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As an extension of our earlier work based upon a single penicillin-derived thiazolidine moiety 
we have found tha t the decahydroisoquinoline grouping, also present in Ro 31-8959, is an 
effective replacement for one of the thiazolidine units in C2 symmetric penicillin-derived dimers. 
Reaction of racemic epoxide 6 with [3S-[3a,4aa,8aa]]-decahydro-Ar-(l,l-dimethylethyl)-3-
isoquinolinecarboxamide gave diasteroisomers 34a and 34b. The stereochemistry of the 
hydroxyl grouping of 34a was determined to be (S). Reaction of the amines derived from 34a 
and 34b with thiazolidine 8a gave 50 and 51, respectively. Compound 50 was a potent inhibitor 
of HIV proteinase (IC50 = 23 nM) with antiviral activity against HIV-I in vitro (EC5o C8166 
cells = 50 nM). However, a poor pharmacokinetic profile in the dog for compound 50 and its 
analogues, in keeping with earlier studies on penicillin-derived dimers in three species, 
precluded their development as potential antivirals. 

Introduction 
Human immunodeficiency virus (HIV)1 is the caus

ative agent of acquired immune deficiency syndrome 
(AIDS). A late stage in the replication of HIV involves 
the key proteolytic processing of polyproteins by a viral 
enzyme, HIV proteinase.2 Thus the inhibition of HIV 
proteinase has become an important therapeutic target 
in the search for an effective antiviral agent.3 A number 
of groups have developed peptide-based inhibitors of 
HIV-I proteinase using the natural substrate sequences 
as starting points with the scissile bond being replaced 
with a transition-state mimetic. Many of these inhibi
tors have been shown to block the replication of HIV-I 
in vitro. However, the combination of high molecular 
weight and peptidic character of these molecules has 
made it difficult to achieve the balance of physicochem-
ical properties necessary to provide an acceptable in vivo 
profile. Nevertheless, a recent report from workers at 
Abbott4 demonstrated that reduction in molecular weight 
may be achieved while retaining potency. Compound 
A-80987 has emerged from their studies as a potent 
anti-HIV agent in vitro with favorable pharmacody
namic properties in vivo. 

In an earlier communication5 we described our screen
ing approach as a means of identifying novel inhibitors 
of HIV-I proteinase. This led to a series of penicillin-
derived C2 symmetric dimers as potent enzyme inhibi
tors which also showed activity against the virus in 
vitro, e.g., I a and l b (Table 1). An X-ray structure6 of 
the ethylamide analogue l a complexed to the recombi
nant enzyme has shown a C% symmetric mode of binding 
with no significant interaction with the catalytic aspar
tates Asp25 and Asp25'. Subsequent comparisons7 with 
2 and 3 demonstrated that introduction of a hydroxyl 
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Table 1. Anti-HIV Activity of Penicillin Dimers 
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a IC50 determinations were performed in duplicate at each 
concentration with mean values used for data analysis. Results 
were standardized, with a control used in all assays.b ED50 (MT-
4) > 100 /iM. 

group into the linker region of the dimers resulted in a 
favorable hydrogen bonding interaction to the aspar
tates. With the aid of computer-assisted molecular 
modeling we then developed a series of potent inhibitors, 
e.g, 4 (IC50 = 4.6 nM), having significantly reduced 
molecular weight and containing a stereochemically 
unique statine dipeptide isostere.8 

In view of the success of this strategy based upon 
inhibitors containing a single penicillin-derived thiazo
lidine unit, we sought alternative means of interacting 
with the Si' and S2' subsites. The recently published 
work from Martin and co-workers9 on the biological 
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properties of Ro 31-8959 (5) indicated that the decahy-
droisoquinoline moiety could fulfill this role and may 
well significantly affect the antiviral and pharmacoki
netic properties of any "hybrid" molecules. 

This paper describes the synthesis and structure -
activity relationships of a series of "monomer" penicillin-
derived analogues containing substituted heterocyclic 
ring systems designed to interact with the Si ' and S2' 
subsites of HIV-I proteinase. 

Chemistry 

All the compounds 46-73 (Tables 5-7) were prepared 
by the routes outlined in Scheme 1. The amides 1 5 -
30 (Table 3) were prepared in good yield by reacting the 
appropriate amino acid with either isobutyl- or tert-
butylamine using 2-(lif-benzotriazol-l-yl)-l,l,3,3-tet-
ramethyluronium tetrafluoroborate (TBTU) as the cou
pling agent in DMF according to general procedure B. 
Acid 11, the precursor to 17, was derived from pipecolic 
acid using di-tert-butyl dicarbonate to introduce the 
protecting group. The thiazolidine 18 was synthesized 
from the known N-protected thiazolidine acid10 and then 
converted to the hydrochloride salt 19 using HCKg) in 
dioxan. The fully protected proline derivative 23 was 
prepared from acid 10 (Table 2), which itself was 
obtained from the commercially available tert-butyl 
ether of 4(i?)-hydroxyproline. The Boc-protected 4(S)-
ethoxyproline 13 was synthesized in 94% yield from the 
hydroxyl-containing precursor by alkylation with ethyl 
iodide and sodium hydride in tetrahydrofuran (THF). 
The ter£-butylamide 25 was then synthesized in the 
conventional manner. A similar alkylation of 24 using 
benzyl bromide and sodium hydride in DMF gave the 
benzyl ether 26 in 55% yield. Piperazine 12 (Table 2) 
was derived from the known 4-benzyloxycarbonyl-
protected amino acid.11 The iV-methylamino acid 14 
was synthesized following the procedure of Freidinger 
and co-workers12 and then converted to the amide 29. 
Similarly prepared was the known12 Fmoc-protected 
iV-(cyclohexylmethyl)alanine required for the synthesis 
of compound 30. The Fmoc group was removed using 
piperidine in DMF following general procedure D. 
Racemic epoxide 613 was then ring opened in ethanol 
containing diisopropylethylamine (DIPEA) with the 
chiral amines derived from the protected intermediates 
of Table 3 (except 21 and 27) to afford the hy-
droxyamines of Table 4 as mixtures of isomers at the 
hydroxyl center. Racemic thiazolidine 21 on the other 
hand was reacted in refluxing ethanol with the chiral 
epoxides (S)-77a and (R)-77b to limit the number of 
isomers and gave 37a and 37b, respectively. Similarly, 

