-1- DESCRI PTI ON CEPHALOSPHORANI C ACI D DERI VATI VES This application rel ates
to 7<am no- 3- propenyl cephal osporanic acid and esters t her eof . Descri ption
of the Prior Art U K Patent Specification 1,342,241 published January 3,
1974 (corresponding U. S. Patent Nos. 3,769, 277, and 3,994, 884, granted

Oct ober 30, 1973, and Novenber 30, 1976) |scloses t he Corrpound VI but

therle is no description of 7[err]-

- 1- propen-1-yl]-3-cephenm 4- car boxyl BScRrpirr internediate in th‘g?qg

preparation thereof. CcepHALOSPHORARRE NgID4Dﬁ@i¢§b&¢Egented Cct ober 11,
1983 di scl oses the preparatiton of Conpound VIT via the Wttig reaction o?f
di phenyl net hyl 7-benzyli deneam no-3-tri phenyl - .

pEosphpnionethylcEphs}ayaxﬁszﬁimuybglatba E?ep?hmﬂnuus4ﬁbdﬁﬁhﬁﬂ, but
t her n r n - no- 3- -1-
or open. 1. y1 1 SRR RERdF R LS A Betekb Ak eor, . o

(1- propen-1-yl)cephal osporin conpound. [ERR] U.S. Patent No. 4,110,534
patented April 29, 1978 is '

Description of the Prior art -

U.K. Patent Specification 1,342,241 published January 3,
1974 (corresponding U.S. Patent Nos. 3,769,277, and 3,994,884,
granted Octocber 30, 1973, and November 30, 1976) discloses

iR .
w the Compound VI but there is no description of 78-amino-3-

[(Z)-1-propen~-l-yl]~3-cephem-4-carboxylic acid as an *

intermediate in the preparation thereof.
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pérticukarly concerned with preparation of conpounds such as VI and VI by
the Wttig reaction. Refer particularly to colums 8, 9, and 49 (Exanple
24). H O House et al. Jour. Og. Chem 29, 3327-3333 (1964) have studied.
the effect of solvents and additives inglpding lithiumsalts on the
proportionsof cis- and trans- olefins produced in the Wttig reaction with
aIdeHydes. -3- Summary of the Invention This invention relates to

cephal osporin internedi ates having Fornula |, the synthetically useful acid
addition and netal salts thereof, and to processes for their preparation.
[ERR] ™ In the conpounds of Fornula |, the configuration of the 3-propenyl
group irg.:Z- or cis-. R is hydrogen or_a conventional carboxy-protecting
group. The | at¥e¥«eRBEERS P+t 4091314, PREENtRY Petpber lie 1888

convent i @idddosesdther pHEpr HEi6R §8XPbmPoAHS VI 1¥Ea SkRé hpsteiaf

cophal 0spor ) 1 £ ON 4 s Pl S8 DI B L d 0 S 4B DL TS

phosphoniomethylceph-3-em-4~carboxylate in Preparations 38
and 39, but there is no description of 7B8-amino-3-[(2Z)-1-
propen-l-yl]-3-cephem-44cérboxylic acid, nor of_an;other 3-
(l-propen-l-yl)cephalosporin compound.
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U.S. Patent No. 4,110,534 patented aApril 29, 1978 is
particularly concerned with preparation of compounds such as
VI and VII by the Wittig reaction. Refer particularly to
columns 8, 9, and 49 (Example 21). |

H. O. House et al. Jour. Org. Chem. 28, 3327-3333
(1964) have studied the effect of solvents and additives
including lithium salts on the proportionsof cis- and
trans- olefins produced in the Wittig reaction with aldehydes.




A3
such as benzyl, p-nethoxybenzyl, [err]-nitrobenzyl, p-nitrobenzyl, and
di phenyl net hyl (benzhydryl), alkyl groups such as t-butyl; hal oal kyl groups
.such as 2,2,2-trichloroethyl, alkenyl groups such as allyl, 2-chloroallyl, ¢
al koxymet hyl groups such as net hgxgnet hyl, 2-(trinethylsilyl)ethyl,
trinmethylsilyl, tert.-butyldinmethylsilyl, tert.-butyldiphenylsilyl, and
{ot her carboxyl protecting groups described in the literature, for instance,
in British Specification 1,399,086. W prefer to utilize
carboxyl -protecting groups which are readily renoved by treatnment with
acid, particularly benzhydryl or t-butyl. The acid addition salts and the

metal salts of the fQregoin ﬁy tance where R is hydrogen are al sort of
t he present'inventiogEEgﬂézgﬁL-siﬂiﬂéﬂgﬁﬁgiﬂguration of the 3-propenyl
group is a critical aspect of the present conpounds. : This is the
charactergst,ic i ch, determ,nes the advant ageous .3 am. negatiye, .

ant i bact eh‘- s p#’%ﬁ%’t’?g@?_"El-eltﬁtf%%'a?ﬁ-ﬁigﬁpgi&%mﬁ&e%Eﬁsar e the
subj natring Formdla I,aphle cymtheticalblyNusefId @bid Taddsybdhetical ly
usef agi. 1144 al i cl#g@ € f F i rner.al

aci dgkgug’ﬁig?’d%%gg-hligre% dafc}l , su‘lt'$ u? ?gb%%s 5 %%B\r,\#%ggg#&?im‘h

organi c sul fonic acids such as p-toluenesul fonic acid and other acids known
and used in thercephaLosporEp arts. Those substances of Formula | wherein R

i s hydrogen H N :
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L
also formnetal salts. Synthetically suitable nmetal salts include the
sodi um ‘potassium cal cium nagnesium al um .and zinc salts. 5 The
nmdst preferred conpounds of the invention are: 1. D phenyl met hyl 7
[err]-am no-3- (Z) -1-propen-1-yl] -3-cephem 4- carboxyl ate. 2.
D phenyl methyl 7[err]-amno-3- (Z) -1-propen-1-yl] -3-cephem 4- carboxyl ate
hydrdchlorlde 3. Di phenyl met hy

7[err]-ani no- 3-[ (E®- thr%ﬁﬂﬁpupdf|Pfsfe%mﬂkﬁn14 ther peORfigprations gf cthey,
Sodi um 7[ err ]}-@ﬁfbpen;’zll §rdup islzpropetid~yl |r Iscaphesyédn o howhaéxeno'ia‘

sf’g?f]s' um 7[ g.'i: %{L?Poéeéé:@gljgrp](lgge%ﬂe letf%ggrgggg%émx?aye%‘%%e 21 e d.
Descri pti on @F°Fﬁ€ LRGP 9fn "Qﬁofﬂ’é? %Bﬁ}@é’ttwf‘ﬁﬂ-%h weedhiisnapir@tes to
processes f orozt karpozpirgtoups dh the symyhesids off cEphSle:der:.rPeexﬁﬂdeIﬁk

praocedures ar L g; ‘&&d Rg@ﬁ 1, the
dlphenylnethf% %?ggg ?2:5$¥X§1 t§ﬁ@§ diég% g?y l% cﬁln group
It will be Such as benzyl, p-methoxybenzyl. o-nitrobenzyl, p-nit:o enzyl,

and diphenylmethyl (benzhydryl), alkyl groups such as t-butyl;
haloalkyl groups such as 2,2,2-trichloroethyl, alkenyl groups '
such as allyl, 2-chloroallyl, élkoxymethyl groups such as
methoxymethyl, 2-(trimethylsilyl)ethyl, trimethylsilyl,
tert.-butyldimethylsilyl, tert.-butyldiphenylsilyl, and
other carboxyl protecting groups described in the literature,
\ for instance, in British Specification 1,399,086. We prefer
to utilize.carboxyl-protectihg groups which are readily .
_removed by treatment with acid, particularly bgnthdryl or
t-butyl. The acid addition salts and the metal salts of the
foregoing substance where R is hydrogen are also part of the
present invention. '

The 2-, or cis- configuration of the 3-propenyl group
is a critical aspect of the present compounds. This is the
characteristic which determines the advantagecus Gram
negative antibacterial properties of the cephalosporin end
products which are the subject of u.Ss. application
Serial No. 564,604. '

‘The synthetically useful acid addition salts include
the salts of Formula I with mineral acids such as hydrochloric
acid, sulfuric acid and phosphoric acid, with organic
sulfonic acids such as p-toluenesulfonic acid and other
acids known and used in the cephalosporin arts.

