HYDROAMINATION OF PYRYLIUM SALTS
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Some pyrylium salts and condensed systems derived therefrom have been hydromethyl-
aminated to saturated azaheterocycles and N-methylpyridinium salts. Attempts to
hydroarylaminate pyrilium salts resulted in the formation of the corresponding hy-
drocarbons.

Pyrylium salts are well known to undergo recyclization with nitrogenous reagents to form
heteroaromatic compounds and pyridinium salts [1, 2]. The possibility of converting pyrylium
salts into saturated piperidine bases and their condensed analogs has not hitherto been exam~
ined. We have studied for the first time the phase~transfer catalyzed reductive amination &f
pyrylium salts and their condensed derivatives, namely, 2,4,6-triphenylpyrylium (I), 2,4~di-
phenyl,5,6,7,8-tetrahydrochromylium (II), and sym—octahydroxanthylium (III) tetrafluoroborates,
and 2-phenyl-4-(3,4~dimethoxyphenyl)-7,8-benzo-5,6-dihydrochromylium trifluoroacetate (IV).

The reaction was carried out in an autoclave at 100°C under hydrogen pressure in the presence
of nickel. promoted by ruthenium. The aminating agents used were methylamine and aniline (molar
ratio of pyrylium salt to amine, 1:2).
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Under these conditions, the pyrylium salts were found to be converted completely into
nitrogenous heterocycles (Table 1). :

Thus, hydromethylation of (I), (III), and (IV) afforded saturated piperidine bases (tri-
phenylpiperidine (V), trans-anti-cis-N-methylperhydroacridine (VII) [3], and benzooctahydro-
quinoline (VIII) in yields of 40, 73, and 97%, respectively. 1In addition, low yields of the
substituted pyridines (IX-XI) and N-methylpyridinium salts (XII-XIV), isolated preparatively
or identified by chromatography, were obtained. A feature of the hydromethylamination of
tetrahydrochromylium tetrafluoroborate (II) is the preferential formation (60%) of the N-
methylpyridinium salt (XIII), the yield of the piperidine being 22%. :

Thus, we have found a reaction, new to the pyrylium salt series, for their conversion
into piperidine bases.

It is assumed that the reductive amination of pyrylium salts proceeds via nucleophilic -
attack by the amine at the a-position of the pyrylium cation, with ring-opening of the lat-
ter to the unsaturated aminoketone, which then undergoes ring closure to the N-methylated
dihydropyridinol, which is subsequently hydrogenated to the saturated base or converted into
a stable pyridine structure. It is also possible that the reaction occurs via the formation
of pyrans, followed by the above sequence of reactionms.

The structures of the reaction products were confirmed by direct synthesis of pyridines
(X: and (XI) by boiling 1,5-diketones with hydroxylamine hydrochloride in isopropyl alcohol,
and of the saturated bases (V-VIII) by the hydromethylamination of the 1,5-dioxo-compounds
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TABLE 1. Hydromethylamination
of Pyrylium Salts (I-IV) and
1,5-Diketones (XV-XVIII) (1.013-
10* hPa, 100°C, Ni/Ru catalyst)

Com- Re action. Yield,
pound products %
I V, IX, XII 40, 4,28

1 Vi, X*, XIII 22, —, 60
111 VII, XI*, X1V 73, — 26
97

v VIII
XV vV, XIX 17, 82
XVI VI 62
XVIIt | VIl 98
XVII VI, XX 84, 7

*The products were identified
by TLC and GLC by comparison

with samples obtained by di-

rect synthesis.

+Experiment carried out with

10%Z Ru/C.

(XV-XVIII).
RZ
RJ
= I NH,O0H HCI 1 CHJNH H, I I
- \N & i- PrOH Nx/Ru
XX XV-XVII v- vm XIX, XX

XV—XVIII R'—R5 have the values given above.

A. comparison of the hydromethylamination of the pyrylium salts (I-IV) and of the 1,5-
diketones (XV-XVIII) showed the former to be definitely preferable (Table 1) in the case of
substrates (I) and (IV), since the hydroamination of -the dicarbonyl compounds (XV) and (XVIII)
was complicated by competitive hydrogenation of the carbonyl functions to give the diocls (XIX)
and. (XX). 1In the case of 1,3,5-triphenylpentane-1,5~-dione (XV), as a result of electronic and
steric factors nucleophilic attack is hindered, :and hydrogenation becomes the principal reac-
tion pathway, the yield of diol being 827%. Fixation of the planar structure in the diketone
(XVIII) has a favorable effect on the yield of the desired product, the benzooctahydroqulno-
line (VIII) (84%).

