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S u m m a r y  

T i t an ium and z i rcon ium i sopropoxides  react with  the  
t e t r a d e n t a t e  Schiff  bases, b is -sa l icy la ldehyde-o-phenylene-  
d i imme  (SI?,H 2 ) and b i s - sa l icy la ldehyde-p-phenylenedi imine  
(S 'B 'Hz)  in a n h y d r o u s  benzene  in 1 :1  and 1 : 2  molar  ra t ios  
to give almost  quan t i t a t ive  yields of  M(OPr-i)2 (SB) and 
M(OPr- i )2(SB)(SBH),  where  M = Ti or Zr and [SB] > is the  
anion  of  the  cor responding  Schiff  base, SBIt2. The  i.r. 
spectra of  the  complexes  have been recorded and t en ta t ive  
ass ignments  for  C=N and C - O  s t re tch ing  f requencies  made. 

I n t r o d u c t i o n  

q'he complexes  of  t i t an ium te t r ach lo r ide  and z i rconium 
chlor ide wi th  a few t e t r a d e n t a t e  Schiff  bases have been 
rcpor ted(1-6) .  The  Ti (SB)CI 2 complex  has been  ~repared 
by reac t ingTiCl4  o rT iC l3 .  3 T i l t ,  w i t h S B H 2  (l '  ), whereas  
Zr(SB)C12 has been prepared  by ref luxing z i rconium 
chlor ide wi th  SBH2 in me thano l  (6). T a n d o n  et al.(S-12) 
have reacted t i t an ium and z i r con ium i sopropoxides  wi th  
cer tain t r i den ta t e  and t e t r a d e n t a t e  Schif f  bases and repor ted  
some in teres t ing  proper t i es  of the  products .  However,  the  
react ions  of  t i t an ium and z i r con ium alkoxides  with the 
Schiff  bases b i s - sa l icy la ldehyde-o-phenylenedi imine  (SBt 1 ~ ) 
and b i s - sa l icy la ldehyde-p-phenylenedi imine  (S 'B ' f l  2 ) do not  
seem to have been  invest igated h i ther to .  In c o n t i n u a t i o n  of  
our  work on complexes  of metal  a lkoxides  O3-1s )  wi th  
Schiff  bases, we repor t  the complexes  of  t i t an ium and 
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z i rcon ium i sopropoxides  with Schiff  bases, SBH 2 and 
t i 

S B H2. 

Experimental  

Ti t an ium and z i rcon ium i sopropoxides  were prepared 
according  to the  l i tera ture  m e t h o d s  0 6, 17). B e n z e n e ( B D H )  
was dried over sodium wire fol lowed by azeot ropic  f ract iona-  
t ion in presence of  EtOH. i-PrOH (BDH) was dried over 
sodium and then  f rac t iona ted  over , ' \l(OPr-i)3. The Schiff  
bases, prepared by the  usual methods ,  were recrystall ized 
from EtOH:  CHCI3 mixtures .  All react ions  were carried out  

under  a n h y d r o u s  condi t ions .  
T i t an ium and z i rcon ium were es t imated  as the i r  dioxides,  

while n i t rogen was de t e rmined  by the  Kjeldahl me thod .  
i-PrOlt was es t imated  by an ox id ime t r i c  m e t h o d  (' 8) using 
M K2Cr207 in 12.5% H2804 .  l.r. spectra  were recorded on 
a Perkin-Elmer  621 spec t rome te r  using Kgr  pellets. 

