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Abstract: The thermal dccomposition of neophyl(tri-rr-butylphosphine)copper(l) (3) in elhersol.rt ion at tempera-
rures belueen 30 and l2j" takes pllce in large part by a free-radical mechanism. The inirial hontoll ' t ic scission of
thc c{rbon copper o bond is follclvcd by cornpering 1,2-phenyl migration. coupling, anci hydrogen abstraction
reacrions involving rhe resulring ncophyl radicals. The products obtaincd from thermtrl decomposition of nrixtures
of 3 and r.r 'r-bur),I(rri-a-butylphosphine)copper(l) undcr comparable conditions indicate that benz)ldimethyl-
carbiny l(rritFb urylph osph ine )coppcr( l) ( 12) is nor an inrermediate in thc reaction sequence lcading to the dimeric
products 1,4-dipheny l-2.:,4-trinrethylpcntane (10) and I ,J-diphenyl-2,2,3.3-tetramelhr-lbutanc (l l). Comparison
of rhe producr disrribu(ions observed from rhe thermal decomposition of 3 with th:rt from ncophyl(tri-/t-butyl-
phosphinc)silver( t) indicales th{t thcse $vo organometall ic reagents probabll shate ir common decomposition
mechanrsm.

I  p rev ious  paper  l tas  p rc 'Scntc -d  c l ' i c lencc  tha t  thc
/ -L  the ' rn ra l  d r - .corn  pr ls i t io r t  o f  r r -b t r ty l ( t r i - ru -bu tv l -
p h o s p h i n c ) c o p p e r ( l )  t o  / t - b L t t a n e .  l - b r r t e r t c .  c o p p c ' r
n r c t a l .  h v d r o g e n .  a n d  t . r i - r r - b u t r ' l p h o s p h i n e  t a k e s  p l a c e
p r e d o m i n a n t l v  b y  a  n o n r a c l i c a l  p o t h \ \  a v ,  i n v o l v i n q
i n i t i l l  c l i n r i n a t i o r t  o f  c o p p e  r ( l )  h y d r i c l c  f ' r o n r  t h e  r r - b L r t v l
s r ( ) L r p  o t '  o n e  / r - b u t V l c o p p c r ( l )  n r o i e t y ' ,  f o l l o w ' e d  b y  r c -
d u c t i o n  o f  t h c  c a r b o n - c o p p e r ( l )  b o n d  o f  a  s e c o n d  b y
t h i s  c o p p e r ( l )  h v t l r i d c . r ;  I n  a n  e f f o r t  t o  e s t a b l i s h
\ \ 'hc ther  th is  mcchan ism prov ides  i l  pa thwav fo r  the
t h e r m a l  d e c o m p t t s i t i o n  o f  a l k y l c o p p e r  r e a g e n t s  w h i c h  i s
un ique ly  favored energet ica l l y ,  o r  i f  i t  i s  s imp ly  one o f
scvc- ro l  mechan isn ' l s  tv i th  comparab lc  ac t iva t ion  energ ies
lo r  the  ra te -dc ' tc rmin ing  s tep  whose rc la t i ve  i rnpor tance
dc-pends on  s t ruc t l r rc  o r  so lvcn t .  wc  i tave  a t tempted to
i d c n t i f v  m c c h a n i s t i c  a l t e r n a t i v e s  t o  a n  i n i t i a l  e l i m i n a -
t i o n  o t ' c o p p e r  h v d r i d c  b v  e x p l o r a t i o n  o f  t h c -  m e c h a n i s m s
t t f  t h e r m a l  d e c o m p o s i t i o n  o f  c o m p o L l n d s  h a v i n g  n o
C - H  b o n d s  d  t o  t h e  C - C r - r  b o n d .  D e c o m p o s i t i o n  o f
c o p p e r (  I )  a l k y l s  i n  w h i c h  v i c i n a l  c o p p e r (  I )  h y d r i d e
e l im ina t ion  is  in rposs ib le  migh t  e  p r io r i  takc '  p lace  by
any  o f  severa l  d i fTeren t  types  o f  mechan isms:  c i : . .
b . , , -  nonrad ica l  pa thways  s imi la r  to  tha t  observed fo r
v inv l i c  copper ( l )  reagents . {  by '  f ree- rad ica l  n ' lechan isms
i n v o l v i n g  h o m o l y t i c  s c i s s i o n  o f  t h e  c a r b o n - c o p p e r  c
bonds.  o r  by  o thc ' r .  less  conrent iona l .  roL t tes .  Hor r ' -
ever .  a  smal l  bu t  s ign i f i can t  con t r ibL l t ion  f rom a  f ree-
rad ica l  pa thwav to  the  overa l l  ther rna l  deconrpos i t ion
o f  i r -bu ty l ( t r i - i r -bu ty lphosph ine)copper ( l )  has  a l ready '
been suggested . ' ]  and  a  number  o f  s tud ies  have imp l i -
cated t iee-radical  pathrvays in the thern-ral  decomposi t ion
oi  the related alkyls i / r 'er( l )  compounds.;  \ \ 'e have

t l )  S u p p o r t c d  b y  t h c  N a t i o n a I  S c i e n c e  F o u n d a t i o t t ,  G r a n t s  C P  : 0 1 8

a n d  G P  7 1 6 6 ,  a n d  b y  t h c  I n t e r n a t i o n a l  C o p p e r  R c s e a r c h  . \ s s o c i a t i o n ,
t ^ -

{2 )  (a )  E .  B .  Hc rshberg  Fe l l ow ,  1965-1966 ;  Nr t i ona l  Ins t i t u tes  o f
Hc r r l t h  P rcdoc to ra l  Fc l l o rv ,  1966-1967 ;  (b )  Na t io r ta l  I r t s t i t u t cs  o f  He l l t h
Predoc to ra l  Fc l l o rv ,  l 9  67  -197  0 .

(3 )  G .  N I .  Wh i t cs rde ' s ,  E .  R .  S ted ronsky ,  C .  P .  Casey ,  and  J .  San
F i l i ppo ,  J r . ,  J .  An re r .  C l r cm.  Soc . ,92 ,  1426  (1970) .

(4)  G. Nt .  Whi tesides,  C.  P.  Casey,  and J.  I ( .  I ( r ieger,  ib id. ,93,1319
( 1 9 7 1 ) .

(5 )  (a )  C .  P .  Casey ,  Ph .D .  Thes is .  Massachuse t t s  Ins t i t u te  o f  Tech-
no logy ,  1968 ;  (b )  l ( .  Yamamoto ,  I ( .  Nakan ish i ,  and  N I .  I (um lda ,

thus  concent ra [ed  our  e f fo r ts  in  th is  a re l r  on  a t tempts  t ( ' )
ob ta in  d i rec t  ev idence fo r  f ree  a lk l ' l  rad ica l  in te rnred i -
a t e s  i n  t h e  t h e r n t a l  d e c o n t  p o s i t i o r l  o i  a l k y l c o p p e r (  I  )
r e e g e n t s .  I n  t h i s  p a p e r  \ \ c  \ \ i s h  t o  r e p t ) r t  t h e  p r e p a r a -
t i o n  o i  n e o p h y l f t r i ' i r - b r r t y ' l p h o s p h i n e ) c o p p e r ( l )  a n d  t l t c
e x a m i n a t i o n  o f  t h e  p r o d u c t s  t ' t t  i t s  t l t e r m a l  d e c o m p o s i -
t i o n ,  b o t h  a l o n e  i r r  s o l u t i o n .  a n r l  i r r  s o l t l t i o n S  c o n t a i n i n g
o t . h e r  a l k y l c o p p e r (  I )  r e a g e n t s .  T t r c  o b r i o u s  i n t e n t  i r l

th is  s tudy  was the  de  tec t ion  o f  in tc r r t red ia tc  f ree  neophy l
rad ica ls  (1 )  as  ev ' idc 'nced b1"  t i rc  i so la t ion  o f ,  p roduc ts
dc'r ived [ront the rearr : . rngecl  bcnzy' ' ld imethylcarbiny' l
r a d i c a l . 2 .
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I
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t

The neophy l  mo ie ty  has  two t l laJor  a t t rnc t lons  as  a

probe w i th  wh ich  to  inv 'es t iga te  f ree- rad ica l  reac t ions

in  th is  o rganometa l l i c  s ) ' s ten l .  F i rs t .  neophy l l i th iunr .

the  s ta r t ing  mater ia l  fo r  p repara t ion  o f  the  neoph l ' l -

copper ( l )  reagents .  i s  a  s tab le  compound and can bc

obta ined in  h igh  pur i ty .  Neophy l l i th ium does  no t  re -

ar ranse to  benzy ld imethy ' l carb iny- l l i th ium under  any

cond i t ions  we have examinec l .6  Second.  the  1 ,2 -ary l

n r ig ra t ion  wh ich  charac ter izes  the  f ree  neophy l  rad ica l

is i  part ic ular l  y '  rvel l  -understcrLld ladi  cal  rearran ge men t . ;

In  par t i cu la r ,  s tL rd ies  o f  the  thermal  decompos i t ion  o i

te r t -bu ty l  3 -methy l -3 -phenv lperb t t ty ra tes  and o f  the

f ree- rad ica l  decarbony la t ion  o f  3 -methy l -3 'pheny l -

J .  Orsanometa l ,  Chen t . ,7 ,197  (1967) ;  ( c )  H .  C .  B ro rvn ,  N '  C '  Hdber t '

a r r d  i .  H .  S n y d e r .  J . , 4 m e r .  C h e r n . s o c . ,  E 3 .  l 0 0 t  ( 1 9 6 1 ) :  ( d )  C '  E '  H '

B a r v n  a n d  R .  J o h n s o n , J .  C h e m . . S o c . , 3 9 l l  ( 1 9 6 0 ) ;  ( e )  M .  T a m u r a  a t r d

J .  I (och i .  J .  An te r .  Chem.  Soc . ,93 .  l ' l 8 l  (1971) .
(6 )  Fo r  re fe rences  to  1 ,2 -a ry t  m ig ra t i ons  i t r  o rga r rometa l l i c  compounds .

see  E .  Groveus te in .  J r . ,  a1d  G.  \ ! ' cn r \ \ ' o r th ,  i b i r l . , 89 .2348  (1967) .  anc l

references thereip.  See also E.  Crovcrrstc i r t ,  Jr . '  and Y.  Chelg,  Cl tern.

Con tmun . ,  101  (1970) .
(7)  Reviews: R.  Kh.  Freidt ina '  Adcan. Free Radical  Chem',  l ,  2 l  I

( t gOS) ;  C .  Wa l l i ng  in  "Mo lecu la r  Rear rangements , "  Par l  I ,  P '  dc

Moyo ,  Ed . ,  W i lev ,  New York ,  N .  Y . .  1963 ;  R .  Kh '  F re id l i na ,  V '  N '

l (o i t ,  and  N I .  Ya .  I (ho r l i na ,  Russ .  Chem.  Rec . ,3 l '  I  (1962) '
(8 )  C .  R i . i cha rd t  and  R .  Hech t ,  Chem. \e r . ,98 ,2160 ,2171(1955) '

IRepr in red  t rom the  Journa i  o t ' t he  . {mer i can  Chemica l  Soc ie t l ' ,  9 '1 '  2321  19 ; ' ]  ) .  I
l 9? : l ' l - r , , ' r he  Amer i can  Chemica l  Soc re t l ' and  rep r in ted  by  pe rm iss ion  o l ' t he  c r l J l l r i gh r  o rvner .



Table I.  Product Yieldsfor the Thermal Decomposit ion of Neophyl organometal l ic compouncls

_RCu( l )pBu : to_
30 ' .  I  g0r 3 0 ' 6 5 "  l 5 , r  1 2 5 " .  < 5 , r

RAg(  [ ) l ,Bu  r
6 5 ' .  < 5 n

____RrFf g__
2 J 5  

. , 4  
>  l 0 r , l  2 3 5 " , "  ; ,  1 1 . y  ,Product

C,tH 'C(CH') r  (5)
C, iH, ,CHrCH(CH]h (6)
CeH,CH:C(CH. . ) :CH:  (7)
CrH',CH:C(CH,'),  (8)
R-R,  (g)
R -R , "  ( 10 )
* ' - p , ,  ( l l )

Product balance
)l rearrangement in

monomers
dimers

5 9 .  r
6 . 6
. 1 . 0
( ) .  3

2 6 6
2 . 2
1 . 0

100

l 6

5 7 .  5
6 .  t
6 . 0
0 8

2 6 . 5
t . 6
t . 0

99

l 8
6

5 8 . 9
7 . 0
6 . 9
1 . 4

) t )
2 . 3
2 . 1

t00

2 r
l 3

4 5 . 7
1 7 . 9
1 4 0
t . 7
8 . 4
6 . 5
4 . 6

99

42
40

56
t 7
l 2
1 . 6
7 . 5
4 3
t . 6

r00

35
28

2 9 3
1 2 . 5
1 2 .  I
8 . 3

< 0 .  I
< 0 .  I
2 1 . 2

8 3

5 3
100

t a. t J .

39
2

< 0
< 0 .
< 0 .
< 0

6 )

49

, , 0 .  I
tc rm.

N in d iethyl  c ther.  t '0 .05 N in r r - l reptane.  .  0.05 N in p-dioxane.
'R re l 'ers to neophyl ;  R'  ret-ers to bcnzyr<r imethylcarbinyr .

d  Decompos i t i on  t ime  (m inu tes ) ;  see  tex t  l b r  exp lana t ion  o t ' t l i r s

C H t
I

[C, ;H 'CCH:MPBur ]^  (  I  r
I

CH,'
3 .  N l  :  Cu( l )
4 .  ! l  :  Ag( l )

Both  3  and 4  are  apprec iab ly  more  s tab le  thern- ra l l r , ,
t h a n  r - b u t y l ( t r i - n - b u t y l p h o s p h i n e ) c o p p e r ( l ) r  o r  - s i l r c i -
( l ) .  D e c o m p o s i t i o n  o f  c . a .  0 . 1  i V  e t h e r e a l  s o l u t i o n s  o l
3  and 4  a t  tempera tures  above 30o proceeded a [  c ( )n -
ven ien t  ra tes  and in  h igh  y ie lds  to  mix tu res  o f  r ryc r ro -
c a r b o n  p r o d u c t s  c o n t a i n i r r g  b o t h  n e o p h y l  a n d  b e n z r l -
d imethy lcarb iny l  f ragments  (eq  2) .  Represenrar i r  c
y ie lds  o f  these produc ts  a re  q iv r 'n  in  Tab le  I  fo r  dc-
compos i t ions  car r ied  ou t  a t  sevcra l  tempera tures .  For
compar ison,  the  produc ts  o f  the  h igh- tempe r t tu r r - '
thermal  decompos i t ion  o f  d ineophy lmercury  a rc  a lso

C H '
J r

3 or  4  - - -+  M(O;  1  PBur  *  CTHTCCH, *
l , l  t :()  I

C H ,
\

CH.,

C H t
I

CoHiCHzC:CHz + C6H;CH:C(CHrh *

buty ra ldehydee ' r0  have es tab l i shed tha t  the  exrens ive
rear rangen len t  observed in  the  produc ts  o f  these re -
act ions occurs af ter  format ion of  a c l iscrete c lassical
in te rmed ia te  neophy l  rad ica l  ;  1 ,2 -phenv l  migra t ion
in  the  neophy l  sys tem is  ,o l  concer tcc l  rv i th  fo rmat ion
of  the  rad ica l .  F ina l l y ,  the  neophy l  r *d ica l  rear range-
ment  i s  a  re la t i ve ly  s lo rv  p rocess  on  the  t i rne  sca le  o f
most  f ree- rad ica l  reac t ions .  A l though the  abso lu te  ra te
cons tan t  k r  fo r  the  rear rangement  has  no t  been c le te r -
n r ined d i rec t l y ,  p l reny l  n r ig ra t ion  in  ncophy l  rad ica l  has
b c e n  d e m o n s t r a t e d  t o  o c c u r  s l i g h t l y  m o r c - r a p i d l y  t h a n
abst rac t ion  o f  thc  a lc lehyc lc  nyarogen o i  l -me ihy l -3 -
p h c n y l b u t v r a l d e h y d e  b y  t h i s  r a d i c a l . r , , . r , , T h e  r a r e
cons tan t  f 'o r  th is  la t te r  reac t ion  is  a lmost  cer ta in lv
snra l le r  than thc  ra te  cons tan ts  fo r  a t tack  o f  the  rnor t
reac t ivc  meth ; ,1  rad ica l  on  s imp lc  a ldehydes,  dc te r -
n r i n e d  b y  B i r r c l l  a n d  r r o t m a n - D i c k e n s o n  t o  b e  a p p r o x i -
m a t c l y  l 0 ;  l .  m o l - r s e c - t a t  1 8 2 .  i n  t h e  v a p o r  p h a s e . r r
F Ience,  the  ra tc  cons tan t  fo r  1 ,2 -pheny l  migra t ion  in
neophy l  rad ica l  can  be  re l iab ly  es tab l i shed a i  k ,  <  l0 ' ,
scc- r  a t  l00o ;  the  ac tua l  ra te  i s  p robab ly  severa l  o rders
o f  magn i tude s rna l le r  than th is  es t ima ie .  Regarc i less
o f  the  prcc isc  ra te  o f  th is  rear rangement  under  our
c o n d i t i o n s ,  i t  i s  c l c a r  t h a t  t h e  r e a r r a n g e m c n t  o f  a  n e o -
phy l  rad ica l  in  so lu t ion  is  much too  s lo rv  to  compete
*  i th  i t s  d i f fus ion  ou t  o f  the  sorvent  caqe in  wh ich  i t  i s
i n i t i a l l y  f o r m e d . r :

Resul ts and Discussion

Ether  so lu t ions  o f  neophy l ( t r i -n -bu ty lphosph ine) -
copper ( l )  (3 )  were  prepared by  the  reac t ion  o f  I  equ iv
o I  neophy l l i th iu r '  rv i th  I  eqLr iv  o I  te t rak is [ iodo( t r i - r -
b u t y l p h o s p h i n e ) c o p p e r ( l ) l  a t  - 7 8 o .  F o r  c o m p a r i s o n
of  thermal  decompos i t ion  proc luc ts .  neophyr ( t r i - i i -bu ty l -
phosph ine)s i l ver ( l )  (4 )  rvas  preparec l  in  a  s imi la r  man-
ner  f rom te t rak is [ iodo( t r i - r r -bu ty lphosph ine)s i l ver ( l ) ] .  r  l
T rea tment  o f  so l ' t ions  o f  these organon ie ta l l i c  com-
pounds rv i th  1 .2  equ iv  o f  d ioxane/equ iv  o f  neophy l -
l i th ium a t  -78o removed the  r i th iunr  iod i t le  fo rmec l  in
t h e  p r e p a r a t i o n s  a s  a n  i n s o l u b l e  d i o x a n a t e .  " L i t h i u m

(9 )  (a )  c .  R i . i cha rc l r ,  Chen .  \e r .94 ,2 -q99 .  2609  i l 96 r ) ;  (b )  c .  R i i ch -
r t rd t  r r r rd  H .  T raunvc in ,  i b id . ,96 ,  160  (1963) ;  ( c )  c .  R i i cha rd t  and  S .
E i c l r l c r ,  i b k l . , 9 S ,  t 9 2 t  (  1 9 6 2 ) .

