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The combination of great effectiveness and ready 
availability should make the new phthalazine cinchona 
derivatives 1 and 2 the AD'S workhorse ligands for some 
time to come. Nevertheless, terminal olefins are the most 
common and important members of the olefin family and 
since most representatives are s t i l l  below the 90% ee level 
(Table I, entries 7-12), the search for new ligands con- 
tinues. 
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Summary: The nonchelate enforced chiral amide enolates 
derived from 4-7 react with alkyl iodide and protected 
a-amino epoxide electrophiles to produce the HIV protease 
inhibitors 10 and 16-19 with high diastereoselectivity. 

The hydroxyethylene dipeptide isostere (HDI) transi- 
tion-state mimetics have been found to be potent and 
selective inhibitors of aspartic acid proteases such as renin.' 
More recently, inhibition of the aspartic acid protease of 
HIV-12 has been recognized as an attractive target for 
therapeutic intervention in AIDS since inactivation of the 
protease results in cessation of the posttranslational pro- 
cessing of the viral gag and gag-pol gene producta. 

In previous reports from these laboratories, HDIs 
bearing the cyclic phenylglycine surrogate (-)-cis- 
(1S,2R)-l-aminoindan-2-01(1) have been demonstrated to 
be potent and selective inhibitors of HIV-1 p r~ tease .~  
Initial synthetic routes to these compounds (eq 1) pro- 
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16 R,=Ph,&=H 
1 7  Rc=Ph.&=0CH2CHZNu0 A 

18 R,=Ph.&=OH 
1 0 R, = cycbhexyl, R2 = OcyCHpH 

ceeded from a "trans"4actone intermediate4 A and 1 via 
the four-step sequence of lactone saponification, hydroxyl 
group protection, amide bond formation, and hydroxyl 
deprotection.6 However, a more concise and practical 
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route was desired. Herein we disclose novel chemistry 
leading to an efficient, highly diastereoselective coupling 
of chiral amide and epoxide partners to afford HDIs, as 
well as a rapid entry into a novel pseudo-C2-symmetrical 
inhibitor, each derived from aminoindanol 1. Although 
many elegant approaches to HDIs have been reported: we 

(1) Aspartic Proteinuses and Their Inhibitors; Kostka, V., Ed.; De 
Gruyter: ~ New York, 1985; p 421-441. 

(2) (a) Navia, M. A.: Fitzaerald, P. M. D.; McKeever, B. M.: Leu, C.-T.: 
Heimbach, J. C.; Herber, W. K.; Sigal, I. S.; Darke, P. L.; Springer, J. P. 
Nature 1989,337,615-620. (b) Wlodawer, A.; Miller, M.; Jaskolski, M.; 
Sathyanarayana, B. K.; Baldwin, E.; Weber, I. T.; Selk, L. M.; Clawson, 
L.; Schneider, J.; Kent, S. B. H. Science 1989,245, 616-621. (c) Kohl, 
N. E.; Emini, E. A.; Schleif, W. A.; Davis, L. J.; Heimbach, J. C.; Dixon, 
R. A. F.; Scolnick, E. M.; Sigal, I. Roc. Natl. Acad. Sci. U.S.A. 1988,85, 
4686-4690. 

(3) Lyle, T. A.; Wiscount, C. M.; Guare, J. P.; Thompson, W. J.; An- 
derson, P. S.; Darke, P. L.; Zugay, J. A.; Emini, E. A.; Schleif, W. A.; 
Quintero, J. C.; Dixon, R. A.; Sigal, I. S.; Huff, J. R. J. Med. Chem. 1991, 
34, 1228-1230. 

(4) (a) Prepared from the unsubstituted lactone4b in 95% diaetereo- 
selectivity via enolization with 2 equiv of LDA followed by alkylation with 
the corresponding benzylic iodides a t  -78 OC: Aakin, D.; Wallace, M.; 
Volante, R. P.; Shinkai, I. Unpublished results. (b) Decamp, A. E.; 
Kawaguchi, A. T.; Volante, R. P.; Shinkai, I. Tetrahedron Lett. 1991,32, 

(5) Vacca, J. P.; Guare, J. P.; deSolms, S. J.; Sanders, W. M.; Giuliani, 
E. A.; Young, S. D.; Darke, P. L.; Zugay, J.; Sigal, I. S.; Schleif, W. A.; 
Quintero, J. C.; Emini, E. A.; Anderson, P. S.; Huff, J. R. J. Med. Chem. 
1991,34, 1225-1228. 

