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I\{echanism of Thermal Decomposition of

n-But 1 l ( t r i - r r -but l '  I  phosphine)copper( I ) '

Srr.'

Alkyl l i th iuf f i , r  -magnesiuf f i ,  x  and -aluminum3 reagents

reacr  iap id ly  w i th  t rans i t ion  meta l  sa l ts ,  y ie ld ing  nr ix -

rures oi  hydrocerbons bel ieved to be der ived from the

thermal  decompos i t ion  o f  in te rmed ia te  t rans i t ion  meta l

o-alkyls.  Detai lecl  mechanisms for the thermal de-

compos i t ion  o f  a tky l  t rans i t ion  meta l  compounds hare

not  been es tab l i shed.  Howt - ' vc r .  p roduc t  mix tu res

i rom n lany  o f  the  rexcr ions  o i  ma in  g roLrp  o-a lky ls  w i th

t rans i t ion  meta l  sa l ts  conta in  appror imate ly  equa l

qu : rn r i r ies  o f  e lk rne  and l r l kene.  Th is  observa t ion  hrs

led  to  the  suggesr ion  tha t  t ree  a lky l  rad ica ls ,  der i red

f rom honto l .v - t i c  sc iss ion  o f  carbon-meta l  a  bonds .  a re

inv 'o lved  as  rc lc t i vc  in te rmed ia tes ,  and tha t  a lkane and

a lkene are  der ived  f rom d ispropor t ionat ion  o f  these

a lky t  rad ice ls . :  our  in te resr  in  these reac t ions  and in

the  genera l  a rea  o i  mechan isms o f  thermal  decompos i -

t ion  o f  t rans i t ion  meta l  o rganometa l l i c  con lpounds has

prompred us  to  e . remine in  de tu i l  the  thermal  decom-

pos i t ion  o f  au thent ic  n -bu ty l ( t r i -n -bu ty lphosph ine)cop-
per ( l )  ( f ) .  Here  we w ish  to  summar ize  ev idence in -

d ica t ing  rhar  the  dominant  parhway fo r  thermal  decom-

pos i t ion  o f  th is  a lky lcopper ( l )  compound to  ,? -bu tane

and l -bu tene does  r to ,  inVo lve  f ree  r r -bu ty l  rad ica l ; ' .b .u1

r i . t ther occurs by e t rvo-Step prOceSS conslst lng ot  ln l t l i . t l

fo rn ra t ion  o f  l -bu tene by  g  e l im ina t ion  o f  copper ( l )

hydr ide f rom 1, fo l lowed by reduct ion of  a second

equ iva len t  o f  1  to  n -b t t tane by  th is  copper ( I )  hydr ide .

CHICH:CH:CH,,CuP(rr-Bu) '  + CH,CH:CH:CH: *
t  

"CuP(rr-Bu)r  
( l )

CH,CH,CH:CH:CuP(r r -Bu) r  *  HCuP(r r -Bu) r  *
CHTCHTCHTCHT * 2Cu0 f  2P(r-Bu)r  (2)

Ty  p ica l l y ,  I  w ts  p repared by  reac t ion  o i  0 .25  mmol  o f

[ C u P ( n - B u ) r ] r  w i t h  I . 0  m m o l  o [ n - b u t y l l i t h i u m  ( 1 5 f l i n
hexene)  in  l0  ml  o f  e thcr  : r t  -73"  fo l lowed by  separa-
t ion  o f  l i th ium iod ide  f rom the  resu l t ing  l igh t  ye l low
s o l u t i o n  b v  p r e c i p i t a t i o n  w i t h  l . l  n t m o l  o f  d i o x a n e . { ' 5
Conrpounr l  t  has  no t  been iso la ted ; {  however ,  ana lys is
o f  i t s  so lu t ions  ind ica tes  an  empi r i ca l  compos i t ion
(C. ,  F I r ) , , .e7  - , r . , , . rC  u  r .  u r ,P( r t -Bu, r ) r . r ' :  -  o . r r ,  w i th  I .7  - f  0 .L  %
Li  and <0.5  [  I  based on  copper  renra in ing  in  so lu t ion .

( l )  S u p p o r t c d  b y  t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n ,  C r a n t s  7 1 6 6

a n d  l - 1 2 1 7 ,  a n d  b y  t h c  I r r t c r n a t i o n a l  C o p p c r  R e s e a r c h  A s s o c i a t i o n ,  I n c .

( 2 )  H .  C i l m a n ,  R .  C .  J o n e s ,  a n d  L .  A .  W o o d ,  J . , ' l m e r .  C h e m . S o c . ,  7 6 '

3 6 1 5  t l 9 5 " l ) ;  N l  .  H .  A b r a h a m  a n d  M .  J .  H o g a r t h ,  J .  O r g a n o m e t a l .

