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ABSTRACT

The p o s s ib le  mechanisms by which an a lk y l  group may t r a n s f e r  from 

one m etal to  an o th er have been  rev iew ed , to g e th e r  w ith  evidence fo r  th ese  

mechanisms. The n a tu re  and p ro p e r t ie s  o f th e  o rg an ic  d e r iv a t iv e s  o f th e  

Group I I  m e ta ls  have been  rev iew ed , w ith  p a r t i c u l a r  re fe re n c e  to  th e  

a ik y lm e ta l h a l id e s .

In  th e  p re s e n t work th e  r e l a t i v e  r a t e s  of r e a c t io n  o f d im e th y lz in c , 

d ie th y lz in c  and d i-n -p ro p y lz in c  w ith  phenylm ercurie  c h lo r id e  were found to  be 

in  th e  o rd e r

Me^Zn Et^Zn n-Pr^Zn 

(100) (450) (l6 g o )

in  r e f l ’uxing d ie th y l  e th e r ,  by co m p etitio n  experim en ts in  w hich m ix tu res

of tiTO d ia lky lz inC s were allow ed to  r e a c t  w ith  a d e f ic ie n c y  o f phenylm erouric

c h lo r id e . The mechanism o f th e  re a c t io n  of a d i  a lk y l z in c  w ith  p h en y l-

m ercuric  c h lo r id e  under th e se  c o n d itio n s  i s  su g g es ted  a s  be ing  an S^i one,

in v o lv in g  a c lo se d , four-membered, t r a n s i t i o n  s t a t e .  The same d ia lk y lz in c s

re a c te d  a t  th e  same r a te  w ith  phenylm erouric c h lo r id e  in  te tra h y d ro fu ra n  in

s im ila r  co m p e titio n  experim en ts.

The re a c t io n  o f  d ie th y lz in c  w ith  phenylm erouric  c h lo r id e  was too  

f a s t  to  be fo llow ed  k in e t i c a l l y ,  in  b o th  s o lv e n ts . S im ila r ly  th e  r e a c t io n s  

of phenylm erouric io d id e , e th y lm ercu ric  io d id e  and m ercuric  io d id e  w ith
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te tra h y d ro fu ra n  s o lu tio n s  o f ’’e th y lz in c  io d id e ” were to o  f a s t  to  fo llo w  

k in e t i c a l l y .

In v e s t ig a t io n s  in to  th e  n a tu re  o f " e th y lz in c  io d id e ” so lu tio n s  

have shown th a t  monomeric E tZ nI does e x i s t  in  both  e th e r e a l  and te tra h y d ro ­

fu ra n  so lu tio n s*  The e x is ten c e  o f EtZnBr in  te tra h y d ro fu ra n  i s  suggested . 

In  th e se  s tu d ie s  use was made of b o th  NoMok, sp ec tro sco p y  and th e  f a c t  

t h a t  i t  was found in  the  p re s e n t work t h a t  N , N , N '  - te tra m e th y le th y le n e -  

diam ine forms 1 : 1 s o lid  complexes w ith  th e se  e th y lz in c  h a l id e s .
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CHAPTER I

THE MECHANISMS OF METAL TO METAL ALKYL EXCHANGE

The re a c - t iv ity  of o rg an o m e ta llic  compounds

A la rg e  range o f p ro p e r t ie s  i s  e x h ib ite d  by o rg a n o m e ta llic  compounds. 

Eor th o se  in  which a carbon atom i s  jo in e d  to  a h ig h ly  e le c t r o p o s i t iv e  

m etal such as sodium or po tassium  a h igh  degree o f  io n ic  c h a ra c te r  i s  shown. 

In  th e  compounds o f  th e  Group I I  and I I I  m e ta ls  the  io n ic  c h a ra c te r  g iv e s  

way to  a co v a len t one, and some of th e se  compounds show a s s o c ia t io n .

W hilst the  compounds o f th e  Group I  m eta ls  have, in  g e n e ra l , h igh  m e ltin g  

p o in ts ,  th o se  of Groups I I  and I I I  have low m eltin g  p o in ts .  High chem ical 

r e a c t iv i ty  i s  a f e a tu re  of most o f th e se  compounds. Many of them r e a c t  

w ith  o]ggen and m olecu les co n ta in in g  a c t iv e  hydrogen o r ha logen , w ith  

halogens them selv es , and carbony l g roups. The exchange o f a lk y l  groups 

from one a ik y lm e ta l to  an o th e r , o r to  a m e ta l l ic  h a lid e  i s  a lso  a f e a tu re  

o f the ch em istry  o f th e se  compounds.

Scope

In  t h i s  c h a p te r  i t  i s  proposed  to  rev iew  th e  p o s s ib le  mechanisms by 

which an a l t y l  group may t r a n s f e r  from  one m eta l to  a n o th e r . The in f lu e n c e  

of v a rio u s  f a c to r s  such, as in d u c tiv e  and s t e r i c  e f f e c t s  and so lv e n t e f f e c t s  

upon each mechanism w i l l  a lso  be d iscu ssed . Evidence f o r  each o f th e se  

mechanisms in  a lk y l  exchange g a in ed  from k in e t i c  and s te reo ch em ica l 

s tu d ie s  w i l l  th e n  be examined in  th e  second p a r t  of t h i s  c h a p te r .



P a r t  A; P o ss ib le  mechanisms

The f i r s t  fo u r mechanisms a re  examples o f e le c t r o p h i l ic  s u b s t i tu t io n  

a t  a s a tu ra te d  carbon  atom, and s e v e ra l  rev iew s have been p u b lish e d  on 

t h i s  s u b j e c t 1 ,2 ,3>4] •

( i )  ÏÏnim olecular e l e c t r o p h i l ic  s u b s t i tu t io n .  (S ^ l)

The n a tu re  o f  a  carbon to  m e ta l bond i s  such th a t  to  a g r e a te r  

o r l e s s e r  e x te n t i t  may be w r i t t e n  as -  The 8^1 mechanism

depends on th i s  n a tu re  reach in g  i t s  l i m i t ,  and i s  w r i t t e n  t

1
7----------------- (1)

F i r s t  o rd e r k in e t ic s  would be ex p ec ted  f o r  a r e a c t io n  proceeding  by t h i s  

mechanism. I f  the  .a-carbon atom o f  th e  group R were a  c e n tre  of 

asymmetry i t  would a lso  be expected  th a t  t h i s  would undergo ra c é m isa tio n  

in  s u c h  a mechanism. However, th i s  mechanism vjould be expected  to  be 

promoted by p o la r  s o lv e n ts , in  which o p t ic a l  a c t i v i t y  m ight be u n s ta b le  

anyway: a lthough  th e  carban ion  would be s t a b i l i s e d  i f  i t  co n ta in ed  a group

which co u ld  accommodate th e  charge, e .g .  by re so n an ce . Added s a l t s  would 

a c c e le ra te  th e  r e a c t io n  by in c re a s in g  th e  p o la r i ty  of the  medium, R groups 

hav ing  a +I e f f e c t  would r e t a r d  th e  mechanism and th o se  having a - I  

e f f e c t  would a s s i s t  i t .  This mechanism i s  a  p e r f e c t  analogy  to  th e  8^1 

mechanism, a p a r t  from  th e  l a s t  c o n s id e ra t io n , i n  which th e  converse  vmuld 

app ly .
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( i i )  B im olecu lar e l e c t r o p h i l i c  s u b s t i tu t io n  (8^2)

The S-,2 mechanism, w r i t t e n  as :

^  k : ' "  " \  ^  t >  _  i \ , i r  j .  n / r

2

should show second o rd e r  k in e t ic s  i n  d i lu te  s o lu tio n  w ith  th e  r e a c ta n ts  

in  approx im ate ly  equal co n cen tra tio n s#  Two t r a n s i t i o n  s t a t e s  a re  p o s s ib le  

f o r  t h i s  mechanism ;

!i+ %   H. M   ■•'V. \  ^  +>2 C D  CA

/ à
I t

/ % ̂ '^2  

(I) (II)

U nlike th e  8^2 mechanism th e  a tta c k in g  e n t i t y  does n o t b r in g  i t s  bond 

e le c tro n s  w ith  i t  so th e re  i s  no com pulsion f o r  a t r a n s i t i o n  s t a t e  s im i la r  

to  ( l )  to  occu r, le a d in g  to  in v e rs io n  o f c o n f ig u ra t io n  a t  th e  a -ca rb o n  

atom. Thus on th e o r e t i c a l  grounds i t  i s  n o t p o s s ib le  to  p re d ic t  w hether 

r e te n t io n  or in v e rs io n  o f c o n f ig u ra tio n  shou ld  be th e  r u le  f o r  8^2. 

However, i t  has been shown by wave m echanics [ 5] t h a t  th e  optimum angle  

betw een th e  e n te r in g  and le av in g  groups i s  7^° 4-8', which would in d ic a te  

th a t  t r a n s i t i o n  s t a t e  ( H )  and hence r e t e n t io n  o f c o n f ig u ra t io n  m ight 

be fav o u red . The occurrence  of th e  p o la r  t r a n s i t i o n  s t a t e  would be 

enhanced in  p o la r  s o lv e n ts , and added s a l t s  would a lso  promote th e  

mechanism. The p resence  of la rg e  groups on th e  a t ta c k e d  carbon atom
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m ight have an adverse  e f f e c t  upon the  r a t e  o f r e a c t io n  by t h i s  mechanism, 

p a r t i c u la r ly  i f  i t  p roceeded w ith  in v e rs io n  o f c o n fig u ra tio n *  ;

( i i i )  I n te r n a l  e l e c t r o p h i l i c  s u b s t i tu t io n  (S ^ i)

The Sgi mechanism may be w r i t t e n  as  :

i -|
EM, + ^  j s ( l ) ! { ( 2 ) x !   + ÎLX   (3)

^  I \ K .  " I ^

\  M '

Second o rd e r  k in e t i c s  would ag a in  be ex p ec ted , b u t s in ce  th e  t r a n s i t i o n  

s ta te  i s  c y c l ic  w ith  a t  l e a s t  e l e c t r o s t a t i c  bonding, r e te n t io n  o f con­

f ig u r a t io n  would be ex p ec ted . Added s a l t s  should  have no e f f e c t  in  the  

normal way s in ce  th e  t r a n s i t i o n  s ta t e  i s  no t p o la r ,  b u t i f  th e  an ion  of 

th e  added s a l t  should  complex w ith  th e  s u b s tr a te  i t  would a s s i s t  n u c le o - 

p h i l i c  a t ta c k  on I f  th e  r e a c t io n  betw een RM̂  and M̂ X i s  w r i t t e n  as

an S 2 mechanism :Üi

E ( l ) j  (2 ) X -------- >  EM„ + ÎL* + X -----------  (4)( I j l  ( 2 ^  -------->  ^ 2  + «1 + X

2

i t  becomes a p p a ren t th a t  th e re  i s  on ly  a sm all d if f e re n c e  betw een th e  3^2 

and the  S i  mechanisms, and th a t  one may w e ll shade in to  th e  o th e r .  I f  

an S X  mechanism proceeded in  a  p o la r  so lv e n t th e  m eta l s a l t  produced 

m ight d is s o c ia te  anyway.
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( iv )  B im olecu lar fo u r -c e n tre d  s u b s t i tu t io n  (S^,2)

This mechanism was named by Dessy F  ̂ and as w r i t te n  by hjim i s  

an a l t e r n a t iv e  name f o r  th e  S ^ i mechanism. A lthough i t  does i l l u s t r a t e  

th e  p o in t  t h a t  n u c le o p h ilic  a t ta c k  on îvî̂  cou ld  be th e  d r iv in g  fo rc e  

behind  re a c t io n  as w e ll a s , o r  i n  p lace  o f , e le c t r o p h i l i c  a t ta c k  on R. 

Dessy p re fe r s  to  re se rv e  th e  symbol S^i f o r  an in tra m o le c u la r  mechanism 

such a s  :

r  u i
I i !

X I ------ :> I X , -------» EX + Y --------  (5 )

E  I !
iL.. .J.

(E b e in g  an e l e c t r o p h i l ic  g roup).

(v) tPhe SgC mechanism

The nex t lo g ic a l  s tep  in  p ro g re s s io n  from th e  l a s t  th re e  mechanisms i s  

one i n  w hich th e  f i r s t  s tep  i s  c o o rd in a tio n  onto th e  m eta l atom a tta c h e d  

to  th e  group R, fo llo w ed  by a 1 ,2  (o r  1 ,3  o r 1 ,4 )  s h i f t  o f the  group R 

onto an e le c t r o p h i l i c  c e n tre  in  th e  c o o rd in a ted  group. The name S^C has 

been suggested  [61 f o r  t h i s  mechanism, which in  i t s  s im p le s t form  may be 

w r i t te n  :
X I

M N  -Nf) M -  N

R E  r V b  R - S

where K and E a re  groups w ith  n u c le o p h ilic  and e le c t r o p h i l i c  te n d e n c ie s .
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re sp e c tiv e ly *  The i n i t i a l  c o o rd in a tio n  s tep  w i l l  be in f lu e n c e d  by th e  

tendency o f N to  c o o rd in a te  and th e  e le c tro n  d e f ic ie n t  p ro p e rty  o f th e  m etal 

atom, w hile  th e  second s to p , th e  c leavage o f R, w i l l  be prom oted by an 

R group w ith  a + I e f f e c t .

This mechanism may be w r i t t e n  as fo llo w s  :

%  + MgEg ---- ^   >  %  +   (7 )

' - ' ■ r

where b o th  s te p s  may be r e v e r s i b l e ,  , At f i r s t  s ig h t  t h i s  may appear to  

be s im ila r  to  th e  S^ i mechanism b u t th e  need f o r  c o n s id e rin g  t h i s  a s  a 

se p a ra te  mechanism a r i s e s  from  th e  f a c t  t h a t  c e r t a in  a lk y l  exchange 

re a c t io n s  have been observed  to  p roceed  much f a s t e r  th a n  e le c t r o p h i l i c  

exchanges w ith  m ercury compounds and a lk y l  exchanges a re  n o t c o n sid e red  to  

occur in  th e  m ercury system s o th e r  th a n  th rough  mechanisms in v o lv in g  

m ercury a tta c h e d  to  an an ion  [ 7 ]• In  o th e r  words i n  the  a lk y l  b rid g e  

mechanism b o th  b r id g in g  groups may be alk j^l groups (a lth o u g h  one may be a 

h a l id e ) .  The a lk y l  b rid g e  mechanism would be a s s i s t e d  by h y p erco n ju - 

g a tiv e  e f f e c t s  and re ta rd e d  by s t e r i c  e f f e c t s ,  so an o rd e r  of r e a c t i v i t y  :

M e ^  n -a lk y l  )> 2ry a lk y l  3 ry  a lk y l ,  m ight be ex p ec ted .

P a r t  B: Evidence f o r  th e  p o s s ib le  mechanisms i n  a lk y l  exchange

( i )  Unimoleoul.ar e l e c t r o p h i l i c  s u b s t i t u t io n  (S ^ l)

A f u l l  s tu d y  o f th e  k in e t ic  and s te reo ch em ica l course  o f a  r e a c t io n



r e q u ire s  t h a t  one o f th e  r e a c ta n ts  be a v a ila b le  in  a  s ta b le ,  o p t ic a l ly  

a c tiv e  form , w ith  th e  o p t ic a l  a c t i v i t y  a s s o c ia te d  w ith  th e  carbon atom 

undergoing  a t t a c k .  The very  r e a c t iv e  n a tu re  o f  most a ik y lm e ta l compounds 

p re s e n ts  d i f f i c u l t i e s  i n  t h i s  r e s p e c t .  Using m ercuiy compounds which 

a re  among th e  l e a s t  r e a c t iv e  o f th e  a ik y lm e ta l compounds, o p t ic a l ly  

a c tiv e  o rg an o m eta llic  compounds, w ith  th e  asymm etric carbon  atom n ex t

GO the  m e ta l, have been re so lv e d . I t ^ i s  f o r  t h i s  re a so n , and th e  com­

p a ra tiv e  ease  w ith  which organom ercury compounds may be h an d led , t h a t  

th ey  f e a tu r e  so p rom inen tly  i n  th e  fo llo w in g  m ech an is tic  work.

As a lre a d y  m entioned i t  would be expec ted  th a t  o rg an ic  groups 

v/hich a id  th e  s t a b i l i t y  o f a  ca rb an io n  in te rm e d ia te  would promote th e  S^l 

mechanism. For t h i s  : eason the  o n e -a lk y l exchange between a -c a rb e th o x y - 

benzy lm ercuric  bromide and m ercuric  bromide was s tu d ie d .

Ph^ Ph
\  K 55

" CH -  Hg -  Br + HgBr_ CH -  Hg -  Br + HgBrv

EtO^G EtOgC

Since th e  r e a c ta n ts  and p ro d u c ts  a re  ch em ica lly  th e  same i t  i s  n e ce ssa ry
K

th a t  one o f th e  m ercury atoms be r a d io a c t iv e ly  l a b e l l e d  (Hg). O p tic a l ly  

a c tiv e  a -carbe thoxybenzy lm ercu rio  brom ide was used , b u t th e  f a c t  t h a t  

th e  r e a c ta n ts  and th e  p ro d u c ts  a re  th e  same removes th e  problem  of r e ­

la t in g  th e  s ig n  o f  r o t a t i o n  to  th e  c o n fig u ra tio n *  In  th e  f i r s t  in s ta n c e  

Reutov re p o r te d  [ 8] t h a t  t h i s  r e a c t io n  was f i r s t  o rd e r  in  each r e a c ta n t
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i n  lO fo  aqueous d ioxan  a t  50°-70®* He l a t e r  r e t r a c t e d  t h i s  [ 9j and. claimed, 

th e  r e a c t io n  v/as on ly  f i r s t  o rd e r  in  organom ercurio h a l id e .  In g o ld  r e ­

p ea ted  t h i s  work [10] and found th a t  the  r e a c t io n  was f i r s t  o rd e r in  each  

r e a c ta n t .  However, b o th  Ingo ld  [ 10] and Reutov [ 11] now agree t h a t  th e  

r e a c t io n  betw een a-carb e th o x y b en zy lm ercu ric  bromide and m ercuric  bromide 

in  d im ethy l su lphoxide a t  tem p e ra tu res  between 25°C and 60°C i s  f i r s t  

o..'der in  organom ercurio h a lid e  and z e ro th  o rd e r  in  m ercuric  s a l t ;  th u s  

id e n t i f y in g  i t  as fo llo w in g  an 8^1 mechanism, which can be w r i t te n  a s  :

EtO^CoCHPh.HgBr — Et O^C. CHPh" + HgBr*^

EtOgC.CHPh" + HgBrg EtO^C.CHPh.HgBr + Br“
— f a c t  V HgBr + Br HgBr^.

In  acco rd  w ith  th e  p re d ic te d  in d u c tiv e  e f f e c t s  f o r  t h i s  mechanism

Reutov a lso  found [11] th a t  a £ - n i t r o  group s u b s t i tu e n t  i n  th e  o rg an o -

mmercuric h a lid e  in c re a s e d  th e  r a t e ,  and th a t  a ^ - t - b u l y l  s u b s t i tu e n t

re ta rd e d  the r a t e ;  w h ils t  In g o ld  found [10* th a t  s u b s t i tu t in g  c h lo r id e

f o r  bromide i n  each r e a c ta n t  approx im ate ly  h a lv ed  th e  r a te  of r e a c t io n

as m ight be ex p ec ted  from  p u t t in g  a more e le c tro n e g a tiv e  h a lid e  i n  th e

organom ercurio h a l id e  vfhose io n is a t io n  i s  th e  r a t e  c o n tro l l in g  s te p .

Studying th e  r a t e s  o f rac ém isa tio n  o f ( - ) -o -oarbe thoxybenzy lm erouric
203bromide in  d im eth y l su lphoxide a lone  and in  th e  p resen ce  of HgBr^, In g o ld  

found th a t  -ihe two r a t e s  were a lm ost i d e n t i c a l ,  showing th a t  th e  r a t e  

c o n tro l l in g  s te p  was th e  io n is a t io n  o f th e  organom ercurio s a l t ,  each c a r -  

bauxon produced having  an eq u a l p r o b a b i l i ty  o f y ie ld in g  e i th e r  en an tiom eric
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p ro d u c t, In  a d d itio n  In g o ld  found flO l t h a t  th e  a d d it io n  of t e t r a -  

ethylammonium bromide had a c a t a ly t i c  e f f e c t  dependent upon the  square  

of th e  c o n c e n tra tio n  o f th e  added s a l t ,  showing th a t  two bromide io n s  had 

been added to  th e  organom ercurio bromide b e fo re  i t  io n is e d .  This e f f e c t  

he I'ermsd tw o-an ion  c a ta ly s i s  and the  mechanism ST^l-2Br . The bromide 

io n s  a re  added su c c e ss iv e ly  in  a  p re -e q u ilib r iu m  to  y ie ld  a  doubly-charged  

a.n.on which i s  more read y  to  io n is e  th a n  th e  normal organom ercurio brom ide. 

This p ro c e ss  may be re p re se n te d  as :

" V IS T

E îîg B r^"  r“  + HgBr^'

E~ + HgBrg E I # r  + Br'

The f i r s t  o rd e r r a t e  c o n s ta n ts  o b ta in e d  by In go ld  and Reutov f o r  th e  

r e a c t io n  o f a -carb e th o x y b en zy lm ercu ric  brom ide w ith  rad io m ercu ric  bromide 

in  d im ethy l su lphoxide  a re  shown in  Table 1 .
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TABJÆ 1

R eference \ Tem perature k . X 10^

[11] ; 23°C 2.42

[ i c l  I 29.3°C 3.12

r 11] 3 0 * 0 3.31

[1 1 ] 1 35°C 5.88

[11 ] j 40°C 8 .67

[10 ] ■ : 44.4°C 0.58

[10 ] I 58.9°C 22.5

Reutov has a lso  s tu d ie d  th e  r e a c t io n  o f 2 ""s u b s t i tu te d  b e n z y lu e rc u ric

brom ides w ith  rad io m ercu ric  brom ide in  d im ethyl su lphoxide where th e

£ - s u b s t i tu e n ts  were C l, F, Me and i - P r ,  and found th e se  r e a c t io n s  to  fo llo w

second o rd e r k in e t i c s  [ 1 2 ] ,  Hovfever, w ith  a £ - n i t r o  s u b s t i tu e n t  th e

re a c t io n  became f i r s t  o rd e r in  organom ercurio bromide and z e r o th  o rd e r  in

rad io m ercu ric  bromide f 13]• O bviously th e  in tr o d u c tio n  o f th e  n i t r o  group

had caused  s u f f i c i e n t  d e lo c a l i s a t io n  o f charge to  s t a b i l i s e  the  ca rb an io n .

Reutov f u r th e r  found [14] t h a t  th e  a d d it io n  o f po tassium  brom ide a f f e c te d

the  r a t e .  On adding in c re a s in g  amounts of t h i s  s a l t  he found th a t  i t  had
203no e f f e c t  un o i l  i t s  c o n c e n tra tio n  was n e a r ly  equal to  th a t  o f th e  HgBr^, 

when i t  a c c e le ra te d  th e  r e a c t io n .  When th e  c o n c e n tra tio n  of th e  added 

s a l t  was g r e a te r  th a n  th a t  of th e  m ercuric  bromide the  r a t e  o f  th e  r e a c t io n
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in c re a se d  a t  a r a t e  f a s t e r  th a n  b e fo re . T h is im p lie s  t h a t  th e  a d d itio n a l, 

bromide io n s  add on to  th e  m ercuric  bromide f i r s t  o f a l l ,  b u t t h a t  t h i s  

a d d itio n  i s  n o t q u ite  q u a n t i ta t iv e  f o r  brom ide io n s  add on to  the  

organom ercurio bromide j u s t  b e fo re  th e  c o n c e n tra tio n  of po tassium  bromide 

equals t h a t  o f th e  m ercuric  brom ide. A fte r  th i s  p o in t i s  re ach ed  th e  

a d d itio n  of f u r th e r  bromide io n s  has a c a t a l y t i c  e f f e c t  s im i la r  to  th a t  

observed by In g o ld  [1 0 ] ,  ex cep t t h a t  only  one e x tr a  an ion  i s  in v o lv ed  in  

th e  r a te  deterxd.ning s te p .

The s t a b i l i s a t i o n  of the  a -carb e th o x y b en zy l ca rb an io n  due to  i t s  

mesomeric n a tu re  co u ld  g ive i t  a lo n g e r  l i f e  th an  an a lk y l  ca rb an io n  and 

th u s  make i t  more l i k e l y  to  racem ise than  an a lk y l  c a rb an io n . Thus th e  

S I  case  s tu d ie d  s te reo c h e m ica lly  may no t be a t r u e  guide to  w hether r a c e -  

m isa tio n  i s  th e  g e n e ra l ru le  f o r  a l ip h a t ic  e le c t r o p h i l i c  s u b s ti tu t io n *  

A ccordingly  In g o ld  looked  f o r  a r e a c t io n  which proceeded  by an S ^ l 

mechanism and which in v o lv ed  p u re ly  a lk y l  and n o t a r y l  groups F1 5 ], He 

in te n d e d  to  s tu d y  d i r e c t l y  th e  r e a c t io n  between d i e th y l th a l l i c  bromide and 

t r i e th y l th a l l i u m  b u t found i t  was to o  f a s t  to  fo llo w  k in e t i c a l l y .  He was 

ab le  to  e s t a b l i s h ,  however, t h a t  th e  r e a c t io n  o f d i-s -b u ty lm e rc u ry  w ith  

d i e th y l th a l l i c  brom ide was f i r s t  o rd e r in  the organom ercury compound and 

z e ro th  o rd e r in  th e  o rg a n o th a ll ic  h a l id e ,  in  dim ethyIform am ide 

(k^ = 5 .0  -  0 ,2  X 10~^sec. in  DMF a t  69«7°C, de term ined  c h e m ic a lly ) . 

When th e  same r e a c t io n  was done u s in g  o p t ic a l ly  a c t iv e  d i-s -b u ty lm ero u ry  

i t  was found th a t  th e  f i r s t  o rd e r r a t e  o f ra c é m isa tio n  was th e  same as
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th e  ch em ica lly  determ ined  f i r s t  o rd e r r a t e  c o n s ta n t f o r  th e  th a ll iu m  f o r

m ercury exchange (k^ = 3*1 -  0 .3  se c . ^ a t  69-7°C in  DMF, determ ined

p o la r im e t r ic a l ly ) ;  hence the  r e a c t io n  p roceeds w ith  t o t a l  ra c é m isa tio n .

I t  i s  w r i t te n  as :

s-BuHgBu-s s-Bu~ + s-BuHg*

s-BuHg"** + Br*“ ■"■— ■V s-BuHgBr

s-Bu“  + EtgTl"^ — — s-BuTlEtg.

From th e se  o b se rv a tio n s  In g o ld  was ab le  to  deduce th a t  th e  re v e rse  

r e a c t io n ,  t h a t  o f s -b u ty lm ero u ric  bromide w ith  d ie th y l - s - b u ty l t  h a lliu m  to  

y ie ld  d i-s -b u ty lm e rc u ry  and d ie th y l  th a ll iu m  brom ide, went a lso  by an 

8 g l mechanism :

s-BuTlEt s-Bu~ + TlEt^*^

s-BuHgBr — s-BuHg*^ + B r"

s-BuHg"^ + s-Bu " s-BuHgBu-s

w ith  th e  slow s tag e  as in d ic a te d .  He th en  proceeded tc  deduce th a t  th e  

r e a c t io n  betw een d i e th y l th a l l i c  bromide and t r i e th y l th a l l i u m ,  the r e a c t io n  

he s e t  o u t to  s tu d y , i s  a lso  an S^l p ro c e ss :

E & tT lB r + E tyT l E& tgT ; + Et^TlBr

and may be w r i t t e n  in  f u l l  as :
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E t ,T l  f.4 3 t, r a t e - c o n t r o m n g ^  + s t ,T l+  
v . f a s t

B ÏE tE 3 3  -   a, E f e tT l ’’ + Br"

4. E t"

Tfhere E Ï  r e p re s e n ts  an e th y l  group c o n ta in in g  a l a b e l  n ecessa ry  to  

id e n t i f y  th e  p ro d u c ts  which a re  ch em ica lly  the same as  th e  r e a c ta n t s .

( i i )  B im olecu lar e l e c t r o p h i l i c  s u b s t i tu t io n  (S^2)

Once ag a in  by f a r  th e  g r e a te s t  number o f examples come from  mercury 

ch em istry . A lkyl exchange r e a c t io n s  betw een m ercury compounds have been 

c l a s s i f i e d  f 1] and o f t h e  s ix  p o s s ib le  r e a c t io n s  on ly  th re e  a re  co n sid e red  

to  be independen t :

XgHg^ + R-HgX X H g ^  + ^HgXg   ( l )

XRHg ■ + R-HgX RHg-R + Hg::^ - ......—  (2)

RHg-R + HgEXXRHg -5- R-HgR

These have been term ed th e  o n e -a lk y l, th e  tv7o-alkyl a n d  the th r e e - a lk y l  

exchanges r e s p e c t iv e ly .

(a )  The o n e -a lk y l exchange f o r  m ercury

In g o ld  s tu d ie d  th e  r e a c t io n  RHgX + HgX  ̂ RHg X + HgX  ̂ where

R = Me, X = B r, I ,  OAc, NÔ  and a lso  R = s -b u ty l ,  X = OAo [ 1 6 ]. S ince th e

r e a c ta n ts  ai*e ch em ica lly  th e  same a s  th e  p ro d u c ts  a  ra d io a c tiv e  l a b e l  i s
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n e ce ssa ry , and Hg r e f e r s  to  This r e a c t io n  had p re v io u s ly  been

ass ig n ed  a  tw o -stag e  mechanism f o r  th e  case  R = Me, X = Br [17] :

2 MeHgBr Me^Hg + HgBr^

Me^Hg + MeHgBr + MeHgBr.

In g o ld  showed th a t  i n  e th a n o l the  r e a c t io n  was f i r s t  o rd e r  w ith  r e s p e c t  

to  each r e a c ta n t ,  and in  th e  case  o f R = ( - ) - s - b u t y l ,  t h a t  th e  r e a c t io n  

p roceeded  w ith  r e te n t io n  o f  c o n f ig u ra tio n . The r a t e  o f  r e a c t io n  in c re a s e d  

along th e  s e r i e s  of th e  v a r io u s  m ercury compounds in  acco rd  w ith  th e  in ­

c re a s in g  io n i c i t y  of X ;

MeHgBr Ç MeHgl MeHgOAc \<L MeHgNO ,̂ shovfing th a t  a p a r t  from  

s o lv a tio n  th e  t r a n s i t i o n  s t a t e  was of th e  open, p o la r ,  ty p e . T h e re fo re , 

th e  re a c t io n  proceeded by an 3^2 mechanism w ith  r e te n t io n  of c o n f ig u ra t io n . 

This work was ex tended  to  cover th e  cases  R = Me, E t , n eo p en ty l w ith  X = Br 

and R = Me, s-Bu w ith  X = OAo, in  e th an o l [1 8 1 . The r e l a t i v e  r a t e s  

showed th a t  th e  s t e r i c  r e ta r d a t io n s  were in  th e  o rd e r  :

Me "C 1 ry  a lk y l  <C 2 r y  a llcy l

[ Me( 100^ E t(4 2 ) , n e o p en ty l(3 8 ), s - b u ty l ( 6 ) ] .

Reutov found  th a t  th e  o n e -a lk y l exchanges o f R^R^R^CHgBr w ith  

HgBr^, where R^ = H, R^ = CG^Et, R^ = Ph in  p y r id in e  [19 ] and d im e th y l- 

formamide [2 0 ] and th a t  o f Ph.CH^HgBr in  q u in o lin e  [2 1 ] ,  were a l l  c a ta ly s e d  

by th e  b a sic  s o lv e n ts .  This was ex p la in ed  by saying  th a t  th e  base com- 

p lex ed  w ith  th e  m ercu ric  bromide b e fo re  r e a c t io n ;  which ag re es  w ith  o th e r
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c a ta ly t i c  e f f e c t s  which w i l l  be d isc u sse d  under th e  s e c tio n  on th e  8 g i 

mechanism. In  a d d it io n  Reutov found [ 21] t h a t  th e  r e a c t io n  betw een p a ra  

s u b s t i tu te d  benzy lm erouric  c h lo r id e  and m ercuric  c h lo r id e  in  q u in o lin e  

was re ta rd e d  by - I  groups in  th e  p a ra  p o s i t io n ,  and a c c e le ra te d  by +I g roups. 

The r a t e s  o f r e a c t io n  f o r  th e  fo llo w in g  p a ra  s u b s t i tu e n ts  were in  the o rd e r

F <  C l H <  Me Me^CH.

Thj-s a g a in  i s  a d d i t io n a l  evidence f o r  e i t h e r  an S^2 or an S^i mechanism.

The a n io n -c a ta ly s e d  o n e -a lk y l exchange s tu d ie d  by In g o ld  w i l l  be c o n sid e red  in  

th e  s e c t io n  on th e  S^i mechanism.

The tw o -a lk y l exchange f o r  m ercury i s  w r i t t e n

RHgX + RHgX RgHg + HgX^.

The r e a c t io n  u s u a lly  p roceeds from  th e  r i g h t  to  th e  l e f t  and i s  te rm ed  syn- 

p ro p o r t io n a t io n . The re v e rse  r e a c t io n  i s  known as sy m m etrisa tio n  and may 

be induced  by adding re a g e n ts  which w i l l  complex w ith  th e  m ercuric  

h a l id e . In g o ld  p rep a red  d i-s -b u ty lm e rc u ry  w ith  one of th e  a lk y l  groups 

o p t ic a l ly  a c t iv e ,  by re a c t in g  o p t ic a l ly  a c t iv e  s-b u iy lm ercu rio  bromide 

w ith  a s -b u ty l  G rignard  re a g e n t ,  and r e a c te d  i t  w ith  m ercuric  bromide [ 7 ] .

The op'Gical a c t i v i t y  o f th e  s -b u ty lm e rc u ric  bromide produced was compared 

w ith  th e  a c t i v i t y  of the  s -b u ty lm e rc u ric  bromide from  which th e  d ia lk y l -  

mercury was p re p a re d . The a c t i v i t y  was h a l f  t h a t  o f  th e  s tan d a rd , 

in d ic a t in g  th a t  th e  r e a c t io n  had proceeded  w ith  r e te n t io n  o f c o n f ig u ra t io n . 

This i s  obvious from th e  o v e r a l l  e q u a tio n  f o r  th e  r e a c t io n  ;
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s-Bu°HgBu-s 4" HgBPg """""— s-Bu°HgBr + s-BuHgBr,

where th e  degree  s ig n  i s  used to  in d ic a te  o p t ic a l  a c t i v i t y .  This 

r e a c t io n  was ex tended  usin g  a  s e r ie s  of m ercuric  s a l t s  and the  o rd e r o f 

r e a c t i v i t y  was ;

HgBr^ <  Hg(OAo)g <  Hg(NO^)g <  HgCClO^)^

i n  both  e th a n o l and ace to n e . The re a c t io n  w ith  m ercuric  n i t r a t e  was so

f a s t  th a t  i t  had to  be s tu d ie d  a t  -50°C and even a t  t h a t  low tem p era tu re

th e  re a c t io n  w ith  m ercuric  p e rc h lo ra te  was in s ta n ta n e o u s . Tho.se 

r e a c t io n s  whose k in e t i c s  co u ld  be s tu d ie d  were found to  be f i r s t  o rd e r  

in  each r e a c ta n t .  T hat, and th e  f a c t  th a t  th e  r e a c t io n  r a t e  in c re a s e d  

w ith  th e  in c re a s in g  io n i c i t y  o f  th e  m ercuric  s a l t  used , in d ic a te d  th a t  

th e  r e a c t io n  was fo llo w in g  an 8^2 mechanism ;

s -  Bu -  Hg -  B u-f s-Bu Sg -  Bu -  s

i \
yHg )Hg

/  w  /
X X X X

The r e a c t io n  between o p t ic a l ly  a c t iv e  d i-s -b u ty lm e rc u ry  and m ercuric 

bromide i n  e th a n o l :

(-)-s -B u H g B u (-)-s  + HgBr^ ——̂  (-)-s-B uH gB r + (-)-s-B uH gB r 

has a lso  been s tu d ie d  by Jen sen  [ 22]; who found a lso  th a t  th e  r e a c t io n  

proceeded Tdth r e te n t io n  of c o n f ig u ra tio n , a lth o u g h  he undertook  no 

k in e t ic  s tu d ie s  o f  th e  r e a c t io n .
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(c )  The th r e e - a lk y l  exchange fo r  mercury 

The th r e e - a lk y l  exchange :

+ R^Hg RHgX + R^Hg

may p roceed  in  th r e e  p o s s ib le  ways

( i )  R ° # (  + RgHg -------^  R ° # t  + RHgX.

