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~ "  Tr/s(W/phoW~)Rhod/mn(/) Ch/or/de m the presence W/ag'yl phosph/we cata/yse.s the 
/somerizaaon o t'/vydroxy ag'ynea to unsaaa'ated ~ana keto and hydroxy esters depends on the nature of 
the phosphine. D~pep¢~ imsters were obtained in a an ~ manner by the appl~aaon of this 
methodology. 

Many effoRs are currently being directed towards the design and the synthesis of peptidomimetics ill 

which the amide bond in (1) is replaced by a f~mctionality confen'ing to the parent peptide improved resistance 

a~aingt proteases degradation and restricted conformation mobility 1. The keto vinyl ester (2) and the trans 

hydroxy vinyl ester (3) first reported by Hanson et al. 2 are interesting dipeptide analogs which combine 

conformational restriction and the ability to undergo conjugate addition to nucleophilic species from the 

respective receptor or enzyme binding sites. They have been also incoq~rated in various angiotensin 

converting enzyme inhibitors 2,3. Dipeptide (3) moreover is the key intermediate in the synthesis of trans alkene 

dipeptide isosters (4) 4a,b which were used in the syntheses of peptidomimctic analogs of enkephalin, substance 

P and protein kinase inhibitors 4c. More recently, Martin et al. 5 identified (5) and (6) as novel conformationally 

restricted isosteric replacements of the natural fragment (1) by incoqmrating these surrogates in zenin yo and 

collagenase inhibitorsSc. 

~ o g 

~, H 0 

(1) 

H O R H OH R 

R' o ~, o 

(2) O) 

o ,  

. X ' ~ ~  

(s) (6) 
R, R', RvR2 = H, alkyl, atyi 

-: 0 R' 

(4) 

Having de~ided to incorporate dipeptide isosters such as (2) and (3) in enzyme inhlbitors cm~e~tly 

under development in our laboratory, we have explmtd the possibility to prcpm'e them by a synthetic route 

simpler than that hitherto lepolted 2. We were intrigued in partimlar by the possibility to pl'epal¢ these 

dipeptide isosters by transforming a suitable hydmxy alkyne precursor (A) into the corresponding keto vinyl 

derivative (B) by transition metal promoted internal redox. 
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"flxis s t r~gy  has been previously used for the isomerizafion of allylic alcohols to saturated ketones 6-8, primary 

hydroxy alkynes to trans vinyl aldehydes 9 and secondary hydroxy alkynes to ~--[3 enones 10 and trims dienes 11. 

Herein, we r e p ~  that [P(Ph)3]3Rh(1)O is able to isomerize eff~-ntiy and stereoselectively secondary hydroxy 

alkynes to trans keto or hydroxy alkenes depending on the nature of the ~ plmsphine. Tnos, a series of 

hydroxy alkyne esters 12 were treated with 3% of [P(Ph)3]3Rh(I)O and 5% of n(Bu)3P in toluene. As illustn,ted 

in table I (entry 1), clean isomerization of hydroxy alkyne (7) bearing an alkyl chain occurred to give the keto 

vinyl ester C/a) in 82% yield 14. The reaction does not occur at room temperature (see entry 2) or in the absence 

of the trialkylphosphine as catalyst (entry 3). 1H NMR spectra of product C/a) indicated the presence of two 

doublets centred respectively at 7.00 ppm and 6.58 ppm with a coupling constant of 16 Hz and confirm a trans 

stereochemistry of the double bond. The presence in 13C NlVlR of a signal at 199.8 ppm confirmed the 

existence of the ketone. No trace of the cis isomer was detected by NMR or by HPLC. The phenyl hydroxy 

alkyne ester (8) proved to react much slower and proceeded in lower yield comparing to its alkyl countexpaxt 

(56% versus 82% for (7)). It is worthy to note that product ( h )  can be used as a useful precursor for the 

synthesis of trans keto epoxy amides which have been reported to be active antilipogenic agents 15. 

