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Gold-Catalyzed Alkynes Ring-Opening Addition
Reaction with Dioxane

Yan, Dong Wu, Chao Yi, Weiguo™
(Hunan Chemical Vocational Technology College, Zhuzhou 412004)

Abstract A simple and efficient method for the ring-opening addition reaction of terminal alkyne with dioxane catalyzed by
XphosAuCl/AgNTf, was developed in presence of 8-ethylquinoline-N-oxide and methanesulfonic acid. A series of carbon-
ylethoxy ethyl methanesulfonates were synthesized in good yield. The high atom economy, mild reaction system and a wide
range of tolerated substrates make the reaction very practical.

Keywords gold catalyst; alkyne; ring-opening reaction; a-oxo gold carbene
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Table 1 Reaction condition screening

Gold catalyst (5 mol%)

_ [01(1.3 equiv.), MsOH (1.1 equiv.)
< >77

1a Q9
(0] (0]
&OwONOMS . &OMS
2a 3a
R Xy R=H,4d
X R=2,6-Cly, 4a =T
ED R =3,5-Cly, 4b 7 RTMede
N° R=2,6-Bry, 4c R (\)_ ’
o-

Entry Gold Catalyst Oxidant Condition Y:‘L&g’f
1 Ph;PAuCl/AgNTf, 4a rt,6h 6 Trace
2 Ph;PAuCl/AgNTf, 4b rt,6h 20 11
3 Ph;PAuCl/AgNTf, 4¢ r1t,6h 16 9
4 PhyPAuCl/AgNTf, 4d rt.,6h 31 22
5 Ph;PAuCl/AgNTf, 4e r1.t,6h 37 19
6 Ph;PAuCI/AgNTf, 4f rt,6h 41 21
7 MePhosAuCl/AgNTf, 4f rt,6h 55 16
8 Cy-JohnPhosAuCl/AgNTf, 4f rt,6h 58 11
9 XPhosAuCl/AgNTf, 4f rt,6h 67 7
10 BrettPhosAuCl/AgNTf, 4f rt,6h 68 5
11 Et;PAuCl/AgNTf, 4f rt,6h 33 15
12 Cy;PAuCl/AgNTf, 4f rt,6h 36 14
13 XPhosAuCl/AgBF, 4f rt,6h Trace —
14 XPhosAuCl/AgSbF, 4f rt,6h 23 13
15 XPhosAuCl/AgOTf 4f rt,6h — —
16 XPhosAuCl/AgNTf, 4f 40°C,6h 70 3
17 XPhosAuCl/AgNTf, 4f 60°C,6h 77° 4
18 AgNTf, 4f 60 C,24h — —
19 — 4f 60 C,24h — —

¢ RNZAF: H(0.3 mmol), EHELLI0.015 mmol), 4AL7(0.39 mmol),
HILEf#2(0.33 mmol), 1,4- 47N FF 3 mL. * RGBS =5, 42K —HIm
LTRAE R ARR; © 3 BSWUR 75%.

TG, FET AN RIS e A e R U A
A, Fi R R F7R(GR 1, Entries 1~6), PEBRE
AU S ARSCRAE AT E U, T LA N 8- 2k
MR SO, MR %0k 41%, & RANEAH
TR BT,

BT R AN TR i 28 110 < A A 00 T A S I 2% A )
fiAb(F 1, Entries 7~15). W AZITIRBCE R LB
[ FR) B 2 < A 7] 5 AN [ b S 1 B9 8 1 TS AR R AN I
PR HEAL SR . FRATT S B 8 1 IS A4 52 Ay o FH 1)
AgNTD, 5 GEAN A IRICAA (1 B 2 1 &AL FI(K 1, En-
tries 7~12). &5 HE W], XphosAuCl F1 BrettPhosAuCl f{]
AR BT, AR 3R 67%. 68%, X W]
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RS T30 V9 A < A 71 A A A R 2 T A7 BEL 4 gt P A
MR, BT BrettPhosAuCl MA&sem, HF&5erkn
F G, BATEPEMAZ A XK R XphosAuCIAE 4 J Y. (1)
FHES TS AU, 1 4k 27 50 25 1 oA, BAi143 5l
FER RN AgBFy« AgSbF, LA AgOTf K AUHF
AgNTD, (HEERCREA & BAL (SR 1, Entries 13~
15).

