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ll 'eection between mesityl oxide a1$.the ate complex formed by mixing end.o-2-norbornl' l(tri-n-brrty.lphos-
phine )copp er( I )  (enr lo-2 )  and ler l -buty l l i th ium yie lds the conjugate *c lduci ,  tmethyl- {  - (enr lo-2-norbornyl  )pentan-2-one (3), with hig.h stereoselectivit-v; no deiectable 4-meth-vl-{-(e-ro-2-norbornj' l)pentan-!-one (4) is formetl.
This stererlchemical outcome exclrrdes a free norbornyl ra,clical &s &n intermedieiu in tni..; particrrlar eonjugate
addi t ion rent : t ion.  Sinr i lar  .s tereochemical  resul ts are obtained u.s ing ei ther the analogors t r imethyl  phosphi te
comple 'x o.  the ate eomple.r  formed by mix ing endo-Z * ' i th methyl l i th ium; the same mechanist ic  crncl r rs ion can bedrn'wn. concernins these reactions. 

- 
The .Jppur-.utal-vzed r:onjrrgete rrtidition of erulo-')-norbornl' lnragnesium

bronr ide (erulo- l  )  to mesi ty l  ox ide f  ie lc i .s  an 8l :  lg  rat io of  enr io 
"nd 

J.*n conjugate rddtrcts;  the crnj r rg l te addi t ion
of  2 i tsel f  oocl l rs  wi th exiensive loss of  stereochemistry.  \ fechanist ic  in ie ip.et ,at iop of  these l r r ter  reect ions is
compl ic&ted both by the formtt ion of  conjugate at iduct  in re l r t ively low y ie ids,  lnd by thu t*1, ,  possib i l i t ies thal
epimer iz l t ion t l f  the copper re&gents competes wi th their  eonjrrgate l t ld i t ions lnr i  tSl i  the end'  ant l  exo org&nG.
nretal l i t :  reagents d i tTer in their  re lct iv i ty  in these addi t ions.  . { .  conrpar ison of  the combined y. ie lds , f  3 and 4
obtained on re l r : t io t r  of  mesi t l ' l  ox ide wi th I  in a copper-c l t i r l r .zed reect ion,  rv i th 2,  r rnd wi th l  nrrmber of  ater :omplexes cont l in ing2 arrd pr imar l ' , .secondlr t ' ,  ter t i l r - l ' ,  l r r , i  l r i lnr , l t ic  l i th i r rm rerqents indir : l tes th l t  the mixed
l te cotnplex of  2 and lcr l -bt t t - " - l l i th i r rm is t tn iqrre ly act ive in the t ransfer  of  the l -n,r r6ornyl  gr6rrp in rhe conjugate
rdd i t i on .

Both th.  copp{)r-catal 'zcd conjugate adcl i t ion of
orga,nonlagn{)sium and -l ithium reagents to a.B_un_
.saturatr- 'd l retoncs and the rapid stoir :h iometr ic con-
jugate adcl i t i rn r f  l i t l i ium diaik l ' lcuprabcs to thes'
substances &ro *'ell establishcd a,nd synthetically im-
Ix)r tant  react ion.s. :  Hon'ever,  thc mecrranism by u 'h ich
t l ie copper ion cncourage.s addi t ion of  the anionic or-
ganic moietl '  to thc p-r:arbon atom of the unsaturateci
kctone moiet . r '  at  the expen,sc of  acic l i t ion to the car-
b,r ' r ' l  gr()up is nrt  unclc ' rstrod.3 scveral  expr:r imental
generalizations l<now'n or br:l ieved to ber fruc for it
foliorv.

(a) Copper( i )  is  the valence state that  is act ive
in the conjugate addi t ion;  fur ther,  the copper( I )
is apparentl-v nrt oxidized or redueecr irreversibll '
dur ing the coursc of  the react ion.a

(b) Copper(I) allr l ' ls add to a number of tvpes of
cc,rbon-carbon multiple bonds in the absencs of a,
conjugat ing carbonl ' l  moiet l ' ;  in part icular,  l i th ium
diailt l ' lcuprates add smoothly' to a,B-unsaturated epox-
i4grt and ethynylcarbinl ' l  acetates,T and orga,nocopper-
(I) compounds thcmselves add to terminaiacetlrrenes,
and ni t roaromat ics.e rhus, the presence of  a conjuget-

(  I  )  (a )  suppor te r l  by  the  Nat iona l  sc ience Foundat ion ,  Grant .s  G p-
33586x and GP-14217,  anr l  by  the  In te rna t iona l  copper  Research  Assoe ia-
t ion ;  (b )  Nat iona l  Sc ience Foundat ion  Tra inee,  lgTG- lg7 l .

r2 )  For  rev ie rvs  and re fe rences ,  see  (a )  H.  O.  House,  lV .  L .  Respess ,  and
G .  I t .  W h i t e s i d e s ,  J .  O r s .  C h e m . ,  g t ,  3 1 2 8  ( 1 9 6 6 ) ;  ( t r )  ! I .  O .  H o u s e  a n d
W .  F .  F i s c h e  r .  J r . ,  $ i d . , 3 9 ,  9 4 9  0 9 6 8 ) .

(3 )  The ea ta ly t i c  ac t i v i t y  o f  copper  in  o rgan ic  reac t ions  has  beeu rev ie rved:
R .  C .  R .  B a c o n  a n d  I I . , \ .  O .  H i l l ,  e u o r t .  R e v . ,  C h e m . , S o c . ,  1 . 9 , 9 . 5  ( 1 9 6 5 ) ;
o .  . \ '  cha l t l ' k ian ,  "copper -ca ta ly r ic  React ions , "  A .  E .  s tubbs ,  Trans la ror ,
C o n s u l t a n t s  B u r e a r r ,  N e r v  y o r k ,  N .  y . ,  1 9 6 6 .

{ { )  A lky lcopper r l )  compounds f requent ly  p rec ip i ta te  on  reacr ion  o f  the
cor respond iog  l i th ium t l ia lky lcupraces  rv i th  d , t -unsatura ted  ke tones .2b .5

(5)  H.  O.  House an t . l  W.  F .  F ischer ,  J r . ,  J .  Ors .  Chem. ,3{ ,  J6 lS  ( l9 t tg ) .
(6 )  R.  \ \ ' .  Her r  and C.  R.  Johnson,  J .  Amer .  Chem.  Soc . ,9 l ,  {979 (1970) ;

R.  J .  lnderson,  ib id . ,92 .  {978 0920) .
( 7 )  P .  R o n e a n d  P .  C n r b b 6 .  i b i d . , g t , 3 2 8 9  ( l 9 6 9 ) .
( 8 )  J .  F .  \ o r m a n t  a n r l  I \ I .  I l o u r g t i n ,  T e t r o h e d r o n  L e t t . , 2 S g : J  ( l g Z t ) .
t 9 )  l I .  \ i l s s o n ,  C .  U l l e n i u s ,  a n d  O .  W e n n e r s t r c i m , i b r < t . , 2 7 1 3  ( l g 7 1 , .

inq carbon)'l group is not n(.(:c-ssarv for the addition of
an orga,nic moit 'tv bonded to r:oppcr to a carbon-carbon
mul t ip le  bond.

(c)  Conjugate addi t ion c&n occur successful ly to
a,B-unsaturated ketones confined to a transoid con-
f igurat ion;  a c1'c l ic  t ransi t ion stare for  the addi t ion,
invoiv ing a c isoid conformaf ion for the ketone, is thu.s
n o t  r e q u i r e d . 3 ' l o , l l

Four basic cla.sse.s of mechanisms have been pro-
posed to at :count tor  the inf luence of  copper on reac-
tions of organometall ic reagent,s w'ith a,p-unsaturated
ketones. First, the rea,crion ha.s been suggested to
involve as its ba.sic step the nucleophil ic addition of
an anionic alkl ' l  group to the carbon-carbon double
bond. In this mechanism (rerpresented schematicall l '
by eq 1),  the copper atom mieht serve ei ther to or ient

n,,-l-ott

r)

I
R - C u ( I ) L i  +

I
| /-o

L/

R
I
Cu( I ) ( 1 )

R,cu-Li* + Hc:,Fo + *'tt%o-Li* +

RCu + R, 
/FO-U* (2)

the alk l ' l  group in a posi t ion favorable for  at tack on
the g-carbon atom of the enono moietl '  by coordination
n' i th the double bond, or to act ivate th is bond for

( 1 0 )  H .  O .  H o u s e ,  R .  . \ .  L a t h e m ,  a n d  C .  D .  S l a t e r ,  J .  O r y .  C h a m . , 3 l ,
2 6 6 7  ( 1 9 6 6 ) .

( l l )  C .  P .  C a s e y a n r i  R . . \ .  B o g g s ,  T e t r a h e , J r o n  L e t t . , 2 4 5 5  ( 1 9 7 1 ) .
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addition.12 Second, thd copper atom might take
part direetly in the reaction by an oxidative addition
process yielding an intermediate copper(III) species,
follorved by reductive elimination of the conjugate
adduct f rom this intermediate (eq 2). t r , t r  Third,
conjugate addition might take place through s free
radical chain process (eq 3-5). In this reaction se-

.  in i t ia t ion
R CuLi > R. (3)

R' + H,cfo 
+ * r [o '  (4)

R , rO ''\J v + R.rCuLi +

R3'-oti 
+ RCu + R. 15)

quence, the copper(I) rvould serve as the metall ic
center in a radical displacement reaction (eq 5).tt The
conjugate addition of trialkl ' lboranes to a,p-unsatu-
rated ketones is reported to be a free-radical process,
presumabl-v taking place by a sequence of reactions
analogous to those represented by eq 3-5, and provides
prer:edent for the involvement of free radicals in con-
jugate additions.'8 Finall l ' ,  conjugate addition ha.s
been suggested to involve electron transfer in an im-
portant step (eq 6). ' ' tn The catalyt ic act iv i ty of  cop-

R,,Cutl)Li +

resul t ing ease of  one-electron oxidstr . ,n ,  r i  r i r l r .  , -
copper( I )  r :ompounds. Li th ium diaik l ' lcuD: '3: , -> :  :
general  react  readi lv w' i th oxidiz ing &qent-q.  H . \ . " .  ,  :
the pr incipal  organic products f rom these r . .3 '  :  : .  -

are the corresponding alk l ' l  d imcrs,r5 ' :0 &nd r- l1 i , ; i r . ' .
dimerization of alkl ' l  groups derived from the ,rrser.
metal l ic  component of  a conjugate addi t ion react i ,  r .
mlxture is not a common side reaction.

The rvork reported in this paper rvas designecl t,
detect free alkl ' l  radicals that might be present as
intermediates in representative conjugate addition
reactions, viz., the reactions of l i thium dialky'lcuprates
derived from mdo-2-norborny'lcopper(I) rvith mesitl'l
oxide (2-methy'lpent-2-en-.l-one). The intermediacl'
of free 2-norbornl' l  radicals (eq 3-a) in these reactions
n'ould be expectecl to result in the formation of c'on-
jugate adduct containins norborn-"- l  groups epim,rr-
ized at  C-2; ' r  nucleopir i l ic  addi t ion of  the norborn-r ' l
moiet l '  to the carbon-carbon double bond (eq 1) r)r
an oxidat ivc acldi t ion-rcduct ive el iminat ion pat i r  ( ( ' ( l
2)  n 'oulr l  be expected to take'  p iace rv i th tu,unl ion , l
s tereochemistr l '  &t  C-: ,  b1'  analogy u ' i th the sterr ' , r -
chemical  outcomc oi  react , ion.s r t f  2-norbornylcupratrs
u' i th alk l ' l  hal idcs and tosvlate.s.rs ' :0 The stereot ' l i t 'nt-
ical  courso of  l t , t l  e lectrr in- f ra l tsfer mechanism I)(  ) t
involving free alkl ' l  radicai.s (eq 6) is diff icult to prt '-
d ict ,  but  might nlso invoive retent ion of  conf igurat i , r r r
at  C-2.

Results

enrlo-2-Norbornl' lmagnesium bromide (mdo-l) w'a..
obtaint:d from a mixture ,tf endo and exo epimers b1'
preferent ia l  destruct ion of  the exo epimer usins tht '

l t rocedttre of  . Iet tsct t  and \akamal 'e;22 i ts aottvp15iot t
into enr lo-2-nr i rbornvl( t r i - r r -but1 ' lphosphine)coppert  I  r
(endo-Z) \\-&..j accompli,*ht'd bv reaction rvith bronr,,-
( t r i - r r -bu t1 ' lphosph ine) t 'o l lper ( I )  in  e ther  a t  -7 \o . t "

Tht '  d iastercr)mori t '  pur i tv oi  the resul t inq 2 n 'a 's c i t ' tcr-
mined b1' glpc anall 'sis of thc mixture of. eru.lo'anr) ert,-
2-meth1' lnorbrtrnane formed on ni t robenzene oxidat ion
of the solut ion obtained by'  addi t ion of  meth, ' " l l i th iunr
to 2.  This oxidat ive eoupi ing has been demonstratcr l
previousil '  to take place stereospeeificall l '  u' ith retett-
t ion of  conf igurat ion.  20

Reacbions of  a number of  orqlnometal l ic  der ivat iv, ' -
of the 2-norbornl' l  moieti- tvith mesitl ' l  oxide \\ 'ere sttr-
ve1'ecl  to f ind condi t ions that n 'ould give high conv( ' r -
s ions to thc '  2-norbornl ' l  cr tn jugate adduct.  For r : , r r t -

venience, these reat: t ions \ \ 'ere carr ied ot t t  using th '

epimeric mixture of  a lkf  i  metal  compounds obtain. ' ' i
from the erluii ibritrm mlrture oi exo- and enclo- r-trrlr-

borny imasnr ts ium bromides  1- l l i  exo :65  endo) , re  a l l ' i .

