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ABSTRACT 

A series of  stable beryll ium(II} complexes  of  newly synthesized N-aralkylsalicylaldimine 
Schiff bases has been prepared and ch~_ractelized. Structures  have been elucidated on t h e  
basis of  analytical, conductance  and I R  and PMR spectral  data. A te t rahedral  s y m m e t r y  
has been proposed for all these complexes  which are non-ionic. 

I N T R O D U C T I O N  

M e t a l  c o m p l e x e s  o f  N - s u b s t i t u t e d  s a l i c y l a l d i m i n e s  h a v e  i n t e r e s t e d  c h e m i s t s  
f o r  a l o n g  t i m e  b e c a u s e  o f  t h e i r  s t a b i l i t y  a n d  w i d e  s t r u c t u r a l  a n d  c o n f i g u r a -  
t i o n a l  d i v e r s i t y  [ 1 - - 3 ] .  V e r y  l i t t l e  w o r k ,  h o w e v e r ,  a p p e a r s  t o  h a v e  b e e n  d o n e  
o n  t h e  b e r y l l i u m ( I I )  c o m p l e x e s  o f  t h i s  g r o u p  o f  l i g a n d s  [ 4 - - 8 ] .  I t  h a s  b e e n  
s u g g e s t e d  [ 9 - - 1 0 ]  t h a t  t h e  w e a k n e s s  o f  t h e  B e - - N  b o n d ,  as  r e f l e c t e d  b y  i t s  t e n -  
d e n c y  t o  b e  r e p l a c e d  b y  t h e  m o r e  s t a b l e  B e - - O  b o n d ,  is t h e  u n d e r l y i n g  c a u s e .  
V e r y  r e c e n t l y ,  h o w e v e r ,  D e s h m u k h  [ 1 1 ]  e t  al.  h a v e  r e p o r t e d  a s e r i e s  o f  s t a b l e  
b e r y l l i u m  c o m p l e x e s  d e r i v e d  f r o m  N - a r y l s a l i c y l a l d i m i n e s  w h i c h  a p p a r e n t l y  
c o n t r a d i c t  t h e  c o n v e n t i o n a l  v i e w  o f  B e - - N  b o n d  s t a b i l i t y .  

As  a p a r t  o f  o u r  i n t e r e s t  in  m e t a l  d e t o x i f i c a t i o n ,  w e  p r e p a r e d  a s e r i e s  o f  
n e w  N - a r a l k y l s a l i c y l a l d i m i n e s  b y  r e a c t i n g  s a l i c y l a l d e h y d e  a n d  i t s  r i n g - s u b s t i -  
t u t e d  a n a l o g u e s  w i t h  b e n z y l a m i n e  a n d / 3 - p h e n y l e t h y l a m i n e .  T h i s  c o m m u n i -  
c a t i o n  r e p o r t s  t h e  p r e p a r a t i o n  a n d  c h a r a c t e r i z a t i o n  o f  b e r y l i i u m ( I I )  c o m p l e x e s  
o f  t h e s e  n e w  l i g a n d s .  A n a l y t i c a l ,  c o n d u c t a n c e ,  a n d  I R  a n d  P M R  s p e c t r a l  d a t a  
a r e  d i s c u s s e d  t o  e l u c i d a t e  t h e  s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  t h e  m e t a l  c h e l a t e s .  

EXPERIMENTAL 

M a t e r i a l s  a n d  M e t h o d s  

B e r y l l i u m  n i t r a t e  t r i h y d r a t e  w a s  o f  a n a l y t i c a l - r e a g e n t  g r a d e .  Al l  o t h e r  
c h e m i c a l s  w e r e  o f  a t  l e a s t  r e a g e n t  g r a d e .  S a l i c y l a l d e h y d e ,  O - v a n i l l i n  a n d  t h e  
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amines  were  pur i f i ed  b y  d is t i l l a t ion  u n d e r  r e d u c e d  pressure  be fo r e  use. 
N i t ro sa l i cy l a ldehydes  were  p r epa red  f r o m  sa l i cy l a ldehyde  [ 1 2 ] .  

