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SYNTHESIS OF THE "TRICYCLIC HEART" OF MANZAMINES

Karel M.J. Brands' and Upendra K. Pandit’

Organic Chemistry Department, University of Amsterdam,
Nieuwe Achtergracht 129, 1018 WS, The Nstherlands

ABSTRACT: The synthesis of a strategic tricyclic intermediate for the construction of manzamine is
described.

The alkaloid manzamine-A (1), isolated by Sakai et al.2 from Okinawan marine sponge Haliclona sp.,
exhibits potent antitumour activity (P 388, IC5q = 0.07 p/ml). In an independent study Nakamura and
coworkers® have isolated the same compound from the marine sponge Pellina sp. and named it
Keramamine-A. Both groups have established the structure and absolute configuration of the alkaloid, via
X-ray analysis.

As a part of an ongoing programme on the synthesis and the structure-activity relationship study of
antitumour natural products4, we have undertaken the total synthesis of manzamine-A. The recent
announcement® dealing with this subject prompts us to report our own results on the stereoselective
synthesis of a functionalized tricyclic intermediate which can be potentially elaborated to the alkaloid.

In considering possible apprcaches for the construction of the complex skeieton of manzamine -
consisting of an array of five, six, eight and thirteen membered rings, in addition to the B-carboline unit
- it was recognized that the pyrroloisoquinoline ABC ring system of 1, bearing four of the five chiral
centres of the molecule, could serve as the "architectural heart” of the alkaloid. In view of this, the
judiciously substituted tricyclic system 2a was seen as the model ABC intermediate and, therefore,
selected as the initial synthetic target. The functionalization in 2a is well-suited for (a) a facile
introduction of the B-carboline unit at Cg , (b) construction of the Cg - Ny bridge of the 13-membered
ring and (c) elaboration of the azocine moiety, via a suitable Cpg-substituent, as in 2b; manzamine
numbering”. The stereoselective synthesis of 2a was visualized by the cyclization of triene 3a in an

2a R=H ,R'=Et
2b R=CH,OTBS ,R'=Bn
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(@) i NaH,DME, ICH,CH,NHCO.Et, R.T., 4d ; ii TsOH/quinoline, A, 30 min. ; 58%. (b) LDA, THF,
CHzNMeZ@ Ie; 49%. (¢} i-Mel,CH,CN,RT.,16h; ii DBU ;CH,Cl,,R.T., 1h;76%. (d) NaH, DMF,
CH3OCH,CI, R.T. 16h ; 76%. (e} BF3x Et;0,CH,Cly, RT., 2h, 71%. () TMSCI, Nal, CH,CN, A, 5h,
81%. (g) 5,AgOTi,DIPEA,R.T.,16h,77%. (h) PhCHs, A, 6h; 96%.
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intramolecular Diels-Alder reaction®. it has been shown previously, that intramolecular Diels-Alder
cyclizations involving "Z" dienes lead stereoselsctively to cis-fused products, exclusively7. This
strategy has the unique advantage that an analegous cyclization of 3b, containing a chiral centre at Cog,
would be expected to result in 2b, with the simultaneous generation of three new chiral centres with
the desired starsochemistry. Since the ABC ring system of 2b contains three of the five chiral centres
of the alkaloid, its construction with the correct absolute stereochemistry should potentially set the
stage for. the total synthesis of optically active natural manzamine-A.

A retrosynthetic analysis of precursor 3a identified pyrrole derivative 4 and amino ester § as the
optimum synthons. The syntheses of the two required compounds was achieved as follows. Commercially
available thiol ester 8 was alkylated with ICH,CH,NHCOOE! under basic conditions and the resulting
product cyclized to pyrrolinethiol ester 7a. Subsequently, the anion of 7a was subjected to
aminomethylation with the help of Eschenmoser's salt. When the amino group in 8 was further
methylated and the quaternary salt induced to undergo a base mediated slimination, the desired product
4 was obtained.

The synthesis of § started from urethane derivative 9 8. Introduction of a one carbon unit, by
methoxymethylation, provided the expected aminal 10. The latter was coupled with the silyl ketene
acetal of methyl crotonats 9 under influence of borontrifluoride etherate. The reaction led to the
formation of a 1:1 mixture of esters 12 and 13, from which the desired isomer 12 could be
conveniently separated by chromatography. Deprotection of the aminc function of 12 gave ester 5.

Ammonolysis of the thiclester 4 by 5 was carried out in the presence of silver triflate 1011 ang
diisopropylethylamine, whereupon, the trisne 3a was obtained in good yield (77 %). Heating of 3a in
refluxing toluene, for six hours, gave a product which, after silica gel piug filtration, resulted in
crystailine 2a, m.p. 141-142 C, in 96 % yield. The gross structure of 2a was consistent with its
spectral data 2. The NMR spectrum of 2a showed the presence of two rotamers due to fixation of
Lotation about the carbamate bond. At higher temperatures (55 C, CDCI3 solution, closed tube, or 70

C, CgDg solution) the spectrum simplified to that of a single molecular species. Further elucidation of
the stereochemical details of the structure made use of NMR analysis involving double resonance, COSY,
13C.APT and Nuclear Overhauser experiments""1 - The trans diaxial relationship between Hg and Hg
was established by a coupling constant of 11.4 Hz. Irradiation of Hg resulted in enhancement of the
signals of the Hy7-exo and Hy-axial protons, thereby attesting to a cis stereochemistry of the AB ring
junction. Dreiding molecular models of 2a reveal that the Cg-axial proton lies in the vicinity of the
Cg-axial proton. In line with this sterecchemistry, when the latter proton was irradiated (8 3.13), only
the Cg proton exhibited a positive signal at § 2.62.

it can be reported that the synthesis of 7b starting from L-(+)-serine has been achieved. The
synthesis of 2b from 7b, which is underway, shouid aliow its elaboration to the total synthesis of
natural manzamine-A.

