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The gas-phase ion—molecule reactions of CF;* with five monosubstituted benzenes carrying a carbonyl group
(PhCOX: X =H, CH3, C;Hs, OCH3, OC;Hs) have been studied at near-thermal energies using an ion-beam apparatus. The
major product channel for PhnCHO, PhCOCHj3, and PACOOCH3 is electrophilic addition to the O-atom leading to initial
adduct ions, which are 80.3—95.0% of the total product ions. Although no initial adduct ions are observed for PACOC,Hs
and PhCOOC;Hs, major product ions are formed by electrophilic addition to the O-atom followed by dissociation and
molecular eliminations. The reaction mechanism is discussed based on product ion distributions and semi-empirical
calculations of the energies of intermediates and products. The results obtained are compared with reported.ion-cyclotron-

resonance data for aliphatic carbonyl compounds.

We have recently started a systematic mass-spectrometric
study on ion-molecule reactions of a typical superacid, CF;™,
with aromatic molecules in order to clarify the reactivity of
carbocations for aromatic molecules in the gas phase com-
pletely free from a solvent.!™ In a recent paper,” results
for monosubstituted benzenes carrying a hydroxy or alkoxy
group were reported. The most favorable product channel for
PhOH and PhROH (R = CH,, CH,CH,, CHCHj3) was elec-
trophilic addition to the O-atom followed by CF3OH elimina-
tion due to a cleavage of Ph—O and R—O bonds. For the reac-
tion with PhOH, electrophilic addition to the ring followed by
HF elimination competes with this process, because electron-
donating properties of the OH group strongly promotes the
addition to the ring. For the reaction with PhOC,Hs, a similar
resonance effect of the OC,Hs group probably promotes the
ring addition followed by C;H4 and C,H,+HF eliminations.
Since such an effect disappears by an insertion of the alkyl
groups between Ph and OH, the corresponding channels were
absent for PhROH (R =CH,, CH,CH,, CHCH3). As minor
product channels, charge transfer (CT) was found for PhOH,
PhOCH3;, and PhOC,Hs. The lack of CT for PhCH,CH,OH
and PhCH(OH)CH3; could be explained by higher ionization
potentials (IP) than the recombination energy of CFs* (<8.90
eV). Although the IP value of PhCH,OH is lower than the
recombination energy of CF3*, the CT channel could not be
found.

In this work, ion-molecule reactions of CF3* with PhCOX
(X=H, CH;, C,H5, OCH3, OC,H5) were studied to examine
the reactivity of monosubstituted benzenes with an aldehyde,
ketone, or ester group. All of these reagents have highly re-
active lone-pair electrons on the oxygen atom. Therefore, not

only electrophilic attack of CFs* on a benzene ring but also
that on a substituent is possible. The reaction mechanism is
discussed based on product ion distributions and semi-empir-
ical calculations of potential energies of reaction pathways.
The results obtained are compared with previous data on
the reactions of CF;* with aliphatic aldehydes, ketones, and
esters obtained by using an ion-cyclotron resonance (ICR)
method 5"

Experimental

The ion-beam apparatus used in this study was identical with
that reported previously." % In brief, ground-state Ar*(*Ps;)
ions were generated by a microwave discharge of high-purity Ar
gas in a quartz flow tube. CF5* ions were produced by the thermal-
energy CT reaction of Ar* with CF, in the Ar afterglow.® They were
expanded into a low-pressiite chamber through a nozzle centered
on the flow tube. The reagent gas was injected into the reaction
zone from an orifice. The reactant and product ions were analyzed
through an orifice using a quadrupole mass spectrometer. Operating
pressures were 0.5—1.0 Torr (1 Torr = 133.322 Pa) in the ion-
source chamber, (1.5—2.5)x 102 Torr in the reaction chamber, and
(0.8—2.0)x 1073 Torr in the mass analyzing chamber. The partial
pressures of sample gases were < 1x107> Torr in the reaction
chamber and < 1x10~° Torr in the mass-analyzing chamber.

