


S uperv iso r! '  Dr, S. R. S to b a r t

ABSTRACT

i l

The p r e p a r a t io n  and s p e c t r o s c o p ic  p r o p e r t i e s  o f  s i x  p.oly-

c y c lo p e n ta d ie n y l  and -m e th y lc y c lo p e n ta d ie n y l  d e r i v a t i v e s  of germane

* * 1 '  

and s ta n n a n e  a re  d e s c r ib e d .  The te m p era tu re  dependence of H and

NMR d a ta  a r e  d i s c u s s e d ,  le a d in g  to  c o n c lu s io n s  r e g a rd in g  th e

n a t u r e  o f  m e t a l l o t r o p i ç  m ig ra t io n s  in  b o th  r in g  system s. M e ta l lo t r o p i c

s h i f t s  w i th in  th e  m e th y lc y c lo p e n ta d ie n y l  d e r i v a t i v e s  r e s u l t  in

' th e  i n t e r c o n v e r s io n  of d i f f e r e n t - i s o m e r s , th e  r e l a t i v e  c o n c e n t r a t io n s

o f  which depend on Jjoth th e  s i z e  of th e  m etal ' 'a tom  and s t e r i c

. r e q u ire m e n ts  o f  th e  s y b s t i t u e n t s .
■ .

The NMR p r o p e r t i e s  « i  a number of p o ly in d e n y l  d e r i v a t i v e s  

o f  germane and s ta n n a n ^  a re  examined over a wide range of te m p e ra tu r e s .  

The r e l a t i v e  c o n c e n t r a t io n s  of isom ers  p r e s e n t  in  s o lu t i o n s  of 

th q se  compounds a re  c o n s i s t e n t  V ifh  zero  f r e e  energy d i f f e r e n c e s  

between the  ground s t a t e s  of th e  isom ers  f o r .a n y  p a r t i c u l a r

compound. I n te r c o n v e r s io n  between ^ h e se  isom ers  occurs  as a
* ' ,

r e s u l t  o f  f a c i l e  m ig ra t io n  of th fe ,m etal s u b s t i t u e n t  a c ro s s  each

in d e n y l  r i / ig .  The soJ,id s t a t e g t r j i c t u r e  of ope isom er 'of t e t r a ( l -

in d e n y i ) s t a n n a n e ,  thp-m eso-form , pas been de te rm ined  by X -ray  *
■

c r y s t a l l o g r a p h y ;  so d ie ; , -C o m m en ta ry  o h  t h e  s i g n i f i c a n c e -  o f  t h i s  

s t r u c t u r e  w h i c h  b e l o n g s  t o  t h e  s y m m e t r y ' p o i n t  g r o u p  i s  g iv e n * .  ,

T h re e .a n a lo g u e s  of 'ey c lop e n ^ d i e n e , ,  b e a r in g  th e  same asymm etric
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PREFACE

The work d e s c r ib e d  i n  t f t l s  ^ h e s i s  d e a l s  w i th  th e  s y n th e s i s  

and p r o p e r t i e s  o f  a v a r i e t y  o f  compounds o f  germanium and t i n .  

C h ap te r  One o u t l i n e s  th e  scope of th e  t h e s i s  and p ro v id e s  background 

. in fo rm a t io n  to  work c o n t a in e d . in  th e  subsequen t c h a p te r s .

In  C hap te r  Two th e  n o n - r ig i d  p r o p e r t i e s  a s s o c ia t e d  j^ ith  

m e ta l lo c y c lo p e n ta d ie n e s  and m e ta l lo m e th y lc y c lo p e n ta d ie n è s  is , ,  .

1 13
examined through the  use of v a r i a b l é  te m p e ra tu re  H and C NMR 

s p e c t ro s c o p y .  R e la ted  m ig ra t io n s  i n  p o ly in d e n y l  d e r i v a t i v e s  

o f  germanium and t i n  a re  r e p o r te d  i n  C hapter  T hree . C hap ter  

Four l i s t s  in fo rm a t io n  d e r iv e d  about th e  rea rrangem en t p ro c e s s e s  

i n  p e n ta m e th y lc y c lo p e n ta d ie n e ,  m e th y lc y c lo p e n ta d ie n e  and indene  

r in g  system s b e a r in g  a c h i r a l  t i n  s u b s t i t u e n t .

Chapter F ive d e s c r ib e s  both- th e  p h y s i c a l  and chem ica l 

p r o p e r t i e s  of*a number o f  new d e r i v a t i v e s  of b i v a l e n t  germanium, 

and t i n i  ' .

4



CHAPTER ONE. 

INTRODUCTION

A. ^GENERAL ' '

The unique p o s i t i o n  o f  carbon among th e  n in e ty  n a t u r a l  

e lem ents  i s  p r im a r i ly  th e  r e s u l t  o f  i t s  a b i l i t y  to  form s t a b l e  

lo n g -c h a in  and x y c l i c  compounds hav ing  a d ja c e n t '  carbon atoms, 

c^nrfected by s i n g l e ,  double  o r  t r i p l e  bonds .  The v a le n c e  s t a t e  

of carbon in  such compounds i s  in v a r i a b ly  f o u r , a s i t u a t i o n  

p a r a l l e l e d  by th e  lower group IVA elem ents  in  th e  m a jo r i ty  

o f  t h e i r  known compounds. In  th e  l a t t e r  th e  c o o r d in a t io n  ^  ^

number i s  a l s o  o f t e n  f o u r ,  th e  c e n t r a l 'a t o m  assuming a geometry 

which c l o s e l y  approx im ates  to  t e t t a h e d r a l ,  bu t  th e  tendency

tow ards adoping h ig h e r  c o o rd in a t io n  numbers in c r e a s e s  w ith

1 2 3 2 3
i n c r e a s in g  atOTiic number. ’ ’ ■ T h is  i s  though t to  be

f a c i l i t a t e d  i n  p a r t  by u t i l i z a t i o n  of vacan t o u te r  nd o r b i t a l s ,

and l e a d s  to  c o o rd in a t io n  numbers of f i v e  and s ix  th rough  b o th

i n t e r -  and in t r a - m o le c u l a r  c o o r d in a t io n .  E ig h t d o o rd in a te  •

s p e c ie s  have been c h a r a c t e r i z e d  ’ f o r  bo th  t i n  and le a d .

The m u l t i p l e  bonds observed  in ' carbon chem is try  which 

. r e s u l t  |rom o v e r la p  between s i n g l y  occup ied  2p o r b i t a l s  on , 

a d ja c e n t  carbon atoms a re  not a f e a t u r e  of th e  c h em is try  o f  th e  

o th e r  group IVA e lem en ts .  R e c e n tly ,  however, a v a r i e t y  of 

in t e r m e d ia te s  c o n ta in in g  s i l i c o n - c a r b o n  double  bonds have

been p o s tu l a t e d ;  and a th e rm a l ly  s t a b l e  example 

(Me2Si> 2Si = C(CMe^)(OSiMe^), has now been i s o l a t e d ,
5 , 6



J , .
 ̂ M ulti^ 'le -bond  c h a r a c t e r  o f  a d i f f e r e n t  ty p e ,  a r i s i n g  from 

overlap/.betw een v a c a n t  3d o r b i t a l s  on s i l i c o n  and f i l l e d  "non­

bonding" o r b i t a l s  on a d j a c e n t 'a to m s ,  (Fig 'ure 1 .1 )  has  been

7 8 “ 5 * *  ̂ ^
p roposed  ’ feo ex p la if i  th e  s t r o n g e r  s i l i c o n - h a l o g e n  bonds compared

to* co rrespond ing  ca rb o n -h a lo g en  bonds, and th e  s t r u c t u r a l  
,

p l a n a r i t y  and lower b a s i c i t y  o f  s i iy l a m in e s  compared to  carbon

a n a lo g u es .  ' T h is  e f f e c t  i s  g r e a t e s t  f o r  s i l i c o n  and much l e s s
C

a p p a re n t  i n  th e  ch em is try  o f  germanium, t i n , a n d  le a d .

S i
\

FIGURE 1 .1 .  Proposed d» -  p "  o v e r la p  in  some s il ico n .p o m p o u n d s .

The group IVA e lem ents  have an o u t e r  v a le n c e  g h e l l  g round-

 ̂ 2 1 1  s t a t e  e l e c t r o n i c  c o n f ig u r a t io n  o f  ns np np , where n changes

from 2 fo r  carbon t q  6 f o r  l e a d .  The b i v a l e n t  s t a t e  r e q u i r e s

on ly  two e l e c t r o n s  to  form t h e  two bonds i n ,  f o r  example,

, w h ile  fo r  th e  q u a d r iv a le n t  s t a t e  one e l e c t r o n  must be promoted

from th e  ns o r b i t a l  to  th e  np o r b i t a l  t o  g iv e  th e  o u te r  e l e c t r o n
' 2 1 1 1 - ' .  

c o n f ig u r a t io n  ns np np np : t h i s  a l low s  f o r  th e  fo rm ationX y z



Ni

3of fo u r  e q u iv a le n t  ep h y b r id  bonds i n ,  f o r  example, MA^.

The r e l a t i v e  s t a b i l i t i e s  o f  t h e s e  two o x id a t io n  s t a t e s  a re  

t h u s . c o n t r o l l e d  by ( i )  s i z e  o f  prom otion en e rg y ,  and ( i i ) i b o n d  

s t r e n g t h s ,  i.e. fo rm a t io n  of fo u r  bonds in  as compared to  

on ly  two in.MA^. D ecrease  i n  th e  (group IV A )-(o th e r  elem ent) 

bond s t r e n g t h  as th e  group i s  descended a l low s a b a lan ce  to  be 

s t r u c k  whereby th e  energy r e q u i r e d  f o r  e l e c t r o n  prom otion  i s  

comparable to  t h a t  ach ieved  by a d d i t i o n a l  bond fo rm atio n  .pnd
Q

i s  th e  b a s i s ^ o f  th e  s o - c a l l e d  " i n e r t  p a i r  e f f e c t " .

Compounds having  carbon i n  th e  b i v a l e n t  s t a t e  (ca rb en es)

10were f i r s t  p roposed  as in t e rm e d ia te s  about th e  end o f  th e  

n in e te e n th  c e n tu ry .  These h ig h ly  r e a c t i v e  s p e c ie s  a re  used 

e x te n s iv e ly  as in  s i t u  r e a g e n ts  i n  o rg a n ic  c h e n i s t r y , t y p i c a l l y  

Aindergoing a v a r i e t y  o f  i n s e r t i o n  r e a c t io n s  and a d d i t io n s  

to  o l e f i n s  g iv in g  c y c lb p ro p a n e s . Carbenes can have e i t h e r  

a s i n g l e t  (_1) o r  t r i p l e t  ( ^  and _3) s p l n ^ t a t e . '  R e s u l t s  

from ex p e r im e n ta l  o b s e rv a t io n  and t h e r e o r e t i c a l  c a l c u l a t i o n s  

i n d i c a t e  t h a t  most ca rb en es  have a n o n - l i n e a r  t r i p l e t  ground 

s t a t e  (i.e. ^ ) , however d ih a lo g en o ca rb e n es  and ca rbenes  w ith  oxygen, 

n i t r o g e n  o r  s u l f u r  a t t a c h e d  to  th e  b i v a l e n t  carbon may have 

s i n g l e t  ground s t a t e s  (ie , 1) .

®>K. (g ÿ p



Carbenes a r f  most o f t e n  p re p a re d  f ro m . th e  co rrespond ing  

d ia z o a lk a n e  ( e q n a t io p  ( 1) ) ;  however t h e r e  a re  a v a r i e t y

R^R^C = Ng -----------:CR^R^ + N g ............................................   ( 1)

o f  o th e r  u s e f u l  methods and th e s e  have been d is c u s s e d  i n  d e t a i l

e l s e w h e r e . T r a n s i t i o n  m e ta l  complexes have been  used

t o  s t a b i l i z e  a v a r i e t y  of c a rb e n e s ,  th e  ca rbene  fu n c t io n in g  as

a two e l e c t r o n  donor (Lewis b ase )  tow ards th e  m e ta l .  These

compounds have been p re p a re d  by s e v e r a l  d i f f e r e n t  methods

12one o f  th e  most conven ien t in v o lv in g  a d d i t io n  of an o rgano-  

l i th iu m  re a g e n t  to  a c o o rd in a te d  ca rbon  monoxide m olecule  

fo llow ed  by a l k y l a t i o n  ( e q u a t io n  ( 2) ) .

RgO"̂

M(CO) + L iR  >  L i '^ [ M - c t °  ]"  ------------------------------------------- ^2)

In  c o n t r a s t  w ith  th e  s p e c i a l  c h a r a c t e r  o f  c a r b e n e s , t h e f e  ' -

13 “
a re  numerous examples o f  s t a b l e  in o rg a n ic  d e r iv a t iv e s  of 

b iv a l e n t  germanium (g e rm y le n e s ) , t i n  (s tannylenes%  and le ad  

(p lu m b y len es ) . While th e s e  compounds do no t c o n ta in  m e ta l -m e ta l  

bonds, .they f r e q u e n t ly  have s t r u c t u r e s  based  on b r id g ed  p o lym eric  

-arr.ays i n  th e  s o l i d  s t a t e .  The gas phase  s t r u c t u r e s  of two exam ples, 

S ip 2 and S nC l^ j^ ^have  been de te rm ined  and bo th  have th e  

b en t  s t r u c t u r e  ^  c o n s i s t e n t  w i th  s te re o c h e m ic a l  a c t i v i t y  of

___M:

4
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t h e  non-bonding e l e c t r o n  p a i r .  These  compounds a re  s i g n i f i c a n t l y  

l e s s  r e a c t i v e  th an  th e  co rre sp o n d in g  ca rbene  d e r i v a t i v e s  a l th o u g h  

th e y  undergo s i m i l a r  r e a c t i o n s :  f o r  exaAple ge.rmanium(II)

16and t ï n ( I I )  d ih a l id e s  r e a d i l y  i n s e r t  i n t o  c a rb o n -h a lo g en  bonds. 

I n t e r e s t i n g l y ,  th e  r e a c t i o n  of Geig w i th  c e r t a i n  a c e ty le n e s  had
17 *

been  r e p o r te d  to  g iv e  th e  t h r e e  membered r in g  (_5) .  I t

18
has su b se q u e n tly  been shown*' t h a t  th e  p ro d u c t  i s  i n  f a c t  

th e  s ix  membered r in g  ( 6)- c o n ta in in g  two germanium atoms.

R-" R

5 '  6

Germanium(II) and t i n ( I I )  d i c h lo r id e s  a re  e a s i l y  c o n v e r te d
9

to  th e  t e t r a c h l o r i d e s  by r e a c t i o n  w ith  C I2 , ( e q u a t io n s  (3) and (4 ))
9

however i n  th e  case  of le a d  f o r c in g  c o n d i t io n s  a re  n e c e s s a r y ,  

th e  t e t r a c h l o r i d e  r e v e r t i n g  e x p lo s iv e ly  to  th e  d i c h l o r i d e  a t  

te m p e ra tu re s  above ca ,20°C  ( e q u a t io n  (5) ) ,  r e f l e c t i n g  th e  

g r e a t e r  thermodynamic s t a b i l i t y  o f  th e  lower o x id a t io n  s t a t e  

f o r  l$ a d .

ra p id

" O e C l , "  + U t  25°C)  "   -<3)

="“ 2 " “ 2 ' " " 4 ................ •'.................

PbCl^  PbClg + C lg ....................................................(5)



The f i r s t  a u t h e n t i c  o rg a n o m e ta l l ic  d e r i v a t i v e s  to  be 

p re p a re d  i n  which th e  m e ta l  ( m e ta l lo id )  i s  i n  th e  b i v a l e n t

19s t a t e  were th e  c y c lo p e n ta d ie n y l  d e r i v a t i v e s ,  M(CgHg)2 , M = Ge,

S n , ^ ^  and Pb, a l th o u g h  o l ig o m e r ic  q u a d r iv a le n t  o rg a n o m e ta l l ie s

21had been i n c o r r e c t l y  i d e n t i f i e d  as such p r e v io u s ly .  - S t r u c t u r e s

in  which th e  m e ta l  (m e ta l lo id )  i s  bonded to  two q^-C^H^-rings,,

22 23as shown in  1_, have been e s t a b l i s h e d .  ’ A summary o f

th e  p r o p e r t i e s  o f  compounds l i k e  7_ i s  g iv en  i n  S e c t io n  B to g e th e r  

w i th  a rev iew  o f  t h e  ch em is try  o f  o th e r  d e r i v a t i v e s  i n  which 

th e  group IVA elem ent i s  i n  t h e  b iv a l e n t  s t a t e .

M M = Ge, Sn, and Pb.

By c o n t r a s t  w i th  _7, c y c lo p e n ta d ie n y l  d e r i v a t i v e s  in^ which

th e  m e ta l  i s  in  th e  +4 o x id a t io n  s t a t e  in v o lv e  bonding to  th e
 ̂ /

s a t u r a t e d  carbon atom o f  th e  C ^ - r in g ,  as shown in

. M = Ge, Sn, and Pb.

Thqse m olecu les  e x h i b i t  n o n - r ig id  c h a r a c t e r i s t i c s  a s s o c ia t e d

w ith  th e  m ig ra t io n  o f  th e  m e ta l  atom around th e  f i v e  carbon
9A * * '

atoms of ' t h e  C ^ -r in g  ( e q u a t io n  ( 6) ) .

^  c x “H . . . . ( 6)



T h is  le a d s  t o  exchange between t h e  m ag n e tic  env ironm ents  o f  th e  

f i v e  r in g  p ro to n s  ^and r in g  c a r b o n s ) , and b r in g s  about o b se rv a b le

e f f e c t s  i n  th e  ahd ^^C’ NMR s p e c t r a  o f  many r e p r e s e n t a t i v e s .  

The n o g r r ig id  c h a r a c t e r  o f  m e ta l lo c y c lo p e n ta d ie n y ls  and r e l a t e d

cy c lo p o ly en y l  sy sten  

E xperim en ta l te

ts  i s  rev iew ed  in * S e c t io n  C.

Echniques r e q u i r e d  by th e  c h a r a c t e r i s t i c  

p r o p e r t i e s  o f  group IVA-element compounds, to g e th e r  w ith  

a s s o c ia t e d  s p e c t r o s c o p ic  and s y n t h e t i c  m ethods, a r e  d is c u s s e d  

i n  S e c t io n  D. '



B. STRUCTURE AND' REACTIVITY OF ORGANOMETALLIC AND ORGANIC
w

DERIVATIVES OF BIVALENT GERMANIUM, TIN, AND LEAD.

B. l .  S y n th e s is .

A ttem pts to  s y n th e s iz e  o rg a n o d e r iv a t iv e s  o f  b i v a l e n t  t i n
». n 1

d a te  back to  th e  m idd le  o f  th e  n in e te e n th  c e n tu r y ,  when V

r e a c t io n s  o f  o rg a n o l i th iu m  o r  organomagnesium h a l id e s  w ith  t in ( j[ I ) .  

h a l id e s  y ie ld e d  h ig h -m e l t in g ,  r e l a t i v e l y  in s o lu b le ,^  t i n  c o n ta in in g  

p ro d u c ts .  I t  was l a t e r  shown^^’^^ t h a t  th e s e  m a te r i a l s  

were i n  f a c t  m ix tu re s  o f  compounds c o n ta in in g  e i t h e r  r i n g s ,

and o r ^ s t r a i g h t  o r  branched  c h a in s ,  e,ff, n  ,  o f  t i n  a tom s, 

th u s  in v o lv in g  th e  m e ta l  in  a fo rm a l ly  q u a d r iv a le n t  s t a t e .

RgSn

RgSn

SnR„

SnR„

SnR„

RgSn '•SnR.,

SrtR.

SnR,

RgSn Sn SnR^

SnR,

10 11

Group IVA compounds' may be c a te g o r iz e d  as fo l lo w s ;
.

(1) Organogroup IVA compounds; compounds which c o n ta in  a t  

l e a s t  one group IVA elem ent -  carbon bond.

(2) O rganic  compounds; compounds which c o n ta in  one o r  more 

o rg a n ic  g ro u p s ,  b u t  have  no group,IVA -  carbon bond.

(3) In o rg a n ic  compounds; compounds which do n o t  belong to  

c l a s s e s  ( 1) and^ ( 2) .



/

29,30

C y c lb p e n ta d ie n ÿ l-^ ^ ’ ^^ and b i s ( t r i m e t h y l s i l y l ) i B e t h y l - ^ ^ ’ l i t h iu m
t ^

do however r#gzt, w ith  b i v a l e n t  germanium, t i n ,  and le a d  h a l i d e s  to  

g iv e  th e  co rrespond ing  B iv a le n t  group IVA compound, e q u a t io n s  (7) 

and ( 8} r e s p e c t iv e l y .

SnCl2 +,2Li(CgHg) -------- ÿ "  SnCn^-C^H^g + ZpiCl   (?)

P b C l .  +  . Z l i C H C S i M e ^ ) ^ — ^ P b  [CH(SiMe^ ) 2 • •..... ........................(&)

’
S im i la r  r e a c t io n s  u s in g  th e  l i t h iu m  o r  'sodium s a l t s  o f  a c e ty la c e to n ç

 ̂ 3Ï
(e q u a t io n  (9) ) o r  h e x am e th y ld is i l 'a z an e  (HN (SiMe^) g) , ( e q u a t io n  (10) )■ , 

a l s o  a f f o r d  b iv a l e n t  group IVA d e r i v a t i v e s .

CsGeClg  +  2Na(acac) ——> - ,G e ( a c a c ) ^  • ! • • • • / ..............(9)

SnClg + 2Li[N^SiMe2)2]2 — ^  Sn[N(SiMe2) 2] 2 ........   (1°)

The t i n  cyclopentadienyls^..*Sn(n^-G^H^)2^anà Sn(ri -G^H^CHg)2 , 

have been shown ^ * t o b è  u s e f u l  p r e c u r s o r s  to  a  v a r i e t y

of p r e v io u s ly  unknown, o r  o th e rw ise  d i f f i c u l t  to  p re p a re  d e r i v a t i v e s  

_ of b i v a l e n t  t i n ,  e q u a t io n s  ( 11 ) and ( 12) .  ^

< S n ( n  -CgH ) 2  +  2HCN *------------------^  Sn(CN ) 2 ................................................ ( 1 1 )

*

+ 2 I    ^   ( 12)

I

The r e a c t i o n  of t i n ( I I )  halid#% w ith  compounds having an a c i d i c  

hydrogen , i n  thfe p re sen ce  p f  t r i e t r h y lam ine g iv e s  th e  co rre sp o n d in g
t ■* _ ' ' ' ' *■

35 36 ^
^  t i n ( I I )  d e r i v a t i v e  (eq u a t io n  (13) ) ,  ’ ‘ '

SnCl2 + 2MeOH + 2NEtg ^ S n ( 0Me) 2  + TMEt^HCl. . ....................    ("l3)
_  . ' '

.  ' : '  ̂ 't ; ,  '
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w h ile  r e l a t e d  ^ re a c t io i i s _ , f ^  germ anium (II)  h a l id e s  have r e c e n t ly  

been r e p o r te d ,  e q u a t io n  (1 4 ) .

CsGeClg + 2

2NEt„

-2NEt_HCl

-CsCl

. . ( 1 4 )

A l t e r n a t i v e  methods f o r  th e  s y n th e s i s  of th e s e  ty p e s  o f  compound 

a r e  g e n e r a l ly  l im i t e d  i n  s c o p e ,  and have been  reviewed e l s e w h e r e .  3?

A number o f  compounds have been r e p o r te d  i n  which th e
« •

b i v a l e n t  group IVA m e ta l  (m e ta l lo id )  fu n c t io n s  as a n e u t r a l
! 38 39

tw o - e le c t r o n  donor towards th e  t r a n s i t i o n  m e ta l  c e n t e r .  ’

Where th e  b iv a le n t  group IVA d e r i v a t i v e  i s  s t a b l e ,  th e  t r a n s i t i o n  

m e ta l  compound i s  e a s i l y  formed by d isp lacem en t r e a c t io n s

38 ‘ 39
s i m i l a r  to  th o se  shown i n  e q u a t io n s  (15) and (16)

'M(CO)c.THF + Sn(n^-CfHc)2

(M = Cr, Mo, and W)

M(CO), + Sn[CH(SiMe_)2]2 '

(M = Cr and Mo)

M(CO>^Sn(n -C .11^)2............. (15)

hv
M(CO)^Sn[CH(SlMe2)2J2-* • (16)

S o m e - t r a n s i t io n  m e ta l  d e r i v a t i v e s ,  f o r  which th e  f r e e  b i v a l e n t  

m e ta l  compound.is u n s ta b l e ,  have been p rep a red  b y " i n d i r e c t  

m ethods" .  Thus’ r e a c t io n  of a c o o rd in a te d  germanium d i h a l i d e  k
' I

w ith  two é q u iv a le n ts  o f  an alkylma^nesl^ini h a l id e  g iv e s  \ h e

40 ^organpgerm anium (II)  t r a n s i t i o n  m e ta l  complex as  shown in  e q u a t io n  (17.)

Cr(CO )r.G eCl.,T^F + 2—/ O y M g B r   Cr(CO) ^ .G e /O  y~ . . . .  (17)
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S im i la r ly  th e  r e d u c t io n  o f  q u a d r iv a le n t  t i n  i n  s u i t a b l y  s u b s t i t u t e d

2—d i a l k y l t i n  d i h a l i d e s  by Cr(CO)^ , g iv e s  th e  b a s e  s t a b i l i z e d  

41compounds R.2Sn(THF)Cr(C0 )g  ( e q u a t io n  ( 1 8 ) ) .

, ‘
9— THF

Cr(CO)c + SnRgClg  — Cr (CO) ^SnR2 (THF)...................... ^16)

(R = Me, Bu^)

B. 2. S t r u c tu r e

*5
"The t r u e  o r g a n o - t i n ( I I )  and - l e a d ( I I )  d e r i v a t i v e s ,  b i s ( n  -

20c y c l o p e n t a d i e n y l ) - t i n ( I I )  and - l e a d ( I I ) , were f i r s t  r e p o r te d

by F is c h e r  and G ruber# in  1956. W i lk in s o n ' e t  al. su b se q u e n tly  

42
re p o r te d  th e  s y n th e s i s  o f  t h e  m e th y lc y c lo p e n ta d ie n y l

5 19an a lo g u es ,  w h ile  th e  germanium compounds Ge(q -CjH^ )2  and 

5 s43■ e,Ge(n h a v e 'b e e n i s o l a t e d  more r e c e n t l y .  A lthough i t
20

was i n i t i a l l y  su g g e s te d  t h a t  th e  t i n  and l e a d  c y c lo p e n ta d ie n y ls

have th e  sigma-hoxiàeà s t r u c t u r e  shown i n  , com parison o f

t h e i r  IR s p e c t r a  w ith  t h a t  o f  f e r ro c e n e  le d  P ip e r  and W ilk inson  

, ‘ 24
■to propose  t h a t  th e s e  compounds had th e  a n g u la r  sandw ich

»

s t r u c t u r e  shown in  13.

M

13
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■ 5 ' 5 *
E le c t ro n  d i f f r a c t i o n  s t u d i e s  of Sn(n and Pb(n “ *̂ 5^ 5 )2

22hâve shown t h a t  th e s e  m o lecu le s  a s su m e ,s t ru c tu re jU U in  th e  gas

'  5 23
phase . The s o l i d  s t a t e  s t r u c t u r e  of Sn(n -C^H^)2has  r e c e n t ly

been r e p o r te d  to  be monomeric, hav ing  d i s c r e t e  u n i t s  w i th  th e

a n g u la r  sandwich s t r u c t u r e  however th e  s o l i d  s t a t e  s t r u c t u r e. . .  * .
44of t h e . l e a d  compound has been shorn  by X -ray  c r y s ta l lo g r a p h y

'

to  be p o ly m e r ic .  In  t h i s ,  compound each p a i r  of le a d  atoms i s  b r id g ed  

b y .a  c y e lo p e n ta d ie n y l  r i n g ,  th e  p la n e  of which i s  a t  r i g h t  a n g le s  

t o  th e  l e a d - l e a d  a x i s ;  c o o r d in a t io n  of each m e ta l  atom i s  com pleted 

by a t e rm in a l  n^-C ^H ^-ring , ap shown in  F igu re  1 .2 .

Pb

Pb Pb

FIGURE 1 .2 .  The s o l i d  s t a t e  s t r u c t u r e  o f  b i s ( n  - c y e l o p e n t a d i e n y l ) l e a d ( I I )

The c r y s t a l  s t r u c t u r e s  o f  th e  p e n ta m e th y lc y c lo p e n ta d ie n y ls , \

5 ‘ 4S 23M [ r, -C_(CH_)_ ] „ , M = Sn and Pb, c o n s i s t  o f  d i s c r e t e  monomeric 
5 j  C) Z

u n i t s  having  th e  angu la r ,  sandw ich s t r u c t u r e  d e p ic te d  i n  14 .

14

I
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The r e l a t e d  compound, Sn [n^-C^CCH^) ^ , formed by th e  r e a c t i o n

of Sn[n^-C^(CH2 ) ^ ] 2  w i th  HBF^, hps a  c r y s t a l  s t r u c t u r e  

hav ing  p e n ta g o n a l  p y ram ida l  SnCn^-C^(CH^)^3 u n i t s  i n  which 

a l l  f i v e  t i n - c a r b o n  d i s t a n c e s  a re  ap p ro x im ate ly  e q ü a l  (average  

2 .46  S ) . The t i n  atom of th e s e  u n i t s  i s  f u r t h e r  a s s o c ia t e d

w i th ' tw o  f l u o r i n e  atoms' o f  th e  BF, c o u n te r io n .
s '  4 «

15

Sn

♦ '

/

5 47The c r y s t a l  s t r u c t u r e  of Sn(n -C^H^)C1 c o n s i s t s  of
g  ̂ *

Sn(n -C^H^)C1 u n i t s  in  which th e  c y e lo p e n ta d ie n y l  i s  a sy m m etr ica lly  

bound to  t i n ,  w i th  Sn-C bond d i s t a n c e s  rang ing  from 2 .45  to  2 .74  R. 

The t i n  atoms of a l t e r n a t e  u n i t s  a r e  b r id g e d  by c h lo r in e  atoms • 

of a d ja c e n t  Sn(n^-C^Hg>Cl g r o u p s ,  as show n,in  F igure  1 .3 .  '

SnSn Cl

ClSn

FIGURE 1 .3 .  The c r y s t a l  s t r u c t u r e  of

(p e n ta h a p to c y c lo p e n ta d ie n y l ) t in  c h lo r id e .



A part from th e  c y e lo p e n ta d ie n y l  d e r iv a t iv e s . ,  t h e r e  a r e  

r a t h e r  few examples o f  s t a b l e  compounds which have a t i v a l e n t  

germanium, t i n ,  o r  le ad  atom bonded d i r e c t l y  to  carbon . The 

f i r s t ,  and somewhat e x o t ic  examples o f  such compounds were 

b i s t 2-phenyl“l , 2-d ic a rb a -c lo S (? -d o d e c a rb o ra n (12) - l - y l ]  t i n ( I I ) 1 6

ajid I -g e rm a - ,  1 - s ta n n a - ,  and l-p lu m b a-2 ,3 -d ica rb a -c Z o o O -d o d e  ~ 

c a b o r a n e ( I I ) ,

14

Sn

1 6 '

Ph

- ' , 2

17

M = G e,Sn , and Pb.

c .

0= B

27 28
L appert  e t  al, have r e p o r te d  ■’ th e  f i r s t  s t a b l e

a l k y l  d e r iv a t iv e s -  of b iv a l e n t  germanium,, t i n ,  and l e a d ,

M[CH(SiMe„)„ L ,  M = Ge,Sn, and Pb. A lthough th e  germanium'

28and t i n  compounds have been shown to  be monomeric i n  th e

l i q u i d  and vapour p h a se s ,  th e  c r y s t a l  s t r u c t u r e  o f  Sn[ (CHCSlHe^)2^2 

c o n s i s t s  o f  d im er ic  u n i t s ,  which have been su g g es ted  to  r e s u l t  

from i n t e r a c t i o n  between th e  o r b i t a l  c o n ta in in g  th e  non-bonding  

e l e c t r o n  p a i r  on each t i n  atom ,and th e  vacan t o r b i t a l . o n  th e  

a d ja c e n t  t i n  atom ,as shçwn in  1_8 . ’ /

18

Sn'.



15

V *
The f i r s t  s t a b l e  a r y l  s ta n n y le n e  ( 19) was p re p a re d  r e c e n t l y , 

i t s  s t a b i l i t y  towards' p o ly m e r iz a t io n  b e in g  a t t r i b u t e d  to  th e  

p r e s e n c e  o f  th e  t r i f l u o r o m e t h y l  s u ^ t i t u e n t s ^ ^ i n  th e  2-  and

6-  p o s i t i o n s .

52

19

r C F

Sn

CF 2

53,54 . ,
Amma and co-w orkers  have r e p o r te d  th e  nove l compounds

Rn*-C,H^)M(A^C1^ ) 2 . (C 6H^X^ M = Sn, Pb. The c r y s t a l  s t r u c t u r e

5Aof th e  le a d  d e r i v a t i v e  c o n s i s t s  o f  a po lym eric  a r r a y ,

in  which each le ad  atom i s  bound to  a t e rm in a l ,  sym m etric , 

rj^—benzene r in g .  The le a d  atom i s  f u r t h e r  a s s o c ia t e d  w ith  s ix  

c h l o r i n e  atom s, two from each o f  the  th r e e  AlCl^ u n i t s ,  w ith  

two of j :h e s e  AlCl^ u n i t s  forming b r id g e s  between a d ja c e n t  

le a d  atoms, as sho™ in  F ig u re  1 .4 .

:  6FIGURE 1 .4 . '  The c r y s t a l  s t r u c t u r e  of (n -CgHg)Pb(AlCl^)2 *CgHg
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S e v e ra l  o th e r  ji - a r e n e  complexes o f  b iv a l e n t  t i n  and lead

55were su b se q u en tly  r e p o r te d , and th e  c r y s t a l  s t r u c t u r e s  of

(n^-CgHg)SnCl(AlCl^) a n d ^ n ^ -p - (C H 3) 2CgH^)SnCl(AlCl^) have

55 6 - “been de term ined . Asymmetry i n  th e  n - C ^ - r in g ,  observed

f o r  bo th  th e s e  compounds was a t t r i b u t e d  to  c r y s t a l  packing  f o r c e s .

T h e 'C ry s ta l  s t r u c t u r e s  o f  th e  t r a n s i t i o n  m e ta l  d e r i v a t i v e s  

o f  MCCHfSiMegïgLz, Cr(C0 )^M[CH(SiMe2) 2 ] 2 , M = Ge^* and Sn,^? 

have been de term ined- (F ig u re  1 . 5 ) .  S i g n i f i c a n t l y  th e  atoms 

C ( l ) ,  C (2 ) , M and Cr a l l  l i e  i n  app ro x im ate ly  th e  same p la n e ,  

a r e s u l t  which has been i n t e r p r e t e d  in  term s o f  back  d ona t ion  

from th e  t r a n s i t i o n  m e ta l  to  th e  s ta n n y le n e  (o r  germ ylene) 

l ig a n d .

■ . H

Me^Si II I' gQ

MeiSl

H

Me^Si '

M

[)C (2) '

CO

Cr CO

CO
CO

Me S i

FIGURE 1 .5 .  The c r y s t a l  s t r u c t u r e  o f  Cr(CO)^[CH(SiM e2 ) 2)2  >

M = Ge and Sn.
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The c r y s t a l  s t r u c t u r e  o f  th e  p y r id in e  adduct Cr(CO)^Sn(Bu^) 

( p y r i d i n e ) j {F ig u re  1 * 6 ) ,  has a l s o  been de term ined^^  

and shows, th e  Sn atom to  be out o t  th e  C ( 1 ) , ’C (2 ) ,  Cr p la n e ,  

c o n s i s t e n t  w ith  a d e c re a s e  i n  back don a t io n  from Cr to  Sn 

upon in c o rp o r a t io n  o f  th e  p y r id in e  m o lecu le .

CO

\  \
Me_C(l) III ' I'-Sn--------C r  CO

^ /  f " ^ co
CO

Me^CfZ)

FIGURE 1 .6 .  The c r y s t a l  s t r u c t u r e  of Cr(CO)^Sn(Bu-) ^ (p y r id in e )

A v a r i e t y  o f  g e rm a n iu m (I I ) - , t i n ( I I ) - ,  and l e a d ( I I ) - h a l i d e s

59
( and pseudo-halides) have been s t r u c t u r a l l y  c h a r a c t e r i z e d .

These compounds a re  g e n e r a l ly  p o lym eric ,  having  halogen  atoms 

(peewdb-halogen groups) b r id g in g  a d ja c e n t  m e ta l  c e n t e r s .

Such s t r u c t u r e s  a r e  complex and have bfien reviewed in  d e t a i l
59 ' 14

e lse w h e re .  By c o n t r a s t ,  th e  gas phase s t r u c t u r e s  o f  S iF 2
15 o ( ■

and SnCl. a re  monomeric, hav ing  th e  "b e n t"  geom etry shown i n

M

20
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B iv a le n t  t i n  and le a d  d e r i v a t i v e s  o f  s im p le  oxy -ac id s
59

have been s u b je c te d  to  e x te n s iv e  s t r u c t u r a l  c h a r a c t e r i z a t i o n .  

T h e s e  compounds a r e  ag a in  po ly m eric  and o f t e n  have b r id g in g  

oxygen atoms between a d ja c e n t  m e ta l  c e n t e r s .  The s t r u c t u r e  

of one compound o f  t h i s  ty p e  Sn(IV )Ph2S n (II )N 0 2 > i s  of

i n t e r e s t ,  s in c e  i t  c o n ta in s  bo th  b iv a l e n t  and q u a d r iv a le n t  t i n  

connected by a t i n - t i n  bond. The c r y s t a l  s t r u c t u r e  i s  p o ly m e r ic ,  

w ith  b r id g in g  NO^ groups between a d ja c e n t  b i v a l e n t  t i n  atoms 

(F ig u re  1 .7 ) .

FIGURE 1 .7 .  The c r y s t a l  s t r u c t u r e  o f  Sn(IV )Ph2S n (II)N 0 2 %
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The 1 ,3 - d i k e t o n a t o - d e r i v a t i v e s  o f  germ anium (II)  and t i n ( I I )  ,

w hich a r e  motiomeric i n  th e  vap o u r ,  l i q u i d  and s o l i d  p h a s e s ,
2 9 ,30 ,34

have been r e p o r te d .  , The c r y s t a l  s t r u c t u r e  of th e

t i n  compound, d i ( b e n z o y l a c e t o n a t o ) t i n ( I I ) , c o n s i s t s  o f  th e  

d i s c r e t e  monomeric u n i t s  shown in  21 , i n  which each m e ta l

Sfi

Ph

Ph
21

atom i s  fo u r  (pseudo-five) c o o r d in a te .  The c h e l a t i n g  e f f e c t  

o f  th e  two k e to e n o la t e  g roups ,  a p p a re n t ly  r e s u l t s  i n  a t i n  

c e n t e r  which i s  c o o r d in a t iv e iy  s a t u r a t e d ,  and thus  p r o h i b i t s  

in t e r m o l e c u l a r  a s s o c i a t i o n .  The c r y s t a l  s t r u c t u r e  o f  a r e l a t e d

germanium compound, ( a c e ty la c e to n a to )g e rm a n iu m (I I )  io d id e  has

' 62
a l s o  been de te rm ined ,  and c o n s i s t s  o f  th e  u n i t s  shown in  2 2 , 

i n  which each germanium atom i s  t h r e e  (p sei^o -four)  c o o rd in a te .

'Ge
I

22
( —
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The s t r u c t u r e s  of th e  d i - t e r û - b u ty lp h e n o x id e s ,  23  ̂M(OC^H^Me-
t  • 63

4 - B u ^ 2 , 6 ) M  = Ge o r  Sn, have r e c e n t ly  been  de te rm ined

by X-ray c r y s ta l lo g r a p h y .  These a re  th e  f i r s t  examples of

compounds to  have been s t r u c t u r a l l y  c h a r a c t e r i z e d  i n  th e  s o l i d

s t a t e  fo r  which th e  b i v a l e n t  group IVA elem ent has th e  low

c o o r d in a t io n  number o f  two {pseudo t h r e e ) .  The s t r u c t u r e s

shown in  21 to  2^  c l e a r l y  d em onstra ted  th e  s t ro n g  s te re o c h e m ic a l

e f f e c t  of th e  non-bonding e l e c t r o n  p a i r  i n  eéch c a se .

M

23

P o s s ib ly  th e  most i n t e r e s t i n g  n i t r o g e n  d e r i v a t i v e s  o f  th e

b iv a l e n t  group IVA e lem en ts  a r e  b i s [ b i s ( t r i m e t h y l s i l y l ) ] a m i d o

31
-g e rm a n iu m (I I ) , - t i n ( L I )  a n d - l e a d ( I I ) . Whi l e th e s e  

compounds a re  monomeric i n  th e  vapour and l i q u i d  p h a se s ,  th e
31

s o l i d  s t a t e  s t r u c t u r e  o f  th e  t i n  compound has been su g g es ted  

t o  be d im e r ic ,  p a r a l l e l i n g  e x a c t ly  th e  s i t u a t i o n  fôund f o r  th e  

i s o e l e c t r o n i c  t i n  a l k y l ,  Sn[CH(SiMe2) 2 ] 2 '

M

24

SiMe,

'SiMe,



5 . 3 .  R e a c t iv i ty

The r e a c t io n s  o f  in o rg a n ic  t i n ( I I )  compounds w ith  o rg a n ic

( h a l i d e s ,  to  g iv e  th e  co r resp o n d in g  t in ( I V )  compounds, have

2 21 . 
been khown s in c e  1851 ’ (e q u a t io n  (19) ) .  "

Snig + Mel  V- M e S n l ^ . . . . ’. ..............................................(19)

This  type  o f  r e a c t i o n  has been used e x t e n s iv e ly  i n  in d u s t r y  

f o r  th e  p r e p a r a t io n  o f  m onoorganotin(IV ) t r i h a l i d e s ,  which a r e  

im p o rtan t  c o n s t i t u e n t s  o f  P .V .C . s t a b i l i z e r s .  S im i la r  r e a c t i o n s  

^ in v o lv in g  u n s a tu r a te d  o rg a n ic  compounds have a l s o  been r e p o r te d ,  

( e q u a t io n  ( 20) ) .
P h v  •  , P h  '

2GeI‘2 + 2 P hC = C P h  ---------------- >  I^Ge Gel  (20)

21

Ph . Ph
• V. . 3 0

The r e a c t i o n - o f  Sn[CH(SiMeg)2]2  w ith  a l k y l  h a l i d e s  o r  ha lo g en s

a l s o  g iv es  th e  co rresp o n d in g  t in ( IV )  p ro d u c t ,  e q u a t io n s  (21) and (22).

Mel

Sn[CH(SiMeg)2]2

- V  Sn[CH (SiM e2)2 ]2 (M e) ( I )  (21)

Br
^ Sn[CH(SiMeg)2]2Br2....................(22)

/
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T i n ( I I )  h a l i d e s  r e a d i l y  i n s e r t  i n t o  t r a n s i t i o n  m e ta l -m e ta l  

bonds ^^ ’’̂ ^ to  g iv e  th e  co r resp o n d in g  t i n ( I V )  d e r i v a t i v e ,  

eg  e q u a t io n  (2 3 ) .

[ F e ( n ^ - C g H g ) (0 0 ) 2 )2 '+ S n C l g ---- :— S n [ F e ( n ^ - C ^ H ^ ) ( C O ) 2 ] C l 2 . . . ( 2 3 )

These ty p es  of r e a c t i o n s  a re  o f t e n  co m p lica ted  by th e  f u r t h e r

r e a c t i o n  of th e  t i n ( I V )  compound i n i t i a l l y  formed; thus  Sn[Co(CO)^]^

38 *was i s o l a t e d  as one o f  th e  p r o d u c ts  from th e  r e a c t i o n  of

Sn(n^-C^H^082)2  w i th  Co2 (C0 )g  ( e q u a t io n  (2 4 ) ) .

