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Abstract. A new approach for asymmetric construction of the pyrrolo{2,3-i]-
isoquinoline core of manzamine A is described. The synthesis starts with D-(-)-quinic
acid and features an intramolecular Mannich reaction as the central step.

The manzamines, e.g., 1-2, are a new group of complex B-carboline alkaloids that display
antitamor and antibacterial activities.! Manzamine A (1) was isolated from the Okinawan marine sponge
Haliclona sp. in 1986 by Higa,2 and independently by Nakamura in 1987 from the marine sponge
Pellina sp.3 This complex nitrogen heterocycle, containing 5-, 6-, 8-, and 13-membered rings as well as
the B-carboline moiety, is a formidable synthetic target. The majority of published synthetic approaches
towards manzamine A rely on the Diels-Alder reaction to prepare the cis-fused decahydroisoquinoline
core.43 Only two asymmetric strategies have been described to date.4¢h.n Herein, we report an
enantioselective strategy for the synthesis of manzamine A that features the use of an intramolecular
Mannich reaction to assemble the cis-decahydroisoquinoline substructure. The synthesis proceeds by
way of a pyrrolo[2,3-i]isoquinoline enone allowing a formy! group, as well as a variety of potential
intercalating aromatic residues, to be introduced at C(10).%

manzamine A (1) manzamine B (2) icinal A (3)

The synthesis begins with the enantiopure enone 4, which is conveniently available on a large
scale from D-(-)-quinic acid (Scheme I).7 Stercoselective conjugate addition of tri-n-butylallylstannane
to 4 in the presence of 1 equiv of TBDMSOTY,?® followed by cleavage of the resulting enoxysilane
during acidic work-up afforded cyclohexanone 5 in high yicld.?® Subjecting this intermediate to DBU
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Scheme I. (Ans = p-methoxybenzyl)
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and TBDMSCI in refluxing benzene yielded the y-siloxy enone 6.7¢ Alkylation of the kinetic lithium
enolate of 6 with N-(p-methoxybenzyl)-N-(benzyl)iodoacetamide,10:11 followed by direct conjugate
reduction of the crude product mixture with sodium hydrosulfite!2 gave the trisubstituted cyclohexanone
7 as single stereoisomer. Oxidative cleavage of the allyl group to an aldehyde, followed by reductive

amination with benzylamine and BOC-protection provided 9 in good yield.13
The key Mannich cyclization was accomplished under extensively optimized conditions

by

exposing 9 to 5 equiv of aqueous formaldehyde in 98% formic acid at 60 °C. Concentration of the
reaction in vacuo followed by a mild basic workup provided decahydroisoquinoline 10 (a single stereo-
isomer as judged by capillary GLC and 13C NMR analysis) in 75% yield. It is notable that the



intramolecular Mannich reaction occurs more rapidly under these conditions than Eschweiler-Clarke
reductive methylation. The cis stercochemistry of 10 was assigned initially based on an expected
stereoelectronic preference for axial addition of the iminium ion to the cyclohexanone enol.l4
Debenzylation of 10 by treatment with methyl chloroformate, followed by cleavage of the p-
methoxybenzyl group and acid-catalyzed dehydration afforded the tricyclic enamide 11 in excellent
yield. Oxidation of this intermediate using magnesium monoperoxyperphthalic acid in methanol,
foliowed by acid-promoted rearrangement of the resulting epoxide and subsequent B-climination, gave
the crystalline tricyclic enone 12 in 59 % yield. Single crystal X-ray analysis of this intermediate
confirmed the expected stereochemistry {(Scheme I).

With enone 12 in hand, we examined the addition of several potentia! intercalating aromatic
substituents at C(10). Although we were not successful in directly adding the B-carboline moiety,
addition of the 2-pyridyl, 2-naphthyl and benzyloxymethy! groups could be realized by reaction of enone
12 with the corresponding homocuprate reagent in the presence of TMSCL!S In the latter two cases,
dehydrogenation of the derived enoxysilane intermediate in situ provided the B-substituted enones 13
and 14 in useful yields.!® Seclective cleavage of the benzyl ether protecting group of 14 with BCl317
followed by Dess-Martin oxidation!® then afforded enal 16 in 65% yield.1?
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Enone 12, which comprises the tricyclic core of (+)-manzamine A, has been constructed in
enantiopure fashion in 11 steps from the readily available enone 4 (15 steps from commercially available
materials). This intermediate serves as a platform for introducing at C(10) the formyl moiety found in
ircinal A, as well as other potentially intercalating groups.

Acknowledgment. This investigation was supported by NSF Grant CHE-9003812, Chiral

Technologies is thanked for the loan of Diacel columns and the NSF Shared Intramentation Program for
partial support of the UCI Instrumentation Facilities.

4281



4282

References and Notes

(1) Kobayashi, J.; Ishibashi, M. In The Alkaloids; Brossi, A.; Cordell, G. A., Eds., Academic
Press: New York, 1992; Vol. 41, pp 67-68.

(2) (a) Sakai, R.; Higa, T.; Jefford, C.W.; Bernardinelli, G. J. Am. Chem. Soc. 1986, 108, 6404.
(b) Sakai, R.; Kohmoto, S.; Higa, T.; Jefford, C.W.; Bernardinelli, G. Tetrahedron Lett. 1987, 28, 5493.
(c) Ichiba, T.; Sakai, R.; Kohmoto, S.; Saucy, G.; Higa, T. Tetrahedron Letr. 1988, 29, 3083.

