ALPHA- BROMODI ETHYLCARBONATE AND | TS USE | N THE PREPARATI ON CF ANTI OT I
The present invention relates to [err]- bronndrethylcarbonate

gr eat advantage is used in a nethod according to the present |nvent|on .
preparihg bacanpicillin of the formula |, 5 [err] 10 The present invention/-"',

also relates' to novel nethods for the prepaia?ion of

[err] - beemodi et hyliar hoRdd 1 E4avARRREGRAIEANS: 1962084 41y thivk ISR SR04
pr esent appI | catToOmm Terates to a nmetiou ol EpArrng LIie

et hoxycar bonyl oxyet hyl ester of 6- anrﬁﬂpéﬂﬂziﬂzﬁﬁﬂﬁ acid, penicillins an
cephal osporins using al pha- 44bronDdiethyIcarbonate 20 The present
application is vrded fr Ircatron 346/

2i53853) i ch AN EEEeRY HEVEns 3R R1PReR kS Krronyd tetTts e

car bonat e, irrtluthheydmmegcbaa qdaaataeeyxannaaduﬁnsalmethmdﬂgunqrding to
producing 25 thepgt 'ﬁ@@é“e@a&:b%%ﬂﬂ%hfb ept&paPing B E@f&" ' i d,
penicillins and cephal ortporr ns. I catrr gn klo 2%8 ) a*gjb“aa{i%r \Cﬁrgér:onal
of 17346/83, relt® *he use of [err] chl oro- or
[err]-iodo-mesrwlcarbonate in 30 the preparation of ‘the

et hoxycar bonyl oxyet hy] _ester of 6-(D-(-)-[err agrno ¢errl-phenyl
acetam dol penicill ay cr% I n tohe presenc ? edtaldyst which may be a

quat ernary anmoni um | |\\\CH3 (1)
NH co- H=—C00— CH— 0— K
2 C C00— CH—D0 C00C2h5
0
N 1 CHy
~ The present invention also relates to novel methods for the

preparation of «-bromadiethylcarbonate.
15 '
Application No. 8620344, divided from the present application
relates to a method of preparing the ethoxycarbonyloxyethyl
ester of 6-aminopenicillanic acid, penicillins and
cephalosporins using alpha-dibromgethylcarbonate.
20
The present application is divided from Application Wo.
17346/83 (Publication No. 2123821) which relates to the use
\_J of A-iodo and A-chloro diethyl carbonate, in the
presence of a quaternary ammonium salt catalyst, in producing
25 the ethoxycarbonyloxyethyl ester of 6-aminopenicillanic acid,
penicillins and cephalosporins.

Application No. 22827/85, also a divisional of 17346/83,

relates to the use of A-chloro- or %iodo-diethylcarbonate in

fh_e_)p_&egmaugaéggg[“mt% eti.oxycarbonyloxyethyl ester of hicky may 5
en1c111an1c acid in the presence of a catalystLethef

%hea-a qguaternary ammonium salt.



-la- Application No. 28958/85, -al so a divisional of 17346/83, relates to
_.novel internediates in the preparation of [err]- bronodi et hyl carbonate. 5

" The substance | concerned is an anpicillin ester which is extrenely,
|nportant fromthe therapeutic viewsince it is well absorbed when
: \stered orally and gives nuch higher blood |evels of anpicillin than
linitself. - 2 This ester~ikaisolated in the formof a wr
0 'ﬂbbi‘?eéﬂi‘ohsnkn0m99§/990a£13é6'&'aﬂvﬁ’fﬁﬁﬁﬂ&flﬁﬁuéa@‘ the basis

AVi ous known. rocei ﬁ% é g t ent . 172723 bacanp|C|II|n
| briake8ako bROEGHt MRE E‘Eﬁd’cﬁ/“ Pe ?cﬁ"?"cﬁ/ﬁ‘??g“r?é’c s: 10 A

S okebrpmbaiethylbanbghaeaicillin mﬁth [err]-chlorodi et hyl carbonate in
organi ¢ solvents or in an aqueous sol ution of 70% di oxane in the presence
of sodi um bi carbonate. The | -et hoxycarbonyl oxyet hyl .ester of-
benzyl peBhei substancehli conperneddis sarsu@pméehm ester efidhorisof renov-

ing the Qiaepxhazyt mpebaaﬁt ftamtéselewpaaé@ﬂdeviéu Oyt iy order 15
to obtain I-ethoxycar oqﬁgpx %g est%i; %: anlno enicillanic

aci d, thEﬁllé $epPed cHher 1%%%? . Y@ dﬁ@@ﬁhéﬂi 6Hdgﬁ§ht|on of
t he Iattblooatbéﬁﬁﬁsabﬁ anpbciilin - ehaphamyligliyrimei tddtf conpound accordlng
to formula |I is obtained.




20 B) Esterification reaction of the.
6-(D-(-)-[err]-azido-[err]-phenyl acetam do)- pencillanic acid with
[err]-chl orodi et hyl carbonate in a polar solvent. Subsequently, by ca
hydt ogehati on of the |-ethoxycarbonyl oxyethyl 25 ester of the

6- (D(-)=ferr]-azido-[err]-phenyl acet am db)penicillanic acid the co

accordigg to formula | is obtained. As one can see, these nethods ale w -

ratper conplex since they involve the use of nunmerous raw naterials "
| engt hy proceddsngpternts 1sabptadpin fbe stgracef & hygroschioxidatangnis known msovi de
a method of aEAFIIY1{ihayaeddnhyeridéhst ance concerned which is easier to g
carry out and indust- 35 rially nore advantageous. A nore specific object

of this invention is to provide a nethod of preparing bacanpicillin using
anpicillin as start- ing material, with considerable sinplification of the
said nmethagd and obtaining a high degree of purity of the desired product.
-3- The invention al so provides the novel conpound .

[ err] - br onodi @t ke dasbo P4t Braviguh dnern rroressest 6¢f .+ Belgieapratant die-t her eof .

5 [err]-Bronogizeby, sa¢dphed B inShysreeh i Be HaRabe ag¥ehdsaged %? the eqet ant

and | eads tO‘PgitICU|E”{ﬁ§ high yield and high purity of the final products
in an esteri fidaPYW§ BeYPL8s "t 0" produce bacanpicillin. 10 It is possible to
achieve the said prinme object of preparing the |-ethoxycarbonyl oxyet hyl

ﬁi\[/ie;\goz hied‘]?o |_ g%c;c)éaﬁ ¢ botdUsith tefibyTpeRTEMACH LA BAN oPSHIGERY 1R HFordEL
in organic solvents or in an aqueous solution of 70% dioxane in the
U presence of sodium bicarbonate. The 1-ethoxycarbonyloxyethyl ester of
beﬁzy]penici]]in which is obtained is subjected to the reaction of remov-
- ing the phenylacetic chain, via the iminochloride-iminoether, in order
15 to obtain the 1-ethoxycarbonyloxyethyl ester of the 6-aminopenicillanic

acid, which is isolated as the hydrochloride.

By subsequent condensation of the latter intermediate with D-(-)-a-

pheny1glycine, the compound according to formula I is obtained.

20 : ' )
B) Esterification reaction of the 6-(D-({-)-a-azido-c-phenylacetamido)-
pencillanic acid with a-chlorodiethylcarbonate in a polar solvent.

Subsequently, by éata]ytic hydrogenation of the 1-ethoxycarbonyloxyethyl
o 25 ester of the 6-(D(-)-a-azido-a-phenylacetamido)penicillanic acid the
compound according to formula I is obtained..

As one can see, these methods are rather complex since they involve

the use of numerous raw materials and lengthy processing times.
30

A prime object of this invention is to provide a method of preparing

the active substance concerned which is easier to carry out and indust-
35 "rially more advantageous. A more specific object of this invention is

to provide a method of preparing bacampicillin using ampicillin as start-

ing material, with considerable simplification of the said method and

obtaining a high degree of purity of the desired product.

A
B



formula: [err] 2Q by a) reacting anpicillin, preferably in the form of an

~alkal'i netal, alkaline earth nmetal or organic base salt, with a reactive

i vati:ve of acetoacetic acid to-form 25 the correspondi ng enam ne havi ng
e~ollowing fornula: [err] 30 35 whar e: [err] represents an al kyl ~
C GiMe?| iviet th on0 a4 se2 PR idk8Meheandwbit compotiad or unsubstituted aryl

r, an aral.kyl qroup; r epryesent n n Kk : oA
Hrbtoned ety lsaiBopate. a7 taeer: HFehoSF ol sle PhelhPlPion =)
arghdandofgr oup; 5 R3 represents an al kyl group containing 1 to 4
carbon atons, a substi- tuted or unsubstituted aryl group, an arylkyl

group, an al koxy group containing 1 tQ 4 carbon _ato n_aryl oxy group or
an amh8-Rreme, 1&%&&%&"@?@& %ghyaﬁggé’ﬁt r 95R/3 Iﬁg?}?nﬁégﬁl aSaR

al kal i ng:&a:'ﬁdhftlgnd rl;:étaﬁs ¥o pareigaliacliakdghbyieddcandghiigh pesitying

I nt er medi at.e of_.f or.muy Wit - br - + Qs l.ca V]
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f ol | owi readamphididlin. : S _ -

10 It is possible to achieve the said prime object of preparing
the l-ethoxycarbonyloxyethyl ester of the 6-(D(-)-%amino-
A-phenylacetamido) pencillanic acid having the following

formula:
- B S\ CH
15 O CH— CO—NH— CH—CF c/ (1
. T
NH, | 3 o
a €0—N——— CH——C00— CH— 0 —C00CH,
20
by

a) reacting ampicillin, preferably in the form of an alkali
metal, alkaline earth metal or organic base salt, with a
reactive derivative of acetoacetic acid to form

25 the corresponding enamine having the following formula:

.</ \\__ cH— CO— NH— CH— cu/ C {1 o’

/,N\" CO— N CH coox

30 R—C(

35 where:.




