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trialkylboranes. We are continuing to explore these 
possibilities. 
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Application of Chemically Induced Dynamic Nuclear 
Polarization to a Study of the Decomposition 
of Unsymmetric Azo Compounds1 

Sir: 

The mechanism of the thermal and photochemical 
decomposition of azo compounds has been the focus 
of several recent investigations.2~5 The development 
of the radical pair theory of CIDNP opened the way 
for a new and potentially powerful approach to the 
problem.8 

Two fundamentally different dissociation mecha
nisms can be visualized in which the loss of nitrogen 
may occur either by concerted cleavage of both C-N 
bonds or by a stepwise process giving rise to an inter
mediate diazenyl radical (eq 1). Because of the ex-

RN=NR' -* R- -R' + N2 

(1) 

RN, -R'' 

pected differences in the magnetic properties of the 
initial radical pairs associated with the two mechanisms, 
CIDNP should be capable of distinguishing between 
them. In this communication we wish to demon
strate the application of this method to the thermal 
and photochemical decompositions of azo compounds 
1 and 2. 

PhN= =NC(CH3)2Ph 
1 

(Ph)sCHN=NCH2Ph 
2 

A 0.2 M solution of the trans isomer of 1 in benzene 
was irradiated with ultraviolet light inside an nmr 
spectrometer probe.7 The resulting CIDNP spectrum 
snowed enhanced absorption (A) and emission (E) 
lines identified to arise from dicumyl (weak A), cumene 
(AE multiplet), 2,2-diphenylpropane (E), a-methyl-
styrene (E), and benzene (E).8 In addition, the in
tensity of the methyl signal of trans-l is greatly reduced 
during photolysis (only to increase again after irradia
tion has been stopped), indicating CIDNP emission 
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during photolysis counterbalanced by normal absorp
tion of the starting material. Product analysis showed 
dicumyl and biphenyl to be the main products (48 
and 20%, respectively), while a-methylstyrene (AMS), 
cumene, and diphenylpropane were produced in minor 
amounts. Several high-boiling unidentified products 
were also present and are presumably formed from 
radical attack on the solvent. 

The possible importance of cis-1 as a key intermedi
ate in the photochemical decomposition of 1 suggested 
itself by the observation of an induction period of 
several minutes for the full development of the CIDNP 
signals. Also, after irradiation had been stopped 
the signals persisted for a period much longer than the 
nuclear relaxation times of the products, suggesting 
the photochemical formation of an intermediate which 
underwent thermal decomposition. Subsequently, 
CM-I was successfully prepared by low-temperature 
irradiation ( -40°) and chromatography ( - 5 ° ) . The 
crystalline stable solid (48-50° dec) decomposes in 
benzene solution with a half-life of 10 min at 25° to 
give 47% trans-l, 13% dicumyl, and 11% biphenyl 
with AMS, cumene, and 2,2-diphenylpropane formed 
in less than 1 % yield. 

When the thermal decomposition of cis-1 in benzene 
is followed by nmr, a CIDNP spectrum is obtained 
(Figure 1) which is almost identical with that observed 
on photolysis of trans-l except that the methyl groups 
of trans-l are now clearly seen in emission. 

From the application of the rules of the radical pair 
theory6 and from product analysis, Scheme I emerges 

Scheme I 

N = N . 
Ph-^ ^C(CHa)2Ph 

free radicals 
[PhC(CH3)2]2 

PhC(CH3)2H 

Ph 
V 

N = N . 

PhN2- -C(CH3)2Ph 

/ V 
XXCHs)2PhJ* 

Ph- -C(CHs)2Ph +N2 

PhN2H AMS PhH CH3C(Ph)2CH3 

as a plausible reaction sequence. The intermediacy 
of the phenyldiazenyl radical is clearly established by 
the re-formation of trans-l as evidenced by its methyl 
group emission signal. The singlet multiplicity of 
the radical pair precursor (thermal reaction from 
ground state) with the known signs of the hyperfine 
coupling constants in the cumyl radical led to the con
clusion that gphNr < gPhc(CH3)r The emission signals 
obtained from AMS, 2,2-diphenylpropane, and ben
zene suggest that these products also are derived from 
reactions of the geminate phenyldiazenyl-cumyl rad
ical pair. For the latter two products, however, it is 
necessary to invoke a phenyl-cumyl secondary corre
lated pair (derived from the primary pair by loss of 
nitrogen). AMS may in principle arise from either 
pair although the presence of polarized benzene points 
to the secondary pair as its origin.9 

