hz),2.64 (1H,dd, J =
15.2,8.0 Hz),4.46 (1H, ddd,J=8.0,7.6,7.2 Hz), 521 (1H, s),5.61 (1H, s), 591 (1H, br s),
690 2H,d,J=84Hz),7.12 (2H,d,J =8.1 Hz),7.25 (2H,d,J = 8.1 Hz),7.50 (2H,d, J =84
Hz). ""C NMR (126 MHz, CDCl,) 6 214,374,559, 121.6,122.3 (q, Jos = 6 Hz), 1232 (q,
Jor = 272 Hz), 127.0, 128.4, 1294, 131.5, 133.0 (q, Jor = 30 Hz), 136.9, 1384, 143.6. “F
NMR (471 MHz, CDCl3) 8: 93.5 (3F, s). IR (ZnSe) 3263, 3061, 3030, 2924, 2872, 1489,
1321, 1155, 1117,953 cm™.  Anal. Calcd for C;sH;;NBrF;0,S; 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-Styryl-3-trifluoromethyl-but-3-enyl)-p-toluenesulfonamide (4-16¢)

'H NMR (500 MHz, CDCl;) 6229 (3H,s),2.44 (1H,dd,J=152,7.4 Hz),2.53 (1H,dd, J =
152,74 Hz),4.16 (1H,dddd,J=74,74,74,74 Hz),452 (1H,d,J =74 Hz),5.44 (1H,s),
5.74 (1H,s),5.76 (1H,dd, J = 160,7.4 Hz), 6.25 (1H,d,J =160 Hz), 7.12 2H,d,J =74
Hz),7.20-7.27 (5H, m),7.71 (2H,d,J =8.3 Hz). '"“C NMR (126 MHz, CDCl,) 6 21.4,36.2,
54.5,122.0 (q, Jor = 6 Hz), 1233 (q, Jor = 272 Hz), 1264, 127.1, 127.3, 1279, 1284, 129 .6,
132.6,133.4 (q, Jor = 30 Hz), 135.8,137.6, 143.5. ""F NMR (471 MHz, CDCl;) & 93.4 (3F,
s). IR (ZnSe) 3261, 1599, 1495, 1323, 1215, 1157, 1119, 966 cm™'. Anal. Calcd for
C,,H,NF;0,S; C, 60.75; H, 5.10; N, 3.54. Found: C, 60.54; H,5.03; N, 3.48.

N-[1-(2-Furyl)-3-trifluoromethyl-but-3-enyl]-p-toluenesulfonamide (4-16d)

'H NMR (500 MHz, CDCl,) 62.38 (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), 524 (1H, s),5.32 (1H, d, J = 8.6 Hz), 5.64
(1H,s),592 (1H,d,J =32 Hz),6.10 (1H,dd,J =32, 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). "C NMR (126 MHz, CDCl;) § 214,
35.0, 50.2,107.8,110.3,121.9 (q, Jog = 6 Hz), 1233 (q, Jor = 272 Hz), 127.0, 1294, 132.1 (q,
Jor = 30 Hz), 137.3,142.1, 143.3, 151.2. ""F NMR (471 MHz, CDCl;) 6: 93.4 (3F,s). IR
(ZnSe) 3269, 1599, 1326, 1157, 1114, 1011, 949 cm”'. HRMS Calcd for C;¢H;,NF;0,S
360.0882 (M™); found 360.0878.
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N-(1-n-Hexyl-3-trifluoromethyl-but-3-enyl)-p-toluenesulfonamide (4-16e)

'H NMR (500 MHz, CDCl,) §0.84 (3H,t,J = 7.1 Hz), 1.02-1.32 (9H, m), 1.45 (1H, m), 2.26
(1H,dd, J = 149,73 Hz),2.37 (1H,dd, J = 149, 6.6 Hz), 2.42 (3H, s), 3.40 (1H, m), 4.29
(1H, brs), 532 (1H, s), 5.66 (1H, s), 7.29 (2H, d, J = 8.3 Hz), 7.74 (2H, d, J =8.3 Hz). "C
NMR (126 MHz, CDCl;) 6 14.0,21.4,22.4,249,28.7,31.5,34.3,36.0,524,1213 (q, Jor =
6 Hz), 123.2 (q, Jor = 272 Hz), 127.0, 129.5, 1343 (q, Jor = 29 Hz), 1379, 143.3. ""F NMR
(471 MHz, CDCly) 6 93.6 (3F, s). IR (neat) 3276, 3020, 2956, 2929, 2860, 1217, 1159,
1120 cm™. Anal. Calcd for C,;H,,NF;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.

Thioacetic acid S-(1-phenyl-3-trifluoromethyl-but-3-enyl) ester (4-17a)

'H NMR (500 MHz, CDCl,) 62.30 (3H,s),2.82 (1H,dd,J=15.8,8.7 Hz),2.87 (1H,dd, J =
158,72 Hz),4.81 (1H, dd, J = 8.7, 7.2 Hz), 521 (1H, s), 5.66 (1H, s), 7.23-7.33 (5H, m).
C NMR (126 MHz, CDCl;) §30.3,35.7,45.8,1209 (q, Jor = 6 Hz), 123.4 (q, Jor = 272 Hz),
127.7,127.7, 128.7, 134.6 (q, Jor = 30 Hz), 140.0, 1940. "F NMR (471 MHz, CDCl;) &
93.4 (3F, s). IR (neat) 3064, 3032, 2929, 1693, 1217, 1169, 1124 cm™. Anal. Calcd for
C3H53F;0S; C, 56.92; H, 4.78. Found: C, 56.89; H, 4.90.

Thioacetic acid S-(1-n-hexyl-3-trifluoromethyl-but-3-enyl) ester (4-17b)

'H NMR (270 MHz, CDCl,) 6§ 0.87 (3H, t,J = 6.5 Hz), 1.27-1.75 (10H, m), 2.32 (3H, 5), 2.47
(2H,d,J =7.6 Hz),3.70 (1H, m), 541 (1H,s),5.78 (1H,s). '""FNMR (471 MHz, CDCl;) &
933 (3F,s). IR (neat) 2929, 2858, 1685, 1458,1217, 1171, 1122,908, 733 cm.