Reactiml of .z irconium isopropoxMe wi th  bis-salicylaldehyde- 

p-phenylenediimine (Mohtr ratio 1 ." 1) 

Zirconium i sopropoxide  (1.20 g) and bis-sal icylaldehyde- 
p -pheny lened i imine  (I).98 g) were mixed in C~H(, (40 cm 3 ) 
and ref luxed for 10 la, dur ing which t ime the C6U 6 : i -PrOlt  
azeo t rope  was removed.  The remain ing  C0116 was removed 
unde r  reduced pressure and a yel low solid was ob ta ined  
which was washed wi th  hot  C6H6 (3 , 5 cm3).  Finally,  the 
p roduc t  was dried at 40°/0.5 mm for 3 h and analysed 
(Found :  N, 5.2; Zr, 17.4. C26t130OaZr calcd.: N, 5.4; Zr, 
17.4%. i-PrOH in azeotrope:  Found:  0.55 g; calcd.: 0.56 g). 

All the  react ions  of  t i t an ium and z i rconium isopropoxides  
with t e t r aden ta t e  Schiff  bases in 1 : 1 and 1 : 2 molar  ratios 
were carried ou t  using above technique .  The syn the t i c  de- 
tails and analyt ical  data  are summar ized  in Table 1. 
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Table 1. Reactions of t i tanium and zirconium isopropoxide with tetradentate Schiff bases 

Transition Met. Chem. 3, 7 9 - 8 1  (1978) 

Reactants Schiff Molar Reflux 
Alkoxide base ratio time 
(g) (h) 

Product Characteristics Amoun t  Found (Calcd.)% 
of i-PrOH 
(g) M N 
in azeo- 
trope, 
Found 
(calcd.) 

"l'i(OPr-i) 4 SBH2 a) 
1.19 1.32 

Ti(OPr-i) 4 SBH 2 
O.73 1.62 
Ti(OPr-i)4 S'B'H2 b) 
1 . 0 0  1 . 1 1  

Ti(OPr-i)4 S'B'H 2 
0.80 1.78 

Zr(OPr-i) 4 (SBH 2) 
i-PrOH 
0.87 O.71 

Zr(OPr-i) 4 (SBH 2) 
i-PrOH 
0.75 1.22 

Zr(OPr-i) 4 (S'B'H2) 
i-PrOH 
1.20 0.98 

Zr(O Pr-i) 4 ( S'B'H 2 ) 
i-PrOH 
1.O4 1.70 

1 : I 10 Ti(OPr-i)2(SB) 

i :  2 12 Ti(OPr-i)(SB)(SBH) 

I : i 10 "l'i(OPr-i)2(S'B') 

1 :2  12 Ti(OPr-i)(S'B') (S'B'H) 

1 : 1 12 Zr(OPr-i)2(SB) 

1 : 2 18 Zr(OPr-i)(SB)(SBH) 

I: 1 10 Zr(OPr-i) 2 (S'B') 

1 : 2 20 Zr(OPr-i)(S'B')(S'B'H) 

Brown solid, sparingly 0.48 10.2 5.6 
soluble in benzene (0.507 (10.O) (5.8) 

Brown solid, insoluble 0.43 6.4 7.4 
in benzene (0.46) (6.5) (7,6) 

Light yellow solid, 0.42 9.9 5.7 
insoluble in benzene (0.43) (10.0) (5.8) 

Yellowish red solid, 0.50 6.5 7,5 
insoluble in benzene (0.51) (6.5) (7.6) 

Pale-yellow solid, 0.39 17.7 5,3 
sparingly soluble (0.40) (17.4) (5.4) 
in benzene 
Yellow Solid, 0.43 11.9 7,O 
insoluble in benzene (0.46) (11.7) (7,2) 

Yellow solid, 0.55 17.6 5.2 
insoluble in benzene (0.56) (17.4) (5.4) 

Yellow solid, 0.62 I 2.0 7,0 
insoluble in benzene I0.64) ( I 1.7) (7.2) 

a) SBH2 = bis-salicylaldehyde-o-phenylenediimine; b) S,B,H2 = bis-salicylaldehyde-p-phenylenediimine. 

