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Abstract: Hydrogen/deuterium exchange was observedHyNMR spectroscopy at the GHyroups of the long-

lived alkanoyl cations CECH,CO" (4), (CH3);CHCO" (8), and (CH)3CCO" (13) when treated with excess BF

SbFs superacid. The intermediacy of the corresponding protio(deuterio)acylium dications is suggested to account
for the exchanges. Under similar conditions, no exchange was observed in the acetyk©@@'CH) in DF-SbFs,

but at the same time its electrophilic reactivity is greatly enhanced in superacids. The acetyl cation in a superacidic
medium also abstracts tertiary hydrogens of isoalkanes to give protonated acetaldehyde. Density functional theory
calculations at the B3LYP/6-31G** level were carried out to support the suggested exchange mechanism as well as
lack of exchange in the acetyl cation. On the basis of the calculated results, two alternative mechanisms are also
suggested for the Nenitzescu rearrangement of pivaloyl chloride in isobutane with excess AICI

Introduction Brouwer and Kiffef§ have reported the hydride transfer from
isobutane to the acetyl cation generated from acetic acid in
. . ) ; excess superacidic HBF;. Subsequently, Olaét al.” found
Frledfgkf;rafl’tsttydpe acyle}[tlcl))rlls fftargmatlisThte acel'E[chg\g;nl that such reaction does not occur with isolated acylium salts in
was first 1solated as a stable tetratiuoroboraté sait by "see the absence of superacids in a variety of aprotic solvents such
1943. Acyl cations were subsequently extensively studigd as SQ, SOCIF, Ask, and CHCL,
various techniques, m_cludlng IR’ NMR’ UV, X-ray, ar_ld ESCA To account for the enhanced reactivity of acyl cations under
analy5|§. These studies hgve indicated that aqyl cations have %uperacid conditions, Olalsuggested that thie factoreactive
nearly "”.ear structure, belng_reso_nance hybrld_s of th? linear intermediate in these reactions is not the acyl cation itself, but
oxonium |or_1I and oxo_carbemum iofl forms, with| being rather its O-protonated.¢., protosobated form CHCOH*
the predominant contributor to the overall structure. (2). Protolytic activation of the acetyl ion leads to a highly
electron-deficientsuperelectrophilicgitonic dication, which is
R—C=0 — R—C=0 substantially more reactive than its parent monocation.

I 0 Vol'pin et al. have done extensive work on the activation of

acyl ions by Lewis acid8. While the 1:1 CHCOX—AIX3

As relative|y weak e|ectr0phi|e3, acy| ionS, such as the acety| Friedel-Crafts CompleX is inactive for the isomerizations of
cation CHCO" (1), generally do not react with highly deacti- alkanes, the complex GBOX—2AIX3 (named “aprotic super-
vated arenese(g, nitrobenzene) or saturated hydrocarbons. It acid”) containing 2 equiv of AlX was found to be extremely
was found, however, that the reactivity of acyl ions is greatly reactive in the low-temperature isomerization of saturated

Acyl cations RCO (R = alkyl) are the intermediates in

enhanced in a strongly acidic medium. Shuetoal® have hydrocarbond® Their results indicate that the acetyl cation is
shown that FriedelCrafts type acetylation of benzene and highly activated by further O-complexation with a second
chlorobenzene with acetyl hexafluoroantimonate 408 Sbi; ) molecule of AlX;. Theoretical calculations at the HF/6-31G*
is greatly enhanced when superacidics88:H is used as the level have shown that O-protonation of the acetyl ion leads to
solvent instead of the relatively weak gFOOH. a stable dication, Ck+tC=0O"—H, corresponding to the global

minimum on the potential energy surfaée This agrees with
charge-stripping mass spectrometric studies in which the
@\COCHg @ C,H40%" dication has been observ&l.Interestingly, it was

+ -H* found that the isomer protonated at the—& bond,
*tCH,—C*=0, is 24.6 kcal/mol less stable than the O-protonated
acetyl cationt!