Sn^n^-CgH^CHg) + Co2(C0)g ------->■ Sn[Co(CO^^]^ + . . .   (24)

5 5S im i l a r l y ,  th e  r e a c t f p n  o f  gn(n ^ 0 ^8^ 082 )2  w ith  ^/(n-Cgh^) (CO)2 (H ) ,
32

which had been r e p o r te d  to  g ive  th e  b i v a l e n t  t i n  compound

Sn[W(n^-C2H2 ) ( 00 ) 2 1 2 » r e c e n t ly  been shown^^ to  g iv e  th e  t in ( IV )
5

compound Sn(8 )[W(n -O^H^)(CO)2 ] ^ ( e q u a t io n  (2 5 ) ) .

\  S n ( 11- 0^8 ^082)2  + 3W(n^-Cg8 2 )(C 0 ) 2 (H)  Sn(H$ [W(n^-02H2) (CO) 2 ] 3 . .  (25) -

I n s e r t i o n  i n t o  a m eta l-hyd rogen  and m e ta l -c a rb o n  bonds
39

have a l s o  been r e p o r t e d ,  th u s  S n[0 8 ( 811462) 2]2  i n s e r t s  i n t o  

e i t h e r  a  Mo- 8  o r  a Mo-0 bond a c c o rd in g  to  e q u a t io n  (26).

Sn[C8 (SiMe.) 1 ' .
Mo(n^-05Hg)(C0 ^2-R  =--------- ^  Sn[CM(SiMe2)2l2[Mo(n -02H2)(00)2lR

* = H, CHg  (26)
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^ 67
S e v e ra l  t i n ( I I )  compounds have been shown to  r e a c t  w ith

d i i r o n  enneacarbony l to  g ive  four-raerabered FSgSn^ r in g  compounds, 

in  which th e  t i n  i s  in  a fo rm a l ly  q u a d r iv a le n t  s t a t e  ( e q u a t i o n ( 2 7 ) ) .

•^2 
. Sn.

Sn%2 + Fe2 (C0 )g ----------------------------(OC)^Fe ' Fe(CO)^ . (27)

X = C l,  B r, CgHc, CrH^CHg, X^
and 1 , 3 'd i k e to n â t o .

The b i v a l e n t  group IVA e lem ent in  th e s e  d e r i v a t i v e s  o f
J  . ;

germanium, t i n , a n d  le a d  can a l s o  S an c t io n  as a / tw o  e l e c t r o n  

donor to  s u i t a b l e  a c c e p to r  s i t e s ,  th u s  Sn(n^-CgH^)2forms complexes 

w ith  th e  Lewis a c id s  BF^^^ an.d AlCl^ ( e q u a t io n  (2 8 ) ) .

Sn(n^-CgHg)2 + MX̂  —-----^  (n^-C^H^)2Sn-^MX^........................é -  <28)

MX. = BFg, A lClg.

V ' , 39
I n t e r e s t i n g l y  Sn[CH(SiMeg)2]2  does n o t  r e a c t  w i th  BFg.Et2 0 ,

however w i th  A lCl^, below -30°C , i t  forms a w h ite  s o l i d ,  which ■

decomposes a t  more e l e v a te d  te m p e ra tu r e s ,  the" only i s o l a b l e  

p ro d u c t  be ing  Sn[CH(SiMe2) 2 ] ’ ^ o re  s t r a i g h t f o r w a r d l y  , 

Sn[CH(SiMe2) 2 ] 2fu n c t io n s  a s ' a  two e l e c t r o n  dono^^tog^he m e ta l  

c a rb o n y ls ,  M(CO)^, M = Cr and Mo,^^ and a l s o  d i s p la c e s  ^

e th y le n e  from PPh^frotn RhClCPPh^)^ ( e q u a t io n  (29))

. ct
V

■ Rh(C_È.yci(PPh_)

Sn[CH(SiMe2) 2J 2 RhCl(PPh2)^n[CH(SiMe2)2]

(29)
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For most d e r iv a t iv e s  o f  b i v a l e n t  germanium, t i n  and l e a d , -  

th e  m e ta l  (m e ta l lo id )  can f u n c t io n  as a Lewis a c id ,  a c c e p t in g -

an e l e c t r o n  p a i r  i n t o  an unoccupied  fisnp nd ■ type  m o lecu la rX y
o r b i t a l .  Thus iri th e  c r y s t a l  s t r u c t u r e  o f  SnCl„.2H„0,

-  - ^ ^ . ' 
th e  oxygen o f  one o f  th e  w a te r  m olecu les  can be viewed as

do n a t in g  two e l e c t r o n s  to  t i n ,  as shown i n  2^  . Germanium(II)

V c r ' ' '
, 11' Sn

HCl

_25

and t i n ( I I )  h a l id e s  r e a d i l y  a c c e p t  a f u r t h e r  h a l id e  io n  to  

fotm th e  complex io n s  GeX^ and SnX~ (eq u a t io n  ( 3 0 ) ) .

[GeClg]* + CsCl ------->  Cs"*" GeCl".-.............................. (30)

5 ■ 73
Both b i s ( n  - c y e l o p e n t a d i e n y l ) t i n ( I I )  and b i s  ( a c e t y l -

a c e t o n a t o ) t i n ( I I )  . u n d e r g o . r e d i s t r i b u t i o n  r e a c t io n s  w ith  t i n ( I I )

h a l i d é s  (e q u a t io n  ( 3 1 ) ) ,  _ *

5 " c
s n ( n  -C ^H ^ ) 2  + SnClg -------:------^  2 S n ( n  - C ^ H ^ ) C 1 ..........................(31)

GeClg i s  p re p a re d , s z t u  from th e  r e d u c t io n  of GeCl^in a c i d i c  media.

/■
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w h ile  s i m i l a r  exchange r e a c t i o n s  have a l s o  been observed  w ith  

74 '
t i n ( IV )  h a l i d e s ,  (eq u a t io n  (3 2 ) ) .

- ' 1 5
Sn(n -C^H^ )2  + SnMe^Cl^  SnMe2 (h -C^H^)C1 + Sn(n -C^H^)C1 . . ( 32)

1
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C. SIOATROPIC MIGRATIONS IN METALLO-CARBOCYCLIC SYSTEMS.

0 .1 .  I n t r o d u c t io n .

The d isc o v e ry  o f  th é  phenomenon o f  s te re o c h e m ic a l  n o n - r i g i d i t y  

added a new dim ension to  th e  concep t o f  m o le c u la r  s t r u c t u r e .

The e s ta b l i s h m e n t  o f  v a r i a b l e  te m p era tu re  NMR s p e c tro s c o p y  

as a r o u t in e  method f u r t h e r  f a c i l i t a t e d  th e  r a p id  development

o f  th e  s tudy  o f  s te re ,o c h e m ic a l ly  n o n - r ig id  m olecu les  where '
- _1 +9 -1  75

th e  r a t e  of rea rrangem en t i s  o f  th e  o rd e r  o f  10 -  10 s  .

T h is  has le d  i n  p a r t i c u l a r  to  th e  i d e n t i f i c a t i o n  o f  m ig ra t io n s

o f  -bonded m e ta l  atoms between some, o r  a lL ,  o f  th e -c a rb o n

atoms in  c e r t a i n  cy c lo p o ly en y l  system s. S ig m a tro p ic  s h i f t s

o f  t h i s  type  have been tho rough ly  documented^^ f o r  th e  c y c lo -  „
»

p e n t a d ie n y l - r in g  system^shown i n  26 w h ile  more r e c e n t ly  m ig ra t io n s  

i n  o th e r  r in g  system s ie,  C^, 27, , 28, and Cg have a l s o

been observed . T h is  s e c t i o n  r e v ie y s  tjhis t o p i c ,  d i s c u s s in g  

f i r s t  th e  t h e o r e t i c a l  a s p e c t s  (C .2 ) ,  second ly  th e  methods used 

to  c h a r a c t e r i z e  t h e s e  p ro c e s s e s  (C .3 ) ,  and f i n a l l y  summarizing 

the  .experim en ta l r e s u l t s  a v a i l a b l e ^ ( C . ^ ) .

H M

26 27 28 29 '■
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C .2 .  T h e o r e t i c a l  C o n s id e r a t io n s .

S e v e ra l  ty p e s  o f  s ig m a tro p ic  s h i f t s  haye been d i s t i n g u i s h e d  

by  Woodward and Hoffmann. For th e  pu rposes  o f  t h i s  d i s c u s s io n ,  

however, only rea rran g e m en ts  o f  o rd e r  [ h , j ]  w i l l  be c o n s id e re d ,  

co rresp o n d in g  to  th e  m ig ra t io n  o f  a sigma-honàeà atom o r  group (R) 

from one end to  th e  o th e r  o f  a po l 'yeny l ic  ch a in  as shown in  

e q u a t io n  (33).

R ,R
\  r  1 I* ■■11

c - t - c = c — f -  ---------------- >- . . . ( 3 3 )
n

( j  = 2n + 1)

Woodward and Hoffmann have d e f i n e d a  s ig m a tro p ic  

change pf o r d e r ' { i , j ]  as th e  m ig ra t io n  o f  a sigma bond, f la n k e d  

'b y  one o r  more ir -e ^ e c tro n  sy s tem s ,  to  a new p o s i t i o n  whose te rm in i  

a re  i -1  and j - 1  atoms removed from th e  o r i g i n a l  Bonded l o c i ,  i n  an 

u n c a ta ly z e d  in t r a m o le c u la r  r e a c t i o n .  ThTen p ro v id ed  th e  m ig ra t in g  

group R rem ains bonded to  bo th  ends o f  th e  u n s a tu r a te d  system 

th roughou t (c o n c e r te d  r e a c t i o n ) ,  o r b i t a l  symmetry c o n s t r a i n t s  

would be  d e r iv e d  from th e  form o f th e  h ig h e s t  occup ied  m o lecu la r  

o r b i t a l  (HOMO) o f  th e  hydrocarbon  r a d i c a l  co rresp o n d in g  to  th e  

p o ly e n y l ic  ch a in .  .The HOMO f o r  t h i s  system  i s  th e  non-bonding 

a l l y l i e  o r b i t a l  which p o s se s s e s  th e  fo l lo w in g  symmetry.

>



28

5 , • i  ■

^""~A^roup R, when bound to  th e  ch a in  by a sym m etric o r b i t a l

{eg, an, s o r b i t a l  f o r  R = H ).can  m ig ra te  from one end o f  th e  c h a in
■ \

to  th e  o th e r  i n  two d i s t i n c t  w a y s ;’ c o n s id e r  th e  case  of a 1 ,5  

m ig ra t io n  f o r  th e  fo llo w in g  p e n ta d ie n y l :

A •H
/

B

C
D

FIGURE 1 . 8 ( a ) .  S u p r a f a c i a l  m ig ra t io n  o f  a hydrogen atom.

-ST
H

FIGURE 1 .8 ( b ) .  A n ta r a f a c i a l  m ig ra t io n  o f  a hydrogen atom.

»
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f o r  a s u p r a f a c i a l  p ro c e s s  (F ig u re  1.'8 ( a ) )  ,the  t r a n s f e r r e d  

hydrogen atom i s  a s s o c ia t e d  a t  a l l  t im es w ith  th e  same fa c e  

o f  th e  Tf system ; f o r  th e  a n t a r a f a c i a l  p ro c e s s  (F ig u re  1 . 8 ( b ) ) ,  

th e  m ig ra t in g  atom p a sse s  f r o n r t h e  t1fp face  of one carbon 

te rm in u s  to  th e  bottom  fa c e  of th e  o th e r .  The s e l e c t i o n  r u l e s  

f o r  such a s ig m a tro p ic  r e a c t i o n  o f  o rd e r  [ I , j ] a r e  g iven  in

T ab le  1 . 1 ( a ) .

X

TABLE 1.1(a).

S e le c t io n  r u l e s  f o r  an allow ed s ig m a tro p ic  s h i f t  o f  o rd e r  [ l , j ]

o f  a hydrogen atom.

L (cnerm ai;

[1 ,3 ]  antara

[1 ,5 ]  ' Gupra

[ 1 , 7 ] a n t a r a

[1 ,9 ]  su p ra

*=

■*
Where R i s  a group o th e r  t h a n 'a  hydrogen atom (eg m e tiy r l ) , 

the orbital by which R is bound to the polyenyl system may be 

antisymmetric (39. possess some p character). Alternate processes

a t  th e  m ig ra t in g  c e n te r  as shown in  e q u a t io n  (3 4 ) .

. . ( 3 4 )
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The s e l e c t i o n  r u le s  a re  th e n  p r e c i s e l y  r e v e rs e d  i f  in v e r s io n  

ta k e s  p la c e  a t  th e  m ig ra t in g  c e n t e r  (T ab le  1 . 1 ( b ) ) .

TA3LE 1 .1 ( b ) .

G enera l s e l e c t i o n  r u le s  f o r  th e rm a l ly  a llow ed  s ig m a tro p ic  s h i f t s .

[l,j] S u p r a f a c i a l A n ta r a f a c i a l

[1,3] in v e r s io n r e t e n t i o n

[1,5] r e t e n t i o n in v e r s io n

[1,7] i n v e r s io n  - r e t e n t i o n

[1,9] r e t e n t i o n • in v e r s io n

Thus a [ l , 3 ] s h i f t  may be  e i t h e r  a n t a r a f a c i a l  w i th  r e t e n t i o n ,

o r  s u p r a f a c i a l  w ith  in v e r s io n  (F ig u re  1 . 9 ( a ) ) ,  w h i le  a (1 ,5 ]

s h i f t  w i l l  be s u p r a f a c i a l  w i th  r e t e n t i o n ,  o r  a n t a r a f a c i a l

w i th  in v e r s io n  (F ig u re  1 . 9 ( b ) ) .

1 ,3 :  a n t a r a f a c i a l :  re te n tio n  1 ,3 :  s u p r a f a c i a l :  in versio n

FIGURE 1 .9 (a )  P o s s ib le  [1 ,3 ]  s ig m a tro p ic  
m i g r a t i o n s .

K 5 :  s u p r a f a c i a l :  reten tion  1 ,5 :  a n t a r a f a c i a l :  inversion

FIGURE 1 .9 (b )  P o s s i b le  [ 1 ,5 ] s ig m a t r o p ic  
- m ig ra t io n s .
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These r u l e s ,  a l th o u g h  o r i g i n a l l y  conceived f o r  s t r a i g h t  

ch a in  p o ly e n y ls ,  ajre e q u a l ly  a p p l i c a b l e  to  th e  co rresp o n d in g  

cy c lo p o ly en y l  sy s tem s .  I t  shou ld  be no ted  however, t h a t  r e -

3ifxgements going by an a n t a r a f a c i a l  p ro cess  have been  ru le d

76 " .o u t f o r  sm a l l  r in g —s y s te m s . I t  fo llow s t h a t  f o r  a r in g —system

hav ing  n = 1 (i.e. C.H^R), th e  only  Woodward-Hof fmann allow ed

s h i f t  w i l l  be a 1 ,3  s u p r a f a c i a l  s h i f t . , '  in v o lv in g  an in v e r s io n

o f  c o n f ig u r a t io n  a t  th e  m e ta l  c e n t e r ,  w h ile  f o r  n = 2

two rea rrangem en ts  a r e  a l lo w ed ,  a 1 ,3  s h i f t  w i th  ' in v e r s io n  o f

c o n f ig u r a t io n ,  o r  a 1 ,5  s h i f t  w i t h , r e t e n t i o n  o f  c o n f ig u r a t io n .

The re le v a n c e  of th e s e  c o n s id e r a t io n s  to  r o e ta l lo t r o p ic  rea rran g em en ts

 ̂ 1 U 77 ,7 8 ,7 9i n  m e ta l lo c y c lo p e n ta d ie n e s  has been s u g g e s t s ^  e lsew h ere .

C .3. T h e  NMR T e c h n i q u e  a s  A pplied  t o  S t e r e o c h e m i c a l l y  n o n - r i g i d  

M o l e c u l e s .

C . 3 . ( i ) .  Theory

E le c t ro n  s p in  resonance  and n u c le a r  m agne tic  resonance  s p e c tro s c o p y  

owe t h e i r ,  e x i s t a n c e  to  th e  f a c t  t h a t  e l e c t r o n s  and c e r t a i n  

n u c l e i  p o sse ss  m agne tic  moments because  they  have bo th  e l e c t r o -  

g C a t ic  charge and s p in  a n g u la r  momentum. In  th e  p re se n c e  of 

a m agnetic  f i e l d ,  th e s e  m agne tic  moments become a l ig n e d  e i t h e r  

w ith  o r  opposed to  th e  a p p l ie d  m agnetic  f i e l d .  Hence fo r  a 

n u c leu s  o f  s p in  quantum number I  = %, th e r e  a r e  two s t a t e s ;
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= +ij and -h

l=h

y
y

y"N.
\

\
no m agne tic  

f i e l d

X
M].=+is

ap p l ied

m agnetic

f i e l d

During th e  NMR ex p er im en t ,  n u c l e i  a l ig n e d  w ith  th e  m agne tic  

f i e l d  ( th e  ground s t a t e ,  = +40, abso rb  energy  and become a l ig n e d  

' a g a in s t  th e  m agne tic  f ie ld*  ( t h e  e x c i te d  s t a t e ,  -  ~H)•

The energy d i f f e r e n c e ,  6E, between th e  ground and e x c i te d  s t a t e s

i s  g e n e r a l ly  s m a l l ,  so t h a t  th e  u n c e r t a in t y  p r i n c i p l e  d i c t a t e s  

t h a t  any measure of AE must- r e q u i r e  a s i g n i f i c a n t l y  long t im e ,  

i-& ^  10” ^ s .  I f  a n u c leu s  were to  change i t s  chem ica l o r

' g eo m e tr ic  environm ent d u r in g  th e  tim e re q u i re d  to  com plete  t h i s

measurement a l a r g e  u n c e r t a in t y  i n  th e  l a t t e r  would r e s u l t .

T h is  has th e  e f f e c t  of g iv in g  a , s e r i e s  o f  e n e r g ie s  f a t h e r  than

a s i n g l e  d e f in e d  band.

I f  th e  n u c leu s  changes i t s  p la c e  between two m a g n e t ic a l ly  

d i f f e r e n t  s i t e s ,  ie  which have d i f f e r e n t  re so n an ce  p o s i t i o n s ,  

a t  a s u f f i c i e n t l y  r a p id  r a t e ,  a new band w i l l  s t a r t  to  appea r  

a t  th e  median of th e  two form er b ands .  T h is  i s  c o n s i s t e n t  

w ith  th e  r a t e  o f  rea rran g em en t becoming com parable to  th e

frequency s e p a r a t i o n  between th e  two resonance  p o s i t i o n s , b e f o r e
♦

v /  and a f t e r  th e  change i n  p o s i t i o n .  The " t im e  r e q u i r e d  fo r
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measurement" i s  d i r e c t l y  r e l a t e d  to  what i s  commonly r e f e r r e d
75

to  as th e  " t im e  s c a le "  o f  th e  exp erim en t .  A l i s t  o f  th e

tim e s c a l e s  f o r  some common te c h n iq u e s  a r e  g iv e n  i n  T ab le  1 .2 .

I  ̂ '

TABLE 1 .2 ,

Approximate tim e s c a le s  f o r  some d i f f e r e n t  ex p e r im e n ta l ,  t e c h n iq u e s .

e l e c t r o n  d i f f r a c t i o n  

X -ray d i f f r a c t i o n  

u l t r a v i o l e t  

v i s i b l e  

IR , Raman

e l e c t r o n  s p in  resonance  

n u c le a r  m agne tic  resonance  

Mossbauer ( i ro n )

M olecu la r  beam

E xperim en ta l  s e p a r a t io n  of isom ers

Approximate Time S c a l e ( s )  

,-2010

10

10

' id

10

-18

-15

-14

-13

10-4 -  10-G

lO'*'  ̂ -  lQ-9

10

10

-7

- 6

The f a c t  t h a t  th e  l i f e t i m e  o f  so many s t e r e o c h e m ic a l ly  

n o n - r ig id  m o lecu le s  i s  comparable w ith  th e  tim e s c a l e  of th e  NMR 

experim en t has  made NMR an in v a lu a b le  t o o l ,  w i th o u t  which th e s e  

p ro c e s s e s  would have remained unobserved , o r  a t  b e s t  observed  only  

w i th  d i f f i c u l t y .
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C . 3 . ( i i ) .  The u se  o f  d i a s t e r e o t o p i c  g roups i n  de te rm in in g  

th e  mechanism of rearrangem en t i n  m e ta l lo c y c lo p e n ta d ie n e s .

D e f i n i t i o n s . W  N ucle i which e x p e r ie n c e  eq u a l  m agne tic  s h ie ld in g  

have i d e n t i c a l  chem ica l s h i f t s  and a r e  te.vmeà( isoohronoits o r  

homotopio. (W Two atoms (o r  groups of atoms) a re  m agnetically  

équ iva len t  i f  they  a r e  iso ch ro n o u s  and i f  they  a re  e q u a l ly  coupled  

to  a l l  o th e r  NMR a c t iv e  n u c l e i  i n  th e  m o lecu le ,  (O  G e n e ra l ly ,  

f o r  any t e t r a h e d r a l  m olecu le  of th e  ty p e  M ^ ^  where ^  and ^  a re  

d i f f e r e n t  n o n d issy m m e tr ic g ro u p in g s , th e  two a n u c l e i  w i l l  be 

enantiom eric, however they  a r e ■ a l s o  m a g n e t ic a l ly  e q u iv a le n t  and 

is o ch ro n o u s . CL

c(l)
30

0 ( 2 )

The environm ents  of c ( l )  and c (2 )  a r e  m i r r o r  images o f  each o th e r ,  

such t h a t  r e p la c in g  e i t h e r  o f  them by a n o th e r  d i f f e r e n t  n u c leu s  

o r  group d would g iv e  r i s e  to  th e  anan tiom orphs ^ ( b )  .

a

d
b

0 ( 2 )

b

30(a) 30(b)



U )  For _30, where e i t h e r  a ox b a r e  d i s s y m e t r i c ,  ie  th e  two 

n u c l e i  c ( l )  and e (2) e x p e r ie n c e  m a g n e t ic a l ly  in e q u iv a le n t  

env ironm ents  and a re  diàstereom eina.

( 1)

9

31

35

R eplac ing  e i t h e r  e ( l )  o r  c(2> by a n o th e r  n u c le u s ,  d , then  r e s u l t s  

i n  th e  d ia s te r e o is o m e r s  31(a) and _ ^ ( b ) .

a

d

31(a)

99

31(b)

A group l i k e  M i s  o f te n  r e f e r r e d  to  as  a diasieTeobopic p i’oicp» 
0^2



A p p l ic a t io n

\
One o f  th e  s im p le s t  examples o f  a m o lecu le  in c o rp o r a t in g  

a  d i a s t e r e o t o p i c  group i s  shown in  ^

36

CHg(A) 32

As d e f in e d  above, t h ^  m e thy l g roups (A) and (B) a re  m a g n e t ic a l ly
\

i n e q u i v a l e n t ,  i n  p r i n c i p l e  g iv in g  s e p a r a t e  s ig n a l s  in  th e

13 1C NMR spectrum  and a complex H NMR spectrum  a r i s i n g  from

an s p in  sy stem , as opposed t o  th e  a ^  system  o c c u r r in g

1 2 '8 0
when (A) and (B) a re  m a g n e t ic a l ly  e q u iv a le n t  (i.e. R = R ) .

When E i s  a n i t r o g e n  atom, i n v e r s io n  a t  N "(equation (35) ) .

i s  r a p id  and causes  exchange between th e  m agnetic  environm ents  

80
o f  (A) and (B ). Hence th e  two m ethyl groups ^ re  no lo n g e r

m ethyld i s t i n g u i s h a b l e  by NMR s p e c t ro s c o p y ,  and only  one C

13. s i g n a l  is v o b s e rv e d  i n  th e  C NMR spectrum : _The co r re sp o n d in g

1 * .
re so n a n c e  i n  th e  -H NMR i s  a d o u b le t  v ia  coup ling  to  th e  m e th ine  

p ro to n .

N

R
in v e r s io n

N'

(35)
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■ r
'M islow e i have observed  te m p e ra tu re  dependent

.phenomena f o r  a r e l a t e d  p h o s p h in e 'd e r i v a t iv e  . 33. Thus s p e c t r a

H C Ph

CH (A) :  '^CH.(B)
H

33

c o n s i s t e n t  w ith  th e  s t a t i c  s t r u c t u r e  a r e  observed  a t  0 C, 

showing th e  m e thy l groups (A) and (B) to  be m a g n e t ic a l ly  i n ­

e q u iv a le n t .  In v e r s io n  a t  th e  phosphorus c e n t e r  exchange's t h e

'  ' ' - *m agnetic  env ironm ents  o f  (A) and (B) a t  a , r a t e  such t h a t ,

• o
a t  te m p era tu re s  above +60 C, they  a r e  i n d i s t i n g u i s h a b l e

t
on th e  NMR time s c a l e .

A s i m i l a r  method has r e c e n t ly  been  used to  de te rm ine

i f  m ig ra t io n  I n  m e ta l lo c y c lo p e n ta d ie n e s -  o ccu rs  w i th  r e t e n t i o n  
S '

<5r in v e r s io n  o f  c o n f ig u r a t io n  a t  th e  m etal^»center. Thus f o r
' \  ’ ' .
cbmpouhd 3 4  th e  s lo w - l im i t^  C NMR sp ec tru m , obse rved  a t  -30°C,

H H

X CH^(A)
34

0^
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has two s ig n a l s ?  f o r  th e  d ia s te reo m eric*  m ethy l groups (A) and (B ) .

At h ig h e r  t e m p e ra tu re s ,  where th e  f l u x i o n a l  p ro c e s s  i s  s u f f i c i e n t l y  

r a p id  to  b r in g  about av e ra g in g  o f  re so n an ces  f o r  th e  cy c lo -  

p e n ta d ie n y l  r in g  c a f t o n s , no b roaden ing  o r  change in  chem ical
f  *

s h i f t  o f  th e  two m ethy l re sonances  was o b se rv ed ,  showing th e  

rea rran g em en t ta k e s  p la c e  w i th  r e t e n t i o n  o f  c o n f ig u r a t io n  

a t  th e  s i l i c o n  c e n t e r .

%-

C .4. -Experim ental O b se rv a tio n s  of S ig m a tro p ic  S h i f t s  i n  

'M e ta l lo m o n o h a p to cy d o p o ly e n e  S ystem s.

38

S e v e ra l  comprehensive rev iew s o f  th e  f l u x i o n a l  p ro c e s s e s  

t a k in g  p la c e  i n  m onohaptocyclopo lyeny lm eta l system s have appeared  

T his  s e c tÆ n  s e t s  ou t to  summarize im p o r ta n t ,  more r e c e n t  

develoj0 ge&ts, b u t  some of th e  e a r l i e r  m a t e r i a l  has a l s o  been

f  '

2 4 ,8 2 ,8 3

. 1
i n c lu d e d ' ' f o r  com pleteness,-

G .4 . ( i ) . M e ta l lo c y c lo p e n ta d ie n e s

M e ta l lo c y c lo p e n ta d ie n e s ,  i n  which th e  m e ta l  i s  bonded v ia  a 

sigma-hond to  th e  s a t u r a t e d  carbon atom o f  th e  C ^ -r in g ,  have 

been known s in c e  1956, in ,w h ich  y e a r  compounds35> an d 36 were-

Fe

CO
36
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84' i s o l a t e d  i»y P ip e r  and W ilk in son .  These s p e c ie s  were found

. ' ' _  1 
t o  e x h i b i t  s u r p r i s i n g l y ®  imp l e  room -tem pera tu re  H NMgL s p e c t r a ,

1 5‘
s i n g l e t  re so n an ces  b e in g  o bse rved  f o r  b o th  rj and n

r in g  n u c l e i .  These o b s e rv a t io n s  were a t t r i b u t e d  to  a f a s t

m e ta l-c a rb o n  rea rrangem en t a rou n â_ th e  n - c y c lo p e n ta d ie n y l  r i n g ,
'

an i n t e r p r e t a t i o n  which has  s u b se q u e n t ly  been f u l l y  c o r ro b o ra te d .

In  a d e t a i l e d  r e - i n v e s t i g a t i o n  o f  th e  i r o n  complex C o tton
e

and c o w o r k e r s , u s i n g  X -ray c r y s t a l l o g r a p h y ,  dem onstra ted

th e  e x i s t e n c e  of the -tw o  d i f f e r e n t  types  of c y c lo p e n ta d ie n y l
I

, r in g .  As p a r t  of the  same s tu d y , ,  th e  H NMR spectrum  o f ^

was a l s o  shown to  be te m p e ra tu re  d ep en d en t,  and a t  oa -80°C,

a spectrum  c o n s i s t e n t  w ith  th e  s t a t i c  s t r u c t u r e  was o b ta in e d .

D e te rm in a t io n  of th e  rea rran g em en t pathway was a lso

a t te m p te d  by a n a ly s i s  of th e  d i f f e r e n t i a l  c o l la p s e  of the

1a a ^ b b ' m u l t i p l e t  i n  th e  s lo w - l im i t  H NMR spectrum . Assignment 

of th e  porti^on of the  a a / b b '  m u l t i p l e t  which’ c o l la p s e s  f i r s t

to  HA,A' based on th e  m agnitude o f  the  cou p lin g  c o n s ta n t s

' * 14 JC B 86and J(H -H ) , and l a t e r  by comparison o f

chem ical s h i f t s  w ith  th o se  o f  th e  m onohaptoindenyl analogue 

Fe(n^-C^Hg) (00 ) 2 , l e d  to  th e  c o n c lu s io n  t h a t  a 1 ,2

s h i f t  p red o m in a te s .

F u r th e r  ev idence  f o r  th e  ass ignm en t o f  th e  a a 'b b '  p a r t  ■* 

of th e  spectrum  has, been a r r i v e d  a t  f o r  s e v e r a l  o th e r  d e r i v a t i v e s .
* C 1 O? 1

Thus fo r  Mo(n -C ,Hc)(N O ), th e  s lo w - l im i t  H NMR

spectrum  i s  c o n s i s t e n t  w i th  " f r e e z i n g  ou t"  o f  th e  r o t a t i o n a l

39.

85



c o n f ig u r a t io n  shown i n  3J^±p. which th e  two s id e s  o f  th e  n -C p - r in g  

a r e  m a g n e t ic a l ly  " in e q u iv a le n t .  I t  was assumed t h a t  th e  m agn itude

3  5

■NO

,A'-

Mo

4P

37

of t h i s  e f f e c t  would be g r e a t e s t  f o r  th e  A,A" p r o to n s ,  a n ’
% —

assignm ent which ag a in  s u p p o r ts  a 1,2 s h i f t .  In  two s i m i l a r  

ex perim en ts  an asymmetric m e ta l  c e n t e r  i s  a-b^nded to  t h e

C q -r in g .  The a n t i c i p a t e d  l a r g e r  d i a s t e r e o t o p i c  s p l i t t i n g s  i n  th e
5 V '

13L.C NMR spectrum  o f  th e  C and C carbon re s o n a n c e s ,  r e l a t i v e  to

th o se  f o r  a n d - a g a i n  le d  to  th e  c o n c lu s io n  t h a t  a 1 , 2

s h i f t  ta k e s  p la c e  i n  Mo(n^-CgHg)(n^-CgH^)(N0 ) ( S 2CNBu^2)

and Si(H )(Bu2)(nl-CgH g)Cl.G 9 ' '■

"For compounds of ty p e  M (X)(Y)(Z)tn^-C^H^), along^ w ith  i

d i a s t e r e o t o p i c  s h i f t s  among th e  C ^ -ring  n u c l e i ,  a n i s o c h ro m ie i ty

may be p r e s e n t  w i th in  an a p p r o p r i a t e l y  s u b s t i t u t e d  m ig ra to ry

79group , M(X)(Y)(Z). The f i r s t  such  r e p o r t  concerned ■



w

41

S i(H )(M e)( i-P r)(n^ -C ^H ^) w here th e  s lo w - l im i t  NMR spectrum  

i s  c o n s i s t e n t  w ith  s t r u c t u r e  M  showing d i a s t e r e o t o p i c  e f f e c t s

(EjCHg

38

bo th  w i th in  th e  r in g  and f o r  th e  two m ethy ls  (A) and (B) o f  th e

i s o p r o p y l  group . As th e  te m p e ra tu re  was r a i s e d ,  .c o l la p s é

13 'of th e  r in g  carbon re so n an ces  in  th e  C NMR spectrum  was o b se rv ed ,

A B
but no b roaden ing  o f  re so n an ces  a t t r i b u t a b l e  to  C and C

was a p p a re n t ,  showing th e  m ag n e tic  environm ents  o f  th e  two _

m ethyl groups remain unchanged th rou g h o u t th e  rea rran g em en t '

p ro c e s s .  Thus th e  i s o p r o p y l  group can be used to  p robe th e  ^

s te re o c h e m ic a l  behaviour; o f  th e  s i l y l  s u b s t i t u e n t ,  s i n c e  th e

above r e s u l t s  a r e  only  c o n s i s t e n t  w ith  r e t e n t i o n  o f  c o n f ig u r a t io n

a t  th e  s i l i c o n  c e n t e r ,  th ro u g h o u t  th e  f l u x i o n a l  p r o c e s s .

*
. V '

C . 4 . ( i i ) .  M e ta l lo m e th y lc y c lo p e n ta d ie n e s .

N on-degenera te  rea r ran g e m en ts  i n  ring^^^^subhtituted m e ta l lo ­

c y c lo p e n ta d ie n e s  have on ly  r e c e n t l y  become w e l l  u n d e rs to o d .

In  th e  e a r l i e s t  r e p o r t ,  o f  th e  s y n th e s i s  o f  such s p e c i e s ,  F r i t z

90 1a n d ,K r e i t e r  i n c o r r e c t l y  i n t e r p r e t e d  the* H NMR spectrum ' J
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f o r ^ f i e t r a k i s (n -m e th y lc y c lo p e n ta d ie n y l ) s ta n n a n e  i n  term s of 

\ ) 9  i n  which th e  t i n  atom i s  su rro u n d ed  by fo u r  *s t r u c t u r e

C ^-rings  each bonded e x c lu s iv e ly  by th e  càrbon  b e a r in g  th e  

m ethyl group i n  a ' s t a t i c '  ( s te r e o c h e m ic a l ly  r i g id ) - a r r a n g e m e n t .

CH

M

39

91 92
Davison and R a k i ta   ̂ s u b se q u e n t ly  p o in te d  ou t t h a t  th e  

observed  d a ta  a re  a l s o  c o n s i s t e n t  w i th  th e  -rap id  movement of

th e  t i n  c e n te r  around each o f  th e  jn e th y lc y c lo p e n ta d ie n y l  r i n g s .

I  1
I t  has f u r t h e r  been shown t h a t  th e  H NMR spec trum  o f  SnMe^Cp

o 1
i s  s i g n i f i c a n t l y  broadened  a t  -60  C, and t h a t  b o th  SiMe^Cn

and GeMe„(n^-CcH,CH-) e x h i b i t  complex s lo w - l im i t  s p e c t r a  a t
 ̂ j  _) 4 j

oa 0 and.-60°C r e s p e c t i v e l y ,  which, show c h a r a c t e r i s t i c  s p e c t r a l

v a r i a t i o n s  w ith  in c r e a s in g  te m p e ra tu re .  T h is  e v id en ce  i d e n t i f i e s

a s e r i e s  of rea rran g em en ts  w h ic h . le a d  to  in t e r c o n v e r s io n  between
'

th e  th r e e  isom ers  40, .41', and 4 2 . . ,  ,

Me Me

-H

MR3
40 41

. . Me. ,MRx

42
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93 94
T his  ty p e  o f  rea rrangem en t has been, termed " g z ^ ^ - f l u x i o n a l "  

im ply ing  a c lo s e  r e l a t i o n s h i p  w i th  th e  b eh a v io u r  o f  th e  c o r r e s ­

ponding u n s u b s t i t u t e d  c y c l o p e n t a d i e n y l .d e r i v a t i v e s ;  th e
/

d i f f e r e n c e  from th e  l a t t e r  i s  t h a t  in t e r c o n v e r s io n  occurs  between
i ■

ch em ica lly  d i s t i n g u i s h a b l e  isom ers p o s s e s s in g  d i f f e r e n t  ground

Sjta te  ^ n ^ r g i e s .  Hence, i n  a p r e d i c t a b l y  more com plica ted

way, th e  f a s t - l i m i t  NMR s p e c t r a  o f  such compounds w i l l  r e s u l t

from th e  a v e ra g in g  o f  m a g n e tic  environm ents  a t  f a s t  r a t e s

o f r e v e r s i b l e  i s o m e r iz a t io n .

D e ta i le d  i n v e s t i g a t i o n  o f  rea rran g e m en ts  o c c u r r in g  in

* 13
such m o lecu le s  has been g r e a t l y  a s s i s t e d  by th e  use  o f  C NMR

■ 1 95
s p e c tro s c o p y .  For G ^e^C h -C^H^CH^) » i t  has been p o s s i b l e

13t d  com ple te ly  a s s ig n  th e  s lo w - l im i t  C NMR spec trum , using  

o f f - r e s o n a n c e  s e l e c t i v e  p ro to n  .d e c o u p l in g , i n  term s o f  isom er 

ty p es  ^  and ^  i n  an e n . 2:1 r a t i o .  More r e c e n t l y  a n a ly s i s
»

of th e  s lo w - l im i t  s p e c t r a  of MRg(n -C^E^CH^), MR  ̂ = SiH^,
94 ,

GeH^j and GeMe^, has l e d  to  th e  p ro p o sa l  t h a t  only Isom ers

40 aqd 41 o c c u r  in  s i g n i f i c a n t  c o n c e n t r a t io n s  i n  s o l u t i o n ,
1

For SnMe_(n -CgH^CHg) a rough e s t im a te  o f  th e  r e l a t i v e  c o n c e n t r a t io n s

o f  # ,ahd ([40 ] [41])  a t  room -tem pera tu re  was a l s o  made,
* 13

based  pn th e  frequency  s e p a r a t i o n  between th e  C resonances
»

f o r  each of th e  two p a i r s  of r in g  carbon atoms in  th e  f a s t - l i m i t  

spec trum . On t h e  b a s i s  of-« th is  ev id e n c e ,  i t  was concluded t h a t

th e  r a t i o  [àû] : [ i l ]  was' s e n s i t i v e  to  b o th  th e  s i z e  of th e  m e ta l
. .

atom, and th e  s t e r i c  demands o f  s u b s t i t u e n t s  on th e  m e ta l .
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A somewhat s i m i l a r  experim en t on a system  hav ing  a deu te r iu m  

atom l a b e l ,  as  opposed to  a m e thy l group a t ta c h e d  to  th e  C ^ ^ r in g ,  

has  r e c e n t ly  been r e p o r t e d . ‘ For  SnMe^Cn , i s o t o p i c
1

p e r t u r b a t i o n  o f  th e  s t r i c t l y  f l u x i o n a l  rea rran g em en t i n  SnMe^Cn 

was obse rved ,  th e  f a s t - l i m i t  spec trum  b e in g  c o n s i s t e n t  w i th  

an e q u i l ib r iu m  between th e  t h r e e  isom ers  and 45 .

D

SnMe

43

SnMe SnMe,

44 45

%
R e c e n t ly ,  F ab ian  a n d ‘Labinger^^  have shown t h a t  in  

Fe(n^-CgHg) (n^-C^H^CHg) (CO) (PF^NMe^), t^ e  m e ta l  atom moves a r o w d

Lon
\

* th e  m e th y lc y c lo p e n ta d ie n y l  r in g  w ith  r e t e n t i o n  o f  c o n f ig u râ t
i - '

a t  th e  m e ta l  c e n t e r ,  app ly in g  argum ents s i m i l a r  to  th o se

1 ^  '  used f o r  Si(lf><CH_) ( i -  P r)  (n . I t  was a l s o  p o s s i b l e  to

show t h a t  in  th e  f à s t - l i m i t  NMR sp ec tru m , s i g n a l s  f o r  the

\  Br in g  p ro to n s ,  and H a r e  d i a s t e r e o t o p i c a l l y  s h i f t e d ,  s e e  46 ,

’Me

46 Fe(n -CgHg)(C0)(PF2NMe2) :



s
45

i n d i c a t i n g  t h a t  th e  f l u x i o n a l  p ro c e s s  must in v o lv e  e i t h e r  

( i )  s u p r a f a c i a l  m ig ra t io n  w ith  r e t e n t i o n  of .c o n f ig u ra t io n  

a t  th e  m e ta l  c e n t e r ,  o r  ( i i )  a n t a r a f a c i a l  m ig ra t io n  w i th  i n v e r s i o n  

o f  c o n f ig u r a t io n .  S in te  m ig ra t io n  occurs  w ith  r e t e n t i o n  o f  

c o n f ig u r a t io n  a t  th e  m é ta l  c e n t e r ,  th e  rea rrangem ent was t h e r e f o r e  

concluded  to  be s u p r a f a c i a l , '

C .4 . ( i i i ) . M e ta l lo p e n ta m e th y lc y c lo p e n ta d ie n e s .

There have been only a few r e p o r t s  o f  m e ta l l o t r o p i c  s h i f t s

in  m o n ohap topen tam ethy lcyc lopen tad ieny l d e r i v a t i v e s .  P e n ta -

92
m e th y lc y c lo p e n ta d ie n y l t r im e th y l -g e rm a n e  and - s ta n n a n e  , *

•s -,
bo th  show s i m i l a r  n o n - r ig id  c h a r a c t e r i s t i c s  which co rresp o n d

to  th o se  observed  f o r  th e  u n s u b s t i t u t e d  c y c lo p e n ta d ie n y l  an a lo g u e s .

1 98
I n t e r e s t i n g l y ,  i t  has been c la im ed  th a t  Hg(n

i s  a ' s t a t i c '  m o lecu le ,  i n  s t r i k i n g  c o n t r a s t  t o - t h e  s e v e r a l

' 84,99
known m ono 'haptocyclopentadienylm ercury  d e r i v a t i v e s ,

which a re  f l u x i o n a l  w ith  very  low a c t i v a t i o n  e n e rg ie s  f o r

■ X - 1 .
rea rrangem en t ( • oa ,20kJmol ) .

.

CH
CH

BCl

CH

2 '

H H

\\ II
48

H

.BClr

BCl

I  -
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The f i r s t  r e p o r te d  example 100 of a .compound hav ing  boron

bonded via  a o-bond to  th e  a l l y l i c  carbon o f  a C ^ -r in g  i s  th e

p en tam ethy lcycX open tad ieny l B [ n ^ - C ^ C C H ^ ) s h o w n  i n  47 .

The p r e f e r r e d  v in y l  i s o m e rs ,  ^  and found e x c l u s i v e ly  f o r

101aIT p r e v io u s ly  known c y c lo p e n ta d ie n y lb o ra n e s  i s  s a id  to  be 

p re c lu d e d  h e re  owing t o  th e  h ig h  a c t i v a t i o n  energy o f  a 1 ,2  

m ethy l s h i f t ,  r e l a t i v e  t o  a 1, 2  hydrogen s h i f t .

C . 4 . ( i v ) .  M é ta l lo  ( T - in d e n e s ) .

During e f f o r t s  to  e s t a b l i s h  th e  n a tu re  of th e  f l u x i o n a l  

p ro c e s s  t a k in g  p la c e  i n  m o n o h a p to c y c lo p e n ta d ie n y ls , a number 

o f  d e r i v a t i v e s  o f  th e  r e l a t e d  indene  r in g - s y s te m  were p re p a re d .

I t  was hoped t h a t  a com parison o f  th e  NMR s p e c t r a  o f  in d g n y l

d e r i v a t i v e s  w ith  th o s e  o f  c y c lo p e n ta d ie n y l  ana logues  would

a llow  an unequ ivoca l ass ignm ent o f  th e  s lo w - l im i t  spectrum

f o r  th e  c y c lo p e n ta d ie n y l ,  f a c i l i t a t i n g  d i s t i n c t i o n  between

1 ,2  and 1 ,3  s h i f t s .  F u r th e r  sh o u ld  a 1 ,3  s h i f t  be th e  predom inant

rea rrangem en t pathway f o r  m e ta l lo c y c lo p e n ta d i e n y l s , t h e  rea rrangem ent

i n  th e  in d e n y l  ana logue  (5D (a)—> -5 0 (b ) . e q u a t io n (3 6 ) )  might

MH

M

. . . . ( 3 6 )

.5 0 ( a ) 5 0 ( b )
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be expec ted  to  p roceed  a t  a s i m i l a r  r a t e ,  w h i le  a 1 , 2  s h i f t  

would r e s u l t  i n  in te rm e d ia c y  o f  th e  h igh  energy  i a o - i n d e n y l  (51) ,  

s i g n i f i c a n t l y  s low ing th e  r a t e  o f  rea rrangem ent i n  5 0 .