the benzyloxycarbonyl-protected piperazine 42 was 
obtained using (S)-epoxide 77a. The chiral (S)-epoxide 
77a was prepared via the route shown in Scheme 2. (R)-
(+)-Glycidol 74a was reacted with ammonia in 2-pro-
panol for 2 days and the intermediate amine converted 
directly to the tert-butoxycarbonyl diol derivative 75a 
in 73% yield. Reaction of the diol 75a with p-toluene-
sulfonyl chloride in pyridine gave the primary tosylate 
76a in 62% yield which was converted to (S)-(-)-epoxide 
77a in 75% yield using sodium methoxide in methanol. 
Utilisation of (S)-(-)-glycidol 74b using the same meth
odology gave (iJ)-epoxide 77b. Reaction of racemic 
epoxide 6 with [3S-[3a,4aa,8aa]]-decahydro-iV-(l,l-di-
methylethyl)-3-isoquinolinecarboxamide14 gave two di-
asteroisomers 34a and 34b that were separated by silica 
gel flash chromatography. The stereochemistry of the 
hydroxyl groups was determined by reaction of (R)-
epoxide 77b with the decahydroisoquinoline ring system 
to give a product 34a that was co-retentive by TLC with 
the less polar component of the diastereomeric mixture 
obtained earlier. The more polar isomer, therefore, has 
the (S) chirality for the hydroxyl group. The intermedi
ates 31-42 (Table 4) were deprotected with HCKg) in 
dioxan and the unpurified salts then reacted with 
thiazolidine 8a15 (Scheme 1) using general procedure 
B to give analogues 46-62 (Table 5). Thiazolidine 8a15 

itself was obtained from penicillin G AT-ethylpiperidine 
(NEP) salt 7 using benzylamine to ring open the 
/3-lactam. Compounds 43—45 were similarly converted 
to derivative 64-66 (Table 6) except that thiazolidine 
8b16 obtained from penicillin G NEP salt 7 using 
ethylamine as the nucleophile afforded 64 and 65. An 
alternative method was developed for the preparation 
of some of the analogues 46 -73 (Scheme 1) whereby 
the /?-lactam ring system was left intact until the final 
stage when intermediate 9, which was used without 
purification, could be reacted with a variety of nucleo-
philes. Compounds 63 and 67-73 were synthesized 
using this methodology. The single diastereoisomers 63, 
67, 68, and 69 (Table 7) were prepared from the 
separated isomers 34a and 34b (Table 4) as appropriate. 
Derivative 72 was synthesized from 9 by ring opening 
the ^-lactam with monoprotected ethylenediamine.17 

Removal of the tertf-butoxycarbonyl group was achieved 
using trifluoroacetic acid (TFA) in dichloromethane to 
give an intermediate amine which was subsequently 
reacted with the 4-nitrophenyl ester of biotin to afford 
73. 

Results and Discussion 
Our initial targets were compounds 46 and 47 (Table 

5) which were obtained from the isobutyl- and tert-
butylamides of (S)-proline. Our expectation was that 
the proline amide would fit Si' and S2' in a similar 
manner to substrate sequences and inhibitors contain
ing proline as the Pi ' group, e.g., JG36518. 

The modeling of compound 47 was based upon the 
X-ray co-crystal structure of l a with HrV proteinase.6 

The thiazolidine unit of 47 was placed in a similar 
position to half of the dimeric inhibitor and torsion 
angles adjusted to place the proline ring in Si' and the 
tert-butyl group in S2'. Particular attention was paid 
to the positioning and direction of the pendant hydroxyl 
and tert-butyloxycarbonyl groups such that interactions 
to the catalytic aspartates and the "flap" water (301) 
were maintained. A stereorepresentation is shown in 
Figure 1 of the overlay of JG365 with 47. The coordi-



Penicillin-Derived HTV Proteinase Inhibitors 

Scheme 1° 

O 
(+/-) BOCNH 

Journal of Medicinal Chemistry, 1994, Vol. 37, No. 22 3709 

[CrH2N+R1RT] "*—^~ B o c N R i R 2 

[HNR1R2
-I •*— FmOcNR1R2 

19,21 

15-18, 
20,and 22-30 

OH 

>r°T 
H^^^NR.R , • Cl' H,N„ ,NHR1R2Cf 

PhCH2CONH v H H^s 

-N 
COOH NEP 

PhCH2CONH 

,NH 
OH 

HN- ¥ju^ 
PhCH2CONH.H H s 

Y 
O 

NR1R2 

CONHtBu 

46-73 
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nates of JG365 were those determined from the X-ray 
crystallographically determined structure of synthetic 
HIV-I proteinase bound to JG365.18b 

However, the results we obtained for 46 and 47 (IC50 
= 3.1 and 1.5 pM, respectively) (Table 5) were disap
pointing when compared to data in the literature18'19 

on JG365 and indicated that interactions were far from 
optimal. We then proceeded to increase the ring size 
and bulk of the Pi' group to give the pipecolic acid and 
decahydroisoquinoline analogues 48,49, 50, and 51. We 
were surprised to find that we did not observe the 
increase in binding for the pipecolic acid analogues 48 
and 49 that might have been expected based upon the 
work of Roberts and co-workers.9a However, modeling 
of 48 and 49 along similar lines to the proline analogue 
47 and overlaying with JG365 indicated that there was 
an increase in space filling, but no major hydrophobic 
interactions with the protein were observed. The 
backbone of the proline analogue 47 does follow a 
different pathway to JG365, and as a consequence the 
proline ring is positioned in Si' in a different plane and 
is rotated relative to JG365 (Figure 1). Despite the lack 
of improvement in inhibitory activity of 48 and 49, the 
decahydroisoquinoline moiety provided a substantial 

increase in activity to 23 and 160 nM for the two 
diastereoisomers 50 and 51, respectively, in keeping 
with our expectations. If 47, 48, and 49 are modeled 
as described above and overlayed with Ro 31-8959, the 
backbone again follows a slightly different course through 
the active site when compared to Ro 31-8959 and as a 
consequence the ter£-butylamide group position in S2' 
is different to Ro 31-8959 with the methyl groups not 
as deeply buried. The modeling of Ro 31-8959 was 
based upon the information available in the com
munication by Krohn and co-workers19 and reflected the 
novel binding mode determined for Ro 31-8959. A 
similar protocol to that described above for 47, 48, and 
49 was used to generate a model of compound 50. This 
indicated (Figure 2) improved hydrophobic interaction 
in the Si' pocket as the main reason for the observed 
increase in binding of 50 relative to 47. Comparison 
with the model generated for Ro 31-8959 shows again 
that there is good correspondence in the positions of 
important binding functionality. 