Those substances of Formula I wherein R is hydrogen
also form metal salts. Synthetically'suitable metal salts
include the sodium, potassium, calcium, magnesium, aluminum,
and zinc salts.
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appreci ated by those skilled in the art jhat other carboxyl- protecting
g-eups, well-known in the art, nay be d. Inthe Wttig reaction of
Compound 111 with acetal dehyde, we have found that addition of an
appropriate lithium halide such as |ithiumchlogide |ithiumbrom de or

l{ thiumiodide inproves the yield and proportion of Z/ E isoner of the
reaction product Ila. The reaction is preferably carried ~out with 5to
15 chenical egHevAbep!preftiraiedr abhpodti£mE WHecAhveneiod iddai:um bromni de.

Met hyl.ene chloride is the preferred reaction mediumpreferably containing a
cosol vent such as dinethyl forpam de or isopropanol in nmnor proportiods of
from abodt- 1/ PéPhenyimethyk Hfrapépand= pes) paarogenmiryl vincephedride. Az
Reacti on tenpeagbukglatd. t he range of [err] to [err] are appropriate wth
[err] to [err] being preferred. The Wttig product Ila is extracted into a-
sui tabl e organi c sol vent su;%ras.eth | acetate and the extract is treated
with G réed sDiphganimeathyl 'mnpni-waﬂmnslmmmgmm-t he
present inventagBoxyPate Mgfdochackiagedure 3 hereof. Subsequent treatnent
of la with trifluoroacetic acid (TFA) yields 7[err]- - :

am no-3-[(2Z)-|-propen-|-yl]-3-cephem 4-carboxylic acid (Ib, Procedure 7) in
the rati @-of 2iphenglme |"B-agAner3r h(2) -1-propen-1-yl]-3-cephem-4-

carboxylate sulfate.

4. Sodium_Tﬁ-amino-3-[(z)-l-propen-l-yl]43-cephem—4-carboxylate.
5. Potassium 18-amino-3-[k2)al-ptopeh-l-yl]-3-cephém;4- ' ' o’/
' carboxylate. ' '

-

6. 7B-Amino-3-f(Z)-l—propép-l-yl]-3-cépehm-4-carboxylic
acid. o

Detailed Description of the Invention

In ancther aspect, this invehtion relates to processes
for the preparation of the compounds of Formula I. Preferred
procedures are shown in Reaction Schemes 1 and 2.

In Reaction Scheme 1, the diphenylmethyl group is shown -~
as the preferred carboxy-protecting group. It will be A
appreciated by those skilled. in the art that other carboxyl-
protecting groups, well-known in the art, may be used.

In the Wittig reaction of Compound III with acetaldehyde,
we have found that addition of an appropriate lithium halide
such as lithium chloride, lithium bromide or lithium iocdide
improves the yield and proportion of Z/E iscmer of the
reaction product Ila. The reaction is pre:eéébly carried

75;




4
wi t h p-hydroxyphenyl gl yci ne by a conventional acid chloride nmethod or an
activated ester nethod yields the orally fecti ve cephal osporin V of
U3S. = application Serial No. 564,604. An alternative route, acylation of
7[ err]-am no- 3-propen-1- yl cephal osporin ester la with the N-BCC
(tert( -butoxycarbonyl) bl ogked p-hydroxyphenyl glycine in the presence of
DCC (di cycl ohexyl carbodii mde) and foll owed by debl ocking with TFA

(trifluoroacetic acid) also yields the cephal osporin V. Schene 1

Scheme 2 [ER Sgripty c EPQPQ!

abbr evi a*tlons|,ﬂ %lwéri!gag %@;rlf%r}%&m@g; é hgvn a pfn%%gﬁ;rrge%l %gkggale’}ﬁsrfg
i ndi cat®é beIwalthHl“m [err]

di cycl ohexyl car bodi i m de TFA = trlfluoroacetlc aC|d Et OAc = et hyl acetate
DV

= di”Ethny%QQRgiéﬁ% chloride is the preferred reaction medium

preferably containing a cosolvent such as dimethylformamide
or isopropanol'in minor proportions of from about 1/10 to
1/3 part by volume per part of methylene chloride. Reaction
temperatures in the range of ~-10°C to +25°C are appropriate

. with 0° to 25°C being preferred. The Wittig product IIa is
extracted intoc a suitable organic solvent such as ethyl
acetate and the extract is treated with Girard's reagent T
to afford the 7-aminoceph-3-em compound of the present _
invention, Ia. Refer to Procedure 3 hereof. Subsequent ' v
treatment of Ia with trifluorocacetic acid (TFA) yields 78~
amino-B-[(Z)-l-propen—l-yl]-3-cephem-4-carboxyiic acid (Ib,
.Procedure 7) in the ratio of Z/E = 9/1. Acylation of Ib

with p-hydroxyphenylglycine by a conventional acid chloride
method or an activated ester method yields the orally effective
cephalosporin V of - U.S. application Serial No. 564,604.

An alternative route, acylation of 78-aminc-3-propen-l-
yl cephalosporin ester Ia with the N-BOC (tert.-butoxycarbonyl)
blocked p-hydroxyphenylglycine in the presence of pce
(dicyclohexylcarbodiimide) and followed by deblocking with
TFA (trifluorocacetic acid) -also yields the cephalosporin V.




Procedure 1 Di phenyl net hyl _

7- Ben%ylldeneanlno 3-triphenyl phosphoniTgqnet hyl - 3- cephem 4- car boxyl ate

Chl ori‘de To a suspensi on &f di phenyl net hyl 7-anidb-3-ch|oronefhyl-

cephem 4- carboxyl ate hydrochloride (200 g, 0.44 nole) in [err] (940 m) was
added 1 [err] NaOH (440 m) at roomtenperature. The m xture was shaken for
- 10 minutes and the organic | ayer was separated. To this organic |ayer were
added {err] (75 g) and benzal dehyde (51 g, 0.48 nole) and the m xture was
allowed to stand for 3 hours at roomtenperature. The reaction m xture was
filtered anEhe®® tosol ubl es were washed with [err]Sqhege 21). To the =
conmbined filtrate and washings was added triphenyl phosphine (126 g, O
nole). The ture concentrated to about 400 ‘M under reduced pressure
and al | oneF3%" for] 4 days. ‘'The resul tAhEH269 §iN was diluted with
et hyl acetate (1 mﬁt ed to separate the Ie gyﬁnd , a pale
yel l ow crystall i wh was col |l ected by fd n and dried in

vacuo Yield 322 (96%’0‘:%’12 185 ¥ err] (dec ). - & E&cﬁp‘i;r] 1780,

1720, 1630. [err]
l Procedure. 3
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Procedure 10
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UV: [err]. nm[err] 260 (24{400). [err] Procedure 2 D{phenyl nmet hyl

