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Ions a, and a, corresponding to protonated p -  and m-methoxymethylbenzaldehydes have been generated in 
a mass spectrometer by electron impact fragmentation of the correspondingly substituted l-phenylethanols (1 
and 2). Metastable ions a, and urn (2nd FFR of a VG-ZAB-2F mass spectrometer) react by elimination of 
CH,OH, loss of HCOOCH3, formation of ions CHp=OCH3 and to a small extent by loss of CH,O and 
CH30CH,, respectively. The mechanisms of these reactions have been studied by extensive D-labelling, and 
it is shown that these fragmentations are initiated hy a transfer of the proton located originally at the 
carbonyl group onto the aromatic ring. The formation of ions CHp=6CH3 and the loss of CH30H occurs via 
n-and a-complexes. The elimination of HCOOCH, from ions up and a, corresponds to a functional group 
interaction between distal side chains and occurs via intermediate ion/molecule complexes formed by a 
protolytic cleavage of the formyl group. The loss of CHzO and CH,OCH, proceeds also by intermediate 
ion/molecule complexes which are generated by a protolytic cleavage of the methoxymethyl side chain in 
ions a, and a,. 

Ion/neutral complexes are intermediates during the 
unimolecular fragmentation reactions of isolated ions 
in the gas phase. This has first been noted by P. 
Longevialle and coworkers’ during a study of the mass 
spectra of certain diamino steroids and related 
substances. More recently, T. H. Morton has shown 
in a review’ that intermediate iodneutral complexes 
are much more important for mass spectrometric 
fragmentations than hitherto expected. In fact, an 
ion/neutral complex in which the ion and the 
departing neutral fragment interact by ion/dipole and 
ion/induced dipole forces has to be an intermediate 
for every fragmentation reaction. This follows from 
the current theories of ion/molecule reactions3 which 
assume the formation of an encounter complex via a 
loose transition state as a first reaction step. The 
reaction comes to completion within the complex by 
crossing an intrinsic energy barrier which corresponds 
to the ‘chemical’ transition state of bond formation 
and bond rearrangements. The unimolecular frag- 
mentation of a large ion corresponds to the reversal 
of an association reaction of a smaller ion and 
the neutral fragment. Thus, by the principle of 
microscopic reversibility a loosely bound ion/neutral 
complex is passed during the fragmentation reaction 
after the ‘chemical’ transition state. However, this 
second transition state for the dissociation of the 
ionheutral complex is a very loose one and, thus, 
does not correspond to a ‘bottle neck’3 for the total 
reaction. Hence, the intermediate ion/neutral com- 
plex is not of major importance for the rate of the 
fragmentation of ions with high internal energies? 
which react in the ion source of a inass spectrometer, 
and these complexes have escaped the attention of 

t Dedicated to Prof. Dr. H.-D. Beckey on the occasion of his 65th 
birthday. 

mass spectroscopists for a long time. In the study of 
the gas phase reactions of ions with low internal 
energies the formation of an intermediate ion/neutral 
complex cannot be neglected. This is clearly shown by 
the results represented in the 1iterature.’a2 

A detailed study of the properties of ionheutral 
complexes as intermediates of unimolecular ionic 
reactions is important for two reasons. Firstly, the 
ion/neutral complex may be prepared by a uni- 
molecular dissociation with less internal energy than by 
a bimolecular reaction, because in the latter case the 
relative kinetic energy and the attractive forces 
between the particles are transformed into internal 
energy. Therefore? the ionic and the neutral fragment 
may stick together rather closely in a unimolecularly 
formed complex for a long time giving rise to 
‘intramolecular? reactions with special ‘proximity 
effects’ which are of interest for the theory of 
ion/neutral reactions. With respect to these effects the 
intermediate iodneutral complex of a unimolecular 
dissociation of an ion may be of the same importance 
for the outcome of the reaction as the primary 
formation of intimate ion pairs in the course of a 
solvolytic pr0cess,2>~ and something like an ‘internal 
return’ has to be expected also for the intermediate 
ion/neutral complexes. This may give rise to 
intramolecular isomerization reactions. Indeed, the 
rearrangements of ‘incipient’ carbenium ions during a 
mass spectrometric fragmentation are well k n ~ w n . ~ , ~  
Secondly, the modern mass spectrometric techniques 
for the investigation of metastable ions6 as well as ion 
trap chemistry7 and Fourier transform-ion cyclotron 
resonance (Ff-ICR) spectroscopy’ all deal with the 
reaction of long-lived ions with low internal energies 
which may react via intermediate ion/neutral com- 
plexes. For the analytical applications of these 
techniques (tandem mass spectrometry? MS/MS9) one 
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has to know much more about the effects of these 
complexes on the course of mass spectrometric 
fragmentations than hitherto is known. 

