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in much smaller yield.2-5-9 The present results are remark
able in terms of the large F2NO-SF5 intensity ratio indicat
ing therefore that F3NO competes very favorably with SF6 
for electron capture, although SFe is itself known to be an 
extremely efficient electron scavenger.19 The high F2NO-
F3NO - ratio is explained if the dissociative path is favored, 
as seems to be the case for SF6. 
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A Novel Photorearrangement of Cephalosporins 

Sir: 

An extreme lability of cephalosporin C to uv light was 
observed in early investigations on this important class of 
antibiotics.1 Because photolysis resulted in destruction of 
cephalosporin C antibiotic activity,1 the /3-lactam dihy-
drothiazine nucleus was suggested as the site of photoreac-
tivity. 

In view of previous observations, we attempted to clarify 
the mode of the photodegradation of 3-cephem derivatives. 
The present communication describes that irradiation of 3-
cephem derivatives in alcohols (methanol or ethanol) 
causes a novel photorearrangement leading to thiazole de
rivatives, which involve incorporation of alcohols into an in
termediate photoproduct. This type of photochemistry is 
general for 7-acylamido-3-cephem derivatives. 

Methyl 7-phenylacetamido-3-methyl-3-cephem-4-car-
boxylate (la) (0.01 M) in methanol2 was irradiated by a 
400-W high-pressure mercury arc lamp through Pyrex fil
ter under nitrogen until disappearance of la (monitored by 
TLC) was complete (about 8 hr). The solution was concen
trated under reduced pressure to leave an oily residue which 
was subjected to chromatography on silica gel. Elution with 
CHCb-(CHs)2CO, evaporation of the initial elute, and re-
crystallization of the residue from ether-w-hexane gave 2-
benzylthiazole-4-carboxamide derivative 2a in 50% yield 
(mp 123-125°; ir (KBr) 3390 (NH), 1730 (COOCH3), 
1680 cm"1 (CONH); NMR (CDCl3) 5 1.89 (3 H, broad s, 
C H 3 - C = C H 2 ) , 3.34 (3 H, s, -OCH3), 3.87 (3 H, s, 
-COOCH3), 4.37 (2 H, s, C6H5CH2-), 5.27 and 5.53 (each 
1 H, m, and broad s, isopropenyl vinyl protons), 7.40 (5 H, 
broad s, phenyl protons), 8.05 (1 H, s, thiazole-ring proton), 
8.65 (1 H, broad NH, deuterium exchangeable)). Further 
elution afforded a small amount of an isomeric compound 
3a (vide infra) (mp 111-113°; ir (KBr) 3350 (NH), 1700 
(COOCH3), 1660 cm"1 (CONH); uvXmax

MeOH nm (e): 240 
(8000); NMR (CDCl3) 5 1.96 (3 H, broad s, =C—CH3) , 
3.35 (3 H, s, -OCH3), 3.80 (3 H, s, -COOCH3), 4.34 (2 H, 
s, C6H5CH2-), 4.40 (2 H, broad s, -CH2OCH3), 7.37 (5 
H, broad s, phenyl protons), 8.06 (1 H, s, thiazole-ring pro
ton), 8.67 (1 H, broad, NH)). Attempts to isolate other 
minor products from further eluates failed. 

The isolated products, 2a and 3a, were insensitive to the 
irradiation under the analogous conditions. Microanalytical 
and mass spectral data of both the products established a 
molecular formula, Ci8H2u04N2S, respectively. These 
products were optically inactive. 

Cooper et al.3 have reported the transformation of peni
cillin V sulfoxide into the 2-phenoxymethylthiazole-4-carbo-
xamide derivative. Analogously, penicillin G sulfoxide 
methyl ester was converted to optically active 2-benzylthia-
zole-4-carboxamide derivative 5, mp 62-63°, ([a] 15D 
-51(c 1.0, CHCl3)) in 80% yield. 

The NMR spectrum of 5 is similar to that of 2a, except 
for the presence of a methine proton signal at 5.26 (1 H, d, 
J = S Hz, coalesced to a singlet by deuterium exchange) in
stead of a methoxy signal in 2a. The uv spectrum of 2a 
(Xmax

MeOH («) nm; 228 (sh 8000)) is superimposable on 
that of 5. 
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Further structural proof was obtained upon treatment of 
2a with methanolic hydrochloric acid at room temperature. 
Silica gel chromatography of the reaction mixture led to the 
isolation of the isomeric product 3a and oily methyl 2-ben-
zothiazole-4-carboxylate (4) in 96% and 2% yields, respec
tively. 

