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S T R U C T U R E  OF  T E T R A H Y D R O P Y R I D A Z I N E S  F O R M E D  

F R O M  1 - I S O P R  O P Y L -  3 , 4 -  D I M E T H Y L -  1 , 2 -  DIA Z A -  1 , 3 -  

B U T A D I E N E  A N D  M E T H Y L  V I N Y L  K E T O N E  

V. A.  N i k i t i n ,  V. N. V e r b o v ,  
a n d  K. N. Z e l e n i n  

UDC 547.852 : 543.422.25 : 4.6 

In cont ras t  to the cis i somer ,  t r a n s - l - i s o p r o p y l - 3 , 4 - d i m e t h y l - l , 2 - d i a z a - l , 3 - b u t a d i e n e  r e a c t s  
with methyl vinyl ketone to give a mixture  of cls and t rans  i somers  of 5- and 6 - a c e t y l - l - i s o -  
propyl -3 ,4-d imethyl -A2- te t rahydropyr idaz ines .  The preponderance of the eis i somer  in the case  
of 5-subst i tuted te t rahydropyr idaz ines  const i tutes evidence for the exis tence of secondaryorb i t a l  
interact ions of the acetyl  group of the dienophUe with the C = C bond of t h e  diene component.  

The obse rvanceo f  the endo principle [1] for a nucleophilic diene component containing a C = C - N  =N 
fragment  [2] has not been investigated. For its ver i f icat ion it was n e c e s s a r y  to examine the reac t ion  of olefins 
with t e rmina l ly  substi tuted 1,2-diaza-  1,3-butadienes. 

We have found that ~ , f l -unsa tura ted  azo compounds of this type [3] actual ly r e a c t  with methyl acry la te ,  
methyl vinyl ketone, and acry loni t r i l e  to give four-component  mixtures  of 1,4-cycloaddit ion products (mixtures 
of s t ruc tura l  i somers  and s t e reo i somers ) .  Thei r  s imi la r  physicochemical  cha rac te r i s t i c s  made it impossible 
for  us to isolate them in pure fo rm or to re l i ab ly  identify the A~-tetrahydropyridazines formed,  except for the 
products of the reac t ion  of methyl vinyl ketone with 1 - i sop ropy l -3 ,4 -d ime thy l - l , 2 -d i aza - l , 3 -bu tad iene  (I). 

This  azadiene exists  in the fo rm  of Z,E and E,E i somers  [3, 4], of which the Z,E i somer ,  which was iso- 
lated in pure form,  was found to be inactive in the diene synthesis  because  of the s te r i c  hindrance that a r i ses  
during its convers ion to the s -c i s  conformation n e c e s s a r y  for the react ion.  On the other  hand, the pure E,E 
i somer ,  as expected, r ead i ly  forms cycloaddition products  with methyl  vinyl ketone by undergoing the reac t ion  
in the cisoid conformation.  A mixture  of te t rahydropyr idaz ines  II-V was isolated f ro m  the reac t ion  mixture  in 
80% yield. The ra t io  of II-V does not change ei ther  during the react ion or during s torage ,  and this consti tutes 
evidence for the absence of in terconvers ions;  according to the resu l t s  of ga s - l i qu id  chromatography (GLC), 
the ra t io  is 25 : 17 : 50 : 8, respec t ive ly .  As a r e su l t  of purif ication of the mixture  by column chromatography,  
we isolated IV and V in pure fo rm and an inseparable  mixture  o f  i somers  II and III. (See scheme on next 
page.) 

The resu l t s  of e lementa ry  and spec t ra l  analysis of the mixture  of II and III and the individual cycloaddi-  
tion products  (IV and V) a r e  in agreement  with the A~-tetrahydropyridazine s t ruc ture .  In par t icu lar ,  bands of 
C = N  and C = O  bonds a re  p resen t  in the i r  IR spec t ra  (at 1600-1620 and 1730 era-l) ,  and the UV spec t ra  con- 
tain absorption at },max 240 nm (eN3500-4000). Singlet signals of a CH 3 group attached to a C----N bond ( -  1.8- 
2.0 ppm) and of an acetyl  group ( -2 .0 -2 .2  ppm), a doublet (J=6.5 Hz) of a methyl group attached to the C(@ 
atom (~ 1-1.2 ppm), a septet  (J=7 Hz) of the CH portion of a 1-_isopropyl grouping (at 3.0-3.5 ppm), and two 
doublets (J =7.0 Hz) f r om its d ias tereotopic  methyl groups (~ 0.8--1.4 ppm) a re  present  in the PMR spec t ra  of 
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pyr idaz ines  II-V.  In the s p e c t r u m  of  the mix tu re  of  H and I n  the CH signals  of  the i sopropyl  group and of al l  __ 

the CH 8 groups a r e  doubled, and their  intensi t ies  a r e  in a g r e e m e n t  with the GLC data for  this mixture .  

lJ 
N~C3H - i 

CH• " ~ C %  C .  3 \ l ~  
II 

nbn  .... o 
i 
C31I ? -i 

s-tran$ E E I s ci$. E,s 

H CH:~ ~ C H ~  H Ctl 3 
~ / C I I  3 

C3117-1 C31t?-! 

