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N-Heterocyclic Carbene-Catalyzed Synthesis of
Pentafluorophenyl Sulfides
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Abstract An efficient method for the construction of C(sp?)—S bond has been developed. The stable N-heterocyclic carbene
1,3-bis(2,6-dissopropylphenyl)-imidazole-2-ylidene can activate the C—Si bond of pentafluorophenyl trimethylsilicon
effectively to initiate the nucleophilic substitution reaction with thiosulfonic ester, producing pentafluorophenyl sulfide

products in 34%~98% yields.
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TR (C—S) B V2 AFAE T RN A AL
G LA IhREM B, Bk C—S MR —E
A NLA BATER A RRE AR . 7R LR,
V4 BRI AE SUIB I SN NN BRAR IR
SEAZIN R N A DL Iz T C—S BRI R,
Fhh, ZRITRIRZ AEBERNSWIERTT, IZAETH
o FREEYHR, FIE R T SR S e
WA B B E B L)L HER, (X
RIET JUA G i AR B R B S 772, Kita B
HUILE 2001 4Fifid TMSOTSE 4L & T 7518 5 i 2.
O, S- 217 B 114 VT Bk A A0 S AZ N R S B3R A5 T i R A 2k
TR EE LA, (H1% I 8 757 B AR ARG 26 1 54T (Scheme
la). Shi BREHBH Cu(DfiEfb T8RS 05 2 ik Kk
A2 A8 AR S B2 (Scheme  1b), 5 F1AH B ) o 60K 5 i
fi, Peng PR O Ni(0) 8 At i A1 05 L A4k 4 73 [)
A8 XAB R R RLOE A BT 2 F L9 R LB ik (Scheme
1b), Sakai iFEL T PA(IN)/Cu(I)fEAL — 55 5 — Rk 5
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77 AT AR B S % (Scheme  1b), 5 21) 1. 980 7K Fk B Tk
&), Ak, Shibata HEEZHSLEETE AL a- 7 H HEH
IR 1,3-Z 00 WBERZAI RS CoFs-DAST 1)k 1o
G IERRAL [ B (Scheme  1b), 15 5] 1 41 7K 3L PR AR B AT
A, SRR L Ty ik — R T B U 4R A A AL,
A I8 T B IR S BN R RS2 AT, FRATTER R )
TSR] FH B IS B £-Bu-Pa AE 5845 L Lewis B4 7, S
BT AN AT T R IR R 5 At R B
HISEAZ BUAR B (Scheme 1c), il 4% 1 2 A< SE 67 ik
G, AR RS I B AL AN b AR B B, TR S0 = 1 &
PRI, L2 A R0 ORI 23 A5 e P URK, S e A 7 2
W () T K TR . TR, 1% 7 3k R 52 s S FH 52
BT —ERIBRE]. ST C—S BEHIBUR TR BB Rk L
EVIMEENE, RIES. BN B THEREREL A K
TR % TR T E B AT B S L
BAIA-RE(NHCs)TE A — P EEZE /N T AL
A, TEA LA B B AT 2 R FHUOL 4k 7 aT LA
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(a) Construction of C-S bond by nucleophilic addition

Kita's work:
R! 0
RA | TMSOTf, MeCN
+
R3 RS -30 °C ~ r.t., 10 min
R CgFsS~ "OCOCH,CI
R' F
R2 S E
R® ROF F
R* F
(b) Intermolecular C-S coupling
Shi's work:
F CuBr, phen*H,O F
F. H 'BUOLI F SAr
+ ASSAr — 4
F F 60°C, O F F
F F
Peng's work:
| . S
N Ni(0)-L Xr ">
! '
FG©/ + HSR FG:_()/ R
FG = functional groups  R'= aryl, alkyl
Sakai's work:
Ar-H + R._S. Pd(I1)/Cu(ll) _S.

