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Abstract-The mass spectrum of y-phcnylpropanol has been compared with that of analogues, spazif~cally 
dcutcratcd in the aliphatic chain and in the Ph nucleus. It 1s shown, that in tbc molecular ion a mutual 
exchange takes place between the H atoms from the OH group, the y-methylem group and in the 
o&o-positions of the aromatic ring. 

INTRODUCTION 

A STUDY on the behaviour of aralkyl nitro compounds’ upon electron impact 
furnished the opportunity to study the mass spectrum of y-phenylpropanol obtained 
as synthetic precursor, specifically deuterated in the aliphatic chain and in the Ph 
nucleus. 

From the spectra of y-phenylpropanol and its deuterated analogues it appears 
that the loss of a molecule of water is much more complicated than one would expect 
from the investigations of deuterated aliphatic alcohols.3*4 Furthermore, the mech- 
anism for the formation of the fragment m/e 92 from this alcohol, previously sug- 
gested from the spectrum of the a-d, analogue only,’ appears to be incomplete. 

In the lower mass region of the spectra obtained in the present study, many diffuse 
peaks are found, corresponding to the well-known decomposition of ions from 
aromatic hydrocarbons, especially the loss of 26 mass units (C,H,), e.g. m/e 91 + 65, 
m/e 89 + 63, mJe 77 + 51 and m/e 65 + 39, etc. These have been omitted in the 
Appendix. 

It is not possible to locate exactly the charge in the molecular ion from y-phenyl- 
propanol, as long as the ionization potential is not known. This should be borne in 
mind with regard to the Schemes A, B and C. 

Fragmentation ofy-phenylpropanol, C,H,CH,CH,CH,OH 
Comparison of the standard spectrum with that of the ad,, Bd2, y-d,, ortho-d,, 

O-d, and parad, analogues together with the m/e- and m,/m,-values for diffuse 
peaks enable us to distinguish four main reaction paths for the decomposition of 
the molecular ion. (Figs 1 to 7, Appendix and Schemes A B and C6). 

1. Elimination of water before and after mutual exchange between tk hydroxyl-, 
y- und ortho-hydrogen utom in the molecular ion. In the mass spectrum of un- 
deuterated y-phenylpropanol (P = 136) a large peak at m/e 118 corresponds with 
the loss of water (Fig. 1). 

It has been shown, that the molecular ion of n-propanol loses water, involving a 
y-hydrogen atom.4 
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The spectra of the specifically deuterated analogues and the observed m/e and 
m&,-vahres for diffuse peaks, however, indicate a more complicated tbmination 
from y-pbenylpropanol. (Figs 2 to 7 and Appendix, reaction No. 1). 

From the spectra we may calculate how much of the original deuterium is retained 
in the (P - HzO)i-ion, derived from the molecular ions of the deuterated alcohols. 
Although these calculations are complicated by the occurrence of the peak at m/e 117 
in the spectrum of the unlabeled alcohol (Fig l),’ a fair estimate can be made. The 
intensity of the (P - H,O)‘-ion from the undeuterated and from ah specifically 
deuterated y-phenylpropanols is expressed as percentage of the sum of the intensities 
of all (corresponding) CoH,DY+-ions after correction for natural “C contribution 
(99 %)? The value, obtained for the (P - H,O)+-ion from each deuterated alcohol, 
is then expressed as percentage of the ~~~~~ing value for the unfabekd akohol. 
Finaily a c5rrection is nude for incomplete fabebng (Ex~~e~~I~ This kads to 
the values in Table 1. 



1417 Mass spectrometry of aralkyl compounds with a functional group-III 

1 

700 .Y 

- IC 

19 

Ras. 4.5 and 6. Maps spectra of yd2, ortbd, and O-d, analogucs of y-pheoylpropanol. 

FIG. 7. Mass spectrum of the puad, analoguc of y-pbenylpropanoL 
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Label retentions* in &Hi,, from deuterated y-phenylpropanols (in %) 

ionization 
energy in eV 

a-d, 

7cm 97 106 18 57 4s 110 
150 93 % 21 42 45 103 

* The last two columns refer to retention of one D, all other columns to retention of two D atoms. 

