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SEcnON C, PHYSICAL SCIENCES

Photolysis of Silver Benzoate in Cyelohexen. t

K. DARRELL BERLIN and DON E. GIBBS'

Department 01 Chemistry, Oklahoma State University, Stillwater

Thermal decomposition of benzoyl peroxide is known to generate
phenyl and benzoyloxy radicals. This fact and the photosensitivity of
silver salts of carboxylic acids suggested that the photolysis of silver
benzoate might be a convenient source of the radicals cited, possibly near
room temperature. Neither the photolysis nor the pyrolysis of stiver
benzoate in liquid media had hitherto been reported., and it would be of
interest to elucidate the mechanisms involved.

It the photolysis of sUver benzoate proceeds by a free-radical mech­
anism, it might well be expected to give products (Table I) similar to
those obtained from the pyrolysis, which is known to involve free radicals.
The thermal decomposition of benzoyl peroxide in cyclohexene has been
examined (Farmer and Michael, 1942). As cited previously benzoyl per­
oxide decomposes by a radical mechanism in cyclohexene and the products
are given in Table I. Clearly, benzoyloxylatlon occurred to give both
allyllc and vinyUc type esters. In addition phenylatlon resulted in the
formation of phenyl-substituted cyclohexenes. More recently, Noma and
Tsuchida (1948), heated benzoyl peroxide in cyclohexene at 60 0 for 200
hours and obtained 1- and 2-cyclohexenyl benzoate, cyclohexyl benzoate.
and polymers with two, three, and eight six-membered rings substituted
with benzoyloxy groups.

The second mechanism to be considered for the photolys18 of silver
benzoate is slm1lar to that postulated to explain the pyrolysis of stiver
benzoate (Kamevskaya et al., 1936), which 18 outlined in Fig. 1. The
important feature was the appearance of benzoic anhydride, the presence
of which was reasonably well established.

ry-OH
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oAg.O - O~-O-o

+

Fig. 1. Pyrolysis of IIilver benzoate (Kamevskaya et CIl., 1936).
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Tb1I paper repon.. the analy. of the photolysate obtained from
aUver benzoate In cyclohexene. In addition several compounds were synthe­
IIsed tor comparUlon with the components of the photolysis mixture. It
Ibould be noted that in all of the previous work, gas chromatography was
not uU1bled In analyzing the products. In the results recorded herein,
"')'81.1 of the reaction mtxtUre8 was performed by means ot a gas
chromatography unit with a hydrogen flame detector cell. Identification
of au IDdJvidual products from the photolysates was substantiated by mixed
Injection with pure compounds that bad been synthesized by alternative
routea and ldent1tled by elemental analyses and comparison of infrared
ipeCtra. several new eubeUtuted cyclohexene derivatives were prepared
and characterized.

Photoly. of trahly prepared sUver benzoate in reagent-grade cyclo­
hexene (1eu than o.a% Impurity by gas chromatography) was accom­
plSabed with a Hanovta lamp ualng quartz apparatus. The total conversion
of mlver bensoate wu 10% or leu. The residual sUver benzoate and
meta111c sUver were removed by filtration and the filtrate was analyzed
directly on two _parate g88 chromatography columns. Benzoic acid and
metaWc Illver were the major componentB, and six other products were
found In VariOWI quanUUea. The resultB are shown in Table I.

Varyln.. the duration ot photolysis did not alter the types of products
found. Although slow decomposition of the sUver salt was observed at
room temperature by depoeltion ot a silver mJrror, the most practical rate
of reaction resulted near 70 C, the boiling point of the mixture. When
heated at 70 C In the absence ot ultraviolet Ught, the mixture contained
only tracu of the decomposition productB, all ot which were identical to
thOM found In the photolysate. Addition of cuprous chloride resulted in
the formation of metalllc copper within a few minutes but again analysis
ot the wpem&tant llquJd showed only the components previously identified.
ThUs. the sUver-oxygen bond undergoes rapid cleavage by heat. Appar­
enUy a metathetic exchange reaction occurs with cuprous chloride. How­
ever. the facUe reduction of cuprous ion to metallic copper is not easily
explalned and may well Jnvolve electron transfer WI radicals.

Only two differences were found when the products in the photolysate
were compared to the lDgredtents of the mixture resulting from decomposi­
tion of beuoyl peroxide in cyclohexene (Table I). I-Phenylcyclohexene
wu obtained as a minor product from the photolysate but was not reported
In the experiments with benzoyl peroxide. More important. however, was
the fact that the photolysate did not contain cyc10hexyl benzoate, which
had been recorded &8 a major component in the reaction with benzoyl
perox1de. OUr reeulta were reproducible, and the data suggest a different
mechanlam In the photolyala proceaa. U the mechanJsm were Bimllar to that
aun-ted for the pyrolyals of sliver benzoate (Kamevskaya et ell., 1936),
formation of beJuIolc anhydride might be expected; however, the anhydride
wu not detected in any of the photolysJa solutions regardless of exposure
um.. Under IlmUar conditions, but with anl801e as solvent (Berlin and
Olb" 1*). benaolc anhydride decompoees to give phenylaUon products.
OouequeDUy. It Ie not poeslble to state detlnltlve1y the overall mechanlam
of the pbotoIy8ia at preeent. The data obtained are more easily rational­
a.d by &88\IJftlq a radical mode of decay. Efforts are underway to com­
plete thla lItucty.

