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A SIMPLE SYNTHETIC APPROACH TO Cbz-Phe-¥-(CHg)Gly-Pro-OMe AND RELATED PEPTIDE ISOSTERES
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Summary. A new approach to ketomethylene and hydroxymethylene peptide isosteres has been developed which is

simple, direct, and highly convergent A key feature is construction of the central bond of a y-keto ester by
alkylation of a t-buty! 3-keto ester with an a-bromo ester.

There has been a great deal of recent interest in the synthesis of peptide 1sosteres in which an amide bond of a
pephide 1s replaced by an electronically and sterically similar grouping of elements that is not hydrolytically iabile.! The
peptide 1sostere binds to a proteolytic enzyme in a fastion similar to the natural substrate but is unreactive, thus nhibiting
the normal protease activity of the enzyme Since protease activity ts a crucial component in the progression of several
diseases, peptide 1sosteres which specitically inhidit proteoiytic enzymes associated with these diseases are potentially
valuable therapeutic agents for their mediation While a vanety of functional groups have been examined as amide

raplacements 1n peptide isosteres, two of the most popular are the ketornethylene A and the hydroxymethylene B
groups2 (Scheme 1)
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The most common route to these y-oxidized acid derivatives 1s reaction of a three carbon nucleophile with an
electrophile derved from a protected amino acid- usually an aminoaldehyde. Subsequent manipulation gives a y-oxidized

acid in the appropriate oxidation state (C=0 or CH-OH} Coupling the acid group with an amino acid continues the peptide
chain {Scheme 2) 2
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It occurred to us that another strategy of great promise for the assembly of peptide isosteres 1s to construct the
central bond of a y-ketoacid derivative which could then be elaborated directly to a ketomethylene peptide isostere, or
which could be reduced to the y-hydroxyacid and then elaborated into the hydroxymethylene peptide isostere. The key
bond would be formed by reaction of a t-butyl B-ketoester enolate with an o-substiiuted ester This strategy is depicted in
Scheme 3. Reaction of the enolate of diethyl malonate with a-bromoketones to yield a v-keto ester has been used to
make peptide isosteres, however the alkylation occurs only in poor yields.3 The present approach uses a-substituted acid
derivatives as alkylating agents. This reversed polarity, in which the carboxyl end of the 1sostere 1s added as an
electrophile results in much improved efficiency , convergency, and employs more readily available starting materials.
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In order to demonstrate the utilty of this approach, it was necessary to validate several of the component reactions
in the sequence. A key step I1s the alkylation of a +-butyl B-ketoester with an a-substituted ester Acid catalyzed
decarboxylation would yield the y-keto ester This reaction was first described by Triebs4 for the synthesis of ethyl
levulinate, but has largely been ignored since that first example We find that with slight modification, it is a very simpie and
direct method for the preparation of y-ketoacid derivatives, which are themselves very usefu! intermediates 5 Alkylation of
the sodium enolate of 1 ( readily prepared fromz-buty! acetalea) with ethyl bromoacetate in THF followed by treatment with
TFA yields yketoesters in excellent yiekis (Eq 1).0
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Extension of this strategy to the synthesis of peptide 1sosteres was achieved by acylation of t-butyl acetate with a
protected amino acid using carbonyldimidazole as an activating agent.” The aminoacylated B-ketoester 5110 was
obtained in good yield and was converted uneventiully to the y-ketoester 6110, also in good yield (Eq. 2). Hydrolysis
(LiOH) and coupling (HOBT, EDCI) with proline methyl ester gave a moderate yield of the ketomethylene pepfide isostere
Cbz-Phe-'¥-(CHz)Gly-Pro-OMe (7).8, 112 Isostere 7 1s a potent inhibitor of angiotensin converting enzyme and thus is of
intarest for the treatment of hypertension.®