[err] 25 where [err] and R3 have the.sane significance as above and 3
subjecting ester IVto mld hydrolysis in an acid nedium thus obtai
the conpound according to formula (1). The esterification reaction
the conmpounds Il and 11l can be carried out with or wthout an
esterification catal yst present. 35 The4addition of a catal yst at t

of {he product with a greater degree of purity. 5 For this purpose
fol T owi ng suRdtapreseman ahcalky® dgrdap CeontbyHing. 10tRCEaoy SBIBN 4 RUBA 1S,
for exanple &r but Iamwgg lér?nﬂbro§1 de. the bromﬂ(gz or | odi des of al kal i

& & °5t%bsr"§.s uted arydc a9H: OT AR BEANYASNMPAN anount whi ch

e
netals and ¢ g _
vari es from R Otdpreserntsl Bydmiges, @mr ahiyle godupc coptainding (11 to ot aachomt atents,ch
are equi nol ar, Wid. s FRHLEs : r e ' .
tetrabutyl anﬁg#b&%’g%r%cge | sﬂggﬂg&hf%& gﬁ]ﬁt%’ﬁ’%? %’?qﬂﬁgyg%%%p’o 10 nol es
per nol e Sf 8onteprasents| an|alkyligroupeondaininged ©F 4 parboaRtomss § skbstiand R
are: alkyl: [tatdd of @iduBXyitutedrdry108¢aip, Arffairk 1171y broupban iallkeH grény :
phenyl substituted wth haAo%eg such” as ¢ aqd Br .
containing 1 to 4 carbon atoms, an aryloxy group or an amino group,
and
X represents hydrogen or an alkali metal, an alkaline~earth
10 metal or an organic base:

*

(N b) reacting the resulting intermediate of formula II with q~bromo-
- diethylcarbonate having the following formula:

15
Bl‘-—(;l'l—O—C(!OCZI-l5 ' (111)

CHgq

to form the édrresponding ester having the following formula:

20 S CH |
</:\>— tl:ﬂ— CO—NH—(IIH—iliH/ \c<cuz (1v)

1 N CO——N CH~—C00— !:H—(J—(:!:Mlczl-l5
S
2 s CH

- R 0 3

U/

25 C\i:/
R3
where R‘, RZ and R3_have the same significance as above

and
30 c¢) subjecting ester IV to mild hydrolysis in an acid medium,
thus obtaining the compound according to formula (I).

The esterification reaction between the compounds Il and III can be
carried out with or without an esterification catalyst present.

3B
The addition of a catalyst at this stage considerably shortens the
reaction times and provides higher yields of the product with a greater
degree of purity.




aryloxy: [err] aralkyl: [err] The radical X is selected armng'gr'oups '
{ch are well known in the art, for exanple alkali nmetal: Na, K 5 al kaline
etal s: Ca, My organi c base: organic bases which are known in the

'_ of penicil- lins, e.d. tertiary ammoni um groups, triethylan ne,
et Reridine | o and net hyl ntr'-rphol ine. In the preferred enbodi'nent of
gntion, the group protecting the amno group of the anpicillindA a

| - metNQOxy-~car bonyl - propen-2-yl group or a |-ethoxy-carbonyl - propen-2-yl _
group.fior which the preferred inter- 15 nediate is the sodi um or potassium
salt @brtinds purpbosertheofyl kooibgrsubstancepecarcbg | ysededs catdysits: aci d

respectively N-(]- ar oy, . penickll ani e acigh.accor di ng
o FoHRyntry amoft i Y1 65, P8R RRPRE et ranlity RABoRi e 8P BF She”Z00T S 19
or K) browides ore iodidesofii atkali\metalstandi Cyclia eb8rFal or al kal i ne nedium
whereas in an acid nediumit is possible to renove the group protecting the

ami.no _group sinply, quickly and sel ectivel y.. The group .pLot eqting the ami no
gr upTgF G éfb#gf“é’lq HSE%HnbenS@ogE€é@1% Varégﬁ.fgf?moﬁﬁg“g om:s nent i oned
i n t hamoPes pesimalat eftcompewnd i1¢ httooam@MESSéhichnard equimalaerwighothes which are

3 ores . Ao it _ _ e S
nove! <olRdyf BT 4R 1E prEEfredl pE ALY kB BROTI SmoF ARE BRI 45 VO, LS @
pr epanged By @0 amopetafi figom K08 Jiar BsHbMel &y PeEMlechf sopeewndnlllear bonat e

wi th sodi um brom de ' '

I1lustrative examples of the radicals Rl, RZ

and R3_ are: W

alkoxy (R3 only): OCHS, OCZHS, DCHZCHZCH3,' OCH(CH3)2, 0(CH2)3CH3

aryl: '@

substituted aryl: phenyl substituted with halogen sqch as C1 and Br

aryloxy: -—'0‘©
aralkyl: "'CHZ-@ _ | o o/
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as }s exenplified in Exanple 1 bel ow. Mre specifically, therefore, the _
procgss—nethod according to a pre-_ferred embodiment of this invention, ——'.

conprises the follow ng stages: 35 - transformation of anpicillin _
trihydrate in a polar solvent, for ex- anple N N-dinethylformamde, i
salt_thereof; for exanple potassium 7 and subsequent formation off tlieA
corresperdi ng enanmipne (I1) by reaction with a derivative of acetoacetic| f
acid, for exanple nethyl acetoacetate. - addition of an esterificati

catal yst, preferably tetrabutylanmonium % bronide - addition of
[err]-prondi et hyl carbonate to the reaction mxture to formthe _
| - et hoxycar bonyygxygdfexh ©3%ede10étedNgoRgRirobds khidnNaddGel kR 14 Rfie GRM ne
(rv). 10 - hydrgl'ysiasn@if the protecti \?eg?rrouap W th1 Ia-lél edi Fﬂat’ edﬂls Eﬁ%%r} ’
organi ¢ sol vent ;o &F &mple n-butyl acetate/water. - recovery of the

bacampicillin hydrochloride by saturation in the 15 - aqueous phase, for
exanpl e with sogismy Glak@ts g, &nd extraction with a suitable solvent, for
exanpl e n-butyl acetate. - concentration of the solution at |ow pressure in

n-butyl acet®te in order to crystallize the product to a high |evel of
purity, the 20 alkalimtuearthhmetabei g, iMgol ated by filtration. Anong the main
advant ages of the process according to the invention, the principal one is
that, by this process, it is pgssible to obtain bacanpicillin hydrochloride
practically in Wr?é"b%@?é?’i 8rs HEI%%F?% which are known in the synthesis of penicil- :
lins, e.g. tertiary ammonium groups, triethylamine, ethylpiperidine

10 and methylmorpholine.
) _ |

In the preferred embodiment of the invention, the group protécting the
amino group of the ampicillin is a 1-methoxy-carbonyl-propen-2-yl1 group
or a 1-ethoxy-carbonyl-propen-2-yl group for which the preferred inter-

15 mediate is the sodium or potassium salt of the N-(-1-methoxy-carbonyl-
propen-2-y1) penicillanic acid respectively N-{1-ethoxy-carbonylpropen-
2-yl penicillanic acid according to formula Il (RI = methyl; R2 =
methyl; RS - methoxy or ethoxy and X = Na or K).

20 The intermediate IV is stable in a neutral or alkaline medium, whereas
in an acid medium it is possible to remove the group protecting the
amino group simply, quickly and selectively.

\ ) The group protecting the amino group of the ampicillin can be selected
25 e.g. from the groups mentioned in the British patent specification
991586, and from other groups which are known in the art.

The a-bromodiethylcarbonate, compound 111, which is. a novel compound
and as such included in the scope of the invention may be prepared by

30 reacting the corresponding a-chlorodiethylcarbonate with sodium bromide
as is exemplified in Example 1 below.

More specifically, therefore, the process method according to a pre-

ferred embodiment of this invention, comprises the following stages:
35 :
- transformation of ampicillin trihydrate in a polar solvent, for ex-
ample N,N-dimethylformamide, into a salt thereof, for example potassium,




25¢ high degree of purity. In fact the inpurities which are present in the’
- produet obt ai ned by-the -process accordimg—to-ttepresent—Tnventt on—are— -
yi bke as com pared with the known processes of the previous state of
arit. B0 Another equal ly inportant advantage is that anmpicillin
@ i s used as the starting material, this being a known antibiotic
asi.l y obatainable in pure formand at |ow cost. 35 The "

i trihydrate with nmethyl or ethyl acetoacetate, 8 10 to 50%
mor e t hanandhsutsequeniti formation ofitthe,correspbrding cemamtre Ml)abyofegatﬁom base or

O ot TR e AR LP ackPhac AL Ry O FhE kT SRULRPY

i nt er medi at e can be isola added e es ?# FIOH reactlon
in solid form O, wthout isolatlon of the |nterned|ate (rr), the

esterifi cad@itibaast amwesteéni ficatdbn eatelyst ) proferable tettabatylamionsinch t he
_react onl{%@ he formati on of enamine (I1) took place. 10 The reaction for

the for Hrf anpicillin enamine (Il) is conducted insan aprotic polar
.solvent, such as N, N-di nret hyl acetam de, N, N-di- nethyl formam de,

di met hoxy£lab@itdon ofi aeirbydieghyitarbaiate ttol tRhyedcelion aixturedtorane. 15 To

Oy & e AR aPbor JodyReU] ELEECRE che AnERAT 1IN SncEPPRIEE O L he

m xture i tur e bet vieen [er re er- ably
bet ween [ther¢namiee [(8V}], for 2 to 8 hours, preferably 3 hours
10 .

- hydrolysis of the protective group with HC1 diluted in an_organic ;
solve.t, for example n-butyl acetate/water. . '

- recovery of the bacampicillin hydrochloride by saturation in the
15  aqueos phase, for example with sodium chloride and extraction with a
suitable solvent, for example n-butyl acetate.

- concentration of the solution at low pressure in n-butyl acetate
in order to crystallize the product to a high level of purity, the
20 product then being isolated by filtration.

Among the main advantages of the process according to the invention,
the principal one is that, by this process, it is possible to obtain
bacampicillin hydrochloride practically in one operation and with a

25 high degree of purity. -

In fact the impurities which are present in the product obtained by

the process according to the present invention are negligible as com-

pared with the known processes of the previous state of the art.