( i i )  R ^ lix  + RgHg ----- — ■> R°HgR + RHgX.

( i i i )  2 R °# f. ------ > R^gHg + I#Xg
HgXg + RgHg -------->  RHgX + RHgX.

[ th e  l a t t e r  way be ing  a iw /o-alkyl exchange] •

Double la b e l l in g ,  w ith  a  k in e t i c  study of th e  exchange o f b o th  

la b e l s  i s  n e ce ssa ry  to  d is t in g u is h  th e se  th re e  p o s s i b i l i t i e s .  The th re e  

p a th s  would g ive th re e  d i f f e r e n t  r a t i o s  f o r  the  r a t e s  of exchange o f

th e  o p t i c a l ly  a c t iv e  la b e l  (R°) and the  ra d io a c t iv e  l a b e l  (H g), ( i )
R® R®would g ive  ^  = 1 : 1 ,  ( i i )  would g ive  ^  = 1 :0 , w h i ls t  ( i i i )  would g ive

R° = 2 :1 . Using doubly la b e l le d  s -b u ty lm e rc u ric  brom ide and re a c t in gng
i t  w ith  d i-s -b u ty lm e rc u ry  in  e th a n o l a t  35°C, In g o ld  [ 23] found th a t  

R®th e  r a t i o  ^  = 1 :0 .9 6 . He a ls o  found th a t  th e  r e a c t io n  was f i r s t  o rd e r  

7 /ith  r e s p e c t  to  each r e a c ta n t .  Thus th e  r e a c t io n  was a b im o lecu la r 

e l e c t r o p h i l i c  s u b s t i t u t io n .  The r a te  o f r e a c t io n  in c re a s e d  w ith  in ­

c re a s in g  i o n i c i t y  of the  a lk y lm ero u ric  s a l t  th u s  :

s-BuHgBr s-BuHgOAc s-BuHgNO^, 

and th e  a d d it io n  of l i th iu m  s a l t s  caused an a c c e le r a t io n  in  th e  r a t e
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in  th e  same o rd e r  as th e  in c re a s in g  io n i c i t y  o f th e  s a l t s  :

LiOAc <  LiNO^ LiBr <  LiClO^,

Thus an open, p o la r  t r a n s i t i o n  s t a t e  i s  in d ic a te d , showing th a t  th e

mechanism i s  S^2 as  opposed to  S ^ i,

( i i i )  I n te rn a l  e le c t r o p h i l i c  s u b s t i tu t io n  (S ^ i)

The o n e -a lk y l m ercury exchange s tu d ie d  by In g o ld  [ l5 ]  was found 

to  be c a ta ly s e d  by th e  a d d it io n  o f s a l t s  in  a manner d i f f e r e n t  from normal 

s a l t  e f f e c t s .  The c a ta ly s e d  r e a c t io n  :

EHgX + Ehgx + HgXg

had second o rd e r k in e t i c s  f o r  R = Me, X = Br [2 1 ] ,  and f o r  R = n eo p en ty l,

X = Br [1 8 ] ,  and to  p roceed  w ith  r e te n t io n  of c o n f ig u ra tio n  fo r  R -  s -b u ty l ,

X = I ,  C l, Br, OÂC [ 21 ], in  ace tone  and e th a n o l. I t  was found [21] th a t

the  r e a c t io n  was c a ta ly s e d  by th e  a d d it io n  o f  an io n s  such as I  , Br , Cl 

o r ace bate w hich co o rd in a te  s tro n g ly  w ith  m ercury. For example, in  the  

r e a c t io n  o f m ethy lm ercuric  brom ide w ith  rad io m ercu ric  bromide in  e th an o l 

a t  60°C a p lo t  o f r e a c t io n  r a t e  a g a in s t  th e  c o n c e n tra tio n  of added 

l i th iu m  bromide showed a s t r a ig h t  l i n e  p lo t  w ith  a  b reak  a t  th e  p o in t  

where th e  l i th iu m  bromide c o n c e n tra tio n  and th e  m ercuric  brom ide concen­

t r a t i o n  were e q u a l. Up to  t h i s  p o in t  one-an ion  c a ta ly s i s  i s  c o n s id e re d  

to  occu r. One brom ide an ion  i s  added to  th e  m ercuric  bromide in  a. 

p re -e q u il ib r iu m  t

HgBr^ Br HgBr^
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and i s  c a r r ie d  in to  the t r a n s i t i o n  s ta t e  where i t  b r id g e s  :

X

Hg

I "é t '
L  Hg'

^2

where th e  added an io n  i s  w r i t t e n  as Y. T h is  seems q u ite  l i k e l y  s in ce  

Y must be c a r r ie d  o u t of the  t r a n s i t i o n  s t a t e  by th e  upper o f  th e  two 

m ercury atom s. VThen th e  c o n c e n tra tio n  o f the added an ion  i s  g re a te r  

th an  th a t  o f the  m ercuric  bromide th e  p lo t  o f r a te  a g a in s t  c o n c e n tra tio n  

o f added s a l t  changes i t s  s lope  and tv /o-anion c a t a ly s i s  i s  c o n s id e red  

to  o ccu r. The break  a t  th e  1 :1  equ ivalence  p o in t  shows th a t  up t i l l  

th en  th e  a d d i t io n  o f the  added an ion  to  the  m ercuric  bromide had been 

s to ic h io m e tr ic .  The two an ion  c a ta ly s i s  occu rs  by a f u r th e r  p re — 

e q u ilib r iu m  ;

RHgBr + Br "" RHgBr^

The e q u ilib r iu m  i s  shown fa v o u rin g  th e  l e f t  hand s id e  s in ce  th e  e x te n t  

of a d d itio n  can on ly  be s l ig h t  s in ce  p lo t  co n tin u es  in  a s t r a ig h t  l i n e  

p a s t  th e  2 :1  eq u iv a len ce  p o in t ,  i . e .  no b reak  i n  th e  p lo t  i s  observed  

a t  t h i s  p o in t .  The f u r th e r  added an ion  i s  co n sid e red  to  be c a r r ie d  

in to  th e  t r a n s i t i o n  s ta t e  on the mercury atom having  th e  lo w est co­

o rd in a tio n  number#
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a

V

2—

2-an io n  t r a n s i t i o n  s t a t e .

Hg

Both o f th e  t r a n s i t i o n  s t a t e s  f o r  th e  an io n  c a ta ly s e d  o n e -a lk y l exchange 

a re  th u s  c y c l ic  and co n s id e re d  to  be examples o f the S^i mechanism. As 

a lre a d y  m entioned in  t h i s  s e c t io n  th e  c a ta ly s e d  re a c tio n s  were s tu d ie d  

u s in g  v a rio u s  R groups and when th e se  r e s u l t s  were compared v d th  th o se  

found f o r  th e  u n c a ta ly se d  exchange i t  was found [ 18] t h a t  s t e r i c  e f f e c t s  

a f f e c te d  th e se  mechanisms in  th e  o rd e r ;

8^2 (( S „i one-an ion  S_i two-anion#

The sy m m etrisa tion  r e a c t io n  has been  s tu d ie d  u s in g  ammonia to  

complex w ith  th e  m ercuric  h a l id e  produced and so induce th e  r e a c t io n  to  

p ro ceed . Reutov has shown [25] th a t  th e  e s t e r s  of a-brom ophenylm ercury- 

a o e tic  a c id  sym m etrise in  ch lo ro fo rm  so ;

CO^R
/
/ ^ R \

2 Ph. C
I
H

HgBr + 2KKj — >  jp h  -  C -  | Hg + HgBrg. (NH^ ) 2

H

and r e te n t io n  o f c o n f ig u ra tio n  was observed  [ 2 6 ] ,  The r e a c t io n  was found 

to  be second o rd e r  in  organom ercury h a lid e  [2 5 ] and a lso  second o r d e r - in  

ammonia [2 7 ] ;  th u s  r a t e  = k[ RHgBr] ^  NH,] Reutov su g g es ts  th e  r e a c t io n
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may be w r i t t e n  ;

k.
2PJigBr p z  RgHg + HgBr^

k.

!

2 Ar -  C -  HgBr T

2 ■ - ' " ~ i  ^  HgBr^.(HH^)2^|

bu t w ith o u t spying  which s tep  i s  r a t e  c o n t r o l l in g .  Doubt has been c a s t

■ui t h i s  work by Jen sen  [ 28] who observ es  t h a t  Reutov e x p la in s  r a t e  e f f e c t s

of s u b s t i tu e n ts  in  th e  phenyl group by r e f e r r in g  to  a t r a n s i t i o n  s t a t e  :
IJr

I ^ ^  N ^ 1 !
Ar -  C Br ! (Ar -  C -  )_Hg 4- HgBr,

1 %  I ' ^
%

which b l a t a n t ly  ig n o re s  any dependence on ammonia. Jen sen  su g g es ts  th a t

a more rea so n a b le  mechanism would in v o lv e  th e  r e a c t io n  o f a  complexed

organom ercuric  h a l id e ,  Reutov th en  s tu d ie d  th e  r e a c t io n  [29] :
ML

RHgBr + R'HgBr > RHgR* HgBr^

CCLEt CO_Et
I J

where R = X—& V C — , and R’ = Y— yV»c — , in  ch lo ro fo rm ,I I
H H

p o in tin g  o u t t h a t  i f  X were an e le c tro n  w ithdraw ing group and Y were an 

e le c tro n  r e p e l l in g  group th e  f i r s t  would a s s i s t  th e  ru p tu re  o f th e  o ld  

C -  Hg bond and th e  second would a s s i s t  th e  ru p tu re  o f  th e  o ld  Hg -  Br bond 

in  the  fo llo w in g  t r a n s i t i o n  s t a t e  :
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U
I

"Hgt
which he env isag ed . He c a l le d  t h i s  a c o -sy m m e tr isa tio n rre a c tio n ; and 

u sin g  X = Br, Y = H and X = H, Y = CH  ̂ and X = Br, Y = CH^, found th a t  th e  

r a t e s  f o r  th e se  r e a c t io n s  were f a s t e r  than  th e  co rresp o n d in g  sy m m etrisa tion  

r e a c t io n s .  This e f f e c t  was g r e a te s t  when X and Y had th e  g r e a te s t  d i f f e r ­

ence in  p o la r i ty  (X = Br, Y = CH^). Reutov th en  p re d ic te d  th a t  the  

m ercury atom in  th e  m ercuric  brom ide formed shou ld  come from  th e  o rg a io -  

m ercu ric  h a lid e  having th e  more e le c tro n e g a tiv e  s u b s t i tu e n t  in  th e  phenyl 

group. Using B r. Ph. CH(HgBr)C0^Et and £-Me.Ph.CH(HgBr)CO^Et he was ab le  

to  confirm  t h i s .  Thus Reutov was a b le  to  deduce th a t  th e  t r a n s i t i o n  s t a t e  

he env isag ed  was c o r r e c t  and th e  r e a c t io n  fo llow ed  an S ^ i mechanism.

However, he acknowledges th a t  th e re  i s  a p o s s i b i l i t y  o f th e  r e a c ta n ts  

sym m etrising as  w e ll a s  co -sym m etrising ,

Reutov c o n s id e rs  t h a t  th e  mercury to  m ercury a lk y l  exchanges he has 

s tu d ie d  p ro ceed  v ia  a c lo sed  t r a n s i t i o n  s t a t e ;  an S^i mechanism. He 

su g g ests  [3 ]  t h a t  the  d if fe re n c e  between th e  S ^ i mechanism and th e  3^,2 

mechanism i s  very  sm all and im p lie s  th a t  i t  i s  n o t w orth b o th e r in g  ab o u t.

He su g g es ts  t h a t  a l l  b im o le c u la r  e l e c t r o p h i l i c  s u b s t i tu t io n s  p roceed  w ith  

r e te n t io n  o f c o n f ig u ra tio n  and th a t  th ey  p roceed  even in  on ly  s l i g h t l y  po la i
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s o lv e n ts , where the ex is ten c e  o f  io n s  i s  u n lik e ly , w hereas In g o ld ’s s tu d ie s  

have been  done in  p o la r  so lv en ts  where an open t r a n s i t i o n  s t a t e  would be 

favoured  anyway.

I t  seems p r o f i t a b le  a t  t h i s  s tag e  to  c o n s id e r some o f the  work of 

G-ielen and H a s ie lsk i who have s tu d ie d  b im o le c u la r  a l ip h a t ic  e le c t r o p h i l i c  

s u b s t i tu t io n  r e a c t io n s ,  a lth o u g h  no t m etal to  m eta l a lk y l exchanges. By 

c o n s id e rin g  th e i r  work f 30 ,31 ,32] on th e  h a lo g én a tio n  o f t e t r a a l k y l  t i n  

compounds (which th ey  showed to  be b im o lecu la r e le c t r o p h i l i c  s u b s t i tu t io n s )  

w ith  th e  work of o th e r  a u th o rs  th e y  have t r i e d  to  c o r r e la te  the  r e s u l t s  

to  form an o v e ra l l  p ic tu r e .  The ta b le  o f r e s u l t s  they  used [ 3 ^ ] i s  shown 

in  Table 2.

TABLE 2 

R e la tiv e  r a t e s  o f r e a c t io n

R_Hg + IkHgl + RHgBr +|R^8n +

R eaction! HCl in|HC10 HgBr^ 
DM80/ ^  *
Dioxan

R, 8n + I R, Sn+4  Î 4
R. Sn R. fn  R. Sn R. Sn

in
HgO lEtOH in  in  in  | in

MoOH Ac OH DME AcOHDioxan iCgH^Cl

100 100 100 100 100

12.00 5

I 12
6 » i

0 . 0 4
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They observe two o v e ra l l  e f f e c t s  :

( i )  .:l s t e r i c  sequence i s  observed  i n  p o la r  so lv e n ts  

Me E t n -P r ^  i - P r ,

( i i )  An in d u c tiv e  sequence i s  observed  in  no n -p o la r so lv e n ts  

Me E t y  nPr ^  i - P r .

They argue th a t  in  a p o la r  so lv e n t a t r a n s i t i o n  complex o f th e  type S^2 i s  

e n e r g e t ic a l ly  more fav o u red  th a n  one o f the  type 8^2 (which i s  th e  name by 

which th ey  r e f e r  to  S ^ i) ,  and th u s  s t e r i c  e f f e c t s  w i l l  p rep o n d era te  and 

le a d  to  th e  sequence o f r e a c t i v i t y  as in  ( i ) .  In  a l e s s  p o la r  medium 

th e  p a r t ia l ,  charges o f  th e  open S..:,2 t r a n s i t i o n  s t a t e  a re  n o t so s ta b le  

and an 8^2 mechanism becomes more fa v o u ra b le . A ttack  by th e  n u c le o p h ilic  

p a r t  o f th e  re a g e n t on th e  m etal o f th e  s u b s tr a te  makes th e  t r a n s i t i o n  

complex l e s s  s e n s i t iv e  to  v a r ia t io n s  i n  th e  s t e r i c  e f f e c t  due to  a l t e r in g  

R, and th e  re p u ls io n  betw een th e  e n te r in g  and le a v in g  groups becomes th e  

same o rd e r o f m agnitude as th e  in d u c tiv e  e f f e c t s ;  le a d in g  to  sequence ( i i )  

Thus th e  two p o s s ib le  t r a n s i t i o n  s t a t e s  a re  :

6+
¥ R n  iîRn

\  x '
- -  c —  c N

E - **— N E

(p o la i' s o lv e n ts )  (n o n -p o la r  s o lv e n ts )
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However, i f  an even la rg e  range o f  r e s u l t s  i s  c o n s id e red  [6 ]  th e  " so lv e n t 

ru le "  o f G-ielen and N a s ie ls k i  ap pears  to  have le s s  g e n e ra l a p p l i c a b i l i ty .  

The range c o n s id e re d  i s  shown in  Table 3* In  the  f i r s t  s ix  case s  

co n s id e re d  a s t r i c t  o rd e r  of s t e r i c  e f f e c t s  i s  observed ; conform ing 

tc th e  views o f G-ielen and N a s ie ls k i t h a t  an S^2 mechanism i s  o p e ra t iv e . 

C ases seven to  sev en teen  show an in te r p la y  of s t e r i c  and in d u c tiv e  

e f f e c t s  in d ic a t iv e  of an S^i mechanism. In  th e  l a s t  fo u r  cases  i n  t h i s  

ta b le  an in d u c tiv e  o rd e r  i s  observed in  p o la r  s o lv e n ts , and i t  i s  

d i f f i c u l t  to  account f o r  t h i s  by e i t h e r  an 8^2 or 8 ^ i mechanism. In  

th e  case of r e a c t io n  20 i t  has been shown [ 42] t h a t  c o o rd in a tio n  of a 

n u c le o p h ile  onto the m etal i s  th e  i n i t i a l  s tag e  o f  th e  mechanism, and i t  

seems p robab le  th a t  th e  o th e r  th re e  c a se s  ( l8 ,  19, 21) fo llo w  a s im ila r  

c o u rse . As a lre ad y  e x p la in ed , th i s  mechanism in  which th e  m o tiv a tin g  

fo rc e  i s  a c o o rd in a tio n  s te p  has been named th e  8gC mechanism, a lth o u g h  

th e  mechanism i t s e l f  vfas proposed [4 3 ] & few y e a rs  b e fo re . Thus in  

re a d in g  down Table 3 th e re  i s  a n a tu r a l  p ro g re s s io n  from  th e  8^2 mechanism 

in  which th e  m o tiv a tin g  fo rc e  i s  an e le c t r o p h i l i c  a t ta c k  on a n  a lk y l  group, 

to  th e  8_ i mechanism w ith  i t s  c y c lic  t r a n s i t i o n  s t a t e  i n  which n u c le o p h ilic  

a t ta c k  on th e  m etal assumes equal (o r  n e a r ly  equal) im portance w ith  the  

e le c t r o p h i l i c  a t ta c k ,  f i n a l l y  to  th e  S^C mechanism (which may o r may 

n o t have an open t r a n s i t i o n  s t a t e )  in  which th e  m o tiv a tin g  fo rc e  i s  co­

o rd in a tio n  onto the m e ta l.
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TABLE 3

R e la t iv e  r a te s  o f  e le c t r o p h i l i c  s u b s t i t u t io n s

No, R=Me E t n -P r i - P r t-B u R e a c ta n ts S o lv e n t R é f .

1 100 11 • 4 — R^Pb 4. EC 10 4 AcOH 37

2 100 12 1 . 5 ■ — — R4Sn + 1 s t MeOH ; 3 0

3 100 ' 4 1 4.4' 0 .0 4 ' F '
R4Sn + Ig AcOH : 31

4 100 4 0 22 13 0 .8 1 RHgl + HCIO4 HaO 34

5 100 ' 4 2 - 6a ■ ' — RHgX + HgXa EtOH 18

6 100 4 6 6 .1 - ' . - R4  Sn + Br& BMP 31

7 100 79 1 9 . - — R4 ? b  + AcOH AcOH 37

f : '
100 83 2 .6 R4Sn + BTa- AcOH :31

100 1 4 6 18 - R s  SnBr + Brg . AcOH 3 1

10 100 2 4 4 102 1 4 9
- RgZn + p—t o l u i d i n e  EtgO 38

11 100 6 3 0 3 9 0 4 3 0 R a H g  + HCl LMSO/Biox 33a

12 100 6 0 0 78 5 6 0 l' R4Sn + la PhCl 3 2

"13 100 . 7 5 0 3 0 0 3 0 0 R4Sn + HCl Benzene 35

14 100 1200 4 5 0 1 3 0 0 R4Sn +  Bra PhCl 36

15 100 1 6 7 0 9 8 0 3 5 0 0
%

RMgBr + h e x - l-y n e EtaO 39

16 100 2 0 8 0 2 2 6 0 1 9 2 0 R a H g  +  H g l a B iozan 4 0

17 100 9 3 6 0 4 5 0 0 8 0 0 0 0 R4Sn +  B r a CCI4 32

18 100 1 3 5 0 0 9 0 0 0 20200 — R4Sn +  C 1 O 3 AcOH 41

1 9 0 100 — 3 0 2 0  b — / 3 9 2 0 0 EB(OH)« + HaOa H a O 4 2

2 0 0 100 3 9 0 0  b CL
1 8 4 0 0 5 6 5 0 0

k b( oh) ,  + iîoO" HaO 42

21G 100 3x10*
' j

3x10^ EB(OH)a + HCrOT HaO 4 2

f

S f \
a Bu , b Bu ,0  O v era ll r e l a t i v e  r a te s  •
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The co n c lu s io n  th a t  one may draw from th e se  a ttem p ts  a t  c o r r e la t io n  

by th e  se v e ra l w orkers m entioned, i s  t h a t  they  a re  a l l  c o r r e c t  as f a r  as 

th e y  go; s in ce  no two w orkers have s tu d ie d  th e  same r e a c t io n  i n  th e  same 

so lv e n t and a r r iv e d  a t  g r e a t ly  d i f f e r in g  r e s u l t s .  R eu tov’s o b se rv a tio n s  

t h a t  a l l  th e  b im o le c u la r  e l e c t r o p h i l i c  s u b s t i t u t io n s  he has s tu d ie d  proceed  

by an mechanism cannot be c h a llen g e d  on th e  evidence he has p re se n te d , 

a lth o u g h  h is  o b se rv a tio n s  th a t  th e se  r e a c t io n s  p roceed  i n  n o n -p o la r 

s o lv e n ts  a re  d e r iv e d  i n  th e  main from h is  s tu d ie s  of h a lo g én a tio n  of 

organom ercuric h a l id e s ;  r e a c t io n s  which a re  n o t m eta l to  m etal a lk y l  

exchanges. In g o ld ’ s d i f f e r e n t i a t i o n s  betw een th e  3^,2 and th e  S^ i mechanism 

a re  most e x p l i c i t  b u t to  t e s t  them f u r th e r  i t  would be n ecessa ry  to  perform  

th e  r e a c t io n s  in  n o n -p o la r  s o lv e n ts . In  such s o lv e n ts , however, i t  i s  

d o u b tfu l w hether th e  r e a c ta n ts  would be s u f f i c i e n t ly  s o lu b le . Thus one 

i s  l e f t 'w i t h  th e  in d iv id u a l  r e s u l t s  which have been p re se n te d , and each 

one must be argued on i t s  m e r i ts .  To a ttem p t to  draw them in to  rm o v e ra l l  

p ic tu r e  l a r g e r  than  th o se  t h a t  have a lre a d y  been drawn m ight be unw ise,

( iv )  The b im o le c u la r  fo u r -c e n tre d  mechanism (8^2)

Tliis appears m erely  to  be an a l t e r n a t iv e  name f o r  th e  S^i mechanism.

As d e fin e d  by Dessy \  4] i t  ap p ears  s im ila r  to  th e  8.^1 mechanism, and th e  

term  as  used by Gdelen and N a s ie lsk i [ 36] i s  a p p lie d  to  a  r e a c t io n  scheme 

th a t  co u ld  e q u a lly  w e ll be  c a l le d  an S^i mechanism*
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(v ) The S_C meohanisni
Hi

This name has on ly  r e c e n t ly  been su g gested  and th e re  a re  no m eta l

to  m eta l a lk y l  exchanges to  which i t  may be a p p lie d ,

( v i )  The a lk y l  b rid g e  mechanism

An a lk y l  b r id g e  has been shown to  be p re s e n t  i n  th e  dim er Me^Al^ 

in  th e  s o l id  s t a t e ,  by x -ra y  c iy s ta l lo g ra p h y  [ 4 4 ].

Me Me Me

A1 i l l
/  \

Me Me Me

The NoMoRo spectrum  of a s o lu t io n  o f Me^Al^ in  cyclopen tane  a t  room

tem p eratu re  shows only  one peak [4 5 ] ,  in d ic a t in g  t h a t  a l l  th e  p ro tons 

a re  e q u iv a le n t o r  th a t  a r a p id  exchange o f m ethyl groups i s  o c c u rr in g . 

As th e  tem p era tu re  i s  lovm red down to  - 7 5 t he  spectrum  changes to  two 

peaks (one f o r  each of the d i f f e r e n t  ty p e s  o f  m ethyl group p re s e n t  in  

th e  b rid g e d  s t r u c tu r e ) ,  in d ic a t in g  th a t  an exchange i s  o c c u r r in g . By 

th e  same method i t  has been shown [46] th a t  f o r  n ea t tr ie th y la lu m in iu rn  

a r a p id  exchange o f e th y l  groups occurs a t  room te m p era tu re , b u t th e  

r a t e  d im in ish es  a t  -60°C so t h a t  i t  i s  h a rd ly  d is c e r n ib le .  The 

su ccess iv e  in tr o d u c t io n  o f c h lo r in e  in to  th e  Me^Al^ m olecule has an 

adverse  e f f e c t  upon th e  a lk y l  exchange [ 47 ]• Rapid exchange occurs 

between Me^Al^ and Me^Al^Cl^, b u t th e  s p e c tra  o f Me^Al^Clg a lone  and o f
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Me^AlgCl^ a lo n e , show th e  p resen ce  o f on ly  one type  o f m ethyl group, even 

a t  low te m p e ra tu re s . This im p lie s  th e  p resence  o f a c h lo r id e  b rid g e  

s t r u c tu r e  as opposed to  th e  m ethyl b rid g e  s t r u c tu r e  in  c a se s  where exchange 

o c cu rs . Thus th e  com parative r a t e s  of exchange f o r  the  system s m entioned 

a re  ;

t  A l/îljA l E y i /a ^ A lC l >  RgAlCl/RgMCl = 0 .

i .  e .

R R R R Cl R R Cl R

A1 A1 \  A1 A1 \  m  M

y  \  \  \a s ' a a' a '  a a c i '  a

= 0 ,

E x ac tly  th e  re v e rse  o rd e r  would be ex p ec ted  i f  th e se  exchanges occu'^red 

by an 3^2 o r  S^i mechanism; th e  su cc e ss iv e  in tro d u c t io n  o f a  c h lo r id e  

(a  p o te n t ia l  n u c le o p h ile )  in to  the  m olecu les would in c re a s e  th e  r a te  o f 

exchange by an 8^2 o r S ^ i mechanism. For th e  system  tr im e th y l aluminium 

and dim ethylalum inium  m ethoxide i f  exchange occurs a t  a l l  i t  i s  much 

slow er th a n  i n  th e  case  o f trim ethy lalum in ium  alone [ 4 8 ] .  T his in d ic a te s  

th a t  a methoxy group b r id g e s  p r e f e r e n t i a l l y  to  a  m ethyl group.

P r io r  c o o rd in a tio n  of the  aluminium a lso  has an adv erse  e f f e c t  upon 

a lk y l  exchange. For th e  system  trim ethy la lum in ium  and trim eth y la lu m in iu m - 

t r i s th y la m in e  complex i f  exchange o f m ethyl groups occurs  a t  ^11 i t  i s  

slow er th a n  in  the  case o f  trim ethy la lum in ium  alone  [4 8 ] ;  sh w in g  th a t  

th e  A1 -  N bond i s  s tro n g  compared to  the  a s s o c ia t io n  bond of the  b rid g e d
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dimerc S im ila r ly  i t  was found  th a t  m ethyl groups exchanged in  tr im s th y 1 - 

th a lliU iu  in  to lu e n e , b u t i f  t h i s  exchange was s tu d ie d  in  e th e r  o r  trim eth y l*  

amine th e  exchange was much slow er, due t o  complex fo rm a tio n  [49 ]*

A lkyl exchange by th e  b rid g e  mechanism i s  n o t l im i te d  to  aluminium 

compounds. Exchange occu rs  betw een R^Al and ra p id ly  a t  room

te m p era tu re , and t r a c e s  o f  tr ia lk y la lu m in iu m  c a ta ly s e  exchange between 

two d i f f e r e n t  t r i  a lk y Ib o ro n s [5 0 ,5 1 ]»  In  exchanging system s where th e  

p ro d u c ts  and r e a c ta n t s  a re  no t id e n t i c a l  NoMoR. i s  n o t e s s e n t i a l  to  de­

m o nstra te  exchange, and in  some ca se s  o f such systems exchange may be 

dem onstrated  by d i s t i l l i n g  o f f  th e  more v o la t i l e  p ro d u c ts . T his was done 

f o r  the  system s R^AI/R^^B (R = Me,E t; R^ = B u,i~B u); R^Al/R^^Zn (R = Me; 

R^ = B t,P r  and R = E t; R^ = n-B u); R^B/R^^Zn (R = E t; R^ = Me) [5 2 ] .

O v era ll th e  r e s u l t s  o f a lk y l  exchanges s tu d ie d ,  which p roceed  

by a b rid g e  mechanism, show t h a t  th e se  r e a c t io n s  occur more e a s i ly  f o r  

m ethyl comp^’ands, and some resonance  s t a b i l i  s a t io n  o f th e  m ethyl b rid g e  

m ight be ex p ec ted  :

H H\ /
, %

/
V X

' c '

H H
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I t  m ight a lso  be p re d ic te d  th a t  exchange would occur more r e a d i ly  th e  more 

e a s i ly  th e  m etal cou ld  accep t e le c t r o n s .  An o rd e r : A1 /  Zn )  Cd > Hg 

would be ex p ec ted  and t h i s  i s  borne ou t in  th e  r e s u l t s  o f McCoy and 

A llre d  [53] who found t h a t  exchange betw een Me^Al and Me^Cd i s  tw elve 

tim es f a s t e r  than  between Me^Zn and Me^Cd, v /h ils t  Me^Zn and Me^Hg, and 

Me^Cd and Me^Hg exchange even more slow ly  i f  a t  a l l .  This work i s  

in te r e s t in g  from  the  p o in t  th a t  i t ,  and s im ila r  work by Desqy [5 4 ] ,  r e ­

p re s e n t th e  on ly  d e ta i l e d  work on a lk y l  exchange r e a c t io n s  o f d i a lk y l z in c s  

t h a t  has ev er been done. The param eter o b ta in e d  from  th ese  s tu d ie s  i s  

th e  average l i f e - t im e  o f a carbon -m eta l bond b e fo re  i t  i s  broken and th e  

m ethyl group i s  exchanged. Some of th ese  r e s u l t s  a re  shown in  Table 4 ,

A (m /1 .) B (m /1 .) so lv en t j t  s e c s .
1

r e f

Me,Al ( 0 , 0 6 2 ) Me^Ca ( 0 . 0 9 7 ) benzene
\

j< ( 0 . 0 9 [5 3 ]

MGgMg ( 0 . 3 3 ) Me^Zn ( 0 . 3 3 ) THF 1 0 . 0 0 9 [54 ]

IfegMg ( 0 . 6 0 ) MGgCd ( 0 . 6 0 ) THF 1 <^0.007î [54]

IfegMg ( 0 . 6 0 ) MegHg ( 0 . 6 0 ) THF I ^O.OV) [5 4 ]

He Hg ( 0 . 6 0
tL

MegZn ( 0 . 6 0 ) THF I > 0 .0 5 8 [ 5 4 ]

MegHg (O .éo) Me-Cd ( o . é o ) THF j > 0 . 0 7 3 [54]

where t  i s  th e  average l i f e t im e  o f th e  bonds.
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The p ro v iso  must be made t h a t  in  th e  l a s t  two c a se s  th e  NoM.R. s p e c tra  

showed no exchange phenomena and so the  upper l im i t  of t  in  th e se  two 

c a se s  cou ld  be i n f i n i t y .  However, the r a te  o f exchange between d im eth y lz in c  

and dimethylcadmiurn proved amenable to  k in e t ic  s tu d ie s  i n  v a r io u s  s o lv e n ts .  

The r e s u l t s  a re  shown in  Table 5*

Rate c o n s ta n ts  f o r  th e  r e a c t io n  M e ^ Z n  and Me^Cd

S o lv en t

n itro b en zen e

[Me^Zn] = [Me^pdj m /l . | Apparent o rd e r ,n  j k (m o le s / l . ) ^  ^seo ^ '

I p y r id in e

! benzene

cyclohexane

0.247
0.375
0.492
0.619

0.185
0.240
0.305

0.79
1 .3 5  
2 .23

2 .36  
2.80 
3 .40

1.6

2.0

1.8

1 .4

8 .9
9 .1
9 .1
9 .0

1 1 .4
12 .2
11.6

5 .2
5 .7
5 .0

5 .7  
5 .5
5 .7
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L i t t l e  can be deduced from th e  r e s u l t s  in  Table 5, ex cep t t h a t  th e re  

i s  no a p p re c ia b le  so lv e n t e f f e c t .

D essy’s study [55 ] o f exchange between m ercury and magnesium 

compounds p ro v id es  an example o f s t e r i c  h ind rance  o f an a lk y l  b r id g e . 

I t 'w a s  found t h a t  r e a c t io n s  i n  which th e  b r id g in g  groups were phenyl 

and e th y l ,  phenyl and i -p r o p y l ,  and e th y l  and i -p r o p y l  proceeded, bu t 

exchanges which would have in v o lv ed  a t - b u ty l  group in  a b r id g in g  

p o s i t io n  d id  n o t proceed*
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CHAPTER II

THE GROUP I I  ORGANO-METAL C0IÆP0UND8

1 . G eneral

In  th i s  c h a p te r  th e  g en era l n a tu re  and p r o p e r t ie s  o f th e  Group I I  

a lk y l  and a r y l  m etal compounds w i l l  he rev iew ed , w ith  p a r t i c u l a r  re fe re n c e  

to  th e  o rg a n o m e ta llic  h a l id e s .

The g ra d a tio n  o f  p ro p e r t ie s  o f  th e  organom etals o f t h i s  group 

fo llo w s  very  c lo s e ly  the g ra d a tio n  of e le c t r o n e g a t iv i t i e s  [ 5 6 I o f the  

p a re n t m e ta ls .

Zn ——— Cd Hg
1.6 1.7 1.9

Be -------  Mg
1 .5

Ca —  Sr — — Ba
1 .0  1 .0  0 .9

D e riv a tiv e s  o f calc ium , s tro n tiu m  and barium, have p ro p e r t ie s  s im i la r  to  

th o se  o f th e  a l k a l i  m e ta ls , in  th a t  th e y  have a  la rg e  amount o f p o la r  

c h a ra c te r ;  r e a c t in g  w ith  carb o n -carbon  double bonds, and re p la c in g  

hydrogen in  m e ta la tio n  r e a c t io n s .  D e r iv a tiv e s  o f magnesium and b e ry lliu m  

a re  more c o v a le n t in  n a tu re  and g e n e ra lly  l e s s  r e a c t iv e  than  th o se  o f  

calc ium , s tro n tiu m  and barium . Some b e ry lliu m  compounds show a polym eric 

n a tu re  and to  a  l e s s e r  e x te n t so do magnesium compounds. The in c re a s in g  

e le c t r o n e g a t iv i ty  o f th e  e lem ents z in c , cadmium and m ercury i s  r e f l e c t e d  

in  th e  f a l l i n g  o f f  o f chem ical r e a c t i v i t y  a long  t h i s  s e r ie s .  T h e ir
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d ia lk y ls  and d i a ry ls  a re  a l l  c o v a len t and monomeric in  s t r u c tu r e .

