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8a 9a 8a +9a
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ROLZEDFNoToDT, -78 °C TRIGZFIEL THTLE T A, 8a DULEN
51% & Entry 7 IZteX[\ E L 72 (Entry 8), Z OFE, JREFS — BN iz 2 &7
5, RIGIE-78 °C TEILTHZELEL, NI TTFARXYFULAOHENEE
B L CTHRF Lz & Z A(Entries 9,10), 8a % 80% & RF 2 INETHDHZ LN T
7, LEofER%Z F & DT Table 1-2 1277,
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Table 1-2 : 3-7)LAOF / Y > %E 8a, 9a DERMERL

(F-&)

Entry "BugSnLi Method Conditions _Yield/% Comment
(eq) 8a 9a
1 2.5 A -78°C,1h—rt,1h 20 40
2 25 A —25°C,1h—rt,1h 6 43
3 25 A 0°C,1h—rt,1h 4 59
4 2.5 A rt,1h 8 35  7a9%[MEYX
5 2.0 A -25°C,1h—>rt,1h 12 42 7a7%[EYX
6 2.0 A 0°C,1Th—>rt,1h 10 43 7a 5%[E4X
7 20 5 _78°C,1h—>r,1h 38 10 10a18%!'
8 2.0 B —-78°C,1h 51 5 7a 20%[E]4X
9 2.5 B —78°C, 1h 69 -  7a4%[EY
10 3.0 B -78°C,1h 80 -

Method (A) : "BusSnLi was added to 7a.

"

Method (B) : 7a was added to "BugSnLi.

X/ U 9aD—HFDT7 v RERNKRBICEBRINT
10a &S5 L7,

Table 1.2 IZR L7 EH5I . A VYT =FKT7at M) T7FILAXYF 7 LDOR

MEFEB L OKSEEICE > T, 3-7 /b4 2%/ 1 8a,

B U2 9a &%

NETNERWICERT DI ENTEL, ZORBERMNTEZELDDEUTO LD

Wz 5,
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(F-&)

8a:-78 °C F. SEENLEDNY TFALRAXYF I LIZA YT =K Ta
WL, 1RFEEHBELLZEZE, FERETICEEELET D,

9a:0 °C F, A Y ¥ T =FTall25FFENVED N TFNVAXY FULZE
WML 1RFMR LB AFEL, 5101 FMESRBICERE THIRL
SO R L%, KnEEET S,

WIZA YT =RFRTOEBHIELR £ LT, 7FVETa)lsiz= F /LI (Tb).
sec-7 FNEAN)EH W, 41 VT =FT1T0—KMEEzHRF L=
(Scheme 1-10, Table 1-3),

Scheme 1-10

R R
FZC)D "Bu,SnLi <~ N
:C/)\I / THF \N

7 8

Table 1-2 THOLNTKISOREFRMF LB LI, A VYT =FT7T& M) TF
NWNARXY F T LNE 8BIV 9 DRIRM ARG A M L7, Table 1-3 [Z7- 7
2. F /7 VUV 8DERICBNWT, TOBEBERIMEETHRELZADL L, =
FNLETIE T FAE LY SN E < (Batry 5). sec-7 F L OB AIC LK G
PENIR T L 72 (Entry 6), ZHUIE, sec-7 TN G E WD, sec-7 F L L 7
TV EOMTYTIERKEERNAEL U744 a b=l 7 o= LR EEER
NIZ< Wb B2 TWnWD,
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Table1-3: A V7= R 7 D—igE DB

(F-&)

Entry R BuSnli - thod  Gonditions Yield /%

(eq) 8 9
1 "Bu (7a) 252 A 0°C,1Th—rt,1h 4 59 (9a)
2 Et (7b) 2.12 A 0°C,1h—rt,1h 12 42 (9b)
3 SCBu (7¢) 254 A 0°C,1h—rt,1h - 42 (9c)
4 "Bu (7a) 30P B —78°C, 1 h 80-(;;) ----- _
5 Et (7b) 3.0° B -78°C,0.25h 77 (8b) -
6 SeCBu (7¢) 4.1° B -78°C,2h 65 (8¢c) -

Method (A) : "BusSnLi was added to 7.

Method (B) : 7 was added to "BusSnLi.

I, BFonl "HmOBRK §BLO®IN, NI TFALRAXYF T LADRMN
EFB I ORINREZZEX DT T EAENLRROICERLT H2EHBEIZONT
ERT D,

1-3-3 BRI 8. 9 O H#E & A Bk 1 A

BAbiR 8, 9 O HeE A i AE % Scheme 1-11 127”73, £9. MU 7F L AKX
UF T LAOEIERPIZA YT =K 7 Z2RMNMT 2 E(FIEA)., YIDICETDT
=F T HINENRRILLTC2-F UL T VANV D, 22T, #BEO
N TFNANARARXYFOLANHFET DD, 2= 7 VLT3 TNV T IEE5I1T 2-
F/OUNANT =AU IT ETHSNCE LTSN, ¥/ V8 BFEAEME L TH
bhd,

—H AT =R TR TFARIYF T LAERNT S E(FIEB)).
BETD2-% ) UNANT =F 11 RRERPICEDL TR02-F /I ALT PNV &
FIST 27, % /202 9 DEAFEMELTHELNLDIBDESZ I TVD,
=770, ZOWMIE/FTIE, 22 2 VLT BT N 2-F% ) UNLT =4
II ~OBELOELS RDED, 2-F 2 IATTANTINT ERBELED, T O
IR ERE 2 RBIKIEN TR TE S, 207D FEQA)IE, M FIERFZ#C L
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(F-&)

EFEBEY, RISOMERZIPMETL b LEDbN S,

Scheme 1-11
i\ "BusSnLi i\ F R
N TBugn (O | |
7 |
R B R ]
1] S0 | Lm0
"BugSnLi F m s NN
A ‘- > A Li
— "Bu4Sn Lj F
R a R i
I F
Hﬂ \\\<Eﬁffj l—LF
—€ N
A R FR R
F 2 Ty
O O &
8 9

ETRA_ZEH21IC, BEXR U 9 OAERBEEICEL TIZERORBENE 2
BB, EOFDO—2L LT, 2-F ) INT =F bA VT =8 T B
IS LAERTIRBEN HDH, T2 T, ZOERBRKEOFEEHKET D720,
Scheme 1-12 IZ R T HEBE AT o772, F U 7 F L AXY F U LAHIZHEE Ta (R="Bu)
WML, -78°C T1HMIMIG S Eot, BEH#ER O 5 EE 7b (R=Et) &
WMLz A, EFHOEXT U o9d NAEKLE, 20 RIZ, %/
YO DOERRKRKEELT, 22X IAT =A N EAS YT = RTBRIET D
BREOELELE XFT 2O TH D,
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(F-&)

Scheme 1-12
i@ t
F,C
2"\ 7a . F2CJE\© 7b (0.8 eq)
u N
n . &L 6
BusSnLi - R/ -
(3.0 eq) -78°C,1h + - -78°C — rt,1.5h
/ THF L a
"Bu FFR Et "Bu F K "Bu
aWa N
&}Q [ D
9d : 26% ( from 7a ) 9a : 20% ( from 7a) 8a : <20% (from 7a)
( 59% conversion yield *7 . E00
from 7b ) 7b : 50% recovery

Z Z T, Table 1-2 2> 5 kBt L 7= Table 1-4 IZ/RT T — X 2B E|T, 2-F /
NT =4 I EERETNRKIGELTES U2 9 BNAERT DO KISIREIZS
WT, HERISHEEIZESWTELT S, ERLEEXSC, A VYT =87
RV TFANARXYF T LAEZERSEL2EHE (FIEWR) . KNREZX-78 °C X
DOCOENREXF /U9 ORNEBLSLNEBRENRE -T2, ZTOHHIE, K
DEHIICEBEZTVWDL, ZAHFTHEAET D 2-F /7 IV VT =42 11 EHEEH 7T B KIG
THCEOLLIBREDOEENLETHD , -78°C FTITIXT &KIGL#EE<KE

SGRET D, TR L, KB P TRINEITD Z &L, 2-F 2 U LT =F
AL & B 7 MBI ST % (Entries 1, 2),

T, NV TFARAXY Ty AHPIZEE 7T 2NT 252546 (FEB) .. FiE
THHAELD H-78 °C FTRIGEBIELEZLTN, ¥/ U2 8 OIRITE->
o ZDOZEMNDL, 2-F 7 U AT =4 i, -78 °C TIEHBM L EITHFLEL
SHLEZLNDHLOD, FIETHICONTHEL RBIKIGENEZ Y | BH2E
GWE G5 2 TWb EEZ LD (Entries 3, 5),
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(F-&)

Scheme 1-9
"Bu "By
F,C "Bu,SnLi N~
/ THF
. /)\l \N
&C
7a 8a
Table 1-4
n . Yield / %
Entry BugSnli Method Conditions —— Comment
(eq) 8a 9a
1 2.5 —78°C,1h—rt,1h 20 40
2 2.5 A 0°C,1h—r1h 4 59
3 2.0 B -78°C,1Th—>rt,1h 38 10 10a 18%
4 20 B 0°C,1h—rt,1h 25 27  10a17%
5 2.0 B ~78°C,1h 59 5  7a20%[EX

Method (A) : "BusSnLi was added to 7a.

Method (B) : 7a was added to "BusSnLi.

W2, THRHTRETDH 2-F 7 VLT =F 0%, -78 °C FTIT B2 E T
HAHZENTBENTEZDOT, ZORETTLTE R, ~na by e ok E

Al 2 EH S E .

24
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(F-&)

1-3-4 2fLICERRELZHF-O -7 rtdux /U HoA/(1)
—TAVTER, FhZED2-F 7 I NAT =4O —
AT =RT XOVRPTHRESELZ 2-F ) IVAT =F 2 REFAH THI
HZ2T DT, RO ZOBRMEERD, =2, 2-% 7 UV vT7 =F F-78 °C
MDHLHRBTDIHICONTHRAXIIHML TN ZETHD, Y —2iF, /7 U0
T = OAERIIEFEBEULEDO VY 7FAAXTF T LEHNTWD -
HD.RFIZESTWDL NI TFARARYF U LIRRETAERIGT D ETH

ZAg

ZIT,REBFTHERXRCZAT LT E RICBEEL, 2D ~H>0ORMESZEBE
L2 b, KEFH O HE&EICHOWNTHE 21T > 72 (Scheme 1-13), 3 72
Db, 2-% ) U NVNT =F 02X X7 AT e RCHH#ETEIE, /70 02
MCREMMBEIT L, HIGTHTAra—ARNELNTL DI EIChD,

Scheme 1-13
n u . n u
"Bu,SnLi (3.0 eq) E PhCHO (eq)
—-78°C,1h - —78°C—rt,1h
o / THF 4N
7a 11a

SEENED VY TFNALAXY F 7 LIHEE Ta iU (F#EB)).,-78 °C
T1IRHMHRGESEEZB. XA T AT REeMxa7z, RUAXAT VT v i THF
WKE L TIRML, MIKOBEEIX O3IMICEELZ, 2BE FICEL TiX,
VATV TFE ROTHFRKZ R <Mz TLE I & BN DOIREEN LN - T,
X2 IVINNT =4 O—EN2MEEHO 3-7 4 uax /) o=, F
7= 2.=Table 157 KBERIMDBBEUE@IRF: N /T LT L E H O T, 202545 % H

ﬁﬁﬁ%@mﬁ%mb%@f@o<bﬁTw@W%
ntry PhCHO %

INHO LR FTHEDL E T, X MMak 7T /hg@at RO ¥z D it 217 -
7o TORER, 21 2N BEF TRUOXT7825 e RBHEST 27812k - T, &l
i#é%/UVSa%gg/Uygamﬁ%ﬁkﬁnraﬁwuammﬁﬁ7%
i?ﬁ%ﬁé:kﬁﬁ@otouhmﬁﬁgébngwmasmﬁﬁo

4 Ef@
7a was added t
N

»)4s FF3

.day'

acldition time :

Bu trace




(F-&)

Table 1-5 ODFERND 2-F J VAT =4 v 2R+ 52720 O Kk S, K
BrAlZ 21 fFELEMN WV, 2HAERE 03 MO THF ik & L T 20-25 795
FCH T T 2282, 2OFMFEEH, A VYT JAF L TOEBEBER
EEZT, xDOHINK=NMLEMIZTELD 2-F 7 VLT =4 OHfE 2R &
7= (Scheme 1-14),

Scheme 1-14
R 5 - R'  1R2R°CHO (2.1 R’
Bu,SnLi (3.0 eq) (2.1 eq) E
cm »> F z > R2 =
) ~78°C,1h - —78°C—1t, 1h N
C’N7 I THF i N HORo

Thbb, 3 FEEALE DO TFARIYF T AFIZIAL YT =R
7(7a (R="Bu), 7b(R=Et), T7c (R=""Bu)) &%, THF H, -78 °C T 1 Kf[H &
SHEEB,. XUV AT AT EREZERNMLEEZA -7 FrX VD 2(T
REMAMBRETL ST 57 a3 — LR’ x BIF73RINETH ST (Entries
1, 2, 3), EHIAVYYT=F&ETallEHEL., AIEORIEEIT>T2, 3-7 =
=ruXt— A 7ub LTI TEeE R EXLTILTE RO LI ARE—
. M, BT NAIAEEET LT AT e RERAWESAICH, HET
LT N A =K x BRI TEMRT D2 &N TE 7 (Entries 4, 5, 6),
2-T K ) R T2 ) TN T2 ORI N EIRMLTESE
b XS T 57 v a— 3G b7 (Entries 7, 8, 99, 7 7=/ D
LA, BET D7 va— L ONERNMETFL, 2 EEBO 3-7 40 F
J U 8 2 A8%EIZELT (Entry 9, ZTHIE., 2-F 2 U AT =F BTk N7
=) DANRKREZNVED a fiKFEGIEHRNWTCZDEEZTND, 2D Of
E»5, Scheme 1-14 (27T FEICLY, 2/l Fex v 2 HFT 5 3-7
nAuex D UrRERTELIEEHLONC LI, LEORKREE EDT
Table 1-6 (Z /R 7,
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(F-&)

Table1-6 : 3-7J)LAOF /U 11 O Sk

Entry Rl R2R3CO - Yield 7% -
1 "By (7a) PhCHO 78 (11a) <5
2 Et (7b)? PhCHO 73 (11b) trace
3 SBu (7¢)° PhCHO 61 (11c)  trace
4 "Bu (7a) PhCH,CH,CHO 74 (11d) 4
5 "Bu (7a) 'PrCHO 66 (11e) 2
6 "By (7a) 'BUCHO 72 (11f) 2
7 "Bu (7a) 2-Butanone 66 (119) 10
8 "Bu (7a) Benzophenone 56 (11h) 2
9 "Bu (7a) Acetophenone 37 (11i) 48

7 was added to "BugSnLi.

aMBu,SnLi (3.0 eq), —78°C,0.25h.  PBusSnLi (4.1 eq), — 78 °C, 2 h.

1-3-5 2N ICERR_KZES -7 4o x U U HDARK(2)

—T7NT e R, FhUNDORETFHIZLD 2-F 7 VLT =4 O —
Table 1-6 OFER LV 2-F V) VLT =4 > DOT7 VT K, F bk

LA THY, ST L7 va—rnvBbonbdl taRrL, €2 T, £

UHNDRKREBFHEIERASEL LT, KIED S 575 — Mk % X - 7= (Scheme

1-15),

Scheme 1-15
"Bu "Bu,SnLi ( 3.0 eq ) "Bu Electrophil "Bu
u.SnLi (3.0 e ectrophile
cmBD 8 d » 7 P » F d
_N —78°C,1h + —78°C—r1t,2h N
C Li
7a / THF 12
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(F-&)

FT AAINEGEADLZDODOREFAH L L TFBRF L DNF 2 Wiz &
A WTNOREEHWES AL & 265%B L 709E RAFZRINET HW L
TH2-RNVIN-3-TrFux )V U EAERTDHIENTE
(Entries 1, 2),

Flo, TV NVEBEADTDITHEKFEBRCE LY AV E W, RHE
HEAL L7z (Entries 3, 4), ZORNE LT, TNHOREINEENEHT TS
TewetBZ, KVIRMABRT I NMEAITHDL NN-DAFAX XTI ReHw
e A 2NIERV I A NVEE LD 3-T A F Xk U 79%E B i 70K
THDLHZ N TE (Entry 5),

BRB.3-TAFaX ) UV CEASNIE AL INESR AV R
CHFET D 2-F 2 VAT =4 ERISLTAERKRLIEILEMITHERE S Lo
oo T, 2-F U NT =F B, INVAR=VEEZEALL3-T7 VA rF
JIVVERBRTAHED L FHICHLSKRETAERIET 206 THDLEEZT
Wb,

REFAELT, IUBRLI VM AFALEZRANDL LT, 200123 VEEH
K, AFNVEEHEALE 3-7vdunx ) U roakeslmaliz oA, W
NOLAEL 2MEBEBHRO -7 v4ax /U 8 BEIAETIHLOD, KA
HRNETHIMESD Z &N TE7 (Entries 6, 1), S HIZ, FUifbAF N
EAWESA. WmINAlIE LTa vkl (D% 0.2 ffELrEMATEZA, B
M) DU 32%0°5 51%icm b L7, 22T, 3 v kil (Do HEE 0.5 5
LB LRI REREHIRONT EET S THDLZ &
o T
(Entries 8, 9), LA EDO#fER %A £ & T Table 1-7 2R,
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Table1-7 : 3-7J)LbAOF /U 12 D 5k

Yield / %
Entry Electrophile (eq) E Comment
12 8a
1 HCO,Et (2.1) CHO 65 (12a) <7
2 DMF (2.1) CHO 70 (12a) trace
3 Ac,O (2.1) Ac trace (12b)  trace C.M.
4 PhCOCI (2.1) PhCO trace (12¢) trace C.M.
5 PhCONMe, (2.1) PhCO 79 (12¢) -
6 ,(5.0) | 52 (12d) <11
7 Mel (3.5) Me 32 (12e) <22
8 Mel (3.5) Me 51 (12e) 17  Cul (0.2 eq)
9 Mel (3.5) Me 50 (12e) 17  Cul (0.5€q)

7 was added to "BugSnLi.

