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The gas-phase ion-molecule reactions of CF;* with monosubstituted benzenes carrying a hydroxy or alkoxy group
[PhX: X =0H, CH,OH, CH,CH,OH, CH(OH)CH3, OCH3s, and OC;Hs] have been studied at near-thermal energies using
an ion-beam apparatus. The major product channels are electrophilic addition on the O-atom, followed by loss of CF30H,
for ROH (R =Ph, PhCH,, PhCH,CH,, PhCHCH3); while they are electrophilic addition to a ring and a substituent,
followed by molecular eliminations such as HF, C,Hy, and PhF, for PhOCH3; and PhOC;Hs. As a minor product channel,
charge transfer is found for PhOH, PhOCH3, and PhOC,Hs. The reaction mechanism is discussed based on product ion
distributions and theoretical calculations of the potential energies of reaction pathways.

We have recently initiated systematic mass spectromet-
ric studies on ion-molecule reactions of a typical superacid,
CF3*, with aromatic molecules in order to clarify the reactiv-
ity of carbocations for aromatic molecules in the gas phase
completely free from any solvent. In preceding papers,'—
product ion distributions have been reported for PhX [X=H,
CH;, CH, (n=1,3,5), NH,, NO,, CN, and OCH3]. The

reactions of CF;* with the above monosubstituted benzenes

generate product channels as follows: (1) an electrophilic
attack on a ring without highly reactive substituents (e.g.
benzene and toluene), (2) an electrophilic attack on a sub-
stituent with lone-pair electrons and multiple bonds (e.g.
anisole and benzonitrile), and (3) an attack on a negative
charge (nitrobenzene). On the basis of our previous results,
we expected that preferential o-bond formation by trifluoro-
methylation would occur at polarizable centers of negative
charge (i.e. lone-pair electrons and multiple bonds) in the
gas-phase where polar heteroatoms are not solvated. The
charge-transfer (CT) process was found to compete with the
above main reactions for almost all monosubstituted ben-
zenes with ionization potentials (IP) lower than the recombi-
nation energy of CF;* (<8.90 eV), which is equal to the IP of
CFs-. The branching ratio of the CT channel increases with
decreasing the IP of the reagents. For aniline with the low-
est ionization potential, the CT process becomes a dominant
product channel (71.7+0.5%). Although the hydride-trans-
fer (HT) process was found for such aromatic hydrocarbons
as benzene and toluene, it was absent for PANH,, PhNO,,
PhCN, and PhOCH3; which have highly reactive substituents.

In the present work, ion-molecule reactions of CF3* with
PhX [X =OH, CH,OH, CH,CH,0H, CH(OH)CH3, OCHj3,

and OC,;Hs] were studied in order to examine the effects of
a hydroxy or alkoxy group in the monosubstituted benzenes.
All of these reagents have highly reactive lone-pair electrons
on the oxygen atom. Therefore, not only the electrophilic
addition to a benzene ring but also that to a substituent is
possible. The reaction mechanism is discussed based on
product ion distributions and semiempirical calculations of
potential energies of reaction pathways. The results obtained
are compared with previous studies on the reactions of CF;*
with aliphatic alcohols by using an ion-cyclotron resonance
(ICR) method.*” Although the product ion distribution for
PhOCHj; has been reported in our recent report,” no theoret-
ical calculations of the reaction pathways have been carried
out. In the present study, potential energies are calculated
semiempirically in order to confirm the validity of the reac-
tion scheme proposed previously.

Experimental

The ion-beam apparatus used in the present study was identical
with that reported previously. 9 In brief, ground-state Ar*(*P; /2)
ions were generated by a microwave discharge of high-purity Ar
gas in a quartz flow tube. The reactant CF;* ions were produced
by the thermal-energy CT reaction of Ar* with CF4.” They were
expanded into a low-pressure chamber through a nozzle centered
on the flow tube. The reagent gas was injected into the reaction
zone from an orifice placed 5 cm downstream from the nozzle. The
reactant and product ions were sampled through an orifice placed
3 cm further downstream, and were analyzed using a quadrupole
mass spectrometer. The operating pressures were 0.5—1.0 Torr
(1 Torr=133.322 Pa) in the ion-source chamber, (1.5—2.5)x 103
Torr in the reaction chamber, and (0.8—2.0)x 10~° Torr in the mass
analyzing chamber. The partial pressures of the sample gases were
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< 1x107 Torr in the reaction chamber and < 1x 10~° Torr in the
mass-analyzing chamber.

