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ABSTRACT

The m a jo r  g o a l  o f  t h i s  r e s e a r c h  was to  exam ine th e  t i n  t e t r a h a l i d e
(SnX^ ------- 2 ,4 -p e n ta n e d io n e  amine ( p y r i d i n e ,  t r i e t h y l -
am ine) system s  w i th  th e  hope o f  p r e p a r in g  and c h a r a c t e r i z i n g  p y r id in iu m  
and tr ie thy lam m onium  t e t r a h a l o ( 2 , 4 - p e n t a n e d i o n a t o ) s t a n n a t e ( l v )  s a l t s .  
T hese  s a l t s  would b e  th e  f i r s t  encamples o f  a n io n i c  $ - d i k e t o n a t e  t i n ( l v )  
c o m p lex es .



REACTIONS OF THE TIN TETRAHALIBES 

WITH 2 ,4-PENTANEDIONE IN THE 

PRESENCE OF ORGANIC AMINES
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INTRODUCTION AND LITERATURE SURVEY

A lth o u g h  t i n  i s  i n  th e  f o u r t h  p e r io d  o f  th e  g roup  IVB e le m e n t s ,

i t s  d i f f u s e  empty 5d o r b i t a l s  i n  th e  p re s e n c e  o f  h i g h ly  e l e c t r o n e g a t i v e

s u b s t i t u e n t s  may c o n t r a c t  enough to  be  used  i n  bond fo r m a t io n  and 

s u b s e q u e n t  e x p a n s io n  o f  i t s  c o o r d i n a t i o n  number above f o u r .  I n d e e d ,  a

g r e a t  many com plexes o f  t i n  w i th  e l e c t r o n e g a t i v e  l i g a n d  donor atoms

p a r t i c u l a r l y  w i th  c o o r d i n a t i o n  number s i x  and th e  o c t a h e d r a l  geom etry  

a r e  known.

Among th e  com plexes o f  i n t e r e s t  to  t h i s  t h e s i s  a s  background  

in f o r m a t io n  a r e  th o s e  formed from th e  i n t e r a c t i o n  o f  t h e  t i n  t e t r a -

h a l i d e s  w i th  e n o l i z a b l e  ^ 3 -d ik e to n e s  such  as  2 ,4 - p e n ta n e d io n e . I n  th e

1 2  3v e r y  e a r l y  1900Ts D i l t h e y  * and Rosenheim , Loewenstamm, and S in g e r

s t u d i e d  th e  r e a c t i o n  o f  t i n  t e t r a c h l o r i d e  w i th  2 ,4 - p e n ta n e d io n e  i n

b e n zen e  a t  th e  r e f l u x  t e m p e r a tu r e .  These w o rk e rs  i s o l a t e d  a p ro d u c t

h a v in g  th e  f o l lo w in g  s t o i c h i o m e t r y ,  G l ^ S n C C ^ H ^ O ^ ) ^ ^ b e i n g  th e

2 ,4 - p e n t a n e d i o n a t e  i o n .  D i l t h e y  on th e  b a s i s  o f  a  r a t h e r  h ig h  m e l t in g

p o i n t  (2 0 2 -2 0 4 °)  p ro p o sed  a s a l t - l i k e  s t r u c t u r e  f o r  th e  compound, i . e .

[Sn(C^H^Op) SnCl^.] o r  t r i s  ( 2 ,4 - p e n ta n e d io n a to )  t i n ( i v )  h e x a c h lo r o -

s t a n n a t e ( i v ) . I n  1924, Morgan and Drew r e p o r t e d  th e  r e s u l t s  o f  t h e i r

i n v e s t i g a t i o n s  o f  th e  i n t e r a c t i o n  o f  t i n  t e t r a c h l o r i d e  and t i n  t e t r a -

b rom ide  w i th  2 ,4 - p e n ta n e d io n e .  These w o rk e rs  found t h a t  th e  r e a c t i o n

be tw een  2 ,4 - p e n ta n e d io n e  and t i n  t e t r a c h l o r i d e  a t  room te m p e r a tu r e  y i e l d s

a  s o l i d  p ro d u c t  w i th  th e  e m p i r i c a l  fo rm u la  Cl^SnCC^HgO^). Morgan and

Drew s p e c u l a t e d  t h a t  t h e  room te m p e ra tu re  p ro d u c t  was a m ix tu r e  o f



2

D il th e y *  s com plex , C ^ S n C C ^ H y C ^ j» and h exach  l o r o s  t a n n i c  a c i d ,  H^SnCl^. 

Upon r e f l u x i n g  th e  room te m p e ra tu re  ’’m ix tu r e "  o r  t i n  t e t r a c h l o r i d e  and

2 ,4 - p e n ta n e d io n e  i n  an i n e r t  o r g a n ic  s o l v e n t ,  Morgan and Drew i s o l a t e d  

a  s o l i d  i d e n t i c a l  to  D i l th e y * s  CljSnCC^HyOj^* The r e a c t i o n  o f  t i n  

t e t r a b r o m id e  and 2 ,4 - p e n ta n e d io n e  a t  r e f l u x  i n  d ry  c h lo ro fo rm  le d  to  

th e  i s o l a t i o n  o f  th e  complex Br^SnCC^H^O^)^• M o le c u la r  w e ig h t  m e asu re ­

m en ts  i n  b en zen e  w ere  c o n s i s t e n t  w i th  C^SnCC^HyC^ ) 9 and B^SnCC^HyC^)^  

b e in g  monom eric. S in c e  a s a l t - l i k e  complex such  a s  t h a t  p ro p o sed  by 

D i l t h e y  would m ost l i k e l y  be h ig h ly  a s s o c i a t e d  i n  ben zen e  g iv in g  a 

m o le c u la r  w e ig h t  up to  t h r e e  t im es  t h a t  o f  t h e  monomer, Morgan and Drew 

c o n c lu d ed  t h a t  th e  c h l o r o -  and brom o-com plexes x^ere monomeric s i x -

c o o r d i n a t e  d i h a l o b i s ( 2 , 4 - p e n t a n e d i o n a t o ) t i n ( x v )  com plexes .
5

I n  1963 M eh ro tra  and Gupta reexam ined  th e  t i n  t e t r a c h l o r i d e - 2 , 4- 

p e n ta n e d io n e  sy s te m . These  w o rk e rs  a t te m p te d  to  f u r t h e r  e l u c i d a t e  th e  

s t r u c t u r e  o f  t h e  room te m p e r a tu r e  " m ix tu re "  o b t a in e d  by Morgan and Drew. 

The e m p i r i c a l  fo rm u la  was co n f irm ed  to  be  Cl^SnCC^HgO^). However, th e  

p r e s e n c e  o f  h e x a c h l o r o s t a n n i c  a c id  was r u l e d  o u t  by M e h ro tra  and G upta 

b e c a u s e  th e  compound was s t a b l e  under vacuum (10 ^mm o f  Hg) a t  5 5 ° ;

h e x a c h l o r o s t a n n i c  a c i d ,  i f  p r e s e n t ,  s h o u ld  have  su b l im e d .  On th e  b a s i s

2 - 1  - 1  - 3o f  co n d u c ta n c e  d a t a  i n  n i t r o b e n z e n e  (A =22 cm mole ohm a t  10 M)m

and o t h e r  ch em ica l  e v id e n c e ,  th ey  fo rm u la te d  th e  s t r u c t u r e  o f  th e  room

te m p e r a tu r e  p ro d u c t  as a s a l t ,  [C loSn(CcUo0 _ ) „ ] [S n C l^ ] ,  c o n ta i n in gZ _> o Z Z o
n e u t r a l  d ik e to n e  m o le c u le s .  The m o la r  c o n d u c t i v i t y  v a lu e  i s ,  how ever,

£
o n ly  ab o u t o n e - h a l f  t h a t  e x p e c te d  f o r  a 2:2  e l e c t r o l y t e .

