JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Highly Stereoselective [2,3]-Sigmatropic Rearrangement of
Sulfur Ylide Generated through Cu(l) Carbene and Sulfides
Ming Ma, Lingling Peng, Changkun Li, Xiu Zhang, and Jianbo Wang
J. Am. Chem. Soc., 2005, 127 (43), 15016-15017+ DOI: 10.1021/ja055021d « Publication Date (Web): 08 October 2005
Downloaded from http://pubs.acs.org on March 25, 2009

1) Cu(MeCN)4PFg '
R ligand R
N, W CH,Cly, 0 °C~RT A SA
f + SAr HO. X
32, %R 2) LiAIH4, THF R
0 ~
o) Ar=0-CICeH, 0 C~RT,2h up to 96% ee

R = alkyl, aryl, vinyl  R'=H, Me

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 8 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja055021d

JIAIC[S

COMMUNICATIONS

Published on Web 10/08/2005

Highly Stereoselective [2,3]-Sigmatropic Rearrangement of Sulfur Ylide
Generated through Cu(l) Carbene and Sulfides

Ming Ma, Lingling Peng, Changkun Li, Xiu Zhang, and Jianbo Wang*

Key Laboratory of Bioorganic Chemistry and Molecular Engineering of Ministry of Education,
College of Chemistry, Peking Urarsity, Beijing 100871, China

Received July 26, 2005; E-mail: wangjb@pku.edu.cn

The [2,3]-sigmatropic rearrangement of sulfonium ylide is one Scheme 2. Double Asymmetric Induction in [2,3]-Sigmatropic
of the most versatile bond reorganization processes in organic Réarangement
chemistry and has become a synthetically powerful strategy for
simultaneously forming €C and C-S bonds since their discovery

in late 1960s.2 In addition to the base-promoted approach, an A k/s _Cul)_ SAr
alternative and efficient way to generate a sulfonium ylide is by S' \”)k A" Tligand , S
transition metal cat_alyzed reaction of diazo_compound; in the 2a Ar=0-CHaCeHg % 5 0°C~RT R
presence of a sulfide, known as the Doykirmse reactioh 1"'9 2b Ar=CgHs 3a-g 4a-9
: ‘e i : ; i 2¢ Ar=0-BrCgHy
(Scheme 1). Since Uemura’s pioneering work in 1985ymmetric 2d Ar = 0-CIoGH,
Scheme 1. The Doyle—Kirmse Reaction with Chiral Catalyst
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1 QP AR R ligand: \H><D
N2 MLn* )"J’t” RS &8 \ |23 R s>(—\\ N Ney
R1)J\R2 VIR R R'7R? R "R? R R
N2 X 6a, R="Bu; 6b, R=Ph
chiral X=©  non racemic free ylide
carbenoid &) Jid ated with Q
X = MLn* ylide associated wi
metal complex clc cl Cl Cl
U . dcl gty e - vl @3
catalysis in [2,3]-sigmatropic rearrangement of sulfur ylides has (S, 887 (R R)-

attracted considerable attention; however, the enantioselectivity for
this type of reaction remains medio&r®n the other hand, the
transfer of chirality from sulfur to carbon though [2,3]-sigmatropic
rearrangement is known to proceed with high selectivitp4%
ee)b Consequently, the generally low enantioselectivity observed
in the catalytic reaction may be attributed to the difficulty in the
discrimination of heterotopic lone pairs of sulfur in the reaction of
chiral carbenoid with allyl sulfid&®7 In this communication, we
wish to report the application of a double asymmetric induction
approach by combining a chiral camphor sultam auxiliary and Cu(l)
catalyst with chiral or achiral ligandsWith this approach, the first

highly stereoselective [2,3]-sigmatropic rearrangement of sulfur ape 1. Optimization of the Reaction Conditions with 1a
ylide generated through Cu(l) carbene is achieved.

the issue of match and mismatch of the chiral catalysts with the
camphor sultam auxiliary (entry 13). The reaction wihR-7 gave
slightly lower selectivity as compared to that in the reaction with
(S,9-7. Furthermore, it was found that botR,R-7 and S,3-7
afforded the major produdta with the same absolute configuration.
Thus, the sense of the asymmetric induction was dictated by the
chiral auxiliary, rather than the chiral ligand of the Cu(l) catalyst.
Interestingly, when achiral ligan8 was used in the reaction, the
enantioselectivity ofla could be further improved (entry 14).

