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SEMISYNTHETIC (-LACTAN ANTIBIOTICS, I,

a—-IS0CYANOBENZYL-PENICILLINS AND CEPHALOSPORINS

Giorgio Pifferi¥*, Giuseppe LiBassi, and Giampietro Broccali

ISF-Italseber Research Laboratories, Trezzano S/N, Milan, Italy 20090

The preparation of the new g~lactam antibiotics a-
isocyanobenzyl-penicilling and cephalosporins from the
corresponding amino derivatives and their microbiologi-

cal properties are reported.

Ampicillin {Ia) and amoxycillin (Ib) are among the most effew
ctive broad spectrum antibiotics developed to date., The amino
group in the side chain has been variously modified as in Ic1,

dg, e3, f4

, g5 (Figure 1) in order %o modulate the hydrophilie
character which appears to be essential for Gram-negative acti-
vity6. Since amines cen be regenerated from the corresponding
isoeyanides and in particular a-amincacetic acids from a-iso-

cyanoacetic acids7

, we thought it worthwhile to mask the amino
group of Ia,bh as isocyanide. Therefore we synthesized the a-iso-
cyanobenzylpenicilling IIT and the e-isocyancbenzylcephalosporin

analogue VI which are potentially "pro-drugs" of the parent anti-
gu

biotics with improved in viwve performance.
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The synthesis of the formamido derivatives ITa and IIb (Fi-

gure 1) was performed with formic anhydrideS on a chilled agueous

solution of Ia,b, keeping pH about 7 with NaHCO,., The pivaloyl

3°
ester ITe {Table 1) was prepared now in improved yield from IIa
sodium salt and chloromethyl pivalate in DMPF, The intermediates
IIa,..c are stable solids eesily purified by crystallization;'
their pmr spectra show that the asymmetric center in the sige
chain was unaffected, Protection of IIa,b as trimethylsilyl esters

followed by dehydration with POCl. and pyridine at -60° £ -209

3
yielded, after mild hydrolysis, the isocyenides IIIa,b, O0f course,
the pivaloyl ester IIc was directly debhydrated to ITIc withous
silyl protection. Ir spectra of a-isocyanobenzylpenicilling show
the characteristic g-lactam stretching absorption in the 1785-
1780 cm~1 region and a further intense band at 2150-2130 erm=1 at-
tributed to the stretching vibration of the isocyanide group., Pnr
spectra of IITa,..c are consistent (splitting of the signals re-
lated to the protons in position 3,5,6 and gem;dimethyl) with epi-
merisation at the chiral carbon in the phenylacetic moiety during
dehydration.

The same rezction sequence was also used to convert cephalexin
(IV) into the corresponding isocyano derivative (VI). Formylation
of IV gave V in 50% yield / mp 178-181 °C dec., from H20/Me200;
17L7%O= +58° (C = 0,5; MeOH/Mech 1:1)._7. Subsequent dehydration
of V¥ afferded a 32% yield of the isocyanide VI.as an epimeric

mixture / mp 242-245°C dec,, from iPrOH/HZO; Z7L7%O= +166¢
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Table 1

6-(g—a—Formamidophenylacetamido)penicillanic acids

B
CONH.. __ P\ cH
3
MicHo b4 :>5 11
0 :; CHB
0" “or?
Coempound | R, R2 Yield % | mp°C dec, Z7L7%Odeg. Formuls
(Crystn.solv, ) (0=0. 53 Me0H)
a g " 31 142-144 + 189 ¢, H, v,0.8%
(H,0-lte,,C0) TTe3s
b Of H 40 150153 + 146 ¢, B, N.0.8
(iPr,0) 179376
b
-
¢ H CHZOCOC(CH93 83 26 78 + 150 023H29N3078
(ntzo) .
6=(a-Isccyanophenylacetanido }penicillanic acids
RL@
CONH
-— cH
hd ! 30 11D
N § "~y ’033
@ 0%~ 0R2
a H Na 30 218220 £ 242 ¢, .4, N_Nao,S
(4 ProH-HeOH ) 17167374
b OH Na 26 208-210 + 221 ¢, 4, N.Na0_S
(iProH-E,0) 17e35
c
c H CH,_0COC(CH,) 35 54-56 + 197 ¢, H, N 0.5
- 2 33 (8%,0-Petr. ) 2327°3°6

See ref, ©

Trom IIa. In literature it was prepared by formylation of pivampicillin
but not characterized. See ref, 10

¢ During completion of this manusceript, the synthesis of the ester Iilc
was reported by T.H. Cronin, See ref, 10

— 762 —




WIC values (pg/ml) and acid stabilities

Table 2

HETEROCYCLES, Vol. 4, No. 4, 1976

Bacteria Ia v ITI=a IIIb I1Ic VI
Stach. aureus Smith |[0.048(0.78 0.39 0.78 6.25 50
Staph. aureus ATCC |0.048{C.78 | 0.19 | 0.78 6.25 25
6535/F
+ Str. pyogenss IS 0.01210.78 0,19 0.19 0.39 12,5
= 68/241 !
g B. cersus ATON 9364 | 0,0120.78 0.19 0.19 0.39 25
B. subtilig AMCC 6633 0,012(0.78 0.1¢ 0,39 0.39 25
y
8. lutez ATCC 9341 0.006{0.047 | 0,19 | 0.097 | 0.39 3.12
E. Coli 120 0.78 [3.12 6.25 | 12,5 100 >100
Salm, paratyphi ISK | 3.12 [3.12 12.5 6.25 50 >100
]
E Shi, dysenteriae 0.78 14.25 |12.5 | 12.5 100 100
& NLTL 4837
P. aeruginosa ATCC >100 | >100 >100 =100 >100 >100
c027 '
% Activity after treaitment
95 96 530 178 221 43

with gastric juice
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(C = 0.5; MeOH).

The minima inhibitory concentration (MIC) of compounds IIIa...c
and VI against 16 strains of Gram-positive and Gram-negative ba-
cteria was determined using the two fold serial dilution techni-
que in brain-heart-infusion agar medium (Difce) plus 10% horse se-
rum, The agar plates were inceculated with one drop of a diluted
(1/25) overnight culture delivered by & multiple inceculating devi-
ce and incubated for 18h at 37°C, The acid stability was tested
in artificial gastric juice (USP XVIII) and values indicate the
residual % of antimicrobial activity assayed by the microbiclogi-
ezl agareplate diffusion method. It is evident from the results
listed in Téble 2 that the activity of isccyano derivatives is lo-
wer than that of ampiecillin and cephalexin. According to our pre-
vision, we have found that activity of isocyanopenicilling IITa...c
is enhanced when tested in artificial gastric juice as a consequen—
ce of partial hydrolytic cleavage to the diasterm mixture of the
parent antibiotics. This property was confirmed by a biochromatow-
graphic study. Surprisingly the same behaviour was not noticed for

the cephalosporin analogue VI.
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