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THE TWENTY METHYL- AND ETHYL-SUBSTITUTED HYDRAZINES

F. E. Condon*, D. C. Thakkar, and Tamara Briks Goldstein
Department of Chemistry, The City College of the

City University of New York, New York, N. Y. 10031

There are 20 conceivable methyl- and ethyl-substi-
tuted hydrazines; and at the time this work was begun, all but
five of them had been prepared and described in the literature.
Only three: methylhydrazine, 1,l-dimethylhydrazine, and 1,2-
dimethylhydrazine are available commercially. The other 17,
including five new ones, have recently been prepared in this
laboratory for measurement of their pKa's, heats of solution
and neutralization, and other properties, as part of a study
of the influence of hydration on base strength.l

In this communication are described the five methyl-
and ethyl-substituted hydrazines previously unknown and five
other new hydrazine derivatives obtained as intermediates in
their synthesis. Reactions used in the synthesis of all 17 of
the methyl- and ethyl-substituted hydrazines not commercially
available are outlined; and literature references are given
where detailed procedures for their synthesis can be found.

The routes used in the synthesis of 17 methyl- and
ethyl-substituted hydrazines are shown in Chart I, where each

hydrazine is identified by a simple four-digit code number.

233

© 1973 by Organic Preparations and Procedures, Inc.



13:21 27 January 2011

Downl oaded At:

F. E. CONDON, D. C. THAKKAR, AND T. B. GOLDSTEIN

CHART I
SUMMARY OF REACTIONS USED IN SYNTHESES OF METHYL~ AND ETHYL~

SUBSTITUTED HYDRAZINES

Code No.

CH20 LiAlH,

1110 Me,NNH; —==———p Me o NN=CH, E_-D

MeNNEMe (1110)
1111 Me NNMeCHo [AAH:
LiAlH,

——ml

MeNNMe; (1111)

2111 1110 2220 Mo nN(Ac)Me

2000 EtnmooNEEt YOz HC1, piv (o) conEEE

H,0, HC1 NaOH

Me:NNEtMe (2111)
Zn, HOAcC
—f——y

EtN(NH,) OONHEt —2=f—-"=s EtNHNH,.2HCl —=+ EtNHNH, (2000)

Ac20 CH;CHO NaBH,, EtOH

2010 MeninH, €20 venmaw, SR, pavacnecnon,

MeN (ac)mret 2200 Bl venpngme . 2nc1 MO, menmEt (2010)
2020 N, SO, oy oy necncn, AN, poveEt (2020)
2011 MeoNwH, SOy ye nvecron, LA, po nwme (2011) 2520
2211 Me v (ac)Et R, Mo nmE, (2211)
2100 Etvw, SO, propape M250u,  propeyme) et Meso,”  H20,

EtMeNH;' MeSO,~ YOz, pivenno 20 HORC,

2110 2100 2% povenn=cH, WAL, povename (2110) 2S20,

2121 EtMenN (Ac)Me LA, pivennEtMe (2121)
2120 EtMe=CH, T9L, povennEt (2120)

2200  Btore X020 HOL, gy nyo 200 HORC, oo, (22000 E22,

2210 EtaNw=cH, SR pronume (2210) 2820,
2221 Et: N (ac)Me  LEAUN, peoavmrme (2221)
2220 Btonec, ML, peonwme (2220) 2620,
2222 Bt (ac)Et BAH L oo, (2222)
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The digits give the number of carbons in the alkyl groups re-
placing hydrogen, first on Nl’ then on N2. As a rule, and in
accordance with rules of organic nomenclature (alphabetical
order and lowest number rules), a hydrazine is coded prefer-
entially by as large a number as possible. For example,
EtMeNNH, = 2100 (preferred) = 1200 = 0021 = 0012,

Some of the intermediates, including five new hyd-
razine derivatives, are described in Table 1l; the five new
polyalkylhydrazines prepared in this work are listed in
Table 2 and analytical data are given in Table 3.

In general, synthetic routes were chosen so as to
minimize the chance of contamination of the desired hydrazine
with other members of the set. In each case, we feel the route
shown in Chart I is the most convenient and practical with
respect to availability of starting material, ease and safety
of operation, and yield and purity of the desired hydrazine.

