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ABOTHACT.  “he autoxidation of l,l1-dimethylhydrazine I gives
Tormaldehyde dimethylhydrazone I1, nitrogen, and water as its
major products. liinor onec are ammonia, dimethylamine,
dimethylnitrosamine, diazomethane, nitrous oxide, methane,
carbon dioxide, nd formaldenyde. This reaction is of first
order in I and of zero order in oxygen. 1t is catalyzed by
metals and metal salts, inhibited by added 1,)-butadiene,
and accelerated by ultraviolet light. | free-radical chain
mechanism is postulated as the rate-determining reaction
sequence. The l,l-dimethylhydrazyl-Z-hydroperoxide so formed
is presumed to give the products II, hydrazine, and hydrogen
peroxide via a rapid sequence of wall reactions (established
in the study of liquid-phase autoxidations of 1,l1-dialkyl-
hydrazines). litrogen and most minor products probably result
from further wall reac~tions of hydrozen peroxide with I, 1I,
and hydrazine. Autoxidations of hydrazines resemble those of
hydrocarbons.
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INTRODUCTION

The facile autoxidation of 1l,l-dimethylhydrazine I provides an inter-
esting example for the study of such reactions of nitrogen compounds.
Most related research has involved autoxidation of hydrocarbons. The
mechanisms of autoxidation of nitrogen compounds remain to be elucidated.

From a practical standpoint, these studies show that I stored with
access to alr accumulates formaldehyde dimethylhydrazone Il and water,
with smaller amounts of dimethylnitrosamine, dimethylamine, and ammonia.
Nitrogen is evolved as the reactior proceeds. Other products (see below)
are found in even smaller yields. . uch accumulation is much more rapid
in the light, and in metsl containers. Commercial samples of I that had
been stored for even short periods of time were found by analysis with
vapor phase chromatography and nuclear magnetic resonance spectrometry
to coutain the above autoxidatior prouucts in significant amounts.

TR R
.-Lqul.,

Frevious workers (ref. 1 and 2) claimed that the vapor-phase autoxi-
dation of 1 gave methyl azide since they observed absorption in the
L.7-u region of infrared spectra of these reaction mixtures. The current
investigation shows that this absorption {dcublet--4.72 and 4.78 u) is
due to diazomethane, a minor product that is formed and then destroyed.
The infrared spectrum ot methyl azide prepared for comparison is ditfer-
ent in the region c¢f interest (doublet--4.55 and 4.7€ u). Figure 1 sho:
sequential infrared spectra of the reaction mixture (initial composition:
I, 100 mm, and oxygen, 605 mm, in a 10-cm ierkin-ilmer gas cell with
sodium chloride windows, “ef. -4). teriodic scans of tne 4- to 5-u region
of its in.rired cpectrua (i'ig. 2 and %) illustrated the growth and eventual
disappearance o: tne diazomethane uabsorption. 1In the presence of barium
oxide (see ig. %), the reactions consuming diazomethane are slower.
llence, its concentration reaches 1 higher maximum, and {tc disappearance
takes a longer time. .or -omparison, “ig. 4 shows intrared spectra {(Ul-
to S-u region) ot a1, r~thane taken at various pressures. \ccordingly,
even in the autoxidation of I where dinzomethare 15 partially protected
from further reaction by o+4rium oxide, its maximun concentration is less
than 5.9 mm (from 100 mn of I; cf. iig. ” and u).
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FIG. 1.
605 mm of Op) Taken at Successive Reaction Times:

........

e s L

Infrared Spectra of Reaction Mixture (Initially 100 mm of I and

A after 1 hr, B after

3 hr, C after 7 hr, D after 14 hr, and E after 23 hr.
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FIG. 2. Main Absorption Band (4.72 and 4.78 u) of Diazomethane in
a Reaction in an Infrared Gas Cell of I (100 mm) With Op (600 mm):
1 after 2 hr, 2 after 5 hr, 3 after 21 hr, 4 after 26 hr, and 5
after 34 hr.
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FIG. 3. History of the Principal Infrared Band of Diazomethane
During the Reaction of I (100 mm) With Op (605 mm) in a Cell
With a Cup Filled With BaO: 1 initial, 2 after 1 hr, 3 after

3 hr, 4 after 7 hr, S5 after 22 hr, 6 after 46 hr, 7 after 68 hr,
8 after 11k hr, and 9 after 162 hr.
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FIG. 4. Vapor Phase Infrared Spectra of the
Principal Absorption Band of Diazomethane at
Various Pressures: 1 = 3.6 mm, 2 = 5.9 mm,
3 - 10 mm, and 4 = 18 mm.



NAVWEI S REPORT 8798

Such sequential infrared spectra permit approximate estimation of
the concentration change of 1 and products in the latter experiment
(1 + 0> in the presence of BaO, see Fig. 5). Apparently, II is formed
duvring the entire reaction but diazomethane, ammonia, and dimethylamine
seenm to be produced only during the first half of it. From I (100 mm),
yields are II (61 mm), ammonia (20 mm), dimethylamine (8 mm), diazo-
methane (4.5 mm), and nitrogen (21 mm, see below). Other benefits in
addition to the preservation of diazomethane result when the water and
presumably hydrogen peroxide formed are partially removed by barium
oxide. No condensate collects on the cell walls, the reaction is slower
than in the absence o1 Ba0, and cuange of the logarithm of the concen-
tration of I with time 1s linear (see Fig. 6) throughout the entire
reaction (see below for description of kinetics in the presence of con-
densate). The reaction is, therefore, of first order in I (zero order

0, see below).

When reaction is complete, its infrared spectrum (Fig. 1E) closely
resembles that of the major reaction product II (Fig. 7) with that of
dimethylamine (13.4-1L ug, and many sharp peaks of the ammonia spectrum
(most prominent ones at 10.38 and 10.77 u) superimposed. In nearly all
of these reactions of I with oxygen, the product nitrous oxide (doublet--
L.46 and 4.52 u) is observed in small amount. Sequential infrarcd
studies have shown tha* it is usually formed in the later stages of
"normal" reactions. /.th reactions catalyzed in various ways (light,
ammonia, sodium chloride with barium oxide, circulating cell--see
Table 1), it is formed in larger amounts; in some of these experiments,
no diazomethane was observed. A small peak (5.77 ;i) probably due to
formaldehyde appears in the later stages of the reaction. Infrared
absorptions of carbon monoxide and carbon dioxide are not visible in
spectra of these reaction mixtures.

Studies of the autoxidation of I with infrared spectroscopy show that
the rate of the reaction between I and oxygen is highly erratic (Table 1).
With no apparent differences in experimertal procedure, the times for
these reactions to reach completion ranged from 24 to 72 hr (cf. experi-
ments 1 and 2, Tatle 1). The apparent reason for such behavior is that
the reaction is subject to various catalytic effects. It is markedly
accelerated by light (experiment 8, Table 1), and by the introduction of
various materials into the reaction cell--metals, glass helices, ground
glass, and even ground sodium chloride prepared from the window material
of the cells. DButadiene in the gaseous mixture of I and O, 1s not con-
sumed in an amount great enough to be detected, but the autoxidation of
I is inhibited (see Experimental section).

