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The Configurational Stability of Primary Grignard
Reagentst

,Jir.'
The rr.ru.r. spectrum of the rnethylene hydrogens oi

l l , jJ-dimethvlbutylmagnesium chloride: in diethyl ether

(cHJ3CCHfH2MgCt ((CHJ3CCH2CH z)zMq

l r ig .  l . - - -N.rn.r .  spectra o i  the -Ci I , -Mg protons of  3,3-
r l imethl ' lbut1 ' l  Gr ignard reagent and bis-(3,3-dimethylbuty l ) -

magnesium in c l ieth l - l  ether solut ion as a funct ion of  tempera-

ture.

(1)  Supported in  par t  b : -  the g5ss of  Ni rva l  Research and The Nat ional

Science Foundat ion.

( : l )  In  th is  paper ,  the solvated organometal l ic  compound prepared f rom

: t , : 3 - r l i m e t h l ' l b u t y l  c h l o r i d e  a n < l  m a g n e s i u m  * ' i l l  b e  c a l l e d  : 3 , 3 - d i m e t h y l b u t y l -
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Fig.  ! . -N.rn.r .  spectra of  the C.I1:r - \ {g 1:rotons of  2-phenl , l_
j j -meth-r ' lbut1 ' l  Gr ignard reagent in tetrahl 'drc i furan solut ion as
rr  f t rnct i . '  c i f  temperature.  onr l -  four of  e ight  theoret ical  l ines
f . r  t i re AB part  of  t i re spectrrm have suf f ic ient  intensi t r -  to be
,  rbserver l  .

solution gllggr from an AgX..r-type spectrum at +BBo
to an AA'XX'- type at  -5f t . r  ( f ig.  t ) .  The observa_
tion of two distinlt vicinal coupri"ng constants at lo*.
tenrperatures indicates that in.r'ersion of confiruration
at the -CHr-It{g center is slow on the n.m.r. t ir ie scale,
and^strongll '  suggests that the popuiations of the three
conformat ions ( I - I I I )  are not iqual

c (cH3)3

H

H MgCi Cllvig

MgCl  H
I I I

theappeara'ce of .  the spectru ' r ;  we ,( ,w report  fur ther
evidence supporting this suggestion

Ten of the tlvel'e the.retical l ines f.r the A 1_rart oian AA'xx '  spectrumc can be ident i f iecr in- i t .  lu*,-
temperature.spectr" it Fig r. The r,2 ancl lr,4 transi-
tions. are easilf iclentif ied 

-on 
the .basjs of inie-nsity ard

posi t ion as the strong outer l ines in these rp." i io;  their
separat ion is equal  to the-sum of the two vic inal  cou-
pling constants J 4 -7' .n On th.e reasonable assumptiorr
that the trans and gauclze coupling constant., j,.rr'.1 /r,
have the same respective varues for each conformatiorr
(I--III), the separation of the outer l ines for i shoura be(J, .* Jr), while the corresponciing separation for a
r1p.i{lf intercon'erting mixture of II ona Itt would be'/r(J, + 3Jr). Therelore, if the averaging of coupling
constants observed in the high-ternperature spectri is f
consequence o[ chan.qes in coniormational populations,
the separation of the outer l ines rvould be'expected tc,
change appreciabll '  r,r ' i th temperature.; Experimen-
tally, no such temperature 'ariation is .bservecl-the
separation of the outer i ines of the Grignarcl reagent
changes onlr ' - f rom lE.2 to rs.-r  c.p.s.  ovei the tempera-
ture range of Fig. . i ; the corresponding separation of
the- dialkl ' lmagnesiurn. compound r.*oins unchangecl
at 18.0 c-p:s. we belie'e these data are incompatilble
with _ significant ternperature-depenclent variation in
populat ions of  the conformat ions.

The n.m.r. spectrum of the methylene group of 2-
phenl' l-3-rnethl' lbutvlmagnesium chloride aiso rho*r,
temperature 'ariation suggesting changes in rate of
inversio '  (Fig.  2) .  in th iJ.os. , - the in"version at  the.-CHL-\ Ig center is s lo* '  even at  +6( io and the rwo
r 'eth1' lene. proto 's .  are nragnet ical lv ' 'n-equi 'a lent
due t. their J;roxinrit l t. a center oi nrolecular as'm-
metrl ' .\ As the ter'perature is increased, the rate of
in l 'ers io '  increases unt i l  at  about + 120o the ABX sDec-
trum co) lapses to a.  A1X spectrurn.e rhe rates Lnd
thermodl'namic parameters for the l)rocesses which
result in the sirnplif icatio:r.of spectra oi these Grignard
reagents rvil l  be discussed in iater pirl)ers.

( ( i . ,  J .  A .  l , o p l c ,  \ \ ' .  C .  S c h n e i d c r . n t l  I i  J .  B e r u s t e i r , , . l l i g h  l t e s o l u t i o n
N u c l e a r  t r l : r g n e t i c  I t e s o n u n c c , '  \ l c G r l n r  H i l l  B o o k  C o . ,  1 r r g . ,  N e w  y o r k
N .  \ ' . ,  l f l i r l l  ,  C h a J r t e r  t i .

