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Abstract The [2,3]-sigmatropic rearrangement of sulfur ylides is unique and useful reaction in organic synthesis. In this
study, the reactivity of sulfides containing three different migrating groups (propargyl, allyl, and allenyl) in [2,3]-sigmatropic
rearrangement of sulfur ylides has been compared. The competition reactions of phenylethyldiazoacetate with sulfides
through sulfonium ylide [2,3]-sigmatropic rearrangement are designed under Rh(II)- or Cu(I)-catalyzed reaction conditions.
Both intra- and intermolecular competitions of sulfides bearing two different migrating groups have been carried out. The
ratio of products has been determined by 'H NMR in order to compare the reactivity of different sulfides bearing allyl, pro-
pargyl or allenyl groups. Obvious disparity of the reactivity of these sulfides in [2,3]-sigmatropic rearrangement has been
observed. Experimental data indicate that the tendency of preferential [2,3]-sigmatropic rearrangement has the following
order: propargyl sulfide>allyl sulfide>allenyl sulfide. Catalysts such as Rhy(OAc),, Rhy(O,CCF;),, and Cu(CH;CN),PF;
ligated with a series of diimine ligands have been investigated for these reactions. Rh(II) complexes are found more efficient
than Cu(I) complexes, and Rh,(O,CCF;)4 is more efficient than Rh,(OAc),. The efficiency of different catalytic system has
been explained based on the proposed reaction mechanism. The reaction catalyzed by Rh(II) complexes is suggested to be
different from that catalyzed by Cu(I) complexes. In the case of Cu(l)-catalyzed reaction, Cu(I)-bonded sulfur ylide is con-
sidered as the predominant intermediate, while the [2,3]-sigmatropic rearrangement is suggested to proceed through free
ylide. Both steric hindrance and electronic properties of ligands influence the ratio and selectivity in Cu(I)-catalyzed reac-
tions. This study provides useful information for further investigation of [2,3]-sigmatropic rearrangement of sulfur ylides.
Keywords sulfur ylide; [2,3]-sigmatropic rearrangement; metal carbene; migratory group; catalytic reaction
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Table 1 Reaction of phenyl methyldiazoacetate 5 with allyl propargyl
sulfide

N2

Ya— cat., Ligand
3 CH,Cly, r.t., 4 h

Ph COzMe *
5 \_\
A

2
Ph Ph
\ =
Meozci/\ . Meozci/\\/é
1:& 13
Rl ~N ©N= R' Ma,R'=H, R?=H
11b, R'=Me , R =H
R? R? 11¢, R' = Me, R? = Me

11d,R'=cl, R%®=cCl

Ligand

Entry Cat./mol% Ligand/mol%  Yield"/% Ratio of
12 0 13¢

1 Rhy(OAc)s (2) o 79 15901
2 Rhy(0,CCF3)4 (0.5) o 88 27311
3 Cu(CH;CN)4PF (10) o 66 35101
4  Cu(CH;CN)4PF¢ (30) o 58 33311
5 Cu(CH;CN)4PF (10) 11a (12) 62 2141
6  Cu(CH;CN)4PFs (10) 11b (12) 67 3.08:1
7  Cu(CH;CN)4PF (10) 11c (12) 68 29501
8  Cu(CH;CN)4PF (10) 11d (12) 70 856:1
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Table 2 Reaction of phenyl methyldiazoacetate 5 with propargyl propyl
sulfide 6 and allyl propyl sulfide 7

N2
Pz
s._* S
P OCOMe + ~ \/+ NN
5 6 7
cat., Ligand
CH2C|2 , r.t.
12h

Ph
MeO, C}/\ Ph =
S + MeOZCW
S

141 15

Ratio of
Entry Cat./mol% Ligand/mol%  Yield’/%

14 15°¢
1 Rhy(OAc)s (2) o 80 2261
2 Rhy(0,CCF3)4 (0.5) o 79 15501
3 Cu(CH;CN),4PF (10) o 76 1.24 11
4 Cu(CH;CN)4PF; (10) 11a (12) 79 1411
5 Cu(CH;CN)4PF; (10) 11b (12) 81 15201
6 Cu(CH;CN)4PF; (10) 11c (12) 85 1.72 1 1

¢ R FEIEER LIRS 5 (0.5 mmol), KNIEHNEEREE 2 (0.6
mmol), CH,CL, (5 mL), E# TR 4 h. * BERHZHT R RIRIR G 77 2.
WA LA TH NMR i 1.
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Table 3 Reaction of phenyl methyldiazoacetate 5 with phenyl propargyl
sulfide 8 and allyl phenyl sulfide 9

N2
Ph
Ph)tCOZMe * PhS/s\ + 3\9/\
cat., Ligand
CH20|2, r.t.
4h

Ph Ph _
MeOzC>(\ . >(\/

SPh MeOC' spp
16 17
Ratio of
Entry Cat./mol% Ligand/mol%  Yield"/%
16 : 17°
1 Rhy(OAc) (2) o 94 12211
2 Rhy(O,CCF3)4 (0.5) o 87 13401
3 Cu(CH;CN)4PF, (10) o 86 13001
4 Cu(CH3CN)4PF (10) 11a (12) 91 1:1.16
5 Cu(CH;CN)4PF, (10) 11b (12) 85 1:1.15
6  Cu(CH;CN)4PF, (10) 11c (12) 87 1:1.08

