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1 - I s o p r o p y l - 3 - t e r t - b u t y l - l , 2 - d i a z a - l , 3 - b u t a d i e n e  (1), which is fo rmed  as a resu l t  of the r e a c -  
t ion of a -ch lo rop inaco l ine  with isopropyl  hydrazine,  ex is t s  in the  form of a mixture  of e isoid 
and t r anso id  conformat ions  and is e x t r e m e l y  active in the diene synthesis  with male ic  anhy- 
dride,  male imide ,  dimethyl  fumara te ,  and methyl vinyl ketone. The conformat ions  of the d e r i v -  
at ives obtained, w h i c h  contain a A2- te t rahydropyr idazine  ring, were  es tab l i shed  on the bas i s  
of the PMR spect ra .  1 - I s o p r o p y l - 3 - t e r t - b u t y l - t r a n s - 5 , 6 - d i c a r b o m e t h o x y - & 2 - t e t r a h y d r o p y r i d -  
azine was obtained f r o m  dimethyl fumara te  and I; this was conf i rmed by a compar i son  of 
data on it with the cha r ac t e r i s t i c s  of the cis i somer ,  synthesized by the action of diazomethane 
on the anhydride of 1 -1sopropy l -3 - t e r t -bu ty l -A2- te t r ahydropyr idaz ine -5 ,6 -d ica rboxy l i c  acid. 

Cisoid dinenes are  much more  act ive than t r anso id  dienes in the diene synthesis ,  and this s e rve s  as 
one of the conf i rmat ions  of the synchronous mechan i sm of the D l e l s - A l d e r  react ion  [1]. We have syn-  
thes ized  1 - i s o p r o p y l - 3 - t e r t - b u t y l - l , 2 - d i a z a - l , 3 - b u t a d i e n e  (1)via the scheme 

t - C 4 H 9 C O C H = C I + 2  i-C3HrNHNH2~CH2=C--N=N--C3Hr-i+i-CaHrNHNH2. H C I  

1 
�9 l - C 4 H 9  

Diazabutadiene I is the f i r s t  r ep resen ta t ive  of al iphatic a , f i  -unsa tu ra t ed  azo compounds,  which exis t  
as a mixture  of s - c i s  and s - t r a n s  conformations.  This  follows f rom a compar i son  of its UV spec t rum 
(Fig. 1) with the s pec t r a  of the t r anso id  1 - i s o p r o p y l - 3 - m e t h y l - l , 2 - d i a z a - l , 3 - b u t a d i e n e  and the cycl ic  d e r i v -  
ative - 3 , 3 , 5 - t r i m e t h y l - [ 3 H ] - p y r a z o l e  [2]. The two max ima  of the r - ~ *  t rans i t ions  at 226 and 255 nm 
co r re spond  to the t r anso id  and cisold conformat ions ,  respec t ive ly .  

As one should have expected,  diimide I is more  active than the other  1 ,2 -d iaza - l , 3 -bu tad ienes  [3-5] 
in 1,4-cycloaddit ion and gives quanti tat ive yields of the products  of the diene synthesis  with male ic  anhy- 
dride and male imide ,  even in the cold, and with dimethyl  f u r m a r a t e  and methyl vinyl ketone on b r i e f  hea t -  
in g. The s t ruc ture  of adducts I I -VII  (Table 1) was p roved  by a compar i son  of the i r  spec t ra l  c h a r a c t e r i s t i c s  
with the cha rac t e r i s t i c s  of p rev ious ly  descr ibed  compounds [3-5]. 

It is poss ib le  to es tab l i sh  the p r e f e r r e d  conformat ion of the A2- te t rahydropyr idazine  der iva t ives  
f r o m  the PMR spec t r a  (Table 2). Adducts II and III may be found in two conformat ions  (A ~- ]3) : 

N f "  . O 

.,, o R" "'~po i j p = o  

II, III 

A B 

II X==O, I:~=t-C4itg; I I I  X=NII ,  R = t ' C 4 i i  9 
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Fig. 1. UV s p e c t r a  ( i n  n-hexane):  
1) 1 - i sop r  opyl -3- te  r t - b u t y l -  1,2- 
d iaza - l ,3 -bu tad iene ;  2) 1 - i sop ropy l -  
3 - m e t h y l - l , 2 - d i a z a - l , 3 - b u t a d l e n e ;  
3) 3,3,5-tr imethyl=[3It]  -py razo le .  

