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7-METHOXYCEPH-3-EM4CARBOXYLATE-l-OXIDE: 

A USEFUL INTERMEDIATE IN THE PREPARATION OF 
7a-METHOXYCEPHALOSPORINS 
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Abetrad-The N-formamido oephalosporins 4a and 4b undergo direct methoxylation at the 7a-position to 
give the ‘la-methoxy derivatives Sa and Sb. These were converted to other 7jSacylamido compounds by the 
sequence : oxidation, deformylation, acylation and reduction. The 3-bromomethyl derivatives 2b, 6b and 8b 
proved amenable to nucleophilic substitution with S-mercapto-1-methyltetrazole. 

In an earlier paper’ we described the preparation of the quantitative yield. The sulphide 5a was oxidised with 
3-bromomethyl ceph-3em sulphoxide 1 and de- peracetic acid to give a ca 2 : 1 mixture of the 1 S- and 1 R- 
monstrated its utility in the synthesis of cephalo- sulphoxides 2a and 6a respectively (49% yield). This 
sporins substituted at the 3-and 7-positions.1*2 We now unexpected result contrasts with a similar oxidation of 
describe the preparation of the 3-bromomethyl the 7a-H analogue 4a which furnished the lS-oxide 7n 
sulphoxide intermediate 2b bearing a 7a-methoxy stereospecifically in 90% yield. Evidently the 7a- 
group. Since their isolation from Streptomyces methoxy group counteracts the very strong “reagent 
cuhres”*4 7a-methoxycephalosprins have aroused approach control” normally exerted by the formamido 
considerable scientific and commercial interest.s*6 NH proton’ (a further example is given below). 

We first sought to establish that a ‘la-methoxy group 
could be introduced’ into a ‘I/?-formamido compound 
and that the N-formyl group could be subsequently 
removed and replaced by other acyl groups. We chose 
to do this in the stable 3-methylceph-3-em series 
thereby avoiding any possible complicating reactions 
at a 3-bromomethyl group. 

Basifkation of the salt 3s followed by formylation 
with ethyl formate containing a little formic acid gave 
the N-formyl derivative C in 87% yield. Direct 
methoxylation of 4~ by the procedure of the Lilly 
group’ provided the 7a-methoxy analogue 5a in near 

Cooper et al? assigned stereochemistry to pairs of 
7a-H 7/3-acylamidocephalosporin lS- and lR-oxide 
isomers by PMR spectroscopy. They compared the 
chemical shifts of the ‘I/?-amide proton resonances in 
different solvents. Because of the reduced ability of the 
7@mide proton to hydrogen bond this method did not 
prove applicable in the ‘la-methoxy series. We have 
made our assignments on the basis of UV spectroscopy 
(Table 1): in the 7a-H series the lS-oxides have higher 
extinction coefficients at the respective maxima than 
their IR-isomers, with the parent sulphides having 
intermediate values. We have assumed that this 
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a X=H; b X=Br; c X=-S 

difference holds in the 7a-OMe series. (This 
interpretation neglects minor interferences from 
chromophores in the 7/?-acylamido group.) 

Deformylation of the IS-oxide 2a with phosphorus 
oxychloride in methanol’ gave the crystalline 
hydrochloride salt 9 in 77% yield. Similar treatment of 
6a gave the salt 10 in 74% yield. Attempts to obtain 
PMR spectra of either salt (pyridined, or 
dimethylsulphoxide-d,) or to convert them to their 
respective free bases were unsuccessful because of 

t02R 

9 

N- 

decomposition. lo The salt 9 suspended in dichloro- 
methane containing propylene oxide was acyl- 
ated with an equivalent of phenylacetyl chloride. 
When solution was obtained the reaction mixture was 
worked-up and the crude sulphoxide then reduced with 
potassium iodide/a&y1 chloride in N,N- 
dimethylformamide (DMF)” to give the known1z*13 
phenylacetamido derivative 11 (39% yield). 

