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Research of Visible Light/Lewis Base Dual Catalytic Defluorinative
Silylation of Trifluoromethyl-Substituted Alkenes

Zhu, Jiajie Wan, Yi Yuan, Qiyang Wei, Jinlian™ Zhang, Yongqiang*
(School of Pharmacy, East China University of Science and Technology, Shanghai 200237)

Abstract A novel photoredox/Lewis base dual-catalytic defluorinative silylation reaction of trifluoromethylsubstituted
alkenes for the synthesis of gem-difluoroallylsilanes is reported, where silylboranes are employed as the silyl donor reagents.
The protocol proceeds via the catalytic activation of Si—B bond by a Lewis base quinuclidine and the formation of silyl
radical, making it easy to scale up. It features mild and green reaction conditions, simple reaction system, broad substrate scope
and good functional group compatibility. Furthermore, the potential of this class of building blocks in the construction of
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various gem-difluoromethyl-containing structures has been also demostrated.
Keywords visible light catalysis; Lewis base catalysis; silylboranes; trifluoromethyl-substituted alkenes; synthesis of gem-

difluoroallylsilanes
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(a) The nucleophilic transformations of gem-difluoroallylsilanes

(b) Defluorinative silylation of trifluoromethyl-substituted alkenes
(previous work)
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(c) Photoredox/lewis base dual-catalytic defluorinative silylation of
trifluoromethyl-substituted alkenes(this work)
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Scheme 1 Nucleophilic transformations of gem-difluoroallyl-
silanes and defluorinative silylation of trifluoromethyl-substituted
alkenes
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ppyl2(dtbbpy)PFs (P1)NJGHEALFIAT 20 mol%ZE T3 Ny
% 5y WAk ), 3T TP R R N 2K, N RE )
&, BAGRY =R 24 h, PSS EliRkEE8 T
HARr=4) 3a, [FBEWEERIEREERELE=Y) 3a' A4
[# 1, Entry 1, 60%, n(3a) : n(3a")=10 : 1]. N 7w/
AR 2 TR ——oK, HIE= 3at AR,
TERMAFMNT 4A 77 AErE, MOZEF=)
A AR ) T A B, SR INMEE] T ORTR T
[# 1, Entry 2, 90%, n(3a) : n(3a")>50 : 1]. L DMAP Al
PPh; B R T N 2% 5 Wil Ak 77, B2 T 2R 1
22 10 mol%, & FEMNMWE T, Tk RZ
S (32 1, Entries 3~5, 54%~80%). AN i 4% 55 i i
7], S RCRAA 11%(3E 1, Entry 6), FRIER

5y Wi O 5 AR ) R e P el R AR o R PR
BEA. WHRM, AT R MRS S, WTHE
FALTUE RS, A 6k B AR AR, A2 R 2
HEAT 0 53— B AR g 0823251 (R gk, R RIS EAEALT
HEAT T 0RIL. S5 R, A S MR EUR G M AL,
U Ir[dF(CFs)ppyla(5,5'd(CF3)bpy)PFs (P2, Effy =-+1.69
V vs SCE)20f1 Mes-Acr-Me (P3, Effs =+2.06 V vs
SCE)2T# X Ir[dF(CF3)ppyla(dtbbpy)PFs (P1, Ejff =+
1.21 V vs SCE)?", [ WISCE KN T F#(EE 1, Entries 7~
8). JRMASEE [ 3 B 5 R B P T s A S A N AR E
PEAE, SRTIIX 204 AT 0GR S0 R ik
HE [l 5 R S 25 4 SR e I A AR BRI T 32HL, M SCHIE AL
IEAEHHAT 2 . i AR S BB AT Te[(ppy)al-
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Table 1 Optimization of reaction conditions
Ph.l. Phol.
20 W blue LEDs, Photocat. Si S
o 4@_/( PhMe,Si-Bpin 2a (1.2 equiv.) F .
CF, Lewis base cat., 4A MS F
MeCN, Ny, rt., 24 h cl F cl F
1a 3a 3a'
Photocat.:
F3C Me
By N O Bu
| N, Me Me
y He6e
| -
By NP y "
Me ClIO; Bu
FsC
I[dF(CF3)ppyla(dtbbpy)PFg  Ir[dF(CF3)ppyla(5,5'd(CF)sbpy)PFs  pMes-Acr-Me Irppyla(dtbbpy)PFe 4CzIPN
P1 P2 P3 P4 P5
Entry Photocat. Lewis base cat. Yield?/% of 3a 3a/3a'©
1 P1 Quinuclidine 609 10:1
2 P1 Quinuclidine 90 >50:1
3 P1 DMAP 80 >50:1
4 P1 Triphenylphosphine 54 >50:1
5 P1 Quinuclidine 66°¢ >50:1
6 P1 — 11 —
7 P2 Quinuclidine 34 20 0 1
8 P3 Quinuclidine N.d/¢ —
9 P4 Quinuclidine 86 >50:1
10 P5 Quinuclidine 86¢ >50:1
11 — Quinuclidine Trace —
12 P1 Quinuclidine Trace” —
13 P1 Quinuclidine 53 >50:1
14 P1 Quinuclidine Trace/ —

4Reactions conditions: 20 W blue LEDs, 1a (0.2 mmol, 1.0 equiv.), 2a (0.24 mmol, 1.2 equiv.), photocat. (0.002 mmol, 1 mol%), Lewis base (0.04 mmol, 20 mol%),
MeCN (2 mL), 4A MS, Ny, r.t., 24 h, unless otherwise noted. *Isolated yields were reported. ¢ Determined by 'H NMR analysis of the product. ¢ Performed in the

absence of 4A MS. ¢ 10 mol% quinuclidine was employed. /Not detected. 3 mol%
formed in the presence of 1 equiv. of TEMPO.
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(dtbbpy)PFs (P4, Efy =40.66 V vs SCE)"] Jz I [&] #:
ALV RGHAT, RORBCRRSGC R FEGR 1, Entry 9, 86%).
ZRBNETHREMNALEHR(ES =411 V vs
SCE)281 R HE) sz I 3ok 2 o 2 o 34 32 2 il 5 0 R 1
[ ACE S e K N el E =B Sy (| S I bR 2R
ZIEETHBE, (RWE BRI ZE R 1T
Y P1 BA AR A HL/N 7 T 6L 7
4CzIPN (P5, EfS =+41.35 V vs SCE)21JR S5 Ml
RGN FF(ER 1, Entry 10). XFHRSZIG R, S b5
AT LS 5B ISR E 4T 22 X B B3R 1, Entries 11~
12). BEFAPRHATEFE B I 1 equiv. B HH A
PARA 2,2,6,6- V0 FEOR i S AL Y)(TEMPO) Y, [N 5Z
B 7 A [FIFEE 404 (32 1, Entries 13~14), X FHREY
SONGEE E R IENLEIEBET. T AR, WA s
SN A A A 1 mol% Y AL TR Ir[dF(CF3)ppy].-
(dtbbpy)PFs (P1)H1 20 mol%iH% &) Wbl fit AL 7728 738, LA
B AA PRI CHE N, 1.0 equiv. i =5 FIEEUR
IR 1.2 equiv EERGE, 76 No fR9PHT 20W #5 LEDs
TSR, FEIEXM 24 h fERIER N AHETR, &5 8
A 90%, 3a M 3a" ¥R T 5011 R 1,
Entry 2).

