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(57) Abstract

reduction of a compound of formula (IV), wherein:
R3 is CH3C(0)-; a is an optional sulfoxide group;-n is
2 or 3; R! is H and R is H or NHRZ, where R? is H
or a protecting group selected from CsHsCH20C(0O)-,
CgHsC(O)- or C|-Cg alkoxy-C(O)-; or wherein R and
R! together with the carbon atom to which they are
attached comprise -C(O)-, and produces the desired
3-exomethylene compounds with low levels of the
corresponding 3-methyl tautomers.

(54) Title: PROCESS FOR THE PREPARATION OF INTERMEDIATES USEFUL IN THE SYNTHESIS OF CEPHALOSPORINS

~

A process is described for preparing R R! (ﬂ)
3-exomethylene cephalosporanic acid derivatives for X H H
use in the synthesis of cephalosporin antibiotics such
as ceftibuten. The process comprises electrochemical "HOOC (CHz)n




céphal osporin Cis known. See, Jones, et alL, J. Pharm Phar mac. ,

20, (SupplwW®9gEm4617S (1968), and Hall, J. Pharm Sci., PCT/US95/1516)
980-983 (1973). The #ormati on of 3-exonethyl ene 25 cephal ospori-ns via
el etrochem cal reduction is described in Cchiai, et al., J. Chem
Soc.. Perkin Trans. |, 258-262 (1974) and U. S. Patent Nos.
3,792,995 and 4,042,472. Baldwin, et al., Tetrahedron, 49, (22)
4907- 4922 (1993), also describes the el ectrocheni cal reduction of
cephal osporin Cto forman 3- 30 exonet hyl ene conpound of the fornula
WD 96/ 17846 PCT/ US95/ 15169

-2- [err] In addition,” EP
082, 656 describes the el ectrochenical reducti on of acetoxynethyl

corrpounds of the for BROCESS FOR THE PREPARATION OF INTERMEDIATES
USEFUL IN THE SYNTHESIS OF CEPHALOSPORINS

The present invention provides a process for
5 preparing intermediates useful in the synthesis of
cephalosporin type antibiotics.

BACKGR OF THE INVENTION

10 U.S. Patent No. 4,634,697 describes cephalosporin
compounds inciuding Ceftibuten, a commercially important
third generation cephalosporin type antibiotic having. the
chemical formula (I)

_ S
HzN—-<\ |;| g
N H i/s
/N
COH .

The synthesis of ceftibuten starting from penicillin
G is described in Yoshioka, Pure Appl. Chem., 52, 1041 (1987).
However, this process is costly and inefficient leaving a current _
. need for a more cost effective and efficient process for the
20 commercial scale preparation of ceftibuten.

The electrochemical transformation of derivatives of
cephalosporin C is known. See, Jones, et al., J. Pharm.
Pharmac., 20. (Suppl.) 455-47S (1968), and Hall, J. Pharm. Sci.,
62, (6) 980-983 (1973). The formation of 3-exomethylene

25 cephalosporins via eletrochemical reduction is described in
Ochiai, et al., tﬂw 258-262 (1974)
and U.S. Patent Nos. 3,792,995 and 4,042.,472. Baldwin, et al.,

Tetrahedron, 49, (22) 4907-4922 (1993), also describes the
electrochemx_cal reductmn of cephalosporin C to form an 3-
30 exomethylene compound of the formula



5 wherein nis 0 or 1, and Ris Hor an acyl group, to formthe

correspopdi hg_3- exonet hyl ene conpounds. The

el et roch@’rﬂ%&ﬁ“ﬁr ocesses descri bed above are chempggfq595“51-69
inefficient, requiring dilute reaction concentrations, | ow current *
densities and often producing | ow yields. 10 Moreover, the prior art
processes typically produce significant - levels of the 3-nethyl

taut omer of the desired 3-exomethyl ene conmpounds. These 3-net hyl
conpounds are essentially usel ess fgr t he synt hesis of

cephal osporin type antibiotics and are difficult to renove fr0n1the
desired 3-exonet hyl ene product. 15 As a result, 3-exonethyl ene
conpounds prepared via the prior art el ectrochem cal processes are
unsui table for use in the - . Nmhufacture of cephal osporin drugs.
Consequently, in spite of a:he tentHaIHadvantages of

el ectrochem cal processes, such 28N tal cleanliness and
safety, not one is suitable f& (9%93deﬂ into a comercial scale
process. There is : therefore a need fgr_ t and efficient

el ectrochem cal process which wll l'iab duge 3- exonet hyl ene

cephal osporins in high yield and with | ow Pevel s (K. | ess than
59 of 3-nethyl tautonmers. WD 96/ 17846 COH
PCT/ US95/ 15169 - 3-

SUMVARY OF THE IINvENditisn, EP 082,656 describes the qicehm@amx@t i on sol ves
the problems of xre%ctmn of acetoxymethyl compounds of the formula

.-H.H(cli)n' | !

S

R Nll"'L¥/

—N o CH

LYY

o | COH o

5 wherein n is O or 1, and Ris H or an acyl group, to form the
corresponding 3-exomethylene compounds.
The eletrochemical processes described above are
~ chemically inefficient, requiring dilute reaction concentrations,
low current densities and often producing low yields.

10 Moreover, the pridr' art processes typically produce significant
levels of the 3-methyl tautomer of the desired 3-exomethylene
cbmpounds " These 3-methyl compounds are essentially useless
for the synthesis of cephalosporin type antibiotics and are

_ difficult to remove from the desired 3-exomethylene product.

15 As a result, 3-exomethylene compounds prepared via the prior
art electrochemical processes are unsuitable for use in the
manufacture of | cephalosporin drugs. Consequently, in spite of
the potential 'adVantages of electrochemical processes, such as
environmental cleanliness and safety, not one is suitable for

20 development into a commercial scale process. There is

therefore a need for a robust and efficient electrochemical
process which will reliably produce 3-exomethylene
cephalosponns in high yield and with low levels (i.e., less than
5%) of 3-methyl tautomers.




;

prior art processes by providing an efficient electrochem cal

process forWRP6AMW46 ng 3- exonet hyl ene cephal osporins while - PCTI/US95/15169
produci ng very low |l evels of the 3-nethyl tautomer. More o
specifically the present invention provides a process for 10 preparing
conpounds of the formula (I11) or (I11) and esters t her eof

[err] wherein: nis 2 or 3. Rerr] is Hand Ris H
or NHR[err], where R2 is H 15 or a protecting group selected from
Cerr]Herr]CHerr]O(O-, derr]Herr]CO- =-3- or Jerr]-Cerr]

al koxy-C(O-; or wherein R and Rl together with the carbon atomto
whi ch they are attached conprise -C(O)-. Conmpounds (I1) and (I11)
and the esters thereof are useful as internediates in the

synt hesis of ceftibuten (1). . 20 The process of the
present inventi on GQUMMARY OF THE INVEENTIOMNen calfy reducing a solution
of a conpound of the formula (1V) WD 96/ 17846

PCT/ US95/15169 g The present invention solves the problems of the
prior art processes by providing an efficient electrochemical
process for preparing 3-exomethylene cephalosporins while
‘producing very low levels of the 3-methyl tautomer. More
specifically the present invention provides a process for

10 preparing compounds of the formula (I) or (II) and esters

thereof _
10
‘Hooc”” (CHalr u o '/
o/ CH,
CO:H an

1 : (»)
S HoH
HOOC Hz)n —]/

COzH

CH,

(II1)
wherein: n is 2 or 3; R! is H and R is H or NHR2, where R2 is H

15 or a protecting group selected from CgHsCH20C(O)-, CeHsC(O)-
or C;-Cg alkoxy-C(O)-; or wherein R and R! together with the
carbon atom to which they are attached comprise -C(O)-.
Compounds (1) and (III) and the esters thereof are useful as
intermediates in the synthesis of ceftibuten (I).

20 The process of the present invention comprises

_ electrochemlcally reducmg a solution of a compound of the
formula (IV)



—~

-4- [err] wherein: Rerr] is
CH err] O)géerr] I's an optional sulfoxide group; and n,. R and
Rlerr] aV¥@9%d7846fi ned above, at a concentration of 5 PEHUSHI5I® at a
pH of 7- 10 and at a current density of 10-40 mVcnierr], in the
presence of a buffer and in a solvent select ed fromwater, an
organic solvent, or a mxture of water and a wat er m scible
organic additive, to forma conpound of the formula (11) or (I11).
10 The present invention al sg provides novel

conpounds of the formula (11) or (Ill) as “45f i ned above, wherein n
Is 2 or 3; R[err] iIs Hand Ris Hor NHR err], where Rerr] is
Cerr]Herr]C(O) - C[err]H[err]CH[err]OC(O)-, or
(CH[err])[err]CI—ICl—I[err]OC(O) or wherein R a Rl err] t oget her
with the carbon to V\/mchtheﬁl aRb tachﬂjq_f) rfise.. 15 -C(O-, and
esters or salts thereof. = = &N an alternative enbodi ment,
the present invention pyooc” (BHYYI ﬁi.a’ ' for preparing conmpounds

of the formula (V) WD 96/ 17846
PCT/ US95/ 15169 - VeV a

- COH W)

wherein: R3 is CH3C(0)-; is an optional sulfoxide group: .
and n, R and R! are as defined above, at a concentration of

5 10-50 g/L, at a pH of 7-10, and at a current density of 10-40
mA/cm?2, in the presence of a buffer and in a solvent selected
from water, an organic solvent, or a mixture of water and a
water miscible organic additive, to form a compound of the
formula (II) or (III). '

10 The present invention also provides novel
compounds of the formula (II) or (IlIl) as defined above, wherein
nis 2 or 3;: Rl is H and R is H or NHR2, where R2 is CgHsC(O)-;
CeHsCH20C(0)-, or (CH3)2CHCH20C(0)-; or wherein R and R!
together with the carbon to which they are attached comprise

15 -C(O)-, and esters or salts thereof. |

o " In an alternative embodiment, the present invention
prov'ides a process for preparing compounds of the formula W

RV

n‘chCHz):lLﬂ—'—rs
' 5 /_—'N oH

CO-R*

]}
J1] e

\)



5" wherein R err] is diphenylnethyl, and n, [err] ,R and R err]

are as WO096/13846 ned above. In this enbodi nent the processPCH/US95451$Pesent
i nvention conprises: = (a) electrochemcally reducing a
conmpound of the 5 formul'a (IV), as defined above, to forma conpound of
t he formula (11) or (Ill), as defined above, followed by
chromat ographic purification of the el ectrochem cal reduction

product on an adsorbent resin; (b) esterifying the
conmpound of forrmula (I1) or 10 (111) frordstep (a) to forma conpound
of the fornula (VI) [err]

wherein R err] is diphenyl net hyI and n, J[err] ,Rand Rerr] are as

defi ned above; and 15 (c) ozonolyzjgq the conpound (VI)
fromstep (b) to forma conpound of the for@}a (V), as defined
?bove . wherein R4Tit3ﬁdmﬂm @mnhnqnnfu el RrandiRkare agr ocess
or preparing e met hy ter o

desacet oxynet hyl cégquﬁ‘%@ r?l lha bodugepgn%gaogyﬁ I‘?g the PEESMthul a

(V1) invention comprises [err]
(a) . electrochemically reducing a compound of the
5 formula (IV] as defined above, to form a compound of the
formula (II) or (III), as defined above, followed by

-chromatographic purification of the electrochemical reduction
product on an adsorbent resin;

: (b) esterifying the compound of formula (II) or
10 (III) from step (a) to form a compound of the formula (VI)

e (D)
R‘OOCXHz):u\ —]/s

——N
O/ CH>

CO.R4

luI
il L

\'

o]
wherein R4 is diphenylmethyl, and n, ( l ) , Rand R! are as
~ defined above; and

15 (¢) ozonolyzing the compound (V]) from step (b)
to form a compound of the formula (V), as defined above.
. The present invention further provides a process
for preparing the diphenylmethyl ester of 7-amino-3-
desacetoxymethylcephalosporamc acid, i.e., a compound of the

20 formula (VII)

H H
§F §F_S
HzN—'
/'—'N P
0]
CO,R*

(V1I)
wherein R* is diphenylmethyl, comprising the steps:



wherein R4 is diphenyl methyl, conprising the steps: WO 96/ 17846

PCT/ US95/ 15169

(d) reduWOfl§/1Z846ormound of the fornula (V) as | deF’FW@@%bﬂ% to

forma conmpound of the formula (VI11)

| [err]
wherein Rerr], n, R [err] and Rerr] are as defined above; 5

(e) reacting the product of step (d) with a conpound of the
formula P-X, wherein P is a sulfonyl activating group and X is d,
Br or I, in the presence of a tertiary am ne base to forma
conpound of the formula (IX) : -6- [err]

10

15

(d) reducing a compound of the formula (V) as
defined above to form a compound of the formula (VIII)

R-“’j\ H H (||)

'R?‘OOC>-<(CH2),, | ﬁ-——r |

0/_N " OH

COR oy

wherein R4, n, R, and R! are as defined above;
(e) reacting the product of step (d) witha
compound of the formula P-X, wherein P is a sulfonyl activating

~ group and X is C], Br or [, in the presence of a tertiary amine

base to form a compound of the formula (IX)

g ()
R400OC >((CH2)#L N-—’—i/

o/_.N o—>p

~ COaR*

] Jn

(IX)

wherein P is a sulfonyl activating group, and R4, n, ( “ ) , Rand

R1 are as defined above. and

f) M treating the product of step (e) with PCls
in the presence of a tertiary amine base and an alcohol or diol,
then with a dialkylamine base; or

(ii) treating the product of step (e) with a
dialkylamine base or a tertiary amine base, and then with PCls
in the presence of a terh’ai"y amine base and an alcohol or diol:

(1)

and where an optional group is present treating with
PCls; ' ‘

g ¢



16 wherein P is a sulfonyl activating group, and Rerr], n, [err] , R and

R err] arevwax9shiz8iened above; and: (f) (IBCT/UR9aL1F16§ t he
pr-oduct of step (e) with PC[err] in the presence of a tertiary

am ne base and an al cohol or-diol, then with a dial kyl am ne base;
or 15 (ii1) treating the product of step (e) with a

di al kyl am ne base or a tertiary am ne base, and then with PO [err]
in the presence of a tertiary am ne base and an al cohol or diol;

and where an optional group is present treging with PC [err];
WD 96/ 17846 : PCT/ US95/ 15169
-7- to forma conpound of the fornmula (VI1). Conpound (VII) is a

key internediate | f6¥mCREERAFoahASH e ToPmeilad®¥l) PToRApblnd (VID) is @
DETAI LED DESCRI PTI ON
key intermediate in the commercial synthesis of ceftibuten (I).

5 D D DESCRIPTION

As used herein the term:
"alkyl" means a straight or branched alkyl chains of
1 to 6 carbon atoms;

10 "aryl” means a Ce-Clo carbocychc aromaﬁc group,
such as phenyl or naphthyl; and "substituted aryl' ' means an aryl
group having 1 to 3 substituents selected from halogeno, C-Cg

alkyl, NOg or CF3; |
"halogeno” means Cl, Br or [;
15 : "Sulfonyl activating group” means a substituent of the
formula -SOzRG_, wherein RS is C;-Cg alkyl, aryl, ‘substituted aryl
~or -CF3; | " |
"hydride reducing agent" means NaBHy4, LiBH4,
NaBH3CN, or a combination of NaBH4 and LiCl;

20 "aqueous acid” means an aqueous solution of an acid,
such as HCI:

"dialkylamine base” means a compound of the
formula HN(alkyl)2, such as diethylamine;
-_ "tertiary amine base" means bases such as pyridine,

25 DMAP, DMA, Et3N or Hiinigs base; .

- "tetra(alkylJammonium salts" mean salts comprising
‘a tetra(alky)ammonium cation, such as tetraethylammonium,
tetramethylammonium, tetrabutylammonium or
tetrapropylammonium, and a suitable counterion such as

30 p-toulenesulfonate or sulfate;

"alcohol" means a Cl-C4 alcohol, such as methanol
ethanol or i-propanol and
"diol" means a Co-Cg diol, such as ethylene glycol,
1,3-propanediol or 1,3-butanediol.
35 "Buffer" means one or more buffer compounds
which are water soluble acids and/or bases, such as LiH2POy4,



As used herein, the term " al kyl" means a straight or

branched ai ns of 1 to 6 carbon atons; '

"aryl ™" nevgll‘r'lé gsgleu] -C[err] carbocyclic aromatic group, ﬂ@rms9sl.lsllssach as
phenyl or naphthyl; and "substituted aryl" neans an aryl gr oup
having 1 to 3 substituents selected from hal ogeno, Cerr]-Cerr]
al kyl, N(Jerr] or CFlerr]: " haI ogeno" neans C, Br or
l; 15 "sul fonyl activating group” nmeans a substituent of
t he formula -SOerr]R err], wherei th[err] is Cerr]- C[err] al kyl ,
aryl, substituted aryl or -CF3; "hydri de
reduci ng agent"” neans NaBH4, Li BH4, NaBHSCN or a conbi nation of

NaBH4 and Li d ;
Narut i onof o adi2PO4, NaHoPQg, sk PR, K5HPO NaZFH0, " Libs K3Po,,
Hﬂll( a: ty: ?En ne] bamm@nﬁfmﬁgnﬁaﬂﬂ%f RHEO3, Na2003.flﬁ2®0bah2003.

al ky err
base” neans bas eﬁéﬁﬁ@rﬁ}pﬂ(ﬁ 04 %d %93' B,Walﬁ [md']tlﬁﬁgf n| gs
base; (such as lithiuxlnt betaﬂek}po):assimmmnme.t cesinm barate or
conpri sing
tetraet hyl amw%nl d-;odx&n{ Sto}&éé} Aﬁa)g?rje uﬂ?%m u ‘%‘Z’?? tgsfl}lammnl um or
t et rapropyl ammmtama(auwl)@ramm Qﬂi{ﬁ dheohufigeis an ind
p-toul enesul f onat@ymR Soﬁh|df akhetwo or. more such compoundd ft@@mbifﬁﬁﬂéna

E(igrr] C[.err] al COhé’lg us as net ﬁn%lgi 2 !p}ﬂ BP%T%E‘?-FIHE& HEJrOﬁanol
Q:BYfC]?l : ' of, ﬁaeprewa'oehemical redfictioranedi ol . q
uffer" nea R
10,000, 07 WAL aSuE ianic sty g s

sol ubl e aci ds and/ or bases
PCT/ US95/ 15169  compounds’ which are soluble in water and relatwely

unsusceptible to electrochemical reduction under the
conditions of the present invention, such as EtOAc, iPrOAc,
CH3CN, MeOH EtOH, iPrOH, DMF, formamide, DMSO or urea.

