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Scope and Limitations of Oxidative Decarboxylation of a-(Acylamino) Acids by Peroxy
Acids: Conversion of a 2-Azetidinone-4-carboxylic Acid to a Carbapenem

Masao Shiozaki

New Lead Research Laboratories, Sankyo Co., Ltd., Hiromachi 1-2-58, Shinagawa-ku, Tokyo 140, Japan

Oxidative decarboxylation of a-(acylamino) acids by peroxy acids
was investigated. An application of this reaction for the conversion
of the 2-azetidinone-4-carboxylic acid 1h to a carbapenem 8 is
described.

The mode of decomposition of acyl aroyl peroxides has
been examined and found to give decomposition pro-
ducts in the cases of mixed peroxides derived from 3-
chloroperoxybenzoic acid (Scheme A).! Some of these
diacyl, diaroyl or acyl aroyl peroxide (R = alkyl or aryl)
are occasionally fairly stable in thermolysis.> However,
there is only one example for the conversion of an a-
(acylamino) acid to acyloxy derivative with retention of
configuration.® The author reports now on the oxidative
decarboxylation of various a-(acylamino) acids via the
corresponding acyl aroyl peroxides and describes the
scope and limitations of this reaction.
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Scheme A

a-(Acylamino) acids, 1a—h were prepared and treated
with 3-chloroperoxybenzoic acid in the presence of 1,3-
dicyclohexylcarbodiimide (DCC). Compounds 1a,b,g
and h gave the oxaaminal analogues 2a,b,g and h,
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respectively, while decomposition was observed for
1d-f. Compound 1c¢ gave N-benzyloxycarbonyl-2-hy-
droxypyrrolidine (3) instead of the expected 2¢. In the
case of 1h, oxidation with peroxybenzoic acid gave the
benzoate 4. (Scheme B).

The reaction proceeds under mild conditions below
room temperature without the use of base. It is obvious
that, (i) the a-substituted nitrogen atom of carboxylic
acid assists the oxidative decarboxylation of acyl aroyl
peroxides, (ii) N-substituted a-(acylamino) acids usually
yield the expected products, (iii) a-(acylamino) acids
possessing hydrogen on the nitrogen atom, except the -
lactam carboxylic acid 1h, usually undergo spontaneous
degradation via their iminium salts derived from normal
products, and (iv) the ring strain of f-lactam spurs the
reaction. The reaction conditions are mild enough not to
produce the iminium ion A from compounds 2h and 4.
The results are listed in Table. The melting point and
[«]p of 4 were found to be different from that reported
in the literature.* Therefore, 4 was alternatively pre-
pared from 1hin two steps (Scheme C) and shown to be
identical with that obtained from 1h by oxidative de-
carboxylation in all respects.
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In the field of f-lactam antibiotics, 3-(1-hydroxyethyl)-4-
acetoxy-2-azetidinone is an important intermediate for
the syntheses of thienamycin (9) and 1-methylcarba-
penems. A number of syntheses of 4-acetoxy-2-
azetidinone have appeared in the literature. Two of these
are the oxidative decarboxylation of 2-azetidinone-4-
carboxylic acid by lead tetraacetate,® and by the electro-
chemical method.® Another is the Baeyer—Villiger oxid-
ation of 4-acyl-2-azetidinone derivatives,” which was
also obtainable from 2-azetidinone-d-carboxylic acid
and other sources. The compound 2h is expected to be
useful as an intermediate in carbapenem synthesis.
Therefore, conversion of 2h to thienamycin intermediate
8 was attempted, and it became obvious that 2h was also
a suitable intermediate for the synthesis of carbapenems.

Compound 1h, obtained by saponification of terz-butyl
(38,45)-3-[(R)-1-(tert-butyldimethylsiloxy)ethyl]-2-
azetidinone-4-carboxylate (6) synthesized from L-threo-
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nine,® yielded 2h by oxidative decarboxylation with 3-
chloroperoxybenzoic acid. N-Silylation of 2h, followed
by C—C bond formation® with 1-phenylthio-1-trimethyl-
siloxyethylene using trimethylsilyl trifluoromethane-
sulphonate gave 7 which on treatment with 2-mercapto-
N-(4-nitrobenzyloxycarbonyl)ethylamine using triethyl-
amine as a catalyst gave 8, a key intermediate to thien-
amycin (9)'° (Scheme D).