1.2 REEYHR

T8 S A AR 0 B R 30047 T ¥ JEAE U (3
2). B4 1a PRI EIOE R, SO FRE AT R0
17 (3b, 83%). SR i, S WS 28 WA Ay v 45 B,
60%), X85 75 IREEAE ] WG S T ) R A 3
AR AR GEAE RN E IR s OGS A7 2 (8] 457 A1 4R
fr, JEHARARAL, S SIS I B A, A A Z R
Mi(3d~3e, 53%~81%), HPHEE FEUX — & B4 R
FEFE, BEHEE TR =R, §35. B
T B S oI L RN, ORISR KR T (36~ 31, 3%~
50%), M EAE] =P BN, X B ] nT DUR 4
RS B A B TR (AA, Iz R B R ERATY AR AE A
MK, SET KER BSR4 (R
DL SEALER 43, SR A BRI A2, 4 2T 3 KBRS
AR ANz, AT DA RS 2R AR B 345 H AR =4
[3j, 76%, n(3s) : n(3s")>50 : 1]. HEFFEE AR T 3.
FHOE . = PR | 2R, AL S ib i TR IR, J
I AR RR 2 E A HLIX (B (B3k~30, 3r~3s, 75%~
93%). {H & #5740 AN FR R R A AL AR e R
FER ], s R UK i B2 T B (3p ~3q, 56% ~
59%). ¥4 l1a G544 SRR B e sy FZE S5 H e
J5 0, AR DU = R A5 2 H bR (3t~ 3y, 67%~
72%), B BWNIK I, [NCR AR IR T R
[3w, 37%, n(3w) : n(3w")=6 : 1], & EH NI H%E,
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TREE A KB, RN AR A 04T (Sa~5¢). TEMEE
P DNGEE s X AR D A& SN 37551 2 239
(3x, 34%), EHEEVETFIEH T FE[n(3x) © n(3x")=30 : 1].
SR 51 NI LT IR R R R 5L (Sd ~Se), T s B4 56 4
. KR E TN, a0 = S U R IR O,
A7 DA SRS AR S PR PR 115 2 H AR =0 [3y, 66%,
n(3y) : n(3y")>50 1 1]. &), KEEMbE 2a Sk R
B T F L RE L N AR B AR, RMICR AR H
BRFMEASZ R0 (4, 91%, 4a & 4a'>50 : 1). 4R, W
S OB B S R B AR, IRSLCR I R RE
B {2 (4b~4c, 32%~62%), HIEEFEALFHMA, IR,
X B2 S S B EL AT — 5 R

1.3 WHARER

TE RV FE 1 2 B AT T 3 — B AR, W
Scheme 2A Fi7w, RN AIA BN Z SE BB, iR
ALRFE. SRR A2, R B HOR RS, Yz
HHFT N, BB IR A iR, 3D A
TEATZ .

PADY T B0 (TBAF) & AR, & T 3a (1)
SR NS YE, A Kk AR IR 1k (6a, 69%, Scheme
2B), Sk HE SRR T In(7Ta~8a, 65%~72%
yields, Scheme 2B), FRXJER T1ZEMIEHR T 2 e
& R oA R E R ). W ER R RE,
WEERS R AT 1,2-InsmidE 1,4-Inpk, Eom B ik
SEAEERIE. AEINASEETR, 3a IRET 5 N-JRAR T R
(NBS) KA B, SV T~ 701 98U R % B A 2%
N, R E T NG AR A S H B G B T R
(9a, 85%, Scheme 2B). A2, TEAUR = SIS FE
R B LAY 102 FIAERR, TSR A (bR
S FIRANSE E 1a A E) AU IE S 40% (Scheme 2C).
XEGZ A 3a 75 0] WG 244 T 0] R A= S AL A AR
b R, TS = AR SRR R A R
SEL X — R ] WG A A R SR
T 7] 22 R A B R R 5 M BT IR B AL BRI T 32,
FHRIF FATEREAT 2 .

1.4 RNHIIE

TR R W], SHEMGE 2a ELEE, REMIGE 22 52
TRV EERE RO B B RS 5 LB 24),
FHOREE AT IR WSO GRS TR & A2 B 40 8% (K 2B), dE—30
WERH T N ZE TR S 2a RAE TEALER. Hak, FIA
TEIR 22BN X — IR G EN RN Ex=0.69 V
(vs SCE) (K 20), XRPLETIHRTGHE 22 7 H
Ir[dF(CF3)ppy]l2(dtbbpy)PFs (P1, Eff =+1.21 V vs
SCE)SE LR, A plikt H S SikrEsg i . Tk
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Table 2 Scope of the reaction

Ir[dF(CF3)ppy]2(dtbbpy)PFg (1 mol%)
quinuclidine (20 mol%)

Chinese Journal of Organic Chemistry ARTICLE
20 W blue LEDs

\ \
—Si F —Si F
7 N\—= / F
4AMS, MeCN, Ny, r:t., 24 h F F

1 2 3.4 3 4

—Sl Bpin

FuF F

F F_F F_F
. [« | ¢
SiMe,Ph SiMe,Ph SiMeyPh CJ SiMe,Ph SiMe,Ph SiMe,Ph
Br

3a, 90%, > 50 : 1 3b, 83%, > 50 :1 3¢, 60%, 50 : 1 3d, 81%,>50:1 3e, 53%,>50:1 3f, 50%, 4 : 1

Fe_F FF FF FOLF
/@LSiMezPh /©I/SiMezPh /©j/\/SIM82Ph /@I/SiMegPh /©j/\/SiMeZPh
NC MeO,C Ac Ac

MeO,C
3h', 61% 3i, 3% 3i, 86%

39,34%,4:7 3h, 9%

F_F Fo_F F_F F_F F. _F
AC\QJ/\/SiMezPh /©J/\/SiMezPh /@I/SiMezPh /©I/SiMe2Ph ©jl/\/SiMe2Ph
By ™S

3j, 76%,>50: 1 3n, 85%,>50:1

F. F
/QLSiMeZPh
Ph

30, 92%,>50: 1

Fe_F F_F
| SiMe,Ph | SiMe,Ph
4 90
S

3t, 70%, > 50 : 1 3u, 67%,>50:1

3k, 93%, > 50 : 1 31, 84%, >50:1 3m, 78%, >50:1

F_F F_ _F F. | F
/©I/S|M92Ph /@I/SiMezPh /@LSiMezPh ©\J/\/SiMezPh
s MeO OMe

3p, 59%, >50: 1 3q, 56%, >50:1 3r, 90%, > 50 : 1 3s, 75%, > 50 : 1

F. F F. F
SiMe,Ph ©/\J/\/SiMe2Ph /@I(SiMezPh
MeO

3v, 72%, > 50 : 1 3w, 37%, 6 : 1 3x, 34%,30:1

FuF FoF
cl cl cl

3y, 66%,>50:1 4a, 91%, > 50 : 1 4b, 62%, > 50 : 1 4c, 32%, > 50 : 1

F_F Fe_F

Unreacted substrates:

CFs CF4
= CFs J\ Fsc” " 08z NN N COMe
Br” CFs
5a Br

5b 5¢

9Reactions conditions: 20 W blue LEDs, 1 (0.2 mmol, 1.0 equiv.), 2 (0.24 mmol, 1.2 equiv.), P1 (0.002 mmol, 1 mol%), quinuclidine (0.04 mmol, 20 mol%), MeCN
(2 mL), 4A MS, N,, r.t., 24 h, unless otherwise noted. 3, 4/3', 4' ratio, determined by '°F NMR analysis of the product.

