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The nmr spectr& ef  solu[ ious of  d inrethylmagnesium and methl ' lmagnesi t tm bromide have been st t rd ied in the

preserrce,r f  , idded magnesirrm ulkoxides,  nreth-v- l l i th ium, magnesium bromide,  and nut tg lnesel l l )  sr i ts .  Of

part i r : r r lar  i r r terest  were the nrnr  spectr l  of  the unsymmetr ical  magtresi t tnr  reagents,  methl ' lc-r 'c lopentadien-v l -

nr , ,g, ,er i , rn i  (4) ,  pherr-r - lc1 'c lopen[adienl ' lmugnesiurn (7) ,  met.hy ' lphenl ' lmagnesi t rm (2) ,  l t tc l  : i , i i - t l imethylbrr t l ' l -

, , r ' , . i . ,1ro, , t ld ie1j ' lmrrgt i "s i i ,n,  i to) .  Frr . rnr  studies of  these spectr& rr I  sever l l  tempernLt t t 'es,  i I  rvas possib le to

t leternr i r re the r l tes, , i  excf i r r rge,r f  . r , lk1 ' l  gx)ups f rom one ntugt tesi t t t r l  &tot ' r t  to l t tother and to str tdy the ef fecl  of

v l r i ' r rs  l r ld i t ives ou the r l te of  th is exchunge. These exchrrnges ere ret l rded by the good sr l lveI ing agents 1,2-di -

nrethrxyethi r le 1.1t1,  especi l l l l . ,  N,) i ,N' , ) i ' - te i ramethyleth-v- lenediamine and are c l [a l1 'zet l  b1 '  magnesi t tm bro-

nt i t le .  
" ' fhe 

exchrrrrge r- r f  nrerhl . l  groups beiween dimethl ' lmirgnesir r rn at t t l  methvlcy 'ekl l lent ld ienylmagnesi t tm

t2 ) r rp l l e l r s  t6  be , r  b i rn , r l ec , r l u r  re l r : t i on  r vh i ch  i s  f i r s t  o rde r  i t t  euc l t  re lgen t . .  ' \  s t t rdy  o i  t he  excha t rge  o f  a l ky l

gr , , , ,p,  ber, rveep the rn ixer l  re&gent i l , i i -d imethl ' lbrr ty l r :1 'c l rpentedienl ' lmrrgnesi t rm (10) l t td b ist i l , l ] -d imeth-v l -

i i ' . , t f  i ;nr .grresi r rnr  (9)  ipr l i r : l tes ihr t  the r lLe of  exchange is subsrt rnt i l l l l ' f ls ter  th ln lhe rr l t ,o of  ct l r t f ig t t rat ionl l

i , , r rer . i , r , , ' - " t ,  the CII r - ) [g bond. Ctrnsequent ly ' ,  the exchlnge re:rc l iorr  ( )ceurs pr inurr i l l ' '  wi lh reten[ ion of  cort -

f i q r r r l t i ou .

In i ln effort to lel lr tr  more i lbout the structures of

ortr i l rronrL't tr , l l ic rel lctDlrts invrl lved in the addit i t ln

ructiorrs of orglttom:.Igllesiunr compoullds,s'3 rve have
stut l iecl  the nmr spect,r t  oI  solut iot ls col l t l r in ing var ious
methl ' lmugnesi t lm t ler i l 'at ives t t t ld relatecl  compounds. ' r

Mixtures of Magnesium and Lithium Reagents.-
()ur in i t ia l  n leasurol t )ents of  et l tereai  solut ions of

( l )  ( s )  T h i s  r e s e s r c h  l r o s  b e e n  s r l p p o r t e r - l  b y  r e s e a r e h  g r a n t s  f r o m  t h e

N a t i o n e l  I n s t i t u t e s  o f  H e s t t h  ( G r a n t  N o .  G l l - 0 8 7 { i l )  a n < l  t h e  D i r e c t o r a t e  o f

C h e m i c a l  S c i e n c e s .  ^ \ i r  l " o r c e  O f f i c e  o f  S e i e n t i f i c  R e s e a r c h  ( C r a n t  N o .

, \ F - . { F O S R - i 7 i J ) ,  a n r . l  t l r e  U .  S . . \ r t n y '  R e s e a r e h  O f l i c e  r D r r r h g m ) ; ( b )  c a l c u -

l a t i o n s  r v e r e  c a r r i e d  o u t  i n  p a r t  a t  t l t e  l l . I . T .  C o m p r l t a t i o n  C e n t e r ,  C a m -

b r i r i s e ,  ] I a s s ;  ( c )  H a l e o n  I n t e r n a t i o n a l  P r e r l o c t o r e l  F e l l o r v ,  1 9 6 3 - 1 9 i l .

( 2 )  R e f e r e n c e s  t o  o u r  e a r l i e r  s t u d i e s  i n  t h i s  a r e a  i n c l u t l e  ( a )  H .  O .  H o u s e ,

D .  D .  T r a f i c a n t e .  a n t l  R . . \ .  E v a n s .  J . O r s .  C h e m . , l E , 3 { 8  ( 1 9 8 3 ) ;  ( b )  H .  O .

I l r ; r r - " e n n d  D .  D .  T r a f i e e n t e ,  i 6 i r / . . 2 E , : J 5 5  ( 1 9 6 : l ) ; ( c )  H .  O .  H o r l s e s n d  H .  W .

T l r o m p s < r n .  r b i , t . , 2 8 , 3 f i 0  ( l 9 t i 3 ) ;  ( d )  H .  O .  l l o t r s e  a n d  W .  L .  R e s p e s s .  i b i d . '

3 0 . 3 0 1  ( 1 9 6 5 ) ;  ( e )  f I .  O .  I { o t r s e .  \ \ - .  L .  R e s p e s s ,  a n d  G .  } [ .  \ \ - h i t e s i d e s '  i b i d . .

3 1 ,  3 1 2 8  (  l g r i t i )  .
( 3 )  F o r  l g v i q l s  r l e a l i n q  r v i t h  c h e  s t r t t c t u r e  o f  o r q a n o t n l g n e s i u m  c o m -

p o r r n t l s ,  s e e  ( a )  f l .  S .  I { h a r a s c h  a n t l  O .  R e i n l n t r t h ,  " G r i q n a r d  R e s c t i o o s  o f

N o n m e t a l l i c  S u b s t a t t c e s , "  P r e n t i c e ' t I a l l ,  I n c . ,  ] i e r v  Y o r k ,  ] i .  Y . .  1 9 5 { :  ( b )

R .  l L  s a l i n c e r  i t r  " s u r v e v  o f  P r o g r e s s  i n  ( " l r e r n i s t r ] ' , "  V o l .  l ,  A .  F .  S c o t t '

l ' 1 d . .  A c e d e r n i c  P r e s s  I n c . .  N e r v  Y o r k ,  N '  \ ' . ,  l g t i : 1 ,  p p : ) 0 1 - : | 2 ' { ;  ( c )  I l .  J .

\ \ ' r k e h e l r - 1 .  O r g r t n o m e t r i l .  C h e r n .  R e u . ,  1 ,  l : J l  ( 1 1 ) l i t i ) .

( J )  P r e r . i o r r s  s r r r t l i e s  o f  t h e  n n t r  s p e c t r B  9 f  o r g a n o t n a g n e s i t t t n  c o m p o u n d s

i n c l r r r i e  ( a )  D .  F .  E v a n s  e r r d  J .  P .  I I a h e r ,  J .  C h e m . . J o c . '  ' i 1 2 5  ( 1 9 6 2 ) :  ( b )

I I .  R o < r s  a n r l  \ \ ' .  Z e i l ,  B e r .  B u n s e n g e s .  P h r y * t A : .  C h e m . ,  6 7 '  2 6  ( 1 6 9 3 ) ;  ( c )

G .  I r a e n k e l ,  D .  t - ] . . \ d a m s ,  a n t l  J .  \ \ ' i l l i a m s ,  
' l ' e l r t i . e t l t o n  

L e t t e r s ,  N o .  1 2 . 7 6 7

( l { } t i : i ) :  r d t  C .  1 I .  \ ! ' h i t e s i r l e s ,  F .  K a p t a n ,  a n d  J .  D .  R o b e r t s '  J ,  A m .  C h e m .

S o e  . .  8 6 ,  : 1 1 6 7  ( l 9 t i ' 3 ) ;  ( e )  G .  . t r I .  \ \ ' l r i r e s i d e s ,  f  I .  \ ! ' i t s r t o r v s k i '  a n d  J .  D '  R o b -

e r t s .  r b r / , . , 8 ? , 2 8 ; {  ( 1 9 6 ; - r ) ;  1 f )  G .  } I .  \ \ ' h i t e s r t i e s  a u d  J .  D .  R o b e r t r .  r b i ' l ' ,

8 ? ,  { 8 7 8  ( l 9 t t i ) ;  1 g )  } I '  \ \ ' i t a n o r v s k i  a o t l  . I .  D .  R o b e r t s ,  r b i r l . . 6 E '  7 3 7  ( 1 9 6 6 ) ;

( E )  G .  l ' r a e n k e l ,  I ) .  T .  D i x ,  a n d  D .  G .  . \ d e m s ,  T e t r u h e d r o n  L c t t c r s ,  N o '  { 3 '

: t 1 5 5  ( 1 9 d . { ) ;  1 i )  G .  | r u e n k e l  a n u t  l ) .  T .  D i x ,  . l  .  : l r l . .  C h e m '  S o c . '  t t ,  9 7 9

( 1 g ( j r i ) ;  ( j )  I ) .  l ' ' .  l ' l v a r r s  a r r r . l  ] [ .  S .  I i l r a r r .  C h e n .  L ' o n n r a r t . .  N o . 3 . 6 7  ( I 9 6 6 ) ;

( k )  l j . . \ .  t l i l l . . / .  o r s .  ( t h e n . , 3 l , 2 0  ( l g d t t ) ;  ( l )  N .  C .  K r e i g h o f i  s n d  D .  O ,

( - ' o r r a n .  J .  A n t .  L - l r e n .  S o , ' . ,  E E ,  1 3 2 2  ( l 9 t ) 6 ) ;  ( r n )  [ " .  R .  J e n r e n  g a d  K '  L '

N a k a m a y e ,  r h i , l . , 8 8 , : l { 3 ?  ( l g t i t i ) ; ( n )  } t .  L .  t l & d d o x ,  S .  L .  S t c f f o r d ,  a n r l  [ I .

I ) .  K a e s z ,  . l d v < r n .  ( J r g u n o n t e t a l .  C  h e m , .  3 ,  I  (  l 9 t i 5 ) ,  r r  g e n e r a l  r s v i e ' t r ' .

the rnerhyl l i th ium (containing l i th ium bromide),  methyl-

re- l .p&glesiqnl  brortr ide,  d inrethylnragnesiunl ,  &nd di-
nte[hylnrercury rre presentcd in Table I .  In agreentent
rvith earlier observatiorts for alkylrnagnesiull brornides
trrd the corresponcling cli l l l l t l ' lrnlr,gne5isJpc.2b'{a-c'n the

spectrr .  o[  methl ' lmlgnesi t tm bromide and of  d imethl ' l -

magnesium lrre verl '  -si111ikir both in position of chemi-

eal  shi f t  and in t3C-H coLrpl ing constants.  The posi-

tion of the methl' l  signal for dimethylmagnesium rvas

dependent on concentri l,t ion{"'b and moved to higher
fieid as the concentr:lt ion was lowered, suggesting that

the extept of solvation or the degree of associatiol

of dimethl' lmlgnesium varied lvith concentration.
From & studl' of its cr)'stal strueture,s solvent-free

dimethl' lmagnesium is kno*'n to exist in polymeric

chains with four methyl groups arranged in a tetra,-

heclral fashion &round each magnesium :)tom. We

hrrve determined the rpp&rent degree of association of I

0. i3 11 solut ion of  d imethl ' lmagnesium in ether sol t r -

t ion bf  isothermal dist i l lat ion and f ind i t  to be approxi-

matel l '  monomeric (apparent mol wt 1.2G-1.2E X

ntou)mer) at  th is concel l t r&t ion level .  This observat ion

is in egreement with the results previgusly obt&ined for

rl i lute ethereal solutiorrs 9f dieth,'- lmagnesium and cli-

phenl ' lmrgnesi t lm.6
We ex:-tnlined the trmr methy'l signals of ether solu-

tions containing the various mixtures of magnesiunr

( 5 )  E .  \ \ ' e i s s ,  J .  O r g u n o m e t o l .  C h e n ' ,  t '  J l {  ( 1 9 0 ' l ) '

( t J )  ( a )  . \ .  D .  V r e u g d e n h i l  a n d  C .  l i l o m b e r g ,  R c c ' ' f r a u '  C h i n "  t l '  { 5 3

( l9 t i3 ) .  (b )  A .  D.  Vreugt lenh i l  and C '  B lomberg ,  rb id ' ,82 , '16 l  (1963) ;  63 '

l 0 9 6  ( 1 9 6 { ) :  t { , : i U  ( 1 9 d . 1 ) .  ( c )  l I .  t l .  S m i t h  a n d  \ 1 "  E '  B e c k e r '  T c t r o h e t l r o n '

2r, : tQ27 ( lgrJrJ).
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e* t :h nrethl ' l  pelk is  t r ,pproximatel l '  I  .ps,r  le.ss.  6In a l l  r , r t . * r ,s
the  meth -v l l i t h i r rn r  e rnp l r ' ed  t r , r r ta i r re t l , rn  eq r r imo la r  q r r l '  r  i  r  r - , , 1
l i t h i r rn r  b r r r ' i r l e .  "  The  pe*k  r v i r l t h  a r ,  h ' l f -he ig t , t ,  * r . . . ,  J r i  , 1 , . .I  The  peuk  w id th  a r  h . l f -he igh t  wrs  2 .$  cps .  ;  Appr , r x i , , - , , r r i , r ,
e< l t r i n r ' l r r l  u r r r , r r r r t s  ' f  t hese  t$ ' ( )  re$gen ts  i n  e the r  so l t r t i , , r r  w . , , r , .
mer ts r r re r l .  The  co r r r .e r r tn l t i o r r s  , r f  t he  re l rge r r l . s  were  no t ,  r l e l t . r . _
n r  i  ne r  l .

nr ix tu res  , f  rnugr res iunr  l r rd  l i th ium compounds * . r , r t ,
ob tu ined i r r  tn ' r r  \ \ ' t r vs .3 .  . \ l though e therea i  so lu t io r rs  , r '
meth t ' l l i th i r r rn  re r rc te ( l  i r r rn red ia te l . r '  w i th  f l t ro r .e r rc  [ ,
f  i r : l t l  u  ve l lo rv  .so l r r t i r rn  r ' ' i th  nmr  lhsorp t ion  chunrc , t ( , r . -
i s t i c  , f  f l r r r re r r r ' l l i th i r r rn .  r rn  e there l l  so l t r t i , r rc t '  r t i -
nrethvlrnlrgrresi t rm l lnci  f l r r , r .erre r .L,rni t ined colrr . l r , . .
fo r  r t  le r r .s t  l2  h r .  ' l ' l re  

f l c t  thu t  no  f l r ro rer rv l l i t l r i r r rn
n' ls t 'ornrecl  upr)n ui ld i t iorr  of  f l t rorene to : ln ether s, l r r -
t i , r r  l r repurec l  f r ( )m 2  m. le  e ( lu i ! '  , i  methr . l l i th iunr  r r r r , i
I  mole equiv of  mirgrresium bronr ide therefore incl icr i r t ,s
tha t  the  concent ra t ion  o t '  i ree  meth l ' l l i th ium musr  l ; t ,
lo * '  und.  p resum&bly ,  th r i t  the  er lu i l ib r ium r€pr€senr t , r i
b1 'e r1  I  l i es  fa r  to  the  r igh t .
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( 9 )  ( a )  H .  G i l r r r a n  a n d  I t .  c .  . l o n e s .  o r 1 1 .  r t e t c t i o n s .  c ,  l l 3 9  ( 1 9 5 1 r :  r , ,
R .  D ' l l o l l a r r r l e r  a n d  . \ I .  . { ' t e u n i s ,  B u l l .  s o c .  c h i m .  B c l g e x ,  1 2 , 7 i  r l g r j . j )
( c )  H .  G i l m n n  a n r l  ! ' .  K .  c a r t l e r l q e .  J .  o r g q n o n e t o ! .  c h e m . , l ,  { { 7  r I l , r i l r
t l )  t { .  O .  I l o r r s e  a n d  \ 1  .  L .  R e s p e s s .  t b i , i  . .  l , 9 t  ( l g t t 5 ) .

"  u. les.s, therrv ise rr r ter l ,  the barrd rv idth , t ,  hal f -heighr.  f , r  ea. i r
r r re th ' l  pe r rk  i s  a1 lp . ' x ima te l '  r  r . ps , r  l ess .  b  A t ,  - . i i o ,  son re , f
the rerrget t t  l t r t r l  'se l tar l r tet l  f  rorn s i r l r r t ion as rvhire needles.  The
l r * r r r l  * ' i r l t h , i  t he .  me th ' l  . s ig r ru l  , t  ha l f - l re igh r  r vus : . : l  , . p . ,  p r r l r -
ru l l l - r '  be<' l r rse , f  the prese.( .e , r f  th is *r rspe, i i le , i  ( . r \ .s t ; l l i , re rnr te-
r i a l  i n  the  sunr ; t l t - . .  ,  ' t ' he  

e rhe re t l  so l rn ions  o f  
-n re thy . l l i t h i r rn t

|o t t t l r i t t e t l  r l r t  e<  l t  t  i n to lu r  r l r r : r r r  t  i t - r '  o f  l i  t h i r  r  rn  b ron r  i de .  r ' i he  bu* t . l
u ' i t l th . t  hal f -heiqhr,  rvt .s  2.2 cps.  ,  The blnr i  rv idth at  hal f -
heighr rvus t i .0 r :ps.  r  rhe harrd u ' i r i t ,h ar  h:r l f -height ,  was ,9.{ )  cps.' .This spe(r t r l lm wl t .s  determiner l  rs r r  sohrt iorr  i r i  , rurb, ,n tetr i l -
r .h l r r r i r le.  ^  The vulr re , f  t , . , t11*_11 rvts 102 r ,us.

r u r r t l  l i t h i u n r  c o n l [ ) ( ) u r r d s  s r l m n ) i l r i z e d  i n  T a b l e  I I . 7
Th .  ch .n r i c : . r l  sh i f t  . r r c l  r i ( ' -H  c , t r l r l i . g  c , ' s tu . t  v& l t t c , s
, rb . *e^ 'ec l  f , r  t he  v l r r i , r r s  n r i . \ t r l r es  e ' r r t r r i n ing  mrgne-
sirrnr brrmickr suggest the pr.eserrce , f  er lu i l ibr ia I  a.c l
2 .  b r th  , f '  r rh ich  l ie  re i l r i ve l r .  f r r r  t '  thLe  r igh t .E  \ \ 'e
J r lu r r  t ,  e .x ln r i r re  uc l t l i t i , '  re r rc t i ,ns  , f  the  so l r i t ion  pr ( ) -
t l r rcer l  b '  m ix i .g  I  m, l .  e ( lu iv  , f  magr res i .m br rmic ie
n ' i th  ?  n ro le  e r l r r i v  o t  n re th r . l l i th ium (eq  1) .  I f  the  c l i_

]C, l [ I .L i  *  ] lg l ] r3  - - -  l l i l j r  *  (C I - I r ) r ] Ig  r t )
C I i lL i  *  I lgBr . l  T -  L i I3 r  *  C I { r } tgBr  (? )

methl' lmrrgnerjium reugerrt protltrceci in this rvav is com_
paruble in relct iv i t l '  to thc '  reugent obteinecl  f rom ci i_
methl ' lnrercur\ ' . :  th is procedure would , f fer  a s imple
prel)onrt i 'u 'e route to c l imethl- lnragnesium for sy.nthet ic
pLlrpose-s.  crude est imates r f  the re&ct iv i t ies , r f  these

t ; )  ( a )  F o r  a  r e e e n t  r e r . i e \ . O f  t h e  e x e l r a n s e  0 f  & l k l , l  g r ( ) u p s  b e t r v s g n  r n g 1 a 1
a r o m s .  s e e . I .  C .  L o c k i r a r r .  C h e m .  \ \ e t , . , 6 6 ,  l 3 l  i l 9 t j 5 ) ,  t b )  I n  e  s r u t l _ v  p u b _
l i s h e r l  a f t e r  e o m p l e t i o n  o f  o r r r  u . o r k .  L .  . \ I .  S e i t z  a n d  T .  L .  I l r o r r . n  l . L  A r n .
C h e m .  s o r . , 8 8 ,  + r { 0  i l r } 6 f i )  r  * ' e r e  a b r e  t ( )  ( l e l n o n s c r a t e  t l r e  f o r m a t i r n  o f  2 :  l
a n r i  l J :  I  c o m p l e x e s  r f  i r a l i r r e - f r e e  n r e t r r . r ' i l i t r r i r r m  u n r r  d i m e t h l . l m a g n e s r . m
t t ' h i c l r  e x c i r a n s e t l  r ' i t l t  e x c e s s  m e t l r , r ' l l i t l r i r r r n  s t r t f i e i e n t l . r ' s l , r , v l . l  t o  a l l ' r r .
s e 1 ; e r a t i r l n  t l f  t t n r r  n r e t l t r ' l  s i q n a l s  a t  l o r v  t e n l [ ) e r a t r l r e s .  I n  a g r e e r n e n t  r v r , r
t ' i s  s t r r r l r ' ,  o t r r  . l :  I  r ' i . x t r r r e  e x l r i b i t e r i  o n l - r .  a  s r n g l e  m e r ' r . l  s i g n a t  ( f . r  t ^ e
l ) :  I  c ' m J r l e x )  a t  I r r '  t e r n p e r ' t r r r e s ,  b t r t  t l r i s ' b s e r r - e t i ' n  r r o e s  n , t  m e s n  t h a t
e x e i r a ' n g e  r | a s  r a r r i t l '  \ \ ' e  a r e  g r a t e f r r r  r o  p r o f e s s , r  r J r ' r ' n  f ' r  i n f o r m r n g  r t s  o f
t l t e s e  r e s r r l t s  p r i o r  t o  p r r b l i c a t i o n .

l 8 )  I f o r  s r r n p i i c r t , r ' ,  n r e t r r l , i l i t h i r r r r r  u ' i l r  b e  r e p r e s e n r e r l  a , l : r  m ( ) n o r n e r
t l r r t ) r r ( l r  t h i s  p a l r e r .  i l o r v e r . e r ,  c l l r r c n t  e v i r i e n e e  i n d i c a t e g  t h a g  r r a r i d e . f r e e
m e t h , r ' l l i t i r i r r m  i s  e  r e t r c r r r e r  i n  e t h e r  s o l u t i ' n .  s e e  ( e )  E .  \ r . e i s s a n r _ t  E .  . \ .  c .
L u c k c n .  J .  U r l , t n o m e t u l .  C l , e m . , 2 ,  1 9 7  ( l g t t - l ) ;  ( b )  T .  L .  R r o r v n ,  i 6 r l . ,  ! ,  l g l( l 9 t i t i ) ;  ( c r  L .  f , t .  S e i t z  a n r l  T .  L .  l l r o r r . n .  J .  . 1 , m .  C h e m .  S o e  . , E E ,  2 1 7 . 1  f l 9 6 6 ) ;( d )  T .  L .  I j r o r r . n .  . l , t l t u n .  O r g u n o m e t a l .  C h e n . , 3 ,  J 6 S  ( 1 9 6 5 ) .  r e )  H .  G i l m a n
a n t l  J .  . S s ' i s s  ( J .  . l m .  C h e m .  , 5 o r . , 6 3 ,  l g - 1 7  ( l 9 " t 0 ) l  h a v e  p r e s e n r e < l  e v i d e n c e
i n r j i c a t i n (  t h a c  t l r e  r e a c t i v i t v  o f  n - b r r t ' r ' l l i t h i r r m  i r r  d i r n i n i s h e r l  b y  r h e  a d d i t i o n
o f  G r i g n a r , l  r e a , { e n r s  r r r  n r n g n e s i r t r n  l r a l i r l e s .
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act ioq,r f  d imethl ' lnraglesium rvi th ethl ' lene dibromide
is rccelerated b1'  the addi t ion of  l i th ium bromide or

l i th ium chl t r ide.  One possible i r r terpretat ion of  th is

increesed reactivity' is to suppose that & very low con-

eentnrtion of meth.r' l l i thium is formed b:" the equi-

l ib r ium i l lus t r l ted  in  eq  1 . ro
The equil ibration of methl' l  groups in mixtures of

dimethy'lmrgtresittm and methl' l l i thium is believed to

proceed uio the formation of a series of complexes as

il lustrated in eq i3.?b This type of complex formatiotr

C H : L i
(C[ I r )z \ Is  +  2CH, 'L i  .  -  (CHr) r ] IgL i ,  t '  (C l { r ) r \ tg l i r  (3)

rvith orgunoli thitrm compottt tds has been suggested
(r l l though in  s impler  form)  for  I  t l t tmber  o f  meta l  de-

r ivl t ivesle' r  t  1rrd epl)ears to be trppl icable to the sub-

sequently disctrssecl relct ion t l f  methvlmagnesium bro-

mide rv i th  ml t tg&nese comprtunds.

