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AN IMPROVED PROCESS FOR MANUFACTURE OF 4-BROMO-2-OXYIMINO
BUTYRIC ACID AND ITS DERIVATIVES

FIELD OF THE INVENTION :

The present invention relates to an efficient large scale synthesis of 4-bromo-2-oxyimino
butyric acid, predominantly as the (Z)-isomer of formula (I) in high purity and substantially
free of any di-or polybromo derivatives and other impurities. The compounds of formula (I) are
valuable as intermediates for synthesis of commercially important cephalosporin antibiotics
containing a 2-(2-aminothiazol-4-yl)-2-(substituted)oxyimino acetic acid moiety attached to the

7-amino position.

0
[ [
Br— CHy— c—ﬁ—c —OH )
N
NOR

BACKGROUND OF THE INVENTION :

The 4-bromo-2-oxyimino butyric acid and its derivatives of formula (I), wherein R is hydrogen
or a protective group are generally prepared by two methods, both starting from diketene of
formula (IV)

Method 1: By step-wise bromination of the 2-oxyimino-3-oxo butyric acid derivatives of
formula (ID), '

T 1
CH;—C _ﬁ —C—OR! (ID)
N
N\OR

wherein R is as defined above and R' together with the carboxylic acid group (-COO) to which
it is attached forms a carboxylic acid ester group and hydrolysis of the ester group R' or

simultaneous bromination and hydrolysis in one step.
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The compounds of formula (II) in turn are obtained by oxyimination of acetoacetic acid esters
of formula (IIL, in turn obtained by reaction of diketene (IV) with an alcohol), wherein R is as
defined above by reaction with sodium nitrite in the presence an acid to give the oxyiminated
product (I), wherein R is hydrogen. The oxyiminated compound of formula (II), wherein R is
-5 hydrogen on alkylation with appropriate alkylating agents gives the substituted oxyiminated

derivatives of formula (II), wherein R is a protective group.

10
Method 1
0 0 Cﬁ ?I
, NeNO yH*
H RUOH oy 4o 4 _opi M CHy = C— —C —OoR!
N
0
N\OR
aw am an, R=H
. ! | . [ I
Alkylstion ~ CH3—=C—C—C—OR! j Bromination  Br—CHy;—C —C —C —OH
N ii. Hydrolysis N
“OR \oR
(D, R=Protective (D, R=Protective
Group Group
15
20

25
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Metho

2 1
tl =  Br CHz—g _CHg_'g —Br B—Oﬂh Bz—CHz—é —CH,—C —OR!
o o

aw ) oD
[ y Hydrolysi I |
H olysis
i NNOH' o ¢ —c —& —oR! ¥ Br—CH,;— G —C —¢ —OH
ii. Alkylation I
N N
“NOR “OR
@D, R=Protective (@, R=Protective
Group Group

Scheme-1

Method 2: Bromination of diketene of formula (IV) to give the dibromo derivative (V), which

on reaction with an alcohol R'-OH gives the bromoester of formula (VI), which on further

- oxyimination with sodium nitrite in the presence of an acid gives the oxyiminated product of

formula (IT), wherein R is hydrogen. As mentioned hereinabove, the oxyiminated compounds of
formula (IT), wherein R is hydrogen on alkylation with appropriate alkylating agents give the

substituted oxyiminated derivatives of formula (II), wherein R is a protective group.

The chemistry employed in the two general methods is summarised in Scheme-1.

Commercially, the compounds of formula (I) are manufactured by Method-1, since many of the
acetoacetic acid ester derivatives of formula (IIT) are readily available. Method-2, on the other
hand has limited application and is restricted to those manufacturers who in turn produce
diketene. Moreover, the dibromo derivatives (V) being unstable cannot be stored and are

therefore, not available commercially.

The prior art methods whereby compound of formula (1) is produced by Method-1 are

summarised hereinbelow :
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EP Patent No. 0 030 294 (Montavon et. al.) describes preparation of compound (I), wherein

“Riis methyl from compound (II), wherein R has the same meaning as defined above and R

is a tert-butyl group comprising first hydrolysis of the tert-butyl ester group with
trifluoroacetic acid to give the corresponding free carboxylic acid derivative, which is
brominated with about 0.72 moles of bromine per mole of the hydrolysed derivative in a
mixture of dichloromethane and methanol to give the crude brominated compound (1),

which is crystallised from carbon tetrachloride in an overall yield of 36%.

