Stercocomroffed Svnthesis of 4-Acetoxy-2-azetidinone

Bull Korcan Chem. Soc. 1997, Vol 18, No. 5 473

Articles

Stereocontrolled Synthesis of 4-Acetoxy-2-azetidinone via Double Azetidinone
Ring Formation : A Useful Precursor of Carbapenem and Penem Antibiotics

HeeAn Kwon, MiJung Lee, InHee Lee, SulJin Lee, TaeckHyun Yoon, and TaeSeop Hwang*

Choongwae Research Laboratory, Choongwae Pharma Corporation. P.O. Box Suwon 61, Republic of Korea
Received Julv 9, 1996

(3R 4R)-4-Acetoxy-3-|(1'R-tert-butv Idimethy Isilvloxyethyl]-2-azetidinone.  one of the best svnthons for car-
bapenems and penems was efficiently svnthesized from readily available 7. -threonine vie double azetidinone

ring formation.

Introduction

Since the isolation of (+)-thicnamyein by a Merek
rescarch group' in 1976, various analogs of carbapenem and
penem antibiotics have been prepared and much efforts
have been direeted o the stereocontrolled total synthesis ol
these compounds.

Intensive effort has been placed on constructing a chiral
azetidinone with suitable tunctional appendages to allow the
facile formation of the S-membered ring. The strategy 1o-
ward their total svunthesis has usually been focused on the
claboration the three requisite contiguous chiral centers.” Tt
has been shown by several rescarch groups that the (3R 4R)-
d-acetoxy-3-[ (1" R-tert- butyldimethyIsilyloxy)ethyl]-2-azetidi-
none (1), constitutes one of the best preeursors for the pre-
paration of thesc antibiolics.” Although there are many
niethods tor svnthesizing this intermediate using optically
aclive natural sources such as 6-APA," 7. -aspartic acid,” /.-af-
Jo -threonine,” 7. -threonine,” and (3R)-hydroxybutvrate,” sim-
ple and practical svnthetic routes are still required.

Recently we have been working toward overcoming an m-
dustrial svnthetic problems such as number of steps in-
volved, overall vield, optimization of condition and so on.
[ere, we wish o report an stereoselective svmthesis of 1
from naturally: abundant 7.- threonine by a stereocontrolled
method.
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Results and Discussion

shiozaki has reported  the synthesis of another precursor
of carbapenems and  penems.  2-phenvisullonyl-3-(1-
hyvdroxyethy])-4-azetidinone (2), * which'was generated from
bisazetidinone (3). Towever, this approach has some disad-
vantages, 1n which the phenylsultony] group is less reactive
than acetoxy group toward nucleophiles and deprotection of

the protecting group on nitrogen was performed using 13 ¢-
quivalents ol expensive cerie ammonium nitrate (CAN).
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Our svnthetie strategy 15 shown m Scheme 1. Two Key
features involve the introduction of cthoxyearbony lmethyl
group which can be easily converted into acetoxy group as
a counterpart of phenylsulfonyl group and the ozonolviie
deprotection which would overcome the atorementioned
problem,

The readily available Z- threonine reacted with 40% aque-
ous sodium nitrite solution in 7.5 N-HC1 leading to the cor-
responding. chlorohydrin via diazotization, which upon treat-
ment with 40% NaOH solution #n sitie and the subsequent a-
cidic work up (pH 1.0) gave (2R,3R)-2.3-cpoxybutyric acid
(4) in pood overall vield. The reaction proceeded with dou-
ble inversion of the conliguration of the carbon attached
with amino group.

Onginally the epoxy acid was synthesized {rom £- threon-
me by [Hanessian with NaNO~KDBr-H, 80, system via bro-
mohvdrine in 70% overall vield,” We substituted the in-
termediate chlorohyvdrin for bromohvdrin using NaNQ),-HCl
and obtained the desired epoxy acid in improved vield (70%
— 90%) with the comreet conliguration. The  1.4-bis
| (ethoxy carbonyImethy Damino [henzene  (3) was efficiently
svnthesized from ethyl chloroacetate and p- phenvlencdi-
amine 1n tricthvlamine under retlux. The crude epoxy acid
(4) was condensed with amine (8) vie active ester coupling
to give the (2R.3R)-1.4-is[(N-¢cthoxyearbonylmethyl-N-2.3-
epoxybutyry Damine [benzene  (6) i 93% yield.