A l l r e d  and Thompson^ s t u d i e d  th e  i n t e r a c t i o n  o f  t i n  t e t r a c h l o r i d e  

w i th  b o th  2 ,4 - p e n ta n e d io n e  and th e  n o n - e n o l i z a b l e  3 , 3 -d im e th y 1 - 2 ,4 -  

p e n ta n e d io n e .  R e a c t io n  o f  t i n  t e t r a c h l o r i d e  w i th  b o th  tf~ d ik e to n e s  a t



room te m p e r a tu r e  l e a d s  to  a d d u c ts  o f  e m p i r i c a l  fo r m u la ,  Cl^Sn(y3 “

d i k e t o n e ) .  F o r  b o th  a d d u c ts  no band was found i n  th e  i n f r a r e d  sp ec tru m
2 ^ 

c h a r a c t e r i s t i c  o f  th e  S nC l, io n  ( y  „ c a .  320 cm ) .  F u r th e r m o re ,6 Sn-C l —  *

when C^SnCC^H^C^) 2 was a l lo w ed  to  r e a c t  w i th  d ry  hyd ro g en  c h l o r i d e  a t

room te m p e ra tu re  o n ly  Cl^SnCCj-HgC^) was i s o l a t e d ;  no e v id e n c e  was found

f o r  [ C loSn(G_Ho0 - ) _ ] C l o a s  c la im ed  by M e h ro tra  and G u p t a . A l s o  C l.Sn(C_H o0 o) 
Z d o Z Z Z 4 j o 2

r e a d i l y  r e a c t s  a t  room te m p e ra tu re  w i th  p y r i d i n e  and t r i e t h v l a m i n e  to
g

form s a l t s  o f  th e  ty p e  [M][Cl^SnCCj-H^C^)] .  I f  t h e  room te m p e ra tu re  

p r o d u c t  had  th e  s a l t - l i k e  s t r u c t u r e  [C^SnCCj-H gC^^l [ S n C l^ ] , r e a c t i o n  

w i th  an o r g a n ic  amine s h o u ld  le a d  to  fo rm a t io n  o f  an ammonium h e x a c h lo r o -  

s t a n n a t e  s a l t ,  t^S nC l^ ., and th e  w e l l - c h a r a c t e r i z e d  c i s - d i c h l o r o b i s  ( 2 .4 -  

p e n t a n e d i o n a t o ) t i n ( n v ) , C^SnCC^II^O^)? , s p e c i e s .

Cl Cl
He

Me

Me

SnCI6 +2B

Me

(BH)SnCI +

Me

Me

In  summary, t h e r e  i s  no co m p e l l in g  e v id e n c e  to  b e l i e v e  t h a t  th e  

complex formed b e tw een  t i n  t e t r a c h l o r i d e  and 2 ,4 - p e n ta n e d io n e  a t  room 

te m p e ra tu re  i s  a n y th in g  b u t  th e  s im p le  Lewis a c id - b a s e  a d d u c t .  Mo 2 ,4 -  

p e n ta n e d io n e  a d d u c ts  a r e  formed w i th  t i n  t e t r a b r o m id e  and t i n  t e t r a i o d i d e .

The term  a d d u c t  i s  u sed  i n  t h i s  p a o e r  to  mean a m o le c u la r  complex 
formed from i n t e r a c t i o n  o f  donor and a c c e p to r  s p e c i e s  such  t h a t  no bonds 
a r e  b ro k e n  i n  e i t h e r  th e  donor o r  th e  a c c e p t o r ,  a l th o u g h  a r e a r ra n g e m e n t  
i n  s t e r e o - c h e m i s t r y  o f  th e  i n t e r a c t i n g  s p e c i e s  may o c c u r .



u

M e h ro tra  and G upta a l s o  reexam ined  th e  p r o d u c t ,  Cl^SnCC^H^O^)^» o b ta in e d

from r e f l u x i n g  t i n  t e t r a c h l o r i d e  and 2 ,4 - p e n ta n e d io n e  i n  an i n e r t

o r g a n ic  s o l v e n t .  These w o rk e rs  unam biguously  showed t h a t  t h e  complex

was monomeric and n o n - io n i c  ( v i a  m o le c u la r  w e ig h t  and c o n d u c t i v i t y
4

m easu rem en ts)  as p o s t u l a t e d  by Morgan and Drew.

A lthough  by 1963 i t  was c o n c l u s i v e l y  shown t h a t  Cl^Sn (C^K-^O^) ^ was 

a monomeric and m o le c u la r  com plex , th e  s t r u c t u r e  o f  th e  complex was 

unknown, i . e .  th e  mode o f  a t ta c h m e n t  o f  th e  2 ,4 - p e n ta n e d io n a te  ion. and 

th e  g e o m e t r i c a l  a r ra n g em en t  o f  th e  l i g a n d s .

The e l e c t r o n i c  s t r u c t u r e  o f  th e  2 ,4 - p e n ta n e d io n a te  io n  may be 

r e p r e s e n t e d  by t h r e e  v a le n c e  bond s t r u c t u r e s  o r  by th e  m o le c u la r  o r b i t a l  

s t r u c t u r e  shown be low ;

From th e  v a le n c e  bond r e p r e s e n t a t i o n s  i t  can be  s ee n  t h a t  t h e  e n o l a t e  

io n  c o u ld  bond t o  a  p o s i t i v e l y  charg ed  c e n t r a l  t i n  atom th ro u g h  e i t h e r  

t h e /7* - c a r b o n  o r  th ro u g h  an oxygen atom, F u r th e r m o re ,  c o o r d i n a t i o n  to  

oxygen c o u ld  r e s u l t  i n  e i t h e r  mono- o r  b i d e n t a t e  a t t a c h m e n t .  By f a r ,  

t h e  m ost common mode o f  c o o r d i n a t i o n  o f  th e  2 ,4 - p e n ta n e d io n a t e  io n  to

O 0 0 0 0 0

H H

V alen ce -b o n d  s t r u c t u r e s

0

H

0

M o l e c u l a r - o r b i t a l  s t r u c t u r e



m e ta l s  i s  th ro u g h  b o th  oxygen a to m s , i . e .  t h e  e n o l a t e  io n  f u n c t i o n s  as 

a  b i d e n t a t e  l i g a n d .
o

A d d i t i o n a l l y ,  a l l  c r y s t a l l o g r a p h i c  d a t a '  and o t h e r  s p e c t r a l  d a t a  

show t h a t  th e  two C— 0 and two i n t e r n a l  C— C bond d i s t a n c e s  a r e  e q u a l ,  

r e s p e c t i v e l y .  T hus , m ost r e s e a r c h e r s  p r e f e r  th e  m o le c u la r  o r b i t a l  

r e p r e s e n t a t i o n  o f  th e  e n o l a t e  i o n .  The mode o f  b o n d in g  i n  m e ta l—

2 ,4 - p e n ta n e d io n a t e  com plexes i s  e a s i l y  d e te rm in e d  from i n f r a r e d  and nmr 

s p e c t r a l  d a t a .  The c h e l a t e d  e n o l a t e  s t r u c t u r e  has  s t r o n g  c h a r a c t e r i s t i c  

Cii^.0 and v i b r a t i o n a l  modes i n  th e  1500-1600 cm r e g i o n .

C o o r d in a t io n  v i a  th e  /7 r - c a r b o n  would g iv e  bands  above 1600 cm ^ 

c h a r a c t e r i s t i c  o f  a  - s u b s t i t u t e d  d ik e to n e  ( c a . 1700 cm . C o o rd in a ­

t i o n  th ro u g h  a  s i n g l e  oxygen atom would g iv e  th e  sp ec tru m  e x p e c te d  f o r

a  c o n ju g a te d  k e to n e ,  i . e .  a  s t r o n g  C ~ 0  band b e tw een  c a .  1650 and 1700 

- 1cm . A lthough  u s e f u l ,  t h e  nmr s p e c t r a  a r e  l e s s  d e f i n i t i v e  th a n  i n f r a ­

re d  d a t a .  However, c h e l a t e d  2 ,4 - p e n ta n e d io n a te s  g e n e r a l l y  e x h i b i t  two 

c h a r a c t e r i s t i c  r e s o n a n c e  p e a k s .  A h i g h - f i e l d  peak  g e n e r a l l y  1 .8 5 - 2 .1 5  

ppm d o w n f ie ld  from t e t r a m e t h y l s i l a n e  and a l o w - f i e l d  peak  i n  th e  r e g io n  

from ab o u t 5 .4 0 - 6 .0 0  ppm. These p eaks  a r e  a s s ig n e d  to  th e  t e r m i n a l  

m e th y l  p r o to n s  a n d 'If - p r o t o n ,  r e s p e c t i v e l y ,  w i th  an  i n t e n s i t y  r a t i o  o f  

6 :1 .

In  t h e  m id d le  1960Ts s e v e r a l  g roups  o f  w o rk e rs  d e m o n s t ra te d  t h a t  

C l2Sn(C^H^02)2  c o n ta in e d  o x y g e n -c h e la te d  e n o l a t e  l i g a n d s  and was a s i x -

c o o r d i n a t e ,  n o n - i o n i c ,  monomeric t i n  com plex.

