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Abstract:

An efficient synthesis of a 1f-methyl carbapenem antibiotic,
meropenem, is described. The present process does not involve
cryogenic temperatures, chromatographic purification, or re-
verse osmosis and is amenable to large scale synthesis.

Introduction

Meropenem (1) is a semisynthetic, broad spectryin 1
methyl carbapenem antibiotic for parenteral administratfon.
It is used in the treatment of a wide range of serious
infections such as intra-abdominal infections, urinary tract
infections, and lower respiratory tract infectioifs.
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There are several methods reported in literature for the
preparation ofL5 In all these reported methods, synthesis
of meropenem (1) involves condensation of commercially
available 4-nitrobenzyl & 5S 69)-3-[(diphenylphosphono)-
oxy]-6-[(1R)-1-hydroxyethyl]-4-methyl-7-oxo-1-azabicyclo-
[3,2,0] hept-2-ene-2-carboxylat®,(enol phosphate) with
(2549-2-dimethylaminocarbonyl-4-mercapto-1-(4-nitroben-
zyloxycarbonyl) pyrrolidine §, side chain) in the presence
of base to give diprotected meropenédmHydrogenolysis
of 4 with Pd/C in the presence of buffer provides meropenem
(1) (Scheme 1).

In reported method&® diprotected meropenemd is
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yield of 28-43% from4. In one of our publicationswe
have reported an efficient process for the preparation and

isolated as a solid and then subjected to hydrogenolysis toisolation of meropenem in an overall yield of 59% directly

give 1. Further, this process required chromatographic
purification on an Diaion HP-20 and concentration of the
aqueous solution by reverse osmosis to diva an overall
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from intermediate2. The method does not involve the
isolation of intermediatd, chromatographic purification, or
reverse 0Smosis.

In the course of our ongoing efforts to increase the yield
and further simplify the process from a commercial aspect,
improvements have been made in the existing proceés of
In this communication we report an efficient and practical
one-step synthesis of meropenei) from intermediate®
and3.

Results and Discussion
The present method involves condensation of enol phos-
phate2 with side chain3 in the presence of base to gide

(6) Tewari, N.; Nizar, H.; Rai, B. P.; Kumar, Y. (Ranbaxy) WO 06/ 035300,
2006.
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Table 1. Preparation of meropenem (1) under different conditions

entry solvent (volume w.r.t. input 2) basé reaction time (h) yield (%)
1 EtOAC/DMF (6:1) DIPA 3 60
2 EtOAC/DMF (6:1) DIPEA 6 52
3 EtOAc/N-methylpyrrolidinone (6:1) DIPA 3 63
4 EtOAc/N-methylpyrrolidinone (6:1) DIPEA 5 53
5 THF/DMF (6:1) DIPA 3 41
6 THF/N-methylpyrrolidinone (6:1) DIPEA incomplete reaction
7 EtOAc/DMF (6:0.5) DIPA incomplete reaction
8 EtOAc/N-methylpyrrolidinone (6:0.5) DIPA incomplete reaction

aSolvent and base used in the condensation step.

which is directly taken up for deprotection on Pd/C in the The advantages of this method over the existing methods
presence of buffer under biphasic conditions to provide are the drastic reduction of the quantity of DMF or
In reported methodscondensation of with 3 is carried N-methylpyrrolidinone which eliminates exhaustive workup
out in dimethyl formamide (DMF) or acetonitrile to give and does not affect the crystallization bf In the reported
diprotected meropenerh in ~92% vyield. Hydrogenolysis  methods where DMF is used as the reaction solvent in
of 4 using 10% Pd/C in a mixture of tetrahydrofuran (THF) condensation step, it is essential to remove DMF by aqueous
and water in the presence of buffer (3-[N-morpholino]- workup at an intermediate step due to the solubility of
propanesulfonic acid) provided. This process requires meropenem (lin DMF. Since the preparation dfis carried
additional solvents for workup and isolation 4f Depro- out at 0—5°C the present process does not require any
tection of4 requires a different solvent system and expensive cryogenic temperatures. Ethyl acetate and acetone used in
buffer, and isolation of involves chromatographic purifica-  the process are easily recyclable and the consumption of

tion and reverse osmosis. solvents is minimized, thereby making the process more cost-
We have also reported the synthesis of meropenefn (1) effective and environment friendly.
without isolation of diprotected meropenefnusing DMF In conclusion, a cost-effective and commercial process

as a solvent for condensation @ and 3. The resulting  for preparation of meropenen)(with improved yield and
intermediatet is extracted with ethyl acetate and subjected shorter reaction time is reported. This process does not
to deprotection under biphasic conditions in the presence ofinvolve isolation of diprotected meropene#y cryogenic
N-methylmorpholine—acetic acid buffer (pH 6.0). temperatures, and chromatographic purification.

