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SUMMARY

A new synthetic method, applicable to *he preparation of a
wide range of hydrazine derivatives, is described. This involves
the diborane reduction of a hydrazone, or, more conveniently, the
reductive-condensation of a hydrazine and +the appropriate aldehyde
(or ketone). The method gives high yields and provides a particularly
simple route to the relatively inaccessible 1,2-disubstituted
hydrazines bearing a different group on each nitrogen.

The new method has also been applied to the preparation of
1,2~disubstituted hydrazines with the same group on both nitrogens
(via the azine), the very rare 1,2-disubstituted hydrazines bearing
a tert-butyl group, trisubstituted hydrazines and monosubsiituted
hydrazines. Application of the reaction to the preparation of
diaziridines has also been investigated.

A mechanism for the reduction, supported by the isolation of
a boron-containing intermedieste, is suggested. Some limitations of
the procedure are discussed.

A general i.r. method of distinguishing the isomeric
disubstituted hydrazines, as stable salts, has been developed. This
has the advantagesof speed and simplicity over previous methods.

The mass spectra of a series of monosubstituted hydrazines,

a series of 1,2-disubstituted hydrazines and some 1~benzoyl

2-alkylhydrazines have been examined in detail. The spectra are
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generally dominated byw ~cleavage processes and the compounds show

a variety of interesting rearrangement reactions. The mass spectra
of some 1,1-disubstituted hydrazines and some trisubstituted
hydrazines have also been examined.,

Rearrangement processes occurring in the mass spectrum of
tropylium fluoroborate have been examined. Similar rearrangements
have been found in the spectrum of trityl fluoroborate and may be of
general occurrence in the mass spectra of aromatic fluoroborates.

Chemical shift values for some groups on hydrazine nitrogen
are recorded and the results of tumour inhibitory tests on some

hydrazines are also given.
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Introduction.

The group of compounds known as hydrazines are sub-divided
into the mono-, di-, tri- and tetra-substituted derivatives and
hydrazinium salts. The disubstituted hydrazines are further
subdivided into the isomeric 1,1- and 1,2-derivatives. (Fig.I).

Fig I.

The hydrazine group.

mono- R»NH-NH2
di- R R—NH—ZNH—R1
N—NH2
/
Ry

(1’1-) (1,2—)

tri- R,
N-NH—R2
/
Ry
te tra=- R\ /R2
/N-N\
R1 R3
hydrazinium R4
salts \t X
RZ;N—NH2 .
R

R1,R2 and R3 may, or may not be the seme; generally alkyl,

aryl etc.
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ne hydrazines have found use as intermediates in the
synthesis of heterocyclic compounds, agricultural chemicals,

textile chemicalg, photogrophic developers and explosives.

¥

- b

Recent interest has centred around their use as propellants and

4

L . iy . .
redicanents. In the latter field they have found particuler
- IR F Japy A 2"3 L
use as tuberculostats. (isonicetinic acid hydrazide e), anti-

4-5 =11
depressants’ (Iproniazid ) and carcinos 7 (Natulan).

Of the simple alkyl and aryl substituted hydrazines the
least well lmown are 1,2-Gisubstituted derivatives with a different
croup on both nitrogens. The var ~ious routes to hydrazine
derivatives are reviewed below and a new nethod for the synthesis of

,2=disubstituted derivatives with different groups on ‘the nitrogens
is described (pa e4l). The new method has been used O prepare

series of l-benzyl 2-alkylhydrazines and is of particular interest

because it provides a route TO 1-tert-butyl 2-alkyinyd

preperation of ponosubstituted hydrazines, 1,2-Cigubstituted
hydrazines with the seme group on both nitrogens, trisubstituted

nydrazines and, oy altering the ratios of the reactants, to the

preparation of diaziridines.
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The synthesis of alkyl and aryl hydrazines

The synthesis of monosubstituted hydrazines12 and
.. 1
hydrazinium salts 5 has been extensively reviewed and preparative
methods for other subsiituted hydrazines have been discussed in a
1417

number of general reviews. These only contain, however,

references to work prior to 1966.

Preparctive methods for hydrazines fall into ten groups :=—

1 Alkylation and arylation of hydrazine(s).

2 The amination of amines.

%  The reduction of hydrazones, azines and semicarbazones.

4  The reduction of hydrazides.

5 The reduction of diazonium salts.

6 The reduction of nitrosamines and related compounds.

7 The cleavage of heterocyclic compounds .

8 Via azo~-compounds.

9  The use of organo-metallic reagents.

10  Reactions of sodium hydrazide.
These methods are discussed below in a general fashion

with emphasis on the preparation of mono-, 1,2~di- and

tri-substituted hydrazines.




1 Alkylation and arvlation of nydrazine(s).

VY ad ‘Y\ Y, 3 bed 3 Y 1 1
Hydrazine will react with the usual alkylating agents,‘a-z1

e.gz. allyl halides and alkyl sulphates. The reaction is
complicated by the formation of a mixture of products. The major
products are generally those involving alkylation at the nitrogen

atom which already bears a substituent :=-

N R-X N
v,  —K N R-m{z-mz
2%
|
i Y
(R)N-IE, %™ A (r)¥E,

The route taken in alkylation was originally assumed to de
a result of an increase in base strength, paralled by nucleopnilicity,
T an . N .. i . L 22 .
at the alkylated nitrogen. Hinman has suggesied — an alternative
explanation in terms of the relative stabilities of the two possible
transition states. The developing positive charge will be better
stabilized at the nitrogen which carries the larger number of alkyl
groups, hence transition state (1), leading to the mode of alkylation

- observed, will form in preference to transition state (z1) :-

q 5 =

A \ .

i . _ Y A

R— NTS-—--\C;?-—-X g R—N—N---C---X*
l i + |

(1) (17)




The same argument applies to the formation of more highly
substituted products and has recently received support from kinetic
studies. Hasty has shown23 that in the alkylation of hydrazine
with low concentrations of methyl iodide a bimolecular rate law is
followed :~

Rate « [CH3I] ! NHZ-'-HHJ.
The exact route taken in a given alkylation depends on various

factors and, by varying the conditions, a number of hydrazines have

been prepared in good yield :-

a) The nature of X in the alkylating agent.

The rates of reaction of halides with hydrazine is generally
in the order I,> Br > cl, thus iodides give quaternary salts directly
and almost exclusively on reaction with hydrazine.24 After formation
of the hydrazinium salt reaction ceases; the second amino-group
remains unsubstituted.  For example reaction18 of methyl iodide with
trimethylhydrazinium iodide at 13000 results in cleavage of the
nitrogen-nitrogen bond.

The difference in reactivity may be due to the fact that the
carbon-nitrogen bond length, in the transition state, is larger for
good leaving grouons, vith the result that the trensition state 1s not

so sensitive to destabilization.




L change from an iodide to & chloride may make it possible to
<

stop the reaction at the mono-, or di-, stage of substitution, but the

advantage may be offset by the slowness of reaction of the chlorides.

b) The steric effects orf substituents.

Sterically hindered substitutents may force the incoming group
onto the unsubstituted nitrogen, i.e. substitution by transition
state (II). This only occurs when steric hindrance is extreme; even

tertiary butylhydrazine methylates on the substituted nitrogen?5

With
the higher 1-chloroalkanes, (above 08), praciically no qusternary salt
is formed and with alkyl chlorides containing twelve or more carbon
atoms monosubstituted and unsymmetrically disubstituted hydrazines are

1
the only products.zo’2

It is only when forcing conditions are used
that the incoming group will actually substitute on the primary
nitrogen.

— . 26,27 v e .

Franzen and Kraft prepared tribenzylhydrazine by
subjecting hydrazine hydrate to prolonged treatment with benzyl
chloride. wurther reaction of tribenzylhydrazine with benzyl bromide

28 ‘o . -
yields tetrabenzylhydrazine. By exploiting similar favouresble

o . - 3 .
steric factors KlageszJ’BO synthesised {ri-isopropylhydrazine and

1,2—di—is0propyl-1,2-dimethylhydrazine t-
CH3 CH3

! [
2(CH, ) CH-Br + CH,-NH-NH-CHz— (CHB)QCH—N»——N-CH(CHB)2

3)2 3




1—-(1—meth_yl)phenethyl—Z—iso-propylhydrazine31 has also been
prepared by direct alkyletion :-

CH3
CH3

I
¢ _H_~CH,- CH - E= , N g
gHs=CH,— CH -Br  + (CHB)ZCH WE-TH, —» C gH~CH,- CH——»:H»-I\TH-CH(CHB)Z

m . ‘s .

The use of forcing conditions to bring about substitution on
N . . . s -
the orimary nitrogen is limited by the elimination of the hydrocarbon

. . 32
from tertiary halides.”

c) Rlectronic effects of the substituents.

Any base-weakening substituent should destabilize <transition-
stave (I) (page 4 ) with respect to transition state (I1) end hence
give increased yields of the 1,2~disubstituted hydrazine. Thus
phenylhydrazine gives sone {=alkyl-2-phenylhydrazine on alkylation,

33

but, contrary to earlier reports, it also alkylates on the
substituted nitrogen.22

when the base-weakening effect is extreme and/or combined with
steric hindrance, some useful products can be obtained. For example
triphenylme‘chylhydrazine,32 1-phenyl—Z—triphenylmethylhydrazine34 and
1,Z-diphenylfluorenylhydrazine32 have been obtained in high yield by
direct alkylation.

An interesting exanple of the base-weakening effect of the
diphenylmethyl-group is shown in the preparation of
1,2—dipheny1methylhydrazine by reaction of diphenylnitrate with
hydrazin055 t—

(PR),CH-0-N0 HIEyNEy - (Fh) ,~CH-NE-VH-CE(Ph),




Iy DT . .
The use of nitric acid esters in alkylation of hydrazines is

3 LI X . 2
1linited by the formation of complex reduction producﬁs.)6

a) The concentration of hydrazine.

Polyalkylation is comsiderably diminished by slow addition of

the alkyl halide to a tenfold excess of hydrazine hydrate with

3 cirring.50 5T ; ~
vigorous stirring. "he complete removal of the monoalkylhydrazine
from the resulting mixture may be difficult and can often only be

achieved by prolonged extraction.

The best examples of the use of excess hydrazine are the

1
preparation of benzylhydrazine,) (Experiment No. 9} and

-
ENC,

ethylhydrazine,38 in yields of 8C{- and 52% respectively.

By utilizing special features alkylation lends itself to the
preparation of examples of all the classes of substituted hydrazines
and monoaryl hydrazines can be prepared quite successfully by direct
arylation of hydrazines sctivated towards nucleophilic attack.14’39

“Then it is not possible to utilise steric, or base-wealkening
effects %o cause alkylation to take place at the wnsubstituted
nitrogen, blocking groups can be used to achieve the same end.

Synme trical diformylhydrazine, for example, can be nethylated
once on each nitrogen and the resulting 1,2—diformyl—1,2—dimethy1hydrazine
hydrolysed to 1,2-dimethylhydrazine40 .-

5*/E,0  Me-NE-NH-e

e Sy

“NH-NH~- 16,850, HCO - N- CHO
HCO-NH-NH~CHO }eZS | ﬁ }
ie lie




1,2-benzoylhydrazine can be used in a similar fashion41’42
and is reported as giving better yields of the hydrazine. This
nethod suffers from the disadvantage that it is only applicable to
the synthesis of hydrazimes with identical groups on each nitrogen.

lonosvbstituted hydrazines can be acylated twice to produce
a 1,2-diacyl-1-alkylhydrazine, which, on further alkylation and
hydrolysis, yields a 1,2-dialkylhydrazine with a different group on

each nitrogen. Using this route 1-methyl~-2-iso~propylhydrazine hes

been synthesised in 50. yield :—43
Prl—NH-NHz + PheCO-C1 -wrmmemapr Prl-ll\T—-—NH—CO—Ph
CO-Ph
ie S0,
)
I}Ee
i o i, _
THHAY e BHC1 Pr- -l—N-CC-Ph
Pro—iH-IH-e-HC1 i
Co-Ph

The nitroso-group can be used in the same way, &s is
illustrated by Thieles prepara'i;ion44 of 1—benzyl-Z—methylhydrazine t—

O
HNO o
Ph-CE,-NH-IE, P2 Ph-CH,-N—IH,

1\1'-er2804

2 B0

Ph~CH,~H-NH-He

T
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e s 2os s . .
Ine nitrosation step gives variable results;45 acid conditions

give benzaldehyde and benzyl alcohol, the nitrosation being favoured

by neutral, or alkaline, conditions.46

Benzyl chloroformate, prepered. by the action of phosgene on

benzyl alcohol47 t—

Ph—CHZ—OH + COClZ_-—————+ Ph—CH2-O-CO—Cl
7

has been used as a blocking—group by Zeller and his co-workers' :-

H
R-NE-IIE, + PhCH,~0-C0-C1 ———s R-If-ﬂ:-c 0=0-CIL,~Ph
co-o—CH2—Ph

i 1LR'Y B

H-NE-R & <
: 2. 5/2,0

The use of blocking-groups gives a possible route to any
1,2-disubstituted hydrazine, but the method is tedious'and the large
number of steps makes the overall yield of hydrazine rather low.

4 further successful modification of direct alkylation involves

the reaction of benzalazine with the alkylating agent, followed by

hydrolysis of the hydrazonium salt to the corresponding alkylhydrazine4§-

s,

_R2S04 o CH-N-N=CE-Ph-RSO
i v
L
o+
i /HZO

Ph-CH=N-N=CH-Ph 4

Y
R-NH—NH2 + 2PhCHO

Unforitunately azines are poor nucleophiles and only fairly

active alkylating agents will alkylate them.




1

2 Amination of amines.

Chloramine and hydroxylamine-O-sulphonic ecid have been found

to be capable of aminating amines to give hydrazines :-

~» R=-NH-NH

2

R-NH2 + H2N—X

I

X = ¢1, 0-SO,-H,

)

The reaction can be extended io the preparation of a variety of
hydrazine derivatives, hence each reagent is considered in detail.

(2) Chloramine.

The use of chloramine o prepare monoalkylhydrazines is
analogous to the well lmown Raschig49 synthesis of hydrazine from
chlorarine and excess ammonia. the method was first reporied by
Audrieth and Diamond50 who prepared all the simple hydrazines up to

ButéNHNH .HC1, and later51 extended the reaction to cyclohexyl-,

2

allyl—,P ~hydroxyethyl- and/3—aminoethyl-hydrazines.

The yield of alkyl hydrazine depends on the presence of a

5

metal inhibitor, the smine/chloramine ratio and the presence of

jG)

base.SC Increased yields can be obtained, without the use of

. . 52 n L old
gelatin or & base, if anhydrous amines are used”” and the yields
are also increased if the reaction is carried out in the presence of
a tertiary amine equivalent in amount to the free hydrazinium lons

r—

formed by the action of chloramine on the amine.




By reacting eammonia and sodium hywnochlorstie in the presence
of a suitable reagent, (acid water-soluble salt or a water soluble
neutral sslt conteining lig, Zn, or Ca ions,, which will remove Ok
of the OH ions formed during the reaction, very high concentrations
of chloramine can be obtained.54 Greater than 85. yields of
hydrazine, or alkylhydrazines, are claimed from the reaciion of these
higher concentrations of chloramine with ammonia, or primery amines,
in the presence of metal hydroxides.

The reaction of smmonia with substituted chloramines has also

55

been noted t-

R-NH-C1 + NH3—~~~mm»-> R-NH—NH2-HCI

trination with chloramine has been successfully extended <O

the preparation of 1,l-disubstituted hydrazine852’53 -
(R)EI\‘H + WHLCL ey (rR) N-VH,

and to hydrazinium salt356’57 t-
(R), + NHCL —-——= (R)Bfi—NHZ@f

Attempts to extend the reaction to the preparation of

8 .
1,2-disubstituted hydrazines produced5 very low yields.
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(p) Hydroxylamine-0O-sulvhonic acid.

In 1925 Sommer and his co—workers59 prepared a number of
alkylhydrazines by amination of primery smines with the more complex

analogue of chloramine, hycroxylemine-O-sulphonic acid :-—

*H, S0

] \ )T R IJH N
R NHZ + HHZ 0 503H > R-TH JHZ 290,

The method was not further investigated until 1949, when
o nd Trerac 20 . : e
Gever and Eeyes prepared a series of monoalkylhydrazines with this

. . .61,62
reagent, lieuwson and Gosl™ ?

have extended the reaction to include
1, 1=disubstituted hydrazines, monoarylhydrazines and monoheterocyclic
hydrazines.

In analogy to the chlorarine synthesis metal ions retard the
reaction.62 Better yields are obtained in the presence of potassium
hydroxide at elevated temperatures.60’62

Recent attempts63 to prepare 1,2-disubstituted hydrazines by

the reaction of N-alkyl-sulphonic acid derivatiives end primary aminsg 1~

|
Howeeeeee> R=NH-NH-R

R-NH,, + R' ~NH-0-50

have given very low yields.

. Cas . 59,64,05
Hydroxylamine~0-sulphonic acid is easily prevered;”’ ks

but widespread use of this reagent is limited by its low stability,

which mokes it unsuitable for storage.
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(c) Hewer eminating agents.

.
C-mesitylene sulphonylhydroxylamino,06 and 0-(2,4-dinitro-

X .. 67-6

phenyl) hydroxylanine 2 are two potentially useful aminating

agents which have received only limited atiention in the hydrazine
. 66,68

field. '

The »nreparation of these compounds is also of interest and

is outlined below :-

O~mesitylene sulvhonylhydroxylamine :-

2750 ~0-H~C0. ~C(CH,), —EE T .,  ir-Sc,-0-NH,.HX
2 2 3 2 2
HC10
4
H,0
&,
Ar—SOZ-—O—NH2

c’H3

O-(2,4—dinitro—pheny;)_bydroxylamine t-

AT-Cl + HO-NH-CO2—C(CHB)B_mw.,_,WmM€> Ar—o-NH—COZ-c(CHB)3
H,0
£r-0-1TH,,
Ap = NO // \»—-
- 2 \=/

de of the easily cleaved carb=tert-butoxy-sroup,

70

which has potential use as a blocking=agence

Thus use 1s ma
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m o) s . s
3 The Reduction of hydrazones, azines and sewicarbazones.

‘he carbon-nitrogen double-bond of hydrazones has been
reduced by a range of reagents to give wono-, 1,2-di- and

trisubstituted hydrazines.

In the preparation of momesubstituted hydrazines, from

. - .1
hydrazones, catalytic hydrogenation 4,711,172 over a platinum catalyst

is generally used.
Ho/Pt

Re=CH=N -] 2 - ) .
R~CH=N NH2 ey R UHZ NH NH2

Raney Nickel ruptlures the nitrogen-nitrogen bond.73

The conditions must be very carefully contirolled.
Hydrogenation of the hydrazone of benzyl methyl ketone can yield,
depending on the conditions, four products'- the azinec of the ketone,
1,2-bis-w-methylphenethylhydrazine, « -nethylphenethylhydrazine, or v
cx—methylphenethylamine.F

The nitrogen-nitrogen bond of acylhydrazones is rather more
stable and it is often preferable to reduce these and then hydrolyse
the resulting acyl derivative to the free monoalkyl hydrazine :-

‘Rq Ry

/ s /
R-CO-NE-N=C__ H,/Pt  R~CO-NE-NE-CH H,O  HN,-NH-CH

R2 =S N \Rz......_.....’ R2

71,72

Rq

The reduction has been achieved with platinum catalyst,

. 75 -2 LT SO 1 N3
Raney Nickel73 and lithium aluminium hydr1de?4’ Jith lithium aluminium

hydride the reduction may g0 all the wey to the 1,2-disubstituted
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hydrazine. Predominent formation of 2-alkyl hydrazides can be

L N i
achieved, as the carbcnyl group is more stable o reduction.76

(See page 19 ).

The reduction of the hydrazones of aldehydes, or ketones, is

onc of the better routes to 1,2-disubstituted hydrazines :-

R-CH=I-NH~-Rq _____ 1 R~CH,,~ITH~H-Ry

s et @ st _...}.

The usval method of reduction is catalytic hydrogenation,77’(8

but the reaction is not always successful snd side reactions may be
79,80

nurerous .

Other methods of reducing the carbon-nitrogen double~bond

Q i
of hydrazones include the use of a variety of dissolving metals?”81 85

85,86 87-90

di—imide84 sodiun borohydride and lithium aluminium hydride.

Diborene has been used to reduce the carbon-nitrogen double-bond

1=
of @ldoximes and ketoximes,9 94 H
R—-C=11-OH 1 By pop-wH-oH
{ - -+ 4 I
R 2 Hv/H20 R,

but reduction of hydrazones with this reagent has been reported to be
unsuccessful.86’95—97 mhe reduction of hydrazones with diborane and the
attempted reduction of benzaldehyde methylhydrazone with lithium

aluminiun hydride will be discussed later in the text (page B ).
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43 o " . .
Ateduction of hydrazones is also applicable to the preparation

of trisubstituted hydrazines :~

R

i-l= i .
Ji-N=CE-R, - RN /N—NH—CH2—-R

2
Ry ]

Lithium aluminium hydride89 and sodium borohydride85 have both
been used to bring about the reduction.
The easily prepared aliphatic and aromatic azines :-
2 R-CHO + NHZ—NH2 ~—=—-—=+ R~CH=N-N=CH-R
aldazine

2(R),C0  + NH,-NH, —— (R) C=N-11=C(R),
ketazine

can be used to prepare 1,2-disubstituted hydrazines or monosubstituted
hydrazines.
The most widely used method of reducing azines to

1,2-disubstituted hydrezines is hydrogenation over a pletinum

98-100 100,101 80,102 __

catalyst. Hydrazines with aliphatic, aromatic

acylic103’104 substituents have been obtained. The method is only

applicable to the prepearation of disubstituted hydrazines with the same

e

group on both nitrogens and the nitrogen-nitrogen bond is sensitive to

cleavage during hydrogenation.
Lithium aluginium hydride is a useful reagent for reducing

. - : AT il a
azines,105 as it gives good yields of hydrazine which are generally free

from amine impurities. Attempted reduction of benzophenone azine,
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- N - .y
with lithium aluminiuw hydride at 90—16000, leads to cleavage of the
nitrogen-nitrogen bond.

rThe use of aldazines and ketazines as starting meterials for
e o - . . .
the preparation of monoalkylhydrazines is often useful when the azine

L 1 > Ny -
is more readily prepared than the hydrazone. The general route is

illustrated below :=-

al T
L.\ i /R.2 1{2 R\ g 1{2
C=l~-N=C > C=l-lNH-CH
t{/ \ ‘ / N
24 Ry Ry Ry
T + ir
g/ E,0
h {
R2\
CH-NH~WH
4 2
R
3

7he initial reductiion has been achieved with lithium eluminiur
2 A 105 s 106 -] 'y L < e :
hydride, sodium analgam snd by catalytic hydrogenation.  Various
10 . X
nuclear substituted hydrazines o6 have been prepared by this method.

fixtension of the reaction to purely aliphatic hydrazines is limited,

re

. 107
by the greuter resistance of aliphatic azines to reduction.

Catalytic hydrogenation of semicerbazones, followed by hydrolysis

of the resulting semicerbazide, also yields monosubstituted hydrazines :-

1. H./Pt ]
(R) ,C=N-NH-CO-IH, _ggi , (R) CH-TH-NH,
2. H/H,0




4 The reduction of hydrazides.

i'he reductlon of acid hydrazides offers a potential route %o
the whole fawily of hydrazines, but, in practice, is only applicable
to the preparation of 1,1-disubstituted, trisubstituted and
tetrasubstituted hydrazines.