E l e m e n t a l  analyses  were  p e r f o r m e d  on  a Hosli  m i c r o c o m b u s t i o n  appara tus .  
Metal  c o n t e n t  was e s t i m a t e d  by  igni t ing  the  c o m p l e x e s  to  c o n s t a n t  we igh t  
and  we igh ing  t h e  res idue  as BeO [ 1 3 ] .  R o o m  t e m p e r a t u r e  c o n d u c t a n c e s  
were m e a s u r e d  on  so lu t ions  in c h l o r o f o r m  using a Toshn iwa l  Model  CL .01 .07  
c o n d u c t i v i t y  me te r .  

I n f r a r ed  spec t ra  in t he  4 0 0 0 - - 4 0 0  cm- '  range were  r e c o r d e d  in KBr  pel le ts  
on  a Model  577 Pe rk in - -E lmer  s p e c t r o p h o t o m e t e r .  A Model  R-32 Pe rk in - -  
E lmer  s p e c t r o m e t e r  ope ra t ing  at 90 MHz was used to  ob t a in  PMR spec t ra  in 
d e u t e r a t e d  c h l o r o f o r m  so lu t ions  wi th  TMS as in te rna l  s t anda rd .  

Preparati.on o f  Hgands 

The N-a ra lky l sa l i cy la ld imine  l igands (des igna ted  BI to  Bs) were  o b t a i n e d  
by r e f lux ing  a m i x t u r e  o f  t h e  app rop r i a t e  a l d e h y d e  (0.1 mol )  and  a m i n e  
(0.1 tool)  in e t h a n o l  (50 ml)  for  five minu tes .  The  c rude  c o m p o u n d s  were  
pur i f ied  by  c rys ta l l i za t ion  f r o m  e thano l ,  e x c e p t  for  Bj and  B_, wh ich  were  
pur i f i ed  by d is t i l la t ion  u n d e r  r e d u c e d  pressure.  The  y ie lds  were  a l m o s t  quan-  
t i ta t ive .  

.k~," ..01.4 

' ~  e l )  

B , : X = H . , z =  1 B~: X =  5 - - N O _ . , n  = 1 
B : :  X =  H . n  = 2 B ~ :  X =  5 - - N O . . , n  = 2 
B j :  X = 3 - - O C H ~ ,  n = 1 B : :  X = 3 - - N O : ,  n = 1 

B ~ :  X = 3 - - - O C H 3 ,  n = "2 B s :  X = 3 - - N O 2 ,  n = 2 

The ana ly t ica l  and  c o n d u c t a n c e  da t a  fo r  t h e  N-a ra lky l sa l i cy la ld imines  (I) 
are r e p o r t e d  in Table  1. 

Preparation o f  metal  comp lexes  

A so lu t ion  o f  be ry l l i um n i t r a t e  trib_ydrate (0.01 m o l )  in t he  m i n i m u m  
q u a n t i t y  o f  aqueous  e t h a n o l  (3:1)  was  a d d e d  wi th  s t i r r ing to  a so lu t i on  o f  
t he  l igand (0.02 mol )  in e t h a n o l  (50 ml).  To fac i l i t a te  d e p r o t o n a t i o n  o f  t h e  
phenol ic  group,  an aqueous  so lu t ion  o f  s o d i u m  h y d r o x i d e  or  d i e t h y l a m i n e  
(0.02 tool)  was also added_ The  m i x t u r e  was r e f l u x e d  fo r  five m i n u t e s  and  t h e n  
f i l tered ho t .  The  c o m p l e x  d e p o s i t e d  as t h e  f i l t ra te  coo l ed  and  was pur i f i ed  
by crys ta l l iz ing  f rom d ry  m e t h a n o l  or  e t hano l .  I t  shou ld  be n o t e d  t h a t  t he  
phenol ic  p r o t o n  in t h e  Sch i f f  bases o f  3- and  5 -n i t rosa l i cy la ldehydes  are 
su f f i c i en t ly  labile w i t h o u t  a d d i t i o n  o f  base. 