On the bas i s  of the s p i n -  spin coupling constants  of the protons  in 
the 4-6 posi t ions of the r ing (ABKX sys tem) ,  the endo con fo rma-  
tion (]3) should be a s sumed  for  II and III. F i r s t ,  the coupling con-  
s tants  of the protons  in the 5 and 6 posi t ions co r respond  to Jxx*  
(9 Hz for  II and 10 Hz for  III); Jnn is usually lower  and ranges  f r o m  
5 to 7 Hz [6, 7]. Second, JCb, n is close to ze ro  and does not ex-  
ceed 2 Hz [6]. 

Of the two J45 values  (9 and 7 Hz), the l a r g e r  va lues  should 
be cons ide red  to be J,hf - [6]; this ass ignment  is also in ag reement  ~L ~ 2k 
with the fact  that the r  resona tes  at weake r  field than the Sb 
proton; this is due to the deshielding effect  of the unshared  e lec t ron  
pa i r  of the N(1 ) a tom,  which occupies  the r  position. 

Judging f r o m  the magnitudes of the constants  found, the 
adducts of a ry lazocyc lohexenes  with N-phenylmale imide  [9], for  
which the constants  of coupling of the pro ton  in the 5 posit ion with 
the protons  in the 4 and 6 posi t ions a re  equal and amount to 9 Hz, 
a re  apparent ly  s y n i s o m e r s  C. 

C 6 1 - 1 5 - - C ~ ~  
,Nc"-.~.n 

o'Y I 
Ar 

It has  been shown [5] by means  of PMR spec t roscopy  that  in the case  of the reac t ion  of dimethyl 
f u r m a r a t e  with a s e r i e s  of 1 ,2 -d i aza - l , 3 -bu tad i enes ,  this  va r i an t  of 1 ,4-cycloaddit ion p roceeds  in a c c o r -  
dance with the cis pr inciple  [1]. Below we will p r e sen t  the chemica l  conf i rmat ion  of th is .  T r e a t m e n t  of 
adduct I Iw i thd i azome thaneg ives  1 - t s o p r o p y l - 3 - t e r t - b u t y l - c i s - 5 , 6 - d i c a r b o m e t h o x y - A 2 - t e t r a h y d r o p y r i d a z i n e  
(IV), the r ing pro tons  of which fo rm the set  of f requencies  of an ABKX s y s t e m  in the PMR spec t rum,  and 
the coupling constant  of the protons  in the 5 and 6 posi t ions is 5.5 Hz (Jae)" At the same  t ime,  i somer i c  
adduct V is obtained as a r e su l t  of the reac t ion  of I with dlmethyl  fumara te ;  this is seen f rom its PMR 
spec t rum,  which also f o r m s  an ABKX s y s t e m  in which J~6 is 7.5 Hz (Jaa). Substance V is consequently the 
t r ans  i somer ;  this also conf i rms  adherence to the cis pr inciple .  

~H2N~ it:.. cHaOOc ~ + r 
KO. c.3ooc~-..7)~ H' " \ n ' n l  cu~~176 

CaH-,-i CaH,'I 

IV V 

It Is in te res t ing  to note that  in the case  of the reac t ion  of I with methyl  vinyl ketone, as in other  r e a c -  
t ions of 1 ,2 -d i aza - l , 3 -bu tad i enes  with u n s y m m e t r i c a l  dienophlles [3, 4], a mixture  of s t ruc tu ra l  i s o m e r s  
(5- and 6 - a c e t y l - A 2 - t e t r a h y d r o p y r i d a z i n e s  VI and VII) is formed.  The s t ruc tu re s  of the i s o m e r s  were  also 
e s t ab l i shed  by m e a n s  of the PMR spec t ra ,  f rom which It follows that  the aeetyl  group in both compounds 
occupies an equator ia l  posit ion.  The 6-H protons  of i s o m e r  VI are  r e p r e s e n t e d  by the AB port ion of the 

6 Hz; W is 15 Hz for  the mult iplet  of the 6-H proton of i s o m e r  VII ABX s y s t e m  with Jae  2 Hz and Jaa 1/2 
(the X port ion of the ABX sys tem);  this is in acco rd  with its axial or ientat ion [10]. 