Next. cvelizaton of (6) was accomplished with 1 M-
LAIIMDS in TTII at 0 °C leading to bis B -lactam (7)
stereoselectively in 753% vield, in which cis-cis or irans-cis
sonier could not be found. Protection ol aleohol (7) with
tert- butvldimethylsilyl chloride in DME at 25 °C for 12h
gave silvlether (8) in 95% vield, which was hydrolvzed
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Scheme 1.

with 1 N-NaOll in methanolic methylene chloride at room
temperature Lo alford 4-carboxy-2-azetidinone derivative (9).
Acetoxylation was accomplished with Pb,0, in acetic acid.”
Pb,0, was added m portion at 40 "C and the reaction 1s ex-
othermic, which was solidified on the addition of water.
The crude solid (10) reacted sith ozone" in ethvl acetate at
=20 °C followed by reductive work-up to give 4-acetony -2-
azetidinone (1) in 48% overall vield over three steps. The
reductive work-up consists of treatment ol the reaction nuis-
ture with 10% aqueous sodium thiosulfate solution, warm-
ing at 40 °C for 30 mun. evaporation of ethvl acetate, the ad-
dition of methanol and the subsequent reduction with 10%
aqucous thiourca.™ Tt is worthy of note that the addition of
methanol 1s critical n the course of work-up.

Thus we have achieved a practical svnthesis of an im-
portant precursor o carbapenem and penem antibiotics [ton
L- threonme. The described svnthesis has the attractive fea-
tures of utilizing readily available inexpensive starting ma-
terials and mvolving simple ozonolvtic deprotection which
would be more ceonomical for the large scale production.

Experimental

Melting points (mp) were determined on a Buchi 335 ca-
pillary melting apparatus. Optical rotations were obtained us-
ing JASCO DIP-1000 Polarimeter at room temperature us-
ing the sedium D line. 'I1I NMR spectra were determined at
300 Mllz with a ARX 300 nsing tetramethvlsilane as an int-
ernal. Mass spectra were obtained on a ESI/MS
(clectrospray 1onisation/mass spectrometer). Elemental
analvsis was performed by a FISONS EA 1108 analyzer.

(2R,3R)-2,3-Epoxybutyric acid (4). L- threonine
(40.6 g 341 mmol) was dissolved in 7.5 N-HCI (222 ml.),
409 aqueous sedinm nitrite solution (100 mL) was added
over a period of 3 h at 5 "C. After addition was completed
the reaction mixture was stired vigorously at room  ten-
perature in order to elimmate nmtrogen oxides. To the almost
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colorless reaction mixture cooled at 0 "C, 40% NaQll (204
mL) was added graduallv. After stirnng tor 3.5 h at 40 °C,
the reaction mixture was cooled down o 0 °C then acidilied
with ¢-11C] to pti 1.0 and extracted with ethvl acetate, dried
over MgS0, and concentrated i vacro to give 313 g of
4 (90%) as a slightly colored oil which was emploved tor
the next reaction without puritication: "Il NMR (CDCL,) 8
1.4 (3H. d. J=5.5Hz). 3.4 (IH. m). 3.6 (IH. d, J=4.6 H»),
9-10 (acid-11, brs): &) .=—11"(c=1.1, MeOll) [lit. — 10.58",
(¢=3. McOH)].

1,4-Bis|(ethoxycarbonylmethyl)amino]benzene

(8). To a solution of p- phenvlenediamine (20 g, 185
mmol) n tricthvlamine (100 ml.) was added cthyl-
chloroacctate (30 ml.. 469 mmol) at 90 °C. Alter vigorous
stirmg for [0 nun under reflux, the reaction mixture was
cooled down o 60 “C then solidilied with water to give 48
g of 3 (93%) as a vellow powder which was emploved for
the next reaction without purilication. An analyvtcal sample
was reervstallized from MC-hexane: 'H NMR (CDCL) 8 1.3
(611, d, /=71 11z), 3.79 (NIL, brs), 3.84 (411, 5), 4.2 (411, q.

J=7.1 Hz), 6.6 (4H. \) ”HN’M’R(LDC 1 8; 14.6 (CH,). 6.

5 (CIL). 47.5 (CLL). 115.4 (CIL, aromatic), 140.5 (C, aro-
matic), 185.0 (C=0) 1 ESI/MS 281 (M+11)", 304 (M+Na)"
nip 65.5 -66.3 "C: Anal. Caled lor €, H,N,O: C, 59.99. H,
7.19:N. 9.99. Found: C, 60.08: 11, 6.98: N, 10.08.

