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FIELD OF iINVENTION
15 The invention provides a process for the direct chemical ‘
conversion of desacetyl-cephalosporins to 3'-acetylated cephalosporins
by acetylation in an organic solvent with an acetyl donor in the presence
of an activator or catalyst.
20

BACKGROUND OF THE INVENTION

3-Acetoxymethyl-78-aminoceph-3-em-4-carboxylic acid (7-ACA) is
of primary importance as a starting material for the preparation of semi-
25 synthetic commercial cephalosporin antibiotics. This intermediate is
producec_icommercia!ly from cephalosporin C, a fermentation product of
Cephalosporin acremonium (see Newton and Abraham, Nature, 175, 548,
1955), by hydrolysis of the D-a-aminoadipyl side chain, either chemically

or enzymaticially. 3-Hydroxymethyl-7§-aminoceph-3-em-4-carboxylic acid
30 (des-7~AC_A) is usually produced as an unwanted side product in the

preparation of 7-ACA caused by either the chemical or enzymic (esterase)



produced commercially from cephal osporin C, a fernentation product of .
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1955), by hydrolysis of the D a-am noadi pyl side chain, either chemcally
or enzymaticially. 3-Hydroxynethyl-7[err9{=am noceph-3-em 4-carboxylic acid
30 (des-7-ACA) is usually produced as an unwanted side product in the
preparation of 7-ACA caused by either the chem cal or enzym c (esterase)
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15 deblocking the C-7 amino group (European Patent No. 153,874A).
Further methods comprise of esterifying the 4-position carboxyl group of
the C-7 acylated compound to prevent lactonization during the reaction,
and deesterifying the carboxy group and deprotecting the C-7 amino
group to produce the 3-alkanoyloxymethyl-7B-aminoceph-3-em-4-

20 carboxylic acid (U.S. Patent No. 3,532,694), or performing the O-acylation
in an aqueous medium in the presence of a 4-(tertiary amino)pyridine
catalyst with an acid-acceptor base and then deblocking the C-7 amino
group (European Patent No. 0230972). More recently, a chemical
process for acetylating the 3-hydroxymethyl cephalosporins in an

25  aqueous solvent has been described (U.S. Patent No. 5,221 ,739), as well
as the use of an enamine for the protection of the C-7 amino group (U.S.
Patent No. 5,552,542). Thus, it was unexpectedly discovered by the
present inventors that the use of certain acetyl donors in the presence of
an activator or catalyst can provide an efficient direct chemical acetylation

30 of desacetyl-cephalosporin without the use of any protecting or blocking
groups. |
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présent inventors that the use of certain acetyl donors in the presence of
an activator or catalyst can provide an efficient direct chem cal

acetylation 30 of desacetyl-cephal osporin w thout the use of any
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present invention provides a process for the direct chem cal
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i n anhydrous or nearly rous solution, acetylation with an acetyl
donor in the pronesssiorndf disagetybbephdlesparinstod' acetyiatedicephalosparinsor e
specifically, the gr esent invention provides a uni qu«f chem caID#r ?ciess for
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desacet yl - cephal'osporin. rocess o I nvention is illustrated
in Reaction Schhewmcktyiationiud diisr BACACtoTRACA. conver si on of

desacet yl - 7- am nocephal osporani ¢ aci d (desacetyl - 7- ACA) to

7-am nocephal osporanic acid (7-ACA) which is an inportant I nt er medi at e
in the synt1lbesi s of many cephal osporin antibiotics. 20 REACTI ON SCHEME

| .
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to an improved process for producing
3"-acetylated cephalosporins by a selective chemical acylation of the 3'-
15  hydroxymethyl group of a desacetyl-cephalosporin. The process of the
invention is illustrated in Reaction Scheme | by the direct chemical
conversion of desacetyl-7-aminocephalosporanic acid (desacetyl-7-ACA)
to 7-aminocephalosporanic acid (7-ACA) which is an important

intermediate in the synthesis of many cephalosporin antibiotics.