( 1 0 )  F .  H .  S c u b o l t l ,  J r . ,  J .  A m e r .  C h e n r .  S o c . ,  7 5 ,  2 5 3 2  ( 1 9 5 3 ) ;  S .
\ ! ' i r r s t c in  a r rd  F .  H .  Scubo lc l ,  l r , ,  i b i t t . , 69 ,  19 l6  (  19 .17 ) .

(  I  I  )  p.  N.  Bir rc l l  arrd A.  F.  Trotman-Dickcnsou ,  J .  Chem. Soc. ,  2059
(  1 9 6 0 ) .

(12 )  R .  f v t .  Noycs ,  P rog .  Reac t .  K ine r . , l ,  129  (1961) .

1 ! i )  F .G .  Mann ,  A .  F .  Wet l s ,  and  D .  pu rd i c ,  J .  C l r cm.  Soc . ,  l g2g
(  l 9 l 7 ) .

hal ide-free" sol  ut io ns of  t  e r  t -buty l  ( t r i - r r -  b uty lphosp h i  no-
c o p p e r ( [ )  w e r e  p r e p a r e d  u s i n g  a n a l o g o u s  p r o c e d u r e s . r l

C H t
I

CoH, ,CCHrL i
I

CH.'

1 .  t ' , { I \ l [ ) l i r r r ] r .

E t  r ( ) ,  -  7 B o

. 1 .  l ) i o x a n r r .  - i 3 ' ,
-  [ , i l - , l i o r a n r r

CoH'CHTCH *
I

C H t
6

7

C H t  C H t

CoH;CCHTCH.TCCoH;
t t

C H t  C H t
9

8

C H t  C H t
i I

+ C,iH'CCH.:CCHrCoHs *
l l

C H '  C H I
l 0

CH,  CH,
r l

C6H;CHrC-CCHzCcH;  ( l )
t l

C H t  C H t
1 1

l i s ted  in  th is  tab le .  Approx imate  measures  o f  thc
re la t i ve  ra tes  o f  these thermal  decompos i t ions  are  g i ren
by  the  "decompos i t ion  t imes"  l i s ted  in  Tab le  I .  Thesc
numbers  represent  an  es t imate  o f  the  length  o f  t i rnc
requ i red  fo r  the  reac t ion  mix tu re  to  s top  the  depos i r i t rn
o f  meta l  (see  Exper imenta l  Sec t ion) .  The producr
y ie lds  in  these reac t ions  were  reasonab ly  reproduc ib le .
These y ie lds  in  exper iments  run  under  apparenr l l '

(1.1)  H.  O. House, W. L.  Respess,  and G. lv f .  Whi tesides,  J.  Orq.
C l tem. ,  31 ,  3  128  (1966) .

l l ltitesilas, Ptrnck, Sleclrunslt1' f Deutrrtposition oJ' Neophl l(trt-n-hut.vlphosphine)coppert ll
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i d e n t i c a l  c o n d i t i < t n s  f l u c t u a t e d  b y  u p  t o  1 0 " , i .  p e r h a p s  d u e
t o  a c c i d c n t a l  h y d r o l y s i s  o f  f h c  s t a r t i n g  o r g a n o m e t a l l i c
r e u g e n t s .  v a r i a t i o n s  i n  t h e  t h e r m a l  h i s t o r y  o f  t h e i r  s o l u -
t i o n s .  ( ) r  o t h c r .  u n c x p l o r e d .  e f F c c t s .  C o n s e q u e n t l y ,  t h e
t r e n d s  i n  p r o d u c t  y i e l d s  o n  v a r y i n g  c o n d i t i o n s  i n  T a b l e
I  and succeed ing  tab lcs  a rc  m( ) re  s ign i f i can t  than the
a b s o l u t e  y i e l d s  f r o n t  a n y  g i v c n  c K p c r i m e n t .

T h c  o b s e r v a t i o n ' t h a t  a  s i g n i f i c a n t  f r a c t i o n  o i  t h e
p r o d u c t s  f r o m  t h c  t h e r m a l  d e c o r n p o s i t i o n  o [  3  a n d  4
c o n t a i n  t h e  b e n z y l d i n l e t h y l c a r b i n y l  m o i e t y  i n d i c a t e s
tha t  these reac t ions  takc  p lace .  a t  leas t  in  par t .  by  a
m e c h a n i s m  i n v o l v i n g  i n i t i a l  h o n r o l y t i c  s c i s s i o n  o f  t h e
carbon-meta l  bonc l .  par t ia l  rear rangement  o f  the  re -
s u l t i n g  n e o p h y l  r a d i c a l s  t o  b e n z y l d i m e t h y l c a r b i n y l  r a d -
ic : . r l s .  and subsequent  reac t ion  o f  these rad ica ls .

Exc lus ion  o f  Benzy ' ld imethy lcarb in .v ' l copper ( l )  (12)
as  an  In te rmed ia tc  in  the  Format ion  o f  t0  and l1  dur ing
the  Thermal  Decompos i t ion  o f  3 .  A l though the  da ta
o f  T a b l e  I  i n d i c a t e  t h a t  t h e  b e n z y l d r n r e t h y l c a r b i n y l
r a d i c a l  i s  a  p r e c u r s o r  o f  p r o d u c t s  6 ,  1 , 8 ,  1 0 ,  a n d  l l ,
thev  do  no t  dcnrons t ra te  tha t  th is  rad ica l  i s  the  immec l i '
u te  p rccLr rsor  o f  thcse  produc ts .  A t  lees t  two p laus ib le
rund d is t inc t  reac t ion  sequcr lces  cou ld  be  invoked to
nr t ionu l i ze  thc  convers ion  t l f  the  reur rangcd rad ica [  2
t t )  p roduc ts .  I r t  ( )nc .  the  benzy ld in re thy lcarb iny l
rud icu l  wou ld  bc  conver tc 'd  to  p roduc t  d i rec t l y ,  e i ther
b l '  r c a c t i o n  w i t h  s o l v e n t .  w i t h  o t h c r  r a d i c a l s  p r c ' s e n t  i n
s t r l r r t i o r t .  o r  r v i t l r  u n c l c c o n r p o s c d  o r g a t t o m c t a l l i c  r e -
i . lgcn ts .  In  a  scconc l .  thc  rad ica l  wou ld  f i rs t  be  con-
r c r t e d  t o  b c n z y l c l i r n c t h v l c a r b i r r y l c o p p c r ( l )  ( 1 2 )  b y  a l k y l
g r o u p  d i s p l a c e m c n t  o n  3 , ' ;  b y  a d d i t i o n  t o  a  c o p p e r ( 0 )
l - r t t ) n r  i n  s o l u t i o n .  o r  b y  s o n r c  o t h e r  r o u t e .  a n d  t h e  s u b -
s e q u e n t  r e a c t i o r l  o f  l 2  w o u l d  l e a d  t o  t h e  o b s e r v e d
n r o d  u c t s .

C H '
I R t l u  P B , r , , r r  R

Table I I .  Y ie lds (Per  Cent )  o f  Products  Obta ined on the
Tl rermal  Decomposi t ion o f  N l ix tures o |  t t ' r r -Buty l -  and
Neophyl ( t r i - r r -buty lphosphine)cop[ rer l  I  )  in  Ether  a t  J0o o

Product

, -Neophl  i  : rez-buty l  ra t io , , -
l : 0  l : l  l ; 7  0 :  t

C6H' ,C(CH. ) ,  (5 )

C ^ H 1 C H , , C H ( C H , ) r  ( 6 )
C s H . , C H , C ( C H , ) : - C H . :  ( 7 )
CnH ,CH :C(CH , ) r  (8  )
R - R A  ( 9 )

R - R ' , 6  (  l 0 )
R ' , - R " '  i l  1 )
( c H , ) . c H
(CH. ) , tC . :CHr
( C H r ) r C C ( C H . ' ) r
C6H,C(CHt ) . :CHrC(CH. r )3  (  l 5  )

P roduc t  ba lance  (based  on  3 )

I  rearrangcnrent  in monomers
d imers

Product  balancc (betscd on
lcrr-buty lcoprper(  I  )  )

5 7 5  6 7 8
6  t  7 . 2
6 0  5 l
0 8  0 9

2 6  5  1 2  5
1 6  4 2
l 0  0 l

5 2
! - t

+ L

< 0 .  I
< 0 .  I

99 98
1 8  t 7
1 5  t 7

9-l

5 9 .  I
8 . 9
7 . 1
t . 2

1 5 . 2
2 . 1
1 . 0

s6 55
.15 4l

< 0 .  I  < 0 .  I
< 0 .  I

95

l l
l 0 l  9 8

' '  Thc  to ta l  conccu t rs t i on  o f  a l ky l co l rpe r ( [ )  compounds  in  so lu
t i on  rvas  ( ) .10  /V .  6  R  re te rs  to  neo l r l t y l ;  R '  re t t r s  to  benzy ld i -
n re thy  l ca rb rny  l .

a g e n t s .  T h e  t h e r m a l  s t a b i l i t i e s  o f  t h e s e  t w o  c o p p e r
a lky ls  a re  su l l i c ien t ly  d ispara te  tha t  i f  the i r  ra tes  o f  de-
c o m p o s i t i o n  i n  t h e  m i x e d  s o l u t i o t t s  a r e  i n  t h e  s a m e  r a t i o
a s  a r e  t h o s e  i n  s o l u t i o n s  i n  w ' h i c h  e a c h  i s  t h e  o n l y  o r -
g i rnon ' le ta l l i c  con tponcnt .  thc  dccor lpos i t ion  o f  the  te r r -
b u t y l c o p p c r (  I )  c o n r p o t r n d  s h o t r l d  b e  c o m p l e t e  b e f o r e
t h a t  o f  I h e  n c o p h y ' l c o p p c r ( l )  c o r n p o t r n d  h a s  p r o g r e s s e d
a p p r e c i a b l y .

T h c  d a t a  o t ' T a b l e  I I  c o n t a i n  t r v o  s i g n i f i c a n t  p i e c e s  o f
i n f o r m a t i o n .  F i r s t .  t h e  d e c o r n p o s i t i o n s  o f  t h e  t w o  o r -
g a n o c o p p c r  r e a g e n t s  i n  s o l u t i o n s  o f  t h e i r  m i x t u r e s  a p -
pear  to  p roceed independent ly .  In  par t i cu la r ,  the  y ie lds
o f  i sobr r ty lene and isob t t tane ob ta ined f rom te r t 'bu ty l -
( t r i - r r - b u t y l p h o s p h i n e ) c o p p c r (  I )  a r e  c l e a r l y  i n d e p e n d e n t
o f  t h e  c o r l c c n t r a t i o n  o f  3 .  T h e  a p p a r e n t  v a r i a t i o n  i n
t h e  y i e l d  o f  9  o n  d e c r e a s i n g  t h c  s t a r t i n g  r a t i o  o f  n e o p h y ' l
t o  / c / / - b u t y l  g r o u p s  i s  u n d o u b t c d l y  r c a l .  b u t  m a y  r e f l e c t
c h a n g e s  i n  t h c  c o n c e n t r a t i r t n  o t - 3  o r  o f  t r i - r l ' b u t y l p h o s -
ph ine  ra ther  than in te rac t ion  bc- t rveen 3  and the  te r t -
b u t y l c o p p e r ( l )  r e a g e n t .  S e c o n d ,  n o n e  o f  t h e  " m i x e d "
d in rer  2 -pheny l -1 . -1 , -1 - t r imethy lpentane (15)  i s  fo rmed in

t h e  d e c o m p o s i t i o n  o f  t h e  m i x t u r e s  o f  t h e  n e o p h y l -  a n d
/c r l -bLr ty lcopper  reagents .  even t tnder  c i rcumstances  in
wh ich  an  apprec iab le  y ie ld  t t f  the  d imer  10  is  lo rmed.
S imi la r ly ,  no  hexamethy le thane is  fo rmed in  the  decom-
pos i t ion  o f  te r t -bL t ty l ( t r i - r r -bu ty lphosph ine)copper ( l )

cH,J
I

( . , ;H  ,CH:C .
I

C H

1

6 . 7 . 8 .  1 0 .  u

{ c r n a , '  ! ' n ,n  \ ( ' , , H , c H , J - a ' u , ' r u ,
I

C H ,
t z

I t  i s  p o s s i b l e  t o  e s t a b l i s h  t h a t  1 2  i s  n o t  a n  i n t e r m e d i a t e
i n  t h e  f o r m a t i o n  o t '  t h e  d i m e r i c  h y d r o c a r b o n s  l 0  a n d
t  I  b y  e x a m i n i n g  t h e  p r o d u c t s  o b s e  r r e d  o n  d e c o n t p o s i -
t i o n  o t ' m i x t u r c s  o f  t c r t - b u t y l ( t r i - r r - b u t y l p h o s p h i n e ) -
c o p p e r ( l )  a n d  3 .  T h e  d e c i s i o n  t o  s t u d y  / e r l - b u t y l ( t r i -
n - b u t y l p h o s p h i n e ) c t l p p e r (  I )  a s  a  m o d e l  f o r  1 2 .  r a t h e r
thar r  to  examinc '  l2  d i rec t l y ,  was  made fo r  t rvo  reasons .
F i r s t .  / c , r t - b u t y l l i t h i u r m  i s  m u c h  m o r e  r e a d i l y  o b t a i n e d
t h a r r  b e n z y l c l i n r c t h y l c a r b i n y l l i t h i u n r .  S e c o r r d .  t h e  u s e
o f  t c l r - b u t y l ( t r i - r r - b u t y l p t r o s p h i n e ) c o p p e r ( l )  a s  a  m o d e l
f o r  l 2  p e r m i t s  a  c l e a r  i d e n t i f i c a t i o n  o f  t h e  o r i g i n  o I e a c h
o f  t h e  p r o d u c t s  i n  t h e  c l e c o m p o s i t i o n  o I  m i x t u r e s  w i t h  3 :
i n t e r p r e t a t i o n  o f  t h e  p r o d u c t  y i e l c i s  o b s e r v e d  o n  d e -
c o n r p o s i t i o n  o t '  m i x t u r e s  o i  3  a n d  l 2  w o u l d  n e c e s s a r i l y
b c  a m b i g u o L r s .  s i n c e  b o t h  3  a n d  l 2  w o u l d  g i v e  r i s e  t o
p r o d r - r c t s  c o n t a i n i n g  t h e  b e n z y l d i m e t h y l c a r b i n y l  m o i e t y .