Lithiur @luminium hydride has been used to reduce a number of

75,68,89,109-111

hycdrazides to the corresponding hydrazines, but

secondary hydrazide groups, (—CO—NH~), are reduced much more slowly
than tertiary hydrazide groups, (-CO—N(R)-).112 This effect 1s
particularly pronounced with benzoylhydrazines,112 and makes the
preparation of monosubstituted and 1,2=disubstituted hydrazines

impracticable by this route :-

——
(4

R—CO—NH-NH2 slow R—CHE—-NH-NH2

R-CO-NH-FH-CO-R _ S1OW _ R-CH,-NH-NH-CH,-R

Similarly tertiary amides, (R—CO-NRz), sre much more readily

113,114 . _
reduced than secondary amides, (R-CO—NH—R), ’ and benzamide takes-—
114

up lithium aluminium hydride at a relstively slow rate.
The reduction is thought to proceed by the alurinate replacing

+ L N um 3 Fad
the active hydrogens of the substrate, resulting in the evolution of

i ] 1 W T substrate and
hydrogen and the formation of a complex between the subsiratve

" : +
reducing agent. The differences 1n reactivity have been suggested as

A A G *
arising from one, (or both), of two causes :
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o . . . _ \ 7
1) The insolubility of the complex and/or the hydrazides in the
solvents used, (ether or tetrehydrofuran), hinders, or prevents,

reduction of the functional group.115

.. o s . P b
ii) ‘“he inactivation of the functional group by the formetion of a

stable complex112 ‘-

_@ = ?AlHB'
el & L:‘LA;lH4 ——e. (== N~
Spialter et. al111 have found that l-acyl-2-alkylid raziy

et. al, -alkylidenehydrazines

can be recduced to the corresponding 1,2-diallkylhydrazines in good yield

if the reaction is carried out with constant extraction of the substrate

in, for example, a Soxhlet extractor. The method probably works by

increasing the amount of substrate availeble for reduction by increasing

its conceniration in the ethereal phase.

Spialter's work would indicate that the low solubility of the
substrate, or comvlex, (point(:)), is the cause of the resistance of
secondary hydrazide structures to reduction, but other wor's indicates that
this is not the only factor involved. Thus soxe corpounds, for example
1-benzoyl-2,2-dime thylhydrazine, are not reduced even in homogeneous
solution,110 whereas others, for example 1,2—diformyl—1,2—dimeﬁnﬂhydrazﬂm;
are rapidly reduced even in heterogeneous solution.

Phere iz also a striking similarity between the structure of the
sucgesled stable intermediate (point (ii)), and the enolete ion :-
CAlH.~

| 0

i i istant to attack | i thiun aluminium
which is reported to be resistant to attaci by 1lithivu
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1
hydride. 15

Foint (ii £ t
5 (11) thus offers the best explanation of the

resistance of the ~C0~NH- o7 L
> the O~lH~- group to reduction, but, in certain cases,

the solubility factor may pley a part.

s . 1
rriethyloxonium fluoroborztie, 16 (Bt CﬁoBF4‘), has recently been

found to rezcct with amides to give solid salts. Previous woriers have

W5 (a
EN T age i1l iini i i
noted the ease with which sodium borohydride reduces the =C=Ii< group

and these new compounds are no exception. Thus the salts are readily

reduced by sodium borohydride in ethanol %o the corresponding amines.116
CEt
7 Ry + by R

R=C G-I Et,0-BF,~/CHxCl, R-C=N  .3BF,” (solid).
2 i 2
NaBHy
v /R1

R—CHZ—N

MR
2

Yields are excellent and the method reduces both tertiary and
secondary amides with equal facility. The method is thus of potential
use for the reduction of hydrazides, particularly those of secondary
structure.

In a recent paper Feur and Brown117 have reported the successful
reduction of a number of hydrazides with diborsne. Hydrazides with a
verliary smido-group were readily reduced in refluxing tetrahydrofuran,
bul hydrazides with secondary amido-groups required heatin: ©o 129—1350Q
in diglyme, and partially reduced and cleavage products were also isolated.

» . 1 Ton - n @ ] t- PRI S
Our own attempts to reduce 1,2-dibenzoylhydrazine, Wi h 1ithium

)

[Ve)

p—
L]

. 5 + - K 4 - - S
o o . 1ter ext (page
aluminium hydride and diborane, are described later 1n the © (* g




5 The reduction of diazonium sslts.

The reduction of diazonium salts is a najor source of

| nodrasines. 18 tut ia no:
mono—-aryl hydrazines, but is not useful for the corresponding aliyl
derivatives.

m ~ 3 o < e s L7 9
The reduction has been achieved with a number of reagents.11)

e nlorid 118,120 . . J .

Stannous chloride is a convenient method, but zinc/acetic acid
has also been used. Both these reagents suffer from the drawbacl: that
reduction is rather slow. The low stability of diazoniur salts
prevents heating of the reduction mixture, to speed-up the reaction, and
L s . . o 121 . .

it is often necessary to employ PFischer's device of converting the
diazonium sal® %o the more stable arylazosulphate, by resction with

sulphurous acid or sodium bisulphate, and then reducing this by more

vigorous methods.

+ - A,
Ar-N HS0 ArNAN-S03 03 Ar-E(S03)
2 | 5 52

. -

N Zn/AcOH _

/
+
snCl, \\\& l ;//// zgﬁﬁgo)

Ar4NH—NH2

Davies122, using ammonium sulphite, has isolated the inter-

mediate armonium hydrazine sulphonates
votassium sulphite has also been

Reduction with sodium OTr

utilised. 47,124
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reducition of nitrosemines it
3 T > Ne 23 ", o -
seuLnes, niltroso-ureas and related compounds.

The best practical method for the preparation of
1,1=disuvbstituted hydrazines is the re ti i ihi
, subs v eg 1s the reduction of the corresponding
nitrosemines -
R Ry
N-11=0 =———eree—> N-NH

/ / 2
R R

Mitrosemines have been successfully reduced with zinc in acetic

o tes,126 L 31,126=12 8

acid, ’ lithium aluminium hydride,J ’ 9 sodium in e"chanol,12U
. . . 1es . 129 Ao

sodiuwe in liquid ammonisg, aluminium amalgsm and, on an indus<irial

. y ) . . 130

scale, by hydrogenation over a palladium catalyst.
The direct niirosetion end reduction of primary amines is

imprecticable for the preparation of monoalkyl hydrazines, however,

li—substituted ureas, urethanes and sulphemic acids, can be readily

nitrosated. neduction and hydrolysis of the resulting ¥-nitroso-compound

X . 1311
yields the corresponding monosubstituted hydrazine 51-134 t—
NO NH2 .
ph o BnfhcOH gy g DYATOLVSIS o pyHE,
i
|
vhere X £ - C—NH2 . = urea
i
|
= - C-C - irethane
= C L2H5 u
0
= - g-OH -~  sulphenic acid
tt
0

T W T I R TR R TR
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L reaction, which is fommally analogous to the Hoffman
rearrangement of l{~halo~amides, may also be used 10 convert ureas 1o
19 S13% %

3 : 3 . 135,13 =
hydrazines. Thus hydrazine, 55,136 156,137 n

rnonoalkyl, onoarv113c and
136,137

S5 ey ha s+ ) L
1,2~-disubstituted hydrazines have been prepsred by treatmen: of

chlorouress with hypochlorite and base :=-

I BDCL/OH  ng
R-WH-C-11(R,)C1 _.__/L R-WH-WH-R,

7 The clecvage of heterocyclic ¢ompounds.

If a heterocyclic compound containing two adjacent nitrogen atoms
can be cleaved at some point other than the nitrogen-nitrogen bond a
hydrazine may be obtained. mhe various classes of heterocycle which have

been used for this purpose are discussed separately below.

a Sydnones.

.. . 139,140 . .
The mesionic sydnones can be prepared, in good yields,

froz primary arines and chloroacetic acid in three steps :-

R-TH, + Cl-CHz—COZH e RANHfCHg—COEH
HI{0,
Ac, 0 : ,
R-N-C-H < 2 ﬂé?—CHZ—CCZH
& N0
X C=0 :
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iy h » Ce e .
the hydrolysis of sydnones with concentrated hydrochloric acid

gives wonoalkyl hydrazines, (as hydrochlorides) e

R-N-¢ -4

] f l conc. HCL , R—NH—NHZ-H01

N C=20
N/
0
“'he method is applicable to the preparation of a ranze of
s ; . 140~-142
monosubstituted anydrazines, 4 including some of medical interest.12

b Diaziridines.

.cid cleavage of diaziridines yields monosubsiituted, or
1,2~aisubstituted, hydrazines :-

R -1 - c(3), it
o E'/E,0 R-WH-TH-R, + (R),C=0

Y

e 1 144 . - .
Diaziridines mey be prepared 43,144 by the action of chlorarine,

(or hydroxylamine-8-sulphonic acid;, with Schiff bases, or by the
s ... 143,145

addition of Grigmard reagents U0 dalazlrine ’

R-I=C(R),

|

R-NH, + 0=C(R) 5 _

IE,~C1 (or 1\5}12—0-503}1)

!

RligX + N =8 _ _r -1 - c(R),
\ s T \ s
¢ |
7N\ H
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: - - \ - o \ - 1.
ction of an alkyl chloramine end g Schiff base gives ihe
L & IS] L1C

substituted diaziridines necessary for the preparation of
Co L _L

143
1,2=disubstituted hydrazines -
: R17—C(R)

Tt (1Y o . X :

it=ti=C K“ /o + C1- ﬂ-R,‘ —————— \ / 2
It
!
}.11

Utilizing these compounds Schmitz and his co-workers have

. o Tt 4 . 1
gsynthesised a renge of monosubstituted hydrazines a4 145
, R fad X 143,146 .. . . .
l,2=disubstituted hydrazines. Side reactions only occur with

147

the extremely stable diaziridines derived from formaldehyde,

cleavare witi. #C1 in carbon tetrachloride leads to rupture of the ¥

146

bond in «ll cooces,

C Diaziridinones.

148
In analogy to the cleavage of Gisziridines, diaziridones '
3 L] 1 a . 149’1:’0
have been hydrolysed to give 1,2~disubstituted hydrazines :-
RAIT CC2H
N\ 11(ag). R-IH-FH-R
Do X | —_—
/ . :
R-1 RE;—NH-3

d  Cleavace of other heterocyciles.

1i : 51 o o deopneric iodo-derivatiives O
Allaline hydrolysis of Gae 1SORCIRC iodo

i1 cos e 1 2edime thylhydrazine and
13 R =Y ) » 1Y N J=glme vy il A licalas
dinethyilpyranole arc reporved as giving 'y b b
hydrolysis of 1,3,4,0-

. 1 v i1aplv alkaline hyaroly
T, 1=dine thylbhydrasine. qipdilorly alkaline Iy A
152,152
sives methylhydrazine.

tekrumokhy1—1,a,@—trazoliuu jodide

L. N3 ey e .\—,q-'-ﬁy«l
T ~pe 0f any praculcald inportance.

Mei Lher of theoe mebhods
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& Via,azo-compounds

“he reduction of azo-coupounds :

.

v

% P . b) 2 :
A—N=N—h1 T———— R-NH-NH~R1

. . 154 1,1
RS R a| L4 3 a4 . 0 . .
has been achieved with sodium netal, sodium ethaﬁol,7 »155
. 56 oL 157 . . .
zinc-dust and di-inide. The reduction is an obvious route
to hydrazines, but is rarely useful; the azo-compounds are generally

prepared via.l,2-disubstituted hydrazines.

Recently the reaction of thionyl chloride end amines has been

o)
used to prepare azo compounds158’15”
oc1” o T—2 |
R-WH S -y R-NH(S0, JTH-R - 0
R-KH, + 50,15 r Th(b02)1H R — |08 -
{
cl
-1
H-N-R 1.0 PR
R =1T-R e AN
H-N-R ¥ -R

(ré/c) in acetic acid

158

ed hydrazines as the acetates and the

he azo-compounds can be hydrogenated

to give the 1,2-disubstitut

~ R a 33 +3tut ! ines.
reaction promises to be a useful route %o 1,2-disubstituted hydrazin




Lmo=-carboxyli s ter
yL1cC esvter may be used as a precursor to o nunber of

} rz" - ri’. 4+ A . . 5 B
hydrazines. Thus the compound will agd 10 aromatic hydrocarbons

containing alkyl radica i - Ve ot
£ y als to form 1 aralkylhyuraz1ne-1,2-Carboxylatesg160

which on heating wi tha ic ! i i
7 eating with methanolic hydroxide give aralkylhydrazines :-

N-CC Bt Fh-CH,—11—C0, 1t
Ph~CE + || — |l KoH/lieoH ,  Ph-CH, -NH-WH
N-C0,81 H-{-CO, B+ = . .

Alternatively treatment of the intermediate with 1ithium
alurinium hydride, which preferentially reduces the ester group on the

gubs tituted nitrogen (page 19) followed by hydrolysis gives

1~aralkyl—1—methylhydrazine160 1—

Ph-CH, - -CC,2 ne, 1~CH,, -1 ~CE.. Ph-CH,,=I1~C
1 CHZ ll C2 t Llnlh4 Fh C“c Il C 3 HQO fh-ﬁ‘Z .‘ CHB
- e e 5 -
B-Ii-COEt H--C0, 5t = N,

Gem-dialkylbutadienes react similarly to aromatic hydrocarbons.
"he double-~bonds of the adduct can be hydrogenated and an alkylhydrazine

obtained after hydrolysis :=-

H3C\ /CH3 CHB\ /CHZ-?~COZEt CE? iCH2—uh—LH2
C C o n_co Bt CH
Y | H-W-CO,E lc
H-C N-CO,Et CH 1. Hy/Pt Hy
| * I : ‘ éH 2 H.O (‘)HQ
H-C, N-CO, 1 I B 1
g C. cx
/' N\ 7N Cﬁ/ \CU
1" }‘,, H I
H,C  Chg Ciy  Clig 3 3
I ono-alkenes, containing at least one hydrogen ator on the

162

«~carbon, can be used in an analogous manner.
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Q The use of organc-mevcllic reasenis.

Cricmerd recgents will add to the diazo~-zroun o such COmpoOUniS
as Glazomcthane and ethyl dilazoaceiate. Hydrolysis of the resulting

e Sim et it ad hvd e cdn s A s A D
LONOoSunSTiTUTel Ayarazlne cory fSE:.g)Ollxllﬂv, 0 Tie
v - <

Crignord reagcnt -

- bt
e

- CiL. TR ~———=— CH,0 + R-I H~11~2

¢ H

I "'/
C g ~CET shen EH0 pomam, + opH,0H

¢ 0
o
+EQ0-C~C-H

164

, - lhydrezine by
Thus werner

obtained methylhydrazine and ethy

. . . il e . sum iodide and et
reaction of etayl diazocaceiate with me thyl magnesium 10 Y

h] .
Bensy 1l Lzine vas preparved by the
moonesivm iodice respectively. Bency lhydrazine 1 orepa

- . EEERR ; 2o thal
analogsous reaction gith diazometinane.
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In extension of this work Coleman 6 treated diphenyl-

. R ~ R} . . . .
diazomethane with methylmernesium iodide and hydrolysed the resulting
(]

b
-

hydrazone to benzophenone and methylhydrazine

. Meli Z r
(Ph), ¥ 8" . (pn) oara S E'/H0 o -
%2 T (Ph)c=n L T (PR),C0 + MeNHVE,

The analogous reactlon with fert-butyl magnesSium chloride gives

. 166

tert-butylhydrazine.
On treating diazomethane with a large excess of a Grignard

165 i .
reagent Coleman found that reduction of the azo-methine linkage

ocecurred, as well as addition to the diazo-group :-
b o -~

Ph ligBr
= L - M o T 'L -
cu, =, ST 5 CH=N-Y-lighr PHZBL,  Ph~CH,-N-I—Fh
MgBr
+
H /H,0

v
Ph-CHZ—NH—NH ~Fh

When benzyl magnesium chloride was substituted for phenyl

4oq162 -
nagnesium bromide, the woduct was repor ted to be 1-methyl 2

benzylhydrazine, rather than the expected 1-phenethyl 2-benzylhydrazine.

i i ave
In an analogous fashion diazomethane and n-butylmagnesiun bromide &

a product showing the properties of 1-n-butyl 2-methylhydrazine.

Foxall™ was unable to repeat Colemen's preparation of 1-penzyl

2-nethylhydrazine, despite the use of identical conditions.




AGY
N

Grignerd reagents can also

on J - R
be added %o the carbon-nitrogen

double bond(s) of hydrazones :-

-4 , ~ R
R-CH=N~1! j———y.hlix.- N CH _}\]H_Irr/ R1
N T e T !
and azines =~
s 1. RougX
(R) =1 =C(R), N llzg
2. .
Hy0 -G WH-IH
‘ 2
R

M EPNal P N Yyt 167 3
Thus Toffe ard Toroshin have prepared a range of trisubstituted
hydrazines by the reaction of eliyl Grignerds with hydrazones. Garlier

2

T " o . . 168
work has reported the preparation of 1,1-dimethyl 2-ethylhydrazine and

169

triethylhydrazine by the reaction of methyl magnesium bromide with

formaldehyde dimethylhydrazone and formaldehyde diethylhydrazone

respectively. Alkyl lithiuvm will add to hydrazones in & manner

. 70
analogous to Grigunard reagents, but ylelds are rather low.

- : . . . 170 .
Addition of Grignard reagents to azines hes been used to

3 o P! Y o 7 A L29 ,tv,,a.t
prepare monosubs tituted and tprisubstituted hydrazines. = report h

reaction of methyl magnesium promide with acetone azine yields

teri-butylhydrazine, af ter hydrolysis, has, however, been refuted.

. f s onts wil ~COn ds gives hydrazo-
React’on of Crignard reagen ts with azo-COn pounds g1 i

derivalives after hydrolysis.” 4ddition of phenyllithium O

172 :
4- - zene or
ago-coppounds has beel observed to give hydrazobenzene,

, 41kvl and eryl zinc
o : . . . T2 o ivions.  ALKY
‘riphenyithydrazine, dCpending on the comti

—r

. . » +he ¥-! bond
have been obsel'vedW) to give cleavage of the I bont.
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finally, monosubstituted hydrazines have been prenared174
by the reaction of alkyl lithium with nitrous oxide, followed by
\ KLioe, [$4S L
elkaline hydrolysis of the elkylalicylidenehydrazine which is
formed :-
.. e
Bu Li + 1,0 -~ Bu ~H-N=CH,~CH,~CH,~CE
1 2 2 T2 T3
+
H /H,0
v

nooo
Bu -NH—EHE + CH;-CH,-CH

5~CH,~CH,~CHO

Aryl lithiuwm gives & mixture of products and Grignard

, . 174
reagents dc not react. 1

10  'he reactions of sodium hydrazides.

mhe preparation and resctions of sodium hydrazides have been

175 . . .
recently reviewed. & For the preparation of hydrazines the most

useful roactions would appear to be those with activated carbon-carbon
. , N 176
double-bonds, aromatic nitrogen heierocycles and aryl sulphonates.

In the resciion of aryl halides with sodium hydrazide

substitution of the halogeno-group by the hydrazo-group compete with

reduc tive dehalogenavion :=
7 N Y
L_LHLHQ

AT T ATH + Ar-NH~NH2
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mxperimentally adopled procedures.

Fonosubstituted hydrazines.

Benzylhydrazine and tert-buiylhydrazine were recuired in

fairly lsrge cuentities ag i :
y large cuentitcles as precursors to 1,2-disubstituted hydrazines.

r - 3 Al d- - . o
ihe methods used to prepare these compounds are discussed below

a. Bengylhydrazice

The dircet alkylation of a ten-fold excess of hydrazine with
benzyl chloride, using the procedure described by Biel and his

N1 : L .
co-workers, cave benzylhydrazine in excellent yield (8¢.),

e s b e \
(Bxperiment Fo. 9).

b. tert-butylhydrazine.

- 60 , .

Gever and Heyes have prepared — a nunber of hydrazines by

smination of en excess of the appropriate amine with hydroxylamine-C-
s . s - 45

sulphonic «cid. Using an enalogous procedure roxall prepared

tert-butylhydrazine.  The hydrazine was isoleted from the excess

tert-butylanine by +peatment of the reaction pixiure with benzaldehyde

to give benzaldehyde tert-butylhydrazone. Hydrolysis of the hydrazone

wish oxalic acid gave the recuired hydrazine as the oxalate :-—

mﬁ4m4mz+ PL-CHO —— Bu “~NH-N=CH~Ph
(cozﬁ)2
v Y
Bu ‘WH-E,. (COH),




vIGaD

Ted Y o A1 R 5 o N )
Using this method tert-butylhydrazine oxalate uas prepared
in 34, yield, in terms of the hydroxylamine-C-sulphonic acid

e rilnel W O ) e - : 3 > ‘
(fzperinent Ko. 19a). This only represents a yield of about 4

in terms of the {total amount of teri-butylemine used.

Gever and lieyes have voried thet ' i

G and lieyes have reportad that the emount of amine
recuired for the preparation of hydrazines mey generally be lovered
. o f sy . - , .. . .
if base (ICH) is added to the reaction mixture. he preparation
of tert-butylhydrazine ozalate in the presence o base (Zxperiment
10, 1Sb) gave a yield of only 1¢ din terms of the vert-butylarine,
hence no s&ving was ossible on the amount of amine used.
166

Conversion of iert-butylhydrazine oxalate To the free bese

yas readily achleved by refluging the sal® with sodium hydroxide

Q.

solution (ayprox. g ) and distilling over the mixture of free
base end waler (Lxperiment No. 22). Bxtensive drying failed to

remove all the weter, but the terude' hydrazine-water mixture was

used cuite successfully to prepare further COmHOUNAS o

1,2-disubstituted hydrazines.

Of the general pethods svailable Tor the synihesis of
1 o_disubstituted nydrazines reduction of hydrazides (vage 19 ) ond

onee

ihe reduction of hydrazones (page 15 ) offer the widest rerge O

=

possible products.




1. Zhe reduction of hydrazides.
lydrazine can be readily acylated twice. The reduction of

the hydrazide so formed would constitute = simple two stage
synthesis of 1,2-disubstituted hydrazines with the same group on

both nitrogens :-

2R~CO~C1 + HH2:—NH2 ——ees R=CC~-NH-NH~-CC-R

f
iHl
~CH, ~lH~-NH-CH, R
R CH2 H-KT H2
4s acylation of monosubstituted hydrazines follows a similar
pattern to alkylation, i.e. initial substitution at the nitrogen which
already bears a substituvent, the method is not directly applicable to
the preparation of 1,2-disubstituted hydrazines with different groups
on each nitrogen.
Hydrazides have been reduced with lithium aluminium hydride
(page 19), but hydrazides which have a hydrogen on the acyl-substituted
nitrogen (RnCOANH-NHnCO~R) are reduced at a very slow rate, or not
) 112 1 s L 3 hi
reduced at all. nhe effect is particularly pronounced in compounds
112 . . e s
where R=E C6h5—, presumably because of the extra stability imparted
+o the intermediate ion by extensive delocalisation over the aromatic

ring :- OAlHB

d_S—Cc=a1-N%

N

mhe use of forcing conditions (excess hydride and high

temperatures) or the use of a reagent which forms a less stable

intermediate mizht be expected to improve the yield of hydrazine.




To test these possibilities 1,2-dibenzoylhydrazine was chosen as

a model compound, 1,2-dibenzoylhydrazine con%ains +wo secondary
amido-groups, both flanked by phenyl-groups, and should form a
particularly stable intermedizte. Ny reagent capable of reducing
this compound would be expected to reduce other hydrazides cuite

successfully.

Reduction with lithium aluminium hydride.

Extreme conditions were provided by refluxing 1,2-
dibenzoylhydrazine in diglyme (bis 2-methoxye¥uyl ether) with a
three~fold excess of lithium aluminium hydride. Twentyfour hour
reflux gave benzylamine hydrochloride as the only isolated product
(ixperiment No, 2a). Shorter reflux times (eighteen and nine hours)
gave benzaldenhyde benzoylhydrazine (Experiment_ggl 26). The results
of a number of experiments are summerized in Table I (page 37 ).

Addition of the aluminate to a cold suspension of 1,2-
dibenzoylhydrazine in diglyme gave & dark red solution. Ls reflux
proceeded the solution turned green end then colourless.  Benzaldehyde
benzoylhydrazine was obtained in greatest yield vhen the reactiion
nixture was 'woried-up' whilst it was still green. A4 reasonable

mechanisr for +the reaction is formulated below :-—
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© 0 OALH, OLIH,
. I 2(LislH, ) l ’ |
Fh-C "'].\:H—NH ~C —-rh e 4__‘__? Ph_c =T = "‘Ph ( re d)
0A m—j
24 hrs f

Ph=CH,~{E-AH, o FPh-C=liF=CH-Ph (green)

'work—up! (¢ hrs. .

Ph-CC-TH-l{=CH-Ph

TABLE I.

Lithium Aluvminium Hydride Reductions.