20
REACTION SCHEME |
H2 HZ
bj;( acetyl donor Ajj‘/ ]c|)
N & > N2
% CHz0H dicyclohexylamine  © CHZ0CCH,
COH solvent CO.H

25 According to the process of this invention, the chemical acetylation

of desacetyl-7-ACA is advantageously carried out in an anhydrous, or
almost anhydrous organic solvent or mixture of solvents, for example,
N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSO), formamide,



[err] 25 According to the process of this invention, the

chemi cal acewyg w3es of desacetyl -7-ACA i s advant ageous|PCTAIRIBRIAL out

i n_an -anhydrous, or al nost anhydrous organi ¢ solvent or m xture of
solvents, for exanple, N, N- di et hyl rérani de (DMF), dinmethyl sulfoxide
(DVMSO), formam de, -4-

cycl ohexanone, N, N-di net hyl acet am de, ethanol, isopropanol, acetone, 1-

net hyl - 2- pyrr ol gbidten@nopbeNiNdirhéiayiaceaintide hethhndlpisoprapanct tadetsney -
reaction is carried out wth various acetyl donors such as vinyl acetate,

phenyl acet at e, methyl@-pyealiginore, phepexysthanokand yhe likse| The aestylaiont ate, 5
i | tate and the ljike.in th f_dicycl '
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acetyl donor, benzoic hydrazide xalyl” di hydrazi'de may be used as an
acet al dehydes scizoprapany! d€etate and the like ithizpresange nfjdicgeiohéxylamineli t i ons

the acetylation proceeds to . 15 - 97% conversi on of desacetyl-7-ACA in
about 18 to 52 {YH) asdne actvalprancatalval Ikpasuid begppreciaiaf by to5e (i on-

condi 11 9% descPRieh RS e nsome Eadhs Suc S kB potBOEls FRE. ¢ of

the undesired | agstngorfdr, béRzdit ﬁ?&*a!idétd?%xamdwgfazjde mayectyedlas an

reacti ons where sufficient DCHA 1s present. "The desired 7-ACA is
advant ageousl y pceteldehyde edavgngesi di fi cation with acids such as
10

Under varying reaction conditions the acetylation proceeds to
15 - 97% conversion of desacetyl-7-ACA in about 18 to 52 hours and
produces as high as 80 - 90% “in solution” activity yields of the desired
7-ACA. Surprisingly, under the conditions described herein, there is very
15  little or no synthesis of the undesired lactone or the N-acetylated products
observed in reactions where sufficient DCHA is present. The desired
7-ACA is advantageously precipitated by acidification with acids such as
hydrogen chloride, acetic acid, and sulfuric acid. Preferably, the 7-ACA is
isolated using glacial acetic acid alone, or a mixture of glacial acetic and
20 sulfuric acid. In some cases further purification is achieved by
recrystallization from aqueous methanol or water. Final activity yields of
7-ACA are 40 - 70% with purities as high as 80 - 93%.

Various acetyl donors in reaction mixtures containing solutions or
25 suspensions of 5% desacetyl-7-ACA in an organic solvent, for example,
dimethylformide, dimethyl sulfoxide and methyl pyrrolidinone, plus
dicyclohexylamine were tested. Reactions were carried out at room
temperature for 21 - 23 houts and products were measured by HPLC.
Specific examples of preferred acetyl donors include vinyl acetate, phenyl

30 acetate, 4-methylumbelliferyl acetate, 1,1-diacetoxy-2-propene and



hydrogen chi gride, acetic acid, and sulfuric acid. Preferably S
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and. 20 sulfuric acid. In sone cases furthgr purification is achieved by
recrystallization from aqueous mnethanol or water. Final activity yields of
7-ACA are 40 - 70%wi th purities as high as 80 - 93% Vari ous
acetyl donors in reaction mxtures containing solutions % spensi ons
of 5% desacet yl iSopsepenyl agataie.gMast PEQ?FV@Q tace?y(g F’OBR'?%ﬂfpé’ lnyl aceta e and

di met hyl f or m de, :,\gf%&%% sul foxi de and nethyl pyrrolidinone, plus

di cycl ohexyl ani m €t ed. Reactions were carried out at room
tenperature for 21 - 23 hours and products wer e nmeasured by HPLC.

Speci fic exanples of preferred ace donors include vinyl acetate, phenyl
30 acetate, 4-net hﬁayuemﬂsqimwu&sawateedone msmgaﬁ%td@sgcatybhﬁﬁmn and
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di cycl ohexyl am ne "+ acetate + so VO urres and are

descri bed herei nhése téwaenamdreheid:‘@tabonftemperatune,semd&mocbormssmaroé hel d at
roomtenperature, and the conversion of desacetyl -7- ACA to 7- ACA was

measured by HPLdespeelyky-AfA te TeACA wassmoasured by b'P:‘,& eRreferaphbtheet hanol |
| s | f d | oh
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phenoxyet hangl . dimethylformanide, /fém?é’mmu EfcioRERarinel Bﬁnétﬁ?FéulfB%dé xtures
remai ned sol ubl e whi hers becane suspensions or gelled solids. As

descri bed herei rtjlmeﬂ\ylmtmmde meatbyli pymeolidimon ecand plehaxyethamot onbi ne t he
solubility properties of