Comparison of the signal intensities of AMS and 
trans-l (Figure 1) with their relative yields indicates a 
specific polarization of AMS ~ 1 0 2 times greater than 

(9) Disproportionation of the primary pair should give phenyl-
diazene with the N-H proton in emission. No signal attributable to 
this compound was found although the fast quadrupole relaxation 
of the nitrogen would probably erase the CIDNP signal. 
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Figure 1. Alkyl region of the CIDNP spectrum obtained during 
thermal decomposition of cis-1 in benzene at 40°. 

for trans-1. This difference suggests that AMS as 
well as benzene and diphenylpropane are formed from 
radicals which have lived as pairs much longer than the 
pair which leads to trans-l. This interpretation is 
supported by the small yield of these products and is in 
agreement with Scheme I which requires the phenyl-
diazenyl radical to lose nitrogen before the secondary 
pair can be formed. Further support for this scheme 
is derived from scavenging experiments. Addition 
of BrCCl3 does not affect the intensity of the emission 
signal of trans-1 but almost completely eliminates the 
AMS signals. From these observations, one can 
estimate the rate constant for loss of nitrogen from 
Ph-N2- to fall between 107 and 109 sec"1. 

Even though AMS is a minor product, detailed 
analysis of its spectrum is most informative. Figure 2 
shows the CIDNP spectrum of AMS and the cal
culated spectrum using the known magnetic parameters 
of cumyl radical. The best fit is obtained with an 
apparent Ag of 1.3 X 10~3 and A^ > 75 G, establish
ing an upper limit for the g factor of PhN2 of 2.0012.10 

Both parameters are consistent with a bent a radical, 
a structure expected for PhN2 which is isoelectronic 
with the benzoyl radical.11 

Finally, dicumyl and cumene originate from the free 
radicals which have escaped the pairs. Most of their 
net A-type polarization is lost through nuclear relaxa
tion in the free-radical state and the AE multiplet 
in cumene most likely originates from noncorrelated 
pairs formed by diffusive encounter of the cumyl and 
phenylcyclohexadienyl radical pair.12 

It appears worth noting that the photochemical 
decomposition of trans-1 proceeds through cis-1 which 
decomposes thermally under the reaction conditions. 
The lack of photodecomposition at temperatures where 
cis-1 is stable is also consistent with the notion that the 
only photochemical act of consequence at room temper
ature is trans-cis isomerization. 

Results obtained on the decomposition of 1 support 
the previous claims that suitably substituted azo com-

(10) The apparent Ag is only an upper limit of the Ag in the phenyl-
diazenyl-cumyl pair because the cumyl radical spends part of its 
lifetime with the phenyl radical as its partner whose g factor is close 
to the free electron value. 
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Figure 2. Spectra of AMS: (a) normal spectrum; (b) CIDNP 
spectrum obtained on photolysis of trans-l; (c) calculated spectrum 
with AB = 18, As = 75 G, Ag = 1.3 X ICr"3. Discrepancies 
between b and c must at least in part be attributed to neglect of 
relaxation in c. 

pounds decompose via one-bond scission leading to 
diazenyl radicals.2-4 However, a previous CIDNP 
study of 2 failed to produce any evidence for a radical 
pair with a finite Ag (only pure multiplet effect spectra 
were observed) indicating either a concerted mecha
nism or a lifetime of the diazenyl radical of less than 
10-10sec.13 
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Photoinduced Aromatic Substitution, Addition, and 
Rearrangement Reactions of Aromatic Ketones1 

Sir: 

The extensive studies on the photochemistry of 
aromatic ketones have revealed a variety of reactions 
at the carbonyl function, such as photoreduction, the 
Paterno-Buchi reaction, and the Norrish type I and 
II cleavages.2 We describe in this communication 
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