COCH,

@ + CHiCO
1
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Figure 1. B3LYP/6-31G** optimized geometries of acyl cations and their protonated forms.

Whereas both experimental and theoretical evidence has beeno observe hydrogen/deuterium exchange in acylium iong CH
established for the activation of acyl ions by O-protonation, the CO*" (1), CH;CH,CO* (4), (CH3).,CHCO" (8), and (CH)s-
possibility of C—H protonation in these ions has never been CCO" (13) when treated with excess EfbF; superacid. Under
studied experimentally. €H protonation in acyl ions would  superacid conditions, acyl cations do not show any deprotonation
lead to highly reactive dications of the typeRH—C+t=0 equilibrium to form the corresponding kete¥eIn fact, DF-
involving a three-center two-electron (32e) bond. Re- SbFs is one of the strongest superacid systems knbvilihus,
cently1314we have been able to show by hydrogen/deuterium the observed hydrogen/deuterium exchange in acylium ions
exchange experiments and theoretical calculations that long-under these conditions therefore cannot proceed via a depro-
lived stable alkyl cations, such t&t-butyl and 2-propyl cations,  tonation-reprotonation mechanism, but would involve the
can undergo €H protonation to form highly electron deficient  protonation of a €H bond to form dication intermediates
protioalkyl dications. Now we report the observation of containing a three-center two-electron {3e) bond.
hydrogen/deuterium exchange #y-NMR spectroscopy at the To gain better insight into the effect of protosolvation on the
CHjs groups of the long-lived acylium ions GEH,CO™ (4), structure of acylium cations, DFT calculations were carried out
(CH3).,CHCO" (8), and (CH)sCCO" (13) when treated with on the parent acylium ions and their protonated forms. Geom-
excess DFSbFs superacid. Protio (deuterio) solvation involving  etry optimizations were initially performed at the B3LYP/6-
the intermediacy of the corresponding highly electron deficient 31G* level and subsequently at the B3LYP/6-31G** level.
protio(deuterio)acylium dications is suggested to account for Geometries are summarized in Figure 1. Total energieal],
the exchanges. Furthermowensity functional theory (DFT)  ZPEs (kcal/mol), proton affinities (kcal/mol), and relative
calculations at the B3LYP/6-31G** level were carried out to energies (kcal/mol) of the ions are given in Table 1.
investigate the suggested mechanism for the observed ex- Protonation (Deuteriation) of Acetyl Cation CH3CO™.
changes. On the basis of the calculated results, two alternativeAcetyl hexafluoroantimonate was treated with excess3bF;
mechanisms are suggested for the Nenitzescu rearrangément superacid at 20C. No hydrogen/deuterium exchange was

of pivaloyl chloride in isobutane with excess AlCI observed byH-NMR even after 4 weeks.
Results and Discussion DF:SbFs H z
i i i i ; CHiCO®  — K He—c=o CH,DCO"
In order to investigate the protonation of acylium cations 3 N o T - 2
H

including C—H and G=0 bond protonation, we have attempted s .

(13) Olah, G. A.; Hartz, N.; Rasul, G.; Prakash, G. KJSAm. Chem. . . .
So0c.1993 115, 6985. Attempted proton/deuterium exchange in weaker acids such
(14) Olah, G. A; Hartz, N.; Rasul, G.; Prakash, G. K. S.; Burkhart, M.; as CRESO;D or D,SO, was also not successful. Under these
Lammertsma, KJ. Am. Chem. Sod.994 116, 3187.
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625, 66. S.J. Am. Chem. S0d.992 114 8042.




