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Figure 1. Millimoles of Co(en)2H20Cl2+ formed as a function of HCI 
concentration: curve A, ionic strength equal to HCl concentration;, 
curve B, HCIO4 added to maintain 2.00 M ionic strength. 

Figure 2. Millimoles of Co(en)2Ch+ formed as a function of HCl con­
centration: curve A, trans-Co(en)2C\2+ formation (variable ionic 
strength); curve B, c/s-Coen2Cl2+ formation (2.00 M ionic strength). 

MOH23+ moieties do not significantly approach a common 
configuration as Cl - concentration is decreased because the 
/ra«5-MH2OCl2+/c;\y-MH2OCl2+ product ratios do not 
begin to approach one another as Cl - concentration is de­
creased. 

Fact 4 indicates that the same C-MCl2+ moiety is formed 
in the CiS-M(DMSO)Cl2+ + MnCj - reaction as in the cis-
MN3Cl+ + NO+ and c/s-MCl2

+ + Hg2+ reactions. 
Fact 5 (analogous to fact 1) indicates the C-MCl2+ is not 

changing rapidly toward an equilibrium configuration com­
mon to C-MCl2+ and J-MCl2+. 

Facts 1-5 fit the first explanation if Cl - ions as well as 
H2O molecules were in the solvation shell of the activated 
complex. The entering group could replace the leaving 
group during deactivation of the activated complex (facts 1, 
3, and 5) or the entering group could go in cis and trans to 
the directing group (facts 2 and 4) as dictated by the ener­
getics of the activated complex. These facts also fit the third 
explanation if Cl - ions as well as water molecules occupy 
positions in the solvent cage of the very short-lived interme­
diates. Likewise these facts fit the fourth explanation with 
the five-coordinate intermediates having sufficient stability 
to establish ion-pair equilibria and to finally react in pre­
ferred orientations with different nucleophiles without sig­
nificantly approaching a common equilibrium nuclear con­
figuration. If the first or third explanation were correct, the 
entering Cl - ions must be in the solvation shell of the five-
coordinate cobalt(III) moieties so that the Cl - ion can oc­
cupy the sixth coordination site as well as water; these Cl -

ions are there as a result of ion-pair formation with the 
reactant(s). These three explanations can be tentatively dis­
tinguished by further facts given below. 

(6) For the fra«s-MN3OH2
2+ + NO+ reaction, the 

number of millimoles of MH2OCl2+ formed shows (see Fig­
ure 1) a saturation effect with increasing Cl - concentration 
both for varying and constant ionic strength conditions 
while the value of the product ratio ri defined by eq 1 de­
creases from 0.48 ± 0.06 at 0.50 M HCl to 0.28 ± 0.04 at 
2.00 M HCL. 

(total mmol of MH2OCl 2^) 
n ~ [Cl-] (total mmol of M(H2O)2

3+) (D 
(7) For the JnJHS-MN3Cl+ + NO+ reaction, the number 

of millimoles of trans-MCh+ formed shows (see Figure 2) a 
strong saturation effect at variable ionic strength while the 
value of the product ratio r2 defined by eq 2 decreases from 
0.95 ± 0.05 at 0.50 M HCl to 0.34 ± 0.04 at 2.00 M HCl. 
(Insolubility of [frans-MN3Cl]ClO4 prevented use of 
HCIO4 to maintain constant ionic strength.) 

(total mmol of Co(en)2Cl2
+) 

Tl ~ [Cl-](total mmol OfMH2OCl2+) (2) 

(8) For the c/s-M(DMSO)Cl2+ + MnO4
- reaction, the 

number of millimoles of ris-MCl2
+ formed does not show 

(see Figure 2) a saturation effect at constant ionic strength 
and the product ratio r2 is constant at 0.14 ± 0.02. 

Fact 6 is more consistent with production of the t-
MOH2

3+ intermediate and saturation with respect to t-
MOH2

3+-Cl- ion-pairs with increasing Cl - concentration 
than with the first and third explanations because +3 cat­
ions are known to be better ion-pair formers than +2 cat­
ions. Fact 7 virtually excludes the first and third explana­
tions because saturation with respect to (YaHs-MN3Cl+-Cl-

ion pairs in the Cl - concentration range used is not a very 
acceptable explanation. Facts 7 and 8 are consistent if t-
MCl2+ forms more ion pairs with Cl - corrected positioned 
for reaction trans to the Cl - directing group than C-MCl2+ 

forms for reaction cis to the Cl - directing group. 
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Electron Spin Resonance Spectrum of FsNO-. A 
Hypervalent Radical from First-Row Elements1 

Sir: 

We wish to report the ESR detection and identification 
of the trifluoramine oxide radical anion, F3NO - . This radi­
cal is of particular interest because it represents the first ex­
ample of a 33 valence electron species derived solely from 
first-row elements, although the related phosphoranyl radi­
cals PF4

2 and Cl3PO - 3 are well established. Perhaps the 
discovery of this novel radical is not entirely unexpected in 
the light of previous work showing that the electronic struc­
ture of phosphoranyl radicals does not require extensive d-
orbital participation.3 
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Figure 1. Second-derivative ESR spectra of a 7-irradiated solid solution of 5 mol % F3NO in SF6. The sample was irradiated at -196° , and the 
spectra were recorded at -170° immediately after irradiation. The lower spectrum was recorded at high gain to reveal the hyperfine components of 
the F 3 NO - radical anion which are much weaker than those of the SF5 and F2NO radicals shown in the upper spectrum. The stick diagram for 
F 3 NO - was calculated according to simple second-order theory. 