7- Benzyl i deneamni no-3- (triphenyl phosphoranyg i dene) -

net hyl-] - 3- cephem 4- car'boxyl ate (111) A nixture of di phenyl nethy

7- benzyl i.deneam no- 3~ tri phenyl phosphoni onet hyl - 3- cephem 4- car boxyl at e
chlorfde (322 g, 0.42 nole) and 5 N [err] (252 m) in [err] (1.6 1) was
stirred vigorously for 15 'jutes r oQ erature. The organic |ayer
was separated, dried é&ﬁmr?é Qé;wu“ MD ut 500 m of vol une.
The concentrate was dil uted mnth acet one (1 1), with stirring, to give a

light y&T|ow crysel4d1NewRayiehp iy Gt 1S ﬁﬂkbﬁcsﬁska!}y 1% kﬁéaéatg&f%n% Xg%\/d
237 195 177 4
[err]g Elm /()%?%Tedz%rfg( %%O%ﬁeﬁ?’{%]d’g‘%g ["%?‘ri er{]err] ppm 2.56 & 3.16

(2H, ABg), 5.00 (1H, d, J=4 .23 (1H, d, J=4 Hz), 5.47 (1H, d, J=22
Hz), 6.95 (1H, Sph 7.2 phén 1(30H m, 8.55 (lH S). Procedure 3
Di pheny| met hyl 78-&(11' nQ; ?:cS& )(CB]) propen-1-yl) -3-cephem 4-

DCC = dicyclohexylcarbodiim;de
TFA = trifluorcacetic acid
EtOAc = ethyl acetate

DMF = dimethylformamide

Procedure 1

Diphenvimethyl 7-3éhgylideneamino-3-triphenylphosphoniomethyl—3- :
cephem~4-carboxylate Chloride

To a suspension of diphenylmethyl 7-amino~3-chloromethyl-3-
cephen~-4~-carboxylate hydrochloride (200 g, 0.44 mole) in
CHzcl2 (940 ml) was added 1 N NaOH (440 ml) at room temperature.
The mixture was shaken for 10 minutes and the organic layer
was separateﬁ. To this organic layer were added Mgso4.(75
g) and benzaldehyde (51 g, 0.48 mole) and the mixture was
allowed to stand for 3 hours at room temperature. The
reaction mixture was filtered and the. insolubles. were washed
with CH,Cl, (200 ml). To the combined filtrate and washings
was added triphenylphosphine (126 g, 0.48 mole). The mixture
was concentrated to about 400 ml under reduced pressure and
allowed to stand for 4 days. The resulting viscous oil was
diluted with ethyl acetate (1 1) and éri;urated to separate
the title compound, a palé yellow crystalline powder which
was collected by filtration and dried in vacuo Yield 322 g




carboxylate Fwdrochlor(de (l'a Hydrochl ori de) To(a col d 'solution of LiBr (19

g, 216 mnoles).in a 5 m-xed. sol vegt of dry'dinmethylformande (100 m)

and [err] (300 m) were added acetal deffyde (20 m, 360 m nol es) and

di phenyl net hyl 7-benzy|ideneanino-3-[(triphenylbhosphor- :
yl irdene) net hyl | - 3- cephem 4-car boxyl ate (I'11) (15 g, 20 mnoles) at [err].
e mxture was allowed to stand for 20 hours at 10 -5~-[err] and then

5 hours.at roomtenperature. The resulting light. brown solution was

concentrated to ca. 100 m of volune in vacuo and added to a two | ayer

sol vent of ethyl.-acetate (400 m) and H20 (400 m ). The upper |ayer wgs

separated and diluted with i sopropyl ether (400 M). Silica gel 15 owi

(Wako gel C_100, 40 was added. to the mixture. The m xture was shaken

for 5 rﬂ'muh%a@nckmf'lll 128ed 17180udi638.pad of di at omaceous filter aid.

| nsol ubl es were washed wth a m xed solvent of ethyl acetate-isopropyl

ether (1.1, @1yl ). The, c i ne il trate and washi ngs were concentrat ed

to 20 &V’ @;4?0 i EF)vgﬁn&ﬂoﬂ)o 5 [err] Grard reagent T solution in

met hanol (60 m) and acetic acid (6 m) was added t.o the above concentrate

and the mxture was stirred for 15 mnutes at roomtenperature. The

m Xt ur e, was fvaepgr.ated to ca. 200 nml* of volune, washed with [err] (200 m),

sat. aéﬂgﬁgiigi——{err] (3x20 m) and brine (20 m) successively, dried over

[err], treated with charcoal and concentrated to ca. 50 m. To the

concentp gt iAmetegedy Mesk) v sudmiahanel 3¢ ﬂ@tﬂjheamphosphoranyuaene) -
' methyl] =3-cephem—-4-carboxylate (III)

A mixture of diphenylmethyl 7-benzylideneamino-3- . .
triphenylphosphoniomethyl-3-cephem~4~carboxylate chloride
(322 g, 0.42 mole) and 5 N Na,CO, (252 ml) in CH,C 11 6 1)
was stirred vigorously for 15 minutes at room temperature.
The organic layer was separated, dried over Mgso, and concentrated
to about 500 ml of volume. The concentrate was diluted
with acetone (1 1), with stirring, to give a light yellow
crystalline powder which was collected by filtration to
yield 237 g (78%) of 3, melting at 195~198°C '(déc.).

IR: yior em™t 1770, 1620.

vv: AH2C15 an (e) 254 (23000), 389 . (22000). - o
max . . o _ o

MR: §°°Y3  ppm 2.56 & 3.16 (2H, ABqQ), 5.00 (1E, 4,

J=4 Hz), 5.23 (1H, 4, J=4 Hz), 5.47 (1H, 4, J=22 Hz),
6.95 (18, s), 7.2~7.8 (30H, m), 8.55 (1H, s).



roon1tenperature and | eft ,standing for_Lssm nutes. Th? m xture was
evaporated to ca. 30 ‘m and diluted by a dition 30. of ether (300 n1)
The precipitate was col | ect ed by filtration and dried over [err] to giveé
7.9 g of light yellow powder. A solution of the powder (7.3 g) in a m xed
sol vxnt of ppHhagake(F nl) and ethyl acetate (80 nl) was treated with
char =—corncentrated to ca. 100 mM, seeded with crystalline
hydrochlorlde of the title conmpound, di | ut ed slowy with ether (80 nl) and

stlrred forDi ﬁgﬁ 1mebs > TR fehd Dy

) C tle
conpouﬁq, ne s - - ﬂ‘)E mnth ref erence
to the propenyl nblety at - the 3 p05|t|on (Z/E 9/1 by HPLC) (Lichrosorb
RP-18, 80% [eri] - pH 7.2 phosphate buffer, 254 nm 1 nm/min.). IR J[err]
2850, 1785, 17215, AJF{== par Ebl ] r iﬂ % 133) r pm 1. 47
(27/ 10H, d-d, J=7 o , = erﬁ cfngc{s L r ( g/?(%H cf d\"x?o]l—i&zﬁ er?

t Fans), 3méxed 35%1Y%a'éh°£H osmélsl eH (180 ml) =nd 6-H), 5. 23

(1H d, e 5:1%&506%15 %:ﬁaliztdak&l aéeé&l&eﬁgﬁé QLR H 366 B4mbids)d-d -

J=10 & 2 Hz,% 3
and di enylmet&y? 7-benzylz&énea£3no-gﬁ[(trzphenylphosphor-

anylidene)methyl] -3-cephem-4-carboxylate (III) (15 g, 20 m moles)
at.~5°C. The mixture was allowed to stand for 20 hours at

10 -5~ -10°C and then 5 hours at room temperature. The resulting

light brown solution was concentrated to ca. 100 ml of volume

in vacuo and added to a two layer solvent of ethyl acetate .
(400 ml)_and azo (400 ml) . The upper layer was separated
and diluted with isopropyl ether (400 ml).. Silica gel- -

15 (Wako gel C-100, 40 g) was added to the mixture. The mixture
was shaken for 5 minutes and filtered through a pad of
diatomaceous filter aid. 1Insolubles were washed with a
mixed solvent of ethyl acetate-isopropyl ether (1/1, 200 ml).
The combined filtrate and washings'were concentrated to

20 ca. 400 ml of volume. A 0.5 M Girard reagent T solution

in methanol (60 ml) and acetic acid (6 ml) was added to

the above concentrate and the mixture was stirred for 15

minutes at room temperature. The mixture was evaporated to

. ca. 200 ml of volume, washed with Hzo (200 ml) , sat. aq.