We next turned our attention to preparation of the 
desired intermediate 2b. Photobromination of 7n with 

0 
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Table 1. UV Absorption spectra (in EtOH) of some ceph-3-em esters and tbcir 1S- and 
ll-oxides : A,,,_ values with corrcctd extinction ccef6cient.s in parcntbescs 
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CHI 

CH3 

Br 

CHI 

N-N 

i i 
259 nm 265 mu 

(E 6,550) (e 8,150) 

268.: nm 

(e 7,850) 
274.5 nm 

(8 7sJw 

263’nm 

(e 9,150) 
267.5 run 

(8 9.250) 

. . 

259”nm 

(e 6,360) 

. . . 

26:~ 

(e7,450) 

iv 

(zgz) 
267kn 

(e 8,800) 

. . . 

26; trn 

(8 6W-J 

. . 

269unm 

(E 7,500) 

. . 

26ynm 

(e 8,700) 
275.5 nm 

(E 9,050) 

. . 

27rnm 

(8 9,850) 

2Gnm 

(e 5,525) 

269: nm 
(& 7,770) 

269klm 
(8 7,230) 

281.vslnm 
(e 9,770) 

265’nm 
(E 5,150) 

i 
263 nm 

(8 6,500 
268 nm 

(& 6,700 

. . . 

26:* 
(~4,850) 

26svm 
(e 6.310) 

26?nm 

(8 3,850) 

. . . 

26%x1 

(e 6,750) 
275 nm 

(8 7,150) 

25:~ 
(8 4,475) 

27kn 
(e 5,970) 

i UK Patent 1,326,531; ii Ref. 22; iii Rd. 1; iv Ref. 20; v Ref. 21; vi Experimental 
WOll. 
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1,3-dibromo-5,5dimethylhydantoin in 1,2dichloro- 
ethaneat - lo” gave the 3-bromomethyl derivative 7b 
in 60% yield. Reduction of the oxide 7h with 
phosphorus tribromide” at -20” gave the cor- 
ruining s~phide 4b(77% yield). This reduction step 
proved necessary because of the diierent structural 
requirements of the bromination and methoxylation 
reactions. Thus it has not proved possible to halogenate 
3-methylceph-3-em esters under a variety of con- 
ditions’*” and neither has it been possible to introduce 
a 7a-methoxy group directly into a ceph3em 
sulphoxide unless the C,-position is protected.“j We 
have observed however, that the bromine atom of 3- 
bromomethyi sulphoxide esters is more amenable to 
nucleophilic displacement than in the analogous 
sulphides and that problems of double bond 
isomerisation” are avoided. 

Methoxylation of the sulphide 4b was accomplished 
as previously described for 4a to give the 7a-methoxy 
derivative 5b. The crude product was oxidised directly 
with m-chioroperbenzoic acid to give a mixture of 
sulphoxides from which the more polar lS-oxide 2b 
(E” 285 nm, E 9,700)crystallised in 33% yield. The less 
polar IR-oxide 6b (A%” 280 nm, e 4,900) was isolated 
from the liquors by chromatography (17% yield). 

Nucleophilic displacement of the bromine atom of 
s~phoxides 2b and 6b proceeds readily. For example, 
reaction with 5-mercapto-I-methyltetrazoie in DMF 
in the presence of sodium bicarbonate gave the 3- 
substituted derivatives 2c and 6c (88% and 63% 
respectively). Reduction ofeach oxide with KI/AcCl in 
DMF gave the same sulphide SC. Deformylation of 2b 
with phosphorus tribromide in methanol’ gave the 
hy~obromide~t 12in~%yieid.As was thecase with 
the hydrochloride salts 9 and 10, the salt 12 was too 
unstable in MezSOdb to allow characterisation by 
PMR spectroscopy. Attempts to acylate 12 with (thien- 
2-yl)acetyl chloride in dichloromethane/propylene 
oxide were unsuccessful. Other workers have also 
noted the poor nucleophilicity of cephalosporin 7fl- 
amines with a geminal 7a-methoxy group.’ However, 
by addition ofca Zequivalents ofpowdered magnesium 
sulphate or preferably magnesium oxide to the reaction 
medium, the acylated derivative 8bcould be obtained in 
modest yield (22 to 27%). 

