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A Route to Alkynyl Sulfides and Asymmetric Disulfides from
Sodium Arylsulfiniate

Lin, Yamei

Yi, Wenbin™

(Chemical Engineering College, Nanjing University of Science & Technology, Nanjing 210094)

Abstract A new approach for the synthesis of alkynyl sulfides and asymmetric disulfides with odorless, easy-to-handle so-
dium arylsulfiniates as the sulfur source in I,/PPh; aqueous system has been developed. Compared with reported approaches,
this protocol provides several merits including simple procedures, free of transition-metal catalysts and organic solvent, and

high yields.

Keywords reaction in water; sodium arylsulfiniate; alkynyl sulfide; asymmetric disulfide

Hefi BE R R B G AR T 2 R A T,
[ S AT A LA R — b R 5 8 A A R B
A ERERRA AT AT AR, 4 RS
Rt B S E AR Y, Fu 2 BT kA A
BRBhF. THRETEA R RCL HemREE b SRR
PUR PR R 12 ()4 IR bRk S B i ol — Bl e 1),
(i) 3k 9% 4 M e 0 ke 5 A7) 00 52 SCAB BB S L7, (i)
T LS 5 B R bR A S N, Giv )y i B2 09 1 AL
EW SRS AR NP, BRI X 8 vk AT LA
T R R A 2 R B, AR T L AR R VAR R
B SRENENT, FEEEZEGHE. AMaEn
AHLER, I B W Rk R B B TR R
AL bR A E N ERE, 55 3 W R AN £ 2 — Fh M. &
B AR TS, EIE MR R A T 1 CAE A BTE
KAEF. FAh, AKVE NG T 13 W R ER AN 35 FH 44
BB A E H A 5

S I3, ANKTFR R & R R EA LR Y
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7 A BSORT JBE ) Rt B R AN X PR — i kA A 4. T BB
T, BATIF R T/KH L/PPhy 4K &b 35 B WREFR AN 5
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1 &R51TR
1.1 7K48 1o/PPh; (A R ITRER L R R B0 AL 1L

TE A% VR A ZE R BA PR AR AR, O S it R Ak A 7K A
I,/PPh; 4 28 AT DL 5 e A= it o2 ) p- AR AR, A1tk
AR AR W ARAE SN &5 3R B4 1) S S AR 2R AR N SR,
fii p-WACEIMG 25— 1 HI LIS BRIk 4.
T BGUEZ AR, BATTLAXT R 2K T B (1) AR SR
LR (2a) ) [ NNARAR, 7E7/KAH L/PPhs A &1 120 'CF
10 h, M EER S, TN NaOH 4k4: 5 M 8 h, A LA
23] 30%H) HArr=4 3a( 1, Entry 1). JIA 5 mol%
Cu(OH), 1] LLA R [ kAT (Entry 1). N T #E—
P RSN e, 52T AN [ PRI B I B X T R PR 5
(Entries 2~8), 453K BT FAL/EI AT LS 2 i 1
W, T B E 100 °C A2 i A 1 O 3R B (Entry 4).
e, FAIAL T 5800 A & (Entries 4, 9, 10), &KI 6
equiv. B2 f &=
R 1 XHIRTHRRN 5 X FR LS5 R MR &AL ¢

Table 1 Optimization of the reaction conditions of sodium
p-toluenesulfinate and 4-chlorophenylacetylene

PPh; (3 equiv.
SONa . Z Iy (13; echiv.)) base (x equiv.)
/©/ ol H,0, 120 °C H,O, T
1a 2a
P S
o &
Cl 3a
Entry  Base x/equiv. T/C Yield®/%
1 NaOH 6.0 120 30, 92¢
2 NaOH 6.0 100 10
3 t-BuOK 6.0 100 59
4 t-BuOLi 6.0 100 94, 807
5 C,HsONa 6.0 100 trace
6 KOH 6.0 100 55
7 DBU 6.0 100 52
8 Cs,CO; 6.0 100 50
9 t-BuOLi 5.0 100 80
10 t-BuOLi 4.0 100 61

“Reaction conditions: [step 1]: 4-chlorophenyl acetylene (0.250 mmol), sodi-
um p-toluenesulfinate (0.375 mmol), I, (0.375 mmol), PPh; (0.750 mmol),
H,0 (1.0 mL), 120 °C, 10 h; [step 2]: base (x equiv.), H,O (1.0 mL), 8 h. *GC
yields. ¢ Cu(OH), (5 mol%), glycolic acid (30 mol%) and DMSO (1.0 mL)
were added in step 2. “ At 80 °C.