R e s u l t s  a n d  D i s c u s s i o n  

T i t a n i u m  and  z i r c o n i u m  i s o p r o p o x i d e s  r eac t s  w i t h  t e t ra -  

d e n t a t e  Sch i f f  ba se s  in a 1 : 1 m o l a r  ra t io  as f o l l ows :  

Ti (OPr- i )4  + SBH 2 --+ T i ( O P r - i ) 2 ( S B )  + 2 i -PrOH 

Zr(OPr- i )4  i -PrOH + SBH 2 -+ Z r (OP r - i ) 2 (S B )  + 3 i -PrOH 

{[SB] 2 - r e p r e s e n t s  t h e  a n i o n  o f  t h e  S c h i f f  base ,  bis- 

s a l i c y l a l d e h y d e - o - p h e n y l e n e d i i m i n e ,  SBH2} 

T h e  r e a c t i o n s  were  also ca r r ied  o u t  in 1 : 2 m o l a r  ra t ios ,  

t he  r e s u l t i n g  de r iva t ives  be i ng  o f  t h e  t y p e  M ( O P r - i ) ( S B ) ( S B H )  

w h e r e  M = Ti or  Zr. Wi th  a view to p r e p a r i n g  c o m p o u n d s  o f  

t h e  t y p e  M(SB)2 ,  r e a c t i o n s  were  also car r ied  o u t  in t h e  

p r e s e n c e  o f  an  e x c e s s  o f  S c h i f f  base  o r  b y  u s i n g  p - t o l u e n e -  

s u l p h o n i c  acid as c a t a l y s t .  Bo th  m e t h o d s  we re  u n s u c c e s s f u l .  
T h e  c o m p l e x e s  are  y e l l o w  to  b r o w n  sol ids ,  i n s o l u b l e  o r  

s p a r i n g l y  s o l u b l e  in b e n z e n e .  T h e y  are s u s c e p t i b I e  to  h y d r o l y -  

sis and  d e c o m p o s e  u p o n  a t t e m p t e d  d i s t i l l a t ion  u n d e r  r e d u c e d  
p ressu re .  

O n  t he  bas is  o f  a n a l y t i c a l  d a t a  and  i.r. s p e c t r a  t h e  fo l low-  
ing s t r u c t u r e  is s u g g e s t e d  for  t h e  m o n o m e r i c  M (OP r - i )2 (SB)  
c o m p l e x e s  (M = Ti or  Zr).  

Table 2. I.r. frequencies t o m - l )  of  Schiff bases and the 
ti tanium(IV) and zirconium(IV) complexes 

Compound  t,(C=N) v(C O) 

(SBH 2)a) 161 ls 1280s 
"['i(OPr-i)2(SB) 1608s 131Os 
Zr(OPr-i)2(SB) 1607s 131 ls  
Zr(OPr-i)/SB)(SBH) 1605s 13 los 

(8'B'1t2) b) 16 los 1281s 
"l'i(O Pr-i) 2{ S'B ') 1607s 1313s 
Zr(OPr-i) 2(S'B') 1605s 131Os 
Zr(OPr-i)(S'B')(S'B'H) 16OOs 1315s 

a)  S B H 2  = bis-salicylaldehyde-o-phenylenediimine: 
b) S'B'H2 = bis-salicylaldehyde-p-phcnylenediimine. 

A s imi la r  s t r u c t u r e  was  s u g g e s t e d  b y  o t h e r  w o r k e r s  for  

d i i s o p r o p o x y t i t a n i u m ( I V )  b i s - b e n z o y l a c e t o n e  e t h y l e n e d i -  

i m i n e  (s), T h e  c o o r d i n a t i o n  n u m b e r  o f  z i r c o n i u m  in 

Zr (SB)CI2  has  b e e n  s h o w n  to be  six and  a m o n o m e r i c  
s t r u c t u r e  ha s  b e e n  r e p o r t e d  (6). U n f o r t u n a t e l y ,  t h e  l im i t ed  

so lub i l i t y  o f  t h e  M ( O P r - i ) 2 ( S B )  c o m p l e x e s  (M = Ti o r  Zr)  

in o r g a n i c  s o l v e n t s  did  n o t  p e r m i t  d e t e r m i n a t i o n  o f  t h e  

m o l e c u l a r  we igh t s .  