From this Table it appears that the &H&-ion derived from the parad,, ad, 
and gds compounds retain nearly all the original deuterium. Apparently the mole- 
cular ions of these dcuterated alcohols lose almost exclusively H,O. 

Surprising is the deuterium retention by loss of H,O from the O-d1 compound. 
The values, given in Table 1, imply a loss of H,O as well as HDO from the corres- 
ponding molecular ion in about a 45:55 ratio. To account for this, an exchange 
between the OH hydrogen atom with another H atom in the mol~ular ion must 
be assumc& before a molecule of water is eliminated. 

The almost exclusive loss of a molecule of Hz0 from the parent-ions of the parad,, 
a-d, and Ed2 alcohols (see above), shows that an a-, B_ and/or puru-H atom are 
not involved in this exchange process We disregard the possibility of an exchange 
between the OH hydrogen atom and a meta-H atom, because the structural require- 
ments for this exchange are unfavourable. Thus only y- and/or orrho hydrogen 
atom remain available for this exchange. 

The values in Table 1 given for the deuterium retentions after loss of water from 
the y-d2 and otthod, alcohols, somewhat varying with the applied ionization 
energies, indicate not only a loss of H,O, but also an elimination of at least HDO 
from the corresponding molecular ions The y-H atoms are involved 2 to 3 times 
more than the orrho H atoms in the elimination of water. 

The few examples recorded in the literature on somewhat related aromatic ring-H 
participations arc limited to the loss of OH from o-nitrobiphenyl,’ the loss of an 
aromatic ring-H atom from compounds with the general formula C6HLICH=CHCOR 
(as proved by deutcration)rO and the loss of a MC radical from stilbene (also proved 
by deuteration). ’ ’ 

I 1. Diane peaks ~~rres~~i~ with loss of H,O, HDO and D20 from y-phenyl- 
p~~pu~~~ {see Appendix). Concerning the fess of a molecule of water from the parent 
ion, only one diffuse peak is observed in the spectrum of undeuterated y-phenyl- 
propanol and its para-d,, ad, and g-d, analogues, corresponding to the loss of 
HzO. In the spectrum of the O-d, compound two diffuse peaks are found, corres- 
ponding to the elimination of Hz0 and of HDO. Finally, in the spectra of the ydz 
and or&d, alcohols three diffuse peaks occur, indicating the loss of H,O, HDO 
and D,O. 

From this it may be concluded that prior to the elimination of a water molecule 
the OH hydrogen atom exchanges with a y-H atom as well as with an orth*H atom 
in the molecular ion. An H atom from the y-position may thus move to the orrho- 
position of the aromatic ring and oice uersu. 
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Representing the -OH, y- and orrho-H atoms by the symbols H, W and H”, 
respectively, the molecular ion of y-phenylpropanol can thus lose as a result of the 
exchanges HHYO, HH”0, HyH“O, HJO and H”,O. (Scheme A, sequences a + b -V 
danda+b+c). 

Sc~we A 

a. m/, 136 

For the loss of DzO from the parent ions of the rdl and orthod, alcohols, we 
calculate m* = lW% and observe within experimental error m* = 10192 and 10140, 
respectively. Yet these diffuse peaks could also be attributed to the transitions 
m/e 105 + 103 and/or m/e 107 + 104 (rn*_,=. = 101X8 and 101.12, respectively; 
cf Appendix reaction No. 6). Although these reactions may contribute to this diffuse 
peak, we still ascribe it to the elimination of D,O from these molecular ions, because: 
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1. The measured m2/m1 values for this diffuse peak agree with the calculated value 
(see Appendix). 

2 While in the spectra of the other labeled y-phenylpropanols this diffuse peak 
disappears at lower ionization energy, it remains in the spectra of the y-d, and 
or&d, alcohols, even at 70 eV, when the normal peaks have nearly vanished 
(see Figs 8 and 9, respectively). 

FIG. 8. FIG. 9. 

