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Al&ac&Photoinitiated bromination of 3-methylceph-3-em IS-oxide esters 2, readily obtained from penicillins, 
gave the corresponding 3-bromomethyl derivatives 5. The 3-bromomethyl IS-oxides 5b and 5c were converted into 
the salts 12 and 13 of the 3-methvlthiomethyl amine 11, which could be transformed into compounds with useful 
antibacterial activity. 

3-Methylcephems 1 are readily available by rearrange- 
ment of the corresponding penicillin sulphoxide esters.‘-’ 
We report the conversion of these compounds into 3- 
bromomethylceph3em 1 S-oxide derivatives 2, which 
have proved useful for the preparation of a wide range of 
3-substituted cephalosporins.” 

Direct halogenation of the ceph3em esters la and lb 
under a variety of conditions, was unsuccessful’ and we 
wished to avoid the need for prior isomerisation of the 
endocyclic double bond to facilitate the required func- 
tionalisation.’ 

Instead we studied the bromination of the correspond- 
ing sulphoxides. Oxidation of the esters la, lb with 
peracetic acid gave the respective IS-oxide derivatives 
Za”, 2b” in 60-70% yield, accompanied by a minor 
amount ( < 5%) of the ll-oxide isomer 3a, 3b.” Oxida- 
tion of la with mchloroperbenzoic acid gave the sul- 
phone 4a in 8% yield as a minor product. The formation 
of minor amounts of IR-oxides in the above reactions 
can be attributed to the existence of a weaker “reagent 
approach control” effect than that pertaining in compar- 
able penicillins.‘2 The sulphone 4a arises by further 
oxidation of initially formed lR-oxide 3a since we have 
observed that ceph3-em lR-oxides are readily oxidised 
to sulphones under mild conditions, whereas more forc- 
ing conditions (e.g. elevated temp) are necessary to effect 
further oxidation of ceph-3-em lS-oxides.‘3 

Photoinitiated brominations of the lS-oxide ester 20 
with N-bromosuccinimide (NBS) in refluxing chloroform 
gave the 3-bromomethyl derivative 5s in yields of co 
38%. Also isolated were small amounts (l-2% of each) of 
the products 2d and Sd (as C(I 1: 1 mixtures of 
diastereomers) resulting from attack at the benzylic posi- 
tion of the phenylacetamido side-chain.‘4 A sample of 2d 
(also a co 1: I mixture of diastereomers) was prepared by 
acylation of the amine ester 7 with RS-2-bromophenyl- 
acetic acid/N,N’dicyclohexylcarbodiimide followed by 
oxidation with peracetic acid. Photoiniated bromina- 
tion of &I with NBS and UV light gave the 3-bromo- 
methyl derivative 5d contaminated with ca 10% of start- 
ing material. 

In contrast, photoinitiated bromination of 2a with NBS 
in refluxing benzene gave a cleaner reaction and a higher 
yield of the required product Sa than for the correspond- 
ing reactions using chloroform as solvent.‘5 In addition 

the dibromo compound Sd was formed (ca 5%), together 
with a less-polar new product which proved to be the 
2-bromo derivative 8a (C(I 25% yield). This material was 
assigned the Za-(i.e. ZR-)-configuration by PMR spec- 

troscopy: thus coupling (1.5 Hz) between the axial C6- 
and C1,-protons’2.‘6 which occurs in the spectrum of the 
starting 2-unsubstituted compound 2s is not found in the 
spectrum of the 2-bromo compound 8a. Debromination 
of 8a by treatment with Zn in tetrahydrofuran containing 
acetic acid gave 2a in 28% yield. It is likely that 8s arised 
by an ionic mechanism.” In accord with this hypothesis 
treatment of 2a with sodium bistrimethylsilylamide fol- 
lowed by bromine gave the Za-bromo compound 8a in 
37% yield. 

Photobromination of 2a with NBS in 1,2dichIoro- 
ethane at - 20“ gave Sa (55%) and Sd (I I%); only a trace 
amount of the Za-bromo derivative 8a was detected by 
TLC. Reaction of the 7p-phenoxyacetamido derivative 
2b under similar conditions gave the 3-bromomethyl 
analogue !3h in 61% yield. 

Archer and DeMarco have shown” that penicillin IS- 
oxide esters undergo partial stereomutation upon pho- 
tolysis. We were unable to detect any such isomerisation 
during photobromination of the IS-oxides 2. A reference 
sample of the 3-bromomethyl lR-oxide 6b was prepared 
by reduction of the IS-oxide 9~ with phosphorus tri- 
bromide” (SO% yield) followed by re-oxidation with 
NBS19 in aqueous acetic acid containing potassium 
acetate (28% yield). 

