e / TETRAHEDRON
)\ s a¥ord

LETTERS
Tetrahedron Letters 39 (1998) 8437-8440

Pergamon
Microwave-Accelerated Crossed Cannizzaro Reaction
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Abstract: A solventless and expeditious method for the preparation of alcohols is described from
aldehydes using barium hydrox1de, Ba(OH)2.8H70, and paraformaldehyde. A comparison of this

microwave-accelerated Cannizzaro reaction to the one under conventional heating mode is also reported.

© 1998 Eisevier Science Lid. All ngnts reserved.

The Cannizzaro reaction is the disproportionation of an aldehyde to an equimolar mixture
of primary alcohol and carboxylic salt! and is restricted to aldehydes that lack the a-hydrogens
and therefore can not undergo aldol condensation. Several mechanistic studies? have been made
on this oxidation-reduction reaction which is usually carried out in a homogeneous and strongly
basic solution. The relative importance of the Cannizzaro reaction in synthetic organic
ost after the di iscovery of lithium aluminum h dride, LiAlHy4, in 1946. Another

limitation has been the lower yields of the desired product since it provides only 50 % of alcohol
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1nexpen51ve Iormalaenyqe to proauce alcohol in mgner YIEIQS, nowever had been a method of
choice prior to the introduction of hydride reducing agents. This reaction is normally conducted
in solution phase although we have observed the reaction on a variety of mineral oxide
surfaces.? In continuation of our ongoing research program on solvent-free organic
transformations,* we decided to explore Cannizzaro reaction in the solid state using microwaves*
and compare the results with classical conditions. The exploration of this reaction with calcium
hydroxide failed completely. Under the influence of a strong base such as sodium hydroxide, the

reaction remained incomplete with concomitant formation of several unidentified products
occurred readily on barium hydroxide, Ba(OH);.8HO, in a relatively short period of time. A
recently described microwave-mediated intramolecular carbanilide cyclization to hydantoins
with barium hydroxide,® prompts us to report our results on the utility of this reagent in a

solventless crossed Cannizzaro reaction.
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arium h has been used as a catalyst in a number of organic syntheses® including
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chalcones with hydroxylamine.? The Michael addition!9 and Claisen-Schmidt condensation!!
are some additional examples of reactions promoted by barium hydroxide. Herein, we report a
facile reduction of aldehydes to alcohols using a formaldehyde equivalent, paraformaldehyde,
under neat conditions in the absence of solvent. In a typical example, a mixture of benzaldehyde
(1 mmol) and paraformaldehyde (2 mmol) is admixed with barium hydroxide octahydrate
(2 mmol) and then irradiated in a microwave (100-110 °C) or alternatively heated in an oil bath
(100-110 °C) (Eqn.).
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Ba(OH),- 8H,O
MW orin an oil bath

(80-99%) (1-20%)
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aring an electron withdrawing
o benzaldehydes with electron
releasing groups appended. Among the naphthaldehydes, the reaction is slower for
2-naphthaldehyde when compared to 1-naphthaldehyde. Similarly, the reaction rate is slower
for 3-pyridinecarboxaldehyde in comparison to 2-pyridinecarboxaldehyde and the overall
reaction is much slower in an oil bath when compared to microwave irradiation conditions.

General procedure for the conversion of aldehydes to alcohols:-- In
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typical experiment,
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in a glass test tube and the reaction mixture was placed in an alumina bath (neutral alumina:

125g, mesh ~ 150, Aldrich; bath: 5.7 cm diameter) inside a household microwave oven and
irradiated for the specified time at its full power of 900 Watts intermittently or heated in an oil
bath at 100-110 °C (see Table). On completion of the reaction, as indicated by TLC (hexane:EtOAc,
4:1, v/v), the reaction mixture was neutralized with dilute HCI and the product extracted into
ethyl acetate. The combined organic extracts were dried over anhydrous sodium sulfate and the
solvent removed under reduced pressure. In all the cases (Table) the formation of the
corresponding acids were determined by GC-MS analysis (Hewlett-Packard model 5890 gas

chromatograph with a mass spectrometer). The pure benzyl alcohol (99 mg, 91%), however is
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subsequent removal of the solvent under reduced pressure.

In conclusion, this solventless barium hydroxide promoted Cannizzaro reaction is a simple
and facile method to produce alcohols in high yields. The operation simplicity, rapid reaction
rates and high yield of pure alcohol formation makes this is a useful and attractive procedure.



Table: Product distribution in solvent-free crossed Cannizzaro reaction using

barium hydroxide via microwave as well as classical conditions

Reaction conditions % Yield
{(min. ) {min.)
~. _CHO
P CHO
1 U 0.5 10 99(98) 01(02) 00(00)
™
CHO
Y
2 J\\ J 0.5 10 94(95) 05(04) 01(01)
ci” X
-~ ~CHO
=
3 . I 0.5 15 83(85) 16(14) 01(01)
Bf _ MLIMN
4 ﬁ 0.5 i2 85(88) 14(i1) G101
F’ g
Z CHO
5 o 0.25 10 80(90) 20(01) 00(00)
‘V\F
AN
6 K/]k 2.0 60 83(83) 13(11) 04(06)
OH
CHO
~d
1 PR sy PV
7 | 2. 7 80(85 10(i0) 1(035)
o ’/l\\v) 0 3 (83)
413
CHO
2l
8 (\”/\/ i.5 i5 80(85) 15(10) 01(05)
R,) CHO
AN /k _OH
72 I ~
9 1.0 180 85(86 10(10 0504
Cl)H
AN CHO
10 w 20 240 83(85)  09(09) 08(06)
~ Py CHO
O A S LW
41 / \/Y 1 g AN onsony 1871 RN NTNKN
I \ /J\) 1.0 Gy 8.4{0V) 1J(13) U\ )
O ¥
Z CHO
12 | 2.0 35 97(97) 03(03) 00(00)
QN/
“
. I o N PO
13 | 1.0 20 9/(YB) U3(U2) {U0)
N
kN)\CHO
14 u\" J\" 0.5 06 97(99) 03(01) 00(00)
N CHO

aThe relative amounts of product formation are determined by GC-MS analysis and the results in the parentheses
refer to the corresponding yields obtained using oil bath; the products exhibited physical and spectral properties

(NMR and IR spectra) in accord with the assioned structures,
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