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INTRODUCTION

Numerous methods to prepare hydrazine derivatives have
been described in the literature, An extremely attractive
one, because of the ease of formation of the starting mater-
ials, is the reduction of szines, hydrazones and semicarba=-
zones,

Several early attempts to reduce these substances failed.
Mazourevich (28), using aluminum amalgam, obtained a mixture
of primary and secondary amines. This was also the result of
the attempt of Mallhe (27) when he tried the Sabatier-
Senderens method of reduction by hydrogen over hot nickel.
Thiele {L2) succeeded in reducing electrolytically some aro=
matic azines but failed with aliphatic azines., Attempts to
use Raney nickel ylelded to production of primary and second-
ary amines (3, 46).

In 1921, independently, Lochte, Bailey, Noyes (25) and
Taipale (36) succeeded in reducing dimethylketazine to diiso-
propylhydraz;ne using colloidal platinum according to the
method of Skita (34). Neighbors and Bailey (30) reduced by
the same way different semicarbazones and aliphatic hydrazones.
Cohen (6) used platinum oxide to reduce the azines of iso-
valerophenone and pephenylacétopbenone.

In further investigation, Taipale (36,37,36,39,L0,41),
Ugryunov (43), and Egorova (18,19) studied the influence of



the agzine structure on the rate of hydrogenations., If
RR!C=N-N=CRR' represents the structure of the aliphatic
azines, they found that those with a straight cnain were
hydrogenated faster than those with an iso structure, For
Azines of the same structure but of different mclecular
weight, the heavier the radical attached to nitrogen, the
slower the hydrogenation, If methyl is given & 100 coeffi-
cient of "consumption of affinity" (40) the relative values
for the other radicals are: H: 12; Bt: 135; Pr: 200;
IsoPr: 5553 IsoBu: 700,

If there 1s a cyclic radical attached to nitrogen the
rate is enhanced, The azine formed with hexahydrobenzalde-
hyde reacts two to three times faster than that formed with
enanthaldehyde, There is 2 ratio of 5:1 between the rates of
hydrogenation of the azines obtained with carvomenthone and
with camphor,

Substitution on the ring decreases the rate, The azine
of 2-methylhexsashydrobenzaldehyde reacts more slowly than that
of the unsubstituted aldehyde. This influence depends upon
the positlon of the substituent: for the azines of c¢yclohexa-
none and of the 2-methyl, 3-methyl and L-methyl substituted
cyclohexanones the rate of hydrogenation is:

Unsubstituted > L4-CHy; > 3-CH; 5 2-CHy
This sequence is probably due to steric factors rather than

an Inductive effect,



A recent detalled study by Hernandez and Nord (23) on
the reduction of substituted p-nltrobenzenes and substituted
ethylenic compounds arrives at the same conclusion. These
authors use colloidal rhodium and not platinum as in the
Skita method, but these two metals have the same electronic
structure and have been shown to react in the same way which
1s not the case with palladium.

The authors found a linear relationship between the
logarithum of the rate of the reaction of substituted nitro-
benzenes and a value & characteristic for each substituent
and depending chiefly upon the electron shifting ability of
the substituent (22).

In view of all these experimental results, they assume
that hydrogenation with rhodium involves ionization of hydro-
gen, The rhodium atom has one electron in the outermost orbit,
enabling hydrogen to form the unstable hydride Rh: H; this i1s
confirmed by the fact that 100% of the hydrogen absorbed by
rhodium 1s chemically bound (29). The =C=C- bond tends to
assume the following configuration:

-C i &:

® ©
which attaches itself to the hydride because of the strong
nuclsophilic tendency of the EG? Thus the formation of an

unstable intermediate complex can be conceived.



Rh Rh
_--I-i.-— —~—
® ©

Another hydride molecule supplies the HE but the attack seems
to be originated by the HY,

They propose the following mechanism for the reduction
of the nitro group: NO, —1 NO —Z 5 NHOH —3 5 NHp. Step
1 being an electrophilic attack on oxygen.

0

. £ 0:

S
& o #® @) —> 3 ®

*

o H® (Rh) + H,0

Step 3 may start with an electrophilic attack on nitrogen:
Rh
H
-N:0H
H
Step 2 1s probably the one affected by thne substituent.
Since hydrogenation with rhodium requires the structure
@ - D
-N:g:
a heavy electron density near the nitrogen atom should be
prejudicial as in the case of p-aminonitrobenzene (or
p-aminonltrosobenzene) :
@, e
L ) “wio:
whereas a low density should increase the polarization of the

NO group.



Another case of hydrogenation of the nitrogen-nitrogen
bond is a recent study by Ainsworth (1) who investigated the
action of Raney nickel on hydrazides of carboxyllic acids,

He found that when he used a large amount of Raney nickel,
cleavage occurred with the production of an emide and ammonia,
but with catalytic amount of catalyst no reaction ogcurred at
the nitrogen-nitrogen bond, Adams' catalyst was found with-

out effect on the nitrogen-nitrogen bond.