Replacement of the Br atom of 3-bromomethyl ceph3- 
em IS-oxides proceeds readily, as illustrated by the 
reaction of 5h with methanethiol in N,NdimethyIfor- 
mamide (DMF) containing triethylamine (1 molar equiv) 
to give the 3-methylthiomethyl derivative 9b in 62% 
yield. Performing the displacement reaction on the 3- 
bromomethyl sulphoxide ensures that the double-bond in 
the cephem remains in the desired 3,dposition. Con- 
version of 9b into 11, an intermediate to biologically 
useful compounds,’ was accomplished by the following 
sequence of reactions. Reduction of the sulphoxide 9b 
with KI/AcCl” in DMF gave the corresponding sulphide 
lob in 95% yield. Removal of the phenoxyacetamido 
side-chain of lob by the imidoyl-halide procedure2’ gave 
the amino ester 11 isolated as its crystalline toluene-t- 
sulphonate salt 12 in 72% yield. 
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Scheme 1. 

Simpler derivatives of the amino ester 7 can also be 
function~~d in a similar manner. Thus reaction of 
7 with ethyl formate at reflnx followed by oxidation with 
peracetic acid gave the N-formamido IS-oxide k in 78% 
yield. No minor products attributable to the correspond- 
ing lR-oxide or l,l-dioxide were observed, which sug- 
gests that the directing influence of the formamido side- 
chain is stronger than that of those described above and 
that the strength of the H-bond between the IS-oxide 
and the amide proton more closely resembles the peni- 
cillin situation.” 

Photoinitiated bromination of 2e in 1,2dichloroethane 
at - 20” using NBS or 1,3~bromo-5,5~imethylhydan- 
toin @BDMH) and a trace of water?3 gave the 3- 
bromome~yl derivative k in ca 40% yield, Reaction of 
SC with methane~io~ gave an 85% yield of the 3-methyl- 
thiomethyl derivative !k. Reduction of 9c with KI/AcCl 
in glacial acetic acid afforded the co~es~n~~ sulphide 
ltk in 61% yield. Removal of the N-formyl group was 
conveniently effected” by adding phosphorus ,oxych- 
loride to a suspension of ltk in methanol, whereupon the 
amine hydrochloride salt 13 crystallised in 88% yield. By 

utihsiug DMF as solvent for t&t the displacement aud 
reduction steps and by ~~o~~ng the deformyIatiou 
reaction on the crude sulphide lfk, the hydrochloride salt 
13 was obtained in 81% overall yield from the 3-bromo- 
methyl derivative 5~. P~e~ore, by using 1,2-d& 
chloroethane as solvent and formic acid/acetic anhydride 
rather than ethyl formate for the N-formylation step, the 
3-bromomethyl derivative 5e could be obtained in an 
overati yield of ca 50% from the ‘Ifi-amine 7 without 
isolation of ~term~iates. 

Our route to 3-bromomethyl ceph-3-ems ~omp~emeuts 
other procedures used to convert penicillins into 3-func- 
tionalised cephalosporins. Ishimaru and Imamoto” util- 
ised the NBS bromination of a secopenicillin inter- 
mediate whilst Kuholja,26 Koppel” and colleagues 
trapped with bromine the allylic anion generated from a 
3-exe-methylene-cepham. 

Unliss stated ot&wise the following procedures were adop- 
ted. M.ps were obtained on a Kofler Microblock and are uncor- 
rected. Optical rotations were measured at 20-3P in DMSO $0111 
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at O&1.2% concentration. UV spectra were obtained in EtOH 
soln. IR spectra were recorded on either a Perkin Elmer model 
21 or 521 and were obtained as Nujol mulls. PMR spectra were 
obtained on S-IO% solns in DMSOC on a Varian A60 (60 MHz) 
or a Variao HAlOO (IOOMHz). Coupling constants are quoted in 
Hz. Solns were dried over MgSO,. Sili& gel for column-chroma- 
tography refers to Merck (7734) (tvne 60). Kieseleel Cl was ._. 
Merck TLC grade (7731) (type 64)). Peracetic acid was a 3040% 
soln in AcOH. The Hanovia I25 W Hg arc was placed in a Pyrex 
tube with its own cooling jacket, restricting the light to 2 ux) nm. 

2.2,2-Trichloroethyl (IS, 6R 7R) - 3 - methyl - 7 - phenyl- 
acetamido - ceph - 3 - em - 4 - carboxylate I - oxide 2a 

