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Abstract. Intramolecular cyclopropanations of diastereomeric, secondary allylic diazoacetates were carried out
in the presence of an achiral copper catalyst, Cu(TBS);, and the chiral rhodium catalysts Rh[5(5)-MEPY]4 and
Rh3[5(R)-MEPY]4 to give diastereomeric cyclopropyl lactones in ratios that varied with catalyst and
stereochemistry of the starting material. © 1998 Elsevier Science Ltd. All rights reserved.

As part of a general program to prepare and evaluate cyclopropane containing pseudopeptides,! it has been
necessary to develop efficient methods for the asymmetric synthesis of a diverse array of substituted
cyclopropanes. One of the best entries to such compounds is via the asymmetric intramolecular cyclopropanations
of allylic diazoacetates using the chiral thodium catalysts Rha[5(S)-MEPY]4 and Rhy[5(R)-MEPY14.2 During the
course of these studies, we became interested in the cyclizations of allylic diazoacetates derived from chiral
secondary allylic alcohols in the presence of these chiral rhodium catalysts as well as the achiral copper catalyst
bis(N-tert-butylsalicylaldiminato)copper(I) [Cu(TBS);].3 We have further extended these latter investigations
and now report the findings of a study of the stereoselection in the intramolecular cyclopropanations of the series
diastereomeric, secondary allylic diazoacetates 3a,b and 5a,b in the presence of [Cu(TBS)31, Rhy[5(S)-MEPY]4
and Rhy[5(R)-MEPY]4.
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The synthesis of the starting allylic diazoacetates commenced with the known propargyl alcohol 1, which
is available in three steps and good overall yield from D-arabitol (Scheme 1).4 The terminal position of the alkyne
1 was arylated with iodobenzene, in the presence of catalytic Pd(PPh3)4 and Cul in pyrrolidine to give 2, which
was converted into the epimeric alcohol 4 by a modified Mitsunobu protocol developed in our laboratories.5:6
Stereoselective reduction of 2 with either Red-Al or P2-Ni gave intermediate E- or Z-alkenes,”-8 respectively,

which were then converted by the Corey-Myers procedure into the corresponding erythro allylic diazoacetates
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3a,b in good overall yields.9 Similarly, the alcohol 4 was transformed in good overall yields into the threo
allylic diazoacetates Sa,b. With the appropriate substrates in hand, we were then able to examine the
intramolecular cyclopropanation reactions.

The allylic diazoesters 3a,b were first subjected to thermal decomposition in the presence of catalytic
amounts of [Cu(TBS)2], Rh2[5(S)-MEPY]4 and Rhy[5(R)-MEPY]4 to afford mixtures of the corresponding exo-
and endo-adducts 6a,b and 7a,b in the combined yields presented in Table 1 (eqn. 1).10:11 Similarly, the
stereoisomeric diazoacetates Sa,b were cyclized with catalytic amounts of Cu(TBS);, Rha[5(S)-MEPY]4 or
Rhy[5(R)-MEPY]4 to furnish mixtures of the exo- and endo-adducts 9a,b and 10a,b, respectively, in the
combined yields shown in Table 1 (eqn. 2). The diastereomeric mixtures were separated either by flash
chromatography or by HPLC to give the pure adducts. The lactones 8a and 8b were formed during the catalyzed
decomposition of 3a and 3b, respectively, in the presence of Rha[5(S)-MEPY]4. Although 8a was a minor
product from 3a, 8b was isolated in 72% yield from 3b. These lactones arise, at least in part, from a
stereochemical "mismatch” between the chiral substrate and the chiral rhodium catalyst via insertion of the putative
metallocarbene into the activated carbinol C-H bond, a reaction known to occur in saturated systems. 12
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The ratios presented in Table 1 reveal a number of trends concerning the cyclopropanation of substrates
3a,b and 5a,b in the presence of the achiral copper and chiral rhodium catalysts. When Cu(TBS); was
employed as the catalyst, the exo diastereomer was favored in all cases, suggesting that neither the stereochemistry
of the carbon-carbon double bond nor the stereochemical relationship between the two stereogenic centers greatly
affects the stereochemical course of the reaction. As we had observed in previous work,3 the primary determinant
of the course of the cyclizations of 3a,b and 5a,b in the presence of the chiral rhodium catalysts Rha[(5R)-
MEPY], and Rhy[(55)-MEPY]y is the stereochemical relationship between the configurations at the stereogenic
center in the catalyst and at the allylic center in the diazoacetate. Thus, matched interactions between the chiral
catalyst and substrate were observed for the cyclopropanations of 3b with Rha[(5R)-MEPY]4 and 5b with
Rhy[(58)-MEPY 14, while 'mismatched’ interactions occurred when the enantiomeric rhodium catalysts were

Table 1. Intramolecular Cyclopropanations of Allylic Diazoacetates 3a,b and 5a,b
with Cu(TBS),, Rh2{(55)-MEPY]4, and Rhz[(5R)-MEPY]42
Substrate Catalyst Exo Endo Combined YieldP
6a 7a
Cu(TBS); 4 1 43
3a Rho[(55)-MEPY]4 2 1 64C
Rh2[(5R)-MEPY1]4 1 4 87
6b 7b
Cu(TBS); 4 1 45
3b Rho[(55)-MEPY 4 1 - 2d
Rhy[(5R)-MEPY14 1 10 70
9a 10a
Cu(TBS); 5 1 89
5a Rha[(55)-MEPY]4 1 3 83
Rhy[(SR)-MEPY]4 2 1 66
9b 10b
Cu(TBS); 5 1 64
5b Rhz[(55)-MEPY]4 1 20 56
Rh2[(5R)-MEPY]4 1.5 1 69

3Product ratios determined by 500 MHz 1H NMR analysis of the crude product mixtures.
bYields of combined exo and endo products.

CThe lactone 8a was isolated in 30% yield.

9The lactone 8b was isolated in 72% yield.
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employed. In some mismatched cases, C-H insertion may become the major reaction pathway as illustrated by the
observation that the Rh3[(55)-MEPY]4-catalyzed cyclization of 3a,b gave the lactones 8a,b in significant
quantity. This tendency toward C-H insertion was not observed with the threo series 5a,b. The intramolecular
cyclopropanations of the Z-disubstituted olefinic substrates 3b and 5b in the presence of the chiral rhodium
catalysts were more selective than those of the corresponding E-disubstituted substrates 3a and Sa.

In conclusion, the methodology presented here demonstrates that a certain degree of selectivity in the
cyclopropanation of secondary allylic diazoesters can be obtained depending upon the stereochemical features of
the substrate and the catalyst. Significantly, the stereochemical course of the cyclizations of 3a,b and 5a,b in the
presence of an achiral catalyst can be reversed with a matched chiral rhodium catalyst. The application of these
discoveries to the synthesis of constrained pseudopeptides will be reported in due course.
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