In the present communication, we are reporting a further
improved process with respect to consumption of solvents gxperimental Section
and simplicity in terms of operations on a commercial scale.
In this process the condensation2&nd 3 are carried out
in a mixture of ethyl acetate and-methyl pyrrolidinone
(6: 1 v/w with respect to inpuR) in presence of base at
0—5 °C. The reaction mixture is subjected to hydrogenolysis
on 5% Pd/C in water (5 v/w with respect to ingitin the
presence oN-methylmorpholine—acetic acid buffer at pH :
6.0. After hydrogenation the reaction mixture is filtered, and Xhifer?vrvétz? C;é%mr:éogsgtgenrxﬁz ra;l:)r(:nﬁr_) '?EdAnl]onbwlll_e
the layers are separated. The aqueous layer so obtained ignd adiustin ’the H 5.8 1 with diI'uted hosphoric acid)
treated with acetone to give crystalline meropendmirg : ) 9 PH S. . phosp
an overall yield of 63%. with a flow rate of 1.6 mL/min.

During the process optimization, we have studied the Prebparaltic;n of (4:3:558,??_-3-2(318,5RS)-15-E]DLmethyiﬁn?i-
effects of different solvents and role of the base (diisopro- z?r;?arthoi);?;)x-gylr-rgzlag)é]clloo-][-3 '2[( 0]-h)(;, t( 2{;;‘;)%?0&3:3;)(_
pylamine (DIPA) vs diisopropylethylamine (DIPEA)) in the lic Agid Trihvdrate {Mero ’ehem Ql'rih drate 1)
formation of 4. The results are tabulated in Table 1. The )énol hos hatey2 (200 g, 0 326 mol) wasysus endéd in a
use of ethyl acetate arid-methylpyrrolidinone (6:1, v/w) mixtupre o? ethyl acetategklé L) and-methyl r?olidone
as solvent for condensation results in maximum yield (63%) y : Yy

(entry 3). The condensation reaction time is shorter in the (200 mL) and cooled to 05 °C. Side chair}s (130'.5. 9
case of DIPA in comparison with DIPEAThe use of THF 0.369 mol) was added followed by dropwise addition of

instead of ethyl acetate results in low yield and inferior DIPA (44.2.g, 0.436 mol) at-85 °C. The reaction mixture

quality of the product. Reducing the quantity of DMF and was _stirred for 3.0 h, and the progress of the reaction_ was
N-methylpyrrolidinone from 1 to 0.5 v/w results in an monitored by TLC (EtOAc/hexane, 8:2). After completion

incomplete condensation reaction (entries 2 and 7, 3 andmc rea'c'Fion, it was poured into an aqueous buffer (1'0_ L)
8). containing N-methylmorpholine (34 g) and acetic acid

(14 g) (pH 6.0). The resulting biphasic reaction mixture was
(7) Williams, J. M.; Jobson, R. B. (Merck) U.S. Patent 5,872,250, 1999. hydrogenated over 5% Pd/C (200 g, dry) at-25 °C for

General. Reagents are used as such without purification.
IH NMR spectra are recorded using a Bruker 300 MHz
spectrometer. The chemical shift data are reported(ppm)
downfield from tetramethylsilane which is used as an internal
standard. HPLC analysis is performed on a Waters instrument
with a UV detector (220 nm) using a Hyprsil ODS (250 mm
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3.0 h (~70 psi of H, gas). The reaction mixture was filtered (m, 1H, CH-8), 4.16 (m, 2H, S-CH-85), 4.73 (m, 1H,
and washed with deionized water (400 mL), and the layers CHCON). MS (m/e): 384.

were separated. To the aqueous layer activated carbon (10

g) was added, which was stirred for 15 min at-15 Acknowledgment
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10 °C. The suspension was stirred for 2 h, and additional support.

acetone (2.5 L) was added and stirred fettbh at 6-5 °C.

The precipitate was collected by filtration and washed with Supporting Information Available

acetone (400 mL) and dried to give (93 g, 63%) as a Spectral data of meropenem. This material is available
nonsterile solid. Chromatographic purity, by HPEC98%  free of charge via the Internet at http:/pubs.acs.org.

IH /NMR (D;0): 6 1.13 (d, 3H, 4C-El5), 1.21 (d, 3H, Gls-

CHOH), 1.90 (m, 1H, CRtCH-4), 2.92 (s, 3H, -CON(H5),),

299’ (m’ 4H, 'CON(G'g)z and S'CH'Cld), 3.33 (m’ 1H, Received for review Aprll 20, 2007.
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