(6) For synthetic routes to hydroxyethylene dipeptide isosteres, see: 
(a) Evans, B. E.; Rittle, K. E.; Homnick, C. F.; Springer, J. P.; Hirshfield, 
J.; Veber, D. F. J.  Org. Chem. 1985,50, 4615-4625. (b) Hanson, G. J.; 
Lindberg, T. J. Org. Chem. 1985,50,5399-5401. (c) Kempf, D. J. J. Org. 
Chem. 1986,51, 3921-3926. (d) Fray, A. H.; Kaye, R. L.; Kleinman, E. 
F. J .  Org. Chem. 1986, 51, 4828-4833. (e) Metternich, R.; Ludi, W. 
Tetrahedron Lett. 1988,29,3923-3926. (0 Wuta, P. G. M.; Putt, S. R.; 
Ritter, A. R. J. Org. Chem. 1988,53,4503-4508. (g) Herold, P.; Duthaler, 
R.; Rihs, G.; Angst, C. J. Org. Chem. 1989,54, 1178-1185. (h) Chakra- 
varty, P. K.; delaszlo, S. E.; Sarnella, C. S.; Springer, J. P.; Schuda, P. 
F. Tetrahedron Lett. 1989, 30, 415-418. (i) Nishi, T.; Kataoka, M.; 
Morieawa, Y. Chem. Lett. 1989,1993-1996. (i) Bradbury, R. H.; Revill, 
J. M.; Rivett, J. E.; Waterson, D. Tetrahedron Lett. 1989,30,9&46-3848. 
(k) Melnick, M. J.; Bisaha, S. N.; Gammill, R. B. Tetrahedron Lett. 1990, 
31, 961-964. (1) Boyd, S. A.; Mantei, R. A.; Hsiao, C.-N.; Baker, W. R. 
J .  Org. Chem. 1991,56,438-442. (m) Vara Prasad, J. V. N.; Rich, D. H. 
Tetrahedron Lett. 1990, 31, 1803-1806. (n) Kano, S.; Yokomatau, T.; 
Shibuya, S. Tetrahedron Lett. 1991, 32, 233-236. (0) Radunz, H.-E.; 
Eiermann, V.; Schneider, G.; Riethmuller, A. Tetrahedron 1991, 47, 
1887-1894. (p) Harding, K. E.; Coleman, M. T.; Liu, L. T. Tetrahedron 
Lett. 1991, 32, 3795-3798. (q) Vara Prasad, J. V. N.; Rich, D. H. "et- 
rahedron Lett. 1991,32, 5857-5860. (r) Rosenberg, S. H.; Boyd, S. A.; 
Mantei, R. A. Tetrahedron Lett. 1991, 32,6507-6608. (8 )  Plata, D. J.; 
Leanna, M. R.; Morton, H. E. Tetrahedron Lett. 1991,32, 3623-3626. 

1867-1870. 

0022-326319211957-2771$03.00/0 0 1992 American Chemical Society 



2772 J. Org. Chem., Vol. 57, No. 10, 1992 

Scheme I 
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2 Ri=Ph 'H NMR (M): a ~ , =  7.2 ppn 'H NMR (m): 6 H, = 7.6 ppm 
6 y = 5.8 ppm 3 Rc =~doheXd 
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(2S/2R = 97:3) 

"Reagents and conditions: (a) n-BuLi, THF, -78 O C ;  then CH31; (b) n-BuLi, THF, -78 OC; then 3-iodo-2-(iodomethyl)-l-propene; (c) 03, 
then NaBH4; (d) Camphorsulfonic acid, methanol. 

are unaware of methods which involve the direct coupling 
of protected a-amino epoxides and amide enolates as an 
entry into this compound class. 

At the outset, three criteria had to be met for this route 
to be practical: (a) ready availability of the R-epoxides 
(Scheme I), (b) a diastereoselective condensation to afford 
the desired (2R) product, and (c) suitable protecting groups 
on the amide partner to allow both enolate formation and 
final deprotection of the desired HDIs. 

The R-epoxides 2 and 3 were available from the olefin 
corresponding to 2 via selective, carbamate-derived ep- 
oxidation with peracid.' The amides 4-7 were prepared 
in a straightforward mannefl from 1 and existed as an 81 
mixture of major (M) and minor (m) rotamers in THF-d8 
and CDCIB. We reasoned that formation of the 2-enolate 
of amides 4-7 followed by attack of an epoxide from the 
apparently least hindered enolate face of rotamer M should 
afford the desired 2(R)-diastereomeric product HDIs. 