Effect of Manganese on the Methyl Signal of Methyl-

magnesium Reagents . - I r r  our  i r r i t i l r l  p reparat ions o f

nret l t -v l r rn tgnes i t t t t i  l t ror t r idc  f ro t t t  e therc l l  nre thy l  bro-

r r r ic le  lnd ord i rury  Gr igrurd-gr r tde l t l i - tg l les iu tn  tur t t i t tgs ,

the t t t t r r  spect l 'u  o f  t l ie  so l t t t io r ts  \ \ 'o re  fo t rnd sot l re t i t r tes

to  exh ib i t  : . r  shr r t 'p  r r re thy l  peak r t t rd  : - r t  o ther  t imes to

exhi l l i l  u  l l roru l  rnethy l  pe lh  w 'h i t 'h  bet : : , r t t tc  s t i l l  b roader

I rs  the s l l t t t i t - r t rs  w 'ere a l l r t * 'c t l  to  s t t t l ld .  The centers

oi thc trroutl  urtcl  thtt  shrtrp pelt l ts \ \ 'ore l t l t : l r ted at

ruppn ;x i r r n t t c i v  t he  : j i l l l t e  p r l s i t i r l r r ;  t he  b road  peak

beclnre shtrrp tvl tc ' t t  i t  rvlrs observetl  l r t  - , ' l {o lnd broud-

enet i  t r l te t t  th is  so lu t i r t t t  tv t ls  t l l l l rved to  t t ' l t rm tO room

tenr l )er l r t t t re .  
' f  

he v l r i l t l t le  re 'su l t -s  uere t raced to  the

iuct t tr l t  t l te soltrt iotts u'hit l i r  gi . IVc t>r<lrtd J)e:II is alrvt ly 's

contu, inet l  methv l  br r l rn ic le  .  I f  s t tch so lu t io t ts  were

t re l i tec l  rv i th  r rdd i t i r t r t : . r l  m: . tg t tes i t tn l  met l r l  t r l  c t l t tsume

the e.xcess nrethv i  l l r , rnr idc .  t l tc  b t ' rx t t i  pe l rk  sh: - r rpet red.

l ix r rc t l l '  the sr rn te  t1 '1 te  o f  l teh lv i t ) r  wr ts  observed rv i t l t

t  h t :  ( - l r iq r rur t l  reuget l I  pre l l r t rec l  f  r r l tn  meth l ' l  iod ide.

, \ t  th is  t in re  rve for rnc l  thut  th is  phent ) Iner lo l l  o f  peak

brout ler r i r tg  in  the I ) rese l lco o i  excess meth l ' l  ha l ide

w' r rs  not  observed rvhet r  spec i r l l l '  pur i f ied ( t r ip lS '  sub-

l imed)  mlqr tes iumr? wI IS t t -sec l  to  prepare the Gr igr rard

reuge t t t . r r  Th i s  f ac t  l ed  r r s  t o  t he  c ( ) I t c l us ion  t ha t  t he

l ine-bro lc ler r i l rg  pher tomenon wa.s  ossoc ic ted rv i th  some

trlce inrpurit f  i r t  ordirtarl ' '  (- i r ignard-grade ma,gne-

sir.rm. l)revious atraly'sesr{ of cttn}mercial magnesium

slmples sugge-s tec l  th l t  the nrost  l i ke l f  impur i t ies  to

clruse the efTect ob-*en'ed were irr l t t ,  copper, or manga-

r rese.  A l though the addi t i r tn  o f  l t l rv  concent ra , t ions o f

lnhvc l rous i ron( I I I )  ch lor ide or  t t thvc l ro t ts  copper( I )

ior l icle' :u to etheretl l  solt t t iotts of methl ' l  bromide and

meth l ' lmlg t tes iunr  l l romiCe ( l r rep l red f rom t r ip ly

( l ( ) \  R .  I j .  D e s s r '  [ . ' \ D d l l l 5 ] .  L ' .  , 5 .  ( l o t ' | .  f i e " .  R e n t . , 4 0 '  : ] ' i  ( 1 9 6 5 \ t  C h c m .

' 1 0 " / r . .  6 3 ,  t i 8 0 9  ( l 9 f i 5 )  |  l t & s  r e u o r t e ( l  t h : r t  t l r e  r a t e  o f  a r ' l d i t i o n  o f  b u t l ' l m a g '

n e s i r r n r  [ r r r 1 n r i t l e  t o  b e n z o n i t r i l e  i s  a c c e l e r a t e r l  b . r ' t h e  p r e s e n c e  o f  l i t h i u m  p e r -

t : i r l o r a t e  ( r r  t e t r a l ) r t  I i ' l a n r n t o n i t t m  p e r e h l o r l t e .  T h i s  e t T e e t  i s  i n t e r p r e t e r l  a s  a

r r r e t l i r r r n  e l l e c t  c a u s e r i  b ! ' a n  i n e r t  s a l t . .  . \ l t l r o u g h  o t t r  r e s u l t s  r v i t h  t h e  e t h y l e n e

, l i b r o n r i r l e  r e n c t i o n  c o t t l t l  b e  i n t e r p r e t e t l  i n  t h e  s a r n e  \ \ ' & , r " ,  w e  r v e r e  U n e b l e  t o

1 [ t a i n  a  s r r i l i C i e n t l , t ' c O n c e n t r a l e d  s o l u t i o n  6 f  r P t r a , b l l t l ' l o m m o n i u m  p e r -

l i r l o r : r t e  i n  e t l t e r  t o  e x a m i n e  i t s  e f f e c t .

(  I  I  )  ( r )  G .  \ \ ' i t t i s ,  F .  J .  J I e - v e r ,  a n , l  G .  L - L n l r o  - l n n .  C h e m , ,  6 7 1 '  l t i T

r l 9 5 l ) :  ( b )  \ \ ' .  T o c i t t e r m a n n ,  - l n q e u ' .  C h e m . '  I n t e r n .  l ' ) d '  I l n q l . '  6 '  3 5 1  ( 1 9 6 6 ) ;

r c )  I l .  \ \ ' a u c k  a n r i  ] 1 .  . \ .  D o r a n ,  J .  A n t .  C h e m '  S ' t c . , 8 6 '  2 8 t i l '  { 0 { 2  ( 1 9 6 3 ) ;

r r l t  G .  \ \ ' i t t i s ,  ( ) w t r t .  B e r , .  ( L o n d o n ) ,  2 0 ,  1 9 1  (  l U t j t t ) .

( t J t  \ \ ' e  t r r e  i n r i e b t e r l  t o  f ) r .  F r a n c i s , I o l t n s o t l  o f  t h e  D o r v  C h e m i c a l  C o '

f o r  r  t r e t t e r o t t s  s a t t t p l e  o f  t h i s  J : t t r i f i e r l  m a ( n e s i t t n r .

t l ; t )  
' l ' l r i r  p o s s i l r i l i t l '  \ \ ' a s  s t t g g e : i t e , l  t o  r t s  b l '  P r o f e s s o r  l ' .  R .  ' l e l l s e l r  o f  t h e

I  t r n  e r s i t v  o i  ( ' l l i f o r t t r a  s t ,  l ' , c r k e l e r ' .

{  l l )  ( a }  l t .  [ ' i .  l ) e s s - r ' .  S .  L ' ] .  I .  ( j  r e e r r ,  t r r , l  l l .  . \ 1 .  S a l i n g e r '  
' l ' e l r u h c r l r o t

l . r t t e r , .  \ , r .  . . 1  l .  I  j J t ; l )  ( l g t i { ) ;  r b )  I )  O .  l ' o r v u , t t .  . J .  } I s r r ,  a n t l  J .  l ) .  R o b e r r s ,

. 1  .  ( t r q .  ( ' h c u r . . 2 9 ,  ; i t i 8 l l  l l 9 6 ' l ) .
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subl imed m&gnesium) did n,r t  lerd to l ine broadening'
the  add i t ion  o f  sm&l l  concent rs t rons  o f  manganese( I I )
iodide gave solut ions u ' i th broad nmr methyl  s ignals
rvhich behaved in just  the senre n ' r r '  (Table IV) as

T.{sLn I\-

Tnn EFrncr oF Lo$'  CoucENTR.\TIo)-s or  \ [ . rsc. \ : iESE o] . .  r l l :

Nun Stcxals Fnort  Etnen Sol l r toss

or' II etuvl,ltt.{cNESIUrt H.ruroes

Chemrca l
s b i f t  B a n  t

";:it w"r::'

A d d i t i v e  i n t e r n a l  h a  i f  -

R e a c e n t  ( c o n c n ,  ( c o n c n ,  T e m p ,  T ] 1 S '  h e t g n  t

m o l e s ,  I . )  m o l e s z l . )  o C  c p s  c p s

CI { r } tgBr  (  l . 0 l  )  CHrBr  (0 .30 )  -30  90  : } ' {+ r l5
-54  98  )c

CHs \ [gBr "  (  I  . 04 )  CF ITBT (0 .33 )  -30  92  6 - - {  I  i

C I { r \ t g B r "  ( 1 . 0 4 )  C I { r B r  ( 0 ' : i : } )  +  - 3 0  9 0  2

excess \ [g"

C H , \ l g I '  ( 0 . { ) 2 )  C F I 3 I  ( 0 . 1 S )  t . 3 0  9 2  l 5 l

c I { , } I g I "  ( 0 . 9 2  )  c H r I  ( 0 .  l 8  )  +  - i l o  9 1  I  -  5

excess \l g" ' '

C I I 3 \ t g B r o  ( 1 . 4 2 )  C H r B r  ( 0 . 5 )  - : i 0  9 7  1 ' 5

C I I , ) l g B r o  (  1 . 4 2 )  C I { r B r  ( 0 . 5 )  +  - i l O  9 7  I

\[ g" 'r'

C l l r l t g B r "  r , 0 . 9 9 )  l t n l r  ( t l . S  X  l 0 - s ;  - l i 0  9 0  4 - ? ' l '

.  This re&gent w&s prep&red f rom ordinary Gr ignard-gr l r le

ntugnesir rnr  tuhich conlains smal l  unlounts of  msnganese. b The

pe,ik g*dlally broadened over r period of 2;i-600 hr. " When tirr:

col t l  sol r r t ion tvas warmed ;e - l i ( )o,  the methyl  s ignal  was loctr tet l

Dr l ) l  cps wirh o h l l f -brnd rv idth of  j ] , - r  cps._f  Thepeok gradtru l lv

brgut le i red over & per iod of  l - l lJ7 hr .  'This solr t t ion wrs 9[-

ta i led f rom the , rne l is ted otrove i t  in  the table by adding exgos' j

maglgsir rm and st i r r ing the mix l t t re over l ighl .  I  The f igr t re is

theia l f -band width uf ter  the solr r [ ior t  had been st i r red for  l0 hr .

o This reagent w&s prep:ired from triply s-trblimed magnesittnr'
A This solut ion wa" obtai t red f rom the one l is ted above i i  in  lht r

table by acld ing ordingry L l r ignard-grade mognesium and st i r r r r r r l

the miitrrre foi 5 hr. i The perk gradrurlly broadened over I

period of 5-32 hr'

the reagellt prep:.Ired frrlnl {)rdiIIar}' mognesium' \\-rl

therefor-e xtti ibute the :rforementioned lipe broadeli ls

i^ the presence of e.xcess methyl halide to the presence

of smail &mounts of manglnese in ordinary Grignartl-

grade mrgnesium.
Alth,ugn tn. recsotl for the ab6ve line broadeni.s

in the presence of manganese ha.s not been establisheci.

the foilorving possibil i t) '  is consistent with presentl\-

avai lable informat ion.  Dur ing the in i t ia l  preparat ion

of the Grignarcl reagent, the mang&nese (and other

impurit ies ln ordinarl ' magnesium) remains amortq

the colloidal and fine suspended particles which con-

tribute the dark color to Grignard reagents prepnre'i

from ordiIIDr)' Grignard-grode mrgnesium' If excess

methl' l  bromide is present. the milnganese is. s|rq'lr '

converted to & methl' lmarlgi.rl lese derivative (rvrittel

&s dimethl ' lmang&nese in eq a);  the same mrter i r t l

coulci arise by' reacti()n of methl' lmggne,sium bromitie

rv i th mrngrne-se iodic ie (ecl  5) . t t  Further equi l ibrrL-

( 1 5 )  R e a c t r o o s  c o r r e s p o n < l i n g  t o  e t 1  5  a n d  6  e r e  k n o l v n  r v h e n  m e t h v r -

l i t h i u m  i s  t r e a t e d  r v t t h  m a n g a o e s e t l l )  i o d i d q  S e e  ( a )  C '  B e c r m a n n  a n ' l

K .  C l a u s g ,  A n s c w .  C h c m ' ,  7 1 ,  6 2 7  ( 1 9 5 9 ) ;  ( b )  R '  R i o m r c h n e i d e r '  G '  I l '

I i a a r a h n , a n t l W . S c l r n e i d e r . Z . ) i a t u r | o r s c ^ . , 8 1 6 , 5 . r 7 ( 1 9 6 0 ) . . { l t , h o r r u n

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

i o d i d e  a n d  t l r e  m e r r r - v r  ( i r i g n a r , l  r e s g e o ! ,  i !  s e € n r s  l i k e l y  t h s t  l o w  c o n c e n r r : ' r -

t ' i o n s  t l f  c t r m p l e r  i < r n s  ( i . e . ,  e < l  d )  u r e  f o r m e d  r v i t h  G r i g n a r d  r e a g e o t s  t n  t t t e

s s m e  w a y  t l r s t  m e t h y l c o p p e r ( I )  e v i d e n t l y  f o r m s  s m a l l  a m o u n t !  o 1  s o l r r b ' e

c o m p l e x e ;  r v i  t h  m e t h y l m a g n e s i u m  b r o n r i d e '  : e
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F ig t r re  l . -Nmr  sper : r ra  o f  rhe  C IJ r l t g -  reg ion  o f  me thv l_
magnesirrm tr lkoxide solut ious.  unless otherrv is le indicated,  i t re
:o l t t t i ons  o f  C t l r l tSOC(Cf I rCH" ) ,C I t ,  \ ve re  p repared  f ron r
lj-rne rhvl-i]-pentanol.

2 l l r r0  +  2C, ' l l r l J r . - ->  (CI I r t , ] [ r r  *  J l r rBr . ,  ( - { )
- \ l r r [ :  + : ] C I I r f l g I ] r . - - +  ( C I . l i ) r \ l n  *  : ] ] l g l B r .  ( . - r r

r C [ [ r ) : \ [ r r  +  C I l l f  l g R r . - .  *  r C I l r t , , J I r r -  +  ] { s . B r ,  ( { i r
( C I I 3 ) , j f l n  +  f  I B ,  - - *  r | l l , r . : ] l g  *  J l r r , ,  ( T )

t iorr  to fornr l r  conl l ) lc)x nlr ,ngir . r re-{c ln iorr  (e( l  ( i )  rvould
then serve to c( l r r i l ibr l te thc nrcth.v l  gr , rups bet*.een
m*gnes iun l ( I I )  r r rd  n rungrurese(  I I )  spee ies .  As  l
resr r i t .  e : . rch  mcthv l  g r ( )u l )  i s  b r r r t le t l  f , , r .  l r ' p , r . t i , r r  o f  the
t ime t '  ' l  prrr i . rnrrgrrct ic nurrrglrnese(I I )  s l )eeies rv i th the
re-*ul t  thu, t  the uvL,r . rgc nreth.r . l  s igrul  is  broaclenecl .
Appurent l r ' ,  r r t  l , rv tenrper l r t t r res thc e.xehurrge of
meth l ' l  g r ( ) r rps  (e t1  ( i )  i s  sLr f f i c ie r r t l v  s lon '  tha t  the  sh t r l r
mcth l ' l  . s ign l l  l t t r ib t r tab le  t ,  r r rc t l r , , - lnu . r ,gnes ium bro-
n i ide  rc 'mr r ins .16  \ \ 'her r  these s r l t r t i , r rs  n . i th  b roac l
meth] ' l  s ignl l l .s  uro t rerutr- 'c l  w' i th exr, ,es,s magnesium met l i l .
the mrr.qirr rese(I I )  species is presunrablr .  reducc,d t r . r
nret t l l ie mu,nglneserT (e<1 7) rv i th the re,sul t  that  the
rrormul shurp s ignal  for  nrethvlnragnesium bromide re-
niain.s.  I t  might be noter l  that  th i .s l ine-broaciening
phenomenon is the onlv pi l rce in th is strrc ly.  rvhere rve
rroter l  rLnl-  d i f ferences in the nmr s l )ectra ivhich were
r lependent ' r r  rvhether the ()rgrrnomagnesium compounri
*'r.s obtainecl from ordirrarl '  Grigrrrrcl-grade magnesium
: l r  t r ip l l '  sub l in ied  mrg .es ium.  r ' i r thermore .  th is
l ine broadening u' ts fotrncl  onl l -  in instanees rvhere r
I rmrtrnrt  rmrunt of  magnesirrm u-as t re l l ted rv i th e. \cess
methl ' l  h l l i r le.  Thus. in the normal l r reparat ive pro-
eedures rvhere lrrr exce-ss ,f magrresitrnr metal is em-
plol 'ed.  rve hlve no rels()rr  to bel ieve thut the use ot
,rdinarl '  Grignurcl-grucle nrugnesium rvoulcl be objec-
t ionab ie .

Effect of Alkoxides on the Methyl signal of Methyl-
magnesium Reagents.- I r r  eur. l ier  studies tsee ref  ib,

{ l t i )  . \ l t h o u ( i r  r r e  d i t l  . , 1 o r r s e r ' e  a n - r . s i g n a l  f . r  c l r e  r ' e t r r l . l m o n g a n e s e t l l )
s J r e c i e s  a t  l o r v  t e r n [ ) e r a t r l r e ,  r l r i s  r v ' r r l r r  b e  e . x p e c t e d  l r e c a u s e  o f  t h e  l o r v  c o n _
( : e n t r a t i o n  o f  m a n s a n e s e  s ; r e c i e s  p r e s e n t ,  b e c s u s e  t h e i r  s i g n a l s  r v o r r l c l  b e  v e r ) ,
b r o a d ,  a n d  b e c g r r . g e  t h e  a p p a r e n t  c h e r n i c n l  s h i f t s  o f  s r r c l r  s p e e i e s  r v o r r l t l  p r o h -
a b l y  b e  i a r g e .

t l 7 )  . { l t h o u s h  r ' e  h a v e  n o  r l a t a  f o r  e t r r e r  s o l r r t i o n s ,  i n  c r l u e g u s  m e t J i a  t l r e
o x i d a t , i o n  p e i t e n t i a l s  f o r  m a g n e s i u m  a n d  m l n g & n e . s 6  [ t o  m a n g a n e s e ( I I )  I  a r e
. 1 . 3 7  a n r l  L l 8  r ' ,  r e s p e c r i ' e l y :  \ l ' .  ] I .  L a r i m e r a n r l  . L  I I .  H i l d e b r a n d ,  , . R e f e r _

e n c e  l J o c l k , f  I n ' r g r n i c  c l r e m r s t r v . "  T r r e  J l l c r n i l l u n  ( } r . ,  N e r v  l , ' r k ,  N .  \ . . ,
I 9 5 2 ,  p  i 2 8 .

Houso, f . ,erg,r lr .  rxo WHTTESTDES Vor. .  ; l l

2d,  and referenr:es therein),  wc, haci  noted thar r l r*
add i t ion  o f  I  n ro le  equ iv  o f  a  ke tone or  a  te r t iu r '  r r i -
.oho l  to  I  n ro le  equ iv  o f  .  d ia rky ln ragnes iunr  , . , r , , , -
p<lund in ether solut ion y ie lded e solut ion .o.r"rporrdirr , { -
in  s to ich io rne t ry  to  l r r  l l ky ln r rgnes iunr  t l kox ide  * . i r l r
r :henr ical  propcrt ies ver '1 '  r l i f fererr t  f rorrr  the propcrtr t ,s
, f  rLn ether sr l r r t iorr  , r '  the.  d i r r rk l ' lmagrr . r iun-, .  I  r r
p l r t i cu lu r ,  the  re lc t i v i t l '  , f  these so lu t io r rs  u , i th  kc -
tones rvas diminished fronr the high level  of  react i , , . i t r -
russoci l l tet l  rv i th the di l l l l ' lnr : rgrresi t rm to an orcler , , t '
re:rct iv i tv comlnruble to the corresponcl ing rr l l i r . l -
mrrgnesiunr bronr ic le.  Also,  these reagents exhibi tcr i
t t  .strong tendenev to conver. t  ketr lnes to their  enolul t ,
r"rni<.rns rather thun to add to the carbonvl  funct i , r r .
I r r  one c i rse ,  the  reduc t i .n  , r f  the  carbonv l  func t i , r r
n l ther than lc lc l i t iorr  rvas enhancecl .  Also,  the srer. t , r -
chenr ic l r l  rerFr i rernerr ts ot  these alk l - lmagnesiunr rLi l i -
oxit le reirqL.nts in lrddition r.elctir_rn-s to caibonl.i i 'rrnc_
t i rns werc r l i f fererr t  f ronr the r .er lu i rements exhi l i i tet i
b1 '  the  r l i l l I . ' ' l n r r rgnes i r rn r , r .  rL lk r . lmagnes ium br rn r i r l .
re i rgent.s.  Al l  , r t  t l :e f 'oresoirrg r l i f ferences were l .e-
nr,r 'ed * 'hen these l l lkv lnr l tgnesirrnr r l l toxic le re:r9crr t . -
\ \ -ere t l t ' r r ted w' i th un er l r t i rnol l r r .  t l t t l , r r t i t l '  of  nurgn(,_
s i r rn r  i ; ro r r r i t le  ;  thc  resr r l t i r rg  so l r r t ions  r ta , .o  comp: t r . lh l .
u ' i t l r  s r l t r t i rns  , f '  the  u l l l ' l nurgr rcs i r r r r r  b romide.  I r r
v ieu'  , f  rhese r ' ( 'sul ts,  \ \ ' ( - .  \ \L,r 'e J l r .orn; l tccl  to st t tc lv t l r .
l l l l ) I ' s l )L 'c t r l t  o f  t l re  r r te t l t r ' I r t tug t te ls i t rn r  l r l l tox ide  rc l l {o r r t :
ob t l r i t re t l  l lY  t t ' t l r t t l ] )e t I t  ( ) t 'e thereu l  so l r r t io r r  o f  c l imet ln  l -
n rugr res i r rn r  w ' i t l r  e t l r r i r r r ( , l : r r .  r - rn l ( )L l r r ts  0 f  3 -methr . l - ; ;_
I )on t lno l .  i J - l re r r t ru ronr .  ( )1 .  rn l rgnes iu rn  d i_ j l_methv l_ : i_
l )on t ( ) . \ i ( lo  to  o l r t l i n  tho  re r * { r )n t  r rsed  in  e l r r l i t , r .
, s t r r r l i c s 2 t , ' r l ' r r  1 9 1 1 s ,  l ) .  l r r r t l  l 0 ) .

l l e : ] J K . * ,  ( l l ' l ' ( , ' 1 1 1 , 1 ( ' ( ( : l l r , O l l  - - +

J ( ( ' l l , C l l l 1 . r . , C ( C t l l , i O - \ l g C I I r J .  *  C I I o  (  s  r

l l e : . \ l s  +  O l l , , ( j l l : ( ' ( X ' l l . ( ' l l ,  - - >

[ '  ( , ' l l , ( , ' 1 1 , , ) : C ( C ) l l , , X ) ] l g C i l , l "  1  1 r  r

l t es \ [g  +  [ ( ( l l { ]C : l l :  t , : ( - ' (  (_ ' l  I , . , ( J1 , , . \ [ g  - - - ->

l i  ( l l l . , C I I  : i : O ( C ' l l 3 1 O ] t g e t J , , 1 ^  r  I  r ) ,

A.s  su . rn rur ize t i  i r r  ' l ' ub le  
V  * r r t l  l ' i g t r r .e  l ,  the  specr r . i r

of  these solrr t iorrs \ \ 'ere ess()r) t i t l lv  the srrme i r respect i . , .c
, r i  the  nr r r le  , f  fo rmr t t io r r .  ' fhe  

speetnr ,  exh ib i ted  t * . , ,
generul  ure. ' . r  of  ubsorpt  ion u, t t r ibutable to methr. l
groups bourr t l  to magnesiunr.  The lorver f ie ld br, , , i , i
rubsorpt iorr  (ca.  70 cps ulr f ie lc l  r ' rom Tl tS) e.xhibi ts mor.( ,
f i r re strueture rvherr  cooler l  ( - , j { i " )  rncl  sharpens rvherr
heated ( , \7 ' ) .  As the sunrple is heeted. the t rvo regi , r r r .
, f  ubs , rp t i rn  sh* r 'pen und beg in  to  move together . .
s i r rce  the  t . ' ' ,  pe l l t s  , rbser 'e r l  l t  , \7o  r l i t l  r ro t  Jxh i l r i r
lurrr-  eviderrce t l i 'excrhunge broat. lerr ing.  i t  is  not  appurerrr
w'hether or not these tu 'o pel lks rvorr ld c, , l lesce ot  srr t -
f ic ic 'nt l r -  h igh ten)I)erutures.  \ \ -e \ \ 'ere unsuccessl ' r r l
i r r  o i r tu i r r i r r r {  s l r , t i s f l c to rv  spec tnr  o f  these e ther  s r l r r -
t  i rns rLt  h igher terrr l rerut t r res.  The relut ive &r(_,r .s
rrnder the tu 'o regiorr .s i , i  l rbs,rpt ion \ \ 'ere al tere,  i
s i ight l l '  u ' l r r : r r  the sr lut i , r r . .  \ r 'er .e di luted rv i th etht , r .
r r r r r l  d i l r r r io r r  w ' i th  the  be t te r .  so lva t ing  so lvent ,  t€ t r . rL -
h t 'd r , r tu r : r r r .  c r r r t re ( l  t l re .e  r \ r .o  r .eq i , r r rs  9 i  lbsgrp t r , , r r
to coi iagts(- '  to rr ,  s i r rq le peuk. ' f i re 

ut lc j i t ion of  even Io
nrrr lL '  r .  , I '  nr l rgnesiurrr  b l r - rnr i t . le cuusecl  the absor.Ll t i , rn
l r . r rgel l -  t ,  c, l l l l lse t ,  r l  r ingle peul t  a:rd essent ia i l l .  , ,
-* ingle pel l r  \ \ - r rs,bscrve.( l  w'herr  the solut ions \ \ -er( l
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R e a c t a n t c  ( c o n c n . ,  m o l e s z  l . )

tC I I ' ) : t r t s  (0 .36)  +  E t rc (OH) ] te  (0 .36)

r C I { , ) r \ t B  ( 0 . : i 6 )  +  E t r c ( O H ) } t e  ( 0 . 3 6 )

Tnp CnnMrsrRr- or Crns,rNroNs. XIII

' f .r-ecr: \ '
' f r tu 

Nvtr  ]  [  uruv t ,  Stcu.r  t ,s  rou JI  srnyL]r . \ ( iN l lsr  r ; r r  A r , ro.r r  l rus

(C I { r ) r I I g

( c l { , ) : \ l g

(c I { r )z \ tg
(CI I ' ) r l Ig
( cHr ) : ] l g
(CH l ) : \ l g
l C H r ) r \ l g

t C H '  ) r \ l B
(ClHr  ) : \  [g

( 0 . 3 6 )  +  E t r C ( O H ) ] l e  ( 0 . 3 6 )

(0 .36 )  f  F i t . ,C (OH) l l e  ( 0 . ; 16 )

( o . : i t i )  +  [ I j t r c ( f  I e ) O l : \ I g  ( 0 . 3 6 )  *  ] l g B r r  ( 0 . i 1 6 ) '
( 0 .  t r )  +  E t . r C O  ( 0 . I u )

T e m J r ,  o C

i J r

{1)

: i._,

- . i6

-ll.-r
.)')