CHCOCH 3 ~N ~N CH3CO/~-N~N 
I I 

C3H7-i Cstt7-i 
VI VII 

*The following symbols  a re  used: x is exo, n is endo, Cb is quasibowspri t ,  and Cf is quasif lagpole.  
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T A B L E  1. 

[ MRD ] 
E m p i r i c a l -  

~ ~ formula 

1- I sop ropy l -3 - t e r t -bu ty l -  A 2- te t rahydropyr idaz ines  

II 

I11" 

IV 

V 

Vl 

VII. 

l 166,00166,391 C,aH2oN~Oz 62,2 7,9 1,0874 1,4807 162'118'1 

. . . .  C13HmNaO2 62,3 8,3 
62,4 8.4 

1,0412/1,4700 79,95 79,52 CtsH26N~O4 69,41 8,6 
. 60,318,7 

[,0233 / 1,461080,0179,52 / C,sH26N20460,660'4] 8.88,8 [ 

),9190/1,464267,09166,69] C13H24N2069,710,9 
/ 0 8/110 I 

).9208/14626 67,021 69 c,.H24  0 69,91110 
| I I 69,8111,1 

*Th i s  compound  had mp 116 ~ 

Found, % Calc.. % I 

C Ii N N C m ' l  

i 
11,3~,61,91 7.9}11,11 1610 
11,1 
16.6! 62.21 8,4116,71 1620 
16.8[ 
9.5160,41 8,71 9,61 1640 
9.01 
9:7 60.4i 8,7] 9,61 1640 

12,41 69,6l 10,7112,51 1610 

12,5[ I0,7i 12,5 12,569,6' 1620 
t24 L 

f rom b e n z e n e - h e p t a n e  (1:1)]. 

25O 100 
(5OO0) 

- -  100 

- -  80 

100 

240 
(73O0) 

240 I00 
(8100) 

TABLE 2. PM_R Spec t ra  of U-VII*  

C o m -  
pound 

t-C4H~ 

II 1,1 s 

III 0,9 s 

IV 0,9 s 

V 1,0 s 

Vl 1,15s 

VII 1,1 s 

*Abbrev ia t ions :  

5, ppm (I, Hz) 
n-CH(CHsh "f 4-H 5-H 6-H 

1,2 d 
1 2 5  d 

1,1d 
1,2 d 
4.3 sep 
(7) 
0,8 d 
1,05d 
3,9 sep 
(7) 
0,95 d 
1,2 d 
3,8 sep 
(7) 
1,1d 
3,4 sep 
(7) 

1,0d 
1,25 d 
3,2 sep 
(7) 

2,2 dd 
(/Kern = 15, I45=7 
2,ffdd 
(]gem ~ 15, I4s=9 
2,2 dd 
(/gem= 13,14~=7 
2,8-dd 
(/gem~- 13,1~=9 
2,2--2,8 m 

2,2 dd 
(/gem = 17,145 = 7,5 
2,7 dd 
(Jgem= 17,1~=5) 
2,0--2,4 m 

3,5 dt 
(1'=7,/"=9) 

3,3 ddd 
(I'= 10, I"=9, 

I'"=7) 

2,9--3,2 m 

3,6 dt 
(1'~ 5,1"= 7,5) 

2,4--2,8 m 

4.3d 
(9) 

4,4d 
0o) 

4,7 d 
(5,5) 

4,3 d 
(7,5) 

2,9 dd 

1,8--2,4 m 

(/gem = 18,14s = 6) 
3,Vdd 
(/gem = 18,156=2) 
3,3 m 

s is s inglet ,  d is doublet,  t is t r ip le t ,  sep  is 
septet ,  and m is mult iplet .  

The magne t ic  nonequivalence  of the methy l  g roups  of the i s o -  
p ropy l  group a t t ached  to  N(1 ) fo r  all the 6 - X - s u b s t i t u t e d  A2- 
t e t r a h y d r o p y r i d a z i n e s  is a consequence  of the i r  d l a s t e reo top ic  
c h a r a c t e r  because  of the fact  tha t  C(0 is a s y m m e t r i c  [8]. 