Treatment of amide 4 with n-BuLi at -78 "C resulted 
in the instantaneous formation of predominantly a single 
species, as analyzed by 'H NMR. Treatment of the enolate 
with methyl iodide at -78 O C  afforded virtually a single 
diastereomer of 8 (76%, diastereoselectivity = 97:3 by 
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bar-SIL, mobile phase = 98/2 hexane/Zpropanol, flow = 1.0 mL/min, 
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the diastereomeric ratio by NMR leads to inaccurate information due to 
the presence of minor carbamate rotamers in the integrated regions of 
the spectrum. The R/S epoxide ratio could be enhanced by selective 
crystallization of the undesired S-epoxide (ref 6a); a homogeneous sample 
of the R-diastereomer could be obtained by careful chromatography. 

crude epoxi d ation mixtures: column = 4.6-mm X 25-cm Dupont Zor- 

(8) See supplementary material for experimental details. 

HPLC analysis of the crude reaction, Scheme 11). It was 
confiied independently that the major product possessed 
the S-stereochemistry resulting from approach of the 
electrophile from the least hindered face of the M-enolate 
rotamereg 

The above results led to speculation that a pseudo-C2 
symmetrical inhibitor could be selectively prepared by 
exposure of 2 equiv of the enolate to a bifunctional elec- 
trophile. Subjection of the lithium enolate of 4 to 0.5 equiv 
of 3-iodo-2-(iodomethyl)-l-propenea afforded a 74% yield 
of the double adduct 9. Ozonolysis of the olefii followed 
by reductive workup gave an alcohol which was deblocked 
to afford the pseudo-C2 symmetrical inhibitor 10. The 
X-ray crystal structure of the HN-1 protease/lO complex 
has been determined.'O 

With these encouraging resulls in hand, we turned our 
attention to the more complex couplings with epoxide 
electrophiles. The chloromagnesium derivative of 2 was 
initially chosen" with the hope that intramolecular Lewis 
acid acceleration of the normally sluggish epoxide/amide 
enolate coupling would occur. Treatment of the more 
complex amide enolate derived from 6 with the species 
resulting from the action of isopropylmagnesium chloride 
on epoxide 2 gave a coupled adduct 12 as the major 
product (60%) along with the chlorohydrin side product 
derived from 2.12 Comparison of 12 with the acetonide 
derivative of material prepared from the "trans"-lactone 
intermediate (eq 1) indicated that epoxide coupling had 
taken place with the same enolate facial selectivity as the 
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alkyl iodide cases (Scheme 11). This result is contrasted 
by the reversal of enolate facial attack of alkyl iodide and 
epoxide electrophiles upon reaction with amide enolates 
bearing metallo-alkoxy g r0~ps . l~  

In order to eliminate chlorohydrin formation, the cou- 
pling of the amide enolate was attempted with the lithium 
carbamate salt derivative of 2. This variation had the 
potential advantage of operational simplicity provided that 
the lithium derivative of 2 was sufficiently electrophilic. 
Addition of 2 equiv of n-BuLi to a solution of 1 equiv of 
epoxide 2 and 1 equiv of amide 4 at -78 "C followed by 
warming to -25 O C  for 2 h and subsequent workup af- 
forded the coupled product 11 in >QQ% yield. The 
diastereoselectivity of the coupling was determined by 
preparation of the undesired 2s diastereomer from the 
"cis"-lactone corresponding to A (eq 1). HPLC analysis 
of the crude reaction mixture and comparison with a 
sample spiked with the undesired 2s epimer indicated 
that the diastereoselectivity in the coupling was >%1 in 
favor of the desired 2R diastereomer. Interestingly, it was 
found that the amide linkage of adduct 11 was unreactive 
toward a second enolization with n-BuLi. For example, 
when 11 was subjected to 3 equiv of n-BuLi at  -78 "C 
followed by quenching with methanol at  -30 "C, un- 
epimerized starting material waa recovered as well as the 
indeneamide 15 derived from benzylic deprotonation. 
Apparently, the a-proton is orthogonal to the carbonyl 
group in the coupled product, resulting in poor kinetic 
acidity.14 The remarkably mild one-pot process was ex- 
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tended to the coupling of hydroxyl-containing amides 6 
and 7 with epoxides 2 and 3, respectively (3 equiv of nBuLi 
required for deprotonation), to afford the coupled p d u c t a  
13 and 14 in satisfactory yields and similar diastereose- 
lectivity. Deblocking of the adducts 11-14 was effected 
with camphorsulfonic acid in methanol to afford the HDIs 
16-19, which were identical to material prepared from the 
"trans"-lactone route. 

It is clear from the foregoing discussion that the facial 
selectivity of the chiral amide enolates with both halide 
and epoxide electrophiles is much greater than would have 
been predicted from the amide solution rotamer argu- 
ment.16 Attempts to extend this method to other amide 
and epoxide partners are under investigation. 
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