M

51

.C o tto n  aW co-w orker p rep a red  Fe(n^-C^H^)(n^-C^H^)(CO ) 2 

and found i t  be n o n - f lu x io n a l ,  a r e s u l t  i n t e r p r e t e d  as

s u p p o r t in g  a 1 ,2  pathway In  F e (n ^ -C ,H .) (n ^ -C -H -) (C 0 )„ .
1 ‘ 1 B is (n  - in d en y l)m ercu ry  ,Hg(n has been shown-to be a,

f l u x i o n a l  m o lecu le ,  b u t  th e  r a t e  o f  rea rrangem en t i s  s i g n i f i c a n t l y

s lo w er  than  t h a r ' ^ r  Hg(p -C ^hg)2 ' The NMR d a t a  a r e  c o n s i s t  
'

w ith  an o v e r a l l  1 , 3  s h i f t  o f  th e  m e ta l  a l lo w in g  f o r  in t e r c o n v e r s io n
V  "  V

be tw eà j 52 (a) and 52 (b) .

H

/

t

52(a)

M

52(b)

Davison and R a k i ta  have shown 103 t h a t  s i m i l a r  rea rran g e m en ts

o ccu r  i n  some t i n  in d e n y ls .  Some m e c h a n is t i c  in fo rm a t io n

was .a l s o  o b ta in e d  from exam ipa t ion  of th e  DNMR spectrum  of



SnMe^PhCn -CgH^), For th e  l a t t e r ,  th e  d i a s t e r e o t o p i c

, m ethyl groups (A) and(B) g iv e  r i s e  to  s e p a r a t e  re sonances  i n  

\ t h e  s ip w - l im i t  (-30°C) NMR -spectrum, w h i le  f a s t  m e t a l l o t r o p i c

48

(B)Me
(A)Me

•Ph

53

r e a r ra n g e jp ^ n tT re s u l t s  i n  av e ra g in g  o f  th e  two m ethy l re s o n a n c e s ,  

w h ich ,p ro v id ed  only  s u p r a f a c i a l  s h i f t s  a r e  c o n s id e re d ,  i s  

c o n s i s t e n t  w ith  r e t e n t i o n  o f  c o n f ig u r a t io n  a t  th e  m e ta l  c e n t e r  

d u r ing  th e  re a r ra n g e m e n t .

A d e t a i l e d  s tu d y ^ ^ ^ o f  th e  DNMR spec trum  of th e  d i - m e ta l l o - in d e n e , 

l , 2b i s ( t r i m e t h y l s i l y l ) i n d e n e ,  has p ro v id ed  some ev idence  f o r  

th e  pathway o f  th e  re a r ra n g e m e n t .  At e l e v a te d  te m p era tu re s  

s i t e - e x c h a n g e  betw een t h e  two SiMe^ groups o c c u r s ,  such th a t  

on ly  one' co a le sc e d  SiM e^resonance i s  observed  i n  th e  f a s t - l i m i t

\  NMR s p e c t r u m ,  e q u a t i o n ' ( 3 7 ) .

k.

H

(37)
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T h ess  o b s e rv a t io n s  a re  c o n s i s t e n t  w i th  th e  in te rm e d ia c y  o f  th e  

i s o - i n d e n e ,  5 4 , b u t  do n o t  r u l e  ou t t h e  p o s s i b i l i t y  o^ a p a i r

54

SlMe_(A)

, SiMe^CB)

of  s im u l ta n e o u s ,  co n ce r ted  1 ,2  s h i f t s ,  a s  shown i n  55.

^  SiMe_(A)

55
^  SlMe^(B)

The p o s s i b l e  in t e r m e d ia te  ( th e  i s o - i n d e n e  31) has a l s o  

1 O S 1 0 A '
been i d e n t i f i e d  * by t r a p p in g  ex p er im en ts  u s in g  th e  D ie ls -A ld e x  

r e a c t io n  w i th  d ie n o p h i l e s ,  to  g iv e  ad d u c ts  having t l j é ,m ig ra to ry  

g roup , MR^, a t  th e  2- p o s i t i o n  (e q u a t io n  (3 8 ) ) .  ' kk^'MR

SlMe

SiMeSiMe

56.

58
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T herm olys is  o f  t r im e th y ls i ly lC n ~ in d e n 'e )  , 5 6 ^ ^ ^ '^ ^ ^ r e s u l t s  i "  

an e q u i l ib r iu m  m ix tu re  o f  s t a r t i n g  m a t e r i a l  ( ^ 6) along  w i th  

two o th e r  p r o d u c t s (57 and 58) each o f  which i s  th e  r e s u l t  o f  

a  p r o t o t r o p i c  s h i f t ( s ) .  The p re s e n c e  o f  isom er ^  mdy be i n t e r p r e t e d  

as  f u r t h e r  ev idence  f o r  a - re a r ra n g e m e n t  v ia  th e  i s o - in d e n e  

51. ■ .

C . 4 . ( v ) .  M e ta l ld c y c lo h e p ta ' t r i e n e s .

The observed  pathway f o r  m ig r a t io n  i n  m e ta l lo c y c lo p e n ta d ie n e s  

p ro v id e s  no ev idence  to  d i s t i n g u i s h  between a 1 , 2 , " l e a s t  m o t io n " ,  

s h i f t  and a 1 , 5  pathway to p o l o g i c a l l y  i d e n t i c a l  w ith  a Woodward- 

* Hoffmann s y m m e try -co n tro l led  [1 ,5 ]  th e rm a l  rea rran g e m en t .

In  a C ^ -f in g  system , 1 ,2  and 1 ,5  m ig ra t io n s  .w il l  be d i f f e r e n t i a b l e ,  

r e s u l t i n g  in  e i t h e r  a  " l e a s t  m otion"  s h i f t  o r  a Ymolecular 

b road  jump Y r e s p e c t i v e l y ,  ie .j

■R.  M

(1 ,5 )

Thus th e  C ^ -r in g  system  pr,ovid.es a s u i t a b l e  model from which 

th e  rea rran g em en t pathway e s t a b l i s h e d  e x p e r im e n ta l ly  w i l l  d i s ­

t i n g u i s h  between th e  two a l t e r n a t i v e s .

The f i r s ^  such m olecule  to  be prepaj^Éi was SnPhyXn^-CyHy), 

which e x h ib i t e d  a  DNMR spec trum  c o n s i s t e n t  w ith  a 1 ,5  s h i f t

4 •

A
4*



5J

-3

r. '  , ' '  ' * • .
(équivalqnÈ-;tn6 "â 1 ,4  s h i f t ) ,  o f  th e  P h ^ S n -s u b s ç i tu e n t  about th e

CL-ring (eq u a t io n  ( 3 9 ) ) ,  These obsem ra t ions  have been  r e - ' ,

109in v e s t i g a t e d .b y  Mann «and co-w orkers  

confirm ed ' t h e  e a r l i e r  c o n c lu s io n s .

who have e s s e n t i a l l y

»
■ H SnPh.4 0 ' SnPh

SnPh

€

(39)

.More r e c e n t l y ,  ^ e  f i r s t  trans it jL on  m e ta l  sigma-bonded•• . » 1 ■ '  ,

• , ’ ,1 »•. ■ ’ - 110 
c y c l o h e p ta t r i e n e , . %e(n -C^Hy) (CO).^ has been  r e p o r te d .
. 0 -  *  *  - ^  

I n t e r e s t i n g l y ,  1the m o lecu le  i s  a l le g e d  on th e  b a s is '  o f  F o rsen -

Hoffmann é p i n ^ s ^ t u r a t i o p  e x p é r im en ta ' t o  undergo a l e a s t  m otions

1,2  (o r  1 ,7) s i i i f f , '  n o t% rh la te ^  to. a Woodward-Hoffmann symmetry-

allow ed [1 ,5 ]  s h i f t .  t
■ •

The r e l a t e d  c y c lo h e p ta d ie n e  system  h a s . a l s o  been  in v e s t i g a t e d

Thus’ SnMe»(p -C_H.; has been shown to  be a f l u x i o n a l  m o le c u le ,

in, which t h e . t i n  m ôie tÿ  m ig ra te s  v v a  a  ̂1 ,5  s h i f t ,  a t  a r a t e

s i m i l a r  to  t h a t  o b s e rv e d ,fo r 'S n P h g (n  -CyHy)-. (e q u a t io n  ( 4 0 ) ) .

' '  ' '  / y

111

SnMe,

^nMe

(40)

• I
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C . 4 . ( v i ) . M e ta l io c y c lo n o n a te t r a é n e s .

rM e ta l lq t ro p is m  in  m é ta l lo ( n  -CgH^X system s have r e c e n t ly  

been r e p o r t e d . A  d e t a i l e d  i n v e s t i g a t i o n  o f  th e  s i l y l ,  

germ yl and s t a n n y l  system s was com pleted i n  th e s e  l a b o r a t o r i e s

by Dr.* A. Bonny. 113 The r a t e  o f  rea rrangem en t appea rs  fo be

comparable to  t h a t  observed  f o r  th e  co rresp o n d in g  c y c lo p e n ta d ie n y l  

d e r i v a t i v e s ,  and s i g i ^ i c a n t l y  f a s t e r  than  th o s e  f o r  r e l a t e d  * 

c y c l o h e p ta t r i e n y l  d e r i v a t i v e s .  T h is  le d  t o  th e  c o n c lu s io n  t h a t  

a 1 , 2  (o r  1 , 9 ) ' " l e a s t  m otion" s h i f t  as opposed to  th e  h ig h e r  

energy 1,5 (o r  1 ,4 )  "m o le c u la r  b road  jump" was th e  lo w e s t-e n e tg y  

pathway f o r  re a r ra n g e m e n t ,  ( e q u a t io n  ( 4 1 ) ) .

%

M

...(41)

C . 4 . ( v i i ) .  M e ta l lo c y c lo p ro p e n e s .

\ '
Only a few r e p o r t s  o f  s ig m a tro p ic  s h i f t s  i n  cyc lopropenes

114 '“v **
have a p p e a re d . .The f i r s t  such d ^ s e rv a t io n  in v o lv e d  th e

th e rm a l  i s o m e r iz a t io n  o f  —^ ,6 0  (e q u a t io n  -(42))  ̂ p resum ably

0

(130-140°C)
. . . . ( 4 2 )
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'  1

via  a 1 , 2  ( o r  1 ,3) s ig m a tro p ic  s h i f t ;  however th e  r e a c t io n  

i s  i r r e v e r s i b l e  and no m e c h a n is t i c  in fo rm a t io n  was o b ta in e d .

115Klecently, an e q u i l ib r iu m  between ^  and ^  has been observed
— 1

(eq u a t io n  (%3 ) )  . The d e r iv e d  a c t i v a t i o n  ene rg y ,  = 134kJmol , '
1 *

i s  s i g n i f i c a n t l y  h ig h e r  th a n  t h a t  f o r  SiMe^(n = 54kJmol ,
!

im plying t h a t  th e  rea rrangem en t b e t w e e n - ^  and ^  ta k e s  p la c e   ̂

w i th  in v e r s io n  o f  c o n f ig u r a t io n  a t  th e  s i l i c o n  c e n t e r .  The

rearrangem en t was shown to  be  in t r a m o l e c u la r ,  b u t  no d i r e c t
; ■ 

ev idence  was o b ta in e d  to  i d e n t i f y  th e  s te r e o c h e m is t ry  o f  th e

r e a c t i o n .  -

SlMe,

61

"7*" SiMe

62

(43)

/

a
A, 0



D. GENERAL EXPERIMENTAL
/

D . l .  S p e c t ro s c o p ic  Methods f o r  C h a r a c t e r i z a t i o n  Based on th e  

N u c lea r  P r o p e r t i e s  o f  I s o to p e s  o f  th e  Group I VA Elem ents,

54

b . 1 . ( 1 ) .  N u c lea r 'M ag n e tic  Resonance.

S i l i c o n ,  t i n ,  and le a d  each have a t  l e a s t  one i s o to p e  

w ith  th e  n u c l e a r  s p in  1 -  h (T ab le  1 .3 ) ,  i n  a s u f f i c i e n t l y  h ig h  

c o n c e n t r a t io n  to  b r in g  about o b s e rv a b le  e f f e c t s  in  th e  H and
* 1 O

C NMR s p e c t r a  o f  many o f  t h e i r  compounds. Thus s p in - c o u p l in g ,
*

between th e  NMR n u c l e i  under i n v e s t i g a t i o n  and th e  group IVA 

NMR-active i s o to p e ,  r e s u l t s i n  s p e c t r a  c o n ta in in g  s a t e l l i t e  

l i n e s  which a r^  sy m m etr ica lly  d is p o se d  about each c e n t r a l  

a b s o rp t io n .  The te ch n iq u e  o f  h e t e r o n u c le a r  m a g n e t ic  double  

re sonance  uses  t h i s  m agnetic  r e l a t i o n s h i p  to  de te rm ine  i n d i r e c t l y  

t h e ' " c h ^ c a l  s h i f t  f o r  th e  p a r t i c u l a r  NMR-active i s o to p e .

TABLE 1 .3

P e rc e n ta g e  n a t u r a l  abundance ^ o f  NMR a c t i v e  i s o to p e s  o f  t h e  

group IVA eLemencs hav ing  1 =

Element I s o to p e % N a tu ra l  Abundance

- ' C 13 1 . 11

, S i  ■ 29 4 .70

Sn 115 - 0 .35

. 117 7.61
' 119 '^L58

Pb 207 22.60
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TABLE 1 . 4 .

29 119R e p re s e n ta t iv e  examples o f  (a) S i  and (b) Sn chem ica l s h i f t s .

( a )

Compound

SiMe* 

S iM e .C l  

■ S iM e.(O M e) 

S lP h *

S iC l,

Chemical S h i f t  6

0.0
30.2

17.2 

-1 5 .2  

- 1 9 .9

a ,b

•a 29Values o f  S i  chem ica l s h i f t j s  i n  ppm» r e l a t i v e  to  t e t r a m e t h y l s i l a n e , '  

p o s i t i v e  v a lu e s  to  h ig h e r  f r e q u e n c ie s .

^ Measurement a t  room -tem pera tu re  on n e a t  o r  d^-benzene  s o l u t i o n s  

o f  sam p les .

^ Values o b ta in e d  from r e f e r e n c e s  117 and 118.

(b )

Compound^

SnMe*

SnM e.C l

SnMe^COMe)

SnPh.
-  ^ 1 

SnMègCn -CgHg)

Sntn^-CgHg)*

SnCn^-CgH^CHgïg

Chemical S h i f t  6

0 =

171

121

-137

26 .0

-2 4 .4

-=2171.1

a, I S o lv en t

n e a t

fD C l, ?

(=6*6
CHCl ,CH C 1 (1 1 0 °C )

CCI,

CCI*

CDCl
3

^ V alues o f  ^^^Sn c h ^ i c a l  s h i f t s  in .  ppm r e l a t i v e  t o  t e t r a m e t h y l t i n ,  

p o s i t i v e  v a lu e s  to  h ig h e r  f re q u e n c y .

Measurement a t  room -tem pera tu re  u n le s s  o th e rw ise  s t a t e d .

Values o b ta in e d  from r e f e r e n c e  119.
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. /  r
, I n  th e  s p e c i f i c  case  o f  t i n ,  where t h i s  . techn ique  has  been

2 119 • 1
used e x t e n s i v e ly ,   ̂ th e  Sn s a t e l l i t e  l i n e  i n  t h e  H NMR

' t. ■ '
spectrum  o f  th e  compound i s  o b se rv ed ,  .while th e  sample i s

i r r a d i a t e d  w i th  an r . f .  f i e l d  which sweeps th ro u g h - th e
"

* re so n a n t  f requency . The frequency  a t  which th e  s a t e l l i t e

119
l i n e  i n  th e  p ro to n  spectrum  i s  most p e r tu rb e d  g iv e s  th e  Sn 

chem ica l s h i f t .  ,

- The advent o f  th e  F o u r ie r  t r ^ s f o r m  NMR te c h n iq u e  as  a

commonly a v a i l a b l e  a n a l y t i c a l  t o o l  has f a c i l i t a t e d  c o n v en ien t

29 • 119 ‘ 207 ' /"o b s e rv a t io n  of S i ,  Sn and Pb chem ica l s h i f t s .  V alues

of ^^Si and ^^^Sn chem ical s h i f t s  f o r  some t y p i c a l  s i l i c o n  and
*

t i n  compounds a re  g i v e n . i n  T a b le s  l . ^ ( a )  nnd 1 .4 (b) ,  r e s p e c t i v e l y .

* . -

6 .1 . , ( i i ) . Mass S p e c tro m e try . ^* , :

The p o ly i s o to p ic  n a tu r e  o f  a l l  o f  th e  group IVA e lem en ts
' * I ÿ

(Table  1 ,  g i v e s r i s e  to  c h a r a c t e r i s t i c  f ra g m e n ta t io n  f a m i l i e s
. * i

i n  th e  mass s p e c t r a  o f  t h e i r  v o l a t i l e  compounds. S p e c t r a  o f

r e l a t e d  v o l a t i l e  d e r i v a t i v e s  o f  th e  group IVA e lem en ts  have
• ^

many f e a t u r e s  i n  common, o bse rved  d i f f e r e n c e s  b e in g  a t t r i b u t a b l e
• '

to  a d e c re a se  i n ' i o n i z a t i o n  p o t e n t i a l s  (Tablée 1 , 6 ) ,  o r  a  d e c re a se

9i n  th e  bond s t r e n g t h s  o f  boftds between th e  group IVA e lem en ts  

and o t h e r e l a m e n t s o n  descend ing  th e  group".
i «i •

The s p e c t r a  a r e  dom inated by e v e n - e le c t r o n  io n s ,  th e  r e l a t i v e  

c o n c e n t r a t io n  o f  o ü d - e le c t r o n  io n s  be ing  c h a r a c t e r i s t i c a l l y  * ‘ 

s m a l l .  R ad ica l  e l im i n a t io n  from o d d - e le c t r o n  io n s  i s  common
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. . ' TABLE 1 .5 .
'  ' ■ h I  ̂ " 1 1 6

P e r c e n ta g e  n a t u r a l  abundance o f  i s o t o p e s  o f  t h e  g roup  I VA e le m e n ts .

C I s o to p e  12 13 .  ̂ '

% Natural Abundance ’98v89 1 .11  ^  * •

S i  I s o to p e  28 29 30  ̂ '
* f

% N a t u r a l  Abundance. 92'.21 4 .7 0  3 .09  »

Ge I s o to p e  -• 70 72 73 74 76

% N a t u r a l  Abundance 2 0 .53  2 7 .4 3  7 .7 6  36 .54  7 .76

Sn I s o to p e  112 114 '  115 , 116 117 118 \  119 122 124

% N a t u r a l  Abundance 0 .9 6  0 .6 6  0 .3 5  1 4 .3 0 ^  7 .61 2 4 .0 3  8 .5 8  32 .85  4 .9 2  5 .9 4

Pb I s o t o p e  204 206 207 208

% N a t u r a l  Abundance 1 .4 8  2 3 .6  2 2 .6  5 2 .3

Ln



« TABLEU.6.
I

- Io n iz a t io n  P o t e n t i a l s  f o r  th e  group IVA e le m e n ts .

58

Element - . Ionization Potentials (eV)

.
1st 2nd 3rd 4 th

\
C 11.264 24.376 47.864 64.476

Si -6.149 16.34 33.46 45.13

Ge . 7.809 15.86 34:07 45.5

Sn 7.332 14.63 30.6 . 39.6

Pb 7.415 15.03 32.0 42.3

TABLE 1.7

T y p ic a l  v a lu e s  o f  th e  iso m e r  s h i f t  and q u a d r u p o l e ^ s p l i t t i ^  f o r  some .

t i n - c o n t a i n i n g  compounds.

Compound Isomer Shift

SnMe^ - +1.29 ■
ShKegCFg +1.31
SnMe^Ph +1.16
SnPh^ +1.21
ShMegCl '
Sn(
Sn( n^-CgHg) 2  

SnClg

+1.43
+1.56
+3.76
+4.07

^Values given in mm.s .
^Relative to 0 for SnOg, 
^All spectra were recorded at -78°C.

a , b , c . Q uadrupole S p l i t t i n g  ’ 6

0.0 
1.38 

.  ■ 0 .0  

0.0 .

3.41 
0.0  
0.0  

'  0.0
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and u s u a l ly  t h e  dominant mode f o r  decom position  p f  th e  m o le c u la r

* ■ .  \ 
io n  (eauation(44)), with t h e  r a d i c a l  l o s t  commonly b e in g  t h a t

m / "  --------- ^  MR +  R"................................................. <(44)

most weakly bound to  th e  m e ta l  i n  th e  n e u t r a l  m o lecu lA  The 

most f a m i l i a r  mode f o r  decom position  o f  e v e n - e le c t r o n  ions  

hav ing  a l k y l  s u b s t i t u e n t s  i s  a lk e n e  e l im i n a t io n  ( e q u a t io n (4 5 ) ) ,

M H , +  (45)'

w h ile  e l im i n a t io n  o f  n e u t r a l  s p e c ie s  becomes in c r e a s in g ly  

conmon among th e  h e a v ie r  group IVA e lem en ts  ( e q u a t io n ( 4 6 ) ) .

MPh^^ ---------- ^  MPh^ + P h - P h .   ..........   (46)

M = Sn, Pb.

\
1 2 1 , 1 2 2D.l.(iii). M o s s b a u e r  S p e c t r o s c o p y

M ossbauer S p ec tro sco p y , o r  Y-ray resonance  s p e c t ro s c o p y ,  

uaeq a so u rc e  of y-rays" to ^ e x c i t e  a  n u c le u s  from i t s  g r o u n d - s ta te  

po th e  f i r s t  n u c le a r  e x c i t e d - s t a t e ^  The r a d i a t i o n  so u rce  fo r  

^^^Sn Mossbauer sp ec tro sco p y  i s ' t h e  Sn i s o to p e  which has 

a h a l f  l i f e  Æf 230 days, emmitting a y-^ray of energy 23.8KeV.

When th e  n u c l e a r  environm ent o f  th e  t i n  atoms i n  th e  so u rce  

and a b so rb e r  a re .  d i f f e r e n t ,  a b s o r p t io n  can o ccu r  only.when 

*.the energy o f  th e  sou rcq  i s  M odulated. T h is  i s  done th rough  

m a k in g 'u se  o f  th e  D oppler e f f e c t  by moving t h e  s o u r c e ' r e l a t i v e
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t o  th e  a b s o rb e r .  The v e l o c i t y  a t  which maximum a b s o rp t io n  

occurs  i s  c a l l e d  th e  isom er s h i f t ,  6 ( a l s o  known as th e  chem ica l 

s h i f t ,  o r  c h e m ic a l , isom er s h i f t )  and i s  g iv e n  by

Ô = K. | -  ( |? s  (o) I ^^ f s  (o) I

where K i s  a c o n s ta n t ,  AR/R i s  t h e  f r a c t i o n a l  change i n  th e

I 12 I I 2
n u c le a r  charge  r a d iu s  o f  e x c i t a t i o n  and | f s  (o) | ' ^ and | f s  (o) • ^

a re  th e  t o t a l  8 - e l e c t r o n  d e n s i t i e s  a t  t h e  n u c l e i  of th e  a b so rb e r

and so u rce  r e s p e c t i v e l y .

119 ■ .The f i r s t  e x c i t a t i o n  s t a t e  o f  Sn has a n u c l e a r  s p in

I  = 3 /2 ,  such t h a t  d e v ia t io n s  .of th e  n u c l e a r 'c h a r g e  d i s t r i b u t i o n

from s p h e r i c a l  synmetry can le a d  to  a s p l i t t i n g  o f  th e  energy

l e v e l s ,  th e  quad rupo le  s p l i t t i n g ,  A.

The v a lu e  of th e  isom er s h i f t  Ô, i s  a m easure o f  th e  s - e l e c t r o n

d e n s i ty  a t  th e  n u c le u s ,  and i s  t h e r e f o r e  s e n s i t i v e  to  changes
121  ^

i n  th e  o x id a t io n  s t a t e  o5 th e  m e ta l .  S e v e ra l  w orkers  have

proposed  th e  isom er s h i f t  f o r  a —t i n  as a d iv id in g  l i n e

between q u a d r iv a le n t  and b i v a l e n t  t i n ,  w h ile  o th e r s  have used

th e  v a lu e  o b ta in e d  f o r  S ^ t in .  F ig u re  l . lO show s th e  s c a l e  f o r  .

t h i s  p a ra m e te r  r e l a t i v e  t o  SnOg ~ 0 , and some t y p i c a l  v a lu e s

fo r  th e  isom er s h i f t  ^  and f o r  q u ad ru p o le  . s p l i t t i n g  A, a r e  g iv e n

in  T ab le  1 .7 ,  '
1 ^ s t a n n ic  compound s tan n o u s compound—^

5
ShO a-Sn 6-Sn Sn(n-CgHg) 2  SnCl2

 1 1 : 1 1 ^
gJpO ' 2 .06  2 .56  . 3 . 7 6  4 .07  (mm.s )

FIGURE 1 .1 0 .  iThe ^^^-Sn M ossbauer I s  oner  S h i f t  s c a l e .

- L
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D%2; G enera l E x p e r im en ta l  P ro ced u re s  and In s t r u m e n ta t io n .

\

Due to  a i r  (oxygen) and w a te r  s e n s i t i v i t y ,  p r e p a r a t i o n  o f

th e  m a jo r i ty  o f  th e  compounds, d e s c r ib e d  i n  t h i s  t h e s i s  r e q u i r e d

th e  use o f  S ch le n k -ty p e  a p p a ra tu s  i n  c o n ju n c t io n  w ith  a  double

m a n ifo ld - ty p e  n i t r o g e n  atm osphere/vacuum  system . G lassw are

o *was o v e n -d r ie d  a t  110 C w ith  f l a s k s  and Schlenk  tu b e s  b e in g
. ■

ev ac u a ted  and purged w i th  d in i t r o g e n  gas s e v e r a l  t im es  b e fo re  

u se .  A l l  s o lv e n t s  were m a n ip u la ted  u s ing  s y r in g e s  w hich w ere 

p r e v io u s ly  f lu s h e d  w i th  c j in i t ro g e n .

P e n ta n e ,  hexane , to lu e n e  , d i e t h y l  e t h e r  and t e t r a h y d r o f u r a n

were d r ie d  over po ta ss ium /benzophenone , p re s e n c e  o f  th e  c h a r a c t e r i s t i c
'

b lu e  c o lo r  o f  th e  benzophenone k e t y l  r a d i c a l  i n d i c a t i n g  th e  

s o lv e n t  was s u f f i c i e n t l y  dry  to  be used im m edia te ly  a f t e r  

d i s t i l l a t i o n  under an a tm o sp h ere -o f  d in i t r o g e n .

The in s t r u m e n ta t io n  which was used i s  l i s t e d  i n  T a b le  1*®,, 

and com m ercially  a v a i l a b l e  s t a r t i n g  m a te r i a l s  a r e  l i s t e d  i n  

T ab le  1 ,9 ;  r e f e r e n c e s  f o r  p r e p a r a t io n  o f  r e a d i l y  a v a i l a b l y  

s ta r t in g 'c o m p o u n d s  a r e  a l s o  p ro v id e d .  M ic ro a n a ly s is  was perfo rm ed  

i n  t h i s  Department o r  by Canadian M ic r o a n a ly t i c a l  S e rv ic e  L td .  

(Vancouver, B .C .) .
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TABLE 1 .8 ,  

In s t ru m e n ta t io n

Technique S p ec tro m ete r

I n f r a r e d

13

19

C NMR 

F NMR

Mass S p e c t ra

P erk in -E lm er  283

P e r k in -  Elmer R12A and Rl2B(60MHz) 

P e rk in -E lm er  R32 (90MHz)

N ic o le t  TT-14 (15.1MHz) 

P e rk in -E lm er  R32 (84.6MHz)

H i ta c h i  P e rk in -E lm er  RMU-17 

F inn igan  3300
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SnCl,

GeCl,

Gel,

vCompouird:

GeCl^, d ioxan  

CsGaCl- *

SnBu^ C l,

SnPhCl,

SnPb^Clg

SnPhgCl

" c y c lo p e n ta d i e n e  d im er"
a

"me th y  ic y  d o p e n t  a d ie n e  d im er" 

in d e n e

p e n t a m e t h y lc y d o p e n t a d ie n e  

a c e ty l a c e to n e  

b e n z o y la c e to n e  

d ibenzoy Im ethane
Ù

t r o p o lo n e  

t h u j a p l i c i n e  

8-h y d ro x y q u in o l in e  

d ip iv a lo y lm e th a n e  

bo ro n  t r i f l u o r i d e  e t h e r a t e

TABLE 1 .9 .

»
S t a r t i n g  M a t e r i a l s

S u p p l i e r  (R e fe re n c e )  

A ld r i c h  

A l f a  

'  123 /

124

' ' 125 '  . ■ ■ ,

M.& T C hem icals  I n c .  

A l f a

M &. T C hem icals  I n c .  

M & T C hem icals  I n c .  

A ld r ic h

A ld r i c h

Eastm an

A ld r ic h

A ld r ic h

A ld r i c h

A ld r i c h

A ld ric h

A ld r ic h

F i s h e r

A ld r i c h

Eastman
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' INTRAMOLECULAR REARRANGEMENT BEHAVIOUR dP.

TETRAKIS(CYjCLOPENTADIENYL) AND TETRAKIS(METHYLCYCLOPENTADTENYL) 

DERIVATIVES OF GEHMANIIM(IV) AM) T IN f îv ) .^ ^ *

A. . IN^ODUCTION
'

From i t s  o r i g i n s ,  based  on a s u g g e s t io n  by P ip e r  and 

84W ilk inson  i n  1956, th e  concept o f  f l u x i o n a l  c h a r a c te r
' jp . ' -

1 ■ . ‘  of n -  c y c lo p e n ta d ie n y l  m e ta l  d e r i v a t i v e s  has  r e c e iv e d  c o n t in u in g
.

79 - 8 9  • ■ '
a t t e n t i o n ;  Recent r e s u l t s  ’ o b ta in e d  in  th e s e  l a b o r a t o r i e s

'have e s t a b l i s h e d  c o n c lu s iv e ly  th e  n a t u r e  and meçh^nisn(\d$ th e
V

, dynamic p ro c e s s  g iv in g  r i s e  to  s te r e o c h e m ic a l  n o n - r i g i d i t y  ^

i n  t h i s  c l a s s  o f  compounds. By c o n t r a s t ,  th e  n o n - r ig i d  p r o p e r t i e s

o f  r e l a t e d  r i n g - s u b s t i t u t e d  c y c lo p e n ta d ie n y l  d e r i v a t i v e s  hav e ,
«

94*u n t i l  r e c e n t l y ,  h o t  r e c e iv e d  c l o s e  s c r u t i n y .  I n  such 

m o l e c u l e s a n y  co r re sp o n d in g  rea rran g em en t must n e c e s s a r i l y  

in v o lv e  f a c i l e  i n t e r c o n v e r s io n  between isom ers  of th é  ty p e  i ,  ^ -> d h d  

(see  a l s o  C hap te r  One)^   '

\

3,
r-

' CH

M

CHL- . M

1 H



/

65
• , , ;  » •

, » * 91 92
Davispn and R g k i ta ,  .concluded ’ t h a t  t h e  , te m p e ra tu re

. ' ' . 1 ' 1 ■ • ' 
dépenden t H .MR s p e c t r a  of MMe^Cn’ , M = S i ,  Qe, and Sn,

a r e  c o n s i s t e n t  w i th  in t e r c o n v e r s io n  o f  t h e s e  t h r e e  isbm ers
' ' . . . . .  

and t h a t  th e  rea rrangem en t r a t e s  a r e  s i m i l a r  to  th o se  found

f o r  th e  c y c lo p e n ta d ie n y l  a n a lo g u es .  The -30°C M R spêctrum.

o f  GeMey^n^-CgH^GHg) has been a s s ig n e d  e x i s t | ^ e  o f  a  ,

mix'tjure of isom er types  1 and 2 , fo l lo w in g  a com parison w ith

13C NMR d a t a ' f o r  c y c lo p e n ta d ie n e  and m e th y lc y c lo p e n ta d ie n e .

S to b a r t  and Holmes-Smith
94 '■

reach ed  s i m i l a r  c o n c lu s io n s  f o r

. MR^Cn C^R^CHg), MR̂  = SiH^, te H g ,  GeMe^.and SnMe^,, and" a l s o

e s t i t r a t e d  th e  r e l a t i v e  c o n c e n t r a t io n s  of t h e  two isom ers  (T ab le  
■ . , »

2 . 1 ) . "  I t  was assumed t h a t  . isom er ^  was the"  c o n f ig u r a t io n

having  low es t ÿ r e é  energy; on th e  b a s i s  o f  s t e r i c  c o n s id e r a t io n s .

' '  - TABLE 2 .1 .
' ' ’ ' j /

'  . E s t im a te d  c o n c e n t r a t io n s  o f  isom ers  1 and 2 in l lR ^C n  -C^H^CH^),‘- ty p e  system s.
94

Compound i

9i H g ( n ^

1
^GeH^Cn —c^h^CH^)' .

.GeMe^(n^-C^H^CH^)
1

SnMe^Cn

ILV : [ 2 ] . .

1 . 2  : 1*

3 .2  :  1®; aa. 2 : L?’ ?

aa. 1 : .1
b , d '  ,

^  Ob ta l l ie d  from s lp w - l im i t in g  MR d a t a  at.. -30- Cl

, ^O bta ined  from f a s t - l i m i t i n g .  ^^C.NMR d a t a .
•  O  '  '  '

At + 9 5 °G .. . ■ . .

^ \ t  +36° c . :

t  t

-  V: : ■

"Q,

.X
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As p a r t  o f

a j a

fe same s tu d y ,  t h e  s e p a r a t io n  o f  th e  two re so n an ces  

due to' C'"}" and '  ( s e e  ^ ) ' i n  th e  f a s t - l i m i t i n g  NMR ,

o f  t h e s e  compounds was shown to  b e  a f u n c t io n  o f  t h e  r e l a t i v e

I 1 * 'isom er c o n c e n t r a t i o n s ’. Thus f o r  SnMe^Cn , where th e

• CH

H

c o n c e n t r a t io n  o f ' i s o m e r s  and ^ a r e - s i m i l a r , t h e r e  i s  on ly  

"a s m a l l  s e p ^ ^ t i o n  between th e  two resonances  (c a ^ 5 .8  ppm),

1 2 , 2  ppm.

w h i le  f o r  6 a ieL (n  -C£.H,CH„), th e  isom er r a t i o  U ]  : [2] = 2 : 1 , 

r e s i s t s  i n . a  d e c re a s e  i n  th e  o l e f i n i c  C h a ra c te r  o f  ,

and le a d s  to  a l a r g e r  s e p a r a t io n  between o f

90
In  1965," É r i t z  ajid K r e i t e r  r e p o r te d  t h e  s y n th e s i s  ' ’

" 1  . s .  2 _ '
o f  Sn(n çohc lud ing  from H NMR d a ta  t h a t  tK is  compound

had th e  s t a t i c  s t r u c t u r e l s  ; however D avison and R a k i ta  su b se q u e n tly  p o in te d

CH



ou t t h a t  t h e  observed  spec trum  i s  p r e c i s e l y  t h a t  expec ted

1 ' ofo r .  a dynamic n sy stem , n o t in g  t h a t  c o o l in g  to  pSO C.

le d  to  s i g n i f i c a n t  b roaden ing  o f  resonanVas i n  th e  NMR spectrum .

Campbell and Grëen 127 confirm ed  th e  n o n - r i g i d  c h 'â rac te r

o f  Sn(n -C^H^CHg)^ from an o b s e r v a t io n  o f  th e  te m p é ra tu re

dependence o f  b o th  (^H -  ^H) and ^^^Sn -  ^H) coup ling
,  *

c o n s ta n t s ,  and f u r t h e r  concluded  t h a t  i t  e x i s t s  a lm ost en t ire lq ^  

as one isom er form, i .e , -e i th e r  _6 o r  7̂ .

67

Me

Sn

6

Sn

Me

7

A more thorough  i n v e s t i g a t i o n  o f  th is ,  s i t u a t i o n  h as  been

! . .  \
com pleted as  p a r t  o f  th e  p r e s e n t  work and i n  th | , s  c h a p te r  

th e  e f f e c t  o f  t o t a l  s u b s t i t u t i o n  o f  germanium and t i n  by bo th  _

m q n ohap tocyc lopen tad ieny l and m o n ohap tom ethy lcyc lopen tad ieny l .

■ ‘ 1 r in g s  i s  d i s c u s s e d ,  g iv in g  compounds o f  th e  ty p e  MR^, R = n -C^H^

1 - Io r  n -CgH^CHg. For R = n th e  in te r c h a n g e  betw een ,
I  »  '  ‘  •  c

isom ers w ith  m e ta l - r i n g  bond ing ,  as  shown in  J^, ,and i s

i n v e s t i g a t e d ,  and changes e f f e c t e d  by rep lacem en t o f  Sn by Ge
. 1  ■ .

i n  M(n -CgH^CHg)^ alte exam ined. ' -  '

•(

I

4̂
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B. RESULTS AND DISCUSSION

.  . Î  ' 1 '  < ■
T e t r a k i s ( n  - c y c l o p e n t a d i e n y l ) g e r ^ n e  (2_.jO[, t e t r a k i s ( n  -

1c y c l o p e n ta d ie n y l ) s ta n n a n e ( 2 . ^ ) ,  c h l o r o t r i s ( n  -c y c lo p e n ta d ie n y l)g e rm a n e  

(2 -2 ) > and 'c h lo r o t r i^ n .  - c y c lo p e n ta d ie n y l )  s tar inane (^ .^ )  , were
* r

p re p a re d  i n  h ig h  y i e l d  (ba,75%) as l i g h t  y e l lo w  (M '= Ge) , o r  

b r i g h t  y e l lo w  (M = Sn) s o l i d s ,  f ro m 'tH e  r e a c t i o n  o f  po ta ss ium  

c y c lo p e n ta d ie n id e  w ith  MCl^ (M = Ge, o r  S n ) . E x a c t ly  analogous

r e a c t io n s  y s in g  po ta ss ium  m e th y lc y c lo p e n ta d ie n id e  gave t e t r a k i s -

1 ' - - 1 
(n  -m e th y lc y c lo p e n ta d ie n y l)g e rm a n e  (^ .^ )  , and t e t r a k i s ( n  -m ethy1-

.

c y c lo p e n ta d ie n y l ) s ta n n a n e  (2^.^), a g a in  i n  h ig h  y i e l d ,  as  v is c o u s

y e l low  o i l s .  Compounds nnd a r e  a i r - s e n s i t i v e  and th e
.  »  '

germanium compound i s  th e rm a l ly  u n s ta b l e :  o v e r  a p e r io d  o f

s e v e r a l  days a t  room -tem pera tu re  i t  forms a h a rd  n o n -m e l t in g  

g l a s s ,  i n s o l u b l e  i n  common o rg a n ic  s o l v e n t s .  P h y sp za l  and

a n a l y t i c a l  d a t a  f o r  compounds ^ . 1  -  2 . ^  a r e  g iven  in . T ab le  2 .2 .À .T

B . l .  ' Mass S p e c t r a l  D ata .
■

«

Mass s p e c t r a l  d a t a  f o r  compounds ^._1. -  2 -A ^ re  g iven  in
'  '  ' '

T ab le  2 .3  and p ro v id e  d e f i n i t i v e  c h a r a c t e r i z a t i o n  f o r  each o f

'' “' a
th e  s i x  compounds. W hile th e  m o lecu la r  io n  f o r  fehehthree . .

germanium compounds i s  c l e a r l y  d i s c e r n i b l e ,  th c ^ ^ e ^ o r  tn'e t i n  d e r i v a t i v e s

w e re .n o t  o b s e rv e d ,  r e f l e c t i n g  a  d e c re a s e  i n  th e  m e ta l -c a rb o n  ,
■

bond A treng^h. Subsequent f r a g m e n ta t io n  i s  dominated by <jhe 

fo rm atio n  o f  even e l e c t r o n  io n s ,  v ia  r a d i c a l  e l im i n a t io n .



» .
9 .

' TAB£,'E '2 .2 .

P h y s i c a l  and a n a l y t i c a l  d a t a - ’f o r  compounds ^._1 -

rOCompound ' .C o lo u r  M.P. ( C) > A n a ly s i s  % y i e l d

1G e(n  -C_H_)^ (2 .1 )

^1G e (n -C c H c )_ C l  ( 2 .3 )
' . 1 -"Z . 1  "

S n (n  -C 5H3 ) 3C1 ( 2 .4 )  
1* ' * *

t  GpCh^-CgH^CH^)^ ( 2 .5 )  

Snfrt-CgH ^CH g)^ ^ 2 . 6 )

f

n

T h e o r e t i c a l  A c tu a l
' /

• %c %H %C %H
jRr

l i g h t  y e l lo w -116° (dec) 72.1-6 6 .0 1 71 .90 5 .8 3 86%

y e l lo w 73-74 o 63 .37 5 .3 2 63 .19 5 .51 76%

l i g h t  y e l lo w 145° (d ec ) 5 9 .3 9 4 .9 9 5 9 .0 9 4 .9 9  ' 91%

y e l lo w 165° (dec) 51 .55 4 .3 0 51 .31 4 .1 3 79%

amber o i l 74 .09 7 .26 73.71 6 .9 8 74%

o ran g e o i l 6 6 .1 4 6 .4 8 66 .51 6 .5 7 82%

■ )

o\VO
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TABLE 2 .3 .  

b,c
/

Mass s p e c t r a l  d a t a  f o r  ( a ) ‘MR  ̂ ’ and (b) MR^Cl 

( a )

,.b,d

ion family ion abundance

G e(n^- SnCn^CgH^CHg)^
4" ------  f V f  ■

0.5; ' n .o . 1 .1 n. o .

< '6.9- 4 . 8 .  ' ' - 1 .2 7.1

MR • 1 .9 0.7 . 0 . 2 1 .4  ■

MR 77.0 74.6 ' *97.5 6 6 .8

MC H 8.-0 •- 3 .0 . ■ ' ■ f  ■ ' tx « 0 • fn .o .“  3- n.
MC„H 3 .4 _• . : : 2 i l  '

rn . o . f" .n .o .

1 . 0 14.7 13.2

(b) \

io n  fam ily GeCn^-C^H^y^Cl
"l

Sn(n -C^H^)2C1

MR-Cl

M R /

MRLCl'*'

MRCl"*"'

MR*"

S '

4 .8

2 ,3

11 . 1

9 .9
■ ’ f n.o.
4 8 .8

3 .2

• 19 .3

4 . 6 '

n.o.
16.2

in.o.
7 .8  

1 ,6

4 9 .8
in.o.

20 .9  

3.6

® 70eV ionizing voltage.
'b r-î-  -M»Ge,'-br\Sn. '

® % métal .containing ions, summed within each family resulting from 
isotope distifibution and hydrogen loss.'  ̂ -f • ^

^ observed. ■ ^  ' r* "
, • . * ■ * '  t . V •

.9
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GeîUCl

MR.C1

19.3%48.8%
-CJü

3.2%:

>■■

FIGURE 2 . 1 .  F rag m en ta tio n  pathways f o r

' .  /  .  V .

