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PREPARATION AND USE OF 7- (2-CARBOALKOXY-1-METHYLETHENYL 
AMINO -3-HYDROXYMETHYL-3-CEPHEM-4-CARBOXYLIC ACIDS 

The antibatterial compound cephalosporin C was first isolated by 

Newton and Abraham (Nature, 175:548, 1955). Cephalosporin C is 

5 produced by "fermentation, generally by the organism cephalosporium 

acremonium. 

1 2 

10 7-Aminocephalosporanic acid (7-ACA), 1, is an important intermediate 
in "the synthesis of many cephalosporin antibiotics. It is generally 

obtained from cephalosporin C following chemical cleavage of the acyl 

group attached to the 7-amino substituent. 

15 Deacetyl cephalosporjn C is a major by-product in the fermentation 

and is converted to deacetyl 7-ACA, 2, in the process <;>f converting 
cephalosporin C to 7-ACA. The problem associated with the formation of 
these side products on the yield of 7-ACA, and a _possible solution to this 

problem is offered in US patents Nos. 5,221,739 and US 4,908,444. More 

20 specifically, .they teach the direct reacylation of 3-hydroxymethyl-3-

cephem-4-carboxylic acids in an aqueous medium. 

25 This. invention relates to a method of producing 7-

aminocephalosporani~ _acid from deacetyl 7-ACA in an aqueolis medium 
for practical, large-scale production. Moreover, the invention provides an 
ideal intermediate for the process. 
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The.selective acylation of hydroxy group in the presence of free 
5 amino group generally requires a protection of the amino group. The 

choice of protecting group varies ·with each application, but in general the 
requirements are that the protecting group attaches readily and in high 
yield, that it prevents the undesired reaction from occurring with the 
amino group;. and that it can be removed readily and_ in high yield. In 

10 many cases compromises must be struck among these considerations 
when choosing the best protecting group. 

The most common protecting groups for amines are 
alkoxycarbonyl groups, or carbamates. Two in particular, carbobenzyloxy 

15 (CBZ) and .t-butoxycarbonyl (BOC) are very often employed. · Less common 
protecting groups are acyl groups (to form an amide), alkylidene groups 
(to form an imine or Schiff base), hydronium ions (to form a salt), 
sulfonyl groups (to form a sulfonamide}, or in some cases a silyl group (to 
form a silazide) or a triphenylmethyl group (to form a triphenylmethyl 

20 amine). In general, these less common protecting groups can be readily 
attached, but often lack adequate protecting ability and ease of removal. 
Generally speaking, those that are very good at preventing unwanted 
reactions of the a.mine are often difficult to remove, and those that are 
readily remov~d do not always provide adequate protection. 

25 

In exploring for an ideal protecting group for the amino group of 
compound 2, we found that protecting the amine as an enamine .offered 
both advantages of ready attachment and removal, and .was also suitable 
for large ·scale production. The reaction of 2 with alkyl esters of acetoacetic 

30 acid gave in high yield the previously unknown enamines of forml,lla 3, 
and that compounds of formula 3 could be selectively reacted with acetic 
anhydride to give compounds of fo:r;mula 4, which could then be 
subsequently converted to 7-ACA by acidic hydrolysis. Enamines have 
been used occasionally for the N-protection of amino acids and 7-amino 
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groups of cephlosporins in the past, see for example, P. H. Bentley et al., 
Tetrahedron Letters. No. 41, pp 3739-3741 (1976), but their ability to be used 
in the present context was quite surprising, particularly, since, Isamu et al, 

in Japan Kokai 78 25,589 (Chemical Abstract, Vol 89: 1095~9t), teach.that 
5 . acylation with acyl chloride of a cephalosporin with the 7-amino group 

derivatized to an enamine leads to the N-acylated product, suggesting that 
enamine would not prevent acylation at nitrogen. 