Displacement of the bromine atom of 8b with S- 
mer~apto-l-methyite~~o~e by the procedure outlined 
above gave the sulphoxide & (64% yield). This was 
followed by reduction of the sulphoxide function with 
KI/AcCl in DMF to give the ester 13 (61% yield). 
Removal of the ester function from 13 with 
trifluoracetic acid in anisolegave the biologically active 
acid 14 (73% yield).‘* 

Despite the lack of selectivity in the oxidation step 
and the low yields obtained in the acyfation reactions; 
the above sequence demonstrates the utility of the 
intermediate 2b. It has proved particularly useful for the 
preparation of compounds such as the acid 14 which 
have not been readily attainable by the direct 
methoxylation route. tunn and Mason” have also 
reported difficulties with the direct methoxylation 
technique in cases where there are other sites in the 
molecule capable of forming anions. 

EXPERIMENTAL 

Unless otherwise statal the following procedures were 
adopted. M.ps were obtained on a Kofler Microblock and are 

uncorrected. Optical rotations were measured at 20-30” in 
DMSO so111 at O&-1.2% concentrations. UV spectra were 
recorded in EtOH soln. IR spectra were recorded on either a 
Perkin-Elmer model 21 or 521 and were obtained as Nujol 
mulls.PMRspectra wcreobtainedon 5_10”/,soinsinDMSO- 
d6 on a Varian A60 (60 MHz) or a Varian HA lOO(lOO MHz). 
Coupling constants are quoted in Hz. Solns were dried over 
MgSO*. 

Diphenyhnethyl(6R,7R) - 7 -formamido - 3 - merhylceph - 3 - 
em - 4 - carboxylate 49. A mixture of the hydrochloride salt 3s 
(103 g, 248 mmol), NaHCO, (55 g, 655 tnmol), water (1.25 I) 
and CH,CI, (1.25 I) was stirred for 30 min. The aq phase was 
extractedwithCH,C12(2 x 250ml).Theor8anicportionswere 
dried and evaporated and the residue dissolved in HCO,Et 
(1 I) containing HCOzH (5 ml). The soln was heated at reflux 
for I8 hr and evaporated. The residual solid was treated with 
EtOAc (350 ml) then ether (350 ml) to give 4a as a white 
crystalline solid (88.5 g, 8%), m.p. 1%-l@, [a&, + 38”, ,I_ 
258 nm (E 68201, v,.. 3330 (NH). 1772 la&din-2-onel 1708 
(CO,R),‘1656 and.524 cm’-’ (CONHj, 6 2.07 (s; Mei; 3.44, 
3.68 (AB-q, J = 18; C,-H&5.17 (d, J = 5; C,-H), 5.81 (dd. f 
= 5, 9; CT-H), 6.93 (s; Ph,Cm 7.2-7.7 (m; Ph,), 8.21 (s; 
CHO),9.07(d,J = 9;NH).[Found:C,~.6;H,4.9;N,6.7;S, 
7.7.C22H,oN,O,S(408.5)requires:C,64.7;H,4.9;N,6.9;S, 
79X.1 