%

; *

.■■ ». 

n ' .
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g iv in g  p s i n c i p a l l y  MR^, a r e s u l t  s i m i l a r  t o  t h a t  observed

f 1 1 2 0  ■ +f o r  many o th e r  group IVA. o r g a n o m e ta l l i c s .  ’ The io n  MR

decomposes e i t h e r  by lo s s  o f  t h e  C ^-ring  o r  by ca rb o n -ca rb o n

+ +bond c leav ag e  w i th in  th e  r i n g ,  g iv in g  MC^H^ and MCgH^ fragm ents

» (F ig u re  2 . 1 ) .  These fragm ents  have a r e l a t i v e l y  low abundance,

128 5c o n s i s t e n t  w ith  th e  r e c e n t  c o n c lu s io n  t h a t  w h i le  n - c y c l p -

p e n ta d ie n y ls  c h a r a c t e r i s t i c a l l y  fragm ent i>ia c a rb o n -ca rb o n  bond
1 ' ^

f i s s i o n ,  th e  main pathway f o r  d e c o m p o s i t io n  o f  n - c y c lo p e n ta d i e n y l

analogues  i s  by b reak in g  o f  th e  m e ta l -c a rb o n  l in k a g e .

"■ C

\  .nv • *' ■ . T ^ g  2 t4 .

^ Sn 'M ossbauer d a ta ^  /or..compp^'dff 2%2 and 2 .4 .

'  ,Cdtapound " • Isom er S h i f t  d-. ^Q ûadrupole  S p l i t t i n g  A

.1 .4 5  .

Measured a t  77K by u s f jag 'a  Harwfe'll c o n s t a h t - a c c e l e r a t i o n  

% 'pactrokgt%r. ' iso m er ,  s^^ lf t  :Lnnm.*a r e l a t i v e  t o  0  f o r  SnOg
. : V ~ f ' ; • '

and .q .u a c iru p o léw sp iijttin g  ‘ .
. v ' %  ' -

/  .  ' /  .  . .  .
. . .  c ?♦

B, Z. Mosslÿaueh Specpraî,  D a t a , ^  '  •
•: . ■ ‘ ^

.. Th'e Mossbaufeh* ’̂d a t a  d& t& ned f o r  compounds*2,2 and 2 .4  a r e  ■

g iv e n  in  Table«2V4.** .-The.Cisomer s h i f t s  d e te rm in e d  f o r 'b o t h
Z ' * ; 4 .’ I ' ' . .

/com pound  a r e ; i d e n t i c a l  w i th i n  e x p e r im e n ta l  e r r o r ,  6 = l,56mra.s 

-  '  '  
and Lin t M  re g io n  ^ p e e r e d  f o r  ,< juadriva len t t i n ,  be ing  s i m i l a r

,{' . V
t o  iso m er  s^iftfe^ o b ta in e d  f o f  ® ther t ê t r a p r g a n o t in ( I V )  compd^fâs,



73

bu t s i g n i f i c a n t l y  low er than  th e  v a lu e  ret>or^ed 

SnCn^-CgHg)^, (T ab le  2 . 5 ) .

131
f o r

Compound

SnMe,

SnCCgHii)^

• SnPhr —

S n ( n  -C g H g )^  

Sn(n^-CgHg)2

■ TABLE 2 .5 ,  . .

Isom er s h i f t . v a l u e s  f o r  some SnR^ -  ty p e  compounds

-1Isom er S h i f t  6 ^ , s  ) 

1 .29 

1.52

___

1.56

3.76

R eference

129

130

130

t h i s  work

131

T h e 'sp ec tru m  f o r  compound c o n s i s t s  of a d o u b le t  w ith  

quad rupo le  s p l i t t i n g  Q.S. = 1 .45  mm.s ^ , c o n s i s t e n t  w i t h ,  

n o r i - s p h e r ic a l  symmetry about th e  t i n  c e n t e r .  The v a lu e  o b ta in e d  

i s  s u b s t a n t i a l l y  s m a l le r  than  thosq  f o r  some r e l a t e d  t r i o r g a n o t i n  

h a l i d e s ,  as in d ica te d *  i n 'T a b l e  2 .6 .  ' .

TABLE 2 . 6  /
' &  ■ . ■ . . . 

Q uadrupole s p l i t t i n g  v S u e s  f o r  some SnR-Cl -  ty p e  compounds.

Compound

SnMe-ClSp
SnPh.Cl ■;

■ ' h Sn Bu=_Cl
Sn(p-ClCgH^) Cl
Sn(n^-CgH2)gG l

- 1\Quadrupole S p l i t t i n g ^ . s  ) R efe rence  

3 .41- . . 132

2 .5

3 .40

2 .4 9

1:45

130

133 

130 

t h i s  work

f ♦*



TABLE 2 . 7 .

I n f r a r e d  s p e c t r a * ,  2800-3200 cm"^ r e g io n  f o r  compounds

74

/

GeCnl-CjHj)^ Sn(n^-CgHg)^ Ge(n^ - 0 ^8^ )3 0 1 S n (n L c ^ H g )3C l y

3100 (w) 3100 (vw) 3095 (vw) 3101 ( i ^

3081 (w) 3060 (w) 3070 (w) 3093 (w)

3042 (mw) 3040 (vw) . ” 3048 .(vw) 3073 (w)

2904 (w) 2950 (w) _ 2954 (vw)' 2959 (w)

2842 (vw) 2920 (mw) 2910 (w) 2915 (vw)

■_ ■ 2850 (w) ..2445 (w) ' '

/

S'

-1  'Valueg g iv e n  in  cm .
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B .3 ,  V ib r a t i o n a l  S p e c t r a l  D a ta ,

The i n f r a r e d  s p e c t r a  o f  compounds each have a t

-1l e a s t  f i v e , a b s o rp t io n s  between 2800 and 3200 cm (T ab le  2 , 7 ) ,

due t o  r in g  v(CH), Using ^ roup  t h e o r e t i c a l  c o n s id e r a t io n s
%

i t  i s  p o s s i b l e  t o  p r e d ic t^ ^ ^  t h a t  f o r  a  ri^-C^H^-ring ( l o c a l

sym m etry), t h e r e  shou ld  b e  two IR -  a c t i v e  fundam enta ls

due to  th e  r in g  v(CH), (2800 -  6200 cm  ̂ r a n g e ) .  I n  c o n t r a s t  a

n^-C^Hg-ring (C^ symmetry), shou ld  g iv e  r i s e  to  f i v e  s t r e t c h i n g

modes, one a l i p h a t i c  -  type (2800 -  3200 cm ^) and fo u r  o l e f i n i c

-1C-H s t r e t c h e s  (3000 -  3200 cm ) ,  Hence th e  p re se n c e  of t h r e e  

o r  more bands i n  t h i s  r e g io n  i s  p o s i t i v e  e v id en ce  f o r  m onohapto- 

c y c lo p e n ta d ie n y l  bond ing , and th e  observed  s p e c t r a  c l e a r l y  p o in t  

to  th e  e x i s t e n c e  o f  such an a rrangem ent i n  each o f  th e  four ' 

compounds, »

B .4 . NMR D ata.

B . 4 , ( i ) ,  iM o n o h ap to cy c lo p e n tad ie n y l  D e r iv a t i v e s .

The NMR s p e c t r a  o f  Sn(n^-C^Hg)^ (2»^) and Sn(n^-C2H2 ) ^C l,  ( ^ .^ )

a r e  s u p e r f i c i a l l y  v ery  s i m i l a r  (T ab le  2 . 8 ) ,  each c o n s is t i r \g  o f

a s i n g l e  sh a rp  l i n e  w ith  s y m m e tr ic a l ly  d isp o sed  s a t e l l i t e  l i n e s  .

1 ■ 117 119due to  co u p l in g  between H and < * . S n ( I  = %). The s i n g l e

l i n e  i n d i c a t e s  m agne tic  e q u iv a le n c e  between th e  f i v e  r in g  

p ro to n s  o f  each o f  th e  C^H^-rings-, w i th  th e  co u p l in g  c o n s t a n t s ,  . ' 

^J(^^^Sn-^H) and ^ J(^^^S n-^H ), b e i n g . s i g n i f i c > i y S 6t4 i f f e r e n t  f o r  th e



TABLE 2 . 8 .

NMR d a t a ^ ‘'  ̂' f o r  compounds 2 .1  -  2 . 4 .

Compound T em p e ra tu re  °C 6 (H*) ^ J (^ ^ ^ S n - 'H )^  ^ J (^ ^ ^ S n - 'H ) ^

s S ^ 4 ’G e (n ^ -C c H _ ) , ,  2 . 1 .  - 6 5 “ 6 .6 3  6 .2 8  3 .26

2 7 °  '  '  '  6 . 3 i “
.. ,  %

G e ( n - C  8 5 ) 3 0 1 , 2,3 .  - 6 0 °  6 .6 2  * 6 .2 9  3 .2 4

27 °  5 .8 3

SnCn^-C^Hg)^, 2 . 2 . '  2 7 °  ‘ 5 . 9 2 ° '^  "  2 5 .4  2 6 .6

, ^ n (  1^ 0511^ ) 3 0 1 , ' 2 ^ .  2 7 °  5 . 8 1 ° ' °  2 9 .9  , 31 .1

•'•Chemical s h i f t s  i n  ppm m easured  p o s i t i v e  d o w n f ie ld  from SiMe, i n  5% CDC1_ s o l u t i o n .
h i '  ' t  ' ' 4̂  J
■Mhàsured a t  6 0 .0  and 9 0 .6  MHz. $ j

%Exchange-*|)roadenâd~a v e ra g e d  c h e m ic a l  s h i f t . ,  *

See also" r e f e r e n c e  90 . 4 (  Ç) = 114.5ppm, ^ J (S n -C )  = 17.7Hz (^^^Sn., ^^^Sn com ponents n o t  r e s o lv e d )  a t  27°C. 

 ̂ ^ C , -D ,so lu t io n  - .. '■ ' . D O , -  '  .

ft.
^ V alues  g iv e n  i n  Hz,

/

o>
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two compounds, in c r e a s in g  upon i n t r o ^ ^ ' t i o n  o f  th e  e l e c t r o n

w ithdraw ing  Cl s u b s t i t u e n t ,

' 1  1 The v a r i a b l e  tem per,ature H NMR s p e c t r a  of Ge(n

1  1 * 

and Ge(n (^.3^), a r e  a l s o  s i m i l a r  (T ab le  2 . 8 ) ,  The

H NMR spectrum  o f  compound ^,_1 a t  -60°C , f i g u r e  2 , 2 ( a ) , i s

. .ass igned  to  an in c o m p le te ly  re s o lv e d  a a 'b b " x  p a t t e r n ,  c o n s i s t e n t

w ith  th e  p re se n c e  o f  fo u r  m a g n e t ic a l ly  e q u i v a le n t  r in g s

a t t a c h e d  to  germanium. On r a i s i n g  th'e te m p e ra tu re  above -60°*C

th e  spectrum  b ro a d e n s ,  t h e  u p f i è l d  p o r t i o n  o £  th e  'aa '"b b ' p a t t e r n  .

0 •c o l l a p s in g  more r a p id l y  th a n  th e  l o w - f i e l d  p a r t .  At 0 C,

F ig u re  2 .2 (d) . ,  th e  spec trum  c o n s i s t s  o f  a  s i n g l e  b ro a d  a b s o rp t io n  

which shows a , c o n t in u in g  d e c re a s e  i n  h a l f - h e i g h t  l i n e - w i d th
' ' ' » - Q  •

w ith  in c r e a s in g  te m p e ra tu re ,  e v e n tu a l ly  g iv in g , ( a b o v e  100 C)

'  * N 1a s i n g l e  sharp  l i n e  s i m i l a r  to  th e  ro o m -tem p era tu re  H NMR

spectrum  o f  th e  two t i n  compounds. V -  & ,

-  1 *

The s p e c t r a l  b road en in g  o f  th e  H NMR s p e c t r a  o f  th e  g e r -
r

rfanium compounds a t  te m p e ra tu re s  above -60°C , is* t h e , r e s u l t

‘ • 1 ' *■ o f  a m ig ra t io n  o f  th e  g erm an ium /cen te r  around th e  ri - c y c l o -
’  ̂ , * 20 

. p e n ta d i e n y l  r in g s  ( " l i n g  w h iz z in g " ) ,  u l t i m a t e l y  b r in g in g

about e q u iv a le n c e  of t h a  five\jÿLng p ro to n s  o f  each  o f  th e

C^- r in g s  on th e  NMR t im e s c a l e  when t ^ i s  p ro c e s s  becomes s u f f i c i ë n t l j

f a s t .  The unsym m etrica l c o l l a p s e  o f  th e  aa'*bb'* p a t t e r n  f o r

th e  fo u r  o l e f i n i c  p ro to n s  e l im in a te s  any pathway i n  which s i t e
' - * • .

exchange occu rs  e i t h e r  random ly, o i w i a  any ' c o n f ig u r a t ip n  in
- , '

which a l l  s i t e s  become e q u iv a le n t  ( ^ ^  d i s s o c ia t iv e ) ' ; -  F u r th e r



V
'n

. 'f

(e)  +60"C

(c) -25"C

60 C

368 7 6 5 4
. '̂  • 1   ̂, % , ' 

. '̂■IGUBE 2 . 2 ,  ,Vâr-iàble te m p e ra tu re  9(^IIIz H NMR spectrum  ,o f

,  78

-r

\



an assignm ent o f  th e  1 , 2  pathway f o r  t h e  m ig ra t io n  i s  a l s o

p o s s i b l e ,  i f  t h e  up f i e l d - p o r t i o n  o f  th e  aa'*bb " m u l t i p l e t  I s  

AA"a ss ig n e d  to  th e  H , see  8_. Such c o n c lu s io n s  have  p r e v io u s ly

GeR,

A
H

been reached  f o r  GeMe-Cn^TC^H-) fo l lo w in g  a  com pletej  . j  j  , ,

- 1 
a n a ly s i s  o f  th e  v a r i a b l e  te m p e ra tu re  H NMR sp ec tru m , and f o r

1 89 "
Si(H)(Bu^) (n -CgH^)Cl, c h i r a l i t y  a t  th e  s i l i c o n  c e n te r

le a d in g  to  th e  expec ted  l a r g e r  d i a s t e r e o t o p i c  s p l i t t i n g  between 

between s ig n a l s  f o r  and , th a n  f o r  and , i n  th e

-60°C H NMR spectrum .' . . , ■*
2 j 91

The H NMR s p e c t r a  o f  th e  t i n  c y c lo p e n ta d ie n y ls

,  a l s o  i n d i c a t e  t h a t  f a s t  m e t a l l o t r o p i c  rea rran g em en t i s  ta k in g

p la c e ,  however thS; rea rran g em en t r a t e s  a re  s i g n i f i c a n t l y  f a s t e r

than  th o se  observed  f o r  tjie germanium a n a lo g u es .  A s i m i l a r
‘ 1 136

c o n c lu s io n  has been reached  f o r  SnMe^(n , f o r

which a t  very  low te m p e ra tu re  (-150°C) a  spectrum  c o n s i s t e n t  
1

w ith  a s t a t i c  n “^ 5^5  c o n f ig u r a t io n  was o b se rv e d .  F u r th e r ,

th e  s o l i d  s t a t e  s t r u c t u r e  -of Sn(n^-C^H^)^ has  been shown

1by X-'ray" c r y s ta l lo g r a p h y  to  c o n ta in  fo u r  e q u iv a le n t  n r in g s .

79
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/P r e s e n c e  o f  s a t e l l i t e  l i n e s  in  th e  f a s t - l i r a i t  s p e c t r a

of th e  t i n  compounds 'p ro v id e s  c o n c lu s iv e  e v id en ce  f o r  i d e n t i f i c a t i o n  

o f  th e  rea rrangem ent p ro c e s s  as  n o n - d i s s o c i a t i v e  (ie . i n t r a m o l e c u l a r ) .

4 . B . ( i i ) .  M onohap tom ethy lcyc lopen tad ieny l D e r iv a t iv e s

* 1 1 *At ro o m -tem p era tu re ,  th e  H NMR spectrum  o f  Sn(n (4 .^ )

(F ig u re  2 , 3 ) ,  c o n s i s t s  o f  th r q e  a b s o rp t io n s  a t  6 2 .0 5 ,  4 .9 5 ,
CH_

and 5.97 i n  an i n t e n s i t y  r a t i o  o f  3 : 2 ; 2 , a s s ig n e d  to  H ,

and r e s p e c t i v e l y ,  s e e  w h ile  th e  NMR Spectrum

(F ig u re  2 . 4 ) ,  .has fo u r  s i g n a l s  a t  1 5 .4 ,  9 6 .5 ,  123.6 and 1 3 9 .5 ^ppm 
CH

f p r  C and r e s p e c t i v e l y .  ^

CH

4
V

The d e c e p t iv e ly  s im p le  appearance  o f  bo th  th e s e  s p e c t r a

a r i s e s  from an in t r a m o le c u la r  rea rrangem en t which must in v o lv e

f a c i l e  i s o m e r iz a t io n  between th e  t h r e e  p o s s i b l e  c o n f ig u r a t io n s ,
94

A, and C. Work in  th e s e  l a b o r a t o r i e s

. A - n

has e s t a b l i s h e d
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t h a t  rea rran g e m en t i n  th e s e  ty p e s  o f  r in g  system  r e s u l t s  in

f a s t - l i m i t i n g  C NMR s p e c t r a ,  h av in g  th r è e  resonances  w ith

f r e q u e n c ie s  v , , and f o r  th e  f i v e  r in g  carbons (e q u a t io n s  ( l ) - ( 3 ) ) ,

in  which v ^ ,  v , and a r e  th e  re s o n a n t  f r e q u e n c ie s

a t  th e  I s l o w - l i m i t  f o r  isom er A and a ' i s i t s  e q u i l ib r iu m  m olar

f r a c t i o n  a t  T K; v , v v , v ,  ad& v a re  th e  co rre sp o n d in g
'&! PI PI I 1 ' f

f r e q u e n c ie s  f o r , a n d  b th e  m olar f r a c t i o n  o f ,  isotoer B_.,.
• t *

VI = %[a(v^ + Vg,) + b(v^^ + V p , ) ] ..................  ( 1 )

V2 = %[a(%g + Vg,) + b(Vg^ + V g , ) ] ...........  ^ y . . ( 2 )

VQ = av + bv ...............   (3)
'  ^ Y Y i

I t  was a l s o  shown t h a t  f o r  GeMe^Cn rC^H^CH^), where (V2 ' ~  v^) =

12.2 ppm, th e  r a t i o ,  o f  c o n c e n t r a t io n s  o f  isom ers  A and ^  i s

’ app ro x im a te ly  2 :1 ,  w h ile  f o r  SnMe^Ch th e  s e p a r a t i o n

(v2 -  v j )  = 5 . 8  ppm i n d i c a t e s  t h a t  th e  two isom ers  a re  prjesent

in  app rox im ate ly  e q u a l  c o n c e n t r a t i o n s ? - J I h u s  f o r  Sn(q

where th e  s e p a r a t io n  betwèeq vj (96 .5  ppm) and V2 (125.6  pf
.

i s  l a r g e ,  i e  29.1 ppm, isom er ,A must be p r e s e n t  I n  a s i g n i f i c a n t l y  
^  ^

h ig h e r  c o n c e n t r a t io n  th e n  isom er S i g n i f i c a n t l y ,  Campbell
'  ' 127

and Green have a l s o  conclude#  t h a t  Sn(n e x i s t s -
' ' » 

a lm ost e x c lu s iv e ly  as one isom er , based  on th e  t e m p e r a t u r e .■
V * '

'a 117 ■ 119 1 , . .
, dependence of ( * ’ Sn -  ' h )  co u p lin g  c o n s ta n t s .

'  ■ \ '  '  ■ ’

The most d i s t i n c t i v e  f e a t u r e  o f  th e  room -tem pera tu re
'  '  .  ' '

* The r e l a t i v e  c o n c e n t r a t io n  o f  isom er C was assumed to  be 

n e g l i g i b l e .  94 ,95 ,127  . ^

' :  ' '  f »  ' ' : . .  ' '



TABLE 2 .9 ;

m R  d a t a ^  f o r  t e t r a j c i s ( n ^ - m e t h y l c y c l o p e n t a d i e n y l )  -  germ ane and -  s t a n n a n e ,  compounds ^._5 and ^ . ^ r e s p e c t i v e l y .

■ Compound T em p era tu re  (°C)

*
1 Hb

1 6 (h “ ' )  6 (h “ )
CH

6 (H

-GeCn^-C^H^CH^)^, 1 * 1
„ c 

-5 0  °  • 6 .2 5 , '  5 .9 0 6 .4 0  3 .12 2 .0 8

27° °  - 6 .1 0 4 .7 5 2 .0 6

SnCn^-CgH^CHg)*? 27° 5 .9 7 4 .9 5 2 .0 5

Compoimd T em p e ra tu re  (°C)
-

^^C

-
— „

6 ( c V  ' 5 ( c f ' * ' )  6 (C ° ')  6 (C“ )
CH- 

5(C n

GeCn^-CgH^CHg)*, "2.5 - 5 0 °  ® 141 .2  134. 0 , 1 2 8 .0  1 3 4 .0  4 9 .0 1 5 .5

2 7°-® 141 .0 13 1 .2  n . o . 1 5 .3

'Sn(n^-CgH^CK^)^, 1 * 1 2 7 ° 139.5 123 .6  9 6 .5 1 5 .4

13,C hem ical ■ 's h i f t s , 'p p m ,  m easured  p o s i t i v e  d o w n f ie ld  from ' SiHe^ i n  10%( H) o r  50% ( C) CDCl^ s o l u t i o n s 1\

M easured  a t  90 MHz,. , .

^See a l s o  f i g u r e - 2 . 5 .

*Vor *^^Sn -  co up ling -  C o n s ta n ts  s a d * - re fe re n c e  127.

"See a l s o  f i g u r e ' 2 . 6 .
E  ̂ ’See a l s o  f i g u r e  2 . 4 .

CO



85

NMR spectrum  o f  th e  germanium compound (F ig u re  2 .5 )

i s  th e  unsym m etrica l c o l l a p s e  o f  th e  two o l e f i n i c  reso n an ces

of 66.10 and 4 .7 5 .  As th e  te m p e ra tu re  i s  J.owered to  ca.O°C,
>. • * ^ 

th e  s i g n a l  c e n te re d  a t  64.75 becomes ex trem ely  b road  and a t  -60  C

a new broad  a b s o rp t io n  i s  ap p a re n t  a t  63.12 (Tab le  2 . 9 ) ,  w h i le

th e  m ethy l re sonance  a t  62 ,08  s h o w s . l i t t l e  v a r i a t i o n  in  e i t h e r

chem ica l s h i f t  o r  l i n e  w id th ,

13The C NMR spectrum  of _2._5 (F ig u re  2 .6 ) ,  shows e x te n s iv e  

changes between -50  and +50°C ( s e e  a l so  T ab le  2 .9 )  : thus

s i g n a l s  a t  49 .0  128.0 and 134.0  ppm i n f t h e  -50°C spectrum  

become broad  a t  c a ,0 ° C ,  th e  low frequency  s i g n a l  hav ing  com ple te ly
. o '

c o l la p s e d  a t  og,+50 C. - By c o n t r a s t ,  s i g n a l s  a t ' c a . 15.5 and

Ms Y141.2 ppm, a ss ig n e d  to  C and C, , show l i t t l e  v a r i a t i o n  ,i n

frequency  o r  l i n e  w id th  th ro u g h o u t th e  te m p e ra tu re  ra n g e  s tu d i e d .

These s p e c t r a  d i f f e r  from com parable d a ta  f o r  GeMe_Xn^-C_H,CH_),94,95

i'n t h a t ;  '

.Q ' ' . ' .( i )  th e  -50  C spectrum  f o r  _2.S has only  one r in g -m e th y l  s i g n a l  

( a t  15 .3  ppm), w h ile  f o r  GeMe2 (n^-CgH^CHg) a t  -3 0 ° C - th e re  a re  

two r in g -m e th y l  s i g n a l s , '  '  ,

» ( i i )  t h e r e  i s  on ly  one resonance  due to  a r in g  carbon b e a r in g

,a m ethyl s u b s t i t u e n t ,  C^, ( a t  141,0  ppm) i n  th e  -50°C spectrum
. ■ 1 '  

o f  ^ . 2 ,  w h ile  two such' a b s o rp t io n s  a r e  p r e s e n t  "for GeMe_(n -C ,H ,CH_),

in  th e  -30°Q  spec trum ,

' J ie( i i i )  n e i t h e r  o f  th e  two s i g n a l s  due to  and u i n  th §
< ,  •*

1 3 “''C NMR spectrum  o f  2̂ .5̂  show any v a r i a t i o n  i n  frequency  o r



1623%, 45'6T

FIGURE 2 .5 .  90MHz *̂ H NMR sp ec tru m  o f  GeCn^-C^H^CH^)^ a t  21°C.
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(d) +50TC

j
•i, (c) +15 C
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(b) -15"C
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Oppm;50100150
1 3  1 'FIGURE 2 .6 .  V a r ia b le  te m p era tu re  C NMR spectrum  o f Ge(n -C^H^CH^)^-
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l i n e  w id th  du ring  .co a le scen ce  of. th e  rem ain ing  p o f t io n s^  o f  t h e  spectrum

^  i n  th e  -30°Cw h i le  f o r  GeMe^Cn^-C^H^CH^), s i g n a l s ' f o r  an.d
1 Q « *

C NMR spec trum  b ro ad en ,  e v e n t u a l l y  g iv in g ,  a t  more e l e v a te d
Y

te m p e ra tu r e s ,  a s i n g l e  l i n e  f o r  each  o f  C • and

These r e s u l t s  show t h a t  w h i le  b o th  isom er ty p es  A and

a r e  p r e s e n t  in  s i g n i f i c a n t  (o b s e rv a b le )  c o n c e n t r a t io n s  f o r

GeMe.Cn^-CgH^CHg), f o r  G e C n ^ -C ^ H ^ C H ^ )2.5,  t h e r e  i s  o n ly .o n e

m a jo r  isom er p r e s e n t .  T h is  i n d i c a t e s  t h a t  d e c re a s in g  th e  s i z e
1

o f  th e  m e ta l  atom in  M(n r e s u l t s  in  only  one r in g
 ̂ *

c o n f ig u r a t io n  be ing  d e t e c t a b l e ,  s t e r i c  c o n s t r a i n t s  hav ing  in c re a s e d

th é  [A] : [B] r a t i o  to  a p o in t  where [^] can be n e g le c te d .

The rea rran g em en t p ro c e s s  ta k in g  p la c e  can then  be fo rm u la ted

as  th e  d e g e n e ra te  (i.e. f l u x i o n a l )  rea rrangem ent shown in  e q u a t io n

13
( 4 ) .  T h is  r e s u l t s  i n . a v e r a g i n g  o f  s i g n a l s  i n  th e  C NMR

Me

8H

GeR3

Me
$

(4)

H

GeR3

v_

spec trum  due t o  C*̂ , > and , (v ^ , )  and a l s o .

C^, (Vg) and , (V g ,) ,  w h ile  hav ing  no e f f e c t  on re so n an ces  

due to  C^, (v ) and I n  f a c t  th e  av e rag in g  p ro c e s s  between

V and V ( to  g iv e  v j )  and v arid v . ( to  g iv e  V2) occu rs  *' '
a ct p . p
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a t  very  d i f f e r e n t  r a t e s  (because  o f  th e  much l a r g e r  f req u en cy

s e p a r a t io n  between th e  f i r s t  p a i r ) ,  th u s  w h i le  V2 i s  obvious *

a t  +40°C, V] i s  n o t  a p p a re n t  even a t  -*+65°C.

The H NMR* spectrum  can be ana lyzed  i n  an e x a c t ly  s i m i l a r

way . Thus th e  d i f f e r e n t i a l  Qate of c o l la p s e  o f  re so n an ces

f o r  th e  two p a i r s  o f  r in g  p ro to n s  r e s u l t s  from th e  much l a r g e r

1 5frequency  s e p a r a t io n  between th e  H and H re so n a n c e s  (a s s ig n e d
* o

to  l i n e s  a t  63 .12  and 6 .40  r e s p e c t i v e l y  i n  th e  -5 0  C s p e c tru m ) ,

th a n  f o r  th e  and resonances  (a s s ig n e d  to  l i n e s  a t ' 66 .25

and 5 .9 0 ) .  T h is  c l e a r l y  i d e n t i f i e s  th e  l o w - f i e l d  component

6 B 'o f  th e  f a s t - l i m i t i n g  spectrum  w i th  H ’ , a -conclusion  which

127 1has p r e v io u s ly  been reached  f o r  Sn(n -C^H^CH^)^, from

m a n ip u la t io n  of (^ ^ ^ ’ ^^^Sn -  ^H) and (^H -  ^H) c o u p l in g  c o n s ta n t s .  .

These r e s u l t s  a l s o  confirm  «conclusions reached  by S to b a r t

94 1and Holmes-Smith t h a t  a d e c re a s e  i n  s i z e  o f  M in  MR^(q -C^H^CH^)

o r  an in c r e a s e  i n  th e  s t e r i c  req u ire m en ts  o f  th e  s u b s t i t u e n t s

R, w i l l  r e s u l tp ^ n  an in c r e a s e  on th e  r e l a t i v e  c o n c e n t r a t io n #

o f  isom er A.

The above d i s c u s s io n  has t r e a t e d  th e  rea rran g em en t b e h a v io u r  

o f  sy s tem s ,  r e p re s e n te d  by compounds *^._5 and .2 ' ^ ,  i n  te rm s o f  

an approxim ate  model ■̂ e t h a t  o f  a s i n g l e  r in g  a t ta c h e d  to  a 

me t'a 1 c e n te r .  A lthough t h i s  approach f u l l y  a c c o u n ts  f o r  th e  

ex p e r im e n ta l  NMR d a ta ,  i t  shou ld  be n o ted  t h a t  i f  c o n f ig u r a t io n  

e n t e r s  i n t o  th e  e q u i l ib r iu m ,  i t  w o u ld 'b e  p r e s e n t  a s n p a r t  o f  

a m o le c u le ,  and n o t ,  as may have been im p l ie d ,  a G e ^

;
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m o lecu le .  A lso  a G e ^  m olecu le  r e p r e s e n t s  a more complex _

s i t u a t i o n  th an  has  been  assumed, i n  t h a t  th e  carbon atom
I

i s  asym m etric; th u s  G e ^  in  f a c t  e x i s t s  as  a s t e r e o i s o m e r i c

m ix tu re ,  a c o m p l ic a t io n  which g iv e s  r i s e  to  o b s e rv a b le  e f f e c t s

in  s e v e r a l  r e l a t e d  system s as d e sc r ib e d  i n  C hap te rs  Three  and

13Four. P o s s ib ly  th e  f a c t  t h a t  s ig n a l s  i n  a s lo w - l im i t  C NMR

spectrum  of compound a t  -50°C , a s s ig n e d  to  C^, C° , and 

, and in  t h e  -60  C NMR spectrum  f o r  H^, and ,

a r e  n o t i c e a b ly  b ro a d ,  may be due to  u n re so lv e d  chem ica l s h i f t  

d i f f e r e n c e s  betw een re so n an ces  due to  th e s e  n u c l e i  i n  each 

o f  th e  d i f f e r e n t  is o m e rs .  * ' '

•?
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C. EXPERIMENTAL

G en era l  e x p e r im e n ta l  in fo rm a t io n  i s  c o n ta in e d  i n  Chapt e l

One.

P o ta s s iu m -c y c lo p e n ta d ie n id e  and -m e th y lc y c lo p e n ta d ie n id e

138 P r e p a r a t io n s  ofwere p re p a re d  by l i t e r a t u r e  m ethods.

t e t r a k i s ( n ^ - c y c l o p e n t a d i e n y l ) -  and t e t r a k i s ( m e t h y l c y c l o p e n t a d i e n y l ) -

90 •*s tan n an e  have been  p u b l i s h e d ,   ̂ however b o th  were p re p a re d

'by  th e  method d e s c r ib e d  below f o r  the /germ anium  an a lo g u e ,
J

th e  p r o p e r t i e s  of th e  p ro d u c ts  o b ta in e d  c o r re sp o n d in g  e x a c t ly  

t o  th o se  g iven  in  th e  l i t e r a t u r e  p r e p a r a t i o n s .

1
( i , )  T e trak isC n  -c y c lo p e n ta d ie n y l)g e rm a n e .

Germanium t e t r a c h l o r i d e  ( 3 .5 6 g . ,  16.5mmol) i n  b en z e n e '

(30mL) was added s low ly  to  a v ig o ro u s ly  s t i r r e d  s u sp e n s io n  of 

p o ta ss ium  c y c lq p e n ta d ie n id e  ( 8 . 6g, e x c ^ ^ )  in  benzene (50mL), 

over a p e r io d  o f  0 .5 h .  A f te r  s t i r r i n g  f o r  a f u r t h e r  24h, 

th e  m ix tu re  was f i l t e ^ e ^ a n d  th e  f i l t r a t e  c o n c e n t ra te d  

i n  l e a v in g  a ’"yellow s o l i d  which was c r y s t a l l i z e d  from

d ie th y l  e th e r  (50mL) a f f o r d in g  pu re  Ge(n^-C^H^)^ ( 4 . 72g,i 14.2mmol, 

86%).

( i i )  C h lo r o t r i s (n ^ -c y c lo p e n ta d ie n y l )g e rm a n e .

. A s o l u t i o n  o f  germanium t e t r a c h l o r i d e  (3 .5 6 g ,  16.5mmèl)

i n  benzene ( 20ml,) was added s low ly  to  a  s t i r r i n g  s l u r r y  of po tass ium

c y c lo p e n ta d ie n id e  (5 .2 1 g ,  49.5mmol) i n  benzene (lOOmL). The 
'

r e a c t io n  f i x t u r e  was, s t i r r e d  f o r  24h, th e  m ix tu re  f i l t e r e d  and 

th e  f i l t r a t e  c o n c e n tra te d  i n  vaauo to  g iv e  a l i g h t  y e l lo w  s o l i d

A
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whlch*.was J c r y s m à l l E ^  from d i e t h y l  e t h e r  (50mL) to  g iv e  p u re

G e(n ^ -C g H g )^ !  (3 ,6 g ,  IS.Ommol, 91%).

( i i i )  TetrakisCn -m ethylcyclopentad ienyl)germ ane.

Germanium t e t r a c h l o r i d e  (5 .4 0 g ,  j%Ommol) i n  benzene (50mL)

was added s low ly  to  a v ig o ro u s ly  s t i r r e d  su sp e n s io n  o f  p o tass ium  

«
^  cy c lo ^en tad ieh i .d e  (12g, ex ce ss )  i n  benzene (lOOmL) du ring  I h .  ’

The rea;Ædon m ix tu re  was s t i r r e d  f o r  48h a t  room -tem pera tu re ,  

g iv in g  a ye l low  g e l a t in o u s  m ix tu r e .  Hexane (25mL) was added a n d .

' th e  m ix tu re  s t i r j e d  f o r  0 .5 h ,  and th e n  f i l t e r e d ,  th e  f i l t r a t e  

* be ing  conceht^rated -in vçlow le a v in g  a v is c o u s  ye llow  o i l .

■ T h is  was th e n  d i s s o lv e d * in  dry  hexane , and th e  m ix tu re  f i l t e r e d  

and pumpe^ to  remove th e  s o lv e n t .  R e p e t i t io n  o f  t h i s  p ro ced u re  

f-cdlowed by  p ro longed  pumping (48h, 10 ĵnmfTg) f i n a l l y  y ie ld e d
"'■'i • ’ ’

Ge(n -CgH^CHg)^ as a viscous-, a i r - s e n s i t i v e ,  amber o i l  (7 .2 g ,

18.5mmol, 74%).  ̂ d

(

A



'CHAPTER THREE

METALLOTROPISM ÂND STEREOMUTATION ..

IN POLY(INDENYL) DERIVATIVES OF GERMANIUM AND TIN.

93

A. INTRODUCTION.

The n a t u r e  o f  th ç  f a c i l e  n o n -d e g e n e ra te  rea rran g em en t o c c u r r in g

79
i n  m e ta l lo c y c lo p e n ta d ie n e s  i s  now b e l ie v e d  to  be  w e l l  u n d e rs to o d .  

E xam ination  o f  th e  n o n - r ig i d  p r o p e r t i e s  o f  r e l a t e d  r i n g  system s 

has r e s u l t e d  i n  th e  i d e n t i f i c a t i o n  o f  rea rran g em en t p ro c e s s e s  

which have s i m i l a r  c h a r a c t e r i s t i c s  to  th o se  observed  f o r  th e  c y c l o - '  

p e n ta d ie n y l  d e r i v a t i v e s . ^ ^  I n  t h i s  c o n te x t ,  t h e  m é t a l l o t r o p i c

p r o p e r t i e s  of 1- m e t a l l o - in d e n e - r i n g  system s ( 1_) , were among "the

^ 102 103■ f i r s t  to  be  "s tud ied  in  d e t a i l .  ’

Davison and R a k i ta  have  shown^^^ '^^^ t h a t  th e  ^H NMR d a ta  

o b ta in e d  f o r  MMe^fn^-CgH^), M = S i ,  Ge,and Sn, a r e  c o n s i s t e n t  

w i th  f a c i l e ,  1 ,3  m ig ra t io n  o f  th e  MMe  ̂ m oie ty  a c r o s s ' t h e  in d e n y l

r in g  ( e q u a t io n  ( 1 ) ) .  C o tton  and Marks reached  a s i m i l a r  a o n c lu s io n
H.

1 0 2

(1)
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f o r  Hg(n^-^CgHp 2 > based  off a c o m p T é te ^ n a ly s is  o f  th e  v a r i a b l e  

t e m p e ra tu re  NMR sp ec tru m . These s h i f t s  have a s u b s t a n t i a l l y  

h ig h e r  a c t i v a t i o n  energy  th a n  r e l a t e d  re a r ra n g e m e n ts  observed  

f o r  th e  c y c lo p e n ta d ie n y l  a n a lo g u e s? ^  (ca.30 '-40kJm ol  ̂ h i g h e r ) .

Based on t h i s  o b s e r v a t io n  and a v a r i e t y  o f  o th e r  e x p e r im e n ta l  

ev idencè^G 5 '106,107 i s o - in d e n e  ^  has  been proposed  as  an in t e r m e d ia te

i n  th e  rea rrangem en t p r o c e s s .  '

M

H

»
A n a ly s is  of th e  DNMR spectrum  of SnMegPhfn^-CgH^), 

h a s  p rov ided^^^  some ev id en ce  f o r  th e  e f f e c t  o f* th e  rea rran g e m en t 

on th e  s te r e o c h e m is t ry  a t  th e  m ig ra t in g  c e n t e r  i n  such sy s tem s .

Me(B)

% Me (A)

Sn
.Ph

I n  2  Che two m ethyl groups (A) and (^) a r e  m a g n e t ic a l ly  i n e q u iv a le n t

( d i a s t e r e o t o p i c )  as a r e s u l t  o f  a t ta c h m e n t  o f^ th e  McgPhSn m oie ty

t o  th e  c h i r a l  C carbon  atom o f ' t h e  in d e n y l* r in g .  M ig ra t io n

1 3of. th e  Me-PhSn group from C to  C was observed  to  be  accompanied 
2 . "‘ à

by av e ra g in g  o f  re so n a n c e s  due to  m ethy ls  (A) and W . T h is  

i n d i c a t e s  t h a t  th e  o v e r a l l  rea rran g e m en t p ro c e s s  takes^ p la c e
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w ith  r e t e n t i o n  o f  c o n f i g u r a t i o n  a t  th e  t i n  c e n t e r ,  p ro v id ed  on ly
% J ,  .

s u p r a f a c i n i  s h i f t s  a r e ' c o n s i d e r e d .

‘ t h i s  c h a p te r  i n v e s t i g a t e s  th e  e f f e c t s  of d e g e n e ra te  and non- 

d e g e n e ra te ' r e a r r a n g e m e n ts  in  mono- and p o ly - in d e n y l  d e r i v a t i v e s

o f  germpnium and t i n .  The r e s u l t s  o f ‘ th e  s o l i d  s t a t e  s t r u c t u r e  

d e te rm in a t io n  by X -ray  c r y s t a l l o g r a p h y  of Sn(n - C ^ H ^ ) ' c a r r i e d  

oiit b y  P r o f e s s o r  J .L .  Atwood and R.D. Rogers a t  th e  U n iv e r s i t y  

o f  Alkbama, a r e  a l s o  d i s c u s s e d .

lÆSULTS^^&NILDlSCUSSXON. '

* R ea ct io n s -  o f . i n d e n y l l i t h i u m  .w ith  germanium t e t r a j ^ l o r i d e

' ' . / 
o r  s 'uitaljtly s u b s t i t u t e d  t i n ( I V )  h a l i d e s ,  p ro v id e  a c o n v e n i e n t ,

139
" _route%to th e  compounds t e t r a ( l - i n d e n y l ) g e r m a n e  (^ * 1)>

t r ip h e n y J L ( l - in d e n y l) s ta n n a n e  (3 .2 ) ' ,  d ip h e n y ld i ( l - iA d e n y l ) s ta n n a n e

0 . 3),^^*  ̂ p h e n y l t r i ( l - i n d e n y l ) s t a n n a n e  » n - b u t y l t r i ( l - i n d e n y l ) -
. . . 141

' s ta n n a n e  (2 .5^), and t e t r a ( l - i n d e n y l ) s t a n n a n e  0 , 6 ) ;  -a ll

a r e  w h i t e , , c i ^ s t a l l i n e  m a t e r i a l s  which a re  a i r -  and w a t e r - s t a b l e ,  compound

3 .6  re p o r te d ly ^ ^ ^  b e in g  unchanged a f t e r  r e f lu x i n g  i n  c o n c e n tra te d

aqueous h y d ro c h lo r i c  a c i d .  P h y s ic a l  and a n a l y t i c a l  d a ta  fo r
u

 ̂ compounds 2 * 2  “ 2 ' É  g iv e n  i h  T ab le  3 .1 .

B .Ï  . * Mass S p e c t ra l '  D a ta .

“ The mass s p e c t r a l  d a ta  f o r  compounds 2 * 2  “ 2"A t a b u la te d  

i n  T ab le  3 .2 .  - M o lecu la r  io n s  were observed  f o r  on ly  two compounds, 

2 - 2  2 ' 2 '  bo th  b e in g  o f  low abundance, The most abundan t '
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TABLE 3. J..

P h y s i c a l  and a n a l y t i c a l  d a t a  f o r  compounds _3'1 " l ' É "

k *

Compound % yield M .Ft.(°çî>
'

A n a ly s i s

* A c tu a l T h e o r e t i c a l .

%C ’ %C '

GeCnl-CgH,)^ 3^1 ' 84 196-198 80.89 5 ,1 4 81.11 5 .2 9  • 1:
SnPh^(n^-CgH^)3.2 95 129-130 69.78 4.87 . • ' , -6 9 .7 1 4.7%&

II

SnPh^Cn^-CgH^)^ 3 .3 89 116-117 72 .13 . 4 .8 7 î 71 .60 .4 .8 1
~  A.

SnPh(n^-CgHy)^ 3.4 51 , 153-154 •' 73.91 4.98 . - 73.23 4.84 ■k“.

Sn(Bu% 0(n^-CgH ,)2 ,3 l 5 62 ■ 58 71.06 5 :79 71.*43 5 .8 0  ■ ' '

SnCnVCgH^)^ 3._^ 87 . .215 74.43 5 .0 6 74.64 *’ 4.87

4

4

V Oo\
4^



\ TABLE 3 . 2 .

Mass s p e c t r a l  d a t a * ' ^ '  o b ta in e d  f o r  compounds 3A  -  3._6. " "  w

Io n  Fam ily  GnCri^-CgH ) ^  S n P h j C n ^ H j )  SnPh^(.n‘ - C ,H j )^  SnPh(n‘ -CgH, ) 3 S n ( B A  (n '-C gH ^ ) 3 Sn(n

3 .2  3 .3  ■ 1 -A  1 * 13 .1
»

p a r e n t  io n  n . o . ^  ; j i .9 .  •- n . o .  n . o .  n . o .

MCh^-C H 3 .0  ;
MR(.Lc'H,),+ .. ' n.o. 5.0 . 10.7 . ^

79 ,7 , ^

M R ^ . 35 .1  . “

„ ( n ^ , H 3 ) + -  . 1 ,4  -  ■• . . • .
MR(ri^-C„H,)^* 0 .4  1 .1  ‘ : 3 .0  *  ̂ n . o .

MR_
9 7

+ .  0 .6  2 .9

M(n^,C_H^)+ 90.6 3.2 . 2.2 65.2 8 5 ^  83.2
' 28.9 14.2 22,0 n . o .

j^+. 3 ,6  2 9 .5  n . o .  . n . o .  7 n . o .  ' • 15!.5

r
i  f.

