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3- (N,N-Dimethylhydrazono)propionic acid and 1 ,4-b is -  (d imethylamino)-3 ,5-dicyano-  1,4- 
d ihydropyraz ine  der iva t ives ,  4 ,5-disubst i tu ted 1 ,2 -b i s (d imethy lamino) - l ,2 -d ihydropyr idaz ines ,  
m ethyl/3-  (2,2 - d imethylhyd raz ino) ac ryl  ate, b i s [ N, N- dimethyl - 2,3- (2,2- d imethylhyd raz ono- 
methyl)succinamide] ,  and dimethyl  1 ,4 - (2 ,2 -d ime thy lhydraz ino) - l , 3 -bu tad iene -2 ,3 -d ica rbox-  
yla te  we re  obtained by oxidation of 2 ' - subs t i tu ted  1 ,1 -d imethy l -2-e thy lhydraz ines .  

Li t t le  study has been devoted to the oxidation of 1 ,1 ,2- t r isubst i tu ted hydraz ines .  In the p resen t  r e s e a r c h  
we invest igated the reac t ion  of 2 ' - subs t i tu ted  1 ,1 -d imethy l -2 -e thy lhydraz ines  with yellow m e r c u r i c  oxide. We 
used 1 ,1 -d imethy l -2 -  (2-cyanoethyl)hydrazine (In), 1 ,1-d imethyl -2-  (2-methoxycarbonylethyl)hydrazine  ([b), and 
1 ,1 -d imethy l -2 - (2 -d imethy lamidoe thy l )hydraz ine  {Ic) as model compounds.  It was es tabl ished by PMR spec-  
t ro scopy  and g a s - l i q u i d  ch romatography  (GLC) that  the pr incipal  products  of the reac t ion  of hydraz ines  Ia-c  
with an equ imola r  amount of yellow m e r c u r i c  oxide (with cooling) a re  hydrazones  I I Ia -c .  
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In con t ras t  to ace toace t ic  e s t e r  d imethylhydrazone [1], hydrazones  IHa-c  (Table 1) a re  not i somer i zed  to an 
enehydrazine  fo rm at room t e m p e r a t u r e .  However,  a mix tu re  of hydrazone IIIb with the i somer i c  enehydrazine 
IV and bis (enehydrazine)  V is fo rmed  by vacuum dist i l lat ion of IIlb or  by oxidation of [b at higher  t e m p e r a t u r e s .  
Tau tomer i c  convers ion  of enehydrazine  IV to hydrazone IIIb is not observed  when solutions of a ch romatograph-  
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TABLE 1. Pa rame te r s  of the PMR and IR Spectra of fl-(2,2-Di- 
methylhydrazono)propionic Acid Derivatives 

I ~, ppm ~, cm'l 
Compound CHiN CH CH~. I R CH3-N [ C=N l R 

Illb 7,28 3,51 6,84 6,37 2800, 2840 1630 1745 
IIIc 7,30 3,47 6,84 7,00, 7,17 2798, 2838 1650 

ically pure sample of it in chloroform are allowed to stand. This constitutes evidence for the presence  of 
an appreciable b a r r i e r  to i someriza t ion of the enehydrazine to the hydrazone,  and this is in good agree-  
ment with the l i te ra ture  data on the higher stabilities of enehydrazines stabilized by e lec t ron-accep tor  
groups [1]. Under the influence of a ir  oxygen, enehydrazine IV is readily converted to bis(enehydrazine) 
V, which is part ial ly i somerized to bisdaydrazone) Vlb in solution. 