Some of these hydrazines have been previously pre-
pared by alkylation of hydrazine or an alkylhydrazine with an

2-5  Such routes were avoided in this

alkyl halide or sulfate.
work because of the possibility of producing another alkyl de-~
rivative in addition to the one wanted, but having a similar
boiling point. Such routes may be practical, however, if the
desired hydrazine forms a solid dihydrochloride that can be
purified by recrystallization, such as ethylhydrazine.z'6
Lithium aluminum hydride reduction of acylhydrazinés,
used for production of the six tetraalkylhydrazines in the set,
always gave also some trialkylhydrazine as a result of N-acyl

bond cleavage.7m9 The trialkylhydrazine impurity was readily
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TABLE 1

GOLDSTEIN

PHYSICAL. PROPERTIES OF INTERMEDIATESS

N. m. r. spectrum

§, ppm from TS (CC14)

B.p.2 Density, 25°
Name and Formula °C/torr gm,/cm3
1-Formyl-1,2,2-trimethyl- 68/14 0.9535
hyd:razinfeE MezNN (Me) CHO
1-Acetyl-1,2,2-trimethyl~-  80/21 0.9249
hydrazineg MezNN (ac)Me
1-Acetyl-l-ethyl-2,2-di- 85/20 0.9218 3.27
2,52
methylhydrazine 1.99
1.16
Me NN (Ac)Et
1-Acetyl-l-methyl-2,2-di- 105/25 0.9183
ethylhydrazined
EtzNN (Ac)Me
Formaldehyde ethylmethyl-  92/750 -— 6.04
5.82
hydrazone Etb'kaNN=CH2 3.19
2.61
1.06
1-Formyl-1,2-diethyl-2- 95/16 0.929 8.07
3.26
methylhydrazine 2.71
2,61
EtMeNN (Et) CHO 1.20
1.01
1-Acetyl-2-ethyl-1,2-di- 91/20 - 2,72
2.65
methylhydrazine 2.49
2,03
EtMeNN (Ac)Me 1.00
1-Acetyl-1,2,2-triethyl- 96/15 - 3.21
2,71
hydrazine EtzNN(Ac)Et 2.00
1.15
1.02

1

|o

. All were colorless liquids.
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7.1 Hz)
.1 Hz)
.1 Hz)
7.3 Hz)

7.3 Hz)

7.0 Hz)
7.1 Hz)
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7.1 Hz)

Satisfactory elemental analyses were

obtained for all new compourds. (See Table

. Mid-point of narrow range.

c. Reference 23.
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eliminated, however, by acetylation with acetic anhydride to an
acetyltrialkylhydrazine, from which the tetraalkylhydrazine

could be separated cleanly by fractional distillation.

TABLE 2

NEW POLYALKYLHYDRAZINESS

B. pey N. m. r. spectmm!2
Hydrazine
°C/torr §, ppn fram ™S «xu4)
1-Ethyl-1, 2-dimethyl- 79/750 2.47 (s, 3H)
2.41 (s, 3H)
EtMeNNHMe (2110) 2.32 (q, 2H, J = 7.1 Hz)
1.02 (t, 3H, J = 7.1 Hz)
1-Ethyl-1, 2, 2~trimethyl- 95/750 2.39 (q, 28, J = 7.1 Hz)
2,22 (s, 6H)
EtMeNNMe, (2111) 2.16 (s, 3H)
1.00 (t, 3H, J = 7.1 Hz)
1,2-Diethyl-l-nmethyl~ 97/750 2.70 (g, 28, J = 7.1 Hz)
2.40 (q, 2H, J = 7.1 Hz)
EtMeNNHEE (2120) 2.32 (s, 3H)
1.02 (t, 3H, J = 7.1 Hz)
1.00 (t, 3H, J = 7.1 Hz)
1,1-Diethyl-2, 2-dimethyl 110/750 2.38 (g, 4H, J = 7.1 Hz)
2.25 (s, 6H)
Et,NMe, (2211) 1.00 (t, 6H, J = 7.1 Hz)
1,1,2-Triethyl-2-methyl- 68/100 2.44 (g, 24, 3 = 7.1 Hz)
2.40 (g, 4H, J = 7.1 Hz)
Et NNEtMe (2221) 2.18 (s, 3H)

1.00 (2t, 98, J = 7.1 Hz)

a. All were colorless liquids and gave satisfactory elemental analyses.
(See Table 3.)
b. Excepting the N-H proton signal, broad and variable in position.

EXPERIMENTAL

Methylhydrazine (1000) and 1,l1-dimethylhydrazine

(1100) were purchased from Matheson, Coleman, and Bell, Inc.

1,2-Dimethylhydrazine (1010) was generated from its dihydro-

chloride purchased from Aldrich Chemical Co.10
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Compound

1-Acetyl-l-ethyl-2,2-di-
methylhydrazine

THAKKAR, AND T. B.

