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Communications to the Editor 

Biradical Trapping: The Formation of Bicyclic Peroxides 
via the Thermal and Photodecomposition of Azo 
Compounds in the Presence of Oxygen 

Sir: 
The trapping with oxygen of transient species generated 

photochemically has proven to be a surprisingly useful tech­
nique for the preparation of a number of unusual peroxides.1 

Since azo compounds are readily synthesized and provide an 
excellent source for a wide variety of biradicals, we have in­
vestigated the application of oxygen as a biradical trapping 
agent in azo decompositions. 

Previous workers have noted the effect of oxygen upon azo 
decomposition.2 In both thermally2b'd>e and photochemical­
ly20^ initiated decompositions, altered product distributions 
have been observed which imply that oxygen may be trapping 
the intermediate biradicals. In particular, Berson and co­
workers have reported that oxygen chemically quenches the 
triplet trimethylenemethane biradical.2d'e Since trimethy-
lenemethane biradicals are known to have triplet ground 
states,3 and to be unusually long-lived species, they seemed to 
be particularly good candidates for initial oxygen trapping 
experiments. 

Indeed when the azo compounds la3 c 4 and lb4 either were 
heated at 40 0C in CCl4 or in CFCl3 solution for 36 to 51 h, or 
when lb was irradiated with the ultraviolet lines (351.1 and 
363.7 nm) of an argon ion laser for 60 h, in each instance under 
a medium-pressure (80 to 150 psi) atmosphere of oxygen, the 
complete suppression of the usual dimeric hydrocarbon 
products was observed. In their place, peroxides were formed 
as judged by positive ferrous thiocyanate5 development of re­
action mixture chromatograms. These peroxides could be 
isolated by column chromatography on silica gel (40% for 3a, 
Scheme I) followed by microdistillation in the case of 3b (37%, 
Scheme I). These ring-fused peroxides displayed the usual 
stability noted previously for substituted 1,2-dioxalanes of this 
type6 and had spectral properties in accord with the proposed 
structures. 3a: mp 77.3-77.9 0C; 5 (ppm) (CCl4), -CH2- (2.1, 
complex, 2 H), allylic -CH2- (2.7, complex, 2 H), >CHO-
(5.25, complex, 1 H, decoupled from 2.1 signal), -CH=C< 
(5.45 doublet of doublets, J = 2 Hz and J' = 3 Hz, 1 H), C6H5 
(7.1, complex, 10 H); m/e 264. 3b: liquid; 5 (ppm) (CFCl3), 
two CH3's (1.30 and 1.40 singlets, 3 H each), -CH2- (1.4-2.3, 
complex, 2 H), allylic -CH2- (2.75, multiplet, 2 H), >CHO-
(5.25, complex, 1 H), -CH=C< (5.45, doublet of doublets, 
J = 3 Hz and J' = 2 Hz, 1 H); m/e 140. Under none of the 
aforementioned conditions was the formation of the bridged 
peroxides 4a,b established, although this could well be due to 
the expected lability of this more strained system. 

Even though the formation of peroxides 3a,b demonstrates 
the feasibility of the oxygen trapping of biradicals generated 
from azo compounds, these experiments do not provide a rig­
orous test of this method since the trimethylenemethane 
biradicals are so readily trappable owing to the existence of an 
accessible and long-lived triplet ground state. In order to 
evaluate this technique with shorter lived biradical species, we 
also have examined the decomposition of azo compound 57 in 
the presence of oxygen. The biradical derived from 5 has been 
studied thoroughly8 and is known to have a short-lived triplet 
ground state.9 

Trapping experiments under thermal conditions are not 
feasible in the case of 5 since temperatures in the range of 180 