( 7 )  ' l ' h i s  
w o u l d  l l t  t r r r c  o u l 1  .  o f  c o u r s r .  i :  J  r  i ,  s u b s t a r r t i a l l y  6 i f f e r e n t  f r o n r

/ 9  b u t  t h i s  m u s t  b e  s ,  i n  t r r e  p r e s e n t  c a s e  b e c l u s e . t h e r r r i s e  t b e  r o w - t e m p e r a
t u r e  s l ) e c t r u n ]  c ( ) u l d  o n l v  l t r  t , f  t h e  A : \ :  r 1 - u r

( 8 )  ( ;  \ l  \ \ ' h i t e s i d e s ,  F .  K a p l . n ,  K  \ a r l a r ; r j a .  a n t l  - l  .  I J .  R o b e r t s
I ' r o c .  . \ - a t !  . r l c o r l .  . ! r ; . .  4 8 ,  I  I  l 2  ( t g { i ] ] . , ,  a n t i  r e f  e r e n c e s  t h e r e i n .

( 0 )  I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  o b s e r r a t i o r r . f  a n  A : - t y p e s p e c t r u m  f o r
t h e  n r e t h l ' l e n e  p r o t o n s  o f  ! - y r h e r r l , l p r o p - v l a : a E n e s i u n r  l t r o m i d e  i n d i c a t e s  t h a t
t h i s  G r i g n a r c l  r e : r g e o t  i s  i n ' e r t i n g  r a J r i d i ' , -  a r  r o o l n  t e m p e r a t u r e ;  c i .  G
F r a e n k e l ,  D .  ( 1 .  . { ' d a m s  a n c l  - J .  \ \ ' i l l i a m s .  A t , i r r a c r s . f  p a p e r s ,  l . l 3 r d  N a t i o n a l
N ' I e e t i n g  . f  t h e  A m e r i c r r r  C h e m r c a l  S , c i e r r . .  I _ . s  A n g e l e s ,  C a l i f . ,  A p r i l .
l 9 i i . 3 , 1 r ' ' 1  N I .  \ \ ' e  h a ' e  e x a r n i n e c r  t h c  s p e c l r u m . f  t h i s  c . r n p < - r u n d  a n < l  o f  b i s
( 2 - p h e n ; , ' l p r o p l ' l r - m a g n e s i u m  a t  - 7 J "  a n d  r r n d  t h a t  t h e  m e t h y l e n e  p r o r o r :
a r e  s t i l i  m a g n e t i c a l l l '  e c l u i v a l e n t ,  a l t h < _ r u g b  i n v e r s i o n  i n  t h e  l a t t e r  c o m p o u n d
i s  v e r - " -  p r . b a b l l ' s l ' r v  a t  t h i s  t e m p e r a t u r r  \ \ ' e  b e l i e ' e ,  t h e r e f o r e  t h a t  n r r
c o n c l u s i o n s  c a n  b e  d r a * ' n  a b . u t  t h e  r a t e  ( , :  i n ' e r s i o n  r i f  t h i s  G r i g r r a r d  r e
a g e n t  f r o m  i t s  n . m . r .  s p e c t r u m

CoxrRrBurror*  \o.  2g7f  ( ,Eonr;r :  NI  .  WSITESTDES
Gare s axo CRel l rx Lasonrt .uRrt 's  FRBo Kaplax

op CuonrsrRt '  - forrx l ) .  RoaeRrs
Cel tponxra I -xsr t rurp op TectrN{JLoG\
PRseonxn, C.c, l . r ronxta
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The a'eraged vicinal coupling co'stants observeci at
roonr temperature might be the result of either rapid
in'ersion of con-figuration at the carbon carrying ihe
magnesium (such inversion interchanging the relative
1t'sit ions of the h'drogens at the olcoi'bon of I, II
arc l  I I I )  or  e lse a chanse- in popurat ions of  the conforma-
t ions.  Incursion of  a Schienk equi l ibr ium,a eq. 1,  at

2 t tMgX:+  t< , l f g . \ , I g \1?>  R , , l i g  *  X {gX ,  (1 . ,

the.higher temperature clearl.r '  is'ot resporsible for thc
'ariation in the spectra, because tis'-(::,;_limethvl_
b-ut1'l)-magnesiumt lhorvs spectrar behar-lor simiiar'to
that of  the Grignard reagent 1Eig.  t ; .

\\;e ha'e pret'iousl.v suggestedl, that changes in the
rate of in'ersion were reiponsible for the ciranses i '
m a g n e s i u m  c h l o r i d e .  F o r  r e c e n t  d i s c u s s i . n s  o f  t h e  s t r u c t u r e  < - r f  G r i g n a r d
r e a g e n t s ,  s e e  E .  C .  A s h b y  a n d  \ l : .  E .  B e c k e r ,  J .  A m .  C h e n t .  S o c . ,  g 6 ,  l l g
( l 9 O l f  r  :  G .  E .  S t u c k v  a n d  I t .  E .  I t u n d t e ,  i b ; d . ,  g 5 ,  1 0 0 g  ( l 9 0 3 i ,  a n d  r e f e r e n c e s
t h e r e i n .

(3)  -T.  D.  I {ober ts ,  paper  J) resented at  the s; rmposium on High- I tesolut ion
N u c l e a r  I \ I a g n e t i c  R e s o n a n c e ,  B o u l d e r ,  C o l o r a d o ,  J u l 1 .  3 ,  l r J 6 2 .

( 4 )  r I .  s  K h a r a s c h  a n d  o .  R e i n m u t h ,  " G r i g n a r d  R e a c t i o n s  o f  N o n -
m e t a l l i c  S u b s t a n c e s , "  p r e n t i c e - H a l l  I n c . ,  N e r v  y o r k ,  N .  \ ' . ,  l g 5 - l ,  p p
I  0 + - 1 0 9 .

(5)  Prepared f rom the Gr ignard reagent  by prec ip i ta t ing the magnesiunr
c h l o r i d e  n ' i t h  a n  e x c e s s  o f  d i o x a n . {

c (cH3)3
Q (C  H . ) ,
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