A c c o r d i n g  to  gas - l i qu id  c h r o m a t o g r a p h y  (GLC), the ra t io  of VI to VII  is 2:3. It fol lows f r o m  a c o m -  
p a r i s o n  with p r e v i o u s  r e su l t s  [3, 4] that  the f r ac t ion  of  the 5 - X - s u b s t i t u t e d  i s o m e r  i n c r e a s e d  when a t e r t -  
butyl  g roup  was  in t roduced  into the 3 posi t ion.  This  is not  in a g r e e m e n t  with data  on the s t r u c t u r a l  o r i e n t a -  
t ion  fo r  ca rbod ienes ,  fo r  which the f r ac t ion  of the meta  i s o m e r  (5 -X-subs t i t u t ed  p roduc t  in our  case)  fal ls  
[1]. The r ea son  for  this  apparen t ly  cons i s t s  in fine g e o m e t r i c a l  d i f fe rences  in the two t r ans i t i on  s ta tes ,  
which lead  to two s t r u c t u r a l  i s o m e r s ,  VI and VII. 

EXPERIMENTAL 

The UV spectra of 10 -2 and i0 -4 M solutions, prepared by the method of double dilutlon, were recorded 
with an SF-8  s p e c t r o m e t e r .  The  IR s p e c t r a  of  2 0 - 4 0 - / ~ - t h i c k  l a y e r s  of the l iquid p r e p a r a t i o n s  and of  thin 
l a y e r s  of  m ine ra l  oil suspens ions  of the sol ids  w e r e  obtained with a UR-10 spec t ropho tome te r .  The PMR 
s p e c t r a  w e r e  r e c o r d e d  with a V a r i a n - H A - 1 0 0  D s p e c t r o m e t e r .  Hexamethyld i s i loxane  was  used  as the 
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in ternal  s tandard.  A Tswet t -4M chromatograph  with a g lass  column (2 m long and 3 m m  in diameter)  
packed with polyethylene glycol M 4000 on a TNDM support  (70-80 mesh) was used for  the GLC analysis .  
The column t e m p e r a t u r e s  were  80 and 120 ~ , and ni t rogen was the c a r r i e r  gas. 

~-Chloroplnacol ine .  A 135-g (1 mole) sample  of sulfuryl  chloride was added at room t e m p e r a t u r e  to 
a solution of 100 g (1 mole) of pinacoline in 600 ml of methylene chloride,  a f t e r  which the mixture  was 
allowed to stand for  15 min. The solvent was  r e m o v e d  in vacuo (40 mm),  and the res idue  was washed  
s eve ra l  t i m e s  with wate r ,  20% NaI-ICO3 solution, and water ,  dr ied with CaC12, and dist i l led to give 83.4 g 
(62%) of ch romatograph ica l ly  pure  1 -ch lo ro -3 ,3 -d tme thy l -2 -bu tanone  with bp 67-69 ~ (11 mm), d~ ~ 1.1273, 
and n ~  1.4438 [bp 75-76 ~ (15 mm) and n ~  1.4422 [11]]. 

1 - I s o p r o p y l - 3 - t e r t - b u t y l - l , 2 - d i a z a - l , 3 - b u t a d i e n e  (I). An 80.7-g  (0.6 mole) sample  of ~ - c h l o r o p i n a c -  
oline was added to a solution of 118.4 g (1.2 mole) of i sopropylhydraz ine  in 150 mi of diethyl e the r  l n t h e  
p re sence  of 15 g of CaC12 in the course  of 15 min. The mix ture  was ref luxed for  3 h, a f te r  which it was 
cooled, washed  with water ,  and dr ied with MgSO 4. The solvent was r emoved  by dist i l lat ion to give 37.9 g 
(41%) of pure  (according to GLC) diazabutadiene I with bp 59 ~ (25 ram), d~ ~ 0.8020, and n ~  1.4281. Found: 
C70 .1 ,70 .0 ;H 12.0, 12.0; N 18.2, 18.3%; MRD49.48.  CgH18N~. Calculated: C70.1;  H 11.8; N 18.2%; MR D 
49.38. IR spec t rum,  ~, cm- l :  1510 (N=N), 1618 (C=O), 3105 ( = C - H ) .  UV spec t rum,  ~ max, nm (e):  in 
hexane 226 (3400), 255 (2100), 400 (140); in acetoni t r i le  397 (55). PMR spec t rum:  6126 [C(CH3)3, s], 1.34 
[(CH3)2C , d, J 7 Hz], 3.82 ( N - C H ,  sep, J 7 Hz), 4.35 ( f i - c i s - C H ,  m), 4.66 ( f l - t rans-CH, m). 