In the oxidation of hydrazine Ic, bis(hydrazone) VIc was isolated as a side product.  We also note 
that, in contras t  to the dimethylhydrazones of fl -d icarbonyl  compounds [2 ], hydrazones 1TIa-c and VIb, c and ene- 
hydrazines IV and V do not form mixtures  of syn-anti  and c t s - t r ans  i somers ,  respect ively.  A mixture 
of two i somers  with identical melting points but different NMR and IR spec t ra  was obtained by oxidation 
of hydrazine Ia with two equivalents of yellow m e r c u r i c  oxide. F rom the alternative s t ruc tures  - 3,4- 
dicyano-1,2-cyclobutanedione bis (dimethylhydrazone), 1,3-dtcyano-2,4-cyclobutanedione bis (dimethyl- 
hydraz one VI, dihydropyrazine VII, and dihydropyridazine VIII - on the basis  of measurements  of the dipole 
moments and mass ,  H 1 NMR, and C 13 NMR spectroscopic  data we arr ived at the unambiguous conclusion 
that a mixture of dihydropyrazine VII and dihydropyridazine VIIIa in a rat io of 9 : 1 is formed as a resul t  
of the oxidation of In. Similar resul ts  were  obtained in the reaction of a chromatographical ly  pure sample 
of hydrazone IIIa with one equivalent of yellow mercu r i c  oxide. Only pyridazine VIIlb, which was also p re -  
pared by oxidation of hydrazone Illb or  enehydrazines IV and V, is formed in the oxidation of hydrazine lb. 
The oxidative t ransformat ions  of hydrazine Ic and hydrazone IIIc stop with the formation of bis daydrazone) 
V1b, during prolonged storage of solutions of which the formation of the i somer ic  bis (enehydrazine) is not 
observed.  We therefore  propose that the oxidation of hydrazones I I Ia-c  takes place through a step involving 
p r io r  i someriza t ion to the enehydrazine; this i somer iza t ion  takes place more  readily, the s t ronger  the 
acceptor  proper t ies  of substituent R in the molecules  of the start ing compounds. 

In most  of the oxidation reactions of hydrazones that do not have labile hydrogen atoms attached to 
nitrogen the start ing earbonyl compounds, azfnes, or  ni troso derivatives are  formed [3]. Consequently, 
the formation of dihydropyrazine and dihydropyridazine sys tems is a new type of oxidative t ransformat ion 
of hydrazones.  

The 1,4-dihydropyrazine (VII) and 1,2-dihydropyridazines (VIIIa, b) obtained in this r e sea rch  are  of 
8~r-electron pseudoaromatie  sys tems  [4, 5]. Their  stability in both the solid state and in solution constitutes 
evidence for  delocalization of the p electrons of nitrogen in the ring system.  The br igh t - red  color  of VII 
and VIIIa and the leveling off of the absorption maxima in the shortwave region of the IR spec t ra  are  ap- 
parently explained by the presence  of considerable conjugation. Heterocycles  VII and VIIIa, b do not under- 
go addition reactions with 1,1-dimethylhydrazine,  ammonia, and amines.  We were also unable to obtain 
mineral  acid salts of VII and VIIIa, b, and this indicates the reduced electron density on the nitrogen atoms 
as compared with tetrasubsti tuted hydrazines.  

I n m a s s - s p e c t r o s e o p i c  studies it was established that pyrazine VII and pyridazine VIIIa have high 
stabilities with respect  to electron impact. The fragmentat ion pat terns of these sys tems are  extremely 
s imilar ,  but there are  slight differences in the percentages  of fragments  with m / e <  150. The major  pro-  

TABLE 2. fl-(2,2-Dimethylhydrazono)propionie Acid Derivatives 

tom- bP, ~ I Empirlca 1 Fouad, % Calculated % Iyieid, 
pound mini(pressure' nD'~ formula c H N C H N % 

I 

I l i a  59--60 (3) 1,4768 CsH�N, 53,8 8,2 37,9 54,0 8,1 37,8 I 79 
llIb 56 (3) 1,4668 ~HI2N202 50,2 8.4 19,1 50,0 8,3 19,4 67 

t 53,5 26,7 26,6 53,4 9,7 Illc 92--96 (1) 1,4903 CrHIsN30 9,6 63 
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t e s s  is success ive  splitting out of dimethylamino groups, which for  pyrazine VII can be represented by 
the following scheme:  
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A mixture  of he te rocycles  VII and VIIIa is formed in the reaction of 1,1-dimethylhydrazine with 
acryloni t r i le  in the p resence  of two equivalents of yellow m e r c u r i c  oxide. The substantial decrease  in 
the yields of final products  in this case can be explained by part icipation of the start ing dimethylhydrazine 
in competit ive oxidation and cyanoethylation react ions .  

