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Pyrolysis of Ketone N,N,N-Trimethylhydrazonium Fluoborates. III.
Preparation of Fused-Ring Pyridines

George R. Newkome (la) and D. L. Fishel (1b)

Isolation of 2,6-diphenylpyridines (I) from the pyrolysis
of aralkyl ketone N, N, N-trimethylhy drazonium fluoborates
(II) (2) suggested the investigation of this route for the
synthesis of fused-ring N-heterocycles, in which R repre-
sents a fusion to the aromatic ring, Ar. Thus, a-indanone
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N,N,N-trimethylhydrazonium fluoborate, IX, or substi-
tuted o-tetralone N,N,N-trimethylhydrazonium fluobo-
rates, Xa-d, should afford 10,12-dihydrodiindenofl1,2-
b:2',1"e]pyridine, XI, or substituted 5,6,8,9-tetrahydro-
dibenz{c,h Jacridines, X1la-d, respectively. The unsubsti-
tuted fused-ring pyridines (XI-XIla) have been previously
reported (3,4,5,6).

Ketone N,N-dimethylhydrazones (7) were readily pre-
pared in ca. 80% yield by refluxing the ketone with an
excess of anhydrous [V,N-dimethylhydrazine (8). Data for
the ketone N,N-dimethylhydrazones are cited in Table 1.
Difficulty was experienced for the preparation of 7-nitro-
o-tetralone V,N-dimethylhydrazone, Vle, when during at-
tempted purification by vacuum distillation, only resinous
tars were obtained; no identifiable products were isolated.

The quaternization of the V,N-dimethylhydrazones with
methyl iodide resulted in 85-95% yields of the corre-
sponding N,N,N-trimethylhydrazonium iodides (9). These
iodide derivatives, upon treatment with a hot aqueous
solution of sodium fluoborate, were converted to the
corresponding ketone N,N,N-trimethylhydrazonium
fluoborates in excellent yields. The properties of these
intermediary iodides and fluoborates are quoted in Tables
II and III, respectively. The main difficulty during con-
version of the N,N,N-trimethylhydrazonium iodides into
the fluoborates was concurrent hydrolysis of the iodide
(9a,c), but this could be avoided by using neutral solutions
of sodium fluoborate. The ketone N,N,N-trimethyl-
hydrazonium fluoborates precipitated rapidly from the

aqueous solution with little or no hydrolysis. Their
general insolubility in most organic solvents allowed their
purification by simple washing techniques; analytical
samples were recrystallized from absolute ethanol.
Pyrolysis of several ketone N,N,N-trimethylhydra-
zonium iodides gave in our hands only trace amounts of
the desired N-heterocyclic products. This was perhaps to
be expected in the presence of a reducing agent as power-
ful as the iodide counterion. Pyrolysis of the ketone
N,N,N-trimethylhydrazonium fluoborates, however, either
under a slow stream of nitrogen or in vacuo, resulted in
conversion to the fused-ring N-heterocyclic compounds.

These fluoborates decomposed by a highly exothermic
reaction at ca. 200° with the liberation of ammonia and
the methyl amines. Better control of the decomposition
was maintained by restricting en-masse quantities of the
fluoborate to less than five grams or by preparing a “train”
in a Pyrex tube. Refluxing cumene (b.p., 155°) was used
in some instances as an inert solvent to suspend the
fluoborate during the pyrolysis; no significant changes in
overall yield were observed by this method.

The attempt was made to expand- this synthesis to
completely alicyclic starting materials. Cyclohexanone
N,N,N-trimethylhydrazonium fluoborate could not be pre-
pared since the quaternary iodide hydrolyzed under the
reaction conditions. When a sterically hindered molecule,
such as 3,3,5,5-tetramethylcyclohexanone, was employed,
this difficulty was no longer encountered. A compound
presumed to be 1,1,3,3,6,6,8 8-octamethyl-1,2,3,4,5,6,7 8-
octahydroacridine, XIII, was obtained in about 40% yield
from the corresponding fluoborate. Alternate routes to
the alicyclic ketone N,N,N-trimethylhydrazonium fluobo-
rates were not investigated.
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1.5817 (26)
1.5718 (26)
1.5680 (20)
1.5806 (20)
1.5797 (26)

