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cannot be qharacterized by XRD or other 
generally applicable techniques. 
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Deuteriumolysis of Benzophenone 

Catalytic hydrogenolysis of ketones and 
alcohols at a benzylic position to yield 
hydrocarbons with unchanged carbon 
skel&on is well established as a useful 
technique in organic synthesis (1, 2). 
Hydrogenolysis of ketones related to aceto- 
phenone and b’enzophenone and their 
derivatives has been used to obtain pure 
hydrocarbons for the American Petroleum 
Institute (5, 4). Deuteriumolysis of ketones 
is in principle an elegant and economical 
means for introducing deuterium at the 
bcnzylic position. A possible limitation 
(depending upon catalyst, and condit,ions) 
is the exchange of aromatic protium by 
deuterium (5-9). We report that the 
dcuteriumolysis of benzophenone (Ia) to 
diphmylmethane-a,a-d, (IIa) may be ac- 
complished without detectable exchange of 
aroniat,ic protium. 

EXPERIMENTAL METHODS 

Reduction of Benzophenone (la) 

( a) Deuteriumolysis to diphenylmeth- 
ane-a,a-cl2 (Ha). To a dry 300-ml hydro- 
genation flask containing 10 ml of 
CH,CO,D and 1.82 g of 10% I’d-C cata- 
lyst, prereduced with 60 ml of D2, was 
added 9.1 g (0.05 mole) of Ia dissolved in 
50 ml of CH:,CO,D. Reduction at 25” at 
atmospheric pressure for 5.4 hr consumed 
2535 ml of D,. The catalyst was filtered 
out with Dicalite and the filtrate was made 
basic with 10% NaOH. Extracting with 
ether (2 x 200 ml), drying (MgSO,) , con- 
centrating by rotary evaporation under 
reduced pressure, dissolving in 100 ml 
petroleum ether, bp 60-68”, and filtering 
through a 0.5-m. (od.) combination col- 
umn (2 in. of silica gel on top and 1 in. of 
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basic alumina at bottom) gave a colorless 
solution which was concentrated to 8.2 g of 
IIa. 

ane, IIb, in cyclohexane and then solutions 
of IIa in cyclohexane are given in Table 1. 

( b ) Hydrogenation to dipbenylmethane 
( IIb). The procedure described under part 
(a) was repeated using H, to give IIb. 

Chromic Acid Oxidation of Diphenyl- 
methane (ZZb) in Acetic Acid-O-d 

A 0.84-g sample of IIb dissolved in 21 
ml of CH,CO,D was oxidized by adding, 
at room temperature, 3 portions of 0.66 g 
of Cr03 dissolved in 0.3 ml of D,O and 5.8 
ml of CH,CO,D at 24-hr intervals. The 
mixture was diluted with 100 ml of H,O, 
made basic with 10% NaOH, extracted 
with ether, dried (MgSO,), and concen- 
trated to 0.5 g of a 70:30 1c:IIb mixture. 
The mixture was separated by chromatog- 
raphy on a O.&in. (o.d.) combination 
column (2 in. of silica gel, 1 in. of basic 
alumina, and 1 in. of acidic alumina-top 
to bottom). Elution of IIb and Ic was 
accomplished with pentane and ether, 
respectively. 

The standard deviations are ca. 1% for 
individual samples. These averages were 
weighted in proportion to the reciprocals 
of the squares of their standard deviations 
(10). The atom fraction of hydrogen in the 
aromatic rings of IIa is 10.569/10.498 or 
1.0068 t 0.0052, yielding 10.07 XL 0.05 
at’oms of aromatic hydrogen. These results 
were verified by use of the HR-60 spec- 
trometer. As shown in Table 1, the devia- 
tion from 10 for the number of aromatic 
protons of IIb is less for HR-60 data than 
for A-60 data. The HR-60 data yields an 
atom fraction of aromatic hydrogen for IIa 
of 10.087/10.171 or 0.9918 + 0.087. Thus 
the average number of atoms of aromatic 
protium in IIa is 9.99 * 0.09. 

Oxidation of Diphenylmethane-acu,a-dz (ZZa) 

A 1.7-g (0.01 mole) sample of IIa was 
oxidized as described above except that 
sufficient oxidizing agent (5.28 g, 0.053 
mole of Cr03) was added over 81 hr to 
oxidize IIa to 1.3 g (72%) of colorless 
crystals free of IIa. Recryst’allization from 
hexane gave benzophenone (Ib), mp 47- 
48”. 

The determination of the deuterium con- 
tent of the aromatic rings of IIa by mass 
spectrometry is complicated by the obser- 
vation that both methylene and aromatic 
hydrogens are involved in the loss of C,H, 
from the molecular ion of diphenylmethane 
in forming m/e 91 (11). 