At 23 hours some of the reaction mixtures remained soluble while
others became suspensions or gelled solids. As described herein,

15 several reactions were carried out to combine the solubility. properties of
the preferred solvents, i.e., cyclohexanone, formamide and dimethyl
sulfoxide, with other solvents to find a combination of two solvents that
would give both soluble reaction mixtures and good conversions. Most
preferably, the acylation of des-7-ACA is carried out in a solvent or a

20  mixture of two solvents which will provide a soluble 1 or 2 phase reaction

mixture,

The methods which constitute this invention and the compounds
prepared will appear more fully from a consideration of the following
25 examples which are given for the purpose of illustration only and are not

to be construed as limiting the invention in sphere or scope.
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m xture of two solvents which will provide a soluble 1 or 2 phase reaction

m xture. The net hods which constitute this invention and the
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DESCRI PTI ON OF S VTN T Vet ot ' '

and Desacetyl-7-ACA 5 HPLC System Col um: Spherisorb
ODS2, 50mm Keystone Scientific, Inc. Det ection: 254nm

Fl ow Rate: 450 m /m HPLC System Injection Volume: 5 [err]l 10

Tenper ature: anbi ent Mobi | e Phase Preparation 1. 9469

Sodi um 1 - oct ane- sul SHiWRNeSphariserb@PSRy BOmey iKeystaneSeientific, Inc.

dei oni zed water, 90 l,, 900 [err]| phosphoric acid (85%
stock solution) 15 rﬂei&@ﬁéﬁ@@%ﬁg%t I ve Retention Tines

N-Acetyl - desacet yl - 7-Fiév Rate 04.8%nl/min.
Injection Volume: 5 ui
10 Temperature: ambient
Mobile Phase Preparation
1.946g Sodium 1-octane-sulphonate (Lancaster Synthesis), 810 mi
deionized water, 90- mi methanol, 900 ut phosphoric acid (85%

stock solution)

15
Relative Retention Times
N-Acetyl-desacetyl-7-ACA 0.32
Desacetyl-7-ACA 0.64
N-Acetyl-7-ACA 0.80

20 7-ACA lactone 1.40
7-ACA 2.20
Desacetoxy-7-ACA 3.49
“Unknown” Product 5.37

25 General Procedure for Conversions of Desacetyl-?-ACA to 7-ACA

Combine together dicyciohexylamine (DCHA), a solvent (such as
in Example 6, Table 1 and Example 7, Table 2), and an acetyl donor
(vinyl acetate, phenyl acetate, 1,1-diacetoxy-2-propene, 4-

30  methylumbeliiferyl acetate or isopropenyl acetate) at room temperature,
and then add the acetaldehyde scavenger (benzoic hydrazide or oxalyl



Desacetyl - 0. 64 N- Acet yl - 7- ACA

0.80 20 " WOboR38A | act one 1. 40 PC/URER1341
2.20 Desacet oxy- 7- ACA 7. 3.49 "Unknown"
Pr oduct 5.37 25 General Procedure for Conversions of
Desacetyl -7-ACA to 7- ACA Conbi ne toget her dicycl ohexyl am ne
(DCHA), a solvent (such as I n Exanpl e 6 Tabl e, 1 and Exanple 7, K Table

2), and an acet dihysisagide), in 30W|Q$§Psé{ﬂ'&fﬁt\’é‘y peetale istbeasely! dPnQ" Add

- di acet oxy- 2-praq -~ t 0, yl
acetate) at roo#?gﬁ%tgf?&%?%aﬁa swkﬁﬁ@ﬂ#&%ﬁd" Q?ﬁﬁﬁgﬁceg{eﬁbdéﬁ Qémgﬁgvenger
(benzoi ¢ hydrazigigtipé t@53!10° C for best stab:hty of product, or proceed at room

-7- di hydrazide), in sone cases where vinyl acetate is the acetyl

donor. Add temparatund for aA@étenrebctionr Theneaotionaiay take d83db&E2 haurs to
reaction. Chill the m xture to 5 - c{‘a&err]Cfor best stability of
product, or Brodeaeh maxigum conversiendy?Hlmcdepanding anthe selvgpt |d@ﬁ°" The

reaction nmay ta Xi mum conversion to 7-ACA,
dependi ng on th?@%%ﬁ@%é%@ﬁ%’%ﬂmem%éﬁ%gﬁ%mration, and tenperature
used. The concentration of 7-ACA was nonitored by taking

smal | sanpl es of uniformwhole nmixture, diluting 100x into a solution
of 50% 10 aqueous addexancehtratiomoli7 s&SAwasgmohitoreidihy takingsmalés

acetont trile | s samplosgtipitasm whele alfines il Biox mica solutionias S8 the pr
of the reachon.zqueous acetonitrile, and assaying the diluted samples immediately by

HPLC. Resulting pH of samples thus diluted in aqueous acetonitrile is

about 9 - 10, and is typically referred to as the pH of the reaction.

