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Abgtract=--- Stereocontrolled syntheses of two
(+)-3-(1l-t-butyldimethylsilyloxyethyl)-4-acetoxy-2-azetidinones (cis-10
and trans-10), which are key intermediates for the penems and the

carbapenems, from trans-crotenle acid are reported.

Since the discovery of thienamycln, various analogues of l-carbapenem antibiotics
have been f‘ound,l and fascinated many organic chemists to synthesize these
compounds. Recently, 1t has become recognized that [3R—[3a(R*),UB]]-
3-(l-hydroxyethyl)-4-acetoxy-2-azetidinone is a key intermediate for the synthesis
3

of the novel carbapenem nucleus.2 In our previous paper,” we described the
stereoselective synthesis of chiral cis-acetylazetldinone (cls-10) via the
bicycliec lactone (7), and alsc the synthesis of trans-10 via the
hydroxyazetidinone-Y-carboxylic acid (15) as a minor by-product from D-allo-
threonine., This synthetic route cculd not avoid passing through the step of
decarboxylation resulting in the loss of stereospecificity. In this paper, we wish
to report both stereospecific synthesis of racemic cis-10 via 7 and
stereoselective synthesis of trans-l0 through the same intermedilate
{hydroxydicarboxylic acid, 2) obtained from trans-crotonic acid.

The racemic compound (1) cbtained in several stepsu via (+)-erythro-2-bromo-
3-acetoxybutyryl chloride from crotonic acid was saponified with 3 equiv of 1N
NaOH in pyridine to give a hydroxydicarboxylic acid (2} as a crystallilne s011d” in
61% yield. Lactonization cf 2 with conc HC1l in THF gave a bicyclic lactone-
carboxylic acid (3), mp 162-165°C, quantitatively, whlch was converted to the
corresponding methyl ester (4) with diazomethane. Treatment of 4 with NaBHu in
MeCH at -50°C for 2 hr gave a 1:3 mixture of diastereomeric hemlacetals (5, mp
113-117°C) as a crystalline mixture (accompanied by 11.Y% reccvery of 4) in 59%
yleld, which was further treated with 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in

THF-H,0 (4:1) at reflux temperature for 2 hr to give a decarbomethoxylated
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hemiacetal (6) as a single isomer 1n 96% yleld. The relatlve configuration of 6

was determined as being depicted in the scheme by the data of 1H NMR of Q.s There
are no couplings elther between the -1 bridge head proton (Ha) and the C-2
hemiacetal constructlng proton (Hb) or between that of the C-5 bridge head (HA4)
and the C-4 proton {(He). This fact reveals that each of the dihedral angles of the
two palrs 1s near 90°, and the relative configuration depicted in the scheme is
correct. Treatment of £ with Jones reagent 1n acetone gave a lactone (7) in 62%
yieid.

On the other hand, the base-catalized decarboxylatlon of 3 to 7 was disappointing,
and another stereospecilic method was attempted. Treatment of 3 with oxalyl
chloride in THF at reflux temperature gave a corresponding acld chloride (8},
quantitatively. Treatment of g_with t-butyl hydroperoxlde and pyridine in CH2012

7

at 0°C gave a peroxycarboxylate,’ and then without purificaticn a scolution of 9 in
ethyl phenylacetate was heated at 140°C for 10 min under nitrogen to glve lactone
7 (31% yield from 3). The obtained 7 through the two different routes was the same
in all respects, and converted to cis-10 according to the previous reported
method.3 Thus clg-10 was obtained stereospecifically from trans-crotonle acild.
After trimethylsilylation of cis-10, the reaction with trimethylsilyl encl ether
of benzyl acetate according to Barrett's methodza gave a trans-benzyl ester (;l)3
in 58% yield, which was also an intermediate to thlenamycin. Therefore, this fact
reveals that cis-10 is also & key intermediate for the synthesis of the
carbapenems.

Instead of c¢ils-10, we devised a stereoselectlve method to obtaln trans Isomer from
the common intermediate 2. Treatment of hydroxydicarboxylic acid (g) with 2 equilv
of oxalyl chlorlde in THF, and successive treatment of acld chloride with excess
f-butanol and pyridine in THF at reflux temperature gave a mixture of trans-12,
eis-12 (mp 125-127°C), and 13 in 40, 5, and 3% ylelds, respectively.
Sapenification of trans-12 in THF—H20 (2:1) by use of DBU as a base gave 14 in 94%
yleld. Treatment of 14 with CF3COOH in CH2012 at room temperature gave a
corresponding carboxyiic acid (15, 77% yield) characterized as its methyl ester,
and 15 had already been converted to trans-;g.3 Thus trans-10, which had been a
minor product in the previcus report,3 was obtained stereoselectively from
trans~crotonie acid, and it had already been correlated to thienamycin.2C These
compounds (e¢is-10 and trans-10} are key intermediates for the syntheses of the

1,2

8
penems and the carbapenems. As & chiral starting material, the use of
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(2R,3R)-2-bromo-3-acetoxybutyryl chlcride obtained from D-allo-threonine instead

of (4+)-erythro-2-bromo-3-acetoxybutyryl chleride cbtained from trans-crotonic acid
glves sterec-specifically or -selectively chiral intermediates (cis-10 or
trans—lg), and consequently D-allo-threonine is a useful synthetic source for the

chiral thienamycin skeleton.
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