Under a typical Ar pressure in the flow tube (1.0 Torr), the Ar
expansion was estimated from known relations™ to have a Mach
number of 3.2 and a final velocity of 487 ms™'. Assuming a
Boltzmann distribution of 300 K for reagent molecules and a perpen-
dicular direction between the ion-beam and the reagent, the relative
velocities of the CF;*—PhOH, CF;*-PhOC,Hs, CF;*-PhCH,OH,
CF5*-PhCH,CH,OH, and CF5*-PhCH(OH)CH3; pairs were eval-
uated to be 552, 538, 544, 538, and 538 ms™ ', corresponding to
average center-of-mass translational energies of 63, 66, 65, 66, and
66 meV, respectively. Therefore, the present experiments were car-
ried out at only slightly hyperthermal energies. The reaction time
between CF;* and the reagents was estimated to be < Sx107° s by
using the velocity of the CFs* beam and the distance between the
reagent gas inlet and the sampling orifice. In the present experi-
ment, the sample gas pressures were too low to control by using a
mass flowmeter. Therefore, it was difficult to determine the reaction
rate coefficients.

The heats of formation are known for the reactant ion, reagents,
and some stable products obtained in this work.*® However, there
are many species whose AH® values are unknown. They were
calculated by using a semiempirical MNDO method (MOPAC Ver.
6.0) in order to describe potential-energy diagrams of the reaction
pathways. The IP values of PhCH,CH,OH and PhCH(OH)CH3
were calculated by using not only the MNDO method but also
AM1 and PM3 methods.

Table 1.

Reactions of CF3* with Aromatic Molecules

Results and Discussion

Phenol: For the CF;* + PhOH reaction, the following
four product channels were observed:

CF;" + CgH50H — C;HsOF," + HF, (la)

— CgHgF" +CF,0, (1b)

— (C¢HsOH)*" + CF;-, (1c)

— CgHj5 + CF;0H. (1d)

The branching ratios of each process are given in Table 1.
Major product channels are electrophilic addition with a loss
of HF or CF;0H, Egs. la and 1d, which occupy about 90%
of the total ion production. As minor product channels,
electrophilic addition followed by CF,0 elimination and CT
leading to the parent ion, Egs. 1b and lc, were observed
with the same branching ratios of about 5%. Although
the initial adduct CgHgOF;™ ion was observed for the reac-
tion with PhAOCHj; (15.4:£2.4%),? the corresponding adduct
C7HgOF5* ion could not be detected for PhOH.

The C7H50F,* ion can be formed through the ring and sub-
stituent adducts (Schemes 1 and 2). The electron-donating
resonance effect of the OH group will enhance the formation
of Wheland-type adducts (2a—2c¢), while a high reactivity
of the lone-pair electrons on the oxygen atom will yield O-
adduct 4, preferentially. The potential-energy diagram for

Product Ion Distributions and Reaction Mechanism in Ion—Molecule Re-

actions of CF;* with C¢HsOH, C¢HsCrnHonOH (m=1, 2), and CeHsOCnHom1

(m=1, 2), at Near-Thermal Enegy®

Reagent Product ion Reactlf)n Branching ratio/%
mechanism
CsHsOH C7Hs0F,* EAY 37.1+1.8
CsHgF* EA 49+1.2
(C¢HsOH)* CcT® 48+1.3
CeHs* EA 53.2+1.8
CsHsCH,OH C/HsOF,* EA 32.64+2.9
(CsHsCH,)* EA 67.4+2.9
C¢HsCH,CH,OH (C¢HsCH,CH,)* EA 60.2+2.9
(CeHsCH,)* EA 14.6+0.7
(CH,CH,OH)* EA 252425
CsHsCH(OH)CH; (CsHsCHCH3)* EA 64.0+£2.2
[CH(OH)CH;]* EA 36.0+2.2
CsHsOCH; CsHsOFs* EA 154424
CsH;0F," EA 35.7+4.3
(CsHsOCH3)*™ CT 14.4+1.8
CsHs* EA 16.7+3.0
(CH;0CE,)* EA 17.8+2.7
CsHs0OC,Hs C;HsOF5* EA 429432
C,Hs0F,* EA 28.04+1.4
(CsHsOC,Hs)* CT 11.9+12
CsHeF* EA 23402
(C2HsOCF,)* EA 2.94+0.2
CsHsO*" CT 3.54+0.2
CeHs* EA 44+12
C,Hs* EA 41404