Precipitation and Isolation of 7-ACA Following Acetylation of
15 Desacetyl-7-ACA

When the amount of 7-ACA reaches a maximum level, the reaction
mixture is chilled to 5 - 10° C and at least 1 - 1.5 volumes of glacial acetic
acid, or glacial acetic acid plus concentrated sulfuric acid at about 0.4 and

20 0.02 volumes, respectively, is added to quickly drop the pH to about 3.5 -
4.0 and precipitate the 7-ACA. The pH adjustment is done rapidly to
avoid formation 6f undesired by-products, Continue to stir the extraction
mixture until the 7-ACA concentration in the supernatant remains constant
or is less than 4% of the 7-ACA concentration in the whole mixture,

25  (Acidic samples, which may not be soluble in 50% aqueous acetonitrile,
must first be neutralized in buffer before diluting for assay by HPLC.} The
precipitate is collected by filtration and the cake washed with a small
amount of 50/50 mixture of glacial acetic acid and solvent similar to that
used in the acetylation reaction. Either wash the 7-ACA cake with

30 acetone and dry in an evaporator, or proceed directly to the

recrystallization steps.



Precipitation and |Isol ation of 7-ACA Follow ng Acetylation of 15

Desacet yl - 7- WQR9/23098 When the amount of 7-ACA r each®STAISIBRISALM

| evel, the reaction m xture is chillgd to 5 - 10 C and at least 1 -
1.5 volunmes of glacial acetic acid,”r glacial acetic acid plus
concentrated sul furic acid at about 0.4 and 20 0.02 vol unes, respectively,
Is added to quickly drop the pHto about 3.5 - 4.0 and precipitate the
7-ACA. The pH adjustnent is done rapidly to avoi d formati on of

undesi red by-pr ction m xture until

t he 7- ACA conceh¥¥ ndd e i P geAst ant or is less
than 4% of the 7-ACA concentratlon I n the whol e m xture. 25 (Acidic

sanpl es, which may not be soluble in 50% aqueous acetonitrile, nmust
first be neutral i zedThe 7oACAolileselaeddibovei 8 adied taRtNedwatdLC. ) The
precipitate is collected bg filtration and the cake washed with a snall
amount of 503 50equixeienttaoabetAd%F 180% oftheololume of the etiginalsgionveesion o t hat
used in the acet tion r Ethe sh the 7-ACA ake with 30
acetonte ?lnd d{y %ﬁ’?gﬂ %"v%gﬁ??fg A'%Fj’sﬁp cgﬁqrrlggtag {8/ addition of .
recrystallizati : -8 -
Further Purifi cat I on %?ediam&to%a Sg?msp'gm?zgtq OThe?ACA solution is The 7- ACA
solid isol ated abtmﬁageomiydﬁhbl'ed tdlrembhéadyvtﬂtd@sol\;@d soljds, VslloﬂrHs t o about
40% - 100% of the_volunme of the original conversion action, and the

7-ACA i s di ssol [RSAYR)} oxalyf élhyﬁr%dqqumele@mwuaamq dalte%to 5290 @oﬂ'@‘ént rat ed
7. O, ~Th ti I S,. d |
fTlterad tofd entpebb Aehsted L3y ‘gogtif O H o Bllermitvely, arf pedal Ve RE |

di hydrazi de. Thef flofdnot @ é’ddéd‘béf‘ér&ﬁﬂfub ﬁigiﬁéﬁ H@c&ttﬁ'ﬂﬂz tta(bhnt {tﬁn@H
adjusted to 3.5 - 4.0 with 6N HCl, or nat an equal me

stirring until the concentratzon of 7-ACA in the supernatant reaches a

r the extrI

minimum level. Collect the 7-ACA by filtration, wash the cake with a small
amount of glacial acetic acid followed by a small amount of distilled water
15 and a small amount of acetone. Dry the 7-ACA in an evaporator to

constant weight.

