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Abstract

The molecular ion of 3-phenyl-1-bromopropane is known to eliminate ethylene containing the methylene groups of position:s
1 and 2 following an exchange between the hydrogen atoms from position 1 and the ortho positions of the phenyl ring. Durin
this reaction migration of the bromine atom to some position in the molecular ion must take place. The eventual position tc
which the bromine atom has migrated has been probed by studying the metastable behaviour and collision-induced dissociati
reactions of the (M—GH,)"" ion. From comparison with appropriate reference ions it is found that the {MzC" ion has
the structure of ionized benzyl bromide. The mechanistic implication of this finding is briefly discussed. (Int J Mass Spectrom
188 (1999) 1-6) © 1999 Elsevier Science B.V.
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1. Introduction study this field have been broadened and expanded
dramatically in mass spectrometry.

Three decades ago it was shown that the molecular The aforementioned hydrogen atom exchange in
ion of 3-phenyl-1-bromopropane eliminates ethylene the molecular ion of 3-phenyl-1-bromopropane [1] is
following an extensive exchange between the hydro- one of the many observations made in mass spectrom-
gen atoms from the carbon atom of position 1 and etry, which have provided evidence for the stepwise
those from the ortho positions of the phenyl ring [1]. mechanism of a 1,5-hydrogen shift in gas phase ions
Since then the views on the chemistry of gas phase [13—15]. However, following this exchange the bro-
ions [2—6] and the experimental methods [7—12] to mine atom must migrate to enable the elimination of

ethylene that in addition to the exchanged methylene
group of position 1 contains the methylene group of
* Corresponding author. E-mail: nibberin@ims.chem.uva.nl position 2 according to the deuterium labelling ap-
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Japan. it ; i

not only one of the ortho positions, but, in principle,
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(IE) of n-propylbenzene (IE= 8.72 eV [16]) than of 3-phenyl-1-bromopropane are presented in Fig. 1. The
n-propyl bromide (IE= 10.19 eV [16]) it is quite MIKE spectra of the molecular ions of benzyl bro-
likely that the neutral bromine atom attacks the mide and ortho-bromotoluene are very simple and
charged phenyl ring in the molecular ion of 3-phenyl-  similar [see Fig. 1(a) and (b), respectively]. In addi-
1-bromopropane to form initially a bromonium type tion to a minor H loss as shown by a small shoulder
of ion. Upon ipso attack this would lead to i on the low mass side of both main ion beams, the base
which is expected to eliminate ethylene containing the peak is found in both cases ai/z 91 because of
methylene groups of positions 2 and 3 [see Eq. (1)] expulsion of the bromine atom. However, the peak at
rather_ than those_of positions 1 and 2 being observed ,/, 91 generated from the benzyl bromide ion is
experimentally (vide supra). considerably narrower than that from the ortho-bro-
motoluene ion as quantified by the measured kinetic
_ — S d—cit, energy release [19] .5 values listed in Table 1.
@ o 0 (1) The MIKE spectrum of the (M—gH,)"" ion from
~ ortho-bromo n-propylbenzene shows peaks m@i/z
169, 168, 157, 144, 91, and 90 [see Fig. 1(c)]. It
_ ) should be noted in this case that the selected main ion
Ortho attack, however, would lead to ienwhich beam ofm/z170 consists for about 90% of the natural
is expected to eliminate ethylene containing the meth- 13C isotopic ion of the (M—GH.)* species. The
ylene groups of positions 1 and 2 [see Eq. (2)] in MIKE spectrum of the latter ion (not shown) contains
agreement with the observations made [1]. peaks am/z168, 167, 156, 143, and 90 corresponding
with losses of H H,, C,H; [from metastably gener-
ated (M-CH)" = m/z 183 ions appearing at m=
@ CE (2) 169.1], GH, and Bf, respectively.
Most of the peaks in the MIKE spectrum of the
(M-C,H,)"* ion from ortho-bromon-propylbenzene
Thus, the (M=GH,)"* ion generated upon electron '€ thus actually because of similar losses from the
ionization (EI) from 3-phenyl-1-bromopropane is ex- natural**C isotopic ion of the (M-GHz)" species.
pected to have the structure of iah that is, the =~ However, the presence of the peaknatz 90 in the
tautomer of ionized ortho-bromotoluene. To confirm MIKE spectrum under discussion must correspond to
or disprove this expected ion structure we therefore elimination of HBr from the (M-GH,)™" ion of
have conducted a metastable ion and collision-in- ortho-bromo n-propylbenzene. This is further con-
duced dissociation (CID) [17,18] study of the (M— firmed by the better mass resolved spectrum obtained
C,H,)"" ion of interest and of isomeric reference ions. with the use of a MIKES/Q scan [see inset in Fig.
1(c)]. This points at a transfer of a hydrogen atom to
the bromine atom rather than to the phenyl ring during
expulsion of ethylene from the molecular ion of
ortho-broman-propylbenzene as visualized in Eq. (3):