The shortcomings of the method are that it involves a) two step process of hydrolysis and
halogenation, b) use of large excess (about 12 molar excess, thereby increasing the cost of
manufacture) of the toxic and corrosive trifluoroacetic acid for hydrolysis the excess -

amount of which is removed by distillation thereby subjecting the unstable oxymino

' bhtyric acid to heat, c) formation of di- and polybromo derivatives and other impurities

during bromination affecting the quality of the product and d) which necessiates purification
taking recourse to crystallisation of the impure material from carbon tetrachloride, a highly

toxic and suspected carcinogenic solvent.

A similar method is described in GB Patent No. 2 012 276 whereby compound of formula
(I) is obtained first by hydrolysis of the group R' (methyl or ethyl) in compound (II) using

alkali, followed by halogenation of the free carboxylic acid derivative thus obtained.

The alkaline hydrolysis, however, proceeds in low yields, implying formation of

considerable amounts of impurities.

iif) The method described in EP Patent Nos. 0 324 418 and 0 325 183 (Naito et. al.) comprise

hydrolysis of the group R' (tert-butyl) of tert-butyl-2-methoxyimino-3-oxo butyrate by
bubbling dry hydrogen chloride gas into a solution of the oxyimino ester in an anhydrous
organic solvent selected from halogenated hydrocarbons, tetrahydrofuran and dioxane. The
hydrolysed free carboxylic acid derivative thus obtained is brominated using bromine in

presence of dichloromethane and a solution of hydrogen bromide in acetic acid. The
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brominated compound (I, R=methyl) after purification is obtained in an overall yield of only

11.60% from the starting ester compound.

In addition to involving a two-step process and proceeding in overall low yields the

hydrolysis step is very slow and takes about 13-23 hours for completion. Moreover, the

- method utilises hazardous tetrahydrofuran and the industrially not accepted dioxane for

hydrolysis.

iv) In the method disclosed in EP Patent No. 0 246 603 (Tani et. al.) a 2-oxyimino-3-oxo-

butyric acid ester is reacted with a silylating agent to produce the corresponding 3-silyloxy
derivative, which is halogenated at the 4-position. Hydrolysis of the ester protective group

gives compounds of formula (I).

However, the shortcomings of the method are, é,) an additional step of silylation, adding to
the cost of manufacture, b) utilisation of very low temperature (Ca. ~30° C) for '
halogenation and c) pun'ﬁcatioh of the halogenated derivative by chromatography, not

practical on industrial scale.

Tani et. al. in EP Patent No. 0 416 857 claim a one-pot and one-step synthesis of
compounds of formula (I) by subjecting the tert-butyl ester of compound (IT) to bromination
in an etherial solvent or a mixture of ether and inert solvent selected from carbon
tetrachloride, toluene and benzene. Two molar equivalents of bromine per mole of the ester

is employed. The final compound (1) is obtained in a yield of 42-46%.

The major disadvantage of the method is the use of ether solvents, which are prone to

explosion and use of toxic and carcinogenic carbon tetrachloride and benzene.

To summarise, the methods described in the prior art for synthesis of 4-bromo-2-oxyimino

butyric acid (I) from the ester derivative (II) suffer from one or more of the following

shortcomings. These are, viz.
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a) separate steps for hydrolysis of the ester group R' and bromination at the 4-position,
b) use of toxic, corrosive and costly chemicals like trifluoroacetic acid for hydrolysis,

c) utilisation of tetrahydrofuran and etherial solvents, which are prone to explosion and
utilisation of environmentally benign solvents such as benzene, carbon tetrachloride and

dioxane for the hydrolysis, bromination and purification/crystallisation steps,

d) use of bromine in up to two molar equivalents of the starting ester, leading to formation of

considerable amounts of di- and poly-brominated derivatives and other impurities,

e) necessity of removing the impurities by crystallisation from a solvent or mixture of solvents

or through chromatography,

f) shortcomings a) to €) leading to overall low yield, increase in time and cost of manufacture

and environmentally benign processes for manufacture of compounds of formula (I) and

g) finally, shortcoming f) in turn, leading to lower conversions and lower yields when
compounds of formula (I) are utilised as intermediates for synthesis of commercially
important cephalosporin antibiotics carrying a 2-(2-aminothiazol-4-yl)-2-oxyimino acetic

acid group attached to the 7-amino position of the B-lactam nucleus.

