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tion decomposed® to phenylisocyanate and its
spectrum taken together with that of its admixture
with benzazide. Curves 1, 2, and 3 of Fig. 1 clearly
demonstrated that the doublet for benzazide was,
indeed, real. Curves 4, 5, and 6 of Fig. 1 show similar
doublets for three additional acid azides. Curve 7
is for m-nitrophenylisocyanate prepared by de-
composition of the m-nitrobenzazide. It can be
clearly noted from curves 4, 5, and 6 that traces of
isocyanate are present in each case. Accordingly,
the spectrum between 2500 to 2000 cm.—! serves
as a powerful method for establishing the purity of
acid azides. The benzazide as finally prepared
showed no trace of isocyanate impurity by this
method.

References relating to the infrared absorption
spectra of organic acid azides are difficult to find
since such data that have been noted were incidental
insertions in a larger work. Ungnade'® examined
the spectra of a series of a-nitroacetazides (O,
NCR'R*C(O)N; where R! and R? were H and CHj)
in solution and reported a single band for the Nj
absorption at 2155 em.—! and 2150 em.—! No char-
acterizations of the oa-nitroacetrazides were at-
tempted. Boyer et al.}! reported a strong singlet N
absorption for methane sulfonyl azide at 2137
em.—! Lucien!? has reported the azide absorption
frequencies at 2180 ¢m.™! (asym.) and 1350 cm.™!
(sym.) for nitrosyl azide.

The present investigation continues particularly
with extension to the more sensitive acid azides and
to an examination of the effect of increasing conju-
gation on possible group frequency shifts in organic
acid azides.
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The preparation and properties of a number of
derivatives of merimine, 2,3-dihydro-1H-pyrrolo-
[3,4-c]-pyridine, were deseribed in the first paper of
this series.! Additional merimine derivatives have
now been prepared by the reductive alkylation of
2-unsubstituted merimines.

A review by Emerson? of the preparation of
amines by reductive alkylation states that only poor
yields are obtained in the preparation of tertiary
amines from aliphatic secondary amines and
ketones. It is interesting, therefore, that excellent

J. Am. Chem. Soc., 79, 2199 (1957).
(2) W. 8, Emerson, Org. Reactions, IV, 195 (1948).
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vields of tertiary amines were obtained when 2-
unsubstituted merimine derivatives were reduc-
tively alkylated with either aldehydes or ketones.

When the alkylation was stopped after absorp-
tion of about 1 molar equivalent of hydrogen, sub-
stitution occurred almost entirely in the 2-position
even when 7-amino-6-methylmerimine dihydro-
chloride was alkylated with a large excess of the
carbonyl compound. It was possible, however, to
prepare a trimethyl derivative of 7-amino-6-
methylmerimine dihydrochloride by allowing the
alkylation to continue for 29 hr. In this experiment,
7-dimethylamino-2,6-dimethylmerimine  dihydro-
chloride was obtained in 759, yield.

The position of monoalkylation has been estab-
lished by conversion of 7-amino-2,6-dimethylmeri-
mine dihydrochloride to the corresponding 7-
bromo and 7-chloro analogs. These products would
not be obtained if the 7-amino group were meth-
ylated, In the 2-cyclohexylmerimine series the
structure has been proved by the sequence of re-
actions pictured below.

The preparation of the 7-methoxy-6-methylmeri-
mine dihydrochloride has been previously de-
scribed.t

The compounds prepared are described in Table I.

NH, NH,

CH; H, CH;
ml{ cyclohexanone Z | _<:>
Nx 2HCI 79% ? Nx
NaNO,
HCI
1. NaOH, C,H;COCl OH
2. HCI, NaNO,, CH,0H CH,
3. Ethanolic NaOH “ | N‘O
4.HCl Nx
T48% HBr
OCH, " OCH;
CHa 2 CHS
z | NH cyclohexanone Z | N
Nx 90%; N
2HCI ‘ N
EXPERIMENTAL

Two general procedures were employed for the alkyla-
tions. When aldehydes or acetone were the alkylating agents,
a 5% palladium-on-carbon catalyst was used. With higher
ketones, & mixture of 5% pelladium-on-carbon and 10%
platinum-on-carbon catalysts gave faster reaction and higher
yields. The following preparations serve to illustrate these
procedures.

