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Recently some examples of epimerization at the 6-position of penicillin derivatives (1,2,3)
have been reported. We have observed a similar phenomenon in the cephalosporin field.
The decarboxylation of cephalosporin sulfoxides in pyridine has been previously reported
(). In our concurrent study of this reaction decarboxylation of the known (5) sulfoxide 1 was
initially effected with one equivalent of triethylamine in refluxing chloroform. Inspection of

the n.m.r. spectrum of the reaction product revealed the presence of two compounds,
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the expected 6H,TH-cis isomer 2 and the trans isomer 3, present in a l:k4 proportion after 16
hours' reaction. Pure 2 was obtained in T1% yield by decarboxylation of 1 with one equivalent
of N-methylmorpholine (6) in refluxing tetrahydrofuran; m.p. 176-177"; [a]§5 +38° (c 1.0, MeOH);
MeOH
max

AEE; 5.63 u (B-lactam), 5.79 u (ester), 6.05 and 6.57 p (amide), 9.75 u (S=0); X 240 mp

(15,100); n.m.r. (see chart I); Anal. for 015H16N28 0. calc./ found C, 49.0/49.3; H, 4.L4/4.6;
N, 7.6/7.5; S, 17.4/17.3. Complete isomerization of 2 to 3 was achieved with one equivalent

of triethylamine in dimethylsulfoxide (48 hr., 50°). Compound 3 was obtained in 30% yield as

an amorphous powder identical to 2 by thin-layer chromatography, infrared and ultraviolet spec-
troscopy and microanalysis (Found: C, 48.9; H, 4.3; N, 7.7). It has not yet been obtained
crystalline and probably is contaminated by traces of 2 (not detectable in the n.m.r. spectrum).
Properties distinguishing 3 from 2 are: m.p. ca. 100°, [a]g5 +116° (c 0.88, MeOH) and, most in-

formatively, its n.m.r. spectrum (see Chart I). It is apparent from a comparison of the n.m.r.

spectra of 2 and 3 that the 7-H and N-H have undergone the most change in enviromnment in the
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CHART I. N.M.R. Spectra of Cephuonporinsa'

Compound 0,CCH;  2-CH, thiophene-CH, 3-CH,0,CCH,  6-H T-H L-g RH
2 122 214 231 2Th  288(a)  316(q) 428  s501(a)
6,17 1,67 T, 1783
T, 8-S
3 121 217 227 273 294° 290(q) h29  537(4)
T, 6725 Iym, 7785
JT,NH'B‘S
Y 121 228 232 280(a) 293(a)  352(q) - 503(a)
318(4) 6,775 I1,675 Tym, 79
Tgen™13 S
s 121 243(a) 221 276(a) 300° 30k(q)? - sk2(d)
217(a) 312(a) 37,673 Iym, 785
Jsem=18 I gen™13 JT’NH=8.5

&. In D -dimethylsulfoxide; Hz from T.M.S.; aromatic protons are omitted for clarity.
b. Poorﬁy resolved AB pattern.
c. J6 7 not discernible due to overlapping with downfield portion of T-H quartet.

L]

d. Downfield doublet overlaps 6-H doublet; upfield doublet at 308 Hz.
2 + 3 isomerization. Assignment of the trans~6H,TH configuration to 3 was made primarily be-
cause of the decrease in J6,7 from 5 Hz in 2 to 2.5 Hz in 3 as expected for cis and trans vicinal
coupling of g-lactam protons, respectively (7). Moreover, such coupling constants of 2.5-3 Hz
have been observed in the 6H,7H-tim_g T-chlorocephalosporanic acid resulting from deamination-
chlorination of 7—aminocephalosp;>ra.nic acid (8), and in the synthesis of d1-6H,TH-trans-T-amino-
cephalosporanic. acid lactone (9). Other portions of the spectra are assigned in a manner con-
sistent with known cephalosporin spectra {10). Strong additional evidence for the T-epimeriza-
tion was obtained from a deuterium-labelling experiment. Epimerization of 2 to 3 was performed
with one equivalent of triethylamine in Dfdimethylaulfoxide with added D20 {100-fold molar
excess). Isolation of 3 showed nearly complete exchange at the T-position, leading to singlets
for the 6-H (294 Hz) and NH (537 Hz) protons. In addition, nearly complete exchange at the C-2
and thienylacetyl methylenes occurred.

We have also observed another case of T-epimerization. The ester _1_4_ was converted to 5 with
0.2 equivalents of triethylamine in dimethylsulfoxide (48 hr., 50°). The lesser amount of base
was necessary to minimize a B-lactam cleavage side-reaction. Compound ft_ wasg prepared from diazo-
fluorene and the sulfoxide 1: m.p. 229-230°; Aﬁ; 5.58 (g-lactam), 5.72 u (acetate), 5.81 u (4-
ester), 6.0k and 6.52 u (amide), 9.75 u (5=0); [a]3” +3.3° (g 0.55, aimethylsulfoxide); n.m.r.
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3 5 0-(9-fluorenyl)

(see Chart I); Anal. for CoglpNo850, cale./found C, 60.5/60.8; H, 4.2/h.7; N, b.9/k.T; 8,
11.1/11.2. Isomer 5 was obt&ined crystalline, m.p. 213-215°; xmm; same as b; [:;]12)5 +265°
(¢ 0.2, dimethylsulfoxide); m.m.r. (see Chart I); Anal. (found C, 60.2; H, 4.3; N, L.7). It
is apparent from comparison of the n.m.r. spectra that the relationship of 5 to I is the same
as that of 3 to 2.

We have found that cephalothin, g, lacking & l-oxide function, does not epimerize at C-T
under conditions whick transform 1 to 2 and 3. Similarly, methyl 6-phthalimidopenicillinate

was epimerized with NaH-THF, whereas Bt.al—CHaClz was sufficient for isomerization of the cor-
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responding sulfoxide (1). The sulfoxide function may facilitate epimerization by allowing

H
0

OCOCH3

homoenolic stabilization of the aniom (at C-7 in cephalosporins or at C-6 in peniciilins), per-
mitting formation of the less hindered trans-epimers. Alternatively, the sulfoxide group. may
be acting inductively, in much the same vay as electronegative groups at C-6 in penicillins
have been recently reported to facilitate anion formation (11). Our failure to cbserve deuter-
ium exchange at C-6 in cephalosporin sulfoxides 2 and 3 is probably due to the sterically un-
favorable 1,6-double bond required for sulfoxide resonance-stabilization of the anion as well
due to the sulfoxide group's inductive effect being overcome by repulsion between the 6-anion
and the adjacent cis lone-pair on the thiazine nitrogen atom. These latter factors are not
involved with 2-anionizaetion; deuteriwm exchange is observed at this position.
Acknowledgements: We are indebted to Mr. W. Fulmor and associates for spectra and rota~
tions, to Mr. G. Morton for aid in interpreting n.m.r. spectra, and to Mr. L. Brancone and co-

workers for microanalyses.
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