ST R ——————— Ar R
120 °C
Shibata's work:

o Cst
)S(EWG CgF5-DAST I F\S/

(c) Construction of C-S bond by Alkali-catalysis

Our previous work:

F
F ™S o 0 t-Bu-P4 (5 mol%)
RS ™ THEoroME
TMS/F F 4AMS, rt.
F
F F
F SR! F SR!
or
F F R'S F
F F

23% ~ 98% vield

IPr (10 mol%) _,-X F
MS ———— R
DMF, Ny, r.t.
F F

BR 1 ZH07 BB 5 AR
Scheme 1 Synthesis of polyfluoroaryl sulfide
IR AR A2 R & K, EA LSRR E T
T ORI . Sy 4b, I v A R 28 R At T DA
WA BRI R A, 4, P BRCHE R IDK I 7R 1

(d) This work:
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O AR PR R 1 ST BRI A K e 2R S50 BRI AR AL ).
BRI R MM Z, AR R, =g
RSEARRI S50, MR 5 T T Sk sag i, i
EWM A ZER, ERIMEEFN BRI R E T
TIRANWEIT, BT A 0 e S U Bk
R TFRR S RS, H 3 S M5 PLAR, NHCs %
B TR s 7 R RS AR D). 514, NHCs

A A AT HURE IR e A2 F A R, Mukaiyama-
aldol SeRUT, =g FHAEAL S RDS, JFIR OB, R &
R ROVSE B R B FRATTINE — BN AR R R A
AT, FIH BRI R R H PR AEN, KET
R ZHALI Vinylogous Mukaiyama-aldol Jz 21,
Pudovik S22 55 B4 [ 23T, Reformatsky [ W24
Vinylogous Mukaiyama/Michael [ ¥’ Peterson #52& 1t
SO, TG s A RIS FE IR b, RATIAA,
T IS BRI R T TR IR R A R0E AL, T DA
] Jluﬁﬁ%ﬁﬁ@’é FSRAZ IR S, #E C(sph)—S
RIE—FhATE . S H i AU J7 5 i T s 2R ik it Tk
(Scheme 1d). 1Zﬁ/£ﬂ7ﬁiif%ﬁ:/m$ﬂ\ YR AEZ
FEL BAERESEM 05, H NHCs AT AT ] CLER 17
AEAE, 5 TRKIIORAE. TR — 058 TAEREAT 1
EHECS ]

1 HR5R

wnER 1 frw, EHFEERE Jluftlliﬁ%@zga(la)'ﬁ A3t
(TR I)REIRT 2a BRI I L&A AT 1A
1k.
T, DFRE KR AR R R 1,3-3(2,6-—
R 35 25 DK -2 - W1 5 (TPr) Jg A 7 Uﬂfiﬁ&ﬁ??ﬁ
7£ 10 mol%H) IPr AL T, VAVUZRKAR i 55, 1a F 2a
AT DATE S0 PR SON, BL 81%[K 7= 245 B TL A JE R
fit 3a (Entry 1). fESEEERE b, ST HAMRM R LARE
AT 7552, DA A sk R 5% TMes AT LA
TEACRNE, BL 50%(1) 7 %245 2 H A5 #)(Entry 2); Tt
Ak £h K 5% SIPr AN LA 25% 7= %43 2 H kx4
(Entry 3). MEMERIRTE A W] LLrR 2RI P2 R AL s BN EAT
(Entry 4), T4 H=MA-RE B IRV, (X153
25%1r % (Entry 5), #—PH =M R E C KR
P R BL 7% 7= 2 A3 274 3a (Entry 6). U =P 7Y
REBMMEASS, NeeA U, WM SF8U=2 T
. 5 1,8- 444 WUIA[5.4.0]+—H%-7-45 (DBU) H {4k
RRHEAT T 2R, RIVAFE] 16%1177) 3a (Entry 7).
PLIPr AT, %o S RV R EAT T 75 %2 (Entries 8~15).
2 SRR AR, RAERL 3% M= R 52 H
PRPEY(Entry 8). 244d FH £~ — FBF(DME)/E A% 71
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PIRHE, BELL 23%M)7 215 2 H b= ¥)(Entry 9). #f—
05 HoAh 9977, 18 F] CH5CN. 1,4-Dioxane. CH;OH.
Toluene fEVEFIRT, 1% B 1) 7= 26 AR K (Entries 10~
13). 48 A NN-— F 2 % (DMF) A1 R 2 30 6K
(DMSO)EH IS, Bes3 il BL 95%F1 91% [ /= %15 2] H
FRP=9) 3a (Entries 14~15). Kk, i%&H DMF /b f)
SR, IPr AT, X B BRI S AR 4
J Y ELHEAT AL
R P