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

The IR spec t ra  of mineral  oil or  hexachlorobutadiene suspensions or liquid films of the compounds 
were recorded with a UR-20 spec t rometer .  The PMR spect ra  of deuterochloroform solutions were  re -  
corded with a P e r k i n - E l m e r  R 12B spec t romete r  with te t ramethyls i lane  (TMS) as the internal standard. 
The C 13 NMR spect ra  of deuterochloroform solutions were  recorded with a Brukker  HX-90 spec t romete r  
with TMS as the internal standard. The mass  spect ra  were obtained with an MS-905 spec t rometer  at ion- 
izing voltages of 14 and 70 eV with a sys tem for  introduction of the sample through the cylinder. Chro- 
matographic analysis and isolation of the products  were accomplished with a Pye Unicam 105 chromato-  
graph with a f lame-ionizat ion detector.  The 9 .1-m long column with a d iameter  of 8 mm was filled with 
Fluoropak-80 (0.25-0.315 mm) modified with 10% E-301 or  1% Versamide-900.  The thermosta t  t empera-  
ture  was 195 ~ and the c a r r i e r  gas {helium) flow rate was 300 ml /min .  The dipole moments  of dioxane 
solutions of the compounds at 25 ~ were measured  with a Dipol' dipole mete r .  

Typical Experiments  in the Oxidation of Hydrazines Ia-c.  A21:7-g  (0.1 mole) sample of yellow m e r -  
curic oxide was added in port ions with s t i r r ing and cooling (with ice water) in the course  of 4-20 h to a 
mixture  of 0.1 mole of hydrazine I and 30 g of anhydrous sodium sulfate in 100 ml of methylene chloride, 
af ter  which the mixture  was fil tered, the solvent was removed f rom the f i l t rate by distillation, and the 
residue was vacuum fractionated. The physicochemical  constants of the compounds obtained are  presented 
in Table 2. 

Dimethyl 1 ,4-Bis(2 ,2-dimethylhydrazino)- l ,3-butadiene-2 ,3-diearboxyla te  (V). The residue obtained 
after  removal  of hydrazone IIIb by distil lation by the method presented above was t r i turated with methylene 
chloride, and the solid mater ia l  was removed by fi l trat ion to give 5.9 g (20%) of color less  c rys ta ls  with 
mp 154-156 ~ (from ether). IR spectrum. 1584 and 3240 (NH), 1620 (C = C), 1682 (CO), and 2790 and 2840 
cm -~ (NCH3). PMR spec t rum* (in d6-DMSO with TMS as the internal standard):  ~" 2.61 (d, J = l l . 2  Hz, CH), 
3.36 (d, J =  11.2 Hz, NH), 6.47 (s, COOCH3), and 7.50 ppm (s, NCH3). When the product was allowed to stand 
for  2 weeks in chloroform,  an appreciable decrease  in the intensity of the absorption bands at 1584, 3240, 
1620, 1680, and 3240 cm -1 and the appearance of a strong band at 1735 cm -1 charac te r i s t i c  for the carbonyl 
group in an unconjugated es te r  group (compare with the IR spect rum of hydrazone IIIb) were observed in 
the IR spec t rum of V. The ratio of the bis(enehydrazine) to the bis(hydrazone) was 1 :3 .  Found: C 50.2; 
H 8.1; N 19.6%. CI2H22N404. Calculated: C 50.0; H 8.3; N 19.4~. 

Methyl f l - (2,2-Dimethylhydrazino)acrylate  (IV). A 43.7-g (0.3 mole) sample of Ia was added drop- 
wise to a refluxing suspension of 65 g (0.3 mole) of yellow mercu r i c  oxide and 200 g of anhydrous sodium 
sulfate in 500 ml of ether,  after  which the mixture  was refluxed for  5 h. It was then filtered, and the fil- 