. . s temp reaction yield ee
The diazo compounds bearing Oppolzer's camphor sultam entry lgands sulfide solvent €0 tme(y O ()¢
auxiliary were prepareland their reaction with the Cu(l) complex |
was investigated. Diazo compouré (R = CgHs) was used to % gg; gg gﬂigé 8 18 gi gg
optimize the reaction conditions (Scheme 2 and Table 1). The Cu(l) 3 (/9.7 2¢  CH,Cl, 0 10 71 88
complex catalyzed reaction was highly efficient to give product 4 (5,97 2d CH,Cl, 0 10 70 90
3a, from which the chiral auxiliary was removed by reduction with 5 (897 2d  PhCh 0 23 51 72
: - ; 6 (S,97 2d  CHxCl, -—15 16 63 88
LiAIH 4 to afford4a as the final isolated product with good overall
; - ) . . ) Lo 7 (S,9-7 2d CHLCl, —35 20 72 87
yields. First, the effect of sulfide was examined. With chiral diimine 8 (.97 2d CH,Cl, 40 1 73 80
(S,3-719 as the ligand, allyl 2-chlorophenyl sulfidl was found 9 e 2d CH,Cl, 0 24 55 30
to give the optimal selectivity. Solvent and reaction temperature 10 5 2d CH,Cl, 0 10 82 23
had only marginal effect on the reaction (entries8y. When the E gg‘ gg 8:22:2 8 %8 ;Z gg
reaction was carried out in the absence of ligand, it gave low 13 RR7 2d CHECIE 0 10 70 80
selectivity (entry 9). 14 8 2d  CHCl, 0 10 72 92

Chiral C,-symmetric bis(oxazoline) ligands and 6a,b, which
have been successfully utilized in other asymmetric copper-
catalyzed carbene transfer reactidhafforded lower enantiomeric
excess as compared with that &,9-7 (entries 16-12). Finally,
reaction with ligand R,R-7 was conducted in order to examine

a Chiral or achiral ligand (22 mol %) was mixed with Cu(gEN),PFs
(20 mol %). Reaction with 10 mol % catalyst loading gave essentially the
same results, with a slightly longer reaction tifi@efer to the first step
only. ¢Isolated yields for two steps unless otherwise noteghantiomeric
excess values determined by chiral HPLE®lo ligand is used.
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Table 2. Reaction of 1la—g under Optimized Conditions

reaction yield ee

entry 1R=) ligand? time? (%)> (%)°
1 a (CgHs) (S,9-7 10h 70 90
2 a (CeHs) 8 10h 72 92
3 b (p-BrCeHs) (S,9-7 6h 82 90
4 b (p-BrCsHa) (S,9-7 6h o >9%
5 b (p-BrCsHa) 8 6h 82 94
6 ¢ (m,pCl,CgHs) (S,9-7 12h 53 86
7 ¢ (m,p-Cl2CgH3) 8 12h 58 90
8 d (p-NO2CsHa4) (S,9-7 48 h 39 (58) 85
9 d (p-NO2CsHa4) 8 48 h 43 (55) 70
10 e (CHg) (S,9-7 15 min 81 86
11 e (CHg) (S,9-7 15 min o3l 96°
12 e (CHg) 8 15 min 67 82
13 f (CH3CH=CH) (S,9-7 15 min 74 82
14 f (CH3CH=CH) 8 15 min 76 78
15 g (PhCH=CH) (S,9-7 15 min 82 95
16 g (PhCH=CH) 8 15 min 78 85

aRefer to the first step only’Isolated yields for two steps unless
otherwise noted: Enantiomeric excess values determined by chiral HPLC.
d1solated yield for the first stes. After single recrystallization of the first
step product! The yield in parentheses refers to recovered starting diazo
compound.

