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The addition of bromine to the 3-exomethylene cepham and the successive 
HBr elimination is probably one of the most straightforward routes to obtain 
3-bromomethyl cephem. However, an unusual reactivity of the 3-exomethylene 
double bond has been reported in the case of cepham sulfides2r3 and sulfo- 
xides3. It has been claimed that these substrates do not add bromine under 
a variety of conditions, but, in the case of cepham sulfides3, 3-bromomethyl 
cephems were directly obtained by the reaction of these substrates with 
bromine in the presence of a base (DBU). Speculations on this 
have been put foreward. 

Later Macchia and co-workers4 succeded to carry out the same 
with a bromine-lutidine complex. 

Our interest in the substitution reaction at C-3' of the cephem 
and the chemistry of cephem sulphones6, prompted us to study the 
of bromine to the exomethylene sulfone 1 -* 

behavior 

reaction 

nucleus5 
addition 

Sulfone 1 was obtained by oxidation with MCPBA of the (R) and (S)- 
methyl-3-methylene-7 fl -phthalimido-cepham-4 a -carboxylate-l-oxide 2 the 
latter being obtained from the appropriate penam sulfoxide by the Kukoljia 
enlargment7r1. 

Compound J_ reacted in a few hours with an excess of bromine at 0°C 
in CHC13, affording two isomeric bromoderivatives 4. Separation by preparati- 
ve HPLC of the mixture gave the isomers 4a and lb in a ratio of 2:l. The - - 
&configuration of the bromine at C-3 in the major isomer 4a was assigned 
on the basis of its spectroscopic properties and by correlation with the 
sulfoxide analogue, as it will be discussed subsequently. 
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Dehydrobromination of the mixture 4 with pyridine (or DBU) afforded 
3-bromomethyl-7-phthalimido-3-cephem-4-carboxylate 1,1-dioxide z in a quanti- 
tative yield as crystalline material (m.p. 233-235OC). The bromide z was 
allowed to react with MeOH in the presence of AgN03 affording 3-methoxymethyl 
cephem derivative 10 in good yield. 

In general, - the sulfone 1 did not appear to us to be more reactive 
than the corresponding sulfide 1 in electrophilic additions* : therefore 
we tested the same bromine addition on sulfide 2 and sulfoxide 2 (R-isomer). 

SCHEME 

Ft 2 

EA 
N 

0 ; 
C02M9 

n*=2 1 
n=l 2 
n=O 3 

CH2Br 

C02Me 

nt=2 z 
n-l 8 
n=O 9 

1 
C02Me 

n = 2 & X = CH,Br & X=Br 

Y I Br Y = CH,Br 

fl*= 1 a X P CH,Br s x = Br 

Y I Br Y = CH,Br 

n=O & X q CH,Br m x = Br 

Y q Br Y I CH,Br 

CH20Ye 

CO2Me 

0 

l R isomer( ,Q 



Studies related to cephalosporins-VI 2813 

The sulfide was obtained by direct PBr3 reduction of a mixture of 
(RI and (S)-sulfoxides 2. 

In both cases we reddily obtained the dibromoderivatives as isomeric 
mixtures in almost quantitative yields. The reaction was complete within 
24 hours and no large excess of bromine was required in the case of sulfide 

1. HPLC separation of the product mixtures gave z, 5b (sulfoxides) and 
e, $& (sulfides) in ratios of 4:l and 5:l respectively. - 

Since spectral data did not allow the unambiguous determination of 
the structure of each isomer, 5a was submitted to X-ray crystallographyc 
studies; the results are shown in figure. 

Interpretation of the lH-NMR spectra of all the dibromoderivatives 
was considerably simplified by the knowledge of the spectrum of compound 

*. The downfield shift (c.a. 0.44 p.p.m.1 displayed by the CH2-Br protons 
in the spectrum of the more abundant isomers a, z, & (of each couple), 
is probably due to a deshielding effect operated by the phthalimido group 
when the bromomethyl group is in theponfiguration, consequently the stereo- 
chemistry of each compound arises as displayed in the structures (Scheme). 

The spectroscopic correlation' among the isomers is supported also 
by the .chromatographic behaviour of the components of each couple: c, 
z, 6a are in fact less polar than 4&, Sb and 6b respectively. 

Dehydrobromination of mixtures 5 and a,-* with pyridine and DBU (-7O'C) 
respectively, afforded sulfoxide 8 and sulfide 2. The latter was found 
to be identical to the product obtained from 2 according to the Koppel 
bromination procedure3 (Br2-DBU complex). 

