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The alkaloid-rich extracts obtained from plants belonging to
the Stemonaceatamily (Stemonaand Croomiaspecies) have
been used in traditional Chinese folk medicine to prepare herbal
teas for treating numerous disorders, including pertussis,
pulmonary tuberculosis, and bronchitis; several alkaloids also
exhibit insecticidal activity. Although this class of alkaloids

is relatively small, there is an increasing interest in representative

members of the family owing to their unique and complex
structures coupled with the rich opportunities for developing
new chemistry for their synthesis.As illustrated by the
prototypical examples croomind)(and stemonine2), these
novel polycyclic alkaloids incorporate a butyrolactone ring that

is appended or annelated to a 1-azabicyclo[5.3.0]decane nucleus.

Me

We have recently investigated the vinylogous Mannich
reaction as a key construction for the synthesis of alkaloid
natural productd. The general plan is illustrated by the
nucleophilic addition of the 2-trialkylsilyloxy furad to the
cyclic iminium ion 3 to provide a mixture of the isomeric
adductsthreos and erythrob in which the threob product
typically dominates (eq 13#* Since the stereochemistry at the
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newly created stereogenic centers in theeob adduct corre-
sponds to the pairwise relationships at G{@€Y9a) and C(3)
C(14) of croomineX), it occurred to us that vinylogous Mannich
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A.; Tamura, S.; Mukakoshi, $\gric. Biol. Chem1978 42, 457. (e) Noro,
T.; Fukushima, S.; Ueno, A,; Litaka, Y.; Saiki, €hem. Pharm. Bulll979
27, 1495. (f) Xu, R.-S.; Lu, Y.-J.; Chu, J.-H.; lwashita, T.; Naoki, H.; Naya,
Y.; Nakanishi, K.Tetrahedron1982 38, 2667. (g) Tereda, M.; Sano, M.;
Ishii, A. |.; Kino, H.; Fukushima, S.; Noro, TJ. Pharm. Soc. Jpri982
79, 93. (h) Cheng, D.; Guo, J.; Chu, T. T.; &ar, E.J. Nat. Prod.1988
51, 202. (1) Lin, W.-H.; Ye, Y.; Xu, R.-SJ. Nat. Prod.1992 55, 571. (j)
Ye, Y.; Qin, G.; Xu, R.Phytochem1994 37,1201, 1205.

(2) (a) Williams, D. R.; Brown, D. L.; Benbow, J. WI. Am. Chem.
Soc.1989 111, 1923. (b) Chen, C.-y.; Hart, D. J. Org. Chem199Q 55,
6236. (c) Wipf, P.; Kim, Y Tetrahedron Lett1992 33, 5477. (d) Morimoto,
Y.; Nishida, K.; Hayashi, Y Tetrahedron Lett1993 34, 5773. (e) Chen,
C.-y.; Hart, D. JJ. Org. Chem1993 58, 3840. (f) Williams, D. R.; Reddy,
J. P.; Amato, G. STetrahedron Lett1994 35, 6417. (g) Wipf, P.; Kim,
Y.; Goldstein, D. M.J. Am. Chem. S0d.995 117, 11106. (h) Morimoto,
Y.; lwahashi, M.Synlett1995 1221.
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reactions might be applied to the design of a highly convergent
strategy for the synthesis @fand related alkaloids. In such an
approach tdl, both the A and D rings would be appended by
sequential addition of substituted silyloxy furan subunits to the
pyrrolidine core C, thereby forming bondsandc. The seven-
membered B ring would be constructed via intramolecular
N-alkylation to make bond. We now report the successful
implementation of this strategy in an extraordinarily concise,
asymmetric synthesis ofH)-croomine ().

The synthesis commenced with the reaction of commercially
available 3-methyl-2-(8)-furanone 6) (Scheme 1) with triiso-
propylsilyl triflate (TIPS-OTTf) in the presence of triethylamine
to give the (trialkylsilyl)oxy furan? in 99% yield>® The furan
7 is destined to be incorporated as both the A and D rings of
the targetl. Metallation of7 followed by alkylation with 1,4-

(3) (@) Martin, S. F.; Corbett, J. WSynthesisl992 55. (b) Martin, S.
F.; Liras, S.J. Am. Chem. S0d.993 115, 10450. (c) Martin, S. F.; Clark,
C. W.; Corbett, J. WJ. Org. Chem1995 60, 3236.

(4) For a review of the reactions of trialkylsilyloxy furans with
electrophiles, see: (a) Casiraghi, G.; RassuSgnthesisl995 607. For
related reactions, see: (b) Harding, K. E.; Coleman, M. T.; Liu, L. T.
Tetrahedron Lett1991, 31, 3795. (c) Morimoto, Y.; Nishida, K.; Hayashi,

Y. Tetrahedron Lett1993 34, 5773. (d) Pelter, A.; Ward, R. S.; Sirit, A.
Tetrahedron: Asymni994 5, 1745. (e) Hanessian, S.; RaghavarBisrg.
Med. Chem. Lett1994 4, 1697.