Table 3. Reaction of 1a—c,e,f and Propargyl 2-Chloropheny!
Sulfide 9a,b under Optimized Conditions

1) Cu(MeCN),PFg

R
R' ligand
1a-cef + \/SAr CHyClp 0°C~RT _ | SA
2) LiAlH4, THF R
9aR'=H 0°C~RT, 2h 10a~g
b R'=Me Ar = 0-CICgH,
diazo reaction yield ee
entry substrate sulfide ligand time? (%)b (%)°
1 la 9a (S,9-7 5h 87 94
2 la 9a 8 5h 85 82
3 1b 9a (S,9-7 5h 92 91
4 1b 9a 8 5h 90 88
5 1c 9a (S,9-7 3h 86 84
6 1c 9a 8 3h 83 50
7 le 9a (S,9-7 15 min 95 93
8 le 9a 8 15 min 88 92
9 1f 9a (S,9-7 15 min 70 91
10 1f 9a 8 15 min 65 90
11 1b 9b (S,9-7 20 h 77 93
12 1b 9b 8 20 h 73 90
13 le 9b (5,97 2h 80 96
14 le 9b 8 2h 82 94

aRefer to the first step only? Isolated yield for two step$.Enantiomeric
excess values determined by chiral HPLC.

The optimized reaction condition (sulfi@el/ligand 7a or 8/CH,-
Cl,/0 °C to room temperature) was then applied1io—g. The

results summarized in Table 2 demonstrate that aryldiazoacetamides,

as well as methyl, cinnamoyl, and propenyldiazoacetamide, all
reacted with sulfide2d smoothly in good yields with good to
excellent enantioselectivity. The ligandaand8 gave comparable

results in most cases. The reaction of aryldiazoacetamides bearing ©)

a p-nitro substituent in the aromatic ring gave slightly low

for 4e by X-ray structures of the corresponding rearrangement
products3b and 3e

As an extension of the double asymmetric approach, the reaction
of propargyl 2-chlorophenyl sulfide with diazoacetamides-c,ef
under the optimized condition was investigated. The reaction
worked well, and a similar level of enantioselectivity could be
achieved with ligand$,9-7 for the reaction of sulfid®a (Table
3). Ligand8 afforded comparable results, with only one exception
(entry 6). It is noted that the reaction works equally well with
methyl-substituted sulfid@b (entries 11-14). The absolute con-
figuration of 10d (R = CH3, R' = H) is determined aSby X-ray
structure of the corresponding rearrangement product.

In summary, we have developed a highly stereoselective [2,3]-
sigmatropic rearrangement of sulfur ylide generated through Cu(l)
carbene and allyl and propargy! sulfides by a double asymmetric
induction approach. This approach provides an entry to tertiary
chiral sulfides, which are difficult to acce¥s.

Acknowledgment. The project is generously supported by
Natural Science Foundation of China (Grant Nos. 20225205 and
20390050).

Supporting Information Available: Experimental procedures,
spectra data for new compounds, X-ray structures, and mechanistic
study. This material is available free of charge via the Internet at http://
pubs.acs.org.

References

(1) (a) Baldwin, J. E.; Hackler, R. E.; Kelley, D. B. Am. Chem. S0d.968
90, 4758. (b) Blackburn, G. M.; Ollis, W. D.; Smith, C.; Sutherland, I. O.
J. Chem. Soc., Chem. Comma968 186. (c) Baldwin, J. E.; Hackler,
R. E.; Kelley, D. P.J. Chem. Soc., Cher@ommun 1968 537, 538.

(2) For reviews in the area, see: (a) Trost, B. M.; Melvin, L. S. Sidfur
Ylides Academic Press: New York, 1975; Chapter 7. (b) Vedej#\de.
Chem. Res1984 17, 358. (c) Doyle, M. P.; McKervey, M. A.; Ye, T.
Modern Catalytic Methods for Organic Synthesis with Diazo Compgunds
Wiley-Interscience: New York, 1998. (d) Li, A.-H.; Dai, L.-X.; Aggarwal,
V. K. Chem. Re. 1997, 97, 2341. (e) Doyle, M. P.; Forbes, D. Chem.
Rev. 1998 98, 911. (f) Hodgson, O. M.; Pierard, F. Y. T. M.; Stupple, P.
A. Chem. SocRev. 2001, 30, 50.

