June 5, 1956

The authentic sample of 1-benzyl-1-phenylhydrazine was
obtained from the reaction of benzyl chloride and phenyi-
hydrazine.®

N-Ethylbenzimido Chloride.—This substance was ob-
tained in 809, yield by the method of von Braun and Pinker-
nelle.%

Ethyl N-Ethylbenzimidate.—The product, obtained in
719, yield by the method of Landers,® was a colorless
liquid, b.p. 101-102° (12 mm.), »?'p 1.5020, d2%, 0.960
(b.p. lit.#105° (11 mm.)).

Hydroxamic Acid Test.—When the test was carried out as
described by Buckles and Thelen!® for esters (Test B in their
paper), a pale yellow solution was obtained, as is customary
in a negative result.

When X was heated with 209, hydrochloric acid for a few
seconds, the mixture became homogeneous, then separated
again into layers with an accompanying wintergreen-like
odor of ethyl benzoate. Subjection of the new organic layer
to Test B of Buckles and Thelen resulted in a strong wine
color, a positive test for the presence of an ester. Since
imido esters are readily converted to esters of carboxylic
acids by the action of mineral acids,* these observations con-
firmed the structure of X.

When X was heated with hydroxylamine hydrochloride
for a few seconds, the odor of ethyl benzoate was detected
and a positive result was observed on application of Test B.

In a hydroxamic acid test employing the higher-boiling
propylene glycol as the solvent,* X gave a positive result.

Reaction of Ethyl N-Ethylbenzimidate (X) with Lithium
Aluminum Hydride.—The procedure was similar to that
previously described.? Hydride: 2.3 g. (0.06 mole) in 100
ml. of dry tetrahydrofuran; X: 17.7 g. (0.1 mole) in 75 ml.
of tetrahydrofuran. At the boiling point the initially color-
less solution assumed a yellow-green hue, which disappeared
on cooling the reaction mixture at the end of the 3-hr. reflux
period. From distillation of the crude material through a
short Vigreux column two products were obtained. The
lower boiling material, b.p. 82-85° (11 mm.), had the prop-
erties of N-benzyl-N-ethylamine (XI) (lit.# b.p. 82-83° (15
mm.)). The yield was 6.6 g. (49%,).

Treatment of a sample in pet. ether (b.p. 60-70°), with
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phenyl isothiocyanate, yielded white crystals. After one
crystallization from a mixture of benzene and pet. ether
(b.p. 60-70°) and three crystallizations from alcohol-water
mixtures, the white needles meited at 94-95° and had the
composition of N-benzyl-N-ethyl-N’-phenyithiourea.

Anal. Caled. for CieHyyN:S: C, 71.06; H, 6.71; N,
10.37. Found: C, 71.22; H, 6.42; N, 10.36.

The higher boiling product, b.p. 97-99° (10 mm.), #2¢p
1.5020, was starting material X.

Anal. Caled. for CyuHpNO: N, 7.91. Found: N, 8.22.

It gave a negative result with the hydroxamic acid test,
but on warming a sample with dilute hydrochloric acid the
odor of ethyl benzoate appeared, and after being made
basic, the mixture gave a positive test for the presence of an
ester. Although 1.2 g. (79%) of pure material was isolated
in the last fraction of the distillation, the presence of X in
each of the intermediate fractions was revealed by the odor
of ethyl benzoate detected when a sample of each fraction
was warmed with dilute hydrochloric acid. From the re-
fractive indexes it is estimated that at least 39, of X was
present. The hold-up from the distillation also yielded the
odor of wintergreen on treatment with acid and probably
consisted mainly of X. Thus the total quantity of unreacted
X is at least 109} of that used in the reaction.

The Behavior of Ethyl N-Ethylbenzimidate (X) in Base.
(a) Aqueous Sodium Hydroxide.—A heterogeneous mixture
of 40 ml. of 25%, sodium hydroxide solution and 5 ml. (4.8
g.) of X was refluxed for 7 hr., cooled and extracted thrice
with 25-ml. portions of ether. No precipitate formed when
the aqueous solution was acidified with 209, hydrochloric
acid. The combined, dried ether extracts were distilled,
yielding 3.0 g. of X (63% recovery). The hold-up also
contained X.

