JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Highly Regio- and Stereoselective Rearrangement of Epoxides to
Aldehydes Catalyzed by High-Valent Metalloporphyrin Complex, Cr(TPP)OTf
Kohji Suda, Taketoshi Kikkawa, Shin-ichiro Nakajima, and Toshikatsu Takanami
J. Am. Chem. Soc., 2004, 126 (31), 9554-9555+ DOI: 10.1021/ja047104k « Publication Date (Web): 20 July 2004
Downloaded from http://pubs.acs.org on April 1, 2009

1 Ph -
R><Q/\ 5mol% Cr(TPP)OTf R1~}(_ OSiRs
27 NN08iR,

27 >CHO
R CICH,CH,CI, reflux R

More About This Article

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

Supporting Information

Links to the 2 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/ja047104k

JIAIC[S

COMMUNICATIONS

Published on Web 07/20/2004

Highly Regio- and Stereoselective Rearrangement of Epoxides to Aldehydes
Catalyzed by High-Valent Metalloporphyrin Complex, Cr(TPP)OTf

Kohji Suda,* Taketoshi Kikkawa, Shin-ichiro Nakajima, and Toshikatsu Takanami
Meiji Pharmaceutical Uniersity, 2-522-1 Noshio, Kiyose, Tokyo 204-8588, Japan

Received May 17, 2004; E-mail: suda@my-pharm.ac.jp

Lewis acid-promoted rearrangement of epoxides into carbonyl Scheme 1

compounds is among the most synthetically useful and important o RZ O
functionalization reactions of organic compounds. The rearrange- Hydrogen migration (A) RSH 1
ment has widely been applied to the synthesis of various biologically g2 o 4 H 2 R
active natural products with unique structural propertiebut it 37p o R R o
is well-known that the yield and regio- and stereoselectivity of these R 2H
rearrangements markedly vary with the mode of substituents on i Alkyl migration (B) R7Es
the ring and the reaction conditioh$ience, the control of regio- 3
and stereochemistry of the rearrangements still remains an importantTab,e 1. Screening of Metalloporphyrin Catalysts and Solvents for
and fundamental puzzle to be solved in epoxide chemistry. the Rearrangement of Epoxides to Aldehydes

As illustrated in Scheme 1, the rearrangement of substituted
epoxidesl, in principle, proceeds from a cleavage of the-©
bond followed by hydrogen migration (route A) or alkyl YR

migration (route B), leading to the corresponding ketoBesr Ph o Ph. _CHO
aldehydes3, respectively. Although considerable efforts have ph 3> osiaume, —MPPX oy I osiBume, + \[ )
recently been made for the development of efficient reagents and ~ 1a 2 S JSBuMe

catalysts which allow access to ketor&%s’afor the rearrangement
to aldehyde$, a bulky organoaluminum reagent, methylaluminum e S
bis(4-bromo-2,6-dtert-butyl-phenoxide) (MABR), is still the sole entry catalyst(mol %)/solvents/temp.(°C)/time (h) 2a 3a

yield (%)?

reagent available for this purpo$eMABR is, unfortunately, a 1 Fe(TPP)CIQ(1)/dioxane/100/0.5 >99 0
reagent rather than a catalyst: more than a stoichiometric amount 2 Fe(TPP)CIQ(1)/CI(CHy),Cl /83/0.5 65 32
of the reagent is usually necessary to promote the rearrangément. 3 Mn(TPP)CIQ (1)/CI(CH),CI/83/1 53 45
herein a highl . d loci 4 CrH(TPP)CIQ (1)/CI(CH,)>Cli83/2 11 87

We report herein a highly regio- and stereoselective rearrange- g Cr(TPP)OT (1)/CI(CH),ClI83/1. 0 9P
ment of epoxided to aldehydes3 with a porpyrin-based Lewis 6 B(GeFs)3 (2)/CI(CH,)2C1/83/40 14 15
acid catalyst, chromium(lll) tetraphenylporphyrin triflate, Cr(TPP)- 7 B(GsFs)s (2)/toluene/110/40 no reaction
OTf, in low catalyst loading (320 mol %) under very mild 8 Cr(salen)OTf (2)/CI(CH)-Cl/83/4C0 16 40
9 Mn(salen)OTf (2)/CI(CH),Cl/83/22 33 34

conditions’-® This Cr(TPP)OTf-catalyzed reaction is especially

appropriate for the synthesis of optically actfisiloxy aldehydes, a|solated yield ? A trace amount €2%) of ketone2a could be detected

useful intermediates in natural product synthesis, from 2,3-epoxy in the *H NMR spectrum of the crude reaction mixtufeCr(salen)OTf:

silyl ethers which are readily available in enantiomerically enriched (S_,S*(ZTI)I-)Nfth-Iblt5(3a5’;/f|1l¥f”—FUt)>’g1§][ICylg%n<(%J)r-)lﬁ-ﬁ/céf?sh(%xgn;gg{ﬂgn? <|3hr0-
I : mium riflate. 9 Mn(salen)OTf: ~ 6,3-(+)-N,N-bis(3,5-ditert-butyl-

form§ by_ the Sharpless epoxidation of allylic alcodtsilowed salicylidene)-1,2-cyclohexanediamino manganase(lll) triflate.

by silylation10.11

Reaction conditions and regioselectivity for the porphyrin-based were, however, unsuccessful under the reaction conditions examined

catalytic rearrangement of epoxides were investigated trétins- (entries 6-9). The Cr(TPP)OTf-catalyzed rearrangement in dichlo-
2-(tert-butyldimethylsiloxy)methyl-3-phenyloxiranéa, as a model roethane can also be applied successfully to a variety of epoxides
substrate in a variety of solvents with a series of high-valent such as trialkyl-substituted epoxides, spiroepoxides, and bicyclic
metalloporphyrin catalysts, such as Fe(TPP)CIAn(TPP)CIQ, epoxides (Table 2, entries—4), furnishing the corresponding
and Cr(TPP)CI@ The representative results are shown in Table aldehydes in good yields.