WIZ. Scheme 1-16 2tV X 2 U 2/~ T U — L HE A2 BEF LT,

Scheme 1-16
B "BuaSnLi (3.0 eq) "Bu i) ZnCl, (2.5 eq ) "Bu
F,C > F~ > F~~
N ~78°C,1h I i) Ar-1 (0.8eq) AN
7a / THF 13

cat. Pdy(dba)g*CHCls—PPh,

ZnClL, DIRMIZ L VX 2 U VU FUoLNLFX 2 UAHHEI~D T AR ZL
CaiTolcte, NI VU LMBAAFET, I vT V=V ED I ATy T Y
THEATO LT, 2T V=N EE LD 3-T A rFx ) U rDEKERAR
7. Table 1-8 IZ/ R T K HIZ, NIMICEMBELFT L3 T UV — 2 HWN
el A, BERkoltE, ErtGHoBEBRENTLOL G, 70 A0 v Y
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v MNER TCTHIIBICEST L (Entries 1, 2), AL, F v MMilcEBRIL 25T
HIA TV =L TlH,. Z7aRx by 7Y U IRERTHEITLIZS LS 2D INE
MWL 725 7= (Entry 3),

Table 1-8 : 2IICT7 U= EEZFTS3-7)bA0F/ U VE13 D SRk

Entry Ar-| Conditions Yield / %
13 8
1 p-NO,CgH,4l —-78°C—>rt,3h 74 (13a) <23
2 p-MeOCgH,l —-78°C—rt,3h 87 (13b) 11
3a 0-NH,CgHyl —-78°C—>rt,2h —reflux, 3h 70 (13¢c) <26

a_78°C—rt,2h—reflux, 1 h

LE1-3-4BLN 1-3-5 ToRLEELIIC, ZFHICHET D 2-F 2 U LT =
FrEHRETIREBEBIAELTC, TATE R, F o, KA a S bW
RT7TINELHEHAARTH L, AFELTHVWLIZ LI  3-7rFdrx Y
YO 2HZ 1 R Tk Tk TR TU — LA
AYEBEBHBREL VWSO ZEABERELZEATETLIILEH LN L,
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(-2 RERA]

0-(1-Butyl-2, 2-difluorovinyl)aniline (5a)

Butyllithium (1.56 ml, 1.63 M in hexane, 2.54 mmol) was added to a solution of

2,2 2-trifluoroethyl p-toluenesulfonate (766 mg, 3.01 mmol) in THF (10 ml) at —78 °C
over 10 min under a nitrogen atmosphere. The reaction mixture was stirred for 20 min
at —78 °C, and then tributylborane (1.33 ml, 1.0 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, 0.10 mmol),
and tris(dibenzylideneacetonyl)bispalladium-chloroform (1/1) (25 mg, 0.02 mmol) and
stirred for 15 min. To the solution was added the magnesium salt (generated from
o-1odoaniline (238 mg, 1.09 mmol) and dibutylmagnesium (2.47 mmol, 0.44 M in Et,0,
1.09 mmol) and THF (3 ml) at 0 °C for 30 min) and cuprous iodide (230 mg, 1.21
mmol). After the mixture had been stirred for 1 h at room temperature, the mixture

had been stirred for 1 h at room temperature, the reaction was quenched with phosphate
buffer (pH 7). The mixture was filtered, and then organic materials were extracted with
ethyl acetate (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 10 : 1) to give Sa (176
mg, 0.831 mmol, 77%) as a yellow liquid.

'"H NMR (500 MHz, CDCL,) § 0.87 (3H, t, J = 7.0 Hz), 1.30-1.35 (m, 4H), 2.29 (1H, tt,
J=7.0 Hz, J,;= 2.3 Hz), 3.66 (2H, br), 6.70-6.77 (2H, m), 7.00 (1H, dd, J = 7.6, 1.5
Hz),7.12 (1H, ddd, J = 7.6, 7.6, 1.5 Hz). *C NMR (125 MHz, CDCL,) 813.7,22.4,27.7,
29.8 (dd, J. = 3, 3 Hz), 89.1 (dd, Jop = 22, 17 Hz), 115.6, 118.4, 119.0 (d, Jop = 3 Hz),
128.9, 130.6 (d, J = 2 Hz), 144.3, 152.8 (dd, Jo = 290, 288 Hz). °F NMR (471 MHz,
CDCL,) 68.7 (1F, d, Ju = 43 Hz), 72.7 (1F, d, Ji = 43 Hz). IR (neat) v 3475, 3375, 2960,
2930, 2860, 1740, 1620, 1495, 1230 cm™. Anal. Found : C, 68.14 ; H, 7.07 ; N, 6.52.
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Calcd for C,HF, : C,68.23 ; H,7.16 ; N, 6.63%.

secg
F,C
HoN

0-(1-sec-Butyl-2,2-difluorovinyl)aniline (5b)

Compound Sb was prepared by the method described for Sa 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), tributylborane (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 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(l) iodide (230 mg, 1.21 mmol). Purification by PTLC on silica gel
(hexane—AcOEt 5:1) gave Sb (157 mg, 68%) as a pale yellow liquid.

'H NMR (126 MHz, (CD,),SO, 100 °C) 4 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,
ddd,J=74,74,14Hz),6.79 (1H,d,J =74 Hz), 692 (1H,d,J = 7.4 Hz), 7.07 (1H,
ddd,J=7.4,74,14Hz).

"C NMR (126 MHz, (CD,),SO, 100 °C) § 10.1, 17.2,26.9, 34.5,92.4 (dd, J = 16, 16
Hz), 114.5,1154,116.1, 127.8,129.6, 145.8, 151.7 (dd, J = 290, 288 Hz).

F NMR (254 MHz, (CD,),SO, 100 °C) 8.71.2 (1F, d, Jiz = 49 Hz), 74.1 (1F, d, Ji =
49 Hz).

IR (neat) 3390, 2960, 1730, 1615, 1495, 1455, 1300, 1215, 935, 750 cm™".

MS (20 eV) m/z (%) 211 (M*; 100), 182 (57), 162 (82).
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HRMS calcd for C,H,sNF, 211.1173 (M"); found 211.1184.

"Bu

F,C

O HC.N
H

N-[2-(1-Butyl-2,2-difluorovinyl)phenyl]formamide (6a)

To a solution of 5a (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. HCI (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 6a (1.49 g, 90%) as a pale yellow liquid.

F NMR (470 MHz, CDCl,) 8:70.9 (1F, dt, Ju = 39 Hz, Jz = 2Hz), 74.6 (1F, dd, J =
39,39 Hz).

IR (neat) 3309, 2958, 2931, 2862, 1738, 1676, 1522, 1246, 1130, 968, 912, 725 cm".
Anal. Calcd for C;H sNF,0: C, 65.26; H, 6.32; N, 5.85. Found: C, 65.46; H, 6.44, N;
5.66.

secg
F,C
O HC-N

6¢Cc
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N-[2-(1-sec-Butyl-2,2-difluorovinyl)phenyl]formamide (6¢)

Compound 6¢ was prepared by the method described for 6a using Sc¢ (1.66 g, 7.85
mmol), pyridine (20 ml), formic acid (0.59 ml, 19.6 mmol), acetic anhydride (1.49 ml,
19.6 mmol), and catalytic amount of DMAP. Purification by column chromatography
on silica gel (hexane—AcOEt 2:1) gave 6¢ (1.63 g, 87%) as a pale yellow liquid.

"F NMR (470 MHz, C,D,CD;) 72.4 (1F, dd, Ju= = 41, 41 Hz), 75.8 (1F, d, Jmz = 41, 41
Hz).

IR (neat) 3303, 2966, 2933, 1730, 1672, 1520, 1448, 1284, 1248, 1059, 912, 752 cm™".
Anal. Calcd for C;HsNF,0: C, 65.26; H, 6.32; N, 5.85. Found: C, 65.03; H, 6.40, N;
5.67.

2-(1-Butyl-2.2-difluorovinyl)phenyl isocyanide (7a).

To a solution of 2-(1-butyl-2,2-difluorovinyl)benzformamide (223 mg, 0.93 mmol) in
CH,CI, (8 ml) was added triethylamine (0.29 ml, 2.05 mmol) and phosphorous
oxychloride (0.10 ml, 1.12 mmol ) at O °C under an argon atmosphere. After being
strirred for 0.5 h , the reaction mixture was poued into 10% aqueous sodium
carbonate.Organic materials were extracted with CH,Cl, three times. The combined
extracts were washed with brine and dried over N,,SO,. After removal of the solvent
under reduced pressure , the residue was purified by thin layer chromatography on silica
gel (Hexane-AcOEt 10:1) to give 7a (171 mg, 0.770 mmol, 83%) as a pale yellow
liquid.

'H NMR (500 MHz, CDCl,) 4 0.84 (3H,t,J = 7.0 Hz), 1.25-1.37 (4H, m), 2.38-2.43
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(2H,m), 7.28 (1H,dd, J=7.7, 1.4 Hz), 7.35 (1H, ddd, J = 7.7, 7.7, 1.6 Hz), 7.38-7 44
(2H, m). *C NMR (125 MHz, CDCL,) 813.7,22.1,27.8,29.6 (dd, J.- = 3, 3 Hz), 88.9
(dd, J. =26, 16 Hz), 127.4,128.7, 129.4, 130.6, 131.7, 131.8, 153.2 (dd, J; = 290, 290
Hz), 166.7. "F NMR (471 MHz, CDCL,) 8 74.5 (1F, d, J; = 39 Hz, Jiy; = 4.0), 70.5 (1F,
d, Jo- = 39 Hz). IR (neat) v 2960, 2930, 2860, 2130, 1740, 1240, 760 cm'. HRMS calcd
for CI3H13NF2 221.101159 (M+); found 221.1022.

secg
F,C
o

7c

2-(1-sec-Butyl-2.2-difluorovinyl)phenyl isocyanide (7c).

Compound 7¢ was prepared by the method described for 7a using 6¢ (526 mg, 2.20
mmol), CH,Cl, (15 ml), triethylamine (0.77 ml, 5.50 mmol), and phosphorus
oxychloride (0.30 ml, 3.29 mmol). Purification by column chromatography on silica
gel (hexane—AcOEt 10:1) gave 7¢ (398 mg, 82%) as a pale yellow liquid.

'H NMR (500 MHz, C,D,CD;)  0.86 (3H,t,J = 7.0 Hz),0.99 (3H, dd, J = 7.0 Hz, J,z=
09 Hz),1.22 (1H,ddq,J =14.0,7.0,7.0 Hz), 1.47 (1H, ddq, J = 14.0, 7.0, 7.0 Hz), 2.44
(1H, ddqd, J =70, 70, 70 Hz, Ju+= 1.2 Hz), 6.78 (1H, ddd, J = 7.6, 7.6, 1.6 Hz),
6.85-7.00 (3H, m).

"C NMR (126 MHz, CDCL,) & 12.1, 18.5,28.5 (t, Joz = 3 Hz), 36.4, 93.4 (dd, J = 23,
13 Hz), 127.9,128.0,128.2,131.2,131.4, 131.5, 154.1 (dd, J = 288,288 Hz), 171 4.
"F NMR (470 MHz, C;D;CD;) 8, 72.6 (1F, d, Jo= = 41 Hz), 76.8 (1F, d, Jiz = 41 Hz).
IR (neat) 2966, 2877, 2121, 1736, 1460, 1238, 1061, 993, 937, 762 cm™".

MS (20 eV) m/z (%) 221 (M™; 46), 206 (69), 192 (100).

HRMS calcd for C,;H,;NF, 221.1016 (M*); found 221.1000.
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n

4

4-Butyl-3-fluoroquinoline (8a)

REBTF. AFYIFWIFY (0510 ml, 1.01 mmol) @ THF BRI, 1.59M @
TFINFOANFHYBR (0.635ml, 1.0l mmol) 2h&x. 7 SJERO RIE.
18 °C RBMNT B, 2OBWRR. A1 VTP =R 7a (74.6 mg, 0.337 mmol) @ THF
BRL2ED2BHOLTY L IVNAS. -78°CRRo L X 7 H5REE®RD. V)
VBBRER2ZNASSZ22RIA > TR 2EILL. JXFNVI-TNHZBNE
HEZ=-20HH0. ShH¥rzaHEZIE LT P D ARNKBRTHEBL. &
B RIDATENIRTS. BR2BEEBRVTBONSEAEBRZ. INHFN
34202 RT752 14— (BRABE  AFYY-HBIFNV5: 1) RIVD
BRSO, 8a (55.0 mg, 80%) 218 3.

'H NMR (500 MHz, CDCL,) 8 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, dt,J =7.8, Jyz =1.8 Hz), 7.59 (1H, dd, J = 7.6, 7.6 Hz),
7.66 (1H,ddd,J=7.6,7.6,0.8 Hz), 798 (1H, dd,J =8.4,0.8 Hz), 8.11 (1H, dd, J = 8 4,
0.8 Hz), 8.74 (1H, d, J,;x =1.2 Hz). "C NMR (125 MHz, CDCl,) 8 13.8,22.8,23.9(d, J ;-
=3Hz),31.8,123.5(,J,=6Hz),127.2,1279 (d, J =3 Hz), 128.0 (d, J =4 Hz),
130.3,131.6 (d,J=12Hz),141.0 (d, J- =29 Hz), 145.5 (d, J.- =2 Hz), 154.3 (d, J &
=251 Hz). "F NMR (471 MHz, CDCl,) 6 28.6 (1F, s). IR (neat) v 2960, 2931, 1512,
1464, 1379, 1323, 1225, 1142, 760, 665 cm™. HRMS calcd for C;H,,NF 203.1110
(M+); found 203.1128.

2\
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4-Ethyl-3-fluoroquinoline (8b)

RBTF. AFYIFWIFY (0576 ml, 1.14 mmol) @ THF BRI, 1.59M @
TFINFOANFHYBR (0.700 ml, 1.14 mmol) 2h%x. 7 SJERO I&.
18 C BT S, 2O0BHRPIC. VTP =R 7b (74.6 mg,0.337 mmol) M THF
BR2ED2B DO TYLVINAS.-78°CRIRo2 X X 0.25 BRAKH®RD.
NYBEREHRZNASSZIRI > TR ZELD. JIFNVI-TIVZAN
BHEEZ=20HHRY. SHIEREZIEBT PNDARNKBRTIRBO.
RBIPIRIVATERTS. BIR2EBEEBROVTEONSREER2. INHF
WHSA202R0hT7524— (BB AFHY-EHEBITFNS: 1) XY
DBIERO. 8b (51.0 mg, 77%)%218 8.

'"H NMR (500 MHz, CDCL,) 8 1.32 (3H, t, J = 7.6 Hz), 3,10 (2H, dq, J = 7.6, 1.7 Hz),
7.59 (1H, dd, J = 8.0, 7.3 Hz), 7.66 (1H, m), 7.98 (1H, dd, J = 8.3, 0.8 Hz), 8.11 (1H, dd,
J=8.5,0.7 Hz), 8.74 (1H, d, J,;; =1.1 Hz). *C NMR (125 MHz, CDCL,) § 14.1, 17.4 (d,
J.=3Hz),1233 (d, ], = 6 Hz), 1272, 127.6 (d,J.. = 3 Hz), 127.9 (d, J.; = 4 Hz),

130.2,132.8 (d, J.. = 12 Hz), 141.0 (d, J. = 29 Hz), 145.5, 154. (d, J., = 250 Hz). “F
NMR (471 MHz, CDCL,) 8 27.8 (1F, s). IR (neat) v 2976, 2937, 1606, 1512, 1464, 1325,

1255, 926, 760, 665 cm’.
SeCB
Fr/b
N\
N

8c

4-sec-Butyl-3-fluoroquinoline (8c)

RBTF. AFYIFWVIFY (0.705 ml, 1.40 mmol) @ THF B2, 1.60M O
FINFOANFHYBR (0.875ml, 1.40 mmol) 2M%x. 7 SIERO A,

18 °C RBMT B, SOBWRPR. A1 VP =N 7¢ (753 mg, 0.340 mmol) @ THF
BR2ED2BHOLTYIVNAS. -78°CRRo X X 2 B5REEH®RD. V)
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VBRER2ZNASSZ22RIA > TR 2EFILD. JXFNVI-TNHLZBNE
HEZ=-20HH0. ShH¥rzaHEZIE LT P D ARNKBRTEBL. &
B RIDATENRTS. BR2BEEBRVTBONSEAERZ. INHFN
34202 RT752 14— (BRABE  AFYY-HBIFNV5: 1) RIVD
BEREEO. 8c (452mg, 65%)%2183.

F NMR (254 MHz, CDCL,) § 33.0 (1F, s)

4,4’-Dibutyl-3,3’-difluoro-2,2’-biquinoline (9a)

ANFYITFIVIF (0436 mi, 0.863 mmol) @ THF BIRES. KBTF. 1.60M D
TFIVNFDA \FHYBWO.540 ml,0.863 mmol) Zh%x. 7 5PEERITS.
2h#. 7a(764 mg, 0.345 mmol) @ THF BRPICKRBTHRIMNO. KRBT 7858
BRORIE Z2RTI7HBRAERL. VYEBEERZ2NAS322RI > TR
21338, JIFNVI-TILZRANEEEZ=BRHKL. aheEEEZ
BB PO ARNKBBRTIRBO. REBLPIRIDATERITS. BlR2HE
EBRVTEDONSRE2. YNAWFNVHS534202RhT52 4« — (BB
ANFBY-BBIFIVS: 1) RIVIWIBEHRO. 9a (41.1 mg, 59%)2{83.

