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Abstract:Disulfides (1), {(2) and (3) on treatment with triphenylphosphine in refluxing benzens
yielded 4-aza-azetidinones (7),(8) and (9) in addition to the expected sulfides (4), (5) and (6).
Ve NMR data.

Analogous products were also isolated frem the reaction of azetidinone (10) with 2-

The structures of these compounds were determined by 1H NMR  and

mercaptobenzathiazole.

In an earlier publicatinnl, we described a new method of making thicesters {(Scheme 1) starting from

disulfides derived from penicillins using carboxylic acids and triphenylphosphine.
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Scheme 1

This method was found to be applicable only to disulfides possessing an acylamino group in cis fashion to the
disulfide function on the B-lactam nucleus. In the absence of such an acylamino group, the above reaction
yielded only the sulfur extrusion products.

Desulfurisationzof penicillin-derived disutfides3 in general is a very facile process compared to other

disulfides and occurs readily under mild conditions. Compounds (13, (2) and (3) could be desulfurised to the
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corresponding sulfides (4), (5) and (6) in high yield with triphenylphosphine in methylene chloride at 0% c.
However, when the desulfurisation of the above disulfides was carried out in refluxing benzene we isolated,

in addition to sulfides (4), (5) and {6), an isomeric series of produets, Compound (1} upon treatment with
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triphenylphosphine in refluxing benzene gave azetldlnones (4) (55 %, IR (CHZCIZ) 1775 and 1725 cm ) and
(7) (40 %, IR (CHZCIZ) 1775, 1720 and 1240-1300 br cm’ L, Sirnilarly, dlsulflde {(2) gave compaunds 5 (50 %,
Ex]D = -199° (CHCly), mp 54-56° C, IR (CH,CL ) 1775 and 1740 em™) and 8 (45 % [o(]D = -325° (CHc;a),
mp 122- 124° ¢, IR (CH ) 1775, 1740 and 1240 1300 br crn )and (3) gave compound(6){oil, 40 %,[al]
-35.8% (CHCl,), IR (CHZCIZ) 3420, 1775, 1740 and 1685 em™Y) and (9) (oil, 35 % [o(] 20, _913.8° (CHCIy), IR
(CH,CL,): 3425, 1785, 1745, 1690 and 1240-1300 em” h,
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compound

(4)

{5)

(3]

(11)

Table 1 1
H-3 trans H-3 cis

3.18 dd 3.76 dd
(J=16,2.5Hz)  (1=16,5Hz)
3.6 dd 3.7dd
(1=16,2.5H2)  (1=16,5H2)
5.15 dd
(1=2.5,7H2)
3.08 ddd 3.60 ddd
(J=1s,2.5, (1=1s,5,
1.3 Hz) 1.8 Hz)

H-4

6,15 dd
(J=2.5,SHZ)

5.85 dd
{J1=2.5,5H2)

5.68 dd
{1=5,2.5H2)

COOCH3

3.85
(3H,8)

3.83
(3H,s}
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H NMR data 4-thioazetidinones { from SiMen, solvent CDCIB)

CH3

1.99 (3H,s)
2.16 (3H,8)

1.90 (3H,br)

1.95 (3H,br)

others

7.20-8.00
(4H,m)

4,90(1H,br)
4.99{1H,br),
5.12{1H,br)and
7.20-B.00(4H,m)

4.58{2H,s)
4.96{1H,br)
5.13{2H,br) and
6.90-7.90(20H,m)

7.20-8.00(4H,m}
8.55(1H,br)

The main feature in the 1H NMR spectra (Table 1) of compounds (4} and (5)° is the appearance of a doublet

of doublets for the three azetidinone protons showing the expected chemical shifts and coupling constants.

The trans stereochemistry assigned for the two protons on the B8-lactam ring in compound (6) is based on the

observed coupling constant {(J = 2.5 Hz).