DISCUSSICN

Among the monomers actually known to give linear
polymers sultable for textile fibers, sebacyl dihydrazide
has shown some very interesting properties. The polymeriza-
tion proceeds as follows:

0 0
it & A
<= ~CHp-CH,~C-NH-NH, + HoN-NH-8-CHy-CHp === ——>

JN-N
===~ CHy=CHp=C __ N/c,'-cﬂa-c]a2 — + 2H,0

\
NH,

- Unfortunately, hydrazine 1s too expensive a chemical to be
used in an sconomical preparation of the hydrazide, Our
purpose was to find another route to this hydrazide not
using hydrazine,

We proposed the following steps:
HOOC-(CHZ)B-COOH -——‘?CH3NH-CO-(CH2)B-CO-NH-CH3
CH3-N-C-(CH )8—C~N-CH3 —_— CH3-N-C (CHZ)B-u-N-CH3

HO 6 i 0,; 5 0 NO,
CHB-H-C-(CHE)B-(II-DII-CH3 —> CH3-N-G-(CHp)g~C=N~CHg
NG o 0 NO2 NH2° 0 NHa
CH3-N-C=(CHp) 8-%-1}T-CH3 —7 CH-N-C-(CHp) g=C-N-H

Mb o 0 NH, NHp O 0 NHp

The preparation of N,N'-dimethylsebacamide is without

problem. The Introduction of a nitro group bound to a



nitrogen has been investigated by Curry and Mason (7) and
gives a high yield of N-nitro compound.

N-Nitro-N-substituted carbamates have been reduced to
hydrazine derivatives in high yileld by hydrogen using platinum
black as a catalyst (5). The relative instability of the

>N-NO> group requires the presence of an alkyl group attached
to the nitrogen atom bearing the nitro group. It was hoped
that the results obtained with carbamates could be easily
extended to amides and that the reduction of N,N'~dinitro-
N,N'~dimethylsebacamide would be possible under the same
conditions.

The problem would then be to remove the methyl group.

A very elegant way could be the use of diethyl azodicarboxylate.
This reagent Investigated by 0. Diels gives additional products
with compounds possessing an active hydrogen. Furthermore,

- treating the addition products formed with certain methylamines
by aclid produces a demethylation of the amine with evolution
of formaldehyde, the followling example being demonstrative of

such reaction. 0ﬁ5
~ QOOF oy _p)-COCEE
wts o, : ——a@ ¥t =1
CH, N - QOOEL | H _//,eoo&‘f

cH NH- COOFe
H® ©~< P, HCHO ¥ !
Hy0 # i - COBEe

A survey of the reactions of azodicarboxylic esters with

various compounds will be found on page 29.



Another possible method which could be adapted 1is the
one éescribed by E. Schaffer and D. Klemann (33) which con=-
sists of heating an amide or anilide with pyridine hydro-
chloride, There is a transfer of the alkyl group from the

emide to the pyridine nucleus; e.g.,

R'-CO —/[/\/ﬁ::. + ci®
¥ ' @
H
—> RLCO-A/(f + [ 1a®
=
Y
RM

It was decided to attack the problem with a mono=-
functional acid giving a solid amide and a solid N-nitroamide
(easier to purify and closer to those expected to be obtained
with sebacic acid). Benzoic acid was tried but gave a very
unstable viscous N-methyl-N-nitroamide, p=-Nitrobenzoic acid
was then used, Several attempts to reduce the N-nitro~N-methyl-
p-nitrobenzamide ylelded only cleavage of the nitrogen-nitrogen
bond (with production of p-amino~-Nemethylbenzamide and armonia).
It was then decided to try to reduce N-nitro-N-methylbenzamide.
Thus a new teclmique was 1investigated wnere the nitro com-
pound was not isolated., The yields of hydrazine obtained by
using this method were up to 24%. Thus, at this point of the
work, three molecules of the type R-CO-N(N02)-0H3 had been

reduced. When R was an electron repelling group (002H5) a8



high yield of hydrazine was obtained; with an electron
withdrawing group (p-nitrophenyl) no hydrazine was produced
and with the pure phenyl group the yield was 24%. These
results seemed to indicate that the electron affinity of the
R group is very important in the reduction of the compounds
to hydrazine derivatives. It was then declded to reduce a
series of compounds varying the electron affinity of R.

The procedure for these reductions is the following:
A small amount of the N-methyl amide (about 0.3 mole) was
nitrated by the theoretical amount of fuming nitric acid
(A = 1.49) in the presence of acetic anhydride in the bottle
to be used for the hydrogenation. The reaction mixture was
stirred for half an hour by means of a magnetic stirrer and
then 0.2g. of platinum black was added. The reactlon bottle
was placed in the hydrogenator, alternately evacuated and
filled three times with hydrogen to remove all the air and
then brought to the desired 1nitiél pressure. The mixture
was stirred under a hydrogen pressure up to forty pounds per
square inch. When the absorption of hydrogen had stopped,
the platinum black was filtered off and the solvent was re=-
moved under reduced pressure., One hundred ml. of hydrochloric
acid was added and the mixture was boiled for one ktour. In
cases where a non-volatile acid was produced at that stage,
the solution was cooled and the acld was filtered off; this

vwas the case for benzoic acid, p-nitrobenzoic acid, anisic
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acid, p-bromobenzoic acid. After evaporation of the hydro-
chloric acid, the methylhydrazine hydrochloride was dis-
solved in 250 ml. of solutlon and an aliguot was titrated

in sodium bicarbonate solution with standard iodine according

to the method of Siggia.