T a b l c '  I l  l i s t s  t h c  p r o d u c t s  o f  t h e r r n a l  d e c o m p o s i t i o n
o f  so l r r t ions  o t '  pure  neophy l -  and te r t -bu ty l ( t r i - r r -bu ty l -
p h o s p h i n e ) c o p p e r ( l ) ,  a n d  o f  m i x t u r e s  o f  t h e s e  t w o  r e -

( f  , 5 )  ( a )  J .  l ( .  I ( o c h i  l n c l  P .  J .  I ( r u s i c ,  J . . ' l m e r .  C h e m .  S o c . . 9 l , 3 9 ' l ' l
( 1969) :  (b )  A .  C .  D i t v ies  and  B .  P .  Robcr t s ,  l .  Ors t r t t o t t t e ta l .  Chem. ,19 .
t 7  (  1 9 6 9 ) ;  ( c )  A .  R i c k e  r ,  . l n q e w .  C h e n t . . 7 6 , 6 0 l  ( 1 9 6 - l ) .

CH,CCuPR. '  1  PhCCH:CuPRr r#->
l l

C H , '  C H ,

C H ,  C H .  C H '  C H T
l l

I ' hCCH:CCHr  CH3C-CCHr
, l l

C H  '  C H  I  C H '  C H I
l 5

u n d c r  c o n d i t i o n s  i n  r v h i c h  a n  e a s i l y  d e t e c t a b l e  q u a n t i t r

o i  d i n re r  t l  i s  f o rmed . t ' i  The  absence  o f  L5  and  o t '

(16)  An nuthcr r t ic  samplc  o f  another  poss ib le  mixed d imer  f rom these
r e a c t i o p s .  l - p [ c u y - l - 2 , 2 , J , J - t e  t r a m c t h y l b u t l r r c ,  w a s  n o t  a v a i l a b l e  d u r i n g

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

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

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

C H .
l

J



hexarnc thy le thane cs tab l i shes  th i t t  l c r t -bu ty l ( t r i -n -bu ty l -
p h o s p h i n e ) c o p p e r ( l )  d o e s  n o t  c o u p l c  c i t h e r  w i t h  3  o r
w i t h  i t s c l f  u n d e r  t h e  c o n d i t i o n s  o f  t h c s c  r c a c t i o n s .

In  in te rpre t ing  thesc  exper i t t re l t t s .  \ \ c  n rake  the  p lau-
s ib le  assumpt ion  tha t  the  thern ta l  s tab i l i t y ,  reac t iv i t y ,
and mode o f  thc r rna l  dc 'cornpos i t ion  o f  te r t -bu ty l ( t r i -
n -bu ty lphosp l r ine)copper ( l )  and o f  l l  a rL -  su l l i c ien t lv
simi lar  that  the fornrer is a sat isfactory '  nrodel  for  the
la t te r .  Then.  i f  thc  d in rer  l0  were  pro t luced in  the  th t - ' r -
rna l  decor lpos i t ion  o f  neophy lcoppcr  by  a  pa thway in -
vo lv ins  the  in i t ia l  convers ion  o f  3  to  12 .  fo l lowed by
subsequent  reac t ion  o f  l2  rv i th  3  to  y ic ld  10 ,  ana logous
reac t ions  tak ing  p lace  dur ing  the  thcr rna l  decompos i -
t ion of  ter t -bLLtyl( t r i - r r -buty lphosphine)copper( l )  in the
presence o f  3  shou ld  lead to  the  mixed d imer  15 .  S ince
15 is  no t  observed as  a  p roduc t .  w 'e  conc lude tha t  the
rear ranged copper ( l )  compound l2  i s  t to t  a  s ign i f i can t
intermediate in the react ions leading to the di tnct ' ic  prod-
uc ts  conta in ing  the  rear r : rnged neophv l  ske le ton ,  and
in  consequence tha t .  the  nros t  p robab le  p recursor  to
these produc ts  i s  in  tac t  the  bcnzy ld in re thy lcarb iny l
r a d i c a l  2 .  T h i s  c o n c l u s i o n  c a n n o t  b e  e x t e n d e d  a u t o -
nra t ica l l y  to  exc l r tc le  thc-  in te rnred iac l '  o f  l2  in  the  fo rma-
t ion  o f  the  monorner ic  p roduc ts  6 .  7 .  anc l  8 ,  and rve  have
n o  c o n v i n c i n g  e v i d e n c e  e s t a b l i s h i n g  t h c  s t r L r c t L l r e  o f  t h e
in rnred ia te  p recursor  o f  these hydrocarbons .  However .
t h e  n c o p h y l  r a c l i c a l  i s  a g a i n  c l c a r l v  i n r p l i c a t e d  a t  s o t n e
s tase  o f  the  reec t ion  seqLrencc  lcad ing  to  thc i r  fo rmat ion
b y  t h e  f a c t  t h a t  a l l  t h r c c  c o n t a i n  t [ r c  b e n z y l d i m e t h y l -
carb iny l  mo ie [y .

Re la t i ve  React iv i t ies  o f  A lk l  l coppcr (  I )  Rcagents
to r ra rd  Copper ( l )  F I t 'd r ide .  Observa t ions  on  the
Thermal  Decompos i t ion  o f  ta ' r -But1 ' l ( t r i - i r -bu t1 ' lphos-
ph ine)copper ( l ) .  The observa t ion  th ; . r t  the  fo rmat ion
of  i sobutanc  and isobuty lene f ro r r i  l c l t -bu ty l ( t r i - r r -
bu t l ' Iphosph ine  )coppcr (  l )  p resent  i r r  i i  so lu t ion  con-
t a i n i n g  n e o p h y l ( t r i - r r - b u t y l p h o s p h i n c ) c o p p e r ( l )  p r o -
ceeds  by  a  reac t ion  sequence rvh ich  is  inc lcpcndent  o f  the
concent ra t ion  o I  the  neophy lcoppcr  c lcscrves  con lment .
I i  the  thermal  decompos i t ion  o f  /c , r ' t -bu ty l ( t r ' i - r r -bu ty l -
p h o s p h i n e ) c o p p e r ( l )  i s  a s s u m e d  t o  t a k c  p l a c e  p r e d o n r -
i n a n t l y  b e  a  c o p p e r  h y d r i d c  e l i r n i n a t i o n - r e d u c t i o n  p r o -
cess  ana logous to  tha t  es tab l i shed t -o r  r r -bu ty l ( t r i - i r -
bu ty lp l rosph ine)copper ( l ) ,3  i t  i s  no t  obv ious  a  p r io r i
tha t  the  neophy lcopper  reagent  shou lc l  no t  be  capab lc
of compet ing wi th the tert -buty lcopper for  the copper
hydr ide  assumed to  be  present  as  an  in te rmed ia te  dur ing
the  decompos i t ion  o f  the  la t te r .  To  cs tab l i sh  the  re la -
t i v 'e  reac t iv i t y  o I  t yp ica l  a lky lcopper ( l )  rsxgents  toward
copper  hydr ide .  pa i rs  o f  copper  reagents  were  a l lowed
to  decompose thermal ly  in  so lu t ions  conta in ing  l im i t ing
quant i t ies  o f  deuter ido( t r i - r r -bu ty lphosph ine)copper ( l ) .
and the  quant i t y  o f  deuter iunr  incorpora ted  in to  each
a lky l  g roup o f  the  reduced produc ts  rvas  de termined
mass spec t romet r ica l l y .  The re la t i ve  reac t iv i t ies  in -
fe r red  t iom these compet i t ion  exper in ren ts  a re  l i s ted  in
Tab le  I I I .  These da ta  demonst ra te  tha t  the  re la t i ve
reac t iv i t y  o I  a lky lcopper  reagents  to rvard  copper  deu-
te r ide  var ies  on ly  s l igh t ly  w i th  s t ruc tL r re .  Thus ,  the
observa t ion  tha t  the  thermal  decompos i t ions  o f  mix tu res
of  3  and te r t -bu ty l ( t r i -n -bu ty lphosph ine)copper ( l )  p ro-
ceed independent ly must ref lect  some teature of  these
mixtures other than the relat ive react i \  i ty  o i  their  con-
s t i tuent  a lky l  mo ie t ies  toward  copper  hydr ide .  I t  i s
ooss ib le  tha t  th is  indeoendence re f lec ts  in  some wav the

Tab le  I I I .  Re le t i ve  Rcac t i v r t i es  o f  Organ . rco l . rpe r ( l )  Reagen ts

I  RCu l ' ( r r -  Bu  ) , ,  ] , ,  t o rva rd  Dcu tc r ido (  t r i - i  r -  t ru  t  \  l p  l rosph  ine  rcopper t  l  )

Re l  reac t i v i t l ' '

CD.CHTCH'CH. ] , ,
C H , C H , , C H ( C H  r )
C , ,H  ,C(CH. ) . ,CH. r
( C H  , ) , C

' '  Rc l i l t l ! c  r cac t i v i t i cs  l re t r vee t r  l l a i r s  o l '  o rganocopper ( l )  r c rgc : : l ' ,
wc rc  t l c t c rn r incc l  i n  d i c thv l  e thc r  a t  . -0 ' .  un tcss  o the rw ' i se  no t t . :
t he  s ta r t i ng  concen t ra t i o t ' t  o l ' c l ch  o rganocopper ( l )  reagen t  was  { )  r r '

, \ ' .  anc l  t ha t  o t '  DCu[ 'Bu r  r vas  ( ) . ( ) l  rV .  6  The  deu te r ium labe l  rn  t i r ;
a l ky l  n ro ie tv  w i l s  i nc ludec l  t o  l ' ac i l i t a te  mass  spec t roscop ic  ana l r : r '
( scc  rhe  Ex l r c r i rnen ta l  Scc t io r t t .  '  Th is  da tum was  de te rn l i ned  r r

c t h c r - l t e n t a n e  ( 5 0  : 5 0 .  v / v ) .

contpos i t ion .  s t ruc tu re ,  o r  ex ten t  o f  aggregat ion  o f  the
o r g a n o m e t a l l i c  c o n r p o u n d s  i n  s o l u t i o n ; 1 7 ' r s  h o w e v e r ,
i t  i s  a lso  poss ib le  tha t  the  mechan ism o f  thermal  dc-
conrpos i t ion  o f  le r l -bu ty l ( t r i -n -bu ty lphosph ine)copper -
( l )  d i t l c rs  f ro rn  tha t  o f  r r -bu ty l ( t r i - ru -bu ty lphosph ine)
copper (  I ) .  t '  A  n techan isnr  invo lv ' ing  te r t -bu ty l  f rec
rad ica ls  as  in tc rnrcd ia tcs  c { . lnno t  be  exc luded a t  th is
t in rc ' .  a l though the  low '  y ie ld  o f  hexamethy le tha f l€  ohr
ser rcd  i l s  a  p roduc t  o f  reac t ion  e f fec t i ve ly  p rec ludc :
b in ro lccu la r  d ispropor t ionat ion  and combina t ion  bc
tween rc , r ' l -bu ty l  rac l i ca ls  as  thc  source  o f  the  hydr t r
carbon pr t tdL lc ts . l "

Est imlt ion of  the [1.e ' lat ive Importance of  Radical
lnd  Nonrad ica l  N lcchan isms in  the  Thermal  Decom
p o s i t i o n  o f  3  a n d  4 .  H u v i n g  c s t a b l i s h e d  t h a t  n e o p h r  I
and bcnzy ld in re th l ' l ca rb in l  l  r i td ic : . r l s  l t re  p recurso ts  t t .
xn  upprcc iab lc  f r l c t io r r  t l f  thc  p rodr rc ts  observed in  thc
thcr r r t r l  c lccontpos i t ion  o f  3 ,  the  quc 's t ion  remains  i tS  t t )
whc thcr  thc  f ree- rad ica I  n tcchan is r t r  p roduc ing  t l t csc
spec ics  i s  thc  o t r l ) '  i n tpor tu t t t  p roce  ss  invo lved in  thc
dccc ln rpos i t ion .  o r  rvhc ther  t l t c re  a r r '  o ther  nonrad ic r r  I
p rocesses  lvh ich  make s ign i f i can t  con t r ibu t ions  to  thc
decompos i t ion  process .  Th is  p rob lem is  d i f f rcu l t  t t r
reso lvc  r r , ' i th  h igh  prec is io r r .  A l thoush the  exper imcnta l
obscrva t ion  o f  t l t c  var ie ty  o f  p roduc ts  expec ted  f ron t  t l r c
reac t ion  and rear r i . lnge t t ten t  o f  neophy l  rad ica ls  in  i . t
p a r t i c u l a r  r c a c t i o n  o t '  i n t e r e s t  p r o v  i d e s  a n  e x c e l l c n t
quul i tat iuc test  t 'or  a f ree-radical  mechanism, quant i t r l -
t i ve  es t imat ion  o f  the  impor tance o f  nonrad ica l  cc ' r t t -
t r ibu t ions  to  a  rcac t ion  proceed ing  predominant lv
th rough a  rad ica l  pa thrvav  is  more  d i fhcu l t .  Nonethc-
less ,  inspec t ing  the  produc ts  o f  decompos i t ion  o f  3  a t
125 "  in  e ther  (Tab le  I ) .  i t  i s  c lear  tha t  1 l  must  have conrc
exc lus ive lv  th rough a  rad ica l  reac t ion .  s ince  i t  i s  der ivec i
en t i re ly  f rom benzy ld imethy lcarb iny l  rad ica l .  Ben-

(  l 7 )  T h c  i n t l u c n c e  o f  t h e  e x t c n t  o f  a g g r e g a t i o n  o f  t h e  a l k y l c o p p e  r t l  )

reagcnts  on  the i r  reac t iv i t y  i s  la rge ly  g6 lqn6rvn .  See re f  3  fo r  a  c l i s -

c u s s i o n  o f  t h i s  p o i n t .
(  l 8 )  I t  h a s  p r o v c c l  p o s s i b l e  t o  t i c m o t r s t r a t c  t h a t  o r g a n o c o p p e r  r c -

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

o r r c  a n o t h c r  u n d e r  c o n d i t i o n s  s i r n i l a r  t o  t h o s c  e m p l o y e d  d u r i r t q  t h i s

r v o r k .  T h u s ,  t h e r m a l  d e c o m p o s i t i o n  o f  l : l  r n i x t u r c s  o f  m e t h y l -  a r r - l

l e r r - b u t y l ( t r i - r r - b u t y l p h o s p h i n c ) c o p p e r t  I )  i n  c t h s r  a t  0 ' y i e l d s  i s o b u t i t r l t
( 3 6 " ; )  a n d  n e o p e n t a n e  ( 6 4 " , , ) ,  w i t h  l e s s  t h a n  0 .  l I  i s o b u t y l e n c .  A l -

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

p r e s e r r t l y  o b s c u r e ,  t h e  d e t c c t i o n  o f  h i g h  y i e l d s  o f  n c o p e n t a n e  d e t r l o r t -

s t ra tcs  tha t  in tc rac t ion  benveer r  a lk . " - l coppcr  rcaget l t s  o f  d i f te ren t  s t ruc-

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

fo r  the  contcn t ion  tha t  rear rangcmen!  o f  3  to  l2  in  t l ' .e  thermal  dccor r r -
pos i t ion  o f  rn ix tu rcs  o f  3  and re r r -bu ty lcopper  reagc l l t s  wou ld  havc  re  -

s u l t c d  i n  d e t c c t a b l e  y i c l c l s  o f  1 5 .
( 1 9 )  E v i d c n c c  o f  M .  T a m u r a  a n d  J .  I ( o c h i  p o i n t s  t o  a  s i m i l a r  c o n -

c l u s i o n  :  J .  A m e r .  C h e m .  S o c . ,  9 3 ,  l ' 1 8 5  (  l 9 7 l ) .
(20)  The ra t io  o f  ra te  cons tan ts  f io r  the  d ispropor t ionat ion  aud corn-

b i r r a t i o n  o f  t c r r - b u t y I  r a d i c a l s  i s  - 4 . 6 ,  c f .  W .  P r y o r ,  " F r e e  R a d i c a l s , "

l v l c c r a w - H i l l ,  N e w  Y o r k ,  N .  Y . ,  1 9 6 6 ,  p  3 1 7 .
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.4,t, zy ld imethy lcarb iny l  rad ica l  must  be  a  p rccursor  fo r
6 , 7 ,  a n d  8  a t  s o n r e  p o i n t .  I t  i s  c l i f h c u l t  t o  r a t i o n a l i z e
thc  produc t ion  o f  te r t -bu ty lbenzcne in  th is  reac t ion
f rom rou tes  o t l re r  t l ran  a t tack  by  rad ic r l  1  on  so lvent .
d ispropor t ionat ion  berw 'een I  anc l  2  (o r  l2 ) ,  and hv-
d r o l y s i s . r '  D i n e o p h y l  ( 9 )  m i g h t  b e  c l e r i v e d  i n  p a r r
f rom a  nonrad ica l  re i rc t ion :  horvcvcr .  c t ' r r rp l ing  bc t rvcen
t \ ! 'o  neophy l  rad ica ls  o r  a t tack  o f  ncc lphy l  rad ica l  on  3
rvou ld  seern  n to re  cons is ten t  rv i th  the  c lear ly  rad ica l
na tL l re  o i  the  deconrpos i t ion .  Hence.  we conc ludc  tha t
nonrad ica l  con t r ibu t ions  to  the  ther r r ra l  c lcconrpos i t ion
o [  3  a re  p robab ly  o f  minor  i rnpor tance.