2. Calcium . S tron tium  and Barium

R e la tiv e ly  l i t t l e  i s  knovm of the organo d e r iv a t iv e s  o f th e se  

m e ta ls . I t  has been claim ed [57] th a t  the  d im ethy l d e r iv a t iv e s  o f th e se  

th re e  m eta ls  have been p rep ared  by r e a c t in g  th e  m e ta ls  w ith  m ethyl io d id e  

i n  p y r id in e . The p ro d u c ts  showed t h e i r  chem ical s im i la r i ty  to  th e  

a l k a l i  m etal compounds by adding [ 58] a c ro ss  e th y le n ic  double bonds 

and by m e ta la tin g  arom atic  compounds. E th e re a l s o lu t io n s  which have 

been c laim ed to  c o n ta in  phenylbarium  io d id e  [ 59] and phenylcalc ium  io d id e  

[ 6 0 ] have been p re p a red  from  th e  r e a c t io n  o f th o se  m eta ls  w ith  io d o -  

benzene in  e th e r .  More r e c e n t ly  i t  has been c la im ed  th a t  s o lu t io n s  

c o n ta in in g  some a lk y l  and a ry l  calc ium  io d id e s  and brom ides have been  

o b ta in ed  [ 6 l] by the  a c t io n  o f o rgan ic  h a l id e s  on calcium  and calcium  

a l lo y s ,  in  e th e r .  The c o n te n ts  o f th e se  s o lu tio n s  showed th e i r  chem ical 

s im i la r i ty  to  th e  o rg a n o -a lk a li  m eta l compounds ( th e  l i th iu m  ones in  

p a r t i c u l a r ) !  e .g .  "phenylcalc ium  io d id e "  m e ta la te d  a n is o le  in  th e  o rth o  

p o s i t io n ,  b u t f a i l e d  to  m eta la t e  to lu e n e , and  th e y  re a c te d  w ith  ca rb o n  

d io x id e  to  g ive  n o t only  th e  co rresp o n d in g  carbox^rlic a c id s  b u t some 

k e to n e s  and t e r t i a i y  a lc o h o ls , a ls o .

3. Magnesium

Diorganomagne s i  urns have been sp a rse ly  s tu d ie d  i n  com parison to  the 

organooiagnesium h a l id e s .  T heir p re p a ra t io n  may be e f f e c te d  by th e  a c t io n
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of d i organomercury compounds on magnesium in  e th e r ,  o r by the  a c t i o n  o f 

o le f in s  on magnesium in  th e  p resen ce  o f hydrogen, a t  e le v a te d  tem peratu res*  

Dime th y  Imagnesium i s  polym eric in  n a tu re  and form s a complex w ith  

tr im e th y lam in e •

The G rignard  re a g e n ts  formed by the  a c tio n  of a lk y l  and a r y l  h a l id e s  

on magnesium in  e th e r  and o th e r  so lv e n ts  have been the  o b je c t  o f much 

study , d i r e c te d  tow ards e lu c id a t in g  t h e i r  s t r u c tu r e .  The use o f G rignard  

re a g e n ts  i n  s y n th e tic  ch em istry  i s  w idesp read  and t h e i r  r e a c t io n s  and h ig h  

r e a c t i v i t y  w e ll known; ( e .g .  [ 6 2 ] )  t h e i r  a d d itio n  to  m u ltip le  bonds such 

as  y  C = 0, -  C H N, -  N = 0, and t h e i r  r e a c t i v i t y  tow ards compounds

c o n ta in in g  an a c tiv e  hydrogen, and h a lo g en . Here i t  i s  proposed  to  

rev iew  o n ly  some o f  the more re c e n t  v/ork d i r e c te d  tow ards d isco v e rin g  

th e  n a tu re  o f  th e  G rignard  reag en t#  The e q u i l i b r i a  ( l )  and ( 2 ) have 

been suggested  to  account f o r  the  p ro p e r t ie s  o f the  G rignard  re a g e n ts ;  

some w orkers fav o u r on ly  one of th e se  e q u i l ib r i a  and o th e rs  fav o u r b o th  

e q u i l i b r i a  to g e th er*

2 RMgX RgMg +-----------------------------  ( 1 )

EgMg + MgZg EgMg.MgXg ----------  F )

Dessy found \ 6 3 ] th a t  th e re  was no exchange o f l a b e l  betw een d ie th y l -  

28magnesium and _ MgBr^ in  e th e r ,  and concluded th a t  e q u ilib riu m  ( l )  d id  

n e t e x i s t .  He a lso  found th a t  equim olar m ix tu res  o f diethylm agnesium  

and maglesium bromide in  e th e r  had th e  same p ro p e r t ie s  a s  ‘bhe G rignard  

re a g e n t made from  magnesium and e th y l  bromide in  e th e r ;  t h e i r
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conductances f 6 4 ] and d i e l e c t r i c  c o n s ta n ts  I' 6 5 I he c la im ed  were s im ila r ,  

and the  k in e t ic s  o f t h e i r  r e a c t io n s  w ith  hex -  1 -  yne [ 6 6 ]  were s im ila r .  

Thus Dessy b e l ie v e s  the on ly  e q u ilib r iu m  to  be o p e ra tin g  i s  ( 2 ) and th a t  

th e  G rignard  re a g e n t in  e th e r  i s  b e s t  re p re s e n te d  as  R^^g.MgX^, and th a t  

of, th e  two lo g ic a l  s t r u c tu r e s  I  and I I ,  h i s  work fa v o u rs  I I .

X R X

R -  Mg Mg -  R Mg Mg

' ' ' x

I  I I

However, in  an o th e r p ap e r [ 6 7 ] ,  in  w hich he found no exchange o f  la b e l

2 8betw een diphenylmagnesium and MgBr^, Dessy a lso  found th a t  exchange d id
25occur between diethylm agne sium and MgBr^ i n  e th e r ;  which he a sc r ib e d  

to  "some im p u rity  i n  th e  ^^Mg", He l a t e r  re p o r te d  [68 ] a s e r ie s  of

2 8experim en ts u s in g  diethylm agne sium and MgBr^ in  bo th  e th e r  and t e t r a -

hydrogen in  which d u p lic a te  experim en ts gave c o n f l ic t in g  r e s u l t s .  L a te r ,

R o b erts , u s in g  h ig h  p u r i ty  m a te r ia ls ,  found [ 6 9 ] t h a t  exchange took p lace  

25betw een MgBr^ and th e  G rignard  re a g e n t made from  e th y l  bromide and

magnesium, i n  e th e r .

Doubt has a lso  b e en c a s t on some of D essy 's  work by th e  r e c e n t ,

m e ticu lo u s , work of V reugdenhil and Blomberg, They d id  m o lecu lar w eigh t

-5  -2m easurem ents in  th e  range  1 0 - 1 0  M in  so lv en t e th e r ,  u s in g  v ery  pure 

m a te r ia ls ,  and r ig o ro u s ly  exclud ing  oxygen. T h e ir m easurem ents were on
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th e  G rignard  re a g e n t made from  e th y l  brom ide and magnesium, on magnesium 

bromide and diethylm agnesium  and on m ix tu res  o f the l a t t e r  two, a l l  in  

so lv en t e th e r .  T h e ir  o b se rv a tio n s  were [7 0 ] :

(a ) th e  a s s o c ia t io n  number f o r  magnesium bromide was 1 .1 5 ,

(b) th e  a s s o c ia t io n  number f o r  th e  G rignard re a g e n t was 1 .0 0 ,

(c ) m ix tu res  o f d iethylm agne sium and magnesium bromide shovfed no 

a s s o c ia t io n .

From (c )  e q u ilib r iu m  ( l )  may be excluded . From (b ) th e  G rignard  

re a g e n t may be fo rm u la ted  as EtMgBr o r Et^Mg + MgBr^. However, th e  second 

of th e se  fo rm u la tio n s  would g ive an a s s o c ia t io n  number o f  1 . 0 7  ( s in c e  th e  

va lu e  f o r  magnesium bromide i s  1 .1 5 ) ;  hence EtMgBr i s  th e  only  fo rm u la tio n  

t h a t  h o ld s  in  e th e r  in  the  c o n c e n tra tio n  range s tu d ie d . They a lso  found 

[71] th e  same G rignard  re a g e n t to  be monomeric in  te tra h y d ro fu ra n . But 

i n “t h i s  so lv en t magnesium bromide was a lso  u n a sso c ia te d . When th ey  i n ­

v e s t ig a te d  [ 72] th e  e l e c t r i c a l  c o n d u c t iv i t ie s  o f th e  same system s in  so lv e n t 

e th e r ,  under the  same r ig o ro u s  c o n d itio n s  as  b e fo re , th e y  o b ta in e d  v a lu es  

c o n s id e ra b ly  loT/er th an  th o se  o b ta in e d  by p rev io u s  w orkers , and th e n  

dem onstrated  th a t  by opening t h e i r  a p p a ra tu s  to  the  atm osphere th e y  g o t 

h ig h e r  v a lu e s  o f e l e c t r i c a l  c o n d u c t iv i t ie s  com patib le  w ith  those  v a lu e s  

o b ta in e d  by p re v io u s  w orkers. T h e ir measurem ents were made in  th e  r ange 

0 .05  -  3 , CM. and th ey  found s ig n i f ic a n t  d if f e r e n c e s  betw een th e  c o n d u c tiv i­

t i e s  o f  equim olar m ix tu res  o f d iethylm agnesium  and magnesium brom ide, and 

th e  co rresp o n d in g  G rignard  re a g e n t, i n  so lv en t e th e r ,  on ly  up to  0.41L
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They found, in  t h i s  range 0 -  0.4M, t h a t  th e  m olar c o n d u c tiv ity  in c re a s e d  

w ith  in c re a s in g  c o n c e n tra tio n  fo r  b o th  system s, b u t th a t  the  c o n d u c tiv ity  

o f  th e  G rignard  reag en t was low er. They concluded th a t  a s s o c ia te s  having 

a h ig h e r  conductance th a n  th e  monomeric m olecu les must be form ed a t  h ig h e r  

c o n c e n tra t io n s , and th a t  a t  low c o n c e n tra tio n s  th e se  a s s o c ia te s  were 

a lre a d y  p re s e n t  in  th e  m ix tu re s , b u t n o t i n  the  G rignard  re a g e n t. When 

in v e s t ig a t in g  th e  in f lu e n c e  o f added oxygen upon m o lecu lar w eight d e te r ­

m in a tio n s  on th e  ethylm agnesium  bromide G rignard  re a g e n t they  found  [ 73] 

th a t  th e  a d d itio n  o f th re e  atoms of oxygen caused  th e  d isap p ea ran ce  o f 

two m olecu les o f th e  magnesium compound; i . e .  a  tr im e r  was form ed. 

F in a l ly ,  seeking  to  prove th a t  th e re  V7as no eq u ilib riu m  between the 

G rignard  re a g e n t made from  e th y l  bromide and magnesium, and d ie th y l­

magne sium, by u s in g  a l a b e l  in  th e  e th y l  group i n  th e  G rignard  

re a g e n t, th e y  found [74] t h a t  exchange o f th e  la b e l  d id  o ccu r. T h is, 

u n fo r tu n a te ly , may be in te r p r e te d  in  e i t h e r  o f tvfo ways; t h a t  an e q u i l i ­

brium  does e x i s t ,  o r  th a t  a t ra n s m é ta la t io n  re a c t io n

E& gBr + EtMgEt EtMgBr + E& gEt

h as o c cu rred .

From m o lecu lar w eight m easurem ents, Ashby found [75] th a t  th e  

G rignard  re a g e n t made from e th y l  c h lo r id e  and magnesium was monomeric i n  

te t ra h y d ro fu ra n , and a lso  he i s o l a t e d  diethylm agne sium and a compound 

a n a ly s in g  f o r  EtMg^Cl^ from a s o lu t io n  o f  th e  same G rignard  re a g e n t .  He
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took  th e  l a t t e r  o b se rv a tio n s  as in d ic a t in g  th a t  a lk y l  exchange had o ccu rred . 

He a lso  found th a t  m ix tu res  of d iethylm agne sium and magnesiiam c h lo r id e  

showed no a s s o c ia t io n  i n  te tra h y d ro fu ra n . In  a d d i t io n  a 2M s o lu tio n  o f 

th e  ethylm agnesium  c h lo r id e  G rignard  re a g en t in  te tra h y d ro fu ra n  d id  n o t p re ­

c i p i t a t e  magnesium c h lo r id e  on s tan d in g  a lthough  t h i s  s a l t  i s  on ly  0.5M 

so lu b le  i n  t h i s  s o lv e n t . He concluded th a t  th e  s i tu a t io n  was covered  

by e q u ilib r iu m  ( l ) ,  and th a t  i t  la y  f a r  to  the  l e f t -  L a te r , from  m olecu lar 

w eigh t s tu d ie s  in  s o lv e n t e th e r ,  Ashby found [ 7 6 ] t h a t  a lk y l  and a r y l  

magnesium brom ides and io d id e s  were monomeric up to  O.OpM and dim eric  in  

the  range O. 5  *" O.IM, w h ils t  alkylm agnesium  c h lo r id e s  were d im eric  even 

in  th e  low c o n c e n tra tio n  ra n g e s . Thus f o r  G rignard  re a g e n ts  i n  g e n e ra l , 

an expanded form  of e q u i l i b r i a  ( l )  and ( 2 ) was n e ce ssa ry ; v iz .

(mgX)g 2iaigX EgMg + EgMg.MgZg.

A summary o f th e  r e s u l t s  o b ta in e d  by Ashby i s  shown i n  T able 6*

A summary o f the  m o lecu lar w eight d e te rm in a tio n s  made by V reugdenhil and 

Blomberg i s  g iven in  Table 7*
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TABLE 6

M olecular w eigh t d e te rm in a tio n s  O] iagents in  e th e r  [ 761

Compound Concn. m/1,
based  on MgX. j

X* j Compound ■ Cone, m/l*

EtM gBr ; 0 .035 i 1 . 0 0 : i-P rM 'gC l 0 . 0 4 2 i 1 .85

j 0 . 1 0 2 1 1 . 0 4j i !
0 . 0 8 0 ! 1 . 9 0

0 . 1 5 0 I l . l S
I ■ 1

0 . 1 4 4 ' :^'93

0.200 1 1 . 2 6
' i

0 . 2 0 1 2 .0 0

0.249 ! 1 . 3 7
; ■ i . :* i

”
0 . 2 6 0 ' 2 .02

E tM gl 0.055 1 1 .0 0 1 PhMgBr t 0 . 0 4 2 ; 1 . 0 7

0.108 I 1 .12 I 0 . 1 1 1 ; 1 1 7

0 .158 ! 1 . 2 7 10 . 1 7 9 1 1 . 3 1

0 .2 0 4 1 1 . 3 6
1

0 . 2 4 1 1 1-50

EtM gCl 0.086 ! 1 . 8 7 0 . 3 2 6 ■ 1-70

0.143
,

j 1 . 8 6 iM e s ity lM g B r '
i

0 . 0 5 9 : 1 - 0 6  1
; {

0 . 1 9 6 i 1 . 9 2
; 1

0 . 1 7 2 1 :L"41 1

MeMgl 0 . 0 3 7 ■ 1 . 0 9
t [ i

0 . 2 7 5 : 1 . 7 7

0 .0 8 4 • 1 . 1 7  ^

0 . 1 4 0 1 1 . 3 6

0 . 2 4 5 1 1-59

3£ . ., . . .  , . m o lecu lar w t.
1 , th e  a s s o c ia t io n  c o n s ta n t = form ula w t.
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M olecular w eight d e te rm in a tio n s  in  e th e r  f 70l

Compound

'^2 
E tg%

MgBr^

EtMgBr

MgBr^

EtMgBi'

EtgMg

MgBr^

EtgMg

Cone, range 
(m / l . )

0 0 0 6 6  -  . 0 0 3 9 9
+

1 . 1 0  -  . 0 2

0 0 2 5  -  . 0 0 3 0 0 .99  -  .02

. 0 1 0 3 9 1 . 1 7

. 0 0 4 1 9 0 .99

0 0 0 5  -  . 0 0 3 3 1 . 1 5  -  . 0 2

.0838 1 . 0 1

0 0 2 6 4 - -  . 0 0 3 2 8 0 , 9 7  -  . 0 4

0 0 0 3 3  -  . 0 0 3 7 1 1 . 1 5  -  .0 2

. 0 0 7 9 2 0 .9 8

% . . . . m o lecu lar w t.
1 , th e  a s s o c ia t io n  c o n s ta n t = w— — '  fo rm ula w t.
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S in g le  c r y s t a l  X--ray s tu d ie s  by Rundle have shown bo th  

phenylniagnesium bromide [77] and ethylmagnesium bromide [78] d ie th e r a te s  

to  be monomeric, w ith  t h e i r  s t r u c tu r e s  as d i s to r te d  te t r a h e d r a  based  

around magnesium. P ro ton  m agnetic resonance s tu d ie s  [7 9 ,8 0 ] on O rignard  

re a g e n ts  and diaUkylmagneslums and m ix tu res  o f dialkyIm agneslum s and 

magnesium h a lid e s  i n  bo th  e th e r  and te tra h y d ro fu ra n  have shown rem arkable 

s i m i l a r i t i e s ,  which suggested  to  th e s e  w orkers t h a t  G rignard  re a g e n ts  

were b e s t  w r i t te n  a s  R^Mg.MgX^. I n f r a - r e d  s p e c tra  of b o th  G rignard  

re a g e n ts  and m ix tu res  of d i a lk y  Imagne slums and magnesium h a l id e s  a re  a lso  

i d e n t i c a l .  However^ th e se  a u th o rs  T81]c o n sid e red  t h a t  e q u ilib r iu m  ( l )  

was more a p p lic a b le  th an  (2 ) ,  i n  b o th  e th e r  and te tra h y d ro fu ra n .

In  summarising th e  l a t e s t  knowledge on the  s t r u c tu r e  o f  the G rignard  

re a g e n t ,  i t  becomes ap p a ren t t h a t  no g r e a t  g e n e r a l is a t io n s  can be made.

% a t  i s  t ru e  f o r  one G rignard  re a g e n t in  one so lv en t may no t be t ru e  fo r  

an o th er G rignard  re a g e n t in  a d i f f e r e n t  so lv e n t o r even th e  same s o lv e n t .  

What can be s ta t e d  w ith  some c e r t a in t y  i s  th a t  from th e  work o f 

V reugdenhil and Blomberg, the G rignard  re a g e n t made from  e th y l  bromide and 

magnesium may be w r i t te n  as EtMgBr when co n sid e red  in  e th e r e a l  s o lu tio n  

a t  low c o n c e n tra tio n s  and t h a t  the  same i s  t r u e  i n  te tra h y d ro fu ra n .

W hile Ashby has shown th a t  f o r  some a lk y l  and a ry l  magnesium brom ides and 

io d id e s  t h e i r  degree o f a s s o c ia t io n  in  e th e r  r i s e s  w ith  in c re a s in g  con­

c e n t r a t io n ,  w h ils t  some alkyImagneslum c h lo r id e s  a re  a lm ost d im eric  even 

a t  low c o n c e n tra t io n s .
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4 . B ery llium

D iorganobery llium s may be p re p a red  by re a c t in g  an e th e r e a l  s o lu tio n  

o f  the a p p ro p r ia te  G rignard  re a g e n t w ith  b e ry lliu m  c h lo r id e  d ie th e r a te ,  and 

in  some cases  by the  pro longed  h e a tin g  of b e ry lliu m  w ith  a d iorganom ercury. 

D im ethy lbery llium  i s  a sublim able  po lym eric , s o l id ,  and in  accord  w ith  

i t s  e le c tro n  d e f ic ie n c y  i t  forms c o o rd in a tio n  complexes w ith  donor mole­

c u le s  such as tr im e th y lam in e . I t s  r e a c t i v i t y  i s  d isp la y e d  by i t s  v igo rous 

re a c t io n s  w ith  w a te r  and a i r  and even carbon d io x id e . Both d ie th y l  and 

d i is o p ro p y l b e ry lliu m  show some a s s o c ia t io n .  The form er r e a c t s  v ig o ro u s ly  

w ith  w a te r , and i t  i s  in te r e s t in g  to  n o te  th a t  the l a t t e r  slow ly decomposes,

Gilman claim ed to  have p rep ared  f 82] e th e r e a l  s o lu t io n s  o f m ethyl, 

e th y l ,  n -b u ty l and pheny l b e ry lliu m  io d id e s  and e th y lb e ry lliu m  bromide by 

pro longed  h e a tin g  o f b e ry lliu m  w ith  o rg an ic  h a l id e s  in  e th e r  w ith  added 

,m ercuric  c h lo r id e ,  a t  80-90°C. A ll  th e se  s o lu tio n s  r e a c te d  v ig o ro u s ly  

w ith  w a ter b u t d id  n o t fume in  a i r .  The s o lu t io n  of "m ethy lbery llium  

io d id e "  d id  n o t r e a c t  w ith  carbon d io x id e , u n lik e  i t s  magnesium c o u n te rp a r t ,  

b u t gave a c e ta n i l id e  w ith  phenyl is o c y a n a te , Gilman a lso  found th a t  on 

c o n c e n tra tin g  an e th e r e a l  s o lu t io n  o f"m eth y lb ery lliu m  io d id e " , a l i q u id  

re s id u e  which fumed in  a i r  was produced, and w hich, on f u r th e r  h e a tin g  

y ie ld e d  d im e th y lb e ry lliu m . T his le d  him to  b e lie v e  t h a t  th e  e q u ilib r iu m  : 

2BBeX BeX_ + R^Be, e x is te d ;  p a r t i c u l a r l y  s in ce  he found th a t  an 

e th e r e a l  s o lu t io n  o f d ie th y lb e ry ll iu m  and b e ry lliu m  c h lo r id e  "had th e  same 

c h a r a c te r i s t i c s "  as a s o lu t io n  o f " e th y lb e ry lliu m  c h lo r id e "  made d i r e c t l y
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from  a G rignard  re a g e n t and b e ry lliu m  c h lo r id e , Gilman i s o la te d  no 

s o l id  b e ry lliu m  compounds nor d id  he p re s e n t  any a n a ly t ic a l  d a ta .

More r e c e n t ly ,  Dessy has found th a t  [ 8 3 ] th e re  was no exchange o f

7ra d io a o t iv e ly  la b e l le d  b e ry lliu m  betw een d ip h en y lb e ry Iliu m  and BeBr^, in  

e th e r ;  th u s  exclud ing  th e  e q u ilib riu m  proposed  by Gilman, In s te a d  

Dessy p roposes th a t  th e  e q u ilib r iu m  •

RgBe + BeXg B. Be,Be%2

r e p re s e n ts  th e  tru e  s t a t e  o f a f f a i r s .  L a te r  i t  was found [ 8 4 ] t h a t  

b e ry lliu m  would r e a c t  w ith  a lk y l  h a l id e s  in  th e  absence o f e th e r  o r  any 

c a ta ly s t  to  g iv e  a lk y lb e ry lliu m  h a l id e s .  By h e a tin g  th e  r e a c tg n ts  a t  

1 3 0 ^ 0  f o r  12 -  6 0  h r s .  th e se  a u th o rs  o b ta in ed  e th y l ,  p e n ty l and o c ty l  

b e ry lliu m  io d id e s  and b u ty lb e ry lliu m  bromide as  s o l id s ,  in s o lu b le  in  t h e i r  

r e s p e c t iv e  a lk y l h a l id e s ,

3 . Zinc

Di a lk y lz in c s ,  which have been known [ 8 5 I s in ce  1849, ure s ta b le ,  

c o v a le n t, monomeric l i q u id s .  D esp ite  t h e i r  spontaneous in f la m m a b ility  

in  a i r  and t h e i r  v igo rous h y d ro ly s is  by w a te r , th ey  a re  ch em ica lly  l e s s  

r e a c t iv e  th an  magnesium compounds. They v d l l  n o t r e a c t  w ith  carbon 

d io x id e , excep t under p re s s u re ,  and they  do n o t r e a c t  w ith  k e to n e s , b u t 

th ey  w i l l  r e a c t  w ith  m olecu les co n ta in in g  a n tiv e  hydrogen. The most 

g e n e ra l method of p re p a ra t io n  o f d ia lk y lz in c s  i s  th a t  due to  H o lie r  [8 6 ] ,  

in  which th e  p ro d u c t o f th e  r e a c t io n  betw een an a lk y l h a l id e  and a z in c -  

copper co u p le , i s  h ea ted  under vacuum and the  d i a lk y l z inc  d i s t i l l e d  o f f .
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U n til  about 13 y e a rs  ago i t  Tfas t a c i t l y  assumed th a t  th e  in te rm e d ia te  

in  t h i s  p re p a ra t io n  was an a lk y lz in o  h a l id e .  T his was supported  by th e  

f a c t  th a t  unsym m etrical d ia lk y lz in c s  cou ld  be p rep a red  from th e  i n t e r ­

a c tio n  o f a G rignard  re a g e n t w ith  t h i s  in te rm e d ia te . T h is p re p a ra t io n  

ccu ld  th e n  be w r i t te n  :

RZnX + R*MgX — > RZnR* + &IgX .

S o lu tio n s  of a lk y lz in o  h a lid e s  made by d is s o lv in g  th e  p ro d u c t o f  th e  

re a c t io n  o f an a lk y l  h a lid e  (u s u a lly  an io d id e )  w ith  z in c , were w idely  

used as re a g e n ts  in  s y n th e t ic  chem istry  u n t i l  they  were re p la c e d  by th e  

more convenien t G rignard  re a g e n ts . Such s o lu t io n s  were known as  

B la ise  f 87] re a g e n ts .  Even re c e n t ly  th e  r e a c t io n s  o f such s o lu tio n s  of 

a lk y l  compounds were d e sc r ib e d  f 8 8 ], and th e  r e a c t in g  sp e c ie s  r e f e r r e d  to  

sim ply a s  "a  so lv a te d  o rgan o -z in c  compound". B la ise  a lso  p rep ared  

s o lu t io n s  of " a ry lz in c  h a lid e s "  by re a c t in g  z in c  h a l id e s  w ith  s o lu tio n s  o f 

G rignard  re a g e n ts .  When he a ttem p ted  to  i s o l a t e  a s o l id  p roduct from  

th e se  s o lu t io n s  he o b ta in e d  compounds c o n ta in in g  b o th  z inc  and magnesium. 

He d id  n o t a ttem pt t h i s  i s o l a t i o n  f o r  a l ip h a t ic  compounds.

Three ro u te s  a re  a p p a ren t f o r  th e  p o s s ib le  p re p a ra t io n  o f organo- 

z in c  h a l id e s  :

Zn + EX — ^  EZnX - ........... - (a )

EgZn + ZnXg — 4  2RZnX---------------------------- (b)

EMgX + ZnX — 4  RZnX + MgX̂  ------------ (c )

Jan d e r and F is c h e r  [8 9 ]o b ta in e d  id e n t ic a l  s o l id  p ro d u c ts , b o th  a n a ly s in g
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f o r  e th y lz in c  io d id e , from  re a c tio n  schemes (a )  and (b ) .  However, th e  

same a n a ly t ic a l  f ig u r e s  would have been g iven  by an o th er p o s s ib le  r e a c t io n  

p ro d u c t, (E tZ n l)^ , which i s  apparen t i f  i t  i s  assumed th a t  th e re  i s  a 

p o s s i b i l i t y  o f  th e  Schlenk e q u ilib r iu m  being  a p p lic a b le  to  z in c  as  i t  i s  

to  magnesium :

2 RZnX R^^n + ZnX^ R Zn.ZnX  ( 3 )

Kocheshkov and S heverd ina have d e sc r ib e d  in  a s e r ie s  o f papers  [9 0 ,9 1 ,9 2 ,9 3 ] 

th e  p re p a ra t io n  o f a lk y l  and a ry l  z inc  h a lid e  d io x a n a te s , by the  a d d it io n  

of dioxan to  th e  r e a c t io n  m ix tu res  from  scheme (b ) ,  i n  e th e r .  In  th e  

case  o f R = E t , X = I ,  th ey  o b ta in e d  id e n t ic a l  d io x a n a te s  from a l l  th re e  

schemes. P rev io u s ly  i t  had been su g gested  f 94] t h a t  f o r  R = S t ,  X = Br, 

th e  r ig h th a n d  p a r t  of e q u ilib r iu m  ( 3 ) ,  on ly , was a p p lic a b le ,  on th e  b a s is  

o f  some s o lu b i l i t y  m easurements on m ix tu res  of d ie th y lz in c  and z in c  bromide 

in  h ep tan e , Dessy found [95] t h a t  s t a t i s t i c a l  exchange o f r a d io a o t iv e ly
6 5l a b e l l e d  z in c  o ccu rred  between d ie th y lz in c  and ZnCl^ in  b o th  e th e r  and 

te tra h y d ro fu ra n , th u s  showing th a t  e i t h e r  e th y lz in c  c h lo r id e  e x is te d  or 

t h a t  a n o n -io n ic  exchange had tak en  p la c e . He s e p a ra te d  the  sp ec ie s  

p re s e n t  in  s o lu t io n  by the  d i f f e r in g  s o l u b i l i t i e s  o f  t h e i r  2 ,2 ’d ip y r id y l  

com plexes, y e t  d id  n o t o b ta in  an e th y lz in c  c h lo rid e  complex, which would 

in d ic a te  th a t  th e  le f th a n d  p a r t  o f  e q u ilib riu m  ( 3 ) la y  w e ll to  th e  r i g h t ,  

o r t h a t  the  a d d it io n  o f  th e  d ip y r id y l  had pushed i t  to  th e  r i g h t . As w ith  

magnesium the  p ro to n  m agnetic resonance  s p e c tra  o f " e th y lz in c  io d id e "  and 

d ie th y lz in c  in  e th e r ,  have been found [ 80] to  be i d e n t i c a l .
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On th e  p u re ly  p re p a ra t iv e  s id e , i t  i s  known t h a t  in  th e  p resence  

o f  h ig h ly  s o lv a tin g  so lv en ts  such as dime th y Ifo  rmami de T9 6 , 9 7 1  and 

d im ethyl su lphox ide  f 9 ^ ] ,  a lk y l  io d id e s  and brom ides w i l l  r e a c t  w ith  

z inc  a lo n e , a lth o u g h  a lk y l brom ides r e a c t  more r e a d i ly  [ 9 6 ] w ith  a 

z in c -co p p e r coup le  th a n  w ith  z inc a lo n e , even in  such s o lv e n ts ,

6 , Cadmium

The e a s i e s t  method of p re p a ra t io n  o f diorganocadmiums i s  by th e  

a c t io n  o f cadmium h a l id e s  on the a p p ro p r ia te  G rignard  re a g e n t in  e th e r ;  

from which m ix tu re  th e  p ro d u c t may be d i s t i l l e d  o f f .  The cadmium 

d ia lk y ls  a re  monomeric, co v a len t l iq u id s  which decompose r e a d i ly  above 

130°C, They a re  c h em ica lly  l e s s  r e a c t iv e  th a n  d ia lk y lz in c s ;  n o t ig n i t in g  

so r e a d i ly  in  a i r ,  b u t s t i l l  r e a c t in g  w ith  m olecules c o n ta in in g  ac-.ive 

hydrogen. T heir ease  o f h an d ling  as  compared to  the d ia lk y lz in c s  s u i t s  

them b e t t e r  f o r  the  p re p a ra t io n  o f k e to n es  (w ith  which th e y  do no t r e a c t )  

from a c id  c h lo r id e s .

A lkyl cadmium h a l id e s  have been p rep a red  '"93 ,98 ], o n ly  r e c e n t ly ,  

by th e  a d d it io n  of dialkylcadm ium s to  su spensions o f cadmium h a lid e s  in  

e th e r .  F i l t r a t i o n ,  fo llo w ed  by rem oval of th e  e th e r  under reduced  p re s su re  

y ie ld s  powders an a ly s in g  f o r  RCdX. In  t h i s  way ethylcadm ium  c h lo r id e , 

bromide and io d id e , and n-butylcadm ium  bromide have been made. C hem ically  

th ey  behave s im i la r ly  to  t h e i r  p a re n t  d ia lk y ls ;  o x id is in g  in  a i r  b u t n o t 

ig n i t in g ,  and be in g  r a p id ly  decomposed by w a te r and e th a n o l, and a lso
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y ie ld in g  k e to n es  w ith  a c id  c h lo r id e s .  The au th o rs  make th e  r e s e r v a t io n  

th a t  t h e i r  p ro d u c ts  c o u ld  e q u a lly  w e ll be w r i t te n  as RgCd.CdX . T his 

fo rm u la tio n  has been su g g ested  [ 94-1 f o r  the sp e c ie s  p re s e n t in  a t e t r a ­

hydro fu ran  s o lu t io n  o f d i ethylcadmium and cadmium brom ide.

D ialkylm ercury  compounds may be p rep ared  from  a m ercuric  h a l id e ,  

and a G rignard  re a g e n t or l i th iu m  a lk y l ,  and d ia ry Im ercu ry  compounds from 

th e  re d u c tio n  o f  ary lm er c u rio  h a l id e s .  Both d i a lk y l  and d ia r y l  m ercury

compounds can be made from th e  a c t io n  o f a sodium amalgam on th e  appro­

p r i a t e  h a l id e ,  in  to lu e n e . Unsym m etrical d iorganom ercury compounds can  

be made from an organom ercury h a lid e  and a G rignard  re a g e n t .  Large 

numbers o f diorganom ercury compounds a re  known. T h e ir chem ical 

r e a c t i v i t y  compared to  th e  o th e r  compounds m entioned i n  th i s  c h a p te r  i s  

ve ry  low; th e y  a re  u n a ffe c te d  by w a te r and the  atm osphere and even 

d i lu te  m in era l a c id s ,  and g ive few o f th e  r e a c t io n s  ty p ic a l  o f the  

compounds a lre a d y  m entioned. The d ia lk y ls  a re  monomeric l iq u id s  and 

th e  d ia r y l s  m ostly  s o l id s .

A lk y l,an d  a r y l  m ercuric  h a l id e s  a re  known on as la rg e  a sca le  as 

th e  diorganom ercury compounds. They a re  w e ll c h a r a c te r is e d  as s ta b le  

monomeric s o l id s ,  as i n e r t  ch em ica lly  as t h e i r  p a re n t diorganom ercury 

compounds. They behave as co v a len t compounds, sometimes steam  v o l a t i l e .  

RHgX compounds where X i s  n i t r a t e ,  su lp h a te , a c e ta te ,  cy an id e , e tc * , a re
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a lso  known; t h e i r  degree of p o l a r i t y  depending on th e  tendency to  

io n is e  as RHg X • Organomercury h a l id e s  may be p rep a red  by th e  i n te r a c t io n  

o f a  G rignard  reagen t and a m ercuric h a l id e ,  o r by th e  a c tio n  o f a 

ha logen  on a d iorganom ercury. The r e la t io n s h ip  between organom ercury 

h a l id e s  and diorganom ercury compounds, re p re se n te d  by th e  e q u ilib r iu m  ;

2RHgX,

which norm ally  l i e s  f a r  to  the  r i g h t ,  has been d isc u sse d  e a r l i e r .
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D I S C U S S I O N
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SBCTION I

THE PURPOSE OF THE) WORK

The mechanisms o f the a lk y l exchange re a c t io n s  o f organom ercury com­

pounds have been th e  o b je c t  o f much s tu d y  re c e n tly  and th e  purpose of 

th e  p re s e n t work was to  ex tend  th e se  s tu d ie s  by id e n t i f y in g  and s tu d y in g  

a lk y l  exchange r e a c t io n s  which in v o lv ed  t r a n s f e r  o f an a lk y l  g roup  from 

z in c  to  m ercury.