The c o m p l e x e s  o b t a i n e d  above  (Table  2) have  been  abbrev ia ted  as MB~, 
MB2 . . . . . .  MBs where in  B~, B2 etc.,  i d e n t i f y  t he  l igand f r o m  which  a 
pa r t i cu la r  c o m p l e x  has been  o b t a i n e d .  
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C o m p o u n d  Colour/  m.p .  Molecular Elemental  analysis (%) 
crystal  (° C) formula  C H N 
shape 

B~ Yellow oil Oil a C~4H~NO 79.60 6.30 6.50 
(79.62) (6.16) (6.63) 

B- Thick yellow 45 C~sH~sNO 79.61 6.95 6.33 
crystals (80.00) (6.66) (6.22) 

B~ Thin yellow 59 CIsHIsNO 74.32 6.50 5.92 
needles (74.69) (6.22) (5.81) 

B~ Thin yellow 79 C~,H~ ~NO.. 75.05 6.81 5.66 
needles (75.29) (6.66) (5.49) 

B~ Lust rous  yel low 153 Cj~H~:N.O~ 65.34 4.88 10.90 
needles (65.62) (4.68) (10.94) 

B6 Lustrous  yel low 157 C~sHI~N:O3 66.65 5.07 10.5~ 
needles (66.67) (5.18) (10.37) 

B 7 Orange powder  148 Cx,I-I~.N.O~ 66.09 4.85 11.16 
(65.62) (4.68) (10.94) 

B~ Orange needles 131 C,~H,~N-_O~ 66.28 5.44 10.65 
(66.67) (5.18) (10.37) 

aG_ O. Dudek  and R. H. Holm have repor ted  this compound  to have a melt ing po in t  o f  
24--26 ° C. 

RESULTS AND DISCUSSION 

E x c e p t  f o r  N - b e n z y l s a l i c y l a l d i m i n e  [ 1 4 ]  (BI ) ,  t h e  S c h i f f  b a s e s  a r e  b e l i e v e d  
t o  b e  n e w .  T h e y  a r e  f a i r l y  s o l u b l e  in  c o m m o n  o r g a n i c  s o l v e n t s  a n d  p o s s e s s  
c h a r a c t e r i s t i c  y e l l o w / o r a n g e  c o l o u r s .  T h e i r  e l e m e n t a l  a n a l y s i s  d a t a  ( T a b l e  1)  
a g r e e  w i t h  t h e i r  m o l e c u l a ~  c o m p o s i t i o n .  S p e c t r a l  d a t a ,  d i s c u s s e d  b e l o w ,  a r e  
a l so  c o n s i s t e n t  w i t h  t h e  s t r u c t u r e  ( I ) .  

T h e  I R  s p e c t r a ,  b o t h  o f  t h e  l i g a n d s  a n d  o f  ~he i r  m e t a l  c o m p l e x e s ,  a r e  in 
g e n e r a l  v e r y  c o m p l i c a t e d  a n d  c o n s i s t  o f  c l o s e l y  s p a c e d  b a n d s ,  p a r t i c u l a r l y  
in  t h e  1 6 5 0 - - 5 0 0  c m  -1 r e g i o n .  T h i s  c o m p l e x i t y ,  c a u s e d  m a i n l y  b y  t h e  p r e s e n c e  
o f  d i f f e r e n t l y - s u b s t i t u t e d  a r o m a t i c  r i n g s  a n d  e x t e n s i v e  v i b r a t i o n a l  c o u p l i n g ,  
p r e c l u d e s  d e f i n i t i v e  a s s i g n m e n t  o f  t h e  b a n d s ,  t h o u g h  o t h e r w i s e  t h e  s p e c t r a  
a r e  q u i t e  i n f o r m a t i v e .  F o r  e x a m p l e ,  t h e r e  is l i t t l e  u n c e r t a i n t y  in  a s s i g n i n g  a 
b r o a d  b a n d  s p r e a d  o v e r  t h e  3 2 0 0 - - 2 5 0 0  c m  -~ r e g i o n  t o  a n  i n t r a m o l e c u l a r l y  
h y d r o g e n - b o n d e d  ( O H - - -  N )  phenolic g r o u p  in  t h e  c a s e  o f  f r e e  N - a r a l k y l s a l i -  
c y l a l d i m i n e s  [ 1 5 ] .  T h i s  b a n d  d i s a p p e a r s  in  t h e  c o r r e s p o n d i n g  b e r y l l i u m ( I I )  
c o m p l e x e s .  E v i d e n t l y ,  t h e  p h e n o l i c  g r o u p  u n d e r g o e s  d e p r o t o n a t i o n  w i t h  
s i m u l t a n e o u s  B e - - O  c o v a l e n t  b o n d  f o r m a t i o n  in  t h e  c h e l a t i o n  p r o c e s s .  
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TABLE 2 