Table 1 Optimization of reaction conditions

R F F
9 / catalyst 8 F
S-S +F Si— ————~
I \ solvent, N,
o rt, 12 h F F
F F F
3a

1a 2a
= = M
NC%\?N NN
c o
IPr

IMes SIPr
R F
N e - X
Ty GO I A
o cP BF. F F
A B c DBU
Entry Catalyst Solvent Yield”/%
1 IPr THF 81
2¢ IMes THF 50
3¢ SIPr THF 25
4¢ A THF 52
5¢ B THF 25
6° C THF 7
7 DBU THF 16
8 IPr DCM Trace
9 IPr DME 23
10 IPr CH3CN 12
11 IPr 1,4-Dioxane 9
12 IPr MeOH Trace
13 IPr Toluene Trace
14 IPr DMF 95
15 IPr DMSO 91
164 IPr DMF 77
17¢ IPr DMF 90
18/ IPr DMF 90
19¢ IPr DMF 47
20 — DMF 0

4Reaction conditions: 1a (0.2 mmol), 2 (0.1 mmol), catalyst (10 mol%), sol-
vent (1.0 mL), r.t., Ny, 12 h; ?Isolated yield;  DBU (12 mol%) was added; ¢1a
(0.1 mmol), 2 (0.1 mmol); ¢1a (0.3 mmol), 2 (0.1 mmol); /TIPr (5 mol%); ¢1Pr
(2 mol%).

2R S-IRIET AR I A = F RE (TR 2 ) e 1Y

624 http://sioc-journal.cn/
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VIR ELL A 101 A3 01, PEERE TR, 5
PL 77%H01 90% [ #4551 3a (Entries 16~17). B LA
IPr M. DMF & KRR IR 2 11
M2, MR AT HEAT T, RIE>
s AL R I A R — D5 R B AR 3a (1)
7= % (Entries 18~19). fJo #H|SLIR B, fERA ML
UM, ARETS 2] H AR (Entry 20). iz T
PL 1a A 2a NP ISR R R ) B A 26 A2 R
SHEE, IRV RN 2 11, L IPr (10 mol%) A
1655, DMF (1.0 mL) A7, 2~ 12 h

TERfE T BRI R B2 Ja, KR & AT
THERGER 2). HHhHET S-RILRCREER R 55 3L E
RIEXF =P, KRBT 225 FF HUREE(3b~3e),
AW P BRI (31~ 3K), KPR 1R U iy i 52 7,
REfE DL R U7 A0 55 10 7= 2645 B XF LI H AR =4, 3 H,
ANEBRIELE RN LA B AR ANAL TR AT,
X AE L ) H AR =PRI B R, Y ReS DL R 4T
FI A2 3 H AR (3b~3K). Hk, % 23055 A 24
75 IR AR R B b AT TR A, o 2 IS R A R
s 2 51 = R Re s DU R 7= 245 2] B b = (31~
3m), MM EABEIRES S5 1R BARETE L 34%1)
YRS BT B =0 (3n). BeAh, o de 5 A C R R g 11
WIE AT T HE, ZRYS 51 R NMARED DL 52%
(RIS 3R A5 3% B (K P 0 (30). 24 A PR A6 A B T A 5
ARIBERRERIT, FTBR R A B, BL 77% e 453 206 R
1) A S Tk =4 (3p).

N D IR AR B 0 VG, XA FR
i AR IR AT TR GR 3). B Jext &0 AR
FEI1) S-07 FOR R RREE AT T 5258, RIS F T IR
(3d) AR FEL T EUARIE(3i, 3K) BT AR e 25 BE R T H
B, 5 LA R AT = 2643 2 H bR =9, 53 A0 2 3555 e Fi
N EBACERR IR AT T, I RE LA & ple R
BEEFRFE3L, 3q). Bhah, I S-SR AR MRS F1
1,400 (= P B e 80 ) DY SR AE R PR 2R 1 N OB, B DA
A3% = RIS R) HAR Y 1,4-MCERRIE)-2,3,5,6- VU A
(3r).