Subs trate Reflux LiAlH, Product gggggf
(hrs.) Zmoles)
Ph~CO-IH-KH~CO-Ph 24 3 Ph-CH,-17H,, .HC1 2
Ph—CO-IH-TH-CC~Ph 24 3 Ph—CF,~lH, -HC1 4.
Ph-CO-IH-1TH~-CC-Ph 24 3 Ph*CHZ—HH2'HCI 105
Ph~C(-1E-HH-C0-Ph 18 3 Ph-CO-N=CH~Ph g.
Ph-CO-iH~1E-CC-Ph 9 3 Ph-CO-N=CH-Ph 455,
Ph-CH=I I H-die 18 2 Ph-CH,~I7H,, *HC1 12
Th-CH=A1-IE-le 1.5 1.5 Ph-Cii 1T +HC1 5
(Th-CH=N-FH-Je-HC1)
Th-CH=N -l-Te 0.5 1 Ph-Cl=fi-H-Fe-HCl -

* Recrystallized yield.




T .3 o .
Reductive-cleavage of the carbon-nizrogen dovble-bond of
tosylhydrazones has been ol 7 i b D 1dthi
i S has been observed in the presence of 1ithium

aluriniuwm hydride and reduvcvive-cleavage of the carbon-nitrogen bond
of amides, in the presence of alkoxyazluminohydrides, has also been

178

noted., The cleavage of the nitrogen-nitrogen bond hes been

e

N ;o RN : - RE Y .
previously ncted in the reduction of an azine ~ and may be of thermal

origin.

be Reduction with diborane.

Passage of diborane, at ambient temperature, into a suspension
of 1,2-dibenzoylhydrazine in dry diglyme, followed by saturation with
. . - . P A
d HC1l gas, gave only unchenged starting material. Zxperinent Ho. 3.
13 r O & ) £ ——2
N - L AT Co
Teur end Brown have recently reported the successful reduction of &
number of diacylhydrazines with diborane. Diacylhydrazines containing
- ' ' . 5 .
a tertiary amido-group R-CO-IN(R )—N(R )—CO—R . were readily reducea in
refluxing tetrahydrofuran (THF) but hydrazides containing a secondary
amido-group R~(C-NH-WH-CO-R were much more resistant to reduction and

- , =0
required lengthy reflux at elevated temperatures (129-1357¢C).

2. The reduction of hydrazones.

1 F - - { oA
The preparation and reduction of hydrazones (page 15)
represents a potential two svage route to monosubstituted,
1,2=disubstituted or trisubstituted hydrazines. In particular a

rav g9 W 3 s 3 y sim
general method of reducing hydrazones would provide a simple




synthesis of the relaiively insccessible 1,2-disubstituted hydrazines
with a different group on esch nitrogen.

Yo test various methods of reducing hydrazones to nydrazines,
benzaldehyde methylhydrazone was chosen as a model compound. “his
compound was chosen for the following reasons :-

1. The carbon-nitrogen double-~bond of benzaldehyde
methylhydrazone is conjugated with the phenyl ring and for this reason
may be rather stable to reduction. A sultable method for reducing
this compound should be capable of extension to a wide range of
hydrazones.

2. 1=-benzyl 2-methylhydrazine is mown to be a powerful
carcinostat. 4 route to other hydrazines of general struciure
Ph—CHz—EH—EH—R would provide a means of exarmining the structure-
activity relationships within a series of closely related compounds.

The various methods available for the reduciion of hydrazones
heve already been discussed (page 15) The methods used in the present

worl are discussed below.

a. Hydrogenation.

Hydrogenation of hydrazones, usually over a platinum catalyst
has been extensively used to prepare hydrazines, buti the results are
verinble end side reactions are Coumon (see page 15). Hydrogenation
of benzaldehyde methylhydrazcne, over platinum oxide, gave a mixture

of products; the major component being benzaldehyde methylhydrazone

(‘xperiment lfo. 5) .
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Similarly an attempt to reduce benzaldehyde tert-butylhydrazone,
over a palladium catalyst, has been reported45 as giving a mixture of

products with benzaldehyde tert-butylhydrazone as the major component.

b. Reduction with lithium aluminium hydride.

The results of a number of attempts to reduce benzaldehyde
wethylhydrazone with lithium aluminium hydride are summarised in
Table I. The reductions were carried out in boiling diglyme and
lengthy reflux times gave only benzylamine; shorter reflux gave

unchanged hydrazone or a mixture of both products. (Experiment No. 6.).

Q
¢.  Reduction with diborane. (07 &0

. . N . 86,95-¢
Diborane reduction of hydrazones has been reported, » 9=

to be unsuccessful in a number of cases, but reduction of oximes with

a1=0
this reagent gives high yields of the corresponding hydroxylamines.” 24

92

Feur and his co-workers have noted”” that in the reduction of aroratic
oximes acid hydrolysis of the intermediate gave high yields of <he
corresponding hydroxylamine, but alkaline hydrolysis gave a mixture

of products, *the major component of which was generally the starting
oxine. In reductions of hydrazones of 2,4~dini trophenylhydrazine,
with diborane, McMurry96 used an alkaline 'work—upl procedure.
Although they give no experimental details Nulu and Nematollahi

refer to the earlier work of IcHMurry and it is likely that they also

X . " - N
used an alkaline hydrolysis of the boro~intermediate.




In the light of the above results it scemed reasonsble %o

I~ "~ - 2. .. . .
attenpt the diborane reduction of benzaldehyde meihylhydrazone using

iig,

: 3 s oL - 32 .
acid hydrolysis of the boro-internediate. “his procedure zlso has

L]

the advantage that it traps any hydrazine formed s a salft

[on
@
O‘J
H
(0]

JEOC i IO T 4 . R 3 . .
oxidation %o the hydrazo-, or azo-, derivative can occur.

Utilizing the general nethod and anparatus described by
— . 8
Zwelfel and Brown diborane was passed invo & solution of benzaldehyde
me thylhydrazone in dry diglyme at ambient temperzture, Saturation of
the reacticn mixture with dry HCl gas gave the reguired 1-benzyl
z-nethylhydrazine as a mixture of mono~ and di-hydrochlorides

\

(sxperiment No. 7).

'

Simplification and extension of the diborane reduction nethod.

the route to 1-benzyl 2-methylhydrazine described gbove involves

the preparation and isolation of the intermedizte hydrazone :-

+
Iﬂse—-NH-—NH2 + Ph~CHO —E Ph-CH=-IH-le

1BH,
Ph~CH=N J'H-de ——S————> Ph-CH,-NE-l{E-Te
2. HC1

o reduce the total number of stages a one~-step condensation-

i

reduction vrocedure was developed (iixperiment Ho. 8). Yhus an

equimolar mixture of benzaldehyde,methylhydrazmne and a few spots of

acetic acid, in diglyme, was put aside for a short period under

Co

ith © tl equil t 1 an
nitrogen and treated with two mole equivalents of diborene.
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Subsecuent saturation of the mixture with ary EC1l gas gave
T=benzyl Z-methylhydraszine as o mixbure of =ono- end di-
hydrochlorides. "he crude yield of hydrazine was unaffecied by
the change in techniocue.

Using this procedure, with either dry diglyme or &ry T.H.. .
solvent, & range of l-benzyl 2-alkylhydrazines was prepered

(#xperiment Fo. 11-16),

R e /R
Ph—~CH,~FH-NH, + = i /diglyme Ph—CH ,~H-T=(
“Ry 30-6C mins. TR,
T By
2. @l
R = Ve, 3%, le, Pr, th v R
Ph—CH, - NH-WI-CH . HC1
2 S5
Rq= %, H, Le, H, & 2y

The 1,2-disubstituted hydrazines were generally obteined es
a mixture of momo- snd di-hydrochlorides, for this reason analytically
pure samples were only obtained after extensive recrysiallization.

1-benzyl 2-methylhydrazine hydrochloride and 1-benzyl 2~n-iropylhydrazine

oS
hydrochloride were never obteined as pure nono- salts.

= . i z —meth Irazine
In an aitempt ©O prepare pure 1-benzyl 2-nethylhydrazine

. : ~ al+a 17 a3 Tved 1 47 ninim
dihydrochloride the mixiure of salts was dissolveG In ine Iinimum

: rith a larg s £ dr gas.
quantity of methanol ond treated with a large excess ol 4 v HC1 gas

- o0 3 waieh ranidly discoloured on exposure
"he product, a low nelting solid wnlcs rapidly disco DOS

to air, had the spectral propervies expected for the dihydrochloride,
? v bl ES
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but consistent analyses could not be obtained. Recrystallization
of this material gave a mixture of mono- and di-hydrochlorides.
(Experimentiﬁh 7).
An attenpt was also made to prepare a mono-salt directly
from the reduction mixture (Experiment_gg, 15). Thus in a
preparation of l1-benzyl 2-n-butylhydrazine hydrochloride a mixture
of butyraldehyde and venzylhydrazine was treated with diborane in
the usual manner and the resulting solution divided into four parts.
The first aliquot was treated with excess dry HC1l gas to give
l=benzyl 2-n-butylhydrazine as a mixture of mono~.and di~hydrochlorides.
The second portion was diluted with dry solvent and dry HCl gas passed
slowly into the stirred solution. This also gave a mixture of mono-
and di-hydrochlorides.
The third and fourth portions were treated with concentrated
r;ulphuric acid and glacial acetic acid respectively. The former gave
only an intractable tar and the latier gave no solid product.
1,2~disubstituted hydrazines containing a tert-butyl group are
rare. Cleavage of 1,2-di-tert-butyldiaziridone has provided150
1,2—di1§g£37butylhydrazine, but the literature contains no other
reference to this class of compound. Three routes to 1-benzyl
27§§£Erbutylhydrazine were investigated :—
1. Diborane reduction of benzaldehyde terv-butylhydrazine
hydrochloride
2. Addition of trimethylboron to acetone benzylhydrazone and

3. Condensation-reduction of tert-butylhydrazine and benzaldehyde.
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Benzaldehyde teri-butylhydrazone hydrochloride was reedily

prepared (dxoeﬂlLenuwgo. 2C) by treatment of an agueous solution of
tert-butylhydrazine oxalaile with strong base, followved by addition of
acetic acid to neutrality and then addition of benzaldehyde.
wxtraction of the solution with ether and saturation of the dried
extracts with HECl ges gave the recuired hydrazone hydrochloride in
50;. yield. Treatment of a suspension of benzaldehyde tert-
butylhydrazone hydrochloride in dry diglyme with diborane failed *o
bring about any reduciion. The only isolated so0lid was stariing
naterial (6Q. ), (ixperiment No. 21).

Trimethylboron might be expected to add to a hydrazone in a

manner similsar to alkyl 1lithium :-

B+ (CH7 C=N-NH-R

(CH3) s

———y (CH._,) . c—m —H-R
J
E (cH

3
3

(CH )5C-1 ~NE-KH-R

To test this possibility trimethylboron, prepared by the me thod

o

182 . . ; ,
described by Brown, ©e wes passed into o solution of acetone
benzylhydrazone in diglyme at ambient temperature. Subsequent

passage of HC1l gas gave only benzylhydrazine hydrochloride

16
166
(axveriment NO. 25a). Tert-but tylhydrazine is reported

: 2 - A Bag 3 A E . 4
eliminating the terf-butyl group in the prescnce of acid. It was thus

i that i irazi ha 1 formed, but that
possible that the recuired hydrazine had beer formed, 5
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decomposition had . S,
ecomposition had occcurred during the Pessage of HC1. Repetition

-1 vt 1 o - . .
of the exzperiment using an identical procedure, except that %he

solution was kept below 0°C during the passage of HCl, also resulied
in formetion of benzylhydrazine hydrochloride (Experiment_EQL 25b).
The use of two mole equivalents of diborane in ‘the
condensation~reduction of tert-butylhydrazine end benzaldehyde did
not result in reduction to the 1,2-disubstituted hydrazine. The only
isolated product was benzaldehyde tert-butylhydrazine hydrochloride
(Experiment_ﬁgf 2%a) . 28 noted earlier (page33 ) the teri-
butylhydrazine contained a high proportion of water and it seemed
likely that most of the diborane reacted with this. #ith this in
mind the reduction was repeated using a larger excess (four mole
equivalent) of diborane. “his ftechnicue geve a hish yield of
1-benzyl 2-tert-butylhydrazine monohydrochloride (sxperiment No. 2%b).
Similarly condensation-reduction of ‘'crude' teri-butylhydrazine and
acetone, using four moles of diborane, gave l-iso=-propyl z-tert-

butylhydrazine monohydrochloride ( Zxperiment No. 24).

1. B.H i
v 26 S )
Bu —Nh—hhz + R—?=O E:uﬁﬁff__“* Bu ﬁhu~hh—??—R HC1
R' R
R = Ph, He
' -
R = Ph, He

fhe condensation-reduction procedure was also found to be

' 44 £ —di tituz drazires with
appliceble to the preparation oI 1,2-disubstituted hydrazi
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. e o 5 1 1
the same group on both nitrogens, i.e. via

16b 81’1(_'}_ 17):..

A
, R H'/diglyme or R R
- TH. <1 - 3 N g
/C O + ITI{2 A.i.2 . . 7 C:_’N --” ;;{:
. tetrahydrofuran 17 Nt
R R i IN
1 &
| 32L6
% 2. HC1
R = Ve, Ph. v
. R-CH-NH-NH-CH-R-HC1
»'= le, 1. | |
R' R'

Direct application of the condensation-reduction method to the

synthesis of monosubstituted hydrazines was not found to be pessible.

5]

thus slow addition of acetone (1 mole) %o hydrazine hydrate (1 wmole)
in a large excess of tetrahydrofuran solvent followed by passage of
diborane gave, on saturation with dry HCl gas, a mixture of
iso-propylhydrazine hydrochloride and 1,2=di-igo-propylhydrazine
hydrochlovide, with the latter compound &s the major component.
(Experiment;ggf 25).  When the acetcne was replaced by benzaldehyde
only 1,2-dibenzylhydrazine hydrochloride was obtained.
(Experiment_gg. 27).

Reduction of the isolated hydrazone with diborane would avpear
to be possible. Thus benzaldehyde hydrazone was reduced %0

. - . Tlagen 1 4 7T C_f“.
benzylhydrazine in 605 yield (iixperiment Xo. 28,.
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Extensi £ % : . o L
ion of the reaction to trisubstituted hydrazines

has also been possible (Experiment Nos. 29 and 30) :-

R E+/ 7. H.F Rl
“\' T \ L] ]
(ie) NE, + L0 (Me)ZN-Nzc/
R Ny
! |
3 /R 1. B2H6 /R
(Me)zN—I\J=C\ —_— (Me)ZN-\?HGH
2. H AN
R cl 2
R = e, Pro

R = le, H

The 1,1-dimethyl 2-n-butylhydrazine did not form a
crystalline hydrochloride and attempts 1o isolate the free base

resulted in decomposition, hence evidence for its formation is

spectral only.

~

The various hydrazines prepared are sunmerised in Table II.
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Hydrazines prepared by diborane reduction of hydrazones

Aldehyde/ketone Hydrazine  Diborane. Product?

(mol.) (crude yield)
neNHNH,  (1.1g.)  PnCHO (2.4g.) 1 HeNENHCH,Ph  (3.1g.)
MeWHNH,  (1.7g.) PHCHO (2.4g.) 2 1:eNHNHCH, Ph (3.12.)
PLCHNHMH, (3.3g.) MecHO (2.4g.) 2 EtNHIVHCH, Ph (1.8¢.)
PhCHNHIUH, (1.4g.) EiCHO (3.02.) 2 Pr NINICH,Ph  (2.8g.)
PhCH NENH, (2.4g.) le,CO (1.2g.) 2 Pr'NHNECH,Ph  (2.6¢.)
PHCHNHVH, (3.0g.) PrcHO (1.8g.) 2 Bu NHFHCE,Ph  (2.9g.)
PhCH,NHVE,, (4.4g.) PhcHO (3.9g.) 2 PhCH, NHNHCH,Ph (4.2g.)'3
NH,NH, .H,0 (1.2g.) PhcHO (5.0g.) 4 PhCH,NENHCE, Fh (2.8g.)
NH NH,, .I1,0 (1.7g.)  Me,00 (4.2g.) 4 ProNENEPT (4.1g.)
ButNEI\THQ (4.5¢.) PhcHO (5.48.) 4 ButNHNHCHzPh (10.3g.)3
ButquH2 (3.8g.) lLeyco (2. 5g.) 4 Bu VHNEPr®. (3.53.)3
Me NIH, (2.4g.) lie,CO (2.4g.) 2 1v1e2N-NH-Pri (4.2&0;.)3
le, NiTH,, (1.2g.) Procuo (1.5g.) 2 MeZN—NH-Bun (-) 4

Ph-CH=N-TH-¥e (2.9g.) 2 MelNHNHCH, Ph (3.8¢.) 2
Ph—CE=I-NH (7.5¢.) 2 PhCHNHVH,, (5.8¢.)°

2

Calculation assumes only one proton is available for reduction.

—_

2 As a mixture of mono- and dihydrochlorides.
3  Mainly monohydrochloride.

4 Hydrochloride was not isolated.

i

Prepared by reduction. of igolated hydrazone.
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Mechanism of the reaction.

In the reduction of oximes with diborane ieuer and his

92 . .
co-workers”  isolated a boron containing intermediate and suggested

the following mechanism for the reaction: —

(®) Bi,
R C = ]\T’OH [ f = R g P,
< - (R),C = N-C-BH, + H,
A
BH . (4)
(4) ——— |(R),C = IlI—OBHZ ~—————> (R) ,CH-N-OBH,,
H-BH ]
: 2 I BB2
(B)
B or 0~
(B) > (R),CH-ROH.

Feuer gﬁ.g;_suggest92 that the compounds (A) and (B) are probably
polymeric in nature.

A similar intermediate has been obtained in the condensation-
reduction of methylhydrazine and benzaldehyde (Experiment‘ﬁgf 8c).
The material obtained by stopping the reaction at the halfway stage
appeared to be a mixture of two components. The major component was
an involatile boron-containing material, (presence of boron shown by
'flame-tesi'; Bxperiment Ko. 8¢.). Passage of HCl gas into a suspension

of the intermediate in dry tetrahydrofuran gave the expected

1-benzyl 2-methylhydrazine hydrochloride.




Anelysis gives the approximate co it
5 a Lposit: S Cgh I Z
position as (8H14B2N20 .

& [ [~ o - 5 PR .
Spectral date suggests thet the majior component hag the formula :--

21-20 .

D
B(0H),
Ph—CH2—N—N—CH3.2H2Q.

B(0H),

Thus the i.r. spectrum shows a broad peak 3500-27C0 em.”".
(B(OH)Z-hydrogen bonded), a strong broad peak 1475-1370 (aromatiics and
B—O) and two strong sharp peaks at 695 cm.-1 and 78C cm."1 (aromatics).
¥.m.r. data on the intermediate are given in Table IIT. Discussion of
the side~product is deferred until the next section.

Table IIX

N.n.r. data for boron intermediate.

Solvent and

Spectrometer used. T Interpretation.
( 2.5 aromatic protons.
DEO (
( 5.9 benzylic protons of boro-adduct.
(Perkin-Elmer R10). (
( 7.1 side product.
E T.24 CH3 of boro-adduct.

Dimethyl Sulphoxide 2.53 aromatics of side product.

2.6 aromatics of boro-adduct.

(Perkin—Elmer R.14). B—(OH)2—br0ad.

|

5.45 side product.

PTNTN NN TN TINSTIN TN N
o)
L]
™
-
Ul
L ]
N

5.9 benzylic protons of boro-adduct.
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Deterninati 1t . . : S .
on of the molecular weight of the intermediate by

's liethod. (d . B
Rast's liethod, (depression of m.p. of camphor), gave a value between

188 and 225. Hence the isolated material is not polymeric, but as
e
PP | i " s : 5
sugges ted by Feuer and his co-workers the intermediate may be.

A possible mechanism for the reduction of hydrazones with

diborane is outlined below :-

¢ Ph-CHO [ \ -
MeNHNH2 *E—“Eﬁf——“# He~-NH-=CH~Ph ~————————>Me—NH~N-CH2-Ph
-3 [ 7 l
HB-H
B : | BH,
(1)
BH, B,
(1) +  Me-N - N-CH,-Ph
{
BH,
(11)
HCl
(11) y Me=NH-NH-CH,~Ph+HC1

g2
. . ! 1 S .
This mechanism is similar to that proposead, by Feuer and his

co-workers, for the reduction of oximes, but initial attack of diborene
at “he carbon-nitrogen bond, rather than the substituted nitrogen, 1is

suggested. This is not unreasonable in the light of the work of Ioffe

Y

and his co-workers,ij which suggests that the initial point of diborane

attack may vary with the structure of the substrate. Intermediate (1)

can be used 4o rationalize the formation of the side product (see page 53).
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The intermediate Ph-CH2-NB(0H)2—NB(0H)2—Le-2H2O was isolated

i thout ~ ’ L B ‘
W any speclal precautions, hence its formaiion by hydrolysis of

intermediate (II) is quite reasonable.

The preparation of diaziridines.

As described in the last section a boron-containing inter-
nediate was isolated during the course of the condensation-diborane-
reduction of methylhydrazine and benzaldehyde which contained a small
sanount of a more volatile material., Although the boron-intermediate
was too involatile to give a mass spectrum the side-product gave a
high mass peak at m/e 224 and fairly intense peaks at m/e 209, n/e 91,
m/e 65 and m/e 39. Accurate mass measurement gives the formula of the
m/e 224 peak as C15H16N2. The loss of fifteen mass units suggests
cleavage of a metlhyl group and the m/e 01, 65 and 39 peaks suggest a
benzylic group.

The mass spectral and n.m.r. data indicate that the side
product is 1-benzyl 2-methyl 3-phenyldiaziridine.  The n.m.r. data
(Table III) for the side-product cen be rationalized thus :~ for the
spectrum in DZO‘f 7.1 (CH, of diaziridine) and for the spectrum in

3

dimethyl sulphoxide T 2.53 (aromatics of diaziridine) and T 5.45

(venzylic protons of diaziridine).
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L feasible ne i
4 scha T ¢ ) i i :
nism for the formation of the diaziridine is

suggested below -

Ph~CH,, -l -1l FACHO
2 —HH-CH 5 PheCH,—N—H—CH;
. fn |
H,B H.B.:0-C-H
, 27
(1) H DPh
(c)
Ph~CH X \
1=CH =N =N ~CH ‘- Ph-CH el el =C
/\/ 0
HB  CH H,B-0-C-H
v gl
CH Th Fh

() (D)

Ph-CH, N~—N-CH, + H,B-0H
2y, 0 2
CH
i
Ph

Initial attack of benzaldehyde on intermediate (1) produces

the carbanolamine (€). The hydroxyl group is labilized by co-ordiration

of the oxygen lone pairs with the boron atom and internal nucleophilic

attack (D) gives the quaterrary nitrogen of compouvnd (E). Loss of

HQBOH then produces the diaziridine.

This reaction is of great interest. Thus, if the mechanism

outlined is correct, then the use of excess aldehyde should lead to




an increased yield o ioziridi L . :
y f the diaziridine. Hence the reaction is potentially

. ] s N - . \
a simple one-step method of synthesising diaziridines.

_ BH3
R-NH-NH, + 2R.CHO ~—rnr-Z—"s R,-CH,-N—I-R
2 l 1 2\
cH
(
Ry
lMethods of synthesis and properties of diaziridines have been

143,183

reviewed. The more common routes to diaziridines (reaction of

chloramine, substituted chloramines or hydroxylamine~0-sulphonic acid
with Schiff bases) have already been noted (page 25). Reaction with

hydroxylamine-0-sulphonic acid appears to be the most successful method,
A
giving yields of 50-80p% 43

As N-substituted hydroxylamine-@—sulphonic acids and N-substituted
chloramines have to be prepared separately the synthesis of diaziridines
with three different groups attached to the ring is rather lengthy.

The possible route outlined above offers a convenient method for the
synthesis of these compounds. In further extension of the method the

. . - . )
use of 'mixed' aldehydes, oY ketones, with diborane and a hydrazine offers

u

a simple route to any desired diaziridine 1.e :-

1. BH o

R-NH-NH, + R{CHO s s RAN——TN-CH,-Ry
2. R,CHO \ /

CH

i

.




It is also noteworthy that the suggested mechanism for the
formation of the diaziridine involves the use of boron to co-ordinate
with the lone-pair of the hydroxyl oxygen. This method of labilizing
the hydroxyl group may be applicable to other cyclization reactions.

