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ATRANES 

IX. S t r u c t u r e  And Some P h y s i c o c h e m i c a l  Prc~pert ies  Of 1 -O xova na da t r a ne s*  

M. G, Voronkov,  O. A. Osipov,  V. A. Kogan, V. A. Che tve r ikova ,  and A. F.  Laps in  

UDC 547.89+546.881+543.422+543.5 

K h i m i y a  G e t e r o t s i k i t c h e s k i k h  Soedinenni ,  Vol.  3, No. 1, pp. 35--38, 1967 

Magnetic susceptibilities and dipole moments of 1-oxovan'adatranes 
are measured, and their IR spectra investigated. The results obtained 
show these compounds to contain a transannular dative V-,--N bond. 

A p rev ious  commun ica t i on  d e s c r i b e d  a method  
of s y n t h e s i z i n g  the p r e v i o u s l y  unknown 2 , 2 ' , 2 " -  
a m i n o t r l e t h y l o r t h o v a n a d a t e s  O = V(OCH2CH2)3N 

( 1 - oxovanada t r anes ) .  Here  the s t r u c t u r e s  and 
s o m e  p h y s l c o c h e m t c a l  p r o p e r t i e s  of t he se  c o m -  
pounds wi l l  be c o n s i d e r e d .  

P r e v i o u s l y  the  s i l a t r a n e s  m o l e c u l e  XSi(OCH2CH2)~N 

was  c o n c l u s i v e l y  shown to have  a t r a n s a u n u l a r  
coo rd ina t e  l ink be tween  the s i l i con  and n i t rogen  
a toms  [2 -6 ] .  The  s i m i l a r l y  cons t i tu t ed  1 - o x o v a n a d a -  
t r a n e s  migh t  be  e x p e c t e d  to p o s s e s s  an analogous  
s t r u c t u r e  (I), c h a r a c t e r i z e d  by  the p r e s e n c e  of a 
t r a n s a n n u l a r  da t ive  bond V ~ N, s ince  the vanad ium 
a t o m  has  an unf i l led  3 rd  leve l ,  ab le  to  t ake  the un-  
s h a r e d  e l e c t r o n  p a i r  of the n i t rogen .  

n~ 

7 H R,,lo HR la R= R'= R"= H 
lb R ' - R ' = H ;  R=CH2C! 
Ic R= R'= R"=CH3 

! 

We have i n v e s t i g a t e d  the m a g n e t i c  s u s c e p t i b i l i -  
t i e s ,  IR s p e c t r a ,  and d ipo le  m o m e n t s  of  1 -ox0van-  
a d a t r a n e  (Ia), 1 - o x o - 3 - ( c h l o r o m e t h y l ) - v a n a d a t r a n e  
(Ib), and 1 - o x o - 3 , 7 , 1 0 -  ( t r ime thy l )  v a n a d a t r a n e  (Ic). 

Tab le  1 
Spec i f ic  Magne t ic  S u s c e p t i b i l i t y  

of  Compounds  I 

Xsp, 1~ 
Compound AXspl  0 i 

Eound Calculated 

la -0.485 +0.315 
Ib -0.501 +0A71 
Ic -0.548 +0.548 

Gouy ' s  me thod  [7] was u sed  to m e a s u r e  the s p e c i f i c  
m a g n e t i c  s u s c e p t i b i l i t i e s  (~ sp) in the  s o l i d  s t a t e ,  
and Tab le  1 shows the r e s u l t s .  

As expec t ed  [7], a l l  the  I compounds  p r o v e d  to 
be d i a m a g n e t i c ,  th t~  c o n f i r m i n g  tha t  t h e i r  v a n a d i u m  
a t o m  was 6 - c o v a l e n t ,  and p r o v i d i n g  i n d i r e c t  e v i -  
dence  tha t  t h e s e  compounds  a r e  m o n o m e r i c  in the  

* F o r  P a r t  VIII s e e  [19]. 

s o l i d  s t a t e .  C o m p a r i s i o n  of e x p e r i m e n t a l  m a g n e t i c  
s u s c e p t i b i l i t i e s  with those  c a l c u l a t e d  b y  P a s c a l ' s  
new method ,  i nd i ca t e s  c o n s i d e r a b l e  p o l a r i z a t i o n  
p a r a m a g n e t i s m  (Table 1). A c t u a l l y  the va lue  of 
A)~ s p  i s  a f fec ted  by  the p r e s e n c e  of the V ~ N 
bond,  not t aken  into account  in the ca l cu la t ion ,  and 
a l so  b y  the p r e s e n c e  of s o m e  a s y m m e t r y  of the I 
mo lecu l e .  

