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1,]-Dimethyl- and ]-ethyl-l-methyl-AZ-tetrahydropyridazinium 
iodides undergo an aminonitrile rearrangement under the action of 
alkali with the formation of ~-dialkyiaminobutyronitriles. 

The aminonitrfle rearrangement has been used as a method of show- 
ing the structure ot the oxidation product of 3-methylhexahydropyrid- 
azine which is 6-methyl-AZ-tetrahydropyridazine. 

Under tile action of NaOH, 3-methyl-substituted AZ-tetrahydropyrid - 
azinitm~ salts, for which the aminonitrile rearrangement is excluded 
split off the substituent from the nitrogen atom and undergo far- 
reaching decomposition. 

While the behavior  in the p r e s e n c e  of bases  of 
a ldehydehydrazonium der iva t ives  and of 1, l - d i a l k y t -  
dxX-pyrazolinium sa l t s  has been the object  of s y s t e m -  
atic s tudies  [1] and it has been  shown that all  the 
subs tances  inves t iga ted  without exception undergo 
eleavage at the N--N + bond ( aminon i t r i l e  r e a r r a n g e -  

ment): 

! - - C ,  N--~, +/ I B N ~  

i n I 

up to the p r e sen t  t ime not a s ingle  example  of such a 
reac t ion  has been desc r ibed  for compounds in which 

/ 
the f r agnaen t - -CH = N--N + ~ is included in the py r i -  
dazine r ing  ( 1, 1-d ia lkyl -A x - t e t r a h y d r o p y r i d a z i n i u m  
sal ts) .  A stud5" of jus t  these subs tances  should answer  
the quest ion of the l imi t s  of appl icabi l i ty  of the amino -  
n i t r i l e  r e a r r a n g e m e n t  which, as has been postulated 
previous ly  [2], is a gene ra l  p roper ty  of subs tances  

--CH= N - - N  : / 
/ 

containing the grouping.  
% 

With this aim, we have for the f i r s t  t ime synthe-  
sized 1, 1 -d ia lky l -AZ- te t r ahydropyr idaz in ium sa l t s  
by the action of alkyl iodides on the p rev ious ly  unknown 
l -methy l -AX-hydropyr idaz ine ,  which was obtained by 
the condensat ion  of methy lhydraz ine  with T-ch lo ro -  
butyraldehyde: 

c~-~c. )--cQ~i 
----- i ! RI 

CH. Nit --Ntl,  ~ X ' ~ '  1 b R =C,It 
* I / \  

CH 3 CH 5 R 

and we have then subjec ted  them to the act ion of alkal i .  
In the p r e sence  of 20% aqueous NaOH solution,  even 
at room t e m p e r a t u r e  both sal ts  a re  conver ted  in high 
yields (65%) into the co r re spond ing  v - d i a l k y l a m i n o b u -  

ty ron i t r i l es :  

NaOH Ctl3 
i _ _ ~  ~ N__(CH~)~--C.,~-N + NaI + H20 
' R / 

The s t r uc tu r e  of the l a t t e r  was conf i rmed  by means  
of de r iva t ives ,  ana lyses ,  and IR spec t ra  ( in tense  ab-  

sorp t ion  of the C~N  group at 2248 cm -1) and by com- 
par ing  the i r  cons tan ts  with l i t e r a t u r e  data.  

Thus,  it  has been shown that the aminon i t r i l e  r e -  
a r r a n g e m e n t  a lso extends to de r iva t ives  of A 2 - t e t r a -  
hydropyr idaz ine  and, in sum, it  may be concluded 
that this r eac t ion  is a gene ra l  p roper ty  of a ldehyde-  
hydrazon ium de r iva t ives  r e g a r d l e s s  of whether the 
_ C H i N _ H + /  l ink is pa r t  of an open chain or is 

N 
included in a f ive-  or s i x - m e m b e r e d  he te rocyc le .  