OBJECT OF THE INVENTION :

It is thus the basic object of the invention to provide a process for manufacture of 4-bromo-2-
oxyimino-3-oxo butyric acid, predominantly as the (Z)-isomer of formula (I) which would
avoid the aforediscussed shortcomings/problems associated with the prior art methods

discussed above.

Another object of the present invention is to provide a one-step and one-pot process for

manufacture of compound of formula (I) which would be convenient, safe and cost-effective.
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Yet another object of the present invention is directed to provide a process for manufacture of

compound of formula (I) which would be substantially free of impurities.

Yet further object of the present invention is to provide an effecient process for manufacture of
7-[2-(2-aminothiazol-4-yl)-2-oxyimino acetamido]-3-cephem compounds in high yield and

purity by utilisation of compound of formula (I).
SUMMARY OF THE INVENTION :
Thus, according to the present invention there is provided a one-pot and one-step process for

producing 4-bromo-2-oxyimino butyric acid predominantly as the (Z)-isomer of formula (I) in

high purity and substantially free of any di-or polybromo derivatives and other impurities,

0
I I
Br— CH,— C—C—C —OH @
N
N OR

wherein R is hydrogen ; a linear or branched C,.4 alkyl group; a linear or branched C,.4 alkyl
group substituted by a carboxylic acid or an aryl group; a substituted or unsubstituted cyclic
alkyl group of 3-6 carbon atoms or a substituted or unsubstituted aryl group which comprises

reacting a 2-oxyimino-3-oxo butyric acid derivative of formula (II)

9
CH3—C—-TlJ—C—OR1 BN ()}

N

\OR

wherein R is as defined above and R'is a tert-butyl group with bromine in presence of an
organic solvent and in presence of acetyl bromide and a C,4 alcohol at a temperature ranging
from about ~15° C to about + 15° C, thereby effecting simultaneous cleavage of the ester

linkage and bromination of the methyl group at 4-position.
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DETAILED DESCRIPTION OF THE INVENTION :

The bromination of symmetrical and unsymmetrical ketones at the alpha(o)-position in an

organic solvent is normally associated with formation of di- and poly-brominated products in

“addition to the desired mono-bromo derivative. It has been suggested [M. Gaudrey and A.

Marquer, Organic Synthesis, Coll. Vol. VI, pp 193-195] that formation of large amounts of di-
brominated products when bromination of such symmetrical and unsymmetrical ketones is
carried out in solvents selected from ether and carbon tetrachloride can be minimised on

utilisation of methanol as solvent.

In our pending Indian Application, IN 83/MUM/2000 an improved method for bromination of-
B-keto iminoether acetoacetates was disclosed wherein one-step and one-pot bromination and
hydrolysis of such B-keto iminoether acetoacetates of formula (II) to give compounds of
formula (I) was carried out in a chlorinated hydrocarbon (dichloromethane) solvent in the
presence of an alcoholic solvent. The utilisation of an alcoholic solvent, specially methanol
resulted not only in formation of lesser amounts of the di-and poly-brominated products, but
also in the reduction of the quantity of bromine required for the reaction. The said bromination
and hydrolysis could be effectively carried out using 1.30 to 1.35 molar equivalents of bromine
per mole of compounds of formula (II) as against the use of about 2.0 molar equivalents of
bromine reported in the prior art, giving the mono-brominated compounds of formula (I)
containing reduced amounts of di- and poly-brominated compounds as impurities. An intrinsic.

aspect of the method is that the reaction be initiated at a temperature of about 40 to 45° C.