G LT RN EE 4 A, B I AR Rl T
40 ‘CLLK 60 ‘C4At R (3 1, Entries 16, 17). &3
PET LA Y, B v SN R S S N (A% R EE v R 15 3
THIEME . 28R, T IR UE SRR A SN
B, BATIAAE RN TSI AgNTEH(E 1, Entry
I)FIATR IR 1, Entry 19), RNVEA KL, 3t
—IPUESE T S MR IXA SN R, b, M
N AR RS I e R I, s N LF- ek A T

St iR e al IR TSRV IR S AT 5 mol%
XPhosAuCl/AgNTf, 8- FEMEMRESALPI(1.3 equiv.),
FReiE IR (1.1 equiv.), 1,4- S NIMEWEH], 60 C KM 6
h.

1.2 RMNEYERMST B

FRAE 73 21 () B AL RN 25 AT, VB R R B e 8T
YIR R NI FIRHT TH . Wik 2 h R, RRNIED
M RLF, oL —RIAFRIZEM P H R, Bk
RIS BRI AR S IR AE A S N, 4 4 AR,
eI, 3L, HAEFE(ER 2, Entries 1, 2)8k K L F
S, g, A =5 (K 2, Entries 3~5)I, &MV
BRIk S RAFBeR, o 05 38 B i, =
A S5 =i 7 Nl w <X S A SR o AP M M R VA
I 2, Entry 6), RN R FC, Xl geEh T
TR A8 R 1) 2% TR Ao L 5 350 1.

P DR T IR IR R iR (% 2, En-
tries 8~15). F2 HE M REH A FELHE(Entry 8). &
(Entry 9). if(Entries 10, 11). J8(Entry 12). fififZ [ (Entry
13) 5 v DR GF s B . ALk, qEyasiih & f
PR R BT, AU T EEAER C3EAR mT LU Js2 B
(Entries 14, 15). WAk, 2458 3 S W 7148 F LA 1) 25 4
ARAE AW, B QDU SR (Entry  16) 8% 2 DU & R
(Entry 17), 0] DL R GFIIBCRSRAFAH N (0774, A S
ANEHT TR, XREETEXNRNEASET, 2
TR 215 B IR ),

1.3 RNEFEHEN

S H A CHR[2b, 8b, 11c], 1E# % &N FESE T
THEM. W 1R, PUE 1 RS A S
KR NG R] a-FRIEE Rk A ik A 5
1,4- BN, 1,4- S NIRTFIR B B0 1F 151 Fp 1]
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XPhosAuCI/AgNTf; (5 mol%)

x2

L PR A L

Table 2 Scope of the reaction

4f (1.3 equiv.), MsOH (1.1 equiv.)

(0]

R)K/O\/\O/\/OMS

R——
/N
1a~1r q o 60°C.6h 2a~2r
Entry Product Yield®/% Entry Product Yield/%
i o]
O~ OMs
Y /\(\3)@0 OMs
1 /& 7 10 Meo” H 0T 73
Me
2k
2b
i o]
O _~~~_OMs
o] A@)K/o oM
2 ﬁ 70 11 PMBOT B0 68
MeO
21
2¢
o]
O~ g~ OMs o
o]
3 ﬁ 75 D A O g O 76
cl
2m
2d
o]
O\/\ /\/OMS o
o]
4 ﬁ 81 13 Mo OOt 71
Br
2n
2e
Q o
O~ OMs MeZ)K/O\/\ o~ OMs
5 79 14 Me 77
F3C Me
2f 20
o] o]
0\/\0/\/OMS O\/\O/\/OMS
6 59 15 74
Br
2g 2p
o] o]
O\/\o/\/OMS O\/\/\OMS
7 76 16 75
Me
2h 2q
o]
i o oM O~ OMs
8 Me% N 79 17 71
Me'
2i
2r
o]
o OMs
9 CI/\Mfk/ \/\O/\/ 33
2j