15 ' “Adsorbent resin” means a polymeric nonionic
macroreticular (i.e., porous) adsorbent capable of selectively
adsorbing hydrophobic molecules, such as compounds of the
formula (1), (II), (XID), (XIII) and (X1v), from a polar solvent,
such as water. Such resins are typically aromatic polymers,

20 such as styrene and divinylbenzene coplymers, which may be
cross-linked. Such resins are known and are generally
prepared by polymerizatjon of the appropriate monomers. (See,
e.g. U.S. Patent Nos. 4,224,495 and 4,297,220) A number of
such adsorbent resins are readily cbmmercially available,

25 including: Amberlite® XAD-7, XAD-1180, XAD-16 and XAD-
1600 f{available from Rohm & Haas); XUS-40323.00, XUS-
40285.00 and XUS-40283.00 {available from Dow Chemical Co.);
and Diaion HP 10, HP 20, HP 30, HP 40 and HP 50 (available
from Mitsubishi Chemical). B :

30 As used herein the following reagents and solvents
are identified by the abbreviations indicated: methanol (MeOH);

't'etrahydrofur'an (THF); ' diethyl ether (Et20); t-butyl methyl
ether (TBME); triethylamine .(EtzN); di-isopropylethylamine
(Hiinigs base); ethyl acetate (EtOAc): iso-propylacetate

35 (iPrOAc); acetic acid (HOAc); ethanol (EtOH);




é KH err]PJerr], NaH err]PJerr], Li[err]HPJ err],
Klerr] HPO eWPP6/1Ndberr ] HPO err], Li[err]PJerr], K[err]PJ er PET/USIS/15169
Na[err]Pgerr], LiHCHerr], NaHCO err], KHCJ err], Nal[err]CJerr],

Klerr]CJerr], Li[err]CJerr], NaOH, KOH, LiOH, Hd err] and
Herr]BJerr], or salts, including borates (such as lithium
borate, potassium borate, cesium borate or 5 sodium borate) and

guat ernary anmoni um salts, such as. tetra(al kyl)ammoni um salts. The
buffer is an individual buffer conpot®rd, or two or nore such
conmpounds in conbi nati on, and is used to maintain constant pH and
to facilitate the course of the el etrochem cal reduction. 10

‘Water mscible or duN-dimmthylforaiamide dDMF)r dimethylsulfoxiden®MSOLh are
sol ubl'e in water angd dﬁﬁl&h&YﬂﬂnaPyﬂdme Weptw N S h?e&hﬁﬁhhﬁ?@ﬁ(qmi

reduction under the present I'nVedtTon
Et OAc, i Pr OAC p-toluenesuifomploehlonide; (tesyloehlanide aroTeelide, DVSO or

ur ea. methanesulféfagl @nbna%suﬁes 2RforddROGY MEEN; NoNi oni ¢

macroreticul ar ous),.adsor sel ect
adsor bi ng hydroéholﬂ'&oﬁ{ﬂ‘&ﬁ]gl&mcsﬁsﬁiﬁgggggodﬁﬂépﬁp {PrOH). forml a
(L1, (111), (XI1), (XI11) arThé >pré)sentrimeatmﬂ tomprisesta process forsuch

Styrene and di vi nyiepace EEPHRd Al M bR M or @ s okefin,

y
Such resins are kndhatmﬂznaﬁehgmeedal |y . prepared by polynerization
of the appropriate nononers. (See, e.g. US Patent Nos. 4,224,495
and 4, 297, 220) 16 nunber of smm ns are readily
comercially avail abl e, 25 inclu r] XAD 7, XAD- 1180,
XAD- 16 and XAD- 160pQ@avai | abl e from Rohm & QH*aTLe XUS- 40323. 00,
XUS- . 40285. 00 . dg@o 0283.00 (availablegr Chem cal Co.);
and Di aion HP 10, HP 20, =HP g HP 40 and HP 50 (aveEI@Is from
M t subi shi Chemical). pmm AS Ose p ol | owiHp

i 4tions or

reagents and sol vents identified by th ,
I ndi cat ed: net hanol (M =N A~ ©oRf ahydrof urg# (T 7 ORE | €iber
(Et[err]O; .t-butyl mepfyl ¥ther (TBVE); Qriethyllamine” (Et[err]N);
di -i sopropyl et hyl am ne XTI (Iv) CO.H
R R QO
A= /lk
Hooc” (eHaln ~N—$
15 ' In Reaction Scheme 1, a solution comprising a

compound of the formula (IV), as defined above, a suitable
solvent, and a buffer, is electrochemically reduced to form a
compound of the formula (I} or (III) as defined above. The
- working electrode (cathode) for this reduction is selected from
20 known electrode materials so that hydrogen overpotential is
maximized, and includes electrodes made from Ti, In, Cd, Pb,
Ga, Zn, Ag. Sn, Bi, Hg, Pt, Mo, Nb, Ta, C, Cu, Fe and Ni, as well
-as metal alloys such as Pb /A_g Cu/Hg and steels of various
compositions, including those steels describe_:d in “Kirk-Othmer
25 Concise Encyclopedia of Chemical Technology”, pp. 1101-1105,
- John Wiley & Sons, New York (1985). Preferred cathode
materials include Ti, In, Cd, Hg, Pb, Ga, Zn, Ag, Sn, Bi and C (in
particular C in the form of graphite, graphite felt or reticulated



(Huni gs base); ethyl acetate (EtOAc): iso-propylacetate 35 (i PrOAc);
g(c:ﬁ_'; Iugggﬁvlfg 'S%SC) et hanol (EtOH); WO 96/ 17846 _ FCTIUSIN/ISIE

NN- di et hyl f or mam de (DMWF); di et hyl sul f oxi de (DVSO) ;

4- di met hyl am nopyri di ne (DVAP); N, N-di net hyl aniline (DVA);

p-tol uenesul fonyl chloride (tosyl chloride or Tsd);

met hanesul fonyl chloride (nesyl chloride or MsCl); 5 p-tol uenesul fonic-:
~acid (p-TSA); iso-propanol (iPrOH). The present

I nvention conprises a process for 'ﬁ‘lnépari'ng a conmpound of the

formula (I11') or (Ill1) as shown in Reacti on Schenme 1 10

React i Sche 1 - refe are cath
on Sc eme. vitreous carbon). Alsgeéngerred are cathodes made from C, Pb,

Hg, Sn or Zn, with mercury, tin and lead being most preferred.
Preferably the cathode has a high surface area such that the
ratio of electrode area to solution volume is optimized. The

5 reduction is preferably carried out at a current density of 10
mA/cm? to 40 mA/cm2. The solvent is selected from water, a
suitable organic solvent, or a mixture of water and a water
miscible organic additive, and is preferably water or a mixture
“of water and a water miscible organic additive. ‘

10 The electrochemical reduction is carried out at a
temperature of -60° to 80°C, preferably at -20° to 30°C,, more
preferably at -20° to 20°C, and most preferably at 0° to 10°C, at
a pH of 7-10. A buffer, or a combination of two or more buffers,
is used as needed to maintain the desired pH range. The buffer

15 . is present at a concentration of 0.1 M to 2 M, preferably at
0.2 M to 1.5 M, and most preferably at 0.5 M to 1.0 M. The
initial concentration of the starting compound (IV) in the
reduction solution is from 1 g/L to 100 g/L, preferably at 5 g/L
to 60 g/L and most preferably at 10 g/L to 50 g/L.

20 The electrochemical reduction is carried out in a
suitable electrochemical cell, a large variety of which are known
in the art. Preferably the cell is a flow cell wherein the solution
comprising the compound to be reduced is circulated through
the electrochemical cell from an external reservoir. Also

25 preferred is a two-chambered cell wherein the cathode and
anode are contained in separate chambers. The cathode and
anode chambers of such cells are constructed such that fluid
contained in one chamber is physically separated from the
other chamber by a suitable divider while maintaining an

30 electrical connection between the chambers. Preferably the
divider is a porous material, such as sintered glass, or a suitable
ion exchange membrane, such as a Nafion® membrane. The
chamber contaimng the anode will also contain a soltition of a
buffer in water, which buffer can be the same or different as the

35 buffer in the cathode chamber. Preferably the buffer in the



15 . In Reaction Schene 1, a solution conprising a
conpound ofwobe1#®eé nul a (1V), as defined above, a suitable PCT/USISISTAvent,

and a buffer, is eleetrochemcally reduced to forma . conpound of
the formula (11) or (111) as defined above. The c wor ki ng el ectrode
(cathode) for this reduction is selected from, 20 known el ectrode
materials so that hydrogen overpotential is maxi m zed, and i ncl udes
el ectrodes made from Ti, In, Cd, Pb, Ga, Zn, Ag, Sn, Bi, Hg, Pt,
Mo, Nb, Ta, C, Cu, Fe and Ni, as well -e netal alloys such as

Pb/ Ag, Cu/Hg and steels of various conposi tions, including those
steels described in "Kirk-Q hner 25 Conci se Encycl opedi a of Chem cal

Technol ogy", pp. llsxiedé@hamber, i.e.,Jdieanolyte, &s 2ophosphaty @dit,(pékHloric
Preferred cat hode : Al i d ' ' P n ,
Sn, Bi and C (in actd °rp§§?lf'.§‘é‘ﬁf%‘?‘dc%ﬂﬁ ﬁng %lro m%oiagfhr y{ﬁ? ge& egf%j"p it g‘tﬁg
felt or reticul at edanolyte\gorgentration is preferably 0.2 M to 2 M, and is most
PCT/ US95/ 15169 referabl

about 1 M. - 10-
vi treous carbon). Aa)so prelyerre‘é are cat hodes de from C.__Pb, Hg,
Sn or Zn, with Mercury, tin afr@MBAUNGS; A thﬁsfg?'ﬂ?“élﬁeﬁned.m) and (IV) contain

P][ ef Fr abl ydt he cat hgge dlmrbpﬁyhbqlmaugx_fm mtﬁéﬁfofééﬁﬂthgs anignic _ratio
of el ectrode area ! g a4 B hlEnkoy 98 et for HIE clectspeHeRREl °7,' 3,
mV cnferr]. The sol sexhuctionseAncionl ekchanget membrane dividers whixdi és or gani ¢
O T, o bR £ s RiShot amions, cdh R BBt to
wat er i sci bl e 18 gaprevenfdmigvation of rgmpounds (II), (IFhand dEk te & cal
U T T bl Sty ke Ml o
membrane is a perfluorinated ionomer membrane, such as the
perfluorinated sulfonic acid or perfluorinated carboxylic acid
15 ionomers described in the "Kirk-Othmer Concise Encyclopedia
of Chemical Technology”, John Wiley & Sons, p. 843-844 (New
York, 1985), herein incorporated by reference. Most preferred
are Nafion® or Flemion® membranes, with Nafion® membranes
being especially preferred.
20 Compounds of the formula (IV) are known and can
be readily prepared via established methods.

The product compounds (II) and (III) from the
electrochemical reduction of Reaction Scheme 1 typically
contain several byproducts as impurities. For Example,

25 electrochemical reduction of a compound of formula (I} having

- the structural formula (I.1)

GOzH RN
/"“N OC(O)CH3 (¢ R8))

o O |
CO.H

via the pfocedure. described above produces a compound of the
formula (II) having the structural formula (II.1)



preferably at -20[err] to 20[err]C, and nost preferably at O[err] to

10[err]C, at a pH of 7-10. A buffer, or a conbination of two or
mor e buf Wer9s/17846  _ is used as needed to maintain the ®EIYEHIPEP r ange.
The buffer 15 is present at a concentration of 0.1 Mto 2 M
preferably at 0.2 Mto 1.5 M and nost preferably at 0.5 Mto 1.0
M The initial concentration of the starting conpound (IV) in the
reduction solutionis froml g/L to 100 g/L, preferably at 5 g/L

to 60 g/L and nost preferably at 10 g/L to 50 g/L. 20 - The
el ectrochem cal reduction is carried out i~h2a sui tabl e '

el ectrochem cal cell, a large variety of which are known in the
art. Preferably the cell is a fl.owcell wherein the solution

conprising the conmpound tcb%«;( reduced i aircul ated through t he
el ectrochem cal cell from externaﬁl] 'r'_ése? Sy. Also 25 preferred is
a two-chanbered cell whereln t ca nﬁ - anode are contai ned
in separate chanbers. The Wd s node cha of such cells
are constructed such that fluid Y 4 C% M i N one chanber is
physically separated fromthe O O ot her [chanber by a suitabl e divider
whi | e mai ntai ning an 30 electrical conn@@Hon between the chanbers.
Preferably the divider is a porous material, such as sintered

gl ass, or a sui talbhg with varying@amenstsnfcbyprashuets, ok the fegmulag {(XKH).

menbr ane. The m_r contai ning the anode wi.ll also contain a

solution of a (XIm) ancgE( er in water, gli ¢ buffer can be the sane or
cah

different as the 35 bufdQ@H in th aglegchanmber. Preferably the |
buffer in the WO 96/ 17846 ﬁ . | _
PCT/ US95/ 15169 '

anode chanber, i.e., the anollyte, i a | t, ;%?%hl oric
acid or sulfuric acid, with perchl od coacid belfng preferred. The
anol yte concentration is preferably 0.2 Mto ZC&Hand- i s nost

CozH '
OH
Ws .
5
- COzH

o COzH
Purified 3-exomethylene products (II) and () offer a number
of advantages (including superior performance in subsequent
~ steps of the prdcesses described in Reaction Schemes 2 and 3,
10 below). An efficient method for removal of all, or at least some,
of the byproducts from the desired reduction product (II) or
(I)) is therefore desirable. The instant invention also provides
a method for remova_l of such byproducts comprising
chromatography of the crude electrochemical reduction
15 product on a suitable adsorbent resin. Examples of such resins
include Amberlite® XAD-16, Amberlite® XAD-1180, Amberlite®



pFeferany about 1 M ) Conpounds of the formula (I11),

(1'11) and wbgnaaat ai n two carboxylic acid groups potusbsrseésor e
exi st as anionic - species at the preferred pH used for the -

el ect rochem cal reduction. An ien exchange nenbrane divider, which
S perneabl e to cations but not anions, can therefore be used to

10 prevent mgration of conpounds (Il), (Ill) and (IV) to the
anode, thereby preventing the possibility of side reactions from

occurring at that electrode. Preferably the-{®n exchange merbr ane
Is a perfluorinated i ononmer nenbrane, such as the perfl uori nat ed
sul fonic acid or perfluorinated carboxylic acid 15 iononers described

SBhtn h\eN | Ei rg— g) Egmmcm&l?w XADL 1800, Qé?nonqﬁg%emsmbzﬁechnol ogy",
[ ncorpora%/ed by r%ﬂ’r@‘ﬁ ‘ﬁ%@zgm %‘f"é}g%m 5 Xﬁ%gbﬁbﬁfm or
Fl em on menbr anesmtmmimmg HP-20 and {W§-40328i béing

o 11O o pxeferred oMastBERRRRER B JeMov g HyRcobuibt %h?péﬁ%@ 8¢
The product QcﬁTpomhqst(ml;laaﬁﬂlX (X1]1) fandn (KK¥) from a compeumd ofdhiecal '

reduction of ReackipubenAalp i me'afdadrbem resin XAD01600. sever al
byproducts as inpurities. or i\)mg1 ectr chein reducti on of
a conpound of formula (1) hdyd t resin Q‘H’é’@? QE?N!?&‘I &ilﬁul a (1.1)

[err] - electréchémigalorediuc Botep mduwasa [yocarrted aowoapend
o e s  SiRfctabbbe of D46 S8 bt 4ot 8&%15 updhe VO

10 material/L of resin. The column is preconditioned by washing
with methanol foll_oWed by deionized water. The electrolytic
reduction solution containing the materials to be separated,
obtained as described above, is filtered through a filter aid (such |
as celite®) then acidified to a pH of 3.5-4.0, and passed through

15 the column, typically at a rate of about 1 column bed
volumes/hour (BV/hr.) to load the column. The column is then
eluted using a suitable solvent, such as deionized distilled water
or a mixture of deionized distilled water and an alcohol (such as
methanol, ethanol or isopropanol), which elution solvent may

20 also contain a buffer to adjust the pH of the solution. The
desired compound of formula (II) or (II) is obtained by
lyophilization of the appropriate chromatography fractions.

