
C O N C L U S I O N S  

1. We have de termined the group dipole moments  of the C A r - O  bond for  a se r i e s  of para-subs t l tu ted  
diphenyl e thers .  We have shown that there  is a s y m m e t r y  in the polar i ty  of the f ragments  in this se r i e s  and 
that it is connected with a symmet ry  in the i r  conformations.  

2. T h e a s y m m e t r y  in the effective conformation of the diphenyl e thers  has been confirmed by means 
of the Ke r r  effect~ 
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STRUCTURE OF THE PRODUCT OF THE 1,3-DIPOLAR CYCLOADDITION 

OF C-PHENYL-N-(4-NITI~OPHENYL)NITRILIMINE TO 2-METHYL-4- 

CHLOI~OPHTHA LA ZONE HYDRAZONE 

I.  A. L i t v i n o v ,  Yu .  T .  S t r u c h k o v ,  
B .  Io B u z y k i n ,  a n d  N. N. B y s t r y k h  

UDC 541.6:547.852.7 

1 ,3-Diarylni t r i l imines  reac t  with N,N-uasubsti tuted hydrazones of aromat ic  aldehydes and ketoaes to 
form l inear  1,3-addition products  with the part icipat ion of the hydrazone NH 2 group (2 -a ry l iden-4-a ry lhydra -  
zidines). Products  of 1,3-dipolar  cycloaddition at the C=N bond were not found in these cases  [1, 2]. 

The react ion of C-phenyl-N-(4-a i t rophenyl)a i t r i l imine  (I) with the hydrazone of 2-methyl -4-chlorophtha-  
lazone (II), in which the imine nitrogen atom of the hydrazone f ragment  is more  basic than the amine nitrogen 
atom [3], gives, in addition to the expected 2-(4-ni t rophenyl) -4-(2-methyl-4-chlorophthalaztnyl idene-1)benzhy-  
drazidtne (in tau tomer ic  form III), an additional compound with IR, UV, and PMR spec t ra  in accord with the 
s t ruc ture  of (2-methy~-4-ch~r~-~2-dihydr~phtha~azine)-~-sp~r~-5r-[~ ' -(4~-n~tr~pheny~)~4~-am~-1~5~-d~- 
hydro- l~ ,2 ' ,4 ' - t r i azo le ]  (IV) which is the product  of the 1,3-dipolar  cycloaddition of ni t r i l imine (I) at the C=N 
bond of hydrazone (II). In cont ras t  to expectation, product  (IV) does not r eac t  with benzaldehyde or  4 -n i t ro-  
benzaldehydeo 
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TABLE 1. Non-Hydrogen  Atom C o o r d i n a t e s  (. 10 4) 

Atom x ] Y Z Atom ] X Y z 

I 

I 

c1 
N' 
N ~ 
NS 
N ~ 
N s 
N . 
N ~ 
0 ~ 
0 z 
C t 
C ~ 
C ~ 
C ~ 
C ~ 
C ~ 

3050(t) 463t(1) 
1367(2) i 5390(2) 
580(2) 5476(2) 

-542(2) 448t(2) + 
-966 (2) 3787 (2) 

543 (20 5599 (2) 
-534(2) 5685(2) 
4103(2) 7810(2) 
4974(2) 7880(2) 
4010(2) 817t(2) 
2105(2) ! 470t(2) 
2209(2) 4023(2) 
30t4(3) 326i(2) 
3tt3(3) 2691(2) [ 
2426(3) ~2870(2) ] 
t605(3) 3595(2) [ 

-~4(~) 
732(2) 

1411(2) 
2436(2) 
1681(3) 
3320(2) 
3640(2) 
5389(2) 
4979(2) 
6267(2) 
906(2) 

t785(2) 
1940(3) 
2845(3) 
3621(3) 
3466(3) 

C 7 ! 1484(2) i 
C s 564(2) 1 
C ~ -t30,(3) 
C ~~ -1t43(2) 
C t+. t406(2) 
C ~ 1305 (2) 
C t~ 2t84(3) 
C ~ 3t68 (2) 
C~ 3274 (2) 
C ~ 2406 (2) 
C 17 -2354(2) 
C ts -279t (3) 
C ~'~ -3922 (3) 
C ~~ -4626 (3) 
C ~ -4t94(3) 
C ~ -3065 (3) 

4170(2) 
494t (2) 
6349 (3) i 
5034(2) 1 
6170(2) ] 
6649 (2) 
7189 (2) 
7276 (2) 
6837(2)] 
6293(2) 
4934(2~ 
553t (3) 
5486 (3) 
4861 (3) 
4269 (3) 
4302 (3) 

