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Abstract—A reactioa of N N-disubstituted bydrazones (1) with bases bas been investigated. N - Methyl - N -
tosylhydrazones of sliphatic carbonyl compounds have been shown to combine with primary and some secondary
alipbatic amines to form a-aminodialkyidiazenes (2) hitherto unknown, and with triethylamine and alcobolic
solutions of alkalies to form symmetric azines (10). Some structural factors contributing to the formation of 2 bave

been elucidated.

The interaction of ary! sulpbonyl hydrazones of various
carbonyl compounds with bases has been widely in-
vestigated and is of great preparative value.'™ It should
be noted, however, that all these reactions were carried
out with hydrazones containing an H-atom bonded to a
N atom and are based on the ability of the H atom to be
jonized in the presence of bases. This paper deals with a
study of behavior of bases in respect of hydrazones not

R CHs

containing an H atom bonded to a N atom. The
hydrazopes investigated by us are listed in the
Table 1.

Mecthylidene-, ethylidene- and isobutylidene - N
methyl - N - losylhydnzom (la—c) combining with
primary aliphatic amines under mild conditions torned
out to form a-aminodialkyldiazenes (2)° unknown
beretofore (eqn 1a).
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Table 1. The bydrazones investigated in this paper
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The reaction seems 10 be a combination of two known
reactions: the addition of a NH group to C=N bond**°
and the formation of azo compounds from N - alkyl - N -
arylsulphonylhydrazones.!" A probable intermediate
seems to be a-aminohydrazide (3). The possibility of
formation of 3 is supported by synthesis of @ - N -
propylaminoethyimethyldiazene (2b) through the inter-
action between N - ethylidene - n - propylamine (4) and
N - methyl - N - tosylhydrazide (S) which should proceed
through the formation of 6 (eqn 1b).

CHy
CHyCHEEN—CyH,-n + NM,—»IJ—so,Ar —_—
4 5
CHy
CN,—(IZH—NH—PI{—SO,AI
NNC,N-rn
]
— cn,—<|:u—~-~—cn,+ ArSOpH -n —CyHpNH, -
NHCyHy-n
2>
Ar=CgH CHy

The ensuing decomposition of 3 may take place both
by ionization of the H atom bonded to the N atom under
action of excess amine and through a cyclic S-membered
transition state (eqn 2).

(1o}
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—_—
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Sulphinic acid is liberated in both cases. The liberation
of sulphinic acid is generally specific of a sulphony}
hydrazine fragment and occurs most commonly in those
mwhenlpmnup'pannaNnomloutedin
B-position to the S atom."**?

The a-aminodialkyldiazenes 2 and their yields depend-
ing on the reaction conditions are presented in Table 2.

Stretching vibrations of the NH group (3320 cm™’) and
the N=N group (1450 cm™") are visible in IR spectra of
diazenes 2. A distinct intensive band of the N=N group
(1440cm™") is seen in a Raman spectrum.

The proton chemical shift of the CH,-N=N group in
the 'H NMR spectrum is 3.6-3.8 ppm. This value is close
to that of the same group (3.89) in a-bydroxydialkyl-
diazenes obtained recently.'’ The absence of a signal of
sp>-hybridized C atom in '’C NMR spectrum discards
alternative hydrazone and amidrazone structures. The
chemical shifts and multiplicity (off resonance) of signals

N
in C NMR spectra reveal the presence of cu,cu<
N
(19, 6q; 84, 6d), =N-CH, (S5, 4q), N-CH,CH,CH, (47, 5t;
22, 3t; 11, 3q) fragments in compound 2b and N-
CH,CH,CH,CH, (45, 3t; 32, &4; 20, 1t; 13, 6q), =N-CH,
N
(55, 2), (CH;}:CH-CH,
NN
4d) in a - n - butylamino - 8 - methylpropylmethyl-
diazenc (2d), which agrees fully with the structure
proposed. The resonance signal of a methine C atom

(16, 8q; 17, 2q; 31, 5%d; 93,

R ?'30 bonded to two N atoms in the compound 24 is shifted by
\ N 4 RANN 8.8 ppm to a low field as compared with the same atom in
/‘f_“\fr‘,,s\ (2)  the compound 2b owing to the S-effect of the Me group

R #ro A in the isopropenyl residue. In accordance with the
R* structure proposed the presence of an asymmetric centre

7 in molecule 2d gives rise to a magnetic nonequivalence
R of the Me C atoms in the isopropeny] residue.