¢ R4 $4(0.3 mmol), XPhosAuCUAENTE, (5 mol%), 8- ZFEMEI S A L 41(0.39 mmol), FLERHT(0.33 mmol), 1,4- ~4/NFF(3 mL), 60 C M 6 h; * 438

e,
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Figure 1 Speculation of reaction mechanism

& B, A% B R 1) SR A% ok B B rh e 4k C,
Gk R R AR ) 2. 7 I, a4 R e
ik A B2 5 FBeRE e s N, [FIFES 1 2 13 2
qlr=Y) 3.

2 4t

7t XPhosAuCVAgNTE, WA, mDsSEel
Kty 1,4- NI TF IR IMBUR N, WY 4 Ak
AL JRTF AT S, IRPENE), WERRL. 5 ook
FEER R ESHEIAT AR T o 7 C—H A R NVAH L,
TEA N, a4 T v (A4 I HH A [ F e BV A7
J, XA RN S a- B4 R R e T
il

3 RUES
3.1 UEHIKF

'H NMR(TMS W#HR)A1 C NMR(TMS P #5) 18 1
Varian INOVA-400 R4 A% 5 3L IRACI 52 5 40 40D 1% H]
Perkin Elmer FT-IR spectrum 2000 spectrometer 5 ;
JitiE i Thermo-Finnigan LCQ-Advantage %Y it {3 (3
)i s, e A0 Ton source: APCICRS A2 HL B,
IEBSFHRER). BT 20 ARk 4 2k, B i
25 .
3.2 SKWHE

£E 10 mL IR, ARUCIMA AR S feke(0.3 mmol),
8- L FEMER R AL 4(0.39 mmol, 64.27 mg), MsOH (0.33
mmol, 31.70 mg), XPhosAuCl (0.015 mmol, 11.7 mg),
AgNTf, (0.015 mmol, 3.8 mg) X 1,4- %7533 mL). 60
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CE&AMEFHERE RN, TLC Wi s ke, v —# 6 h
RNV 5EEE, Ul T 200, e S T A4 FH 3 > B A 1 1E
fot/ LVR S WD O e AT )2 A (A R AT 20 S 15 2 4l
) 2a~2r.

FE R -2-[2-(2- B Hs-2- 0K 258 3k ) 458 3k 4 TR (2a):
WO [ 44, m.p. 152~154 °C; "H NMR (400 MHz, CDCls)
8: 3.02 (s, 3H), 3.72~3.76 (m, 6H), 4.32~4.37 (m, 2H),
4.79 (s, 2H), 7.44 (t, J=17.6 Hz, 2H), 7.57 (t, J=7.2 Hz,
1H), 7.89 (d, J=7.6 Hz, 2H); *C NMR (100 MHz, CDCl,)
8: 37.2, 69.3, 69.3, 70.7, 70.8, 73.5, 127.7, 128.7, 133.6,
134.6, 196.3; IR (neat) v: 2937, 2537, 1699, 1454, 1348,
1172, 1139, 972, 935 cm™'. HRMS (EI) calcd for Ci3H s-
04S 302.0824, found 302.0818.