By oxidafion of la’ with peracefic acid A soln of la (8.36~. 
18mmol) in CH2C12 (IOOml) was cooled to 5” and stirred wiih 
peracetic acid soln (20 ml. 26 mmole) for 10 min. H,O, soln (4 ml. 
3.6 mmol) was added and stirring was continued for 30 mitt: The 
soln was washed twice each with water and 3% NaHCOsaq, and 
water, and dried. Evaporation to a gel and crystallisation from 
MeOH gave 2a (2.8 g, 32.4%) as white crystals, m.p. 199-199.5”, 
[a]o + 97” (CHCI,). Concentration of the liquors gave a second 
crop (0.82 g, 9.5%), m.p. 195-197”, [ah,+ 105’ (CHCIs). The 
liltrate was evaporated and the residue was chromatographed on 
Kieselgel G (15Og, CHsC&-acetooe) to give impure la (0.56g, 
7%), followed by 2s (2.29 g, 27.5%), m.p. 190-19&‘, [a]o+ 105.5” 
(CHCls), part of which was crystahised from MeOH to give 
white needles, m.p. 200.5-202” (dec), [ah,+ 108” (CHCls), A,, 
269 nm (c 7450), v,,, (CHBr,) 3400 (NH), 18fKl (azetidin-2a,ne), 
1740 (CO*R), 1680 and 1510 (CONH) and lO43cm.’ (S+O), 8 
(CD&) 2.18 (s; Me), 3.18, 3.61 (ABq, Jl8; &-HZ), 3.68 (s; 
CH,Ph), 4.48 (d, J4.5; r&H), 4.77, 5.00 (ABq, J12; CH2CCIs), 
5.99 (dd, J4.5, IO; C,-H), 6.84 (d, JIO; NH), 7.29 (s; Ph) [Found: 
C, 45.3; H, 3.5; Cl, 22.0; N, 5.6; S, 6.5. C,sH,,CI,N20JS (479.8) 
requires: C, 45.1; H. 3.6; Cl, 22.2; N, 5.8: S. 6.7%1. Further 
eldon gave the IRoxide 30 (0.21 g, 2.4%). n&168-178”. [alo- 
199” (CHCI,). which was crvstahised from acetone to aive white 
needles, m.p.. 181-189” (de& [ah,-237” (CHCI,), AiX>69nm (e 
4,850) v,,,,, (CHBr,) I780 (azetidin-2-one), 1726 (COsR), 1670 and 
I510 (CONH) and 1038cm-’ (SjO), 6 (CIQ) 2.33 (s; Me), 
3.42, 4.09 (ABq, J16.5; Cr-H2), 3.59 (s; CH2Ph), 4.47 (d. J4.5; 
C&-H), 4.86 (s; CH&CI,), 5.16 (dd, J4.5, 7.5; C-H), 6.97 (d. J7.5; 
NH), 7.28 (s; Ph) [Found: C, 45.2; H, 3.6; Cl, 21.9; N, 5.6; S, 
6.6%]. 

By oxidatron of la2 with m-chlorvperbenzoic acid A soln of la 
(18.56 a, 40 mmol) in CHCI, (200 ml) was stirred at O-lo”. and a 
soln of m-chloroperbcnzoic acid (8.91 g, 4.94 q mol oxidant/g, 
44 mmol) in CHICI (150 ml) was added over 5 min. The mixture 
was stirred for I5 mitt, washed with 3% NaHCOs aq (4 x 100 ml), 
combined with a CH2C12 backwash (100 ml) of the aq phases and 
dried. Evaporation and chromatography of the residual solid on 
silica gel (500 g; CH&-acetone) gave a white solid (1.625 g. 
8.2%). m.p. 237-242’, [a]n+ 19”. which was crystallised from 
acetone to give 4a, m.p. 241-244”, [alo t 18”, A,., 266nm (E 
9150), v,,, 1790 (azetidin-2_one), 1730 (C02R) and 1670 and 
1530cm- (CONH), 6 2.13 (s; Me), 4.37 (broad s; Cs-Hs), 3.67 (s; 
CH,Ph), 5.17 (s; CH&CIs), 5.40 (d, JS; C,-H), 6.00 (dd, J5, 8.5; 
C,H), 7.35 (s; Ph), 8.78 (d, J8.5; NH) [Found: C, 43.6; H, 3.4; Cl, 
21.6; N, 5.1; S, 6.4. C18H1,CI,N206S (495.8) requires: C, 43.6; H, 
3.5; Cl, 21.5; N, 5.7; S, 6.5%]. Further elution gave 2a (16.32g, 
85%), m.p. l93-2200”, [a],, + 104” (CHCIs). 

2,2,2-Trichloroethyl (IS, 6R, 7R) - 3 - methyl - 7 - phenoxy- 
acetamido - ceph - 3 em - 4 - carboxylate I - oxide 2b” 

In rejuxing benzene. A soln of 2s (5.00 g, 10.4 mmol) in ben- 
zene (500 ml) was stirred and heated to reflux and illuminated by 
8 x 40 W fluorescent striplights. NBS (3 g, 16.85 mmol) was ad- 
ded and the mixture was heated under reflux for 30min and 
evaporated. The residual yellow gum was dissolved in CH&- 
acetone (IO: I; IOml) and chromatographed on Kieselgel G 
(ITOg). Elution with CH,C&-acetone (IO: I) gave a yellow semi- 
solid which was triturated with acetonwther to give 5d (0.38 g, 
5.7%), m.p. 190-192” (dec), [ah,+ 15.3”. Evaporation of the 
mother liquors gave 2,2,2-trichloroefhyl (IR, 2R. 6R, 7R) - 2 - 
bromo - 3 - methyl - 7 - phenylacetamidoceph - 3 - em - 4 - 
carboxylafe I - oxide & as a yellow foam (1.33g. 23.2%), 
[alo- 121” (CHCIs). A,,, 289nm (c 6600). v,,,,, (CHBr,) 3400 
(NH), I808 (azetidin-2-one), 1744 (C02R), 1686 and 1506 (CONH) 
and IO50 cm-’ (S-rO). 8 (CD&) 2.26 (s; Me), 3.59 (s; PhC&), 
4.80, 4.93 (ABq, Jl2; CHsCCI,), 5.07 (s; C,H), 5.11 (d, J5; 
C,H), 6.08 (dd, J5, lo; C-H), 6.64 (d, JIO; NH), 7.28 (s; Ph). 
[Found: total halogen content 4.05 g atomlmol). Further elution 
gave Sa as a cream solid (2.4Og. 41%), m.p. 150-155”. [alo t 31”. 