MOO 1200 fO00 

,Z" 

SO0 Cm -1 

IR s p e c t r a  of 1 - o x o v a n a -  
d a t r a n e s :  1) v a s e l i n e ,  2) 

Ia,  3} Ib, 4) ic .  

M o r e  d e t a i l e d  da t a  r e g a r d i n g  the s t r u c t u r e  of I 
w e r e  ob ta ined  b y  i n v e s t i g a t i n g  the IR ' s p e c t r a  (Fig.  
1). The  s p e c t r a  we re  m e a s u r e d  wi th  a s i ng l e  
b e a m  IKS-12 s p e c t r o m e t e r ,  in the  800-1700 c m  -1 
r eg ion  (NaC1 p r i sm} ,  and fo r  the condensed  phase .  
Mul ls  of the compounds  in v a s e l i n e  w e r e  p r e p a r e d  as  
usual [8]. 

B a s i c a l l y  the I a b s o r p t i o n  bands  l ie  in the 800-1300 
c m  -~ r e g i o n ,  w h e r e  t h e r e  a r e  no peaks  due to  the  a i r  
and v a s e l i n e .  H e r e  b a s i c a l l y  i n t e r p r e t a t i o n  of the  
IR s p e c t r a  l ed  to a s s i g n i n g  of an a b s o r p t i o n  band 
c o r r e s p o n d i n g  to V- -O  group  v a l e n c e  v i b r a t i o n s .  
In the c a s e  of  O = VCC13 s such  v i b r a t i o n s  p rov ide  
a peak  of a v e r a g e  i n t e n s i t y  at  1035 c m  -1. I t  is  known 
tha t  the  va na dy l  g roup  f r e q u e n c y  can be e x h i b i t e d  
o v e r  a wide  r a n g e  of  900-1100  c m  -1, depend ing  on 
the k inds  of s u b s t i t u e n t s  l inked  d i r e c t l y  to the 
v a n a d i u m  a tom [10-12] .  
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Table  2 
Dipole Moments  of 1 - O x o v a n a d a t r a n e s ,  and A s s o c i a t e d  

Data for  De t e rmin ing  Them* 

P o t  

ili Ia 0.00157 5.0537 1. 3 t. 3 32.0984 35.7094 
Ia 0.00216 5.1525 1.4786 1.4444 32.0984 36.8112 
Ib 0.00090 4.8482 1.4796 1.4439 32.0334 33.4209 
Ib 0.00089 4.8478 1.4792 1.4439 32.0334 33.4241 
Ic 0.00098 4.8757 1.4787 1.4439 32.0334 33.7327 
Ic 0.00085 4.8537 1.4785 1.4440 32.0334 33,4918 

m 

Compound 

2332.102 10.6i 
2213.985 10.40 
1573.666 8.77 
1587.583 8.80 
1764.220 9.28 
1755.900 9.25 

*N, j s ,  d425, nD~s, Po r ,  ~ a r e  r e s p e c t i v e l y  the 
mo le  f r ac t ion ,  d i e l e c t r i c  cons tan t ,  dens i ty ,  r e f r a c t i v e  
index,  o r i en t a t i on  p o l a r i z a t i o n ,  and dipole  moment .  

If the O = V ~ N da t ive  bond were  absen t  f r o m  
the I molecu le ,  the V = O va l ence  v i b r a t i o n s  p r o b -  
ab ly  ought to a p p e a r  in  the  1030 c m  -1 r e g i o n  o r  
s o m e w h a t  lower ,  the e l e c t r o n e g a t i v i t y  of the oxygen 
a toms  in I be ing  l e s s  than tha t  of the ch lo r ine  a t o m s  
in O--VC13 [13]. When the V ~ N t r a n s a n n u l a r  bond 
is  p r e s e n t ,  the vanadyl  group a b s o r p t i o n  should  be 
d i s p l a c e d  towards  the l onge r  wave leng th  r eg ion ,  
as  has been  o b s e r v e d  fo r  ana logous  c o m p l e x e s  of 
vanadyl  and u r any l  d e r i v a t i v e s  c o o r d i n a t e d  with 
m o l e c u l e s  ab le  to give a lone p a i r  of e l e c t r o n s  to 
the m e t a l  [14,15]. 