Froducts were isolated and identified by various experimental proce-
dures. First, oxygen was bubbled through liquid I. Gixcess oxyéen
product vapors were passed through a long spliral condenser (- ), and
all volatile products except nitrogen were condensed in a trap (-80c°cC).
In the latter, diazomethane, dimethylamine, and ammonia were shown to
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be present. ‘[he yellow condensate becamne colorless when it was treated
with 5,5-dinitrobenzoic acid in ether, and dimethylamwmonium and ammoniwn
3,5-dinitrobenzoates precipitated. Methyl 3%,5-dinitrobenzoate was
recovered from the etner ['iltrate. l'art of the salt mixture was recrys-
tallized from ethancl until pure dimethylammonium ’,5-dinitrobenzoate was
obtained. The remainder of the salt was dissolved in sodium hydroxide
solution, and the solution was partly distilled. ., mmonium chloride
(identified by its X-ray powder pattern) was isolated when the distillate
w1s made acidic with hydrochloric acid, the latter solution was evaporated
to dryness, and the resulting mixture ot hydrochlorides was extracted
until all dimethylammoniun chloride had been removed.

‘he dark brown liquid remaining in the reaction vessel was shown to
contain II and dimethylnitrosamine. The dominant product II (b.p. 65-68°C
infrared spectrum identical witn known) was isolated by vacuum distilla-
tion through calcium chloride (to absorb amines and water). T*s reaction
with 2,4-dinitrophenylhydrazine reagent gave tle 2,4-dinitrophenyihydrazone
of formaldehyde; with aqueous oxalic acid, it gave dimethylhydrazinium
oxalate. The identity of II was further verified by polarography.
Dimethylnitrosamine was extracted from the distillation residue. It was
identified by its spectrum, vapor phase chromatography (v.p.c.), and by
reduction to I. Analysis (v.p.c.) of yellow condensates in vapor-phase
autoxidation showed that it is aiso a trace product under these conditions.

The product mixture from the reaction of I (96 mm) and oxygen
(594 mm) in a gas reaction vessel (050 ml) was washed with sulfuric acid
to remove ' 1sic products. liass spectrometric analysis of the remaining
mixture of gaseous products showed that {t contained unreacted oxygen
(96.255), nitrogen (5.22., 63 yield based upon reaction 1 below),
methane {0.195), carbon dioxide (0.3%6.), and hydrogen (0.0%7). Yields
of these products differed. In another experiment in which the oxygen
was also removed from the gas sample, the analysis was nitrogen (90.07),
methane (0.51°), (Iip:Cily ratio approximately ten times that in the
previous exveriment), and carbon dioxide (0.23%)).

Iitrous oxide was identified, and its yield estimated, in a reaction
mixture prepared by the irradiation of I (100 mm) and oxygen (605 mm) in
a quartz infrared cell. The gas isolated as above contained oxygen
(96.7.), nitrogen (2.85%), and nitrous oxide (0.46)).

More precise kinetic investigation of tne vapor-phase autoxidation
of I confirms that it i1s of first order. 1In the experiments illustrated
in Fig. 8 with gaseous mixtures of I (initial concentrations: 43, 63,
and 78 mm) and oxygen (625, 247, and 287 mm, respectively) at 25°C the
plot of the logarithm of Il formed against reaction time shows two
essentially linear regions--one prior to the appearance of a condensed
phase on the vessel walls and the other subsequent to it. Linear con-
sumption of I is apparent after condensation. This more rapid reaction
in the two-phase system seems to have the same rate constant in all
three e periments since the three lines are parallel.

16



NAVWEl'S REPORT 8798

TABLE 1. Infrared Study of 1,l-Dimethylhydrazine Autoxidation®

Byt Approx.
Lﬁg ' Conditions® half-life, ~omments
’ hr

1 Cell in dark when not 20 Diazomethane formed

in spectrophotometer early. Ny0 and H,CO
visible after 48 and
71 hr, respectively.

2 Cell in dark when not il NQO developed as CHyNo
in spectrophotometer declined.

3 Cell in infrared beam 10 Product spectrum same as
continuously Fig. 1E.

L With room light and 2L Product spectrum same as
temperature Fig. 1l=z.

5 Temperature held at 12 Product spectrum same as
L45-46°¢ Fig. LlFE.

6 Quartz cell held at 32 CHpNo and NoO develop
50°C similtaneously.

7 Quartz cell in infra- 9 CHols peak U45% transmit-
red beam during tance at 7 hr. Come
reaction NoO formed later.

8 Quartz cell - Hanovia 2 lore NH, (CH5)2NH than
lamp without filter usual. NEO observed
0.3 m from cell instead of CHoNp.

9 Cell fitted with cup 32 Fig. 3 shows CHoNy
containing BaO increase and decrease.

10 NHx (5 mm added) 18 N>O and CHolly formed.

11 NHs (10 mm added) 6 NoO formed, but no Cliplip.

12 Tetramethyltetrazene, 3 Product spectrum same as
T, (5 mm added) Fig. 1E.

13 Control (no TMT) 11 Froduct spectrum same as

Fig. 1lk&.

14 T (3 mm) Noreaction | ... v i,

in 3 hr.

15 Circulating cell® BaO 5 Some NHz in I used. Ny0
in weighing cup formed faster than
gained 0.0251 g CHoNo. Latter gone

after 22 hr.

See footnotes at end of table.

11
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TABLE 1. (Contd.)

Approx.
E;gt. Conditionsb half-1life, Comments
’ hr
16 Cell with NaCl window 1.5 Some NHz in I used.
pieces and BaO in N2O, no CHpoNs.
cup Abnormal product -
little II and large
amounts of NH5.
17 Ground glass helices 2 Products as in Fig. 1lE.
in cup CHoNp, no No0.
18 NaCl pieces in cup 0.5 Reaction complete in
0.5 hr. CHpNp, no NpoO.
19 Mercury in cup ORI  e
20 Control for 15-19, ce Less than 107 reaction
nothing in cup in 20 hr.

8 Representative examples of many such experiments.

Except as noted, the infrared cell (Ferkin-Elmer, 10 cm, NaCl
windows sealed with a Glyptal bead outs.de) was filled with I (100 mm)
and oxygen (605 mm). Ferkin-Elmer Infrared spectrophotometer, lodel 21,
was used. All experiments at 25°C except as noted.

€ Described in Fef. Ll.

when the reaction vessel is immersed in an oil bath (dark) at 41°C
(11luminated by a 100-w liazda lamp, see Experimental section), a much
longer reaction time is observed, and condensation of a liquid phase on
the vessel walls is delayed. Here, an induction period of over 100 hr,
a slow first-order rate for the gas-phase reaction (120 to 540 hr), and
a faster rate (first order) for the two-phase reaction are observed (see

Fig. 9).