'"H NMR (500 MHz, CDCL,) 8 1.00 (3H, t, /= 7.3 Hz), 1.51 (2H, tq, J= 7.5, 7.5 Hz),
1.72-1.80 (2H, m), 3.20 (2H, t,J = 7.8), 7.66 (1H, ddd, J = 8.2, 7.0, 1.2 Hz), 7.72 (1H,
ddd, J=84,69,1.5Hz),8.06 (1H, dd, J = 8.4, 8.4 Hz), 8.31 (1H, dd, J = 8.4, 8.4 Hz).
3C NMR (125 MHz, CDCL,) § 13.8,22.7,24.1,31.8, 1233, 127.6, 128.2, 128.5, 130.9,
132.8 (dd, J,. = 10, 3 Hz), 145 .2, 145.3,152.9 (dd, J., = 256, 2 Hz). "F NMR (471 MHz,
CDCl,) 8 31.0 (IF, s). IR (neat) v 2958, 2929, 2872, 1504, 1456, 1377, 1338, 1221,
1188, 1144, 762 cm™. HRMS caled for C,H,N,F, 404.20637 (M+); found 404.2057
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9b

4,4’-Diethyl-3,3’-difluoro-2,2’-biquinoline (9b)

ANFYITFIVIF (0.294ml,0.582 mmol) @ THF BIRES. KBTF. 1.60M D
TFIVNFHOANFBYBW (0357 ml,0.583 mmol) 2M%x. 7 5PEERTS.
28 %, 7b(53.5mg,0.277 mmol) @ THF BRPLC KRB THMNO. KRBT 7850
BRORiE Z2RTI7HBRAERL. VYEBERER2Z2NAS322RI 2> TRN
2E1Lk3I3. JIFNVI-FTILZRANEEEZ=BRHKL. ahedEEEZ
BB RO ARNKBRTIRBO. REBLPIRIDATERITS. Bli2HE
EBRUVTEBDONSRE2. JNAWFNVHS534202RT52 4« — (BB

ANFHY-HBIFN5: 1) CIVIRIERO. 9b (205 mg, 42%)2183.
"H NMR (500 MHz, CDCL,) 8 1.38 3H, t,J = 7.6 Hz), 3.21 (2H, q, J = 7.6 Hz), 7.65

(1H,dd,J=7.6,72Hz),7.71 (1H,dd,J=7.4,7.1 Hz), 8.05 (1H, dd, J = 8.3, 8.3 Hz),
8.28 (1H, dd, J = 8.3, 8.3 Hz). "C NMR (125 MHz, CDCl,) § 14.1,17.8,123.2,127.7,
128.3,130.9, 134.1 (d, J - = 10 Hz), 145.4,152.7 (d, J . = 254 Hz). "F NMR (471 MHz,
CDCl,) 8 30.2 (1F, s). IR (neat) v 2972, 1612, 1508, 1455, 1348, 1325, 1255, 1192,
1147,763 cm™. Anal. Calcd for C,,H (F,N,: C, 75.85; H,5.21; N, 8.04%. Found: C,
75.67; H,5.35; N, 7.92%.

9c

4,4’-Di-sec-butyl-3,3’-difluoro-2,2’-biquinoline (9c¢)
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ANFYITFIVIF (0433 ml,0.858 mmol) @ THF BIRES. RBTF. 1.60M D
TFINFHOANFBYBMW (0.536 ml,0.858 mmol) 2M%x. 7 5PEERITS.
2H#%. 7c(759 mg,0.343 mmol) @ THF BRPLCAREBTHMNO. KRBT 785/
BRORiE Z2RTI7HBRAERL. VYEBEER2Z2NAS322RI 2> TRN
2133, JIFNVI-FTILZRANEEEZ=BRHKL. aheEEEZ
BB RO ARNKBRTIRBO. REBLPIRIDATERITS. BlE2E
EBRVTEDONSRE2. YNAFNVHS534202RhT52 4« — (BB
ANFHY—-BBITFIS: 1) RIVIWIERO. 9¢ (29.0 mg, 42%) 218 3.

"F NMR (254 MHz, CDCL,) § 35.0 (1F, s).

"Bu

F~

HO \N

Ph
11a

4-Butyl-3-fluoro-2-(1-hydroxyphenylmethyl)quinoline (11a)

REBTF. \FYITFNVIF (0414 ml,0.820 mmol) @ THF B, 1.59M
DIF7FINFHDA \NFHYBIR (0.550 ml, 0.820 mmol) Z2h0%. 7 SIFEEPE
ORi&. -78°C BT 3. 20BWPIIR. 1 VP =R 7a (60.5 mg, 0.273 mmol)
@ THF BRL2EFA2EHDBTYWIVNAS. -718°CRIRo XX 7 HRAE
BO. NYRXPWVTENR (579 mg, 0.546 mmol) M 0.3 MTHF BRZBWAEZEBD
S8TYWLIIVNASB. -78°CRIRo2ZZX X 0.5 BFRIERY. RHREBRETH
RO 1 BRAE®RIS. NYVEBREBEHRLZ2MNMASSZ2RI > TRINZ2ELD. ¥
IFNVI-TLZBREEEZ2=Z0HHBL. 8hErzEaHEB2EKTFRIDA
BRUNKRBRTHRBO. RBIPIRIDVATENRITS. BIR2HEEBRLTED
n3BEB2. INWFNVHS5420Ph 752 14— (BRBEE : ANFBY -8
BIFV5:1) BRRVIMIERO. 11a (66.1 mg, 78%) 218 8.
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'"H NMR (500 MHz, CDCL,) 0.91 3H, t, J = 7.5 Hz), 1.38 (2H, tq, J = 7.5, 7.5 Hz),
1.60 (2H, tt, J = 7.5, 7.5 Hz), 2.96-3.01 (2H, m), 5.83 (1H, d, J = 6.2 Hz), 6.06 (1H, dd,
J=62,14Hz),7.24 (1H,tt,J = 6.8, 1.6 Hz), 7.30 (1H, t, J = 6.8 Hz), 7.41 (1H,d, J =
6.8 Hz), 7.56 (1H, t, J = 7.8 Hz), 7.67 (1H, td, J = 7.8, 0.9 Hz), 7.92 (1H, d, J = 7.8 Hz),
8.14 (1H, dd, J = 7.8, 0.9 Hz). °C NMR (125 MHz, CDCL,) § 13.7, 22.7, 24.0, 31.7,
71.1, 1235 (d, Jop = 5 Hz), 1259, 127.0, 1272, 127.8, 1283 (d, Jo = 3 Hz), 1284,
132.8 (d, Jor = 13 Hz), 142.0, 143.4,150.7, 151.8 (d, Jop = 228 Hz). "F NMR (471 MHz,
CDCl,) & 28.8 (IF, s). IR (neat) v 3398, 2958, 2929, 1610, 1508, 1458, 1396, 1356,
1227, 1146, 1109, 1063, 1007, 762, 698, 665 cm™.

t

R z

HO_ASy
Ph

11b

4-Ethyl-3-fluoro-2-(1-hydroxyphenylmethyl)quinoline (11b)

RBTF. \FYITFNIF (0501 ml,0.992 mmol) @ THF B\, 1.59M @
TFINFDA \NFHYBW (0.609 ml,0.992 mmol) 2M%. 7 SRR
rzig. -73°CRIBHMITIS. SOBWPIRR. 1VZP=R 7b (63.9 mg,0.331 mmol)
@ THF BRL2EFA2EH5BTYWIVNAS. -718°CRIRoI XX 7 HRAE
BO. NYRXPNVTENR (73.8mg, 0.695 mmol) M 0.3 MTHF BRZBEZ2EBD
S8 TYWIIVNMAS. -78°CRIRoZZXZX 0.5 BRAKRD. RHREREXTH
RO 05 BRE®RITS. NYBBRERZNAS SR> TRN2ZEILD.
IFNI-FTNVZANEGHEZ=Z0HHY. SHh¥rEREZRIETFRIDA
BRUOKRBRTHRBO. RBOIPIRIDVATENRITS. BiR2HEEBRLTIED
N3BEZ. INHFWVHS54209RhT524— (BRABE  AFHY -8
BIFV5:1) RRVIMIERO. 11b (68.4 mg, 73%)2183.

'"H NMR (500 MHz, CDCLy) § 1.25 (3H, t, J = 7.6 Hz), 2.99-3.04 (2H, m), 5.83 (1H, d,
J=62Hz),606(1H,dd,J =62, 1.2 Hz),7.25 (1H, tt,J = 7.3,2.0 Hz), 7.31 (1H, t,J =
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7.3 Hz),7.43 (1H,d,J=7.3Hz),7.58 (1H,t,J=7.6 Hz), 7.68 (1H, td, J = 7.6,0.8 Hz),
7.93 (1H,d,J=7.6 Hz),8.15 (1H, dd, J = 7.6, 0.8 Hz). C NMR (125 MHz, CDCL,) §
14.0,17.6 (d,J=15Hz),71.1,123.3 (d, Jor =5 Hz), 127.1,127.2,127.9, 128.3 (d, J
=9 Hz), 128.4,129.6,134.0 (d,J = 13 Hz), 1419, 143.6 (d, J- = 3 Hz), 150.8, 151.0,
151.5 (d, Jo = 252 Hz). F NMR (471 MHz, CDCL,) § 28.0 (1F, s). IR (neat) v 3398,
2958, 2929, 1610, 1460, 1396, 1356, 1227, 1146, 1007, 762, 698, 665 cm™ . Anal. Calcd
for C,;H,;FNO: C, 76.85; H,5.73; N, 4.96%. Found: C, 76.92; H, 5.83; N, 4.87%.

11c
4-sec-Butyl-3-fluoro-2-(1-hydroxyphenylmethyl)quinoline (11c)

RBTF. AFYIFWIFY (0.726 ml, 1.44 mmol) @ THF B, 1.59M O
FINFDA AFHYBEW (0.900ml, 1.44 mmol) Z210%. 7 SOEERO IE.
18 °C RBMT B, SOBWRPR. A1 VP =N 7¢ (77.6 mg, 0351 mmol) D THF
BRL2ED2BHOYTYIVNAS. -78°CRRo> L X 7 HFEERD. X
JAPNVTENR (108.0mg, 1.02mmol) @ 0.3 MTHF B Z2BE2BHDETY
22VMAB. -718°CRIRoZE X 0.5 BEREBL. RSHRBVBITHRBOOS
BRE®RIS. NYBBHERZMNASS2XRIA > TRZELRD. JIFND
I-FTV2ZHRNEEEZ=ZBHKBD. SherzEGREZIE (KT hDDARNK
BRTRBO. REBPIRIDVATENRTS. BR2BEEBRVTCEDNISE
B2, INHFNWVHS54202RT7524— (BB . AFUY BT
V5:1) RRVIREBRO. 11c (66.0 mg, 61%)218 3.

"F NMR (254 MHz, CDCL,) § 32.7 (1F, s).
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11d

4-Butyl-3-fluoro-2-(1-hydroxy-3-phenylpropyl)quinoline (11d)

RBTF. \FYITFNIF (0471 ml, 0933 mmol) O THF B\, 1.59M @
TFINFDA \NFHYBW (0576 ml,0.933 mmol) 2M0%. 7 SRR
riE. -3 CRRBHMITS. SOBWPR. A V&P =R 7a(68.8 mg,0.311 mmol)
@ THF BRL2EFA2EHDBTYWIVNAS. -718°CRIRo XX 7 HRAE
BO. 3-2z=N070QNF—=I (87.6 mg,0.653 mmol) @ 0.3 MTHF B2 K@D
2BHHETYWLIAVMNAS. -78°CRIR2ZZEZ 0.5 BRERD. KHRER
ZTRIRV | BRAE®RI 3. NYBEBHR2ZNAS322RX » TR 2KF1E
O. JXFNVI-THLZBNEHREZZ0HBLO. SheraRE2IET b
NOARNKBRTIRBO. REBLI/RIDATERITS. BE2EESERD
TiRoN3REBL2. JNVFNVH342702KhT752 14— (BRABEE : \¥Y
Y—EBIFN5:1) RIVIEIERO. 11d (78.0 mg, 74%) 218 S.

"H NMR (500 MHz, CDCL,) § 0.95 (3H, d, J = 7.5 Hz), 1.45 (2H, tq, J = 7.5, 7.5 Hz),
1.66 (2H, tt, J=7.5,7.5 Hz), 1.94-2.01 (1H, m), 2.26-2.33 (1H, m), 2.80-2.91 (2H, m),
3.06 (2H, td, J=7.5, 1.6 Hz),4.97 (1H,d, J = 3.4 Hz), 5.13 (1H, br), 7.14 (1H, td, J =
7.6,1.5 Hz), 7.20-7.25 (4H, m),7.57 (1H, t,J = 7.6 Hz), 7.67 (1H, td, J = 7.6, 0.8 Hz),
7.95 (1H, dd, J = 7.6,0.8 Hz), 8.08 (1H, dd, J = 7.6, 0.8 Hz). °C NMR (125 MHz,
CDCLy) 6 13.8,22.8,24.0,31.6,31.8,38.9,68.2,123.4 (d, Jo- = 5 Hz), 125.7, 126.8,
127.9 (d, Jo = 4 Hz), 128.3, 128.5, 129.4, 132.4 (d, Jop = 13 Hz), 142.0, 143.5 (d, Jop =
3 Hz), 151.7 (d, Jop = 251 Hz), 151.9 (d, Jop = 22 Hz). *F NMR (471 MHz, CDCL,) &
27.2 (1F, s). IR (neat) v 3410, 2958, 2929, 2860, 1612, 1508, 1496, 1456, 1398, 1389,
1354, 1230, 1176, 1144, 1080, 1076, 700 cm’.
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11e

4-Butyl-3-fluoro-2-(1-hydroxy-2-methylpropyl)quinoline (11e)

RBTF. AFYIFWVIFY (0.505 ml, 1.00 mmol) @ THF B2, 1.59M O
FINFDA ANFHYBEW (0.618ml, 1.00 mmol) Z21%. 7 SIEERO IE.
18 °C RBMNT B, 2OBWRR. A1 VTP =R 7a (73.8 mg, 0.334 mmol) d THF
BRE2ED2BHOLTY L IVNAS. -78°CRRo L X 7 HRAKE®RD. 4
VIF PP T E K483 mg,0.670 mmol) @ 0.3 MTHF BRZBE2EHDE T
WoVNASB. -78°CR{RoZE X 0.5 BEHERL. RHREBREXTHREBL 05
BRE®RIS. NYBBHERZMASS2XRIA > TRIZELRD. JIFND
I-FTV2ZHRNEEEZ=ZBHKBD. SherzEGREZIE (KT hDDARNK
BRTRBO. REBPIRIDVATENRTS. BR2BEBRVTCEDNISE
B2, INHFNVHS54202RhT7524— (BHRBR . AFUY BT
V5:1) RRVDEEBRO. 11e (60.2 mg, 66%) 218 3.

F NMR (254 MHz, CDCl,) 8 27.7 (1F, s).

11f

4-Butyl-3-fluoro-2-(1-hydroxy-2, 2-dimethylpropyl)quinoline (11f)

RBTF. AFYIFNWIF (0.529 ml, 1.05 mmol) @ THF B2, 1.59M DT
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FINFDA ANFHYBEW (0.646 ml, 1.05mmol) Z210%. 7 SOEERO IE.
18 °C RBMNT B, 2OBWRR. A VTP =R 7a (772 mg, 0.349 mmol) @D THF
BRL2ED2BHO>LTYVNAS. -78°CRRo L X 7 HRAKERL. &
NP VT E R(63.1 mg,0.733 mmol) M 0.3 MTHF BRZBBED2EBHDETYW o
YMNAB. -78°CRIRoZEX 0.5 BREHEIBRL. EHRZR/XTHRRBO 0585
RiE#%T 3. NYEBBHER2ZNA3822RI » TRD2E1LD. JIF NI
—TNVZANEEE2Z2=0HHRY. SHIEREZIET PN DARNKE
BTHBO. REBPIRIDVATENRTS. BR2HEERBARVTEO>NSEE
2. INDHTFNVNSA2020hT752 4« — (BB AFHY-HEBITFNS5:
D) RIVIWIERO. 11f(72.2 mg, 12%)2{83.

'H NMR (500 MHz, CDCL,) 5 0.97 (3H, d, J = 7.4 Hz), 0.98 (9H, s), 1.45 (2H, tq, J =
74,74Hz),1.67 2H,tt,J=7.4,74Hz),1.68 2H,tt,J=7.5,7.5Hz),3.09 2H, td,J
=74,10Hz),4.39 (1H,d,J=8.8 Hz),4.84 (1H,dd,J=8.5,19 Hz),7.57 (1H, t,J =
7.7Hz),7.65 (1H,td,J=7.7,1.1 Hz),7.96 (1H,dd,J=7.7, 1.1 Hz), 8.07 (1H, dd, J =
7.7,1.1 Hz). "C NMR (125 MHz, CDCl,) 6 13.8,22.7,24.0 (d, Joz = 3 Hz), 25.7,31.9,
37.4,74.8 (d,Jop = 2 Hz), 123.4 (d, Jop = 5 Hz), 126.8, 127.8, (d, Jop = 1 Hz), 128.0,
129.7,131.8 (d, Jop = 14 Hz), 143.8 (d, Jop = 3 Hz), 1514 (d, Jop = 22 Hz), 152.2 (d, Jup
=251 Hz). F NMR (471 MHz, CDCL,) 6 32.1 (1F, 5). IR (neat) v 3458, 2960, 2933,
2871, 1608, 1508, 1458, 1400, 1381, 1358, 1281, 1232, 1144, 1111, 1072, 1018, 760,
665 cm™.

11g

4-Butyl-3-fluoro-2-(1-hydroxy-1-methylpropyl)quinoline (11g)

RBTFT. \FYITFIIF (0483 ml,0.957 mmol) @ THFE FWIWLS. 1.59M O
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TFINFDA \NFHYBW (0.591 ml,0.957 mmol) 2M%. 7 SRR
rzig. -78°CRRBHMITS. SOBRPR. V&P =R 7a(70.6 mg, 0.319 mmol)
@ THF BRL2EFA2EHDBTYWIVNAS. -718°CRIRoI XX 7 HREAE
BO. TFWRAFNVFTBY (483 mg, 0.670 mmol) D 0.3 MTHF B2 WA 25
DHRTWLIVNAB. -78°CRIRI2ZEZ 0.5 BRIERD. HRBRZXT
ARV 05 BRAE®RITS. NYEBEBHR2Z2NASSZ22RI > TRIN2{EFEILD.
JIFNI-THLZBNEHREZZ0HBLO. ShervaRE2IEEFhID
ARNAKBRTIHBO. RBIIRIDVATENRTS. BII2RHEBRLTIE
SN 35EB2. IVWFNVHS5420PhT752 14— (BRBEE : ANFHY—
BEIFIS: 1) RRVDBBERO. 11g(57.7 mg, 66%)21{83.

"F NMR (254 MHz, CDCL,) § 27.5 (1F, s).