D ia lk y lz in c s  were chosen sin ce  th ey  a re  s ta b le ,  monomeric l iq u id s ,  

e a s i ly  p re p a red  and p u r i f ie d ,  and they  undergo th e  re a c t io n s  ty p ic a l  o f  

o rg an o m e ta llic  compounds. In  a d d itio n  th ey  have r e c e n t ly  been shown 

to  be amenable to  k in e t ic  s tu d ie s  in  th e  form  o f com parative r a t e  s tu d ie s  

a t  l e a s t  [ 38] . In  th e  p re s e n t  work s tu d ie s  o f b o th  th e  a b so lu te  r a t e s  

and th e  com parative  r a t e s  o f r e a c t io n  o f  d ia lk y lz in c s  w ith  organom ercury 

h a lid e s  were a ttem p ted . S ince th e  r e s u l t s  o b ta in e d  were n o t com pletely  

s a t i s f a c to r y  " e th y lz in c  io d id e "  s o lu tio n s  were used in  s im ila r  s tu d ie s  

o f  a b so lu te  r a t e s  o f  r e a c t io n  in  th e  hope th a t  th e se  r e a c t io n s  m ight be 

s lo w er. T his le d  to  a s tu d y  o f  th e  p re c is e  n a tu re  of " e th y lz in c  io d id e"  

and, in  p a r t i c u l a r ,  i t s  r e l a t i o n  to  d ie th y lz in c  and z inc  io d id e  as shown 

by the e q u a tio n  ;

EtgZn + Znig 2EtZnI,

which i s  an a lk y l  exchange r e a c t io n  in v o lv in g  t r a n s f e r  of an a lk y l  group
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from z in c  to  z in c . S im ila r  s tu d ie s  o f  th e  co rresp o n d in g  bromide 

system  were a lso  u n d ertak en , and in  b o th  th e  io d id e  and bromide system s 

use was made o f com plexes o f  N ,N ,N ',N ’- t e  tra n c th y le th y le n e d ia m in e  

w e d )  and NoMoR» s tu d ie s  o f th ese  complexes*
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SECTION II

KIKBTIC STUDIES

1• The i d e n t i f i c a t i o n  of th e  r e a c t io n  between d ie th y lz in c  and phenylm ercurio  

c h lo r id e

The id e n t i f i c a t i o n  of th e  r e a c t io n  between a d ia lk y lz in c  and an 

organom ercuric h a lid e  would be made e a s ie r  i f  t h e  o rgan ic  g roups on the 

z inc  and th e  m ercury were d i f f e r e n t ,  D ie th y lz in c  was chosen as one 

r e a c ta n t  s in ce  i t  i s  a t}p )ica l member o f  the  homologous s e r i e s  o f symmetri­

c a l  d ia lk y lz in c s  and e a s ie r  to  handle th an  d im e th y lz in c , Phenylm ercuric 

c h lo r id e  was chosen as th e  o th e r  r e a c ta n t  s in ce  out o f a wide ran g e  of 

organom ercuric  h a l id e s  a v a i la b le  i t  i s  one o f  the  l e a s t  o b je c t io n a b le .

The cho ice  o f  s o lv e n ts  in  w hich to  s tudy  th e  r e a c t io n  was l im i te d  to  th o se  

which would n o t r e a c t  w ith  d ia lk y lz in c s  and y e t  would d is so lv e  pheny l­

m ercuric  c h lo r id e  in  s u f f i c i e n t  q u a n t i t i e s .  T e trah y d ro fu ran  and d ie th y l  

e th e r  were chosen as  s o lv e n ts .

The main r e a c t io n  between d ie th y lz in c  and phenylm ercuric  c h lo r id e  

was env isaged  as be in g  : Et^Zn + PhHgCl — ^  EtHgPh + EtZnCl ( l )

p e rh ap s fo llow ed  by

EtHgPh + EtZnCl — "4 Et^Hg + HiZrCl . . .  (2)

P o ss ib le  s i de- r e a c t io n s ,  no m a tte r  how u n l ik e ly  some o f  them may b e , 

a re  ;
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EtHgPh + EtgZn -----> E t Hg + EtZnPh . . .  ( 3 )

PhHgCl + EtZnCl -----^  EtHgPh + ZnCl . . .  ( 4 )

EtHgPh + PhZnCl ---- ^  PhgHg + EtZnCl . . .  ( 5 )

EtgHg + EtZnCl -----> EtHgCl + Et_Zn . . .  (6)

At t h i s  p o in t  i t  i s  n e ce ssa ry  to  no te  t h a t  EtZnCl and PhZnCl may no t

e x is t  as such h u t as equim olar m ix tu res  of Et^Zn + ZnCl^ and Ph^Zn + ZnCl^

r e s p e c t iv e ly .  The rea so n in g  g iven  below, which i s  based  on q u a n t i ta t iv e  

o b se rv a tio n s , i s  u n a ffe c te d  by th i s  p o s s i b i l i t y  s in ce  th e  number o f  bonds 

on each s id e  o f  th e  eq u a tio n s  w i l l  s t i l l  b a la n c e . In  a d d itio n  s id e - r e a c t io n  

(4 ) would become th e  same as r e a c t io n  ( l ) .

In  the  f i r s t  in s ta n c e  the  occurrence  of s id e - r e a c t io n s  was guarded 

a g a in s t  by alv«ays having d ie th y lz in c  p re s e n t in  excess o f the  pheny l­

m ercuric  c h lo r id e  b ased  on eq u a tio n  ( l ) .  The occu rrence  o f r e a c t io n s  (5 )

and (6 ) depends on th e  i n i t i a l  occu rrence  o f re a c t io n  ( 2 ) .  H ydro lysis  

o f th e  f i n a l  r e a c t io n  m ix tu re  w ith  c a r e f u l  measurement o f th e  volume o f gas 

produced and th en  io d in a t io n  o f th e  m ix tu re  fo llo w ed  by a n a ly s is  o f V .P.C . 

to  de term ine  which o rg an ic  io d id e s  a re  p re s e n t  would d is t in g u is h  between 

th e  occurrence  o f r e a c t io n s  ( l )  and ( 2 ) o r  a m ixture o f b o th . T his i s

made c l e a r  by the  fo llo w in g  re a c t io n  schemes;

Scheme A ( r e a c t io n  ( l ) ) :

E t Zn + PhHgCl — EtHgPh + EtZnCl + Et^Zn 

(x  m oles)+ (y  m oles) (y ) j(y) (z-y )

E tI  + Phi + Hgl EtHgPh + JStH + Zn(H0)2 + ZnCl^
( y )  ( y )  ( y )  ( 2 x -y )
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Scheme B ( r e a c t io n s  ( l )  + ( 2 ) ) ;

EtgZn + PhHgCl  f  EtHgEt + PhZnCl + E t Zn

( z )  ( y )  ( y )  (y) (%-y)
/  HgO

I 2
E tI  + Hgig <— —  EtHgEt + PhH + EtH + Zn(OH) + ZnCl.

(2y) (y) (y ) (2x-2y)

Scheme A r e p re s e n ts  th e  t r a n s f e r  o f one e th y l  group from zinc to  m ercury 

and would le a d ,  on h y d ro ly s is ,  to  the  e v o lu tio n  of 2x-y moles o f  e th an e , 

and a f t e r  io d in a t io n  would show the p resence  of e th y l.io d id e  and iodobenzene 

o n ly . Scheme B r e p re s e n ts  th e  t r a n s f e r  o f  b o th  e th y l g roups from zinc  

to  m ercury and would le a d , on h y d ro ly s is ., to  the  e v o lu tio n  of 2x -2y  moles 

o f e th an e , and a f t e r  io d in a t io n  would show the p resen ce  o f e thy ] i o d i j e  and 

benzene o n ly , when an a ly sed  by V .P.C. A m ixture of th e  two schemes A and B 

would le a d  to  in te rm e d ia te  volumes of e thane  and m ix tu res  o f e th y l  io d id e , 

iodobenzene and benzene. The r e s u l t s  of experim ents such a s  th e se  a re  

shown in  T ables 11 and 12 . ( in  the t a b le s  th e  term  "V ol. o f gas expected" 

r e f e r s  to  the  volume o f  e thane expec ted  i f  r e a c t io n  ( l )  [Scheme A], on ly  

o ccu rred ) The volumes o f  e thane evo lved  from ex p erim en ts  i n  b o th  t e t r a ­

h y d ro fu ran  and e th e r  corresponded to  r e a c t io n  ( l )  o n ly . For com parison 

th e  volumes o f  e th an e  t h a t  would be expected  i f  no re a c t io n  o ccu rred , 

f o r  r e a c t io n  ( l )  on ly  [Scheme A] and f o r  r e a c t io n  ( l )  and ( 2 ) [Scheme B] 

a re  g iven  in  Table 8 .
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TABLE 8

Run No.
V ol.o f gas : 
fo r  no 1 
reaction  ]

V ol.o f gas 
f  or 

reaction  
(1)[A1

\ Vol. of gas 
j for  
• reaction  
: (1) + (2) [B]

V ol.of gas 
observed ! Solvent

i!i

12 ' 148 ml. i
i

109 ml. i 72 ml.
i

106 ml. 5 THF

15
!

170 !■
128 ' 86 129 i THF

1

l6 147 1 103 1 59 104 1 THF

17 1
111 i 72 112 1 THF

18 206 I 183 ! 161 175
I
1 ether

19 246 1 226
i

207 220 I ether

20 129 1 104 1 78 99 i ether

A n aly sis  o f th e  io d in a te d  re a c t io n  re s id u e  showed th e  p resen ce  of 

e th y l  io d id e  and iodobenzene on ly , when th e  r e a c t io n  m ix ture  had been 

h y d ro ly sed  by w a te r . T h is r e s u l t  augmented th e  r e s u l t s  o b ta in e d  from  

th e  m easurements o f  gas volumes and confirm ed t h a t  r e a c t io n  ( l )  on ly  was 

o c c u rr in g . In  cases  where d i lu te  m in e ra l a c id  was used to  h y d ro ly se  

th e  r e a c t io n  m ix tu re , e th y l  io d id e  and benzene o n ly  were d e te c te d  in  the  

io d in a te d  r e s id u e .  This i s  in te r p r e te d  as b e in g  due to  h y d ro ly s is  of 

th e  phenylm ercury bond of e th y Im ercu ric  phenyl produced by r e a c t io n  ( l ) ,  

under th e  c o n d itio n s  used , i . e .  in  re f lu x in g  te tra h y d ro fu ra n .

The e x c lu s io n  o f  the  occurrence  o f r e a c t io n  (2 ) a u to m a tic a lly
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exolud.es r e a c t io n s  (5 ) and (6 ) .  R eac tion  (3 ) would le a d  to  th e  e v o lu tio n  

o f l e s s  e th an e  th an  th a t  ex p ec ted  fo r  r e a c t io n  ( l )  and to  th e  p resence  of 

benzene in  th e  r e a c t io n  re s id u e , even in  cases  where h y d ro ly s is  had been 

done u sin g  w a ter (from  the  EtZnPh)* R eac tion  (4 ) i s  u n lik e ly  s in ce  th e  

d ie th y lz in c  was p re s e n t  in  an e x ce ss . A n a ly sis  o f th e  io d in a te d  re a c tio n  

re s id u e s  was on ly  p o s s ib le  f o r  th o se  experim ents perform ed in  t e t r a ­

h y d ro fu ran , b u t s in ce  the  volumes o f  e thane  evo lved  from experim ents 

done in  e th e r  co rresponded  to  r e a c t io n  ( l )  i t  i s  concluded th a t  r e a c t io n  ( l )

i s  the  only  r e a c t io n  o c cu rrin g  in  bo th  e th e r  and te tra h y d ro fu ra n , under th e  
c o n d itio n s  o f  th e se  exp erim en ts .

2 . An a ttem p ted  stu d y  o f th e  k in e t i c s  o f  th e  r e a c t io n  between d ie th y lz in c  

and phenylm ercuric  c h lo r id e  and between d ie th y lz in c  and e th y lm ercu rie  c h lo r id e  

The i d e n t i f i e d  r e a c t io n ,  Et^Zn + PhHgCl —̂  EtHgPh + EtZnCl was 

s tu d ie d  in  b o th  te tra h y d ro fu ra n  and e th e r  a t  0°C. The r e a c tio n  between 

d ie th y lz in c  and e th y  Imerc u r ic  c h lo r id e  was tak en , by analogy , to  be 

EtgZn + EtHgCl —^  EtgHg + EtZnCl, and was s tu d ie d  in  th e  same s o lv e n ts , 

a lso  a t  0°C, The re a c t io n s  were s topped  by p ip e t t in g  sam ples in to  

s a tu r a te d  aqueous po tassium  hydrogen p h th a la te  a t  0°C, which was found , in  

check experim en ts, a s u f f i c i e n t ly  s tro n g  a c id  to  d is so lv e  any zinc hydroxide 

th a t  m ight be produced, and y e t n o t t o  hy d ro ly se  the  organom ercury compounds 

p r e s e n t .  The quenched r e a c t io n  sam ples were then  shaken w ith  benzene, 

which e x tra c te d  th e  organonErcury compounds. The c h lo r id e  c o n ten t o f  the 

aqueous la v e r  was th e n  d e te rm in ed . This re p re se n te d  th e  amount o f c h lo r id e
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t r a n s f e r r e d  from mercury to  z in c , i . e .  th e  e x te n t to  which r e a c t io n  had 

o c cu rred . Check experim ents showed th a t  t h i s  a n a ly t ic a l  p rocedure  ( in c lu d in g  

th e  benzene e x tr a c t io n )  would produce r e s u l t s  c o n s is te n t  to  w ith in  y f o .

One p o in t on ly  was ta k en  in  each experim ent to  g ive some id e a  o f th e  tim e 

s c a le  of th e se  r e a c t io n s .  The r e s u l t s ,  shown in  Table 13, show th a t  th e  

r e a c t io n s  were too  f a s t  to  fo llo w  k i n e t i c a l l y ,  and hence n o th in g  can be 

deduced about t h e i r  mechanisms. S l ig h t  in c o n s is te n c ie s  in  t h i s  ta b le  a re  

due to  the  f a c t  t h a t  w ith  th e  organom ercuric h a l id e  c o n c e n tra tio n  le s s  th a n  

about O.OO5 M th e  e n d -p o in ts  o f  th e  t i t r a t i o n s  become more d i f f i c u l t  to  

d e te rm in e . The re a g e n ts  were only  used in  such low c o n c e n tra tio n s  in  an 

a ttem p t to  g a in  a rough id e a  o f th e  tim e sca le  o f th e  r e a c t io n s .

io d id e  and phenylm ercuric  io d id e  in  te t r a h y d ro fu ran a t  0°C.

The r e a c t io n  to  be s tu d ie d  was env isaged  as

EtZnI + PhHgl “— > EtHgPh + Znl 

and hence th e  same a n a ly t ic a l  p rocedure  as  b e fo re  cou ld  be u sed . Tne 

amount of io d id e  found in  th e  aqueous la y e r  (a llo w in g  f o r  th e  io d id e  due 

to  th e  E tZ n i) , would be a measure o f th e  e x te n t  to  which r e a c t io n  had 

o ccu rred . E th y lz in c  io d id e  was used  i n  the  hope th a t  th e  r e a c t io n  would 

be slow er th a n  t h a t  u sing  d ie th y lz in c ,  and th e  phenylm ercuric  h a l id e  was 

changed from  c h lo r id e  to  io d id e  to  p rev en t h a l id e  exchange r e a c t io n s .

The r e s u l t s ,  which a re  given in  Table 14, show th a t  a f t e r  an i n i t i a l
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b u r s t  o f a c t i v i t y  th e  r e a c tio n  r a p id ly  t a i l s  o f f  and was n ev er found to  

have p roceeded beyond 6 5 .9 ^ . The r e s u l t s  would no t f i t  second o rd e r 

k in e t i c s  ( f i r s t  o rd e r  w ith  re s p e c t to  each r e a c ta n t )  nor would th e y  f i t  

f i r s t  o rd e r k in e t i c s  w ith  r e s p e c t  to  e i th e r  r e a c ta n t .  This r e a c t io n  was 

n o t in v e s t ig a te d  any f u r th e r .

4 . An a ttem p ted  study  o f the k in e t i c s  of th e  r e a c t io n  o f e th y lz inc io d id e  

vfith  m ercuric  io d id e  in  te tra h y d ro fu ra n  a t 25°C.

The r e a c t io n  s tu d ie d  E tZnI + Hgl^ — ^ EtHgl + Znl^ was fo llo w ed  by 

d e term in ing  th e  c o n c e n tra tio n  o f e th y lz in c  io d id e  by a c id / a lk a l i  t i t r a t i o n s .  

The r e a c t io n  was fo llo w ed  u sin g  a flow  ap p a ra tu s  (see  F ig .J ’ f o r  a p p ara tu s  

and page I I 5  f o r  d e t a i l s  o f i t s  o p e ra t io n ) .  The r e a c t io n  was n o t 

fo llo w ed  by t i t r a t i n g  f o r  io d id e  as  in  p re v io u s  k in e t ic  experim ents s in ce  

th e  p a r t i t i o n  o f th e  m ercu ric  io d id e  i n  th e  so lv e n t e x t r a c t io n  p ro c e ss  

m ight be a f f e c te d  by b o th  th e  te tra h y d ro fu ra n  and by o th e r  sp e c ie s  con­

ta in in g  io d id e  io n .

I t  was confirm ed in  check experim ents th a t  e th y lm ercu rie  io d id e  

would n o t i n t e r f e r e  in  th e  a c id / a lk a l i  t i t r a t i o n s .  Brom ocresol p u rp le  

was used as th e  in d ic a to r  in  th e se  t i t r a t i o n s ,  in  which th e  k in e t i c  sample 

was mixed w ith  an ex cess  o f a c id  and th e  a c id  b a c k - t i t r a t e d  w ith  sodium 

hydrox ide , s in ce  i t s  c o lo u r change from  yellow  to  p u rp le  o ccu rred  b e fo re  

th e  p r e c ip i t a t io n  o f z inc h yd rox ide , and a lso  s in ce  i t s  c o lo u r  change was 

n o t  g r e a t ly  a f f e c te d  by th e  p resence  o f te tra liy d ro fu ro n . The r e s u l t s  o f
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th e se  experim ents a re  g iven  in  Table 15, and show th a t  t h i s  r e a c t io n  was too  

f a s t  to  fo llo w  k i n e t i c a l l y .  Over th e  range o f r e a c t io n  in  which i t  was 

p o s s ib le  to  fo llo w  th e  k in e t i c s  th e  d a ta  would n o t f i t  second o rd e r k in e t i c s ,  

and th e  r e a c t io n  appeared  to  be t a i l i n g - o f f  r a p id ly ,  as m ight be ex pec ted  

in  th e  range 80-90^ r e a c t io n .  Again no co n clu sio n s  re g a rd in g  th e  mechanism 

of th e  r e a c t io n  may be drawn.

One ru n  was perform ed between e th y lz in c  io d id e  and po tassium  m ercury 

t r i - i o d i d e .  In  th i s  case  th e  presumed e le c t r o p h i l i c  a t ta c k  on the  z inc

compound would be by Hgl^ and would be expec ted  to  be slow er th a n  a t ta c k  

by Hglg. However th i s  r e a c t io n  was again  to o  f a s t  to  fo llo w .

5 . An a ttem p ted  stu d y  o f  th e  k in e t i c s  o f th e  r e a c t io n  between e th y lz in c  

io d id e  and e th y Im ercu ric  io d id e  in  te tra h y d ro fu ra n  a t  25°C.

The r e a c t io n  s tu d ie d  was E tZnI + EtHgl   > Et^Hg + Z nl^ . The same

a p p ara tu s  and te ch n iq u es  were used in  fo llo w in g  t h i s  r e a c t io n  as f o r  th e  

p rev io u s  r e a c t io n .  The r e s u l t s ,  shown in  Table l6 ,  were c a lc u la te d  on the  

assum ption  th a t  th e  quenching a c id  was consumed by e th y lz in c  io d id e  o n ly .

The r e s u l t s  o b ta in ed  a re  ex p la in ed  by a slow h y d ro ly s is  o f the  d ie th y l -  

m ercury produced in  th e  r e a c t io n .  T his was n o t v e r i f i e d  in  check experim ents 

because  o f the  t o x i c i t y  o f d ie th y Im ercu ry . Thus th e  a n a ly t ic a l  method 

used  was in a p p ro p r ia te  and th e  i n i t i a l  r e a c t io n  i t  was in te n d e d  to  fo llo w  

must have been very  f a s t .
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6 . C onclusions

The r a t e s  o f  th e  fo llo w in g  th re e  a lk y l  exchange p ro c e sse s , where

(X = I )

R^Hg+HgZg -----^ 2RHgX . . .  (a )

RgZn + ZnX -----^  2EZnX . . .  (b )

RgZn + HgX  > RZnX + RHgX . . .  ( c ) ,

may be summarised a s :  (a )  slow; (b ) slow ( c . f .  S e c tio n  IV of t h i s  d i s ­

c u s s io n ) ;  and (c )  f a s t .  These d if f e r e n c e s  may be due to  th e  o rd e r  o f

th e  e l e c t r o p h i l i c i t y  o f th e  a t ta c k in g  m etal h a lid e s  being  in  th e  o rd e r 

HgXg/  ZnXg, and th e  n u c le o p h i l ic i ty  o f th e  a -ca rb o n  atom o f th e  d ia lk y l  

m e ta ls  be ing  in  the  o rd e r  R ^ n  J >  Thus, in  o rd e r  to  f in d  a m eta l to

u n lik e  m etal a lk y l  exchange which proceeds a t  a m easurable r a t e  in /o lv in g  

e i t h e r  z in c  o r m ercury, i t  would seem n ecessa ry  to  r e a c t  e i th e r  a  m ercuric

h a lid e  w ith  an a lk y l  m eta l compound in  which th e  a -ca rb o n  atom has a  l e s s

n u c le o p h ilic  c h a r a c te r  th an  th a t  i n  a z inc  compound ( e .g .  the  r e a c t io n  

o f a t e t r a a l k y l t i n  w ith  a m ercuric  h a l id e ) ,  o r to  r e a c t  a d ia lk y lz in c  

w ith  a m eta l h a lid e  l e s s  e l e c t r o p h i l i c  i n  c h a r a c te r  th a n  a  m ercuric  

h a lid e  ( e .g .  th e  r e a c t io n  of a d ia lk y lz in o  w ith  a  cadmium h a l id e ) .
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SECTION III

CORfPETITIVE STUDIES

The method of r e a c t in g  approx im ate ly  equim olar m ix tu res  o f d ia lk y 1 -  
of

z in c s  w ith  a d e fic ien o y ^ re ag e n t to  determ ine th e  r e l a t i v e  r a t e s  o f r e a c t io n  

o f th e  two d ia lk y lz in c s  w ith  t h a t  re a g e n t has been  used s u c c e s s fu lly  b e fo re  

[3 8 ,9 9 ]*  The r e a c t io n  of phenylm ercuric  c h lo r id e ;  w ith  a  m ix ture  of 

d im ethy l and d ie th y l  z inc  in  te tra h y d ro fu ra n  a t  2 3 ®C and in  e th e r  a t  r e f lu x  

te m p e ra tu re ; w ith  a m ix tu re  of d ie th y l  and d i-n -p ro p y l z in c  in  te tr a h y d ro ­

fu ra n  b o th  a t  25°C and a t  r e f lu x  tem pera tu re  and in  e th e r  a t  r e f lu x  

te m p e ra tu re ; and w ith  a m ix ture  o f d ie th y l  and d i - i - p r o p y l  z inc  in  t e t r a ­

hy d ro fu ran  a t  2 3 °C and r e f lu x  tem p era tu re  and in  e th e r  a t  r e f lu x  te j.ip e ra tu re , 

was s tu d ie d . S ince th e  b o i l in g  p o in t o f d im ethy lz inc  i s  44°C i t  was n o t 

p o s s ib le  to  s tudy  th e  r e a c t io n  o f phenylm ercuric  c h lo r id e  w ith  a m ix ture  o f  

d im ethy l and d ie th y l  z inc  in  r e f lu x in g ^ t e tia h y d ro fu ra n .

The r e s u l t s  o f th e  co m p e titiv e  experim ents a re  shown i n  T ab les  17,

18 and 19, on pages 121 ,123-4 . In  th e se  t a b le s  th e  f i r s t  th re e  columns 

g ive th e  amounts o f r e a c ta n ts  u sed . The phenylm ercuric  c h lo r id e  was weighed 

o u t .  The amounts o f  d ia llc y lz in c s  used were known s in ce  c a p su le s  c o n ta in in g  

known w e ig h ts  o f d ia lk y lz in o  m ix tu res  were u se d . The p ercen tag e  com position

o f th e se  m ix tu res  was checked from tim e to  tim e d u rin g  each s e r i e s  o f ru n s
”RH ”b u t no s ig n i f ic a n t  v a r ia t io n s  were found . The column headed ^  r e f e r s

o r i g ' l
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to  th e  com position  o f th e  gaseous m ix tu res evolved upon h y d ro ly s is  of

sam ples o f th e  m ix tu res  o f  d ia lk y lz in c s  u sed ; and so g iv e s  a va lue  f o r  the

p e rcen tag e  com position  o f  th e  m ixture  o f d ia lk y lz in c s  used . The column

headed ’’V ol. o f gas expected" r e f e r s  to  th e  volume of gas t h a t  would be

expected  a f t e r  h y d ro ly s is  i f  on ly  one a lk y l  group i s  t r a n s f e r r e d  from zinc

"R’Hto  m ercury. The column headed -g g  found" r e f e r s  to  th e  com position  of th e  

gaseous m ix tu re  evolved upon h y d ro ly s is .  The f i n a l  column g iv e s  th e  r e ­

l a t i v e  r a t e s  o f r e a c t io n  o f  th e  tv/o d ia lk y lz in c s  used in  th e  ex perim en t.

The r e a c t io n  was fo llow ed  by h y d ro ly sin g  th e  r e a c t io n  m ix tu re  a f t e r  

r e a c t io n  had o ccu rred  (lO m inutes was found to  be an adequate tim e to

en su re  com plete r e a c t io n )  and m easuring th e  volume o f th e  hydrocarbon

RHm ix tu re  produced and a n a ly s in g  i t  by V .P .C . to  de term ine  th e  r a t i o  

i s  g iven  by : [100]

, lo g .(m o le  f r a c t io n  o f R^Zn rem ain ing) 

k ’ lo g .(m o le  f r a c t io n  o f R^'Zn rem ain ing)

and f o r  t h i s  purpose a d e f ic ie n c y  o f  phenylm ercuric  c h lo r id e  was always
RgZn

used , a lso  th e  i n i t i a l  r a t i o  o f  was k e p t as  c lo se  to  1 as p o s s ib le .

A sample c a lc u la t io n  i s  g iven  below :

in  g e n e ra l te rm s th e  r e a c t io n s  occuring  a re  :

Me^Zn + PhHgCl  > MeHgPh + MeZnCl + Me^Zn

(a)m oles (x)m oles (x ) (x) (a -x )

EtgZn + PhHgCl — >  EtHgPh + EtZnCl + Et^Zn

(b) (y ) (y ) (y ) (b -y )
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a -x

w hich on h y d ro ly s is  would y ie ld  2 a -x  moles o f methane and 2b-y m oles of 

e th a n e .

The ex p ress io n  f o r  th e  r e l a t i v e  r a t e s  becomes :

^ t

^Me -  -  a

This ex p re ss io n  f o r  the r e l a t i v e  r a t e s  of r e a c t io n  i s  only a p p lic a b le  to  

th e  r e a c t io n  scheme shown above, which i s  based on the  assum ption th a t  

a lk y lz in o  c h lo r id e s  e x i s t  as d i s t i n c t  sp e c ie s . I f  t h i s  i s  n o t  so , th e  

e x p re ss io n  used f o r  the r e l a t i v e  r a t e s  w i l l  not h o ld , bu t s in ce  the  r e a c t in g  

d ia lk y lz in c s  were always p re s e n t in  excess  over th e  phenylm ercuric  c h lo r id e  

th e  d if f e r e n c e s  betw een th e  r e l a t i v e  r a t e s  found usin g  th e  e x p re ss io n  f o r  

r e l a t i v e  r a t e s  g iven  above and the  t ru e  r e l a t i v e  r a t e s  w i l l  no t be la r g e .

Taking f o r  example run  number 47 from  Table 17, th en

-3  -3a = 1 ,570  X 10 moles and b = 1 .707 x 10 m oles. The volume o f gas

c o l le c te d  was 129 m l. b u t the volume expec ted  f o r  th e  r e a c t io n  in d ic a te d  

was 1 2 7  ( .9 )  m l.; in  a l l  c a lc u la t io n s  th e  volume of gas expec ted  was th e  

f ig u r e  u sed  in  c a lc u la t in g  th e  com parative  r a t e s .  The a n a ly s is  o f th e  

m ix ture  o f hydrocarbons evolved  showed

Meli/EtH = 1 / 0 . 9 1 3 (4 ) o r  ^  = 0 .9 1 3 (4 ) .

Hence 1 ,9 1 3 (4 ) m l. c o n ta in  1 ml. o f  MeH and 0 .9 1 3 (4 ) m l. o f  EtH,

.* .  1 2 7 .(9 )  m l. oontcdn ï" .9 1 3 (4 ]‘x^224b'd
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log! - 1 .570

iT&fMëof" BtH,

i . e .  1 2 7 . ( 9 ) m l. c o n ta in  2.986 % 10 ^ moles o f MeH and 2.727 x 10 ^ moles 

o f EtH,

Hence 2a -  x = 2.986 x 10 ^ . . x  = 0 .154 x 10 ^ moles

and 2b -  y  = 2 .727 x  10~^ y  = 0,687 x lo ”^ m oles.

' = 4 .9 (7 8 )

The f ig u r e s  f o r  th e  a n a ly se s  o f th e  hydrocarbon m ix tu res  produced

on h y d ro ly s is  o f  a l l  th e  r e a c t io n s  perform ed in  te tra h y d ro fu ra n , w hether

a t  2 5 °C o r  a t r e f lu x  tem p e ra tu re , w ere co n sid e red  to  be w ith in  experim en ta l

R*He r r o r  o f th e  o r ig in a l  v a lu es  o f b e fo re  the  experim ents were perform ed,

and in  th e se  c a se s  th e  two d ia lk y lz in c s  were c o n s id e re d  to  have re a c te d  

a t  th e  same r a t e .  Talcing an average o f  th e  v a lu e s  f o r  th e  com parative 

r a t e  o f r e a c t io n  o f d im ethy lz inc  and d ie th y lz in c  w ith  phenylm ercuric  

c h lo r id e  in  e th e r  ( Table 17) i t  i s  found th a t  d ie th y lz in c  r e a c ts  4 .5  tim es 

f a s t e r  th a n  d im e th y lz in c . A gain, ta k in g  an average o f th e  v a lu e s  in  Table 18, 

i t  i s  found th a t  d i-n -p ro p y lz in c  r e a c t s  3-7 tim es f a s t e r  th an  d ie th y lz in c  

in  r e f lu x in g  e th e r .  The v a lu e s  f o r  the  com parative  r a t e  o f  r e a c t io n  of 

d ie th y lz in c  and d i- i -p ro p y Iz in c  in  r e f lu x in g  e th e r  a re  too s c a t te r e d  to  have 

any meaning, and re a c t io n s  in v o lv in g  d i- i -p ro p y lz in c  w i l l  no t be c o n sid e red  

now.
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The r e s u l t s  o b ta in ed  may be p re se n te d  in  t a b l e  form  on th e  s ty le  

o f T ab les 2 and 3«

TABLE 9

R e la tiv e  r a t e s  of r e a c t io n  of R^Zn w ith  PhHgCl

; RgZn + PhHgCl jRgZn + PhHgCl RgZn + PhHgCl
Î in  Et^O 1 i n  THE in  THE i

R ^1 a t  35°C 1 a t  23°C a t  63*0 1

Me 1 100 ' 1 0 0

i
1 0 0  1 

(
1

: E t 1 450
!
! 1 0 0
1

1 0 0  1

n -P r 1 1 , 6 6 3 1 1 0 0 1 0 0  1

The com parative r a t e s  of re a c tio n s  perform ed in  e th e r  a re  n o t in  very  

good agreem ent and t h i s  may be due to  th e  f a c t  t h a t  th e  experim en ta l method 

Used depends no t upon a n a ly s in g  th e  p ro d u c ts  o f  th e  r e a c t io n ,  b u t upon 

a n a ly s is  o f th e  p ro d u c ts  o f h y d ro ly s is  o f th e  p ro d u c ts  of r e a c t io n  to g e th e r  

w ith  r e a c ta n ts  rem aining* However, even i f  th e  a b so lu te  v a lu e s  o f  th e  

com parative  r a t e s  a re  of s l i g h t ly  dubious v a l i d i t y  th e  experim ents c e r t a in ly  

showed th a t  th e  o rd e r  of r e a c t i v i t y  was Me E t n -P r , i n  e th e r ,  and th a t  

th e  o rd e rs  o f m agnitude in v o lv ed  a re  v e ry  sm a ll. The r e s u l t s  of th e  com­

p e t i t i v e  s tu d ie s  in  e th e r e a l  s o lu t io n  v d l l  be co n s id e re d  in  d e t a i l  f i r s t .

S ince th e  a b so lu te  k in e t i c s  o f th e se  r e a c t io n s  cou ld  n o t be s tu d ie d  

th e  m o le c u la r ity  of th e se  re a c t io n s  co u ld  n o t be de term ined , b u t i t  seems
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unreasonab le  t h a t  th e y  should  be o th e r  than  e i th e r  f i r s t  o rd e r w ith  r e s p e c t

to  one r e a c ta n t  and z e ro th  o rd e r w ith  r e s p e c t  to  th e  o th e r ,  o r f i r s t  o rd e r

w ith  re s p e c t  to  each  r e a c ta n t .  C onsidering  th e  p o s s ib le  mechanisms l i s t e d

in  P a r t  A o f C hapter I ,  some of th e se  may be e lim in a te d  s t r a ig h t  away.

The p o s s i b i l i t y  o f th e  r e a c t io n  p ro ceed in g  by an a lk y l  b rid g e  mechanism

may be r e je c te d  s in ce  in  th a t  case  i t  would be ex p ec ted  th a t  when

H^Zn = Me^Zn, th e  r e a c t io n  should  p roceed  very  much f a s t e r  th a n  case s  in

which R i s  e th y l  and n -p ro p y l. The S^C mechanism may be r e je c te d  due to

th e  absence o f  any n o ta b le  c o o rd in a tin g  group in  e i th e r  r e a c ta n t .  A

mechanism in  which th e  r a t e  de term in ing  s tep  depends upon an io n is a t io n

o f th e  phenylm ercuric  c h lo r id e  may be excluded  s in ce  th e n  a l l  th e  d ia lk y lz in c s

used would r e a c t  a t  th e  same r a t e  w ith  phenylm ercuric  c h lo r id e ,  Ai 8^1

mechanism in  which th e  r a t e  de term in ing  s tep  i s  an io n is a t io n  o f th e

d ia lk y lz in c ;  R^Zn R + RZn" ,̂ may a lso  be excluded  s in c e  th e  + I

e f f e c t s  o f th e  n -a lk y l  groups a re  in  the  o rd e r  Me B t n -P r and hence

(s in c e  + I e f f e c t s  would r e t a r d  such an io n is a t io n )  an o rd e r  o f r e a c t i v i t y

Me y  "Et y  n -P r would be expec ted  i n  such a c a se . The mechanisms l e f t

a re  3^2 and S ^ i.

I t  would be expected  [ 6 , 3 6 ] th a t  an open 8^2 mechanism

r - ZnR . -  -r
i :

R -  ZnR + PhHgCl ---- ^  ; R  ̂ | -----^  RZnCl + RHgPh

'HgPhCl J

would le a d  to  a  s t e r i c  sequence o f r e a c t i v i t y ,  i . e . .
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i ^ Z n  /  Et^Zn /  n-Pr^Zn* However a c lo se d  t r a n s i t i o n  s t a t e  mechanism.

R

\
Zn

a-

R . Cl
/f

Ph

would be expec ted  to  le a d  to  a "mixed sequence" w ith  an in te r p la y  of s t e r i c  

and in d u c tiv e  e f f e c t s .  Table 2 on page 27 shows a number of r e a c t io n s  

in v o lv in g  m etal a lk y ls  o f the  ty p e  in  which j u s t  such a sequence i s  

observed :

No. 

!h'
1 16

iThis work

R = Me . E t n - P r R eac tio n

100 244 102 RgZn + p - to lu id in e  in  Et^O

100 6 3 0 3 9 0 RgHg + HCl in  DMSO/Dioxan

100 2080 2 2 6 0 RgHg + Hglp in  Dioxan

100 4 5 0 1 6 6 0 R Zn 4. PhHgCl i n  Et^O

In  a so lv e n t such as e th e r  a  t r a n s i t i o n  s t a t e  such as an S^ 2  one 

c a r ry in g  a charge s e p a ra tio n  i s  n o t expected  to  be fav o u red , and th e  sequence 

found in  t h i s  work, a lth o u g h  p o la r  in  n a tu re , i s  l e s s  pronounced th an  a 

w holly p o la r  sequence such as i s  found in  an S^C re a c t io n  ( c . f .  Table 3)«
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Thus the  sequence found in  t h i s  work i s  su ggested  as in d ic a t in g  an S ^ i- ty p e  

t r a n s i t i o n  s t a t e  :

.....