TBOMSQ Hy 0.2M aq Na0 3-CIC
/ ; _s 0.2M ag NaOH -ClCgH,CO3H
1 COzBu-t EtOH, 60°C, 15h oce, r.tf, 15 min
NH 95 % 65%
0
6
1. CISiMes/EtsN/THF, r.t., 15h
PhS
2. r=/[CF35045iMe, TBDMSQ H
Me3Si0 ‘H H SPh
CH,Cly, r.t., 15h {
2h 517% NH O
0
7
0
HS\/\HJKO/\A, TBOMSQ H, |, 0
EtyN/CH,Cly, r.t., 3h : S\/\N)J\o/\Ar
54 % NH O H
0
8
HOHY
// S~
d N NH>
COsH
9

TBDMS = t-BuMe,Si
Scheme D

All melting points are uncorrected. 'H-NMR spectra were re-
corded at 60 or 270 MHz using TMS as an internal standard.
Column chromatography was carried out on columns packed with
Merck silica gel 60 (230—-400 mesh ASTM) using a slightly in-
creased pressure (1.2 atm) for elution. a-(Acylamino) acids 1a—f
were commercially available. Compounds 1g,h were prepared from
the corresponding tert-butyl esters.’

(35,45)-3-[(R )-1-(tert-Butyldimethylsiloxy)ethyl]-2-azetidinone-4-
carboxylic Acid (1 h):

A solution of fert-butyl (3S5,45)-3-[(R)-1-tert-butyldimethylsiloxy)-
ethyl]-2-azetidineone-4-carboxylate (6;° 659mg, 2.0mmol) in EtOH
(40 mL) and 0.2 N NaOH (12 mL) is warmed at 60°C for 15 h. The
reaction mixture is concentrated in vacuo, acidified with dil HCI,
and extracted with EtOAc. The extract was washed with H,O
and brine and dried (MgSQ,). After filtration, the solvent is
removed in vacuo to give 1h; yield: 521 mg (95 %); mp 143-145°C
(hexane).

C,;H;3NO,Si cale. C5272 H848 N5.12

(273.2) found 52.54 8.31 5.06

IR (Nujol): v = 3320, 3200-2400, 1760, 1733, 1710 cm™".
H-NMR (CDCl,/TMS): 6 = 0.07 (s, 6H, 2CH3;), 0.86 (s, 9H,
-C,Hy), 1.26 (d, 3H, J = 6.5 Hz, CH};), 3.35 (m, 1H, H-3), 4.25
(m, 1 H,CHOSi), 4.43(d, 1 H, J = 2.5 Hz, H-4),6.79 (brs, 1 H, NH),
8.68 (br s, 1 H, CO,H).

Oxidative Decarboxylation of «-(Acylamino) Acids 1a—h; General
Procedure:

To a solution of the substrate 1a—h (1.0mmol) in a solvent
(2- 10 mL) cooled in an ice bath is added peroxy acid (3-chloroper-

SYNTHESIS

oxybenzoic acid or peroxybenzoic acid) (1.1 mmol) and then 1,3-
dicyclohexylcarbodiimide (227 mg, 1.1 mmol) with stirring. After
evolution of CO, has ceased at 0°C or r.t. (see Table for reaction
conditions), the mixture is filtered and chromatographed on a silica
gel column (eluent: cyclohexane/EtOAc (3:1) (Table).
N-Benzyloxycarbonyl-2-hydroxypyrrolidine (3); mp 45°C (Lit.!**2
mp 45-46°C).

IR (film) v = 3420, 1690 cm ™ 1.

'H-NMR (CDCl,;/TMS): 6 = 1.8-2.1 (m, 4 H, H-3 + H-4), 3.15 (s,
1H, OH), 3.3-3.7 (m, 2H, NCH,), 5.13 (s, 2H, CH,Ar), 5.52 (s,
1H, CHOH), 7.53 (s, 5 H,rom)-

(35,4R )-4-Benzyloxy-3-[ (R )-1-(tert-butyldimethylsiloxy)ethyl]-2-
azetidinone (4) (cf. Scheme C):

To a solution of 1h (273 mg, 1 mmol) in Et,O/cyclohexane (3:1,
8mL) is added a 2M solution of PhLi in cyclohexane/Et,O
(2.0 mL) at 0°C with stirring under N,. After 10 min, the mixture is
quenched with H,O (5mL), and extracted with EtOAc. The
organic layer is washed with H,O and brine, dried (MgSO,),
concentrated in vacuo to give a crude solid, which is chromato-
graphed on a silica gel column. Elution with cyclohexane/EtOAc
(4:1) affords 5 as a crystalline solid; yield: 159 mg (48 %); mp
173.5-174.5°C (EtOAc/hexane); [2]3° — 20.1° (¢ = 1.15, CHCl,);
(Lit.* mp 158-160°C; [a]p — 28.2° (CHCly)).