The close simi lar i ty betrveen thc observed product
d is t r ibLr t ions  f iom the  thernra l  decornpos i t ion  o f  3  a t
I  25  o  and 4  a t  65  o  s t rong ly  suggests  tha t  these reagents
dc'cof lpose by s int i lar  ntechanisnrs.  The di f ference in
t l te ternperatLlre at  rvhich these expr-r intents were con-
duc ted  probab lv  re l lec ts  p r in rar i l v  a  d i f fe rence in  the
ac t iva t ion  encrgy  tb r  horn t l l y t i c  sc iss ion  o f  carbon-
coppcr (  t )  and carbon-s i l ver (  I )  bonc ls .  The da ta  in
Tab le  I  ind ica tc  tha t  inc rc .as ing  the  tenrpera ture  a t  rvh ich
thc '  ther r la l  c lecor t rp t ts i t ion  o f  a  neophy l  o ruanometa l l i c
compound is  car r i cc l  ou t  inc reascs  the  an tount  o f  rear -
range l l r r 'n t  observed in  the  produc ts .  F l r tw 'ever ,  as  i s
c lear  f ronr  ear l i c r  work . ' -  r r )  thosc  fac to rs  wh ich  in -

.  f lucncc  thc  l i fe t in rc  o f  the  rac l i ca l  in tc r rncc l ia tes  a t  any
par t i cu la r  tcnrpcr i t tu rc  a ls t t  in f luence thc  d is t r ibu t ion  o f
r c a c t i o n  p r o r i u c t s . r r  F I c n c c ' ,  t h e  o b s e r \ a t i o n  t h a t  s i n r -
i la r  p roc luc t  d is t r ibu t ions  arc  ob ta ined t ' ronr  deconrpos i -
t ion  o f  3  and 4  on ly  a t  d i lFcren t  tenrpe  rx tL r res  probab ly
re f l cc ts  a  complex  ba lanc ing  o f  the  ra tcs  o f  rad ica l -
rad ica l  and rad ica l -so lvent  reac t ions ,  ra the ' r  than d i f fe r -
enccs  in  thc  ac t iva t ion  energ ies  fo r  cor respond ing  re -
ac t ions  o f  the  in te rn ted ia te  f ree  rad ica ls  in  these t rvo
d c c o r n p o s i t i o n s .  T h i s  s u p p o s i t i o n  i s  c o n s i s t e n t  w i t h
t h e  o b s c r v a t i o n  t h a t  t h e  o v e r a l l  r a t e s  o f  d e c o m p o s i t i o n
o f  3  a t  1 2 5 "  a n d  o f  . l  a t  6 5 '  a r e  a p p r o x i n t a t e l y  e q u a l .

In  conc lus ion .  the  rv r t rk  descr ibed in  th is  paper  es tab-
l i s h c s  t h a t  t h c  t h e r m a l  d c c o m p o s i t i o n  o f  3 ,  a n  a l i p h a t i c
c o p p e r ( l )  r e a g e n t  i n  w h i c h  t h e  r j  e l i m i n a t i o n  o f  C u H  i s
in rposs ib lc ,  p r t tcceds  in  ma jor  par t  by  a  f ree- rad ica l
mechan ism.  Th is  resu l t  bears  cont ras t  i v i th  the  pre-
v i o u s  d e n r o n s t r a t i o n {  t h a t  t h e  t h e r m a l  d e c o m p o s i t i o n
o f  v iny l i c  (and presr . rn rab ly  a romat ic ) i , t  copper ( l )  anc i
s i l ver ( l )  reagents  takes  p lace  by  a  nonrad ica l  mech-
an isnr .

Exper imenta l  Sec t ion

Genera l  N le thods .  A l l  reac t ions  invo lv ing  o rganometa l l i c  con r -
poun t l s  werc  ca r r i cc l  ou t  un r ie r  p repLr r i f i ed  n i t rogen  o r  g rade  A
l r c l i L r rn  us inq  the  usun l  techn iqucs  tb r  hand l iug  a i r -  and  rva te r -
se r rs i t i ve  conrpounr l s . : t  D ioxanc  rvus  pu r i f i ed  b -v  d i s t i l l a t i on  under
r r i t rogen  l ' r om a  da rk  pL r rp l c  so lu t i on  o t ' soc l i un r  bc r rzophenone  d i -
an ion .  E thc r  and  te t ra i r l , , c l ro lu r i t n  were  d i s t r l l ed  l ' r om l i t h ium a lu -
m inum hy ' c l r i t l e  under  a  n i t rogen  a tn tosphere  immed ia te l y  be to re  use .
H1'drocarbon sol l 'ents rvere scrubbecl  r ' , , i th conccntrated sul fur ic  acid
to  ren rovc  o l c f tn i c  i rn l tu r i t i es  and  d i s t r l l cd  t i on r  a  suspens ion  o f
sod iun r  bcuzophcnonc  ke t - r  I  under  i r  n  i t roqcn  a tmosphere  im-

(21 )  A  la rge  bodv  o f  qua l i t a t i ve  ev idence  f rom thesc  labora ro r rcs
indicatc 's thar a lky lcoppe r(  I )  rcagents arc nor suf f ic ie nt ly  basic to tbstract
a protol" l  f rom diethyl  ether.

(?2 )  Compur i son  o f  thc  p roduc t  y ie lds  obsc rved  on  thc rm i t l  deconr -
pos i t i o r r  o f  d ineophy lmercu ry  a t  a  common tcmpcra (u re  in  so l ven ts  o f
d i l lcr ing hydrogcn donor abi l i r ies c{ramat ical ly  i l lustrates th is int luencc.

(23 )  A .  Ca i rnc ross  and  W.  A .  Sheppard ,  J .  Amer .  Chem. .Soc . ,  90 ,
2 1 8 6  ( 1 9 6 8 ) ;  9 3 ,  2 4 7  ( 1 9 7 1 ) ;  A .  C a i r n c r o s s ,  H .  O m u r a ,  a n d  W .  A .
Slre ppard,  ib id. ,  93,  l . l8  (  l97l  ) .

(2a1  p .  F .  Shr rve r ,  "The  N lan ipu la t i on  o f  A i r - sens i t i ve  Compounc ls , "
I l cCra rv -H i l l ,  New York ,  N .  Y . ,  1969 ,  Chap tc r  7 .

mc t l i a t c l y  t r c l i r r c  usc .  \ t c l t  r r rg  l ) ( )u l t \  \ \  c l  c  o t r ta i r r cd  t r s ing  a
T l to r r t i t s  H( )Ov 'c r  C : . t l r r l l a rV  r t t c l t i r t g  l r ( ) i l l t  l t l r l r i l r i l t L l s  i l l l d  a fe  U l tCOr -
rcc (c (1 .  B t l r l i r rg  l t r ' l i t t t s  i l r c  t l t ' l c ( ) r r cc tc r l .  N r l r  s l t cc t rA  were  ru l ' l
t s  c l t r l ' r t l r r  t c t r i t ch l r r r i t l c  s t t l u t ro r rs  on  i l  V i rn l r r r  r \ - (10  s l rgc t ro l t l e  t c r :
chc r r r i c r l  s l r i l ' ( s  l t r c  r c l )o r t c ( l  i r t  1 r111 '15  l l c r  r r r r l l i t l r r  do rvn l i c ld  l i o r r r
t c t ra rnc t l t y  l s r l l t r t c  r . t r t t l  cou l r l r ' t g  c ( )ns t l n t s  i l r c  rn  l t c r t z .  l r t f ra rc (
s l ) cc t ra  r vc rc  t : . r kc r r  i r r  sod i t rn r  c l t l t t r i ck  cc l l s  t r s iug  Pc rk in -E ln rc r
\ l o r l c l s  : -17 .  l . r7 l l .  ( ) r  -1 -17  gn l tn lg  spcc t rop l t r l romete rs .  ! l ass
s l ) r : c t r : . r  r " c rc  r l e l c r r r r i r r c r l  r )11  i l  H  t tac l t t - l ) c rk  i r r - t : I r r r c r  iV lodc l  R  N I  U-
6D r t l t ss  s l ) cc t r ( ) l r l l o ton tc tc r :  s l ) cc t ra  used  lb r  i so top ic  ana lys rs
r r  c rc  t t t r t a i r r cd  r r s i r rg  [ow '  i o r r  i z i r r r  v t l l t l t gcs .  \ l r c roana lyses  werc
l r c r l i r r r r r cd  [ r r  \ l  r d r r  cs t  N t  i c r t l l l t h .  l  uc . .  l  ud ian l r l ' l o l  r s .  l  r r c l .

, , \ r r i r l l t i c l l  g l l r c  l t ru rhscs  r r c rc  pc r lb rn rc t l  u r r  F  auc l  N l  l \ t ode l  8 lo
i t l s t ru l ' l t cn ts  c ( lu r l ) l ) c ( l  r ' ' i t l r  l l a r r r c  i o r r i za t ron  dc tcc to rs  us ing  respo l t se
luc to rs  o t r tu i r r c r l  w i th  au t l r c r r t i c  s ln rp l cs .  A l l  con rponen ts  de r i ved
l i on r  3  n r  a  re i . l c t ron  rn i r t r r r c  co t rk l  hc  una l l zc t t  us i r rg  a  6  f t  X  ' , / r

r t r .  - 5 " n  d r c t h l l c u c  g l y c o l  s u c c i r t a t e  r t n  S 0  - l ( X )  n r e s h  C l r r o m o s o r b  \ t
co lun r r . r .  t en r l r r ra tL t r c  [ ) rog r i r l ' l t r ne t l  l ' r t t r r r  t r0  to  ]10 ' .  I n  add i t i on .
a r r  i l  t ' t  ) (  r , , r  i l r .  : 0 ' , ;  UC- \ \ ' 98  on  S0  l0 i )  r l csh  Chromosorb  W
c o l u n l r  c o L r  l t l  [ ' r c  u s c r l  a t  l l 0 ' l b r  a r r a l r s c s  o l ' t h c  r n o n o n - r e r i c  h 1 , d r o -
cu r l ' r o r r  l ) ro ( l r r c t s  n to rc  accL l ra tc l l  t l r a r r  t h r l se  ob ta i r red  rv i th  t l r e
c l r c t l r l  l e r r c  g l l  co l  s t r cc ina tc  co lu rn r r .  Nc r r l r l r r  I  t l i r nc rs  were  on  oc -
c a s i o r r  a r r . r l l z e d  \ c p l r a t c l \  r r s t n g i r  O  i t  . '  I ,  n . r .  l  - r " , ;  S E - 5 2 o n  8 0 - 1 0 0
n tcsh  C l t ron toso r t r  \ \  co l t r r l r r .  T l t c  r  i c lds  o l '  r c r r -bu ty lbenzene
lb rmec l  i u  r cac t io r rs  o l ' r r co l r l r r  i l i t l r i L r r r r  \ ! c rc  c ( ) r r cc tec l  l b r  t l r e  an touu t
o l '  l r , r l - hu t )  l l t c r r zc r t c  [ ] r cscn (  [ ' ' e  f ' o rc  l ) r c1 r i rn t t  i o r t  o l ' 3 .  as  de te rn r ined
b_r  1 .2 - t l i b ro r r roc thunc  c lL rcnc l r .  Lo rv  r r ro l ccu la r  r ve igh t  p roduc ts
dc r i vc r l  l i o rn  r cuc t r r Jns  o l '  / ( , , ' / - hu t \  l ( t r i - r r -hL r t r ' t l t hosph ine )copper (  I )
r re rc  u r ta l l zc r . l  us i r rg  i t n  f i  l ' t  , '  L  r  l l ' 1 .  l ( ) ' , ;  UC- \ \ ' 98  on  80 -100  mes l t
C t t ro r t toso r t r  \ \ '  co lun r r t .

Concc r l t ra t i o r t s  o t '  o rq l t r ro l i t l t i un r  re l l gc l l t  : t r l u t i o r r s  r ve re  de te r -
n r incc l  [ r v  t l t c  C i r l n l t n  d t ru l r l e  t l t n r t l ( ) r ' l  n rc thoc l  us i r rg  1 .2 -d ib ron ro -
c t l l u l r c .  ' ' r : '  S ( ) l r l t i ( ) r ' l s  ( ) l '  n r e t h l l l i l l r i r r r r r  { l l r e p a r c c l  f r o n r  m e t h r  I
ch l r l r i c l c )  i r t  c t l t c r  l t n t l  r t - t r r r t - t  l l i t h iL r rn  r r r  l r c r l t r t c  r ve rc  l t u rc l tased  f ro r r r
F t ) t ) te  \ l i r r c ra l  Co . :  / ( , , ' 1 - [ )u t \  l l i t l r i u r r r  I l  l ) c t r t ] l t e  r vas  l t u rChasc t l
l ' r on r  A l l rhu  l r t o rg i t r r i cs .  I r r c .

\eop l r l ' l  chk l r i de .  p r r l ru rcc l  b1  thc  l r l f . r  l ; . r t r r t n  o I  benzene  rv i th
,1 -ch lo r r l - l - r l c t i r ! ' l l ) ro [ ;e r t c  us i r rg  sL r l l i r r r c  i t c r r l  us  a  ca ta l ys t . t o  hac l
b p  I  l 0 - l  I  l '  ( I J  r n n r t ;  / r : ' t p  1 . j l - 5 { ) .

Neoph l ' lm i rqnes ium Chkr r idc .  A  l . { )  \ /  so lL r t i o r r  o l '  neophv l -
n ragncs iu r r r  ch lo r rdc  w i rs  l ) r cpa rcd  l r v  a l l r r i v i r t g  j 3 .0  g  (0 .20  mo l l  o l -
nco l l hy ' l  ch lo r idc  unc l  - i . 0  g  ( { ) .21  g - : r to rn )  o l ' r r t ; . t g r tes iL rm tu r r r i r t qs
ac t rva tcd  l v i t h  l . l - c l i t r ron roe thanc  t ( )  r c i . r c I  i r r  l ( ) ( )  r l l  o f  e the r .  The
nragncs iu r r r  t u rn ings  \ !e rc  cove  re  d  r r  r t h  u l rp ro r ima te l y  50  m l  o i
e thc r .  Thc  reac t r t>n  rn r \ tL l r c  r v l s  re l l L rxc r l  r r ve rn igh t  to  ensurc
conr l r l e  t c  r cuc t i ( ) r ' 1  .  TH F  s t l I L r t i o r r s  i l l '  r t co l r l t y  l r r t agnes ium ch lo r idc
w e r c  p r e p a r e d  i n  a  s i n r r l a r  l : l s h r o r r .

\ eop l r v l  b romide  \ vas  l ) reparc t l  [ r1  t l r c  r cuc t ron  o f  neophy lmag-
r t c s i u m  c l r l o r r r l c  r v t t l t  b r t ) n t r t t e  i n  c t l t c r  l t t  0  ;  r ; '  t r t r  8 5 - 8 6 ' ( 3  m m ) .
r r r i ' D  1 . 5 1 - 5 0  ( l i t . , r ; , ,  l r p  l l 0  ( ] . - s  r n n t ) .  / r r : D  l . - i l l i  l i t . ? 7 b  b p  9 1 . 3 -
9 1 . 5 ' ( - l  n t r l r ) .  n r : ' D  1 . 5 - l - 5 7 ) .  l t  h a t l  n f i r  r j  7 . 1 - i  ( n r . 5 .  a r o m a t i c ) .
1 . . 1 8  ( s .  l .  C H r ) .  a n d  l . - 1 7  ( s .  6 .  C H r ) .  r n d  r r ( C S , ) 2 9 7 0 .  1 3 8 0 ,  1 3 7 0 .
I  290 .  I  2J5 .  I  2 l - s .  1035 .  8J0 .  76 { ) .  7 (X ) .  - i 6 { ) .  anc l  5 - i0  cm- ' .