To examine the formation of the diaziridine further the
condensation-diborane~reduction of a mixture of benzaldehyde and
methylhydrazine was repeated using a 2:1 mole equivalent of benzaldehyde
to methylhydrazine. ifter passage of diborane the soluiion was treated
with strong sodium hydroxide solution to give two layers. The upper
layer was extracted with ether, Evaporation of the extracts produced
a golden yellow oil. When = small sample of this o0il was warmed with
acidified potassium iodide in the presence of copper sulphate iodine was
produced. This is a reasction which is cheracteristic of diaziridines.163
Accurate mass measurement of the molecular ion (m/e 224) in the compounds
mass spectrum gave the formula C15H16N2. The n.m.T. date is consistent
with the diaziridine structure (see Experiment Fo. 31). The crude
yield was approximately 60%, but attempts to distil the compound, at
reduced pressure, resulted in a large degree of decomposition.

Similar condensations using two moles of propionaldehyde, or
two moles of eacetone, with methylhydrazine gave mixtures of producis,
but spectral data did not indicate the presence of the appropriate
diaziridine. (HExperiments Hos. 32 and 33). The faeilure of ‘these

reactions may be due to one of iwo causes :-

[
0]

1. Non-formaiion of the corbanolamire(C). The initial site




of diborane attack or a hydrazone may vary with the structure of the
hydrazone . If initial atiack occurs at the sailurated niitrogen-atom
then further formation of a carbonolamine will be blocked. The

- -1y . - . N
presence of broad bands (35CC cm ) in the i.r. spectra of the productis
from the reaction of both aceione and propionaldehyde suggesti that the
aldehydes have, at leasst in part, been converted to the corresponding

alcohols, i.e. condensstion to the carbonolzmine did not occur.

2. Cyclization of the intermediate may not have occurred cven
if 1t was formed. The benzylic structure may bc necessary to labilize
the hydroxy group.

An attempt was also made to prepare 1-methyl 2-n~propyl

2

Zwbenzyldiaziridine which constituted a test of point 2. above. Thug
nethylhydrazine (1 mole) and propionaldehyde (1 mole) were conderced,
in dry tetrahydrofuran, in the presence of a few spots of glacial acetic
acid. Benzaldehyde (1 mole) was then added and diborane passed into the
resulting mixzture (Experiment No. 34).

The product appeared 0 be a mixture of compounds and did not
release iodine when heated with acidified potassium iodide in the
presence of copper sulphate. ‘"he mass spectrum shows peaks up to m/e 253.
Pesks at m/e 176 and 174 peak-match to the formulae Ci1Eq 40 and C11H14N2
respectively, but n.m.r. data does not indicate the presence of a
diaziridine, at least not in large amounts.

These experimentis were Very exploratory in nature and have not

been repeated. Hence the reaction requires a great deal more

R e R
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investigation, but may prove a useful prepsration of diaziridines.

Limitations to the diborane reduction of hydrazoncs.

Attempts to prepare 1-benzyl 2-phenylhydrazine by the
condensation-reduction of benzaldehyde and phenylhydrazine have met

with consistent failure (Experiment No. 18a). The only material

isolated from these reactions was a dark—-green solid the exact
composition of which has not been determined. This material is also
obtained when a mixture of benzaldehyde and phenylhydrazine, in dry
ether, is saturated with HC1l gas, hence it would appear that diborane
is failing to reduce the intermediate hydrazone.

184

Diborane atiacks as a Lewis acid, In compounds, such as acid
chlorides the strongly electronegative chlorine reduces the basicity of

the carbonyl oxygen and the intermediate boro-adduct is not very stable.

Hence in the equation below the equilibrium lies to the left and compounds

. . 184,18
such as acid chlorides are resistant to reduction by diborane 4,185 $-
Cl C1l *
! I 5 -
— e — = ¢
-C=0 + BH5 —. -C 4] BH3

In a similar manner the equilibrium between diborane and
benzaldehyde phenylhydrazone may lie to the left and hence no reduction

occurs :- + -
Ph - C =N: + BH “—=—— Ph ~ C =N: BH
H  NH H  NH
i !
Ph Ph
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Sodium borohydride attacks as a Lewis base189 and this reagent
rapidly reduces acid chlorides. In analogy sodium borohydride might
be expected to reduce hydrazones of the type R-CH=N-NH-R,, where R and
R, are electron~withdrawing groups. It is thus of interest that Nulu
and Nematollshi have reported86 that imidazolecarboxyhydrazones are not
reduced by diborane, but that reduction with sodium borohydride gives
good yields of the corresponding hydrazines.

Other report395-97 of the non-reduction of hydrazones by diborane
have all involved attempts to reduce hydrazones bearing an aromatic group
on the saturated nitrogen. It is thus likely that compounds of the type
R=CH=N-NH-Ph are not amenable to reduction with diborane.

Some care must be taken in choosing the hydrazine and aldehyde,
or ketone, when attempting to prepare a particular hydrazine by the
condensation~reduction procedure. For example the yield of 1-benzyl
2-ethylhydrazine hydrochloride (Experiment No. 11) was rather lower than
the yields observed in the preparation of other 1=benzyl 2-zlkylhydrazines.
The method used involved the condensation-reduction of benzylhydrazine
and acetaldehyde. Acetaldehyde is very volatile and the condensation
reaction is rather exothcrmic, hence losses of acetaldehyde may be quite
large. This will necessarily reduce the overall yield of hydrazine.
Better yields of T-benzyl 2-alkylhydrazine might be obtained by

condensation-reduction of ethylhydrazine and benzaldehyde.
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Similarly 1-methyl 2-alkylhydrazines are probably best prepared
by the condensation-reduction of methylhydrazine and the appropriate
aldehyde (9;5' Experiment No. ). Their preparation by the
condensation-reduction of formaldehyde and an hydrazine might give
rather lower yields. Thus losses would occur because of the volatility
of formaldehyde and the use of formalin solution is prohibited by the
large percentage of water present. Water will both cut down the

efficiency of the condensation and react with diborane.

" N T — s T s
. e —_—— o R e 5
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Fhysical Properties.

The physical chemistry of hydrazines is of special interest

because of the close proximity of the unshared electron pairs. This has

186
been suggested ° as the cause of the abnormally large spacing of the N-I

2

stretching frequencies observed in the i.r. spectra of hydrazines and was

(o]

e , . . .
thought to accoun’ for the increased nucleophilic character of the
hydrazines compared to the zmines, (the tw —effect!). It has recently
18 . . . .

been suggested, however, that in compounds such as hydraszine and

. . . . . . )
hydroxylamine, the preferred conformetion is such as to uinimise pY/-p//
overlap, hence the increased nucleophilicity of these compounds is not due

to an 'WK-effect', but aivises from some other cause. In the particular

case of the hydrozamic acids the apperent increase in nucleophilicity

(e}
p

appears to be due to intermoleculsr catalysis.
The conformetion of hydrazines is also of interest. Yuch recent
work has been devoted to low temperature n.m.r. studies. The results have
. 1190-193 N a4 s as e A T 1
been discussed in terms of restricted rotation about the N-N bond
and slow nitrogen inversion.
In the present work the i.r. spectiroscopy has been found to be
particularly useful for distinguishing the isomeric disubstituted
ines ' o4 51) ‘ ral frasmentation patterns for &
hydrazines (page 61 ). The mass spectral fragmentalion patterns lor a
L 2 5 : 195 cai T 1=-benzyl
series of mono—subs tituted hydrazines, a series o —-benzy
. 196 e . X
2-alkylhydrazines, some 1-benzoyl 2-alkylhydrazines, SOL€
1,1=digubstituted hydrazines and some ipisubstituted hydrazines are

presented (page 68 ) and n.m.r. C—values for varicus groups, bonded to the

nitrogen are given (pege 121).
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1. Infra=-red Spectrs

In general the infra-red of alkylhydrazines resembles those of

157,198

amines in the ¥-H siretching and bending regions. The hydrazines

show, however, a larger spacing; of the H-H stretching bands, a fact
which has recently been interpreted in terms of the close proximity of
the unshared electron pairs.

The prepared 1,2-disubstituted hydrazine hydrochlorides give
infra-red spectra characterised by a strong single band in the range

= -1 . .
3190-3220 cm. , (Table V). The consiant nature of this band makes

infrae-red a quick and simple technique for distinguishing isomeric

—

10
disubstituted hydrazines as salts. 79

The isomeric disubstituted hydrazines are generally distinguished
. . 13,199 i . e -
by catalytic hydrogenation, or by their differing reactivity towards
1 .
carbonyl compounds. 6 The methods are tedious and the latter may give
1
unexpected results.
. . . R . . 200
Bls(organ051lyl)hydr321nes have been distinguished by n.m.r.
the N-H protons of the 1,1-isomer are equivalent and give a singlet, but
the 1,2-isomer gives two resonance signals. 7he method is inapplicable
to 1,2-isomers with the same group on each nitrogen and the width and
lack of fine structure201’202 of the N-H resoneance reduces the methods
general usefulness.
Isomeric bis(organosilyl)hydrazines have also been distinguished
by examining the N-H stretching, (V—NH), bands in the i.r. spectra of the

free bases.zoo The frequency shift between the symmetric and anti-

N e T e A AT AT YRS
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symnetric ¥ ~NE bands for the 1,l-isomer is very constant, (7686 cm.—1),
but the corresponding shift for the 1,2-isomer is small, (epprox. 23 cm.—1l
and may not be observed. The method suffers from a number of drawbacks.
Free hydrazines are unpleasant to handle, easily oxidised and
difficult to free from residual water. Oxidation has been shown to be

203

responsible for discrepancies in the i.r. spectrum of a hydrazine and
residual water mekes observation of the important region above 3100 cm._1
rather difficult. More important, however, is the fact that 1,2~dialkyl-
hydrazines show a much larger shift than the 23 cm."1 observed in the
bis(organosilyl)hydrazines. For example gaseous 1,2-dimethylhydrazine
shows a shift of 117 cm."1 and solid 1,2-diphenylhydrazine a shift of

66 cm.-1. The corresponding 1,1-isomers show shifts of 181 cm._‘l and

122 cm."1 respectively,186 hence spectra of both isomers must be compared
before unambiguous structural assignments can be made.

Pariial deuteration of primary amino groups has been usedzo4 to
classify the structures of jsomeric disubstituted ureas. The technigue
could be applied to the isomeric hydrazines, but is rather tedious.

Evans and Kynaston197 have developed an elegant method of
determining the site of protonation of a substituted hydrazine salt.

This can be extended to give a general method of distinguishing isomeric
hydrazines as stable salts.

Mono salts of 1,1-disubstituted hydrazines will have either

structure (I) or (II): -




R 4 RO+
STHTH, X CH-NH, LA
R R 7
(1) (11)

+ *
The NH and NH3 moieties do not show strong vy - bends above

-1 205,206 ;
25 (see Table IV for examples). Hence structure (I) will

%10C cm.
show the typical symmetric and antisymmetric VN-H bands, above 3100 cm.~1,
of the primery emino group and siruciure (I1) will show no strong bands in
this region.

Kono-salts of 1,2-disubstituted hydrazines will have either

structure (ITIa) or structure (IIIb) :-

+ o - TT ;}‘;- T <~
R—l\:Hz—i.‘n—R1 X R-'I\'I'[—l‘;llz-:x1 ok
(IITa) (1IIb)

-
- 5,206 . -1
NH2 does not2OJ’2G6 ebsorb above 310C cu. (see Table 1V), hence

either structure will show only one strong ¥ N-H band.

; Teble IV
i 205,2
y N-H bands for various compounds 05,206
Compound Hichest strong, Assignment
@mmmﬁon(wu”)
+
Amino-acids 3100 ~NH3
+ . i
NeNHB-Cl 3075 *NHB
+ . s
(Lo)2NH2-01 2265 JVE,
s
(Ph) W, .C1 2755 STH,
, + - _ .
(Ee)BNH.Cl 2735 >NH
_‘.

+ - B
(Et)BNH.Cl 2540 ATE
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1,1-disubs tituted hydrazine salts thus show two or no strong
v N-H bands and the corresponding 1,2-disubstituted hydrazine salts
will show one VY N~H band. Table V illustrates this difference.

Di-salts of 1,2-disubstituted hydrazines, structure (Iv) :=
+ o+ - ,
R-NH,-NH,-R,-2X~  (IV)

like structure (II)will not show
-1
bands above 3100 cm. (see Table V). Structure (II) only occurs,
Q
however, when electron-withdrawing groups are present.1‘7 With these

conditions the 1,2-isomer is not likely to form a di-salt.




(o)
i

Table V.
+
N~ bands in isomeric disubstituted hydrazine salts.
Compound (i-#) (above 3,100 cm.‘1) Struciural Type
(eI )t - (COLH) 3240(s) 3130(s) (1)
. 1
(CH3)2N-NH2.HCI o1 3290(s) 3151 (s) (1)
CH3~NH—NH—CH3.ZHC1 — (17)
(Bt) N-H,.(COH), 3250(s) 3120(s) (1)
E t-H-NE-E t.H01°07 3205(s) (111)
i 16
(Prl)ZN—NHZ.H01 o1 5260(s) 3150(s) (1)
PrTNH-NH~Pr . HC1 3195(s) (111)
CHB-NH-NH—CHZ—Ph.HCI %200(s) (111)
CHB-NH—NH—CHz—Ph.2H01 — (1v)
Et-WH-WH~CH,-Ph.HC1 5200(s) (111)
prNH-NE-CH,~Ph.HC1 3206(s) (111)
Pri—NH—KH—Cﬂg-Ph.H01 3190(s) (111)
Bu'-NE-I'H~CE,~Ph.HC1 3200(s) (111)
Bu# 45
-3, .HC1 3320(s) 3230(s) 3170(s) (1)
e
But—QH-NH-CHZ-Ph.HCl 3200(s) (111)
Ph-CH ,~NH~}H-CH,~Ph.HC1 5195(s) (111)
< %
. (11)
(Ph)zm—hH2.HCl
Buu
[y —
\N-NHz.HC12) 5220( =) 5120(x) (1)
/
neo-pentyl
B PE-H-Prt HCL 3220(s) (111)
s = strong m = medium ‘o
# weal band at 3158 Cm-"1s o1
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2o lass Spectra.

Introduction.

Electron-induced fragmentation studies of hydrazines are limited

. 208, 209 | 1
to hydrazine,” ™’ Cetraphenylhydrazine,2 O the methylhydrazines,21o’212
: troohenylhvd .o213 _ 1 . 214
nitrophenylhydrazines and some l-toluene-p-sulphonyl-l -acylhydrazines.
Mass spectrometric examination of the photo-ionisation of hydrazine,215_217
. 215 .
benzylhydrazine, methylhydraz1ne216’217 and some 1,1—disubstituted
215,217

hydrazines; hag been reported. Detailed fragmentation patterns

have only been worked-out for the nitrophenylhydrazines.219

The mass spectra of many organic compounds containing two liniced
- . 218 .

nitrogen atoms have been examined. Fost of these, for example
hydrazones and azines, contain carbon-nitrogen, or other, double-bonds.
The presence of unsaturation has great influence on the mass spectral
fragmentation modes of these compounds, hence direct analogy with the
fully saturated hydrazine derivatives is impossible.

liass spectral fragmentation of amines has received detailed

. - 218—‘222 . . . 0 K ,t 49 il v oo

examination. As will be indicated later in the text ine amines
and hydrazines show very similar effects in their mass spectra.

The limited &vailable information on the mass spectrometry of

hydrazines will be discussed further at appropriate points in the text.




o tes W termi i oy ! :
liotes on the determination and presentation of ‘the specira.

Unless otherwise stated all the spectra were determined on an
AT, HeS.9 spectrometer at a source temperature of 25000. and electron
energies of 70 e.v. Liguids were inserted via the "hot-box" and solids

on the direct-inlet probe.

The spectra are presented as bar graphs, plotting relative

o)

2bundance (R.A.), V8. m/e. The spectra are not all drawn vo the same
scale, but when direct comparisons are made the appropriate spectira are
drawvn to the same scale.

For comparative purposes it has been necessary in some spectra to

i

extend peaks above the arbitrary R.4. 10Cs% base peal. This has been

indicated by placing an arrow-head on top of the approvriate bar and
writing the R.A. in brackets beside it.  Peaks of R.A. less than 5 are
only considerved if they are of special significance.

Transitions observed with an appropriate metastable peak are
indicated by the symbol * or m. The symbol * indicates that the
metastable is observed in the spectrum; the symbol m indicates that the

. . . 22
metastable has been found by the metasteble-defocusing technique.

Ll

Tor the saoke of clarity only metestables obscrved in the spectira are
drawn on the figures.

Ccalculated and measured masses for verious ions are given in
Appendix 1. Appendix 2 gives calculated and observed values Tor

netastables and the transition from which they &arise.
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comparison of the mass spectre of hydrazine fres bases and hydrazing salle.

. s g - . Do .
The stability and availability of hydrazine scolis wmakes them

o2 +t active o . e i ) . ..
more attractive for spectiral studies than the velatively vnstable free

o
bl b

hbases. The mass spectrum of aniline has been reported 4 45 showing

[0}

little ¢ifference %o the spectrum of sniline hycrochloride above m/e 40,
but hydrazines snd hydrazire salts have not previously been compared.
Tert~butylhydrazine, iert~butylhydrazine hydrochloride and
terg-butylhydrazine oxalate, (Figs. 14, 15 =nd 16 respectively; pag
give qualitively similar spectra, with only small quantitative
differences,
i1 th me chylhydrazine, (Eig: 2), and methylhydrazine hydrochloride,

(rig. 3}, the quantitative diffevences are rathcr more prenounced, but

()

the spectra are siill qualitatively the same. Iethylhydrazine oxalate,

iz 5 ; . " ey \ . .
{fMige. 4), and methylhydrazine sulphate, (Elv. 6), give spectra dominated

by fragments frow the sslt moiety.  This was found to be generally tirue

for +the sulphates and hence oxalates and hydrochlorides were used for

(Note :— Figs. 2 to 6 are shown on page 69).
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The oxalate moiety (compare oxalic acid, Fig. 5), gives intense
peaks (m/e 46, 45 and 44, in a region containing important fragments
from the hydrazine. Examination of high resolutfion spectra enables the
removal of peaks due to the oxzaelate moiety. The spectra of ethylhydrazine
oxalate (E}g, 10; page 77), n-propylhydrazine oxalate (Eié: 11; page 77),
iso-propylhydrazine oxalste (rig. 12; page 78) and n-butylhydrazine oxalate
(EEEB 1%; page 78) have been corrected in this fashion. Yhere comparison
hes been drawn between ihe hydrazine oxalate and the free base the spectra
have not been corrected, bui examination of the appropriate spectra (g;gL
tert-butylhydrazine, Fig. 14, page 8! and tert-butylhydrazine oxalate,
Mig. 16, page 81 ), clearly indicates the oxalate molety as the source of
the m/e 44~46 peaks.

The hydrochlorides give peaks in a region which does not contain
important fragments from the hydrazines. Thus the peaks at m/e 35
(BSCL), n/e 36(H3501), n/e 37 (37Cl> and m/e %2 (H37Cl) are not included
in figures showing hydrazine hydrochlorides.

Comparison of the mass spectra of 1,2-dinethylhydrazine (2§§3 23;
page 101) and 1,2~dine thylhydrazine dihydrochloride (Fig. 24; page1o1) and
1, 1~dimethylhydrazine (Fig. 31; pege 116) and 1,1-dimethylhydrazine oxalate
(rig, %2; page 116) also indicate that the spectra of the free bases and
the salts are qualitatively similar.

i azi benzyll i vdrochloride end
The spectra of benzylhydrazine, penzylhydrazine hydrochl

i Tig and 9 T tively; page 71) show more
benzylhydrazine oxalate (Elgs. 7, 8 and 9 respect NEER

/4 / .
r 1 di arti ar ‘n +the peaks m/e 120, w/e 107-1C3 and
pronounced differences; pulblculully in ¢ pea /

n/e 79-74.
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CCHD—CH=LH2, Ul ~CH=I 2nd CGHS—CEN for the pesls at w/e 107, 106, 105
The lower masses in the spectra of benzythydrazire
salts are not inconsistent with the known fragmentation of benzylamine
(m/e 107) and phenylcyanide (/e 103), hence the structures given above
For *the m/e 107-103 peaks are reasonable. The peaks m/e 107-103 do no%
appear to arise, however, by eleciron bombordment induced fragmentation
of benzylhydrazine hydrochloride. Loss of the ~NH~ moiety from the
molecular ion would be a most unusual process and it is unlikely that the
benzylhydrazine salts would differ in such a maerked fashion from the free
hase. There is no indication of a (M—EH) veak in the spectra of any of
the other hydrazines, nor has this been noted by other workers.

“he intensiiies of the m/e 107-103 pesks increase with the lime
the hydrochloride is allowed to remain on the probe. This weuld indicate
that they arise eifher by thermolysis, or from an impurity of lower
volatility than benszylhydrazine hydrochloride.

Benzylhydrazine was prepared by the benzylation of hydrazine
(Experimentuﬁg: 9) and the hydrochloride precipitated by passing dry HC1
gas into an ethereal solution of benzylhydrazine. Benzylhydrazine

~

hydrochloride was &lso prepared directly by the diborsne reduction of
benzaldehyde hydrazone (Experiment Jo. 28). 1,1-dibenzylhydrazine
hydrochloride may be expected as a contaminant in the first method and

1,2~dibenzylhydrazine hydrochloride in +he second. Samples prepared by

i & £ recy +alli >
either route show similar mass spectra and the degree ot recrystallization

has 1ittle effect on them.
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Use of the metlastable defocusing technique to examine metastable
transitions in the field free region does not reveal a source for the
peaks m/e 106-103, but the m/e 107 peak apparently arises by the transition
13532'107. 4 small peak, (R.A. 1%), occurs at m/e 135 in the spectrum of
benzylhydrazine hydrochloride and in 1,2-dibenzylhydrazine hydrochloride,
(R.A. 455 Fig. 22). Benzylhydrazine hydrochloride does not, however,
show a peak at m/e 212, although this is quite intense, (R.A. 15%), in
1,2-dibenzylhydrazine hydrochloride, hence this impurity cannot explain
the observed spectra,

As both 1,1-dibenzylhydrazine and benzylemine itself are not
likely to be impurities in the diborane reduction of benzaldehyde
hydrazone these compounds are unlikely to be the source of the extra peaks.

Thermolysis of benzylhydrazine hydrochloride, (160°¢ for 30
minutes in vacuo), gives a mixture of solid and liquid products. The
pass spectrum of these products obtained via the "hot-box" shows major
peaks at m/e 120, 118, 85 and 83, whilst the spectrum obtained on the
probe shows additional intense peeks at m/e 107-103 and n/e 79-74.

The m/e 122 and m/e 91 peaks are greatly reduced.

The ratios of the abundances of the peaks 107, 106, 105, 104 and
103, for three sequential mass spectra of a sample of benzylhydrazine
hydrochloride are given with the same ratios for the thermolysis product,

(obtained on the direct inlet probe), in Table VI. The ratios are all

very similar.
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Table VI

Comparison of m/e 107-103 peaks in benzylhydrazine

hydrochloride and its thermolysis vroducts.

Compound Ratio m/e 107: 106: 105: 104: 103

C GHSCH2NHNH2 LHC1

(2 mins. on probe) 1.0:1.8:1.0:2.1:2.1
C6H5CH2NHNH2.HCl

(4 min. on probe) 1.0:1.8:1,0:2,1:2.1

8 T

C6H5CH2NHLH2.HC1

(10 min. on probe) 1,0:1.8:1.1:1.7:1.8

Thermolysis products

( on probe ) 1.0:2.1:1,0:1,3:2.0

The evidence thus suggests that the n/e 107-103 peaks in the mass
spectra of benzylhydrazine salts are of thermal origin. The changes in
passing from the free base to the salt may be due ito differences in
technique and temperatures of volatilisation.

As thermolysis may occur in the other salts only major

L |
transitions, accompanied by well defined metastable pesks are considered

in detail.




mhe mass spectra of monoalkylhydrazines.195

a. Straight-chain alkylhydrazines.

he @ s - N . Qe .
“he mass spectrs of primary amines are characterised21’ ee2 by

an intense peak at m/e 30, This peack is formed by an« ~-cleavage process:—
)’/\/ 4.