11h

4-Butyl-3-fluoro-2-(1-hydroxy-1, 1-diphenylmethyl)quinoline (11h)

RBTF. \FYITFNIF (0.502ml,0.994 mmol) ® THF B\, 1.59M @
TFINFDA \NFHYBW (0.614ml,0.994 mmol) 2M%. 7 SRR
rzig. -78°CRRBHMITS. SOBRPR. AVZP =R 7a(73.3 mg,0.331 mmol)
@ THF BRL2EFA2EH2BTYWIVNAS. -718°CRIRo XX 7 HRAE
BO. NYY2x )Y (126.6 mg,0.695 mmol) @ 0.3 MTHF BR2HRBD2EBHD
BTWYWIVNMAS. -78°CRIJo7ZE X 05 BFEERL. RSRBRITHE
0 0.5 BFRAE®RI 3. NYBBRERZ2NASSZ22RI > TR 21D, JX
FLI-FTVZBRNEEEZ=2BHHBL. SherzaHEZIE BT hIDAR
HNKRBBRTHBO. REBOPIRIDVATENTS. Blii2BEBRLTEDN
SRELZ. JNVFNVHS34202R8T752 14— (BRBIE ; \FY -k
IFN5:1) RIVIBFETVO. 11h (71.0 mg, 56%) 218 .
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'H NMR (270 MHz, CDCL,) 8 091 (3H,t,J= 7.3 Hz), 1.36 (2H, tq, J = 7.3, 7.3 Hz),
1.61 (2H, m), 3.00 (2H, m), 7.30 (6H, m), 7.40 (5H, m), 7.58 (1H, m), 7.68 (1H, m),
7.95 (1H, dd, J=8.4,8.4 Hz),8.13 (1H, dd, J = 8.4, 8.4 Hz). "C NMR (67.5 MHz,
CDCl,) 6 139,22.7,242 (d,Jos =4 Hz),31.8,123.3 (d,J.(r=5Hz),1273 (d,Jx=6
Hz), 127.7,128.1, (d, Jo- = 3 Hz), 128.4,128.5, 128.6, 134.2 (d, Jo- = 14 Hz), 142.5 (d,
Jor =3 Hz),144.2,151.7 (d, Jor = 253 Hz), 151.9 (d, Jx = 19 Hz). F NMR (254 MHz,
CDCl,) 8 39.8 (1F, s). IR (neat) v 3292, 3055, 2956, 2933, 2862, 1598, 1506, 1495,
1446, 1396, 1353, 764,700 cm™. Anal. Calcd for C,,H,,FNO: C, 81.01; H, 6.28; N,
3.63%. Found: C, 80.75; H, 6.39; N, 3.63%.

11i

4-Butyl-3-fluoro-2-(1-hydroxy-1-phenylethyl)quinoline (11i)

RBTF. \FYITFNIF (0470 ml,0.932 mmol) @ THF B\, 1.59M @
TFINFDA \NFHYBW (0.626 ml,0.932 mmol) 2M%. 7 SRR
riE. -73°CRRBHMITS. SOBWPR. A V&P =R 7a(68.7 mg,0.311 mmol)
@ THF BRL2EFA2EHDBTYWIVNAS. -718°CRIRoI XX 7 HRAE
BO. PLRh2x )Y (78.5mg,0.653 mmol) @ 0.3 MTHF BRZBED2EBHD
BTWYWIVNMAS. -78°CRIJo7ZE X 05 BFEERL. RSRBRITHE
0 0.5 BFRAE®RI 3. NYBBRERZ2NASSZ22RI > TR 21D, JX
FLI-FTVZBRNEEEZ=2BHHBL. SherzaHEZIE BT hDDAR
HNKRBBRTHBO. REBOPIRIDVATENTS. Blii2BEBRLTEDN
SREBLZ. JNVFNVHS3420°?RhT752 14— (BRBE ; \¥Y -k
IFN5:1) RRVIREBRO. 11i (37.0 mg, 37%) 218 3S.
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F NMR (254 MHz, CDCl,) 8 34.4 (1F, s).

12a

4-Butyl-3-fluoroquinoline-2-carboaldehyde (12a)

REBTF. \FYITFNVIF (0473 ml,0.937 mmol) @ THF BIES. 1.59M
D7FWNFOAAFHYBE (0.575ml,0.937 mmol) Z2h%. 7 SIFMERD
rzig. -78°CRRBHMITS. SOBRPR. AVZP =R 7a(69.1 mg,0.312 mmol)
@ THF BRL2EFA2EH2BTYWIVNAS. -718°CRIRoI XX 7 HRAE
#O. DMF (47.9 mg,0.655 mmol) @ 0.3 MTHF 2R B2EBHDETYW <L
VNAS. 78°CRIRoZZEX 7THBRAERY. RSRZ2REATHREL 7 BRAER
33, NYBEBHEBRZNA3322RA > TR 2Z2F1D., JIFNVI-FTN
ZANEEEZ=0HHRYO. SHIEREZ2IEBT PN D ARNKBR T
B, MBI/ RIDVATENRITS. BR2BERRLTHOINSHAER. &
NHFVDHSA202RT752 4«— (BRABE  AFHY-BEITFNVS5: 1D
RAVIEHERO. 12a (50.8 mg, 70%) %218 3.

"H NMR (500 MHz, CDCl,) § 0.98 (3H, t, J = 7.3 Hz), 1.46 (2H, tq, J = 7.3,7.3 Hz),
1.70 (2H, tt, J= 7.3, 7.3 Hz), 3.12-3.17 (2H, m), 7.72 (1H, t, J = 8.0 Hz),

7.76 (1H, t, J = 8.0 Hz), 8.02 (1H, d, J = 8.0 Hz), 8.24 (1H, d, J = 8.0 Hz),

10.3 (1H, d, J,;x =0.5 Hz). '°C NMR (125 MHz, CDCl,) & 13.7,22.7,23.9(d, J - = 4 Hz),
31.8,129.0,129.7,130.1 (d, J.. = 4 Hz), 131.4, 134.8 (d, J.. = 12 Hz),

141.7 (d, J.- = 13 Hz), 144.9 (d, J. = 13 Hz), 153.7 (d, J. = 265 Hz), 190.5.

F NMR (471 MHz, CDCL,) 8 26.7 (1F, s). IR (neat) v 2960, 2341, 1714, 1591, 1560,
1452, 1195, 750 cm’.
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"By
F; 7z
R0

12c

2-Benzoyl-4-butyl-3-fluoroquinoline (12c¢)

RBTF. \FYITFIIF (0.485ml,0.960 mmol) M THF B\, 1.59M @

TFINFHOANFHYBEIWR (0.589 ml,0.960 mmol) 2h%. 7 SIEERORZ
. -78°C BT S. SOBWPR. 1V P =R 7a(70.8 mg, 0.320 mmol) @D
THF BRZ2EFD2EHDBTYWVNAS. -718°CRIRoI XX 7 BRAER

O. N, N-IRFPWANYXPER (100.3 mg,0.672 mmol) D 0.3 MTHF ¥R %2R
2D TYWLIVNAS. 78°CRRoZE X 7HRERBL. RHRERZX
TRRL 7THBRE®RIS. NYBEBERZNASS 2RI 2 TRI2ZFILD.
JIFNI-TNLZANEHEEZ=CHHRY. SHIEREZIEKIFPND

ARNAKBRTIHBO. RBIIRIDVATENRTS. BII2HEBRLTIE

Oh35EB2. IVNWFNVHS5420PhT752 14— (BRBEE : ANFHY—

HEBIFN5: 1) RIVIW[IERO. 12¢ (773 mg, 19%) 218 3.

'"H NMR (500 MHz, CDCL,) 8 0.98 (3H, t, J = 7.6 Hz), 1.49 (2H, tq, J = 7.6, 7.6 Hz),
1.73 @H, ttd, J = 7.6, 7.6, Jup = 2.1 Hz), 3.15(2H, td, J = 7.6, Jyr = 1.7 Hz), 7.48 (2H, 1,
J=75Hz),7.62 (1H,t,J=7.5,Hz),7.67 (1H,td,J=7.8, 1.2 Hz), 7.71 (1H, td, J = 7.8,
1.3 Hz), 8.00 (2H, d, J = 7.5 Hz), 8.04 (1H, dd, J = 7.8, 1.2 Hz), 8.15 (1H, dd, J = 7.8,
1.3 Hz). ®C NMR (125 MHz, CDCl,) § 13.8,22.8,24.1,31.8, 123.5 (d, J.. = 5 Hz),
128.3,128.5, 128.6, 128 8 (d, J.. = 4 Hz), 130.5, 130.8, 133.7 (d, J. = 13 Hz), 133.8,
135.8, 144.1 (d, J., = 2 Hz), 146.7 (d, J,, = 21 Hz), 152.3 (d, J,. = 257 Hz), 191.7.

F NMR (471 MHz, CDCL,) 8 29.7 (1F, s). IR (neat) v 2958, 2924, 2862, 1678, 1599,
1456, 1375, 1282, 1221, 1173, 899, 762, 688 cm’.
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n,

Z N

12d

4-Butyl-3-fluoro-2-iodoquinoline (12d)

RBTF. \FYITFNIF (0420 ml,0.833 mmol) @ THF B\, 1.59M @
TFINFHOANFHYBIR (0.560 ml,0.833 mmol) 2M%. 7 SIREERORZ
. -73°CrriBiNITS. 2OBWRPR. 1VIP=RK 7a(61.4mg,0278 mmol) D
THF BRZ2EFD2EHDBTYWVNAS. -718°CRIRoI XX 7 BRAER
O. 29& (3522 mg, 1.39 mmol) M 0.3 MTHF BR2HWA2BHDETYW <L
VNAS. 78°CRIRoZZEX 7THBRAERY. RSRIBREATHREL 7 BRAER
33, NYBEBHEBRZNA3322RA > TR 2Z2F1LD., JIFNVI-FTN
ZANEEEZ2=BHHRYO. SHBIEREZR2IETF PN D ARNKBR T
B, MBI/ RIDVATENRITS. BR2BERROLTHOINSHAER. &
NHFNVDHSA202RT752 4— (BRABE . AFHY-BEITFNVS5: 1D

RAVIEHIERO. 12d (48.0 mg, 52%)%2{83.

'H NMR (500 MHz, CDCL,) 6 0.78 (3H, t,J= 7.3 Hz), 1.46 (2H, tq, J= 7.3,7.3 Hz),
1.68 2H, tt,J=7.3,7.3),3.08 2H,td,J=7.3,J4=1.6 Hz),7.61 (1H, t,J=7.6 Hz),
7.65 (1H,t,J=7.6 Hz), 7.95 (1H,d, J = 7.6 Hz), 8.06 (1H, d, J = 7.6 Hz). "C NMR
(125 MHz, CDCl;) 6 0.0, 13.8,22.7,24.7,31.7, 110.6 (d, J- =34 Hz), 123.6 (d, J =5
Hz), 127.6,128.7,129.6, 131.7 (d, J- = 5 Hz), 1469 (d, J- =2 Hz), 152.2 (d, J - = 253
Hz). "FNMR (471 MHz, CDCL,) § 53.1 (1F, s). IR (neat) v 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%.
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12e

4-Butyl-3-fluoro-2-methylquinoline (12e)

RBTF. \FYITFNIF (0451 ml,0.894 mmol) @ THF B\, 1.59M @
TFINFHOANFIYBEIWR (0.548 ml,0.894 mmol) 2M%. 7 SIEERORZ
. -78°CcRrBMITS. SOBBWPIC. 1 VIP =R 7a(65.9 mg,0.298 mmol) D
THF BRZ2EFD2EHDBTYWVNAS. -718°CRIRoI XX 7 BRAER
O. 29D{BIRI) (11.4 mg, 0.0596 mmol) BRYE A=K XK (148.0 mg, 1.04
mmol)® 0.3 MTHF B 2BBD 2B 0S8 TYWIVINAS. 78°CRRok&
% 71 HRERD. LOR2RITHEBL 765RAE®RIS. VYEBEHKRZMNA
832232 TRIB2HFLY. JIFNI-THZANEGHEZ=ZQHRD.
BB REREZIEBTF P DARNKBERTHBO. MBI RIDATE
53 3. BIR2BEBROLTHRONIAERZ. JNA5V353420°2hT75
24— (BRABIE AFIY-HEBIFIVS: 1) CRVIBFERO. 12¢ (33.3 mg,
51%)%2183.

"F NMR (254 MHz, CDCL,) § 31.6 (1F, s).

13a

4-Butyl-3-fluoro-2-(4-nitrophenyl)quinoline (13a)

RBTF. AFYITFWVIF (0.505ml, 0.999 mmol) @ THF B2, 1.59M O
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TFINFOANFHYBEIWR (0.617 ml,0.999 mmol) 2h%. 7 SIEERORZ
. -73°CrriBiNITS. SOBWPR. 1VIP=R 7a(73.7 mg,0.333 mmol) @D
THF BRZ2EFD2EHDBTYWVNAS. -718°CRIJRo XX 7 BRAER
O. 0.35M QIE{BESBANTHF B (2.38 ml, 0.833 mmol)Z2MZ. -78 °C 2R 2
ZZX05HBRERITS.- 78 °CRBIoOLEZX. PN 2= IRR2 4 (140 mg,
0.0533 mmol), RN RAFNYTINTIPLRIMEANSIDA- 200K N A
B (1/1) 13.8 mg, 0.0133 mmo)BRY p-=h QA= RAXYEBY (66.3 mg, 0.266
mmol) Z2M%. 2REXTHRRBOIBRE®HIS. NYEBEBEHKRZMNASSI2 2
B 2TRB 2B, JIFNVI-FTHLZBNEEEZ=Z0HHD. 8hy
rEBERB2I1EF N D ARNKBERTHBO. RBLI/RIDATERITS.
BR2BEEBROVOTCEONSRAELRL. YNH5NVA3542020h7524— (B
BB  AFYY-HEBIFN5: 1) RRVIMIERO. 13a (634 mg, 74%)%
83.

'H NMR (500 MHz, CDCl,) 6 0.99 (3H, t,J = 7.3 Hz), 1.50 (2H, tq, J = 7.3, 7.3 Hz),
1.73 2H, tt,J=7.3,7.3),3.16 2H,td,J=7.3,7.3 Hz),7.63 (1H,t,J=7.5Hz),7.71
(1H,td,J=7.6,1.1 Hz),8.00 (1H,d,J=8.4 Hz),8.16 (1H, dd, J=8.4,0.5 Hz), 8.25
(2H, dd,J=8.9, 1.6 Hz), 8.35 (2H, dd, J = 8.9, 1.6 Hz). "C NMR (125 MHz, CDCl,)
013.8,22.8,24.2(d,J=4Hz),319,123.4(d, J=5Hz), 123.5,127.2,127.6 (d, J &
=21Hz), 1279 (d, J=21 Hz), 130.3 (d, J = 61 Hz), 130.5, 133.5, 133.6, 145.1 (d,
J.=3Hz),145.5,145.6,152.8 (d, = 257 Hz). "F NMR (471 MHz, CDCl,) § 32.2
(1F, s). IR (neat) v 2954, 2933, 1600, 1520, 1346, 1192, 1144, 1105, 858, 764, 713,499,
443 cm™. Anal. Calcd for C,,H,;FN,O,: C, 70.36; H, 5.28; N, 8.64%. Found: C, 70.30;

H,5.37; N, 8.39%.

55



(-2 RERA]

4-Butyl-3-fluoro-2-(4-methoxyphenyl)quinoline (13b)

RBTF. \FYITFNVIF (0457 ml, 0.904 mmol) @ THF B\, 1.59M @
TFINFHOANAFHYBEIR (0.557 ml,0.904 mmol) 2h%. 7 SIEERORZ
. -78°CRriBiNITS. SOBWPR. 1V P =R 7a(66.7 mg,0.301 mmol) @D
THF BRZ2EFD2EHDBTYWVNAS. -718°CRIRo XX 7 BRAER
O. 035M QIE{BESBANTHF B (2.15 ml, 0.753 mmol)ZNZE. -78 °C 2R 2
”ZEZ205BRERTS. - 78°CRRILZEZX. R I2x=WDHR24Y (12.6 mg,
0.0482 mmol), RN RA(TINYTNTIPLRIMEANSIDA- 200K N A
s8R (1/1) (12.5mg, 0.0120 mmo)BIRY p- AR F &A= RXJEY (56.4 mg,
0241 mmol) 2. 28I THREBOIBRKEI®EITS. VYBBEHR2Z2NZ33
SRIAITRRZELRD,. JIFNI-FNVZBREEEZ=ZBHHRY. 8
DR BEEB2IET RDDARNKBRTIHBO. REBOITRIDATER
33. BR2HEBROTRONSEERZ. JNIH5VW5420°2hT52
< — (BB AFHY-HBIFIS: 1) CRVIHERO. 13b (64.7 mg,
87%) 218 S.

"F NMR (254 MHz, CDCL,) § 32.5 (1F, s).
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13c

4-Butyl-3-fluoro-2-(2-aminophenyl)quinoline (13c)

RBTF. \FYITFNIF (0492ml,0.975 mmol) ® THF LWL, 1.59M @
TFINFHOANFHYBEIR (0.602 ml,0.975 mmol) 2M%. 7 SIEERORZ
. -73°CriBiNITS. SOBWRPR. A1VIP=RK 7a(71.9 mg,0.325 mmol) @D
THF BRZ2EFD2EHDBTYWVNAS. -718°CRIRo XX 7 BRAER
O. 0.35M QIE{BESBANTHF B (2.32 ml, 0.813 mmol)Z2MZ. -78 °C 2R 2
ZZX05HBRERITS. - B8 °CRBoOLEX. PN 2= NKRR2 4 (13.6 mg,
0.0520 mmol), RN RA(FINYTINTIPLRIWMEANSIDA- 200K N A
Bk (1/1) (13.5mg, 0.0130 mmo)BRY 0-A—=RKRP =N Y (56.9 mg, 0.260 mmol)
Zx. 2RITHRRL 2HBEE®RITS. 208 NRFIR2 1 BRAFTO. VD
VBRERZNASSZ22RIA > TR 2EILTS. JXFNVI-FTNLZBN
BHEEZ2=20HMHRY. SHIEREZIET PNDARNKBRTIRBO.
RBPIRIVATERTS. BIR2EBEEBROVTEO>NISREAER2. INVH¥F
WHSA202RhT7524— (BRABE  AFHY-HEBITFNS: 1) XY
DERIEWO. 13¢ (534 mg, 70%)2183.