A more convergent approach to 7 was tested as shown in Equation 3. In this strategy, a bromoacetamide
derivative of an amino acid 89 is used to alkylate the B-ketoester 5, thus producing the ketomethylene isostere 7 directly.
This route constitutes a very simple and direct way to produce ketomethylene isosteres in good overall yields. Only one
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diastereomer was detected which confirms that the assembly of the produdt acourrs without epimenzation of ether amino
acid subunit.
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In order to produce hydroxymethylene peptide isosteres, the stereochemistry of the reduction of the y-ketoester
6 was examinied under conditions { NaBHy, MeOH, 0°C) that had shown good stereoselectivity in the reduction of statone,
a lower homolog of ketomethylene peptide 1sosteres.”&..10 The resutting hydroxy ester was cychized to lactone 911b
and analyzed by nmr spectroscopy (Eq 4) Two diastereomers (88%) ina 1.8 1 ratio were evident in the nmr spectrum,
however, assignment of the 45 and 4R isomers was not possible Thus ketoester 6 was converted to the Boc-protected
analog and reduced with NaBH4. Companson of the major and minor diastereomers of the Boc analog of lactone 9 with the
known 4S derivative2d by 13C nmr spectroscopy showed that the 4R isomer was the major sterecisomer. The relative
abundances permitted the TH nmr spectrum to be assigned for both the Bec-protected compound as well as the Cbz
protected example 9. The diastereomer ratios were also determined using hple and were identical to those determined by
13¢ nmr. Reduction of 6 using NaBH4 in ethanol at -78°C 192 gave 67% of a mixture of 4R and 4S isomers, again in 181
ratio. Use of Me4NB(QAc)sH at 0° C gave 54% of a2 1 muixture of the same isomers These diastereomers are separable
by radhal chromatography Methods for conversion of 9 to hydroxymethylene peptide 1sosteres have been reported
praviously 2b.2e
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in summary a new approach to ketomethylene and hydroxymethylene peptide 1sosteres has been developed
which 1s simple, direct, and highly convergent Two aspects of the process which need further attention are the alkylation
of t-butyl B-ketoesters with a-substituted acid dervatives other than bromoacetate, and the improvement of
stereoselectivity in the reduction of the ketomethylene peptide isosteres

ACKNOWLEDGEMENT This work was supported by the National Science Foundation (9004980} whom we would ke
to thank

REFERENCES
1. a. Spatola, A In Chemustry and Biochemistry of Amino Aicds, Peptides and Proteins, Weinstein, B , Ed , Marcel Dekker
New York, 1983; Vol. 7, p 267. b. Rich, D H In Comprehensive Medicinal Chemistry. Hansch, C , Sammes, P, G, and
Taylor, J B., Ed, Permon Press’ Oxford, 1989: Vol 6, p 391 ¢. Greenlee, W J Pharmaceutical Res 1987, 28, 263

2 Hydroxyethylene isosteres a Rich, D. H. In Proteinase intubitors, Barrett, A T and Salvesen , G, Ed ; Elsevier: New
York, 1986, 179. b. Rich, D H., Vara Prasad, J V N. Tetrahedron Lett 1990, 31, 1803 c. Kano, S ; Yokomatsu, T,
Shibuya, S. Tetrahedron Lett 1991, 32, 233 d DeCamp, A E., Kawaguch:, A T, Volante, R P, Shinkai, |
Tetrahedron Lett. 1991, 32, 1867. e. Ghosh, A. K., Mckee, S P, Thompson, W J J Org. Chem 1991, 56, 6500..
f Plata, D J.;Leanna, M R.: Morton, H E Tetrahedron Lett. 1991, 32, 3623 g Chakraborty, T K, Gangakhedkar,
K. K.Tetrahedron Lett. 1991, 32, 1897 h Szelke, M , Jones, D M | Atrash, B , Hallett, A, Leckie, B J Proc Am.
Pept Symp. 8th 1983, 579. Ketomethylene isosteres: 1. Garcia-Lopez, M T, Gonzalez-Muniz, R.; Harto, J R
Tatrahedron Left 1988, 29, 1577 and references cited therein j Holladay, M W, Rich, D. H Tetrahedron Lett.
1983, 24, 4401 .k Jennings-Whitte, C.; Almquist, R G Tetrahedron Left 1982, 23, 2533

. Harbeson, S. L., Rich, D. H, J. Med Chem., 1988, 32, 1378

. Treibs, A , Hintermeler, K Chem Ber 1954, 87, 1163,

. Review Elison, R A Synthasis , 1973, 397

Rathke, M W ; Deitch, J , Tetrahedron Lett, 1971, 2953

.a Hams, B D, Bhat, K L, Joulhe, M. M Tetrahedron Lett 1987, 25,2837 b Kim, H -O., Olsen, R K;Cho, O -§ J
Org. Chem. 1987, 52, 4531. ¢. Hamada, Y , Kando, Y., Shibata, M , Shioiri, T J. Am. Chem Soc 1989, 177, 669

.a Meyer, R F, Nicolaides, E D ; Tinney, F J, Lunney, E A.; Holmes, A, Hoefle, M L, Smith, R D.; Essenberg, A D,
Kaplan, H R.; Aimquist, R. G. J. Med. Chem. 1981, 24, 964.b. Almquist, R. G., Chao, W.-R,, Ellis, M. E , Johnson, H
L., J Med. Chem., 1980, 23, 1392

9 Prepared by reaction of bromoacetyl chlonde with proline methyl ester HCI in the presence of tniethyl amine in

~N o O b W

o

dichloromethane

10 a Maibaum, J., Rich, D. H. J Org. Chem. 1988, 53, 869 b Schuda, P F , Greenlee, W J , Chakravarty, P K, Eskola,
P. J. Org. Chem 1988, 53, 873.

11 a Spectral data matched literature values b New compound charactenized by spectral data and satistactory elemental
analysis.

(Received in USA 30 January 1992)