D ineophy lmercu r ! '  l vas  p repared  b1  a r r  adap ta t ion  o f  a  me thod
uscd  lb r  the  p rcpara t ion  o f  d i cyc lo l r ro l r y ' Imercu r .u " .23  A  2  I /  so lu -
t ron  o f  neo l rhy - lmaqnes ium ch lo r ide  was  p rcpared  f rom 68 .0  g  (0 .4 ( )

m o l )  o t ' n e o p h v l  c h l o r i d e  a n r t  9 . 7  g  ( { ) . J { )  g - a t o m )  o f  m a g n e s i u m
t u r n i n g s  r n  l U )  m l  o f  T H F .  N l e r c u r i c  c h l o r i d c  ( J 2 . 0  g ,  0 . 1 6  m o l :
0 .8  equrv t  d i sso lvec i  i n  75  m l  o t 'THF r " ' as  addcd  d ropw ise  ove r  a
per iod  o t ' -15  n r in  to  thc  gen t11 '  re t l ux tng .  s t i r red  so lu t i on  o f  thc
Cr ignard  reagen t .  The  reac t ion  n r i x tu re  r vas  re t l l t xed  fo r  an  add i -
t i ona l  l 0  h r .  coo led  to  roonr  te r -n [ ] c ra tL l re .  anc l  ca re fu l l y  hyd ro l yzed
rv i rh  l f i )  m l  o t '  r va te r .  The  inso lu l r l c  g rey ' -w 'h r te  magnes ium sa l t s
\vcre separ i r ted l ronr the THF and i l rp lcous larers by suct ion f i l t ra-
t iorr .  T l re THF ancl  aqucoLls lavcrs r , " 'ere thet t  sel rarated and thc
ac lL leoLrs  l a_ r -e r  r vas  ex t rac ted  rv i th  two  vo Iun tes  o f  e the r .  The  com-
b ined  e the r  a r rd  THF lave rs  r ve re  r vas i t cd  nv i cc  r v i t h  b r ine .  d r ied
(  \ l gSO, ,1 .  and  concen t ra ted  under  us [ ] l ra to r  ! ' ccuum.  Any  re -
rna in ing  ' ' , t r l a ( r l c  r cuc t . i on  comp( )ncn ts  \ \ ' c r c  r c r r roved  by  evac t ra t i ng
the  res rduc  to  ( ) .1  rnn t  a t  j { ) '  l b r  - i 3  l r r .  T l r c  c rudc  d ineophy lmer -
cu r r ' ( i 6 . - l  L l  o f  a  l i r rh t  ve l l o rv  o r l .  ( ) . l l  n ro [ )  \ \ , ' l s  rec rys ta l l i zed  th rec

(25 )  H .  G i lman ,  F .  I ( .  Car t l edge ,  and  S .  Y .  S im,  J .  Organomera l .
Chen t . ,  l .  t l  (  1963  ) .

(16 )  W.  T .  S rn i th ,  J r . ,  and  J .  T .  Sc l l as ,  "Organ ic  Syn theses , "  Co l lec t .
Vo l .  IV ,  Wi l cy ,  New York .  N .  Y . ,  1963 .  p  702 .

(27;  1n) A.  H.  Fainberg and S.  Winst t ' in ,  J .  Amer.  Chem. Soc. ,  78,
2763  (  1956) :  (b )  J .  D .  B lackhurs t ,  J .  C l tem.  S<rc . ,  1958  (1960) .

(28 )  C .  F .  Reyno lds ,  R .  E .  Dessy ,  and  H .  H .  Ja r ] ' c ,  J .  Org .  Chem. ,23 ,
l 2 l 7  i l 9 5 8 ) .



t i m e s  l ' r o m  n r e t h a n o l - c r h e r  ( l : l )  a t  - 7 3 - ! e  t o  l r e l d  a l . 8  g  ( 0 . 0 9
mo l .  - i 6 ' ' , ,  bascd  on  HgCl : )  o l ' . ' uvh i t c  nccd lcs .  n r l t  25 -26 '  ( [ i t . zs
m p  2 6 . 0 - 2 6 . 5  ) .  h a v r n g  i r  t C C l , .  C S , )  1 9 7 0 .  1 6 0 1 .  l 5 ( n .  1 1 7 5 .  1 . 1 5 0 .
1 1 8 5 .  l l 6 - s .  l 2 l J 0 .  l t ) - ' 1 5 . 9 1 ; 5 . 7 7 0 . 7 U ) .  ( r 1 5 .  a n d  5 5 5  c m - . ' ,  a n c i  n m r
, i  7 . 1 9  ( n r .  5 .  a r o n r a t i c ) .  l . 3 0  ( t , 2 .  C H : .  J /  ( ' e e H g c l { , )  :  9 2  H z ) ,
a n d  l . l 0  ( t .  6 .  C H , .  /  (  ' e s H g C H , )  :  ( r . 5  H z ) .  T h c  i n t e n s i t y  o f  t h e
reeHg sa tc i l i t es  r vas  approx in ra tc l v  t l r c  ex i t cc tcd  rg ' l j  o f  t hc  cen te r
b a n d s . ) o

Neoph ; r l l i t h ium.  A  pen tanc  so lu t i on  co r r ra in ing  1 .40  g  (3 .0
nrmol)  oI  d incolr l r_y- l rnercury was addcd [ ry,  l i r r rncl  through t l re top
arm o l ' an  8 ( ) -n r l  l l ame-d r i cc l  Sc l r l cnk  tu l t c ; r  co r l t a in i t . l g  a  n tagne t i c
s t i r r rng  ba r  r vh i l c  t l ush ing  he l i um th rough  t l r c  tube  r i r r  t he  s ide  a rn t .
The  top  a rm was  thcn  connec ted  to  A  w i r t c r  asp i ra to r  i so la ted  by  a
calc ium sul l r . t tc  c l ry ' ing to lver and the l )entanc tvas removed under
reduced pressure rv i th the hel iurn l lorv turned ot I .  T l re tube rvas
f i l l ed  w ' i t h  He .  the  asp i ra to r  councc t ion  rcmovec l .  and  a  pen tane  sus -
pens ion  o l ' c r r .  1 .0  g  (  l J0  rng -a ton r )  o f  l i esh ly  l t repared  l i t h ium d is -
pe rs ion ; :  added  by '  l ' unne l  th rough  the  top  a rm rvh i l e  f l ush i r rg
he l i um th roug t r  t he  tube .  As  bc tb re .  the  top  a rm was  connec ted  to
the aspirator  and the l tentane volume rvas reduced to crr .  8 ml .
A t ' t e r  coo l i ng  the  tu [ ' re  and  i t s  co t ] ten ts  to  -78 '  undc r  he l i um.  the
top  a rn t  and  thcn  the  s idc  i l rm  \ ve re  sea led  rvh i l e  n ra in ta in ing  a
he l i r , r rn  a tmosphere  in  thc  tuL rc .  A t  th i s  po i r r t  t hc  co l l t cn ts  o f  t he
tube  rv ' c re  t i ozen  rv i th  l i r . 1u id  n i t rogcn  and  a  s l i gh t  cons t r i c t i on  rvas
made  in  the  s idc  a rn r  a l tou r  I  i n .  l t o r r r  t hc  sca lcd  cn r l .  A t ' re r  the
tube  rva rn red  to  roo rn  t cn tpe ra tu re .  i t  r vas  l t l ace r l  i r r  a  ba th  a t  55 -
6 0 '  a n d  t h c  c o n t c n r s  \ r e r e  s t i r r c d  m a g n c t r c a l l y .  D u r i n g  t h e  t r a n s -
meta l l a t i on  rcac t ion .  r vh i t c  c rvs ra l s  o l '  ncop t l r r  l l i t l r i un t  and  b lack
l i t h iun r  an ra lgan t  were  lb rn rcc l .  an r . l  sa r rk  to  thc  l t t _ l t t o rn  o l ' t he  tube .
Thc  rc l t c t to t l  \ r ' l s  co r t t l t l c t c  r v r th in  I  l r r  ( t he  cxcess  l i t h iu r l  r c r l a i r r cd
b r rgh  t  ) .  r ' ;

T o  r c n r o v c  t l t c  c o n t c n t s  l r o r n  t h c  t u b c  t h c  c o r r s t r i c t i o n  o n  t h e  s i d e
i l nn  \ ! ' i t s  sco rc t t  r v r (h  a  g lass  sc r ibc r  and  thc  s i r l e  a rn r  r vas  a t tached
by  a  shor t  l eng th  o f  Tygon  tu t l i r rg  to  onc  l l r n r  o l ' a  l h ree - rva r , ,  s top -
cock .  the  ( ) l )pos r t c  l r rn  o l ' r vh i ch  rvas  sca lc r l  l v i t h  r r  N t t -A i r  s to l ) l ] c r .
Tl rc rcnrai r r i r rg arnr  \v i ls  c()r ' lncctcr i  to t r  ! ' lcuurn-nl t rogen nrani tb ld.
A l ' t c r  e v a c u a t i n g  a n t i  f i l l i n g  t h e  s t o l ) c o c k  a n t l c t t n n c c t i n g  t u b i r r g . " v i t h
n i t rogen  i l  nu rnbc r  o t ' t . i n t cs ,  t l r e  s rdc  a rn t  \ ! as  b rokcn  a t  t l r e  con -
s t r i c t r ( )n  r vh r [ c  undc r  l r  n i t roger r  l r t rnos l t l t c rc .  I t '  l t  so l ven t  o the r
than  t ) c r l t anc  was  to  l r c  uscd  tb r  thc  su l t scc lucn t  reac t ions  o f  thc
l i t h iu rn  r c i . l gen t .  t he  l t cn tane  \ vAS removec l  by  d i s t r l l a r ron  a t  reduccd
prcssurc  a t  th i s  t imc .  Wh i le  l ) ro rcc t . i ng  thc  so l i r l  res i c luc  t rom thc
d i s t r l l a t i o n  u n d c r  a  g r o s i t i v e  l ) r c s s u r c  o t ' r r i r r o g c n .  a  s t a i n l e s s  s t e e l
cannu la  ' , vas  inse r ted  th rough  the  rubbc r  scp tun t  anc l  t hc  s tog tcock
in to  the  s ide  a rm o t ' t hc  Sch lcnk  tubc .  Thc  t l cs i r c t l  so l vcn t  (o r  more
l lcrr tanc) rv i ts  adclcd through the cannula l rv lbrcccl  t r i r r rs l 'er  undcr
a  pos i t i ve  l ) ressL l re  o l '  n i t rogcn  aud .  a l ' t c r  t l r c  r reophy l l i r h ium had
drsso l r cd .  the  so lu t i on  \ va .s  t rans le r rcd  l i r t n r  t l r c  t r : bc  to  a  su i tab le
con t i l l nc r  t l r roug i r  t l r c  cannu la  i r r  l hc  san tc  rnannc r .  A  sa tu ra ted
s o l r r t r o r r  O l ' n c o l t l r y - l l i t h r i r r n  i n  r r - l t c r r t a n e  o r  / / - i t c l l t a n e  a t  r o o n l
te l l t l ) c ro tu rc  r s  c r r .  0 .  I  \ ' .  C ry  s ta l l rnc .  e r l re r - l ' r cc  r reo l thy l l i t h ium
can  bc  ob ta i r t c t l  b . " -  co t t l i r rg  a  l ) cn tane  so lu t i on  sa tu ra tec l  a t  roon l
t c r n l ) c r l [ u r c  t o  - 7 8 '  t n d  r e m o v i r r g  t l r c  s o l v e n r .  o r  b y  s l o w l y ' d i s -
t i t t i ng  the  pc r l t anc  l ' r on r  i r  l ) en tanc  so lu t i o r r  undc r  reduced  p ressure .

Proo f  o f  I den t i t y '  o f  Neophy ' l l i t h ium.  Hy ,d ro l y ' s i s  o l ' a  samp le  o f
ncophy l l i t h iun r  _v ' i c l t l s  on l_v  r c r r -b r . r t y lbenzenc :  no  (<0 . l  l l ; )  i so -
bu ty lbcnzc r re .  neo l ;hy ' l  a l coh r t l .  o r  ne  op l r v l  c l i n te  r s  r v 'e rc  de tec ted  in  a
hy r l roh ' zed  a l i c luo t  by  g lpc  ana lys i s .  A  so l i r r i on  o f ' neophy l l i t h ium
ln  c thc r  a t  room tempcra tL t re  reac ts  r v r th  c i i . he r  e thv lene  d ib romide
or  b ron robenzene  to  y re ld  neophy l  b romide  r l uan t i t a r r ! ' e l y .  Hydro -
ca rbon  so lu t i ons  o t '  neo l rhy [ [ r th ium y ie ld  neo l thy l  b romidc  q l l an -
t i t a t r v e  l y  u l ) o n  r c a c t i o n  r v i t l t  b r o m i n e  a t  -  7 3 ' .

l - \ l e th " r ' l - 1 -phen1 ' l -2 -p ropene  (7 ) .  Enough  o f  th i s  ma te r ia l  r ve rs
ob ta ined  t ' o r  de te rm ina t ions  o f  g lpc  re ten t ion  t i rnes  and  respo t l se
tbc to rs  by  the  l ' o l l o rv ing  1 ; rocec lu re .  De l r yd ra t ion  o f  2 -methy l - l -
p h c n y l p r o p a n - l - o l  ( 2 2 . 5  g . 0 . 1 5  r r i o l )  r v a s  c a r r i e c l  o u t  a t  l l 0 ' u s i n g

( 2 9 )  S .  W i n s t e i n  a n d  T ,  C .  T r a y l o r ,  J .  A m e r .  C h e n t .  9 o c . , 7 7 , 3 7 4 7
(  l 9 _ ( 5  ) .

( 3 0 )  T h e  n m r  s p c c t r u m  o t '  d i n c o p e n r v l m e r c u r y  i s  v e r y  s i m i l a r :  /
( t e e H g C H : )  :  9 ' 1 . 0  H z :  , . /  ( ' e e H g C H r )  :  5 . , (  I { z ;  c f .  G ,  S i p g h ,  " / .
Organornc ta l .  Chun. ,  5 ,  577 (  1966) .

( l l )  W .  S c h l e r r k  a n r i  J .  H o l t z ,  C h e m .  L 1 e r . , 5 0 , 2 6 2  ( 1 9 1 7 ) .
( l l )  P .  D .  B l r t l c t t  L r n d  E .  I l .  L e t i ' c r r s ,  J . . - l t n e r .  C h a n t .  S o c . , 7 7 ,  1 8 0 . 1

(  1 9 5 5 ) .
( 1 3 )  T h i s  t r a n s r n c t a l l a t i o n  r e a c t i o n  h i t s  p r o v e d  t o  b c  v e ' r y  s e n s i t i v e

t o  i r n p u r i t i c s  l n d  t o  c . \ p e r i m c n t a l  t e c h n i q u e  .  I n  p a r t i c u l a r  t h e  d i n e o -
phy lmcrcury  must  bc  carc fu l l y  pur i f ied  f lo r  the  t ransmeta l la r ion  to  take
p l a c e  .  E v c n  r v i t h  s c r u p u l o u s  a t t e  n r i o n  t o  d c t a i l ,  i n  o u r  h a n d s  a p p r o x i -
r n u t c l y  o n c  b a t c h  o f  d i n c o p h y l m e r c u r y  o u r  o I  f o t r r  c o u l d  n o t  b c  i n d u c c d
to  re i . l c t  rv i th  l i th iun t .

2  d ro l r s  o f  20 " i  rqueoL ls  su l [u r i c  ao ( l  c : l t i l l ] J t .  The  reac t io f l  p ro t i -
L r c t s  w e r c  d i s t i l l e d  a s  t h c y  l o r r r c d  ( t r p  ( l ) - 8 0 ' ( 2 0  m m ) ) ,  d r i c t l
( \ f gSOr ) .  and  red is t i l l ed .  A  sa r l l r l c  o l '  t l t c  dcs i red  mate r ia l  r vus
co l l ec ted  f rom g l l r c  o f  a  l i r c t ro r r  hav r r tg  t rp  70 -75"  (20  mm)  ( [ i t .  '

b p  6 9 - 7 0 ' ( 2 0  m m ) ) .  a n r l  i t s  i c l c n t i t y  r r , i t s  c o t t l i r m e d  b y  c o m p a r i s o r r
o i  i t s  i r  s l )ec t rum rv i th  t l r a t  o t ' r t r r  au t l t c r t t i c  samp le  in  t l r e  Sad t l c r
f i l c  (no .  2046) .

2 -N le thy l - l -pheny lp ropun- l -o l .  r \ pp rox in ra tc ty  160  m l  o I  l . ( r  \ '
i sop ropy l  C r i ' - l r ra rd  r c i l gcn t  r vas  a t l t l c r l .  r v r t l r  s t i r r i ng  and  coo l i r rg .
to  27 .0  g  (0 .250  rno l )  o t ' bc r t za lde l t r r l c  t l i sso lvcc l  i n  150  m l  o f  c thc r
ove r  a  pe r ioc l  o i  1 .5  l t r  a t  l 5 - .  A l ' t c r  s t i r r i r rg  fo r  o , ,  odd ' , rona l  -1o
mi r r .  t he  reac t ion  m ix tu rc  r vas  hyd r r l l l ' zcd  rv i th  sa tu ra ted  ac luc ( )u \
an rn ron ium ch lo r ide  so lL r t i o r r  and  rvo rkc r l  up  i r r  t l r e  usua l  n l i l nnc r
t o  y i e l d  3 { ) . 0  g  ( 0 . 2 0 { )  m o l . 8 0 " , i )  o l ' t h c  t l c s r r c r t  a l c o h o l .  L r p  l 0 l
1 0 " 1 "  ( 8  r l m ) .  r / 2 ' ; D  1 . 5 3 1 ( l i t . r 5  L r l l  l 0 l  - 1 0 +  1 7  r n r n ) ) .

