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Abstract

Enantiomerically pure vinylcyclopropanes were synthesized from selective palladium-catalyzed and copper-
mediated SN2’ nucleophilic reactions of chiral cyclopropy! lactones. © 1999 Elsevier Science Ltd. All rights
reserved.

As part of ongoing investigations directed toward inventing methods for the enantioselective synthesis
and elaboration of cyclopropanes,! we have developed a general approach to enantiomerically pure vinyl
cyclopropanes that features the palladium- and copper-mediated SN2’ openings of selected cyclopropyl
vinyl lactones. Because vinyl cyclopropanes have recently been exploited as intermediates for the
construction of fused [5.3.0] and [5.4.0] bicyclic ring systems,> methods for the concise synthesis of
enantiomerically pure vinyl cyclopropanes could find application in the synthesis of a variety of natural
products.

The cyclopropyl vinyl lactone 1 (>94% ee), which is readily available by asymmetric cyclopropanation
of the diazoester of divinyl carbinol,®> underwent palladium-catalyzed displacement by a variety of
nucleophiles to furnish vinyl cyclopropanes (E,Z)-2a-g together with smaller amounts of the allyl
cyclopropanes 3a-g (Scheme 1 and Table 1). For example, stabilized carbon (entries 1-4), oxygen (entry
5), and nitrogen (entries 6,7) nucleophiles induced the SN2' opening of the lactone ring. The E-isomer
was the major SN2’ product,4 and in those cases wherein a mixture of SN2’ and Sn2 products was formed
(entries 3,4,6), the SN2’ product dominated.?

Oy H H
JequivNu HOC HO2C
—re +
0.05 equiv | Nu u
Pd(PPh3)4 Nu H P
1 (E, 22a-g 3a-g
Scheme 1.

* Corresponding author. E-mail: sfmartin@mail.utexas.edu

0040-4039/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PI11: S0040-4039(99)01390-8



6722

Table 1
Pd(0)-catalyzed reactions of cyclopropyl vinyl lactone 1 with nucleophiles'®
Entry nucleophile conditions product | yield (%)2 | 2E:2Z:3
1 Na  MeO,C~ CO,Me it, 43 h, THFb 2a 76 100:0:0¢
+ MeO,Cg Ph
2 | ™ Meoxm ~— reflux, 10 min, THF 2b 87 95:5:0
3 Na® Pho2s” “CosMe 50 °C, 7 h, THF 2cd 49 89:0:11
4 Na' N cozme it, 1 h, THF 24d 63 86:9:5
(@)

5 e .

Na' reflux, 5 min, THFb.e 2e 78 90:10:0
6 TMSN3 i, 1 h, CH,Cl,f8 2f 81 89:9:2
7 ( NH reflux, 70 min, CH,CLfh | 2¢ 82 80:20:0

Combined yield of all adducts isolated. With 0.5 equiv PPh3. ‘Ratios determined from
analysis of crude H NMR spectra. 91:1 mixture of diastereomers from the stereocenter on the
site of attack. 1.2 equiv nucleophile. 10.1 equiv Pd(PPh3)s. 81.5 equiv nucleophile. hIsolated
as the methyl ester after treatment with SOCly in MeOH.

Although a number of different stabilized enolates were well suited as nucleophilic partners in these
reactions, identifying effective nitrogen nucleophiles was somewhat more difficult. For example, a variety
of simple amino group equivalents failed to induce lactone opening of 1 via a Pd(PPh;3)4-catalyzed SN2’
reaction; these include HN(Boc), in THE/DMEF.,® TsNH; in THF/DMSO,’ and potassium phthalimide in
THF. Sodium azide in aqueous THF gave a trace amount of the SN2’ azido acid product 2f after 24 h at
50°C.3 A modification of this procedure using TMSN3 in anhydrous CH,Cl, gave azido adducts in 81%
yield.” When secondary amines such as piperidine were employed as nucleophiles, the reaction to form
the amino acid product 2g was found to be highly solvent dependent. For example, use of acetonitrile as
solvent did not provide as high a yield as methylene chloride, and there was no observable reaction in
refluxing THF.