30 : o _ - _
Another equally important advantage is that ampicillin trihydrate is
used as the starting material, this being a known antibiotic which
is easily obatainable in pure form and at low cost. S .o

35 The intermediate (II) can be easily prepared as described for example
in British patent specification 991586 with a yield of over 95% by
reaction of ampicillin trihydrate with methyl or ethyl acetoacetate,




The conpaund || can be prepared via acylation of 6-am nopenicillanic 20
aci dwTh.a—correspondi ng eran ne—deri vative—ofphenyl gl yci-ne—to-the _
formati on of- the conpound Il which thereafter can be esterified directly -
and converted to bacanpicillin with isolation of the compound Il. The /-
esterifjcation reaction after the addition of the [err]-brondiethylcar-f 2%
bonat e te the said mxture, takes place at a tenperatufe between [err] d
[err], preferably between [err] and [err]gfor a period of tinme from 1 hyur
to 24 hours, preferably fromb5 to 10 hours. The esterification reaction
suitahly carried out in an organic 30 solvent such as nethyl ene chl oride

or acetone, di ngj Yyl spgahore ﬂﬁn €he sfmthvdnfe@f-maﬁme aimduca maémkélalffml de,
or in a mxture of organ C SO

S0 vent Cont af erianiBal Snol ausTinena] el ForREST bR BxbR¥ofosReS G ar AR <

when acet one i sategsed as solvent for the esterification reaction. 35 -9-
In the easiest and npst suitable conditions for industrial purposes, the

terified t ed by, di.l f t t.
W th water ahd onutisiediies APLEICRR, ok fafettd, S Fned o[ RTS8 Bhetigh©
i i sci bl e wit hresattan, in sp1 8l émnpme. withouy | isqtatigneof the intermedigteHdth i s

agitated with atrw éweeaﬁ%tﬁdnwea(c@a&: ten Qe3dPrefed A tnetsaluetia¢véfﬂtg{f%18eﬁe
lne O (0]

group is conpl es_a tact
hours, 10 pref e{ ﬁé ?gé f)z,!wf'm%tﬂaf‘ r?g%"imé%e‘&g?&p% P8KF-addi ti on of
sodiun1ch|or|de conpound (I') separates out

10 The reaction for the formation of ampicillin enamine (II) is conducted

[ in an aprotic polar solvent, such as N,N-dimethylacetamide, N,N-di-
methylformamide, dimethoxyethane, dimethylsulphoxide, tetrahydrofuran
or dioxane.

15 To complete the reaction, it is sufficient to leave the components of
the mixture in contact at a temperature between 0°C and 60°C, prefer-
ably between 20°C and 30°C, for 2 to 8 hours, preferably 3 hours.

The compound II can be prepared via acylation of 6-aminopenicillanic

20 acid with a corresponding enamine derivative of phenylglycine to the
formation of the compound I1 which thereafter can be esterified directly
and converted to bacampicillin with isolation of the compound II.

g_, The esterification reaction after the addition of the a-bromdiethylcar-
25 bonate to the said mixture, takes place at a temperature between 15°C
and 80°C, preferably between 45°C and 55°C, for a period of time from
1 hour to 24 hours, preferably from 5 to 10 hours.

The esterification reaction is suitably carried out in an organic

30 solvent such as methylene chloride or acetone, dimethylacetamide, di-
methylformamide and dimethylsulfoxide, or in a mixture of organic sol-
vents. It is possible to use also organic solvent containing water.
The use of esterification catalyst is desirable when acetone is used
as solvent for the esterification reaction.

35



fromthe aqueous phase in the formof the hydrochloride, which is extracted’
~Mth a suitable solvent, for exanple 15 n-butyl acetate. By concentrating
the organi c phase at | ow pressure at a tenperature of 40 Cuntil a small
Vol remai ns, crystallization of the product according to formula (I)-

es 20 place. The crystalline prodgct Is isolated by filtration, mashlng
and.vacjum dryi ng. 25 The follow ng &xanples illustrate aspects of th

* Iy glvei sns1Eﬁanpnésm9st5sugtable8cand1glpnsu’s'@:ai.redwomashes fGF
%ur%h%@%d'%hEYEsééPQEQLS @HQmEKé”?i@? 23 §s@ﬂgtéd3ﬁy'éilﬁii@ﬁe

proc®ss€s using [err].-bronodi et carbonate tqQ gro uce
| - et hoxy & 558y FERAGELAY MAXERFe %16 hapaten pnde EEﬁFS@%@ta?étb?cﬁkﬁﬁht
unl ess owfiehwaseuitabgdd. solvef8-whiahpie imkiephbdéi whthfwater, for

[err]- roq%hghgg ﬁr?%ggggF?gméone [err] 5 Sodium bronide (102.9 g)

di ssol § reacted for 2-3 hours at anbient
tenperature [err] with [err]-chlorodiethyl carbonate (152.6 g) dissolved |n

10 100 nippaf ageeheBephdBe Thxayicaved ViDeR &0aLPatéaksTutidR’ (6.2 to
0.3N) of HCl1l until the protective group is completely
hydrolysed, which requires a contact time of 2 to 8 hours,

10 preferably 4-5 hours, at ordinary temperatures.

By addition of sodium chloride, compound (I) separates out

from the aqueous phase in the form of the hydrochloride, W/

which is extracted with a suitable solvent, for example
15 n~-butyl acetate.

By concentrating the organic phase ot low'pressure'at a

temperature of 40°C until a small volume remains,

crystailization of the product according to formula (I) takes
20 place. |

‘The crystalline product is isolated by filtration, washing
and vacuum drying.

25 The_following examples illust:ate aspects of the present
invention. | “ o/

Examples 1, 5, 6, 7, 8 and 9 illostrate processes for

preparing -bromodiethylcarbonate and Examples 2, 3 and 4
30 illustrate processes using'K—bromodiethylcarbonate to

produce the 1—ethoxycarbon?10xyethyl ester of G-apa}

All percentages are by weight unless otherwise'stated..




vacuum at | ow tenperature, max. 35 C, until a sem -solid mass was obtai ned.
The reaction m xture was then partitioned with H20/ethyl ether. The
aqueofls phase was separated and was then extracted twice with 400 m of 1
et hyl ether. Theé conbi ned organi c phases containing the [err]-brondiethyf:.
car bonate were washed w th 10 800 m afgfherr] 1000 mM of 1% sodi um
netabrsukphate agqueous squtlon 1000 n of NaG sat rated squtlon 5 Th
or gani ¢ phase € -F3k: = - ot ed under
vaccum at Iom1tenperature max. [err] to grve the t|tIe product (60% i
the formof a liquid which |n|t|aIIy ?ﬁ Lourless or slightly r
yel | ow-brown. 10 It was used d|rectIy n € esterification step according
to Exanple 2 bel ®aBrl5 GE«Q&MO@OQC%Bﬂﬁ?1rfﬁ9581cﬁroﬁﬁo$gﬁgfﬁa%found
anhydrous potgssi um car bonéﬂe are suspended ih 2eg_m of

- N, N-di net hyl acetanide and 3234 m (0.3 m) of nethyP acet oacetate and 60.4 g
(0.15 m pf anpicillin trihydrate are 20 added. The m xture is naintained

under fast agi tgddiain Erorideowln2an 3)0@issdiCedatineacehon (60@ ME) lwas

f)?orzn?)gemangf 18&0%m eté“# Ca:ﬁb%ﬁsﬁl:s at (agtbQ%n@ tQIan?LEéngt Yﬁo afrgm)@i WA en

“wchlorodiethylcarbonate (152.6 g) dissolved in
10 100 ml of acetone. The mixture was then concentrated under
vacuum at low temperature, max. 35°C, until a semi-solid mass
was obtained. The reaction mixture was then partitioned with
A Hzo/ethyl ether. The agqueous phase was separated and was
then extracted twice with 400 ml of
15 ethyl ether.

™

~

The combined organic phases containing the <A-bromdiethyl-
carbonate were washed with '




28 _.acetam de are added. It is heated under agitation-for 10 hours.at 40C
“Terr];-the reaction mass is poured into a mi xture consisting of 1200 m of
wat er -and 400 ml of n-butyl acetate. 30 The aqueous phase is collected and
racted with another 100 ml of n-butyl acetate. The reunited organic’
as€sN\are washed twice with 100 ml of water each 35 tine. 150 n- N Hd
.fand 3y0\M of water are added to the organic phase which is subjectedw¥o
ag ioh; it is left under agitation at 22C - [err] for 4 hours. The

. phase is collected and the organic phase is extracted with 100 n
The reunited aqueous phases are brought to pH 4 with a 10 aqueous
ol'utfon of [err], then bleaching carbon is added to them and they are
filt d. 300 m _oBomnbUdofyhzmcet'ate and 80 g of sodiumchloride are added
to the aqueous fil . THha: Gf Gafyd [ and the aqueous
phase i s extract edht\v‘?\/l@t(:it %%S%n{bez)@ &@Eﬁbﬁsﬂbggget aaggﬁ'?'?\%&?gﬁr?i ted phase in
n-butyl acetate aﬂ@onﬂc@%FF%kéﬂuﬁ?tﬁgRXbpﬂggure 15 at [err] to a vol ume of
approximately .300 ml .  The product is left to crystallize for 15 hours at
[err], 14 .05 f] - \ - aceiqa ( d et hyl

lt(hfoé'gﬁMé %f\?& wiEHPPel Whad Mg g{% dtedCHidetKen( ddHeemtiratéd

acetate 'S vacuumdrie err] for 24 hours.
under vaccum at low temperature, max. 35°C to give .

the title product (60%) in the form of a liquid which initially was .
colourless or slightly yellow-brown.
10 : _ _
It was used directly in the esterification step according to Example 2
below.

15 Example 2

25.08 g (0.181 m) of finely ground anhydrous potassium carbonate are

suspended in 200 ml of N,N-dimethylacetamide and 32.4 ml (0.3 m) of

methy] acetoacetate and 60.4 g (0.15 m) pf ampicillin trihydrate are
20 added.

The mixture is maintained under fast agitation for 5 hours at 20°C -
25°C; after this time 46.1 g (0.234 m) of bromdiethylcarbonate, 6 g
(0.02 m) of tetrabutyl ammonium bromide and 100 ml of N,N-dimethyl- A
25 acetamide are added.