RESULTS 

This problem was resolved by reoxidation 
of IIa to benzophcnone (Ib) with chromium 
trioxide in acetic acid. To establish the 
absence of exchange accompanying oxida- 
tion, IIb was oxidized to benzophenone 
(1~) with chromium trioxide in acetic acid- 
O-d. The presence of an M - 1 ion at all 
values of the ionizing voltage great, enough 
to produce a useful molecule ion intensity 
precluded determination of the deuterium 
content in Ib and Ic. 

The reduction of Ia was studied in 
acetic acid-o-d, Scheme I, and in acetic 
acid at atmospheric pressure with Pd-C at 
room temperature using deuterium and 
hydrogen, respectively. 

The deuterium content of the phenyl 
rings of Ha was determined by nmr inte- 
gration using cyclohexane as the internal 
standard (3). The results of the integra- 
tions from four solutions of diphenylmeth- 

Since any isotope effect on loss of C,,H, 
from the benzophenone molecular ion pro- 
ducing the intense benzoyl ion, m/e 105, 
should be negligible, the atom percent 
deuterium in the benzoyl ion will equal 
that in the molecular ion. The absence of 
peaks at lower mass, at m/e 106 and 107 
in excess of natural abundance peaks for 
m/e 105, and from m/e 108 through 110 
was demonstrated. Comparison of the in- 

SCHEME I 
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TABLE 1 
NORMALIZED AROMATIC PROTON RATIOS FOR IIa AND IIb 

No. of phenyl proton@ 
Molar 

Sample Compound in cyclohexane rat,io” A-60 HR-60 

1 Diphenylmethane 1.1619 10.499 * 0.101’ 
10.607 10.096” 

2 1.1470 10.469 k 0.118c lO.l.iO k 0.146 
lo..574 * 0.103” 

3 1.3018 10.456 5 0.097” 10.201 * 0.109 
10.467 -t 0.091” 

4 1.2587 10.457 f 0.091’ 10.153 + 0.109 
10.621 k 0.136d 

Av 10.498 f 0.036 10.171 I!Z 0.068 

5 Diphenylmethane-& 1.1566 10.717 * 0.14P 10.029 f 0.098 
10.491 & 0.0&Y 

6 1.0735 10.465 k 0.096< 
10.6X3 + O.Ogld 

10.086 + 0.104 

7 1.1.%X2 IO..>40 f 0. 114c 10.139 + 0.092 
10.652 zk 0.091d 

Av 10.569 f 0.041 10.087 + 0.056 

d Molar ratio of IIa: cyclohexane or IIb: cyclohexane was chosen so that the absorpt)ions of the phenyl: 
cyclohexyl protons were ca. equal. 

b Normalized to a cyclohexane value of 12 wit,h an average of 15-20 integrations of each sample at two 
different amplit,udes. A 50/O error in sample preparation was assumed in calculating standard deviations. 

cld Dat,a obt,ained at, different integral amplikldes. 

tensities at l)l/e 106 and 107 from the In the mass spectrum of Ib (Table 2, 
spectra of Ia and Ic (Table 2, columns 2 column 4) small residual intensities which 
and 3) shows that within experimental may be within experimental error equal to 
error, the oxidation of IIb in acetic acid-O- zero are observed at m/e 106 and 107. 
d proceeds without incorporation of deu- From these average values, the percentages 
terium in the aromatic ring. of species containing 0, 1, and 2 atoms of 

TABLE 2 
ION INTENSITIES IN THE SPECTRA OF BENZOPHENONE Ia, Ib, AND Ic 

Residual ion intensities” 

m/e Ia Ic Ibb,c Species y0 of totald 

105 100.0 100.0 100.0 do 99.65 
106 8.15 8.00 0.287 f 0.470 4 0.29 f 0.47 
107 0.70 0.69 0.0645 _+ 0.0499 dz 0.06 If: 0.05 

a Average of dat’a from 10 spectra each at 15 and 16 eV. 
b Corrected for naturally occurring heavy isot,opes. 
c Derived by comparing with spectra of Ia. 
d Applies only to spectra of Ib. 
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D were calculated (Table 2). The atom 
percent of aromatic hydrogen in Ib and 
consequently IIa is calculated to be 99.9 t 
0.4%. 

Thus, both metShods of analysis indicate 
that no more than 0.05% deuterium be- 
comes incorporated in the aromatic rings 
of Ia during deuteriumolysis or in the aro- 
matic rings of IIa during oxidation with 
chromic acid. Because of the relatively low 
cost of gaseous deuterium and the sim- 
plicity of the procedure, this method has a 
useful potential for specific introduction of 
deuterium at the benzylic position provided 
a process can bc found which will obviate 
anticipated protium exchange adSacent to 
the carbonyl group (12, IS). 
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