1 - I s o p r o p y l - 3 - t e r t - b u t y l - A 2 - t e t r a h y d r o p y r i d a z i n e - 5 , 6 - d i c a r b o x y l i c  Acid Anhydride (I1). A solution 
of 3.3 g (0.022 mole) of I and 2.33 g (0.023 mole) of male ic  anhydride in 30 ml of benzene was held at room 
t e m p e r a t u r e  for  50 h, a f te r  which the solvent  was r emoved  in vacuo, and the residue (a v i scous  oil) was 
d isso lved  in hexane. The solution was f i l t e red  to r emove  t r a c e s  of male ic  anhydride,  and the f i l t ra te  was 
dr ied  with MgSO 4. The solvent was r emoved  in vacuo to give 5.0 g (100%) of anhydride II. 

1 - t s o p r o p y l - 3 - t e r t - b u t y l - A 2 a t e t r a h y d r o p y r i d a z i n e - 5 , 6 - d i c a r b o x y l i c  Acid Imide (IID. A solution of 
3.3 g (0.022 mole) of I and 2 g (0.02 mole) of male imide  in 100 ml of methylene chloride was held at room 
t e m p e r a t u r e  for  100 h, a f t e r  which the solvent was r emoved  in vacuo, and the res idue was r e c r y s t a l l i z e d  
f r o m  b e n z e n e - h e p t a n e  (1:1) to give 5.0 g (100%) of lmide III. 

1 - I s o p r o p y l - 3 - t e r t - b u t y l - c i s - 5 , 6 - d i e a r b o m e t h o x y - A 2 - t e t r a h y d r o p y r i d a z i n e  (IV). A solution of 1.61 g 
(0.024 mole) of diazomethane [12] in 30 ml of diethyl e the r  was added in the course  of 20 min to a mixture  
of 3 g (0.012 mole) of II and 4 ml of 10% KOH, a f te r  which the mixture  was allowed to stand for  another  4 h. 
The organic  l aye r  was s epa ra t ed  and dr ied with MgSO 4. The solvent was removed ,  and the residue was 
ch romatographed  on A1203 (activity III) with elat ion by e t h e r - e t h y l  acetate  (3:1) to give 2.84 g (80%) of pure  
(according to TLC) t e t r ahydropyr idaz ine  IV. 

1 - I s o p r o p y l - 3 - t e r t - b u t y l - t r a n s - 5 , 6 - d i c a r b o m e t h o x y - • 2 - t e t r a h y d r o p y r i d a z i n e  (V). A mix ture  of 2.16 
g (0.015 mole} of dimethyl  fumara te  and 3.1 g (0.015 mole) of I in 25 ml of benzene was heated at 60 ~ for  
100 h. The solvent  and volat i le  components  were  r emoved  in vaeuo,  and the res idue (4.5 g), which, acco rd -  
ing to TLC, cons is ted  of p r i m a r i l y  one substance,  was pur i fed  by passage  through a column fil led with 
A1203 (act ivi ty II1) with elution by pe t ro l eum e t h e r - e t h y l  aceta te  (3:1) to give 4.4 g (100%) of pure  (according 
to TLC) t e t r ahydropyr idaz ine  V. 

1 - I s o p r o p y l - 3 - t e r t - b u t y l - 5 - a n d 6 - A c e t y l - A 2 - t e t r a h y d r o p y r i d a z i n e s  (VI and VID. A mixture  of 5.4 g 
(0.035 mole) of I and 3.1 g (0.044 mole) of methyl  vinyl ketone was heated  in a sea led  ampul at 60 ~ for  50 h. 
The volat i le  components  were  r emoved  in vacuo,  and the r e s idue  [7.85 g (100%)] was,  according  to GLC, a 
mixture  of s t ruc tu ra l  i s o m e r s  (VI and VII) in a ra t io  of 39:61. The i s o m e r s  were  s epa ra t ed  with a column 
fil led with A1203 (act ivi ty IID with elution by  pe t ro l eum e t h e r - d i e t h y l  e the r  (2:1). A 3.1 g sample  of the 
mix tu re  yielded 0.9 g of VI and 2.1 g of VII. 
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