The major product 3a thus obtained was identical in 
every respect with the compound isolated as a by-product 
upon irradiation of la in methanol. The N M R spectral 
change going from 2a to 3a is consistent with isopropenyl-
isopropylidene isomerization.4 

Upon treatment of 2a with aqueous dioxane containing 
hydrochloric acid, the corresponding a.jS-unsaturated lac
tone (ir (film) 1760 cm"1 (lactone); N M R (CDCl3) S 2.30 
(3 H, broad s, =C—CZZ3), 4.83 (2H, s, - O C i Z 2 - C = ) ) 
was obtained as an oily substance. Irradiation of 3a in 
methanol caused photoisomerization to give a mixture of 3a 
and its geometrical isomer. The newly formed isomer 
showed a vinylic methyl signal at 8 2.12 which is more de-
shielded than that of 3a (S 1.96). Thus, the cis orientation 
of an ester group to a methoxy-methyl group in 3a was es
tablished. 

The structure of the minor compound 4 was confirmed on 
the basis of spectral data and its independent synthesis. 

When irradiation of la was carried out in ethanol, ethoxy 
derivative 2b, mp 118-121°, and its isomer 3b, mp 93-95°, 

la and lb 

O ^OCH3 

C—R1 C—R1 

/H H / 
HN , ? S HN 

11 _ 
- N = C ^ X H , R , ^ -

COOCH3 

O 

/ S H 

H / L c H 2 R 2 -H-°, 
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COOCH3 

CH2R2 
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were obtained in 16% and 0 .5% yields, respectively. The 
minor isomer 3b was identical in every respect with the 
product obtained upon t r ea tmen t of 2a or 2b with ethanol ic 
hydrochloric acid. 

O n employing isopropyl alcohol as a solvent, i r radiat ion 
of l a did not give de tec table a m o u n t s of pure products . 

In a similar manner , i r radiat ion of methyl 7-( thiophene-
2-acetamido)-3-acetoxymethyl-3-cephem-4-carboxylate 
(lb) resulted in the formation of thiazole derivative 2c (26% 
yield, oil, mass (m/e) M + = 424; ir (film) 3380 (NH), 1730 
(COOCH3 and OCOCH3) , 1680 c m ' 1 (CONH); uv 
XmaxMeOH nm (O 233 (9000); N M R (CDCl3) 5 2.11 (3 H, 
s, -OCOCZZ3), 3.35 (3 H, s, -OCZZ3), 3.88 (3 H, s, 
-COOCZZ3), 4.57 (2 H, s, C 4 H 3 S-CZZ 2 - ) , 4.81 (2 H, 
broad s, -CZZ 2 -OCOCH 3 ) , 5.58 and 5.81 (each 1 H, m 
and broad s, vinyl protons), 7.00-7.50 (3 H, m, thiophene-
ring protons), 8.09 (1 H, s, thiazole-ring proton), 8.87 (1 H, 
broad, -CONZZ)). 

It is notable that 1,3-dihydrothiazine (6)5 also rear
ranged to give 2a and 2b in moderate yields by irradiation 
in alcohols. 

The present photorearrangement was not suppressed by 
addition of acetophenone in various concentrations and was 
almost completely quenched in the presence of piperylene. 
Accordingly, a triplet excited state of 1 may be involved in 
the initial stage of homolytic cleavage of an S-C 2 bond. Al
though some routes have been considered for the subse
quent cyclization to thiazole,6 we tentatively propose a cy-
clization process via an intermediate thioaldehyde or thiol 
formed after /J-lactam cleavage7 as shown in Scheme .11. 
The final step presumably involves a thermal or light-in
duced 1,4-addition of the alcohols to the a,/3-unsaturated 
acylimine moiety. 
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Intermediacy of «,p-Dinitrocumene Anion Radical, 
p-Nitrocumyl Radical, and p-Nitrocumyl Anion in the 
Radiolytic Reduction of Deaerated Alkaline 
Methanolic a,p-Dinitrocumene 

Sir: 

Steady radiolysis of deaerated alkaline methanolic a,p-
dinitrocumene (/7-NC-NO2) produces nitrite and mainly 
p-nitrocumene (p-NC-H). Pulse data, product yields, and 
results obtained with CH3OD support a mechanism of re
duction involving the intermediacy of the a,p-dinitrocu-
mene anion radical (/7-NC-NO2-

-), p-nitrocumyl radical 
(p-NC-), and p-nitrocumyl anion (p-NC -). Radiolytically 
induced nucleophilic substitution of the a-nitro group by 
added azide was also observed. The anion radical p-NC-
NO2- -, proposed by Kornblum1 as an intermediate in SRN 
reactions of/7-NC-NO2 has been observed in methanol and 
in water by pulse radiolysis technique. 

