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Tetramethyltetrazene,  cyanoacetaldehyde N,N-dimethylhydrazone, glyoxal N,N-bis(dimethyl- 
hydrazone), glyoxylic acid nitrile N,N-dimethylhydrazone, and 1,4-dimethylamino-2,5-di- 
cyanodihydropyrazine are  formed by reaction of 1-chloro-l-cyano-2-(2,2-dimethylhydra-  
zino)ethane with sodium hydride. 

It is known [2] that cyclization of cx-haloalkylamines with alkaline agents gives aziridines. We have 
previously [3] obtained 1-chloro-l-cyano-2-(2,2-dimethylhydrazino)ethane (I), which is a member of the 
~-haloalkylhydrazine class. 

In the present  research  we studied the reaction of hydrazine I with sodium hydride in te trahydro-  
furan (THF). The reaction mixture was heated at 70~ for 4 h, and the products were isolated by prepar -  
ative gas- l iquid  chromatography (GLC). The formation of aziridine systems is not observed in this case. 
Tetramethyltetrazene (II), cyanoacetaldehyde N,N-dimethylhydrazone (IH), glyoxal N,N-bis(dimethylhy- 
drazone) (IV), and glyoxylic acid nitri le N,N-dimethylhydrazone (V) were obtained as the chief products of 
the reaction of hydrazine I with sodium hydride. 
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In addition, we also detected small amounts of 1,4-bis(dimethylamino)-2,5-dicyano-l,4-dihydropyrazine 
(VI) during separation of the reaction mixture with a column filled with silica gel. A comparison of the 
physicochemical constants and IR and PMR spectra of the compounds obtained as a resul t  of the reaction 
and prepared by alternative synthesis confirms the structures of the indicated compounds. 

It might be assumed that the reaction intermediate is enehydrazine VII, which is isomerized to hy- 
drazone III or dimerizes to give 1,4-dimethyl-2,5-dicyanopiperazine (VIII). We were unable to isolate 

* See [1] for communication XI. 
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piperazine  VIII  f rom the react ion  mix tu re ,  poss ib ly  because  of the pecu l i a r  r e t r o g r a d e  decomposi t ion of 
VIII  to give hydrazone V and oxidation to pyraz ine  VI. (A s im i l a r  t r ans fo rma t ion  of the products  of r e -  
duction of d ihydropyraz ines  was previous ly  repor ted  in [4].) The mechan i sm of this reac t ion  requ i res  
thorough study, inasmuch as the format ion of hydrazene III can a lso  be explained by dis in tegra t ion of pi -  
pe raz ine  VIII  a t  the 3 and 5 bonds. The p r e sence  in the reac t ion  mix tu re  of t e t r azene  H and hydrazone IV, 
which m a y  be fo rmed  by reac t ion  of the products  of the r e t r o g r a d e  decomposi t ion of VIII,  consti tutes ev i -  
dence for  m o r e  profound t r ans fo rma t ions  of the in te rmedia tes .  

E X P E R I M E N T A L  

T h e  IR spec t r a  of liquid f i lms and suspensions  of the compounds in mine ra l  oil or  hexachlorobutadiene 
were  obtained with a UR-20 s p e c t r o m e t e r .  The PMR spec t r a  of carbon te t rach lor ide  solut ions of the com-  
pounds were  r eco rded  with a P e r k i n - E l m e r  R-12 A s p e c t r o m e t e r  (60 MHz) with t e t ramethy l s i l ane  as the 
internal  s tandard .  The m a s s  spec t r a  were  r eco rded  with an MKh-1303 m a s s  s p e c t r o m e t e r  at  an ionizing 
voltage of 70 eV. P r e p a r a t i v e  GLC was ca r r i ed  out with a Pye  Unicarn-105 chromatograph  with a f l a me-  
ionization de tec to r  and a 3 In by 6 rnrn column fil led with 10% E-301 si l icone e l a s t o m e r  on Fluoropack-80 
(with 0.4-0.315 nun par t ic les ) ;  the ni t rogen flow ra te  was 90 m l / m i n ,  the t e m p e r a t u r e  was p r o g r a m m e d  
f rom 120 to 215 ~ the t e m p e r a t u r e - r i s e  ra te  was 4 deg/ rn in ,  and the sample  dose was 0.2 rnl. 