Zn ! Zn ! Zn
I  ̂ ' s .  !

i
Hg !

' ! ^Ph -  Ph R V
HS

Ph

C onsidering  now th e  co m p e titiv e  s tu d ie s  perform ed in  te tra h y d ro fu ra n  

in  which a l l  the  d ia lk y lz in c s  appeared  to  r e a c t  a t  th e  same r a t e ,  i t  i s  

su ggested  th a t  in  th e se  cases  th e  re a c t io n s  were so f a s t  th a t  no d if fe re n c e  

in  r a t e s  was d is c e r n ib le .  I t  i s  known th a t  d im eth y lz in c  w i l l  form a complex 

w ith  te tra h y d ro fu ra n  [ 1 0 1 ] and i t  i s  n o t un reasonab le  to  expect t h a t  o th e r  

d ia lk y lz in c s  w i l l  a lso  show a s im i la r  tendency . Complex fo rm atio n  o f t h i s  

type  would te n d  to  weaken th e  carbon  to  zinc bonds in  th e  d ia lk y lz in c .

( i t  h as been shown th a t  th e  carbon to  m e ta l bonds i n  E t^A l and St^Ca a re  

w eaker in  e th e r e a l  s o lu t io n  th a n  i n  th e  n e a t l i q u id s  [ 1 0 2 ] ,)  Thus weakened, 

th e  bonds would b re a k  more r e a d i ly  and th e  r e a c t io n  would be expected  to  

o ccu r very  r a p id ly .  An in c re a se d  r e a c t i v i t y  o f organomagnesium compounds 

i n  such s tro n g ly  s o lv a t in g  media as  te tra h y d ro fu ra n  and dim ethoxyethane has 

been observed  in  th e  a lk y la t io n  o f m e ta l l ic  h a l id e s  [ 1 0 2 a ], A lthough th e  

a lk y la t io n  of phenylm ercuric  c h lo r id e  i s  f a s t  bo th  in  e th e r  and in  t e t r a ­

h y d ro fu ran  i t  i s  su g g ested  th a t  complexing such as :
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THP
X

Zn would be s tro n g e r  than
Tv

THF

Zn
XR OEt

and th a t  th e  a lk y la t io n  in  te tra h y d ro fu ra n  would be much f a s t e r  than  in  

e th e r .  Hence th e  d is c r im in a tio n  by th e  phenylm ercuric  c h lo r id e  in  re a c t in g  

w ith  u ither o f th e  d ia lk y lz in c s  p re s e n t  in  th e  m ixture  w i l l  become l e s s ,  and 

in  th e  l im i t  th e  two d ia lk y lz in c s  p re s e n t  w i l l  r e a c t  a t  th e  same r a t e  w ith  

th e  pheny lm ercuric  chic r id e .

F in a l ly ,  c o n s id e rin g  the  co m p etitiv e  s tu d ie s  betw een d ie th y lz in c  and 

d i - i - p r o p y lz in c ,  m ention must be made of d i f f i c u l t i e s  en co u n te red  in  the  

h a n d lin g  o f d i - i - p r o p y lz in c .  During th e  f r a c t io n a l  d i s t i l l a t i o n  o f d i - i -  

p ro p y lz in c  in  th e  f i n a l  s tag e  of i t s  p re p a ra t io n  i t  showed a ready  tendency 

to  decompose, d e p o s it in g  m e ta l l ic  z in c ; much more so th an  d ie th y lz in c  and 

d i-n -p ro p y lz in C o  Also w h ils t  being  hand led  in  th e  n itro g e n  box i t  r e a d i ly  

decomposed d e p o s it in g  m e ta l l ic  z in c  when exposed to  an atm osphere i n  w hich 

d ie th y lz in c  s c a rc e ly  fumed a t  a l l .

These o b se rv a tio n s , to g e th e r  w ith  the  s c a t te r e d  r e s u l t s  o f  th e  

co m petitive  s tu d ie s  in  e th e r e a l  s o lu t io n ,  p re c lu d e  experim ents in v o lv in g  

d i- i - p r o p y lz in c  from  the d is c u s s io n  on mechanisms.
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SECTION 17

THE NATURE OF ALKYLZINC HALIDES

The use o f  s o lu tio n s  th o u g h t to  co n ta in  e th y lz in c  io d id e  i n  some of 

th e  k in e t i c  s tu d ie s  prom pted an in v e s t ig a t io n  o f  th e  p re c is e  n a tu re  o f e th y l­

z in c  io d id e , p a r t i c u la r ly  s in ce  c o n f l ic t in g  r e p o r ts  w ere to  be found in  the  

l i t e r a t u r e  [8 0 ,8 9 ,9 4 ^ 9 5 ] . This work was a lso  ex tended  to  a s tu d y  of e th y lz in c  j 

brom ide. The c ru x  o f  th e  problem  i s  which s id e  o f the  e q u ilib riu m  :

2RZnX R Zn + ZnX . . .  ( l )

i s  fav o u red  and under what c o n d it io n s .

The work done w i l l  be d e a l t  w ith  in  two p a r t s .  P a r t  A i s  concerned 

w ith  i s o la t in g  s o l id  N,N,N*,N’-te tra m e th y le th y le n ed ia m in e  (TMED) com plexes.

P a r t  B concerns th e  use o f N.M.R. to  in v e s t ig a te  th e  sp ec ie s  p re s e n t in  

s o lu t io n ,  and a lso  some o b se rv a tio n s  made du rin g  th e se  s tu d ie s ,  b u t which 

a re  n o t d i r e c t l y  concerned w ith  in v e s t ig a t in g  th e  n a tu re  o f  a lk y lz in c  h a l id e s ,  

w i l l  be in c lu d ed  in  i t  f o r  th e  sake of convenience.

PART A -  I s o la t io n  of complexes 

1 . E th y lz in c  io d id e

A d d itio n  o f TIvIED to  s o lu tio n s  of e th y lz in c  io d id e  (p rep a re d  as on 

page 1 0 6 ) in  b o th  e th e r  and te tra h y d ro fu ra n  y ie ld e d  a 1 ; 1 complex of 

e th y lz in c  io d id e  and TMED. I d e n t i c a l  p ro d u c ts  were o b ta in ed  from  s o lu tio n s  

o f e th y lz in c  io d id e  t h a t  had been f r e s h ly  p rep a red  and from s o lu t io n s  th a t
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had been k e p t f o r  s e v e ra l  weeks. A 1 : 1 zinc io d id e  complex was p re p a red  

from bo th  THF and m ethano lic  so lu tio n s  f o r  use as a  re fe re n c e  compound.

Both th e  e th y lz in c  io d id e  and the z in c  io d id e  complexes a re  new compounds. 

A ttem pts to  i s o la te  a d ie th y lz in c  complex were u n su c c e ss fu l. A d d itio n  of 

TMED to  an equim olar m ix tu re  o f d ie th y lz in c  and  z inc  io d id e  in  THF -  k e p t 

a t  room tem peratu re  -  y ie ld e d  th e  z in c  io d id e  complex on ly , when th e  

a d d it io n  was made a f t e r  the  m ix ture  had been made on ly  tvfo h o u rs . A d d ition  

o f  TIvIED to  a s im ila r  m ix tu re  t h a t  had been k ep t f o r  seven  days a t  25°C, 

y ie ld e d  th e  e th y lz in c  io d id e  complex o n ly . The p o s s i b i l i t y  t h a t  th e  a d d it io n  

o f TIvIED had pushed e q u ilib r iu m  ( l )  [ X = I ,  R = E t] to  th e  r i g h t ,  in  th e  f i r s t  

experim en t, i s  removed by th e  i s o l a t i o n  o f a d i f f e r e n t  complex in  th e  second 

ex p erim en t. I t  i s  concluded th a t  th e  n a tu r a l  p o s i t io n  o f eq iu ilib rium  ( l )  

f o r  R = E t , X = I  i n  te tra h y d ro fu ra n , i s  to  th e  l e f t  b u t th a t  some tim e i s  

n e ce ssa ry  f o r  th e  system  to  reach  e q u ilib r iu m  a t  th e  c o n c e n tra tio n s  used .

The p o s s i b i l i t y  th a t  e th y lz in c  io d id e  e x i s t s  as a  dimer (E tZ n l)^  as some 

G rignard  re a g e n ts  do f 7 6 ] was removed by m o lecu lar w eight d e te rm in a tio n s .

The m o lecu lar weight of the  sp ec ie s  p re s e n t  in  e th y lz in c  io d id e  s o lu t io n s  

in  b o th  THF and e th e r  was determ ined  by e b u llio sc o p y . The r e s u l t s  a re  shown 

in  Table 22. The degree  of a s s o c ia t io n  found was n ev er g re a te r  than  1 .37  

over th e  range of c o n c e n tra tio n s  u sed . ( 0 . 0 3  -  i n  THF and O.OI9  -  O.IOM 

in  e t h e r . )  More s ig n i f i c a n t ly ,  th e  degree  of a s s o c ia t io n  found showed no 

t r e n d  w ith  v a ry in g  c o n c e n tra tio n . I t  i s  known th a t  t r a c e s  o f m o is tu re  and 

oxygen can  g re a t ly  in c re a s e  th e  observed  m o lecu lar w eigh ts  in  d e te rm in a tio n s
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on alkyIm agnesium h a l id e s  and t r i a lk y lg a l l iu m s  [ 7 3 , 1 0 3 ] ,  and so i t  i s  con­

c luded  th a t  e th y lz in c  io d id e  i s  p re s e n t  m ainly in  a monomeric form in  THF 

and e th e r  in  th e  c o n c e n tra tio n s  u sed .

In  one in s ta n c e  when th e  com plex-form ing experim ents i n  te tra h y d ro ­

fu ra n  were be ing  re p e a te d , th e  s o lu t io n  o f d ie th y lz in c  and zinc io d id e  was 

in a d v e r te n t ly  a llow ed  to  become warm on being made up . In  t h i s  c ase  a 

m a te r ia l  w ith  a n a ly s is  f ig u r e s  in te rm e d ia te  to  th o se  of z in c  io d id e  complex 

and e th y lz in c  io d id e  complex was o b ta in ed  when TîvîED was added to  th e  m ixture 

a f t e r  i t  had been made up f o r  two h o u rs , which dem onstra tes  t h a t  th e  

sy n -p ro p o rt io n a tio n  r e a c t io n  ;
THF

EtgZn + Znig 22tZnI

p roceeds q u ite  r e a d i ly  under th e se  c o n d it io n s .

U n fo rtu n a te ly  z inc  io d id e  was n o t s u f f i c i e n t ly  so lu b le  in  e th e r  to  

a llow  th e  com plex-form ing experim en ts perform ed in  te tra h y d ro fu ra n  s o lu tio n  

to  be re p e a te d  in  e th e r e a l  s o lu t io n .

A ttem pts to  p rep a re  e th y lz in c  bromide by th e  d i r e c t  r e a c t io n  of e th y l  

bromide on z inc  were u n su c c e ss fu l, except when e th y l  bromide i n  d im e th y l- 

formamide was re f lu x e d  in  th e  p resence  o f a  z in c -co p p e r c o u p le , when a 

r e a c t iv e  s o lu t io n  was o b ta in e d . However, a tte m p ts  to  i s o l a t e  a  TIvIED complex 

o f  th e  s p e c ie s  p re s e n t  in  s o lu t io n  were u n su c c e ss fu l. I t  may have been  

th a t  a  c o m p e titio n  f o r  th e  sp e c ie s  p re s e n t in  s o lu t io n  o ccu rred  between TI.IED
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and dime th y I f  ormami d e .

A d d itio n  o f TMED to  an equim olar m ix ture  o f  d ie th y lz in c  and zinc 

bromide in  te tra h y d ro fu ra n  y ie ld e d  the  z inc  bromide complex when th e  a d d it io n  

was made b o th  two hours a f t e r  th e  m ix ture  had been made up and a f t e r  i t  had 

been k ep t f o r  seven days a t  2 5 °C.

A d d ition  o f TMED to  an equim olar m ix ture  o f d ie th y lz in c  and  z in c  

brom ide in  d ie th y l  e th e r  a f t e r  the m ix tu re  had been made up f o r  f i f t e e n  

m inu tes y ie ld e d  a complex whose a n a ly s is  corresponded  to  EtZnBr.TîvlED. The 

m e ltin g  p o in t o f  t h i s  m a te r ia l  was b u t i t  was n o t p rep ared  in  s u f f i c i e n t

q u a n ti ty  to  allow  i t  to  be r e c r y s t a l l i s e d  to  a c o n s ta n t m eltin g  p o in t .  The 

e th y lz in c  bromide complex i s  a lso  a new compound.

Thus e th y lz in c  brom ide appears to  be more l a b i l e  th a n  e th y lr in c  

io d id e  in  te tra h y d ro fu ra n  and e q u ilib r iu m  ( l )  (R = E t, X = Br) l i e s  to  th e  

r i g h t .  W h ils t in  d ie th y l  e th e r  th e  e q u ilib r iu m  l i e s  to  th e  l e f t .  This 

d if fe re n c e  in  b eh av io u r in  th e  two so lv e n ts  may be due to  th e  g re a te r  s o l­

v a t in g  (o r com plexing) a b i l i t y  of te tra h y d ro fu ra n  as  compared to  e th e r ,  

cau sin g  the  r ig h t-h a n d  s id e  of e q u ilib r iu m  ( l )  to  be more fav o u red  i n  

te tr a h y d ro fu ra n .

C onclusions

T his work h as shown th a t  an i d e n t i c a l  p ro d u c t, e th y lz in c  io d id e  

i s  o b ta in e d  from  th e  fo llo w in g  tvro re a c t io n s  ;

E t I  + Zn >

Et^Zn + Znl_ ■■"""""y
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which i s  i n  agreem ent w ith  th e  work o f Jan d e r and P isc h e r  [.8 9 ] a lthough  

th e se  l a t t e r  w orkers d id  n o t c h a r a c te r is e  t h e i r  p ro d u c t. Furtherm ore, 

th e  i d e n t i f i c a t i o n  o f  e th y lz in c  io d id e  in  e th e r  and te tra h y d ro fu ra n  now 

e x p la in s  th e  p re p a ra t io n  o f unsym m etrieal d ia lk y lz in c s  a s  m entioned on p . 4-7<

EMgVEt 0
E tI  +  2n  ------>  S tZ n I   ^  EtZnR.

P re v io u s ly  only  one s e t  o f  work on th e  e th y lz in c  brom ide system had been  

re p o r te d  [ 94-1, in  hep tane  s o lu t io n ,  and th en  in  a  manner vfhich re n d e rs  i n t e r ­

p r e ta t io n  o f  th e  r e s u l t s  d i f f i c u l t ,  Tfork in  which m ix tu res  of Et^Zn and
6 5 ZnClg i n  e th e r  and t e tra h y d ro fu ran  were t r e a te d  w ith  2 ,2 ’- d ip y r id y l  to  

p r e c ip i t a t e  a z in c  c h lo r id e -d ip y r id y l  complex [ 95] made no m ention o f 

in te r f e r e n c e  by e th y lz in c  c h lo r id e . Thus, from  chem ical e v id e n c e ,th e  main 

sp e c ie s  e x is t in g  i n  s o lu t io n s  o f e th y lz in c  h a l id e s  may be summarised as  :

S o lv en t E th e r  THF Hof.

X = I  E tZnI E tZnI This work

X = Br EtZnBr Et^Zn + ZnBr^ T h is work

X = Cl EtgZn + ZnClg Et^Zn + ZnCl^ [ 95]

A p o s s ib le  e x p la n a tio n  o f th e se  r e s u l t s  i s  t h a t  te tra h y d ro fu ra n  forms a v e ry  

s tro n g  complex w ith  z inc  h a l id e s  compared w ith  e th y lz in c  h a l id e s  and d ie th y l ­

z in c . ' Hence in  th e  e q u ilib r iu m

Et^Zn + ZnX_ = = ^  2EtZnX , 

th e  s id e  c o n ta in in g  th e  z in c  h a l id e  i s  more fav o u red  in  te tra h y d ro fu ra n .
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PART B -  NcMoR. S tu d ie s

The NoMoRo s p e c tra  of th e  e th y lz in c  groups in  e th y lz in c  io d id e  (p re ­

p ared  as on page lOé) and d ie th y lz in c  in  te tra h y d ro fu ra n  were found to  be 

i d e n t i c a l ,  and a lso  id e n t i c a l  w ith  th e  spectrum  of a m ix tu re  o f th e  two com­

pounds (F ig s . 6 and 7 ) . The f a c t  th a t  th e se  tv/o compounds should  have th e  

same NoM.Ro spectrum  i s  u n u su a l. The p o s s ib i l i t y  of a r a p id  exchange in  th e  

system  d ie th y lz in c  p lu s  e th y lz in c  io d id e  can n o t, however, be excluded . In  

view of th e  p rev io u s  r e s u l t s  found in  t h i s  work t h i s  s im i l a r i t y  of s p e c tra  

i s  in te r p r e te d  as showing th a t  N.MoRo cannot d is t in g u is h  th e  two compounds 

and n o t as showing th a t  the same sp e c ie s  were p re s e n t  (a s  concluded by Evans 

and Maher from  s tu d ie s  in  e th e r e a l  s o lu t io n  [ 8 0 ] ) .  For com parison th e  

7' v a lu e s  o b ta in e d  in  t h i s  work and th o se  o b ta in e d  by Evans and Maher are  

shown in  Table 10.
TABLE 10 

‘2r v a lu e s  f o r  th e  e th y lz in c  group

S o lven t E tZnI

8 .78Et 0

dioxan 9.740

CH„C1„

THF '

Et^Zn

CH2 ^ " r  CHj

.698  j 8 .854

.778 1

1

8 .874

1

.744  I 8 ,87

.851 ! 9 . 0 6 4

.92  !
!

8.95

sf T his work (average  o f s e v e ra l  s p e c t r a l  v a lu e s )
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The spectrum  o f a THF s o lu t io n  of TMED showed two peaks due to  th e  

amine; one a t  7»74 whose a re a  was one t h i r d  o f  th e  a re a  o f th e  second 

peak a t  7*90 . The f i r s t  peak i s  due to  th e  p ro to n s  o f  th e  m ethylene

groups in  the  amine and th e  second i s  due to  the p ro to n s  on th e  m ethyl 

g roups. C onsidering  th e  fo rm ula of th e  amine; (CH^)2 .N,CH2 .CH2 .N(CH^)2 , 

i t  i s  seen t h a t  th e re  are  12 m ethyl p ro to n s  and 4  m ethylene p ro to n s  p e r 

m olecu le, hence th e  a re a s  o f the peaks due to  th e se  should  be in  th e  r a t i o  

3 : 1 .

1 . The system  Znl^ + TMED

The 'Tr v a lu es  o f  th e  amine peaks o f s p e c tra  o f s o lu t io n s  o f  z inc  

io d id e  w ith  vary ing  amounts o f  TMSD (T able 20) a re  low er th a n  th o se  o f th e  

uncomplexed amine as m ight be expected  due to  e le c tro n  w ithd raw al from the  

amine in  complex fo rm a tio n . When th e  amine i s  p re s e n t in  excess over the  

z inc io d id e  th e  peaks due to  the  amine broaden  and s h i f t  to  h ig h  m agnetic

f i e l d  tow ards th e  p o s i t io n  o f  th e  peaks due to  uncomplexed amine ( F ig .8 ) .  I t

i s  su g g ested  th a t  e q u ilib r iu m  (a ) l i e s  w e ll to  the  r i g h t  :

TMED + Znl^ Znl .TMED . . .  (a )

and so when th e  amine i s  p re s e n t in  d e f ic ie n c y  i t  i s  a l l  c o o rd in a te d  onto 

th e  z inc  io d id e .  W h e n  th e  aiûine i s  p re se n t in  excess an e q u ilib r iu m  as 

i n  (b ) b eg in s  to  o p e ra te

TMED̂  + ZnIg.TMED Znl^.TMED* + TMED . . .  (b )

which le a d s  to  a m erging o f  the  peaks due to  f r e e  and complexed amine.
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P u re ly  as a gu ide to  the r a t e  of t h i s  exchange p ro c e ss  i f  th e  d if f e r e n c e  

in  frequency  in  c . p . s .  fo r  th e  peaks due to  complexed amine and uncomplexed 

amine ( 4 0  c . p . s . )  i s  s u b s t i tu te d  i n  th e  fo rm u la  f o r  th e  h a l f - l i f e  o f a 

sp e c ie s  in  an exchange p ro cess  w ith  equal p o p u la tio n s  a t  each s i t e ,  in  which 

th e  exchange p ro c e ss  cau ses  the  peaks to  ju s t  merge,

a va lue  f o r  t ,  th e  h a l f - l i f e  of a sp e c ie s  a t  one s i t e ,  o f O.OO5 6  s e c s , i s  

o b ta in e d . However i t  was found th a t  th e  se p a ra tio n  and p o s i t io n s  o f th e  

tvfo amine peaks v a r ie d  w ith  c o n c e n tra tio n ; d i lu t in g  a m ix ture  o f z in c  

io d id e  and a d e f ic ie n c y  o f  amine caused  th e  two amine peaks to  move f u r th e r  

a p a r t  and to  low m agnetic f i e l d  (G,H and I  o f F i g .9 ) , w h ils t  d i lu t in g  a 

s o lu t io n  o f s o l id  z in c  io d id e  complex caused th e  two amine peaks to  move 

c lo s e r  to g e th e r  and to  high m agnetic f i e l d  ( j  and K o f F i g . 9 ) ,

2 . The system  Et^Zn + TMSD

The spectrum  of an equim olar m ixture of d ie th y lz in c  and TMED ( F ig .10) 

showed two amine peaks a t  7 .72  2b and 7*83 very  c lo se  to  th e  p o s i t io n  

o f th e  peaks fo r  uncomplexed am ine, which su g g es ts  th a t  d ie th y lz in c  may 

be c o n s id e re d  as  m ain tly  u n co o rd in a ted , i . e .  e q u ilib riu m  (c )  l i e s  m ainly 

to  th e  l e f t .

TMED +  E t g Z n  E t ^ Z n .  TIvIED . . .  ( 0 ) .
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3 . The system E tZnI + TEED

T y p ica l s p e c tra  of m ix tu res  o f e th y lz in c  io d id e  s o lu t io n s  (p rep a red  

as on page 106) w ith  Y a r y l n g  amounts o f TMED a re  shown in  F ig s .  11 and 12, 

and th e  r e s u l t s  a re  shown in  Table 21. These s p e c tra  cannot be co n sid e red  

as s p e c tra  of m ix tu res o f d ie th y lz in c ,  z in c  io d id e  and TIvIED, s in ce  in  t h i s  

c a se , w ith  a d e f ic ie n c y  of amine, only two amine peaks, b o th  sh arp , in  th e  

re g io n  7*35 and 7.4-9 TT' would be ex p ec ted  due to  z in c  io d id e  complex, and 

w ith  an ex cess  o f  amine over z in c  io d id e  ( i . e .  a t  EtZnI ; TMED r a t i o s  l e s s  

th an  1 Î 0 , 5 ) two b road  peaks u p f ie ld  due to  the  exchange as  in  e q u ilib r iu m

(b) would be ex p ec ted .

C onsidering  f i r s t  th e  spectrum  of a m ix ture  o f e th y lz in c  io d id e  and 

TIvIED in  th e  m olar r a t i o  of l / o . 225 ( l in e  one o f Table 2 l ) ,  two p a i r s  o f 

amine reso n an ces  o c cu r . The p a i r  a t 7 .39  and 7 .32  77 a re  c o n sid e red  to  be 

due to  z inc  io d id e  complex p re s e n t  and th e  p a i r  a t  7 .51  and 7 .^2  '7;  a re  due 

to  e th y lz in c  io d id e  complex. From th e  r e l a t i v e  a re a s  o f th e se  peaks ( th e  

f ig u r e s  in  b ra c k e ts  under th e  2; v a lu e s  i n  Table 2 l ) ,  i t  i s  seen th a t  4 4 .4 ^  

of th e  amine i s  p re se n t as z inc  io d id e  com plex. S im ila r ly  in  l in e  two of 

Table 21, th e  p a i r  o f  peaks a t  7 .41  and 7 .53  ^  a re  due to  z inc  io d id e  complex 

and th e  p a i r  a t  7 .52  and 7 .6 4  " h  a re  due to  e th y lz in c  io d id e  complex and 

4 6 . 5 ^  o f th e  amine i s  p re s e n t as z inc io d id e  complex. Again in  l i n e  th r e e  

o f Table 21, th e  p a i r  o f pealcs a t  7 .33  and 7 .5 0  ' t  a re  due to  z inc  io d id e  

complex and th e  p a i r  a t  7 .45  and 7 .59  Tr a re  due to  e th y lz in c  io d id e  complex, 

and 1 6 . 4 ^  o f th e  amine i s  p re s e n t as z in c  io d id e  complex. In  th e se  th re e
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case s  a l l  th e  amine peaks a re  sharp  and s in ce  th e  amine i s  p re s e n t in  a

d e f ic ie n c y , e q u ilib r iu m  (b ) (TMED + Znl .TMED Znl^.TMED + TMED)

and e q u ilib r iu m  (d)

TMED* + EtZnI.TMED EtZnI.TMED* + TMED . . .  (d )

do n o t o ccu r . However, th e  e th y lz in c  io d id e  i s  p re s e n t  in  ex cess  over th e  

amine and i t  was found th a t  the peaks due to  th e  m ethylene groups o f  the  

e th y lz in c  group were broadened ( P i g . l l ) .  T h is i s  suggested  a s  b e in g  due to  

an exchange p ro c e ss  i n  which th e  environm ent o f th e  m ethylene group i s

a l t e r in g .  E q u ilib riu m  (e )  r e p re s e n ts  th e  on ly  p o s s ib i l i t y  :

EtZnI.TMED + E t& I  EtZnl.TklED + E tZnI . . .  (e )

and s in ce  th e  environm ent o f the  amine i s  unchanged i t s  spectrum  i s  no t

a f f e c te d .  Assuming th a t  F ig .12 r e p re s e n ts  th e  case where th e  peaks due to  

m ethylene groups of complexed and uncomplexed e th y lz in c  io d id e  a re  ju s t  

merged and ta k in g  th e  d if fe re n c e  in  c .p . s .  between the  m ethylene g roup o f an 

uncomplexed e th y lz in c  io d id e  m olecule and th e  m ethylene o f  a  complexed 

e th y lz in c  io d id e  m olecule as 5 c . p . s . ,  s u b s t i tu t in g  ag a in  in  the  fo rm ula

t  = [104]
27t (a v>)

a va lue  o f t ,  th e  h a l f - l i f e  of a sp e c ie s  b e fo re  i t  exchanges, o f 0.045 s e c s , 

i s  o b ta in ed . I t  i s  r e a l i s e d  t h a t  t h i s  fo rm ula  only a p p lie s  to  c a se s  where 

th e  exchanging sp e c ie s  a re  p re s e n t  in  equal c o n c e n tra tio n s , b u t  i t  i s  used 

m erely to  g iv e  a guide to  the  r a t e  of the exchange p ro c e ss .
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In  c a se s  where the E tZnI ; TMED r a t i o  becomes 1 ^  1 .0  ( l i n e s  4  and 

f iv e  of Table 2 l )  uncomplexed amine i s  p re s e n t and e q u i l i b r i a  (b ) and (d ) 

can  o p e ra te  le a d in g  to  a  broaden ing  o f amine p eak s . Since th e re  i s  no 

lo n g e r an ex cess  of e th y lz in c  io d id e  over amine, e q u ilib r iu m  (e )  can no 

lo n g e r o p e ra te  and th e  peaks due to  th e  m ethylene groups o f th e  e th y lz in c  

group a re  sh arp .

To confirm  th a t  th e  assignm ent o f a l l  fo u r  amine peaks in  l i n e s  

1 -  3 of Table 21 was c o r r e c t ,  a  spectrum  o f a s o lu t io n  of s o l id  e th y lz in c  

io d id e  complex was ru n  and th e n  ag a in  w ith  su ccess iv e  a d d itio n s  of z inc  

io d id e . The s p e c tra  a re  shown i n  F ig .14. The spectrum  o f 1,0M s o lu t io n  

o f e th y lz in c  io d id e  complex showed fo u r  amine peaks a t  7 .4 0 , 7 .3 7 , 7 .60  and 

7 .67  77 • A d d itio n  of z in c  io d id e  so t h a t  th e  m olar r a t i o  o f e th y lz in c

io d id e  complex to  z inc  io d id e  was 1 : 0 .25  caused  th e  two peaks a t  7 * 4 0  and 

7*52 77 to  in c re a s e  in  s iz e ,  and a f u r th e r  a d d it io n  so th a t  th e  m olar r a t i o  

was 1 : 0 ,5  caused  a f u r t h e r  in c re a s e  i n  s iz e  o f th e se  tvfo p eak s . Hence 

in  t h i s  case th e  peaks due to  complexed z in c  io d id e  were th e  two a d ja c e n t 

lo w -f i  e ld  peaks a t  7.4-0 and 7 .3 2 ' t  • Y et i n  th e  assignm ent o f the  peaks in  

Table 21, c l e a r ly  a l t e in a t e  peaks sh o u ld  be p a ire d  s in ce  th e  r a t i o s  of t h e i r  

a re a s  m ust be 1 : 3 . The m iddle two peaks in  F ig ,14 a re  very  c lo se  (s e p a ra ­

t io n  0 . 0 3  7r o r  3 c / s ) ,  and s in ce  i t  was found th a t  th e  p o s i t io n  o f th e  peaks 

due to  amine complexed to  z inc  io d id e  v a r ie d  w ith  c o n c e n tra tio n , i t  i s  

su g g ested  th a t  b o th  i n te r p r e ta t io n s  a re  c o r r e c t .  In  F i g .14 th e  p a i r s  of 

amine peaks due to  the  two complexed sp e c ie s  a re  j u s t  s e p a ra te d  and i n  th e
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cases  quoted in  Table 21, th e  two s e ts  o f amine peaks due to  th e  two 

d i f f e r e n t  complexed sp e c ie s  have j u s t  o v erlapped . T h is  be ing  so i t  would 

be expected  th a t  th e  peak due to  th e  m ethyl p ro to n s  o f amine complexed to  

z in c  io d id e  would co in c id e  w ith  the  peak due to  th e  methylene p ro to n s  of 

amine complexed to  e th y lz in c  io d id e  a t  a c e r t a in  c o n c e n tra tio n . F ig s . 15A 

and B show two such c a s e s .

4 . The system  Et^Zn +■ Znl^ + TIvIED

The spectrum  o f  a m ix tu re  o f d ie th y lz in c ,  zinc io d id e  and TMED w ith  

th e  components in  l.OM, l.OM and l . # I  c o n c e n tra tio n s  r e s p e c t iv e ly  in  t e t r a ­

hyd ro fu ran  was ru n  a f te r  th e  m ixture had been k e p t in  s o l id  carbon  d iox ide  

s in ce  b e in g  made up, and a g a in  a f t e r  be ing  k e p t a t  room tem p era tu re  f o r  one 

week. The tvjo s p e c tra  were i d e n t i c a l  and one o f them i s  shovm in  F ig . 13.

The amine peaks o ccu rred  a t  7 .3 1 , 7 .4 4 , 7 .49  end 7 .38  Tt and t h e i r  a re a s  

were i n  th e  r a t i o s  1 : 5 .2  : 3 .2  : 1 3 .3 , and so th e  peaks a t  7 .31  and 7 .4-91: 

a re  due to  amine complexed to  z inc  io d id e  and th o se  a t  7 .4 4  and 7 .38  cT a re  

due to  amine complexed to  e th y lz in c  io d id e . C onsidering  th e  r a t i o s  o f th e  

a re a s  of th e  amine peaks 2 3 . 8 ^  o f th e  amine was p re s e n t as z in c  io d id e  complex* 

The c o n c e n tra tio n s  o f  th e  components co rresp o n d  to  EtZnI : TIVIED in  th e  r a t i o  

1 ; 0 .7  and r e f e r r in g  again  to  Table 21 i t  i s  seen  th a t  i n  a l l  r e s p e c t s  

t h i s  spectrum  i s  in te rm e d ia te  to  th o se  reco rd ed  on l i n e s  two and th re e .

S ince th e  c o n c e n tra tio n s  o f  th e  components co rresp o n d  to  an E tZnI : TMED r a t i o  

o f 1 ; 0 .7  i t  would be ex p ec ted  th a t  e q u ilib r iu m  (e)
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(EtZnI.TMED + E tfn I  4  EtZnI.TMED + E tZ n i) 

would again  o p e ra te .  This was found to  be th e  case and th e  spectpum o f  the  

m ethylene group o f  th e  e th y lz in c  group was broadened. Thus th e  m ix ture  

r e a c te d  to  g ive e th y lz in c  io d id e  i n  between th e  tim e i t  was made up and th e  

tim e i t s  spectrum  was f i r s t  ru n , even though i t  was s to re d  a t  -80°C during  

t h i s  tim e . I t  may be th a t  one week a t  -80°C was s u f f i c i e n t  tim e f o r  th e  

sy n -p ro p o rtio n a tio n  r e a c t io n  to  p roceed  s in ce  in  th e  case o f th e  complex 

i s o l a t i o n  experim en ts th e  r e a c t io n  took some tim e betw een two ho u rs  and one 

week a t  25°C to  o ccu r, o r  i t  may be t h a t  the  co n tin u o u s p resence  o f th e  amine 

had some e f f e c t  on th e  r a t e  of s y n -p ro p o r t io n a tio n . I t  has a lread y  been 

shown th a t  th e  r e a c t io n  between d ie th y lz in c  and phenylm ercuric  c h lo r id e  i s  

p ro b ab ly  f a s t e r  in  te tra h y d ro fu ra n  th a n  in  e th e r ,  and so the  p resen ce  o f 

an o th e r c o o rd in a tin g  re a g e n t such a s  TîÆED m ight a lso  be expec ted  to  a c c e le ra te  

a r e a c t io n  ;

+ Z n X g  y  2RZnX,

even though th e  amount o f TMED c o o rd in a te d  to  th e  d ia lk y lz in c  a t  any tim e 

may be q u ite  low ,

5 . The system  ZnBr^ + TMED

T his sytem was n o t in v e s t ig a te d  a s  f u l l y  a s  th e  z inc io d id e  p lu s  

TMED system , b u t a s o lu t io n  of z in c  bromide w ith  a d e f ic ie n c y  o f TMED shov^ed 

two amine peaks a t  s l ig h t ly  h i ^ e r  Igr v a lu es  than  in  th e  zinc io d id e  c a se . 

D ilu tio n  o f a s o lu t io n  of z in c  bromide and a d e f ic ie n c y  of TMSD and d i lu t io n  

o f  a s o lu t io n  o f  z in c  bromide complex had e x a c tly  the  same e f f e c t s  a s  in  the
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zinc io d id e  c a s e s .  (These s p e c tra  a re  shown in  F ig .9, s p e c tra  A, B and C 

showing th e  e f f e c t  o f  su ccess iv e  d i lu t io n  of a s o lu tio n  o f z in c  bromide w ith  

a d e f ic ie n c y  o f  amine and s p e c tra  D, E and F showing the e f f e c t  o f su ccess iv e  

d i lu t io n  upon a s o lu t io n  o f z in c  bromide com plex.)