Acetylation of Desacetyl-Cephalosporin to 3'-Acetylated

Cephalosporin

20
Example 1: 9.0 ml Dimethy! Sulfoxide
1.0 ml Dicyclohexylamine
0.75 g 4-methylumbelliferyl Acetate
0.5 g Desacetyl-7-ACA
25

Dimethyl sulfoxide and dicyclohexylamine were combined and 4-
methylumbelliferyl acetate was added. The mixture was stirred at room
temperature until partly dissolved, and then desacetyl-7-ACA was added
to start the reaction. The mixture was stirred at room temperature for 21

30 hours and assayed by HPLC. The yield of 7-ACA was approximately 60%,

as measured by area percent, and 26% of the desacetyl-7-ACA remained.



of . met hanol- i s added before adjusting the pH, and continue to_chi Il e
stirring untWMO®R%oncentration of 7-ACA in the supernatant ?%QH#@?VI\QJI

m nimum | evel . Collect the 7-ACA by fi Itr_aéj_on, wash the cake with a snall
anount of glacial acetic acid followed by a small anpbunt of distilled water
15 and a small amount of acetone. Dry the 7-ACA in an evaporator to

const ant wei ght. Acetyl ati on of Desacetyl - Cephal osporin to

3' ZAcetyl ated ExampleRal osporin 2040.0 ml Ethapdle 1: 9.0 m

D net hyl Sul f oxi de . £ m D cycl ohexyl am ne
0.75 g 4-nethyl unbel liferyl Acetat e‘w'0 mi chyc!ohexyla%nlﬂe 0.5 ¢
Desacetyl - 7- ACA 25 Di mea gl mp FHepyl Asstatdl di cycl ohexyl am ne
wer e conbi ned and 4- met hyl unbel | i feryl acetate was added. The m xture
was stirred at room t enper at ur e5.0rg i IDgsacety-7eAGAol ved, and t hen
desacetyl - 7- ACA was added to start the reaction. The m xture was

stirred at rﬁ)omterrperature for 21 30 hours and assayed by HPLC. The yield

of 7-ACA was appr Oxi of aﬁa%&yc&ohexﬁﬁn%ﬁé%rg%o%iﬁéf?:h%ﬁ%%@tateand 26%

of the desacetyl-7-A enal ne

- 9- - Exanpag shirred in, and then desaéBty{-70ACAWae @l ded to start the reaction.
40.0 m D cycl ohexyl am ne 20.0 m Phenyl
Acet at e The mixture was stirred at room ®nmpejatuse /e3¢ hogrs/aps gssayed by

ELhanol, and oyl Sl BE 'SR SR RLP RSP o e 1
e e 108G MK Rabgp LT e Lor 30 Mol s, oy assaved by
Example 3: 20.0 mi Dimethyiformamide

15.0 ml Dicyclohexylamine
1.5g Benzoic Hydrazide
15 2.0g Desacetyl-7-ACA
5.0 ml Vinyl Acetate

Dimethylformamide and dicyclohexylamine were combined, and
then benzoic hydrazide and desacetyl-7-ACA were dissolved or dispersed
20 in the mixture by the action of a tissue tearor (Biospec Products Inc.) for a
few seconds. Vinyl acetate was added last to start the reaction. The
mixture was stirred at room temperature for 18 hours and assayed by
HPLC. The yield of 7-ACA was 94% and there was 3% of the desacetyl-
7-ACA remaining.
25
Af_tt_ar 18 hours, the extraction of the reaction mixture was begun by
stirring in 8 grams of crushed dry ice and 60 mi of glacial acetic acid.
(The acid was first seeded with 20 mg of 7-ACA before adding to the
reaction mixture.) The 7-ACA product was allowed to precipitate while
30 stirring for 30 minutes. The mixture was filtered, washed on the filter with

40 ml of 50/50 glacial acetic acid and dimethylformamide and finally 60 ml



10 desacetyl-7-ACA r emai ned. Exampl e 3: 20.0

D met hyl f or nwO 223098 15.0 m D c\ROTHARIRZIMM ne
1.5 g Benzoic Hydrazide 15 2.0 g

Desacet yl - 7- ACA -10- 5.0 mM Vinyl Acetate

D net hyl f or mam de and di cycl ohexyl am ne were conbi ned, and t hen

benzoi ¢ hydrazi de and desacetyl -7- ACA were di ssolved or dispersed 20 in
the mxture by ohacetoheoThefsohids were dydphilized andi geaeeT! Brastivity gieldof.7- for a
few seconds. Vinyl acetate was added |ast to start the reaction. The

m xture was sti ACRIWED a paity obapeut®Q@fte for 18 hours and assayed by

HPLC. The yield of 7-ACA was 94% and there was 3% of the desacetyl -

7- ACA remaining. 25 After 18 hours, the extraction of the
reaction m xtur gxaasplaegun by skio' il Tm suigieof crushed dry ice
and 60 m of glacial acetic acid. (The ae??’g wasgi?i rst seeded wth 20