- i l

. ) r )

-  . )  I

Ix  l i tHnu Sot,urrr - ry

ChemicsI  shi f t
r r p f i e l d  f r o m  i n t e r n a l

T l l S ,  c p s

r  b . 0

6 7 . 6
8 0 .  7
6 7 .  E
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7 { )
96
l o

3:t.  . j , ,
86"
97.  t i '
S E .  E
rt.t
7{
9 ( |
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7+
{ f ;

7)
l l

1)s

I J e r d  w i d t h

c t  h e l f -  h  e r c h  t ,

e p s

l . \

l . l
' )  |  |
I . 0
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1 0
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r 2
2 ;
t . 7
4
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5

I
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l 1
6
I

I  .  ' )
.)

( o .36 )  +  E t 'C (OH) ] t e  (0 .36 )  *  \ I gB r  (0 .O ; td )  . 19
(0 . : 16 )  +  E t rC (O t { ) } I e  (0 .36 )  *  } I gB rz  (0 .036 )  3 .1
{0 . : ; 6 )  +  I l t :C (OH) } te  (0 . : 16 )  *  \ [ sB r . r  ( 0 .036 )  -66  . j
( 0 . ; i 4 )  +  I i t , 'C (OH) l l e  { 0 .3 -1 )  *  } [ gB r1  (0 . l 7 )  : i , 1
( ( | . : l ( ; )  *  [E t :C ( \ l e )O l ! ] l d  ( 0 . : i 6 )  , - i l . : )

( C ) H x ) ] . \ l g  r 0 . l l i )  +  I i t : C O  ( 0 . l l i )

r C l l r t . r l l g  r ( l  { } 7 r  *
' C I I , ) : \ l g  t l )  0 7 )  *

r ( l l l r ' r \ l g  r  l ) .  : i t i  )  *

r ( ' i l r ) : J l g  r l l ; i { i r }

l i t :CO (0.07)  *  te t rah l 'd ro f r r rand
EtrCO ( ( ) .07)  *  te t rahydrofur rnd

O<o" {(} ;*i)\_/ -cH,

n < o "  { ( } : l ( i ) +  } l s l J r . ,  t ( l  3 t i ) '
\J'cH,

6{)
7;

1 X ) . i

I
l 2

I
I

. . \ b r0& Id i l f l l seped ,ka t l r rwe r f i e l dwua l v ) l r ppu re I t t . ' Th i sn ra te t i u lwas i r r i t i l l l 1 ' i nv l l r r b l e l nds
t l es i umre [gen ts ( )h l t i onove ra ,pe t i r x l r l f . lSh r . ' . I hev r l t i l l l
i t  in the table. / ' fhis sohlt ion w&s prepoled frorn the indi(rted c{)n{ 'entrst ir)u of redctants in n mirture ol ether ond tetrrhydroir lnlrr
( l : {  bv  voh rmer .

breeted n' i th ei ther 0.5 or 1.0 mole equiv of  nt tgnesiunr
bromidc.  ' \  prel iminary examinat ion (Table \ r  rnd
Figure l )  of  the methylmagnesium al l toxide cler ived
from re:rct ion of  d i rnethy' lmagnesium rvi th 1-meth1' l -
eveiohexunol  (ecl  l1)  suggests s imi lar  behuvi t ) r  except

c{}oH

NrezMs + - * [O4Crr, I + cH, (r)
\--l | \-/ 

-OMeCH{^

that the relrt ivel-l '  broad pe&k was found at higher field
in this cfl,se. The apparent degree of s,ssoci&tion of l
0.112 l l  solut ion of  methylmagnesium 3-meth1' l  3-
pentoxide in ether w&s determined b-r '  isothermal dist i l -
Iut ion to be 2.3,  indicat ing that we are de:-r l ing rv i th
species tt lelst some of rvhose degree-* of lr,ggregttiorr
i l re grel l ter  than nr()nomeric.  re '20

The rc 'srr l ts of  these nmr measr l rements l r re i r r  conr-
plete rrgreemerrt  tv i th e:rr l ier  observat ior)s:d that  ether
solut ions of  nrethvlnr: lgtresiunr l lkoxides h: tve ehemicu, l
pr() l )er t ies rvhielr  r i i f fer  f rom the propert ies of  solut ions
of methvlmugrresium bromide or c l i rnethvlm&gneslum.
Horvever,  r l ) l l ' t ,  f rom est:- r ,b l ishi l tg that  in the rrbselrce
of tetruirvclrofttr:-ln or m:.tgnesiunr bromicle these solu-
t ions contu, in rr t  le i tst  three di f ferent k inds of  methl ' l -

(  l 9 )  O u r  r e s t r l t s  s u g g e s c  t h o i  t h e  m e 0 l r v l r n a { n e s i r r r n  a l k o x i d e s ,  a r  l e a s t  i n
p a r t .  d i f f e r  f  r o m  t l t e  t e t r a t n e r i c  n t e t h y l c a r l r n i u r n  n r e t h o x i r l e  a n r l  m e t h r ' l z i n c

m e t l r c x i d e .  S e e  ( r )  G .  E .  C o a t e s  a n d , \ .  L a r r r l e r ,  , I  . C h e m .  ^ J o c . ,  J e r ! .  l .  t t i . t
( l 9 6 t t )  ;  ( b )  I l .  f t .  J I .  S l r e a r e r  a n d  C .  I J .  S p e n c e r ,  C h e m .  C o m m u n . ,  N o .  i ,  l 0 {
( l 9 t i t t ) .  ( c )  l . ' o r  o l l r e r  s t u d i e s  o f  a l k y l r n a s n e s i u r n  a l k o x i d e n ,  s e e  I ) .  l l r , v c e -

S r n i t h  a n r l  l j .  J .  \ \ ' a k e l i e l d ,  P r o c .  C h e m .  S o c . , ; J 7 t i  ( t l l 6 : J ) ; 2 { 8 : l  ( l l r t i { ) .

( 2 0 )  P r e s r r n r a b l y  t h e  p r e v i o u s l y  n o t e d c  e f r e c t  o n  ( ) r - t ' g e n  o n  r n e a s r t r e m e n L s

o f  t h e  a l r p a r e n t  d e g r e e  o f  a s s o e i a t i o n  o f  e t h e r  s o l u t i o n e  o f  d i a l k y l n r a g n e s i u n r

r l e r i v a t i v e s  r e s r r l t s  f r r . r m  t h e  p a r t i a l  c o n v e r s i o n  o f  r h e  d i a l k y l m a g n e s i u n r

r e a { e n t s  t r r  r r i k l ' l t r t a g n e i l l r n  a l k o x i r l e s  r v h i c h  a r e  m o r e  h i g } r l ; ' a c . { r e i n t e d .

mrrlandsi t tm species.  tu-o of  rvhich do not eqtt i l ibr l t t '
re ld i l l ' ,  these measurements do l i t t le to def ine stru( ' -
tures for these rssocilted methl' lmtrgnesium :"t, l i tox-
ides.  The presence of  e i ther tetrahy'drofuran ()r  mrlgl l6 ls-
i r rm bromide eppurent lJ '  cctal ] 'zes the exchange of  nre-
thi ' l  groups i . tmong these methl ' lmagl tesium species.
The ef fect  of  adcl ing 0.5 nlole e( lu iv of  m&gnesium bro-
mide mr) 'we l l  be  to  e f fec t : . t  re&ct ion  such as  o t le  ( ) t

these i l lustratecl  in eq 12 rvhieh ef fect ivel) '  prevents the
m&gnesium di l lkoxide from plr t ie ipt t ing in othet '
eou i l ih r i r .

2I IeMgOR + MgBrz + I Ie2I Ig

R
I

,o../
+ Ms: $gBr.\ , ,o

I
R (12a)

+ 2BrMeOR (12b)2 M e \ { g O R  +  M g B r z + M e z i v 1 g

The Exchange of Methyl Groups between Dialkyl-
magnesium Reagents.-While the foregoing expert-
nrents provided infontrat ion &bout the ef fect  of  var i t l t ts
addi t ives rr ld in lpur i t ies olr  the l t l r l r  s ig l l l t l  of  d i rnethl ' l -
nragnesiunr,  they provided I lo f i r l l l  i r r fornrat io l l  rb() t l t
the nature of  the rer lgel l t  i tsel f  or  rbout the ease rr . r r t l
nrechanisnr of  t ransfer of  l r  l l tethyl  group frot t r  o l le
nragnesiunl atollt to attother. To learn nlore abottt
these lat ter  quest io l ls ,  we elected to study mixtures ot '
d imethylmagrlesium &nd a second dialkyl-  (or  d iarf  i - )
magnesium compoul ld n ' i th the expectat ion thut \ \ ' ( )
could leurtr  some[hing abr) t l t  the r l l te r l f  methyl  grot l l )
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(  l : i  )

\ :o r , .  . i l

t l l e r i c  e th l ' l t t t l r g t t e - * i t t n r  l l r o r r r r r l e . r ' i  : i l r r l  v l t r i ( ) us  n te i r i u l  ( ' -
n re l r t s  o f  t he  l r [ ) J ) l r r on t  r no l c r : r r l u r  \ \ ' e i qh t s  o f  e the r .  so l r r -
t i ons  , f  r l k v lm i l gnes i r r r n  h : r i i r l c s ' i ' 17  h : r vc  i r r d i r a te r l  t hc r r r
t o  he  mo l romer i c  i r r  t l i l t r t e  so [ r r t i o r r . rB  . \ s  r v i l l  be  r ro t t , r l
i n  t he  s r rbse t l r r en t  r l i s r . r r ss i on .  ( l l l l '  r l : l t l ,  : r r e  en t i r c l v
cons is tent  rv i th  th is  v ieu ' .  I l r  ru l l  e : rses * 'here mix t r r r . r ' .
o f  C l r ignar( l  re : , rger r ts  rvere crumir re( l  onvhere so lu t i . r rs
ob ta inec l  b1 '  t r l d i ng ' )  n r . l e  e t l r r i v , t  m rgnes ium b ron r i t l r .
to  e t l r r imol r r r  mix tures o f  tw 'o  r l i f fe rent  d ia lkv lmagrrc-
s ium re&gents  \ \ 'e re  ex lminec l ,  the spect ra  were c( ) r i -
s is tent  rv i th  the presence , t  a l l i r - lmugnes ium bromi t lc .
r rnd rve for t t rc i  no ev ic lence ior  the Dresence of  t  nr ixc t i
d ia l l t l ' lmagnes ium re lgent  I .

The f i rs t  o f  l l  ser ie- "  , f  mixer l  rnethv lar l ' lmugrres i r r r r r
re&gents  I  rvh ich rve s tud ie t l  \ \ ' r "s  nrethv lphenv lnurg-
nes iunr  2  obt l iner l  ls  one o i  the compol lents  o f  an t 'c1r r i -
l i b r i um m ix tu re  (e r1  1 ( i )  n ' he r r  r l ime th l ' lm&gnes ium u r r r l

_ \ [ e : \ [ g  *  P l r : \ [ s  T . *  i \ I e ] I qph  r l r i )
2

d iphenv ln l rgr re 's iunr  \ \ 'e l ' r ,  nr i . re t l  t ' fu l r lc '  \ ' I ) .  In  e t l r t l
so lu t ion,  , r r r lv  r r  s i r rg le  nn l l '  n le t t rv l  s ig tur l  u ' i ts  o [ -s1- '1 '1 '1 ' ,1
u ' hose  l t os i t i on  \ \ ' l t s  t i e l t e r r r l e r r t  r r l l o r r  t he  f i l t i o  r i i -
phen l ' lm l t gnes i r r n r - r l i n t c ' t l r v l n t : r g r r cs i r r n r  i r r  t he  s , , l u -
t i r l n  ( | i g r r r e  ? ) .  

' l ' l t ese  
I ' c ' su l t s  s r r {ges t  t ha t  t he  s i r r ! - { 1 .

n re thv i  s i gn l r l  o l ) sc l ' \ ' r ' r l  i s  t he  r . \ ' en rqL ,  s i gn l r l  ob t r r i r r t ' r I
f , r r  mc th l ' l  g rou l ) s  r vh i ch  i L r ' o  r . : r l l i r i l v  exchang i r ru  l r t , -
t \ r 'eL ' r r  r - i i rnet  hv Inutqr res i r r  nr  l r r t I  nre t  h l iph€n) ' lmuqrr t , : -
i t t n r  ( 2 )  r v i t h  t h r :  r " n ( , t l t v l  s i g r r : r l  o l '  t h r :  l a t t e r  e o m t ) o u r r r l
occurr i r )g  i r . t  lo r \ ' ( ] r '  f i t ' l r l  l r t ' t ' r ruso of '  r lccre : rsec l  sh ie l t l i r rs -
bv  t he  p l r c r r ' l  r i r r u .  

' f l r e  
I r r c r  t h r r t  r r r r  u l l J r rox inu r t . l v

l i n e l r  r e l r r t i . r r s l r i p  i s  , l r t r r i r r r t r i  ( [ , ' i q r r r r '  2 )  s r r g g e s t . s  t l r r r t
t h i s  e x c l ) l n r { c  ( e r 1  l ( i )  i s  : r l ) l ) l ' o x i r r u r t e l l  s t l r t i - s t i c r L l .
\ \ then l [n  o( i l r iv l le r r t  i ln ]ount  , t '  n l l rqnes i t rm bromidc u ' r r .
l udded  to  t hese  so l r r t i ons  (o r  w 'hen  me thv lnu rg l resn r r ) l
bromic ie  ar rc i  pherrv lnur r4nes i r r r r r  bronr ic le  \ \ 'e re  mixc, l t .
the on lv  h igh- f ie l< l  r t tnr  s iq tu t i  obseru 'ed rv l r -s  that  r , r , r ' -
r esponc l i nu  t o  me thv lnu rq r res i r rm  i r r om ide .  . \ s  r ) o t c r I
p rev io t r s l l ' ,  t h r s  o l t sen ' t t i o r r  i s  i r r  co r r - r p l e te  : - r cco r r l  u ' i r l r
t he  i dee  t h r r t  t l r e  e r l u i l i b r i r L  be tu ' een  d ia l k l ' lm r rq r r ( ' -
s i r rm  com l l o r r r r r l s  u r l c l  l i l t v l r nuqnes i t tm  b rom ides  ( ( , ( l

1 -1  and l5)  I ie  f l r  to  the s ic le  o f  the [ i r ignarc l  recgel t ts .
Even  i l t  r e . l u t i l ' e l v  l r t u '  t empe ' ru t r r r es  ( - 79 " ) ,  on l v  r r

sl ightl l '  brourleneti  rvenrqe sisrrrr l  \ \ ' r- trs observecl I 'or.
the methv l  groups of  rn ix t r r res o t '  r l i rneth l ' lmagne.s i r r r r r
and  me thv lphen r - lmusnes i r r n r  i n  e the r  so lu t i on .  \ \ - t '

( 2 6 \  ( a l  . \ 1 .  I l .  . i r n r t l r  a n , l  \ \ ' .  E .  I J " c k e r .  7 ' e t r a h e r i r o n ,  2 2 ,  3 0 2 ;  a l 1 ) r ; r i r '
{ b )  T .  F I r - r l r n  .  T e t r n h e d r o n  L e l t e r . " ,  } i o .  1 3 .  : t 3 2 1 )  (  l 9 6 f i ) .

( 2 7 )  ( a )  I i .  ( ' .  . \ s i r h v  a n r i  J [ .  I l .  . . r n i t . l r .  . l  .  . l ' l r ' .  C h e m .  S o r . ,  8 6 ,  t : i r i : ]
i l 9 6 { ) :  ( b )  E .  C ' .  . \ s i r h r ' ,  i b i ' 1 . . 8 1  . : 5 { l 1 r  i 1 9 t ; ; ) .

( 2 3 )  C e r t a i n  o f  t l t e  f o r e ( o l n q  I n o l e ( ' r r  i l r  r v e i q i r  t  n l c a s r l r e m e n l s : ?  1 1 3 1 ' p  I y 1 , r , 1 r
n i t e ( l  l ' : 7  a . r  e v i r l e n c p  t l r a t  a l k v l n r a r t n p s r u r l  l r a i i , l e s  : r r e  r n ( , n o l n e r i c  i n  , l r l r r r , '

s o l t t t i o n  ( r . e . .  l ) . 0 . ' r  . l 1  t  h r r t  b e t o r n e  r l i r n e r r c  i n  r n o r e  c ( ) n ( . e n t r a t e ( l  s < t l r t t i , , n -
( r . e . . 0 . 5 - 1 . { ) . 1 1 t .  l l o t y e v e r .  i t  r r r r r s t  b e  r e * l l l e , l  t l r a c  t h e s e  r n o l e e r r l a r  \ \ ' e r { l r r

m e a s u r e m e n t s  t e b r r l l i o s c t - l p t c  r i e t e r r n i n a t i o n s l  r v e r e  b a s e r i  o n  c c l l l i q a t r v e  p r ( ) t ) -

e r t i e s  o f  t l t e  s o l t t t t o n s  i r n r l .  c o t t s e r l t t e n t i r ' ,  a r e  o n l . r ' t ' s l i t l  i n  d i l r r t e  s r r l r r t r o n s
l ' h e r e  b e h a v i o r  a l r p r o x i r n a t l n q , i , r l l  , r f  . r n  i , l e o l  . r o l r r t i o n  e a n  b e  e x t ) p ( . r , , 1 .

T h e r e  i s  n o  c o r n J r e l l i n q  r e a s o n  t o  r r o n c l r r t i e  t l r a t  t l r e  a p p a r e n t l - r ' l r i g I e r  s l r . r i , , , , , r -
J a r  r v e i g h t s  r e f ) o r t e r i  f o r  m , r r e  ( . ' o n c e n t r a t e r l  s r l l r r t . i o n s  l r a y e  a n  o r i g l n  r ) t i r t . r

t h a n  r i e v i a t i o n  f  r o n r  i r l e a i  . . r o l r r t i o n  b e h a v i o r .  ( ' o n s e q u e n t , l t - ,  \ t . e  a r e  l r \ \  r r r .
r l f  n o  e v i t l e n c e  r e ( l r l l r l r l {  t l r a t  r r l k r ' l r n a u n e s i r r t r r  l r a l i , l e s  a r e  o t h e r  t [ r B n  r n , , r r , , -

m e r t c  i n  e t h e r  s o l u t i o n .  T l r e  o f o r e r n e n t l ( ) n e r l  \ - r a v  c r y s t a l  s t r t t c t r r r e  ' l l r  r r t

a r g u e  t h a !  t h e  s r l l v a t e r l  G r i l { n a r d  r p a ( p n t s  r r e  r n o n o t n e r i c  i n  s a t t t r t l g r l : o l , r -

t r o n s  a n d ,  b - r '  i n f e r e n r : e ,  : r t  a i l  t : o n c e n i r l t i o n s .  
' I ' l r e  

o n l - 1 .  e a s e  o f  l ' h i c i r  . . ' , .

a r e  a \ r ' a r e  l  l r e r e  : r  l r , r l t ' t n e r i r :  r e & { e n t  r s  r n , l i r : l t e r l  i s  t l r : r t  o f  r n e t } r - r ' l m a g n e : u r  r r l

h a l i d e  \ r ' h i e h  i s  c o n y e r t e r l  t o  a  m i x c r r r e  o f  p o l v r n e r r e  r l i r r r e t l r J ' l m a g n e s r u r r r  a r r , r

m a g n e s i u m  h s l i r i e  r v h e n  a l l  t i r e  e t h e r  i s  r e r n o v e r l  f r o m  t l r e  r e a g e n t :  D .  \ \ ' e r s s ,

C h e m .  8 e r . , 9 8 ,  : 1 8 0 5  ( 1 9 6 , ' r ) .  T l t e  , l e s r e e  o f  a s s o c i a t i o n  o f  e t l r e r  s o l r r t i r - r n s  , , f

m a g n e s i u m  h a l i d e s  a t  c o n c e n t r & t i o n s  a b , r v e  0 . ( ) ;  . l I  B p t ) e & r s  t o  b e  e v e n  g r e $ l r ! r

t h a n  t h e  s l ) [ ) t r r e n t  a s s o c i e t i o n  o f  u l k r ' l n r a q n e s i r r r n  h a l i r l e s ; g c  i !  m a y  u ' e l l  b e

t l r u i  d i r n e n c ,  l r l n r e n ( ' .  1 1 n , 1  J r o l l  n t e r l ( '  r r r r t ( ' t r r r e s  s r e  f o r r n e r l  f r o n r  t l r e  r n r r u ,

n e s i r r  n r  h a l i d e s .
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Figure 2.-Graph of  nmr chemic:r l  shi f t  for  CHrl IgX protons
ls.  mole 9f  d imethylmagnesium in d imethy' imagnesium-diphenyl-
mlgnesiunr mixtures in ether solubion (d imethl ' lmagnesium con-
centro, t ion 0.21 l I  in  a l l  cases).

trrrr)sier ancl rrbout the properties of nri.xecl methl' lr lky'l-
i r r r  r i r l ' l - )  rnrgr)esium species ( ' i .e. ,  l )  f rom studf ing the
et lu i l ib r iunr  i i l us t r l ted  in  e ( l  l ; ]  b1 '  nmr  techn i ( lues .