Table  3 

Ef fec t  of  T e m p e r a t u r e  on the  
Dipole  Moments  of  Ia and Ic 

Temperature ~ C 

5 
10 
15 
20 
25 
30 
35 
40 

~t ,D 

la Ib 

9.35. 10.65 
9,75 10,58 
9.35 I0,68 
9.14 I0.31 
8.961 10.20 
9.13 [ I0.36 
9.01 10.19 
9.05 I0,17 

C o m p a r i o n s  of the s p e c t r a  of I a - c  with one 
a no t he r  and with da t a  in the l i t e r a t u r e  [10 -12 ,  14, 15] ,  
l e ads  to a conc lus ion  tha t  in t h e s e  compounds  V- -O  
group  v i b r a t i o n s  a r e  m a n i f e s t  as  the double t  929, 961 
(Ia); 932, 959 (Ib), and 957 e m  -1 (Ie). 

Thus the  IR s p e c t r a  of I exh ib i t  a longwave sh i f t  
of the V = O a b s o r p t i o n  band c o n f i r m i n g  tha t  t hey  
con ta in  the V ~ N da t ive  bond.  The r e l e v a n t  da t a  
a l so  f a v o r  the m o n o m e r i c  n a t u r e  of I, s i n c e  if  th is  
did  not  ob ta in  [16] the IR s p e c t r a  shou ld  exh ib i t  
wide a b s o r p t i o n  bands  in the  800-900 cm - I  r eg io n .  

To check  these  conc lus ions  we d e t e r m i n e d  the 
d ipo le  m o m e n t s  of  I in c h l o r o f o r m  a t  25 ~ One of  us  
has  p r e v i o u s l y  d e s c r i b e d  the me thod  of m e a s u r e -  
m e n t  [17], and the me thod  of c a l c u l a t i o n  [18]. Tab le  
2 g ives  the  r e s u l t s  of the  m e a s u r e m e n t s .  

The r e s u l t s  ob ta ined  show tha t  a l l  the Is exh ib i t  
high p o l a r i t y  in c h l o r o f o r m .  Some  p a r t  of the d ipo le  
m o m e n t s  is  due to t h e i r  i n t e r a c t i o n  with the  p o l a r  

so lvent .  However  in g e n e r a l  tha t  e f fec t  does  not 
exceed  1-2D. A p p r o x i m a t e  ca lcu la t ions  for  d ipo le  
m o m e n t s  of I(Pv -- o ~ 2D)which we made  by  the 
v e c t o r i a l  method,  in a way s i m i l a r  to tha t  p r e -  
v i o u s l y  d e s c r i b e d  [3], showed the c a l c u l a t e d  va lues  
(5 -5 .5  D) for  the  m o m e n t s  to be c o n s i d e r a b l y  l o w e r  
than  those  found e x p e r i m e n t a l l y .  Th is  can  be exp la ined  
by the  o m i s s i o n  of  the  m o m e n t  of  the  h igh ly  p o l a r  da t ive  
V ~ N bond f r o m  the  c a l c u l a t i on .  

We a l so  i n v e s t i g a t e d  the dependence  of the d ipo le  
mome n t s  of Ia  and Ic in c h l o r o f o r m  on t e m p e r a t u r e  
(Table  3). The  r e s u l t s  t abu la t ed  t h e r e  show tha t  
f r o m  5 to 40 ~ d ipo le  m o m e n t s  of I a r e  p r a c t i c a l l y  
cons tan t .  This  ind ica t e s  the r e l a t i v e  s t a b i l i t y  of the 
V ~ N da t ive  bond,  as  i t s  r u p t u r e  would l e ad  to a 
s h a r p  d rop  in m o l e c u l e  d ipole  momen t .  
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