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Nickel Powder Promoted 5-endo Radical Cyclisations.
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Abstract: N-Alkenyl trichloroacetamides 3 undergo, upon refluxing with nickel powder and acetic acid in 2-
propanol, exclusive 5-endo-trig cyclisation to afford functionalised lactams 4; these are attractive precursors of
erythrina alkaloids, as demonstrated by the expedient synthesis of 3-demethoxyerythratidinone 5.
© 1998 Published by Elsevier Science Ltd. All rights reserved.

Recently, we reported a new method for the synthesis of §- and y-lactams using nickel powder mediated
radlcal cyclnatlom 1 We descnbed how the mckel powder / acetic dcxd2 combination a]lowq the generatlon of
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even when the 4-exo cyclisation would have lead to a resonance stabilized, albeit more strained, radical B (R =
Ar). If the unusual behaviour of such radicals A has already been observed by ourselves2d and by others,3 the
oxidation step that follows the cyclisation is peculiar to our method and leads to a cation equivalent D which then
undergoes elimination to give lactam 2 after further reduction. The oxidation process in what otherwise is a mild
reducing medium is noteworthy, and presumably involves electron transfer from radicals C to the starting
trichloroacetamides 1.
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Thus, beginning with readily available trichloroacetamides, the 5-endo cyclisation-oxidation sequence results
in the creation of a new carbon-carbon bond and the introduction of a valuable double bond in the molecule. This
convenient and mild procedure prowdcs highly functionnalised y-lactams, in contrast to classical reductive radical

methods involving stannanes.32 For example, when Ro=H (3, Scheme 2), unsaturated lactams 4 are obtained.
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recorded,! the obtention of related unsaturated compounds of type 4, also by 5-endo radical cyclisations have
been reported, using either tributyltin hydride mediated,* or manganese(Ill)-promoted oxidative cyclisations’
T.js prompts us to disclose our results concerning the application the Ni/ AcOH methodology to the synthesis of
3-demethoxyerythratidinone 5, an erythrina alkaloid.
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Scheme 2
Erythrina alkaloids are a large class of natural products found in Erythrina plants (Leguminosae), which are

attractive t?_l_rget\ because of their curar e-hke ctmty 6 3-Demethoxyerythratidinone 5 was first isolated in 1973 by

we felt that this compound could serve to 1llustratc our methodology and prov1de a basis for a general radxcal
approach to Erythrina alkaloids. The strategy, outlined in Scheme 3, relies on the crucial Ni-induced radical
cyclisation of 8 with concomitant formation of two double bonds to give 7. Under acidic conditions, this
unsaturated lactam should cyclise into 6 which can then be converted into 3-demethoxyerythratidinone 5
according to the literature procedure.sa
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We first examined the viability of our strategy by starting with trichloroacetamide 9, obtained from

cyclohexanone by condensation with homoveratrylamine followed by acylation with trichloroacetyl chloride

(Scheme 4). Upon treatment with nickel powder and acetic acid in refluxing 2-propanol in the presence of sodium

acetate,? unsaturated lactam 10 was produced in 55% yield, along with reduced material 11 (24% yield). As

expected from literature precedent,® exposure to toluenesulfonic acid in refluxing benzene indeed gave the
. .

stmnrnlin sttt Jbala 12 12 - 1
tetracyclic erythrina skeleton 12 in high yield (90%). However, when trichloroacetamide 8 was subjected to the
radical cyclisation, two different bicyclic products were obtained: the desired lactam 7 (31% yield) and its
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isopropoxy derivative 13 (17% yield), in addition to the simple reduced open chain derivative 14 (22%). The
mildness of the nickel powder reduction is clearly demonstrated by its tolerance of the acid-sensitive ketal group,
but the reason for the formation of s:de~product 13 in this case is not clear at the moment. Nevertheless, both
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or the cationic cyclisation leading to 6.
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(ii) Cl3CCOCIl, Et3N, toluene, 0°C }l\r
(iii) Ni (30 eq.), AcOH (20 eq.), AcONa (3 eq.) =
2- propanol (0,08M), reflux (5 hrs) L IJ
(iv) PTSA, benzene, reflux. Y 15 R=H (58%)
OR 16 R = CH,CH,0H (26%)
Scheme 4

Unfortunately, when 7 (or 13) was submitted to the action of p-toluenesulfonic acid in refluxing benzene, a
rapid reaction occurred to give two oxindole derivatives 15 and 16 in a 2:1 ratio and in 84% combined yield
(Scheme 4). Similar aromatisations have already been observed during synthetic studies towards erythrina
alkaloids!0 and are perhaps not surprising in the case of conjugated and acid-sensitive lactams like 7 or 13. In the
light of this disappointing observation, we decided to modify the protection of the C-2 ketone to avoid the
untoward aromatisation.

