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Abstract: Several trials were made for the syntheses of (S)-4-hy-
droxy-pyrrolidin-2-one ((S)-HPD) and (R)-4-mercapto-pyrrolidin-
2-one ((R)-MPD), a substituent at the 2-position of the orally active
carbapenem antibiotic CS-834. The latter was synthesized from
prochiral dimethyl or diethyl 3-p-methoxybenzylthioglutarate using
pig liver esterase technology to give monoester with an optical pu-
rity of 51-71% e.e. as a key intermediate.

Key words: g-lactam formation, 4-mercapto-pyrrolidone, pig liver
esterase, intramolecular  Schmidt  reaction, Curtius rearrangement,
4-hydroxy-pyrrolidone, CS-834

The considerable amount of research in the field of car-
bapenem antibiotics has led to the serial launch of Thie-
nam®, Carbenin® and Meropenem® in the market as
highly effective injections. On the other hand, current in-
terest in the research and development of the 1-ß-methyl-
carbapenem derivative for oral administration has encour-
aged medicinal chemists to find a couple of promising
candidates1 including the original Sankyo compound, CS-
834(1).2

In this paper we would like to report our efforts to synthe-
size the optically active (R)-4-mercapto-pyrrolidin-2-one
((R)-MPD)(14) and (S)-4-hydroxy-pyrrolidin-2-one ((S)-
HPD)(4b) which is a direct precursor of (R)-MPD, the
substituent at the 2-position of CS-834 (1). Presently (S)-
HPD is commercially available and a method applicable
for its large scale production has been patented already
from our laboratories.3 During the synthetic study of these
two molecules many other trials have been made from dif-
ferent aspects, and here we would like to report some of
our results.

At the bench scale (S)-HPD (4b) was made from (S)-hy-
droxy-GABA.4 The patent method from our laboratories
starts from ethyl (S)-4-chloro-3-hydroxybutyrate (2a) as
follows: NaN3 treatment in DMF to give azide derivative
2b was followed by hydrogenation on Pd/C to afford the
corresponding 4-amino derivative, which was heated in
methanol to lactonize into the desired (S)-HPD (4b).
Along these lines we focused our attention on the intramo-

lecular Schmidt reaction to form the lactam ring.5 There-
fore we reduced the azide derivative (2c) to aldehyde 3 in
90% yield with DIBAL in n-hexane at -78 °C, and then
treated this aldehyde 3 with 1.1 eq. of TiCl4 to afford (S)-
TBS-HPD (4a) in 65% isolated yield. Removal of the
TBS protecting group was performed under acidic condi-
tions to give the expected (S)-HPD (4b), mp 157 ∞C, sat-
isfactorily (Scheme 1). 

Scheme 1  Conditions: a) NaN3, DMF, 100 °C, 3 h. b)TBS-Cl, imid-
azole,  DMF, 25 °C, 14 h.  c)  DIBAL, n-hexane,  -78 °C,  15 min. d)
TiCl4, CH2Cl2, -20 °C, 1 h. e) H+

Another approach used a chemoenzymatic methodology.
At the beginning of the work we checked a route to pre-
pare g-lactam (9a) from glutaric acid as a simple model.
Monomethyl glutarate 5a was converted to the urethane
derivative 7a in 91% yield via isocyanate intermediate 6a
(Curtius rearrangement reaction)6 by treating 5a with
DPPA (diphenylphosphoryl azide) in toluene and benzyl
alcohol successively. The benzylic protective group was
easily removed under hydrogenolytic conditions to amine
8a, and then to g-lactam 9a smooth heating the methanol
solution to 60 °C.