*The following abbreviations are  used here  and subsequently: s is stnglet, d is doublet, t is triplet, and 
m is multiplet.  
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t r a t e  was evapora ted  to 150 ml,  cooled, and f i l te red  to give 3.0 g (7g0) of co lo r l e s s  c r y s t a l s  identical to an 
authentic s ample  of V obtained as indicated above.  The f i l t ra te  was evaporated,  and the res idue  was ana-  
lyzed by g a s - l i q u i d  ch romatography  (GLC). The mix tu re  contained 6% enehydrazine  IV, which was isolated 
by p r e p a r a t i v e  GLC to give a co lo r l e s s  liquid with n 8 1.5107 and M + 144. IR spec t rum:  1565 (NH), 1620 
(C =C), 1700 (CO), and 2830 and 2870 cm -1 (NCH3). The NH band in the shor twave por t ion of the IR spec-  
t r u m  is "diffuse";  this is a lso  cha rac t e r i s t i c  for  the IR spec t r a  of bis(enehydrazine)  V in ch loroform.  PMR 
spec t rum:  ~2.50 (d, J=12 .9  Hz, CH), 5.44 (d, J=12 .9  Hz, CH), 6.30 (s, COOCH3), and 7.07 ppm (s, NCH3). 
Found: C 50.1; H 8.2; N 20.0%. C6H12N202. Calculated: C 50.0; H 8.3; N 19.4%. 

Convers ion of Enehydrazine IV to Bis (enehydrazine) V. Enehydrazine IV was allowed to stand in a 
U- tube  at room t e m p e r a t u r e  for  2 weeks,  a f ter  which the resul t ing yellow c rys ta l l ine  m a s s  was r e c r y s -  
ta l l ized f rom alcohol or  e the r  to give co lo r l e s s  c ry s t a l s  that we re  identical to a genuine sample  of V ob- 
tained as indicated above.  

Bis [N,N-dimethyl -2 ,3- (2 ,2-d imethylhydrazonomethyl )  suceinamide]  (Vie). A) A 47.7-g (0.3 mole) s a m -  
ple of Ic was added dropwise  to a suspension of 64.8 g (0.3 mole) of yel low m e r c u r i c  oxide and 200 g of 
anhydrous sodium sulfate in 500 ml  of e ther ,  and the mix tu re  was then refluxed fo r  18 h. The hot mix tu re  
was then f i l tered,  evapora ted  to 150 ml,  and cooled to give 3.0 g (6.5%) of co lo r l e s s  c ry s t a l s  with mp 144 ~ 
(from ether) .  IR spec t rum:  1600 (C=N), 1645 (CO), and 2790 and 2832 cm -1 (NCH3). No changes were  
observed  in the IR spec t rum when VIb was allowed to stand in ch lo ro fo rm for  2 weeks.  PMR spec t rum:  

3.49 (m, N=CH),  5.88 (m, CH), 6.87 and 7.07 [two singlets,  CON(CH3)2], and 7.28 ppm (s, NCH3). The 
resonance  absorpt ions  at 3.49 and 5.88 ppm f o r m  an AA'XX'  sys tem,  the analys is  of which gives the follow- 
ing s p i n - s p i n  coupling constants  (SSCC): 8.52 ( Jxx ' ) ,  0 (JAA'), 6.12 (JAX), and - 0 . 3 0  Hz (JxA') .  C13 
NMR spec t rum,  6 : 1 7 1 . 5  (CO), 132.4 (N=C), 48.8(C-2) ,  42.9 [NN(CH3)2], and 37.6 and 32.9 ppm (amide 
NCH3). Found: C 54.0; H 9.1; N 27.0g0. C14H28N602. Calculated: C 53.8; H 9.0; N 26.9%. 

B) A 21.6-g (0.1 mole) sample  of yellow m e r c u r i c  oxide was added in por t ions  with s t i r r ing  to a mix -  
ture  of 15.7 g (0.1 mole) of hydrazone IIIc and 60.0 g of anhydrous sodium sulfate  in 250 ml  of dioxane, and 
t h e m i x t u r e  was refluxed for  18 h. It was then f i l tered,  and the f i l t ra te  was evapora ted .  The res idue was 
t r i tu ra ted  with e ther ,  the mix tu re  was f i l tered,  and the solid m a t e r i a l  was c rys ta l l i zed  f r o m  ethanol to 
give 7.0 g (45%) of co lo r l e s s  c ry s t a l s  that  did not depress  the melt ing point of an authentic sample  of VIc 
obtained by method A. 