T TNSN Oyt ASOH TR In spite of the fact that yickds of diazenes 2 do not
R NG exceed 60% (Table 2) the amount of sulphinic acid
RFR* 2 formed was not less than 90-95%. Other reaction

Table 2. a-Aminodialkyldiazenes 2
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da "= = e cazon.clz 15 ether 51,0
XK - - - & 10 anm, 50,0
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Reaction of substituted hydrazones with bases

products in all cases were shown to be Schiff’s bases
(composed by an amine employed in the reaction and a
carbonyl hydrazone component) or their trimerization
products (reaction Ic with ammonia). The reaction
carried out at an elevated temperature (60%) leads to the
formation of Schiff's bases mainly and to that of a small
amount of diazenes.

The appearance of Schiff’s bases can be accounted for
either by the instability of diazenes 2 under reaction
conditions or by alternative reaction courses. During the
investigation of the properties of diazenes 2, it appeared
that the thermal stability was not high. Thus, the boiling
of the diazene 2b solution in CCl, for 1Shr yielded a
considerable amount of a Schiff’s base (4) (eqn 3).

CHaCH—Ne=N—CHy — 2 e CHyCH=N—CyHy-n  (3)
NHC H,-n.
2

4

The decomposition of 2 was accelerated considerably
in the presence of mineral acids. N - Isobuthyliden - n -
buthylamine (8), nitrogen and methane (the latter ones
identified by mass-spectrometry) were isolated after a
solution of 2d in CH,Cl, with an equimolar amount of
hydrochloric acid had been kept for 15 hr (eqn 4). The
decomposition of 24 took place similarly in the presence
of p-toluenesulphinic acid.

N.

cn—cn—u—u—cn, o
% lcgn
2d

CH,
>oa—oc=nc.u.-n +CHNy ()

Since sulphinic acid was always present in the mixture.
during the synthesis of 2, the appearance of a Schiff base
could be accounted for by an acid-catalyzed decom-
position of 2. However, a transamination side reaction
was not excluded also (eqn 5). The ability of hydrazide $
to readily give off sulphinic acid, nitrogen and methane in
the presence of bases is known.'*

The bebavior of diazenes 2 in the presence of acids is
similar to that of a-hydroxyalkyldiazenes which form a
carbonyl compound and monoalkyldiazenes (9) under
these conditions.'® Therefore diazenes 2 prepared may
serve as sources of 9, thechemutr‘yolwlm:hlmbeen
developing rapidly in recent years.
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The simple method found for the prepanation of
a-aminodialkyldiazenes 2 hitherto unknown from readily
available products under mild conditions demonstrates
that the synthetic potentialities of substituted hydrazones
is far from exbausted. In order to elucidate the structural
features of compounds contributing to the formation of 2
as well as to ascertain the possibility of synthesis of
other a-substituted diazenes according to this scheme,
we examined the bebavior of N - methyl - N -
tosylhydrazones of aldehydes (by example of Ic) in
respect of amines of another type and of other
nucleophilic reageats.

Pnnnrymmconuuun.muyloubnnchedllkyl
residue, failed to react with 1c during 20 days. A negative
result was also obtained with diethylamine. However, a
decrease of steric hinderance near the N atom of
secondary amines allows the reaction to proceed along
its appropriate course. The interaction of hydrazone l¢
with piperidine brought about the formation of @ - N -
:::;\dmo - B - methylpropylmethyldinzene (2g, yield

A symmetric aldazine (10) turned out unexpectedly to
be formed (though in low yield yet) when the hydrazone
Ic was kept at 20° for a long while or beated with
tricthylamine or alcobolic alkali. As a possible explana-
tion for the formation of 10, one may suppose that the
first stage is the attack on Me hydrogen by a base leading
to the formation of a non-cymmcu'ic azine (11) which
subsequently undergoes a symmemnnon (eqn 6). The
ability of the nonsymmetnal azines to undergo a
symmetrization is well known."”

