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The reac t ion  of n i t r i les  of enyne acids with hydrazine,  a lky lhydraz ines ,  and phenylhydrazine 
gives 5 - c y a n o m e t h y l - 2 - p y r a z o l i n e s .  The poss ib le  mechan i sm of the cycl iza t ion is examined.  

gnyne  ni t r i les  [1,2] a r e  compounds that have an act ivated C ---~ C bond in which the act ivat ing cyano 
group is s e p a r a t e d  f r o m  the C ~--- C bond by an additional mult iple bond. Very  l i t t le  s tudy has been devoted 
to the reac t ions  of  compounds of this s o r t  with nucleophilic reagents  [3]. 

In the p r e s e n t  r e s e a r c h  we have invest igated the reac t ion  of ni t r i les  I - I I I  with hydrazine,  a lky la -  
hydraz ines ,  and phenylhydraz ine .  The reac t ion  products  were  pyrazol ines  IVa-i  (Table 1). 

RC.C_~=CI.IC N WNHNH2. R ~ H  3 
CH 3 "''I~ / '~CH2C N 

R' 

I - I i i  IVa 

I R=CHa; II R=n-C4Hg; III R=C~H5 
IV: a R=CHa, R'=H; b R=R'=CHa; e R=CHa, R'=n-CaHr; r R=CHa, R'=CsHs; 

e R=n-C4Hg, R'=H; f R=n-C4I-]9, R'=CHa; g R=n-C4Hg, R'=n-CaHr; h R=C6Hs, R '=H;  
i R =CsHs, R'=CHa, 

The IR s p e c t r a  of IV a re  c h a r a c t e r i z e d  by an absorpt ion band of medium intensi ty  at  2255-2260 cm -~, 
which  is r e la ted  to the v ibra t ions  of an unconjugated C ---- N or  C ------ C bond, and an absorpt ion  band at  1630 
c m  -1, which is due to the v ibra t ions  of C =N,  C = C ,  o r  N = N  bonds.  The p r e s e n c e  of a n i t r i le  group was 
shown by chemica l  means  in the ca se  of the product  of the reac t ion  of n i t r i le  I with methylhydraz ine  (on the 
bas i s  of p roof  p r e sen t ed  fur ther  on, it has the 1 , 3 , 5 - t r i m e t h y l - 5 - c y a n o m e t h y l - 2 - p y r a z o l i n e  s t ruc tu re ) .  The 
n i t r i le  group was conver ted  to an amide  group via  the Radziszewski  reac t ion  by hydrolys is  in the p r e sen ce  
of alkal i  and hydrogen peroxide  [4]. 

§ H20 C I I ~ " ~ C  / 
I y b  H2OJNaOH Ha 

2CONH 2 

CH 3 

V 

The absorpt ion  at 2260 c m  -~ is absent  in the IR s p e c t r u m  of V, but i t  does contain absorpt ion bands 
at 1625, 1660, 3100, 3310, and 3400 c m  -1, which a re  c h a r a c t e r i s t i c  for  p r i m a r y  amides  (amide I and II 
bands,  and s t re tch ing  vibra t ions  of the NH 2 group of an amide) [5]. Absorpt ion  of the C = N bond of the 
pyrazol ine  r ing is supe r imposed  on the amide II absorp t ion  band (1625 c m - l ) .  

Thus addition of  hydraz ines  to enyne ni t r i les  p roceeds  at  the C ~--- C bond with subsequent  cycl iza t ion  
at  the C = C  bond to give pyrazol ines  that  have an unconjugated C =-- N group in the side chain.  

- ~N / \CH2C N / 
R' 

VI VII 
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The react ion  of hydraz ine  with enyne nitr i les  may lead to sub-  
st i tuted 1-  (VI}, 2 -  (IV, R' = g ) ,  and 3 -pyrazo l ine s  (VII, R' = R" = H). 