Next, our trial was commenced with dimethyl 3-p-meth-
oxybenzylthio (3-PMB-S)-glutarate 5c. Firstly, commer-
cially available dimethyl 3-hydroxyglutarate was
mesylated with methanesulfonyl chloride (1.05 eq.) in py-
ridine to give the mesylate 5b in 93% isolated yield. The
O-mesyl part was substituted by p-methoxybenzyl mer-
captan (PMB-SH) in the presence of NaH in THF to the
desired PMB-S dimethyl ester 5c in 98% yield. Then,
dimethyl ester 5c was carefully hydrolyzed with 1 eq.
KOH in MeOH/H2O to the monomethyl ester 5d. Com-
pound 5d was treated with DPPA under the same condi-
tions as the above described methyl glutarate 5a case to
give isocyanate 6b, which was smoothly reacted with ben-
zyl alcohol to the benzyloxycarbonyl (Z-) protected com-
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pound. In the Curtius rearrangement reaction some
unknown byproduct was detected at the same Rf position
on TLC in about 20% yield. Furthermore deprotection un-
der hydrogenolytic conditions using Pd/C or PtO2 was un-
successful with the starting Z-protected material being
recovered. Therefore, we took advantage of the conven-
tional method to access the target amine 8b. Under ice-
cooling, half ester 5d was treated with Et3N (1.2 eq.) and
ClCO2Et in acetone ( x 20vol) for 30 min to give the
mixed anhydride which was then reacted with aq. NaN3

(1.5 eq.) for 1 h at the same temperature. The acylazide
thus formed was extracted with dichloromethane three
times. After usual work-up the next Curtius rearrange-
ment  was  performed  in  toluene solution at 105 °C for
1.5 h, then reacted with allyl alcohol to the allyl urethane
derivative 7b. Under the mild deprotection conditions us-
ing palladium acetate (condition f)7 the allyl protective
group in 7b was smoothly removed to amine 8 and then to
the g-lactam 9b successfully (Scheme 2). 

Scheme 2  Conditions: a) p-Methoxybenzyl mercaptan, NaH, THF,
room temperature, 2.5 h. b) KOH, MeOH (5c) or KOH, EtOH (5f),
75 °C, 1 h. c) Diphenylphosphoryl azide, Et3N, Toluene, 100 °C, 1 h.
or ClCO2Et, Et3N, acetone, 0 °C, 30 min then NaN3, H2O, 0 °C, 1 h:
Toluene, 110 °C, 2 h. d) benzyl  alcohol or allyl alcohol 110 °C, 5h.
e) H2, 10%  Pd-C, MeOH, room  temperature, 3 h  then  60 °C,  4 h.
f) Pd(OAc)2, PPh3, HCO2H, Et3N, THF, 80 °C, 30 min.

With this seemingly minor, but actually serious problem
solved in the dl form we could direct our attention to the
investigation of the enzymatic conversion methodology.8

The PMB-S dimethyl ester 5c was hydrolyzed with pig
liver esterase (PLE) in phosphate buffer to yield the opti-
cally active half ester 10a albeit in moderate e.e. The re-
sults of the conversion and enantiomeric excess (e.e.) of
this reaction are summarized in Table 1. The best result
was 81% conversion with 71% e.e. (entry 10) using dieth-
yl ester 5f. The direct determination of the e.e. of the prod-
uct was unsuccessful by the chiral HPLC method.
Therefore, every product was subjected to the amido-for-
mation reaction with (S)-(-)-1-phenylethylamine followed
by HPLC analysis (CHIRALPAK AD column).

The absolute configuration was proved to be S. This was
also proved to be correct by converting 10a or 10b to com-

pound 13 by the allyl deprotection method (condition f)
depicted in Scheme 2 (Scheme 3). In this case the standard
sample was prepared by benzylation of authentic (R)-4-
mercapto-pyrrolidin-2-one (14) with PMB-Cl.

Table 1   Results  of   Enantioselective  Hydrolysis  of  Diesters  of   5
by  PLE a

aPLE: Pig Liver Esterase (EC 3.1.1.1) from Fluka; Suspension in 3.2
M ammonium sulfate solution; ~103 U/mg (10mg/ml). bAll experi-
ments were run in the phosphate buffer (P.B.) and followed by titrati-
on with 1N NaOH, using a pH-stat apparatus. c0.3% MeOH was
added. dAbsolute configuration was determined by HPLC analysis
(CHIRALPAK AD by Daicel) of the 4-p-methoxybenzylthio-pyrroli-
din-2-one derivative (13). eDetermined by HPLC analysis after con-
version of the mixture of the enantiomeric half esters into the mixture
of the diastereomeric amides with (S)-(-)-1-phenylethylamine. 