{2R,3R})-1,4-Bis[(N-ethoxycarbonylmethyl-N-2,3-
epoxybutyryl)amino]benzene (6). To a stimed and
cooled ( — 20 °C) solution of the epoxy acid (4, 31.3 g, 307
mmol) in 330 mL of chloroform was added N- methyl-
morpholine (78.8 ml.. 717 mmol) followed by cthyl chloro-
formate (57.6 mL, 602 mmol). Atter stirring 30 min at — 20
°C, the amine (3, 28.7 g, 102 mmol) was added as a solid
and the solution was stired for Th warming shightly (40 "C).
The reaction mixture was recooled at — 20 C then ¥-
methy merpholine (10 mL) were added successively tol-
lowed by stiming | h at 40 "C. The reaction mixture was
quenched with 2 N-1ICT (500 mL) at 0 °C then washed with
sal. NaHCO,, dried over MgS0O,. concentrated in vacio un-
ul the volume of the residue 15 ca. 100 ml.. Then to thus
slurry was added hexane (500 mL) with vigorous stirring to
precipitate 42.5 g of 6 (93%) which was cmploved for the
next reaction without purilication. An analytical sample was
recrystallized from MC/ »- hexane.: '[I NMR (CDC1,) 8 1.3
(OH. d. J=7.1 Hz), 1.4 (6H. d, .J=53 Hx) 3.1 (2H, m). 3.3
(2H.d.J=42H2 4.2 (GH.m). 4.7 2H. d. J=17.2 H»). 7.4
(411 8): "C NMR (CDCL) 8: 13.6 (CIL). 14.5 (CLL). 51.7
(CH), 54.4 (CH,), 62 (CH). 129.6 (CH, aromatic), 142 (C,
aromaltic), 168.9 (C=0). 167 (C=0). ESI/MS 449 (M+H)"
mp 139.8-140.6 °C: ] .=+326.9"(¢=0.3. MeOIIl) anal.

Caled for C,H, N0, C, 5892: H, 6.29: N, 6.24. Tound: C,
5892 1 6.43: N. 6.28

{3S,45)-1,4-Bis[3-(1' R- hydroxyethyl)-4-ethoxy-
carbonyl-2-azetidinone-1-yllbenzene (7). 1u a solu-
tion of 6 (42.5 g, 94.8 mmol) in TIIF was added 1 N-
LIHMDS (227 ml.) at ice cooling temperature. Atler stir-
ring at room temperature tor 30 nun, the reaction nusture
was diluted with ethvlacetate, quenched with sat. NILCL
The organic layer was washed with sat. NaHCO, and brine,
dried over MgS0O),, and concentrated in vacuo tollowed by
chromatography to give 31.9 g of 7 (75%) as a white solid.
An analvtical sample was reervstallized from Et,O.: Il
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NMR (CDC1) 8 1.3 (6l), d. J=7.1 11z), 1.4 (611, d, J =6.4
Hz), 3.3 (2H, m), 3.6 (2H, ws), 4.2 (4H, q, J=7.1 H») 44
(2ZH. m), 47 (2H. d, J=2.4 Hz), 7.1 (4H. 5% "C NMR
(CDCL) §; 14.4 (CLL). 21.5 (CLL), 52.7 (CLL), 62.3 (C1D),
62.9 (C1L). 63.7 (CL1) 117.5 (C1], aromatic), 133.9 (C. aro-
matic), 164.4 (C=0), 170.7 (C=0); ESUMS 449 (M+11)",
mp [35.1-135.8 "C: [ae] ,= = 180.1"(¢=0.3, McOH) Anal.
Caled for C1LN,O,. C, 5892, 11, 6.29; N, 6.24. Found: C,
59.16; H, 6.42. N, 6.28.

(3S,48)-1,4-Bis[3-{(1' R-tert- butyldimethylsilyl-
oxy)ethyl}-4-ethoxycarbonyl-2-azetidinone-1-yl]
benzene (8). A mixturc of 7(31.9 g, 71.]1 mmol), fert-
butylmethylsilylehlonide (27.8 g, 184 mmel), imidazole (19.4
£, 284 4 mmol) in DML (350 ml.) was allowed 1o stand at
room temperature for 16 h. The reaction mixture was di-
luted with ethylacetate, washed with | N-11CI, sat. NallCO,
and brine, dried over MgS0O, and concentrated in vacieo.
The residue was punified by (lash chromatography (o give
45.8 g of 8 (95%) as a white solid.: 'Ll NMR (CDC1) § 0.0
(OH. %), 0.1 (6H, 5), 0.7 (18H, 5), 1.3 (12H, m), 3.3 (2H, m),
42 (2H, m), 4.3 (CH, m), 4.6 (2H, d, J=2.3 Hx), 7.3 (dH, s):
CONMR (CDCL) §; — 4.8 (SiCLL), -39 (SiCLL). 145
(CLL), 18.1 (C), 22.8 (CLL), 25.9 (CLL), 52.9 (C1D, 62.1
(CH), 63.3 (CH,), 64.8 (CH), [17.0 (CH, aromalic), 134.3
(C, aromatic), 164.5 (C=0), 170.7 (C=0); ESI/MS 678 (M+
H); mp 166.9-167.4 °C. [a] .= - 150.9"(¢=0.5, CHCl,)
Anal. Caled for C,HN,OS1,. C, 60.32; H, 834 N, 4.14.
Found: C, 60.71; 11, 8.64, N, 4.15.

