Catalytic Asymmetric Ylide Generation and
Subsequent Transformation via Chiral Metal
Carbene Intermediates
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Catalytic Asymmetric Ylide Generation and Subsequent Transforma-
tion via Chiral Metal Carbene Intermediates

Shinji Kitagaki and Shunichi Hashimoto*

The tandem ylide generation and rearrangement or cycloaddition sequence triggered by cop-
per( 1) or dirhodium(I) complex-catalyzed decomposition of a~diazo carbonyl compounds has
recently found numerous applications in organic synthesis. While exceptionally high levels of
enantiocontrol in C-H insertions and cyclopropanations have already been achieved using well-
designed chiral metal catalysts, the development of an enantioselective version of this process has
not been so straightforward as it was believed until several years ago that the reactions of ylides
would occur from the free ylide detached from the catalyst rather than from the metal complex-
associated ylide. The rapid recent developments in this area reviewed here have shown that high
levels of asymmetric induction are possible with rearrangements of oxonium ylides and with
1, 3-dipolar cycloadditions of carbonyl ylides where the chiral metal catalyst can remain bound to

the ylides in the product-forming step.

Key words: oxonium ylide, sulfonium ylide, {2, 3]-sigmatropic rearrangement, {1, 2]-Stevens
rearrangement, carbonyl ylide, 1, 3-dipolar cycloaddition, chiral dirhodium (1) cata-
lyst, chiral copper(1) catalyst, diazo compound, enantioselective reaction
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Table 1 Enantioselective cyclic allylic oxonium ylide forma-
tion/rearrangement catalyzed by Rhy(S-PTTL).

o}
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Me KAW 0°C

(o] (o]
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* +
02 1\ 0 \ R‘l
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substrate time, yield, drof ee, %
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@ Cisitrans=1:99. © A 2:98 mixture of cis- and trgns-42b was
obtained. € Enantiomeric excess for trans-42b. 2 Cis:trans=98:2.
¢ A 937 mixture of cis- and trans-42¢ was obtained. J
Enantiomeric excess for cis-42c.
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Table 2 Oxonium ylide formation/rearrangement of 32d cat-
alyzed by dirhodium (I} complexes.
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Tabie 3 Sulfonium ylide formation/[2, 3]-sigmatropic rearrangement catalyzed by chiral transition metal complexes.

2 “
e G oL
RAAL_SAr & N7 CO.R? _“"L_n{a . COR? 4 RN CO.R?
\/\/ ~, a &
62ab 57,17.68 + A SAr SAr
erythro threo
63a-d 64a-c
sulfide diazo ester % yield of % ee
entry R Ar R? conditions 63+64 63:64 63 64 ref
1 62a Ph Ph 57 Et CuQT{/61 (5 mol %), CHCl5,0 °C 41 65:35 20 14 41
L2  G2amph 57 B .. Rhy(5S-MEPY), (28) (1 mol %), CHClp, 40°C_ 49 60:40 18 17 41
3 _Gaamm Ph 7 sBu L 65 mol %), CHyClyy ot e 81 . 85:15 64°64 43
4 62a Ph Ph 57 Et Rh,(S-PTPI),4 (67) (1 mol %), CH,Cly, 40 81 66:34 14 145 45
5 62a Ph Ph 17 +Bu Rhy(S-PTPD, (67) (1 mol %), CH2C12,40 C 61 83:17 23 24° 45
6 62a Ph Ph 68 CH(-Pr); Rhy(S-PTPD);, (67) (1 mol %), CH;Cly, 40 °C 61 94: 6 532 50° 45
7 62a Ph Ph 68 CH(i-Pr); Rhy(S-PTPA),4(66) (1 mol %), CH,Clp, 40 °C 77 90:10 0 10° 32
3 GapmPh 68 CH(Pr); Ri(S-PTTL), B7) (1 mol %), CHC 40°C 74 90:10 <2 <2 32
9 62b H 26Me,CgH; 57 Et CuOT{/51 (2 mol %), CHCl3, 20 °C 62 - 52 - 42
% The product with 2R,3S-configuration was preferred. 25,3R-configuration was preferred. € 2S,3S-configuration was preferred.
o]
e ’33 @ N
HI H
‘1/\’ =N 0"‘0 Of\o NS0
j I/ 1/ Iy 1/
MeO ol '* Rh—Rh Rh—Rh Rh~—FRh
/171 /1 /] /171
61 Rhy(S-PTPA)4 (66) Rha(S-PTTL)4 (37) Rhy(S-PTPI)4 (67)
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Table 4 Enantioselective intramolecular 1, 3-dipolar cycload-
dition of a-diazo-B-keto ester 84 catalyzed by Rh
(1) complexes.