® 70eV i o n i z i n g  v o l t a g e .  ' -
^ %metal c o n t a in in g  io n s  summed w i t h i n  each  f a m i ly  r e s u l t i n g  from i s o t o p e  d i s t r i b u t i o n  o r  h y d ro g en  lo s s .

^ Not o b s e rv e d .  . '

V O

%

V
' J
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' - '
io n  in  th e  m ass  s p e c t r a  o f  compounds _3.^, _3,^, and _3.j6

’ • '  «

i s  M(CgHy)^, w h i le  f o r  compounds and'"^._3 , th e  m ajor s e r i e s '  of

* /  . * -fpeaks co rrespond  to ' ' t h e  lo s s  o f  one in d e n y l  r i n g ,  i.e. ShPh^ and

SnPhgCCgHy)^ r e s p e c t i v e l y .  For th e  pheny l d e r i v a t i v e s ,  A'A

and 2 'A )  th e  second most abundant iç ri  co rre sp o n d s  t o  SnPh^;

hpwever no obvious c o r r e l a t i o n  between s t r u c t u r e  and r e l a t i v e

i n t e n s i t y  i s  a p p a re n t .  S i g n i f i c a n t l y ,  no ca rb o n -ca rb o n  bond

c leav ag e  o f  th e  in d e n y l  r in j^  was o b se rv e d ,  c o n s i s t e n t  w i th  r e s u l t s

obt-ained by Davison and R ak i ta^ ^ ^  f o r  th e  i n d e n y l s , MMe^(n^-CgHy),

M = S i ,  Ge, and Sn. Thus th e  main pathway f o r  decom positj 
1

o f  n - i n d e n y l s ' I s  by b reak in g  o f  th e  metal-ca%bon l i n k a g e ,  /
128e x a c t ly  p a r a l l e l i n g  th e  s i t u a t i o n  observed  f o r  th e  cyc lopen t\ad ieny l 

an a lo g u es .

13,B.2 C NMR Data,

B . 2 . ( i ) .  SnPhgfn^-C H^), O . i )  .

The NMR spectrum  o f  SnPh^Cn^-CgH^) _3._2, a t  -30°C

(F ig u re  3 . 1 ( a ) ) ,  i s  c o n s i s t e n t  w i th  th e  " r i g i d "  s t r u c t u r e
‘ 1

hav ing  a s i n g l e  resonance  a t  4 4 .Eppm due to  C , w i th  f u r t h e r  

s i g n a l s  to  h ig h e r  f req u en cy ,  th e  ass ig n m en ts  f o r  which a r e  g iv e n

/

SnPh 3
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(c) +60 C

(b) +20"C

30 c

J . J

150 125

FIGURE

100
13 13 .1 .  V a r ia b le  te m p e ra tu re  C NMR spectrum  o f  SnPh^Cl

75 50 ppm.
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, i n  T ab les  3 .3  -3 » 5 .  As t h e  te m p e ra tu re  i s  r a i s e d  to  ca.O C,

8 9s ig n a l s  a t  142.8  and 1 4 4 .3ppm, 'a ss igned  to  C ’ , b roaden ,

g iv irig  a t  ca.+60°C (F ig u re  3 . 1 ( c ) ) ,  a s i n g l e  re sonance  a t  143.6ppm,

S im i la r ly  resonances  i n  t h e  -30°G spectrum  a t  1 2 1 ,5 ,  1 2 2 .4 ,1 2 3 .6

and 124.5ppm, a s s ig n e d  to  a r e  b ro ad  a t  aa-.0°C, g iv in g

a t  +60°C two l i n e s  a t  122.2 and 124.2ppm. Resonances f o r

( 4 4 .6ppm). and C^(126.9ppm) in  th e  -30°C spectrum  have com ple te ly

c o l la p s e d  a t  ca.O°C, howevér no a b s o rp t io n  a t  th e  average  o f  th e s e
C

two resonance  p o s i t i o n s  i s  observed  a t  +60°C (F ig u re  3 . 1 ( c ) ) .
2

By c o n t r a s t ,  th e  C reso n an ce  ( a t  134.4ppm) shf^ws no v a r i a t i o n
■i

in  chem ical s h i f t  o r  l i n e  w id th  th ro u g h o u t  th e  te m p e ra tu re  range 

s tu d ie d .  S im i la r ly  re s o n a n c e s  due to  th e  pheny l g ro u p s ,  a t

137.0 (C ^ '^1 , 129.5 (C^) and 1 2 8 ;7pÿm (C ^ '^ )  (a resonance  a t t r i b u t a b l e  

' to  C^was n o t  o b s e rv e d ) ,  a r e  te m p e ra tu re  in d e p e n d a n t .  '

These o b s e rv a t io n s  a r e  c o n s i s t e n t  w i th  a f a c i j .e  1 ,3  m ig ra t io n
103

of  th e  m e ta l  s u b s t i t u e n t  a c ro s s  th e  j .ndeny l r i n g ,  as shown 

i iT e q u a t io n  ( 2 ) .  Thus t h e  p a i r s  o f  re so n an ces  i n f t h e  -30  C

SnPh,

(2)

SnPh,

4 ,7spectrum , a s s ig n e d  t o  each  o f  # ie  p a i r s  <>f ca rb o n -a to m s , C

o r  C ^ '^ ,  ave rag e  to  g iv e  s i n g l e  re so n an ces  a{; ca.+60°C . • 

1 3Resonances f o r  C and C a re  averaged  much more s low ly  because

of th e  l a r g e r  f requency  s e p a r a t i o n  between th e n ,  and hence a
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-îâKÆ. 3 .3 .

NMR̂  re so n an ces  a s s ig n e d  to  , C^, and C^of th e  in d e n y l  r in g s  

i n  compounds 3.1 -  3 .6 .

1 2 1 Compound C . C C

6e(n^-C  Hy)^, 3.1 4 2 ,5 ,  4 3 .2 ,  4 4 .5 ,  134.8 ■ 1 3 0 .0 ,  129.4,

44.7 129.1

SnPh„(n^-C_H,), 3 .2  44 .6  134.4 126.93 '  ' ~9 7 ' '  -  -

,2(nl-CgH;)2, 3 .3

^9^7^3>

SnPh^(nl-CoH^)^, 3 . 2  43 .8  134.0 127.0

SnPh(n^-CQH,)^, 2 . 4  4 3 .5 ,  4 4 .6 ,  45 .1  1 3 3 .4 ,  133 .7 ,  127.3

134.0

Sn(Bu2-)(n^-CgHp^, 2 -5  4 4 .0 ,  4 4 .6 ,  4 4 .9 ,  134 .2 ,  133 .8 , 1 2 6 .7 ,  126.2

45.5  133.4

Sn(n^-CgH^)^, 2 - i  4 4 .2 ,  4 4 .6 ,  45 .7  133.2 1 2 7 .5 ,  127.1

^ CDCl^ was used as solve.nt and i n t e r n a i  r e f e r e n c e ;  chem ica l 

s h i f t  v a lu e s  i n  ppm dow nfie ld  from t e t r a m e t h y l s i l a n e .

‘ff ■ t
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TABLE.3 . 4k ‘ ,

NMR  ̂ r e s o n a n c e s  a s s ig n e d  to  c ^ * 5 ,6 ,7  ^ o f  th e  in d e n y l  r in g s '  i n  compounds 2 - 2  “  '2'»2*
*

Compound C4.5 ,6 ,7 C*'9

Slow l i m i t F a s t  l i m i t 's low  l i m i t F a s t  l im it

Ge(n -CgHy)^, 2*1. 1 2 1 .9 ,
1 2 4 .4 ,

1 2 3 .7 ,

126 .0

123.9; bn . o . 1 4 4 .8 ,

144.2

144.6, bn . o .

SnPhgCn^-CgHy), 2 * 1 1 2 1 .5 ,

124 .5

1 2 2 .4 , 1 2 3 .6 , 1 2 2 .2 ,  124.2 1 4 4 .3 , 142.8 143 .6

SnPh„(n^-C„H _)_, 3 .3  2 . 9 7 2 ------ 1 2 1 .3 ,

124.5

1 2 2 .3 , 123.5, 1 2 2 .1 ,  124.2

.  •

1 4 4 .0 , 142 ,5 143 .7

SnPh%nl-CgH,),, 2.4 1 2 1 .7 ,

124.9

1 2 2 .5 , 1 2 3 .9 , 1 2 2 .0 ,  124 .3 1 4 3 .9 ,

142.7

IA3.6, 143.0

Sn(BuS.) (n-nCyHÿ) S ' l

I "

1 2 1 .7 ,

1 24 .6

1 2 2 .1 , 123.8, -  1 2 2 .1 ,  1 2 4 .3 144.3, 
142.4

143.9 143.7

Sn(nl-CgH,>^, 3.6 1 2 1 .9 ,

1 2 3 .2 ,

1 2 2 .6 , 1 2 4 .0 , 1 2 2 .4 ,  124 .7 143.7,
143.1

1 4 3 .4 , 143.8

^ CDC1_ was us^d  as  s o l v e n t  and i n t e r n a l  re fe ren c e ,*  c h e m ic a l  s h i f t  v a lu e s  i n  ppn)\downf i ^ d  from t e t  rame th y  1 -  
s i l a n ë .  . ' _ ''' ;—'

^ Not o b s e rv é d .  ^  ' oNJ
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TABLE 3 . 5 .

M R ^ e s o n a n c e s  f o r  th e  pheny l groups of SnPh^_^(n^^CgH^)^,

n = 0 , , 1 ,  2, 3-, and th e  n - b u ty l  group o f  Sn^Bi^) (n -CgHy)^

Compound c l C3'5 C^

SnPh,4
1 3 8 .0 ' 137.3 1 2 9 . 1 1 2 8 . 6

SnPbyXn^-CgHy)
cn .o . *137.0 128.7 129.5

S n P h g C n l - C g H , ) ^
cn .o . 136.4 1 2 8 . 3 129.3

SnP h(n --C „H ,) ,
cn .o . 136.2 128.2 129.4

12 .3 ,  1 3 .5 ,  2 7 .1 ,  28.1

. a CDCl^ was used as s o lv e n t la n d  i n t e r n a l  r e f e r e n c e ;  chem ica l 

s h i f t  v a lu e s  i n  ppm dow nfie ld  from t e t r a m e t h y l s i l a n e .  .

^ Assignment of and C ^ '^ ,  s e e  r e f e r e n c e  142.

^ Not observed .

X
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c o a le sc e d  s i g n a l  i s  no t  observed  i n  th e  4-6u'"^'\s§»^ctrum, The
2

m agnetic  environm ent o f  C i s  q p t - a f f e c t e d  by th e  rea r ran ^ f l^ en t  

p ro c e s s  as  i n d i c a t e d  by e q u a t io n ( 3 ) ;  co n seq u en tly  th e  resonance  

i s  te m p e ra tu re  in d e p e n d e n t .

(3)

B . 2 . ( i i ) .  SnPh^Cn -CgH^)2 (3 .1 )

The -40°C NMR spectrum  o f  compound _3._3 (F ig u re  3 . 2 ( a ) ) ,

i s  c o n s i s t e n t  w ith  t h e  " s t a t i c "  s t r u c t u r e  shown i n  _5. As

th e  te m p e ra tu re  i s  r a i s e d  many o f  th e  s i g n a l s  b e g in  to  b roaden ,

1 3w ith  re sonances  a t  43 .8  and 127,0ppm, a s s ig n e d  to  C and C 

r e s p e c t i v e l y ,  doing so  most r a p id l y .  S ig n a ls  a t  142.5 and 144.0ppm, 

a s s ig n e d  to  a l s o  b ro ad en ,  g iv in g  a t  ea .+40°C , a s i n g l e  resonance

a t  143.7ppm. S im i la r ly  re sonances  a t  121 .3 , 122 .3 ,  123.5 and 

124.5ppm a ss ig n e d  to  c ^ '5 , 6 , 7  c o a l e s t e  t o  two l i n e s  c e n te re d

SnPh

7
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(c)  +55 C

(b) +30 C

. .  ̂ '.‘ V ’. l'A' 4" ~Vy , 4'' ' . . /' ViA''.

105

150 125 ■ 100 75 50 25 ppm

13 _
FIGUE£ 3 .2 .  V a r ia b le  te m p e ra tu re  C NMR spec trum  b’f

SnPh^Cn^-CgHp^, 3 .3 .
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a t  121.1 and 124.2ppm .at oa.+AO°C. The s i g n a l  a t  134.0ppin,

2
■ a s s ig n e d  to  C , i s  te m p e ra tu re  i n v a r i a n t ,  as a r e  re so n an ces  a t

1 2 8 ,3 ,  129.3 , and 136.ippm , a s s ig n e d  to .C ^ ’^ ,  C^, r e s p e c t i v e l y

of th e  phenyl groups (no s i g n a l  d u e - to  was o b se rv e d ) .

13Thus the  -v a r ia b le  te m p e ra tu re  , C NMR spec trum  of compound 

_3,3 i s  s i m i l a r  i n  many r e s p e c t s  to  th a t  o b ta in e d  f o r  compound 

_3._2, and i s  c o n s i s t e n t  w i th  a  f a c i l e  1 ,3  m ig ra t io n  o f  Mie t i n

m oie ty  ac ro s s  each o f  th e  in d e n y l  r i n g s .  ‘S i g n i f i c a n t l y ,  the

' -  '  1 
in d e n y l  carbon atom to  which th e  m e ta l  i s  bound, C , i s  a c h i r a l

c e n t e r ,  so t h a t  compound _3._3 e x i s t s  as bo th  enan t io m o rp h ic  , •
A

r e p r e s e n te d  as (+-^,— ) o r  (RR,SS) and n a s o (R ,S ) ,  7_ fo rm s ,

 ̂ 3 1), Whil n th e  t . ;; ' 'ena .it ic :;.  which "D.isl i tc  L . - th e

p a i r  _6 w i l l  have i d e n t i c a l  NMR p r o p e r t i e s ,  the neso  'form, 

i s  a d i f f e r e n t ,  comnound ( d i a s t e r c o i s o m e r ) , and w i l l  have d i f f e r e n t
jf (

' . p h y s i c a l  and chem ica l p r o p e r t i e s  (e.g. NMR spectrum ) from the

en a n t io m e r ic  p a i r  ' The s lo w - l im i t  (-40°C) C NMR spectrum  
'

J

o f  Might be expec ted  t o  c o n s i s t  of a s u p e r im p o s i t io n  o f  ■^

th e  s p e c t r a  o f  two s i m i l a r , .  though d i s t i n c t  compounds (i.e.

d i a s t e r e o i s o m ÿ s ) . T hat t h i s  does no t appea r  to  be  observerl

13i n d i c a t e s  t h a t  e i t h e r  th e  C NMR s p e c t r a  of p a i r  ^  and isom er ]_
\

a r e  i n s u f f i c i e n t l y  d i a s t e r e o t o p i c a l l y  s h i f t e d  to  be r e s o lv e d ,
à

o r  t h a t  one isom er i s  overw helm ingly  p r e f e r r e d  w ith  a a .100% e q u i l lb r i rm i 

c o n c e n t r a t i o n .  A co rrespond ing  absence o f - - d ia s te r e o to p ic  e f f e c t s

i n  th e  NMR spectrum  of th e  d i - i n d o n y l  Hg(n^“ C„U^)2  has been
102  ,  _ ' ' '  ■ •

r e p o r te d  by C otton e t  a t .

1
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(++), (— ) p a i r ,  p o in t  group

R

R

107

/
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FIGURE 3 .3 .  The p o s s i b l e  iso m ers  p r e s e n t  in  MR^Cn
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SnPhCn^-CgHy)] (3 .4 )  and SnBu^(n^-GgHy)^ .

13 A 1
The s lo w - l im i t  C Nlm s p e c t r a  o f  SnPh(n -CgHy)^,

a t  -25°C, and S n B i r ( n ^ - C ^ H y ) a C  -60'^C-^(Figure 3 . 4 ( a ) ) ,

a r e  complex; however a com plete  assignm ent f o r  each  i s  p o s s i b l e

on th e  b a s i s  o f  te m p era tu re -d ep en d en t  b e h a v io u r , (T a b le s  3 .3  -  3 .5 ) .

R a is ing  th e  te m p e ra tu re  above oa,0°C i n  e i t h e r  c a se  r e s u l t s  ^ n .a v e ra g in g

of resonances  f o r  c'^ and C^, and C^, and and C^, such t h a t  s i n g l e
.

l i n e s  a re  observed  fo r  each o f  th e s e  p a i r s  o f  n u c l e i  a t  ûci.+60 C. Resonances

due t o  and a l s o  broaden  on r a i s i n g  th e  te m p e ra tu re  t o  ca.O°C,

such t h a t  a t  +40°C th e s e  s i g n a l s  have com ple te ly  c o l la p s e d ;

a co a le sced  peak i s  n o t  o b se rv a b le  a t  +60°C. Résonances f o r

th e  phenyl group i n  compound ^._4 a re  te m p e ra tu re  i n v a r i a n t ,

w h ile  in  th e  spectrum  o f  th e  b u t y l  compound, _3._5, one of th e  fo u r

s ig n a l s  f o r  th e  b u ty l  group { a t  1 2 .3ppm) i s  b road  a t  -60°C , and

only becomes sh a rp  above oa,0  C.

The complex, s lo w - l im i t  s p e c t r a  f o r  b o th  th e s e  compounds ' 

r e s u l t  from th e  e x i s t e n c e  f o r  each of two d i a s t e r e o t o p i c  p a i r s ,

^  and 2 ,  o f  enantiom orphs (F ig u re  3 .5 ) ,  In  term s o f s te re o c h e m ic a l
" ♦ t

c h a r a c t e r i s t i c s ,  th e s e  compounds a re  analogous to  th e  isom ers

of t r i s - l - ( 2 - m e th y l n a p h th y l ) b o r a n e ( F ig u r e  3 . 6 ) ,  which have been

■ * 1 L'\s u b je c te d  to  com plete  co n fo rm a tio n a l  a n a l y s i s  by Mislow e t  a t .

I n  p a i r  _8 r e p re s e n te d  by (+++,— -)  o r  (RRR,SSS ) a l l  asymm etric
1

C c e n te r s  have th e  same r e l a t i v e  c o n f ig u r a t io n  and a re  hom otopic.

1The m olecu les  i n  p a i r  2  (+ + - ,— h) which c o n ta in  one C having  

th e  o p p o s i te  c o n f ig u r a t io n  to  t h a t  o f  th e  o th e r  two, be long  to
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F IG U R E  ,3 ,4 .  V a r ia b le  te m p e ra tu re  C NME. spectrum  of

Sn(Bu^)(n^-CgH^)^, 2 ' ! '
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FIGURE 3 .5 .  The p o s s i b l e  isom ers  p r e s e n t  i n  MR(n^-CgHy^g,R -  B u-,  Fh
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f ig u r e  I s , 6 .  The p o s s i b l e  i s o m e r s  p r e s e n t  i n

' t r i s - I - ( 2 - m e t h y l n a p h t h y l ) b o r a n e ,
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ttheppoiùt '^  group so t h a t  a l l  t h r e e  C n u c l e i  a r e  m a g n e t i c a l l y

i n e q u iv a l e n t .  Thug, i n  p r i n c i p l e  _8 and ^  to g e th e r  gccount f o r

1fo u r  an isochronous  C n u c l e i  and i n  f a c t  each ap p ea rs  t o  g iv e

13
' r i s e  to  a s e p a r a t e  resonance  i n  th e  çbserved  C NMR spectrum  

of _3.1 a t  -60°C. The s lo w - l im i t  spec trum  o f  compound a t  

-25°C i s  a l s o  c o n s i s t e n t  w i th  t h i s  i n t e r p r e t a t i o n  i f  c o in c id e n c e  

of two out of th e  fo u r  re so n an ces  i s  assumed. The n e a r - e q u a l i t y  

in  s i g n a l  h e ig h ts  f o r  th e  fo u r  components i n  th e  spec trum  of  

compound 3 .^ ,  i n d i c a t e s  t h a t  th e  e q u i l ib r iu m  [ ^ ] :[91 r a t i o  

i s  approx im ate ly  l ! 3 ,  th e  s t a t i s t i c a l  d i s t r i b u t i o n ,  im ply ing  

n e a r - z e ro  f r e e  energy d i f f e r e n c e  i n  s o l u t i o n  between th e  d i a s t e r e o -  

is c m e rs .  D ia s te r e o to p ic  s p l i t t i n g  o f  re so n an ces  a t t r i b u t a b l e  to  

C^, C^, and in  compounds and (by com parison w i th  d a ta

f o r  compound _3._2 and SnMe^Cn , and to  th e  r i -b u ty l  carbon

bound to  t i n  in  i s  a l s o  a p p a re n t  i n  th e  s lo w - l im i t  s p e c t r a .

On r a i s i n g  th e  te m p e ra tu re ,  c o l l a p s e  o f  t h e s e  an isoch ronous  

e f f e c t s  accompanies c o a le s c e n c e  b eh av io u r  c h a r a c t e r i s t i c  o f  th e  

noh-degeriè ra te  rea rrangem en t o f  cm pound 2»A* i d e n t i f y i n g  th e '  

l a t t e r  as the \»echan ism  f o r  i n t e r c o n v e r s io n  between a l l  t h i  

p o s s i b l e  s te r e o i s o m e r s .
* ■ ^

B . 2 . ( i v ) .  Sn(n^-CgHy)^ (3 .6 )  and Ge(n^-CgH^)^ ( h i )  •

An assignm ent o f  th e  complex s lo w - l im i t  s p e c t r a  o b ta in e d  

fo r  Sn(q^-CgHy)^, h h  a t  -35°C  (F ig u re  3 .7 ( a ) )  and Ge(n^-C^H^)^, 2*1» 

a t  25°C, i s  g iven  in  T ab les  3 .3  and 3 .4 .  R a is in g  th e  te m p e ra tu re
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FIGURE
13 13 .7 .  V a r ia b le  te m p e ra tu re  C NMR spectrum  o f  Sn(n -C H ^)^, 2.61
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f o r  th e  t i n  compound X6_ causes  av e ra g in g  between resonances  f o r  

C^'7 (and and C^’ ^) w h i le  th e  [^ re so n a n c e  a t  133.2ppm

i s  unchanged. C o llap se  of an iso ch ro n o u s  e f f e c t s  p r e s e n t  i n  th e  

s ' lo w -l im it  spectrum  occu rs  w i th  th e  concom itan t c o a le s c e n t  

b eh a v io u r ,  i n  a way which p a r a l l e l ^  e x a c t ly  t h a t  observed  fo r  

th e  o th e r  t i n  in d e n y ls  s tu d i e d  (S e c t io n s  B . 2 . ( i ) - ( i l i ) ) • No, 

co rrespond ing  changes i n  th e  appearance  of the .  spec trum  o f  th e  germane 

3.1  was observed  even a t  +90°C, a r e s u l t  c o n s i s t e n t  w ith  .the much 

h ig h e r  a c t i v a t i o n  e n e rg ie s  f o r  rea rran g e m en t d f  bo th  in d e n y l -  

and cyd o p e n t adieny1-germanium compounds compared w ith  t h e i r  

t i n  an a lo g u es .

The complex s lo w - l im i t  s p e c t r a  of b o th  th e s e  Compounds a re

th e  r e s u l t  o f  each e x i s t i n g  as two d ia s t e r e o m e r i c  p a i r e  10 and

of enan tiom orphs , along w ith  a t h i r d  s t e r e o i s o m e r ,  th e  meso-form

12 (F ig u re  3 . 8 ) .  i n  p a i r  10, which can be  r e p re s e n te d  as (++++,------)
1

o r  (RRRR,SSSS), i n  every  m o lecu le  a l l  fo u r  asym m etric C c e n te r s

have th e  same r e l a t i v e  c o n f ig u r a t io n  arid a r e  ^lomoto p i c ^

^^presented (+++_,_+++} or (RSRS.SSSR), consists of molecules

£n which one has th e  o p p o s i te  c o n f ig u r a t io n  from th e  o th e r  th r e e
1

and be longs  to  th e  p o in t  group C^, however th e  un ique  C c e n te r
• 1

l i e s  on a a x i s  assuming f r e e  r o t a t i o n  about «the Sn-C bond and
. 1

w i l l  c o n ta in  on ly  two d i s t i n c t  ( d i a s t e r e o to p i c ) ,  ty p e s  of C 

n u c l e i  h a d n g  a 3:1 d i s t r i b u t i o n .  The m e s o - i s ' o m e r ^ (++--)

o r  (RRSS) be longs  t o  t h e  p o in t  group and c o n ta in s  fo u r  m a g n e t ic a l ly
1 '  

e q u iv a le n t  in d e n y l  r i n g s  (hom otopic C n u c l e i ) .
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R-CgH? (I I 1:1 ) p a i r ,  
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FIGURE 3 .8 .  The p o s s i b l e  isom ers p r e s e n t  i n
M(n -CgHy)^, M -  Ge, Sn.
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Compounds and e q u i l ib r iu m  d ia s t e r e o i s o m e r ic
i

m ix tu re s ^ w i l l  i n c o r p o r a te  f o u r  an isoch ronous  C n u c l e i . ( s e e  T ab le  

3 .6 ) .  In  a  s i t u a t i o n  where t h e r e  i s  no f r e e  energy d i f f e r e n c e  

between th e  ground s t a t e s  o f  th e s e  iso m e rs ,  t h e i r  e q u i l ib r iu m  

c o n c e n t r a t io n s  w i l l  b e [10] : [ i r ] : [12 ] = 1 :4 :3  : s in c e  isom er

11 has two an isoch ronous  n u c l e i  i n  a 3:1 r a t i o ,  re so n a n t

1 13s i g n a l s  due to  C carbon n u c l e i  i n  th e  C KMR spectrum  w i l l

t h e r e f o r e  i d e a l l y  appea r  as fo u r  l i n e s  of r e l a t i v e  i n t e n s i t y

1 :1 : 3 : 3 .  T h is  i s  c l e a r l y  th e  case  f o r  compound _3.1_ (F ig u re  3 . 9 ) ,

and i s  c lo s e ly  approxim ated  t o  f o r  _3.^ (F ig u ré  3 .7 ) .  I t  can

th e re b y  be concluded t h a t  th e  g r o u n d - s t a t e  f r e e  e n e rg ie s  of th e

th r e e  p o s s i b l e  isom ers  a r e  c lo s e  to  one a n o th e r .

Resonances a t t r i b u t a b l e  to  carbon n u c l e i  i n  th e  s lo w - l im i t

13C NMR s p e c t r a  o f  compounds _3.J  ̂ -  2 - A sh o w n 'in  F ig u re  3 .9 .

The p r e d ic te d  number o f  such re so n an ces  f o r  each p o s s i b l e  isom er

i s  g iv e n  i n  T ab le  3 .6  to g e th e r  w i th  r e l a t i v e  p o p u la t io n s  f o r

each o f  th e  isom ers  assuming z e ro  ground s t a t e  f r e e  energy d i f f e r e n c e s .

The s lo w - l im i t  s p e c t r a  o b ta in e d  f o r  a l l  the  in d e n y l  compounds

i n v e s t i g a t e d  a l low  f o r  th e  c o n c lu s io n  t h a t  th e  d i f f e r e n c e  i n
'

ground s t a t e  energy  f o r  th e  isom ers  o f  each o f  th e  p o ly in d e n y ls  

s tu d ie d  i s  sm a l l .

1
B .3 .  H NMR D ata .

.1
The H DNMR s p e c t r a  o f  compounds _3.^ -  (T ab le  3 .7 ,  s e e  

a l s o  F ig u re s  3 .10  3 .1 1 ) ,  a r e  s i m i l a r  i n  many r e s p e c t s  t o  th o s e



TABLE 3 . 6 .

S te re o is o m e r is m  i n  p o ly in d e n y l  d e r i v a t i v e s

Compound Isom er^ ' "Point Gro'up' Mag.^

Phi^Sndnd)^ (4+)"= I H 2
(h—) 1 H 2

n -B u S n ( in d )^ (+++) ' 1 H 3 <
C++—) 3 D ( 1 ,1 , 1 )

G e ( in d )^ (++++) I H 4
(4-H—) 4 C D (3 ,1 )®
(++__) 3 4 H 4 '

^ a c h  p o s s i b l e  iso m e r  f o r  a  g iv e n  ty p e  i s  sy m b o lized  i n  te rm s o f  r e l a t i v e  c o n f i g u r a t i o n  + o r  -  a t  an 

In d e n y l  c a rb o n  c e n t e r .  r e p r e s e n t s  th e  s t a t i s t i c a l  d i s t r i b u t i o n  o f  t h e  s t e r e o i s o m e r s  as  l i s t e d  '
C "i n  thei p re c e d in g  column. R e l a t i o n s h i p  betw een  c h e m ic a l ly  e q u i v a l e n t  n u c l e i  mP te rm s  o f  m a g n e t ic  p r o p e r t i e s

H "  h o m o to p ic ,  D = D i a s t e r e o t o p i c .  ^  i s  th e  number o f  c h e m ic a l ly  e q u i v a l e n t  n u c l e i  p e r  m o le c u le
»

s h a r in g  an i d e n t i c a l  m a g n e t ic  en v iro n m en t i e  w hich can be  in t e r c h a n g e d  by some symmetry o p e r a t i o n . '

'Racemic form. ^/«feso-isomer. ^Reduces f r o m ( l , 1 ,1 ,1 )  s e e  t e x f . T h is  n o t a t i o n  ( r a t h e r  t h e n ( + - + - ) )

 im p l i e s  t h a t  t h e  f i r s t  two d e s c r i p t i o n s  a r e  r e l a t e d  by an. S .  r o t a t i o n .
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SnPh^Cn -CgH^)^, 3 .3

yyy^^yA/VstW^

SnPhCn -C H y ) g ,  3 .4

G e(n^,C gH ÿ)l, 3 . ^

A / T V

Sn(Bu^)(n^-CgHy)^, 3 .5

\

Sn(n -CgHy)^, 3 .6

A - M / W / '  \ mV vv / ^

13.FIGURE 3 ,9 ,  Comparison o f  G NMR s ig n a l s  a t t r i b u t a b l e  to
1

in d e n y l-C  n u c l e i ^ in  compounds 3 .1  - 3 , 6 .



Compqund T°C

TABLE 3 . 7 ,

H NMR d a t a  f o r  compounds 3 .1  -  3 .6 .

Ill b
H

S lo w - l im i t  F a s tV l im i t

H4,5,6,? R

Ge(n

S nP h ,^n  -CgH^)

2<n CgHy)^

SnPhCn^-CgH^)]

Sn(5uS)Cru-CgH,)2

+25

—60 '

-5 0

-50

-60

-6 0

3 . 7 1 ( 3 ) ,  3 .4 8 (1 )  5 . 0 4 - 5 . 2 2 ,  n . o . “  6 .5 8 - 6 .9 2  6 .9 8 -7 .6 2 -

5.83-5.93^

4 .6 2 , '  (102.6)*^ 6 .8 9 -7 .0 9  6.93# (3i5>^‘7 .1 2 -7  . 8p^» ® 7 .1 2 -7 .8 0 ^  7 .1 2 -7 .8 0 ^

4 .2 9 ,  (liO li?) '^  6 . 3 8 - 6 . 4 8  6 .5 8 ^  ( 3 .5 ) ^  6 .67 -6 .95®  6 .9 2 -7 .6 5 ^  6 .9 2 -7 .6 5 ^

3 . 8 9 ( 1 ) , ‘4 .0 8 (2 )    6 .0 4 -6 .3 6  6 .57^  ( 3 .6 ) ^  6 .4 3 -7 .0 5 ®  ,6 ^ 8 2 - 7 .8 0 ^  6.82-7.80^
4 .1 6 ( 1 ) '

*■ k h3 . 5 1 ( 1 ) ,  3 . 6 2 ( 1 ) ,  5 .7 8 - 6 .3 2  6.16 ( 3 . 4 ) "  6 .5 2 -6 .9 1  6 /9 1 - 7 :9 0  ,  0 .3 1 - 1 .3 5

3 . 7 2 ( 1 ) ,  3 .9 7 (1 )

3 . 4 6 ( 3 ) ,  3 . 6 1 ( 3 ) ,  4 .8 1 -5 .1 1  5.79^ (3.7)^ 6.69-6.93 7 .0 3 -7 .7 1

3 . 7 1 ( 1 ) ,  3 .7 8 (1 )  5 .5 8 -5 .9 7

tCDClg was. u sed  a s  s o l v e n t ,  ||TM^ as i n t e r n a l  r e f e r e n c e ,  c h e m ic a l  s h i f t  v a lu e s  g iv e n  i n  ppm dow nfle .ld  fro'mTMS. 

^V alues  i n  b r a c k e t s  r e p r e s e n t  r e l a t i v e  i n t e n s i t i e s .  ^ 2 ^ ^ 1 1 7 .119g^_l^^ i n  Hz. “M u l t i p l e t s ,  J  v a lu e s  n o t  ueL 

d e te rm in e d .  ®Centere2* below  p h e n y l  r e s o n a n c e s .  ^R esonances a s s ig n e d  t o  and p h e n y l  p r o to n s  o v e r la p

and w ere n o t  r e s o lv e d ,  ' ®At +60°C. ^  M ( ^ ^ ^ ’ ^^^Sn-^H ). M 60°C . M 6S°C . M 60°C . ^ + 6 0 ° C . ,  ™Not o b s e rv e d .  ^
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FIGURE 3.11. V a r ia b le  te m p e ra tu re  90MHz ^  NMR spectrum  o f

Sn(n^-CgH^)^ in  CDCl^,
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reporfeed f o r  S n M e ^ C n ^ - C ^ f l y ) a n d  Thus

1 3  1a b s o rp t io n s  due to  H and H i n  th e  s lo w - l im i t  H NMR spectrum

( a t  ca .-3 0 °C )  b roaden  on in c r e a s in g  th e  te m p e ra tu re  t o  eajO°C,

e v e n tu a l ly  g iv in g ,  a t  te m p e ra tu re s  above c a . l2 0 ° C ,  a b road  peak

1 3midway between th e  s lo w - l im i t  H and H re s o n a n c e s .  Resonances

2 oa s s ig n e d  to  H become b road  a t  ca . 0 C, g iv in g  a w e l l  d e f in e d

t r i p l e t  above oa. 30°C, th e  co u p l in g  c o n s ta n ts  o f  which a re  g iv e n

i n  T ab le  3 .7 .  Resonances due to  show some d e g re e  o f

b ro ad en in g  and s p e c t r a l  change th ro u g h o u t th e  te m p e ra tu re

range  s tu d ie d  (ca ',-60  to  +120°C) .

The above d a ta  a re  c o n s i s t e n t  w ith  ah o v e r a l l  1 ,3  m ig r a t io n

o f  th e  m e ta l  a c ro s s  th e  in d e n y l  r i n g ,  r e s u l t i n g  i n  av e ra g in g  o f

"the re so n an ces  due to  H^and H^. F u r th e r  H^, which i s  s t r o n g ly

3 3 2 3coupled  to  H , (  J(H -H ) = e a .7 H z ) ,  and only  weakly coupled  to  

1 ' 3 2 1H , (  J(H  -H ) = ca ,O H z), becomes broadened  due to  ave rag ing

<' 3 2 3 3 2 1
betw een th e  two coup ling  c o n s ta n t s  J(H -H ) and J(H -H ) ,  '  *

’e v e n tu a l ly  becoming a t r i p l e t  hav ing

-^av

The NMR spectrum  of compound i s  s lo w - l im i t i n g ,  even a t
. '

+100°C, f u r t h e r  confirm ing  t h a t  a c t i v a t i o n  e n e rg ie s  f o r  rea rran g em en t 

i n  indenylgerm anes a re  s i g n i f i c a n t l y  h ig h e r  th an  th o s e  f o r  t i n  

a n a lo g u e s .   ̂ '

The s lo w - l im i t  NMR s p e c t r a  of compounds ^ .2 .  and 

a r e  complex, n o t  unexpec ted ly  i n - t h e  l i g h t  of th e  fo reg o in g
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C NMR.data.
ï

13d i s c u s s io n  o f  th e  C NMR.data. For a i l  fo u r  compounds th e

' 2 *' 3 /
a b s o rp t io n s  due to  H and H appear as  o v e r la p p in g  m u l t i p l e t s ,

Ian a n a l y s i s  o f  which was not a t te m p te d .  S ince  t h e  H n u c leu s

f o r  any p a r t i c u l a r  in d e n y l  r i n g  i s  expec ted  to  g iv e  r i s e  t o  a  s i n g l e

a l th o u g h  broadenèd  a b s o r p t io n  ( th rough  u n re so lv ed  co u p l in g  to  

2 3
H c±and to  H ) ,  a n a l y s i s  o f  th e  a p p r o p r ia te  s p e c t r a l  range (between

63.0  and 4 .0 )  shou ld  be  p o s s i b l e .
1

In  f a c t  fo u r  d i s t i n c t  H resonances  o f  a p p ro x im a te ly  equal 

i n t e n s i t y  a r e  observed  f o r  t h e  b u ty l  compound 2 - 2  (F ig u re  3 .1 0 ) ,  '

whiles, t h r e e ,  i n  an ca-, 1 :2 :1  r a t i o ,  a r e  d i s c e r n i b l e  f o r  compound 3 ,4 .

The ô v e r a l l  s i m i l a r i t y  o f  t h i s  p o r t i o n  of th e  spectrum  to

-  1 ' 1 3
p a t t e r n s  en co u n te red  f o r  C n u c l e i  i n  th e  s lo w - l im i t  C NMR

s p e c t r a  o f  th e s e  compounds i s  s t r i k i n g .  T h is  a g a in  i n d i c a t e s

th e  p re s e n c e  o f  fo u r  m a g n e t ic a l ly  ih e q u iv a le n t  in d e n y l  r in g s  in  
* , . 

app rox im ate ly  e q u a l  r a t i o ,  and confirm s t h a t  th e  r e l a t i v e

c o n c e n t r a t io n s  of isomers, ^  and 7_ i n  bo th  and _3,_5, a r e  c lo se

to  th o s e  c a l c u l a t e d  s t a t i s t i c a l l y .

While th e  re g io n  betw een 63 .0  and 3 . 5 ' i s  b road  f o r  th e

germane _3.^_, fo u r  d i s t i n c t  a b s o rp t io n s  a r e  p r e s e n t  f o r  th e  t i n

c o m p o u n d ( F i g u r e .  3 .1 1 ( a ) ) i n  an a p p ro x im a te ly  1 : 1 : 3 : 3  r a t i o ,

i n d f c a t in g  th e  p re s e n c e  o f  f o u r  d i f ^ r e n t  H s i t e s  and co n firm ing

th e  p re s e n c e  o f  th e  t h r e e  p o s s i b l e  isom ers 9_ and i n  c lo s e
■ 1 

t o  s t a t i s t i c a l  c o n c e n t r a t i o n s .  Thus r e s u l t s  d e r iv e d  from H

NMR d a ta  a r e  e n t i r e l y  c o n s i s t e n t  w ith  co n c lu s io n s  reach ed  on th e

b a s te  o f  NMR d a t a i

« O v e ra l l ,  t h e s e  r e s u l t s  e s t a b l i s h  t h a t  n o n -d e g e n e ra te  rea rran g em en ts
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o c c u r r i a g in  m ono-indenyl d e r i v a t i v e s  (e q u a t io n  (1 ) )  a r e  p a r a l l e l e d  

by th e  m e t a l l o t r o p i c  s h i f t s  i n  p o ly - in d ^ p y l  d e r i v a t i v e s ;  and 

t h a t  i n  th e s e  l a t t e r  t h i s  p ro c e s s  a l s o  r e s u l t s  i n  i n t e r c o n v e r s io n  

between a l l  p o s s i b l e  s te r e o is o m e r s  i n  each c a s e ,  %  p ro v id e s  a 

f a c i l e  mechanism f o r  s té r é o m u ta t io n .

( 1)

0. THE CRYSTAL AND MOLECULAR STRUCTURE OF

R, R, S , S-TETRAt I-INDENYL) STAMANE.

The X -ray c r y s t a l  and m o le c u la r  s t r u c t u r e  o f  R ,R ,S ,S -S n (n  -CgH^)^, 

( _ 3 , was de te rm ined  by P r o f .  J .L .  Atwood and R.D. Rogers a t  

th e  U n iv e r s i ty  o f  Alabama, us ing  a sample p ro v id e d  by th e  a u th o r .

The m o lecu la r  s t r u c t u r e  i s  shown i n  F ig u re  3 .1 2 ;  p e r t i n e n t  bond 

le n g th s  and an g le s  a r e  g iv e n  In  T ab les  3 .8  and 3 .9  r e s p e c t i v e l y .

The geometry about t h e  t i n  c e n t e r  i s  a p p ro x im a te ly  t e t r a h e d r a l ,  

a l th o u g h  t h e r e  i s  some v a r i a t i o n  among th e  fo u r  (Sn-C) bond 

d i s t a n c e s  [2 .2 0 2 (8 ) ,  2 .1 6 9 (1 1 ) ,  2 .182(10) and 2.202(9)%]. These

bond d i s t a n c e s  (mean 2.19 %) a r e  s i g n i f i c a n t l y  s h o r t e r  than  th e
ec

137 1tin '-c a rb p n  bond le n g th s  de term ined  f o r  Sn(n -C^H^)^, mean 

(Sn-C) = 2,27 %, R e la te d  bond d i s t a n c e s  w i t h i n  each o f  th e  fo u r  

in d e n y l  r in g s  a re  s i m i l a r ,  be ing  c lo s e  to  th o s e  expec ted  f o r  a

/
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FIGURE 3 .1 2 .  T h e  m o le c u la r  s t r u c t u r e  f o r  R , R ,S , S - t e t r a ( l - i n d e n y l ) t i n ( I V ) toui
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TABLE 3 . 8 .

Bond d i s t a n c e s  d e te r m in e d  f o r  R , R , S , S - t e t f a ( l - i n d e n y l ) t i n

(a )T in -c a rb o n  b o n d 'd i s t a n c e s , 
■ 4

bond le n g th  &

S n-C (l)  2 .202(8 )  '

Sn-C(10>; 2 .169(11)

Sn-C(19) 2,182(10)
Sn-C(28) 2.202(9)

(b )C arbon-carbon  bond d i s t a n c e s .

bond l e n g th  1  bond le n g th  X ■ bond ~ l e n g t h  X bond l e n g th  XI

C(1)TC(2) 1.51 C(10)-C(ll) 1.47 C(19)-C(20) 1.45 C(28)-C(29) 1.51
C(2)-C(3) 1.34 C (l l ) -C (1 2 ) 1.33 C(20)-C(21) 1.36. C(29)-C(30) 1.33
C(3)-C(4) , 1.46 C(12)-C(13) 1.44 C(21)-Cf22) 1.43 C(30)-C(31) 1.33
C(4)-C(5) 1.36 C(13)-C(14) 1.36 C(22)-C(23) 1 J4O C(31)-C(32) 1.40
C(5)-C(6) 1.39 C(14)-C(15) 1.36 C(23)-C(24> 1.37 C(32)-C(33) 1)37.
C(6)-C(7) 1.40. C(15)-C(16) 1.37 C(24)-C(25) 1.39 C(33)-C(34) 1/.40
C(7)-C(8) 1.35 C(16)-C(17) 1.42 C(25)-C(26) 1.39 C(34)-C(35) ^^39
C(8)-C(9) 1.40 C(17)-C(18) 1.38V C(26)-C(27) 1.40 C(35)-C(36) A . 37
C(9)-C(l) 1.48 C(18)-C(10) 1.51 C(27)-C(19) 1.51 C(36)-C(28) /l.48
C(4)-C(9) 1.41 C(13)-C(18) 1.41 C(22)-C(27) 1.39 C(31)-C(36)/ 1.40

%



TABLE 3 .9 .
.

Bond an g le s  de term ined  f o r  R ,R ,S ,S - t e t r a ( l - i n d e n y l ) t i n .