Notes

N-N(CH3),

R

(CHp)y

V R=H; N=2
Via R=H; N =3
VIb R=4-CH3;n=3

Vic R=5-0CHz;n=3
Vid R 26-0CHz;n =3
Vie R=7-NOp;n=3

Xl R=H; m=|

Xlia R=H;m =2
Xltb R =5,8-di-CHg; m=2
Xllc R =4,9-di-OCHz; m=2

Xlld R=3,10-di-OCHz; m =2

TABLE 1

Ketone N,N-Dimethylhydrazones

B.p. (mm)

7375 (0.2)
76.77 (0.1)
8384 (0.1)
136-137 (0.7)
127-128 (0.2)

Formula

Ci1H1aN;
Ci2H16N2
C13H gN;
C13H;1gN20
C13H;8N20

C

75.82
76.56

71.52
71.52

VIl R=H; N=2;Y=|
Villa R=H; Nz3;Y=|
Vilb R=4-CHgz; N=3;Y=|
Villc R=5-0CHz;n=3;Y=1
Villd R=6-0CHz;n=3;Y=1

Caled.
H

8.10
8.57

8.31
8.31

(a) Analysis was obtained on the methyl iodide derivative. (b) No product isolated, see text.

Compound
No.

Vil

VHla
VIIib
VIlic
Viiid

%
Yield

88
95
85
90
92.5

M.p., °C

179-180
167-169
184-186
193-194
188-189

TABLE II

Ketone N,N,N-Trimethylhydrazonium Iodides

Formula

C12H17N,!
Ci13HgNol
CiaHz1No1
C14H21N,0I
Cy4H2; N, 01

45.58
47.28
48.85
46.68
46.68

Calced.

5.42
5.80
6.15
5.88
5.88

8.87
8.49
8.14
7.78
7.78

+
-N(CH3)3

(Cﬂz)n

16.08
14.88

12.83
12.83

75.80
76.40

71.70
71.57

45.81
47.30
48.85
46.68
46.71

0x
(Xa
(xb
{Xc
(xd

—_—_— >

Y = BFg)
Y =BFg)
Y= BF4)
Y 2BR,)
Y =BFg)

Found

8.04
8.33

8.26
§.30

Found

5.44
6.00
6.14
5.99
5.86
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16.19
14.70

12.82
12.63

8.92
8.37
7.97
7.74
7.80
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TABLE 1II
Ketone N,N,N-Trimethylhydrazonium Fluoborates
Compound % ° Caled. Found
No. Yiew ~ MP» C Qeath c H N c H N
X 92 166-167 C12H;,N,BF, 52.20 6.21 10.15 52.36 6.31 10.05
Xa 94 145-146 Cy3H19N,BF, 53.82 6.60 9.66 53.63 6.75 9.55
Xb 82 146-147 C14H2 1N, BF, 55.29 6.96 9.22 55.22 7.12 9.16
Xe 85 183.185 C14H21N,0BF, 52.52 6.62 8.76 52.75 6.57 8.711
Xd 88 164 Cy4H, 1 N,OBF, 52.52 6.62 8.76 52.50 6.65 8.66
TABLE IV
Substituted 5,6,8,9-Tetrahydrodibenz[c,h ] acridines
Compound % o Caled. Found
No. Yield ~ MPoC Formula c H N c H N
XIla 56 162-163 Cz1Hi9N 89.01 6.05 4.94 89.01 6.07 5.00
XlIIb 53 177-178 C,3H, 1N 88.71 6.80 4.50 88.65 6.91 4.56
Xlle 46 193-194 C23H21NO, 80.43 6.16 4.08 88.52 6.23 4.08
X1Id 63 184-185 C,3H;NO, 80.43 6.16 4.08 80.35 6.04 4.03
EXPERIMENTAL 0.177 mole), absolute ethanol (35 ml) and excess anhydrous

Melting points were taken in sealed capillaries with a Hoover-
Thomas melting point apparatus and are uncorrected. NMR spectra
were obtained with a Varian Associates A-60 pmr spectrometer;
tetramethylsilane was used as the internal standard. Refractive
indices were obtained with a Bausch and Lomb Abbe-type
refractometer. Molecular weights were obtained on a CEC 21-
103C mass spectrometer (inlet temperature 293°, ionizing energy
70 e.v., and ionizing current 10 pa). Microanalyses were pre-
formed by Spang Microanalytic Laboratory, Ann Arbor, Michigan.