2 - \ Ie thy ' l - l - phcnr ' l - l - p ropcne  (8 ) .  . \  so lL r t i on  o f  12 .9  g  (E6
mmol )  o f  2 - rne thy l - l -p l re r ry '11 ) ro t )an - l - t r l  u r rd  10 .0  g  (66  rn rno l )  t r l '

l r hosphorus  oxy ' ch lo r idc  i r r  75  n r l  o t ' L rcnzcnc  was  s t i r red  a t  re t l ux
lb r  l 0  m in . r ;6  The  ruby  red  rn i x tu rc  wrs  coo lcc l  t o  0o .  the  la1 ' c r :
werc  separa tec l .  and  the  be r rzcnc  Ia rc r  was  cx t rac ted  w i th  co l t l
l r ' a t c r  L rn t i l  t hc  wa te r  was  neu t ra l  an r l  t he r r  t l r i ed  ( iV tgSOr ) .  A l t c r
remov ing  l renzer re .  3 .7  g  t27  mnro l .  - - i l  ' ,  ] ' r c l r l l  o f  t he  dcs i red  o l c l i r r
(>95  T  1 ;u re  L ry  nmr )  \ vas  ob ta i r r c r l  by  l ' r i t c t i oua l  d i s t i l l a t i on .  h1 r
9 2 - 9 5 '  ( 2 1  n r m )  ( l i t .  r r  b p  7 9 - 8 0  ( l ( )  r n r r r ) ) .  T h e  i d c r r t i t y  o t '  t h r :
n ra te r ia l  r vas  con t i rmed  t r y  con t l )ons ( )11  ( ) t ' i t s  i r  s l rec t rum rv i th  th l r r
i n  the  Sad t le r  t i l :  t no .  10 -15 ) .

2 .5 - l ) ime th l ' l - 2 ,5 -d iphen l ' l hc r : rne  (9 )  \ \  l s  p re  pa red  in  l 6  f1 l  1  i c t t t
by  thc  reac t io r l  o t '  cumy ' l  1 ' ro tass iu r r r  ;  r r , i t h  1 ,2 -d i ch lo roe thane  in
e the r  a t  ( ) ' . ' r s  I t  r vas  i so la ted  l ro r r r  t l t c  r cuc t r ( ) r ' r  m ix tu re  by  l rac t i ou l r l
c l i s t r l l a t ro r r .  bp  l12 - l l 5 '  ( ( ) .1  rn rn , .  l r rd  thc r r  r cc ry ' s ta l l i zec l  t rom i r l - . -
s o l u t e  c t l l a n o l  r t  - 1 0 ' .  n r p  6 ( )  ( r l  ( l i t . ' 3  m p  6 0 - 6 1 ' ;  1 1 1 . ; ; e  l r p
|  58  '  ( ( ) .1  n rn r  ) ,  n rp  65  ' ) .  l t s  u r r r r  \ l r ec t rL ln r .  , i  7  .07  (n r ,  5 .  a ro t l ra t  i c  ) .
l . - ' 1 2  t s .  2 .  C H : t ,  a n d  l . l 8  ( s ,  6 .  C l - 1 , ) ,  a g r c c s  r v i t h  t h e  r g [ ) o r t c t i  J

va  lu rs .
. l t t u l .  C a l c d  t b r  C . , o H : , , :  C .  9 ( ) . 1 6 :  H .  9 . 8 1 .  F o u n d :  (  .

9 0 . 1 - l :  H .  9 . 8 9 .
2 , - l -D imc th l ' l - - l - phcn1 ' l pen tan -2 - r t l .  . \ pP61 ; r i rn l t c l y  50  r r l  o t '  r t

J  rV  c thc r  so lu t i o r r  o l ' ucop l t y ' l  ( l r i u ru t r r i .  p rc l ra red  f rom 13 . ( r  - :
( ( ) . 2 0  r n o l )  o l ' n c o l t l t . , l c h l o r i r l c  u r t t l  - i . t )  g  r { )  l i )  g - a t o n t )  o l ' t r u t g -
n e s i r r r n .  r v l s  c o o [ c c l  t o  ( ) ' .  A  s t r l L r t i o r r  o t  i - ] . 1  g  ( 0 . 2 0  m o l )  t r l
acc t ( ) r re  (d r i cd  ov ' c r  \ l o l ccu la r  S ie  re  -1 . . \ )  r r r  l t )  rn l  o f  e the r  was  ac l t l c t l
r v i t h  s t i r r i r r g  t o  t h c  C r i g n a r d  r c u g c n t  s ( ) [ u t r o u  o v e r  a  p e r i o d  o t ' l . j
h r  a t  l  ra te  such  t l ra t  t he  reac t i ( )n  Lcn r l )e r i l t u re  ncve r  exceeded  i
The  m ix tu re  \ vas  s t i r red  a t  0 ' .  l t yd ro l vzcd  rv i th  sa tu ra ted  ac lueous
amnron ium ch londe  so lu t i o r r .  a r td  r vo rkec l  t t t t  i n  the  usua I  n l i u tnc r .
F rac t rona l  d i s t r l l l t i on  o l '  t he  c ru t l c  r c l t c t i on  n t i x tu re  y ie ldec l  l 0 .o  g
( ( ) . 1 0  r n o [ .  5 0 ' t , i )  o t ' t h c  c l e s i r e c l  a l c o l t o l .  b p  9 2 - 9 3 ' ( 0 . 8  m n r ) .  r r ] ! r )
l . 5 l l +  { l i t . ' 0  b p  l ( ) 1 1 . 5 - 1 0 9 '  ( - l  n r n r ) .  r r r ' ) o  1 . 5 1 3 0 ) .  h a v i n g  t t r t t r  , )

7 . 2 2 t m . 5 .  a r r : r n a t i c ) .  l . 9 l  ( s .  l .  C H , t .  l . - + ( )  ( s . 6 ,  C f f r ) . 0 . 9 1  l s .  r r .

C H , ) .  a n c l  l . l 5  t s .  l .  O H t .
2-Bromo-2.{-d imethl '  l - { -phcrrv l  pcntrnc.  l . - l -  D i  rnethy l - - l -  l r  l rc  r r  r  l  -

l ) en tan -2 -o l  15 .7 ( r  g .  - ' 10  mnro l )  d i sso l r c t l  i n  15  rn I  o [  pen ta r l c  w ' i t i
ac l c l cd  to  a  m ix tu re  o i  6 .9  rn l  o t ' J3 ' ' , ,  uc luc r rus  HBr  (60  mmol )  a r r t l
1 .9  n r I  o l ' concen t ra ted  H :SO 1  o ! ' € r  l l  pc r io t l  o t ' 25  m in .  T l te  reac t to r t
r vas  s t i r red  a t  25 '  l b r  an  ac {d i t i ona l  l . - - i  h r .  t l t e r r  poured  in to  w l t t c r .
The  o rgan ic  l aye r  was  separa tec l .  r rashcd  rv i th  ac lueous  NaHCO
so lu t i on .  c i r i ed  (N lgSO' ) .  a r rd  co r l ccn t ra tcd  to  y ' i e ld  6 .8  g  o i  c ru r l t
bromide as a y 'e l lorv l icpr id.  Tl t is  nratcrra l  c lecomposed on l t t -
t empted  pu r i f i ca t i on .  and  rvas  charac tc r i zcd  on iy  on  the  bas is  o f  r t s
n m r  s p e c t r u n r :  0 7 . 2 5  ( m . 5 .  a r o r n r l t r c ) .  l . - i l  ( s , 2 ,  C I I : )  1 . 3 0 ( s .  r r .

C H , ) .  a n d  1 . 2 5  t s . 6 .  C H , ) .
1.4-Diphenl ' l -2.2. . [ - t r imethl ' lpcntane (  10).  2-Bronto-2.J- t l r -

me thy l - "1 - l rheny l l ren tane  (10 .3  g .  J0  tn rno l .  c r r .90 [  pu re )  i n  25  r r r l

o f  e the r  r vas  ac ided  to  a  s t i r red .  re f ' l ux i r r s  so l r r t i on  o f  benzy l  C r rg -
na rd  reager l t  (25  m l .  c r r .  1 .6  rV )  o re r  l . - i  i r r .  The  reac t ion  m ix t t t t ' c
rvas st i r red i r t  ret lLrx for  an adci i t ional  - l  l r r .  hydrolyzed (saturatct i

aqueous  NHrCI ) .  and  rvo rkcd  u1 r  as  t t sua l .  The  hyd rocarbon  l0

(3a ;  p .  G .  wh i tmore ,  C .  l .  Wc isgc rbc r ,  r t r rd  A .  C .  Shab ica ,  J r . ,  / .
, lmer .  Chen t .  Soc . ,  65 ,  1469  (1941) .

( 3 5 )  J .  B .  C o r r a n t  a n d  A .  H .  B l a t t ,  i b i r l . . 5 0 ,  - < i t  ( 1 9 2 8 ) .
(36 )  Thc  rnc thod  used  rv i t s  tha t  o t 'S .  L indcn t raum,  C l rcm.  Ber . ,5 l ) .

1 2 7 0 ( 1 9 1 7 ) .
( 1 7 )  I ( .  Z i e g l c r  a t r d  H .  D i s l i c h ,  t b i d . , 9 0 .  t l 0 7  ( 1 9 5 7 ) .
(38) H.  Brcederveld and E.  C.  l (ooy' rnan,  Rcc/ .  Trua.  Chi tn.  Pa-t 's 'BLts.

76 ,  297  (  1957) .
(39 )  C .  R i j cha rd t  and  H .  T rau tw 'e in .  Chem.  \e r . ,95 ,  l l 97  (1962) .
(40 )  A .  D .  Pe t rov ,  G .  I .  N ik i shk in ,  V .  N .  Gra rnen i t skays ,  a r td  V .  D .

Vorob 'cv ,  Zh .  Obshch .  Kh im. ,18 ,  l l  l 5  r  t 9581 ;  Chem.  Abs t r . , 53 ,  3 l - l 5 i r
(  1 9 5 9  ) .

lL ' l t i tes i les.  Punek,  Steclronskv Dect t r t tTt t ts i t ion t l ' l , ieopln l l t r i - r r l ; t r r . r ' lp lnsphine)col tper l  l t
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f o r r n t : t l  .  1 . 9  g  r 7 . l  r n r t t o l .  l 8 " i  t r a s c t l  ( ) n  t c r t i a r v  l r r o m i d e )  w a s  t s o -

l l t r c t t  l ' . '  d r r r r l l a t t o t ' t .  [ r J ' t  l ( ) ]  l ( ) )  ( 0 . ( ) J  r n r n ) .  T l r c  d i s t i l l a t c  ! v i l s

c r \ \ ( l r l l i z c t l  l ' r o r r r  t l t . s r r l t t t c  c t h a n t l l  e i  -  l ( ) '  t o  y i c l t l  w l t i t e  c r y s t a l s .

r l r .  l l . ( )  l l  i  l l t r r r t r . r  o n r t -  r )  7 . 1 5  ( n r .  - 5 .  l t r o n r l t t i c ) .  7 . 0 5  ( m .  5 .

r r o n l . r r r e  r .  l . - i ( ) t s .  l .  C 1 1 , ) .  1 . 3 ( )  ( s .  l .  C f f : ) .  l . - 1 5 1 s .  ( t . C H t ) ,  a n d  0 . 6 3

r  s .  ( r .  C / /  t .
l , r < t l .  C . r l c d  l i r r  C : o L l : q :  C . 9 0 . 1 ( r :  H . 9 . 8 " 1 .  F o u n d :  C .

9 r )  - 1 1 :  H .  9  6 6 .

l - l l r omo- l -mc t l r r  l - l - phcnr  l p rop r tnc .  p rcparcd  i r r  80? ' i ,  y i c ld  by

i .L r ' 1 . [ . l r r rg  l 1  l ] r  t l t r t r t t g l t  l - r r t c t l t v l -  l - 1 r i re  ny l l l r opan-2 -o l  a t  room
( c n r r ) c r l r t r r r c .  l r r . l :  [ r 1 l  6 ] - 6 5 ' ( l  r t t n r ) ( l i t . t t  b p  l l 8 - 8 9 "  ( 5 . 3  m m ) ) ;

r r  t C C l , )  1 o - 1 5 .  ' , 1 - r ) .  1 9 f 0 .  1 6 0 . 1 .  1 , s 0 5 .  1 1 6 5 .  l . l ( X ) .  1 3 8 0 .  1 2 1 0 .  1 1 0 5 .

; { X } . 6 - 1 ( ) . 6 1 0 . 5 1 { )  c r n - r ,  n n r r , r  7 . 0 7  ( s .  - i .  a r o m a t i c ) , 3 . 0 7  ( s ,  l .

C H ,  ) .  |  . / r  j  t s .  6 .  C  H  t ) .
l . . t - D i p h e n r l - 2 . 2 . 3 . 3 - t e t r a m e t h y l b u t r t n e  ( t l ) .  N l e t h o d , \ .  C u .

J ( )  r l l  o i  l r  ( ) . 5  ' \ -  e the r  so lu t i on  o l '  r t - t r t t t v lm l tgnes ium b romidc .
p reparc t l  t ' r o rn  3 .J  g  (23  mrno l )  o f  r r -b t r t v l  b ron r ide  and  0 .8  g  ( l l

m g - a t o n r ) o f  m l g r r c s i u n r  t l t r n i r l g s .  \ l l l s  s t i r r e d  l ! t t h  1 . 0  g  ( S  m m o l )

o l ' a n h l r l r o u s  c o b a l t ( l l )  c l r l o r i d c  i o r  - 1 5  n t i n  a t  0 ' .  T h e n  3 . 3  g

t  l 5  rnn ro l )  o f  2 - l , r romo-2 - rne thy l - l -phen l lp ropanc .  d i sso lved  in  30

r l l  o f  e the r .  was  addcc l  t l ve r  a  l t c r i o t i  o f  l . - r  h r .  The  reac t ion  m ix -

tL r rc  \ vas  rc t l r - r xcc l  l ' o r  I  l r r .  coo lcd .  l t n t l ca rc t ' r r l l v  hyd ro l y "zed  rv i th  3 ' ' i

I l r l L leoL ts  s t r l t i r r i c  ac i t l .  The  rcac t ro t l  l l l i x t t l r e  was  worked  u1 l  i n  the

LrsL la l  manuer  to  y ' i c l c l  a  yc l l o l v  o i l  as  the  c r l t t l e  p roc luc t .  An  nmr

s t )cc t rL rn l  r t t '  t h i s  t t t i t t c r i l t l  i n t l i ca tc t i  t l r a t  i s t l b t r t l  l benzene  and  2 -

n l c th ) ,1 - l - l rhc r ry l - l - l l r opcnc  wcre  thc  ma jo r  l r ro r . l uc ts .  By  c ry ' s ta l -

l i z l t i on  t ' r o rn  l bso l r . t t c  c t l t a l ro l  i r t  -  l ( ) ' .  l b l l t l r vec l  b1 , '  rec rys ta l l i za -

t ron  l ' r on t  c t l t t uo l .  l - 12  r t rg  1 ( ) . - i 3  n rn ro l .  7 .1  ' , ; )  o f ' h l t l r oca rbo t r  [ [  r vas

o [ r t u i n c r t  a s  l i n c  r v l t i t c  r t c e d l e s .  r n p  t 3 1 . 5 - l ] 1 . - i '  ( l i t . 1 5  n t l l  l l t -

l l l  ) .  h a v i r r g  n r n r  o  7 . 0 ( )  ( s , 5 .  a r o m a t i c ) .  1 . 5 7  t s ,  l .  C H : ) , 0 . 7 8
(s ,6 .  CHr ) .  i r r  r c i t so t t ; . t t r l e  ag ree t t t cn t  r v i t l t  t l t a t  r cpo r ted . ' j e

. \ l c tho t l  l ] .  ,A ,  so lu t i ou  o t '  - ' 1 .5  g  t  26  r t rmo l )  o f  ] - r r t c t l rY ' l ' l - phc r ry l -
l -p ro1 ;c r re  i r r  1 - i ( )  r t t l  o l ' t t l t c r  w ' i t : ;  s t i r rec l  t i l r  l - {7  h r  a t  room tc tn -

l )e  ra tL t r c  l v i t h  1 .3  g  o l '  s t t t l i t t t n  - l t r t t l t ss i t r t t t  e l l t t y  (p rcpared  t ' r o r r l  0 .3
g  6 l ' s6d iL rn t  and  l . ( )  g  t1 ( r  n tg -a ton r )  o l ' 1 r r - r t r . t ss i ru 'n )  u t l ( l e r  a  n i t rogcn

I t t r l os l . l hc rc . ' 5  thc t t  l t y ' t l r o l l zc t l  r v i t l t  \ vc t  c t l l c r .  The  CrudC l l ro t l t r c t .
r t  yc l l o rv  o i l .  w 'as  l rL r r r l i c t t  as  i . l l ) ovc  to . r i c l t l  t ) . l l { )  g  (3 . ( )  rn rno l .  2 l ' , , )

o l ' r v h i t e  u c c t l l c s .  1 1 1 t  1 3 1 . 5 - t i l . 5 ' ( t n t n l l  r v i t l t  t l t e  s l t n l [ ) l c  p r e l l a r e c l

b l '  mc tho t l  A .  |  3  L , i  -  I  . l  l . , i  ' ) .