(3) (a) Kirmse, W.; Kapps, MChem. Ber1968 101, 994. (b) Doyle, M. P.;
Griffin, 3. H.; Chinn, M. S.; van Leusen, 0. Org. Chem.1984 49,
1917.

(4) Nishibayashi, Y.; Ohe, K.; Uemura, $. Chem. Soc., Chem. Commun.
1995 1245.

(5) (a) Fukuda, T.; Irie, R.; Katsuki, TTetrahedron1999 55, 649. (b)
McMillen, D. W.; Varga, N.; Reed, B. A.; King, Cl. Org. Chem200Q
65, 2532. (c) Kitagaki, S.; Yanamoto, Y.; Okubo, H.; Nakajima, M.;
Hashimoto, SHeterocycles2001, 54, 623. (d) Zhang, X.; Qu, Z.; Ma,
Z.; Shi, W.; Jin, X.; Wang, JJ. Org. Chem2002 67, 5621. (e) Zhang,
X.; Ma, M.; Wang, JTetrahedron: Asymmeti3003 14, 891. (f) Zhang,

X.; Ma, M.; Wang, J.Chin. J. Chem2003 21, 878.

(6) (a) Trost, B. M.; Hammen, R. K. Am. Chem. Sod.973 95, 962. (b)
Trost, B. M.; Biddlecom, W. GJ. Org. Chem1973 38, 3438.

(7) A controversial issue concerning the asymmetric catalysis in [2,3]-
sigamatropic rearrangement of ylide is whether the rearrangement proceeds
through a metal-associated ylide or a free ylide. See: (a) Doyle, M. P.;
Tamblyn, W. H.; Bagheri, VJ. Org. Chem1981, 46, 5094. (b) Aggarwal,

V. K.; Ferrara, M.; Hainz, R.; Spey, S. Hetrahedron Lett1999 40,
8923. We have confirmed that the ylide is strongly complexed with the
Cu(l) complex. For the details, see Supporting Information.

(8) For a report on chiral transition metal auxiliary controlled sulfur ylide

[2,3]-sigmatropic rearrangement, see: Cagle, P. C.; Arif, A. M.; Gladysz,

J. A.J. Am. Chem. So0d.994 116, 3655.

For the preparation ola—g, as well as the study with other chiral

auxiliaries, see Supporting Information.

(10) Li, Z.; Conser, K. R.; Jacobsen, E. N.Am. Chem. So4993 115 5326.

enantiomeric excess values (Table 2, entries 8 and 9). It is (11) (a) Evans, D. A.; Woerpel, K. A.; Hinman, M. M.; Faul, M. M. Am.

worthwhile to note that the rearrangement prod@&zsg are all
crystalline. Therefore, almost optically pure productdafg could

be obtained by single recrystallization of the rearrangement products

3a—g before removal of the camphor sultam auxiliary (for

examples, entries 4 and 11). The absolute stereochemistry of the

newly formed chiral center was determined toRéor 4b andS

Chem. Soc.1991, 113 726. (b) Lowenthal, R. E.; Masamune, S.
Tetrahedron Lett1991, 32, 7373. (c) For a review of,-symmetric bis-
(oxazoline) ligands in asymmetric catalysis, see: Ghosh, A. K.; Mathi-
vanan, P.; Cappiello, Jetrahedron: Asymmetry998 9, 1.

(12) For arecent example of enantioselective construction-¢ Gonds with
a quaternary stereocenter, see: Palomo, C.; Oiarbide, M.; Dias, fezl-o
R.; Linden, A.Angew. ChemInt. Ed. 2004 43, 3307.

JA055021D

J. AM. CHEM. SOC. = VOL. 127, NO. 43, 2005 15017