W FEABUA HOCARAE NS S23, BLK e AT 4 TEMPO DR T, A RRIRAC R BR ™1, 7 R

KIFE(ER 1, Entry 14), 324 7 LURATREI R BALEE
(Scheme 3). H4G, ETHEL EMIEFEA, 5 2a &
MAE R TRAR T, SIS A AR AL TR AL B %
R AR O SR PCHE Ak, A plit B i3 1,
() BN T8+ 2 7 PR AR R 15 [ 4 T, o ) 4 T o —
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13 BA5r=Y) 3a.
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(A) Scale-up expriment

20 W blue LEDs
Ir[dF(CF3)ppyl2(dtbbpy)PFg (1 mol%

\
/©)LCF3 +  Ph—Si~Bpin
cl

F. F
) | SiMe,Ph
quinuclidine (20 mol%)
4A MS, CH4CN, Np, rt,, 24 h cl
batch synthesis: 3a, 88%
flow synthesis: 3a, 63%

(B) Nucleophilic transformations of 3a
OH
=
Ph
F F
Cl

cinnamaldehyde (2 equiv.)

/@)&H TBAF (0.1 mol/L, 1 equiv.)
F F
cl THF/H,0, r.t.

F _F TBAF (0.1 mol/L, 1 equiv.)
| ] DMSO, 0 °C
6a, 69% SiMe,Ph 7a, 65%
cl 3 OH
a TBAF (0.1 mol/L, 1 equiv.)
Br  NBS (1.5 equiv.) DMSO, 0 °C oh
ol F F MeCN, N,, 100 °C benzaldehyde (2 equiv.) o F F
9a, 85% 8a, 72%

20 W blue LEDs
Ir[dF(CF 3)ppyla(dtbbpy)PFg (1 mol%)

Fe_F
| S|M62Ph
1a (2 equiv.), quinuclidine (20 mol%)
cl 3a CH3CN, No, rt, 24 h cl 10a, 40%
B2 Rk
Scheme 2 Synthetic applications
A Si NMR study B 3.0 UV-visible absorption study
2.5+
, — 2a
2.0 —— 2a + quinuclidine
S ‘ 2a + quinuclidine g
B | S 1.5
g
1.0
<
0.5+
2a '
0.0+
Yoty A . -0.5 T T T T T T
250 300 350 400 450 500
50 40 30 20 10 0 10 -20 -30 -40 -50 -60 'TU"ZF -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 Wavelength/nm
C Cyclic voltammetry (CV) analysis
0.0015
—2a+ quinuclidine\
< 0.0010 A
T
o4
3 0:0005+ E,=+0.44V vs Ag/AgNO,
+0.59V SCE \
0.0000 -
-0.0005 T T T T T
-2 -1 0 1 2
Potential/V
B2 ML SR
Figure 2 Investigation of reaction mechanism
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Roae

Ph—Si-Bpin | F=Bpin
/O
£©
/\ ®,
N
* SET N
PCy Bpin
I
\
hv pe SiPh
m
J1a
PC, FOF
~_ SETT | pn
S
F /// Ar ~
FUF
v
| _Ph £©
ArO~SIN 3a Ar=4-CICqH,
v

B3 @R
Scheme 3 Proposed reaction mechanism
TESR AR, BTETIHR(ES =+1.1 V vs SCE)TAf
# TIr[dF(CF3)ppyla(dtbbpy)PFs (P1, Efy =—+121 V vs
SCE)?E M Z IE S ¥ H 2. [Fith, RRew b
WIEE T H BN SR 58, (2dkeE B iR AR o)
SOSHUEIAELE, E— B S E AR T 2 .

2 Zhig

g bk, VARERNERNE R B AR, PR T I
AT/ S 3 B[] A 8 = 9 Y i A0 e e e
IR, SEHL T — FRAUE G0 I R R DR A £t e 3
B, FFYIL IR T IR A I ERAE R S (S P AL
UAL vl sl VARSI S e a2 S i RIS 1) N Lo AR R 2
RS BEAT HEAL A AL, X2 S R4S BLBA AT <
BT8R, IR BA Tl T WO T
ZREEFALIOTE T, MORHIE L IEAE AT 2

3 IS
3.1 UESHFA

'H NMR. '3C NMR #1 '°F NMR 7E Bruker Avance
111(400 MHz/600 MHz) B A% i 4R 4 FillsE, F TMS (6
0.00)a% CDCl3 (6=7.26)1F4 '"H NMR [ W45, CDCls (6
77.16)1E4 13C NMR WA A%; Jot i H 3¢ [E Waters 2 ]
] GCT Premier & EI- /5 73 #F T2 o i i . AR ZE A
FAH S PGS A PR A F AP~ 300~400 HEER;
JE B 154 P R S VL A RE IR T A PR 23 =] () HSGF-254 (1)
L8 O T SR A7l SR S 2 TN I VA N SE X7y
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FUTE, BREFR UL Z A0, 2GR P] B T O
ST FE T R SR - = 8 P B B M 8 2 25 Sk
[29~ 311 & BT iE AT & i, R0 SR A 2 2% SCik
[32]1A BT G K.

32 EM3MABER

DA 3a ()& A, R BEPESRE T 4 mL B
/MM Tr[dF(CF3)ppyl2(dtbbpy)PFs (2.2 mg, 0.002,
1mol%). %73 (4.4 mg, 0.04 mmol, 20 mol%)~ 4A 431
JEATCAK CHEQ mL), FEAE SN A R e e e s
R, A EURER I T Sk i b A\ B
PR AR, [E IS4 N — AN S AT HE R ok
TN KB AR RN AR, Bk Bk, H#E
A7 B 7E SO 20 min. A% SN AR KN 2R T
DA EFR3k ARk, FERUSRY N A T S A 4k 2
JA 1a (41.2 mg, 0.2 mmol)1 2a (62.9 mg, 0.24 mmol),
P20 W blue LED ADGYE, =ia FHiHE &P 24 h. 4k
REZE WS, FAREEE LI yE, DUAHEE Y Be iR, A7
EHTE, B OIBAR3,3- -2-(4- ) IR T AL
TR IREAERE(3a) 60.0 mg, FEF 90%. 'H NMR (400
MHz, CDCl3) d: 7.42~7.40 (m, 2H), 7.36~~7.29 (m, 3H),
7.25~7.23 (m, 2H), 7.16~7.14 (m, 2H), 1.95~1.93 (m,
2H), 0.18 (s, 6H); *C NMR (100 MHz, CDCl3) J: 152.8
(dd, J=287.0, 284.0 Hz, CF,), 137.9, 133.5, 133.5, 133.0,
129.7 (t, J=3.0 Hz), 129.3, 128.5, 127.9, 89.4 (dd, J=
24.0, 14.0 Hz, C=CF), 16.6, —2.8; '°F NMR (376 MHz,
CDCl3) 9: —90.9 (d, J=48.9 Hz, 1F), —93.6 (d, J=48.9
Hz, 1F); HRMS (EI) caled for C;7H7,CIF,Si 322.0756,
found 322.0753.

[3,3- 9 -2-(4- 5 ) A 25 — s TR 3 ) = HR DR R R e
(3b): Tk, 50.8 mg, =% 83%. 'H NMR (400 MHz,
CDCl;) d: 7.43~7.41 (m, 2H), 7.38~7.30 (m, 3H),
7.21~7.18 (m, 2H), 6.99~6.95 (m, 2H), 1.97~1.95 (m,
2H), 0.19 (s, 6H); 3C NMR (100 MHz, CDCl3) 0: 161.8
(d, J=164.0 Hz), 152.8 (dd, J=191.0, 189.0 Hz, CF,),
138.0, 133.5, 131.0, 130.9, 130.2, 130.1, 130.1, 130.1,
130.1, 129.3, 127.9, 115.3 (d, J=14.0 Hz), 89.4 (dd, J=
16.0, 9.0 Hz, C=CF), 16.8, —2.8; '°F NMR (376 MHz,
CDCl;) 0: —91.9 (d, J=33.8 Hz, 1F), —94.5 (d, J=33.8
Hz, 1F), —114.8~—114.9 (m, 1F); HRMS (EI) calcd for
C17H7F3Si 306.1052, found 306.1056.