The react ion  of monosubst i tuted hydraz ines  with nitr i les  I-III 
may  c o m m e n c e  with attack at the C ---- C bond by the subst i tuted n i t ro -  
gen a tom.  In this case ,  the format ion  of only 3 -pyrazo l ines  VII (R' = 
H, R" = Alk, C6H5) is poss ib le .  If the react ion  c o m m e n c e s  at the 
C --  C bond by the unsubstituted nitrogen atom, the products may have 
2 -  (IV, R T = Alk, C6H 5) and 3 -pyrazo l ine  (Vii, R" = H, R' = Alk, C6H ~) 
s t r u c t u r e s .  The IR s p e c t r a  of the products of  the react ion  of ni tr i les  
with hydraz ines  (IVa,e,h) contain an absorpt ion band in the region of 
the s tretching  vibrat ions of the NH bond at 3280-3330 cm-~;  this ex-  
e ludes  the poss ib i l i ty  that they ex i s t  as l - p y r a z o l i n e s  (VI). Except  
for IVd,h,i,  absorpt ion at 3000-3100 c m  -~, which should have been ex-  
peered if these  compounds had the s tructure  of 3 -pyrazo l ine s  (VII) 
(stretching vibrations of the -----C-I-J bond), is absent in the spec tra  of 
all of the compounds except  for IVd,h,i .  In addition, absorption in 
the reg ion  of  the s tretching  vibrat ions o f  the NH bond is absent in the 
IR sp ec tra  of all of the compounds except  IVa,e,h; this is a lso  ev i -  
denee in favor of the 2 -pyrazo l ine  s tructure  (IV). 

The absorpt ion band of low intensity at 1625-1630 c m  -~ in the 
IR s p e c t r a  of I v a - c ,  e -g  should be ass igned  to the vibrations of  the 
C ----N bond. The band of medium intensity at 1610 c m  -~ in the s p e c -  
trum of IVd is due to the super impos i t i on  of absorpt ion bands of  the 
C = N  bend and the phenyl r ing.  The absorpt ion bands at  1595 and 
1570 e m  -1 in the spec tra  of IVh,i are due to the vibrations of the 
phenyl ring and the C = N  bond. It should be noted that the IR spec tra  
of IVa- i  in the reg ion  of the s tretching  vibrations of the double bonds 
have the f o r m  charac ter i s t i c  for the spec tra  of 3-subst i tuted 2-  
pyrazo l ines  [6]. 

The definit ive s tructure  of the products of the react ion  of the 
enyne ni tr i les  with hydraz ines  was proved by the PMR s p e c t r a  and by 
c o m p a r i s o n  with the data in the l i terature  regarding the PMR spec tra  
of 2 - p y r a z o l i n e s  [7, 8]. F i r s t  of all ,  one should note the absence  of 
the s ignal  of a proton attached to the C ----C bond in the PMR spec tra .  
Consequently ,  the invest igated compounds cannot  have the 3 - p y r a z o l -  
ine s tructure  (VII). The s ignal  that might have been ass igned  to the 
proton of the methyl idyne group of the ring in the l - p y r a z o l i n e  s t r u c -  
ture (VI) is absent in the spec tra  of Iva , e ,h .  

The PMR spec tra  of all of the invest igated compounds (Table 1) 
contain s inglets  of the protons of a methyl  group (5 1 .30-1 .50  ppm) 
and a methylene  group (5 2 .40-2 .55  ppm) attached to a saturated 
carbon a tom.  In addition, the s p e c t r a  of  all of the compounds are 
c h a r a c t e r i z e d  by two broad s inglets  at 8 2 .40-2 .90  ppm (each with an 
intensity, of one proton),  which should be ass igned  to the protons of 
the ring CH 2 group.  Such a low pos i t ion of the s ignal  of a ring CH 2 
group is not ifl a g r e e m e n t  with the poss ib le  l - p y r a z o l i n e  s tructure  
(VI) for  the products of  the react ion  of n i tr i les  I-III with hydraz ine .  
The s ignal  at  l ower  field is probably affi l iated with the proton of the 
ring methy lene  group in the c i s  pos i t ion  re la t ive  to the CH2CN group. 

The s t ruc ture  of the carbon ske l e ton  of the 2 - p y r a z o l i n e s  was 
obtained for Ivb by exhaust ive  methylat ion and subsequent  Hofmann 
c l eavage  of the pyrazo l ine  ring via  the method in [9]. 