Under a typical Ar pressure in the flow tube (1.0 Torr), the Ar ex-
pansion was estimated to have a Mach number of 3.2 and a final ve-
locity of 487 m s ! from known relations.'® Assuming a Boltzmann
distribution of 300 K for reagent molecules and a perpendicular
direction between the ion-beam and the reagent, the relative ve-
locities of the CF3*—PhCHO, CF5*—PhCOCH3, CF5;*~PhCOC;Hs,
CF;*-PhCOOCH3, and CF;*—-PhCOOC,Hs pairs were evaluated
to be 545, 539, 533, 533, and 529 ms™’, corresponding to aver-
age center-of-mass translational energies of 64, 66, 67, 67, and 68
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meV, respectively. Therefore, the present experiments were done
at only slightly hyperthermal energies. In this experiment, the sam-
ple gas pressures were too low to be controlled by using a mass
flowmeter. Therefore, it was difficult to determine the reaction rate
coefficients. The vapor pressure of PACOOH was so low that no
product ion could be detected in the present measurement.

The heats of formation are known for the reactant ion, reagents,
and some stable products obtained in this work.!"*> However, there
are many species the AH® values of which are unknown. These
values were calculated by using a semi-empirical MNDO method
(MOPAC Ver. 6.0) to describe the potential-energy diagram of the
reaction pathways. A reasonable agreement between calculated and
experimental AH® values of typical neutral species and ions® sug-
gested that MNDO calculations were useful to discuss the reaction
pathways.

Results and Discussion

Benzaldehyde: The observed product channels and
their branching ratios are summarized in Table 1. For the re-
action with PhCHO, five product channels (1a)—(1le) were
observed. The most outstanding feature is the appearance of
the initial adduct CgHgOF;™ ion with a high branching ratio.
It can be formed through electrophilic attack of CF3* either
on the ring or the substituent, as shown in Scheme 1. The
electron-withdrawing effect of the CHO group will suppress
the formation of Wheland-type adduct ions 2a-—2¢, while
a high reactivity of the lone-pair electrons on the oxygen
atom will yield O-adduct ion 7, preferentially. We have re-
cently found that the initial ring adduct C;HgF3* ion, formed
in the CF;5*/C¢Hg reaction, decomposes completely by loss
of HE.'® Therefore, it is highly likely that ring-adduct ions
2a—2c, formed in the CF3*/PhCHO reaction, also decom-
pose completely into 3a—3c by loss of HF. On the basis of
the above findings, the initial adduct ion will be O-adduct

Reactions of CF3* with Carbonyl Compounds

ion 7. In order to examine the validity of this prediction,
the potential energies of the CFs*-addition/molecular-elim-
ination pathways were evaluated (Fig. 1). Since there will
be no energy barrier for the formation of the initial adduct
ions, the relative formation rates of initial adduct ions will
be governed thermochemically. It is clear from Fig. 1 that
O-adduct ion 7 is much more stable than ring-adduct ions
2a—2c, which may easily undergo HF elimination. These
facts support our prediction that 7 is the initial adduct ion.

As minor product ions, C;HsF,*, C;HgF*, C;Hs0", and
CHO™" were found. The most probable reaction mechanism
for the formation of these ions is shown in Schemes 1 and
2. The C;HsF,* ion (5) is formed by loss of HF and CO
from ring-adduct ions 2a—2c, while the C;HcF* ion (8) is
produced by loss of CF,0 from substituent-adduct ion 7.
Although the formation of the initial adduct ion 1s governed
thermochemically, the branching ratios of elimination path-
ways from the adduct ions will be controlled kinetically. It
should be noted that initial adduct ion 7 is preferentially
formed, though the AH® value of 7 is higher than those of
8+CF,0 and 9d+CF;H (Figs. 1 and 2). The formation of
8 via four-center intermediate 7’ is kinetically unfavorable
because of the existence of a high energy barrier between 7
and 8. Some energy barrier will also exist for the decom-
position of 7 with loss of CFsH. Therefore, only a small
part of 7 will decompose into 8 and 9d. Since the branching
ratios of processes (1a)—(1e) are independent of the PhCHO
and Ar pressures under the present experimental conditions,
collisional stabilization by the PhCHO and Ar atoms will be
insignificant for the formation of 7. A radiative association
process, as found for the thermal-energy reactions of NO*
with such bases as 2-butanone and 3-pentanone'® may take
part in the stabilization of 7.