1.2 FHEARENEIRR

TEHfE TR BAT LG, 588 T AN 05 2
B R AR ity 57 5 RO T IROBE [ R (R 2). W FRL R
R 75 R T LS 5 I M, DA R =R 5 2 H
FRP=W)(Entries 1, 2), 10 PAZR RN JERII S B H B8 15
FIH IR 69% (Entry 3). A2 o 7% bt mT DL
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% N(Entry 4), {HAE A EEUAR 3 07 55 WA B R AR
N AR B B &P W (Entry  15). He R AT gL R A4t B
T b R A BUE Re EAG R, BRI FRAR A (] 44 p-fit
PGB =28, [R] I (R 2 FRAIK B- TR i ) R 12,
WARFF FAEBRNE S T 2R 25 HI A il >, 55 56
STV R N 1) B A R 35 T8 ST S S RIS A B, [Tk
TR E T 0 2 RS Y(Entries 1~4, 6, 9, 12~14)
I G FL T 55 TR N (Entries 7, 8, 10)&8 AT LLZ 5 Jx
JOL A B Hp S R 7 A0 H bR 4. ALFHACR ) 2,4,6-
— PR DR O A R At mT DA 21 5 2411 B AR = ¥)(Entry
12). BESRFE R B 1- OB A B i A 75 A0 A [ (1) 4%
PR AT LS Z R H AR =4 30 (Entry 16), {H
WCRBHMR N 15%. 10 B 56 AR AN N RE 5 25 2 M7
13 EX} BB HL(Entry 17).

F 2 DAIT IR TR RR BRI S AL LA B
Table 2  Synthesis of alkynyl sulfides from sodium aryl-
sulfinates and terminal aryl alkynes

Ar—SO,Na + Ar—— Ar'—=——S-Ar
1 2 3
Entry Ar Ar' 3 Yield”/%
1 4-MeC¢H,  4-CIC¢H, 3a 88
2 4-MeC¢Hy  4-FC¢H,4 3b 86
3 4-MeC¢H,  Ph 3c 69
4 4-MeC¢H,  3-Thienyl 3d 75
5 Ph Ph 3e 75
6 4-MeOC¢H, 4-CIC¢Hy 3f 93
7 4-CIC¢H, Ph 3g 89
8 4-FC¢H,4 Ph 3h 90
9 3-MeOCgH4 Ph 3i 85
10 4-F;,CC¢Hy Ph 3j 81
12 Mesityl Ph 3k 76
13 2-Naphthyl Ph 31 78
14 1-Naphthyl Ph 3m 80
15 Ph 4-n-C3H,CcH, 3n Trace
16° Ph — 3o 15
17¢ — Ph 3p Trace

© 2018 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: [step 1]: terminal aryl alkyne (0.250 mmol), sodium
arylsulfinates (0.375 mmol), I, (0.375 mmol), PPh; (0.750 mmol), H,O (1
mL), 120 “C, 10 h; [step 2]: #BuOLi (6 equiv.), 100 ‘C, H,O (1.0 mL), 8 h.
" Isolated yields. ¢ Hex-1-yne was used. ¢ Sodium methanesulfinate was used.
1.3 K48 L/PPhs A Z A 3 #7 Wit & B R Y 5 1
e

N T B KH 1/PPhs 4 5 o 75 35 T Il
Z 5SS YIRITTE, FIRALAE B R b 4
(R R TIT DA 50 R i P e 2 A5 3808 IS PR A o R T i
JBE. SEAFRALSE SRARHT 1, A1 PPhy X T SR A4 75 )
(3 3, Entries 1, 5, 6). #t—5H % T [ R BN ik
I T S LIS, S5 REHT 50 °C o fe i S SEi B2
(Entries 2~4), [AJF A kR & 0] B> 22 0.6 equiv. 1
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ANFEI J2 3 U5 % (Entries 3, 6, 7). TRRRE. T 2- AR AR R 3-(2- F )R AL
- . PR X Tk ] LARLF T R B (de~4g). Toib /2T HE L (M

