EVOLUTION OF HYDROGEN IN THE REACTION OF HYDROHETEROAROMATIC COMPOUNDS
WITH DEHYDROGENATING AGENTS
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The yields of molecular hydrogen in the reactions of benzimidazolines 1,2-dihydro-
pyrimidines with a number of dehydrogenating agents have been determined.: The - ..
formation of hydrogen is due to breakdown of the cation-radicals of the hydrohet-
arenes formed in the first stage of the reactions. The EPR spectrum of the ca-
tion-radical from 1,3-dimethyl-2-phenylbenzimidazoline has been obtained.

The dehydrogenation of hydroaromatic compounds, formerly regarded as involving hydride
transfer, is now more frequently considered to be a stepwise reaction commencing with one-
electron oxidation of the substrate [1, 2]. The principal mode of breakdown of the hydro-
hetarene cation-radical formed in the first stage of the reaction is deprotonation to the
neutral free radical [1-3]. Much less frequently, deprotonation precedes oxidation of the
cation-radical to the dication {4]. If electron transfer leads to the formation of another
reactive radical in addition to the cation radical, it has been suggested [5] that aromatiza-
tion of the cation-radical may occur by loss of a hydrogen atom in the solvent cell, i.e.,
in the region of space in which repeated collisions of the two species occur [6].
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Finally, another route is possible, in which the cation-radical undergoes breakdown with
loss of an atom of hydrogen, as in the fragmentation of the cation-radicals of organotin [7]
and organosilicon hydrides [8]:
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In the present investigation, we set ourselves the task of detecting loss of free hydro-
gen in HetH-oxidant systems. The subjects chosen for study were benzimidazolines and 1,2-
dihydropyrimidines. Both chemical and electrochemical oxidation was studied.

On examining the electrochemical oxidation of 1,3-dimethyl-2-phenylbenzimidazoline (I)
in dimethylformamide at a rotating disk electrode and ring, it was found to occur in a single
wave of approximately two electrons (n = 1.75) at a potential E, of 0.28 V. The final oxi-
dation product is the 1,3-dimethyl-2-phenylbenzimidazolium cation (cf. {9]), confirmed by the
presence in the electrooxidation products of a reduction wave for this cation with E; 1.6 V,
the same as in authentic solutions containing 1,3-dimethyl-2-phenylbenzimidazolium perchlor-
ate. Reduction waves are recorded on the ring at potentials similar to those corresponding
to the oxidation wave on the disk. They correspond to the reverse reduction of the imida-
zoline cation-radical of (I) (I*") to the starting material.

The absence of a relationship between the coefficient Ny, which is a measure of the ratio
of the current at the ring to that at the disk, and the concentration of the depolarizer shows
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Fig. 1. EPR spectrum of the adduct Fig. 2. EPR spectrum of 1,3-dimethyl-2-
of 1,3-dimethyl-2-phenylbenzimida- phenylbenzimidazolium cation.
zolium cation with atomic hydrogen.

that the breakdown of the cation-radical is first or pseudo-first order [10], as would be the
case if either a proton or a hydrogen atom were eliminated. The rate constant for the break-
down of the cation-radical, found from Ny, is around 6 sec™?, in accordance with a half-break-
down time of the order of 0.1 sec.

Breakdown of the cation-radical (I*') with loss of an atom of hydrogen is thermodynami-
cally favored, since it is then converted directly into the fully aromatic benzimidazolium
cation. The same conclusion is reached from a comparison of the potential EH+/H" ang
Ep I1/1II (0.1 and ~1.6 V respectively):
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Nevertheless, electrolysis of the imidazoline (I) in DMF results in the evolution of
only trace amounts of free hydrogen. Possible reasons for this are the high reactivity of
the hydrogen atoms, and parallel deprotonation of the cation-radical. The reactivity of
atomic hydrogen is so great that even the reactiorn product (cation (II)) can capture it with
the formation of a paramagnetic adduct. This has been confirmed by control experiments,
during which atomic hydrogen was generated photochemically in a sulfuric acid matrix [11] in
the presence of 1,3-dimethyl-2-phenylbenzimidazolium perchlorate. The EPR spectrum of the
adduct is shown in-Fig. 1. The nature of this spectrum shows that addition of hydrogen takes
place at the benzene ring of the cation:
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Electrochemical oxidation of the imidazoline (I) in acetonitrile also takes place with-
out evolution of hydrogen, clearly as a result of the high reactivity of atomic hydrogen
towards this solvent.

