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The alkyl hydrogens of N-(2-alkyldiphenylmethylene)acetamides were iound to be readily replaced with

deuterium on irradiation in deuteriomethanol (CH;OD).

It is proposed that the deuteration proceeds via an

enamide isomer produced by intramolecular hydrogen transfer from the o-alkyl group to the excited C=N double
bond. An intermolecular hydrogen atom abstraction pathway was excluded because neither N-(4-methyldiphenyl-
methylene)acetamide in deuteriomethanol(CH;OD) nor diphenylmethane in deuteriomethanol(CH,OD) in

the presence of N-(diphenylmethylene)acetamide was deuterated.

Intramolecular hydrogen abstraction is es-

sential for the deuteration, because no deuteration occurs on irradiation of 2-methylbenzophenone semicarbazone

which undergoes no photoreduction.

The difference in reactivities of the ortho-substituted imines between in

solution and in a rigid matrix is discussed from the viewpoint of syn-anti isomerization.

In previous papers we have reported that the imine
1 which has a C=N double bond conjugated with a
carbonyl group undergoes photochemical reduction in
hydrogen-donating solvents such as alcohol or ether,?
and reduction and reductive addition in alkyl benzenes
or aliphatic olefins.®) In spite of the recent accumula-
tion of reports of the photoreduction of simple imines,2-5)
its reduction pathway has not yet been unambiguously
characterized. Fischer® and Padwa and others®? have
proposed that the reactive intermediates in these reac-
tions are exclusively the excited states of the carbonyl
compounds contained as impurities in the reaction
mixtures. The lack of reactivity of the excited states
of imines was explained by a feasible deactivation via
syn-anti isomerization.”? Nevertheless, it is still open
to question whether this interpretation is applicable
to different kinds of imine, e.g., 1.
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We expected that participation of an impurity in
the hydrogen abstraction reaction could be prevented
by setting the hydrogen-accepting imino group and
the hydrogen-donating alkyl group in one molecule.
N-(2-Methyldiphenylmethylene)acetamide (2a), N-(2-
benzyldiphenylmethylene)acetamide (2b), and N-(4-
methyldiphenylmethylene)acetamide (3) were prepared
and the photogenerated intermediates were detected
by the exchange of hydrogen in the alkyl group with
deuterium in deuteriomethanol (CH;OD). Changes in
the absorption spectra during irradiation and the photo-
chemical behavior of 2-alkylbenzophenone semicar-
bazone (4) were investigated as well.

Results and Discussion

Deuteration. The 2- (2a) and 4-methyl (3) sub-
stituted N-(diphenylmethylene)acetamides were pre-

pared and photochemically deuterated at the 2-
and 4-methyl positions. A solution of each com-
pound in a deuteriomethanol(CH,OD)-benzene mixed
solvent was irradiated with light of wavelength longer
than 320 nm at room temperature for 8 hr. After ir-
radiation, the solvent was removed and the NMR
spectrum of the recovered imine was measured. The
spectrum of the recovered 2a revealed that 0.30-+0.09
atoms of deuterium per molecule were incorporated
in the 2-methyl group of 2a, while no deuteration was
observed in 3. This striking contrast is apparently
due to the difference between the geometrical positions
of the hydrogen-donating methyl groups. In other
words, this is an example of the ortho-effect. It is
also noteworthy that the acetyl hydrogens in 2a
or 3 remained undeuterated throughout the above ir-
radiations.

Mechanism of Deuteration. The lack of deutera-
tion of 3 indicates that some intramolecular interac-
tion between the N-acetylimino group and the 2-methyl
group of 2a, possibly intramolecular hydrogen atom
abstraction zia a six-membered cyclic transition state
formation, is involved in the photodeuteration of 2a.
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The following experiment showed that the deuteraticn
of 2a does not proceed viz an intermolecular hydrogen
atom abstraction. Thus diphenylmethane and imine
1 were used as a hydrogen donor and an acceptor,
respectively, for a typical intermolecular reaction.
When a solution of diphenylmethane and 1 in deu-
teriomethamol (CH,OD)~benzene was irradiated at room
temperature, even after irradiation for 86 hr NMR and
mass spectra showed no evidence of deuteration. This
shows that the deuteration of 2a must proceed vig an
intramolecular hydrogen abstraction pathway.
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Furthermore, the participation of the hydrogen ab-
straction in the deuteration was confirmed by studying
the photochemical behavior of 2-methylbenzophenone
semicarbazone (4). Generally, it is known that irradia-
tion of N-acylimines in hydrogen donors results in reduc-
tion of the C=N double bond, but no photoreductions of
semicarbazones have been reported yet. In fact, semi-
carbazone 4 gave no photoreduction product. As
might have been expected from the inability of semi-
carbazones to abstract a hydrogen atom photochemi-
cally, no deuteration of 4 was observed after irradia-
tion for 20 hr in deuteriomethanol(CH,OD). This
result indicates that the deuteration of 2a results
from hydrogen abstraction in its excited state.