10In  1965, Kawasaki and Tanaka r e p o r t e d  th e  100 MHz nmr sp ec tru m  

o f  d i c h l o r o b i s ( 2 , 4 - p e n t a n e d i o n a t o ) t i n ( r v ) . They found two m a jo r  p eaks  

i n  th e  m e th y l  r e g io n  o f  th e  sp ec tru m  and one s i g n a l  i n  t h e / T  - p r o t o n  

r e g i o n .  They i n t e r p r e t e d  th e  e x i s t e n c e  o f  two m e th y l  r e s o n a n c e s ,



11o b se rv e d  by o t h e r s  as w e l l ,  as  a r i s i n g  from th e  p r e s e n c e  o f  l o c a l i z e d  

d o u b le  bonds i n  th e  c h e l a t e d  l i g a n d s ,  i . e .

CHCH.
H

T h is  i n t e r p r e t a t i o n  seemed ten u o u s  i n  l i g h t  o f  th e  f a c t  t h a t  c r y s t a l l o -

g r a p h ic  d a t a  f o r  s e v e r a l  2 ,4 - p e n ta n e d io n a te  com plexes a lw ays showed th e

9e n o l a t e  io n  t o  have  svmmetrv.2v -

A p l a u s i b l e  e x p l a n a t i o n  f o r  th e  e x i s t e n c e  o f  th e  two m e th y l  

r e s o n a n c e s  can  be  p r e s e n te d  i n  l i g h t  o f  d i f f e r e n t  s t e r e o c h e m ic a l

p o s s i b i l i t i e s  f o r  a s i x - c o o r d i n a t e  

m e t r i c a l  iso m ers  f o r  Cl^SnCC^H^O^) 

be low :

Cl

He He

— 0
MeMe

Cl

TRANS D2h

C^SnCCt-HyC^ ) 2 com plex . Two g e o -  

a r e  p o s s i b l e .  These  a r e  i l l u s t r a t e d

Me

Sri

Me

Cl

CIS- c2
I n  th e  t r a n s  iso m er  ( p o i n t  g roup t *ie  f o u r  m e th y l  g ro u p s  a r e
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symmetry e q u i v a l e n t ,  i . e .  th e y  can  be  in te r c h a n g e d  by a symmetry

o p e r a t i o n  b e lo n g in g  to  th e  D2h p o i n t  g ro u p ;  a l s o  th e  - p r o t o n s  a r e

symmetry e q u i v a l e n t .  Thus one would e x p e c t  o n ly  s i n g l e  t e r m i n a l  m e th y l

and s i n g l e ' T  - p r o t o n  re s o n a n c e  p e a k s .  On th e  o t h e r  h a n d ,  th e  c i s  iso m e r

( p o i n t  g roup  C^) h a s  two d i s t i n c t  m e th y l  p r o to n  (0H^a and C H ^ )

e n v iro n m e n ts  and a  s i n g l e  nr - p r o t o n  e n v iro n m e n t .  Thus one e x p e c t s  a

s i n g l e  ''Y - p r o t o n  peak  and two m e th y l  p r o to n  p eak s  i f  exchange i s  s low

w i th  r e s p e c t  to  th e  tim e  s c a l e  o f  th e  nmr e x p e r im e n t .  The o b s e r v a t i o n

o f  two m e th y l  re s o n a n c e s  by Kawasaki and o t h e r s ,  e s p e c i a l l y  i n  l i g h t  o f

t h e  C2v  symmetry f o r  th e  e n o l a t e  io n  found from c r y s t a l l o g r a p h i c  d a t a ,

i s  b e s t  e x p la in e d  by th e  e x i s t e n c e  o f  th e  c i s - isom er i n  s o l u t i o n .

I n d e e d ,  t h e  e x i s t e n c e  o f  th e  c i s  c o n f i g u r a t i o n  in  s o l u t i o n  h a s  been

e s t a b l i s h e d  s u b s e q u e n t ly  from d i p o l e  moment d e te r m in a t io n s  o f  a  w ide
19 13 14

t e m p e r a tu r e  r a n g e .  The d i p o l e  moment i s  6 .7  D ebyes. * I t  has

a l s o  b e en  shown t h a t  d ib rom o- and d i i o d o b i s ( 2 ,4 - p e n t a n e d i o n a t o ) t i n ( t v )

11 V>h a v e  th e  c i s  c o n f i g u r a t i o n .  *

An i n t e r e s t i n g  f e a t u r e  o f  th e  nmr sp ec tru m  o f  c i s y d i  ch l o r  o b is  (2. ,4 -

p e n ta n e d io n a to )  t i n ( i v )  i s  th e  te m p e ra tu re  dependence o f  t h e  s p e c t ru m .

As a l r e a d y  c i t e d  a t  room te m p e ra tu re  one nr - p r o t o n  and two m e th y l  p r o to n

p eaks  a r e  o b s e rv e d .  In  a d d i t i o n  to  t h e s e  p e a k s ,  s a t e l l i t e s  a r e  o b se rv ed

117 119c o r re s p o n d in g  t o  th e  s p l i t t i n g  caused  by th e  Sn and Sn n u c l e i

( I  = 1 /2  —  abundance  8.67% and 8 .6 2 2 ) .  (See F ig u r e .  1 . ) ^

As th e  te m p e ra tu re  i s  r a i s e d  th e  two m a jo r  m e th y l  p eak s  move c l o s e r

15t o g e t h e r ,  and a t  j^a. 90° com ple te  c o l l a p s e  to  a  s i n g l e t  i s  o b s e r v e d .

The c o a le s c e n c e  o c c u rs  b e c a u s e  o f  r a p id  i n t e r c h a n g e  o f th e  two d i s t i n c t  

ty p e s  o f  m e th y l  g ro u p s  be tw een  e n v iro n m en ts  a and b ( s e e  p r e v io u s  

d i s c u s s i o n ) .



a

600 500 400 300 f*
i i i t r i -| t n i l )  i i n 'f i'i i i m r i T n T | f  <~i I i a 11 r r r r f

1 t I I I i » « t I I t I t t t 1 < I « « f I I u ' l  I 1 i-i I t i i i i n u l l  —
4 ‘ ‘T«ft

F ig u r e  1 .

Nmr s p e c t r a  o f  d i c h l o r o b i s (  2 , i | . - p e n ta n e d io n a to )  
s t a n n a t e ( I 7 )  complex



The mechanism f o r  i n t e r c h a n g e  o f  m e th y l  g ro u p s  i s  o f  fu n d a m e n ta l

i n t e r e s t .  Two g e n e r a l  exchange  mechanisms a r e  p o s s i b l e :  1) d i s s o c i a t i v e

i n t e r m o l e c u l a r  ex ch an g e ;  and 2) i n t r a m o l e c u l a r  ex ch an g e .  F o r  c i s -

d i c h l o r o b i s ( 2 , 4 - p e n t a n e d i o n a t o ) t i n ( i v )  one o b s e rv e s  th e  a v e ra g e d  lo n g -

ra n g e  c o u p l in g  b e tw een  th e  t i n  n u c l e i  w i th  I  = 1 /2  p e r s i s t s  w e l l  above

th e  c o a le s c e n c e  te m p e r a t u r e .  The p e r s i s t e n c e  o f  th e  t in - h y d r o g e n

c o u p l in g  i s  c o n s i s t e n t  o n ly  w i th  an  i n t r a m o l e c u l a r  exchange  mechanism .

U n f o r t u n a t e ly  t h e r e  i s  no way o f  d e c id in g  w h e th e r  t h e  i n t r a m o l e c u l a r

16exchange  in v o lv e s  a d i s s o c i a t i v e  o r  t w i s t i n g  o r o c e s s ,

A lthough  th e  t i n  t e t r a h a l i d e  — 2 ,4 - p e n ta n e d io n e  sy s tem  was 

th o ro u g h ly  c h a r a c t e r i z e d  by th e  end o f  1968, i t  was d e c id e d  t h a t  t h i s  

work w ould i n v e s t i g a t e  th e  i n t e r a c t i o n  o f  th e  t i n  t e t r a h a l i d e s  w i th

2 ,4 - p e n ta n e d io n e  i n  t h e  p re s e n c e  o f  an o r g a n ic  am ine . The i n c l u s i o n  o f  

an  amine g iv e s  s e v e r a l  a d d i t i o n a l  r e a c t i o n  p o s s i b i l i t i e s . .  The most 

l i k e l y  o f  t h e s e  p o s s i b i l i t i e s  a r e  o u t l i n e d  be low :

SnX^ + Cj-HgC^ --------> X^SnCC^HgO^) a d d u c t

B = amine

[BH][X4Sn(C5H702 )]

-X

X3BSn(C5H70 2) —  [BH]X + X g S n C C ^ o p

•SnX

[<BH)2 ][SnX6 ] + X2Sn(C5H?0 2) 2

The d e t a i l s  o f  t h e  scheme w i l l  be  d i s c u s s e d  more th o ro u g h ly  l a t e r .
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EXPERIMENTAL

A. R.eagents

T in  t e t r a c h l o r i d e  was p u rc h a se d  from F i s h e r  S c i e n t i f i c  Co. and 

used  w i th o u t  f u r t h e r  p u r i f i c a t i o n .  T in  t e t r a b r o m id e  and t i n  t e t r a i o d i d e  

w e re  p u rc h a se d  from x \lfa  I n o r g a n ic s  and used  w i th o u t  f u r t h e r  p u r i f i c a t i o n .  