Removal of the p-methoxybenzyl protective group was
successfully achieved by a CF3CO2H and CF3SO3H com-
bination in the presence of anisole to give the optically ac-
tive target molecule in 34% yield (Scheme 4). Other
methods of oxidative removal of this protective group
were also assessed. Oxidation to sulfoxide 16 by mCPBA
was performed without any problems in 81% yield. Next,
Pummerer reaction of 16 with trifluoroacetic anhydride
and collidine for 1 h in THF and work up with 3% aq.
NaHCO3 gave the desired (R)-4-mercapto-pyrrolidin-2-
one(14) in 49% yield.

Scheme 3  Conditions: a) Pig Liver Esterase, 0.1M Phospate buffer.
b) ClCO2Et, Et3N, acetone, 0 °C, 30 min then NaN3, H2O, 0 °C, 1 h.
c) allyl alcohol, Toluene, 110 °C, 7h. d) Pd(OAc)2, PPh3, HCO2H,
Et3N, THF, 80 °C, 30 min.
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On the other hand, both oxidative deprotections using
NBS in dichloro methane /H2O or CAN in acetonitrile/
H2O gave the disulfide 15 in 66 and 73% isolated yield re-
spectively. The S-S bond could be cleaved efficiently to
the target mercaptan 14 by Zn dust in acetic acid or triph-
enylphosphine treatment in dioxane.

Scheme 4  Conditions: a) CF3CO2H, CF3SO3H, anisole, room tempe-
rature, 2 h. b) NBS, CH2Cl2, H2O, room temperature, 2 h. or CAN,
MeCN, H2O, room temperature, 5 h. c) Zn dust, Toluene, AcOH,
110 °C, 3.5 h. or PPh3, dioxane, H2O, 100 °C, 12 h. d) m-CPBA,
CH2Cl2, 0 °C, 30 min. e) (CF3CO)2O, collidine, THF, 0 °C, 1.5 h.

At this stage our interest was turned to the diastereoselec-
tive differentiation of the anhydride 18 by (S)-2-naphthyl-
ethanol as a comparison with the above PLE hydrolysis
methodology. Evans and Black9 traced the work of the
Heathcock group,10 in which symmetry-breaking enanti-
oselective transesterification of 3-(t-butyldimethyl sily-
loxy)-pentanedioic anhydride with (S)-2-naphthylethanol
was reported to provide a 34:1 diastereomeric mixture af-
ter 6 days at -60 °C. Using the reported procedure by
Heathcock,10 we prepared the requisite anhydride 18 from
dimethyl ester 5c. Enantioselective ring opening of this
anhydride 18 in dichloromethane afforded the (S)-PMB-S
derivative 19 with 82% d.e. after 10 days (Scheme 5). De-
termination of the d.e. of product 19 was unsuccessful by
direct separation using HPLC. Derivatization to the meth-
yl ester was found to be suitable for satisfactory separa-
tion using CHIRALPAK AD. From these results it is clear
that no substantial difference was observed between the
enzymatic and chemical reaction towards 3-PMB-S glut-
arate derivatives.
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(1H, dd, J = 9.5, 3.5 Hz), 3.59 (1H, dd, J = 9.5, 5.4 Hz), 4.44-
4.68 (1H, m), 6.84 (1H, br). TLC: Rf = 0.40 (AcOEt). 