Protioacyl Dications

Table 1. Total Energiestau), ZPEs (kcal/mol), Proton Affinities
(kcal/mol), and Relative Energies (kcal/mol) of Acyl Cations and
Their Protonated Forms

B3LYP/  B3LYP/
molecule 6-31G*  6-31G* ZPE Ee° PA?
1 (CHsCO") 152.92354 152.92818 27.0 06258
2 (CHsCOH2*) 152.877 17 152.88861 29.5 27.3
3 (CH,CO?) 152.849 67 152.858 95 29.8  46.2
4 (CHsCH,CO") 192.246 65 192.25389 446 0.0 9.4
5 (CHCH,COH?+) 192.224 77 192.23893 47.7 125
6 (CHACH,CO?*) 192.256 58 192.270 68 47.2—7.9
8 ((CHz).CHCO") 231.5686 4 231.57860 61.7 0.0 16.4
10a((CHg),CC(OH)H+)  231.628 35 231.64537 65.5-38.1
10b (CH;CHC(OH)CH?+) 231.618 58 231.63581 64.8-32.8
11 (CHs(CHs)CHCO,*) ~ 231.588 73 231.606 04 64.0-14.9
13 (CH3)sCCO") 270.88940 270.90212 78.6 0.0 225
15 ((CHs),CC(OH)CH2*) 270.980 43 270.000 56 81.9-58.5
16 (CH4(CHz),CCO*") ~ 270.918 02 270.938 61 80.5-21.0

a All structures were characterized as minima on the potential energy
surface (NIMAG= 0). ® Zero-point vibrational energies at the B3LYP/
6-31G*//B3LYP/6-31G* level scaled by a factor of 0.9Relative
energy at the B3LYP/6-31G**// B3LYP/6-31G** ZPE level.? Proton
affinity at the B3LYP/6-31G**//B3LYP/6-31G** level and at 300 K:

PA = —AE — AZPE + (5/2)RT.

conditions a deprotonatiefreprotonation involving ketene was
anticipated. However, under these conditions acetyl cation
undergoes hydrolysis to acetic acid.
+ -H"
HsCC=0
1

Otvos and his associatésave observed such exchange in

isobutane in SOy involving isobutylene as an intermediate

H,C=C=0

J. Am. Chem. Soc., Vol. 118, No. 43, 1998425

B3LYP/6-31G** level is essentially the same as that of carbon
monoxide (CO), indicating triple bond character. Due tetC
hyperconjugation, a significant shortening of the ££i€ bond

in 2 (1.383 A) is found as compared to that of the parent acetyl
ion 1 (1.433 A).

C—H protonation of the acetyl catioh leads to dicatior8
which was calculated to be a stable minimum at the B3LYP/
6-31G** level. In agreement with previotiscalculations at
the HF/6-31G* level, optimization at the B3LYP/6-31G** level
gave aCy, structure with no localized 3€2e bonds. Optimiza-
tion at the correlated MP2/6-31G* level also resulted i8sa
structure for dicatior8. At the B3LYP/6-31G** |evel, dication
3 was found to be 18.9 kcal/mol less stable than the O-pro-
tonated isome2. This is consistent with the lack of any obser-
vable hydrogen/deuterium exchange in acetyl lonith DF--
SbFs since the substantial energy difference between dications
2 and3 suggests the absence of-8 protonation (deuteriation).

H*

"
CH, O == CHyCcO" CH3COH?*
3 1 2
Protonation (Deuteriation) of Propionyl Cation

CH=CH,CO*. Propionyl chloride (CHCH,COCI) was reacted
with DF-SbFs solution at 20°C, and the resulting long-lived
stable propionyl cation C#€H,CO" (4) was characterized by
1H- and?H-NMR spectroscopyd(*H) 3.26, qt; 1.09, tr). The
solution was kept at 20C, and no decomposition of the ion
was observed under these conditions. Hydrogen/deuterium

which leads to H/D exchange only on the methyl groups. On €xchange at the methyl positions in idwas observed b§H-
the other hand, in deuterated superacids H/D exchange occurd!MR as indicated by a peak at 1.11 ppm whose intensity

both on methyne and on methyl groups.
To understand lack of H/D exchange in the acetyl cation, we

increased with time. After 12 days, about 2.5% deuterium
incorporation at the Cglgroups in4 was observed (determined

have carried out theoretical calculations. The structural param-Using external acetorgs standard). No exchange was found

eters of acetyl ion CkCO" (1) at the B3LYP/6-31G** level
are in agreement with previot¥sab initio calculations at the
MP2/6-31G* level and with X-ray structures obtained for salts
CH3CO" ShCk™ 1°and CHCO" Sbk.2° The calculated €O
bond length of 1.124 A at the B3LYP/6-31G** level is slightly
longer than the experimental value of 1.109 A in{C@*SbCk-
salt.