A " +
R-CH,=HH, - > CH,=WH,

m/e 0]

Similarly the mass spectra of the straight chain alkylhydrazines
le-NH-NH, (Fig. 2; page 69), Bt-NH-NI,. (COzH)2 (Pig. 10; page T7),
Prn—NH—NH2.(COZH)2 (Fig. 11, page T7), and Bu -NE-NH,-(COH), (Fig. 13;
page 78), are dominated by an intense m/e 45 peak formed by an« -cleavege

analogous to that occurring in the primary amines :-

e R CH,NEAE
R—CH2-NH4NH2 e e CHZ4RH4NH2
n/e 45

The alternative w—-cleavage of & proton :-

I
7Y+, +
R~CH-VE-ITE, —»  R-CH=NH-NH,
+
(") (1-1)

occurs to only & small extent. Loss of the C-H proton, rather than the

R [T A
N-H proton, is indicated by the sbsence of a (l-1) peak in the spectrun

y ‘nes 1 i -1/ (1
of teri-butylhydrazine. In analogy to the emines the ratio (H-1)/(k 2)

falls with increasing chain length. The ratio values for methyl, e thyl,
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iso-propyl, n-propyl arnd n-butyl hydrazines are 1.0, 0.054, 0.035, 0.023
and 0.0C7 respectively. The corresponding220 values for methyl, ethyl,
iso-propyl, n-propyl and n~butyl amines are 1.0, 0.2, 0.09, 0.03 and
0.001 respectively. The change reflects the increasing stability of
the leaving radical (R), with increasing chain length, compared to the
alternative loss of H.

In both ethylhydrazine and iso-propylhydrazine the competing
processes are loss of a methyl radical or loss of a hydrogen. Although
the energetics of the processes will be the same for both compounds the
ratio of (M~1)/(li-R) is greater for ethylhydrazine than for iso-propyl-
hydrazine., This difference is probably statistical in origin.
Ethylhydrazine has a choice of two protons to lose, but iso-propylhydrazine
has only one. The same argument applies to ethylamine and iso-
propylamine.

In further analogy with the primary amines the intensity of the
molecular ion, in the hydrazine spectra, falls with increasing chain
length. Thus for methyl, ethyl, n-propyl and n-butyl hydrazines the
R.4. of the molecular ion is 100%, 5T%, 20% and 12,5% respectively.

It is also noteworthy that the hydrazine salts give molecular
ions corresponding to the free bases and that - and ¥ -cleavages occur
to only a minor extent; (e.g. 59; R.A. 2.5%, in p-butylhydrazine

corresponds to a P-cleavage product.)
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b. w—branched monoalkyl hydrazines.

Lso-propylhydrazine oxalate (E}g: 12; page 78) and tert-butyl-
hydrazine, (E}g, 14; page 81), are representative of hydrazines with
branching at the w~carbon.

The dominant process occurring in the Tragmentation of

iso=~propylhydrazine is again an w~cleavage :~

CH3
or ik, — 0 onch
H3-Ch~ »Nh2 : > CH3~CHﬁNH~NH2
1',’, m/e 59

In analogy with the amines we would expect more complex «~branched
hydrazines lo show preferential loss of the larger «-group.

« —cleavage also occurs in lert-butylhydrazine, but the base pezak
(m/e 32) is formed by rearrangement of the molecular ion to"hydrazine”
(N2H4) (Scheme 1; page&Q). The m/e 32 is also fairly intense in the
spectrur of iso=-propylhydrazine and a similar fragmentation may be occurring
here, but an appropriate metastable peak has not been observed.

The «-cleavage product from tert~-butylhydrazine (m/e 73) shows an

interesting loss of ~NH- to give m/e 58. A similar fragmentetion appears

to occur in iso-propylhydrazine oxalate :=—
+

+
CHB-CH=NH~NH2 —_— 02H7N

n/ec 44
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and may occur in the other hydrazines. Arn appropriate metastable
has only been found, however, in the case of tert~butylhydrazine.
dith the alkylhydrazines cleavage of the C-X bond %o ogive the
alkyl carbonium ion, (compare benzylhydrazine below) :=—
/v
{4
+
R—NH-NH2 —— R

only occurs to any great extent in the case of isop-propylhydrazine and
.I.
tert-~butylhydrazine. The former yields the secondary ion (CHV)ch
e 2
- . . ) . , . - -{—
(m/e 435 Rak. 33.0;), and the latter the tertiary ion (CHY)OC (m/e 575
— 22

R.A. 38.Gw). This is in agreement with the generalizestion that

carbonium ion stability runs tertiery ) secondary } primary.
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c. Benzylhydrazine

The spectra of benzylhydrazine, benzylhydrazine hydrochloride

and benzyvlhydr y i
yvilnydrazine oxalate are shown in fes. 7, 8 and O, respectively,

(page 71).

m i
'he peaks m/e 107-103 and m/e 79-74, occurring in the salis

have already been discussed, (page 70).

Benzylhydrazine yields a small peak due 1o w~-cleavege :-

+e +

Ph—CHZ-NH-NH2 —_— CH2=NH—NH2

(m/e 455 Rehe 5.0 )

but the major process is the formation and cleavage of the iropylium ion:

33 .. \ e [ —
Ph~CH,,Il H47H2—+> (g‘* ) — ] — /“\
~. NS \
m/e 122 m/e S1 n/e 65 n/e 39

N—toluene-p-sulphonyléNi—acylhydrazines have been repor"ced214 as

eliminating di-imide from the molecular ion :-

o o o

1 . A - f’
R=G '\—\\S Z e+ | R-C0-0-S0-Ph]

i LNH/‘ Ph

0f the hydrazines examined only benzylhydrazine shows elimination

of di-imide :~

- 3+ M
CH-‘_ W{/H
* 2 “ \
‘) ‘”H | > ,{Vi/:CHZ
fl\ A/H =
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Alternatively the m/e 92 peak may be written with a toluene
structure, but formation of this wouvld involve a four membered

trensition state :~

72
ol -

A five-membered transition state for the rearrangement seems
more reasonable.
m-Nitro-phenylhydrazine also shows a peak corresponding to

. . . .2l -
loss of 30 mass unifis. Recent investigation 5 has shown that this

involves loss of MO rather than N2H2 -

[0~ =y =(ve) (o= =nn—n,|

n/e 153 mfe 123




The mass spectra of 1,2-disubstituted hydrazines.195

a) General Preamble.

The mwass spectra of the following 1-benzyl 2-alkylhydrazine
hydrochlorides were determined:-— NMe-NH-NH~CH,-Fh (Fig. 17; page 83),
Et-NH-NH-CH,-Ph (Fig. 18; page 91), Pin-NH-NH-CHZ-Ph (Fig. 19; page 91),
Pri—NH-NH—CHg-Ph (fig. 20; page 94), Bun-NH-NH-CHZ—Ph (Fig. 21; page w4),
Ph~CH,,~NHE-NE~CH,-Ph (rig. 22; page 99) and But—NH-NH—CHQ—Ph (rig. 25;
page 105). The mass spectra of Me-NH-NH-Me-2HC1 (Fig. 24; page 101)
and ButéNH—NH—Pri-HCl (Fig. 26; page 105) have also been recorded.

Fragmentation schemes for 1-benzyl 2-n-propylhydrazine
hydrochloride (scheme 2; page g2), 1,2-dibenzylhydrazine hydrochloride
(scheme 3; page 106) 1-benzyl 2-tert-butylhydrazine hydrochloride
(Scheme 4; page 106) and 1-iso-propyl 2-tert-butylhydrazine hydrochloride
(scheme 5; page 107) are given in detail. The reaction pathways shown
are supported by observation of appropriate metastables and, except for
1-iso-propyl 2-tert-butylhydrazine hydrochloride, by accurate mass

measurement of all the peaks discussed.




€6

b,  Variation of the spectra with time.

O0f the hydrochlorides examined only 1-benzyl 2-n-butylhydrazine
hydrochloride end 1,2-dibenzylhydrazine hydrochloride give mass spectra
which are unchenged with the time the compounds are allowed to remain
on the inlet probe. The effect is particularly pronounced with 1-benzyl
2-methylhydrazine hydrochloride, (Fig. 17a and Fig. 17b ; Dpage 88).

The peaks giving the greatest time effect are gencrally a product
of an «£~Cleavage (m/e 45 in Fig. 175 pageé%@ and the tropylium ion
(m/e g1). Use of the meiastable~defocusing technique indicates that
bot:th these pealks, (at least in part), arise by electron~induced
fragmentation of higher masses.

The compounds showing the largest time effects, (the methyl and
n-propyl derivatives), have only been obtsined as mixtures of mono- and
di~hydrochlorides, (Experiment_ﬁg: 8 and Experiment INo. 12) and the other
compounds probably contain varying amounts of the di-salt. The observed
variation may thus be a function of the differing volatility end thermal
stability of the mono~ and di~hydrochlorides.

1-tert-~butyl 2-benzylhydrazine monohydrochloride shovs a different
type of variaiion with time. The initial spectrum of this compound
shows relatively intense pesks at m/e 176, 161 aud 120, but in subsequent

spectra these are shiftied to n/e 178, 163 and 122 respectively.  The

peaks below m/e 106 remain unchanged.
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The most reascnable explanation of +the effect is oxidation of

the hydrazine to the wore volatile hydrazone, or azo-compound, either
prior te the deternination of the spectrun or on the inlet probe. The

similarity o the spectre below m/e 106, the fact thet netastables are

observed for processes 176 — 161 and 176120 in the iritial spectrum
end for 178— 163 and 178 —+122, (sece scheme 4), in later spectre, is
consistent with this view.
Similer effects bserved in b "2 of 1-benzyl
Similar effects are observed in the spectra of 1-benzy

2—-iso-propylhydrazine and 1-igo-propyl 2-iert-butylhydrazine.
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c) w=Cleavsgo Drocesses.

iy

219-222
NS 3 4- the =mine 1 ) i ;
I enelogy Lo the smines end the monosubstituted

h razines the Pl ey 4 Tad Wi AL + s . . .
hydrazines the 1,2-disubstituied hydrazines might be expecied to give

5

intense pesks due to «L~cleavage :-
'/‘\,'f'- +
Ref: Bl ?Mﬁ—R,[ _— R,lmfi:EH:IJ}'i.
In applying the concept of charge localization to the 1-benzyl
2-allkyihydrazines two structures rnay be written for the molecular ion

(structure (1, end structure (II) ) :-

-

-+

i H~UH > ~Ph

(11)

Cfround state arcumenis would suggest that the inductive effect
of the alkyl group (R 3 would stebilize structure (I) with respecy to
structure (I1). The mejor fregmentation modes observed in the series
of 1-benzyl 2-alkylhydrazines exemined are best interpreted in terms of
struciure (1).

Thus all the compounds examined show &n intense peal due 10

~

« -clecvagc of the benzylic group -

%

+‘/\\ H,~Pi —-—————————'}- R, -CE EE
R1—Cn,)—mi—nu~an—-Pn Ry ~CE,-L
—




The alternative « -cleavage of R, to m/e 135 :-

R, LR NENH-CH,Ph i .
1 o o —r CHZ—NH—I\IH—Cﬂz—Ph
m/ e 135
appears from the spectra to be of little importance, but the low
intensity of this peak may be due to the ease with which it undergoes
further fragmentation (see page 97).
Structure (II) would be expected to give & ~cleavage products at
n/e MN~77 and n/e 121 :-

o+
o 7 R-CH,-NE-NH-CH, n/e M-T77

RN o
R1 —Ch2 --M:I—.l\TrI-Cl-I‘2

+
™~ NH=NE~CH,~Ph nfe 121

Both peaks are observed in low abundance, but metastable-
defocusing does not indicate that they are a source of the more intense
fragments at lower mass values.

Structure (I) may also bs invoked to explain the loss of the
branching group in « ~branched hydrazines :-

CH3

i .\)/ -+ * + -
R~C—NH-NH-CH 2—Ph ———— R-C=HH —NH-—CH2-Ph

l |
Ry Rq
(observed where R=CHs; Ry=H and R=R1=CH3).

The major « —cleavage processes are thus most consistent with

structure (I); it is therefore likely that the greater part of the
Cleavages consistent with

molecular ion is ionized in this fashion.

structure (II) occur to a much smaller extent.
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Scheme 2.

a7

Fragmentation of l-venzyl 2-n-nroopylhydra

_L__)
o)
[¢}]

nydrochleride,

u/e 45 (RQAALQ 68,4_-"0)

L._~_.~|

ST Ve

_ _r‘ I _ o= /
CPé CH2 Ci,, Nr =NH
m/e 73 (R.a. 86.4 \\\\Qi\\\ |
m/e 31 (R.A. 28.4%)

* < . ., . .
@H5—CHZ—CHg-\fH—NH—CHg-C6H5 35 m/e 93 (R.A. 16.4%)

m/e 164 (B.4. 20.0%)

{M

(/.dz l\“ -NH CIIZ C . .[‘15

m/e 92 (R.4. 19.7%)

S —

m/e 133 (Rohe 4, 250+

.

|

3
)
\ -—

m/e 91 (R.A. 100%)

m/e 39 (R.h. 19.2%)
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d) Heterolysis of the C-Il bond.

. . e
Heterolysis of the C-! bond of structure (1) has been observed
in derivatives in which this process gives & recsonably stable
carbonium ion :-

+. e
R-NH-1TH~CH,~Ph n/ ol

Ny

ie. for R=Pri§— n/e 4% (R.h. 50.15)
R:But:~ n/e 57 (R.A. 100.0%)
R=Ph~CH,: - m/e 91 (R.A. 100.06:)

Charge localization in +he molecular ion in the manner shown in
structure (II) would be expected to lead to an intense tropylium ion
peak (m/e G1) by heterolysis of the C;ﬁ.bond -

+-{) +
R1—CH2—NH—NH—CH2—Ph — C7H7

m/e o1

A1l the spectra show intense mﬂ291 pecks, but only in

1,2-dibenzylhydrazine (Scheme %) and 1-benzyl 2ﬁg¢butylhydrazine does

metastable~defocusing indicate the molecular ion as the source of the

tropylium ion. The non-observance of a metastable peck does nct

necessarily indicate that the transition involved is not occurring.

-+
+. S
The general appearance of a metastable for the process ﬁu—e-R1-Lh2—hﬁ=mH,

+ . . . PR .
but not for k — 91, does, however, fit the pattern of fragmentation if

the bull of the parent ion 1s present in the form of structure (I).

e e Ao g U
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e) JFurther fragmentstion of the w=-cleavage products.

+o

(i) The 1-91 fragment .- R-NH=WH.

mhe 19-91 fragment (m/e 45, 59, 73, 87 and 121 for the methyl,
ethyl, propyl (_I_l_— and iso-), butyl (g— snd iert—) and benzyl respectively)
undergoes a varietly of cleavages depending on the nasure of the group R.
Thus accurate massmeasurement and metastables are consistent
with <=
+
1) Rearrangement to I Hy (n/e 31)
\ -+
2) Rearrangement to CHgN, (n/e 45)

and 3) Loss of di-imide

+
1)  Rearrangement to N Hz

+
The M~-91 peak in the ethyl, n~propyl and iso~propyl

derivatives rearranges tO N2H3 :-

) N |
NH=
i}
i} . +
- L - \(‘}H et : NH2=’NH
N CH

The m/e 31 peck has Red. of 33.8% 58.4% and 80.1% in
> i JTH-I CH o Hive
E*‘c—-NH—NH—CHz—Ph, Ern—}IH—NH-Cﬂz—Pll and Fr —I\Jﬂ—IJH—qu—Ph regpectively.
In the other derivatives compe ting reactions keep the n/e 31 peak

below R.A. S-




2) Rearrangement to CHN

Rearrangement of the -9l T peak to n/e 45 (CH5N2) is observed
in the spectra of the n-propyl (/e 68.45) and n-butyl (R.A. 100
derivatives. This resrrangement is probably best rationalized in terms
of the alternative resonance structure for the Ii=91 ¥ peal, ;€.

-

-+
R—CHZQNH—NH s

= +* + 7 .x./m +
R-CE, AVH=H <% R=CH,~HH-E ‘ /B CHSTH-NE,

2
n/e ¥E-91 n/e 45

The siructures for m/e -9l and n/e 45 are of course
hypothetical, but they give a reasonable interpretation of the observed
fragmentation modes.

A m/e 45 peak (3:§: 10.0%:) occurs in the mass spectrun of
1-benzyl 2-ethylhydrazine, but the corresponding metastable is not
observed. The change in the mode of rearrangement in changing from the
ethyl, through the n-propyl, to the n-butyl derivative is rather
surprising. Hydrogen transfer in even-electron ions usually occurs
from the P,j’and $ positions with equal facility, with a smaller

. ~ 225
contribution from the X —position (approxe 10%) o

3)  Loss of di-imide.

{i */m +
R-NH=NH AR R
(WH=NH)

Loss of di-imide from the MN-9 peak 1is observed in the iso-propyl,

tert-butyl and benzyl derivatives, L. €. the derivatives capable of




o1

forming relatively stable carbonium ions.

(ii) The m/e 135 and corresponding peaks.

letastable~defocusing indicates thet the low abundance n/e 135

peak in the mass spectra of the straight chain alkyl hydrazines is

voth directly and indirectly & source of the tropylium ion :-

[CH2=§H-NH-032-P11]

Ml~e, 135 \

n
. - -+
o o NG
m/e106 mle q: Q 6s

The Formation of C7H8'N+ (n/e 106) from the parent ion is also

consistent with charge localisation on the nitrogen adjacent to the

allcyl group, E.C. by neterolysis of the N-N bond :-

[R1-CHZ—§é-NH-oH2-Ph]' - [Ph-CHz-NH]

n/e 106

The correspondingc(-cleavage products in 1-benzyl 2-iso-

propylhydrazine :=

[CH —CH—NH-NH-CHZ—Pﬂ — . — '

and 1-benzyl 21ig£§7butyl-hydraz1ne (Scheme 4) also yield the tropylium

ione.




mhe formation of tropylium from n/e 1%5 is best rationalized
in terms of a cyclic structure i.e. -

«Q
~
=8

}1.2 . >

S \ CH + b "\II

‘ T e H—CH — T W
HE J{H : CHZ Ph 77 5

}
'

fem

n/e 135
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Scheme 3,

Fragmentation of 1,2-dibenzvihydrazine

_pydrochloride.

SR
C6H5—CH -NH—NH-LHE-C6H5

m/e212 (R.A. .0%)

o

m/e 121 (R.A&. 20.0%)

S—CHQ-\H‘AH

_(.,N,—‘w,‘_._.

m/e 91 LA. 100%)

m/e 65 (R.A. 16 .5%)

PERSRSEE
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AL

£f)  Rearrangement Processes.

1 +he 1-Dben — NP vy - e 3 i
All the berzyl 2-alkylhydrazine hydrochlorides give intense

. +
Ny G alre T Ceadrnadond . o
n, e 92 peais (C7h8)- Letastables and accurcte mass mecsurement

P P4 I =} . IR 1 .
‘his is formed by rearrengement of the molecular ion :-—

i,

indicate that

e
CH
2 . +
\ 1, w
> "V H ——e W/ ey ¢ 7TIO
<
:;tfﬁlvﬂ
m/e 92
B .
The C7h8 may be formed via a feur membered ring :-—
+e - g+
." N Y \ . T_
N e | P CHg ‘

or via & six membered ring :-

HoH
i — 41!Ii£:c142

The transition states are equally feasible.

In the straight chain derivatives netastable-defocusing

indicates that the m/e 92 peak also arises by rearrangement of the

.l e -
m/e 135 peak.
The intensity of the m/e 93 peak suggests that i3 is not
entirely due ©O isotopic 7 C and accurate mass moasurenent incicar
+
; E . . [ .- 5 7
that the major ion present 18 L7H9.




This apparently arises by a double-hydrogen rearrangement of

the molecular ion :-—

T i +
| R-NH-NH CH,~Ph| > C g
(* observed for R=Me, Et, Pr, Prt and Bu")

As noted previously N-toluene-p-sulphonyl€N1—acylhydrazines
14

have been reported2 to eliminate di-imide from the molecular ion.
The 1,2~dialkylhydrazines do not give an analogous elimination. In
all cases the M~30 peak was of}glégﬁCS% and metastable-defocusing does
not indicate this peak as a source of any of the intense peaks at lower
n/e.

1-Benzyl 2-tert-butylhydrazine and l-iso-propyl 2-tert-
butylhydrazine show interesting rearrangements to 'benzylhydrazine’
(C7H1G§é) and igg—propylhydrazine' (C3H1O§é) respectively. These

rearrangements are best regarded as occurring via a four-membered

transition state :-

H,C—H

\, .

147+ _* T 4 (CH),C=CH
CHB—C——~NH-NH—R : -2 HZN—NH-R + 5/ U=

|

CH3

R = Ph_CHZ_’ Pri : see schemes 4 and 5.

Mass spectral rearrangements proceeding via four-membered

transition states are relatively uncommon.




It is intercsting to note that the

rearrangsernent only occurs for

D emey 1 - s 1 ~ e e " o . . .
hydrazines cerrying a tert-butyl groun. A sirilar rearrangement is

feasivle for T-benzyl 2~iso~propylhydrazine :-
Hoy—I
|\

C
f'\ G +e
CH,~CH<—IH-KI-CH . ~Ph - ‘ F =N HeCH P T CH=CH
5 I, —f—> H =K CH,~Ph + 01-3 CH=CH,

but does not occur. The situation is analogous to that in the

nonosubstituted hydrazines where the base peal in terit~butylhydrazine
occurs at m/e 32 and arises by a four-membered trensiftion state

(page 79).
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Fragnentatil T l-be: 2-tert ’ g i
Ffragmentetion of l-benzyl 2 teri-butylhvdrazine

nydrochloride,

n/e 41 (R.i. 31.8%)

f]\
=
i
y fomy o7
e NN bt A HCH 3
(CHy) C-NH=NHE i > {fChS)BL’}
Iﬂ/e 8’7 (R o,z‘.%.- 55-577) Iﬂ/e 57 \L‘( C.A.l LOO‘/NZ})
/N . id
m ¥
m [ %

4

(CH, ) C=NH-NH-Ci,-CHy —"— m/e 92 (R.4. 19.2%)
33 2 675 s

1

m/e 178 (R.A. 11.2%)

L%
g
E

\;/
SH_ ) C=NA-NH-CH_~C_H S H -CH, -NH-iKH
((1115)20-4.\;; .w.f{ bﬂg C6P5 (/615 '_lz AN 2

m/e 163 (R.4. 8.0%) m/e 122 (R.&. 12.8%)

————

&
-~




Scheme 5,

Frapgmentation of l-tert-

Dutyl 2-iso-pronyl-

_nydrazine hydrochloride,

n/e 41 (R.A. 39.5%)

X
N A, " X ¥
(Cly ) 0~ NH=NE N [(CHS)SQ}
m/e 87 (R.A. 2.6%) m/e 57 (R.A. 39.5%)
/N
) ?
+-
(CHB)BC—NH-NH—CH(CHz)Z —X 3 m/e 115 (R.A. 25 .3%)
m/e 130 (R.A. 25.3%)
*
*
+ ;
(CH5)20H~NH-NH2 m/e 73 (R.A. 15.6%)

m/e 74 (R.A. 26.9%)

CH5-CH=§H-NH2

m/e59 (K.A. 100.0%)

) 5 LT, YV TR v S LT T R RN M NS R e e iy R e 1 e ™
T T—C—— S B BN RS L IR S AT e T - ,.
e A WS R 5 i
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The nass spectra of 1~benzoyl 2=alkylhvdrazines.

Four hydrazines containing +the benzoyl group have been exanined :-

benzhydrazide (Elﬁ' 27; vpage 111), 1,2—dibenzoylhydrazino (Eiﬁ} 28;
page 111), 1-benzoy1 2-wethylhydrazine (#ig. 29; rage 112} and i-benzoyl
2-lert-butylhydrazine (rig. 30; page 112)s  The detailed fragnentations
of 1-bvenzoyl 2-methylhydrazine and 1-benzoyl 2=-tert-butylhydrazine are
given in schemes 6 and 7 respectively, (pages 113 and 114).

