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Strychnine {)! and akuammicine 2)2 are representative
members of th&trychnogamily of indole alkaloids and have Me0,C
been targets of synthetic investigations since the elucidation of 47<H
their structures nearly 50 years ag8. The total synthesis of 5:7=0R
1 by Woodward more than 40 years ago arguably marked the
genesis of modern synthetic organic chemidtrfoday, the  sented by4 and5, into alkaloids of theStrychnosfamily such
Woodward approach still exemplifies how ingenuity and careful as2 and1, respectively (Scheme 13.
planning may be exploited in the design of short and efficient  \ye recently reported a general entry to indole alkaloids of
syntheses of complex targets. With the exception of protecting the heteroyohimboid and corynantheoid families that featured
groups eachcarbon atom introduced into an intermediate was 3 vinylogous Mannich reaction followed by an intramolecular
retained in the final product, therefore, the strategy representshetero-Diels-Alder reaction to assemble the pentacyclic mo-
the first example of atom economy in organic synthé3is. |ecular framework of these alkaloids. For example, reaction
Subsequent to the seminal achievement of Woodward, StryCh-of 6, which was prepared in two steps from 1:|’yptamir']el with
nine did not succumb again to total synthesis until 1992 with 1_((trimethylsilyl)oxy)butadiene in the presence of crotonyl
the elegant syntheses by Magiustork® Overman’ Kuehne? chloride (7a) gave8a that underwent cyclization upon heating
and RawaP. Three total syntheses of akuammicir®) bave to give the pentacyclic addu®g in 70% overall yield fromé
been recorded by Overmah,Kuehnel? and Bonjoch and  (Scheme 2).

Bosch!® Herein we report the implementation of a novel 14 apply the retrosynthetic analysis adumbrated in Scheme
biomimetic strategy to a facile total synthesis of akuammicine 1 to a concise synthesis of akuammicir®, (it was first

(2) and an oxygenated analogue that is a potential intermediatenecessary to convea into deformylgeissoschizinel2a),

in a formal synthesis of strychning)( The critical elementin — \hich is a well-known intermediate in the syntheses of
the design of the synthetic plan was inspired by a transformation corynantheoid alkaloids. In the event, hydration of the enol
in the proposed biogenetic conversion of indole alkaloids ether moiety oPa followed by oxidatiod® of the intermediate
possessing the corynantheoid skeleton, which may be repre-actol gave the lactond0a in 79% yield. Whenl0a was
exposed to sodium methoxideselimination ensued to give an

(1) Robinson, RExperiential946 2, 28. i ifing i i i 0 i
(2) (&) Millson, P.; Robinson, R.; Thomas, A. Experiential953 9, acid that was e.StenfleGh Sltu. to glvg 11ain 79% yleld.'
89. (b) Edwards, P. N.; Smith, G. B. Chem. Soc1961, 152. Selective reduction of the amide moiety bia proceeded in
(3) For representative synthetic efforts tow&tlychnosalkaloids, see: 91% vyield to furnishl2ain only eight steps from tryptamine.
(a) van Tamelen, E. E.; Dolby, L. J.; Lawton, R. Betrahedron Lett196Q A similar sequence of reactions was performed to prepare the

30. (b) Harley-Mason, Pure Appl. Chem1975 41, 167. (c) Takano, S.; . .
Hirama, M.; Ogasawara, Kietrahedron Lett1982 23, 881. (d) Belgacem, ~ OXygenated analoguk2b in comparable overall yield.

L.; Henin, J.; Massiot, G.; Vercauteren,litrahedron Lett1987 28, 3573. With the key intermediate$2a,bin hand, we examined the
(e) Bosch, J.; Bonjoch, J. I8tudies in Natural Products Chemisttta- ihili il ; ; P
ur-Rahman, Ed.; Elsevier: Amsterdam, 1988; Vol. 1, p 31. (f) Nkiliza, J.; feasibility Of. mImICkmg. the. biogenetic reorgamzatlon of a
Vercautern, J.; Lger, J.-M.Tetrahedron Lett1991 32, 1787. (g) Amat, corynanthemq intermediate into thej pentacyclic skeleton_ of the
M. Linares, A.; Bosch, JJ. Org. Chem199Q 55, 6299. (h) Bonjoch, J.;  Strychnodamily. Treatment ofi2awith tert-butylhypochlorite
Solt D.; Boseh, rféls'télmRCFhJerR'm 504993 é%igggiig)s%gga(lj)\éi:{ in the presence of Snghave a mixture of epimeric chloroin-
A.; Vila, C.; Sinibaldi, M.-E.; Troin, Y.; Rubiralta, MTetrahedron Lett. doleninesl3athat were not isolated but rather treated directly
1993 34, 733. (k) Kraus, G. A.; Bougie, DTetrahedron1994 50, 2681. with lithium hexamethyldisilazide to give a mixture from which
() Bonjoch, J.; SoleD.; Bosch, JJ. Am. Chem. Sod.995 117, 11 017. (£)-akuammicine ) was isolated in 3635% yield (Scheme