We also examined the copper-mediated Sn2’ reactions of lactone 1 with a number of lower and higher
order cyano organocuprates as illustrated in Scheme 2.!! Primary and tertiary alkyl groups as well as
aromatic rings could be transferred to 1 to give the corresponding vinyl cyclopropanes 4a—c in excellent
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yields. As with the Pd-catalyzed reactions, the geometry of the double bond in the products 4a—c
was predominantly E, although the reactions with tertiary alkyl and aryl cuprates appeared to be less
stereoselective. This preference for the formation of E olefins in cuprate reactions on similar substrates
has been observed previously.'?

Owing to an interest in preparing more highly substituted and functionalized vinyl cyclopropanes,
we examined the Sn2’ reactions of the iodo cyclopropane 6, which was conveniently prepared by the
Pd(0)-catalyzed isomerization of the known lactone 5% (Scheme 3). It is notable that both palladium-
and copper-mediated allylic SN2’ carboxylate displacements can be executed on 6 to give compounds
such as 7 and 8 without deleterious reaction or reductive cleavage of the cyclopropyl iodide function.
This selectivity then allows for subsequent manipulation of the cyclopropyl iodide to introduce a
variety of carbon substituents onto the cyclopropane ring, thereby generating a diverse class of highly
functionalized compounds bearing a rigid interior core.!3
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In summary, we have demonstrated that enantiomerically pure vinyl cyclopropanes can be generated by
palladium-catalyzed SN2’ reactions of chiral cyclopropyl vinyl lactones; cyano organocuprates also react
with these cyclopropyl vinyl lactones to give the products of SN2’ opening of the lactone moiety. While
the Pd-mediated reaction could be performed with stabilized nucleophiles, the cuprate reaction allowed
for the complementary formation of vinyl cyclopropanes from unstabilized carbanions. However, unlike
the palladium reactions, none of the cuprate reactions afforded isolable amounts of products arising from
Sn2 attack. Studies in the application this method to the synthesis of natural and unnatural products will
be reported in due course.

Acknowledgements

We are grateful to Pfizer Central Research (Groton, CT) and the National Institutes of Health for
generous support of this research.

References

1. (a) Martin, S. F.; Austin, R. E.; Oalmann, C. J.; Baker, W. R.; Condon, S. L.; DeLara, E.; Rosenberg, S. H.; Spina, K. P.;
Stein, H. H.; Cohen, J.; Kleinert, H. D. J. Med. Chem. 1992, 35, 1710-1721. (b) Martin, S. F.; Oalmann, C. J.; Liras, S.
Tetrahedron 1993, 49, 3521. (c) Martin, S. F; Dorsey, G. O.; Gane, T.; Hillier, M. C.; Kessler, H.; Baur, M.; Matha, B.;
Erickson, J. W.; Bhat, T. N.; Munshi, S.; Gulnik, S. V.; Topol, I. A. J. Med. Chem. 1998, 41, 1581-1597.



6724

2.

W oW

S O 0

—

11.

12.
13.

(a) Wender, P. A.; Rieck, H.; Fuji, M. J. Am. Chem. Soc. 1998, 120, 10976-10977. (b) Wender, P. A.; Sperandio, D. J. Org.
Chem. 1998, 63, 4164-4165. (c) Wender, P. A.; Husfeld, C. O.; Langkopf, E.; Love, J. A.; Pleuss, N. Tetrahedron 1998,
54, 7203-7220. (d) Wender, P. A.; Takahashi, H.; Witulski, B. J. Am. Chem. Soc. 1995, 117, 4720-4721. (e) Davies, H. M.
L.; Kong, N.; Churchill, M. R. J. Org. Chem. 1998, 63, 6586-6589. (f) Davies, H. M. L.; Doan, B. D. J. Org. Chem. 1998,
63, 657-660. (g) Davies, H. M. L.; Stafford, D. G.; Doan, B. D.; Houser, J. H. J. Am. Chem. Soc. 1998, 120, 3326-3331.
(h) Binger, P.; Wedemann, P.; Kozhushkov, S. I.; de Meijere, A. Eur. J. Org. Chem. 1998, 113-119.