. ' l t t u ! .  C l l cd  [ ' o r  C : , r l - { . , ; :  C .  90 .  l 6 ;  H .  9 .3 - t .  Fo r rnd :  C .

8 9 . 8 7  :  H .  9 . 9 1  .
2 - t ' hen1 ' l -2 . { .4 - t r ime th l ' l pcn t : tnc  (15 ) .  r c r r -B t r t y l l i t h ium (  1 .30

rn l  o f  u  1 .5  'Vso lu t i r t t r  i t r  l r en t i y l c .  1 .95  r lmo l )  r vas  i t dc led  to  l t  so lu -

t i o n  o l  l . 9 l  m m o l  o f  3  i n  r t  m i x t r t r c  o f  2 2  m l  o f  T H F  a n d  l 5  m l  o i

c t [ c r  a t  -73 ' .  a r rd  t l t c  r cs t r l t i ng  so lL r t i o t r  r vas  a l l o rved  to  reac t .  r v i t h

,5 ( )  n r l  o [ ' ox1 'gcn  i . l t  -7S ' .  r :  Thc  rcac t io t r  t t t i x t t t re  r vas  a l l o rvcd  to

\ \ , a r rn  to  roon l  te  rn l ) c r : . t t L I re .  I y ' t t ro l - vzed .  t t r i e t l  t ! l gSOr ) .  anc l  co t r -

cc t t t ra tcd .  C t t rn l t t t r - r r r t l  l 5  l vas  i s t l l a t c t l  l ' r t r r r r  t l t c  r c l l c t l on  t l l t x tL l r c

l r v  g lpc  ( s - t ' t  l 0 ' ;  D ICS ( ) t1  Chr ( )mo561 [ r  W a t  l ] 0 " ) .  and  ha t l  i r
(CC l , )  -1 ( ) I J0 .  -10 ( r0 .  -10 -10 . ,1 ( ) l ( ) . : 960 .  190( ) .  160 '1 .  1500 .  l -170 .  l -15 ( ) .

l . r9 i .  l l l l , s .  l 16 - \ .  l l - i { ) .  1030 .  860 .  a r r t l  7 ( )0  c tn - r ;  n l i l ss  spcc t rum
( 7 ( )  c V )  1 9 0  t  I  l t  , r t  - ,  l l 0  (  |  l ) .  I  l 9  (  l ( X ) ) .  9 l  t l S ) :  n m r  ( C C l { )  7 . 2 8 - r
( 5 .  m .  a r o r n i l t i c ) .  l . 7 j  ( 2 .  s ) .  l . - 1 7  ( 6 .  s t ,  a n d  0 . 7 2  ( 9 .  s ) .

. - l n t i l .  C l l c t l  f  o r  Cr  rL { , . : :  C .  l l 3 .15 ;  H .  I  l . ( r5 '  Found :  C ,

3 8 . 3 ( ) :  H .  I  t . 5 E .
C) rg lnocoppcr ( l )  nnd  -s i l vc r ( l )  Compounds '  Neophy l ( t r i - r r -

L r t r t ! l p l t osp i r i ne )cop l t c r ( I )  \ ! i l s  p rcparcd  as  desc r ibed  p rev ious ly

to r  r r - t rL r t y l (  t r i - r r -L ru t1 ' Ip l tosph ine )coppe  r (  I  ) .  I  Te t rak i s I i odo ( t r i - r l -
bu tv lphosph ine )copper ( l ) |  (391  mg.  0 .15  r lmo l )  r vas  rve ighed  in to

a t lamc-cl r ied -10-ml centr i l 'uge tu l re.  T[c t r rbe was capped wi th a

No-Ar r  s top t )e r  and  l l L rs f te r i  r v t t I  t r i t rogen .  E the r  t3  m l )  r vas  added .

and  the  resu l t i ng  so lu t i o r r  ' , vas  coo lcc l  t o  -73"  i n  a  Dry  l ce -ace tone

b a t h .  N e o p i r - " - l l i t l t i u r n  (  1 . 0  m m o [ .  7 . 0  r n l o f  a  0 . l J , V e t h e r  s o l l r t i o n ) .

a l so  coo lcd  to  -7S ' .  was  ad r - l ed  [ y  cannu la .  T [e  resu l t i ng  b r tgh t

; -e l l o rv  so lu t i on  r , v ' as  s l t i t kcn  sevc ra l  t imes  anc l  re tu rned  to  the  -78"

t ra th .  D ioxanc  ( l (X )  ,u l .  1 .2  n rn ro l )  r vas  ac ided  and  the  resu l t i ng

rvh i te  p rcc ip i ta te  o f  l i t h iu rn  i od idc  d ioxana te  r vas  packec l  on  the

bor to rn  o f '  t \ e  tube  by  cen t r i i t r ga t io l  t r s ing  a  cen t r i f uge  bucke t

packeci  . ' .v i t I  Dry lce.  Et l ter  solut ions of  Ineth! ' l -  or  /crr -but ]" i ( t r i -

r r - i l r t1 ' l l rhosphirrc )cot)pcr(  [  )  w'ere prc l lare t {  bv react ion at  -  78 '

be r rvecn  te t rak i s I i od6 ( t r i - r r -bL r t y ' l p Iosp l r i r r c )copper ( t ) j  and  mc thy l -

I r t h rum o r  / ( , r / -bL r t - " - l l i t h iu rn  as  t l esc r ibe  t i  p rev ious ly ' . I  Ncophy l -
( t r r - i r -bu ty lphos l t l r i ne )s i l ve r ( [ )  r vas  p rcp i l r cd  by  reac t ion  o f  nco -

p l r r  l l i t h iu rn  i n  c t l t c r  i l t  -  73  '  r v i t h  te t rak  i s I i o t i o - r r -bu ty lphosp l t tne  t -

s r l r e r ( [ ) ] . I I  N c o p h y l ( t r i - r r - b u t v I p t r o s p h i u c ) s i l v e r ( I )  i r u c l  r e r t - b u t y l -

(11 )  H .  C .  Du f f i n ,  E .  D ,  Hughes ,  and  C .  Ingo ld ,  J '  Chem'  Soc . ' 2731
( 1 9 5 9 ) .

(12 )  C .  N l .  Wh i t cs idcs ,  W.  F .  F i scher ,  J r . ,  J .  San  F i l i ppo ,  J r . ,  R .  W.

Bashc .  anc i  H .  O .  Housc ,  I . , 4 ,mer .  Chem.  Soc . ,9 l '  1871  (1969) .

( t r i - r r -bu t l l l t hosp I ine ]co [ lpe r (  l )  t l cc . rn r i ' . r sc  r l t p r t i l l  i f  kep t  a t  t e l l l -

[ )C r l l t t t res  g re i i tC r  t l l l l n  -  lS  I 'O r  t r t r r r c  t l t ' t l r  i t  lC \v  l l l l l l t l t eS :  l l l

ann raq r .n ie .  t hc  \ vh t t c  p rcc l t l l t i r t c  o l ' I r l i t r L t r r r  t t ' r t i  t t l e  t l i oxa r ra te  t v l t i c l t

tOrmec l  on  ac ld i t t t t n  o l ' ( 11 ( )x i . l t l c  to  so l t l t ro t t s  o l ' l l t cse  reagen ls  \ \ i l s

a l l o rvcd  to  se t t l c  a [  -78 -  ra th r r  t l t r t t r  l r c t t t g  packed  by  ce r t t r i t i r ga -

t  r o n .
Therml l  dccompgsi t ign rc lct ions \ \cre run in sealed 8-mm Py'rex

tubcs  w l rose  rva l l s  hac l  been  ncu t ra l i zcd  wr th  5  [  aqueous  ammo-

n i r . rm  hy r l rox ide  so lu t i on  l t nd  c l r r cd  in  a  vAcL l t lm  oven  a t  120 '  p r io r

to  L tsc .  These  tu [cs  r vc re  l i l l cd  r r  r t h  ( ) rg1 tnomcta l l i c  so lu t i ons

tusing t [e fo l lorv i r rg proccdure.  , ' \  tube rv 'as at tached tO One arm of

a  t l r r ce - rv i r y  s t6pcock  t r s i r rg  Tyg t ln  tub rng .  anc i  t he  oppos i te  a rm was

sea led  \ \ l t h  a  N t t - r \ t r  s to t )pc r :  t l l c  r cmatn lng  i l rm  o f  the  s topcock

was  a t tachcd  to  thc  vac l t t t n r - t t i t r t t gcn  manr io ld .  The  tube  rvas

t larne-c l r red unclcr  v l lc t lum. f i l lcd rvr th n i t rogen. 1nd reevacuated a

number  o f  t i n t cs .  and  thc r t  tmrnersed  i r r  i r  D r l '  l ce -ace tOne  ba th .

Thc  tube  w1s  connec ted  to  t [ e  s to r l t ge , , cssc l  con t l t t n ing  the  Organo-

meta l l i c  so lu t i on  [ r y '  a  s ta i r r l ess  s tee l  cann t t l a  i nse r ted  th rough  the

s topcock  and  t [e  N t l -A i r  s toppc r .  cha rged  rv i t I  c r t .  2  m l  o f  t he  o r -

ganometa l l i c  so lu t ton  (o r  r v i t h  accu ra te l y  measured  quan t i t i es  o f

i o l t r t i ons  o f  kn t t r vn  concen t ra t i ons  tb r  c iecompos t t i ons  o f  m ix tu res

of  orgunometal t ic  cont l toutrds.  t leglssct l  l ly  severaI  f reeze-thaw

c ! , c l cs  ( t i qL r i t l  n i t 16gcn  ) .  r t nd  sc i t l c r . l .  Thc  f i l l cd  tube  was  f i na l l y

immcrscd ' i n  a  t t l r t l t  i t t  t [ ] c  t c l r l l r c r i l t L l r c  dcs i red  l i l r  t he  the rmaI  de -

coml tos r t i o r r .  I )L r r i r rg  t l t e  t t ccon t l l o : l t l ( ) t l : i  t he  rn i t i a l l y  C lea r  so lu -

t i o r r s  bccanrc  t l a rk  l t l t l  t i t r g t t l  i t s  rnc ta l l i c  co [ ) l ] e r  o r  S i l ve r  f lO rmed .

A t  t h c  c n d  t r l ' t h e  t l c c t ; r p l l t r : i t i o n r . ' . r i t c n  m c t a l  l o r m a t i o n  h a d

s to l l pcd .  thc  so l r t t  l ons  [ ) cc i . I l ] l c  co lo r [ css  l t nd  t runs l l a ren t .  The  t i n re

re.1uire, . l  to react  t t t  t l t is  stL lgc ls  t l te nunl [ ' rcr  reported aS the "decom-

1 . ' o r i , i nn  r imc"  i n  T l I l c  I .  a r r c l  i s  p ro l ra [ r l v ' c r t .  l 0 -15  ha l t ' - l i ves  tb r

thc  i l econr l ' l os t t  i 6n .  Dcco t t t l l os t t i t l ns  r cpo r t c ( i  i n  Tab le  I  were

car l cc l  ou t  I ' o r  scvc ra l  l t r ; l t r s  l t l ngc r  th l tn  t I c  " ! l cco rnpOs i t iOn  t ime , "

in  o r r l c r  t o  c t ' l s t l r c  co t l l [ ] l c t c  c l cco tn l l ' . l s t t i o r r .  \ l i x tu res  o f  3  and

/ ( , , . / - [ )L l t ]  [ ( t r i - r r -b t r t v l l l l t t l sp l t i nc )cop l )e r (  l )  (Ta t r l c  l l )  were  a l lOrved

to  ( l cco rnpos r  l i r r  l l J  l t r  a r  - ' ] ( ) ' .  t l r c r r  hca te r l  t o  6 ( ) ' ,  t b r  4  h r .  Ab -

so lu tc  1 rc ' l { s  r t f '  p r t t t l t t c t s  \ \ c re  t l e  te r r t t i t t c t i  [ r v  g l l lC  Ana lyS iS  US ing

x [ ) l ) ro l ) r l a t c  i t t t c rn ; . t [  5 t i l n ( l l l r ( l s '  Thc  l r r t l t l L t c t  l dc r l t l t l es  were  con-

t i imcci  t ry '  cor lpans() l t  ( ) l  t l tc  i r t l ' r l t rcd . 'pcctrs r ; t '  samples CoI leCted

t ry  g l l l c  r v i t l t  t l t t l sc  t l l ' l t t r t l t c t t t i c  s l t t t t t l l cs .

Thc rma l  I ) ccOmpOs i t i on  o f  D incoph l ' lm t ' r cu ry .  DegaSsed  t t -

[ cp ta r rc  anc l  7 r - r l t ( ) xa l te  s t l l u t i o t l s  ( ) l  d rneo l r l t r l r ne rcu ry  (0 .05  N) .

cOnt l tp ing / t -pcpt i . t ( lccot lc  i . IS i . l l l  i l l te  rnal  st l ldarc l .  rvere degOnt-

l rose t l  t hJ rn l i l l v  l t  130 - l l 0 '  l b r  I  wcck  in  t t cu t ra l - r va l l ed  8 -n rn r

[ )1 ' rex tubes.
I l c t l r v l  T r i c h l u r t x r c c t i r t c . ' r r r c l r l o r o : t c e t o n i t r t l c  ( 2 1 6  g ,  1 . 5

rno l )  r v i s  L t t l c l c r l  t o  a  s t t r r c t l  so l t r t i o r r  o t ' s t l t l i un t  t l . 6  g .  0 .075  mo l )

i n  mc th r rno l  ( l l - i  c .  1 .5  tno t )  rna tn t l t nc t l  i n  i l r l  l cc  ba th  ove r  a  - l ( ) -

n r in  pc r io t l . r ,  . \ l ' i c r  r r r r  ad t l i t i o r r l r [  -1 ( )  rn i r r  o t ' s t i r r i ng ,  the  m ix t t r r c

w i l s  p ( )u rc r l  r v i t l r  l i go ro t t s  s t i r r i r rg  on t0  i t  s l i l r r l '  o i  2 f f )  m l  o f  co l -

cen t ;a tcd  l t 1 ' t t roc l r l o r i c  l t c r t l  a r r t l  l ( ) { )  rn l  t l l '  c rus i l cd  i ce '  The  o r -

gan ic  l ay ,e r  w1s  \ c l ) i r l l t c ( [ .  t hc  1 ! l L t c r )L ts  [ ; - t l e r  r vas  ex t rac ted  w i t I

inct t r ; - lcnc chlorr t lc .  arr t l  t l te cotr t l r i t tc t i  orgl t t r ic  layers were rvashcd

, , v i t h  aqueous  so t i i t t t n  ca r t ron l t c  and  d r i cd  ( \ l gSOr ) '  i l l e thy l  t r r -

ch lo roace ta tc  ( l 7 f l  g .  l . 0 l  rno [ .  68 ' ' i  y ' re ld ) .  i s t l l a ted  by  d i s t i l l a t i o t t

t h rough  a  120-cm Ncs re r -Faus t  Tc f lon  sp i r rn ing  band  co lumn,  had

b p  l a 3 - 1 . 1 5 ' l ( t O  m m ) ( [ i t . ' t  b p  l 5 ] ' t 7 l l l  m m ) ) '

N le thv l  . \ cc ta te -J . l , l - , / r .  Rcngcnr  z inc  dus t  {300  g ,  4 .7  g -a tomt .

h e x a m e t h y l p h o s p h o r i r m i d c  ( 1 5 0  m l ) .  l r c n z e n c  r l 5 ( )  m l ) ,  a n d  d i g l y m e

(150  m l )  i ue re  p lacc t l  i n  a  l -1 .  t h ree -ncckcc l .  ro l rnd -bo t tomed  f l ask

f i t t ed  rv i th  i r  De ty t -S ta rk  t rap .  n  n l cchnn tca l  s t i r re r .  and  a  the rmom-

e te r  ex tend ing  do rvn  in lo  t l t e  s Iu r r -n - :  onc  a rn ]  o i  t he  f l aSk  was  C losed

rv i th  a  sc rum s topper .  Azco t rop ic  d rs t r l l a t ron  rvas  used  to  d ry  thc

appara tus  An( l  re l r c t i ( )n  n r i x tu rc .  Th ree  - i - rn l  po r t i ons  o I  deu-

ter ium oxic le rverc at ic led l l t rd remorcd b."-  azeotropic d ist i l la t ion

in  o rc l c r  to  exchange  poss ib le  so t r r ces  o l ' p ro tons .  The  Dean-S ta rk

t rap  rvas  rep laced  by  a  d i s t i t l a t ron  hca r . l  and  rnos t  o f  t he  benzene

rvas scparatecl  t ' rom L[e rcact ion nr txt l t re.  The dist i l la t ion head rvas

rep lace t l  by  a  r c l i ux  conr lenser .  and  l ( )  m l  o t ' deu te r ium ox ide  rvas

n, i , - I . , i  to the react ion rr t ix ture.  Tl te rn ixturc \v ' i ls  heated to 80 ' '

anc i  rne thy l  t r i ch lo roacc ta te  (2  rn l t  r ras  ad t led .  An  immed ia tc

5 -10 '  t cn lpe ra tu rc  r i se  i r r c i i ca tc t l  i n r r t l t t on  o i  t hc  reac t ion . {5  Thc

(-11) For n c. lcscr ipt iorr  of  the convL'rs ion of  n i t r i ics to rnethy[  imidates

S e c :  F .  C .  S c h a c t l . e r  . r n t l  G .  A .  P c t c r s .  J .  o r q ,  C h e n t . , 2 6 ,  1 | 2  ( 1 9 6 1 ) ;

R .  R o g c r s  a n d  D .  G .  N e i s o n ,  C h e n .  R a r " , 6 l '  1 7 9  ( 1 9 6 1 ) ;  T '  C '  P l e c h -

te r ,  S . "Koeh tc r ,  rnC E .  H .  C l rdcs '  J .  ' l r ne r '  C l tem '  Soc ' ,90 '  7072(1968) '

( .1.1)  A.  I .  Voge I ,  J .  Chenr.  Soc' ,  l8+9 (  l918) '

i+Si  f i the rcJuctron c l id  ̂ ot  in i t i . r te t t  80 ' ,  the rcact ion te,mperature

rvas  inc rcased  to  90  0 r  100 ' .  I f  more  tha r l  0 .1 -0 .2  mo l  o f  es te r  r v l l s

adt ied bclore t [c  rcduct ior l  h1d begun, the exotherrn resul t ing or t

i n i t i a t i on  w i . t s  u t l co l l t ro l l ab le .