( 2 0 )  G .  l t .  W h i t e s i r l e s ,  J .  S a n  F i l i p p o ,  J r . '  C .  P .  C a - s e 1 ' ,  a n r l  E .  J .  P e n n < .

J .  . l m e r .  C h e m .  S o c . , 8 9 ,  5 3 0 2  l l 9 d 7 ) .  T h e s e  o x i d a t i v e  d i m e r i z e t i o n s  t r ' -

peren t ly  r - lo  no t  invo lve  f ree  a lkv l  rad icg ls  as  in te rmed ia tes :  c / .  C- i  l l  '

W h i t e s i d e s , . I .  S a n  F i l l i p p o , . I r . .  E .  I l '  S t e d r o n s k y ,  c n d  C .  P '  C e - s e , v ,  r b t ' | "

91 ,  t i5 {2  (  l9 t i9 ) .
t 2 l )  F o r  p r e r . i o u s  s t r r d i e s  i n  r v h i c h  a  r e a c r i o n  i n v o l v i n g  B n  i n t e r m e , l t : r t , r

f ree  2-norborny l  ra r l i ca l  has  beeq char { rc te r ized  by  loss  o f  s te reoc i remrs t r \ '

e t  C - 2 ,  s e e  P .  J .  K r o p p ,  r b t d . , 9 1 , 5 ; 8 3  ( 1 9 6 9 ) ;  - \ .  F a n g ,  P h . D .  T h e s r -

] lassachuset ts  Ins t i tu te  o f  Techno logy ,  Cambr idge,  ] [ass ' ,  1966;  P  D

Bar t le r r ,  G.  N.  F ickes ,  F .  C.  Haupr ,  and R.  He lgeson.  Accovnt .s  chem.  I le . . .

3 ,  1 7 7  ( 1 9 7 0 ) ;  D .  L  D a v i e s  a n d  S '  J .  C r i s t o l ,  A d o o n .  F r e e  R a d i c a l  C h e m "  L '

155 ( l9 t j5 ) ;  G.  f , t .  \Vh i tesrdes  an , l  J .  San F i l ippo ,  J r ' ,  J " lmet '  Chem'  S ' t ' " '

9 r , 6 6 l l  i l 9 7 0 ) .
( 2 9 )  F .  R . J e n . s e n a n r l  [ i .  L .  \ a k a m a - , - e , b u l ' , 8 8 , 3 { 3 7  i 1 9 6 6 ) '

I
I
V

R
RCu( I) + "\ 

/- 
OLi

(6 )

(12)  The s t ruc tu res  o f  the  a te  complexes  fo rmed bet rveen organoeopper t [ )
compounds and organo l i th ium roagoots  have no t  been es tab l i shed.  For

simplici ty, rve rvi l l  refer to theso materials as " l i thium dialkylcuprates,"
and represent  them by  fo rmulas  o f  the  typo  RrCuL i  o r  R:Cu-L i r ,  rv i th  no

coovict ioo thst theso deseript ions of the structures of the eopper &to com-
plexes necessari ly bear any rolat ionship to thoso ac tual l  y e.r ist ing.

(13)  Tbe ec t iva t ion  o f  carbon-earbon doub le  bonds to rvard  nuc leoph i l i c
attack by coordioation rvith transit ioa motals is i l lustrated, inler al ia, by

tho Wecker process aod many reactioos of the type i  -  i i .

lFu
N:--/

i

_NI
+ /

N-/
i i

See,  fo r  examples ,  J .  Ha lpern ,  Adoan.  Chem'  Ser ' ,70 ,  t  (1968) ;  P '  ] l '

Henry ,  ib id . ,  70 ,  126 (1968) ;  M.  I I .  Jones ,  "L isand Reect iv i t v  anr i

Cata lys is . "  Aeademic  Press ,  Nerv  York ,  N.  Y . ,  1968,  pp  8 ' l -85 ;  P '  ) I .

Ma i t l i s ,  "The Orgon ic  Cbemis t ry  o f  Pa l lad ium,"  ' \ cademic  Press ,  Nerv  York .

N.  Y . ,  l97 l ;  . \ .  Panunz i ,  A .  De Renz i ,  and G.  Pa ie ro ,  J .  Amcr '  Chem.  Soc . ,

93 ,3488 (1970) ;  G.  N.  Schrauzer .  J .  H .  Weber ,  and T .  M.  Beckhem'  ib id . '

9 2 , 7 0 7 8  (  1 9 7 0 ) .
( l . t )  Ox ida t ive  add i t ion  o f  cerbon-conta in ing  res idues  to  copper ( I )  has

been discussed previously in connection rvith the reactions of l i thium dialk;"1-

cuprates rvith organic hal ides, l ! '16 and a,t-Llnsaturated epoxides.6 Horvever,

no f irm experimental evidence bearing oo tho importence of this proeess in

orgaoocopper(I) chemistry is presontly avai lable.
(15)  G.  l \1 .  Whi tes ides ,  W.  F .  F ischer ,  J r . ,  J .  San F i l ippo ,  J r . ,  R .  \Y .

Bashe,  and I I .  O.  I louse,  J .  Amer .  Chcm.Soc. ,91 ,  4871 (1969) ,  and re fe rences

c i ted  there in .
( 1 6 )  J .  R .  C o l l m a n ,  A c c o u n l s  C h e m .  R e s . , 1 ,  1 3 6  ( 1 9 6 8 ) .
(17)  A  rap id ly  inc reas ing  body  o f  ev idence ind ica tes  tha t  rad ica l  d is -

placements at metal l ic centers may be very rapir l  processes: P. J. I i rusic
s n d  J .  K .  I ( o c h i ,  J .  A m d r .  C h e m . S o c . , 9 1 , 3 9 4 2  ( 1 9 6 9 ) ;  ' \ .  G .  D e v i e s  a n r l
B .  P .  Rober tx ,  J .  Orsanometa l .  Chem. ,  19 ,  P l7  (1969) ;  K .  U.  Ingo ld  and
B.  P .  Rober ts ,  "Freo  Rad ica l  Subs t i !u t ion  React ioos , "  Wi ley ,  Nerv  York ,
N.  Y . ,  l97 l :  and re fe rences  in  esch.

( 1 8 )  H .  C .  B r o r v n ,  e t  a l . ,  J .  A m e r .  C h c m .  S o c . , 9 1 , 7 1 0  ( 1 9 7 0 ) ;  H .  C .

B r o r v n  a n d  G .  W .  K a b a t k a ,  i b i d . , 9 r , 7 1 2 , 7 1 1  ( 1 9 7 0 ) .
( 1 0 )  ( a )  I .  N .  R o z h k o v  a n d  S .  l l .  l v l a k i o ,  Z h .  O b s h c h .  K h i m . , 3 4 ,  5 9

( 1 9 6 4 ) ;  C h e m .  A b i l r . , 6 0 ,  1 0 5 7 6  ( 1 0 6 - l ) ;  ( b )  H .  O .  H o u s e  a o d  l t .  J '  U m e n ,

L  A m e t .  C h e m .  S o c . , 9 a ,  5 { 9 5  (  1 9 7 3 ) .

J. Orq. Chen

pe r ( I )  i n  a  reac t i on  o i  t h i - s  t vp t : ' , r ' r u .d  c ' '  dun  t r l  t h r '
access ib i l i t y '  o f  t he  coppe r ( [ I  )  r ' a i t r nco  r t s iF .  e r ' . , 1  i ] r t
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in several instances, no effort was made to anal yze the
resulting mi.xtttres of the adducts 4methyll(mdo'2-
norborn-vl)penban-2-one (3) and 4-methyl4(exo-2'
norborny'l)pentan-2-one (4) for epimeric compositions.
Instead, product mlxtures lvere analyzed for the com-

bined .r ' ield of 3 and'4. Results of these experiments

N
r l>> + \  !o+ 

H'o '
/z\-/-x f

i \No
trq?+M

4

3

are l isted in Table I. In this table, the entries in the
column headed "X" are not intended to imply the ex-

Tanln I

Cor rn rxeo  YrELo  oF  THE Ep t r tpR lc
- l - ] l r t r l rvr , - { - (2-xonsontrr . )eaxt-rN-2-oNns 3 esn 4 r 'no: t r

Cosrr . 'c . r r l :  Aoort tox op Onc, IsoMETALLIC DRnlv. l ' r tvr :s

) , ion rronx,rxn-2-X to I IBst ty l  Oxton"

)IgBr * 12 mol (,Yo BrAgPBur 3
\ lqBr  *  . ->  mol  % (PhrP)rNi (CHz:CHz)  0
\ I q B r  *  5 m o l  % ( P h r P ) r N i B r r  0
\tgBr * 4 mol % (PhlP )rPt(CH::CHr) 0
\tqBr * 5 mol Vo (PfuP)rPtCl2 0
)tqBr * 5 mol 70 I{^rPtCl{ 0
) t q B r * 5 m o l  % C l A u P E t r
Cu (  I  )PBur
C u ( [ ) P B r r 3  *  C n F J i
C r r ( I )PBr r r  *  n -C .HgL i
Cu( i  )PBur  - r  ru-C.Hgl , i '  T ITEDA
Cr r ( I )PBr r r  *  n -C rHsL i
Crr ( I  rPBrr r  *  s -CnHsLi
C t r ( I )PBur  *  (CeHa) rCL i
Cu ( I )PBr r r  *  c -C ;HoL i
Cu ( I )PB t r '  *  CcH ;L i
Crr ( I  )PBru *  CrH' (CHr)zCHrL i
Cu ( I )PBr r r  +  C I { rL i
Crr ( I )PBrr r  +  : l  , -C{HeLi
c u ( I ) P B u r  *  i t - C r H g L i  5 9 1

Cu( I )PBur  *  t -C . rHgL i  66
' '  I le lc t ions rvere cerr ied ot t t  betrveen I  mmol of  norborn-r ' l -

metel  compound rrnd I  mmol of  mesi tv l  ox ide in 20 mi of  ether
l r  ( ) "  for  0.5-2.0 hr ,  r rn less otherwise noted.  Solut ions contained
I  mmol of  mrgnesi t tm bromide.  b Reprodueibi l i ty  in y ie lds
wrLS N+')c1, ' .  "  The solvent  in th is react ion was , i0:50 ether-
p1-ridine. 'r A 9{)c; f ield of 4,4-dimeth;-lpentan-2-one was ob-
t r i ncd  in  th i s  re l c t i on .  "  Ca .4  mmol  o f  mes i t v l  ox ide  was  tused .
'  ( , 'a . l i  mnrol  of  rne's i tv l  ox ide was tsed.

is tencc'  of  c l iscrctr ' .  character ized ate complexes having
r:omposi t ions rc iated in some simple u 'ay ' to thr :  quan-
tit ies of rc'agerrts prcsent; the entries refer simpll '  to
tht :  components that  have been added to the solut ion.
Tirus,  "Cu(I)PBur *  CoHtLi"  indicates a solut ion pre-
parcd bv addinq I  equiv of  phenyl l i th ium to a solut ion
oi  ?-norbornvi( t r i - ru-butvlphosphine)copper( I ) ;  the
I) : rmo " l i th iunr norbornl , lphenl ' lcuprato" is used onlv
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for convenienee in referring to this solution. Although
both chemical and spectroscopic evidence suggests that
solutions prepared in this manner do in fact iontain
organometall ic clusters having more than one type of
orga,nic moietl '  on the cluster, sur:h clusters have not
been characterized.2r

One feature of the data of Table I may have per-

tinence to the synthetic application of organocopper
reagents in conjugate addition that extends beyond the
immediate stereochemicai object of this rvork. The
high yield of 3 * 4 obtained on reaction of l i thium
norbornyl-ferf-butylcuprates rvith mesitf i oxide sug-
gests that "mixed" copper ate complexes ma,y have

useful practical application in their o\\ n right: this
yield is sufEciently higher than that obtained in the
other experiments summarized in Table I that it rvould

clearly be the method of choice in a preparative pro-

cedure.2{
The origin of the marked supt'rioritv r-rf the mixed ate

complex, l i thium lell-but1'l- l-rtorbornl' l(tr i-n-butyl-
phosphine)cuprate, in transferring tlte' norbornyl group

in conjugate addition reactions is nrlt clear. The prod-

uct distribution observed in reaction of l i thium
methl' l-2-norbornl' lcuprate u'ith mesitl ' l  oxide indi-

cates,  in th i .s instance, that  thr .  cotrver-s i t )n of  the 4,0-

unsaturated ketone to i ts conj t tg: . t t t '  aclducts containing
ei ther mt: thvl  or  norbornvl  m,r i t ' t ics prot lceds in very

high f  ie ld (Table I ) ,  and that the important factor in

determining the composi te y i t ' ld , r i  3 *  4 is apparent l l '
the relat,ive far:i l i ty' w'ith n'it i t ' l i  tht' norbornyl and

methl ' l  moiet ies t ransfer f rom tht '  metal  c luster to the

a,B-unsaturated ketone (eq 7).  Hou'ever '  the l imi ted

RR'CuLi"  + , ,  FO 
t{  o-

Y

* ' + * , *o ( z )

data available in Table I are not sufficient to establish
n'hether steric bulk, alkl ' l  group basicit l ' ,  or aggregate
structure determine this facil i t l '  of transfer.