WHy - WH~CHy . HCI + 2T, + o HCO, ©

&
> CHy L +31° 4 1//{2_0444_11 «/0@_ + C/

The molecules reduced and the average yields obtained

are shown in the following table:

Reduction of N-Nitro-N-Methyl Amides

Amide % Yield in Methylhydrazine
(a) o
o LT
@CO—N(WJCHJ O
Br-
@ 0O~y CH, 24

@cowwq) CHs 33
CH,0
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C Hy - CO-N(NMQ) - CHy v

CaH;O'CO-/‘/W)—CHJ (@) ¢5) 95

(a): Cases when the N-nitro product has been isolated and
reduced.

The yields recorded this way are the over-all yields for

the two reactions, nltration plus reduction. We assume

that the nitration is quantitative or very close to it and

that it does not depend upon the type of N-methyl amide used.

To substantiate this assumption is the fact that in all

reductions the amount of hydrogen absorbed is that expected

for the following reactions:
Cﬁ;

) R-NB)CHy + 3Hy —> R =Wty + AH,0

CHy CHy

2) R-WN-WHy + K —> A-M-H + W4,

Reaction (2) may or may not be complete. Nitric acid not
being reduced under these conditions, the N-nitro group has
to be present, Since the ylelds in hydrazine corresponding
to the amount of hydrogen absorbed (ex. 7 moles for the

reduction of p-N-dinitro-N-methylbenzamide to p-amino«Ne
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methylbenzamide and ammonia), attempts to stop the reaction
when the theoretical amount of hydrogen to give 100% hydra-
zine had been absorbed were tried but did not give better
yleld.

The reduction reaction presents a certain number of
noteworthy characteristics. The most important feature 1s
the unpredictable character of this reactlon. It has not
been possible to reproduce at will the results. For reasons
unknown at this moment some reductlons using the same sub-
strate give no or an extremely low yield of hydrazine whereas
others, under the same conditions, glve the expected results.

The purity of the reagents and of the solvents is
certainly one factor. To eliminate impurities, all the sol-
vents were refluxed over Raney Nickel and distilled less
than a week before use, This gives a satisfactory desul-
furization, sulfur being an extremely active poison of the
catalyst. The reagents were always crystallized or distilled
less than seventy-~two hours before use, The stirring bars
used were covered with Teflon and prepared and used solely
for thils reduction reaction. The contacts with atmospheric
air were reduced to the minimum. Some of the nitrations
were done under nitrogen atmosphere but no improvement was
observed. The hydrogenation apparatus was equlipped with
a sulfur-free Neoprene stopper. The previous precautions

deal with the poisoning of the catalyst: that is to say,
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they are necessary in order to enable the reduction regction
to occur. But the fact that the reaction follows equation (2)
rather than (1) may depend on other reasons.

Raney nickel had been previously tried by other workers (1),
but in this case the reduction gives complete splitting of
the nitrogen-nitrogen bond. It seems then that a powerful
hydrogenation catalyst causes splitting. This may be inter-
preted from two different polnts of view. It may be looked
at as a reaction going "too far"; i.e., first formation of the
hydrazine derivative, then hydrogenolysis of this hydrazine,
or it might be that an impurity acts as a promoter for a
completely different path for the reaction, or it may be that
the hydrogenolysis reaction occurs concurrently with the re-
duction.

If the first hypothesls is accepted, then the answer
t0o the problem could be either using a less active catalyst
or adding some inhibltor of the hydrogenclysis reaction.
These inhibitors would of course depend upon the type of
mechanism involved, e.g. free radical, attack by hydrogen
ions, attack by hydride ions.

No study has been made to attempt to determine the
mechanism, but another feature of the reaction may furnish
some clues,

Whereas the solutions of N-nitroamides in the different

solvents used are colorless, as soon as some hydrogen has
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been absorbed, a bright green color appears which in turn
disappears when the reduction stops or if the reaction mixture
is brought in contact with alr. This could indicate the
presence of free radicals. But the influence of the electron
affinity of the groups attached to the }N-NO, grouping seems

to Indicate a more polar mechanism.
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EXPERIMENTAL PART

1. PREPARATION OF N-METHYL-AMIDES AND N-NITRO~-N~-METHYLAMIDES
a. Preparation of N-Methylbenzamide

CHsCOCI + 2 WHyCHy —2 Cotls CONUCH; + I pcH,

N-Methylbenzamide was prepared by the reactlon between
benzoyl chloride and aqueous methylamine by the method of
P, Van Romburgh. (i)

Ninety grams of 25% aqueous methylamine solution
(0.75 mole) was placed in a 250 ml. three-necked flask
equipped with a mechanical stirrer, a dropping funnel and
a thermometer. The flask was cooled by means of an ice-
salt bath and 42 grams (0.3 mole) of benzoyl chloride was
added through the dropping funnel at such a rate that the
temperature did not rise above 10°b. When the addition was
over, the mixture was stirred another fifteen minutes. The
white precipitate was flltered on a Buchner funnel and washed
with two 50 ml. portions of iced water,

The dry raw material was dissolved in 220 ml. of ether,
and precipitated by addition of 400 ml., of petroleum ether
as proposed by Dunlap. (17). The crystals were separated on
a Buchner funnel and washed twice with some petroleum ether.