25 NaHCO, (3%20 ml) and brine (20 ml) successively, dried over
MgsoO,, treated with charcoal and concentrated to ca. 50 ml.
To the concentrate was added N HCl in methanol (40 ml) at
room temperature and left standing for 15 minutes. The
mixture was evaporated to ca. 30 m1 and diluted by addition

30 of ether (300 ml). The precipitate was collected by filtration
and dried over P2°§ to give 7.9 g of light yellow powder. A
solution of the powder (7.3 g) in a mixed solvent of methanol
(80 hl) and ethyl acetate (80 ml) was treated with charcocal,

. . ) 7” -



Procedure 4 D phenyl net hyl 7-Am no- 3- ((Z) '

-1- prapen-1-yl)-3-cephem 4-car boxyl ate é a) To q stirred suspen5|on of the

hydrochl ori de of dipheﬁylnethyl.7-amru)h

((Z)-1-propen-1-yl)-3-cephem 4-carboxylate (S g, 11.3 mnpoles) in [err] (20
) and ethyl acetate (40 m) was added [err] until the pH of the m xture
cane 8. The organic |ayer was washed with sat. ag. NaG (5 mM), dried

over [err] and concentrated to ca. 20 ml of vol une. The’ resul ting solution

\2\/33 di | ublﬁdemfhtealoﬁds ofyd Mchenl ,( &a)eaha aﬂdusagmlw&hb EydséchloriQel a. )
It1o (0] ture.wt
stlrrln%& ? Qi?gx i Léégﬁﬁhgﬁégtgbagmgé%g eﬂ%ss cryé?g ﬁfﬁeréfcolheﬁted
by filtskirsad ﬁashédhmh i ﬁ@pﬂraée e¢°-'(9_¥)1¢ﬁ% cxystalscwexr®er [err] in
\(/ECU(F)\ t&oﬂ%&etéd%g £010%aiod anat gﬁ:%eaceeaﬂ M%%_ﬁgbg%4 L

I CNr oSOk n m n.
| R [err%] Ag%@) Sé %%qwﬁfguf% plr‘#’?% [Pe:ﬁ%c'tzgg fl%is?t‘;%eerr] NVR:
[err] pSh thesiscopers % amdi® withreferepeertq the Geoperylore
di sappeatednbys[ﬁasi&ioxa CyE=9Y15by( 82L0) (Lichrosorb RP-18, 80% CH,OH

- = pH 7.2 phosphate buffer, 254 am, 1 ml/min.).

IR: vI5T  ca™l 2850, 1785, 1725.

UR: AZOM nm (B 30 287 (173).

miR: 5745046 ppm 1.47 (27/108, a-4, J=7, 2 Bz, =CHCE,, .
cis), 1.74 (3/10H, 4, J=7 Hz, =CHCH;, trans), 3.47 & 3.8 '
(each 1H, 4, J=16 Ez), 5.13 (1H, 4, J=4.5 Hz, 6-H), 5.23 "

(g, 4, J=4.5 B2, 7-H), 5.62 (1H, d-gq, J=10 & 7 Hz,

3-CH=CE) , 6.24 (1H, d-d4 J=10 & 2 Bz, 3-CH), 6.81 (1E, s,
CEPH,), 7.35 (10H, m, Ph-B).

Procedure 4

_Dighegylmethxl 7-Amino-3—(i§1_ grogen-;-zll-3-ceohem-4-carpo;zlate

{Ia)

, -To a stirreé suspension of the hydrochloride of ~
' diphenylmethyl 7-amino-3=((Z)-l-propen-l~-yl)-3-cephem~4-carboxylate
(5 g, 11.3 m moles) in E 0 (20 ml) and ethyl acetate {40 ml)
was added. Naﬂco3 until the pH of the mixture became 8.
The organic laye: was washed with sat. ag. NaCl (s ml), dried
over Mgso4 and concent:ated to ca. 20 ml of volume. The
resulting solution was diluted with isopropyl ether (10 ml)

and seeded with crystalline fa. Additional isopropyl ether

-



1H, d, J=17 Hz, 2-H), .4.73 (1H, d, J=4.5 Hz, 6-H), 4.96 (1H, d, J=4.5 Hz,
7-H), 5.46 (1H, d-;q, J=10 & 7 Hz, 3-CH CH), ‘106 (1H, br, d, J=10 Hz,
3-CH), “6.94 (1H, s, [ERR]), 7.3 (1OH m Ph-H). Procedure 5 -D phenyl net hyl
7-[(D) -[.err]- (t-butoxycarbonylam no)-[err]- (4 hy dr oxyphenyl ) acet am do]
-3-(Z) -1-propen-l-yl) -3- cephém 4- car hoxyl ate (| A mxture of =~ .
di phenyl met hyl 7-am no-3-((Z) -1-propen-1- yl)-3= cephem4 car boxyl ate (Ia)
(4.2 g, 10.4 mnoles), (D) -[err]- (t-butoxycarbonyl am no) -a-
(4-hydr gxyphenyl ) acetic acid (3.3 g, 12.5 m nol es) and DCg (2 6 g, 12.5 m
mol es) fn eeathvche,hat 8a8d&%diny\es she rxﬁs@LJ:@r wlu‘é SOULS AL zgﬁm

S.he th et hyl

t enper athut e was_filt

|
acet at e. (2§'Srr1 nut?ﬁe%?l??%?’@%"?ﬂ%‘ Ir%? gz %V\‘L?ﬁr’rt?ﬁ"ggﬁcﬁﬁ% washed
W t-h sat. &Y Rtionp weghedhmind Lsopropylieiheel (16 mill)) aadd brine

?”f’f’esfi velgeiedr b&é;.-oxfgo [Qirw}acdd eaggﬂvawdﬂs ‘éhftbg@ﬁloﬁr&ef' l ttered (ggem)
iltrate wag Gong ra i Lute pt ane

The preci pi a(i \fé 8&1‘%} o Ieiﬁn %(}'a? °5Pf"’3d£%\;@r P rr] in vacuo.
Yield 7.8 g"e(@@%’ﬁure?ﬂq'bahtphmerhuf\:észg‘htZ)Masmcol ol /eds. powder (Z/ E=9/1
based

IR: v5EX  cm™t 3450, 1765, 1730.

wv: AESOE pop g 1P ) 209 t185).
w mR:5PY3 ppm 1.43 (3H, -4, J=2 & 7 Hz, CE=CHCH,), 1.66 .
- (28, br, s, disappeared by D,O, NH,), 3.23 & 3.55 (each T

18, 4, J=17 Hz, 2-~H), 4.73 (1H, 4, J’=4 5'Bz, 6-H), 4.96
(1, 4, J=4.5 Hz, 7-H), 5.46 (1H, d-q, J=10 & 7 Hz,
3-CE=CZ), 6.06 (1H, br, &, J=10 Hz, 3-ca), 6.94 (:.x,

s, CHEhz). 7.3 (108, m, Ph-E).