Difha peak& corresponding with the loss of H,O, HDO and D20 from the moluxdar 
ions of y-d2 and ortbd, analogues of y-phcnylpropanol 

1.2. Discussion of fither degradations in Scheme A. While the elimination of a 
water molecule from y-phenylpropanol is well established the structure of the 
resulting CpHTo- ion (m/e 118) is uncertain. The preferential loss of an H atom from 
this ion, generating the peak at m/e 117 in the spectrum of the undeuterated y-phenyl- 
propanol (Fig l), resembles the behaviour of indane.12 This resemblance is further- 
more supported by common diffuse peaks, found in the spectrum of unlabeled 
y-phenylpropanol for the decompositions of the C,H:,-ion and the C,Hg-ion (see 
Appendix). 

Just like the parent- and the (parent-l)-ions of indane, the C,Hr,-ion loses H 
and H, and the C,HJ-ion H, and C2HI. 

Unfortunately, the diffuse peak, corresponding with the loss of CzH, from the 
CgHG -ion, is not observed in the spectrum of any labeled alcohol. (Appendix, reaction 
Nos 2,3,4 and 5 and Scheme A, sequences f, e -, h and f, e + g + i, j.). 

2. Rearrangement of an a-hydrogen atom to one of the ortho positions of the phenyl 
ring (Scheme B; P - C1H40) In the mass spectra of undeuterated y-phenylpropanol 
and its gdl analogue a rather large peak is found at m/e 92 (see Figs 1 and 3). This 
peak shifts to m/e 94 in the spectra of the y-d, and ortho-d, compounds and to m/e 93 
in the spectrum of the pmu-d, analogue, suggesting that H atoms in these specific 
positions are not lost from the parent ion in forming m/e 92 (Figs 4.5 and 7). In the 
spectrum of the O-d1 alcohol this peak m/e 92 does not shift appreciably, whereas 
it shifts predominantly to m/e 93 in the spectrum of the adz analogue (see Figs 6 
and 2, respectively). 

These results can be explained+t least partly-by the transfer of an H atom 
from the a-position to one of the ortho-positions of the Ph-ring via a dmembered 
transition state, resembling the well-known I&Lafferty rearran gement. 13Thesame 
conclusion was reached previously by Meyerson on the basis of the spectrum from 
the adz alcohol only. 

Yet, the occurrence of the peak at m/e 93 in the spectrum of the Odr alcohol 
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shows that more complicated processes must also be involved in the formation of 
the fragment m/e 92 from undeuterated y-phenylpropanol : 

1. As discussed above, prior to the McLafferty rearrangement of the a-H atom a 
mutual exchange between the -OH, y- and orrho-H atoms in the molecular ion 
may take place. 

2. The possibility cannot altogether be excluded that the OH hydrogen atom is 
transferred directly to one of the orrho positions of the Ph-ring, after which an 
ethylene oxide molecule may be split off. 

Diffuse peaks show that the ion m/e 92 loses an H atom in a random fashion, 
resembling the behaviour of toluene’* and thus generating the well-known tropylium 
ion m/e 91 (see Appendix, reaction No. 8). On this basis we suggest sequences k + 
o + p + n and k + I+ m + n, as depicted in Scheme B. 

SCHEME B 

OH 
b, m/e 136 

0, m/e 91 

-CH2=C 

k 
_’ 

m/e 92 

I 
_’ 

m/c 92 

‘+ a \ . ,” 
-H/ “7, m/e 92 

n, m/e 91 

3. Formation of the nopyfium ion (Scheme C). The sttongest peak in the mass 
region m/e 90 to m/e 95 from all the spectra, obtained in the present study, can be 
explained by a simple Cs-C, cleavage, generating the well-known tropylium ion 
(Fig 1 to 7). Nevertheless, some of the tropylium ion could also be formed after a 
mutual exchange between the -OH, y- and ortho-H atoms in the molecular ion, 
as discussed above (Scheme C, sequence b + n). 



1422 N. M. hi. NIBBISIINO and TH. J. de Bow 

Two other possible modes for the generation of the tropylium ion have been given 
already in 1.2 and 2. 

Because of the low intensity of the peak at m/e 93 in the spectrum of the gdz 
alcohol, probably caused by the loss of C2H, from the C9H,D1+-ion (see 12), the 
tropylium ion formation from this ion seems to be a minor process This could also 
apply to the corresponding C,H,+-ions from undeuterated and other deuterated 
y-phenylpropanols. 