2-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-malonic acid diethyl ester (4-19a)

'H NMR (500 MHz, CDCl,) §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,) § 13.6,13.9,33.8,43.7,584,61.3,61.7,
120.8 (q, Jor = 6 Hz), 123.5 (q, Jor = 272 Hz), 127.2, 128.3, 128.5, 134.8 (q, Jor = 30 Hz),
139.0, 1674, 1679. "F NMR (471 MHz, CDCl;) &: 93.5 (3F, s). IR (neat) 3032, 2983,
2939,2906, 1749, 1732, 1369, 1219, 1167, 1122 cm™.  Anal. Calcd for C,4H,,F;0,; C, 60.33;
H,591. Found: C, 60.26; H,6.01.
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2-(1-Phenyl-3-trifluoromethyl-but-3-enyl)-malononitrile (4-19b)

'H NMR (500 MHz, CDCl;) 291 (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), 535 (1H, s), 5.79 (1H, s, 7.35-7.45 (5H, m). "“C
NMR (126 MHz, CDCl;) 629.3,32.8,442,111.2,111.3,123.0 (q,Jer = 6 Hz), 123.1 (q, Jor =
272 Hz), 127.9,128.6, 1294, 1334 (q, Jor = 30 Hz), 135.1.  ""F NMR (471 MHz, CDCl,) &
94.1 (3F, s). IR (neat) 3070, 3035, 2908, 2260, 2192, 1456, 1348, 1169, 1120, 956 cm.
Anal. Calcd for C,,H;N,F;; C, 63.63; H, 4.20; N, 10.60. Found: C, 63.38; H,4.33; N, 10.33.

4-Difluoromethylene-2-phenyl-1-tosylpyrrolidine (4-20a)

To a solution of 4-16a (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 Na,SO,. After removal of the solvent under
reduced pressure, the residue was purified by column chromatography on silica gel
(hexane—AcOEt 5:1) to give 4-20a (564 mg, 91%) as a colorless crystal.

'H NMR (500 MHz, CDCl;) §2.42 (3H,s),2.54 (1H, br d, J = 15.0 Hz), 2.70 (1H, m), 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 (7H, m), 7.57 (2H, d, J = 8.3 Hz). "“C NMR (126 MHz, CDCl,) 6 21.5,33.9,47.0 (d,
Jer =4 Hz), 632,854 (dd, Jor = 25,22 Hz), 126.2, 1274, 127.7, 128.5, 129.6, 134.8, 140 .8,
143.7,149.8 (dd, Jor = 283,283 Hz). '""F NMR (471 MHz, CDCl;) & 72.0 (1F, ddd, Jg = 54
Hz,Jry =3,3 Hz),74.5 (1F, d, Jiz = 54 Hz). IR (ZnSe) 3064, 3032,2927, 2866, 1782, 1350,
1273, 1219, 1161, 1093, 1058 cm™. Anal. Calcd for C;3H;,NF,0,S; 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 (4-20b)

Compound 4-20b was prepared by the method described for 4-20a using 4-16b (134 mg, 0.30
mmol), NaH (16 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 4-20b
(101 mg, 79%) as a colorless crystal.

'H NMR (500 MHz, CDCl;) 6 2.43 (3H,s),2.49 (1H, br d, J = 15.0 Hz), 2.70 (1H, m), 4.13
(1H,brd,J =150 Hz),4.16 (1H,brd,J =150 Hz),4.86 (1H,dm,J =79 Hz),7.11 (2H,d, J

165



(RO FWE)

=84 Hz),7.26 (2H,d,J = 7.8 Hz), 740 (2H,d, J = 8.4 Hz), 757 2H,d,J =78 Hz). "C
NMR (126 MHz, CDCl,) §21.5,33.9,47.0 (d, Jor = 4 Hz), 62.6, 85.1 (dd, J = 26, 24 Hz),
121.6, 127.3, 128.0, 129.7, 1316, 134.6, 139.9, 143.9, 149.9 (dd, Jo = 285, 285 Hz). “F
NMR (471 MHz, CDCL,) & 724 (1F, ddd, Jy = 53 Hz, Ju, = 3,3 Hz), 74.9 (1F, d, Ji = 53
Hz). IR (ZnSe) 3026, 1782, 1489, 1350, 1275, 1219, 1163, 914 cm'. Anal. Calcd for
C,:H,,NBrF,0,S: 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-styryl-1-tosylpyrrolidine (4-20c¢)

Compound 4-20c  was prepared by the method described for 4-20a using
N-[1-styryl-3-trifluoromethyl-3-butenyl]-p-tolueneslfonamide 4-16¢ (109mg, 0.28 mmol),
NaH (14 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 4-20c (75 mg,
74%) as a colorless crystal.

'H NMR (500 MHz, CDCl;) 6 2.40 (3H, s), 241 (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), 593 (1H,dd,J=158,74
Hz), 6.52 (1H, d, J = 15.8 Hz), 7.24-7.32 (7H, m), 7.69 (2H,d,J = 8.3 Hz). "’C NMR (126
MHz, CDCl;) 621.5,32.2,46.4 (d, Jor =4 Hz), 62.1, 85.1 (dd, Jor = 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) & 71.8 (1F, ddd, Jg: = 55 Hz, Jgy = 3,3 Hz), 74.5 (1F, d, Jge = 55
Hz).

4-Difluoromethylene-2-(2-furyl)-1-tosylpyrrolidine (4-20d)

Compound 4-20d was prepared by the method described for 4-20a using
N-[1-(2-furyl)-3-trifluoromethyl-3-butenyl]-p-tolueneslfonamide 4-16d (82 mg, 0.23 mmol),
NaH (12 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 4-20d (61 mg,
78%) as a colorless crystal.

'H NMR (500 MHz, CDCl;) § 2.40 (3H, s), 2.64-2.68 (2H, m), 3.99 (1H, dm, J = 13.4 Hz),
418 (1H,dm, J = 134 Hz), 509 (1H, ddd, J = 6.3,4.1, 19 Hz),6.24 (1H, br d, J =3.3 Hz),
6.25 (1H,dd,J=3.3,19 Hz),7.18(1H, m), 7.23 (2H, d,J = 8.3 Hz), 7.54 (2H, d, J = 8.3 Hz).
"C NMR (126 MHz, CDCl,) 6 21.5,30.9 (dd, Jor = 2,2 Hz), 46.2 (dd, Jor = 4, 1 Hz), 55.6,
85.6 (dd, Jo = 26, 23 Hz), 107.6, 110.1, 127.2, 129.6, 134.8, 142.3, 143.5, 1499 (dd, Jr =
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282,282 Hz), 152,6. '""F NMR (471 MHz, CDCl,) & 71.8 (1F, ddd, Ji = 55, Jiy = 3, 3 Hz),
744 (1F, d, Jg= =55 Hz). IR (ZnSe) 3120, 3028, 2924, 2868, 1784, 1599, 1350, 1275, 1163,
1093 cm™. Anal. Calcd for C,(H,sNF,0,S; 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-hexyl-1-tosylpyrrolidine (4-20e)

Compound 4-20e was prepared by the method described for 4-20a using
N-(1-hexyl-3-trifluoromethyl-3-butenyl)-p-tolueneslfonamide 4-16e (82 mg, 0.22 mmol), NaH
(10 mg, 0.26 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 4-20e (64 mg,
82%) as a colorless oil.