[3,3- 9 -2-(4- Y5 ) R J — s T i ) = H R R R e
(3¢): Tofaiifhk, 44.7 mg, 772 60%. 'H NMR (400 MHz,
CDCl;) d: 7.43~7.38 (m, 4H), 7.36~7.30 (m, 3H),
7.10~7.08 (m, 2H), 1.95~1.94 (m, 2H), 0.19 (s, 6H); 1*C
NMR (100 MHz, CDCl;) 6: 152.8 (dd, J=192.0, 189.0
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Hz, CF»), 137.9, 135.5, 134.0 (t, J=3.0 Hz), 131.5, 130.1
(t, J=2.0 Hz), 129.3, 127.9, 121.1, 89.5 (dd, J=16.0, 10.0
Hz, C=CF), 16.5, —2.8; "9F NMR (376 MHz, CDCls) ¢:
—91.9 (d, J=33.8 Hz, 1F), —94.5 (d, J=33.8 Hz, IF);
HRMS (EI) caled for C7Hi7;BrF,Si 366.0251, found
366.0252.

[3,3- 9 -2-(3- 50 A 26— s TR 2 ) HR R R R e e
(3d): Laifk, 52.2 mg, 7% 81%. 'H NMR (400 MHz,
CDCl3) &: 7.43~7.41 (m, 2H), 7.38~7.30 (m, 3H),
7.23~7.18 (m, 3H), 7.15~7.09 (m, 1H), 1.96~1.95 (m,
2H), 0.20 (s, 6H); '*C NMR (100 MHz, CDCL) §: 153.0
(dd, J=192.0, 189.0 Hz, CF,), 137.8, 136.9 (dd, J=3.0,
2.0 Hz), 134.2, 133.5, 129.6, 129.4, 128.6 (t, J=2.0 Hz),
127.9, 127.4, 126.6 (t, J=2.0 Hz), 89.5 (dd, J=16.0, 10.0
Hz, C=CF), 16.6, —2.8; "’F NMR (376 MHz, CDCls) ¢:
—90.4 (d, J=30.1 Hz, 1F), —92.9 (d, J=30.1 Hz, 1F);
HRMS (EI) caled for Ci7H;,CIF2Si 322.0756, found
322.0758.

[3,3- 9 -2-(2- ) A 2 — s TR 2 ) = HR R R R e e
(3e): TLfaiifk, 34.1 mg, 722 53%. '"H NMR (400 MHz,
CDCly) d: 7.44~7.42 (m, 2H), 7.36~7.28 (m, 4H),
7.21~7.12 (m, 2H), 7.08~7.06 (m, 1H), 2.01~2.00 (m,
2H), 0.21 (s, 6H); '*C NMR (100 MHz, CDCL) §: 152.6
(dd, J=190.0, 189.0 Hz, CF,), 138.2, 134.0, 133.6, 131.5,
129.9, 129.2, 129.1, 127.8, 126.7, 88.1 (dd, J=17.0, 12.0
Hz, C=CF), 17.2, —2.8; YF NMR (376 MHz, CDCls) ¢:
—89.8(d, J=30.1 Hz, IF), —93.5 (d, J=30.1 Hz, 1F);
HRMS (EI) caled for C7H17CIF2Si 322.0756, found
322.0752.

[3,3- -2~ (4- =3 Y ) R L — A4 T ik ] — R R O
TEREBHM3,3,3- = Fi-2-(4- = Fl H FE) A Jk - 2 P 3
IR TOBAA, 45.0 mg. H 3f 4 35.6 mg,
P2 50%; 308 9.4 mg, 7PEE 12%(J5 B AN PR R R G
PR B LT 5 5R49). 'TH NMR (400 MHz,
CDCl3) 6 (3f): 7.51~7.49 (m, 2H), 7.38~7.26 (m, 7H),
2.00~1.99 (m, 2H), 0.20 (s, 6H); 0 (3f"): 7.51~7.49 (m,
2H), 7.38~7.26 (m, 7H), 3.37~3.26 (m, 1H), 1.50~1.41
(m, 2H), 0.13 (s, 3H), 0.05 (s, 3H). 3C NMR (100 MHz,
CDCl;) 8 (3f and 3f"): 153.1 (dd, J=192.0, 190.0 Hz,
CFy), 139.8, 138.9, 137.7, 137.2, 133.5, 129.7, 129.4,
129.4, 129.1, 128.8, 128.7, 128.7, 128.1, 127.9, 125.5,
125.5,125.3, 125.2, 125.2, 125.1, 123.3, 89.7 (dd, J=16.0,
9.0 Hz, C=CF), 46.4 (q, J=19.0 Hz), 16.5, 15.8, —2.7,
—2.9, —3.0; '%F NMR (376 MHz, CDCl3) d (3f): —62.7
(s, 3F), —89.7 (d, J=30.1 Hz, 1F), —92.7 (d, J=26.3
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Hz, 1F); 6 (3f"): —62.7 (s, 3F), —71.7~—71.9 (m, 3F).
HRMS (EI) caled for CigH7FsSi (3f) 356.1020, found
356.1019.

[3,3- T 3-2-(4- T35 ) 2R 2 I TR 6 | — W L 2R B e ot
(3g) F1[3,3,3- = H-2-(4- T AR ) R i — A i ] — W R R i ik
Fe(3g"): Lk, 61.0 mg. HA 3g 4213 mg, =%
34%; 3g' N 39.7 mg, WIF 60%(i &M= RS HEE
)P Jot 1Y) & bL kAT # B3R 19). "TH NMR (400 MHz,
CDCls) ¢ (3g): 7.53~7.50 (m, 2H), 7.38~7.23 (m, 7H),
1.97~1.96 (m, 2H), 0.19 (s, 6H); 0 (3g'): 7.53~7.50 (m,
2H), 7.38~7.23 (m, 7H), 3.33~3.23 (m, 1H), 1.52~1.37
(m, 2H), 0.12 (s, 3H), 0.03 (s, 3H). '3C NMR (100 MHz,
CDCls) 6 (3g and 3g'): 153.1 (dd, J=193.0, 191.0 Hz,
CF,), 1412, 140.1, 140.0, 140.0, 137.4, 136.9, 133.5,
132.3, 132.1, 130.1, 129.5, 129.0 (t, J=4.0 Hz), 128.1,
128.0, 125.9, 118.8, 118.5, 112.4, 110.8, 89.7 (dd, J=17.0,
9.0 Hz, C=CF), 46.7 (4, J=19.0 Hz, CF), 16.3, 15.4, —
2.9, —2.6; F NMR (376 MHz, CDCl;) 6 (3g): —88.2
(d, J=26.3 Hz, 1F), —91.3 (d, J=30.1 Hz, 1F); § (3g"):
—71.5~—71.7 (m, 3F). HRMS (EI) calcd for C;sH;s-
F,NSi (3g) 313.1098, found 313.1095; HRMS (EI) caled
for C1sH sF3NSi (3g') 333.1161, found 333.1159.