Table 1. Product Ion Distributions in Ion—Molecule Reactions of CF3* with Aromatic and Aliphatic Carbonyl Compounds at Near-
Thermal Energies
This work Ref.7
Reagent Product Branching Reagent Product Branching
ratio/% ratio/%

CsHsCHO CsHeOF3* 84.94+2.7 (la) CH3;CHO CH4F" +CF,0 100 ©6)
C7HsF,*+HF+CO 5.0+£0.7 (1b) C;HsCHO C3HgF* +CF,0 6 (7a)
C/HeF" +CF,0 84+18 (lc) C3H: +CF,O+HF 94 (7b)
C7Hs0" +CF:H 1.3+£04 (1d)
CHO" +C¢HsCF3 04+0.1 (le)

CsHsCOCH; CoHsOF5* 95.04+0.9 (2a) CH3;COCH; Cs3HeF +CF,0 75 (8a)
COCH;* +C¢Hs5CF3 5.0+£09 (2b) C;Hs*+CF,0+HF 25 (8b)

CsHsCOC;Hs  CoHyoF'+CF,0 15.64+1.5 (3a) CH3COC,Hs C4HgF' +CF,0 3 (9a)
CoHy* +CF,O+HF 53.9+£3.0 (3b) CsH;*+CF,0+HF 87 (9b)
CsHsCO" +CF5C2Hs 18.1£3.1 (3¢) CH;CO" +CF3C;Hs 9 (9c)
C7H7+ +CF,0 +HF+C2H2 and/or
CH7* +CF,0+C,HsF 8.4+0.6 (Gd
COC;Hs* +CsHsCF; 4.0£0.7 (3e)

CsHsCOOCH3  CoHgO,F3* 80.3+£1.7 (4a) CH3;COOCH; CH;CO*+CF;0CH3 100 (10)
CsHsCO™ +CF;0CHj3 4.7£0.7 (4b)
COOCH;* +C¢H;5CF;3 15.0£1.4 (4¢)

CsHsCOOCHs CeHsCO* +CF;0C;Hs 94.5+0.9 (5a) HCOOC;Hs HCO"+CF;0C;Hs 90 (11a)
CHs* +C¢HsCOOCF; 5.5+£09 (5b) CF;COOH" +C,Hs 10 (11b)
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gHO CHO ¢gHO adduct ion will be unfavorable. This prediction is incon-
—CFaH ® o o sistent with the experimental finding that the electrophilic
® attack of CF3* occurs exclusively on the ipso position. It
%a % % is highly likely that 2d is not produced through a direct at-
GHO tack on the ipso position but through a CFz* transfer from
CFs* + — H @0, O-adduct ion 7. Three mechanism could be invoked in the
¢ “cF, formation of the C;HsO™" ion (9a—9d), including a direct
1 ® H~ abstraction from the ring and the substituent, or alterna-
] ' tively, the unimolecular dissociation of excited 7 with loss of
7 [-CFaH @ CF;H (Scheme 2). The electron-withdrawing properties of
the CHO group promote the hydride-transfer process, while
9d highly stable benzyl-type cation 9d is formed by the hydride
Scheme 2. transfer from the substituent. In order to examine the relative

The minor CHO* ion (6) is produced via unimolecular
decomposition of ipso-adduct ion 2d (Scheme 1). Since the
potential energy of 2d is higher than ortho-, meta-, and para-
adduct ions 2a—2c¢ (Fig. 1), the formation of the former

importance of the three pathways, an MNDO potential-en-
ergy diagram for the formation of 9a—9d is calculated. The
results obtained are shown in Fig. 2. On the basis of MNDO
calculations, the potential energies of 9a—9¢+CFs;H formed
through the H™ abstraction from the benzene ring are slightly
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CF3 + CgHsCHO —> CgHgOF 5 —>
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Fig. 1. A potential-energy diagram for the electrophilic CF5*-addition/dissociation pathways in the CF3* +PhCHO system.
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Fig.2. A potential- energy diagram for the CF;* +
PhCHO—C7Hs0" + CF;H reaction.

higher than that of the reactant system, while the energy of
9d + CF;H is much lower than that of the reactant system
due to the high stability of benzyl-type cation 9d. It is
therefore concluded that C;HsO* is formed by either direct
hydride transfer from the substituent or decomposition of
substituent-adduct ion 7.

Methyl Phenyl Ketone: The reaction pathway becomes
more simple for PhCOCH; and only two product channels
(2a) and (2b) were observed, as shown in Table 1. The
CyHgOF3* ion can be formed via an attack of CF3* on the
ring and/or the substituent, as shown in Scheme 3. The
electron-withdrawing effect of the COCHj; group will sup-
press the formation of Wheland-type adduct ions 11a—11c,
while a high reactivity of the lone-pair electrons on the oxy-
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e
13
11d
I CF3* transfer
HaC @ 0
720N
C CF;
14
Scheme 3.

gen atom will yield O-adduct ion 14, preferentially. An
MNDO potential energy diagram for the electrophilic-ad-
dition/molecular-elimination-pathways is shown in Fig. 3.
Benzyl-type adduct ion (14) is much more stable than the
ring adduct ions (11a—11c), and the ring adduct ions are
unstable for the HF elimination, as in the case of PhCHO. It
is therefore concluded that the initial adduct ion is 14.