Baeyer-Villiger Oxidation of 5 to 4: Ketone 5 is dissolved in CHCl,
(6 mL), and treated with 3-chloroperoxybenzoic acid (500 mg).
After keeping 3 h in the dark, the mixture is diluted with EtOAc.
The organic layer is separated, washed with 10% NaHSO,
(2 x 20 mL), sat. NaHCO, (2 x 20 mL), brine, and concentrated to
give a crude solid, which is chromatographed on silica gel. Elution
with cyclohexane/EtOAc (4:1) gives 4; yield: 147 mg (88 %); mp
123-124.5°C (hexane); [a]3% + 69.1° (¢ = 1.0, CHCl,); (Lit.* mp
100-102°C, [a]p — 66° (CHCl,)). This compound was identical in
all respects with 4 obtained in the general proceduse.!?

(35,4R )-3-[(R)-1-(tert-Butyldimethylsiloxy)ethyl]-4-[ (phenylthio-
carbonyl)methyl]-2-azetidinone (7):

To a stirred solution of 2h (192 mg, 0.50 mmol) in THF (2 mL) is
added Et;N (76 mg, 0.76 mmol) and chlorotrimethylsilane (82 mg,
0.76 mmol) at r.t. After 15h, the mixture is filtered and concen-
trated in vacuo to give an oily residue, which is dissolved in CH,Cl,
(3mL). To this solution is added 1-phenylthio-1-trimethylsil-
oxyethylene (224 mg, 1.0 mmol) and then trimethylsily! trifluoro-
methanesulfonate (222 mg, 1.0 mmol) at r.t. with stirring. The
mixture is stirred for 15 h at r.t., diluted with CH,Cl,, washed with
H,O and brine, dried (MgSO,), and the concentrated to give a
residue. Purification by column chromatography on silica gel gives
7 as crystalline solid; yield: 115 mg (61 %); mp 95-96°C (hexane);
[0]3* +41.7° (c = 1.6, CHCL,).

C,oH,;oNO;SSi cale. C60.12 H7.70 N 3.69 S 845
(379.5) found 60.06 7.82 3.70  8.37

IR (Nujol): v = 3175, 3110, 1765, 1725, 1698 cm ™ 1.

!H-NMR (CDCl,;/TMS): 6 = 0.08 (s, 6H, 2CH,;), 0.87 (s, 9H,
-C,Hy), 119 (d, 3H, J=6Hz, CH;), 2.55-3.25 (m, 3H,
H-3 + H-4), 3.7-4.33 (m, 2H, H-4 + CHOSI), 6.20 (bs, 1 H, NH),
7.35 (s, SH,rom)-

(3S,4R)-3-[(R)-1-(tert-Butyldimethylsiloxy)ethyl]-4-{ [ 2-( p-nitro-
benzyloxycarbonylamino)ethylthiocarbonyl]methyl}-2-aze-

tidinone (8):

A solution of phenylthioester 7 (191 mg, 0.50 mmol), N-(p-nitro-
benzyloxycarbonyl)cysteamine (144 mg, 0.56 mmol), and Et;N
(10 mg) in CH,Cl, (5mL) is stirred for 3 h at r.t. The mixture is
diluted with EtOAc, washed with H,O and brine, dried (MgSO,),
concentrated, and chromatographed on a silica gel column. Elu-
tion with cyclohexane/EtOAc (1:2) affords 8 as gum; yield: 247 mg
(94 %).