A soln of lb’ (4.80 g, IO mmol) in CH2C12 (50 ml) was treated 
with peracetic acid soln (1.9 ml, IO mmol) at 20-w with stirring 

In 1,Zdichloroethane of -20”. A soln of 2a (5.Og, 10.4 mmol) 

for 3 min. The soln was washed with water (2 x 20 ml) and 3% 
in Qdichloroethane (400 ml) was stirred at - 20” under dry N2 
with NBS (2.78 g. 15.6 mmol), and illuminated for 3.5 hr with a 

NaHCO,aq (2OmI), dried and evaporated to a white solid 
(5.075 g) containing up to 5% of the ll-oxide 3b by TLC which 

Hanovia 125 W medium pressure Hg arc, the temp being kept at 

was crystallised from a mixture of MeOH @ml) and acetone 
-HP throughout. The soln was washed with water (2 X 200 ml), 

(I5 ml) to give 2b as white needles (3.1Og. 62.6%). m.p. 172-ITP, 
combined with a dichloroethane backwash (5Oml) of the aq 

[alo + 65” (CHCI,). Recrystallisation from MeOH-acetone gave 
phases and evaporated. The residual orange solid was chroma- 

needles, m.p. 173-178”. [a]o+67O (CHCI,) [Found: C. 43.7; H, 
tographed on Kieselgel Cl (25Og). Elution with CH2Clracetone 

3.6; Cl, 21.4; N, 5.2; S, 6.6. CrUc for ClsH,,CI,N206S (495.8) C, 
(9: 1) gave 5d (0.75g, 11.3%), m.p. 191-192” (dec), [a]ot5.1°, 

43.6; H, 3.5; Cl, 21.5; N, 5.7; S, 6.5%], having spectra similar to 
followed by h obtained as two batches: (i) (0.9Og. 15.5%) m.p. 

those reported.“,‘2 
150-155” (dec), Ia]o+3lY; (ii) (2.3lg, 39.8%). m.p. IS&168 
(dec), [a]o t 37”. 

Phofo-initiated brominafion of 2a to give 2.2.2~trichloroethyl (IS, 
6R, 7R) - 3 - bromomethyl - 7 - phenylacetamidoceph - 3 - em - 4 
- carboxylate l-oxide 51 

In refiuxing chloroform. A soln of 2a (4.8Og, 10 mmol) in dry, 
EtOH-free CHCI, (240 ml) was heated to reflux and illuminated 
by 8 X 40 W fluorescent striplights. NBS (I .78 gm IO mmol) was 
added and the mixture was heated under reflux for 3 hr, further 
portions of NBS (each 445 mg, 2.5 mmol) beii added after I, 1.5, 
1.75 and 2 hr. The soln was evaporated and the residue was 
dissolved in CH2Clracetone (9: I; 25 ml) and chromatographed 
on Kieselgel G (240 g). Elution with CH#&acetooe (9: I) gave a 
pale yellow crystalline solid (389mg) which was recrystallised 
from acetone*ther to give a co I : I diastereomeric mixture of 
2,2&trichloroethyl (IS, 2’R, 6R, 7Rb and (IS, 2’S, 6R, 7R) - 3 - 
bromomethyl - 7 - (2’ - bromophenylacetamido)ceph - 3 - em - 4 - 
carboxy/ate l-oxide Sd as white needles (ISOma. 2.4%). m.n. _ . 
193-194” (dec). [a]ot2l”, Amli 284nm (c 9820) v,,,., (CHBrs) 
3350 (NH), 1798 (azetidin-2-ooe), 1735 (COsR), 1672 and 1510 
(CONH) and 1044cm- (S+O), 8 3.75, 4.03 and 3.87, 4.11 (two 
Abq totalling tH, J19; CrHs), 4.51, 4.66 and 4.55, 4.71 (two 
Abq totalling 2H, Jl2; CHsBr), 5.07.5.28 (ABq, J12; CHsCCI,), 
5.10 (d, J4.5; f&H), 5.92 (dd, J4.5, 8; CTH), 5.99, 6.08 (two s 
totallii IH; PhCHBr), 7.36, 7.58 (two m; Ph), 8.90 (d, J8; NH) 
[Found: C, 34.3; H, 2.3; N, 4.4; S, 5.3; total halogen content, 
4.88 g atomlmol. C1sHIJBr2CI,N20sS (637.6) requires: C, 33.9; H, 
2.4; N, 4.4; S, 5.0%; total halogen content 5 g atomlmol]. Further 
elution gave a second pale yellow crystalline solid (100 mg) which 
was recrystallised from acetooGether to give a ca I : I dias- 
tereomeric mixture of 2d as white needles (41 mg, 0.7%) m.p. 
201-204” (dec), [u]o t 119’, A,,, 267.5 nm (E 8670) [Found: C, 
38.8: H, 3.0: N, 4.7: S. 5.9%: total haloaen content 3.95~ 
atom/mol], having spectra similar to those of authentic 2d (rid; 
infra). Further elution gave Sa as an off-white solid (1.76 g. 
31.5%). m.p. 158-161” (dec), [alo+ 32”. part of which was crys- 
tallised from acetone-ether (2: I) to give white crystals, m.p. 
163-166”. [a]n + 32”. A,,, 284nm (e 9500), v,, 3290 (NH), 1776 
(azetidin-2one). 1730 (CO,R). 1654 and 1520 (CONH) and 
1030cm- (S$), 6 3.j3, 3.74 (ABq, 114; PhCH2), 3.77, 4.05 
(ABq, J18; C,H,); 4.51, 4.67 (ABq, JIO; CH2Br), 5.02 (d, JS; 
C,H), 5.07, 5.25 (ABq, Jl2; CH$CI,), 5.89 (dd, J5, 8; C-H). 
7.28 (s; Ph), 8.41 (d, J8; NH) [Found: C, 38.6; H. 2.7; N, 4.8; S, 
5.8; total halogen content 3.95g atomlmol. C,sH,6BrCI,N205S 
(558.7) requires: C, 38.7; H, 2.9; N, 5.0; S. 5.7%; total halogen 
content 4 g atomlmol]. 
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2,2,2-Trichloroethyl (IS, 2’RS. 6R, 7R) - 7 - (2’ - bromophenyl - 
acetamido) - 3 - methylceph - 3 - em - 4 - carboxylate I-oxide 2d 