N PIAEZ R B ST, XY 3a HEAT
TOKSZE . 2448 A 10 mmol £ 1a 5 5 mmol /) 2 £ &
A T NI, BL 78% (1) 77 A5 B 5t N 1 724 3a
(Scheme 2).

TE R R B R RIS b S LR 7 () S Aty | 16:18.28])
PR AT AR AL NLER(E 1) Bk, = FRE(HHE
FEYRERGELE SR Lewis B IPr (1E R A2 R AL 5 2R 3L [ 55 7
AIrpE R 1, FACR A BT 5 R ER e & AL SR i L
RN i B AR 3a, T S2BUEALTI HEAE
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Table 2  Substrate scope of thiosulfonates

TMS

.S
R’I

-n

F Me F F F F
©/s F ©/s F Me\©/s F /©/s F /©/s F
F F F F F F Me F F MeO F F

F F F F F

3a, 95% yield

3b, 88% yield

3¢, 90% yield

3d, 82% yield

3e, 94% vyield

F cl F F F F
/©/s F ©/s F CI\©/S F /©/S F Br\©/s F
F F F F F F FCl F F F F
F F F F F

3f, 98% yield

349, 89% yield

3h, 79% yield

3i, 91% vield

3j, 98% yield

F F O F F F F
S F S F Se F
s FoasS FoeS F
\_s
Br F F F F F F F F F F F F
F F F F F F

3k, 72% vyield

31, 98% yield

3m, 94% yield

3n, 34% yield

30, 52% yield

3p, 77% yield

4 Reaction conditions: 1 (0.2 mmol), 2 (0.1 mmol), IPr (10 mol%), DMF (1.0 mL), r.t., N, 12 h.

K3 RIEBRERRNE R VEE «

Table 3 Substrate scope of benzenesulfonothionates

F
RF s F
Q.0 R
~S<,.RZ + F ™S
REX F F
F F F
1 2 3
Entry 2 3 Yield/%
F F
/@/Me ™S F s F
F F Me F F
F
1q o d
F F
/©/ cl ™S F s F
F F cl F F
F
r 25 si F
Br F F
/@/ ™S F s E
A\ S/\
F F Br F F
F
1s 2b 3k F
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Figure 1 Possible reaction mechanism
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e
sk
Entry 1 2 3 Yield/%
F F
o, 0 ™S S F
4 ©/S\s 61
F F F
1t zFb 3 F
F F
0, 0 ™S M s F
5 ©/S\S/\/\Me :@: e i
" F F F
2b 3q F
F F
0. .0 /@ ™S S F
6 \S:S ©/ /@ 43
O/ F ™S F s
1a F F
2a 3r
4 Reaction conditions: 1 (0.2 mmol), 2 (0.1 mmol), IPr (10 mol%), DMF (1.0 mL), r.t., N, 12 h.
/@ 2 g
\\// IPr (10 mol%)
©/ AQ "DMF (30mL) RARIE T — PRI . &R N S i
1 N2 BB 45 2005 . R AR IR R SRR 1R PR T
10 mmol F 5 mmol Jn/fjﬁﬁ%@ﬁz@aﬂ] — Eﬁﬁ(ﬂiﬁﬂiﬁ)ﬁiﬁﬁﬂﬁiﬂéﬁﬁﬂtﬁ
s F B2, B T C—S B, PA34%~98%IM =AM T
©/F - #%Eﬁﬁi@iﬁﬂi’iﬁﬂi%@%%ﬁ%. ZNEATJFRL S
L G NIRRT ToR R HRAER RS A, A
P AR UL £ R T
MR 2 AR 2 3 S
Scheme 2 Gram-scale synthesis of pentafluorophenyl sulfide 31 =5