The i so la ted  hydrazone  (IX) was  a l so  obtained by react ion  of 
nitr i le  I with d imethylhydraz ine .  The IR and PMR s p e c t r a  of the 
hydrazones  obtained by both methods w e r e  c o m p l e t e l y  ident ical .  We 
presented  the proof  of  the s tructure  o f  hydrazone  IX in [10]. 
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IV 

CH3~ c.~I.~ "~-~--'~c.~ N~#O3 CH3CCH2C:CH2CN 
N - ~ C H ~ C  N | I / \  N CH a 
CH 3 CH s I -  (CH3)2N ,'/ 

VIII  IX 

The investigated enyne nitr i les were obtained as mixtures of the cis and trans i somers  [2]. Both 
i somers  of nitri le t were  isolated and subjected to react ion with methylhydrazine.  In both cases ,  pyrazol ine 
IVb was obtained. The format ion of pyrazolines IV in all of the investigated react ions of enyne nitr i les I-III  
with hydrazines  means that the react ion commences  with interaction of the nucleophilic reagent  with the 
.triple bond, apparently with the formation of a conjugated enehydrazine.  The subsequent formation of the 
pyrazol ines may occur  d i rec t ly  by cyel izat ion of the enehydrazine or  through tautomeric  t ransi t ion to the 
hydrazone form and convers ion  of it to the pyrazol ine.  In o rde r  to ascer ta in  this, we made a detailed in- 
vest igat ion of the  reac t ion  of nitri le I with methylhydrazine.  The react ion occurs  with heat l iberation and 
the addition of methylhydrazine to nitri le I is pract ica l ly  complete after  2 h, according to th in- layer  c h r o m -  
atography ( T I ~ ) .  Two absorption bands - an intense band at 1600 cm -i and a band of medium intensity in 
the region of s t re tching vibrations of double bonds at 1635 cm -1 - are  observed in the IR spec t rum of the 
react ion mixture of equimolecular  amounts of the reagents  recorded  2 h after  mixing. The f o r m  of the ab- 
sorpt ion in the region of vibrations of the C ~ N bond is complex. There is a ve ry  intense absorption band 
at 2210 cm -1 and bands at 2235 and 2260 cm -1, which project  as shoulders of the f i rs t  band. The intensity 
of the band at 2235 cm -i is higher than that of the band at 2260 cm -~. The intensity of the band at 1600 cm -1 
gradual ly  decreases  with t ime, while the intensity of the band at 1635 cm -1 initially remains approximately 
cons tan t  and then begins to increase ;  in the region of vibrations of the C -~- N bond, the intensity of the ab-  
sorption at 2210 cm -1 dec reases ,  and the intensity of the absorption at 2260 cm -1 inc reases .  The absorp-  
tion at 2235 cm -I initially increases  and then dec reases .  In the spec t rum of the react ion mixture recorded  
after 11 h, the  absorption at 1600, 2210, and 2235 cm -i pract ica l ly  vanishes,  while the low-intensity bands 
at 1635 and 2260 cm -1 remain .  According to TLC,  the react ion is complete after 11 h, and only pyrazoline 
IVb is present .  The resul ts  can be in terpre ted  as follows. In the react ion of nitri le I with methylhydrazine,  
the addition p r o d u c t -  enehydrazine X - which has an extended sys tem of multiple bonds, is formed quite 
rapidly.  In its IR spec t rum,  it is apparently cha rac te r i zed  by absorption bands at 1600 and 2210 cm -I . 
Tautomeric  t ransi t ion to the hydrazone form of addition product XI, which is cha rac te r i zed  by absorption 
bands at 1635 and 2235 cm -1, gradually occurs .  The final product  of the react ion of nitri le I with methyl-  
hydrazine  - pyrazol ine IVb - to which the low-intensity bands at 2260 and 1635 cm -1 in the IR spec t rum are 
related (the la t ter  is overlapped by the absorption of the C = N  bond of the hydrazone form}, forms s imul -  
taneously.  The ra te  of convers ion  of enehydrazine form X of the addition product  to hydrazone XI is higher 
than the ra te  of formation of pyrazol ine IVb. This explains the initial increase  in the intensity of the ab- 
sorpt ion at 1635 and 2235 cm -~. It is mos t  likely that p rec i se ly  the hydrazone form is converted to the 
final pyrazol ine,  s ince an increase  in the e lectron density in the react ion zone due to the inclusion of the 
unshared pair  of the p r i m a r y  nitrogen atom in the conjugation sys tem will hinder attack of the secondary  
nitrogen atom at the C : C  bond in the enehydrazine form.  However, the resul ts  do not make it possible to 
completely  exclude the possibi l i ty of cycl izat ion of enehydrazine form X to a pyrazol ine.  