The spectra of all the benzoyl hydrazines examined are doriina ted
by an intense m/e 105 peak (C7H7O+). In benzhydrazide +the major

fragments arise thus :-

— +°* ) +
_C 6H5—-CO-I\"H-I\U 2] —_— ‘CGHS_CO ]
m/e 136 m/e ']05
(.li'_é.' 13.1%) (Rote 1008:)
f
X
- + * - +
| o4t | oty |
n/e 51 n/e T7
(R.A. 32.90) (R.A. 82.8.)

The major fragments in the spectrum of 1,2-dibenzoylhydrazine

arise in an analogous manner :-
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e +
H_CO=MH~EHmC 00 T __M_@__i____: . . . ‘I
*Cf‘ 5CO-HH~LFH-CO Colls > },6}15@0’ /e 105
n/e 240 ‘ (Roa. 100:.)
(R.£. 7.8.) *
"_C H .,+ J X
L43} ‘

- o
Ol l n/e 77

n/e 51 (Rod. 11.1) (Relo 40.5%)

The introduction of an allktyl group on ‘he terminal nitrogen of
benzhydrazide causes an interesiing change in the mode of formation of
the base peak (m/e 105).  Thus n/e 105 arises via
product (see schemes 6 and 7).

a

a rearrangement

The rearrangement product, m/e 121, in 1-benzoyl 2-methylhydrazine

presumably arises by a MNcLafferty rearrangement of the parcnt ion :-

H

A 4 +
H,C 0 . 0-H
< , e,
~NE “Ph NHE Ph
m/e 121

The process is analogous to the formation of the base peak

1 7
(r/e 59) in primary amides2 8,226

R. H <+ + .
Sen/A o 08
| o
(,)HL) /(('j N c + R-CH=Ci
A SN
CH2 NH2 E,C  TH,
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In the particular case of T-benzoyl 2-tert~-butylhydrazine the

: : L3 - 1 ) 1 4+ o =] o & e 'y e " i )
initial step is best written as a rearrangement to the nitrogen adjacent

to the tert-butyl group -

CI{Z-JI

ey

( ) l +- * . 5
1,),C—UH-WE~CO-Ph  — [ NNH_CO- (CHL) - 0=Cr
CMB 20 N H-NH~CO0~P HZH NH~CO-Ph + (CH3,ZC Cdz

Such a rearrangement is analogous to the four-centre rearrangenents
already noted for teri-butylhydrazine (page79 ) and the T-alkyl 2-tert-
butylhydrazines (page103). The structure for the molecular ion of
1-benzoyl 2-tert-butylhydrazine in which the charge is localised on the
nitrogen adjacent to the ter$-butyl sroup can also be used to rationalise
the various « ~cleavage processes vhich are observed.

Thus «-cleavage of a methyl group :-

CFB

l’ 4o +
( CHB) ,C—VH-WH-CO-Ph

> (CH3>20=\EH-NH~CO~P}1 (Rok. 16.45)
~(CH,) |
3

and of the benzoyl group :-

+* + .
(CH,) C-I\TH—@—CO—Ph g (0115)3C—NH=NH (R.A. 3.67)

575 ~{(PhCo)

are also observed.,

s A NGRS A i i
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Scheme 8.

Frapmentation of l-benzoyl 2

~methylhvdrazine

—_—n

F7ﬂgwqj+'

m/e 122 (R.4. 13.9%)

W
C H,.-CO-NH-NH-CH, ] T* _*/m ; A
5H=CO-NH~KE- lé] m 06h5—?=hd
m/e 150 (R.A. 4.1%) 0H
m/e 121 (R.A. 16.2%)
*
>
Y ~
Lot -Nemmn ] C -0} T
5— O8N [/6f5- J
m/e 45 (R.A. 11.6%) m/e 105 (R.4A. 100%)
%
L
. + - % - =+
F4H5] < . E%Hﬂ

m/e 51 (R.A. 25.3%) n/e77 (R.h. 79.9%)
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Tag AaYta S T - - N
ragmentation of i-benzoyl e-tert-butvlhvdrazinea

hydrochlorige,

m/ed) (R.A. 27.2%)

\—:T"T': T e i 7 T '1‘-
) C+NIH=NH - L(-( )50J

m/e 87 (R.A. 3.6%)

(CH

A
i
i?
o | i I T
(CHB) zU=Ni=-NH-C0-C sty = > i‘oaﬁiﬁ)-co-—i\;H-NHz,‘?

m/e 192 (R.A. 6.8%) m/e 136 (R.A, 23.9%)

% W

]
.
!

y v
+

g Wi o NH e _( T S 1 - T
(CL.LF )2\/ NI NH CO (/6.L 5 [_\/6*{5600 l

3
m/e 177 (Reho 16.4%) m/e 105 (R.A. 100%)
|

&

X N A
v - -+
\: LU6H5J

m/e 162 (R.A. 1.9%) » m/e 77 (R.4. 43.2p0)

-
[C]

m/e 51 (Rnf\«- 19-170)




S mase Shoc e of sone 1, T-digubstituied hydrasines

211

ine mess specira of - . 4 e .
et specira of 1,1-dinethylhydrasine, Ty i~dimethylhydrazine
; dimethylhyvdrazine

mey T e 4 4 . L O Py B S PRGN : 1 4
ozalate, 1,i-diethylhydrazine oxclate and i-benwwl T—fert-buiylhyd
L4 — e ey Lo

hydrochlori are shown in Pies. To. 31. 32 5%
3 chloride sre showmn in Pigs. No. 31, 32, 33

{ . I o
{pages M6 and 11 7).
Ko accurzwe mass nessurenents have heen carried out on these

Y

[P Tnqq - e ) R . . .
materials, but soune general conclusions concernine their fragmenteiion
& froagmentati

Pt

nodes may be drawt., Thus all the compounds show intense pesks due %o

/=cleavage -

4o x +

~CH, -N-H . > T —JT3TT
R-CH,~I IL2 . CBZ—L LH2

R1 R1

(11) (l-R)

where R = Me and Ry = H:~ I-Rq dis R.A. 44.%

end where R = Et and 1y = He:- L-R, is R.A. 100.C%

In the particular cese of I-benzyl l-tert-butylhydrazine the
observation of a number of metastables in the spectrum enables the
construction of a rcasonable picture of the fragmeniation processes
occurring (scheme 8). I+ is interesting to note the overall sinilsrity

between the mass spectra of the isomeric benzyl, terit-butylhydrazines.
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Fragmentation of l-benzvl ¥

~

g

terc-butvlihydrazine

hydrochloride,

(CH, :
35

n/e 87 (R.A. 10,7%)

) Gz, _—

'f\
N ?
2|
|
H G-
j %“EV6M5
CH ) C-li-NH s
( 5 ) O N

{

m/e 178 (R.&. 12.8%)

' .7‘;_
v ;
— -t
14

LQ6H5—CHB—RH—NH2j

?LZC6H5
(CE =h-NH
L
mn/e 163 (R.a. 17.,0%)
5
{

m/e 122 (Bo.":&o 210570)

. Hl/e 65 (ROA. 100770)
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The mass spectrum of trisubstituted hyv@irazines.

o
The mass spectra of ‘crimetlcxylhydrazine,("12 1,1-dimethyl

2-iso-propylhydrazine hydrochloride and 1,1-dimethyl Z2-n~butylhydrazine
are shown in Figs. No. 35, 36 and 37 respectively (page 120).
Detailed studies of these compounds have not been made, but

the major fragmentation process again appears 10 be X-cleavage :-

b o> (CHy) N-NH
B G (o

n/e 59 (100.05)




Trime oy Uydrasine (Fep. 35 120
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3)  U.m.r. specira.

“he n.n.r. signals of the H-Il group of hydrazines are
characierised by great width and lack of fine structure.227’ 228
This is caused by rapid exchange of the protons on the nitrogens, and/or
by interference from the quadrapole moment of the nitrogen. In general
we have not observed n.m.r. signals from the H-N-N moiety of the
1,2~disubstituted hydrazine hydrochlorides.

Kem.r, has proved, however, a powerful tool for the determination
of the structures of alkyl components of the new hydrazines. T~ values
for various groups in the series of 1-benzyl 2-alkylhydrazine
hydrochlorides are recorded in Tables VII and VIII(page 122)

The new 1-tert-butyl 2~alkylhydrazines nmay be particularly useful
for the synthesis of trisubstituted hydrazines showing restricted rotation

about the N-N bond.
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Table VIT

S o P —

T ~values for erometic and benzylic protons in 1

: —benzyl 2~alkylhydrazine
hydrochlorides (R—NH—KH—OI?—Ph).

R. Ph (<) Ph-CH,-11-(T) Solvent
lie 2.28 5.55 D0
e 5451 5.49 TfP.A.
nt 2.44 D74 DZO
nt 3.51 5.52 T
pr 2.42 5,72 D0
Pr? 3451 5.43 T?F A
Pr% 2.43 5.75 D0
Pr 3.54 5,60 T A
By 2.54 5.84 D0
Bu 2.56 5.56 MUEGA.
Bu® 2.54 .64 P A
Ph—CIL, 3.18 A A

Table VIII
¢ ~values for alkyl protons adjacernt o nitrogen in l1-benzyl

2-alkylhydrazine hydrochlorides (§;NH-HH—CH2—Ph).

R T Solvent Group
He 7.0 D,0 CH,H
Iie 6.83 T.7.A. Gl
Lt Ce2,6.2 D,0 CH,-1H
Et c.a.6.54 DAL CH,-ITH
Pr c.8.6.8 D0 CE,=Tl
Pt c.2.6.6 m, 74, CH,~E
Bu" c.a.6.7> D,0 CH,-VH
Bu” Cere6.55 .7k CE, -
Prt c.a.6.45 P,0 (CHs) ,CH-E
Prt c.8.6.20 T.F.A. (CH5) LCH-VE

-+
[V

Buc 8.51 T.FOA' _B_E
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Freamble

N . H
lelting points were determined on a Fofler Kot-siage spparatus.

PhVS1cal constants quoted ag "lit.", without gualification are from the

29

e s - . 2
"Dictionary of Organic Compounds" and the"Handbook of Cheristry and

230

0

Physics". ALl melting and boiling points are quoted in C.

1=t

J
1

T..T, Were determined on Varien £6C, Perkin-ilmer R.10 snd
Perkin-Elmer R.14 instruments, i.r. spectra on & Perkin-Elmer 237
spectrometer and mass spectra on an 4i.H.I. LSGC,

I.r. assignments are based on the texis of Bellamy, 205 330206

231 - 232 . 233

and Wakanishi and for n.m.r. Jackman and Iathieson. There
spectral data for specific compounds are availsble appropriste references
are given.

Hicroanalyses were performed by Dr. I'. B. Strauss, Oxford, end

T

Irs. B. Taylor, Chemistry Department, University of Aston.

Commercially available compounds.

Samples of the following compounds, for synthetic end/or spectral
studies, were obtained by redistillation, or recrystallization, of
o .
laboratory reagents:- Methylhydrazine, b.p. 88-90 /760 mm. Hg

47O
(1it. 87°/745 mm. Hg ); ethylhydrazine oxalate (B'CH), m.p. 169-170

"~ ' O
(lit.6U 170-171°); n-propylhydrazine oxalate (5t0H), m.p. 174-176

I - o
(llu.oo 1750); iso-propylhydrazine oxalate (84CE), m.p. 170-172

6 ¢ . : O (q:, 00,0y,
(1it. 1720\- n-butylhydrazirc oxalate (Bt0H), m.p. 164=165" (Lit. "1657);

/2




= T rd s o =0 s o Am=O0
phenylhydrazine b.p. 271-273 (Lit. 273, pnenylhydrazine hydrochloride

. 0
ELOH), m.p. 239-241 it, 240%):  puracni trom] .
( Jy MePe 2392417 (1it. 2407); para~nliro-phenylhydrazine (E+0H),
- 5Cm - s g

m.pe 159 160° decomp. (lit. 15 9° decomp. ); 2 »4=dinitro~phenylhydrazine

w0 ; £\ © . o .
(8901), wep. 194-196" (1it. 194°); benzhydraside B0H), w.p. 111-112°

. ~ O " .
(Lit. 1127); 1,1-dimethylhydrazine b.p. 62-63° (1it. 63°

R

- e S e hard e e ORI SN :
liono-hydrazine hydrocnlorides, for mass spectral studies, were

NYIO TR T O Ty ke » T = - 17 3
prepared by passing dry HC1 casg into an etneresl solution of +the free base.

1. 1,2-dibenzoylhydrazine.

oo - 71 Teone 7 - e s e o ES 4] :
1,2~dibenzoylhydrazine was prepared according to ithe method

. o ey 42
described by i—iatt.1L

Recrystallization of the crude product (CH3COEH) save

1,2=~dibenzoylhydrazine (85.Cz; T7C ); MaPe 240—2410 (1it, 2410); L

;

found 24C.0&%9 calculated Tor C1 12L2C2 240,0902; (Wound ¢ 69.60

H5.07 0 11.7¢, Cq 1y 0, requires C 69.97 H 5.03 1 1 11.67) i.r. naxina
et

(kBr) 321Cs (NH) 1640s (C=C); nem.r. (T.7.4.)T c.a. 2.3 (m, Ari).
/N

2. Reduction of 1,2~dibenzoylhydrazine with 1ithiuvm alwniniuvm hydride.

\ 3 . . g2 A 3
The aluminate (4 g., wes added, in small portions, to @ cold

suspension of 1,2~dibenzoylhydrazine in dry diglyme and the mixture

refluxed for :=
a) 24 hrs. and 18 hrs,, b) ¢ hrs.

2.&) Ixcess 1ithiur aluminium hydride wa s destroyed by the careful addition

. N . - RIS BN =[N P Fivam o Y o S AT ol
of water and the soluilon evaporaied L0 Gryness irestment of “he solid

with acid (pH.4) oft a residue of inorgenic salts which vere removed by

. > s 33 1 iroxide © rat
filtration. iddition of solic sodiwn hydroxide +0 the filtrete,




xtraction with benzene, drying, (y;wo ) of

-850, L tThe extracts and saturation
e A% r" SV @oa o8 g - R > 1
with ary HCL ces gave a white solid. This was shown to bo identica

(mepe and mixed .p. of benzoyl derivative;

)

i.r. and n.m.r.) with

benzylamine hydrochloride.  (Yield 2-1C5;  sce Table I).

B I - jp I} S - P VA . e 3 g 3 3 S E) N
2.b) Bxcess lithium aluminius hydride destroyed (Hgo) and the sclution

eveporated 1o dryness. Recrystallization (i u0H) gave benzcldehyde

234

R <
benzoylhydrazone; m.p. 205~207 (}1t. 2060); nixed m.p.; (Found ¢ 74.59

H 5.1 W 12,52, Cy HH,0 requires C 74.97 H 5.40 T 12.51%), i.r. maxina

(KBr) 32¢0s (¥H) 3020 (aromatic) 164Cs (C=0) 1605s, 1550s, 760s 590

(arometic) cm.” ; n.m.r. (7.7.4.) © c.a. 0.8 (1H, s, CH=N) T ca. 2.0

(SH, ull ArH).

5. Attempted reduction of 1,2-dibenzoylhydrazine with diborane.

. 181 \ i . . .
Diborane (1.0 ge; Was flushed with nitrogen into & well stirred

suspension of 1,2~dibenzoylhydrazine (3.0g) in diglyme (200 ml.). The
s0lid dissolved, but saturation with dry HCl gas gave only 1,2~

dibenzoylhydrazine (2.9 g; 83% recovery).

; 2
4.a) Benzaldehyde methylhydrazone. 75

Benzaldehyde (11.4 g) and acetic acid (2~3 drops) were added
dropwise to a refluxing solution of methylhydrazine (5.1 g) in ethanol
(50 m1.). 2fter refluxing for 30 mins. the ethanol was removed under
reduced pressure and the solution ccoled.  Ether was added (to increase

the volume) and the solution dried (MBSO4)- Removal of the ether and
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fractional distillation gave benzaldehyde wethylhydrazone (6.0 g; 4% ,000) 3

0 i
bepe 130-1537/18 ma. Be., (116,577 131-154%/20 mm. pg.)

4.b)  Benzaldehyde methylhydrazone hydrochloride.

Passage of dry HC1 gas into a cooled solution of benzaldehyde
methylhydrazone gave benzaldehyde methylhydrazone hydrochloride.
Recrystallized (EtOH) sample had m.p. 175-177° 5 u* 134; i.r. maxime
3020 i, 760 s, 700 s (aromatic) cm.-1; nemer, (7.7.4.) T1,05 (1, s, CH=N)
T 1.2 (H, s, CH=N isomer){ c.a. 2.3 (m, arE) T 5.7 (s, Qﬂgiﬂ)'f 6.95

(s, C e isomer).

5 Attempted hydrogenation of benzaldehyde nethylhydrazone.

The hydrogenation at atmospheric pressure of benzaldehyde
methylhydrazone over Pt02, in ethanol, resulted in the uptake of 1.0%
equivalents of hydrogen after reduction of the catelyst. The catalyst
was filtered off under a nitrogen atmosphere and the resulting filtrate
freeze-dried for 24 hrs. This gave a yellow viscous oil which was
taken up in dry ether and treated with dry HC1 gas. A white precipitate
was formed. Spectral data (i.r. and n.m.r.) indicated that this was

mainly benzaldehyde methylhydrazone hydrochloeride.

6. Reduction of benzaldehyde methylhydrazone with 1ithium

aluminium hydride.

o

The aluminate (5.0 g.) was added in smell portioms to a cold
solution of benzaldehyde methylhydrazone (4.0 g.) in dry diglyme (150 wl.)

and then refluxed for 18 hrs.




AT reT TP ivv e o T At mrey oo - 1
Alwer refiux the soluiicn was ccoled, the excess hydride

lestroved by the cored ST R s
destroyed by the careful addition of vater snd the solution evaporated

to dryness. Additior of sodium hydroxide (o “1

e filirate, cxtreciion

A 5

.o . N . [T \ LN
witin benzene, drying (=20, of the

4/ Yo exiract snd saturation with dry
HCL gas gove a white solid, This was identical (m.p. ang mixed n P

of benzoyl derivative; i.r. and D.o.T.) with benzylenine hydrochloride

Tne reduction was repested using 90 and 3C winute reflux tines.
Benzylamine hydrochloride, snd benzaldehyde methylhydraszone hydrochloride

were the only productsisolated.

Te Reduction of benzaldehyde methylhydrazone with diborene.

gy e \ . . - R
Diborane (C.7 g.; wes passed 1nto & solution of bhenzaldehvde
o/ +

., N . . .
nethylhydrazone (4.1 g.) in dry diglyme (150 ml.} et ambient lemperature.

-

vburation of the solution with dry HCLl ges gove a white solid (3.8 g.).

w
©

Recrystallization (EtOH) gave a white powder showing the properties of

) 1m0 (s, 44
T-benzyl 2-methylhydrazine mono-hydrochloride m.p. 140-142 (}ggj

\

+q ~ - PR B o
for the dihydrochloride); k' found 136.100C calculated for CoH

136,0000; i.7. maximae (EBr) 3200 s (WH) 3000~2500 (I‘ZI{2) 750 s, 700 s

2

~1 \ - e st 7 T . hanewld
(arometic) em.” ; n.n.r. (D,0) T 2.25 (54, s, #r8) C 5.6 (21, s, bvenzylic)

T 7.0 (31, s, T =Cliy ) e Consistent analyses could not, however, be
T

i tained A thos :vected for the mono-
obtained. Values obiained were between those expected foi the mono

and di-hydrochloride; e.g. (Found C 47.32 HE 6.90 T 14.93, Cgllyy

Cl Hg
requires C 55.62 H 7.67 T 16.23, Cghy CL,l, recuires C 45.94 I 6.70

N 13,415,
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e R - oL PP, e O} .
Dissolution of the crude nonohydrochloride in methanol

o~ A o 4 _II.' - e e N - . N O
followed by saturation with dry HCl g2s produced a low nelting (86-8¢

solid which rapidly turned yellow in air ang had the spectral
properties expected for 1-benzyl Z=methylhydragine dihydrochloride;
N' found 136.0980 calculated for Colly N, 136.0990; (Found C 44.45

H 6.77 N 14.82 C8H14C12N2 requires C 45.95 H 6.70 N 13.41%); i.r.
maxima (KBr) BOOO-ZSOO(NHZ) 750 s 700 s (aromatic) cm.—1; n.u.r, (DEO)
€2.25 (51, s, ArH)T 5.6 (2H, s, benzylic) T 7.0 (3H, s, N@g).

Attempts to recrystallize the crude dihydrochloride gave s

mixture of mono- &nd di-hydrochlorides.

8. 1-benzyl 2-methylhydrazine hydrochloride :- condensation-reduction

method.

Experiment a. (1 mole equivalent of diborane).

liethylhydrazine (1.1 g.), benzaldehyde (2.4 g.) and acetic acid
(2-3 drops) were allowed to stand under nitrogen with constant stirring
(30 xins.) in dry diglyme (150 ml.). The passage of diborane (0.35 g.)
at ambient temperature, followed by saturation with dry HC1l gas gave a
white precipitate (3.1 g.). Recrystallization (Et0H) gave a white
crystalline solid with the same properties (m.p. and mixed m.p.; 1.T.,
n.n.r. and intermediate analyses) as previously noted (Experiment No. 7)

for 1-benzyl 2-methyl hydrazine 'hydrochloride’.
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it ] ? R . .
Bxperinent b. (2 mole equivalent of diborene

Prverinent Ssa qa - ot ad :

waperinient oa. was repeated using two mole equivalents of

dioorane (0-7 @-)- Saturation of ‘the reaction mixture with dry H4C1
e > ~ TV -+ .
as gave a white precipitate (3.1 g.) showing the same proverties

Lo 1S . e - ol
intermediate anzlyses) as noted for 1-benzyl

Q.

DeDe; L1eTe; NIE.Te an

2-methylhydrazine ‘hydrochloride?.

s

Lzperiment c. (Isolation of boro-intermediate).

4s described in Experiment

r—o

70. 8b, methylhydrazine and

benzaldehyde were treated with diborane. Afier passage of the diborane
the reaction mixiture was evaporated to dryness. A white powder was
obtained, which gradually decomposed in air.

Treatnent of this solid, in ether, with dry HCl gas gave
1-benzyl 2-methylhydrazine hydrochloride (m.p.; i.r.; n.c.r.) and the
raterial gave a positive test for boron (rround with calciun fluoride,
conc. sulphuric acid was added and the resulting slurry imparted a green
colouration vo a buasen flame),

Spectral evidence suggests that the material was & mixture of a
boron containing imtermediate Pq—v“zéhB\OH)2 -3 Cl>2—CH3'2H2O {(najor
component) and 1-benzyl 2-methyl 3—phenyldiaziridine (minox conponent).

Thus we find :-
inalysis - found C 35.19 H 6.01 N 9.15%, CgHy B0 N,-2E,0 requizes

17 found 224.1316 calculated for CycH

1682

i.r. maxima

C 2G-i¢ H 682 I to-76%;
-L- -
4.1%1% (boro-adduct is too involatile to give a spectrum);

. -1 _
(XBr) 3500-2700 br. (B(0H),) 695 s, T€0 s (aromatic) em.”';  n.m.z.
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(D,C) = Perkin-flmer R10 instrun “ o o . i
2 ' nstrument T 2.5 (S, ATH, both compounds

e .
unresolved) L 5.2 (s, H inourity) 7 o : .
) L5e2 (s, o0 dmpurity) T 5.9 (s, bensylic protons of

boro~adduct) T 7.1 (s B £ G s e 34 —
D )T (s, CLI3 of diaziridine) T 7.24 (s, benzylic protons

Kal PO GO \- - = 35 = . - .
of boro-zuduct); n.m.r. (dimethyl sulphoxide) - Perlin~Elner R14

1 v i — ,'/ N4 . 3 -
instroment - T 2.05 (s, AvH - boro-sdduct) T 2.6 (s, iri of diesiridno)

L 5

S .. broad T of ro—-adduct) T 5 o ;
I 5.2 (s, broad, OH of boro adduct) T 5.45 (s, of benzylic protons of

1

diazividine,; T 5.9 (s, benzylic protons of boro—aduuct)n
it o —_— et o . ..
\itempts o wash the diaziridine out of the mixture with benzene,

or ether, caused decomposition.