I le : l lg  *  R, . r \ lg  i  2Rl ts l le
I

\ \ 'e rnt ic ipated that these stucl ie,s w'oul( l  not  be prof i t -
lb le u ' i th mi.xtures of  meth) ' lmagnesiunr bromide and
other ulk l ' lmlgnesium bromides!r  bc 'e luse the vast bul l t
, r f  crrrrent evidence incl icetes that  these Grignlrd
rerrqL'nts exist  in di lute ether or tetr lh l 'drofur l r l  solLl-
t iun r . rs the monr)meric alk l ' lmagnesium bromides ( i .e. ,
both ertui l ibr ia 1- l  and 15 l ie relat ivel-v-  far  to the r ight ; .
As : . r  resul t ,  the lmount of  mixed relgent I  (eq 13) to
be e. \pected in such solut ions would be ver] '  smal l .
Al though err l ) '  isotope exchange studies:2 had seem-
ing l l '  es tab l i shed tha t  the  equ i l ib r ia  i l l us t ra ted  in  eq
l{  l ind 15 did not occur in ether solut ion.  r r  var ietv

(  l { )

(  l 5 )

of later invest igat ions have : I l l  indicated that th is
eer l ) ' lvork must be in err()r .  In part icular,  subsequent
isr i tope label ing studies have indieated stat ist ical  ex-
chrnge,rz ' :3 cry 'stal l ine samples of  the dietherates of
phenvlmagnesium bromide and ethy'lmagnesium bro-
mide have been cr1-stal l ized from ether solut ion and
their  cr)-stal  structures have beerr  determined bl '
X-ray' diffraction,r4 r,n investigation of infrared carbon-
magnesium stretching frequencies indicated that equi-
l ibrat ion occurred in ether solut ion, :5 thermochemical
me&surements indic l ted a rapid react ion of  d iethf  i -
magnesium &nd magnesiunr bromide to form mono-

(21)  C l .  G.  [ raenke l .  S .  I iobayash i ,  and D.  C.  . \damg,  Abs t rac ts .  l {7 th
Nr r t iona [  ] [ee t ing  o f  the  Amer ican Chemica l  Soc ie r l ' ,  Ph i lade lph ie ,  Pa. ,
r\  pri l  196-1, p . l  I  ) i  .

(22)  For  a  summ&ry  o f  ear l ie r  s tud ies  ( r r 'here  no  exchange lvas  repor te ( . I )
and la t te r  s tud ies  ( rvhere  s ta t i s t i ca l  exchange rvas  found) ,  see  R.  E .  Desay ,
S.  E .  I .  Groen,  and R.  ] I .  Se l inger ,  Te t rahedron Le t te rs ,  No.2 l ,  1369 (196.1) .

(23)  D.  O.  Corvan,  J .  Hsu.  and J .  D .  Rober ts ,  J .  Org .  Chcm. ,  t9 ,  3688
( 196.t )  .

( 2 { )  ( a )  G .  S t u c k y  a n d  R .  E .  R u n d l e ,  J .  A m .  C h c m .  S o c . ,  t ! ,  l 0 O 2  ( 1 9 6 3 ) ;
(b )  rDr r l . ,  E6 ,  .182 I  ( lg t i - t ) :  (c )  L .  J .  Gr rggenberqerand R.  E .  Rund le ,  i6 rd . ,  t6 ,
53{ .1  i l9 rJ4) .

(25)  R.  . \1 .  .Sa l inger  an t l  I I .  S .  ) [osher ,  ib r ' r1 . ,  E6 ,  1782 (196.1) .
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r.r Iyrsnn, SolurrtoN
Chemicel ahif t ,  u!f ield

f rom in te rna t  T l lS ,o  cps

9 t . 5
92
9 l
89 .  5
7 9 . 5
I  t  . ; )

/ : t .  o

r  I . ; )

70 .  5
r b . D

9 l
t  t  , D

l : t . ; )

EY
9;i"
9 9 . 5
97 .5 "  +  106 .5 i

R e e g e n t s  ( e o n e n ,  r n o l e s /  l . )

CI I , I I gBT  (0 .20 )  *  Ph l I gB r  (0 .05 )
C I l r f l gB r  (0 .20 )  f  Ph : \ t gB r  (0 .20 )
C I I , ) l gB r  (0 .20 )  +  Ph l t kB r  {0 . t tO )
C H ' \ t g B r  ( 0 . 2 0 )
( C H ' ) : \ I g  1 { ) . 2 1 ) *  I ' h z } I g  ( 0 . 0 ; )
( C I I , ) r l t s  ( ( 1 . 2 1 )  *  P h r \ t g  ( 0 . 1 1 )
i C H r ) r l t g  ( 0  2 l )  *  I ' h r \ [ g  ( 0 . 2 1 )
t C H , ) r l l g  ( 0 . 2 1 )  *  P h r l l g  1 0 . 4 2 )
t C I I r ) : \ l g  ( 0 . 2 1 )  *  P h : ] t s  ( 0 . 8 ; )
( C I { a ) : \ I g  t 0 . 2 1 )
( C l { r ) r } l g  ( 0 . 2 1 )  f  l ' h l l l g  ( ( f  . 4 2 )
t C I I r ) r l I g  ( 0 . 2 1 )  *  P h : \ t g  ( 0 . 4 2 )
rC I I r ) r l I g  ( 0 .4 l l t  *  I ' h r \ l g  ( 0 . : ' j ( ) )
iC l { , r ) : } t g  ( 0 .41 ) l  *  Ph r \ t g  (0 . : j 0 )
(C l { , ' ) r \ t g  ( 0 .41 ) )  *  Ph r } t g  t ( ) . i iO )
t C I L r ) 1 l t g  t 0 . l 6 l i i  *  P h . r \ l g  ( 0 . 0 R 4 )

{ d r l i t i v e  ( e o n c n ,  m o l e s  l . )

P h l l  t 0 .  S { ) , 1

P h H  n . 6 8 )

l l g B r , l  ( 0 . 6 ; l )

\ [ gBr1  (0  06 : ] )

T I {  F-et  her-aminer
( , -16:2S: l t j  b. r '  mole (1,)

T e r n p ,  o C

-:j (J

- i j0

* : i ( )

-:l()
-;j0
*:10

-: j  ( )

-: i()
- : i0

-:i( )
-i j0

- i l0
.) :.)..,

- 6 2
- 71)

{ l
- t l

" Urrless otherwise toted, the methl l signal band width rt half-height is .rpproximatell' I cps or less- | The bnnd *'idth st hslf-
heighr wu l . t t  cps. 'The band widih at half-height wss l i . ;  cps. d \ ,  ) i , : i ' ,  N'-tetramet hylerhylerret l innr irre. 'The bs,nd width or
hllt-heighl wns l.i tps. / The band rvidth lt hrlf-heighi $'ns l.! cps. The rel:riive intensiiies of these trvo pelks rvere:il snd 69%.

Jherc. t i ) r 'c  tuulecl  ( ) r l r  : r t tont iorr  to other mixecl  reuge.rr ts
r ler iver i  t ' ronr vur i ( )us conrbirr l t iorrs of  d imethl ' lmr iu-
IIL'-siu nl. cl iet hvl nrl lgnt:s i turl, cl i rreo[)er r t vlnurqr)L.sium. (l i-
phettv l  t t tu,gtresi t tnr .  : rn( l  t i icvcloperr t lu l ietrv l  mi lqnesirr  n l .
' fhe 

resul ts f ronr mixtures of  t l iethvlrnlrgrresiunr ()r  c l i -
nco l )e r t tv l r tu tg t res iun l  \ \ ' i th  c . thcr  so I t t t io t rs  o t '  the  rne thv l
or I )hen.\ ' l  reugerr ts (s l rn lmlrr izod i r r  thc l ix l ler imerrtul
Sec t ion)  o f fc rc t l  r Io  p r r r t i c t t lu l  i r r fo r tn t t io t r  l l evon( l  thu t
l t l re l r lv  g l i t ret l  f ronr methvlJ lhenvlmrr!{ncsium. Horv-
ever,  mixturcs of  r i icvclopentadierr . r ' lmaglresiLlm rv i th
ei thcr dimethl ' ln l r rgnesium ol '  d iphenvlnl lqnesium ex-
h ibiterl severi.ri st l i  l<i nq clifferences.

The seleet iotr  of  r l ic . r 'c lopc'ntucl icrr l ' ln lugnesiLlnl  \ \ ' l rs

l ) ronrp te( l  b1 '  p r io r  s tn lc tu ru l  s tud ies :e  ind ica t ing  tha t
t l t is  mlr ter i l l l  e l rn exist  l ts  l t  nrotromeric.  t rnsolv l r ted reu-
gent i r r  * 'h ic i r  the tu-o cvclopent l ,d ienl ' l  r i r rg-s are in
plra,l lel plarres above u,rrcl below the nti-rgrresiunl i- itom
(i .e. ,  3) .  We therefore expected that the nmr meth) ' l
sigrral for a mixed mrgnesiunr re&gerrt 4 rvould be forrnd

+ lvlezlvlg (17 )

l t  h igher f ie ld tharr  the s ignal  for  d imethl ' lmagrresium
becruu-se of  the maglret io rnisotropv of  the c) 'c lopent&-
cl ienl ' l  r ing.  Al though this expectat ion proved to be
correct  (see Trble \ ' ' I I ) ,  o[  more interest  w&s the f&ct
that Drr  ether solut iorr  ( )btained by'  mixing the t rvo
mrrgrresium deriviit ives (ec1 17) deposited r white cr1's-
ta l l i r re mater ia l  n 'h ich proved to be the soLrcnt-J ' ree

t2 '0 )  (a )  F l .  \ \ ' e is rc  anr l  l i .  ( ) .  l i i sc l re r ,  Z .  Anorg .  A l lqen.  Chem. ,  178,  219
( 1 U 5 5 ) ;  ( b )  G .  \ \ ' i l k i n s o n ,  l i .  - \ .  C o t r o n ,  a n d  J .  ] I .  u i r m i n g h a m .  J . I n o r g .
. \ ' u c l . C h e m . . l , 0 5  ( l 9 5 t i ) ; ( e )  1 " . . \ .  C e r t t o n s n t l  L .  T .  R e y n o l d s ,  J .  A m . C h c m .
.Soc . ,  80 ,  2 t i9  (1958) ;  (d )  G.  l i raenke l .  I l .  E .  Car te r ,  . \ .  . \ I cLach lan ,  and J .  H .
R ic t ra r r l s ,  tb i , l . ,E2 , ;8 { t t  ( l9 t i0 ) :  (e )  L .  F r iedman, , \ .  P .  I rsa ,  an t l  G.  \ l ' i l k in -
:o : r ,  ib rd . .  77 ,  ? '689 ( lg5 . i ) ;  (0  \ \ ' .  S t rohmeier  and I { .  Lands fe ld  tZ .  ) {o tu r -

lo rsch . ,  16b,  : r : J2  ( l9 t iO)  I  l ravo  re t ) ( ) r te r l  the  prepara t ion  o f  the  mi . red  z inc
r e a ( { } l l t s .  e t h l ' l t ' l c L r p e n t u t l i e n ; ' l z i n c ,  a n r l  p h e n y l c l ' c l o l r e n t a d i e n l - l z i n c .

mixed reirgent 4.  Solut ior ts of '  th is rerrgent (0.0SN
rur( l  0.117 l / )  i r r  tetruhvclroirrnrrr  \ \ 'erL) foturd to be
rnor)omeric ( lpplret t t  mol rvt  1.0; l -1.07 X nrot tonter) ;
t he muterial cotrlcl be -*rr b I i metl r r r rr lt 'r '  rer I ttcecl pressure. r0

Thc  up f ie ld  sh i f t  o f  the  r rn r r  n r ( ) thv l  peuh (Tab le  V I I )
for  th is nr ixeci  re:rgent t lkerr  u ' i th i ts mon()meri( l
r r i , r t r l re  i r r  so l r r t i t )n  and the  r rb i l i t v  o t '  the  ml te r i : r l  to
strbl ime suggest that  the nlrr tor i i r l  bc rrssigrred the
s t ruc ture  i l l us t ra ted  in  fo rmul r r  4  i r r  n 'h ieh  the  meth l ' l -
m:.rgrresium bond is &pl)roxinrr te lv perpendiculcr  to
the  p la r re  o f  the  cvc iopentur l ie rn ' l  r i t rg .s t  The ab-
sence of  solvent molect t les in th i -s crvstal l ine orgcno-
mrgr lesium cler ivat ive is i t r  r :otr tntst  to the resul ts ob-
t l ined previouslJ '  rv i th ( i l ignrrrc l  re l r lgel l ts.s '24 The
previou.s er] 's t l l  s t ruct l l re c leternt i tu l t ions of  organo-
magnesiunr cornp()un6[s; '3r  h lve inr l ieutecl  that  the
n()rmirl co()rdirrit,t ion of orgtinomi.Igltesium compoundr'
involves four l igands :.rrr&Ilged tetru,hedrally about
euch magnesium utom. If ther mi.xed reDgent 4 is
considered to be eomposed of  one methl ' lmagnesium o
bond rnd :.r r '-bonded cvcl()peIIt lcl ienl' l  r ing rvhich
contr ibutes s i . \  e leetrotrs to boncl ing rv i th the magne-
sium, it is lpparertt thlt the nrixecl reugent cftlt be con-
sidered to h: . ive the t tormul fot t r  coordi tut te bonds to
the magrresi t tm l tom rvi thort t  the ldcl i t ior t  of  any co-
ordinatelv borrr t r l  -solvent nroleerr les.  In rrgreement
u' i th the ic le lu that  the mixer i  f t ' r tgetr t  4 t 'epresents a
fuvonrble arratrgement of I iglncls bottt ied to milgne-
sium, the chemicr l  shi f t  observed lTlble \ - I I  and Figure
:3) for  the eclui l ibr : . r , t ing methf  i  gr()rrps i r r  I  mixture ob-
tained from dime'th.r' lmlrgttesittnt rt l ld dicl 'clopenta-
dienl' lmagnesium wa.s not significlntl l- raised rvhell
&mounts of  d icveLroent l tc l ienvln) l tg l tesi t lm in excess

( : 1 0 )  \ \ ' l r e n  t l r e  s a r n p l e  r v a s  l r e a t e r l ,  i !  l t n ( l e r \ t  e t r t  l ) s r t i e I  r l e c o t n p o s i t i o n  a s

s ' e l l  a s  s r r b l i r u a t i o n .  S a m p l e s  n ' l r i c h  r v e r e  s r t b l i r n e r l  i n t o  t h e  s o u r c o  o f  a  m a s s

s p e c t r o m e l e r  g 8 \ - e  B  p e a k  a t  m r e  L O 1  c o r r e s p o n r l i n g  t o  t h e  m o l e c u l a r  i o n  o f

t h e  m i x e d  r e a q e n i  {  a s  r v e l l  8 s  a  m o r e  i n t e n s e  y . l e a k  a c  m / c  1 5 4  c o r e s p o n d i n g

t o  t h e  r n o l e c u l a r  i o n  o f  d i c y c l o p e n t a d i e n l ' l m a { n e s i u m  ( 3 ) .  T h e a e  o b s e r v a -

t i o n s  s u g g e s c  t h a t  t h e  m i x e t l  r e a g e t t t  {  t n a r ' , l i s p r o p o r l i o n a [ e  ( r e v e r s e  o f

r e a c t i o n  i n  e q  l 7 )  r v h e n  h e a t e d .

( 3  l ) , \  s a m p l e  o f  t h i s  t n o t e r i a l  b a s  b e e n  s u p p i i e d  t o  P r o f e s s o r  G .  D .  S t r r c k r ' .

D e p e r t r n e n t  o f  C l r e n r r s t r y ,  U n i v e r s i t y  o f  I l l i n 6 i s .  f o r  t [ e  p u r p ( ) t e  o f  6 b t n i n i n (

a n  X - r a y  c 1 1 ' s t a l  s t r u c [ t t r e .

@
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Reagent  (concn.  molec, / ! . )

(C i l { i )2 t r [s  (0 .24)

(CrH;) rFe
(C iH , ) :N Ig  (0 .30 )  +

(C: ,HiLFe (0 .30)
(CH ' ) ' I t g  ( 0 .36 )

CsH; \ tgCHr (2 .68)
CrHs l t gCHr  (2 .  l l )  +

E t . O  ( 2 .  1 1 )
C 'H ' ] I gCHr  (1 .72 )  +

E t :o  (3 .44 )
C 'H ' \ t gCH,  (1 .27 )  +

E t rO  (5 .08 )
CsHJ lgCH i  (0 .35 )

C'H ' ] [gCI I3  (0 .32)

CI I I ' \ lgCI{ r  (0 .32)  +
) [ g B 1 2  ( 0 . 1 6 )

C ;H ' ] I gC I I ,  ( 1 .34 )  +
\ l g B r 2  ( 1 . 1 2 )

C 'H ' f t gCHr  (0 .54 )

C , I i , \ [ gCH3  (0 .54 )  +
L i c l  ( 0 .  54 )

Cr I {s- \ [gCHr (0 . ;4)  +
L i c l  ( l . 0 s )

C ; l l ' ] l g C I I r  ( 0 . 2 r )  +
C I I , I t sC I l r  ( 0 .14 . ' r )

CsFIs \ [gCH,  (0 .2 ' t )  f
CH.UgCl I ,  (0 .2 .1)

CrHs-\IgCHr (0. 30)

CsI Is- \ IgCHr (0 .25)  +
CHTI ISCHT (0 .12 . ' r )

CsH ; \ I gCHr  (0 .18 )

CsHs l I gCHs  (0 .18 )  +
CH, \ IgCH,  (0 .09)

C'H ' ] [g(CH,  (0  23)  +
CrH ' ) [ gCrH i  ( 0 .115 )

C ;HJ IgCHT (0 .  17 )  *
CH ' I t g (CHr  (0 .084 )

Solvent

EtoO

EhO
EtrO

Et2O-THF
( l : 1  b y  v o l u m e )

THF
THF

THF

THF

Et?O-THF
(85:15 by mole lp)

EtrO-THF
(8:92 by mole /6)

EtrO-THF
(6:1).1 by mole 16)

ErrO-TI IF
(  l :  I  by  vo lun re )

TTIF
TTIF

TI]F

Et,O-TIIF
(2lJ: 72 by mole /o)

ErrO-TIIF
(: i6:64 by mole !f  )

Et ,O-D} IEd
(12 :88  by  mo le  l p )

Et rO-DI IE
(2S:72 by mole f r , )

EtrO-TI{F-amine"
(37: ;13:30 b"v  mole f | )

Et,,O-THF-amineo

Etro-THF
(69:31  by  mole  $)
EhO-THF_Et,N

C y c l o p e n t a r l i e n y l  s i  g n a r

- 360. 56
-  J t d .  i )

-215 . 'o
- 246, - SirE

_:t52
a  P o  -- ,);).i . i)

- .J . l .J  .  D

-  , ) i ) . t  .  . )

-  3 5 8 . 5
_;t. ig
_: i68
- .),).)

- ; ] 59
- 3 5 7  ( 2 . 5 )
- ; ] 62 .  ;

Housn, L,r turv,  Al 'D WHITESTDES

' f . r s l . c  
V I I

THs NnR SpEcrt t . r  c l r  . \ l txrr , 'nus () r .  i \ [p ' rHyLrvr . \oNt]stu]r  . \Nr)
Cyct,opnNr.\ Dr E N y r,Ir.\c N F:sr ullr l)n n rv.rnvns

V o r , . : : i l

Chemica l  sh i f t  up f ie ld  f rom in rerna l  T I IS
(band w i r l th  a r  ha l f -he igh t ) .o  cps-

I l e t h y l  s i g n a l

lOri

r27
I2it.5

125

124

123
127
1 3 1 . 5  ( l . 3 )
126  5

l 1 6 . ;
1 2 2  5  ( : t . 1 )
{ ) 9 . 5

126
I  l 3

l0s

l t 5  ( 0 . 9 )

l 1 2  ( 0 . 6 )
1 0 8  f i . . j )  +  1 2 3  ( 1 . 1 ) r
1 2 8  ;  ( 0 . 8 )
l 3 l  ( l . 6 )
l l 5  ( 0 . 8 )
l 1 3  ( 3 . ; )  +  l j ] 1  r i ] .  j i r

1 2 1  ( 0 . 6 )
l 2 { .  5  ( l  . 2 )
l n . 5  ( 2 . 3 )
1 0 4 . 5 ( l . ; ) + 1 2 2 . ; i t  i
l2 : t  (0 .7)
128
l 1 6  ( l . 0 )
1 0 8  ( 2 . 1 )  +  r 2 g  ( 2  ) )

T e m p ,  o C

-30
- l )

*30
-:J()

-30

-30
-il0

-:J0

*;10

3 1 . 5
_28
-82

-30

*30
-  12"

33

- : |0 - ; j .1( ;

*:J0 -;J-t-t

*i l0

* : ]0  -  ; ] ;g  (0 .  7)

- :J0 -  356 (0 .  6)
- 8 4

3 l
- 8 1

3 r
- 8 1

- 3 5 a  ( l .  o )
-  357  (0 .  8 )
- 3 i r 8 . 5  ( 1 . ( ) )
- ;J; jg (0. 7 )
- : ] 5 9  ( l .  j j )

3t'{ . ir - 3,-rll (0. 8)
- O /  . ; ) - : i . r r7  (0 .  8)

38 -35e (0 .8 )
( 45 :30 :26  by  mo le  %)  -27 - 3 5 e  ( l  . 0 )

- 3 . , 4  ( 0 . 8 )
- 3 5 5  ( r .  l )  +  - 3 1 7  ( 1  . 2 )

3 0 .  5
- 8ir
*;10 - 3.1; (0. 6 )

(26: 50: 24 b-v mole /6) - Z+ - 3 i r 6  ( 1 . 1 )
' In cases where no band width st half-h€ight is specified, the value is approrimately I cps or less. r An ether solution of c1.cl rpenr,,-

diene hss mult iplets centered st - t74 end.-387 cps attr ibutsble to the c! 'clopentadiene protons. .  l i rme sol id precipitared-r.herr r1,, .
sohrt ion Ess cooled to this t4mperrlr lre. d l , !-Dimethoxyethane. .  N,N.N',N'-retrameihylethylenedinmine.

of I mole equiv lvere added. This behavior, rvhich
i-s in contrast to the behavior observed in mixtures of
dimethl' lm!,gnesium and dipheny'lm&gnesium (Figure
21, indicates that the equi l ibr ium forming the mixed
rersent 4 (eq 17) l ies far  to the r ight  &nd a mixture ob-
tained from equimolar a,mounts of dimethl' lmagnesium
r.nci dicl 'clopentadienylmagnesium contains primaril l .
the mixed recgent.  The fact  that  th is mixed reagenr
4 i.s more stable than its s-l 'mmetrical disproportiona-
tion products (eq l7) suggested that the exchange of
methl' l  or cy'clopentadieny'l groups with this mixed
rr,tgenr might be slotrer than the aforementioned e.x-
ehange re:.rctions and led us to m&ke the lorv-tempera-
turL '  meosuremerrts summarized in Table VII  and
Figures - l -7.

