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Abstract

Enantioselective 1,3-dipolar cycloaddition of the ester-carbonyl ylides derived from methyl 2-(diazo-
acetyl)benzoate and 3-(diazoacetyl)-2-naphthoate with dipolarophiles has been e�ected with the aid of
dirhodium(II) tetrakis[N-phthaloyl-(S)-tert-leucinate], a�ording cycloadducts in up to 93% ee. # 2000
Elsevier Science Ltd. All rights reserved.

Copper or dirhodium(II) complex-catalyzed decomposition of a-diazo ketones tethered to a
carbonyl group represents one of the most facile methods for the generation of cyclic carbonyl
ylides.1 Initially demonstrated by the Ibata group with copper catalysts,2 the tandem carbonyl
ylide formation and 1,3-dipolar cycloaddition methodology extensively advanced by the Padwa
group with dirhodium(II) carboxylate catalysts is rapidly becoming recognized as a potentially
powerful means for the construction of highly substituted oxygen-containing heterocycles.3

Toward the development of a catalytic enantioselective version of this process,4 we have recently
found that tandem formation of the carbonyl ylides from a-diazo ketones 1 and 1,3-dipolar
cycloaddition with dimethyl acetylenedicarboxylate (DMAD) under the in¯uence of Rh2(S-
BPTV)4 incorporating N-benzene-fused phthaloyl-(S)-valine as a bridging ligand gives cyclo-
adducts 3 in good yields and with up to 92% ee (Eq. (1)).5 The high levels of enantioselection in
the tandem reactions provide strong support for the intermediacy of the chiral rhodium(II)-
associated carbonyl ylides 2 in the cycloaddition step.6,7 Herein, we report that the original
protocol can be extended to 1,3-dipolar cycloadditions via ester-derived carbonyl ylide formation
from some selected a-diazo ketones,8 in which Rh2(S-PTTL)4 has proven to be the catalyst of
choice for achieving high enantioselectivities of up to 93% ee.
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At the outset, we explored reactions of a-diazo ketones 4 and 6 tethered to an ester group in the
presence of DMAD under the previously optimized conditions, using 1 mol% of Rh2(S-BPTV)4
in benzotri¯uoride. In stark contrast to the results with a-diazo ketones 1, it was found that the
reaction of 4 a�orded cycloadduct 5 of 14% ee, together with a complex mixture of products (Eq.
(2)), with none of cycloadduct 7 being detected in the latter reaction (Eq. (3)). These disappoint-
ing results might be explained by the generally held view that the carbonyl group of an ester is
much less reactive toward carbonyl ylide formation than that of a ketone.1 In this respect, of
particular interest is the pioneering work of Ibata and co-workers.2 They demonstrated that the
ester-derived carbonyl ylide from Cu(acac)2-catalyzed decomposition of methyl 2-(diazo-
acetyl)benzoate (8) can be trapped by various dipolarophiles, usually in good yields. Patterned
after the original work of Ibata, we thus examined Rh2(S-BPTV)4-catalyzed carbonyl ylide
formation from 8 and subsequent cycloaddition with DMAD. Indeed, we were grati®ed to
observe that the tandem reaction proceeded smoothly to provide cycloadduct 10, ���24D +169 (c
0.95; CHCl3), in 72% yield with 62% ee (Table 1, entry 7).9 At this stage, we evaluated the
abilities of two classes of dirhodium(II) carboxylate catalysts incorporating N-phthaloyl- and N-
benzene-fused phthaloyl amino acids shown in Fig. 1.12 While a consistent sense of enantio-
selection was observed in all cases, percentage ee values were dependent on the catalyst. It is
worthy of note that enantioselectivities were in¯uenced more markedly by the alkyl group of
amino acids than by the choice of N-phthaloyl- or N-benzene-fused phthaloyl groups. Of these
catalysts, Rh2(S-PTTL)4 and Rh2(S-BPTTL)4, characterized by a bulky tert-butyl group, proved
to be the catalysts of choice for displaying reasonable degrees of enantioselectivity (74% and 72%
ee, Table 1, entries 4 and 8).13,14

Table 1
Chiral dirhodium(II) complex-catalyzed 1,3-dipolar cycloaddition of 8 with DMAD

5932



�2�

�3�

Using 8 as an ester-derived carbonyl ylide precursor and Rh2(S-PTTL)4 as a catalyst, we next
explored the e�ect of dipolarophiles on the enantioselectivity (Scheme 1). To our surprise,
switching the dipolarophile from DMAD to ethyl and tert-butyl esters of acetylenedicarboxylic
acid markedly decreased product yields, as well as enantioselectivities (46% and 25% ee).17 The
reaction with dimethyl fumarate gave cycloadducts 132b in 60% yield as a 1:1 mixture of 6-exo-7-
endo- and 6-endo-7-exo isomers, with 77% and 4% ee, respectively.17 On the other hand, the use
of dimethyl maleate or maleic anhydride resulted in a complex mixture of products. While the
mechanistic pro®le is not clear, these results clearly indicate that the steric nature of dipolar-
ophiles profoundly in¯uences the enantioselectivity as well as the cycloaddition e�ciency.18

Finally, we extended the present protocol to the closely related a-diazo ketones, methyl 3-
(diazoacetyl)-2-naphthoate (14) and methyl 2-(diazoacetyl)-1-naphthoate (16) (Eqs. (4) and (5)).
Gratifyingly, the reaction of 14 with DMAD in the presence of 1 mol% of Rh2(S-PTTL)4
proceeded quite smoothly to produce cycloadduct 15 in 71% yield with 93% ee,17,19 whereas that

Figure 1.

Scheme 1.
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of 16 under similar conditions gave cycloadduct 17 in 27% yield with 57% ee.17 These results
suggest that the shape of the aromatic backbones connected with the two functionalities in a 1,2
fashion is one of the most critical factors for success in this methodology.

�4�

�5�

In summary, we have succeeded in catalytic, enantioselective tandem cyclization±intermolecular
cycloaddition of a-diazo ketones tethered to an ester group by the use of Rh2(S-PTTL)4, albeit
with limited substrates and dipolarophiles. High levels of enantioselectivity (up to 93% ee) with
this system have again demonstrated that chiral dirhodium(II) catalysts are intimately bound to
carbonyl ylides during the cycloaddition process.
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