£ 30 HIRIEREER BAFIN SR k2 5 IR S AL ¢ X e N :
Table 3 Optimization of the reaction conditions of sodium He)ik 2 i %%(ﬁ%)ﬁ&’ﬁﬂ‘]z&ﬂﬁ;ﬁ@a%ﬂ%ﬁﬂ P25 R
p-toluenesulfinate and 1,2-bis(4-chlorophenyl)disulfane NS R & HERrE(4a, 4d). N T #H— LSRRG,
FEAH [F) S A T FRATT A 24k PP 68 NIV T R A A 4 5 IV Tt

Cl . )
/[)ﬁ%m+ (:s%iif Addite (1 SGU) D 5 A LRI TR L. 2 R

- y | oL T A2 IS #S T LA R A 45 B R 8 ) S % R B Tk 7 4 L

X equ. N FIGAR(4i, 4). HbAh, —RFE AR B BRIt T L

. i:j’ 5 S S R I R 2 2 ot EI P A0 (). 4 R

/[;f\s — I ERINE] 0250 mmol (1 equiv.)3f i B & 2

4a RN (da~4d). (EAE R0, 18R LT il

Entry  Additive N C Yield/% i GC-MS A6l T LA I/ B i 7= ) B P i

1 H,S0, 1.0 25 15 1.5 TFIRERNIR IR

§ iz fg g g B, GE A SCIRIRIEDY, FRATEE T DA B D TR

) L o 100 7 B BRBE £5 PR B TR S R T T T ) 52 A

5 — 1.0 50 nr (Scheme 1). B 5675 5 W ERRENTE 1, f1 PPhs (/EH T2

6 I 0.6 50 95,23 JER VR A R P V) S SR &) 5. — T, 5 T L

! L 0.5 20 87 595 HERRAR SR AN R SR B R L) BB AR, e

a

Reaction conditions: di-p-chlorophenyl disulfide (x equiv.), sodium
p-toluenesulfinate (0.250 mmol), PPh; (0.500 mmol), additive (1.0 equiv.),

H;0 (1.0mL), 1 ‘C, 10 h.” GC yields. ° Without PPhs. Ar—sONa —ZPPMe _ Ar—s—

14 TR HREEA BRSNS SR f s s e |
ERAEAT, RAGE SR T RBARIE e AN

MPAENECH 4). BT 55 BRI S R |, |

Tl ART 500 i A R R T T ) A AT R0 5 0] R AR R Ar—S—S-R Ar—=—8-Ar

BN I AT B BT I (4a, 4b). B LT A hR RN

N . - . 1 L FE IV Fifh R TR A | AN FR it T
2R DV SRR L o R AR i
ik de. LA AR ZBREEOVIRAIS, TEARIEI 0T SR Scheme 1 A tentative pathway for the synthesis of alkynyl su-
o] PABEAT (4d). 2R A2 T IAE TIRERE S L 2-nne st fides and asymmetric disulfides from sodium arylsulfiniates

F4 ULTHE AR R AN FR a0

Table 4 Synthesis of asymmetric disulfides with sodium arylsulfinates

I,/PPh
R'—SOzNa + R/S\S/R u» R'—S—-S—R
] H,0 4
o e e, 75%
4a, 89%, 91%° 4b, 81%, 80%° 4c, 72%, 75%C 4d, 79%, 78%°
eV 5 Q)
cl cl
s AL Swg 7 S~s¢
TsT S s s
O,N 7S =S
4f, 60% 4g, 70% 4h, 70%9 4i, 34%° 4j, 25%"

“ Conditions: sodium arylsulfinate (0.250 mmol), symmetric disulfide (0.150 mmol), I, (0.375 mmol), PPh; (0.500 mmol, 1.0 mL), 50 ‘C, 10 h. ® Isolated yields.
¢0.250 mmol symmetric disulfide was used. ¢ Diphenyl diselenide instead of symmetric disulfides was used. ¢ Sodium methanesulfinate was used instead of sodium
arylsulfinates. / Sodium benzylsulfinate was used instead of sodium arylsulfinates.
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R

SRR AT T B2 — 70 7 HI T LAS B B 2 i i k™
. 57, 5 RS0 AR AR L SN2 N AE o
IS AN PR B AT 53— 7 T IR, By T
LAk 5 N5 2 H AR ).