(5) The structure assigned to each compound is in full accord with its
spectral tH and3C NMR, IR, mass) characteristics; molecular composition
of new compounds was established by high resolution mass measurements
of purified materials. All yields are based on isolated, purified material
judged>95% pure by*H NMR spectroscopy; the structures of compounds
10, 11, 15, and 16 were determined by X-ray crystallography.

0002-7863/96/1518-3299%$12.00/0 © 1996 American Chemical Society



3300 J. Am. Chem. Soc., Vol. 118, No. 13, 1996 Communications to the Editor

dibromobutane providelin 83% yield? The chiral methoxy- iminium function that would undergo a vinylogous Mannich
pyrrolidine 9 was then prepared in two steps frarmethyl reaction to form the C(3)C(14) bond and introduce the
pyroglutamate according to standard procedBitesreby setting ~ butyrolactone D ring of croomine. In the event, treatment of
the stage for the first vinylogous Mannich reaction. Inthe event, 14 with POCk in DMF at room temperature followed by
reaction of8 with the acyl iminium ion that was generated reaction of the intermediate iminium salt formedsitu with

situ by the triisopropylsilyl triflate-catalyzed ionization & the furan7 gave a separable mixture (ca. 2:1) of the desired
afforded a mixture from which thtareoadductiOcrystallized  threoadduct15 and theerythroproduct16 in 47% combined

in 32% yield; the stereochemical relationships at C(3), C(9), Yi€ld>** The synthesis was then completed by the stereose-
and C(9a) in10 were secured by X-ray crystallography. lective hydrogenation from the less hindered face of the
Because théH and 13C NMR spectra of the crude reaction hydrochloride salt o15to deliver 6—)1-croom|ne 1) (85% yield).
mixture were complex, it was not possible at this stage to The spectral characteristic${and**C NMR) of the synthetic

determine whether other sterecisomeric adducts were resent1 thus obtained were identical to those reportegt:

However, repeated chromatography of the mixture Iedpto the ' This asymmetric synthesis of the complex alkaloit){

. o . o croomine () is remarkably concise and requires only 9 steps
isolation of thethreo-adductl1,®> which arose from addition of O y q y P

: . . in the longest linear sequence with a total of 11 steps from
the furan7 to themorehindered face of the intermediate acyl  commercially available starting materials. All of the chirality

iminium ion, in less than 1% yield; neither of the two possible i, the product is derived from-pyroglutamic acid. Although
erythroisomers was isolated. Thus, the vinylogous Mannich the key vinylogous Mannich reactions proceeded with modest
reaction had occurred preferentially via ttieeo manifold as  efficiencies in the present instance, this useful methodology
expected, and the carboxyl function at C(3) had fulfilled its first allows for the rapid assembly of the skeletal framework of
role in the synthesis by directing the diastereofacial selectivity alkaloids of theStemonaceaéamily. Investigations directed
in the addition. toward identifying the stereochemical control elements in
Acid-catalyzed removal of theert-butyloxycarbonyl protect-  Vinylogous Mannich reactions together with the applications of
ing group from10 gave the amind2, which underwent highly ~ such additions to the total syntheses of other alkaloid natural
stereoselective reduction, likely directed by the basic nitrogen Products are in progress, and these results will be reported in
of the pyrrolidine ringt® to give 13 in >96% overall yield. due course.
Cyc_llzatlon of13tQ elak_)orate the B r.lng of croomlne_ was readily Acknowledgment. We thank the National Institutes of Health and
achieved by heating3in refluxing dimethylformamide (DMF) 16 Robert A. Welch Foundation for supporting this research. We are
in the presence di-methylmorpholine (NMM); use of stronger  grateful to Professor David R. Williams (Indiana University) for
bases such as triethylamine in this reaction led to significant providing*H and**C NMR spectra of croomine for comparison. We
epimerization at C(11). Subsequent hydrolysis of the intermedi- also thank Mr. Terrance L. Clayton for conducting several unreported

ate methyl ester in refluxing aquen@ M HBr furnishedL4 in model studies related to the preparatiod@fnd Dr. Vincent M. Lynch
74% overall yield from13 for performing the X-ray crystallographic analyses of compout®js
’ 11, 15, and16.

The stage was now set for the carboxyl group at C(3) to play
its second role in the synthesis. Rapoport has reported that the Supporting Information Available: Spectral data for all new
acid chlorides of tertiargi-amino acids are thermally unstable =~ compounds and croomine and X-ray crystallographic data for com-
and decarbonylate to give iminium salts that may be trapped Pounds10, 11, 15, and16 (60 pages). This material is contained in
by suitable nucleophiled. The application of this protocol to libraries on microfiche, immediately follows this article in the microfilm

d th le th . lecti . f version of the journal, and can be ordered from the ACS, and can be
14 would then enable the regioselective generation of an gownioaded from the Internet; see any current masthead page for

ordering information and Internet access instructions..
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