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Abstract: Herein we describe a new asymmetric synthesis of a-
benzyl-a-hydroxy-g-butyrolactone, a core building block of new
HIV-1 protease inhibitors containing a tertiary alcohol in the transi-
tion-state mimic. Immediate access to b-benzyl-b-hydroxy-g-butyro-
lactone is also possible from a common intermediate. Both lactones
are useful building blocks in their own right.
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We have recently reported on new HIV-1 protease inhib-
itors containing a tertiary alcohol in the transition-state
mimic A (Figure 1).1 The central core of this type of in-
hibitor can be prepared by either epoxidation of 1 and sub-
sequent ring opening1a–1c or by the opening of a-benzyl-a-
hydroxy-g-butyrolactone (2) with the appropriate amino
alcohol.1d Unfortunately, both these methods require sep-
aration of diastereomers, which is not always possible and
does not allow the use of non-chiral amino alcohols in P2
variations. A survey of the literature revealed only one
asymmetric preparation of 2,2 and this approach gave low
enantiomeric excesses of only 48 to 50%. Other aryl and
alkyl substituents are rare in the literature.3

Therefore, in order to allow the study of further variations
of the P2 unit and for practical purposes when preparing
larger amounts of compound, an asymmetric synthesis of
one of the core building blocks was designed (Scheme 1).

As in the racemic synthesis of 2,1d simple condensation of
g-butyrolactone with benzaldehyde as reported

elsewhere4 yielded compound 3. The lactone was then
opened with a slight excess of NaOH and the acid was
trapped as the corresponding 2-propyl ester. Alcohol 4
was protected with TBDMS under standard conditions
and the ester was reduced to the allylic alcohol 5 with
DIBAL-H.

Figure 1 HIV-1 protease inhibitors A and core building blocks
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Scheme 1 Reagents and conditions: (a) i. NaOH (1.5 equiv), THF–H2O (1:1), r.t., 1 h; ii. dry ice, r.t., 15 min; 2-iodopropane (1.5 equiv),
DMSO, r.t., 20 h; (b) i. TBDMSCl (1.5 equiv), imidazole (2.5 equiv), DMF, 0 °C → r.t., 90 min; ii. DIBAL-H (3 equiv), Et2O, –78 °C, 2 h; iii.
sat. di-potassium tartrate, 90 min, r.t.; (c) Ti(i-PrO)4 (8 mol%), (+)-DIPT (10 mol%), t-BuOOH (2 equiv), 4 Å MS, CH2Cl2, –20 °C, 5 h; (d) 10
wt% Pd/C (10 wt%), H2 (1 atm), 20 h.
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Chirality was then introduced using Sharpless asymmetric
epoxidation.5 Catalytic hydrogenation of the resulting ep-
oxide 6 yielded diol 7, which was treated with (R)-(+)-a-
methoxy-a-(trifluoromethyl)phenyl acetic acid to afford
the corresponding Mosher ester.6 The enantiomeric ex-
cess of the epoxidation step was then determined by inte-
gration of the 19F NMR spectra and showed to be 94%.
The process was then scaled up to produce 50 grams of the
convenient precursor 7.

Direct oxidation of 7 with Pt/C and oxygen7 (Scheme 2)
produced a lactone that was physically non-identical to ra-
cemic 2. Careful NMR analysis revealed the presence of
lactone 8,8 which was formed through loss of the silyl pro-
tection under the reaction conditions and oxidation of the
less hindered alcohol; this conclusion was supported by
observation of the intermediate triol by LC-MS analysis
during the course of the reaction.

Scheme 2 Reagents and conditions: (a) i. 5 wt% Pt/C (40 wt%), air,
NaHCO3, H2O, EtOAc, i-PrOH, 70 °C, 24–48 h; ii. 2 M H2SO4; (b) i.
Et3N (3 equiv), SO3·pyridine complex (1.1 equiv), CH2Cl2–DMSO
(3:1), 0 °C → r.t., 1 h; ii. NaClO2 (2 equiv), NaHCO3 (2.5 equiv), 2-
methylbut-2-ene (1.1 equiv), t-BuOH–H2O (3:1), r.t., 2 h; iii. concd
HCl, MeOH–H2O (4:1), r.t., 15 min.

Compound 7 was therefore stepwise oxidized, first to the
aldehyde and then to the acid9 to afford, after deprotec-
tion, the desired lactone. Compound 2 was then used for
the synthesis of inhibitor A, which showed spectroscopic
data similar to those observed previously, thereby con-
firming the absolute stereochemistry of the lactone pro-
duced by the process described here.