[3,3- 9-2-(4- FH R HH i ) A R — A A i ) — PP R R
fi b2 (3h) F1[3,3,3- = % -2-(4- R F IR ) R - TR ) —
FERFEREGE(3hY): LA, 51.0 mg. H A 3h 8 6.3 mg,
F=29%; 3h'H44.7 mg, F=3 61%(Ji A= 2 I E —
) ) AT R R4S, '"H NMR (400 MHz,
CDCls) ¢ (3h): 8.00~7.95 (m, 2H), 7.43~7.30 (m, 5H),
7.27~7.25 (m, 2H), 3.93 (s, 3H), 2.01~2.00 (m, 2H),
0.17 (s, 6H); 6 (3h'"): 8.00~7.95 (m, 2H), 7.43~7.30 (m,
5H), 7.27~7.25 (m, 2H), 3.94 (s, 3H), 3.36~3.25 (m,
1H), 1.55~1.42 (m, 2H), 0.08 (s, 3H), 0.01 (s, 3H). 13C
NMR (100 MHz, CDCl3) ¢ (3h and 3h'): 166.8, 141.0,
137.3, 133.6, 130.2, 129.8, 129.4, 129.4, 128.4 (t, J=2.0
Hz), 128.1, 52.3, 46.5 (q, J=18.0 Hz, CF), 15.8, —2.3,
—3.2; 9F NMR (376 MHz, CDCl3) 6 (3h): —89.4 (d, J=
263 Hz, 1F), —922 (d, J=26.3 Hz, 1F); § (3h"):
—71.5~—71.7 (m, 3F). HRMS (EI) calcd for C119H20F2-
0,Si (3h) 346.1201, found 346.1202; HRMS (EI) calcd for
C19H21F30,Si (3h') 366.1263, found 366.1265.

[3,3- 50 -2-(4- £ TR 25 ) R i — 47 TR 7k ) — W R R ki
BE(3i)FI[3,3,3- = -2-(4- LRSS ) R JE - P JE ) — AL 2
TERE3I): TLOMBAE, 62.0 mg. Hr 3i N 1.7 mg, =%
3%; 3i'N 60.3 mg, =R 86% (i E A S R LIMRE —H 1)
Yy i L AT 58 3045). 'TH NMR (400 MHz, CDCls)
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J (3i): 7.38~7.27 (m, 5H), 2.63 (s, 3H), 2.08~2.01 (m,
2H), 0.19 (s, 6H); 6 (3i'): 7.87~7.85 (m, 2H), 7.38~7.22
(m, 7H), 3.37~3.27 (m, 1H), 2.60 (s, 3H), 1.56~1.43 (m,
2H), 0.10 (s, 3H), 0.03 (s, 3H). 3C NMR (100 MHz,
CDCl;) § (3i and 3i'): 197.7, 141.1, 137.3, 137.0, 133.5,
129.6, 129.4, 128.5, 128.0, 46.5 (q, J=19.0 Hz, CF), 26.7,
157, —2.5, —3.1; '9F NMR (376 MHz, CDCl;) ¢ (3i):
—89.1 (d, J=30.1 Hz, 1F), —92.0 (d, J=26.3 Hz, 1F);
5 (3i"): —71.5~—71.7 (m, 3F). HRMS (EI) calcd for
C19H20F,0Si (3i) 330.1251, found 330.1268; HRMS (EI)
calcd for C1oH2 F30Si (3i') 350.1314, found 350.1317.

[3,3- 38 -2-(3- L Tk ) % ik — 0 TR 8 ) — HR R O e i
FE3j): LEWE, 502 mg, F5F 76%. 'H NMR (400
MHz, CDCls) d: 7.80~7.77 (m, 2H), 7.46~7.25 (m, 7H),
2.55 (s, 3H), 2.02~2.00 (m, 2H), 0.19 (s, 6H); 3C NMR
(100 MHz, CDCl3) 6: 197.9, 153.0 (dd, J=192.0, 190.0
Hz, CF,), 137.8, 137.1, 135.6 (dd, J=3.0, 2.0 Hz), 133.5,
133.1 (dd, J=3.0, 2.0 Hz), 129.3, 128.6, 128.3 (t, J=2.0
Hz), 127.8, 127.2, 89.7 (dd, J=16.0, 10.0 Hz, C=CF),
26.7,16.6, —2.8; '9F NMR (376 MHz, CDCl3) 6: —90.7
(d, J=30.1 Hz, 1F), —93.5 (d, J=33.8 Hz, 1F); HRMS
(EI) caled for CioHa0F20Si 330.1251, found 330.1248.

[3,3- -2-(4- BT B R B P AR ) — F RO B e
Fi(3k): LA, 64.0 mg, P73 93%. 'H NMR (400
MHz, CDCls) d: 7.45~7.43 (m, 2H), 7.36~7.31 (m, 5H),
7.21~7.19 (m, 2H), 2.02~1.98 (m, 2H), 1.35 (s, 3H),
0.21 (s, 6H); *C NMR (100 MHz, CDCl;) d: 152.9 (dd,
J=191.0, 189.0 Hz, CF,), 150.1, 138.4, 133.6, 131.9 (t, J
=3.0 Hz), 129.2, 128.0, 128.0, 127.8, 125.2, 89.8 (dd, J=
15.0, 10.0 Hz, C=CF), 34.6, 31.4, 16.6, —2.8; "YF NMR
(376 MHz, CDCl;) §: —91.9 (d, J=33.8 Hz, 1F), —94.5
(d, J=33.8 Hz, 1F); HRMS (EI) calcd for CyHaF,Si
344.1772, found 344.1769.

[3,3- T -2-(4- P ) 2R kI R ik ] — PR R DR R e e
(31): LA, 50.8 mg, 7% 84%. 'H NMR (400 MHz,
CDCly) d: 7.47~7.45 (m, 2H), 7.40~7.32 (m, 3H),
7.18~7.11 (m, 4H), 2.36 (s, 3H), 1.99~1.98 (m, 2H),
0.18 (s, 6H); *C NMR (100 MHz, CDCl;) J: 152.8 (dd,
J=191.0, 189.0 Hz, CF,), 138.4, 137.0, 133.6, 132.0 (t,
J=2.0 Hz), 129.2, 129.1, 128.3 (t, J=2.0 Hz), 127.9, 89.9
(dd, J=15.0, 9.0 Hz, C=CF), 21.3, 16.6, —2.8; '°F NMR
(376 MHz, CDCly) §: —92.2 (d, J=30.1 Hz, 1F), —94.7
(d, J=33.8 Hz, 1F); HRMS (EI) calcd for CsHyF,Si
302.1302, found 302.1300.

[3,3- 3R -2-(4- = FH BE A e 6 ) R TR TR 0 ) — HH
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I (3m): TEMBIA, 56.2 mg, 7% 78%. 'H NMR
(400 MHz, CDCls) &: 7.45~7.42 (m, 4H), 7.37~7.29 (m,
3H), 7.25~7.23 (m, 2H), 2.00~1.98 (m, 2H), 0.29 (s,
9H), 0.20 (s, 6H); '*C NMR (100 MHz, CDCL3) §: 152.9
(dd, J=192.0, 189.0 Hz, CF,), 139.4, 138.3, 135.4 (dd,
J=3.0, 2.0 Hz), 133.6, 133.3, 129.2, 127.8, 127.7 (t, J=
2.0 Hz), 90.1 (dd, J=16.0, 10.0 Hz, C=CF), 16.5, —
1.1, —2.8; 9F NMR (376 MHz, CDCL;) 6: —91.2 (d, J=
33.8 Hz, 1F), —93.9 (d, J=30.1 Hz, 1F); HRMS (EI)
calcd for CooHp6F2Siz 360.1541, found 360.1545.

[3,3- R-2- A FE I P L) B OE BE E BE(3n):
44, 49.0 mg, 77 85%. "H NMR (400 MHz, CDCl;)
5: 7.44~742 (m, 2H), 7.37~7.21 (m, 8H), 2.00~1.96
(m, 2H), 0.16 (s, 6H); 3C NMR (100 MHz, CDCl;) &:
152.8 (dd, J=191.0, 188.0 Hz, CF,), 138.3, 135.1 (dd, J=
3.0, 2.0 Hz), 133.6, 129.2, 128.5 (t, J=2.0 Hz), 128.4,
127.9, 127.3, 90.1 (dd, J=15.0, 9.0 Hz, C=CF), 16.6, —
2.8; %F NMR (376 MHz, CDCls) 6: —90.9 (d, J=48.9
Hz, 1F), —93.6 (d, /=48.9 Hz, 1F); HRMS (EI) calcd for
C17H sF,Si 288.1146, found 288.1143.