18 RAE FH WRS-1B B3 s Gl g s gt & iz
H AR 3% 4% ] Bruker Avance 11T 400 HD A% g 3LHR
X(CDCl; J9¥5, TMS A FR)IIGE. AL A A ek
JB(200~300 H )W SET- 10 & v B BHER G R A A,
AR AN TR BRI SE T BRI B AR A IR A A
(General-reagent), LAt 70 & T 1 ifg 22 3 BH I 47
AR 2 7] (Adamas-beta). BT 7 N4 4l, &

A5 FH A 551 3 e e v T v T A S e
3.2 ZWHE
3.2.1  JRAEG AR

JEY) 1a~1n, 4d, 4i, 4k, 41, 4p HLE SCHR 726
%{29»30}_
3.2.2  S(3 Se)-F A I A K A AL AY A K

FREUEY) 1a (50.1 mg, 0.2 mmol)A1 IPr (3.9 mg, 10

Chin. J. Org. Chem. 2024, 44, 622~630
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mol%) T &K 10 mL [/ M, B 2= 3 A S5
10 min #e—&, IL=1X), FIIA 1.0 mL # T 7 DMF.
BE S AESERE T IO 2 (24.1 mg, 0.1 mmol), =M 12 h
(TLC ). JeRifs ik fE, 1/ 28 CBEFK N RS
HETREEL, ek M DMF, WA, HIK
R AN T, ESIRGE, HL 4 200~300 H RERHZEHT
(BRI N 28 60~90 °C HI A4 i ik )3k AT 4 B8 4lifk,
AT A EE A 32 26.2 mg. DUARTE 715 A AL &4 3a~
31.[9,31].

I (LR FFL) IR ER(3a): 26.2 mg HEFEE, =R
97%. m.p. 48~49 C (Lit.") 48~49 C); 'H NMR (400
MHz, CDCls) o: 7.38~7.32 (m, 2H), 7.32~7.26 (m, 3H);
13C NMR (100 MHz, CDCls) §: 149.1 ~ 148.8 (m),
146.6~146.5 (m), 143.6~143.3 (m), 141.1~140.7 (m),
139.5~139.0 (m), 136.9~136.5 (m), 133.1, 130.7, 129.6,
128.1, 109.5~108.8 (m); '°F NMR (376 MHz, CDCl) ¢:
—131.61~—131.74 (m, 2F), —151.25~—151.40 (m,
1F), —160.33~—160.51 (m, 2F).

A5 HR 2 R (FL 3R 2 3 ) B i (3b)): 25.5 mg To AR,
7% % 88%. '"H NMR (400 MHz, CDCls) 6: 7.23~7.14 (m,
3H), 7.13~7.07 (m, 1H), 2.47 (s, 3H); '*C NMR (100
MHz, CDCl;) §: 148.9~148.6 (m), 146.4~146.1 (m),
143.3~142.8 (m), 140.9~140.3 (m), 139.3~138.9 (m),
136.8~136.3 (m), 131.1, 130.8, 128.2, 126.9, 109.3~
108.6 (m), 20.5; 'F NMR (376 MHz, CDCl) o
—131.79~—131.91 (m, 2F), —151.75~—151.89 (m,
1F), —160.44~—160.62 (m, 2F).

[F) FR 2 (L3 R 35 B i (3e)!”): 26.1 mg T,
P22 90%. 'H NMR (400 MHz, CDCls) 8: 7.22~7.11 (m,
3H), 7.08 (m, 1H), 2.31 (s, 3H); *C NMR (100 MHz,
CDCls) d: 148.9~148.6 (m), 146.5~146.2 (m), 143.5~
143.0 (m), 140.9~140.5 (m), 139.4, 139.3~138.8 (m),
136.8 ~ 136.3 (m), 132.6, 131.2, 129.2, 128.9, 127.7,
109.4~108.8 (m), 21.3; YF NMR (376 MHz, CDCl;) ¢:
—131.63~—131.76 (m, 2F), —151.44~—151.57 (m,
1F), —160.42~—160.59 (m, 2F).