CH3NHNH~ CHaC=CHC=CHCN ~ CH3CCfl2C=CI'ICN ~ IVb 
I ~ ~H 3 CH3NHNH CH 3 

CH3N/ 

X Xl 

The intermediate  appearance of the hydrazone form was also fixed by means of PMR spec t roscopy .  
Signals" re la ted to the hydrazone (XI) and enehydrazine (X) forms of the initial addition product can be noted 
in addition to the signals of pyrazol ine IVb in the spec t rum of an equimolecular  mixture of nitr i le I and 
methylhydrazine r ecorded  4 h after mixing. Thus, for example, the group of signals at 5 2.80, 2.86, 2.98, 
and 3.05 ppm can, on the basis of a compar i son  with the spec t rum of the product  of the react ion of nitrile I 
with dimethylhydrazine [10], be assigned to the signals of the protons of the CH 2 group of hydrazone XI; the 

s i g n a l  at 5.16 ppm apparently belongs to the proton of the NH group of this form [11]. The signals at 4.48 
and 5.38 ppm should be assigned to the protons attached to the double bonds of the enehydrazine andhydrazone 
fo rms .  

The effect of a solvent on the course  of the react ion was examined in the case  of the react ion of 
methylhydrazine with nitri le I by means of TLC. The addition and subsequent cycl izat ion to a pyrazol ine 
occur  rapidly in dimethyl sulfoxide (DMSO), more  rapidly, in fact, than when nitr i le I is mixed direct ly  
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with excess methylhydrazine.  Cyclization is s lowed down in CC14 and proceeds most  s lowly in alcohol. The 
increase  in the react ion ra te  in DMSO is explained by the fact that both addition of methylhydrazine to the 
enyne nitrfle and cycl izat ion at the double bond proceed through zwitter  ion t ransi t ion states,  which are  
stabil ized by a dipolar aprotic solvent .  The nucleophilicity of hydrazine is apparently reduced in alcohol 
due to the format ion of a hydrogen bond with the solvent,  which reduces the ra te  of addition at the C -- C 
bond. The cycl izat ion process  in this solvent can be slowed down due to an increase  in the stabil i ty of the 
enehydrazine fo rm also as a consequence of the formation of in termolecular  hydrogen bonds, which de-  
c r ea ses  the concentra t ion of the hydrazone fo rm through which the formation of the pyrazolines most  likely 
p roceeds .  

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

The IR spec t ra  of the pure compounds,  mineral  oil suspensions (thin layer),  and carbon te t rachlor ide  
solutions (1-1.5%, thin layer ,  603 #m) were r ecorded  with a UR-20 spec t rophotometer .  The PMR spec t ra  
of 10% solutions of the compounds in carbon te t rachlor ide  were recorded  with a Varian HA-100 D / 1 5  spec -  
t rome te r  with hexamethyldisi loxane (HMDS) as the internal s tandard.  

2 -Methy l - l -pen ten -3 -yneca rbon i t r i l e  (I). This compound was obtained in 70% yield by the method in 
[1] and had bp 46-48 ~ (3 ram), d~ U 0.9032, and n~ 1.5025. 

2 -Me thy l - l -oc t en -3 -yneca rbon i t r i l e  (II). This compound was s imi la r ly  obtained in 75% yield and had 
bp 83-84 ~ (4 mm), d~ ~ 0.8726 and r ~  1.4912. 

2 -Methy l -4 -pheny l - l -bu ten -3 -yneca rbon i t r i l e  (III) [2]. This compound was obtained in 65~ yield by 
vacuum distil lation of 2 -hydroxy-2-methy l -4 -pheny l -3 -bu tyneca rbon i t r i l e  over P205 and had bp 124-125 ~ (3 
mm), d 2~ 1.0054 and n~ 1.6110. The cis and trans i somers  of nitri le I were isolated by means of p r e p a r a -  
tive TLC on activity II aluminum oxide [2]. g t h e r - p e t r o l e u m  ether  (1 : 5) was used as the eluent, and the 
ch romatograms  were developed with a UV lamp. The separa t ion of the cis and trans i somers  was achieved 
by three to four repeti t ions of the separat ion operat ions .  

c i s -2 -Me thy l - l - pen t en -3 -yneca rbon i t r i l e .  This i somer  had bp 50.5-51 ~ (3 mm), d] ~ 0.9043, n~ 1.4987. 

t r an s - 2 -Me thy l - l - den t en -3 -yneca rbon i t r i l e .  This is omer  had bp 39.5-40 ~ (3 mm), d 2~ 0.9018, n~ 
1.5102. 

