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Abstract-The molecular ion of benzyl benzoate undergoes several decompositions, two of which are 
the loss of H 2 0  and COOH.. To study these processes, the mass and IKE spectra of benzyl benzoate 
together with various deuterated benzyl benzoates and some of its isomers were studied. Evidence is 
presented to support the rearrangement processes of the molecular ion. A decomposition scheme is 
proposed to explain the observed transitions. 

INTRODUCTION 
A VERY unusual fragmentation of the benzyl benzoate molecular ion produced by 
electron-impact is due to the loss of the elements of water. The mass spectrum of 
benzyl benzoate has been discussed previously> to but no comment has been made 
on the loss of water, although particular mention has been made of a fragment ion 
of m/e 167, corresponding to the loss of COOH- from the molecular ion. It is 
apparent from the structure of benzyl benzoate (I) that these fragmentations must 

involve a major rearrangement of the molecular ion. We therefore set out to study 
these processes making use of the combination of isotopic labeling and ion kinetic 
enepgy (IKE) spectroscopy. For this study, the following isotopically enriched 
compounds were synthesized; benzyl o-dl-benzoate, benzyl m-d,-benzoate, benzyl 
d,-benzoate, a-d2-benzyl benzoate, o-dl-benzyl benzoate, m-dl-benzyl benzoate, 
2,3 ,4,5,6-d5-benzyl benzoate and benzyl benzoate-carbonyl-l8O. In addition to 
these, several isomers of benzyl benzoate were also studied phenyl phenylacetate (11), 
cr-phenyl-o-toluic acid (111) and a-phenoxyacetophenone (IV). 

(11) 

The data presented in this paper give detailed information concerning the extensive 
rearrangement of the molecular ion of benzyl benzoate for transitions in which 
H 2 0  and COOH. are lost. Isotopic labeling experiments have led to conclusions 
involving the rearrangement of specific hydrogens in the molecule. A possible 
decomposition scheme is proposed to explain these unusual transitions. 
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RESULTS 

The mass spectrum of benzyl benzoate contains a molecular ion peak at m/e 212 
and a peak of approximately equal intensity at m/e 194 because of the loss of the 
elements of water. The metastable peak corresponding to this process was observed 
at m/e 177.5. In addition, loss of COOH. from the molecular ion was observed, 
giving a mass peak at in/e 167 and a metastable peak at  m/e 131.6. Both of these 
processes represent major decompositions of the benzyl benzoate molecular ion. 
The IKE spectrum of benzyl benzoate is given in Fig. 1. The peak at 0.915E 

FIG. 1 .  IKE spectrum of benzyl benzoate. 

corresponds to the transition 

and is the largest peak in the spectrum. The peak at  0.788E corresponds to the 
transition 

Another interesting feature of this spectrum is the presence of a peak due to the 
transition 

which appears at 0.856E. 
The mass spectrum of phenyl phenylacetate does not show any significant loss 

of H,O or COOH. from the molecular ion. The intensity of the molecular ion peak 
is approximately 2.7 % of the base peak (m/e 118) and the peak at  m/e  194 less than 
0.2%. This very small peak at  m/e 194 may simply be the result of thermal de- 
composition in the inlet system. This was verified by the complete absence of a 
metastable peak in the mass spectrum or of a peak in the IKE spectrum of phenyl 
phenyl acetate, even when scanned at  the highest sensitivity. M / e  165 is of significant 
intensity, however, arising presumably, from the transition 

This is consistent with the presence of an [M - 2]+* peak which is approximately 
5% of the intensity of the molecular ion; whereas it is absent in benzyl benzoate. 

The mass spectrum of u-phenoxyacetophenone shows a strong molecular ion 
(21 % of the base peak m/e 105) and also a relatively large peak (approximately 13 % 
relative intensity) at  m/e 194, which would correspond to loss of H,O from the 

[CI~~IZOZI+* --f [Ci4HioOIf. -f HzO 

[CI~H&ZI’* -+ [C13HiiIf + COOH. 