RC"-N;!— ST Tasopi s

Bose
1c (6)

—=o [RCH==N—NmeCH ——» RCH==N—N=CHR +
1 10
+(CH,=N—N=CH,),
Rem(CHyly CH; Are=CoH CH,y
Hydrazones 12 and 13 along with sulphinic acid were

obtained in the course of reaction of le¢ with hydrazines
st various degrees of alkyl substitution (eqn 7).

RCHm=N—N(CH{)SO, Ar

2NN

Rm_u—moc,), ch—n—nucn

(7

RE=CHy1,CH; Ar=Ce CHy

The formation of hydrazones 12 and 13 in the course
of reaction of le with monomethylhydrazine and non-
symmetric dimethylhydrazine could be accounted for by
the transhydrazonation characteristic of hydrazones.'*"

However, transhydrazonation does not allow one to
explain the outcome of the reaction with symmetric
dimethylhydrazine (the formation of 13). Most probably
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this is due to the formation of a-hydrazinodialkyldiazene
(14), which appears to be instable and seems to
decompose in accordance with eqa (8).
RCHamN—N(CHy)SOp A + 2-CHyNHNHCHy ———»
le

Ik

_6"?5\
-uw.w= RC NI_," —_—
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=N—NHCH,
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(@

—_—
-cugo-noc,
Re=(CHy),CH ; ArmmCoHeCH,

We do not exclude such a manner of formation of
hydrazones 12 and 13 in the case of interaction of 1¢ with
two other hydrazones.

Apart from the interaction between ic and various
nucleophilic reagents we have studied the behavior of
hydrazones of various structures in respect of primary
aliphatic amines (by example of m-propylamine). It
turned out that the substitution of an aliphatic for an
aromatic aldehyde residue in the carbonyl part of the
bydrazone (benzylidene - N - methyl - N - tosyl
hydrazone 1d) caused the reaction with a-propylamine to
stop completely at 20°, whereas at 60° N-beazylidene-
propylamine was formed.

The substitution of an aldehyde for a ketooe residue in
the carbonyl part of the hydrazone resulted in the
formation of a-aminodialkyldiazenes, but they are not
stable. Only a - » - propylaminocyclohexylmethyl
diazene (20), obtained from cyclobexyliden - N - methy! -
N - tosylbydrazone (1f), could be identified.

The hydrazone (1) reacts with primary aliphatic
amines probably in the same way as hydrazones la-¢,
but a-aminocalkylphenyldiszene (15) after formation,
re-arranged into amidrazone (16) which was finally
isolated (eqn 9).

CeHs

CHyCH=N—N—50,CgHCHy + 1. —CoHoNity —
I (9)

— [c’sgu—~=~—cw.] > CHIC=N—NHCeHs
NHC Hg—n NHC Hg—n

18 16
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unchanged.
ot of the Me group by the phenyl in
these hydrazones (1) and 1k) does not allow the amine to
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link to the C=N bond; instead the amine attacks the CO
group to form corresponding amides (eqn 10).

CeHs
CHyCH==N—N—COR + R'NHy ——o
Wk
~—— RCONHR’ + CHyCH==N—NHCgHg
1): Ra=CH,;
1k: R=CgHy; R=C Hg—n.

(10)

EKXPERIMENTAL

IR spectra were recorded in films between NaCl crystals with
UR-10. 'H NMR spectra were measured in CCl, with the

Preparation of the hydrazones 1o-8. 0.12 mole of a carboayl
compouad were added dropwise to a sols of 0.1 mole of N-tosyl-
N-methylhydrazine (obtained accordiag to ref. 11) in 50 ml of
alkcohol (MeOH, EtOH, PrOH) at (°. The mixture was stirred for
1 he at this temp, and for 2-10hr at 20°. The bydrazone obtained
was filtered off and crystallized from aa appropriate solvent. The
physical properties of hydrazones 1a-{ thus prepared are shows
in the Tabie 4.

