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GaCls is found to be a superior catalyst for the skeletal rearrangement of o, 0, 0-trisubstituted aldehydes to ketones. The rearrangement can
proceed smoothly in the presence of a catalytic amount of GaCl 5, and even substrates having no heteroatoms o to the carbonyl group or
without steric strains can be used. Double activation of a carbonyl group by two molecules of GaCl 3 Was supported on the basis of experimental
data and a DFT study.

A skeletal rearrangement is a characteristic feature in o position to the carbonyl group is not always necessary if
carbocation chemistryRearrangement can occur by the 1,2- the reaction conditions used are harsh. Hopff found that the
shift of an alkyl group, an aryl group, or a hydrogen to an rearrangement also proceeds in the presence of;AlQd
electrophilic carbocation center. A similar rearrangement can H,SO,.4 Recently, Olah and Prakash reported that strong
readily occur even on a less electrophilic carbon, such as isprotic acids (H < —11), such as TfOH, anhydrous HF, and
found in aldehydes, ketones, imines, or epoxides, providedtrifluoroethanol/Bk, mediate the rearrangement of pivalal-
the substrates contain a hydroxyl group or amino group dehyde to methyl isopropyl ketone, even af®@? They
adjacent to the electrophilic center. Such a system is concluded that the reaction proceeds via a protosolvated
frequently employed in organic synthesis 1926, Danilov carboxonium ion intermedidteon the basis that a large
et al. reported on the rearrangement of pivalaldehyde to excess of the protic acids is required for the rearrangement
methyl isopropyl ketone in 70% 430, at a temperature of  to take place and based on a DFT study. A methyl group
130°C.? indicating that the presence of a heteroatom at the
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moves to the aldehyde carbonyl carbon, which is activated by GC (Table 1). It was found that the rearrangement
by a strong protic acid to form a protosolvated carboxonium proceeds in a catalytic manner (20 mol %) to gvi@ 73%
ion intermediate. A 1,2-hydride shift completes the rear-

rangement. Quite recently, Davies reported on a similar, ring-_

expansion rearrangement @to-2-norbornanecarbaldehyde . .
induced by AIC7 As part of our interest in the unique Table 1. Rearrangement of 2,2-Diphenylpropionaldehydé (1)

catalytic or stoichiometric activity of Gagt we found the %) o) o]
GaCk-mediated conversion of adamantane to 1-adamantane- ME%H GaCly Me%ph + Ph%Me
carboxaldehyde under mild reaction conditions (1 atm of CO, PH Ph PH H PH H
at room temperaturé)The use of methylcyclohexane as the 1 (1 mmol) 2 3
substrate did not give the expected aldehyde, but cyclohexyl
methyl ketone was formed instead (Scheme 1). Such a yields (%)
GaCls solvent conditions 2 3
100 mol %  methylcyclohexane rt,1h 92
Scheme 1. GaCb-Mediated Carbony|ati0n of 20 mol % methy]cyc]()hexane 80 °C, 20h 73
Methylcyclohexan& 20mol %  CICH,CH,Cl 80°C,1h 87 9
0 a|solated yield.
GaClz 1 mmol
CO 20 atm yield when the reaction is carried out at 80. Among the
1mL 80°C,20h 25 9P solvents examined, 1,2-dichloroethane was found to be the
o solvent of choice (methylcyclohexane 12%, toluene 24%,
THF 0%). Thus, the use of 1,2-dichloroethane gaire87%
H

yield along with3in 9% at 80°C for 1 h. We next examined
the effect of Lewis acids other than GaQt was found that
GaCj is the most effective catalyst (Al€R/3 = 66%/8%,
aYield based on GaGl "The product was isolated as a ZrCls 26%/2%, Sc(OTH 7%/0%, ineffective; InG, TiCl,,
tosylhydrazone. HfCl4, PtCh, ZnChL, SnC}).
The relative preference for susceptibility to migration was
next examined (Scheme 3). A phenyl groupdmmigrates

product would be formed by the formylation of methylcy-
clohexane followed by a skeletal rearrangeniént.

This prompted us to examine the latter unique rearrange- . — —
ment. We wish to report here that a common Lewis acid Scheme 3. Relative Preference for Susceptibility to Migration
such as GaG) catalyzes the rearrangement ofa,o- Q 0 0

Me*k
Ar

trisubstituted aldehydes to ketones (Scheme 2). In addition, M p _GaCls 50 mol% + Mg e
ME Ar CICH,CH,CI Mé H A’ H
80°C, 12h
| a 5 6
Scheme 2. GaCk-Catalyzed Rearrangement of Aldehydes a: Ar = CgHs 58 % 26 %
0 0 b: Ar=4-CHsCgHs 33 % 50 %
Ri cat. Gacls R1 ¢: Ar = 4-CF3CgH, 57 % 13 %
H R2
R2 R3 3 0]
H R (:Z(O GaClz 50 mol% Q_(O
+ Ph
pif W CICH,CH.CI " Ph
] ) 80°C, 12h n
to develop a better understanding of the mechanism of the 7 8 9
rearrangement, theoretical calculations were also done. anci 0w 83
The treatment of 2,2-diphenylpropionaldehydliel( mmol) bonop 84; 90/"

with 100 mol % of Gad in methylcyclohexane (3 mL) at
room temperature for 1 h gave 1,2-diphenylpropan-1-@he (
in 92% isolated yield, and a trace amounBofas detected

in preference to a methyl group, even thougdnhas two
(7) Davies, H. M. L.: Dai, X.J. Am. Chem. So@004 126, 2692— methyl groups. The product distribution remained unchanged
2693. ' Y during the reaction. The more electron-withdrawing a sub-
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the reaction of7b resulted in the selective migration of a a tertiary catiorl3. A 1,2-hydride shift leads to the formation
phenyl group to givéb in high yield and the ring-expansion  of 14, which then undergoes ligand exchange iilo give
product9b was obtained in 9% vyield, although the latter 11.