" (='~%) , .  ( ,7%) 

H CIt s H CH 3 

C:~H;-I C3H7. i 

tv C~o"/o) v (s%) 

The fine detai ls  of  the s t r u c t u r e s  of cycloaddi t ion  products  I I -V  can be es tabl i shed f r o m  the char 'ac ter  of 
the r e s o n a n c e  of the protons  in the 5 and 6 posi t ions* if the p r e f e r a b l e n e s s  of an equator ia l  or ienta t ion of the 
ace ty l  group in the 5 or  6 posi t ion and s tabi l izat ion of the psetidoaxial  or ienta t ion  of the 4 :CH 3 group due to A~, z 
s t ra in  [5] a r e  taken into account in the ha l f - cha i r  conformat ion  a s sumed  for  them. Thus the s p e c t r u m  of a 
mix tu re  of  I I  and HI contains a mttl t iplet  s ignal  of  6-H protons at ~ 3 . 4  ppm, and s ignals  a r e  absent  at 2.3-3.0 
ppm, i .e. ,  the 6 posit ion does not contain a second proton. Consequently,  we a r e  dealing with a mix tu re  of c i s -  
and t r a n s - 6 - a c e t y l - s u b s t i t u t e d  A ! t e t r a h y d r o p y r i d a z i n e s .  The l e s s  intense and weake r - f i e ld  of the two s inglets  
of the acety l  grouping in the s p e c t r u m  of the mix tu re  evidently belongs to t r ans  i somer  HI, in which A1, ~ s t r a in  
should be  absent  in the  m o r e  s tab le  conformat ion ,  and the s ignal  should t he re fo re  a lso  belong to the equator ia l  
ace ty l  group . . . .  

The PMR s p e c t r a  of adducts IV and V do not contain a weak-f ie ld  signal  in the 3.4 ppm region (6-H); how- 
ever ,  mul t ip le t  s ignals  of  the 6-CH~ group at 2 .7-2.9 ppm, augmented by  the 5-H mult iplet  at 2.4 ppm, appeared  

in place  of  it. 

The mul t ip le t  of  the 6-CH~. group in the s p e c t r u m  of IV is in t e rp re ted  as  the  AB port ion of an ABX s y s -  
t em:  H a 2 . 7 7 p p m ( j g e m = 1 4 H z ,  J ~ C = 8  Hz) and H e 2.89 ppm ( j g e m = 1 4  Hz, J[~C=2.5 Hz). The s p i n - s p i n  
coupling constants  (SSCC) cor respond ,  r e spec t ive ly ,  to Ja'a and J e ' a ,  and this indicates the s table  c o n f o r m a -  
tion of the cis  i s o m e r  of HI. 

In the PMR s p e c t r u m  of the t r ans  i s om er  of V the AB port ion of the 6-CH 2 ABX s y s t e m  has  the following 
p a r a m e t e r s :  H a 2.7_4 ppm ( j g e m = l l . 2 ,  j ~ c  =5.5 Hz) and H e 2.84 ppm ( j g e m = l l . 2  Hz, jv~c =5.0 Hz). In this  
case  the SSCC const i tute  evidence for  ave raged  values  between the Jaa', J a e ' ,  J e a ' ,  and Joe '  constants  as a 
r e s u l t  of  the contr ibution of conformat ions  with c l o s e  s tabi l i t ies  - e i t h e r  with a pseudoaxial  4--CH 3 group or with 
an equator ia l  ace ty l  subst i tuent  in the 5 position. 

Thus s t e r eospec i f i t y  is not achieved in this  r eac t ion ,  but the s ignif icant  p redominance  of the cis i so mer  
of  IV as  c o m p a r e d  with s t e r e o i s o m e r  V (50 : 8) const i tu tes  evidence for  the manifes ta t ion  of s econda ry  orb i ta l  
in teract ions  of the acetyl  group of the dienophile with the C = C bond of the diene component.  

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

The IR s p e c t r a  of thin l a y e r s  of  the compounds were  r e c o r d e d  with a UR-10 s p e c t r o m e t e r .  The UV spec -  
t r a  of 10 -4 M hexane solut ions of the compounds were  obtained with an SF-8 spec t ropho tomete r .  The PMR 
s p e c t r a  of  10% solutions of  the compounds in CCI 4 w e r e  r e c o r d e d  with a Varian HA-100 s p e c t r o m e t e r  with 
hexamethyld is i loxane  as the in ternal  s tandard.  

Analys is  by GLC was c a r r i e d  out with a T s v e t - 4  ch roma tog raph  with a 2 m by  2.5 m m  column filled with 
5% polyethylene glycol 4000 on C h r o m o s o r b  W (60-80 mesh) with ni t rogen as the c a r r i e r  gas (90 ml /min)  and 
a colunm t e m p e r a t u r e  of  160~ Th in - l aye r  and column ch roma tog raphy  were  c a r r i e d  out on act ivi ty  H A1203 
with elution by pe t ro l eum e t h e r -  ethyl ace ta t e  (7 : 1). 

A~-Te t rahydropyr idaz ines  II-V.  A mix tu re  of 15 g of azo compound I [3], 7 g of methyl  vinyl  ketone,  and 
0.1 g of hydroquinone was heated in a sea led  ampul  at 60 ~ fo r  one week, a f t e r  which the volat i le  components  we re  
r e m o v e d  by vacuum dist i l lat ion,  and the r e s idue  was ch romatographed  in 1-g  por t ions  with columns fil led with 

*The  4-H mult ip le t  is found at  1.7-2.0 ppm and was not r e l i ab ly  localized.  
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A1203. The col lected fract ions were  concentra ted in vaeuo. The mixture  of II and lII had d42~ 0.9729 and nD 2~ 
1.5018. Found:  C 67.4; H 10.2; N 14.2%; iVI:RD 58.34. Compound IV had d42~ 0.9681 and nD 2~ 1.4894. Found: 
C 67.3; H 10.2; N 14.3%; 1VIR D 58.56. Compound V had d42~ 0.9609 and nD 2~ 1.4816. Found: C 67.3; H t0.3;  
N 14.3%; Mtl D 58.54. Calculated for II-V: C 67.3; H 10.27; N 14.3%; 1VIR D 58.54. 
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