a) Data for CcHsOCH3 are obtained from Ref. 2. b) Electrophilic addition.

transfer.

c) Charge
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the two CF;*-addition/HF-elimination pathways were eval-
uated from reported thermochemical data® of CF;*, PhOH,
and HF and calculated AH® values of four C;H¢OF3* and
C7HsOF,* ions. The results obtained are shown in Fig. 1.
The AH® values of ring adducts 2a—2c¢ and O-adduct 4 are
higher than those of 3a—3c+HF and 5+HF, respectively.
Therefore, the adduct ions will completely decompose into
C;H50F,*+HF, which is consistent with the lack of the ini-
tial adduct ion. Although there will be no energy barrier for
the formation of the initial adduct ions, high energy barri-
ers will exist in the elimination pathways of HF from the
adduct ions. On the basis of these facts, the relative for-
mation rates of the initial adduct ions are governed thermo-
chemically, whereas the relative decomposition rates of the
adduct ions are controlled kinetically. Since the AH® values
of 2a and 2¢ are lower than those of 2b and 4, the forma-
tion of the former adduct ions is more favorable. According
to a recent ab initio calculation of the potential energies of
the CF;*+CH3;OH—CH;3OCF," +HF pathway,” the energy
barrier was estimated to be ca. 1.6 eV. The energy barrier
between 4 and 5 may be similar to that of the HF elimination
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Fig. 1. A potential-energy diagram for the electrophilic

CF;*-addition/dissociation pathways in the CF3*+PhOH
system.

pathway from the oxonium ion formed in the CF;*/PhOH re-
action. Unfortunately, no theoretical information about the
energy barrier for the HF elimination from the ring adduct
ions has been obtained. In order to determine the relative
importance of the two CF;"-addition/HF-elimination path-
ways, further theoretical calculations of activation barriers
and an isotopic study are required.

The most probable reaction pathway for the formation of
CegHgF" is shown in Scheme 3. The cation 9 is formed
through H* transfer from 4 to 8, followed by the elimination
of CF,0. The elimination of CF,0 has often been observed
in the reactions of CF3* with such carbonyl compounds as
CH;COCH; and CH3COC,Hs.'9 The CgHs* ion is exclu-
sively formed through the Ph—O bond cleavage in O-adduct
4 (Scheme 2). The potential-energy diagram for the forma-
tion of CgHgF" and CgHs™ is shown in Fig. 1. It should be
noted that the AH° value of 6+CF;OH is higher than that
of 4 by 0.90 eV. This implies that precursor oxonium ion
4 must possess at least an excess internal energy of 0.90 eV
before its decomposition into 6+CF3;OH.

In a recent ICR experiment of Grandinetti et al.,”
three product channels (2a)—(2c) have been found in the
CF5"/CH3OH reaction:

Fa

H.@® CFs
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Scheme 3.
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CF;* +CH;0H — (CH;0CF,)" +HF +2.2¢eV, (7%) (2a)

— CE,OH' +CHsF+2.4eV, (73%) (2b)

— (CH,OH)" + CFsH+2.0 eV, (20%) (2¢)

— CH;* +CF;0H+0.13eV.  (0%) (2d)

The electrophilic addition to the lone-pair electrons on the
oxygen atom, followed by the CH3F elimination, was the
dominant product channel. The addition followed by the
CF;O0H elimination, Eq. 2d, was not found, even though it
is energetically allowed. For the reaction with PhOH, the
former pathway is absent, while the latter one is the most
favorable channel, indicating that there is a significant dif-
ference in the favorable electrophilic-addition/dissociation-
processes between PhOH and CH3;OH.