Experimental procedures as used with I have shown that 1,2-dimethyl-
hydrazine and trimethylhydrazine undergo rapid and complete autoxidation
in the vapor phase at 250”, methylhydrazine gives a rapid initial reaction
that seems t¢ stop suddenly, and tetramethylhydrazine does not react.
Reaction products from 1,2-dimethylhydrazine are azomethane and water
(see Fig. 10), and with trimethylhydrazine are II and water (see Fig. 11).

when mixtures of methylhydrazine and oxygen were mixed in the infra-
red cell, the initial rapid autoxidation gave products that condensed
upon the cell walls and so made it impossible to determine the infrared
spectrum of the reaction mixture. A 5-liter flask was filled with
methylhydrazine (24 mm) and dry air (570 mm), and the condensate appeared.

¢ (o T
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UNITS OF I AND II
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FIG. 9. Reaction Mixture Contained Initially I (60 mm),
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(Dark). Descending curve records I consumed, and scat-
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FIG. 10. Infrared Spectrum of 1,2-Dimethylhydrazine
(46 mm) and of the Reaction Mixture Taken 1 hr After

O, (668 mm) Had Been Added. Products are azomethane
and water.

— =
——
o .
i
-

LI T L T

FIG. 11. Autoxidation of Trimethylhydrazine. The infrared

gas cell was filled with this hydrazine (50 mm) and 0o

(658 mmn). Solid line is the initial spectrum. The spectrum
of the products (after 42 hr, dotted line) indicates II and

vater (broad bands at 2.94 u and 6.06 u).
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A sample of the reaction mixture pumped into an infrared cell gave the
Dry, carbon dioxide-free oxygen was

bubbled through methylhydrazine for 21 days.

spectrum of pure methylhydrazine.

A very small amount of
volatile product condensed at -80°C contained methyl azide,

ammonia, and

methyl amine (see lig. 12), and the residual liquid in the bubbler
reaction vessel was unreacted methylhydrazine.

Mixtures of tetramethylhydrazine or tetramethyltetrazene with oxygen
vere unchanged after long periods of time (Fig. 13 and 14).

rT-- -
s o mmed
=
—
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¢t ] ] ] i [ 1
t'1G. 12. Infrared “pectrum of Condensate of Volatile i roducts
Obtained “hen Op 1s DBubbled Through !‘ethylhydrazine.
by 40N 4 4.1 X 9% 90 ‘sjy 8 s "]

Ak
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2 MiCRONG b 4

FI1G. 13.

Infrared ‘pectra of a Gaseous lMixture of Tetramethylhydrazine

{70 mm) and O, (635 mm) Immediately Aifter liixing and After 170 hr

(hotted Line) at 5°C.
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FIG. 1k. Gas Infrared Spectra of a ilixture of Tetramethyltetrazene
(8 mm) and O5 (697 mm) Before and After (Dotted Line) CStanding for
66 hr.

DISCUSGION

The autoxidation of 1,l-dimethylhydrazine I gives formaldehyde
dimethylhydrazone II, water, and nitrogen as the dominant products, and
the stoichiometry of £Zq. 1 is approached. HNumerous other products
(dimethylamine, amnonia, diazomethane, dimethylnitrosamine, and
formaldehyde) are formed in small amounts.

CHz, M CHz, _H
3 N-N., +2 0. —s 2 N-N=C. + 4 HO + N (1)
e N\ 2 ~y 7 . 2 2
CH H CH H
3 3
I 11

Kinetic studies have shown that this reaction is of first order in I
(Fig. 6, 8, and 9), and probably of zero order in oxygen (cf. experi-
ments 1 and 2, Fig. 8). Reactions of first order in the substances being
oxidized, and of zero order in oxygen (above a limiting oxygen concen-
tration) ?re common in the autoxidations of hydrocarbons and aldehydes
(Ref. 5-7).

First-order dependence of rate upon substrate concentration has also
been observed in the autoxidation of phenylhydrazones (kef. 8-11, Eq. 2),
and in the autoxidation of 1,2,3,4-tetrahydrocarbazole, and other
substituted indoles, in solution (Ref. 12-21, Eq. 3).
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H H v
N-N=C H=N-C
!

(2)

+ 0., —»

H

Since these studies of hydrazone and indole autoxidation have involved
the measurement of oxygen uptake at constant pressure, the kinetic order
with respect to oxygen was not determined.

These results suggest that the rate-determining sequence in the
autoxidation of I resembles the free-radical chain reaction established
for the autoxidation of cumene (Ref. 22-25). Keaction initiation would
involve the free-radical decomposition of hydrazine hydroperoxides C
(slowly accumulated during the induction period) shown below. &tquation 4
represents the last step in initiation (R- = HO* or (CHB)QN-NHO-i.
Reactions 5 and 6 represent the chain-propagating sequences. The indi-
cated attack upcn hydrogen atoms attached to nitrogen is supported by the
fact that substances without this functional group (tetramethylhydrazine,
tetramethyltetrazene, or 1I) do not oxidize under these mild conditions
while all hydrazines with N-H groups (hydrazine, methylhydrazine, I,
1,2-dimethylhydrazine, or trimethylhydrazine) do. Chain termination
probably involves mutual destruction of two radicals such as B. Quali-
tative observations supporting this hypothesis are that the autoxidation
of I 1is induced by light; it has an induction period; its rate is
markedly enhanced by trace impurities, notably metals and metal salts,
known to react with hydroperoxides to give radicals; and it is inhibited
by butadiene-l, 5.

CH H CH i
5:N-N\ + g — 5:N-N + RH (4)
CH H CH;
1 A
CH _H CH Pl
Nt v 0. e D Nen (5)
Ha e . -0
I\ 5 o 5
A B
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CH H cil N
7/ /7
B + 5\N-N\ — A+ }:N-N\ (6)
CHs H CH; OOH
C

Although the hydroperoxides derived by the related autoxidations of
hydrazones and indoles are stable enough to be isolated, C is not. Its
fate is suggested by recent parallel studies (see Table 2 below, from
Fef. 26) of oxidative reactions of 1,l-dialkylhydrazines in solution.
The products observed (kef. 26) in the autoxidation of such hydrazines
in the liquid phase are the following:

RCHx RCH, ,CHoR },’ *,{
,N-NH, + 02 — /N-N=N-N\h + RCHQN-N=CR + RCH2-N=N-C:{2F +
RCH, RCHp CHoR
i 111 v Y
}f *.{ RCHo RCHy ‘.‘ FCHo
FC=N-N=CR + _N-Nm, o+ _ N-N=CR + RC=N-Ni, + . ,N-NO + H,0
RCH, RCH, CHy
'8 I 11 V1l VIII (7)
I - VII, R = H-
Ia - VIIIa, R = CHaCHp-
Ib - VIITb, R = CHzCHyCHp-

Froducts II through vII, but not VITI, also are obtained in (1)
reactions of 1,l-dialkyl-c-p-toluenesusr:onylhydrazides with base, (2)
mercuric oxide-oxidation ot 1,1-dialkylhydrazines, and (3) reactions of
acidic solutions of 1,1-dialkyldiazenium salts with base. It is postu-
lated that a common intermediate, the 1,l-dialkyldiazene, is formed first

in all four reactions. lience, one mode of decomposition of C 1s presumed
to give the diazene via the l,l1-dimethyldiazenium hydroperoxide (.ief. 27-
30). Cince such ionic reactions are unlikely toc occur in the vapor phase

and since 1I is the major product in both liquid and gas autoxidations,
these reactions (8 and 9) probably occur on reaction vessel walls in the
latter. .ccordingly, addition of materials o: large surface area (cf.
experiment 1 with experiments 16-18, able 1) markedly increases the
reaction rate.