2 ZEig

TER T — PR A 5t b i i — 4 7 20 e R R
TBE LS TT 5. 05 5 AR AN AE 1L/PPhy MR R
So G RN R p-Iastn Al G, AR S A TR ik —
A HI A4S BB ZE 1K) B bR R RBLRE. 120795 B AT R
7 3R e AN JIC 5 Mo 3o 98 < e AR AN AT LI 7R S5
UEAL, [RIFEAEZKAR T/PPhs A 28R, 7 2 RS ER A vl LA
AR T A S I8 AN X AL I

3 IS
3.1 E5EH

Bruker /A & 500 MHz AVANCE 500 #%Bi3E4R1%, %
#] CDCly; M¥r TMS; Agilent /A7) 7890A <A (it %;
Agilent A 7890A/5975C Sk R %t; Waters Mi-
cromass A & GCT Premier 570 85 5243

SIS A GRS e TR, RS
aitk. BT RIS A . S A SR R
TEFH 5 SCHREE X LN 1. BT R N = R 4 i i
ST BRI S S W AL 8 A5
3.2 ZLWHE
3.2.1 Ak 3 894k

7] 25 mL iy &3, AR 0.375 mmol 75 2 i
FR4M . 0.250 mmol ¥ifi7 kR4« 0.375 mmol I, 0.750 mmol
PPh; 1 1.5 mL 7K, 7F 120 CIEE R4 MM 10 h. M
Sl JE, HERRSIESYFMA 1.5 mmol #UT 4,
76 100 CIREE N4k IR M. 8 h. R MEEHF,
NN 2 Z5(5 mL X 3)ZEHL, A HLEH KR
FREET-I5, R e T AL, MM EE— P ET S
BRERANBRTY 3. Birtb &9 3 MEWE 'H
NMR, *C NMR 1 GC-MS(&# HRMS)HfilE.

[(4- A HE ) 2 e I 1Ouf F 25 56 ) B Tk (3" 7= 36
92%. '"H NMR (CDCls, 500 MHz) d: 2.34 (s, 3H), 7.16 (d,
J=8.0 Hz, 2H), 7.30 (d, J=8.5 Hz, 2H), 7.36 (d, J=8.0
Hz, 2H), 7.41 (d, J=8.5 Hz, 2H); °*C NMR (CDCl;, 125
MHz) §: 21.2, 77.7, 96.1, 121.7, 126.9, 128.9, 130.3 (3C),
133.0, 134.7, 137.0; GC-MS (EI) m/z: 258.

[(4-FRARIE) ZBEE O FR 2R JR) B BE(3b): =% 86%.
'H NMR (CDCl;, 500 MHz) ¢: 2.34 (s, 3H), 7.01~7.04
(m, 2H), 7.16 (d, J=8.0 Hz, 2H), 7.36 (d, J=8.5 Hz, 2H),
7.46~7.49 (m, 2H); *C NMR (CDCl;, 125 MHz) ¢: 20.0,

1210 http://sioc-journal.cn/
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74.9, 95.0, 114.7 (d, J=21.3 Hz, 2C), 118.1, 125.7, 128.0,
129.1, 132.8 (d, J=20.0 Hz, 2C), 135.7, 161.7 (d, J=
248.8 Hz, 1C). HRMS (EI) calcd for C;sH; FS 242.0565,
found 242.0555.

(K LR 3R B 2K ) B i (3e) ') 72 3R 69%. 'H
NMR (CDCl;, 500 MHz) 6: 2.38 (s, 3H), 7.21 (d, J=38.5
Hz, 2H), 7.37~7.38 (m, 3H), 7.42 (d, J=8.5 Hz, 2H),
7.53~7.55 (m, 2H); °C NMR (CDCls, 125 MHz) ¢: 21.1,
76.3,97.4, 123.2, 126.8, 128.5, 128.6, 129.4, 130.2, 131.8,
136.8. GC-MS (EI) m/z: 224.

3[4 H 2R 3 ) £ e 3 1 E WY (3d): AR 75%. 'H
NMR (CDClLs, 500 MHz) §: 2.34 (s, 3H), 7.15~7.18 (m,
3H), 7.28~7.30 (m, 1H), 7.36 (d, J=8.5 Hz, 2H). 7.54~
7.55 (m, 1H); *C NMR (CDCls, 125 MHz) ¢: 21.1, 75.5,
92.2, 122.2, 125.5, 126.7, 129.3, 130.1, 130.2, 136.8;
HRMS (EI) calcd for Ci3H,,S, 230.0224, found 230.0220.