It was expedient to hydroarylaminate pyrylium salts, since saturated azaheterocycles have
been obtained from 1,5-diketones in the case of methylenebiscyclohexanone only [5]. We assumed
that in consequence of their high electrophilicity, the use of pyrylium salts would enable N-
phenylated piperidines to be obtained, these being inaccessible from 1,5-dioxo-compounds. How-
ever, when it was attempted to hydroaminate triphenylpyrylium fluorcborate (I) in the presence
of a weak base (aniline), a hydrocarbon was obtained, namely, 1,5-dicyclohexyl-3-phenylpentane
(XXI). This behavior made it necessary to examine the hydrogenation of (I). It was found that
at 50°C, in the presence of nickel promoted by ruthenium, (I) underwent hydrogenation with
opening of the heterocycle to give as the principal product of hydrocarbon 1,3,5-triphenylpen-
tane (XXII).
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The latter reaction is novel for pyrylium salts. It is noteworthy that under similar con-
ditions the corresponding 1,5-diketones afford the diols.
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TABLE 2. Properties of Compounds Obtained

'EE Mp or bp, Found, % - Calculated, %
Es °C (mm) mpirical formula
O A c H N C H N
v 102—102,5 71,0 4.8 — CogHgsF30s 71,0 4,8 —_
A% 68—70 88,1 81 1| 46 CaaHasN 88,2 77 | 43
VI| 116118 87,1 | 91 | 55 CaeHoyN 8,6 | 89 | 45
VIl 140—141 81,6 76 | 3,1 CogHaiNO, 81,3 76 | 34
1X 135—136 88,8 59 | 48 CosH 7N 89,8 55 | 4,6
X1 133—135 . —_— — 3,6 CygoHaeBF,N — — 3,6
X1V 49—50 — — 5,0 CHaoBF,N — —_ 4,8
X]X 34 83,4 7,6 — C23H2402 83, 1 7,2 -
XX 174—175 77,0 7.3 — CarHz004 77,5 7.2 —
XXI 180—185 (2) 91,5 9,5 — CyaHas 91,3 8,7 —
XXI1 205—210 (3) 884 | 12,0 — CosHas 885 | 11,5 —

The spectra of the newly synthesized compounds confirmed the proposed structures. The
IR spectra of the piperidine bases (V-VIII), which contain the N—CHs group, showed absorption
for stretching vibrations of this group at 2760-2820 cm™ ‘. The pyridine compounds (IX-XI) were
characterized by the pyridine ring vibrations at 1590 and 3020-3070 cm™', and salts (XII-XIV)
gave bands at 1590 cm™' and absorption for the BF, anion at 1060 and CF,C00~ at 1130-1205 and
1690-1758 cm™', respectiwvely. The PMR spectra 6f the tetrafluoroborates (XII-XIV) showed low-
field signals for the aromatic protons at 7.5 ppm, N-—CH; protons at 3.90-4.12 ppm, and the
alicyclic protons at 1.96-3.88 ppm.

EXPERTIMENTAL

TLC analyses were carried out on an LKhM-8MD apparatus with a flame ionization detector
and a stainless steel column (0.6 x 100), sorbent Inzensk brick, grade TND-TS-M, modified with
2% KOH and soaked in 15% Apiezon L. The temperature in the experiments was 217°C, carrier gas
(helium) flow rate 1.2 liter/h. TLC analyses were carried out on Silufol UV-254 plates, eluent
hexane—ether—chloroform (4:1:1). IR spectra were obtained on a UR-20 spectrometer in Vaseline
0il and hexachlorobutadiene, and PMR spectra on a Varian T-80 in deuteroacetone solution, in-
ternal standard HMDS.

The pyrylium salts (I-III) were synthesized as described in [4]. 2-Phenyl-4-(3,4-di-
methoxyphenyl)-7,8-benzo~5,6-dihydrochromylium trifluoroacetate was obtained as described in
[6]; purification was effected by reprecipitation from chloroform with ether.