.-. 0 : l ‘: 
‘. ’ 

.: 

n,m/c 91 b, m/c 136 q, m/c 105 

t, m/e 79 5. m/e I05 r, m/c 105 

4. Formation of the CBHG-ioh (m/e 105; Scheme C). In the spectra of the un- 
deuterated r-phenylpropanol and its old, analogue a peak is found at m/e 105. This 
peak shifts to m/e 106 and partly to m/e 106 in the spectra of the parudr and Od, 
compounds, respectively. In the spectra of the other deuterated analogues it shifts 
to m/e 107 (Figs 1 to 7). 

This can all be explained by the loss of the terminal -CH,OH-group before and 
after a mutual exohange between the OH, y- and ortIro-H atoms in the molecular 
ion (Scheme C, sequence b + q). 

As indicated by the diffuse peaks; the resulting C,H,+-ion loses a molecule of 
acetylene after extensive scrambling of all the H atoms in this ion (see Appendix, 
reaction No. 7). 

This agrees with the almost complete scrambling of all H atoms in the CsHi -ions, 
derived from 1-bromo-2-phenylethane as well as from 1-bromo-1-phenylethane, 
appearing from comparisons of the spectra of these compounds with those of speci- 
fically deuterated analogues. l s 

Therefore, we propose an 8-membered ring structure for the C,Hg+-ion, possibly 
formed by the mechanism presented in Scheme C, sequence q -+ r + s. A series of 
consecutive l-2 shifts of H in ion s, as suggested for toluene14 and observed in the 
photoisomerization of cycloheptatriene,16 and/or successive l-5 shifts of H, observed 
in the thermal isomerization of cycloheptatriene,” explains the scrambling 
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EXPERIMENTAL 

Mass spectra were obtained with an A.E.I. MS2H- and an A.E.L MS9 maxa spectrometer. In tk lint 
instrument samples were introduced through tk heated inld systan at 200”. In tk other instrumcn& 
sampla were introduccd from a glaxa vesxd (*3 ml) fitted to the 4-way manifold sina at tk time of 
tk cxpcrimcntx no heated i&t systca~ were available. 

The spectra from both inxtrumcntx were essentially the aamc. The maxima ofdiffu!upcakxwmdcrival 
from tk MS9 spaare together with tk mdm,-values (Accuracy limit 05-l %), measured according to 
tk method of Jennings.” using a scanning syetan similar to tk one described by Sipma.” Only tk 
circuit modification for uxe when m, is greater than m,/Z“ was available. 

AU the samples were puriGaJ by preparative gas chromatography with a Wilkens Aerograph A-90P 
instrument. Tbc applied column was a 2 m/6 nun 20% Silicone Rubber SE-52 supportod OQ kicsclguhr 
and He gag was used as carrier gas The retention time was 24 min at a column tcmp of 150”. After puri- 
fication the compounds were checked by IR as well 85 by NMR, which established the structure, the D 
content and the purity. 

The D content of tk samples was also measured by Mans Spcctrometry. using such a low ionization 
energy, that in tk parent mass region from the spectrum d undeuterated y-pbcnylpropand tk parent 
peak remained only. Tk parent mass rcgioas from tk deutcratcd analogua were thm run under 
identical conditions 

The results of these measurements have been collected in Tabk 2. 

TABLE 2. Mwu~erc~~n OF DEUTERIUM CONI’ENT (%) OF LABELED Y-PHENYLPROPANOIS, 

C,H;CH$H;CH,OH 

By maxs spcctrometry 
Accuracy limit 01% 

By NMR 

lonixation 
Sitcspecificoly Accuracy limit l-2% 

dcuteratcd 
energy d, d, d, 

y-phcnylpropanol 

9.4 ev 

88.3 Il.1 -6 92.1 
88.0 1 l-3 .7 93.9 
8% 100 .4 94.8 
%Q 4Q - - 
- 85.1 14.9 - 
- 900 100 - 

Preparations of y-phenylpropanol, spec+xlly deuterated in the u-,fi-and y-positions. The synthas of 
these compounds have b&o described earlier.’ 