Taking the data of Table I :rs a guide in selecting
reaction systems for examinatirtn, the stereochemistrl-

of the conjugate addition of several metal derivatives
of the enclo-2-norbornl'l moietl' to mesit-'-l oxide lvas

determined. In order to prove the stereochemistry of

the products, and to obtain materials for glpc caiibra-
tion, an authentic sample of 4 rt. l-s preparr:d follorving
thc'  react ion sequence out l ined in Scheme I ;2t  an anal-

( 2 3 )  J .  S a n  F i l i p p o ,  J r ' ,  P h . D .  T h e s i s ,  ] l a ' r s a c h u s e t t s  I n s t i t u t o  o f  T e c h -

n o l o g y ,  C a m b r i d g e ,  ] I s s s . ,  1 9 7 0 .  F o r . s t r r t e t u r a l  a n a l o g i e s  i n  r e l a t e t i

o r g a n o m e t a l i i e  s e r i e s ,  s e e  a l s o  T .  L .  B r o $ ' n ,  - l r l v a n .  O r g a n o m e t o l ,  C h e m . , 3 '

3 6 5  ( 1 9 6 6 ) ;  , I .  P .  O l i v e r ,  i b i d . , 8 ,  1 6 7  r 1 9 7 0 ' ;  
' f  

.  L .  I J r o r v n .  A c c o u n t s  C h e t n '

R c s , .  1 , 2 3  ( l 9 t j 8 ) ;  ] I '  Y .  D a , r e n s b o u r g .  B '  1 "  I i i m u r a ,  G .  E .  H a r t r v e l l ,  a n d

T .  L .  B r o r q n ,  J .  A m e r .  C h e m .  S o c , , 9 2 '  1 2 3 0  t  l 3 i 0 ) .

( 2 " 1 )  w e  p r e s u m €  t h s t ,  l i t h i u m  d i n o r b o r n f  i c u p r a t e  r v o u l t l  c o m p e t e  i n  y i e l d

i n  t h e s e  c o n j u g a t e  a d d i t i o n  r e a c t i o n s  r v i t h  I i t h i u m  n o r b o r n y [ - t e r t - b u t y l c u -

p r a t e .  H o r v e v e r ,  i n  t h i s  s y s t e m ,  a s  i n  m a n l ' o f  : 1 ' n t , i r e t i c  i n t e r e s t ,  t h e  G r i g n a r d

r e e q e n t  o f  o n e  c o m p o n e n t  c g o  b e  o b t c i n e ' l  n r o r e  e a s i l y  a n t l  i n  h i g h e r  p u r i t l '

t h a n  c e n  t h e  c o r r e s p o n d i n g  a l k y l l i t h i t r m  c o r n p ' r u n t l '  T h u s  t h e  c o p p e r  a t e

e o m p l e x  o b t a i n e d  b y  m i . r i n g  I  e r l u i v  o f  t h e  G n g n a r r i  r e a g e n t  o f  a  c o m p o n e n t

o f  i n t e r e s t  s n l l  I  g r l u i v  o f  ! a r ! - b u t l z l l i t h i u m  m a 1 ' p r o v i r l e  a  p r a c t i c a l  a l t e r o a -

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

( 2 l r )  D i a s t e r e o m e r i e a l l y  p u r e  c n d o -  a n , l  e r o - n o r b o r n a n e - 2 - c a r b o x y l i c

ac i r is  rvere obto iner l  f rom a mixture of  enr lo-  en, i  czo-norborn '5 'eoe-2-cRr-

b o x l ' l i c  a c i r l . s  b y  t h e  p r o c e r l t r r e  o f  , I .  . \ .  B e r s o n  a n ' l  D .  A .  B e n - E f r a i m ,

J .  . l m e r .  C h e n .  j o c . , 6 1 ,  { 0 8 3  (  1 9 5 9 ) ,  l n t l  r e f e r p n c e s  c i t e r l  t h e r e i n .

X

\ [ q B r
\ tqBr  *  , i  mo l  76  ICuPBu3

Yie ld
3 + t, 70t'

0
l 8

0
l 6
0
2
18
Qc

4
4
;)
it

6
8 d

35'
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S vNrn nsts o p ero-2-Nonnonx vr-4-M ETH ypENtlx-2-oxr: (4 )

NaOH-
I ' .  K I

co,H

gents examined appears to have sreater re&ctivit) '  to-
u 'ard a,p-unsaturated ketoncs than the endo epimtr .
and that epimerizat ion at  C-!  competes iTr certeirr  in-
stances rv i th conjugate addi t ion.  Nonetheies-*,  t ,ht '
s tereochemistry '  of  several  of  the conjugate addi t ions i . .
readily interpreted.

The react ions l is ted in Table I I  can be cla:s i f i t ' t i  i I t t , ,
t rvo groups on the basis of  their  stereoselect iv i t l ' .  T l r , '
f i rst ,  including the react ions of  the phosphine and pl t , ,s-
phite complexes of l i thium lerl-butyl-utclo-norb,rrnvi-
cuprate rvith mesitl ' l  oxide, clearly is characterized bi
retention of configuration ab C-2 of the norborttr I
group during the step that results in carbon-cerbott
bond formation in the conjugate addition. Tlte cor-
responding reaction of l i thium methl' l-ezrdo-2-nor-
bornylcuprate should probably also be included in this
group. The second, including the reaction betn'ct'tr
mesityl oxide and mdo-2-norborny'l (tri-n-butf ipho-s-
phine)copper and possibl l '  a lso the copper-catai l 'z t 'd
conj ugate addition of enclo-2-norbornylmagnesium bro-
mide to this ketone, takes place w'ith significant loss ot
stereochemistrl ' .

Confroi  exper imcnts carr ied out in the f i rst  groul)  o i
react iot ts,  using cul t ratr t  solut ions containing apprrrx i -
matelr' 65: i l ;-r mixtttrcs of enrl,o- and ero'2-norbortlvl
moiet ies (Tabie I I ) ,  t :stabl ish that  tht :  h igh stereo-
sc' lect iv i t l '  observr:d in t l tcse react i r lns is not an art i tat : t
re 'sui t ing ei ther f rom thc di f lerenccs in react iv i t l '  o i
enr lo-  and ero- ' ) -norbrtrr t - r ' l  c l iast t t reomers in t l i t l  ( : ( ) l l -
juga te  ac ld i t ion  or  t r r ) tn  i somer iza t i t ln  o f  the  con jugat .
adduct,  orrc(- '  tornred. Tlr t '  r ; r ig in of  the loss in stereo-
<rhemistn '  observed in the second group of  react i t . r r ts i . .
more di f l icul t  to ic lcnt i f l ' .  I t tcmpts to determinc t l r t
stcrr:ochemicel stabil itv of entlo' '2-norbornl' l(tr i-t i-
bu t f  iphosph ine)coppcr ( I )  (2 )  under  the  cond i t ions  r> i
the conjugate adt l i t ion c i id not y ie ld easi ly interprot t r l
resui ts. :7 Thus, & solut iotr  of  2 (99.5% endo) \ r 'AS

al low'ed to rcar: t  rv i th 0. i  ecl t t iv  of  mesi ty ' l  oxide ior  1 i
mir t  at  0o.  Arralvsis oI  t l te stereochemistr-v"  of  t l t t '  r t ' -
maining 2 by cot tvt t rs ion t r t  2-meth1' lnorbt)rnaIIr ' : "
demonstrateci  that  i t  rvas cr tmposed of  a 94:6 mixtut ' r '
oi endo ancl exo di:,ustereomers. This result could b,'
interpreted to indicate ei ther that  epimerizat ion of  2 is
relat ively '  s low- under the condi t ions oi  the conjurat t '
addi t ion,  or  that  epimerizat ion is rapid,  but  that  t i rc
ero-Z react.s preferentiall l '  with the mesibyl oxide as it is
f r r rmed. Hon'ever,  a l tht tugtr  react ion of  a 71:26 mix-
ture of enrlo- attd ero-Z *' ith l imiting amounts of mesitr-l
oxide under s imi lar  react iotr  cr tndi t ions demonstratcr l
enhanced react iv i t l '  for  the exo epimer,  the di f ferent: ' '
in reactivit l '  bet*'cen epimers appeB'rs insufficient t"
account for  a l l  of  the loss of  steret tchemistr l '  observcr l
orr reaction of endo-Z w'ith mesitl ' l  oxide (see Experi-
mentai  Sect ion).  Thus i t  appears that  some epinr i ' r -
izat , ion ma1'  actual l l '  takc'  p lace dur ing the conjr lqr l t .
adci i t ion of  2 to mesi t l ' l  r tx ic lc.  Hos'ever,  the f  ie lc i 's  o i

3 and 4 obtained in this rt 'actiotl. \\ 'ere' sufficientl i '  snr:-r, l l

that  th is resul t  u l ior tunatel l -  cantrot  be considor(-( l  f  , ,

be of  great meciranist ic ,s igni f icance (Table I )  '
In an effrtrt to test the propr.rsal of a free-raclical meclr-

anism for the conjugatg adclit ion of triall i-vlborant's t, '

(37)  The ep imer iza t ion  o f  2 -norborn : ; l ( t r i -n -bu ty lphosph ine)copper r  I  )  i ' s

knorvo  to  be  fas te r  thsn  i t s  thermal  decornpos i t ion ;  horvever ,  quant i ta t . t ve

ra te  r la ta  a re  ava i lab le  fo r  ne i ther  o f  theso reac t ions :  c l .  C .  P .  C- '8se ! ' '

Pa .D.  Thes is ,  ) lassachuset ts  Ins l i tu te  o f  Teehno logy ,  Cambr idge '  ] Iass  '

62: 38
8 l :  l 9

CuPBur  + CHjL i

CuPBur  + (CI { r ) rCLi

o , ) :  J . ) "

9 9 : 1 "

.r;*A

)IgBr * 5 mol

CuPBur

o o
l l -  l l  +

(C2HfO)2PCHCOC2H5 Na

55o,  16  hr ,  579o

o

i \N
rl>l 9c-H' 

(cHr)zcu'-i- 
rl\v I

4o  30" '5oc t  Mo

5 4

ogous procedure starting u'ith the endo-2-torbornl'l
carboxl' l ic acid yieided a 70:30 mixture of 3 and 4.:s

Table II summarizcs data pertinent to the stereo-
chenristry at C-2 of the norborn)' l group of a number of

T.rsLE I I

SrERaocHalrrsrRy on Coruruc,rre AoolrroN oF THE
o ncr ro rr't:" 

"i: |i;H;';:*', 
Non non v'rN p-2-x

X cndo-X: c.ro-X I (endo) :  I  (exo)

f !  ICuPBur  65:  35 '
99 :  l "
6 i r :3 ; jD  17 :83
9 9 :  l '  4 7 : 5 3

l : 9 9
9 4 : 6

65 :356  40 :60
9 9 : 1 "  9 9 :  l " ' a

CuP(OCHrh  *  (CHr ) rCL i  99 :  l " ' ' 9 9 : 1 '

"  React ions were carr ied ou. t  et  0o in d iethyl  ether.  6 This
rat io was not  mersured for  each exper iment.  These samples
were der ived f rom 2-norbornylmagnesium bromide lhat  had
been al lowed to reach epimer ic equi l ibr ium, and the 65:35 rat io
is the value charucter is t ic  of  th is equi l ibr ium. "  This rat io is  a
minimum value.  d In a separate exper imenl  } [gt+ was pre-
c ip i tated wi th d ioxane before addi t ion of  /er t -buty l l i th ium, and
i ts concentrat ion was reduced to 5% that  of  the Cu +;  however,
-6Tc epimer izat ion wrs observed in ihe mixture of  3 and 4
obtained in th is react ion,  presumably due in major  part  to
epinrer izat ion occurr ing dur ing manipuiat ion of  the solut ion.
The f  ie ld of  3 and 4 in th is react ion was 57{, .  "  The y ie ld of  3
in th is react ion rvas 40ci  .

derivatives of 2 on conjugate addition to mesityl oxide.
Discussion of these data is complicated by' the facts
that the exo epimc'r of each of the organometall ic rea-

(26)  The convers ion  o f  the  a ,d -unsatura ted  es ter  6  to  t  by  reac t ion  rv ic l r
l i th ium d imethy lcupra te  i s  car r ied  ou t  under  cond i t ions  in  rvh ich  the  organo-
meta l l i c  compound is  decompos ing  thermal ly ,  and presumably  p roeeeds by
in i t ia l  convers ion  o f  6  to  i i i ,  fo l lo rved by  rap id  subsequenc con jugate  add i t ion
o f  remain ing  l i th ium d imet l ry lcupra te  to  i i i .