910. 
Sulfoxide 8 after PBr3 reduction9 gave a product identical to sulfide 

- 
Some comments on the stereochemistry of the reaction (i.e. the preferen- 

tial formation of 3 a-bromo derivatives) are due. 
Since the substrates considered are methyl esters, a preferential 

electrophilic attack (in analogy with previous findingsll and some more 
results in our hands*) should be considered. The successive nucleophilic 
attack is at C-3' (less hindered side), at variance of the Markovnicov 
rule: actually,l3C resonances of C-3 and C-3' suggest very similar electron 
densities, whereas 13C resonances of the two carbons of exocyclic olefins 
are in general quite different12. 

An alternative explanation is based on the possible high carbonium 
ion character at C-3 of the bromonium intermediate, since this electron 
deficient center can be assisted by sulfur and nitrogen atoms13. In this 
way the intermediate, in the case of sulfide and sulfoxide, suffers the 
nucleophilic attack through an SNl-like process and 3 a-bromo derivatives 
are generated. 

The lack of stabilization by the sulfur atom in the case of sulfone 
justifies the maximum amount of 3 fl-bromo isomer obtained here. 

Additional data based on MM2 energy calculations14 show that for each 
couples (sulfides 5, sulfoxides 2, sulfones Q) the 3 a-bromo-3 /?-bromome- 
thy1 derivatives e, z, 6a (major products) are also the most stable isomers 
(by more than 3 Kcal/mol), 

The results indicate that the reactivity of 3-exomethylene cepham 
derivatives towards bromine is that expected for a double bond and the 
direction of attack is strongly dependent on the bulkiness of the ester 
group at C-4 and that, according to our results, is the reason for the 
different results recorded in the literature3 on this argument. 
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FIGURE 

The reaction described represents also an useful way to prepare 3- 
bromoethyl-3-cephem sulfides, sulfoxides and sulfones from a common precur- 
sor, 
lin7. 

easily available through the Kukoljia enlargement procedure of penicil- 

Experimental Part 

Melting points are UncorrFcted. 
Elmer 298 s$;;trophotometer. 

IR spectra were recorded on a Perkin- 

instrument referred to 
Ii-NMR were obtained on a Varian EM 360 A 

tetrameth lsilane 
Electron-impact mass spectra were recor ed at 70 % on an AEI MS 12 spectra: B 

the internal standard 

meter at a source temperature of 150-2OO'C. 
by ACRAF Research ;Eaoratoriep, Roma. 

Elemental analyses were performed 

Preparative 
Erba Stratocrom SiF 

anal tical 
z 

TLC were 

n~~aash~~Lc(2se~a~~~~~~~~~ 5 water) 

erformed on pre-coated Carlo 
Column chromMa~PcRrag2:~~,gWeqregger:700rin2qd0 usi; 

(modei 6000 A) usin 
erformed on a Water Associates instrument 

spectrophotometric 8 
a Water 

etector 
ssociates column ( 

were distilled from P4O 0. 
Perkin-Elmer LC-55 B. 

Bondapak C 18) and a 
Halo enated 

from sodium metal: triet yiamine and k 
anhydrous methanol was obtaine % b;l' dist??%% 

pyridine were distilled rom KOH. 

Bromination of Methyl 
cioxiae 1 : 

3-methylene-7-uhthalimidocepham-4-carboxylate l,l- 
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Methyl 3-bromomethyl-7-phthalimido-3-cefem-4-carboxvlate l,l-dioxide 1 
: 

in dr 
The dibromoderivatives mixture 4a-b (50 mg, 0.09 mmol) was dissolved 

A 
CHC13 (3.5 ml) and dry THF (0.1 and cooled to -70°C. 

so ution (46 P 1) of DBU in CHC13 (15%) was added at this temperature 
solution was stirred for 2 hr. 10-l M HCl (0.4 ml) was 

for Cl7H13N207SBr 

Methyl 3-methoxymethyl-7-phthalimido-3-cefem-4-carboxylate l,l-dioxide 
- 

To a solution of methyl 3-bromomethyl-7-phthalimido-3-cephem-4-carboxy- 
late l,l-dioxide ,%,LiOa; 
0.12 mmol) was %' 

0.11 mmol) In dry MeOH (20 ml), AgN03 (20 mg, 

the dark for 30'. 
the mixture was stirred at room temperature In 

Bromination of Methyl 3-methylene-7-phthalimidocepham-4-carboxylate 2 : 
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(ester + imide). 
5.55 (d,lH, J=4Hz, C7-H), 5.25 (d,lH, 
;$ (g3382sys:",",,2SRr~~~~miR2ZH;CJ2=-1H2Flz,C3'-H), 3.80 

Methyl 3-bromomethyl-7-phthalimido-3-cephem-4-carboxylate 2 : 

xylate 2 (45 mg, 95% 
was qoved by comparison 
route . 