Procedu_re s

Dibhenjrlmeihxl 7=[{D)-a= (:—butoxycarbonylamino) Q= (§~

hydroxyphenyl)acetamido) =3-((2) -1-propen~1-yl) -3~cep hem-4-carboxylate
(V) ' '

_ : A mixture of diphenylmethyl 7-axnj.no-3-§i(23-_-l-propen-l-
\_/ ' yl)~3-cephem-4-carboxylate (Ia) (4.2 g, 10.4 m moles),
(D) =@~ (£=-butoxycarbonylamino) -a~ (4-hydroxypheny1) acetic
acid (3.3 gs 12.5 m moles) and DCC (2.6 g, '12.5 m moles)
in ethyl acetate (104 ml) was stirred for 1. 5 hours at
room temperature. The mixture was filtered a.nd :.nsolubles
were washed with ethyl acetate. (20 ml). 'rhe filtrate and
the washings were ‘combined and washed with sat. ag. NaHCO,-
(3x5 ml), brine (5 ml), 10% HCLl (5 ml) and brine successively,
dried over MgSO 4’ treated wi1.:h charcoal and £iltered. The



on HPLC) (Lichrosorb RP-18, 80% net hanol - pH 7.2 phosphate buffer,
254 nm. 1 m/mn.). IR: [err] . 3400, 1790, 1720,{1690. UV: [err] nm
[err] 278.(113), 289 (115), 295 (95). NB® [err] 'ppm 1.3-1.45 (12H m
30C-H & =CH:[err]), 3.08 & [err] (each 1H, d, J=18 Hz, 2-H), 4.92 (1H, d,
"J=4.5 Hz, 6-H), 5.06 (1H d, J = [err] Hz. by [err]; CHN) 5.5 (1H, d-o,
= 10 & 7 Hz, 3-CHCH), 5.68 (1H,d-d,J=4.5 & 8 Hz. d, =4.5 Hz, by [err],

H, 6.01 (1H,_d, J=10 6. 65 & 2 gHz
) 510" gt ot ebieninithe £ S f*ﬁéf a8 ?%d(‘i K8 orr))
(10H, rhepRiane) (2PrmbeduThesp m was co cted by f:.ltratxon
D) - 2- Araxﬁpﬂ%s.éé Syt heayb;ewx arviidel- 3:8 g (90% pure. -t

(
propen-1 - g‘%gggs% IR TLE d0idhadel) pogadd Xahhsopl whadeny! et by

am- oxyphe %/ acet am do]j - 3-
((Z) -I-prcfﬁb ‘é‘éﬁﬁ%ﬁ’r&?b‘é?b I8 Fesh ‘?&‘nbhrch Rhate; n
Pr.ocedur e am.(m,pau am, A onl/®An6) i nol es), anisole (7.7 m ) .and

trifluoroacetic.-acid (77 m) was stirred for 1 hour at roomtenperature.
The m xture_was cg®ceniy ene, (50 M) was'added to the
concent rat eTBnt Phee Mxt 3@9”\&39% g:gg?‘aggélyr n vacuo. Ether (200-m.) was
added to th reskm zgrg iﬂ!ﬂ'gyd?lfgéﬁf@gp’dz l(h 8512895 qob R.Ct ed by fi'ltrafion,

washed wi th t‘her over KOH'in vacuo to -13--
&% ppm 1.3-1.45 (128, =z, 30C-E & -cz-ms) 3. oa e300 (et:h g

7-
67
7.3
7-[
(r

\E, &, J=18 ¥z, 2-B), 4.52 (1E, &, Iul.5 Ez, 6-5), 5.06 (J-"-’-. 8, 3= B, ‘

. vy nzo- CEN), 5.5 (m, a-q, I=0 & ‘r 22, 3-CE=CE), 5.68 (1B,d-d,3=4.5 & \J
8 Bz. &, J=k.5 22 vy :oo. 1-E), 6.01 (2%, a, 3=20 2z, 3-C8), 6. 65 & 7. oh
(ezch 23, &, :-.a Bz, 30 ). 6.11 (:3. %o :-a xz, usappmaryn o. 'r-nZ).

- | Sy
. 6.88 (J!- C!th). T 3 (10!. =, Pa-E).

Procedui'e 6

BMY-28100; 7= (D) =2=~2amino=-2~( 4-hydroxyphengl) acetamido] -3
' (propen=1l=yl)=3=c Jhexn-ll-ca:boxylic Acid ).

A mixture of diphenylmethyl 7-[ (D) -@-{t-butoxycarbonyl-
amino) -@- (4-hydroxyphenyl) acetamido) -3~ ({2) <1-propen-1-yl-3- .
cephem-4-ca:boxylate (IV) which was prepared in Procedure 5 ~
(50% pure, 7.7 g, 10.6 m moles), anisole (7.7 ml) and.
trifivorcacetic acid (77 ml) was stirred for 1 hour at room
temperature. The mixture was concentrated in vacuo.
Toluene (50 ml) was added to the concentrate and the mixture
was evaporated in vacuo. Ether (200 ml) was added to the
residual oil. The separated solid 'wa‘s_'coilect-ejd by filtration,
washed with ether (20 ml) and dried over KOH in vacuo to

-13-




3 - - .
rafford 5.3 g of trifl,uoroagetlc acid (TF\ salt of BMyy; 28100. The salt
(5.3 g) was dissolved in | rr] (100, n),’ Treated.with tharcoal and placed
off & col um packed with Diaion HP-20 (0.6 1). The col um vvas vvashed W th

iy . aEprs g R B T B S

evapor at ed 28108. 20Che sHlwolBnd. g)’hwasoﬂd.srﬁd]azeﬂvxm gbut(edosmw,y W th

ot Tyt gEomted) WA PR E oMY BIACRAYSS d | SEBRATBRERES SerT) ©F
vacuo t glgéa;°§ €§r%P<ﬁ0£§m12810mh§z§5&gmn wamtwasheﬁ)w@thcﬂr mMJI)
RP751Am ' ZRa atoken Wi&s 24 égtis M —car boxdﬁl C Xlaﬁbi%nf %

n03£(Z-I propen- - -em
To a stirreblsdl & eﬁn&amqn thﬁl éesérsﬁdpsqs?eaqt erei coldected iandci d

(TFA) cool eév&?of:&'thh oot @éiﬂezio 1:&52 ngv(:@.uﬁéB He @énééﬁég PEANUS AR

7-am no- 3-[ a* 8 % hem4 car boxylic acid rochl ori de
(0. 338 ol € te “@-lf)rw"i b age °Pésdlltolon@1§mr r?’?va%ePﬂéﬁtﬁ cedPrirss
at room terreeyetanih@r powidat . waybabnée%&a Yy A VPSt{6AY Ve shied/ UG ON

the rotary eva orati ere ernat ant solution was decanted and
t P r esi duah® §£ﬁ??y (%&sul i 137 tgﬁgﬁﬂ AVers POy in vacwe,tqusive £ ur.

The (97%) of BMY-28100 (2/E=9/1, Zwitterion) (Lichrosorb RP-18,
: 20% methanol - pH 7.2 phosphate buffer, 254 nm, 1 ml/min.