I:XPaWU:N'rAL

~ ProceDN. Pbotolysla was c:onducted in a 100 m1 quarts
tJuk equipped with a nl1ux condeuer. The ultraviolet IIOUl'Ce was a
HUIOYIa mercury lamp which emitted radiation from 1849 to 4000 ADg_
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Aroma, With the lntenmty at 8130 Angstrom being about 260 microwatts
at 20 In. In a typical photoly." experiment 1.3 g (O.OOM mole) of silver
benzoate luapended in 20 ml of cyclohexene was photolyzed for a total
of 28 hou.... In one of two experiments in which cuprous chloride (0.5 g)
wu UMd, 1.0 C of .uver benzoate In 20 ml of cyclohexene was irradiated
for 4 !Iou... with rapid stirring.

GGII CIJromatog7GphJl.-Chromatographlc analyses were made in a Hy
n A.erorraph apparatua (WUkene Instruments, Inc.) with hydrogen flame
detector uatng a column of 10% .lUcone rubber on acid-washed Chromosorb
W «'" In by 8 tt) and/or with 10lJ,. SE-30 on a similar column.

'"Irared BpecfroacopJI.-All spectra were recorded with a Beckman
IR-6 apectrophotometer. SoUda were examined in KBr pellets whUe the
IIqulde were meuured a8 films.

BUvM' Beuoote.-To a mixture of 31.0 g (0.25 mole) of be~ic acid
and 100 ml of water was added 40 ml of concentrated ammonium hydroxide
with v1goroUl IUrrlng. After the mixture was neutralized with about 1.0
I of benzoic acid. 38.G g (0.2G mole) of sliver nitrate in 100 ml of water
wu added with rapid mtxlng. The white precipitate was removed by
suction filtration. waahed with GOO ml each of water, methanol, and ether,
lucceulvely. The I&1t was dried by pressing it on a fUter since oven
drying caUHd .orne decomposition; yield was quantitative. The traces of
reaidual moiature could be removed by recrystallization of the salt from
pyridine. but traces of the amine were always present and thus the sample
wu too impure tor the photolYl11 reaction.

,J.OJlclo"eqlcJlcloMzeM.--3-Bromocyclohexene (11.27 g. 0.07 mole) in
26 ml of carbon tetrachloride was added dropwise with stirring during 1
hour to lce-cold cyclohexyl Grlgnard reagent made from 32.60 g (0.20 mole)
of bromocyclohexane and 3.1 g (0.12 g-atom) of magnel1um. The result­
Inc grey eemllOlid wu heated at reflux 2 hours and then decomposed with
100 mJ of 10% aqueous ammonium chloride. The upper layer was sepa­
....ted and dried over calcium chloride and then fractionally distilled to
yield a Uquld. bp 71.5 C/2 mm. reported bp 236-7.5 C1755 mm (Schrauth
and Gorle. 1902): yield was 2 g (17%). Absorption maxlma (film):
3.82 mlcrona (H-C=). 3.48 microns (H-C), and 8.11 microns (C=C).

l·PMJaY'CJIC'oMzefte.-l-Phenylcyclohexanol was made by adding
cyc1ohexanone (t9 e. O.GO mole) In 100 ml of ether c:lropwlse over a period
of 1 hour to chlUed phenyl Grlgnard reagent prepared from 0.50 mole of
bromobenaene and 0.80 ,-atom of magnesium in 200 ml of ether. Decom­
pc*Uon of the reaction mixture with aqueous ammonium chloride yielded
aD orpnlc phue which was concentrated to a yellow oU; thls solidified
after atanclln& tor a day. The product was recrystal.11zed from n-heptane
to atve 21.8 I of cryataIa melting at 80 C (26% yield).