'"H NMR (500 MHz, CDCL,) §0.98 (3H, t, J = 7.3 Hz), 1.49 (2H, tq, J = 7.3, 7.3 Hz),
1.72 (2H, dt, J=7.3,7.3), 3.14 (2H, t,J = 7.3 Hz), 5.16 (2H, ), 6.83 (1H, dd, J = 8.3,
8.3 Hz), 6.84 (1H, d, J= 7.0 Hz), 7.23 (1H, dd, J = 7.0, 7.0 Hz), 7.57 (1H, dd, J = 8.3,
8.3 Hz), 7.58 (1H, d, J= 7.0 Hz), 7.66 (1H, dd, J = 7.0, 7.0 Hz), 7.97 (1H, d, J = 8.3
Hz),8.06 (1H,d, /=83 Hz). '"*C NMR (125 MHz, CDCl,) § 13.9,22.8,24.3 (d, J.. =
4 Hz),31.9,117.1, 117.6, 119.1 (d, J.. = 5 Hz), 123.3 (d, J.. = 5 Hz),126 .8, 127.4 (d, J.;
=3 Hz), 128.1 (d, J,. = 2 Hz), 129.6, 130.3, 131.2 (d, J., =9 Hz), 133.2 (d, J.. = 15 Hz),
1442 (d, J..= 4 Hz), 146.2,149.2 (d, J., = 17 Hz), 152.4 (dd, J,, = 257,257 Hz). “F

C

NMR (471 MHz, CDCL,) 8,34.9 (IF,s). IR (neat) v 3462, 2958, 1604, 1502, 1464,
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1408, 1383, 1219, 1146 cm™.

58



B _EoEfa-F) T A R ATFIRAT LDy NEA NI
RHATLE T vFRAT o BILEW DA K
B RS

F—E T, gemY 7 VA 04 VT I AFLDA Y VT ) HE—E
TETL T, AV YT I)RBLEECT =AU TV NVEERAE ST, o F+NA
BB > T B- T A U UEAERBFARNEKRTART A2 LITKDL
oo ZOFTHNRIAEKEZHIFEIZITY ET, g8em-v 7 )vitua 7 vy OREE
FNZ T 2 m WS HERS, BEHEZ2ERH 2R L TWwod,

ARKETIE, 7VvAdu7rrr LT 38,383 7t uraX ke
HHLZ, 3,3,3-hU 7t a8k chHda-M) 7 rtua 2F
ZFLalx L, RFE, ERFORBAZHENSED &0 B = VAL Kb R FE A~
DEENRZ D, ZOHAE, —EEGOBEBEZEo TT vk A 4 2 S BLEET
D SN2 IS MIFICEITL, e T D gem-Y 7NV A u T N o EE XD L
2% Begue HIZ LV #E LT 5 (Scheme 2-1)°%,

Scheme 2-1 RLi  yd./ % RLi yd./%
Ph  RLi (1.0 eq) Ph (PriNLi 90 BuLi 92
FsC/J% e ,_-ZC)\/R (Ally),NLi 85 MeLi 90

/ THF or ELO "Buli 93 PhLi 90

20 3.3,3-F) 7 A u S a R UgFEBEERO KIS E N RO~ & R T

NIE, FHEZ 7 v RZA~AT o RBILEWOEAATE & B X, Scheme 2-2 (2R
Lo KGN EiTo7z, T bb, ANV IMMICEREEZAT Da-FI 71
FEAFARAFLUEZRHB L 2O MIICHREISET-IRE, EFRERIC
LEORIICZRFTTHLE VNI BDTH D,

FT. KEROMIMICS EHNTT vk A & DBBBET %0+ Sy2° X

58



JETHFABRINEITTHIE, PTIALFTaAF LU EEZGTIEEZAT 1T O~
THEMMFOND, SHIIC. IO _EHEGPEMEML THFEBRET X, 7
WA RAFNVIEERTDHHATIIONTOREBRE DL LWL D, T,
RKEFEO Sy +WNAMIM%. 7 e A 4 o BRBEET I 7 b b3 2 i,
NV TN FAaRAFNVEEHET LA TIIIO~NTaB&BRNGOLND I LITRD,

Scheme 2-2
— F—
Fy /
-v. n \&

n
1]

THLTEEZICHESX . S NI EREAAET S a-FY A AF L
AFLrhb  T00THRILZAALE BERERICEIZE 7 vyHEX /U v
RA VRV UCFEEOERORES H), BLO B ARERICLDIEG T v
FA v R—AFEEROBRCKAEE “H)2BRF LI,

B BT yRX IV AYFR Y UFHERS K

2-2-1 A pkEHE

FP.% U UFEEROEKITH T T Scheme 2-3 127" 3§ & BCEHE & 37 T 7z,
Thbb, ETANVIMIWEA YT /) EEGETDa-F) 7 A B AT VAT
VUICRERIZIERH S . A VYTV ERF~ORBHBIZLY | RFEREHE
ERAEAIED, EWT, BELLELDFHHRFBREMEICLD T-F) 704w A
FNLE=NVEAOREZITV, ¥V UVREWBET D,
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Scheme 2-3

F3 F3 F2 F2H

z
CN NN N N NU” N

Fh. AYX U UFHEAERDOARKIZIE, Scheme 2-4 (27T K H1C, A b
MICAVINEEETDa-F) 70 FarAFLATF L o2 HEDEE L TH
W5, ThEA IR FTa~FEL, 2OV EERIZELD 1-F) 7
NABAFLE=ZNVESNORBEELZITN A Y X ) B MET DR
E T,

Scheme 2-4
F, F,H
B T z
F. Z=H
F3 3 /{ Na
—F~
—_— E-
r'd \C —
OHC _Z H | \ F2 F2H
Z=0H =z
— N+ N
oy o

2-2-2 ANV IMICEREZATDa-b) 7 F B AFLAF L DERK

ki Jiang Hickv, 3,33~V 7 rtu-2-7neraXr v Rxy
VA, FUAFNURT — & THF f1, iR TEEFR ML S &, HEE TR
HZ LT, a-h) 7t urAFre=Liag sl N ELNDLE W) HEN
I, Ehizdiang L ik, oA a @1 E2Hy, NT Uy Ll
FIETFT. TV =T AREOHMAI O Ry T T H2ITH T EITED Xt
ST D a-RY 7 FaAFAATF L UFEERERBNETERLTWVD
(Scheme 2-5)2%,
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Scheme 2-5

JL THF JL

+ Mg + B(OR); —>
F,C~ "Br > i 4h F,C” "BIOH),
1 90%
2 mol% Pd(PPh3)4
JL / Na,COj (aq.) JLA
+  ArX >
F,C” ~B(OH), Toluene / MeOH, 70 °C FsC '
1 78-98%

FIT.RBIERKIEOHFEME LD o-@EHia-FNY) 7L F B AF VAT L
D A AL Scheme 2-5 O FiE IV, TOHBMLEIZIE U CHERELEBREZITS Z
Lt Lz,

B7vFERX IV CFEEREROHBEMELERD oA YT J-a-FY TN
FRAFVAF LY 403, RTVULAMBGFEET, AnrB 1 L 2-3—87
=tk rsuRAny T )7 E2TVT =) 228K LK N-BFV I
NMEBEIOWAKREZITHI Z&ETA VYT T =Ra~LFELE
(Scheme 2-6),

Scheme 2-6
2-lodoaniline (0.8 eq)
2 mol% Pd(PPhg), A
J\ Na,COs(aq.)
F3C B(OH)2 >
80°C,6h HoN
1 / Toluene-MeOH 2 89%
F; F,
HCO,H (2.0 eq) POCI; (1.5 eq)
Ac,0 (2.0 eq) OHC\N EtsN (2.5 eq) N
rt, 1 h H 0°C—rt,2h
/ THF 3 779% / CHLCl, 4 75%
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T, B vRAYX V) UFEEKOHEME LD o-oFAMI-a-F
TINFBAFNLAFLSOERICIE, EFT AT 00 AMBAAET, Ne Bk
1L 2.3 —FXRUVATATE REDWARKIZB Ry TV T H2ITH, TVT
K5 ~L3HEL% (Scheme 2-7), ZZ CHW/AE2-3— FXRUXT7 L5 b R,
2-9— FZEFMR%Z BHTHF Ti8 5t L C—H 2-3— R U7 a— Lk
L, 2z b~y T TBibT 22 LIk EKLTE,

Scheme 2-7

2-lodobenzaldehyde (0.8 eq)
2 mol% Pd(PPhs),

JL Na,CO4(aq.) Fs
F;C” “B(OH), >
80 °C, 8 h
1 / Toluene—MeOH OHC
5 90%
| BH4+THF (1.5 eq) E::[i}J MnO, (10 eq)
E:I;oﬂi ft, 24 h H ft, 24 h E:I;Ho
/| THF 00°% / CH,Cl, 860,

LIl E Scheme 2-6 & Scheme 2-7 T/r L7Z- HiBIC LY  BIEK IO RYE &
2B a-F) 7N F B AFARAFLUFEEKRL SPRBRIFRINETHERTE T,
WIZZ NS OBRALKIEDFER IOV TIEICER RS,

2-2-3 SN S2RIGZEZMBLIZ 47 rFa XAFx ) ) o HOERK

Scheme 2-6 (Z /R L7 TFETERLEA VYU T =R 4 ICKREAZIERSE.,
e A YT ) ERFELICHRAET DRERBEBICE D2 FRNRILEZITV. &7
yHEFX )V UFEBEROGRERRT, OB, REAOKISAE L TITZHEBY &
THAY VT JERRFEOMIZ, 1I-FY T da AT E= VIO E =LK R
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FLBEL2LNDH, T T, B %D Scheme 1-4 [Z/ R L7 X HIT, gem-¥ 7 )V
Fv-o-A4 Y7 ) AF LT Grignard KISHIFEORBEA ZEH S E L., &
LT AL ZHWD E REBERBIZA Y VT JIRE~ABRVICEES D Z
ENRVWHERTWD, 22T, ISEEZ hrx % ORI WEE 2 M
W, F723-7rFnrFx U Ek 5 27 Scheme 1-4 (28T, kb BA4F 7=
THEMEZ 5 2 - RkER THDH BuLi #HW, a-hV 7 F oA FLAF L
>4 D5 FNEBRILK IS Z 8§ L 72 (Scheme 2-8),

Scheme 2-8
F
F3 tBuLi F3 _ F_ 2 F2H
> » —_ Z
CND ’Bu;‘\ND ’Bu’:N:C By N
4 7a 8a 8a'

FF.0°CFT,. A Y7 =F4IZBuLiZ2fEfH &S E A, 32%& KN
RTEHLIN, B TH D2 4-U70F 0 AF X)) 8°%552 LNT
X 72(Entry 1), ZOF, Y RFox/ U K8 &< BGobhiaholzZ &
5, 8ab 82’ ~DEMALITHESLIZHEITL WD b EEbD, £72. &l
e LT 3-70tdax s Uy 10a BELNTEE, T 0O 10a O AKIZHE
LTCIETRDEHICEZTWD (Scheme 2-9), T 2bb, £ VT =K4DA Y
DT ERFBTIT RS T-FU T AFa AF A =L~ ‘BuLi O E 2
D FWT T v b A F 2 BBBET 5 S22 KIS HNEIT L, gem-¥ 7 v A4 1 A F
Ly 9amERT D, DI, 9aDA YT JHERFE~"-2HO® BuLi BN
L EBATOHIRERBBICLIAE = AN T v ZOSFHNEBRNEITT D2 L T,
10a NAERKT S, 29 L7 BuLilckLd 1-h U 7 g A Fre=1E~DK
BRBEMZ D0, KIGEEEZ -78°C 12 FIFT 412 'Buli 2z /=& 2 A,
8a° DU HK N 53% F T b L 7= (Entries 2, 3), MInEHZ b= oMb ~FH o
~NEZTD . FEKEORFBREREZIEE(IT 5720 HMPA Z i L7223, 8a’

DI HIFTEN LI, 43, 48% L 72D | 8@ DINE W LIZIEXDRNB Lo T
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(Entries 4, 5), £72, BuLi OFHEAZHS L EZ A, BIAKMTH S 10a
DWW RN 17% & 72V . Entries 1-5 & WEXTHIM L 72 (Entry 6), Ll EORER %
Table 2-1 (2777,

Table 2-1 . B S L VORIGEEDRET (A& BuLioR)

‘BuLi / Conditi Yield / %
Entry uLi/eq Solvent onditions —8a' 10a Comment
0°C,1h
’ 4 7%
1 1.2 Toluene ot 1h 32 10 =] X
2 1.2 Toluene —-78°C,1h 53 8 4 3% [E]YX
—rt, 1h
3 1.3 Toluene —78°C,1h 53 6
—rt, 1h
4 1.3 Hexane —-78°C,1h 43 15
—rt, 1h
—-78°C,0.5h
5 1.3 Toluene-HMPA — —45°C, 0.5 h? 48 3
(5:1) —rt, 1h
6 1.5 Toluene —78°C,1h 45 17
—rt, 1h
AaHMPA 7Rh0

Scheme 2-9: 10a D4 it
TBU tBU

Bu
Fs L Bui F
——— FC ~| FC -
CN -F CN ~C-N -F7 BN

'Bu
4 9a - - 10a

WIZ, RKERZEZ2 T, -7 vFaxXAFLrx )00 8 OAKETHBE LT
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(Scheme 2-10), * O #k 5H % Table 2-2 IZ -7,

Scheme 2-10
F3 R1M F3 _ F_ F2 F2H
> » —_ > Z
WIJ R”WID RV%:: RSN
4 7 8 8'

FTF XV VRO 2HMICTTNAVEEZE ST U 8 OEMEMRGT LT,
A YT =K 4 chxr, "BuLi 2fESEL LA, RBEMLL -
(Entry 1), Z4UiE "BuLi OISR E T E 5720 & HHkr L. KRIZ "BuMgBr % 1]
WTCRBORIGEE21T > 72, T 725 Grignard KISHN T A Y F 7 & KIGH &
DRIEERBE N e AT JERADORERBEOERRENSm EL, BW
MThHoHrx /Uy ONERN LIZOBNRDIEDEMMEEFLE, 41 V¥ T =F 4
IZ b= v "BuMgBr Z1EH & 872 2 A 7T =V v 2135 51T & 72 (Entry
2), T, 4T JEKA~D "BuMgBr OFIMNMTEITLTWD DD, =D
KOGy F A MAHEAT LWz sd | RO 1EFFIZ Scheme 2-10 (2R L 727 =F
YIN T h b EZT A LA IUNISLITMAKRSMLTAER LI EE X
bbb, T, WOKRFTEZIToT A, =Z—TFT VHFTRIEZITV, &5
2R O R FE R Z IS EL T 5 729 HMPA 201 2 7235/ 12.27% & (KILE
TEHEHL2PEMNMTHLI2MNMICTFLEEZLOXF ) U U8 %2H5H &N T
776

F72, EtMgBr Z i\, 2-=F L% /U ¥ 8D A& BT L7z R, HMPA
IR O Y4 1% Table 2-2, Entry 2 D& EREE T =V > 2 %2 5 % 72 23 (Entry 6),
HMPA OIRMIZE Y 27%DRINE RN 6, 2= F LEEESOF 2 U v 8¢
G 5 AL 72 (Entry 7)., BL L OF5H % Table 2-2 12777,
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Table 2-2 : KEHI B L RMFI DK AER'MORIE)

Enty R'M (eq) Solvent Conditions 8/% 2/% 4/%
—-78°C,1h
1 "BuLi (1.2) Toluene >t 1h - - -
2 "BuMgBr(2.0) Toluene 0°C,05h _ _
uMgBr (2.0) S <11
rt, 0.5 h
3 nBUMgBr (1 2) _H-ll\;IT:I)LAe(nZ . ) -0 OC, 0.5 ha - 8 31
' —rt, 1h
Et,O t, 0.5 h |
—rt, 1h
N THF rt, 0.5 h
5 'BuMgBr(12) _HMPA(5:1) —0°C,05h  ~ - -
—rt, 1h
6  EtMgBr (1.3) Toluene B 7_8> rtC1:1 h _ 30 _
Toluene —-45°C,1h
7 EMIBOS) L pa(s:1) > -45°C,0250° 27 (8) 6 4
—rt, 1h

SHMPA 780

LLb, 223128V TC, ANV ILCA VYT ) REHATSLa-Y 74 nm R
FNALAF LKL, REAELTT VXL FULL DLW Grignard X
ISFIZER S AL T Ay I d e A F L EBLOR2AICT VX LA
EHTAHX U CFHEKR 88 E AT HIENTER, ZOMEE
Table 2-1 3 L U Table 2-2 U #i#: L T Table 2-3 [T F & O TRT,
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Table 2-3: 2IICT7INFIEEZFT B4 TIVAQAFIVE/ Y DERK

Entry R'M (eq) Solvent Conditions 8 /%
1 BuLi (1.3) Toluene -78°C, 1h 53 (8a")
—rt, 1h
Et,0 rt, 0.5 h '
—rt, 1h
Toluene —-45°C,1h .
3 EMgBr(1.3)  _vpA(5:1) ——45°C 025h2 27 (8¢
—rt, 1h
aHMPA 0
F,H F,H F,H
= == =
BN "By N Et” N
8a' 8b' 8c'

2-2-4 SITHAMNIKIEEFHALEZEN I BLOY 7 A 0 AFVEEHET HA
V&V UEEKRO S K
—o-FANVINa-FU T Fa AFNLAF L E NHOAC D )i —
Bl YR ETIE, AN MMIIWCHALVINEEEHET S gemY 7042 AF L
Y11 2% LT, NH,OAc #{EHl& ¥ 2 &, AU DA IV HEHRIZLDH =1
M7 vEBEDODSHSRNEBERLNET L, 3-7 304 Y X )0 12 B3R EL BN
HZ EEBHLMZL TWS (Scheme 2-11) %,
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Scheme 2-11
"Bu I "By ] "Bu
NH,OAc (5.0 eq) —F- F
FZC > F2C _ » 7z
rt, 1 h HN\ N\
OHC / DMF-H,O \(|-:|
11 (10 : 1) = - 12 83%

FITIOMEEB LI, oA VI NV a-F) TN F B AFNLATF L § %
NH,OAc THULEI L CHRNLINEE A IV~ EHBL, TDOA I ) KERHIZLD
1T-NV 7 FeAF L=V E~OffNEiTH5> 2 & T, &Y 7t XF L
A4 YFx 70V 13 ~EL Z L EMRF L7 (Scheme 2-12),

Scheme 2-12 (Z¥IDEERXF+— L)