127

Bonds A ngle(deg) Bonds A ngle(deg)

C(9)-C(l)-C(2) 102 C(18)-C(10)-C(H) 104
C(9)-C(2)^C(3) 110 C(10)-C(ll)-C(12) 110

C(2)-C(3)-G(4) 111 C(ll)-C(12)-C(13) 110

C(3)-C(4)-G(9). 106 C(12)-C(13)-C(18) 108

C(4)-C(9)-C(l) 111 C (13)-C (T 8)-C (10) 107

C(9)-C(4)-C(5) 121 C(18)-C(13)-CjU4) 121

C(4)-C(5)-C(6) 119 C(13)-C314)-C(15) 118
C(5)-C(6)-C(7) 119 C(14)-C(15)-C(16) 123

C(6)-C(7)-C(8) 123 C(15)-C(16)-C(17) 121

C(7)-C(8)-C<9) 119 C(16)-C(17)-C(18) 116
C(8)-C(9)-C(4) 119 C(17)-C(18)-C(13) 121

C(27)-C(19)-C(20) 103 C<36)-C(28)-'C(29) 1P4
C(19)-C(20)-C(21) •H-1 C(28)-C(29)-C(30) 109
C(29)-C(21)-C(22) 109 C (2 9 )-C (3 0 )-C (3 i) 110

C(21)-C(22)-C(27) 109 C(30)-C(31)-C(36) 110

C(22)-C(27)-C(19) 107 C(31)-C(36)-C(28) 107
C(2Z>-C(22)-C(23) 120 C(36)-C(31)-C(32) 117

C(22)-C(23)-C(24) 118 C(31)-C(32)-C(33) 123
C(23)-C(24)-C(25) 122 ■ C(32)-C(33)-C(34) 118

C(24)-0425)-C(26) 120 C(33)-C(34)-C(35) 122 •

C (25)-C (26)-C (27) 118 C(34)-C(35)-C(36) 118
C(26)-C(27)-C(22) 121 C(35)-C(36)-C(31) 123
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1 ,  j T . 145,146 Tn - in d e n y l  group.

For each m o lecu le  th e r e  a r e  two d i s t i n c t  ty p e s  o f  in d e n y l 
«

s u b s t i t u e n t :  two p a i r s  o f r in g -sy s te m s  each have o p p o s ite  r e l a t i v e

c o n f ig u ra tio n s  a t . t h e  C carbon  c e n te r s .  Thus th e , c r y s t a l  s t r u c t u r e  

de te rm in ed  fo r  Sn(n — c ont a i ns  on ly  one o f th e  f iv e  p o s s ib le  

m o le c u la r  u n i t s  d e p ic te d  i n  F ig u re  3 .9  (i.e. s t r u c t u r e  1 ^ ) .  T h is  

i s  th e  R ,R ,S ,S  -(-H— ) o r  m eso-form , which i s  o p t i ç a l l y  i n a c t i v e ,  

and b e longs to  th e  p o in t  ^ o u p -  S ^ .

'm kM olecu les p o is e s s ir ig '^ P tis  k in d  of symmetry have been  of

147
i n t e r e s t  since*  they  w here f i ' r s t  d is c u sse d  in  th e  l i t e r a t u r e

^148,149
by Mohr in  1903. McCasland and cow orkers re p o r te d  th e

s y n th e s is  of th e  f i r s t  two exam ples o f such, m o lecu le s  and 1^ )  ,

and b o th  w ere in d eed  shown to  have no o b se rv a b le  o p t i c a l  r o t a t i o n .

R O C H L C O .C H .
CH C O C H g O ^ R '

c ' - '
ROCH'CO-CH. ,

^ ^ ^ \ ^CH.COCHgd^R"

1 1
= (+) m enthy l

K'= ( - )  m enthy l
?

4*'
T hese system s la c k  e i t h e r  a  p la n e  o r  c e n te r  o f  sym m etry, b u t do 

p o sse ss  a  fo u r fo ld  a l t e r n a t in g  (im proper) a x is  o f  r o t a t i o n ,  any 

m olecu le  c o n ta in in g  t h i s  symmetry elem ent (w hether o r  n o t i t  

c o n ta in s  o th e r  symmetry e lem en ts) i s  n e c e s s a r i ly  su p erim p o sab le
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150
on i t s  m ir ro r  image and i s  th u s  o p t i c a l l y  in a c t iv e .  ^

A lthough a v a r ie ty  o f such  m o lecu les  have now been  p re p a re d ,
* * 4

th e r e  has been  on ly  one r e p o r t  in  th e  l i t e r a t u r e  o f  a  s t r u c t u r a l l y

characterized example, the. bis(N ,N ,N '',N ''-tetrapropyl-tr’a n s -1 ,2 -

151
cy c lo h ex y len ed lo x y d iace ta ffiid o )m an g an ese (II)  c a t io n .  The

. 151
X—Tay c r y s t a l  s t r u c t u r e  o f  th e  brom ide s a l t  was p u b lish e d  in  1977

and was su b se q u en tly  reco g n ized  as a system  fo r  w hich th e  h ig h e s t

p o s s ib le  symmetry b e lo n g s to  th e  p o in t  group by P ro fe s s o r

K urt M islow, who k in d ly  b rough t th e  pap er to  our a t t e n t i o n .  A ll  ,

o th e r  re la tecT  s t r u c t u r e s  r e s u l t  from c o n fo rm a tio n a l d i s t o r t i o n

152
of a h ig h e r  symmefry c o n f ig u ra t io n .  The m eso -iso m er, (RRSS)-form

1 - 

(isom er 1_|_) o f t e tr a (n  - in d e n y l)  t in ( IV )  th q s  r e p r e s e n ts  only
* 153

th e  second ( f i r s t  reco g n ized  as such  ) exam ple o f t h i s  ty p e  o f

m o lecu le  fo r  which X—ray  d a ta  confirm  th e  s t r u c t u r e .

Because of th e  low b a r r i e r  to  s té ré o m u ta t io n ,  a s o lu t io n

o f te t r a ( n ^ - in d e n y l) t in ( I V )  r e p re s e n ts  a complex m ix tu re  of

( j i f f e r e n t  m o lecu les  (d ia s te re o is o m e rs )  whose r e l a t i v e  c o n c e n tra t io n s

a r e  under thfermodynamic c o n t r o l ,  (ie . th e  c o n c e n tra t io n s  o f each

o f th e  d ia s te re o is o m e rs  i s  d e te rm in ed  by th e  r e l a t i v e  v a lu e s  _of

t h e i r  ground s t a t e  f r e e  e n e r g ie s ,  d i f f e r e n c e s  in  w hich have been

shown to  be . n e g l ig ib ly  sm a ll)  . I s o l a t i o n  in  th e  c r y s t a l l i n e

s t a t e  o f on ly  one o f th e  f iv e  p o s s ib le  isom ers can be in te r p r e te d

in  te rm s o f i c r y s t à l - l a t t i c e  energy  d if f e r e n c e s  o r  low er s o l u b i l i t y

f o r  th e  m eso-form . The r a p id  e q u i l i b r a t i o n  betw een a l l  o f th e

isom ers in  s o lu t io n  p ro v id e s  a pathway f o r ' each o f th e  m o l e c u l e s
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t o  co n v e rt to  and c r y s t a l l i z e  as th e  meso d ia é te re o is o m e r .

I n te r e s t i n g ly  ev ery  m e ta l lo t r o p ic  s h i f t  o f th e  m e ta l-c o n ta in in g
1

group a c ro s s  an in d e n y l r in g  e f f e c t s  in v e r s io n  o f th e  C c e n te r

o f  th a t  r in g  and th u s  r e p r e s e n ts  an ex trem ely  f a c i l e  exam ple of

153an e p im e r iz a tio n  p ro c e s s .  T h is  p ro c e ss  i s  a l s o  in tra m o le c u la r  

w h ile  o th e r ,  more f a m i l i a r  exam ples o f  e p im e r iz a tio n  p ro c e sse s  

a re  in te rm o le c u la r  e,g. th e  b a s e -c a ta ly s e d  e p im e r iz a tio n  o f  menthone 

and i s o m e n t h o n e . * (e q u a tio n  ( 4 ) ) .

H3C
base

CH(CH2)2

H.C
CH(CH3)2

(4)

( - ) -m enthone (+) -iscm ienthone

D. EXPERIMENTAL.

In d e n y ll i th iu m  was p re p a re d  by th e  l i t e r a t u r e  m ethod. 

T e tra (n ^ - in d e n y l)g e rm a n e , ^ .1 .,^ ^ ^  t r ip h e n y l(n ^ - in d e n y l) s ta n n a n e  ,

1
d ip h e n y ld i(n  - in d e n y l ) g ta n n an e , and t e t r a ( n  - in d e n y l) s ta n n a n e

have been s y n th e s iz e d  p re v io u s ly .

■PhenyltriCn - in d e n y l ) t in ( I V )  (^ .^ )  .

A s o lu t io n  o f PhSnClg (2 .2 6 g , 7 . Smmol) in  hexane (20mL) 

was added d ropw ise  ov er ca .O .S h  to  a s t i r r i n g  su sp e n s io n  o f
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in d e n y ll i th iu m (3 .0 g , 25m m ol)^n  hexane (50ml,), th e  r e a c t io n  

m ix tu re  b e in g  m a in ta in e d  a t  0°C th ro u g h o u t. A f te r  a d d i t io n  was 

com ple te , th e  m ix tu re  was allow ed  to  warm to  ro o m -tem p era tu re , 

a f t e r  which s t i r r i n g  was co n tin u ed  fo r  \an a d d i t io n a l  24h. The 

m ix tu re  was f i l t e r e d ,  th e  f i l t r a t e  c o n c e n tra te d  in  vacuOt 

e v e n tu a lly  g iv in g  a l i g h t  y e llo w  s o l id  w hich was r e c r y s t a l l i z e d

from E tgO /hexane (95 /5 ) to  g iv e  2 . ig  o f w h ite  c r y s t a l l i n e
\

1
H -B u ty l t r i (n  -in d e n y l) ,s ta n n a n e  (2-_5) was p re p a re d  by an e x a c tly  

analogous p ro c e d u re .

/
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CHAPTER FOUR

CONSEQUENCES OF CHIRALITY AT TIN 

IN SOME STANNYLCYCLOPENTADIENE ANALOGUES.

, A. In tro d u c t io n

The e f f e c t  o f  s te re o iso m e rism  j.n n o n - r ig id  m e th y lc y c lo p e n ta d ie n y l 

-g en n an es  and -s ta n n a n e s  was r e f e r r e d  to  very  b r i e f l y  i n  C h ap te r

Two, and in  C hap ter T h ree  th e  r e l a t e d  s te re o c h e m ic a l e f f e c t s

1 ■' ■ ‘ r e s u l t in g  from c h i r a l i ty ,  w ith in  th e  n - in d e n y l  framework w ere

d is c u s s e d  a t  some le n g th .  C o n c u rre n tly , c h i r a l i t y  in  th e  m ig ra to ry

group has been used by o th e r  w orkers  in  th e s e  l a b o r a to r ie s  ( s e e
 ̂ r

C h ap te r One) to  d e r iv e  m e c h a n is t ic  in fo rm a tio n  re g a rd in g  f lu x io n a l

re a rran g e m en ts  in  c y c lo p e n ta d ie n y ls i la n e s  and r e l a t e d  compounds.

D eveloping t h i s  approach  « in to  th e  c o n te x t o f r e la te d  r in g -sy s te m s

(s e e  C h ap te r O ne), th r e e  m e th y l( is o p ro p y l )p h e n y ls ta n n y l d e r iv a t iv e s ,

, ( th e  p e n ta m e th y lc y c lo p e n ta d ie n e ; th e  m e th y lc y c lo p e n ta d ie n e ;

. and th e  in d e n e ) 'h a v e  been  p re p a re d  as p a r t  o f th e  p re s e n t  work

and have been examined in  d e t a i l  u s in g  v a r ia b le - te m p e ra tu re  

1 1 3
H and C NMR s p e c tro sc o p y , ^

B. R e s u lts

M e th y l( ie o p ro p y l)p h e n y l(n  -p e n ta m e th y lc y c lo p e n ta d ie n y l)s ta n n a n e  

(j4.2) , m ethy l ( is o p ro p y l)  p heny l (n -m e th y ld y c lo g e n ta d ie n y l)s ta n n a n e  

( ^ .^ )  and m ethy l ( is o p ro p y l)  p h en y l (n ^ - in d e n y l)s ta n n a n e  (_4.^),,
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none o f  w hich have been  i s o l a t e d  p r e v io u s ly ,  w ere p re p a re d  in  

h ig h  y ie ld  as y e llo w , v o l a t i l e ,  a i r - a n d  w a te r - s e n s i t iv e  l i q u i d s ,  

from th e  r e a c t io n  o f m e th y l( is o p ro p y l)p h e n y lt in  b rom ide (4 .̂ 

w ith  l i th iu m  p e n ta m e th y lc y c lo p e n ta d ie n id .e , p o ta ss iu m  m e th y le y c lo p e n ta -  

d ie n id e  and in d e n y ll i th iu m  r e s p e c t iv e ly .  P h y s ic a l  and

a n a l y t i c a l  d a ta  f o r  theJ new compounds, a r e  g iv en

in  T ab le  4 .1 .

Sn(Me)  ( i - P r )  (Ph) ( B r ) , _4.1 ,̂ was p re p a re d  by th e  l i t e r a t u r e  
155

method (F ig u re  4 .1 ) .  T h is  in v o lv e d  s u c c e s s iv e  r e a c t io n s  o f

a t r i o r g a n o t in  h a l id e  w ith  th e  a p p ro p r ia te  alkyIm agnesium

h a l id e  fa llo w e d  by e i t h e r  b ro m o d em e ta lla tio n  (w ith  Brg) o f

p ro to d e m e ta lla t io n  (w ith  HCl) o f  th e  te t r a o r g a n o t in  compound

form ed. Compounds i s o l a t e d  d u rin g  th e  s y n th e s is  o f  compound
1

w ere c h a ra c te r iz e d  by IR , H NMR, M S ,  and B .P t . ,  th e  observed

' ' , 155 '
p r o p e r t i e s  a g re e in g  e x a c t ly  w ith  th e s e  g iv en  in  th e  l i t e r a t u r e .

. MeMgBr HCl /  MeOH
SnPh^Cl EtgO - >  Sn(Me)Ph, Sn(M e)(Ph)2(C l)

Mg ( i - P r ) B r

Br.
Sn(Me) ( i.-P r) (PhX(Br) ' Sn(Me) ( f :P r ) ( P h ) ,

EtOH

FIGURE 4 .1 .  S y n th e t ic  scheme used to  p re p a re  

S n (M e )(f-B r)(P h )(B f) ,



TABLE,4 . 1 .
> V

&
p h y s i c a l  and analyt^_c^% d a ta  f o r  compounds -  ^._4.

r  :  , .

Compound^ ' <5-A n a ly s is ,

T h e o r e t ic a l

%C

A c tu a l

%C -

4 -2

Sn(Me) ( ^ P r )  (Ph)[n^-C ^(C H g) j  ' 1 2 5 - l 3 0 ° /1 0 "^ 6 1 .7 3  7 .7 7  6 2 .2 7  8 .3 0

S i ^ e )  ( i-E r ) ,(P h )  ' 1 1 5 -1 2 5 ° /lO "^ 5 8 .0 8  6 .8 7  5 7 .7 2  6 .6 6

■ A*A
Sn(Me) C 'i-Pr) (Ph) (n^-C^H^)

I  ■

135- 6 2 .0 9  6 .3 4  6 1 .8 5  6 .01

«•

% Y ie ld

95

55

75

sr>

'

CO4>
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B . l .  Mass S p e c t r a l  D a ta , '

Mass s p e c t r a l  d a ta  f o r  eom pounds^ .^  -  a re  l i s t e d  in

T ab le  4 .2 ,  and c o n s is t  o f  a c o n s id e ra b le  ran g e  o f  io n  f a m i l ie s

due. to  t i n - c o n ta in in g  frag m en ts  r e s u l t in g  from  decom position  
* ‘ '  - 

pa th w ay s. in v o lv in g  th e  fo u r  d i f f e r e n t  s u b s t i t u e n t s  on th e  m e ta l.

M o lecu la r io n s  w ere ob serv ed  f o r  each  compound, w ith  th e  m a jo r i ty

o f ■ th e  m e ta l- c o n ta ln in g  loR -ctn rreffitbeing  c a r r i e d  by th e  even 

^
e le c t r o n  io n s  ( %  SnR^RgRg and SnR ) .  No prom inen t peaks w ere
f  » * p
a t t r i b u t e d  to  f ra g m e n ta tio n  w ith in  th e  Cp s u b s t i t u e n t ,  i n d i c a t i v e

"b f m onohapto-bonding betw een th e  m e ta l and th e  C p '- r in g .

- J '

B.'2. NMR D ata  ̂ ‘

Compounds j4 .^  -  4^.^ a re  o p t i c a l l y  i n a c t i v e ,  e x i s t in g  as
»

racem ic m ix tu re s  (e q u a l p ro p o r t io n  o f th e  two e n a n tio m o rp h s ). 

A lthough such  racem ic  m ix tu re s  d i f f e r  from each  o f  th e  o p t i c a l l y  

pu re  en an tio m ers  in  t h e i r  i n t e r a c t i o n  w ith  (a ) p o la r iz e d  l i g h t ,  

o r  (b) c h i r a l  s u b s t r a t e s ,  th e y  w i l l  p o s se s s  NMR s p e c tr a  (a n à ^

IR , M S , etG,) w hich a re  i d e n t i c a l ,  and hence  c o n c lu s io n s  co n ce rn in g  

th e  s te re o c h e m is try  o f th e  rea rran g e m en t b e h â v io u r  may be  adduced 

d i i ^ c t l y  from th e  NMR d a ta  o b se rv ed . ^

The and NMR s p e c t r a  o f th e  p e n ta m e th y lc y c lo p e n ta d ie n e , 

^ . 2  (F ig u re s  4 .2  and 4 .3 ) ,  and th e  m e th y lc y c lo p e n ta d ie n e ,

r*  C p "  =
\



/
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TABLE 4 .2 .

Mass s p e c t r a l  d a ta ^  f o r  compounds 4 .2  - 4 . 4 .  '(Sn(Me) ( i - P r )  (Ph)C p"') .

Io n  A bundance,

Io n  F am ily / Cp" Cg(CH.^)g S ^ 7

Sn(Me) (Ph) (i-P r)C p" '* '' 4 5 2

S n (i-P  r)(P h)C p 1 ■ • 2 . 1

Sn(M e)(Ph)Cp"* 16 5 • 1 2 "

Sn (Me) ( t - P r )  Cp 13 7 7

Sn (Me) ( t - P r )  (Ph)*** 8 31^ 11

Sn(Me)(Ph)***' 11 ■ 15 12

Sn(Me) ( i - P r ) ^ ‘ 4 12 8

SnCp,"*** 13 31^ 14

SnPh*** ■ ■ / 24 13 27

SnMe*** - 8 3

Sn'*’’ 7 ■ 2 3

70eV io n iz in g  v o lta g e .

% m e ta l-c o n ta in in g  io n s ,  sunmed w ith in  each  fam ily  r e s u l t in g  

from is o to p e  d i s t r i b u t i o n  and hydrogen lo s s .

Peaks betw een m/e = 249 .and 259 a re  a ss ig n e d  to  b o th  SntC^CCHg)^] 

and Sn(Me) ( i - P r )  (P h )^ . ?



f
8 7 4

j K

0 6
1 ' 1 ^

FIGURE 4 .2 .  90MHz ^H NMÏl sp ec tru m  o f Sn (Me) C ^-Pr) (Ph) [ n -C^ (ŒI^) ] % ± .2  27°C.



125 75 2 5 .ppm

FIGURE 4 .3 .  NMR sp e c tru m  o f Sn(Me) ( i - P r )  (Ph) [«^-C^CCll^)3 ] , w
00
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(F ig u re s  4 .4  and 4 .5 ) ,  a r e  te m p e ra tu re  i n v a r i a n t ,  w h ile  co rresp o n d in g  

s p e d tr a  f o r  th e  in d e n e , (F ig u re s -4 ;6  and 4 .7 )  a r e  te m p e ra tu re

dependent o v er th e  range  s tu d ie d  (aa.-60'^ to  + 60°C ), ( s e e  a ls o  

T ab les 4?3 -  4 .5 ) .  .

* * ' • » - /  * 
B . 2 . ( i ) .  Pi^otton NMR■ d a t a . J » '  * * . . . j

 ̂ ,  - \  '

The H NMR s p e c t r a  o f  compounds _4.^ and ^._3 ea&h c o n ta in  a

s in g le  reso n an ce  (6 = 0 . 2 0 , -0 .1 6  r e s p e c t iv e ly )  due to  th e  m ethyl

group bound d i r e c t l y  to  t i n ,  w h ile  th e  co rresp o n d in g  spectrum

o f compound ^.4^ Has two s u c h .s ig n a ls  a t  -60°C (6= -0 .0 1 , 0 .0 5 ) w hich

broaden  on in c re a s in g  th e  te m p e ra tu re  th ro u g h  0°C, g iv in g  a t  ca.+60°C

a s in g le  reso n an ce  (6  = 0 .0 4 ) .  S ig n a ls  fo r  th e  f iv e  ph en y l p ro to n s

-ap p ea r as s in g le  a b s o rp tio n s  a t  e a .6 7 ,7  f o r  compounds an d -4-»^

and as a b road  m u l t ip le t  c e n te re d  a t  o7 .5  f o r  compound 4 .2»  - The m ethy l
I

groups o f  th e  is o p ro p y l  s u b s t i tu e n t  g iv e  r i s e ,  to  two b road  s ig n a ls  

a t  -fili2 2  and 1 .30  f o r  compound w h ile  f o r  compounds 4^*2 and

( a t  -60°C) m u l t ip l e t s  c e n te re d  a t  51 .2  a re  o b se rv ed . For compound

_4.^ th e s e  s ig n a l s  become b road  a t  ea.O C, sh a rp e n in g ' ag a in  a t  

oa.+69°C. * > '

The p e n ta m e th y lc y c lo p e n ta d ie n e  (^ .^ )  has a s in g le  re so n an ce  a t  

51 .78  f o r  th e  f iv e  m e th y l g roups o f th e  C^Me^ g roup . For th e  m e th y l­

c y c lo p e n ta d ie n e , ( 4 .3 )  th e re  i s  a s in g le  r in g -m e th y l re so n an ce  a t  5 2 .0 6 , 

w h ile  th r e e  s ig n a l s  a t  5 5 .5 2 , 5 .72  and 5 .92  o f  r e l a t i v e  i n t e n s i t y  

2 :1 :1  a r e  a s s ig n e d  t o  and r e s p e c t iv e ly  ( c ^ i g u r e  2 ,3 ) .
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FIGURE 4 .4 .  90MHz H..NMR sp ec tru m  o f  Sn(Me) ( i - P r )  (Ph) (n -CcH,CH„) , at* 27 C
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1
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FIGURE 4 .5 .  ■ NtIR sp e c tru m  o f  sQ > le) ( i-P .r )  (Ph) (n^-C^lI^CH^) ,
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(e> +60 C

4 t

(d) + 1 & C

V \
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(c) -10 C

Jl'4
■

Â

(b) -30 C

r II
l .

#

(a ) -60  C

8 6

FIGURE 4 .6 .  90MHz v a r ia b le  te m p é ra tu re  NI®, spectrum  o f

S n ( M e ) ( t -P r ) (P h ) (n ^ -C g H ^ ) ,4 .4 .

06



143

(c) +60 C

(b) +10 C

(a) -30 C

j11

150 100 50 0 ppa
13 'FIGURE 4 ,7 .  V a r ia b le  te m p e ra tu re  C NMR sp ectrum  o f

Sn(Ile) ( i - F r )  (PÉ)



TABLE 4 .  3.

NMR d a ta  f o r  th e  m e th y lc y c lo p e n ta d ie n y l ,  p e n t^ a m e th y lc y c lo p e n ta d ie n y l and in d e n y l g ro u p s  o f  compounds 4 .2 - 4 .4 .

Compound H NMR 13C NMR

C5-CH3

A--2 1
Sn% M e)(t-Pr)(Ph% (n -CgCCHg)^) 1 .7 8 (1 9 ) ' 13 .4 n . 0 .

4 .3
S n (M e ) ( t -P r ) (P h ) (n  -CgH^CHg). 2 . 0 6 (1 1 ) "  5172(1)%  12.1

5 . 9 6 ( 1 )

4 .4 1 ■Sn(Me) ( i - P r )  (Ph)' (n  -CgH ,)

c-

C * '*

100 *. 6 

1 0 1 . 1

1 1 9 .3

r . 4 , 5 , 6 , 7

c * '9 '

1 15 .4

1 1 8 .8

13C NMR 4 3 . 9 " 134.7" 134 .9  1 2 5 .2 "  121 .2 '

4 4 . 4  ■ 135 . 4b (7.1Hz)®

H NMR

i

H H
4 .4 1 ^  6 . 8 - 7 . lb

4 .4 6  6 .9 1 ( t )C

. : ( \ ( ^ H - ^ H )  = 3.6Hz )

121 .9

123.1

123 .8

H^

6 .1 -6 .8 *

1 2 1 .7 *

123.7

C * '9

142.2"

1 4 5 .2  1 4 4 . 1 '

1 45 .5

H4 , 5 , 6 , 7

6 .1 —6 .8

C hem ical s h i f t s  

re c o rd e d  a t  60

c.

av .

t s ,  ppm, m easured  p o s i t i v e  d o w n fie ld  from  SiMe^in»CDCl^. Spectrum  re c o rd e d  a t  -6 0  Q. Spectrum  
^ J(^ H -^ ^ ^ ^ ^ ^ ^ S n ), i n  Hz. ^ R e la t iv e  i n t e n s i t y .  ^Not o b se rv e d . ® [ (H^/H^),_,_-H^].

C - *

-o



TABLE 4 . 4 . -  ■ ^

NMR d a ta ^ ’^ for th e  m e th y l, i s o p r o p y l  and p h e n y l g ro u p s  o f  compounds 4 .2  -  4 .4 .

t

Compound Sn-CH„ ^ ^ ^ S n - V  , (Hz) -C H (C H J„ -CH(CH_)_ C M ,
’“ -5 J  Z j  Z 0*“ D

4 .2 f, ' 0 .2 0  . 4 5 .0  1 .4  -  1 .9  1 .2 2 , 1 .3 0  7 .7
Sn(Me) (i-Pr) (Ph)[n -C^(CH^) J

4 3  1 .2 0 ,  1 .2 3 ,
-  -  - , - 0 .1 6  5 0 .4  1 .4  -  1 .9  7 .8  -  7.2®

S n (M e )( i-P r ) (P h ) (n  . ' 1 .2 6 ,  1 .30

/ / '■ -0.01^ . 4 8 .7 ^  , ^
, 0 .0 4  4 9 .1  1 .4  -  1 .9  1 .0  -  1.4® '7 . 7

Sn(Me)(i_Pr)(Ph)(n 0.05 49.1= - ' 1 ,2 0  ̂ l  ̂ 2,^

1.31^*®

..C hem ical . c h l f t s ,  ppm, m easured  p o s i t i v e  d o w n fie ld  from  SiMe^ in  10% CDClg s o lu t i o n s .  

^ M easured a t  90MHz.

® S pectrum  re c o rd e d  a t  -3 0 °C .

*^cSpectrum re c o rd e d  a t  +60°C.

f
= M u l t i p l e t .

B road . '
Ui



TABLE 4 .  5.

NMR dàta^' f o r  th e  m e th y l,  i s o p r o p y l  an d ,p h en y l g ro u p s o f  compounds ±.2^ -  ± .± .
■ ■ ' p ,

Compound • — J
Sn-CH^ S n - i - P r ' t

CH. CH(CH,), CH(CH^)^ C^ C ^ '^  C^‘3 " "'“ '•^“ 3''2

- 4;  2
’Sn(M e)‘( i - P r ) ( P h ) ( n  -CgCCHg)^) - 1 2 .9^ - C _ ( C H . ’) . )  - 1 2 . 9  1 2 9 . 9  1 6 . 9  ‘ 2 1 . 7  1 4 1 . 4  1 3 6 . 8  1 2 7 . 9  1 2 8 . 4

2 2 . 0    I

S n C M e X i j P r X p h M n ^ - C ^ H ^ C H ^ )  - 1 3 . 4 .  1 3 0 . 4 ^  - 1 7 . 7  , 2 1 . 7 ^  1 4 1 . 4  1 3 6 . 4  1 2 8 . 4  1 2 8 . 8

S n ( M e ) ( i - P r ) ( P h ) ( n ^ - C g H ^ )  - 1 3 . 9 ^  * - I 3 . 2 ^  1 3 6 . 5  1 2 8 . 4  * 1 2 8 . 9

- 1 3 . 2 * ^  , '

^C hem ical s h i f t s , p p p g ,  m easured  p o s i t i v e  d o w n fie ld  from  SiMe^ i n  CDCl^. 

^ B ro ad .

^Spectrum  re c o rd e d  a t  -3 0  C .

^Spectrum  re c o rd e d  a t  + 60°C . ,

®Assignijient as  • i n  r e f e r e n c e  142.

^V alues g iv e n  i n  Hz.

/

-o>t» , o\
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At -60°C , th e  NMR spectrum  o f  comppünd c o n ta in s ‘indeny l-H ^

reso n an ces  a t  64.41 and 4 .4 6 , a  m u l t ip l e t  c e n te re d  a t  66.95^— ^
2

due to  H , w ith  th e  o th e r  in d e n y l p ro to n  re so n a n c e s  form ing  a

b road  m u l t ip l e t  c e n te re d  a t  6 6 .5  w hich o v e r la p s  w ith  re so n a n c e s

fo r  th e  pheny l p ro to n s . R a is-in g -th e  te m p e ra tu re  to  c a ,-1 0 °C  ■

1 2r e s u l t s  in  b ro ad en in g  o f th e  H and H re so n a n c e ^ , and a t  +60°C
1 9

th e  H re so n an ces  have co m p le te ly  c o l la p s e d  w h ile  th e  H re so n a n c e

ap p ea rs  as  a t r i p l e t .  S ig n a ls  due to  s p e c t r a l '

changes w ith  te m p e ra tu re , b u t no d e t a i l e d  a ss ig n m en t was a t te m p te d .

B . 2 . ( i i ) .  Carbon-13 NMR d a ta .  &
b

'1 3  ,
The C NMR sp ectrum  o f compounds 4 .2  and 4 .3  -have

m ethy l s ig n a l s  a t  -1 2 .9  and -13-.4ppm r e s p e c t iv e ly  due to . th e  ■

m ethy l group bo‘und d i r e c t l y  to  t i n .  In  c o n t r a s t  th e  -60°C spec trum

Ms
o f  c o n ta in s  two C re so n a n c e s  -ht -1 3 .9  and -13.2ppm  w hich 

b road en  on in c re a s in g  th e  te m p e ra tu re , g iv in g  a t  cav+60°C a 

s in g le  re so n an ce  a t  -13.2ppm . R esonances a t  12 7 .9 , 1 2 8 .4 , 136.’S 

and 141.4ppm f o r  compound £._2, a t  1 2 8 .4 , 1 2 8 .8 , 136.4 and 141.4ppm 

f o r  compound ^ .3  and a t  1 2 8 .4 , 1 2 8 .9 , 136.5 and 140.3ppm f o r  

compound ^._4 a r e  a t t r i b u t e d  to  C C j C^*^*and,C^ r e s p e c t iv e ly  

o f  th e  s u b s t i tu e n t  pheny l g ro u p s . The i s o p ro p y l  group g iv e s '  

th r e e  s ig n a l s  a t  1 6 .9 , 21.7  and 22.0ppm f o r  compound 4 .2 ,  b u t 

o n ly  two s ig n a l s  f o r  bofih compounds ^.3^ ( a t  17.7 and 21.7p'pm) 

and compounds ( a t  16 .5  and 21 .6ppm ), th e  h ig h .f re q u e n c y

sigpd ll f o r  compounds ^._3 and ^.4^ b e in g  b ro a d .
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sf «'

f o r  obmpound ^ « 2  th e  re m a in in g  "resonances a t  12.1 and .119.3ppm
/  - » /

A «  *
a re  due to  tk e  f iv e  m e th y l-  and f iv e  r in g -c a rb o n  atom s r e s p e c t iv e ly

■ .  '  ’  -

of. th e  p entam eth y lc y c lo p e n ta d ie n y l r in g .  For th e  m e th y lc y c fo p e n td d ie n y l
- ' '

compound 2*J r  re so n an ces  a t  1 5 .4 , 100.6 ,' 101 .1 , 115.4 and llB.Bppm
 ̂ A  ̂ '

r e s u l t  from , c ” * * and c f  r e s p e c t iv e ly  o f th e

m e th y lc y c io p e n ta d ie n y l- r in g  s ig n a l  co rre sp o n d in g  to  was

■ ’ 4T .
n o t o b s e rv e d ) .

'  In  th e  in d e n y l, th e  -30°C “spèctrum  c o n ta in s  two C - in d e n y l  

re s o n a n c e s •a t  43 .9  and 44.4ppm, th e  assignm en t o f th e  rem ain ing

res'ondhc^es, a s c r ib e d  to  th e  carb q n s o f  th e  in d e n y l t i i ^  a r e  g iv e n

' - • o .in  T ab lé  4 .3 .  ’ At c a . 10 C, a l l  th e  in d e n y l carbon  ré so n a n c e s

have broadened s i g n i f i c a n t l y  and a t  ca.+60°C  re so n an ces  d u e  to

fc, .(a t  43 .9  and 44.4ppm) and C (125.2ppm) have co m p le te ly  c o l la p s e d ,

w h ile  s lo w - l im it  re s o n a n c e s* a t 1 2 1 .2 , 1 2 1 .9 , 123.1 and 123.8ppm

due to  c 4 ,5 ,6 ,7  av eraged  to  g iv e  two s ig n a ls  a t  121.7  and 123.^ppm '

f o r  and * i n  th e  +60°C spec tru m . S im i la r ly  re so n an ces

8 9a t  1 4 2 .2 , 145 .2  and 145.5ppm a ss ig n e d  to  C ’ b ro ad en , g iv in g  '

o ‘ ^a t  c a ,+60 C a s in g le  a b s o rp t io n  a t  144.1ppm, w h ile  0 s ig n a l s

' a t  134.7 and 135.4ppm a r e  b road  a t* c a ,0 °C  and a t  +60°C .g iv e  a

s h a rp ^ re s o n a n c e ,a t  134.9ppm^ . ^

* .  O rder may b e  r e y é r s e d .
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C. DISCUSSION.

The NMR d a ta  o b ta in e d  f o r  th e  p e n ta m e th y lc y c lo p e n ta d ie n e  

SnM e(iaT r)(Ph)[n^-C g(C H g)^] (^*^) a r e  c o n s i s te n t  w i th - r a p id  .

m ig ra tio n  o f th e  t i n  m o ie ty  around  th e  f iv e  ca rb o n  atom s o f  th e
% /

U - C r - r in g ,b r in g in g  ab o u t e q u iv a le n c e  o f  th e  f i v e  r in g  carb o n s

and a ls o  th e  f iv e  r in g  m e th y l g roups on th e  NMR t im e s c a le ,  e x a c tly
' 92 1 * ' '1

p a r a l l e l i n g  th e  s i t u a t i o n  observed  f o r  .SnMe^lh
♦ 1

Thus on ly  one s ig n a l  i s  a p p a re n t i n  th e  H spectrum  f o r  th e

• 13f iv e  m ethy l g roups (F ig u re  4 .2 ) ,  w h ile  in  th e  0 NMR spectrum  

th e  CgMq^ r in g 's y s te m  g iv e s  r i s e  to  two s i n g l e t s  (F ig u re  4 .3 ) ,

one due to  th e  f iv e  r in g  carb o n  atoms and th e  o tl ie r  to  th e  f i v e  '
* ^  

m ethy l g ro u p s . A lthough th e  rea rran g e m en t p ro c e s s  h as  no e f f e c t

on th e  re so n an ces  fo r  th e  m e th y l, r s o p ro p y l o r  p h en y l s u b s t i t u e n t s ,

a n a ly s is  o f s ig n a l s  re s l j^ L n g  from th e  is o p ro p y l group
/ *

13 Vi s  in fo rm a tiv e . I n  th e  C NMR spectrum  th e r e  a r e  thr% ^ d i s t i n c t

s ig n a ls  f o r  th e  th r e e  carbon  atoms o f th e  isc Jp ro çy l s u b s t i t u e n t ,r Ico n firm in g  m ag n e tic  n o n -e q u iv a le n c e  on th e  two m e tb ÿ ^ 'g rô lip s .

T h is  o b s e rv a tio n  a t  f a s t  r a t e s  o f  in t r a m o le c u la r  exchange e s ta b l i s h e s  

th a t  th e  rea rran g em en t p ro c e s s  does n o t\^ e a d  to  a v e ra g in g  o f th e
■f

m agnetic  env ironm ents o f  th e  two m ethy l g ro u p s , and m ust th e r e f o r e  .
a; '

ta k e  p la c e  w ith  r e t e n t io n  o f c o n f ig u ra t io n  a t  th e  t i n  c e n te r .

By c o n t r a s t ,  a t  90 MHz th e  H s ig n a l s  due to  th e  g -p ro to n s  o f  th e  

$ eo p ro p y l group show no r e s o lv a b le  s p l i t t i n g  due to  d ia s t e r e o to p ic  

e f f e c t s ,  ap p ea rin g  as  a d o u b le t th ro u g h  c o u p lin g  to  th e  s in g l e   ̂

m e th ine  p ro to n .

1'
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m 1 13 ' « •■
The ap p ea ran ce  o f  th e  H and C NÎ̂ R s p e c t r a  (F ig u re s  4 .4

and 4 .5  r e s p e c t iv e ly )  f o r  th e  m e th y lc y c lo p e n ta d ie n e ,

SnM e(t-P r) (Ph) (n^-C^H^CH^) ( ^ . ^ i s  th e  r e s u l t 'o f  f a c i l e  s ig m a tro p ic
t

m ig ra tio n  o f th e  t in - c o n ta in in g  group around th e  m e th y lc y c lo p e n ta d ie n y l

r in g  a t  a  r a t e  w hich i s  f a s t  r e l a t i v e  to  th e  NMR tim e s c a le  ( s e e

, a ls o  C hap ter Two). Thus ’th e  m ethy l group bound to  th e  C ^ -rin g

1 13g iv e s  a s in g le  a b s o rp t io n  in  b o th  th e  H and C NMR s p e c t r a ,
'  .

D ia s te re o to p ic  s p l i t t i n g  o f re so n an ces  fo r  th e  r in g  n u c le i  ( s e e

C hap ter One, r e f e r e n c e s  79 and 89) i s  a l s o  a p p a re n t ,  so th a t
1 O *

in  th e  C NMR sp ec tru m  a  s ig n a l  a r i s e s  f o r  each  o f  th e  r in g  

carbons c“ , c“ , C^ and -C® , w h ile  i n  th e  NMR spectrum ' th e re "  

a re  th r e e  broad l i n e s  a t  6 5 .5 2 (H ^ ), 5.72(H ^ ) and 5.*96(H ’ ) ,

* in  ca  1 :1 :2  i n t e n s i t y  r a t i o .
t

1
In  th e  H NMR spectrum  th e  co m p lex ity  o f  th e  m u l t ip l e t  

c e n te re d  a t  61 .25  a t t r i b u t a b l e  to  th e  g -p ro to n s  o f th e  is c p ro p y l  

s u b s t i tu e n t  e s t a b l i s h e s  m agnetic  n o n -e q u iv h le n c e  betw een th e  two

m ethyl g roups to  g i v ^ a  p a t t e r n  re sem b lin g  th a t  expec ted  f o r  an

13 ‘
a b_x s p in  s y s t e m B y  c o n t r a s t ,  a t  15.1 MHz th e  C NMR sp ectrum  
—3—3—  ̂ •

shows an  u n s p l i t  s ig n a l  fo r  th e  two g -ca rb o n  a tom s. Thus i d e n t i f i c a t i o n

-->^of m agnetic  n o n -é q u iv a le n c e  o f th e  two m ethy l g roups a t  f a s t  r a te s  o f

rea rran g em en t ( H NMR d a ta )  le a d s  to  th e  c o n c lu s io n  th a t  th e

s ig m a tro p ic  m ig ra tio n  o ccu rs  w ith  r e t e n t io n  o f c o n f i g ^ a t i o n  a t

97
th e  m ig ra tin g  c e n te r .  As F ab ian  and L ab ln g e r have no ted

fo r  a r e l a t e d  I ro n  s y s to a ,  th e  o b s e rv a tio n  o f  d ia s t e r e o to p i c a l l y

13 1
s h i f t e d  ‘re so n an ces  f o r  th e  carbons ( C NMR) o r  p ro to n s  ( H NMR)

' . ■ • 
o f  th e  m e th y lc y c lo p e n ta d ie n y l r in g  a t  f a s t  r a t e s  o f  s ig m a tro p ic

/
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a® '
m ig ra tio n , i s  e ^ d e n c e  f o r  e i t h e r  ( i )  r e t e n t io n  o f  c o n f ig u ra t io n  in  

a s u p r a f a c ia i  p ro c e s s ,  d r ,  ( i i )  in v e r s io n  o f  c o n f ig u ra t io n  d u rin g  

an a n t a r a f a c i a l  p ro c e s s .

Thus th e  o b served  d ia s t e r e o to p ic  s p l i t t i n g  o f  re so n an ces  f o r  

th e  m e th y lc y c lo p e n ta d ie n y 1 -r in g  n u c l e i ,  i n  c o n ju n c tio n  w ith  th e  

above p ro o f  th a t  rea rran g em en t o ccu rs  w ith  r e t e n t io n  o f c o n f ig u ra t io n  

a t  th e  m ig ra tin g  c e n te r , l e a d s  to  th e  c o n c lu s io n  t h a t  th e  rea rran g em en t 

i s  s u p r a f a c i a i  as  .a n t ic ip a te d .  The rea rran g em en t ta k in g  p la c e  can 

th en  b e  v i s u a l i s e d  as a ra p id  in te r c o n v e r s io n  o f th e  fo u r  isom ers  

U  -  ^)*, F ig u re  4.8,. -K-

r

CH

Sn
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CH
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CH

Sn
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Sn

FIGURE 4 .8 .  Isom ers p r e s e n t  in  s i g n i f i c a n t  c o n c e n tra t io n  in
1 '

Sn(Me) ( i - P r )  (Ph) (n -C^II^CH^), _4.3
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The complex s lo w - lim it  3(ME ,-30°G) and C ( a t  -6 0  C 

NMR s p e c t r a  observed  f o r  th e  in d e n y l a re  th e  r e s u l t  o f  th e

p re se n c e  In  4 .4  o f  th e  d ia s te re o m e r ic  p a i r ,  5 and o f  en an ticm orphs

(F ig u re  4 .9 ) .

P h

Me i - P r

i - P rPh

Me

Ph

Sn
Me

i - P r

Ph
n

FIGURE 4 .9 .  The d ia s te re o is o m e rs  _5 and ^  p re s e n t  i n

Sn(Me) ( i f f r )  (Ph) (q^-C gH ^), ^ . 4 .

S b ê îia n a n tiw a e ric  p a i r  ^  (and d ls o  th e  p a i r  ^ )  have i d e n t i c a l  NMR 

s p e c t r a ;^ b u t  th e s e  two p a i f s  a r e  s ig n i f i c a n t l y  d i f f e r e n t  from one 

h n o th e r  and w i l l  g iv e  r i s e  Co d i f f e r e n t  NMR s p e c t r a .  Thus th e  .



153

m e th y l group bound d i r e c t l y  to  t i n  in  each e n a n tio m e ric  p a i r

13g iv e s  one s ig n a l  i n  th e  '‘ "'C NMR sp ec tru m  and in  th e  Hi NMR spectrum

1 13S im i la r ly  th e r e  a re  two in d e n y l C reso n an ces  i n  t h e  G NMR

sp ec tru m  and two H* reso n an ces  i n  th e  NMR spec tru m .
' _ $

R aising* th e  te m p era tu re  r e s u l t s  i n  an av e ra g in g  o f  r e s o n a n t ,  

p o s i t io n s  fo r  th e  in d e n y l r in g  n u c l e i ,  w hich i s  c o n s is te n t  w ith__ 

an o v e r a l l  1 ,3  rea rran g em en t o f  th e  t i n  m o ie ty  a c ro s s  th e  f iv e  

■membered r in g  o f  th e  in d en e  framework (e q u a tio n  ( 1 ) ) .