( c H r ) ? c u L i

ct{ Li +
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a,i3-unsaturated ketones, rve ittempted to add tri-ero-
J-norborny' lborane to mesi t f  i  oxide using react ion con-
rl it ions described bf' Brow'n (sce Experimental Sec-
t ion). t8 Essent ia l l l '  no conjugate addi t ion rv&s ob-
r>bserveci under the'se and a varietl '  of other conditions,
and the experiments u'r:re abandoned.

Conclusions

The conjugate adclit ion of norbornl' l  groups to
mesitl ' l  oxide from a mixture of 2 and tert-butyll i thium
takes place in good f ield u-ith essentiall l '  eompiete re-
tent ion of  stereochemistr l -  at  the 2 posi t ion of  the nor-
b.rn,, ' l  moietl ' . This ob.servation, taken together *' i th
t l ic  ios.s of  stereochemistr l '  at  th is posi t ion character-
i -st ic , f  react ior ls involv ing f r .e 2-norbornl ' l  radicals,2r
txcludes the mechanism of ec1 3-J for  th is conjugate
r i r i r l i t ion.  Thr:  stereochemistn- of  the remaining s1's-
tcms .summarizecl  in Table I I  is  le.s.s r :krar-cut ;  ho*-cver,
r l r t :  pr t :dominant retent ion of  stcroochenr istry '  observed
in tht :  stoichiometr ic rcact ion bt ' tw'L.en mesi ty l  oxide
err , I  l i th i r rnr  mcthvl-enr lo-2-norbornvlcuprate and in i ts
( ' , , r )J)( ' I r - ( fatalVzeci  rcact iOn w-i th I  suggest that  the sanle
rnr ' t 'h ln ist i t :  r : t rnclusion.s carr  be appi ied to these re&c-
t  1r  r11.- i .  \ ,  m.t 'hanist ical l l '  s igni f icant interpretat ion

'  , ' , ) r rc . r r r ing  t l ie  s to rc r )chemis t rv  o f  th t '  adc l i t ion  o f .  2  to
nr, 's i [ - \ ' l  ,x ido r :err  bc c l ran'n af  present.  t r l r  rea^sons dis-
," . l>>r ' , i  a i ;ove. Using a di fTorent stcn'r)r :hemical  test ,
( - ' i1.-1, . , '  a^r l  B,ggsrr  havr:  co^ciuclccl  thar f ree v inf  i i t '
r l t i l , ' e l :  a r r i  r lo f  invo iv r :d  in  t l i c  con ju te tc .  add i t ion  o f
i  i  t  i  r  i  u nr c i  i  propcn,r 'kt t rp rat  c to r ,  r ' r , i r thr)xL,r lone. :g

FJ' , rs.  ancl  L:m.n have succcssful l - r -  correiated thr:
:u.- i ( 'er) t ib i l i t l '  of  a numbcr of  a,0-unsaturatcd ketoncs
l ' . , ,* ' : r . r r i  conjugatc addi t ion rr ' i th thcir  one-electron re-
r i r l . t r r . rn pr- , tent ia ls.reb Furthr:r ,  l t rodrrr : ts ea.si l l '  rat ion-
rr iz, ' r i  , rn the basis of  a.d-unsaturatecl  l<etone radical
sr l l ( ) r rs I i&r.c been detr :<; t r :d in certain t ronjugate addi-
i  i ,  r r  r { ,&(, t  i r . rn^s. le TIrr ' .Jo obsen'at ior ts &re consistont
* l : i r  th .  h , , .p r thes is  tha t  . i cc t r .n  t rans fer  f rom the
( ' , , t ) t ) r , r  & f  o  r t r )p1 ; i , . *  to  th , '  a ,J -unsat t t ra t r 'd  ke tone is  a r r
in l i r r r r tan t  par t  r t i  c r . rn juqate  add i t ion  (eq  G) .  Hr tw- -
, ' ) \ . ' ( ' ! r .  nei t l i r : r  obsen'at ion ncct :ssar i ly '  establ ishes that
i r t ' t : -111{ i , , "1 anions de'r ived from the a,d-unsaturated
l iet , r l r rs &re necessar i lv  intermediates in the conjugate
r , i , l i t i , rn ,  s incc  tho  reduc t ion  po ten t ia ls  ma] '  cor re la te
r i ' i t i r  , r t l icr  prolrert ies of  the l ietones Ie.y. ,  suscept ib i i i t i '
t , . r  at tacl i  b1'  thc cuprates or abi l i t l '  to complex rv i th
t 'u( I ) ] ,  and the anion radical-c ler ived products2e ma.v
.r ig inato i r r  react ion.s unrelatecl  to the conjugate addi-
t i rn.  Thu-r ,  a l thrugh t ,he data presentecl  in th is paper
.xclucle free ')-norbornl' l  radicals in the conjugate adcli-
t i r rn , f  der ivat ives ' f  2 to mesi tv l  oxic i r :  (and presum-
abi l -  exclucle t ree racl icais in other related react ions b '
anabgr ' t t ) ,  i t  is  not  'et  possible to di f ferent iate r igor-
ousi l '  bet* 'een mechanisms for cronjuqate addi t ion in-
vol i ' ing t : iectrr tn t ransfr : r  t .o the enon(_,  mrt iet1.  (eq 6) and
thr.rse rer lu i r ing nucleophi l i t :  at tack of  an alkvl  anion or
mt : ta i la te r  a r r ion  , ;n  i t  (e r l  l ' ) )  .30

r l l S )  S i m i l a r  s t e r e o c h e r n i c e l  r e s t r l t s  h o l . e  l r e e n  o b t a i n e r l  b 1 ,  F .  N r i f  a n d
P .  f ) e g e n ,  I I e l u .  C h i n .  - l c t u , 6 4 ,  l 9 l 9  ( l 9 Z l ) ;  F .  ) i r i f ,  p .  D e g e n ,  a n d  G .
( ) i r l o t T ,  t b i d . ,  5 3 , 8 2  (  1 9 7 2 ) .

f  l 0 )  , J .  . \ .  ] l a r s h a l l  a n d  R .  . \ .  R u t l e n ,  T e t r u h e d , r o n  L e t t . ,  2 g 7 S  ( l 9 i l ) ;
. I .  [ [ o r e  a n r i  f .  B .  L a y t o n ,  C c n .  J .  C h e m . ,  { g ,  1 6 2 6  0 g 7 O ) .

t 3 0 )  F o r  p e r t i n e n t  p r o p o s a l s  c o n c e r n l n g  t h e  m e e h a n i s m  b y  r v h i c h  c o p p e r
r c ! r  & s  a  r : a t a l 1 ' : t  i n  r j s c g l l ) 6 . 1 r l a t i o n  o f  a r o m a t i c  a c i d s ,  s e e  T .  C o h e n  a n d
R '  ' \ .  s r : l r r m b a c h .  

" / .  - l n e r .  c l t e m .  ^ J o c . , 9 2 ,  3 r 8 g  ( 1 g 7 0 ) ;  . \ .  c a i r n c r o s s .  J .  R .
I l o l e n , l ,  l t .  ) I .  I I e n , i e r s o n ,  . r n r l  \ i ' .  _ \ .  S h e p p a r ,  l ,  t b i t t . ,  9 t ,  3 l g 7  ( l g 7 0 ) .
I f  t i r e  c l r a l y t i c  r c t r r . i a v  < l f  c o p p e r ( I )  i n  c o n j u g l t o  a ( i ( l i t i o n  r e a c t i o n s  i s
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Experimental Section 3 I

5 -Norbornene-2 -ca rbo ry l i c  ac id  ( i l 7 l  s ) ,  bp  131-134o  ( l l  To r r . r
f i i t .m bp l ; ]2- l : l { '  (2? Torr)1,  wa.s obtained f rom cyelop?ntadiene
and acry l ic  acid in 877" y ie ld fo l lowing the procedure of  Diels
and Alder.  r {

cndo-Norborn-5-ene-2-carboryl ic  Acid.- l iorborn-5-ene-2-car-
boxyl ic  acid (278 g,  2.0L mol)  was dis.solved in a solut ion of .25V,.
sodium hydroxide (80.0 g,  1.00 mol)  and the solut ion was cooled
to 0o.  Sodium biearbonate ( , i0 g,  0.6 rnol)  was added, fo l lowed
by  a  so lu t i on  o f  i od ine  (570  g ,  2 .?0  mo l )d i sso lved  in  450  m l  o f  a
saturated : ]queous solut ion of  potassiLrm iodide.  The react ion
mixture was st i r red for  2 hr ,  and the r l rqanic layer was extracted
into d iethyl  ether.  The ether phase was separated,  washed wi th
& saturated solut ion of  sodium th iostr l fate unt i l  c lear,  washed wirh
water,  and dr ied ( \ tgSOr).  Ether wr l : i  remover l  on a rotary evap-
or: l tor  to y ie ld 415 g of  crude iodol tctone.  Recrystal l izat ion of
th i s  me te r ie l  f rom a  m ix tu re  o f  e thv l  &cer r te  and  n -pen tane  (1 :5 )
gave  l l 16  g  ( t j l l%)o f  pu re  iodo lac tone ,mp i t7 .0 - i t 7 .5o  ( l i t . s  mp
; 8 . 5 '  ) .

This iodohctone t -156 g,  l .S0 mol)  was dis.solved in 800 ml of
g la r : i a l  i r ce t i c  ac id ,  and  the  resu l t i nq  so l r r r i on  was  coo led  to  l 5o .
Z inc  dus t  (2 -15  g ,  i i . 74  g - l t oms)s 'as  r t i r l e r l  t o  the  m ix tu re  ove r  l r
20 -m in  in te rva l .  . { . r r  t c id i t i ona l250  rn l  o f  gh r : i a l  ac id  was  added ,
and the rear: t ion nr ix ture rvas st i r ret l  f ( ) r  i ln  addi t ional  2 hr  at  1. j " .
The react ion mi. r t r r re w&s wrrnted t r i  2, io for  2 hr ,  lnd the remain-
ing sol ids were then renrr tver l  b1. f i l t rar ion.  

' fhe 
react ion solut ion

was di lutet l  wi th I  l .  of  tvrr rer  and e.xrrerr tet l  wi th f ive 200-ml por-
t i ons  o f  r i i e thv l  e the r .  D is t i l l r t i on  o f  the  e the r  phase  y ie lded
cnr lo-norborn-. - r -ene-2-crrrbo.xvl ic  acid r  l l i {  g,  , - r " l ( i i ) ,  bp 127'  ( l?
T ( ) r r ,  [ i t . : 5  b p  l 3 { '  (  l t i  T , r r r  r ]  .

r ru lo-Z-Notbornanecarboryl ic  Acid.- r ,nr lo-Norborn-5-ene-J-
carbo.xvl ic  lc i r i  t05 g,  O.t i , t , r i  nrol )  wu.s r l i .ssr i lved in ca.  100 ml o i
e th .v l  ace t l t e ,  m ixe t l  r v i t h  i i  w r  ' ' i ,  p t l h r i i u rn  on  charcoa l  (10%) ,
lnd  r :h l rge r l  i n to  l  P l r r  hv r l rogenr r t i o r )  i r p l x r r t t us .  The  so lu t i on
wts shaken rrnt ler  l  hydrogen : r tmosl)here rrnt i l  nr l  fur ther hydro-
gen uptake wus ob.server i ,  ln , i  wlrs then pressur ized to 40 psi  and
.shrken for  r rn r rddi t ionrr l  I  hr .  T i re r , l t r r lvs[  was removed b1'
f i l t r l t i on ,  l n t i  so l ven t  r vas  ren toved  r rn r l c ' r  v l r c r rum to  y ie ld  c rude
erulo-2-o<trbornr lnecl l rboxvl i r :  lc i r i .  \nrr  sper: t rosr :opic analysis
o f  the  res r r i t i nq  c r t rde  ac id  i n r l i r : l r e r l  t h l t  t he  s t : l r t i ng  mete r i : r l
har- l  been corrrp lete lv r :onsrrmer l  .  The tc i r i  r :orr i t l  be recrystal l ized
fronr n-pent&ne to f  ie ld ptr re cnr lo-J-nor[ ) ( ) rntnecarboxyl ic  acid,

b a s e , l  o n  i t s  a b i l i t v  t o  c o o r r l i n t t e  r v i t h , l o r r i r l e  l r o n r l . r ,  i t  i s  c u r i o u s  t h a t