Diphenybnethyl(6R,7S) - 7 - formamido - 7 - methoxy - 3 - 
methylceph - 3 - em - 4 - carboxylate !k. A soln of 4a (8.17 g, 20 
mmol) in THF (160 ml) was added to a stirred mixture of 
LiOMe (2.66 g, 70 mmol), THF (500 ml) and MeOH (80 ml) at 
- 70” under dry N,. After 2 min t-butyl hypochlorite (4.8 ml, 
~mmol)w~add~and~teraf~her2Omin themixturewas 
poured into iced water (2 I) containing NH&I and NalS20, 
then extracted with EtOAc (3 x 0.5 1). The combined extracts 
were washed with NaCl aq (0.5 I), dried and evaporated lo give 
Sa as a yellow foam (8.8 g, ca looo/,x [aID + SO”, I,_ 265 nm (E 
5090). A portion of similar material from an identical 
experiment was purified byp~pTLCon~li~gel,elu~g~th 
~n~~EtOAc(3:l)to~ve~~awhitefo~(2#m~[aJu 
+ 58” (CHCI,), &_ 259 nm (s 5525), v,, (CHBr,) 3380,334O 
(NH), 1772 (azetidin-2-one), 1718 (CO,R) and 1700 cm-’ 
(CHO), 6 2.11 (s; Me), 3.44(s; C,-H,), 3.51 (s; OMe), 5.20 and 
5.26 (s, rotamers ; C,-H), 6.93 (s ; CHPh,), 7.2-7.7 (m ; Ph,), 
8.28 (s; CHO), 9.30 and 9.46 (s, rotamers; NH). [Found: C, 
63.15;H,S.O;N,6.2;S,7.O.C,,H,,N,O,S(438.5)r~ui~:C, 
63.5; H, 5.1; N, 6.4; S, 7.3x.1 

Dip~nyl~thyl (lR,6R,7S) and (lS,6R,7S) - 7 -formomido - 
7 - methoxy - 3 - methylceph - 3 - em - 4 - carboxylate 1 - oxide 
2a and 6a. Peracetic acid soln (8 ml, 20 mmol) was added to 
a stirred soln of Sa (8.8 g, ca 20 mmol) in CH,Cl, (200 ml) at 
5”. The soln was stirred for 30 min then washed with water 
(containing some Na2Sz0,), 3% NaHCO, aq and water (100 
ml each), dried and evaporated to a foam (7.99 g). A portion of 
this (7.63 g) crystallised from aceton~yclohexane (I : 1; 100 
ml) to give the &oxide 20 11.67 Q. 19%. m.o. 171179”. Tal, 
+ i 86;&_ 270 nm (E 7770), v_ &@H),~1778 (a~&&-~~ 
one), 1714 (CO,R), 1700 (CONH) and 1054cn-’ (S + O), 6 
2.00 (s; Me), 3.44 (s; OMe), 3.70 (s; C,-H,), 5.02 and 5.12 (s, 
totamers; C,-H), 6.98 (s; CHPh,), 7.2-7.7 (m ; Ph,), 8.24 and 
8.34ls.rotamers;CHOt.9.841s;NH1.rFound:C,60.8:H.5.1: 
N,5.b;S,6.8.C23H,,N;O,S(454.5)nquires:C,.60.3;H14.9/ 
N, 6.2; S, 7.1x.1 Liquor material was cbromato~aph~ on 
Kieselgel G (300 9). Elution with CH,Cl+cetone (7: 3) gave 
the ll-oxide &I as a pale yellow foam (1.44 g. 1%) which 
crystallised from acetone-ether (I : 1) as white prisms (0.89 n), 
m:p. 185-187”,[a] ,,-216”.~~59mn(e4475~v_3210a~d 
3150(NH), 1774(azetidin-2-one). 1724(CO,R), 1694and 1660 
(CONH)and 102Ocm-‘(S +0),62.17(s;Me),3.55(s;OMe), 
3.70 and 4.00 (ABq, J = 17; C,-HI), 4.79 and 5.10 (s, 
rotamers; C,-H), 6.95 (s; cH_Pi@, 7.2-7.7 (m; Ph,), 8.49 and 
8.26(s,rotamen;CHO),9.72(s;NH). [Found :C,60.9;H,4.8; 
N, 6.0; S, 7.20/,. J Further elution with acetontCH,Cl, (7 : 3) 
gave additional IS-oxide 2a (1.08 g, 12.5%). 