[3,3- 9 -2-(4- R 0 ) R LI A 2 ) R R OR R A
(30): LK, 67.0 mg, F=2 92%. 'H NMR (400 MHz,
CDCly) d: 7.65~7.63 (m, 2H), 7.56~7.54 (m, 2H),
7.51~7.47 (m, 4H), 7.41~7.30 (m, 6H), 2.07~2.04 (m,
2H), 0.25 (s, 6H); '3C NMR (100 MHz, CDCL3) d: 152.9
(dd, J=192.0, 189.0 Hz, CF,), 140.7, 140.0, 138.2, 134.0
(dd, J=3.0, 2.0 Hz), 133.6, 129.2, 128.9, 128.8, 128.8,
128.8, 127.9, 127.5, 127.1, 127.0, 89.9 (dd, J=16.0, 10.0
Hz, C=CF), 16.5, —2.8; 9F NMR (376 MHz, CDCl;) ¢:
—91.1 (d, J=30.1 Hz, 1F), —93.7 (d, J=30.1 Hz, 1F);
HRMS (EI) caled for CxHyF,Si 364.1459, found
364.1463.

[3,3- -2~ (4-  HVGUHRE) R BE -0 T 2 ) — PR R
EHE(3p): LA, 39.1 mg, FF 59%. 'H NMR
(400 MHz, CDCls) &: 7.48~7.45 (m, 2H), 7.38~7.33 (m,
3H), 7.17~7.15 (m, 2H), 6.69~6.67 (m, 2H), 2.97 (s,
6H), 1.96~1.95 (m, 2H), 0.18 (s, 6H); '*C NMR (100
MHz, CDCL) &: 171.3, 152.7 (dd, J=190.0, 187.0 Hz,
CF,), 149.6, 138.8, 133.6, 129.1, 129.1, 129.1, 129.1,
127.8, 122.7, 112.3, 89.6 (dd, J=14.0, 9.0 Hz, C=CF),
40.6, 16.4, —2.7; 9F NMR (376 MHz, CDCl3) 6: —93.3
(d, J=33.8 Hz, 1F), —95.9 (d, J=33.8 Hz, 1F); HRMS
(EI) calcd for CioHa3F2Si 331.1568, found 331.1572.

[3,3- H-2-(4- FH I 28 2R 20 Y 28 ) — W S R B ek
Fi(3q): LMk, 37.4 mg, P2 56%. 'H NMR (400
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MHz, CDCls) d: 7.44~7.42 (m, 2H), 7.38~7.30 (m, 3H),
7.17~7.16 (m, 4H), 2.49 (s, 3H), 1.96~1.95 (m, 2H),
0.18 (s, 6H); *C NMR (100 MHz, CDCl;) J: 152.8 (dd,
J=191.0, 189.0 Hz, CF,), 138.2, 137.4, 133.5, 131.7 (dd,
J=3.0, 2.0 Hz), 129.2, 128.8, 128.8, 127.9, 126.4, 89.6
(dd, J=16.0, 10.0 Hz, C=CF), 16.5, 15.8, —2.8; 'F
NMR (376 MHz, CDCL3) §: —91.4 (d, J=30.1 Hz, 1F),
—94.0 (d, J=30.1 Hz, 1F); HRMS (EI) calcd for CisHao-
F,SSi 334.1023, found 334.1020.

[3,3- -2~ (4- P AU ) DR i A k) — AR R DR i e
Fi3r): TOWAEK, 57.3 mg, P 90%. 'H NMR (400
MHz, CDCls) d: 7.47~7.44 (m, 2H), 7.40~7.33 (m, 3H),
7.21~7.19 (m, 2H), 6.87~6.85 (m, 2H), 3.83 (s, 3H),
1.98~1.97 (m, 2H), 0.19 (s, 6H); '3C NMR (100 MHz,
CDCly) d: 158.7, 152.7 (dd, J=190.0, 188.0 Hz, CF,),
138.4, 133.6, 129.6 (t, J=2.0 Hz), 129.2, 127.9, 127.2,
127.2, 127.2, 113.8, 89.5 (dd, J=16.0, 10.0 Hz, C=CF),
55.3, 16.7, —2.8; 'F NMR (376 MHz, CDCl;) §: —92.7
(d, J=33.8 Hz, 1F), —95.2 (d, J=33.8 Hz, 1F); HRMS
(EI) calcd for CigHaF20Si 318.1251, found 318.1254.

[3,3- - 9R-2-(2- F AR ik ) 2R T A i ] — R R R e e
Ft(3s): LI, 47.7 mg, =% 75%. 'H NMR (400
MHz, CDCls) d: 7.42~7.40 (m, 2H), 7.35~7.22 (m, 4H),
7.08~7.06 (m, 1H), 6.90~6.87 (m, 1H), 6.83~6.81 (m,
1H), 3.77 (s, 3H), 2.04~1.96 (m, 2H), 0.15 (s, 6H); '*C
NMR (100 MHz, CDCl3) 6: 157.2, 152.5 (dd, J=189.0,
188.0 Hz, CF,), 138.8, 133.5, 131.0, 129.1, 129.0, 127.7,
123.9, 123.9, 120.4, 110.9, 86.7 (dd, J=17.0, 12.0 Hz,
C=CF), 55.3, 16.6, —2.9; '°F NMR (376 MHz, CDCls)
d: —92.3 (d, J=30.1 Hz, IF), —94.6 (d, J=33.8 Hz,
1F); HRMS (EI) calcd for CigHxoF,OSi 318.1251, found
318.1249.

[3,3- 5 -2-(E Wy -3- R ) M TA ik ] — HF R R R ik e
(3t): TLaifk, 41.2 mg, =% 70%. '"H NMR (400 MHz,
CDCly) d: 7.48~7.46 (m, 2H), 7.39~7.32 (m, 3H),
7.27~7.25 (m, 1H), 7.12~7.11 (m, 1H), 7.06~7.05 (m,
1H), 1.96~1.95 (m, 2H), 0.24 (s, 6H); *C NMR (100
MHz, CDCls) o: 153.3 (dd, J=193.0, 189.0 Hz, CF,),
138.3, 135.0 (t, J=3.0 Hz), 133.6, 129.3, 127.9, 127.2,
1272, 127.2, 125.4, 122.3 (t, J=3.0 Hz), 86.2 (dd, J=
17.0, 10.0 Hz, C=CF), 16.0, —2.9; '°F NMR (376 MHz,
CDCly) 8: —90.1 (d, J=30.1 Hz, 1F), —91.8 (d, J=30.1
Hz, 1F); HRMS (EI) calcd for CisHi6F2Si 294.0710, found
294.0707.

[3,3- T -2-(Z5 -2- 3 0 T 6 | — W BE SR B A e (B):
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TR, 453 mg, 7“3 67%. 'H NMR (400 MHz,
CDCly) d: 7.83~7.71 (m, 3H), 7.68~7.63 (m, 1H),
7.49~7.39 (m, 5H), 7.35~7.27 (m, 3H), 2.09~2.08 (m,
2H), 0.17 (s, 6H); *C NMR (100 MHz, CDCl) d: 153.1
(dd, J=191.0, 189.0 Hz, CF,), 138.3, 133.6, 133.3, 132.5,
129.3, 128.1, 127.9, 127.9, 127.7, 127.5 (t, J=2.0 Hz),
126.4 (t, J=2.0 Hz), 126.3, 126.1, 90.3 (dd, J=16.0, 10.0
Hz, C=CF), 16.7, —2.7; YF NMR (376 MHz, CDCl;) §:
—90.9 (d, J=30.1 Hz, 1F), —93.8 (d, J=30.1 Hz, 1F);
HRMS (EI) caled for CyHxF>Si 338.1302, found
338.1306.