The present invention also provides a process for
preparing compounds of the formula (V) as shown in Reaction

25 Scheme 2. |
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[err] along wi th varying
anmounts of byproducts of the fornulae (X 1I), ' (Xllllz and (XIV).
[err] WO 96/17846  _ CT/US95/15169"
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Pt]rified 3-exonet hyl ene products (I1) and (I11) offer a nunber of

advant ages W016Md6 ng superior performance in subsequent PCT/USSY15p69 Of

t he processes described in Reaction Schenmes 2 and 3, 10 below). An
efficient nmethod for renoval of all, or at |east sone, of the
byproducts fromthe desired reduction product (I1) or (rrr)y is
therefore desirable. The instant invention al so provides a net hod
for renmoval of such byproducts conprising - chromat ography of the
crude el ectrocheni cal reduction 15 produeliSen a suitabl e adsorbent
resin. Exanples of such resins I nclude Anberlite XAD 16, Anberlite
XAD-1 180, Anberlite WD 96/ 17846

PCT/ US95/ 15169 . In Step A of Reaction Scheme 2 the3starting

D T A 1Lt RPN B 390@&8%?6%@%@%@9%&%
and XUS-40323 bei n@ compoundr@f the dormwvlat (TPrex P edar the rsamelptg)cedure
byproduct inpuriti ecfeé&it?ed f51r I&é’hﬁtﬁ&i@éﬁ‘eﬁ%‘ h) The Fédudfdn( 5%%8@6‘

conmpound of the adsorbent resin

Adsor bent resin chﬂfnﬁl%éﬁmféﬁnﬂﬁlnﬂed by chrematagraphy-on ran adsashent
product is typical lpsshin’as @es@ibediabbve. tenperature of Oferr]Cto

coler) €t 2 ot o0 o BB B, € comtfuedE 4 bredld LB e
dei oni zed wat er. Thestetifietrby treating with a rstdtabblecestenifyirigoagent suchregs t he
through a 111 ¢er o lpRErydiazometnabld, 3 SuleaiE Nltlolit St s wner o &
3.5-4.0, and pdSsedmixturegef wates ancha polaanga!ypu salventato formy theydiestent
1 colum bed (V1), as defined above.
| In Step C, the diester (VI) is treated with ozone in a’
suitable solvent, such as CH2Clg, at a temperature of -100°C to
0°C, preferably at -80° to -20°C, to form an ozonide
15  intermediate, then further treated with a suitable reducing
agent, such as P(OCaH3)3 to reduce the ozonide intermediate
and form a compound of the formula (V), as defined above.
In an alternative embodiment, the product (II) or
(Il of Step A is treated with ozone, using essentially the same
20 procedure as described for Step C (above), to form a compound
of the formula {X)

an or (1) ozone % '-E! S :
L ————————l- : :
| A——r )
—N .
o/ | 7 “oH
COzH

wherein A is as defined above, and the product (X) esterified
using essentially the same procedure as described for Step B
25 (above) to form a compound of the formula (V), as defined above.
| The present invention further provides a process
for preparing compounds of the formula (VII) as shown in
Reaction Scheme 3. -



vol unes/ hour (BV/hr.) to load the colum. The colum is then
using a suitable sol vent,

eluted *
such as deionized distilled water . or a
m xt ur e YO IG3T8hi zed distilled water and an al cohol (suchP&EUS9IS/15169
met hanol , ethanol or isopropanol), which elution solvent nmay 20 al so
contain a buffer to adjust the pH of the solution. The desired
conmpound of forrmula (I1). or (Il11) is obtained by - l'yophilization of
t he appropriate chromatography fractions. The present
i nvention al so provides a process for prepari ng conpounds of the
formula (V) as shown in Reaction 25 Schelé 2. WD 96/ 17846
PCT/ US95/ 15169 -14-
Reaction Schene 2 Step A : : [err]
‘Reaction Scheme 3
- Step D. - | o
{9 g . o
( " ) ‘hydride reducing ( " ) :
H H\M'/- agent. . H H
A‘—-'f 15 - R P
T v AT (VI
O/ : OH O/ OH
COgR‘ . COzR‘ '
) R R O
Al= o
| - - R400C” (CHy), N—E
5 | -~ H
Step E
> ()
_ tertiary aminebase H H
(v . - F IS
A-_-—l/ (IX)
premseeen [N} "
CO,R*
Step F
H H
DPCl; & - T I8
. dialkylamine base =~ H2N®==
(Vi)
) — N
2) PCls , alcohol ordiol, o
o _ & tertiaryamine base COLR

In Reaction Scheme 3, step D, a compound of the
formula (V), as defined above, is treated with a hydride reducing
agent, preferably 'NaBE_-I4_. in the presence of a suitable solvent to
form a compound of the formula (VIII), wherein n, R, R1, R4

(@)

15

are as defined above. Suitable solvents include Et20,



S”Step B

[err] _
(V1) WO 96/17846 Step C PCT/US95/15169
[err] 10 -WD 96/ 17846 :

PCT/ US95/ 15169
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THF, a C)-C4 alcohol, water, a mixture of CI_-I2C12 and a C1-C4
alcohol, or a mixture of water and a C;-C4 alcohol. The reaction

~ is carried out at a temperature of -100°C to 30°C, preferably at

-80°C to 0°C, and the specific solvent or solvent mixture to be
used is selected such that the reaction temperature is higher
than the freezing point of the mixture. Preferably the solvent is
a mixture of CH2Clp and a C;-C4 alcohol and the reaction
temperature is -80° to -40°C.

Steps E and F of Reaction Scheme 3 are carried out
as a "one pot" process, i.e., the i'equired reagents are

“sequentially added to the reaction mixtufe without workup or

isolation between steps.
| In Step E, the product (VIII) of step D is reacted
with a compound of the formula P-X, wherein P and X are as

~ defined above, in a suitable solvent, such as CH3Clg, in the

presence of a tertiary amine base, such as Et3N, to form a _

mixture comprising a compound of the formula (IX), wherein P,
(1)

R3, n, , Rand R! are as defined above, and a tertiary amine

base. ' '

In step F, the product mixture from step E is
treated sequentially with PCls and a dialkylamine base, such as
diethylamine, to form a compound of formula (VII}. Treatment
with PCls in the presence of the tertiary amine base and a' C1-Ca
alcohol, preferably methanol, or a Co-Cediol, preferably 1,3-
butanediol, serves to cleave the amide side chain to form the
free amino group. Additional tertiary amine base is added with
the PCls in step F as necessary. Treatment with dialkylamine
base results in elimination of the 3-OP group to form the 3,4
double bond. ‘
. The reaction is carried out by adding PCls and an
alcohol or diol to the mixture, followed by treatment with a
dialkylamine base. Alternatively the mixture is first treated with



In Step A of Reaction Schene 2 the starting conmpound (IV), as

defined above, is eletrochemcally reduced to a conpound of the
formula (WPPYE14¢111) via the same procedure descPEHESPS(15169
Reaction Schenme 1. The reduction product (I1) 5or (Ill') is optionally -
purified by chromat ography on an adsor bent resin as descri bed
above. In Step B, a conpound of the formula (I11) or
(rrr) is esterified by treating with a suitable esterifying agent,
such as di phenyl di azonet hane, in a} ui.t abl e solvent, such as water
or a 10 mxture of water and a pol ar 6%‘anic solvent, to formthe

di ester (VI'), as defined above. In Step C,
the diester (VI) ., jis t{reated with oz in:aq . sui tabhl e sol vent, such
as CHerr]C[err fj,"e éilaﬁ()flém}&f‘a %_%%gﬁowség‘?}émm%nt with PClspand; | c,
preferably at -8@ldchol?6f ei6llC., to form an ozoni de: 15 internediate,
then further treated with a suitable reduci ragent, such as
P(OC[err]H err])[err] to reduce the ozoni'dﬁotermadi ate and form
2l Lor hat v enbod pnt  Che (raIBB OPHIEALE ) - Broup s prosent, gtep £ | 1 F
treated with ozoﬁﬁfgim E‘Eﬂat QE&E“QMCI:’ tozﬁgdBFéctg’cﬁJFE pxide

descri bed fors St gﬂbﬁp(tam;seana]ogdjysutﬁdmnpound' , of the fornul a

X i : ' el Ll

\(A,h)erei n Ais as defined ab&Pé’,‘PQHE'%Sf_6?8585?“{1%)(‘@@@?4 f‘p@ﬂﬂy

usi ng essenti al | gonwertednto wefijbuter (Bsvide knowr dnethodscp B 25 (above)
to forma conpound of the ﬁrﬁ|£tér§qgsﬁ\§ggﬁ%6&?ﬂeﬁeoﬁfe prpduct 4

The present invention further provi rocess preeparing

conpounds of t hedesexibed alvove ig dreatedwith a hydride redueinghagentasing
10 essentially the same procedure as described for Step D (above)
to form a compound of the formula (XI)

hydride
reducing agent g H (ﬁ)
e N '
_ o V4 OH
COzH

wherein A is as defined above, and the compound (XI) esterified
via.es_sentially' the same procedure as described in Step B of

15 Reaction Scheme 2 (above) to form a compound of the formula
(VIII), as defined above. The compound (VIII) is then
_converted to a compound of the formula (VII) via the
procedures described for Steps E and F (above).

- The following preparations and éxamples are
20 illustrative of the process of the present invention.
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WO 96/17846 Reacti on Schene 3 PCTQR1S85/13069
- Step E [err]
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Materials and General Methods:

Electrochemical reductions are carried out in an
electrochemical cell with the counter electrode (anode)
separated from the working {cathode) and reference electrodes.
The potential can be controlled using a constant voltage source,
such as a Princeton Applied Research Model 273 potentiostat,
at from -1 to -3 volts, preferably from -1.5 to -2.5 volts.

Nafion® membranes for use as dividers are
commercially available from a number of sources, e.g. DuPont or
Aldrich Chemical Company. The Nafion® membrane is cleaned
prior to use by boiling in 3% Hg03 for 30 minutes, followed by
immersion in a hot {(80°C) solution of 9 M nitric acid for 15
minutes. The membrane is then rinsed in boiling water,
sonicated in several aliquots of hot (90°C} water and stored
under distilled water until needed.

The counter electrode is a platinum mesh electrode
and the reference electrode is an Ag/AgCl electrode. The
working electrode is a mercury pool (triple-distilled mercury)
electrode; graphite (Johnson Mathey, 99.9995%) electrode;

~ glassy carbon electrode, lead (Johnson Mathey 99.9999%)

electrode, tin foil electrode (Aldrich 99.9% pure), or zinc
(Johnson Mathey, 99.95%) rod sealed in Teflon®.

HPLC analysis is performed on a Brownlee HPLC
Analytical Column (RP 18 SPHER I-5, 250 X 4.6 mm)
maintained at a temperature of 35°C. The mobile phase is
typically 94:6 0.025 M KHaPO, (aqueous)/CH3CN at a flow rate
of 1 mL/min., and a UV ‘detector (225 nm) is used.



[err] HH -
Reacti on step D, a conpound of the for
defi ned X@F%{ﬁf s treated with a hydride reducing mﬂé%@&ﬁ\ghﬂgéf erably -

NaBH err], in the presence of a suitable solvent to forma conmpound -
of theforrrula(VIII), wherein n, R Rerr], Rerr] and [err]
. are as defined above. Suitable solvents include Et[err]Q, WO 96/ 17846
PCTI US95/ 15169 - -17-
THF, a CJerr]-Cerr] alcohol, water, a mxtyye of CHerr]C[err] and a
Cerr]-Cerr] al cohol, or a mxtu of water and a Clerr]-(err]
al cohol . The reaction Is carried out at a tenperature of -100C to
30[err]C, preferably at ' -80[er£J(C ta Oierr] C, and the specific
solvent or solvent mxture to be +3 sel ected such that the
reaction tenperatuge is @g@r electrddhgmidalne :f r eezithg Hboi nt of the
m xt ure. Preferablu‘éIu >N reduction @ NMSNwre & S jderr]
and a CJerr]-Clerr] al nd the reaction feratdte is -80
to -40[err]C
COH OCOCH; - CO.H
Glu = i j\ _
- ‘HO®  (CHa)3 g’ :

Dissolve 0.3 gof 7-g1utaroyl 7-aminocephalosporanic
acid (glutaroyl 7-ACA) in 30 mL of a pH 6.9 aqueous buffer
5 solution of 0.1 M KHoPOy4, O. 1M NagHPO4 and 0.018 M
NaHCOg3. Eletrolyze the solution at room temperature using a
mercury pool working electrode at a potential of -2.2 V for a .
period of 13 hours to give a 8.5:1 mixture _of the exomethylene
product and a 3-n'.1ethyl'compour_xd of the formula

T vin
HO” (CHa)s ”-—l/ -
0/—N- CHs
10 GO
Example 1A

Dissolve 0.3 g of glutaroyl 7-ACA in 30 mL of an
aqueous buﬁ'er solution of 1M H3BO3 and add NaOH to adjust to

15 pH 8.0. Eletrolyze as. descnbed for Example 1 at a potential of
-2.3 V for a period of 4 3/4 hours to give a 6.8:1 mixture of the

same compounds as for Example 1.

Example 2 . .
20 _Prepare an aqueous electrolysis solution of glutaroyl
7-ACA; 0.05 M KH2PO4: 0.05 M NagHPO4; 0.08 M boric acid;



Steps E and F of Reaction Schene 3 are carried out
process, WQ96/17%46e required reagents are
the reaction m xture w thout workup or’
I'n Step E, the product (VII1) of step Dis reacted
conpound of the formula P-X wherein P and X are as
in a suitable solvent, such as CHerr]JdJ[err], in the
a tertiary am ne base, such as Et3N, to forma

"one pot"
sequenugﬂquaﬂﬁ@a to
i sol ati on between 'steps.
with a
15 defined above,
presence of
m xture conpri sing

a conmpound of the formula (IX), wherein P, -21- Rlerr], n, [err] ,R
and R[err] are as defined above, and a tertiary am ne base.
20 In step F, the product nmixture fromstep E
treat ed sequent i aangl Qia18 M:IP%) Cpanﬁﬂﬂﬂddhwhuﬁﬂh@fbﬁéhes%@mw and
di et hyl am ne, ‘ﬂ?!ﬁ? 0, p%,h ) . with
Pl [err] in the presgln %Btﬂgg?gfr)tlgpy am n alsgl-aaﬁgb gerr - Zervr.
al cohol , pref er abRpcord th ﬁcﬁnaloPHa andanalyge by HR a oge,
f25 but anedi ol , s@eternine ﬂlxéfydéltd hﬁ@ﬂlé&aftidi%fwbgi ém:ttbes-
ree am no graqup. i onal tertjar s_a

the PO [err] i F@Sﬂyi gompound. i, tﬁ? “ﬁft‘#‘ﬁl g.f%ﬁ}e]gtarﬁng
base results in ebmncentnaﬁfombft?rglﬁtﬂby@ceplpalospboamﬁ laeid iadicated, the
doubl e bond. tion is carried out by adding
PCl [err] and an ﬁ)(ilowing refy Oq.re W?ato the mxture, followed by
treatment with a__ dla kvl amne base Altern ] IS
first treated wi|Concentration | 734¥ield of pH pH Ratio
PCT/ US95/ 15169 of glutaroyl | exomethylene | initial | final 13- 3-exo

7-ACA product | 3-methyl

1g/L 52% 7.3 8.5 9.5:1
' 5'g_/L 50% 6.8 8.9 10.1:1
10 g/L 43% 6.3 8.5 10.6:1
_

10
' Prepare an aqueous electrolysis solution of 5 g/L of
glutaroyl 7-ACA and 0.2 M boric acid. Add NaOH to adjust the
initial pH of the solution. Using a 2-chambered cell separated
by a divider, electrolyze the solution as described for Example 1
at a potential of -2.2 V. Record the final pH and analyze by
HPLC, as described above, to determine the yield and the ratio
of 3-exomethylene to 3-methyl compound in the product
‘mixture. At the reaction temperature indicated, the following
results are obtained:

15

2 Reaction | Divider W& of' B inli’tii-ial ﬁl::ﬁal Ratio
i i = Bl
25°C | sintered 49% 83 | 94 10.4:1

| glass o -
25°C Nafion® ' 64% 8.3 9.3 10.6:1
0°C Nafion® 67% 8.7 8.3 13.5:1




t he di al kyl am ne base foll owed by treatment with PCI[err] and

al cohol 1ol Where an optional [e
present, q&?gffﬂg‘“’ - further conprises treatnment with P@%’E?ﬁ‘gf reduce

t he sul f oxi de 5 group to the anal ogous sul fide.