F F F FoH
3 NH,OAc 3 _p- 2 2

—_— P L L z

OHC HN_E N~ N~

5 - - 13

DMF-H,0(10: )i G WEF RIS Z (T ZA, T-N U 7 F v AF e
ZNVHEADA I OMIMTEITT IO, THIZK L TRDO 7 vk A 4 v
DORBENEITE T . 7 v EOBMNKRFZ LT b bz TARK L & Eb
N5 &-rV70ta AF -84 KuA VX /U 14 B 84%D EILHE T
& 5 172 (Scheme 2-13),

[/l Uitc%a DMF O A CRICZIT > 1286, 14 OUWEIT 73% £ TR T L7,
ZOER & L TiL, DMF-H,0(10:1)iE & & B IZ k< DMF ® ATl NH,0Ac @
WREMER Tk, KEDNHBIZEIT Lo led &EBZ X TV 5D,

FEIZTE. KSR T-FU 74 v X F e =V E ORI DA
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TILEY |\ 7ok A A OBEEZE D 50 TN SW2 RIS IFEIT Le oo, &
OBEHIZHOWTIEL, NH,OAc "6, RISOH#EIT & & HITET HDHERRIC LV | fF
MERESHMIC T e bk aZbiml-HEEZ TS,

Scheme 2-13
F. [ Fy ] F.
3 NH,OAc (5.0 eq ) 3 3
» y
rt,5h H N
OHC Ne X

/ DMF-H,0 H 14 84%,
S (10:1) - - °

w2, Honl-Ye s Yyx ) 14 OFEFFEKIZE>T, 4-8U 7L
FuaXFA4YF Y15 ~DFFHE %Z R 72 (Scheme 2-14),

Scheme 2-14
F; F;
Reagent y
Ny —H, Nx
14 15

DDQ IZfkF b~ OM{LA % 14 IZTEHEE, £5, XvEF T
DDQ R 4-7 v 7= EH\Wlk&Z A, FRTIIMAKENTEALEEITET,
MET 5 & RN EHEAL L7z (BEntries 1,2), Y700 A XU H T4 0T =)k
AW ERETHEBIZEESNEZN, COHALRNERELL. BE®WIZES
AV72 0y o T2 (Entry 3), 14 [ZEfb~ > T AV)ERML T, X B 16 h IN#E
BWAEAT 7228, 14 B 50%RIENDHDHT, ZOHAES HIWMITE LR
2o 7= (Entry 4), ZHICX L, NIV T LARFIZED 14 OEMPAK & 2R A
e ZA BREBERNERPLEMNET L4 TV FRRXFALALIF )Y
152122 T&E, LEOHKREZ X L DT Table 2-4 12777,
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Table2-4: b RAOAYVF /U MADRRKE

Enrty Reagent (eq) Solvent Conditions 15/ % comment
1 DDQ( 3.0) Benzene reflux, 2 h - C.M.
2  4-Chloranil (1.2) Benzene reflux, 4 h - C.M.
3  4-Chloranil (1.2) CH,Cl, rt, 24 h - C.M.
4 MnO, ( 5.0) Benzene reflux, 16 h - 14 50%]E] X
5 1(027)" ;t‘f/;? Toluene reflux, 18 h 13 14 43%[EYX

ZOEIT, BAAICKD 14 OFGFFBRITHE S ZB 2, RICHEEICK DK
FERALERFI L, 2 bb, 7vFEDOBMOTa hriglEha, 7 oW
A X ORBEB IO _E-EAORMELICEL D EEFERILZAAL T, 13 OAERK
%377~  (Scheme 2-15), THF }1 14 |2 & L T LDA 2 %2 % & % 2N 48 ML
L72bDD, DMEH DBU A H WA Z & T, HHET 2 4- U704 B X TF A
VXU 13 & 50%DINEHE THSH Z & 28T & 7 (Scheme 2-15),

Scheme 2-15

( Fzg F2 F2H
DBU ( 15eq) = —F- y
—_— B ——
80 °C, 15h Nx N NS

/ DMF

13 50%

UbEDXH>, ooV INa-b)70FaAFILAF L 5K L,
DMF-H,0(10:1)iE & ¥ H . NH,OAc #/Ef & H52 LT, 4-hU 74 X
FAALYHX )Y UFHEKRI4%Z 86%E VI ENEKRTEKRTEZ, &6, B5
7214 Z DBU TRHET 5 Z LI X0 FHEBERILEZITV.50%DINHET 4-2 7 )L
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FTaRAFILA YR )Y I3 ~EHBTH L T,
2-2-5 ST AMNKIEEZEFIALEZRN BRI Y7 A e X FLEEHET HER
W=bua rFEEDOE K
—0-RIV I v a-b U 7Fa AFILAF L L NH,OHHCl O i —
WHFEE CIEREIC, ANV MMIWCALVINEEZFET D gem—¥Y 741 AF L
Y9G 3-T7FaA VX)) Y U=N-AFXF V16 ZDERRELSART DI LI
% h L T 5 (Scheme 2-16)°", Z Z TiX. 9 |2 NH,OH*HCIl & X 0" Et,;N # {EH
SHELZETHMIZAFR T LANAEARL S HIIKIIFTZZTHEELT A I /K&
BRIZELDE=ZNMT v RO FHEBEBEL SIS HRVNVTEID (ERBIZES T
Wb,

Scheme 2-16
"By NH,OH-HCI (1.2 eq) r By . "By
EtsN (2.4 eq) _F- E
F,C | FC - NZ
rt,9h - ~
OHC / DMF-H,0 HO' <G o~
9 (10:1) - - 16 83%

Dy FNRERICK28bE M) 74w 7 e XU EKR T 2,
o-mNINa-FY T Fa AF L AF L5 E NH,OHHClI D& ik H b 2
L LT, SORAVINEELFFVLAEBRL, AXVLDOA I EKEHRICK
L 1-FV 70 AaXAF L=V E~OMMRETTE, 4 Y F 70 EK
AR TCEDLILIIRD, A%, 7 vk A OBBERNE Z LiX, 467012
It urAFarkEb o4 X ) =N XY R 17T BELND, 2.
T ot A AU RBBEEE T, Ty EDOBAREFELETTE AL E Z VI,
6 EROEIK= P 18 NAEKT D5 Z L1127 %5 (Scheme 2-17),
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Scheme 2-17 (JEE X+ — L)

F;
NH,OH-HCI

OHC

2-2-4 DA LRI DMF-H,0(10: )R &+ <. 5 & NH,0H*HCl O X
AT o, BIRTIEA T L6 DA TLTETTHo7D, £DFE F 70 °C
TMEAG 2 Z LI X VBRI EIT L, BIR=Frr 18 Z 75% DI K TH
L2 EMNTEI, £Z T, 5|2 NH,OHHCl Z/EH &+, <1 70 °C T
L7c&d A, BHHT—RIZBRILETHET L, 18 & 86% & WD RAFRILE T
B 5 Z &N T X7 (Scheme 2-18),

ZZT%. Scheme 2-13 IZ/R L2 R EFERIC, A F AL D1-FY 70
FRAFNLNE=ZNVEA~OMIMTEITT 2000, 7 (kWA 4 v OBEENE Z
L3 .7 b fbic XV ERR= b 18BN EK L 72, Z O Kt TiZ NH,OHeHCI
AANWTWD T, F T LDOERICH > TRPICHEBRAELTEY ., ZhiZ
EoT7m b B REEIREZEZSZEND,

Scheme 2-18 _ _
F3
Fs NH,OH-HCI (1.2 eq) Fs
» S
- Nx i
OHC DMF-H,0 HO ﬁ LN
5 (10:1) - . 18
conditions 18/ %

rt, 4 h—70°C,25h 75%
70°C,3h 86%
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w2, Scheme 2-18 DL RICHEEEZ M2 52 & T, BILBEDO 7 vk A 4
OBt E R ET LI ENTERERE, BV TIAF R ATF ALK EL S VX
JVv=N-FFL F1THRAKRTELLDEEZ, LFTOME %47 - 72 (Scheme
2-19),

Scheme 2-19
F; NH,OH-HCI (1.2 eq) FoH Fy cF. Me
base =z 3 +
> + N+ + _O,N\
OHC DMF-H,0 P O
10 : 1 O
5 (10:1) 17 18 19

W2 kL L TH£ET 2 & NaHCO: # B 5t L 72(Table 2-5), £ 7. 5
& NH,OHeHCl OKGEIC h YV = F AT I v 2N LEEZ A, BALERILET
THDIPEHNETDHAYX )V =2NAXFV R 17T 2525208000, %
A YFxF )V U EREAETDD6EBRORK= 218 b 27%/ bNlz, 2O
BROF AT, THIZK LTS BRDOEKR=Fr 19 (K 51%)Th o7
51% (Entry 1), 19 XXM, A2 6D A I 7 EERICKD1-FU 71
Fa AFNE=LEE~D 5-exo-trigonal BRIEDEITLIZERY Th 55, BE
DEZH 19 DEREIIAHTH S,

F
Me 3
CF;
~ o NE S — M
16 14
(5-exo-trigonal) 6 (6-endo-trigonal )

Z oM, Pr,NEt ZRMLESEAICD 5TD IR T 19 23453 5 4L 7= (Entry 2), =
HPOE YU EAANTS 19 T4AKRET. 18 RN Fh 57, 85% B b
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(Entries 3,4), DBU Z HH W72 A121E 17 28 23%DINEKRTH L NT-, Z OF 18
TELN T E19 75§<31%%%%M7”:(Entry 5 L EDFER % % & T Table 2-5
(TN

Table 2-5 : 5 5DAYVF /U =N-FAF K17 BLXUOBEBR=FAO2 181 MERK

Enrty Base (eq) Conditions 17/% 18/% 19/ %
1 Et;N (2.2) 70°C,2h 5 27 51
2 ProNEt (2.2) 70°C,2h <7 23 57
3 NaHCO; (2.2) 70°C, 2 h - 57 -
4 pyridine (2.2) 70°C,2h - 85 -
5 DBU (2.2) 70°C,1.5h 23 - <31

Table 2-5, Entry 5 128 W T, 18 A &< G o7-DiE, DBUIL L - T
BIR=bn 18 D7 vFDBAMNOTa b RNel &k, 7 b A 4 »
gL CHEBRENEZD 1T 252D EF26N5, £2C, — HHBE
L7218 IZDBU ZEFH S EL LA, PHILZ X S5I218 06 5 F Rk 23 it
TL. 17 5 53% T4 5 A7z (Scheme 2-20),

Scheme 2-20

F2_F 2 F2H
DBU (1.5 eq - F‘ y
50°C,3h —O,N\ O,N\ o

/ DMF

17 53%

b, 224 B 22-51BWTC, ANVMIWCHALVINEEZBT D a-MY
gt na AF L AF L& NHaOAC £ 721X NH2O0H-HCI Tl 3 5 = L2 &
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D, H2xJTIETEDALAIHDIVEAFVLERBALT, MU 704w 2 F L5
xHETHVe RrAYX Y 14, BIXURRR=Ftr2 18 22T R
HRNRTERT DL LI L, =br i, 1,38 1& LTALAF
HEh 27 FRBEOaMRFEOREBETHEELFIHL T, ZOMEIZKFERK
ERBEROBEREEALITALDED., ARG PHAETH D VY, hThH,
RRO=Fr U E, REVZOAMDPREREL SN TEBY, G KIEDH
HERRDOLNTWND, 22 THELNEZEBRBIVSAROER=F2 2 18,
19 FUHBHLZERERTHV . E NI TV FarTFAEEET LI 0D
v EABIEEYORRFZTE LT, 5% SORDIEHABMIETCE D,

B BT vRA L R EEEKRD AR
2-3-7 & Ak EHE

AIEIICB W T, a-h) ZA0d B AF VAT L2 O5+RNEKIGZF] A
LEBERERICE-T,. 57 vZX /2 V0 A YX 7V VFEEEOEREAT
S, TITWIZ, KFEEZ B ERER~NCAT L2 23F 2, 22
6 BRBELRICBVWTHEME L LTV a-b) 7B AF AT L Un
DN MIBWMREORX VAN RFBEZRWZ SO, T RbbE AV MMLICE#ES
TR LEREELYATDa- ) T F B AFALRAFL Y THTFRELEIT X
XTEwnwz Eilic b,

HL, 20L& 7ekiE, 2 FHNE{ILO—KAITH D Baldwin H *9TARF|
& S5 5-endo-trigonal BRib & 725, ZOMHAITIT, sp*RFE DV & B
LREA O TAE (o) PERMOREEM (109°) L7225 L &2, kbERINE
0GB nELTWD (Fig. 1), HIfiD X 572 6 BRI KOG (6-endo-trigonal
RAWICIE, ZCOAEORBEARZICEDLZENTE LI LT, KRAHN
— O RDHEBERTIZ, 25 LeBEELERY #, EFICAF 2B L
ERTWb, itk oBXOBILICEDIEHIX, BFAU&EE D, T8
ikl N XD WBENH D b OO, REMIZ X DR TIEE LS8 22 R
B, THETE=ZALALKRCZHOVER OB LNTNDDOHRTH- I,
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Fig. 1 : Baldwin's Rule

trig 5(n=1) 6 (n=2)

& \) endo / 3 endo  difavored favored
> —_—
Y

X exo favored favored

— '.‘ Y_w
-
o=109°

I LYMEE Tk, Fim Cbih 7z gem- 7 A a7 v o0
FetE 2 iEH LT, @ NE & S5 K7L 5-endo-trigonal BR{b Z =Rk L T\
éo#ﬁb%\ﬁwkm:xw$y7:F%%tFH#v%%ﬁﬁégmdi
TNFuZAF U UoFHEERQab)ICEELENSE, HFHNICRAELEEED

HWEBBFAREHEICL A=V T vy EOBEBBEITH) LT 2-7 4 A

K=/ (21a), 2-7 A mr XY 77 QI EENETER T H Z LTI L
TUW 5% (Scheme 2-21) ‘9,

Scheme 2-21
R
-y Y:
20a (Y=NTs) 21a 84%
20b (Y=0) 21b 80%

—F., BiIfiOEREN5,3,3- M) 7 dgn o RXRUoFEER L REMICR LT
BWKISHEZRT ZEDRH NIRRT, EZCZOMEZFHTNIL, gem-
VINFrT T o OGE SRS, BE AT E E D 5-endo-trigonal BRib b
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A Td D & E X, Scheme 2-19 [Z R T AKFTH 2N T, Tobb, A/ 1
MIZANLKF LTI REEZLDa-F) TLF B RAFALAF LN, FOHT
NERRKREREICLD 1-M) 7 A0Fdr AF A= LE~ S22 KB HETT N
X, BT vHRA R AVFEERGRTED I LITR D,

Scheme 2-22 (fAE X+ — L)

F3 _F- CF2
P
"5'end0'trig" )D and/ or
éOQAr SOZAr

2-3-2 ANVIMIICEFEFERELZAT Da-FN) 7L F B AFALRAFLUDOE
Fik

BElZ 2-2-2 Scheme 2-6 (2~ L7 FiExZ AAWTHEKRLET =V 2% L T,
FrnvzwlYy R op-svnrzael) Refnw, 7 50 b8 L0/ vv
%479 2L T .BILDOREE R D ALK T I F23a23b 2 F N FREk L
72 (Scheme 2-23),

Scheme 2-23 p-NsCl (1.3 eq)
EtsN (2.0 eq)
TsCl (1.3 e
FiC Bl Yo DMAP (cat)  fc
t,3h rt, 12 h
HN o HoN ’ HN
| / CH.CI
Ts / pyridine oGl p—i\ls
22a 87% 2 22b 23%

p-NsCl : OQNOSOQCI DMAP :MeN—\ N

2-3-3 HFANS2HICERALEE 7 vFEA 2 F—ILFBIKD A K
Scheme 2-23 IC/R L7 FETAMR LI ZAAAR T 2 K 22a,b 12 NaH Z{EH &
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B, BAETLIEHRRKEMEICLS T-F) 7 rF e A F L= E~D4hF+HNK
IEFH LEEE 7 v R A v R— A FEKRAEK%Z B L 72 (Scheme 2-24),

Scheme 2-24

Fs F; GF>

NaH (1.2 eq) _F-
> —_ >
DMF N

H - '
! T

EFELICPUNVEEFT S 22212, DMFHF T NaH 2/F SR E 2 A, ¥
EdTHrEZFREMICLD 1-MY) 7t AF e =V~ EZRICH
ST vilbkMA A OPBENR Z D Sy 7 rtduerFLrEesA3 5Vt
Ko A 2 K= 23a(R=Ts)2® 67% DI TH LI 72 (Entry 1), T3 L., =
FEIZp- 7NV EERET LD 220 T, XIinT 5 23b OAERKITHR TE eho
72 (Entry 2), LA EOFEREZHF R & £ & T Table 2-6 IZ/R”7T,

Table 2-6 : B ERICK A BILRILHEDE

Enrty R Conditions 23/ % comment
1 Ts 80°C,8h 67 (23a) 22a <9% [E]Y¥
2 p-Ns 80°C,12h - 22b 23% [|]4X

Table 2-6 DFER LV BALKIEDOREEZ A/VAE 7 2 F 22a(R=Ts)IZ[EH & L .
WD, HES X OMISIRE IS W THE %47 - 7= (Scheme 2-25),
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Scheme 2-25
Fs [ CF | CF,
base —F- m
—_ >
solvent _
HN N Td
Ts L Ts .
22a 23a

TP, KISWBEE L LT THF VA 2 H0WH4, KIS #1178
T URBLIIDMF 233 L T\ 5 2 & 35 b o 72 (Entries 1,2,3), Entry 3 O 5 {4 T,
JTEE 22a 23<9%EIIL SN2 L b, MWD KFELT P U LAOMHEAEEZ 1.3
BEABICHESL L TR AV F—/LiFEK 23a O ER LIZE22208 67
2o 72 (BEntry 4), KIGIREZ 80°C LV @ L&A, BEEOEENELAR
DRGSR EAE L 7228, 23a O E XM EL7AR2o 7= (Entries 5,6), F£ 72,
MWL EEZARKFWT RV TN RFEMDT Y U LITEZTHIEHR, 23a DI
RICKEREITR N> 7= (Entry 7). LEDOREREZ F L OT
Table 2-7 (2R 7,
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Table 2-7 : B, BERVZDEAE. RIGREDKRE

Enrty Base (eq) Solvent Conditions 23a/%® comment
1 NaH (1.3)  THF reflux, 6 h - No reaction
2 NaH (1.3 ) 1,4-Dioxane reflux, 3 h — No reaction
3 NaH (1.1)  DMF 80°C,8h 67 22a <9% [E]UX
4 NaH (1.3)  DMF 80 °C, 8 h 59 (75)°
5 NaH (1.3)  DMF 100°C,3h  65(81)°
6 NaH (1.3)  DMF 120°C,2h 59 (81)°
7 KH (1.3) DMF 100 °C, 4 h 68

2lsolated Yield . ° "°F-NMR yield relative to internal PhCF5 standard.