It is i n t e r e s t i ng  that  for the s i x - m e m b e r e d  d e r i v -  
at ive the r e a r r a n g e m e n t  takes place with the same 
ease  as for the f i v e - m e m b e r e d  r ings  [3] ( room tem-  
pera ture) ,  i . e . ,  under  somewhat  mi lde r  condit ions 
than for compounds with an open chain (boiling in 
water  with a lkal i  [4-6]  or in ethanol with sodium 
ethoxide [4]). 

We have es tab l i shed  that the a m i n o n i t r i l e  r e a r r a n g e -  
men t  can be used to e lucidate  the s t r u c t u r e  of i so-  
m e r i c  t e t r ahydropyr idaz ines .  Thus,  the product  of the 
oxidation of 3 -me thy lhexahydropyr idaz ine  (II) was 
p rev ious ly  a s c r i b e d  [7] the fo rmula  of 3 -me thy l -A  ~- 
t e t r ahydropyr idaz ine  (HI). 

' ~ C H  3 S 

H 
CH~ 

CI-- (C142)3--~-- Ctl 3 

~ C H ~  + O 

["'N ~ NH2__NH r 
H 
I | l  

IV CH~ CH a CH 3 CH 3 

V 

However,  i ts  cons tan t s  and the me l t ing  point  of the 
phenyl th iourea  de r iva t ive  p repa red  f rom it differed 
cons ide rab ly  f rom the co r r e spond ing  f igures  for 
authent ic  III p repa red  f rom methyl  7 -ch lo ropropy l  
ketone and hydraz ine  [8]. We have also found s i m i l a r  
d i f fe rences  in the cons tan ts  (see the expe r imen ta l  part) .  

In addition, by gas - l iqu id  chromatography* we have 
es tab l i shed  that the product  of the oxidation of II and 
subs tance  III f rom methyl  7 - ch lo rop ropy l  ketone a re  
pure,  but dif ferent ,  subs t ances .  

Subs tant ia l  d i f fe rences  were  also observed in the 
IR spec t ra  of the subs tances  (see figure),  pa r t i cu l a r l y  
in the 800-1400 cm-1 reg ion .  In the product  of the oxi- 
dat ion of II, the f requency of the C=N bond is  located 
at 1620 cm -1, and in subs tance  III the co r respond ing  
absorp t ion  is at 1640 cm-1,  It  is known [9] that the 

*"Tsve t"  ch romatograph .  Glass  co lumn 120 Clll 
long, 10% of cyanoethyla ted mann i to l  on Celi te  545 

(50-70 mesh),  c a r r i e r  gas n i t rogen .  



394 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

f 6o \ 

' i  411 

20 

3600 3209 2800 2400 2000 1600 1200 800 em -'1 

2o 

,3690 3200 2800 24'00 2o'00 lsoo 12oo 800 cm -~ 

IR spec t ra :  1) 3 -me thy l -A2- t e t r a hyd r opy r i da z i ne  (III); 2) 6 - m e t h y l - A  2- 
t e t r ahyd ropy r idaz ine  (IV). UR-10 spec t ropho tomete r .  Layer  th ickness  
27p.  Rate of scann ing  the spec t rum 150 c m - 1 / m i n ;  r e c o r d i ng  sca le  

12 ram/100 cm-1; s l i t  opening p r o g r a m  no. 4. 

value of the C-~-~N frequency for aldehyde hydrazones  
is lower (about 1610 cm -1) than for ketone hydrazones  
(about 1640 cm-~). The spec t rum of the subs tance  
p repared  f rom II a lso has a s t rong  band at 3017 cm -1 
which is not found in that of compound III and which is 
apparent ly  due to the s t r e t ch ing  v ib ra t ions  of C--H in 
the - - C ~ N - - N <  grouping [10]. It  might  be a s sume d  