Compounds of the formula (VI1) are readily converted to ceftibuten
(1) via known net hods. In an alternative enbodi nent,

t he product (X descri bed above is treated with a hydride reducing
agent, using 10 essentially the sane prog?dure as described for Step D
(above) to forma conpound of the formla (XI)

[err] wherein A is as defined above, and the conpound (XI)
esterified via essentially the jﬁne Eiocgdure as described in Step
B of 15 Reaction Schenme 2 (above) t _ onpound of the formula
(VI11), as defined above. Prepareranadquediis ¢leictr01yms solution of dvgyLexf t o

a conpound of thglﬁwal-f\&hnﬁééﬁ&bo rftﬁ%ﬁ%&’ ﬁ@?étbﬁ?efor

Steps E and F (abo preparaiions and

exanpl es are initial pHsef the seolytionnto Pnl‘bc’egs Uﬁm&@ Zrchamberedgell on.
WD 96/ 17846 5 separated by a divider, electrolyze the solution £§ Hesepfletd #61°

Example 1 at a current density of 15 mA/cm2. Analyze by HPLC,
as described above, to determine the yield (80%) and the ratio
of 3-exomethylene to 3-methyl compound (20:1) in the product
mixture. o | | ' q
o Example 5 |
Prepare an aqueous electrolysis solution of 50 g/L of
glutaroyl 7-ACA and 0.5 M boric acid. Add LiOH to adjust the
_ initial pH of the solution to a pH = 9. Using a 2-chambered cell
15 separated by a leidCI‘ electrolyze the solution as described for
' Example 1 at a current density of 15 mA/cm?2, Analyze by HPLC,
as described above, to determine the yield (75%) and the ratio
of 3-exomethylene to 3-methyl compound (30:1) in the product
_ mixture.
20
. Exam gle 6
Prepare 20 L of an aqueous electrolyms solution of
30 g/L of 7-glutaroyl 7- armnocephalosporamc acid (glutaroyl 7-
ACA) and 0.5 M boric acid. Add LiOH to adjust the initial pH of
25 the solution to 9.5. Using a 2-chambered cell separated by a
divider, electrolyze the solution at a temperature of 6° to 7°C as
described for Example 1 at a current density of 15 mA/cm2.
(The final pH of the solution is 8.2.) Analyze by HPLC, as
described above, as well as by NMR, to determine the yield
30 (79% by HPLC, 80% by NMR) and the ratio of 3-exomethylene
to 3-methyl compound (25:1 by HPLC, 37:1 by NMR) in the
product mixture.
Using essentially the same procedure as described
for Example 6, 20 L of 50 g/L electrolysis solution was



F10- EXAMPLES Mat eri al s and

General MeWom$a7846 5 El ectrochemni cal reductRCIESIFRH6S
carried out in an - el ectrochem cal cell with the counter electrode
(fanode) separated fromthe working (cathode) and reference

el ectrodes. . The potential can be controlled using a constant

vol t age source, such as a Princeton Applied Research Mdel 273
pot enti ost at 10 at from-1to -3 volts, preferably from-1.5to -2.5
vol ts. Nafion[err] menb@8nes for use as dividers are

comer ci al | y avail abl e froma nunber of sources, e.g. DuPont or
Al drich Chem cal Conpany. The Naf i on[ err] nenbrane I s cl eaned '
prior to use by balecholyzed3to igioe 7026 weldi(bytBELCO) andwani Jrgxo to 35

Immnrﬁ[ Zis?nTihg %m&%&@&ﬁﬁﬁg f??éllsitewl{% :\/Ingl &L{gra.m d for 15soni cated

in several aliquots of hot (90[err]C) water and stored under

distilled water until needed. Example 7 The counter electrode is
‘a platinumnesh el ectrode: '
el ectrode. Thed Ch

(triple-distilled nercury) - elmm&e (Johnson Mat hey,

99. 9995% el ectr ade; gl assy carbon el ectrode, |ead (Johnson Mat hey
99. 9999% el ectrode, ti n f01 l. el ect rode (Al dri ch 99. 9% pure), or
zinc 25 (JohnStep Wat hsdsord ; d apreconditioning:

LG a3 BT o OB S XAD. 6 rel S
35[err]C. The Wbbi andph500 md. of dewmzeﬂyﬁ#%ﬁiqfi/wes agifate r hour.
KH err] P err] (aqmﬁe’cﬁkﬁ%eawaefl Qdd 500 mL36¥ MEOH, rgitite. forahd a
WV detector (225 nﬁl)u then decant the MeOH. Load approximately 155 mL of
' the resin in a glass chromatography column (2.4 cm X 60 cm)
using 250 mL of MeOH. Elute the MeOH (flow rate = 2 BV/hr.),
15 then elute with 7 L of deionized distilled water (flow rate = 8
BV/hr.). Backwash the column with 2 L of deionized distilled
water and allow the resin to settle. Elute the column with 1 L
of 0.5 M NaCL (aquéous) (adjusted to pH = 3.0 with HCI, flow
rate = 2 BV/hr.). | |
20
Step B - Product Purification:
- Load 60 mL of a 50 g/L electrolytic reduction
solution containing the crude 3-exomethylene product
(prepared according to Example 5) onto the resin column of
25 Step A (flow rate = 1 BV/hr., temp. = 4°-5°C). Elute the column
 with 60 mL of deiionized distilled water (flow rate 1 BV/hr.,
temp. = 4°-5°C), then with 700 mL of 0.1 M NaHCOg3 (aqueous)
(pH = 7.5, flow rate and temp. as above), co}lectirig 50 mL
fractions. The fractions colected are analyzed by HPLC then
30 acidified to pH = 3.5 - 4.0 using dilute HCI (aqueous).
" (Analytical results are provided in Table 1 below.) Lyophilize
the appropriate fractions to isolate the purified 3-exomethylene
prodﬁct (70%. .



WD 96/ 17846 PCT/ US95/ 15169

- 20- : ' Exanpl e 1 - [err]
Di ssol vew8.9§/16848f Z-glutaroyl 7-am nocephal osporanic ?CTmesl?:slll(fmg
(glutaroyl 7-ACA) in 30 nL of a pH 6.9 aqueous buffer 5 solution of
0.1 MKH err]PJerr], 0.1 MNa[err]HPgJ err] and 0.018 M - NaHCO err] .
El etrolyze the solution at roomtenperature using a nmercury pool
wor ki ng el ectrode at a potential of -2.2 V for a period of 13 hours
to give a 8.5:1 mxture of the exonethyl engy. product and a 3-net hyl
compound of the formul a ' [err]
Exanpl e 1A
- Table 1
Fraction # Fraction pH % Recovery of 3-
: ' ' . exo-product
. : =T 811 o
2 5.21 0
3 5.80 )
4 769 0
) 7.48 . 1.80 % _ ‘
6 7.46 38.7% '
- 7. . 7.26 - 22.2%
8 _ 8.02 - 15.5%
9 830 - 12.4%
10 8.16 .} - 3.65%
11 7.86 . 1.28%
12 7.51 - ' <0.5%
13 ' 7.47 <0.5%
14 7.42 <0.5%

Step C - Column Regeneration:
5 Slurry the spent resin with 5 BV of 2% NaOH for

45-60 min., decant the aqueous solution and shurry with 5 BV of
deionized distilled water for 15 min. Decant the water and
slurry with 5 BV of MeOH for 45-60 min. Decant the MeOH and
load the resin onto a column using 1 BV of either deionized

10 distilled water or MeOH, then elute the column with 5 BV of
deionized distilied water prior to reuse.

‘Example 8 |
Precondition a column 120 mL of XAD-1600 resin

15 (Rohm & Haas) via essentially the same procedure as described
for Example 6, Step A, then load 50 mL of a 50 g/L electrolytic
reduction solution (pH = 3.0) containing the crude '

. 3-exomethylene product (prepared according to Example 5)



Di ssolve 0.3 g of glutaroyl 7-ACA in 30 nL of an aqueous buffer
sol uti on ONOR6EMIperr]BO err] and add NaOH to adjust to PETHISOH1SH69

Eletrolyze as descri-bed for Exanple 1 at a potential of -2.3 V for
a period of 4 [err] hours to:give a 6.8:1 mxture of the samne
conpounds as for Exanple 1. Exanpl e 2
20 Prepare an aqueous el ectrolysis solution of glutaroyl
7-ACA: 0.05 MKH err]PJerr]: 0.05 MNa[err]querr]: 0.08 M boric acid:
WD 96/ 17846 cev” PCT/ US95/ 15169

--21- and 0.018 M NaHCO8. Record the initial pH of the sol ution
and el ectrolyze as described for Exa | e 1 at _a potential of -2.2
V. Recor d ant® the solummn fflowrate= b tempes & a@'o‘&e to

deternine the yi e'xﬁtﬁndm@enl.aéf aef&maeawmmd WlﬁefC(pB} 3.0,5flowetang 1

of "7 gl ut oyl copriaY 4501 chad. 3k of pRfrisga Bl water lp%?f’@%f“@ ééﬁPts

are obt ai ned: rate 1 Bvidanjr EOO(mL of O.bIM NaHCO;pr(aqueoupH(pH =7.8atio
of glutaroyl - egxo V. e

or oduct BX O tae) B\?éﬁt@t l{ﬂé‘%lleéﬁ?fé"SOfn {factmns %@ye
7.3 8.5 9.thelfractions by HPBCg/then adjust tosphl = 3 5-4.0 msing dihtg
%8' 11 HE? (ﬂﬁheouskx Ané%cal results &ré prov?déd in TabIJe,Ol6 1

aqueous el ect r ol yshelose) uLyephilize; the appropriate fractions to givg The p punﬁed
3-exomethylene product

10 - . Table2
Fraction # Fraction pH % Recovery of 3-
| | exo-product
1 5.93 0
2 6.17 0
3 6.16 0
4 5.65 0
5 ' 4.58 0
6 3.84 0
7 3.78 0
8 3.72 0
9 2.82 0
.10 5.01 0
11 . 7.01 _15.0%
12 7.48 18.8%
13 6.89 18.6%
14 6.15 20.5%
15 6.31 22.0%
16 6.49 4.17%
17 6.75 0.40%
18 7.04 0




gl ut ar oyl

initial ' solution. Using a 2-chanbered cell separ by
di vi der, %g{ﬁé&eym the solution as described for Exanpl eﬁ&%”uﬂgg at a
potential of -2.2 V. Record the final pH and anal yze by HPLC, as
descri bed above, to determne the yield and the ratio of - '
3-exonet hyl ene to 3-nethyl conpound in the product m xture. At the
reaction tenperature indicated, the followng . results are obtained:
20 Reaction Divider Yield of -26- pH pH: Ratio

Tenp. nmateri al exonet hylene initial final 3-exo _

pr oduct 3- et hyl 25[err]C sintered 49%
8.3 10. 1 1enn <Ql:as e on err]

64% Thy XAD-1690,ré8if° regeneré‘f‘%‘? %?% ésrs]eﬁéﬁl&%b % 67%
8.7 8. 3 13 pracess as \iesesibers fer Examp] 6, Step C.

PCT/ US95/ 15169 -22-

Exanpl e 4 - Prepare aqueous el ectrolysis solution of
10 g/L of gl utaroyl 7-ACA and Mﬁ&ﬁc acid. Add LiOH to adjust
t he snitial pH of the sol utlon to pH = 9. Using a 2-chanbered cell

5 separated by g d|v_d . td . Epl
Exanpl e 1 at a CoFeeAt—gens PR e
descri bed above,
3- exonet hyl.ene to 3-net hyl

10

10

15

20

25

30

7- ACA and 0.2 Mboric acid. Add NaCH .to adj ust the

uti on as descri bed for

to determnethe yleld(80% and the ratio of

glutaroyl 7-ACA (50 g/L) according to the procedure described
for Example 6 to give a 75% solution yield of 3-exomethylene
product. Lyophilize the product solution to give the solid
product.

Step B: Chromatography: B

: A column (115 em X 7.5 cm) was loaded with 20 L
of XAD-1600 resins and preconditioned at 5°C using essentially
the same procedure as described for Example 8. Prepare a
solution (15 L) of about 300 g of the 3-exomethylene product
from Step A (~20 g/L in deionized distilled water), adjust to pH
3.0 with 2 L of 3.7% HCI (ageuous), and load the column (5°C)
at a flow rate of 0.5 BV/h. Elute the column sequentially with
2.5 BV of deionized distilled water (pH = 3.0, flow rate 1

' BV/hr.), 3.5 BV of deionized distilled water (pH = 6.0, flow rate

1 BV/hr.); and finally with 4 BV of 0.5 M NaHCO3 (aqueous) (pH
= 7.5, flow rate 1 BV/hr.), while collecting fractions (each
fraction is 0.25 BV). Analyze the fractions by HPLC, combine
the fractions which contain the 3-exomethylene product to give
a 93.2% recovery of purified 3-exomethylene compound in .
23.3 L of solution (12 g/L).

Concentrate the product solution by reverse osmosis
(100 Dalton membrane, pressure = 32 bar, 5°C) to give a
concentrated product solution of 11 L (23.0 g/L).

‘A sample of the 3-exomethylene product is isolated

_ by lyophilization. 1H NMR (400 MHz, CDCl3): 5.30-5.23 (d of

=nal yze by HPLC, as

EfCCIPoeEmi ¢y relilick"s SOIQHUA! of 1.0 kg of X1 U e

a



Exanpl e 5 : Prepare an aqueous el ectrol ysi of
50 g/ L of WO96/17846 g| ut ar oyl 7- ACA and 0.5 M boric acid. AddP EF@%LW J;j ust

t he initial pH of the solution to a pH = 9. Using a 2-chanbered
cel | 15 separated by a divider, electrolyze the solution as described
for Exanple 1 at a current density of 15 mA/cnferr]. Analyze by
HPLC, as described above, to determne the yield (75% and the
ratio of 3-exonethylene to 3-nethyl conpound (30:1) in the product
mi xt ure. 20 -27- Exanple 6 '
Prepare 20 L of an aqueous electrolysis sol utlon of 30 g/L of

7-glutaroyl 7-am nocephal osporani c aci ACA) and

d
M boric acid. Add ):0bil@ &d): u-82nhis)i n4-t(7q5il4 @I-fmiﬁ 3 354d Pflé‘)-so?@ﬂf'gnlgo
9.5. Using a 2-chaghgreg peld, ogeaﬁ?.at e 1.88 (m). | divider, electrolyze

the solution at a tenperature of 6[err] to 7[err Cas descri bed for
Exanple 1 at a current density of 15 mA/cmZ (The final pH of the
solution is 8.2.) Agepyee emteriﬁcauonjescrl bed above, as well as
by NMR, to determ ne %ﬁe yi eig 30 (/9% by WPLC, 0% by NVR) and the
rati o of 3-exonethyl ene to 3-nmethyl corpound] (25: 1HbyHHPLC 37:1 by
NMR) in the product m xture. JE FUE ntially
t he sane procedure as described PBM- Qxar‘ﬁ\"zk b /L
el ectrol ysis sol ution was WO 96/ 17846
PCT/ US95/ 15169 : CH
el ectrolyzed to give 70%yi el @ (by HPLC) and an o tPs3- metﬁ‘uyl
ratio of 28:1 (by HPLC)JL H H diphenyl-
R diazomethane  © O-DPM
(CH2)3 N™
/——N
o’ | CH;
' ( DPM = (C6H5)2CH-)
5 . . CO.H , :

- Prepare diphenyldiazomethane from benzophenone
hydrazone by oxidation with a mixture of CH3COsH, 1,1,3.3-
tetramethylguanidine and 1% (w/v) of iodine in CH2Cl2. The
oxidation is conducted according to the procedure described in

10 Walker, et al., J.C.S. Perkin I, 2030 (1975) to nge a 94% yield
of diphenyldiazomethane.

Treat 1 L of the concentrated (23. 3 g/L) 3-exo-
methylene product solution from Step B (at pH = 3.0-3.4) with
2.5 equivalents of diphenyldiazomethane in CH2Clz overnight.