FIECE TR I EEGBe)': P2 E 75%. '"H NMR
(CDCls, 500 MHz) 6: 7.28 (d, J=8.5 Hz, 1H), 7.38~7.42
(m, 5H), 7.53~7.57 (m, 4H); “C NMR (CDCl;, 125
MHz) &: 75.6, 98.0, 123.1, 126.4, 126.7, 128.5, 128.8,
129.4, 131.9, 133.1. GC-MS (EI) m/z: 210.

[(4-FUHRHE) 2 I ) (4- 48 2 6 38 B Bk (36)1: 72
# 93%. '"H NMR (500 MHz, CDCl;) §: 3.80 (s, 3H), 6.92
(d, J=9.0 Hz, 2H), 7.29 (d, J=8.5 Hz, 2H), 7.40 (d, J=
8.5 Hz, 2H), 7.44 (d, J=9.0 Hz, 2H); *C NMR (125 MHz,
CDCLy) ¢0: 55.5, 78.7, 95.1, 115.3, 121.7, 122.7, 128.8,
129.3, 132.9, 134.6, 159.3. GC-MS (EI) m/z: 274.

(4-F IR L) BB )T 2R 89%. 'H
NMR (CDCls, 500 MHz) 0: 7.36~7.40 (m, 5H), 7.45 (d,
J=8.5 Hz, 2H), 7.55~7.56 (m, 2H); *C NMR (CDCl,,
125 MHz) d: 75.0, 98.5, 122.8, 127.7, 128.6, 129.0, 129.5,
131.7, 132.0, 132.7. GC-MS (EI) m/z: 244.

(@- R L) R EE G 723 90%. 'H
NMR (CDCl;, 500 MHz) ¢: 7.11 (t, J=9.0 Hz, 2H),
7.38~7.39 (m, 3H), 7.49~7.51 (m, 2H), 7.53~7.55 (m,
2H); *C NMR (CDCls, 125 MHz) o: 75.8, 97.7, 116.5,
116.7, 122.9, 128.0, 128.6 (3C), 128.9, 131.9, 162.0 (d,
J=245.0 Hz, 1C); GC-MS (EI) m/z: 228.

(3- H AR IR I (R R BB (3D)'Y: 2 85%.
'H NMR (500 MHz, CDCl3) 6: 7.51 (dd, J=6.6, 2.8 Hz,
2H), 7.39~7.32 (m, 3H), 7.26 (dd, J=10.6, 5.8 Hz, 1H),
7.11~7.03 (m, 2H), 6.82~6.74 (m, 1H), 3.82 (s, 3H); 1°C
NMR (126 MHz, CDCly) d: 159.26, 133.21, 130.68,
129.07, 127.64, 127.41, 121.89, 117.46, 111.42, 110.61,
97.29, 74.32, 54.33; GC-MS (EI) m/z: 240.

Chin. J. Org. Chem. 2018, 38, 1207~1213
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(R LRI (A-Z 5 2R D B 3 72K 81%.
'H NMR (500 MHz, CDCls) d: 7.69~7.62 (m, 4H), 7.59
(dd, J~7.4, 2.0 Hz, 2H), 7.47~7.39 (m, 3H); *C NMR
(126 MHz, CDCly) d: 137.39, 130.92, 128.12, 127.71,
127.53, 125.53, 125.08, 124.79, 123.36 (q, J=271.3 Hz,
1C), 121.38, 98.48, 72.56; ’F NMR (470 MHz, CDCl;) ¢:
—62.40; GC-MS (EI) m/z: 278.