The solid was dried by allowing it to stand in an evaporating
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dish overnight. The yield of purified product was 3hg. (84%)
and 1t had a melting point of 78°C. (literature: 78%).
(44, 17)

b. Preparation of N-Nitro~-N-Methylbenzamide

CoHs CONHCH, + HMO; + CH, CoBCOCH, —2

CoH-CONMG)CH, + 2 cHyCO,H

N-Methylbenzamide was nitrated by the method of Curry
and Mason (7).

Twenty-eight grams of N-methylbenzamide (0.21 mole)
was dissolved in 30 grams of acetic anhydride (0.3 mole) and
0.2 ml. of concentrated sulfuric acid in a 250 ml. three-
necked flask equipped with a mechanical stirrer, a thermometer,
and a dropping funnel. The flask was ccoled by means of an
ice bath. The theoretical amount of fuming nitric acid of
specific gravity 1.49 (14.5 grams, 0.21 mole of pure nitric
acid) was then added through the dropping funnel at such a
rate that the temperature was kept between 20°C and 30°C.
When the addition was completed, the ice bath was removed and
stirring was continued for another thirty minutes. The
mixture was then poured into 50 ml. of a 30% iced salt solu-
tion and extracted with ether., The ether solution was washed
once with water, six times with 10% sodium bicarbonate, once

more with water, then dried overnight over sodium sulfate.
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The ether was distilled off on a water bath. The pro-
duct at that time was an orange viscous liquid. The water
bath had just been removed when the product decomposed
violently.

Since the product was a liquid and seemed too unstable
to be distilled, no further attempt was made t0 prepare and

purify 1it.
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¢. Preparation of p-Nitro-N-Methylbenzamide

©
0- N, COCL + & KACH, —> p-18,CuH, CONNCH, + 5,488, + C}

p~Nitro=-N-methylbenzamide was prepared by the reaction
of p-nitrobenzoyl chloride with aqueous methylamine. Two
hundred grams of 25% aqueous methylamine (1.75 moles) was
placed in a 500 ml. three-necked flask equipped with a
thermometer and a mechanical stirrer. The flask was cooled
by means of an ice bath. Ninety grams of powdered p-nitro-
benzoyl chloride (0.48 mole) was added by portions small
enough so the temperature was kept between 20°C and 30°C.
When the addition was completed the stirring was continued
for another hour. The mixture was then filtered on a Buchner
funnel and washed with cold water.

The raw product was recrystallized from 50% ethanol.

The yield was 67g. (78%) and the melting point 217°C
4+5).
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d. Preparation of p,N-Dinitro-N-Methylbenzamide

p- M0, C 1, CoMCH, + MM + (CHyCOLO —>

p-MLC K Covimp ek, + 3 CHy CooH

p=-Nitro-N-methylbenzamide was nitrated by the method of
Curry ané Mason (7).

Twenty grams of p-nitro-Ne-methylbenzamide (0.1l mole)
was Qdissolved in 17 grams of acetlic anhydride (0.17 mole)
and 0.2 ml, of concentrated sulfuric acid in a 250 ml.
three-necked flask equlpped with a mechanical stirrer, a
thermometer and a dropping funnel. The flask was cooled by
means of an ice bath. The theoretical amount of fuming nitric
acid of specific gravity 1.49 (7.8g, 0.1l mole of pure nitric
acid) was added through the dropping funnel at such a rate
that the temperature was kept between 20°C and 30°C. When
the addition was completed, the ice bath was removed and
stirring was continued for another 30 minutes. The mixture
was then poured into 100 ml. of a 15% iced salt solution and
extracted by four portions of 40 ml. of ether.

The ether solution was washed three times with water,
three times with 10% sodium bicarbonate, once more with water,
then dried overnight over sodium sulfate.

The ether was distilled off and the product recrystallized

twice from a mixtfure of ether and petroleum ether.
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The yield was 15g. (60%) of light yellow crystals melting
at 59-60%.
Analysis performed by Carol K. Fitz.

Calculated for CgHyN305: C, 42.67; H, 3.1; N, 18.7.
Found: C, 42,5; H, 3.1; N, 18.8.
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e. Preparation of N-Methylacetamide
Two different methods have been used:
(1)
A
WH,CHy « HCI + CH CONH, —> CH,CONHCH; * M) 9 e/

N-Methylacetamide was prepared by heating together
methylamine hydrochloride and acetamide according to the
method of A. Galat and B. Elion (20). |

Methylamine hydrochloride (30g., O.45 mole) was heated
on the steam bath with 30 grams (0.5 mole) of acetamide in
‘a 250 ml. flask equipped with a mechanical stirrer. The mass
became liquld and after some minutes ammonium chloride began
to precipitate. The heating was continued for thirty minutes
end the mixture was then stirred for another thirty minutes.
When it was cooled, 100 ml. of chloroform was added with
stirring. The mixture was then filtered on a Buchner funnel,
the ammonium chloride washed four times with 20 ml. of
chloroform, The chloroform was distilled off, the raw
N-methylacetamide was distilled and collected between 20%
and 206°C.