It is heated under agitation for 10 hours at 40°C - 42°C; the reaction

mass is poured into a mixture consisting of 1200 ml of water and 400

ml of n-butyl acetate. '
30

The aquecus phase is collected and extracted with another 100 mi of

n-butyl acetate.

The -reunited organic phases are washed twice with 100 ml of water each

35 time. 150 m1 N HC1 and 370 ml of water are added to the organic phase
which is subjected to agitation; it is left under agitation at 22°C -
23°C for 4 hours.

s ST R — i e s e n e A e et o e ¢ e S o e e g J—




20 Yireld: 54.2 g (72% of the |-ethoxycarbonyl oxyethyl ester of the 6-
{D(-)-[err]-amno-[err]-phenyl acetam do) penicillanic acid with mp.
(d) and characteristics conformng to the authentic hydrochloride s
12 Exanple 3 A i xture of 160 m acetone, 22.6 g (0.075 nol) of the
pot assiom sal t of D(-)-N-net hoxycar bonyl propen- 2-yl - ani nophenyl acet} ¢
6.9 M & (0.088 nol) ethyl chloroformate and 3 drops of

N- net hyl nor pholine, is stirred for 15 mnutes at a tenperature of -
[err]. To this reaction mxture a sol utjjon of 16.2 g 6-am nopeni Ci |
acid, dissolved in 35 mM water through the gentle addition of 7.6 g (0.075-
nol) triethyl- amne with agitation, is added in one portion, after which

the m xture th@ aquedusliphds€d s“&éﬁe@ﬂedﬁandoﬂteoag?ﬁiggo _ 'r.]s|e| €$21 ??txgriazeg]vf 1t¢tf ?rglr)
ing, 23.4 g (0.

stirring for 45 mutes, wthout any addition _

of [err]- brdﬁadﬂef’ﬁy‘f{;&rbonat e, 3 g (0.01 mol) of tetrabutyl- anmmoni um
brom de and 250 ml of NN-di nethyl formam de are added in that 15 or der

The m xt ur e The wdunii tedl aQoeoukSphiases Sarkd b[-aigfh]t. téfgHe s witat atioxeagmuge?ﬂcti ](c)n
mass 1S pour jnto 1 X4 ur onsLsti.n 0, tgr.an 0 o]

n- but yl §cets§§i 'é“&hd"fltﬂizgaﬁg??éq ge% 1i"g garggﬁpﬁ:tagg%%w_% ﬁﬁmoﬁ"q 3981& ai ned.
The aqueous aphafidtesed.ol | ected and extracted with another 50 m of n-butyl

acetate. 20 The reunited organi c' phases are washed twice with 50 m of

water each tinme. 185 m of water is added to the organic phase and 1 N HC
i s added 300 ml of n-butyl acetate and 80 g of sodium chloride are added to

the aqueous filtrate.

< 10 .
The organic phase is separated and the aqueous phase is extracted with
200 m1 of n-butyl acetate.

The reuhited phase in n-butyl acetate are concentrated at low pressure
15 at 40°C to a volume of approximately 300 ml. The product is left to
crystallize for 15 hours at +5°C. |

It 1s filtered, washed with n-butyl acetate (100 m1) and ethyl acetate
(100 m1). It is vacuum dried at 40°C for 24 hours.

20 . _
Yield: 54.2 g (72%) of the 1-ethoxycarbonyloxyethyl ester of the 6-
(D(-)-a-amino-a-phenylacetamido) penicillanic acid with m.p. 160-2°C.
(d) and characteristics conforming to the authentic hydrochloride
sample.




dropwi se with agitation to a pH of 1.9. The-m xture is-left under agi-
at Gi\at -[err] for 4 hours. 25 The aqueous phase is colleceted and the
| C\ phase is extracted with 50 ml of .water. The reunited aqueous phases

‘ gt to pH 4 with a 10% gqueous solution of [err] active carbon’is
0" them and they are filt d. 150 m of n-butyl acetate and 40 g of
chl oride 30 are added to the aqueous filtrate. The organic phase is
¢d .ad the aqueous phase is extracted with 100 ml of n-butyl i
o——e—r euni t ed phases in butyl acetate are concentrated at | ow
pressdre at [err] to a volune of approximately 150 ml. 35 The product is

IneL b t hlqmg&mtsé ;%# 'nsg %oacéﬁgbgﬁzslsag (05079 moll ) icf theétpotassiumasald with

- elate n acC e .

vacuu%ﬁd? 11rﬂﬁﬂéé§%ﬁ¥%Eﬁ%ﬂﬂﬁiEﬁéﬂﬁﬁﬁisyifaQEEKE}%”“iﬂaéé%féwd%qagnggé .

6'5( D( (0.088 mol) etBylichlldrofbriategand 3 deops of Mimethy tmarpholines hid ester of
(D(=)slenrk- 0 23 ! i L | @ ' lari de with
b PRV T s PP B ARRL RUrPRET 20 - 300e, A Bty ShRpLIoR! ¢ v
sanpl mixtire aBodupien 9 hﬁ)@._&r%@@&'@ﬁp@“bﬁﬂéiah‘f)laé‘g’vﬁéng‘G@aﬂ%d with the

di ff oo JECEENE ) 185 Vit .
st gggqﬁew}ﬂ%é@#‘@o&w@g RRAETY Qdli SONCoR G §/(D.07S H@1Y ctriiebhy?G>- M wat er

. of 1 \ 1. 09 f th th b, - thvl t f
6 (D AP F §h AR KEELEN 1o AGRER dnoPARIBBERIoBr | FERRT SR RS B 8B %or e as
Whpt e i§rdidutkd iwith 90 ml acetone and chilled to -20°C. |

After stirring for 45 minutes, without any additional coo1in§, 23.4
g (0.117 mol) of a-bromodiethylcarbonate, 3 g (0.01 mol) of tetrabutyl-
ammonium bromide and 250 ml of N,N-dimethylfdrmamide are added in that
15 order. The mixture is stirred for 18 hours at 25°C. After that time
the reaction mass is poured into a mixture consisting of 600 ml of water
and 200 ml of n-butyl acetate and it is agitated until a complete sol-
ution is obtained. The aqueous phase is cqllécted and extracted with
another 50 ml of n-butyl acetate. '
20 o : _
The reunited organic phases are washed twice with 50 ml of water each
time. 185 ml of water is added to the organic phase and 1 N HCl1 is added
dropwise with agitation to a pH of 1.9. The mixture is left under agi-
tation at 22-23°C for 4 hours. |
25 | o | - o/
The aqueous phase is colleceted and the organic phase is extracted with
50 ml of water. The reunited aqueous phases are brought to pH 4 with
a 10% aqueous solution of Na2C03, active carbon is added to them and
they are fiitered. 150 ml of n-butyl acetate and 40 g of sodium chloride
30 are added to the aqueous filtrate.

The organic phase is separated and. the agueous phase is extracted with

100 m1 of n-butyl acetate. The reunited phases in butyl acetate are

concentrated at low pressuié at 40°C to a volume of approximately 150 mi.
35 The product is left to crystallize for 15 hours at +3°C.

It is filtered, washed with n-butyl acetate (25 ml) and ethyl acetate
(25 m1). It is dried under a vacuum of 10 mm Hg at 25°C for 24 hours.




_— e - L]

powder with mp..-148-151C, -with deconposition, and characteristics (
{R) conforming to an authentic sanple. 15 Exanple4 6.25 g (0.045 m
finely’ ground anhydrous potassi um carbonate are suspended in 50 ni
di net byl sul phoxj;de and 8.1 m (0.075 nm) of methyl 20 acetoacetate
15.1 gA0.0375 m of anpicillin trlhydrfée are added. The m xture
nalntaunzd under fast agitation for 5 holUrs at 20C - [err]; after th\s /e .
éS g-(0.059 m of bronodiethylcarbonate and 25 m of dlnethyl sul ph

added. 2pjdhfy. fﬁegt&dtHé‘dﬁEt AodycarbaHy getﬁg "Githp ¥ 6L QL) o-blitfno-

reactlon mass 1S poure 00 m

100 ml of n- tﬁnpﬁlﬁﬂhbéﬁ‘é@@d%@‘c‘lmcaaﬁ%ﬂéfdm gride with @d?ed a'hlcﬁ”c
extracted w jgy shatdeeeridtdcsl (NM’R nTLtmt ZonfRPRimg €o dmautiantit eshmpi@ani c

phases- are washed twice with of water each tinme. 35 92.5 m of water
and NHO (7.0 ml) to a pH of 1 9 are added to the or- ganic phase which is

subj ect esl t%ﬂ@g\@.tj@n; it is left under agitation at [err]C for 2,5 hours.

-14- The no nd [err]-brondi et hyl carbonate of the invention, nove
and inventive processes. for the preparation thereof and its use in the

preparati on THe pheceduhe oft exdmplel >west Fefleated with the difference that the
6-aminopenicillanic acid was dissolved in 20 ml water instead of in
35.

10
Yield: 1.05 g of the. ethoxycarbonyloxyethyl ester of 6-(D{-)-a-amino-a-
phenylacetamidopenicillanic acid hydrochloride as a white crystalline
powder with m.p. 148-151°C, with decomposition, and characteristics

(TLC, IR) conforming to an authentic sample.
15 '

_ Exam21e4

6.25 g (0.045 m) of finely ground anﬁydrbus potassium carbbnate are
suspended in 50 m1 of dimethyl sulphoxide and 8.1 ml (0.G75 m) of methyl
20 acetoacetate and 15.1 g (0.0375 m) of ampicillin trihydrate are added.

The mixture is maintained under fast agitation for 5 hours at
20°C - 25°C; after this time 11.5 g (0.059 m) of bromodiethylcarbonate
o and 25 ml of dimethyl sulphoxide are added.
25 _
It is heated under agitation for 17 hours at 35-37°C; the reaction mass
is poured into a mixture consisting of 300 ml of water and 100 ml of
n-butyl acetate. |

30 The aqueous phase is collected and extracted with another 100 ml of
n-butyl acetate.

The reunited organic phases are washed twice with 25 ml of water each
time.