It has been now surprisingly found that the two-steps of bromination and hydrolysis of
compounds of formula (II) can be carried out in an organic solvent in presence of a C;.4

alcohol and in the presence of acetyl bromide at lower temperatures, using substantially reduced
quantities of bromine and without the need for initiation of the reaction at higher temperatures
leading to an overall reduction in the formation of impurities and thereby giving the object
mono-brominated compounds of formula (I) predominantly as the (Z)-isomer in higher yield

and higher purity.
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The present invention, therefore, relates to an improved method for manufacture of 4-bromo-2-
oxyimino butyric acid of formula (I), wherein R is as defined hereinearlier, the improvement

comprising reacting a 2-oxyimino-3-oxo butyric acid derivative of formula (II), wherein Rlis a
tert-butyl group with bromine in the presence of acetyl bromide in the presence of an organic
solvent mixed with a C.4 alcohol. The use of acetyl bromide in conjuction with liquid bromine
and a C.4 alcohol ensures that lower amounts of bromine, that is in a proportion of 0.90 to 1.35
molar equivalents per mole of compound of formula (II) is sufficient for complete bromination

of the methyl group at 4-position and complete hydrolysis of the tert-butyl group, R' to give

| compounds of formula (I) in high purity, substantially free of any di- or poly- brominated

derivatives and other impurities.

The method of the present invention, summarised in Scheme-II can be carried out in the

following ways.

ll l i. Organic solvent/C;_4 alcohol/ I I

CH;— C_ﬁ —C—OR" ' CH;COBr Br—CH,— C—C—C—OH
—-
N ii. Br, -15 to +15° C 1"\1
NOR iii. isolation by conventional NOR
(In ways )

Scheme-II : Process of the present invention

To a solution of tert-butyl 2-oxyimino-3-oxo butyrate of formula (II), wherein R is as defined
herein earlier in an organic solvent mixed with a C,4 alcohol and acetyl bromide cooled to
about —15° C to about +15° C is added a solution of liquid bromine in the same organic solvent
slowly at the same temperature. After complete addition of the bromine solution, the reaction is
agitatved at about —15° C to about +15° C till completion of reaction. Work-up of the reaction is

the conventional way, followed by evaporation and crystallization of the organic layer gives

~compounds of formula (I) in a purity > 95%.

Alternatively, a solution of tert-butyl 2-oxyimino-3-oxo butyrate of formula (II), wherein R is

as defined herein earlier in an organic solvent and acetyl bromide cooled to about —15° C to
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about +15° C is added a solution of liquid bromine in the same organic solvent mixed with a
Ci.4 alcohol slowly at the same temperature. After complete addition of the bromine solution,
the reaction is agitated at about —15° C to about +15° C till completion of reaction. Work-up of
the reaction is the standard way, followed by evaporation of the organic solvent followed by the

crystallization gives compounds of formula (I) in a purity > 95%.

Both the variations in the method give the object compounds (I) in about the same yield and

purity.

The organic solvents that can be used for carrying out the bromination reaction include among
others chlorinated hydrocarbons such as dichloromethane and dichloroethane; esters of acetic
acid such as methyl acetate, ethyl acetate and iso-propyl acetate as well as ether solvents such
as diethyl ether and diisopropyl ether. Sufficient amount of solvent to keep the reaction mixture
in solution is employed. Normally, about two to five times (by volume) of the solvent pér
amount (by weight) of the starting compounds of formula (II) is employed in the process.
Among the solvents, chlorinated hydrocarbons and esters of acetic acid are preferred and

among these dichloromethane and ethyl acetate are more preferred.

The C,.4 alcohols can be used in molar proportions of about 1 to 8 moles per mole of the
starting compounds of formula (II). Preferably, the alcohols are employed in molar proportions
of about 1 to 2 moles per mole of the starting compounds of formula (IT). The alcohols that can
be employed in the method are selected from any C,4 alcohol, excepting tert-butanol. The
alcoholic solvents that can be employed include methanol, ethanol, n-propanol, iso-propanol, n-

butanol and iso-butanol. Amongst these methanol, ethanol are the most preferred.

Acetyl bromide used in the method can be employed in molar proportions of 1 to 2 moles per
mole of compounds of formula (IT) used, preferably in molar proportions of 1 to 1.5 moles.
Commercially available acetyl bromide can be used as such without any purification in the

process.