(4) (@) Woodward, R. B.; Cava, M. P.; Ollis, W. D.; Hunger, A; . . . .
Daeniker, H. U.: Schenker, KI. Am. Chem. Sodl954 76, 4749. (b) 3). The syntheti@ thus obtained was identical (TL&H and

Woodward, R. B.; Cava, M. P.; Ollis, W. D.; Hunger, A.; Daeniker, H. U.; 13C NMR) with an authentic sampfé. The oxygenated

Schenker, KTetrahedron1963 19, 247. nal 2bunderwen imilar conversion iv6in

(5) (a) Magnus, P.; Giles, M.; Bonnert, R.; Kim, C. S.; McQuire, L,; gsigg(l)ja .bllé derwent a similar conversion to gi&in about
Merritt, A.; Vicker, N.J. Am. Chem. S0d992 114, 4403. (b) Magnus, o yield.
P.; Giles, M.; Bonnert, R.; Johnson, G.; McQuire, L.; Deluca, M.; Merritt,  The mechanism of this novel biogenetically-patterned trans-

A'?(eK)ing'tocrl'( S'(;s\/ilgke%rér't\lécjj' thih%hfghiioigggnlct% Séclc%l of Organic formation has not been fully established. However, the initial

Chemistry, Ischia Porto, Italy, September 21, 1992.

(7) Knight, S. D.; Overman, L. E.; Pairaudeau, I&.Am. Chem. Soc. (14) (a) Wenkert, E.; Wickberg, Bl. Am. Chem. Sod.965 87, 1580.
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oxidation of the indole ring with electropositive halogen to give
the chloroindolenines dk3a,bis well precedente¢é Treatment

of 13a,b with base is then envisioned to give intermediates

related tal4a,bor 15a,h which undergo skeletal reorganization

to give 2 and 16. This hypothesis is based upon the related

rearrangements of substituted tetrahydrocarbolines toAthe

pidospermaskeleton that are also promoted upon sequential

reaction with hypochlorite and bag®.Furthermore, the base-

J. Am. Chem. Soc., Vol. 118, No. 40, 19885

Scheme 3
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hydrogenolysis have been accompanied by significant reduction
of the double bond; an alternate hydroxyl protecting group is
thus indicated. Although difficulties encountered in deprotecting
16 to give 17 temporarily preclude the claim of a formal
synthesis of strychnine, the facile synthesid®provides clear
evidence that this route constitutes a novel entry to this complex
alkaloid.

An extraordinarily concise synthesis af-akuammicine %)
has been developed that requires only 10 steps from com-
mercially available starting materials. The approach is also
applicable to the facile synthesis of strychnidgds evidenced
by the preparation of the oxygenated analogiéie The synthetic
strategy features a biomimetically-patterned transformation of

induced rearrangement of strictamine, which is one of the he corynantheoid framework via oxidation and base-induced

epimeric forms ofl5a into akuammicine is know#f. We are

presently undertaking experiments to unravel the details of this
interesting transformation anticipating that some insights may

lead to increased efficienéy.

The unprotected alcohdl7 has been converted by Overman
in four steps into strychninel),” but several attempts to
selectively remove the benzyl protecting group fra by

(18) Martin, S. F.; Mortimore, MTetrahedron Lett199Q 31, 4557 and
references therein. Also, see: ref 15.

(19) For example, see: (a) Vercauteren, J.; Massiot, Gy L& J. Org.
Chem.1984 49, 3230. (b) Feldman, P. L.; Rapoport, H.Am. Chem. Soc.
1987 109, 1603.

(20) Ahmad, Y.; Fatima, K.; Rahman, A.; Occolowitz, J. L.; Solheim,
B. A,; Clardy, J.; Garnick, R. L.; Le Quesne, P. \W. Am. Chem. Soc.
1977, 99, 1943.

(21) As evidenced by following the course of the rearrangement by TLC
it appears that only one of the diastereoisomeric chloroindoleriifiag

undergoes the rearrangement with the other remaining unchanged during

rearrangement to give thekuammaskeleton as illustrated by
the conversiond2a— 2 and12b — 16. The applications of
this and related biomimetic transformations to the syntheses of
other indole alkaloids is currently being investigated on a broad
front, and the results of these investigations will be reported in
due course.
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the course of the reaction. This observation suggests that if the stereochem-and Internet access instructions.

istry of the chlorination step could be controlled, the overall efficiency of
this biomimetic conversion might be significantly improved.
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