W/ Procedure 7

7-Amino=-3-[(Z) ~l-propen-l-yl]ceph-3-em-4-carboxylic.acid, Ib

15 To a stirred solution of 260 ml anisole and 1.38 1 of
. trifluorcacetic acid (TFA) cooled to 0°C was added 149.7 g
(0.338 mole) of diphenylmethyl 7-amino=~3-[(2)-l-propen=-l-
yl] -3-cephem-4~-carboxylic acid hydrochloride (0.338 mole,
Procedure 3 or ll). The resulting slurry was then stirred
20 at room temperature for 1 hour. Most excess of TFA was
removed in vacuo on the rotary evaporation. The residual
supernatant solution was decanted and the residual slurry

U - was triturated with 1.5 1 of dry ether during 1 hour. The
crystalline product was filtered and dried over PZOS to
25 give 87.24 g Ib trifluorocacetate. These 87.24 g of the -

trifluorocacetate were suspended and stirred .into 900 ml of

water (pH ca. 2.5). The mixture was cooled to +5°C and

then adjusted to pH 0.6 with 12 N HCl. The yellow solution

was charcoal treated and _the' slurry was filtered on a diatomaceou:
30 filter aid pad. The resulting solution was cooled to +5°C and th

pH was adjusted to 2.0 with 20% NaOHE . The suspension was

kept 1 hour in a refrigerator to aid crystallization. The



L
crystalllne product was  filtered and |gg over P20p to.25 give 87.24

- g lb trifluoroacetate. These -87. 24" the triflu roacetate wer e

N
©

\I
.'Lﬂ .

it
(=]

~suspended and stirred into 900 ml of water {pH ca. 2.5). The m xture was

cooled to [err] and then adjusted to pH 0.6 with 12 N HC . The yell ow
gnutlon was charcoal treated and the slurry was filtered on a di at omaceous
3 filter aid pad The resulting solution was cooled to [err] and
the pH was adjusted to 2.0 with 20% NaCH . The suspension was kept 1 hour

in a r STYYRALE overs spd-lcﬁ%%& | vaghednwithe 800 gr) sof| watiere EH0 & ed,

washed g téb&@&nm affl wc.qfum G0Pied at itsehoregings&ae&fam dizjed sty qpm

t enper at uy e Yield 69.4 (:85.59 . Cbntalns trans 1 soner

(det er f nkRP 133 kpL CCOBY P 188 vefckraps, disqper {determined [hé’fr] CN 5
5nm; dﬁtmt@@lmim2ﬁ9 ma) mﬁmc?dué JPo7,N@. 3k hdXe- éspmpem

-3-cep - C €$x¥l Aci ol ufi on4of the phosphor anyl ound I
as pro H@e g 68.7 mnole) in [err] (500 n1) was |0

m xed mnth a solution of Iithiun1bron1de (29.8 g, 343 mnole) in dry” DVF

(170 rr1§ cgn&al ni gg a small -amount of [err] (10 m ) and then with anhydrous

acet al , 687 n1nDIe pr epar ed fron1para|dehyde and
t ol uenesul foni c

7-Amino-3-((Z}-l-g:gggn-lfgl)-3-cephem-4-carbo§z;§c Acid, Ib

" A solution of the .phosphoranyl compound -III as produced
by Procedure "2 (50.0 g, 68.7 m mole) in CH,C1l, (500 ml) was '
mixed with a solution of lithium bromide (29.8 g, 343 m
mole) in dry DMF (170 ml) containing a small amount of
CH,Cl, (10 ml) and then with anhydrous acetaldehyde (39 ml,
687 m mole; prepared from paraldehyde and toluenesulfonic
acid by distillation, according to the procedure of N.L.
Drake and G.B. Cooke, Org. Syn. Col. Vol. II, p. 407). The
mixture was placed in a sealed vessel and kept at 20°C for 2
days. The reaction mixture being evaporated; the residual
liquid was diluted with EtOAc (800 ml), washed with water
(3x300 ml) and a saturated NaCl solution (300 ml), and
evaporated to give the blocked 3-propenyl derivative Ila as
foamy solid (34 g), which was used for the next reaction
without further purification. T

The crude ITa obtained above was treated with 98%
formic acid (35 ml) and concentrated ECl (17 ml, 206 m mole)
at room temperature for 1l hour. To the reaction mixture was

 added water (350 ml) to separate an oily layer, which was
washed out with EtOAc (3x100 ml). The pH of the aquecus
layer was adjusted to about 3 with 4N NaOH (ca. 65 ml) under
stirring to give crystalline solid, which was colle¢ted,by
filtration and washed with water (50 ml) . to afford the title



acid by distillation,,according to the procedure of N L. 15 Dr ake and
G B. Cooke, Org. Syn. Col. Vol. Il, p. 407) The- m xture was placed in a
sdal ed vessel and kept at 20C for 2 days. ‘1@ reacti on m xture being
evaporated, the residual liguid was diluted with Et QAC (800 M), washed

W th @vater (3x300 m) and a-saturated NaC solution (300 m), and 20
evaporated to give the bl ocked 3-propenyl derivative Ila as foany solid (34
g), which was used for the next reaction without further purification. The
crude IJa obt ai ned above was treated with 98% formc acid (35 m) and
concentfated HCl (17 nl, 206 mnole) at roomtenperature for 1 hour. -To
the readi on ¢6BRANRE db,afd?dF nelas) - +( 388L@ JLichmomoabaRB-28), oix3p0 ayer,

whi chdvvastvvg&heﬁ MugE :WiphBsPh&¥e HubebRO (ph) 7) -TF)@ RHgef E?&wé&ltﬁﬁ'@ | ayer
was adj uste irrin glve
crystalline &ﬁ' : ﬁdu%t%wétg colq\%lg:) é’ tugg 8tz fainI%t F':agf?)‘ﬂ %ﬁl BEhed with
wat er (50 m )th Q)éth%Fd bprd @f tthe 3-Pseﬁﬁankdsqqq?- oMz Py, zenm@ (Rl L.
[Lichrosorb RP-18, 4x300 mm MeOH phosphate buffer (pH 7) = 15 : 85]

showed that tgs prodygs -83: m ﬂi and E isoners about the
doubl e bond of t h&ax groggﬁy atg?oup?%zo ﬁHf o(Zde . IR [err] in

[err] 3420, 1805, 1620. _ _
UV: A (pH 7 phosphate buffer) in nm (e) 283 (8900).

max
PMR: O (D,0 + NaHCO,) in ppm 1.69 and 1.88 (3H, each 4,
J=600 Hz' Z and E Of ‘CHECH-Cgs)' 3-38 and 3.72 (23, Abq' i
k~4 J=17 Hz, H-Z), 5.18 (lﬂp d' J6'7=500 Hz, H‘G)' 5.51 (lH, d' [
E~7), ca. 5.8 (14, m, -CH=C§fCH3) and 6.06 (lH, 4, J=1l1

Hz, -C§?CH-CH3).
Anal. Calcd. for cloglzuz 3s.. C, 49.99; H, 5.03; N, 11.66;
S, 13.34%.
Found: C, 50-20,,3,'4-94: N' 10093;
S, 12.82%.