'H NMR (500 MHz, CDCl;) §0.89 (3H, t,J = 6.5 Hz), 1.21-1.46 (10H, m), 2.06-2.16 (2H, m),
243 (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 =84 Hz),7.70 (2H, d, J = 8.4 Hz). "“C NMR (126 MHz, CDCl,) § 14.1, 21.5, 22.6,
25.7,29.0,30.2,31.7,354,46.2 (d, Joe =3 Hz),60.7, 859 (dd, Jor = 25, 22 Hz), 127.3,129 8,
135.1,143.7, 149.9 (dd, Jor = 282, 282 Hz). "F NMR (471 MHz, CDCl,) & 71.4 (1F, ddd,
Jeg =56, Jgr = 3,3 Hz), 742 (1F, d, Jgz = 56 Hz). IR (neat) 3026, 2956, 2927, 2858, 1782,
1348, 1217, 1163, 912 cm™. Anal. Calcd for C,sH,sNF,0,S; C, 60.48; H, 7.05; N, 3.92.
Found: C, 60.50; H, 7.10; N, 3.63.

4-Difluoromethylene-2-phenyl-tetrahydrothiophene (4-23a)

4-17a (80 mg, 0.29 mmol) in DMF (3 mL) at 0 °C was added NaOMe (19 mg, 0.36 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 Na,SO,.
After removal of the solvent under reduced pressure, the residue was purified by column
chromatography on silica gel (hexane—AcOEt 5:1) to give 4-23a (52 mg, 82%) as a colorless
oil.

'H NMR (500 MHz, CDCl3) 6 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),
733 (2H,t,J =7.3 Hz),7.38 (2H,d,J =73 Hz). "“C NMR (126 MHz, CDCl;) 630.2 (d, Jcr
=2 Hz),38.5 (d,Jog =2 Hz),51.8,90.0 (dd, Jor = 22,22 Hz), 127.3,127.6, 128.6, 140.6, 150.3
(dd, Jop = 284,284 Hz). '""F NMR (471 MHz, CDCl;) 8:71.7 (1F, ddd, Jss = 54 Hz, Jgy = 3,
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3 Hz),72.6 (1F, dd, Jy = 54 Hz, Ju, = 4 Hz). IR (neat) 3064, 3030, 2912, 1765, 1267, 1219,
1049 cm™. HRMS Caled for C,,H,,F,S 213.0550 (M*); found 213.0564.

4-Difluoromethylene-2-hexyl-tetrahydrothiophene (4-23b)

Compound 4-23b was prepared by the method described for 4-23a using 4-17b (80 mg, 0.28
mmol), NaOMe (20 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 4-23b (47 mg, 75%) as a
colorless oil.

'H NMR (500 MHz, CDCIl;) 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), 345 (1H, dm, J = 12.9 Hz),
348 (1H,dm,J =129 Hz). "“C NMR (126 MHz, CDCl;) 6 14.0,22.6,28.6,28.8 (d,Jop = 1
Hz),29.1,31.7,36.1,36 4 (dd, Jog = 2,2 Hz),48.8,89.8 (dd, Jog = 21,21 Hz), 150.4 (dd, Jor =
283,283 Hz). "FNMR (471 MHz, CDCl;) & 70.6 (1F, dm, Jg= = 56 Hz),72.2 (1F, d, Js
=56 Hz). IR (neat) 2956, 2926, 2854, 1765, 1267, 1201, 1047,912 cm™. Anal. Calcd for
C, H,/F,S; C,5997; H, 8.23. Found: C,59.84; H, 8.21.

4-Difluoromethylene-2-phenyl-cyclopentane-1,1-dicarboxylic acid diethyl ester (4-24a)

To a solution of 2-(1-phenyl-3-trifluoromethyl-but-3-enyl)-malonic acid diethyl ester 4-19a
(83 mg, 0.23 mmol) in DMF (3 mL) at 0 °C was added KH (50 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 Na,SO,. After removal of the solvent under reduced pressure, the
residue was purified by column chromatography on silica gel (hexane—AcOEt 5:1) to give
4-24a (60 mg, 77%) as a colorless oil.

'H NMR (500 MHz, CDCls) 60.94 (3H,t,J = 7.1Hz), 1.25 (3H,t,J = 7.1 Hz),2.71 (1H, dm,
J=164Hz),2.82 (1H,dm,J =16.8 Hz),2.95 (1H, m), 334 (1H,dm,J = 16.8 Hz), 3.71 (1H,
dq,/=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), 426 (1H, dq, J = 10.7, 7.1 Hz), 7.19-728 (5H, m). "*C NMR (126
MHz, CDCl;) 613.5,13.9,31.7,33.2,49.6,61.2,61.7,65.1,87.1 (dd, Jor = 23,22 Hz), 127 .3,
128.1, 128.2, 1139.8, 150.4 (dd, Jor = 281, 281 Hz), 1689, 171.0. "F NMR (471 MHz,
CDCly) 6:71.7 (1F, dm, Jgz = 58 Hz), 71.9 (1F, dm, Jg = 58 Hz). 1R (neat) 3032, 2983, 1772,
1730, 1558, 1367, 1269, 1221, 1036 cm™”. Anal. Calcd for C,sH,,F,0,; C, 63.90; H, 5.96.
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Found: C, 63.74; H, 5.89.

4-Difluoromethylene-2-phenyl-cyclopentane-1,1-dicarbonitrile (4-24b)

To a solution of 2-(1-phenyl-3-trifluoromethyl-but-3-enyl)-malononitrile 4-19b (54 mg, 0.21
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 O °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 Na,SO,. After removal of the solvent under reduced pressure, the residue was
purified by column chromatography on silica gel (hexane—AcOEt 5:1) to give 4-24b (31 mg,
61%) as a colorless oil.

