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NEW CEPHALOSPORIN ACYLATING AGENTS DERIVED FROM
SYN-2-(2-AMINOTHIAZOL-4-YL) -2-METHOXYIMINOACETIC ACID.
APPLICATION TO THE SYNTHESIS OF CEFEPIME SULFATE
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: Activation of the title acid ] as acyl derivatives of 1-methyl-5-
mercaptotetrazole (l1l3) and 2-methyl-S-mercapto-l,3,4-thiadiazole (2, 14) and
subsequent acylation of penultimate 4 (X = Cl, I) gave good yields of cefepime
sulfate 5.

Many activated derivatives of the title acid 1,' useful in preparing beta-
lactams of current medicinal interest, have been reported in the patent
literature. Perhaps the most prominent and frequently employed are the 1-
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hydroxybenzotriazolyl (HOBT) and 2-mercaptobenzothiazolyl (HSBT) esters 2? and 3,3
respectively. Both were used to prepare our antibiotic candidate cefepime 5,%S
isolated initially as its sulfate salt,® from penultimate 4° (eq 1). For
different reasons,® it became necessary to pursue new acylating agents.
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Based on processing advantages noted in substituting 3 for 2 in preparing
5, mercaptan activation of ) was desirable. Since bulk quantities of thiols §
and 7 were available, and their toxicities well documented,® esters § and 9 were
proposed for study. A literature search revealed that the related 2-
tritylaminothiazoles 10 and 11 were known, and were efficient acylating agents.’

As an initial af»proach, reactions of 1 with 12" and Ph,P""“ or (Eto),p":
under various conditions gave insignificant conversions to 8 (HPLC). However,
coupling of 1 with 6 and DCC (1 eQuiv each) in acetone gave the isomeric
acylating agent 13 in a modest 35% yield (eq 2)." Acylation at the 3-position
of 6 is proposed based on IR spectral data and on computer generated versus
observed 3C chemical shifts for 8/13, and on the predominance of § in solution
as the tautomeric 4H-1l-methyl-5-thionotetrazole.'’:®

Acylation of 4 (X = I) with 13 (1.5 equiv)' gave a 72% yield of 5.
Alternatively, preparation of 13 in gityu in DMF (eq 2) followed immediately by
acylation of 4 (X = Cl1)® afforded 5 in 66% yield.

Ester 9 was analogously prepared in THF in 24% yield from 1, 7 and DCC (1
equiv each).?' Again, IR and PC spectral data inferred 9 as the adduct structure
rather than 14. Acylation of 4 (X = I) with 1.5 equiv 9% gave 5 in 73% yield.
Also, as was observed with 13, isolation of 9 prior to acylation was unnecessary.
Thus, in gitu formation of 9 in DMF or THF and acylation of 4 (X = I)®?2 gave §
in 54% and 58% yields, respectively.

An alternative synthesis of 9 was realized by reaction of 1 with Ph,P and
disulfide 15% (1.2 equiv each) in either THF or acetone. After 15 min,
filtration of THF insoluble by products and acylation of 4 (X = I)?Z afforded a
58% yield of 5.

Finally, reaction of ] with 15 and Ph,P (1.2 equiv each) under conditions
favoring N-acylation (1 equiv Et,N, cat. Et,NBr, acetone, 4.5 hr)"™ gave mainly 14
(HPLC areat ratio 14/9 = 11/1). Filtration of acetone insoluble by products and
acylation of 4 (X = I)* gave 5 in 56% yield.

In summary, replacement of 2 with acylating agents 9, 13 and 14 in syntheses
of 5 from 4 was demonstrated. Use of these reagents does not require protection
of the 2-amino group, as in 10 and 11, thus reducing process steps. Also, the
observed 6-fold acylation rate enhancements of 4 as well as the total solubility
of 6 and 7 during work up favors use of 9, 13 and 14 over 2. Additional
applications on the use of these new acylating agents are being pursued.

References and Footnotes
1. Ochiai, M.; Okada, T.; Aki, O.; Morimoto, A.; Kawakita, K.; Matsushita, Y.

US 4203899, May 20, 1980.
2. Blumbach, J.; Durckheimer, W.; Reden, J.; Seliger, H. Eur. patent appl.
2774, Sept. 23, 1981.






6484

lo0.
11.
12.
13.
14.
15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

Commercially available from Lonza Inc., Organic Intermediates, 22-10 Route
208, Fair Lawn, NJ 07410 USA.

a) Aburaki, S.; Kamachi, H.; Narita, Y.; Okumura, J.; Naito, T. US 4406899,
Sept 27, 1983; b) Naito, T.:; Aburaki, S.; Kamachi, S.; Narita, Y.; Okumura,
J.: Kawaguchi H. J. Antibiptics, 1986, 39, 1092.
muu,Dm,mmmwmnpnuammmm,sm.mm,xm,amm,m
J. Org. Chem., 1988, $3(5), 983. :

Issuance of the patent in reference 2 prohibited use of 2. Replacement of
2 by 3 was abandoned when the purported toxicity of the acylation by
product, HSBT, became and issue (see reference 7).

Chem. Abst., 1989, 111(3), 19243p.

For example, see: Kerremans, A.L.; Lipsky, J.J.; Vanloon, J.; Gallego, M.O.;
Weinshilboum, R.M. J. Pharmacol. Exp. Ther., 1985, 235(2), 382.

Farge, D.; Rdy, P.L.; Moutonnier, C.; Peyronel, J-F. US 4385181, May 24,
1983.

Narisada, M.; Terui, Y,; Yamakawa, M.; Watanabe, F.; Ohtani, M.; Miyazaki,
H. J. Org. Chem., 1985, 50(15), 2794.

Ascher, G. Eur. patent appl. 37380, Oct 7, 1981.

Hubschwerein, C.N.; Schmid, G. Eur. patent appl. 73061, Mar 2, 1983.
Ascher, G.; Gruntz, U. UK patent appl. 2146332, Apr 17, 198S.

Miller, L.; Prager, B.C.; Veit, W. UK patent appl. 2183232, Jan 3, 1987.
Montavon, M.; Reiner, R. Eur. patent appl. 75104, Mar 30, 1983.
Hubschwerein, C.N. US 4576751, Mar 18, 1986. ' ‘

The low yield was due to coprecipitation of 13 with DCU during the coupling
step. The product was isolated after addition of 4 volumes of Skelly B to
the acetone .filtrate.

McCleverty, J.A. Transition Met. Chem., 1984, 9, 139.

Acylation conditions: i) ag acetone, 2N NaOH, pH 6.5, 30 min; ii) methyl
isobutyl ketone; iii) 2.8 equiv 4N sulfuric acid.

Acylation: conditions: i) aq DMF, 2N NaOH, pH 6.5, 30 min; ii) CH,Cl, wash;
iii) 2.8 equiv 4N sulfuric acid. '

. The product was isolated after addition of the filtered THF process streanm

into 10 volumes of Skelly B.

Acylation conditions: i) aq THF, 2N NaOH, pH 6.5, 30 min; ii) methyl
isobutyl ketone; iii) 2.8 equiv 4N sulfuric acid.

Oba, T.; Tanaka, T.: Okumura, N.; Watanabe, K.; Bannai, K.; Ohtsu, A.;
Naruchi, T.; Kurozumi, S.; Toru, T. Eur. patent appl. 22634, Jan 21, 1981;
Pg 110, example 62.

Acylation conditions: i) ag acetohe, 2N NaOH, pH 6.5, 0-5°C, 1 hr;

ii) methyl isobutyl ketone; iii) 2.8 equiv 4N sulfuric acid.

(Received in USA 14 August 1990)