A soln of RS-2-bromoohenylacetic acid (2.6~. 12.1 mmol) in 
dry CHrClr (IOml) was-added slowly to a s& of 7’ (3:5g, 
IO.1 mmol) and dicyclohexylcarbodiimide (2.5 g, IO.1 mmol) in 
dry CH2C12 (40 ml). The mixture was stirred at co 25” for 2 hr and 
then at 5” overnight, filtered and evaporated. The residual brown 
oil was dissolved in EtOAc (50ml) and washed with 3% 
NaHCOraq (2 x 50 ml) and brine (50 ml), and evaporated to an oil 
which on dilution with ether (IOml) and pptn with petrol, b.p. 
w, gave 2,2,2-trichloroethyl (Z’RS, 6R, 7R) - 7 - (2’ - bromo- 
phenylacetamido) - 3 - methylceph - 3 - em - 4 - carboxylate Id as 
a cream solid (4.80 g, 88.5%). m.p. 98-l IS”, [a]o t 62” (CHCls), 
Y,., 3275 (NH), 1766 (azetidin-2-one), 1730 (COaR), 1660 and 
1535 cm-’ (CONH), 6 (CDCI,) 2.20 (s; Me), 3.20, 3.52 and 3.23, 
3.52 (two superimposed Abq totalling 2H, Jl9; &-Ha), 4.77.4.95 
(ABq, J12; CH2CCIs), 5.01 (d. J4.5; C6-H), 5.42, 5.45 (two s 
totalling IH; PhCHBr), 5.68.5.72 (two superimposed dd totalling 
IH. J4.5, 8.5; C-H), 7.2-7.6 (m; Ph) [Found: C, 40.6; H, 3.1; N, 
5.3; S, 5.8; total halogen content 3.94g atom/mol. 
CIRHr6BrC13N20,S (542.7) requires: C, 39.8; H, 3.0; N, 5.2; S, 5.9; 
total halogen content 4 g atomlmol]. 

A soln of Id (1.542 g, 2.85 mmol) in CH2C12 (40 ml) was treated 
with peracetic acid (0.54 ml, 2.85 mmol) at 25”. The mixture was 
stirred for 5 min. NaHCO, (0.5 g) was added and stirring was 
continued for 5 min. The mixture was filtered and the filtrate was 
evaporated to give 2d as a white solid containing traces of the 
Ii-oxide 3d by TLC. Crystallisation from acetone gave 2d, m.p. 
l99-204”, [alo t I lo”, A,,, 266 nm (6 9100), v,, 1754 (azetidm-2- 
one), 1724 (C02R), 1698, 1675 and 1512 (CONH) and 1020 (S+ 
0), 8 2.17 (s; Me), 3.84 (m; C,H,), 5.04 (d, J5; f&H), 5.11 (s; 
CH&Clp), 5.80 (dd, J5, 8; C,H), 6.04 and 6.10 (two s totalling 
IH; PhCHBr), 7.3-7.8 (m; Ph), 8.80 (d, J8; NH) [Found: C, 39.0; 
H, 3.0; N, 4.7; S, 5.7; total halogen content 3.94g atomlmol. 
CraHu,BrC13N20JS (558.7) requires: C, 38.7; H, 2.9; N, 5.0; S, 
5.7%; total halogen content 4 g atomlmol]. 