The minor COCH3* ion (13) is formed through the uni-
molecular decomposition of ipso-adduct ion 11d (Scheme 3).
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Fig. 3. A potential-energy diagram for the electrophilic

CF;*- addition/dissociation pathways
PhCOCHj system.

in the CF;* +

On the basis of the potential-energy diagram shown in Fig. 3,
the potential energy of 13+PhCF; is lower than that of
O-adduct ion 14. Ring adduct ions 11a—11c are unsta-
ble for the HF elimination, as found for the other aromatic
molecules. Therefore, the formation of 12a—12¢ is ex-
pected, if 11a—11c¢ are formed. The lack of 12a—12c¢ led
us to conclude that the electrophilic-addition pathway leading
to 11a—11c¢ is closed for Ph\COCHj; because the electron-
withdrawing properties and the high reactivity of the lone-
pair electron in the COCHj3 group promote the substituent as
only the reactive site. The formation of ipso-adduct ion 11d
is thermochemically most unfavorable, as shown in Fig. 3.
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Therefore, the formation of 13 probably proceeds through a
CF;* transfer from the excited states of 14 to 11d.

Ethyl Phenyl Ketone: Five product channels (3a)—(3e)

were observed with the branching ratios given in Table 1. A
possible reaction mechanism is shown in Scheme 4. In or-
der to obtain information about the CF3*-addition/molecular-
elimination pathways, a potential-energy diagram was evalu-
ated from reported and calculated AH® values of the reactants
and products (Fig. 4). The most outstanding feature is the
lack of an initial adduct ion, which was a dominant product
ion for PhCHO and PhCOCH;. The major product chan-
nels are electrophilic addition to the O-atom of the carbonyl
group followed by eliminations of CF,0, CF,0+HF, and
CF20+HF+C2H2(OI' C2H3F), 1eading to C9H10F+, C9H9+,
and C;H;*, respectively. These ions occupy 77.945.1% of
the total product channels. This shows that the elimination of
CF,O0 via four-center intermediate 19’ occurs preferentially
by the substitution of the C,Hs group. The C;H;* ion can
be formed through 20—21—22 and 20—22, as shown in
Scheme 4. The cation 21 is formed as a major ion and the
potential energy of 22 is much higher than that of 20 (Fig. 4).
These facts led us to conclude that the formation of 22 occurs
exclusively from the former process.

Although the major product channels proceed through
four-center intermediate 19’, small amounts of the PhCO*
and COC,Hs* ions are formed. One possible mechanism
for the formation of the PhCO™ ion (9d) is a simple dis-
placement reaction from PhCO to CF3 through the attack of
CFs* to the PhCO—C,H; bond, as reported for reactions with
aliphatic carbonyl compounds.” The other possible mecha-
nism is the elimination of CF3C,H;s from 19. Although 9d is
formed from PhCOC,Hs, it is not produced from PhCOCHj5.
This may be due to the fact that the elimination channel of
CF;CH; from 14 is closed because the energy barrier for the
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Fig. 4. A potential-energy diagram for the electrophilic CF3*-addition/dissociation pathways in the CF3" +PhCOC,Hs system.
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elimination of CF;CHj is high. The COC,Hs" ion (18) is
probably formed via ipso-adduct ion 16d. Although the for-
mation of ortho-, meta-, and para-adduct ions (16a—16c)
is thermochemically more favorable than that of 16d, no
evidence of their formation was found. It is therefore rea-
sonable to assume that the formation of 16d occurs through
a CFz* transfer from O-adduct ion 19. On the basis of the
above facts, electrophilic attack of CF;* takes place selec-
tively on the O-atom in the substituent because the electron-
withdrawing properties of COC,Hs suppress the formation
of Wheland-type adduct ions.