b

2. Results and discussion
2.1. Spontaneous dissociation

As reference ions have been studied the molecular y
ions of benzyl bromide and ortho-bromotoluene and Cz\CH o CHy
the (M—=GH,)"* ions from ortho-broma-propylben- @ Qe o @ 3)
zene. Their mass-analyzed ion kinetic energy (MIKE) B{DICHZ Br-
spectra together with that of the (M-&,)"" ion of e £
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Fig. 1. MIKE spectra of thé®Br containing molecular ions of (a) benzyl bromide and (b) ortho-bromotoluene and éfRheontaining
(M=C,H,)"* ions of (c) ortho-bromm-propylbenzene and (d) 3-phenyl-1-bromopropane.

The MIKE spectrum of the (M—gH,)"" ion from 168 [see Fig. 1(d)]. Nevertheless, the cTkinetic
3-phenyl-1-bromopropane is different from those of energy release value measured for Bss from this
ionized benzyl bromide and ortho-bromotoluene in ion is identical to that measured for ionized benzyl
the sense that it contains a relatively large peak/at bromide (see Table 1).
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Table 1

Kinetic energy releasek values (in meV) for the bromine atom
loss reactiorm/z 170 — m/z 91 following electron ionization of
some brominated aralkyl compounds (first two entries) and
subsequent ethylene elimination (last two entries)

Compound T.s (meV)

axr :

Br
X »
CHy
o 56
Br
) 5
Br

2.2. Collision-induced dissociation

The CID spectra of the molecular ions of benzyl
bromide, ortho-bromotoluene, and the (M#+G)™*
ion from 3-phenyl-1-bromopropane are displayed in
Fig. 2. Those of ionized benzyl bromide and the
(M-C,H,)"* ion of interest appear to be very similar,
if not identical [compare Fig. 2(a) and (c)]. No trace
of a signal atm/z156 is found in the CID spectrum of
the (M—C,H,)"" ion, not even upon amplification [see
inset Fig. 2(c)], which might be expected if the ion
would have the structure of iod. The (M—GH,)™"
ion certainly does not have the structure of ionized
ortho-bromotoluene as the CID spectrum of the latter
ion differs significantly both from that of the (M—
C,H,)"" ion and from that of ionized benzyl bromide
with respect to the mass region betwearz 91 and
m/z 170 [compare Fig. 2(b) with Fig. 2(a) and (c)].
Note, for example, the peak at/z 155 in the CID

This conclusion is not inconsistent with the behaviour
of the metastably decomposing (M+€,)"* ion of
interest, discussed above, which also is very similar to
that of ionized benzyl bromide.

2.3. Mechanistic considerations and conclusion

Having obtained strong indications from the exper-
imental results described above that the (MHE™™
ion from 3-phenyl-1-bromopropane has the benzyl
bromide structure, it is appropriate to consider the
mechanistic implications for the formation of this ion.