Photo-initiuted brominetion of2d. A soln of 2d (3.0 g. 5.36 mmol) 
and NBS (1.43g, 8.04mmol) in 1,2dichloroethane (15Oml) was 
irradiated at 0” for 1.25 br with a Hanovia I25 W medium pressure 
Hg arc. The solo was washed with water (3 x 75 ml), comb&d with 
a bichloroethane backwash (75 ml) of the aq phases, dried and 
evaoorated to a stickv solid. Trituration with MeOH gave Sd as a 
pale yellow solid (2.19g), m.p. 187-189’, [ah,+ IT”. containing co 
LO% of 2d by TLC and PMR spectroscopy. 

Debrumination of &. A soln of & (280 mn. 0.5 mmol) in drv 
THF (20 ml) was &red at 25” for 5 min with Zn dust (600 mg, 
IOmmol; activated by washing with 2N HCI, water, THF) and 
AcOH (0.1 ml), filtered and evaporated. The residual foam was 
dissolved in CH2Cl+cetone (4: I; 2 ml) and puri8ed by prep 
TLC on Kieselgel G to give 2a as a glass (68 mg; 28%), identified 
by TLC and PMR spectroscopy. 

Bose-catolysed brominotion oj k. Sodium bistrimethylsilyl- 
amide (223 mg. 1.23 mmol) was -added to a stirred soIn_of 2a 
(579 ma. 1.21 mmol) in CHXI, (30 ml) at 20”. The resultinn verv 
dark brown colour was aim&t discharged by the additbn of 
I.21 M Br2 soln (I ml, I.21 mmol) in CH2C12. The soln was 
washed with water, evaporated and chromatographed on Kiesel- 
gel G. Elution with CH,C&-acetone (4: I) gave & as a pale 
brown foam (248 mg, 37%). [alo- 121.5” (CHCI,), A,,, 287 om (c 
6700), having PMR spectra identical with material obtained 
above by photo-initiated bromination in benzene. 

Photo-initiated brominotion of 2b to give 2,2,2Achloroethyl (IS, 
6R, 7R) - 3 - bromomethyl - 7 - phenoxyacetamidoceph - 3 - em - 
4 - carboxylate I - oxide 9s 

A soln of 2lr (3.26g, 6.57 mmol) in 1,2dichloroethane (150 ml) 
was stirred at - 10” under dry N2 with NBS (l.76g. 9.9mmol) 
and illuminated for 85 min with a Hanovia I25 W medium pres- 
sure Hg arc, the temp being kept at 0 to - IO’. The soIn_ was 
washed with water (3 x 75 ml), combined with a dicbloroethane 
backwash (75 ml) of the aq phases and evaporated to a yellow 
gum. Trituration with MeOH gave Sb as an off-white solid (2.12 g. 
56.0%), m.p. l48.5-150’. [alo-30”; chromatography of the 
liquors gave more Sb (0.2Og, 5.3%). m.p. 152-155.5”. [ah,- 36”. 

Crystallisation from MeOH gave white needles, m.p. l57-161”. 
[alo- 36”. A,.. 276 nm (c 9850). inflexions at 271.282 nm (c 8650. 
9500), v,,,,, 3420 (NH), 1789 (azetidin-2_one), 1745 (C02R), 1702 
and 1521 (CONH) and 1024cm-’ (S+O), S 3.83,4.13 (ABq, Jl8: 
G-H& 4.58 (s; PhOCH& 4.68 (s; CH2Br), 5.08.5.24 (ABq, J12; 
CH2CCIJ, 5.13 (d, J5; Cb-H), 6.07 (dd, J5, 9; +H), 6.80 to 7.40 
(m; PhO), 8.15 (d. J9: NH) (Found: C. 37.4: H. 2.8: N. 4.8: S. 5.6: 
total halogen content 3.92g atomlmoi. C,,H,,BrCi,N;O,S’(Sj4.7j 
requires C, 37.6; H, 2.8; N, 4.9; S, 5.6% total halogen content 4 g 
atomlmol]. 

2,2,2-Trichloroethyl (IR, 6R, 7R) - 3 - bromomethyl - 7 - phenoxy 
- acetamidoceph - 3 - em - 4 - carboxylate I - oxide 6b 

PBrs (1.42 ml, 14.8mmol) was added to a soln of Sb (5.73g, 
9.% mmol) in CH2Ci2 (100 ml) at - 50”. The mixture was stirred 
at -50” for I III and allowed to warm to 0” over 30min. Excess 
3% NaHCOsaq was added to the mixture which was stirred for 
5 min. The organic phase was washed with water (50 ml), dried 
and evaporated to a foam. Chromatography on Kieselgel G 
(200g; benzene-EtOAc, 3: I) gave 2,2,2 - trichloroethyl(6R, 7R) 
- 3 - bromomethyl - 7 - phenoxyacetamidoceph - 3 - em - 4 - 
corboxylate as a pale yellow foam (2.77 g. 49.7%). [a]n - 2.7, 

269, 275.5 nm (E 8700.9050) v,,,,, (CHBr,) 3410 (NH) 1780 
~~tidindone). 1734 (C02R) and 1690 and I512cm-’ (CONH) 6 
3.61.3.84 (ABq, Jl8, C,H,), 4.44.4.59 (ABq, Jll; CH2Br). 4.61 
(s; PhOCH2), 5.08,5.21 (ABq, Jl2; CH2CCls), 5.25 (d, J5; t&H), 
5.79 (dd, J5,8; f&H), 6.80-7.40 (m; PhO), 9.16 (d, J8; NH). 