6. The system  Et^Zn + ZnBrg + TMED

The spectrum  o f a m ix ture  o f  d ie th y lz in c ,  z inc  brom ide and TMED in  

l.OM, l.OM and 0.5M c o n c e n tra tio n s  in  te tra h y d ro fu ra n  r e s p e c t iv e ly  was ru n  

a f t e r  the m ix tu re  had been s to re d  u n der s o l id  carbon d io x id e  s in ce  being  

made up, and again  a f t e r  the  m ix ture  had s to o d  f o r  one week a t  room te n p e ra -  

t u r e .  The s p e c tra  were id e n t i c a l ;  one of them i s  shown in  F ig , l 6 .  The 

spectrum  which showed th re e  peaks due to  amine a t  7 . 5 6 , 7 .66  and 7.72 2: would 

appear to  be a case in  which two amine peaks have c o in c id e d  s in ce  th e  r a t i o s  

o f th e  a re as  o f  th e  peaks i s  1 : 4 .6  ; 2 .9 . The spectrum  o b ta in e d  i s  n o t 

t h a t  which would be expec ted  f o r  a m ix tu re  o f d ie th y lz in c  and z inc  bromide 

complexes a lo n e . The c o n c e n tra tio n s  o f th e  components co rrespond  to  a  m olar 

r a t i o  o f EtZnBr ; TMED of 1 : 0.25 and by analogy to  th e  e th y lz in c  io d id e  

case th e  amine peaks would be expected  to  be sh arp , b u t th e  spectrum  of th e  

m ethylene group o f th e  e th y lz in c  group would be ex p ec ted  to  be b roadened .

The spectrum  o f t h i s  l a t t e r  group i s  on ly  very  s l ig h t ly  broadened b u t th en  

i f  an exchange such a s

EtZnBr + EtZnBr. %'IED EtZnBr.TMED + EtZnBr . . .  ( f )

d id  occu r, i t  would be u n lik e ly  to  occur a t  the  same r a t e  as th e  co rrespond ing
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e th y lz in c  io d id e  ca se . The e f f e c t  of adding an excess of z in c  bromide to  

t h i s  sample i s  shown in  th e  upper spectrum  in  th e  same P ig , ( F ig .1 6 ). The 

spectrum  o f th e  e th y lz in c  methylene group i s  s l ig h t ly  sh a rp e r and th e  amine 

peaks a re  now two in  number, from wMoh i t  i s  concluded t h a t  th e  o r ig in a l  

spectrum  was t h a t  o f  a  m ix ture  c o n ta in in g  some e th y lz in c  bromide complex.

The added z in c  bromide s t r ip p e d  th e  amine from  th e  weak e th y lz in c  brom ide 

complex and so d e stro y ed  e q u ilib r iu m  ( f ) ,  form ing more z in c  bromide complex 

w ith  th e  amine from  i t .  Thus e th y lz in c  brom ide complex e x i s t s  and th e  

f a i l u r e  to  i s o l a t e  i t  in  th e  p re p a ra t iv e  work may be ex p la in ed  by i t s  l a b i l e  

n a tu re .

Zinc bromide was n o t s u f f i c i e n t ly  so lu b le  i n  e th e r  to  a llow  N.M.R, 

s tu d ie s  o f th e  same z in c  bromide system s in  e th e r ,

7, C onclusions

From th e  chem ical s tu d ie s  i t  was concluded th a t  e th y lz in c  io d id e  

e x i s t s  in  e th e r  and t  e tra h y d ro f ur an and th a t  e th y lz in c  bromide e x is t s  in

e th e r ,  bu t th a t  " e th y lz in c  brom ide" in  te tra h y d ro fu ra n  and " e th y lz in c

c h lo r id e "  in  b o th  e th e r  and te tra h y d ro fu ra n  e x i s t  as d ie th y lz in c  p lu s  z inc  

h a l id e .  The N.M.R, s tu d ie s  have shown th a t  in  te tra h y d ro fu ra n  th e  complex 

EtZnI.TMED e x i s t s .  However, i t  appears  to  be i n  an e q u ilib riu m  w ith  z in c  

io d id e  complex (and a lso  d ie th y lz in c )  :

2EtZnI.TïCSD Znl^.TMED + Et^Zn + TîvîED

s in ce  b o th  EtZnI.TMED and Znl^.TMED were observed  in  te tra h y d ro fu ra n  s o lu t io n .



T his o b se rv a tio n  i s  n o t in  d i r e c t  c o n f l i c t  w ith  th e  o b se rv a tio n s  from  

chem ical s tu d ie s ,  b u t su g g es ts  th a t  th e  p resence  o f T1ÆED m o d ifies  th e  

e q u ilib r iu m  and te n d s  to  s h i f t  i t  to  th e  s id e  o f  the  s t r o n g e s t  complex 

(Znl .Tm D ).

Thus :
THF

EtgZn + Znig 2EtZnI

THF.
E t Zn + Znl 2EtZnI

TMSD

The e th y lz in c  bromide system appears  to  be more com plicated  in  th a t  

th e  chem ical s tu d ie s  y ie ld e d  on ly  z inc bromide complex from  a te tra h y d ro fu ra n  

s o lu t io n  of d ie th y lz in c  and zinc brom ide, and y e t  the N.M.Ro s tu d ie s  showed 

th e  p resence  o f a  z inc  bromide complex and an e th y lz in c  bromide com plex in  

a te tra h y d ro fu ra n  s o lu t io n  of d ie th y lz in c  and z inc  brom ide p lu s  TMED. T his 

r e s u l t  from  th e  chem ical s tu d ie s  may be due, n o t to  the  absence o f e th y lz in c  

brom ide in  te tra h y d ro fu ra n , b u t due to  a d is tu rb a n c e  o f  th e  e q u ilib r iu m  by 

TIÆED, o r even by th e  p r e f e r e n t i a l  p r e c ip i t a t io n  o f th e  l e a s t  so lu b le  o f a l l  

th e  p o s s ib le  complexes (ZnBr^oTMED). From b o th  th e  chem ical and th e  N.M.R. 

s tu d ie s  i t  i s  concluded th a t  e th y lz in c  brom ide does e x i s t  i n  te tra h y d ro fu ra n  

s o lu t io n  as  th e  TMED complex, and th a t  in  th e  absence o f  th e  amine i t  i s  

a lso  p o s s ib le  t h a t  e th y lz in c  bromide e x i s t s .

The o b se rv a tio n s  o f Dessy [9 5 ] may be ex p la in ed  by s im ila r  re a so n in g . 

In  bo th  e th e r  and te tra h y d ro fu ra n  th e  e q u ilib r iu m

EtgZn + ZnClg 2EtZnCl
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may l i e  e i th e r  to  th e  l e f t  o r r ig h t ;  h u t  Dessy on ly  i s o la t e d  a z inc  c h lo r id e -  

d ip y r id y l  complex. T his may be due e i th e r  to  th e  f a c t  th a t  th e  e q u ilib r iu m  

l i e s  n a tu r a l ly  to  the  l e f t ,  o r t h a t  th e  e q u ilib r iu m  l i e s  n a tu r a l ly  to  the 

r i g h t ,  and th e  a d d i t io n  of th e  2 , 2 ' - d ip y r id y l  s h i f te d  i t  to  th e  l e f t .

F in a l ly ,  from  bo th  chem ical and N.M.R. s tu d ie s  th e  fo llo w in g  con­

c lu s io n s  on th e  n a tu re  o f th e  e th y lz in c  h a lid e s  may be drawn :

( i )  " e th y lz in c  io d id e "  i n  te tra h y d ro fu ra n  d e f in i t e ly  e x i s t s  as E tZ n l.

( i i )  " e th y lz in c  io d id e "  in  e th e r  d e f in i t e ly  e x is t s  as E tZ n l.

( i i i )  " e th y lz in c  brom ide" in  te tra h y d ro fu ra n  probab ly  ta k e s  p a r t  in  a

l a b i l e  e q u ilib r iu m  ; Et^Zn + ZnBr^ 2EtZnBr.

( iv )  " e th y lz in c  bromide" in  e th e r  p robab ly  e x i s t s  as EtZnBr,

(v ) " e th y lz in c  c h lo r id e "  in  b o th  e th e r  and te tra h y d ro fu ra n  e i th e r  e x i s t s

as a  m ix tu re  of d ie th y lz in c  and zinc c h lo r id e  o r  ta k e s  p a r t  in  a 

l a b i l e  e q u ilib r iu m  : Et^Zn + ZnCl^ 2EtZnCl.

From th e  N.M.R. s p e c tra  th e  TMED complexes p re p a red  may be deduced 

to  be c h e la te  compounds. Chemical a n a ly s is  showed them to  be 1 : 1 oom plexes, 

and r e te n t io n  o f th e  c h a r a c t e r i s t i c  TMED N.M.R. spectrum  in  the  complexed 

amine showed t h a t  th e  amine p a r t  o f th e  m olecule was sym m etrical. A ttach ­

ment o f the amine to  zinc by only  one n i tro g e n  atom would have removed th e  

eq u ibalence  o f  th e  m ethyl and m ethylene groups a tta c h e d  to  each n itro g e n  

and produced f u r th e r  s p l i t t i n g  o f  th e  amine spectrum .

C onsidering  th e  allcylm etal h a l id e s  o f Group I I  in  g en era l i t  i s  known
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t h a t  a lky lm ercury  h a l id e s  (X = C l, B r, l )  e x i s t ,  and a re  i d e n t i f i a b le  

c r y s t a l l i n e  s o l id s .  F urtherm ore , th e  e q u ilib riu m  in  s o lu t io n  l i e s  f a r  on 

th e  s id e  o f  the  RHgX compounds :

RgHg + HgXg 2RHgX

Very r e c e n t ly ,  i n  s p i te  of p rev ious r e p o r ts  to  th e  c o n tra ry , i t  has become 

c le a r  t h a t  G rignard  re a g e n ts  in  d i lu te  s o lu t io n  in  e th e r  and in  te tr a h y d ro ­

fu ra n  may e x i s t  in  some c a se s  as monomeric RMgX ( e .g .  R = F t ,  X = Br)* In  

th e  p re s e n t work, in  a t  l e a s t  one c a s e , an  a lk y lz in c  h a l id e  (E tZ ni) has been 

i d e n t i f i e d  in  e th e r  and te tra h y d ro fu ra n . Thus f o r  magnesium, z inc  and 

m ercury th e  e x is te n c e  o f th e  sp e c ie s  RMX i s  known.
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SECTION V

CONCLUSIONS AND SUGGESTIONS FOR FURTHER WORK

1 . K in e tic  s tu d ie s

The fo llo w in g  re a c t io n s  have been  s tu d ie d  :

( a )  Et^Zn + PhHgCl — — ^  EtHgPh + EtZnCl in  e th e r  and te tra h y d ro fu ra n  

a t  ®C.

(b ) EtgZn + EtHgCl — ^  Et^Hg + EtZnCl in  e th e r  and te tra h y d ro fu ra n

a t  °C.

(c )  E tZnI 4- HgIg  EtHgl + Znl^ in  te tra h y d ro fu ra n  a t  25°C.

(d ) E tZnI + EtHgl ——^  Et^Hg + Znig in  te tra h y d ro fu ra n  a t  25°C,

and a l l  were found too  f a s t  to  fo llo w .

The r e a c t io n  E tZnI + PhHgl — 4  EtHgPh + Znl^ goes v e ry  r a p id ly  

a t  f i r s t  and th e n  t a i l s  o f f  r a p id ly  in  te tra h y d ro f  u r an a t  0°C. None of 

th e se  r e a c t io n s  i s  w orth any f u r th e r  in v e s t ig a t io n  s in c e  th e  problem s o f  

d e a lin g  w ith  oxygen and m oistu re  s e n s i t iv e  m a te r ia ls  and u sin g  ra p id  r e a c t io n  

k in e t i c  methods a re  d i f f i c u l t  to  combine. No in fo rm a tio n  concern ing  th e  

mechanisms o f th e se  r e a c t io n s  cou ld  be deduced.

2. Com parative s tu d ie s

The o rd e r  of r e a c t iv i t y  o f d im e th y lz in c , d ie th y lz in c  and d i - n -

p ro p y lz in c  w ith  phenylm ercuric  c h lo r id e  i n  r e f lu x in g  e th e r  was found to  be

Me <C E t <7 n -P r 

(1) (4.5) (16.S)
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and i t  i s  su g g ested  t h a t  th e se  r e a c t io n s  p roceed  by an S^i mechanism. The 

same d ia lk y lz in c s  were found  to  r e a c t  a t  th e  same r a t e  v d th  phenylm ercuric  

c h lo r id e  in  te tra h y d ro fu ra n  a t 25°G and d ie th y lz in c  and d i-n -p ro p y lz in c  were 

found to  r e a c t  a t  th e  same r a te  in  r e f lu x in g  te tra h y d ro fu ra n . I t  i s

suggested  th a t  a l l  th e se  r e a c t io n s  a re  Very fa s t#

The a p p l i c a b i l i ty  of th e  method used i s  l im ite d  and the  r e s u l t s  

produced from i t  a re  a lso  o f l im i te d  u s e fu ln e s s .  In  g e n e ra l, th e  f i e l d  o f 

a lk y l  exchange re a c t io n s  between zinc and m ercury compounds appears to  

be p o p u la ted  w ith  numbers of very  f a s t  r e a c t io n s  and u n le s s  t h i s  extreme 

r e a c t i v i t y  can be cu rbed  in  some way m ech an is tic  s tu d ie s  in  th i s  f i e l d  may 

no t be w o rth w h ile ,

3 . The n a tu re  o f a lk y lz in c  h a l id e s

I t  has been  shown th a t  e th y lz in c  io d id e  e x i s t s  in  e th e r e a l  and t e t r a ­

h y d ro fu ran  so lu tio n  as th e  monomeric sp e c ie s  E tZ nI,

The new compounds Znl^-TIvHD, EtZnI.TMED and EtZnBr.TMSD have been p re ­

p a red , The e x is te n c e  of e th y lz in c  bromide in  e th e re a l  s o lu t io n  as EtZnBr i s  

suggested ., The method o f id e n t i f y in g  th e  v a r io u s  TMED complexes i n  t e t r a ­

hydro fu ran  by NoMoR. spec tro scopy  was q u ite  s u c c e s s fu l ,  b u t as  a d d i t io n  of 

TMED may a l t e r  e q u i l i b r i a  p re s e n t  in  s o lu t io n  e x tra p o la t io n  to  deduce the 

sp e c ie s  p re s e n t  in  s o lu t io n  i s  n o t j u s t i f i e d  unie ss  check experim ents are  

c a r r ie d  o u t. The method m ight co n v en ien tly  be ex tended  to  s tu d y  th e  

h ig h e r a lk y lz in c  h a lid e s  about which very  l i t t l e  i s  known, and may even be
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of use i n  d e term in ing  th e  n a tu re  o f th e  §,lkyloadmium h a l id e s ,  to g e th e r  

w ith  m olecu lar w eigh t d e te rm in a tio n s . The N.MoR. s tu d ie s  re v e a le d  a 

number o f in t e r e s t in g  phenomena, a l l  o f which m ight be w orth  f u r th e r  

s tu d y . The exchanges in v o lv in g  z inc  h a l id e s  and TMED would p re s e n t 

l i t t l e  d i f f i c u l t y ,  p a r t i c u l a r ly  in  the han d lin g  o f the re a g e n ts .
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E X P E R I M E N T A L
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section  I

GENERAL TECHNIQUES

1. In tro d u c tio n

The m e ltin g  p o in ts  and b o il in g  p o in ts  reco rd ed  a re  uncorrected .,

W ith re g a rd  to  th e  p u r i ty  of the d ia lk y lz in c s  p rep a red  th e  term  "moles o f 

a c tiv e  a lkane" r e f e r s  to  th e  number o f g ,m oles o f alkane produced by th e  

h y d ro ly s is  o f a sample o f  d ia lk y lz in c ,  d iv id e d  by the  number o f g .m oles o f 

d ia lk y lz in c  h y d ro ly sed . The d ie th y l  e th e r  used w a s  d i s t i l l e d ,  d r ie d  over 

calcium  c h lo r id e , r e d i s t i l l e d  and s to re d  over sodium w ire . The t e t r a -  

h y d ro fu ran  used was d i s t i l l e d  and s to re d  o v er sodium. Im m ediately p r io r  

to  use i t  was d i s t i l l e d  from l i th iu m  aluminium h y dride  under n i tro g e n .

The n itro g e n  used  in  t h i s  and o th e r  o p e ra tio n s  was B r i t i s h  Oxygen "w 'n ite- 

spot" n i tro g e n , and was p u r i f i e d  by p ass in g  i t  th rough  a g a s - t r a in  c o n s is t in g  

o f chromous c h lo r id e  and c o n c e n tra te d  su lp h u ric  a c id  b u b b le rs  and phosphorous 

p en tox ide  d ry in g  to w ers . The carbon d io x id e  used  was p u r i f i e d  by p a ss in g  

i t  th ro u g h  a s im ila r  g a s - t r a in .  A ll  th e  d ia lk y lz in c s  used  were s to re d  

under s o l id  carbon  d io x id e  to  m inim ise t h e i r  therm al decom position ,

2 . The h an d lin g  o f d ia lk y lz in c s

R eac tio n s  w ith  d ia lk y lz in c s  were c a r r ie d  o u t by e i th e r  c ru sh in g  

o r snapping a cap su le  c o n ta in in g  d ia lk y lz in c  in  th e  p resence  o f th e  appro­

p r i a t e  re a g e n t .  C rushing c a p su le s  were blown from  soda g la s s  tu b in g  o f 

2 ,5  Cim, d iam e te r . The le n g th  of th e  neck o f each  c ap su le  was app rox im ate ly
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4  cm, and th e  d iam eter of th e  bu lb  1 cm. They each h e ld  approx im ately  

0 .1  g . o f  d ia lk y lz in c  and were used in  de term in ing  the  p u r i ty  o f  th e  d ia lk y l ­

z in c s , The snapping cap su le s  were made from  7 mm. o .d ia m e te r  soda g la s s  

tu b in g  and were approx im ate ly  7 cm, lo n g , and h e ld  up to  1 g . o f d ia lk y lz in c .  

Both ty p e s  of cap su le  were oven d r ie d  and th en  f lu sh e d  w ith  n i tro g e n . To 

make th e  snapping cap su le s  th e  g la s s  tu b in g  was s e a le d  a t  one end and 

p u lle d  o u t in to  a  neck about two th i r d s  of th e  way along i t s  le n g th . Both 

ty p es  of cap su le  were f i l l e d  w ith  d ia lk y lz in c  i n  a n i tro g e n  box usin g  a 

SjUringe. The c ru sh in g  c ap su le s  were th e n  se a le d  a t  th e  open end and th e  

snapping c ap su le s  se a le d  a t  th e  neck . Both ty p es  o f c ap su le  were weighed 

b e fo re  and a f t e r  f i l l i n g  so t h a t  th e  v feight of the  c o n te n ts  were known. 

M ixtures o f d ia lk y lz in c s  were made by sy r in g in g  th e  a p p ro p r ia te  q u a n t i t ie s  

o f th e  two d ia lk y lz in c s  in to  a f l a s k  in  a n itro g e n  box. A fte r  thorough 

mixing the  m ix tu re  was sy rin g ed  in to  th e  c ap su le s  in  the  norm al way,

Ih e n  u s in g  e th y lz in c  io d id e  s o lu tio n s  in  k in e t i c  experim ents i t  

was n ecessa ry  to  use a l a r g e r  v e rs io n  o f th e  snapp ing-type  capsu le  capab le  

o f ho ld in g  10 m l, o f s o lu t io n . A ll  th re e  ty p es  o f cap su le  are  shown in  

F ig , 1 , These la r g e r  c ap su le s  were no t f i l l e d  i n  a n itro g e n  box, b u t 

by u sin g  a m u lt ip le  p ig  te ch n iq u e | th e  a p p a ra tu s  i s  ^own in  F ig . 2,

3 . A n a ly tic a l  te ch n iq u es

(a )  The d e te rm in a tio n  o f  z in c .

The z in c  c o n te n t o f  d ia lk y lz in c s  and z inc  complexes p rep ared  was 

determ ined  by t i t r a t i o n  w ith  E,D.ToA, a t  pH 10. A s to ck  s o lu t io n  of O.OIM
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F i g u r e l .

C ru sh in g  C ap su le

V 
A

S m all S napp ing  C ap su le

L arg e  S napp ing  C ap su le

\



C a p su lin g  E tZ nI s o lu t io n s  

F ig u re  2 .



sa Do Tale WÜ8 prGpaped by d is so lv in g  disodium  e th y le n e d ia m in e te tra -a c e tio  

a c id  in  d i s t i l l e d  w a te r , and was s ta n d a rd is e d  each time b e fo re  use a g a in s t  

a  s tan d a rd  magnesium s o lu tio n  made by d is so lv in g  pure magnesium ra sp in g s  

in  d i lu te  h y d ro c h lo ric  a c id .  A l^o s o lu t io n .o f  eriochrom e b la c k  T in  

tr ie th a n o lo m in e  was used as  th e  in d ic a to r  th ro u g h o u t. The d ia lk y lz in c  

to  be determ ined  was d is so lv e d  in  O.IN su lp h u ric  a c id  by c ru sh in g  a cap su le  

of i t  under th e  a c id . The r e s u l t in g  s o lu t io n  was n e u t r a l i s e d  to  m ethyl 

re d  w ith  ammonium hydrox ide , b u ffe re d  and then  t i t r a t e d .  Complexes to  

be an a ly sed  f o r  z in c  were d is so lv e d  in  O.IN su lp h u ric  a c id  and th e  s o lu t io n  

t r e a te d  in  th e  same way as above, ’

(b ) The d e te rm in a tio n  o f h a l id e .

C h lo ride  and io d id e  in  k in e t ic  samples and bromide and io d id e  in  

complexes were determ ined  by V o lh a rd 's  method. The s o lu t io n  to  be an a ly sed  

was a c id i f ie d  w ith  d i lu te  n i t r i c  a c id  and excess s i l v e r  n i t r a t e  s o lu t io n  

was added. In  the case o f c h lo r id e  d e te rm in a tio n s  a few m l. o f n i t r o ­

benzene were a lso  added. The excess s i l v e r  n i t r a t e  s o lu tio n  was b ack - 

t i t r a t e d  w ith  s ta n d a rd  po tassium  th io c y a n a te  s o lu t io n  u s in g  a s a tu r a te d  

s o lu t io n  o f f e r r i c  alum as in d ic a to r .

(c )  The d e te rm in a tio n  of a c tiv e  a lkane  in  d ia lk y lz in c s .

The a p p a ra tu s  used i s  d e p ic te d  i n  F ig , 3» The sample 

(1 -2  10~^ m o les), in  a c ru sh in g  cap su le  was p laced  in  the  crusher., O.IN

su lp h u ric  a c id  (lOO m l.)  was poured in to  th e  f l a s k ,  and th e  gas i n l e t  tu b e
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A p p a ra tu s  f o r  h y d r o ly s is  o f  d i a lk y lz in c s
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connected  to  th e  n itro g e n  supply  to  f lu s h  ou t the  f la s k  and the  gas b u r e t t e .  

A fte r  ^  hour th e  gas i n l e t  was c lo se d  and th e  gas b u re t te  connec ted  to  the 

r e a c t io n  f la s k  a lo n e . The p re s su re  in  th e  a p p a ra tu s  was s e t  a t  about 

10 cm, of m ercury below atm ospheric  p re s su re  so t h a t  when h y d ro ly s is  occu rred  

th e  sudden surge o f  p re s su re  d id  n o t damage th e  a p p a ra tu s . The ap p ara tu s  

was th e n  l e f t  f o r  an o th er -g hour to  e q u i l ib r a te  b e fo re  c ru sh in g  th e  cap su le  

by a sm art tap  on to p  o f th e  cru sh ing  ro d , and a llow ing  h y d ro ly s is  to  take  

p la c e . The aqueous s o lu t io n  produced was an a ly sed  f o r  z in c  to  determ ine 

th e  amount of d ia lk y lz in c  which had been h y d ro ly sed , and measurement o f th e  

volume o f  a lkane  produced, c o r re c te d  to  S .T .P .,  a llow ed th e  moles o f  a c t i v e  

a lkane to  be c a lc u la te d .

In  th e  case o f  h  ̂d ro ly s is  of m ix tu res  o f d ia lk y lz in c s ,  samples o f the  

alkane produced were w ithdrawn th rough a ru b b e r serum cap w ith  a s y r in g e , to  

be an a ly sed  by vapour phase chrom atography.

(a )  Chromatography o f gaseous m ix tu res .

The a p p a ra tu s  used was a Shandon chrom atograph w ith  a therm ocouple 

d e te c to r  u n i t .  The column used  was a  fo u r  fo o t  long  copper tu b e , o f k  mm. 

i n t e r n a l  d iam e te r , packed w ith  alum ina (100-123 mesh) w ith  2^ squalane 

added. The gaseous m ix tu res  to  be an aly sed  were b in a ry  and w ere m ethane/ 

e thane  and e th an e /p ro p an e . In  th e  case  o f the  f i r s t  m ix tu re  i t  was 

n ecessa ry  to  immerse one fo o t  o f th e  column’ s le n g th  in  an a c e to n e - s o l id  

carbon d io x id e  m ixture to  e f f e c t  a s e p a ra tio n  o f m ethane and any a i r  p re s e n t,
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These m ix tu res  cou ld  be determ ined  q u a n t i ta t iv e ly  s in ce  th e  resp o n se  o f 

th e  in s tru m en t vfas p ro p o r t io n a l  to  th e  mass o f the  component cau sin g  the  

response  and i t s  h e a t of com bustion. Thus :

moles o f  a lkane  A _ Peak a re a  o f  A Heat o f com bustion o f B(K 
moles o f  a lkane  B Peak a re a  of B ^  H eat of com bustion of a (Kc a l/m o le '

f o r  a  m ix tu re  o f a lk an es  A and B.

The a re a s  o f th e  peaks were determ ined  by c a r e f u l ly  c u t t in g  them o u t and

w eighing them. The mean o f a t  l e a s t  s ix  d e te rm in a tio n s  was tak en  f o r  each

b in a ry  alkane m ix tu re . The r e p r o d u c ib i l i ty  o f  r e s u l t s  was w ith in  4^.

(b ) Chromatography o f  l iq u id  m ix tu re s .

The ap p ara tu s  u sed  was a Fye argon chrom atograph w ith  an io n is a t io n  

d e te c to r .  The column was a g la s s  one, f iv e  f e e t  lo n g , i n t e r n a l  dj.ameter

0.4- cm, packed w ith  c e l i t e  vd.th 2^ added t r i t o l y l  p hosphate .

This a p p a ra tu s  was used f o r  id e n t i fy in g  the  components in  e th e r e a l  

and te tra h y d ro fu ra n  s o lu tio n s  of r e a c t io n  p ro d u c ts . T h is was done by 

comparing th e  chromatograms o f the  samples w ith  th e  chromatograms of th e  

p u re  p o s s ib le  p ro d u c ts  run  under th e  same c o n d itio n s .

5 , Nucl e a r  m agnetio r e sonance s tu d ie s

These s tu d ie s  w i l l  be d e a l t  w ith  in  a l a t e r  s e p a ra te  s e c t io n .
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SECTION II

PREPARATION O F  REAGENTS

1 . The p re p a ra t io n  of d ia lk y lz in c s  by N a ile r ’s method f 861

(a )  The genera l  method

An a c tiv e  z in c -co p p e r couple was p re p a red  by h e a tin g  a f in e ly  ground 

m ix ture  o f z in c  d u s t and cu p ric  oxide ( 1 3 / I  by w eigh t) to  j u s t  below r e d  

h e a t, under a v ig o ro u s  stream  of hydrogen, i n  a  th re e -n e ck e d  f l a s k .  A fte r  

co o lin g , th e  co u p le  was broken  up in to  sm all lumps u sing  a g la s s  ro d , w h i ls t

p ro te c te d  by a v igo rous stream  o f n i tro g e n . The f la s k  was th e n  f i t t e d

w ith  a ta p  fu n n e l, a m e rcu ry -sea l s t i r r e r  and a double su rfa c e  r e f lu x  

condenser. The n itro g e n  supply  was connected  th ro u g h  two T p ie c e s  to  a 

b u b b le r and th e  T p ie c e s  connec ted  to  th e  to p s  o f th e  ta p  fu n n e l and th e  

condenser.

An eq u im o lecu la r m ixture o f  the a lk y l io d id e  and bromide were added, 

s low ly , w ith  s t i r r i n g .  I t  was found e a s i e s t  to  i n i t i a t e  th e  r e a c t io n  by 

adding some o f th e  a lk y l  io d id e  f i r s t ,  and warming g e n tly . When th e  

r e a c t io n  s t a r t e d  i t  was c o n tro l le d  by a l t e r n a t e ly  adding th e  a lk y l  h a l id e

m ix ture  and th e  a p p l ic a t io n  of an ic e  b a th . A fte r  th e  a d d itio n  the
■

s t i r r e r  was removed and the f la s k  l e f t  o v e rn ig h t.

The n ex t morning th e  tap fu n n e l and condenser were re p la c e d  by s to p p e rs

and tn e  c e n tre  neck of the f la s k  connected  v ia  g la s s  tu b in g  to  a tw o-necked  

f la s k  which was connected  to  a tra p  and a vacuum l i n e ,  un reacted  a lg l  halide
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and any d ia lk y lz in c  a lre ad y  p re s e n t  were removed by  pumping, w ith  th e  t r a p  

immersed in  a "D rik o ld ”-ace to n e  m ix tu re . The r e a c t io n  v e sse l was h ea ted  

slow ly in  an o i l  b a th , Ifllien th e  tem p era tu re  o f t h i s  had r i s e n  to  9 0 ®C 

a "D rik o ld ”-a c e to n e  m ix ture  was p u t around th e  tw o-necked re c e iv in g  f l a s k  

to  c o l l e c t  th e  d ia lk y lz in c  which was beg inn ing  to  d i s t i l  ov er. The 

tem p era tu re  o f th e  o i l  b a th  was r a i s e d  to  180°C o v e r a  p e r io d  o f 1^ h o u rs .

The d ia lk y lz in c  c o l le c te d  was p u r i f i e d  by f r a c t i o n a l  d i s t i l l a t i o n ,

A m ix tu re  o f  e th y l io d id e  (78 g , , 0 .5  m oles) and e th y l  bromide 

(5 4 .5  0 ,5  m oles) was added to  a z in c -co p p e r couple (Zn 130 g . ,  CuO 10 g .)

over 1 ^  h o u rs , in  a 500 m l. th ree -n eck ed  f l a s k .  The r e a c t io n  had i n i t i a t e d  

10 m inu tes a f t e r  th e  a d d it io n  o f some o f  th e  e th y l  io d id e  (20 g .)  a^one, 

and g e n t le  warming. Next day, d i s t i l l a t i o n  o f th e  r e a c t io n  m ix ture  y ie ld e d  

d ie th y lz in c  (5 5 .8  g , ,  90 .9^  y ie ld )  over th e  range 9 0 °C /0 .25 mm. -  l80°C/0.2mm. 

The re c e iv in g  f l a s k  c o n ta in ed  g la s s  w ool, which a id ed  r e g u la r  b o i l in g  of 

th e  crude y i e ld  when i t  vms f r a c t io n a l ly  d i s t i l l e d  to  g ive  pure  d ie th y lz in c  

(3 8 ,5  g . ) ,  b .p ,  50-52^0/74  mm, ( l i t .E t^ Z n  1 1 7 . 7 °C/ 7 6 0  mm., l6 °C /9 .5  mm) 

[100i]pD5l in  6 l^  y ie ld ,  (Pound: Z n  52 .78^; re q u ire s  52 ,94^.

Moles o f a c t iv e  a lk an e , 1 ,9 8 ) .

5 p re p a ra t io n  o f d i-n - p r

A m ix tu re  o f  n -p ro p y l io d id e  (85 .0  g , , 0 .5  m oles) and n -p ro p y l 

bromide (6 6 .5  g . ,  0 ,5  m oles) was added to  a. z in c -co p p e r couple (Zn 130 g , ,

CuO 10 g , ) over 2 h o u rs . D i s t i l l a t i o n  of th e  r e a c t io n  m ix tu re  gave
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à i-n -p ro p y lz in c  ( 6 0  g . ,  80^ y ie ld )  over th e  ran g e  140°C /0.5  mm. -  170°C /0.5 mm, 

The product was f r a c t io n a l ly  d i s t i l l e d  to  g ive d i-n -p ro p y lz in c  (51 g . , b .p .  

50°C/15 m m .) ( l i t .  48°C/lO mm. 39-40°C/9 mm.) [861 in  6 8 %  y i e ld .  (Pound;

Zn 4 2 . 1 3 ^ ; C^H^^Zn re q u ire s  4 3 .1 5 ^ . Moles of a c t iv e  a lk an e , 1 .9 5 ) .

This was made by N o lle r ’s g e n e ra l method, w ith  m o d if ic a tio n s  due to  

Soroos and Morgana [IO6I . The m ix tu re  o f i -p ro p y l  io d id e  (85.0 g . , 0,5  m oles) 

and i -p r o p y l  bromide (6 6 .5  g . , 0 .5  m oles) was added to  th e  z in c -co p p e r 

couple (Zn 130 g . , CuO 10 g . ) over 5 hou rs , a f t e r  th e  r e a c t io n  h ad  been 

in i t i a t e d *  The r e a c t io n  m ixture was m ain ta ined  a t  40°G, and s t i r r e d ,  f o r  

-g hour a f t e r  th e  a d d itio n  of the  a lk y l  h a l id e s .  When th e  r e a c t io n  m ix ture  

was d i s t i l l e d ,  the n ex t day, a  m ercury d if f u s io n  pump was used  so t t a t  th e  

d i - i -p ro p y lz in c  produced would d i s t i l  a t  th e  lo w est p o s s ib le  te m p e ra tu re .

The p roduct was o b ta in e d  over the tem p era tu re  range 95 -  180°C, i n  a  b j f o  

y ie ld  ( 6 3 . 7  g . ) .  The f r a c t io n a l  d i s t i l l a t i o n  o f th e  crude p ro d u c t was 

a ttem pted  a t  22 mm., b u t b e fo re  i t  would b o i l  a  th ic k  d e p o s it  o f z inc  

was observed  in  th e  d i s t i l l a n d .  The d i s t i l l a t i o n  was s to p p ed , A pure 

p ro d u c t ( 2 7  g . ) was f i n a l l y  o b ta in e d  b .p .  4 ^ .0 °C /l2  mm. in  3 5 .6 ^  y ie ld ,  b u t 

th e  re s id u e  c o n ta in ed  a la rg e  d e p o s it  o f zinc ( l i t .  b .p ,  4 0 .3 °C /l3  mm.)[l06] 

(Found; Zn 4 2 .84# , GgH^Zn re q u ir e s  43 .15^ . Moles of a c t iv e  a lk an e , 1 .9 7 ) .
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2. The p re p a ra t io n  o f e th y lz inc  io d id e solu t io n s

These s o lu t io n s  were made i n  sm all ba tch es  so t h a t  th ey  co u ld  be

used  up as soon as p o s s ib le . The g e n e ra l method of p re p a ra t io n  was the

same a s  th e  f i r s t  s ta g e  o f  th e  p re p a ra t io n  o f d ie th y lz in c  by N o lle r ’ s 

method. E th y l io d id e  (l5*5  g . , 0 .1  m oles) was added in  one p o r t io n  to  

a z in c -co p p e r couple  (Zn 13 g . ,  CuO 1 g .)  in  a 100 m l, tw o-necked f l a s k  

and s t i r r e d  m a g n e tic a lly  from u n d e rn ea th . The r e a c t io n  was i n i t i a t e d  

a f t e r  ^  hour by g e n tle  warming and th en  c o n tro lle d  by th e  o ccas io n a l 

a p p l ic a t io n  o f an ic e  b a th . The n e x t day th e  r e a c t io n  f la s k  was connec ted  

to  a tra p  immersed in  a "D riko ld”-a c e to n e  m ix tu re  and pumped down to  0 ,2  mji,

to  remove u n reac ted  e th y l  io d id e  and any d ie th y lz in c  form ed. Under a

n itro g e n  guard  e i t h e r  d ie th y l  e th e r  (40 m l.)  o r te tra h y d ro fu ra n  (4 f m l . ) 

was added to  th e  r e a c t io n  m ix tu re , which was th en  s t i r r e d  m a g n e tica lly  

again  u n t i l  th e  s o l id  r e a c t io n  m ix tu re  had been broken up, and a l l  b u t  th e  

excess  couple had d is so lv e d . During t h i s  s o lv a t io n , h e a t was evo lved .