If the most favorable product channel for PhOH is the
same as that for CH;OH, the formation of 7 via O-adduct 4
is expected (Scheme 2). In order to explain the lack of 7, the
potential energy of 7+CgHsF is calculated (Fig. 1). Since the
AH® value of 7+C¢H5sF is lower than that of 6+CF;0H, the
formation of 7 is more favorable on the basis of the thermo-
chemical stability of the final products. This is inconsistent
with the experimental observation. Phenyl cation 6 can be
formed by the simple unimolecular decomposition of oxo-
nium ion 4 without an energy barrier. On the other hand,
a high energy barrier will exist in the reaction pathway be-
tween 4 and 7 because the attack of F~ on the 1-position sp?
carbon of the bulky phenyl group is unfavorable. This will
be a major reason for the lack of 7. The above finding led us
to conclude that the dissociation pathways of oxonium ion 4
are kinetically controlled.

For the reaction with CH3OH, a loss of CF;H due to HT
from methyl group or 1,2-elimination of the oxonium inter-
mediate, Eq. 2¢c, was observed as a minor product channel.
However, the HT channel could not be detected for PhOH.
Taking account of the resonance form of phenol, we think
that a negative charge is developed in the benzene ring due to
the electron-donating resonance effect of the hydroxy group.
This, along with the occurrence of fast competitive elec-
trophilic addition to the ring and the substituent, makes it
difficult to abstract H™ from the benzene ring of phenol.

Benzyl, 1-Phenylethyl, and 2-Phenylethyl Alcohols:
For the reaction with PhCH,OH, only two product channels
were observed, with the branching ratios given in Table 1:

CF;* +C¢HsCH,O0H — (CsHsCF,)" + CH,FOH, (3a)
— (CeHsCH,)" + CF;OH. (3b)

The most favored pathway (3b) proceeds through the simple
dissociation of the C—O bond in O-adduct 11 (Scheme 4),
indicating that the major product channel is the same for
PhCH,0H and for PhOH. Process (3a), which is absent
for PhOH, probably occurs through fluoride-ion and proton
transfers from ortho-ring adduct 14a (Scheme 5).

In the case of PhOH, electrophilic addition to the ring
and/or the substituent followed by HF elimination occurs.
The corresponding processes, shown in Schemes 6 and 4,

Reactions of CF3* with Aromatic Molecules
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could not be found for PhCH,OH. The potential energies
of the electrophilic CF;*-addition/HF-elimination processes
are shown in Fig. 2. The HF-elimination is energetically
possible from both ring adducts 14a-—14c¢ and substituent
adduct 11. It should be noted that the potential energy of
the kinetically prevailing 12+CF;OH pathway is lower than
those of the CF;*-addition/HF-elimination processes. Al-
though the electron-donating resonance effect enhances the
electrophilic addition to the ring, such an effect is blocked
by an insertion of the CH, group between the Ph and OH
groups. The above reasons will result in the disappearance
of the addition/HF-elimination processes and the significant
enhancement of the formation of 12.

The following product channels were found for the
CF;*/PhCH,CH,0H and CF;*/PhCH(OH)CHj3 reactions,
with the branching rations given in Table 1:

CF;* + CsHsCH,CH,OH — (C¢HsCH,CH,)" + CF;0H, (4a)
— (C¢HsCH,)" + CF;0CHj, (4b)

— (CH,CH,0H)" + C¢HsCF3,  (4c)
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CF;" + C¢HsCH(OH)CH; — (C¢HsCHCH;)" + CF30H,  (5a)
— [CH(OH)CH3]" + C¢HsCF;. (5b)

The most probable reaction mechanisms of the above proc-
esses are shown in Schemes 7, 8, 9, and 10. The major
product channels for the above two alcohols are electrophilic
addition to the lone-pair electrons of the O-atom followed
by loss of CF;0H, as in the cases of phenol and benzyl
alcohol. It was therefore concluded that the elimination
of CF30H from oxonium intermediates is the most favor-
able product channel for monosubstituted benzenes carrying
a hydroxy group. As competitive exit channels, losses of
CF3;0CH; and PhCF; from substituent adduct 18 and ipso-
adduct 21d via Schemes 7 and 8, respectively, were found
for PhCH,CH,OH, while a loss of PhCF5 from ipso-adduct

