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PENICILLANIC ACTD DERTVATIVES
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Abstract —— A novel synthesis of the chiral 1-thiaclavulanic skeleton consisting in
the trapping reaction of penicillinate-S—oxide and glutinic acid dimethylester followed
by demolition of the N-appendage and rebuilding of the thiazolidine ring is reported.

Stereochemical assignements of' the products are alsc discussed.

Over the past few years a big effort has been directed toward the preparation of nuclear analogues
of penicillins and cephalosporins containing an oxygen atom in the place of sulphur, lately with
gratifying success.l Following the isolation of naturally occurring clavulanic acid,2 we have been
engaged3 in the opposite challenge, i.e. the synthesis of sulphur analogous skeleton (0) potential-
1y useful as B-lactamase inhibitor, We wish to report here the first synthesis of the new chiral
(5R, 3S)-1-deoxa=l-thia—clavulanic analogues (9a, b, ¢) (2-alkylidene penam) starting from penicil-
lins.

The new ring system was built up by trapping4 the sulphenic acid derived by thermal rearrangement of
penicillinate-S-oxide (1) with an allene., Methyl penicillinate-S-oxide (1) was allowed to react with
the allene {2) (refluxing teluene, 12 hours) giving an inseparable mixture (3:1) of diastereoisome—
ric sulphoxides {3} KFIH NMR: major: 2.93 (dd, J=5.,0, 14,0 Hz, H-3x); 3.40 (dd, 1=2.0, 14,0 Hz,
H=38); 3.5-4.0 (1, CHpC00); 5.24 (bm, N—CH, H-4a); 6.60 (s, =CH). Minor: 6.40 (s,=CH)/ derived
from a regiospecific cis~addition of sulphenic acid to the allene system.5

130 NMR spectrum of the diastereocisomers (4) [—(triethylamine, CH2012, rt, 100%); X ww: major:
3,00 {dd, J=4.5, 15.0 Hz, H~3a); 3.40 {dd, J=2.5, 15.0 Hz, H~33); 5.12 (dd, J=2.5, 4.5Hz, H4a);
6.60 (s, =CH). Minor: 4.63 (m, H~4a); 6.45 (s, =CH)_/, derived from isomerization of (3), showed
differences in chemical shifts at C=4 (A% = 3.54 ppm), ©-3 a9 = 0,40 ppm), C~6 (Aé = 0.96 ppm),
C=7 (Aé = 1,60 ppm) and C-10 (Aé = 0.35 ppm), which could not be justified by a geometrical isome-
rism in the appendage, but only byachange involving all the nuclear shielding factors in the mole-
cule, i.e, the different stereochemistry at the sulphur,6 with related conformational differences,
This attribution was confirmed by the observaticn that when the mixture of oxamide sulphoxides (5a)
was reduced to the oxamide sulphide (5b), only one product was detected by 4 ana 130 NMR, In open
chain sulphoxides (3), (4) and (5a) H-3a was always more upfield than H-3B, both keeping their cha-
racteristic values of the coupling constants, thus suggesting a syn orientation of the 5-0 bond and

; . 8
the H-4a as the preferred conformation of the said compounds in solut10n.7’
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Compound (4) was subseguently selectively ozonized (-78°C, CH2012,80%) in the isopropylidene moiety,
the vinylogous double bond being protected9 by the sul phoxide, giving(Sa)ZTIH NMR: major: 3.23 {(da,
] = 6.0, 17.0 Hz, H~3a); 3.60 (dd, J = 4.0, 17.0 Hz, H-38); 3.8 (m, CHZCOO); 5.33 (ad, J = 4.0, 6.0
Hz, H-4a); 6,65 (s, =CH). Minor: 6.42 (s, =CH)_/. Reduction of the sulphoxide (5a) to (5b) (PBrs,
DMF, =20°C, 60%) and hydrolysis (MeOH, silica gel) of the oxamide afforded (6) which was condensed
with benzyl glyoxylate (refluxing benzene, 2 hours) te give (7}, purified by silica gel column
chromatography (CH201EAcOEt §:2). The carbinolamide (7), as a mixture of epimers, was transformed
into the corresponding chloroderivative (SOC12’ pys 0°C) and then into the phosphorane (&) (PPh
60°0).