Analytical and physical data of beryllium complexes 

C , , m p l e x  Colour[ M o l e c u l a r  M . p .  Analyses (%)  
c r y s t a l  f o r m u l a  (~C) 
s h a p e  C t t  N B e O  

_NIolar conductance 
a t  2 0  ± l °C  
( m h o s  c m :  t o o l  -z) 

_MB I O f f - w h i t e  C : , ~ H : ~ N : O :  Be 1 9 8 - - 9  7 7 , 9 5  5 . 7 8  6 . 2 0  5 . 8 0  0 _ 2 0  
n e e d l e s  ( 7 8 . 3 2 )  ( 5 . 5 9 )  ( 6 . 5 3 )  ( 5 . 8 3 )  

M B :  O f f - w h i t e  C ~ o H : ¢ N : O : B e  1 6 6  7 8 . 0 0  6 . 1 2  6 . 0 0  5 . 1 5  0 . 2 3  
needles (78.77) (6.13) (6.13) (5.47) 

_%IBx Lustrous off- C~,HzsNzO~Be 205---6 73.18 5_95 5.84 5.41 0.29 
white p l a t e s  (73.61) (5.72) (5.2) (5.11) 

_%IB a L u s t  rou.~ o f f -  C z 2 H ~ : N ; O ~ B e  9 5 - - 6  7 3 . 6 2  6 . 5 2  5 . ~ 4  4 . 6 1  O . 3 2  
w h i t e  p l a t e s  ( 7 4 . 2 7 )  ( 6 . 1 9 )  ( 5 . 4 2 )  ( 4 . 8 4 )  

_ ~ I B ~  P a l e - y e l l o w  C : s H : a N a O t . R e  2 3 2 - - - 3  6 4 . 1 5  4 . 6 0  I I _ 1 7  4 . 5 4  O . 2 9  
p o w d e r  ( 6 4 . 7 4 )  ( 4 . 2 4 )  ( 1 0 . 7 9 )  ( 4 . 8 2 )  

.xIB~ P a l e - y e l l o w  C30H: , ,N~O~ Be 2 6 1 - - 2  6 5 . 0 7  5 _ 1 2  1 0 _ 4 4  4 . 7 2  0 _ 2 5  
p o w d e r  ( 6 5 . 8 1 )  ( 4 . 7 5 )  ( 1 0 . 2 4 )  ( 4 . 5 7 )  

_XIB_ Light-yellow C:sH,zNaOo Be 215--7 64_16 4_42 11.20 4,40 O.49 
powder (64.74) (4.24) (10.79) (4.82) 

_ M B , ,  L i g h t - y e l l o w  C ~ o H : ~ N ~ O o B e  1 8 0 - - 2  6 5 . 0 8  4 . 9 8  I 0 . 5 2  4 . 4 2  0 . 5 0  
pt~wder (65.81) (4.75) (I0.24) (4.57) 