C3H7°F2+ + HF
CF4 + CgHsCH,0H—> CgHgOF5* —> 3 (CgHsCF,) * + CH,FOH
(CeHsCHp) * + CF;0H
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28d via Scheme 10 was observed for PhCH(OH)CHj3.
Grandinetti et al.® have found only a loss of CF3OH from
the oxonium intermediate in the CF3*/CH3CH,OH reaction:

CF;" + CH;CH,0H — C,Hs" + CF;0H. (6)

They discussed the reactivity of CF;* toward aliphatic al-
cohols ROH (R=CHj3, CH;CH,) by an interaction between
the energy developed between CF;* and n-center of the sub-
strate and the activation barrier for the fragmentation of the
encounter complex. The kinetically favorable fragmentation
pathways proceed through O-R unimolecular cleavage, lead-
ing to [R*-CF;0H] fragmentation complex. For R=CHs, a
rapid fluoride-ion transfer from C to R occurs prior to col-
lapse to products. The same process does not take place
for R=CH3CHj,, because it is thermochemically unfavorable
with respect to simple dissociation of the complex to R* and
CF;0H. We have found here that the dominant pathways in
the CF5;*/PhCH,CH,OH and CF;*/PhCH(OH)CH; reactions
are similar to that in the CF3*/CH3CH,OH reaction. The lack
of fluoride-ion transfer from C to R for PhCH,CH,OH and
PhCH(OH)CHj3; will also be due to thermochemical instabil-
ity in comparison with simple dissociation processes of the
oxonium intermediates.

In addition to processes (4a)—(4c) and (5a)—(5b), elec-
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v = O
21a 22a
CH,CHZ0H CH,CH20H
- —~HF
@ = Ol
o
CHoCHZOH H CF2
21b 22b
CFgt + —
CHoCHo0H CH,CH,0H
v o) .
H CFj3 @CF,
21c 22¢
HOH,CH,C_ CF3
—CgHsCF3 @
et s HaCHOH
23
Scheme 8.
®
CHCH5
—CF30H
H_® CF3 ——
OH o’
I i
CHCH3 CHCH3 26
CF3+ + —_— Em— @?Fz
?
24 25 CHCH3
-HF
27

Scheme 9.



152 Bull. Chem. Soc. Jpn., 69, No. 1 (1996)

(I)H ?H
CHCH, CHCHg
CF3 CF»
— '\@ H __HF, ®
28a 29a
OH
CHaCHy
~HF
g - G
CHCH3 2
29b
CFst +
3 on
20 CHCH,
—HF
®CFy
29¢
—-CgHsCF3 @
—— CH(OH)CH3
30

Scheme 10.

trophilic addition to ring and substituent followed by HF
elimination can occur via reaction mechanisms shown in
Schemes 7, 8, 9, and 10. The potential energies of such
processes are shown in Figs. 3 and 4. Although both the ring
and substituent CF;*-addition/HF-elimination pathways are
energetically accessible, the potential energy of the kineti-
cally favored substituent CF;*-addition/CF; OH-dissociation
pathway is either comparable with or lower than those of the
CF;*-addition/HF-elimination processes for PhCH,CH,OH
and PhACH(OH)CHj;. Thus, the lack of the CF;*-addition/HF-
elimination processes can be attributed to the occurrence of
competitive kinetically prevailing pathways.

Anisole and Phenetole:  In our previous study, the fol-
lowing five product channels have been found for PhOCHj3:

CF;" + C¢HsOCH; — CsHgOF;*, (7a)
— CgH;0F," + HF, (7b)
— (C¢HsOCH3)"" + CF;-, (7c)
— C¢Hs" +CF;0CHs, (7d)
— (CH30CF,)" + C¢HsF. (7e)