Entries 4-6 (23 T, HEER AT O BFET "FNMRIZ X % 23a DE R AT -
A, KxDOIWHEIL 75% (Entry 4), 81% (Entry 5), 81% (Entry 6) TH 5 Z &
MWahote, £lo, 42 R— VFEEK 23a ZFER = F VIZHEMN L, ZEXR T =R
TLIEOKHBLTEBLLE, V7 Fa 2AF Loy ENMAKSMREZ T, — 0
HIVIR B 242 272> TWDH T &AL,

CF, CO.H
)D H 20
Ts?j Ts?l
23a 24a

INDLOHEENDL A R Vi8R 23a (T HBER AT OB CILERIZL T
80%HIthd> o Ty, YU BNV CTHEELTZBICZE O~ 24aE~fE L. £
DI DICHEEIEN 60%RIHETIFR -7l ENRBEND, £ 2T, HEEK
HMOFEEEETLIEICEY A2 F— VFEE 23a DR TH LT 0O TiX
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W EE Z T,

Table 2-7, Entries 5,6 DS CTRIS 21TV, HEfEO R 22 ) h XA v iERE 7
O~ N7 97 40— 70 YNV ERAWET T v ah T AICEHREL T, 23a
DU L % th#E L 7= (Scheme 2-26), < O $. Table 2-8 @ Entries 2,4 |28 X

AN A Vv R—FHEK2ar 70 DLk T ATHEETAZ L2k

Z19% % Tl Ls¥ 52 &N TET,

Scheme 2-26
Fs CF,
NaH (1.3 eq) )D
M DMF N
Ts Ts
22a 23a

Table 2-8 :Ei3f; kDih=E

Enrty Conditions Purification 24a /%
1 100 °C, 3 h PTLC ( SiO,) 65
2 100 °C, 3 h flash column ( florisil ) <77
3 120 °C, 2h PTLC ( SiO,) 59
4 120°C,2h flash column ( florisil ) 79

DR

CIZITARLEA Y F— ViFEE 23a 13 REAICHT L TEWKIGEZ AT
HY7NnFdube =T o EEAELTRBY AV RR—IVEKREEATDIEDDOE
#EFE LTHBREW, 22T, 23allx L CREREZIER S, 00—k

MArRB T o= EO7 v FEOBEW LA AT (Scheme 2-27),
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Scheme 2-27
CF, Me- (F
)jij MeLi (1.1)
N ~78°C, 1h N
Ts —rt, 1h Ts
23a / THF 25 36%

23a |2 MeLi #EAl s A, 7y HREFRTMH Me ETEBRINTZE ) 7
VA TR 25 8 36% 4% 5 A7z (Entry 1), 25 O ENE WK E 2 FK & L T, 23a
D2MDOBTa hrPNEZLND, ZHITEY . MO RBEEC XD ERRA
SUVDERRHOHMAEFEOKRLY RBIISNEZ D L THRIND,

F 72, 23a |2, TBAF('BuNR)ZEH I E7, 2084, Lo A #ET
EATE T D, T ok A AN 23a DY T AA R AT L UIRFEELEL, 3
MIZ b 7t XAFLEz2Ha9T5Y8 RaA v R—LiEE K 26 28 47% 15
5 172 (Scheme 2-28),

Scheme 2-28
CF, Fs
é&:I::] TBAF (1.5)
- 9' rt, 1h T l/\l
S / THF S
23a 26 47%

FL.Z22TEHER LA F—)LaFEK 23a © ZHiE G 25 R L L THFE
fEL7223al 20\ T BRILE OIS D ""F NMR(S 45.1 (d, Jpr = 203 Hz))
LXZOAERPHEESND OO, HEET H5ICITEL R oTlz, ThiT, KE
223 IZR LT 4-V 7 FuAFAX ) oA RICEBWYTEHEL AR
(Scheme 2-8) L XTI TH 5, Z O E XM HFFHRINERITET L, 417
vt une=U T rEkELoXx ) UFEKSa TR I o T,

82



Scheme 2-8
F3 tBuLi F3 _F_ F2 /FzH
) > _—
CN][jj Bu;*N][:] @UJEN][:] BN
4 8a 0% 8a' 53%

23a N 23a ~EBEHLICKWVWHABELTIE, YERFrAf v F—/L 23a D)y
N, FEHEBELEZA VR —L 23a T VENZHICRZETHLINHL EHEEL T
WA,

*BNFHRENSE HE)

CF, F,H
D > ¢
N N
¢ ¢
23a 23'a

Table 2-7 (Z/ R T X 912, AAAR T I K222k L, DMF #, KFElL F b
VLS EL22 LT AV F—AFEK23ax2/(52 LI II LT, —
J7. Scheme 2-13 X° Scheme 2-18 I[Z/R L7= X 52, 7 v bR BNEFELET D &M
TRIGZEITSTEHAE RERBICED N 7t XA F e = Vi~ nidiE
TT52H00, 7yt A AL OBRBENEZ ST, NIV TZArFa XA FLEsh
THYVeE RS YX ) U UFEERKI16BLICI8RHELNTWVD, ZOHMEE T
2, ANVART I R 2a 005 BREREZITOR, 72 hCRBHFET D XD
REMTCRISEITZIE.3MIC ) ZAF A FAEE S A v F— LEEK
26 3 LN DD TV EE 2 7=, (Scheme 2-29)
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Scheme 2-29
F3 CF3 CF3
base @ base*H* 21)
—_— —_—
N N
H

) y y

Ts - -

22a 26

AW EEE%Z DMFICEE L, A/A 7 2 R 22a 2, 130 mol%® DBU %
ERH&ESEREZA, STV TIAA R ATF LU EE D 23a3E 0T, 317
R U A Fa AT LEE LD 26 25 18%4 57 (Entry 1), Z O RS
7a b CRAFEE T TR 2T AT, 7 bAoA A O RBES K Z D AN L A
MED7a N b Zz4TH 2N TEHEBEXT, £2T26 OILFERN L% B
L. WICHBEE o DBU 2 v, RUERBFI 21T -7, 20 mol%® DBU Z M\,
80 °C T2 WIS ZAT o 72y & BROUGRKRT @ "FNMR X0 | JEE 22a B L O
A2 R—= LB EER 23226 NIRELTND I ERNDD oo, KISEE 2 LT,
120 °C TR Z#ATo72 L A JFE 22a XK L, 23a & 26 O AERK X 26 ~
IR LT\ Z &M h o 7= (Entries 2-4), 30 mol%® DBU % AV, 120 °C T
1R RS Z 1T o7 2AH 0 AV R— VB8R 26 % 81D mINETH L Z &
73 T & 7= (Entries 5), A EDORERERIB L O Enrty 2 O NMR EBROFER A2 £ & DT
Table 2-9 3 L O' Scheme 2-30 (27~ 7,
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Table 2-9 : DBUDEREH L UVRIGEED#RET  Solvent : DMF

Enrty DBU / mol% Conditions 26/% 23a/%
1 120 120 °C,2h 18 -
80°C,2h
20 ’
2 —120°C, 1 h 69 <6
3 20 100 °C, 2 h <57 25
4 20 120°C, 1 h 73 <5
5 30 120°C, 1 h 81 -
Scheme 2-30
F3 F3 _E- CF2
DBU (20 mol%) | - \ )ID
N ‘ = N
HS Ts F Ts
22a / 23a
DBU-H*
F3
Conditions 22a 23a 26
N
Ts 80°C,2h 6 : 2 : 1
26

120°C,(1h 0 : 1 : 12

Determined by '°F NMR

— i, I vk A Ao EEEL L TCHWA ARG b b TS, P 2
TScheme 225D 3l P RuxAF L oEs ol R— L FEK23a DL
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RICEBWT BT 27 vk A A 2 HAMT 52 & TRIGCOFMBALS X
HOTIHRWNWNhEEZEZL HADOT7 vk A F U RELOEEEHW CHRE 21T
- 72 (Scheme 2-31),

Scheme 2-31
Fs F, _F- CF,
base
—_—) )
H DMF -N j )
‘ T
I‘T's i F|{ | |recycle I °
22a 23a

RS L TCDME 2 MW, AR 7 2 F 22a 2% L., 20 mol% ® TBAF
FERSERLZEZA, 43%TH v F—riFEik23an 5o, Tofiic U 7
A AFLEEE DAL F— VFEERER 26 25 24%45F 5 #L 72 (Entry 1), TBAF
ODFEHEZ TTFTHRHANZITo72M R, 5 mol%® TBAF %# . 120 °C T 2 K
MRKIEEEDZ & T2aDNEE 64%F TH ESHEDHZENTE
(Entries 2,3), 723, TBAF [ZWBHEN & <. BHE T2 L hxic skl i
NEBRO BEMENSE Lo Tz, F£72 TBAF AO HEE L L T, CsF X KF
EMOWTRISZIT>7208.23a 3/ 0N 000 DIERIT 30%B LV 41% &
TBAF % LA % R 1315 5 72 2> o 7= (Entries 4,5), L EO#ERZ £ & BT
Table 2-10 (2R 7,
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Table 2-10 : fdiEED 7 v k¥4 A4 EERA/=#&5 Solvent : DMF

Enrty Base (mol%) Conditions 23a/% 26 / %
1 TBAF (20) 120 °C, 2 h 43 24
2 TBAF (10) 120 °C, 3 h 44 5
3 TBAF (5) 120 °C, 2 h 64 trace
4 CsF (10) 120 °C,5h 30 7
5 KF (10) 120 °C, 3 h 41 —

Scheme 2-25 3 X T' Scheme 2-29 (2R L7 X 91T, ALK T I K 22allxf
L. IEHSHEEEBLIORIGEEZRSZ LT, SMICY IV EABRATF LV
EBIOMNIZArFdurFrllizbo2f@ oa 7 vHFE ARV 23a B &
W26 2 RS H D Z LTI LT,

71
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¢ HSFHWS\2 (7O kB L)

F; F; CF,
NaH (1.2 eq) —F- g%]::j
> —_—
HN 120 OC, 2h _N _I[\_]
Ts / DMF Ts S
23a 79 %

¢ PFARIM(TAMYIEDHY)

F. F. GF.
° DBU (0.3 eq) GFs 3
o [ o]
120 °
, N N
AN / DMF Ts Ts
26 81 %

bk, BEHicBWT, ANV MIWKCALEYT I REEHET D a-8) 71
FRAFANAF LD TNS2ZRIEEITH> ZLICED 3Ly 7 rde R
FLUVEBIXORNI AV F v R TFAEEZLOA V F—ALFEREERT H
ENTET, 22Tk, MO THEF DD 72 W R 5-endo-trigonal B b 23
ET L LR 2, 70, A LA Y R—iFEE K 23a 1L, V704 Rr A
FLUVEERBT 2L T, REAICI2EBREDEANITZD, 20D,
A = IVEZSFHICEATLIEOGHMEF L L THHIREN,

71
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F;C

2-(1-trifluoromethylvinyl)aniline (2)

The mixture of a-(trifluoromethyl)ethenyl boronic acid (857 mg, 6.11 mmol),

o-iodoaniline (1.07 g, 4.89 mmol), sodium carbonate (6 mL of 1.0 M aqueous solution),
Pd(PPh,), (141 mg, 0.122 mmol) in Toluene-MeOH (60 mL, 5:1) stirred at 70 °C for
5.5 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 thin layer chromatography on silica gel (hexane-AcOEt 10:1) to
give 2 (810 mg, 89%) as a colorless oil.
'H NMR (500 MHz, CDCl;) & 3.75 (2H, br s), 5.68 (1H, q, J;x = 1.4 Hz), 6.19 (1H, q,
Jur=14Hz),6.74 (2H, ddt,J=8.1, 1.1 Hz), 7.07 (1H,d, J=7.6 Hz), 7.16 (1H, dd, J =
8.5, 1.6 Hz). "C NMR (125 MHz, CDCl;) & 115.8, 118.1, 119.8, 123.0 (q, Jo+ = 274 Hz),
124.1 (q, Jor = 5 Hz), 129.9, 130.3, 136.3 (q, Jor = 31 Hz), 144.5. "F NMR (471 MHz,
CDClL,) 8 94.8 (1F,s). IR (neat) 3477, 3388, 3206, 3068, 3032, 1620, 1496, 1454, 1402,
1344, 1311, 1259, 1192, 1176, 1120, 1080, 960, 862, 752, 629 cm™. Anal. Calcd for
C,HgNF;: C, 57.76; H,4.13; N, 7.48%. Found: C, 57.67; H, 4.44; N, 7.41%.

0-(3,3,3-trifluoromethylvinyl)benzaldehyde (5)

F;C
OHC

The mixture of a-(trifluoromethyl)ethenyl boronic acid (1.32 mg, 9.43 mmol),
o-iodobenzaldehyde (1.75 g, 7.54 mmol), sodium carbonate (10 mL of 1.0 M aqueous
solution), PPh, (197.9 mg, 0.754 mmol) Pd,(dba);*CHCI; (195.2 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
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combined extracts were washed with brine and dried over MgSQO,. After removal of the
solvent under reduced pressure, the residue was purified by thin layer chromatography
on silica gel (hexane-AcOEt 10:1) to give 5 (1.70 g, 90%) as a colorless oil.

'H NMR (500 MHz, CDCl,) § 5.62 (1H, q, J = 1.3 Hz), 6.29 (1H, q, J = 1.3 Hz), 7.41
(1H,d, J = 7.5 Hz), 7.55-7.65 (2H, m), 8.01 (1H, dd, J = 7.7, 1.5 Hz), 10.1 (1H, s). °C
NMR (125 MHz, CDCl,) 6 122.4 (q, Jor = 274 Hz), 125.1 (q, Jor = 5 Hz), 128.4, 1295,
130.7, 133.6, 134.8, 135.5 (q, Jo+ = 32 Hz), 136.6, 190.9. "°F NMR (471 MHz, CDCl;) &
94.7 (1F, s). IR (neat) v 1700, 1599, 1346, 1173, 1126, 1070, 962, 822, 773, 665 cm.
Anal. Calcd for C,,H,F,0: C, 60.01; H, 3.53%. Found: C, 60.03; H, 3.66%.

F,H

z
to PN
Ba N

2-tert-Butyl-4-difluoromethylquinoline (8’a)

A YT = K 4(59.7 mg,0.303 mmol)D bV R &, -78 °C IZHHIL .
130 M D tert-7 F )V U F T L Z L EEHR (0280 ml, 0.364 mmol) A BE(E 2 (o
ST VI FT 5, -78°C IR F F 1 BRI L72%, |l THIA
L 1R 2, UV UBEEIRE N D5 2 LiIcL > TR EEIEL, V=
Frz—TVEHVERELZ =BHE L, GoEalELElT MY UL
KR CHE L, fifg~ 27 3o U ATl 5, WEZBIEEEL THELR
LEEE, VIASNAT AT a~ N T T ¢ — (BBIEEE ; ~F Y —EiR
TFIL5:1) IZEVHEER L. 8a(37.6 mg, 53%) %155,

'H NMR (500 MHz, CDCL,) $ 0.91 (3H, t, J = 7.5 Hz), 1.38 (2H, tq, J = 7.5, 7.5 Hz),
1.60 (2H, tt, J =7.5,7.5 Hz), 2.96-3.01 (2H, m), 5.83 (1H, d, J = 6.2 Hz), 6.06 (1H, dd,
J=62,14Hz),724 (1H, tt,J=6.8,1.6 Hz), 7.30 (2H, t,/ = 6.8 Hz), 741 2H,d,J =
6.8 Hz), 7.56 (1H,t,J=7.8 Hz), 7.67 (1H,td,J=7.8,09 Hz), 792 (1H,d, J=7.8 Hz),
8.14 (1H, dd, J = 7.8, 0.9 Hz). "F NMR (471 MHz, CDCL;) § 46.7 (2F, d, Jgy = 54.9
Hz). "C NMR (125 MHz, CDCl,) § 30.0, 38.4, 113.9 (t, Jor = 240 Hz), 115.2(t, Joz = 8
Hz), 122.3,122.8,126.8, 129.4, 130.3, 137.6(t, Jo= = 21 Hz), 148.0, 169.0.
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IR
HRMS:

Fs

Nx

4-Trifluoromethyl-3.,4-dihydroisoquinoline (14)

L2 UK 5 (89.3 mg, 0.446 mmol) (2% L. DMF-H,0(10: /A VST, FEfig
TYE=U A (171.7mg,223 mmol ) #H1x., HRTS5RMHEIET 5., U @R
RER A INZ D Z Sl L > TRIGEELE L, BT V&2 AW ARRE %2 =0l
ML, e AWELENT Y U MEFKESR TR L, Mg~ 27 1w
LACHMRET D, WIHAZBIEE EL TR LN EELZ, YIS VE T LT a~
N7 7 — (RBIEEE  ~F P BTV 2:1) 1280 pBERERL L 14 (74.8
mg, 84%) &5 % o

To a solution of o-formyl-a-trifluoromethylstyrene 4 (89 mg, 0.45 mmol) in DMF (3
mL)-H,O (0.3 mL) was added NH,OAc (172 mg, 2.23 mmol) under air. After the
reaction mixture was stirred at room temperature for 5 h, phosphate buffer (pH 7) was
added to quench the reaction. Organic materials were extracted three times with
EtOAc. 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 5 (75 mg, 84%) as a colorless oil. 'H NMR
(500 MHz, CDCl,) 6 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 (125 MHz,
CDCly) 6 38.5 (q, Jor = 27 Hz), 46.5 (q, Jor = 2 Hz), 126.1 (q, Jo = 281 Hz), 127.8,
127.9,128.3, 129.5, 129.6, 131.5, 159.8. ’F NMR (471 MHz, CDCL,/C,D) 6¢90.8 (3F,
d, Jsy =9 Hz). IR (neat) v 1632, 1581, 1345, 1277, 1240, 1228, 1209 cm™. Anal. Calcd
for C,,HNF;: C, 60.30; H, 4.05; N, 7.03%. Found: C, 61.56; H, 3.82; N, 10.41%.
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Fs

4-Trifluoromethylisoquinoline (15)

Tt FuA VX /U 14(91.0 mg, 0457 mmol) (2% L, kL R Pd/C
(5%) (150 mg) %%, 18 KFfFINZGEI T 5, BT 4 FAM L, A A EITEE A
LCEONDIEEE, YIDTANDTLIa~ 7T 70— (JEBRAE ; ~F
P UFEET L2 0 1) ITK D BERER L, 15119 mg, 13%) %135,

'"H NMR (500 MHz, CDCL,) & 7.74 (1H, t, J = 7.2 Hz), 7.87 (1H, dt, J = 8.4, 1.3 Hz),
8.09 (1H,d, J=8.2 Hz),7.36-7.38 (2H, m), 7.47-7.49 (2H, m), 8.36 (1H, s).