2 ,4 " P e n ta n e d io n e  was p u rc h a se d  from Eastman O rg an ic s  and r e d i s t i l l e d  

b e f o r e  u s e .  P y r i d i n e  and t r i e t h y l a m i n e  w ere p u rc h a s e d  from F i s h e r  

S c i e n t i f i c  Co. and J .  T. B aker C hem ical C o . ,  r e s p e c t i v e l y .  Trie am ines 

w ere  r e d i s t i l l e d  b e f o r e  u se  and s t o r e d  o v e r  4A L inde  m o le c u la r  s i e v e s .  

Germanium t e t r a c h l o r i d e  and p h e n y l t r i c h l o r o s i l a n e  were p u rc h a se d  from 

A lf a  I n o r g a n i c s ;  t e t r a c h l o r o s i l a n e  was p u rc h a se d  from F i s h e r  S c i e n t i f i c .  

P h en y l germanium t r i c h l o r i d e  was p u rc h a se d  from Sterm  C hem ical Co. A l l  

o f  t h e s e  l a t t e r  r e a g e n t s  w ere  used  xv itbout f u r t h e r  p u r i f i c a t i o n .

B. S o lv e n ts

A l l  s o l v e n t s  w ere  o b ta in e d  from com m ercia l s o u rc e s  and w ere  p u r i ­

f i e d  and d r i e d  b e f o r e  u se  by r e f l u x i n g  o v e r  e i t h e r  p h o sphorous  p e n to x id e  

o r  c a lc iu m  h y d r id e  u nder  n i t r o g e n  and th e n  d i s t i l l i n g  from th e  d e h y d r a t in g  

a g e n t  u n d e r  n i t r o g e n .  The s o l v e n t s  were  s t o r e d  o v e r  4A L in d e  m o le c u la r  

s i e v e s  i n  f l a s k s ,  e q u ip p ed  w i th  a s i d e  arm s to p c o c k  to  adm it n i t r o g e n .  

A l iq u o t s  o f  t h e  s o l v e n t  w ere  t r a n s f e r r e d  from th e  s t o r a g e  v e s s e l  to  

r e a c t i o n  v e s s e l  w i th  a s y r i n g e  u n d e r  a  s t r e a m  o f  n i t r o g e n .  N i t ro b e n z e n e  

was p u r i f i e d  by th e  m ethod Fay and Lowry. N itro m e th a n e  was d i s t i l l e d  

from phosphorous  p e n to x id e  and s t o r e d  ove r  L inde  ty p e  4A m o le c u la r  s i e v e s .
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C. P r e p a r a t i o n s

1. G e n e ra l  R e a c t io n  P ro c e d u re s

A l l  r e a c t i o n s  i n v o lv in g  a t i n  t e t r a h a l i d e  w ere  c a r r i e d  o u t  by

f i r s t  ad d in g  2 ,4 - p e n ta n e d io n e  to  a t e t r a h a l i d e  and th e n  fo rm ing  th e

s a l t  by a d d i t i o n  o f  a n i t r o g e n  b a s e .  Sm all round b o tto m s  f l a s k s  w ere

eq u ip p ed  w i th  a d ro p p in g  f u n n e l ,  n i t r o g e n  i n l e t  and m a g n e t ic  s t i r r e r .

(See  F ig u r e  2 . )  B efo re  any r e a c t a n t s  w ere  ad d ed ,  th e  a p p a r a tu s  was

th o ro u g h ly  flam ed  u n d e r  a  s t r e a m  o f  d ry  n i t r o g e n .  L iq u id  components

w ere  t r a n s f e r r e d  w i th  s y r i n g e s .  The t i n  t e t r a h a l i d e s  w ere added to

th e  s o l v e n t  (m e th y len e  c h l o r i d e )  i n  th e  r e a c t i o n  f l a s k ,  th e n  2 , 4 -

p e n ta n e d io n e  was d i s s o l v e d  i n  th e  s o l v e n t  (m e th y le n e  c h l o r i d e )  and

added  d ro p w ise  to  t h e  r e a c t i o n  f l a s k .  F i n a l l y  th e  amine was added

d ro p w is e .  The r e s u l t i n g  m ix tu r e  was s t i r r e d  from 1 /2  t o  one h o u r ,

u s u a l l y  a t  0 ° .  The r e s u l t i n g  s o l i d  p r o d u c ts  w ere  t r a n s f e r r e d  u nder

n i t r o g e n  to  a f i l t r a t i o n  a p p a r a tu s  s i m i l a r  t o  t h a t  d e s c r ib e d  i n  th e  

16l i t e r a t u r e .  (See F ig u r e s  3 and 4 . )  A f t e r  t h e  compounds w ere  washed 

w i th  s o l v e n t ,  th e y  w ere  d r i e d  u nder  vacuum a t  room te m p e r a t u r e .  (See 

F ig u r e  5 . )  The t i n  com plexes w ere  n o t  s e n s i t i v e  to  a tm o s p h e r ic  

m o is tu re *  N e v e r th e le s s  th e  compounds w ere h a n d led  u n d e r  anhydrous  

c o n d i t i o n s  u s in g  a  n i t r o g e n  f i l l e d  g lo v e  b a g .

R e a c t io n s  o f  germanium and s i l i c o n  Lewis a c i d s  w ere  c a r r i e d  o u t  

l i k e  th e  r e a c t i o n s  in v o lv in g  th e  t i n  t e t r a h a l i d e s .

2 . R e a c t io n  o f  t i n  t e t r a c h l o r i d e — 2 ,4 - p e n t a n e d i o n e ,  and p y r i d i n e
_2

T in  t e t r a c h l o r i d e  ( 3 .0  m l,  6 .69  g ,  2 .5 7  x 10 M) was added to  

25 ml o f  m e th y le n e  c h l o r i d e  i n  a 100 ml t h r e e - n e c k e d  ro u n d -b o t to m  f l a s k  

eq u ip p ed  w i th  a d ro p p in g  f u n n e l  and n i t r o g e n  i n l e t  a d a p t e r .  2 , 4 -
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t o  m a in

n i t r o g e n  c y l i n d e r

c

F i g u r e  2 .

D i a g r a m  o f  t h e  a p p a r a t u s  f o r  t h e  p r e p a r a t i o n  
o f  t h e
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F ig u r e  3 .

.D iagram  o f  a p p a r a t u s  j u s t  b e f o r e  
•, f i l t r a t i o n  o f  s o l i d  p r o d u c t s



I k

to  n itro g en

t o  vacuum

F i g u r e  ^

D iag ram  o f  a p p a r a t u s  j u s t  a f t e r . t r a n s f e r  
f ro m  r e a c t i o n  f l a s k  t o ' f i l t e r  f l a s k



 ̂ . F igure

D ia g r a m  o f  t h e - - f i l t e r '  f u n n e l  when 
t o  d r y  s o l i d  p r o d u c t s
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-2P e n ta n e d io n e  (2 .9  m l ,  2 .8 3  g ,  2 .8 3  x 10 M) i n  10 ml o f  m e th y le n e  

c h l o r i d e  was added d ro p w is e  to  th e  f l a s k  a t  room t e m p e r a t u r e .  A w h i te  

s o l i d  fo rm ed , i . e .  t h e  t i n  t e t r a c h l o r i d e — 2 , 4 -p e n ta n e d io n e  a d d u c t .

P y r i d i n e  ( 2 .4  m l,  2 .3 6  g ,  2 .8 3  x 10 M) i n  10 ml o f  hex an e  was added  

d ro p w ise  to  th e  s u s p e n s io n  o f  th e  a d d u c t .  A f t e r  s t i r r i n g  f o r  c a .  1 /2  

h o u r ,  th e  r e s u l t i n g  w h i te  s o l i d  was f i l t e r e d  u nder  n i t r o g e n .  A f t e r  th e  

compound was washed w i th  h e x a n e ,  i t  was d r i e d  u n d e r  vacuum a t  room 

t e m p e r a t u r e .  Up: 2 4 6 -2 4 8 ° .