The yield was 21 grams (65%).

(2)
ACHyWH, + CHLoCl — CHycommctly + CH M, - fCl

The action of dry methylamine on acetyl chloride was also

used for the preparation of this compound.
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Dry methylamine gas was prepared by dropping a 25%
aqueous solution of methylamine on sodium hydroxide pellets,
the gas formed being dried by passing through a tube filled
with potassium hydroxide pellets. The dry methylamine was
then bubbled through a solution of 4G grams (0.51 mole) of
acetyl chloride in 200 ml. of anhydrous ether. The methyl-
ammonium chloride formed precipitated out. When no more
precipitation occured, the mixture was filtered on a Buchner
funnel. The ether was dlstilled off and the raw product
distilled. The product was collected between 204 and 206°%C.

The yield was 28 grams (76%).
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f. Preparation of N-Methylanisamide

pCHsOCH COOH + 50C1, —> pCH,OC, A, COCI + 50, +HC)

pCH 0By COLI + Wy Chy + O — oty 06, b Coutrchy + 4,0+ 0.

N-Methylanisamide was prepared according to the method
of 0. J. Brady and F. Dunn (4).

Ten grams (0.067 mole) of anisic acid was mixed with 50
grams of thlonyl chloride in a 100 ml. flask equlpped with
a refiux condenser leading to a sodium hydroxide trap. The
pixture was refluxed for an hour on the water bath, then the
excess thionyl chloride was distilled off under reduced
pressure. Thils product was then poured slowly into a cooled
solution of 16 ml. of 25% methylamine solution (0.13 mole),
L grams of sodium hydroxide (0.1 mole) and 80g. of water.
This solution was stirred during the addition and for another
thirty minutes, The granular precipitate was'collected,
washed with 1lced water, air dried and crystallized from
benzene.

The yield was 9 grams (0.055 mole, 83%) of brilliant
colorless needles M.P.: 116°C (literature: 116°C) (&4).
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g. Preparstion of p-Bromo-N-Methylbenzamide

P-BrC A Col + pCly — o-BrCot COt/ + PUCY + A/
b B CH, COU = Wy CH, v OF > p-BrC by COMHCHy + 0 + €I

p-Bromobenzcoyl chloride was prepared by the action of
phosphorus pentachloride on p-bromobenzoic acid as reported
by Sudborough (35).

Twenty grams (0.1l mole) of finely divided p-bromobenzoic
acid was gently heated over the water bath with 21 grams
(0«1 mole) of phosphorus pentachloride in a 250 ml. flask
equipped with a2 sodium hydroxide trap. After one hour, the
liquid was subjected to vacuum distillatlon.

Iwenty grams of a colorless liquid, crystallizing at
room temperature was collected at 132°C under a pressure of
18 mm, of mercury. Yield: 90%.

The preparation of the p-bromo-N-methylbenzamide was
conducted as in the case of the Ne~methylanisamide (&).

Seven grams (0,032 mole) of liquid p-bromobenzoyl chloride
(at about 45°%) was slowly poured into a stirred, cooled
solution of 8 ml. of a 25% methylamine solution (.06 mole),

2 grams of sodium hydroxide (.05 mole) and 40 grams of water.
The stirring was continued for half an hour. The white
precipitate was then filtered on a Buchner funnel, air dried

and recrystallized from benzene.
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The yleld was 5.5 grams (.026 mole, 80%) of white

needles, M.P.: 165-166°C.
Anglysis performed by Carol K. Fitz.

Calculated for CgHgBrNO: C, 4l,8; H, 3.7; N, 6.5.
Found: C’ )+500; H, 3.6; N, 6.50
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2. REDUCTION OF N-NITROAMIDES

as. The case of p-N-dinitro-N-methylbenzamide illustrates
the procedure when the N-nitroamide was isolated. Five grams
of the compound was dissolved in 50 ml. of 95% ethanol and
5 ml, of glacial acetic acid and 0.2 gram of platinum black
was added, Hydrogenation was conducted under a maximum pres-
sure of 35 pounds per square inch until no more hydrogen was
absorbed. A strong odor of ammonia was noted when the bottle
was opened, After filtering off the platinum, an aliguot was
hydrolyzed and titrated for hydraezine with negative results.
The solvent was distilled off and the orange solid residue
recrystallized twice from chlorobenzene. This gave pink
plates m.p. 170-172°C. Wenker (45) reported a melting point
of 180°C. The elementary analysis agreed with that for
p=amino=-N-methylbenzamide.

Calculated for CgHygNoO: C, 64.0; H, 6.7; N, i8.7.