Our conclusions are that as a result of the modeled 
backbone paths of our inhibitors being slightly different 
to both JG365 and Ro 31-8959, we feel that the result 
observed is not unreasonable. Unfortunately, co-
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Table 2. Structure and Physical Data for Intermediates 
10-14 

No. Structure1 Formula'' W2 mf> 

OOOH 

COOH 

Ci4H2SNO5 -32.6°(c 1.07,MeOH) 80° 

CnHi9NO4 -48.0°(c 1.0,MeOH) 115-118" 

12 (+/-) 

13 I f 

Ci8H24N2O, 

CnH21NO5OJH2O -28. S°(c 0.93,MeOH) oil 

C25H29NO4OJH2O -16.0"(c 0.25,CHCl3) foam 

° 10 and 11 prepared from the commercially available amine 
using standard procedure A. h Satisfactory analyses (C, H, N; 0.4% 
of theoretical values) were obtained for all compounds. 

crystallization studies with this type of inhibitor have 
proved unsuccessful. 

Isomer 50 (Table 7) displayed similar antiviral activ
ity to the thiazolidine dimer 1 (Table 1) (ED5o = 0.35 
and 0.29 /M., respectively) in HIV-I-infected MT-4 cells 
yet was of substantially reduced molecular weight. 
Compound 50 also inhibited syncytia formation of HIV-
1-infected C8166 cells (EC50 = 50 nM). The thiaproline 
analogue 52 showed a 7-fold increase in activity against 
HIV proteinase compared to 47 probably as a result of 
the increased hydrophobic contact in Si'. A further 20-
fold increase in binding was obtained by using the 
substituted thiazolidine derived from L-penicillamine to 
give 53 which has an IC50 = 21 nM against HIV-
proteinase and shows antiviral activity in a whole cell 
assay EC50 = 1.7 /M. 

Figure 3 shows the van der Waals contacts between 
the inhibitor thiazolidine residue bearing the tert-
butylamide and the residues forming the Si' pocket. It 
can be seen that with the additional lipophilic gem-
dimethyl groups the ligand now fills the pocket more 
effectively. 

We then proceeded to synthesize the tetramethylthi-
azolidine derivatives 54 and 55 in order to increase the 
bulk and lipophilicity still further. Using chiral ep
oxides (S)-77a and racemic thiazolidine 21 we obtained 
37a as an inseparable 1:1 mixture of diastereoisomers, 
as determined by NMR spectroscopy. Removal of the 
ter£-butoxycarbonyl group from 37a and coupling to the 
thiazolidine 8a gave the final compound 54 as a 1:1 
mixture of diastereoisomers. A similar series of reac
tions beginning with 21 and epoxide (R)-77b resulted 
in intermediate 37b and final compound 55 as 1:1 
mixtures, respectively. Compounds 54 and 55 are both 
1:1 mixtures of diastereoisomers with enzyme inhibitory 
levels of IC50 = 93 and 190 nM, respectively. Therefore, 
this level of inhibitory activity obtained confirmed that 
compound 53 was the most potent identified in the 
series and that the increased lipophilicity had no 
beneficial effect. A further series of analogues 56—60 
based upon trans- and cis-4-hydroxyproline were syn
thesized in an attempt to improve hydrophobic interac
tions in the Si' pockets. However, the similar level of 

activity relative to the parent 46 and the insensitivity 
to stereochemistry demonstrated that there was little 
gain from hydrophobic interactions. 

As compound 50 was the most potent in the series, a 
set of monocyclic derivatives 64-66 (Table 6) was made. 
The substantial loss in activity relative to 63 confirmed 
that the conformational constraint afforded by the 
bicyclic system was a requirement for high binding 
affinity. 

Previous structure-activity studies16 had shown that 
the P3 group could be varied considerably without 
making marked differences to the level of enzyme 
inhibitory activity. We therefore embarked upon a 
program to vary the nucleophile used to open the 
/3-lactam, in order to investigate the antiviral properties 
of analogues in cellular assays. As can be seen from 
Table 7 compound 50 with the (S)-hydroxyl showed a 
pronounced antiviral effect whereas the corresponding 
(R)-isomer was less active at the enzyme level and had 
a very poor anti-HIV effect. Subsequent analogues 
either maintained the (S)-stereochemistry 63 and 6 7 -
69 or were a mixture of isomers. Interestingly com
pounds 63, 68, and 69 had similar levels of enzyme and 
cellular activities and were all slightly less potent than 
50 as antivirals. The P3 group could therefore be varied 
substantially while retaining antiviral activity except 
for heptylamine analogue 71, which proved inactive. 
Compound 73 which contains a biotin grouping was 
synthesized, utilizing 72 as an intermediate in an 
attempt to improve cellular penetration by utilization 
of an active transport system.20 The poor activity in the 
cellular assay indicated that it was unlikely the com
pound was being actively transported into the cell. 

No compound exhibited cytotoxicity in any of the 
cellular assays, nor did any show activity against other 
aspartyl proteinases (renin, pepsin, or cathepsin D) at 
concentrations up to 100 fig/mL. 

The pharmacokinetic profiles of compounds 50 and 
68 were examined in the dog at a dose of 1 mg/kg iv 
and compared to the penicillin dimer la. The plasma 
samples were analyzed by thermospray mass spectrom
etry, and the plasma level-time data used to calculate 
the pharmacokinetic parameters are shown in Table 8. 
The compounds were very rapidly eliminated from the 
plasma (Figure 4) presumably by biliary excretion which 
was the mode of elimination previously determined for 
the thiazolidine dimers.16 The plasma levels at 3 h for 
50 and 68 were 0.03 and 0.02 /ug/mL, respectively, which 
were below the in vitro determined IC50 values. 

Conclusion 

We have identified a series of penicillin-derived 
inhibitors of HIV-I proteinase that have a decahy-
droisoquinoline moiety as the Pi' group. Compound 50, 
which has the (S) configuration for the secondary 
hydroxyl, was the most potent of the set in enzyme and 
cellular assays (EC50 = 50 nM, C8166 cells). 

In keeping with results obtained from the earlier 
penicillin dimer series of HIV proteinase inhibitors we 
observed a poor pharmacokinetic profile for 50 and its 
lower molecular weight analogue 68 in the dog at a dose 
of 1 mg/kg iv. The disappointing pharmacokinetics, 
therefore, prevented the development of these com
pounds as potential antivirals in the treatment of HIV 
infections and concluded our interest in penicillin-
derived HIV proteinase inhibitors. 
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Table 3. Structure and Physical Data for Intermediates 15-30 
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' Prepared using general procedure B. b Satisfactory analyses (C, H, N; 0.4% of theoretical values) were obtained for all compounds. 