The branching ratios of the above product channels are
given in Table 1. The possible reaction mechanisms of
Egs. 7a, 7b, 7d, and 7e are shown in Schemes 11 and 12. The
most outstanding feature for the reaction with PhOCHj is the
appearance of the initial adduct CgHgOF5* ion. We have re-
cently found that the initial ring adduct C;HgF5* ion, formed
in the CF3*/CgHs reaction, decomposes completely by loss
of HE' 1t is highly likely that the ring-adduct CgHgOF;*
ion, formed in the CF3*/PhOCHj reaction, also decomposes
completely. Therefore, the initial adduct ion has been pre-
dicted to be substituent adduct 34. In order to examine the

Reactions of CF3" with Aromatic Molecules
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validity of this prediction, the potential energy of the CF;*-
addition/HF-elimination pathways was evaluated (Fig. 5).
The AH® values of initial adduct ions (32a—32¢) are higher
than those of 33a—33c¢+HF. Therefore, the elimination of
HF from 32a—32¢ will occur completely, which supports
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Fig. 5. A potential-energy diagram for the electrophilic

CF;*-addition/dissociation pathways in the CFs*+PhOCH;
system.

our previous prediction. Although the AH® value of 35+PhF
is also lower than 34, initial adduct ion 34 is found. There
will be a high energy barrier for the formation of 35 from
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34, because the attack of F~ on 1-position sp2 carbon of
the bulky phenyl group is unfavorable. Therefore, the ini-
tial adduct ion 34 will be found from anisole. The radiative
associative process, as found for the reactions of NO* with
such bases as 2-butanone and 3-pentanone'” may take part
in the stabilization of 34.

The following eight product channels are observed in the
CF;*+PhOC,Hjs reaction, with the branching ratios given in
Table 1:

CF;" + C¢Hs0C;Hs — C;HGOF;" + CoHa, (8a)
— C7H50F," + CoH, + HF, (8b)
— (C¢H50C,Hs)"" + CFs-, (8c)
— CgHeF" + C,Hs + CF,0, (8d)
— (C;Hs0CF,)" + CsHsF, (8e)
— C¢HeO"" + CyHy + CFs-, (8f)
— CgHs" + CF;0C,Hs, (8g)
— CoHs™ + CgHsOCFs. (8h)

Since the initial adduct ion and the electrophilic CF5*-ad-
dition/HF elimination channel could not be found, there
exists a significant difference in the product channel be-
tween PhOC,Hs and PhOCH;. The major processes are
electrophilic addition followed by C,Hy4 or C;H4+HF elimi-
nation, which occupies about 70% of the total ion production.
A similar C,Hy or C,H4+HF elimination channel was found
in the CF3*/PhC,H;5 reaction,” indicating that the C,H,-
elimination pathways take precedence over the HF-elimi-
nation ones for monosubstituted benzenes carrying an ethyl
group. The potential-energy diagram of the electrophilic
CF;™-addition, followed by various elimination and dissoci-
ation processes, is shown in Figs. 6 and 7. The electrophilic
addition can occur both on the m electrons of the aromatic
ring and lone-pair electrons of the O atom to yield adducts
37a—37c and 39, respectively (Schemes 13 and 14). The
formation of the ring adducts is enhanced by the electron-do-
nating resonance effect of the ethoxy group. Since the ring
adducts 37a and 37c are more stable than the ring adduct
37b and O-adduct 39, the formation of the former ortho-
and para-adducts will take precedence over that of the latter
adducts. Minor processes (8d), (8¢e), (8g), and (8h) proceed
through the decomposition of O-adduct (Scheme 14). The
branching ratios of C¢Hs* and C,Hs* formed by the simple
decomposition of the oxonium ion 39 are larger than those
of CsHgF* and (C,HsOCF,)* which are formed via unstable
intermediates. This difference is probably due to the exis-
tence of high energy barriers for the formation of the latter
ions from 39.