In spite of the low stability of the cation-radical (I*"), we have been able to record
it by EPR in the oxidation of the imidazoline (I) with silver cation in acetonitrile at —30°C.
The EPR spectrum of the cation-radical, which consists of a doublet of multiplets (Fig. 2),
is due to interaction of the unpaired electron with the 2-H, 5-H, and 6-H protons and those
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TABLE 1. Yield of Molecular Hydrogen in the Reactlons of
Hydroheteroaromatic Compounds with. Oxidants*

Amt. of | . Amt. of |paaction !Yield of
comp. i oxidant oc. | hydrogen
Compound ’ Oxidant ° temp., °C %yq_ ge! s
1 0,1 AgNO; : 0,5 100—120 02
1 0,1 - | Fe(ClO,);-9H0 1,5 150—170 0
v 0,1 © | AgNO; o 0.7 100—120 0,4
\% 0,14 | AgNO, 0,6 120140 15
\4 0,14 | Fe(ClO4)3-9H,0 1.5 140—160 0,1
v 0,14 | Cu(BF,);-6H.;0 1,0 170—180 0
A" 0,14 |Phenothiazine cation-radi~-. 0,6 140--160 4
cal perchlorate -
-— Phenothiazine catlon—rad1- 0,6 150—170 0
cal perchlorate .
Phenothiazine 0,15 [AgNO; - . 0.6 150—170 0
V1 0,2 AgNO; 0,6 150—160 0

*The starting material was heated with the oxidant in 10 ml of
dodecane under nitrogen, until no more gas was evolved (0.2-
0.5 h).

tCalculated for the reaction HetH - HetH'" > Hett + 0.5 H,.

of the methyl groups with the two equivalent nitrogen atoms. The hyperfine splitting con-

stants (HSC) are 40, 3.4, 6.8, and 6.8 Oe respectively. Noteworthy is the unusually high HSC
with the proton in the 2-position, indicating the quite high density of the unpaired electron
in this ring. This factor clearly facilitates the elimination of hydrogen in the atomic form.

The cation-radical (I*') can also be generated by oxidizing (I) in the system AlCl,—
CH2Cl, (seepreliminary communication [12]). Here, it shows unusual stability as a result of
adsorption on to the aluminum chloride, and can be recorded by EPR even at +20°C. Although
adsorbed radicals normally give anisotropic EPR spectra, that of the radical-ion (I*') in the
system (I)—-A1Cl,—CH,Cl, is isotropic. This interesting observation is doubtless due to the
retention of the ability of the cation-radical to rotate rapidly, while its diffusion is at
the same time vestricted (cf. [13]).

Chemical oxidation of the imidazoline (I) and of 1,3-dimethylbenzimidazoline (IV) with
silver nitrate [14] in dodecane results in the formation of small amounts of molecular hydro-
gen (Table 1). Much greater yields of hydrogen are obtained when 2-phenyl-4,6-dimethyl-1,2-
dihydropyrimidine (V) is oxidized by silver nitrate. However, when 2,2-diphenyl-4,6-dimethyl-
1,2~dihydropyrimidine (VI) is used instead of the dihydro-compound (V), no hydrogen is formed.
This shows that the source of the hydrogen in the oxidation of (V) with silver nitrate is the
hydrogen atom in the 2-position of the dihydro-compound:
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+
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The yield of hydrogen in the system (V)—oxidant falls sharply, or is even zero when more
energetic oxidizing agents than silver nitrate are used, for example iron(III) perchlorate
or copper{(Il) fluoroborate (Table 1), which are clearly able to oxidize atomic hydrogen to
a proton.

The possible formation of hydrogen in the dehydrogenation of benzimidazolines and other
hydroaromatic compounds by the silver cation has been assumed previously [14, 15], althbugh
it was not confirmed experimentally. The source of the hydrogen in such reactions was as-
sumed to be the unstable silver hydr1de, the product of the transfer of a hydride ion from
the hydrogenated heterocycle to Ag This postulate is, however, not supported by the ob-
served formation of the cation-radical (I*') in the system (I)-Ag*, or by the fact that evolu-
tion of hydrogen also occurs in the electrochemical oxidation of hydrchetarenes, or when oxi-
dants are used which do not contain a metal cation. It has been found that on -heating the
dihydropyrimidine (V) with the phenothiazine cation-radical perchlorate, a typical one-elec-
tron acceptor, hydrogen is evolved (Table 1), while control experiments have shown that the
cation-radical itself does not liberate hydrogen under the reaction conditions.
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When the one-electron oxidation of the benzimidazoline is carried out with an organic
cation, in addition to the benzimidazole cation-vadical, a neutral radical is formed, which
is obviously able to take up an atom of hydrogen. This fact makes it possible to hydrogenate’
the neutral radical with the hydrogen of the cation-radical, thereby dehydrogenating the
substrate by the —e”, —H" route, for instance:

1+R° —= I™+R —w II+RH

R+ is an organic cation

When the second step is rapid, the reaction kinetics will be indistinguishable from the
kinetics proposed for bimolecular hydrogen transfer. An argument in favor of the ion-radical
mechanism for dehydrogenation under these conditions is the detection of free-radical elec-
tron-transfer products.