1,2-Bi s (dimethylamino)-4,  5-dicyano-  1 ,2-dihydropyrazine  (VIIIa) and 1,4- Bis (dimethylamino)-  3,5- 
d i cyano- l ,4 -d ihydropyraz ine  (VII). An 86.64-g (0.4 mole) s ample  of yellow m e r c u r i c  oxide was added in 
port ions with s t i r r ing  and cooling to a mix tu re  of 22.6 g (0.2 mole) of hydraz ine  Ia and 150 g of anhydrous 
sodium sulfate in 500 ml  of dioxane, and the mix tu re  was refluxed for  8 h. The hot mix tu re  was f i l tered,  
and the f i l t ra te  was evaporated to 150 ml.  The concentra ted solution was cooled, and the resul t ing reddish-  
yellow pla tes  were  removed  by f i l t ra t ion  to give 4.0 g (9%) of VIIIa with mp 204 ~ (dec., f r om dioxane). IR 
spec t rum:  1538 (C =C) and 2215 cm -1 (CN). The degree  of pur i ty  of the product  was moni tored by TLC 
on act ivi ty II a luminum oxide in a d i oxane -m e t hano l  sy s t em (1 : 3) and also f rom the absence of the abso rp -  
tion max imum in the IR spec t rum at 1215 cm -1 that  is cha rac t e r i s t i c  for  VII. PMR spec t rum (in d6-DMSO 
with cyclohexane as the internal  standard),  T: 2.79 (S, CH) and 6.86 ppm (s, NCHs). C 13 NMR spec t rum 
(in d7-DMF with TMS as the internal  s tandard),  6 : 1 2 3 . 2  (C 3 and C6), 115.1 (C 4 and C5) 116.9 (C = N), and 
43.0 ppm [N(CH3)2]. Mass  spec t rum [m/e  (I, %)]: 219 (9), 218 (54), 175 (20), 174 (9), 160 (7), 159 (7), 

145 (145, 134 (95, 132 (8), 131 (165, 117 (6), 107 (6), 106 (75, 105 (65, 77 (5), 58 (265, 51 (55, 47 (75, 45 (45), 
44 (785, 43 (1005, 42 (84), 41 (125o Found: C 55.1; H 6.5; N 38.3%. C10H14N 6. Calculated: C 55.0; 
H 6.4; N 38.5%. The f i l t ra te  was evaporated,  and the res idue was t r i tu ra ted  with dioxane and f i l tered.  The 
f i l t ra te  was evaporated,  and the da rk - r ed  res idue  was c rys ta l l i zed  f rom alcohol to give 36.0 g (83%) of red 
needles  of VII with mp 204-205 ~ and #=0  D. IR spec t rum:  1540 (C=C) and 2222 cm -1 (CN). The degree  of 
pur i ty  of the product  was moni tored by means  of TLC on activi ty II a luminum oxide in a d ioxane -me than o l  
sys t em (1 : 3) and also f rom the absence  of the absorpt ion m a x i m u m  in the IR spec t rum at 860 cm -1 that is 
cha rac t e r i s t i c  for  VIIIa. PMR spec t rum (in d6-DMSO with cyclohexane as the internal  standard),  ~-: 2.96 
(s, CH) and 6.86 ppm (s, NCH3). C 13 NMR spec t rum (in dT-DMF with TMS as the internal  standard):  6 
124.4 (C 2 and C5), 116.2 (C3 and CG), 114.8 (C = N), and 4.27 ppm [N(CH3)2]. Mass  spec t rum [ m / e  {I, %)]: 
219 (7), 218 (55), 216 (65, 175 (215, 174 (95, 160 (7), 159 (75, 147 (65, 145 (11), 134 (105,133(6),132 (8),131 (22), 
121 (55, 120 (8), 107 (65, 106 (85, 77 (55, 58 (385, 52 (65, 45 (555, 44 (86), 43 (1005, 42 (835. Found: C 54.9; 
H 6.5; N 38.4%. CIoHI4N 6. Calculated: C 55.0; H 6.4; N 38.5%. 
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B) A 1.71-g (8.2 mmole )  sample  of yel low m e r c u r i c  oxide was added in por t ions  to a mix tu re  of 0.911 
g (8.2 mmole} of a ch romatograph ica l ly  pure  sample  of hydrazone  IIIa and 10 g of anhydrous sodium sulfate 
in 30 ml  of dioxane, a f t e r  which the mix tu re  was s t i r r ed  and refluxed fo r  8 h. The reac t ion  products  were  
isola ted by the method p resen ted  above to give 0.075 g (8.4%) of a ye l lowish - red  p la tes  identical,  with r e -  
spec t  to the i r  PMR and IR spec t r a ,  to an authentic sample  of VIIIa obtained by method A presen ted  above and 
0.76 g (85%) of red needles  identical  to an authentic s ample  of VII obtained by method A. 