H S n (M e )(i-P r)(P h )

r  i l ^  l l ( 1)

S n(M e)(^ -P r)(P h )

Thus re so n an ces  a ss ig n e d  to  and 0^ b roaden  a t  ca. 0°C* and a re  .

co m p le te ly  c o lla p se d  a t  20°C. Resonances f o r  a l s o  b roaden
% ■*

t ^ t  ca.O ^C , g iv in g  a~C oalesced s ig n a l  a t  ca .+ 60°G , as do re so n an ces

,4 .7 ,5 .6 1'f o r  C * , and a ls o  f o r  G ’ . In  th e  H NMR spectrum  H.C add H reso n an ces  

b roaden  a f  ca.O^C and co m p le te ly  c o l la p s e  a t  ca,f30^C , w h ile
2 ' O '  /

s ig n a l s  f o r  H b rp ad en , g iv i n g 'a  t r i p l e t  a t  ca,+30 C, r e s u l t i n g

; -• ' 3 1 '2 3 3 2
from th e  a v e ra g in g 'o f  th e  c o u p lin g  c o n s ta n ts  J(H  -H ) and J (H ,-H  ) .

'T h e  rea rran g em en t p ro c e s s  a ls o  av e ra g es  re so n an ces  fo,jf th e
O '

in d e n y l G n u c l e i ,  and th e  t in -m e th y l g roups i n  isom ers  1  and 

c o n s is te n t  w ith  th e  m e ta l lo t r o p ic  rea rran g em en t b r in g in g  about * 

In te r c o n v e r s io n  betw een th e  two d i f f e r e n t  isom er ty p e s  5 ^ and
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A 1 ,3  s u p r a f a c i a i  m ig ra tio n  a s  dep ic(;e^  i n  e q u a tio n  (2) must 

n e c e s s a r i ly  in v o lv e  a change i n  th e  c o n f ig u ra t io n  a t  o f  th e  

in d e n y l r in g ;  i t  fo llo w s  th a t  th e  observed  in te r c o n v e r s io n  betw een 

th e  yfo  d ia s te re o is o m e r ic  p a i r s  _5 and _6 r e q u ir e s  t h a t  th e  c o n f ig u ra t io n  

a t  th é  t i n  c e n te r  shou ld  rem ain  in v a r i a n t  i.a , r e t e n t io n .

H ^ n ( M e ) ( t - P r ) ( P h )

/)> '  . . . ( 2 )

Sn(Me) ( i/-P r)  (Ph)* 4

Resonances in  th e  ~ ^vC  H NMR spectrum  due to  th e  m ethy l 

g ro u p é  o f th e  is o p ro p y l  s u b s t i tu e n t  ap p ea r as a complex m u l t i p l e t .

T h is  r e s u l t s  from ovep lap  o f  s ig n a l s  fo r  th e  t-so p ro p y l group i n  d i a s t e r ­

eo isom ers 2  and In te rc o n v e r s io n  betw een _5 and ^  r e s u l t s  in  a v e ra g in g  

o f th e se  re so n a n c e s , so  t h a t  th e  +60°C NMR spectrum  i s  c o n s i s t e n t  w ith  

th e  m ethy l g roups o f  th e  i s o p r o p y l  s u b s t i t u e n t  m a in ta in in g  m a g n e tic a lly  

d is t in g u is h a b le  env ironm en ts  th ro u g h o u t th e  rea rran g e m en t p ro c e s s  *

( i e 'r e s u l t i n g  from an a ^ ^  s p in  sy s te m ). T h is  i s  c o n firm a to ry  ev id en ce
 J —J —

fo r  r e te n t io n  o f c o n f ig u ra t io n  a t  th e  m ig ra tin g  m e ta l c e n te r .

These o b se rv a tio n s  can be summarized as fo llo w s : R earrangem ent

o f th e  in d e n y l ̂ ^ d ia s te re o is o m e r ic  m ix tu re  5_:6 )̂ in v o lv e s  an o v e r a l l

1 ,3  s u p r a f a c ia i  m ig ra tio n  o f  th e  m e ta l ,  th e  c o n f ig u ra t io n  a t .  , 

w hich i s  unchanged by th e  m e ta l lo t r o p ic  s h i f t .  S im u lta n e o u s ly  

t h i s  p ro cess  in te r c o n v e r t s  th e  d ia s te r e o is o m e r ic  p a i r s  5̂  and ^  

as.show n in  f ig u r e  4.'9 .

S im ila r ly  th e  NMR d a ta  o b ta in ed ^ ^ ^  f o r  SnMe^Ph(n^-CgH^)
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a re  c o n s is te n t  w ith  exchange betw een th e  m ag n e tic  environm erits 

o f  th e  two m ethy l g roups and s u p p o r t ' r e t e n t io n  o f  c o n f ig u ra t io n  , 

a t  th e  t i n  c e n te r  in  a  s u p r a f a c i a i  p ro c e ss  (C h ap te r One and 

re fe re n c e  103).

R earrangem ent « W a an i s o - in d e n y l  in te rm e d ia te  i s  in d ic a te d
t

by s e v e ra l  com pelling  y e t  in c o n c lu s iv e  e x p e rim e n ta l o b s e rv a tiô n s  

(s e e  C hap ter OAe), Thus in  a number o f  in s ta n c e s  105,106 

p ro d u c ts  have been i s o la te d  from th e  D ie ls -A ld e r  r e a c t io n  of 

m e ta l lo - l - in d e n e s  w ith  d ie n o p h ile s  in  w hich th e  m ig ra to ry  

group i s  lo c a te d  a t  th e  .2 - p o s i t io n .  T herm o lysis  o f  t r im e th y l -  

s i ly l ( n ^ - in d e n e )  , 1_ y i e l d s ^ ^ ^ ’ an e q u il ib r iu m  m ix tu re  o f  th r e e  

compounds (_7, and 9 .)  , th e  p re se n c e  o f one o f w hich (^) i s  

c o n s is te n t  w ith  th e  t s o - in d e n y l  in te rm e d ia te .  S i t e  'exchange
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H

SiHe

3

9 '

betw een th e  two t r i m e t h y l s i i y l  groups o f l ,2 * b d s ( t r lm e th y ls i ly l ) in d e n e ,

1
10, le a d s  to  only  one m e th y l s ig n a l  i n  th e  f a s t - l i m i t  H NMR 

spectrum . T h is  o b s e rv a tio n  r u le s  ou t th e  p o s s i b i l i t y  o f  a

c o n c e rte d  1 ,3  m ig ra tio n ; w h ile  i t  i s  c o n s is te n t  w ith  th e  i s o - in d e n y l  

i i^ e rm e d ia te  a f ^ ^ t e m a t e  p ro c e s s  in v o lv in g  a  p a i r  o f  s im u lta n e b u s ,

r -
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co n ce rted  1 ,2 ' s h i f t s  ( 11) -h a s  a ls o  been  p ro p o sed . 104

IMe

SlMe

10

o
SlMe.

SlMe;

11

The d es ig n  o f  s u i t a b l e  experim en ts  w hich w i l l  unam biguously a s s ig n  

t h i s  in h e T e n t ly - l ik e ly  pathway ( ie . o v e r a l l  1 ,3  m ig ra tio n  v ia  

s u c c e s s iv e  1 , 2  s h i f t s )  has n o t y e t  been  ac h ie v e d .

EXPERIMENTAL.

j92. L ith ium  p e n ta m e th y lc y c lo p e n ta d ie n id e , , p o ta ss iu m  m e th y l-  

c y c lo p e n te d ie n id e ,  ̂ i n d e n y l l i t h i u m a n d  .m e th y lis o p ro p y l-  

p h e n y ltin  brom ide^^^ w ere p re p a re d  by th e  l i t e r a t u r e  m ethods.

Hethy l i  sop r  opy Iph eny 1 ( n ̂  -ine th y  Icy  c lop  e n ta d i  eny 1) s t  annane
,

A s o lu t io n  o f m e th y liso p ro p y lp h e n y ltin  brom ide (2 .0 0 g , 

5 .99m m ol).in  to lu e n e  (20mL) was added d ro p w ise  to  a  su sp e n sio n  

o f po tassium  c y c lo p e n ta d ie n id e  (O .Sg, 6.3mmol) in  to lu en e ' (30mL) 

which was m a in ta in ed  a t  -78°C th ro u g h o u t th e  a d d i t io n ^  The 

m ix tu re  was wanned to  rocan-tem pera tu re and s t i r r i n g  co n tin u ed  

fo r  a f u r th e r  12h. The m ix tu re  was th e n  f i l t e r e d ,  ^ d  th e  f i l t r a t e  

c o n c e n tra te d  in  vaouo le a v in g  a  l i g h t  y e llo w  o i l .  S u b lim a tio n  

in  vacuo o n to  a -78°C (d ry  ic e /a c e to n e )  p robe  gave pu re  l i q u id  

Sn(M e)(i-Pr)<Eh)(n^-C^H^CH ^) ( l . lO g ,  3.31mmol, 55%).
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M eth y liso p ro p y lp h en y l(ri -p efl§ & m eth y lcy c lo p en ta d ien y l)s ta n n an e  ,

* 1 • 
a n d ,m e th y liso p ro p y lp h e n y l(n  - in d e n y l) s ta n n a n e  w ere p rep a red

in  a r .s im ila r  m anner.
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CHAPTER FIVE \

SYNTHESIS AND PROPERTIES OF 

SOME BIVALENT DERIVATIVES OF GERMANIUM AND TIN.

A. INTRODUCTION;

W hile th e  o rg a n o m e ta ll ic  ch e m is try  o f  q u a d r iv a le n t  germanium, 

t i n ,a n d  le a d  has been in t e n s iv e ly  in v e s t ig a t e d ,  r e la te d  compounds 

X in  which th e  m e ta l i s '  i n  th e  b iv a le n t  s t a t e  a re  much r a r e r  and
5

b e lo n g  to  a sm a ll number o f s p e c ia l iz e d  c a te g o r ie s .  B is(n  -

20c y c lo p e n ta d ie n y l)  d e r iv a t iv e s  o f t i n ( I I )  and l e a d ( I I ) ,  «are ' 

r e p r e s e n ta t iv e  exam ples o f one o f th o se  c la s s e s  o f a c c e s s ib le  

*" compounds in  w hich a  b iv a le n t  t i n  o r  le a d  atom i s  bound to  

ca rb o n ;d  th e s e  m o lecu le s  have' a l s o  been  o f i n t e r e s t  b ecau se

of th e  n a tu re  o f th e  m e ta l - to - r in g  i n t e r a c t i o n .

'  ' 2 0  W hile i t  was i n i t i a l l y  assumed th a t  th e s e  ccanpounds

p o sse sse d  th e  sigma-honà&à s t r u c t u r e  show n .in  W ilk inson  e t  al,
42su b se q u e n tly  concluded th a t  i n  f a c t  an a n g u la r  ir-bonded 

sandw ich s t r u c t u r e  2,w as adop ted  on th e  b a s is  o f IR and d ip o le

1

M
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moment m easurem ents. The e x is te n c e  o f  "sidew ays" r a t h e r  th a n

"en d io n "  bonding betw een th e  m e ta l  and th e  r in g -s y s te m  i n  th e s e

and r e la t e d  c y c lo p e n ta d ie n y l d e r iv a t iv e s  has s in c e , been  s u b s ta n t i a te d

by e le c t r o n  d i f f r a c t i o n  [Sn(n^-C ^H ^)2 *^^ and

X -ray  c r y s ta l lo g r a p h lc  [Sn(n^-C ^H g)^,^^ Pb(n^-C^H^)2 S n n ^ -C g ( CH^)

Pb(n^-C g(C H ^)g)2 / ^  Sn'(n^-CgHg) C l / ^  SnCn^-C^(CH^)^)BF^^^]

s tu d i e s .

B is (n ^ -c y c lo p e n ta d ie n y l) -  and b is (n ^ -m e th y lc y c lo p e n ta d ie n y l) -

32 33 34 't in ( I I |fc  have been  shown ’ ’ t o  be u s e f u l  s y n th e t i c  p re c u r s o r s  '

t o  a v a r ie ty  o f p re v io u s ly  unknown o r  o th e rw ise  d i f f i c u l t l y

a c c e s s ib le  d e r iv a t iv e s  o f t i n ( I I )  . T hus, i n  g e n e ^ l ,  r e a c t io n s

w ith  so u rces  o f a c id ic  hydrogen g iv e  th e  c o rre sp o n d in g  t i n ( I I )

p ro d u c ts  (e q u a tio n s  (1) and ( 2 ) ) .

2RSH

( 1)

Sn[SR], (2)

• t

-2CgH CH^

A more l im ite d  range  o f r e l a t e d  r e a c t io n s  o f  b i s ( n  - c y c lo p e n ta d ie n y l) -  

l e a d ( I l )  have been  r e p o r te d  by p u d d ep h a tt e t  ( e q u a tio n  ( 3 ) ) .

Pb(nT-CgHg)2 .+  2HA PbA + 2C'B> (3)

A = OR , O^CBu- , RCOCHGOR

The co rre sp o n d in g  germ an ium .chem istry  h a s ,  u n t i l  r e c e n t ly ,  been

n e g le c te d  due to  a la c k  o f co n v en ien t s y n th e t ic  p r e c u r s o r s .
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T h u s ' a lth o u g h  b is ^ n ^ -c y c lo p e n ta d ie n y l)g e m a n lu m (H )^ ^  would a p p e a r ’ 

to  be^a l o g i c a l  s t a r t i n g  m a te r i a l ,  i t  h as been  r e p o r te d  to  undergo 

ra p id  p o ly m e r iz a tio n  a t  ro o lS ^ em p era tu re  (95%, 3 h )^ ^ ,d n d , i n  f a c ç ,  

no d e ta i l e d  d e s c r ip t io n  o f i t s  r e a c t io n s  h as  appeared  i h  th e  

l i t e r a t u r e .  /  '

O rg a n o -d e ri 'v a tiv e s  o f  b iv a le n t  germanium, t i n ,  and le a d  

have been shown t o  fu n c t io n  as fo rm al tw o -e le c tro n  donors to  

lo w -v a le n t t r a n s i t i o n  m e ta l c e n te r s .  These ty p e s  o f complex

have been  r e f e r r e d  to  i n  C h ap te r  One and t h e i r  fo rm a tio n  has

' 157
be'en review ed if t  th e  l i t e r a t u r e .

T h is  c h a p te r  r e p o r ts  th e  s y n th e s is  o f  th e  r e l a t i v e l y  th e rm a lly

s ta b l e  Compound b is (n ^ -m e th y Ic y c lo p e n ta d ie n y l)g e rm a n iu m (II)

and d e s c r ib e s  i t s  p h y s ic a l  and chem ica l p r o p e r t i e s . ,  R eac tio n s

w ith  s u i t a b l e  p r o t i c  re a g e n ts  ( p a r t i c u l a r l y  th o se  o f th e  general*

ty p e  _3) w hich m igh t p ro v id e  a c c e s s  to  m onom eric, in t r a m o le c u la r ly

a s s o c ia te d  germ an ium (II) c o n ta in in g  p ro d u c ts  have been  examined

in  seme d e t a i l ^  An a l t e r n a t e  s y n th e t ic  r o u te  to  some o f th e s e

X OH

X = 0 , N

3

germ ylenes. In v o ic in g  th e  r e a c t io n  o f  a germ an ium (II) d ih a l id e

w ith  th e  a p p ro p r ia te  1 ,3  k e to e n o la te  and t r i e t h y lam ine has
Ü

a ls o  been  in v e s t ig a t e d .  The r e a c t io n  o f b i s ( a c e ty la c e to n a to ) -

germ anium (II#  and - t i n ( I I #  w ith  t e t r a k i s ( tr ip h e n y Ip h o sp h in e ) -
s
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.  Sa'i t*

p la tin u m (0) o r  b i s ( tr ip h é n y lp f iq s p h in e ) (e th y le n e )p la tih u m (O ) 

. ‘i s  observed  tô  g iv e  P b(PPh„)_[M (acac),„]„ ,  M = Ge, Sn .‘ '  The

c r y s t a l  and. m o le c u la r  s t r u c t u r e  o f  .th e  ^Eisu-compaund has been
'  '  ■ \  

d e te rm in ed  by P r o fe s s o r  T .S . Cameron and Ms. E ,T .° .B re n ^ n  at-

D alhoupie U n iv e rs i ty  and- t h e i r  r e s u l t s  a r e  comment;ed upon.

B. RESULTS AM). DISCUSSION.

B .l . ‘ S y n th e s is  and P r o p e r t i e s  o f
* * &

5'■ ' b is ( n  -m e th y lc ^ c lo p e n ta d ie n y l)g e fm a n iu m (II ) . ,

/
BisCn -m e th y lc y c lo p e n ta d ie n y l)  germanium ( I I )  , _5.J^ was ’ c o n v e n ie n tly  

p re p a re d  in  h ig h  y ie ld  "^>90%) as  a l i g h t  y e llo w  o i l  by th e  r e a c t io n  

o f  germ anium (II) d i io d id e  w ith  p o ta ss iu m  m e th y lc y c lo p e n ta d ie n id e  

in  to lu e n e  a t  aa. 5°C. R eac tio n  a t  te m p e ra tu re s  above 10°C 

gave only  low y ie ld s  (<io%) o f compound to g e th e r  w ith  a

red  in s o lu b le  gum. A tta n p ts  to  p re p a re  from e i t h e r  CsGeClg

o r  G eC lg .d ioxan  and p o ta ss iu m  m e th y lc y c lo p e n ta d ie n id e  w ere n o t
. ■

s u c c e s s f u l .
* _

y. Ccanpound^^.l_ i s  a  y e llo w  l i q u id  w hich i s  m arkedly  a i r -  and

w a te r - s e n s i t iv e .  I t  i s  s o lu b le  in  m ost o rg a n ic  s o lv e n ts  {e.g. h ex an e ,

b e n z e n e ,, e t h e r , THF), b u t r e a c ts  r a p id ly  w ith  s o lv e n ts  c o n ta in in g

p r o t i c  hydrogen {e.g. MeOH, EtOH) to  g iv e  w h ite  in s o lu b le  s o l id s
\

( th e s e  r e a c t io n s  w i l l  be d is c u s s e d  l a t e r . i n  t h i s  s e c t io n ) .  •

A ttem pts to  c r y s t a l l i z e  o r  sub lim e th e  m a te r ia l  in  Vçuîüo w ere 

u n s u c c e s s fu l;  th e  y e llo w  o i l  darkened  i n  c o lo r  a f t e r  a  few
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 ̂ JABU2 5,I f
'  ' '

Physical and" analy tica l 'data,’for ccmpounds _5._1_ and .̂_3 -  5.12,

Method ^ 
Conçound * of prep. %yield

M .p t r o  • 
/B.P f(imhg)

Ge(n--^^CH^)^, 5.1 

Ge(tropy^, * ,

G e(thuj)^; _5.^

Ge(oxine)2>

GeChyap)^, 1.6^

Ge(acac>2 . 5,. 7.

. Ge(piv)2% 1.8 

\^^G^(bëhzac)cf/^?ï^^ 

5e(benzacJ^, 5 .f l  

Ge(dibenz)ci, l._10 

GeCdibenzlg; 5.'12

B
C

B
C

•B
C

b '
c

A
c

85

84
76

86 

79

96
99

73
55

55
90

1 Analysis 
. %C ' %H

Actual Theor. Actiml Theop.

62.45 .61.92 ' 5.92 6.07 o il

52.75 5 3 .4 2 , '3 .3 7  3.18 178°(dec)

60.61 60.-23 5.82 5.52 137-139° (dec)^

60.26 59.92 3.72 3.35^ 174°

56.56 ,56.05 4.04 4.12 250°(dec)

43.79 44.35 5.49 5.21 25°(10"^nmHg)°
' '

"59.76 60s 17. 8.94 8.72 110°(10"^mmUg)

38.11 19 2.97 . 173°(dec)

451 60.82 4.79: 4.59 137°

54.54 d . 3.36 194°(dec)
N

■-."43 0^.52 4.27 " 153-154°

* A(r"iT'4- 6e%2 M, = Li , Nà. or K, ; X,- halogen),
Bi((CgĤ CH2)gGe + ^(ÙeXg +• nHA + MWt^—>- CeA^2_n) *

^ Analysis for N, actual 7 .?m , «found 7.77%.
c ■■ . ' *’ 1 'Sublimed onto a water cogled probe .over 24h. ^
f  S u i t a b l e 'a n d  H analysis could not be obtained.

' .  4 .  ; T -  -  ' '

I::'. ' A 

. P1



\  '

b l e a

m in u tes  a t  +75 C, e v e n tu a l ly  g iv in g  a  v is c o u s , in s o lu b le  re d  gum.. 

The u n d ilu te d  l i q u id  compound i s  a l s o  th e rm a lly  u n s ta b le  a t  room- 

Æ em perature, form ing o v er a  p e r io d  o f . s e v e r a l  w eeks, a  c l e a r  

y e llo w  g la s s ,  in s o lu b le  in..common o rg a n ic  s o lv e n t s .  The/ r a t e  

o f , p o ly m e riz a tio n  i s  s i g n i f i c a n t l y  red u ced  i f  compound i s  

s to r e d  a s  an <3a.5% s o lu t io n  i n  e i t h e r  hexane o r  to lu e n e ,  b u t  . 

such  s o lu t io n s  a re  s i g n i f i c a n t l y  more a i r - s e n s i t i v e I t h a t  n ea t.^ * l_ . 

Some p h y s ic a l  and a n a l y t i c a l  d a t ^ f o r  compound a re  g iv e n  in  

T ab le  5 .1 .  . '  ■ ,

TABLE 5 .2 .

Qfi Mass p p e c t r a l  d a ta  f o r
5 . ‘

b i s ( n  -m e th y lc y c lo p e n ta d ie n y l)-g e rm a n iu m (II)  and t i n ( I I )  .

■ A ssignm ent

+ .
2 
+M(CgH^CHg)

M, +  .

Ge(^^-C^H^CH^) - ^

0 .5 ,

. 74 .1  

* . 3 .6  \

7 .7

13.3

1 .9 '

64.0
cn .o .

cn .o .

14.1

-r-
a

70eV id n iz in g  v o lta g e ;  % m e ta l-c o n ta in in g  io n s ,  aummed w ith in  each
 ̂ . Ç. ■■ /  '

fam ily  r e s u l t in g  fro m ,is o tç p e  d i s t r i b u t i o n  and h y d ro g en  l o s s .

b '  ' ■ • \See re fe re n c e  158. • /  , . ^

^ ç t  o b se rv ed . «
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158* • -
Mass s p e c t r a l  d a ta  f o r  _5*i to g e th e r  w ith  th o s e  r e p a r te d

\  5 ' '
f o r  the- t i n  an a lo g u e , Sn(n g iv e n  i n  T ab le  5 ,2 ,

\R e s e t s  f o r  b o th  compounds a re  s im i la r  with" m ajo r m e ta l- c o n ta in in g  

peaks co rre sp o n d in g  tô  th e  p a re n t  io n  and s e q u e n t i a l  lo s s  o f th e  two 

m eth y lcy c lo p en t-ad ien y l r in g s .  For compounds ^.1_ d eco m p o sitio n  o f 

th e  m ost abundant germanium containingJion,G e(C gH ^C H ^)^, a ls o  o ccu rs  by

carb o n -ca rb o n  bond f i s s i o p  w i th in  th e  Cg—t i n g , r e s u l t in g  in . s i g n i f i c a n t
. * +  ' ■ 

abundances of th e  io n s  GeC^H^ and GeC^H^, F rag m en ta tio n  o f  th e
5 19

jcy d o p e n ta d ie n y l_ ^ n g _ h a s _ a ls o  been  r e p o r ted f o r  Ge(n 2_^ ,

and SnCn^-CgHg)^ b u t s ig n i f i c a n t l y  i t  i s  n o t g e n e ra l ly  observed
128

in  th e  mass s p e c t r a  o f  r e l a t e d  m o n o h a p to cy c ljjp e n tad ie n y ls .

X-

TABLE 5 .3 .

NMR d a ta  f o r  ccanpounds ^.1^ and ^ ,2 .

1  Ge(n 5 . r  2 .0 8

Ge(n ■ 1*88

5 .1 126 .2

5 .7 1

5 .86

e g /# '

113.0 110.5

-134.6
%

c“ ^

14.1

^A ll s p e c t r a  .w ere re c o rd e d  i n  GDCMg. 

^ppm dow n fie ld  from IM S .- 

^ppm u p f ie ld  from CFClg,

V



Oppm5.0. 100

NMR sp e c tru m  o f  b is (n ^ -m e th y lc y c Io p e n ta d ie n y l)g e rm 'a n iu m (I I )  a t  25°CFIGURE V/1
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1 13 .■ The H and C N M R'spectra o f  compound _5.1_ (se e  T ab le  5 .3 )

■ 43a re  s im i la r  to  th o s e  re p o r te d  f o r  th e  t i n  and le a d  a n a lo g u e s .

The NMR spectrum  o f compound c o n s i s t s  o f  a m e th y l s ig n a l  a t

62 .08  and a m u l t ip l e t  c e n te re d  a t  65 .72 f o r  th e  fo u r  r in g  p ro to n s ,

13w h ile  in  th e  C NMR spectrum  (F ig u re  5 .1 )  th e r e  i s  a  m e thy l s ig n a l  

a t  1 4 . Ippm, w ith  a f u r th e r  th re e  a b s o rp t io n s  a t  1 1 0 .5 , 113 .0  and 1 2 6 .2ppm 

due Ji.o , ,  and r e s p e c t iv e ly .

CH.

H

T hese s p e c t r a  a re  s i g n i f i c a n t l y  d i f f e r e n t  from th e  NM R-spectra

1 * (d e s c r ib e d  in  C h ap te r Two) fo r  t e t r a k i s ( n  -m e th y lc y c lo p e n ta d ie n y l) -

germane (^ .^ )  which, a re  te m p e ra tu re  dependen t o v e r th e  ra n g e  s tu d ie d

(ca . -60°C to  -^60°C) . The s h a rp ly  c o n t r a s t in g  s p e c t r a  a re  th e  r e s u l t  o f

th e  d i f f e r e n t  mode o f  bonding betw een th e  C^H^CH^-rring and th e

germanium atom in  (_4) and ^._5 (_5) •  ̂ ►

CH

Ge

OH

4

CH Ge

5

.
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Thus in  th e ' germane ^.5^, th e  germanium atom i s  Sound t o  à  s in g le  • '

a l i p h a t i c  carbon  atom o f each  o f  th e  fo u r  m o n phap tom ethy lcyc lopeh ta - '

d ie n y 1 - r in g s .  M ig ra tio n  o f th e  germanium atcan about t h e  (n^-C^H^CH^)-

r in g s  r e s u l t s  i n  av e ra g in g  o f  th e  s ig n a l s  p r e s e n t  i n  th e  s lo w - l im it  
*

sp ec tru m , however th e  r a t e  i s  n o t s u f f i c i e n t l y  r a p id  f o r  th e  spectrum

to  b e  f a s t - l i m i t i n g  a t  room ta n p e r a tu r e :  th u s  b road  a b s o rp tio n s

1 13a re  ob serv ed  i n  b o th  th e  H and C NMR s p e c t r a  fo r  th e  r in g  p ro to n s

and th e  r in g  ca rb o n s , C°,
6 g"C , C r e s p e c t iv e ly .

1 • 13
-By c o m p a r is o n ,s ig n a ls  ^n th e -ro o m -te m p e ra tn re —%  -and C N ) #   

» s p e c t r a  o f com pcy^  5 .1  a re  s h a rp ,  th e  germanium atom b e in g  bound to  

tw o .e q u iv a le n t  (n -C^H^CH^)-ring^ to  form th e  a n g u la r  sandw ich shown 

in  4 .

R eac tio n  o f  .compound w ith  Mel o v er a p e r io d  o f  Ih  a t
1

ro o m -tem p era tu re  y ie ld s  a v isc o u s  y e llo w  o i l  th e  H NMR and m ass

sp ec trum  o f  which a re  i n d i c a t i v e  o f th e  p re se n c e  o f  a m ix tu re  o f '

1 '  *compounds o f  th e  ty p e  Ge(M e)^(n By c o n t r a s t ,

th e  r é a c t io n  o f  Sn(n -CcHç)„ w ith  Mel has been re p o r te d  to  g iv e  th e  . . .  .5  5 2 , ■ \

s in g le  p ro d u c t Sn(M e)(n t h i s  r e a c t io n  i s  th o u g h t t o

p ro ceed  via  a r a d i c a l  pathw ay, th e  fo llo w in g  scheme h av in g  been  

p ro p o sed  (e q u a tio n  ( 4 ) ) .  . • ■ "

Mel
Sn(n "CgHg)g 1Sn(Me) (q ^

Sn(Me) ^  '
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S im i la r ly ,  Sn(n "*^5^ 5 ) 2  ^ ^ a c ts  sm oothly  w ith  an e x c e ss  o f  CH^I^
 ̂ n II

to  g iv e  SnCCH^I) (n - C g H ^ ) a s  th e  m ain p ro d u c t ,  w h ile  r e a c t io n

u s in g  an ex cess  o f  Sn(n g iv e s  a s e r i e s  o f p ro d u c ts  in c lu d in g

Sn(n^-C gH p^(l)C H ^Su(n^-C ^H ^) , ,  Sn(n^-C^H^) ^CH^Sn(n^^gHg) and 
< 7 A -Sn(n

- The .p re se n ce  o f a non-B oam ng e le c t r o n  p a i r  on th e  germanium 

atran a llo w s compound to  fu n c t io n  as a  L « f is  b a se ; a c c o rd in g ly  

i t  r e a c t s  r a p id ly  w ith  bo ron  t r i f l u o r i d e  e th e r a te  a t  ro o m -tem p era tu re

- ,to _ g iv e_ th e^  v is  cous re d  m l  _5.2» Compound ._S. 2  ̂ i s  s i g n i ^ c a n t l y ,  . . - -

* 1 19m ore a i r - s e n s i t i v e  th a t  _5.^, .howe^^i— H and F NMR s p e c t r a l  d a ta

w ere o b ta in e d  (T able 5 .3 )  ,^nd dto. c o n s is te n t  w ith  th e  fo rm u la tio n

6 e(n -CgHy,CH^)2BPg. '

 ̂ ’ Sn(n -CgH^CH^) ghas bean  shown ’ ® to  r e a c t  w ith  a  w ide

v a r ie ty -o f"  p r o t i c  re a g e n ts  to  g iv e  th e  c o rre sp o n d in g  t i n ( I I )  d e r iv a t iv e  

i n  h ig h  y ie ld  - (^g. e q u a tio n s  (5) -  ( 8 ) ) .

2R0H

R=Me, E t ,  Ph.

■ 2RStt

R=Me, "Et, Ph 

2HCN

0 0

Sn(0R>2 . . ’.■(5)

Sn(SR>2 . . . ’ (6)

Sn(CN)2  . . . ( 7 )

Sn
/ . ( 8)

'/TV'*-'" ' 1 * •
By c o n tra s t ,:" a lth o u g h  Ge(n -C^H^CH2) 2 » (5.'tl.) d id  y ie ld  w h ite  s o l id

•* Î ' V *

'p r e c i p i t a t e s  w ith  a lc o h o ls  and azol'es,^ a n a l y t i c a l  d a ta  s u p p o r tin g  

.fo rm u la t io n  a s  ëSŸZ d e r i v a t i v e s , cou ld  n o t b e  o b ta in e d  and th e

4 ,

\
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i n s o l u b i l i t y  o f  th e s e  m a te r ia l s  p re c lu d e d  co n v en ien t i d e n t i f i c a t i o n .

S u r p r is in g ly  no r e a c t io n  was observed  betw een Ge(n -rCgH^CHg) 2 and

th e  B -d ik e to n es  shown i n  6 even a f t e r  r e f lu x in g  i n  to lu e n e  s o lu t io n
— * .

f o r  s e v e r a l  h o u rs ,  th e  B -d ik e to n e  b e in g  re c o v e ra b le  to  oa.90K .

•R. R,

. 6 - '

■ h Me Me Ph Me CF3 Bu^

h Me Ph CF3 c p j Bu^

\ X

I-
«

W hile th e  known c h e la te d  I je to e n o la te  d e r iv a t iv e s  o f  G e (I I )
. • ■ '

w ere n o t produced* from t l ^ i ^ e a c t i o n  o f  Ge(n^-CgH^CH^)^and th e  

c o rre sp o n d in g ^ B ^ d ik e to n e , r a p id  r e a c t io n  was observed  w ith  some 

p h e n o lic , and* r e l a t e d  compounds c a p a b le  o f  b id e n ta te  c o o rd in a tio n

a t  a germ anium (II) c e n td r  (e q u a tio n  ( 9 ) ) .
■ *

HA '
Ge(n^;C^H^CHg)2  ^ GeA.

2 (CgHgCHg)
(9)

•flompound

HA = tro p o lo n e  (trOpH) 
( 2-h y d ro x y c y c lo h e p ta -2 , 4 , 6- t r i e n o n e )

5^,^;HA » t h u j a p l i c i n  (thu jH )
(2 -h y d ro x y -4 -ie£ ?p ro p y lcy c lO h ep ta ,-2 ,4 , 6- t r i e n o n e )  ' HO

. - HO

HA = 8- l^ r t ) x y q u i ,n o l in e  -(oxineH)- *

 ̂ HA = (3-h y d ro 3̂ ^ îE to p b eh o n e  (hyapH)

o o
o



TABLE 5 .4 .

Mass s p e c t r a l  d a t^  f o r  ccmpounds 5^.^ —

C
170

G eC trop)^ , _5'2

A ssignm ent R e la t iv e  I n t e n s i t y  

\+ .

GeCC^H^Og)'*'

Ge+ .

8 .3

9 1 .7

0 .0

G e < th u j)2 , ' 2 " A

A ssignm ent R e la t iv e  I n te n s i ty

1° 2^2

0 . ( C i o H ^ j O /

Ce(CgHgO^)

=.®«=7“ 5°2>'

+ .

Ge+ .

2 .7

84 .0

8 .3

5 .0

O.O'

G e (o x in e )„ , 5 .5 G e(hyap>2 »

A ssignm ent

Ge(C E^NO)^:

Ge(CgEgNO)'*'

. . .  + .

R e la t iv e  I n t e n s i t y ^  A ssignm ent

6 .7

9 3 .3

0 .0$

Ge(CgH702)^ -

GeCCgHyOg)^

Ge

R e la t iv e  I n te n s i ty  

0.2

9 9 .8  

0.0

70eV io n iz in g  v o l t a g e ; 'J t j n e ta l - c o n ta in in g  io n s ,  summed w ith in
> * i  ■

each fam ily  r e s u l t in g  from is o to p e  d i s t r i b u t i o n  and hydrogen  lo s s .

/ ■ ■ •  V  ■ -  :

V.
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The s y n th e t ic  p ro c e d u re s  used  to  p re p a re  each  o f  thesTe compounds 

w ere s jm ila r^ in v o lv in g  a d d i t io n  a t  room -tçm perapare o f  a to lu e n e  

s o lu t io n  o f th e  co rresp o n d in g  f r e e  h y d r o x y  Compound to  a  s t i r r e d  

to lu e n e  s o lu t io n  o f  Ge(ri — g * ^A fte r cà .O .S h  a  p r e c i p i t a t e

s t a r t e d  to  form (s e e  experim ental)^y^w hich g av e , a f t e r  work up , 

th e  p u re  G e (II)  d e r iv a t iv e .  T hese compounds a re  THF and ch lo ro fo rm  

s o lu b le  s o l id s  w hich a re  S u f f i c i e n t ly  v o l a t i l e - t o  a llo w  .fo r

c h a r a c te r i z a t i o n  by mass s p e c tro s c o p y  (s e e  T ab le  5 .4 ) .  T y p ic a lly
*

th e  m ost p rom inen t peak in  th e  mass s p e c t r a  co rresp o n d s  to  lo s s  

o f  one c h e la te  w ith  th e  c u r r e n t  c a r r i e d  by th e  m o le c u la r  io n  and 

Ge"^' b e ing  s m a ll .  For th e  th u j a p l i c in a t o  d e r iv a t iv e  c leav ag e  

o f  th e  t s o p ro p y l  group was a ls o  observed  to  g iv e  r e l a t i v e l y  

in te n s e  germ an ium -con ta in ing  io n s .  , •

TABLE 5 .5 .

I n f r a r e d  ca rb o n ÿ l s t r e t c h in g  f re q u e n c ie s  f b r  compounds _5.^, and

Compound , v(C-O)

G e ( t r o p ) . ,  5.3  - , 1 5 9 0 (v .s ) ,  1570(m)

G e ( th u j)^ ,  _5.4 1583(m) , 1569(s )

G e(hyap)2 f - I580(m ), 1635(m)

!

The I  R s p e c t r a  oĴ ,̂ 'tf6mpounds _5.^, and _5.^ show a s i g n i f i c a n t  

re d u c t io n  i n  freq u en cy  f o r  bands due to  v(C=0) (T ab le  _5-^) when . 

compared to  co rresp o n d in g  a b s o rp tio n s  f o r  th e  uncombined p r g a n ic  

m o lecu le , c o n s is te n t  w ith  c o o rd in a tio n  o f  th e  oxygen atom o f  th e
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c a rb o n y l group and hence  a  fo u r  (,p8endo~f±ve) • c o o rd in a te  germanium 

atOTi (eg. 7_ f o r  G e ( t r o p ) ^ ) .

G e--0

8
NMR d a ta  o b ta in e d  f o r  compounds a r e  g iv e n  in

I 13T ab les  5 .6  and 5 .7 ,  The H and C NMR s p e c t r a  o f compounds 

2 . ^  -  2 'A  te m p e ra tu re  in v a r i a n t  and co n firm  th e  proposed  

s t r u c t u r e  fo r  each  o f  th e  compounds. S u rp r is in g ly  th e  ^^NMR 

spectrum  o f  b is ( tro p o lo n a to )g e rm a n iu m (I I )  i s  te m p e ra tu re  d ep en d e n t, 

th e  ' rocan-tem pera tu re  spectrum  c o n s is t in g  o f  two sh a rp  l i n e s  ^

c e n te re d  a t  ca.67T 55 and a m u l t ip l e t  a t  c a . 67 .00  in  an i n t e n s i t y  

r a t i o  o f 4 :1  r e s p e c t iv e ly ',  w h ile  a t  low er te m p e ra tu re s  th e  spectrum

becomes s i g n i f i c a n t l y  b ro adened . A nalogous s p e c t r a l  changes
/

ha#e been  re p o r te d  f o r  b i s ( t r o p o lo n a t f o ) t i n ( I I )  , how ever th e s e  >
I . '  159 '

w ere n o t a n a ly zed  i n  d e t a i l .  j,
\  2 3

\  The C NMR s p e c t r a  o f  th e s e  compounds a re  however l e s s

 ̂ X B B^ Gccanplex, each  hav ing  fo u r  s ig n a l s  due to  C; , C ’ , C '  , and

_D O'* *CT* . F u r th e t ,  s p e c t r a  f o r  b o th  th e  germanium and t i n  compounds

a re  te m p e ra tu re  i n v a r i a n t , a r e s u l t  w hich would ap p e a r^ to

p re c lu d e  b o th  i n t e r -  and in t r a - m o le c u la t  re a rra n g e m ô n t, Thus

th e  s p e c t r a l  changes o b serv ed  i n  th e  NMR sp ectrum  of b o th

b is ( t r o p o lo n a to )  g g ecaân iu m (II)  and g t i n ( I I )  m ost p ro b ab ly  r e s u l t

■ffom ''^pall changes i n  th e  c h a n ic a l  s h i f t s  o f re so n an ces  f o r  th e  ‘
%



TABLE 5 . 6 .
V '4.

NMR d a ta ^ ‘ f o r  compounds 5 .3  and

* •» ,

R

/
•Pr

.Pr."k

. N

Compound

G eCtrop)^,
I

G e(th u j) .,

1 h
H NMR, D ata

6 .70-8.00^^

6 .-7 0 -7 .7 0  2 .8 3  ( s e p t e t ) '

13,

1 . 2 2  (d)

G NMR D ata

V d a ( t r o p )2  1 7 6 .6r 

G eC th u j)^

139 .6

A
Ô(C ) 

12 9 .0

B
6 ( C ) 6 (c ^ y

12 6 .8

172 .9 1 2 0 .9 , 1 2 2 ,2 , 1 2 3 .6 , 

135 .1

1 5 7 .8

P r  

6 (C-H)

3 9 .6

® CHemicel s l a i f t s ,  ppm, m easured  p o s l t i %  d o w jifle ld  from  SlMe^ o f  CDCl^ s o lu t i o n s ,  

i l e a s u r e d 'a t  90MHz.

^ -B rO a d -m u lt ip le t ,  n o t  . r e s o lv e d .
’ ' * ' ' - . ' • _ I

* ^ , ^ J ( W H )  -  6 . ^ , H z .  ' :

S i g n a l s  due tp  0  ̂ and w ere n o t r e s o lv e d .

A

ôCCHCÇHg)^)

2 3 .6  '

w
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f iv e  ç in g  p ro to n s  and t h e i r  r e s p e c t iv e  c o u p l i r ^  c o n s ta n t s .

174

Compound

5 .5

TABLE 5 .7 .
a  '

•NMR d a ta  f o r  compounds"^._5 and >

NMR̂  ^  NMR

ô ( r in g -p ro to n s )

8 .8 1 ^ , 8 .30^

6 ( r in g ' carbons')

1 1 3 .6 , 1 1 3 .9 , 12)1.6, 

129». 9 , 1 3 7 .9 , 142.9

5 .6 7 .10 2 ,57 n .o .

C h an ica l s h i f t s ,  ppm m easured p o s i t i v e  d o w n fie ld  from SiMe^ on

CDClq s o l u t i o n s .
L ^
M easured a t  9(MH2i,

c:C e n te r  o f  m u l t i p l e t ,  

^ o t  observed.. \

74 .

N o lte s  e t  al. have in v e s t ig a te d  th e  r e a c t io n  o f b i s -

5 ■ ' ‘ '  .
(n - c y c lo p e n ta d i e n y l ) t in ( I I )  w ith  p r o t i c  re a g e n ts

a n d •concluded  th a t  th e  r e a c t io n  r a t e  i s  e s s e n t i a l l y

in d e p e n d w r  o f  J th e  pK^ o f  th e  p ro to n  so u rc e , b u t d epends on th e

a b i l i t y  o f  th e  atom to  w hich the .«aci'd ic  hydrogen  i s  bound to  

donate  ^  e le c tp o n  p ^ i r  to  th e  t i n  c e n t e r .  Thus w h ile  r e a c t io n s

/

w ith  e th a n o l (pK = a 18) and p h eno l (pK^ c a . 10) a re  b o th  f a s t .

R e a c tio n  w ith  HON (pK = oa.B.S)  i s  slow  and no r e a c t io n  ta k e s

(n -CgHg)2Sn + 'RROH

6- 6+
CçH. H'

' . p i
( C .H # - f a  ;:0-R

CgHgSnOR +. C ^ H g . ( 10) '

. . .  A '
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p la c e  w ith  m a lo n o n i- tr i le  (NCCH„CN;,;pK = ca . A mechanism
5

f o r  th e  r e a c t io n  o f Sn(n ^ w ith  a lc o h o ls  ^ 'e q u a tio n  (1 0 ) ) ,

was- a ls o  propojsed. Thus n u c le o p h i l i c  a t t a c k  by th e  oxygen atom

a t  th e  t i n  c e n te r  r e s u l t s  i n  w eakening o f  th e  t in - c y c lo p e n ta d ie n y l  ^
1 »

l in k a g e  c a u s in g /a  s i g n i f i c a n t  n e g a t iv e  ch arg e  to  dev e lo p  on th e  

r in g ,  w h i^  s im u lta n e o u s ly  th e  hydrogen atom on th e  oxygen beccmes
f  '

more a< ^dic f a c i l i t a t i n g  f a s t  r e a c t io n .