F RS PR -2- [ 2-(2- B Fk - 2-p- TP ORI L5 ) L5 R 4
fig(2b): # (M [H 44, mp. 161~162 ‘C; '"H NMR (400
MHz, CDCL3) 6: 2.41 (s, 3H), 3.05 (s, 3H), 3.74~3.79 (m,
6H), 4.36~4.38 (m, 2H), 4.80 (s, 2H), 7.27 (d, J=8.4 Hz,
2H), 7.82 (d, J=8.4 Hz, 2H); >*C NMR (100 MHz, CDCl;)
8: 21.7, 37.6, 69.0, 69.1, 70.8, 70.8, 73.9, 127.9, 129.4,
132.3, 144.5, 195.7; IR (neat) v: 2934, 1693, 1604, 1360,
1174, 977, 810 cm . HRMS (EI) caled for C;4H006S
316.0981, found 316.0975.

Rl 12 -2- [ 2-(2- Bk Bk -2-p- AU ARk LUk ) 5RO
ZTE(2¢): FEtanRBA; "H NMR (400 MHz, CDCls) 6
3.01 (s, 3H), 3.62~3.67 (m, 6H), 3.85 (s, 3H), 4.22~4.29
(m, 2H), 4.68 (s, 2H), 6.93 (d, J=8.8 Hz, 2H), 7.89 (d, J=
8.8 Hz, 2H); *C NMR (100 MHz, CDCl;) &: 37.2, 55.4,
69.1, 69.2, 70.6, 70.7, 73.7, 113.8, 127.7, 130.1, 163.7,

Chin. J. Org. Chem. 2014, 34, 1857~1863
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194.8; IR (neat) v: 2941, 2868, 1691, 1601, 1507, 1348,
1262, 1139, 972, 833 cm '. HRMS (EI) caled for
C14H2005S 332.0930, found 332.0922.

PR 1R -2- [ 2-(2- B ik - 2-p- UK O LU KR ) L5
fg(2d): HEMRIA; 'H NMR (400 MHz, CDCLy) &
3.05 (s, 3H), 3.72~3.77 (m, 6H), 4.35~4.37 (m, 2H), 4.77
(s, 2H), 7.45 (d, J=8.4 Hz, 2H), 7.83 (d, J=8.4 Hz, 2H);
C NMR (100 MHz, CDCls) 6: 37.2, 68.9, 69.1, 70.8,
70.8, 73.8, 129.2, 129.9, 132.3, 140.5, 195.8; IR (neat) v:
2913, 2847, 2357, 1703, 1597, 1511, 1229, 1172, 935, 837
cm . HRMS (EI) caled for C3H;704CIS 336.0434, found
336.0429.

FE R -2-[2-(2- i FE-2-p-IR R I L8 ) LA 3R &
fik(2e): £E {0 [E 1A, mp. 147~150 ‘C; '"H NMR (400
MHz, CDCl;) d: 3.02 (s, 3H), 3.70~3.76 (m, 6H), 4.34~
4.37 (m, 2H), 4.76 (s, 2H), 7.59 (d, J=8.4 Hz, 2H), 7.80
(d, J=8.4 Hz, 2H); *C NMR (100 MHz, CDCl;) J: 37.3,
69.0, 69.1, 70.9, 70.9, 73.6, 128.7, 129.3, 132.0, 133.4,
195.5; IR (neat) v: 2937, 2868, 1710, 1695, 1654, 1560,
1348, 1168, 812 cm '. HRMS (EI) calcd for C3H;;04BrS
379.9929, found 379.9923.

R -2-[2-(2- Bl -2-p- — i I 2R 24 A
L2 HER): FOER, mp. 164~166 C; 'H NMR (400
MHz, CDCl;) §: 3.00 (s, 3H), 3.73~3.77 (m, 6H), 4.34~
4.36 (m, 2H), 4.75 (s, 2H), 7.82 (d, J=8.4 Hz, 2H), 7.96
(d, J=8.4 Hz, 2H); *C NMR (100 MHz, CDCl;) d: 37.2,
69.0, 69.1, 70.9, 70.9, 73.5, 123.5 (q, J=271.9 Hz), 124.6
(q, J=3.5 Hz), 128.7, 130.3 (q, J=3.4 Hz), 130.7, 131.6
(q, J=132.4 Hz), 160.1, 194.8; "F NMR (376 MHz,
CDCly) 6: —63.1; IR (neat) v: 3041, 2939, 1714, 1696,
1665, 1549, 1350, 1166, 982, 810 cm™~'. HRMS (EI) calcd
for C14H,,04F3S 370.0698, found 370.0691.