Procedure 9

7-[ (D) ~2-Amino-2~ (4~hydroxyphenyl) acetamido) ~3=( (2) -1~
propen~l-yl) =3=-cephem-4-carboxylic Acid, Vv

Dimethylaniline (1.7 ml, 13.1 m mole), trimethylsilyl
chloride (2.1 ml, 16.4 m mole) and triethylamine (TEA, 2.3
ml, 16.4 m mole) were added successively to a suspension of
Ib produced by Procedure 8 (1.58 g, 6.56 m mole) in CH,Cl,
(16 ml) under ice~cooling. The mixture was stirred at room
temperature for 30 minutes. To the mixture was added portionwise
under stirring D-p-hydroxyphenylglycyl chloride hydrochloride

{l1.46 g 6.56 m mole) and the reaction 'wa'g monitored by HPLC

- }{.
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W: [err] (pH 7 phosphate buffer) in nm[err] 283 (8900). PMR [err]
([err] + [err]) in ppm1.69 and 1.88 (3 each d, J=6.0 Hz, Z and E of
-CH=CH[err]), 3.38 and 3.72 (2H, Abqg, J4=07 Hz, H2), 5.18 (1H, d, [err]
=5.0 Hz, H6), 5.51 (1H d, H7), ca. 5.8 (1H m -CH=CH[err]) and 6.06
(fLH, "d, " J=11 Hz, C}hC}+{err]) ‘Anal . Calcd. for [err]: C, 49.99; H 5.03;
M 11.66; S,. 13.34% Found: C, 50.20; H 4.94; N, 10.93; S, 12.82%
Procedure 9 7- [ (D) -2- Am no- 2- (4- hydroxyphenyl)acetanido] 3-((2)-1-
prlop)en étwiann;aml l@dwil aQanhqum@, 2 h&ﬁﬁ@'b’ﬁf‘fhknfpﬁ 17t)ﬁﬂ 13.1m
nol e y R ri ethyl am ng:
(TEA, 2. %é{??] )riéqdr?%:gé'g{‘vxg "H%t ? &ég é%fév%r?fqilggéggu‘gpsenm on of«.hb
pr oducedﬂflﬂe@rtﬁzédlﬂ pigtpresy ‘gimﬁ 3¢ ASnpieyte niftenvplel16293 yainder
| ce- cool édéh) e cUmprete WAE SEyldibm! heeer!endaidditienfof & m nutes. To

t he m xt d_pa S t g d henylglycyl
chlorid M%@%m@fﬁfgﬁﬁdgg %&5@2&&65§%Qﬁ§g6§ tFP%P fﬁhpfgé ?8§%§mas ‘nmoni t or ed
by HPLC €leax jsaW *b‘é@.anRP- pgu !&%@nﬂl bhok dt &oppl f&ragdhH 7) =
then diluted with CH2c12 (30 ml) to give a precipitate,
which was collected by filtration and washed with CHZC12 (10 ml)
: to give the title compound as the dimethylformamzde -solvate -

(2:39 g, yield 94%; ca. 50% pure; Z/E = 47:12 by EPLC).

Procedure 10 ' ' ) ;

Diphenylmethyl 7-Pheny1acetamidoé3-((Z)—propén;lfY1)ceph-3-
‘em=-4-carboxylate, IX

B o
CH,CON, - '8 '
@ "2 "—( - - _SBEyCEO

- cCl,/CH,OH
N ; 4 3
o7 NF TcEeR(rh), -
COODPM
MW = 758.8
TN
Oeli_
1MW =524.6  coopPM |
A stirred solution of 18 1 of cel,, . methanol and

12 g p-benzoyl benzoic acid was cooled to 8°C 970 ml of
acetaldeliyde were added. The tempe:ature of the resulting
-solution rose to + 14°C. After five minutes, 588 g (0.7749
mole) of diphenylmethyl 7-phenylacetamido-3-([(triphenyl-
photanylidene)methyl]-3-cephem-4-carboxylate was added. The

-



3
25:75]. ~An additional amount of the glycyl chloride was added to the
mxture 3 tinmes at 15 mnute intervals (291 each) to conplete the
aayl ation.- After the addition of dry MeOH (E®0 nl) containing dry DWVF (0.1
m), the resulting clear q?lution was neutralized with TEA (3.2 nl) to pH 6
and.dien diluted with [err] (30 nl) to give a precipitate, which was .
colletted by filtration and washed with [err] (10 m) to give the title
conpound as the di methyl fornmam de solvate (2.39 g, yield 94% ca. 50% pure;
ZIE = A7: 1Zoppippl Bpth prag chmoyedoant phive ixduirgl vige¥euslyassisnedio- 3-
(1 g Z|) - P,aggge@a% Wl hogﬁem?-sﬂf %;xﬁaéhoii{d]ﬁtﬁgﬂtxluhggﬂ ar 19! Ia_rf.g.egpﬁ@wt : 03 ?f
of \err n erLlzbenzo enzoi.c 9@cid was,cooled to
[err] 970 m“]nnga Fg?ﬁgﬁyﬁsﬂﬁé‘?ggggd‘ég.th%ﬁé’#@ﬁﬁﬁ?ﬁ? Lﬁ’egicﬂccf‘ﬁﬁe‘?%ul ting
solution rose to + [err]. After five mnutes, 588 g (0.7749 nol e) of
dhthHY:Ugthy| 7Tﬁaeﬁdgﬁifiﬁ§“§$luaibﬁt&ééﬂﬁﬁaﬂum conge%frgﬁfd and th?_ bat h
phor anyl i de yl.]-35 ~caLbox wag a e cool ing ba
was rem)vedr}?ﬁgsﬁlgeb%qsx?%%e)&\%gdgéguéI§ %% ?‘T&e‘&oﬁ‘érgﬁgh%}tﬁ s”d'tutf'g?r] shaded
fromlight WRGeVagRupRcfercen Sete nterirstatdized seraiduenvwhich he
phosphor ane wasdsaaepie@dwith 3 1 of ethanol. :

The mixture was stirred for 2 hours at + 5°C and let
- stand overnight, crystals were collected twice, washed with
ethanol, and vacuum dried at room temperature. Yield 191 g
o (47%). M.p. 124-128°C contains 7.5% of trans isomer (determined
by HPLC column Lichrosorb Si 60 5 pm Merck eluted with 85% S
toluene, 15% ethyl acetate). .

Procedure ll

Diphenylmethyl 7-Amino-3-((Z)-propen-l-yl)ceph-3-em=-4~
carboxylate Hydrochloride, Ia

. To a stirred solution of 159.7 g (0.767 mole) of

PClg in 2.8 1 CH,Cl, were added 56.7 ml (0.700 mole) of
pyridine in 280 ml c32Cl2 over a 20 minute period. Under a
nitrogen atmosphere the slurry was cooled to 2°C while 256 g
of IX produced by Procedure 10 (0.488 mole) was added. The
mixture was stirred for 40 minutes and the.resulting slurry
was poured rapidly into a vigorously stirred solution of 1.4 1
of cgquz; and 209 ml (2.33 moles) of 1l,3-butanediol at =-20°C,
so that the temperature did not rise above ~5°C. The cooling
bath was removed and after 45 minutes the temperature rcse

to 10°C and was held there for 35 minutes. Water (1.0

liter) was added and stirring continued for 5 minutes after
which the layers were allowed to separate. The organic

layer was washed with 600 ml HCl1l 2N and then 400 ml saturated

[ ' T =)~ ' .