Found: C, 64.1; H, 6.7; N, 18.6.

This proved the complete cleavage of the nitrogen-nitrogen
bond. It was tried to prevent this by using a solvent from
which the p=-N-diamino-N-methylbenzamide would precipitate as
soon as produced., Mixtures of ether and ethanol were tried
but the reduction stopped immediately after appearance of the
first solid material, certainly due to coating of the catalyst.
In all these attempts, only traces of hydrazine were obtalned.

be The technigque used when the N-nitrcamide was not



27

isolated has been described in the discussion (page 9)}.

After nitration it was necessary to add more solvent to
run the reduction. Several solvents were then used: more
acetic anhydride, acetic acld or ethanol (in this case the
final mixture being ethyl acetate, acetic acid and alcohol).
The yields were not influenced by these variations of the
solvent.

The temperature for the reaction has to be kept between
30 and %0%C. If it is lower than 30°C the reaction is very
slow or even does not start at all. If it is higher, total
cleavage of the nitrogen-nitrogen bond occurs invariably.

The catalyst may be used two or three times if it is not
allowed to dry between experiments. It was kept under 95%
alcohol and simply washed by decantation when alcchol was not
used as a solvent.

The yields 1ndicated on page 11 have been observed
(within 5%) in at least three experiments giving positive
results.
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SUMMARY

It was hoped to prepare sebacyl dihydrazide by re-
duction of N,N'-dinitro-N,N'-dimethylsebacamide by hydro-
gen with platinum black catalyst., While studying this
reduction step on monofunctional amide, the electron affinity
of the R group in compounds of struecture R-CO-N(Nog)-CHB
seemed to be a decisive factor in the production of hydra-
zine., It was found that if R is electron withdrawing,
complete hydrogenolysis of the nitrogen-nitregen bond occurs.
The yleld of hydrazine increases with the electron-releasing

ability of R.
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APPENDIX

I. ADDITION PRODUCTS OF AZODICARBOXYLIC ESTERS

N=COOR R = Ethyl
] Methyl
N=-COCR Benzyl

The preparation of azodicarboxylates was described
for the first time by Curtius and Heldenreich (8) but
no special attention had been given to this product until
O, Diels investigated the different kind of addition reactions
occurring between this compound and numerous other chemicals.
It is possible to separate these reactions into two
groups:
1. Reaction of the "Dilels-Alder" type.
2. Reaction with molecules possessing an active hydrogen
or "Azo Reactlon".

"Diels-Alder" Type Regction.

The general equation representing the reaction is:

('c/ﬁ/ /?Kc/ﬁ'/
R, — c/ M~ COOR Ko~ ¢’ >/—-COO);’
T e Tl e
fia--(‘.\c Ry — \‘/c.(
oY fy Ky’
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Among the compounds glving this reaction are: butadlene

and substituted butadienes (2), cyclopentadiene (11, 12, 26),
styrene (12), 9.1ll-octadecadienoic acid (21). Kinetics
studies (32) show that the reaction is second order (first
order in I and in II) in inert solvents (benzene, dioxane,
petroleur ether), but has a more complex kineties in polar
solvents of general formuls S-H (MeOH, CHCl3, CH;CO,H 96%
and 100%, acetone), Complexes between the solvent and the
azodicarboxylate have been proposed to interpret the results.

Rodgman and Wright (32) have proposed the following

mechanism:
-C S—H «— - COOK
fy-cos o, S-H & 7
N-COtR A —COOR
Jr y//A s
S-H ¢—N-Cosk
:..__ > <. ~ COOR
A//l__caaﬁ ¥ for— < N // ? @-(’Oﬂk
Iz x Vi

In the presence of a strong acid the rate 1s slower due to

ionization of IV,
@
A-H 6—//1/-00019 —s  |HV-COok o
,{/_. COOR € I Z
grA
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thus decreasing the concentration of the active species IV,
Gast, Bell and Tecker (21), studying the reaction with 9,11-
octadecadienoic acid, explained the differences in kinetics
observed for the reaction by the fact that thelr long-chain
diene is less active than cyclopentadiene used by Rodgman
and Wright.
"Azo Regction'.

The general equation for the reaction, called the

"Azo Reaction" by 0. Diels, is:

A —=COOR H-A)—-COOR
R-H + —>
V- COOKR - V- CO0K

It 1s probable that an intermediate step is IV, previously
Seen’
K -H =NV~ COOR H —- COOR
i —7

/
V- COOR A- V- COOR

this reaction being much slower than the additlion to dienes.
A great number of reagents give this reaction, for

instance:

" ) ro
Eto;‘f{]; Me 0:f} ; n -amﬂra/coéol; EeSHi0®

| R
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3 o CH. -C =cH-CH,
Aﬂﬁ'\\ ./% 1 ‘ £i:§;f\ //Jf{r 3
_ C\ . (2¢) Y C Voag / (31)
Ly \ig! G
YN - gac” M
S C - _c=Clpi-ca kb
ch-c-Cii-cah  ch-cmcliicabs

ol *; W,

The addition occurs generally at room temperature by mere
mixing of the reagents with or without solvents. Depending
upon the reactivity of R-H, the addition product is formed
in a few minutes or may take as long as several weeks.
Amines comprise a very interesting group of compounds
involved in this reaction. Primary and secondary aliphatic

amines generally give the amide,

V— (o0 - Covsp’
7 hme > .+ aKkH
A/_ COOR - Cé@b¢h?
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However, dimethylamine and benzylmethylamine form unstable

adducts formulated as,

R\ A/-/l/ CoEr
R” H - ‘ﬂ/ Ck? Ey

Aromatic and certain tertlary aliphatic amines give well-
crystallized addition products.