~554(2) 
2406 (2) 
t224(@ 
3089 (2) 
3797 (2) 
476t (2) 
5279 (3) 
4827 (3) 
3850 (3) 
3339 (3) 
3i69 (2) 
3906 (3) 
4O24(4) 
3399 (3) 
2662 (4) 
2550(3) 

T A B L E  2. Hydrol 'en Atom Coord ina t e s  (. 103) 

Atom x y z AWm Y z 

H a 

H 5 
H 6 

H9,2 
~9,3 
IEIt2 
H~3 

35~ (3) 
373 (3) 
253 (3) 
tt0(3) 
25 (4) 

-26(3) 
-87 (4) 

57 (3) 
22t (3) 

318(3) 
225 (3) 
247(2) 
375(3) 
696(3) 
648 (3) 
613(3) 
658 (2) 
748(2) 

143 (3) 
297 (3) 
428 (3) 
4~} (3) 
t66(3) 
48(3) 

142 (3) 
504 (2) 
6o~ (3) 

x 

H ~5 404(3) 
H ~6 244(3) 
H ~s -231 (&) 
H ~9 -416(3) 
H 2~ -545(3) 
H z~ -47t (3) 
H -~a -279 (3) 
H ~,~ -104(3) 
H x~,2 -50(3) 

695 (3) 
599 (2) 
598 (3) 
586(4) 
481 (3) 
383(3) 
392(3) 
406 (3,) 
326 (3) 

852 (3) 
265 (2) 
437 (3) 
459 (3) 
344(3) 
216(3) 
292 (3) 
~0o(3) 
184 (3) 

CI C1 CI 

(I) /NIl + ~ " ~ N ~ C H B N / N  2 ' - - |  l - -  8 4 2 

ph.J  ....... N II 
(ii) p.h__C NHNHC6H4NO2 

(lID (IV.) 

An x - r a y  d i f f r a c t i o n  s t r u c t u r a l  s t u d y  was  c a r r i e d  ou t  to d e t e r m i n e  the  a c t u a l  s t r u c t u r e  of p r o d u c t  (IV). 

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

H y d r a z i d i n e  (III) and Sp i ro  P r o d u c t  (IV). A s a m p l e  of  1.4 g (5 m m o l e s )  b e n z o y l  c h l o r i d e  4 - n i t r o p h e n y l -  
h y d r a z o n e  was  added  to a s o l u t i o n  of  1 g (5 m m o l e s )  2 - m e t h y l - 4 - c h l o r o p h t h a l a z o n e  h y d r a z o n e  and  0.7 m l  
(C2Hs)3N in 4 0 - 5 0  m l  d r y  b e n z e n e .  The  m i x t u r e  was  s t i r r e d  f o r  4 h and le f t  to s t a n d  o v e r n i g h t ~  The  p r e c i p i t a t e  
was  f i l t e r e d  off and  w a s h e d  r e p e a t e d l y  wi th  w a t e r  and e thano l~  D r y i n g  y i e l d e d  1.2 g (60%) a n a l y t i c a l l y  p u r e  
h y d r a z i d i n e  (III) as  a y e l l o w  p o w d e r  wh ich  d e c o m p o s e s  upon  h e a t i n g  above  165~ UV s p e c t r u m  (;~max, n m  
(log a)) in d i o x a n e :  383 (4.33),  295 (4.06).  P M R  s p e c t r u m  (6, p p m ,  in  DMSO-d~):  9o51 (1H, HS), 9017 s (1H, 
N=CNH) ,  8.58 s (1H, NHAr) ,  8 .08 d and 6087 d (4H, A A ' B B ' ,  C~H4NO2, J -- 9 Hz),  7063 m (5H, Ph  and HS-HT),  
3070 s (3H, NCH3). F o u n d :  C, 58.51;  H, 4 .20 ;  N, 21o38%o C a l c u l a t e d  f o r  C22H18C1NTO2: C, 58~ H, 4 .02;  N, 
21090%. 