X H 2R (T 2R 2L ) BB (3d): 23.8 mg [ (Eulfl 1k,
FEER 82%. mup. 39~40 C (Lit.[) 39~40 C); 'H NMR
(400 MHz, CDCl3) 6: 7.31 (d, J=8.4 Hz, 2H), 7.11 (d, J=
8.0 Hz, 2H), 2.33 (s, 3H); '*C NMR (100 MHz, CDCl) 6:
148.8~148.7 (m), 146.4~146.0 (m), 143.3~142.9 (m),
140.8~140.3 (m), 139.3~138.8 (m), 138.5, 136.7~136.3
(m), 131.5, 130.2, 129.2, 110.1~109.5 (m), 21.1; "F
NMR (376 MHz, CDCl3) §: —132.01~—132.14 (m, 2F),
—151.86~—152.00 (m, 1F), —160.58~—160.75 (m,

Chin. J. Org. Chem. 2024, 44, 622~630
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2F).

4-FRAR B OR T (FU R I Bt ik (3e)!): 28.8 mg To il
1A, 722 94%. 'TH NMR (400 MHz, CDCls) 8: 7.44 (d, J=
8.8 Hz, 2H), 6.90~6.74 (m, 2H), 3.79 (s, 3H); *C NMR
(100 MHz, CDCl3) d: 160.3, 148.6~148.3, 146.2~145.9
(m), 143.2~142.8 (m), 140.6~140.2 (m), 139.2~138.8
(m), 136.7~136.2 (m), 134.7, 122.8, 115.0, 111.1~110.5
(m), 55.4; F NMR (376 MHz, CDCls) &: —132.66~
— 13277 (m, 2F), — 15238 ~ — 152.52 (m, 1F),
—160.75~—160.92 (m, 2F).

-G FE (LR T R 3H): 28.8 mg TR,
7222 98%. 'H NMR (400 MHz, CDCl) &: 7.48~7.40 (m,
2H), 7.06~6.97 (m, 2H); *C NMR (100 MHz, CDCl) §:
164.1, 161.6, 148.8 ~ 1484 (m), 1463 ~ 1459 (m),
143.6~142.9 (m), 141.0~140.5 (m), 139.3~138.9 (m),
136.8~136.3 (m), 134.1, 134.0, 131.4, 1313, 127.8,
116.8, 116.5, 116.4, 116.2, 109.9~109.3 (m); '°F NMR
(376 MHz, CDCly) o: — 132.11 ~—132.23 (m, 2F),
—151.21~—151.35 (m, 1F), —160.23~—160.40 (m,
2F).

2-GOR I (TR 2L ) i Bk (3g): 27.7 mg [ ([l 44,
P23 89%. m.p. 54~55 C (Lit.”! 54~55 C); 'H NMR
(400 MHz, CDCly) &: 7.40 (dd, J=7.6, 1.6 Hz, 1H),
7.24~7.14 (m, 2H), 7.08~7.03 (m, 1H); *C NMR (100
MHz, CDCl;) &: 149.2~148.8 (m), 146.7~146.4 (m),
144.0~143.6 (m), 139.6~139.1 (m), 137.0~136.6 (m),
134.1, 132.2, 130.4, 130.2, 128.8, 127.7, 107.6~106.9
(m); "F NMR (376 MHz, CDCl3) 6: —136.03~—136.17
(m, 2F), — 155.40 ~ — 155.54 (m, 1F), — 165.0 ~
—165.25 (m, 2F).

3-FURTE (TR IL)BREE 3N 24.6 mg ToOIRAE,
7228 79%. 'TH NMR (400 MHz, CDCL3) &: 7.29 (d, J=1.6
Hz, 1H), 7.25~7.18 (m, 3H); '3C NMR (100 MHz,
CDCls) 6: 149.0~148.7 (m), 146.5~146.2 (m), 144.0~
143.5 (m), 141.4~140.9 (m), 139.4~139.0 (m), 136.9~
136.4 (m), 135.2, 1349, 1304, 129.9, 128.3, 128.2,
1082 ~ 107.7; 'F NMR (376 MHz, CDCl) o
—131.22~—131.34 (m, 2F), —150.10~—150.24 (m,
1F), —159.75~—159.92 (m, 2F).