'H NMR (500 MHz, CDCl;) §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 = 11.3,7.5 Hz),
7.42-7.48 (5H,m). "C NMR (126 MHz, CDCl;) 628.4,38.4 (d,Jcr =3 Hz),41.5,54.4,83.3
(dd, Jog = 27,23 Hz), 1134, 114.6, 128.0, 129.2, 129.6, 133.0, 151.5 (dd, Jr = 285, 285 Hz).
"F NMR (471 MHz, CDCl;) 6:76.0 (1F, dm, Ji = 49 Hz), 76.3 (1F, dm, Jiz = 49 Hz). IR
(neat) 3033, 2935, 2360, 2332, 1772, 1498, 1271, 1078 cm™.  Anal. Calcd for C;,H,,N,F,; C,
68.85; H,4.13; N, 11.47. Found: C, 68.83; H,4.21; N, 11.37.

4-Trifluoromethyl-2-phenyl-1-tosylpyrrolidine (4-25a)

4-16a (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 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 Na,SO,. After removal of the solvent under reduced pressure, the residue was
purified by column chromatography on silica gel (hexane—AcOEt 5:1) to give 4-25a (anti:syn
=92:8 mixture , 124 mg, 85%) as a colorless crystal.

'H NMR (500 MHz, CDCl,) anti 62.05 (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=54,54
Hz), 723-748 (7TH, m), 7.67 2H, d, J = 8.2 Hz). syn 8 242 (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 =93, 7.3 Hz), 7.23-7.48 (7H, m), 7.54 (2H, d, J = 8.2 Hz). "“C NMR (126 MHz,
CDCl,) anti 6 21.6,34.8,409 (q, Jer = 29 Hz), 47.7, 62.6, 1259, 126.1 (q, Jog = 275 Hz),
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127.5,127.7, 128.6, 129.7, 1342, 141.1, 1439. '""F NMR (471 MHz, CDCL,) anti & 91.1
(F, d, Juy = 8 Hz,)). syn & 91.3 (3F, d, Juy = 8 Hz). IR (ZnSe) 3030, 2983, 2881, 1452,
1400, 1348, 1157, 1120 cm™. Anal. Calcd for C,4H,{NF,0,S: C, 58.52; H, 491; N, 3.79.
Found: C, 58.43; H,5.00; N,3.59. mp.90-91 °C.

2-(p-Bromophenyl)-1-tosyl-4-trifluoromethylpyrrolidine (4-25b)

Compound 4-25b was prepared by the method described for 4-25a using
N-(1-(p-bromophenyl)-3-trifluoromethyl-3-butenyl)-p-tolueneslfonamide 4-16b (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 4-25b (anti,
146 mg, 70%; syn, 13 mg, 6%) as a colorless crystal.

anti—4-25b: 'H NMR (500 MHz, CDCl;) § 2.01 (1H, ddd, J = 12.9, 7.2, 3.3 Hz), 2.08 (1H,
ddd,J =129,99,8.2 Hz), 245 (3H, s),2.92 (1H, m), 347 (1H, dd, J = 10.6, 8.6 Hz), 3.85
(1H,dd,J=10.6,82Hz),4.83 (1H,dd,/=8.2,33 Hz),7.17 (2H,d, J =8.5 Hz), 7.33 (2H, d,
J=8.1Hz),745(H,d,J = 8.5 Hz), 7.65 (2H,d,J = 8.1 Hz). "C NMR (126 MHz, CDCl,)
621.6,34.8 (q, Jor =2 Hz),40.8 (q, Jor = 29 Hz),47.8 (q, Jor = 3 Hz), 62.1, 121.6, 126 .0 (q,
Jer =276 Hz), 127.5,127.7,129.8, 131.7,134.0, 140.2, 144.1. ""F NMR (471 MHz, CDCl,)
6 91.1 (3F, d, Jgy = 8 Hz). IR (ZnSe) 3030, 2910, 1489, 1400, 1350, 1163, 1122,914 cm™.
Anal. Calcd for C,iH;NBrF;0,S: C, 48.23; H, 3.82; N, 3.12. Found: C, 48.04; H, 3.84; N,
2.87. mp.119-120 °C.

syn—4-25b : "H NMR (500 MHz, CDCl;) 6 1.99 (1H, ddd,J=13.3,11.0,9.4 Hz),2.44 (3H, s),
252 (1H,ddd,J =133,75,75H z),2.64 (1H, m),3.58 (1H,dd, J=11.5,9.7 Hz), 3.94 (1H,
dd,/=115,82Hz),4.65 (1H,dd,J =94,75 Hz),7.14 2H,d,J =84 Hz),727 2H,d,J =
8.0 Hz), 7.40 (2H,d,J = 8.4 Hz), 7.54 (2H,d, J = 8.0 Hz). "C NMR (126 MHz, CDCl;) §
21.6,36.2,41.6 (q, Jor = 30 Hz), 48.5 (q, Jog = 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. ""FNMR (471 MHz, CDCl,) & 91.2 (3F, d,
Jmm =8 Hz). IR (ZnSe) 2960, 2910, 1489, 1404, 1360, 1271, 1161,912 cm™.

Anal. Calcd for C,iH;NBrF;0,S; C, 48.23; H, 3.82; N, 3.12. Found: C, 48.30; H, 3.90; N,
2.90.

4-Trifluoromethyl-2-styryl-1-tosylpyrrolidine (4-25c¢)
Compound 4-25¢ was prepared by the method described for 4-25a using
N-[1-styryl-3-trifluoromethyl-3-butenyl]-p-tolueneslfonamide 4-16¢ (65 mg, 0.16 mmol),
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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 4-25¢ (anti:syn = 78 : 22
mixture, 17 mg, 27%) as a colorless oil.