35
92.5 m1 of water and NHC! (7.0 m1) to a pH of 1.9 are added to the or-
ganic phase which is subjected to agitatioh; it is left under agitation
at 22°C - 23°C for 2,5 hours.
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~ ester of 6-am nopenicillanic acid, will now be described and 5 exenplified

An nore detail. This aspect of the invention is concerned with inprovenents
in and relating to the preparation of [err]-bronodiethylcarbonate of the
oFnul a; 10 [err] (I'11) The al pha-brono di et hyl carbonate of-the

F@r M2 (111) may according to a furyhec aspect of the invention, which is

g oealt w th later, be used _in the synthesis of the 15 5c;

- OAVMSdn FOBPPPNG; ﬁyPreglééFt&ﬁrleﬂahpﬁatepem tre| dRventiew,

‘dveﬂ|aﬁdlﬁn@&htdvetp@oﬁeBGESaﬁdrlmhenprepapaeﬁeaseﬁerbefeb@ﬁOMI

o e g AL RRERERA iRl PaT hien SEPpeYathpbVToREBRRLT, 00 "

'processe@ﬁtpmoeés§-Amlvoppnnseélanecsasp§,oﬁ1125n9u)beedescngbed ahdehyde

of the f QyEdA ileQedl 1\9{ md redyleayh orom de 30 [err] to

gi ve an al pha- brgpo- br'onof or mate of the fornul a [err] 15

This aspect of the invention is concerned with improveﬁents
in and relating to the preparation of m-bromodiethylcarbonate
of the formula:

10 | Br
CH§——-éH 0.C0.0.C,H, (III)
The alpha-bromo d1ethylcarbonate of the formula (III) may
acco:dzng to a further aspect of the invention, which is U

further dealt with later, be used in the synthesis of the
15 alpha(ethoxycarbonyloxy)-ethyl ester of G-amino-
pen1c111an1c acid.

According to the invention two novel and inventive processes,
herebelow denoted process A and process B, are provided for
20 the preparation of alpha-bromodiethylcarbonate of the formula
' III.

A. The first of these processes, process A, comprises the
steps of: S ' '

25 | | :

(a) reacting an aldehyde of the formula ' ' o’

CH3CHQ ‘ VI '

with carbonyl bromide-
30 ‘COBrz VI

to give an alpha-brg?o-bromoformate'df the formula

l |
CH;—CH.0.CO.Br VIII

e e e o




and; -(b) reacting the al pha brono-bronoformate of fornmula VIIL4 with an
aleo- hol of the fornmula [err] to yield the desired al pha-brono-di et hyl A
carbonate of the forrmula I11. Thus, the process A in accordance with t
i nventi‘on may be summari sed by the reaction schenme: Br +C2H5CH
Br-10 Aerr]- The al pha-brono-bronoformate of the formula VIIl is in it
a nem/Q9nbound and is provided as a further feature of the invention.
The redcCtion between the al dehyde, [err?, and carbonyl brom de is nost
suytably carried out in, the presence of a catalyst which nmay be, for

exanple,. a tegwd;iary amne (for exanple a tertiary aliphatic amne, a
tertiary mxed alkyl/aryl amine or a tertiary aromatic amne), terti- ary
phosphi ne, am de, substituted urea or thiurea, phosphoric acid 20 am de,
tertiary oxon{hinreactsngpthenpiphashromo-bromofqomater e fprawlo NI Linwdth an alco-

phosphoni um sgdyt of Riyff ?5%%%'@@1:@%0;1% Bhe/ YeSired aWstR-brord2@igkhgeess A

according to fthe 1 nventiqn i.n ugde yr1di ne, dinethylform- mde,
t et r a- n- butdy| carbgnate, 8% Jther AYMMulaotldhori c-tri - ani de” and benzyltri- nethyl
ammoni um brom de. 25 The catalyst is suitably used in an anount of from

ai dehyde.  The MBactie APashssc In aEcoridnrs Hvn MhelTbos Pt Aoy . Sfial®pe ©
suitably 30 chy thedreagtiom schemear esence of a sol vent which may be, for

exanpl e, an aromatic hydrocarbon suchgas tol ugng a ngogenated
hydrocarbon such as dichl oronet hane, €arbon te®@r8chloride or chl orobenzene.

The reactiéh @&sCHBeh (CRBr | TreT GH32m @Mt S L0 BF ol CHyobH 9o PO Ry Hapt (HBX

_chLied at a tenperature of from-40 to [err] preferably 0 - 40C
The alpha-bromo-bromoformate of the formula VIII is in’ it self a new
compound and is provided as a further feature of the invention.

15 The reaction between the aIdehyde,_CH3CH0, and carbonyl bromide is
most suitably carried out in the presence of a catalyst which may be,
for example, a tertiary amine (for example a tertiary aliphatic amine,
a tertiary mixed alkyl/aryl amine or a tertiary aromatic amine), terti-
ary phosphine, amide, substituted urea or thiurea, phosphoric acid
20 amide, tertiary oxonium or sulphonium salt, or a quaternary ammonium
or phosphonium salt. Preferred examples of catalysts for use in the
process A according to the invention include pyridine, dimethylforma-
mide, tetra-n-butyl urea, hexamethyl-phosphoric-tri-amide and benzyltri-
(7 methyl ammonium bromide.
25 :
The catalyst is suitably used in an amount of from 0.05 to 0.5, prefer-
ably from 0.05 to 0.15, moles of catalyst per mole of aldehyde.

" The reaction between the aldehyde and the carbonyl bromide is suitably
30 carried out in the presence of a solvent which may be, for example,
an aromatic hydrocarbon such as toluene or a halogénated hydrocarbon
such as dichloromethane, carbon tetrachloride or chlorobenzene. The
. reaction between the aldehyde and the carbonyl bromide is suitably |
- carried at a temperéture of from -40 to 120°C, preferably 0 - 40°C.
35 The carbonyl bromide will usually be used in molar excess with respect
to the aldehyde, suitably in a molar excess of from 10 to 100%, pre-
ferably from 20 to 50%.




garbonyl bromide will usually be used in nolar excess with respect:-

bl Jehyde, suitably in a nolar excess of from10 to 100% pre-

om 20 to 50% 16 The internedi ate al pha- br ono- br onof or mat e of
{VI§1 produced in step (a) of the process A of the invention need
sgl ated prior to reactiorl@ith the al cohol C2H50H and, i ndeed,

FaAly preferred not to do so. Thus, in accordance with a prefe&ed
Ent 5 of the invention, the reaction m xture obtained fromstep (a) .

is freme ‘i’ﬁté?%@eﬁtecalﬁlmbi'odw-oamtﬁorﬁ“e (oﬁtafm-icrilmbWMr;mddgcemder ][educted
ress-_ ur r r r -
ont o 10 AEen dady o dni artehse h Br £ SBudtiaf e ANPBE Bed®hed b o ©
hol . Tﬁrﬁorem:treacltmywum‘zbmwdnohql tS%H Heodednbged\eatlmgemrahlxture 10

under fRkkied bt !ed 5 SOTHId,fn HccByERACH: B Al oFFEP BRbdigRKe 20 1 N

atert bas xture necessa An y resi dual

cat &l yoft t eomvsn'éwn(.ayh%r’r eP@%’“’@oﬁﬁfé'Xev@Qtﬁiﬁ%# B%H'VIStSPoﬁ dés f528dnot appear
to intg Efeéé‘sch&de nye ShbRsae) For ém?necw aaﬂmnlgnumrmea pregpear s
benefici a 15 The, resyl ta_rilh‘ cr ugler ha brﬁ)%s _g Q&cahconvenl ently be
i sol at¥® PF B PHES NG T T ATRTAgeR  ThS, Wdffcf TS Pr UL B Under reduced
pr ess Ugghta#PingPromotysn Aniixturé |ss thert aotedEnmtplaase{ceasmb%thmlch- are given
by way, Gf 0 e f the
[ nvent’f°g JPH V?&é@it&rnemﬁ% X%enrﬁgp £ erbri]s‘ﬂp;ég %%&eﬁéﬁhﬂpbonaﬁ'&ur now be
dedoOr i under mnﬁ]nadun;11stthgngﬂutjon of hydrogen brom1de ceases or by add
ing a tertiary base to the mixture and, if necessary, warming it. Any
residual catalyst from step (a) or its complex with carbonyl bromide o/
does not appear to interfere with the subsequent reaction and, in some
cases, appears benef1c1a1.

15
The resultant crude alpha-bromocarbonate may convenientiy be isolated
from the reaction mixture by fractional distillation under reduced
pressure. | ' | |

20 Process A is ﬂ‘lustrated in Examples Sand 6. which are g1ven by way
of illustration on'ly.

B. The second process, process B, of the invention for the preparation
of a-bromod1ethy1carbonate will now be described. Method B is exempli-
25 fied in Example 7, which is given by way of illustration only.

Process B of the invention is concerned with improvements in and relat-
ing to the preparation of a-bromodiethylcarbonate by a modification of
the Finkelstein reaction, that is by reaction of an alkyt chloride

. 30 or arylalkyl chloride (or a compound conta1n1ng such a group) with
an alkali metal bromide or alkali metal iodide to replace the chlorine
substituent by a brom1ne or iodine substituent reSpect1ve1y, or by
the reaction of an a1ky1 bromide or arylalky!l bromide (or a compound
containing such a group) with an alkali metal fodide to rep]ace the

35 bromine substituent by an iodine subst1tuent.