15 Add an additional 10% (0.25 equiv.) of diphenyldiazomethane
solution to ensure complete esterification. Concentrate the
organic mixture to a residue and crystallize the residue from
i-PrOH to give an 88% yield of the 3-exomethylene
bis-diphenylmethyl ester (bis-DPM) product. The purity of the

20 bis-DPM ester product is >97%. 1H NMR (400 MHz, CDCl3):
7.35-7.15 (m, 20H); 6.80 (d, 2H); 6.03 (d, 1H); 5.58 (m, 1H);
5.3-5.1 (m, 4H); 3.42 (d, 1H); 3.0 (d, 1H); 2.41 (t, 2H); 2.15
(t, 2H); 1.9 (m, 2H). '



Exanple 7 5 Chr omat ogr aphi ¢ Purification of Crude

El ectroc Reducti on

Step A Wsorg%'ent Resin Col um preconditioning: % 9‘%8;115169

Combi ne 200 nmL of XAD- 16 resin (Rohm & Hass) + 10 and 1500 niL of

deioni zed distilled water, agitate for 1 hour, t hen decant the

wat er. Add 1500 nmL of MeOH, agitate for 1 hour, then decant the
MeOH. Load approximately 155 niL of the resin in a glass

chromat ography colum (2.4 cm X 60 cm using 250 nmL of MeOH Elute
the MOH (flow rate = 2 BV/ hr.), 15 thgﬁ eI ute with 7 L of deionized
distilled water (flowrate = 8 BV/ hr.). Backwash the colum with 2
L of deionized digtil/)led Ivsi water and allow the resin to settle.

El ute the col um zonolysis of 0.5 M NaCL (aqueous) (adj usted to pH
= 3.0 wth HO, flow rate = 2 BV/ hr. 20

Product Purification: Lo d 60
el ectrol ytic reduction sol uti oppRM alcH
3- exonet hyl ene product (prepared according

resin colum of 25 Step A (flowrate = 1 BV/hr.

4[err]-5[err]C). Elute the colum w t h/60 nL

distilled water (flowrael / hr. 3 enp.

with 700rrLof01MNaH ueoug H (pH = 7.5,

tenp. as above), % S&yactions.

col ected are analyz 50 agidified to pH=3.5- 4.0

usi ng dilute HCA (aqueous) al results are provided in
Tablelbelow) Lyophili ze. o thea Hyte fractions to isol "
the purified 3-exonet hyl ene prodyct (70% DRM%(QH%GH-j

PCT/ US95/ 16169

- Ozonlysis of the bis-DPM ester product of Step C is
~carried out using standard procedures. The bis-DPM ester (70
5 mmol) is dissolved in EtOAc (ester concentration 80-90 g/L)
and cooled to -75°C.  Ozone (1.3 equiv.) is added to the mixture
at -78°C by bubbling a stream of ozone in O through the stirred
solution. The resulting mixture is stirred at -75°C for 35-45
min. then treated with P(OCqHs)3 (to reduce the resulting
10  ozonide intermediate) to give a 90% yield of the 3-hydroxy
: cephem product



24 Table 1 Fraction #

Fraction pHYO%687#8:overy of 3- PCT/USI5/15169

‘exo-roduct - 1 511 0 ~

2 5. 21 0 3 5. 80

0 4 : 7.69 0 5

7.48 1.80 % 6 7.46 38. 7%

7 7.26 22. 2% 8 8.02

15. 5% 9 - 8.30 28 12. 4% -

10 8. 16 3.65% 11 7.86

1.28% 12 7.51 <0. 5% N

13 7. 48tep E: Reductiom tgo3-Hydroxvcepham 14 7. 42

<0. 5% . Step C - Colum Regeneration: 05 O Slurry the

spent resin with 5 BV of 2% NaCH for 45-$0 nif)., debland tge aqueous

solution.and slurry with 5 BV of . i PRI SN LeG WE or 15
slurry S\ﬁLEBS Hd Me '

m n. Decant the water and

Decant the MeOH and | oad the resin onto a colum usj
ei ther deioni zed 10 distilled water or MeOH, th el ut Mm>EHt h
5 BV of .+ deionized digtilled water prior tgreuse.
Exanpl e 8 . Precqinditi &n & col 120 nmL of XAD; 0 resin
15 (Rohm & Haas) vi i?‘fﬁ ] he Famg cedure as descrifed ©-DPM
for Exanple 6, Step ,P‘en & SOME'O a 50 g/L electrolytic
_ ' - . ——N
TN
: . ' ( DPM = (CﬁHs)zCH-)
o . .

O-DPM
Reduce the 3-hydroxycephem product of Step D by
treating with NaBH, and HOAc in a mixture of CHyCl, and
5 MeOH at -50°C for 20 min. Isolate the product to give a
60-70% yield of 7-N-glutaroyl3-hydroxycepham bis-DPM ester.

Step F: - ' _ -
| | | - H H
DPM-O” (CHs N—'—-i/s Ny
. —N. a
O/ ~OH _0/ H

0% “Oo-DPM o O-DPM
( DPM = (CoHs)zCH')

10 The 7-N-glutaroyl-3-hydroxycepham bis-DPM ester

product of Step E is converted to 7-amino-3-desacetoxymethyl-
cephalosporanic acid DPM ester (7-ADMCA DPM ester) via
essentially the same proéedure as described in Yoshioka, et al.,
Pure & Appl. Chem., 59. (No. 8) 1041-1046 (1987). The

15 Yoshioka, et al., process is for conversion of a 7-N-phenylacetyl
DPM ester to 7-ADMCA DPM ester, and is substantially the same
as the process described in Reaction Scheme 3, Steps E and F,



reduction solution (pH = 3.0) containing the crude 3- exonet hyl ene

pr oduct according to Exanple 5) WO 96/ 17846 o

DT Usos M g - 25, PCT/USISISIEY 1

t he col umm (rowrateleV/hr tenp. = 4[err]-5C). Elute W t h:
120 nmL of deionized distilled water (pH= 3.0, flowrate 1 BV/ hr.):
120 nmL of deionized distilled water (pH = 6.0, flow rate 1 BV/ hr.);
500 mL of 0.1 M NaHCJ err] (aqueous) (pH = 7.5, 5 flowrate 1 BV/hr.),
while collecting 50 nL fractions. Analyze -30- the fractions by HPLC,
then adjust to pH = 3.5-4.0 using dilute HA (aqueous). (Analytical
results are provided in Table 1 bel ow. ) Lyoph| |ize the appropriate

[1B6L1 27 1 OV Enblt, B e 7-ADUCK N E ER Klsplgren

exo- product
2

0

4.58

7

0

5.01

10

15

20

25

30

35

70-80% yield dnd can be analyzed 1933 HPLC (Brownlee RP18
éoljtﬁnn dlode array d&ggtor at 220 nm, elxé%.nt 65% CH3CN? 16
35%) aqueous phosphate duffer (0.02 M, pH3=g4.2), flow rate 2. O 0
ml/Amin.) !H NMR (3@0 MHz, CDCl3): 7. 587 4 (m, 2H); 7.38-3. 72 _
7.2 §m, 8H): 6.95 (s,"18; 6.6 (d of d. 1H)H 4.85 (d of d, 2H): 12 oo,
3.65-3.35 (m, 2H); 1.76 (br s, 2H).

Example 10 '
The extractive esterification of Example 9, Step B '
can be carried out on a 40-50 g/L solution of the 3-exo-

‘'methylene starting material. At such higher concentrations the

reaction proceeds more rapidly {it is complete in 6 to 7 hours)

- and requires less diphenyldiazomethane (typically 2.5

equivalents).

Example 11
Prepare an aqueous electrolysis solution of 10 g/L of

glutaroyl 7-ACA and 0.2 M boric acid. Add LiOH to adjust the
initial pH of the solution to pH = 9. Using a lead cathode
(working electrode) in a 2-chambered cell separated by a
divider, electrolyze the solution as described for Example 1 at a
current density of 24 mA/cm?2. A total of 1200 C of charge was
passed during the electrolysis. Analyze by HPLC, as descnbed
above, to determine the yield (54%) and the ratio of

3- exomethylene to 3-methyl compound (72:1) in the product

mixture.

Example 12 )
Prepare 10 mL of an aqueous electrolysis solution of

10 g/L of glutaroyl 7-ACA and 0.15 M sodium phosphate buffer
(pH = 7). Using a tin cathode (working electrode) in a two
chambered cell separated by a divider, at a temperature of 5°C
electrolyze the solution as described for Example 1 at a current
density of 15 mA/cm2. A total of 2016 C of charge was passed



12 7. 48 18. 8% 13

18. 6% WO 96/17846 14 6. 15 20. 59BCT/US9S/15169

1.5 6. 31- 22. 0% 16 : 6.49
4. 17% 17 : 6.75 - 0.40%

18 7.04 0 WD 96/ 17846

PCT/ US95/ 15169 - 26- The
XAD- 1600 resin is regenerated via essenti all Y, {he same process as
described for Exanple 6, Step C

Exampl e 9 5 Step A Elect rochem cal Reduct I on

El ectrochemcally reduce a solution of 1. | ut ar%a/
(50 g/L) according Wﬁ&@g@@%@'@b@iﬂesﬁeﬁmﬂ b}’ HRLC; a8 &@Qﬁb @hﬂﬂeglt‘)e
a 75% sol ution vyi ehéta&n&@m d 972%) and t.héfﬁiwfof swhéﬂ;ﬁeha%

product solution t | p uct

Chr onat ogr aphy: 3 %‘e\{?‘y °°mP°“ndA(~'%Qy|1MR @1&? %%tﬂgx'@ﬁ’; vvas Ioaded
with 20 L of XAD- 1600 resins and preconditioned at 5[ err] C using
essentially t he sane procedure ag 1' for Exanple 8. Prepare
a sol ution (15 L) of about 300 —exomnet hyl ene product
from St ep A (-20 g/L in dei ofreparelil mgll-@é an agueousdelectralysisHsolution of

10 g/L of glutaroyl 7-ACA and 0.15 M sodium phosphate buffer
(pH = 7). Using a tin cathode (working electrode) in a two
chambered cell separated by a divider, at a temperature of 5°C

10 electrolyze the solution as described for Example 1 at a current
density of 30 mA/cm2. Analyze by HPLC, as described above, to
determine the yield (70%) and the ratio of 3-exomethylene to
3-methyl compound (36:1) in the product mixture.

15 Example 14
Prepare 10 mL of an agueous electrolysis solution of

10 g/L of glutaroyl 7-ACA and 0.5 M boric acid. Adjust the
solution to pH = 9.5 with LiOH. Using a tin cathode (working
electrode) in a 2-chambered cell separated by a divider, at a

20 temperature of 5°C electrolyze the solution as described for
Example 1 at a current density of 30 mA/cm2. Analyze by HPLC,
as described above, to determine the yield (67%) and the ratio
of 3- exomethylene to 3-methyl compound (20:1) in the product

. m1xture



20 3.0 with 2 L of 3. 7% HO (aqeuous), and load the colum (5[ err]C

at a flo f 0.5 BV h. Elute the columm sequential | y jpid.h 2.5
BV of dewglsf%;zzd&dl-st |l ed water (pH = 3.0, flowrate 1 P%Mégﬁ{ﬁlﬁ%.),

BV of deionized distilled water (pH = 6.0, flowrate _ 1 BV/hr.); and *
finally with 4 BV of 0.5 M NaHCJO err] (aqueous) (pH 25 =7.5 flowrate

1 BV/hr.), while collecting fractions (each _ fraction is 0.25 BVY).

Anal yze the fractions by HPLC, conbine the fractions which contain

t he -3- exonet hyl ene product to give _%32_93; 2% recovery of purified

3- exonet hyl ene conpound in 23.3 L ot solution (12 g/L). 30°
Concentrate the product solution by reverse osnosis (100 Dal ton
-menbrane, pressure = 32 bar, 5[err]C t}.‘ﬁcﬁh fe concentrat ed

product solution of 11 L (23 0 g/L). - A sanple of the

3-exonet hyl ene product is isolated ? | yophl lizati on. [err]H NWR

(400 MHz, CDCl[err]): 5.30-5.23 (mg 6/ 17846

PCT/ US95/ 15169 -27-
d)512(d)482(s)47546(m03§ % of d); 2.24-2.18
(m; 2.12-2.05 (m; 177168(n) Step C Extractive
Esterification O'CH(C6H5)2 [err]

St A: Extractive 'E riﬁ' ion

DPM-O (CHz)s u—-'—l/ .

. . /"-—N '
) . . . CH
o o / _ o) 2
)L J\ 3L g (iphenl 0% “o-DPM
CHz)a N__s T diazomethane _
'-_-—Nl
. o/ - ~ ~CHap '
5 | . (DPM:(C(,Hs)aCH-)

 Add a solution of 34. 2 g of diphenyldlazomethane in
CH2Clg toallL solution of 21.0 g (0.064 mole) of 7-B-(carboxy-
butanam;do) 3-exomeﬂ1ylene-3-cepham—4 carboxylic acid. Cool
the mixture to' 0°-5°C and slowly add (dropwise) 18% HCI
10 (aqueous) to adjust to pH = 3. Warm to room temperature and
stir for 6 hours, then add HCI to lower the pH to 2-2.5 and stir
for 1 hr. Separate the phases and extract the aqueous phase
with CH2Cls (2 X 50 mL). Wash the combined organic phases
with 500 mL of water, then concentrate in vacuo to a volume of
16 ~70 mL. Add 300 mL of iPrOH and distill off the remaining-
CH2Cl2 at 45°C. Cool the mixture to 25°C, add seed crystals of
the product and.stir for 4 hrs. Cool to 0°-5°C and stir for 0.5
hrs. Collect the product by filtration and dry in a vacuum oven
~at 35°C to give 34 g of the diester product. !H NMR (CDCI3,
20 © 200 MHz): 1:98 (m, 2H); 2.23 (t, 2H); 2.5 (t, 2H); 3.09-3.50
(AB quartet, 2H, J=13 Hz, J=9 Hz); 5.21-5.24 (s, 2H); 5.32 (s.
1H); 5.35 (d, 1H, J=4.3 Hz); 5.64 (d of d, 1H, J=4.3 Hz, J=9.2



5 Prepare di phenyl di azonmet hane from benzophenone
hydrazone WP %Ri##ati on with a m xture of CHerr]CJ err]H, 1PCTHIS9S/15169

t et ramet hyl guani di ne-and 1% (w'v) of iodine in CHerr]dJ[err]. The -

oxidation is conducted accordi'‘ng to the procedure described in 10
Wal ker, et al., J.C.S. Perkin I, 2030 (1975) to give a 94%yvyield
of di phenyl di azonet hane. Treat 1 L of the _
concentrated (23.3 g/L) 3-exo- met hyl ene product solution from
Step B (at pH = 3.0-3.4) with 2.5 ¥&ai val ents of
di phenyl di azonethane in CH err]C [err] overnight. 15 Add an
addi tional 10% (0.25 equiv.) of diphenyl di azonet hane solution to .
ensure conpl ete edizki 6.10t N HCI=H2t Ha):c6:86-6.88 (s, 2H); 0/7328+7.37 fbur e
to a residue and g yghpp!ize the residue from i-PrOH to give an
88% yi el d of the 3-exonet hyl ene bi s- di phenyl net hyl ester
(bis-DPM product. The purity of the - 20 bis-DPM ester product is
>97% 1H NMR (400 B¢ Abhisis 7.35-7.15 (m 20H); 6.80 (d,
2H); 6.03 (d, 1H); >5. m ; 5. 3.1 (g 4H); 3.42 (d, 1H);
3.0 (d, 1H); 2.41 (t, 2H); 2.15 (t,f}; 9 (Mpu2Hy. WO
96/ 17846 PCT/ S99/ J$169
- 28- Step D Ozonol ysis DPM-O”. (CHg)3 u—_(‘é

7 I

fo) OH

o) o

[{ s o
ol I

o O-DPM

DPM-O/IL(CHZ);I‘\H—-_l/- S
| /N
| 7 fcm (DPM=(C6H5)2CH-)
0% “o-DPM |

Dissolve 46.26 g (0.070 mole) of the bis-DPM ester
product from Step A in 500 mL of EtOAc and cool to -75°C.
Bubbled a stream of ozone (~2.7 mmol/min.) through the
stirred solution at -75°C for 35 min. Remove excess ozone by

10 bubbling oxygen through the mixture for 5 minutes, then
nitrogen for 15 min. Slowly add 25 mL (0.143 mole) of
-P(OCoHs)3 over a 20 min. period while maintaining the
‘temperature at <-65°C, then stir for 1 hr. Pour the mixture into
105 mL of 5% HCI (aqueous) and stir at 15°-20°C for 1 hr. Wash
15 the organic phase with 5% NaCl (aqueous) (2 X 250 mL), then
concentrate in vacuo to a residue. Triturate the residue with n-
pentane to give a-90% yield of the 3-hydroxy cephem product.
- 1H NMR (CDCl3, 300 MHz): 2.01 (m, 2H); 2.30 {t, 2H); 2.53
(t, 2H); 3.27-3.45 (AB quartet, 2H, J=17 Hz); 5.01 (d, 1H,
20 J=4.5 Hz); 5.71 (d of d, 1H, J=4.5 Hz, J=8.5 Hz); 6.37 (d, 1H,
J=8.5 Hz); 6.89-6.91 (s, 2H); 7.23-7.45 (br. s, 20H); 11.68 (s,
1H). :