Rh(II) catalyst

\/\/\ﬁ)j\icozt_su (0.5 mol %)

0]

%cozmu
&)

87

temp, yield,  ee,

entry Rh(Il) complex solvent °C % %
1 Rhy(S-DOSP),4 (85) hexane 28 93 52

2 Rhy(R-BNP),(88) CH,Cly 25 83 65

3 Rhy(R-BNP)4(88) hexane 25 65 64

4  Rhy(R-DDBNP)4 (89) hexane -15 66 90

i i s

[/ i/ Phy(A-BNP),(88)
Rh—Rh  R=CyoHps
/1 7| Rha{F-DDBNP) (89)

BREASEHVARIEIC L o TEbT A LR RWEL

# DI Rhy(5S-MEPY) 4 (23) % B\ % & REFINE 20% T

RBLEFEO NS I LEHRELZGE )Y, FED
O\/ \/O

MeO. O /Ng MeO + MeO
O catalyst (20 mol %)
benzene, 1t

a0 exo endo

CuOTi/51 53% 63 (O% ee): 37 (15% ee)
Rho(55-MEPY), (23) 45% 89 (5% ee): 11 (20% ee)

U7 BatTEFLYIUANEIBY AT
Jv (DMAD) 5 FRMMBRE & KIERICEEL,
ZHO Uy A (1) 8GR LTFICEBORZ ) — 2V 7%
Fol-ER, Ny M) 7Vt FRBEEEL, 77V
43I FRIAVEVEY 1 OMBLIAVEFVI— T
$£/5 Rhp(S-BPTV)4(94) 2 Fiv: 5 L BiLK 95a DAFE
INEEHS Q0% ITET B I LR BV Lz, (5, entry D
ORI, AFEARBCBVTY, AFETY 7 AL(D)
BRE OREEBRFLEAVEZVAY) FOITH LK
WEFRAFINRIETAILEZRL Tb,

ARG TRELZOBBRERZ p-AF NV T 2ol
LI BASEBEATRE Q2B FBLOND N, XVEY
BNSHMICBETFRIIEFBRLALES, 2H5VERNE
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Table 5 Enantioselective intermolecular 1, 3-dipolar cycload-
dition of a-diazo ketones 93 with DMAD catalyzed
by Rhy(S-BPTV),.

MeO,C—=-CO,Me  MeO:C CO,Me
RO N (2equiv) R
\E/go Rhy{S-BPTV), (94) (1 mol %)

CF3CgHs, 5 min &
93a-g 95a-g
substrate temp, yield, e,

entry R °C % %
1 93a CgHs 0 77T 9
2 93b 4-MeCgHy 0 67 92
3 93¢ 4-MeOCgH4 0 65 90
4 93d 4-CIC¢H, 0 78 87
5 93e 4-CFyCgHy 0 65 83
6 93f Me 23 50 80
7 93g Et 23 53 84
by [

H ;

Rh—Rh

/171

Rhy(S-BPTV), (84)
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Table 6 Competition experiments between DMAD and
di(tert-butyl) acety lenedicarboxylate.

M602C COzMe (1 eq)

, tBUOC COtBu (1 eq)

Rh(H) catalyst (1 mol %)
CF3CgHs, 23°C

MGOZC OZMB t—BUOzC COzt"BU
I 0 I 0
95a 65~75% 97
ee, %
Rh(@) catalyst 95a:97 95a 97
ha(OAc).; 4:1 -
Rhy(pfb)y (complex mixture)
Rhj(acam), 4:1 - -
Rhy(S-PTV), (98) 8:1 59 1
Rhy(S-BPTV)4 (94) 14:1 50 1
phthalimido group 0
'J‘ijs
H
OJ'\:O ©
/7 17
Rh—Rh
/1 7]
Rhy(S-PTV), (98)

Fig. 3
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