ACKNOWLEDGEMENTS:

We wish to thank Mr. C. Kruk for vaiuable discussion of the NMR spsctra. This investigation was carried
out under auspices of the Netherlands Foundation for Chemical Research (SON) with financial aid of the
Netherlands Organization for Scientific Research (NWO).

REFERENCES:

1. Taken in part from the forthcoming doctorate thesis of K.M.J. Brands, University of Amsterdam.

2. {(a) R. Sakai, T. Higa and G. Bernardinelli, J. Am. Chem. Soc., 1986, 108, 8404; (b) R. Sakai, S.
Kohmoto, T. Higa, C.W. Jefford and G. Bernardinelli, Tetrahedron Lett., 1987, 5493; (¢) T. Ichiba,
R. Sakai, S. Kohmoto, G. Saucy and T. Higa, ibid, 1988, 3083.

3. H. Nakamura, 8. Deng, J. Kobayashi, Y. Okimuzi, Y. Tomotake, T. Matsuzaki and Y. Hirata,
Tetrahedron Lett., 1987, 621.

4. (a) H.A.M. Walraven and U.K. Pandit, Tetrahedron, 1980, 36, 321; (b) M.J. Wanner, G.J. Koomen
and U.K. Pandit, ibid, 1983, 39, 3673; (¢) W.J. Vioon, C. Kruk, U.K. Pandit, H.P. Hofs and A.J.
McVie, J. Med. Chem., 1987, 30, 20; (d) M.J. Wanner, N.P. Willard, G.J. Koomen and UK.
Pandit, Tetrahedron , 1887, 43, 2548.

5. D.J Hart and J.A. McKinney, 196th ACS National Meeting, Los Angeles, 1988, Abstr. ORGN 182.



1426

6.

8.
9.

10.

(a) G. Brieger and J. Bennett, Chem. Rev., 1980, 80, 63; {b) D.F. Taber, "Intramolecular
Diels-Alder Reactions and Alder Ene Reactions”, Springer Verlag, New York, 1984; (c) E. Ciganek,
Org. React., 1984, 32, 1; (d) A.G. Falhs, Can. J Chem., 1984, 62, 183; (e) D. Craig, Chem. Soc.
Rev., 1987, 16, 187.

. (a) H.C. House and T.H. Cronin, J. Org. Chem., 1965, 30, 1061; (b) W. Oppolzer, C. Fehr and J.

Warneke, Helv. Chim. Acta, 1977, 60, 48; (c) R.K. Boeckman and T.R. Alessi, J. Am. Chem. Soc.,
1982, 7104, 3216; (d) S.G. Pyne, M.J. Pensel and P.L. Fuchs, ibid, 1982, 104, 5719; (e) S.F.
Martin, S.A. Williamson, R.P. Gist and K.M. Smith, J. Org. Chem., 1983, 48, 5170; (f) G. Hwang
and P. Magnus, J. Chem. Soc. Chem. Comm., 1983, 693; (g) M. Koreeda and J.1. Luengo, J. Org.
Chem., 1984, 49, 2080; (h) M. Yoshioka, H. Nakai and M. Ohno, J. Am. Chem. Soc., 1984, 106,
1133; (i) 8. Wattanasin, F.G. Kathawala and R.K. Boeckman, J. Org. Chem.,1985, 50, 3810; (j)
M.J. Henssel, J.T. Palmer, K.S. Learn and P.L. Fuchs, Synth. Comm., 1986, 11, 1297; (k) J.T.
Palmer, K.S. Learn and P.L. Fuchs, ibid, 1986, 11, 1315; () M. Koreeda,D.J. Ricca and J.I. Luengo,
J. Org. Chem., 1988, 53, 5586.

D. Ben-Ishai and A. Berger, J. Org. Chem., 1952, 17, 1564,

I. Fleming, J. Goldhill and |. Patterson, Tetrahedron Lett., 1979, 3205.

(a) S. Masamune, 8. Kamata and W. Schilling, J. Am. Chem. Soc., 1975, 97, 3515; (b} S.
Masamune, Y. Hayase, W. Schilling, W.K. Chan and G.S. Bates, J. Am. Chem. Soc., 1977, 99, 6756.

11. (a) P.M. Booth, C.M.J. Fox and S.V. Ley, J. Chem. Soc. Perkin Tr. I, 1987, 121; (b) S.V. Ley and

P.R. Woodward, Tetrahedron Lett., 1987, 3019; (c) C.M.J. Fox and S.V. Ley, Org. Synth., 1988,
66, 108.

12. MS observed: 412.1998; Calo. for CogHpgN,Og: 412.2002. IR: 1710, 1665, 1625 cm™'; TH-NMR

(CgDg. 70 °C): 7.10 ppm (m, 5H, Ph), 6.28 (br 1H, Hg), 4.60 (d, 1H, N5yCH_Ph), 4.10 (q, 2H,
OCH,CHg), 4.07 {d, 1H, NyCHyPh), 3.81 (m, 1H, H, ) 3.56 (m, 1H, H26')' 3.28 (s, 3H, OCHy),
3.13 (m, 1H, Hzax), 2.74 (m, 1H, Haeq), 2.62 (m, 1H, Heax), 2.39 (m, 2H, Hyax, Hyeq), 1.90 (m,
1H, Hgea), 1.77 (m, 1H, Hy4endo), 1.58 (m, 2H, Hax, Hyeq), 1.22 (m, 1H, Hq4exo), 1.08 (1, 3H,
OCH,CH3).

13. Details of the NMR spectra will be published eisewhere.

(Received in UK 16 January 1989)