I t  is  opp&rent f rom these data that  e. \charrse ()r
both the methl ' l  groups (rv i th dimethvlmagnesiunr,
and the c1'clopentadienl' l  groups (rvith diel-cloperrrrL-
dieny'lmagnesium) of the mixed re:.rgent ctl l  be slow-t,rl
sufficientl l '  to observe the trvo sepa,rate signals irr -
t r ibutable to the mixed re&gent 4 and to the methr. i
or dicy'clopenta,dienl' l  grorrps of the exce-c.s s1-mnrerricrri
reagent.  The seplr&t iorr  of  the methl ' l  groups \ \ . i r :
sufficient to permit calculation of the pre-e.xchange lit 'r '-
t imes for the methylmagnesium groups under sevL'nri
eonditions. Ty'pical observed and calculated cur\:e:
for these measurements at various temperatures r!l '(,
presented in Figure -l and the rates of exchange ul'(,
summarized in Ttble VII I .  Of part ieular interest  i r
the observat ion that the rates of  e. \ehange i r re r . ( , -



Aucusr 1967

l l ..rT r:s or

R e r g e n t s  ( c o n c n ,  r n o l e s / 1 . )

CsH;] tgC[ I r  (0 .29)  +
C H J I g C H T  ( 0 . 1 4 t )

CTHJ IgCHI  (0 .25 )  +
C I { , } t gCHr  (0 .125 t

C iH ; ] [ gCHr  (0 .18 )  +
CHr \ I gCH '  ( 0 .09 )

Cr I I ; \ lgCHr (0 .24)  f
CHJ IgCHT (0 .24 )

Solvent  co lnpn,
mole 7o

THF-ether
( 7 2 : 2 3 )

DIIEb-ether
( 7 2 : 2 8 )

Ether-TI'IF-
a,mined

(44 : 30: 26 )
THF--ether

(6a:  36)

- 4 6
- 6 0 . 5
- : J2 .5
_ J D . D

3 1 8
4 5 . 4
12

176d
- ; 8 . 5  4 4 . 6
-  6 9 . 5  1 0 . ;

2 3  C P S

7 8 .  7
6 . 2

l c 6  7  . 1
45

THn CHp)fIsrRI- on C.rnsrl i loNs. XIII

'f,r'rur: VIII

Exr;x.rxct: or '  I l r :T t tr-L ( l t tot. l t 's t l  Ottc.rNt)Mu'f. \LLIU JIrxtuttr:s CoNr'UNtxc ClIr] lgCHf

T y p i c a l v a l t t e s _ . . \ r r l r e n i u s p a r a m e t e r s - R a ! e c e r r g t a n t s .
' l 'enrgr ,  for  l /  r ,  E^,  a t  -  ' l5o '  J f  

- t

o C  s e c  
- r  k c a l / m o l e  - {  s e c  - l

-31.5 32{  t3 .B 10+16 r24

- 7 3 . 3  8 . 3
38
10

-  6 . 5
- : 1 8 . 5

':

l o + e . e  2 5

1 2 . 1  l 0 + r :  0 . 6 3

L2 .2  l0  +r . r .6  200

C,I{: l IgCIl (0.17) f  THF-ther- -:13 5 ;00 11 4 l0+rr ' '  50o

CU,ltgCU, to.oA+) tr iethvlsmine -50 r02
(50 : : 26 : !+ )  - 53  37 . i t

PhltsCH, (0.10) + THF-€thir- - ;  ;  : i l0d I t i  l0+'0 r {0

CgifgCg, (t .  tzl  amireq -2i 7: l

( 5 6 : 2 3 :  1 6 )  - 3 2  0 ;

" The methods used to orleulate the dats tebul.Ited rre preseoted in the Experimeniol Section. '1,2-Dimethoxyethane'

. \,N,\,,)i,-terrumethylethylenediomu[.- ;in1 p.*"*J.tee lifirime.r reiers to the vglue for the metbyl group of tbe mixed reagent,

n-li-Cft". ' CllcLrlotel from the Arrhenius p*rameteru sssrming bimoleculrr kinelics'

t25

25 50 75 loo %
MOLE % 0F c FlMo cHa

Figtrr.e ;i.-ciraph 0f nmr chemical shift for cHrlIgX probons

,r. nil l. c6 ciinrethylmagnesittm in dimethylmlgnesiumdicyclo-
pentadienj' lmagnesium mi.xtures in ether-tebrahydrofttratt mix-

tures (6,:r-8i mole % ether).

t l , rded sl ight lv bi '  i t rcre&-si t tg the concel t rat iop () f  tetra-

h1'tlrofttritrr unc[ mrtrl iecll] '  bv trclding the bicierttate

iigrntls 1.2-climeth0xl'ethane (5) orr especi*l11', tetr:.r,-

methylethl let tedir tmitre (6). t '  This di t r ,mirre 6 is dis-

( i l 2 )  R e a c t i 0 n  o f  t h i s  d i a n r i n e  r v i t l r  s e v e r a l  d i a l k y l m a g n e s i r l m  e o m p o u n d s

l r a s  b e e n  f o r t n r l  t o  f  i e l r l  i s o l a b l e  m o n o m e r i c  c o m p l e x e s  r v h i c h  a r e  f o r m u l s t e d  a s

Me
| ']\,r

"1,-'*", l \  \

R\ ,r '  
-QHt

-II€ |
R- 'r .  

-CHz
N-

M{ 
-M"
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Figure .1.-observed (c') and calculated (pre-exchange life-

t ime r) nmr spectra of cHa]lg- protons in a mlxture of ciH'-

] IgCH, (0.29 i f  )  and CI{r}IgCH] (0.145 ., '11) in tetrahydrofttran-

ether  (72:28 bY mole %) '

CHIOCHTCI'T:OCH3
5

25 C.PS.

( C H' )'l ' iC H:CH:N( C Hr ):
6

t inctl-"* more elfective in retarding the rate of exchange

than ls triethy'lamile rvhich c&nllot function as a bi-

c lentate l igand. The str ik i lg abi l i ty  of  th is diamine 6

to retard the rate of exchalge was further demtltt-

strated b}' edding it t0 mixtures of dimethylmagnesiunr

and diphL.ylmag.esium. In the presence of this di-

amine. the exchange of methyl groups between di-

methl.lmagnesium and the methyl phenyl mixed reagent

2 became sufficiently slorv at lorv temperatures to pernlit
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Frg'11'g . - r . - - { )bserv.d (co )  : r r r t l  .uL,rr I r t t ' r r  {  1r . t , - .xr :hu^ge l i fe_
t in re  r ) r t r r l r  spec t r t l  f o l  C I [ r ] I g -  l t r . o t .ons  i r r  r r  r r r i . x t l r re  o [  C r I [ ' ;
I t gC I I r  (0 .2 {  J1 )  l nd  C I f r l l gCJ I r  (0 . : , 1 {  . l I )  i r r  re r r rh r .d ro f r r run_
echer  ( t i " [ : : i t i  by  mo le  f  i ) .  The  p re -ex r ,h lng t '  l i f e t imu  r  re fe rs  t ,
t he  n re thv l  g ro r rps  o f  the  m i . re r l  re&gen t .

t h c  r r b s c ' r ' v ' l t i , r r  , r f  t h c  n r n r  n ) e I h v l  s i g r u l l s  r r . s s , c i a t e t l
\ v i t i l  rhe  tw ' r )  s [ )c0 ies  nn( i  to  pcrnr i t  e : r l c r r l l t i o r r  o f  p r .e -
o \c i lunge l i ie t i rn t ' s  r rn ( i  exchur rge  nr tes  (T lb le  \ - I I I t .
1 ' l i e '  p ,s i t i rn  , f  the  er l r r i l i b r ium (ur1  l6 )  \v ls  o ls ( )  i r r -
f l L r e n c e d  b ' t h e  I ) r e s e n c c , f  t h c  d i u n r i n e  6  - s r r c h  t h a t  t h e
concentrut iorr  of  the mixed re ' l rsent wirs dimini .shed.
This observt t i r r r  presumirbl l '  ref lects the f lc t  th l t  at
le l . { t  ( )ne of  thc '  s) 'mmetr ic l , l  reagents is nlore strongl \ -
solv l ted thun t l ' re mixer l  re i lgelr t

In r l r )  r . r r*r l rg.rrs n ' , , r , , , ' ,or ,  mixt .ures,r f  c i ip i renl . l -
nurqnesiunr l lncl  r l ievclopentacl ierrv l  n l rgrresi t rm (3) were
found to t 'ornr u nr ixecl  rer tecrrh (er1 lS) u 'h ich cr1.-stu, l -
l izecl  f ronr :ur  et  her- tetnrhvr l r r f r r r . r rn nr ixtr l re rrs the
r i i s , r l r , ' r r te r l  n r i xer l  re tser r t  7 .  Thc  nnr r  s ign l l  (Tu ,b le

HousE. LltHl l t .  rxo WHTTE.sIDES
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15 4.0 4.5 5.0
I / T  X  I O J

F ig r r re  t i . -P l , r , f  l . g  ( l / r )  as  e  f u^c r , i r r r  o f  L /T  f o r  A ,  c ,U , -
. \ l gC I I r  ( o . l t ) . 11 )  an r l  C I I r l t gC I I ' t  ( 0 .1 { ;  l / )  i , r  t e r rahvd ro i r r n r r r_
: !hu j  t7?: : ls i  b 'u '  rno le  i l ) ;  B,  C, t l ; ) IgCI I r  (0 .2 ;  . l I i  ant i  CI I ,_
- \ lgc l [ , r  (0 .12 ' )  . l / )  in  t l i rnethoxver ,huue-et ,her  (72: ]s  bv r r r , , l .' ' i . ) :  (1 ,  c , l I ; ] lgc l I , ,  (o . l l i  . l I )  l in< l  c l l , \ Igc l I , r  (0 .09 . l / ;  i r ,
e the r - t e t rah l ' d l o f t r r t r r - \ ,N ,N ' , \ ' - t e t r r r n re th l ' l " t h r . l u , r * r l i r r r r r i r r g
({{ :  i i {) :  26 b1' nrole ' ' i  ) .

25

o.5
4.O 4.5 5.O

t /T  x  tO3
F ig . re  7 ' -PLr t  r f  l og  ( l / r )  as  a  func t i ' r r  o f  L /T  f ' r  , \ ,

C ; I I , f l gC I I r  (o .17  l l  )  and  C I I r l l gCFI r  (0 .094  .11 )  i n  e r ,he r_
te t rahvdro f r r ran - t r i e thv lamine  (2d : , i 0 :2 {  by  mo le  %) ;  l l ,
C 'H ' \ [ gC i l r  (0 .2 {  J / )  rnd  CHr } IgCHr  (0 .2 {  - } I )  i n  te t rah r . r l l r , -
f r t ratr -ether (6.1: ; l f i  b1- m,r le ?.) .  The pre-exchange l i fer i . r t ,  , -
lefers t ,  the r 'ethvl  group r i  the mixe<l  reagenb in eaeh case.

l l t ( ) t r o n t e r i r :  ( 1 1 1 y 1 ; 1 1 r ' c r r t  r n o l  u ' t  1 . 0 7 - 1 . 1 1  X  n r o r r o n r t ) r ) .
These ob-servt t iorrs le l rc l  r rs to .suggesf the structure i r r -
r l icatecl  i r r  7 for  th is srrbst l r rce.st  , \s rvas the c: . rse rr- i t  l r
the'  nrethvlevclrperr t t r l ien.r ' l  re l rgent 4,  the e.xchlrrst ,
of  cvcloperr t lc l ierr l ' l  groups betu'een the pherr l ' l  nr ixet l
retgent 7 urrc l  t l ie l 'c loperr tadienl ' lmugrresiunt (3) \ \ . i r ) .
sufficientl-r ' slorv rrt low- temper:.lttrres to permit t lr-
termirr l - r t i , r r  of '  pre-e. \ch&rrge l i fet imes ( l i igtrre , \  r r r r r  I
Tlble IX) arr t i  rates of  exchr i r rge.

As had bec'n the else w' i th the methl . l  pherr l ' l  rerrgerrr
2,  adcl i t i r r r  of  iur  equivalerr t  umoturt  of  magnesiun br,-
mide to the mixed c\-c loper l tacl ienl ' l  re lgents 4 tn T
led to ,solut ions 'u 'ho-*e nmr spectra \ r 'ere consist( , r r r
w' i th the presencc, of  cvcloperr tudien-r ' lnugnesium br. . -
nr ic le l rncl  t : i the'r  nrethl ' l -  , r r  phe'n.r ' lnrrrgrresir tnr  brorrrr ,  i . .
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Ix)  for  the c 'ckrpentadie.v l  protrrs of  th is reu,ger l r
\\ 'r..s shifted dorvrfielcl rvith respect to the corresponding
signl l  for  the dic l 'c l rpentadierry ' l  reugent 3 as would be
e.\pected from the decreuserl shieiding br- the phenl.l
r ing  in  the  mixer l  re r rgent .  A  0 .2 ( i  J1  s r lu t ion  o f  the
mixetl relgent 7 in tetruhl'droful'r"ur \\ 'us frund to be
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mole c/,t

Ether-TIIF
(6. r : : t .1)
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- , \ r r h e n i t r s  p a r l m e t e r c r -

k c a l / m o l e

I . j . 0  r  0 . 6
J

l 0  + t r . t t 0 . {

CoH;] [gC; l ' [ ;  (0 .  l l  )  +  C; l ' l r ] [gC;H;  ( ( ) .0 ; . , )  TFIF-ether
(60: . { { . ) )

Col l ; I tgC; f l i  (0 .11)  +  C;Hr f  IgC' , [ { '  (0 .0 ; - r - t )  *  THF-ether
l l gB r r  (<0 .025 ) "  ( . : ; 1 ) : ' 11 )
'The nlethods used to ctr lctt late [he dl[ l  tabrr lrrted &re presented

adding l IgBr.:(EtaO).: to the preceeci i t tg solt t t i<in l isted in the table;not
(13.5 cps) were observed for the preeeeding sohrt ion ( l /r  = 2.-r sec-t)
(mint 'nntnr ,  va l t te  o f  I  f  r ,  l ( ) r  sec- r ) .

in the Experimental Section. b This solulion w&s prepa,red by'
all of the \[gBr: was soltrble. " \\-hile two well-separated peaks
ai  l i2o,  lddi t ion of  I IgBr,r  resui ted in col lapse to a sharp s inglet
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. T h e m e t h r r t | s l l s c ( l t l ) l ' u l ( ' u h t e t h e d a t I t a b | t l x t , e d l f e P l e s e l l t e d i l l ! h e E I p e r i m e n t c l s e c t i t , | l . b

t : S ( x ) , l 1 _ l s e l l . ! . " T h e s e v r r l r r t ' s r v e r e r l b t : r i l r e d l r 1 ' c l l r ' r r l . r t i r r g t h e l r i t h n r e t i ( : n r e r r l I l ) f v t h l e s : r L t e n r [ ) e r t l l r e s

A snur l le r  ( :on( tont t ' r t t io t t  o t '  t ) r i tg -nc-s i t l l t r  bronr ide \ \ ' t [s

uddec l  to  iL  mi . \ t l t re  o i  c l ic l ' c lo l )er l txd ienv l tnr rg l los i t tm
(3 )  . r r r t l  l l l r t : t r  v lcvc io l lc ' t t tu t l ie r rv lnurgnes i t tn l  (  7)  to  le l r t t

the e f fec t  o f  mi tqn( ]s i t t t t t  l l ronr i t le  o t I  t l ie  n t te  o f  exch l lnge
, r f  cvc lo l l e t r t u t l i cn l ' I  g ro t t ps .  The  t LL t l .  p rese l l t ed  i n

Tu ,b le  IX .  i nd i cu , t e  t hu t  sn tu l l  r t n to t t t t t s  o f  n l r t g l l es i L l n l

b rom ide  i t r c re l r , se  t he  ru te  o i  exchu t t ge  s t l hs t l l n t i l l l i ' .

To  l e r r r r r  t he  l t i nc t i o  o r ( l c f  o f  ono  o i  t he  l f o reme t t -

t ioned e. \ch l lngo pr ( )eesses,  the n l te-s  o f  lnc th \ ' I  gro t tp

exch lnge  be t r vee t t  r t ime t l i v lm l t g r t es i t t n t  r r l l ( l  n te th ) ' l -

cvckrpentar l ic r r l ' lmugl les i t tnr  (4)  \ \ 'e fe  t le terminec l  &t

-severcl concel l tr :r t ions. The relet iott  rvus fott trcl  to be

-cecorrd  ( ) rder  over- l l l ,  f i rs t  r l rder  in  d imeth l ' ln ragnes ium,
lnd f irst order i  rr  methl ' lcvc lopentadienl ' l  milgl lesiLtm.

I ;or  a  b imoleet t l t r r  react io l l .  the 111fg t ) f  exchange of

meth l ' l  g roups is  g iven b1 '

r r te  :  A ' [CI { r } IgCFI , l l  [CIJ ' ] tgC-FI , l  (11) )

C 'or rseqt te t t t  lv

I  7  r cu r r t " c ' r r r ,  :  A ' IC  Hr \  t gC  I { t l

I  / r r . r r . r ro l r r  "  
:  I  A '  / ' 2 )  [C I I r f  I g ( - - ; l  [ . ]

' f l l l le 
X l ists the experinrerrtal vulues nreilsLtrecl for

l / r  tor  the t rvo k i r rds of  meth.r ' l  grortps ut  eech cott-
centnrt ion:  for  conrJl i t r isorr .  t .he eorresponcl ing vulues
for these qLrDrrt i t ies obtained from 20l l  r i r rc l  b b1'set t inq
A :  S00 l / - r  sec-r  i l re also given.33 ' fhe lgreement
betrr'e.err thc tn'o sets of nllmbers is s:.Ltisfactor)'.
These r l te ( l r t ta c le l , r lv  do t tot  sul)port  r I  mechi . ln ism
ior  the  exehur rge  rvh ich  is  zero  order  in  e i ther 'one ( ) f  the

( ; t ; J )  T l r i s  r a l r r e  r r c s  r - r b t a i n e r l  s o m e t v h e i  a r b i t r a r i l y  f r o r r r  t h e  . \ r r h e n i u s

p a r a m e t e r s  o b t a i n e d  b - r '  e x a m i n s l i o n  o f  t h e  t e m p e r a t r l r e  d e p e n d e n c e  o f  a

s o i u t i o n  0 . 0 5 3  1 1  i n  n r e t h ) ' l c I ' e l o p e n t a d i e n l ' l n r a g n e s i r t m  s n t l  0 . 0 2 t i  - l /  i n  d i -

n i e t h l ' l m a g n e s i u r n  ( t h i r r l  e n t r - r ' ,  l ' a l l l e  I ) .  U n c e r t r i n t i e s  i n  t h e  c o n c e n t r a -

r l o n s  o f  t h e s e  s o l u t i o n s ,  t o g e t l r e r  r v r t h  s i g n i f i c u n c  v i r t i a t i o n s  i n  s o l v e o t  c o m -

r , l o s i r i o n s .  r n a k e  i t  r l i f l i e r r l t  t o  c l r o o s e  n  s i n g l e  v a l r t e  f o r  l  s ' l r i c l r  r v o u l r l  f i t  a l l

o t  t h e  s o l r t t i o n s  i t t  l l r i s  t : r ! r l r ' .

25
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3.0 33
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Figure B.-Plot  of  log ( l / r )  as r  funcbion of  l /T for  C' I I , -
\ [gC'H'  (0.22 . l f )  and C;I I ; ] IgC;H'  (0.11 ,11) in ether- tetr t -
hvdrofr tmtr  (6 ' - r :35 b"""  mole %).

componerrts s ince i r r  th is c i rct tmstat tce I / ,  for  the
seeoncl  component rvould be independent of  the eon-
centr i , r t ion of  the f i rst .  Simihr l l - ,  a mechanism thl t
was bimolecular in ei ther contponel l t  would predict
thr t  L/r  for  that  component would depend upon i t . {
o\ \ ' r r  e()ncentrr l t ion ;  t  h is precl ict ion is rglr in not i r r
i lgreemerrt rvith the datr in Table X.

Consideration of both these restl lts alrd the afore-
mentioned retardation of exchange caused by the addi-
t ion of  substances ( i .e. ,  5 rnd 6) rvhich serve as ef fect ive
bidentate donor l igrnds suggest that  the mechanism
i l lustrated in ec1 2l  and 22 is rppl icable to th is metal-
metll exchrlltge process. ,\ ntpicl preequil ibrium in-
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Fiqrrre l) .-Obserwed (C') nnrr spectl '1, for the CI{:}tg protons
of bi. i r i j , l i -r l inrethl ' lbrrty ' l )nragnesirrnr ((). : ]0  ̂ 11) in ether-rerr: I-
hvr i ro f r r r l r r  (s l ) : l l  b_"*  mole c , i )  a . r rd  for  l  n r ix iure  o f  b is ( :J , i i -
r l inrethvlbrr[r ' l )nragnesirrnr (0. i ]0 . ] /)  end dicl 'clopentrrcl ienl ' lmag-
r res i r r n r  i ( ) . 1 . i  . l / )  i u  t t he r - t e t rah l ' d ro f r r r an  (S l : l g  by  mo le  t l ) .

v o l v i t r s ^  r i i - s s o e i : r t i o r r  o f  o r r e  o l ' I l r o l ' e  i ( ) l v e r r t  n ) o l e -
cu les  f r on t  one  ( ) t  t he  ( ) l ' g l no r l l l r g r res i t t t n  c ( )n r J ) ( ) t t l r ( l s
{ l t r es t rn r r r l t l . r -  t } r e  r l ime th t ' lmuq r r t ' s i r r r n )  ex l t l r r i ns  t he '
t ' l I t e  t l cp t ' ess ion , r l t se rvcc l  o l r  : r r k l i n r l  t he  che . l l r , t i ng
l i q l n c l s  l , J - r l i n r e t h o x v e t h r L r r e  u r r d  \ , \ , \ ' , \ ' - t e t n r -
n r c t h v l e t h r - l c n c r l i r r n r i r r e . r {  S i r r t : e  r l e t t i l s , r f  t h e  n l o t h v l
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e.\ch&nge stelt lre rrot knrlrvn in this crr.\e. tve hirve repre-
sented the'exchunge of  methy' l  groups a-s the cust()m:_rr \ -
four-center process 8 proceeding rv i th retent ion of  eon-
f igurat ion.

To ol-r t t i r r  nrore inf ' rnr l t iorr  l l l lorr t  the stereochenr-
istr l -  of  th i - r  ste[) .  \ \ 'e huve e.xunr inecl  mixtrrres oh-
t r inec i  f r ' rn  b is t : ] . : J -c l imeth i ' lbu tv i )mtenes ium (9)  r rnc l
d ic ; 'e iopent r rc l ie r tv lmugr res i r rn r  (3 ) .  I r r  e ther  so l r r t io r r ,
the c l inrethvlhut ' lmugnesium der iva, t ive 9 urrc lergoes l
re lat ivel l -  sIr i rv i r rversiorr  of  eorr f igtrrr t iorr  at  the carbon
&tom lr( l j i rcerr t  t ,  p l i lgt tasirrnr,  r 'e( l r r i r ing u tempenrture
o f  up l l r rx inur te lv  100"  t ,  g ive  ur r  nmr  -s ig r ra i  i r r  * 'h ieh
t l ' re t rvo I ) roton-{  l r t  C-1 hrrve beconre e({uivtr lerr l . rd-*
A quest i r r r  of  i r r tere-st  is  rvhether the rote A'e of  exchlnge
of  d imeth l ' lb r r tv l  r ro r rps  t ronr  one mlgr res i t rn r  u tom t r r
rrnother is nruch laster th ln the rute A; of  conf igunr-
t i r tn l l  i t t vers io t r  ( i .e . ,  l , : "  )  A ' i .  exchonge rv i th  re ten t ion)

( 3 { )  I n  e t l r e r - t e t r a h t - , l r o f r r r a n  m i - r t u r e s ,  \ r ' e  l ) r e s r r r n e  t L a t  t h e  b u l k  o f  t h e
m a g n e s i u m  s p e c i e s  a r e  c o o r r l i n a t e d  l ' i t h  t e t r a i r y d r o f r r r a n  r a t h e r  t h a n  e t l r e r
i n  v i e r v  o f  t h e  f a c t  t h a t  t h e  t e [ r a h y d r o f r r r a n  s o l v a [ e s  a r e  f a v o r e r l  a r  e q u i l i b -
r i u m ;  s e e  O .  . \ .  I I o l l i n s s r r ' r r r t l r .  I i .  \ \ ' .  S r n a l l e ] ' ,  a n r . i  S .  K .  P o d r l e  r ,  I n o r 0 .
C h e n . .  3 ,  J : l ' J  (  l g t j { ) .

i
ltt
I

(6)
\v

(CHr )sCCHzCHz

I
Mg  t23 r

(s r rn rnrur izer l  in  i " igure  U) ,  i t  i s  i rpp l re r r t  tha t  €xc i ru r rg r ,
oi  r l imeth.r ' lbut l ' l  gr()up: j  is  substant ia l l l '  fnster r l r r r r r
the r l t te of  conf igrrr l i t iorur l  inversion. Conseqrrenu\. .
the exchul lge reirct iot t  , rcct l t 's  Jrr int l r r i l - l '  rv i th 1s1911ttorr
o f  con f igur l I io r r .

The l , r rv- temperl ture s l )ectrum observed for the nrr . r -
tu re  o f  9  und l0  cons is ts  o f  t rvo  s imi la r  A ' \ 'X \ ' -
t ) 'pe  mrr l t ip le ts  sep: ] rc ted  br , '  ?5 .E cps .  As  the  rc r r r -
pert l ture is rai . rer i ,  these f i rst  broaden and col l lJ tsc t , r
orre A^. \ 'XX'  spectrum as the ehemicl l -shi f t  d i f feron( ' ( ,
betrveen 9 rnd l0 is averaged bi '  intermolecul l r  t r -
chlnge. then col l l rpse to an ArX, spectrum os inygl 's i . r r
of  conf igurat iot l  at  the CH:f Ig group becomes rulr i r l .
A l though the  conrp lex i t l ' o f  the  I ine  shnpes in  the  in t t ' r -
mecl i l te exch&nge regi()n mi lke detai led rate et lcrr l r r -
t ions di f f icrr l t .  i t  is  c lear th l t  corresponding l ines i r r  the
mult ip lets of  9 rnd l0 e()r l lesee l t  &pproximatel l '  - l ( ) ' .