mg of 7-ACA Before adding to the 1.0rreb@icyolomaxyiamiee) The 7- ACA product
was allowed to precipitate while 30 stirri'nq for 30 mnutes. The m xture
was filtered, washed on the filter whOWM VinylAgetateof 50150 glacial acetic

a(l::)d and d nﬁ% hgl:];?(r)g.m ‘(Ij'ﬁeaggl T:jga{/\g)réeﬂ)x%ﬂyllql%wagwg gave 71 % activity
yield of 7- ACA with a purity OU.EG@OLDe%%yi-?-ACA Exanpl e 4:
5.0 M Dimethyl Sulfoxide 5 1.0m
Di cycl ohexyl am ne
10 Dimethy! sulfoxide and dicyclohexylamine were combined, and
then viny! acetate was admixed, followed by the oxalyl dihydrazide. The
mixture was stirred at room temperature for 15 minutes to dissolve some
of the solids and then desacetyl-7-ACA was added to start the reaction.
The mixture was stirred for 15 minutes at room temperature to allow
15  desacetyl-7-ACA to dissolve, and then the reaction mixture was chilled to
5 - 10° C and shaken at 200 rpm. At 18 hours the yield of 7-ACA was
92% by HPLC assay. After 19 hours, the mixture had a pH of about 9.5.
The resulting pH of a 10 ul sample diluted 100x in 50% aqueous
acetonitrile is typically referred to as the pH of the reaction. (The “in

20  solution” yield of 7-ACA at this point was 92%.)

After 19 hours, the 7-ACA was precipitated by rapid addition of
10 ml of glacial acetic acid, quickly dropping the pH of the mixture to
about 3.5, and continuing to stir rapidly at 5 - 10° C for about 45 minutes.
25  The 7-ACA solids were collected by filtration and then dissolved
immediately in 10 mi deionized water by careful addition of 10N and 1N
ammonia to pH of 7.0 - 7.5. The solution was clarified by filtration to
remove ény undissolved solids, such as residual oxalyl dihydrazide, and
the 7-ACA concentration was assayed by HPLC. The total yield of 7-ACA
30 in solution before and after clarification was 85%. The clarified solution
was then chilled to 5 - 10° C, and the pH adjusted to 3.5 with slow



4.0 M Vinyl Acetate 0.54¢ y %kmmio

Di hydr azi de WO 99/23098 0.5 g Desacetyl -

D.nethyl sul foxi de and di cycl ohexyl am ne, 4L e conbi ned, and t hen vi nyl
acetate was adm xed, followed by the oxalyl dihydrazide. The m xture
was stirred at roomtenperature for 15 mnutes to di ssol ve sone of the
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92% by HPLC asspytont, bAl tHE 7DR0ASOlil Wadiiédiiea karstanpelht ibant 9. 5.
The resulting pH of a 10 [err]l sanple diluted 100x in 50% agueous

acetonitril e i evappiatad. | FinakyieldrefT-ACAawas 30 % Witbra pwity o I8 6rACAThe "in
20 solution” yield of 7-A t is point was 92%) After 19
hours, the 5-A@Qd\/\£132pqeé§F?)to§l‘the@by rapi d addition of 10 m of

gl acial acetic acid, quickly dropping the pH of the m xture to about
3.5, and continuing to stir rapidly at 5 - 100 C for about 45 m nutes. 25

The 7- ACA sol i ¢sxample 50! | ected by 3.0 triatinvsthgi-@pyirelididossol ved
i mediately in 10 dei oni zed water_ by careful addition of 1 ONand 1 N
ammnia to pH of 7.0 - 7.5. The sol &0 81 Rigyclohaxylamie by filtration to

renove any undi ssol ved solids, such resi I %i hydrazi de, and
the 7- ACA concentration was assayed ‘“ﬁ@"ﬁp\%&gy‘%ﬁ"‘é‘%%%‘ ield of 7-ACA 30
in solutioggbefore and after clarifigcgy opedasetfP?oACAe clarified solution

was then chilled to 5 - 10[err] C, andthe pH adjusted to 3.5 with sl ow
- 11 - addition of 6N HCl to precipitate the 7-ACA. The solids were

AT A P L N
wei ght in an saoropenyl acetate was stirred in, desacetyl-7-ACA was added last and
the mixture was stirred at room temperature for 18 hours. The mixture
15 was assayed by HPLC, and 6% of the original chromatographic area of
desacetyl-7-ACA had been converted to 7-ACA.