Jt)rtrn(r l  oJ't l rc , ' l t r tcr i t ' t rn Clrcnticul Societ) '  I  94:l  f  Jaruurv 12, 1972



react ion l lask rvas immersccl  in an ice l ' rath and i ts  internal  tem-
pera tu re  ma in ta incd  a t  50 -60 '  by  cau t rous  add i t i on  o [  me thy l
t r i ch lo roacc ta tc  (176  g ,  I  mo l )  and  dcu te r ium ox ide  (88  g .  a .4
mol) .  adding t ) . .1.1 mol  of  deutcr iunr oxrde in onc port ion af ter  eacl t
0.  l - rnol  port lon of  estcr .  T l re reactron teml)erature was maintained
at 50-60'  tbr  I  hr  a l icr  adcl i t ion was complctect .  The ref lux con-
denser  was  rep laced  by  a  connec t ion  to  a  h igh  capac i t y  l i qu id  n i -
t rogen-coo led  t rap ,  the  po t  was  warmed  to  7 ( ) ' ,  and  methy l  ace ta te -
2 ,2 .2 -d r  t vas  swep t  i n to  thc  t ra l r  by  a  s t r can r  o f  n i t rogen  d i rec ted
t l r rough a necdlc projcct i r rg belorv t l te sur lacc of  the st i r red s lurry.
Thc  o rgan ic  l nye r  ob ta i r red  l rom thc  tha rved  coudensa te  in  the  t rap
was  d r i cd  (  N lgSOr ) .  a r rd  d i s t i l l ed  t l r rough  an  I J - i n .  p la t i num sp inn ing
band  co lu r ln .  y ie ld ing  meth l l  ace ta te - l . l , l - r l ,  ( -18 .5  g ,  0 .63  mo l ,
63 'a ; ) ,  bp  56 ' .

Ethanof -2,1,2-rir rvas prepared fronr mcthyl acetate-2,2,2<lj
( J8 .5  g ,0 . ( r -1  n ro l )  d i sso lved  in  50  n r l  o f  e the r  by  reduc t io r r  w i th
l i t h iu rn  a luminunr  hy 'd r ide  (25  g ,  ( ) .67  n ro l )  i r r  300  m l  o f  e the r  a t
. - ( ) - .  The  n r i x tu re  wAs  re f l uxed  fo r  30  m in .  and  quenched  rv i th
wa te r  (25  m l ) .  l 59 l  aqueous  NaOH (25  m l ) .  and  adc l i t i ona l  wa te r
(75  m l ) .  The  e the r  r vas  decan ted  anc l  t he  res i c iua l  a luminum sa l t s
rvere ref luxed rv i t l t  tw'o 100-ml port iorrs of  ether.  The product
rvas  i so la ted  by  a  ca re fu l .  l r re l i r r i r ra r l  sp inn i r rg  band  d i s t i l l a t i on ;
thc  n lu te r ia l  t ; o i l i ng  be t r "een  l6  i rnd  90 ' r v ' i r s  c l r i ed  ( lV IgSO, )  and
red is t i l l ed .  y ie ld i r rg  e tha r ro l -1 .1 , ] - t l t  (19 .2 - l  g ,  0 .19  n ro l ,  62%) ,  bp
7 6 - 8 0 ' .

l -Bromoet l rane- l . l . l - r l1 rvas prepared i ' rorrr  etharto l -2,2,2- t l j  in
9l  ' ' i  y ie ld by a proccciure analogoLts to thot  o l '  Kanrm arrd lVlar-
v a l . r 6

l -Butanol-J,1.1<t t  wi ls  Lrrepared in 52-,  y ie ld by '  t l re react io l l  of
e thy l -2 .? .? - r l ; r  r r i l g r l €Srunr  L r ron r i c le  r v i t h  e t l r y lenc  ox ide ,  us iug  a
p rocedure  a r ra logous  to  tha t  o t 'Hus ton  an t l  Laug l ra rn .  i 7

l -Bromobutnte- l ,1,14r \v i . rs  prel tarecl  iu 7 l ' ,  yre ld b.v a pro-
cedure  aua logor , r s  to  t l l a t  o l '  Kaurn t  a r rd  N Ianu 'a l . ] d  The  mass  spec -
t rum o f  t l t i s  n ra te r ia l  ( l i  eV)  i nc l i ca te t i  au  rso top ic  coml ros i t i on  o l '
9 2 . 0 " ;  , 1 t , 6 . 5  " l  r [ ,  a r l d  1 . 5 ' ' , 1  r / r  r n a t c r i a l .  c o r r c s p o n ( l i n g  t o  a  m i r r i -
mum o l ' 97 .5  a ton r  l ' , ' ,  dcu tc r i r . rn r  i r r co rpo ra t lou  [ )e r  ca rbon-c l r l o r i ue
bond  reduced  i r r  t he  l ) reparx t i on  o l 'me thy I  ucc ta te -J . ] . 1 - r l r .

l -Butv l -J.1,1-Ll r l i t l t i t t r t t .  l -Bromobutanc-/ ,1,1-d1 (9.6 g,  65
mnro l )  d r lu tec l  t o  a  to ta l  vo lun rc  o f  l 5  n r l  w i th  pen tane  was  addec l
us iug  a  cons ta l r l  ra te  s_ " - r i nge  d r i ve  o ! ' e r  the  coursc  o i  2  h r  to  2  g
o f  l i t l r i u rn  c l i spe rs io r t  (Foo te  N l ine ra l  Co . )  i n  J0  n r l  o f  re f l ux ing
pc r l t anc .  T l re  so lu t ron  ! vas  cen t r i f uged  and  theu  f i l t e red  th rough  a
p lug  o l ' g lass  r voo l  to  y ie ld  50  m l  o f  0 .88  ,V  i r -bu ty l - J ,4 ,4 - l r - l i t h iun r
(41  rnmo l .  69n) .  s -Bu ty l l i t h ium rvas  p rcpared  l i om 2 -ch lo robu-
tane  by  an  ana logous  p rocedure .  l c r r -Bu ty ' l l i t h ium was  pu rchased
l iom Foote Nlrr teral  Co.  Deuter ido(t r i - r r -buty lphosphine)copper( I )
was  p rcpared  l rom copper ( l )  l r rom ide  and  d i i sobu ty la luminum deu-
te r ide  us ing  p rocedures  a l r cad -v  dcsc r ibcd .  ' 8

Compet i t ion henveen s-But1 ' l -  and rr -Buty ' l -J .J.y ' - th( t r i - l l -but t ' l -
phosphine)copper( l )  for  Deuter ido(t r i - r r -but l lphosphine)copper( l ) .

(46 )  C .  S .  ! I a rva l  and  O.  I (amm,  "Organ ic  Syn thcses , "  Co l lec t .  Vo [ .
I ,  W i ley ,  Nov  York ,  N .  Y . ,  1941 ,  p  25 .

( ,17 )  R .  C .  Hus ton  and  C .  C .  Langham,J .  Orq .  Chem. ,12 .90  (1947) .
(48 )  C .  M.  Wh i tes idcs  and  J .  San  F i l i ppo .  J r . ,  J .  , 4mer .  Chem.  Soc . ,

92 .  661 I  f l 970 ) .

:--

Tc t rak i s [ i odo ( t r i - r r -b r . r t y lphosph ine tcopper t l ) ]  0 .4177  g ,  0 . :0 -
mmol )  i n  e thc r  t  10 .0  m l )  r vas  t rea ted  a t  -78 '  w i th  s -bu ty l l i t h ru r r r
(0.53- l  mmol.  0.606 ml.  0.880 , \ ' )  and rr -but1l -1,4.4-dx- l i th ium (0.- i -1- t
m m o l . 0 . 4 5 0  m l .  l . l 8 0 , V )  i n  a  l l - m l  c e n t n f u g e  t u b e  s e a l e d  w i t h  u
ru t r t ' r c r  sep tun ' I .  L i t h iun r  i od idc  was  p rec ip i ta ted  as  i t s  i nso lub lc
d ioxana te  r v i th  1 .2  e r iu i v  o f  d ioxane .  A l te r  cen t r i f uga t ion  i . r r
- 7 8 ' .  t l r e  s u 1 ' r c r n a t a n t  s o l L r t i r l n . 9 . 0  m l  o u t  o f  a  t o t a l  v o l u m e  o i 9 . 9
ml .  con ta in ing  ( ) .93  n r r l o lo f  a l ky l copper (  I )  reagen ts .  was  t rans le r rc t l
by  cannu la  to  a  l 2 - rn l  ccn t r i l ' uge  tube .  A  so lu t i on  o f  deu te r rdo -
( t r i - r - t r u t y l l r h o s ; r h i n e ) c o p l r e r ( l )  ( 0 . 1 0  m m o l .  1 . 0  m l .  1 . 0  N )  i n  e t h c r
r v a s  a d d c d  t o  t h i s  t u b e  a t  - 7 8 ' a s  r a p i d l y ' a s  p o s s i b l e  b y  s r r r n g c .
Res idua l  a l ky l copper ( l )  reagen ts  were  decomposed  the rma l l y  t r y
a l l o rv ing  the  con ten ts  o f  t he  tu [ ) c  to  s tand  a t  room tempera tu re  l b r  I
l r r .  Y ie lds  o f  r -bu tane  (56 ' ; ) .  l - bu te r re  (36%) ,  and  c rs -  and  tn t r r . r -
2-butene (  I  2 ' ' ; )  ' "vcre detcrminecl  quant i tat ively using a 6- f t ,  0.  I  l5-
i n .  80 -100  mesh  Dura l rak re  co lun tn  l t  room tempera tu re .  Saml t l es
o l ' / / -bu tanc  and  l -bu tene  werc  co l l cc ted  [b r  mass  spec t ra l  ana l - r ' s rs
us ing  a  - i - l ' t  - 1T  Ap iezon  N  on  a lumina  co lumn a t  70 ' .  l v l ass  spcc -
t ra l  analysis.  af tcr  correct ion lbr  the r / :  anci  r /1 species present in thc
rr-Lrutr- lcotrper(  l ) .  indicated the presence of  l -butane-d{ (9.0 T,  ) .
- , i , '  ( 3 1 . i ' T ) ,  - r l r  ( l l . - t ' l ; ) ,  a n d  - , / , r  ( 1 8 . 3 [ 1 .  a n d  l - b u t e n e < / r  ( 6 0 . 9 ' , )

i t t t d  - r l , t  (39 .1  ' ' , , ; .

Conr pet i t ion bet tveen rcr t -  Bu t1 l -  lnd l -But l ' l ( t r i - r r -buty l  phosphine)-

copper( l )  for  Dcuter ido(t r i - l -but1 ' lphosphine)copper( t ) .  Tetrakt : -

I rodo t t r i - r r -b r r t y lp l rosp l t i r re )co l r l re r t l ) ]  ( t ) . -1082  g ,  1 .041  mmol )  tn
e thc r  (10 .0  m l )  was  t r c r l t e r l  w i th  r r -b r - r t y l l i t h ium (0 .52  mmol .  0 . -15
r r r l .  l . - 1 9 . V )  a n d  / ( ' r l - b u t ) l l i t h i u r r r  ( 0 . - i f  m n r o l . 0 . 4 2  m l ,  l . 2 l  . \ ' t .
A f te r  ren rov 'a l  o f  l i t h iun r  i o . i i de  by  p rec ip i ta t ron  w i th  d ioxane  a r - r r l
t raus te r  o f  t hc  sL rpc rn i l t i l l l t  so lu t i o r r  o i  a l ky l copper (  I )  reagen ts
( 0 . 9 i  n r r l o l  t o t a l . 9 . l  n r l )  t o  a  s e c o u d  l l - r n l  c e r t t r i f u g e  t u b e .  t J t L r -
t c r i d o ( t r i - l - b u t l l p h o s p h i r r c ) c o p l ) c r ( l )  ( ( ) . 1 0  m m o l .  1 . 0  m l .  1 . 0  . \  I
rv 'as atk lcr i  i rs  ra l r id l -v as possi l ' le  by syrrugc.  Af ter  thermal  r le-
c o n r p t - r s i t i o r t  o l ' t l t e  s a n t l ; l c .  g l l t c  a t t a l - l s i s  ( D r r r a p a k  c o l u m n )  i n t l  r -
c r ( c d  t h e  l ) r c s c n c c  o f  i s o b u t r t n c  ( - i  l . ( r ' ' , ) .  r r - b r . r t a n e  ( 2 5 . 8  9 . - , t .  I -
[ ru t c r r c  (  ] i . 3  ' ' , ; ) .  u r td  i sobu ty ' l cuc  (  16 .7  ' , ; ) .  \ l l ss  spec t ra l  i so t t t l r re
r r l r l l s i s  o l ' s a n r l r l c s  o t ' i s o b u t r . t u c  a r r d  r r - l r L r t l t r t c  ( 1 0  e V )  i n d i c a t c d  t h e
prcse r l cc  r l t '  r sc l l ru t i r l t e - ( / r  ( -51 ' ' , ,  I  a r r t l  - , / , ,  ( - l s ' i ) ,  l nd  / r -bu tanc - ( i ,
(  20 . -5  '  

; ;  an t l  - r l ,  (  79 . - i  ' ; ) .

C r lm l l c t i t i on  bc t r vcen  / ( ' / ' / - l l u t \  l -  l nd  \ co l l l r  
'  

t r l - i r -bu ty l ) copper t  I )
for  l )cu tcr ido( t r i - r r -bu tv lp l rosphine )cop l )e r (  I  ) .  TetrakisI iodo( t  r  t - r  r -

bu ty lp l rosp l r i r re  ) cop1 ;c r (  l ) l  (0 .107S S ,  I  . 0 - l  rn rno l )  i n  e the r  (  5 .0  rn l t
was  t r ca tc ( l  r v r t l t  ncop i r y  l l r t h iu r r r  ( ( ) . - i 2  n t tno l .  6 .58  m l .  0 .079  f  i
i n  pc r r tanc  a r t r l  l t ' r l - l t u t y l l i t l r i L r rn  1 ( ) . - i 2  n rn to t ,  0 .425  m l .  l . ] l  \  t
i r r  l r e n t a n c .  A d d i t r o n  o l '  D C u t  P B u , )  (  l 0 . l ( )  m m o l ) ,  d e c o m p o s i t i o n
a r rc l  aua l l  s i s  r vc re  ca r r i ec l  ou t  i . l s  dcsc r ibc t l  p rev ious ly ,  i nd i c l t rn r l
t hc  p rese r rce  t r l '  i sob t r t i l l l c - r /1  (0 . , i - i  r l n ro l )  and  / c r l -bu ty lbe t rZCI tc -c i ,
( (1 .0 .19  rnn ro [ )  a rxo r lg  the  p roduc ts .

Acknorv lcdgment .  We ar r '  indebted  to  Mr .  Ph i l ip
K c n d u l l  t - o r  l s s i s t a n c e  i n  o b t a i n i n g  t h e  d a t a  i n  T a b l c
I I  I .

(49  )  Dur lpak  ( type  n-oc tane i  Por i rc i l  C)  ava i lab le  f rom \ ! 'a tc rs

Assoc i i t t cs ,  F rarn iugham,  lv lass . .  makcs  poss ib le  I  base ' l ine  separ i l t l ( ) t1

benvccn c is -  and t rans- f -bu tenc  in  8  min .  I t  i s  thc  most  e f f i c ien t  co lu r r t t t

tb r  scpara t i r rg  Cr  to  Cs  hydrocarbons  wc have used.

LV h i res ides. Pane k. S tedro ns k t D e c o t r r lttt s i t io n ol' N eo p h .v l( t r i - n- b u t .t' I p hrt s ph i ne)co p pe r\ I I
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