H 
that the oxidation of II f o rms  a subs tance  with an 
a ldehydehydrazone s t ruc tu re ,  i . e . ,  6 - m e t h y l - ~  ~- 
t e t r ahydropyr idaz ine  (IV) and not i ts  3 - m e t h y l - s u b -  
s t i tuted i s o m e r .  In this case,  an a m i n o n i t r i l e  r e -  
a r r a n g e m e n t  should be c h a r a c t e r i s t i c  of the product  
of the exhaust ive methyla t ion  of IV, in con t r a s t  to the 
qua t e rna ry  sal t  p r e p a r e d  f rom III. In actual  fact ,  
when IV was t rea ted  with methyI  iodide and alkal i  we 
isola ted  y - d i m e t h y l a m i n o v a l e r o n i t r i l e  (V) in 12% 
yield* and the reby  unambiguous ly  showed the s t r u c t u r e  
of the dehydrogenat ion  product  II as 6 -methy l  -A2- 
t e t r ahydropyr idaz ine .  

In addit ion to this, it  was of i n t e r e s t  to s t u@ the 
cleavage of 3 - subs t i t u t ed  t e t r a h y d r o p y r i d a z i n i u m  
sal ts ,  the s t r u c t u r e  of which excludes the a m i n o n i t r i l e  
r e a r r a n g e m e n t .  We syn thes ized  two such sa l t s  (Via) 
and (VIb) by the act ion of methyl  iodide on 1 ,3-d i -  
methyl -A ~ - t e t r a h y d r o p y r i d a z i n e  (VII), which was ob-  
tained f r o m  methyl  hydraz ine  and methyl  y - c h l o r o -  
propyl  ketone, and on 1 - /? -cyanoe thy l -3 -methy l -A z- 
t e t r ahydropyr idaz ine  (VIII), which was p r epa red  by 
eyanoethyla t ing III. 

It was found that on being heated with alkali ,  Via 
and VIb underwent  c leavage but their  t r a n s f o r m a t i o n  
differed f rom the c leavage of their  f i v e - m e m b e r e d  
analogs which, as has been shown [16], open the 

pyrazoline ring at the C--N + bond with the formation 
of o~,fi-conjugated N,N-dialkylhydrazones. 

In our case, the behavior of the salts is probably 
due to the impossibility of the formation by the open- 

ing of the tetrahydropyridazine ring of a product 
stabilized by conjugation. Consequently, for VI the 

splitting off of the substituent (R) from the nitrogen 
atom with the formation of VII is more likely, parti- 
cularly where R contains a mobile/3-hydrogen atom. 

In actual fact, the cleavage of VIb takes place under 
milder conditions and VII is formed in higher yield. 

However, because of the low strength of the N--N + 
and C-N + bonds, in addition to this there is far- 
reaching decomposition with resinification and the 
liberation of volatile bases, which becomes the main 
direction of the reaction for VI&: 

-N CH3 + ROH* ~-NaI 

, 

/ "  resin + amines 
CH~ R V l a  R= CD 3 

II = Cf|2CH2C ~---N 

*For VIb the corresponding olefin and water. 

EXPERIMENTAL 

1,1-Dimethyl-hZ-tetrahydropyridaz/nium iodide (Ia) and its re- 
arrangement. The condensation of T-chlorobutyraldehyde [13] with 
methylhydrazine gave a 10% yield of 1-methyl-A2-te~ahydropyrid - 
azine, bp 49" C (11 mm); d] ~ 0.9266; n~ 1.4720. Found, %: C 61.39, 
61.13; H 10.11, 10.10; N* 28.37; 28.35%; MR D 29.67. Calculated 
for C~H10N~, %: C 61.19; H 10.27; N 28~ MR D 29.64. The IR 

*The low yield is probably due to the fact that in the 
two-stage alkylation process taking place in an alka- 

line medium the excess of alkali causes the amino- 
nitrile rearrangement and the V so formed undergoes 
the further action of methyl iodide. 