TABLE 3

ANALYTICAL DATA

Formila

C 6Hl 4N20

Formaldehyde ethylmethyl-

hydrazone

1-Formyl-1,2-diethyl-2-
methylhydrazine

1-Acetyl-2-ethyl-1,2-di-
methylhydrazine

1-Acetyl-1,2,2-triethyl-
hydrazine

1-Ethyl-1,2-dimethyl-
hydrazine

1-Ethyl-1,2,2-trimethyl-
hydrazine

1,2-Diethyl-1-methyl-
hydrazine

Cqty o,
Cetl 40

C 6Hl 4N20

Cgtly g0
Cat N,
Csty 4Ny

Csty 4N,

1,1-Diethyl-2,2-dimethyl-

hydrazine

1,1,2-Triethyl-2-methyl-
hydrazine

Ceti6™2
CHeNy

238
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=0

o0

mao @m0 o mmo

O ma o mO o ma I

Analysis, %
Calcd. Found
55.32 54.84
10.84 10.88
55.78 56.15
11.70 11.96
55.32 54.91
10.84 10.54
55.32 55.20
10.84 10.74
60.73 60.97
11.47 11.29
54.50 54.67
13.73 13.88
58.78 58.57
13.81 13.62
58.78 59.04
13.81 13.72
62.01 62.30
13.88 14.01
64.56 64.62
13.93 13.73
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Syntheses of the following have been described where

indicated: Ethylhydrazine (2000),6 l-ethyl-l-methylhydrazine

(2100), 11 and l-ethyl-2-methylhydrazine (2010).%% 1,1-Di-

13,14

ethylhydrazine (2200) was prepared by reduction of di-

ethylnitrosamine14 with zinc and acetic acid, essentially as
described in the literature.15

Syntheses Involving Lithium Aluminum Hydride Reduc-
6

tion of Hydrazones. Trimethylhydrazine (1110),1 2-ethyl-1,1-

9,17,18

dimethylhydrazine (2011), 1,2-diethylhydrazine (2020),%°

l-ethyl-1,2-dimethylhydrazine (2110) (Table 2), and 1,1-di-

ethyl-2-methylhydrazine (2210)20 were prepared by lithium

aluminum hydride reduction of the appropriate hydrazones
(Chart I). Formaldehyde dimethylhydrazone,16 acetaldehyde di-
methylhydrazone,17 ethylidene azine,19 formaldehyde ethyl-
methylhydrazone (Table 1), and formaldehyde diethylhydra-
zone,zo’21 were prepared by standard procedures. Freshly dis-
tilled acetaldehyde was used where needed, so as to avoid the
presence of paraldehyde, which would have made troublesome the
purification of the hydrazones and the hydrazines derived from
them. Each hydrazone was dried ultimately by distillation
from calcium hydride before reduction with lithium aluminum
hydride.

The reduction of formaldehyde ethylmethylhydrazone
is typical of the procedure used. A 1-1. three-necked flask
was fitted with a sealed stirrer with Teflon paddle, a drop-
ping funnel and a reflux condenser protected from atmospheric
moisture by a KOH-filled guard tube. The flask was charged
with 100 gm (a large excess over that theoretically required)
of a 19% solution of lithium aluminum hydride in ether,
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supplied by Foote Mineral Co., Exton, Pa. A solution of 50 gm
(0.58 mole) of formaldehyde ethylmethylhydrazone in 100 ml of
anhydrous ether was added dropwise with stirring and cooling
and maintaining a gentle reflux. The mixture was heated under
reflux with stirring for two hours and allowed to stand
overnite.

Before hydrolysis, a sample of the supernatant ether
solution was taken for examination by n.m.r. spectroscopy for
the presence of unreacted hydrazone, easily detectable by its
methylenic proton signal. If unreacted hydrazone was present,
more lithium aluminum hydride was added; and heating was con-
tinued until hydrazone was no longer detectable. The mixture
was then readied for hydrolysis.

A series of traps, one cooled with ice, a second with
solid Coz-toluene, was attached to the end of the reflux con-
denser. The reaction flask was cooled in ice; and a cooled
solution of 100 gm of sodium hydroxide in 125 ml of water was
added dropwise, cautiously and extremely slowly at first, when
the reaction is very exothermic. After about half of the
sodium hydroxide solution had been added, a viscous, heavy
precipitate made stirring difficult; and it was necessary to
turn the stirrer shaft by hand for a time. With continued
addition of the sodium hydroxide solution, however, the mixture
became fluid and mechanical stirring could be resumed. The
reflux condenser was rearranged for downward distillation, the
series of cold traps being retained beyond the receiver for
distillate. Stirring was continued while the reaction mixture
was distilled until a vapor temperature about 100° was reached,
distillation had slowed, and the distillate appeared to be

240
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largely water. The several distillates, including those from
the cold traps, were separately concentrated by distillation
through a 20 x l-cm column packed with glass helices for re-
moval of the ether. The concentrated residues from these dis-
tillations were combined and distilled. A fraction boiling at
77-81° was nearly pure l-ethyl-l,2-dimethylhydrazine, with
traces of water and ether detectable by n.m.r. spectroscopy.
Yield 26.5 gm (52%).