(b) Potassium Hydroxzide in Aqueous Ethanol.—X (4.8
g.) was dissolved in a solution of 8 g. of potassium hydroxide
in 55 ml. of 699, ethanol and boiled under reflux for 4 hr.
The cooled solution was poured into 100 ml. of water and
then extracted thrice with 25-ml. portions of ether. No
precipitate was obtained when the aqueous solution was
acidified. Distillation of the combined, dried extracts
yielded 1.0 g. (21%) of X and 1.0 g. (25%) of colorless
liquid, b.p. 1569-161° (11 mm.). The latter crystallized on
standing and melted at 68-69°, Its mixture with N-ethyl-
benzamide (m.p. 69-71°) melted at 69-71°.
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1,1-Dimethyl-2-formylhydrazine, 1-formyl-1,2,2-trimethylhydrazine, pentamethylhydrazonium iodide and bromide, 1-
formyl-2,2,2-trimethylhydrazonium iodide and 1-formyl-1,2,22-tetramethylhydrazonium iodide have been synthesized.
A new synthesis of trimethylhydrazine and tetramethylhydrazine is reported.

Although tri-? and tetra-* methylhydrazonium
salts have been known for some time, the prepara-
tion of the pentamethyl salts has not been reported
due, no doubt, to the inability of earlier workers to
prepare the necessary precursor, tetramethyl-
hydrazine, the synthesis of which has only recently
been reported.* Various attempts to prepare
pentamethylhydrazonium salts from other pre-
cursors have been unsuccessful. Direct alkylation
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of hydrazine with methyl halides, methyl p-
toluenesulfonate, trimethyl phosphate or trimethyl
phosphite produced only trimethylhydrazonium
salts.28 Likewise alkylation of sym-dimethylhy-
drazine produced tetramethylhydrazonium salts.?
Attempted alkylation of trimethylhydrazonium
iodide with methyl iodide resulted in cleavage of
the N-N bond to produce tetramethylammonium
iodide.?

The work of Class, Aston and Oakwood* has
now made available the necessary tetramethyl-
hydrazine, but their method is erratic and affords

(5) F. Klages, G. Nober, K. Kircher and M. Bock, Ann., 647, 1
(1941).



2468

very low yields (069, over-all). This paper re-
ports a somewhat improved synthesis of tetra-
methylhydrazine together with its reaction with
methyl iodide to form pentamethylhydrazonium
iodide. The conversion of this salt to the cor-
responding bromide as well as the preparation of
two formylmethylhydrazonium iodides is also
reported.

Both unsym-dimethylhydrazine and trimethyl-
hydrazine react with methyl formate to yield, re-
spectively, the previously unknown 1,1-dimethyl-
2-formylhydrazine and 1-formyl-1,2,2-trimethyl-
hydrazine. These formyl derivatives are readily
reduced by lithium aluminum hydride, the former
to trimethylhydrazine and the latter to tetramethyl-
hydrazine. The facile reduction of 1,1-dimethyl-2-
formylhydrazine is in marked contrast to the results
of Hinman® in the lithium aluminum hydride re-
duction of other 1,1-dialkyl-2-acylhydrazines.

Tetramethylhydrazine reacts nearly quantita-
tively with methyl iodide with the liberation of
considerable amounts of heat to yield pentamethyl-
hydrazonium iodide. The iodide is readily con-
verted by the action of an aqueous suspension of
silver oxide to the corresponding hydroxide which
on neutralization with hydrobromic acid yields the
bromide. X-Ray analysis shows that both the
iodide and the bromide have a face-centered-cubic
structure with a, = 10.06 and 9.666 A., respec-
tively. They are nearly identical in crystal struc-
ture with the corresponding tetraalkylammonium
analogs, isopropyltrimethylammonium iodide and
bromide which are face-centered-cubic with ¢y =
10.09 and 9.720 A,

Both of the formylhydrazine derivatives men-
tioned above also react with methyl iodide to give
crystalline quaternary derivatives. The structure
of that from 1,1-dimethyl-2-formylhydrazine was
confirmed by its acid hydrolysis to the known
trimethylhydrazonium iodide.