*Combustion over copper oxide did not give satisfactory results. 
Acceptable figures were obtained on combustion by the method of 
Mikhailova and Khmmov-Borisov [17], Substances VII and VIII were 
subjected to combustion in the same way. 
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spectrum had the bands of the bondsiC=N :(1620 em "1) [9] and C--H 
in t h e - - C = N - - N <  grouping (about 3000 em -1) [10]. 

I 
H 

A solution of 4.5 g (0.045 mole) el 1-methyl-AZ-tetrahydropyrid - 
azine in 50 ml of benzene was treated with 5 ml  of methyl  iodide. 
After a day, t h e  light yellow precipitate that had deposited was 
filtered off with suction and dried in a vacuum desiccator. The yield 
of Ia was 11 g (98%). Mp 135" C (from ethanol). Found, %: N 11.60i 
11.58. Calculated for CsH13NfI , %: N 11.63. 

A solution of 10.4 g (0,043 mole) of Ia In 25 mt  of water was 
treated with 50 ml  of 20% NaOH. With appreciable evolution of heat,  
an upper mobile layer separated out, and after the mixture had been 
saturated with solid caustic soda this was separated off, dried with 
alkali,  and distilled in vacuum. 

This gave 3.1 g (65%) of 7-dtmethylaminobutyronitr l le  with bp 
60 ~ C (9 mm);  d~ 0.87045; n~  1.4280. Found. %: MR D 33.17. Cal- 
culated for CsHlzNz: MR D 33.27, The IR spectrum had strong bands 
at 2248 cm -1 (C=_N group) and 2780 cm "l (dimethylamino group) 
[12]. Pierate: mp 118-120~ (from ethanol). 

Literature data: bp 187 ~ C (761 ram); d~ 0.870; n~ 1.42761 [13]; 
mp of the pierate 120 ~ C [14]. 

1-Ethyl- l -methyl-A2-tetrahydropyridazinium iodide (Ib) and its 
rearrangement.! When 1.05 g (0.011 mole) of 1-methyl-AZ-tetrahydro - 
pyridazine and 3 ml of ethyl iodide in 25 ml  of benzene were allowed 
to stand Iora  week at room temperature, 2.4 g (98%) of Ib was ob- 
tained in the form of a viscous yellow oil. It was treated in a similar 
manner to Ia, and distillation yielded 0.8 g (65~ of 7-e thylmethyl -  
aminobutyronitrlle with bp 92* C (22 mm),  d z~ 0.8668; n~  1.4330. 
Found, %: C 66.70, 66,80; H 11.50i 11.10; N 22.25, 22.29%. 
MR D 37.84. Calculated for CTH~4N 2, %: C 66.62; H 11.18; N 22.20%. 
MR D 38.18. The IR spectrum had the absorption of a nirxile group 
(2248 e ra - l ) .  PicraZe*: mp 70"C (from ethanol. Found, %: N 19.81, 
19. 86. Calculated ior CTH14Nz- CsHs(NOz)3OH , %: N 19.85. Litera- 
ture data: bp 95-96~ (33 mm) [15]. 

8-Methyl-Af-tetrahydropyridazine (IIt). With stirring and ex-  
ternal cooling with cold water, 174 g (1.44 mole) of methyl  y-chloro-  
propyl ketone was added dropwise to a solution of 47 g (1.44 mole) of 
99.2% hydrazine in 200 ml of methanol.  The solvent was distiIled off 
in vacuum and the residue was treated with 250 ml  of 50% aqueous 
NaOH. The organic layer that separated out was removed and, after 
being dried over alkali, distilled in vacuum through a Vigreux 
column (12 theoretical plates). This gave 99 g (70%) of IiI. Bp 67* C 
(13 ram); din ~ 0.9745; n~ 1.4933. Nip of the phenylthiourea from 

I I I -117~ Literature data [8]: bp 78"C (30 ram); d z~ 0.9714; n D 
1.4950; mp of ~ e  phenylthiourea 124~ 

3-Methylhexahydropyridazine (I1). In portions, 20 g (0.44 mole) 
of metal l ic  sodium was added to a mixture of 38 g (0.39 mole) of 
III and 200 ml  of ethanol at such a rate that the alcohol boiled gently. 
After all  the sodium had been added, me sodium ethoxide was de- 
composed by the addition ot 70 ml oI water. After the ethanol had 
been distilled off, the upper layer was separated off, dried with solid 
alkali ,  and distilled. This gave 28 g (74%) el II with bp 56 ~ C 
(13 mm);  d~0.9356; n~ 1.4776. Literature data [7]: bp 45-46"C 
(18 ram); d~ ~ 0.9350; nZ~ 1.4742. 