NBS (I55 mg, 0.87 mmol) was added to a mixture of the above 
3-bromomethyl sulphide (473 mg, 0.85 mmol) and AcOK (162 mg, 
1.65 mmol) in AcOH (I5 ml) and water (5 ml) at co 0”. The 
mixture was stirred for 45 min and added to CH2C12 (IO8 ml) and 
water (5Oml). The organic phase was washed with 3% 
NaHCOsaq (2 x 50 ml), dried and evaporated. The residual yellow 
oil was chromatographed on Kieselgel G (I5 g; CH2Cl+cetone, 
4: I) to give 6b as white needles (I41 mg, 28%). m.o. 172-173.5” 
(dec), [ah,- 166”. ,& 268, 275nm (a 6750, 7i5O),~intlexions at 
263. 282nm (c 5.850. 6400). V-.. 3270 and 3230 (NH). 1754 
(azetidin-2-o&, i722 (CO~R),“‘iilO and 1526 (&NH) and 
1028cm-’ (S+O), 6 3.83, 4.31 (Abq, 116; CrH2), 4.54 (s; 
CH2Br), 4.64 (s: PhOCH2), 4.98 (d, J5; C,-H), 5.07 5.24 (ABq, 
J12; CHsCCls), 5.77 (dd, J5,8; C-H), 6.90-7.58 (m; PhO), 9.36 (d, 
J8; NH) [Found: C, 37.2; H, 2.9; N, 4.6; S, 5.5%; total halogen 
content 3.95 g atomlmol]. 

2,2,2-Trichloroethyl (IS, 6R, 7R) - 3 - methylthiomethyl - 7 - 
phenoxyacetamidoceph - 3 - em - 4 - carboxylate l-oxide 9b 

Methanethiol (0.6Oml. 11.15 mmol) in DMF (5 ml) at -#p 
was added to a stirred soln of Sb (5.48 g, 9.5 mmol) in DMF (SO 
ml) also at - 20’. NEts (I.42 ml, 10.2 mmol) was added, causing 
a brown colour which slowly lightened to pale yellow as the soln 
was allowed to warm to 25” over I hr. CH2C12 (100 ml) was added 
and the soln was washed with water (6 x 50ml), dried and 
evaporated to a brown solid. Trituration with ether-MeOH 
(3OmJ; 6: 1) gave 9h as an off-white solid (3.18g, 61.8%), m.p. 
175-l83’, [a]o 0”. Crystalhsation from MeOH gave white crystals, 
m.p. 178-182”. [o]Dt0.2", A,., 269, 275 nm (e 9250, 9350). 
inflexion at 264nm (c 8250), v,, 3387 (NH), 1770 (azetidin-t 
one), 1738 (CO,R). 1698 and 1522 (CONH) and 1024cm-r (S+ 
0). 6 2.01 (s; S&i,), 3.58, 3.76 (ABi, Jl3; CH2SCHr), 3.81,4.18 
(ABq, Jl8; &-HI), 4.70 (s; PhOCHr), 5.03, 5.23 (ABq, J12; 
CH&CIr), 5.13 (d, J4.5; CsH), 6.06 (dd, J4.5, 9; C-H), 6.90-7.50 
(m; PhO), 8.17 (d, J9; NH) [Found: C, 42.1; H, 3.5; Cl, 19.6; N, 
5.2; S, 11.8. Cr9Hr9C13N206Sr (541.9) requires: C, 42.1; H, 3.5; Cl, 
19.7; N, 5.2; S, 11.8461. 

2,2,2-Trichlomethyl (6R. 7R) - 3 - methylthiomethyl - 7 - 
phenoxyacetamidoceph - 3 - em - 4 - carbox~late leb 

KI (2 R. 12 mmol) and acetyl chloride (I ml. I4 mmol) were 
added to-a stirred soln of 9b (i.08 g, 2 mmol) in DMF (Id ml) at 
260. The mixture was stirred for 10 min. the brown I2 colour was 
discharged by the addition of a sobt of Na&OJ in aq DMF, and 
CH+& (100 ml) and water (50 ml) were added. The aq phase was 
extracted with CH2C12 (IO ml) and the combined organic phases 
were washed with water (3 x 50 ml), dried and evaporated. The 





342 B. R. COWLEY et a/. 

2,2,2-TrichIo~ethyl (tiR, 7R) - 7 - fonamido - 3 - methyl- 
thiomethylceph - 3 - em - 4 - carboxylate ltk 