FH il 12 - 2- [ 2-(2- Pk 55 -2-0- TR FH R L 3 ) L5
ZiEQ2g): wRIA; 'TH NMR (400 MHz, CDCl3) 6:
3.01 (s, 3H), 3.72~3.76 (m, 6H), 4.37~4.39 (m, 2H), 4.61
(s, 2H), 7.32~7.35 (m, 1H), 7.39 (d, J=4.4 Hz, 2H), 7.62
(d, J=7.6 Hz, 1H); *C NMR (100 MHz, CDCl;) J: 37.3,
69.0, 69.1, 70.7, 70.8, 75.4, 119.0, 127.4, 128.8, 132.0,
133.6, 139.1, 201.3; IR (neat) v: 2941, 1712, 1699, 1639,
1551, 1329, 1153, 979 cm '. HRMS (EI) caled for
Cy3H,,04BrS 379.9929, found 379.9922.

PR PR -2-[2-(2- Bk ik -2- 25 0k OO ) LU ) S M
(2h): FEEOJEE, mp. 152~154 C; '"H NMR (400 MHz,
CDCly) d: 3.01 (s, 3H), 3.70~3.75 (m, 6H), 4.35~4.38
(m, 2H), 4.88 (s, 2H), 7.54~7.64 (m, 2H), 7.87~7.92 (m,
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2H), 7.97 (t, J=8.0 Hz, 2H), 8.45 (s, 1H); *C NMR (100
MHz, CDCl3) §: 37.4, 69.0, 69.2, 70.7, 70.8, 73.7, 123.4,
126.9, 127.8, 128.6, 128.7, 129.5, 132.0, 132.3, 135.7,
196.2; IR (neat) v: 2925, 2357, 1703, 1683, 1650, 1556,
1507, 1458, 1168, 935 cm '. HRMS (EI) caled for
C17H,004S 352.0981, found 352.0974.

R IR -2- [ 2-(2- B s AU S ) LS8R ) R (2i): B EA
[l 44, m.p. 143~144 °C; '"H NMR (400 MHz, CDCls) o:
0.86 (t, J=6.0 Hz, 3H), 1.25 (s, 6H), 1.54~1.58 (m, 2H),
2.38 (t, J=7.2 Hz, 2H), 3.01 (s, 3H), 3.59~3.63 (m, 6H),
4.04 (s, 2H), 4.26~4.29 (m, 2H); °C NMR (100 MHz,
CDCly) o: 14.4, 22.6, 26.1, 29.2, 31.7, 37.2, 38.8, 70.0,
70.1, 70.8, 70.9, 75.6, 206.9; IR (neat) v: 2937, 2854, 1716,
1699, 1349, 1171, 1058, 809 cm ‘. HRMS (EI) calcd for
C13H2606S 310.1450, found 310.1444.

R R -2-[2-(6- 3 -2- ik Jk LA ) L5 ) 1R (2)):
FE O R4 "H NMR (400 MHz, CDCly) 8: 1.70~1.75
(m, 2H), 1.83~1.86 (m, 2H), 2.47 (t, J=6.4 Hz, 2H), 3.02
(s, 3H), 3.53 (t, J=6.4 Hz, 2H), 3.62~3.66 (m, 6H), 4.04
(s, 2H), 4.26~4.29 (m, 2H); *C NMR (100 MHz, CDCl;)
0: 20.5, 25.5, 37.1, 37.5, 44.6, 70.0, 70.0, 70.8, 70.9, 75.8,
208.0; IR (neat) v: 2937, 2872, 2361, 1728, 1719, 1348,
1176, 980, 813 cm™'. HRMS (EI) caled for C,H, O4CIS
316.0747, found 316.0742.