Syntheses Involving Lithium Aluminum Hydride Reduc-
9,22

tion of Acylhydrazines. Lithium aluminum hydride reduc-

tion of acylhydrazines was used only for the synthesis of

tetraalkylhydrazines: tetramethylhydrazine (1111),23 l-ethyl-

1l,2,2-trimethylhydrazine (2111) (Table 2), l,2-diethyl-1,2-

dimethylhydrazine (2121),9 1,1-diethyl-2,2-dimethylhydrazine

(2211) (Table 2), 1,1,2-triethyl-2-methylhydrazine (2221)

(Table 2), and tetraethylhyvdrazine (2222).17’21 In each case,

the product was found by n.m.r. spectroscopy to be contaminated
with trialkylhydrazine produced by cleavage of the N-acyl

bond.7-9

This was removed by acetylation with acetic anhydride
to an acetyltrialkylhydrazine, which could be separated cleanly
from the inert tetraalkylhydrazine by fractional distillation.
1-Formyl-1,2,2-trimethylhydrazine was prepared as
described in the literature.23 l-Formyl-1,2-diethyl-2-methyl-
hydrazine (Table 1) was prepared similarly from 1,2-diethyl-1l-
methylhydrazine. The acetyltrialkylhydrazines described in
Table 1 were prepared by acetylation of the appropriate tri-
alkylhydrazine with acetic anhydride in ethereal solution.

Byproduct acetic acid was removed by treatment with 40%

24
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aqueous sodium hydroxide; and the desired product was extracted

into ether. The ethereal solution was dried with anhydrous

CAUTION! In the course of extraction of these products into
ether, a common occurrence after the second or third extraction
was a rapid crystallization of sodium acetate trihydrate from a
super-saturated solution, with evolution of heat and consequent
buildup of ether vapor pressure within the separatory funnel,
with attendant dangers of ejection of the glass stopper, erup-
tion of contents into the face of the operator, and loss of
material.
potassium carbonate and the product recovered ky distillation.

The procedures for lithium aluminum hydride reduction
of acylhydrazines and workup of the reaction mixtures were
essentially as described above for hydrazones; and the acetyla-
tion of the products for removal of contaminating trialkyl-
hydrazines was done as described above for the preparation of
acetyltrialkylhydrazines.

Grignard Syntheses. 1,2-Diethyl-l-methylhydrazine

(2120) (Table 2) and triethylhydrazine (2220)3’ 21 were pre-

pared by way of addition of methylmagnesium iodide to the
appropriate formaldehyde dialkylhydrazone. The preparation of
2120 is typical. 1In a 1-1. three-necked flask equipped with
stirrer, dropping funnel, and reflux condenser, the Grignard
reagent was prepared in the usual manner from 12 gm of mag-
nesium, 80 gm of freshly distilled methyl iodide, and 300 ml of
ether. A solution of 41 gm (0.48 mole) of formaldehyde ethyl-

methylhydrazone in 50 ml of ether was added dropwise with
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stirring and cooling in an ice bath. The mixture was refluxed
three hours. It was then added in small portions with the aid
of a Pasteur pipet to 100 gm of ice contained in a 600 ml
beaker and cooled in an ice bath. As extraction with ether
was ineffective for removal of the product from the gelatinous
emulsion that formed, it was returned to the three-necked
flask with the aid of a little water; and 120 gm of sodium
hydroxide was mixed in with stirring and cooling. The mixture
was then distilled as described above under "Lithium Aluminum
Hydride Reduction of Hydrazones." The distillate, containing
much ether, was dried with solid sodium hydroxide and distilled
through a 20 x l-cm column packed with glass helices. There
was obtained 20 gm (41%) of 1,2-diethyl-l-methylhydrazine dis-
tilling at 96-98°,

Attempted syntheses of 2-ethyl-1,1l-dimethylhydrazine
by way of addition of methylmagnesium iodide to formaldehyde
dimethylhydrazone failed because of inexplicable uncontrollable
exothermic decomposition which set in during the hydrolysis

step.
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