Bromination of 
l-oxiae 2 

(R)-methyl 3-methylene-7-phthalimidocepham-4-carboxylate 
: - 

(R)-Methyl-3-methylene-7-phthalimidocepham-4-carbox late 
(60 mg, 
to 15 C, 

0.16 mmol) was dissolved in dry CHC13 (3 ml!? 
Br 

no more star 
2. (0.12 ml) was added. 
in 
a 
material was detected 

The reaction was left (24 hr) 

was diluted wit 
(HPLC, EtOAc as solvent). The solution 

CHC13 and washed with an a ueous solution (10%) of 
then with a saturated aqueous solution. of Na ?I 
of dried solvents gave 86 m 

CO3 followed b 
Na2S 05, 

2 (quantitative ield) of a x :Y2ki.xture of 5a 
Evapora ion 8, 

and 5b (on the basis of HP C 
mg) Ziid 5b (12 m ) as 

anal sis). 
u e foams. & 

HP&Z separation afforded 5a (p6 

484, 48-G 488 (?:2:1) FM'-SO). 
S of the isomers were identical: m/z 

= 

(R)-Meth 1 
4; 

3 a -br$mo-3 p 
i;;f;iT +73m$ z2"i2 cesdt"e"; 

-bromometh 1-7-phthalimidocevpham-4-carboxylate 
E \cH2~m\2d~~3 N$H_NE (F&i13:) 

(m,4H,phthalimido), 5.78 (d.lH, J=4Hz'r CT-H), 5.09 
:3X z 17*050 V9; 

4.88 (s,lH,C4-H), 
(d,lH, J=4Hk Cg-H) 

(s,3H,C02CH3). 
4.30 and 4.10 (AB system,2H,J=12.9,C2-H), 3.95 pph 

(RI-Methvl 3 a -bromomethv 
i-oxide fb : IR (CHCl ): V ma; 
H-NMR (yFCl3): 6 = 3.7-7.98 
5.05 J=4Hz,C -H) 
system,2H;J=i8Hz,C2-H) 4 88' ( 
analysis C-59 38%, 
C:38.22%, ;:2f:::: N:5.24%. 

l-3 $ -bromo-7-phthalimidocegham_4_carboxylate 
= 1800 ( fi-lactam), 1730 cm- (ester + imide). 
(;,~8,phthalimido), 5.934 jd,lH, J=4fziC7-H), 

(s,lH,C -H) 
s,3H CO CH ) 

and 

H:2:59& ?&5.1'9%; . 
3 $3 p@ale;2Hfb$3~-H). Eiemen!:? 

Cl7H14N2“6SBr2 

(:R’-Methyl 3-bromomethyl-7-phthalimido-3-cephem-4-car~xylate l-oxide 8 

ml), 
The e imeric mixture 5 (68 mg, 0.13 mmol) was dissolvedin CHCl 

1) was added and the solution was lef i? 1: 
hr at 

distilled pyridine (2r 
room temperature 

solvent) 
(the reaction was followed by HPLC using EtOAc as 

The solution was washed with 10m2M HCl, 
Eva oration of the solvents to dryness 

H 0 and dried over Na2SO 

cep em-4-carboxylate K 
CR?-methyl-3-bromomethyl-g: 

P 
ure. 

l-oxide 8 +(50 mg, 80%'lav& a foam chromatographically 

730 cm- M?l :(e&r =+ ;;;;1ej4'fH~M~* (&$HC13' :b = $.!7??83=[~1)&!,pk1 hal?~f~~~' 
5.93 (d,lH, J=5Hz,C7-H), -4.63 (d,lH, J=5Hz, C6-H), 

I!- 

and 3.64 (A~ousnydste~,424H,gJ8=~5Hz,C -H), 
4.43 (s,2H,C31-H), 4.14 

analysis 
C:45.04%, I&2.89%, N:6:.18'. ’ 

H&91%, 3N8f?.l?~~ d,sic'"'c~~r'H3~i7H~~~~~~~~~ 

Reduction of CR)-methyl 3-bromomethyl-7-phthalimido-3-cephem-4-car~xylate- 
l-oxide g: 

Compound 8 (50. mg, 
(0.6 ml), 

0.11 mmol) was dissolved in 
the ?zolution was cooled to O'C and PBr3 (10 

freshly distilled DMF 
1) was added. After 

2 hr the reaction was finished and saturated aqueous solution of NaHCO 
(2 ml) was added. The mixture was extracted (x3) with CHCl 

1 
and the combine a 

organic extracts were dried with Na2SOg. Evaporation o the solvents to 
~;g~~ss gave (42 .mg, 87%) 

g by comparison 
chromatogra hically 

with an authen ic P. 
pure. The identity of 9 was 

route . 
sample prepared via a different 

X-Ray Analysis of (RI-Methyl 3 a-bromo-3 6 -bromomethyl-7-phthalimidocepham- 
4-carboxylate l-oxide k.a : - 
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led to an R=0.067. 
A final difference Fourier synthesis 

The cr stal structure 
F&A::* by full matrix least 

using anisotropic thermal parameters, 

showed no peaks >1.9 e A-3_ 
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