Ethyliden - N - methyl - N - acetylhydrazone 1g. A mixture of
0|2noleo(mlhhydend0.llohofN ne&yl N -

! ia SOml EtOH was kept at 0° for 1Shr. After
thenlvutmu-ondundlhem&nmdnmnvm
S4g (47%) of 1g with bp. 37-40°/l am was obtaimed; n,”
1.4800. (Caled: C, 52.60; H, 8.81; N, 24.55; C,H (N,O: Fousd: C,
$2.48; H, 8.90; N, 24.32%). 'H NMR: 1.9 (3H, d); 2.15 (H, 3);
3.08 3H.s): 7.1 (1H. q)

Eshylidene - N - methyl - N - benzoylhydrazone 1h. 663
(0.15 mole) of acetaldebyde and several drops of AcOH were
added dropwise to 15g (0.1mole) of N - methyl - N -
bamyﬂy&um”m”mmﬂuﬂ'..mmmm

&
=
1 E
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Table 3. Properties of a-aminodialkyldiszenes 2

* Bepe 20

—WRpIric Inalyt.data calc./Yound

Bo. %/am sy ‘gﬁ. c a s 'B-NMR - spectre

28 58-60/%% 1,303 O 5’ 52,18 11,37 36,57 0,85(3M,t); 1,XB,n); 1,8(18,8)3 2,8(2H,t);
’i:} 52,00 11,08 36,83 3,6(,s, m,)l a,2(28,8, r-ca.‘,-l)

E 52=53/30 1,8267 05'15” 55,77 1, 32,52 0,87(3H,t)s 1,2(3H,4)5 1,5(3H,m)y 20’7(“")‘
129,200 56,29 11,64 32,3 3,66(3,s, «F-CRy)s 3.95(18,Q, B~CR-¥)

28 A7-28/29 1,020 %Hg, 55,77 1,20 32,52 0,07%(6B,t)) 1,%2R,a)y 2,2(5,8);
129, 55,87 11,36 32,72 3,3(1R,da, K-CB-K); 3,62(3H,s, M))

2 5233/11  1,0312 OBy 63,11 12,36 24,53 0,65(9,t); 1,25(M,m)y 1,75(2H,m)y 2,25(2R,q)4
171,28 63,37 12,18 24,90 3,45(1H,4, B-CB-}); 3,65(MM,s, -I-CK’)

2 9-55/11  1,0a37 0*;’ 61,89 11,08 27,07 0,9%6R,t)s 1,95(2R,m)¢ 2,95(M,¢)s 3,55(1H,4,4-~CB-H)}
155, 61,67 11,08 27,06 3,7(38,s, "a;h 5,05(at,¢)y 5,75(1H,m)

2 4218 1,335 C 51;.3 52,14 11,37 36,57 1,15(3%,8)3 1,28(M,4); 20‘5(a0.vm2)l 2,%1M,u);
1; «18 52,36 11,45 36,35 3,65(3H,s, w’)l 3,95(18,4, B-CB-¥)

28 101-103/28 18595 Gy, Wy 65,52 11,55 22,32 0,55(38,a)s 0,95(3R,a)s 1,00(6M,8); 2,56(5H,a)
183,29 65,98 11,26 22,9 3,08(1K,4, ¥-CH-N); 5,65(M,s, M})

2 4-25/0,5 1,869 Oyl W, 65,52 11,55 22,92 0,88(38,t)) 1,32:,m)s 1,5(108,0)9
183,29 65,60 11,0 22,62 2,2 (W,t); 3,58(M,s, M’)

) Phenylisccysnate derivative of 2b, E.p. 54° (pentans)

Tabie 4. Properties of the hydrazones 104

., 7Yisld IEmpiric _jApalytical data calc./found

No. ';: . aoriTn c 1 1 s 'E - MR - spectre

i 109-111 75 CghypRa0,8 50,92 5,70 13,20 15,11 2,38 (3,8) 3,05 (M,s, I-GB,)
(wl‘) 212,27 51,15 5,68 13,17 15,0 6,48 (2H,s, %‘)' 7:50 (alt,Q)
103-108 88,5 0yl .08 52,99 6,25 12,38 18,13 1,3W,d)) 2,38(38,8)s 2,95(38,9,5-C8,)
(Wl.) 226,290 53,05 6,80 12,52 18,26 7,1 (1R,q, CEal)y 7,5 (AR,qQ)
5960 9% C) R M08 56,66 7,13 11,02 12,61 2,0 (68,4)s 2,35(sH,s broad)
(hezase) 2A,06 56,00 7,18 11,05 12,80 2,95 (3M,8, B-CBy)s 7,05(1H,d, CHaM)g