The reaction does not require any initiation and can be conveniently carried out by addition of

bromine to a solution of compounds of formula (II) in any of the solvent mentioned
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hereinabove mixed with any of the alcohol mentioned hereinearlier and acetyl bromide at a

temperature ranging from about —15° C to about +15° C. A preferred range of temperature is

~from about ~10° C to about +5° C. The preferred temperature range is maintained throughout

till completion of the reaction as monitored by HPLC.

Bromine in a molar proportion of about 0.90 to 1.35 moles per mole of compounds of formula
(IT) can be safely employed in the process without giving rise to formation of considerable

amounts of impurities, specially the di- and poly-bromo derivatives. Preferably, a molar

' proportion of bromine from about 0.90 to 1.10 moles is employed to achieve higher conversion

of the mono-brominated compounds of formula (I).

At the end of the reaction the organic solvent containing the brominated compounds of formula
(1) is washed successively with an aqueous solution of sodium bisulfite or sodium dithionite,
followed with water. The aqueous phase is separated from the organic phase after adjusting the
pHto abdut near neutral. Acidification of the separated aqueous phase, extraction with an
organic solvent, followed by evaporation of the organic solvent and crystallization with xylene
or carbontetrachloride gives the desired Z isomer of compounds of formula (I) as an off-white

solid in purity >95%.

The acid chloride of pure isomer thus obtained on reaction with 7-amino-3-substituted
cephalosporin derivatives to give the 74[4-bromo-2-oxyimino-3-oxo butanamido]-3-cephem
compbunds which on subsequent reaction with thiourea. furnished the pure z-isomer of 7-[2-
(2-aminothiazol-4-yl)-2-oxyimino acetamido]-3-cephem compounds thus avoid the unnecessary

purification of costly desired product.

The embodiments of the present invention can be best described by the following non-limiting

examples.

Example-1

Preparation of 4-bromo-2-methoxyimino-3-oxo butanoic acid :
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tert-butyl 2-methoxyimino-3-oxo butyrate (120 gm, 0.597moles), acetyl bromide (72.50 gm,
0.5894 moles; 0.987 molar eq.) and methanol (55 gm; 1.77 moles; 2.97 molar eq.) were mixed-
in ethyl acetate (300 ml) at 5-10° C. To the solution thus obtained cooled to —6 to -10° C was
added dropwise a solution of brominé (96 gm; 0.600moles; 1 molar eq.) in ethyl acetate (60
ml). The mixture was agitated at the same temperature till completion of reaction, after which it
was washed with an aqueous solution of sodium dithionate, followed by saturated brine
solution. The organic layer is separated and basified to adjust the pH between 6.50 to 7.00. The
aqueous phase is separated and mixed with dichloromethane. The pH of the mixture is adjusted
to 0.40 by addition of Conc. HCI. The organic layef is separated, washed with saturated brine
solution and evaporated off under reduced pressure to give crude 110 gm (80.91%) of the title

compound( Z:E = 93:7) as viscous liquid .

Crystallization of crude bromo acid with carbontetrachloride yielded the Z-isomer (78 .0 g,
58%) .

~Similarly the crystallization of the same with Xylene or o-xylene afforded the pure Z isomer (

82 g, 61%).

m. p : 75-78°C,
IR (KBr) : 1728, 1705, 1595, 1047 cm™ _
'H NMR (200 MHz, CDCl;) : § 3.85 (s, 3H, OCH3); 4.30 (s, 2H, Br-CH,)
3C NMR (200 MHz, D;0) : 6 30.80 (C-4); 64.60 (N-OMe); 148.90 (C=N); 163.80 (C-OH);
188.50 (C=0)