[C14H,oO]+. [C13H&* + CO 

[C14H1,02]+* + [C,3H,]+ + COOH. 
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molecular ion. No metastable peak could be found in the mass spectrum, however, 
nor could the relevant peak be found in the IKE spectrum corresponding to this 
transition. The filament was then turned off, the source temperature lowered to 
approximately 120°C and the sample reintroduced by direct probe. The filament 
was turned on and a spectrum was taken immediately. The m/e 194 ion was extremely 
small, having been reduced to a relative intensity of approximately 0.1 5 %, representing 
roughly a hundred fold decrease. As the temperature of the source increased, m/e  194 
increased, but at  no time could the corresponding metastable ion be found. A small 
peak at m/e 165 was also seen in the mass spectrum. 

The mass spectrum of a-phenyl-o-toluic acid shows an extremely facile loss of 
water, with m / e  194 the base peak. The molecular ion has a relative intensity of 13 %, 
with an [M - 2]+* peak which increases in intensity markedly from a few percent 
at low source temperatures to about 15% at high source temperatures. Under 
these same conditions, the intensity of the molecular ion varies in a reciprocal manner. 
A large metastable peak at  ni/e 177.5 verifies the occurrence of the transition for loss 
of water from the molecular ion. In addition, a metastable peak appears at  nz/e 142.0, 
corresponding to the transition 

The IKE spectrum contains two prominent peaks, one at  0.915E for loss of mass 
18 from i9 /e  212 and the other at  0-855E for loss of mass 28 from m/e 194. 

The isotopically substituted benzyl benzoates were examined in a similar manner. 
As a result of the occurrence of overlapping peaks because of loss of various 
combinations of isotopes, however, quantitative conclusions from the IKE spectra 
were difficult. As an example, Fig. 2 gives the partial IKE spectra of cr-d,-benzyl 
benzoate. In benzyl benzoate, the peak from 212+- --f 194+. is centered at  0.915E 
(see Fig. l), and for the deuterated compound, at 0.911E and 0-907E for loss of 
H,O, HDO and D,O, respectively. Unfortunately, the relative abundances of these 
species cannot be measured accurately from this spectrum because of overlap with 

I 

1.0 E 0 9 E  0 8 E  0 7 E  0 6 E  0 5 E  

FIG. 2. IKE spectrum of a-d,-benzyl benzoate. 
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other peaks, such as loss of H,O (0.915E) and HDO (0.91 1E) from the monodeuterio- 
substituted species which is also present as an impurity. In addition, a contribution 
because of loss of H,O from the unsubstituted species also present as an impurity 
gives a peak at 0.915E. We have therefore measured the relative abundances of the 
daughter ions by the method of HV scans. This involves scanning the accelerating 

rnie 194 

1 ,  I I I 
110 0 109.5 109 0 108.5 

% HV 

FIG. 3 .  HV scans for a-d,-benzyl benzoate at m/e 196, 195 and 194. 
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voltage with the magnet tuned to a specific mass, thereby allowing only those daughter 
ions of a given mass, which contain the proper fraction of the increased accelerating 
energy, to be transmitted by the electric sector. This eliminates, for the most part, 
the difficulties because of overlapping peaks. This is illustrated in Fig. 3,  where the 
HV scan peaks for cr-d,-benzyl benzoate are given at  various masses. 

The results of the measurements of peak areas for loss of water from the molecular 
ion of the various isotopically substituted benzyl benzoates are given in Table 1. 
The results are expressed in terms of the relative probability for loss of H,O, HDO 
and D20, the total abundance of all species of water lost being normalized to 100 
units. The mass spectrum of benzyl benzoate-carbonyl-lBO indicated that partial 
randomization of the label had occurred in this compound under the conditions used 
with our instrument. (Analysis on a Varian CH-5 mass spectrometer showed that 
the benzyl benzoate was predominantly carbonyl labeled and that this label did 
not scramble appreciably.) Once the degree of scrambling was determined under 
the conditions used in the RMH-2 and the data corrected for this fact, however, the 
results are entirely valid. In the IKE spectrum, the intensity of the peak due to the 
transitions 

[C14Hl,0180]+* + [C,H50]+ (214+ --+ lOS+) 
and 

[Cl,H1201s0]+- + [C,H,lsO]+ (214f ---f 107+) 
indicated that 62% of the label in the molecule was in the carbonyl oxygen. The 
areas of the IKE peaks corresponding to loss of H,O and H,lsO were calculated 
to be in the ratio 1:1, after correcting for the scrambling of the label. The fact 
that the ether oxygen atom and the carbonyl oxygen atom are lost as H,O with 
equal facility is also reflected in the subsequent decomposition of mle 194 in which 
CO is lost. Thus, for the transitions 