The  m o t h e r  l i q u o r  was  e v a p o r a t e d  to d r y n e s s  and the  r e s i d u e  was  s u b j e c t e d  to c h r o m a t o g r a p h y  on  a c o l -  
u m n  loaded  wi th  t~40/160 s i l i c a  ge l  u s i n g  2:1 p e t r o l e u m  e t h e r - d i e t h y l  e t h e r  e l u e n t  to y i e l d  0.3 g (14%) s p i r o  
p r o d u c t  (IV) wi th  m p  177-178~ ( f rom 1:1 e t h a n o l - e t h e r ) .  UV s p e c t r u m  (;~max, n m  (log @) in d i o x a n e :  410 
(4.30),  322 (4.06),  250 (4.30); in CH3OH: 420, 316, 2480 IR s p e c t r u m  (v ,  e m  -1, in V a s e l i n e ) :  3334, 3205 (NH2). 
P M R  s p e c t r u m  (6, p p m ,  in CDC13): 2 .97  s (3H, NCH3), 3.42 s (2H, NH2), 6~ d and 7.98 d (4H, AArBB ', C6H4NO2) , 
7 .50 m (3H, HS-H?) ,  8.02 m (1H, H8). F o u n d :  C, 58.95;  H, 4o10; C1, 8o21; N, 21.79%. C a l c u l a t e d  fo r  C22H18CIN?O2: 
C, 58.99;  H, 4 .02 ;  CI, 7 .93;  N, 21.90%. At  20~ the  m o n e c l i n i c  c r y s t a l s  of (IV) have  a -- 12.034(3) ,  b ~ 13.437(4),  
c = 12o682(3) ~ ,  fi = 97.39(2)  ~ d c a l c  = 1o46 g / c r n  3, Z - 4, s p a c e  g r o u p  P21 /c .  
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TABLE 3. I n t e r a t o m i c  D i s t a n c e s  

Bond d, ~ Bond d, h. 

Cl-C 2 
C2-C 3 
C2--C7 
C3-C ', 
C~-C 5 
C5-C + 
Cs-C 7 
C7-C s 
Cs-y 9 
N2_N ~ 
N,-C ~ 
CS-N ~ 
N~-C,O 
C~O-N ~ 
N~-N ~ 
N~-C s 
C~,_C~ 
C~_C~3 
C~.~_C~r 
C~_C~5 
C~_C~ 
C~_C~ 
C~-C~S 
C~s_C~9 
C~_C2O 
C2o_c21 
C~,-C2~ 

1,434(4) 
1,4o5(4) 
t,4o4(4) 
t,372(5) 
1,3s5 (5) 
1,384 (5) 
t,382 (5) 
t,5t0(4) 
t,454(4) 
1,366 (4) 
1,282 (4) 
1,472(4) 
1,384 (4) 
1,288 (4) 
1,412(3) 
t,46o (4) 
i,4Ol (4) 
1,378(4) 
t,386 (4) 
1,392 (4) 
1,368 (4) 
1,4tl (4) 
1,385(5) 
1,390 (5~ 
1,371 (6) 
1,379 (6) 
1,385 (5) 

C22_Ct7 
C~-C1 
N2-C9 
N3-N~ 
Ns_C~t 
C,3_C17 
C~-N7 
N7-Oi 
N7-O 2 
C3_H ~ 
C~_H ~ 
CS-H 5 
C~-H s 
C9_H9,~ 
C9-H9,2 
C9_H9,3 

N~-HN~,z 
C,2_H~2 
Cl3-Hl3 

ClS_HlS 
C~9_Ht9 
C2O_H2o 

C22-H22 

t,378(5) 
t,733 (3) 
t,452(4) 
1,387 (4) 
1,368 (4) 
1,480(4) 
1,443 (4) 
1,233(4) 
1,~32(4) 
0,95(4) 
0,95(4) 
0,96 (3) 
0,99 (4) 
126(5) 
0,95 (4) 
1,oo(4) 

. 0,93(4) 
o,9i (4) 
1,00 (3) 
i,oo(~) 
1,07 (3) 
0,97 (3) 
0,97 (3) 
0,95(4) 
12o(4) 
1,01 (4) 
0,94(4) 

The uni t  c e l l  p a r a m e t e r s  and i n t e n s i t i e s  of 2571 r e f l e c t i o n s  with F 2 > 30 w e r e  m e a s u r e d  on an a u t o m a t i c  
f o u r - c i r c l e  H i l g e r - W a t t s  d f f f r a c t o m e t e r  with X C u I ~  r a d i a t i o n ,  g r a p h i t e  m o n o c h r o m a t o r ,  0 / 2 0  scanning ,  and 
0_< 66 ~ . 

The s t r u c t u r e  was  found by  the  d i r e c t  me thod  us ing  the MULTAN p r o g r a m  and r e f i n e d  by  the me thod  of 
l e a s t  s q u a r e s ,  i n i t i a l l y  in the i s o t r o p i c  a p p r o x i m a t i o n  and then  in the a n i s o t r o p i e  a p p r o x i m a t i o n .  Al l  the  h y d r o -  
gen a t o m s  w e r e  l o c a t e d  in the d i f f e r e n c e  m a p  and r e f i n e d  i s o t r o p i c a l l y  in the  f ina l  s t age .  The f ina l  d i v e r g e n c e  
f a c t o r s  w e r e  R = 0.054 and Rw = 0.064. Al l  the  c a l c u l a t i o n s  w e r e  c a r r i e d  out  on an E c l i p s e  S/200 c o m p u t e r  
u s i n g  the  EXTL p r o g r a m s  m o d i f i e d  by  A. L Yanovsk i i  and R. G~ G e r r .  The c o o r d i n a t e s  of the  n o n - h y d r o g e n  
a t o m s  a r e  g iven  in Tab le  1 and the c o o r d i n a t e s  of the  h y d r o g e n  a t o m s  a r e  g iven  in T a b l e  2o 