6-Methyl-Af- teuahydropyr idazine  (IV). With stirring, 30 ml  of 
30% hydrogen peroxide was added over 30 rain to a solutior/of 20 g 
(0.2 mole) of II in 80 ml  of water containing 0.1% of cupric chloride 
cooled externally with a mixture of ice and salt. The mixture was 
kept at room temperature for another half-hour after which it was 
saturated with solid caustic soda. The organic layer that separated 
was removed and dried over alkali and the IV (11 g, 56%) was dis- 

z0 1.4895. tilled at a temperature of 67-68~ (16 mm);  d z~ 0.9662; n D 
Mp oi the phenylthiourea from I V - 1 0 4 - 1 0 5 ~  Literature data [7]: 

*According to Corse e t a l .  [15], mp 155-156"C.  We consider 
these figures to be erroneous, since repeated recrystallization did not 
raise the mel t ing point of the derivative. 

'bp 65~ (15 mm); d~ ~ 0.9666; n~  1.;880; mp of the phenyhhiourea 
106" C. 

~-DimethylaminovaleronlUfle (V). Over half an hour, 21.3 g 
(0.15 mole) of methyl  iodide in 20 ml  of methanol  and 6g (0.15 mole) 
of caustic soda in 50 mI oI CHsOH were added simultaneously from 
different  dropping tunnels to a mixture of 14.7 g (0.15 mole) of IV 
and 50 ml  of methanol  cooled with water, and the mixture was then 
stirred for the same t ime,  after which another 25 g of methyl  iodide 
was added over an hour. The reaction mixture was left overnight. 
After the solvent and the unchanged methyl  iodide had been distilled 
off in vacuum,  the viscous residue was treated with 50 ml  of 50% 
aqueous caustic soda. The organic layer that separated out was dried 
with alkali and distilled in vacuum. In the distillation, a considerable 
part of the substance resinffied. In addition to a small  unidentified 
low-bciling fraction, 2.0 g (12 %) of V was isolated in the form 
iof an oily liquid with a specific amine- l ike  odor. Bp 85 ~ C (16 ram); 
n~ ~1.4430. Found, %: N 22.23, 22.51%1 moI. wt. 125.9; 127.3. 
Calculated for CTHlaN 2, %: N 22.20%; mol.  wt. 126.2. The IR spec- 
t ram of V has bands at 2245 cm "1 C--N group) and at 2780 cm -1 
(dimethylamino group) [12]. Picrate: mp 101-102~C (from ethanol). 
Found, %: N 20.16, 19.82. Calculated for CTHt4Nz.CdHs(NOa)sOH, 
%: N 19.85. Hydroehloride. Dry hydrogen cMoAde was passed through 
a solution of 0.5 g of V in 25 mt  of ether. This gave 0.630 g (98~ of 
a white precipitate of the hydrocb_loride of V with mp 127-128~ 
(from a mixture of ether and ethanol). Found, %: C! 21.72, 21.78. 
Calculated for CIHIaN 2" HC1, %: C1 21.85. 