i — L=l-H (8)
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Ci + CH +
s + -
PNBH -+ Br  —e 5).::;«;: + B1l" T-0H (9)
CH5 -0 LHB I
(B: = amines, Ciig
N e
hydrazines or /N:N:

hydroxide ion)  CHs

TASLe 2. [lroducts From Liquid-thase Autoxidation of
1,1-Dialkylhydrazine (mole 7)

I-/1I, . = li-; Ia-VIIIa, R = CHsCHp-; Ib-VIIIb, P = CisCiipCHp-.
2Pt A. troducts trom 1,1-Dipropylhydrazine Ia
O 1 111a | 1va va | VIa Ia | IIa | ViIa | VIIIa
12 | 06103 o2 |0k LN N1 5.7 50
S U. :roducts From 1,1-Dibutylhydrazine Ib
, 1]
0 e | 1ve w | vIb Ib |1 | vinvy | vIID
I [
% 1 12.5 ! L.k UL I I Ao P 57.6 | 1.1 oL 4
eyt b e e e el . s | L. 285
et 1 dleg |0 LLb L )6 UL B NS ]

3 Liquid hydrazine stirred in oxygen (1 atm) at 25°C.
Induction period (1.5 hr) observed.
.race products observed (v.p.c.).
.‘ethanol :hydrazine solution in 3:1 molar ratio. Long
induction period (3 hr).
..ot determined.
water:hydrazine mixture in 6:1 molar ratio.
ielative molar percentages of products IVb, VIIIb, and
ITb determined (v.p.c.). Tetrazene not measured.

c

&

The reaction mechanism confirmed (ief. 26) for liquid-phase reactions
probably is operative (on reaction vessel walls) in the vapor-phase
autoxidation of I. Accordingly, diazenes dimerize, rearrange (reac-
tion 10), and oxidize the rearrangement product IV (reaction 11). Reac-
tions of 1 with formaldazine VI or from formaldehyde hydrazone VII
(reactions 12 and 13) then occur to give the major product II.
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CHz 4 H
\ -
CH/N:N s cnjn-u=cu2 or CHS-N=N-CH5 (minor product) (10)
> IV v
CHy+ _ Chizy
CH/N=N + IV — CH/N-N}ie + CH,=N-N=CH, (11)
3 3
I VI
CHa,
I+ VI — 7 L-N=CH, + CH,=N-IX, (12)
Chg
11 VII
I + Cll,=N-NH, — II + H, NN, (13)
VI

Tetramethyltetrazene (diazene dimerization product) is not observed
as a product of gas-phase autoxidation of I. These reaction rates are
so slow that the average concentration of diazene is low. Therefore,
the unimolecular rearrangement (reaction 10) predominates over the
bimolecular dimerization. In the more rapid autoxidations of 1,1-dialkyl-
hydrazines in solution described above, tetrazenes are minor products
(Table 1). Rearrangement reactions of the type proposed (reaction 10)
were first observed (Ref. 31-32) in the autoxidation of Ii-benzyl-Ii-aryl-
hydrazines with mercuric oxide to give benzaldehyde arylhydrazcnes. The
same products are obtained when l-benzyl-l-aryl-2-tosylhydrazides are
heated with aqueous alkali (Ref. 33). Such rearrangements of 1,l1-dialkyl-
hydrazines and their derivatives have recently been studied (Ref. 26 and
34). The oxidation of IV by the diazene (reaction 11) has been demon-
strated; and the reactions of hydrazines with hydrazones (reactions 12
and 13) are well known, and have been shiown to be rapid (Ref. 26).

Reactions 5-13 would give stoichiometric Eq. 1 if hydrazine (product
of reaction 13) were oxidized completely by the hydrogen peroxide pro-
duced in this reaction sequence on reaction vessel walls (b.p. of
hydrogen peroxide 150°C and b.p. of hydrazine 1149C) to give only
nitrogen and water (reaction 15).

+ -
BH O S——= B: + H202

Huli-NH, + 2 1,0, — L, + 4 1,0 (15)
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ilowever, the yield of nitrogen (based upon q. 1) in the vapor-phase
oxidation of I is only $3°. Three reasons probably are responsible for
this low yield. I['irst, the reacticn of hydrogen peroxide with hydrazine
in basic aqueous solution has been shown to give ammonia as well as
nitrogen, and water (lef. 35-38); and ammonia has been observed as a
product, in addition to nitrogen aind hydrogen peroxide in the autoxi-
dation of hydrazine in dilute, basic aqueous solutions (ie:. 39). To
the extent that reaction 1t occurs, the nitrogen yield would be reduced.
B0, + 2 il -1 » 2 83U, ¥, +2 1,0 (16)

2 o) o)
/ [ = [

Cecond, this re:ction on the vessel walls is5 not complete since qualita-
tive tests of condensates from these experiments shov that they con-
tained unreactea peroxides and hydrazines. “hird, the hydrcgen peroxide
is partly consumned by reactions with I and II. Interpretation of the
nechanisms of all autoxidations of hydrazines is camplicated by the fact
that the reaction with oxygen gives hydroren peroxide (Zer. 29-40), and
then subsequent oxidation of the hydrazines by the hydrogen peroxide
occurs. rurther, toth reactions are catalyzed by traces of metal salts.

Accordingly. the reactions of hydrogen peroxide with I and II in
deuterium oxide were studled with nuclear magnetic resonance (n.m.r.)
spectrometry. Il.eutril solutions of 1l,l-dimethylhydrazinium oxalate do
not react with hydrogen peroxide. 1In contrast, ‘he basic solutions of
I or II react rapidly with this oxidizing agent. .ith I, dominant
products are dimethylnitrosamine and II; while with II, dimethylamine,
methylamine, ammonia, their formate and carbonate salts, and formildehyde
are produced. In such oxidations in water solutions contiining both I
and II, the former is consumed fi1st (dimethylnitrosamine is formed, and
the concentration of II increases). Only after most of the I has been
oxidized do products of oxidation of II appear. ''hese oxidatior reactions
seem to stop with I; II and excess hydrogen peroxide remain unre:cted.
ilowever, when such reaction mixtures (pH 8 and 9) are made more basic by
the addition o! dimethylanine, rapid completion of the reaction occurs.

Jhese results suggest reasons for curious features observed in the
autoxidation ol 1. Dimethylamine and ammonia are formed only in the
early stages of the reaction (I'ig. 5). They are probably products of the
hydrogen peroxide oxidation of II and hydrazine on the reaction vessel
walls. .‘Imilar wall reactions of 1 probably give dimethylnitrosamine and
some of the II formed. These reactions stop when carbonic and formic
acids, also formed, partially neutralize the wall film. Then unreacted
nydrazines and peroxide accumulate in the condensate. Gordon (fef. Ll)
has shown that the reaction of hydrazine with hydrogen peroxide in dilute
aqueous solutions is very slow when they are acidic or neutral (pH 1-7),
its rate increases to a maximum at pH 10, and tnen it decreases in more
strongly btasic solutions. ile suggested that the reaction occurs between
hydrazine and hydrogen peroxidr-, but not between ions derived from them.
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Since 1 1s a stronger base than hydrazine, the reaction of hydrogen
peroxide with I stops with less decline in basicity of the reaction

mixture (to pH 9) than that of hydrazine (to pH 7).