Protection of the phosporane function through the formation of its phosphonium salt (CFacOUH) al-

3’

lowed selective cleavage of the double bond attached to sulphur giving the corresponding thioester.
Restoration of the phosphorane function with NaHCOS, followed by simple heating of the phosphorane
thioester, afforded {gb} (60%)} [ Y om: 3.27 {dd, J = 2.0, 16,0 Hz, H-6P); 3.78 (dd, J = 4.0,
16,0 Hz, H=b6a); 3.79, 3.80 (two s, coocns,z—coowz); 5.30 (dd, J = 2.0, 4.0 Hz, H=5a); 5.52

(d, J = 1.2 Hz, H~3P); 6.18 (d, J = 1.2 Hz, =CH)_/. Following the same precedure, the correspond-
ing methylester (9a) was also synthesized, The preduct showed the natural configuration at C-3, as
deduced from the H-3 chemical shift (5,52 6) which was in the normal range for natural penicillins
and clavulanic acid derivatives, Surprisingly, nc traces of the corresponding "penem" were found.
Well beyond our hopes, the presence of an electron withdrawing group completely drives the isome—
rization of the double bond frem the ende to the exe position, Hydrogenolysis of (9b) (Pd/C 10%,
AcOEt) afforded the free acid (90)10a in poor yields10b characterized through its methylester
which was identical to the sample previously obtained.

In order to assign the geometry of the double bond of compound {9b), (10a) was prepared in a shor-
ter way by total synthesis,3 Photochemical isomerization of (10a) (benzene, Hanovia lamp, rt, Nz)
afforded an inseparable mixture of (10a) and (11a) in 4:6 ratio, Having now both isomers in hand,
the geometry of the double bond was safely assigned, The allylic coupling constant Jall between
H-3 and the vinylic hydrogen turned out to have different values, i.e, 1.2 Hz in (10a) and 1.6 Hz
in (11a), Although reported examples for geometrical isomers of clavulanic derivativeslla and for

sulphur heterocycles with exo double bond12 gave no difference between cisoid and transoid allylic
all all
erans| 7 |V ci
rans cls
all . N . . ' i
] values, together with the large shielding difference for H-3 ["sdmas in (10a), 5.978 in(11a)/

. The different

1
coupling, in other structwres it is generally well known 3 thatl]

were decisive in establishing the geometry of thiaclavulanic esters: (10a) has cisoid allylic cou-
pling, whereas (11a), the photoisomerization product, has transoid allylic coupling and shows a
large downfield shift of H=3 in analogy with the E isomer in clavulanic esters.llb

130 NMR supported the said assignements. Product (11a) showed upfield compression shifts at -3

(A(SS

which in 1l-[ NMR showed a noticeable difference between isomers (A6 CH3= —0.09 ppm; A éCH; 0.12 ppm} ex=
13

= 5.0 ppn) and at carboxylic carbons (A(S 2= ~0.8 ppm; % o= -2,5ppm), The ethylester moiety,

hibited in “C NMR the same shielding for both isomers, pointing to anisotropic effects from vici~
nal groups in proton shielding. In order to obtain another pair of geometrical isomers, (10b) was

alse synthesized and photeisomerized in the same conditions as {10a) to an inseparable mixture
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of {10b) and {11ib), The free acid (10c) was subsequently obtained by mild alkaline hydrelysis of

the acetonyl moiety.14

) TABLE 1
COOR’ H
S\ == MCOOR’ S == S
H COOR
o’““N . gr—N o—N
COOR” {| TCOOR” H “NcoOR”
2 E

J=1.2 Hz J = 1.6 Hz

Rt RU Compound H-3 .____\H Compound Heg =__/H

5R, 38 C!-I3 CH3 9a 5.52 6.18 - -

5R, 38 o CH,Ph 9b 5.51 6.13 - -
+ CH,CH 4 CHoPh 10a 5.4 6,04 11la 5.97 6.17
+ CH,CH; | CHoCOCH3 10b 5.60 6,20 11b 6.08 6,30

+ CH,,CH 5 H 10c 5.50 0.20 - -

Table 1 collects IH NMR relevant chemical shifts for all thiaclavulanic derivatives. 1H NMR be-
haviowr similar to (10a) and {11a) was found for (10b) and (11b}. Tt is clear that 1H--chemical
shift for vinyl hydrogen is not a very good indication of geometry; so in a Ppreceding pa.per,3
(10a) was assigned the wrong geometry and we are now able to correct the previous assignement,
Proton at C=3 is instead a very good probe of E and Z configurations because of its large down-
field shift when in the deshielding cone of the conjugated carboxylic group in the E form,

The free acid (10c) showed chemical shifts and coupling constant similar to those of (10b). Since
H-3 and the vinylic hydrogen chemical shifts were not sensitive to substitutions at the carboxy
group in position 3, the following chemical shift ranges can be considered as characteristic of
the Z isomers: H~3, 5.4~5.6 ppm; vinyl H, 6,0-6,2 ppm, The Z geometry can now be safely assigned
to the optically active thiaclavulanic esters (9a) and (¢b), because of the correspondence of

their chemical shifts with {10a-c¢) for which the geometry was established as discussed above,
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