Experimental Section 
Chemistry. Melting points were determined with a GaI-

lenhamp melting point apparatus and are uncorrected. Opti
cal rotations were determined on an Optical Activity AAlOO 
polarimeter. Proton nuclear magnetic resource (NMR) spectra 
were recorded on a Varian XL200, a Varian VXR400, or a 
Bruker AM250 spectrometer. Chemical shifts were reported 
as d units (ppm) relative to tetramethylsilane as internal 
standard. Infrared (IR) spectra were recorded on a Nicolet 
5SXC FT-IR spectrometer. High-resolution mass spectra were 
determined using a Kratos-Concept. Merck Kieselgel 60 (230-
400 mesh) was used for flash column chromatography. Re
agents were from commercial sources and used without further 
purification. 

HIV-I Proteinase Inhibition Assay. The IC50 values for 
the compounds of Tables 5—7 were determined using purified 
recombinant HIV-I proteinase. IC50 values were obtained by 
assaying the enzyme against the synthetic substrate peptide 
KQGTVSFNFPQIT tritiated at the proline residue (Cambridge 
Research Biochemicals). The peptide was coupled via its 
N-terminal lysine to an Affi-gel 10/15 bead mixture (Bio-rad), 
and the immoblized peptide (1 part) was stored in the assay 
buffer: 20 nM MES (pH 6.0), 2 M NaCl, 5 mM DTT, and 2 
mM EDTA (2 parts) at - 2 0 0C until required. The assay was 
performed in 96-well microtiter filtration plates (Pall, Silent 
Monitor) using 10 fih of a solution of the test compound 
dissolved at a range of concentrations in 25% MesSO in water, 
50 [AJ of HIV-I proteinase (0.2 /ig/mL), and 50 fiL of radiola
beled bead suspension (diluted with assay buffer (40 parts)) 
per well. The plates were incubated at 37 °C for 60 min on a 
flat-bed shaker (80 rev/min) and then filtered into the wells 
of a collection plate on a vacuum manifold (Pall). The 10 fiL 
of each filtrate was transferred to a 96-well scintillation plate 
(Wallac) and mixed with 50 fiL of Hi-Load Scintillant (Wallac). 
Radioactivity was measured using an LKB 1205 Microbeta 
liquid scintillation counter (Wallac). IC50 determinations were 
performed in duplicate at each concentration with mean values 
used for data analysis. Results were standardized relative to 
the initial IC50 value obtained for compound l a which was 
thereafter used as a control. 

Inhibition of HIV-I in Cell Culture. A. Inhibition of 
Formazan Conversion Assay.21 MT-4 cells at 106 cells/mL 

in RPMI 1640 growth medium with HIV-I (strain RF) at a 
multiplicity of infection of 2 x 1O-3 infectious units/cell. Test 
compounds were dissolved in Me2SO and serially diluted with 
RPMI 1640 growth medium in 10-fold steps from 100 to 0.01 
,ug/mL in 96-well microtiter plates. Then, 20 fiL of infected or 
mock-infected cell suspension was added to each well (5 x 104 

cells/well), and the plates were incubated at 37 0C in a 5% 
CO2 atmosphere for 7 days in humidified containers. After 
incubation, 10 fiL of MTT (7.5 mg/mL) was added, and the 
plates were incubated at 37 0C for a further 60 min. Acidified 
2-propanol (150 /(L) was added to each well, and the absor-
bance was measured at 540 nm using a Multiskan MC plate 
reader. Conversion of yellow MTT to its blue-black formazan 
derivative was maximal in uninfected cells and absent in 
untreated infected cells. The effective concentration (EC50) 
required to inhibit the conversion of MTT by 50% was 
determined from the average of duplicate assays. Compounds 
were assayed for toxicity at identical concentrations. 

B. Inhibition of Syncytium Formation Assay. C8166 
cells were infected with HIV-I (strain RF) at a multiplicity of 
infection of 1 x 1O-3 infectious units/cell. Aliquots of 105 cells 
were added to each well of 24-well plates containing the test 
compounds dissolved in Me2SO and serially diluted with RPMI 
1640 growth medium from 50 to 0.05 ,ug/mL. Untreated 
infected cells and untreated uninfected cells were included as 
controls. The plates were incubated at 37 0C in a 5% CO2 
atmosphere for 3 -4 days in humidified containers. The cells 
were examined daily for evidence of HIV-I-induced syncytium 
formation. The syncytia were quantified by reference to the 
untreated infected controls and the dose of compound required 
to reduce the cytopathic effect by 50% (EC50) was calculated. 

General Method A: Boc Protection of 10-12. The 
appropriate amino acid (1.0 equiv) was dissolved in aqueous 
dioxane (50% v/v) (0.5 M) containing either sodium carbonate 
or sodium hydroxide (1.0-40 equiv). Di-fert-butyldicarbonate 
(1—10 equiv) was added and the mixture stirred at room 
temperature for 2—18 h. The solution was extracted with 
ether (2x), ethyl acetate was then added, and the pH was 
adjusted to 2.0—3.0 with 2 N hydrochloric acid. The aqueous 
layer was further extracted with ethyl acetate, and combined 
organic phases were washed with brine and dried (MgS04), 
and the solvent was evaporated in vacuo to give the required 
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Table 4. Structure and Physical Data for Intermediates 
31-45 
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CONHt-Bu 

I S 

CONH-Su 
I S 9 

CONHl-Bu 

1 S 

COSH-Bu 

9 
CONH-Bu 

v Ot-Bu 

9" 
CONHt-Bo 

^ O E t 1Z 
CONHt-Bu 

^ O C H 1 P h 9 
CONHt-Bu 

r ^ " ^ NCO2Ph 

CONHt-Bu 

(R) 

(S) 

isomer 1 

isomer 2 

(S) 
(R) 

(S) 

CnH33N3CVCeH2O 

Cl7H33N3O4 

C18H3SN3O4
11 

C22H4IN3O4 161-163' 

C22H41N3O4O 25H2O 56-58° 

Ci8H35N3O4S 98-102° 

C18H35N3O4S.0.25H2O 102-105' 

C16H31N3O4S" 

C2OH39N3O4S0 

C20H39N3O4S0 

C17H33N3O5.O.5H2O 

C21H4IN3O5 

C19H37N3O5OdCHCI3 

C24H39N3O5CSH2O 

C25H40N4O6 

X 
N CONHt-Bu 

C21H40N3O4-LOH2O 

C22H43N3O4OSH2O 

C22H44N3O4" 

0 Prepared using general procedures C and E. b Satisfactory 
accurate mass OfMH+, and HPLC analysis. c Satisfactory analyses 
(C, H, N; 0.4% of theoretical values) were obtained for all 
compounds. d A single diastereoisomer of undetermined hydroxyl 
stereochemistry was obtained pure and gave a satisfactory ac
curate mass of MH+, and HPLC analysis. 

product (85—90% yield), which was recrystallized from cyclo-
hexane where appropriate. 