These amines fall into three classes which are, ac-
cording to Diels' denomination: (15)

l. Naphthylamine type

2. Aniline type

3. N, N-Dimethylaniline type

1. Ngphthylamine type,
The addition reaction occurs in two steps:

a. The solution becomes brown~-red or dark red.
b. A colorless well-crystallized product separates.
The character of this group 1s that the addition products are

very stable and may undergo further chemical reaction without

decomposition. The azodlcarboxylate 1s introduced in the ring:

P -ﬁv-— coor
M- COOR - CoeR

/Wz * /,',l, CooR @OMH&
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Reagents reacting in the same way are for instance:
o -naphthylamine and N, N-dimethyl- &X -naphthylamine
(attachment in para position) p-aminosulfonic acid of
naphthalene (}3 -position) meso aminoanthracene (para posi-
tion).

With styrene, addition occurs to the Diels-Alder
addition product:

N " —2 OO ~ oo
(:r\ t y- Coom N"( cook

é.otm
ﬁ/-' COM Hsﬂ"’ CODK
A/~ COOR A~CO0R
/
i
CLOOR

All of these structures have been proven by a large number
of chemical evidences. The case of /3-naphthylamine will be
demonstrative. The following types of reactlons were run
with success with the addition product: acetylation, for=-
mylation, diazotization, formation of salt, thus proving the

existence of a free amino group.
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To prove that the addition occurs in the & position,

two series of rezctions were carried out:

Ncco,_bc)-d/ﬂ(co,_&) 0, &
N(Co.ke)- Yo, & C ¢
g‘G cach, NH-co-cl
QO o
. 0 C- N —AK WA/ — MK
ae. C-"'Jl' <=0 co
{- prpercine Ole e 763 &,Hm ©©~,m/
& hr. reflux EtOH LY

This last product is a known compound prepared by other methods.

b. NaC—chy

N(Copfe)- VN Lo Ec) Pva b »
AH, —_ >
' HORe

This product has already been obtained by reduction and condem-

sation of l-nitro~-2-acetamidonaphthalene.

Oy, N#OC-CHy M= G- CHy

2. Anjline type.

Here also well=-crystallized addition products are
obtained but they are not stable enough to enter another

chemical reaction without breaking down, giving back the
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starting materials.
To this type belong aniline, o-and p-toluldines,
m-xylidine (14),

Diels proposes the formation of a triazan:

Mz, A~ COOE¢ WH - V- CO0Ew
O £+ M —> @ !
/V _ COOEf H ~A/- COGE'C

An interesting case is that of p-xylidine (9) which
presents the characteristics of the two previous-types.

The followlng reactions are demonstrative:
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3. N, N-Dimethylianiline type.
In this case, the addition product, when treated with

acld, gives a demethylated amine with production of

formaldehyde and hydrazodicarboxylate: (13)

ol
- Q00 !
/V<1fﬁﬁ s CV i —7 [:::rﬂf<6ﬁh‘v¢L-Cﬁxyf
Hs N~ QOOR ’;/-aook
V.

#. -A/~CO0R
L N}s #
:{:6—% @ \H + HC”O + /f-/l;"‘ COOR

The following compounds give this type of reaction:

e ascthipict),: { Leopen,-
W ek, )0 Hs LAV CHD, -Co-cH, cHy
I
C—HJ

Using dilethyl azodicarboxylate and dibenzyl azodicar-
boxylate with several amlnes, and measuring the amount of
formaldehyde and henzaldehyde produced by acid treatment of
the addition products, Kenner and Stedman (24) concluded
that the triazan structure was the correct one in the case

of secondary amines and proposed the following mechanism to
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account for the acld-catalyzed decomposition of dibenzyl

l~benzyl- 1 - methyltriazan - 2,3 dicarboxylate.

) - - P
& —— PhCHy=HMe-N-COxCHpPh ©
+H NH-CO5CH,Ph +H
PHCH,~NMe + NH*CO,CHpPh PhC Hy-NHMe~N~COoC HoPh
t i
NH+CO,CHpPh NH-CO2CH,Ph
J -H
PRCH,-NMe 4 NHCOCHoPh PHCH,-NHCH, 4+ N-COgCHoPh
. q
NHC OpCHoPh N-CO,CHpPh
-H
g®
PHCH = NMe PhC Hp-N=CHp

\l H20 \[ Ho0

PRCHO + HpNMe PhCHoNH, ¢ HCHO
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IT1. PREPARATION OF DIETHYL HYDRAZODICARBOXYLATE

Diethyl hydrazodicarboxylate was prepared by the reduction
of ethyl chloroformate with hydrazine in the presence of sodium

hydroxide.