25 fied Ln'Exaane 7, whichis given by way of illustration only. Process
of the-irnvention is concerned with inprovenents in and relat- ing to th
preparation of [err]-bronodiethyl carbonate by a nodification of the
Finkelsﬁgin reaction, that is by reaction of an al kyl chloride 30 or
aryl al kyl' _chloride (or a conpound contailing such a group) with an al
met al bretri de or alkali netal iodide to replace the chlorine substituekt
a Rrom ne_or _iodine substituent respectively; or, by the reaction of an

al kyl broni ddherFinkeistedp "%CG%?'UéS('b?efasfc%\sﬁisumP Fesuiting npdddes are gr oup)
Wi é h an albka!gienemay horeé 1i Héﬁft@g ebmh?c&e_t beordidebrwhiicheirs than iatruemurebv?]m-

i odi ne substi,t uent.. i nkel stei.n_reaction,i efu n e
resulting i oJivae rghegéﬁ%?ré'?ﬁ/' %r ao"?eeﬁﬁfﬁlé’":‘%aﬁl}tfi%ﬁgr %’Pﬁ“&gé %F % in
turn are nor @alkekicmetal brofrie ohdodhde ardenecessaryoand ctheesesuityng abee yt i c
amounts ofgt h@a@fi‘%' Eqé@&?'isbﬁmvgﬁ £ regéi Sﬁtﬁ‘rﬂ\e”%?ﬁé Gré’ub%@paﬁé‘?e%ed\er-
resulting nore 5 reactive_ species 1s allowed to react with the desirer
substrate redéing thetatkali metal hromidreon| 1ogides dehusr conddnuing the geaction.
continuing the reaction. Not all optionally substituted al kyl chlorides or
aryl al kyl chlori des under the reactio d,.in particular., Lt _has.been
found diffi oMot afﬁ eptional{y substitited 2lkyD enlprides %a?-"!ﬂ?‘d‘#@ %fgt"é? Sand
al pha- chl or o-underdoothée aeactiont ands dnmarticsiary hihas bden €dundr diffietbim i s
attached c n i [ S 4 1, [ - f a
aroup - (1 - 3o EiSadk s VRaER it Wil nphatenthid SREdrs Snd d1BRE-chiE-S

[ err]-chl or ogarbaenates c £hpd rikst compownds inswhiamshe ahloeinecatom dsiattanhed

P QpAT ation @b 4%arbhf atbh WRTERTHQNYA RU¥RL NittalRdd o 0ditReR EBnAOBEY GhadpANi C

aci d. , . )
-C(0)-0-. An example of such an alpha-chlorocarbonate is a-chlorodi-
ethylcarbonate, which is a known intermediate in the preparation of

15 the ethoxycarbonyloxyethyl ester of 6-aminopenicillanic
acid.

It has now been found, in accordance with the present invention, that

‘this problem may be overcome by carrying out the reaction using a two-
20 phase solvent system, one phase of which is water and the other is

a water-immiscible organic solvent, in the presence of a phase transfer

catalyst. . | ' ’

According to process B of the invention, therefore, there is provided
ia process for the preparation of a-bromodiethylcarbonate by reaction of
a-Chlorodiethylcarbonate with an alkali metal bromide, which process
is characterized in that the reaction is carried out in a two-phase
solvent system comprising water and a water-immiscible organic solvent
in the presence of a phase transfer catalyst.
30 | | |
Suitable water-immiscible organic solvents for use in accordance with
the invention include halogenated hydrocarbons, for example halogenated —
paraffins such as dichloromethane; and aromatic hydrocarbons such as
toluene. Suitable phase transfer catalysts include quaternary ammonium
35 salts, for example tetraalkyl ammonium salts such as cetyltrimethyl
ammonium bromide and tetra-n-butyl ammonium hydrogen sulphate. The
alkali metal bromide may, for example, be sodium, potassium, or lithium




IT has now been found, in accordance with the present invention, that this
+ prghl em may be overcone by carrying out the reaction using a two- 20 phase
© sobtrept . system one phase of which is water and the other is a .

I mm sci bl e organic sol vent18in the presence of a phase transfer

st. According to process. B of the invention, therefore, there is .

ded 25 a_pr.qocess for the ration of [err] br onodi et hyl car bongye by
of ibAMiste [éﬁ’]iyﬂ!mr@%'éﬁ e gg zﬁde with an al kali metal bromi de,

mhlch process is characterized iin that the reaction is carried out in a

o DR bR 5 1€ TR, R ol Baboll geielyP o o

wat er formalaci bl e organi c solvents for use |n accordance with the invention
|nc%ude halog nat ed hydrgcarbons for exanpl e hal ogenated paraffins such as
dic Ioronethane -and aropatic_hydrocarbons such as toluene. Suitable phase
transﬂ!E-m't &HystsOrmctu Bternbpls ammoni um 33%alts, for exanple
tetraal anmoni um sal ts such as cetyltrlnethyl amoni um broni de and

tetra-n- but nj um hydr o I ul phat e. The_ al kal al _brom de may, for
exanpli&, "%ﬂ,&% i L "ﬁﬂ)tpggiﬁ 8 _ y%%ﬁ ne phase &f; ‘d'b‘,ct*ﬁ 73 MSRT br oni de
be| ng apdether other Thus waterﬂmtmsbw wfganfie soivemtt, emth an alkali

[e5p] mgi?éprbgg@{a&aé"x%ca{eb@mﬁ of the formil a: 5 ] :

rea ase sol vent system one phase of which is water

"R-Br ' X _

| o/
in which formula R is an alkali metal such as Na, K and Li, to the

15 formation of the compound of the formula:

Br 0

i
CHy——CH— 0 C— 0——CzH; it

20 As noted above, the preferred alkali metal R is Li so that LiBr is ,
a preferred reagent of the formu1a X. '

In connection with process B it has been found that lithium bromide may
be used with advantage in a conventional Finkelstein reaction (i.e. one

25 employing a single phasé'organic solvent system), for example to halo-
genate an alpha-chloro-carbonate. This method is exemplified in Examp]e'
8.

Accordingly, the present jnvention also provides, in accordance with a

30 further embodiment thereof, a process for the preparation of a-bromo-
diethylcerbonate which comprises reacting a-chlorodiethylcarbonate with
Tithium bromide.

Suitable solvents for such a process include lower aliphatic alcohols,"
35 Tower alphatic ketones, lower aliphatic ethers and lower a11phat1c
am1des of formic-acid.




and the other is a water-inmm scible organic solvent, with an alkali 10
metal brom de of the fornula R-Br X in whi
formula Ris an alkali metal such as Na, K and Li, to the 15 formation
t he compound of the fornmula: [err] 20 As noted above, the preferred al
metal R™ s Lt so that Lir is a preferred reagent of the formula X 1In
connect“&;@ wWith process B it has been #dund that 1ithium bronide may b
used wit'h advantage jn a co,nvent.{' onal Finkel.stein rea té;'hon (l'é.e_. one 25
“enpl oyi ng a 18 ofler thak the ipyRntion pay be well; upgerstepd he foldowingnaxamp-
genate an aligpaarghigiven oqrweynofeillibtrationhod is exenplified in Exanple 8.
Accordingly, the present invention also provides, in accordance wwth a 30
further enbodi ment thereof, a process for the preparation of [err]-brono-
di et hyl car b&xemplewd ch conprises reacting [err]-chlorodiethyl carbonate wth
l'ithium Brom de. Suitable solvents for such a process include |ower

al i phatic alcohaols, 35 | ower aI&hgt I c ketones, |lower aliphatic ethers _and

| ower al i phdt Wixtare fs agetalsefyde 444 g, 1 male), cayban tetraghlonide (3eMmidn
may be wel | an@dfreshPP disBel lfed tarbioRgl dramide (235 1,61 RS RG1d)Y wio8ied

f[ th EZE L?E)Ir ?38 % g’ﬁhﬁaﬁ ﬂ?aiat‘\eg1 é(\i. "his ?gem%grgatt%lrg e@/ %%tél’#l%] géoo]l i rrirgD ldﬁ)'i ngC arbon

the addition over a period of 1 hour of pyridine (11.9 g, 0.15 mole).
10 - . '
The mixture was allowed to warm up to ambient temperature and then
U heated to 50°C and maintained at this temperature for a period of 3
hours during which time a precipitate formed.

15 Evapor-ation of the reaction mixture under reduced pressure at 50°C
gave a semi solid oily mass which readily dissolved in ethanol (92 g,
2 mole) on warming and heating under reflux. After heating under reflux
for a further 2 hours, excess ethanol was removed in vacuo and the
. residue triturated with water (100 ml) and methylene dichloride
20 {200 m1).

Separation of the organic layer and fractional distillation afforded
pure ethyl a"lpha-bromo-ethyl-carbonate (130 g, 66% yield) having a
_ boiling point of 90-92°C at 45 mms of mercury pressure and identical
-~/ 25 1in all respects with an authentic specimen.




reshly distilled carbonyl bronmide (235 g, 1.25-nol-e) was cooled' to

3 and maintained at this. tenperature by external cooling during the
|t|on ‘over a period of 1 hour(pf pyridine (11.9 g, 0.15 nole). 10 The

re was allowed to warmup to anbi ent tenperature and then heated to

€ and maintained at this tenperature for a period of 3 hours during which

time a precipitate formed. 15 Evaporation of the reaction mxture undjgy
redu@ﬂ.ﬂ&éure at 50C gave a sem . solid oily mass which readily
di ssolved in ethanol (92 g, 2 nole) on warm ng and heating under-refl ux..

Aftely BEREIAOobLIRE AT Y (a o2 1 WEAY a%rhmaﬁetmee@:moeﬁm)anol vas

e triturated 8 m ) and
rret h}dndnbeme‘hhﬁrphﬂépmi&'mﬂ’ﬂﬂ e &dhet Gvi Qn] B'P ?ﬂg’aérif&# %%yer and
ggtn@ﬁ 6a9® ﬁtééhhgtmmiédarcdesbmrsmhh;l(aﬂmba hnom}eetSmﬁ ca][ bonat e
, % yi mer cur
pressﬂgi'ﬁeuﬁﬂdyFM PY:%H ge|W%a9+ %&B glr?nq %ﬂéﬁg t‘nht% E%Eegl men. y20
Exanupetwas ol Xdwedetofrizectml1080yde (44 g, 1 nole), d| chl or onet hane (300
m ) and hexanet hyl phosphoric-tri-amde (17.9 g, 0.1 nol e) was cooled to 5

[err] and freshly distilled carbonyl brom de ( } 1 nn“ﬁé

gr ad UBhlel mi xtate dwasy shem heated ander gendlp refilyy r(ﬁ._vwéacﬁ tfaredtheurs errper a-
eaéﬂi‘? de? FéfIx| ethaRel (Bbe mmsumae\o/awag karefiday eﬂitdﬁadelr ?g gt l e

et hano g,

qu

1 5 ,ﬁ)pg)amg umcg;.lraarbcg&eagmg Undér reHux con g‘irnuesf\ioli"x
- further 1 hour. |
) v/
Fractional distillation of the resulting mixture affurded pure ethyl
15 alpha-bromoethyl-carbonate directly (114 g, 58% yield).