Even-electron ions which are formed with low 
internal energies by chemical ionization (CI) appear 
especially prone to the formation of intermediate 
ionfneutral complexes, probably because of a facile 
protolytic bond cleavage. Thus, the CI-mass spectra 
and especially the metastable ion (MI) spectra and 
collisional activation (CA) spectra of ions formed by 
CI show rather surprising fragmentations which can be 
related to the original ion structures only with 
difficulty. Even-electron ions which correspond to 
protonated molecules can also be formed under 
EI-conditions by a fragmentation reaction. Recently, 
we have adopted this technique for a study of 
site-specifically protonated aromatic hydrocarbons." 
This paper is the first one of a series in which we 
report the results of a study of the unimolecular gas 
phase reactions of protonated aromatic carbonyl 
compounds. Again, these even-electron ions are 
generated by EI-fragmentations with the proton 
initially at the carbonyl oxygen. It will be shown that 
the migration of this proton to the aromatic moiety 
starts a series of reactions which can be explained only 
by intermediate ion/neutral complexes. 

I 

7H2 
0 

I 
CH3 

1 
M +  
166 

RESULTS AND DISCUSSION 

Figures 1 and 2 show the 70eV EI-mass spectra of 
1-(4-methoxymethylphenyl) ethanol, 1 and 1-(3- 
methoxymethylpheny1)-ethanol, 2, respectively. The 
fragmentation of the molecular ions starts by 
a-cleavage at the benzylic position and loss of CH3' to 
give rise to ions up (from 1) and a, (from 2), m / z  151, 
with the structures of protonated benzaldehydes. The 
MI-spectra of the molecular ions [1]+' and [2]+' 
contain a peak for this reaction besides a large signal 
for loss of CH30H, indicating that the formation of up 
and a, is also an energetically favoured process as 
expected. Furthermore, the spectra of deuterated 
derivatives (see below) show that only the CH3-group 
of the hydroxyethyl side chain is lost. 

The abundant ions mlz 45 and 43, respectively, are 
formed from the methoxvmethvl side chain and the 
hydroxyethyl side chaih, a; indicated by the 
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Figure 1. 70 eV El-mass spectrum of 1 -(4-methoxymethyl- 
phenyll-ethanol, 1. 
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Figure 2. 70 eV El-mass spectrum of 1-(3-methoxymethyI- 
phenyll-ethanol, 2. 

appropriate mass shifts in the EI-mass spectra of 
deuterated analogues. Note the peaks of the C7H7+ 
ions, mlz 91, which have to arise from a fragmenta- 
tion in both side chains of l and 2, and of ions 
m / z  119, which correspond to ions (ap - CH30H) and 
(a, - CH,OH). The formations of the ions m/z 45,91 
and 119 can be easily explained by a migration of the 
proton at the carbonyl group of up and a, to and 
across the benzene ring. Analogous fragmentations 
have been observed in the EI-mass spectra of other 
1-phenylethanols carrying a variety of substituents at 
the phenyl group. l1 Thus, fragmentations induced by 
proton migration from a protonated carbonyl group to 
a benzene ring appear to be a general phenomenon in 
this class of compounds. 

The MI spectra (Fig. 3 and 4) obtained by the 
mass-analysed ion kinetic energy (MIKE)-technique6 
of ions up and a, prove that these ions are indeed the 
precursors of the ions m/z  119, 91 and 45. Two 
additional small peaks are seen at mlz 121 (a  - CH20) 
and at m / z  105 (a - CH30CH3). The mechanisms of 
these five fragmentation reactions have been studied 
further in the MI-spectra of deuterated analogues of 
ions a derived from the labelled derivatives shown in 
Scheme 1. The results are presented in Table 1 and 
the reactions of ion a will be discussed separately. 

- CH,OH 

m/z 119 
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Figure 3. MI-spectrum of ion a, from 1 (70 eV). 
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Figure 4. MI-spectrum of ion a,,, from 2 (70 eV). 