A n a l:  C alcd  f o r  [ C ^ N H ]  [S nC l4 (C5H70 2) ] :  C, 2 7 .2 9 ;  II, 2 .9 8 ;  C l ,

3 2 .2 6 .  Found: C, 2 7 .4 8 ;  II, 3 .0 3 ;  C l ,  3 1 .9 8  and 3 2 .0 4 .

3. R e a c t io n o f  t i n  t e t r a b r o m i d e , 2 , 4 - p e n ta n e d ion e , and p y r i d in e

- 2T in  t e t r a b r o m id e  (3 .0  m l ,  10 .0  g ,  2 .2 8  x l 0 M) and 2 , 4 -p e n ta n e d io n e
_ ?

( 2 .6  m l ,  2 .5 4  g ,  2 .5 1  x 10 “ M) w ere  a l lo w ed  to  r e a c t  as  ab o v e .  Then

- 2p y r i d i n e  (2 .0  m l ,  1 .96  g ,  2 .5 1  x 10 M) i n  5 ml o f  h exane  was added ; 

a w h i t e  powdery s o l i d  was o b t a in e d .  The s o l i d  was f i l t e r e d ,  washed 

tw ic e  w i th  10 ml p o r t i o n s  o f  h e x a n e ,  and d r i e d  u n d e r  vacuum, Mp: 242-

243°.

A n a l : C alcd  f o r  [ C ^ N H ]  [ S n R r ^ ^ I I ^ )  ] : C, 1 9 .4 7 ;  H, 1 .9 5 ;  B r,

5 1 .8 5 .  Found: C, 1 9 .6 2 ;  H, 2 .0 0 ;  B r, 51 .35  and 5 1 .6 1 .

4 . R e a c t io n  o f t i n  t e t r a i o d i d e ,  2 , 4 - p e n ta n e d io n e ,  and p y r i d i n e
_?

T in  t e t r a i o d i d e  (1 0 .6  g ,  1 .69  x 10 M) was suspended  i n  35 ml o f
_2

m e th y le n e  c h l o r i d e ,  and 2 , 4 -p e n ta n e d io n e  (1 .9  m l,  1 .85  g ,  1 .8 6  x 10 M)
_2

was added d ro p w ise  to  th e  s l u r r y .  P y r i d i n e  (1 .5  m l ,  1 .4 7  g ,  1 .8 6  x 10 M)

i n  5 ml o f  hexane  was th e n  added d ro p w ise  to  th e  m ix tu r e .  The c o l o r  o f

th e  m ix tu r e  changed c o l o r  from d a rk  p u r p le  to  re d -b ro w n . The re d  s o l i d

was f i l t e r e d ,  w ashed , and d r i e d  under vacuum. Mp: 1 6 6 -1 6 8 ° .
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A n a l : C alcd  f o r  [ C ^ N H ]  [ S n l ^ C ^ C ^ ) ] : C, 1 4 .9 1 ;  H, 1 .4 9 ;  I ,

6 3 .0 9 .  Found: C, 1 4 .7 3 ;  H, 1 .5 8 ;  I ,  6 4 .8 3 ,  6 4 .3 1 ,  and 6 3 .4 9 .

5 .  R e a c t io n  o f  t i n  t e t r a c h l o r i d e ,  2 , 4 - p e n t a n e d i o n e , and t r i e t h y l a m i n e

-2T in  t e t r a c h l o r i d e  (3 .0  m l ,  6 .6 8  g ,  2 .5 7  x 10 M) and 2 , 4 - p e n ta n e d io n e

_2(2 .9  m l,  2 .8 3  g ,  2 .8 3  x 10 M) w ere a l lo w ed  to  r e a c t  as  i n  th e  an a lo g o u s  

p y r i d i n e  sy s te m . T r ie th y la m in e  (3 .9  m l,  2 .8 3  g ,  2 .8 3  x 10 M) i n  10 ml 

o f  h ex an e  was added d ro p w ise  to  th e  s u s p e n s io n  o f  th e  a d d u c t .  Hexane 

(25 ml) was added to  t h e  y e l lo w  s o l u t i o n ;  i t  s e p a r a t e d  i n t o  two l a y e r s .

The low er l a y e r  a p p e a re d  t o  b e  a y e l lo w  o i l ;  th e  u pper  l a y e r  was t u r b i d  

and w h i t e .  The s o l u t i o n  was c o o led  i n  an i c e  b a t h  and a n o th e r  25 ml 

p o r t i o n  o f  hexane  was added ; no c r y s t a l s  w ere  o b t a i n e d .  M ethy lene  

c h l o r i d e  was b o i l e d  o f f  and two p h a se s  s t i l l  r e m a in e d .  M eth y len e  c h l o r i d e  

added  u n t i l  t h e  two l i q u i d  p h a se s  d i s a p p e a r e d .  A f t e r  h e a t i n g  g e n t l y  f o r  

5 m in u te s ,  th e  s o l v e n t s  w ere  removed u n d e r  vacuum. A l i g h t  c o lo r e d  

s o l i d  p ro d u c t  was o b t a i n e d .  A f t e r  r e c r y s t a l l i z a t i o n  from a m e th y le n e  

c h lo r id e - h e x a n e  m ix tu r e ,  an  o f f - w h i t e  s o l i d  was i s o l a t e d  and t r e a t e d  

a s  b e f o r e .  Mp: c ru d e  p r o d u c t— 9 9 -1 0 0 ° ;  r e c r y s t a l l i z e d  p r o d u c t— 123-

125° .

A na l:  C alcd  f o r  [ (C2H5) 3NH][SnCl4 (C5H7Oz ) ] :  C, 2 8 .6 1 ;  H, 5 .0 2 ;

C l ,  3 0 .7 1 .  Found: C, 2 8 .7 7 ;  H, 5 .1 5 ;  C l ,  3 0 .1 9 ,  2 9 .9 5 .

6 . R e a c t io n  o f  t i n  t e t r a b r o m i d e ,  2 ,4 - n e n ta n e d io n e , an d t r i e t h y l a m i n e
/>

T in  t e t r a b r o m id e  ( 3 .0  m l,  1 0 .0  g ,  2 .2 8  x 10 A II) and 2 , 4 -p e n ta n e d io n e

- 2( 2 .6  m l,  2 .5 4  g ,  2 .5 1  x 10 M) Xvrere mixed t o g e t h e r  w i th  35 ml o f

- 2m e th y le n e  c h l o r i d e .  T r i e th y la m in e  (3 .5  m l ,  2 .5 3  g ,  2 .5 1  x 10 M) i n  

5 ml hexane  was added d ro n w ise  to  th e  s o l u t i o n .  A f t e r  c o o l in g  th e  

m ix tu r e  i n  i c e  b a th  and s t i r r i n g  f o r  a b o u t  5 m in u te s ,  a w h i te  p r e c i p i t a t e
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was o b ta in e d .  The s o l i d  was f i l t e r e d  o f f  and d r i e d  u n d e r  vacuum. Mp: 

17 4 -1 7 7 ° .

A n a l : C alcd f o r  [ ( C ^ )  N H lf S n B r ^ C C ^ o p  ] :  C, 1 9 .4 8 ;  H, 1 .9 6 ;

B r ,  5 1 .8 4 .  Found: C, 1 9 .7 9 ;  H, 3 .5 3 ;  B r ,  5 0 .1 2 ,  5 0 .6 0 .

7 . R-eaction o f  t i n  t e t r a i o d i d e ,  2 , 4 - p e n ta n e d io n e ,  and t r i e t h y l a m i n e

- 2T in  t e t r a i o d i d e  (1 7 .0  g ,  2 .7 1  x 10 M) and 2 , 4 -p e n ta n e d io n e  ( 3 .1  
_2

m l, 2 .9 8  g ,  2 .9 8  x 10 M) w ere mixed i n  35 ml o f  m e th y le n e  c h l o r i d e  a t

_2room t e m p e r a tu r e .  T r i e th y la m in e  (4 .2  m l, 3 .0 1  g ,  2 .9 8  x 10 M) i n  5 

ml o f  hexane  was added d ro p w ise  to  th e  m ix tu r e .  A f t e r  p ro lo n g e d  s t i r r i n g ,  

a  r e d  s o l i d  was i s o l a t e d .  Mp: p a r t i a l l y  m e l te d  a t  a b o u t 129°; c o m p le te ly

m e l te d  a t  131 -1 3 4 ° .

A n a l : C alcd  f o r  [ ( C ^ I ^ N H ]  [ S n l4 ( C ^ l ^ ) ] : C, 1 5 .9 8 ;  H, 2 .6 8 ;

I ,  6 1 .4 0 .  Found: C, 1 5 .8 6 ;  H, 2 .7 1 ;  I ,  60 .55  and 6 0 .8 6 .