1. As reported previously, an Fe(TPP)Gl@lioxane catalyst system We next explored the stereoselectivity of the Cr(TPPYOTf

exclusively promoted the hydrogen migrationl@fto give ketone dichloroethane catalyst system with various optically active epoxy
2ain a quantitative yield (entry T2 On the other hand, the use of  silyl ethers (Table 2, entries5L0). As a whole, a facile and highly
Cr(TPP)CIQ (1 mol %) in dichloroethane at 8% preferentially stereoselective migration of the alkyl groups to give the corre-
brought about the alkyl migration dfa, affording 87% vyield of sponding aldehydes was observed. Optically pure phenyl-substituted
the desired aldehyd8a along with the ketonea in 11% yield epoxy silyl etherslb—1d were converted to the corresponding
(entry 4). Changing the catalyst from Cr(TPP)gI® Cr(TPP)- optically active S-siloxy aldehydes3b—3d as the sole isolable
OTf further improved the reactivity and regioselectivity of the products in high yields via highly stereoselective anti migration of
rearrangement, providing aldehy8a as the sole isolable product  the siloxymethyl groups to thes®f the oxirane moieties. Likewise,

in 97% yield under the optimal conditions (entry 5). Attempts for stereoselective migration of the siloxymethyl groups took place in
the rearrangement dfa with other Lewis acid catalysts, such as the rearrangement of epoxy geraniol and nerol derivatileand
B(CsFs)z 2 and chromium and manganese salen compl&which 1f, the same aldehyd8e being obtained in high yields without
have been known to catalyze ring-opening reactions of epoxides,any loss of optical purity.

9554 m J. AM. CHEM. SOC. 2004, 126, 9554—9555 10.1021/ja047104k CCC: $27.50 © 2004 American Chemical Society
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Table 2. Cr(TPP)OTf-Catalyzed Rearrangement of Epoxides to

E><Ph
CHO

Aldehydes?
entry epoxide time, h product yield, %P
OSiPh.
fo) 3
1 ><I/\OSiPh3 4 >[ 89
CHO
o OTBS
2 24 63¢
2 20TBS
CHO
O Bun
c OAL e O,
Bu” CHO
Ph
4 Cﬁo

’ >99
5 _OTBS
5 : 97
L ~or8s ! Ph CHO
1b (> 99% ee) 3b (> 99% ee)
oTBS
6 9 1 /( 96
P "0TBS Ph”  CHO
1c (> 99% ee) 3c (> 99% ee)
WOTBS
7w N0TBS T e ScHo > 9
1d (96% ee) 3d (96% ee)
.0 -, y—OTBS
8 2% "otBs 5 2% cHo 89
1e (> 99% ee) 3e (> 99% ee)
R
9 7 6 3e (93% ee) 92
0TBS
1f (93% ee)

Pr{_H Ph JPr
10 j’{ 30 X ospr.
Ph”\—0siPh, oHC s

39 (97% ee)

aReaction conditions: 1 mol % Cr(TPP)OTf, CIGEH,CI, 83 °C;
enantiomeric excess was determined by chiral HPLC analysis or 300 MHz
1H NMR Mosher’s ester analysis; The absolute configuration was deter-
mined by comparison of the optical rotations with those of authentic
samplegbse bisolated yield Recovery of the starting epoxide, 22%.
d Recovery of the starting epoxide, 28920 mol % Cr(TPP)OTf was used.

An o,(-disubstituted epoxy alcohol derivativeg was also
susceptible toward the rearrangement, though an increase of catalyst
loading (20 mol %) and a longer reaction time were required to
complete the reaction. In this case, the relatively bulky isopropyl
group was selectively transferred onto thecarbon, affording
optically actives-siloxy aldehyde3g, a key intermediate for the
synthesis of L-type calcium channel blockers such as emogamil,
in 85% yield with minimal racemizatioH.

In summary, catalytic and regio- and stereoselective rearrange-
ment of epoxided to aldehydes via alkyl migration (route B in
Scheme 1) can now be realized using a high-valent metalloporphyrin
complex, Cr(TPP)OTHf, in low catalyst loading{20 mol %). The
yield and regio- and stereoselectivity of the catalytic process are
generally good to high and almost fully comparable to those of the
corresponding reactions done stoichiometrically in MABRhis
Cr(TPP)OTf-catalyzed reaction is, in combination with the Sharpless
epoxidation of allylic alcohols, especially appropriate for the
synthesis of optically activg-siloxy aldehydes from 2,3-epoxy silyl
ethers. Moreover, the present catalytic method complements our

previously reported Fe(TPP)X (X= OTf or ClOy)-catalyzed
isomerization of epoxide% into ketone< via hydrogen migration
(route A in Scheme 1} ketone<2 and aldehyde3 can selectively

be prepared from epoxidésn a highly controlled manner by means

of a simple choice of Fe(lll) and Cr(lll) central metal ions of the
porphyrin catalysts. Elucidation of the precise mechanism for the
present rearrangement and other uses of the Cr(TPP)OTTf catalyst
in synthetic chemistry are now under active investigation.
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