CHFOCH, 

The ions m / z  45 are completely shifted to m / z  47 and 
48, respectively, in the MI-spectra of ions up derived 
from l c ,  ld ,  and le, and stay at mlz 45 in the case of 
l a , lb ,2a ,  and 2b. This clearly shows that the 
methoxymethyl side chain of up is lost without any 
exchange of its H-atoms, and this makes a preceding 
skeletal rearrangement between ion a and their 
tropylium counterpart,s very unlikely. Thus, the 
formation of CH,=OCH, can be described by 
reaction (1): 

H-C=OH H-CZO 

c 

y 3  $H3 
H-C-OD D-C-OH 

l a  Ib 

2 

Scheme 1 

OCH-CJ&-CHZ', (U - CHSOH) 
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The loss of CH30H from ions a is the most favoured 
fragmentation route, especially in the case of a,. 
Elimination of CD,OH from a formed by Id indicates 
loss of the methoxy group as expected. Note that no 
CH30D is lost if deuterated ions a are generated from 
l b  and 2b which proves that only the proton at the 
carbonyl group migrates to the benzene ring according 
to reaction (2), until eventually the methoxy group is 
protonated in d :  

Table 1. MIKE-spectra (70eV) of ions a,,, Q,, and their deuterated analogues (values given in parenthesis 
represent deuterium-distribution on neutral fragments) 

ap from ap from 
1 l a  lb l c  I d  l e  2 2a 2b 

-CH,O 1 2(100%) 2(100%) - 3(100%) - 1 1(100%) l(lOO%) 
2(100%) 

-CH,OD - 16(26%) - 29(54%) - - - 68(77%) - 
-CD30H - - - - 64(100%) - - - - 
-CH30CH3 1 l(lOO%) - - 
-CH,DOCH, - - 7(100%) - - - - - 

2(100%) 
--CD,OCH, - - - - 2(100%) - - - - 

-DCOOCH, - - 9.6(80%) 1.6(15%) - - - - 
- - - - 8(100%) - - - - 

"CD,0CH3 - - - 22(100%) - 28(100%) - - - 
' CH,OCD, - - - - 23(100%) - - - - 

- 2(100%) - - - - - - -CD,O 
-CH,OH 69 46(74%) 70(100%) 37(56%) - 59(100%) 82 20(23%) 85(100%) 

- 1 l(lOO%) - - 
l(lOO%) 

- - - - - - 1(100%) - -CHD,OCH, 

-HCOOCH, 8 10(100%) 2.4(20%) 9.4(85%) - lO(lOO%) 2 3(100%) 1.3(33%) 
2.7(67%) 

-HCOOCD3 
+CH,OCH, 20 24(100%) 15(100%) - - - 13 7(100%) lO(lOO%) 
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During the 'ring walk' of the proton from the 
carbonyl group to the methoxy group the intermediate 
formation of a-complexes b and c is expected and, 
hence, an exchange between the proton originally at 
the carbonyl group and the hydrogen atoms at the 
benzene ring. This exchange can not be observed in 
the case of reaction (1) but should give rise to loss of 
CH,OH and CH30D from ions a of la,  lc ,  and 2a via 
reaction (2). Indeed, this is observed (Table 1) but the 
H/D-exchange is far from its statistical value, and at 
the moment the amount of the exchange observed is 
not understood at all. No loss of CH,OD is observed 
for up derived from l e  which excludes ring 
enlargement to a tropylium structure prior to 
decomposition. 

The ions a, derived from 2a prefer loss of CH30D 
in spite of the expected mixing of one D and four H. 
The distance between the protonated carboxy group 
and the methoxy group at the meta position is too 
large for a transfer of H+ through space. Thus, the 
migration of the Df across the benzene ring probably 
occurs mostly by an intermediate n-complex (reaction 
(3)) without any exchange. 