React ion  of 1 -Chloro- l -cyano-2- (2 ,2 -d i rne thy lhydraz ino)e thane  with Sodium Hydride.  A solution of 
29.4 g (0.2 mole) of hydrazine I was added dropwise at 0 ~ to a suspension of 4.8 g (0.2 mole) of sodium hy- 
dride in absolute  THF. At the end of the spontaneous heating per iod,  the mix ture  was s t i r r e d  at room t e m -  
pe ra tu re  for  4 h, a f t e r  which the prec ip i ta te  was r emoved  by f i l t rat ion,  and the f i l t ra te  was subjected to 
separa t ion  by p repa ra t ive  GLC. Informat ion on the compounds isolated in this way is p resen ted  below. 

Te t ra rne thy l te t razene  (II). A s  indicated above, the isolated p repara t ion  had the s ame  specif ic  r e -  
tention volume as a genuine sample  [5] during ana lys i s  by GLC on s ta t ionary  polyethylene glycol-2500 and 
Apiezon-M phases  (10% on Fluoropack-80) .  IR spec t rum,  cm- l :  2800 and 2830 [N(CH~)2]; 1634 (N=N). 
PMR spec t rum:*  7.28 [s, N(CH3)2, JCI3H = 135.5 Hz). 

Cyanoacetaldehyde N,N-Dirnethyihydrazone (HI). This compound had bp 58-60 ~ (3 mm) ,  n~ 1.4769, 
and (IVI +) 111. IR spec t rum,  crn-l:  2200 ( C - N ) ;  2804 and 2844 [N(CH3)2]. PMR spec t rum:  3.79 (1H, t, 
J = 5 . 1  Hz, CH), 6.80 (2H, d, J = 5 . 1  Hz, CH2) , and 7.21 [6H, s, N-(CH3)2]. Found: C 53.8; H 7.9; N 37.7%. 
ChHgN3. Calculated: C 54.0; H 8.1; N 37.8%. 

Glyoxal N,N-Bis(dirnethylhydrazone)  (IV): This compound had bp 103 ~ (6 ram) and [M +] = 142o IR 
spec t rum,  cm- l :  1555 (C =N); 2800 and 2838 [N(CH3)2]. PMR spec t rum:  3.09 (2H, s, CH) and 7.19 [12 H, 
s, N(CH3)2]. The product  was identical to the compound obtained by a modif ied method [6]. A mix ture  of 
28.8 g (0.3 mole) of glyoxal hydrate  and 52.5 ml  (0.7 mole) of dirnethylhydrazine was heated a t  100 ~ for  30 
rain, a f t e r  which it was subjected to vacuum rect if icat ion.  The f rac t ion  with bp 98-100 ~ (6 turn) [bp 105 ~ 
(10 ram) [6]] was collected. 

Glyoxylic Acid Nitr i le  N,N-Dimethylhydrazone  (V). This compound had bp 110 ~ (11 ram),  mp 25 ~ 
(rap 27-28 ~ [7], and [M +] 97. IR spec t rum,  cm- l :  2225 (C--- N); 2810 and 2890 [N(CH~)2]. PMR spec t rum:  
4.27 (1H, s, CH) and 6.91 [6H, s,  N(CH3)2]. Found: C 49.4; H 7;5; N 43.1%. C4HTN 3. Calculated: C 49.5; 
H7 .2 ;  N 43.3%. 