The process of this invention can be illustrated with the following 
10 Scheme. In the Scheme, the bonds represented by - in compounds 3 and 

4 indicate either the E and Z isomer. R is C1-6 alkyl, preferably methyl or 

ethyl. 
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Step (a): A base or a mixture of bases is needed for Step (a). Base can 
be any inorganic or organic base with pKa's between 4 to 14. Organic base 

5 refers to triC1-6alkylamine, pyridine, dimethylaminopyridine, etc. MT 

refers to a preferred base, in which M is alkali or alkaline earth metal, 
preferably sodium or potassium; and T includes hydroxide, acetate, 
carbonate, bicarbonate and phosphate. Thus, examples of MT are 
hydroxide, acetate, carbonate, bicarbonate, phosphate of alkali or alkaline 

10 earth metals. Even more preferred base is sodium or potassium 
hydroxide, or sodium or potassium acetate. Step (a) works best with a 
large excess of alkyl acetoacetate, so it is convenient to use this reagent as 
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solvent, with or without other organic co-solvents. J:'rererao1y en~ 
reaction is run under anhydrous condition. The possible temperature 
range of Step (a) is between oo to 55°C. Naturally the preferred 
temperature will depend on the choice of base and solvent. 

Step (b): The solvent _system which can be employed for Step (b) is 
water alone or mixtures of water and organic solvent. Some water is 
required for solubility of the substrate and base that is" to be employed, but 
water also competes with the substrate for acetic anhydride, so it should be 

10 minimized. Preferred solvent system is SOo/o acetone in water. A base, or 
a mixture of bases is required for Step (b ). Both inorganic and organic base 
can be used. HC?wever, inorganic bases are preferred to organic bases, 
because higher levels of undesired by-product (lactone) are seen with 

tertiary amine bases. Common base that can be employed includes alkali · 
15 or alkaline earth hydroxide, dimethylaminopyridine, etc. The reaction 

pH must be maintained at 7-11, preferably between 9-10. The preferred 

tempefature range is in the range of -i0° to 4QOC, and even more 
preferably between oo to soc. 

20 Step (c): · Final pH of the reaction mixture should be adjusted to 3-4 by 
addition of add. A wide variety of acid can be used for Step (c); it can be 
mineral add, such as hydrogen chloride, hydrogen bromide, hydrogen 
iodide; or p-toluenesulfonic acid, etc. Preferred final pH is 3.5. While 
adjusting the pH and isolating the product, the temperature is preferably 

25 maintained between -100 to 4ooc, and· even more preferably oo to soc. 

· As use~ ~erein, Ct-6 alkyl means a straight or branched saturated 

carbon chain having from one to six carbon atoms; examples include 

methyl, .ethyl, n-propyl, isopropyl, n-butyl, t-butyl, sec-butyl, isobutfl, n-
30 pentyl, sec-pentyl, isopentyl, and n-hexyl. Alkali metal refers to a metal in 

Group IA of the periodic table, preferably lithium, sodium and potassium .. 
Alkaline earth metal refers to a metal in Group IIA of the periodic table, 
preferably calcium and magnesium. 
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The spec~fic examples that follow illustrate the instant invention, 

and are not to be construed as limiting the invention. The methods may 

be adapted to varlations in order to produce the compounds embraced by 

this invention, and without departing from the spirit of the invention. 

S Further, variations of the methods to produce the same compounds in 

somewhat different manner will -also be evident to one skilled in the art. 

Example 1. .Preparation of 7-[2-carbomethoxy-1-methylethylene)amino ]-

3-hydroxymethyl-3-cephem-4-carboxylic acid potassium salt from 

10 desacetyl 7-amino cephalosporanic acid. 