The resul ting solution was vacuum concentrated and the residue was
di sselved in.2 1 of ethanol, and.the sol ytion was vacuumconcentrated to a
sem -crystallized residue whi ch was sl uﬁ ed with 3 1 of ethanol. The
m xture was stirred for 2 hours at + [err] and | et stand overni ght,

ystals were collected twice, washed with et hadnol , and vacuum dri ed at

om t enper at ur e. Yield 191 g (47%. Mp. 124- [err] contains 7.5% of trans
i somer (determ ned by HPLC col utm Lichrosorb Si 60 5 pm Merck eluted with
85% t ol uene, 15% ethyl acetate). Procedure 11 Di phenyl net hyl
7- Ami nobgife?) - pheronbingd) egphots cextracts wexel hack+yashedhivbthde, | ar To a
Sti T edzsgl ghoo bt WA Uahl EorbIEN@Iiith k8L brigimd ch el r dx Bl Aadded
56.7 m (0.700 nol e) cﬁz ﬁ?ldlne in 280 [err] over a 202m fut e per i od.
Under a nitrogen atnnsphere the slurry mas cooled to 2C while 256 g of IX
produced by Phecselumiiory was. dgdedoPesr \anhydaous. MIsR, «1i There was stirred

for 40 m;sbt esz tm rﬁaetlekbagaﬁauwym IOQHEBQG rmrﬂlzyxl Bbe a

Vi gor ous of [er 2.33 nol es) of
1, 3- but $a¢iat [ “%@ngﬁa%iﬁFé? |§ EPg %%%F%H é&se above [err].
The cooEEgB_batl htbesrmeaaanaa'aw e1F° 45 ‘ﬁﬂlﬁmﬁesft %ed tidivgssapnde rose to
[err] amdiwasahwieh!$s Qifters3benetihfPacabite). ($he délwiibnwassadded and

stirri ngoﬁggﬁkggégd fé)éaiix rpongt 33131;@ £ ca. 1.3 liters. The
resulting crystal ~ slurry was filtered, washed with 3 x 300
ml ethyl acetate. Aafter air and vacuum drying over 3205
there was obtained 149.8 g of the title compound as beige o
crystals. Yield 69.3%.. - _ _ . N/
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which the l.ayers were allowed to separate. The organi c .l ayer was washed
with 600 Ml 'HO 2N and thent 400 ml saturated .- 18- brine. The conbi ned
aqueous extracts were back-washed wi'th 2 x 600 nl of [err] and conbi ned
with the original [err] extract. The sotwd en was dried over anhydrous -
[err§..The [err] slurry was filtered and the [err] washed with 2 x 500 mi
[err The conbined filtrates were concentrated in vacuo on the rotary
evapor ator tOQLAIM®l une of 2.4 liters and diluted with 2.5 Ijters of ethyl
acetate. The solution was.concentrated again to a volunme of ca. 1.3 liters.
The regul'ting crystal_- slurry was filtered, washed with 3 x 300 nl ethyl
acet at B sAfter aide arftl GeRROUNE: pEn&Fhe formeula there was obtained 149.8 g
of the title conmpound as beige crystals. Yield 69.3%. -20- CLAI M5 1.
A Compound of the fornmula [ ERR| '

- 8

—N_ ?Cg-CH-CB3
T A,

COOR

wherein the 3-propenyl grbup has the z-configuration and R
5 ~ is hydrogen or a conventional carboxy-protecting group, and
acid addition salts thereof and metal salts of the foregoing
substance wherein R is hydrogen. | )

2. The compound of Claim 1 wherein R is a group selected .
from hydrogen, methoxymethyl, 2,2,2-trichloroethyl, '
10 2-(trimethylsilyl)ethyl, t-butyl, benzyl, diphenylmethyl,
'grnitrobenzyl, gfnitrobenzyl, trimethylsilyl, t-butyldimethyl~-
silyl, t-butyidiphenylsilyl, allyl, and 2-chlorocallyl and
acid addition salts thereof.

3. The compound of claim 1 or 2 wherein the acid addition
15 salt is selected from of hydrochloride,
(% sulfate, p-toluenesulfate, and phosphate. |

4. The compound of Claim lor 2 wherein the metal salt is
sodium, potassium, calcium, or aluminum salt.

5. | Diphenylmethyl ZB-

20 amino=-3«[ (2) -l-propenrl-yl)] -3-cephem-4-carboxylate and the
hydrochloride thereof.’ . .

6. - 7B-amino-3-[(2)-1-

. propen-l-yl] -3-cephem-4~-carboxylic acid and the hydrochloride
. thereof.

*® 14 L L) S *
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wherein the 3-propenyl group has the Z-configuration and Ris hydrogen or a

conventional carboxy-protecting group, and acid addition salts thereof and
netal salts of the foregoing substance wherein R is hydrogen. 2. The
conpound of Claim1l wherein Ris a group sel ected from hydrogen,

3t hoxymet hyl, 2,2, 2-trichloroethyl 2-(trinmethylsilyl)ethyl,

butyl, benzyl, dlphenylnethyl fﬁﬁ:robenzyl, [err]-nitrobenzyl,
trimethylsilyl, t-butyldinethyl- S|Iyl t-butyl di phenylsilyl, allyl, and
2-chloroallyl and acid addition salts thereof 3. The conpound of cIa|n11
or 2 wherein the acid addition 15 salt is selected from

of hydrochl oride, sulfate, p-toluenesulfate, and phosphate. 4. The conﬁound

of aiml or72 wherein the netal salt is sodium pogaasummyA~AmGindgl3-Lr

-alunlnu D phenyl met hyl 7[err]-
gLf%L é‘PF2Pqnﬁich%F '9PPhS“bém€§ﬁbP¥¥$%B§ylate and_t he
hydrochlorlde t hereof. 6. 7[err] am no- 3-

[(2) -1- propgn 1fﬂé pré§£Q§n§ng%Eg%§§ aC|d and t e hydro§hlo[hg$3_

t her eof .
c1aim 1 which comprises reacting the intermedzate of the

5 formula
S

&.—'—?‘ /—CE=PPh4 | . u
COOR

-wherein R has the same meaning as in Claim 1, Ph is the
phenyl group, with acetaldehyde in an inert organic reaction
medium comprising dichloromethane, N,N'-dimethylformamide,

10 isopropanol or a mixture thereof at a reaction temperature

between 0°C and 25°C to pfovide a compound of the formula

and thereafter removing the benzylidene group or both the

benzylidene group and the carboxy-protecting group and, if
15 desired, separating the 3-(Z) and 3-(E) isomers to provide

the compound of the formula -

. R0

!
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[iZ)-Iipropen | -yl ]-3-cephem 4-carboxyl ate. 8. The process for preparing a .
£ npound as cl ai ned in Caim1l which conprises reacting the internmediate of
the fornuta 5 [ERR] wherein R has the s%?e meaning as in Caiml, Phis the
phe groupwi th acet al dehyde in an ing Organi c reaction nmedi um
conﬂi|5|ng di chl.oronet hane, N, N -di net hyl f or mram de, 10 i sopropanol or
a mxture thereof at a reaction tenperature between [err] and 25C to
provi de a conpound of the fornula [E:? and thereafter renoving the
benzylldene group or bot-h o e group and the carboxy-protecting
gr oup and if 15 desrr sepdratingfthe 3-(2) and 3-(E) isoners to
prOV|dethe conpound of t he for ein R has the sane
meaning as in Claiml. 9. The carm$8 whetein the reaction with

acet al dehyde is carried out in the presence of a |lithium halide.
. COo0H :

wherein R has the same meaning as in Claim 1.

9. The process of Claim 8 wherein the reaction with
' acetaldehyde is carried out in the presence of a lithium
5 - halide.

. . 13
10. The process of Claim 9 wherein the lithium halide
is lithium chloride, lithium bromide, or lithium iodide.
ll. The process of Claim 9 wherein the lithium halide
~is lithium bromide. '
o/
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1!,.The process of Claim9 wherein the lithiumhalide is lithium chloride,

l'ithiumbromde, or lithiumioedide. 11. The process of Cla|n19 wherei n the_

Tithiumhalide is |ithium bronide. 3- 12. A process as clainmed in
claim8, substantially as described in"The foregO|ng Experi nment al
rocedures section. 13. A conpound as clained in claim1l, prepared by a

process as ¢l ai mgd J i A Mo thindds #d Haff 8, substantially as

described in the foregoing Experimental Procedures

i

section. T
13. A compound as claimed in claim 1, prepared by a hd

process as claimed in claim 8, g, LO, 11 or 12,

[ L
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