Procedure A. 7-Amino-2,6-dimethylmerimine. A mixture of
22.2 g. (0.1 mole) of 7-amino-6-methylmerimine dihydro-
chloride,! 8.25 ml. (0.11 mole) of 37% formaldehyde, 2.0
g. of 5%, palladium-on-carbon catalyst and 200 ml. of water
was shaken in the Parr hydrogenator under hydrogen
pressure of about 3 atmospheres until 0.1 mole of hydrogen
was absorbed. This usually required less than 30 min. The
catalyst was filtered off and the filtrate was concentrated to
dryness. The product was washed onto a filter with ethanol
and then recrystallized from dilute ethanol. The yield of pure
7-amino-2,6-dimethylmerimine dihydrochloride, m.p. >300°,
was 80%.

The base, m.p. 155-157°, was obtained when the dihydro-
chloride was treated with 2 equivalents of 5N sodium
hydroxide and the aqueous layer was extracted with chloro-
form.
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Procedure B. 7-Amino-2-cyclohexyl-6-methylmerimine. A
mixture of 22.2 g. (0.1 mole) of 7-amino-6-methylmerimine
dihydrochloride, 25 ml. (0.24 mole) of cyclohexanone, 2 g.
of 59 palladium on carbon catalyst, 2 g. of 109, platinum-
on-carbon catalyst and 230 ml. of water was shaken in the
Parr hydrogenator under hydrogen pressure of about 3
atmospheres until about 0.13 mole of hydrogen was ab-
sorbed. The catalyst was filtered off, and the filtrate was
concentrated and then treated with 25 ml. of 509, potas-
sium hydroxide. The crystals which separated were filtered,
washed with water, and dried. The crude yield of 7-amino-
2-¢yclohexyl-6-methylmerimine, m.p. 178-180°, was 97%.
On reerystallization from ethanol, a 799, yield of pure
product, m.p. 181-182°, was obtained.

When the above base was treated with two equivalents
of ethanolic hydrogen chloride, 7-amino-2-cyclohexyl-6-
methylmerimine dihydrochloride, m.p. 300°, was obtained.
This compound was purified by recrystallization from dilute
ethanol.

7-Chloro-2,6-dimethylmerimine dihydrochloride. A solution
of 7.25 g. of sodium nitrite in 60 ml. of water was added over
5 min. to a mixture of 23.6 g. (0.1 mole) of 7-amino-2,6-
dimethylmerimine dihydrochloride, 1060 ml. of 4N hydro-
chloric acid and 600 ml. of water. The reaction mixture was
held at 0 to —2° during this addition and for 10 min. longer
and then poured into a mixture of 10 g. of cuprous chloride
and 150 ml. of 4N hydrochloric acid. The mixture was al-
lowed to warm up to 30° over a 3-hr. period and was then
treated with hydrogen sulfide. The precipitate was filtered
off and the filtrate was treated with activated charcoal. The
clear solution was concentrated to dryness and the product
was washed onto a filter with ethanol. The yield of salt and
crude product was 20.1 g. The estimated product was 14.3 g.
(569). This mixture was stirred with 6.2 g. of sodium
methylate and 400 ml. of ethanol for 2 hr. The salt was
filtered off and the filtrate was treated with activated carbon
and then concentrated to dryness. On addition of alcoholic
hydrogen chloride, a precipitate separated. This produet was
filtered off and recrystallized twice from 909, ethanol. The
vield, including recoveries, of pure 7-chloro-2,6-dimethyl-
merimine dihydrochloride, m.p. 264° dec., was 8.1 g.
(33%).