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

t o  e o o r r l i n a t , e  r v i t h  r l o r r b l e  b o n r l s  m o r e  s t r o n s l v  t h : r n  c o p p e r ,  s h o r v  l i t t l e  o r

n o  c s t a l y t i c  a c t i v i t y  i n  r - ' o n j r r g a t e  s r i t l i t i o n  r T r b l e  I ) .  i l o r v e v e r ,  m a n y  o f

t h e s e  s o l t s  e i t h e r  f o r m  o r g : r n o m e t a l l i c  r i e r r v a t r v e s  ( ) r  & r e  r e t l r r c e d  i n  r o l u t i o n s

c o n t a r n i n g  o r g a n o i i t h i u m  r e r g e n t s :  t h r r s ,  t h e  { t p p a r e n !  I a c k  o f  c a t a l y t i c

a c t i v i t y  o f  t h e s e  i o n s  m a , " -  s i m p l y  r e t l e c t  t h e r r  e o n v e r s i o n  t o  n o n e o o r d i n a t i n g

s u i ) s  t a n e e s  r r n r l e r  t h e  r e a c  t i o n  c o n r l i t i o n s .

r 3 l )  , \ l l  m e l t i n q  p o i n t s  a n t i  b o r l i n g  p o i n t , r  a r e  r r n r : o r r e c t e d .  I u f r a r e r l

s p e c t r a  r v e r e  r l e t e r m i n e d  r v i t h  a  P e r k i n - E l m e r  ] [ o r l e l  2 3 7  g r a t i n g  s p e c t r o -

p h o t o m e t e r .  N m r  s p e e t r r  r v e r o  < i e t e r m i n e , l  r v r t h  a  V a r i r n  T - 6 0  o m r  s p e e -

t r o m e t e r .  ) [ a . s s  s p e c t r a  r v e r e  r i e t e r m i n e r l  o n  a  [ { i t s c h i  P e r k i n - E l m e r  R N I U -

6  m a s s  s p e c t r o m e t e r .  , \ n a l 1 ' t i e a l  a n a l v s e s  r v e r e  p e r f o r m e d  b y  M i d r v e s t

l l i c r o l s b s ,  L t d . ,  I n d i a n a p o l i s ,  I n , l .  S a m p l e s  f o r  e l e m e n t a l  a n d  s p e c t r a l

a n a l y s e s  r v e r o  p u r i f i e d  o n  a  H e r v l e t t - P a c k e r d  ) l o d e l  7 0 0  t h e r m a l  c o n d u c t i v i t v

g a s  c h r o m a t o g r a p h .  ^ \ n a l y t i c a l  g l p c  a n a i l ' s e s  \ l ' e r e  p e r f o r m e d  o n  F  &  ] t

) t o r i e l  8 1 0  f l a m e  i o n i z a t i o n  i n s t r u m e n t s .  . - \ b s o l u t e  f  i e l d s  o f  p r o d u c t s  r v e r e

e a l c u l a t e t l  f r o m  p e a k  r r e a s  u s i n g  i n t e r n a l  s L a n r l r r r i  t e c h n i c l u e s .  w i t h  r e s p o n s e

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

f u r a n  r v e r e  r i i s t i l l e d  f r o m  l i t h i u m  a l u m i n r r m  h v d r i , l e  l r e f o r e  u s e .  O l e 6 n s

w e r e  r e m o v e . i  f r o m  h y d r o e a r b o n  s o l v e n t s  l ) v  t r e & t m e n t  r v i t h  s u l f u r i c  a c i r i ,

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

s i o n  o f  s o < l i u m  h e o z o p h e n o n e  k e t r - l  b e f o r e  u s e ,  D i m e t h o x y e t h a n e  r v a s

d i s t i l l e < i  f r o m  a  s o l u t i o n  o f  s o d i u m  b e n z o p h e n o n e  d i a n i o n  l r e f o r e  u s e .  ] I e t h y l - .

c y c l o p e n t y t - ,  n - b u c - v i - ,  a n d  l e r t - b u t y l l i t h i u m  r e a g e n t s  r v e r e  s u p p l i e d  b 1 '

F o o t e  J l i n e r a l  C o r p .  , r e c - B r r t 1 ' l l i t h i u m  r v a s  s u p p l i e , l  b v  A l p h a  I o o r g a n i c s ,

I n c .  G r i g n a r r l  r e & g e n t  s o i u t i o n s  r v e r e  a n a l , , ' z e d  f o l l , ; r r ' i n q  t h e  p r o c e d u r e  o f

E a s t h a m , l l  a n d  l i t h i u n r  r r l B . g e n t s  r v e r e  l n e l v z e , l  l , ! ' t h e  G i l m a n  d 6 u b l e

t i t r a t i o n  m e t h o t l . r :  , \ l l  r e a c t i o n s  i o v o l v r n q  r ) r q & n o r n e t s l l i c  r e a g e n t s  $ ' e r e

c a r r i e d  o u t  u n < l e r  p r e p u r i f i e d  n i t r o q e n ,  u . s r n q  r t a n ( l a r r l  i n e r t  a t m o s p h e r e

t e c  i r  n i q  u e s .  J  !

/ 3 2 )  S .  Q .  W a t . s o n  s n t l  J .  F .  E a s t h a m ,  . I  .  O r o a n o m e l u l .  C h e m . ,  9 ,  l 6 i r

t  1 9 6 7 )  ;  F I .  G i l m a n ,  F .  I i .  C a r t l e , i s e ,  a n , l  S . - \ ' .  S i r n .  r b i d . ,  l ,  8  (  1 9 6 ; l )  ;

C .  f I .  W l r i t e s i r l e s ,  C .  P .  C a s e y ' ,  a n , l  J .  I i .  I i n e g e r ,  J .  - l m e r .  C h e m . 5 o c . , 9 3 ,

r 3 7 9  ( r 9 7 1 ) .

r 3 3 )  D .  I r .  S h r i v e r ,  " T h e  l l a n i p u l a t i o n  o f  . \ i r - S e n s i t i v o  C o m p o u n d s , "
] IcCrerv - [ I i l l ,  . r *e rv  York ,  N.  Y . ,  l9 t ig ,  Chapter  7 .

( 3 { )  O .  D i e l s  a n , l  I i .  . \ l r l e r ,  J u s t u t  L i e b i q ;  . l r t n .  C h e n . , 4 6 0 ,  I  t 7  ( 1 9 2 8 ) .
(3 i ; )  C .  D.  VerNor>y '3 ,n r l  C .  S .  Ront les tve , i t ,  . , / .  . t  ner .  (Jhem.  Soc . ,77 '  358: l

I  l l r . - ) . ) 1 .
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mp 6 : l . i - 65 . i r "  ( l i t . 25  mp O+-OO") .  The  ma jo r  pa r t  o f  t he  ac id
w&s not  recrvstal l ized,  but  was stored at  -25o rrnt i l  use.

Methyl  Norborn-5-ene-2-carborylate.-Norborn- i -ene-2-ear-
boxyl ic  acid (370 g,  2.68 mol ,  r  mi .xture of  epimers)  was added to
1300 g of  absolute nrethanol  contain ing 7 ml of  concentr&ted sul-
fur ic  aeid,  and the resul t ing solr t t ion was ref lu.xed for  5 hr .  The
solut ion was di luter l  r . r ' i th  I  l .  of  w&ter,  and the &queous phase wa^s
extr&cted wi th fodr 200-ml port ions of  d iethyl  ether.  The com-
bined ether extract.s were washed with 50 ml of a saturated aque-
ous soiut ion of  sodiunl  b icarbonate and lwo 50-ml port ions of
water,  and dr ied (NtgSO.) .  Dist i i l r t ion gave methyl  norborn-5-
ene-2 -ca rboxy la te  (1J00  g ,  7 i%) :  bp  70 '  (8  To r r )  f i i t . r  bp  63 .5o
( 5  T o r r ) J ;  n m r  ( C C l . )  6 ; 5 . 3 - 6 . 3  ( 2 ,  m ) , 3 . 6 5  ( 1 . 1 ,  s ) , 3 . 5 8  ( 1 . 9 ,
s ) ,  1 .0 -3 .4  (7 ,  va r ious  mu l t i p ie t . s ) .

Epimerization of Methyl Norborn-S-ene-2-carborylate.-
\ Iethyl  norborn-, l r -ene-2-carboxylate (330 g,  .1.31 mol ,  predom-
inant ly  the endo epimer)  was added to a solut ion of  sodium
methox ide  ( lS i  g ,  i i . 43  mo l )  i n  co .800  m l  o f  me thano l ,  and  the
mixture was ref luxed for  ca.  50 hr ,  at  which t ime i t  appeared to
have pnrtiail_v pol-vmerized to a thick gel. Solvent was removed
b1'dist i lh t ion,  r rnd 50{)  ml  of  rva, ter  was rdded to the resul t ing
sol ids.  Di .st i l la t ion of  residual  rnethanol ,  rv i th per iodic addi t ion
() f  lv i l ter ,  was crarr ie 'd out  unt i l  the br t i l inq poinr  of  the dist i l la te
reachet l  { ) ,1" .  The t l is t i l l r r t ion residue rv i }s then cooled,  i ts  acid i ty
was  ad jus ted  to  p l I  l j  r v i t h  hvd roch l r r i c  ac id ,  end  i t  was  ex r rac ted
n ' i t h  th ree  50 -n r l  po r t i ons  o f  d ie rh l ' l  e the r .  The  comb ined  e the r
port ions rvere rvrrshed wirh 100 ml of  wl ter ,  dr ied ( \ lgSO1),  end
r l is t i l led to g ive l i { )  g of  norborn-5-ene-.1-curboxy' l ic  acid.  The
rcid rva.s shorvn to cont l in cu.609i .  of  the exo epimer bv nmr spec-
t roscop\ ' .  An lddi t ional  100 g of  nrethl ' l  norborn-, i -ene-2-
r :arboxvlete,  .shown to l te ca.  7\Ci ,  exo epinrer  t r_r '  nrnr  spe() t r ( )s-
( lopy,  r ' i I .J  recoverer l  f rorrr  thr- .  in i t ia l  wrr ter  arrr l  methanol  d ist i lh te.

r ' ro-2-Norbornylcarbory l ic  Acid.-Nor i ) ( ) rn- ; -ene-?-carboxt . l ic
rrc id (obtained f  ronr e l l inrr , r iz l t i r , rn , r f  n l t :  t  h) ' l  norborn-5-ene-2-
c r r rboxv l r r t . e ,  cu .  ( i ( ) ' ' i  e . x r t ,  l . i 7  g ,  l . l ( )  n ro l )  r vas  d i sso lved  in  I
equiv of  l iO' l  r r ( lueous sor i i r rm h-r ' t l ro.x ide solr . r t ion.  Sodium bi-
r ; l r bon l te  ( i . 0  g ,  ( ) .0 - l  mo l )w ls  l c ided ,  fo l l o rve r l  b_v  I  so lu t i on  o f
i od ine  ( l i i 2  g ,  ( ) . i 2  rno l )  i n  ca . . i (X )  n r l  o f  t  sa , tu r t ced  so lu t i on  o f
i r ( lueou.J potas. . ; iunr iot i ide .J7 The mi.xture rv l ls  sheken for  l5 min,
r rnd  the  resu i t i ng  he tc ro r ;eneous  m ix t r r re  w ls  e .x t r l c ted  w i th  fo r r r
l i0-ml port ions of  d ieth l ' l  ether.  The corrrb inet l  ether f rect ion.s
were rvorket l  r rp : rs r - lescr ibed above to obtr in the iodolactone.
The  l c l r reo t t s  p i r r se  rvus  t re l ted  w i th  sod i r rn r  th ios r r l f a te  un t i l
co lo r less ,  mt t l e  uc i t l i r :  (p l {  ; i )  r v i t h  } r , vd rochLr r i c  e r ; i d ,  and  ex -
t rac ted  w i th  th l ce  l i ( ) -n r l  po r r i ons  o f  d ie rhy ' l  e rhe r .  The  r :o rn -
bined ether extrr lc t .J  \vere washer l  rv i th l . (X) nr i  of  water ,  dr ier i
{  } [ qSOr  ) ,  an r l  t ] i s t i l l e r l ,  f  i e id in14  no rbo rn - , i -ene- l ro - : - ( : l r boxv l i c
r r r : i d  ( E t i  q ,  c a .  l ) l ) ' '  1 . ) ,  b p  t 5 "  ( 0 . 0 i  T o r r )  f l i t . : r  b p  l l l { "  ( 1 6  T o r r ) j  .
The dist i i led ut : i r i  rv ts rvtshet i  wi th , j  rn l  of  u srrr r r r t red solut ion of
sod ium th ios r r l f l t e  l n r l  r v i t h  i  n r l  o f  r , r ' l t e r ,  end  < i r i ed  ( \ I gSOr ) .
Recrystal l izr t ion i rom n-hexene glrve ptrre norborn-5-ene-ero- l -
ce rbox l ' l i c  r c id ,  n rp  43 .0 -44 .5 "  ( l i t . x5  mp 4 . { . ( } - { ; . 0 " ) .  l i o rbo rn -
5-ene-ezo- l -carboxy' i ic  aci r i  (  12.2 g,0.0,885 mol)  was dissoived in
i0  m l  o f  e thv l  ace ta te ,  and  the  so lu t i on  was  m ixed  w i th  pa l l ad iun r
t rn  charcoa l  (10% ,0 . , - t  g ,  - t  r v t  [ ) .  The  m ix tu re  w&s  charged  in to
a Parr  hydrogenat ion apparatus,  l lnd was hvdrogenated at  {0 psi
t lnt i l  no pressure drop was ob.served for  l . . i  hr .  The resul t ing
sr. r lut ion wa.s f i i tered to rernove the c l te lvst , ,  lnd solvent  w&s re-
moved u.s ing a rotorv evap()r&tor  to g ive r t rude r : ro- i -norborn-r ' l -
ca rbox l ' l i c  ec id  (12 .2  g ,  99 t ; ) .  I l . ec r -u -s ta l l i z r t i on  f rom n -hexene
g&ve pure r : lo- i -nor l rorn_r ' lcrrboxl ' l ic  lc id:  mp ;7- .18'  ( l i t .2s mp
i 7 - j 8 . 5 " ) ;  n n r r  ( C C l , )  6  t 2 . :  ( s ,  1 ) ,  J . i r 7  ( n r ,  l ) , : . : 9  ( m , 2 ) ,
1 . : 0 - 2 . 0 0  ( n r ,  S ) .