Example 6:

Acetylation of Des-7-ACA to 7-ACA with Phenyl Acetate as Acetyl
20 Donor and Various Solvents

Solvent studies were done using 5% desacetyl-7-ACA in reaction
mixtures containing dicyclohexylamine + phenyl acetate + solvent in equal
volumes. These reactions were held stationary at room temperature, and

25 conversions of desacetyl-7-ACA to 7-ACA were measured by HPLC. The

results are reported below in Table 1.



evaporator. Final yield of 7-ACA was 50%with a purity of 79% 7-ACA 5 .and

11% desacet Wo §o/73a5% Exanpl e 5: 3.0 ni PCT/US98221841
1- net-hyl - 2- pyrrol i di none 12 2.0 m
Di cycl ohexyl am ne T les 5.0 m 1Isopropenyl Acetate
10 1.0 g Desacetyl-7-ACA Met hyl
pyrrolidinone and di cycl ohexyl am ne were conbi ned, | sopropenyl acetate
was stirred in, desacetyl-7-ACA was adfABLEatt and the m xture was
stirred at roomtenperature for 18 hours. The m xture 15 was assayed by
HPLC, and 6% of the original chromatographic area of desacetyl - 7- ACA
had been converted to 7-ACA. . Y etyl ation of
Des-7-ACA to 7-ACA with Phenylcgg\é%rg"t%éggg"g%gnﬁ S(%e'ﬁf)onor and Vari ous
Sol vent s Sol vergolydntdi SSCHA £ Pledtsyl Asktage 5% desacet yl - 7- ACA
I n reaction m xtures containing dicycl ohexyl ami ne + phenyl acetate +
sol vent in squal vol unes. (TThd3 e+ rifaddesaeetyh@rACAel d stationary at room
tenperature, and 25 conversions of desacetyl-7-ACA to 7-ACA were neasured
by HPLC. The results are reported below in Table 1.
-12- Solvent Conversfén-=| 23 Hour Appearance

Ethanol 88% Solid

Cyclohexanone 72% Soluble (1 phase)

Formamide 53% Soluble (2 phase)

Isopropanol 64% Suspension

Acetone 73% Solid

Dimethylformamide | 51% Solid

Dimethyl sulfoxide 65% Soluble (1 phase)

Dimethylacetamide | 68% Solid

Methylpyrrolidinone | 72% Suspension

Phenoxyethanol 81% Suspension

Example 7:

10  Acetylation of Des-7-ACA to 7-ACA Using Phenyl Acetate as Acetyl
Donor and Two Solvents

The following table shows reactions held stationary at room
temperature for 23 hours, similar to Example 6, except that two solvents
15  were used instead of one. All of the combinations eventually gave soluble
reaction }n'ixtures except dimethyl sulfoxide + ethanol or dimethyl
sulfoxide + isopropanol, and all of the formamide conditions became two

phase. The results are reported below in Table 2.



Conver si ons Usi ng One Sol vent Sol vent + DCHA + Phenyl

Acetater 5 WO 99/23098 (1:1:1) + 5% Desacetyl - 7- ACA PCT/US98/21841
Sol vent Conver si on 23 Hour pear ance . Et hanol
88% Solid Cycl ohexanone® ~ 72% Sol uble (1
phase) For mam de 53% Sol ubl e (2 phase)
| sopr opanol 64% Suspensi on Acet one
73% Solid Dinmethyl f TABIDE@e 51% Solid
D net hyl sul foxi de 65% Sol ubl e (1 phase) D net hyl acet am de
68% Sol i d Met hyl pyrrolidinone 72% Suspensi on
Phenoxyet hanol 81% le 7: 10 Acetylation
of Des-7-ACA to 7-ACA Using Ph W@@Q@&%"%@& 56 Donor and Two
Sol vent s TBBivient how SelvbabL & ﬁw + Wa‘éhym@ethﬁé d stationary
at room tenperature for hours, simlar to Exanmple 6, except that
two solvents 15 were used( OJﬁs‘t(kEd 10f1 pne. 5K Des#catyle’-6i nat i ons
eventual | y gave sol ubl e reaction m xtures except dinmethyl sulfoxide +
et hanol or di et hyl sul foxi de + isopropanol, and all of the formam de
conditions becane [fwo phase. THEo EBREAES alr € reported Dglrovgaiy Tapl e
2 - 13- Conv.
Cyclohexanone + Ethanol 81%
+ Isopropanol 78%
+ Acetone 74%
+ Dimethylformamide 58%
+ Dimethylacetamide 55%
+ Methyl pyrrolidinone 74%
+ Phenoxyethanol 83%
Formamide + Ethanol 87%
+ Isopropanol . 81%
+ Acetone 75%
+ Dimethylformamide 86%
+ Dimethylacetamide 87%
+ Methyl pyrrolidinone 85%
+ Phenoxyethanol 71%
Dimethyl sulfoxide + Ethanol 87%
+ Isopropanol 83%
+ Acetone 83%
+ Dimethylformamide 77%
+ Dimethylacetamide 72%
+ Methyl pyrrolidinone 76%
+ Phenoxyethanol 87%
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TABLE 2 Conver si ons Using Two Sol vents