om e 
H - C - 0  H-C=O 

d 

In contrast to this, both deuterated ions up derived 
from l a  and l c  eliminate CH30H over CH30D by 
similar amounts, although the H/D-ratio is 4/1 for la ,  
and 1/4 for lc ,  if the D-atoms at the methoxymethyl 
substituent are neglected. A ratio -CH30H/- 
CH30D = 53%:47% has been observed for the 
reaction of a from l c  in the first field free region of the 
VG-ZAB-2F mass spectrometer, which is close to the 
value 56%:46% for decompositions in the second 
field free region. The reactions of ions a derived from 
l c  have also been studied in a Research Ion Trap12 
which allows for reaction times from several 
milliseconds to several seconds. The result (- 
CH,OH/-CH,OD = 58 : 42) clearly shows that the 
amount of H/D-exchange in up is nearly independent 
of the ion lifetime and that the incomplete 
H/D-scrambling is not due to one exchange process 
which has not come to completion in the second field 
free region of the VG-ZAB-2F mass spe~trorneter.'~ 
Thus, it appears that different mechanisms, i.e. 
intermediate 0- and n-complexes, with different 
isotope effects and different orientation effects of the 
substituents at the benzene ring contribute to the 
CH,OH-elimination. Similar effects of the H/D- 
exchange have been observed during the reactions of 
other deuterated aromatic but many 

more experimental results have to be collected to 
explain these effects. 

C,H,+, (a - HCOOCH3) 

Although the formation of GH7+ ions, m / z  91, is not 
an abundant process of metastable ions a (see Fig. 3 
and Fig. 4) the loss of a fragment (or fragments) of 
60u is an interesting rea~ti0n.l~ The mass shifts 
observed for this process in the MI-spectra of 
deuterated a (Table 1) show that HCOOCH, or 
(CO+HOCH,) is lost. Three mechanisms can be 
envisaged for this process: 

i) Fast consecutive reactions a -+ (a - CO) ---f 

(a - CO - CH30H) or a 9 (a - CH,OH) 3 

(a - CH30H - CO). No loss of CO is observed in the 
MI-spectra of up and a,, and this leaves only the 
second reaction sequence (4) as a likely mechanism. 

H-CEOH H-CzO 

0 0 

However, in this case the H/D-distribution of the ions 
(a-CH,O(H,D)) in the case of la-le, and 2a,2b 
should be retained in the ions (a - CH,O(H, D) - CO). 
This is clearly not the case (Table 1). Only the ions a 
derived from Id lose CD30H as well as (CD,OH+ 
CO). In the case of l a  and 2a where a loses CH30H 
and CH,OD, only loss of (CH30H + CO) is observed 
whereas a from l b  and 2b eliminates only CH30H but 
loses (CH30H + CO) or (CH,OD + CO). The contra- 
dictory behaviour excludes reaction (4) as the 
mechanism, and the 60u are lost as the single entity 
HCOOCH, from a. 

ii) The elimination of a molecule of methyl 
formate, HCOOCH,, from a may occur by an 
ortho-effect even in the case of the para- and 
meta-substituted ions up and a,, if an isomerization 
into the ortho-derivative a. takes place by a benzyl 
ionltropylium ion ring expansion/ring contraction 
prior to decomposition (reaction (5)) .  

H-C-OH H OH H 

H 
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However, there are several experimental observations 
which do not agree with this 'conventional' fragmen- 
tation mechanism. Firstly, the skeletal rearrangement 
of a will distribute a D-atom at the original protonated 
aldehyde group of a over all positions of the benzene 
ring, and vice versa. This is not observed for ions up 
and a, derived from lb, lc, and 2b (Table 1) although 
some H/D-exchange between the formyl group and 
the phenylene group occurs. Secondly, it is known 
that a-hydroxybenzyl ions and hydroxytropylium ions 
are stable species which do not interconvert easily. l6 

Thirdly, it will be shown in forthcoming papers that 
the elimination of HCOOCH3 from methoxymethyl- 
substituted and protonated aromatic aldehydes is still 
observed when the aromatic systems make a skeletal 
rearrangement of the ions very unlikely. 

iii) The experimental observations are best ex- 
plained by assuming an intermediate ion/neutral 
complex g between a formyl ion and a benzylmethyl 
ether molecule, which arises from a by migration of 
the proton of the protonated aldehyde group into the 
ipso-position of the benzene ring (complex f) with a 
subsequent protolytic bond cleavage (reaction (6)). 