[3,3- T -2-(25- 1- 2 Js P i ) — A R R BT S5 (Bv):
TR, 48.7 mg, 7% 72%. 'H NMR (400 MHz,
CDCly) d: 7.88~7.84 (m, 2H), 7.79~7.77 (m, 1H),
7.52~7.48 (m, 2H), 7.40~7.22 (m, 7H), 2.17~2.09 (m,
2H), 0.15 (s, 6H); *C NMR (100 MHz, CDCL3) d: 152.6
(dd, J=190.0, 188.0 Hz, CF), 138.1, 133.9, 133.6, 132.8,
1327, 131.3, 129.2, 128.7, 128.3, 127.8, 127.5, 126.2,
125.9, 125.3, 125.3, 88.1 (dd, J=16.0, 13.0 Hz, C=CF),
18.6, —2.7; YF NMR (376 MHz, CDCl3) 6: —90.7 (d,
J=30.1 Hz, 1F), —93.2 (d, J=30.1 Hz, IF).

[3,3- 9R-2- 7K £ FE— M P ] — AR ORI R e (3w) A
[3,3,3- = 8-2-7K L3 - 2 R LR Le Bw'): Bt
Witk, 27.4 mg. Hr 3w N 233 mg, FEE 37%; 3w N 4.1
mg, FEE 6% (i A R IR G 2 1 o ) Lt
T 3549). 'TH NMR (400 MHz, CDCl3) § (3w): 7.54~
7.52 (m, 2H), 7.39~7.37 (m, 3H), 7.26~7.19 (m, 3H),
7.04~7.02 (m, 2H), 2.61~2.57 (m, 2H), 2.10~2.05 (m,
2H), 1.56~1.55 (m, 2H), 0.34 (s, 6H); 0 (3w"): 7.51~7.48
(m, 2H), 7.37~7.35 (m, 3H), 7.18~7.16 (m, 3H), 7.01~
6.99 (m, 2H), 3.15~3.08 (m, 1H), 1.70~1.59 (m, 2H),
1.56~1.55 (m, 2H), 1.44~1.42 (m, 2H), 0.32~0.32 (m,
6H). 3C NMR (100 MHz, CDCl;) 6 (3w and 3w"): 152.9
(dd, J=187.0, 186.0 Hz, CF,), 141.4, 141.4, 138.6, 138.3,
133.7, 133.6, 133.2, 129.4, 128.6, 128.5, 128.5, 128.2,
128.1, 127.9, 126.2, 126.1, 86.5, 86.4, 86.3, 38.7 (q, J=
17.0 Hz), 33.9, 33.1, 30.3, 29.9, 14.9, 14.8, 0.99, —2.1,
—2.7; F NMR (376 MHz, CDCls) 6 (3w): —95.7 (d, J=
38 Hz, 1F), —97.5 (d, J=41 Hz, 1F); HRMS (EI) calcd
for C19HxF,Si (3w) 316.1459, found 316.1461.

[3,3- T 9-2-(4- F A ) A - 1 - R B A P ) — HR
HHERERE3x): TOWAA, 23.2 mg, 723F 34%. '"H NMR
(400 MHz, CDCls) J: 7.47~7.45 (m, 2H), 7.38~7.31 (m,
3H), 7.04~7.02 (m, 2H), 6.83~6.79 (m, 2H), 3.80 (s,
3H), 2.14~2.09 (m, 1H), 1.30~1.24 (m, 3H), 0.24 (s,
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6H); *C NMR (100 MHz, CDCl3) §: 158.8, 153.4 (dd, J=
191.0, 189.0 Hz, CF»), 138.1, 133.9, 130.5 (dd, J=2.0, 1.0
Hz), 129.2, 127.8, 127.5, 127.5, 113.7, 95.3 (dd, J=14.0,
10.0 Hz, C=CF), 55.4,23.1, 142, 142, —3.8, —4.3; 'F
NMR (376 MHz, CDCLs) §: —91.2 (d, J=33.8 Hz, 1F),
—92.3 (d, J=33.8 Hz, 1F); HRMS (EI) calcd for
C19H2F,0Si 332.1408, found 332.1411.

[1-( 00 F 8 )-7- F AR 3 - 1,2,3,4- D A A 25 -2- 0
TR By): CEIRE, 43.3 mg, 77 66%. 'H
NMR (400 MHz, CDCl;) d: 7.48~7.46 (m, 2H), 7.39~
7.29 (m, 4H), 6.97~6.92 (m, 2H), 2.71~2.53 (m, 2H),
2.42~2.38 (m, 1H), 2.34 (s, 3H), 2.04~1.96 (m, 1H),
1.73~1.65 (m, 1H), 0.25 (s, 3H), 0.14 (s, 3H); '3C NMR
(100 MHz, CDCl3) §: 152.5 (dd, J=195.0, 188.0 Hz, CF,),
137.7, 135.5 (d, J=3.0 Hz), 135.4, 133.9, 133.1, 130.1 (t,
J=3.0 Hz), 129.2, 128.1, 128.0 (d, J=6.0 Hz), 127.8, 90.3
(dd, J=15.0, 6.0 Hz, C=CF), 29.1, 24.2, 22.1, 21.4, —
3.4 (d,J=1.0Hz), —4.3; 9F NMR (376 MHz, CDCl;) ¢:
—89.1 (d, J=30.1 Hz, IF), —92.0 (d, J=33.8 Hz, 1F);
HRMS (EI) caled for CyHxF,Si 328.1459, found
328.1455.

[3,3- A -2-(4- S0 AR — I 79 ] — P R R R A g
(4a): LM, 61.0 mg, 7% 91%. 'H NMR (400 MHz,
CDCly) d: 7.44~7.42 (m, 2H), 7.36~7.31 (m, 4H),
7.24~720 (m, 1H), 7.06~7.04 (m, 2H), 2.15 (s, 2H),
1.88~1.86 (m, 2H), 0.00 (s, 6H); 3C NMR (100 MHz,
CDCl3) &: 152.6 (dd, J=191.0, 189.0 Hz, CF,), 139.3,
133.6 (t, J=3.0Hz), 133.0, 129.6, 129.6, 128.6, 128.3,
128.1, 124.2, 89.3 (dd, J=16.0, 9.0 Hz, C=CF), 25.6,
15.3, —3.3; F NMR (376 MHz, CDCl3) 6: —90.9 (d,
J=30.1 Hz, 1F), —93.4 (d, J=30.1 Hz, 1F); HRMS (EI)
caled for CigH 9CIF,Si 336.0913, found 336.0914.

[3,3- Z9R-2-(4-F0) R J -4 T Bk ) = 2 Tk It (4b):
TEWAE, 37.5 mg, 7% 62%. 'H NMR (400 MHz,
CDCls) 8: 7.32~7.25 (m, 4H), 1.73~1.71 (m, 2H), 0.84
(t, J=8.0 Hz, 9H), 0.40 (q, J=8.0 Hz, 6H); *C NMR (100
MHz, CDCl;) 6: 152.5 (dd, J=191.0, 189.0 Hz, CF,),
134.0 (dd, J=4.0, 2.0 Hz), 133.0, 129.7 (t, J=2.0 Hz),
128.6, 89.8 (dd, J=15.0, 9.0 Hz, C=CF), 12.2, 7.2, 3.6;
F NMR (376 MHz, CDCly) §: —91.7 (d, J=33.8 Hz,
1F), —94.1 (d, J=33.8 Hz, 1F); HRMS (EI) calcd for
C15H1CIF,Si 302.1069, found 302.1071.