Diazomethane appears in the first part of the autoxidation of I, and
then it disappears. Again, its early limited formation suggests that it
results from a wall reaction of hydrogen peroxide with formaldehyde
hydrazone VII or methylhydrazine that also ceases when the condensate 1is
reduced in basicity. Its slow reaction with water, or hydrogen peroxide,
probably 1is responsible for its disappearance. HReagents that remove
water (BaO) preserve the diazomethane (cf. Fig. 2 and 3). Further,
diazomethane has been shown to react slowly with alcohols to give methyl
ethers (Ref. L2).

Nitrous oxide is another minor product in the autoxidation of I. Its
yield 1is greatest when ammonia 1s added to the 1nitial reaction mixture
(Table 1, experiments 10, 11, and 15), and when more rapid autoxidation
occurs (Table 1, experiments 6, 15, and 16). It is probably formed by
the autoxidation of ammonia to give nitric oxide (Ref. 43) followed by
its reaction with hydrazine or dimethylhydrazine. Bamford (Ref. 44) has
postulated that unit reactions in photolysis of hydrazine in the presence
of nitric oxide are

H JH

Ve
HQIJ-N_ + NO — HEN-N\NO — NH5 + NQO (17)

The vapor-phase autoxidation of I differs in two important ways from
the reactions of other 1,1-dialkylhydrazines in the liquid (Table 2).
First, only in the former case are dialkylamine, ammonia, and diazoalkane
formed in the first part of the reaction. GSecond, in the former the
dialkylnitrosamine is a trace product but in the latter case it is an
important one. These effects may be attributed to the competing oxida-
tions by hydrogen peroxide. It undergoes wall reactions with products
(II and hydrazine) and intermediates to give dimethylamine, ammonia, and
diazomethane in the gaseous autoxidation of I. These reactions cease
when the wall film 1s reduced in basicity. On the other hand, liquid-
phase reaction mixtures contain high concentrations of the 1,l1-dilalkyl-
amines. Hence, they react with the hydrogen peroxide to give the
dialkylnitrosamines VIIIa, b and the aldehyde dialkylhydrazones Ila, b
es major products.

The strongly basic reaction mixtures in the liquid phase autoxi-
dations may also give a base-catalyzed decomposition of the hydrazine
hydroperoxide C.

- +

RCH H RCI
XN/ . I~ " (18)

N-N + B: N-N +B
oy \ 7
RCH, 0- OH RCH, “o- ot
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RCH,,_ RCH | i
NN s “NN_N=O + OH (29)
RCH,, ™ 0-0H RCH

This mechanism is analogous to those suggested for the base-catalyzed

reactions of primary and secondary hydroperoxides and peroxides
(Ref, L5-47),

Kinetic studies of the vapor-phase autoxidation of I (Fig, 6, &, and
G) show that it is of first order in I and independent of oxygen concen-
tration both before and after the appearance of wall condensate, !owever,
the reaction increases in rate after products begin to condense upon the
reaction vessel walls, These observations suggest that this reaction has
the same rate-determining sequence in both phases. but is much more rapid
in the condensed phase, After condensation, the three experiments of
Fig, 9 give the same rate constants for the consumption of I and forma-
tion of II (straight lines of the semilog plot are parallel), !owever,
before liquid product appears on the walls, the first-order formation of
IT seems to be dependent upon the initial concentration of I, GSlopes of
these lines (Fig, 4) are approximately proportional to the initial pres-
sure of I, These results suggest that in the one-phase reaction” the
rate 1s also proportional toc product P formed,

T (1[5

Since the early change of the concentration of I 1s small ([IJ assumed
constant), integration gives (initial, t = O)

In P =k [I] t.

Such a kinetic result is expected if products, such as hydrazine or
formaldehyde hydrazone, undergo autoxidation much more easily than I to
give higher concentrations of peroxides, resulting in more rapid
initiation, The rate then becomes proportional to the concentration of
product,

The autoxidations of hydrarines with at least one hydrogen atom on
each nitrogen atom seem to occur by a different mechanism, The reaction
of hydrazobenzene with oxygen studied in dimethyl formamide (Ref, 40) is
of first order in each reactant (over-all second order) . High negative
entroples, general base catalysis, andi marked substituent effects in
substituted hydrazobenzenes were also observed, The following mechanism,
that features a rigid, highly ordered transition state, was suggested,

H
i

N— n—rn
O o O + o Rapld ‘ S (20)
i - :?: I

(1=
.
e -
]
=
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H'Ei Rapid N}N + 1 (21)
0 H — Y H
Os :fl":/
LOW
v
= e~ w1 N e
- i low " 1
[ P | e + HOO™ + H  (22)
N A W, S N
HOO™ + H' — HOOH (23)

Less comprehensive studies of the autoxidation of hydrazine in solution
suggest that it i{s similarly second order (Ref, 39 and 43),

This difference of reaction mechanism--first order, free-radical
chain rea “ions with 1,1-disubstituted, and probably trisubstituted
hydrazints, and second-order multicenter reactions with hydrazine,
1,2-disubstituted, and possibly mono~substituted hydrazinec--1s clearly
of fundamenta! importance, Further study 1is needed to substantiate this
dichotomy, and to determine if these reactions are mutually exclusive or
competing, The eignificance of these research questions {s emphacized
by indications that two similar mechanisme may operate in the reactions
of hydrocarbons with oxygen, At moderate temperatures (to 200°C), the
free-radical chain mechanism to give hydroperoxides as initial products
has been established for the autoxidations of alkanes, alkenes, and
alkylbenzenes, However, Knox has recently shown (Ref, 48) that in the
reaction of propane with oxygen at higher temperatures (over 300°C) the
dominant initlal products ure propene and hydrogen peroxide, This
reaction may proceed via a multicenter mechanism similar to that
suggested above for the hydrazobenzene autoxidation,

EXPERIMENTAL

Continuous Large-3cale Reaction of 1,l-Dimethylhydrazine (I) With
Oxygen. I (30 ml, Westvaco, dried over sodium hydroxide pellets. and
distilled through a 5O-plate column packed with single-turmed glass
helices) was placed in a trap with a lead-in tube fitted with a sintered-
glass bubbler, Oxygen (Airco, ourified by passage through a 1liquid
nitrogen trap) was slowly bubbled (3 ml per min) through the hydrazine,
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Volatile products were carried by the excess oxygen through a spiral con-
denser (0.3 m, cooled to -15°C by ethylene glycol from an \minco cold
bath). Iroducts were condensed from the gas stream in a trap cooled to
-80°_. }ermanent gases then flowed through a calclium chloride tube
protecting the trap.