Protonation of acetyl ion C¥CO* (1) may take place at two
different sites. O-protonation df results in the formation of
the protioacetyl dicatio@. Protonation of the €H bond inl
results in a dication of typ8.

CH4COH?*
CH5CO"
\ H
* Hot +
1 H ‘c—c=o
H
H

3
The protioacetyl dication C¥LOH?* (2) has been observEd

at the methylene hydrogens4n The intermediacy of the €H
deuterated propionyl catioB is considered to account for the
observed exchange at the methyl positiortin

2+

CH3CH,CO"* CH,DCH,CO"

+

DF:SbFs H.
—_— _-=--CH,CH,CO
D

4 6

The geometry of propionyl cation GBH,CO" (4) at the
B3LYP/6-31G** level is in agreement with previotfsab initio
calculations at the Hartred=ock level and with an X-ray
structure obtained for the salt CHCH,CO*GaCl,~. The
calculated G-O bond length of 1.126 A i@ agrees well with
the experimental value of 1.099 A in GBH,CO*GaCl;".
Protonation of propionyl ion CECH,CO" (4) can take place
at three different sites. O-protonation df results in the
formation of gitonié dication5. C—H protonation at the methyl
position in4 results in a distonftcdication of type6, whereas
C—H protonation at the methylene position leads to a gitonic
dication of type7.

in the gas phase by charge-stripping mass spectrometry and has

previousiy12! been calculated at the HF/6-31G* level as the
global minimum for GH,40?*. We found little change in the
geometry of2 when going from the HartreeFock level to the
B3LYP level. The G-O bond length of 1.148 A ir2 at the

(17) Otvos, J. W.; Stevenson, D. P.; Wagner, C. D.; Beeck].@m.
Chem. Soc1951, 73, 5741.

(18) Lien, M. H.; Hopkinson, A. CJ. Org. Chem1988 53, 2150.

(19) LeCarpentier, J.-M.; Weiss, Rcta Crystallogr.1972 B28 1421.

(20) Boer, F. PJ. Am. Chem. Sod.966 88, 1572.

(21) Koch, W.; Frenking, G.; Gauss, J.; Cremer,JDAm. Chem. Soc.
1986 108 5808.

CH3CH,COH?*
5

H. + +
CH3CH,CO" 77 CHyCHCO
H
6

H H
Yo+
' +
CH; CHCO

7

4

—
\

(22) LeCarpentier, J.-M.; Weiss, Rcta Crystallogr.1972 B28 1430.
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The global minimum on the potential energy surface for
C3HgO?" at the B3LYP/6-31G** level is the €EH protonated
isomer6, being 20.4 kcal/mol more stable than the O-protonated
isomer5. Dication6 (Cs symmetry) has a 3e2e bond in its
minimum energy structure. The O-protonated isorbers
characterized by a significant shortening of thes€& bond
in 5 (1.348 A) as compared to that of the parent propionyl ion
4 (1.437 A) due to &H and G-C hyperconjugation. The-€0
bond length of 1.181 A if5 is essentially the same as that of
carbon monoxide CO (1.188 A at the B3LYP/6-31G** level),
indicating triple bond character. No minimum structure could
be located for the methylene—& protonated isomei7 at
B3LYP/6-31G** level because of its immediate dissociation
into ions CHCO' and CH*. As expected, and consistent with
the observed hydrogen/deuterium exchange, thel @rotonated
propionyl dication6 is better stabilized compared to the-8
protonated acetyl dicaticdhidue to less chargecharge repulsion.