Diphenylinethyl (lS,6R,7S) - 7 - amino - 7 - methoxy - 3 - 
methylceph - 3 - em - 4 - carboxylale 1 - oxide hydrochloride 9. 
POCK, (0.65 ml, 7.08 mmol) was added dropwise over 2 min to 
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a stirred suspension of 2a in MeOH (15 ml) at co 5”. After 5 mitt 
all the solid had dissolved and after 20 mitt a new white solid 
crystallisad.ThiswaswUb~tbd,w~~hbdWithetheranddricd to 
give 9 (1.02 g, 77Q, m.p. 10~108p, & (MeOH) 265 nm (E 
6970), v, ca 2600 (NH:), 1788 (a&din-Z+nc), 1726 
(CO,R)and 104Ocm-’ (S -. 0). [Found:C. 55.8; H,4.9;Cl, 
7.3;N.5.3;S,6.9.C,,H,,ClN,0$~0.5H,0(471.95)requires 
C, 56.0: H, 5.1; Cl. 7.5; N. 5.9; S, 6.8’X.l 

~&nil& trek&t of 6a with P@l, in MeOH gave 
diphenybnethyl (lR,6R,7S) - 7 - ankw - 7 - methoxy - 3 - 
methylceph - 3 - em - 4 - carboxykue 1 - oxide hydrochloride 10 
(50.5x), m.p. 113-l 16”. &_ (I&OH) 258.5 nm (E 5140), v, 
2720, 2610 and 2520 (NH;), 17% (a&din-Zone), 1720 
(CO,R) and 1036 cm- ’ (S + 0). [Found : C, 56.3 ; H, 5.1; Cl, 
7.4; N, 6.0; S. 6.9. CssH,,CIN,O,S*0.5 H,O (471.95) 
requires: C, 56.0; H, 5.l;Cl, 7.5;N, 5.9; S, 6.8%.] 

Diphenyfmethyl(6R,7S) - 7 - methoxy - 3 - methyl - 7 - phenyl- 
acetamtdoceph - 3 -em - 4 - carboxylate 11. The hydrochloride 
9 (915 mg, 1.98 mmol) was added to a stirred mixture of 
phenylacetyl chloride (0.26 ml, 1.97 mmol) and propylene 
oxide ( 15 ml) in CHXl, (40 ml). After co 15 min all the solid . 
had dissolved and the-s&n was stored at +5” for 30 min 
then diluted with EtOAc (250 ml) and washed with water, 3% 
NaHCO, aq and water (80 ml each), dried and evaporated 
to a yellow foam (1.10 g). This was dissolved in DMF (20 ml) 
and the stirred soln cooled to 0” and treated with KI ( 1.3 15 g, 
7.92 mmol) followed by AcCl (0.28 ml, 3.92 mmol). I, was 
liberated almost immediately. After 1 hr the mixture was 
diluted with water (100 ml) containing a little Na,S,O, and 
extractalwithEtOAc(3 x SOmQThecombinedextracts were 
washed with 0.5 N HCl, 3% NaHCO, aq and NaCl aq (80 ml) 
then dried and evaporated to a yellow foam (999 mg). This was 
subjected toprepTLConsilicagelelutingwith PhMe-EtOAc 
(4: 1) to give 11 as a pale yellow foam solvated with EtOAc 
(025 mol) (408 mg, 39O/,), [aID + 75” (CHCls), & 259 nm (E 
5840) flit.” give IR and PMR values only; lit.r3 give no 
spectral data or physical constants], v, (CHBrs) 3426 (NH), 
1770 (azetidin-2_one), 1720 (CO,R), 1690 and 1496 cm-i 
(CONH), 6 2.05 (s ; Me), 3.40 (s ; Cs-HI), 3.46 (s ; OMe), 3.62 (s ; 
CH,CO), 5.15 (s; C&),6.92(s; CHPh,), 7.2-7.7 (m; Ph, and 
PRCH,) 9.46 (s; NH), with signals at 6 1.22. 2.02 and 4.09 
indic&g the presence of EtOAc (0.25 mol). [Found : C, 67.2 ; 
H. 53; N, 4.9: S, 5.8. C,,,HH,,N,0,S~0.25CH,C0,C,H, 
(550.6) requires: C, 67.6; H, 5.5; N. 5.1: S. 5.8%.1 