The authenticity of the ethyl a]pha-bronoethyl ¢arbor.ate formed was
confirmed by analysis and independent synthesis as follows.

20 Diethylcarbonate (118 g, 1.0 mole) was stirred and heated to between
110°C and 120°C and illuminated by a 150 watt tungsten filament lamp.
Bromine (96 g, 0.6 mole) was added dropwise over a period of 3 to 4
hours and at such a rate that the mixture did not deepen beyond a pale
orange colour.

25 ,
After addition of bromine was complete, the mixture was cooled to am- o/
bient temperature and sodium bicarbonate (20 g) added.

Distillation and fractionation of the resulting mixture gave authentic
30 ethyl alpha-bromo-ethyl carbonate (84.2 g, 70% yield) having a boiling
point of 87-88°C at 40 mms of mercury pressure.

Example 7

35 A mixture of lithium bromide (43 g, 0.5 m), ethyl alphachloroethyl
carbonate (15.3 g, 0.1 m); water (100 ml), dichloromethane (100 mi)
and cetyl trimethyl ammonium bromide (1.5 g) was stirred at ambient
temperature for 24 hours. The aqueous layer was removed and replaced




over a period of 1 hour -and heating under reflux continued for a furt
hour. Fractional distillation of the resulting m xture affurded pure
15-al pha- br anoet hyl - carbonate directly (114 g, 58%yield). The authe
of the ethyl al pha-bronoethyl carbonate2fornmed was confirnmed by anal
and i ndependent synthesis as follows. 20 D ethylcarbonate (118 g, 1.
nq;e) Was: stirred and heated to between [err] and [err] agnd illum nate

50 watt t bposifeesh isodutivn bﬁntithﬂlmlbrumc(e%m,g,oo& )| iar) water dddemi )

d

i @ ot - deepSARRIRG et ety Clini 3l shatdlf 17 Safrer Bhibpaltal O ©
was conpl etea fmhn’rxzhheum@cm utmhotm tDEetﬂmPBEMEaVQ& e‘a&m todi um
bi car bonat e g g)thad&-ﬂgdmélﬁpf# 'vﬁ%'ﬁbaﬁﬁ'ﬁ& aF1ddOBAd Ivakuh &Eem%au{a' ng

m xture gave authentjc bronD ’et hyl car bonat e ﬁ@

yi el d) hav® ndfEensoaftaery 'BEﬁWdof'aS ]‘UF}@ gn the cgRPuade (BLR Sr% gr@'omo-
Exampl e 7 35efnyd carisnané (15.0igybx yfede) (nsding bbiTing pointl of 90-92°C
alphachloroet # carb ate 1 m; water (100 m ), dichloronethane
(100 m) and?® @mer “ﬂﬁ%PUﬁ\bronlde (1.5 g) was stirred at

anbi ent tenperature for 24 hours. The aqueous | ayer was renoved and

repl aced 21 by a freghymfa! ution lalpt 4 UM I O e (28,0.400 m in
water (40 ml) contai ni ng cetyl tri mce)éth3 iummnlqlijmmbgom dgr(fog # After
stirring ¥@r a further Q‘FRJGF% durlﬁg%ch tl'ire4t- € teﬁf)eﬂg’t e was
raised to

The NMR spectrum exhibited peaks as follows:-

"
1.2 ~ 1.6 (3H, triplet) ~CH, .CH,
15 : -
| 2.0 - 2.2 (3H, doublet) - CH.CH,4
4.1 - 4.5 (2H, Quartet) = - CH,.CHy
20 _ 6.5 - 6.8 (1H, Quartet)’ - CH.CH,
Example 8 )

Lithium bromide (17.4 g, 0.2 m) was dissolved in dimethyl formamide
W 25 (150 m1) and the mixture cooled to ambient temperature. Ethyl alpha-
chloroethyl carbonate (30.5 g, 0.2 m) was added and the mixture stirred
at ambient temperature for 24 hours. The precipitated 1ithium chloride
was filtered off and the filtrate vacuum distilled to afford after
careful re-fractionation, ethyl alpha-bromoethyl carbonate in 76% yield
30 based upon recovered ethyl alphachloroethyl carbonate.

Example O

. The authenticity of the foregoing new compound ethyl alpha-bromoethyl
35 carbonate was confirmed by independent synthesis as follows:-

A mixture of diethyl carbonate (35 g, 0.3 m) in carbon tetrachloride
(50 m1) and alpha-azo-isobutyronitrile (AIBN) (0.1 g) was heated to



[err], the organic |ayer was separated, dried and vacuumdistilled to 5
afford after repeated fractionation the new conpound, ethyl al pha-brono-
“ethyl carbonate (15.0 9, 76%yield) having a boiling point of [err] at 35

di of msrcury pressure. Found: C 30.7; H 4.8 ° Br 40.1%

Cal cul at ed: C 30.5: H 4.6: Br 40. 6% The NWR
ctNum exhi bited peaks as follows:- 1.2 - 1.6 (3H, triplet) [e,y]
- 2.2 (3H, doublet) - [err] 4.1 - 4.5 (2H, Quartet)
0 6.5 - 6.8 (IH, Quartet) - [err] Exanple 8

m brom de (17.4 g, 0.2 m was dissolved in dinethyl formam de 25
(150 m) and the m xture cool ed to ambient tenperature. Ethyl alpha-

chl oroet hyl - carbonate (30.5 g, 022 nm) was added and the mixture stirred at
anbi ent tenperature for 24 hours. The precipitated lithiumchloride was

filtered off and the fj-ltrate vac mdistil]ed to afford after, careful
r e- f r SeNEHM TEF by %Fh?\bral" nethy éff’?ﬂﬂmﬂai%ﬁageaqa mhEMAS; 448930  based

upon hﬁcwarledwqdw:ls «Nq@haqiﬂrﬁboasmﬁl harsbbogether niahpfurter hedddut henticity

Cont 1 168 AT Rl BROGRTEEY KhrE Dng LR, B6 HRELE Mna e RCLRGABR S 12
car bortidenqt3acgymyage mn ithe awabb'mrt ofi xturiel. oAt dbe (&@l of )thendeaction
al PBa-¢ag O AP LWasO Bl fec'tEd (td) PRBuuOfrdacd)iosF d96Ei Adtish to &frord

pure ethyl alpha-bromoethyl carbonate (32.3 g, 82% yield) identical

in all respects with the product of Examples 7 and 8.




gentl'e .refl ux and di bronodi et hyl hydantoin (28.6 9, 0.1 nm) was added

smal | aflquots over a period of 8 hours together with further addi-
tions.of . AIBN (8x0O. 05 g): care being taken to ensure that free brom pe
mot accuhul ate i'n the reaction mxture., At the end of the reaction 5 'he

m xt ur exwas -subj ected to vacuum fracti | distillation to afford pune
et hyl alpha- br onoet hyl carbonate (32.3 g! 82% yield) identical in al
respects with the product of Exanple C 8. 23 CLAIMS 1. Process

t he preparation of the 1-ethoxycarbonyl oxyethyl ester of the
6-(D-(-)-[err]-am no-[err].-phenylacetam do) penicillanic acid with the
formula: [err] 5 conprising a) reacting anpicillin, or an alkali netal,
al kal i ne ear t hl mBregessr Ton $haiRrepasation| of ither knsthoxycarbenyiexyqthyd ester
derivative of GCehOF-EDLL-)26E4MING-&PhEny et ahiddIPPEHIcATI MieNAdIA Wit the
f or mul a: [err] 10 errr] wherein [err] represents an al kyl group containing
1-4 carbon ato stituted or non-substituted aryl group or an aral kyl
group; R2 represents hydr ogen, an al kyl group contalnlng 1-4 carbon atons,
a substituted or non-substituted aryl gro g Or ar#%ﬁrgl kyl group; 15 R

represents an al group containing 1- arbon a substi -
cn-co-nu-u-cu (1)
| \cu
| s
NH, €O - N———CH - C00 - CH - 0 - COOC,H,
| .
o ‘ CHy i

5 comprising
a) reacting ampicillin, or an alkali metal, alkaline earth
metal or organic base salt thereof, with a reactive derivative
of acetoacetic acid to form the corresponding enamine with
the formula:

| 7\ 5N A
© 10 : CH -CO - NH -CH - CH C\\.
L ] | e,
7N\ CO-N ——CH - coox (11)
R — <
RR—¢ 0
N \c/
@
wherein R.l represents an alkyl group contéining 1-4 carbon atoms,

a substituted or non-substituted aryl group or an aralkyl group;
R2 represents hydrogen, an alkyl group containing 1-4 carbon atoms,
a substitutéd or non-substituted aryl group or an aralkyl group;

- 15 R3 repreéents an alkyl group containing 1-4 carbon atoms, a substi-
tuted or non-substituted aryl group, an aralkyl group, an alkoxy
group containing 1-4 carbon atbms, an aryloxy grouﬁ or an amine
group, and X represents hydrogen or an alkali metél, an
alkaline earth metal or an organic base:

_
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tuted or
ont ai ni

nmetal or alkaline earth tal_s .obtained by transformng anpicillin
tri hydr aff&8¥ nﬁtﬁeV1§g ﬁﬁ%mﬁoﬁgﬁhéd in a polar solvent. 3. Process
according to claim2 in which the solvent is 15 N, N- di et hyl f or mam de.