Entries $-8 report the results obtained in the preparation of dipeptide isostem. Compound (9) reacted smoothly 

in the conditions described above affording the keto vinyl ester (ga) in 76% yield. Confirmation of the assigned 

structure was based on the 1H NMR and 13C NMR spectra (see the typical procedure). No trace of the cis 

isomer or of the trans diene was observed. The phenylalanine derivative reacted in a similar manner. Entries 7 

and 8 illustrate the role of the added phosphine on the outcome of the reaction. Isomerization of compound (9) 

using triisopropyl phosphine as catalyst afforded unexpectedly the trans T-hydroxy vinyl ester (gb) together 

with the T-keto alkyne ester Ok:). In this case the products apparently arise fDrom intermolecular hydrogen 

transfer. Compound (1O) reacted similarly and gave the products (10b) and (10c) in 87% combined yield. 

It is known that the mechanism of the isomerization of unsaturated alcohols can differ depending on the 

metal catalyst employed 8. Most probably in our case, the mechanism that accounts for the observed reaction 

follows the one proposed by Trost for the redox isomerization of allylic alcohols 7. The hydroxy alkyne is 

recognised in this case as the bidendate ligand for the rhodium catalyst. The exclusive formation of the trans 

olefin can be rationalized by the severe steric interaction between the metal ligand and the ethyl ester moiety of 

the Z isomer. 

In conclusion, we have developed a short and stereuselective method for the synthesis of trans keto and 

hydroxy vinyl ester derivatives. This approach is mild and gives ready access in good yields to trans dipeptide 
isomers in two steps starting from the corresponding or-amino aldehyde. Application of the present 

methodology for the synthesis of dipeptide isosters (b') and (6), starting from (2) and (3) respectively, is under 

way and will be reported in due course. 
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Table I. R h e u m  (1) Isomctization of Hydroxy Alkynes'. 
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a Tae n ~ e m  wae pm'fem~ on I mmol icale in toieeae, in the lXmeace of 3% of rhodium catMym. 
b 5% of ttidkyl phmph~ wm ued m calMylt. 
c Combined yidd of the recovered imnu:~,zed woduc~ 

Tyl~al procalure: A solution of the hydmxy alkyne (9) (299 mg; lmmol), tristriphenylphosphinerhodium CO 

chloride (0.03 mmol,  27.75 mg) and t r i -n-butylphosphine (0.05 retool, 10.12 mg) in 5 ml of  anhydrous toluene 

is heated under argon at reflux for 12 h. The reaction mixture was then cooled to room temperature, 

concentrated in vaeno and chromatographed on silica gel using petroleum ether-AcOEt  (85:15) as eluant to 
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give 76% of the trims keto vinyl ester fla). 1H NMR (200 MHz, ~ 3 ) :  8 7.00 (d, J=15.8 Hz, 11t); 6.75 (d, 

J=15.8 Hz, IH); 5.09 ('or, 0.7H, Nil); 4.48 (In, J= 7.3Hz, 1H); 4.12 (q, J= 7.12 Hz, 2H); 2.08 (m, 1H); 1.45 (s, 

9H); 1.38 (t, J =7.12, 3H); 0.6-0.8 (m, 6H). 13C NMR (50 MHz, ~ 3 ) :  8 198.2; 165.2; 156.1; 136.8; 132.1; 

63.4; 61.5; 30.1; 28.3; 19.8; 16.8; 14.1. [O,]D 22 = +14.4 (c = 2, CH2C12). 

k i M 2 s u s  & NoW: 

1. (a) spatola, A. ln ~ amd biochemis~ o[ Amimo Acid~ Pepad~ and Protein.c; W¢inst©in, B., 
Ed.; Marcel Dekker:. New York, 1983; Vol. 7, p 267. (b) Rich, D. H. Peptidase lnhibitors in 

"Camprehensive Medicinal ~ " ,  Hansh, C; Sammes, P.G; Taylor, J. B., Eds; Pergamon Press, 
Oxfmd, 1 ~ ,  Vol. 2, Chapter 8. 