N-Sal icy la ld imines  usua l ly  d isp lay  t w o  spect ra l  bands ,  c.ne each in t h e  
1 6 5 0 - - 1 6 0 0  on1-' and  1 6 0 0 - - 1 5 5 0  cm -~ regions,  charac te r i s t i c  o f  C=N 
s t re tch ing  v ibra t ion  and  in-plane ring d e f o r m a t i o n .  Conf l i c t ing  ass ignments  
have been r e p o r t e d  for  these  bands  [ 1 6 - 1 8 ] .  The  general  concensus ,  how-  
ever. seems to  be in favour  o f  assigning the  h igher  f r e q u e n c y  b a n d  to  u(C=N),  
t h o u g h  re la t ively  r ecen t  N ~-~ i so top ic  s tud ies  [18]  suggest  o the rwise .  I t  is. 
however ,  n o w  accep t ed  t h a t  ne i the r  o f  these  bands  is v ib ra t iona l ly  pure  and  
ins tead  t h e y  involve c o n t r i b u t i o n  f r o m  b o t h  t h e  v ib ra t iona l  m o d e s  to  vary ing  
degrees.  Assuming  t h a t  t he  band  wi th  t he  grea te r  c o n t r i b u t i o n  f r o m  u(C=N) 
w o u l d  be re la t ively  s t ronger  because  o f  the  grea ter  d ipo le  m o m e n t  change  
involved,  t he  s t ronger  b a n d  in t h e  1 6 5 0 - - 1 6 1 5  cm -~ region. is  assigned to  t h e  
C=N s t r e t ch ing  m o d e  in t he  free sa l icy la ld imines .  On c o m p l e x a t i o n ,  th is  
band  unde rgoes  a d o w n w a r d  sh i f t  (~ 10 cm -*). Fu r the r ,  t he  grea te r  displace- 
m e n t  assoc ia ted  wi th  t he  band  in ques t i on  suggests  its g rea te r  i n v o l v e m e n t  in 
c o o r d i n a t i o n  because  t h e  b a n d  p laced  i m m e d i a t e l y  be low it ( 1 6 0 0 - - 1 5 5 0  cm -~ ) 
shows hard ly  any  shif t .  Hence ,  t he  a s s ignmen t  p r o p o s e d  fo r  v(C=N) is 
jus t i f ied .  

A r a the r  b road  band  in t h e  1 2 7 5 - - 1 2 6 0  cm- '  region,  usua l ly  d i sp lay ing  a 
shou lde r  t o w a r d s  t he  h igher  f r e q u e n c y  side, is ass igned to  t he  c o u p l e d  u (C--O)  
(phenol ic )  + 5 OH v ibra t ions  in t he  case o f  u n c o o r d i n a t e d  l igands [ 1 9 ] .  
In be ry l l i um( I I )  complexes ,  this  band  is rep laced  by  a new one  in t he  1325 - -  
1300 cm -~ region wh ich  is assignable to  b o n d e d  v(C--O) [ 2 0 ] ,  c o n f i r m i n g  
the  loss o f  the  pheno l i c  p r o t o n  on  che l a t i on .  T h e  c o m p l e x e s  o f  Sch i f f  bases 
der ived f rom 5 -n i t rosa l i cy la ldehyde ,  however ,  d isp lay  a b r o a d  b a n d  (1340- -  
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1300 cm-1), p r o b a b l y  d u e  to  t h e  merge r  o f  s y m m e t r i c  p(iO2) and  v (C--O) 
modes .  Tile scissoring v ibra t ions  o f  t h e  m e t h y l e n e  g roup  absorb  c o n s i s t e n t l y  
in t h e  1 4 6 0 - - 1 4 5 0  e m  -1 reg ion  [21]  fo r  t h e  f ree  l igands a n d  a t  ma rg ina l l y  
(~ 5 cm -~) l o w e r  values in t he  m e t a l  complexes .  