Protonation (Deuteriation) of Isobutyryl Cation
(CH3),CHCO™. Isobutyryl ion (CH),CHCO" (8) was obtained
by reacting isobutyryl chloride with excess E8bF; solution
at—10°C. The long-lived stable ion was characterized'Hy
and2H-NMR spectroscopyd(*H) 3.50, sep; 1.12, d), and no

Olah et al.

a stable minimum for the O-protonated spe@éailed because

of rearrangement (methyl shift) to form the more stable
oxocarbenium dicatiodOa Alternatively, and thermodynami-
cally even more favorabled can undergo a hydride shift to
form oxocarbenium iod0b, which was found to be the global
minimum on the GHgO?" surface (ide infra). C—H proto-
nation at the methyl positions, however, leads to a stable distonic
dication,11, at the B3LYP/6-31G** level, which is characterized
by a 3c-2e bond at the Ckicarbon. The €0 bond length of
1.122 A resembles that of carbon monoxide (1.188 A at the
B3LYP/6-31G** level) and indicates triple bond character. The
methylene C-H protonated isomet2 was found not to be a
stable minimum structure at the B3LYP/6-31G** level because
of its dissociation into ions C4#H,CO" and CH*t similar to

the propionyl system.

Protonation (Deuteriation) of Pivaloyl Cation (CH3);CCO™.
Pivaloyl chloride ((CH)sCCOCI) was reacted with DEbF;
solution at—10 °C, and the resulting long-lived stable pivaloyl
cation (CH)3CCO" (13) was characterized Y- and?H-NMR
spectroscopyd(*H) 1.13, s). The solution was kept atl0
°C, and no decarbonylation of the acylium ion to fotert-
butyl cation was observed under these conditions. Hydrogen/

decarbonylation reaction to form the corresponding secondarydeuterium exchange at the methyl positions in & was
carbocation was observed under these conditions. Hydrogen/observed byH-NMR as indicated by a peak at 1.11 ppm whose

deuterium exchange at the methyl positions in B®rnwas
observed byH-NMR as indicated by a peak at 1.18 ppm whose
intensity increased with time. After 12 days, about 3%
deuterium incorporation at the methyl positions 8nwas

intensity increased with time. After 8 days, about 3.5%
deuterium incorporation at the methyl positions 18 was
observed. The intermediacy of the-® deuterated propionyl
dication16is considered to account for the observed exchange

observed. No exchange was found at the methyne hydrogenat the methyl position iri3.

in 8. The intermediacy of the -€H deuterated propionyl cation

11 is suggested to account for the observed exchange at the o oH | o
iti i DF:SbF Y 2
methyl position in8. (CHYaCCO" 5 ey : ch—cjz—co*
e H,C—C—CO -H CH3
H. 13 &y
" DF:SbFs > -CH 3
(CH5),CHCO 2. o 2 16
cH—co N
HsC

8

Protonation of isobutyryl ion (CE,CHCO" (8) may result in
three different dications: O-protonated gitonic dicatiic—H
protonated distonic dicatiohl, and C-H protonated gitonic
dication12.

(CH3),CHCO"

8

/ 9 Se—c”
H
o

The geometry of isobutyryl ion (CHLCHCO' (8) at the
B3LYP/6-31G** level is in agreement with previot¥sab initio
calculations at the HF/3-21G* level and with an X-ray structure
obtained? for the salt (CH),CHCO"SbCk~. Attempts to find

In theory, protonation of pivaloyl cation (GjCCO" (13)
can occur at two different sites. O-Protonationl8fresults in
the formation of gitonic dicatiod4. Protonation of the methyl
C—H bond in13 leads to a distonic dication of tyfs.

+

CHs, HiC + OH
HsC—C—C=0—H c—c’
H ‘ HaC~ CH
CHs 5 s
. 15
(CH3)5CCO 14
H  H
13 \ ;\\ .
H o
CH, 16
| +
HyC—C—CO
CH;

The pivaloyl cation (CH)sCCO" (13) has previously been
calculated byab initio methods at a low level of theo#}.
Attempts to find a stable minimum at the B3LYP/6-31G** level
for the O-protonated specidég failed because of spontaneous
rearrangement to form the thermodynamically more stable
oxocarbenium dicatiod5, which was found to be the global
minimum on the GH;00?" surface. G-H protonation at the
methyl positions, however, leads to a stable distonic dication,
16, at the B3LYP/6-31G** level with a 3e2e bond at the CH
carbon. The €0 bond length of 1.124 A resembles that of
carbon monoxide (1.188 A at the B3LYP/6-31G** level) and
indicates triple bond character.