This reaction was continued (10 days) until the liquid condensed in
the -80°C trap remained constant in amount. This bright yellow conden-
sate wis mixed with ether at -80°C and the solution was allowed to warm
to room temperature. An ether solution of 3,5-dinitrobenzoic acid
(recrystallized) was added to part of it. The yellow color disappeared,
gas was evolved, and 1 white solid precipitated.

The lstter was removed on a filter and was shown to contain dimethyi-
ammonium and ammonium 3,5-dinitrobenzoates. After three recrystalliza-
tions of part ot this solid from ethanol, pure dimethylammonium
5,5-dinitrobenzoate (m.p. 188-190°C, mixture m.p. 188-190°C) was isolated.
The remainder of the solid was added to sodiuvm hydroxide solution (5%,

35 ml), and tne resulting reaction mixture was distilled. The distillate
(15 ml) was made acidic with hydrochloric acid, and the solution was
evaporated. The moist mixture of hydrochloride salts was dried by
repeated (three times) evaporations of anhydrous ethanol from it. The
salt mixture was then extracted (five times) with ethanol. Ammonium
chloride (X-ray powder pattern identical with known) remained.

‘he ether filtrate was washed with sodium bicarbonate solution, and
was dried over anhydrous magnesium sulfate. Methyl 3,5-dinitrobenzoate
(m.p. 106-108°C from ethanol; mixture m.p. with authentic sample,
106.5-1089C; X-ray powder patterns identical) was obtained by evapora-
tion of the ether solution. This product indicates that diazomethane
is a componerit of the yellow ether solution, and hence it probably is
responsible for the absorption in the infrared spectra (4.72 and 4.78 u)
of gaseous reaction mixtures.

‘he liquid remaining in the gas bubbler tube was distilled under
vacuum through a calcium chloride tube (80) of it so distilled). The
infrared spectrum of this distillate was identical with that of authen-
tic II. A polarographic study of this product confirmed its identity.

In boric acid solution (0.5 molar), its half-wave potential was 1.12.
Fnown II (b.p. $9-70°7), prepared by the reaction of I with formaldehyde,
gave the came halt-wave potential in a separate experiment. The solu-
tion containing known 11, and that of unkno II, then we: mixed, and
the polarogram wain gave a single wave (£1/2) 1.12).

"he darx liquid remaining from the distillation above was extracted
with ether. ’'he resulting yellow solution contained dimethylnitrosamine.
Its visible spe~trum (xmaf. 168, € 120 in hexane) and behavior in v.p.c.
(terkin-Zlmer lodel 154, L2- by 1/b-in. column packed with 28.5% squalszne-
glycerin on neutral °-20 firebrick, isothermal H1°C, helium flow rate
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T7 ml/min, retention time, 13.35 min) were identical to those of authen-
tic nitrosamine. The nitrosamine was similarly identified as a trace
product in the yellow condensates obtained in gas-phase rate experiments
described below. 1Its yield was not determined, but it was obviously low
since the yields of other products (II and dimethylamine) account for
nearly all of the I used.

Identification of Permanent Gaseous Products. A gas sampling bulb
(1 1iter) was filled with I (100 mm, Westvaco, purified by distillation
from sodium hydroxide pellets; 1 peak with v.p.c.) and oxygen (600 mm).
This reaction mixture was allowed to stand for 24 hr (room light and
temperature). The gas then was washed with hydrochloric acid solution
(500 ml, 5%§, with water (500 ml), with sodium hydroxide solution
(500 ml, 5%), and again with water. Oxygen was absorbed by washing it
with Oxsorbent. The gas sample remaining was transferred under vacuum
to a gas sample bulb, and it was analyzed with a Consolidated Ingineer-
ing Mass Spectrometer (lModel 21-103; ionizing current, 10.5 ua; magnet
current, 0.540 amp; ion source temperature, 250°C). It contained niirogen
(89.98%5, methane (0.51%), carbon dioxide (0.23%), argon (4.29%, impurity
in O, used), and water (4.9p).

In a second experiment, a gas reaction vessel (graduated, 650 ml)
was filled on a vacuum line with I (96 mm) and oxygen (594 mm) to give
an initial total pressure of 630 mm. This reaction mixture was allowed
to stand at room temperature, and successive pressure readings were
taken on a mercury manometer attacled to the system. After 1 hr, the
pressure in the vessel had increased to 702 om, and after 2 hr, to
710 mm. Then, liquid condensate appeared on the walls of the reaction
vessel, and the pressure fell. .fter 19 hr, the pressure was 656 mm.

Stopcocks on the bulb were then closed, and it was removed from the
vacuum line. Its gas contents were washed with dilute sulfuric acid
solution (5%) to leave a gas volume of 585 ml at 702 mm. The gas then
was washed twice with water. !lass spectrometric analysis showed that
it contained: oxygen, 96.25%; methane, 0.19); nitrogen, 3.22.; carbon
dioxide, 0.2%6%; and hydrogen, 0.0%°. Irom the I used (75.7 ml 0.C.),
nitrogen (16.1 ml 63° yield according to =q. 1), methane (0.95 =l),
carbon dioxide (1.8 ml), and hydrogen (0.15 ml) were obtained.

A quartz infrared gas cell (150-ml capacity) was filled with I
(100 mm) and oxygen (05 mm), with vacuum line apparatus equipped with
a manometer and a storage vessel for I and for oxygen. The gaseous
reaction mixture was irradiated (Hanovia lamp, filter removed) for 8 hr.
An infrared spectrum of this reaction mixture indicated that the autoxi-
dation of I was complete, and the doublet absorption peak due to ;0 was
present. The gas in the cell was transferred to a gas buret, and was
washed with 5% sulfuric acid solution, water, 5% sodium hydroxide solu-
tion, and again with water. !dass spectrometric analysis indicated that
1t contained oxygen (96.69%), nitrogen (2.85%), and nitrous oxide (0.46%).
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The experiment was repeated with I (75 mm) and oxygen (630 mm) in the gas
infrared cell. ldass spectrometric analysis after the same gas recovery

?rocedgre was: oxygen (98.06), nitrogen (1.59%), and nitrous oxide
0.25%).

Maximum Diazomethane Yield. In most of the reactions followed with
infrared procedures the doublet (4.72 and 4.78 u) due to diazomethane
increased for about 15 to 20 hr and then decreased (see Fig. 1-3). Since
the maximum height of this peak frequently approached 50 transmission,
diazomethane initially was considered to be a major primary product.
Determinations of the diazomethane infrared spectrum at various pressures
(Fig. 4) showed that its maximum amount (3.6 mm from 90-100 mm of I) is
low.

Diazomethane was prepared by the reaction of Diazald (N-methyl-N-
nitroso-p-toluenesulfonamide, 3 g) in anisole (17 ml) with a solution
containing potassium hydroxide (25 g), water (30 ml), and 2-ethoxyethanol
(120 ml). This reaction mixture was stirred vigorously with a magnetic
stirrer, and nitrogen was bubbled through it. Diazomethane was swept
with the nitrogen through a spiral condenser at -109C, a U-tube packed
with KOH pellets, and a -80°C trap. It was condensed in a trap cooled
with liquid nitrogen.