Attempts of Spectrophotometrical Detection of Intermediate.
2-Methylbenzophenone (5a) isoelectronic with the imine
2a, is known to undergo photochemical deuteration,
which has been interpreted as the consequence of the
hydrogen-deuterium exchange between deuteriome-
thanol(CH;OD) and the enol isomer of 5a generated
by the intramolecular hydrogen atom transfer.8:9
This photoenol was detected spectrophotometrically
as a colored species which was stable only at low tem-
perature. It was, therefore, expected that upon ir-
radiation at 77 K the imine 2a would also produce
the corresponding enamide which might be detected
as a colored species in a rigid matrix. Since it was
not possible to eliminate the impurity 5a completely
from the liquid 2a, the crystalline 2-benzyl derivative
2b was used for measuring the absorption spectra
of the reaction system. The imine 2b was carefully
recrystallized several times from dry cyclohexane. 2-
Benzylbenzophenone (5b), as well as 5a, has also been
reported to generate a colored species at low tem-
perature and to undergo deuteration upon irradiation.?

A solution of 2b in an alcoholic solvent was irradiat-
ed and the change in the absorption spectrum of the
reaction mixture was followed. At room temperature
no color change was observed. At 77K in the ma-
trix, the colored enol of the impurity 5b was often
observed (,,, 430—480 nm) when insufficiently pu-
rified 2b was used. However more careful purifica-
tion removed the coloration completely. When a small
amount of water was added to the purified sample
which was subsequently allowed to stand at room
temperature for 48 hr, coloration due to 5b produced
by the hydrolysis of 2b was again observed at
77 K. Furthermore, a solution of unpurified 2a in
an alcoholic solvent gave a colored species (4,,, 405
nm and 430 nm) on irradiation at 77 K, but the colora-
tion was removed by addition of phenylhydrazine to
the system. Phenylhydrazine would react with the
impurity 5a to give a less reactive species, phenylhydra-
zone. As described above, it was concluded that the
observed colorations were due to the photoenols of
impurities.’® An attempt to detect the intermediate
enamide spectroscopically was unfortunately unsucces-
sful. This observation, however, i1s not in" conflict
with the contention that the enamides are involved
in deuteration, as discussed in the next section.

In order to examine the influence of impurities, the
deuteration of the impurity-free 2b was rigorously
checked. A solution of impurity-free 2b in a deuterio-
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methanol(CH;OD)-toluene solvent was first irradiated
at 77 K to check the absence of the coloration due to
the impurity. Then the irradiation was continued at
room temperature for 20 hr. The amount of deu-
terium contained in the recovered 2b was found by
NMR spectroscopy to be 0.3 atom per molecule in
good agreement with the figure determined by mass
spectroscopy. The deuterium atom was found to be
located at the benzylic position. It was, therefore,
concluded that the deuteration of the ortho-substituted
imines 2 proceeded indeed via the excited states of 2
and that the impurity, a ketone, did not participate
in the deuteration via a chemical sensitization mecha-
nism.

Intramolecular Hydrogen Atom Abstraction and Molecular
Geometry of 2. Padwa and Dharan® claimed that
irradiation of simple imines resulted in isomerization
about the C=N double bond which dissipated the
excitation energy and resulted in inhibition of hydrogen
abstraction by the excited imine. The results of the
present study, however, showed that hydrogen abstrac-
tion is indeed able to proceed when the hydrogen-
donating alkyl group is located at a geometrically and
consequently kinetically preferable position within
the molecule. Moreover it has been found in our
laboratory and will be reported in a separate paper't
that the excited state of imine 1 also underwent hy-
drogen abstraction to a considerable extent even without
any chemical sensitizers. The deuteration of the ortho-
alkyl groups in 2 provided strong evidence for the
participation of the excited states of these imines (1
and 2) in the hydrogen abstraction.

