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Abstract - Dirhodium(I1) tetrakis[3(S)-phthalimido-2-piperidinonate] catalyzes 

cyclopropanation of a-methylstyrene with d-menthyl diazoacetate to give d- 

menthyl (lS,2S)-2-methyl-2-phenylcyclopropan~ of 90% de. 

The design and development of asymmetric catalysts to induce a high level of enantioselection in carbon- 

carbon bond forming reactions have been the subject of intensive investigations in organic synthesis.' 

Our efforts in this area have led to the development of dirhodium(I1) tetrakis[N-phthaloyl-(S)- 

phenylalaninate], Rhz[(S)-PTPA14, for intramolecular C-H insertion reactions of a-diazocarbonyl 

compounds,2 the efficacy of which has been demonstrated by the construction of optically active 

cyclopentanone, Zindanone, and 2-azetidinone derivatives with up to 95% ee, and also rationalized by 

evaluating an asymmetric environment at the rhodium(I1) carbene center featured by the two protruding 

phthalimido walls. As a logical extension of our efforts directed toward the development of 

dirhodium(I1)-catalyzed enantioselective carbene  transformation^,^ our interest was centered on 

asymmetric cyclopropanation reactions. 

Since the pioneering work of Nozaki and Noyorid with chiral Cu-salicylaldimine complexes as catalysts 

in 1966, there have been devised a tremendous number of asymmetric cyclopropanation catalysts 

including cobalt.5 copper$ mthenium.7 and rhodium8 complexes of rationally designed chiral ligauds. 

Of these catalysts, c h i d  copper catalysts bearing C2-symmetric nitrogen ligands9 such as ~ e m i c o n i n e , ~ ~  

bi~(oxazoline),~~,e bis(imidazoline)6f and bipyridines6g have prsoven to be by far the most successful for 

asymmetric cyclopropanations of various olefins with achiral diazoacetates (up to 99% ee). while 

dirhodium(I1) tetrakis[methyl 2-pyrrolidone-5(S)-carboxylate],8C Rh2[5(S)-MEPY14, the rhodium catalyst 

of choice developed by Doyle offers a notable advantage for the intramolecular asymmetric 

cyclopropanations of allylic and homoallylic dimacetate@ but neither with the corresponding alkenyl- 

diazoketonesgb nor with intermolecular cyclopropanations as ahove.8a We now wish to introduce 

7 Dedicated to the memory of the late Dr. Yoshio Ban, Professor Emeritus of Hokkaido University 
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dirhodium(I1) tetrakis[3(S)-phthalimido-2-piperidinonate as one of a new family of dirhodium(I1) 

catalysts, the potentiality of which is descrihed herein. 

At the outset, Rhz[(S)-PTPAIq was applied to cyclopropanation of styrene with ethyl diazoacetate (la). 

In the presence of 2 mol % of the catalyst, the reaction proceeded smoothly (CH2Clz.O "C, 1 h) to give 

ethyl trans- and cis-2-phenylcyclopropanecarboxylates (2a) and (3a) in a ratio of 55:45 and with very low 

enantioselectivities (2% ee each).lO On this disappointing result, we speculated that a reactivity of 

"9 + A 
CH2Ph 

N,&CO,E~ l a  R~Z(OZC-! o 14 

"/= Rb[(S)-PTPAj4 (2 rnol%) C02Et COzEt 
CH2C12, 0 "C, 1 h 2a 3a 

2% ee 2% ee 
78% 

o''q-J 
RbK5)-PTPAl4 

the rhodium(I1) carbene complex, a putative reactive intermediate, might be too high to exhibit 

enantioselectivity. In this respect, it has recently been disclosed that electronic effects as well as steric 

influences of the bridging ligands of dirhodium(I1) catalysts can switch site- or chemoselectivities in 

competitive carbene transfonnations.ll We thus reasoned that dirhodium(I1) carboxamidate catalysts 

would generate less reactive hut more discriminating carbene complexes for olefins than those derived 

4 
H 

PhCI. reflux. 8 h 

from dirhodium(I1) carboxylate catalysts through a stronger hackbonding from rhodium to the carbene 

carbon.12 To this end, we chose 3(S)-phthalimido-2-piperidinone (4)13 as the bridging ligands, in which 

the phthalimido group was expected to serve as an enantiocontroller from the previous studies? 