'H NMR (500 MHz, CDCl;) anti §1.91-1.97 (2H, m), 2.42 (3H,s),3.00 (1H, m), 3.42 (1H, dd,
J=105,83 Hz),3.74 (1H, dd, J = 105, 8.5 Hz), 444 (1H, ddd, J = 8.5, 8.3, 6.3 Hz), 6.00
(1H,dd,J=15.7,64 Hz),6.57 (1H,d, J =157 Hz), 7.18-732 (7TH, m), 7.71 2H,d,J =83
Hz). syn 6 191-197 (1H, m), 2.32 (1H,m), 2.39 (3H, s), 2.69 (1H, m), 3.49 (1H, dd, J =
112,89 Hz),3.81 (1H,dd,J =11.2,8.5 Hz),4.28 (1H,ddd, J = 8.9, 8.5, 8.0 Hz), 5.96 (1H,
dd,/=15.8,80Hz),6.57 (1H,d,J=15.8 Hz),7.18-7.32 (7TH, m), 7.68 (2H,d,J = 8.3 Hz).

2-(2-Furyl)-4-trifluoromethyl-1-tosylpyrrolidine (4-25d)

Compound 4-25d was prepared by the method described for 4-25a using
N-[1-(2-furyl)-3-trifluoromethyl-but-3-enyl]-p-tolueneslfonamide 4-16d (155 mg, 0431
mmol), KOH powder (124 mg, 2.20 mmol) in ethyleneglycol (7 mL) at 120 °C for 10 h.
Purification by column chromatography on silica gel (hexane—AcOEt 4:1) gave 4-25d
(anti:syn = 83:17 mixture, 107 mg, 69%) as a colorless oil.

'H NMR (500 MHz, CDCl;) anti §2.10 (1H, ddd, J = 12.6, 10.8, 8.2 Hz), 2.20 (1H, ddd, J =
12.6,7.2,19 Hz),2.41 (3H,s),3.27 (1H, m), 3.52 (1H, dd,J =100, 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 =3.2,19 Hz),6.30 (1H,dm,J =32
Hz),7.20 (1H,dd,J=19,09 Hz),7.26 2H,d,J =83 Hz),7.53 2H,d,J =83 Hz). syn 6
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=10.5,79 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). "“C
NMR (126 MHz, CDCls) anti 621.5,31.5(q, Jog =2 Hz),41.7 (q,Jeg =29 Hz),46.7 (q, Jor =
3 Hz), 56.2,108.1, 110.2, 126.2 (q, Jcr = 275 Hz), 127.2, 129.6, 134.6, 1422, 143.6, 152.9.
"FNMR (471 MHz, CDCl,) anti 8:90.9 (3F,d, Ji; = 8 Hz). syn & 91.5 3F, d, Ju; = 8 Hz).
IR (neat) 2958, 2925, 1598, 1348, 1271, 1159, 1120, 1011, 912 cm”. Anal. Calcd for
CsH¢NF;0;S; C,53.48; H,4.49; N, 3.90. Found: C,53.52; H,4.65; N, 3.72.

4-Trifluoromethyl-2-hexyl-1-tosylpyrrolidine (4-25e)

Compound 4-25e¢ was prepared by the method described for 4-25a using
N-(1-hexyl-3-trifluoromethyl-3-butenyl)-p-tolueneslfonamide 4-16e (82 mg, 0.22 mmol),
KOH powder (61 mg, 1.1 mmol) in ethyleneglycol (3 mL) and THF (0.3 mL) at 130 °C for 20
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h. Purification by column chromatography on silica gel (hexane—AcOEt 4:1) gave 4-25e
(anti:syn = 77:23 mixture, 56 mg, 67%) as a colorless oil.

'H NMR (500 MHz, CDCl,) anti 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
=105, 8.3Hz), 3.70-3.78 (1H, m), 7.33 (2H,d, J=8.0 Hz), 7.71 (2H,d,J=8.0 Hz). syn 6
0.89 (3H,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). "“C NMR (126 MHz, CDCl;) anti §
140,214,225,258,29.0,300,31.7,358,41.1 (q, Jeg =29 Hz), 47.2 (q, Jor = 2 Hz), 60.1,
126.2 (q, Jop = 276 Hz), 127.4,129.7,134.0,143.7. ""F NMR (471 MHz CDCl;) anti & 90.9
(3F,d, Jgy =8 Hz). syn 6:91.5 (3F,d, Jpy =8 Hz). 1R (neat) 3020, 2956, 2929, 2858, 1456,
1402, 1348, 1273, 1163,914 cm™.  Anal. Calcd for C,3H,,NF;0,S; C,57.27; H, 6.94; N, 3.71.
Found: C,57.32; H,6.99; N, 3.53.

4-Trifluoromethyl-2-phenyltetrahydrothiophene (4-28a)

4-17a (87 mg, 0.31 mmol) in MeOH (3 mL) at 25 °C was added K,CO; (47 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 Na,SO,. After
removal of the solvent under reduced pressure, the residue was purified by column
chromatography on silica gel (hexane—AcOEt 20:1) to give 4-28a (66 mg, 76%) as a colorless
oil.

'H NMR (500 MHz, CDCl;) §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 =
74 Hz), 734 2H,t,J =74 Hz),741 (2H,d,J =74 Hz). "“C NMR (126 MHz, CDCl;) §
312 (q,Jer =2 Hz2),39.4 (q, Jer = 1 Hz),46.0 (q, Jor = 27 Hz), 50.8, 127.0 (q, Jor = 277, 277
Hz), 127.4, 1274, 128.6, 141.6. '""F NMR (471 MHz, CDCl;) 6:91.8 (3F, d, Ji; = 8 Hz).
IR (neat) 3064, 3020, 2945, 2875, 1381, 1267, 1215, 1151, 1159, 1107 cm™. HRMS Calcd
for C,,H,,F;S 233.0612 (M"); found 233.0625.

4-Trifluoromethyl-2-n-hexyltetrahydrothiophene (4-28b)
Compound 4-28b was prepared by the method described for 4-28a using 4-17b (81 mg, 0.29
mmol), K,CO; (43 mg, 0.31 mmol) in MeOH (3 mL) for 1 h. Purification by column
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chromatography on silica gel (hexane—AcOEt 50:1) gave 4-28b (92:8 mixture, 56 mg, 75%) as
a colorless oil.