Compound
¥l

8)

9

12)

(12)+
(EU(F"OD)3

a)

after exchange with D

Table 2 1H NMR data 4-Aza-azetidinones { from SiMea, solvent CDCI3)

H-3 trans H-3 cis
3.97 dd 3.59 dd
(2=16,2.5Hz) (J=16,5Hz)
3.65, m 3.65, m
56340
{3=2.5Hz2)
3.65m 3.65m
6.00 dd 5.76 ddd
{J=16,2.5Hz) (J=16, 5,

1.8 H2)

overlapping with aromatic protons

20

H-4

a)

a)

a)

a)

8.35 dd
(3=2.5,5Hz}
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CODCH3

3.74
{3H,8)

3.47
(3H,s}

CH3

1.90 {3H,8)
2.14 (34,3}

1.82 {3H,br}

1.76 (3H,br)

others

7.30-7.70{5H,m"

4.85(1H,br)

5.20(1H,q,J=1.5Hz)
7.30-7.70(5H,m)

4.54(2H,8), 4.90
(1H,8),5.05(1H,br)
5.15(1H,9,J=1.5Hz)
6.80-7.60(21H,m)

7.30-7.80(5H,m)




The isomeric desulfurised products are assigned structures (7}, {8) and (%) on the basis of Ly NMR (table 2)
and 13C NMR (table 3) data. In these compounds the resonance of the proton at C-4 is shifted downfield
compared to its position at C-4 in compounds (4), (5) and (8). The sterochemistry of the two B-lactam
protons insaza-azetidinone (9) was found to be trans (J = 2.5 Hz), the same as in the isomeric thia-derivative
(6). The !

closely those reported for analogous compounds in the literatures. The corresponding carbon in the thia-

C chemical shifts of the thione carbon in compounds {7} {193 ppm) and (8) {191.6 ppm! resemble

azetidinone {4) which is in the imine form appe,-ared6 at 164.3 ppm.

Table 3 1°C NMR data ( from SiMe,, solvent CDc!3)

(%) (1) (7! {8 tz2)
c- 164.3 164.8 165.4 165.7 165.6
%‘l c-3 44.1 44.6 41.2 41.9 43.8
N C-4 59.6 52.8 64.5 62.6 60.0
s C-U 135.7 135.2 128.5 126.2 126.4
_s_(“b c-z 153.4 153.4 139.9 139.6 139.8
C-3 121.2 121.1 113.4 113.0 1131
c- 125.1 124.7 127.1 126.9 127.2
e A C-5 122.3 121.8 125.3 124.7 125.0
:@; c-& 126.6 126.2 121.8 1213 121.8
¢ 164.1 164.0 193.0 191.6 190.9

o_(;H3 51.8 52,1 52.1

» 163.2 163.8 167.7

N-— 4
% OR N—-Q\H 129.6 129.3 6.3
=C-CHj 21.7 and 22.0 and 20.5
23.8 23.3
=CH, 118.6
=c¢ 154.4 153.3 136.6 -

The formation of the isomeric products from the reaction of disulfides (1), (2) and (3) with
triphenylphosphine could be rationalised by assuming an acy!l immonium species as an intermediate (Scheme
2)
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Scheme 2
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Depending on the mode of attack of the ambident anion of mercaptobenzothiazole (MBT) either the 4-thia or
the 4-aza azetidinones could be farmed, The above results prompted us to study the reaction of MBT with 4-
acetoxy azetidinone-’. Reaction of azetidinone {10) with MAT in the presence of one equivalent of sodium
hydroxide in wat.er'8 afforded compound {11} in 98 % vield as described in the literatureg. Compound (11}

7 N\

Rt Sl e

{10) (11) (12)

(mp 108- 1100C IR {CH oCly): 3400 and 1775 cm™)) was found to rearrange, on heating above its melting
point, into ecompound (12) (mp 180-181° 10, IR (cH ,Cl,) 3400, 1780 and 1240-1300 br em” 1. compound
(11) was also found to rearrange readily into compound (12) on heating in toluene. In contrast, compounds (4)

and {5) are completely stable in refluxing toluene.
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