9. Benzylhydrazine

Adopiing the general procedure of Biel31 and his co-workers,
a solution cf benzyl chloride (63 z.; 0.5 wmole) in ethanol (36C m1.)
was a@ded over a period of one hour %o a refluxing solution of 98-
hydrazine hydrate (144 g.; 2.9 mole) in ethanol (160C wl.), after which
the wixture was refluxed for a further six hours. The ethanol was
then removed by distillation at atmospheric pressure and the residue
xtracted with ether. Fractionation of the dried (KZCOB) extract

through a 3C cm. Vigreux column gave benzylhydrazine (52.0 g.; 85.)

31

.
b

08°/4 mm. Hg.).

bop. 100°/5 mm. Heg. (Lit.

1C. Bengylhydrazine hydrochloride.

Saturation of & solution of benzylhydrezine in ether with dry
HC1l pas gave benzylhydrazine hydrochloride. Recrystallized (EtOH)

sample had m.p. 110-112° (lit-145 110°); MT found 122.0745 calculated
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for Oqityglly 12208445 (Fownd € 5685 1 .91 & 716, ¢, 01,

reguires C 5C.72 H 9,76 [ T.05); i.r. nexina (IBr) %250 s, 340 s
Y \ A =3 Loy = . ""‘
(NH2/ 1580 s, 145C s, 750 5, 695 s (eromatic) cm. i; nn.r. (D,0)T 2.75

(58, s, ATH)C 5.9 (21, s, benzylic).,

1. l1-benzyl 2~ethylhydrazine monohydrochloride.

Benzylhydrazine (3.3 Se)y acetaldehyde (2.3 ¢.) and acetic acid
(2 3 QrOpS/ were allowed to stand (40 mlhs.; in dry diglyme (200 ml.,.
Passage of diborane (O 8 .) into the mixture, at ambient tenype rature,
followed by saturation with dry IC1l gas gave 1-benzyl 2-ethylhydrazine
as a mixture of mono- and di-hydrochlorides (1.7 g.). Recrystallization
(EtCH) gave 1-benzyl 2-ethylhydrazine monohydrochloride m.p. 100-104°;

1" found 150.1157 calculated for . 150.1157; (Found C 58.70 [ 8.14

1472
¥ 14.38 CQI 5011\ requires ¢ 58.04 H 8.12 N 15.04); i.r. maxima
~
N . -1
(kBr) 3200 s (NH) 300C-2500 (NHz) 750 s 70C¢ s (aromatic) cm. ; n.m.r.
(0,0)T 2.48 (5H, s, ArH) T 5.75 (2H, s, benzylic) T c.a. 6.2 (28, g,

WH-Cl,-0ti) T 8.7 (38, 4 NE-CH,~CH,) -

12. 1-benzyl 2-n-propylhydrazine hydrochloride.

. ) o .
Using the same procedure as for Experiment o, 11 benzaldehyde

N R . - \‘
(1.4 g.) and propionaldehyde (3.0 ¢.) were reduced with diborane (0.8 g.)

to give 1-benzyl 2-n-propylhydrazine as & rixture of mono- &nd di-
. » . AP o N
hydrochlorides (2.8 g.). Lxtensive recrystallization (ztcH) failed to

give pure monohydrochloride. The material obtained always gave

500, .t 1314 calculated for
intermediante enalyses; m.p. 119-1227; I found 164.1514 ¢




requirce C 59.97 H 8,56 11 13,9y s e =0y
_ o6 1T 13,99 CTC 1Cu12 ‘> requives C 50.64
H 7.6C T 11,81 ); i.r. naxina (KBr) 3200 s (171) 3000-25(( (Enﬁ) 770 s,
(aromatic) e nan.r.e (D,0) T 2.5 (510 1) T 5.5 (20 13
3 -re (D, 5 (5K, s, irH) T 5.5 (20, s, benzylic)

s
- Jell o ST 4. TIT LT i e e o)
{ c.a. 6.8 (28, t, WH=CH,=Cl,~CH,) T c.o. £.0 (21, m, ~CIL-JiL ~CH, )
N — 2 —=2 %
e e TT e
C Cotte 8.8 (3“, s —-Cn2-—ﬁ‘.h2—CH3)
1%, I=benzyl 2-iso-propylhydrazine monohydrochloride,

Using the same procedure as for gxperiment o, 11 benzylhydrazine

~ \ -l \. - ! S
(2.4 g.) and acetone (1.2 g.) were reduced with diborane (0.6 ¢.) to give

[

4 -

lT-benzyl 2-iso-propylhydrazine as a mixture of mono- ond di-hydrochlorides

{ N P - L - . {10 " . R ; -
(2.6 g.). Recrystallization (B10H) gave T-bennyl 2-iso-propylhydrazine
(o] 7u

monohydrochloride m.p. 171-172° (Lit.'S 170-172°) 1V founc 164.1316

calculated for C1CH16N2 164.1313; (Yound C 59.70 1 8.44 I 14.59,
/

S e - 1 - S on qeatia (TTRWY) T1O0 o
C, Cﬂ16011ﬁ requires C 59.97 H 8.56 1 14.01¢); i.r. maxise (¥Br) 215C s
J . ‘-1

@ 1) SOCC~-2500 (ngj 756 8, T0C & (aromaulc, Clle § Iteflela (DZL)‘C 2.45
B A T TR ; N S T T crrf e Y
(‘”1’ S, 1“..‘1'1) C :).(L ((_’f."_, S, Dellzle.C/ C '(/-c'.- .40 (.'. g Ly "‘&1_4_;_ “)/2)

T : fre ) VY

L Ceite &7 (e, d, -Cﬁkbug)Z//.
14, 1-benzyl 2~-n-butylhydrazine wonohydrochloride.

4 ] - ey S g
Usinzg the same precedurc as for sxperiment 10, 11 bvenzylhydrazine

L PR 92

_—

. 2, e
(3.0 =) end butyraldehyde (1.8 g.) were reduced with diborene (.7 g.)

" i . o mono. b die
to give 1-benzyl 2-p-butylhydrazine as a mixture oif noOno— & d d3

\ s
3 . ) 3 - 7, cave 1-bhenzyl 2-n-
hydrochloride (2.9 g.). Recrystallization (miom, gav enzy =

4 (6] = e A e
. " L7140 L “oun 1 SN l.(.;_x;)C‘
butyl-hydraszine monohydrochloride m.p. 14714575 L found 17C




calculated for CyyHygl,  178.147¢; (Found C 61.90 ¥ 8.91 T 13.32,
CyqH fL I, Tequires € 61,65 H 8.94 N 13.08:); i.r. maxima (KDr)
3200 s (WH) 3000-2500 (f&zz) 750 s, 700 s (aromatic) cm.”'; m.m.r.
(Dzo)‘iv2‘44 (5, s, arH) T 5.72 (2H, s, benzylic) T c.a. 6.75 (2H, m,
NE-CH,) T c.2. 8.4 (4H, m, NE~CH,~Cll,~CH,~CH,) T c.a. 9.2 (31, t,
(i) 5~Cly)

15, fsttempts to prepare mono~salts of l-benzyl 2-n-butylhydrazine.

4is for Experimenthgg. 11, but after passage of diborane the
reaction mixture was divided into four paris. These were treated as
follows :~
Part 1. Saturated with HCl as for Experiment No. 11; this gave
1-benzyl Z-n-butylhydrazine as a mixture of mono- and di-hydrochlorides.
Pari 2. Slow saturation of the diluted (diglyme) solution with dry
HC1 gave the same product as for Fart 1.
Part 3. Dropwise addition of sulphuric acid with constant stirring
gave only an intractable tar.

Part 4. Dropwise addition of acetic acid gave no solid product.

16. 1,2-dibenzylhydrazine monohydrochloride.

ae Condensation-reduction of benzaldehyde and benzylhydrazine.

Benzylhydrazine (4.4 g.), benzaldehyde (3.9 g.) and acetic acid

(2=3 drops) were allowed to stand (40 mins.) in dry THF (150 ml.).

Passage of diborane (1.1 g.) at ambient temperature followed by saturation

with dry HC1l gas gave 1,2—dibenzylhydrazine as a mixture of




. - 1 h 1 O \ _
mono~ a:d di-hydrochlorides (6.7 g.). TRecrystallization (8toH) zave

1 5% hen vl rd e o I - .0 -
i,2~dibenzylhydrazine mononydrochloride; m.yp, 182-195° {(deconp. ); p?

found 212.1280 ceslculated fTor C14H16N2 212.1313; (Pound ¢ 67.55 1§ 7.14

W 11.65 C14H17Clhé requires C 67.59 H 6.86 T 11.27 ); i.r. naxima,
+

(kBr) 3200 s (WH) 3000-2500 (¥H,) 750 s, 700 s (aromatic) cm.” ; n.u.r.

(7.0.4.) U 315 (5H, s, avH) 7 6.1 (28, s, benzylic).

s~ Condensation-reduction of benzaldchyde and hydrazine hydrate.

Using the sape procedure as for Experiment Jo. 16a, hydrazine
hydrate (1.2-3.) arnd benzaldehyde (5.0 g.) were reduced with diborane
(1.4 .) to give 1,2~dibenzylhydrazine 2s a nixture of mono- and
di~hydrochlorides (2.8 g.). Recrystallization (EtOH) zave 1,2-

dibenzylhydrazine monohydrochloride; (m.p. and mized m.p.; i.r. and n.m.r.).

17. 1,2-di~iso~prepyihydrazine monohydrochloride.

icetone (4.2 g.), hydrazine hydrate (1.7 g.) and acetic acid
(2-3 drops) were allowed to stand (3§vmins.) in dry T.H.¥F, (200 ml.).

o) followed by saturation with dry HC1l gas gave

¢
)

Passage of diborane (2.1
1,2~di-iso-propylhydrazine as a mixture of mono- and di-hydrochlorides
(6.7 ¢.). Recrystalliza.ion (water) gave 1,2~di-iso-propylhydrazine
nonohydrochloride m.p. 108-200° (lit. 198°); (Found ¢ 47.60 H 11.71

N 18.41, CfH17C].N2 requires C 47.34 H 11.26 T 17.91¢%); i.r. maxina,
O

* TR rem—dime
(kBr) 3195 s (WH) 3000-2500 (WH,) 16CC s (E) 1395 s, 1375 s (gen-dimethyl

A\

doublet) cm.~1; N..Te (Dzo)’f c.a. 6.4 (e, m, QEXCHB)Z/‘i c.8. 8.6

(1om, 4, Ci(CHy) )




18a. Attempted preparation of I~benzyl

<-phenylhydrazine hydrochloride.

Benzaldehyde (1.8 g.), phenylhydrazine (1.8 g.) and acetic acid

=0 .
(2-3 drops) were warmed (about 50°C) in dry diglyme (150 ml.) for ten

winutes.  After cooling diborane (0.5 g.) was passed into the mixture.

Subsequent saturation with dry HC1 gas gave a dark green solution. This
gave no &.5.R. signal. Rotary~evaporation yielded & darl- green solid
w.p. indefinite; Nass spectrum - many peaks up to and above m/e 450 -
polymeric, base peak at m/e 91; i.r. maxima (KBr) %200 s (br,) (wH?)
1600 s, 1500-1400 (br.) (aromatic, NEH etc.) 1195 m (C-N) 700 m, 750 m
(aromatic) cm._1;, NoM,.T. (DEO) T c.a. 2.6 (m, ATH) T 6.05 (s, benzylic?)
T6.38 (s,?).

The material yields a green solution in water and & purple

solution in TFA ; its composition has not been determined.

18b, Passage of excess HCl into benzaldehyde phenylhydrazone.

Benzaldehyde (1.8 g.) and phenylhydrazine (1.8 g.) were stirred
with acetic acid (2-3 drops) in dry ether. Saturation of the mixture
with dry HC1l gas followed by evaporation to dryness gave a green solid

with the same properties as the product obtained in Experiment 18a.

19, Tertiary-butylhydrazine oxalate.

~

. 45
The procedure used was that described by Foxall.

& Excess tert-butylamine.

Freshly distilled tert-butylamine (41.4 g; 0.5 moles) was mixed

; - L T cat was removed and a
with water (15 ml.) and heated to reflux. The heat was re

solution of freshly prepared hydroxylamine-O-sulphonic acid (5.0 g.) in




= . a3 . .
water (5 ml.) was added dropwise over a period of fifieen minutes
~oe

On completion of the addition the solution was cooled, the white
inorganic precipitate filtered off and discarded, and the filtirate
acidified with glacial acetic acid (30 ml.), and then warmed to 50°¢
(10 mins.) with benzaldehyde (8.9 g+)s The resulting emulsion was
cooled and extracted with ether (3 x 50 ml.). The ether extracts
were combined and added to an aqueous solution of oxalic acid dihydrate
(7.9 g.) end the mixture steam distilled until no further benzaldehyde
was collected. The residue was evaporated to dryness in vacuo and the
resulting solid recrystallized, (90% Et0H) to give tert-butylhydrazine
oxalate (1.8 g.); 4% in terms of the tert-butylamine); m.p. 185-187°

.. 45 o . o+ A - .
decomp. (1it. 187 qecomg.); M found 88.0996 calculated for C4h1éN2

88.1000; (Found C 40.30 H 7.76 N 15.57 C6H14N204 requires C 40.45
. - ~1
H7.86 N 15.73%); i.r. maxima, (KBr) 3350 s, 3250 s (NH) cm. ;

n.m.r. (TFA )T 8.20 (s, (9_113)3c).

b. The effect of added base.

ireshly distilled tert-butylamine (37.0 g.) was mixed with a
solution of potassium hydroxide (10.9 g., in water (120 wl.) and the
mixture refluxed. Hydroxylamine-O-sulphonic acid (10.1 g.) was added
and the mixture worked-up as for Experiment lgﬁ_to give tert-butylhydrazine
oxalate (1.1 g.; 15 yield in terms of butylamine); (m.p. and mixed m.p.;

i.r. and n.mn.r.).




R alde] ~ Fornt v
20. Benzaldehvde tert-builylhydrazone hydrochloride.

m
ert-but 4 } i
Tert. tylhydrazine oxalate (6.,C g.) was dissolved in the minimum

amoun i of water and sufficient sodium hydroxide (3.0 g.) added to

o/

T I £ i N .
neutralize the oxalate. The solution wes brought bacl: %o neutrality

e s Ca o n i ~ .
with acetic acid and benzaldehyde (9.6 ¢.) added. Extraction wi‘h

ether drying of +th ther ext tes (EgS [ i i i
ying the ether extracts (Lgbo4) followed by saturation with
dry ICl gas gave a white precipitate of benzaldehyde tert~butylhydrazine

hydrochloride (3.6 g; 5C¢). Recrystallized (06H6) semple had m.p.
- o v p -
189-100"; (Tound €63.56 H 8,22 N 13.21, C 1{,701 N, requires C 63%.50

[ 8.04 N 13.25%); i.r. maxima, (XBr) 3C00-2500 (I\THg) 1620 s (CH=UH, FH)

-y

160C n, 1580 m (aromatic) 137C s, 136C s (gggfdimethyl doublet) 6095 s,

765 s (aromatic); n.m.r. (7.7.4.)C 1.18 (15, s, cO=l) T c.a. 2.3
(55, m, ATH) T 8.38 (9, s, (9_5_3)30).

21, ittempted reduction of bengzaldehyde teri-butylhydrazone hydrochloride

with diborane.

Diborane (0.34 g.) was passed into a well stirred suspension of
benzaldehyde tert-butylhydrazone hydrochloride (2.5 g.) in dvy T.H.7.
(15¢ wl.) at ambient temperature. Passage of dry HCL gas gave only

N

benzaldehyde teri-butylhydrazone hydrochloride (1.5 g.; 605 recovery).

22. Tert-butvlhydrgzine.

Tert-butylhydrazine ox calate (29.1 z.) was refluxed with sodium

an g - " ey 79
nydroxide solution (approx. 705). The supernsient tert-butylhydrazine

and water wos distilled off. Numerous dryings (EaOH) failed to remove

all the residual water and the tert-butylhydrazine was used for further
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reactions in this 'crude' form: % found 88.0995 calculated for ¢ L., N
2
£6.1600; n.m.r. (neat) T 8,8 (¢ . e
’ ( / & (_/H, Sy (91;1323(,—) T 562 (21{’ s, H2c).

23, 1-benzyl 2~tert~butylhydrazine monohydrochloride:—~ condensation—

reduction method.

a) 2-wmoles of diborane.

Benzaldehyde (9.6 &.) and acetic acid (2-3 drops) were added to
a solution of 'crude' tert-butylhydrazine (8.0 g.) in dry THF (200 ml.).
Passege of diborsne (2.6 g.) followed by saturation of the cooled (0°%)

solution with dry HC1l gave benzaldehyde tert-butylhydrazone hydrochloride

(1%3.8 g.); (mep. and mixed mep.; i.r. 2nd NelaTe)

b) 4-moles diborane.

Benzaldehyde, (5.4 g.) and a few spots of acetic acid (2-3 drops)
vere added to 'crude' tert-butylhydrazine (4.5 g.) in dry THy (200 wl.).
Passage of diborane (5.7 g.) followed by saturation of the cooled (0°C)
solution gave crude l1-benzyl 2-tert-butylhydrazinre monohydrochloride
(10.3 g.). Recrystallization (EtOH) gave 1-benzyl 2-tert-butylhydrazine
monohydrochloride (3.7 g.); TMeDe 197-2000; pt found 178.1467 calculated
for ¢, E, 4, 178.1469; (Found C 61.65 H 8.81 I 13.08 0111{19011@2
requires C 61.85 H 8.94 ¥ 13.080); i.r. maxima (xBr) 3200 s (NH)

3010 w (aromatic) 3CCC-2500 (%Hg) 1400 s, 1375 s (gem-dimethyl) 1210 s (c-1r)
760 s, 7006 s,(aromatic) cm._1; nom.r. (TFA) T 2.54 (54, s, ArH) T 5.64

(2, s, benzylic) T 8.51 (9, s, CHz)5C).




N
I

o Aztert-butyl 2-iso-prooylhydrazine monohydrochloride.

Acetone (2.5 g.) and ace*i . ,
wcet ( €.) and acctic acid (2-3 spots)

vere added to

SPRURE Tytrd e 7S z o
teri-butylhydrazine (3.8 g.), in dry 7.1.7. (200 11.) and the solv'ion

ved o siand (30 mine ) -, .
alloved %o stand (30 mins.). Fassage of diborane (1.2 z.; 4 moles)

oy

wed by saturation of % . 3 (0% . . .
followed by turation of the coocled (0°¢) solulion with dry ICl ges

4 '

geve l-lert~butyl 2-igo-propylhydrazine hydrochloride (3.5 £.).

Recrystallized (E4CH) sample had mL.P. 165-1670 : 1 found 13¢.,147C
calculated for C7U i, 130.1516;  (Pound € 50.24 # 11.20 T 16,91
C

HQCl W, requires 50,46 H 11,41 N 16.823.,_); i.r. mexina (KBI‘) %220

G >
+
(v) 3cc0~-2500 (VH, ) 1590 s (WH) 1390 s (gem-dimethyls) 1240 (C-i) cm._1;

\

Nel.Te (DZO) < c.a., 6.85 (6H, 4, (QE3)2 1) T 8.5 (%H, s, (CI,), 50-

T c.a. 6.75 (1H, m, (CHB)EQQ).

25. sttempted addition of trimethylboron to acetone benzylhydrazone.

Experiment a.

hdcetone (1.5 .) and a few drops of acetic acid were added to

o]

benzylhydrazine (2.6 g.) in dry diglyme (2c0 nl.). The mixiure was

stirred uvnder nitrogen for 45 mins.
. , fa 182
Trimethylboron was prepared by the method describea by Brown.

lagnesium turnings (7.0 g.) were placed in the generator and Jjus st

covered with dry diglyme. Fethyl iodide (13.2 5.) wag added dropwise

i . N s reacti he mixture
I ool - »ded : pletion of the reaction the n
as the reaction proceeced. Cn compl

o . ) 71
was allowed to cool and boron-trifluoride (6.6 g.) added dropwise.

. . - . as 1 i with nitrogen into
The resulting trimethylboron (1.3 g.) was flushed with tro:;

. . 5 " . L i OGO SJrethylboron were reroved oy
the reaciion flask. “he last traces of trimethyl v

heating the generator.




G completion of the additicn of

- G

2.

Y HvL gas. A wiite precipitate, of

Tnmn e Y e ey 1 Tttt ey T At A s - i . -
benpyliyerarine nycrochleride (m.v. and wixed m.o.: i.m
iy 7 b

\
No.T. )

-
-
A
<

-
+

PRI ey - oy Ao Ay B B P FOL . SO SR L el
thie saturation o the reacition mixture with HCL ~as was carried out at
1oges was carried out o

o’c. A white precipitate of benuylhydrazine hydrochlorvide (m.; :
Tl jye ) gy lnyarazine nydrocizloride (m.p. and

mized MePes der. and N.u.c. ;) was again obtained.

ry it : e s b s I B T BN R, T Y . R T
26, Attempted preperation of iso-nropylhvdrazine hydrochlomide -

.

condensation~reduction method,

i . r 4 \ - Y A . L.
Lcetone (1.2 z.; 1 iole) was added drepwise to a solubicn of

5 . B - 4 3 S . Y \ .
hydrezine hydrate (1.¢ g.; 1 wole) end acetic acid (2=% drops) in dry

HeHai (2CC ml.) and. the solution allowed to stand (35 minsc)o Passage

of diborane (1.6 g.) followed by saturation with dry HCl gas gave & whi te
hygroscopic solid (2.3 g.) consisting of & mixiure of iso-propylhydrazine
hydrochloride and 1,2-di-iso-propylhydrazine hydrochloride n.m.r. (D20>

e N I ~TT - NS e oA - g \ - A
C c.a. €.35 (6H, 4, bh(Q&B)Z of di-substituted hydrazine) C C.2. 8,41

N . - | Te o
of iso-propylhydra21ne) T ec.a. 6.2 (20, 1, nethine protons

(68, 4, cn(ciz),

S—-

i

of both compounds). Recrystallizatlon, (i), gave 1,2-di-lso
\

i : i3 1.De & mixed WepPe; 1.Te & TeHLT. ).
propylhydrazine mono-hydrochlorice (m.p. & wized m.Dej Lo & T ).
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27 Lttempted cresceration of benzylhydrazine hydrochloride :-—

condensation-reduction nethod .

Benzaldehyde (2.5 g.; 1 nole) was added to a stirred solution
of hydrazine hydrate (1.2 g.) and acetic acid (2-3 drops, in dry TH#
(206 ml.). After allowing %o stand (35 mins.) the solution was treated
with diborane (0.7 g.) and then saiurated with dry HC1l gas. A white
precipitate (2.9 g.) was formed. Recrystallization (BtOH) gave
1,2-dibvenzylhydeazine monohydrochloride (m.p. and mixed eDes

+ .
I"‘I ’ 1ol D.U.d n.m.I‘.).

28. Reduction of benzaldehyde hydrazone with diboreane.

Benzaldehyde, (6.6 g.), vas added dropwise to & refluxing
mixture of hydrazine hydrate (10 ml.; three-fold excess), in ethanol
(500;n&.). Solvent and excess hydrazine were removed under reduced
pressure and the residual benzaldehyde hydrazone treated with diborane
(1.8 g.) in dry THF (250 nl.). Subsequent passage of dry HCl gas gave
a wihite precipitate. Recrystallization gave benzylhydrazine

. A
hydrochloride, (5.8 g; 60:.) (m.p. &nd mixed mepe; K ; i.r. and NeleT.)e

29. 1,1-dimethyl 2-iso-propylhydrazine hydrochloride.

1,1-dimethylhydrazine (2.4 g.), acetone (2.3 g.) end acetic acid
(2-3 drops) were warmed (20.mins.) in dry tetrahydrofuran (200 ml.).

After cooling pessage of diborane (1.1 g.) followed by saturation with

HC1 gas gave 1,1-dimethyl Z-iso-propylhydrazine hydrochlorice (4.2 gos5 75

_+ . -
Recrystallized (E4OH) sample had m.p. 136-140° (decomp.); K~ found 102,1155




C 45,4 1 t1.el T 20.11),
2C.8% V. . : T
clWC g Lells TQIIAING \4\:1‘4/
5200 5 (ME) 3000-2400 (WH) 158C (00 en”'; mamee. (D.C)
7 » L sy Nelliai's <J2(,/‘ [= _C.a?.: 6-.9
-
C

c.a. €.7 (61, é (ggj\ ¢

A e T e e ! 5 Tanq e A - - .
1, I-dimethylhydraziae (1.2 o.), butyraldehyde {1.5 o.) ond

[

e 3 T Gy T Y™ T 4 A e gy P A\ - 3 -
ccetic (2~3 drops) were allowed ‘o siand (35 mins.,, wnder nitrogen, in
k] Sy ey Ty Y -y il - [V A \ o} - SIS " -
dry tetralydroruran (15C r1.). Fassage of diboranc (C.6 g.) followed
by seturation with dry HC1 ges gave a "plasticine-like" material.