Experimental’

1,1-Dimethyl-2-formylhydrazine.—Equal weiglits of wun-
sym-dimethvihydrazine? and methyl formate were stored
together at room temperature for several days. Cooling
overnight at —18° resulted in crystallization of the product
which was removed by filtration and washed with petroleum
ether (30-60°), yield 63.5%, m.p. 50-52°. The analytical
sample was recrystallized several times from ether and sub-
limed under vacuum, m.p. 57.8°. Anel. Caled.: C,
40.89; H, 2.15; X, 31.80. TFound: C, 41.00; H, 8.99;
N, 31.98.
1-Formyl-1,2,2-trimethylhydrazine —Trimethylhydra-
zine (40.0 g., 0.53 mole) and methyi formate (100 ml., 97.5
g., 1.51 moles) were stored together at room temperature
for several days. Fractionation at 20 mm. through a 15"
vacuum jacketed Vigreux column of the liquid remaining
after stripping off the volatile components at atmospheric
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pressure yielded 36.7 g. (66.6%) of colorless liquid, b.p.
70-73° (20 mm.). The analytical sample was twice redis-
tilled, once at 20 mm. and once at atmospheric pressure,
b.p. 171, #®p 1.43885, dy 0.952. Amnal. Caled.: C,
47.03; H, 9.87; N, 27.43; MR, 28.07. Found: C, 47.29;
H,9.87; N, 27.53; MR,28.21.

Trimethylhydrazine,—A solution of 20.7 g. (0.24 mole)
of 1,1-dimethyl-2-formylhydrazine in 150 ml. of sodium-
dried ether was added dropwise and with stirring to a sus-
pension of 10 g. of lithium aluminum hydride in 200 ml. of
sodium-dried ether under an argon atinosphere. After
stirring for an additional 2 hours at room temperature the
reaction mixture was decomposed by addition of 20 ml. of
ethyl acetate followed by 250 ml. of 6 IV hydrochloric acid.
The ether layer was separated and discarded, and the
aqueous layer was concentrated under reduced pressure to
about 125 ml. The concentrate was added dropwise to a
hot mixture of 280 g. of sodium hydroxide and 75 ml. of
water, the liberated trimethylhydrazine being distilled off
as fast as formed. The distillate was saturated with solid
sodium hydroxide keeping the temperature below 30° by
external cooling. The organic phase was separated, dried
over fresh sodium hvdroxide and fractionated through a 15"
vacuum jacketed Vigreux column to yield 9.06 g. (63.8%)
of trimethylhydrazine, b.p. 59-61°, #n2.2p 1.39983, d»;
0.765.

Tetramethylhydrazine.—This compound was obtained
in 55%, vield by lithium aluminum hydride reduction of 1-
formyl-1,2,2-trimethylhydrazine in substantially the same
manner as for trimethylhydrazine, b.p. 71-72°, »%.!p
1.40138, ds; 0.768.

Pentamethylhydrazonium Iodide.—Pentamethylhydra-
zonium iodide was obtained in nearly quantitative yield by
careful addition of one equivalent of methyl iodide to a
cooled methanolic solution of tetramethylhydrazine. The
precipitated salt, m.p. 186-188° dec., was recrystallized
several times from ethanol, m.p. 222-223° dec., X-ray
density 1.500. Anal. Caled.: C, 26.10; H, 6.57; X,
12.18; I, 55.16. Found: C, 25.86; H, 06.47; N, 12.07;
I, 54.96.

Pentamethylhydrazonium Bromide.—Pentamethylhydra-
zonium iodide was converted to its hydroxide by shaking
an aqueous solution with an excess of solid silver oxide.
Filtration, neutralization with concd. hydrobromic acid and
concentration to dryvness vielded the crude bromide, mi.p.
220-221° dec., which was purified by recrystallization from
ethanol, m.p. 223-224° dec., X-ray density 1.3456. Aunal.
Caled.: C, 32.79; H, 8.26: X, 15.30. Found: C, 32.92;
H, 8.36; N, 15.65.

1-Formyl-2,2,2-trimethylhydrazonium Iodide.—Methyl
iodide (14.1 g., 0.1 mole) was added slowly to a solution of
8.8 g. (0.1 mole) of 1,1-dimethyl-2-formylhydrazine in 5 ml.
of methanol. On cooling the reaction mixture, the hydra-
zonium iodide crystallized out in nearly quantitative yield.
It crystallized from ethanol as colorless needles, m.p.
166-167°. Anal. Caled.: C, 20.88; H, 4.82; XN, 12.18.
Found: C, 21.03; H, 4.90; N, 12.08.

1-Formyl-1,2,2,2-tetramethylhydrazonium Iodide.—
Equivalent amounts of 1-formyi-1,2,2-trimethylhydrazine
and methyvl iodide were stored together at room temperature
for several days. The crystal mass thus formed was washed
with ether and recrystallized several times from absolute
ethanol, m.p. 180-181° dec. Amal. Caled.: C, 24.60;
H, 5.37; N, 11.48. Found: C, 24.82; H, 5.38; N, 11.56.
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