Prcparorion gftkc O-d, a~logue~?om y-phenylpropmol D,O was introduced in tk hated inlet system 
of the mass spectrometer and pumpai away aftlta a few min This operation was repeated several times. 
Then r-phcnylpropanol, which WIU treatal previously with an exccxs d D,O. was introduced in the 
heated inlet systan together with a fresh portion d D,O.“*” 

Reparatiar #tk orthc+dl anduguefian y-phenylpropund IO0 g d pnitrotolucne were heated with 
520 g 90% D,SOI (995 at % D) in a closed round-bottomed glass vessel for 24 hr at 90”.” 

D,SO, was synthcsixcd from D,O and SO,.” 
After two suaazssive exchange reactions, 994 g pnitrotolucne, specifically deutcrated in the ortho 

positions with respect to the Me group and to tk extent d 97-98x (NMR), were obtained. Reduction 
d tk nitro group with Sn/HCIU and dcamination”*z6 yielded 376 g ortUl tolucnc This was con- 
verted into 28-S g bcnxoic acid, xpozifically dcutcratal in tk ortho poxitioao to tk extent of about 98% 
(NMR), by oxidation with alkaline KMnO, at 90”.” Then, 18.5 g urtho-d, bcnxoic acid were reduced 
with LAH“ to 15.8 g d or&d, bcnxylalcohol, which wax convertad in an overall yield d f 17% into 
tk ortho-d, analogut from y-phcnylpropanol by uxc of the scqucna of reactions described earlier.’ 

Preparaim of the parad, andope from y-phenylpropmol. The Grigmd compound was made from 
50 g pdibromoknznc to rad with 30 g DIO, yielding 21 g bromobcnxenc, dcutaatcd in tk p(yo 
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APPBNDIX. DIFFUSE PMKS.OBSEXVPD INTHEHA.SSPECIRA 

Reaction 
No. 

Mctastablc transittom d, a-d, 842 
m* m2/ml m* mz/m, m* mllm, 

1 
1 

I 
1 
1 
1 
2 
2 
2 
3 
3 
3 

4t 
4t 
4t 
4t 
4t 
5 
5 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
8 
8 
8 
8 

GH,,O’ + GWo + H,O 
C,H,,D,O+ -. C,H,D; + H,O 
C,H,,D,O+ + C,H,D+ + HDO 
CPH,,D,O+ + C,H;, + D,O 
CqH,,DO+ -CgHPD+ + H,O 
C,H,,DO+ + C,H:, + HDO 

Cd% 
G&J’; 
C,H,D + 

GH;o 
C,HsD: 
C9HPD+ 

C,H; 
CgH,D; 
CPH,D: 
C9H,D+ 
C,H,D+ 

C,H: 
C,H,D+ 

GH; 
GH,D; 
GH,D; 
&H,D+ 
C,H,D+ 

‘AH,’ 
C,H,D; 
CsH,D: 
CIIHaD+ 
C,H,D+ 

C,H; 
C,HbD; 
C,HbD; 
C,H,D+ 

-C,H; +H 
-. C,H,D; + H 
+ CPHSD+ + H 
-+ C,H; + H, 
-+ CPH6D; + H, 
-. C,H,D’ + H, 
-. C,H; + H, 
-. C,H,D; + H, 
-. C,H,D+ + HD 
-. C9H,D+ + H, 
--t C,H; + HD 
--* C,H; + ‘AH, 
-. C,H,D+ + C2H2 
-CBH: + Hz 
--* CSH,D; + H, 
-+ C,H,D+ + HD 
-+ C,H,D+ + H, 
+ CsH; -I- HD 
+ C,H; + GH, 
+ C,H,D; + C2H2 
-. CbH6D+ + C,HD 
-+ C6H6D+ -I- C,H, 
-, C,H: + C,HD 
+C,H; +H 
-. C,H,D; + H 
+C,H,D+ + D 
+C,H,D+ + H 