1,3,5- = FIFEIRIL K 230 BBk KM 72K 76%.
'H NMR (500 MHz, CDCly) d: 7.45~7.38 (m, 2H),
7.32~7.30 (m, 3H), 7.02 (s, 2H), 2.65 (s, 7H), 2.34 (s,
4H); C NMR (126 MHz, CDCly) d: 141.95, 139.32,
131.60, 129.55, 128.32, 128.05, 126.49, 123.66, 90.47,
79.13,21.95, 21.13; GC-MS (EI) m/z: 252

2-ZEFL(CE D B BEGDIY: 77 78%. 'H NMR
(500 MHz, CDCL3) 0: 7.95 (s, 1H), 7.86~7.77 (m, 3H),
7.59~7.53 (m, 3H), 7.48 (ddd, J=14.7, 11.4, 6.8 Hz, 2H),
7.41~7.34 (m, 3H); "C NMR (126 MHz, CDCl;) o:
132.76, 131.04, 130.85, 129.25, 128.03, 127.76, 127.47,
126.87, 126.18, 125.90, 125.01, 123.58, 123.15, 121.90,
97.08, 74.49; GC-MS (EI) m/z: 260

1- 253 (A 2R ID) B EEGm)!"™: 2% 80%. "H NMR
(500 MHz, CDCl3) 6: 8.14 (d, J=8.3 Hz, 1H), 7.94 (d, J=
7.2 Hz, 1H), 7.89 (d, J=7.9 Hz, 1H), 7.78 (d, J=8.2 Hz,
1H), 7.63~7.47 (m, 5H), 7.40~7.32 (m, 3H); °C NMR
(126 MHz, CDCl;) d: 132.83, 130.81, 129.69, 128.69,
127.68, 127.40, 126.54, 125.63, 125.49, 124.94, 124.52,
122.46, 121.94, 96.82, 74.57; GC-MS (EI) m/z: 260

1- TR CE B BEBo)"™: % 15%. 'H NMR
(500 MHz, CDCly) 8: 7.33 (d, J=7.8 Hz, 2H), 7.25 (t, J=
7.7 Hz, 2H), 7.12 (t, J=7.3 Hz, 1H), 2.38 (t, J=7.1 Hz,
2H), 1.57~1.48 (m, 3H), 1.45~1.36 (m, 2H), 0.87 (t, J=
7.3 Hz, 3H); *C NMR (126 MHz, CDCL) d: 133.97,
129.19, 126.19, 125.91, 100.18, 64.72, 30.89, 22.15, 20.16,
13.72; GC-MS (EI) m/z: 190.

322 AR AEE 4 894 A%

i) 25 mL fiif R4, KON 0.25 mmol 75 J WF it
B84 0.15 mmol XFFR _Hif¥. 0.25 mmol I,» 0.50 mmol
PPh; f1 1.5 mL 7K, 7E 50 ‘CRE % &M 10 h. %
R, BRI GIR GRS mL X 3)AHL, FrigaHl
JE KRR B T4, JelE e T4 . fH &t —2P
FEEM 7 BARRARK B 4. BWLEY) 4 045
%2 "H NMR, *C NMR #1 GC-MS(2#& HRMS)HfilE.

1-(4- G028 56 )-2-(f P 2 35 ) — B i (4a)2%: 72 R
89%. '"H NMR (CDCls, 500 MHz) d: 2.32 (s, 3H), 7.11 (d,
J=8.0 Hz, 2H), 7.26 (d, J=7.0 Hz, 2H), 7.36 (d, J=8.5
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Hz, 2H), 7.41 (d, J=9.0 Hz, 2H); C NMR (CDCl;, 125
MHz) §: 21.1, 128.7, 128.8, 129.2, 129.3, 130.1, 133.3,
136.0, 138.0; GC-MS (EI) m/z: 266.

1-(4- it 926 2K 3 )-2- O R 2R 38 ) B ik (b)) 7= 3%
81%. "H NMR (CDCls, 500 MHz) d: 2.33 (s, 3H), 7.13 (d,
J=8.0 Hz, 2H), 7.39 (d, J=8.5 Hz, 2H), 7.65 (d, J=8.5
Hz, 2H), 8.15 (d, J=9.0 Hz, 2H); C NMR (CDCl;, 125
MHz) §: 21.2, 124.3, 126.3, 128.8, 130.3, 132.1, 138.6,
146.5, 146.6; GC-MS (EI) m/z: 277.

1-(2- 25 58)-2-CF FF 2R 38 i Bk (do)P2: P2 72%.
'H NMR (CDCls, 500 MHz) 6: 2.32 (s, 3H), 7.11 (d, J=
8.0 Hz, 2H), 7.41~7.50 (m, 4H), 7.62 (d, J=8.5 Hz, 1H),
7.75~7.82 (m, 3H), 7.96 (s, 1H); *C NMR (CDCls, 125
MHz) §: 21.2, 125.8, 126.3, 126.5, 126.8, 127.6, 127.9,
128.8, 129.0, 130.0, 132.6, 133.6, 134.7, 137.8; GC-MS
(EI) m/z: 282.