Solvent 1 + Sgbwapkeeg + DCHA + Phenyl Acetate 5 pd1uUSIB2iB4b: 1
1) +-5% Desacetyl -7-ACA Two Sol vent s

23 Hr -14- S o 0T, | e
Cycl ohexanone + Et hanol 81% S

+ | sopr opanol 78% ”“\“\‘MBWHN‘& \“\ .
74% What is claimed i§: D met hyl f or mam de * oW s
+ Di met hyl acetam d 55% + Met hyl
pyrrolidi none 74% + Phenoxyet hanol

83% Formam de + r} ?1

+ | sopr opanol 1. A process for the preparagjenof 7-aminocephalosporanic aq;d Acet one
75% met hyl f or mam de 86%

+ Di et hyl acet anh‘%}/éng theforrnm 87% + Met hyl
pyrrolidi nong 85% + Phenoxyet hanol

71% Di net hyl sul foxi de + Et hanol 87%

+ | sopr opanol + Acet one
83% +Drreh|forrramcﬁ§ 77%

+ Di net hyl acet am de 72% CH,OCCH + Met hyl
pyrrolidi none 76% 0 2 ®  + Phenoxyet hanol

87% COOH_ 14- .

which comprises the steps of (a) reacting a compound of the formula

-
o Q\ CH,0H

10 COOH

with an acetyl donor selected from the group consisting of vinyl acetate,

phenyl acetate, 1,1-diacetoxy-2-propene, 4-methylumbelliferyl acetate,

isopropenyl acetate; and dicyclohexylamine in an anhydrous organic
15  solvent or mixture of organic solvents and (b) acidifying the reaction

mixture to produce said 7-aminocephalosporanic acid.

2. A process of claim 1 wherein the acetyl donor is vinyl acetate.
20 3. A process of claim 1 wherein the acetyl donor is phenyl acetate.
4, A process of claim 1 wherein the organic solvent or mixture of

organic solvents is selected from the group consisting of ethano!,
cyclohexanone, formamide, isopropanol, acetone, dimethylformamide,

25 dimethylsulfoxide, N,N-dimethylacetamide, 1~methy!—2-pyrrolidinoné and
phenoxyethanol.



What .i.s clainmed is: 1. A process for the preparation_of

7- am nocephWoxFsrdani ¢ aci d having the formula 5 PCT/US98/21841
[err]” irae mﬁmumt stepgof (a) reacting a conpound of the
formul a 10 m mm ' tyl donor selected fromthe group

consi sting of vinyl*acetate® ° " phenyl acetate, 1,1 -diacetoxy-2-propene,

4-met hyl unbel li feryl acetate, i sopropenyl acetate; and )
di<cycl ohexyl anbne i A processoticlaing 4ovheraincsaid mixisre eherganic:svents 18f or gani ¢

2 am nocepnal oSplBEiAN Eohehe aroup of Mib anic sopBs A RalidheRRT o 1 ¢ e

acetyl donor i yipxladge! id80di 95 986prBpasiblairl dcetbreei n t he
acetyl donor i §y%h§%{(ﬁ acéf%rﬁ]ea.mlda’ dm?étﬁylsﬁif%ﬁ%%oﬁzpssﬁof claim1 wherein
t he organi c solvent or mxture of organi c solvents is selected from

t he group consi sting of ethanol, cycl ohexanone, for 1 de, .
i sopropanolb abet ongt, procass Bl clain tamhersin the acid useg n stepn(ms geléctal

acetic acid or a mixture of glacial acetic acid and sulfuric acid.

7. A process of claim 1 wherein the reaction mixture in step (b) is
acidified to about pH 3.5 t0 4.0.
10
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' CS’D Abstract

The present invention is concemed with a chemical acetylation process for the preparatlon of 3’-acetylated cephalosporin from
dcsacetylcephalosporm The novel process is carried out with an acety] donor and an activator or catalyst.