Process

(1) is

non-substituted aryi group, an aral kyl groups -an al koxy ‘group
ng 1-4 carbon atons, an aryloxy group or an am ne group, and X

represents hydrogen or an alkali netal, an alkaline earth nmetal or,an

base; b) reacting an alkali netal, alkaline earth netal or an

base salt of fornula Il with a-brono-diethyl carbonate with the

[err] 5 to formthe cd%PESponding ester with the fornul ase?
wherein [err] _and [er

| have, t i ified above, and
2D HeaceiBs AU BARRLLUPAGEL| BLKE SAOLARLRR TRERL AF 28 e

¥reanhdicnBake shakmof, fobmutanItheishpiebrbmo-dikthyd an al kal i

according to BFaCRr@=COO00F,Hs wherein the formafidk)of the enamine
carried out by reégcting the salt of anpicillin with an al kyl

acet oacetate in an aprotic-polar solvent at a tenperature of 0 Cto [err]

ang 20

10

15

20

fzp%c%n}%h% g%%225ponding ester with the formula:

Cromo
CH -CO - N{-CH-CH
B | | ety

: A\ €0 - N ———— CH - COO - c!:a - 0 - CO0C,Hg
Rl— ¢ W ' |
RF—C //0
i
R
(Iv)

wherein R‘,'R2 and 33 have the meanings specified above, and

c) subjecting ester IV to mild hydrolysis in an acid
medium.

2. Process according to claim 1, wherein the ampicillin
salt is an alkali metal or alkaline earth metal salt
obtained by transforming'ampicillin'trihydrate by a per se
known method in a polar solvent. ' .
3. Process according to claim 2 in which the solvent is
N,N-dimethylformamide. |

4, Process according to claim 1, 2 or 3, wherein the
formation of the enamine (II) is carried out by'feaéting
the salt of ampicillin with an alkyl aéetoa%etate in an
aprotic polar solvent at a temperature of 0 C to 60°¢C ‘and
for 2 to 8 hours. | '

T




5. Process according to'claim4, wherein.the al kyl aceto- acetate is
or et.hyl acetoacetate and is used in an anount 10-50% nore than the
stoichionetric ratio. 6. Process according to claim4 or 5, wherein
aprot’ic polar solvent is selected fromN, N-di net hyl - acetam de,
N, N: di net hyl f or mam de, di met hoxyet hane, di net hyl sul phoxi de, tetrahydr oty an
d§d|oxane 7. Process according to aﬁfgone of claims 4 to 6, wherein the’
epan1ne formation is carried out at a tenperature of 10 [err] to [err].
8. Process ackqrdipx@dessarrcording toaiclanih t4 Whewbinetheecabkyheadetaoat i‘on
Is carried ou h r g e f the
pr ecedi ng cIa%ﬁ?Q%%1 lan%khil'gngth%% EEQ%Sﬁégggggeth 1£Ou§€%e9%re§ence
- 15 of an oaewnt BHsS0% mexeaithan; thet stoishhomatsierrati@ti ne earth
metal carbonate. 10 Process according to any one of the preceding clains,
\Mag_re! n the eﬁiﬁ“ﬁﬂd’eﬁsi@&d&&%h@?tﬁf gubemeaagtng,gyhérésncanéi ed out lﬁy
addition to the reaction_n xt a- br oo, nate, the
reactio beinﬁaﬁﬁ' gﬁf'éP XeP§nﬁér§F3F8t8% Fggp]h g#%?égy Tne of 1-24
hours. 11. Pr@mmssmacknrdLN@dnmeahylﬁnsmamiﬂhe gimetbtryethanes, wherein
the esterificoiniityd fAPHCRARY! thtrhhgaRbeacancanl 816RhALYS!.

7. Process according to any one of claims 4 to 6, wherein
the enamine formation is carried out at a temperature of
10 20°C to 30°C.

8. Process according to any one of claims 4 to-7, wherein
enamine formation is carried out in a time of 3 hours.

9. Process according to any one of the preceding claims,
wherein enamine formation is carried out in the presence

15 of an organic base or an alkali metal carbonate or
alkaline earth metal carbonate.

10 Process according to any one of the preceding claims,
wherein the esterification reaction of the enamine (II) is
carried out by addition to the reaction mixture of a-bromo-

20 diethyl carbonate, the reaction being carried out at a
temperature of 15-80°C and for a time of 1-24 hours.

1ll. Process according to any one of the preceding claims,
wherein the esterification is carried out in the presence of
a catalyst. '

_—
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12. Process according to claim1l wherein the catalyst is selected -

aternary ammoni um salts, alkali nmetal brom des, alkali nmet al i odi des
cyc ic ethers. 5 13. Process according to claim 12, wherein the

i s tetrabutyl anmoni um brom de. 14. Process according to any one of
1 to 13, wherein the catal ys6i s present in an anount of from 0. 005

0-30/ 18, ”Dga%ca‘érs mlc%rafmtgh%oce&a%ndll %he@@@nvthéeéQ%i.f(é{@'i/s 154
Pr >eS accor ai aiml wher ei n the ca resen I N an anvunt

of fron1@eéPCFSGOfIGmnﬂPé§eﬁéP‘¥DFE“SP‘Pﬂesegﬁﬁo HL?} Bekal respectively.
16. Proteomidesqr dilkaltiomerrlodieddtieshandr egedingethakrss, wherein the
esterification reaction tenperature is 45 Cto 55 C. 20 17. Process
according to any one of the preceding clains, wherein the esterification
reacti 6nli3s cRrocessoaccondingotnoglaimid2, whecein theoeatalysb &y one of
t he precQQkQnglgqgﬁmogﬁuwhg&@hqaghe hydrolysis is carried out with dilute
hydrochloric acid after isolating ester (1V). 19. A process according to
claim1l1 substantially as herei nbefore described with reference to any one
of the 3Q4Exampbeess2@ccdidingmpouadyobneheff elaims: 10 terl3, 3bherein

the catalyst is present in an amount of from 0.005 to 0.10
10 moles per mole of the compound III and V, respectively.

15. Process accoraing to claim 14 wherein the catalyst is
present in an amount of from 0.01 to 0.10 moles per mole of
the compound III and V respectively.

15
16. Process according to any one of the preceding cléims,
wherein the esterification reaction temperature is 45°C to
55°%. | |

20 17. Process according to any one of the preceding claims,
wherein the esterification reaction is carried out in 5-10
hours. '

.18. Erocess_éccording to any one of the preceding claims,
25 wherein the hydrolysis is carried out with dilute
hydrochloric acid after isolating ester (IV). Q_J '

19. A process according to claim 1 substantially as
hereinbefore described with reference to any one of the
30 Examples.

20. The compound of the formula:
| 0 -
Br - ?H -0-C -0 —Czﬂs
35 CHq

_—
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21", A process for the preparation of the compound of the fornula: [err]
conprising reacting an al dehyde of the fornula 5

CH3CHO VI with carbonyl brom de COBr2

VIl to forma conpound of the fornmula: Br CH3 -CH OCO - Br

VI1I 10 followed by reacting the conggund VI1I with C2HSCH 2Z. A
accordiyag to claim21, carried out in the presence of a cat al yst. 23

precess according fo claim?2 erein the catal yst |s used in,a
from0.05 to Obg n%lB§°ﬁ%§sn€?ﬁw€9eJEF??&F%E%%% % PR
accordi ng to ckhenf@Bmuwbarei n the anmount of catalyst used per nDIe of
conmpound VI is 0.05 to 0.15 noles. 25. A process according to claim 22, 23
or 24 wherein the 20 catalyst is agtertiarypamne, a tertiary phosphine, an
am de, substituted urea or thiourep, a phosjphoric acid anmide, a tertiary
oxoni um or sul phoni um sal t 2= (CRL-Lrfas YC afmdn+ un%mg phosphagizm sal t.

26. A process for the preparat?on of a conpound of €25 fornmula: [err]

comprising reacting an aldehyde of the formula

5 CH3CH0 Vi

with carbonyl bromide

, COBr2 VII
—/
to form a compound of the formulas
Br
CH3 - CH - 0CO - Br _ VIII

10 followed by reacting the compound VIII with CZHSOH'

22 . A process according to claim 21, carried out in the
presence of a catalyst.

23. A process according to claim 22, wherein the catalyst
is used in an amount of from 0.05 to 0.5 moles per mole of
15 the compound VI.

U 24. A process according to claim 23 wherein the amount of
catalyst used per mole of the compound VI is 0.05 to 0.15
moles.

25. A process according to claim 22, 23 or 24 wherein the
20 catalyst is a tertiary amine, a tertiary phosphine, an
amide, substituted urea or thiourea, a phosphoric acid
amide, a tertiary oxonium or sulphonium salt, or a
quatevnary ammonium or phosphonium salt.
26. A process for the preparation of a compound of the
25 formula: * Br

CH, - CH~0-~-C-0-2C Hg III

3 2

R R O



by’ reacting the conpound of the fornula: [err] [ with an alkali brom de of -
“the fgrnmula: [err] 5 in which formula Ris an alkali netal wherein the -
is carried out in a two-phase solvent system conprising water and ‘
{ mmi sci bl e organic solvent in the presence of a phase transf'er
27. A process according to claim26 wherein Ris lithium 10
Ry gcess according to clai m2¢, wherein the organic solvent is a ™

sgenaf ed hydrocarbon or an aronmati c hydrocarbon. 29. A process acco?!ﬁng
to claim 28, wherein the organic solvent is dichloronethane. 15 30. A
process acarelatgng the esmpaymdiafi the Iexmud@: wherein the phase transfer
catalyst is a quaternary amoniumsalt. 31. A process according to claim21
or 26 substantially as hegfei nbef orge described with reference to any one of’

the 20 Exanpl es. éH il
CH3 - -0-C=~-=0 - C, Hg CIX

P

with an alkali bromide of the formula:

R - Br X

5 in which formula R is an alkali metal
wherein the reaction is carried out in a two-phase solvent
system comprising water and a water-~immiscible organic

solvent in the presence of a phése transfer catalyst. W,

27. A process according to claim 26 wherein R is Zlithium,
10 28, A process according to claim 27, wherein the organic

solvent is a halogenated hydrocarbon or an aromatic
hydrocarbon.

29, a pfocess acdording to claim 28, wherein the organic
solvent is dichloromethane. '

15 '30. A process according to any one of claims 26to 29,
wherein the phase transfer catalyst is a quaterhary
ammonium salt. ' '

31l. A process according to claim 21 or 26 substantially as
hereinbefore described with reference to any one of the
20 Examples.

OO