7:85 (‘!-Q’

ad 102-103 80,5 ﬁglulzogﬁ 62,47 5,60 9,72 11,12 2,3(3M,8) 3,25(38,e, I-G,gc
(oc1,) 88, 36 62,13 5,52 9,86 11,55 7,82(108,m, Cis¥, b, 8 - '(5): )
59-61 8 0))B W08 54,97 6,71 11,65 13,38 2,05(6H,4)) 2,4(24,8);
(hezans) 200,320 58,65 6,42 11,78 13,61 2,55 (38,s, .'“’)O 748 (88,9)
64-65 ” olg'a’zoz. 59,9 7,17 9,97 1,82 1,65 (68,8)) 2,25{al,a); 2,8 (38,8)
(ethanol) 200,386 59,67 7,28 9,85 11,75 2,6 (3,8, F-CHy)1 7,48 (AH\Q)

s0-Butyroaldazine 18. (1) 25.4g (0.1 mole) of the N - tosyl - N

methylhydrazone of e was boiled with a soln of 43 (0.1 mole)

of NaOH in 100 sl McOH for 6 br. The MeOH was distilled off,

S0mi of ether were added, tbe ppt was filtered off

with ether. 7.3g (82%) of p-toluencsulphinic acid
were obtained. The cther was distilled off, the
P

h

.

i
ig

vacoam-distilled. 15g (43%) of 10 with b
obtained. Its physica) characteristics coincide with
authentic sample.™

(2) 13.0g (0.05 mole) of 1c were bodled in 25
amine for 12 days. The mixture was diluted with
dituted with HCI (1:1) at 0°. The etheral layer was
aqueous layer was extracted with ether, and the
sctheral soln was washed with a solo of X,CO,. The ether was
evaporated, the residue was distilled to give 0.8 g (22.6%) of 18,

IW-N.N-M#MI& 12.0 3 (0.2 mole) of
N.NM&MmeB.‘.(O.lmk)dlch
75 ml ether and left 10 stand for 12 days at 20°. The mixture was
washed with water, (he etheral layer was dried with Na,SO,. the
ether was evaporaied, the residee was distilled in vacwom to give
u.mzmmuummwwmm
of & sample obtaimed according to ref. 25.

E-E.
Re E
g%& :

Isobutylidene - N - methylhydrazone 13. (1) 11.0g (0.25 mole)
of monomethylhydrazine was added to a soin of 25.4g (0.1 mole)
of le in 75 ml of ether and left to stand for 2 days st 20°. The
mixtare was treated with water, the ctheral layer was seperated
and dried with Na,SO, The cther was evaporated under
atmospheric pressure, the residue was vacuum-distilled to give
4.2 (42%) of 13. Its physical propertics sgree with those of an
authentic sample.™

(2) Similarly, 25.4g (0.1 mole) of 1¢c and 12.0g (0.2 mole) of
N N'-dimethylbydrazine in 30 ml of cther gave 4.3 g (43%) of 13.

N- ropylamine. A mixture of 39.0 g (0.135 mole) of
1d and 17.7g (0.3 mole) of a-propylamine in THF was stirved for
65 br at 60°. The mixture was evaporated uader vacuum, treated
with 150 ml ether, fliered from the ppt salt asd evaporated in »
rolary vacoum evaporaior. The residue was vacuum-distilled to
give 13.4g (68%) of N-benzylideocpropylamine. Its physical
characteristics coincide with those of a sample obtained sccord-
ing to ref. 27.

N - Butylscetamide - N' - phenylhydrazone 16. A mixture of
21.2 3 (0.078 mole) of 1 asd 11.4 (0.156 mole} of s-butylamine in
50 mi CH,Cl, was kept for 6 days at 20°. The hixture was treated
with water, the organic layer was dried with MgSO,, the solvent
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was evaporated, the residue was vacuum-distilled to give 6.5g
(31.5%) of 16, b.p. 128-130°/1 mm; 0™ 1.5818. IR spectrum: 1640
(C=N); 3290, 3350 (NH); 1610 (Ph). 'H NMR: 0.82 (3H. ¢). 1.4
(4H, m): 1.85 3H, s, CH,-C=); 2.95 (2H. 1); 6.9 (TH, m).