The same sequence was then repeated starting with the more robust dithioketal derivative 17, obtained from 8
in nearly quantitative yield by reaction with 1,3-propanedithiol in the presence of BF3.0Et; (Scheme 5). This
compound was subjected to standard radical conditions® to afford the unsaturated lactam 18 in 49% yield along
with reduced material 19 (25%). Interestingly, the reaction timc in this case was significantly shortcr in
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combmatmn of LiAlH4 / AlC13 in cold ether (86%) and deprotection of the ketone (N-chlorosuccinimide /
AgNO3; 40%) with concomitant migration of the double bond to give 3-demethoxyerythratidinone 5 which was
spectroscopically identical to the natural product.
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was chieflv to illustrate the utilitv of this novel Ni / Ac mediated cvelication which allawe tha intradiction in
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one operation and under quite mild conditions, of a new carbon-carbon bond and two double bonds
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(i) HS(CH;)38H, BF3.0Ety, CHCl,, 25°C (95%); (ii) Ni / AcOH, 2-propanol, reflux (2 hrs); (iit) PTSA, benzene, reflux
(84%); (iv) LiAlH4, AICly, THF, ether, 0°C (86%); (v) NCS, AgNO3, CH3CN / H,0 (40%).

LIAIN4, Alu 1nar TN £ U

SCHTIITC S

Acknowledgements: We wish to thank Hoechst Marion Roussel and the Ministére de la Recherche et de la
Technologie for generous financial support to two of us (J.-B. S and J. C.).

References and notes

1 Cassayre, J.; Quiclet-Sire, B.; Saunier, J.-B.; Zard, S. Z. Tetrahedron 1998, 54, 1029-1040.
2 For previous applications of this system, scc : (a) Boivin, J.; Schiano, A.-M.; Zard, S. Z. Tetrahedron Letr. 1992, 33, 7849-
7852. (b) Boivin, J.; Yousfi, M.; Zard, S. Z. Tetrahedron Lett. 1994, 35, 5629-5632. (c¢) Boivin, J.; Yousfi, M.; Zard, S. Z.

Tetrahedron Lett. 1994, 35, 9553-9556. (d) Quiclet-Sire, B.; Saunier, J.-B.; Zard, S. Z. Tetrahedron Lett. 1996, 37, 1397-
1400

13UV,

3 (a) Sato, T.; Nakamura, N.; Ikeda, K.; Okada, M.; Ishibashi, H.; Ikeda, M. J. Chem. Soc. Perkin Trans. 1 1992, 2399-2407. (b)
Ikeda, M.; Ohtani, S.; Yamamoto, T.; Sato, T.; Ishibashi, H. J. Chem. Soc. Perkin Trans. 11998, 1763-1768 and earlier
references there cited. (¢) Goodall, K.; Parsons, A. F. Tetrahedron 1996, 52, 1069-1084.

A e ARA O Lk N - Thada WM Tosralads T 24+ 100Q 20 T75_7Q

< lbluudblll, rl rugublu, ivi. , Uliva, ivi., IACUa, 1ivi. L elranéairon Lell. AFZF70, V7, 19-/0.

5 Davies, D. T.; Kapur, N.; Parsons, A. F. Tetrahedron Lett. 1998, 39, 4397-4400.

6  For arccent review on erythrina alkaloids, see: Tsuda, Y. and Sano, T. In The Alkaloids; Cordell G. A. Ed.; Academic Press: San

Diego, 1996, Vol. 48, 249-337.
Barton, D. H. R.; Gunatilaka, A. A. L.; Letcher, R. M.; Lobo, A. M. F. T.; Widdowson, D. A. J. Chem. Soc. Perkin Trans. I
1071 R74-8R0

8 (a) Tsuda, Y.; Sakai, Y.; Nakai, A.; Kaneko, M.; Ishiguro, Y.; Isobe, K.; Taga, J.; Sano, T. Chem. Pharm. Bull. 1990, 38,
1462-1472. (b) Ishibashi, H.; Sato, T.; Takahashi, M.; Hayashi, M.; Ishikawa, K.; Ikeda, M. Chem. Pharm. Bull. 1990, 38,
907-911. (c) Wasserman, H. H.; Amici, R. M. J. Org. Chem. 1989, 54, 5843-3844. (d) Irie, H.; Shibata, K.; Matsuno, K.;
Zhang, Y. Heterocycles 1989, 29, 1033-1035. (e) Danishefsky, S. I; Panek, 1. S. J. Am. Chem. Soc. 1987, 109, 917-918.

9 The same result was obtained without sodium acetate (see ref. 1) but addition of this buffer during the reaction of 8 and 9 avoids

the formation of 3-chlorinated byproducts. In contrast, cyclisation of 17 proceeded more cleanly and in better yield without

sodium acetate in the rcaction medium.

See ref. 8a and : Mondon, A.: Hansen, K. F.:

alliG . MULUUN, S, D1QuSVIR, 1, 1.,

Ber. 1970, 103, 615-638.

—
<o

Roehme K ¢
SOCOME, K. rare, o.