Example of General Method A. (R)-3-(tert-Butoxycar-
bonyl)thiazolidine-4-carboxylic Acid.10 Sodium bicarbon
ate (5.6 g, 66.7 mmol) was added portionwise to a stirred 
suspension containing L-thiazolidine-4-carboxylic acid (5.19 g, 

Scheme 2a 

0 

'' CH2OH 

(R)-74a 
(S)-74b 

OH 

\ O t> 

>TT 
,OH 

(S)-7Sa 
b I (R)-75b 

"C 
> - • 

>r°x 
(S)-77a 
(R)-77b 

(S)-76a 
(R)-76b 

0 (a) Saturated ammoniacal 2-propanol, room temperature 48 
h/Boc20 dioxane, 0.5 M NaOH, room temperature 20 h; (b) 
p-toluenesulfonyl chloride/pyridine, room temperature 3 h; (c) 1.0 
equiv of NaOCH3 in methanol, room temperature 3 h. 

39.0 mmol) in water (90 mL) and 1,4-dioxane (60 mL). The 
resulting solution was cooled in an ice bath, and a solution of 
di-tert-butyldicarbonate (10.8 g, 49.5 mmol) in dioxane (30 mL) 
was added. The mixture was stirred at room temperature for 
3 h and then concentrated to ca. half volume in vacuo. The 
aqueous residue was washed with ethyl acetate (2 x 50 mL) 
and then acidified with solid citric acid until saturated. It was 
then extracted with ethyl acetate (4 x 200 mL), and the 
combined organic extracts were washed with brine, dried 
(MgSO4;), and evaporated in vacuo to a white solid. This was 
crystallized from hot cyclohexane/ethyl acetate to give the title 
compound as colorless needles (7.91 g, 87%): mp 132-133 0C 
[lit.10 mp 132-135 0C; [a]20

D -114° (c 1, MeOH)]; [a]21
D -106° 

(c 1.0, MeOH); 1H NMR (DMSO-d6) d 1.40 (s, 9H), 3.5-3.0 
(broad m, 2H), 4.50 and 4.32 (AB q, J = 12 Hz, 2H), 4.7-4.5 
(br m, IH), 12.9 (br s, IH). Anal. (C9Hi6NO4S) C, H, N. 

General Procedure B: Amide Formation Using TBTU/ 
DIPEA 15-30, 46-51 , 53-66. The appropriate acid (1.0 
equiv) and amine or amine hydrochloride (1.0 equiv) were 
dissolved in DMF (0.1-0.7 M), and DIPEA (1.1 equiv, 1 extra 
equiv for RNH2-HCl) and TBTU (1.1-1.2 equiv) were added. 
The mixture was stirred at room temperature for 2.0-48 h, 
until the reaction was judged complete by TLC analysis. The 
solution was partitioned between EtOAc and water, and the 
aqueous phase was further extracted with EtOAc (2x). The 
combined organic phases were washed with 2 N HCl, saturated 
aqueous NaHCOs, and brine before drying (MgSO4). The 
solvent was removed in vacuo and the resulting residue 
purified by silica gel chromatography to afford the desired 
amide in good in yield (40-95%). 

Example of General Method B. N-tert-Butyl-3-(tert-
butoxycarbonyl)thiazolidine-4-carboxamide (18). A so
lution containing 3-(tert-butoxycarbonyl)thiazolidine-4-carbox-
ylic acid (2.09 g, 8.96 mmol), tert-butylamine (1.04 mL, 9.90 
mmol), DIPEA (1.72 mL, 9.87 mmol), and TBTU (3.47 g, 10.8 
mmol) in DMF (20 mL) was stirred at room temperature under 
N2 for 2 h and was then diluted with ethyl acetate (200 mL). 
The solution was washed with dilute HCl (2 x 50 mL), 
saturated aqueous sodium bicarbonate (2 x 50 mL), and brine 
(50 mL), dried (MgSO4), and evaporated in vacuo to a crystal
line solid. This was recrystallized from hot cyclohexane to give 
the title amide as colorless needles (2.36 g, 91%): mp 128-
129 0C; [ctb21 -142° (c 1.05, MeOH); 1H NMR (DMSO-d6) d 
1.25 (s, 9H), 1.38 (s, 9H), 2.95 (dd, J = 12.0, 6.0 Hz, IH), 3.32 
(br m, IH), 4.60 and 4.32 (ABq, J= 12.0 Hz, 2H), 4.35 (br m, 
IH), 7.50 (broad s, IH). Anal. (Ci3H24N2O3S) C, H, N. 

General Procedure C: Boc Deprotection of 15—18, 20, 
22—27, and 31—45. The appropriate Boc-protected amine (1.0 
equiv) was dissolved in dioxane (0.1-0.4 M), and 3-8 M HCl-
(g) in dioxane (5—20 equiv) was added. The solution was 
stirred at room temperature for 4—20 h and the solvent then 
evaporated in vacuo. The unpurified hydrochloride salts were 
used in subsequent amide bond forming reactions. 

Compounds 27 and 42 were deprotected using trifluoroacetic 
acid (7—20% v/v) in dichloromethane for 2—6 h at room 
temperature. Evaporation of the solvent in vacuo gave un-
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Table 5. Activity against HIV Proteinase 

OL 

51 

"V^* 

No." 

