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SYNTHESIS OF NOVEL FLUORINE-CONTAINING CEPHALOSPORINS
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Abstract - Cephalosporins with (E)- and (2)-78-([2-(2-aminothiazol-4-
yl)-4,4,4-triflucro-2-butenamido] side chain were synthesized. Of
these, the cephalosporin 12e having pyridiniomethyl group at the
3-position exhibited excellent activity against most of micro-

organisms tested.

As a part of our program aimed at the research and development of novel
cephalosporin antibiotics, we have synthesized a new class of cephalosporins
{(formula A) possessing {Z)-2-(2-aminothiazol-4-yl)-3-chloro-2-propenamido group at

the 7-position in the cephem nucleus.”

They showed an excellent activity of broad
spectrum against microorganisms, as well as good stability to various types of
R-lactamases.? Substitution of the chlorine of these antibiotics with fluorine or
trifluoromethyl will be much more interesting due to their high lipophilicity and
also in view of their mimic effect to hydrogen analogues.j This paper describes
the synthesis of trifluoromethyl substituted cephalosporins (formula €) and their
antibacterial activities, as well as the attempted synthesis of the fluorine

analogue B.
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At first, our efforts were focused on the synthesisg of the fluorine containing

side chain acid (1}). (Scheme 1}
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Treatment of methyl 2-[2-{N,N-dimethylaminomethylene)aminothiazol-4-yllacetate
(g)’ with sodium hydride in N,N-dimethylformamide {DMF)} in the presence of
dimethyl carbonate, followed by addition of chlorodifluoromethane® at 0°C, gave

3

dimethyl malonate derivative ;4 in 46% yield. Thus both methoxycarbonylation® and

7 were achieved in one pot reaction. After conversion of N,N-

difluoromethylation
dimethylaminomethylene compound 3 into formyl derivative 34 (88%), dealkoxy-
carbonylative elimination® of HF from the resulting 4 with lithium iecdide in pmr?
gave 3-fluoro-2-propencates 5-(2Z)'0 and 5-(E)'' in 14 and 52% yields, respective-
ly. Their configurations were assigned on the basis of THonmr spectra and 13¢q . H
coupling constants.12
Attempted alkaline hydrolysis of ester 5-(Z) under various reaction conditions
gave methyl 3-oxo-2-(2-formylaminothiazol-4-yl)propanoate (_6_)1 and no trace of 1.
Similar treatment of 5-(E) resulted to give the same product 6. These results were
in contrast with the behavior of chloromethylene derivatives which underwent
normal alkaline hydrolysis to afford the corresponding (E)- and (2Z)-carboxylic

acids.! These phenomena13 seem to be ascribable to the strong inductive effect’?

of fluorine atom which stabilizes the B-anion in the intermediate (D).(Scheme 2)
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Accordingly, we have designed the synthesis of carboxylic acids 9 having

triflueromethyl. group which is expected to improve the biclogical activity15 and
does not behave as a leaving group.
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'6 in the presence of sodium

Aldol condensation of 7 with trifluorcacetaldehyde
hydride, followed by chromatographic separation, gave g—(Z)4 and g—(E)4 in 10 and
15% yields, respectively. Hydroylsis of B8-(E)} proceeded smoothly at room tem-
perature to afford _9_—(E)17 in 96% yield. However, 8-(2Z) was intact under the
above hydrolysis conditions and necessitated heating at 50°C to give g-(z;‘a in
90% yield. Alternatively, we used ethyl 2-(2-t-butoxycarbonylimino-3-t-butoxy-
carbonyl-4-thiazolin-4-yllacetate {10)'9 as the starting material. After similar
aldol condensation of lg with trifluorocacetaldehyde, the crude residue was treaped
with aguecus NaOH solution at room tewperature to hydrolyze ester 8-{E), and the
remaining ester 8-(Z) was then hydrolyzed by heating at 60°C to afford 9-(2) in
45% overall yield. (Scheme 3)

Finally, we synthesized the novel cephalosporins lg(g—g)zo by the coupling
reaction of 9 with 7B-aminoceph-3-em-4-carboxylates 11 possessing typical sub-
stituents at the 3-position, followed by subsequent removal of the t-butoxy-
carbonyl and benzhydryl groups. In addition, nucleophilic substitution of the
acetoxy group in 12b with pyridine was performed by using N-methyl-N-trimethyl-
silyltrifluorcacetamide (MSTFA) - trimethylsilyl iodide (TMSI) method?! to afford
the pyridinium compound 1222 in 11% yield.23 {Scheme 4)
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Scheme 4
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In the Table, the minimum inhibitory concentrations (MIC) of the cephalosporins

12{a-e) against several microorganisms are summarized and compared with those of

cefotaxime (CTX).

Table : Antibacterial activity (MIC ug/ml) of fluorine-containing cephalosporins

Comp. S. aureus B. subtilis E. eoli 5. typhi K. pnewmonice P. vulgaris P. aeruginceq

No. FDA 209P JC-1 ATCC 6633 NIBJ JC-2 901 PCI 602 oxX 19 IFD 3hbs
12a 3.125 3.125 25 12.5 0.20 0.20 ' >100
12b 1.56 0.78 0.39 0.78 £0.025 £0.025 >100
12c 1.56 1.56 0.78 0.78 £0.925 £0.025 >100
124 0.78 0.78 0.78 0.78 £0.025 50.025 >100
i2e 0.39 ¢. 39 0.39 0.39 £0.025 £0.025 - 12.5
CTX 3.125 0.39 0.10 1.56 £0.025 5£0.025 . 25

The cephalosporins 12{(a-e) showed higher antibacterial activity against 'S. aureus
than CTX. The (Z)-isomer 12¢ exhibited higher activity than the corresponding (E)-
isomer 12a against gram-positive and gram-negative bacteria, A similar tendency

1 and methoxyimino cephen derivatives.24 The

was observed with chloromethylene
activity of the pyridinium compound 12e& was significantly higher than those of the
acetoxymethyl derivative 12b, the other heterocaromatic thiomethyl derivatives
12¢, d, and CTX against most of the microorganisms tested, especially against

S. aureus.
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As a result of our investigations, we have succeeded in synthesizing novel
flucorine-containing cephalosporins (C) and foupd that the trifluoromethyl substi-

tuted methylene meoiety is associated with the potent antibacterial activities.
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