R E S U L T S  A N D  D I S C U S S I O N  

F i g u r e  1 g i v e s  a g e n e r a l  v iew of the m o l e c u l e  s tud ied  (the bond leng ths  a r e  g iven  in Tab le  3 and the bond 
ang les  a r e  g iven  in T a b l e  4) and i n d i c a t e s  tha t  th i s  compound  is the  s p i r o  p r o d u c t  (IV). It c o n s i s t s  of a p h t h a l -  
a z i n e  f r a g m e n t  [N1N2C1-C 8] hav ing  a s p i r o  fus ion  at  C 8 with a 1 , 2 , 4 - t r i a z o l i n e  r i n g  [N3CI~ which is 
connec t ed  to an NH 2 g roup ,  pheny l  r ing ,  and n i t r o p h e n y l  r ing .  

The p h t h a l a z i n e  r i n g  is p l a n a r  (P l )  to wi th in  ~=0.061 .~ (Table  5). S e p a r a t e l y ,  the  p y r i d a z i n e  r i n g  (P2) 
and the fu sed  benzene  r i n g  ( C 2 - C  7, P3) a r e  m o r e  p l a n a r  (to ~0.050 and • .~, r e s p e c t i v e l y ) ~  The P l / P 2  
angle  is 1.9~ The  P l / P 3  angle  is  2.1 ~ whi le  the  P 2 / P 8  angle  is 4.0 ~ The f l e x u r e  of the  ph thMaz ine  s y s t e m  
in s p i r o  p r o d u c t  (IV) is  the  s a m e  as  in 1 - d i m e t h y l a m i n o - 4 - c h l o r o p h t h M a z i n e  [4]. The b e s t  m e a n - s q u a r e  p lane  
(P4) in the  p y r i d a z i n e  r i n g  i nc ludes  on ly  the NIC1C2C7 a t o m s  and,  on the  whole ,  ha s  a d i s t o r t e d  boa t  c o n f o r m a -  
t ion.  The N 2 a tom e s p e c i a l l y  e x t r u d e s  f r o m  the P4 p lane  (by 0.1294 /~). 

The i n v o l v e m e n t  of the  C 8 a tom in the  s p i r o  fus ion  l e a d s  to i t s  c o n v e r s i o n  to the  sp 3 s t a t e  and, as  a r e s u l t ,  
to an i n c r e a s e  in the C 7 - C  8 and N 2 - C  8 bond d i s t a n c e s  to v a l u e s  t y p i c a l  fo r  s ing le  bonds .  In c o m p a r i s o n  with  
p h t h a l a z i n e ,  the NIN2C 8 bond angle  is expanded  to 126.4 ~ the  C2C7C 8 bond angle  is  expanded  to 121.4 ~ whi le  
N2C8C 7 bond ang l e s  is  r e d u c e d  to 110.9 ~ T h e s e  ang l e s  in p h t h a l a z i n e  a r e  118~ ~ 115.3 ~ and 126.1 ~ r e s p e c t i v e l y  
[5], Le . ,  the  n a t u r e  of the  change  of the bond a n g l e s  in the  ph thMaz ine  f r a g m e n t  of the s p i r o  p r o d u c t  (IV) is  the  
s a m e  as  in p h t h a l a z o n e  h y d r a z o n e  s a l t s  [3, 6] p r o t o n a t e d  at  N 2 of the  r i n g  o r  in t r i a z o l i n o [ 3 , 4 - a ] p h t h a l a z i n i u m  
s a l t s  [7] and is the  c o n s e q u e n c e  of the  change  in the  e l e c t r o n i c  s t a t e  of the  C 8 and N 2 a t o m s  and not of the  b u l k -  
i n e s s  of the  f r a g m e n t  fused  to the  s p i r o  s y s t e m .  

The t r i a z o l i n e  r i n g  is an i nd i s t i nc t  enve lope  with a f l e x u r e  at  N 5. . .  N 3. The C s a tom e x t r u d e s  f r o m  the 
P5 p lane  [NsI~CI~ 3 a toms]  by  0.232 ~ (the t o r s i o n a l  ang l e s  a r e  g iven  in Tab le  6). The a t o m s  d i r e c t l y  bound 

to the t r i a z o l i n e  r i n g  a l so  e x t r u d e  f r o m  the P5 p l ane  (see  Tab le  5). 