cndo -2 -N o rbornyl M e thyl K e ton e .-r,nrlo -')- No rbo rnylcarb<l.x-

1 ' l ic  rc id (  17 . l  g,0.  l?- l  mol  )  rvrs d issolved in l . - r0 ml o i  d imethoxl ' -
eth&ne, and the solr r t ion wus t ransferred to a three-necked , : r0()-ml
fh,*k f i t ted wi t i r  r l  ref l r r .x  r :oncienser lnd mechlnical  st i r rer .
\ l e th1 ' l l i t h i r rn r  (1 .6 ,S  ̂\ ' ,  l - l r j  n r l , 0 . : l +B  mr . r l )  r vas  rdded  d ropw ise
th rough  r  c lnnu i r r  l r t  l r  r c te  th l t  n r l i n t l i ned  the , *o lu t i on  a t  gen t le
ref i r rx.  The mi.xt t r re wirs ref i t r - red rv i th externel  he' l t ing for  l8 hr
l f ter  the lddi t ion \ \ '&s (rontpleted,  r rnr l  u 'as then t ransferred
( ' r , r t t i ous l v  i n to , - r (X )  m i  o f  r r ,  s t i r red  so l r r t i on  o i  sa tu ra ted  aqueo t rs
rrnrmonium chlr r i r le.  The rvater  und ether l l r -er ,*  u 'ere separated,
l rnd the r l ( lueous phase ! l 'u : i  e. \ t ra( : ted rv i th three 100-nt l  port ions of
dieth-r ' l  ether.  

' fhe 
combined organir :  f r lc t ions were rvt .shed wirh

( 3 t i )  J .  D .  R o b e r t s ,  e t , i l . ,  J .  . l m e r .  C h e m . S o c . ,  7 2 ,  3 t l 6  ( 1 9 5 0 ) .

( : J ; )  I t  i s  i m p o r t e n t  t o  h a v e  o n l - y  a  s l i g i r t  e x c e s s  o f  i o d i n e ,  r e l a t i v e  t o  t h e

l : t m { ) l r n t , r f  e n r l o  e p r r n e r  b e i i e v r - . , i  t o  b e  p r e s e n r ,  i n  o r r l e r  t o  a v o i d  r e a c t i o n s

r n r - r . r l v i a g  t h e  e x o  e p r r n e r .
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25 ml of  water  end dr ied (NarSO,) .  Dist i l la t ion gave endo-)-
no rbo rny l  me thy ' l  ke tone  (10 .1  g ,  60c7o) ,  bp  i3 '  (2 .5  To r r )  [ i t .  s

bp  91"  ( l l 0  To r r )1 .  G lpc  ena lys i s  showed  the  ke tone  to  be  t - ' o .
909f  pure,  and samples were col lected by glpc for  spectr l l  lnr i
e lemental  enalyses.  Pure samples had nmr (CClr)  6 2.6. ; -2.1)7
( m , 2 ) , 2 . 2 i i  ( m ,  l ) , 2 . 0 : l  ( s , 3 ) ,  l . l 0 - 1 . 7 0  ( m ,  f i ) ;  i r  ( C C l , )  2 9 . 1 0 ,
2 1 1 6 0 ,  1 7 0 ; ,  l 4 ; 0 ,  l ; J ; 0 ,  l ; i 0 ; ,  l l g 0 ,  1 1 7 6 ,  1 1 6 6 ,  l l l 0 ,  g 4 7  c n r - r ;
mass  spec t rum rn , ,e  ( re l  i n tens i r y ) :  138  (5 ) ,  120  (8 ) ,  l 0 ;  {B ) ,  1 ) .1
( 5 3 ) , 8 0  ( 5 1 ) , 7 1  ( 7 1 ) , 6 7  ( ; 7 ) , 4 3  ( l 0 0 ) .

A n a l .  C a l c r i  f o r  C 9 H , , O :  C ,  7 8 . 2 1 ;  H ,  i 0 . 2 1 .  F o u n d :  C l ,
' 7 8 . 5 0 ;  H ,  1 0 . 4 6 .

ero-z-Norbornyl  Methyl  Ketone.-ero-2-Norbornylcarboxl '1 i , .
ac id  (12 .0  g ,  35 .7  mmol )  was  d i sso lved  in  20  m l  o f  D l tE  and  d r ied
over molecular  s ieves for  l0 hr .  The solut ion of  the acid w' ls
t ransferred to a three-necked, l -1. ,  round-bot tomed f la.sk f i t ter l
wi th e dropping funnel ,  condenser,  and mechanical  st i r rer ,  lnt l
was  d i l u ted  w i th  an  add i t i ona i  E0  m l  o f  D I IE .  I l e th l ' l l i t h iun r
(1 .68  - \ ' ,  102  m l ,  17 l  mmo l )  was  t rans fe r red  in to  the  add i t i on
funnel ,  and added to the acid solut ion at  a r r te sulTic ient  to rnr ln-
ta in gent le ref l t rx .  The re lct ion mixture was heated to ret lux for
l5 hr  af ter  addi t ion hld been completed,  and was then t ran,* ferret l
r lp id ly through a L '&nnul& into i j00 ml r l f  a st i r red s&turr t ( - ' ( l
&( l r reous sol t r t ion of  ammr-rnium chlr r ide.  The resui t iog &eu€r)rr :
and orgln ic phases were sepirrated,  and the aqr. reolu phase rvrL.
extr&cted wi th two 100'ml port ions of  d ieth l ' l  ether.  The , . : t , r r r -
b ined ether f ract ions were wrrshed wi th 25 ml of  water  and c l r ie, I
(Na .1S t ) , ) .  D is t i l h t i on  g l ve  e ro - ' l - no rbo rn l ' l  me thy l  ke tone  r7 . ( t
g , 5 9 - o ) ,  b p . i 6 o  ( i i . 0  m m t  [ i t . s  b p  1 ] l '  ( : i 0  m m ) 1 .  S a m p l e s  w e r e
co l l ec ted  b1 '  g lp r :  f o r  rna l - r ' ses :  nmr  (CC l . )  6  2 .2 ; -2 .1 ]9  tn r .  i i r ,
: 1 . 0 8  ( . s , ; J ) ,  l . ( ) ; l - 1 . 1 ) 0  ( m ,  r i ) ;  i r  ( C C l , )  ' . 1 1 ) 4 0 , 2 S 6 0 ,  1 7 1 0 ,  l l . i r ) ,
l : 1 . i . ) ,  l : 1  10 ,  I17 , - ) ,  l ( )6 { )  t ; n r - t ;  mr }ss  spec t rum rn . , ' e  ( re l  i n rc r15 i r \ ' )
l ; i 3  ( + ) , 9 ;  f  l 0 0 ) , , t ( )  ( l : i ) , 7 l  ( ; t ; i ) ,  t i 7  ( , j j ) , - t ; i  ( B - t ) .

A n u l .  L - r i r : d  i o r  C g l ' I r r 0 :  O ,  7 8 . J l ;  F I ,  1 0 . 2 1 .  F o u n r i ,  ( ' ,

7 8 . 1 2 :  t I ,  1 0 . ; 1 . 1 .
E thy l  3 - te , ro -2 -Norborny l )bu t -2 -enoa te  (5 ) . -T r ie th l ' l  1 rh , , . -

phono : , r ce t r te :e  ( i . , -1 . - r  g ,  2 i . t )  n rn ro l )  was  l r l ded  s low lv  to  l  s l r r l r r '  , , i
so r l i r " rm h1 ' t l r i de  ( ( ) .6 ( .X )  g ,  ? . i . 0  rnmo l ) i n  i 0  m l  o i  D l t l i ,  an r l  t h t '
mixture rv ls hel ter i  to , - r0o t rnt i i  the sodium hydr ide had rer t r : te,  l .
ezo - j -Norborn l ' l  me t .h1 ' l  ke tone  ( l l . i  g ,  2 i .3  mmo l )  w t rs  ad t le r i  t , ,
t he  so l r r t i on .  r rnd  the  re l r : t i o t t  t n i xLu re  was  s t i r red  & t  ; ; o  f r l r  l t i  h r ' .
The rear: t ion mixLure lvc.J p()L l re( i  in to i jO()  nr l  of  water , : tnd t l r t '
resul t ing l r ( lueorts phrse wos extr tcted rv i th two ' i0-ml port i ( )ns ( ] l '

d ie thy l  e the r .  The  r : r l rnb inc ' c l  c the r  f rec t i ons  were  washe t l  u ' r t l r
l 0  m l  o f  i vu te r ,  d r ied  (Nr :SOr ) ,  rnd  d i s t i i l ed  to  f  i e ld  e thv i  j . i - i c ro -

2 -n r r rbo rnv l  t b r r t - J -eno t te  ( i 1 .0  g ,  i t 7 l l ) :  bp  70 '  (0 .0 ( i  T , r r r , ;
n m r  ( C C l , ) d . - l . . - ) l  ( n r ,  I  ) ,  { . ( ) . 1  { 1 1 ,  ? ) ,  l . { ) l J - 2 . ' : l ' ,  ( m ,  i i ) , 2 . 0 1 j  i , l . : 1 , ,

l . : . i  ( t , ; l ) ,  1 . 0 2 - 1 . $ ( )  ( n r , 3 ) ;  i r  ( C C l , )  2 1 ) : i ; , 2 8 6 0 ,  1 7 2 0 ,  l t i l , .
l { ; ( ) ,  t ; t 7 { ) ,  l ; 1 2 . j ,  l ? ( i . 1 ,  1 1 7 0 ,  l l ; 0 ,  l 0 , i 0 c n r - t .

E thy t  3 - , , ' n r l o -2 -Norborny l  )bu t -2 -enoa te . -T r ie th l ' l  p i ' t o -p i i , -

no&ce ta te  ( l ( ) . ( i  g ,  "17 .1  n rmo l )  was  ld t l e r i  d ropw ise  to  u , . s t i r t ' r ' , i
. s l u r r v  o f  s o r l i r t n r  h v d r i d e  ( 1 . 1 0  g ,  { ' - r . 8  m n r o l ) i n  1 0 0  m l  o f  D l l l -
a l  2 , - ) ' .  The  m i . r t r r re  was  hea ted  to  60o  fo r  j l  h r ,  end  the  renur in -
inq  sod ium h1 'd r ide  was  e l l o rved  to  se t t l e .  The  supern t t l n l
solut ion wa.s t ransferred to u c lean,  dr1 '  250-ml round-bot tonre,  I
f l rsk,  end * ' l .s  cooled to l0 '  in  I  rvater  bath.  enclo-2- \orb,- , tn ' , ' i
m e t h y l  k e t o n e  ( 6 . 3 0  4 , 4 7 . 1  m m o l )  w r . s  a d d e d ,  r n d  t h e  r e s r t l t i n q
sol t r t ion rva.s st i r ret i  for  l - l  davs t t ,  l0o.  (A hiqher re lct ion tetr r -
pe r l t u re  res r r l t ed  in  t rnaccep tah le  ep imer i ze t ion  o f  the  s t l r t i t r (
ke tone . )  The  re&c t ion  m i . x t r t re  r ves  p r t t t red  in t t t  ' i 0 ( )  m l  o f  w ' l t e r ' ,
and the restr l t ing lque() t t .J  phe.se wc.r  extrD( j ted rv i th t rvo l ( l [ ) -nr l
po r t i ons  o f  d ie th f  i  e the r .  The  comb ined  e the r  f rac t i ons  u 'e t ' r :
u 'ashec l  r v i t h  10  m i  o i  wa te r ,  d r ied  (Nr i :S0 , ) ,  and  d i s t i l l ed  t r i  q i r , ' r '

e th f  i  l i - (en , : /o -J -no rbo rn t ' l ) b t r t -2 -eno t te  ( i J .6  g ,  2770) ,  bp  \ . i '
( ( ) . l l  mm ).  ) imr . jpe(r t rosc 'op-r '  indic l , tec l  that  the meter ia l  n ' r ts  , ' , t .