C h e m . ,  1 2 ,  I  ( 1 9 6 8 ) ;  w .  B .  S m i t h ,  J .  O r g .  C h e m ' , 2 6 , 4 2 0 6  t l 9 6 l ) ;
F .  \ \ ' ,  F r e y ,  J r . ,  i b i d . , 2 6 ,  5 1 3 7  ( 1 9 6 1 ) ;  l v l .  S .  K h a r r s c h ,  e t  a l . ,  i b i d . , 2 l '

3 : l  (  r 956 ) .
( l )  !1 .  I .  Pr ince and K.  Weiss,  J ,  Organometa l .  Chent . ,2 ,  166 (196{) .

/

Thermal  decompos i t ion  o f  1  i s  comple te  in  4  h r  a t  0o  in
ether solut ion,  y ie ld ing copper metal ,  t r i -n 'buty lphos-
ph ine .  l -bu tene (51%)  n-bu tane (4971) ,  and hydrogen
(10%) ;  less  than 0 . t  I  n -oc tane is  fo rmed.  Hydro lys is
o i  the  so lu t ion  remain ing  . I t  the  conc lus ion  o f  the
thermal  decompos i t ion  y ie ids  an  add i t iona l  8  f l  hydro-
gen.  Cont ro l  exper iments  h : r re  demonst ra ted  tha t  the
hydrocarbon products are not der ived from the tr i - i r -
bu ty lphosph ine  l igands :  the  thermal  decompos i t ion  o f
r r -bu ty l ( t r i - r r -oc t .v lphosph ine)copper ( I )  y ie lds  no  oc tane.
and tha t  o t '  r r -bu tv l -2 .2 - t l : ( t r i - r r -bu ty lphosph ine)cop-
per ( l )  (2 )  y ie lds  no  bu tane- r / , ,  bu tane-dc ,  o t  bu tene 'do .

The ebsence o f  oc tane among the  produc ts  o f  de-
compos i t ion  o f  1  i s  su f t rc ien t  to  es tab l i sh  tha t  bu tane
anc l  l -bu t " 'ne  r re  no t  fo rmcd bv  c l i spropor t ionat ion  o f
r r -bu t ; - l  rad ic r r l s .  s ince  the  ra t io  o i  ra te  cons tan ts  fo r  thc
, l i spropor t io la t ion  and contb in l t ion  o f  these rad ic : - r l s
f 'a l l s  in  rhc  rangL-  0 .1 -0 .1 .n  In  add i t ion .  the  ra t io  o f  thc

. r - i c ' ids  o f  n -bu tane and l -bu tcnc  fo r r led  on  thermal  de-

cor lpos i t i r rn  o i  I  i s  invar i l rn t  to  the  hydrogen-donor
a b i l i t y  o f  t h e  s o l r e n t . :  a l m o s t  i d e n r i c a l  r a t i o s  a r e  o b -

ser l 'ed  in  e ther .  l -hera t te ,  and 9 :  I  v lv  r t -hexane-cumenc
s o l u t i o n s .  N l o r s o \ c r ,  t h e r n l r I  d c c o m p o s i t i o n  o f  t h e

re ia ted  copper (  I  )  recgent  her -5 -eny l ( t r i -n -bu ty lphos-
ph inc)copper {  I )  in  e ther  i , ' i c l Js  41% l -hexene,  52 ' " , ,

1 . 5 - h e x a d i e n e ,  a n d  o n l y  3 . 5 ' i u  c , ' - c l i z e d  h y d r o c a r b o n s ' ;
Taken togcrher .  these da ta  e tTcc t iVe ly  p rec lude the  in r -

p ( ) r r l rn t  in r , l l \en tc l ' t t  r t f  n -u lk i  I  rad ica ls  der ived  f ro r t t

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 ( l )  o  b o n d s  o i

I  t i u r i n g  i t s  t h c r m l l  d e c o m p t r s i t i o n .
Both  the  de tec t ion  o I  hydrogen among the  produc ts

o f  thermal  decompos i t ion  o f  1  and the  fo rmat ion  o f

adc l i t i t rna I  hydrogen on  ac id i f l ca t ion  o f  the  so lu t ion

renra in ing  a [ te r  comple te  decompos i t ion  imp l ica te  i I

copper  h1 , ' c i r i c te t  as  1n  in te rmec l ia te  in  the  reac t ion .