D. P h y s i c a l  Mea s urem ents

1. I n f r a r e d  S p e c t r a

The i n f r a r e d  s p e c t r a  r e p o r t e d  were ta k e n  w i th  a P e rk in -E lm e r  457 

in s t r u m e n t .  The s o l i d  s t a t e  s p e c t r a  were ru n  as N u jo l  m u l ls  u s in g  KBr 

c e l l s .  C a l i b r a t i o n  was e f f e c t e d  w i th  p o ly e th y le n e  ( t h i n  f i l m ) .

2 . H a l id e  D e te rm in a t io n s

P e r  c e n t  h a lo g e n  was d e te rm in e d  p o t e n t i o m e t r i c a l l y  w i th  s i l v e r  

n i t r a t e  u s in g  a F i s h e r  Accumet Model 210 pH m e te r  w i th  a g l a s s  e l e c t r o d e  

as  th e  r e f e r e n c e  e l e c t r o d e  and a s i l v e r  i n d i c a t e  e l e c t r o d e .  The sam ples 

w ere decomposed i n  aqueous p o ta s s iu m  h y d ro x id e  s o l u t i o n .  The s o l u t i o n  

was a c i d i f i e d  w i th  6M n i t r i c  a c id  and t i t r a t e d  a g a i n s t  s t a n d a r d  s i l v e r  

n i t r a t e  s o l u t i o n .
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3. M e l t in g  P o in t s

A l l  m e l t in g  p o i n t s  w ere  ta k en  i n  s e a l e d  c a p i l l a r i e s  i n  a  H oover-  

Thomas m e l t in g  p o i n t  a p p a r a tu s  and a r e  u n c o r r e c t e d .

A. Conduc t a nce  M easurem ents

C o n d u c t i v i t i e s  w ere  m easured  i n  n i t r o b e n z e n e  a t  room te m p e ra tu re  

w i th  an  A u to b a lan c e  B642 Wayne K e rr  U n iv e r s a l  B r id g e  i n  a  F r e a s - t y p e  

c o n d u c t i v i t y  c e l l  w i th  b r i g h t  p la t in u m  e l e c t r o d e s  o p e r a t in g  a t  1591.5  Kz.

5 .  N u c le a r  M ag n e tic  R esonance S p e c t r a

The s p e c t r a  r e p o r t e d  w ere ru n  on a H i t a c h i - P e r k in - F lm e r  R-20 B 

S p e c t ro m e te r .

.< *6 . Mo s s b a u e r  S p e c t r a

The s p e c t r a  w ere  o b ta in e d  w i th  a  c o n s t a n t  a c c e l e r a t i o n  v e l o c i t y

d r i v e  sy s tem  s i m i l a r  t o  t h a t  dev e lo p ed  a t  th e  N a t io n a l  Bureau o f  S ta n d a rd s  

17a( U .S . ) .  V e l o c i t y  c a l i b r a t i o n  o f  th e  i n s t r u m e n t  was acco m p lish ed  w i th  

an  i r o n  s o u r c e  o f  Co“̂  d i f f u s e d  i n t o  a  chromium m a t r ix  and a b s o r b e r s  o f  

i r o n  f o i l  and sodium n i t r o p r u s s i d e . A BaSnO^Sn^^ m s o u rc e  a t  room 

te m p e ra tu re  w i th  a p a l la d iu m  f i l t e r  was used  to  o b t a i n  s p e c t r a  o f  th e  

sam ples  w hich  w ere  h e ld  a t  th e  l i q u i d  n i t r o g e n  t e m p e r a tu r e .  The t i n  

i so m e r  s h i f t s  a r e  r e p o r t e d  w i th  r e s p e c t  t o  th e  c e n t r o i d  o f  t h e  BaSnO^ 

s p e c tru m .

7. A n a ly ses

Carbon and hyd ro g en  a n a ly s e s  were done by A l f r e d  B e rn h a rd t  M ik ro -  

a n a l y t i s c h e s  L a b o ra to r iu m , West Germany.

*
T hese  s p e c t r a  w ere  o b ta in e d  by D r. J ,  F . L e fe lh o c z  a t  V i r g i n i a  

Commonwealth U n i v e r s i t y ,  Richmond, V i r g i n i a .
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RESULTS AND DISCUSSION

A d d i t io n  o f  2 , 4 -p e n ta n e d io n e  to  t i n  t e t r a c h l o r i d e  i n  m e th y len e

c h l o r i d e  a t  room te m p e r a tu r e  y i e l d s  th e  s im p le  1 :1  d ik e to n e  a d d u c t  o f

4 5 7t i n  t e t r a c h l o r i d e .  T h is  a d d u c t  has  been  f u l l y  i n v e s t i g a t e d .  9 9 

T h is  work r e p o r t s  s t u d i e s  t o  d e te rm in e  w h e th e r  th e  a c i d i c  p r o to n  o f  th e  

d ik e to n e  l i g a n d  o f  th e  s im p le  1 :1  a d d u c ts  can  be  e l im in a t e d  to  form 

a n i o n i c  2 , 4 - p e n t a n e d i o n a t o - t i n ( r v )  com nlexes by means o f  th e  p re s e n c e  

o f  an o r g a n ic  b a s e .  In d e e d ,  when e i t h e r  p y r i d i n e  o r  t r i e t h y  lamine. i s  

added to  th e  t i n  t e t r a c h l o r i d e - 2 , 4 -o e n ta n e d io n e  a d d u c t ,  a  new compound 

o f  th e  ty p e  [H] [Cl^SnCC^H^O^) ] i s  formed w here  M ** C^R^NTi o r  

With t i n  t e t r a b r o m id e  and t i n  t e t r a i o d i d e  an a lo g o u s  com plexes a r e  

i s o l a t e d  a l th o u g h  no e v id e n c e  f o r  a  s o l i d  d i k e t o n e - t i n  t e t r a h a l i d e  a d d u c t  

i s  o b s e r v e d .  In  th e  c a s e  o f  p y r i d i n e ,  i n t e r a c t i o n  o f  2 , 4 -p e n ta n e d io n e  

w i th  th e  t i n  t e t r a h a l i d e s  a p p a r e n t l y  enhances  th e  a c i d i t y  of th e  e n o l i z -  

a b l e  p r o to n  ( p K a 8 . 8  i n  w a te r )  to  th e  p o i n t  w here  t r a n s f e r  to  p y r i d i n e  

(pKa -— 5 . 2 ) ,  a w eaker  b a s e  th an  th e  e n o l a t e  i o n ,  o c c u r s .  For t r i e t h y l -  

amine (p K a —’ 1 0 . 7 ) ,  w hich  i s  a  s t r o n g e r  b a s e  th a n  th e  2 ,4 - p e n ta n e d io n a te  

i o n ,  complex fo r m a t io n  may be  i n t e r p r e t e d  i n  te rm s o f  p r o to n  t r a n s f e r  to  

t h e  amine from an a c t i v a t e d  d ik e to n e  o r  i n  te rm s  o f a d d u c t  fo r m a t io n  

b e tw een  th e  e n o l a t e  a n io n  and th e  SnX, Lewis a c i d .  The t i n  s a l t s  

p r e p a r e d  i n  t h i s  work a r e  summarized i n  T ab le  I .

The i n f r a r e d  s p e c t r a  f o r  th e  s i x  t e t r a h a l o ( 2 , 4 - p e n t a n e d i o n a t o ) t i n ( x v )  

s a l t s  a r e  shown i n  F ig u r e s  6 -1 1 ,  S p e c t r a  i n  th e  3300-3000 cm ^ r e g io n
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T ab le  I

Some P r o p e r t i e s  o f  th e  T in  S a l t s

Complex Mp, °C C o lo r

P y r id in iu m  S a l t s

[C l4Sn(C5H70 9)] 248-252 w h i te

[B r4Sn(C5H70 ? )] 242-244 o f  f - x /n i te

[ I 4Sn(C5H70 2)] 164-168 r e d - o r a n g e

Triethylam m onium  S a l t s

[C l4Sn(C5H70 2)] 122-125 w h i te

[B r4Sn(C5H70 2)] 174-177 o f f - w h i t e

[ I 4Sn(Cc.H70 2)] 131-134 r e d - o r a n g e



Nm
r 

an
d 

M
os

sb
au

er
 

Sp
ec

tr
al

 
D

at
a

28

a

a4-1
a•H o o in O c o
S 00 CTl CO 00 p po • • • * • •

OJ TO o o o o o o
to TO•H
n

s-x
-O

TO4-)TO
Q
TO'TO 4-1
a «4H
TO •H

fQ aCO CO o o co o o
10 <r rH <r rH

:o TO • • • 9 • •
TO c- c rH O o rH
aoCO•H

c rH P o MT
1 r~i MD r-i n-

a • • • • • •
/-S CJ LT| m m m in in
E ii 1 i i ! l i
P
Ps-<

TO
TO4->
TO
n
to o <!• rH vf> in o
a CO o o c e o o

a • • • • • •
CJi

CSS
i

CM
i

CM
1

CM
1

CM1 CM
1

(0
4-1
rH
TO

«— i r— i CO i—i r----i
/—V r —i ✓— /-V i—i

CO CM CM ✓—v p CM CM / —i
4-1 c c CM 9 o c CM
rH —T " r-~ C •H r i c

<D TO r— > a n - TO 1-*- a r~-
rH CO m i n Hr*►— O m in a
P CJ CJ m a CJ CJ m
a f3 VX CJ a N_̂ CJo 9 TO TO v-' TO TO TO N-/
CJ •H CO CO TO rH CO a TOTO ■<r <1- CO <* MT a