1,3-IYlmethyl-A%teuahydrepyrldazine (VII). With stirring, 98.4 g 
(1.92 mo te )  of methylhydrazine was added over 30 rain to 231 g 
(1.92 mole) of methyl  7-chloropropyl ketone, using external cold- 
water cooling (pronounced evolution of h e a t ' ) .  Then the reaction 
mixture was diluted two-fold with water and was stirred at room tern- 
perature for another 2 hr, after which 60 g of KOH was added and 
the upper layer was separated off, dried with KOH, and distilled in 
vacuum through a Vigreux column (12 theoretical plates). The yield 
of VII was 93.8 g (447~ Bp 49* C (16 mm);  d~0.9138; nZ~ 1.47376. 
Found, %: C 63.88, 64.80; H 10.75, 10.24; N 25.17,24.74%; MR D 34.49. 
Calculated for CsH12N 2, %: C 64.25; H 10.75; N 24.98%; MR D 34.19. 
The IR spectrum had absorption at  1635 cm -1 (--C--N--  bond) [9]. 
Pierate--l ight yellow prisms with mp 90--91~ (from ethanol). 
Found, %: N 20.76, 20.63. Calculated for CdHlzNf" CdHs(NOz)sOH, 
%: N 20.52. The methiodide (Via) was obtained similarly to Ia 
(90%) yield. White prisms with mp 150-151~C (from ethanol by 
the addition of ether). Found, %: N 11.09, 11.11; I 49.15, 49.4G 
Calculated for CTHlsNsI, %: N 11.34; I 49.40. 

1 . (~-Cyanoethyl) -3-methyl-Al- te t rahydropyr idazine  (VIII) was 
obtained similarly to the 1-(8-cyanoethyl)-zXZ-pyrazotines [18]. A 
mixture of 15 g (0.15 mole) of III and 12 g (0.285 mole) of freshly- 
distilled acrylonitrile in 100 ml of water was heated under reflux in 
the boiling water bath for 2 hr 30 rain. The upper layer was separated 
off and the lower was extracted with ether. The extract was com- 
bined with the upper layer and dried with MgSO4 and after the sol- 
vent  had been driven off the residue was distilled in vacuum.  Yield 
13 g (57.4 g). Bp 116~ (9 mm);  d~ ~ 1.0076; n~ 1.4395. Found, 
%: C 63.44, 63.70; H 8.80, 8.86; N 27.78, 27.98. Calculated for 
CsHxsN ~, %: C 68~ H 8.67; N 27.78. IR spectrum, u cm < ,  1650 

( - - C : N - - )  [9], 2250 (--C=N).  
The methiodide (VIb) was synthesized in the same way as the 

other quaternary salts. Viscous yellow oil (90% yield). 
Cleavage of  the metblodides Via and VIb. A mixture of the 

alktodides (0.2 mole) and a 150~ excess of  powdered NaOH was 

heated in the oil bath in a Wtirtz flask with a thermometer  immersed 
in the mixture,  a descending condenser, and a receiver containing 
solid NaOH to the outset of which were attached in series two Tish- 
chenko bottles containing 100 ml  of 18% HG1 and a Tishchenko bot- 
t le containing bromine water. The decomposition of Via took place 
at 150-280~ and that of VIb at 80-100 C. The volatile bases 
were absorbed by the hydrochloric acid. The bromine water was not 
decolorized in either of  the experiments.  The distillate collected 
in the receiver was dried with alkali and distiiled. The light fractions 
were absorbed in 18% HCI and distillation of the residue yietded pure 
VII. The constants, IR specUa, and mp of the picrate of the latter 
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were accurately identical with the authentic figUres. The yield of 
VII from Via was 30% and from VIb 70%. The salts of the volatile 
bases absorbed by the HC1 were evaporated and dried to constant 
weight and were then ex~acted with hot chloroform. The unextraeted 
part, NH4CI, was filtered off on a Btichner funnel and, after drying, 
weighed. The extract, treated similarly, was reerystallized from 
ethanol and the equivalent of the salt was determined by titration 
(with an alcoholic solution of NaOH to phenolphthalein). The equi- 
valents found were close to the calculated figures. Via gave 60% 
of NH 3 and 60% of dimethylamine, and VIb gave 25~o of NH a. 
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