Be--O s t r e t c h i n g  m o d e s  have  been  r e p o r t e d  [11 ,  22,  23]  to  abso rb  a r o u n d  
9 5 0 , 8 0 0  and  500 cm -1. I d e n t i f i c a t i o n  o f  t he  f i rs t  t w o  spect ra l  bands  was  
p r e c l u d e d  in th is  s t u d y  b y  t h e  p resence  o f  o t h e r  b a n d s  in this  region,  ar is ing 
f r o m  in-plane a n d  ou t -o f -p l ane  CH d e f o r m a t i o n s .  Never theless ,  t w o  m e d i u m  
in t ens i t y  bands  appear ing  in  t h e  550 - -510  and  4 6 0 - - 4 3 0  cm -~ regions  are 
t e n t a t i v e l y  assi~c~ned to  Be--O a n d  Be -- N s t r e t c h i n g  modes ,  respec t ive ly .  

In c o n t r a s t  t o  t h e  IR spec t ra ,  t h e  PMR spec t ra  (Table  3) were  f o u n d  to  be 
s imple  and  easier to  in t e rp re t ,  pa r t i cu l a r ly  in t he  case o f  t h e  f ree  l igands.  
T w o  singlets,  a b r o a d e r  o n e  in t h e  13- -16  ~ range  a n d  t h e  o t h e r  in t h e  8--9  
8 range,  can be u n e q u i v o c a l l y  ascr ibed  to  t he  i n t r a m o l e c u l a r  h y d r o g e n - b o n d e d  
pheno l i c  p r o t o n  and  t h e  a z a m e t h i n e  p r o t o n ,  respec t ive ly  [ 2 4 ] .  These  assign- 
m e n t s  are c o n f i r m e d  by  d e u t e r i u m  exchange  e x p e r i m e n t s .  A p p e a r a n c e  o f  t he  
a z a m e t h i n e  p r o t o n  as an unsp l i t  s inglet  is a sure  i n d i c a t i o n  t h a t  t h e  salicyl- 
a ld imines  exist  so le ly  in t h e  p h e n o l - - i m i n e  f o r m  [ 1 4 ] .  

I t  is n o t e w o r t h y  t h a t  t he  pheno l i c  p r o t o n  o f  t he  Sch i f f  bases der ived  f r o m  
3 -n i t ro sa l i cy l a ldehyde  appears  a t  s ign i f i can t ly  h igher  5-values {15--16)  as 
c o m p a r e d  wi th  its analogues .  Higher  5 -values ind ica te  t h a t  t h e  degree o f  
h y d r o g e n  b o n d i n g  is s t ronger  in t h e  3-ni t ro  c o m p o u n d s .  A p p a r e n t l y ,  t h e  
m e t a - n i t r o  group  a f fec t s  t h e  bas ic i ty  o f  t h e  a z a m e t h i n e  n i t r o g e n  lone  pair  
m u c h  less t h a n  it a f fec t s  t he  ac id i ty  o f  t h e  OH group .  The  n e t  r esu l t  is a 
s t ronger  h y d r o g e n  b o n d .  D e p e n d i n g  u p o n  w h e t h e r  t h e  l igand c o n t a i n s  o n e  o r  
t w o  m e t h y l e n e  groups ,  the  PMR spec t r a  s h o w  a s inglet  (4 .62 - -4 .90  5 ) or  t w o  
t r ip le ts  (3.68--3_75 and  2 .92 - -3 .02  5 ), respec t ive ly .  