Ho V- N, + 2 CICOEe *+3OH ———95.00/1///-/4('0&
+ 24,0+ 21 ®

Sixteen grams of hydrazine (0.5 mole) was dissolved in 100
grams of wéter in a one liter three-necked flask equipped with
a mechanical stirrer, a thermometer and a dropplng funnel.

The flask was cooled by means of an lce-salt bath. When the
temperature of the solution was around 0°C, ethyl chloroformate
(108.5g+4 1 mole) and a solution of sodium hydroxide (4+0g., 1
mole in 100 grams of water) were added at such a rate that |
the temperature was kept under 10°C. After some minutes, a
white solid separated. The addition lasted one and a half
hours. When the addition was completed, the ice bath was
removed, stirring was continued. The temperature in the flask
rose to 45°C, then came back to room temperature.

The reaction ;ixture was filtered on a Buchner funnel,
washed with two 50 ml. portions of iced water. The dry crude
product weighed 73.5 g. (83.5%). It was recrystallized from
boiling water and gave 60g. of white crystals (68.5%)

M.P. 130-132°%C. (Lit: 130-132°C)
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III. PREPARATION OF DIETHYL AZODICARBOXYLATE

Diethyl azodicarboxylate was prepared by hypobromite
oxidation of the hydrazo compound as described by Kenner and

Stedman (24).

Fto,C -WH-MH-CO Fe + HOB- —> Etl)C-H-W-C4, Ei +Hb +40

A suspension of thirty-five grams (0.2 mole) of pulverized
hydrazo compound in 250 ml. of water was placed in a 500 ml.
three-necked flask equipped with a mechanlcal stirrer, a
thermometer and a dropping funnel. To this ice-cooled sus-
pension, 37 grams (0.23 mole) of bromine was added dropwise
during fifteen minutes. After stirring another fifteen
minutes, the product was extracted with the following volumes
of ether: 200 mi., 100 ml., 100 ml. It was washed at 0°C
with water, 10% sodium carbonate solution, very dilute
thiosulphate and water once more. The ethereal solution was
dried overnight over calcium chloride and the ether was dis-
tilled off. The residual o0il was distilled under reduced
pressure.

The product was an orange oil and weighed 24 grams

(68.5%, boiling point: 108-110°C under 15 mm.).
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IV. ATTEMPT OF AN "AZO REACTION" BETWEEN DIETHYL AZODICARBOXYLATE
AND p-N=-DINITRO-N-METHYLBENZAMIDE

Several attempts were made to obtain an addition product
between the amide and the ester.

One hundredth of a mole of each constituent was mixed
(2.25g., of amide, l.74%g. of ester) in 25 ml. of ether in the
cold. After five weeks the starting materlals were recovered
unchenged. Traces of alkall or potassium acetate were added
without result.

Attempts to run the reaction in boiling ether or mixtures
of ether and petroleum ether, did not have any positive resultis.

When the mixture was heated to 75°C, a decomposition of

the amide occured according to the following reaction:

¢ -w—CHy n5°¢ ¢ -och;
a;JV@ ’ — [T} + MO
o

H
o w0, ¥

and the azodicarboxylate was recovered unreacted.

This decomposition of N-nitroamides is known to occur in
presence of acid. The only way acid may be introduced in the
reaction is bound to the azodicarboxylate. This 1s in accordance
with the observation of MacKenzie (26) that it would exist as a
labile complex between strong acids andﬁazodicarboxylate.

This complex would be decomposed on heating during the dis-

tillation but formed again during the condensation of the vapors.
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ABSTRACT

Due to the actual high price of hydrazine, this chemical
cannot be used in an economical preparation of organic
hydrazides. A synthesis of such hydrazides can be envisaged
by the reduction of N-nitroamides. The problem 1s then to
find a set of conditions under which no hydrogenolysis of the
nitrogen-nitrogen bond occurs. This had been done with
N-nitrocarbamates and it was hoped that the results could bhe
extended to N-nitroamides: N-Nitro-N-methylamides were actually
used in order to have a more stable N-nitro group. Demethyl-
ation of the hydrazide coﬁld be performed either by acid
hydrolysis of the addition product obtalned with diethyl
azodicarboxylate or by heating with pyridinlum chloride.
After failure to reduce p-N-dinitro-N-methylbenzamide to
hydrazine, a new technique was experienced by which the amide
was nitrated and reduced directly without isolation of the
N-nitroamide., Preliminary results suggested that the electron
shifting ability of the R group in molecules of the type
R CO-N(NOE)CH3 is very important in their reduction to hydrazide.
Several molecules were then reduced with different R. It was
found that the yileld of hydrazine increases with the electron
repelling abllity of R.

A mechanism inveolving formation of zn unstable platinum

hydrlde 1s proposed for the reaction.
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A survey of the addlition reactions of azodicarboxylic
esters is given with the description of an attempt of
"Azo reaction" between dlethyl azodlcarboxylate and

p-N-dinitro-N-methylbenzamide,
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