Hydromethylamination of Pyrylium Salts (I-IV). In an autoclave of 150 ml capacity were
placed 0.1 mole of the pyrylium salt, 80 ml of methanol containing 0.02 mole of methylamine,
and 1 g of catalyst (ruthenium-promoted nickel). The initial hydrogen pressure was 1.013-10°
hPa, and the temperature 100°C. After 7-10 h, the catalyst was filtered off, and the methanol
evaporated under a hood. In the case of (I), the residue separated into two layers, which
were separated in a separatory funnel. The more viscous portion crystallized on standing
(salt XII). The other portionwas treated with hexane to give colorless crystals of pyridine (IX).
The filtrate containing the saturated base (V) was purified by chromatography on a column of alumina
(activity grade 3) (1 x 37). Evaporationof the hydrogenation products of salts (II-IV) gave

"solids consisting of base (VIII) and a mixture of crystals of (VI, XIII) and (VII, XIV), re-
spectively. The latter were separatéd with ether, and the readily soluble compounds (VL),
(VII) and salts (XIII), (XIV) separated from the ether as colorless crystals. Compounds X)

and (XI) were identified by TLC and GLC by comparison with samples obtained by direct synthesis
as described in [7].

Attempts to hydroarylaminate (I) gave the hydrocarbon (XXI) by evaporation of the hydro-
genation products followed by extraction of the residue with ether and hexane followed by
vacuum distillation. The reaction mixture obtained by hydrogenation of (I) and 50°C was worked
up similarly to give (XXII).

Hydromethylamination of 1,5-Diketones (XV-XVLII) was carried out as described in [5], us-
ing ruthenium-promoted nickel as catalyst. Evaporation of the hydrogenation products gave a
mixture of the saturated heterocycles (V-VIII) and diols (XIX) and (XX). Diols (XIX) and (XX)
were isolated as colorless crystals by treatment of the mixtures with hexane and ether, respec-
tively.
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TAUTOMERISM OF 6- AND 2-(ARYLAZO)-3-HYDROXYPYRIDINES IN APROTIC
POLAR SOLVENTS

K. M. Dyumaev, L. A. Osmolovskaya, UDC 547.556.3:547.823:541.62
and B. A. Korolev

On the basis of calculations of the basicities of possible protonation sites, elec—
tronic spectra, and potentiometric titration, it has been shown that 6- and 2-(aryl-
azo)~3~hydroxypyridines exist in nitromethane and acetonitrile in the hydroxyazo-
form, and are protonated at the pyridine nitrogen atom.

A number of dyes have recently been developed both for natural and synthetic fibers,
derived from 3~hydroxypyridine [1, 2]. Dyeing of synthetic fibers presupposes working in
nonaqueous solvents, and it is therefore of great importance to examine the tautomerism of
arylazo-3-hydroxypyridines in such media. The scattered reports in the literature on this
topic, especially for aprotic solvents, are contradictory. For instance, in acetonitrile and .
dimethylformamide azo-3-hydroxypyridines exist as tautomeric mixtures of the azo- and hydra-
zono—-forms [3, 4], whereas in nitromethane (which is similar to acetonitrile in its proper-
ties), they exist in the hydroxyazo-form [5]. To resolve this contradiction, we have carried
out further studies with 6~ and 2-(arylazo)-3-hydroxypyridines in aprotic polar solvents (ni-
tromethane and acetonitrile), by examination of the acid-base properties and UV spectra of the
compounds.

The 6- and 2-(arylazo)-3-hydroxypyridines (Tables 1 and 2) were obtained by azo-coupling.
Earlier workers [6] have shown that reaction of 3-hydroxypyridine with p-nitrophenyldiazonium
chloride gives a mixture of the 6~ and 2-isomers, coupling in the 4-positiom not occurring [7].
It is known that the chromatographic mobility of 2-(p-nitrophenylazo)-3-hydroxypyridine is
much higher than that of the 6-substituted compound, and by analogy with [6] we have tenta-
tively regarded the compounds with low Rf values as the 6-azo-compounds (IIa-f) (Table 1),
and those with high Rf values as the 2-derivatives (IXa-f). The assignment of compounds with
high Rf values to the 2-azo series is supported by the presence in their IR spectra of a broad
absorption band in the region of stretching of the hydroxyl group involved in intramolecular
hydrogen bonding (2700-3200 cm™'), and by identification of the reduction product of one of
them (IXb) as 2-amino-3-hydroxypyridine.

To confirm the structure of the second series of isomers (IIa-f), diazotized 2,4,6~tri-~
methyl-3,5-dinitroaniline was coupled with 3-hydroxypyridine to give the isomer with a low R¢
value (IIg), the structure of which was proved by PMR. Actually, the spectrum of the 2-substituted
compound should contain signals of different multiplicity, and the 4-substituted compound, from
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