H-C: OH H C H O  H H 

16) 

UP f 9 h 
H 

-0 HCOOCH3 

CH2 

One can also think of a 'conventional ring walk' of 
the CHO+ in f by 1,2-shifts along the benzene ring 
until it eventually reacts with the methoxy group. 
However, the electrostatic attraction between the 
formyl cation and the benzene nucleus being a n-base 
of considerable polarizability should be large. 
Assuming a distance of 3 A  between CHO' and the 
centre of the benzene ring, the calculation of the 
ion/dipole forces by the classical formula (7) gives a 
stabilization energy Estab of 186 kJ mol-l. Thus, much 
excess energy can be stored in the complex g before 
the dissociation limit is reached. In complex g the 
formyl cation is rather free to move and will be 
directed towards the methoxy group by the dipole 
moments of the C-0 bonds until it combines with 
the n-base CH30-CH2-Ar forming intermediate h. 
These directing and capturing effects of polar groups 
with electron lone pairs have also been observed in 
gas phase electrophilic aromatic  substitution^.'^ 

(7) 
-w2 -4Po V ( r )  =-+ - 
2r4 r2 

r = mean distance 
a = polarizability 

po = dipole moment of the 
neutral component 

q = formal charge 

Interestingly, one observes a certain amount of 
H/D-exchange between the formyl cation and the 
aromatic group. This indicates that some of the formyl 
cation/arene complexes. g may isomerize to arenium 
ion/CO complexes i and return to the former 
complexes before fragmentation (reaction (8)). 

g 1 g' 

Protonated benzaldehyde and protonated tolyl- 
aldehydes decompose in the gas phase by loss of 
C0,l' in contrast to ions a, and this fragmentation 
proceeds via an intermediate arenium ion/CO 
complex (reaction (9)). 

H-C-OH H C H O  H '  H H  

(9) Q (?J @JCS @"" 
R R R R 

R -  H.CH,  

However, in this case one lacks an additional 
fragmentation reaction monitoring any H/D exchange 
to see whether or not this reaction occurs with internal 
return within the iodneutral complexes. 

The crucial reaction step in forming the formyl 
cation/benzylmethylether complex g is the protolytic 
bond cleavage in the ipso-protonated a-complex f 
(reaction (6)). An analogous a-complex c is formed 
in reaction (1) by migration of the proton into the 
ipso-position of the methoxymethyl substituent before 
the group eventually is lost. It is very likely therefore 
that a methoxymethyl catiodbenzaldehyde complex j 
is an intermediate of this reaction. The question arises 
whether one observes other fragmentations due to the 
intermediate j .  Indeed, the losses of CH30CH3 and 
CH20 from ions a can be attributed to intermediate j .  
The reactions of deuterated a prove (Table 1) that the 
dimethylether molecule is specifically formed from the 
intact CH30CH2-substituent and the H-atom at the 
CHO-group, while the CH20 stems from the 
-CH20-moiety of the CH30CH2-substituent. The 
mechanisms for these fragmentations are given in 
reactions (10) and (11). 

Reaction (10) corresponds to a hydride abstraction 
from the formyl substituent by the ion CH,=6CH3 
which can freely move in the complex j and which is 
directed to the formyl group by the dipole moment of 
that group (complex k ) .  Hydride abstractions are a 
typical reaction of CH2=6-CH3 in bimolecular 
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H-Cz OH H-Cr: 0 H-C- 0 

(101 Q - Q - Q -  
FH2 H p 2  CH2;O-CH3 

0 0 

C 1 
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k 

CH2:0-CH3 
i 

H-C-0 H-C=O H-C-0 

CH3 

C 1 k 

H-C= 0-04, 

--L 8 + HzCO 

ri 

ionlmolecule reactions.I8 Similarly, reaction (11) can 
be env'saged as a methyl cation transfer from the 
CH, CH3 ion to the carbonyl group of the 
benzaldehyde molecule in complex k. Again, this is a 
reaction known from bimolecular ion/molecule 
reactions. l 8 3 I 9  

CI-EXPERIMENTS 

It is of interest to see whether ions of the structure ap 
and a, can also be generated by chemical ionization 
(CI) of para- and meta-methoxymethylbenzaldehyde 3 
and 4, respectively. The proton affinities (PA) of the 
functional groups in the side chains are probably 
similar (PA(R,CO) = 840 kJ/mol; PA(R,O) = 850 kJl 
mol; PA(C6H6) = 759 kJ/molZ0) and can be easily 
protonated by CH,+. The CA-spectra of protonated 3 
and 4 are compared to that of ions a, and a, from 1 
and 2, respectively, in Fig. 5 and Fig. 6. Each of the 

Figure 5. CA-spectra of MH" of p-rnethoxy- 
rnethylbenzaldehyde, 3 and of ap (from 1). 

pairs of CA-spectra is identical, proving identical 
structures (or mixtures of structures) for these ions. 