Methyl Bezoate: The CF;*/PhCOOCH; reaction gives
three product channels (4a)—(4c) given in Table 1. The most
probable reaction processes are shown in Scheme 5. The ma-
jor product channel is the electrophilic addition leading to the
initial adduct ion, as found for PhCHO and PhCOCHj;. In ad-

dition to three ring-adducts ions 24a—24c, two substituent-
adduct ions 27 and 28 can be produced as possible candi-
dates of the adduct CoHgO,F5" ion. On the basis of semi-
empirical calculations, the substituent-adduct ions (27, 28)
are much more stable than the ring-adduct ions (24a—24c),
as shown in Fig. 5. It is therefore reasonable to assume
that the observed initial adduct ion is 27 and/or 28. In this
study, we found that large fractions of initial adduct ions
are formed by the attack of CFs;* on the O-atom of the car-
bonyl group. On the other hand, a small amount of initial
adduct ion has been observed by the attack of CF;* on the
O-atom of the methoxy group in our previous study.” On
the basis of these findings, both 27 and 28 cannot be ex-
cluded from the possible candidates for the initial adduct
ion, though 28 is thermochemically more favorable than 27.
The potential-energy diagram for the ring-addition/HF-elim-
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ination-pathway (Fig. 5) demonstrates that 24a—24c will be
decomposed completely by loss of HF. Thus, the lack of
25a—25c implies that the substitution of the highly reactive
electron-withdrawing CH3COO group to the benzene ring
promotes the substituent as the only reactive site, as in the
case of PhCOCHj3;.

The COOCH;™* ion (26) is formed through ipso-adduct ion
24d. Tt is clear from Fig. 5 that ring-adduct ions 24a—24c¢
are too unstable for the HF elimination. Therefore, 25a—25¢
will be formed through thermochemically favored 24a—24c,
if electrophilic addition takes place to the benzene ring.
However, no evidence of the formation of ring-adduct ions
24a—24c could be found. It is therefore expected that 24d
is formed via more stable substituent adduct ions 27 and/or
28 in the excited states. The formation of the PhCO* ion
(9d) proceeds through the unimolecular decomposition of
the most stable oxonium ion 28, as shown in Scheme 5. The
precursor ion 28 can be formed via either direct electrophilic
addition or a C,Hs" transfer from 27.

Ethyl Benzoate: A possible reaction mechanism in
the CF;*/PhCOOC,Hs is shown in Scheme 6. Two product
channels (5a) and (5b) are found with the branching ratios
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given in Table 1. The major product channel is the elec-
trophilic addition to the O-atom in the ethoxy group followed
by loss of CF;0C,Hs, leading to the PhCO* ion (9d). The
minor product channel for the reactions with PhnCOOC,Hs
was the formation of the C;Hs* ion (34), which proceeds
through the electrophilic addition to the O-atom in either
the ethoxy group or the carbonyl group followed by the
unimolecular decomposition of the O—C;Hs bond. There
are significant differences in the product channels between
PhCOOCH;3 and PhiCOOC,;Hs. The most outstanding dif-
ference is the lack of the initial adduct ion for PhCOOC,Hs.
The formation of PhCO*, which was a minor product chan-
nel for PhCOOCH3;, becomes a major product channel for
PhCOOC,Hs. These findings may be explained by the fact
that the C;Hs™ transfer from 33 is faster than the CH;™* trans-
fer from 27. The observation of C,Hs* from PhCOOC,Hj;
supports this explanation. In this study, we found that O-
adducts resulting from the reactions with aromatic carbon-
yl compounds with an ethyl group (19, 33, 35) decompose
completely, while the decomposition of those with a methyl
group (14, 27, 28) is inefficient. This difference arises from
the fact that efficient dissociation pathways of the O-adducts
are opened by the substitution of the more stable C,Hs group.

Although the COOCHj3* ion was formed with a branch-
ing ratio of 15.0+1.4% for PhCOOCH;, the correspond-
ing COOC,Hs* ion could not be observed for PhCOOC,Hs.
These results imply that the reaction mechanism strongly
depends on the alkyl group attached to the PhCOO group.
No evidence of ring-addition channels was found. The po-
tential energies of the ring-adduct ions are higher than the
substituent ones, as shown in Fig. 6. The electron-with-
drawing properties of the COOC,Hs group will suppress the
electrophilic addition to the ring. These facts along with
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a high reactivity of the COOC,H;s group will promote the
substituent as the only reactive site.