C,3H,;5N;0,8Si cale. C 5255 H6.71 N7.99 §6.10
(525.7) found 52.50 6.58 794 613

MS (70 eV): m/z = 468 (M *-1-Bu).
IR (Nujol): v = 3300, 1752, 1720, 1690 (sh) cm ™.
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Table. Oxidative Decarboxylation of a-(Acylamino) Acids via Diacyl Peroxides

Prod- Peroxy Reaction Conditions Yield mp (°C)
uct  Acid? (%) (solvent)
Solvent Temp (°C)/
Time (min)

Molecular IR

Formula® or (film/

Lit. mp (°C) Nujol)
v(icm™?Y)

IH-NMR (CDCl,/TMS)
s, J(Hz)

22 A EtOAc 25/60 46 167169
(EtOAC)
b A CHCl, 25/60 42 14-75

(EtOAc/

hexane)

2¢
2d
2e
2f
2g

CH,Cl,  0/5 00 -
DMF 25/60
CH,Cl, 05
EtOAc 0/10
CH,Cl,  0/5

> >
aocoo
|

2h A CH,Cl, 0/15 65 133-135

(hexane)

CH,Cl, 0/15 54 121-122

(hexane)

C,6H,(CINO, 3065, 1785, 6.00 (s, 2H, CH,), 7.2-8.1 (m,
(315.7) 1720 8H,,0n)

C,oH 6CINO, 1790, 1727, 2.14-2.23 (m, 1H, H-4), 2.35-
(373.8) 1708 2.63 (m, 2H, H-3 + H-4), 2.76-
2.91 (m, 1H, H-3), 5.17, 535
(ABq, 2H, J =121, CH,Ar),
696 (d, 1H, J=55 H-5),
7.18-740 (m, 6H,.,), 7.53-
7.58 (m, 1H,,,,,), 7.78-7.88 (m,
2Hnrom)

26H34CINOSSi  1770,1725  0.04 (s, 3H, CHs), 0.08 (s, 3H,
(504.1) CH,), 0.85 (s, 9H, t-C,H,),
1.29 (d, 3H, J=6.6, CHj),
3.25(d, 1H, J = 3.3, H-3), 3.37
(s, 3H, OCH;), 4.26 (m, 1H,
CHOSi), 4.26, 4.48 (ABq, 2H,
J =149, CH,Ar), 6.33 (5, 1 H,
H-4), 6.75 (d, 2H,yom, J = 8.8),
7.20-7.77 (m, 6H,,,,.)
C1sH,CINO,SE 3175, 3020, 0.09 (s, 3H, CH,), 0.10 (s, 3H,
(383.9) 1775,1727 CH,), 0.88 (s, 9H, -C,H,),
132 (d, 3H, /=62, CH,),
337 (dd, 1H, J=1.1, 34,
H-3), 429 (dq, J =34, 6.2,
CHOSi), 6.10 (d, 1H, J=1.1,
H-4), 6.54 (br s, 1 H, NH), 7.3-
8.1 (m’ 4Harom)
3180,1775, 0.10 (s, 6H, 2CH,), 0.90 (s,
1742,1722 9H, -C,H,), 1.32 (d, 3H,
J =65, CH,), 3.34 (dd, 1H,
J=1,3, H-3), 428 (m, 1H,
CHOSi), 6.12 (d, 1H, J=1,
H-4), 6.70 (br s, 1 H, NH), 7.3—
7.7 (m, 3H,,,), 7.9-8.2 (m,
2H

@]

100-102*

arom.

* A = 3-chloroperoxybenzoic acid, B = peroxybenzoic acid.

® Satisfactory microanalyses obtained: C +0.20, H +0.13, N +£0.09, CI +0.30.

© [a]3* ~66.1° (c = 2.3, CHCl,).

¢ N-Benzyloxycarbonyl-2-hydroxypyrrolidine (3)!'2 instead of 2¢ was obtained in 43% yield.

'H-NMR (CDCl,/TMS): 6 = 0.06 (s, 3H, CH}), 0.07 (s, 3 H, CH3),
0.87 (s, 9H, -C,Hy), 1.20(d, 3H, J = 6.4 Hz, CH,), 2.74-2.84 (m,
2H, CH,C0), 294-317 (m, 3H, SCH,+H-3),
3.37-3.46 (m, 2H, CH,N), 3.99 (ddd, 1H, J =24, 3.9, 9.8 Hz,
H-4), 4.17 (quintet, 1 H, J = 5.7 Hz, CHOS}), 5.20 (s, 2H, CH, Ar),
5.33 (t, 1H, J = 5.9 Hz, NHCO,), 6.39 (s, 1 H, CONH), 7.51 (d,
2H,0m J = 8.8 Hz), 822 (d, 2H,,,,, J = 8.8 Hz).
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