KI (lS.Og, 9Ommol), followed by acetyl chloride (2.5 ml, 
35 mmol) were added to a solo of 9e (2.18 g. 5 mmol) in AcOH 
(100 ml). Iodine was liberated at once. The mixture was stirred at 
ca 20” for IO min, cooled in ice and treated with 0.5 hi Na&O,aq 
to destroy the iodine. The pale yellow soln was concentrated in 
vacua to remove the bulk of the AcOH, and added to CH+& 
(250 ml) and water (250 ml). The aq phase was extracted with 
CHzCll (2 x IoOml), and the combined organic phases were 
washed with 3% NaHCOraq (2 x 100 ml) and water (100 ml), dried 
and evaporated. The residual white foam was treated with 
acetone (50 ml) and insoluble S removed by tiltration. Evapora- 
tion of the filtrate and crystallisation of the residue from MeOH- 
water (10: I, 16.5ml) gave Hk as white needles (l.l6g, 55.2%), 
m.p. IOO-102“, [alo + 30”, Am. 270.5 nm (t 7650), v,,, 3300 (NH), 
1770 (azetidin-2-one). 1718 (CO,R), 1662 and 1508 cm-’ (CONH), 
6 2.04 (s; SCHs), 3.58, 3.78 (ABq, JIS; CI&SCH& 3.72 (s; 
&-Hz), 4.99, 5.20 (ABq, Jl2; CH+ZClr), 5.30 (d, J5; C,H), 5.81 
(dd, J5,9; C,-H), 8.19 (s; CHO), 9.12 (d, J9; NH) [Found: C, 34.3; 
H, 3.1; Cl, 25.0; N. 6.6; S, 15.6. C,2H,IC13N20,Sr (419.7) 
requires: C, 34.3; H, 3.2; Cl, 25.3; N, 6.7; S, 15.3461. A second 
cropof 1Oe(ll7mg,5.6%),m.p. 97-98”. [~]~t30’, A,,270.5nm 
(c 7650), was obtained by evaporation of the liquors and crystal- 
lisatioo of the residue from MeGH-water (IO: I, 5.5 ml). 

2,2,2-Trichloroethyl (6R, 7R) - 7 - amino - 3 - methylthiomethyl- 
ceph - 3 - em - 4 - carboxylate hydrochloride 13 

From 1Oe. POClr (0.5 ml, 5.47 mmol) was added dropwise over 
3 min to a stirred suspension of 10~ (1.05 g, 2.5 q mol) in dry 
MeOH (10 ml). The solid dissolved during the addition, the temp 
rising to co 45”. After 1 min crystallisation ensued and the 
mixture rapidly set solid. Dilution with ether (IO ml) and stirring 
Rave 13 as a feathery white solid (0.94 R. 88%). m.n. 169-172” 
(dec), [alo + 5.3”, &,,.i (MeGH) 272.j nm-(c 664& vi, ca 2630 
(NH,+). 1785 (azetidin-2-one) and 1732cm-’ (COrR), 6 2.03 (s; 
SCHs), 3.60, 3.83 (ABq, Jl7; Q-H& 3.77 (s; C&SCH,), 4.99, 
5.12 (ABq, 112; CHXCl3, 5.10 (d, J5; CsH), 5.30 (d, J5; C,H) 
[Found: CI 31.2; H, 3.3; Cl, 33.0; N, 6.6: S 15.0. CIIHIICl,N20rS2 
(428.2) reauires: C. 30.85: H. 3.3: Cl. 33.1: N. 6.55: S. 15.0%1. 

From k witho;t isolation df ikennkiikes. ‘A ‘solo of Se 
(23.43 g, 50mmol) in DMF (3OOml) was cooled to -5” and 
condensed methanethiol (3.0 ml, ca 56 mmol) was rinsed in with 
DMF (50 ml) precooled to - 20”. NEt, (7.0 ml, 50mmol) was 
added and the soln was allowed to warm to IS” over 30 min, then 
degassed at I5 mm for 30 min. More DMF (50 ml) was added to 
give a clear soln which was cooled to -5”. Kl (16.6 g, 100 mmol) 
was added, followed by acetyl chloride (7.2 ml, 100 mmol) over a 
period of 2 min. I1 was liberated after 2 min. The soln was stirred 
for I hr without cooling, refrigerated overnight at - IP and 
warmed to ca 25” over I hr, and a soln of Na&Os (16.6g, cc 
75 mmol) in water (80 ml) was added. The pale orange soln was 
poured into water (1.5 1.) and extracted with CH,Cb (lO@O, 500, 
25Oml). The combined extracts were washed with water, 2N 
HCI. water and 3% NaHCO,aa (1OOml of each). dried and 
evaporated. The residual amber g& was dissolved in dry MeOH 
(160 ml) and PGCI, (4.6 ml, 50 mmol) was added over 4 min to the 
ice-cooled soln. The mixture was stirred for 45 min, crystal- 
lisation commencing after 30 min. diluted with ether (75 ml) and 
cooled for I hr to give 13 (13.49g, 63.2%). m.p. 170-172” (dec), 
halo 7”. A,.. (MeOH) 272.5nm (E 6630). Proaressive concen- - -_ .._^ 
tration of the liquors’ provided three further crops of similar 
material (1.87, 1.82.0.19g; total 18.1%). 
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