A-FIRFE(FLRR L) B B#(3i): 28.3 mg A (LE A, 7=
£ 91%. m.p. 45~46 C (Lit."! 45~46 C); 'H NMR
(400 MHz, CDCl3) 6: 7.34~7.24 (m, 4H); '*C NMR (100
MHz, CDCl;) &: 148.9~148.5 (m), 146.4~146.1 (m),
143.7~143.2 (m), 141.1~140.7 (m), 139.4~138.9 (m),
136.8~136.4 (m), 134.4, 132.2, 131.3, 129.6, 109.0~

http://sioc-journal.cn/ 627
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108.4 (m); '9F NMR (376 MHz, CDCl;) 6: —131.63~
— 131.76 (m, 2F), — 150.65 ~ — 150.79 (m, 1F),
—159.98~—160.16 (m, 2F).

3-RIRIE(FLHIRIE)BREL ()1 34.8 mg TLEIRAE,
F% % 98%. 'H NMR (400 MHz, CDCl3) J: 7.46 (t, J=1.6
Hz, 2H), 7.43~7.36 (m, 2H), 7.26 (d, J=7.2 Hz, 2H),
7.20~7.13 (m, 2H); '*C NMR (100 MHz, CDCL) ¢:
149.0~148.7 (m), 146.5~146.2 (m), 143.9~143.5 (m),
141.4~140.9 (m), 139.4~139.0 (m), 136.9~136.4 (m),
135.1, 132.7, 131.1, 130.7, 128.8, 123.2, 108.3~107.7
(m); '°F NMR (376 MHz, CDCl3) §: —131.22~—131.34
(m, 2F), —151.11~—151.25 (m, IF), —159.76 ~ —
159.92 (m, 2F).

- FE (TR IR IE) BB (3K): 25.6 mg [ [E A,
FEE 72%. m.p. 64~65 C (Lit.”) 64~65 C); 'H NMR
(400 MHz, CDCls) 8: 7.45~7.39 (m, 2H), 7.25~7.19 (m,
2H); '*C NMR (100 MHz, CDCl;) d: 148.9~148.6 (m),
146.4~146.1 (m), 143.8~143.3 (m), 141.2~140.7 (m),
139.4~138.9 (m), 136.9~136.4 (m), 132.6, 132.2, 132.0,
122.4, 108.8~108.2 (m); '9F NMR (376 MHz, CDCl) ¢:
—131.54~—131.66 (m, 2F), —150.53~—150.67 (m,
1F), —159.93~—160.10 (m, 2F).

ZED-FE(CH AT MBFGD: 31.9 mg AMGEE, 77
# 98%. m.p. 66~67 C (Lit!”! 66~67 ‘C); '"H NMR
(400 MHz, CDCls) 6: 7.86 (d, J=1.2 Hz, 1H), 7.82~7.72
(m, 3H), 7.53~7.45 (m, 2H), 7.41~7.35 (m, 1H); 13C
NMR (100 MHz, CDCLy) d: 149.0~148.7 (m), 146.5~
146.2 (m), 143.6~143.1 (m), 141.1~140.6 (m), 139.4~
138.9 (m), 136.8~136.4 (m), 133.6, 132.6, 130.0, 129.9,
129.3, 127.8, 127.7, 127.5, 127.0, 126.8, 109.3~108.8
(m); '°F NMR (376 MHz, CDCly) §: —131.58~—131.71
(m, 2F), —151.12~—151.27 (m, 1F), —160.21~
—160.38 (m, 2F).