46 

47 

48 

49 

NR1R2 

9 
COW-Bu 7 
CONHt-Bu 

-U 
T 

CONHt-Bu 

o wi K11. * k^'k^v/1 
OH R1 

*-.„ 

(OH)Stereo Formula' 
-chemistry 

IC5O(HM) 

C35H50N6O5SOSH2O 3.1 

C35HsoN605Sb 1.5 

isomer 1 036H52N6O5S
1" >2.2 

isomer 2 C36H52N6O5S.0.5H2O 6 5 

(S) C4oH58N605S.0.5H20 0.023 

(R) C40H58N6O5SOSH2O 0.16 
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Table 6. Activity against HIV Proteinase 
o 

Ok 

No.' R 

63d EtNH 

64 EtNH 

65 EtNH 

OH Ijt, 

6 »* 1YUV% 
O 

NRiR2 Formula' ICso(uM) 

C3 5H5 6N605Sb 0.031 

C34H56N6O5S^OH2O 1.0 

C35H58N6O5S.0.9EtOAc 0.71 

52" 

53 

COTM-Bu 
S 

C3 4H4 8N6O5S2IOH2O 0.45 

C3 6H5 2N6O5S2ISH2O 0.021 

66 PhCH2NH N CONHKSu C4OH6ON6O5S^SH2O' 6.4 

54 
55 

58 

59 

CONHIBu 
»C€t 

60 r 

61 

62 

(S) C38H56N6O5S2OSH2O 0.19 
(R) C38H56N6O5S2OSH2O 0.093 

C35H50N6O6S.0.5CHCl3 5.1 

C39H50N6O6S. 1.OH2O 1.6 

isomer 1 C37H54N6O6S.0.7H2O >35 

isomer 2 C37H54N6O6SOISCHCl3 >35 

C42H56N6O6.0.5H2O 0.65 

(S) C43H57N7O7SOeCHCl3 0.058 

(S) C43H57N7O7S 0.082 

° Prepared using general procedure B. b Satisfactory accurate 
mass of MH+, and HPLC analysis.c Satisfactory analyses (C, H, 
N; 0.4% of theoretical values) were obtained for all compounds. 
d Prepared using general procedure F. 

purified trifluoroacetate salts, which were used in subsequent 
amide bond forming reactions. 

Example of General Method C. (S)-AT-tert-Butylthi-
azolidine-4-carboxamide, Hydrochloride (19). A solution 
of HCl(g) in 1,4-dioxane (6 M, 10 mL) was added to a 
suspension containing the Boc-protected intermediate 18 (2.16 
g, 7.49 mmol) in 1,4-dioxane (20 mL). The mixture was stirred 
at room temperature under nitrogen for 1.5 h, a further portion 
of HCl(g) dioxane (5 mL) was added, and the mixture was 
stirred for a further 3 h. The precipitate was then collected 
by filtration, washed with diethyl ether, and dried in vacuo to 
give the title salt as fine colorless needles (1.45 g, 86%): mp 
244-5 0C; [<x]20

D -99.8° (c 1.0, MeOH); 1H NMR (DMSO-d6) d 
1.30 (s, 9H), 3.12 (dd, J = 12.0, 8.0 Hz, IH), 3.48 (dd, J = 
12.0, 8.0 Hz, IH), 4.26 and 4.35 (AB q, J = 12.0 Hz, 2H), 4.30 
(t, «7 =8.0 Hz, IH), 8.39 (s, IH), 10.0 (br, 2H). Anal. (C8Hi6N2-
OS-HCl) C, H, N. 

General Method D: Fmoc Deprotection of 28-30. The 
appropriate Fmoc-protected amine (1.0 equiv) was dissolved 

a Prepared using general procedure B. h Satisfactory accurate 
mass OfMH+, and HPLC analysis.c Satisfactory analyses (C, H, 
N; 0.4% of theoretical values) were obtained for all compounds. 
d Prepared using general procedure F. e N: calcd, 10.75; found, 
11.36. 

in DMF (0.12 M) and piperidine added (20-25% v/v). The 
solution was stirred at room temperature for 1-2 h and then 
partitioned between water and ethyl acetate. The organic 
phase was washed with brine and dried (MgSO4;) and the 
solvent evaporated in vacuo to leave an oil. Purification by 
silica gel chromatography afforded the amine, which was used 
in subsequent amide bond forming reactions. 

Example of General Method D. (2S)-a-(Methylamino)-
JV-(l,l-dimethylethyl)cyclohexanepropionamide. A solu
tion containing Fmoc derivative 29 (100 mg, 0.216 mmol) in 
DMF (2 mL) was stirred at room temperature with piperidine 
(0.5 mL) for 1 h and then partitioned between ethyl acetate 
(25 mL) and water (25 mL). The aqueous phase was extracted 
with more ethyl acetate (2 x 25 mL), and the combined organic 
extracts were washed with brine (20 mL), dried (MgSO4J, and 
evaporated to dryness in vacuo. The residual solid was 
purified by chromatography on silica gel. Elution with chlo-
roform/methanol (30:1) gave the title amine as a white solid 
(38 mg, 77%): mp 59-61 0C; [a]23

D +14.5° (c 1.00, MeOH); 1H 
NMR (DMSO-de) <51.1-0.8 (m, 2H), 1.5-1.1 (m, 6H), 1.40 (s, 
9H), 1.9-1.5 (m, 5H), 2.25 (s, 3H), 2.9 (t, J = 5.0 Hz, IH), 
7.48 (s, IH). Anal. (C14H28N2O) C, H, N. 

General Method E: Epoxide Ring Opening of 31-45. 
The appropriate amine or amine salt (1.0 equiv) was dissolved 
in ethanol (0.1—0.8 M), and diisopropylethylamine (1.1 equiv 
for the amine salt as necessary) was added. Epoxide 6 (1.0 
equiv) in the case of compounds 31—36, 38-41, and 43-45 
and epoxides (R)-79b and (S)-79a (1.0 equiv) in the case of 
compounds (37b, 37a, and 42, respectively) was added and 
the mixture stirred at room temperature for 17—120 h. The 
reaction mixture was heated at a temperature of 78, 65, and 
50 0C for 2.5-3 d for the amines derived from 21, 23, and 30, 
respectively. The reactions were monitored by TLC and on 
completion were concentrated in vacuo to oils. Purification 
by flash silica column chromatography afforded the required 
products in yields of 36—84%. 

Example of General Method E. (2'BS,3"S,4a"R,8a"S)-
Ar-[2-Hydroxy-3-[3-[[(l,l-dimethylethyl)amino]carbonyl]-
decahydro-2-isoquinolinyl]propyl]carbamic Acid, 1,1-
Dimethylethyl ester (34a,b). A solution containing N-tert-
butyldecahydroisoquinoline-3-carboxamide14 (1.0 g, 4.19 mmol) 
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Tab le 7. Anti-HIV and Activity of Selected Compounds 
o 

No." (OH)Stereo 
chemistry 

Formula0 
IC50(UM) EC5O(MM) EC50(MM) 

MT4 C8166 
50d 

51" 
67 
68 
63 

69 

70 

71 
72 

73e 

NHCH2Ph 
NHCH2Ph 

OCH3 

NH2 

NHCH2CH3 

-̂O-» 
^D 

C7Hi5NH 
BocNHCH2CH2NH 

H-K- S 

H 

Ro 31-8959 

(S) 
(R) 
(S) 
(S) 
(S) 

(S) 

C40H58N6O5S.0.5H2O 
C40H58N6O5SOSH2O 
C34H53N5O6SlOH2O 
C33H52N6O5S.0.35CHCl3 

C35H56N6O5S" 

C42H63N7O5SlOH2O 

C40H64N6O5SlOH2O 

C40H66N6O5SO^H2O 
C40H65N7O7SlOCH2Cl2 

C45H7iN9O7S2.2.0H2O 

0.023 
0.16 
0.054 
0.023 
0.031 

0.026 

0.3 

0.086 
0.16 

0.12 

0.011 

0.35 
136 
3.9 

0.59 
0.43 

0.52 

>100 
0.052 

18.0 

0.002 

0.05 

0.12 
0.74 

0.27 

0.1 

0.002 

" Prepared using general procedure F. b Satisfactory accurate mass OfMH+, and HPLC analysis. c Satisfactory analyses (C, H, N; 0.4% 
of theoretical values) were obtained for all compounds. d Prepared using general procedure B. e Prepared by the method described in text. 