In 1959Balaban and Nenitzestureported the formation of
methyl isopropyl ketone in the reaction of pivaloyl chloride with

(23) Bouchoux, G.; Hoppiliard, YJ. Phys. Chem1988 92, 5869.

(24) Radom, LAust. J. Chem1974 27, 231.
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Scheme 1 Scheme 2
AICl4 + - AICI4
5 e ~CH;  HC .+ O—AICK FHa, (CHa)sCH o,
(CHg)sCCO" HyC—C—C=0 _ —_— Jc—c? HsC—C—C=0__ EEE—— HsC—C—C=0__
EHs AICI; HiC CHy CH, AlCl3 CHy 1y ACK
13 20 21 20
(CH3)sCH - CH; -
R (CH3),CHCOCH; AlCl3 ‘.:HG + + AICl; ~CHjs HaC + | ° AICl
- AlCl5 HsC—C—C—0 y C,c—c’:—o\_
17 CHs H AICl3 3 Y + AICl3
. . . . CH
a large excess of aluminum chloride in the presence of isobutane _ ~H ool :30 (CH9,CHCOCH
as the hydride donor. The reaction was carried out at room  -aic, HiC AlCly - AlCly 2 :

temperature and under CO pressure (140 atm) in order to 17

suppress decarbonylation of the pivaloyl chloride. When $nCl
was used instead of Algl no rearrangement product was
observed.

AICI5 (excess)

CHs3)3CCOCI
(CHa)s isopentane

(CH3),CHCOCH;

17

Two possible reaction mechanisms were propadethe first
mechanism involves the initial ionization of pivaloyl chloride
to pivaloyl cation13 which then undergoes a 1,2 methyl shift
to form the corresponding tertiary carbenium ib® Hydride
abstraction from isopentane finally leads to the formation of
methyl isopropyl ketonel(7).

+
(CH3),CCOCH,

(CHa);CCO” (CH3),CHCOCH

13 18 17

Alternatively, it was suggested hydride abstraction from iso-
pentane can also occur right after the initial formation of pivaloyl
cation13to form trimethyl acetaldehydd §). Rearrangement

of 19 then leads to the formation of methyl isopropyl ketone

In fact, Olahet al. have previousBf shown that protonated
pivaldehyde rearranges to protonated isopropyl methyl ketone
in strong superacids such as Magic Acid (1:1 molar j$©
SbFs). On the other hand, in weaker Magic Acid (4:1 molar
FSQH-SbF) only protonated pivaldehyde was observed,
indicating clearly protolytic activation in the stronger acid which
promotes rearrangement.

Conclusions

Hydrogen/deuterium exchange was observed?#yNMR
spectroscopy at the GHyroups of the long-lived acylium ions
CH3CH,CO* (4), (CH3),.CHCO" (8), and (CH)3sCCO" (13
when treated with excess B%bk superacid. ©H bond
protonation/deuteriation involving the intermediacy of the
corresponding protio(deuterio)acylium dications is suggested to
account for the exchanges. Under similar conditions, no
exchange was observed in the acetyl ionsCB" (1) in DF--
SbRs. The lack of hydrogen/deuterium exchange insC"

(1) is consistent with theoretical calculations at the B3LYP/6-
31G** level which showed that the O-protonated isomersCH
COH* (2) is more stable by 18.9 kcal/mol as compared to the

(17). Both mechanisms, however, appear to be endothermic C—H protonated isomer CHC?* (3), resulting in greatly

as proposed.