RN REEER LR TE 5 (0.5 mmol), AILHAILAEE 8 (0.5
mmol), HHE R ERTE 9(0.5 mmol), CH,Cly (5 mL), IR T RJM 4 h. Tk
JBHE T 5 45 BRI A 7. ¢ BIAN =R B "H NMR S84 35075,
23 HFEGRESKEENTRMIIE2,3]-0 FHE
SAvE

PAIE LI T M T8 0 Tk 5 IR R O K 7 [2,3]-0
B SOV A R, DA P RER I 9 MR LI
TURFEGRIE 10 ARV S EEEY 5 NN (R 4),
WA MR M A S AT R, I I RE I R A A L
WG J LR R AL A AT P R T A S5 I B DX DN,
PC AR R I TEOR T A5 P 22 S 0 O R s e (R 4,
Entries 4~7). AT AR GER W IR K — 51
IR AN G 418, & AR ) g5 A, A
AT IBCJ ke b5 b S A A7 B 1 () e, DAL 2 56 ) B A
WA, Sy TR I T, IR S 2ok
FZIETC WCAAA BHLEE P s R 56 M Ay 3 S PR 3%
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Table 4 Reaction of phenyl methyldiazoacetate 5 with phenyl allyl
sulfide 9 and allenyl phenyl sulfide 10

N2
PhS. A
Ph/ﬂ\COQMe R PSS
5 10
cat., Ligand
CH20|2, r.t.
4h
Ph Ph
= A
N N
MeOZC SPh + MeOZC SPh
17 18
Ratio of
Entry Cat./mol% Ligand/mol%  Yield"/%
17 : 18°

1 Rhy(OAc); (2) o 93 1.65 01
2 Rhy(0,CCF3), (0.5) o 86 1.62 11
3 Cu(CH;CN)4PF¢ (10) o 75 .12 0 1
4 Cu(CH;CN)4PF; (10) 11a (12) 82 137 01
5 Cu(CH;CN)4PF¢ (10) 11b (12) 82 1.64 1 1
6  Cu(CH;CN)4PF¢ (10) 11c (12) 88 1.75 0 1
7  Cu(CH;CN)4PF¢ (10) 11d (12) 90 1.80 : 1
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RN FEERZBRFE 5 (0.5 mmol), AIEMGNIEMEE 9 (0.5
mmol), ARHERE IAFEREE 10 (0.5 mmol), CH,Cly (5 mL), &3 T M 4 h.
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PIE I S N B IR, IR IE IR 2, TR A S N B
(2) SN B A A R A6 AR I 2 N (A R A —
FE, N A AR AL LU AL AR v P L, B
TEALFTE PR & Rhy(O,CCE5)s fi 51, Rhy(OAc), K2,
Cu(CH;CN) PFg 3G PR AR (3)Hil P AL VB A A S5 o) 2
AIRENE AT AR, (HEIEASIE T, BT HEEA iR
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Table 5 Reaction of phenyl methyldiazoacetate 5 with phenyl propargyl
sulfide 8 and allenyl phenyl sulfide 10

N2

g
4
Ph*COgMe L PRSP TN
5 8 10
cat., Ligand
CH2C|2, r.t.
4h
Ph Ph
M }/f\ o
e0,C L, + MeOZC}S?h\\
16 18
Ratio of
Entry Cat./mol% Ligand/mol% Yield"/%
16 . 18°
1 Rhy(OAc)s (2) _ 90 20711
2 Rhy(O,CCF3), (0.5) o 86 1.94 11
3 Cu(CH;CN)4PF (10) _ 63 12601
4 Cu(CH;CN)4PF (10) 11a (12) 86 1.16 1 1
5 Cu(CH;CN)4PF (10) 11b (12) 91 1381
6 Cu(CH;CN)4PF4 (10) 11c (12) 88 15801
7 Cu(CH;CN)4PF (10) 11d (12) 90 146 11

RN GAE ERERZRTEE 5 (0.5 mmol), FEILLRPIILBIEF 8 (0.5
mmol), AIERE IFIEFIEE 10 (05 mmol), CH,Cl, (5 mL) IR 4 h.

b ORERAE TR AR A, WA LB TH NMR B
.
4 SLIGERS

e N — S ik AR, TN

Schlenk & V4 rf1, bnixﬁ}&iﬁéﬂcnu, FeAKAT 2 mL
CHCl, it 5 min RAEALFIFIRCARTE R, K5
ABRIE0.2 mmol)(hf 13 2~5, PN lik 22 [] B fn 1) 44
?\EP) PR E, HME RS IMA R I E R LR
1i5(0.2 mmol, 3 1 HFFENN 0.24 mmol), = T+,
Eﬁiﬂ%A%méﬁr, RIGH Celite 1€, BERE
TJE VR A1) TH NMR R 52 154 5N =1 1 B 4,
SR G RE AT 2N /\%ﬁ‘ﬁ%/l\ﬁ%ﬂ’]/tbu FEE (A
TBEEE A - PR AWE=50 11, Vi V). B4lRN
TESE A A S AT FF AL, R R ARSI
E IS SN
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