î ^ e d  on t h i s  m echanism , th e  (( in fe re n c e  i n  r e a c t i v i t y  o f 

b is ( n ^ -m e th y lc y c lo p e n ta d ie n y l ) - t in ( I l )  and -g e rm an iu m (II)  w ith  

1 , 3 -d ik e to e n o la te s  o f  ty p e  _6‘ can be i n t e r p r e t e d - I n  te rm s o f  e i t h e r  

th e  germ ylene b e in g  a p o o re r  e l e c t r o n  a c c e p to r  (i.e. th e  germahium * 

a t  cm to  fu n c tio n  as a  Lewis a c id )  th a n  th e  t i n  ccmpound, o r  th e  

s i g n i f i c a n t l y  h ig h e r  germ anium -carbon bond s t r e i jg th  r e l a t i v e ' t o  ‘ • 

th a t  f o r  th e  co rre sp o n d in g  t in - c a r b o n  bond may make -fhp .a c t i v a t io n  

e n e rg y  fo r  c leav ag e  oB th e  germ anium -carbon l i n k ^ e  -p ro h ib i t iv e ly  h ig h .

- r
*■ ■ ' '  . .

B .2 . S y n th e s is  and P r o p e r t i e s  o f  1 , 3 -D ik e to n a to  and R e la te d -

D e r iv a t iv e s  o fJQ erm an iu m (II) .

 ̂ c ■

The f i r s t  k e to e n o la to  d e r iv a t iv e s  o f  b iv a le n t  german

30 ' < > "
w eré re p o r te d  by Rodgers and S to b a r t  i n  1976-î— T hese im pounds

were prepared in a a , 50% yield from reaction of Gel^ or CsGeCl^
«
w ith  th e  sodium s a l t  o f  th e  c o rre sp o n d in g  B -d ik e to n e , R e la te d  

t i n  compounds have been  s y n th e s iz e d  by a  v a r i e ty  o f  m ethods: . 

f o r  ëk aà p le  S n (a c a c ) 2  h as  been  p re p a re d  by ( i) , r e a c t io n  o f N a(acac) 

\ î i t h  r e a c t io n  o f  acacH w ith  Sn(h^-Cgj^^CHg) and
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. ( ir f i)  r e f lu x in g  acacH w ith  Sn(CMe)„.

A l te rn a t iv e ly  we have found th a t  r e a c t io n  o f  CsGeCl^ o r  SnCl^
'

w ith  two e q u iv a le n ts  o f Hacac and NEt„ a t  room -tem pera tu re
^ , d

(see  e x p e rim e n ta l)  g iv e s  a c o n v e n ie n t, h ig h  y i e ld  (ca,90% ) ro u te

to  G e (a c a c )2 $ _5.2, and SnC acac)^. A n a lo g o u sly , q t i r t i n g  s o lu t io n s

o f Geig w ith  d ip iv a lo y lm e th a n e  oir o -hyd roxyacetophenone  and .liEt^ a t  room-
* f

te m p era tu re  f o r  c a .IS h  giv.es good y ie ld s  o f th e  gem ianium (IX) 

c o n ta in in g  p roduc 'ts  b is (d ip iv a lo y lm e th a n a to )g e rm a n iu m (II )  , 

and b is (b -a c e ty lp h e n o x y )g e rm a n iu m (II) , r e s p e c t iv e ly .

R eac tio n s  a t  room -tem pera tu re  o f  to lu e n e  s o lu t io n  of e i t h e r  

b en zo y lace to n e  o r  d ibenzoy lm ethane w ith  germanium d i io d id e  and 

t r ie th y la m in e  gave a m ix tu re  o f 1 , 3 -d ik e to n e , ( 1 , 3 -d ik e to n a to )g e rm an iu m (II)  

io d id e  and b i s ( 1 ,3 -d ik e to n a to )g e rm a n iu m (I I ) , w ith  th e  co rre sp o n d in g  

r e a c t io n s  u sing  cesium  t r ic h lo to g e r m in a te  a ls o  y ie ld in g  a s im i la r

m ix tu re ,o f  p ro d u c ts .  A ttem pts to  im prove th e  s e l e c t i v i t y  b y '
% “ 1 '■

v a ry in g  th e  s o lv e n t ,  te m p e ra tu re  and tim e o f - re a c tio n  w ere no t

s u c c e s s f u l ,  n o r w ere a tte m p ts  to  p u r i f y  th e  p ro d u c ts  by r e -

« c r y s t a l l i z a t i o n  .o r column, chrom atography. R eac tio n  of'C sG eC l„

w ith  one e q u iv a le n t  o f  g -d ik e to n e  and a  tw o -fo ld  excess o f

NEtg does however g iv e  th e  p u re  ( I , 3 -d ik e to n a to ) germanium( I I )  c h lo r id e ,

[ (benzoy lace tonato )germ an ium  c h lo r id e  (.5._9) and (d ib en z o y Im e th an a to )-

germ an ium -ch lo ride  (.5.j ^ )  ] in  ca.90% y i e l d .  The subsequen t

r e a c t io n  o f  th e  (1 ,3 -d ik e to n a to )g e rm a n iu m (II)  c h lo r id e  w ith  e x a c tly
%

one e q u iv a le n t o f th e  co rresp o n d in g  g ^ d ik e to n e  and t r ie th y la m in e  

g iv e s  th e  p u re  b i s  (1-, 3 -d ik e to n a to )g e rm a n iu m (II)  d e r iv a t iv e s  b is (b e n ± o y l-
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TABLE 5 . 8 .

Mass s p e c t r a l  d a ta  f o r  compounds -  5 .1 2 .

G e ( a c a c ) 2 * Z

Assignm ent 

GeCCjHyOa)^- 

Ge(C?HjoO^) : 

Ce(C^H^O^)* 

Ge(C,H O,)'*' 

Ge+'

Ion  Abundance

12.2  

. 1 .3

82.5  

4 . 0 .  •

0 . 0

'G e (p iv )^ , _5.^ 

A ssignm ent

G e(CiiH i9P2)

Ge(CigH2g02 ) ' 

GeCCiiHigOg)'*^

^®^*"10^15°2^ 
Ge(CgH^^0 2 )'^ ' 

Ge"*"'

R e la t iv e  I n t e n s i t y  

. 0. 2  

1 . 8  

94:0 
0 .3  

3 .7  

0 .0  ■

G e ( b e n ^ c ) ^ , 5.11

A ssignm ent

° " < S o “ 9°.2 >2 ‘
GaCCj^HgOj)

R e la t iv e  I n te n s i ty

1 . 2

9 8 .8

G e(d ibep iz)^ , 5 .12

A ssignm ent R e la t iv e  I n t e n s i t y

^®^^15^11°2^2 •
Ge (0^ 581102) ’*' 9 7 .2

. G e (b en zac )C l, .5._9 

A ssignm ent

G e ttlo H 902 )Cl'^-

Ge(C

GeCl

G e (d ib en z )C l, 5 .10

R e la tiv e  I n t e n s i t y  Assignm ent 

1 .3  

93.1 
5 .6

J le la t iv e  I n t e n s i t y

GeCC.gH^^opCl 

,Ge(C Hi^O^)

GeCl

+ . 2. 1

94.7
3.2

70eV io n iz in g  v o l ta g e .

% m e ta l-c o n ta in in g  io n s ,  summed w ith in  each fam ily  r e s u l t in g  

from is o to p e  d i s t r i b u t i o n  and hydrogen lo s s .

V
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ace to n a to )g e rm an iu m C tl) , 5.11 and b is  (d ibenzoyIm ethanato )'germ an ium (JI) , 
♦

5 .12  in  oa 95%̂  y ie ld  (e q u a tio n  ( 1 1 ) ) .  ‘

0 0 ,

CsGeCl, +
R Rg -NEt HCl

(benz'acH)RjI = Me," R  ̂ = 

(dibenzH )R 2 = ^

Ph

Compound

5.11 R, = Me, R. = Ph  .1 L
5.12  R, = R„ = Ph

-NEt HCl

Compound
2 - 2  R^=Ph,R2=Me

 ̂ - \ c i

+ 'NEt.

S:V ' ' Ge
/ '

Z ( 11 )

P re p a ra t io n J b f  r e l a t e d  germ an ium (II) -d e r iv a tiv e s  o f 1 , 1 , 1 - t r i -
•  ̂ ; . . 

f lu o ro a c e ty lâ c e to n e  o r  1 , 1 , 1 , 5 , 5 , 5 -H e x a flu o ro a c e ty la c e to n e  was
160 ■

n o t a tte m p te d  by t h i s  method s in c e  th e s e  6-d ik e to n e s  a re  known
\

to  form r e l a t i v e l y  s t a b l e  com plexes w ith  b ases  such as t r i e th y la m in e ,
•  • '  t

Compounds 2 -A  3^^ à p p a rç n t ly  a i r - s t a b l e  a lth o u g h

c o n ta c t w ith  e i t h e r  a i r  o r  w a te^  was avoided  w henever p o s s ib le ,

w h ile  compounds 2 * 2  ”  5 .12  a r e  b o t h . a i r -  and w a te r - s e n s i t iv e .  \

Some p h y s ic a l  and a n a l y t i c a l  d a ta  f o r  compounds 5 .6  -  5 .12  a re

g iv e n  in  T ab le  5 .1 . '  ' '  ̂ '

The mass s p e c t r a l  d a ta  f o r  compounds 2*Z “ 2 'JZ . ta b u la te d  
'

» in  T ab le  5 .8 . '  These d a ta  a r e  s ÿ n i l a r  to  th o s e ,r e p o r te d  fox  th e
3A ' 159  ̂ *

co rre sp o n d in g  t i n  d e r iv a t iv e s ,^ /—̂  showing a weak m o le c y la r  io n ,

with^ th e  m ost abundant m e ta l e o n ta ^ n i i^  io n  q o rresp o n d in g  to  th e

-H-
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lo s s  o f one e h e la te .  F rag m en ta tio n  w ith in  th e  o rg a n ic  p o r t io n  

o f th e  m o lecu le  was observed  f o r  some compounds, th u s  b i s ( a c e t y l -  

ace to n a to )g e rm an iu m (II)  fo rm a lly  lo s e s  th e  ace ty len e ,C H 2C=CH 

(e q u a tio n  ( 12) ) ,  _

12 . 2>

-CH^CSCH 0 ,

(CgH^0 2 )Ge

(1.3)'

C-CH,

, -CH„CECH 
-+ 3'

Ge(CgHyOg)

(82.5)

- f
Ge ^ C - C H 3

0

(4.0)
, . . . ( U )

w h ile  b is (d ip iv a lo y lm e th a n a to )g e rm a n iu m (II)  has low abundance io n s  

r e s u l t i n g  from lo s s  o f a m e th y l r a d ic a l  and com plete  lo ssc  o f a

' - t e r t b u t y l  group.

The I  R s p e c t r a  6 f compounds (T ^b le  5 . 9 )

show"a s ig n i f i c a n t  re d u c t io n  in  v(C=0) compared 

. , ' . TABLE 5 .9 .

I n f r a r e d  ca rb o n y l s t r e t c h in g  f re q u e n c ie s  fo r  compounds _ 5 ^  -
t

'  v(C=0)

1 5 8 0 (g ), 1540(m) ' • .
1 5 7 0 (s ) , 1539tm) ,

. ' 1592(m), 1525(s) - ' '
, ' 1585(w); 1520,(s)

1590(m), Ï53Q(vs) \ .
1585(w), 1523(s)

3und ,

Ge"^acac)2 » _5.2 

. G e (p iv )2 > 2 "A 

G è(b èn zac )C l, 2 - 2  

G e(d ibenz) C l, 5 .10  

G e(b en zac)2 * 5.11 

G e ( d i b e n z ) 5.12.
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^   ‘ .  *  ‘ '
to  co rresponding- a b s o rp tio n s  f o r  th e  f r e e  d ik e to n e  in d i c a t i v e  of

«
in t r a m o le c u la r  c o o rd in a tio n  in v o lv in g  th é  caTbonyl oxygen atom.

\  34 159
These s p e c t r a  a r e  a ls o  s im ila r ,  to  th o se  re p o r te d  fo r  th e

co rresp o n d in g  t i n  compounds, c o n s is te n t  w ith  germanium and " tin

analogues b e in g  i s o s t r u c t u r a l . -  x-
1 1 3  => ' '

The H and C NMR s p e 'c t r a l  d a ta  fo r  compounds _5*Z “

a re  ta b u la te d  in  T ab les  5 .1 0  @nd 5 .1 1  (s e e  a ls o  F ig u re  5 .2  ),.-

The r e s u l t s  a re  c o n s is te n t  w ith  b o th  c h e la t in g  k e to e n o la te  s u b s t i tu e n ts
- .  . . . ' 

b e in g  é q u iv a le n t  (compounds 5 . 1 2 ) , and f u r th e r

when R. = R^ (s e e  8) ,  RJ and R^ b e ing  m a g n e tic a lly  e q u iv a le n t .

H

E, R.

0

— \
T his i s  good ev id en ce  f o r  c o o rd in a tio n  of- th e  c a rb o n y l group tç

germanium ( ie . in t r a m o le c u la r  a s s o c ia t io n )  . «-Egj^-compounds

5.11 and 5 . 1 2 , s te p w is e  rep la cem e n t o f  m e th y l by p h en y l .g roups 

r e s u l t ^  in  th e  d e s h ie ld in g  of re so n an ces  f o r  th e 'm e th in e  p ro to n  ‘

[6 (CH):_ ‘5 .10  Ge , ( a c a c ) 6.01  Ge(benzac)^, 6 .7 6  G e(d ib ^ n z)^ ] w ith

* 1 3  2co rresp o n d in g  re so n an ces  i n  th e  C -NM&. spec trum  f o r  th e  C carbons

having much s m a l le r  s h i f t  d i f f e r e n c e s .
■C ' ' . , .

'I



&
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PIGURET 5 .2 .  H NMR -spectrum  o f  b i s  ( a c e ty la c e to n a to )  germanium ( I I )  in  CDCl^at 27°C.

00

J
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TABLE 5.'10.

l a  'H NMR d a ta  f o r  compounds _5.7_ -  5 .1 2 .

A

■ X
Compound R i R, , c  -  H

^1 ■ •^2 X

Me ' Ph Cl 2 / 3 0 .  7 . 2 2 - 8 . 0 7 ^ 6 . 5 2

Me Ph ' 2 , 0 8  7 . 0 8 - 7 . 9 3 b 6 . 0 1

Ph
1

Ph Cl 7 . 3 0 - 8 . 2 1 b 7 . 1 8

Ph ' Ph
. »

. /L 1 2 - 8 . 1 0 ^ 6 . 7 6

Me Me 1 . 7 0  , )  5 . 1 0

t^Bu t-B u 1 . 1 3 5 . 7 6

« •

^ CDCl- was used as  s o lv e n t ,  TMS as i n t e r n a i  r e f e r e n c e ', , chem ica l 

s h i f t  v a lu e s  in  ppm dow nfie ld  from TMS,

^ M u l t ip le t ,



TABLE 5 . 1 1 .

«
NttR ^ s p e c t r a l d a ta f o r  compounds -  _5-ll' y "*

, - ;
1

«
■ V •

.^1
X

, " i  S . ‘ s R^CII^ Ph - t-B u

* ^1 ^22' ^33' C4

Me . Ph- ' Cl 191 .4  179.1 100.1 28.3 .135.6 129 .0 128.5 132 .5  . -

Me Ph 192:2 181.1 9 8 .3 28.6 'I37\f 128 .5 • 127.7 131.8 ■
0

Ph Ph 61 183 .0 9 6 .9 136 .3 129.1 128 .6 134 .0 • .

P h . Ph. * 183.7 95.3 135 .9 128.7 ^ ^ 7 . 5 Ï33.2 •
-

Bu^ Bu^ 201 .5 9 0 .8 4 1 .0 . 2 7 .6
• . -

► ^

^ CDC1_ was used  aS s o lv e n t  and I n t e r n a l  r e f e r e n c e ,  ch e m ic a l s h i f t  v a lu e s  -in ppm d o w n fie ld  from  TMS. 
. 3 ' _

V

s
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B .3 . S y n th e s is  and S t r u c tu r e  o f  B i s ( t r i p h e n y lp h o s p h in e ) b i s [ b i s ( a c e ty l - ‘

• . ,a c e to n a to )g e rm y le n e ]-  and B is ( t r ip h e n y lp h o s p h in e )b i s [b i s ( a c e ty l - ' 

a c e to n a to )s ta n n y le n e ] fp la t in u m (0) .

B is ( t r ip h e n y lp h o s p h in e )b is [b is (a c e ty la c e to n a to g e rm y le n e ) ]p la t in u m (0 )

(5 .1 3 ) and b is ( t r ip h e n y lp h o s p h in e ) b i s [ b i s ( a c e ty la c e to n a to ) s ta n n y le n e ) ] -

p la tinum (O ) (5 .1 4 )w ere  p re p a ré d  in  alm ost q u a n t i t a t iv e  y ie ld  from

th e  room -tem pera tu re  r e a c t io n  o f  P t(P P h^)^  w ith  two e q u iv a le n ts

o f b is (a c e ty la c e to n a to ) -g e rm a n iu m (I I )  and - t i n ( I I )  r e s p e c t iv e ly .

R e a c tio n  o f two e q u iv a le n ts  o f b i s ( a c e t y l a c e t o n a t o ) t i n ( I I )  w ith

V, P t(P P h 2) 2 (''f“ C2'H^) in  to lu e n e  and subsequen t a d d i t io n  o f hexane

a f fo rd e d  orange c r y s ta l s  o f _5 .j^  s u i t a b l e  fo r  X -ray  d i f f r a c t i o n .
'

S i g n i f i c a n t l y , no r e a c t io n  ta k e s  p la c e  on s t i r r i n g  a to lu e n e  

s o lu t io n  o f P t(P P h ^)^  and Sn(q^-CgH^CH2^ ,a t  ro o m -tem p era tu re  over '

6h . R e la te d  r e a c t io n s  o f o th e r  o rg a n ic  germ anium (II) and t i n ( I I )  

d e r iv a t iv e s  w ith  P t(PPfi2)^  and Pd(PPli2) ^ ‘ a re  c u r r e n t ly  underway 

in  t h e s e - l a b o r a t o r i e s .
i

R eac tio n  o f th e  t i n  d e r iv a t iv e  _5 .j_4 w ith  an excess (>3 e q u i-  

v a le n ts )  o f r e s u l t s  in  c leav ag e  of th e  t in -p la t in u m  lin k a g e  and 

fo rm a tio n  o f th e  c o rre sp o n d in g  t in ( IV )  and p la t in u m ( l l )  d i io d id e s .

A s im i la r  c leav ag e  o f th e  p la t in u m - t in  bond was observed  in  r e a c t io n s  

o f ._5.1_  ̂ w ith  anhydrous HCl o r  M el.

The IR - s p e c tra  o f compounds (T ab le  5 .1 2 ) bo th

— 1 *show bands n ear ' 1600cm due to  v(C=0() in  alm ost ' i d e n t i c a l  p o s i t io n s

to  th o se  re p o r te d  f o r  th e  co rre sp o n d in g  f r e e  germ an ium (lf) (T ab le  
%

5 .9  ) and t i n ( I I )  d e r iv a t iv e s .  T h is  in d ic a te s  th a t  c o o rd in a tio n
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onto  the  P t  c e n t e r  does .not e f f e c t  th e  i n t r a m o le c u la r  c o o rd in a t io n

\
o f  th e  k e to e n o la t e  a t  th e  6 e o r  Sn c e n te r  and tjius  th e s e  c e n te r s

'  I '

a r e  p ro b ab ly  f iv e  c o o r d in a te .  •

. . TABLE 5 .1 2 .

 ̂ I n f r a r e d  c a rb o n y l s t r e t c h i n g  f r e q u e n c ie s  -for compounds 5 . j J  and 5 .1 4 .

Compound v(C=0)

P t(B Ph2) 2 [S n (acÿ c )2]2  - 1575, 1530

P t(P P h 2) 2 [G e(acac )2]2  1370 , 1532

J h e  NMR s p e c t r a  ( T a b l e .5 .1 3 ) c o n ta in  s i g n a l s  c e n te re d  •

a t  c a .6 7 .5  (1 5 ,m), 4 ,2  ( 2 , s )  and 1 .3 (1 2 , s )  a t t r i b u t a b l e  t o  C,H_,
- 6-5 :

C^, and p ro to n s  r e s p e c t i v e l y ,  c o n s i s t e n t  w i th  th e  p re se n c e

o f  two M (acac)2 > M — Ge o r  Sn groups and two tr ip h .en y lp h o sp h in e  

groups of P t .

TABLE 5 .1 3 .  . '

NMR d a ta ^  f o r  compounds 5 .13 and 5 .1 4 .

NMR̂

31 '  <F  NMR

Compound* CH.—3 CH

5.13 1.30 4»26 7.52^
i . L 4 1.31 4.23  ■ 7.48^

3,

Compound ‘ I j(P t-P )C H z) 2 j(1 1 7 ,1 1 9

5 .2 1 110.1 5252 . 445
5.14 116.0 en .o .

Sn-P) (Hz)

f . .A ll  s p e c t r a  re c o rd e d  i n  C^Dg. ppm dow nfie ld  from, TMS. ^Broad m u l t i p l e t .  
R e la t iv e  to  TMP. ^ Not o b se rv e d .  ' ' *'



TABLE 5 .1 4 .

S t r u c t u r a l  d a t a  f o r  some p la t in u m (O ) com plexes .

Compound (|Pt - P )  & (P -  P t  -  P) R e fe re n c e

Pt(PEtPh2)2(C0)2

Pt(PPh2)2(C0)

Pt(PPh2)gS02

(5 .1 4 )

Pt(PPh3>3

Pt(PBu2Ph)2

2 .360  (4) 

2 .340  (2) 

2 .348  (3) 

2 .261  (4) 

2 .265  

2..252

9 7 .6  (2)

111 .4  (1)

118.4 

120 .1  ( 2) 

122

177

161

162

163,164

t h i s  work

165

166

00
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31
P NMR d a ta  (Tab le  5 .13 )  f o r  th e  p la t in u m  compounds 5 .1 3 ”and 5 .14  

c o n s i ^  of s i n g l e t  resonances  a t  110 .1  and 116.0  w ith  t h a t  f o r  th e  

t i n  compound h av ing  s a t e l l i t e  l i n e s  due to  coup ling  to  bo th

P t ( l  = Î5) ,  ( J  = 5252Hz) and = %), ( ^ j  = 445Hz).

1
The l a r g e  v a lu e  f o r  J ( P t - P )  i s  i n d i c a t i v e  o f  a p la tihum (O ) compound, 

being, i n  f a c t  somewhat l a r g e r  th a n  th o s e  r e p o r te d  f o r  o th e r  

z e r o v a le n t  p la t in u m 'co m p lex es  in c lu d in g  P t(PPhg) (n =2 ,3  o r  4 ) .

The c r y s t a l  and m o le c u la r  s t r u c t u r e  o f  b i s ( t r i p h e n y l p h o s -

p h i n e ) b i s [ b i s ( a c e t y l a c e t o n a t o ) s t a n n y l e n e ] p l a t i n u m ( 0 ) ,' 5 . 1 4  w a s

de te rm ined  by Ms. E .T . Brennan and P r o f e s s o r  T.S«. Cameron a t  

D a lh o u s ie  U n iv e r s i ty  u s in g  X -ray c r y s t a l l o g r a p h y .  The m o le c u la r  

s t r u c t u r e  o f  compound i s  shown i n  F ig u re  5 . 3 .  The two PPh^

and ' th e  two S n (a c a c )2  U n its  a re  d is p o se d  about th e  p la t in u m  c e n te r  

i n  a d i s t o r t e d  t e t r a h e d r a l  arrangem ent w i th  a wide (P -P t-P )  

an g le  ( 120 . 1° ) ,  t h i s  d e s p i t e  th e  p re s e n c e  o f  th e  bulky t i n  c o n ta in in g  

l ig a n d s .

The P t-P  bond d i s t a n c e ,  2 .261(4 )  i s  c lo s e  to  P t-P  bond 

d i s t a n c e s  which have b^en de term ined  f o r  P t(P P h 2)^^^and P t ( P B u ^ h ) ^  

(Table  5 .1 4 ) ;  however i t  i s  s i g n i f i c a n t l y  s h o r t e r  than th o s e  observed  

fo r  some f o u r - c o o r d in a t e  p la tinum (O ) compounds. T h is  i s  c o n s i s t e n t  

w ith  poor n - a c c e p to r  c a p a b i l i t y  o f  th e  t i n  l ig a n d s  r e s u l t i n g  i n  

enhanced n -d o n a t io n  o f  P. The s h o r t  P t-P , bond le n g th s  i n  PtCPPhg)^ 

'"and P t(PB u2Ph)2  have however been r a t i o n i l i z e d  i n  terms of 

changes i n  h y b r id i z a t i o n  a t  P t  r a t h e r  th an  i r - e f f e c t s .  *

Both t i n  c e n te r s  have a d i s t o r t e d  t r i g o n a l  b ipy ram id# !
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geom etry w i th  th e  p la t in u m  occupying one p o s i t i o n  i n  th e  e q u a t o r i a l

p la n e  ^ F ig u re  5. 4 ) .  This  geom etry i s  s i m i l a r  to  t h a t  r e p o r te d ^ ^
* ' 

f o r  th e  uncomplexed Sn(henzac ) 2  w ith  v a lu e s  f o r  c o r re sp o n d in g  bond

d i s t a n c e s  and bond an g le s  b e in g  a lm ost i d e n t i c a l .

S e v e ra l  s t r u c t u r a l l y  u n r e la te d  t r a n s i t i o n  m e ta l  compounds ■

i n  which a  germ anium (II) o r  t i n ( I I )  c e n t e r  fu n c t io n s  as a two

e l e c t r o n  donor t o ; t h e  m e ta l  have p r e v io u s ly  been c h a r a c t e r i z e d .

Thus th e  c r y s t a l  s t r u c t u r e s  o f  Cr(C0)^M[CH(SiMe2) 2 ] 2 » M = Ge and

c o n ta in  t h r e e  c o o rd in a te  germanium and t i n  atoms r e s p e c t i v e l y  (9 ) ,

w i th  th e  atoms C ( l ) ,  C (2 ),  M and Cr l y in g  i n  ap p ro x im a te ly  th e

same p la n e ,  a  r e s u l t  a t t r i b u t e d  to  back  d o n a t io n  from Cr to  M.

I n t e r e s t i n g l y . t h e  c r y s t a l  s t r u c t u r e  o f  Cr(CO)^Sn(Bu^)2 ( p y r i d i n e ) . (1 0 )^ ^

has th e  t i n  atom out of th e  0 ( 1 ) ,  0 ( 2 ) ,  Or p la n e  r e f l e c t i n g  a

d e c re a se  i n  back dona t ion  -from Or to  Sn upon in c o r p o r a t i o n  o f  '

th e  p y r id in e  m olecu le .

\ l  i
M Or-

(Me3Si),CH(2)
\

00

CO

M = Ge, Sn

00

9

00

00Or

CO
00

10

Benzac = b e n z o y la c e to n a to .
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Sn

S n

’ «FIGURE 5 .3 .  The m o lecu la r  s t r u c t u r e  o f  5 .1 4 ,

b l s ( t r i p h e n y lp h o - s p h in e ) b i s [ b i s ( a c e ty l a c e t o n a to ) s t a n n y l e n e ] p la t in u m ( 0)
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FIGURE 5 .4 .  The l o c a l  geom etry about t i n  i n  5 .1 4 ,

b i s ( t r i p h e n y l p h o s p h i n e ) b i s [ b i s ( a c e t y l a c e t o n a t o ) s t a n n y l e a e ] p l a t i n u m ( 0)
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C. . EXPERIMENTAL.

B is (n  -■methylcyclopentadienyl)germaniuinOÎ5| ,  _5._1,

A s o l u t i o n  o f  Gel^ (1 .5 g ,  4.60mmol) i n  to lu e n e  (5QmL) was ,

added to  a s t i r r e d  s l u r r y  o f  KC^H^CH^ (1 .1 9 g ,  lOmmol) i n  to lu e n e  (50mL)

he ld  a t . c # . 5 ° C . ,  The te m p era tu re  of th e  r e a c t io n  m ix tu re  was

0 '  '  

m a in ta in e d  a t  ca,5 C and s t i r r i n g  co n tin u ed  f o r  3h, and th e  s o lv e n t -
,

was th e n  removed -in vaouo. A d d it io n  o f  hexane (50mL) fo llow ed 

by f i l t r a t i o n  and c o n c e n t r a t i o n  o f  th e  f i l t r a t e  gave t h e  p ro d u c t  

as a, l i g h t  yello# o i l  (0 .9 2 g ,  3.91mmol, 85%). Anal. CaJ 

^ 12^1462  ( c a l c .  C 6 1 .92 ,  H 6 .0 9 ;  found C62.45 , H5.92%).

R eac tion  of b is (n ^ -m e th y lc y c lo p e r i ta d ie n y l)g e rm a n iu m ( l l )  w i th  

m ethyl i o d i d e .

To a s t i r r i n g  s o l u t i o n  of Ge(C H^CH_) (0 .116g , O.SOmmol) 

i n  to lu e n e  was added dropw ise Mel (0 .0 7 1 g , O.SOmmol) in

to lu e n e  (lOmL) and s t i r r i n g  con tinued  f o r  a f u r t h e r  Ih .  S o lven t  was 

th e n  removed by-pumping in  vacuo t o , g i v e  a v isc o u s  ye llow  o i l  ( l . S g ) .

B i s ( m e th y lc y c lo p e n ta d ie n y l ) ( b o r o n t r i f lu o r id e ) g e r m a n iu m ( l l ) , 5 .2 .

^ 3 * ^ ^ 2 ^  (0 -15g , l.Ommol) i n  to lu e n e  (20mL) wa^ added . 

d ropw ise  to  a s t i r r e d  s o l u t i o n  of Ge(C_H^CH_)2 (0 . 20g /  0 . 86mmôl) > 

in  to lu e n e  (20mL). A f te r  oa,5  min a ye l low  o i l  s e p a ra te d  a t  

the_^bottom o f  th e  f l a s k .  The uppef l a y e r  was sy r in g e d  o f f  and 

th e  ye llow  o i l  washed w i t h ,hexane (3 x 20mL) t o  le a v e  th e  ye l low  

v igcous a i r - s e n s i t i v e  p ro d u c t ,  _5'-l (0 .2 3 g ,  O'. 78mmof^ 91%).
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A ttem pted  r e a c t i o n  o f  t i s ( n  —m e t h y lc y c lo p e n t a d ie n y l ) g e r m a n iu m ( I I )  

w it h  - b e n z o y la ç e to n e .  *  ̂ '

• / .  '  '
A s o l u t i o n  o f  b en zo y la ç e to n e  ( 0 .174g_ l.OOmmol) i n  to lu e n e  (40mL)

# ^
was added to  a  s t i r r i n g  s o l u t i o n  of Ge(CrH,CH-)_ (0.116g, O.SOmmol.)

in  to lu e n e  (<20mh) and th e  s o l u t i o n  r e f lu x e d  f o r  6h . Removal o f  s o lv e n t

iti'Vaauo and a d d i t io n  o f  hexane <20mL) p r e c i p i t a t e d  a w h i te  
, - ' • - 1

s o l i d  (0, l,6g ) ^ id e f t t i f ie d  as b e n z o y la ç e to n e  by H NMR, I .R .  and M.S.

5-Reaction.<)f b i s ( n  -m e th y lcy c lo p en ta d ien y l)g .e rm an iu m (II )  w ith  

tropolon.e; s y n th e s i s  of b i s  ( t ro p o lo n a to )g e rm a n iu m (I I )  .

■•A 'solution o f  t f o p 6 lo n e (1 .2 1 g ,  lOmmol) i n  EtgO (25mL) was

a d d e d ‘t o  a' s t i r r i n g . s o l u t i o n  o f  GeCC^-H^CH^ ) 2 (1 .1 6 g ,  S.Ommol) "
^  ' 

in  hex§ne (20mhy. The p a l e  ye l low  s o l u t i o n  s low ly  darkened ,  and

a f t e r  O .Sh^^a ye llow  p r e c i p i t a t e ' s t a r t e d  to  form. The r e a c t io n

m ix tu re  was s t i r r e d  f o r  a f u r t h e r  Ih ,  th e  p r e c i p i t a t e  a llow ed to

s e t t l e ,  and .fhe  s u p e rn a ta n t  removed. The rem ain ing  s o l i d  was

washed w i th  Et„p (2 x I ^ L )  , and d r i e d  in  vacuo g i v i n g ' t h e

■product ï l . 2 3 g ,  '4r2mmol,84%)* as  a b r i g h t  ye llow  s o l i d .

Anal. C alcd . f o r  Ç^^H^^GeO^ ( c a l c .  0 5 3 .4 2 ,  H3.18; found 052,.75,

H3.37%L

' ' ■ ■ 5 '
R eac tio n  o f  b i s ( n  -m e th y lc y c lo p e n ta d ie n y l )g e rm a n iu m (II )  w i th

8-h y d rg x ÿ q u in o l in e (o x ïn e H ):  s y n th e s i s  of b i s (o x in e )g e rm a n iu m ( I I ) .

A ev o lu t io n  o f  8-h y d ro x y q u in o l in e  (1 .4 5 g ,  lO.Ommol) i n  E t„0  (ISmL) 

was added t o  a s t i r r i n g  s o l u t i o n  o f  Ge(C^H^CH2‘) 2 (1 .1 6 g ,  S.Ommol) 

in  hexane . The s o l u t i o n  d a rk e n e d ,  and a f t e r  Ih  a ye llow  p r e c i p i t a t e
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t

» s t a r t e d ' t,o ^ fom . The m ix tu re  was s t i r r e d  f o r  a f u r t h e r  3h,

th e  p r e c i p i t a t e  a llow ed t.o s e t t l e  and th e  s u p e rn a ta n t  removed. The
' f

rem ain ing  s o l i d  was washed w ith  Et^D (2 x lOmL) and d r ie d -  iyi vaouo 

giving., th e  product* (1 .7 3 g ,  4.&mn^,96%). as  a ye llow  soiled; Anal.

/  forC^gH^gGeNgOg ( c a l c .  C59;92, H 3 .3g ;-found  C60.26, H3.72%).

t 5 '
R e a c t io n  o f  b i s ( n  - m e t h y l c ÿ c l o p e n t a d ie n y l ) g e r m a n i u m ( l l )  w i t h  

» -

o-hydrokyacetophenone (hyapH ): s y n th e s i s  of b is (h y ap )g e rm an iu m ( I I ) .

'A 's o lu t io n  o f ,o -h y d ro x y ace to p h en o n e  (.1.36g, lO.Ommol) in  

hexane (2,5mL) was added to  GefCgH^CH^^,, (1 .16g  S.Ommol) i n  hexane 

(3 X 30mL) and d r i e d  in  vaouo g iv in g  th e  p roduc t (1 .2 5 g ,  3.65mmol,

' 73%) as a w h ite  s o l i d .  Anal, f o r  C^^H^^GeO-, ( c a l c .  0 5 6 .0 5 ,  H4.12;

■found 0 5 6 .5 6 ,  H4.,04%). . , i
/

- . g f  ̂ ^
R eac tio n  o f  b i s ( n  -m e th y lc y c lo p e n ta d ie n y l )g e rm a n iu m ( i l )  w i th  m e thano l.

- ' A s o l u t i o n  of MeOH (0 .0 6 4 g , 2 . (Wool) in  to lu e n e  (20mL) 

was added dropw ise tc ^ a  s t i r r i n g  s o l u t i o n  of Ge(0 _Ü^0H_)2  (0 .2 8 g ,  

l.Ommol) i n  to lu e n e ,  g iv in g  an immediate w h ite  p r e c i p i t a t e .  -

The s o l i d  was washed w ith  to lu e n e  (3 x 25mL) to  le a v e  a w h i te
■

s o l i d  (0 ,.3g). S im i la r  r e a c t io n s  were observed on mixing to lu e n e

s o l u t i o n s  of Ge(C H^CH.). w i th  EtOH a ik  PhOH.

, 5 • • ■ (
R e a c t io n  o f  b i s ( n  —m e t h y lc y c lo p e n t a d ie n y l ) g e r m a n iu m ( I I )  w i t h  p y r a z o l e .

'

P y ra z o le  ( 0 . I 4 g ,* 2 .Ommol) i n  to lu e n e  (30mL) was added 

d ropw ise  to  a s t i r r i n g  s o l u t i o n  of Ge^CgH^CH?). (0 .2 3 g ,  l.Ommol).

A f te r  3h th e  l i g h t  ye llow  p r e c i p i t a t e  which had formed was a llow ed
S

to  s e t t l e  and was washed w ith  to lu e n e  (3 x .25mL) to  g iv e  a l i g h t
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y e llow  s o l i d  ( 0 .5 2 g ) .  S im i la r  r e a c t io n s  wëre observed'" on mixing
r

to lu e n e  s o lu t i o n s  of GetCgH^CMg)^, w ith  1 , 2 , 4 - t r i a z o l e  and p y r r o l e .

■ *  "  '  ' — '
S y n th e s is  o f  b i s ( a c e ty la c e to n a to ) g e r m a n iu m ( I I ) .

f ~ ’ ■ ' i
N E t_ (2 .0 2 g ,  2.78mL, 2 0 ,Ommol) i n  hexane (^OmL) was added

dropw ise  t o  a s t i r r e d  m ix tu re  of CsGeCl^ ^3 .12g, lO.Ommol)

and a c e ty la c e to n e  (^/OOg, 2Ommol) i n  hexane ,(30mL)‘. .The m ix tu re  
'

was s t i r r e d  f o r  24h, th e n  f i l t e r e d ,  and th e  f i l t r a t e '« c o n c e n t r a t e d  

in  vaouo g iv in g  a l i g h t  y e l lo w  o i l .  S ub lim a tio n  i n yàouo - on to  '
. t-'

a w a te r  coo led  p ro W , m a in ta in in g  th e  te m p era tu re  o f  th e  sample

a t  oa .20 C^gave th e  pu re  p ro d u c t  as a l i g h f  ye l lo w  l i q u i d  (5 .13g ,  

9 , Ommol, 90%). iM al. C a l c d y f o r  ^gH^^GeO^ (c a lc .  0 4 4 ,3 3 ,  H5.21; 

found 04 3 .7 9 ,  H5,49%). ' ' ' '

S y n th e s is  o fv b is (d ip iv a lo y lm e th a n a to )g e rm a n iu m ( I I ) .

NMe^.Cl.OIg, 1.39mL, lO.Ommol) i n  hexane (2.0mL)  ̂ was added 

dropw ise  t o  a s t i r r e d  m ix tu re  of OsGeOl^ (3 .1 2 g ,  lO.Ommol) and 

d ip iv a lo y lm e th a n e  (3 .6 8 g ,  4 .1 8mL, 2 0 .Ommol) i n  hexane (30mL).

The m ix tu re  was s t i r r e d  f o r  a ^ ^ u r th e r  18h, th e n  f i l t e r e d ,  and 

th e  r e s u l t i n g  f i l t r a t e  c o n c e n t ra te d  in  vaoiw g iv in g  a l i g h t ,  

ye llow  o i l .  S u b l im a tio n  in  vaoip \ a t  110°0 on to  a -78°C
» ( ^ t

(dry  i c e /a c e to n e )  p robe  fo llow ed  by. r e c r y s t a l l i z a t i o n  from hexane 

a t  -30°0  gave th e  pu re  p ro d u c t  ,as a w h ite  c r y s t a l l i n e  s o l i d  

(3 .8 g ,  8 . 6mmol, 86%). Anal, c a l c d .  f o r  C22H2gGeO^ ( c a l c . * 060 .17 ,  

H8.72; found 0 5 9 .7 6 ,  H8.94%).
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’Attempted s y n th e s i s  o f  b i s (b e n z o y la c e to n a to )g e n n a n ± u m (I I ) . -
C

NEtg ( l .O lg ,  1.39mL, 1 0 .Ommol)ill t o lu e n e  (20mL) was added

dropw ise to  a s t i r r e d  m ix tu re  o f  CsGeCl^ ( 1 .56g,3«Ommol) and

b e n lo y la c e to n e  ( l . 6 2 g ,  lOmmol) i n  to lu e n e  (50mL^. The m ix tu re

was s t i r r e d  f o r  24h, th e n  f i l t e r e d ,  and th e  f i l t r a t e  c o n c e n tra te d

in  Vaeno g iv in g  a y e l lo w  o i l .  Dropwise a d d i t i o n  o f  hexane (25mL)

> y ie ld e d  a ye llow  s o l i d  which was ’washed w i th  hexane (3 x 20mL)

and d r ie d  in  vaouo . The r e s u l t i# &  ye llow  s o l i d * ( l . # g )  was shown 
1

by H NMR," IR and M.S. to  be a m ix tu re  of t h r e e  compounds, 

b e n z o y la ç e to n e ,  (b e n z o y lace to n a to )g e rm an iu m (II )ch lo i* id e ’ and 

b i s ( b e n z o y la c e to n a to )g e rm a n iu m ( I I ) . , u

S y n th e s is  o f  (b en zo y lace to n a td g erm an iu m (II )  c h l o r i d e .

N Et. (1 .0 9 g ,  1 . 39ml:,lOmmol) i n  to lu e n e  (20mL) was added '

d ropw ise  to  a s t i r r e d  m ix tu re  o f  CsGeCl^ (2 k l2 g ,  lOmmol) and .

b en zo y laçe to n e  (1 .6 4 g ,  lOmmol) i n  to lu e n e  (50mL). The m ix tu re  was

s t i r r e d  f o r  24h, th e n  f i l t e r e d ,  and th e  f i l t r a t e  c o n c e n tra te d  in

vaouo g iv in g  a ye l low  s o l i d  which was washed w ith  hexane (3 x 20mL)
♦

to  g iv e  th e  pu re  p ro d u c t  (2 .2 7 g ,  7.5mmol, 75%). Anal. C alcd .
%

f o r  C^gBgClGeOg ( c a c l .  099 .72 , H2.97; found 0 3 8 .1 1 ,  H 3.39%).

S y n th e s is  o f  b i s (b e n z o y la c e to n a to )g e rm a n iu m ( I I ) .

. NEC2 (0 .25g, 0.35mL, 2.5mmol) i n  to lu e n e  (20mL), was added 

d ropw ise  to  a s t i r r e d  m ix tu re  o f  (benzoy lace tona to )germ an ium  c h lo r id e  

(0 .7 6 g ,  2 . 5mmol) and b e n zo y lace to n è  (0 .4 1 g ,  2.5mmol) i n  to lu e n e  (50mL) 

The m ix tu re  was s t i r r e d  f o r  24h, th e n  f i l t e r e d ,  and th e  f i l t r a t e
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^  c o n c e n t ra te d  in  vaouo g iv in g  a  b r i g h t  y e l lo w  s o l i d  which was washed 

w ith  hexane (3 x 20mL)‘ to  g iv e  th e  pu re  p ro d u c t  (0 .9 7 g ,  2.45mmol, 

•98%). Anqli ca lcd  f o r  C2QH^gGeO^ ( c a l c .  C60.82, H 4 .5 9 ;  found 

C60.45, H4.79%J. E x a c t ly  analogous r e a c t i o n s  to  th e  two d e s c r ib e d  

above u s in g  d ibenzoylm ethane i n  p la c e  o f  b en zo y laçe to n e  gave 

pure  (d ibenzoy lm e thana to )ge rm an ium (II)  c h l o r i d e  and b i s ( d ib e n z o y l -  

m e th a n a to )g e rm ^ n iu m (II ) .

S y n th e s is  o f  b i s  ( t r ip h e n y lp h o s p h in e )  b i s  ( b i s  (a c e ty ) .a c e to n a to )  stann>- 

 ̂ y le n e ] p la t in u m ( 0 ) .

A s o l u t i o n  o f  S n (acac )2  (0 .1 0 5 g ,  O.,33mmol) in  to lu e n e  (15mL) 

was added dropw ise  to  a s t i r r e d  s o l u t i o n  o f  P t(P P hg)^  ( 0 . 20g ,

0.16mmol) i n  to lu e n e  C25mL). The m ix tu re  was s t i r r e d  fo r  a 

f u r t h e r  3h, th e  volume reduced  to .ca ,5m L  by pumping in  vaouo 

and hexane (30mL) added. The r e s u l t i n g  ye l low  s o l i d  was washed 

w ith  hexane (3*x 30mL) and d r i e d  by pumping in  vaouo to  g iv e  t ^  

pu re  complex as a b r i g h t  ye l lo w  s o l i d  (0 .2 0 g ,  0 . 15mmol, 94%),
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