[C14Hl,lsO]+. 3 [Cl3H1,]+* + P O (  196+ -+ 166+) 
and 

[C14HloO]+* 3 [C13Hlo]+* + C0(194+ -+ 166+) 
the intensities of the resulting IKE peaks were in the ratio 1 : 1, as they would have to be 
if, in the transition leading to mle 194, the isotopes were lost with equal abundance. 
In addition to loss of H20 and CO, peaks corresponding to loss of the elements of a 
carboxylic acid group were also measured. Again, two 1KE peaks were seen, 
corresponding to the transitions : 

and 

These peaks were in the ratio 9:1, respectively, and this ratio simply reflects the 
isotopic composition of the molecular ion. 

DISCUSSION 
Consider first the results from the deuterated benzyl benzoates (structures A to G 

in Table 1). The fact that neither B nor F loses deuterium in the elimination of water 
shows that the meta-positions in either ring do not contribute in this decomposition 
either directly by the transfer of a hydrogen to oxygen or indirectly by the hydrogen 
scrambling to an active position. This is reasonable, since other work5 has shown 
that although hydrogens on benzene scramble, they do not at  all on some ring 

[Cl,Hl,0180]+~ ---f [Cl,Hll]+ + C0180H.(214+ -+ 167+) 

[C14H1202]+. --f [Cl,Hll]+ + COOH.(212+ --+ 167+) 
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TABLE 1 .  LOSS OF HzO FROM ISOTOPICALLY SUBSTITUTED BENZYL BENZOATE? 

Isotopic 
enrichment Species lost (%) 

Compound i %) HZO HDO DZO H,"O 

D 

0 

0 

B D 

~~ 

- 85 15 - 84.7 

82.9 100 0 -  - 

- 63.5 55 45 0 

- 97.6 35 57 8 

81.8 70 30 - - 

- - 84.0 97 3 

93.8 13  76 11 - 

50 - 89.2 50 - 
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substituted compounds such as benzoic acid. The result suggests that thepara-position 
in either ring also does not contribute to the reaction, although this was not checked 
by direct isotopic substitution at this position. The remaining data in Table 1 show 
that the atoms involved in the loss of water are the ortho-hydrogens on both rings 
and the methylene hydrogens. 

The results presented in Table 1 may also be expressed in terms of the percentage 
loss of hydrogen or deuterium from specific positions within the molecule. These 
results are given in Table 2. This was calculated in the following way. If the ratio 

TABLE 2. DERIVATION OF HYDROGEN FROM SPECIFIC POSITIONS OF BENZYL BENZOATE 

BeEzoate Methylene Benzyl 
Compound" ortho-hydrogens hydrogens ortho-hydrogens 

15 
22 
19 
25 
20 
20 
I 

35 
33 
36 
45 
31 
36 
- 

50 
45 
45 
30 
49 
44 
- 

a Structures are given in Table 1. 

of H,O:HDO was 70:30, as given for E in Table 1, then the rat0 of H:D lost in 
the molecule was 85:15 (70 + + x 30 for H, and + x 30 for D) or 5.67:l. Now, 
as shown above, the only positions which could contribute deuterium atoms are the 
ortho-positions of the benzyl group and since they are equivalent, but contain only 
one D, it is easy to calculate that these atoms can only be donated 30% of the time 
from this ring (15% for each position). This calculation assumes that the isotope 
factor is 1. It will be shown later that to a first approximation, this assumption is 
valid. The results given in Table 2 are in good agreement with each other and show 
that, on the average, the ortho-positions of the benzoate group contribute 20% of 
the total hydrogen lost as water, the methylene group 36%, and the ortho-positions 
of the benzyl group 44 %. 

The data obtained from the 180.1abeled molecule show that both oxygen atoms 
are lost with equal probability. It is obvious, therefore, that any mechanism which 
attempts to rationalize this decomposition must involve a rearrangement which is 
consistent with this data. 