It was necessary to consider the molecular geometry
of 2 to discuss the geometrical features of the hydrogen
abstraction. Several reports on the syn-anfi isomeriza-
tion of asymmetric benzophenone imines in solution
showed that the para-substituted derivatives!'?) mostly
undergo rapid isomerization at room temperature
whereas the ortho-substituted ones'® exist exclusively
in the syn(Z)-form. This would be the case in ortho-
substituted 2a and 2b, shifting the equilibrium to the
syn(Z)-form. The fact that the intermediate enamide
was not detected even at low temperature can be
reasonably explained as follows. Because the lone
pair of the nitrogen atom in syn(Z)-2 is in position
opposite to the ortho-alkyl group and also the isomeriza-
tion of syn(Z)-2 to the anii(E)-isomer is prevented at
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77 K in a rigid matrix, the excitation energy is dissi-
pated by radiative or radiationless processes without
hydrogen abstraction.’®) In fact, no deuteration could
be detected on irradiation of 2a at 77 K, which is
consistent with the absence of coloration of the pure
imine.’® On the contrary, irradiation of 2 at room
temperature in solution results in the formation of the
anti(E)-isomer by rotation about the C=N double
bond.'® The excited state of the anti(E)-isomer is
supposed to be the active species in the hydrogen ab-
straction and the photochemical deuteration. In fact,
Ogata'” and Stermitz!'®) reported that azomethine 6
undergoes photochemical intramolecular hydrogen ab-
straction.

Experimental

General. Ultraviolet spectra were recorded on a
Shimadzu MPS-50L spectrophotometer. Infrared spectra
were taken as liquid film or in Nuyjol mulls on a Jasco IR-E
spectrophotometer. Nuclear magnetic resonance spectra were
taken on a Japan Electron Optics Laboratory Model PS-100
spectrometer using tetramethylsilane as the internal standard.
The mass spectra were recorded on a Hitachi RMS-4 mass
spectrometer, in which the ionization energy was 80 eV,
The samples were injected directly at 120 °C or injected
through a Hitachi 063 gas chromatograph (SE30, 3 mm¢ X
2m, 225°C). Melting points were determined with a
Yanagimoto micro melting point apparatus. All irradia-
tions were carried out in a quartz reactor equipped with a
Ushio type 501C 500W ultrahigh pressure mercury lamp
through a glass filter transparent to wavelengths longer
than 320 nm.

Materials. Monodeuteriomethanol(CH;OD) was ob-
tained from Merck. Benzene, toluene, and cyclohexane were
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dried over metallic sodium, methanol over magnesium, and
2-propanol over barium oxide, and distilled. Diphenyl-
methane was recrystallized from petroleum ether.

N-(Diphenylmethylene) acetamide (1) was prepared in the usual
way.1?9 N-Acetylation was carried out with acetic anhydride.

N-(2- or 4-Methyldiphenylmethylene) acetamide (2a or 3) was
prepared by the coupling of benzonitrile with the Grignard
reagent of the corresponding bromotoluene,'® followed by
N-acetylation with acetic anhydride. 2a: bp, 152°C
(1 mmHg); IR (liquid film): 1690(C=0), 1640(C=N) cm!;
NMR(CCl,): 6 1.9(acetyl CH,), 2.2(CH,;), 7.1—7.8 (9H,
aromatic ring protons). 3: IR(liquid film): 1690(C=0),
1640(C=N) cm~1; NMR(CCl,): 6 1.9 (acetyl CHj,), 2.3(CH,),
7.0—7.6(9H, aromatic).