10244 
- 

- 

- 

116.08 
- 
- 

114.01 
- 

113.09 

- 

70.8 I 

lOlG6 

- 
- 

59.45 

- 
- 

90.03 
- 
- 
- 

0.866 

- 

0.988 

0.979 

- 

0983 
- 
- 

- 

0775 
- 

0979 

0751 
- 

0991 

- 

- - 
104.43 0.868 

- 
- 
- 

- 

11808 0.989 
117.02 0.985 

- 

116.04 0979 
- 

- 

11508 0.985 
113.10 0.980 
11406 0981 
ll2Q5 Q979 

- 
- 

101.07 0.980 
- 
- 
- 

- 

59.46 0751 

- 
- 
- 
- - 
- 

91.08 0.986 

104.41 0.869 
- 

- 
- 
- 

- 

118.11 @989 
11704 0.986 

- 

11607 0.980 
- 
- 

11504 0984 
113.11 @981 
11408 0.981 
112Q7 @977 

- 

72.0 @774 
- 

103.07 0985 
101.11 0973 
10204 0985 

- 

61.37 0.757 
59.93 0.749 
- 
- 

9OQ3 0986 
- 
- 
- 

t DilTuse peaks from reaction No. 4 are flat-toppai.‘O 
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of SITE-SPE~~PICALLY DEUTERAW C6H;CHfCH;CH,0H 

- 
0869 
Q863 
0857 

116.05 
118.05 
117.13 

- 

116Q5 
115.07 

- 
- 

113.14 
11409 
112.10 

- 

Q989 
0991 
0990 

0.980 
0.983 

0971 
0978 
0980 

- 
- 
- 

- 

1Olrn 
- 
- 

0972 

61.37 
59.91 

- 

Q757 
Q749 

- 
- - 
- - 

9208 Q987 
9005 0976 
91Q8 0986 

- 
104.42 
102.67 
10100 

- 
- 

118-06 
117a7 

- 

11605 
- 
- 

11509 
113.12 
114Q9 
112.16 

- 
- 
- 
- 

1OliIO 
- 
- 

61.40 
59.88 

92Q9 
9004 
- 

- 
Q866 
0860 
Q853 

- 

- 

Q987 
0985 

- 

Q978 

- 

Q980 
0975 
0975 
0979 

- 

0970 
- 
- 
- 

Q755 
0747 

- 
- 
- 

0984.. 
Q980 

- 

- - 
103.44 0866 
101.68 0860 
116.13 Q991 

- - 

117.19 0992 
114.02 0981 

- - 
- 

113.04 
- 
- 

114Q2 
- 

7085 

10106 

- 

10203 
- 

5943 
- 

- 

0981 
- 
- 

Q981 
- 

0776 
- 

0980 
- 
- 

Q981 
- 

Q750 

- 

6040 
- 

90.07 
- 
- 

91Q8 

Q752 

Q989 
- 

0989 

- 
- 
- 
- 

103.39 
- 

11645 
- 

117.03 

- 
- 
- 

Q868 
- 

Q987 
- 

Q987 
- 

115.04 0979 
11308 0.978 

- - 
- - 

114.10 0982 
112.07 0978 

- - 

lOlQ5 0973 
- - 
- - 

10209 Q982 
lW15 0973 
5948 0750 
- - 
- - 

6042 Q754 
58.93 0750 
- - 
- - 
- - 

91Q3 0986 

102.45 0868 
104.43 Q870 
102.69 Q862 
10096 Q855 
10344 0.869 
101.70 Q861 
116Q7 0992 
118.08 Q992 
11708 Q991 
11408 0983 
11609 0983 
11509 Q983 
113Q7 Q983 
11509 0.983 
113.12 Q975 
114Q8 0983 
112.11 Q974 
7Q82 Q778 
71.78 Q780 

10108 Q981 
10309 0981 
101.12 Q972 
102Q8 0981 
lOQ12 Q972 
5948 0752 
61.37 Q757 
59.86 Q748 
6042 0755 
58.92 Q745 
9006 Q989 
92Q7 0989 
9009 Q979 
91G6 0989 
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position to the extent of about 92% (NMR). By reaction of its Grignard compound with C02,29 12.5 g 
pura-d, benzoic acid were obtained. This acid was converted into the para-d, analogue from y-phenyl- 
propanol, as described above (overall yield f 14 %). 
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