Comparison with the ICR Study on Aliphatic Carbon-
yl Compounds: For comparison, the ICR data of Ausloos
et al.” for aliphatic carbonyl compounds are given in Ta-
ble 1. The major product channels for CH;CHO, C,HsCHO,
CH;COCH3, and CH3COC;Hs are the electrophilic attack
on the lone-pair electron of the O-atom followed by loss of
CF,0 or its further decomposition by loss of HF. Ausloos
et al.” reported that these reactions proceed through four-
center intermediates, as shown in Schemes 1 and 4 for the
cases of PACHO and PhCOC,H;s (7', 19'). For the reaction
with CH;COC,Hs, a small amount of the CH;CO?" ion is
formed. Ausloos et al.” predicted that it is produced through
a displacement reaction: A

CF;* +RCOR’ — RCO* + CFsR/, 12)

where R=CHj and R'=C,Hs. Since the major product chan-

nel for the aromatic compounds is the formation of the initial

adduct ion, there is a great difference in the major prod-
uct channels for RCHO and RCOCHj3 between aromatic
and aliphatic compounds. For the cases of PhCHO and

Reactions of CF3* with Carbonyl Compounds

C1oH902F2+ + HF

CsH5CO++ CF3002H5
COOCzH; + CsH5CF3
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Fig. 6. A potential-energy diagram for the electrophilic

CF;*- addition/dissociation pathways in the CF;*+
PhCOOC;Hs system.

PhCOCHg3;, initial O-adduct ions are stabilized by the reso-
nance effects of the phenyl group, while such a stabilization
of O-adduct ion is absent for the aliphatic aldehydes and
ketones. Therefore, the initial O-adduct ions are preferen-
tially formed in the aromatic compounds. Although hydride-
transfer channel is open for PhCHO, it is closed for aliphatic
aldehydes. It can also be explained by the formation of a
highly stable benzyl-type cation for PhnCHO.

In contrast with the results for RCHO and RCOCH3;, the
main product channel for RCOC,Hjs is the same between the
aromatic and aliphatic compounds; a four-center reaction fol-
lowed by loss of CF,0 and CF,O+HF occupies the dominant
product channel for both compounds. We found here that the
major product channel for PnCOOCHj5 is the electrophilic
addition to the O-atoms of the substituent. This result is
sharply contrasted with the ICR data for CH;COOCHs3, in
which a displacement reaction occurs preferentially. This
significant difference can be explained by the stabilization
of the benzyl-type cation due to the resonance effects of the
phenyl group. Although there is a large difference in the
dominant reaction pathway between aromatic and aliphatic
RCOOCHj3; compounds, the major product channel is iden-
tical for RCOOC,;H;s. The electrophilic addition to the O-
atom in the ethoxy group followed by the unimolecular de-
composition of the RCO-OC,H;s occurs preferentially for
both cases. Summing up these results, the product channels
in the reactions of CF3* with aromatic and aliphatic carbonyl
compounds depend strongly on the substituent.

Conclusion

The gas-phase ion-molecule reactions of CF5;* with mono-
substituted benzenes carrying a carbonyl group have been
studied at near-thermal energies. The branching ratios of
electrophilic addition to ring and substituent, displacement
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Table 2. Reaction Mechanism of CF3* with Aromatic and Aliphatic Carbonyl Compounds at Near-Thermal Energies

Branching ratio of each reaction/%

Reagent Ionization Electrophilic Displacement Hydride
potential/eV® addition reaction transfer

CsHsCHO 9.49 5.4+0.8(R),” 93.3+£4.5—94.6£4.9(S)° 0—1.3+04

CsHsCOCH;3 9.29 5.0+£0.9R), 95.0+0.9(S)

CsHsCOC,Hs 9.16 4.0+0.7R), 77.94+5.1—96.01+:4.0(S) 0—18.1£3.1

CsHsCOOCH3 9.32 15.0+£1.4R), 85.0£2.4(S)

CsHsCOOC,Hs 8.90 100(S)

a) Ref. 12. b) Addition to benzene ring.

reactions, and hydride transfer are summarized in Table 2.
The electrophilic addition to the ring or the substituent was
classified based upon the final position of F atoms. The
most favored product channel was the electrophilic addition
to the O-atom in the substituent with and without further
decomposition and molecular elimination. These processes
occupy 77.9—100% of the total product channel. As a minor
product channel, the displacement reaction takes place for
PhCOC;Hs and hydride transfer occurs for PhCHO. No CT
channel was found. The IP values of these five compounds
studied here are shown in Table 2. The lack of CT chan-
nel for PhCHO, PhCOCHj3, PhCOC,Hs, and PhCOOCHj;
is consistent with higher IP values than the recombination
energy of CF;* (<8.90 eV).
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