Recent work4-7 has exploited the usefulness of the SF6 
matrix for isotropic ESR studies of trapped inorganic radi­
cals, a technique first employed by Fessenden and Schuler.2 

In the present study, solid solutions containing 1-10 mol % 
trifluoramine oxide8 in SF6 were y irradiated at —196° and 
the ESR spectra recorded at —170°. Optimum signal inten­
sities for the F2NO and F3NO - radicals relative to those of 
the SF5 radical2,9 were obtained from a 5 mol % solution ir­
radiated for 0.3 Mrad. 

The ESR spectrum shown in Figure 1 is dominated by a 
pattern consisting of a 1:2:1 triplet of 1:1:1 triplets with the 
central lines of the 1:2:1 triplets resolved into their two sec­
ond-order components of equal intensity. This hyperfine 
structure is attributable to the interaction of the unpaired 
electron with two equivalent 19F (/ = 1^) nuclei and one 
14N (/ = 1) nucleus, the corrected ESR parameters being 
aF (2) = 143.8 G, aN = 93.3 G, and g = 2.0058 ± 0.0002. 
These isotropic parameters are quite similar to those pre­
viously ascribed to the F2NO radical produced by photoly­
sis of presumably polycrystalline F3NO at — 196°.8a,'° This 
assignment is certainly supported by the similarity of the 
19F coupling to the corresponding value of 142.4 G for the 
isoelectronic CF3 radical in a xenon matrix,11 and by the 
large 14N coupling which is diagnostic of a pyramidal nitro­
gen-centered radical analogous to CF3.11 Moreover, confir­
mation of the F2NO identification was obtained through 
the detection of an identical ESR spectrum from a 7-irradi­
ated solution of FNO in SF6,12 fluorine atom addition to 
the solute being expected on the basis of previous re-
sults.2-4-6-7 

In addition to the lines from SF5 and F2NO, a family of 
weaker spectral components can be seen in Figure 1 under 
conditions of high gain. Starting from the wings, the well-
resolved outer lines are easily grouped into two sets of 1:1:1 
triplets whose individual spacings are in accord with the 
second-order shifts attributable to a 14N interaction. Al­
though some inner components of the spectrum are over­
lapped by the strong lines from the spectra of H, SF5, and 
F2NO, sufficient structural detail is present to analyze the 
pattern into a 1:3:3:1 quartet of 14N triplets, each of the 
central lines from the quartets being resolved into two 1:2 

second-order components,13 as shown in the stick diagram. 
The quartet hyperfine structure is interpreted in terms of 
coupling to three equivalent fluorines, and the corrected 
ESR parameters are a? (3) = 195 G, «N = 147 G, and g = 
2.014. 

The identification of this second radical as FaNO - is 
strongly supported by the large value of AN which corre­
sponds to an unprecedented spin density of 0.27 in the nitro­
gen 2s orbital.14 This is quite comparable to the spin densi­
ties in the central atom 3s orbitals of phosphoranyl and re­
lated radicals possessing fluorine ligands.3'15 However, in 
order for the equivalence of the three fluorines in the ESR 
spectrum of F3NO - to be consistent with a trigonal bipyra-
midal (Q) structure characteristic of phosphoranyl radi­
cals, there must be a rapid exchange of the fluorine ligands 
between the axial and equatorial sites on the ESR time 
scale.16 Alternatively, if F3NO - retains the C-$v symmetry 
of the parent molecule, the fluorines are always isotropical-
Iy equivalent since the unpaired electron occupies an ai or­
bital composed largely from the antibonding combination of 
the nitrogen 2s and fluorine 2pff orbitals. Despite this ambi­
guity, it is reassuring that INDO calculations for each of 
these geometries17 predict nitrogen 2s spin densities of 0.20 
(C5) and 0.30 (C3t)) which are reasonably close to the ex­
perimental value (0.27) and they are also able to reproduce 
the approximate magnitude of the fluorine 2s spin density 
(0.011).14 In contrast, the calculations for the radical cation 
F3NO+ with the expected C3l> symmetry indicate that most 
of the spin density now resides in an oxygen 2p orbital per­
pendicular to the Cie axis, and the symmetry of the half-
occupied MO excludes the direct participation of the nitro­
gen 2s orbital. Considering other possible species, the iso­
tropic parameters derived recently for NF3+ 18 are quite 
different from those obtained here for F3NO - . 

In conclusion, we note that the radiation chemistry of 
this system is consistent with F2NO and F3NO - formation 
by electron capture reactions. ESR studies with a wide vari­
ety of solutes in SF6 show that the SF5 radical is generally 
the most abundant radical produced by radiolysis, and its 
formation is thought to proceed by dissociative electron 
capture,9'19 the undissociated species SF6- being produced 
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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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