Dirhodiurn(I1) tetrakis[3(S)-phthalimido-2-piperidinonate (5)l6 was prepared by ligand exchange 

between Rhz(0Ac)d and 4 under the conditions of ~ o ~ l e , 8 c  the spectroscopic data of which demonstrated 

that two oxygen and two nitrogen donor atoms were bonded to each octahedral rhodium in a cis 

configuration as expected from Doyle's M~[~(S) -MEPY]~ .~C 
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Table 1. Asymmetric Cyclopropanation of Styrene w ~ t h  Alkyl Diazoacelates Catalyzed by 
Dihodium(ll) Tetrakk[3(S).phthalimido-2-piperidinonate] 

diioacetate 1 franocyclopmpane 2' cscyclopropane 3b 
entry R %yield [ay20 deg (c. CHCh) % eec % y~eld [alPo deg (c. CHC$) % eec 

. . - . ,  
6 Ifdmenthyl 57 +222.6' (1.13) 8) 22 ~46.2' (1 .00) 83 

a The absolute configurations of 2 were determined to be 1S.25 by comparison of the sign of optical 
mtatwn of the corresponding alcohol with that of the lowvn compound." bThe absolute configurations of 
3 were determined to be 1 S,2R bv comparison of the siqn of optical rotation of the corresponding alcohol 
wi(h [hat of the lorown cornpout& T ~ktani .  Y Nakanihi. and H Nozaki.Tetmhedmn, 1970. 26r1675. 
Determined by hplc (Daicel Chiralcel OJ) after conversion into the corresponding alcohol. 

Asymmetric cyclopropanation reaction was performed by addition of a solution of the diazoacetate (1) 

(0.85 mmol) in CHzC12 (2 ml) through a syringe pump over 3 h to a refluxing CHzC12 (2 ml) solution of 

the catalyst (5) (1 mol %) and 5 equiv of styrene. After a standard work-up, the corresponding trans- and 

cis-2-phenylcyclopmpan~carboxylates (2) and (3) were separated by silica gel column chromatography, 

which were reduced with LiAIH4 to the corresponding known alcohols to determine the preferred 

absolute configurations and enantioselectivities. The results are summarized in Table 1, which 
demonstrates several characteristic features of this novel catalyst. 

As might be expected, the catalyst (5) exhibited even higher enantioselectivities with la than Rhz[(S)- 

PTPAIj (entry I). It has been well recognized that enantioselectivities and translcis ratios in catalytic 

asymmetric cyclopropanation can be improved with an increase in the steric bulk of the ester akyl  group 

of diazoacetates.5-9 With respect to the enantioselectivities. the general trend was observed with the 

ethyl, terr-butyl, and 2,4-dimethyl-3-pentyl diazoacetates ( l a c )  (entries 1-3). However, with the more 

sterically demanding 2.3.4-trimethyl-3-pentyl diazoacetate (ld),8a further enhancement of 

enantioselectivities could not be attained (entry 4). On the other hand, the translcis selectivities were 

modest in every case, with the trans-isomer slightly favored, as suggested by those with Rh2[5(S)- 