(3) Nakamura, H.; Deng, S.; Kobayashi, J.; Ohizumi, Y.; Tomotake, Y.; Matsuzaki, T.; Hirata, Y.
Tetrahedron Lett. 1987, 28, 621.

(4) (a) Brands, K.M.J.; Pandit, U.K. Tetrahedron Lert. 1989, 30, 1423. (b) de Oliveira Imbroisi,
D.; Simpkins, N.S. Tetrahedron Lett. 1989, 30, 4309. (c) Brands, K.M.J.; Pandit, U.K. Heterocycles
1990, 30, 257. (d) Torisawa, Y.; Nakagawa, M.; Arai, H.; Lai, Z.; Hino, T.; Nakata, T.; Oishi, T.
Tetrahedron Lett. 1990, 31,3195. (e) Nakagawa, M.; Lai, Z.; Torisawa, Y.; Hino, T. Heterocycles 1990,
31,999. (f) Chesney, A.; Mark6, LE. Synth. Commun. 1990, 20, 3167. (g) de Oliveira Imbroisi, D.’
Simpkins, N.S. J. Chem. Soc., Perkin Trans. 1 1991, 1815. (h) Brands, K.M.J.; Meekel, A.A_P.; Pandit,
U.K. Tetrahedron 1991, 47, 2005. (i) Martin, S.F.; Rein, T.; Liao, Y. Tetrahedron Lett. 1991, 32, 6481.
(j) Torisawa, Y.; Nakagawa, M.; Hosaka, T.; Tanabe, K.; Lai, Z.; Ogata, K.; Nakata, T.; Oishi, T.; Hino, T.
J. Org. Chem. 1992, 57, 5741. (k) Leonard, J.; Fearnley, S.P.; Hickey, D.M.B. Synlett 1992, 272. ()
Chesney, A.; Mark6, 1.E. Synlett 1992, 275. (m) Marké, LE.; Southemn, J.M.; Adams, H. Tetrahedron
Lett. 1992, 33, 4657. (n) Martin, S.F.; Liao, Y.; Wong, Y.; Rein, T. Tetrahedron Lett. 1994, 35, 691.

(5) For other approaches, see: (a) Hart, D.J.; McKinney, J.A. Tetrahedron Lett. 1989, 30, 2611.
(b) Campbell, J.A.; Hart, D.J. Tetrahedron Lett. 1992, 33, 6247. (c) Winkler, J.D.; Siegel, M.G.;
Stelmach, J.E. Tetrahedron Lett. 1993, 34, 6509.

(6) Although the mode of action of manzamine A has not been revealed, the B-carboline is
believed to be important: Torisawa, Y.; Hashimoto, A.; Nakagawa, M.; Hino, T. Tetrahedron Lett. 1989,
.;g, gggg Torisawa, Y.; Hashimoto, A.; Nakagawa, M.; Seki, H.; Hara, R.; Hino, T. Tetrahedron 1991,

(7) (a) Trost, B.M.; Romero, A.G. J. Org. Chem. 1986, 51, 2332. (b) Audia, J.E.; Boisvert, L.;
Patten, A.D.; Villalobos, A.; Danishefsky, S.J. J. Org. Chem. 1989, 54, 3738. (c) Jeronic, L.O.; Cabal,
M.P.; Danishefsky, S.J. J. Org. Chem. 1991, 56, 387.

(8) Kim, S.; Lee, JM. Synth. Commun. 1991, 21, 25.

(9) All intermediates were fully characterized by 1H, 13C, IR, and MS analysis. The elemental
composition of analytical samples of new compounds was confirmed by combustion analysis or high-
resolution mass spectrometry. Yields refer to isolated, purified products.

(10) This iodoacetamide was prepared in 85% overall yield from p-methoxybenzylamine by the
following sequence: (a) benzaldehyde, NaBH(OAc)3, HOAc;!12 (b) CICH2COC]I, CH2Cl2, 10%
NaOH;11b (¢) Nal, CaCO3, acetone.

(11) (a) Abdel-Magid, A.F.; Maryanoff, C.A.; Carson, K.G. Tetrahedron Lett. 1990, 31, 5595.
(b) Speziale, A.J.; Hamm, P.C. J. Chem. Soc. 1956, 78, 2556.

(12) Camps, F.; Coll, J.; Guitart, J. Tetrahedron 1986, 42, 4603.

(13) Protection of the secondary amine by conversion to the BOC derivative, although not
required, was advantageous in scaling up the reductive amination step.

(14) Ricca, D.J.; Overman, L.E. In Comprehensive Organic Synthesis; Trost, B.M., Ed.;
Pergamon Press: Oxford, 1992; Vol. 2, pp 1007-1010.

(15) (a) Chuit, C.; Foulon, J.P.; Normant, J.F. Tetrahedron 1980, 36, 2305. (b) Corey, E.J.;
Boaz, N'W. Tetrahedron Leit. 198S, 26, 6019.

(16) Ito, Y.; Hirao, T.; Saegusa, T. J. Org. Chem. 1978, 43, 1011.

(17) Williams, D.R.; Brown, D.L.; Benbow, JW. J. Am. Chem. Soc. 1989, 111, 1923,

(18) Dess, D.B.; Martin, J.C. J. Org. Chem. 1983, 48, 4155.

(19) A C(10) formyl substituent is a plausible precursor of the B-carboline unit of manzamine A
(1), as demonstrated in the conversion of ircinal A (3) to 1, see: Kondo, K.; Shigemori, H.; Kikuchi, Y ;
Ishibashi, M.; Sasaki, T.; Kobayashi, J. J. Org. Chem. 1992, 57, 2480.

(Received in USA 22 March 1994; accepted 20 April 1994)