'!'be alcObol thus prepared. 21.8 g (0.12 mole), was heated with about
80. of lNlIhly tu8ed potua1um hydrogen sulfate at 11()"140 C for US hours.
The 80IId reaction mixture was powdered and washed With ether. Dlat1I­
latlon of the combined wuhlnp pve 18.9 g of a clear, thin oIL bp 87.5-72
C/O.I mm (yield ." baaed on I-phenylcyclohexanol). The chromato­
papblcaUy-pure fraction u.ed as an analytical standard had a bolUng
ruap of ~.,O C/O.I mm. 'AD- LH8G; reported data 128-9 C/19 mm, nD­
I.Hn (Baddeley et aL, 19M; MIxer and YOUDg. 1966). The 1Ilfrared spec_
tnlm wu ldeDtlcaJ to that pUbllahed. Although the olefin was reported
~. it. preparation wu DOt wen de8crlbecl and yields were lower
UIaD reported ben.
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'-CyclohezenyIBenzOGte.· Method l.-t-Butyl perbenzoate was made
(Miles and Surgenor, 1946) by the simultaneous addition of 1'.05 g
(0.10 mole) of benzoyl chloride and 7.2 g (0.13 mole) of potassium hydrox­
lde1ft~l'1 ml of water to a rapidly stirred mixture of 12.8 ml (0.11 mole)
of t-butyl hydroperoxide and 7 ml of water at 8-12 C, over a period ot .5
minutes. After this mixture had been stirred for 11 hours, the upper
layer was washed with 5% sodium bicarbonate and dried over magnesium
sulfate. It was fractionated to yield a clear liquid, bp 90-100 C/3-. mm,
nv" 1.4995. Yield, 2 g (10%). To a chilled mixture or 0.58 g (0.006 mole)
of cyclohexene and 0.80 g (0.00-4 mole) of t-butyl perbenzoate was slowly
added 0.1 g of cuprous bromide (Kharasch and Sosnovsky, 1958). The
resulting green mixture was stirred tor a few minutes at room temperature
and was extracted with benzene. Evaporation of the benzene left an 011
which was chromatographed on alumina and distilled, bp 83-•.5 C/O.(11
mm; nD- 1.5382, yield 5%. No physical data were reported for this ester
previously. Absorption maxima (film): 3.91 microns (H-C=l. 5.85 mi­
crons (C=O), 6.0 microns -shoulder (C=C), •.15 microns (C.H,-).

Analysis: Cu H 140 2 ; calculated: C, 77.20; H, 6.98
Found C, 76.82; H, 6.99.

"!-Cyclchexenyl Benzoate. Method 11.-3-Bromocyclohexene (Ziegler et
al.~ 1942) was obtained by adding 89 g (0.05 mole) of N-bromosuccinlmide
and 2 g of benzoyl peroxide to a boiling solution (rapidly stirred) of 100
ml (1.1 mole) of cyclohexene, 2 g of benzoyl peroxide, and 350 ml of
carbon tetrachloride. Within 30 minutes, the N-bromosuccinimide had
been replaced by a pure white solid. This mixture was cooled and filtered.
Removal of the solvent under aspirator pressure on a steam bath yielded
a dark brown liquid.

3-Bromocyclohexene In 30 ml (0.1 mole) of carbon tetrachloride was
added in small portions with swirling to 20 g (0.083 mole) ot silver
benzoate in 50 ml of benzene. Filtration of the solid and concentration
of the filtrate under aspirator pressure gave a yellow oil, which was frac­
tionated into benzoic acid and a colorless liquid identical to the product
obtained .by method I. The product was more easily purified and was
obtained in higher yield (42%).

Cyclohexyl Benzoate.-While a mixture of 10 ml (0.10 mole) of cyclo­
hexanol, 20 m1 of pyridine, and 30 ml of benzene was stirred vigorously,
10& ml (0.12 mole) of benzoyl chloride was added over a period of 15 min­
utes. The reaction mixture was filtered and the filtrate was fractionated
to give a colorless liquid, bp 140-3 C/7 mm, no- 1.:5175; reported bp 132-3
C/15 mm (Mengelberg, 1954). This product was also found to be pure by
gas chromatography. yield 19 g (93%). Absorption maxima (tilm): 5.86
microns (C=O), 104.09 microns (CA-).

Analysis: C•.Hl.02; calculated: C, 76.0&4; H, 7.90
Found C, 75.95; H, 7.64.

,-(S-CyclohextmylJCllcloheZ1/l Benzoate. - 2- (2-Cyclohexen-l-yl) cyclo­
hexa,nol w~ synthesized (Pelton, 1951) by adding 50 ml (0.50 mole) of
cyclohexanone in small portions with stirring to a white gel made from 50
ml (0.50 mole) of cyclohexanol, 27.0 g of sodium hydroxide, and 6.0 m1 of
water. After being heated under vigorous reflux for 2.5 hours, the reactloD
mixtUre was filtered and washed with benzene and ether. FracUonal di8­
WlatiOD gave a colorless liquid, bp 90-5 C/O.• mm, Do- lliOl0; reported bp
135-45 C/20-mm (Pelton, 1951).

Toa rapidly stirred mixture ~ 27.3 g' (0.135 mole) of the alcohol,
20 m1 of pyridine. and 15 ml of benzene was added 19 ml (0.15 mole) of
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benzoyl chloride. Alter be1n&' atirred tor 1 hour, the mixture was flltered
&lid the tlltrate wu concentrated to an oU on a steam bath. Vacuum
diMWaUon of tbe oil save a product, bp 188-70 C/2 mID, np- LCS375, yield
II • (se% bued on the alcohol). Absorption maxima (tum): 5.84 ml·
CI'OftI (C=O), 6.06 microna (C=C), 14.12 microns (c.u.. ).

Analy"': c..,H"O,; calculated: C; 80.28; H, 8.4~
Found C, 80.08: II. 8.38.

DtcJ/CIoMql.-·ThiII compound 1I avalJable from the literature by a
reUable method (t.ber. 1954) . Comparilon ot infrared spectra mowed
the ~thetic compound to be IdenUcal to that published.
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