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FACILE PREPARATION OF DEOXYBENZOINS VIA A NOVEL SYNTHESIS OF ENAMINES

Martino Paventi and Allan S. Hay*
Department of Chemistry, McGill University, 801 Sherbrooke St.W., Montreal, Quebec, Canada H3A 2K6

ABSTRACT: N-Aryl(or alkyl)-N-benzylanilines and benzylidineaniline condense in N,N-dimethylformamide
in the presence of potassium t-butoxide to give enamines in good yields. Hydrolysis of the latter give
deoxybenzoin with 100% conversion.

Acyclic enamines are most conveniently synthesized by the reaction of ketones or aldehydes with
dialkylamines.! The synthetic applications pioneered by Stork? have been the focus of much work.! Herein we
report a new class of enamines 3 prepared from tertiary amines 1 and the imine 2 in N,N-dimethylformamide
using potassium fert-butoxide as a catalyst (Scheme 1). Examples of these reactions are shown in the Table. In
this novel reaction the activated methylene carbon of the benzyl group condenses with the methylene carbon of
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2 to give a carbon-carbon double bond with elimination of aniline. This chemistry is similar to the formation of
stilbenes from the reaction of aromatic Schiff's bases with methyl-substituted aromatic and heteroaromatic
rings as reported by Siegrist.

Scheme 2 shows a catalytic cycle for the production of deoxybenzoin. Formation of the enamines releases
aniline which may be recycled by condensation with benzaldehyde to produce more imine 2. Hydrolysis of the
enamines, 3, gives the ketone 5 and the secondary amines 4 which are easily separated. The latter when
reacted with halomethylbenzene give the tertiary amines 1 and the cycle resumes. Thus the overall equation for
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the novel synthesis of 5 may be written as:

PhCH,X + PhCHO —_— 5 + HX

Compound 1a was a commercial product (Aldrich). The tertiary amine 1b* was obtained in 89% yield from

tha 3 £ At 1
the reaction of diphenylamine (10 mmol) and benzy! chloride (26 mmol) in toluene (20 mL) containing

powdered> KOH/K;CO3 (60:16 mmol) and tetrabutylammonium hydrosulfate (1 mmol) 6 at 72 °C for 45 min
or in ~100% yield from benzyl phenyl ether and 2.7 The 9-benzylcarbazole (1¢)8 was synthesized (92% yield)
following the phase-transfer catalytic procedure used for 1b but employing only a 10% excess of benzyl
chloride.

A typical preparation of the enamines (3)° follows. Diphenylbenzylamine 1b (3.92 g, 15.1 mmol) and
N-phenylbenzaldimine (2) (3.0 g, 16.5 mmol) were heated for 150 min in DMF (50 mL) containing t-BuOK
(5.6 g, 50 mmol) under a slow stream of nitrogen. Based on reversed phase HPLC results, after 150 min the
conversion of 1b was 94%. From a calibration graph the yield of the enamine was 75%. This material was

isolated by pouring the organic solution into HyO (150 mL) and filtering the precipitate. The sticky solid was
treated with activated charcoal in boiling MeOH filtered and cooled. The enamine crystallized slowly as pale
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The enamine derived from carbazole is produced in better yields and within a shorter period (see Table)
probably due to the enhanced acidity of the methylene hydrogens. 10 This reaction was used to probe both the
solvent and the base used when the amounts of the reactants 1¢ (5 mmol) and 2 (7.5 mmol) were kept constant
at 75°C in DMF (50 mL) under N5 atmosphere. For the reactions listed in the Table the DMF used contained
0.15% water. Utilizing this solvent in four experiments where the amount of t-BuOK varied from 2-50 mmol
and the reaction was run for up to 20 min, the yields of 3c after recrystallization ranged from 72-81% except
for the experiment run with 2 mmol of -BuOK where the reaction was slow and the yield of 3¢ was <5% (not
recovered). However, when the DMF was dried 11, two experiments using 0.89 and 2.3 mmol of t-BuOK in
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which the reactions were worked up after 10 min gave identical yields of 3¢ (81%) which demonstrates that the
reaction is catalytic with respect to the base. Using sodium dimethylamide produced in situ from DMF and
metallic sodium (50 mL: 1 g)7 a 58% yield of recrystallized 3c was isolated after 20 min. With sodium
methoxide (53 mmol) in dry DMF (50 mL) no enamine (3¢) was obtained after 43 min.

The hydrolysis on a one-gram scale of the enamines 3a,b was easily carried out in a mixture of THF (30
mL) and 1.2 M HCI (7 mL) by heating under reflux for 1 h. The solution was neutralized (NayCO3), filtered
and the solvents evaporated. N-Ethylaniline may be easily separated from the resulting mixture by dissolving
in chloroform and extracting with 1.2 M HCl. The organic layer after drying (NapSO4) was evaporated and the
residue recrystallized from petroleum ether 35-60°C (abbreviated elsewhere as PE) to give deoxybenzoinl2 in
quantitative yield.

N,N-Diphenylamine from the hydrolysis of 3b was separated from the ketone as a first fraction by
chromatography (PE/benzene/EtOAc 90:9:1). The fractions containing the ketone § were combined, the solvent
evaporated and the residue recrystallized from PE. The recovery of 5 was 80% of theory.

Under the same conditions for the hydrolysis of 3a and b, 3c can be recovered unchanged after 24 h under
reflux. It was expected from the behaviour of similar enamines!3 that the hydrolysis of the more substituted
carbazole enamines would be slower. By changing the solvent mixture to acetic acid (18 mL) containing 6 M
HCI (2 mL)!4 and heating under reflux for 5 h the enamine 3¢ is completely hydrolyzed. Upon cooling about
80% of the carbazole crystallized out and was removed by filtration. The residue obtained after workup as for
3a and b was treated with boiling PE (3x30 mL) which extracts the ketone almost exclusively. The solutions
were combined, filtered and the volume was reduced to 50 mL. Upon cooling the ketone § crystallized and
was recovered in ~80% yield.

The research is continuing on the novel enamines obtained by this general method focusing on the
preparation of substituted deoxybenzoins which can be easily oxidized to tetraketones and used for the
preparation of high-temperature thermo-oxidatively stable polymers.

Table: The Reaction of Tertiary Amines (1) with Benzaldehyde Anil (2). 2

Reactants Ratio Enamine Time Conversion Yield mp(°C)(solvent)
1(mmol) : 2(mmol) 3 (min) of amine 1 (%)
(%)
a (10): (12) a 120 -¢ 674 oil d
b (15) : (16.5) b 150 94 75¢ 85-87 (MeOH)
¢ (10): (10) c 5 100 81f 160-162 (EtOAc/MeOH)

3Reaction employed t-BuOK/DMEF (50 mmol: 50 mL) at 75°C under No atmosphere. bNot optimized. From calibration curve of pure
product and HPLC reaction mixture. Amine did not show a peak on HPLC. dAfter flash chromatography on silica-60 (PE/CHCl3
9:1). Recovered material ~61%. “Precipitate (see typical reaction) may be recrystallized directly, but an analytical sample was
chromatographed (PE/CHCI3 9:1) and recrystallized. fCalcular.ed after one recrystallization.
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