Example-2
Preparation of 4-bromo-2-methoxyimino-3-oxo butanoic acid :

tert-butyl 2-methoxyimino-3-oxo butyrate (100 gm; 0.497 moles), acetyl bromide (60 gm;
0.488 moles; 0.98 molar eq.) and methanol (58 gm; 1.81 moles; 3.64 molar eq.) were mixed in
dichloromethane (200 ml) at -5 to -10° C. To the solution thus obtained cooled to —12 to -10° C

was added dropwise a solution of bromine (78 gm, 0.488 moles; 0.98 molar eq.) in
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dichloromethane (100 ml). The mixture was agitated at the same temperature till completion of
reaction, after which it was washed with an aqueous solution of sodium dithionate, followed by
saturated brine solution. The organic layer is separated and basified to adjust the pH between
6.50 to 7.00. The aqueous phase is separated and mixed with dichloromethane. The pH of the .
mixture is adjusted to 0.40 by addition of Conc. HCI. The organic layer is separated, washed
with saturated brine solution and evaporated off under reduced pressure to give crude 97 gm

(85.720 %) of the title compound ( Z: E ,:91: 9) as viscous oil. The crystallization of the

same either with carbontetrachloride , xylene or o-xylene yielded the pure Z-isomer.

Example-3

Preparation of 4-bromo-2-methoxyimino-3-oxo butanoic acid :

tert-butyl 2-methoxyimino-3-oxo butyrate (50 gm, 0.248moles), acetyl bromide (31 gm; 0.25

moles; 1.0 molar eq.) and ethanol (23 gm; 0.5 moles; 2.0 molar eq.) were mixed in ethyl acetate
(200 ml) at 5-10° C. To the solution thus obtained cooled to -6 to -10° C was added dropwise a
soiution of bromine (39.68 gm; 0.248moles; 1 molar eq.) in ethyl acetate (50 ml). The mixture

was agitated at the same temperature till completion of reaction, after which it was washed

- with an aqueous solution of sodium dithionate, followed by saturated brine solution. The

organic layer is separated and basified to adjust the pH between 6.50 to 7.00. The aqueous
phase is separated and mixed with dichloromethane. The pH of the mixture is adjusted to 0.40
by addition of Conc. HCI. The organic layer is separated, washed with saturated brine solution
and evaporated off under reduced pressure to give crude 43 gm of the title compound( Z:E =
90:10) as viscous liquid . The crystallizatior_l of the same with Xylene or o-xylene afforded the

white crystalline solid, pure Z isomer (purity > 97%, 30 g, 54 %).
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CLAIMS :

1. A process for producing 4-bromo-2-oxyimino butyric acid, predominantly as the (Z)-

isomer of formula (1),

|
Br—CH,— C—C—C—OH @

“wherein R is hydrogen ; a linear or branched C4 alkyl group; a linear or branched C,_4 alkyl

group substituted by a carboxylic acid or an aryl group; a substituted or unsubstituted cyclic
alkyl group of 3-6 carbon atoms or a substituted or unsubstituted aryl group which comprises

reacting bromine with a 2-(oxyimino)-3-oxo butyric acid derivative of formula (II)

(II) [
CH;— C_ﬁ_ C —OR! (I
"N
N\OR

wherein R is as defined above and R' is a tert-butyl group in presence of an organic solvent and
in presence of a C).4 alcohol and acetyl bromide at a temperature ranging from about —15° C to
about +15° C

2. A process as claimed in claim 1 wherein bromine is used in a proportion of about 0.90 to

about 1.35 moles per mole of compound (II), preferably 0.90 to 1.10 moles.

3. A process as claimed in claim 1 wherein the organic solvent is selected from
dichloromethane, dichloroethane, methy_l‘acetate, ethyl acetate, iso-propyl acetate, diethyl ether

and diisopropyl ether with dichloromethane and ethyl/methyl acetate preferred.
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4. A process as claimed in claim 1 whefein the C;4 alcohol is selected from methanol, ethanol,

n-propanol, iso-propanol, n-butanol and .is_o-bufanol.

5. A process as claimed in claim 4 wherein the C,.4 alcohol is selected from methanol, ethanol

and propanol.

6. A process as claimed in claims 1, 4 or 5 wherein the C,4 alcohol is used in a molar

proportion of 1 to 8 moles per mole of compound (II), preferably 1 to 3 moles.

7. A process as claimed in claim 1 wherein acetyl bromide is used in molar proportions of 0.9

to 2 moles per mole of compound (II), preferably 0.9 to 1.5 moles.

8. A process as claimed in claim 1 wherein the reaction is carried out at a temperature from

~ about —10° C to about +5° C.
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