Diphenjl (1 S,6R,7R) - 7 -firnu&fo - 3 - &!&eph - 3 -em - 
4 - carboxyltie 1 - oxide Ia. Peracetic acid soln (5.9 ml, 14.7 
mmol)wasadded toastirredsolnof4a(6.0g, 14.7mmol)in 1,2- 
dichloroethane (200 ml). After 30 min the reaction soln was 
washed with water (100 ml) and 3% NaHCO, aq (50 ml), dried 
and diluted to 400 ml with 1Jdichloroetbane. 50 ml of this 
soln was evaporated to give 78 as a white crystalline solid (732 
mg, 94%). Recrystallisation of a small portion of this material 
from acetonitrile provided an analytical sample, ap. 19O.s 
19l”,[a]o +63”,~266nm(e836O),v,3380and333O(NH), 
1790 (axetidin-Z+te), 1714 (C&R), 1680, 1660 and 1520 
(CONH) and 1034 cm-’ (S -+ O), 6 2.07 (s; Me), 3.67 and 3.90 
(ABq, J = 20; C,-H,), 4.99 (d, J = 5 ; C,-H), 5.99 (dd, J = 5,9 ; 
C-H), 6.96 (s; CHPh& 7.2-7.7 (m; Ph,), 8.19 (s; CHO), 8.38 
(d, J =9; NH). [Found: C, 620; H, 4.7; N, 6.7; S, 
7.6. C,,H,,N,OsS (424.5) requires C, 6225; H. 4.75; N, 6.6; 
s. 7.55X1 

’ Dip&&nethyl( lS,61/7R)- 3 - bromomethyl- 7 -formamido- 
ceph - 3 - em - 4 - carboxylote 1 - oxide 7b. The remainder 
of the soln of 7a (ca 121 mmol) in 1,2dichlorc+ 
methane (350 ml) described above was cooled to - 10” and 
stirred with a soln of NaOAc (4.84 g, 59 mmol) in water (25 ml) 
(adjusted to pH 7 with HOAc) and DBDMH 12.7 a. 9.65 
mmol). The mixture was illuminated for 40 mitt with a 
Hanovia 125 W medium pressure Hg arc then washed with 
Na,S,O,aq(200ml)andwater(l00mlAdrisdandevaporated 
to give a residue which was treated with EtOAo-ether to give 
7bin2crops(total3.8g,60”/,Xm.p. 162-167”. Recrystallisation 
from acetone-ether gave white prisms, m.p. 169.5-170”, [a]o 
- 14”, k_ (MeOH) 278 nm (s 8770). v, 3280 (NH), 1772 
(azetidin-2_one), 1710 (COxR), 1654 and 1510 (CONH) and 

102Ocm-‘(S -, 0),~3.8Oand4.05(ABq,J = 18;C,-H&4.43 
and 4.62 (ABq, J = 11; CHsBr), 5.06 (d, J = 5; C,-H), 6.09 
(dd, J = 5.9 ; C,-H), 7.02 (s ; CHPh& 7.2-7.7 (m ; Ph,), 821 (s ; 
CHO),8.48(d.J = 9;NH). Found:C,524;H,3.8;Br. 15.9; 
N,5.2;S,6.4.C,,H,,BrN,O,S(521.4)requiresC,52.5;H,3.8; 
Br, 15.9 ; N, 5.6 ; S, 6.40/l 