MEPY14 and its ~ o n ~ e n e r s . ~ ~ , ~ , f  The use of the enantiomeric menthyl diazoacetates (le,f) resulted in a 

slight effect on double stereodifferentiation, in which the matched pair incorporating d-menthyl 

diazoacetate (If) improved the enantioselectivity to 89%. the highest value reported to date for this 

reaction with the dirhodium(I1) catalysts.8a,e,f 

The stereochemical outcome of the present cyclopropanation may be explained by the operational model 

proposed originally by Pfaltz6c and a little later by ~ o ~ l e 8 b . e  with asymmetric cyclopropanations 
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catalyzed by (semicorrinato)copper(I) complex and Rh2[5(S)-MEPY14, respectively.17 The chiral 

environment around the rhodium(I1) center can be divided into four quadrants, of which two are occupied 

by the protruding phthalimido group at the stereogenic center of the piperidinonate ligands. In 

consequence, the putative rhodium(II) carbene intermediates (A) and (B) can be presented as two low- 

energy conformations, in which the ester group is accommodated in the less crowded quadrant. The 

rhodium(I1) carbene (A) allows the attack of styrene predominantly at the less congested si-face, in which 

the p orbital of the carbene interacts with the less substituted center of styrene so that the more substituted 

end points far away from the rhodium atom, leading to the formation of the trans-cyclopropane with the 

observed (lS.2S)-configuration. When the attack of styrene to the less hindered re-face of the 

rhodium(JI) carbene (B) takes place, a repulsive steric interaction builds up between the ester group and 

the phthalimido group during pyramidalization of the involved carbon centers. Therefore, this pathway 

via B is disfavored. With regard to the translcis ratios, modest selectivities may be understood by 

assuming that the present cyclopropanation has early transition state and so the steric interaction between 

the ester group and the phenyl substituent is weak. 

The asymmetric cyclopropanation catalyzed by 5 can be extended to 1.1-disubstituted olefins, in which 

the stereochemical outcome is predictable based on the above model. The cyclopropanation of 1.1- 

Fh mO1%) Fhp,L b LiLIH.. THF - Fh$,:% 
N, A CH2CI2, reflux, 3 h Fh 

"2 i reflux. 2 h ~h .-OH 

diphenylstyrene with d-menthyl diazoacetate (If) under the foregoing conditions furnished d-menthyl (5')- 

2.2-diphenylcyclopropanecarhoxylate (6) in 81% yield and in 84% de.I8 With a-methylstyrene, the 

trans-cyclopropane (8) of 90% de and the cis-cyclopropane (9) of 74% de were obtained in 40% and 23% 

yields, respectively.lg 
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In conclusion, we have demonstrated that dirhodium(I1) tetrakis[3(S)-phfialimido-2-piperidinonate (5) is 

a highly promising chiral catalyst for asymmetric cyclopropanation reactions. Further studies on the 

scope and potency of this catalyst are currently in pmgress. 

ACKNOWLEDGMENT 

This research was supported in part by grants from Japan Research Foundation for Optically Active 

Compounds, Tanabe Seiyaku Co. Ltd., Ciba-Geigy Foundation (Japan) for the Promotion of Science, and 

the Science and Technology Agency of the Japanese Government. 

REFERENCES AND NOTES 
1. For recent hooks, see: (a) 'Catalytic Asymmetric Synthesis,' ed. by I. Ojima, VCH, New York, 1993. 

(h) R. Noyori, 'Asymmetric Catalysis in Organic Synthesis,' John Wiley & Sons, New York, 1994. 
2. (a) S. Hashimoto, N. Watanabe, and S. Ikegami, Tetrahedron Lett., 1990, 31, 5173. (h) S. 

Hashimoto, N. Watanabe, M. Sato, M. Shiro, and S. Ikegami, Tetrahedron Len., 1993,34,5109. (c) 
S .  Hashimoto, N. Watanabe, K. Kawano, and S. Ikegami, Synth. Comm, 1994.24, 3277. (d) N. 
Watanahe, M. Anada, S. Hashimoto, and S. Ikegami, Synlett, 1994, 1031. (e) N. Watanabe, Y. 
Ohtake, S. Hashimoto, M. Shiro, and S. Ikegami, Tetrahedron Len., 1995.36, 1491. 

3. For recent reviews, see: (a) T. Ye and M. A. McKervey, Chem Rev., 1994,94, 1091. (b) A. Padwa 
and D. J. Austin, Angew. Chem, Int. Ed. Engl., 1994.33, 1797. 