(3S,4S)-1,4-Bis[3-{(1' R-tert- butyldimethylsilyl-
oxy)ethyl}-4-carboxy-2-azetidinone-1-yllbenzene
(9). To a stired solution of 8 (45.8 g, 67.6 mmol) n
McOH-MC (5 : [, 600 ml.) was added gradually 1T N-NaOH
(149 mL, 1.1 eq) at room temperature. After stirring for 30
min, the reaction mixture was concentrated im vacuo and di-
luted with H,O), washed with cthylacetale. The aqueous
phase was aciditied to pll 2 with 1 N-11Cl, filtered and
washed with #- hexane to give 42 g of 9 as a white solid
which was cmployed for the next reaction without pu-
rification.: "H NMR (acctone-d9) 8 0.0 (6H_ s), 0.1 (6H. %),
0.7 (18H, s). 1.3 (6H. d. .J=0.3 H»), 3.4 (2H, m), 4.4 (2H,
m), 4.6 2H. d, J=2.5 H»), 7.3 (4H, 5): "C NMR (acclonc-
d% 8: 0.0 (SICH)), 0.8 (SICH), 23.2 (C), 27.5 (CH)), 31.0
(CH,), 57.7 (CH), 68.7 (CH), 70.4 (CH,), 122.6 (CH, aro-
matic), 139.9 (C, aromatic), 169.7 (C=0), 176.8 (C=0)); [:SI/
MS 621 (M+H)'; mp 209 *C (dee); (o] ,=— 166.2"(¢c=
(.25, MeOl1) Anal. Caled for C,11,N,0,8i,; C, 38.03; 11,
7.79. N, 4.51. Found: C, 57.07; [[, 7.87: N, 4.40,

(3R,4R)-1,4-Bis[3-{(1' R-tert- butyldimethylsilyl-
oxy)ethyl}-4-acetoxy-2-azetidinone-1-yllbenzene
{(10). The suspension of 9 (42 2. 67.6 mimol) m glacial a-
cetic acid was heated at 60 °C followed by portionwise ad-
dition of Pb,O, (111 g 162 mmol). Aflter stirring for 10
min, the reaction was quenched by addition of 2 mL of
cthyleneglycol then concentrated. The residue was solidified
with large exess of [LO to give 41.6 g of 10 (95%) as a
cryslalline solid which was ecmployed lor the next reaction
withoul purification. An analytcal sample was prepared by
tlash chromatographv followed bv recrystallization from
petrolcum cther: 'H NMR (CDCLY) & 0.0 (GH, %), 0.1 (6H,
%), 0.7 (18H, ), 1.3 (6H, d, .7 =6.4 Hz), 2.1 (6H, s), 3.2 (2H,
dd, J=2.6 11z and J=0.6 [1z), 4.3 (311, m), 6.6 2IL. %), 7.4
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(411, sy "C NMR (CDCL) &: - 5.2 (SiCLL), — 4.3 (SiCLL),
17.7 (C), 21.0 (CH), 22.2 (CH,), 25.5 (CH,), 64.2 (CH),
65.6 (CLD), 76.5 (C1D, 117.8 (CLL, aromatic), 132.9 (C, aro-
matic), 164.0 (C=0), 170.0 (C=0); ESI/MS 671 (M+Na)"
mp 208.0-208.8 “C: [at] ,=— 101.3" (¢=0.5, CHCI,) Anal.
Caled for C,11L,N,0,8i,; C, 59.23; 11, 8.08; N, 4.32. Found:
C,59.40:H. 821N, 4.28.