•H rH to <r a rH TOa CJ a M 4-1 o a M
•r-i »_j i—i TO I—< <—< •——i
TO •HJo TOa H

TO
TO
toTO
4-1c

a
4-1•r!
►>—-

TOTOTO
COTOTO
e

o
4-1

TO
>

•H
4 J
TO

rH
TO
Vi

CO
4-1
UH
•H
a
"co

«1

"iII

rH .

a
X aI

m
l
i.

a
m TO

TO 11 TO
« l I P <

TO n
C O

•H TO
4-1 a
TO TO
TO a
4-1
TO TO
TO a
TO 4-i
TO
O iw

CJ o
a

• •H
TO O
TO TO
TO 4-1
a TO
4-1 TO
TO TO
ao TO
TO a
4-i 4->

•HTO o
1■

4-1
I

4-1 4-1TO OTO- TO> • P .
rH COo TOa TO

<0 a



C
on

du
ct

iv
it

y 
M

ea
su

re
m

en
ts

29
«1 #1 •V

t" i—4 CN]
1—1 O iHOn ON CO

• • •
/>-v vD VO vOi-4■ CM CM 1—4
1e •» A
& in CC CO
o uo in r—4

mt sr r*i-4 • • •
1 in to in05 CM CM i—4i—4O *
& cm r~- <r min (-4 07 CCCM . cc in CO vO
6 » • • •
U ON i-4 *>0 CN1—1 CM I—1 CM
e

< :
is

CO VO co <r
*i »>

vc <r<7 vO CO CM n: c.rH m On CT. co in* • • • • •
I"- C i VO vO co oiH CM r-4 CM r—4 CM

* *CO1 Mf■ co uo• i1o IO i 1o  ©rH r-4 i—4 t—4
o X X X X

7 oo ON in tn
■M ON VO o  c. • • •CO i—4 i—i
0) * •I * K
i—! CO to CO vD co <r
c 1 f 1 I i 1g o  o o  o o  ©-—' iH rH r-4 s—4 i-4 i-t
G X! X XX X XO•H m cc in o > cr in,4~» Oi cc 03 CO o  cCO * * • • • •
U CO CN t—4 r-» cm i—iuC<D CM <7 to. in CM stO 1 1 l I 1 1£ o  o o  cr © co i—4 i—i i—4 i—1 1—4 r*4
cj X X XX X X

CTn CO CO ON cmC-. CO CM CO LO CM• • ■ • • • •
O CTn ON I"" o  in

X
55

*—i i*-* t-z' 0~* Bin IT; 7 -B B mto ■ m in B'd o o uog ■—i i—i CJ£ «>-N i—i
o o o /—s
C-. <0 to ug o o COo to to oCJ V/ v—̂ to<r mt1—4 G MIO PQ 4-4c CJ CCO CO C/5* ‘ « *

•» 0k
CO O'.
i n vO
i n CO

• • •
Mf O'
CM CM CM
•i #i ■0̂

CO CM r-i
Mf C CM
CO Mf ON
• • «

UO Mf Mf
CM CM CM
IS *

M f co
»—4 CO CO
u0 CM O• • •
CM CO C-J
CM CM CM
* #i

vO uo r"- c m Mf CM
vo <r vc c m O n Ml
r- m t ri 0 3 C n vO
« • • • • •

m t  vc- im  c o vC vC
r-4 CM

i

iH CM i— i CO

n is *
Mf■ MT

1
Mf

11
o

1
O

1
o

t—4 r—1 iH

X X X

CO CO iH
NO <T
• • •

UO CO CO

IS r> «i
c o  in, CO LOt 1

CO LOi I1 4 
©  ©

f
C: C

1 1
o  o

i- 4  r-4 iH rH rH rH

X  X X X X  X

t— : uo CTn rH rH vC
0 0  CM CC uo I—  C~>
• • » • • •

CM CM rH rH rH rH

Os; Mf• i CO uo( f CO uoi iI I
c  o

1 1
o  ©

1 1
o  c

1 -4 rH rH rH iH rH

X  X X X X X

CO CO Mi- LO CM CM
< 1  t—4 Mi" UO U0  0 3
• • • « • «

i- 4  i—4 o n  r-N 0 0  VO

►—i#3 - g B
CO ""co

X— v CO
_yo uo /— v
g- IB uo
CM CM B

CJ CJ CM
'— / v_^ u
1— 1 i— i
f—1. /— s 1— 1
c o 1— N
CO to o
O o to
co CO a

V—' CO
Mf Mf

rH u Mf
CJ CQ 4-4
G c G

cn oo cn
» h. — i



30

20

+>
•H
> r -«

•H I
4-> <1> 
O rH 
d  O 
T3 S 
C—• 
O I
o  e  

x: ^ o
<d<̂

20

20

0.08 0 . 1 00 . 0 60 .0 4
i /

(Concentration - m°les/nter^
Figure 12.--Molar conductance of pyridinium tetrahalo(2,4-

pentanedionato)stannate(IV) salts in nitrobenzene



31

40

> 5
P
•H>
•H |
P  0 
O rH 
3 O' 
'O £
c -
O Io £

OCljcM
• s0 o

p
1

<

20

fsnO X^(acac)J  ( 0 2H5 ) 3HH

20

0 .06 0 . 0 80 .0 4 0 . 1 00.02

(Concentration - moles/liter
V:

Figurel3 .— Molar conductance of triethylammonium tetrahalo ( 2 , *4- 
pentanedionato)stannate(IV) salts in nitrobenzene.



32

tP c l e a r l y  shew th e  p r e s e n c e  o f  p y r id in iu m  and tr ie th y lam m o n iu m  i o n s .

C h a r a c t e r i s t i c  e n o l a t e  bands i n  th e  1600-1500 cm ^ r e g io n  (4^C^^-0 and

V  Ciiii. C) unam biguously  i n d i c a t e  th e  p r e s e n c e  o f  o x y g e n -c h e la te d  2 , 4 -

p e n ta n e d io n a te  l i g a n d .

Umr s p e c t r a  o b ta in e d  i n  s tu d y in g  th e  t i n  t e t r a c h l o r i d e - 2 , 4 - p e n t a n e d i o n e -

amine sy s tem s  a re  s e t  o u t  i n  T ab le  I I .  The s p e c t r a  w ere  ru n  as d i l u t e  

- 2(5 x 10 M) s o l u t i o n  i n  n i t r o m e th a n e ,  i f  th e  compound i s  s o l u b l e  i n  

th e  s o l v e n t ,  o r  s a t u r a t e d  s o l u t i o n s  i n  n i t r o m e th a n e ,  i f  t h e  compound i s  

n o t  q u i t e  s o l u b l e ,  a t  room te m p e r a t u r e .  The nmr d a t a  o f  t h e s e  compounds 

a r e  a l s o  c o n s i s t e n t  w i th  th e  p r e s e n c e  o f  th e  e n o l a t e  l i g a n d s .  F o r  th e  

C H y  and =CH- p ro to n s  each  e x h i b i t s  one p e ak .

A l l  c o n d u c t i v i t y  m easurem ents  w hich w ere made i n  n i t r o b e n z e n e  a t  

room te m p e ra tu re  p r e s e n t e d  i n  T ab le  I I I .  F ig u r e s  12 and 13 a r e  c o n s i s ­

t e n t  w i th  th e  complex b e in g  a  1 :1  e l e c t r o l y t e .  A l l  d a t a  a r e  c o n s i s t e n t  

w i th  th e  f o r m u la t io n  o f  t h e  s i x  compounds o f  e m p i r i c a l  fo rm u la  

[M][X^SnCC^H^O^)] as  p y r id in iu m  o r  tr ie th y lam m o n iu m  t e t r a h a l o ( 2 , 4 -  

p e n t a n e d i o n a t o ) s t a n n a t e ( i v )  s a l t s .