Diphenybnethyl(6R,7R) - 3 - bromutne thy1 - 7 -fhrmam& 
ceph - 3 - em - 4 - cmboxylate 4b. A soln of PBr, (4.75 ml, 50 
mmol) in CH,Cl, (100 ml) was added over 15 mm to a stirred 
suspensionof7b(l0.Og2Ommol)inCH,C1,(400mat -20”. 
The mixture was stirred for 45 mitt then NaHCO, (10.5 g, 
125 mmol) was added followed by water (MO ml) at such a rate 
that the temp did not rise above 0”. The layers were separated 
and the aqueous portion extracted with further CHsCl, (100 
ml). The combined extracts were dried, treated with charcoal, 
filtered and evaporated to low volume. Addition of excess 
petroleum ether precipitated 4b as a white amorphous solid 
(7.48 g, 77x), [u]o -M” (CHCI,), d_ 269 nm (e 7470). v, 
(CHBr,)3380(NH), 179O(azetidin-2-one), 1724(CO,R), 1700 
and 1502(CONH)and 102Ocm-‘(S -t 0),6(CDCI,)3.38and 
3.75(ABq, J = 18,C,-H,),4.3O(s,CH,Br),5.01 (d, J = 5;C,- 
H),5.9O(dd.J = ~,~;C,-H),~.~~(~.~;NH),~.OO(S;CHP~,), 
7.37 (s ; Ph,), 8.22 (s ; CHO) together with a singlet at 6 5.30 
corresponding to CHIC& (0.25 mol). This material was 
used directly in the next stage without further purification. 

Diphenyl(1 R,6R,7S) and (lS,6R,7S) - 3 - bromomethyl - 7 - 
formamido - 7 - methoxyceph - 3 - em - 4 - corboxylate 1 - oxides 
6b and 2b. A soln of 4h (14.32 g, 29.4 mmol) in dry THF (80 ml) 
at - 70” was added over 2 min to a stirred soln of LiOMe (1.78 
g47mmol)in MeOH(9Oml)andTHF(500ml)at -70” under 
dry N,. t-Butylhypochlorite (4.66 ml, 39.1 mmol) was added 
and after 4 min the soln was added to a stirred mixture of 
EtOAc (750 ml) and NH&l aq (containing some Na,S,O,) 
(750 ml). The layers were separated and the organic phase 
washed with NaCl aq and dried to give a crude soln of 
diphenybnethyl(6R,7S) - 3 - bromomethyl - 7 - formomido - 7 - 

methoxyceph - 3 - em - 4 - carboxylate 5b. This was cooled to 
-N)” and treated with !9OX m-c.hIorooerbenzoic acid (5.83 p. 
30 mmol). The mixture w&stirred for 5 mitt then allowed t;d 
warm to room temp over 1 hr, washed with NaHCO, aq and 
NaCI aq (3ooml ofeach), then dried and evaporated to a foam 
which crystallised from CH,Cl,-ether to afford the lS-oxide 
2b as whiteprisms(5.18 g, 33xArn.p. 148150”, [a]o + 178” (c 
0.11; CHCI,), J._ 285 nm (a 9700). v, (CHBr,) 3430 (NH), 
1790 (azetidin-2-one), 1724 (CO,R), 1694 and 1486 (CONH) 
and 105Ocm- ’ (S + 0),6(CDCl,) 3.47(s;OMeA 3.36and 3.68 
(AB-q,J = 18;C,-H,),4.lOand4.5O(ABq,J = ll;CH? Br), 
4.68 (s ; C,-H), 6.99 (slCHPh& 7.2-7.6 (m iPha7.74 (s ; NH), 
8.34(s:CH0).rFound:C.51.6:H.4.0:Br.14.6:N.5.1:S.6.1. 
C,,H~,BrN~d,S(533.4)requirks:~C,51.8fH,4.b;Br,l5.6;N, 
5.3 ; S, 6.VA.l The liquors were purified by prep TLC on silica 
gel, eluting with CH,Cl,-Me&O (2 : 1) to give the 1 R-oxide 
6b as an amorphous solid (2.67 g, 17x), m.p. 87-94”, [a]o 
-198”(c0.14;CHCI,),~280nm(.s4900),v_(CHBr,)3420 
(NH), 17% (azetidin-2_one), 1720 (CO,R), 1692 and 1490 _ 
(CONH) and 1042 cm-’ (S + 0), g(CDCls) 3.51 (s; OMe), 
3.63 and 4.09 (AB-o. J = 18: C-H,). 4.38 and 4.55 (AB-a. J 
= lO;CH,Bri4.56&;C,-H~6.!k(s~CHPh,),7.2-7.7(m;Pha 
andNH),8.2Oand8.3O(s,rotamers;CHO).[Found:C,5O.9; 
H, 4.1; Br, 14.0; N, 4.85; S, 5.95. C,,H,,BrN,O,S*0.5 HxO 
(5424)requiresC, 50.9; H,4.1; Br, 14.7; N, 5.1; S, 5.9%.] 