The MIKE-spectra of the protonated benzaldehydes 
3 and 4 are shown in Table 2. The main fragmentation 
routes are loss of CH,OH, loss of HCOOCH3 and 
formation of CH,6CH3, mlr 45, and are those 
observed for ions a from 1 and 2 (Table 1). In 
addition to small peaks due to elimination of CH,O 
and of CH30CH3, which have also been observed in 
the MIKE-spectra of a, small peaks due to loss of CH3 
and CO are found. These peaks and the intensity 
differences observed in the MIKE-spectra of ions a 
and a, generated by EI (Table 1) and CI (Table 25 

i I : m/z 119 

Figure 6. CA-spectra of MH+ of m-rnethoxyrnethylbenz- 
aldehyde 4 and of a,,, (from 2). 

Table 2. MIKE-spectra of MH+ of p -  
benzaldehyde (3 and 4) 

3 
CI(CH,) CKD,) 

-CH, 7 <1 
-CH,O 1 2 

-CH,OCH, 1 1 

-CH,OH 43 26(79%) 
-CH,OD - 7(21%) 

-HCOOCH, 14 16 
CH,=~CH, 31 46 

and m-methoxymethyl- 

4 
CI(CH,) CI(CD,) 

5 <l 
2 4 
68 15(23%) 
- 52(77 %) 
1 1 
5 7 
20 22 
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can be attributed to differences of the internal 
energies. The MIKE-spectra of the deuteronated 
benzaldehydes generated by CI(CD4) (Table 2) shows 
peaks for the elimination of CH,OH and CH,OD, but 
no incorporation of the D-atom into the other neutral 
fragments. This agrees with the behaviour of 
deuterated ions a derived from l a  and 2a by EI. 
Again, the deuteronated m-methoxymethylbenzal- 
dehyde, 4, prefers elimination of CH30D while the 
deuteronated para-isomers eliminate mostly CH30H. 
This close analogy shows that the fragmentation of 
these CI-ions occurs also via intermediate ion/ 
molecule complexes. 

CONCLUSION 

Ions up and a, with the structure of para- and 
meta-substituted benzaldehydes protonated at the 
carbonyl group are easily generated from the 
corresponding 1-phenylethanols by electron impact. 
Metastable ap and a, react further by elimination of 
CH30H, loss of HCOOCH, and formation of ions 
CH2=&CH, from the side chain. This latter process 
as well as the loss of CH,OH from ions a can be 
explained by a more or less 'conventional' fragmenta- 
tion mechanism which starts by a migration of the 
proton at the carbonyl group onto the benzene ring. 
Indeed, this migration by a 'ring walk mechanism' via 
a a-complex can be proven by a H/D-exchange in 
appropriately labelled ions a before the elimination of 
methanol. However, the exchange between the proton 
at the carbonyl group and the four hydrogen atoms at 
the benzene ring is not complete, and the 
incorporation of the proton originally at the carbonyl 
group into the methanol lost is favoured especially in 
the case of the meta-substituted ions a,. Thus, 
migration of the proton at the carbonyl group occurs 
also across the benzene ring to the methoxy group by 
a n-complex without any exchange between the 
migrating proton with the other hydrogen atoms. 
Since the PA of the benzene ring (PA(C6H6) = 759 kJ/ 
mo1;20 PA(CH,-c6H,) = 794 kJ/mo12') is less than 
that of a keto group (PA(CH3-C6H4-CHO) = 
852 kJ/mol;20 PA((&H,),CO) = 843 kJ/mo12'), the 
transfer of the proton from the carbonyl group to the 
aromatic ring takes place only in excited ions a. It 
seems possible that this favours the formation of 
n-complexes over that of a-complexes. 