T in -119  M ossbauer s p e c t r a l  d a ta  a r e  p r e s e n t e d  i n  T a b le  I I .  A lthough  

th e  com plexes do n o t  have  c u b ic  symmetry, no q u a d ru p o le  s p l i t t i n g s  w ere 

o b s e r v e d .  T h is  f a c t  i s  c o n s i s t e n t  w i th  t h e  o b s e r v a t io n s  o f  o t h e r  

w o rk e rs  t h a t  o c t a h e d r a l l y  c o o r d in a te d  n i t r o g e n ,  oxygen , and h a l i d e  

atoms a r e  n o t  s u f f i c i e n t l y  d i f f e r e n t  i n  e l e c t r i c a l  p r o p e r t i e s  so  as  to  

g e n e r a t e  s i g n i f i c a n t  e l e c t r i c a l a s y m m e t r y  a t  th e  t i n  n u c l e u s . T h e  

o b se rv e d  iso m er  s h i f t s  c o r r e l a t e  w e l l  w i th  th e  P a u l in g  e l e c t r o n e g a t i v i t y  

v a lu e s  f o r  th e  h a lo g e n s ,  i . e .  a l i n e a r  in c re a s e  i n  c h em ica l  s h i f t  w i th

d e c r e a s e  i n  e l e c t r o n e g a t i v i t y  (F ig u re  1 4 ) .  For th e  p y r id in iu m  s e r i e s  a

IBl e a s t  s q u a r e  a n a l y s i s  g e n e r a t e s  an e q u a t i o n  I s  = -1 .2 6 X  + 4 . 4 6  ; f o r
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t h e  t r ie th y lam m o n iu m  s e r i e s  th e  e q u a t io n  i s  I s  = -1 .34X  + 4 .6 6 .

B e s id e s  t h e  f o r m u la t io n  o f  th e  s i x  compounds o f  e m p i r i c a l  fo rm u la  

[M] [X4Sn(C ̂ HyO^)] a s  p y r id in iu m  o r  tr ie th y lam m o n iu m  t e t r a h a l o ( 2 ,4 -  

p e n t a n e d i o n a t o ) s t a n n a t e ( x v )  s a l t s ,  s e v e r a l  p r o d u c ts  w hich h y p o t h e t i c a l l y  

c o u ld  be  o b ta in e d  from th e  t i n  t e t r a h a l i d e  - 2 ,4 -p e n ta n e d io n e -a m in e  

sy s te m s  a r e  i l l u s t r a t e d  a t  f o l lo w in g  page (F ig u re  1 5 ) .

The p o s s i b i l i t y  t h a t  [M] [X^Sn(C,-H^O ) ] (Mr B-H) com plexes w ere 

s t o i c h i o m e t r i c  m ix tu r e s  o f  e i t h e r  MCI and X0Sn(C_H_00) o r  [M0][SnX -]J D / Z L O

and th e  w e ll-know n  d i s u b s t i t u t e d  d e r i v a t i v e s  X^SnCC^H^O^)9 was r e j e c t e d

f o r  s e v e r a l  r e a s o n s .  The p o s s i b i l i t y  o f  h av in g  i s o l a t e d  an X^SnCC^HyO^)

complex seems rem ote  s i n c e  no s u c c e s s  has  been  r e p o r t e d  i n  o b t a i n i n g

th e  m o n o - s u b s t i t u t e d  d e r i v a t i v e  by d i r e c t  r e a c t i o n  o f  t i n  t e t r a c h l o r i d e
IQ

and 2 , 4 - p e n ta n e d io n e . F u r th e rm o re ,  two o f th e  com plexes ( s e e  T a b le  I )

i s o l a t e d  have  m e l t in g  p o i n t s  s u b s t a n t i a l l y  h i g h e r  th a n  w hat i s  e x p e c te d

f o r  th e  ammonium h a l i d e s ,  e . g .  C,.HrNHCl m e l t s  c a .  140°— th e  c h lo roo 5 —

complex m e l t s  a t  c a .  250° . A lso  f o r  a  m ix tu r e  o f  MX and X^Sn^t-ILjC^) »

th e  m o la r  c o n d u c t i v i t y  v a lu e s  sh o u ld  be  a p p ro x im a te ly  o n e - h a l f  th o s e

e x p e c te d  f o r  1 :1  e l e c t r o l y t e s ;  a l l  v a lu e s  a p p ea r  to  be  i n  th e  e x p e c te d  

20r a n g e .  The p o s s i b i l i t y  t h a t  th e  new compounds a r e  s t o i c h i o m e t r i c  

m ix tu r e  o f  [M^lfSnX^] and X2Sn(C^H^0 2 )^ com plexes can be r e j e c t e d  f o r  

th e  f o l lo w in g  r e a s o n s .  F i r s t ,  s e v e r a l  o f  th e  compounds have  r e l a t i v e l y  

s h a r p  m e l t in g  p o i n t s  w e l l  above th e  m e l t in g  p o i n t s  o f  th e  d i s u b s t i t u t e d  

p ro d u c t  ( e . g .  th e  p y r id in iu m  s a l t  o f  t e t r a c h l o r o ( 2 , 4 - p e n t a n e d i o n a t o ) -  

s t a n n a t e ( i v )  m e l t s  a t  2 4 3 -2 5 2 ° ,  b u t  th e  d i s u b s t i t u t e d  

h a s  b e en  found to  m e l t  a t  2 0 3 -204° . S e c o n d ly ,  o n ly  a s i n g l e  e n o l a t e  

m e th y l  r e s o n a n c e  was o b se rv e d  f o r  each  complex i n  th e  nmr s p e c t r a ;  a l l  

o f  th e  d i s u b s t i t u t e d  p r o d u c t s  ( e x c e p t  d i m e t h v l b i s ( 2 ,4 - p e n t a n e d i o n a t o ) -
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2  SnX 4  -t- 2 C 5HS 0 2

CHa

H V  /  +  2H X
— -r-^X

x— H^o=rCH:
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I CH,
X d

- 2  H

CH, T
B

- S n x 4

*2  B ; g s b<34c 

X 
CH;

( (b h) 2 ) sn x6 + X2 Sn Cc5 H7 o2 )

F ig u r e  15.

The p o s s i b l e  scheme r e a c t i o n s  o f  t i n  t e t r a h a l i d e s - 2 , 4 - p e n t a n e d i o n e - a m i n e  
sy s te m .
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t i n ( l V ) ) .  have  th e  c i s - c o n f i g u r a t i o n  and e x h i b i t  two e n o l a t e  m e th y l
119

re s o n a n c e s  a t- ro o m  t e m p e r a t u r e .  T h i r d l y ,  th e  Sn ' M ossbauer s p e c t r a

show o n ly  a  s i n g l e  l i n e  o f  r e l a t i v e l y  narrow  w id th  ( s e e  T a b le  I I ) .  The

C^SnCCj-H^C^ ) 2 compound would c o n s i s t  o f  a  s i n g l e  l i n e  w i th  l i n e  w id th

17c1 .15  mra/sec and c h em ica l  s h i f t  0 .2 5  mm/sec.

A ttem p ts  were  made to  e x te n d  th e  r e a c t i o n s  o f  th e  t i n  s e r i e s  t o

germanium and s i l i c o n .  The an a lo g o u s  a n i o n i c  com plexes w ere  n o t  o b ta in e d *

E n a c t io n  o f  germanium t e t r a c h l o r i d e ,  p h e n y l t r i c h l o r o g e r m a n e , and p h e n y l -

t r i c h l o r o s i l a n e  w i th  2 , 4 - p e n ta n e d io n e  and p y r i d i n e  o n ly  le d  to  th e

i s o l a t i o n  o f  th e  a l r e a d y  c h a r a c t e r i z e d  d i s u b s t i t u t e d  e n o l a t e  com p lex es ,

i . e .  C l2Ge(C5H70 2) 2l l b ’ 21 C K C g H jJ G e C C jH ^ ) ,  , 22 and C l(C 6H5) S i ( C 5H70 2 ) 2 . 23

The r e a c t i o n  o f  t e t r a c h l o r o s i l a n e  w i th  2 , 4 -p e n ta n e d io n e  and p y r i d i n e

21y i e l d e d  th e  w e ll-know n t r i s ( 2 , 4 - p e n t a n e d l o n a t o ) s i l i c o n ( i v )  c h l o r i d e .

Thus th e  fo r m a t io n  o f  th e  a n i o n i c  t e t r a h a l o ( 2 , 4 - p e n t a n e d i o n a t o )  com­

p le x e s  a p p e a rs  to  be  s p e c i f i c  f o r  t i n .
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