'H NMR (500 MHz, CDCl;) §0.88 (3H, t,J = 7.1 Hz), 1.23-1.65 (10H, m), 2.00 (1H, m), 2.19
(1H, ddd, J = 129, 8.4, 7.0 Hz), 2.91-3.05 (3H, m), 3.40 (1H, m). "C NMR (126 MHz,
CDCl;) 614.0,22.5,28.4,29.0,30.2 (q, Jor =3 Hz), 31.7,36.5 (q, Jor =2 Hz), 37.7,46.0 (q,
Jer=27Hz),47.4,127.1 (q,Jer =277 Hz).  "F NMR (471 MHz, CDCl;) 6:91.8 (3F, d, Jy =
9 Hz). IR (neat) 2956,2927, 2873, 2856, 1380, 1269, 1161, 1111 cm™".
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RAEXQ. 20ZQPVTYRA. TRHETI20ZQE=NVBERLRD2N
ZAXFVEZNVEEN\ODFARENTINRDZ2HMR T S. KR BEI vEA
FORMENMOBREONT. FR. MREF-E. F=8, F=8 FO®) &
DROTHARZOHODTHI3. —~EOP VT Y NRBFHNLRDITSORHOLTZH
HD2IVE72vEPNTIR. BFRIINEOBN I yRERRFOMRECIVREBF
K28FTSRORBZANLRDTS. ONO. BEPLVFVNFOARTN=e—N
BROLSROBVREZAMLONRBOBNEREHNNAREN., ¢2T. IFAR
WABRAIT SRV, KRR BREALDBREBHRNH S WRITHNRNG 2E{T
Y BEESIvRS. 6AR\TURILEN2DRRERISFERLZHARLL.

F-ZTR. JougzavibaodFARZER24HAIS 3-2/v40
FINYOEBRRIONVTEARZ, ZNVRRBRASYRB2HILLI2 VT QRSF
VY 1-5 12, K,CO, 2BIR2 D KCN 2{EMR ¥ 82, 3-2.)0F70F )N 14 NG
BRTESZL2ZRNBOZ(Scheme 5-1), A EJRLIYPIUBMATINORET S
A-IPIDNVKRP=ZY 1-3 M, I2070P V5 YBUTEINCHEINS
rY». 1SYRATOZEB2NE. RIEERNZPBFERIBSSENTER,

Scheme 5-1.

R! R!

1
cat. KCN R
Z Ko>CO =z F.
FoC 2v3 - FQCE § z
NC H K* -
1-5 - 1-3 B 1-4

FEZBTR. 2070 NVEER\NOIFAS T2 NVEN2FRTIS 2N
ZOF INJROEBREIONTEAR, FNVRRBRRAVIPIB2HILLI2N
FAORF VY 22 RRAAE RN R 2{EARE B L. REFISRENARA-RHY=
WAERANWSTHNWN, REBFAKRTI2)N0FAP VT Y RBERNSEND. B
B2 6-endo-rrig DTN IIRIBNBEITFTSSL2WHONKCOR. ERT S 2-
22y PJeROQF )N Y 2-3 Z2RPEAKRLOT.3-2020F )N 1483 3-
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J2pAATRILRAOFINY 28 ZERTSZELNTER, ARARIBRNT
Q. HR2RBHEE R 28334V IP=R 22 Z28RIS22NARTHY. 3-

20Z70F)NY 1-4 28T, 2N7Rh YD T 728k 2-5 28MIT S22
N T & 2(Scheme 5-2),

Scheme 5-2.

i n-BuzSnH R = R
. AIBN - -tri
FoC cat 0 . FQC. 6-endo-trig =
N 80°C n-Bu;;Sn/%N - N

. C/’ / Toluene

80 °C / DMF

NaBH4
r.t./ CHaCly

F—. ZETHRNZERRR. SHhIXTEOERNARLENR 3-2)0F0F)
NYBROENRERFELIES.

H=BTR. RD20F70XFNVEZNBENZHRENKXLISSI2vEGCH
BATORIBESIOSRREIONVTERAZ. ZIWRBR NI VPERRXFNVEZYHD
a-RN2pFARFPWRAFVY 34 OAVFINI\NORR%Z, BRRET KH
Z{EARBTRARLLZS . RETSRINWPEY-R MY R SDFABEN
HIFU. 4AQRIY2NVZORXRFUVIYEBZHITRIELRAOAMVFINY 3-6 2188
SRINTER, E2. ZWRBRRNVESVEZHI IS RIODRIYBREFTTHS
DMF-H,0 IR8& %P T NH,0Ac R NH,0H*HC| Z{ElAR ¥ 32X APl AZ Y 3-8
RAFTA 312 REV. MNUTAZI)BERRORBNEITO. 42RDIND
ZOXFWVEZHOILROAVFINYER3IRI1328RISSENTER,
aHREMOZ 3-9, 3-13 2 Pd/C ZRANTHARERERZY. DBU RIS HF %2
FbhE., RO2)VAARFVERI2NVZORXRFNVEZHIAVFINYA 3-11,
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3-7,3-14 \ 2 EBIFT 82 LINT & #2(Scheme 5-3),

Scheme 5-3.
CF3

CF3
z
TsHN 120 C/DMF TsN Pd/C N

reflux / Xylene
3-11

NH,OAc CFs 08U CFoH
rt. / DMF-H,0 LiBr
g é@ é@ B QO
)D / DMSO
3-8
OHC
3-5 \ CF3 DBU CF2H
NH,OH-HCI™ é@ LiBr
70 °C / DMF-H,0 80 °C
TONS )\l / DMSO 'o)\l
3-12 3-13 3-14

—h. ZIVRBRAZSYEHRB2Z2H2a-RD20FARFVRFUVY 3-20 12,
B2 O KCN BRUERX O T DBU 2{ERARERZE 23, 4Bk 2/va0RXF
WEZHIF IV 3-24 {382 RN T E #2(Scheme 5-4),

Scheme 5-4.

CFs CFs CF» CFoH
cat. KCN
DBU ~F —HCN 7
> |NC—< > INC s
P 80 °C 7N
R™ SN / DMF RN F N R™ N
3-20 3-24

AOETRA. P2 VZAOXFNVEZNBEIIZBRENEL I SEO2VvREEBR
ANTORILENOERRIONTHENR., IBEHSE. FE=ETHNZFIEL258RM
RICERI SRV ZN. 211 Baldwin I THRHIL N8 5-endo-trig TRIBL K
B. £3. - RN22VFARFVRAFULYOZ VR RRREREZH D 4-1,42 2
B, ’FPORYERET. AVKYPEY-RAFTIYRFTS-hAMFYRIS
DFABH2ITSZX T, 3RRIY2NVTORXRFUVIB2Z2BITSAIRNY 43R
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23-JERONYVF T I21d 44 ZERISSENTER. ERAVBRENKZ
BT, 20hYERFTTIFARLNZITHES L. 3RRRD2VFTAOXFND
BR2HISAYRNY 49 BAUY 23-Je RONXIYVF T2z 4-10 Nigdhe
(Scheme 5-5),

Scheme 5-5.