[err] ' Qzonl ysis of the b| s- DPM est er product

of Step carrl ed out using standard procedur
ester (786&117813 is dissolved in Et OAc (ester conc?@@?’b‘ﬁ-‘%& 90
g/ L) - and cool ed to -75[err]C. Ozone (1.3 equiv.) is added to the
m xture at -78[err]C by bubbling a stream of ozone in (err]
t hrough the stirred solution. The resulting mxture is stirred at
-75[err] C for 35-45 mn. then treated with P(OClerr]Herr])[err]
(to reduce the resulting 10 ozonide i ntﬁr medi ate) to give a 90%yvyi eI d
of the 3-hydroxy cephem product . WD 96/ 17846 |
PCT/ US95/ 15169 - 29-
Step £ Reducti ogy oo G QHERT Fhivaromvespham
o)

nx

DPM- o)kcuz)flku—-—i/

—N

/ O/ OH

e O :

H
/lL J\ T s 0% “o.0pM

DPM-O” (CHg)s . :

oH ¢

( DPM = (cﬁns)zcn-)

aill T

S

[T [ n o

—-
N
O/ '

O-DPM
Combine 10.6 g (0.016 mole) of the 3-hydroxy-
cephem product of Step B, 8.2 mL of glacial HOAc, 90 mL of
5 MeOH and 180 mL of CH2Cly and cool to -55°C. Add 1.84 ¢
(0.049 mole) of NaBH4 and stir at -50°C for 20 min. Pour the
reaction mixture into a mixture of 300 mL of CH2Cly and 105
mL of 7% NaHCO3 (agqueous) at room temperature and stir for
15 min. Wash the organic phase with 5% NaCl (aqueous) (2 X
10 200 mL), then concentrate in vacuo to a residue. Crystallize the
| residue from 100 mL of toluene by stirring at 5°C to 12 hrs. to
give 6.4 g of the product. !H NMR (DMSO-dg, 300 MHz): 1.96
(m, 2H); 2.23 (t, 2H); 2.48 (t, 2H); 2.61-2.98 (AB of ABX, 2H,
Jap=13.8 Hz, Jax=10.0 Hz, Jpx=3.5 Hz); 3.32 (d, 1H, J=7. 8
15 Hz); 4.08 (m, 1H, J=10.0 Hz, J=7. 8 Hz, J=6.0 Hz); 4.84 (d, 1H,
| J=6.0 Hz); 5.07 (d, 1H, J=4.0 Hz); 5.53 (d of d, 1H, J=9.0 Hz,
J=4.0 Hz); 6.51 (d, 1H, J=9.0 Hz); 6.87-6.92 (s, 2H): 7.2-7.4
(br. s, 20 H). |



Reduce th - xycephem product of Step D by treatl '
NaBH[err]e‘g?\’c?Ql’)igﬁg ina mxture of CHerr]Cd[err] and ?C‘O%“a‘w

-50[err]C for 20 min: Isolate the product to give a 60-70% yi el d
. of 7-N-gl utaroyl 3-hydr oxycepham bi s- DPM est er.. Step F:
[err] 10 The 7-N- gl utaroyl - 3-hydr oxycepham
bi s- DPM est er product of Step E is converted to
7- am no- 3- desacet oxynet hyl - cephal o rani c acid DPM ester
(7- ADMCA DPM ester) via essenti al | y's‘ﬁ%e same procedure as
descri bed in Yoshi oka, et al., Pure & Appl. Chem, 59, (No. 8)
1041- 1046 (1987). e D 13‘5 YQshi al ., process is for conversion -
of a 7-N-phenyl ac —.MES 27- ADMCA DPM ester, and is
substantially the sanme .as the processydes r| begl 'l-? Reactlon Schene
3, Steps E and F. (CH.) = s
' DPM-O 2/3 N-—-r’
_ H :
g 0SO,CH
2LH3

o o /
- ' o “o-pDPM

DPM-0” (CHgls g ——(
o ' ( DPM = (CgH 5)2C.H-)
o “o-DPM

Combine 12.0 g (0.018 mole) of the product of Step
C, 2.7 mL of methanesulfonyl chloride and 800 mL of CH2Clg,
5 cool to -20°C and add 320 mL of a 1.2% solution of EtgN in
CHqCls over a period of 20 min. with the temperature at <-20°C.
Warm to -10°C and stir for 1 hr., then pour the mixture into 1 L
of chilled 5% NaCl (agueous). Wash the organic phase with 5%
NaCl (aqueous), then concentrate in vacuo (temperature <35°C)
10 to a residue. Crystallize the residue from MeOH to give 11.4 g
of the product. !H NMR (CDCl3z, 300 MHz): 2.00 (m, 2H); 2.27
{t, 2H); 2.49 (t, 2H); 2.68 (s, 3H); 2.83-3.51 (AB or ABX, 2H,
Jap=13.5 Hz, Jax=10.5 Hz, Jgx=3.3 Hz); 5.04 (m, 2H); 5.25
(d, 1H, J=4.4 Hz); 5.50 (d of d, 1H, J=4.4 Hz, J=9.0 Hz); 6.55
15 (d, 1H, J=9.0 Hz); 6.89-6.95 (s, 2H); 7.2-7.4 (br. s, 20 H).

E-

s

hain cl
(o]

o £

SRETN —_3"
T IS | =
DPM-0” (CHp)3 N—‘—L-i/ Nﬂz—T
_ H _ 7N
N
| 0/ 0S0,CH, o OSO,CHj
' 0~ “O-DPM

0 “o-DPM

( .D'PM = (Csﬁs)zCH-) |
Combine 14.3 g (0.019 mole) of the product of Step
20 D and 1.26 L of CH2Cls and cool to -50°C. Add 6.4 mL of
pyridine and 8.3 g of PCls, raise the temperature to -10°C and



WD 96/ 17846 ' PCT/ US95/ 15169

- 30- w096,1-,846sh0wn above. The 7- ADMCA DPM est er producpdﬁjsggjgll@j ed in
70-80% yield and can be anal yzed by HPLC (Brownl ee RP18 col um,
~diode array detector at 220 nm eluant - 65% CH3CN 35% aqueous .
phosphate buffer (0.02 M pH=4.2), flowrate 2.0 5 nm/mn.) [err]H
NVR (300 MHz, CDC[err]): 7.5-7.4 (m 2H); 7.38- 7.2 (m 8H); 6.95
(s, 1H); 6.6 (d of d, 1H); 485(d of d, 2H); 3.65-3.35 (m 2H);
1.76 (br s, 2H). -36- Exampl e 10 10

The extractive esterification of Exanple 9, Step B can be carried
out on a 40-50 g/L solution of the 3-exo- met hyl ene starting

material . At sucgupfg{:g hSQnC@&t}; ng‘p&s 336135 mL of gf&gﬁtﬂﬁleor oceeds nore .

~rapidly (it is corrpleeln reqwres | ess,
di phenyl di azonet maiBtanipgy q §e@psraturf at é@quaSgﬁtf?}' hrs. at 0°-5°C,

Exanpl e 11 then add 1.2 L of waterandoadd satarated NabCOy faqueohis) ton of

T

. (wor ki ng- eI ed r ofijuecus), Thehacdrecentirate Imamwmabaaﬁyaﬁc to a residiiei der,

o £ e e SR b g o e ol

ot

density of 24

during the el ect tHi . b‘}oﬂﬂﬂ@z)aﬁﬁﬁ-lﬁgﬁ 3.1653.238

determne the yIABX(QﬂP/OJﬁhdls @H@U@{ﬂf 2 Hz, Jpx=27Ha)ed198de 11,
3-methyl conpound (7¢° ) T8 {BS4PT99UGL, 3 1) 5,90 T, J=5.7 Ha); (

10 5.37 (m, 1H, J=5.7 Hz, J=7.2 Hz, J=2.7 Hz); 6.92 (s, 1H); 7.3-
7.6 (br. s. 10 H); 9.34 (br. s, 2H).

Step F - Elimination: - -

F 2 s_ | =
NH2——( o NH2——]/

_ e N —_—
o Y oso,cH, %

O O-DPM .
(oPm = capncH-)

15 '~ Combine 6.4 g (0.014 mole) of the product of Step -
E and 950 mL of CH2Cls and cool to -55°C. Slowly add 13.7 g of
dlethylamine while keeping the temperature <-50°C. Warm the
mixture to -10°C and stir for 3-4 hrs. Pour the reaction mixture
into 200 mL of 10 % H3PO4 (aqueous), separate the layers and

20 wash the organic phase sequentially with 5% NaCl (aqueous),
'10% NaHCO3 (aqueous) and 5% NaCl (aqueous). Concentrate in
vacuo to a residue, then crystallize by adding 50 mL of iPrOAc
and concentrating to a volume of 15-20 mL to give 4.8 g of the
titie compound. !H NMR (CDCl3, 300 MHz): 1.78 (br. s, 2H);

25 3.41-3.59 (AB‘ of ABX, 2H, Jap=19.3 Hz, Jax=6.4 Hz, Jgx=2.7
Hz); 4.80-4.91 (d, 2H, J=5.3 Hz); 6.63 (d of d, 1H, J=6.4 Hz,

=2.7 Hz); 6.95 (s, 1H); 7.2-7.4 (br. s, 10 H).



Exanpl e 12 30 Prepare 10 nL of an aqueous el ectrolysis

sol uti on oWO096/17846 10 g/L of glutaroyl 7-ACA and 0.15 M s@®ETHiRopEISHhat e
buf fer (pH= 7). Using a tin cathode (working electrode) in a two
chanbered cell separated by a divider, at a tenperature of 5[err]C

el ectrol yze the solution as described for Exanple 1 at a current 35
density of 15 mA/cnferr]. Atotal of 2016 C of charge was passed WO
96/ 17846 PCT/ US95/ 15169

-31- during the electrolysis. Anai@fze by HPLC, as descri bed
above, to determne the yield (72% and the ratio of

3-exonet hyl ene to 3-met hyl conmpound (30:1) in the product m xture.
5 . - Step G - Alternatiyé Elihination: Prepare 10 niL
of  an aqueous el ectrolysis solution of - 1@ g/ Lgof glutaroyl 7-ACA
and 0. 15 M sodi um phosphat e buffer  (pH ={7)" ingHaHin cathode
(working electrode) in atw = . chanb do CH,) Bk

divider, at a tenperature of 5[err]C 10 el ectrolyze ol ut fon as
described for Exanple 1 atQa cﬂren density of rr].

Anal yze by HPLC, as descrillbed boveé t% rmin® the yleld (70%
and the ratio of 3- (e N)lw—rs ?Wcorrpound .1)_in the
product ni xture. 15 H | Exanmpl e 1 O-DPM
Prepare 10 nL of an aqueous el ect r(gffy3| oMgsoyeHyf 10 g/L of

glutaroyl 7-ACA and 0.5 Mboric acid. Adjust the _ solution to pH =
9.5 with LiOH Using a tin cathode (wgh &-DPM (DPM:((:_GHs)zCH-)

Combine 12.4 g (0.017 mole) of the product of Step
D and 1.10 L of CH2Cl3 and cool to -50°C, then add 17.2 mL of
5 diethylamine. Warm the mixture to -10°C and stir for 1 hr.
Pour the cold reaction mixture into 1 L of 5 % HCl{aqueous),
while keeping the temperature <10°C. Wash the organic phase
with 5% NaCl (aqueous), then combine with 500 mL of water
and adjust to pH=6.5 with 7% NaHCO3 (aqueous). Wash the
10 organic phase with 5% NaCl (aqueous), then concentrate in
| vacuo to a residue and crystallize to give 8.6 g of the product.
1H NMR (CDCl3, 300 MHz): 2.03 (m, 2H); 2.27 (t, 2H); 2.53
(t. 2H); 3.38-3.59 (AB of ABX, 2H); 4.94 (d, 1H); 5.90 (d of d,
1H); 6.14 (d, 1H); 6.66 {d of d, 1H); 6.89-6.96 (s, 2H); 7.2-
156 7.5 (br. s, 20H).

Step H - Alternative Side Chain cleavage:
(o) (o)

H H
DPM-o/l!CHz):;II\N:—-%S _Nﬂz—'—rs |
HO/ N 7Y

[ [eo]
] jo od

0~ TO-DPM
( PM = (CettsnCH:) o O-DPM
Combine 13.2 g (0.02 mole) of the product of Step
20 Gand 1.5 L of CH2Cly, cool to -50°C, then add 6.6 mL of
pyridine and 8.5 g of PCl5. Very slowly add 150 mL of MeOH

while maintaining the temperature at <0°C. Stir for 2 hrs. at



el ectrode) in a 2-chanbered cell separated by a divider, at a . 20
tenperature of S[err]C electrolyze the solution as described for
Exanpl e YOR6/13846,; rent density of 30 mMcnferr]. Analyze BRETASPE1S169

as descri bed above, to determne the yield (67% and the ratio of =
3-exonet hyl ene to 3-nmethyl compound (20:1) in the product m xture.
WD 96/ 17846 PCT/ US95/ 15169

- 32- Exanpl e 15

[err] Step A: Extractive Esjerification

[err] oo

-10°C, then add 300 mL of water and stir at <0°C for 2 hrs. Add

7% NaHCOg3 (aqueous) to adjust to pH=6.5, wash the organic

phase with 5% NaCl (aqueous), then concentrate in vacuo to a

residue. Crystallize the residue from iPrOAc to give 6.6 g of the
5 title compound.

o

o

L]

ke
w=0

oo}
T
n=0
o o
(@]

CO,H

. . N
_ - H
HO (CH2)3'.N / o
 Hy o
- o)

COH |
. A 10 g/L solution of the sulfoxide analog of

10  7-glutaroyl ACA in 0.5 M boric acid (aqueous) adjusted to pH 9.5
with LiOH is electrochemically reduced at 5°C, 15 mA/cm?2,
using essentially the same procedures as described for Example
4, to give a 95% yield of the 3-exomethylene product. None of
the 3-methyl product was detected.

15



Add a solution of 34.2 g of diphenyl di azonet hane in CHerr]d[err]
to a1l L sdV@P¥U84wf 21.0 g (0.064 nole) of 7-[err]-(carboxyPCI/USIS/15169

hut anam do) - 3- exonet Ryl ene- 3- cepham 4- car boxyl i ¢ aci d. Cool ~ the

m xture to O=-5ferri€and—stowy add (dropw se) 18% HC 10 (aqueous) to
adjust to T oom t enper ature and stir for 6 hours,

t hen add H&;l"l!lmilasmﬂlﬂl'&ll Hto 2-2.5 and stir for 1 hr. Separate
t he phases andcexiract st he aqueous phase with CHerr]dJerr] (2 X
50 mL). Wash the combi ned organic phases -39-  with 500 nL of water,
then concentrate in vacuo to a vol une of 15 ~70 nL. Add 300 nL of i PrCH

and distill off the remaining CH err]C[err] at 45[err]C. Cool the
m xture to 25[ err] We&daimeed crystal s of t he product and. stir

for 4 hrs. Cool to O[err]-5[err]C and stir for 0.5 hrs. Col | ect
the product by filtration and dry in ? vacuum oven .gg 5[err]C to
give 34 g of the dilester produProcess for prrpayingacompoynd muylagg
(m 2H); 2.23 (t, 2H); 2.5 (t, 2H) ;R3. QY- 3050 (AB quartet, 2H,
J=13 Hz, J=9 Hz); 5.21-5.24 (s, 2H):\Z. 32 fIls, H H _1H; 535 (d, 1H

J=4.3 Hz): 5.64 (d of d, 1H, J= R, E W o8NL7846
PCT/ US95/ 15169 : Hodc ™ (cHan N=

6.10 (d, 1H, J=9.2 Hz); 6.86-6.88 (s, 2H); 7.23. (br o ‘s, 20||:|)|Z?:
Step B: Ozonol ysis _ O/ : CHz
' COH
5 or
OO el
Hooc” (CHzn H-f—f/ S
| | o/_N CH,
CO.H

wherein: n is 2 or 3; Rl is H and R is H or NHR2, where R? is H
or a proteCting group selected from CgH5CH20C(0)-, CeH5C(O)-
or C)-Cg alkoxy-C(0)-; or wherein R and R1 together with the
10 carbon atom to which they are attached comprise -C(O)-,
comprising electrochemically reducing a solution of a
~ compound of the'formula |

| HOOCB((::-I j\n—-'—-i/(li ) l

5 Y an pns

1] o
11| o

CO.H

10
15 wherein: R3 is CH'3C(O_)-: (" ) is an optional sulfoxide group;
and n, R and R! are as defined above, at a concentration of
10-50 g/L, at a pH of 7-10, at a current density of 10-40
mA/cm?2, in the presence of a buffer and in a solvent selected



[err] Di ssolve 46.26 g (0..070 nole) of the
bi s- DPM r - product from Step A in 500 nL of EtQAc_and cool to
-75[err] 2&5996'_17846 - Bubbl ed a stream of ozone (~2.7 mmuol/ r’r?ﬁ?’)‘]s?w&??gh t he

stirred sol on at -75[err]C for 35 m n. Renobve excess ozone by 10
bubbl i ng ox;L;m;ﬁwm_xture for 5 mnutes, then ni trogen
for 15 mn. ﬂ,’ 1. (0.143 nol e) of P(OC[err]H err])[err]
over a 20 m Mﬂ"ﬂ”l@,@"{al ntai ni ng the tenperature at
<-65[err]C, then®sthr s 1" Pour the mixture into 105 mlL of
59 HC aqueous) and stir at 15[err]-20[err]‘¢°‘f or 1 hr. Wash 15 the
organi ¢ phase with 5% NaCd (aqueous) (2 X 250 nL), then

~concentrate in vacuo to a residue. Triturate the residue wth n-
pentane to gi ve raypowaLer,anOrgapicsalwentyprprixtupe of wateranda  1H

NVR (CDCl [err], 3pQeMinisciblé brghicidddifive0 (t, 2H) . 2.53 (t,
2H): 3.27-3.45 (AB quartet, 2H -J=17 Hz): 5.01 (d, 1H, 20 J=4.5 Hz):
5.71 (d of d, 1H, J=4.5 Hz, J=8.5 Hz); 6.37 (d. 1H, J=8.5 Hz);

6.89-6.91 (s, 2HRZ. 7.23-7.4hd lprocess HifHilaiml 16%Herein the electtbthemical WO
96/17846 5 reduction is carried out at a temperature of B! 5%yt 169

3. The process of claims 1, or 2 wherein the solvent is
- a water and the electrochemical reduction is conducted at a
 temperature of 0°C to 10°C. ¢
10 - :
4. The process of claims 1, 2 or 3 further comprising
purification of the compound prepared by the electrochemical
reduction by chromatography using column comprising an
adsorbent resin.
15
5. The process of claims 1, 2, 3 or 4 wherein the
electrochemical reduction is performed using a 2-chambered
cell wherein the chambers are separated by an ion exchange
membrane. -
20 L , _ : _

6. - The process of claim 5 wherein the ion exchange
membrane is a perfluorinated sulfonic acid or perfluorinated
carboylic acid ionomer membrane and wherein the membrane
is permeable to cations but not permeable to anions.