35-6 endo epimer and I ' i ' l  exo epi tner ' .  San-rples for  l rnt lvsr ' .
w e r e  c , r l l e r : t e d  b - r '  g l p c :  n n r r  ( C C l , )  6  . 1 . 6 3  ( m ,  l ) ,  4 . 0 6  ( c 1 ,  J ; ,
: . ? ? - ? . ( i 7  ( n r ,  i j ) , : . 1 0  ( d , ; j ) ,  l . l ' l  ( t , ; l ) ,  l . : 0 - 1 . 4 0  ( m ,  s ) ;  r r '
( c c l , )  2 1 ) 4 , 1 ,  l s 6 ( ) ,  1 7 1 0 ,  l t i ; . ) r j ,  1 4 , , 0 ,  l ; : i { i { ) ,  1 3 1 0 ,  1 2 6 0 ,  l l l l ) .
114 . - , ,  107 ( ) ,  l 0 :1 , - )  r , ' n r  - r ;  mrs . i  spec t rum / ru , ' e  ( re l  i n tens i t v  t  j ( t r

(  l ;  ) ,  l { ) : l  ( ( i  ) ,  l 6 ; i  t  l - l  t ,  1 - [ . i  r  2  j ]  ) ,  l l . i  ( 44  ) ,  79  ( {6  ) ,  67  (92  ) ,  ' 19  i  r t l
- t ; l  (68 ) ,  . {  I  I  I  ( )0 ) .

AnoL .  L ' r l cd  fo r  Cu l { . : oO: :  C ,  74 .9 ( i ;  H ,  9 .6 t j .  Fo t tn r i :  (  

"7 4 . 0 , S ;  H , 9 . t j 6 .
4-Methyl-4 - lcnLlo-2-norbornyl  )pentan-2-one t  3 ) . - ] Iethvl l r  r  i i  -

i un r  (1 .0 t . \ ' ,  3 . i .+  m l ,  60 .0  n rn ro l )  w ls  l dded  to  cuprous  io t l i r i r r

( 3 3 )  J .  G .  D i n r v i d , i i e ,  I r . ,  a n r l  S .  P .  ) I c l I a n u s ,  J .  O r s .  C h e m . '  3 o .  i t i t i
(  l 9 t i 5 r .

( i i9 )  T r ie thv l  pho.J r i rono&cet11 te  r r .as  o l tCa ine  t l  commerc ia l l y  f  ronr  . \  i , i r i ,  r r

C l renr icu l  (1 , . l . ,  ln r l  t v ls  use t l  \ v l thou!  f  u r ther  pur i f i c lc ion .
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t 6 .05  g ,30 .3  mmol )  a t  -30o  in  a '100-m l  round-bo t tomed  f l ask ,
end the mixture w&s warmed to room temper&ture af ter  the
cupr()us iodir le hed dissolved.  Ethy ' l  3-(rndo-2-norbornyl)bur-
J -enoa te  ( ca .  \51 ,  endo ,  0 .9 t7 - l  g ,4 . i rB  mmol )  was  added  s low lv ,
end the react ion wa.s st i r red for  i l6  hr  at  25o.  The react ion wa.s
qrrenche<i  in , ' r00 ml of  a satrr reted &queous solut ion of  ammonium
chlor ide,  end the : I ( l l leou.s r rnd ether phases were separated.  The
rr( lue()us pha, .e w&.s e. \ t racted wi th three 50-ml port ions of  d iethy ' l
ether,  lnd the combined ether f rect ions were washed wi th 20 ml
r- i f  wrter ,  dr ied (NrzSO.) ,  and dist i l led to g ive a mixture of  4 and 3
r  0 . - l 0 i  g ,  co .  45no) ,  bp  60"  (0 .05  mm ) .  The  nmr  spec t rum ind i -
cated that  the mater ia l  wus ca.  7016 endo epimer and 30le exo
epimer,  end th is conclusion was ver i f ied by glpc analysis.  Sanr-
ples of  3 were pur i f ied by glpc for  analyses:  nmr (CCl. )  d 2.211
r s ,  i ) , : 1 . : l l  ( m , 2 ) , : 1 . 0 ; l  ( s , 3 ) ,  1 . 0 8 - 2 . 0 0  ( m , 9 ) ,  1 . 0 4  ( s , 3 ) , 0 . 9 8
' s ,  j l ) ;  i r  ( C C l r ) 2 9 4 0 , 2 1 1 6 0 ,  l 7 l ; ,  1 4 6 0 ,  1 3 8 0 ,  1 3 . i 0 ,  1 3 0 0 ,  1 2 0 0 ,
l l 5 0  c m - r '  m a s s  s p e c t r u m  m / e  ( r e I  i n t e n s i t y )  1 9 4  ( l ) ,  1 3 6  ( 2 1 ) ,
l ( ) 7  r ? ( ) ) , 9 5  ( 3 ; - r ) ,  6 7  ( 2 6 ) , . { 3  ( 1 0 0 ) .

A n a i .  C a l c d  f o r  C m I I r : O :  C ,  8 0 . 4 6 ;  H ,  1 1 . 3 3 .  F o u n d :  C ,
\ 0 . { - { :  I l ,  l l . l 8 .

4-  Methyl-4 - (  ero-2-norbornyl  )pentan-2-one (4 ) . - ) Iethyl l i th-
i L in r  1 .6 ,S  . \ ' , 17 .7  m l ,  80 .6  mmol )  wa .s  a t l ded  to  cuprous  iod ide
1 t , t ) l  r ,  - l 7 . i l  m m o l ) a t  0 o  i n  e  1 0 0 - m l  f l a s k  f i t t e d  w i r h  a  m a g n e t i c

r t l r r i ng  l r r r r ,  r , nd  the  m i . y tu re  w&s  s t i r red  a t  0o  un t i l  so lu t i on  o f  th i s
( ' uDr ( )us  i o r l i de  was  c r imp le ted .  The  resu l t i ng  l i t h ium d ime thy i -
,up r r r te  $ ' t s  warmed  to  f5 ' ,  and  e th l ' l  i l - (e ro - . ] -no rbo rny l )bu t -
l - t - . r ) ( )a te  t ca . ' ) . 1 )  g ,  9 .7  mmol )  was  added  by  sy r inge .  The
s r r , r r t i r . rn  r r ' l s  s t i r re r l  f r t r . l " {  h r  a r  25o , lnd  rvas  then  poured  in lo  i l 0 ( )
r r r i  , , f  l  s r tu r r ted  z r ( l ueous  so lu l i on  < l f  ammon ium ch lo r ide .  The
i r l t ue ( ) r r s  l rn t l  e the r  ph l . ses  were  separa ted ,  and  the  lqueous  phase
! \ ' : r :  t tXlnrctet l  wi th two i0-ml port ion.s of  d iethyl  ether.  The
, ' , rn r i r rne t l  e t l t e r  f r l c t i uns  rve re  r vashed  w i th  2 ( )  m l  o f  wa te r ,  d r ied
J i  Lr : ( ) ,  ; ,  urrr l  d ist i l ler l  to g ive 1-(ero-)-no rborn-v l )4-methyl-2-

penr . rn ( )ne  ' ( ) . 9 ( )  g ,  cu .  i>016) ,  bJ l  t i 0 '  (0 .05  Tor r ) .  Samp les  were
' ' , r i i e t ' r e t l  b 1 ' q l p r :  f o r  r n e l r ' . s e s :  n n r r  ( C C l . )  6  2 . 2 1  ( s , 2 ) , 2 . 0 8  ( n r ,
' I  

, l . { ) ( i  r s ,  i i r ,  1 . 0 0 - l . i !  ( n t ,  1 ) ) , 0 . 9 ; i  ( s ,  l ' i ) , 0 . t i 7  ( s ,  l } ) ;  i r  ( C C l , )
l 1 ) 1 ( ) , ' J b 7 0 ,  l 7 l ; ,  l 4 ( ; 0 ,  1 3 8 0 ,  l : 1 6 0 ,  l : J 5 0 ,  l ? 1 ) ; ,  1 2 0 . i ,  1 1 4 0 ,  l 0 ? 0
t  l r r  

- r ;  
n ) l r s . r  speo tn l rn  In  i e  ( re l  i n tens i t y ' )  l ; j ( i  ( tB ) ,  l 2 t  ( ; ) ,  107

l r j  , 9 i  r { 9 ) ,  t i 7  ( 2 3 ) ,  - l ; i  ( 1 0 0 ) .

. l r u t L .  C " r l c d  f o r  C , r F I r : ( ) :  C ,  8 0 . 4 0 ;  I I ,  I  l . ; i ; i .  F o u n d :  C ,
: t ) . t j l ;  I { ,  l l . 1 4 .

,rulo-Z-Norbornylmagnesium bromide (ttulo-l) was preporerl
f r r i l , . rw inq  the  desc r ip t . i on  o f  Jensen  enc i  Nakemaye .2 r  An
ec tu l ibr i r " rnr  mi . r ture of  d ia.stereomers of  ! -norbornvlmagnesir . tnr
b ron r ide  (? ( )  m l ,  l . l 7 . i , \ ' ,  l l i . . - r  mmo l )  wrs  co r . , l e t l  t o  -70 ' i n  a  40 -
r l r i  cen t r i i uqe  t t t be  t :upped  w i th  l  No- l i r  s topper  tnd  con ta in ing  l
rn rgnL ' r i c  s t i r r i ng  bu r .  

' f he  
tube  con ta in inq  the  (  i r i gne rd  reeqen t .

ro i r r t ion wr.s renlover i  f rorn the r :o ld bath rnr l  rv t .s  st i r red v igor-
, r r r . s l l ' r s  a  s o l r r t . i o n , r I  b e n z o p h e n o n e  i n  e t h e r  t 7 . - l ( )  m l ,  l . 9 l  . \ ' ,
l - l . l  n rmo l )  * ' a . s  i n je r : ted  in t r i  i t  us inq  e  s -v r inqe .  The  reec t i r ; n
n r i . r t u re  was  s t i r red  l r t  l n rb ien t  ten rpe rc tu re  fo r  ca .  I  m in ,  the
trr t re u ' ls  t rensferred to a centr i fuge,  and the precip i tated sol ids
were compacted b_v centr i f r rget i r - rn.  The c iear,  deep red solut iorr
ct i  cru lo:) -norbrt rn_vlrnagnesium bromide w&s t ransferred to &
c l e r n ,  d n ' e e n t r i f t r g e  t u b e  b - v  c a n n u l r ,  c o o l e t i  t o  - 7 8 o ,  a n d
t r t re ted .3 l  The  ( - l r i gn l rd  reagen t  so lu t i on  wa .s  s to red  ab  -78 '

tun t r i  used .  Ana ivs i s  o f  t he  d ias te reomer i c  r :ompos i t i on  o f  the
so lu t i on  b1 ' convers ion  f i r s t  t o  2  and  then  to  Z -methy lno rbo rn rne
t t ' i r le  in l ra '  indicated that  i t  contained >99.;% endo diastereo-
n te r .

Copper-Catalyzed Conjugate Addi t ion of  I  to Mesi ty l  Oxide.-
B ron ro i t r i - , r - l ' r u t ] ' l phosph ine )copper ( I )  (0 .0186  g ,  0 .0538  mmol )
rund  n -hep tedec lne  (0 .0770  q ,  0 . i i 2 l  mnro l ,  an  in te rna l  g lpc  s tan -
c l r rd t  were n 'e iqher l  into l  4()-ml  centr i fuge t r . rbe and dissoived in
l0  n r l  o f  d ie rhv l  e the r .  Theso iu t i on  w&s  coo led  to  -78 ' ,  and  ? -
no rb r i rnv lnugnes ium b ron r ide  ( l . l 7 , i  J ,  0 .8 ; i ]  m l ,  1 .00  mnro l )
l ' rs  added b1'sy ' r inqe.  Tl ie resul t inq solr r t ion wa.s w&rmed to ( )o,

l nd  tne ' s i t , r ' l  ox ide  (0 .01 )E  g ,  l . t ) { )  mrno l )  w r . s  l t l ded  by  s1 ' r i nge .
T i re  re l r c t i r )n  w ls  s t i r red  fo r  J  h r  r l t  ( )o ,  end  then  poured  in to  l ( )0
rn i  o f  l r  s r tu r t te ( l  t ( l l r eous  so l r r t i on  < l f  l r nmon i r rm ch lo r ide .  The
rr( lue() l rs  and ether l l l r 'ers were sep&rl ted,  lnc i  the aqueou.s phase
\r ' ls  extrr ( ' ted wi th t rvo J()-ml  port ions of  d ieth,r ' l  ether.  The
r ' , rn rb inec i  e the r  fn rc t i ons  rve re  washer l  r v i t h  l 0  m l  o f  wa te r  tnd
t l r ied t l [g--O,1.  , \n: r l l 'ses for  totu l  y ie lds of  3 and 4 rvere carr ied
o r r t  ( )n  I  t j  f t  X  0 .12 . l  i n .  l 0 t l '  UC-W98on  Chronrosorb  P  co lumr r
ru t  i {0o .  F r r r  en r l vses  o f  re l l t i ve  v ie lds  o f  3  and  4 ,  the  un reso lved
pe'ek cr l r responr i ing t r l  these mlter i : . r l .s  wa.s eol lected f rom ln t l  f t
X () .1;  in.  L 'C-\ ! ' t ) f i  r ,o i r r rnn i r t  l8()o ant i  re lnaly 'zed on a - l l t  f l  X
l ) .  l : , ,  i n .  I  ( l  SD- ; ; ( )  co l r r rnn .  I l es r r l t . s  o f  t hese  e .xper imen t . s  l re
s t t t u t n u r i z e d  i n  T l l r l e s  I  r r n r l  I I .