The trap containing the solid diazomethane (at -196°C) was trans-
ferred to the vacuum line and was subjected to three freeze-pump-melt
sequences. The diazomethane was then allowed to warm, and its vapor wac
conducted to an infrared vapor cell. Nitrogen was then added. Initial
pressures in the cell were diazomethane (102 mm) and nitrogen (595 mm).
Infrared spectrophotometer scans were taken at various pressures. ‘The
absorption of the diazomethane doublet was total when its pressure was
above 20 mm. The pressure-transmittance data are shown in Iig. L.

Reaction of 1,1-Dimethylhydrazine With Oxygen in the lresence of
Butadiene-1,3. A gas infrared cell of the usual type was filled with
butadiene-1,3 (51 mm), 1,l-dimethylhydrazine (43 mm), and oxygen
(559 mm). This filling of the cell was interrupted to take an infrared
spectrum of butadiene at the pressure given. Infrared specira of the
reaction mixture were then taken at various intervals. Little change
was apparent after 19 hr; but after 92 hr the diazomethane doublet at
L.72 and 4.78 u was apparent, and other features of the spectrum sug-
gested that the autoxidation of the hydrazine had reached its half-life.
However, no visible change had occurred in that portion of the spectrum
due to butadiene-1,3. Apparently, the butadiene is not consumed, but it
may decrease the rate of reaction by its chain-breaking action.

Rate Studies. In each of the first three experiments (data, Tig. 8),
a 3-liter, spherical Pyrex reaction vessel with a single tube fused to
it, equipped through a vacuum stopcock (silicone lubricant) with a
standard-taper, ground-glass joint, was washed carefully (concentrated
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nitric acid, three times; water, three times; 6N-ammonium hydroxide,
three times; and distilled water, ten times). It then was attached to
the vacuum line (pumps, cold traps, manifold with storage vessel for I,
and attached to oxygen supply anc manometers), and was flamed under
vacuum. I (purified as previously described, one peak with v.p.c.) was
added (experiment 1, 47 mm; experiment 2, 63 mm; and experiment 3,

78 mm), and then oxygen wias introduced \experiment 1, 625 mm; experi-
ment 2, 247 mm; and experiment 3, 287 mm). With the latter two experi-
ments, nitrogen was also added (experimeni 2, 390 mm; and experiment 3,
33] mm). Each reaction mixture was held at 25°C in a thermostatted room
in room light.

Periodic analyses of the reaction mixture (Ferkin-Elmer, Model 15k,
Vapor Fractometer with thermistor detector, a Leeds and Northrup 6-mv
span, l-sec response recorder--chart speed, 12.7 mm per nin; isothermal,
61°C; 109-cm column packed with 28.5% of a mixture of squalane (84.7%),
and glycerol (15.3%) on C-22, 20-60 mesh neutral firebrick; helium flow
rate, T7 ml/min; and retention times: I, 9.6 min and II, 4.1 min) were
made with v.p.c. Calibration experiments showed that the pressures (mm)
of I and II were proportional to peak heights (with I, peak height in
recorder units x attenuation setting x 0.169 = mm of I; and with II,
peak height x attenuation x 0.150 = mm of II).

Samples for this analysis were taken with a Fyrex U-tube gas buret
(volume between vacuum stopcocks, 4.31 ml) equirpe? with a standard-
taper, ground-glass joint which fitted the reiction vessel. /ith the
sampling device so attached to the reaction vessel, and, with its two
stopcocks open, the volume up to the reaction vessel stopcock was evac-
uated to 0.01 mm (Hyvac oil pump) for 15 min. 7Then the outer stopcock
of the buret was closed, and that of the reaction vessel was opened
(1 min allowed for gas flow into sampling turet). Then, the stopcocks
of the reaction vessel and the buret were closed, the buret was quickly
transferred to an attachment to the inlet of the chromatorraph, and a
by-pass valve and the stopcocks of the buret were opened "o sweep the
sample into the fractometer with the heliun stream. The time required
for the last operation was neld to 3 min. This regime was followed
strictly to obtain reproducible results since changes in procedure gave
errors due to the solubility of I and II in the silicone grease on the
stopcocks.

In preliminary work, it was found that a stainless-steel gas buret
could not be used. The metal surface so catalyzed the reaction that {t
wvas virtually complete when a mixture of I and oxygen in the device was
allowed to stand for 30 min.

with experiment L4, the reaction vessel above was equipped with
another tube closed by a rubber cvringe cap held by a metal clamp. Its
prelimirary treatment was the same as before; and, with the previous
procedure, it was filled with I (59.5 mm), oxygen (204.5 mm), helium
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(428 mm), and benzene (73 mm). It was immersed in a dark oil bath held
at 41°C, and light from a 100-w llazda lamp (152.4 mm from flask) illumi-
nated part of the reaction mixture through the neck of the reaction
vessel.

“amples (4.0 ml) for analysis of the reaction mixture were taken with
a lamilton gas syringe with a sealed-on needle through the syringe cap.
They were injected immediately into the sample port of the above chroma-
tograph. The quantitative analysis (183-cm column packed with 9.45%
Apiezon L on [luoropak 80; isothermal, 50°C; helium flow rate, Ll ml/min;
and retention times: I, 5.60 min; and II, 12.0 min) involved integration
of peak areas (ierkin-Ilmer, liodel 194, FPrinting Integrator). Since flow
of air, or reaction mixture, through the syringe needle occurred, sample
size varied. .ence, benzene was used as a nonreactive internal standard.
The data plotted (Fig. 10) are in arbitrary units, and quantities
involved are fractions that are ratios (area of I peak/area of benzene
peak; and area of II peak/area of benzene peak).

Peaks due to minor products (dimethylamine-retention time, 2.9 min)
and water (retention time, 1.8 min) increased in area at rates provor-
tional to the rate of tormation of II during the reaction period prior
to the appearance of condensate upon the vessel walls.

One observation illustrates the sensitivity of this reaction to
accidental impurities. ‘n experiment, prepared and carried out seemingly
the same as the above, gave no reaction in 600 hr. ‘pparently, either a
trace inhibitor was present, or necessary catalytic metal salts were
essentially absent.

Autoxidation of Other llethyl iydrazines. "he reactions of all the
other methylhydrazines were studied with the infrared method described
above. In several experiments, various mixtures of methylhydrazine
(24-80 mm) and oxygen (100-580 mm) were admitted to tne infrared vapor
cell. In all cases, rapid reaction with condensation of liquid products
on the cell walls occurred. Damage to the sodium chloride windows made
it impossible to determine the infrared spectrum of the product mixture.
Accordingly, oxygen was bubbled for 15 days through metnylnydrazine in
the apparatus described for the large-scale autoxidations of I. Only a
small amount of volatile reaction products condensed in the -80°C trap.
The infrared spectrum of this mixture of volatile products, with its
analysis (methylazide, ammonia, and methylamine) is shown in I'ig. 12.