Reagents.

Anhydrous N,N-dimethylhydrazine (99+%), anhydrous methyl
iodide and the sodium fluoborate were purchased from Matheson
Coleman and Bell. o:Indanone and the substituted o:tetralones
were obtained from commercial sources.

Preparation of Ketone N,N-Dimethylhydrazones.

The procedure was essentially that described earlier (7). Yields
and characteristic data for the N,N-dimethylhydrazones (V-Vla-¢)
are quoted in Table 1.

3.3,5,5-Tetramethylcyclohexanone N,N-dimethylhydrazone
was prepared by a similar procedure in 98% yield, b.p. 33-34°
(0.25 mm), n¥ 1.4622.

Anal. Caled. for C,H,4N5: C, 73.42; H, 12.32; N, 14.26.
Found: C,73.41; H, 12.16. N, 14.19,

Preparation of Ketone N,N,N-Trimethylhydrazonium lodides.

The following preparation of G-indanone N,NV,N-trimethyl-
hydrazonium iodide, VII, will exemplify the general procedure.
A mixture of Otindanone N,N-dimethylhydrazone (31.1 g.,

methyl iodide was let stand several days. The crystalline pre-
cipitate was filtered and dried in vacuo giving otzindanone N,N,N-tri-
methylhydrazonium iodide (48.0 g., 0.152 mole) in 88% yield,
m.p. 179-180° (dec.). The analytic sample was recrystallized
from ethanol; the melting point was not increased.

Anal. Caled. for C12H17N212 C, 45.58; H, 5.42; N, 8.87.
Found: C,45.81; H,5.44; N, 8.92.

The yields and analytic data of the N,N,N-trimethylhydra-
zonium iodides (VII—VIila-d) are quoted in Table II.

3,3,5.3-Tetramethylcyclohexanone N,N,N-trimethylhydra-
zonium iodide was prepared in a similar manner in 75% yield,
m.p. 184-186° (dec.).

Anal. Caled. for Cy3H,4N,I: C, 46.16; H, 8.05; N, 8.28.
Found: C,46.33; H,8.23; N, 8.18.

Preparation of Ketone N,N,N-Trimethylhydrazonium Fluoborates.

The following preparation of o-indanone N,N,N-trimethyl-
hydrazonium fluoborate, IX, will exemplify the procedure.

A hot aqueous solution of a-indanone N,N,N-trimethylhydra-
zonium ‘iodide (40.0 g., 0.127 mole) was refluxed with slow
addition of an excess of a hot neutral aqueous sodium fluoborate
solution over several minutes. The mixture was cooled in ice; the
crystalline product was filtered, dried in vacuo, and recrystallized
from absolute ethanol to give a-indanone N,N,N-trimethylhydra-
zonium fluoborate (32.2 g., 0.117 mole) in 92% yield, m.p.
166—167° (dec.). )

Anal. Caled. for C;,H{7N,BF4: C, 52.20; H, 6.21; N, 10.15.
Found: C,52.36; H,6.31; N, 10.05.

The yields and analytical data of the N,N,N-trimethylhydra-

zonium fluoborates (IX—Xa-d) are quoted in Table I1I.
-
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3,3,5,5 -Tetramethylcyclohexanone N,N,N -trimethylhydrazon-
ium fluoborate was prepared in a similar manner in 99% yield,
m.p. 178-179° (dec.).

Anal. Caled. for C13H,9N,BF,: C, 52.36; H, 9.13; N, 9.40.
Found: C,52.34; H,9.14; N, 9.34.