The p l a n e s  of the  p h t h a l a z i n e  and t r i a z o l i n e  r i n g s  a r e  v i r t u a l l y  p e r p e n d i c u l a r  (the P l / P 5  angle  is 89.9 ~ 
and the  P 2 / P 5  angle  is  89.1~ The r o t a t i o n  of the  4 - n i t r o p h e n y l  r i n g  [P6, C l l - C  16] about  the  C n - N  5 bond c a l -  
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T A B L E  4. B o n d  A n g l e s  co 

Angle ~, deg Angle ~o, deg Angle ~, deg 

N~NtC ~ 
NINzC s 
N~N2C . 
CsN~C . 
N~NzC s 
N*NaC~O 
CSNSC~o 
NsNsC s 
NsNsC ~, 
CSNSC~t 

O~N~O ~ 
O~N~C~ 
O~N~C,~ 
CIC~N ~ 
C1C~C z 
N~C~CZ 
C,C~C ~ 
C~C2C ~ 

t18,3(2) 
126,4(2) 
1t4,0(3) 
t t7,9 (3) 
121,2 (2) 
t26,9 (2) 
t09,5 (Z) 
t12,8(2') 
t20,0(2) 
126,9 (2) 
t05,6 (2) 
122.2 (3) 
'118,7(3) 
1t9,1(3) 
tt5,0(2.) 
tt9,3(2) 
t25,6(3) 
124,1 (3) 
t16,8(3) 

CzCaC r 
CaCaC a 
Cr s 
CsCSC 7 
CaCrC~ 
C2CTCS �9 
C~CrC s 
N2CSNZ 
NzCSN 5 
NzCaC ~ 
N~CSNS 
NaCsC 7 
NsCSC'Z 
NaC,ON ~ 
NaC~oC~ 
]y~c~0c~7 
N~C~C~Z 
NsC~C~ 

119,o(3) 
12o,4(3) 
12o2 (3) 
12o,1 (3) 
12o,6 (3) 
119,7(3) 
121,4(2) 
t18,9(3) 
110,0(2) 
t13,t (2) 
t10,9 (2) 
97,2 (2) 
11,1 (2) 

f~3,8 (2) 
1t2,5(2) 
126,0(2) 
t21,5(3) 
t t 9 s  (3) 
121,5(3) 

C~2Ct~C~S 
CuC,2C~ 
C~2C~sC~. 
NvCI~,ClS 
N~C~*C,S 
C~3C1~C15 

C~C~sC~S 
C~oC,~C~S 

C~oC,~C~ 
C~sC~C~ 
C~C~sC~ 
C~sC~CZO 
C~C2oC~ 
Czoc~c= 
C~vC~eC~ 
H~,~N~H~,~ 
HN~,~N~N ~ 
HN~,~N~Na 

1t8,7 (3) 
t20,7 (3) 
tt9,4(3) 
t19,4(3) 
119,8 (3) 
t20,9 (3) 
t t 9,8 (3) 
t20,4(3) 
tt7,1 (3) 
t24,2(3) 
tt8,7 (3) 
t20,6 (3) 
120,3 (4) 
119,t (4) 
t 20,8 (4) 
120,4(3) 
12o (3) 
t l t(2) 
102 (2) 

T A B L E  5. C o e f f i c i e n t s  of  t h e  E q u a t i o n s  A X  + B Y  + C Z  = D of  t h e  

P l a n a r  F r a g m e n t s  of  M o l e c u l e  (IV) a n d  E x t r u s i o n s  o f  A t o m s  f r o m  
T h e s e  P l a n e s  

Frag- A B C D Atom extrusions, m ent 

Pt -0,5772 -0,6585 -0,4829 -6,033 N ~ -0,061; N20,06t; C'-0,054; 
C 2 0,023; C s 0,058; C ~ 0,030; 
C 5 -0,050; C s -0,041; C 7 0,002; 
C s -0,034 

-0,5555 -0,6592 -0,5069 -6,0554 N ~ -0,033,; iN 2 0,050; C'-0,01t; 
�9 C 2 0,040; C ~ -0,027; C s -0,0t4; 

C1 * -0,077; N 3. 1,tt6; N 5. -t,083; 
C 9. -0,t50 

-0,5992 -0,6602 -0,4530 -5,9867 C 2-0,0t7; C a 0,005; C ~ 0,0t2 
C 5 -0,017; C 6 0,005; C 7 0,012 