In conclusion, an asymmetric synthesis of both a- and b-
benzylhydroxy-g-butyrolactone has been developed. This
has allowed us to further screen P2 variations on our fam-
ily of HIV-1 protease inhibitors beyond chiral amino alco-
hols, as well as to produce larger amounts of selected
compounds for extended biological studies.
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through a gas dispersion tube. NOTES: 1) the reaction is 
considerably faster using oxygen, but the combination of O2 
and Pt(0) can easily cause fire and should be carefully 
controlled. 2) The transformation should be carefully 
monitored by LC-MS since, due to the four phase system, 
reaction times can vary. When complete, or nearly complete, 
the mixture was cooled to r.t. and the catalyst was filtered 
off. Organic solvents were removed by evaporation and 
MeOH (equal volume to that of H2O) was added. The 
solution was acidified with 2 M H2SO4 and stirred for 30 
min. The solution was diluted with EtOAc (20 mL) and 
poured into an extraction funnel. The organic phase was 
washed with H2O (4 × 5 mL), dried over Na2SO4, filtered 
and concentrated. Flash chromatography on silica gel 
(EtOAc–hexane, 40%) yielded 8 (38 mg, 66%). [a]D

20 –49.9 
(c 1.4, MeOH); 1H NMR (400 MHz, CDCl3): d = 7.19–7.40 
(m, 5 H), 4.11–4.32 (m, 2 H, g-CH2), 2.97–3.02 (m, 2 H, b-
Bn-CH2), 2.44–2.73 (m, 2 H, a-CH2), 2.27 (br s, 1 H, OH); 
13C NMR (100 MHz, CDCl3): d = 175.3, 134.9, 129.8, 129.0, 
127.6, 77.9, 76.8, 43.9, 41.9. The structure was confirmed 
through conventional gHMBC experiments. The 1D 1H 
NMR spectrum shows three different sets of CH2 protons. 
The first observed quartet at d = 4.11–4.32 ppm was 
assigned to the g-CH2 due to the largest downfield chemical 
shift when compared to the others. Furthermore it also shows 
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a weak three-bond interaction with the carbonyl carbon in 
the gHMBC spectrum. The second set, a collapsed quartet at 
d = 2.97–3.02 ppm, shows interaction with the aromatic 
carbons in the gHMBC spectrum, and was therefore 
assigned to the b-Bn-CH2. Finally, the observed quartet at 
higher field, d = 2.44–2.73 ppm was assigned to the a-CH2, 
showing a strong two-bond interaction with the carbonyl 
carbon in the gHMBC spectrum. LC-MS (ESI+): m/z = 193 
[M + 1], 210 [M+NH4

+].
(9) Typical experimental procedure for the oxidation of 7 to 2: 

To a cold (0 °C) solution of 7 (2.12 g, 6.83 mmol) in 
CH2Cl2–DMSO (3:1, 20 mL) was added Et3N (3 equiv) 
followed by SO3·pyridine complex (1.1 equiv). The ice bath 
was removed and the reaction was allowed to stir at r.t.  for 
1 h. The solution was then poured into an extraction funnel, 
diluted with EtOAc (50 mL) and washed with brine (3 × 10 
mL). The solvent was removed by evaporation and the crude 

aldehyde was dissolved in t-BuOH (25 mL). To the solution 
were added H2O (5 mL), NaHCO3 (2.5 equiv), 2-methyl-2-
butene (1.1 equiv) and NaClO2 (2.1 equiv). After stirring for 
2 h the solvent was removed, the residue was taken into 
EtOAc (75 mL) and the pH was adjusted to 2 with 0.5 M 
NaHSO4. Upon phase separation the solvent was removed 
and the crude acid was taken into MeOH (20 mL). H2O (5 
mL) was added and the stirring mixture was treated with 
concd HCl (6 mL). After 15 min the reaction was evaporated 
to dryness and the residue was purified by flash chromatog-
raphy on silica gel (EtOAc–hexane, 40%) to yield 2 (800 
mg, 61%). [a]D

20 –72.6 (c 1.5, CH2Cl2); 
1H NMR (400 MHz, 

CDCl3): d = 7.22–7.36 (m, 5 H), 4.24–4.31 (m, 1 H), 3.73–
3.81 (m, 1 H), 3.06 (s, 1 H), 2.89 (s, 1 H), 2.25–2.41 (m, 
2 H); 13C NMR (100 MHz, CDCl3): d = 178.8, 134.2, 130.0, 
128.7, 127.5, 73.3, 65.2, 43.5, 34.0; LC-MS (ESI+): m/z = 
193 [M + 1], 210 [M + NH4

+].
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