FH it 2 -2-[2-(6- FF AR -2- e 0k LU 0 ) AL BE 1 O T
(2k): A{LE{A, mp. 138~140 C; '"H NMR (400 MHz,
CDCLy) 6: 1.59~1.64 (m, 2H), 1.68~1.74 (m, 2H), 2.42
(t, J=7.2 Hz, 2H), 3.00 (s, 3H), 3.31 (s, 3H), 3.36 (t, J=
6.0 Hz, 2H), 3.61~3.64 (m, 6H), 4.04 (s, 2H), 4.29~4.34
(m, 2H); *C NMR (100 MHz, CDCl;) §: 20.0, 28.9, 37.2,
38.4, 58.5, 69.2, 69.3, 71.0, 71.0, 72.3, 74.9, 206.1; IR
(neat) v: 2925, 1719, 1654, 1389, 1348, 1221, 1119, 943,
821 cm~'. HRMS (EI) caled for C;,H»40,S 312.1243,
found 312.1237.

FR IR -2-[2-(6-(4- F AR N AE)-2- B ik LA S ) L5 A
ZHEQY: FEEOFEAR, mp. 149~152°C; 'TH NMR (400
MHz, CDCl;) §: 1.62~1.67 (m, 2H), 1.83~1.88 (m, 2H),
2.42 (t, J=7.2 Hz, 2H), 3.01 (s, 3H), 3.47 (t, J=6.0 Hz,
2H), 3.62~3.67 (m, 6H), 3.79 (s, 3H), 4.02 (s, 2H), 4.28~
4.32 (m, 2H), 4.40 (s, 2H), 6.85 (d, J=8.4 Hz, 2H), 7.23
(d, J=8.4 Hz, 2H); *C NMR (100 MHz, CDCl;) : 20.7,
29.0, 37.1, 38.4, 55.2, 69.1, 69.1, 69.5, 71.0, 71.0, 72.4,
75.7, 113.6, 129.2, 130.3, 159.0, 208.3; IR (neat) v: 2937,
2855, 1732, 1711, 1613, 1511, 1352, 1033, 939, 817 cm .
HRMS (EI) caled for CoH30sS 418.1661, found
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418.1657.

FBE R -2-[2-(6- £ TR A HE-2- 3 L ) O 3k 4
fig2m): 14 E 44, mp. 129~131°C; 'H NMR (400
MHz, CDCls) d: 1.70~1.74 (m, 2H), 1.84~1.89 (m, 2H),
2.03 (s, 3H), 2.47 (t, J=6.8 Hz, 2H), 3.01 (s, 3H), 3.61~
3.65 (m, 6H), 4.02 (s, 2H), 4.04 (t, J=6.0 Hz, 2H), 4.24~
4.28 (m, 2H); °C NMR (100 MHz, CDCl3) J: 19.8, 20.9,
27.9, 37.1, 38.0, 63.8, 69.1, 69.2, 70.8, 70.9, 75.8, 170.9,
208.0; IR (neat) v: 2941, 2872, 2361, 1728, 1352, 1246,
1115, 1041, 816 cm ™ '. HRMS (EI) caled for Ci3H,405S
340.1192, found 340.1186.

PR il 12 -2- [ 2-(6- RV I A - 2- i ik AR ) £ U0
LiE@2n): R HEOMPIRBAR; "H NMR (400 MHz, CDCls)
5: 1.70~1.76 (m, 4H), 2.50 (t, J=6.8 Hz, 2H), 3.00 (s,
3H), 3.01 (s, 3H), 3.52~3.56 (m, 6H), 4.05 (s, 2H), 4.23
(t, J=6.0 Hz, 2H), 4.29 (t, J=6.4 Hz, 2H); *C NMR (100
MHz, CDCl;) §: 19.0, 28.4, 37.2, 37.3, 37.7, 69.6, 69.0,
69.2, 70.9, 70.9, 75.62, 208.0; IR (neat) v: 2941, 2872,
1728, 1715, 1348, 1172, 976, 935 cm™'. HRMS (EI) calcd
for C1,H,404S, 376.0862, found 376.0858.