The formation of the (M—-gH,)"" ion directly in
the benzyl bromide structure would be possible via a
formal 1,2-elimination, which in the present case
could be viewed as an intramoleculagZSattack of
the bromine atom on the benzylic carbon in the
molecular ion of 3-phenyl-1-bromopropane under ex-
pulsion of ethylene. Such a reaction or, in general,
S\2 substitution in the gas phase is known to have a
high energy barrier [20,21]. One might then expect a
considerable kinetic energy release for the ethylene
expulsion. However, this is not the case as indicated
by the moderate Js value of 63 meV measured for
this reaction.

Another possibility is that the Br atom migrates to
one of the ortho positions of the phenyl ring as
outlined in the introduction to give initially iod that
subsequently rearranges via a low energy barrier to
the benzyl bromide ion. Considering that thelf of
ionized toluene (901 kJ/mol [16]) and its ortho tau-
tomer (934 kJ/mol [16]) differ by 33 kJ/mol, one may
expect theAHy of ion d to be around 925 kJ/mol on
the basis of theAH; value of 890 kJ/mol [16] for
ionized ortho-bromotoluene. TheH? value for iond
then is very close to that of ionized benzyl bromide,
being 935 kJ/mol [16].

Of course, there may be a barrier between dbon

spectrum given in Fig. 2(b) that indicates the presence and the ionized benzyl bromide structure. However,

of a methyl group in the corresponding precursor ion,
which is in agreement with the ortho-bromotoluene
structure.

contrary to the relatively high energy demanding
1,3-hydrogen shift [22] to rearrange the ortho tauto-
meric toluene ion into its traditional structure, which

Taking all the observations together it seems that have been shown to be distinct stable species [23,24],

the nondecomposing (M-8,)"* ion from 3-phenyl-

1-bromopropane has the benzyl bromide structure.

ion d may well isomerize easily via a smooth forma-
tion of a four-membered ring bromonium type ign
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Fig. 2. CID spectra of thé®Br containing molecular ions of (a) benzyl bromide and (b) ortho-bromotoluene and éfBheontaining

(M-C,H,)** ions of (c) 3-phenyl-1-bromopropane.

(for another recently reported example of a four-
membered ring bromonium ion, see [25]) and subse-
guent ring opening to the ionized benzyl bromide ion
h as exemplified in Eq. (4):

CH2 CH,Br
[ I [ RBr ‘

The barrier for isomerization of iod into ion h
cannot exceed much theH? of ion h in view of the
fact that the kinetic energy releasg Jvalue for B/
loss from the (M—GH,)'" ion of 3-phenyl-1-bro-
mopropane is identical to that for Bloss from
ionized benzyl bromide (see Table 1).

It must then be concluded that the isomerization of
ion d into ion h as the long-lived and metastably
decomposing benzyl bromide ion structure of the
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(M-C,H,)"* ions of interest, is fueled apparently by
part of the energy required for the elimination of
ethylene from the molecular ions of 3-phenyl-1-
bromopropane.

3. Experimental

The spectra were recorded by use of a VG micro-
mass ZAB-HFqQ mass spectrometer with the config-
uration BEqQ (B= magnetic sector, E electric
sector, g= rf-only quadrupole, Q= quadrupole
mass filter) that was coupled to a VG 11/250 data
system. For the acquisition of the EI/MIKE [19] and
EI/MIKE/CID [17,18] spectra, the brominated com-
pounds were introduced into the ion source held at
150 °C through a septum inlet system heated to
150 °C and ionized by 70 eV electrons. The resolving
power of the magnetic sector was set to 2000 (10%
valley definition). The spectra were then obtained by
scanning the electric sector voltage to transmit ions
from 8 keV (main beam) to 500 eV; the total scan
time was approximately 10 s. For the high energy
MIKE/CID spectra, helium was used as the collision

References

[1] N.M.M. Nibbering, Th.J. de Boer, Tetrahedron 24 (1968)
1427.

[2] N.M.M. Nibbering, Adv. Mass Spectrom. 14 (1998) 43.