In a SOOml three-n~ round bottom flask, desacetyl-7-amino 

lS cephalosporanic acid (20.0g, 0.0837mole) was suspended in methanol 

(140ml) with vigorous overhead stirring at 0° - soc. A solution of KOH 

cs:3_6g, 0.0830mole) in methanol (60ml) was then added slowly over ca. lh 

and the reaction -mixture stirred at oo - soc for 30 min. The resulting thin 

suspension was then added in a steady stream to methyl acetoacetate · · 

20 (100ml) over ca. 2-3 min at oo- SoC. The resulting mixture was then 

stirred at 0°C for 3.S-4h. The methanol was then removed in vacuo and 

the resulting wet residue stirred in ethyl acetate (100~1) at oo - soc for lh. 

The solid is then collected via vacuum filtration and the cake washed 

with ethyl acetate (2 x 20ml). The cake is then dried in vacuo at 40°C to 

25 yield ca. 2S.48g (80.1 er~> of 7-[2-carbomethoxy-1-methylethylene)aminoJ-3-

hydroxymethyl-3-cephem-4-carboxylic acid potassium salt. 
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Example 2. ·Preparation of 7-amino cephalosporani~ acid from 7-((2-

carbomethoxy-1-methylethylene)amino ]-3-hydroxymethyl-3-cephem-4-

carboxylic acid potassium salt. 

7-(2-Carbomethoxy-1-methylethy~ene)amino ]-3-hy_droxymethyl-3-

cephem-4-carboxylic acid potassium salt (10.00g, 0.0~73mol) was dissolved 

in· acetone (25ml) and water (25ml) with stirring at oo -soc and 

10 dimethylamino~yridine (33mg. 0.27mmol) added at pH 9-10. Acetic . 

anhydride (6.44ml, 0.0682 mol) was then added d~opwise over ca. 1? min 

while maintaining pH at 9-10 by periodic addition of 20% KOH. The 

reaction was stirred under these condition5 for 30 min and ethyl acetate· 

(lOml) added. The pH was lowered ·to 3.5 via addition of 6N HCl at oo -
15 S°C and the resulting slurry stirred for lh. The solid was then collected 

via vacuum filtration and washed with acetone (lSml). The cake was 

then dried at 40°C in vacuo to yield ca. 7.00g (94.2%) of 7-amino 

cephalosporanic acid. 
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CLAIMS 
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What we claim is: 

5. 1. 

10 

2. 

15 
3. 

4. 

20 

A co~pound of the formula 

RO 

~~ 
O}:?~OH 

CO-JA 
3 

in which M is a metal selected from Group Ia or Ila of the periodic 

table, and R is Ct-6 alkyl. 

.. 
A compound of claim 1 in which R is methyl or ethyl, and M is 

potassium or sodium. 

A compound of claim 2 in which R is methyl,. and M is potassium. 

A process of making compound 1 

comprising of. the steps of: 

25 (a) acetylating a compound of formula 3 
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RO 

~H 

~0~+00 
COzM 

3 

~,,~, 
... 

in which M is a metal selected from Group Ia or Ila ·of the periodic 

5 · table, and R is Ct-6 alkyl, with acetic anhydride. to afford a 

compound of formula 4 

10 

15 

20 

5. 

RO 

~H 

~fl~~ 
COzM 

4 

and (1;>) treating a compound of formula 4 with acid to afford 

compound 1. 

A process of claim 4 in which M is potassium or sodium, and R is 

methyl or ethyl. 

6. A process of claim 5 in which M is potassium, and R is methyl. 

7. A process of making compound 1 
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comprising of the steps of: 
(a) reacting compound 2 with CH3COCH2COOR, in which R is C1•6 
alkyl, in.the presence of base 

HzN S 

)~f~oo 
CO ii 
2 

to afford a compound of formula 3 

(b) acetylating a compound of formula 3 with acetic anhydride to 
15 afford a compound of formula 4; 

20 and (c) treating a compound of formula 4 with acid to afford 
compound 1. 
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8. A process of claim 7 in which R is methyl or ethyl, and M is 

potassium or sodium. 

9. A process of claim 8 in which R is methyl, and· M is potassium. 