In me ta l  complexes ,  d e p r o t o n a t i o n  and  Be--O cova l en t  b o n d  f o r m a t i o n  
are ev iden t  f r o m  the  d i sappea rance  o f  t h e  b r o a d  singlet  (13- -16  5) charac-  
ter is t ic  o f  an i n t r a m o l e c u l a r  h y d r o g e n - b o n d e d  pheno l i c  g roup .  This  c o n f i r m s  
the  conc lu s ion  d r a w n  earl ier  f r o m  IR  spec t ra .  Qua l i t a t ive ly ,  l i gand - -me ta l  
c o o r d i n a t e  b o n d  f o r m a t i o n  a m o u n t s  to  w i t h d r a w a l  o f  e lec t rons  f r o m  t h e  
d o n o r  a t o m .  C o n s e q u e n t l y ,  t h e  signal d u e  to  a p r o t o n  or  g roup  o f  p r o t o n s ,  
e i ther  d i rec t ly  l i nked  w i t h  t h e  d o n o r  a t o m  or  p laced  close to  it, is e x p e c t e d  
to  sh i f t  t o  h igher  5-values because  o f  desh ie ld ing  [ 2 5 ] .  In con t r a s t ,  t h e  aza- 
m e t h i n e  p r o t o n  is sh i f t ed  marg ina l ly  (0 .3- -0 .6  5) up-f ie ld  in t h e  b e r y l l i u m  
complexes .  S o m e  sor t  o f  shie ld ing process,  t h e  e x a c t  n a t u r e  o f  wh ich  is n o t  
y e t  clear, m u s t  also ope ra t e  s i m u l t a n e o u s l y .  As a l r eady  s t a ted ,  t he  Sch i f f  
bases der ived f r o m  b e n z y l a m i n e  give a s inglet  in t h e  4_62--4.90 5 range char-  
acter is t ic  o f  t h e  t w o  m e t h y l e n e  p r o t o n s .  This  s inglet  is r ep laced  by  an AB 
q u a r t e t  in t he  c o r r e s p o n d i n g  be ry l l i um( I I )  c o m p l e x e s  (Fig. 1 ). F o r  example ,  
b i s (N-benzy l sa l i cy la ld imina te )be ry l l i um( I I}  y ie lds  a q u a r t e t  w i t h  8 .-x (4.40) ,  
5 B (4.12)  a n d  JAB (14 HZ). Sp in- - sp in  coup l i ng  i n t e r a c t i o n  b e t w e e n  the  
m e t h y l e n e  p r o t o n s  and  t h e  a z a m e t h i n e  p r o t o n  is ru led  o u t  because  in t h a t  
case t h e  s p e c t r u m  wou ld ,  ins tead ,  d i sp lay  a d o u b l e t  a n d  a t r ip le t .  
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Bis ( N-benzyl--  solicyl(~ldirninolo } beryliurn ('Tr) 

"x 

I I I I l I 

10 

2 81s(N--~--phenyleth) ;-soi icyloldirninalo ) beryliurn (Tr) 

' ~ ~ ~ I 
9 8 7 6 5 3 a 

Fig. 1. PMR spectra of  two N-aralkylsalicylaldimine complexes of  Be(II). 

I t  s eems  q u i t e  p r o b a b l e  t h a t  t h e  o b s e r v e d  AB q u a r t e t  is a d i r e c t  conse -  
q u e n c e  o f  t he  t w o  m e t h y l e n e  p r o t o n s  b e c o m i n g  n o n - e q u i v a l e n t ,  as r ig id i ty  is 
int,-_oduced in to  t h e  s t r u c t u r e  b y  t h e  c h e l a t e  r ing.  This  e f f e c t  also appears ,  
a lbe i t  t o  a lesser  e x t e n t ,  in  t h e  c o m p l e x e s  o f / 3 - p h e n y l e t h y l a m i n e  S c h i f f  base  
ana logues .  T h e  t r ip le t s  r e l a t ing  t o  t h e  m e t h y l e n e  p r o t o n s  in bis(N-/3-phene- 
t h y l s a i i c y l a l d i m i n a t o ) b e r y l l i u m ( I I ) ,  f o r  e x a m p l e ,  have  p e r t u r b a t i o n s  w h i c h  
i m o a r t  a l m o s t  a m u l t i p l e t  c h a r a c t e r  t o  t h e s e  signals (Fig.  1). 