Phenyl phenylacetate and cc-phenoxyacetophenone do not lose water in a 
metastable decomposition, suggesting that the particular arrangement of atoms 
present in benzyl benzoate is absolutely essential in order that the necessary re- 
arrangement can occur. 

a-Phenyl-o-toluic acid was the only compound other than benzyl benzoate to 
lose water to form the mle 194 ion, which then loses CO to form an ion of mle 166. 
A suggested mechanism is: 
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These transitions were identified by the presence of metastable peaks in the mass 
spectrum as well as the corresponding peaks in the IKE spectrum. An analogous 
decomposition sequence has been elucidated for anthraquinone? which undergoes 
successive losses of CO to first form 9-fluorenone and then biphenylene. 

Now consider again benzyl benzoate. From the l8O data and from the fact that 
COOH. can be eliminated from the molecular ion, at  least one rearrangement must 
take place in the molecular ion. Since benzyl benzoate loses water readily followed by 
loss of CO to form m/e 166, we propose that the rearrangement of the molecular 
ion of benzyl benzoate may involve the formation of the a-phenyl-o-toluic acid ion 
with subsequent decomposition. 

I 
G 

OH 
I 

mje 194 m j e  167 

mje 166 

The first step in the scheme is the abstraction of one of the benzoate ortho-hydrogens 
by the carbonyl oxygen atom to form ion k. Similar reactions have been postulated 
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to explain observations in the spectra of benzoic acid,' ethyl and phthalic 
acid and its isomers." The next step involves the rearrangement of the benzyl benzoate 
molecular ion to form ion I ,  analogous to a-phenyl-o-toluic acid, which can now lose 
the elements of water followed by the loss of CO or the carboxylate radical. 

In order to lose H,O, ion 1 must abstract a second hydrogen. Molecular models 
indicate that the methylene hydrogens and the two benzyl ortho-hydrogens are ex- 
tremely close to the carboxyl group. We have shown before from the results of the 
deuterated benzyl benzoates that the methylene and two ortho-hydrogens take part 
in the loss of water. If we assume that these five hydrogen atoms completely scramble, 
i.e. the single orrho-benzoate hydrogen, the two methylene hydrogens, and the two 
ortho-benzyl hydrogens, then we would expect that the ratio of loss of hydrogen from 
these positions would be 20 : 40 : 40. The experimentally determined ratio is 20 : 36 : 44, 
in rather good agreement. The deviation from the calculated value could reflect 
incomplete scrambling, isotope effects or contribution of other hydrogens to a very 
small degree. 

EXPERIMENTAL 
The mass and energy spectra of the various compounds were plotted on an Hitachi-Perkin 

Elmer RMH-2 double focusing mass spectrometer, modified to obtain IKE spectra.'O Peak areas 
were measured by the method of HV scans1' for the isotopically substituted molecules to overcome 
the difficulty caused by overlapping peaks in the IKE spectra. All samples were run at an ionizing 
voltage of 70 eV at a pressure of approximately 1 x torr at an ionization chamber temperature 
of 200°C. 

Benzyl benzoate and a-phenyl-o-toluic acid were obtained from the Aldrich Chemical Company. 
a-Phenoxyacetophenone was prepared from a-bromo acetophenone and phenoP and phenyl 
phenylacetate from phenylacetic acid and phen01.l~ 

The benzyl deuterated-benzoates were prepared by oxidation of the ring deuterated-toluenes to 
the ring deuterated-benzoic acids, conversion to their acid chlorides (SOCl2) and reaction with 
benzyl alcohol. 

The deuterated-benzyl benzoates were prepared from the lithium aluminum hydride reaction of 
the deuterated benzoic acids to the deuterated benzyl alcohols. Esterification in a similar fashion as 
above was carried out with benzoyl chloride. 

Reduction of benzoic acid with LiAID, gave a-dz-benzyl alcohol which was used to obtain a d z -  
benzyl benzoate. 

Benzyl benzoate-carbonyl-lsO was prepared from benzoic acid-l*O, (benzotrichloride and H,'80). 
o-dl- and m-d,-Toluenes were synthesized from their respective bromotoluenes via the Grignard 

Benzyl d,-benzoate and d,-benzyl benzoate were obtained starting from ring &toluene (Merck. 

The labeled compounds were purified gas-chromatographically with a & x 5', 3 %  SE 30 on 

reaction." 

Sharp & Dohme). 

chroniosorb W, stainless steel column. The column temperature was maintained at 21 5°C. 
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