4. H. Nozaki, S. Moriuti, H. Takaya, and R. Noyori, Tetrahedron Lett., 1966,5239. 
5. A. Nakamura, A. Konishi, R. Tsujitani, M. Kudo, and S. Otsuka, J. Am. Chem Soc., 1978, 100, 

3449. 
6. (a) T. Aratani, Pure Appl. Chem., 1985.57, 1839. (h) S. A. Matlin, W. J. Lough, L. Chan, D. M. H. 

Abram, and Z. Zhou, J. Chem. Soc., Chem Commun., 1984,1038. (c) H. Fritschi, U. Leutenegger, 
and A. Pfaltz, Helv. Chim Acta, 1988, 71, 1553. (d) R. E. Lowenthal, A. Ab io ,  and S. Masamune, 
Tetrahedron Lett., 1990.31, 6005. (e) D. A. Evans, K. A. Woerpel, M. M. Hinman, and M. M. 
Faul, J. Am Chem Soc., 1991,113,726. (0 U. Leutenegger, G. Umbricht, C. Fahmi, P. von Matt, 
and A. Pfaltz, Tetrahedron, 1992, 48,2143. (g) K. Ito and T. Katsuki, Tetrahedron Lett., 1993.34, 
2661. (h) S. Kanemasa, S. Hamura, E. Harada, and H. Yamamoto, Tetrahedron Lett., 1994,35, 
7985. 

7. H. Nishiyama, Y. Itoh, H. Matsumoto, S:B. Park, and K. Itoh, J. A m  Chem Soc., 1994,116,2223. 



542 HETEROCYCLES. Vol. 42, No. 2,1496 

8. (a) M. P. Doyle, B. D. Brandes, A. P. Kazala, R. J. Pieters, M. B. Jarstfer, L. M. Watkins, and C. T. 
Eagle, Tetrahedron Lett., 1990.31, 6613. (b) M. P. Doyle, Recl. Trav. Chim. Pays-Bas, 1991, 110, 
305. (c) M. P. Doyle, W. R. Winchester, J. A. A. Hoorn, V. Lynch, S. H. Simonsen, and R. Ghosh, 
J. Am. Chem Soc., 1993, 115,9968. (d) M. P. Doyle, R. E. Austin, A. S. Bailey, M. P. Dwyer, A. 
B. Dyatkin, A. V. Kalinin, M. M. Y. Kwan, S. Liras, C. J. Oalmann, R. J. Pieters, M. N. 
Protopopova, C. E. Raab, G. H. P. Roos, Q.-L. Zhou, and S.  F. Martin, J. Am. Chem Soc., 1995, 
117,5763. (e) M. P. Doyle, M. N. Protopopova, B. D. Brandes, H. M. L. Davies, N. J. S. Huby, and 
J. K. Whitesell, Synlett, 1993, 151. ( f )  P. Miiller, C. Baud, D. En&, S. Motallebi, M. P. Doyle, B. D. 
Brandes, A. B. Dyatkin, and M. M. See, Helv. Chim Acta, 1995,78, 459. (g) H. M. L. Davies and 
D. K. Hutcheson, Tetrahedron Lett., 1993.34.7243. (h) J. L. Maxwell, S. O'Malley, K. C. Brown, 
and T. Kodadek, Organometallics, 1992.11.645. 

9. For recent reviews, see: (a) C. Bolm, Angew. Chem, Int. Ed  Engl., 1991,30,542. (b) A. Togni and 
L. M. Venanzi, Angew. Chem, Int  Ed. Engl., 1994,33,497. 

10. Chiral Rh(I1) carboxylates-catalyzed cyclopropanations of styrene with diazoacetates have been to 
date unsuccessful, see: (a) H. Bmnner, H. Kluschanzoff, and K. Wutz, Bull. Soc. Chim Belg., 1989, 
98.63. (b) H. M. L. Davies and D. K. Hutcheson, Tetrahedron Lett., 1993,34,7243. 