1 ,2 -Bis (d imethy lamino) -4 ,5 -d i (methoxycarbonyl )pyr idaz ine  (VIIIb). A ) A  43.3-g (0.2 mole) sample  
of yel low m e r c u r i c  oxide was added in por t ions  with s t i r r ing  to a mix tu re  of 14.6 g (0.1 mole) of hydrazine  
Ib and 30 g of anhydrous sodium sulfate  in 100 ml  of dioxane, and the mix tu re  was then refluxed for  12 h. 
The hot m ix tu r e  was f i l te red,  the solvent  was removed  by evaporat ion,  and the res idue  was c rys t a l l i zed  
f r o m  absolute  ethanol to give 20.4 g (72%) of yellow c r y s t a l s  with rap 147-148 ~ p=2.75 e=0.05 D, and M + 
284. IR spec t rum:  1564 (C=C) and 1735 cm -1 (CO). PMR spec t rum,  ~': 2.80 (s, CH), 6.21 (s, COOCH3), 
and 7.05 ppm (s, NCH3). C 13 NMR spec t rum,  5 : 1 6 8 . 0  (CO), 129.3 (C 4 and C5), 127.0 (C 3 and C6). 51.8 
(OCH3), and 42.4 ppm [N(CH3)2]. Found: C 51.0; H 7.2; N 19.6%. C12H20N404. Calculated: C 50.7; H 7.0; 
N 19.7%. 

B) A 0.74-g (3.4 mmole)  sample  of yel low m e r c u r i c  oxide was added in por t ions  with s t i r r ing  to a 
mix tu re  of 0.5 g (3.4 mmole)  of ch romatograph ica l ly  pure  enehydrazine IV and 5 g of anhydrous sodium 
sulfate in 20 ml  of dioxane, and the mix tu re  was then refluxed for  12 h. The reac t ion  product  was isolated 
by method A to give 0.36 g (75~) of yellow c rys t a l s  that did not dep re s s  the melt ing point of an authentic 
sample  of VIIIb obtained by method A. 

C) A 1.19-g (5.5 mmole )  s ample  of yel low m e r c u r i c  oxide was added in por t ions  with s t i r r ing  to a 
mix tu re  of 1.57 g (5.5 mmole)  of bis (enehydrazine) V and 8 g of anhydrous sodium sulfate  in 30 ml of 
dioxane, and the mix tu re  was then refluxed for  12 h. The reac t ion  product  was isolated by method A to 
give 1.07 g (70%) of yel low needles  that did not dep re s s  the mel t ing point of an authentic sample  of VIIIb. 

React ion of 1 ,1-Dimethylhydraz ine  with Acry lon i t r i l e  in the P r e s e n c e  of Yellow Mercur i c  Oxide. 
A 21,6-g (0.1 mole)  sample  of yellow m e r c u r i c  oxide was added with s t i r r ing  and cooling to a mix tu re  of 
76 ml (0.1 mole)  of 1 ,1-d imethylhydraz ine  and 33.3 ml  (0.5 mole) of ac ry lon i t r i l e  in 100 ml  of e ther ,  and 
the mix tu re  was then allowed to stand at r oom t e m p e r a t u r e  for  18 h. The solvent was evaporated,  and the 
dry  r e s i d u e w a s  ex t rac ted  with alcohol.  The ex t rac t  was evaporated,  and the dry  res idue  was t r i tu ra ted  with 
150 ml of dioxane.  The mix tu re  was f i l te red  to give 0.61 g (2.8%) of reddish p la tes  that were  identical to 
an authentic s ample  of VII. The m o t h e r  l iquor  was evaporated,  the res idue  was t r i tu ra ted  with di0xane, 
and the mix tu r e  was f i l te red .  The f i l t ra te  was evaporated,  and the res idue  was c rys t a l l i zed  f rom alcohol 
to give 5.5 g (25%) of red needles of VIIIa that  we re  identical  to an authentic sample .  
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