The m ix ture  was l e f t  to  s e t t l e  fo r  2 days and th en  th e  su p e rn a ta n t l i q u id  

f i l t e r e d  o f f  th rough  a g la ss  s i n t e r ,  under n i tro g e n , in to  the  cap su lin g  

a p p ara tu s  (E ig . 2 ) .

3 . The p re p a ra t io n  o f m ercuric  compounds

The m ercuric  io d id e  used was B.D.H. L ab ora to ry  Reagent grade m a te r ia l  

th a t  had been r e c r y s t a l l i s e d  tw ice from m ethanol. The e th y lm ercu ric  

c h lo r id e  and phenylm ercuric  c h lo r id e  used were a lso  B.D.H. L abora to ry
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Reagent grade m a te r ia ls  and were r e c r y s t a l l i s e d  from  benzene, E thy lm ercu ric  

io d id e  and phenylm ercuric  io d id e  were b o th  made from  th e  co rrespond ing  

c h lo r id e s  by a sim ple  double decom position  r e a c t io n  w ith  sodium io d id e  

in  ace to n e . Both were r e c r y s t a l l i s e d  from benzene, a f t e r  p re p a ra t io n .

As an example th e  p re p a ra t io n  o f phenylm ercuric  io d id e  on a lA-O m olar 

s c a le  i s  d e sc rib e d .

Phenylm ercuric  c h lo r id e  (7 .82  g . )  was d is so lv e d  in  ace tone  ( 6 0 0  m l.)  

w ith  h e a tin g . The c o ld  s o lu tio n  was added to  a s o lu t io n  of sodium io d id e  

( 7 . 4 8  g . ,  a  two m olar r a t i o )  i n  acetone  ($0 m l .) .  The m ix tu re  was b o ile d  

f o r  te n  m inu tes and th en  allow ed to  co o l. The p r e c ip i t a t e  o f  sodium 

c h lo r id e  was f i l t e r e d  o f f  a t  th e  pump and th e  f i l t r a t e  ev ap o ra ted  to  d ry n e s s . 

The s o l id  re s id u e  was b o i le d  w ith  d i s t i l l e d  w a ter (500 m l.)  f o r  te n  m inutes 

and th e  s lu r r y  f i l t e r e d .  Sodium c h lo r id e  and sodium io d id e  were c a r r ie d  

away in  th e  f i l t r a t e .  The re s id u e  o f phenylm ercuric  io d id e  was d r ie d  

a t  th e  pump and th en  r e c r y s t a l l i s e d  from  benzene. Y ie ld  9.85 g . , 97 .1^  

o f th e  t h e o r e t i c a l  y ie ld .
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SECTION III

KINETIC STUDIES

1. The id e n t i f i c a t i o n  o f th e  r e a c t io n  between d ie th y lz in c  and phenylm ercuric  

c h lo r id e

(a )  I n te tra h y d ro fu ra n

Phenylm ercuric c h lo r id e  ( l . 6  -  1 .9  m.moles) was p laced  in  th e  

r e a c t io n  v e s s e l  (E ig . 4) and te tra h y d ro fu ra n  (25 m l.)  was added. The 

a p p a ra tu s  was f lu s h e d  w ith  carbon d io x id e  u n t i l  on ly  carbon d iox ide  was 

is s u in g  in to  th e  gas c o l le c t io n  tu b e , (As in d ic a te d  by th e  appearance 

o f sm all bubbles which d is so lv e d  in  th e  ^ O fo  po tassium  hydroxide im m ediate ly , 

o n ly ) . A  snapp ing -type  cap su le  o f d ie th y lz in c  was th en  p laced  in  th e  b a l l  

and socket s id e  arm. The te tra h y d ro fu ra n  was re f lu x e d  by a re f lu x in g  

m eth y la ted  s p i r i t  vapour ja c k e t around th e  re a c t io n  v e s s e l ,  Idien a l l  th e  

phenylm ercuric  c h lo r id e  had d is so lv e d  and the te tra h y d ro fu i'a n  was re f lu x in g  

a t  a s tead y  r a te  th e  b a l l  an d  so ck e t s id e  arm was f le x e d  and th e  cap su le  

of d ie th y lz in c  b roken , a llow ing  i t  and i t s  c o n te n ts  to  f a l l  in to  th e  r e a c tio n  

v e s s e l .  The m ix tu re  was allow ed to  r e a c t  f o r  te n  m inu tes and th en  hydro­

ly s e d  by th e  c a r e fu l  a d d itio n  o f 2 m l. of e i th e r  d i l u t e  m inera l a c id  o r 

w a te r . A f te r  f i f t e e n  m inutes when th e  e v o lu tio n  o f gas had ceased  and only  

carbon d io x id e  was is s u in g  from th e  a p p a ra tu s , the  r e a c t io n  re s id u e  was 

io d in a te d  by th e  a d d i t io n  o f excess s o l id  io d in e . The m ixture was th en  

e x tr a c te d  w ith  e th e r  (lO m l.)  and th e  e x t r a c t  an a ly sed  by vapour phase
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chrom atography, The volume o f hydrocarbon th a t  had been produced in  th e  

h y d ro ly s is  was m easured and c o r re c te d  to  S.T.P* The r e s u l t s  o f th ese  

experim ents a re  shown in  Table 11.

TABLE 11

iRun No,

12

15

16 

17

Moles of
EtgZn X 10'

3.301

3.808

3.295

3.368

Moles of I

PhHgCl X 10^ !

V ol. o f gas ; V ol. o f  gas 
produced jex p ec ted  ( c . f . p .  )

1 .692

1.877

1.950

1 . 7 6 0

1 0 6  ml,

1 2 9  ml.

104 ml, 

1 1 2  ml.

Run No. I

1 5

1 6

1 7

C onten ts o f e th e r e a l  e x t r a c t

1 0 9  ml, 

1 2 8  m l. 

1 0 3  m l.

I l l  m l.

Hy d ro ly se d  by

E t 0 , THE, E t I ,  C^Hg 

E t 0, THE, E t I ,  CgHg 

EtgO, THE, E t I ,  C Æ I

|d i l .  HCl 

| d i l .  HgSO^

.L .
H,0

(b) In  e th e r

These experim ents were perform ed in  th e  same way as in  te tr a h y d ro ­

fu ra n  excep t th a t  i t  was n ecessa ry  to  use 2 0 0  m l. o f  e th e r ,  i n  a l a r g e r  

r e a c t io n  v e s s e l ,  which was p laced  in  a w a te r-b a th  a t  40°C. I t  was a lso  

n e ce ssa ry  to  s t i r  th e  c o n te n ts  o f th e  r e a c t io n  v e s s e l  m a g n e tic a lly  from 

underneath  to  a id  th e  d is so lv in g  o f th e  phenylm ercuric  c h lo r id e . The •
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e th e r e a l  re s id u e  was to o  d i lu te  to  be examined im m ediately  by V.PoCo, b u t 

a f t e r  c o n c e n tra tio n  i t  gave n e g a tiv e  r e s u l t s ;  th e  sm all amount of o rg an ic  

io d id e s  p re s e n t  must have been l o s t  in  th e  c o n c e n tra tio n  p ro c e ss . The 

r e s u l t s  o f th e se  experim en ts a re  shown in  Table 12.

TABLE 12

iRun No, 
i
I

18

19

20

I Moles o f j Moles o f j

I EtZn X 10^ 1 PhHgCl x 10^ !

4 ,6 0 9  I 1.011

5 . 4 9 5  0 . 8 6 1 3

2 .884  j 1 . 1 2 5

V ol. o f gas 
produced

1 7 5  m l. 

220 ml. 

99 ml.

Vol of gas 
expected  

( c . f .  p . )

1 8 3  m l. 

2 2 6  m l. 

1 0 4  ml.

2 . An a ttem p ted  s tudy  o f  th e  k in e t i c s  o f the r e a c t io n s  betw een d ie th y lz in c  

and phenylm ercuric  c h lo r id e  and between d ie th y lz in c  and e th y lm ercu ric  

c h lo r id e

S ep a ra te  s o lu tio n s  o f the  r e a c ta n t s  were p ip e t te d  in to  th e  two 

arms o f  a n itro g e n  f i l l e d  re a c t io n  v e s s e l ,  which was im nersed in  an i c e -  

w a te r  b a th . A f te r  allow ing  30 m inu tes f o r  th e  s o lu tio n s  to  a t t a i n  the  

tem p era tu re  o f t h e i r  su rround ings th e  r e a c t io n  v e s s e l  was t i l t e d ,  a llow ing  

th e  two s o lu t io n s  to  mix. Zero r e a c t io n  tim e was tak en  as  t h i s  moment. 

The re a c t io n  m ix tu re  was s t i r r e d  m a g n e tica lly  from u n d ern ea th . In  th e se
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experiraen ts one p o in t  on ly  was tak en  to  determ ine the  tim e -s o a le  of the  

r e a c t io n .  The samples were taken  by p ip e t te  w h ils t  th e  r e a c t io n  m ix tu re  

was p ro te c te d  by a stream  o f  n i tro g e n . The sample was p ip e t te d  in to  an 

ic e - c o ld  s o lu t io n  of po tassium  hydrogen p h th a la te  i n  w a te r  to  quench i t .  

This s o lu t io n  was th e n  c a r e f u l ly  e x tra c te d  w ith  benzene (2 x 15 m l.) 

to  remove organom ercury compounds, and th e  aqueous la y e r  t i t r a t e d  f o r  

c h lo r id e  by V o lh ard ’s method. The r e s u l t s ,  in  te rm s of p e rcen tage  

r e a c t io n ,  which had o ccu rred  when each p o in t  was ta k en , a r e  shown in  

Table 13 .
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TABÎE 13

R eac tio n  o f Et^Zn w ith  PhHgCl and BtHgCl a t  0°C

Run No. I [ E t  Zn] r PhHgCl] S o lven t R eac tio n  \ fo  R eac tio n  1

1 m/1 . n / l . Time ( s e o s .) j

1  : .05478 . 0 1 7 5 6 : THF 1 8 0 0  1 98 i
2  i . 1 1 9 8 0 . 0 1 7 6 9 34 1 90

3 i .09405 . 0 2 2 0 5 " 6 6  } 93

^  1 .02071 . 0 1 9 7 9 Î» 56 : 44 j

5 j .02288 . 0 2 0 9 8 6 2  ! 48 i

'  I . 0 2 1 0 7 . 0 0 3 0 0 78 1 6 5

7 1 . 0 2 1 0 7 . 0 0 2 5 4 60 1 58

^  i .02107 . 0 0 2 5 4
t» 60 ; 5 6

12 j .00718 . 0 0 0 7 1 EtgO 180 95
13 ! . 0 0 5 8 8 . 0 0 0 6 4 60 1 89

1f j r EtHgCl] 
m / l .

i  !«—4 } 1
9 . 0 2 1 0 7 1 .00288 j THF 1 6 0 1 55

10 1 . 0 2 1 0 7 ! . 0 0 2 8 8 1 " ’ 6 0 j 42
11 . 0 2 1 0 7 . 0 0 2 8 8 ! " j 120 1 63
14 1 .00643 1 .00118 !  EtgO 1 30 j 54
15 j .00643 j ,00117 30 1 ^
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3* An a ttem p ted  study  of  th e  k in e t i c s  o f th e  r e a c t io n  b e tween 

and phenylm ercuric  io d id e  in  te tra h y d ro fu ra n  a t  0*̂ C.

The s o lu tio n s  of th e  r e a c ta n ts  w ere pu t in to  two arms o f a r e a c t io n  

v e s s e l  and co u ld  be mixed by t i l t i n g  th e  v e s s e l .  The c o n c e n tra tio n  o f th e  

e th y lz in c  io d id e  s o lu t io n  was determ ined  by b o th  a c id / a lk a l i  and io d id e  t i t r a ­

t io n s .  The re a c t io n  was fo llo w ed  by d e term in in g  th e  io d id e  l ib e r a te d  from 

th e  phenylm ercuric  io d id e  by V o lh a rd 's  method a s  d e sc rib e d  i n  the  p rev io u s  

s e c t io n . F or convenience th e  r e s u l t s  a re  ag a in  shown in  th e  form o f p e rc e n t­

age r e a c t io n  which had o ccu rred  when each p o in t was ta k en  and a re  shown in  

Table 14.

TABLE 14

The r e a c t io n  o f  EtZnI + PhHgl in  THF a t  0°C

N o.

4

I [E tZ nI] 

! [ PhHgl]

= .01886n/l4 [2tZnIl= .OI78W Ï . '[3tZnI]= .01382u/l. i[S tZ nI]=  . 01675mAj 

= .0 0 4 9 lV l i  rPhHgI]= .00585mA. {[ PhHgl] = .OO4 6 7 1 1 / I .  I[ PhHgI]= .00153n/l|
^  re a c t io n I[ T m ins, '%  r e a c t io n ;  T m ins. ,%  r e a c t io n  )T m ins, \%  r e a c t io n  =T mins.

9 , 5.1 1 ^ I 1.5 !  3 j 42.1 i 2 j 24.9
; 16 i 7.2 ! ® j 23.6 110 j 43.7 1 10 I 26.2

50 ' 11.5 I 1 32.0 I I 44.8 j .j 44.3
i l 20 ; 18.5 1 30 ; 42.4 j 20 1 46.2 1 40 j 54.6

)■ 1 79 1 43.6 1 90 I 48.8 } 60 I 54.6
]
Ï

i 305 1 44.0 i
1

I I255 65.9
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The r e s u l t s  would f i t  n e i th e r  second o rd e r  k in e t i c s  nor f i r s t  o rd e r k in e t i c s  

w ith  r e s p e c t  to  e i th e r  r e a c ta n t .

if. An at t e mpted s tu dy of th e  r e a c t io n  o f e th y lz in c  io d id e  w ith  m ercuric  

io d id e  in  t e t r a hydrofuran  a t  25°C.

In  a n t ic ip a t io n  o f t h i s  re a c t io n  b e in g  very  f a s t  a  flow  a p p ara tu s  

was c o n s tru c te d  f o r  fo llo w in g  i t s  k i n e t i c s .  The a p p a ra tu s  i s  shown in  F ig . 5* 

The c a p i l l a r y  s p i r a l  was o f  g la s s  tu b in g  o f i n te r n a l  d iam e te r 0.0858 cm. The 

le n g th  of th e  s p i r a l  between th e  T -p iece s  C and T> was 282 cm, f o r  ru n s  1 - 3 »  

and 81 cm, f o r  th e  fo llo w in g  ru n s . The m ercuric  io d id e  s o lu tio n  was pu t 

i n  s to ra g e  v e s s e l  A, and te tra h y d ro fu ra n  was p u t in  v e s s e l  B. (The e n t i r e  

ap p ara tu s  having been f lu sh e d  w ith  n i t r o g e n ) .  The volume o f b o th  v e s s e ls  

was approx im ate ly  3 0 0  m l, A la rg e  snapp ing -type  cap su le  c o n ta in in g  a p p ro x i­

m ately  10 ml. o f a  3 0 ^  s o lu t io n  o f e th y lz in c  io d id e  in  te tra h y d ro fu ra n  was 

p laced  in  th e  b a l l  and so ck e t s id e  arm of v e s s e l  B. By f le x in g  th e  b a l l  

and socke t jo in t  the  end of the  cap su le  was broken o f f  and th e  c o n te n ts  

poured  in to  v e s s e l  B, which was s t i r r e d  m a g n e tica lly  from underneath  f o r  

f iv e  m inutes b e fo re  th e  whole a p p a ra tu s  was low ered  in to  a w a te r b a th  a t  25°C. 

The c o n c e n tra tio n  o f th e  e th y lz in c  io d id e  s o lu t io n  was th en  de te rm in ed  by 

w ithdraw ing a sample w ith  a p ip e t te  and p ip e t t in g  i t  in to  ex cess  d i lu te  

su lp h u ric  a c id , which was then  b a c k - t i t r a t e d  w ith  sodium h ydrox ide , u sing  

brom ocresol p u rp le  as  in d ic a to r .  By ap p ly in g  a few cm, o f  m ercury p re s s u re  

to  b o th  s to ra g e  v e s s e ls  th e  r e a c ta n t  s o lu t io n s  were fo rc e d  up to  th e  T -p ieoe  C 

Tfhere th ey  m ixed. As th e  s o lu tio n  p a ssed  a long  th e  s p i r a l ,  r e a c t io n
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proceedeà . At T -p iece  B th e  r e a c t io n  was stopped  when th e  re a c t io n  m ixture 

met a flow  of d i lu te  su lp h u ric  a c id  ( in  50^ w a te r /e th a n o l) .  The e f f lu e n t  

was c o l le c te d  a t  e i t h e r  o f  th e  e x i t s  F and G-, By v ary in g  th e  a p p lie d  

n itro g e n  p re s s u re  the  flow  r a t e  and hence th e  tim e o f  r e a c t io n  cou ld  be 

v a r ie d . The flow  r a t e  o f th e  quenching s o lu tio n  was m easured by means of 

a bubble  flow -m eter a tta c h e d  to  the to p  of i t s  r e s e r v o i r .  For each k in e t ic  

p o in t  two sam ples o f  e f f lu e n t  were c o l le c te d  f o r  the same tim e . One 

sample was t i t r a t e d  f o r  z in c  by EoDoT.A. (u s in g  excess  po tassium  io d id e  to  

mask the  m ercury ), so th a t  th e  flow  r a te  and hence th e  r e a c t io n  tim e could 

be determ ined . The su lp h u ric  a c id  i n  th e  o th e r  sample was t i t r a t e d  w ith  

sodium hydroxide to  determ ine th e  amount of r e a c t io n  th a t  had proceeded .

The r e l a t i v e  volumes o f s o lu t io n  d e liv e re d  by each s to rag e  v e s s e l  under 

the  same n itro g e n  p re s su re  were determ ined  in  a check experim en t. I t  

was found th a t  v e s s e l  B d e liv e re d  1 .095 m l. w h i ls t  v e s s e l  A  d e liv e re d  

1 ,000 ml. ev er th e  whole range of p re s su re s  used . This was c o r re c te d  f o r  

i n  th e  c a lc u la t io n s .  R eaction  tim es o f 1 ,0 4  s e c s , cou ld  be o b ta in e d  

by app ly ing  a p re s su re  of 30 cm. of m ercury. The r e s u l t s  which a re  

shown in  Table 15 a re  again  g iven  in  th e  form of p e rcen tag e  re a c t io n  

th a t  had o ccu rred  when each p o in t was ta k en .
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TABLE 15

E tZ nl + Hgl in  THF a t  25°C.

4

R u n  N

5

[E tZ n l] = .05338 m / l .  . T E tZ n ll = .04820 m / l .  T E tZnl] = .01667 a / l .

I f Hgigl = .0284^ m /l. [H glj,] = .05881 n / l .  f Hgl^] = .01849 n / l .

r  s e c s . : fo  r e a c t io n T s e c s .  J % re a c t io n

89.28

90.07

In  a d d itio n  one ru n  was perform ed u s in g  an equ im olar m ixture 

o f m ercuric  io d id e  and po tassium  io d id e  in s te a d  of m ercuric  io d id e . 

W ith the  e th y lz in c  io d id e  c o n c e n tra tio n  a t  0.05811 moles p e r  l i t r e  and 

th e  KHgl^ c o n c e n tra tio n  o f 0.02864 moles p e r l i t r e ,  th e  r e a c t io n  had 

gone to  100^ by th e  tim e th e  f i r s t  p o in t was tak en  a t  1 ,8 1  s e c s .
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5» An g- 

io d id e  an

study  of th e  k in e t i c s  o f th e  r e a c t io n  betw een e th y lz in o  

imercur ic  io d id e  in  te tra h y d ro fu ra n  ai

Using th e  same a p p a ra tu s  and th e  same tech n iq u es  as in  th e  p rev io u s  

s e c tio n  th e  k in e t i c s  o f th e  r e a c tio n  between e th y lz in o  io d id e  and e th y l -  

m ercuric  io d id e  were s tu d ie d . The whole o p e ra tio n  was perform ed in  a 

flim e-cupboard. The r e s u l t s  a re  shown in  Table 16.

TABLE 16

The re a c t io n  betw een EtZnI and EtHgl in  THF a t  25°C.

R u n  N 0,

[E tZ nI] = .05885 V l . j [ EtZnI] = .03440 n \ / l .

[E tH gl] = .03797 c /1 . ;  r  EtHgl] = .02746 o / l .  :

T se e s . i fa  r e a c t io n 1 T se c s . fo  r e a c t io n

1.15 i QT.k- 1 1.21
i

57.2

1.69 i 79.3
1
1 1.41
i

45 .4

1.95 ' 68.5 ! 2.041
19.0

2.99 !! 44.7 j 2.65 1 7 .4  1

7.18 i , 22.5 1 3.41 14.7

* The p e rcen tag e  r e a c t io n  was c a lc u la te d  on the  assum ption th a t  the 
quenching a c id  was used up by C -  Zn bonds o n ly .
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SSCTION IV

COMRBTITn/E STUDIES

The r e l a t i v e  r a t e s  of r e a c t io n  o f d ia lk y lz in c s  w ith  phenyIm ercuric  

c h lo r id e  were determ ined  by th e  seme techn ique a s  used in  id e n t i f y in g  the  

r e a c t io n  between d ie th y lz in c  and phenyIm ercuric  c h lo r id e  (page 108 ) and 

usin g  th e  same e.pparatus (F ig . 4 ) .

1 . W ith a m ixtur e o f d im ethy lz inc  and d ie th y lz in c

The m ix tu re  o f  d im ethy lz inc  and d ie th y lz in c  co n ta in ed  approx im ate ly

equ im olar q u a n t i t ie s  o f th e  two dia3.kyls in  th e  form  o f a 30^ s o lu t io n  in  

cyclohexane, and had been p rep a red  p re v io u s ly  f 99] • The p u r i ty  and p e r­

cen tag e  com position  o f •^he m ix tu re  was d e te rm in ed  a t  i n t e r v a l s  du rin g  th e  

course  o f  th e  experim ents by h y d ro ly s in g  sr-mples o f  i t  as d e sc rib e d  on page 99. 

The r e s u l t s  o f  th e se  p e r io d ic  d e te rm in a tio n s  were used  to  c o r r e c t  th e  v a lu es

f o r  th e  pe rcen tag e  com position  o f th e  c ap su le s  o f th e  m ix tu re  used in  the

co m p e titiv e  s tu d ie s .  The r e l a t i v e  r a t e  of r e a c t io n  of d im ethy lz inc  and 

d ie th y lz in c  w ith  phenyIm ercuric c h lo r id e  was determ ined  in  r e f lu x in g  e th e r  

and in  te tra h y d ro fu ra n  a t  23°C. In  the  l a t t e r  c ase , a f t e r  h y d ro ly s is  o f the 

r e a c t io n  m ix tu r e , i t  was b rough t to  th e  b o i l  f o r  f i f t e e n  m inutes and th en  

allow ed  to  c o o l, under a flow  o f carbon  d io x id e , to  ensu re  t h a t  v l l  th e  

hydrocarbon produced was d r iv e n  o f f  and c o l le c te d .  The r e s u l t s  o f th e se  

experim en ts  a re  shown in  Table 17*
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TABLE 17

R eac tio n  of Me^Zn + Et^Zn w ith  PhHgCl, in  25 ml. o f  THE 

a t  2 5 °C be in g  allow ed to  r e a c t  f o r  f i f t e e n  m inu tes

;Run j Moles o f I Moles o f ‘Moles o f  - V ol. o f  J V ol. of : MeH : MeH j
gas I gas j -

i i ’iroduced! expec ted ; o r i g ' l l
(m l.)  ! (m l.)  I I

;No. i Me^Zn j EtgZn : PhHgCl ? gas j gas I ^  }__

! X 10"  ̂I X 10^ ( X 10^ i produced! expec ted ; o r i g ' l l  found | ^Me

2.613 I 2 . 8 4 1

1 j
I 1 . 1 4 6 1 4 6  t 218

2.099 1 2.283 i 1 . 5 0 0  i 128 1 1 6 2

38 j 2 . 1 9 6  j 2 .388 1 1.343 j 1 4 2  1 1"'5

39 1 2 . 3 5 2  ! 2.559 1 1 .854  ! 14L j 1 7 8

4L 2 . 0 0 4 2.178 i 1 . 6 6 3  ! 1 1 9  i 1 4 0

J
i l / l . 0 8 7  1 / 1 , 0 0 8 j 1

j  "  i i A - o i s i  1
I "  Ï V i . o l o !  1
I " : 1/1.034 1
i " i 1/1.0271 1

I '  i I  i  ! I
R eaction  o f Me^Zn Et^Zn w ith  PhHgCl, in  200 ml. of r e f lu x in g  

e th e r ,  b e in g  allow ed to  r e a c t  f o r  f i f t e e n  m inu tes.
1

4 6  j 2 . 3 8 6  1 2 . 3 9 3 1 . 0 5 4  ; 2 1 9 1 9 9 | l / l .  0 8 7 ! 1/0 .9331 3 .8

47 1 . 3 7 0  j 1 . 7 0 7 0.8448: 1 2 9 1 2 7 1 " ; l /b .9 1 3 4 .9
48 1 . 3 0 7  ! 1 . 6 3 8 0.9923! 1 3 0 1 2 8 ! " ! l /0 .9 4 0 ( 2 .7
3 0 1 . 3 3 0  1 1 . 4 4 6 0 . 6 0 2 9 } 1 4 7 110 i " | l /0 .9 2 8 j 3 . 9

3 1 1 . 6 8 8  ! 1 . 7 9 4 0 . 8 3 0 0 ! 1 4 0 1 3 7
; H
i {1/ 0 . 9 4 6 1 3 . 1
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2. W ith a mix tu re  of  d ie th y lz in c and d i-n -p ro p y lz inc

The m ixture used c o n ta in ed  on ly  n ea t d ie th y l  zinc and d i-n —p ro p y lz in c .

I t s  p u r i ty  vms p e r io d ic a l ly  checked as p re v io u s ly  m entioned. The r e ­

l a t i v e  r a t e  of r e a c t io n  of d ie th y lz in c  and d i-n -p ro p y lz in c  w ith  p h e n y l-  

m ercuric  c h lo r id e  was determ ined  in  re f lu x in g  e th e r ,  r e f lu x in g  

te tra h y d ro fu ra n  and te tra h y d ro fu ra n  a t  25®C, The r e s u l t s  a re  shown in  

Table 18.

3 . With a m ix tu re  o f d ie th y lz in c  and d i - i-p ro p y lz in c

The m ix ture  used co n ta in ed  on ly  n e a t d ie th y lz in c  and d i - i -p ro p y lz in c

and i t s  p u r i ly  was p e r io d ic a l ly  checked. The r e l a t i v e  r a t e  of r e a c t io n  

o f th e  two d ia lk y lz in c s  w ith  phenyIm ercuric c h lo r id e  was determ ined  in  

re f lu x in g  e th e r ,  r e f lu x in g  te tra h y d ro fu ra n  and te tra h y d ro fu ra n  a t  25°C.

The r e s u l t s  a re  shown in  Table 19.
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TABLE 18

R eac tio n  o f  Et^Zn + n-Pr^Zn w ith  PhHgCl in  25 m l. THE 

a t  25*C being  allow ed to  r e a c t  f o r  te n  m inutes

Run
'No.

Moles o f ;
EtgZn i 
X 10"3 1

Moles o f 
nPr^Zn

X 10^

Moles o f 
PhHgCl

X 10^

V o l.o f  !
gas  : 

produced ’ 
(m l.)  j

V ol. o f
gas 

expected : 
(m l.)  :

EtH

o r i g ' l
1

found ; j

(28
i

1 .5 1 4  1 1 .493 2 . 1 6 5 85 1 86 !1 / 0 . 9 8 6 1 /.9 9 9  1 1 1
'29 1 .648  j 1 .625 Û. 8 2 6 3 1 4 0 128 1 1 / 1 . 0 0 2 : 1  1

;30 1.543 j 1 .522 1 . 4 7 2 1 0 3  i 1 0 4  ' n 1 /.9 8 6  i 1 1

R eac tion o f  EtpZn + nPr^Zn w ith  PhHgCl in  2f ml. T H E  a t  r e f lu x  |

(65°C) b e in g  allow ed to r e a c t  f o r te n  m inu tes. J1
|32 1.507 ■ 1 . 4 8 6 1.082 108 ; 1 0 9  i !l 1 /0 .9 8 4 :  1 I

133 1 .731  j 1 . 7 0 8 0 . 8 7 0 8 1 2 9  ! 1 3 4
t! 1 /0 .9 8 8  1 1 j

|33 1.615 i 1 .595 0 . 9 9 7 0 127 j 121 i t!
1 / 1 . 0 4 3  ! 1  1

1
i

R eac tio n  o f E t 2 Zn'+  n-Pr^Zn w ith  PhHgCl in  200 mi. ut^O a  

(35®C) be ing  allow ed to  r e a c t  f o r  te n  m in u tes .

: r e f lu x  j

j
122 1 .685 : 1 .685 0 . 8 4 0 8  i 1 3 2  i 1 3 3  ; ] / l .0 0 0 1 / 0 . 7 7 5  8 . 1  1

|23 1 .517  i 1 . 5 1 7 1 . 2 4 9 1 3 4  1 9 1  : M 1 / 0 . 8 4 3  i 2 . 2  j

i24 1 .254  { 1 . 2 5 4 0.7493 87 1 95 t! 1 / 0 . 8 8 8  i 2 . 3  j

123 1.391 j 1 . 3 9 1 0 . 5 5 9 6 1 5 0  i 112 tl 1 /0 .8 5 8  1 6 .2  !

12 6 1.575 ! 1.575 0 , 6 6 6 2 200 1 1 2 6 1! 1 / 0 , 8 1 1 ; 1 . 9  i

Î27 i 1 .9 9 4  i
i :

1 . 9 9 4 0 . 7 9 0 7
•

1 6 3  i 
1

1 6 1
,

i

ft 1 / 0 . 9 1 8  1 . 2  !
i 1
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TABIE

R eaction  o f Et^Zn + i-P r^Z n  w ith  PhHgCl in  25 m l. THE 

a t  25°C, b e in g  allow ed to  r e a c t  f o r  te n  m inutes

Run
No.

Moles o f; Moles o f  
E t-Z n ! i-P r^Z n

X  10^ : X 10-^

Moles of 
PhHgCl

X 10"

iv o l. o f 
j gas 
produced 
Î (m l.)

Vol o f  ;■ EtH

expected; PrH 
(m l .) ; o r i g ’l

EtH

PrH 
; found

^ iP r  j

^Etl 
_____ !

6 9 3 . 4 6 2

j
; 3 . 4 6 2 1.128 i 2 7 0  ; 285 ;1 /Ï .0 0 0 ; 1 / 1 . 0 6 1 "  1

7 0 3.583 : 3 .583 1 . 2 5 0 I  2 7 9  : 2 9 4  1 " 1 / 1 . 0 9 7 1  1

7 2 3 . 3 4 0 1 3 . 3 4 0 1.397 I 261 i 2 6 8  I  ” ! 1 / 1 . 0 5 7 1  j

R eac tio n  o f Et^Zn + i - P r  Zn With PhHgCl in  25 m l .  THE a t '65^0 1
b e in g  allow ed to  r e a c t  fo r  te n  m inu tes

1

6 4 4.083 ; 4 .083 0.6873 3 5 0  3 /1 .0 0 0 1 / 1 . )23 1

6 7 3 . 5 4 9 ; 3 . 5 4 9 1 . 1 2 3 ; 285 j 2 9 2  1 " 1 /1 .0 6 7 1

68 3 . 9 8 6 j 3 .986 1 . 2 5 8 j  3 1 9  I 3 2 9  1 " 1 / 1 . 1 3 8 1

R eaction  o f  Et^Zn + i-P rpZ n w ith  PhHgCl in  2 0 0  m l, o f E t

a t  35°C be ing  allow ed to re a c t  fo r  te n  m inutes

58 3 . 2 5 9 I 3 . 2 5 9 0 . 9 5 6 0 2 3 2 270 ii/ï.ooo 4 /0 .8 8 1 9 . 7

59 2.210 j 2 .210 0 . 6 3 8 7 I 1 7 2  1 183 !  " 1 1 / 1 . 0 3 2 1

6 0 ! 2.949 { 2 .949 0.7731 ! 242 j 247 1 " i 1 / 0 . 8 9 8 5 .0

61 3 .607 1 3 . 6 0 7 0 . 7 6 6 1 ; 285 j 3 0 5  1 " 11 / 1 . 0 0 4
:

62 : 2 . 0 4 4 I  2.0114 0.6905 '  1 6 3  i 1 6 7  1 " j 1 / 1 . 1 1 8 0.22j

63 3 . 1 1 0 3.110 0 . 6 4 5 6 : 243 i 2 6 4  i "
i

i 1 /0 .9 5 4 7 . 2  {
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SECTION V

THE SYN-PROPGRTIONATION OF DIETHYLZINC AND ZINC HALIDES

1 . The p rep ar a t io n  o f  z in c  h a lid e  -  N?îjN*N* - t e tram ethyle th y le n e d iamine 

complexes

(a )  Zinc io d id e  complex

N,N,N’N '-te tra m e th y le th y le n e d ia m in e  (TÎÆED) (4 .5  m.moles) was added 

to  a s o lu t io n  of z inc io d id e  ( l . 5  m,moles) in  m ethanol (lO m l .) .  On 

c o o lin g , and a f t e r  re d u c tio n  o f th e  volume under vacuum, c o lo u r le s s  c r y s t a l s  

were d e p o s ite d . A fte r  r e c r y s t a l l i s a t i o n  from m ethanol th e se  c r y s ta l s  

had ffl.p. 201-202*0.

(Found: Zn 15 .09^ , I  5 ‘1:.00^; C^H^^N^Znl^ r e q u ire s  Zn 15 .01^ , I  58 2 9 ^).

An id e n t i c a l  m a te r ia l  was p rep a red  from te tr a h y d ro fu ra n  (5 m l ,) ,  using  th e  

same q u a n t i t i e s  as above. A f te r  r e c r y s t a l l i s a t i o n  from te tra h y d ro fu ra n   ̂

th e  c r y s ta l s  had m .p, 201*C,

(Found: Zn 15.0156, I  5 8 .3 0 ^ ).

(b ) Zinc bromide complex

TMED (4 .5  m.moles) was added to  a so lu tio n  of z in c  bromide (1 .5  m,moles) 

i n  m ethanol (lO m l ,) .  The p ro d u c t, which was i s o l a t e d  in  th e  same manner 

as th e  z inc  io d id e  complex was r e c r y s t a l l i s e d  from  m ethanol, when i t  had 

m .p, 179°C. ( l i t  178*C r i0 7 ] ) .

(Found; Zn 19 .06 , Br 4 6 . 6 3 ^ ; CgH^gZnBr^ re q u ire s  Zn 19 .15/4  Br 4 6 .8 1 ^ ) .

An id e n t i c a l  m a te r ia l  was p rep ared  from te tra h y d ro fu ra n  (5 m l,) ,  u s in g
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th e  same q u a n t i t ie s  as above. A fte r  r e c r y s t a l l i s a t i o n  from te tra h y d ro fu ra n  

i t  had m,p« 1 7 8 ^ ,

(Found; Zn 1 9 .0 %  Br 4 6 .4 4 ^ ).

2 . The e th ylz in o  io d id e  complex

TMED (1 2 . 0  m .moles) was added to  an e th e r e a l  s o lu t io n  o f e th y lz in o  

io d id e  (3(5^^ 4*5 m ,m oles) under n i t r o g e n , and th e  m ix tu re  s t i r r e d  

m a g n e tic a lly . Heat was evolved , and as th e  s o lu t io n  co o led  c o lo u r le s s  

c r y s ta l s  were d e p o s ite d . A fte r  r e c r y s t a l l i s a t i o n  from  e th e r ,  under 

n i tro g e n , th e se  had m .p, 1 0 3 *0 .

(Pound: Zn 19 .94^ , I  37 .64^; GgH N^Znl r e q u ir e s  Zn 19.37]?, 37.60??).