(3R,4R)-4-Acetoxy-3-[(1' R-tert- butyldimethylsil-
yloxy)ethyl]-2-azetidinone (1). A solution of 10(] g,
(.5 mmol) in cthy] acctate (50 ml.) was treated with ozone
at = 20 °C untl the starting matenal was completely disap-
peared. Then 10% aqueous sodium thiosultate solution (26
ml.) was added and stirred for 30 mim at 40 “C. Alter eva-
poration of ethyl acetate the reaction mixture was diluted
with methanol (20 mL) and 10% aqueous thiourea (19 mL)
was added dropwise. After sturing 3 h at 40 °C, the organic
solvent was removed in vacuo then extracted with ethyl ace-
tate, and organic layer was dried, concentrated and chro-
matographed with #- hexane/cthy] acctate (4/1) as the ¢luent
to provide 447 mg of 1 as a white solid, identical in all
respects with the matenal previously deseribed by other au-
thor.
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In a recent paper| Bull. Kor. Chem. Soc. 17,735 (1996)] we reported results of molecular dynamic (ML) sinm-
lations for the thermodynamic and structural properties of liquid »- alkanes, from 7- butane to #- heptadecane, us-
ing three different models. Two of the three classes of models are collapsed atomie modcels while the third
class is an atomistically detailed model. In the present paper we present results of MD simulations for the dv-
namic properties of liquid »- alkanes using the same models. The agreement of two self-ditfusion coefficients
of liqqud #- alkanes calculated from the mean square displacements (MSD) vie the Einstein equation and the
velocity anto-correlation (VAC) functions via the Green-Kubo relation is excellent. The viscosities of n- butane
10 #- nonane caleulated [rom the stress auto-correlation (SAC) functions and the thenmal conductivitics of - pen-
tane 10 #- decane caleulated (rom the heat-1ux auto-correlation (HFAC) Tunctions vie the Green-Kubo relations
are smaller than the experimental values by approximately a factor of 2 and 4, respectively.

Introduction

Green and Kubo' showed that the phenomenological cocl-
ficients deseribing many transport processes and time-de-
pendent phenomena in general could be written as ntegrals
over a certam type of Tunction called a time-correlation fune-
tion. These lime-correlation functions play a somewhal sim-
ilar role m nonequilibrium statistical mechanics that the par-
tition function plavs in equilibrium statistical mechanics.

The analogy breaks down in one respecl. Sinee the state off

thermal equilibrium is unique, a single partition function
gives all the thermodynamic propertics, but since there are
many dilferent kinds ol noncquilibrium states, a dilferent
time-correlation function for each type of transport process
is needed. Determining (he appropriate ime correlation fune-
ion Lo use for a particular transporl process of mlerest 18
very important.

The Green-Kubo relations (Table 1) are the formal ex-
pressions for hyvdrodvnamic field variables and some of the
thermodynamic properties in terms of the microscopic vari-
ables of an N-particle system. The identification of ni-
croscopic expressions for macroscopic variables 1s made by

a process of comparison ol the conservalion cqualions ol

hydrodynamics with the microscopic cqualions ol change
lor conserved densitics. The importance of these relations is
three-fold: they provide an obvious method for calculating
transport cocllicients using computer simulation, a - con-
venient starting point for constructing analylic theories lor
nonequilibrium processes, and an essential information for

designing nonequilibrium molecular dynamics (NEMD) al-
gorithm,

In previous works™ we reported results of equilibrium
molecular dynamics (EMD) and NEMD simulations for
the thermal transport properties - the self-diffusion coet-
ficients, shear viscosities, and thermal conductivities - of
liquid argon’ at 94.4 K and | atm and liquid water" at 298
5 K and 1 atm using TIP4P model® for the interaction
between water molecules. For liquid argon, the overall
agreement ol the caleulated  thermal transport propertics
through TIMI} and NEMD with the experimental resulls
was quite good.” [lowever, in the case of liquid water, the
Green-Kubo relations are applicd with difficulty o the
EMD results since the time-correlation functions are os-
cillating and not decaying rapidly enough but the NEMD
results were found to agree within approximately +£30-
A0% crror hars.”

[n this paper, we present results of MDD} simulation studies
o mvestigate the dynamic propertics of hiquid #- alkancs, #-
hutanc Lo #- hepladecanc, using the above relerred models.
Further stucies also nclude the investigation of the ther-
modynamic, structural, and dynamic propertics of branched-
chain alkanes, and analyses of segmental motions of C-C
backbone chains m long chain alkanes.

The paper is organized as lollows. Scetion TT contains a
brief description of molecular models and MDY simulation
methods followed by Sec. [I1 which presents the results of
our simulations and Sce. TV where our conelusions are sum-
marized.