Figure 6 shows the potential-energy diagram of various
elimination pathways of HF and C,H, from the ring adducts.
The potential energies of HF-elimination pathways are lower
than those of the C;Hs and C,H,+HF elimination ones.
Therefore, most stable ions 38a and 38¢ will be produced
preferentially from 37a and 37c¢ without further elimination
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Fig. 6. A potential-energy diagram for the ring-addition/dissociation-pathways in the CFs;™+PhOC,;Hs system.
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Fig. 7. A potential-energy diagram for the substituent-addition/dissociation pathways in the CF3*+PhOC,Hs system.

of C,Hy, if the elimination of HF occurs at the first step.
This is inconsistent with the experimental observation. It
was therefore concluded that the elimination of C,H, takes
precedence over that of HF, so that the formation of (3a, 3c)
takes place via (2a, 2¢). The high branching ratios of (2a,
2¢) and (3a, 3c) imply that initial adduct ions (37a, 37¢) have
sufficient internal energy to decompose completely into (2a,
2¢) and (3a, 3c).

The CT and dissociative CT processes, (8c) and (8f), are
found with a total branching ratio of about 15%. This is the
first example where the dissociative CT occurs in the reac-
tions of CF3* with monosubstituted benzenes. The C¢HgO™
ion has been found as the most abundant product ion in
the mass spectra under electron-impact ionization.'” Two

CsHeO™"" isomers, 42a and 42b, have been proposed as pos-
sible C¢Hg O™ ions.!® The AH® values of processes (8f) were
calculated by using reported data and a calculated AH® value
of 42b. The observed CgHgO"" ion must be phenol cation
42a because the formation of 42b is energetically inaccessi-
ble, as shown in Scheme 15.

Conclusion

The gas-phase ion-molecule reactions of CF;* with mono-
substituted benzenes carrying a hydroxy or alkoxy group
have been studied at near-thermal energy. The branching
ratios of electrophilic addition to ring and substituent, HT,
and CT are summarized in Table 2. On the basis of the mea-
surements of mass-analyzed ion kinetic energy spectra,'*!>
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electrophilic addition of H*, CH3*, and C,HZ to PhOH oc-  (OH)CHj3, and PhOCH3. For the reactions with PhOH and
curs dominantly on the substituent, while mixtures of ring PhOC,Hs, there are some ions for which it is difficult to de-
and substituent adducts have been obtained for the reac-  termine whether they are produced through ring adducts or
tions with CH,CI* and CHCI3. In the present study, it was  substituent ones. Therefore, there are large uncertainties of
found that electrophilic addition of CFs* occurs exclusively  the branching ratios between the ring and substituent addition
on the substituent for PhnCH,OH, while both the ring and  for these two reagents. In order to obtain further information
substituent addition takes place for PhCH,CH,OH, PhCH-  on the mechanism of the electrophilic-addition/molecular-
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Table 2. Reaction Mechanism of CF;* with Monosubstituted Benzenes Carrying a Hydroxy or Alkoxy Group at Near-Thermal Energy

Ionization potential/eV

Branching ratio of each reaction/%

Reagent Ref.9 MNDO AM1 PM3 Electrophilic addition Charge transfer
Cs¢HsOH This work ~ 8.47 0—37.1+£1.8 (R),* 58.1£3.0—95.2+4.8 (5)” 48+13
CsHsCH,OH This work ~ 8.50 100(S) :
CsHsCH,CH,OH  This work 932 939 946 25.242.5(R), 74.8+3.6 (5)

CsHsCH(OH)CH;  This work 933 947 958 36.0+2.2 (R), 64.0+£2.2 (S)

CsHsOCH; Ref.2 8.82 35.74+4.3 (R), 49.9+8.1 (S) 14.4+1.8
CsHsOC,Hs This work  8.13 0—70.944.6 (R), 13.7£2.0—84.6+6.6 (S) 154+1.4

a) Addition to benzene ring. b) Addition to substituent.

OC,Hs OH 7+

CF3* + @ —_— + CoHs + CF3+ + 0.04 eV
36

42a

+
:! + CZH4 + CF3- — 1.21eV

42b
Scheme 15.

elimination pathways, an isotopic study and ab initio calcu-
lations of energy barriers in each pathway will be required.

As minor product channels, CT was found for PhOH,
PhOCHj3, and PhOC,Hs. The lack of CT for PhCH,CH,OH
and PhCH(OH)CHj3; could be explained by calculated IP val-
ues which were higher than the recombination energy of
CF;* (<8.90 eV). Although the IP value of PhnCH,OH is
lower than the recombination energy of CFs*, no CT chan-
nel could be found.
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