Isolat ion of 1 ,4 -Bis (d ime thy lamino) -2 ,5 -d icyano- l ,4 -d ihydropyraz ine  (VI). The react ion  mix tu re  
obtained by reac t ion  of hydraz ine  I with sodium hydride by the method p resen ted  above was pa s sed  through 
a 1 M long column filled with s i l ica  gel with elution by 500 ml  of THF. The product ,  which r ema ined  on 
the s i l ica  gel as  a r ed-brown zone, was ex t rac ted  f rom the sorbent  with methanol  in a Soxhlet appara tus .  
The alcohol ic  ex t r ac t  was cooled to give red needles  with mp 205-206 ~ ( f rom ethanol); no mel t ing-poin t  
depress ion  was obse rved  fo r  a mix tu re  of this  product  with 1 ,4 -b i s (d ime thy lamino) -2 ,5 -d icyano- l , 4 -d i -  
hydropyraz ine  p r e p a r e d  by the method in [8]. 
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Under the conditions of the R i t t e r  r eac t ion  (sulfuric acid), indolylacetoni t r i le  is conver ted  
to a t r i cyc l i c  l ac tam of the pyrrolo[2,3-b] indole  s e r i e s .  Depending on the i r  s t ruct t t re  and 
the reac t ion  conditions, n i t r i t es  of the indolenine s e r i e s  fo rm l inear  amides  or  cyclic 
l ac tams .  

We have shown in [2] that  n i t r i l e s  of 3- indolylpropionic acid a r e  protonated p r i m a r i l y  at the n i t r i le  
group in concentra ted sul fur ic  acid and consequently undergo the R i t t e r  react ion.  However ,  the indole r ing 
i tse l f  is capable  of protonat ion in solutions of s t rong  acids to give a carbonium ion with localizat ion of the 
posi t ive charge  in the 2 posit ion. This  s o r t  of protonat ion is respons ib le  for  the d imer iza t ion  and poly-  
mer i za t ion  of indole and gives r i s e  to r e a r r a n g e m e n t s  with migra t ion  of an alkyl or  a ry l  group bonded to 
the py r ro l e  r ing [3]. 

It might  have been a s s um ed  that  the indole molecule  is capable of producing the carbonium ion nec-  
e s s a r y  for  alkylat ion in the R i t t e r  reac t ion .  If  this protonated molecule  also contains a r eac t ive  ni tr i le  
group, an i n t r amolecu la r  R i t t e r  reac t ion  is poss ib le .  However,  we did not obse rve  in t r amolecu la r  cy-  
clization for  3- indolylpropioni t r i les .  Thus 3- indolylpropioni t r i le ,  which does not have a subst i tutent  a t -  
tached to Cz, f o r m s  only an amide  with a l inear  s t ruc tu re  [2]. 2 -Methyl -3- indoly lace ten i t r i l e  (Ia) a lso  
gives only 2 -me thy l -3 - indo ly lace tamide  (IIa) on dissolving in sulfur ic  acid. 

In the case  of 3- indolylace toni t r i le  (Ib) the reac t ion  proceeds  ambiguously.  An amide  (Hb) is fo rmed  
at r oom t e m p e r a t u r e ,  whereas  a t h r e e - m e m b e r e d  lac tam (III) is obtained at  higher t e m p e r a t u r e s .  Com-  
pound IV is obtained with cyctohexene at  high t e m p e r a t u r e s ,  i .e. ,  cyclohexene a lso  pa r t i c ipa te s  in the Ri t -  
t e r  react ion.  

The UV spec t r a  of amides  IIa,  b a r e  cha rac te r i zed  by the absorpt ion typical  for  indoles with the 
c h a r a c t e r i s t i c  fine s t ruc tu re  of the long-wave maximum.  Insofar  as the spec t r a  of HI and IV a re  con- 
cerned,  they a r e  cha rac t e r i s t i c  for  indoline s y s t e m s  (243-246 and 295-297 nm; for  example ,  see  [4]). The 

* See [i] for communication XLIII. 
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