SE NMR (471 MHz, CDCL,) & 101.6 (1F, s).

IR (neat) v 2925, 1734, 1624, 1508, 1373, 1340, 1327, 1263, 1203, 1122, 1093, 984,
910 cm™.

F>H

4-Difluoromethylisoquinoline (13)

e RuA Yx Y 14 (58.0 mg,0.291 mmol) (2% L. DMF i&#E4 . DBU
(66.5 mg, 0.437 mmol) Z/Mx. 80°C TS5 HFEIMET 5, V VEREEIR A INZ 5
ZLI ko TRISEEIL, YaFla—F LA HAWE#EE A =REH L, &
bY7-AEEET N U LEFKER TR L. Bifg~ 7 x>0 LTz
T5, BIEZRTEEELCEONIEES, YISV TAIa~v T T7
o4 — (RBIASE ; ~F Vo -FiRR—F /L 1: 1) 12 X 0 5Bk RL L | 13 (25.8 mg, 50%)
2185,
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"H NMR (500 MHz, CDCL,) 8 7.07 (1H, t, J = 54 Hz), 7.70 (1H, dt, J = 8.2, 1.0 Hz),
7.82 (1H, dt, J = 8.2, 1.0 Hz), 8.06 (1H, d, J = 8.2 Hz), 8.20 (1H, d, J = 8.2 Hz), 8.66
(1H, t, J = 2 Hz), 9.35 (1H, s). °C NMR (125 MHz, CDCl,) 8 115.1 (t, Jo = 238 Hz),
123.1,123.2 (t, Jop = 22 Hz), 127.9, 128.4, 131.6, 132.1, 141.7 (t, Jop = 9 Hz), 156.0. "°F
NMR 471 MHz, CDCl) & 508 (2F, d, Jy = 543 Hz). IR (neat)
v 3438, 1623, 1572, 1510, 1385, 1375, 1155, 1122, 1043, 1024, 904, 752, 667 cm’™.

Fs

+
o

4-Trifluoromethyl-3,4-dihydroisoquinoline N-oxide (18)

NH,0OHHCI (33 mg, 0.47 mmol)was added o-formyl-a-trifluoromethylstyrene (4) (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 6 (72 mg, 86%) as a colorless solid. 'H NMR (500 MHz,
CDCl,) 6 3.74-3.82 (1H, m), 4.34 (1H, dd, J = 16.1,2.0 Hz), 4.42 (1H,ddd, J =19, 7.1,
20Hz),7.22 (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 (125 MHz, CDCl;) 6 42.4 (q, Jo = 29 Hz), 56.2 (q, Joz = 2 Hz),
122.1, 125.1 (q, Jor = 282 Hz), 125.9, 128.9, 129.6, 129.7, 130.0, 133.0. ’F NMR (471
MHz, CDCl;) 6:89.5 (3F, d, J; = 9 Hz). IR (neat) v 3392, 1599, 1568, 1267, 1238,
1209, 1171, 1120, 912 cm™. Anal. Caled for C,,H,NF,0: C, 55.82; H, 3.75; N, 6.51%.
Found: C, 54.86; H, 3.90; N, 6.45%.

95



FoH
z

—O,Ni

4-Difluoromethylisoquinoline N-oxide (17)

Tt FuA VXU N-FF2 K18 (594 mg, 0.276 mmol) (Z%f L. DMF iA#H
. DBU (63.1 mg, 0.414 mmol) Z#/llx, 50°C T3 KBNS 5, VU EEkEE
WREMZDZ EIZX o TRINZEEIEL, Z7radkviazHVvagE %2 =B
L. Bt AEZE/T U o ABFKEIR T L, Mg~ 7 x> 7 A
THIBET 5, BIEEEZIEREE L TR onsk&s, YU BTV 7 578~ b
7T 7 4 — (BBARL BER =T - A % 7 —/L10:1) 12X 0 pBiERERL L, 17 (28.7
mg, 53%) =155,

'H NMR (500 MHz, CDCl,) & 7.06 (1H, t, J = 53.9 Hz), 7.70 (2H, m), 7.80 (1H, m),
8.05 (1H, m), 8.36 (1H, s), 8.82 (1H, s). *C NMR (125 MHz, CDCL,) 8 112.2 (t, Jo =
242 Hz), 1232, 125.1, 125.7, 128.2 (t, Jor = 23 Hz), 129.9, 130.0, 130.1, 135.6 (t, Jop =
10 Hz), 137.8. “F NMR (471 MHz, CDCL,) & 47.1 (2F, d, Juy; = 53.9 Hz). IR (neat)
v 3444, 1564, 1506, 1452, 1400, 1329, 1186, 1167, 1113, 1018, 779, 646 cm’".

3-Trifluoromethyl-3-methylisoindole N-oxide (19)

RV LR 5(67.5 mg, 0.337 mmol) (2% L, DMF-H,O(10: )iEAEBH, & R
X LT 2 U (28.1 mg, 0405 mmol ) BE YA Y T rE LT LT
T (958 mg,0.741 mmol )&%, 7 0°C T2 WRIMENT 5, U v FRAEEIR %
Mz 552 EllXo TR EEIEL, 7 radbiaz AVEikEZ =FmHHEH L,
G AHE AT U U AEFKERE TR L, Mg~ 7 1 v U AT
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B9 5, WEEZBIEEEL THEONGEEL, YU ATVETAa~ NI T
7 ¢ — (EBIVAEE  Hiig = F - A % ) —10:1) (2L 0 BRI L, 19 (41.0 mg,
57%) %15 %

'"H NMR (500 MHz, CDCL,) & 1.89 (3H, s), 7.39-7.49 (4H, m), 7.80 (1H, s). *C NMR
(125 MHz, CDCl,) 8 17.8,79.2 (q, Jop = 29 Hz), 120.5, 126.1 (q, Jop = 284 Hz), 123.1,
128.3, 130.3, 133.9, 134.9, 136.1. F NMR (471 MHz, CDCL,) 6 85.5 (IF, s). IR (neat)
v 3082, 1718, 1533, 1468, 1369, 1302, 1255, 1223, 1182, 1105, 1065, 752, 675 cm™.
Anal. Calcd for C,H,NF,0: C, 55.82; H, 3.75; N, 6.51%. Found: C, 54.35; H, 3.77; N,
6.42%.

Fs

HN

Ts

0-(3,3,3-Trifluoromethylvinyl)-p-toluenesulfonanilide (22a)

0-(3,3,3-trifluoromethylvinyl)aniline 2 (85.0 mg, 0.454 mmmol) was treated with
p-toluenesulfonyl chloride (104.0 mg, 0.545 mmmol) in pyridine at O °C. The reaction
mixture was stirred for 3h at room temperature. The reaction was quenched with
phosphate buffer (pH 7). The mixture was extracted with ethyl acetate three times. 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 thin layer
chromatography on silica gel (hexane-AcOEt 2:1) to give 22a (130.4 mg, 84%) as a

colorless solid.

'H NMR (500 MHz, CDCl,) 8 2.38 (3H, s), 5.07 (1H, q, 1.4 Hz), 6.07 (1H, q, 1.4 Hz),
7.11 (2H, d, 4.9 Hz), 7.23 (2H, d, 7.5 Hz), 7.34 (1H, ddd, 8.7, 4.9, 3.8 Hz), 7.64 (2H, d,
6.2 Hz), 7.65 (1H, t, 7.8 Hz)). *C NMR (125 MHz, CDCL,) § 21.5, 121.1, 122.4 (q, Jos
=274 Hz), 124.6, 124.8, 125.5 (q, 5 Hz), 127.3, 129.7, 130.2, 130.5, 134.6 (q, 32 Hz),
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134.8,136.1, 144.2. YF NMR (471 MHz, CDCl,) 8 94.4 (1F, s). IR (neat) v 3282, 1495,
1411, 1346, 1188, 1130, 1115, 1092, 1070, 916, 812, 771, 669 cm™. Anal. Calcd for
C,(H,,NF,0,S: C,56.30; H, 4.13; N, 4.10%. Found: C, 56.49; H, 4.29; N, 3.97%.

CF,

..

Ts

3-Difluorovinyl-2-hydro-1-tosylindole (23a)

To a susupension of sodium hydride (NaH, 13.6 mg, 60 % dispersion in mineral oil,
0.340 mmol) in N,N-dimethyl formamide (DMF, 0.5 ml) was added
2’-(3,3,3-trifluoropropenyl)-p-toluenesulfonanilide (96.6 mg, 0.283 mmol) in DMF (2,5
ml) at room temperature under an argon atmosphere. The reaction mixture was stirred
for 2 h at 120 °C, and then phosphate buffer (pH 7) was added to quench the reaction.
Organic materials were extracted with ethyl acetate three times. The combined extracts
were wsshed with brine and dried MgSO,. After removal of the solvent unedr reduced
pressure, the residue was purified by flush column by florisil (hexane-ethylacetate 10:1)

to give 3-(2,2-difluorovinyl)-2-hydro-1-tosylindole (72.0 mg, 79%) as a colorless solid.

'H NMR (500 MHz, CDCl,) 8 2.37 (3H, s), 4.55 (1H,d, J = 4.4 Hz),4.56 (1H,d, J =
4.4 Hz,),7.03 (1H,t,J =7.5 Hz), 7.22-7.27 (4H, m), 7.67-7.7.1 (3H, m). *C NMR (125
MHz, CDCL;) 6 21.5,49.2 (d, Jo = 3.5 Hz), 88.2 (dd, J = 22,22 Hz), 114.8, 123.3 (d,
Jop=2Hz),123.4 (d,Jor =2 Hz), 124.2,127.2,129.0, 1299, 133.5,142.7 (d,Jr =5
Hz), 144.6, 149.8 (dd. J = 287,287 Hz). "F NMR (471 MHz, CDCl,) 8 74.9 (1F, ddd,
Jer=43 Hz, Joy =4.0,4.1 Hz), 77.8 (1F, ddd, Ji- = 43 Hz, J; = 4.3, 4.3 Hz). IR (neat)
v 3504, 1799, 1760, 1597, 1475, 1464, 1362, 1269, 1169, 1159, 1065, 1032, 812, 752,
661 cm™. Anal. Calcd for C,;H;;NF,0,S: C, 59.80; H, 4.08; N, 4.36%. Found: C, 59.96;
H,4.25;N,4.18%.



3-Trifluoromethyl-2,3-dihydro-1-tosylindole (26)

Method 1(Scheme 2-28):-1 - N — /L FHE (K 23a (44.0 mg, 0.137 mmol) (Zx%f L, THF
. T NI TFAT BT L TVA Y R (53.7 mg, 0.206 mmol) & 2., ZIRT
12 BT D, U UBBEERE A DD Z LI Lo TS EEIEL, YT
N =T ERCEREZ =B L. SO ARE ARl T N Y U AR
KB THEF L, Bilg~ 722U A THRT 2, WHZBEEEL THRLND
WhxE, YUATNATLTavw N7 T 70— (BB ; ~F ¥ -FifgeT
L2 1) 2K BRI L, 26 (220 mg, 47%) & 155,

Method 2(Scheme 2-29): A /L7827 X K 22a (44.0 mg, 0.137 mmol) (Zxf L, DMF
Hi. DBU (0.0145 ml, 0.0972 mmol)Z /%, 120 °C T 1 BT 5, VU U BRfE
ERENMZ D5 Z L2 > T ZEE L, Bk F L% AV AREE 2 = [l
ML, AhEaiE i ) U AaFKER CHlEF L, Mg~ 71> v
LATHIET 5, WEAZBIEEEL TRONDEEEZ, YU DTN AT L a~
N7 7 — (RBIESE  ~F P BTV 5:1) 1280 oBERERL L 26 (89.5
mg, 81%) %135,

'H NMR (500 MHz, CDCl,) 6 2.37 (3H, s), 3.86 (1H, m), 4.05 (1H, dd, J = 11.5, 5.3
Hz), 4.11 (1H, dd,J=11.8, 11.5 Hz), 7.05 (1H,t,J = 7.7 Hz), 7.24 (2H, d, J = 8.1
Hz), 7.25 (1H,d, J = 7.7 Hz), 7.68 (2H, d, J = 8.4 Hz), 7.70 (1H, d, J = 7.7 Hz). °C
NMR (125 MHz, CDCL,) & 21.5, 44.3 (q, Jo = 30 Hz), 49.2 (q, Jo = 3 Hz), 1149,
124.0, 124.3,125.3 (q, Jox = 279 Hz), 126.1, 127.2,29.8,130.2, 133.5, 142.9, 144.6. “F
NMR (471 MHz, CDCly)) o6 895 @F, d, Jiz = 9.1 Hz). IR (neat)
v 2924, 1597, 1481, 1462, 1360, 1273, 1167, 1124, 1090, 814, 756, 660 cm"'. Anal.
Calcd for C,(H,,NF,0,S: C, 56.30; H, 4.13; N, 4.10%. Found: C, 54.42; H, 4.23; N,
4.09%.
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E N DFRRIKIGEZFAT 257 vy FA~ATeREEMO A & E
L. Jrim. Aam(B—=, B _F), imEL Vo TWnd, FHIL, LTICHET
Hh2OoDEG 7 vHBETINTLY i) gemmY 7 AaF L UoHEAR BLIOY ii)
3,3,3- b U A undu N rFEE ORERLEOBWRISHEIZERL, £h
ban FHERIKIE~FAT 22 & T AMERRNIZY vy BRERED 50T
NABRFEBENEAIN AT o RILEWOERIEEZ S LT,

BT, gem Y7 AR T L UFEEEOS TNEIC LT v EE
BEEAETDIXF )V VEROBEICOWVWTHR R, AL ML, Vv T ) %k
H4 5D gemmYV 7 )NVAanAF L 11, —EBFETLAIELTHRYTFALAXRY
FTUOLEERESE AV YT 2V EORFLICRAT LI T =F TV I AFEICK
LD THEBREZITN.3-70FaXx )V 28L0Z0 &K THD 3 DOERN
M)Ak Z % L 7= (Scheme 1),

Scheme 1

;D "BusSnLi  F.
«C N

1 2 3

O

FLr 1 O0O—BFELTLTCRETLH2XF VI AT =F 45T LT R
T EOREBFHTHIL T D EITED, 2 ICEAX RERREL S 3-
TNFuFx )Y S EREFRINETHERT S Z LIZHY L 72 (Scheme 2),
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Scheme 2
R R R
"Bu,SnLi F E* F
FZC —_— z —_— =
N + 7SN ETN
:c”? Li
1 4 5
E = CHO E = p‘NOchH4
E =PhCO E=1I

Scheme 1 B X U Scheme2 ODXISIC XV . 2 FE TCHRHETH-7- 7 v FEA S
NleE#x )V BHoGRICk L THES e TEEsRIET LI A VT )
EO—BFETICIDA T 24 IV INEORELZRET DH -0 R %25
7=

BETIE, 3,3,3- Ny 7 AaAn e XrFEAEO s FNRIICED, Tv
IoRFEEBHBIE(FU 740 XA FE Vvt ox2F ik Yo7t n R
FLUE)ZETDAEZX )V, A VX7V, A = VERKREHET D ik
22V TR *72(Scheme 3), WTh b, A/ MILICERELZAT Da-FI 7
NI AFALAFL 6 HEMELE L. 6BRRLVIZS BROEKZIT >
LD Th D,

o-A YT JiEWIK e I T VI LB AENSIED L BB A4V T
DAFLF YT RNELR, o-FRN I VEWIK 6b & NH,0Ac & 5 WX
NH,OH*HCl THRHEH T ZH L 4-F U 7 F XA F LT RFaf VX)) 88
FOED N-FF L FERTHLIER= v 9 PRGRNFETHND Z L %
R L7, £, FFMRKISHMEIIAT TH 575, 6b 12 NH,OHHCI & 1k %
TERES®E 2 Z ik, BRXMIZ 5-exo-trigonal TN HEIT L 72 5 BERO BRI
=rr 10 EAFEMELTHLOND Z LN L BIR= e X,
AR EARRZTHETHY 2R LZOERBHREL S TEY . Hon
9 BLV10IE, NI TIAARATFAEERETDLZZ LD, 7 vHARFET
ELTHHIFFTE D,

F, 0o ANE T I REBRIK 6¢c DO IX, 3-UV 74 ArAF LTV R
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A F= 11 ZEKT DI LR TE L, ZTHhIE, D THEH O
anti-Baldwin HI] & 72 2 KW 72 5-endo-trigonal Bg{L 2y, 7 v EFEHBIL O R %
FHAT 2Lk BRATELL2RLEbDTHD,

Scheme 3 CF,

(Z = CHO — CH=NH)

f NH,OAc

f E/Ij
IN N ¢ N

0 NH,OH-HCI RLior RMgBr  Bu N

9 \ CF, / 7

(Z = CHO — CH,=NOH ) (Z = NC — N=C-R)

Fc Me — S~ )D

m NH,OH-HCI, ® NaH / DMF
PARRNS
© 6a (Z = —NC)

'Pr,NEt !
2 6b (Z = —CHO) Ts
10 6¢ (Z =-NHTs) 1

(Z = CHO — CH,=NOH ) (2=NHTs = NTs)

PLE. D, iR LE2HEEOE 7 vHET VT U ORMEE 5 NS ~FH
TAHZETC HERLVBELELENTE LG 7 vE~TORILEYWDO HEKIZ—
DR EZ R T 2 &N TE =,
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