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AN APPROACH TOWARD THE TOTAL SYNTHESIS OF
CYCLOTHEONAMIDES; PREPARATION OF A C(1) TO N(14) SEGMENT

Peter Wipf~ and Hong-Yong Kim
Deparntment of Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania 15260, L. S.A.

Abstract: The C(1) to N{14) segment of the potent thrombin inhibitor cyclotheonamide A was prepared
from L-arginine, L-proline, and L-asparagine. The arginine backbone was extended via a cyanohvdrin,
and the unusual diaminopropancic acid residue was obtained from hypervalent iodine oxidation of the
asparagine side chain.

Serine proteases are involved in a large number of degradative diseases and malft nctions.
Therefore, the development of potent and specific inhibitors of these enzymes has become an area
of great interest, The study of the mode of action of mechanism-based inhibitors of serine p.oteases
can provide important models on which the design of new classes of drugs can be sased. 1
Cyclotheonamides, recently isolated secondary metabolites from marine sponges of th: genus
Theonella, are potent and selective inhibitors of the serine protease thrombin.2:3 A long-term goal
of our research program is the development of non-peptidic mimetics of biologically iriportant
peptides. The cyclotheonamides are particularly well suited as an extension of this study jecause
they combine the relative rigidity of a cyclopentapeptide skeleton with the presence of various
already modified, non-proteinogenic amino acids. Lipophilic cyclic peptides offer attractive novel
lead structures for selective enzyme inhibition.

in Scheme |. Besides Pro, D-Phe and 2,3- Cyelotheonamide B, R=Ac

diaminopropancic acid (3-aminoalanine,
Dpr), the cyclopeptide contains two so far
unknown4 amino acid residues, an a-keto
arginine (= Kar)® and a vinylogous tyrosine
derivative (= D-Vty). This modular synthetic
approach will enable the straightforward
preparation of analog structures by
combination of modified segments with
regular ones.

OH
The synthetic plan for the total /@ Cyclotheonasmide A, R=CHO
synthesis of cyclotheonamide A is outlined Q

Our attention focused at first on the synthesis of tripeptide segment 3 (Scheme Hf). Hofmann-
type reaction of N-tert-butyloxycarbonyl (BOC) protected L-asparagine (4) with bis[trifluoroacetoxy]-
iodobenzene,® followed by acylation with benzylchloroformate (CBZ-Cl), gave bisprotected
diaminopropanoic acid 5 in moderate yield.7-8 Subsequent condensation of the mixed ant ydride of
acid 5 and isobutylchloroformate with proline methyl ester under Anderson's conditions? vielded
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dipeptide 6. Ester hydrolysis was follwed by exchange of BOC with the desired formy! grou».
Introduction of the formyl group at earlier stages in the synthesis caused problems due to the
relatively high hydrophilicity of the formylated species.
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For the preparation of the novel a-keto arginine (Kar) residue in cyclotheonamides,!0 th2
guanidino function of L-arginine was protected as the 4-methoxy-2,3,6,-trimethytbenzenesulfony|
(MTR)11 derivative by treatment of No-CBZ-Arg-OH with MTR-CI and agueous base (Scheme Il .
Activation of Ng-CBZ-Ng,-MTR-Arg-OH (8) with isobutylchloroformate and N-methyl morpholin?
(NMM) was followed by condensation with N,O-dimethylhydroxylamine. Further protection of thz
side-chain functionality was necessary at this point, because intramolecular cyclization of th3
corresponding mono-protected aldehyde 15 to piperidine 16 prevented the planned one carben
chain extension (Scheme 1V).12 The Ny ,Ng-CBZ-N-MTR protected arginine derivative was
reduced with lithium aluminum hydride (LAH) to provide amino aldehyde 10,13,14,15 which was
immediately converted to the corresponding bisulfite adduct without purification. Treatment with
potassium cyanide provided cyanohydrin 11 in high overall yield.16

Due to partial Ng-deprotection, solvolysis with methanolic hydrogen chloride1? gave 1
mixture of a-hydroxy esters 12 (major isomers) and 13 (minor isomers). The diastereoselectivity of
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this one carbon homologation depended on the reaction conditions and varied from 1 : 1 to better
than 3 : 1. Silylation of the secondary alcoho!, followed by hydrogenolytic removal of the ( BZ
groups led to amine 14 in 85% yield. Segment condensation was initiated by conversion of acid 7
into the corresponding mixed anhydride (Scheme V). Addition of amine 14 led to the isolation of
tripeptide 17 in 80% yield.
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in summary, the C(1) to N(14) segment of the potent thrombin inhibitor cyclotheonamide A

was prepared in good overall yield from readily available starting materials.18 Key steps include a1
extension of the arginine backbone via a cyanohydtin, the preparation of the unusuzl
diaminopropanoic acid residue by hypervalent iodine oxidation and the application of mixed
anhydrides for the coupling of the subunits. Further progress toward the total synthesis ¢f
cyclotheonamides will be reported in due course.