-0,5876 -0,6347 I -0,5018 -5,9652 N ~ 0,0096; C ~ -0,0t8; C z 0,0t7; 
I ' C 7 -0,008; NZ*0,t29; CS*0,064 

-0,t496 -0,77t5 -t,9278 N ~ 0,006; N s -0,0tl; C ~~ 0,0tt; 
-0,6652 N a -0,007; C s* 0,232; N ~* 0,125; 

C n -0,066; C'7'0,068; N 2. 1,599; 
C 7 -0,756 

P6 0,3004 0,8224 -0,48t0 4,2t30 C n -0,0t8; C '2 0,014; C 'a 0,001; 
C ~ -0,0!1 

P7 -0,098t 0,720 -0,6865 2,3697 C '7 0,000; C ta 0,004; C '9-0,006; 
C 20 0,002; C ~ 0,002; C z~ -0,004 

P8 -0,2817 0,8505 -0,4441 4,7685 !O t -0,001; O 2 -0,00t; N v 0,004; 
I C ~ - 0 , 0 0 1  

P2 

P3 

P4 

P5 

* T h e s e  a t o m s  n o t  i n c l u d e d  in c a l c u l a t i n g  t h e  e q u a t i o n s  f o r  t h e  p l a n e s .  

e u l a t e d  f r o m  t h e  t o r s i o n a l  a n g l e s  ( s e e  T a b l e  6) is  - 13 ~ w h i l e  t h e  d i h e d r a l  a n g l e  b e t w e e n  p l a n e s  P 5  and  P 6  

i s  19.2 ~ T h e  r o t a t i o n  o f  t h e  p h e n y l  r i n g  [PT, C1r -C22]  a b o u t  t h e  C ~ 7 - C  1~ b o n d  i s  4 ~ ( c a l c u l a t e d  f r o m  t h e  t o r -  

s i o n a l  a n g l e s  g i v e n  in T a b l e  6), w h i l e  t h e  P 5 / P 7  and  P 6 / P 7  a n g l e s  a r e  5 .1  ~ and  17 .7  ~ r e s p e c t i v e l y .  The  NO 2 
g r o u p  [ p l a n e  PS ,  0102N7C 141 i s  v i r t u a l l y  c o p l a n a r  w i t h  t h e  c l i - c  16 r i n g  ( the  P 6 / P 8  a n g l e  i s  2 .9  ~ a n d  t h e  a n g l e  

a b o u t  t h e  N ~'- C I4 b o n d  i s  2~ 

T h e r e  i s ,  of  c o u r s e ,  no u n i f i e d  c o n j u g a t i o n  s y s t e m  in  s p i r o  p r o d u c t  (IV) t h o u g h  c o n j u g a t i o n  is  f o u n d  in 

t h e  s e p a r a t e  f r a g m e n t s .  T h u s ,  t h e  b o n d  l e n g t h s  in  t h e  e h l o r o b e n z y l i d e n e h y d r a z i n e  f r a g m e n t  [C1N1N2Ct-CT]  

in t h e  p h t h a l a z i n e  s y s t e m  a r e  t h e  s a m e  a s  in  t h e  c o r r e s p o n d i n g  f r a g m e n t  of  t h e  p h e n y l h y d r a z o n e  of  b e n z o y l  

c h l o r i d e  [8]. T h e  l o n g - w a v e l e n g t h  b a n d  in t h e  U V  s p e c t r u m  of  t h e  s p i r o  p r o d u c t  i s  a n a l o g o u s  to  t h a t  in  t h e  

U V  s p e c t r u m  of  t h e  4 - n i t r o p h e n y l  h y d r a z o n e  of  b e n z a m i d e  [4-O2NC~H 4 -  NHN---C (NH2)Ph  , X m a x  435 in e t h a n o l ] ,  
w h o s e  f r a m e w o r k  i s  t h e  b a s i s  of  t h e  t r i a z o l i n e  r i n g  w i t h  a t t a c h e d  b e n z e n e  r i n g s .  

T h e  e x i s t e n c e  o f  c o n j u g a t i o n  in t h e  t r i a z o l i n e  r i n g  i s  a l s o  i n d i c a t e d  b y  t h e  b o n d  l e n g t h s ,  In t h e  h y d r a -  

z o n e  f r a g m e n t  C ~1- N 5 - 1 ' , ~ - C  1~ t h e s e  b o n d  l e n g t h s  a r e  v i r t u a l l y  t h e  s a m e  a s  in t h e  4 - n i t r o p h e n y l h y d r a z o n e  

of  b e n z o y l  c h l o r i d e  [9], f r o m  w h i c h  n i t r i l i m i n e  (I) i s  g e n e r a t e d .  T h e  N 3 - C  ~~ b o n d  l e n g t h  (1o384 A) i s  s h o r t e r  

t h a n  t h e  v a l u e  in  t h e  s t a n d a r d .  In a d d i t i o n ,  in  t h e  a b s e n c e  o f  c o n j u g a t i o n ,  t h e  r o t a t i o n s  o f  t h e  p h e n y l  a nd  n i -  
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T A B L E  6. T o r s i o n a l  Ang le s  r 