1-(4-F IR IE)-2- T 3 ik (4d)>): 23R 79%. 'H
NMR (CDCls, 500 MHz) &: 1.00 (t, J=7.0 Hz, 3H),
1.67~1.74 (m, 2H), 2.75 (t, J=7.0 Hz, 2H), 7.66 (d, J=
9.0 Hz, 2H), 8.17 (d, J=9.0 Hz, 2H); *C NMR (CDCl;,
125 MHz) 0: 12.0, 21.3, 40.0, 123.0, 124.7, 145.1, 146.3;
GC-MS (EI) m/z: 229.

2-(KF F 2 A ) ML E (4e)2Y: PR R 75%. 'H
NMR (CDCls, 500 MHz) §: 2.32 (s, 3H), 7.11~7.13 (m,
3H), 7.43 (d, J=8.0 Hz, 2H), 7.60~7.63 (m, 1H), 7.68 (d,
J=8.0 Hz, 1H), 8.48 (d, J=4.5 Hz, 1H); “C NMR
(CDClLs, 125 MHz) d: 21.2, 119.7, 120.9, 128.2, 130.1,
132.9, 137.3, 137.8, 149.7, 160.2; GC-MS (EI) m/z: 233.

2-(hF 2K B Ik ) 2 - [d] ek (4! P23 60%.
'H NMR (CDCls, 500 MHz) d: 2.45 (s, 3H), 7.25~7.31
(m, 3H), 7.39~7.42 (m, 1H), 7.63~7.65 (m, 3H), 7.88 (d,
J=8.0 Hz, 1H); *C NMR (CDCl;, 125 MHz) &: 21.6,
120.9, 120.0, 124.3, 126.3, 126.4, 130.9, 135.7, 141.3,
154.2, 170.9; GC-MS (EI) m/z: 289.

3-((4- 5 2K 3k ) B ok Sk )-2- F O K R (4g): PR K
70%. "H NMR (CDCls, 500 MHz) §: 2.19 (s, 3H), 6.32 (d,
J=2.0 Hz, 1H), 7.24~7.26 (m, 1H), 7.29 (d, J=8.5 Hz,
2H), 7.44 (d, J=8.5 Hz, 2H); *C NMR (CDCl, 125 MHz)
0: 12,0, 112.9, 114.3, 129.2, 131.8, 134.2, 136.1, 141.2,
156.5; HRMS (EI) caled for C;;HoCIOS,; 255.9783, found
255.9789.

(4-T TR IL) RN L) B if(4h): 7= 70%. 'H NMR
(CDCls, 500 MHz) 6: 7.30~7.32 (m, 3H), 7.55~7.57 (m,
2H), 7.65 (d, J=8.5 Hz, 2H), 8.11 (d, J=8.5 Hz, 2H); "°C
NMR (CDCls, 125 MHz) 0: 124.2, 128.2, 128.6, 129.8,
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130.6, 131.3, 145.7, 146.5; HRMS (EI) calcd for C,,Ho-
NO,SSe 310.9519, found 310.9584.

1-(4-F R 3E)-2- F 3 AR B (4D P2 34%. 'H
NMR (CDCl;, 500 MHz) 6: 2.43 (s, 3H), 7.30 (d, J=38.5
Hz, 2H), 7.46 (d, J=8.5 Hz, 2H); *C NMR (CDCl;, 125
MHz) J: 21.8, 128.0, 128.2, 131.9, 134.5; GC-MS (EI)
m/z: 190.

-6 3 -2-(4-EU R 5L Wik (45)%: 7= 25%. 'H
NMR (CDCls, 500 MHz) d: 4.08 (s, 2H), 7.21 (s, 4H),
7.24~7.29 (m, 5H); *C NMR (CDCls, 125 MHz) J: 38.3,
126.3, 127.5, 127.8, 127.9, 130.4, 131.5, 133.6, 136.1;
GC-MS (EI) m/z: 266.

¥ Bh# &L(Supporting Information) 3a~30 1 4a~—4j
¥) 'H NMR Al °C NMR % . 3x 28Rl ar LG 2% AT
%3 (http://sioc-journal.cn/) I N .
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