3 ,5 -Dimethy l -5 -cyanomethy l -2 -pyrazo l ine  (IVa). A 10.5 g (0.1 mole) sample of nitri le I was mixed at 
room tempera ture  with 3.8 g (0.12 mole) of anhydrous hydrazine.  The tempera ture  of the mixture rose  
spontaneously to  50-60 ~ after which it was held at room tempera tu re  for 5 h. The course  of the react ion 
was monitored by TLC on activi ty II A1203 in e t h e r - p e t r o l e u m  ether (2 :1) .  Vacuum distillation yielded 
12.3 g (90%) of pyrzoline IVa with bp 125.5-126 ~ (4 mm); the liquid c rys ta l l i zed  on standing to give a solid 
with mp 45-46 ~ The product  was unstable and decomposed in air ;  this is cha rac te r i s t i c  for 1-unsubsti tuted 
pyrazolines [12]. IR spec t rum (l~c solution in CCla, cm-1): 865 w, 890 m, 910 m, 960 m, 1045 m, 1095 w, 
1110 w, 1135 w, 1160 w, 1175 w, 1200 rn, 1225 m, 1245 w, 1270 w, 1280 w, 1330 s, 1380 s, 1420 s, 
1440 s,  1460 s,  1630 m, 2255 m, 2850 m, 2920 s, 2950 s, 2970 s,  3270 s,  3330 s .  The physical  constants and 
resul ts  of analysis of the pyrazol ines  obtained are  presented in Table 1. 

1 ,3 ,5 -Tr ime thy l -5 -cyanomethy l -2 -pyrazo l ine  (Wb). Mixing of 10.5 g (0.1 mole} of nitri le I and 5.3 g 
(0.12 mole) of methylhydrazine for  13 h gave, af ter  vacuum distillation, 14.3 g (95%) of pyrazoline IVb. IR 
spec t rum (1~ solution in CC14, cm-1): 850 w, 890 w, 910 w, 928 m, 960 m, 1015 w, 1090 m, 1120 s,  1145 m, 
1180 s ,  1190 s, 1230 s,  1245 s ,  1280 m, 1295 m, 1330 s, 1375 s,  1390 s, 1420 s,  1432 s,1440 s,1475 s ,1625rn,  
2255 m, 2800 s, 2850 s, 2870 s. 

3 ,5-Dimethyl - l -phenyl -5-cyanomethyl -2-pyr~tzo l ine  (IVd). A mixture of 2.1 g (0.02 mole) of nitr i le I 
and 2.5 g (0.022 mole) of phenylhydrazine was heated in a tes t  tube with a s topper  at 100 ~ for 120 h. The r e -  
action product  was isolated by prepara t ive  TLC on activity II aluminum oxide in e t h e r - p e t r o l e u m  ether  
(1:1) to give 0.9 g (41~ of pyrazol ine IVd with mp 60-60.5 ~ IR spec t rum (1% solution in CC14, cm-1): 1020 
m, 1045 m, 1090 w, 1115 w, 1140 w, 1165 w, 1185 w, 1210 m, 1230 m, 1280 s, 1290 s,  1305 s, 1355 s, 1400 s, 
1445 s ,  1465 m, 1505 s,  1610 s ,  2260 m, 2850 w, 2860 w, 2920 m, 2950 m, 2985 m, 2995 m, 3035 w, 3050 w, 
3075 w. 

5 -Methy l -3 -pheny l -5 -cyanomethy l -2 -pyrazo l ine  (IVh). A 5 g (0.03 mole) sample  of nitri le III was 
mixed with 1 2 g (0.032 mole) of anhydrous hydrazine .  Pronounced heating of the mixture was observed.  
After  15 h [monitoring by T IC  on aluminum oxide in e ther  pet ro leum ether  (9:1)] ,  5 g (80%) of pyrazol ine 
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IVh, with mp 69.5-70.5 ~ ( f rom e ther ) ,  was isola ted .  IR s p e c t r u m  (thin l a y e r  in m i n e r a l  coil ,  cm-~):  835 s ,  
855 s ,  900 s ,  915 s ,  960 w, 980 w, 1020 m: 1065 m,  1085w, l l 1 0  w, 1160 m, 1185 w, 1225 m,  1275 s ,  1315 m, 
1360 s ,  1385 s ,  1420 s ,  1460 s ,  1505 m,  1575 m,  1595 m, 2260 m,  2880 m,  2935 s ,  2975 s,  3030 m,  3070 m, 
3260 s ,  3320 s .  