FH il 1 -2-[2-(3,3- — H 3E-2- e 0k T4 231 &
fik(20): HEEIHCIRIA; '"H NMR (400 MHz, CDCly) o
1.13 (s, 9H), 3.01 (s, 3H), 3.49~3.56 (m, 6H), 4.29 (s,
2H), 4.32 (t, J=6.4 Hz, 2H); *C NMR (100 MHz, CDCl;)
5: 253, 37.2 42.7, 68.7, 68.7, 70.2, 70.3, 71.7, 211.9; IR
(neat) v: 2962, 2933, 2357, 1715, 1348, 1172, 1053, 976
cm '. HRMS (EI) caled for C;;H»06S 282.1137, found
282.1131.

PR R -2-[2-(2-FA L2 -2- e 2 LA 3 LA AR | LB
2p): AfE{A, mp. 133~134 °C; 'H NMR (400 MHz,
CDCl3) 8: 1.22~1.36 (m, 6H), 1.65~1.73 (m, 2H), 1.82~
1.89 (m, 2H), 2.39~2.44 (m, 1H), 3.01 (s, 3H), 3.47~3.56
(m, 6H), 4.10 (s, 2H), 4.28 (t, J=6.4 Hz, 2H); °*C NMR
(100 MHz, CDCly) ¢: 25.4, 25.9, 28.7, 37.2, 46.8, 68.9,
69.0,70.7,70.7, 74.3, 210.5; IR (neat) v: 2940, 2880, 1713,
1697, 1350, 1171, 1059, 942, 809 cm™'. HRMS (EI) calcd
for C13H,404S 308.1294, found 308.1288.

PR R -4-[2- P e -2-p- FH RO 5 K T R (2q): 28
64K, mp. 119~122 C; '"H NMR (400 MHz, CDCls)
5: 1.76~1.87 (m, 2H), 1.88~1.93 (m, 2H), 2.41 (s, 3H),
3.01 (s, 3H), 3.61 (t, J=6.0 Hz, 2H), 4.30 (t, J=6.4 Hz,
2H), 4.73 (s, 2H), 7.26 (d, J=8.4 Hz, 2H), 7.81 (d, J=8.4
Hz, 2H); >C NMR (100 MHz, CDCl;) é: 21.7, 25.5, 26.0,
37.2,70.0,70.7, 73.5, 127.8, 129.4, 132.2, 144.5, 195.9; IR
(neat) v: 2937, 2868, 1691, 1605, 1176, 976, 931, 808
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cm !, HRMS (EI) caled for Cy4H»OsS 300.1031, found
300.1024.

FHE R -5-(2- B BE -2-p- T R KL 5008 ) IR BB (2r): 7
O 4K, mp. 135~136 C; 'H NMR (400 MHz,
CDCl;) 6: 1.42~1.49 (m, 2H), 1.59~1.66 (m, 2H), 1.68~
1.75 (m, 2H), 2.40 (s, 3H), 2.99 (s, 3H), 3.57 (t, J=6.0 Hz,
2H), 4.22 (t, J=6.4 Hz, 2H), 4.70 (s, 2H), 7.25 (d, J=8.4
Hz, 2H), 7.82 (d, J=8.4 Hz, 2H); *C NMR (100 MHz,
CDCly) 6: 21.7, 22.1, 29.0, 29.7, 37.3, 69.9, 71.3, 73.7,
128.0, 129.3, 132.4, 144.4, 196.1; IR (neat) v: 3011, 2882,
1697, 1601, 1348, 1169, 1044 cm™'. HRMS (EI) calcd for
C1sH»05S 314.1188, found 314.1182.
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