Figure 1. A stereorepresentation of JG365 (thin lines) overlayed with 47 (thick lines). 

Figure 2. A stereorepresentation of Ro 31-8959 (thin lines) overlayed with 50 (thick lines). 

and (±)-Boc epoxide 6 (0.73 g, 4.20 mmol) in absolute ethanol 
(50 mL) was stirred at room temperature under nitrogen for 
20 h and then evaporated to dryness in vacuo. The residual 
foam was purified by chromatography on silica gel. Elution 
with chloroform/methanol (10:1) gave the title compound 
(isomer 1), 34a, as a white solid (800 mg, 46%): mp 161-163 
0C; [Ct]21D -114° (c 1.1, MeOH); 1H NMR (DMSO-^6) <51.26 (s, 
9H), 1.35 (s, 9H), 2.1-1.0 (m, 14H), 2.52 (m, IH), 2.24 (m, IH), 
2.90 (m, 3H), 3.58 (m, IH), 4.78 (br s, IH), 6.69 (t, J = 6.0 Hz, 
IH), 7.38 (br s, IH). Anal. (C22H41N3O4) C, H, N. Further 
elution of the column gave the title compound (isomer 2), 34b, 
as a white solid (536 mg, 31%): mp 56-58 0C; [a]21

D -100° (c 
0.97, MeOH); 1H NMR (DMSO-d6) <5 1.26 (s, 9H), 1.37 (s, 9H), 
2.1-1.0 (m, 14H), 2.28 (dd, J = 9.0, 11.0 Hz, IH), 2.53 (m, 
obscured by solvent), 2.78 (d, J = 11.0 Hz, IH), 3.01 (m, 2H), 
3.55 (m, IH), 4.63 (d, J = 5.0 Hz, IH), 6.74 (t, J = 6.0 Hz, 
IH), 7.37 (br s, H). Anal. (C22H4IN3O4-H2O) C, H, N. 

General Method F: ^-Lactam Ring Opening 50-52,63, 
67-72. Penicillin G JV-ethylpiperidine salt (1 equiv) was 
added to a solution of amine hydrochloride (1 equiv) derived 
from (34a or 34b or a mixture thereof and 36 using procedure 
A) DIPEA (3 equiv) and TBTU (1.1 equiv) in DMF (0.1 M) at 
room temperature. After stirring for 2 h the reaction mixture 
was partitioned between ethyl acetate and water. The organic 
layer was separated, washed with saturated aqueous sodium 
hydrogen carbonate solution and brine, and dried (MgSO4), 

and the solvent was evaporated in vacuo to afford an oil, which 
was stored at +4 0C. The oil (1.0 equiv) was dissolved in 
dichloromethane (0.04 M) and the appropriate amine (2 equiv) 
added to the stirred solution. After 1—5 days the reaction 
mixture was diluted with dichloromethane, washed with water 
and saturated sodium hydrogen carbonate solution, and dried 
(MgSO4), and the solvent was evaporated in vacuo to afford 
an oil which was purified by flash silica column chromatog
raphy to furnish the required products in 16—51% yield. In 
the preparation of compound 69, p-(dimethylamino)benzyl 
dihydrochloride (1.2 equiv) and DIPEA (4.8 equiv) were added 
to the solution of 9. In the preparation of compound 68, 
tetrahydrofuran (THF) was used as the solvent, and concen
trated ammonia solution (excess) was added to the solution of 
9. 

[2fi-[2a(i?*),4/S[2'ft*S*,4"«*]]]-4-[[[2-Hydroxy-3-[4-[[(l,l-
dimethylethyUamino] carbonyl] -3-thiazolidinyl]propyl] -
amino] carbonyl] -5,5-dimethyl-a- [(phenylacetyl)amino] -
iV-(phenylmethyl)-2-thiazolidineacetamide (52). Penicillin 
G iV-ethylpiperidine salt (456 mg, 1.12 mmol) was added to a 
mixture containing amine hydrochloride (derived from 36) (304 
mg, 1.02 mmol), DIPEA (0.54 mL, 3.06 mmol), and TBTU (356 
mg, 1.12 mmol) in DMF (16 mL). The resulting solution was 
stirred at room temperature under nitrogen for 21 h and then 
diluted with ethyl acetate. The mixture was washed with 
saturated aqueous NaHCO3 and brine, dried (MgSO4), and 
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F i g u r e 3. A stereorepresentation showing the Si ' pocket filled by the thiazolidine gem-dimethyl group. 

Table 8 

tiaih) 
clp (IVh) 
Vdss (L) 

la 

4 
14-24 
20-80 

50 

3 
27,37 
70,98 

68 

1.3,1.2 
26,23 
21,19 

evaporated in vacuo to dryness. The residual dark brown foam 
was purified by chromatography on silica gel. Elution with a 
gradient of ethyl acetate/methanol from 9:1 to 4:1 gave the 
crude intermediate amide as a brown foam: 244 mg (37%); 
1H NMR (DMSO-de) 1.27 (s, 9H), 1.42 (s, 3H), 1.61 (s, 3H), 
2.25-2.42 (m, 2H), 2 .8 -3 .1 (m, 4H), 3.5 (s, IH), 3.55 and 3.56 
(2s, IH), 3.65 (m, IH), 3.9 (m, 2H), 4.20 (m, IH), 5 .4-5.51 (m, 
2H), 7.15-7.36 (m, 5H), 7.41 and 7.46 (2s IH), 8.25 (m, IH), 
8.9 (m, IH). 