G2 CF3
A C
N- CF3 /’ N A : NaH, 80 °C / DMF
4-3 4-9 B : KOt-Bu, reflux / THF
/ v \ C : DBU(cat.), 120 °C / DMF
N B D GFs D : KoCOs, reflux / MeOH
4-1:Y = NHTs
4-2 :Y =SAc
4-4 4-10

J2NWZTARFUVIYRBZBISAIRNY 43X . I2070P N7 YERE\D
REBFHAOWJF, Br, BT HI 1) RMNAT Y BRERITS2 2 THEEZRY
MNEFTO, BBERLIAIR=N4-6,4-7,4-8 \REFS2LNTER
(Scheme 5-6),

Scheme 5-6.

CF2 FoY FoY
IF, Bry, or H —HX /
I _
Ts Ts Ts
4-3 4-6 (Y =H), 4-7 (Y =F), 4-8 (Y = Br)

ROR. 4BRREZRZZ2HD2-RD2N0FQRXFNV-1-P 4 P 2ZBN. Scheme
5-5 LRHBOKRIBARNZ,. RIIWPEY—-RAZY,. FT53-hA4TY. EERXF
VYOI )S5—RTRRHAORZ. RTOPRYBRREFTTRI2VFIOAF VY EZE
II5RRIEIMLUONI Y420, ThSLROF T2 423, 2Ny L2Y
4-24 ZEHRIS2ENTER, IRZ7OQMRIYBRETTRRD2)VTOXFNVE
2833 5AERIENMLUONI Y 425FT RS ROFT 22 427 283 S
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SCNTER, SOXSRERRHFLBIRIS2LRI 2T, A—OHRNMEUND

J2NWZAAXRFUIEBRRD2)VAORXFIVEZET SRIRIEEINZ2ZBIRARIE
VD3> B(Scheme 3-7),

Scheme 5-7. C§2_>\
R

N

Ts

R 51
425
/ 4-23
D\R 2
4-16 : Y = NHTs

4-28 4-17 : Y = SAc R
4-19 : Y = CH(EWG), EWG EWG
4-24 (EWG = CO5Et or CN)

: NaH, 120 °C / DMF

: NaOMe, 100 °C / DMF
:NaH, 100 °C / DMF

: KOH, 130 °C/ (CH>0H),
: KoCOg, reflux / MeOH

mo o © >

RE. FER. J2N0FOEZNBERBIERN2VFTORXFLE=NEE
NORFABRKDZHARLT. KBNFBNRZEERCISEBHDHSVATNZHRER
BIFRYE. SO vEBHEL2E5I38ES. 6EARATURILSIIOSRIEZHR
FTB2RNTER, ERRD2VAOARFILE=ZIVBEATD. Baldwin BITH4H

RENBKRENR 5-endo-rrig TRIBNEITT SR NSHARBRNANRZBSNT
&,
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wXBE 20707 V7 YR\OIFAREZNNRS2HA3 S
E29vR\TORLENOER

(Synthesis of Fluorine-Containing Heterocyclic
Compounds by Using

Intramolecular Nucleophilic Addition to Fluoro
Alkenes)

K8 &% =

E729vENTURIEMRAFH SERER 2RI ZLNAHNTBY. ¢OBRELSE
RZEORRZRBHERIBZLOEELRBO-—I22H8oTN3. EERZORZ2RZA.
29 RORFNBEETHSBNBIFRIBLHMERBAL. Y2 0= ikain
BRTRD20ZORFVE=VIEENN\ODFARZHMNRD2HATS. 2vER
FR2NZOPVFNVEZHOEES. CARANTURBENOESREORARELCOWNTEH
R2iTok.

1. 2 70 VSN0 RFAREERZARITS 3-20ZQF )N YOERH

gem-F 20 FAP VT Y CREA2{EAR L3 L. (tN-HRB2ETIo2vROBENE
T33N. BRINZ»—VEEIBRNFOARRRLOBNREZEALONRBOARN
RENHONS N, EEQ. CORBLZ2IFARBARHAIHE. T hOL-DRECX 2
T. BBNBURZEZ2ANTOERERRNBDBREITISOTRRUNEEAR, €2
T. ASYEIYPIUBAATINDORERRRA-IPIDNVERP=FY2REELO T,
J20ZAE)EENOIFRBRZ2RIAOVL. TNVRRRASYRB2HI64-T2N




FORAF VY 1 B K,CO, XMIRED KCN 2{EHR B L2 3. 3-2)0F70F )N 3 248
B2NTERAT), 22TR, BREISA-IPIHNVIRP=FY 2 kI3 t22
vEDIFABENEITO. RIBR HCN NRBOTFINY3251238. ZURZHCN®
SIPINMATIINBETS Y. BRRHARCRONEITIS. BRAZIJ RPN
AFY2EMREYBL. ASYOEBIENEITISHN. (A DOATRA-IPIDIVEP=
FY2NI2ZAP V7Y RBTEINCHBEI NS D . ASJRATOE2MNA.
RIEERNZRFRLIBSSENTER,

1 1
R cat. KCN R R’
K,CO
FoC” — | R — [O (1)
X 80 °C/DMF | R -F R

H _HCN
NC K* . R' = n-Bu, Et, sec-Bu
1 2 344-85% p2_ ar PhCO, E10,C

J2 0ZAEZNVBER\NODIFASTI2VitNZFBI320F0F ) NYBE0E

2.
B
EROP-FYRBRHMOVT, gem-I20Z70P V5 I\DSTHNigNZEAO %,
S-AFLZINSTIDNVOBFASTIDIVRBTRA, BR 6-endo-rrig R\ 5-exo-trig TRIBM
BONREITO. SEARIENZEANRCENTS. —F. ¢em-I20FOPNVFTIDT
20Z0RXFUVYRBARBNVRBIR2E5I3 2. FFARRBEARSIHVL2RER
hid. CONBTRERARS IV NVRENBEITOCRAROERNMHITES. RMA2)
BRIISR. 2 WRBRAVIPIBZHILLIZ2NWAIARFVY 4 RAXL RN K%
{ERREBL. REIBSA-RFYZNWAERANSIIDHN 5 RI2pZAP VT Y RER
NRGND. 6-endo-rrig MIEMBRAREITORL., EWIT S 2-2%y= e khaFIn
g 6 Stille v 27N T30, (A)DBU ZHW Sl HF 2 ZX(B)NaBH: ZHWN 38
FT2iTOS2RT, NER3-20ZOFI)NY 8 BV 3.3-Iy2pd407h5k k0