7-Bromo-2,6-dimethylmertmine dihydrochloride. A mixture
of 23.6 g. (0.1 mole) of 7-amino-2,6-dimethylmerimine di-
hydrochloride, 11.2 g. of sodium methylate and 400 ml. of
anhydrous cthanol was stirred at room temperature for 2
hr. and then filtered to remove the salt. The filtrate was
concentrated under reduced pressure to a white solid. A
mixture of 400 ml. of water and 50 ml. of 409 hydrobromic
acid was added and the solution was cooled to —2°. A
solution of 7.25 g. of sodium nitrite in 60 ml. of water was
added over a 5-min. period at 0 to —2°, The reaction mix-
ture was held at this temperature for 10 more min. and then
poured into a cold mixture of 17.5 g. of cuprous bromide, 70
ml. of 409 hyvdrobromic acid and 40 ml. of water. After
19 hr., hydrogen sulfide was passed in and the dark precipitate
was filtered off. The filtrate was treated with activated car-
bon, concentrated to dryness, and the product was washed
onto a filter with ethanol. The dried filter cake was added to
an excess of 5N sodium hydroxide and extracted with
chloroform. After drying over magnesium sulfate, the
chloroform layer was mixed with 37 ml. of 4N ethanolic
hydrogen chloride and the product which separated was
filtered off and recrystallized from 909, ethanol. The yield
of 7-bromo-2,6-dimethylmerimine dihydrochloride, m.p.
269° dec., was 43%.

7-Dimethylamino-2,6-dimethylmerimine dihydrochloride. A
mixture of 22.2 g. (0.1 mole) of 7-amino-6-methylmerimine
dihydrochloride, 40.5 g. (0.5 mole) of 379, formaldehyde,
160 ml. of water and 2 g. of 109 palladium-on-carbon
catalyst wuas shaken in the Parr hydrogenator under an
initial hydrogen pressure of about 3 atmospheres. Hydrogen
absorption was rapid at first and 0.1 mole was absorbed in
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25 min., The reaction rate then dropped sharply and the
absorption was only 0.23 moles at the end of 22 hr. An
additional 2 g. of 109, palladium-on-carbon catalyst was
added and the reduction was continued until the total hydro-
gen absorption was 0.3 moles. The total reaction time was
29 hr. The reaction mixture was filtered, concentrated,
treated with aqueous sodium hydroxide, and extracted with
chloroform. The chloroform layer was distilled and the por-
tion which boiled at 102-108° (0.2 mm.), n% 2.544, was
collected. This oil was treated with ethanolic hydrogen chlo-
ride and ether, and the crystals which separated were re-
crystallized from ethanol by the addition of ether. The yield
of pure 7-dimethylamino-2,6-dimethylmerimine dihydro-
chloride, m.p. 246° dec., was 19.7 g. (75%).

2-Cyclohexyl-7-hydrozy-6-methylmerimine. (A) From 7-
amino-2-cyclohexyl-6-methylmerimine. A solution of 3.8 g.
of sodium nitrite in 30 ml. of water was added over a 30-
min. period at 93-97° to a rapidly stirred solution of 11.5
g. (0.05 mole) of 7-amino-2-cyclohexyl-6-methylmerimine
in 600 ml. of 0.05N hydrochloric acid. The reddish solution
was held at the same temperature for 20 min. longer and
then treated with activated carbon. The filtrate was con-
centrated to about 100 ml. and treated with excess sodium
carbonate. The tan product which separated was filtered
and washed with water, and the moist cake was recrystal-
lized twice from ecthanol. The vield of 2-cyclohexyl-7-
hydroxy-6-methylmerimine, m.p. 253-255°, was 3.7 g.
(32%). Recoveries from the alcoholic filtrates increased the
yield to 50%.

(B) From 2-Cyclohexyl-7-methozy-6-methylmerimine. A
solution of 2.0 g. of 2-eyclohexyl-7-methoxy-6-methyl-
merimine, m.p. 58-60° but not analyzed, in 20 ml. of 48%,
hydrobromic acid was heated on the steam bath for 30 hr.
and then concentrated to dryness. The residue was washed
onto a filter with ethanol and dried. The yield of 2-cyclo-
hexyl-7-hydroxy-6-methylmerimine dihydrobromide, m.p.
ca. 320° dec., was 3.2 g. (100%). Recrystallization from
ethanol improved the color but did not change the decomn-
position point.

When the dihydrobromide was dissolved in water and
treated with sodium carbonate, the base was obtained.
After recrystallization from ethanol it was identical by melt-
ing point, mixture melting point, and infrared spectra to
the 2-cyclohexyl-7-hydroxy-6-methylmerimine prepared by
method A above.
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In a series of recent publications Razumov ef al.?
describe the preparation and biological properties of
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