The io rnra t ion  o f  s ign i f i can t  qu i rn t i t ies  o f  "cuH"  dur ing

decompos i t ion  o f  I  was  conf i rmed us ing  iso top ic  d i lq -

t ion  techn iques .  Par t ia l  c iecompos i t ion  (10  min '  0 ' '

( .1 )  For  exper imcnta l  p rocedures ,  scc  c .  \1 .  wh i tes ides ,  w.  F .  F ischer .

J r . ,  J .  S a n  f i t i p p o ,  J r . ,  R .  W .  B r t s h c . . r n J  H .  O .  H o u s c ,  J  A m e r '  C h e r r t '

S o c . ,  9 1 ,  - 1 8 7 1  (  1 9 6 9 ) ,  a n d  r e f e r e n c c s  t h c r : t t t .

( 5 )  A l t h o u g h  t h c  d c g r c e  o l ' a s s o c r . t l t o r t  o f  I  i s  n o t  k n o w n ,  i t  i s  a s -

s u m c d  t o  b e  r t g g r c g " t " J ;  t . .  L '  E .  \ t c C . r n t l l i s h ,  E '  C '  B i s s c l l ,  D '  C o u -

c o u v r r r i s ,  J ,  P .  F . t c k l c r ,  r t n t i  I ( .  l ( n , r r ,  : b t J . , 9 0 ,  7 3 5 1  ( 1 9 6 8 ) ,  f o r  r e f e r -

e n c c s  ! o  r e t c v a n l  S t r u c t u r c s .  T h c  r e l c i l o r l s  r c p r c s e n t e d  b y  e q  I  a n d  ]

p r o b . t b l V  t ; . r k c  p l e c c . , , , i t h i r r  t h c  c o n d n e s  t r l  J o t l l l l l o r l  C o p p e r  a t O m  c l u S t e r s .

, 6 )  N .  E .  N l o r g r n r l t h  a n d  J '  G .  C . , i r c r r ,  t b i d ' ,  8 8 ,  5 3 8 7  ( l 9 6 t r t '

A .  P ,  S t c l r r n i ,  b i c t . , 9 0 ,  1 6 9 ' t  ( 1 9 ( j , j ) , . r n L :  r c l c r c r l c c s  i n  e r r c h '

( 7 )  C ) ' c l r z u t i o n  o f  t h e  5 - h e x c n y i  r a d r ; ' r l  r s  l n o r c  r a p i d  t h a n  h y d r o g c n

a r o r n  . r b s r r . r c r i t - r 1  l r o m  c r h c r  s o l v c l r s  " ' t .  C .  W l l l i r l g ,  J .  H .  c o o l c r "

A .  A .  P o r t . t r . r s ,  . t n d  E .  J .  R a c e h ,  J .  . ' t t t t  r .  C i t e t n '  S o c ' ,  8 8 ,  5 3 6 1  ( l 9 6 o t '

J .  F .  G . r r s t  a n t l  F .  E .  B a r t o n ,  T e t r a h e : i r c t n  L e t t . , 5 8 7  t 1 9 6 9 ) '
( 8 )  ( u t  C .  \ 1 .  \ ! ' h i t c s r d c s ,  J .  S . r n  F r l r o p o .  J r ' '  E '  R '  S t e d r o n s k y " r n d

C .  P .  C . t s c ] "  ,  J .  . 1 m e r .  C h e t t t .  S o c . ,  9 t '  o j 1 :  (  1 9 6 9 ) ;  ( b )  J '  A '  D i l t s  ' r n t t

D .  F .  S h r i r  c r ,  i b i c l . , 9 0 ,  5 7 6 9  ( 1 9 6 S ) ;  9 1 ,  1 0 ! 1 8  ( 1 9 6 9 ) '



ether)  of  2 in the presence of  I  equiv of  HCuP(n-Bu)3,E
fol lowed by quenching of  the react ion mixture wi th
methanol ic HCl,  y ie lded, in addi t ion to H2, 29.7/"  of
HD, the product expected from protonolysis of  DCuP-
(n-Bu)3.8 The abi l i ty  of  copper( I )  hydr ide to reduce 1
to butane under the condi t ions used for the thermal
decomposi t ion react ions was establ ished by the isolat ion
of butane-d'  (24f)  together wi th butane-do Qaf l )  and
1-butene-d0(42/")  t rom thermolysis of  1 in the presence
of 1.4 equiv of  DCuP(n-Bu)3.e Thus, copper( l )  hy-
dr ide is formed in the thermal decomposi t ion of  1;
moreover, copper hydride does reduce 1, in a reaction
whose rate appears to be compet i t ive wi th the rate of  i ts
formation from 1. These data are those expected on the
basis of the mechanism represented by eq I and 2.
The absence of HD among the products from thermoll,-
sis of 1 in the presence of added D: effectively excludes
a possible alternative to eq 2 involving thermolysis of
the CuH intermediate to y ie ld H: and subsequent hy-
drogenolysis of 1 to form n-butane and to regenerate
C u H .