2. Hanson, G. J.; Lindberg, T.J. Org. ~ 1585, 50, 5399-5401. 

3. Kaitenbmnn, J. S.; Hudspeth, J. P.; Ltmney, E. A.; Michniewicz, B. M.; Niclaides, E. D.; Repine, J. T.; 
Romk, W. H.; Stier, M. A.; T'nmey, F. J.; Woo, P. IL W.; Essenburg, A. D.J. Mea~ C/u~. 1998, 33, 

838-845. 
4. (a) Ibuka, T.; Habashita, H.; OtakA~ A.; Fujii, N.; J. Or&. CTw.m. 1991, 56, 4370-4382. Co) McKinncy, J. 

A.; Eppley, D. F.; Keenan, R. M. Tetrahedmn Lett. 1554, 5985-5988. (c) Shue Y-K.; Cam:m, G. M.; 

Tufano, M. D.; Nadzan, A. M.J. Org. Che~ 1991, 56, 2107-2111 and refe~euces cited therein. 

5. (a) Martin S. F.; Austin, R. E.; Oalmann, C. J.; Tetrahedron. Lett 1950, 31, 4731-4134. (b) Martin, S. 

F.; Austin, R. E.; Oalmann; Baker, W. R.; Condon, S. L.; deLara, E.; Rosenber& S. H.; Spin& IC P.; 

Stein, H.H.; Cohen, J.; Kleinert, H. D.J. Med. Chem. 1592, 35, 1710-1721. Martin, S. F.; Oalmann, 

CJ.; Liras, S. Tetrahedron, 1593, 49, 3521-3532. 

6. Sasmn, Y.; Rempel, G. L. Tarahedron Left 1574, 4133-4136. 

7. (a) Trost, B. M.; Kulawiec, R. J. Tetrahedron LetL 1~1, 32, 3039-3042. (b) Trust, B. M.; Kulawiee, R. 

J.J. A~ Che~ Soc. 1993, 115, 2027-2036. 

8. (a) Wang, G-Z.; B/ickvall, J-E. J. Olem. Soc. Chem. Comm. 1992, 337-339. (b) Bickvall, J-E. 

Chowdhury, R. L.; Kadsson, U., Wang, G-Z. in "perspective in Coordination ChemisUy" Eds 

Williams, A. F.; Floriani, C.; Merbach, A. E., Verlag Helvetica Chimica Acta, Basel, 1992, p. 463. (c) 

B~kvall, J-E.; Andreasson, U. Tetrahedron Lett. 1993, 34, 5459-5462. 

9. Ma, D.; Lu, X.J. Chent Soc. ~ Comm. 1989, 890-891. 

10. Ma, D.; Lu, X. Tetrahedron Lett 1 ~ ,  30, 2109-2112. 

11. (a)Trost, B. M.; K ~ a i e r ,  U. &Ant Chem. Sac. 1992,114, 7933-7934. (b) Guo, C;Lu, X.J. Chem. 

Soc. Chem. Comnt 1993, 394-395. 

12. Intermediates 17) to (1@) were p~pared by the condensation of the lithium acetylide anion of 

ethylepropiolate on the corresponding aldehyde 13 in 47-69% yield. For the synthesis of the dipeptide 

isostercs, the a--amino aldehydes were obtained by Swern oxidation of the ~ a-amino 

alcohols and were used crude in the condensation step to avoid any possible mcomisafion. 
Midland M. M.; Tramontano, A.; Cable, J. R.;J. Org. CAem. IMI@, 45, 28-29. 

All products and intermediates [lave satisfactory 1H NMR and 13C N-MR. 

(a) Jakuboski, A. A.; Guziec, F. S.; Sugiura, M.; Tam, C. C.; T'mhler, M.; Omura, S.J. Org. 
1582, 47, 1221-1228. Co) Cart, L G.; Durl~m, H. G. USPateat 4 091 221, 1575. 

13. 

14. 

15. 

(Received in UK 29 March 1995; revised 26 April 1995; accepted 28 April 1995) 


