Notes

between 2 and 3 via aminals as shown below in eq 1. After
standing for about 24 h at room temperature, the trans isomer
content of 2 increased to ~65%. Separation of the resulting
2 and 3 was not attempted but should be possible by distilla-
tion or fractional crystallization. Repeated equilibration with
trans-enriched samples of 2 and 3¢ would even further in-
crease the trans content of 2.

R'NH
AN

R'NH, + R"N=CHR"” = CHR™

R”NH
= R’NH, + R'N=CHR"" (1)
R’ = cis-R; R"” = trans-R; R""" = C,H,

The isomer distribution in all samples of amine 2 and imine
3 can be measured from the 13C-NMR spectra of the samples.
Use of 13C rather than H NMR for the analysis is desirable as
shift reagents are needed to separate coincident peaks in the
proton spectra of the isomer mixtures.? Table I lists the 13C
chemical shifts of the compounds studied. The chemical shifts
of several carbon positions, especially C-5, differ sufficiently
to determine the isomer distribution by integration of peak
areas.

Experimental Section!®

Starting Materials. The required isomeric bis(4-benzyli-
deneaminocyclohexyl)methanes 3a, 3b, and 3¢ were prepared by
heating benzene (or toluene) solutions of the corresponding amine
2a, 2b, or 2¢ with 2 mol of benzaldehyde. The reaction flask is con-
nected to a water separator and heating is continued until water
separation is completed. Evaporation of solvent yields the imines in
colorless crystals. Samples are recrystalized for analysis from chlo-
roform—methanol (3a and 3¢) or methanol-water (3b); 13C-NMR data
are listed in Table I. 3a: mp 132-133 °C; colorless plates; IR (CHCl3)
1635 cm~! (C==N). Anal. Caled for CorHa4Ny: C, 83.89; H, 8 87; N,
7.25. Found: C, 83.69; H, 9.02; N, 7.07. 3b: mp 98-99 °C; colorless
crystals; IR (CHCl3) 1635 cm~! (C==N). Anal. Caled for Co7H34No:
C, 83.89; H, 8.87; N, 7.25. Found: C, 83.94; H, 8.83; N, 71.4. 3c: mp
153-154 °C; colorless needles; IR (CHCl3) 1635 cm~! (C=N). Anal.
Calcd for Co;HasNa: C, 83.89; H, 8.87; N, 7.25. Found: C, 84.00; H, 8.71;
N, 7.19.

Cis-Trans Isomerization of 3a to 3c. (a) With Potassium
tert-Butoxide. A 3.0-g sample of 3a is suspended in 6 mL of 1,2-
dimethoxyethene (DME). After adding 0.6 g of potassium tert-bu-
toxide the mixture is stirred for 64 h under a blanket of nitrogen at
room temperature, after which the thick suspension is diluted with
water (ca. 40-50 mL). Colorless or nearly colorless crystals are left
undissolved which are filtered off and after being washed with water
are dried at 70 °C; yield 3.0 g, 13C-NMR analysis gives an overall
cis—trans ratio of 7:93. Stirring of the crude product with methanol
and filtration leaves essentially pure 3c.

(b) With Potassium Hydroxide-18-Crown-6. A mixture of 5.0
g of isomeric imines 3 with a cis—trans ratio of 72:28, 1.0 g of powdered
potassium hydroxide, and 0.2 g of 18-crown-6 is suspended in 10 mL
of DME and stirred for 95 h at room temperature in a nitrogen at-
mosphere. The resulting suspension is diluted with 50-60 mL of water,
filtered, and dried at 70 °C, 5.0-g yield. 13C NMR shows the crude
material to contain more than 95% trans imine. Similar experiments
with about 2-4 wt % Kryptofix 222 instead of 18-crown-6 give com-
parable results.