(12) Dimethyl 3-methansulfonyloxyglutarate (5b): 12.03 g (0.105 
mmol) of methanesulfonyl chloride was added dropwise to a 
solution of commercially available 17.62 g (0.100 mmol) of 
dimethyl 3-hydroxyglutarate in 176 ml of pyridine under ice-
cooling, and stirring further 2 h at room temperature. After 
concentration of the solution under reduced pressure 100 ml of 
water were added and the product was extracted with 150 ml 
of CH2Cl2 several times. The combined CH2Cl2 layer was 
dried over MgSO4. After usual work-up the residue was 
chromatographed on silica gel to afford 23.54 g (93%) of the 
compound 5b (eluent hexane:AcOEt (6:1)). HRMS calcd for 
C14H19O5S [M++1]: 255.0538, found: 255.0522. IR (CHCl3): 
2957, 1739, 1440, 1361, 1310, 1175 cm-1. 1H NMR (CDCl3) 
d: 2.81-2.97 (4H, m), 3.09 (3H, s), 3.72 (6H, s), 5.27-5.34 (1H, 
m). Dimethyl 3-p-methoxybenzylthioglutarate (5c): To a 
suspension of 1.728 g (72 mmol) of NaH in THF was added a 
solution of 10.18 g (60 mmol) of p-methoxybenzylmercaptan 
in 60 ml of THF under ice-cooling. After stirring at the same 
temperature for 30 min, 15.26 g (60 mmol) of dimethyl 
mesylate 5b in 60 ml of THF was added. Stirring was 
continued for 2.5 h at room temperature and the solvent was 
distilled under reduced pressure. Water (200 ml) was added 
and the product was extracted with CH2Cl2 several times and 
the combined CH2Cl2 solution was dried over MgSO4. After 
evaporation of the solvent the residue was chromatographed 
on silica gel to give 17.62 g (94%) of compound 5c (eluent 
hexane:AcOEt (8:1)). HRMS calcd for C15H20O5S [M+]: 
312.1031, found:312.1054. IR (CHCl3): 2955, 1736, 1611, 
1586, 1512, 1438 cm-1. 1H NMR (CDCl3) d:2.59-2.70 (4H, 
m), 3.36-3.43 (1H, m), 3.68 (3H, s), 3.77 (2H, s), 3.79 (3H, s), 
6.84 (2H, d, J = 8.8 Hz), 7.25 (2H, d, J = 8.8 Hz).

(13) Monomethyl (S)-3-p-methoxybenzylthioglutarate (10a): To a 
suspension of 3.12 g (10 mmol) of diester (5c) in 312 ml of 0.1 
M phosphate buffer solution (500 v/w) was added 1.0 ml [103 
u/mg protein (10 mg/ml)] of PLE solution, and the whole 
solution was stirred at 25 °C for 6 hours. During the reaction 
time the pH of the solution was kept at 7.0 ± 0.02 by the 
addition of 1 M aqueous solution of NaOH. After 6 hr the pH 
was adjusted at 10 and the unreacted diester was extracted 
with diethyl ether. The aqueous layer was fixed at pH 2.0 by 
1N HCl solution and the generated monoester was extracted 
with diethyl ether several times. The combined organic layer 
was dried over MgSO4 and evaporated to give the desired 2.6 
g of monoester 10a. HRMS calcd for C14H18O5S [M+]: 
298.0875, found: 298.0885. IR (CHCl3): 3513, 2955, 1736, 
1713, 1611, 1586, 1512, 1439 cm-1. 1H NMR (CDCl3) d:2.60-
2.75 (4H, m), 3.34-3.41 (1H, m), 3.68 (3H, s), 3.78 (2H, s), 
3.79 (3H, s), 6.84 (2H, d, J = 8.7 Hz), 7.24 (2H, d, J = 8.7 Hz).

(14) Methyl (R)-4-allyloxycarbonylamino-3-p-methoxybenzyl-
thioglutarate (12a): To a solution of 1.194 g (4 mmol) of 
monomethyl (S)-3-p-methoxybenzylthioglutarate (10a) in 24 
ml of acetone was added triethylamine (486 mg, 4.8 mmol) 
and ethyl chlorocarbonate (651 mg, 6.0 mmol) under ice-
cooling. After stirring at the same temperature for 30 min, 
aqueous sodium azide (390 mg (6.0 mmol) in 4.8 ml water) 
was added. After 60 min the reaction mixture was poured into 
200 ml of ice water and the product was extracted several 
times with CH2Cl2. The combined organic layer was dried 

over MgSO4 and evaporated. The residue was dissolved in 24 
ml of toluene and the solution was refluxed for 2 h and then 
580 mg (10 mmol) of allyl alcohol were added every 30 min 
for 5 h under reflux. After evaporation the residue was 
chromatographed on silica gel (eluent hexane:AcOEt (10:1)) 
giving 1.291 g (91%) of compound 12a. HRMS calcd for 
C17H23NO5S [M+]: 353.1297, found: 353.1311. IR (CHCl3): 
3450, 2955, 1726, 1649, 1610, 1585, 1512, 1465, 1439 cm-1. 
1H NMR (CDCl3) d: 2.50-2.62 (2H, m), 3.09-3.16 (1H, m), 
3.30-3.33 (2H, m), 3.68 (3H, s), 3.74 (2H, s), 3.79 (3H, s), 4.54 
(2H, d, J = 5.4 Hz), 5.05 (1H, br), 5.22 (1H, dd, J = 11.1, 1.3 
Hz), 5.30 (1H, dd, J = 17.5, 1.3 Hz), 5.91 (1H, ddt, J = 17.5, 
11.1, 5.4 Hz), 6.85 (2H, d, J = 8.7 Hz), 7.24 (2H, d, J = 8.7 
Hz).