[3] R.L. Smith, P.K. Chou, H.l. Kenttaaa, in T. Baer, C.-Y. Ng,
|. Powis (Eds.), Energetics and Dynamics of Organic lons,
Wiley, Chichester, 1996, Chap. 5.

[4] P. Longevialle, Mass Spectrom. Rev. 11 (1992) 157.

[5] H.-F. Griuizmacher, Int. J. Mass Spectrom. lon Processes
118/119, (1992) 825.

[6] M. Speranza, Int. J. Mass Spectrom. lon Processes 118/119
(1992) 395.

[7] M.N. Eberlin, Mass Spectrom. Rev. 16 (1997) 113.

[8] A.G. Marshall, Acc. Chem. Res. 29 (1996) 307.

[9] R.G. Cooks, J.S. Patrick, T. Kotiaho, S.A. McLuckey, Mass
Spectrom. Rev. 13 (1994) 287.

[10] R.E. March, Int. J. Mass Spectrom. lon Processes 118/119
(1992) 71.

[11] F.W. McLafferty, Int. J. Mass Spectrom. lon Processes
118/119 (1992) 221.

[12] R.R. Squires, Int. J. Mass Spectrom. lon Processes 118/119
(1992) 503.

[13] M.B. Stringer, D.J. Underwood, J.H. Bowie, C.E. Allison,
K.F. Donchi, P.J. Derrick, Org. Mass Spectrom. 27 (1992)
270.

[14] D.G.I. Kingston, J.T. Bursey, M.M. Bursey, Chem. Rev. 74
(1974) 215.

[15] F.P. Boer, T.W. Shannon, F.W. McLafferty, J. Am. Chem.
Soc. 90 (1968) 7239.

gas at such a pressure in the collision cell, that the [16] S.G. Lias, J.E. Bartmess, J.F. Liebman, J.L. Holmes, R.D.

intensity of the mass selected beam was reduced to

50% of its original value. Product ion signals were
acquired with the data system in the “multichannel
analyzer” (MCA) mode. Scans were generally of 10 s

duration, and 5-10 scans were accumulated. The

reported kinetic energy release values,sTwere
obtained from the width of the metastable peaks at
half height as described earlier [26].

Acknowledgements

H.Y. would like to thank the Osaka Prefectural
Government for providing the sabbatical leave grant
and R.H.F. and N.M.M.N. thank the Netherlands
Organization for Scientific Research (SON/NWO) for
continuous financial support.

Levin, W.G. Mallard, J. Phys. Chem. Ref. Data 17 (1988)
Suppl. 1.

[17] K.L. Busch, G.L. Glish, S.A. McLuckey, Mass Spectrometry/
Mass Spectrometry, Techniques and Applications of Tandem
Mass Spectrometry, VCH, New York, 1988.

[18] F.W. McLafferty (Ed.), Tandem Mass Spectrometry, Wiley,
New York, 1983.

[19] R.G. Cooks, J.H. Beynon, R.M. Caprioli, R.G. Lester, Meta-
stable lons, Elsevier, Amsterdam, 1973.

[20] B.D. WIladkowski, K.F. Lim, W.D. Allen, J.I. Brauman,
J. Am. Chem. Soc. 114 (1992) 9136.

[21] C.H. DePuy, S. Gronert, A. Mullin, V.M. Bierbaum, J. Am.
Chem. Soc. 112 (1990) 8650.

[22] D.J. McAdoo, C.E. Hudson, J.J. Zwinselman, N.M.M. Nib-
bering, J. Chem. Soc., Perkin Trans. Il (1985) 1703.

[23] J.E. Bartmess, S.S. Griffith, J. Am. Chem. Soc. 112 (1990)
2931.

[24] J.E. Bartmess, J. Am. Chem. Soc. 104 (1982) 335.

[25] A.J.R. Heck, N.M.M. Nibbering, J. Am. Soc. Mass Spectrom.
6 (1995) 11.

[26] H. Yamaoka, R.H. Fokkens, S. Tajima, H. Yamataka, N.M.M.
Nibbering, Bull. Soc. Chim. Belg. 106 (1997) 399.