To establish the site of elimination of hydrogen from
l,  the alkene products of  thermal decomposi t ion of
n-butyl-1,1-d' - ( t r i -n-buty ' lphosphine)copper( I )  (3)  and
2 were compared. Decomposi t ion of  3 y ie lds 1-bu-
tene-dz uncontaminated by -dt or -d0 species, while
decomposi t ion of  2 y ie lds I  -butene-dr.  These observa-
t ions are consistent only wi th p-hydr ide el iminat ion
occurr ing wi thout pr ior  scrambl ing of  the deuter ium
labe l  be tween a  and B pos i r ions .

The comple te  p roduc ts  o f  decompos i t ion  o f  2 ,  to -
gether wi th a schematic rat ional izat ion of  the paths by
which they are formed, are out l ined in Scheme I .  I t
i s  no t  p resent ly  c lear  whether  the  smal l  amounts  o f
butane-d:  and HD formed in th is react ion are the resul t

Scheme I

CH. ,CH jCD,CH,CuPR + IDC:uPR, I

of radical  s ide react ions involv ing 2 and DCuP(n-; ;
respectively, or whether they reflect an unidentif ied
react ion generat ing copper h_\ 'dr ide.ro,rL Regardless.
th is product distr ibut ion is c lear ly consistent wi th the
proposed mechanism.

A mechanism for thermal decomposi t ion 
-of  

f  in-
voh' ing copper hydr ide el iminat ion has good precedenr
in  re la ted  s tud ies  o f  rhod ium, r :  p la t inum,r3  and l i -
th iumt{ alkyls.  However,  th is study provides the f i rst
easi ly interpretable example in which subsequent reac-
t ion of  a metal  hydr ide and i ts parent metal  a lkyl  is
important in determining the products of  a thermal
decomposi t ion.  Simi lar  mechanisms may be involved
in the var iety of  thermal react ions of  other t ransi t ion
metal  a lkyls which y ie ld approximately equal  quant i r ies
of alkene and alkane.

(9)  Previously reported studies have establ ished that  react ion of
copper( I )  hydr ide and copper( I )  a lky ls takes place by a nonradical
mechanism.E'

(10) Oxidat ive addi t ion of  a carbon-hydrogen bond of  solvent  or  of
t r i -n-buty lphosphine to dr0 copper(0)  might  provide a method of  inrro-
ducing hydrogen into Schemc I .  For re levant  oxidat ive addi t ions ro d,
merals,  see F.  Piacent i ,  et  a l . ,  J ,  Anrer.  Chenr. ,Soc. ,  90,  6847 (1968):
S .  B resado la .  P .  R igo ,  and  A .  Tu rco ,  Chen t .  Commun. ,  1205  (1968 t ;
G. rv\ ' .  Parshal l ,  W. H. Knoth,  and R. A.  Schunn, J.  Amer.  Chem. Scr. ,
9 1 , 4 9 9 0  ( 1 9 6 9 t .

( l  l )  Advenr i t i ous  hyd ro l ys i s  o f  2  i s  no t  r cspons ib le  fo r  the  fo rmat ion
of  n-butane-d: :  thermal  decomposi t ion of  2 (1.00 rnmol)  prepared
fronr a solur ion of  ICuPBur] ,  (0.27 mmol)  which was previously t reatcd
w i th  n re thy l l i t h ium (0 .08  mmol )  to  r cmcvc  impur i t i es  capab le  o f  p ro -
tonolyzing organocc)pper rcagents produccd rr -butane-Zr (41 i "1,  r r -
butanc-d:  (8 l i ) ,  and l -butenc-dr (51' , ) .

(12 )  R .  Cramer ,  Accoun ts  Chem.  Res . ,  l ,  186  (1968) .
(  13t  J.  Chatt ,  R.  S.  Cof lcy,  A.  Gough. and D. T.  Thompson, J.  Che nt '

Soc . ,  A ,190  (1968) ,  and  rc f c rences  the rc in .
(14 )  R .  A .  F innegan  and  H .  \A / .  Ku t t r ,  J .  Org .  Chcm. ,30 ,4138  (1965) .
(15) (a)  Nat icnal  Instr tutes of  Heal th Prcdoctoral  Fel low, 1961-1970

(b) Nat ional  Scicnce Foundat ion Predoctoral  Fel low, 1963-196' l  ;
(c)  Nat ional  lnst i tutes of  Heal th Predoctoral  Fel low, 1966-1969.
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