25 o .
7. The process of claims 1, 2, 3, 4, 5 or 6 wherein the
electrochemical reduction is carried out using a cathode which
is selected from a titanium, indium, cadmium, lead, gallium,
zinc, silver, tin, bismuth, mercury, platinum, molybdenum,

30. niobjum, tantalum, carbon, copper, iron or nickel electrode, or
an electrode comprising a metal alloy selected from lead/silver
alloy, copper/mercury alloy or steel.

8. | The ﬁrocess of claim 9 wherein the cathode is
35 titanium, indium, cadmium, mercury, lead, gallium, zinc, silver,



-34- Step C. Reduction to 3- Hycfr oxycepham

[err] WO 96/17846. e 10. 6 g (0. 0lépewusysnsiest he
3; hydr oxy- cephem prl%”“lﬂﬂlﬂtl I 8.2 nL of glacial HOAc,” 90 nL
of 5 MOH and 18 cern] Cu[ esr]* and coo to -55C. Add 1.84 ¢

(0.049 nole) of NaBH4 and stir at -50Cfor 20 min. "Pour the
reaction mxture into a mxture of 300 nL of CHerr]O[err] and 105

m. of 7% NaHC(O err] (aqueous) at roomtenperature and stir for o 15
mn. Wash the organic phase with 5% NaCl (aggqous) (2 X 10 -200 n),
then concentrate in vacuo to a residue. Crystallize the resi due
from 100 nm. of toluene by stirring at 5[err].Cto 12 hrs. to glve

425" S ki A S Sy 1 e
Hz, J[err]=10.0 Hzgr qr-]glram)feltsomevsulqnqd vitreous carbomz) 4.08 (m

1H, J=10.0 Hz, J=7 J=6.0 Hz): 4.84 (d, 1H, - J=6.0 Hz): 5.07
(d, 1H, J=4.0 Hz):

5 53 (d d, 1H J= , J=4. ; 6.51 (d,
1H, J=9.0 Hz); 6.8%-6.92 (saf?ﬁ)l’,f"ﬁ?ﬁﬁﬁ%z&a%s 1, 2%} 455, 58 ﬁJfB
: 5 wherein the electrochemical reduction is carried out at a pH of
from 8 to 9.5, and a cathode selected from a tin, mercury or

lead electrode.

10. A process for preparing a compound of the formula

VA ()

i

R‘OOC>((CH2):U\H-?—=§]/ s
SN
10 - ~ CoR

O
wherein: R4 is diphenylmethyl; (") is an optional sulfoxide
group; n is 2 or 3; R! is H and R is H or NHR2, where R2 is H,
CeH5C(0)-, CeHsCH20C(0)- or C,-Cg alkoxy-C(O)-; or R and R!
15 together with the carbon atom to which they are attached
comprise -C(O)-,
comprising the steps:
(a) electrochemically reducing a compound of the

formula |
| NI )
HOOC>((CH2):H\N Pz
' o/—N P OR3
20 | COzH

wherem R3is CHsc(O)- and (“) . 11, R and R! are as defined
above, to form a compound of the formula ,



WD 96/ 17846 PCT/ US95/ 15169

- 35- Step D -
[err] WO96/17846 _ m ﬂlm WW" e 12.0 g (0. 01BCRHISEYIN ¢ he
nesul fonyl chloride and 800 niL

product of Step

of CH[err]CI[err] cool to -20C and add 320 nL of a 1.2% solution
of Et[err]Nin- CH[err]CI[err] over a period of 20 mn. with the
tenperature at <-20[err]C Warmto -10C and stir for 1 hr., then
pour the mxture into 1 L of chil]ed 5% NaCl (aqueous). Wash the
organi ¢ phase with 5% ~ Nadl (aquelts), then concentrate in vacuo -
(tenperature <35[err] C 10 to a residue. Crystallize the residue from
MeOH to give 11.4 g of the product. [err]H NWR (CDCl[err], 300

MHz): 2.00 (m 2H); 2.27 - (t 251); 2.49 ( 2H); 2.68 (s, 3H);
2.83-3.51 (AB or ABX, 2H,- R Ier ] =135 HZ‘_BI)[GH]:lO 5 Hz,
J[lerr]=3.3 Hz); 5.04 (m 2H); 5.2 JL & J=4.4 Hz); 550(d of
d, 1H, J=4.4 Hz, J=9.0 Hz): HOGG~ (CHIp gr N Hz): 6.89-6.95 (s,
2H); 7.2-7.4 (br. s, 20 H). St B - iSi de [Chai n cl eavage:

! _ —N
[err] _ CHy

CO;H '

o]
wherein (" ) , n, R and R1 are as defined above, followed by ‘
chromatographlc purification of the electrochemical reduction
product on an adsorbent resin; '
5 (b) - esterifying the product of step (a) to form a
compound of the formula

V()
XCHz):lL 7

—N
4 CH,

COZR*
wherem R4 is diphenylmethyl and n, (“ )
10 defined above; and
{c) ozonolyzing the product of step [b)

R400OC

., Rand Rl éreas

11. A process for preparing compoundé of the formula

nx
wil T

: S
HzN—'——r _
O/— " /

CO,R*

15 wherein: R# is diphenylmethyl, comprising the steps:
(a) electrochemically reducing a compound of the
formula | | | -



Conbine 14.3 g (0.019 nole) of the product T Step 20 D and 1.26 L of

CHerr]d [auvo]ssmsdscool to gm pyr poT/ws9susd68. 3 ¢
of PCl[err], raise the tenp l" H r]C and WO 96/ 17846-

PCT/ US95/ 15169 - 36-

stir for 2 hrs. Very slowy add 135 m_ of NEO—l whi-l e mai nt ai ni ng

the tenperature at <O[err]C Stir for 2 hrs. at O[err]-5err]C,

then add 1.2 L of water and add saturated Na2CO3 (aqueous) to

adjust to pH=7. Wash the organi c phase tw ce-48-t h 5% NadC 5
(aqueous), then concentrate in vacuo at 30[err]-35[err]C to a residue.
Crystallize the residue fromiPrOAc to give 6.7 g of the product.

-[errJ]H NVR (DMSO-d[err], 300 MHz): 3.05 (s, 3H); 3.16-3.23 (AB of

ABX, 2H, J[err]=13.8 Hz, J[err]=7g2 Hr, @lerr]=2.7 ﬁz; 4.93 (d, 1H,

J=4.3 Hz); 5.15 (d, 1H, J43Hz)>220/u§, 1 MWIN7 Hz): 10 5.37 (m

1H J=5.7 Mz, J=7.2 Hz, J=2.7 He). 15 3 7.6 (br. s,

10 H): 9.34 (br. s, 2H). H dCHgInr ﬂﬁwﬁfxio :

[err] ' /—-N'
o

OR?®

COoH

wherein: RS is CHsc(O)- (“ ) is an optional sulfoxide group; n
is 2 or 3; Rl is H and R is H or NHR2, where R2 is H, CgH5C(O)-,
CeHsCH20C(0)- or C1-Cg alkoxy-C(O)-; or R and R} together

5 with the carbon atom to which they are attached compnse
-C(O)-, to form a compound of the formula ,

Al (1)
HooC XCHQ%I\H—-‘—-I/

O/ CHZ

COH

alj X
sttt} L

()

wherein . , R and R! are as defined above, followed by

chromatographic purification of the electrochemical reduction
10 . product on an adsorbent resin;

(b) esterifying the product of step (a) to form a
. compound of the formula

TN )
ML

R*00c”” (CHaln
—N
/ CH,

CO.R*

llllI
nil’t




15 Combi ne—b‘Tg—(-e—e%A——n@—e} of the product of Step

E and 950 ni of CH[err]CI to -55[err]C. Slowy add 13.7 g of
di et hyl awonenmdas | e_keepi n ”ﬂ Hﬂ JH <-50[ err] C. W\AP@TARLS/15169
mxture to -10[err] C and sti Pour the reaction m xture

into 200. nL of 10 %H[err]Pq err] (aqueous) separate the |layers and 20
wash the organic phase sequentially with 5% NaCd (aqueous), 10%
NaHCJ err] (aqueous) and 5% NaCl (aqueous). Concentrate in vacuo
to a residue, then crystallize by adding 50 nL of i PrQAc and
concentrating to a volune of 15-20 nL to -gdve 4.8 g of the _ title
conpound. [err]H NVR (CDCl[err], 300 MHz): 1.78 (br. s, 2H); 25

3.41-3.59 (AB of ABX, 2H, J[err]=19.3 Hz, J[err]=6.4 Hz, J[err]:2.7
Hz); 4.80-4.91 (d, 2H, J=5.3 Hz); 6.63 (d of d, J=6.4 Hz,
J=2'7 Hz); 6.95 (s, 1H): 7.2-7.4 (br. s, 10 H). )V\D96/17846.

PCT/ US95/ 15169 s diphenylmethyl, and n, , R and®R! are as
Step G- Alter na%legeemEF2 rr% natl? on: 4 y
[err] ne above.

(¢) ' ozonolyzing the product of step (b) to form a
compound of the formula

Vi ¢ (
R‘ooc><(CHz)n u—&’—r q

—N
v o

R . CO,R*
5 Bt

i
lll“I
O =

wherein R4, n, (“ ) . R and R! are as defined above;
(d) reducing the product of step (c) with a
hydride reducing agent to form a compound of the formula

Wl ()
R‘ooc>((cnz)gl\u—'—r

—N
| o/ OH

CO,R* (VII)

([} =
ol I

o
10 wherein R4, n, (" ) ., R and R! are as defined above:

(e) reacting the product of step (d) with a
compound of the formula P-X, wherein P is a sulfonyl activating
group and X is Cl, Br or I, in the presence of a tertiary amine
base to form a compound of the formula (IX)

AR
R‘OOCXCHg)?lk”—:——.i/

7 —N 0—FP

- . - CO.R*
15 :

1] o

IX)



Conbi ne 12.4 g (0.017 nole) of the product of Step D and 1.10 L of

CHerr]d [MO%IM cool add 17.2 nL of PCHUS95/15169
di et hyl am ne. Warm the m x”mﬂlmmuﬁ w and stir for 1 hr. ' Pour
the cold reaction m xture |nt061!Lcu Cl(aqueous) whil e
keeping the tenperature <10[err]C. Wash the organl c phase wth 5%
Nad (aqueous), then conbine with 500 nL.of. Wwat’ er . and adjust to
pH=6.5 with 7% NaHCJO err] (aqueous). Wash the 10" “organi ¢ phase with 5%
NaCl (aqueous), then concentrate in -4Hacuo to a residue and
crystallize to give 8.6 g of the product. [err]H NWVR (CDO [err],
300 MHz): 2.03 (m 2H): 2.27 (t, 2H); 2.53 (t 2H); 3.38-3.59 (AB
of ABX, 2H): 4.94 (d, 1H); 5.90 (d of d, H; 6.14 ( . 6.66
(d of d, 1H): 6.89-6.96 (s, 2H):; 7.2- 15 7.5 (br s, 20H)(3u>
Step H- Alternati 4 ]

Conmbine 13.2 g (Ogiée%blﬁgiqi? Qﬁ?g%gvagn%gmup. amZiORG' and 1.5 le
CHerr]dJerr], arg assdefing (&@d@%rﬂ_of pyridine and 8.5
g of PA[err]. Very slowy af} 15§ wteatingtfid product ofvétepe(e)efirstaiwiiing
the temperat ure atpéﬁ-,[ﬁ{%ixg pl%%hﬁcéotff gt@fﬁar}ﬁamme bde dlgﬁ%cohol or

PCT/ US95/ 15169
' 5 diol, and then with a dialkylamine base; or
(ii) treating the product of step (e) first with a
dialkylamine base and then with PCls in the presence of a
tertiary amine base and an alcohol or diol;

40
and where an optional (II ) group is present treating with PCl3

10 to form the compound of the formula
H H

T T_S

HgN——-‘/ .

CO,R*

wherein R4 is as defined' above.



- 38-

hrs.

Add -

-10C, then add 300 nL of water and stir at <O[err]C for 2

7% NaHC([ err ]

(aqueous) to adjust to pH=6.5, wash the

organic WO09/17846hase with 5% NaCl (aqueous),

a
.5

essentially the sane procedures as descri bed6f or Exarrpl e

a 95%yield of the 3-exonethyl ene product. None of
product was detected. 15 WO 96/ 17846
PCT/ US95/ 15169 12. A compound of the formula
_ 10
R R H ﬂ o
g T _s.
HOOC (CHZ),, :

resi due. Cry;
title conpound.
A 10 g/L solution of t
M boric acid (aqueous)

10

15

wherein: n is 2 or 3; R! is H and R is H or NHR?2, where R2 is H q

THIS GHEET HAS BEE
e sulRERAGED an

to pH 9.5
el ectrochem cally reduced at 5[err]C, 15 mAcnierr],

of

N—
w

o)

t hen concent PETASPHISI U0 t o
OAc to give 6.6 g of the

Bxasple16_[err] _ .
-glutaroyl ACA In

10 7
: Wit-h?

N ue fromi Pr

._I/

=N

COH

ARG

45 t6 give

t he 3-nethyl

CHz

or a protecting group selected from CgHsCH20C(0)-, CeH5C(O)-
or C1-Cg alkoxy-C(O)-: or wherein R and R! together with the
carbon atom to which they are attached comprise -C(O)-,

" or a salt thereof.

13. The compdund of claim 12 wherein R! and R are
both H.
14. The compound of claim 12 wherein R and Rl

together with the carbon atom to which they are attached

comprise -C(O)-.

W}
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| &r rCT:IU ?;m 1. PATENT meﬂmmowmmm CO@%%@E% \(
€ [err]
wherein: nis 2 or 3* Rerr] is H an((j:gqll[‘i or NHR[err] where R efr] is H

or a protecting group selected from err] eri] ‘CI:(O) '----—-‘R
and

Jerr]Herr] (O - or Jerr]-Cerr] alkox ﬂ@).’n JRL 19hgrein
Rlerr] together wi th t IINTERNATIONARFRELIMINARY ATION/REPORTL | acﬁed
conprise -C(O) - conpri sing el ectrocheni ¢alliyiireduci:-ng a “solsut i on
of a conpound of the for mul ®CT Article 36 and Rule 70y~~~ — " " _r 4]
Applicant’s or agent’s file reference ' . .
See Notification of T tal of International
ousix FOR FURTHER ACTION B T o ot
International application No. International _ﬁth date (day/monthjyear) | Priority date (day/month/year)
PCT/US 95/ 15169 06/12/1995 09/12/1994
International Patent Classification ([—PC) or national classification and [PC
C07D501/04

Applicant
SCHERING CORPORATION et al.

1.  This international preliminary examination report has been prepued by this International Preliminary Examining
Authority and is transmitted to the applicant according to Article 36

2. This REPORT consists of a total of 3 sheets, including this cover sheet.

g'ﬂﬁs report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have
and are the basis for this report mdlot sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consists of atotal of _ 22 sheets.

