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A Rearrangement of Penicillin Sulfoxides to 
3-Methylenecephams via Sulfinyl Intermediates' 

Sir: 
The ring expansion of penicillin sulfoxides to deacetoxyce- 

phalosporins achieved by Morin and co-workers2 is significant 
for two reasons: (a) it has provided the first direct chemical 
correlation between the penicillins and cephalosporins, and (b) 
it has afforded a practical method for preparing clinically 
important antibiotics containing deacetoxycephalosporin 
n ~ c l e u s . ~  We have discovered a new oxidative ring expansion 
of penicillins yielding 3-methylenecepham sulfoxides. This new 
substance appears to be a very versatile intermediate for the 
synthesis of a wide variety of commercially significant ce- 
phalosporins. Namely, the highly desirable exomethylene 
functionality located at the 3-position offers the opportunity 
to functionalize that group and to make various 3-substituted 
 cephalosporin^.^ 

We have found that the sulfinyl halide, I1 (prepared from 
penicillin sulfoxide, I, and halogenating agents), can be cy- 
clized to 3-methylenecepham sulfoxides, 111, by means of Lewis 
acids. 

Treatment of the penicillin sulfoxide I (R = Ft, R1 = CH3) 
with NCS (1 equiv, 70 min) in refluxing CC14 gave in almost 

I I 
kOOR, COOR, COOR, 

I I1 I11 

R = phthalimido (Ft), phenoxyacetamido 
R, = CH, pnitrobenzyl (pNB) 

NCS = Nchlorosuccinimide 

quantitative yield a mixture of the sulfinyl chlorides I1 which 
are epimeric at s u l f ~ r . ~  Similarly, when the penicillin sulfoxide 
having an amide side chain (I, R = phenoxyacetamido, R1 = 
pNB) was refluxed in toluene with NCS (1 equiv, 90 min), the 
corresponding sulfinyl chloride I1 (X = C1) was obtained:6 
NMR (CDC13) 6 1.93 (s, 3, CH3), 4.58 (s, 2, side chain CH2), 
5.17 (m, 3, olefinic methylene and -CHCOOpNB), 5.35 (s, 
2, ester CH2), 5.61 (d, 1, J = 5.0 Hz, azetidinone H), 6.2 (dd, 
1, J = 5.0 and 8.0 Hz), and 6.9-8.3 (m, 9, ArH); m/e 374. 

Ring closure of I1 (R = Ft, R I  = CH3, X = CI) with SnC147 
(1 equiv, CH2C12,22', 1-2 h) gave a mixture of the R and S 
sulfoxides 111 in the ratio of ca. 2:1, separable by chromatog- 
raphy on silica gel (eluent: 20% EtOAc/CHCI3).* The R 
sulfoxide Ill melts at 201-202' (CHzClz/cyclohexane): NMR 
(CDC13) 6 3.62 and 4.12 (ABq, J = 14 Hz, C2-H), 3.85 (s, 3, 
OCH3), 4.88 (d, 1, J = 4.5 Hz, Cs-H), 5.25 (br s, 1, C4-H), 
5.58 (m, 2, CH2=), 5.97 (d, 1, J = 4.5 Hz, C7-H), and 7.84 
Hz (m, 4 ArH). The S sulfoxide was isolated as colorless foam: 
NMR (CDC13) 6 3.63 (s, 2, C2-H), 3.82 (s, 3, OCH3), 4.90 
(d, 1, J = 4.5 Hz, C6-H), 5.32 (s, l), 5.46 (br s, 1, C4-H), 5.64 
(d, 1, J = 4.5 Hz, C7-H), 5.77 (s, l), and 7.84 Hz (m, 4, ArH); 
m/e  374.9 

Both R and S sulfoxides I11 after reduction with PBr3 (1 
equiv, DMF, 0-5', 0.5 h)Io gave the same methyl 7-phthali- 
mido-3-methylenecepham (75%): mp 194-196.5' (EtOAc); 
NMR (CDC13) 6 3.38 and 3.63 (ABq, 2, J = 14 Hz, C2-H), 

5.67 (d, 1, J = 4.5 Hz, C,-H), and 7.83 Hz (m, 4, ArH); m/e 
358. 

While the cyclization of I1 with the phthalimido side chain 
resulted in the formation of R and S sulfoxides 111, a similar 
cyclization with the phenoxyacetamido compound I1 yielded 
only the S sulfoxide 111. Thus, the treatment of I1 (R = 
phenoxyacetamido, R I  = pNB, X = C1)" with SnC14 (1 equiv 
of toluene, 2 h, 22') gave 111:8 mp 194-196' (EtOAc); NMR 
(CDC13) d 3.5 and 3.75 (ABq, 2, J = 15 Hz, C2-H), 4.55 (s, 
2, side chain CH2), 4.83 (d, 1, J = 4.5 Hz, C6-H), 5.3 (s, 2, 
ester CH2), 5.33 (s, l ) ,  5.5 (s, l ) ,  5.78 (s, l ) ,  6.02 (dd, 1, J = 
4.5 and 9.0 Hz), and 6.9-8.3 (m, 9, ArH). Reduction of this 
sulfoxide with PBr3 (1 equiv, DMF, 22O, 1 h) gave p-nitro- 
benzyl 7-phenoxyacetamido-3-methylenecepham-4-carbox- 
ylate identical with an authentic sample.'* 