A p-methoxyphenylisocyanate derivative of N - butylacetamide -
N’ - phenylhydrazone, had m.p. 105-107° from methylene chloride-
ether mixture. (Cake: C, 67.76; H, 7.39; N, 15.81. CoqHyNOy:
Found: C, 67.82; H, 7.28: N, 16.23%).

- 0 - butylbenzamide. 5.4 (0.074 mole) of a-butylamine
mddedlolwhoﬂ.ol(omtmole)olN-myl-N-
phenylhydrazone of acetaldehyde® in 25 ml CH,Cl,. The mixture
was kept for 30 days at 20°. The solveat was evaporated, the
residue was vacuum-distilled, a fraction with b.p. 135-140°72 mm
was coliected from which N - a - butylbenzamide was isolated
by means of a prepanative tic (alumina of Il activity grade, ether,
R, 0.645). Its pbysical characteristics agree with those of a
sample prepared

according to ref. 29.
.
'W. R. Bamford and T. S. Stevens, J. Chem. Soc. 4735 (1952).
D, G. Farmum, Oi[. Chem. 28, 870 (1963).
3C. H. De Puy and D. H. Froemsdorf, J. Am. Chem. Soc. 82, 634
(1960).
4]. W. Powell and M. C. Whiting, Tetrahedron 7, 305 (1959).

L. Priedowa and H. Shechter, J. Am. Chem. Soc. 81, 5512
(1959).
SM.P.Cava,R. L. Little and D. R. Napier, Ibid. 80, 2257 (1958).
TUSSR 539032 (C1 CO7C 107/02) 16 Febr. 1976, Appl. 2,127,905
Appl. U4 Apr. (1975). Orkrytiya, Izobret., Prom. Obraztsy,
Tovamye Znaki $3(46), 87 (1976).
*W. J. Middleton and C. G. Krespan, J. Org. Chem. 30, 1398
(1965).

*R. W. Lamon, /bid. 34, 756 (1969).

"P. Yates, D. E. Farsum and D. W. Wiley, Chem. & Ind. 69
(1958); Tetrahodron 18, 881 (1962).

"'F. Angelucei, S. Cacehi, L. Caglioti and G. Rosini, Chim. Ind.
Milan 52, 262 (1970).

A, Nichoo and A. S. Hill, J. Am. Chem. Soc. 86, 1152 (1964).

M. Schulz, U. Missol and H. Bohm, J. Pract. Chem. 316, 47
(1974). .

“T. Tsuji and E. M. Kosower, J. Am. Chem. Soc. 93, 1992 (1971).

M. Schulz and U. Missol, Z. Chem. 14, 265 (1974).

“E. M. Kosower, Accounts Chem. Res. 4, 193 (1971).

“A. N. Kost and L. [. Grandberg, Uspechi Chimii 28, 921 (1959).

“B. V. Ioffe, A. G. Viteaberg and V. N. Borisov, Zh. Org. Chim.
S, 1706 (1969).

"P. Kurzer and M. Wikkinson, Chem. Revs. 79, 135 (1970).

®E. Bamberger and W. Pemsel, Chem. Ber. 36. 56 (1903).

MK, Roaco, B. Prijs and H. Erlenmeyer, Hefv. Chem. Acta 99,
1235 (1936).

BA. Michaetis and E. Hadanck, Ber. Drsch. Chem. Ges. 41, 3288
(1908).

BE, G. Laws and N. V. Sidgwick, J. Chem. Soc. 99, 2085 (1911).

MA. Franke, Monatsh. Chem. 19, 531 (1898).

”;.“H.:’)iky. S. C. Slaymaker and H. Kraus, J. Org. Chem. 22,

(1957).

MB. V. lofle, V. S. Stopeki and Z. . Sergeeva, Zh. Org. Chim.
(6). 906 (1968).

PK. N. Campbell, C. H. Helbing, M. P. Florkowski and B. K.
Campbell, J. Am. Chem. Soc. 70, 3868 (1948).

3G. Lockemann and O. Liesche, Lish. Ann. 342, 40 (1905).

BN. J. Leonard and E. W. Nommensen, J. Am. Chem. Soc. 71,
2008 (1949).