3. This report contains indications and corresponding pages relating to the following items: -
1[X] Basis of the report |
| Priority
11 [ | Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
1v [[] Lack of unity of invention
V5] Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
Vi [X Certain documents cited
Vit [[] Certain defects in the international application
viit [ Certain cbservations on the international application

[ Date of submission of the demand Date of completion of thiz report
31/05/1996 | 29 6197
Name and mailing address of the IPEA/ Authorized officer ) ((2 )
=\ Eur Patent O
@ D-50598 Munieh 1 . W. Deutsch
Tel. (+49-89) 2399-0, Tx: 523656 epmu d '
e Fax: (+49-89) 2399-4465 Telephone No. 8 aR)

~ Form PCT/IPEAJAQ9 (cover sheet) (January 1954) 23/07719%%)



'i5 wherein: Rerr] is CHerr]C(O-; [err] is an optional sulfboxide
‘group; and n, Rand R err] are as defined abO\f a f. o
goncentration of - 10-50 g/L. at a pH of 7-10, & FaethP Yensi ty

of 1(GINEERNATIONAL HRELIJMINARY EXAMINATION REROR¥ a buf MM&?EM%@OI vent
sel ected WD 96/ 17846

PCT/ US95/ 15169 fromwater, an organic solvent, or a m xture
of wdt 83sissefihe;report wat er miscible organic additive. : 2.

The pwc.ess_oi_c_La.L.m.J._AAhe.Lei_n_Lhe_eLecLLachem_caLl S.reduction.is
carried .out eratueof. - o 20[er ' 3 . The
o 06 de i pene s esa 76 o8 o i s o rabiomeyt et fiah bave been it e gacaivBic

el ect r offiverin a:esponsed:dumunvuntmrsunm Arbiclé e¢laratrefarred to in this trepogtens donigiml lyffildf"cand €
to 10[ Gahfered. tg tli]eoteport since theg do gt oan Onﬁ&?ﬂ{ cess of claims 1, 2 or 3

further conpri I ca 'e conpound prepared by the
~electrochem cal reduct Il on by chromat ography using colum conprising
in 2, 3 [o; t%qaﬁgnrhgf&ﬁl t;ﬁﬁbﬂm ® orlqrmﬁngcft'ﬂr ochem cal r edu-cl-[]ieoﬁr ?(s:e;Zr ?Lr ?rlagl "
usi ng- a 2-chanbered cell wherein the chanbers are separated by an
i on exchgnye description, pages 1,38 __, as originally filed,
pages , filed with the desand,
pages 2a : , filed with the letter of 28/10/96,
pages , £iled with the letter of '
[X] the claims, Hos. 1-11 , a8 originally filed,
' © Nos. __ , as amended under Article 19,
Nos. , filed vith the demand,
Nos. 12-18 , filed with the letter of 28.10.96,
Nos. , £iled with the letter of ]
[ 1 the drawings, sheets/fig _ , a8 originally filed,
sheets/fig » filed with the demand,
sheets/fig , filed with the lettexof __
sheets/fig _ , filed with the letter of .

2. The amendments have resulted in the cancellation of:
[ ] the description, pages '
[ ] the clains,  MNos. .
[ ] the dravings, shests/fig .

3. [ ] This report has heen established as if (some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c)): '

4, Additional observations, if necessary:

Forn PCT/IPEA/409 (sheet 1) (January 1994)



nmenbr ane.

exchange

‘perfluorinated - carboylic acid iononer nenbrane

20 6. : The process of claim5 wh
menbrane is a perfluorinated sul fonic ﬁﬁld

erein the ion
or

R

menb INFERNATIONAL PREZIMINBRY EXAMANATAONLREPORT per neaPC®/US9&y16469 25

7.

The process of c¢clains 1. 2. 3. 4, 5 or 6 wherein_

the

el ectrochem cal

reduction is carried out using a cathode which S

sel e¥+ Reasoned statonent undex, Article 35(2))iwiHh regard taneveity,| inventiveshep and industrial applicabilityy

Si | ver gitdtiols andiefpldnitions SBfobtifiysuchitAbdestUum nol ybdenum 30
tantal um carbon, copper, iron or nickel electrode, or

ni obi um
an el ectrode

conprising a netal alloy Selected fromlead/siTver ar 1oy,
coppér STHEENEFLIry al | oy or steel. 8. The proce
wherein the cathode is 35 titanium indium cadm um nerc
gallium zinc, silver, WD 96/ 17846 PCT/ 'US95/ 1516
-41- Hovelty (N}t i n, bismuth or c&ieled-Lfherein the carbon is in t¥W form of

graphite,

ss of claim9
ury, | ead,
9

graphlte felt or retigyl@ted vitreous carbon

The process of clains 1, 2, 3, 4, 576, 7 or 8 5 Wher el n
el ectrochem cal reduction is carried out at a pH of
and a caivébidestplByrted from a tclissnercury or | ead e

10.

Industrial Applicability (Ia) Clains 1~18

T he
from8 to 9.5,
| ect yggde.

§o

A process for preparkﬂgsafsgppound of the fornul a

YES

o

Clains

2. CITATIONS AND EXPLANATIONS

The following documents have been considered for the

purposes of this report:

Dl= - EP,A,0 420 562
D2= EP,A,0 366 354

D3= TETRAHEDRON LETTERS, vol. 23, 1972, pages 2341

~2344, Michikiko Ochiai et al.

D4= CHEMICAL ABSTRACTS, vol. 108, no. 3, 18 January
1988, abstract no. 21561x, page 566 & BULL. CHEM.
SOC. JPN., vol. 59, no. 12, 1986, pages 3975-3976

D5= JOURNAL OF THE CHEMICAL SOCIETY. PERKIN TRANS-
ACTIONS 11, vol. 1, no. 188, 1974, pages 258 -

262, Michikiko Ochiai et al.

D6= TETRAHEDRON, vol. 49, no.22, 28 May 1993,
4907 - 4922, Jack E. Baldwin et al.

D7= FR,A,2 136 154

D8= US,A,4 042 472

D9= EP,A,0 082 656

Novelty

pages

Form PCT/IPEA/409 (sheet 2) (January 1994)




ferr]

wherein: Rerr] is diphenylmethyl: [err] 1is an
opti onal sul foxide group; nis 2 or 3; Rerr] i and.R i.s or
NHR[ err], where Rler¥] is H, Cerr]JHerr]C(O -, smE': ’ agphcauonﬂt_)'.
d er rINTERNATEQNAL | PRELIMINARY] BXKAMINATION BERORY- C( O - . PCT/TE99AL 5] €9 ]
15 together with the carbon atomto which they are attached
conprise -C(O) -, conprising the steps: - (a)
el ectrochem cal ly reduci ng a conpound of the formul a
[err] claim Wheoehng Rjerr] is CHerr]C(O-; and [err] , n, R and
Rl are as defined above, to forma conpound of the fornula, WO
96/ 17846 PCT/ US95/ 15169

The process for the conversion of the starting compounds
of claim 1 into the 3-exomethylene end products is con-
sidered to be novel vis-a-vis that of D3, D5 and D6
through the concentration of starting materials.

The process of claims 10 and 11 differ from that of D3,
D5 and D6 through steps (b) and (c), respectively steps
(b) to (£).

The subject matter of claims 1, 10 and 11 is considered
to be novel vis-a-vis D4, D7 to D9, through the nature
of the substituents at the 7-position of the
cephalosporan derivatives.

Claim 12

7-beta-(alpha-aminocadipamido)-3-exomethylenecephan-4-car
boxylic acid is disclosed in D1 as an intermediate for
the preparation of deacetylcephalosporin C. This com-
pound is also disclosed in D2 (¢f 3-exomethylene-
cephalosporin C), D5 (cf compound IIb) and D6 (compound
6a).

The compounds of claim 12 are considered to be novel

vis-a~vis this compound through the deletion of hydrogen

as a meaning of R”.

The compounds of claim 15 appear to be novel vis-a-vis
D1-D9.’

Inventive Step

The closest prior art is considered to be D5, since this
discloses a process for the preparation of

For PCT/IPEA/409 (sheet 3) (Jamuazy 1994)



_22_ [err] wherein [err], n, R

and R err] are as defined above, followed by chro ogr

purification of the el ectrochem cal reduction progﬁﬁ? ﬁpg%mnNm
adsor BNRERNATIQNAL PRELIMINARY EXAMINATIONcREPQRAG t he pPEIWUS96/1506p (a)
to form-a compound of the formula [err]

wherei n err] Ls dlphen | met h and n err R and Rerr] are as 10
defi ned E%ove] eta-( {pha-a lnoadlp@wléeén%rﬁzpngthﬁéepeéenaamuﬂ -st ep

(b). . 11carboxymcpae¢asnbﬁr ce naabspar@arrnowaéé phgehesfor Byha
H H ' umn 2, preparatlon of ti e chpound of formula (IIb).

The process according to claim 1 differs from that dis-
closed in D5 through the concentration of starting ma-
terial and appears to also differ through the current
density. '

It is considered that the skilled person would have
readily arrived at the claimed subject matter by varying
the above said variables.

It is to be noted that claims 10 and 11 do not contain
concentration and current density as d1st1ngu1sh1ng fea-
tures.

The problem underlying the present invention must there-~
fore be the provision of a further process with_un-
expected results.

The experimental data in table 1 of the description
shows that variation of the pH results in changes of the
% recovery of 3-exoproduct. These results do not however
support an inventive step, since the pH is not a distin-
guishing feature of the invention.

The argument that the electrochemical reduction proposed
in D5 has never been implemented on a commercial scale
is not considered to be relevant, since the skilled per-
son would not be prevented from making use of the dis-
closur'es of D5.

It therefore does not appear that the present process
claims involve an inventive step.

Since, it does not appear that the further processing of

 Form PCT/IPEA/409 (sheet 4) (January 1994)



.15 wherein: Rerr] is diphenylnethyl, conprising the steps:
(a) electrochemcally reducing a conpound of the - for mul a
12. A compound of the formul a In apphcatmnﬂoI err]
wher ei INTERNATDONAL SPRELEMINARY EXAMINATION HRREPOR®R| er r | ,PODUSOSYEE149i s a
proteciing group sel ected from Cerr]Herr]CHerr] OO -,

Cerr]Herr](OQ- or Jerr]-Cerr] alkoxy-C(O-; or wherein R 5 and Rlerr]
toget her with théhefeBPOERES 6 Qh@Ihr@@t&h&h)sd torfees enoig(ay—=

or a salt thereopear thatlgn inventivd €PN bofadddptad 2rdbofid odnLr ']
and Rare both H. The conpound of clai'm 12 wherein R and

Rlerr] together W‘P‘Hdtﬂ%alms' carbon atomto which they are attached
conprise -C(O-. 10 15. A compound of the formul a
[err]

Forn PCE/IPEA/409 (sheet 5) (January 1994)



wherein: nis 2 or 3; Rlerr] is Hand Ris Hor NHRerr], where Rerr] is H
or a protecting group sel ected from C[err]H[err]CH err]
Cierr]Herr]C(O- or-Cerr]-Clerr] alkoxy-C(O-; or %i#tgngprd
R[err]INTERNA!!ON&EPPREEIHINKRY\EKKHMNATIMN¢HEE&EHy are aummn}usb5uismnmpr|se

- O - or a salt thereof. 16. The conpound of claim 15
wher ei n Rlerr] and R are both H 17. The conpound of claim 15
wher eV Mmi}mﬁrqlteﬂoget her with the carbon atomto which they are
attached conprise -C(Q - 20 18 The conpound of clajim 15 having
the formul a [err] WO 96/ 17846
PCT/ U &5rtajn gglished docusents (Rule 70.10) - 44- wher ei n
R4 is diphenylnmethyl, and n, [err] , Rand R err] are as defi ned

. . . . f
compound BHTHR Bt ) o Pl GR"1 YO gl O T S ety e falif k]
Patent No. (day/month/year) : (day/lonth/year) (day/month/year)

JP,A,06 340 673 13/12/94 15/4/94
For the purposes of this communication it has been assumed
' that the priority of the present application is wvalid.

The above document does not constitute prior art within the |
meaning of Rule 64.1 (b).

2, Non-written disclosures (Rule 70.9)

Date of written disclosure
Kind of non-written disclosure Date of non-written discloswre =~ referring to non-written disclosure
| (day/nonth/year) (day/nontb/year)

For PCT/IPEA/409 (sheet 6) (Jamuary 1994)



wherein Rlerr], n, [err] , Rand Rerr] are as defined above:

(d) reducing the product of step (c) with a hydri_de redyci ng_agent

to forma conpound of- the fornula [[kprng applicatiofl No.”™ 1
wher e INTRRNATIONAL [RRELIMINARY! EXAMINATION REFONT ned ab®oT/Us95/15169

(e) reacting the product of step (d) with a conpound of the formula
P-X, wherein P is a sulfonyl activating group and Xis d, Br or I,
i n t h&TIBy eertaincabserationston the inteynatiofahepplication  base to form a conpound of the

formila_(1X) [err] WO 96/ 17846

PCT/ US95/ 15169 , ' . . . . - 45- )
(1)  The follovingobsepyations on dhe clapityrof ihe claiag, dessription, gpdoiuayings oronrihe Ayestion yhethep ithe]
, R anthiss are fully sifiperted]by ANecdeBiptiad, i sbeghdabove; and ()
(i) treating the product of step (e) first with PCl[err] in the
presence of a tertiary am ne base and an al cohol or - 5 diol, and then
with a dial kyl afilednbdse;isodirected to a specific compound tanehimayg behe
product of step ddnsilddria ytt e regionaldis¥did YP Maaiitatith W Loyt N
PC [err] in the presence of a

: stitute a selection, which was not foreseen in the

original disclosures, such that this compound would be
regarded as added subject matter (Article 19(2) PCT).q

Forn PCT/IPEA/409 (shest 7) (January 1994)



‘tértiary amne base and an al cohol .or diol;. and where an opti onal

.group is present treating with PCF[err] 10 to formthe conpgound of the
formla - S HH AN
"H2N : T _ ' ) [err] *+ wherein R4
'is as defined above. WO 96/ 17846 -2a -

"PCT/ US95/ 15169 - 46-

12. A conpound of the fornula [err]

‘wherein: n is 2 or Biolegiealipethods fondherring expansionrpf-a penicilfieirtod err] is H
.5 or a pr ot ect g&RhalbSHdirF ﬁl'é‘ﬁkﬁﬁdjtj: Edrd é&ﬁ[ﬂéﬁﬁgﬁc{dtﬁﬁ(@ms 354 and

Rierr] t oget hekltqnaan Ratent Applicatidn §¢20.46% {6 i EL it 8ic £ emaany. A
rconpri se - C(O)@ 366 354 describes & dldackivxyegphalosporin C synthase from Streptomyces
5 clavuligerus, this enzyme transforms 3-exomethylenecephalosporin C into
deacetyicephalosporin C (DAC); in particular, it has expandase activity and can
transform penicillin N into DAOC. EPA 0 420 562 describes a deacetoxy-
- cephalosporin C hydrolase, e.g. from strains of Streptomyces clavuligerus that
produce cephalo.sporih C and/or cephamycin C. This enzyme converts
10 deacetoxycephalosporin C (DAOC) into deacstylcephalosporin C (DAC) and
also 78-(x-aminoadipamido)-3-exomethylenecepham-4-carboxylic acid into
deacetylcephalosporin C.
Thus these European Specifications describe enzymes that are useful in
the sequential biological transtormation of penicillin N into DAC through DAOC.
15 A biological transformation of that type — by ring-expansion of a penicillin
derivative — is acknowledged by Ochiai et al., Tetrahedron Letters, vol. 23, pp.
2341-2344 (1972). However, Ochiai et al. describe the development of what
was then a novel electrochemical method for the synthesis of 3-methyiene-
| cepham derivatives. |
20 The present invention is concerned with an improved electrochemical
method for the synthesis of intermediates useful in the synthesis of
cephalosporin-type antibiotics.
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10 13.

The conpound of c¢laim 12 wherein Rlerr] and R are

‘both H. . 14. The ‘conpound of. ¢l aim 12 “ﬂﬂ Hierr]
fogether with the carbon atomto which thes are attaummmllmm “ml se
-XO-
12. A compound of the formula
1 0
HOOC” (CHan ”—7—(
—N
o/_ : CH
COH

wherein: n is 2 or 3; R! is H and R is H or NHR2, where R2 is a protecting group
selected from CgHsCH20C(0)-, CgHsC(O)- or C1-Cg alkoxy-C(O)-; or wherein R

5 and R1 together with the carbon atom to which they are attached comprise -C(O)-,
or a sait thereof.

13. The compound of claim 12 wherein R? and R are both H.

14. The compound of claim 12 wherein R and R1 together with the

carbon atom to which they are attached comprise -C(O)-.
10 15. A compound of the formuia

R 1 0O (o}
Y ;‘L ]
HOOC” (CHgjq N-——r
Ve
G CHa
COxH .

wherein: nis 2 or 3; R1is H and R is H or NHR2, where R2 is H or a protecting .
group selected from CgHsCH20C(0)-, CeHsC(0)- or C1-Cg alkoxy-C(O)-; or

wherein R and R1 together with the carbon atom to which they are attached
15 comprise -C(O)-,

[
will I

or a salt thereof. | .
16. The compound of claim 15 wherein R1 and R are both H.
17. ~ The compound of claim 15 wherein R and R? together with the
carbon atom to which they are attached comprise -C(O)-.
20 18. ~, The compound of claim 15 having the formula
HO . N-:-
Q/*N &
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