Hence r t  th is  tempera tL l re ,  the  ra , te  o f  exch&l ) r { { r  , r t
r r l k i ' l  g roup-s  i s  tpprox imt te l l -  57  sec- r .  I , ' ronr  t l re
knorvrr  Arrheni t rs plrranreters fo l  the inversiorr  re:r( , -
t i o r r . { s  t } r c  i t r v e r s i o r r  r t t e  u t  t h i s  t e n r l t e r t t r l r e  c : u r  l r c
es t in r l t c r l  to  hc  l lp l ) rox imi r te I r '  10-3-10- ' r  i ( , ( , -  i .

Corrser l t terr t l . r ' ,  t 'n th i .s etantple,  the ru, tc of  i r rversiorr  , l
conf igt t r l l t ion is s lorver th l ln the r l r te of  e.xchar)gr '  I rv rr
f luc to r  o f  10{ -10 ' i .  Whether  the  re tc t ion  leud inq  r ,
exch iu rge  is  re la ted  to  th l t  leu ,c i i r rg  to  i r rvers ion  is  n , , r
lp ix r re t r t  f r , , rn  the  r rvu i l i rb le  rh r t r r .  Bv  ur ra logv  u ' i r l r
the  exehunge re l rc t io r r  be tn 'een c l imethv ln ragr res i r rn r  r t r r ,  i
nrethl ' lc1 'ekr l tct t t r rc l ienl ' lnraqne's iunr,  the nrte ot '  ( ' \ -
cha t rge  in  e t1  2 i l  i s  p ro l - rab lv  concer r t ru t ion  deper r , i c r r r .
B'n' eo r rt r:rst. Roberts lrrrd Wi t l lrrow'-sk \ '{,{ have obserr. 'r,r i
thal  the r l l te of  inversiotr  of  eot t f igt t rat iorr  o i  l r i . -
(3 ,3 -d imeth l ' lbu t1 ' l )mtgr res iunr  i r r  e ther  i s  iudeper r r l t ' r r t
bo th  o f  i t s  eo t rcent r l t io t t  a t tc l  o f  i t s  methoc l  o f  p re l l r r r t -
t i t . r r r .  ( I r r  t r ) r i r t i cu l i t r ,  th is  d i l l k . r ' lmugnes ium c( ) r r r -
po t rn t l  g r rve  the  sume .J l )ec tn t  i r t ' espcc t ive  o f  'whet l ie l  u
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w:.IS prel) irred frsnr the ct lrresprlndit tg C-ir ignarcl reagell t

bv  prec ip i ta t ior r  o f  mrrg les ium ch lor idc  rv i th  d ioxo l le  or

from the cl iul l t .r ' Imercrlr] '  compouncl bv tr:rnsmetal l t-

t ion. )  I t  r t [ )peurs  poss ib le ,  therefore '  th l t  excha, l tge

Lr,nt l  inversiott  nt l .r '  t l t l tc pltce bv reltct iotrs h: lving cl i i -

fere t t t  l t inet ic  or t lers .

C, rm11rr iso l  o f  the s l tec t ru  o f  i . ' ig t r re  I  rv i th  t l tose

publ ished prev io t ts l r ' { *  ind ic l te  t lu i t  the temperature

dependerrces g l tserved in  both sets  o f  spect r l l  l t re  r lu i te

comJr l ru l> le ' .  Th is  r rgreemel l t  prov ides ldet luate  j r rs t i -

f ica t ior r  for  ( )ur  use of  lLober t 's  i i t rd  Wi tanorvsk i 's

i rc t iv l i t io t t  p l r r lmeters  to  est in ia te  the r t r te  r l f  Ct l t t f ig t t r l -

t ionu l  i t tvers io t t  o f  b is ( :1 , : i - t l in re th1 ' lb t r t1 ' l )magr tes i t tn l

t t  -  l 0 o .

ExPerimental Section 3:'

Preparation of Reagents.-Ethelel l  s, l t t t i r-rt ts t l i  methy' inrag-
I r e s i t r n r  l t r o t t t i t l e .  r l i n r e t l r v l t r r l g t t e s i t t n r  ( f  t ' o t t l  t l i n l e t h l ' l m e r ( : t t r \ ' ) ,

c l i e t h l ' l n t r r g l r e s i t t n t  (  f r o t t t  r l i e t h l - l m e r ' ( f t t r ! ' ) ,  p r h e r t l ' l m a g t t e s i t t t t t

b r o n r i r i e ,  r l i p h e r r - r ' l r r r u g r t e s i t t t r r  ( f  r o t t t  d i p l t e t r v l n t e r ( ' l t r \ ' ) ,  i r t t r l

t t r l g t r e s i t t t t t  l t l r , n r i t l e  ( f r o t t t  e t l t - r ' l e r r e  t l i l r l o l r l i d e l  \ \ ' e l ' e  p l e l l t t l ' e t i

I t s  1 l 1 e v i t , r r t s l 1 '  r l e . t ' r ' i l r e t l  . 2  l i t r t r l t  , , I  t l t e  o r g l t ' t t o t t t l t g t t e . i r t t t t  l ' e l g e r l t :

1 . l s  h l t e r . e r l  t I r ' o r r g l r  l t  ( ] e l i r e  f i I t e l  s t t s l l e r t t l e t l  o t t  r t . i l t l e t ' e t l - g l r t s .

f  t t t t t r e l  i t r t r l  l t  : i t ( ) l ' l l g e  l r r t t ' e t  .  
' l ' l t e  

o t g l t t t o t r r e t i t i l i r :  l e l l g e l l l . \  \ r ' e r e

e i r r . h  s t a r r r l r r r r l i z e ,  l  l r v  l r r r  i r c i t l - l . u t - e  f i t t ' r t l  i o t r .  I r r  r r r i t l i t i o t t ,  r l t t r

l r r e t [ , r ' l  r ' ( . r r g e n t :  \ r ' r ] r ' e  - t l r r r r l l r r r l i z e r l  l l v  t e r t t ' ( i o t t  r v i t ] t  t l  i l t r e r h v l -

l r h e r r v l - i l _ r ' l  c l r l , , r ' i r I e  f o l l o r v e r l  l r t ' g l r "  r ' l t r o t t t r t t o g l l t p l r i r ' : t l t l t l t ' - i . . ] ' t
' f l , " , t t , r , { , , " . i r t t r r  

l r t , r t t t i t l t  \ l ' l I F  I ) t t l i f i ( ' r l  l r v  t e l r e l I l e ( l  I ' ( f ( ' l ' 1 ' s t l l l i z : t -

t i o r r  f l o r r r  e t  l r e r ' - l ) e n z e t r ( )  r n i r t t t t ' e s .  . \ t t  t : t l r t t t ' l r l  . , r l t t t i o t t  o l ' t l t i -

l l r r r . i f i e t t  n u r g r r e s i t r r r r  l r r o r r r i t l e  1 1 ' 1 1 . r  s t  t r r r t l r r t  t l i z e t l  l l v  l t  v o l t t l l l e l  l  l ( '

i t t r , r l - t ' . i .  t l r  l r t  r , t r t i r i e  i t , t t .  I i - r t ' c 1 r t  i t t  t ' e t  r l t i r r  : l r e c i f i c t l  [ ) l  e [ ) r I l  l t -

t i l r r .  r v l r t - . r . e  l , j l r - r r r l t r r  I i , , r l l r k  (  l r i g r u t l t i - g r l t r l e  t r t l t g t t t ' - i t t t t t  t t t l ' t r i t r q -

r v e l e  e t t t l r l o v t r l ,  t l t t t  t r t l r q t r e s i t r t t t  t t l e t l t l  r t . e r l  i t r  t l r i s . t t l t l V  w i u t  t t " e t i

a s  t r r r . r r i r r q . s  l r o r r r  r r  s l t e l i l r l  s i r r r r l r l t r  r , i  t r i l t l v  s r t l r l i n r e t l  n t l g l t e s i t t t t t r !

; l - J I e t h t . l - i i - l r e r r t r r r r 0 l  \ \ ' l r s  l l r . e p t r | e t i  i ! :  p t ' e v i o r t s l Y  t i e s t ' r i l r e t l . ? ' t

I : t [ e ; e l r l  . o l r r t i o r r - , r f  I n e t l t l l l i t l l i t l r r t  r v t ' t ' t t  l l t ' e l r l r t ' e r l  l ' t ' o t t t  r l t e t l t . r ' I

l l r . o u r i r l e  l u r t l  e x r . r , . -  [ i t h i r r n r  i t r  t l t e  t t . t t l t l  r v l r t ' .  . ' \ i t e r  t h e  s o l r t t i o t t -

h r r t l  b e e r r  f i l t e r e t l ,  I l r e r '  \ r ' e r e  : t  u t t r l l r t < l i z e t l  l r v  u t t i t l - l r l r . s e  t i t t ' l t t i o r t ,

l r , , '  r ' e u r . t  i o r r  r v i t  l r  t t i r r r e t  h - r ' l p l r r : r r - t ' l s i i r - l  t ' h l , t l ' i t l e . r ' l  l r t t d  l l , \ '  l ' e l t c t  i o t t

' , r j i t h  
" ' h r . t e r r e  

r l i l l r r , r r r i r I e . e  l ) i c v l l o l . r e t t t u t I t c t t t ' l t r r l r g l l e s i t t t t l  t l ' l t s

p r . e l r i r r . e r l  t . i t l r e r  l r r '  l l t r . s i r r g  : l  t r r i x t r l l g  , r [  ( ' - \ ' ( ' l ( ) l ) e t t l l t t l i e t l e  v l t l ) ( ) t '

a t r t l  t t i t  l ' r r g e t r  o v C t  t t t e t l t I l i t :  t t t l r g t r e s i t t n t  i r r  l t  l t o t  ( ' i ; O - ( i { ) (  ) ' ]

t r r t r e 1 6  , r r  l r y  l r t . l r l i r r g  1 r . r . I 1 , p e r r l l r l i e r r - r . l r r r u g r r g s i t t t t t  l t t ' , r t t t i r l t l  I f  r o t t t

t , - r . r , I r l r e r r t r r r l i e r r e  l r r r r l  e t l r e r e l r l  u r e t l t - r ' l t t u r g t t e s i t t t t t  l r l o t t t i t l e )  t o  r ' r t .

1 7 0 '  ' r r r t l e r  r e d r t r : e t i  [ ) l ' € r : S l l l ' t ]  ( r ' r u .  { ) . 0 ' l  t l t t t t t  i t t  s r t r ' } t  a  r v l t r '  l h u t .

t h e  r i i r , r . r , L r p r e r r t l r r l i e r r . r ' l n u u 4 r r e s i t t t t t  s r t l r l i r t r t t t l  f r o t t t  t h e  l l e ' t t e t l

p r - r r t i r . r r t  r . r t '  t l te  vesse l  . !eh  In  l l l  c iL ' ie .J ,  the  s r r l ve l t t - f ree  d i t rvc io -

fen tad ie l l ' l n t : - tg t tes i t t t l l  w i , r .J  s r r l l l i n red  t tnder  re t l t t t :ec l  p res 's t t re  Icn .

i t t t '  t t t . t t ;  r r l l t ) l  l l r i o r  t o  r t s e .  T l t e  s o I v e t t t s  e t h e r .  t e t r l h l ' d r t t -

f  r r r a n ,  t n r l  l . ' J - < - l i m e t i r o x v e t h a n e  r v e r e  r . i i s t i l l e t t  f  r o n r  l i t h i r r n t

a l r r n r i n r r n r  h - r ' d l i t l e  i m m e r l i u t e l l '  p r i o r  t o  t t s e .  I  ) i s t  i i l e d  e o m m e r c i a l

) i ,  N ,  \ ' ,  \ ' - t  e t r a n r e t  h 1 ' l e t  h 1 ' l e t t e d i u m i t t e  r r l t i  t  r i e t h y l a m i n e  w e r e

e a c h  r e r l i s t i l l e t l  f r o n r  l i t h i r r n i  l l t t t t r i n t t n l  h v d r i d e  i m m e d i a t e l y '

p r i o r  r o  r r s e .  - , \ r r  e t h e r e r r l  s o l r r t i r . , t t  o f  b i s (  i i , i l - t l i r r l e t h v l b r t t f  i ) -

r r l&g l les t r rn r  wrL \  [ ) le l )D l 'e t l  l r - r '  the  l t t l t l i t , io r r  , r t  . l i g ] t t i v  mr ; re  tha t t

I  n i , r l e  e r l r r i v  o t ' t i i o . r a t t e  t ( )  r t l t  e t h e r  s o l t t t i o t t  o f  : i . i - d i r n e t h l ' l -

b t t t y l m l t q t r e s i t r t t t  t ' i r L r t ' i t l e  i o l l , , w ' e t l  l l v  c e t t t r i i r t g l t t i o t t  t o  s e p & r i l t e

t h e  i n s t - r l r t b l e  n r l r q t r e s i t t t t t  s l t l t . .

Reac t ion  o f  the  organometa l l i c  Reagents  w i th  1 ,2 -D ibromo-

e t h a n e . - ' f l t e  r t t s r t l t s  s t t t t t r t l i t l ' i z e r l  i r r  T l l l l l e  I I I  l v e r e  o b t l i r t e d

( : l 5 r  . \ l l  p r e p a r u r i o r r s  e r r r t  t r t t l s f e r s  r ) f  o r g u n ( r n r e t i r l l i c  r e a g e r l t ! ,  r t . e r e  t l t l n e

r r n r l e r  a  n i t r ( ) g e n  l ! t I I l r r s l r l l e r P .  . \ l l  r n e l t i n q  I , ( ) i n t s  l r r e  t : t l r r e c t e t l  a n t l  u l l  b t ' ' i l i n g

u 1 - 1 i n t s  a r e  l r l c ( ) r r e c t e t l .  L ' r t l e s "  1 , 1 t l t e r t t i s e  s t 1 1 l e i l '  l l t u g l l e s l t l t r l  s t t l f A t e  l a s

p r n O l u V p r l  l s  t , l r V t n q  t { e n t .  
' l ' l r e  

i n f r a r e r I  s p e c t r &  \ l e r e  r l c t e r m i n e r l  $ ' i t l r  I

p e r k i n - I , . l n r e r  J l o , l e l  i i J i  i n f r u r e r l  r e c o r r i i n q  s p e c t r o p l r o [ o r n e t e r  f i t t e d  $ ' i t l r  u

g r a t i n u .  T l r e  r r r r r r  s p e c t r c  \ \ ' e r e  r l e t e r n l i n e t . l  a t  f i ( )  \ l c  s ' i t l t  a  I ' A r i a n  ^ \ I o r l e l

. \ - t i u  n n l r  s l ) P c t r r r l t l e t e r ,  e r l r t i p l - r e ' t  r v i t l r  r r '  \ ' - t i 0 - l o  v S r i r l l l e - t e t l l p e r B t r t r e  p r r ) l ) e

r n r l  c o n t r , r l l t : r '  S r r e e l r  t v i r l t l r s  r r e r e  t ; u l i l r r a t e t l  r t s l n g  u  I ( r o i r n - [ l i t e  \ I r ' r r i t ' l

. l i i O  o r c i i l a t o r .  
' l ' l r e  

f r e , l r r e n r . r ' ( ) u t p i l t  0 f  t l r i s  o s c t l l s t o r  r v l s  c l t e c k e r I  p e r t -

u t l i c a l l r .  r r s i r r q  I  l l e r r  l e t t - [ ) t r r : k a r , l  . \ [ u r l e l  5 2 - l ( '  e l e r : t r t r t t i c  r r u t t t t t e r .  C u l i l - r r u -

t i g n , r f  t l l e  t e l l l ) ( . r u t t l r e  ( ' ( ) t l t r ( ) l l e r  l r a s  u c t : o t t t p l i s l r e t t  b 1 ' t n e t s t t r i t l g  l r e A k

s e l r & r : r t 1 ) 1 s  i l l  : t  t t l e l l r : J n o l  r t r  e ( l l v l e t t e  X l t  c , r l  s A t r r l . r l e .  
' l ' l r e  

t t t t t r  l r e U k  p t ) s t t t u n s

u r r :  e . r 1 p r e s s e , l  i r r  r , - r  t : l e s  l r e r  s e t : 9 t t , l  : r b ( , \ ' c  t e l r B r r t e t l l l ' l s i l l n e  : r s  U t t  i t t t e r n s ' l

s t i l n r i a r ( l  o r  i r r  , i  V l r i r t e s  { p A r t s  p e r  r r r i l l t o r l  r e l s t t l  e  l l )  l e t r t r t l l e t l l r ' l s i l U r t e  u s  U r r

i n r e r n a i  { t u n ( l u r r l ) .  [ , ' t t l e s s  o t l t e r r r i s e  I t o t e r l .  a l l  n r u t r s  s p e c t r o  r v e r e  r l e t e r -

r n i n e , i  r r  r t h  l  ( ' l ' i ( '  J I t , r t l e l  I  l -  t ; t { )  l l l i r s s  s [ ) e c I r o t l r e ! e r '

i : f t i  \ \ ' .  . \ .  l l u r l r e r  l t r , l  \ \ ' .  1 , .  . l ' r l l . v  I r t c t r q '  S y n  , 6 ,  I  I  ( l 9 t j ( ) ] '

' f  
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l r ) .  t r e l t i r r g  e t h e r e l l  s r t l t t t i o t t s  r o t t t a i r t i t r g  t h e  o t ' g e t r o m e t a l l i r '

l .e&ge1ts  a ld  a1v  spec i f ied  add i t i ves  rv i t . l t  excess  1 ,2 -d ib rom() -

e t h r r n e  l 1 1 r l  t h e t t  s t i r r i t r g  t h e  s o l t t t i o t t s  [ o t ' t l t e  r e l c t i o l t  l i m e s  a n t l

e t  the  re lc t i< - r r t  temper r t t l l res  spet ' i f ie t l  .  
' l he  

resr r l t ing  so l t t t i t ; l s

w e r e  q l t e l r c h e r l  i r t  l I  k t l ( ) w t t  e x ( : e s s  o i  s t u r t t i l l t t l  l t q t t e o u S  h y d r , l -

r , h k r r i r .  l r . i d .  . \ f  t e r  I  h e s e  m i x t t t t ' e s  l n t r l  l r e e t t  s a t t t r a t e d  w i t h

. o t l i r r r r r  t . h k r t ' i t l e  t t o  i n t p l o v e  t h e  e r r t i  p o i r r l ) ,  t h e l '  w e r e  t i t r o t e ( l

w ' i t h  s t r r r r t i u t ' t i  u t q r t e t t l l s  s ( ) ( l i t t I I t  l t v t ' o x i r l t :  t o  l  l l h e n o p h t h a l e i r r

e r r t l  p o i r r t .  I t r  t : l n e s  n ' l t e t ' e  l t t t i t l t - . i . e ' l  o l '  l l t t '  s t l r t i t t g  O r g l n o -

n r e r u l l i t ' r ' e a g e n t .  i t r t l i r , ' l l t e t i  t l t e  p r e s e l t t ' L ' o t  : o l t l e : r l k < l x i d e ,  t h t :

t i t r a t i o r r  v l l r t e s  l i s t e d  i n  T a l r l e  I I I  u ' e r e  t ' o l l ' € t ' t e d  f o r  t h i s  a d c l i -

t i o n a l  l t a s e  r v h i c h  w a s  I t r e s e l l t .
A  s o i r r t i r . r r r  o f  H t t o r e t t e  i t t  e t h e t ' \ r ' i L -  t r e l t t e ( l  l v i t h  e x c e s s  e t h e r e l l

m e t h ) ' l l i t h i r r n r  t 9  g i v e  r t t t  o l ' c l l g e . o l r l l i o t t  r v h i t ' h  r v a s  0 . 3 9  J I  i r r

t ) - f l r r ( ) r e n v l l i t h i u m  a n d  t ) . 1 ) 7  J /  i r r  n r e t h V l l i t h i r r n r .  T h e  n m l ' s p e ( ' -

t r t rm 1 ; f  th is  s r . r l r r t ion  lu t ' ke t l  i I [ )sorp t  i r . r r r  r t t t r i l t r t tab le  to  t tn i t ln ize t , l

H t t r t r e n e  a n c l  e x h i b i t e t l ,  i r r  l r d d i t i o r i  t r )  p e r l k s  t r f t r i b t r t a b l e  t o  e t h e r '

r r n d  m e r h v l l i t h i r r n r ,  p e a k s  r t t t t ' i b r t r r t b l t '  t o  f l r r o r e n y l l i t h i t t m . 3 i

T h e  s p e . r l r r n r  h 1 s  t , , l ' o  L t r v - f i e l t l  r l , , r t l l l t ' t s  t . /  :  I  c p s  f o r  e a c h

r v i r h  f i r r t h e r  s y l l i t t i l g  i r p p l r e l ) t  [ ) r t l  l l { ) t  t e : o l v e t i )  a t  d  7 . 4 2  ( 2  H ,

r r n d  7 . 1 ) l )  ( ' - l  [ { t  l t t r i l l r r t a b l e  t o  t h e  I  r r r r t i  s  t r t t d  t o  t h e  4  a n d  ' l

I ) r ( ) t o r r s  r , f  t h e ' l ) - H t t o r e t t v l l i t h i t r n r .  I t r  r r , l t l i t i o t r ,  t h e  9 - f l t r o r e n 1 ' l -

i i r l r i , , t , ,  : | ) e g r l ' r r i l r  h u s  r r  p e r r k  r t t  A  . 1 . 5 1  l t  I l  n ' i r h  p e r t i a l l ) '  r e -

: o l v e t l : p l i t t i r r g  ( . /  <  I  , . 1 t s t ,  C ' r - l l  , r l r , l  r r r r r l t i l l l e t s  c e n t e r e d  1 1 t

,  ( i . 1 ) S  r l  I I r  r r r r r l  t i . t i  ( ' l  I l t  r t t t t ' i b r t t l l r l c  l , r  l l t e  p t ' o t o n s  l t  p o s i t i t , , t t s

: .  ; i ,  t ; ,  r s r t l  7 .  
' [ ' t r e  

l r t t t e r  t t t t t l t i l r l t ' t . .  e r t r l t  o l  r v h i l h  h u s  t h e  g r g s -

I r l ) [ ) e t y ' t y t ( . r ' o i  i t  I  r i l l l e t  o i  c l o . e l l ' : l ) r t (  e ( i  r l o r t l r l t ' t - ,  l l p l ) e & l ' t o  r e s r t l l

l r ' ( , I I l  ( ' ( ) l t l l l i r r g  ( ' o l t t r t l l l l t  v l t l t t e s  o t  \ . 1 ) ,  l i . ' l  ,  : r t r t l  1 ( l  .  I  ( : p S .

P r e p a r a t i o n  o f  t h e  M e t h y l m a g n e s i u n r  A l k o x i d e s . - T h e  m e t h v l -

t r r r r t { p r . , : i p p t  r r l k o x i t l e  s i r t t t l l l e s  l t ' l t o : t '  1 1 1 1 1 1  ' l ) r ' r ' t l i r  i l f e  s t t t l r n r a t ' i z e t l

i r r ' l ' l l r l e  V  r v e r t ' o l r t r r i r r e r I  l r v  l r l , i i r r g  t l r t ' i t t t l i l l t l e t l  l t n l t t t l l t t s , l '

l l ' e : h l ] - r i i s t i l l t : r l  : i t n l l ) l e > , r i  l i - t t t r . t 1 1 l ' l - : i - 1 r t ' r r t : t l t o l ,  l j - p e r t t l n o t r e .

r ) 1 .  l - t r r e r l t - r ' I r . - r ' r . l s l t e x l t t r , r l  l s  e t l r e r '  . , r l t t l l , , t t -  1 , ,  s o l t t t i t l t t s  r l f  t l i -

n r e r l r y l t r t r r g t t e . i t t t t t  i r r  t - ' i l h t l t '  e l  l t t r '  ( ) r '  t ' l l t t ' t - t e t r t h l ' d r r l f r t t ' l r r l

r r r i x t r r l e : .  
' l ' , r  

u l r t l r i t t  l l t t '  r l i ( . i - r r r c t l l l  l - . i - 1 r t ' r r t ( ) \ \ ' ) n ) t r g l l e s i t t l t r

: l ! 1 r l ) l ( )  e r r r l - r l o v r : r l ,  l r  s o l r t t i o t t  o l ' i i . ( i  t r r t r t , , l t ' - . t  r l i r r r t l t l t v l n u g n e s i r t t r r

r r r  I O  r r r l  o f  c t l r t - , r '  \ v t t s  l l ( ' i . I t c t l  s l l t  c t ' : : l v t l r -  * ' t t l t  t r v t l  t ) . i 3 7 - g  ( l ) . t i

r r r n r r , [ e r  I ) ( ) r ' l i , , r r - , , i  i i - t r t e l [ 1 1 ' [ - i i - 1 t t ' r r t l r l t l i .  . \ l t l r o r r g h  r r l l  t h e  m l t -

r r r  i r r l  r . c n t r r i r r e r l  i r r  . o I t t t i o t r  l r l ' t e l  t l r r .  r t r l , I i t i , r r r  , , I  t h e  f i t ' s t  n l o l t '

r . r l r r i v l r l e r r t  , r f  t l r e  l e l ' t i l t l ' \ ' r t l t ' , , i t , , 1 .  : r r i r l i t 1 , 1 1 1  o I  t l t e  s e C o n d  n r o l t :

, : , i r r i v : t l e r r r  i ' c . r r t t e t l  i t t  t l t r l  s e l l l t t ' l t t i , t t  r , l  : r  r v i t i t e  s r l l i d  w ' h i c h  r v r u *

i r r . o l r r l l l e  i t r  e t l r c t ' l t t r t l  i t r  t e l  t ' l l t v r l l r ) l r l l i t l r .  \ \ ' l r e r r  l 0  m l  o f  r l t l

e t l r s r . : l i r r t i l r r  r . o r r t u i r r i r r q  r L r r  r r r l , l i t t , ' t u t l  l i . t i  t r t r t t ' l e s  o f  d i m e t h . r ' l -

t r r l r t { l r e - i t r r r r  \ r ' i r . s  l t t l d t ' r l  t o  t l t i s : l l : l ) ( ' t t : l r , l r : t t l ( i  t l t e  I t t i x t r l r o  $ ' i t :

: t 1 ' l ' B t i  l ! t  l ' ( ) ( ) l t t  l e r t l l ) e l ' l t l t l e ,  l h t ' r v l l i l t ' : o l i r [  - l , , l v l - r ' r ' e d i s S t l l V e r i .