1 , 3 , 5 - T r i m e t h y l - 5 - c y a n o m e t h y l - 2 - p y r a z o l i n e  (VIID. A mix tu re  of 5 g (0.033 mole) of pyrazol ine  IVb, 
7 g (0-05 mole) of methyl  iodide, and 60 ml  of benzene was heated at 65 ~ for  4 h. The p rec ip i t a t ed  VIII was 
c rys t a l l i zed  f r o m  ethyl a c e t a t e - m e t h a n o l  (2:1) to give 8.6 g (90~c) of a product  with mp 157 ~ . Found, ~ :  
C 36.9; H 5.6; N 14.0. CgH16IN 3. C a l c u l a t e d ,  %: C 36.8; H 5.4; N 14.2. 

4 - D i m e t h y l h y d r a z o n o - 2 - m e t h y l - l - p e n t e n e c a r b o n i t r i l e  (IX). A__:. A mix tu re  of 8 g (0.026 mole) of 
methi0dide VII, 5 g (0.04 mole) of Na2CO3, and 10 ml  of wa te r  was heated  at 50 ~ for  4 h. The reac t ion  mix -  
t u r e  was ex t r ac t ed  with ch lo ro fo rm,  the c h l o r o f o r m  ex t rac t s  were  dr ied  with MgSO 4, and the solvent  was 
r emoved .  The res idue  was s e p a r a t e d  by p r e p a r a t i v e  TLC on activi ty II a luminum oxide in e t h e r - p e t r o l e u m  
e ther  (1 : 1) to give 1.8 g (40%) of ni t r i le  IX with d~ ~ 0.9354 and n~ 1.4885. IR s p e c t r u m  (thin layer ,  cm -i) : 
800 m,  820 m,  860 w, 970 m,  1025 m,  1050 m, 1075 w, 1095, w, 1160 m, 1200 m, 1250 w, 1300 w, 1370 s ,  
1390 s ,  1445 s,  1470 s ,  1570 w, 1630 s,  2190 w, 2225 s ,  2780 s,  2820 s,  2860 s ,  2900 m, 2920 m, 2970 s,  
2990 s ,  3060 w. Found, %: C 65.5; H 9.2; N25 .5 .  C9HisN ~. Calculated,  %: C 65.4; H 9.1; N 25.4. 

B. A mix tu re  of 2.1 g i0.02 mole) of n i t r i le  I and 2 g (0.033 mole) of d imethylhydrazine  was heated in 
a t e s t  tube with a g round-g lass  s topper  at 40 ~ for  70 h. The excess  d imethylhydraz ine  was r emoved  in 
vacuo to give 3.1 g (100%) of ni t r i le  IX with d 2~ 0.9341 and n~ 1.4885. The IR s p e c t r u m  was identical  to the 

s p e c t r u m  of the hydrazone  obtained by degradat ion of methiodide VIII .  

1 , 3 , 5 - T r i m e t h y l - 5 - a m i d o m e t h y l - 2 - p y r a z o l i n e  (V). A 10-g s amp le  of NaOH was added gradual ly  with 
s t i r r i ng  to 100 ml  of 30% hydrogen peroxide ,  a f ter  which 1 g of pyrazol ine  IVb was added dropwise .  The 
solution was neut ra l ized  and ex t rac ted  repea ted ly  with e the r .  The e ther  ex t rac t s  were  dr ied with MgSO4, 
and the e ther  was r em oved  to give 0.5 g (45qc) of amide  V with mp 238-240 ~ (dec.). IR s p e c t r u m  (KBr pellet ,  
cm-1):  740 m, 760 w, 840 w, 950 s,  1020 m,  1040 m, 1090 m,  1235 m,  1320 m,  1390 s,  1430 s,  1505 m , 1 5 3 0 s ,  
1625' s,  1660 s,  2760 m,  2870 m,  2940 m,3100 s ,  3310 m, 3400 m.  Found, %: C 56.9; H 8.7; N 24.1. 
CsH15NzO. Calculated,  %: C 56.8; H 8.9; N 24.2. 
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