From a mechanistic point of view it was of interest to know 
which carbon of the intermediate sulfinyl halide participates 
in the formation of the S-C bond during the cyclization pro- 
cess. The rearrangement was repeated with the deuterated 
compound IV, the stereochemistry of which has been pre- 
viously established.l3 In IV, deuterium is incorporated only 
in the a-methyl group and consequently after treatment of IV 
with NCS (1 equiv, 30 min, Cl2CHCH2CI, 114') the sulfinyl 
chloride V, with the methylene group being more than 95% 
deuterated, was obtained. Ring closure of V to VI was achieved 
with SnC14 (1 equiv, CH2C12,22', 50 min). A mixture of the 
R and S sulfoxides of VI was isolated and immediately reduced 
with PBr3 (1 equiv, DMF, 0-5', 35 min) to methyl 2-dideu- 
terio-3-methylene-7-phthalimidocepham-4-carboxylate (VII): 

3.80 ( S ,  3,OCH3), 5.32 (m, 3), 5.46 (d, 1, J = 4.5 HZ, C6-H), 
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mp 198-201 O (CH2C12/cyclohexane); NMR (CDC13) 6 3.80 
(s, 3, C02CH3), 5.32 (m, 3, exomethylene and C4-H), 5.46 
(d, 1, J = 4.5 Hz, Cs-H), 5.67 (d, 1, J = 4.5 Hz, C,-H), and 
7.03 (m, 4, ArH). The NMR spectrum exhibited only a very 
small (less than 5%) signal for protons at the C2 position while 
the signal for the 3-exomethylene group was of normal inten- 
sity, indicating selective incorporation of the CD2 group into 
the 2-positioni4 

9 

COOCH, 

Iv p 
0 
II 

COOCH, COOCH3 
w VI 

A sulfinium cation VI11 is a probable intermediate in the 
ring closure of sulfinyl chlorides I1 with Lewis acids, and the 
mechanism can be visualized as an intramolecular ene reac- 
tion. I 

0 

U N p k i ? H  
COOR, 
VI11 

It seemed that if the mechanism does involve the inter- 
mediacy of a sulfinium cation VI11 that any other derivative 
of the sulfinic acid capable of forming such an intermediate 
might also be used as a starting material for the synthesis of 
3-methylene cephams. In fact, using Bronsted acids (e.g., 
H2S0.4, H3P04, CH3S03H), we have been able to cyclize the 
sulfinic acid (11, X = OH), and some of its derivatives such as 
esters (11, X = OCH3), thiol esters (11, X = S-i-Pr), amides 
(11, X = NHPh), imides (11, X = succinimido), and hydrazides 
(11, X = N(COOR)NH(COOR)). These reactions will be 
described at  a later date in a full paper l 6  

Future publications from these laboratories will demonstrate 
the utilization of 3-methylenecephams in the preparation of 
various 3-substituted cephalosporins. 
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position: do, 2.2%; dl, 25.5% d2, 72.3% f 2%.  

5-IodoacetamidomethyI-2‘-deoxyuridine 5’-Phosphate. 
A Selective Inhibitor of Mammalian 
Thymidylate Synthetases 

Sir: 
In 1959 Baker proposed a unique approach to the control 

of cancer by drugs that are designed to detect differences be- 
tween cancerous and normal cells.’ The theory is based on the 
fact that, although an enzyme derived from different sources 
catalyzes the same transformation, the primary structure of 
the enzyme may vary with the source.2 This variation in pri- 
mary structure, in all probability, will not alter the structure 
of the active site; however, it is reasonable to assume tertiary 
structural differences will be detectable in other portions of 
the various isozymes. 

We wish to report evidence for the first example of selective 
irreversible inhibition of thymidylate synthetase (EC 2.2.2.6).3 
5-Iodoacetamidomethyl-2’-deoxyuridine 5’-phosphate (I), a 
competitive inhibitor of thymidylate synthetases obtained from 
calf thymus and Ehrlich ascites tumor, is an irreversible in- 
hibitor of the tumor, but, not the thymus enzyme. It is proposed 
that the tertiary structural differences existing near the active 
site of the two enzymes are such that the alkylating portion of 
I is excluded from the reactive nucleophile in the thymus en- 
zyme. 5-Fluoro-2’-deoxyuridine 5’-phosphate is an irreversible 
inhibitor of thymidylate synthetase; however, there is no evi- 
dence that it is isoenzyme ~pec i f i c .~  

5-Iodoacetamidomethyl-2’-deoxyuridine 5’-phosphate (I)  
was prepared from the corresponding nucleoside4 by selective 
chemical phosphorylation using phosphorus oxychloride ac- 
cording to the procedure of Yoshikawa and c o - ~ o r k e r s . ~  Io- 
doacetamide (11) used was a recrystallized sample of a prep- 
aration obtained from Aldrich Chemical Co. 

Thymidylate synthetase was extracted from fresh calf thy- 
mus according to the method of Jenny and Greenberg6 through 
the ammonium sulfate fractionation step. Ehrlich ascites tumor 
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