R R

n-BuzSnH R
Fy cat. AIBN FZ% 6-endo-trig . ;’m
> i _ 7
80°C n-BusSr” N n-BusS

. / Toluene
4 5

A :DBU F

80 C/DMF
YX, Cul /
cat. Pd(PPh;)
cat PAPPha)y A :832-76% Me
80 C/DMF Y =H, I Ar
B- NaBH4 R= nBu i-Pr
r.t./ CH,Cl, @
Y
H

B :935-50%
Y=H,Ar

FINJEBRITIISZLNTER, 8HR. SORBETA. 2nFaL=VBLRH”?
BRBERER 2004V IPRN428RITISZENIYRTHY. 3-2)0F0F)NY 8 2
BCT. 2NIJhLEYDT TREHRIRN10 bDERTSZENTELR,

3. R20FOXFNE=NVEENZ2UENLKL TSSO vROBRENTORIBENO
8B

RD2VZARXRFVEZNVEEARCREZAMZ{ERR S L. 2 vibinA 4 ORE2{E
S S BOBHRBNEITISN. CORBREFEDFIARARKLOBNAREAZEAN
Y, EZWERLERBIRIBZBEXITIHRLHANZN. EE2Q. CH2IFARN
\N2EHTNHEBLREZANZABNVTHOERRDOBITINNETE. IFARRESR 2D
RN20ZARXRFPEZ NSNS, J2NVF0XFUVYB2EITSORBRILEAN
Bohs3HEaARk., IRIFORIYEREFT TR Z2ITAE. 2vibiA T Y NEERER I
FFAMNNEITO. RN2NVTOXFVEZET SORRIEANEBONSLIRLE.
ZIVRRBRRIIWPERRAFNVEZHOA-RD2NVZTARXRFNVRAFUVY 11 ODAVF)
NI\NDZRHEZ, BRREFT KH 2{EMR P TRARRZ 3, RETSRINWVPEY—-hA
ZYRIABDAFABENEITO. 4ARI2NVFTORAFVYEZBEISThSLROAY
F¥I)NY12 Z2BB28¥NTER., —4. FVRRRKIVENVEZHD 13 IO RIYER
T T#» 3 DMF-H,0 REBIP T NH,0Ac(R#E O)H 30X NH,OH-HCI(H& D) 2{EMR
232, RAPRAZYRAIFIANZEU. RNWTAS)EBRERLORINEITO. 42k
RD2VZARXRFNVEZEISILROAVFINYRA 14 BAU 15 28 RE€¢NRRRL
BS2¥NTERIRX3).




C : NH,OAc (5.0)
rt./ DMF- H2
TsHN 120 C/DMF Ts D : NH,OH-HCI (1.2) -

! 70 °C / DMF— H
1278% 2 - 14 84% - 15 86%

MOUT A-I20FARFVFINYERZRIO. 1S 16 12 DMF P THIFE D KCN
BAUZETNEOKERZ{ERAYRZEL23. MTSF/NY 18 NigD N z(K 4).

Fs KCN (0.2) Fa FoH
DBU (1.1)
Z _— z —_— (4)
80 °C / DMF -F N
N N
R R H HeN 1
16 17 18 27-76% R = Ar, PhCO, EtO,C

4. D2 FARXRFNEZNENZBENBL TSSO vHEEERATORIEENO
a8

REOFEL258RBRCERISZLIRRURN, 2N Baldwin ITHFHLENRS
5-endo-trig IRIBL KB, @-RN2WFARXFIVRAF VI DTV h2RRESRRZHD 19 R
20 2. ETORYBRBETTRINWPEY-RATYBIVUFAS-hATIRISB
FFABHELZITOCET. IRI2NVFTORXFUVIYEBL2EISAIRNY 21 23-Jk
ROXYVF A2 22 2RI SSENTER. k2. AUBEWMB2ANT. 70k
YHERFTTIAFAMNZEAZRRZLZS., SWRRD2NVFTAXFNVEBZETSAI KD

Y23 23-JeRaNIYVF T 22 24 g hiz(K 5).
Fs Fs

\ / E : NaH (1.2), 80 °C / DMF
23 81% 21 84% F : KOt-Bu (1.1), reflux / THF 5
/ \ G : DBU (0.3), 120 °C / DMF ®

H : K;CO5 (1.1), reflux / MeOH
19:Y =NTs
20:Y =SAc

24 70% 22 65%

k. ARRRERD2HD 2-RN2VFARFNV-1-PL5 Y 25-27 ZBN0. (R 5)
LRFBRORIRDZ NI WPEZT—-RAZY. FAS5-hA4ZY. BERXFUVIDI IS
—hTEINORZ., FJORYERETTRARRI 2NVFTOXFVYRBZEISEONY
Y28, TRSEROFAZ2xY 29, Y2UANYL2Y 30N, 7O IYERETTRS
BRRD2VFORAFNVEZEISELONIY 31 RTRSLROFT2xY 32 28382
RYHTER(A6). COXOSRBRFRFLZBRISZXT. A—0RBEDENS KD NVT
OXF VR, I2NFORXFVIEBLZE5TISRRIBENZEVIVSSENTES.




O o
Fi Ts
I/V 28 73-91%
Ts

L
F . o,
\ 3 J I': NaH (1.3), 120 °C / DMF
3123-85% h  J:NaOMe (1.3), 100 °C / DMF
Fa / \ 29 82% K : NaH (1.3) or KH (1.8), 100 °C / DMF
M K
h

GF» L : KOH (5.0), 130 °C / (CH,OH),
25 Y = NHTs b‘ﬂ M : K,COg (1.1), reflux / MeOH
32 76% 26:Y = SAc
EWG = CN or CO,Et
27:Y = CHEWG), EWG’ EWG or e

30 61% or 77%

Rk, BEQR, J20F0EEERBIERD20FTOAXFVEZIVEENODIF
ARBZAALT. BBNBUREZEECISERSSVRITN2DRNRIEITRE. 2

YVERFRP2VFIOPVFVEZ2E5I3T3EES5. 6RAR\TURBENOZRNLRERE
ZHRISSENTER,