product is derived from a more stable cation. This indicates
that the nature of the reaction is also affected by the ring

ize. . .
size . . . L . Scheme 5. A Possible Mechanism
Surprisingly, when a reaction using a stoichiometric ol
amount of GaGl and at lower reaction temperatures was c,_ oGl ol e
. . a2 Ga Ga—Cl
employed, it was curiously found that the amount of GaCl c N al cl o e io—GarCl
has a significant effect on the efficiency of the rearrangement 10 Me, /O’(?a — e+> \4 &
(Scheme 4). No reaction took place when 100 mol % of Mﬁle/‘ H cl md LM
L. /C[ 12 13
R 54—
Scheme 4. Effect of the Amount of GaGlon the Efficiency me ! /O’Cﬁa’c' "
of the Rearrangement Me cl
0 0 o) H 14""9 10
MQ%H Me%Ph + Me%Me
Mé Ph CICH,CH,CI Me H PH H
4a " 5a 6a

To rationalize the experimental results, density functional
GaCl; 100 mol%, 12h 0% 0% theory (DFT) calculations were performed at the B3LYP/

gag:3 ;gg m°i:f” 1hh Zgjf’ 1; Z" 6-31G(d) level® Table S1 (see the Supporting Information)
bl 220 motve, ? ° summarizes electronic energies for intermediates and transi-
2 9 tion states of the rearrangements.
Me Me
H %Me
Me Me C|CHQCHQC] Me H
tt,1h
10 11
GaCl; 100 mol% 0% cl Cl
GaCl, 150 mol% 61% Ga <\
/
GaCl; 200 mol% 55% e & Me, ©—Ga—Cl
H "~ Cli
o O * Me \N{ H Mé ‘\'-i Me
e
Me%H Me%Ph + Ph>(U\Me
PH Ph  CICH,CH,CI PH H PH H 12aTs 13aTs360 cal
e .0 kea
] 10°C,1h 2 3 10+ GaCls 38.0 keal
GaCl; 100 mol% 0% 0% 28.9 keal 11 + GaCly
GaCl; 150 mol% 16 % 0% 1220 keal
GaCls 200 mol% 7% 8% T '
_ _ \ ¢ Chsd 8.4 keal
GaCk was used at room temperature in the reactiodaf Me, /O’C."'a o | Cl\
for 12 h. However, the use of more than 150 mol % of GaCl  Me7\ a Me~ O Me O—GaCl
resulted in a smooth rearrangement to grend6ain good Me+> éMe Me Cl
yields. A similar drastic effect was also observed for the 12a 13a" H Me
reactions ofl0and1.!* As mentioned above, Olah suggested 14a
that the rearrangement of pivalaldehyde in a large excess of o ©
the strong protic acids proceeds via a protosolvated car- Ga—Cl cl
. L . . 20 Clw_/
boxonium ion intermediat&Therefore, the results described MeC O—GaCl Ga—Cl
. . . . .. 1
in Scheme 4 can possibly indicate th_at additional molecules Me)c‘—/( Cl Me &' 0—GaCl
of GaCl are necessary for the reaction to proceed. Me H M cl
. K (]
Scheme 5 shows the proposed mechanistic pathway for 10 + Ga,Cls 12Ts1g4kca| Me
the reaction. We propose that two molecules of Gaté - 15.1 keal 11+ GayClg
operative in the rearrangement based on the results shown T T 9.1 keal
in Scheme 4. The coordination of the carbonyl oxygentoa === === "=""\"" [~/ N[ T
5.3 keal

dimer of GaC}, as in12? leads to a highly electrophilic

carbonyl carbon, where a 1,2-methyl shift takes place to give

13

Figure 1. Energy Profile for the Rearrangement Computed by

(11) In the reaction o0, the rearrangement product was isolated as a B3LYP/6-31G(d) Calculations
4-tosylhydrazone because of the low boiling point of the product
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Figure 1 shows a description of the potential energy Double activation of a carbonyl group by two molecules of
surfaces of the isomerization for the di-Ga€bordinated GaCk was supported by a DFT study. Such a unique
complex. The activation barriers are 19.4 kcal/mol for the characteristic feature of GaLlmay continue to have
methyl shift (12— 13) and 19.4 kcal/mol for the hydrides considerable impact on the development of new transforma-
shift (13— 14). The activation energy from2to 13is less tions 8914
than those in mono-Gagtoordinated complex by 18.6 kcal/
mol (Figure 1). This stabilization is caused by more efficient ~ Acknowledgment. This work was supported, in part, by
coordination of the GaGlo a carbon center with developing ~ grants from Ministry of Education, Culture, Sports, Science
positive charge in the transition state. The cationic intermedi- and Technology, Japan. M.O. express his special thanks for
ate13is thermodynamically stabilized with a similar effect, the center of excellence (21COE) program “Creation of

as shown in Scheme 5. Integrated EcoChemistry of Osaka University”.
In conclusion, we demonstrate here that Ga&Ch superior _ _ _ _
catalyst for the skeletal rearrangementif. a-trisubstituted Supporting Information Available: Experimental pro-

aldehydes. The rearrangement can proceed smoothly in thecedures, electronic energies (Table S1) and computed
presence of a catalytic amount of a weak Lewis acid, such geometries (Figure S1, Tables-SE5) by DFT calculations.

as GaCJ, and even substrates ha\/ing no heteroatoms This material is available free of charge via the Internet at
the carbonyl group or without steric strains can be used. http:/pubs.acs.org.
OL047640H
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