[3,3- 3R -2-(4- ) R TR T 2 ) — R LT SR S
(4c): oA, 19.3 mg, 723 32%. '"H NMR (400 MHz,
CDCly) d: 7.54~7.52 (m, 2H), 7.49~7.46 (m, 2H),
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1.95~1.94 (m, 2H), 1.08 (s, 9H), 0.00 (s, 6H). 1Z%Hi%E
[F) 2 Hif 4R — 20,
3.3 A4 6amIEaR

B — 247 W 03P T 10 Schlenk & (FHRR i 26 % 4,
A HERERN &S, MESHEIEES 3 K, 1
0 CF, FIJnA 3a (64.4 mg, 0.2 mmol). THF (1 mL)-
H,0 (10.8 mg, 0.6 mmol)F1 TBAF (1 mol/L in THE, 0.6
mL, 0.6 mmol), BAHEAREE, WM 12 h. H
LR CTE(1S mL X 3)FEL, & AR, FHERKBEE,
TOKBREREN T8, WR4s, FTASRL= 4 A e ek S e Bt 711
HATRERR (i A 70 25, 1S BT EIRIA o- 90 2 (4-50)
K I (6a) 26.0 mg, YLF 69%. 'H NMR (400 MHz,
CDCls) d: 7.43~7.34 (m, 4H), 6.36 (t, J=56.0 Hz, 1H),
5.72 (t, J=4.0 Hz, 1H), 5.67 (t, J=4.0 Hz, 1H). ¥R
[Fi) 22 I )4 — 033,
34 KEYMTamIERK

B — 247 1 S04 Rk T 1 Schlenk 5 (FHRR ik 28 % 44,
I EARERR S, E S HFREIEEASR 3 R, 1E
0 CTF, HMEFEMZEIMA 3a (644 mg, 0.2 mmol),
DMSO (1 mL), PEER%(52.9 mg, 0.4 mmol)Fl TBAF (1
mol/L in THF, 0.2 mL, 0.2 mmol), EFEAR%E, 0 CF
830 min. 48R ZB6(15 mL X 3)2EHL, & HA NI,

KR, TOKBREREN T, W45, Frsr=y A

W 2B WV V=51 ) AT, ST RER
FE B, 23T ORI 4,4- —5-5-(4- A HL)-3- 0 H -2
HE-1,5-C. 0% (Ta) 41.6 mg, ULFE 65%. 'H NMR (400
MHz, CDCls) d: 7.35~7.29 (m, 9H), 6.58 (d, J=16.0 Hz,
1H), 6.12 (dd, J=8.0, 16.0 Hz, 1H), 5.86 (s, 1H), 5.56 (s,
1H), 4.47~4.40 (m, 3H), 2.11 (s, 1H); '*C NMR (100
MHz, CDCLy) d: 141.9 (t, J=15.0 Hz), 136.0, 135.3,
135.1, 134.7, 133.0, 128.8, 128.5, 126.8 123.1, 122.0,
121.3,121.2, 121.2, 120.3, 74.0, 73.8, 73.6; '9F NMR (376
MHz, CDCl;) §: —108.0~109.2 (m, 2F); HRMS (EI)
calcd for CsH;5CIF,0 320.0779, found 320.0778.
3.5 &4 8a A

RAE 7a G I A AR, PAIRE B B 45 08 2K g
(42.4 mg, 0.4 mmol), HEAL, /R LEOWA 3,3-—
B -4-FRHE-A- DRI 2-(4-F0R ) T/ (8a) 42.0 mg, K
72%. '"H NMR (400 MHz, CDCl3) 6: 7.34~7.26 (m, 9H),
5.67 (s, 1H), 5.48 (s, 1H), 4.85 (t, J=8.0 Hz, 2H), 2.50 (s,
1H); BC NMR (100 MHz, CDCLy) d: 141.8 (t, J=15.0
Hz), 135.9, 135.3, 134.6, 133.2, 129.2, 129.0, 128.7, 128.3,
128.0, 121.5 (t, J=6.0 Hz), 75.1 (t, J=19.0 Hz); '°F NMR
(376 MHz, CDCl;) 6: —106.5~—108.2 (m, 2F); HRMS
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(EI) caled for Ci¢H 3CIF,0 294.0623, found 294.0626.
3.6 &9 AR

B — 247 1 S04 810 Schlenk B (ARG 285 4,
F—IHRABRSRERPESRD, IMAHTHI# 1 NBS (53.4 mg,
0.3 mmol), MEFHEIEES 3 &, FHEHSIINA 3a
(64.4 mg, 0.2 mmol)F1 MeCN (1 mL), 100 ‘C F x5 16 h.
H 22 28515 mLX3)AH, & IFA VA, HERKGEE,
TCKBRRREN T, VR4, BSR4 A e ok S e ot 711
HATHERR B il A 7 B8, BRI a- —HUR 3 4-
F)ZK LI75(9a) 44.8 mg, Y% 85%. 'H NMR (400 MHz,
CDCls) 6: 7.43~7.35 (m, 4H), 5.89 (s, 1H), 5.53 (s, 1H).
KRG ACHE [R) 2 A 41 ) — 35034,
3.7 HEM10 AR

EAT A BEMEBCRE T 4 mL SON/NHIIN Tr[dF-
(CF3)ppyJa(dtbbpy)PFs (2.2 mg, 0.002 mmol, 1 mol%). %
T (4.4 mg, 0.04 mmol, 20 mol%)FIT/KZME2 mL),
TN S SO FH A R e R BRI R I 25 &, IR AR
BRI KA Sk ad ik i IS4 A\ s SO T BA T, [RIEHEN
— AR S AT HE R A SR IR S A B 2
W LA, Bk ), #5478 A S0 M 20 min.
PR PR R S B T DA IR Ak, TER
RPN R ST RS 4RSI\ 1a (824 mg, 0.4
mmol, 2.0 equiv.)f 3a (64.4 mg, 0.2 mmol, 1.0 equiv.),
PL 20 W blue LED A6UR, Zi FHFERM 24 h. 4k
g5 s, FHREEE 008, DLAMEE A Be iR, AT+
EMTr B, BRITCEWAA 3, 3, 6, 6-TUM-2, 5-—(4-F0K
F)- 1, 5-C.4(10) 30.0 mg, 5% 40%. '"H NMR (400
MHz, CDCls) d: 7.28~7.26 (m, 4H), 7.17~7.08 (m, 4H),
5.68 (s, 1H), 5.44 (s, 1H), 2.98 (t, J=16.0 Hz, 2H); 1C
NMR (100 MHz, CDCl;) 6: 158.9, 155.1 (dd, J=193.0,
192.0 Hz, CF,), 143.1 (t, J=14.0 Hz), 134.8, 134.4, 129.6,
129.3, 128.5, 125.1, 119.2 (t, J=6.0 Hz), 113.8, 85.4 (t,
J=13.0 Hz), 55.3, 35.6 (t, J=18.0 Hz); "9F NMR (376
MHz, CDCls) §: —88.1 (d, J=22.6 Hz, 1F), —88.9 (d,
J=22.6 Hz, 1F), —93.5~—93.7 (m, 2F); HRMS (EI)
caled for C;sHa CIF,Si 374.0252, found 374.0257.

B4 EL (Supporting Information) FrH LAY 'H
NMR. *C NMR F '°F NMR. X444 AT BL4 5% AT
¥ 336 (http://sioc-journal.cn/) I N .
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