. \ t ' t t ' r . - 1 , \  h r .  l r  t . l g l r l  s r , l r r l i , ) n  \ r ' l r . \  . l r l r t i t r e t l  r v i r l r  I l t e  t t t t t r  l r l l s o r p t i o r r

i r r r i i t ' u t e t l  i r r ' f r r l r l e  \ - .

, \ . 1 [ r r t i ( ) l l  [ ) t e l ) l r r ( ] ( l  f l ' ( ) r n  i i . ( i  t r r t t r , , l t ' . , , l , l i r r r e t l t v l n r a g l l e s i l l r l l

I r r r c i  l | . ( i  r r r r r r g l e s  o i  j . i - r r r e t l n ' [ - i i - l t e r r l r t t t , , l  i l t  t l )  r r r l  r l f  e t h e r  r v l t s

t r . e 1 1 t e r i  q . i t h  l ( )  r n l  o [  l r n  e t h e r s o l t t t i , r t r  l r r t t t t r i t t i t t g  l r  k l x ) l v n  & m o l l l l t

, , f  t ' t r l r r e t t e  (  l u s  i t l t  i t r t e t ' r r l l  s t r r t r d a t ' r i l  l r l t t l  e x t ' e s .  t l i n t e t h l ' l p h e n v i -

, ' h l o r . o s i l t r r e .  A t t e l  t h e  t ' e l t ' t i o t t  I I l i \ t r l l ' e  l t a t i  b e e t l  s t i r r e d  f o r  l {

i r r ' ,  i t  r v u s  l t v t l t o l v z e ' t l  r v i t h  s u t r t r a t t ' r l .  : t ( [ r t e t ) r l r  i I r r l m o l l i t t m  r : h 1 , , -

l i r l e  l r r t l  a t r a l - v ' z e < l  l r . r '  g l t s  t ' l I l ' o n t t t o g t ' l r l r h r ' . s  T h e  c a l c r t l a t e t l

r r r n ( ) l u r ( s  o f  j j - n r e t h ] ' l - i j - l l e r r t l r r o I  a t r t l  p h e r r v l t t ' i n t e t h l ' l s i l a n e  ( f r o t t t

n l e t h y l r n 1 1 g t t e s i r t n t  g l ' ( ) l l [ ) s  ) e ' t  r v e l ' e  , i . 1 i  l r r l r l  i i . . - r  n r n r o l e s '  f e s p e ( ] -

t  i ve l - r ' .

D e t e r m i n a t i o n  o f  M o l e c u l a r  w e i g h t s . ' r e - > r r r r p l e s  o f  m e t h v l -

r , - r -c ioper  r  t  r r t l  ie t  rv  lnu tg t tes i t  r  t r t  ( ,  +  r  r t  t t r  I  1 l  l l e r  r  v ic l ' t l i ope I I  tad ienv  l -

n r a g r r e - i r r r r r  ( 7 )  r v e r e  r l i : . r o l v e t l  i r r  t e t t l t l t r - r l t ' o f  r t l ' l l t l  t l l l d  i l l i q t t r t t s

, r t  t h e - * e  s o l r r t i o r r s  w e l e  h \ ' ( l r o I r ' z e t i  r r r r r i  t i t t l r t t t t l  [ o t ' t o t a l  b a s e  t r r

t l e t e r n r i r r e  t h e  r o r r t ' e t t t t ' l t t i t t t t  o l  l l l e  r l l ' g l t l l o r l l e t & l l i c  s r l l t t t i r - r t r s .

T h e  9 r ' g l r t t o r l l e t i l l l i ( ' s o l t r t i o t t s  r v e t ' t :  l r l l t t ' e r l  i t r  o t t e  & l ' m  ( ) f  1 1 I !  i . ' , -

t h e r n r l l  t l i s t i I l t t i o r r  l I p [ ) t t . l ' l l t l t s  (  S t i e r l t r f i r '  (  i l l t . - .  A p p a r a t t t s  C t r . ,

I r r r . . ,  I l L r o n r f i e l t l  .  N .  , l  . ;  u r r t i  t e t  n r i i \ - ( l l ' o t t t t ' l t t t  s o l t l t i o r t s  c o n t & i r r -

i r r g  k r r ,  ) \ \ - l r  ( . ( ) l l ( ' e t t t  r l t i o t t s  o i  l l h e t r r r t r t l t l e t t t :  \ \ ' e l ' e  p l a ( ' e d  i r l  t h e

: 8 ( : o l r ( 1  r l f n r  o t  t h e  t t p l ) i t l ' l t t l t s .  I t t  t l l t , ' l I  t ' l i - e ,  t l l e  & p p a r 1 1 t t t :

c o r r 5 . 1 i r r i r r g  t h e  : 9 i r t t i 9 r r . s  \ \ ' t l . i  r l e q l t - : e t l  l r i '  , ' 9 , r l i t t g  t o  - 5 0 ' .

e v l t c t t i l t i l r g ,  l t t t ( l  l ' e \ \ ' l t l ' n ] i t l g  f ( )  l ' o r ) n ]  l e t l l [ ) e l l l t t t r e .  A f t e r  t h t l

t l e g u > s i r r q ' 1 r . , , , , " . .  h u d  l t e e r r  r e p e l r t e t i  t u ' o  l t r - l t l i t i o r l o l  t i m e s ,  t h ( '

- r ' s t e n r  w l . s  r : o ( ) l e r l  t ( )  - \ ' (  ) o ,  e v l t ' t t u t e t i ,  . - e l t l e t t  .  l t l t d  t h e t t  a l l r r v e r l

t o  e r l t r i l i i r r u t e  l I l  { 0 o  r t r r t i l  t l t e  v o l r t t r r e  o l ' : o l t r t i o t t  i r r  e a c h  & r n l  ( ' l

t h e  t t p J - r a r l f r t s  t ' t ' t t t i r i t t e t l  ( . o t t s t l l r t l .  . \ t  l e r t . i t .  t $ ' o  t l e t e r t n i t r l t i t t r r -

2+9:j

{ : t 7 )  . 1 .  . \ .  l ) i x , r t r ,  [ ' .  . \ .  (  l r v i t t t t e r ,  u t r r l  I )  (

l : l ; 1 )  (  l 9 t i . - ) ) .

( : l U )  - \  g u s  t ' l t r t t t t t u l o & r u l r l t v  c o l t r t t t t t  p l t t  k e ' l  r r i t l r  ( ' u r l t u r v s x  J 0  ) l '  s r r ' -

l , e n t l e ( l  u r t  ( ' l r r o t r t o s , r . 1 ,  l )  r t a s  e t t t l r l o v e t l  f ' r r  r i ' i '  r t t r l r : i '

( : r 1 ) )  T l r e  g e n e r l l  l ) f ( ) c e ( l u r e  e r r r l r l r r \ . e , i  i s , l e s c r i l r e r i  l r r ' . \ .  s t e l e r t t r a r k .

" Q r t a n t r t a t i v e  ( ) r r l a t t i t '  J l i c r o a r r l r i v s i s  "  l l l e k i s t ' r r t  (  
" 1  

\ e r y  Y o r k '  N  \ '

1 9 5 1 ,  p r r  ! ' , 1 ' 2 - 2 u 7 .
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S o l v e n t ,  n o l e  ,  
,

THF

TI lF -e rhe r  ( 92 :S )

TFlF-ether  (60:40r

THF-ether (. :rg:- l  l  r

Ether-TFIF (65: ; l . i  r

r c

r ' _ r ' r ' l ope r r tu r l i en l ' l c l r i t i no l .  rn l )  l 2 ' . 1 -1J6"  ( l i t . r z  123" ) ,  ru r ( l  , l r -
pher r . r ' l f r r l ve l re .  n t l )  ,S? -S2 . , - r "  t l i t . {3  ,q : l o ) ,  $ .e l .e  o l l t a ined  f  ron r  \ [ , , -
) i e i l  [ , t l r r ) r . i r t ( ) l . i es .  ^ \  _so l r r t i o r r  o f  . - r l . l )  n rg  (0 . : ] s {  mo le )  o i  b r r r z , ,_
; l he t to t te ,  { r . i l  I t rg  o f  l l he t t l t r r t l t t ' ene  (  i rn  i r r t e rn l l  s ta r tda r . r r  r ,  i u r { t
I . l i J  n t l t t o l e s , r i  t n e t h v l r ' - r ' r ' L r p t ' r r t l t l i e n t ' l r r r l g n e s i r r n r  i n  . ' r { }  p r l , , r
t e t t ' l t l i v r l r r r l l t l ' r t t t  l r t t r l  l 0  rn l  o l  t t t he r  u ' l t s  s t i r re r l  & t  l ' ( x )n t  t en l [ ) ( , l l r -
t t r r e  f o r ' \  h r ' .  A i t e r  r h e  l ' e : r c t i o r r  r r r i r r r r l e  h l r d  b e e n  h r - r i r . o l r - z r , , i
u ' i t l t  r t t r  J ( l r l ( , ( ) r t :  . r , l u t i u l r  r  l ) l [  \ '  , ) l  l u n t n { } l l i i r  l t t t l  , , u t n t , , , , i , , , , ,
l h lo r i r l e ,  t  he  o t ' g l t r r i c  l l t ve r  \ \ ' l s  s ( f  l ) l u  i r t o (1 ,  ( . ( )n t l l i l ed  r r . i t  l r  r  i r , .
e t h L ' l '  e \ l  t l r c t  o f  t l t e  l t r l r t e o r r :  l ) l l l r : ( ' ,  r r r r d  l o n r : e n t l ' & t . e ( l  .  - \  : , , l r t -
t i o t r  o f  t i r c  r e s i t l n e  i r r  l 0  r r r l  o t  l r e r r z e r r e  t . o n t l r i r t i t r g  l )  r r r g  r , 1  , . 7 -
t o l t t e t t e - s t r l l , r t r i t ' l t t ' i t l  r v l t s  t ' e i l r t x r . r l  i ' o r  i  n r i r r  u r r r l  t h e r r  r v u s l t e t l  u . r r l r
r r ( [ i l r ' ( ) i l s  - , , r l i u l t r  l l i c l r r l l o t u r l r , ,  r l r i r . t l ,  r r r r r l  i u r r l t ' z e d  l t v  g r . s , , l r r . , , -
n t l r t ogn rp i i \ ' . 3 t , { r  ' f  l r e  ra l l r r l l r t c t i  - r ' i c I l s  o I  l r rod r t c t s  (  i n  , r ' r l e r .  , , r
i t t . r e l - . i r r g  r e t e n t i . r r  r i n r e r  \ ! ' ( , 1 ' ( , , l i j l l r c r r v l e t l i - v l e r r e  ( 1 0 . ' i  r ,  l r . r r r , , -
p i te t t , r t t e  r  l ' - - ,  )  ,  r t r r r i  r i i l l l r e r r v l i r r l ve r re  ( ( i , \ /  ;  ) .  ( i o l l ec ted rE  : r rn t f  r l t . :
o f  f  l t e  t r vo  o le f i t t s  r ve t ' e  i t l c ' t r t i f i e t l  n ' i t l r  r r r r the r r t i c  samp les  l ) - \ ' r . r , r r r -
l . l r r i su t t  , r I  i r r t ' r ' l r re r l  s l . rec t  t  u .

P re i l a ra t i on  o f  Pheny lcvc lopen tad ieny lmagnes ium (  7 t . - , \ t  t , , r
' ) . { 0  r r r r n o l t :  o i  r . l i J r h e r r _ r ' l r n u q r r r s i r r r r r  i r r  J . ( }  n t l  , r f  e t h e r . ,  l . l r r
r t l l t t o les  , , f  r l i r ' _v ' r ' L r1 - re r r t l r r l i t - ' r r v l r r r r r r { r res i r rn r  i r r  , 1  . l  n r l  , r i  e t  l r . r . ,
l r r t t l  J .o  t t t l  , r i  t e t t ' l l t v t l t ' o f r t t ' l r r r  l r r r t l  l r t : e r r  rn i xe t i  a r r r l  < : t - x r l e r l  l o  t t '
i t r  l r r r  i c e  l l r r t h ,  t h e  u r i x e r l  r e : t q r n t  7 , , r ' ) ' t t r r l l i z e t l  u s  w h i t e  r r e e t l l , . -' f  

he  s r t l )e t ' l n t t l t t t t  I i r l u i r l  r vu . '  t ' t , r r r , r ve t l  u r r t l  t i r e  res i r i r t r l  p ro r i r r ,  ,
$ ' l r . s  r e ( ' l ' ] ' : t l l l i z e t i  f r , , r n  : r  t n l . \ t u l ' e  o t  e t h e r . ( . r  r t r l )  u n t l  t e t r a i r t . t l r , , -
I r t t ' t t t t  (  l  n t l r .  

' f  
l r e  I ' es t t l t i t r q  l r ' , r ' s t l r l l i ne  l l l o< l r t c l  r v l r . s  r v l l she r i  r v r r  l i

e the r  an t l  r i r i e t l  r r r r r l e r  re ( lu ( .e ( i  [ ) l ' es . . i l t r c  r l ) . ( ) . j  r r rm)  i l t ,  r ( x ]n ]  r l r rL ,
J )en r tn t ' e  fo r ' ?  h r .  

' f he  
rn i xe r i  t ' e l rgen t  7  tu  i t s  d i te t rahy -d f ( ) t i l r . r r i

s o l v l r t e  l n r o r u r t e t l  t o  l . 2 J U  g  ( s 2 ' ; ) .  ' f h e  
n r u g n e s i u n r  ( , ( ) n t ( , r r '

was  de te rn r ined  as  p rev io r rs l - r '  r l es r , r . i be r i .
. l r u t l .  C r l c d  i o r  C r r i { r o } I g ( C 1 i l 3 0 t r :  l l g ,  7 . 8 3 .  F , r r r r l i :

\ I g , 7 . . - t ! ) , 7 . 7 9 .
A t tempte r i  s r rb l ime t io r r  o f  phen- r ' i cvck rpen tad ieny lmagne5 i r  r  r r  r

d i te t rahv r l ro f r r rana te  res t r l t ed  in  r l e .oml tos i t i r rn :  nmr  spe( , t r l r , ) r
the sLrbl intu, te ant l  the residrre inr l ic l l tet i  thar,  d ic-r 'c lopentadierrr . i -
n rag r res i r rm s r rb l i n red .  l e t r v i r rg  $  r ' e . - s i r i r re  w i th  i n tense  nmr  s iq r r r r i .
ior  pheny' lnragnesir rnr  species lnr l  t  rvelk s ignal  for  l  ( . - \ . r ,1, -
pen te t l i en , r ' l n ragnes iun r  spe t ' i es .  A  so I r r t i on  o f  th i s  p ro r i r r r , r  l r ]
l , ' ) -d in re th r rxve thane  exh ib i t s  nmr  n r r r l t i p le t s  i n  the  reg ro r r -  i
t i . 7 - 7 . 6  ( , ,  t I ,  p h e n v l  C - H t ,  : i . ; - { . 0  t t e t r a h l ' d r o f u r e n  a  ( ' - l l
l r r r r rds  r v i th  so l ven t .  l bso rp t ion  s r rpe r in rpo -sgd) ,  l nd  1 . , - r -2 . { )  ( s  I I
t e t r rh t ' d ro f r r ra r r  6  L ' -H  l t o r rd .s t  r v i t h  l  s ing ie t  a [  6 .17  ( ;  I  I
r ' , r ' r ' l open tad ien l ' l  C -F I ) .  The  e t l ec t  o f  adc l i t i ves  on  the  r , r - r , i , , -
pe r r tad ie r rv l  . s iq r r r r l  i s  - . r r r r rn r r r r i ze t l  i r r  

' f ab le  
\ I .

The Nmr spectra of Ethvlmagnesium and Neopentylmagnesiurrr
Der i v l r t i ves  . -A t t  e the r  so l t  t  t  i o r r  o f  neoJ ten tv ln ragnes i r rn t  ch lo  r i r  i , ,
\ .1 ' r .J  preplu 'er i  b1 '  reuct ion of  r ler) l )en[ \ ' l  r , ] r lor i r le wi th magnesirr r r r  .  ,

l i ea t r i on  o i  t l t i s  ( i r i ena rd  l ' e l rgen t  r r ' i t h  n re rc t r r i e  ch l r t r i de  rL r r r l
s t tbse r l t t e t t t  re t l t t c t i on  , r i  t he  neo l . l en tv l rne r r : r r r i r :  r : h l r t r i de  r r  r :  i r

( ' t ? )  ( . ' .  ( - - ' o r r r t o t ,  - l n n .  C h t m . .  { .  3 t i  { 1 9 1 5 ) .

r . { ; l )  J .  T l r i e l e .  B e r . . 3 3 ,  r i t i r i  r l 9 { X ) ) .

l { ' t )  S r r i r a b l e  e { ) n I r o l  e x p e r i r n e n t s  l ' i t l r  a u t h e n t i c  s a r n p l e s  e s t a b l i . r i r e , ]  r  i , r '

d i p i r e n - v l c y ' c l t i p e n t a d i e n , i ' l c a r b i n o l  n ' l s  d e h l ' r - l r a t e r l  t o  r l i p h e n l ' l f u l r . e n e  l r , .

t l i i s  p r o r . e r i t r r e .  f . ' a l i h r r t r o n  f a c r o r s  f o r  t l r e  g e s  r ; l r r o r n a t o g r a p i r i c  a n J l r . . i .
\ \ . e r e  t r l ) t a i l l e , i  l r , r ' s t t b j e c r i t t q  k t r r r r v t r  r n r x t . l l r e s  o f  l r l r ' , , l r o l s  t o  t l r i s  d e l r ] ' r - l r a t r , r r L

l l r ( r t  e ( l l t  r e  o l t , l  s u  l t s e r  l r t e t r  t  i t t t l l  \  . r " .

t  l j )  t r )  l ' .  ( ' .  \ \ ' l r i t r r r , r r e  u n , l  l t .  S .  ( l e o r r < e ,  J .  . l n t .  ( , ' h t n t .  S u c . ,  6 4 ,  l : . ; ' ,
t l l t { l , l ) ;  ( I t )  l l .  T i n m e r .  I .  l l r r . i r e n i r i e r k r r r . r .  O .  . \ .  I { o r n i r e r s .  a n d  l l .  D l n z r .
. l  ( ) r q ,  C h e m . . 2 9 ,  ' l f i ; t l  ' 1 l ) t t . l ) .

V o l .  ; l -

\ ( ; \ -  E$ t  u l l

C l remica l  sh i f t  do* .n f ie ld  f  ro rn
rn terna l  T f  IS  (banr l  * . r r l t l r  a r

h a l f - l r e i q h t , d  c p s

36(i
: ] 65 . ; '
366
:164.  ;
;i65

: ; ( i t j .  ;  ( ;1 .8) ,  3 . : r2 .5  (4 .  r i r
: t { i 6  (  I  . 0 ) ,  3 -18  (1 .0  r

; i l i ; . ;  ( 0 .7 )

; i 67  ( ; 1 .2  ) ,  3 ;2  (3 .  I  )
r , ' f he  ehemica i sh i f t  f o r  a  t ) . l t )  . 1 /

i17..-t".  " \ot t l l  of the magne,. irrrrr

'  I : t  c l - -es n 'here no band width at  hal f -height  is  speci f ied,  the vnhre is  rpprrx i l r r r r te l r '1 r ,ps
: , , i t l t i r i n  o f  d i c l ' c l r t pe t t tad ienv lmt rgnes i r rm in  e lhe r - te r rahvdro f r r r : rn  (70 : ; i { i  i r l -  m , r l e  f . ;  i s  ; ] ; t
br ,  rm i i ie  wes - .ohrble.

' ' r ' e re  done  io r  each  ( ) r ' gun ( )meta l l i c  reagen t  s t r rd ied .  Fo r .  0 .1 l i
r r . t i  ( ) . ( )SE?  l1  s r l l t t t i ons  o f  me th , r ' l cvc l tpen tad ien l ' lm lg r res iu r l
{ ,  i r r  t e t r r rhvc l ro i r r r l r r ,  t he  mo le , . r i l a r l  r ve igh t  r * l ' r e . .  f o r rnd  rve re

i  I I  l n t i  107 ,  respe< : t i ve l l ' .  These  ve l r res  co r re . . . [ )on r l  t q  I . ( )7  a l r l
l . r t : J  t i n res  the  rno le r t r l l r  r ve igh r  o i  t he  n l ( ) r ron re r . .  Se l r r t i . , ns  6 i
l r i r en_ r ' l cv r ,L rpen tu r l i e r r r ' lmogne-s i r rn r  (7 )  ( ( ) . l t j  . l 1 r  i r r  t e t r . r rhv r l ro_
i r t r l r t t  g l t ve  l t t o le t ' t t l l r  r ve igh r  vu l r res  o f  i i l l ?  l n r l  i i { i ,  t , o r r .esp t l r t r l i r rg
f  )  l . ( ) 7  : r r r t l  l . l  l  t i n r e s  f  h e  l n o l e t : r r l r r r  n ' e i g h t  o f  t h e  s o l v r t e t i
r l l ( ) l l ( )n le l ' .  I ' l t he r  so l r t t i o r t s  o f  t l i t t t e thv ln r : rg r res i r rn r  r r r rd  me t [ - r ' l -
: r rugnes i run . . ; -p11r th ) ' l - i i - l t e r r t r l x i r l e  \ \ ' e r .e  p re l - ) r r re r l ,  s r l p r l a r t l i zg t l ,
: t n t i  e< l r t i l i l l r l t e t l  r v i t h  s t i r t r r l l r r l  e the reu l  so l r r t  i o r r s  , r f  L lhen : rn th r t : r re
i r - r '  r1 ' ;s  , r f  t l te p l t 'ev i r l r t .s l t '  t lesct ' i l le t i  1)r ' , rcet l r r r r - ,5.  I i r  ht i r .err l  ,sgl r r t . igrrs
, , i  t  l r e  n r e t  h v l n r r r g r r e s i t r n r  u l k r x i < l e  (  ( ) . 1  l l  . l /  )  g r r v e  n r o l e c r r l l r r .
r v t . , i gh t  v l l r res  o f  i jT f i  l r r r l  {0J  ( ,o t ' l . es [ ) ( )n ( l i r rg  t r r . ] . t i l )  l r rd  2 .$ { i
: i n t e s  t i t e  v l l l t t e  i o t ' t l t t :  t I l ( ) r r o r r r c r .  I i t h e r e r r l  s r r l r r t i o r r s  o i  d i n r e t i r _ r . l -
t t t r t t 4 t tes i t t n r  ( ( ) . l i i  . l /  )  g r r ve  t r ro lec r r l r r r  we igh t  v r r l r res  o f  [ i , j . l j  a r r r i
t i l ) . 5  r :o r res l l on t l i r rg  to  l . ' ) ( )  r r r r r - l  L l s  t i n res  the  v t l r re '  f r l r  t he
nl(  )  non)et '  .

P repara t ion  o f  Me thy lcyc lopen tad ieny tmagnes ium i  4  ) . - s r r l r r -
t i o t t s  o f  i i . 21 )  n r rn t t l cs  o f  r l i cv rL rpe r r t r r t l i e r r v l l r r rg r res i r rn r  i n  7 . { )  r r r l
, f  e rh r t t '  r r r r< l  : j . : J I  t t t t t ro les  o i  r l i r ne thv l r ru rgn t - ' s i r rn r  i r r  { . l j  n r l  e t
e t i re r  were  n r i xe r l .  

