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ABSTRACT
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A room temperature convenient disproportionation or reduction of aldehydes prompted by lithium bromide and triethylamine is described in

a solvent-free environment. Distribution of the products to selectively direct the process toward Cannizzaro or Tishchenko reactions is controlle d
by the type of workup selection. The presence of hydrogen donor alcohols in the mixture completely diverts the process toward the Meerwein -
Ponndorf —Verley reaction.

With increasing global environmental concerns, design of carboxylic acid$. For many decades, the reaction was
green processes with no use of hazardous and expensivgenerally conducted under strong basic conditions or at
solvents, e.g., “solvent-free” reactions, has gained specialelevated temperaturésand is in competition with other
attention from synthetic organic chemistas a result, many  parallel carbonyl group transformations. Two of the most
reactions are newly found to proceed cleanly and efficiently closely related processes to the Cannizzaro regctimnthe
in the solid state or under solvent-free conditiérisess Tishchenko dimerizatidhof aldehydes to form the corre-
chemical pollution, lower expenses, and easier proceduressponding ester compounds and the Meerwé&lonndorf—
are the main reasons for the recent increase in the popularityerley (MPVY reduction of carbonyl moieties to produce
of solvent-free reactions. their analogous alcohols. Both reactions are usually con-
The classical Cannizzaro reaction involves the red-ox ducted under the influence of stoichiometric or excessive
conversion of aldehydes into their respective alcohols andamounts of trivalent aluminum-based catalystRecent
developments in this area involve the use of various Lewis
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acidic reagent81° heterogeneous catalytic systeth&and
supercritical solvent®14 Nevertheless, design of new pro-
cedures to improve the conditions for these reactions in a
milder and less expensive environment would be of interest.

During our recent investigations on Lewis acid-catalyzed
carbonyl chemistry® we communicated a room temperature
version of the Cannizzaro reaction that could conveniently
convert aldehydes to their corresponding alcohols and
carboxylic acids under very mild conditions consisting of
MgBr,-OEt and triethylamine (EN).1® As a consequence
of our attempts to apply these mild and convenient conditions
to other red-ox reactions of carbonyl compounds, we would
like to report a flexible protocol by which selective conver-
sion of aldehydes with na-hydrogen to their respective
alcohols and/or carboxylic functionalities of choice is practi-
cally attainable under catalysis of lithium bromiéléLiBr)
and in the absence of any solvent.

We first optimized the conditions for Cannizzaro reactions
of three representative model aldehydes using various
quantities of LiBr. The optimum results were obtained by
using E¢N and half equivalents of LiBr when reactions were

conducted at room temperature in a solvent-free environment:

After complete consumption of the starting aldehydes,
treatment of the mixtures with excessive water for about 2
h led to more than 85% formation of the respective alcohols
and carboxylic acids (Scheme 1).

Scheme 1

1o 1. LiBr (0.5 equiv), OH (e}
M EtN (1.5 equiv), N
Ar odnt Ar OH
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For more convenient fractionation of the reaction mixtures
and in order to directly obtain the carboxylic moieties in the
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form of esters, we replaced water with methanol in the
workup procedure. Therefore, when the same reaction
mixtures were treated with methanol, respective methyl esters
of the starting aldehydes were obtaitfdd excellent amounts
along with equivalent quantities of their analogous alcohols
(Table 1). After completion of the reactions, LiBr was

Table 1. Cannizzaro Reactions of Aromatic Aldehydes under
LiBr Catalysis

O 1. LiBr (0.5 equiv), OH (e]
EtaN (1.5 equiv), 2d, it +
Ar 2—>_ MeOH. 2 h Ar Ar OMe
entry products yield (%)
1 C¢H5CH20H; C¢H5COOMe 97
2 (m-MeO)Cs¢H4CH20H; (m-MeO)C¢H4sCOOMe 98
3 (m-F)CcH4CH2OH; (m-F)C¢H4,COOMe 98
4 (p-C1)CsH4CH20H; (p-C1)C¢H4COOMe 96
5 p-naphthyl-CH>OH; -naphthyl-COOMe 94

aYields of isolated products characterized ¥y NMR analysis.

recovered by a simple filtration and reused efficiently in the
next reactiond?

Having these promising results in hand, we next decided
to extend this chemistry to Tishchenko dimerization of
aldehydes as one the most practical tools to synthesize esters
and lactone® which have many industrial applicatichas
synthetic precursors for durable epoxy resins, dye carriers,
solvents, plasticizers, and artificial flavor. The Tishchenko
reaction is classically conducted in solution under catalysis
of aluminum or magnesium alkoxides, transitional metal
complexe$29or rare earth element&cVery recently, Hill
and co-workers reported a catalytic Tishchenko reaction for
electron deficient aldehydes promoted by alkaline earth metal
complexegd

When we mixed various aldehydes with LiBr and;NEt
under solvent-free conditions at room temperature, formation
of dimeric esters of the starting substrates was observed in
high yields as represented in Table 2. Notably, the conditions
employed here were the same as those used for the
Cannizzaro reactions in Scheme 1 except that the aqueous
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experiments showed that when 1:1:1 mixtures of LiBr:zMe

Table 2. Tishchenko Reactions of Aromatic Aldehydes under CHOH:aI_dehydes vyere mixed in the absence of any solvt_ant,

LiBr Catalysis quantitative reduction of the aldehydes to their respective
O Lipr (05 equiv), i o alcohols was observed (Table8).

Ar)J\H Et;N (1.5 equiv), 2d Ar/\O)J\Ar

- o/\a
entry product yield(%) Table 3. MPV Reactions of Aromatic Aldehydes under LiBr
1 R=H 96 ;
5 o RemMe 81 Catalysis
3 O)J\@ R=m-OMe 95 j\ LiBr (1.0 equiv), )OH
4 R=p-Cl 85 Me,CHOH (1.0 equiv),
5 @A R=p-Br 80 Ar H - Ar
6 R R R=m-F 97 EtaN (5 equiv), 2 d
7 o} Ar=pyridin-3yl 80 entry product yield (%)
8 A Ar=thiophen-2-yl 66
9 Ar” O Ar Ar =B-naphthyl 92 1 Cs¢H5CH2OH 98
o 2 (m-Me)CcH4,CH2OH 97
10 96 3 (m-MeO)C¢H4,CH2OH 95
o 4 (m-F)CeH,CH,0H 98
5 (p-C1)C¢H4CH2OH 99
_ _ _ 6 (p-Br)CeH4CH,OH 97
aYields of isolated esters characterized by GC-MS #AdNMR. 7 thiophene-2-y1-CH,OH 98
8 pyridine-2-yl-CH,OH 97
9 trans-C¢gHsCH=CHCH,OH 98

workup was avoided and the products were obtained by
simple filtration of the solid fraction and removal of the
volatile portions of the mixture¥.

This fact that both reactions proceed under the 2:1 ratio In summary, we demonstrated that LiBr, a very stable and
of aldehyde:LiBr suggests the presence of a possible reactingmild reagent to handle, can selectively and efficiently direct
species consisting of two aldehyde molecules coordinatedaldehydes to undergo Cannizzaro, Tishchenko, or MPV
through their carbonyl oxygen atoms to the lithium i@).(  reactions with use of very inexpensive solvent-free conditions

at room temperature. Recycling of the catalyst and environ-

aYields of isolated alcohols characterized by GC-MS aHdNMR.

L ® i ® mental safety of the process are additional advantages of the

CLis JLis . L.

o o o”  TOoH present method. Attempts to apply these mild conditions to

Ar ' H HJ\Ar Ar/tH transesterification of esters are currently under investigation.
a b
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