N-(2-Benzyldiphenylmethylene) acetamide (2b) . The Grig-
nard coupling of bromobenzene and 2-chlorobenzyl chloride
gave  2-chlorodiphenylmethane.??  2-Chlorodiphenylme-
thane was refluxed in pyridine in the presence of cuprous
cyanide to give 2-benzylbenzonitrile.?’ A solution of 20 g
of 2-benzylbenzonitrile in 50 ml of dry diethyl ether was
added to the Grignard reagent prepared from 15.7g of
bromobenzene and 2.5 g of magnesium in 100 ml of diethyl
ether., The reaction mixture was refluxed for 6 hr, cooled,
decomposed with 100 ml of methanol, and filtered. The
solvent was evaporated and the residue was distilled under
reduced pressure to give 2-benzyldiphenylmethyleneimine;
229, yield ; bp, 200 °C(1 mmHg) ; IR (liquid film): 3240(NH),
1605(C=N) cm~'; NMR(CCly): ¢ 3.8(CH,), 6.9—7.7(14H,
aromatic), 8.6(NH); Anal.: Found: C, 86.65; H, 6.00; N,
4.949%,. Calcd for C,;H,,N: C, 88.52; H, 6.32; N, 5.16%,.22
This imine was easily acetylated with acetic anhydride to give
N-(2-benzyldiphenylmethylene)acetamide. Careful recrystal-
lization from cyclohexane was repeated several times until
impurity-free white crystals were obtained: bp, 205°C
(1 mmHg); mp, 100—101 °C; Mass: m/e=313; IR(Nujol
mull): 1690(C=0), 1640(C=N) cm='; A%:% (log emax):

TasLE 1. RESULTS OF THE PHOTODEUTERATION IN DEUTERIOMETHANOL(CH,OD)
Irr Analysis
Compound time Observed value Deuterium content
(hr)  Method (Caled value) (%)
thyl
1 200 mg + Dm 200 mg» 20 NMR I0CYIene _ 0.20+0.01 0
phenyl
M+1
1 350 mg + Dm 200 mg? 86 mass = 0.1420.02 (0.15)® 0
-methyl
2a 230 mg 8 NMR 2emethyl 4 901003 10+3
acetyl
M+1
2a 230 mg (at 77 K)® 8 mass = 0.1940.02 (0.19)® 0
2b 150 mg®) 20 NMR Zmethylene o 0.0 12:+4
J acetyl
mass M+l 510,02 (0.25) 1542
lmass M+2  0.13-£0.02 (0.03)0 14-+2
3 500 mg 8 NMR Aemethyl 040,08 0
acetyl
1
4 100 mg 20 mass Ml\:Il_ = 0.20+0.02 (0.18) 0

a) The NMR spectra were taken in CCl, at room temperature.
c) The figure in the parentheses is the ratio calculated from the natural isotope abundance.

analyzed in this run.

d) Toluene was used in this run instead of benzene as a solvent.

b) Recovered diphenylmethane (Dm) was

e) The corresponding ketone was completely

eliminated from the starting material and dry toluene was used instead of benzene in this case.
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215(4.54), 234(4.40), 253(4.40), 372(sh)(0.97), 382(0.66),
392(0.66)nm; NMR(CCl,): & 1.8(acetyl CH,), 3.8(CH,),
6.9—7.6(14H, aromatic). Anal.: Found: C, 84.48; H,
6.09; N, 4.44%. Caled for C,,H,,NO: C, 84.31; H,
6.11; N, 4.479,.

2-Methylbenzophenone Semicarbazone(4) To a solution
of 1g of semicarbazide hydrochloride and 1.5 g of sodium
acetate in 10 ml of water was added 10 ml of ethanol con-
taining 1 g of 2-methylbenzophenone. Ethanol was added
until the mixture became transparent. The solution was
heated for half an hour and allowed to stand at room tem-
perature over a period of several days. A new crystalline
compound 4 was separated from the reaction mixture and
recrystallized from ethanol: mp, 156—157 °C; Mass: m/e=
253; IR(Nujol mull): 3300(NH), 1680(C=0O)cm-1; NMR
(CCly): 6 2.2(CH,;), 6.0(NH, NH,), 7.5(9H, aromatic).
Anal.: Found: C,71.19;H,5.92%. Calcd for C;;H;;N,O:
G, 71.11; H, 5.989,.

Deuterium Exchange. Usually 2ml of a deuterio-
methanol (CH;OD)-benzene solvent containing 100—500 mg
of an imine was degassed and pure nitrogen was introduced
until the system reached atmospheric pressure for experi-
mental convenience. After being irradiated at room tem-
perature in a quartz tube, the starting material was recovered
and analyzed by NMR and mass spectroscopy. The results
are summarized in Table 1.

Irradiation at Low Temperature. Unless otherwise men-
tioned, an oxygen-free 10-1 mol/l solution of the substrate
in 4ml of a methanol-2-propanol (1 :1) solvent was ir-
radiated at 77 K in a quartz cell with light of wavelengths
longer than 320 nm. Changes in the absorption spectra
were measured at 77 K in a quartz Dewar filled with liquid
nitrogen.
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