. Martin, S. E; Spaller, M. R.; Liras, S.; Hartmann, B. J. Am. Chem. Soc. 1994, 116, 44934494,
. Trost, B. M.; Verhoeven, T. R. J. Am. Chem. Soc. 1980, 102, 4730—4743.
. Hegedus, L. S. In Organometallics in Synthesis; Schlosser, M., Ed.; John Wiley: Chichester, 1994; pp. 383460 and

references cited therein.

. Connell, R. D.; Rein, T.; Akermark, B.; Helquist, P. J. Org. Chem. 1988, 53, 3845-3849.

. Bystrom, S. E.; Aslanian, R.; Bickvall, J.-E. Tetrahedron Lett. 1985, 26, 1749-1752.

. Murahashi, S.-1.; Taniguchi, Y.; Imada, Y.; Tanigawa, Y. J. Org. Chem. 1989, 54, 3292-3303.

. Safi, M.; Fahrang, R.; Sinou, D. Tetrahedron Lett. 1990, 31, 527-530.

. Representative procedures: Pd-catalyzed synthesis of 2b. Compound 1 (25 mg, 0.20 mmol) was dissolved in THF (2 mL),

and Pd(PPhs), (11 mg, 0.0097 mmol) was added in succession. In a separate flask, NaH (60% dispersion in mineral oil, 24
mg, 0.60 mmol) was added to a solution of benzyl dimethyl malonate (135 mg, 0.61 mmol) in THF (2 mL) with stirring
at rt. Each flask was stirred at rt for 10 min. The benzyl dimethyl sodiomalonate solution was then added by syringe to the
solution containing 1, and this mixture was heated to reflux for 10 min. The reaction was quenched by cooling to 0°C, and
adding aqueous IN NaHSO, (1 mL). CH,Cl; (5 mL) was added, and the layers were separated. The aqueous was extracted
with CH,Cl; (2X5 mL), and the combined organic layers were dried (MgSO,), filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography eluting with EtOAc:hexane (2:3 to 1:1) to give 60 mg (87%)
of 2b as a clear, colorless oil in a 19:1 ratio of E:Z isomers by crude 'H NMR. Cu(l)-mediated synthesis of 4a, CuCN
(54 mg, 0.60 mmol) was suspended in ether (4 mL) under Ar, then cooled to —78°C. To this was added nBuLi (2.37 M in
hexanes, 250 pL, 0.60 mmol) slowly by syringe. The mixture was then allowed to warm to —40°C, whereupon the grey
suspension became a dark red-brown solution of BuCuCNLi. After 30 min, the solution was cooled back to -=78°C, and 1
(25 mg, 0.20 mmol) in ether (2 mL) was added over 5 min. This was stirred at —=78°C for 10 min, after which the reaction
was quenched by addition of aqueous 1IN HCI (3 mL), and the mixture was allowed to warm to rt. Caution! Workup
releases highly noxious HCN gas and should only be done in a well ventilated hood! The layers were separated, and the
aqueous layer was extracted with ether (3x4 mL). The combined organic layers were dried (MgSQy;), and concentrated
under reduced pressure. The residue was purified by flash chromatography eluting with Et,O:pentane (1:1) to give 30 mg
(82%) of 4a as a clear, colorless oil.

Lipshutz, B. H. In Organometallics in Synthesis; Schlosser, M., Ed.; John Wiley: Chichester, 1994; pp. 283-382 and
references cited therein.

Trost, B. M.; Klun, T. P. J. Org. Chem. 1980, 45, 4256—4257.

(a) Martin, S. F.; Dwyer, M. P. Tetrahedron Lett. 1998, 39, 1521-1524. (b) Charette, A. B.; Giroux, A. J. Org. Chem. 1996,
61, 8718-8719. (c) Charette, A. B.; Pereira De Freitas-Gil, R. Tetrahedron Lett. 1997, 38, 2809-2812.