(CHa)sCCO"

(CH3)3CCHO

(CH3),CHCOCH;

13 19 17

On the basis of our theoretical calculations, we now suggest

two alternative pathways for the Nenitzedtrearrangement.
Our calculations at the B3LYP/6-31G** level have shown that
O-protonated pivaloyl catiod4 immediately rearranges into
the more stable distonic dicatid®. Rearrangement of pivaloyl
cation 13 to form carbenium ionl8, on the other hand, is
thermodynamically unfavorable by 15.6 kcal/mol at thee
B3LYP/6-31G** level of theory. These results could inidicate
that the pivaloyl catiorll3 formed initially in the reaction is
highly activated by further O-complexation with a second
molecule of AICE (the equivalent of protonation or protosol-
vation). The aprotic superacid compl2@thus formed readily

increased electrophilic reactivity. On the basis of the calculated
results, two alternative mechanisms are suggested for the
NenitzesclP rearrangement of pivaloyl chloride in isobutane
with excess AlG, which involves the activation of pivaloyl
cation 13 by further O-complexation with a second molecule
of AICI; to form the aprotic superacid compl2® which further
either hydride abstracts or rearranges to finally give the isopropyl
methyl ketone product.

Experimental Section

Propionyl chloride, isobutyryl chloride, and pivaloyl chloride are
commercially available products (Acros) and were distilled prior to
use. Anhydrous HF (Setic Labo),,0 (Acros), CESO;D (Aldrich),
D,SO, (Aldrich), and benzoyl chloride (Lancaster) were used as
received. Antimony pentafluoride (Allied-Chemical) was doubly
distilled prior to use. CECO'SbF~ was prepared from acetyl chloride
and anhydrous hexafluoroantimonic acid as described previéiisly.
was prepared from benzoyl fluoride and@as reported Benzoyl

undergoes a 1,2 methyl shift to form the more stable complex fluoride was prepared from benzoyl chloride and anhydrous HF as

21 (Scheme 1). Finally, hydride abstraction from isopentane

leads to the observed methyl isopropyl ketdde This pathway

would also explain the fact that no rearrangement product was

observed when the weaker Lewis acid Sn@as used instead
of AICls.

Alternatively, 20 could directly hydride abstract to Algl
complexed pivaldehyde which upon further AdGictivation
undergoes consecutive Gknd H shifts to give finally the
isopropyl methyl ketonel(7) (Scheme 2).

(25) Nenitzescu, C. D.; Balaban, A. T. Friedel-Crafts and Related
ReactionsOlah, G. A,, Ed.; Wiley: New York, 1964; Vol. lll (No. 1), pp
1033-1152.

reportec?®
1H and 2H NMR spectra were obtained on a Bruker AM 400
spectrometer equipped with a variable temperature probe at 400 and
61.4 MHz, respectively. Five millimeter Quartz NMR tubes were used
for samples containing DF. NMR spectra were obtained with respect
to TMS by using an acetonds capillary as the external standard.
Geometries and structures were determined by®#iEthods using
the GAUSSIAN 94! package of programs. All geometries were fully

(26) Olah, G. A.; O'Brien, D. H.; Calin, MJ. Am. Chem. Sod.967,
89, 3582.

(27) Olah, G. A.; Svoboda, Bynthesisd972 306.

(28) Olah, G. A.; Kuhn, S. Z. Anorg. Allg. Chem1956 287, 282.

(29) Olah, G. A.; Kuhn, S. XOrg. Synth.1965 45, 3.
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optimized at the B3LYP/6-31G** level. Zero-point vibrational energies molar solution) was added to the solution-af8 °C. The ensuing

at the B3LYP/6-31G* level were scaled by a factor of 0.96. mixture was vigorously stirred (Vortex stirrer) under periodic cooling.
H/D Exchange Experiments with DFSbFs. The appropriate After the sample was characterized %§+ and?H-NMR spectroscopy
precursor (ca. 150 mg) was placed in a Kel-F tube and cooled/& at —15 °C, it was kept at constant temperature (see the text) and

°C in a dry ice/acetone bath. Approximately 2 mL of 3Bk (2.5:1 periodically monitored byH- and?H-NMR spectroscopy.

(30) Ziegler, T.Chem. Re. 1991 91, 651. . . .
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