Hydrolysis of 3c. A solution of 10.0 g of 3¢ in 100 mL of & N hy-
drochloric acid is kept at 50 °C for ca. 60 min. Hydrolysis is indicated
by separation of droplets of benzaldehyde. The resulting mixture is
extracted with methylene chloride (4 X 10 mL) after cooling. Drying
the extracts with sodium sulfate and evaporation of solvent lead to
quantitative recovery of benzaldehyde.

On adjusting the pH of the aqueous phase to 9-10 by adding 30%
sodium hydroxide solution the trans,trans-amine 2¢ is separated in
fine droplets, which crystalize on scratching. Extraction with meth-
ylene chloride (4 X 10 mL) gives 5.5 g (quantitative) of crude 2c after
evaporation of solvent, mp (hexane) 63 °C (Lit.11 64-64.4 °C}, iden-
tical in IR comparison with authentic 2c.

Equilibration between 3¢ and an Isomer Mixture of 2. A mix-
ture of isomers of 2 (1.05 g, 0.005 mol), having an overall cis—trans ratio
of 71:29, is dissolved in 6 mL of methylene chloride together with 1.93
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g (0.005 mol) of 3¢. 13C-NMR analysis of the mixture after 24 h reveals
a change of the cis—trans ratio of the amine 2 to 33:66 and of the imine
3 to 35:65.

Registry No.—1, 101-77-9; benzaldehyde, 100-52-7.
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During the base-catalyzed condensation of 2,2’-dimethyl-
benzil (1) with 1,3-diphenyl-2-propanone to prepare the
reddish-black 2,5-diphenyl-3,4-bis(o-tolyl)eyclopentadi-
enone,! a crystalline, colorless side product (2) was isolated
in 9% yield, mp 155-157 °C. Ultimate analysis agreed with the
formula C14H 1405, identical with that of the starting material,
2,2’-dimethylbenzil. 2 was insoluble in aqueous alkali.
Treatment of 2 with alkali in alcohol restored a yellow color.
The infrared spectrum showed the following peaks: 3400 (s,
tertiary OH), 1700 cm™? (s, C==0), 1602 (m, Ar), 1210 (s,
C—0, C=0), 1055 (s, CO), 960 (w, Ar), and 745, 730, and 715
cm~! (ortho-disubstituted Ar). The 300-MHz NMR spectrum
(CDCls) revealed peaks at 6 2.348 (3 H, s, ArCHy), 2.86 (1 H,
s, OH), 3.68 (2H, s, ArCH,), 7.16 (1 H, m, tolyl H3), 7.24 (2 H,
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Scheme I
O 0]
I [

C (SN Z7
X

CH, CH;
1

0

I
C
:@ + HO

triethylene glvcol

(@]

I

: C

o -

CH,” CH;,
i 0
I !
C——C
SUDe ;
CH.™ CH;
= i ==
0~ 0
I I
SIS e
L CH, CH, ]
0~ OH
+ HO = + HO™
L CH, | CH;

2 From Triton B: PhCH,N"(CH,),0H".

m, tolyl Hy, Hs), 7.37 (1 H, d, J = 8.0 Hz, tolyl Hg), 7.47 (1 H,
d,J = 7.5 Hz, indanone Hy), 7.48 (1 H, t,J = 7.5 Hz, indanone
Hg),7.70 (1 H, d,t,J = 1.3, 7.5 Hz, indanone H;), and 7.94 (1
H, d, J = 7.5 Hz, indanone H-). Mass spectral analysis ex-
hibited peaks at 238, 220, 119, and 91. These data are in
agreement with 2-hydroxy-2-(o-tolyl)-1-indanone as the
structure of 2,

2 may be envisaged as forming from 1 via an intramolecular
aldol condensation (Scheme I). The reversible arrows, char-
acteristic of the aldol condensation, rationalize the formation
of a yellow color [1?] when 2 is treated with alcoholic alkali.