T h e  s p e c t r a  o f  t h e  S c h i f f  bases o f  3- a n d  5 - n i t r o s a l i c y l a l d e h y d e s  a n d  t h e  
c o r r e s p o n d i n g  m e t a l  c o m p l e x e s  are  r a t h e r  c o m p l i c a t e d ,  m a i n l y  b e c a u s e  o f  
t h e  s t r o n g  desh i e ld ing  e f f e c t  o f  t h e  n i t r o  g roup ,  w h i c h  causes  a c o n s i d e r a b l e  
d o w n f i e ] d  sh i f t  f r o m  a d j a c e n t  p r o t o n s .  F o r  e x a m p l e ,  t h e  signal  a r o u n d  8 5,  
o b s e r v e d  b o t h  fo r  N - b e n z y l - 3 - n i t r o s a l i c y l a l d i m i n e  a n d  its b e r y l l i u m  c o m p l e x ,  
w h i c h  h a d  ear l i e r  b e e n  a t t r i b u t e d  t o  t h e  a z a m e t h i n e  p r o t o n ,  has s h o u l d e r s  on  
b o t h  sides. Siz~ce t h e  in t eg ra l  va lue  o f  th i s  signal c o r r e s p o n d s  t o  t w o  p r o t o n s ,  
:- is :~:vident ~hat t he  n i t ro  g r o u p  causes  t h e  a d j a c e n t  (4 -H)  p r o t o n  in t h e  
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a l d e h y d e  r ing t o  sh i f t  d o w n f i e l d  and  t h e  s h o u l d e r s  arise, p r e s u m a b l y ,  f r o m  
its c o u p l i n g  w i th  t h e  5-H ( o r t h o )  a n d  6-H ( m e t a )  p r o t o n s .  

Mola r  c o n d u c t a n c e  values  in t h e  0 . 2 - - 0 . 5  o h m - '  c m  2 too l  -1 range  i n d i c a t e  
t h a t  t h e  b e r y l l i u m  c o m p o u n d s  do  n o t  d i s soc ia te  in c h l o r o f o r m  and  are  pre-  
d o m i n a n t l y  c o v a l e n t  in character_  F u r t h e r  t h e  c o m p l e x e s  s h o w  no  sign o f  
d e c o m p o s i t i o n  or  o f  weight - loss  w h e n  h e a t e d  f o r  o n e  h o u r  a t  a t e m p e r a t u r e  
s l ight ly b e l o w  t h e i r  m e l t i n g  po in t s .  This  suggests  t h a t  t h e  c o m p o u n d s  are 
a n h y d r o u s  and  o f  high t h e r m a l  s t ab i l i ty .  

Ana ly t i ca l  da t a  f o r  t he  b e r y l l i u m ( I I )  c o m p l e x e s  are in fa i r  a g r e e m e n t  w i th  
a 1 : 2  (me t a l - - l i ga nd )  s t o i c h i o m e t r y .  On t h e  basis o f  this  and  t he  o t h e r  evi- 
d e n c e  p r e s e n t e d  above ,  a t e t r a h e d r a l  g e o m e t r y  is p r o p o s e d  f o r  t h e  m e t a l  
c o m p l e x e s  (II).  This  is in c o n f o r m i t y  wi th  t h e  s t rong  t e n d e n c y  o f  Be "-+ ions  
to  f o r m  c o m p o u n d s  having sp 3 h y b r i d  b o n d s  [ 2 6 ] .  

' ~ "i ~ l ( C ~ ] - - ~  ~ : : m "  ~ C  I I I 

0 . . . . . . . . . . .  ~'~ 0 
5 

, . . ~  . 

i "~ \  . . . . - - -~ . . . . . . .  c ~ _  _. ~ . . . .  ~ c ~  ! ---~:-,,,,_..,.~j:..,, 
~-~. - - -  : i -m  

- i " ~ . .  

w h e r e  n = 1 or  2- X = H, 3--OCH3,  3--NO~, 5- -NOz.  

It  is c o n c l u d e d  t h a t  t h e  be ry l l i um( I1 )  c o m p l e x e s  d e s c r i b e d  a b o v e  o w e  
the i r  s tabi l i t ies  t o  t h e  Be- -O c o v a l e n t  b o n d s  w h i c h  p r e s u m a b l y  have  a stabi-  
l iz ing e f f e c t  on t h e  Be -- N b o n d s  as well. 
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