The nmr spectrum, in deuterium oxide, exhibited singlets at
6 3.52 (N-CH3); & 2.70, 2.26, and 1.55 (-CH,-) and 6 1.10 and
1.02 (C-CH3), with integration ratios of 9:2:2:2:6:6, respectively.

10,12-Dihydrodiindeno( 1,2-b:2",1"-¢ ] pyridine (XI).

¢Indanone N,N,N-trimethylhydrazonium fluoborate (9.0 g.,
0.032 mole) was pyrolyzed, in two 4.5 gram quantities, under a
slow stream of dry nitrogen. The residual tar in the pyrolysis tube
was extracted with benzene (three 25 ml. portions), concentrated
in vacuo to dryness and chromatographed on neutral Merck
alumina by elution with 20% benzene in petroleum ether (b.p. 30-
60°; ca. 1000 ml.). The first fraction was stripped of solvents and
the pale residue was recrystallized from petroleum ether (b.p. 68-
800)-bcnzene(90:10) affording 10,12-dihydrodiindeno[1,2-5:2',1"-
e]pyridine (1.3 g., 5.1 mmoles) in 31% yield, m.p. 204-205°; lit.
(4) m.p. 206-207°.

The nmr spectrum, in deuterochloroform, exhibited a singlet
at & 3.75 (-CH;-) and a complex aromatic region with peaks at &
8.17,7.77 and 7.69, with integration ratios of 4:2:1:6, respectively.

The ultraviolet spectrum, in absolute ethanol, had A max, 237
my (e, 35,800), 246 (e, 32,600), 270 (e, 6,400), 335 (¢, 28,900),
343 (e, 32,500), and 350 (¢, 27,400).

Anal. Caled. for C39Hy3N: C, 89.39; H, 5.14; N, 5.49; mol.
wt. 255. Found: C, 89.13; H, 5.17; N, 5.49; mol. wt. (mass
spectrometry) 255.

5,6.8,9-Tetrahydrodibenz|c,h ] acridine (X1Ia).

Twenty grams of Xa were pyrolyzed in five gram quantities
as above described. The crystalline XIla weighed 4.5 g. (56.2%
yield) and melted at 161°. Recrystallization from petroleum
ether (b.p., 60—80°)-benzene gave an analytic sample, m.p. 162—
163°; lit. (5) m.p., 162—163°.

Data for the other substituted 5.6,8.9-tetrahydrodibenz[c,h ]-
acridines, XIIb-d, prepared via this procedure are summarized in
Table I'V.

Dibenz[c,h ] acridine.

A mixture of 5,6,8,9-tetrahydrodibenz|c,h | acridine (500 mg.,
2.15 mmoles) and an equal weight of palladium on carbon (10%)
was heated at 250° in vacuo to give pale white dibenz[c,h ] acridine
in quantitative yield, m.p., 188°; lit. (6) m.p. 189—190°,
1,1,3,3,6,6.8,8-0 ctamethyl-1,2,3,4,5,6,78-octahydroacridine
(XIII).

3,3,5,5 - Tetramethylcyclohexanone N,N,N-trimethylhydrazon-

ium fluoborate (15.0 g., 0.05 mole) was pyrolyzed in three 5 gram
quantities as previously described. The pyrolysis residue was
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chromatographed on neutral Merck alumina with petroleum ether
(b.p. 30-60°) giving 3.5 grams of crude product. Recrystal-
lization gave an analytic sample of XIII (3.0 g., 0.01 mole) in 40%
yield, m.p. 114-115°,

The nmr spectrum, in carbon tetrachloride, exhibited two
singlets at 6 1.28 and 1.02 (C-CH;), two singlets at 5§ 2.58 and
1.55 (-CHjy-), and a singlet at § 7.42 (Caromatic‘H)’ with inte-
gration ratios of 6:6:4:4:1, respectively.

The ultraviolet spectrum, in absolute ethanol, had A max 215
my (e, 6,350), 271 (e, 6,190), 276 (¢, 7,500), 280 (e, 7,100), and
288 (e, 6,170).

Anal. Caled. for C,;H33N: C, 84.21; H, 11.11; N, 4.68,
Found: C,84.49; H,11.11; N, 4.66.
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