The above intermediate amide (206 mg) was dissolved in 
dichloromethane (10 mL), and benzylamine (46 mg, 0.43 mmol) 
was added. The mixture was stirred a t room temperature for 
5 days, diluted with ethyl acetate, and washed with dilute 
hydrochloric acid, saturated aqueous NaHCOa, and brine. The 
organic extract was dried (MgSOi) and evaporated to dryness 
in vacuo, and the residual foam was purified by chromatog
raphy on silica gel. Elution with dichloromethane/methanol 
(9:1) gave a yellow foam which was purified further by 
chromatography on silica plates. Elution with the same 
solvents gave the title compound as a cream-colored foam (104 
mg, 42%): [a]1 9

D + 15.3° (c 0.50, DMSO); 1H NMR (DMSO-d6) 
<5 1.18 (s, 3H), 1.27 (s, 9H), 1.43 (s, 3H), 3.2-2.2 (complex 
multiplet, 2H), 3.7-3.2 (m, 8H), 3.90 (m, 3H), 4.05 (m, IH), 
4.30 (m, 2H), 4.45 (m, IH), 4.70 (m, IH), 5.10 (dd, J = 8.0, 4.0 
Hz, IH), 7.25 (m, 10H), 7.40 (d, J = 8.0 Hz, IH), 7.50 (m, IH), 
8.32 (d, J = 7.0 Hz, IH), 8.48 (m, IH). Anal. (C34H48-
N6O5S2-H2O) C, H, N. 

(R)- l - [ ( ferf-Butoxycarbonyl)amino]-2,3-dihydroxypro-
p a n e (75b). (S)-Glycidol 74b (5.0 mL, 75.4 mmol) was 
dissolved in saturated ammoniacal 2-propanol (900 mL). The 
solution was allowed to stand a t room temperature in a 

10.00, 

1.00. 

ConcHO'n'l 

0 .10 . 

0.01 . 

Timi (hr) 

Figure 4. Plasma levels of unchanged drug l a , 50, and 68 
in dogs after an iv dose of 1 mg/kg. 

stoppered flask for 67 h and was then evaporated to dryness 
in vacuo. The residual oil was taken up in 1,4-dioxane (250 
mL), aqueous sodium hydroxide (0.5 M, 250 mL) and di-tert-
butyldicarbonate (18.5 g, 84.8 mmol) were added, and the 
mixture was stirred at room temperature for 18 h. The 
resulting suspension was concentrated in vacuo to ca. 200 mL, 
and the aqueous residue was saturated with sodium chloride, 
adjusted to pH 7 with 2 N HCl, and extracted with ethyl 
acetate (3 x 300 mL). The combined organic extracts were 
dried (MgSO4) and evaporated in vacuo to a viscous oil which 
was purified by chromatography on silica gel. Elution with 
ethyl acetate gave the title diol as a viscous colorless oil (7.68 
g, 53%): [Ct]20D +13.6° (c 0.72, MeOH); 1H NMR (DMSO-d6) 6 
1.38 (s, 9H), 3.1 to 2.7 (complex m, 2H), 3.28 (t, J = 5.0 Hz, 
2H), 3.43 (m, IH), 4.48 (t, J = 5.0 Hz, IH), 4.63 (d, J = 5.0 
Hz, IH), 6.61 (t, J = 6.0 Hz, IH). Anal. (C8H17NO4-O^H2O) 
C, H, N. 
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CR)-H(tertf -Butoxycarbonyl)amino]-2-hydroxy-3-[[ (4-
m e t h y l p h e n y l ) s u l f o n y l ] o x y ] p r o p a n e (76b). A solution 
containing the diol 75b (4.49 g, 23.5 mmol) and tosyl chloride 
(5.01 g, 26.3 mmol) in pyridine (24 mL) was st irred a t room 
t empera tu re unde r N2 for 3 h. The resul t ing mixture was 
diluted wi th ethyl acetate (600 mL) and washed wi th 2 N HCl 
(2 x 100 mL), wate r (100 mL), sa tu ra t ed aqueous sodium 
bicarbonate (2 x 100 mL), and brine (50 mL). The organic 
extract wi th dried (MgSCU) and evaporated in vacuo to a 
viscous oil which was purified by chromatography on silica gel. 
Elution wi th a gradient of cyclohexane to cyclohexane/ethyl 
acetate (3:1) gave the tit le compound as a colorless oil (5.05 g, 
62%): [0J21D +0.48° (c 1.25, MeOH); 1 H NMR (CDCl3) <5 1.41 
(s, 9H), 2.43 (s, 3H), 3 .7 -3 .0 (m, 3H), 4 . 1 - 3 . 8 (m, 3H), 4.95 
(br, IH) . Anal. (Ci6H23NO6S-CTH2O) C, H, N. 

(i?)-[[(terf-Butoxycarbonyl)amino]methyl]oxirane(77b). 
A solution containing the tosylate 76b (2.98 g, 8.63 mmol) and 
sodium methoxide (0.98 g, 18.2 mmol) in methanol (60 mL) 
was s t i rred a t room t empe ra tu r e unde r ni trogen for 1.5 h and 
was then evaporated to dryness in vacuo. The res idual solid 
was t a k e n up in ethyl aceta te (500 mL) and the mixture 
washed wi th wate r (2 x 50 mL) and brine (50 mL). The 
organic phase was dried (MgSO,») and evaporated in vacuo to 
a colorless oil which was purified by chromatography on silica 
gel. Elution with cyclohexane/ethyl acetate (3:1) gave the title 
compound as a colorless oil (955 mg, 63%): [a]21D +5.1° (c 1.4, 
MeOH); 1H NMR (CDCl3) <5 1.45 (s, 9H), 2.60 (m, IH) , 2.78 
(m, IH) , 3.10 (m, IH) , 3.24 (m, IH) , 3.55 (br d, J = 11.0 Hz, 
IH) , 4.77 (br s, IH) ; HRMS m/z 174.112973 (M + H) + (calcd 
for C8Hi6NO3 , 174.113 019). 

M o l e c u l a r M o d e l i n g . The molecular models described 
were constructed by modification of the crystallographic 
s t ruc ture of the penicillin d i m e r - H I V proteinase complex.6 

Construction of the models was achieved with the aid of 
INSIGHT IP2 modeling system, us ing where possible uni t s 
from within the fragment l ibrary. Each modeled ligand was 
assumed to bind as half of a "dimer", i.e, with the thiazolidine 
r ing system in the Si pocket and the phenylacetamido group 
in t he S2 pocket so as to ma in ta in hydrogen bonding contacts. 
The resul t ing models were then minimized in the s tat ic 
enzyme s t ructure (including crystallographic water molecules) 
using DISCOVER. 
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