R ,R R̂  R 

la, R = Ph 
b, R = Me 

/ o 

R^ JR 

4a,b 

Scheme II 

°~<5 

Ph2CO 

0C would be required.7 Direct irradiation of 5 produces the 
singlet biradical which collapses to bicyclo[2.1.0]pentane (6) 
before it can be trapped by oxygen (150 psi). However, the 
benzophenone-sensitized photodecomposition of 5 directly 
produces the triplet biradical which is trapped to afford per­
oxide 7 (Scheme II). In order to obtain reproducible and op­
timum yields in this reaction, careful attention must be devoted 
to experimental conditions. Since direct excitation of 5 leads 
to very efficient formation of 6, it is essential to irradiate only 
the benzophenone chromophore. This is done by using an ex­
cess of benzophenone (0.6 M benzophenone: 0.3 M 5), and 
irradiating either with the ultraviolet lines of an argon ion laser 
or with a 1000-W xenon-mercury lamp with careful filtration 
of the output to remove all wavelengths of light shorter than 
about 350 nm.10 It will be recognized that the benzophenone 
triplets may be quenched by either oxygen, the azo compound 
5, or the peroxide 7. Thus, optimum oxygen pressures seem to 
be about 150 psi. At oxygen pressures higher than about 225 
psi, oxygen quenching dominates to the extent that no reaction 
occurs." Sensitized decomposition of the peroxide 7 becomes 
increasingly important as the reaction proceeds: irradiation 
time, % azo conversion, % yield peroxide: 16 h, 21%, 73%; 64 
h, 54%, 43%. The peroxide 7 was usually isolated after about 
60 to 70 h of irradiation in CFCl3. Removal of the CFCl3 at 
—78 0C, microdistillation of the volatile components in the 
residue, and column chromatography of the distillate on silica 
gel (CHCl3-CFCl3)12 afforded pure 7. This material had 
spectral properties identical with those of an authentic sam­
ple,13 and upon catalytic hydrogenation (Pd/C) yielded cis-
1,3-cyclopentanediol which gave a bis(phenylurethane) de­
rivative that was identical with an authentic sample.14 

The examples outlined above would seem to demonstrate 
that oxygen trapping of azo-derived triplet biradicals provides 
a new and versatile technique for the preparation of peroxides. 
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In particular, the synthesis of peroxide 7 establishes this 
method along with the elegant procedures of the Salomons15a 

and Porter15b as a potential method for the synthesis of pros­
taglandin endoperoxides. 
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Lanthanides in Organic Chemistry. 1. Selective 
1,2 Reductions of Conjugated Ketones1 

Sir: 

Although rare earth complexes have enjoyed considerable 
utility as shift reagents in NMR spectroscopy,2 there are 
limited applications of these elements in synthetic chemistry. 
With the exception of cerium4+, which is employed as an ef­
ficient oxidation agent,3 the lanthanides have received only 
limited uses as catalysts, in petrochemical reactions,4 epoxide 
rearrangement,5 or optical resolution,6 and an unusual reaction 
of secondary amines with acetonitrile.7 Recent reports8 con-
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a The following standard procedure was adopted: 1 mmol of starting 
material is dissolved in 2.5 mL of the 0.4 M LnCl3-HHjO methanol solution 
and NaBH4 (1 mmol) is slowly added (2 min) with stirring. The mixture 
is allowed to react for 3-5 min, followed by hydrolysis and extraction with 
ether. * Isolated yields except in specified cases (asterisk) in which they 
were obtained by VPC (2 m X 2 mm i.d. Carbowax 2OM column on 
Chromosorb WAW, 15 mL of N2/min Carlo Erba Fractovap 1501 
chromatograph). c Identification of these compounds was made by the 
usual spectral methods (IR, UV, NMR) and by comparison with authentic 
samples. d The relative percentage of these reduction compounds and their 
identity were ascertained by TLC and/or VPC. 

cerning the synthetic potential of lanthanides prompt us to 
communicate our preliminary results using rare earth halides 
and sodium borohydride for the selective conversion of a,/3-
unsaturated ketones to allylic alcohols. 

Treatment of an equimolecular amount of a ketone (2-
hexanone, cyclohexanone, acetophenone) and samarium 
chloride hexahydrate in ethanol9 with sodium borohydride (1 
molar equiv) produces an evolution of hydrogen coupled with 
a quantitative yield of the corresponding alcohol in 5-10 min. 
Application of this procedure (in methanol9) to (^-unsatu­
rated ketones produced high yields of the corresponding allylic 
alcohols, in many cases uncontaminated with the 1,4 reduction 
product. Several representative examples are presented in 
Table I. 

Such selectivity has been noted with other reducing sys­
tems,10 but the previous methods usually suffer from limita­
tions. Thus, of the recently developed reagents, NaBHaCN,11 

is unreliable with certain cyclic enones, giving mixtures re­
sulting from 1,2 and 1,4 additions. 9-Borabicyclononane (9-
BBN) has a decreased reactivity with sterically hindered 
carbonyl groups,12 which requires long reaction times and/or 
refluxing solvent for reduction. Diisobutylaluminium hydride 
(Dibah) is not selective for carbonyl groups13 and must be used 
at low temperature. The last two reagents are expensive and 
require anhydrous conditions in an inert atmosphere. 

Of the lanthanides tested, samarium and cerium appear to 
offer the best combination of yield and selectivity (Table I). 
The method evidently offers the following advantages. First, 
nearly exclusive selective 1,2 reduction is obtained under 
conditions which do not affect carboxylic acids, esters, amides, 
halides, and cyano and nitro groups.14 Even 2-cyclopentenone, 
which is especially prone to undergo the 1,4 addition reaction, 
can be reduced to 2-cyclopentenol with a selectivity as high as 
97%. Furthermore, the reactions may be conducted at room 
temperature, without special exclusion of air or moisture, and 
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