Angle 

C~N~C~ON s 
N~CIONSN s 
C~ON~NSC~ 
NsN~CSN a 
NsCsN3Ct0 
C~2CtINSN s 

C~sCt~NSNS 
C~sCt~N,%S 

~,deg 

-iL5(3) 
2,2 (3) 
8,2 (3) 

- 13,7 (3) 
14,4(3) 
15,7(3) 

-i70,6 (4) 
-t64,t (4) 

9,613) 

Angle 
CtsCi~CiON6 
CtsC~TC~ONa 
C22C~vC~ON6 
C~zC~TC~Oya 
CtONSY~H~,t 
CIONSN~H~ 
CSN3N~HN~,t ' 
C~N3N~HN~,z 

.c, deg 

-3,6 (4) ~ 
477,3(5) 
175,4(5) 
-3,7 (4) 

: ~00(4) 
- t31 (4) 

60(4)  
68(4) 

j ~ C I ,  

o ~ ~ 21 

~ " V 
F i g .  1. G e n e r a l  v iew of the  s p i r o  p r o d u c t  (IV). 

t r o p h e n y l  r i n g s  about  the C n - N  5 and c I T - c  1~ bonds  should  be g r e a t e r  s i n c e  the C160.~ C s c on t a c t  [2~ A] 
and C22 . . .  N 3 con t ac t  [3.067(5) A] a r e  l e s s  than  the s u m  of the Van d e r  W a a l s  rad i i~  

The N 3 - N  4 bond length  is  c l o s e r  to s i m i l a r  bonds  in the  s o d i u m  s a l t  of  3 - m e r c a p t o - 4 - a m i n o - l , 2 , 4 -  
t r i a z o l e - ( 1 . 4 1 4  ~ [10] and in the  h y d r o b r o m i d e  s a l t  of 3 , 4 , 5 - t r i a m i n o - l , 2 , 4 - t r t a z o l e  (1.383 • [11]) than  to t h o s e  
in h y d r a z i n e  (1.453 ~ [12]) o r  p h e n y t h y d r a z i n e  (1.46 /~ [13]). The N 4 a tom has  p y r a m i d a l  c o n f o r m a t i o n  (the 

of the  ang les  is  333 ~ and C N 0.68 [4]). A n a l y s i s  of  the  N e w m a n  p r o j e c t i o n  down the  N 3 - N  4 bond r e l a t i v e  sum 
to the  t o r s i o n a l  ang les  angle  betweene the d i r e c t i o n s  of the u n s h a r e d  e l e c t r o n  p a i r  o r b i t a l s  of a t o m s  N 3 and N 4 
is 74 ~ i .e . ,  s o m e w h a t  l e s s  than  in h y d r a z i n e  ( ~ 9 0  ~ [12]). 

In e x a m i n i n g  the i n t e r a t o m i c  d i s t a n c e s  b e t w e e n  n o n - v a l e n c e - b o n d e d  a t o m s ,  we no~e tha t  the  C 22 o o o N 4 

c on t ac t  [2.964(4) /~] and H 22 . . .  N 4 con t ac t  [2030(4) A] a r e  t e s s  than the  s u m s  of the  Van d e r  W a a l s  r a d i i  (1o71 
fo r  C, 1.50 /~ fo r  N, and 1.16 /~ f o r  H [14]) and s a t i s f y  the  c r y s t a l l o g r a p h i c  c r i t e r i o n  fo r  a CH.  o ~ N h y d r o g e n  

bond (r  _< E B w - 0 . 1  A) [15]. The N2~176 N 4 con tac t  (2.982 /~) and N2.o oH N4,~ c on t a c t  (2~ /~) m a y  a l so  be  in-  
t e r p r e t e d  in a c c o r d  with P i m e n t e t  [15] [Rw(N) = 1.65 ,~] as  c o r r e s p o n d i n g  to  an i n t r a m o l e c u l a r  N H o . .  N hy -  
d r o g e n  bond,  but  on ly  as  a r a t h e r  weak  e x a m p l e .  

