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Abrtract: Confom~tionaIly restricted HIV-1 protease inhibitors containing the transition state hydroxyl group in 
pymolidine or pipe&Iii ring systems were synthesized ~tereoselectively utilizing the inherent stemchemishy of an 
amino acid derivative. A convergent double reductive amination strategy was used to construct thelIekmqclicrings. 

Human immunodeficiency virus type-l (HIV-l) is the etiologic agent for the acquired 

immunodeficiency syndrome (AIDS).1 The virus encodes a homodimeric aspartyl protease (HlV- 
1 protease) responsible for processing the gag and gug-pd gene products that allow for the 

organization of core structural proteins. 2 For this reason, HIV-1 protease has been recognized as 

one of the most attractive therapeutic targets for AIDS.3 Much effort has been concentrated on 

the development of efficient protease inhibitors, and a number of these compounds have been 

reported in the literature.4 Most inhibitors incorporate transition state isosteres to mimic the 

cleavage site of the natural substrate of the enzyme. 

Recently, Tucker et al. have reported a new series of HIV-l protease inhibitors (A)5 which 

combine the hydroxyethylamine transition state mimic with the novel amino acid surrogate l- 

amino-2-hydroxyindan.6 Examination of a modeled structure of A in the enzyme active sit& 

indicated that a.pyrrolidine or piperidine ring could be formed between the hydroxyl carbon and 

the secondary amine to give compounds of general structure B. This ring might enforce a 

bioactive conformation and lead to an increase in inhibitory potency. In this communication, we 
wish to report a highly convergent synthesis of such conformationally restricted HIV protease 
inhibitors containing hydroxypyrrolidine or hydroxypiperidine heterocycles. The synthesis 

involves as a key step a double reductive amination7 of a dialdehyde and an amine fragment, 

both of which are derived from ~-amino acids. 
Scheme 1 shows a general synthetic sequence leading to both of the two diastereomeric 3 

hydroxypyrrolidines 9a and 9b. 
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a: N-methylpiperidiae, methyl chloroformate, CHZCIZ-THF, -20°C; N-metbylpiperidine, . . 
N- 

metboxy-N-methylamine, b: ally1 magnesium bromide. THP. -40°C. c: vinyl magnesium DrODIldC. 
40ec, d: ally1 magnesium bromide. anhyd CeC13, THF, e: NaH, THF; BoczO, EbN, CHZCIZ, f: 03. 
MeOH, -78°C; Me& g: NaB(CN)Hj, amine 7. AcOH. MeOH, pH 6, h: NaOR WOH 

N-Methoxy-N-methyl amide 2 derived from N-teti-butoxycarbonylphenylalanine 1 served 

as a common starting material for the two isomeric 3-hydroxypyrrolidines 9a and 9b. Preparation 

of 2-propenyl ketone 3 and vinyl ketone 4 from the amide 2 was achieved in excellent yields 

(both -98%) by the use of ally& and vinyl Grignard reagents, respectively. 

Addition of vinyl Grignard to ketone 3 afforded 5a as a major product in a 41 ratio9 in 69% 

combined yield, while formation of the isomeric tertiary alcohol 5b was favored (3/l, 56% 
combined yield) in the addition reaction of ally1 Grignard to ketone 4 in the presence of cerium 

chloride.9 Control of the stereochemistry of Jr and 5b at the tertiary hydroxyl carbon was 

accomplished by utilizing the inherent stereogenic center of the starting amino acid. In the 

former case the product was accompanied by I-propenyl ketone (16%) arising from base-induced 

double bond isomerization of the starting ketone. In the latter case, the product from 1,4-addition 

of vinyl Grignard was isolated in 20% yield. The hydroxyl groups in 5a and 5b were protected as 
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oxazolidinones 6a and 6b, respectively. 1s An X-ray crystallographic study performed on 

oxazoklinone 6a (ap. lo&135.5oc) amfirm&theSconfigurationofthe&tiaryhydroxylcarbon 

of 5a.11 
Assembly of the two PlPz and Prti fragments was accomphshed in one step by the double 

reductive amination of the crude dialdehyde oMainedfromtheozonolysisof6andamine7.12 

Althou~tlreylcldsofthiecndalstep(3842%)stllllreedtobe~,itis.~o~ythat 

the convergent nature of the CocIpling step should allow one to incorporate various P1’P2* groups 

intotheinhibitorm&culeinalaterstageofthssynthesis. 

Pinal hydrolysis of the protecbq oxazolidinone group provided the 3-hydroxypyrrolidine 

9aand9bin6&7O%yieldsalongwithminor products (B-20%) arising from the hydrolysis of the 

Baz group, which was easily separated by silica gel cohunn chromatography. 

Synthesis of hydroxypiperidine derivatives was more straightforward. As outlined in 

Scheme 2, hydroxydienes 10, 11, and 12 were directly utilized without protecting the hydroxyl 

groups in the omnolysis s&p to fumish the crude dialdehydes. Reductive amination reaction of 

the dialdehydes with an amine such as 7 subsequently provided hydroxypiperidines 13,14, and 
15, in 60,55 and 54% yields, respectively. 

In summary, a series of conformation&y restricted cyclic HIV-1 protease inhibitors were 

prepared through a convergent double reductive amination strategy. Some of these inhibitors 

exhibited submicromolar inhibitory activity (e.g. compound 9s IC5o-O.6 pM) towards the 

enzyme. Detailed structure-activty relationship of these types of inhibitors and crystallographic 

structure analysis of inhibitor-bound HIV-1 protease will be reported in due course. 
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