An id e n t i c a l  m a te r ia l  was p rep a red  from  te tra h y d ro fu ra n , u sing  th e  same 

q u a n t i t ie s  as above. A fte r  r e c r y s t a l l i s a t i o n  from  te tra h y d ro fu ra n  i t  had 

m .p. 102*G.

(Pound: Zn 1 9 .5 3 / ,  I  3 7 .9 8 /) .

3 . The system d ie th y lz in c  p lu s  z inc  io d id e  i n t e i

A s o lu tio n  o f d ie th y lz in c  (9 .8  m .m oles) and zinc io d id e  (lO.O m,moles) 

in  te tra h y d ro fu ra n  (3 .0  m l ,) ,  was d iv id e d  in to  two equal p a r t s  and each 

p o r t io n  used  as fo llo w s  ;

( i )  TMED ( 7 m ,moles) d is so lv e d  in  petro leum  e th e r  (60-80*C, 10 m l.)  

was added to  one p o r tio n  o f th e  s o lu t io n  a f t e r  i t  had been made f o r  two 

h o u rs . This was done under n i t r o g e n , and th e  m ix tu re  s t i r r e d  m a g n e tic a lly . 

The c o lo u r le s s  c r y s ta l l in e  p ro d u c t was f i l t e r e d  o f f  and washed w ith  p o t .
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e th e r  (lO m l.)  th en  d rie d  under vacuum and cap su led  o f f .  I t  had m ,p .l64°C .
I S .  47

(Found: Zn I  5 8 .5p^).

( i i )  The o th e r  h a l f  o f th e  s o lu tio n  was k e p t f o r  seven days a t  25°C

and th e n  t r e a te d  as  above. The p ro d u c t had m .p. 105°C,

(Found: Zn 18 .97^ , .1 3 8 .4 5 ^ ) .

4 . The syst e m d ie th y lz in c  p lus z in c  brom ide in  t e t r a h y d ro fu ran

A s o lu tio n  of d ie th y lz in c  (0 ,053 m oles) and zinc bromide (Go053 m oles) 

in  te tra h y d ro fu ra n  (25 m l.)  was d iv id e d  in to  two h a lv e s ,

( i )  A f te r  i t  had been made up f o r  two h o u rs , one h a l f  o f th e  s o lu tio n  

was t r e a te d  m th  TÎÆED (0 ,027 m oles) d is so lv e d  in  hexane (10 m l,) ,  under 

n i tro g e n , and s t i r r e d  m a g n e tica lly  f o r  f i f t e e n  m in u tes . A f te r  re d u c tio n  

o f th e  volume o f  th e  s o lu t io n  under vacuum a c o lo u r le s s  c r y s ta l l in e  

p r e c ip i t a t e  was produced, which was f i l t e r e d  o f f ,  washed w ith  hexane

(lO m l .) ,  vacuum d r ie d  and c ap su le d  o f f .  T h is  crude p ro d u c t had m .p .l75°C . 

(Found: Zn 2 0 .3 3 /, Br 4 4 ,7 %  ^6^\6^2^^^^2 1 9 ,1 5 /, Br 4 6 .8 1 /

and CgH -NgZnBr re q u ire s  Zn 2 2 .5 %  Br 27*51/)»

A fte r  r e c r y s t a l l ! s s t i o n  from  te tra h y d ro fu ra n  th e  p ro d u c t had m .p .178*0,

(mixed m ,p. w ith  ZnBr^.TMSD 178*0)

(Found Zn 2 0 .0 5 /, Br 4 5 .2 5 /) .

( i i )  The second h a l f  of th e  s o lu t io n  was k ep t f o r  seven days a t  25*0 

and th e n  t r e a te d  in  th e  same vfay as th e  f i r s t  h a l f  to  y ie ld  a crude 

p ro d u c t which had m .p. 173*C.
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(Found: Zn 2 0 .1 %  Br 4 2 .3 5 /) .

A fte r  r e c r y s t a l l i s a t i o n  from te tra h y d ro fu ra n  the p ro d u c t had m.p. 178*0,

(mixed m.p, v d th  ZnBr^.TîiSD 178*0),

(Found: Zn 1 9 .7 %  Br 4 5 .5 1 /) .

3 system  d ie th y lz in c  p lu s  

A s o lu t io n  of d ie th y lz in c  (0 .019 m oles) and z inc  bromide (0.0186 m oles) 

i n  d ie th y l  e th e r  (30 m l.)  was t r e a te d  w ith  T Æ D  ( 0 . 0 3 9  m oles) f i f t e e n  

m inutes a f t e r  i t  had been p re p a red . A fte r  s t i r r i n g  f o r  one hour a dense 

c r y s t a l l i n e  d e p o s it  appeared . T his was f i l t e r e d  o f f ,  washed tw ice w ith  

hexane (2 x 13 m l.) ,  and then  vacuum d r ie d  and cap su led  o f f .  The p ro d u c t 

had m .p, 46*0.

(Pound: Zn 2 1 .9 %  Br 2 8 ,3 2 /) .

A q u a n t i ta t iv e  h y d ro ly s is  o f a p o r tio n  o f th e  p ro d u c t w ith  d i lu te  su lp h u ric  

a c id  y ie ld e d  7 9 .9 /  of th e  ethane t h a t  would be expec ted  i f  i t  were EtZnBr.TMBD,

6 . A ttem pted p re p a ra t io n o f e th y lz in o  brom ide complex 'W th e  ac t io n  of e th y l  

bromide on a z in c -co p p er couple

E th y l brom ide f a i l e d  to  r e a c t  w ith  a z in c -co p p e r couple under c o n d itio n s  

s im ila r  to  th o se  used f o r  th e  p re p a ra t io n  of e th y lz in o  io d id e . Also no 

r e a c t io n  would o ccu r when e th y l  brom ide in  te tra h y d ro fu ra n  was re f lu x e d  in  the 

p resen ce  o f  a z in c -co p p e r co u p le . However, e th y l  bromide re a c te d  w ith  a 

z in c -co p p e r coup le  when r e f lu x e d  in  dim ethylform aiiiide; th e  s o lu t io n  produced 

r e a c te d  v io le n t ly  w ith  w a te r , producing  e th an e . On th e  a d d itio n  o f TMSB, 

however, no complex cou ld  be i s o la te d .
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SECTION VI

N.McR, STUDIES

The sp ec tro m ete r used was a V arian  HA 100 model w ith  a  f ie ld - f re q u e n c y  

in t e r n a l  lo c k . Benzene was used a s  th e  i n t e r n a l  s ta n d a rd  th ro ughou t and i t s  

t" va lue  was tak en  as 2 .7 3 . A ll samples were in  te tra h y d ro fu ra n  s o lu t io n .  

Due to  d i f f i c u l t i e s  in  h and ling  organozinc compounds q u a n t i ta t iv e ly  on a 

sm all s c a le  th e  c o n c e n tra tio n  o f some o f th e  s o lu t io n s  whose s p e c tra  have 

been in v e s t ig a te d  i s  n o t known e x a c t ly .

The s p e c tra  of approx im ate ly  3 0 / s o lu t io n s  o f d ie th y lz in c  and e th y lz in o  

io d id e  in  te tra h y d ro fu ra n  proved to  be id e n t i c a l j  a  t r i p l e t  ( J ,  8 cps) a t  

8 .95  1" and a q u a r te t  ( j ,  3 cp s) a t  9 .92  'b‘ due to  th e  m ethyl and m ethylene 

groups o f th e  e th y l group r e s p e c t iv e ly .  F ig . 6 show’s th e  spec tr im  o f a 

3 0 /  s o lu tio n  of e th y lz in o  io d id e . In  a d d itio n  th e  spectrum  of an ap p ro x i­

m ately  equim olar m ix ture  of th e  t w o  o rganozinc compounds was id e n t i c a l  to  

th a t  o f e i t h e r  o f th e  two in d iv id u a l  compounds (F ig . 7 ) .

The spectrum  o f  TMED shovjed two s in g le  peaks a t  7 .7 4  C and 7 .90  f  

whose a re a s  were i n  th e  r a t i o  1 :3 , due to  th e  m ethylene and m ethyl groups 

r e s p e c t iv e ly .  The p o s i t io n  o f th e se  peaks was independen t o f  th e  concen­

t r a t i o n  of TÎ,ŒD in  te tra h y d ro fu ra n .

The spectrum  o f  a  0.9M s o lu t io n  of z in c  io d id e  w ith  added TMED again  

showed on ly  two peaks, w h o s e  a reas  were in  the r a t i o  1 :3 . Varying th e  

amine c o n c e n tra tio n  a f fe c te d  th e  spectrum : as  th e  amine changed from b e in g
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in  d e f ic ie n c y  to  being  in  excess th e  peaks broadened and moved to  h igh  

m agnetic f i e l d .  u  v a lu e s  a re  shown in  Table 20. The f ig u r e s  in

b ra c k e ts  r e f e r  to  th e  m olar r a t i o s  o f z inc  io d id e  and T&IBD.

TABLE 20

2n l _  i TMED

A (l) ! i i )  ! 7 .35  i 7 .4 9

! B ( l)  > (1) 7 .3 4  ! 7 .4 9  i

i C ( l)  I ( l i )  j 7 .48  ; 7 .6 4  I

The s p e c tra  f o r  t h i s  a re  shown in  F i g .8 . In  a d d it io n  i t  was found

t h a t  on d i lu t in g  a sample of z inc  io d id e  p lu s  a d e f ic ie n c y  o f Tî/IED, th e  

p a i r  o f peaks due to  complexed amine moved f u r th e r  a p a r t  and to  low m agnetic 

f i e l d ;  i . e .  from 7.4-3 end 7 .53  ^  (o) th rough  7 .41  and 7 . 5 2  c  (h ) ,  to  

7 .37  and 7 .50  ' t  ( l ) .  The o p p o site  e f f e c t  was observed  on d i lu t in g  a 

s o lu t io n  o f z inc  io d id e  complex; th e  peaks moved c lo s e r  to g e th e r  and 

u p - f ie ld  [ ( J )  and (k )] . S p e c tra  o f b o th  th e se  e f f e c t s  a re  shown in  F ig , 9* 

S im ila r  e f f e c t s  were observed  w ith  z inc  brom ide. On d i lu t in g  a sample 

o f zinc brom ide p lu s  a d e f ic ie n c y  o f amine w ith  te tra h y d ro fu ra n , th e  p a i r  

o f amine peaks moved from 7«4-8 and 7.&0 t r  (A) to  7.4-1 and 7 .5 4  (C ),

On d i lu t in g  a s o lu t io n  o f z inc  bromide complex th e  amine peaks moved from
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7.4-9 and 7 .5 7  u (D) to  7 .5 4  and 7*^1 (F ) . Both o f th e se  e f f e c t s  f o r

z inc  bromide a re  a lso  shown i n  F ig , 9 .

The spectrum  of an equim olar m ix tu re  o f  d ie th y lz in c  and TÎ-ÎSD, b o th  

approx im ate ly  in  c o n c e n tra tio n s  shows two peaks due to  th e  amine a t  7*72 

and 7 . 8 3  O' f whose a re a s  a re  in  th e  r a t i o  1;3* W h ils t th e  e th y l  group 

shows a t r i p l e t  a t  8 . 8 4  ''C and a q u a r te t  a t  10 ,08  ■> • The spectrum  of 

t h i s  m ix tu re  i s  shown in  F ig , 10.

The s p e c tra  o f 30fo s o lu t io n s  of e th y lz in o  io d id e  in  te tra h y d ro fu ra n  

w ith  vary ing  amounts o f amine were a lso  in v e s t ig a te d ;  the r e s u l t s  a re  

shovm in  Table 21.

TABIÆ 21

EtZnl/Ti\ffiD Amine peaks /y M ethylene

1 / 0 . 2 2 5 7 . 3 9 ,  7 . 5 1 , 7 . 5 2 , 7 . 6 2  

( 1 ) ( 1 . 2 ) ( 3 . 0 ) (3 . 7 )
broad  9 .81

1 / 0 . 2 3 7 . 4 1 , 7 . 5 2 , 7 . 5 3 , 7 . 6 4  

( 1 ) ( 1 . 1 5 ) ( 3 . 0 ) ( 3 . 5 )
b road  9 .89

1 / 0 . 9 2 7 . 3 3 , 7 .4 5 , 7 . 5 0 , 7 .59
(1 ) ( 5 . 1 ) ( 2 . 6 ) (1 4 . 2 )

broad  1 0 , 0 5

1 / 1 . 0 7 . 5 0 , 7 . 6 5  (b road)
( 1 ) ( 2 . 9 )

sharp  1 0 , 0 8

l A - 5 7 . 5 7 , 7 . 7 2  (b road)
(1 ) ( 3 . 0 )

sharp 1 0 , 0 7

F ig ,

11

12
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The f i r s t  column r e f e r s  to  th e  m olar r a t i o s  of e th y lz in o  io d id e  to  TMSDj 

th e  second column g iv e s  th e  lJ v a lu e s  f o r  th e  amine peaks observed , th e

f ig u r e s  in  b ra c k e ts  under the  C v a lu e s  g ive  th e  r e l a t i v e  a re a s  o f  th o se

peaks I th e  t h i r d  column r e f e r s  to  th e  spectrum  of th e  m ethylene of th e  

e th y lz in o  group and d e sc r ib e s  i t s  shape and g iv es  i t s  v a lu e .

The spectrum  of a m ix tu re  o f  d ie th y lz in c ,  z inc  io d id e  and TÎÆED, w ith  

th e  components in  1..0M, l.OM and 1.4^1 c o n c e n tra tio n s  r e s p e c t iv e ly ,  was 

ru n  a f t e r  th e  m ixture had been s to re d  in  s o l id  carbon d iox ide  since  being  

made up. The spectrum  was a lso  ru n  a f t e r  the  m ix ture  had been  l e f t  to  

s tan d  fo r  one week a t  room te m p e ra tu re . The spectrum  showed no change. 

The amine peaks o ccu rred  a t  7 .3 1 , 7 .4 4 , 7 .49  and 7 .58  T  and t h e i r  a re a s  

were in  th e  r a t i o s , 1 : 5 . 2  : 3 .2  : 15 .3  r e s p e c t iv e ly .  The m ethylene group 

o ccu rred  a t  10 .02  S' and was broadened . The spectrum  i s  shown in  F ig . I 3 ,

To a s s i s t  in  th e  assignm ent o f th e  f o u r  amine peaks observed , a

spectrum  o f a l.OM s o lu tio n  o f e th y lz in o  io d id e  complex was ru n  and r e ­

p e a te d  w ith  added z in c  io d id e . As th e  c o n c e n tra tio n  o f added z inc  io d id e  

was in c re a se d  from  zero  to  0.25M to  0.5M th e  two low f i e l d  peaks in c re a se d

in  i n t e n s i t y .  T his i s  shown i n  F ig , 14.

I t  was found in  some of th e  s p e c tra  th a t  th e  fo u r  amine peaks were 

no t f u l l y  re so lv e d . F ig . 15 A, shows a spectrum  of e th y lz in o  io d id e  p lu s  

T Æ D  in  which th e  m iddle two peaks a re  only  ju s t  re s o lv e d , and F ig . 15 B,

a spectrum  of a m ix ture  o f  d ie th y lz in c  p lu s  z in c  io d id e  p lu s  T&ŒD shows

th a t  th e  two m iddle peaks have merged.
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F in a l ly ,  a spectrum  of a m ix tu re  o f d ie th y lz in c  plus z inc  bromide 

p lu s  TMED in  l.OM, l.OM and 0.5M c o n c e n tra tio n s  r e s p e c t iv e ly  was ru n  

a f t e r  the  m ix tu re  had been s to re d  under s o l id  carbon d iox ide  s in ce  b e in g  

made up, and again  a f t e r  s tan d in g  fo r  one week a t  room te m p e ra tu re | the 

s p e c tra  were i d e n t i c a l .  Three amine peaks were observed  a t  7*36, 7oéé 

and t h e i r  a re a s  were i n  th e  r a t i o s  1 : 4 .6  ; 2.9* The m ethyl

'h r ip le t  o ccu rred  a t  8 ,82  tz and th e  m ethylene q u a r te t  a t  9 «82 and was 

sh arp . The a d d it io n  of z inc bromide to  t h i s  sample broke up th e  th re e  

amine peaks and gave two amine peaks a t  7 . 5 0  and 7 «61 whose a re a s  were 

in  th e  r a t i o  1 î 3« These two s p e c tra  a re  showi in  P ig , 16„
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SECTION VII

MOLECULAR TŒIG-HT DETERMINATIONS

The m o lecu lar w eight o f e th y lz in o  io d id e  a s  p rep a red  in  S e c tio n  I I ,  

in  b o th  te tra h y d ro fu ra n  and d ie th y l  e th e r  a t  v a rio u s  c o n c e n tra tio n s  was 

determ ined  by th e  e le v a tio n  o f  b o i l in g  p o in t method, under n i tro g e n . The 

r e la t io n s h ip  used  was :

K . 1000. W_

/\T .

where M = th e  m o lecu lar w eight o f th e  sp ec ie s  p re s e n t  in  s o lu tio n ;  i s  th e  

e b u llio sc o p ic  c o n s ta n t f o r  th e  so lv en t used; W i s  th e  w eigh t of th e  s o lu te ;  

A T i s  the  e le v a t io n  o f th e  b o i l in g  p o in t;  and i s  the  w eight o f the  

s o lv e n t . A va lu e  of = 2.292 f o r  te tra h y d ro fu ra n  was used ; t h i s  was 

determ ined  u s in g  phenan th rene , For d ie th y l  e th e r  th e  l i t e r a t u r e  value of 

liy = 2 .02  was used  [1 0 8 ]. The m o lecu lar w e igh ts  found a re  l i s t e d  in  

Table 22. The r e s u l t s  a re  ex p re ssed  in  term s o f an a s s o c ia t io n  c o n s ta n t.

( S i f f e  5 p ass  w  )
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TABLE 22

M olecular w eight d e te rm in a tio n s  on e th y lz in o  io d id e

I [E tZ nI] m/1. ! MoWo fo i

In  THE 0 . 0 3 0 7 0 ! 278.7

1 0 . 0 3 8 6 0 ! 2 9 0 . 4 .i
1 0 . 0 6 5 2 9 1 2 5 5 . 4

0.12010 i 2 7 5 . 7

0 . 4 0 7 0 0 j 2 3 8 . 4
Î

In  St^O 0 . 0 1 9 6 7 i 2 5 6 . 4

I 0 . 0 3 4 7 3 ! 2 9 5 . 0

0 . 0 5 6 3 6 I 3 0 3 . 8

0 . 0 6 2 2 9 i 2 5 6 . 3
I

I 0 . 1 0 5 6 0 ! 3 0 0 . 1

Assoon. Const,

1 .259

1.312

1.077

1.158

1.332

1 .374



“147-

E E F S Ï I E N C E S

[1 ] C. K. In g o ld , Ann.Rep.Chem„Soc., I 9 6 I ,  L V III, I 6 7 .

[2 ]  G. K obrich , A ngew .C hem ,(in te rna tiona l E dn .) ,  1962, I ,  382*

[ 3 ] Oo A. Reutov, Jo u rn a l of th e  D.I,M endeleev A ll-U nion  Chemical

S o c ie ty , I 9 6 2 , V II, 290.

[4 ]  R. E. Dessy, F . Paulilc , J .  Chem. E d ., I 9 6 3 , 40“, 185.

[5 ]  M. G ie len , J .  N a s ie ls k i ,  In d .C h im .B elg ., I 9 6 I ,  26, 1393o

[6 ] M. H. Abraham, J .  A. H i l l ,  Chem. and I n d .,  I 9 6 5 , 5 6 I .

r 7] H. B. Charman, S . D. Hughes, C. K. In g o la , Chem. and I n d . ,  1958,

1 5 1 7 . J .  Chem. S o c ., 1 9 5 9 , 2523.

[8 ] 0 . A. Reutov, I .  P. B e le tsk ay a , J .  Y in -T se i, Izv est.A k ad , Nauk.

8 .8 .8 .R . ,  i 9 6 0 , 4 3 .

[9 ]  0 . A. Reutov, V, I .  Sokolov, I .  P. B e le tsk a y a , Doklady. Akad. Nauk.

SoS.SoRo, 1 9 6 1 , 1 ^ ,  6 3 1 .

[10 ] E. D. Hughes, C. K. In g o ld , R. M. G. R o b erts , J .  Chem. S o c .,

1 9 6 4 , 743.

[ 1 1 ] 0 . A. R eutov, B. P ra is n e r ,  I .  P. B e le tsk ay a , V. I .  Sokolov, I z v e s t .

Akad, Nauk. 8 .8 .8 .R ., I 9 6 3 , 970.

[1 2 ] V. A. K alyavin , T. A, Smolina, 0 . A, Reutov, Doklady. Acad. Nauk.

S .S .S .R ., 1 9 6 4 , 1 5 5 , 5 9 6 0  P roc. Acad. S o i. U .8 .8 .R .,

1 9 6 4 , 1 5 5 , 2 7 3 .



"148-

[13] idem, ib id * ,  1964, 156* 95. P ro c , dead* Sci* U.ScSoR*, 1964,

4 6 0 .

[ 1 4 ] idem, i b i d . ,  I 9 6 4 , 157, 919. P ro c . Acad. S c i. U .8 .S .R ., I 9 6 4 ,

157. 7 6 2 .

[ 1 5 ] C, R. H a rt, C. K. In g o ld , J .  Chem. S o c ., I 9 6 4 , 4372#

[ 1 6 ] S, D. Hughes, C. K. In g o ld , G. Thorpe, H. C, V olger, i b i d . ,  1961,

1 1 3 3 .

f 1 7 ] V. D. Nefedov, E. N. S in to v a , N. Ya. F ro lo v , Z h u r .f iz .k h im ., 1956,

S356.

[18 ] E. D, Hughes, H. C. V olger, J .  Chem. S oc ., I 9 6 I ,  2359.

r 1 9 ] 0 . A. Reutov, V. I .  Sokolov, I .  P . B e le tsk ay a , I z v e s t .  Akad, Nauk

8 .S .8 .R . ,  1 9 6 1 , 1 2 1 3 . B u ll. Acad. S c i. U .8 .8 .R ., I 9 6 I ,  1123. 

[20 ] idem, i b i d . , I 9 6 I ,  I 5 6 I .  B u ll .  Acad. S c i, U .S .S .R ., I 9 6 I ,  1458.

[ 21] 0, A. Reutov, T. A. Sm olina, V .A .K alyavin, Doklady. Akad. Nauk,

SoS.SoRo, 1 9 6 1 , 1 3 9 * 3 8 9 . P ro c . Acad, S c i, U .S.S .Ro,

1 9 6 1 , 122, 6 9 7 .

[ 2 2 ] F . R. Jen sen , J.Amer.Chem.Soc. ,  I 9 6 O, 8 2 , 2468,

[ 2 3 ] H, B, Charman, E. D. Hughes, C, K. In g o ld , G. Thorpe, J ,  Chem, S o c .,

1 9 6 1 , 1121#

[24] H, B. Charman, E. D. Hughes, C. K* In g o ld , H. C. V o lger, i b i d . ,

1 9 6 1 , 1 1 4 2 #

[25] 0 . A. Reutov, I .  P. B e le tsk ay a , R. E. M a rd a le is h v il i ,  Proc# Acad.

S o i. U .S .S .R ., 1 9 5 7 , 1 1 6 , 9 0 1 .



“’.'.49*"

[ 2 6 ] A. N. Nesmayanov, 0 , A. Reutov, W. Yang-0 h i eh , L. Ching-Chu,

B u ll ,  Acad, S c i .  U .S rS .R ,, 1958, 1250. 

r 27] 0. A. Reutov, I .  P, B e le tsk ay a , R, E. M a rd a le is h v ili ,  R uss, J .

Phys. Chem., 1959, 2 2 , 240.

[ 2 8 ] F . R. Jen sen , B, R ickbom , J.Am er.Chem .Soc., 1964, 8 6 , 3784.

[ 29] I .  Po B e le tsk ay a , &. A. A rtam kina, 0. A. R eutov, Doklady, Akad.

Nauk. 8 . 8 . 8 .R .,  I 9 6 3 ,  149, 90.

[ 3 0 ] M. G ie len , J .  N a s ie ls k i ,  B u ll.S o c .C h im .B elg ., I 9 6 2 , 71, 32.

[ 3 1 ] idem, i b i d , ,  I 9 6 2 , J l ^  6 0 I .

132] idem, J .  O rganom etallic  Chem., 1 9 6 3 , 1, 173.

[3 3 ] R. Bo Dessy e t  a l . ,  J.Amer.Chem.Soc. (a )  1959, 81, 2 6 8 3 ,

(b ) 1 9 6 1 , §2, 1 1 6 3 , (c)  1 9 6 2 , 8^^ 1 1 7 2 ,

[34 ] M. M. Kreevoy, R. L. Hansen, J.Am er.Chem .Soc., I 9 6 I ,  8^, 8 2 6 .

[35 ] R. W alreavens, quoted  in  [ 3 6 ] .

[ 3 6 ] M. G ie len , J .  N a s ie ls k i , R ec.T rav.chj-m ., I 9 6 3 , 82, 228.

[3 7 ] G. Co Robinson, J.O rg.C hem ., I 9 6 3 , ,28, 843*

[ 3 8 ] M, H., Abraham, J ,  A. H i l l ,  Proc .Chem .Soc., I 9 6 4 , 175»

[39 ] J . H. W otiz, C. A. H o llirg  sw orth, R. E. Dessy, J.O rg.C hem ., 1955,

IZ , 1 0 3 .

[ 4 0 ] M, 1". Rausch, J ,  R. Van Wazer, Inorg.Chem*, 1964, 7 6 l.

R. E. D essy, J .  K. Lee, J.A m er.Chem .Soc., I 9 6 O, 82, 6 8 9 .

[ 4 1 ] C. D eblandre, M. G ie len , J .  N a s ie ls k i ,  L u ll.S o c .C h im .B e lg ., I 9 6 4 ,

2 1 .  2 1 4 .



-150-

[42 ] H. M n a to , J .  C. Ware, T. G. T ra y lo r , J  .Amer. Chem oSoo., 19 65,

Eg, 5024.

J .  C. Ware, T. G. T ra y lo r , i b i d . ,  p . 5026.

[43 ] A. G. D avies, "O rganic P e ro x id e s" , B u tte rw o rth s , London, I 9 6 I ,

p p .1 2 4 - 1 2 7 .

[44] P. H .  Lewis, R. E. Rundle, J.C hem .Phys., 1953-, 21, 986.

[45] N, M ulle r, D. E. P r i tc h a r d ,  J.Am er.Chem .Soc,, I 9 6 O, _82, 248»

[ 4 6 ] J .  Sm idt, M. P . Groenewege, H. de V rie s , R ec .T rav .ch im ., I 9 6 2 ,

81, 7 2 9 .

[47 ] M, P. Groenewege, J .  Sm idt, H. de V rie s , J.A m er.Chem .Soc,, 1 9 6 O,

8 2 ,  4 4 2 5 .

[48 ] E. G. Hoffman, Trans .F a rad . S o c ., 1962, 6 4 2 .

[4 9 ] J .  P. Maher, D. F. Evans, J .  Chem. S o c ,, I 9 6 3 , 5534.

[ 5 0 ] G, E. C oates, "O rg an o -m eta llic  compounds", Methuen and Co.L td .,

London, I 9 6 0 , p . 133*

[ 5 1 ] K. Z ie g le r ,  A nnalen, I 9 6 O, 629.

[ 5 2 ] L. I .  Z akhark in , 0 . Yu, O kh lobystin , Zhur. O bshchei, Khim., I 9 6 O,

3 0 . 2 1 3 4 . J .  Gen. Chem. U .S .S .R ., I 9 6 0 , jO , 2109.

[5 3 ] C. R. McCoy, A. L. A llre d , J.A m er.Chem .Soc., I 9 6 2 , 84, 912.

[54 ] R. E. D essy, F. K aplan, G. R. Coe, R. M. S a lin g e r ,  i b i d . ,  I 9 6 3 ,

8 5 , 1 1 9 1 .

[5 5 ] R. M. S a lin g e r ,  R. S. Dessy, T e t. L e t te r s ,  I 9 6 3 , 11, 729.

[ 5 6 ] L. P a u lin g , "C ollege C hem istry", W. H. Freeman and C o., 3 rd  E dn .,

1 9 6 4 , p . 278.



-151-

f 57] D. ,4. Payne, R. T, Sanderson, JuAmer.Chem.Soc., 1958, 80^^ 5324o

[58] H. Gilman, R. N. M eals, G. O 'D onnell, i b i d . ,  1943, 65, 268,

[ 59] H. Gilman, P . S chulze, B u l l ,S o c .Chim .France, 1927, 1333*

[ 60] H. Gilman, R. H, Id rb y , M, L io h ten w a lte r , Rec.TravoChim ., 1936,

55 , 79.

[6 1 ] D. B ryce-Sm ith, A. C. S k in n e r, J.Chem.Soc*, 1963, 577»

[ 6 2 ] I .  L. F in e r ,  "O rganic C hem istry , V o l,I " ,  Longmans, Green and

C o., London, 1959,

[ 6 3 ] R. F. Dessy, G. S, Hen d ie  r ,  J .  H. W otiz, C, A, H c llin g sw o rth ,

J.Am er.Chem .Soc,, 1957, 79* 34^6»

[ 6 4 ] R. E. Dessy, R. M. Jo n es , J .O rg.C hem ., 1959, 24, 1685,

r 6 5 l R. E. Dessy, i b i d . ,  I 9 6 O, 25, 2260.

[6 6 ] R. E. Dessy, J .  H, W otiz, C. A. H o llin g sw o rth , J.Am er.Chem .Soc.,

1 9 5 7 , Z2, 358.

[ 6 7 ] R. ÏÏ. Dessy, G. S, H andler, i b i d . ,  1958, 80, 5824.

[6 8 ] R. E„ Dessy, S. E. I .  Green, R, M, S a lin g e r , T e t. L e t te r s ,  1964,

2 1 , 1 3 6 9 .

[ 6 9 ] D. 0 . Cowan, J .  Hsu, J .  D. R o b erts , J .O rg.C hem ., 1964, 22, 3638.

[7 0 ] 4 . J .  V reugdenh il, C. Blomberg, R eo .T rav .o h im ., 1963, £ 2 , 453»

[7 1 ] idem, i b i d . ,  I 9 6 3 , 82, 461.

[72] idem, i b i d . ,  I 9 6 4 , 8^, IO9 6 .

[7 3 ] idem, i b i d . ,  1965, 8 ^  39.

[7 4 ] C. Elomberg, 4 . D. V reugdenh il, B. Van Z anten , P . Vink, i b i d . ,  I 9 6 5 ,

84, 8 2 8 ,



-152-

[75] E. C. Ashby, W, S . B ecker, J.Am er.Chem .Soc., 1963> 85, 118.

[76] E. C. Ashby, M. B. Sm ith, i b i d . ,  1964, 86  ̂ 4363.

[77] G. S tucky, R. E. Rundle, i b i d . ,  I 9 6 4 , 86, 4825.

[ 7 8 ] L. J .  G uggenberger, R. E. R undle, i b i d . ,  1964, 86 , 5344.

[7 9 ] H. Roos, ¥ . Z e i l ,  Chem. B e r . ,  I 9 6 3 , £7, 28.

[ 8 0 ] D. F . Evans, J .  P . Maher, J .  Chem. S o c ., 1962, 5125#

[81] R. M. S a lin g e r , H, S. M asher, J.A m er.Chem .Soc., 1964, 86, 1782.

[82] H. Gilman, F. S chulze, i b i d . ,  1927, 4^ , 2904.

[ 8 3 ] R. E. Dessy, i b i d . ,  1 9 6 O, 8g, 1580.

[ 8 4 ] L. I .  Z akharkin , 0 . Yu. O khlobystin , B. N, S tru n ik , I z v e s t .  Akad,

Nauk, 8 .S .8 .R .,  I 9 6 I ,  2254. B u ll .  Acad. S c i .  U .S .S .R .,

1 9 6 1 , 2114,

[ 85] E. E, F rank land , Annalen, 1849, Zk? 171.

[86] C, R, N o lle r ,  "O rganic S y n th eses" , C o ll .  V o l . I I ,  1950, p .184.

J.Am er.Chem .Soc., 1929, 51, 594.

[ 8 7 ] E, S. B ia is e , B u ll .  S oc. Chim. F rance , I 9 I I ,  9,, 1 .

[88 ] M. Gaudemar, i b i d . ,  I 9 6 2 , 974.

[ 8 9 ] G, Jan d e r, L, F isc h e r , Z .ïïlek tro ch em ., 1958, 6g, 971#

[ 9 0 ] N. I .  Sheverd ina , L. V. Abramova, K, A, Kooheshkov, Doklady, Akad.

S c i .  U .S .S .R ., 1 9 5 9 , 124, 6 5 .

[ 9 1 ] idem, i b i d . ,  I960 , 1 % , 853.

[ 9 2 ] ÎC. A. Kocheshkov, N. I ,  S h everd ina , J .E .P a le e v a , B ull,Soc.C him .

F ran ce , I 9 6 3 , 1472.



"153"

f 95] J .  E. P a leev a , N, I .  Sheverd ina , L. V, Abramova, K, A. Kooheskov,

Doklady. Akad. Nauk, S.SoSoR,, 1964, 159, 609.

[9 4 ] A. B, G a r re t t ,  A. S?feet, W. L, M arsh a ll, D. R ile y , A. Tourna,

Rec, Chem. P ro g rès  s , 1952, IJ,, 155.

[95] R. E. Dessy, G. R. Coe, J .  Org. Chem., 1963, 28, 3592.

[ 9 6 ] L. I .  Z akhark in , 0 , Yu. O khlobystin , I z v e s t .  Akod.Nauk. S oS .S .R .,196^

1 9 3 . B u ll .  Acad. S c i .  U .S .S .R ., 1963, 176.

[97] R. J o ly ,  R. B ucourt, U .S .P a t .3 ,04 0 ,0 7 9 , 1 9 t h  June, I 9 6 2 .

C .A ., 1 9 6 3 , 1 0 2 3 8 .

[93 ] N. I ,  Sheverd ina , J .  E. P a leeva , E. D. D elinskaya, K. A. Kocheshkov,

Doklady. Akad. Nauk, 8 .S .S .R .,  1959, 1 2 ^  348.

P ro c . Acad. S o i. U .S .S .R ., 1959, 12^, 222.

[ 9 9 ] J .  A. K i l l .  Ph.D. T h e s is , London, 1 9 6 3 .

[100] T, S. Lee, "R ates and Mechanisms o f R ea c tio n s" , C h a p t .I I I ,  p a r t  2,

In te r s c ie n c e  P u b lish e rs  I n c . ,  N .Y ., 1953, E d ite d  by 

S. L. F r ie s 8  and A. W eissberger.

[100a] A. S. C arson, K. H a rtle y , K, A. S k inner, T ran s .F a ra d . S o c ., 1949,

62 , 1159.

[101] K - H .  T h ie le , Z ./m org.Chem ., I 9 6 2 , 212, 183.

[102] S . B rcw nste in , B. C. Sm ith, G, E h r lic h , A. W. Laubengayer,

J.A m er.Chem .Soc., 1959, 3826,

[102a] L. I ,  Zakhark in , 0 . Yu, O kh lobystin , K, A. B i le v i tc h ,  T e trah ed ro n ,

1 9 6 5 , V o l.21, 881.



-154-

[103] N. M ulle r, A. L. O term att, Inorg .C hem ., 1965, 4 , 296.

[104] J .  A. Pople , W. G. S chneider, H. J .  B e rn s te in , "H igh~R esolution

N uclear M agnetic R esonance", McGraw-Hill, London, 1959, 

p . 223.

[105] E. K rause, ?/. Fromm, Chem. B a r ., 1926, 2 2 , 931*

[106] H. Soroos, M. Morgana, J.A m er.Chem .Soc., 1944, 66, 893»

[107] G. E. C oates, D. R id ley , J.C hem .Soc., 1964, 166.

[108] "Handbook o f C hem istiy  and P h y s ic s" , E d i to r - in -C h ie f  C. D. Hodgman.

The Chem ical Rubber P u b lish in g  Co. ,  Ohio, 1962, p . 2392.