On examining the dehydrogenation of the benzimidazoline (I) with the 2,4,6-triphenyl-
pyrilium cation in acetonitrile, we found that the reaction is second order overall (first
order in each reactant). The rate constant is 1.26 liter/mole-sec. EPR has shown that the
system (I) — 2,4,6-triphenylpyrilium perchlorate contains the known [16] 2,4,6~triphenylpy-
ranyl free radical, this being the product of the one-electron reduction of the pyrilium ca-
tion. These observations are best interpreted as resulting from an —e”, —H* mechanism of
dehydrogenation. ‘

EXPERIMENTAL
EPR spectra were obtained on a Varian E-12 spectrometer.

Electrochemical dehydrogenation of (I) was carried out at a rotating ring electrode with
a ring constructed similarly to the electrode, as described in [17]. Immediately before re-
cording the voltamperogram, the electrodes were cleaned with abrasive paper, and washed with
chromic acid mixture, water, and chemically pure grade acetone. The reproducibility of the
experiments was +20 mV. The volt~amperograms at the disk were recorded by the three-electrode
method on a P-5848 potentiostat, and at the ring, by an LP-7 polarograph with a symmetrical
input [18]. The constant potential of the ring corresponded to the foot of the wave at the
disk.

The electrode efficiency coefficient Ngff, which depends solely on the electrode geometry
[19], was measured using as standard cation 2,4,6-triphenylpyrilium and NNN'N'-tetramethyl-p-
phenylenediamine, for which the electrochemical reactions (reduction and oxidation respec-
tively) are fully reversible [20]. The value found for Ngff was 0.1.

The rate constant for the breakdown of the ion-radical (I+') was determined with a cor-
rection for the non-monoelectron character of the oxidation wave of the benzimidazoline, us-
ing the formula given in [10].

Kinetic measurements were carried out by the electrochemical method, using a rotating
platinum disk and ring electrode, under pseudo-first order conditions in one of the reactants.
The rate constant for the dehydrogenation of the benzimidazoline by the 2,4,6-triphenylpyril-
ium cation was found from the equation (cf. [21]):

fo[(g—11) = (I3—15)]?
2c0A (Is—11) (Iy—1) (Ia—13)”
where I,, I,, I,, and I are the currents observed at times t,, t,, t,, and t; from the com-
mencement of the reaction, on condition that t; — t, = t, = t; = t3 — t, = 4. The value of A
was 600 sec. The initial concentration c, of the depolarizer (the benzimidazoline (I) of
the 2,4,6-triphenylpyrilium cation) ranged from 1-10"* to 5-1072 M.

In all the electrochemical experiments, the base electrolyte was a 0.2 mole/liter solu-
tion of lithium perchlorate. The reference electrode was saturated calomel with a water-
impermeable diaphragm.

The concentration of hydrogen in the products of the reactions of the hydrohetarenes
with oxidants were measured by GC on a Khrom-5 chromatograph, sorbent molecular sieve 13 X,
carrier gas helium, column temperature 25°C, and a catharometer detector. As a result of
the high thermal conductivity of hydrogen (greater than that of helium), its peaks on the
chromatograms were recorded with negative polarity.
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1,3-Dimethyl-2-pheny1benzimidaéoline {221, 1,3-dimethylbenzimidazoiine [23}, 2-phenyl-
and 2,2-diphenyl-4,6-dimethyl-1,2-dihydropyrimidines [24], and the phenothiazine cation-
radical perchlorate [25] were obtained as described.in these literature citations.

The reaction of 1,3-dimethyl-2-phenylbenzimidazolium perchlorate [26] with atomic hydro-
gen was carried out by irradiating a mixture of 1.5 volumes of concentrated sulfuric acid
and 3.5 volumes of an aqueous solution containing 7:10"2 M of iron(II) sulfate and 1072 M
of the benzimidazolium salt at 77°K with ultraviolet light, Apazyx > 260 nm from a DPSh-1000
lamp. 1In the absence of the benzimidazolium salt;-only-the EPR ‘spectrum-of atomic hydrogen
was observed (a doublet with splitting of approximately 500 Oe).