The most interesting reaction of ions up and a, is 
the elimination of HCOOCH,, which is formed by a 
functional group interaction of the two side chains of 
ions a. These side chains are too far apart for a direct 
'through space' interaction, and skeletal isomeriza- 
tions of ions up and a, into the ortho-isomers can be 
excluded by the results from deuterated ions a. Thus, 
the formyl substituent has to migrate to the 
methoxymethyl side chain via an intermediate 
ionlneutral complex. Obviously, some of the n- 
complexes formed by the transfer of the proton at the 
carbonyl group to the n-cloud of the benzene ring 
collapse by protolysis of the C-C bond between 
benzene ring and formyl group into an ionheutral 

complex between a formyl cation and a benzyl- 
methylether molecule. The heat of formation of an 
ion/neutral complex is determined by the sum of the 
heats of formation of the constituents and the 
attractive forces between them. AH,(H+) = 1528 kJ/ 
mo120b is much larger than AHf(CHO+) = 815 kJ/mol 
or any other organic cation, and the isomerization of a 
n-complex of a substituted benzene into an 
ion/benzene complex is therefore an exothermic 
reaction. This explains the large tendency of 
protonated aromatic molecules to form ion/neutral 
complexes as intermediates during their fragmenta- 
tions. Indeed our results show that formyl cation/ 
benzylmethylether complexes are also formed in the 
CI(C&) mass spectra of methoxymethylbenz- 
aldehydes. 

EXPERIMENTAL 

Mass spectrometry 

The 70eV EI mass spectra were measured with a 
MAT 311A mass spectrometer under the following 
experimental conditions: electron energy 70 eV, 
emitter current 3 mA, acceleration voltage 3 kV, ion 
source temperature 180 "C. 

The investigations of metastable ions were per- 
formed with a double focusing mass spectrometer VG 
ZAB-2F equipped with a combined EI/CI ion source 
using the following experimental conditions: 
EI: electron energy 70 eV; electron trap current, 
50 PA; ion source temperature 180 "C, accelerating 
voltage 6 kV. 
CI: reagent gas CH4, CD4; electron energy 100eV; 
electron emission current 100 PA; ion source tem- 
perature 180 "C; accelerating voltage 6 kV. 

The reactions of metastable ions in the 2nd FFR of 
the VG ZAB-2F instrument were studied by focusing 
the relevant ion into the 2nd FFR and varying the 
electrostatic field. CA/MIKE spectra were obtained 
by introducing He into the collision chamber of the 
2nd FFR until the intensity of the main beam was 
reduced to 30%. 

Compounds 

4-Methoxymethylbenzaldehyde and 3-methoxybenz- 
aldehyde were obtained as described in the lit- 
erature.21,22 
1-(4-Methoxymethylphenyl)-ethanol 1 and - 1-(3- 
methoxymethylpheny1)-ethanol 2 were prepared from 
the corresponding 1-(3-~hloromethyl heny1)-ethanol 
and l-(4-chloromethylphenyl)-ethanol~ by treatment 
with CH,ONa in CH30H. 

The hydrogen atom of the hydroxyl-group in 1 and 
2 was exchanged by addition of excess D 2 0  to yield l a  
and 2a. 

The synthesis of l-(4-methoxymethylphenyl)-D1- 
ethanol l b  starts with 4-bromomethylacetophenon, 
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which was prepared from 4-methylacetophenone with 
NBS in CCll as described in the literat~re.’~ The 
reduction with LiA1D4 at -50°C in THF followed by 
substitution with CH,ONa in CH,OH yielded lb.  
1-(3-Methoxymethyiphenyl)-D,-ethanol 2b was synth- 
esized by the same procedure as l b  starting from 
3-bromomethylacetophenone. 
1-(4-Methoxymethyl-D,-phenyl-D4)-ethanol l c  has 
been synthesized from D8-toluene which was acety- 
lated with CH,COCl and AlCl, in dry CS, to yield 
D7-4-methylacetophenone. This was brominated with 
NBS, reduced with LiAlH4 and substituted with 
CH,ONa in CH,OH according to the procedure for 
lb .  
1-(4-Methoxymethyl-D2-pheny1)-ethanol l e  was ob- 

tained by addition of acetaldehyde to the Grignard- 
compound from 4-bromo-methoxymethyl-D,-benzene 
and Mg25,26 in THF. The bromo benzene derivative 
was obtained by reduction of 4-bromobenzoic acid 
methyl ester with LiAlD4, followed by reaction with 
PBr, and the final substitution with CH30Na. 
1-(4-D,-Methoxymethylpheny1)-ethanol Id was pre- 
pared from l-(4-Chloromethylphenyl)-ethano123 by 
treatment with CD,ONa in CD,OD. 
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