(15) (R)-4-p-Methoxybenzylthio-pyrrolidin-2-one (13): To a 
mixture of 12a, palladium acetate (11 mg, 0.05 mmol), 
triphenylphosphine (26 mg, 0.1 mmol) in 14 ml of THF was 
added triethylamine (303 mg, 3.0 mmol) and formic acid (92 
mg, 2.0 mmol) and the solution was refluxed for 30 min. 
CH2Cl2 (140 ml) was poured and the organic layer was 
washed with 100 ml of water. After drying over MgSO4 and 
evaporation of the solvent the residue was chromatographed 
on silica gel to give 198 mg (83%) of the compound 13 (eluent 
hexane:AcOEt (1:5)). HRMS calcd for C12H15NO2S [M+]: 
237.0823, found: 237.0837. IR (CHCl3): 3441, 2958, 1745, 
1702, 1611, 1586, 1512, 1486, 1465 cm-1. 1H NMR (CDCl3) 
d: 2.27 (1H, dd, J = 17.0, 7.2 Hz), 2.59 (1H, dd, J = 17.0, 8.6 
Hz), 3.22 (1H, dd, J = 10.1, 6.0 Hz), 3.35-3.42 (1H, m), 3.56 
(1H, dd, J = 10.1, 7.2 Hz), 3.73 (2H, s), 3.80 (3H, s), 6.38 (1H, 
br), 6.85 (2H, d, J = 8.7 Hz), 7.22 (2H, d, J = 8.7 Hz).

(16) (R)-4-Mercapto-pyrrolidin-2-one (14): To a solution of 1.187 
g (5 mmol) of (R)-4-p-methoxybenzylthio-pyrrolidin-2-one 
(13) in 5.5 ml (50 mmol) of anisole were added 12 ml of 
trifluoroacetic acid and 1.50 g (10 mmol) of 
trifluoromethanesulfonic acid successively at room 
temperature for 2 h. The volatiles were removed in vacuo and 
the residue (almost only anisole) was removed by washing 
with hexane. The remaining insoluble part was 
chromatographed on silica gel and 119 mg (34%) of 
compound 14 was obtained (eluent hexane:AcOEt (1:5)). IR 
(KBr): 3232, 2534, 1677, 1478, 1445, 1414, 1251 cm-1.
1H NMR (CDCl3) d: 1.96 (1H, d, J = 7.0 Hz), 2.26 (1H, dd, 
J = 17.1, 6.6 Hz), 2.75 (1H, dd, J = 17.1, 7.1 Hz), 3.27 (1H, 
dd, J = 9.9, 5.2 Hz), 3.55-3.70 (1H, m), 3.76 (1H, ddd, J = 9.9, 
7.3, 0.7 Hz), 7.00 (1H, br s). [a]D+36.5° (c = 1.179, MeOH). 
mp. 69.5-70 °C.

(17) Sulfoxide (16): 1H NMR (CDCl3) d: 2.30-2.90 (2H, m), 3.30 
(3H, m), 3.80 (3H, s), 4.42 (2H, s), 6.90 (2H, d, J = 9.1 Hz), 
7.22 (2H, d, J = 9.1 Hz). Naphtyl ester (19): 1H NMR (CDCl3) 
d:1.60 (3H, d, J = 5.5 Hz), 2.62 (2H, d, J = 6.5 Hz), 2.67 (2H, 
d, J = 7.5 Hz), 3.2-3.6(1H, m), 3.71 (3H, s), 6.08 (1H, q, 
J = 6.0 Hz), 6.69 (2H, d, J = 9.1 Hz), 7.10 (2H, d, J = 9.1 Hz), 
7.30-7.95 (7H, m), 8.20 (1H, br).
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