The ability of the silver cation to dehydrogenate 2-phenyl-4,6-dimethyl-1,2~dihydro-
pyrimidine was confirmed by the preparative isolation of 2-phenyl-4,6-dimethylpyrimidine when
the reaction was carried out with silver nitrate-in propanol,- in which this-reaction pro-
ceeds most smoothly.

2-Phenyl-4,6-dimethylpyrimidine. A mixture of 0.5 g (2.7 mmole) of (V), 1.7 g (10 mmole)
of silver nitrate, and 4 ml of propancl was boiled under reflux for 2 h. -The solid which
separated, consisting of a mixture of metallic silver and the reaction product, was separated
from the solvent, extracted with 25 ml of water, treated with 20 ml of 157 aqueous ammonia,
and extracted repeatedly with ether. Removal of the ether gave 0.23 g (47%) of 2-phenyl-4,6-
dimethvipyrimidine, mp 83-84°C (from aqueous ethanol) - A mixed melting point with an authen-
tic sample [27] gave no depression.
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CYCLOCONDENSATION OF 3-ARYL-2-CYANO-2-BUTENOIC ACID ESTERS WITH SCHIFF BASES

Ts. P. Cholakova and Kh. Ivanov UDC 547.595.4.04'829.07:543.422.25:541.63

The condensation of ethyl 3-aryl-2-cyano-2-butenocates with benzylideneanilines in
the presence of aluminum chloride affords 1,4,6~triaryl-2-oxo-1,2,5,6-tetrahydro-
pyridine-2-carbonitriles; the reaction with hydrobenzamide gives N-unsubstituted
tetrahydropyridine.

The first attempts to use the reaction of Schiff bases with CH-acid compounds in the
synthesis of six-membered nitrogen-containing heterocycles showed that it is possible to ob-
tain compounds of the tetrahydropyridine [1] and dihydroisoquinolinone [2, 3] series. This
simple reaction was the basis of the synthesis of several alkaloids and their analogs [4].
At the same time, the formation of cyclic compounds from y-carbanions of 2-butenoic acid
esters [5, 6] suggested that it is possible to obtain pyridine derivatives according to the
scheme

-CH=N-
H,C” )N- H,c” N-
* - (': % ——— | |
= e, RO AP s
tH,~C=C— ¢ Yo %0
4~ C=C—~Coor e I

As far as we know, cyclocondensation of this type has not been described in the litera-
ture.

Attempts to carry out such cyclocondensation with a basic catalyst (sodium hydride in
tetrahydrofuran or lithium amide in liquid ammonia) were unsuccessful. Therefore, we de-
cided to use anhydrous aluminum chloride, catalyzing the reaction of Schiff bases with aryl-
acetic acid esters to B-anilinopropionic acids [7].

A

CN
cH CO0C,H X
Ar ‘ Arz ) P{l °
A!"S
Ia,f,g Ila-e IIIa-g

I—IH a Ar'=Ar?=Ar’=CHs, b Ar'=Ar3=CeHs, Ar2=4-CH;O0C:H:, ¢ Ar"=Ar3——'-C5H5,
Ar2=4'C]C5H4. dAr‘=Ar2=C5H5, Ar3=4'CH30C5H4, e Arl=Ar‘2=CsH5, Ar3=4-C1C5H4,
f Ar'=4-CHyCeH,, Arf=Ar’=CsH;, g Ar'=4-CICsHy, Ar2=Ar3=C¢H;

It was found that in the presence of aluminum chloride at 20°C, ethyl 3-aryl-2-cyano-
butenocates I reacted with benzylideneaniline and substituted benzylideneanilines II, forming
in comparatively good yields (48-62%) the expected 1,4,6-triaryl-2-oxo-1,2,5,6-tetrahydro-
pyridine-3-carbonitriles (III). Ethyl 3-aryl-2-butenoates not containing a cyano group in
the a-position did not react with Schiff bases under these conditions, but the reaction of
ethyl 3-phenyl-2-cyano-2-butenoate (Ia) with hydrobenzamide IV occurred in 207 yield only
with heating.

The composition and structure of all the synthesized compounds were confirmed by data
of elemental analysis and spectroscopy (Tables 1 and 2). For compound V, it was determined
that during preparation it was partially dehydrogenated to nitrile VI, identical to the one
described in [8] with respect to melting point and spectral data. The two substances were
separated by preparative thin-layer chromatography.
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