4 il ]

Teeatment of this solid with concentrated sodium hydroxide soluticn,

4

axtracticn with ether, drying (Rg804> of the extracts end {inally removal
of the ether &+t reduced pressure, gave a golden yellow solution (1.1 z.).
the material showed the nroperties expected for 1,1-dimethyl 2-n-
butylhydrazine; K4 116; i.r. maxima (neat) 3,200 s (wH) 1580 (x8) Cm._1;
N T, (CDC>13) ¢ c.a. 6.4 (28, m, ITH—@Z—)'i 6.9 (6H, s, Irg(gy;j)z) < c.a. 7.8
(m, -I,-) € c.a. 8.2 (m,~CH,=) T ce2e 9.05 (34, %, -_Q_I%)

Ltiempted distillation of +the crude 1,1-dimethyl 2-n~-butylhydrazine

. .« s . ) - - e IR FalE
resulied in decomposition to an intractable tar. Repetition ol une

experiment cave the same result.

21,  Preparation oi 1-benzyl 2-meinyl 3-ph nyldiaziriding.
Eethylhydrazine (1.1 g.3 1 nole) benzaldehyde (4.8 g3 2 noles)
3 = Y ya 3 \ 9
and acetic acid (2-3 drops) werc allowed to stand (30 pins.), under

\ o e, ) was then
. . , o - MY T ne 0'7 O Jdas s
nitro;en, in dry tetrahydrofuran (2cC ml.).  Dibora ( !

. o 1 oa L A £ g strons agueous sodiwn
pessed into the solution. — Subsequent addiwiom o= & Bront =i




T red VA O Is) 100 &u 11 I3
hydroxide solution guve two layers. The upper lsyer was exiracted with

ther, drieq (3:2CH) and solvent removed under reduced prescure to give a

scoug golden yellow sample of l-benzyl - - 3 15 oot e 3
visc & yellow sample of l-benzyl 2-methyl F~phenyldiaziridine

(3.5 g.3 605)3 1 N found 224.1313 calculsted for C, SHi gty 224.1313; 1i,r.

oo 3 ) 4 y nFavs o -—
exima ( eat) 3C1C w, 160C s, 1500 s, 750 s, 700 (aromatic) CIn. 1;

/

i : o) - o (167 i N e e . N
n.n.r. (nest) T 2.8 (100, n, aromatic) T 5.45 (H, s, ring-CH-) T 5.62
’ e AN T . .

(2H, s, benzylic) T 7.48 (3H, s, NfCiﬁ).; on warming with acidified

potassium iodide, in the presence of a little copper sulphate, the sarple

83

gave iodine - a reaction characteristic of diaziridines.
node

Lttempts to distil the diaziridine, at reduced pressure, resulted

in decompogition.

. Cttempted preporation of l-n-propyl 2-nethyl J-ethyldiaziridine.

(N

pxperiment No. 31 was repeated, but the benzaldehyde was replaced
by propionaldehyde (2 moles). A4 yellow liquid was obtained. This did not
release iodine when warmed with acidified potassium iodide in the presence
of copper sulphate, hence no diaziridine was present, lHass spectrum base
peak /e 59; i.r. maxima (neat) 340C br (ci?); nemer. T 2.0+4.C (various
low intensity ci=i?) T 5.7 (s, 0@ 7) Cc.a. 6.4 (m, ©.HF.)  The liquid

appesrs to be a mixture of various components.

~{rirethyl disziridine.

\,\l

3%.  Attempted preparation of 1-iso-propyl . 2,3,

: i 7 & t the 1 sldehyde was replaced
Lxperiment 1o, %1 was repeated, but the benzaldehy ] D

e e ined i relesse
by acetone (2 moles). 4 yellow liguid was obtalnec. nis did not rel

iodine when warmed with acidified potassium iodide, in the presence of
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copper sulphate, hence no diaziridine

ne wos fommed. The material
yags not further invesiigated.
=4 Ldtarmntaed mrena L3 A £ . - . c e g
B4, ~ttempted preparation of 1 n-propyl 2-nethyl 3~phenyldiaziridine.

Propionaldehyde (1.4 g.; 1 wole) methylhydrazine (1.1 ¢.; 1 nole)
. 3 6 2 e ) s 3 ) s N
and acetic acid (2-3 drops, were stirred together in tetrahydrofuran

(200 ml.). Benzaldehyde (2.5 oy 1 mole) vag added and the resulting
. + ' e PR o { Yy A 4 .
mixture treated with diborane (C.6 g.). Subsequent addition of sirong

agueous sodium hydroxide sgolution gave two layers. Extrection of the

upper layer with ether and evaporation of the solvent gave a yellow

o

ligui This material did not release iodine from acidified potassium
iodide, however small peaks in the mass spectrum at m/e 176 and m/e 174,
were Tound, by accurate mass measurement, to correspond to the formulae

CiiHygh, (found 176,131, calculated 176,1313 ) and C, 4 (found 174,116,

1472
calculated 174.1157) respectively. Small amounts of the required
diagiridine may thus have been formed, but the mass spectrum showed

nunerous peaks up to m/e 253 and the material was probably a mixture of

various compounds. The product was not further examined.
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Appendix 1.
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measurement of various ions in mass

Compound

EGNHFHZ.HCI

Yominal

Hass (w/e)

spectra examined.

liass

Tound

46.0540
4540458

44..0367

31,6251

liass

236

Calculated

46,0531

(There are other m/e 31 fragzments of

EERE, . (C()zH) 60

Prnlcmmz .

(co

2
45
44

.‘_\
211)2 T4
45
44

60,0685

60.0687
45.0453
44,9977
44,0574

44,9986

74,0844
45,0453
44,9977
44,5986
44,0500

£4..CTT4

Fornula

CH4N2
CHBI‘T >

N2H3

lower abundance)




Corpound

Tominal

Fass (m/e)

\J1

44

Qo
Q

Ul
(@

S8

U
(03]

7
-~

U
(@)

Sfomd

’7 /"E‘ . C'E‘/T 5

59,0614

&88.1¢01
45 0452

A COT7E
& S¢S

e

AP

NN

A4..0501

TN

44,0378

88.099%

£8.09599
75.0765
58,0651

57.0697

Iass

Calculatea

44 SGTT

44,0499

44,0574

86,1000
73.0766
58.0657
57.0704

5640560

Formuis




Compound

Tominal

lLass (w/e)

NS

1¢7.0735
106.0657
105.8578
103%.0420
92.0626
91.0562

45.0452

136.09¢9
106.0655
104..0533
02,0626
G2.0498
91,0563
77,0404
51.0247
45,0463

31.0423

31,0208

147

l.ass Tormula

Caelculated

122.0844 Callyolia
107.,0729 Co
106,0653 Ol
105.0572 ¢t
103.0420  C ¥
92.0626 C. g
91.0548 Ol
45,0453 CIJ,
136,10C0 CeHyots

106.0657 C7HSN

104.,05C0 CH I

76"
92.0626 CHg
92,0500 C6H6N(small)

91.0548 Cotly
77.03%91 Cel,
51.0235 C 4
45.C453 CH.N,

\J

[se]
et

31,0422 i, 5

%1.0296 CH%E(snall)




Conporiand fominal Lass Lass “ormula
Hass (n/e) Found Calculated
PRCILE IR L HC L 150 150.1157 150.1157 ¢,
“ a4z
135 135.0921 135.,0022 Celly 41,
106 106.0640 106.0657 CHJ
93 95.0702 93.0704 C.tg
o
92 92,0624 92,0626 o
1 91,0551 91.0548 C7H7
59 59,0594 59,0609 CH
51 51.0225 51,0235 C4H3
45 45,0466 45,0453 CHSI*T2
PhCI-IzNIﬂ\THPrn-HCl 164 164.1316 164.1%173 Crofigs
V4 04.2¢ N
10% 10%.04C5 10%.0422 CH,
93 9%.070CC 93,0704 C7H9
92 92 .0607 92,0626 C7H8
73 7%.0768 7%.0766 CxEG

45 45.0450 45,0453 CHSNZ




Compound Fomingl

e i ,
PROH MHTHPT »ACL 164
Z

PhCH9NHNHBun-HCl 17¢
106

135

92

91

87

45

Ph—OH2NHNHBut-HCI 178
161

91

&7

found

164.13%16
106,064¢
103.0417
93.0700
02,0626

92.0583

P oV N

73.0767
65.0246
43,0557
51.0297
178.1460
106.0657
135.0951
0%.0702
92,0607
91.0547
87.0867

45.04562

178.1467
161.107S
91,0543

87.0925

llass
Calculated
164.13175
106.0657
103,0422
63.0704
92.0630
02.050C
73.0766
65.0235
43,0548
31.0296
178.147¢C
106.0657
135.0922
93,0704

92.0630

87.0922
45.0453
178.1470C
161.107¢
01.0548

87.0922

Formula

Crcth '
oI
u71.18.”

CALI

C Bl (small)

6
Cgﬂgmg




Compound

PhCH 21\'.'? ITCH,PheHC1

S
Bu NHWHFT

PhCQOL I e

t
PhCONINHBu

R e T S SR

THominal

Fass

212.1280
95.0702
92.06%1

91.0547

130.1516

59.061%

150.07%
122.0601
105.0332

45,0462

192.1250
177,1035
162.,0917
136.0627
105.0330

77.0398

57.0684

Calculated
212.1%13
935.0626
92.0626

91.0548

130.1470

59.0614

150.079%
122.0606
105.0340

45.0457

192,1263
177.1028
162.0919
136.0637
105.0340

77,0391

57.0704

TFormula

u14111 61"(2

Cllg

C 7){8

Cotiy

Cliy g,

X
(}21{7142
C n1 L,C

SR
C 'YI*SL ¢

T -O
C7ﬂ5
CHSI\‘2

16N20

C1OH1 3UZO

€1 OH1 ZN 0

CHgliyC

C7HSO
C6H5

C 4H9
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¢ ompound liominal

Iass liass Fornmula
llass Found Calculated
PhCONIE HCOPh 240 24,0902 240.0899 01 41{ 1 2N 202
105 105.0%51 105.0%40 C 10
. - - z TN
105 105.0353  105.0340 Cqflg
T7 T7.0387 77.0391 CH

675




Appendix 2.

*

Compound Observed metastable Calculated Trensition
vosition value 37

E"cI‘lEII{-IHZ-(COZ'rI>2 33,77 33,75 60— 45

1Jrnr;1ﬂ>:z'3‘12-(00211)2 27.736 2736 e a

Pr I, (COH), 47.07 4704 74 5

B RITH,, - (COE) 23.C 3,01 88 > 45

29.5 29.49 57 —> 41

11.6 11,64 88 —> 32

ButN}H‘»TH2-H01 6059 60.56 88 ——> T3

37.0 36,92 88 —>» 57

29.48 29.49 57 ——> 41

11.6 11.64 88 ~— —» 32

46,1 46,08 73 —> 58

; : .56 ge —> T3
NutN}HH{2-(002H)2 60.5 60.5

29.5 29.49 57— 41

1.6 11.64 88— 32

e R
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11

(7

eel
A

value

(@

<

v

LD WL
]

LN

ne

69.
67

1
va

ervel

o
]

O
)

[QN]
[OX

[N}
Ood

LN

o

WO

LY
O

1

a1

01 —s 65
0
6 —>

1C

136 —> 93

£6.43
33.78
61.34
14.89

oreTTEs

oy

3%.80
1409

o~

|l




Sonpound Cheerved metastable Caleuloted

(25 R I H S
CYEILBATLC

valve

- - ~
I 26,45 150 > 0
- -
it 52.7C 135 == 02

n 61.34 1% —= ©1

- 5 P . .
23,4 25.21 15¢ —3 50
AT A 4o :
46,4 06,43 Gl—> 65
e i

(RO 10,20 30 e 3

52075 H2.T4 154 —» S5
N 1,61 16/. — 92
I 62.7C 15, — %2
m h1.54 155 —= 61

ol
o
N
N
.
~
D
N
S
¥
-3
Wl

. oz
S L T a1 o 2.74 164 ——> 93
FhCipn 7peT-1CL 527 P
- AA0 e C\’I
U ‘[' R > Y
m ,)5.,10
68,44 121 gt

m

32«50




ompound

N s G
PhCH  HITHBU T -HCL
(4

EhCHZRHNﬁﬁﬁzPh'H01

Cohserved netastable

position

48.8

m

Tl

46,40

Calculated

value

£8.5¢
47490
62.7C
46,52
61.34
63.13
83.24
42.52
46.43
102.30
23.28
37435

22,49

68.43
65.06
%9.06
61.34

46.43

155

Transition

178 —> 135
87 — = 45
87 —> 57
57 —> 41
121 —= 91
212 — 121
212 —— 91
1%5 —-> 91
91 > 65




¢ompound Cbserved metasiable

position

PhCHZfHﬂﬂBut-HCl 48.6
m

18,25 (m)

42,5 (n)

149.3

37.4 (1)

lelTH e 2HC1 33.5

(I&e}ZNNHE'(COQH)Z 58.3

() JiH,, - (COLH)

Calculated

value

47455
18.25

42,52

Transition

178 — 93
178 — 92
178 — 57
178 — 87
178 — 163
178 —> 122
16% -~~» 91
122 > 93
122 > 92

122 —> Gl

g1 > 65
87 > 51
57 o 41
60 - - » 45
60 — 59
60 — 45
45 —> 43
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Compound Observed netastable Calculated Transition

position position

t o

Bu -I-1iL, -HC1 149.5 149.26 178 — 163
¥ -—«CIEIZ €3.7 8% .62 178 — 122
69.4 69.38 122 — 92
67.8 67.88 122 — 91
50.8 50.80 163 — 9
46.4 46.47 91 — 65
29.5 29.49 57 — 41
PhCONHRE,, 1.0 81.08 156 — 105
56.50 56.46 105 — > 77
33.75 33.78 77— 51
PhCOITHITHC CPh 46.0 45.94 240 — 105
56.5 56.46 105 — T7
35.75 53,78 77— 5
o 150 —~ 122

PhCCiHNIT e



¢ ompound

(tie) 1rHPY -HCL

”
<

(Ee)ZNHHBun

Butlfr' HITHP I‘i

B

Cbserved metastable values quobed

on "expanded” spectra.

values obtained from normal
The symbol m indicate: that the

Cll K=Ye 3 A3 a3 .
ecked, by the metastable gefocusing

Ohserved ©
L ed metastal

position i
position
16%.,1
3 163,20
96.4
= 96051
148.2 148,30
81.0 81.08
56.5 56.46
)7.2 37-36
3575 33.78
29.5 29.49
101.7 101.75
42.1 42-21
37.2 3703’7
29.5 29.4S

mhose quoted to one decimal pl

scale spectra.

rpansition hes

technique described

ace ar

223

Transition
192 — 177
192 —— 136
177 —— 162
136 — 105
105 ——= 77
87 —— 57
77 —> 51
57 = 41
102 ——> 87
102 — 59
116 —— 59
130 — 115
150 — 14
74 —> 59
87 > 51
57 > 41

to two decimal places were neasured

e approximate

been found, OT

by Jennings.
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the less Dpecirun of Trepylivm Fluoroborate.

]

T

e Ok ion in the moss spectra of benzmylic specios has
1 ,

w2
i

i 238

heen vostuloted as having the fully syumetricel tropyliwm structure.”

‘8 a sgerieas of 1-benpyl Z-alkylhydrezines was examined (see page 3’5),

1

lmowledge of the fragmeniation of the tropylium ion was of particular

IR

intersst. e literature containc no reference to the specira of

any tropylium sclis aend ‘ropylium fluoroborate was chosen for study.
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The mass spectrum of tropylium T \ .
Py fluoroborate (Fig. 17; page 60)

has the base peak at m/e 91, corresponding to the caiionic portion of

the salt, but also shows intense peaks eighteen (m/e 109) and nineteen
(n/e 110) mass units higher. Accurate mass measurement

- kg - o L L + + .

indicates that these are due fo C HF and CoH.F" respectively (Table IX).
In contrast tropylium hexachlorophosphate shows no intense peaks above the
base m/e 91 peak.

Rable IX

Accurate mass measurement in Tropylium Fluoroborate,

Noninal lMass Mass FFound Mass Calculated Formuia
110 110.0527 110.0532 C7H7F
109 109.0451 109.0454 C7H6F
91 91.0546 91.0548 Cofin
85 83,0295 8%.0297 05}1 4’5‘
65 65.0392 65.0391 05H5
o7 57.0094 57.0141 o
49 49.0062 49,0061 BFZ

1 i taining peaks
Aecurate mass measurement of the other fluorine containlng p

and metastables are consistent with the following fragmentation :-
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n/e 110 n/e 109 3/e 63 s

This is superimposed on the usual tropylium cleavage :=-

/e 91 n/e 65 n/e 39

The ratio m/e 65 : n/e 91 in tropylium fluoroborate is 1 : 2.0,
This is rather different to that observed239’240 in toluene (1 : 8) or
ethylbenzene (1 : 11 .8). The increased intensi“ty of the m/e 65 peak
is probably due to loss of fluoroacetylene from n/e 109 :-

Ceh ~(crscr) . [F7]

R

n/e 109 n/e 65

Unexpected high mass peaks, other than those due to impurities,

are generally regarded as arising by thermolysis in the inlet system.

Recently Battiste ahd Hal“con241 nave noted that in the mass spectrun

: at
of 1:2»3-—“Criphenylcyc1opropenyl sluoroborate the base peak occurs

w/e 286 (I), rather than the expected n/e 267 (11) :-




Pi Pk

‘L) (i1)

Qonge

Cther 3-nalogenc 1,2,J5-triphenylcyclopropunes sive (e

pock 2t uye 267 Ii). This behaviour is anclozous Lo our owm

observecions with tropyliuwm fluoroborate cnd tropyliwn hexachloro:ho

121N .‘75].(. e

Tormation of m/e 266 by thermolysis of the 1,2,%-

triphenylcyclopropenyl fluoroborate appears to be ruled-out by the fact

. . . . 0 .

that comzound sublimes unchenged at 200°C and pressures lens than
-2 2 PRI 3 are L J 241 ; s

10 torr. Ba itiste and Falton heve suggested that the hisn mass

peak arises by electron-bomberdrent of the parent molecule in the form

of "a slichtly-polerised donor-acceptor complex" :-

: . e -
Tropylium fluoroborate is not very likely to form a do

e thig L +hi g ion of the high mass
acceptor comnlex of this type, put this explanatio

. 5 : trumn of
. . g . cupther +he mass spec Il
poaks is feasible. To test the hypothesis furthe

- - I s, 18 pezreibl-r)- The
Trityl {fluoroborate (PhBC-’ BF4 ) was obtained (\F_.ﬁr-l » PEg

) . . - he formation of &
'oropellor! shape of the cation in this pmelkes 1

-4
Sal v

donor-acceptor couples rather unlikelye.




Fone

-

a”
l,"u




ha

rityl flvoroborate was P .
N4 Jas round 1o give a high mass peak at

/ - ” ! P [ o3 Ty .
/e Lo DGLZ nineteecn rass unii .
m/e 262 (R 56.2, ), nineteen ress units above the expected value

3 N PR Ie i DA4 P 2
for the cavion Ll/e 24% (R.A. 18.T ). Leccurate mess measurement of

bl 1 - .
the heaks has not been carried t . in @
these peaxs ne ot been carried out, but, in analogy %o tropylium

fluoroborate, wiey may resson

+ 3
™ o8 ¢l & F W o T Y=y A B LT
I h3C respectively. It would thus apoesr that this rearrangement is

ably be assigned the structures Ph,CF  and

" + o cati -~ E oot ] .
general to aromatic fluoroborztes, but it is unlikely to be an electron-

pombardment induced phenocuena.
In the particulaer case of iropylium fluoroborate the high mass
peaks are almost certainly formed by thermolysis. The following

observetions support this conclusion :-

1. Tropylium fluoroborate is reported242 as decomposing

slowly at temperatures above 210°¢.

2. I etastable-defocusing does not indicate a source for
‘e © ' 3, whi ests (but does not prove) that
either m/e ©1 or m/e 110, which suggests \but s not 1

they do not arise by an electron—bombardment Process.
: f i ate gi s relati intense m/e 49
5 Tropylium fluoroborate glves & relatively 1ntens /
+ mh‘ﬁ 9 a J~h
i y ¥ . ‘his 18 tne
peaks; shown by accurate mass reasurement 1O be BEZ This 18

e N o rm ather likely thermolysis product,
base peak in the mass spectrui Of the other likely J

i.e. boron trifluoride.

245

=
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Older samples of tropylium fluoroborate shov a larmre

. a2
suggesting

the relative intensities of w/e 45, 109 ang e,

that the rearrangenent may occur slowly on standing even under normal

conditions.

The rearcrangenent is formally anzlogous o the well-

244

kown Balz-—Schiemann reaction

heat ) ; o
ArF + 1\2 + B_3

>
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Avpendix 4,

Tumour inhibitory proveriies

of hydrazine

e TP, I -~ » oy ] RN . 245
‘he work of Zeller, Bolleg and their co—wo;kers,78’ 245 has

shorm that 2 number of hydrazines have tumour inhibitory properties
g ok res .

The wmost useful hydrazine cercinosict sppears to be Faiulan

. Ll T N N L. \ . q . .
(I\? ~150~propyl— « (2-me tnylnydraza.no)—p-toluamlo.e) , which is particularly

effective in the treatment of Iodgkin's disecase.

ST B E-CH 5 (/ \,-CU - wi- Cd (CHy ), HeL

T 4

metulan (Procarbazine)

s

llost of our present knowledge of the me: “abolism of hydrazines
cores Trom worl on INatulan. The metabolism and possible cyrotoxic
1 . 1 - . 1Cy 4“;'
mechanisus of hydrezines have been reviewed.
Dr. 7. A. Connors has undertaken the testing of the anti-tumour
-
activity of a number of hydrazines The general protocol employed has

246

h e b mouUr
been described. The tests were carried out on the PC6 tu

R P imal T each daose
(a solid plasma cell ~i;umou‘r) on groups O three animels for ec

ounds.  The
level. The experiments were repeated for active conpovn

esults obtained are shown in Table X.




Tablgj&_

Tunmouvr inhibition of

some hydrazines.

ks

Compound,

1 L, E,80,
G garrrrr e o\
2. !.ut_.r..u.ﬂz (co i),
5. PrIINE,-(COH),
4., Tr l\TTH ( )
5. But‘ILHZ ((o,u)
6.  PhCH NI, (3 1,5C,
Pha(HE  -FIIONHE I _ .
7.  Ph-CH, -FHCNE-CHg-HC1
c . R o
G PHCHgmHNnPr

*  Compounds

& in water).

administered 1.P.

LD5C

(mg./ke.)

as a single dose (1

Anti~tumour effect.

Inactive
Inactive
Inactive
Inactive
Inactive

8% inhibition at

32 mg./kg. (1/3 deaths]

1004 inhibition at 160
" " " 80
" " "40

" 20

80 " *o10

(Therapeutic Index 6e4) .

Inactive

.6 in oil and 7 and




It should be noted thai many of the compounds were tested

as oxalatles. It was hoped that any carcinostatic effect would

appear befcre the toxicity of the materials took eifect.

The T~benzyl 2-methylhydrazine { compound 7) has some activity,

ted T i - e 7 ,
as would be euwpected frow the work of Zeller and his co~vorkers, but

the activity is of a low order.
Of interest is the fact that benzylhydrazine (compound 6)
: 45, 247 _ .
also has some activity. This has been noted previously, and

3 . . P . T T T 1sides b
would indicate that ihe group CH3 I‘m;)1-0113—06h4 R, congidered by

Zeller and his co-workersl7 to be essential for any appreciable
cytotoxic activity in hydrazines, is, in fact, not indispensable.
I+ should be noted, however, that replacement of the N—CH3 group of
1=benzyl 2-methylhydrazine by a N-Prn group apparently removes all

. . a)
activity, (Compound 9).
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