The mechanism proposed herein for the formation of p-
NC-H is presented in eq 1-5: 

/7-NC-NO2 + e s
- - * /7-NC-NO2-- (1) 

/7-NC-NO2 + CH2O-" — /7-NC-NO2-- + CH2O (2) 

/J-NC-NO2-- — p-NC- + NO2- (3) 

p-NC- + P-NC-NO2-- «=* p-NC- + P-NC-NO2 (4) 

p-NC- + CH3OH(D) - p-NC-H(D) + CH3O- (5) 

This mechanism differs significantly from that proposed by 
Burrows and Kosower for the radiolytic reduction of p-ni-
trobenzyl halides;2 specifically, the key carbanion interme
diate, p-NC", is formed by electron transfer from an anion 
radical, p-NC-N02-_, to a neutral radical, p-NC- (eq 4), 
rather than by dissociation of a dianion, as they postulate. 
The proposed mechanism also differs from the class of ra
diolytically induced reductions, of which there are a num
ber of examples,3 in which reduction product results from 
transfer of H- atoms. 

Evidence for eq 1-3 was obtained by pulse radiolysis 
employing a Febetron 70545 which supplied ~30-nsec puls
es of 2.3 MeV electrons. Radiolysis of water produces the 
reactive transients e"aq (g = 2.8 ions/100 eV), H- (g = 
0.6), and OH- (g = 2.8).6 Pulsing of an argon-swept aque
ous 0.10 mMP-NC-NO2 solution, 16 mM in KOH, and 1.0 
M in f<?r/-butyl alcohol (to scavange -OH) produced an ab-
sorbance with \m a x 305 ± 5 nm, Figure IA. This absorb-
ance did not develop when N2O, a reagent which efficiently 

T 1 1 r 

_ j 1 1 1 1 1 i— 
290 300 310 320 330 340 350 

X, nm 
Figure 1. Absorption spectra of electron adduct produced by 1.5 X 1017 

eV ml-1 dose per pulse to solutions 1O-4 M in e*,p-dinitrocumene and 
1.5 X 1O-2 M in KOH; 2.00-cm optical path length: (A) aqueous solu
tions, 1.0 M in /er/-butyl alcohol; (B) methanol solutions. 

converts hydrated electrons to OH- radicals (eq 6, R = H) 
was used to deaerate the solution. 

ROH 

e-Soiv + N2O —*• OH- + RO- + N2 (6) 

k6 = 8.7 X 109 (aq),7 6.2 X 109 (methanol)8 

The observed Xmax is typical of electron adducts of nitroaro-
matics2-9 and can be ascribed to p-NC-N02-_ anion radi
cal. Ninety percent of the observed absorbance developed 
within 0.5 Msec while ~5 ^sec was required for the remain
der. The fast process can be attributed to reaction 1 involv
ing solvated electrons formed during the pulse while the 
slower process is presumably due to the same reaction but 
involves electrons formed after the pulse by partial conver
sion of H- atoms, eq 7: 

H- + OH" — eaq- (7) 

U1 = (1.4-2.3) X 107 M~l sec-1 10 

Assuming G(p-NC-N02--) = 1.1 X g(e -
aq) = 3.1, emax of 

aqueous P-NC-NO2-- is 1.4 X 104 M~] sec -1. Radiolysis 
of methanol produces the reactive transients8 e_

s (g = 2.0), 
-CH2OH, H- (g = 2.0), CH3O- (g = 2.0), and CH3-. e"s, 
-CH2OH (and its conjugate base CH2O-"), and H- are one-
electron reducing agents; H-, CH3O-, and CH3- abstract hy
drogen atoms from methanol to produce more -CH2OH. 
Pulsing of an argon-swept methanolic solution 0.10 mM in 
P-NC-NO2 and 15 mM in KOH produced a spectrum, Fig
ure IB, Xmax 310 ± 5 nm, similar to the spectrum of the 
electron adduct in water. Based on the aqueous extinction 
coefficient, G(p-NC-N02--) = 8.0 ± 0.6 ions/100 eV in 
alkaline methanol. Development of this absorbance, which 
was complete in 20 jjsec, took place in two steps, the ob
served first-order rates of which corresponded to second-
order rate constants of 4 X 1010 and 2 X 109 M - 1 sec-1. 
Under N2O, which converts solvated electrons to -CH2OH 
radicals via reactions 6 (R = CH3) and 8, the same absorb
ance developed in a single step with k = 2 X 109 M~' 
sec-1. Thus, under pulse radiolytic conditions, alkaline 
methanolic p-NC-N02 reacts with both e~s and CH2O- -

and/or -CH2OH under argon and with -CH2OH and/or 
CH2O- - under N2O. In methanol, the absorbance ascribed 
to P-NC-NO2-- underwent first-order decay, k = 0.5 sec-1. 
This decay can be ascribed to dissociation of p-NC-N02- -, 
eq 3, to nitrite and a resonance stabilized benzyl-type radi
cal. 

Journal of the American Chemical Society / 97:24 / November 26, 1975 