Diphenybnethyl (lS.6R7S) - 7 -amino - 3 - bromomerhyl - 7 - 
methoxyceph-3-em-4-carboxylate 1 -oxide hydrobromide 12 
Compound 2b (1.60 g, 3 mmol) was added portionwise to a 
freshly prepared soln of PBr, (0.74 ml, 7.8 mmol)in MeOH (22 
ml) stirred at 0”. The mixture was stirred for 2 min then ether 
(75 ml) and after a further 1 hr petroleum ether (32 ml) were 
added. The precipitated solid was collected to give 12 (1.59 g, 
w/Q, rep. 95” (dec) v, co 2600 (NH:), 1784 (azetidin-Z 
one), 1724 (CO,R) and 1000 cm-’ (S + 0). [Found: C, 42.8; 
H, 3.9; Br, 25.95; N. 4.3; S, 5.4. CxaH,aN,Br,O,S-1.5 Ha0 
(613.3)requires:C,43.1;H,4.2;Br,26.1;N,4.6;S,5_2~.] 

Diphenybnethyl (lS,6R,7S) - 7 -jormamfdo - 7 - merhoxy - 3 - 
(1 - methyltetrazol - S- ylthiomethyI)ceph - 3 - em - 4 - 
carboxylate 1 - oxide 2e. A mixture of 2b (500 mg, 0.93 mmol), 
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2’ - [2,2,2 - trichlooroerhoxycmbonyl~~~etMtido)ch - 3 - 
em - 4 - carboxylate, 1 - oxide (Table 1). t-Butyl hypochlorite 
(2.2 ml, 19 mmol) was added to a stirred soln of 2,2,2- 
trichloroethyI(6R,7R,2’R) - 3 - methyl - 7 - (2’ - phenyl - 2’ - 
[2,2,2 - trichloroethoxycarbonylamino]a~tamido)ceph - 3 - 
em - 4- carboxylate2* (7.5 g, 1 I.2 mmolf in pvridine (200 ml) 
containing water (5.2 iI) at -40”. The r&x&e was stirred ai 
-40” for 2 mio then 2 N SO, aa (75 ml) was added and the . . , 
mixture poured into 20% H,-PO, aq (1 I). The mixture was 
extracted with EtOAc (3 x 300 ml) and the combined extracts 
washed with sat NaHCO, aq (2 x 400 ml) and water (2 x 400 
ml) then dried and evaporated to a brown foam which 
aystfdlised from hot acetone (20 ml) to give the title 1 R-oxide 
as a white crystalline solid (3.7 g, 48.6x), m.p. 212-214”, [alo 
- 132”, & 265 mn (s 3850), v_ 3390 and 3240 (NH), 1760 
(azctidin-2-one). 1?45(*lter), 1732(NHCO,R), 1680and 1510 
(CONH)and1O4Ocm-‘(S~O),S2.18(s;Me),3.66and4.10 
(AB-q, J = 17 ; C,-H,), 4.72 (d, J = 5 ; C,-H), 4.83 and 5.06 (s ; 
CO,CH,CCl,), 5.38 (d, J = 8; PhCw, 5.60 (dd, J = 5.8; C,- 
H), 7.2-7.6(m; Ph), 8.47 (d, J = 8; NHCO,R), 9.37 (d, J = 8; 
CONH). [Found: C, 36.8; H, 2.8; Cl, 30.5; N, 5.8; S, 4.8. 
C~,H,$&N,O,S*0.5 H,O(679.2) requires: C, 37.1; H, 3.0; 
Cl, 31.3; N, 6.2; S,4.??.] 
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