ZE-1-HE (A ZEE) BB (3m): 30.6 mg HEREE, =
E 94%. m.p. 81~82 ‘C (Lit”) 81~82 C); '"H NMR
(400 MHz, CDCls) : 8.48 (d, J=8.8 Hz, 1H), 7.85 (t, J=
8.4 Hz, 2H), 7.67 (dd, J=7.2, 0.4 Hz, 1H), 7.64~7.58 (m,
1H), 7.57~7.50 (m, 1H), 7.39 (dd, J=8.0, 7.2 Hz, 1H);
13C NMR (100 MHz, CDCls) §: 148.9 ~ 148.6 (m),
146.5~146.1 (m), 143.2~142.8 (m), 140.7~140.2 (m),
139.3~138.8 (m), 136.8~136.3 (m), 134.2, 133.2, 132.0,
129.7, 129.3, 128.7, 127.3, 126.6, 125.6, 124.8, 109.8~
109.2 (m); '9F NMR (376 MHz, CDCls) 6: —132.77~
— 13290 (m, 2F), — 151.83 ~ — 151.98 (m, IF),
—160.42~—160.59 (m, 2F).
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IE WY - 2-( LA I R BE(3n)): 9.6 mg itk 7=
# 34%. '"H NMR (400 MHz, CDCls) §: 7.40 (dd, J=5.6,
1.6 Hz, 1H), 7.38~7.33 (m, 1H), 6.97 (dd, J=5.2, 3.6 Hz,
1H); 3C NMR (100 MHz, CDCl;) 6: 148.6~148.3 (m),
146.1~145.8 (m), 143.7~143.2 (m), 141.2~140.7 (m),
139.2~138.7 (m), 136.7~136.2 (m), 131.5, 129.3, 127.7,
110.8 ~ 110.1 (m); “F NMR (376 MHz, CDCl;) o:
—132.62~—132.75 (m, 2F), —15121~—151.35 (m,
1F), —160.29~—160.45 (m, 2F).

L (FL 3 25 35 ) Bk (30)°): 11.1 mg TLEaiifA, F=%
52%. 'H NMR (400 MHz, CDCl;) J: 2.48 (s, 3H); BC
NMR (100 MHz, CDCl;) o: 148.5~148.2 (m), 146.1~
145.7 (m), 142.5~142.1 (m), 140.0~139.5 (m), 139.2~
138.7 (m), 136.7~136.2 (m), 111.3~110.7 (m), 18.1; 'F
NMR (376 MHz, CDCl;) §: —133.57~—133.69 (m, 2F),
—153.79~—153.93 (m, 1F), —161.26~—161.43 (m,
2F).

I HEIEIL B 3p)™: 25.0 mg TLaRME, 7=
# 77%. '"H NMR (400 MHz, CDCl;) o: 7.53 (d, J=6.8
Hz, 2H), 7.32~7.24 (m, 3H); C NMR (100 MHz,
CDCls) 0:148.4~148.2 (m), 146.0~145.7 (m), 143.3~
143.1 (m), 140.8~140.6 (m), 138.9~138.7 (m), 133.4,
129.6, 128.6; '°F NMR (376 MHz, CDCl;) §: —125.82~
— 12627 (m, 2F), — 15142~ —151.72 (m, IF), —
159.80~—160.35 (m, 2F).

TR IR BB 3q): 11.0 mg LAk, 725
43%. '"H NMR (400 MHz, CDCls) ¢: 2.88 (t, J=7.6 Hz,
2H), 1.58~1.49 (m, 2H), 1.48~1.37 (m, 2H), 0.91 (t, J=
7.2 Hz, 3H); 3C NMR (100 MHz, CDCls) 6: 149.0~148.6
(m), 146.5~146.2 (m), 142.6~142.2 (m), 140.2~139.7
(m), 139.2~138.7 (m), 136.7~136.2 (m), 109.8~109.1
(m), 34.7, 31.8, 21.5, 13.5; '9F NMR (376 MHz, CDCl;) ¢:
—132.66~—132.77 (m, 2F), —153.23~—153.37 (m,
1F), —161.18~—161.33 (m, 2F).

LA- BRI HE)-2,3,5,6-VU AR (3r): 14.6 mg [ A
&, P2 40%. m.p. 94~95 C (Lit.) 94~95 C); 'H
NMR (400 MHz, CDCls) 0: 7.42~7.35 (m, 4H), 7.33~
7.26 (m, 6H); *C NMR (100 MHz, CDCls) J: 148.4~
148.0 (m), 145.9~145.5 (m), 132.6, 131.0, 129.4, 128.1,
115.5~115.1 (m); "F NMR (376 MHz, CDCls) o:
—132.03.

HHBh#1 kL (Supporting Information) Hirfb &%) 3a~

3r () '"H NMR, '3C NMR #1 °F NMR % &, ixteptpln]
LG B AR TR 38 (http://sioc-journal.cn/)_ F %%,
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