WntrrsroEs AND Krxpar,l

Conjugate Addi t ion of  2-Norbornyl( t r i -n-buty lphosphine)-
copper ( I )  (2 )  to  Mes i t y l  Or ide . -B romo( t r i -n -bu tv lphosph ine ) -
copper ( I )  (0 .3 { . ;  g ,  1 .00  mmol ) ,  t r i - n -bu tv lphosph ine  (0 .404  g ,
2.00 mmol) ,  rnd n-heptat lecane (0.0859 g,  0. l i . i8  nTmol)  were
weighed into a 40-ml r :entr i f r rge tube capped wi th a No-air
stopper,  and t l is .solved in 20 ml of  d iethy ' l  ether.  The solut ion
was  eoo led  to  -73" ,  l nd  2 -no rbo rn . r ' lmegnes ium b romide  (1 .175

J,  0.8.- )3 ml,  1.00 mmol)  wa.s rdded by '  s1 ' r inqe.  The resul t ing
so iu t i on  wa , . s  warmed  to  0o ,  end  mes i t y l  ox ide  (0 .098  g ,  1 .00  mmol  )
was ad<led by syr inqe.  The rer lc t i ( )n was st i r red for  2 hr  at  0o
and then pot t rer i  in to l (X) ml  of  a sat t t rated i lqr leous solut ion of
lmmonium chlonde. The aqueous and ether hyers were sepa-
rated,  and the &queous phase was extracted wi th two 20-ml por-
t ions of  d ieth-"- l  ether.  The combined et ,her f ract ions were
washed  w i th  l 0  m i  o f  ws te r : rnd  r l r i ed  ( I t gSOr ) .  Ana lyses  were
earr ied out  &.s descr ibed previot ts l r ' .

Conjugate Addition of Lithium Alkyl(2-norbornyl)cuprates to
Mes i t y l  Ox ide . - Iodo( t r i -n -bu t f  i pho .sph ine ) r :opper ( I )  (0 .396  g ,
l . 0 l  mnro l )  and  n -hep tadecane  (0 .081 t i  g ,  0 .13 . {0  mmol )  were
weighed into u 40-nr l  centr i fuge tube cepped wi th a No-air  s topper
ant i  d i .ssolved in 20 ml of  d ieth.v i  ether.  The solut i r )n was cooled
tc r  -  7 l ' Jo ,  end  2 -no r l ro rnv l rnagnes i t tm  b ro rn ide  ( l . L7 i . \  ,  0 .853  m l ,
l . ( )0 n inrol )  w'as addet i .  The sr t lut i r )n wi ls  mixed,  and the appro-
p r i r r te  l l k l ' l l i t h i t u l l  re&qen t  (1 .0 ,1  n r rn t t l )  w r rs  l dded  by  sy r inge .
The  resu l t i nq  so l r r t i on  was  w i t rn red  to  0o  w i th  s t i r r i ng ,  and
rnes i t l . l  ox ide  t0 . lO i i  g ,  1 .0 ' i  m tn t t l ) r v rs  adde t i  by  sy r inge .  The
react ion nr ix ture rvts st i r red t t t  ( )o f r t r  J  hr  lnr i  then poured int<t
l (X )  m l  o f  &  s i r t t l r l t e ( i  l I ( l t t eo t t s  so l t t t i on  o f  l n t tnon i r rm ch lo r ide .
The aclueorts ant l  ether l r rvers rvere sel)aratet i ,  r tnd the aqueotts
phlse wlrs extr l l ( ' tet i  rv i th two J()- r r r l  J)or t i { )ns of  d iethyl  ether.
The  c r imb ine t i  e the r  fn t c t . i ons  were  w lshe t l  r v i t h  l 0  m l  o f  wa te r
tnd dr ied ( I IgSt) .  ) .  Anal l 'se: i  were t l l r r ied () t l I  i ]s  descr ibed
airove.

At tempted conjugate addi t ions of  t r i - r ro-2-norbornylborane to
mesi ty l  ox ide,  curr ied ot t t  r . l . . t i I lg  r - ' r t .  , \  n l t r to l  of  b<trane,  l0-20
rn rn t i l  o f  n res i t - r . ' l  ox i r i c ,  l n r l  l { ) - J ( )  I nn to l  o f  wa [e r ,  w i th  oxygen  o r
i r r lc i i r r t i , rn ( ; i ( ) (X)-  rnd i i i ( ) ( ) - , \  l r , , ' tJr t  in r t  I l r , r 'onet  photochemical
re r lo to r  t  f o r  i n i t i l t i on  f l i l ed  r t ve r  re tc t i o t t  t i t nes  o f  t t p  to  48  h r .

Bis (  t r iphenylphosphine t (  ethylene )p lat inum (  0 )  (72.0 mg, 50% ) ,
m p  l 2 l - l ? { "  ( l i t . ' 6  r n p  l ! ? - t J . - ) "  ) ,  r v r s  o b t e i n e d  f r o m  e t h y l e n e
rnd  b i s t t r i phen- r ' l phosph ine )p la t i n t rm i I I )  o . x ide  fo l l ow ing  the
procredrrre of  Cook.  {o

B is t t r i pheny lphosph ine  t (e thy lene  ln i cke l (0  )  (2 . ; i {  g ,  73 lp )  ws ' s
ob t t i ned  f r r - r rn  t r i . ' . i ( r r ce tv l r t ce to r ) l t t ( )  )n i ( : ke l (  I I  ) ,  e th - r ' l ene ,  and  t r i -
pheny lphosph ine  fo l l , r r v ing  t  he  p ro t ' e r l r r re  o i  lV i l ke . ' t

At tempts of  catalyze the conjugate addi t ion of  I  to mesi ty l
ox ide  r r . s ing  ca t l r l vs ts  o the r  th l t r t  copper  were  t l r r r i e r i  o t r l  us ing  the

-s l r . rne pr() ( 'er lure ls  t lescr i l rer l  l l rovt ' ;  rhc rcst t l t .s  of  these exper i -
Ine r l t s  u re  s l l n rnu l r t zed  i t t  f  r rb le  [ .

B romob is r t r ime thy l  phosph i te rcopper ( I ) . -T r ime thy l  phos -
ph i te  r -1 t ) .7  g ,  0 . ; i 70  rno l ) r va .s  rn i . xe t l  w i th  r r  s l t t r r t ' o f  cup rous  b ro -
m ide  ( ' )7 .0  g ,  ( ) . l i l 7  mo l )  i n  100  rn l  o f  d ie thy l  e lhe r .  The  e the r
solr r t ion was ref l ruxed for  i iO min lnd f i l tered whi le hot .  The
res r r l t i nq  so l r r t i on  was  coo led  to  0o ,  r t t  wh i t :h  temper& tu re  b romo-
b is ( t r ime t t r - v l  phosph i te  t copper t l )  p rec ip i ta ted .  The  c rude  com-
ple.x was recrvstal l izer , l  f ronr 4(X) ml o i  t l ie thvl  ether to g ive 49.7 g
( t i ,B / ' 7 )  o f  b romob is ( t r i rne th l ' l  phosp l i i t e ) r :opper { [ ) ,  mp  61 .0 -

6 2 . ; " ,  n m r  ( C l C l . )  6  3 . 6 8  ( d ,  J  :  1 0 . 6  [ I z  r .
- l na i .  C r l t : d  fo r  Cc I InBrCt r ( ) , rP : :  C ,  13 .40 ;  H ,  4 .63 ;  B r ,

2 0 . 4 0 .  F o u n d :  C ,  l 9 . 9 f i ;  F I , 4 . 5 6 ;  B r ,  1 9 . 6 3 .
Analysis of  the Diastereomeric Composi t ion of  Mixtures of

ent lo-  and ero-2.- ,Jamplc-s of  2 in on ethere&i  solvent  contain inq
r- 'c .  ( ) .J , - r  nrm,r l  of  orql rnocopper re l lqent  were t ra l ls ferred throuqh
a  cannr t l l  i n to  a  c leun . l ( ) -m l  r :en t r i f r - t ge  t r . t be  hek l  immersed  in  l
D rv  I ce - r t ce tone  b r r rh .  \ l e thv l l i t h i t rm  (ca .  , - r  ec l r - t i v ,  i n  e the r )an t i
n i t robenzene (r- 'o.  I  rn l )  rvere adt let i  i t t  s t tccession to the tube b1'
sv r inqe .  The  , r x i r i l t i on  rea t : t i ( ) I r  l ppe r t re t i  t o  be  comp le te  on
rn i x inq .  - {a rnp les  o i  t he  re l c t i on  t t t i x t t r r t :  were  in jec ted  d i rec t l l '
on r ( )  i r n  S  f t  X  ( ) . J . ]  i n .2 ( ) ( . ;  L :C- \ \ ' | )S  on  L 'h ron rosorb  P  co lumn l t

I  l ( )o ,  l r r , 1  the  ru r reso lved  peaks  , i t t e  to  the  d ias te reomer i c  l -

me thv lno rbo rnanes  rve re  co l l ec te t l .  Th is  n r i x t t t re  o f  d ias te reo -
n le rs  r v r l . j  r l i l t r t e t l  i n  ca .  i . l ( ) , g  l o f  - , r l ve r t t ,  en t . i  l na l - r ' zed  fo r  d ias te r -
eonre r i c  co rn l ro - r i t i on  b - " -  q lpc  , r t t  r r ' l , J  f1  y  { ) .2 ; i  i n .  LLT ,  SE-30
colr tmn r [  6.1 ' .  Unt ler  t i rese eot t r l i t i t lns,  the erulo-2-meth1' lnr-r r -

bo rnune  h l s  the  lo r tqe r  re ten t i ( ) r )  t i r l t e .
Epimer izat ion of  t ru lo-2-Norbornyl( t r i -n-buty lphosphine)coP-

perr l )  (2) . -A sol t t t ion ct l  t ru lo-2 \1 ' l ls  prepi l red lnd shown to cot t -

1 { 0 )  C .  I ) .  C , r o k  a n , l  ( , } .  S . . J r r r h a l ,  J .  . l n e r ,  C h e r n . $ o e . , 9 0 ,  l - t 6 {  ( 1 9 6 8 ) '

L t l )  ( i .  \ i : i l k e  u n r l  ( 1 .  I { e r r m r n n ,  , l n g e u ' .  ( ) h e n . , 7 4 ,  t i 9 3  i  t 9 6 ! ) .



9rnnorn^r.l 3-Krto- l9-cennoxyr,lc Acrps

tain )99.5 /s end.odiastereonier. Equal portions of this solution
were trsnsferred into two 40-ml centrifuge tubes containing mag-
netic stirring bars immersed in e Dry Ice-acetone bath. The
tubes were warmed to 0o with stirring. Nlesityl oxide (0.5 equiv)
was added to one tube. Aliquots from both solutions were taken
periodically by transferring into 40-ml centrifuge tubes held at
Dry Ice temperatures. These aliquots were analyzed for the
diastereomeric corltent of the remaining 2. Immediately after
warming to 0", the diastereomeric purity of the 2 in the solution
not containing mesityl  oxide was 98.5/6; after standing for 5 min
at 0", i t  was 97.lTo. The sample containing mesityl  oxide con-
tained 2 that was 98.6% endo immediately after warming to 0o,
99.57o after I  min at 0o, and 93.77o after 15 min.

Competition of a Mixttrre of, m-do- and exo-Z for Limiting Quan-
tities of Mesityl Oride.-An epimeric mixture of 2 was prepared
at -78o and was shown LobeT4Yo endo and 26/6 exo. Al iquots
calculated to contain 1.19 mmol of 2 were transferred to 40-ml
centrifuge tubes and warmed to 0". Calculated amounts of
mesityl oxide were added, and the reaction mixtures were stirred
at 0o for co. 2 min. The reaction mixtures were then cooled to
-78o, and the remaining 2 was analyzed for epimeric composition

t-r .4
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by t reetment wi th methyl l i th ium and oxidat ion wi th n i t roben-
zene. The conjugate eddi t ions of  2 and of  l i th ium methyl- l -
norbornyleuprate to mesi ty l  ox ide at  -78o are yery s low. Thtr
results of these experiments &re &s follows: for 0.250 eqttiv oi
mesi ty l  ox ide/eqrr iv  of .  2,  the epimer ic composi t ion of  the 2 re-
maining af ter  quenehing was 67.3% endo; for  0.336 equiv,  69.6( ;
endo; for  0.505 equiv,  74.87o endo; for  0.67. : r  equiv,  77.6qc ent lo.

Registry No.-endo-\, 13058-87-2; endo-Z, 2+473-
67-t; ero-?, 3561G99-0; 3, 35623-77-9; 4, 35623-7S-0;
ero-1, 35623-75-7 ; endo-1, 35623-79-1 ; mesityl oxicie,
141-79-7; endo-2-norbornyl methyl ketone, 82{-5S-,\;
exo-2-norbornyl methyl ketone, 824-59-9; bromobis-
(trimethyl phosphite)copper(I), 35617-00-6.
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