@ 

( ~  (M = Ti ut" Zv) 

Infrared spe ct ra 

T h e  t e n t a t i v e  a s s i g n m e n t s  o f  t h e  C=N and  C - O  s t r e t c h i n g  

f r e q u e n c i e s  fo r  t h e  t i t a n i u m ( l \ , ' )  and  z i r c o n i u m ( I V )  S c h i f f  

base  c o m p l e x e s  are  l i s ted in T a b l e  2. 

A s t r o n g  b a n d  is o b s e r v e d  at ca. 1611) cm  -I  in t h e  

spec t r a  o f  t h e  S c h i f f  bases ,  w h i c h  is c h a r a c t e r i s t i c  o f  t h e  
a z o m e t h i n e  (~> C = N - )  group..  C o o r d i n a t i o n  o f  n i t r o g e n  to  

ttte m e t a l  a t o m  w o u l d ,  h o w e v e r ,  be e x p e c t e d  to r e d u c e  the  
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electron densi ty in the azometh ine  link and thus lower the 
v(C=N) frequency.  In the complexes,  this band is very 
slightly shifted to the lower side in our studies (Table 2). 
Similar observat ions have been made also by other  
workers(14, 15, 19) 

A strong band at ca. 1280 cm -~ in the Schiff  bases can 
be assigned to the phenolic C - O  stretch (I' 6). In the com- 
plexes, the C - O  stretching vibration appears at 1 3 1 5 -  
1310 c m - l .  This shift to higher f requency indicates bond- 
ing of  ligand to the metal  through oxygen.  These observa- 
t ions are similar to those of  previous workers  (1' 3, 6, 13) 
Complex format ion  is supported fur ther  by the absence of  
absorpt ions in the M(OPr-i)2(SB) and M(OPr-i)2(S'B')  com- 
plexes in the 2 8 0 0 - 2 6 0 0  cm -1 region where weak and 
broad absorpt ions are observed in the spectra of  the Schiff  
bases. 
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Summary  

On u.v. irradiation, the d ini t rosyldi th iocarbamato 
M(NO)2 ($2 CNR2 )2 (M = Mo or W) complexes  are converted 
quant i ta t ively into the mononi t rosy l  M(NO)(S2CNR2)3 
complexes.  The tungsten complex  exhibits  nonrigid behav- 
iour at high temperatures;  the activation energy for this pro- 
cess has been determined and compared to that of  the molyb- 
denum analogue. The M(NO)2 (MeCOCHCOMe)2 and 
M(NO)2 [(O)SCNR2 ]2 compounds  have been prepared; 
these undergo conversion into uncharacterized nitrosyl deriv- 
atives upon irradiation. Cationic complexes  of  the type 
[M(NO)2 (MeCN)a ]2+, [M(NO)2 (MeCN)3 X] + and 

* Author to whom correspondence should be addressed. 

[M(NO)2 (MeCN)2 (MeCOCHCOMe)] ÷ have been prepared 
and their exchange with CD3 CN studied. Exchange occurs 
~a  a dissociative process and is stereospecific for 
[M(NO)2(MeCN)o]2+ (M = Mo or W) and 
[M(NO)2 (MeCN)3 X] + (M = Mo, X = C1; M = W, X = Br). 

In t roduct ion  

This work is concerned with the relatively high barrier 
to polytopal  rearrangement exhibit  by penta- and hepta- 
coordinate  nitrosyl complexes.  Our interest in this work 
follows from our previous studies (2) of  Mo(NO)(S2CNR2)3 
(R = Me, Et or n-Bu) complexes and the reactions of  
[M(NO)2(PPh3)2] n+ (M = Fe, Ru or Os, n = O; M = Co, 
Rh or lr, n = 1) with carbon monoxide  which apparently 