A rough estimate of relative amounts in this infrared gas sample ic:
methyl azide, 3 mm; ammonia, 45 mm; and methylamine, 40 mm. These
amounts probably result from the relative volatilities: methyl azide,
b.p. 20°C, ammonia, b.p. -33°C, and methylamine, b.p. -6°C. The vapor
infrared cell was filled by freezing the condensate, the trap and the
attached infrared cell were evacuated, and then the condensate was
allowed to warm until the pressure in the system was 90 mm. [itrogen
was then added until a pressure of 705 mm was attained.
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he products above are minor ones (little condensate was obtained).
The liquid remaining in the reaction vessel was nearly the same in volume
as that of the methylhydrazine initially added. The initial rapid reac-
tion seems to produce an inhibitor since even after the 15 days of treat-
ment with oxygen, much methylhydrazine remained in the reaction mixture
(K10, test positive; oxalate of methylhydrazine, m.p. 167-168°C, obtained
from it). After oxygen had been bubbled through for another 7 days
(total 22 days), the liquid in the reaction vessel was dried over sodium
hydroxide pellets, and was then distilled. The infrared spectrum of the
distillate was identical with that of methylhydrazine except for minor
superimposed peaks due to ammonia.

The autoxidation of 1,2-dimethylhydrazine, however, was rapid and
complete. An infrared cell was filled with this hydrazine (46 mm) and
oxygen (668 mm), and the infrared spectrum taken after 15 min showed that
much reaction had occurred. /After 1 hr of reaction time, the infrared
spectrum was that of a mixture of azomethane and water (see Fig. 10).

With trime*hylhydrazine, the autoxidation rate seemed to be inter-
mediate between that of 1,2-dimethylhydrazine (very rapid) and that of I.
In an experiment with trimethylhydrazine (30 mm) and oxygen (687 mm) in
the infrared cell, the reaction half-1ife (estimated from growth of peak
at 6.29 u due to II) was approximately 18 hr; and reaction was complete
after 30 hr to give only II and water. .ith trimethylhydrazine (50 mm)
and oxygen (65) mm), a half-life of % hr was observed (see Fig. 1l1).

{etramethylhydrazine does not undergo autoxidation under these con-
ditions. The infrared spectrum of a mixture of this hydrazine (70 rm)
and oxygen (©35 mm) was unchanged after _70 hr at 25°C (see Fig. 13).

leactions of 1,l-Dimethylhydra ine (I) and rormaldehyde Dimethyl-
hydirazone (II) With Hydrogen Feroxide. '/hen an aqueous solution of II
1s treated witn hydrogen peroxide (30% in water), a vigorous exothermic
reaction occurs with evolution of gas. This reaction and its water-
soluble products were studied with n.m.r. spectrometry. A solution of
1T in deuterium oxide (1 n.m.r. with DDG: Ii-Cilsy peak at 2.728; and
methylene AB quadruplet at ©.40b, J 9.5 cps, area rutio, 3:1) was
treated with hydrogen peroxide (307%, Buker and Adamson). .fter 30 min,
the n.m.r. spectrum of the reaction mixture showed that II had been con-
sumed (above methylene quadruplet had vanished). .\ small peak due to
formate (8.2L&), and many other peaks in the 2.6-3.05% region
(I'-methyls ), had appeared.

Tentative n.m.r. anilysls of this reaction mixture (addition of
authentic samples of probable products, and observed peak enhancement )
showed that a small amount of unreacted II (2.73%5) remained and methyl-
amine (0.61%), dimethylamine (2.888), I (3.058), formate (8.24%), and
other products not so identified are formed. Ammonium hydroxide is not
visible (exchanges rapidly--part of DOH peak) in these experiments.
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Carbonates were alsc formed since carbon dioxide was evolved when the
reaction mixture was made acidic. The complexity of the reaction products
i{s probably due to the formation of various products of reaction of the
amines and hydrazine with carbon dioxide, formic acid, and formaldehyde
(probably also present). In iccordance with this interpretation, n.m.r.
peaks for the methylamines are at the higher & values of their salts.

To identify basic products, II (6.29 g, 0.087 mole) in water (25 ml,
apparatus swept with Ng) was treated with aqueous hydrogen peroxide solu-
tion (307, 20.42 g, 0.18 mole). The reaction mixture became yellow
(Npax. 325 mu with a shoulder at 280 mu indicates dimethylnitrosamine and
tetramethyltetrazene ), and gas was evolved (150 ml). liass spectrometric
analysis indicated: nitrogen (sweep gas, 94.79%), carbon dioxide (2.3%),
hydrogen (2.47), methane (0.367), and oxygen (0.227). Codium hydroxide
solution (57, 250 ml) was added to the reaction mixture, and it was dis-
tilled. The basic distillate (200 ml) was treated with stirring with
phenylisothiocyanate until the odor of the latter persisted. A solid
mixture of phenylthioureas (7.6 g) precipitated. It was removed on a
filter, and dried overnight in a desiccator. Analysis by n.m.r. showed
that it contained phenylthiourea (46 mole %. 1i n.m.r. in DCCls with
T™: phenyl multiplet at 7.308), 1,l-dimethyl-3-phenyl-C-thiourea
(36 mole 5. i m.m.r.: 6l methyl singlet at 5.206, and SH phenyl
singlet at 7.20b), l-methyl-3-phenyl-2-thiourea (15 mole #. LlH n.m.r.:
34 methyl doublet at 3.07%, J 5 cps, and SH phenyl multiplet at 7.338),
and 1,1-dimethyl-lb-phenyl-%-thiosemicarbazide (3 mole %. 14 n.m.r.:
6H methyl singlet at 2.58b; and SH phenyl multiplet at 7.258). These
n.m.r. spectra were identical with those of the known substances. A
small amount of phenylthiourea (m.p. 152-1549C; mixture m.p. 153-1540C)
did not dissolve in the deuterochlorofornm.

Further qualitative n.m.r. studies showed that no reaction occurred
in 100 hr with a solution of 1,1-dimethylhydrazinium oxalate and hydrogen
peroxide in deuterium oxide (n.m.r. spectrum unchanged). This lack of
reaction in neutral solution is striking since I reacts vigorously with
hydrogen peroxide in water. A study of this latter reaction mixture
showed that it contiined dimethylnitrosamine (55 mole 5. 11 n.m.r. with
DDG: equal singlets at 4.17 and 3.818%). ! eaks enhanced upon addition of
authentic dimethylnitrosamine. Yellow color of solution, Npqx. 325 mu.
Solution of dimethylnitrosamine in {50 containing I, Np,x. 328 mu, and
II (39 mole °. Linm.or.: methy) singlet at 2.75b, methylene quadruplet
at 6.428). Trace peaks not identified were also present. .ith more
hydrogen peroxide, the II i5 consumed.

Hydrogen peroxide (70’ in !i»0) was added slowly to a solution con-
taining equimolar amounts of' I and II in deuterium oxide. The n.m.r.
spectra taken at successie times during the addition showed that I was
oxidized first (pears due to II and dimethylnitrosimine increased but
that due to I de-reased). Appreciable oxidation of II occurred only
when the I was completely consumed. The oxidation of II then ceased
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(pH of reaction mixture, 8) even when excess hydrogen peroxide was added.
hen this reaction mixture was made more basic by the addition of
dimethylamine, vigorous oxidation occurred and II was consumed.
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