' l ' he  
rn i . re t l  l ' e l rg ( fn t  l reg l r r r  t o  se l ru r , : r t e  us

rv l t i t e  t t ee t l l es  u ln tos t  i l t t t ne r l i i l t e l . r ' .  I t t c r  t he  r r r i x t r r r .e  i u r r l  l t ee r r
, , , , r l e t l  I o  l ) o ,  t l t e  s r t l ; e t ' t u l t l u r t  l i r l i r i r l  \ v l r s  t ( ] r n r ] v ( f ( l  \ v i f  i r  l r  s t . r i r r g t ,
I t t r , l  t l t e , ' t ' ] ' s t l t l l i t t e  n r i xe r . i  re l rge l r t  l ' l s  r l ' l r . shed  w ' i t h  tn 'o  l r , r r t i , r r r s( ) l  e t l t e l ' r t t t r i  t h e t t  r i t ' i e t , l  r t r r r l e r  r e t i r r t : e t l  I l r e s s u l . e  ( ( ) . ( ) i  n r r l r  i r t
r ) ( ) rn  fe tnper r r r l r r ( - '  r o  l t ) l r ve  { ( i 7 . , \  n tg  ( ( j l . i  , ' i  )  o i  t he  r , r r . s t l l l i ne
n r i xc 'd  re rgen t  4 .  . - \  t e t rah l ' c i ro f r r ran  so l r r t i o r r  o i  t h i . s  mr r te r . i r i l
h r s  n r n .  s i n g l e t s  l t  6 . - r . , \ ;  ( i . , J . p s  c l r r v n f i e l r l  f r ' r .  T l t s , . j  I I .
r ' , r ' r : l , pen tad ien l ' l  [ ; r r t r . , . s )  a r rd  -? .12  ( I2T  cps  r rp f i e l t l  f r rn r
T I IS ,  3  F I  ,  me th ' i  p ro t ' ns ) .  The  max im, , *  

"un . "n t ra t i , n  
r i

e the r  wh i r :h  co r r l d  have  l l ee r r  p l ' esen t  i n  th i s  so l r r t i on  co r r l d  l l e
r l e te rm ine r i  f ro r r r  i n teg ra t ion  o f  the  nmr  spec t l . r rm  to  be  less  th ln
( ) . ( ) j l  mo le ,  mo le  o f  m ixed  reagen t .  The  compor rnd  was  sub l imed
rut  l00o (( ) .0,- ,  mmt.  \ \ 'e ighed sanrples of  the re l igent  rvere dis-
so lved  in  re t rehvdro f r r ran ,  hy 'd ro l1 ' zed  w i th  aq r re r r , ' i  h1 'd .o .h lo r i c
rc id .  ne r r t ra l i zed ,  rnd  t i r ra ted  rv i th  the  d i sod i r rm sa i t , r f  e thv lene-
d iamine te t raace t i c  ac id  fo r  magnes i r rn r  con ten l . ro

- l n u l .  C r l c d  f o r  C c l l r ] I g :  ] [ g ,  ! 3 . 2 1 ) .  F o r r n d :  ] I g , 2 2 . 1 i 0 ;
J t . , i 6 .

A sanrple , f  the nr i .xed .e lgent  4 rvhich had been srrb l inret l  inr '
the sorrrce of  l  c l ic  - \ Iodel  2I- [0 mi lJs spectronreter  grve
molect t lut '  ion pelks * t  mie t0. l  ant l  l ; - r . l  corresporrding to" the
mixed  reugen t  4  u r rd  to  r i i r , v r . l open tad ien l ' l nugnes i r rm (3 ) , r .
Throtrghorr t  l  ser ies of  scrns,  the rn /e L:- t l  peak rerneinet i  s i .x  to
seven t intes a.s intense l t .s  the nr , ie I01 pelk.  The spectnlnt  &ls,r
exh i l r i t ed  eb r rnd r r r t  f ra ,gmen I  peaks  uL  r r t , i e ,3g  (c r i i r ] [ g+ )  an t l
- l {  ( \ [g ' t .  [er :h , f  the aforenrent ic-r 'er , l  perrks ,ur . ,  

" . . , r -prniet ib - r ' i so tope  pe rks  co r respond ing  ro  the  l { ) ! l  5 } [g  end  l l {  r011 .
i so topes  p resen t ,  i r r  mugnes i l rn r .

Reaction of Methylcyclopentadienylmagnesium with Benzo-
phe t rone . -An  l r r then t i r :  san rp le , f  l , l - d iphen) ' i e th&no l  [wh i te
needles i ronr a benzerre-petr( ) lerrm ether (  t rp ; i t ) -60" )  mixtr r re:  mp
7 s . , - r - 7 9 . 5 "  ( l i t . { t , \ 0 . - H ( ) . - l o ) l  w u s o b t a i r r e d f r o m r e l t : t i ' n o f  t r e n z r i -
l ) h e n ( ) n e  w i t h  r r r e t l r l ' l l i t h i t r n r .  A r r t h e r r t i r .  s i r r n J ; l e s  o t  t i i p h e n l . l -
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hydrazir re i r r  ur l r ret- r r r .s  sodi turr  hydroxide l f forded.  r r f ter  r l is t i l lu-
t ion,  d ineolrerr tv lnrercru ' \ ' tB us a gl i lss l 'sol id,  mp i lS- i lS. ' - 'o  ( l i t . ' t6( l

mp l l l ) ' . - { (1") .
. {  m i . r t t r re  o f  {6 .6  g  ( { ) .1 {  n r t - r i e )  o f  d i r re t . , pe r r t y l r r re rc r r r v ,  7 . i 10

g  ( { ) . ; 30  g -a t ( ) r t r )  o f  m tg r res i r rm t r r rn i l t gs ,  r Jg  d r< tps  o f  n te ta l l i c
merer l r \ ' ,  - l (X)  ln l  of  ether ' .  lnd l0()  ml  of  tetra l rvt i rofr r r ln wius
heatet l  r t r r r - ier  ref l t t .x  rv i th st i r r ing.  

' [ ' t re 
extenI  of  re l r : t i r ) r r  w&s

fol lored b-r '  t rmr lnd gl i  chromuhrgrrphic r r rur lvs is. r ;  . t  react ion
per iod of  { ( )  r lavs lvas ler l r r i ret l  to c()nsl l lne:r l l  the di r reoperr tv l -
magnesi t tnr .  T l te solr r t i r )n was f i l teret l  throtrgh Cel l i te on s int ,ered
girt^ss and solvent wirs rernoved, first al rrtmospheric pressrrre and
then t tnder redt tced pressuLe (7,- ) - f i ; '  (0.3 mm)).  The residLre
was  d i sso lved  in  100  m l  o f  d r1 'e the r  anc l  f i l t e red  th ro r rgh  Ce l l i t e
t - r t t  s intered glass inro i t  s torage brrret .  The t i t lac ion data for  th is
so l t t t i on  i s  g i ven  in  Tab le  X I I .  A l te lne t i ve l v ,  d ineoJ ren t - r - l -

' f . r s r .u  
\ l I

Coscps'rn. \TtoNs . rNn N: l rn SppcrHr or '
Nur.- lpexrr-L l r . \cNESIUrr  Rg.rcnsrs IN ErHER Sor,urros

( l o n c n  { t i t r a -  C o n c n  ( g a s

t i o n  f o r  t o t a l  c h r o m a t o -  C l r e r n i r : a l

l r a s e  c o n t e n t  g r a p l r i c  s l r i f t  u p n e i , l

a f t e r  t l e t e r m i n a t i o n  f r o r n

l r r - r l r o l l ' s i s ) ,  o f  n o e p e n t r ' l  i n t c r n n l

R e a s e n t  - l l  l r r o n r i r l t  ) ,  . l /  
- I ' J I S . ' '  

c r r s

t C I { , r h C j C t I : } l g C l  2 . 0 6  ? . 1 1  1 5
[ (C I I , ) 3OCI [ : I : \ [C '  { )  ; } t  r )  ' ] +  J l t , ,
[ (CHr ) , : ( ]C i l I : 1 : \ [ g r  ( ) . 1 ) ; - r  ( ] . t i l  ' l ( l  ;

' '  Th i s  co l r r n t r r  l i s t s  t l r e  p , r s i t i o r r  o f  t hc  pe l r k  f r l r  t h t ' n re t l r v l c r re
g l ' o r l l )  r t t l j : r ce t t t  t o  t t u tg t res i t t r t t .  I r r  l r l t l i t i o r r  e l r r .h  s l )e ( , t l ' nn r  h l l s  r r
p e o k  c o . 7 ( )  c l l s  t L r r v r t f i e l t l  f r o l r r  i t t t e r r r r r l  T \ [ S  r l i t r i ] r r r t t l r l c  t o  t h e
C-n re th , r ' l  g ro l t l ) s , , f  t l r e  t reo l te r r t t ' l  l ' r . r rgen t .  6 ' f h i . s  so l r r t i u r r  r v l t . s
p repare t l  l l 1 '  t he  l r re t ' i l r i h r t  i o r r  o f  t  he  n r lg r res i r r r r r  ch l , r r i r l e - r l i ox l r re
compiex f rotn r t t t  et l tererr l  sol t t t io t r  of  t teoperr t , l ' ln tugnesir r rn , 'h l , r -
r i r l e .  The  r :o t r cen t l ' c , t i o I r  o f  res id r t l l  t u l i r l e  i on  in  th i s  so l r r t ro r r  w l r s
( ) . ( )?  . l / .  "  A r r  l t l r l i t i on r l  peuk  rvus  p resen t  r r I  r rn .  13  r ' 1 t s  r vh i r .h
mly '  l re r l r re to r [  l leoper] tv lmtrgnesir rm r lkr lx ide.  

- fhe 
re l r r t , ive

intensi l r '  , r f  th is peuk rvas enhlncecl  when l j - rnethvl- i i -perr t r r r ro l
r vas  ld r l c r l  t o  the  o rgun( )n re t l l l i c  so l r r t i o r r .  d  Th is  s r ) l r r t i o r r  r v r r s
preplr rer l  f  ronr r l  i r rcoperr  t r ' ln tererrrv.

n r l g n e s i t r n l  r ! ' i r ) , r l r t u , i r r e t i  l r - r ' r r d r l i r r g  s l i g l r t l . r ' n r o r e  t h u r r  I  c . t l r r i v
o I  r l i ox l r t t e  to  e the reu l  t t eo l l e r r t y ' l r nag r res i r r r r r  ch lo r i r l e  r r r rd  se l r : r ru t -
i t rg  m: rg t res i t t n r  s t l  t s  l l v  t ' e r r r r i f t t gu t . i o r r .  T l re  to t l l  co r rce r r t r l r t i o r r

Tnn CHsTt ISTRy ot '  CARBAf{ Io^ \ "s .  XI I I

Typic l l  val t tes for  tota i  t ) iu le r :ot t ret t [ rat iot r  and
of neopenty lmagnesir tm species l l re summrr ized

249;

COnCenI r&t l (  ) t I

in  Table  XI I

R e a g e n t s  ( c o n c n ,

m o  l e s z ' 1 .  )

(CHTCH ' ) " t r 1g  { { ) . 7 i )

t  CI { rCH:)z} tg  (0 .  - t - t )
TC I ITCH: ) : \ I g  ( 0  7 ; )  +

(C, iH. ) r I lg  (0 .  76)
(CI ITCI{ : )x \ Ig  (0 .  -1 : l  )
{ C I I 3 C I I r ) 3 \ t s  ( 0 . 4 : J )  +

c I { , , L i  ( 0 .4 ; l ) b
T C I I T C I I : ) : \ l g  ( 0 .  + +  )  +

C I { l l l gB r  i 0 . { - l )
r  c ' I l r L ' l l r ) 1 \ t g  (0 . , - r l i  )  *

CI I , , l  I  sCI I l  (0 .  . : ) : i  )

l L rng  w i th  the  nmr  da ta  fo r  these  reage t t t s .
Becarrse of  the &pp&rer) t  presence of  e lkoxide imptt r i t ies,  the

rrmr sper; t ra of  these reegent.J were not  i t tvest igated f r t r ther.
Table \ I I I  srrmmrr izelJ nmr nler lsr l rement.s obtained wi th r
r l umber  o f  so l r r t i ons  con ta in i t r s  r . l i e thy lmagnes i t tm .

' f . r s r ,E  
\ I I I

Nrrr t  Specrn. . \  oF \ [ rxrrnes Co.. t t -uNtNc

DtnrHyt ,nt , \cNESIUlr  IN ETHEIT - \oLUTIoN

Chemical
up f ie ld  f rom

T } I S . A

sh i f  t
in te rna l
e p s

37
4 2 . 5
, ) l  . . )

. ) r )

. r0 .5
e 1

-13 5" (methylat
90 5 cps)

: )5r  (methy l  a t
71)  cDS)

; iS  rms thy l  s6

78 r 'ps)
' '  I r r  l l l  ( : r rses i r t  tor l rn tc ' rnpenl t rue,  the nmr s ignal  for  t l tc

n r t - ' t h r - l ene  po r l i r l r r  o i  t he  e rhv l rn r rq r res i l t n r  g r ( ) l l p  eppeared  l l [ ) -

l r rox i l r t l r t e l v  t r s  l l  ( l na r te t ,  t , , I  =  S  ( ' [ ) i ) ,  ( ] e l l t e red  l I  t he  pos i t i , , rL
i r r r l i c r r te t l .  "  The  e the reu l  so l t t t , i o t t s  o i  r r re thv l l i t h i r rm con t& ine ( l
r r r r  e t l r r i n r o l r r r  q r r r r r r t i I r ' o i  l i t h i r r r r t  l l r , r n t i , l e .  ' T h e  v l l t t e s  r e p o r t e r l
i o r  the  rne th l ' l ene  g r ( ) r r l )  o f  e thv l l i t  h i r tn r  i n  e the r  so lu t i on  &re  6 { )  ' '

r r r t l  t i ( i  r : ps :  T .  L .  B ro rv t t ,  l t .  L .  ( l e r t t t s ,  D .  A .  B l f t t s ,  an , l
. 1 .  . \ .  I r r r l d , , [ .  - l n .  C h e m .  S o r ' . ,  8 6 , ' ] l : 1 . 1  ( 1 1 ) 6 { ) ,  o n d  r e f  s ( i .
' i  ' l 'he 

vr l r re re l tor tet l  for  the t t tet l t - r ' ler te gror t [ )  of  ethyimagnesi t t l r r
l l r on r i r l e  i r r  e the r  so l t t t i o t r  i s  {  l  cJ rs . : i '  r "

Kinet ic  Studies.-The rutes r . , i  e. r r : l tar tge oi  methyl  grorrp-
l re t r veen  rn l rgno t i ( ' i r l l - r ' n r . r r re rq r r i v l r l t ' r r t  pos i t i o t r s  r ve re  ob ta i t red  b r '
con rp r r i r rg  the  w i t l t hs  l r r r l  1 l t ' t k :e [ ) r l l ' l ] t i ons  r r f  t he  o l l se t - r ' e t l
e . xch lnge- l r t ' o i r t l e t red  sJ )e ( ' t t ' i r  w ' i t l r  t i t e  l o t ' res l r , r r r t l i t r g  po rDn le te rs

fo r  spe< ' f  r l r  c l r l c t t l l t ed  t t s i t rg  e t1  ' { . re  s { )  [ l e re ,  c . rn \  l t nd  o0B { I re  the

T e m p ,
O C

q.)O

_ : l {

-iJir

-i:lit
_;l+

, ) :
' 7 , ) ! )

a ,  t , )

l r -  t l 'ar , t  -  cu )  -

[ (o )  :  I l e

, r f  ba^se in neopeniv lmagrresir rnr  chlor i t ie  anr i  in d inarpent l ' l -
mognesiunr was r ietermit red l lv  hvdrol l 's is  lnd srrbser l r renb acid-
base  t i t ra t i o r r .  I n  add i t i on ,  the  r :oncen t r l t , i on  o f  neopen ty l -
magnesi t tm species w&s me$srrred b-v adding u s l ight ,  excess of
b romi r re  tu  u  co id .  s t i r red  a l i q r ro t ,  o f  t he  o rq l , l l ometa l l i c  so l r r t i on
r :on ta in ing  l  kno rv r r  &mor rn t  o f  t o l r rene  (as  r rn  i n te rna l  s tandard ) .
The al iqr tot  wls c l t tenchet l  in ur l r reotrs anrrrroni t rnr  chlor ide sol t r -
t ion and e. \cess bromirre wus renloved by react iorr  rv i th sodi t rnr
snl f i te.  \ :apr l r  phue chronr l tographir :  anl lys isrE wus entplo l 'ed
to deternr i r re the anrr l r r r r I  of  r reopentv lbromide rvhich ( . ( ) r re-
sponded to the concentr : , r t ion of  neopenlv lnr t rgnesir rm species.
An  a r r then t ie  samp le  o f  r reo l ren tv lb ron r ide  [bp  lO i - l { ) t i o ,  n : so
1 .4 ; i 7 ,1 ;  l i t . { { t b  bp  t0 -1 .3 '  (7112  mm) ,  n$D l . - l : t 701  wrs  p rep ru .ed
bv  l l r on r in l t i o r r  o f  neopen tv ln re r r : r r l i c  r :h lo r i t l e .16b  Con t ro l  ex -
per imetr ts indicated that  the sol t t t ion.s d id nrr t  cot) t r r in a lkoxides
r l f  neopent l ' l  a l t 'ohol .  The solr r t i t lns obtainer i  f rom nalpentv l -
mtgnes i t r rn  ch lo r ide  u , l so  con ta i r re t l  2 ,? , i . 5 - te t r i l n re thv lhex lne .

( { t j )  ( a )  l l .  ( i i l r n r n  r r n r l  C .  l . ' .  \ \ ' r i s l r t ,  . I  . ; l n t . .  C h e m . 5 o , . . , 6 6 , ; J ; } O J  ( l 9 i l : J ) :

( b )  l ' .  ( ' .  \ \ . l r i t r r r u r e ,  D .  L .  \ l ' i t t l e .  a r r t l  I l .  R .  H a r r i n r { r n ,  t D i . / . , 5 1 ,  1 . 1 8 . 1  ( 1 9 : J 1 } ) ;

( c )  l - .  ( ' .  \ \ ' l r i t t t r o r e  r r n r l  D .  R o l r r n r a n n .  i h i , l . , 6 1 ,  l : r 9  I  t ' 1 9 ; ] 9 ) :  ( r l )  R .  C r i e q e e ,

P .  D i r n r o r l r ,  { r r r r l  R .  S c l r e n r p f ,  C h e n .  B e r . , 9 0 ,  1 3 3 7  ( 1 9 5 7 ) .

( { 7 )  ' \  s u s  t ' l t r r ) t r t a t o ( n r t r h  f i t t e d  \ r ' i t h  o  t l a m c  i o n i z a t i o n  t l e t e c t o r  a n r l  u
, ' o l u m n  p r r c k e r l  r v i t l r  i ( ' / o  . S l : 1 3 ( )  s i l i c o n e  { u r n  i n s l ) p t t r l e r l o n  C l r r o m , r g r r b  P  r r ' a s

e t n p l o l ' e r l  f r r r  t l r i s  a t t a l . r ' s i s .
( - 1 8 )  . \  g a s  r : l r r o r r t t r t o l 1 r * p i r ] ' c o l r r t r r n  p c c k e t l  r v i t . l r  I J o r v  ( - ' o r n i n g  N o .  7 1 0

: i l i c o n e  o i l  r r t s J r e n r l e r l  . r n  b a . * e - r v a s l r e r l  C h r o t n o s o r h  I )  r t ' g , s  e r r r J r l o l e r l  f o r  t h i s

r t t r l l  r i s .

l _ _  x
' l ' ' t '  ( l  -  X r r r r  ( I  -  x ) r n I |-'ll

*l L' llI
7 R

-,",I
l . )  |

' t  t t  r  I
- L t u n  -  @ t  -  

I "  
-

chemical  shi f ts  ( rat l ians [ )er  se(] ( )n( i )  chl rar : ter iz ing the two s i te.
involved in the exch&nge, I . : . {  r r t td 7 ' . ,8 are the re laxat ion l ims.r , r i
t he  p ro tons  a [  these  s i tes  i n  the  t i r sence  o f  exchang€ ,  X  i s  the
f rac t i on  o f  the  meth l - l  g ronps  occ t t l ; - r ' i t t q  s i t e  B ,  and  ra  i s  the  meen
pre -exchurge  l i f e t ime  fo r  the  Ine th ] ' i  g r ( ) t l ps  a t  s i t e  B .  1 (c^ , '  i .
the re lat ive intensi t l '  o f  the s| ; . . ro1pt i r t r t  spectr t tm ab the f reqt tencv
<.r  r r r rd 1 le indicates thet  r t t t [ r ' the t 'e l l  pert  o i  the expressiot t  i t r
brrckets is  consideret i .  Spectra l  cal t r t t i i r t ions \yere carr ied or t r
on an IBl t  70$.1 comprt ter  tnd sDectr& \Yere plot ted t ts ing r t

Cl lcomp plot ter ' .  Severul  r : r 'c les t t f  contpt t ' isr tn of  observed and
calr : r r lated speetr& rvet 'e t ts t ta l l l '  rer l r r i ret l  to aehieve a sat is factorr '
f i t .

l / r ; o y 1 ) r i ( ' r f  j  :  I C H , ] t g C I { l l - t  e . x p (  -  E a / R T )  ( f . ] ,

The k inet ic  order of  the exr:h l t tge proces-{  rvas establ ished orr l r '
for  the exchutrge of  nreth-r ' l  gr( ) l t [ )s  betn 'een dimethyimagnesir tnt
anc l  c1 ' c lopen t ld ien l ' lme th l ' l n rugnes i t tm  in  e the r -THF so l t t t i , r n
(Tab le  X )  .  A r rhen i r t s  p [ r ra t l l e te rs  to r  th i . s  re l c t i on  were  ob ta i t t e i i
f rorn i r  le lusl -sqrrares f i l  , r f  the tentpet ' i t t l t re dependence of  the

( { 1 r )  ( u )  . \ . . \ l ) r u : { u r r r ,  " ' l ' h e  P r i r r c i p l e ' , r f  N t t c l e a r  } [ u g n c t i r n r , "  
' f i , .

( ' f  u r e n r l r r n  l , r c s s .  ( ) x f o r r i .  1 9 6 1 ,  C h a r r t e r  l 0 :  r l . r )  R .  K r r b o ,  . V u o o o  C i n e n t , ,

S u p p l . . 6 ,  l O ( i : t  ( 1 g 5 7 ) :  ( c )  R .  . \ .  S u r : k ,  - l l o l .  P h r t . s . '  l ,  l t ' 3  ( 1 9 5 8 ) .

( 5 0 )  . \ . . \ l l e r l r r r r t l .  I I .  S .  C i r r r r . r t * k r '  I .  l ' t r u s  i t r r ( l  R . . \ .  J l e i n z e r ,  ' I " ! ' n

C h e  m .  . J u c . . 6 E  : i l S i r  (  1 9 6 6 ) .
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exchsnge retes to eq 25.  For each of  the other exehange re-
act ions (Trbles VI I I  and \ ) ,  i t  wBs a^ssumed that  the exc[ange
was f i rs t  order in eech component and on cnalogorrs k inet ic
t reatmeni  n 'as eppl ied.  This assumpt ion concerning the k inet ic
otder clesrl-r' he-s n,r infltrence on the values of. E" reported in
these tables;  i t  does however inf luenee the valr res of  , t .  Con-
seqrrent l r ' ,  the valr res of  . - t  for  e.xchange react ions in solut ions
con ta in ing  D l l t r  r ) r  t e r r&methy ie thy lened iamine  m igh t  be  in
ermr b-r '  .vrme fector  re lated to the concentrat ions and exponents
ln eq 2. i :  th is factor  shorr ld not  e.xceed l0r .  At tempts to obtain
3c' . r ! '3r lon psrsmeters for  exchange of  methylcyclopentadienyl-
msgne;ium and dicy.clopentadienylmagnesium yielded an Ar-

rhenius plot  wi th a posi t ive curyalure.  The reason for  rh is
behavior  was not  invest igated.

Registry No.-CH3)[gBr, 75-16-1 ; CHr]IgI.  917-
64-6; (CHr)2lIg, 2999-7{-8; CH3Li, 917-5+-+; (CH3):-
Hg, 593-7+-8 ; LiBr, 7550-35-8; )[gBr2, 7789-18--] :
CHrltgOC(CHr)(CHrCH.r):,  13132-19-9; [(CH,CH:).:-
C(CH')O lrtrIs, 13132-20-2 ; (CHrlIgO) (CHr)-1,1-C6II,,,
13132-21-3; PhlIgBr, 100-58-3; Ph2\[g, 555-i{--};
(CrH;)rFe, 102-5-l-5; 9, -1-1{i9-61-8; (CH,),CCHzftsc'1.
13132-23-5; (CHr):Ug, 557-18-6.
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