I n t e r m o l e c u l a r  c o n t a c t s  l e s s  than  s u m s  of  Van d e r  W a a l s  r a d i i  w e r e  not  found. This  is  v e r y  une xpec t ed  
fo r  compounds  hav ing  NH 2 and NO 2 g r o u p s .  The s h o r t e s t  of the  i n t e r m o l e c u l a r  c o n t a c t s  a r e  N 1 ~ ~ N 4' i - X ,  1 - 
Y, Z, 3.231(4) A] and N 1 . . .  H N4,1 (2.30(4) A); t h e s e  c o n t a c t s  a r e  c o m p a r a b l e  to the  N~ . .  N c on t a c t  (3.23 /~) in 
p h e n y l h y d r a z i n e  c r y s t a l s  [13]. 

C O N C L U S I O N S  

1. An x - r a y  d i f f r a c t i o n  s t r u c t u r a l  a n a l y s i s  was  c a r r i e d  out  fo r  the  p r o d u c t  of the  1 , 3 - d i p o l a r  c y c t o a d d i -  
t ion of C - p h e n y i - N - ( 4 - n i t r o p h e n y t ) n i t r i l i m i n e  at the  C~N bond of the  h y d r a z o n e  of 2 - m e t h y i - 4 - c h l o r o p h t h a z o n e .  
p r o c e e d s  in two d i r e c t i o n s :  1) involv ing  the NH 2 g roup  and 2) involv ing  the C=N bond.  

The  r e a c t i o n  of  the  h y d r a z o n e  of  2 - m e t h y i - 4 - c h l o r o p h t h a l a z o n e  p r o c e e d s  in two d i r e c t i o n s :  1) involv ing  
the NH 2 g roup  and 2) involv ing  the  C = N bond.  

*The s igns  of the  r o t a t i o n a l  ang l e s  about  a g iven  bond a r e  d e r i v e d  f r o m  the cond i t ion  tha t  the  f r a g m e n t  with 
the  a tom i n d i c a t e d  f i r s t  is  r o t a t e d  r e l a t i v e  to  the  f r a g m e n t  i nd i ca t ed  s econd  which  is a r b i t r a r i l y  t aken  as  

s t a t i o n a r y .  
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SYNTHESIS AND MOLECULAR STRUCTURE OF 2,2,6,9-TETRAMETHYL- 

4, II-DIPHENYL-4,5, I0,11-TETI~AA ZA-1,3-DIPHOSPHATI~ICYCLO[6.3.0.0 3 ,7] 

UNDECA-5,9-DIENI~ 

Io A. Litvinov, Yu. T. Struehkov, UDC 541.6:542.91i:547.1'i18 
B. A~ Arbuzov, Eo No Dianova~ 
and I. Z. Galeeva 

We were the first to demonstrate the possibility of cycloaddition at the dicoordinated phosphorus P=C 
bond and obtained a new class of compounds, namely, bieyclic phosphiranes, by the reaction of 2-phenyl- 
and 2-aeetyl-5-methyl-],2~3-diazaphosphole with diphenyldiazomethane [I]. 

The reaction of diazopropane on diazaphospholes apparently also gave the analogous bicyclic compounds. 
However, the reaction of diazapropane with 2-phenyl-5=methyl-l,2,3-diazaphospholes proceeds in a much more 
complex manner with the formation of a whole series of products~ 

In the present work, we found the structure of one of the products of this reaction~ The x-ray diffraction 
structural study showed that this product is 2,2,6,9-tetramethyl-4,11-diphenyl-4,5,10,11-tetraaza-l,3-dlphos- 
phatricyclo[6o3.0.03' 7]deca-5,9-diene (I)o 

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

A sample  of 11o5 g 2 -pheny l -5 -me thy i - l , 2 , 3 -d i azaphospho le  was added to a solution of an excess  of diazo-  
propane in abs.  e the r  a t - 6 0 ~  Nitrogen l ibera t ion was noted and the color  of the reac t ion  mix tu re  changed 
f rom pink to yellow. A prec ip i ta te  was formed~ The reac t ion  mix tu re  was mainta ined for  1.5 h at f r o m - 6 0  
to -40~  and then the t e m p e r a t u r e  was r a i sed  to about 25~ The prec ip i ta te  was removed  by f i l t ra t ion to 
yield 5.5 g (I) with mp 260~ as co lo r l e s s  p r i s m s  (from EtOH and MeCN), 53~P 62 ppm. Found: C, 64.01; H, 
6o11; N, 14.21; P, 15.29~o Calculated for  C2tH24N4P2:C, 63.94;H, 6.13; N, 14.21; P, 15o72~. IR spec t rum (v, 
era- t ) :  520,640,753,235,  1315, 1490,1585. P MRspee t rum(CHCl3 , 5 ,  ppm):  0.95 m (3H), 2.17 s (3H), 3~ m (1H)o 
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23, 1982. 
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