The peaks in the mass spectrum may be rationalized by
decomposition as shown in Scheme IL The peak at 220 might
be accounted for by dehydration of 2 to the corresponding
indenone in a parallel reaction. Cleavage of benzil to benzoyl
in the mass spectrometer has been previously reported.2

To the authors’ knowledge this kind of rearrangement of
a methylated benzil under basic conditions has not been re-
ported. However, a photochemical reaction producing an
analogous indanone has been observed®* (eq 1). Therefore 1

0 0 0
I OH
C—C—CH, _" 1)
pentane
X
CH.R R

R=H, CH,

was subjected to photochemical conditions. In the presence
of ultraviolet light in carbon disulfide, 1 afforded 2 in 60%
vield. It thus became necessary to ascertain whether light was
important in the base-catalyzed reaction. In the dark the

Notes
Scheme II
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base-catalyzed reaction was shown to produce 2, thus
suggesting that the base-catalyzed reaction and photochemical
reaction are distinctly different reactions.

Experimental Section

2-Hydroxy-2-(o-tolyl)-1-indanone and 2,5-Diphenyl-3,4-
bis(o-tolyl)cyclopentadienone. A solution of 0.224 g (0.94 mmol)
of 2,2’-dimethylbenzil and 0.237 g {1.13 mmol) of 1,3-diphenyl-2-
propanone in 1.0 mL of triethylene glycol was heated to 95 °C. Triton
B (0.4 mL) was added and the solution was kept at 95-100 °C for 20
min. The solution turned dark purple upon addition of the catalyst.
After cooling to room temperature, about 10 mL each of benzene and
water were added. Separation of the benzene layer and distillation
of the benzene at about 100 mm left a thick, purple oil, which was
stored in a vacuum desiccator. After 1 h of standing, crystals formed,
which were washed with about 3 mL of cyclohexane-benzene (95:5)
and filtered quickly. Washing the crystals with a few drops of cold
methanol afforded 0.020 g (9.0%) of 2, mp 155-157 °C. Anal. Caled
for C16H1403: C, 80.65; H, 5.92. Found: C, 80.54; H, 6.21.

The purple liquid remaining after filtration of 2 was evaporated
to dryness in vacuo, dissolved in a small amount of cyclohexane-
benzene (95:5), and chromatographed on a column of neutral alumina
(14 X 2.5 cm) using the same solvent as eluant. A yellow and a purple
band separated. The column was cut and the alumina containing the
purple band was extracted in a Soxhlet apparatus with 125 mL of
benzene until the alumina was colorless. Distillation of the benzene
left 0.027 g of purple crystals, which were recrystallized from 3 mL
of methanol to give 0.015 g (3.9%) of purple-black product, mp
205-207.5 °C (lit.5 mp 203-204 °C).

2-Hydroxy-2-(o-tolyl)-1-indanone. A. Base Catalyzed. A so-
lution of 0.0687 g (0.288 mmol) of 2,2’-dimethylbenzil in 1.0 mL of
triethylene glycol was heated in an oil bath to 100-105 °C. Addition
of 0.4 mL of Triton B turned the solution red. After 20 min the solu-
tion was green and it was heated 5 min more. Benzene (15 mL) was
added and the solution was washed with three 5-mL portions of water
at which stage the solutior: was amber. The benzene layer was distilled
slowly leaving brown crystals which turned colorless upon washing
with cyclohexane-benzene (19:1): 7.2 mg (0.0302 mmol, 10.6%); mp
155-157 °C.

B. Photochemical. A solution of 0.050 g (0.210 mmol) of 2,2’-
dimethylbenzil in 17 mL of carbon disulfide was irradiated at room
temperature for 5 h using a Curtis Lighting light fixture holding a GE
Bulb UA-3GE360W attached to a G. W. Gates & Co. Power Supply,
Model 420-U1. Concentration of the solution and cooling afforded
0.030 g (0.126 mmol, 60%) of colorless 2, mp 154--156 °C.
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