11. (a) S. Hashimoto, N. Watanabe, and S. Ikegami, Tetrahedron Lett., 1992, 33, 2709. (b) S. 
Hashimoto, N. Watanabe, and S. Ikegami, J. Chem. Soc., Chem Commun., 1992, 1508. (c) A. 
Padwa, D. J. Austin, A. T. Price, M. A. Semones, M. P. Doyle, M. N. Protopopova, W. R. 
Winchester, and A. Tran, J. Am Chem. Soc., 1993,115,8669. 

12. M. C. Pirmng and A. T. Morehead, Jr., J. Am Chem Soc., 1994,116,8991. 
13. The ligand (4) was prepared by phthalylation of 3(S)-amin0-2-~i~eridinonel4: mp 169-171 "C 

(decornp.) (MeOH); [ a l Z 2 ~  -46.7' (c 1.1 1, CHCl3) [ lit.,15 mp 167 OC (decornp.); [ ~ J ~ ~ D  -36.5' (c 
1 .O, CHCl3)I. 

14. M. Oklobdzija. G. Cornisso, E. Decorte, T. Fajdiga, G. Gratton, F. Moimas, R. Toso, and V. Sunjic, 
J. Heterocyclic. Chem, 1983,20, 1329. 

15. A. A. Belyaev and E. V. Krasko, Synthesis, 1991,417. 
16. The complex (5) was purified by recrystallization from THF-MeCN (1:l vlv) to afford THF-MeCN 

adduct, which was dried in vacuo at 100 OC for 24 h to give the axial ligand free complex: mp > 300 
OC; [ C Z I ~ ~ D  -234.3' (c 0.11, CH3CN); ir (CHC13) 1712, 1620, 1392 cm-1;IH nmr (270 MHz, 
CDCl3) 6 1.71-2.21 (m, 12H). 2.68-3.41 (m, IOH), 3.75 (m, 2H), 4.69 (dd, J = 3.6,8.8 Hz, 2H), 5.76 
(dd, J = 4.8, 8.8 Hz, 2H), 7.61-8.12 (m, 16H); 13C nrnr (68 MHz, CDC13) 6 22.8 (CH?), 23.9 
(CHz), 25.5 KHz), 26.1 (CHz), 48.2 (CH), 49.7 (CH), 51.2 (CHz), 51.3 KHz), 122.6 (CH). 123.5 
(CH), 132.2 (CH), 132.7 (CH), 133.2 (CH), 133.2 (C), 133.5 (C), 167.3 (C), 172.8 (C), 173.8 (C); 
HR-ms(FAB) calcd for C5zH44N8012Rh2 1178.1 189, found 1178.1 182. Anal. Calcd for 
CS~H44NcjO12Rh2.2H20: C, 51.41; H, 3.98; N, 9.22. Found: C, 51.32; H, 3.91; N, 9.02. Both the 
IH and I3C nmr spectra, with two signals (6 4.69 and 5.76) for the proton at the sterwgenic center 
and two sets of signals for each carbon, suggest the (2,2-cis) geometry. 

17. For a review discussing proposed mechanisms of cyclopropanations via metal-carbenes, see: M. 
Bmokhart and W. B. Studabaker, Chem Rev., 1987,87,411. 

18. The sense and extent of the double diastereoselection was determined based on 7 by hplc analysis 
and comparison of the sign of optical rotation with the known alcohol. F. J. Impastato and H. M. 
Walborsky, J. Am Chem Soc., 1962,84,4838. 

19. The diastereomeric excesses were determined by hplc analysis of the corresponding alcohols (10) 
and (11). The preferred absolute configurations of the cis-isomer (9) were determined by converting 
to the known dicarboxylic acid. T. Polonski, M. J. Milewska, and A. Katrusiak, J. Org. Chem., 
1993,58,3411. 

Received, 16th August, 1995 