Acknowledgment is made to the donors of The Petroleum Research Fund, administered by the ACS, and i)
the Central Research Development Fund of the University of Pittsburgh for partial support of this research.

® No;

0.
1.
12
13.

14.
15.

16.
17.

18,

References

For a review, see: Powers, J. C.; Harper, J. W. In Proteinase Inhibitors; Barrett, A. J.; Salvensen, G., Eds ;
Elsevier: Amsterdam, 1986; pp 55-152.

ICsq : 0.076 mg/mL; trypsin: 0.2; plasmin: 0.3. Fusetani, N.; Matsunaga, S.; Matsumoto, H.; Takebayash,
Y. J. Am. Chem. Soc. 1890, 112, 7053.

For other bioactive metabolites of Theonella, see: (a) Swinholide A: Kitegawa, 1., Kobayashi, M.; Katori, T.,
Yamashita, M.; Tanaka, J.; Doi, M.; Ishida, T. J. Am. Chem. Soc. 1990, 112, 3710. (b} Bistheonellides:
Kobayashi, J.; Tsukamoto, S.; Tanabe, A.; Sasaki, T.; Ishibashi, M. J. Chem. Soc., Perkin Trans. 1 1991,
2379. Kato, Y.; Fusetani, N.; Matsunaga, S.; Hashimoto, K.; Sakai, R.; Higa, T.; Kashman, Y. Tetrahedron
Left. 1987, 28, 6225. (c) Onnamide A: Sakemi, S.; ichiba, T.; Kohmoto, S.; Saucy, G.; Higa, T. J. Am
Chem. Soc. 1988, 110, 4851. (d) Theonellamide F: Matsunaga, S.; Fusetani, N.; Hashimoto, K.; Wélchli, M
J. Am. Chem. Soc. 1989, 111, 2582. (e) Theonellapeptolides: Kitagawa, |.; Lee, N. K.; Kobayashi, M.
Shibuya, H. Chem. Pharm. Bull. 1987, 35, 2129.

(a) Barrett, G. C.; Ed. "Chemistry and Biochemistry of the Amino Acids"; Chapman and Hall: London ant!
New York, 1985. (b) Davies, J. S.; Ed. "Amino Acids and Peptides"; Chapman and Hall: London and New
York, 1985.

The stereochemistry at C(3) of Kar has not yet been elucidated.

Moriarty, R. M.; Vaid, P. K. Synthesis 1990, 431.

Waki, M.; Kitajima, Y.; Izumiya, N. Synthesis 1981, 266.

For alternative protocols for Dpr preparation, see: (a) Karrer, P.; Escher, K.; Widmer, R. Helv. Chim. Act:
1926, 9, 314. (b) Nakajima, K_; Tanaka, T.; Morita, K.; Okawa, K. Bull. Chem. Soc. Jpn. 1980, 53, 283, (c
Nilsson, L.; Noori, G.; Bergman, R.; Kesler, E.; Sterner, O.; Wickberg, B. Acta Chem. Scand. Ser. B 1983
37,929. (d) Amold, L. D.; Kalantar, T. H.; Vederas, J. C. J. Am. Chem. Soc. 1985, 107, 7105. Attempts tc
prepare Na—formyl-NB-CBZ-Dpr via the serine -lactone (ref. 8d) resulted in low yields of the desired amin¢
acid building block.

Anderson, G, W.; Zimmermann, J. E.; Callahan, F. M. J. Am. Chem. Soc. 1967, 89, 5012.

Arbitrarily, a 2{S)-configuration was selected for this residue.

Fujino, M.; Wakimasu, M.; Kitada, C. Chem. Pharm Buil. 1981, 29, 2825.

See also: Shimuzu, B.; Saito, A.; Ito, A.; Tokawa, K.; Maeda, K.; Umezawa, H. J. Antibiotics 1972, 25, 515.
(a) Nahm, S.; Weinreb, $. M. Tetrahedron Lett. 1981, 22, 3815. (b} Levin, J. |.; Turos, E.; Weinreb, S. M.
Synth. Commun. 1982, 12, 989. (c) Fehrentz, J.-A.; Castro, B. Synthesis 1983, 676.

Jurczak, J.; Golebiowski, A. Chem. Rev. 1989, 89, 149 and ref, cited therein.

The stereochemical purity of the aldehyde was verified be subsequent reduction to the alcoho! and
comparison of the [o]p with independently prepared material.

Nishizawa, R.; Saino, T.; Takita, T.; Suda, H.; Aoyagi, T., Umezawa, H. J. Med. Chem. 1977, 20, 510.

See, for example: (a) DeWolfe, R. H. Synthesis 1974, 153. (b) Cushman, M.; Wong, W. C. Tetrahedron
Lett. 1986, 27, 2103.

Yields refer to purified and spectroscopically fully characterized (300 MHz TH NMR, 75 MHZ 13C NMR, IR,
[ct]p) compounds.

(Received in USA 8 April 1992)



