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The rescrion of tranetJ.perrten-2-(nre (l) with methyllithium ond with methl'lm:rgnesirtm has been.strrdied to

learn the ellect r-rf nddecl copper srlts on the re{ction rste lnd the proporti)ns ol re&ction prodrlcls_3 ctld 4. Th€se

st[dies hove led to the deveiopment of two orgiloocopper resgents which hsve the stoichiometry Li+]IerCu_ and

fleCrrP(n-Bu)r *nd *hich veiy selectively *dd o -eth1'l group to the I curbon of &n a,P-unsstrlrrted kelone.

.{lthough the conjugate rdditi;n of !r {).2 .11 solution of the methl-la,pper-tri-n-bttb-lph,r.*phine complex to the

rrnsxtrl(Lted ketone I is complete in less th$n {).05 sec, the srme rergert, dr)es not :rdd io the ccrbon}l function of

sutrlr&ted ketones or e"ters 
"r,"n 

0,fter leoction peliods of 30 min or more. Investig&tion of the stereochemislry
of enollte onions produced by conjugate rddition of these organocopper rergents provides dilect exp€rimentDl
evide ce thct thesi reoctions do not involve a cl.dic six-centered trsnsi[idl str,te. Other lesctions und propcr_

ties of these orgcnocopper rergents are llso described.

In continuing our earl ier studies! of the retct ion of The relat ive rea{rt ion rates vere obtained by use oi

organometallic rexgelts \rith ketones, rve rvishetl to the previously described !l' fforving- strem reactor rvhic h

lein hon' the remition of an a,E-unsaturrted ketone provided a total retction tinre of 0.06-0.07 sec befort:
(e,g., l) rvith on orgitlnom&gnesium compound could be quenching. The yiekls and product compositions lveltr
ciirlertecl froni its riornrll course (1.2 lddition to form determined rvith suitably c:rlibrated gas chromrto-
3) to f11,vor conjugrte ltldition (or 1,{ lddition to grlphic equipment. Tlble I summrrrizes the resttlts
form 4) by thc ptc"cn,.e of rr snrlll lmouut (l-ii nrole of these studies. Sinr:e the reil,ctiotr r:rte data suffet'

f) of ,t copper conrl)outr(1. r-r .[,br this reson, rve from certrin prcviousll' discussed]b systemltic en'ots.
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have studied the reht ive rcrct ion rr tes aI Id the product
distributions obti,rinecl from rerction of trans-iJ-penten-
2-one (1) rv i th vu,r ious nrethyl  org&nometal l ic  re&gents
2  (Scheme I ) .

(  l )  T l r i s  researeh h ls  been suppor te t l  by  resear r :h  g r&nts  f  rom (a)  the

Pet ro leum Reseorch  Fund (g ran t  no .  59{ - . - \ )  ;  (b )  the  D i rec lo ra te  o f  Chern i -

ca l  Sc iences ,  , \ i r  Force  Of l i ce  o f  Sc ien t i f i c  Reseurch  (Grent  No.  , \ ! ' - . \FOSR-

5 7 3 - t i { ) : ( c )  t h e  N s t i o n u l  S c i e n c e  F o u n d a t i o n  ( G r a n t  N o .  G P - 2 0 1 8 ) .
( 2 )  ( a )  H .  O .  H o u s e .  D .  D .  T r : r f i c a n t e ,  a n d  R .  ' \ .  E v a n s ,  J . O r g .  C h e m . , 2 8 ,

3 { 8  ( l 9 t i 3 ) ;  ( b )  H .  O .  H o u s e  a n d  D .  D .  T r a h c a n t e .  i b i d . , 2 8 , 3 5 5  ( 1 9 t j 3 ) ;  ( c )

F I .  O .  l l o u s e  r n d  I I .  \ \ ' .  T h o r n p s o n ,  i b r d . , 2 8 , 3 6 0  ( l 9 t j 3 ) ;  ( r l )  H .  O .  H o u s e

und \ \ ' .  L .  Respess ,  ib id . ,  30 ,  301 ( l9 t t5 ) .
(3 )  (a )  Th is  e f fec t  o f  copper  sa l ts  rvas  f i rs !  no ted  b l ' l I .  S .  Khsrasch and

P.  O.  Tnrvne l ' ,  J .  .1m.  Chem,  i joc , ,  63 ,  2308 (19- t l ) .  l ' o r  re la led  s tud ies  o f  the

cata l ) ' t i c  e f lec ts  o f  meta l  su l ts ,  see  (b )  ] t .  S .  Kharasch.  S .  C '  K le iger ,  J .  A .

] t a r t i n ,  a n d  F .  R .  I l t r r r o ,  t b i d . , 6 3 , 2 3 0 5  ( 1 9 { l ) ; ( c )  l I .  S .  l i h a r a s c b  a o d  F .  L .

L u m b e r t ,  t b t d . , 6 3 , 2 3 1 5  ( 1 9 { l ) ;  ( d )  l t .  S .  K l r e r a s c b  a n d  E .  I i .  F i e l d s ,  i b r d . ,
63 ,  23 l t i  (19- t l ) .  (e )  For  r  genera l  rev ie tv  o f  copper -ca ta ly 'zed  reec t ions ,see

R .  G .  R .  I ] a c o n  a n d  I I . . \ .  O .  H i l l .  Q u a r t .  B e u .  ( L o n d o n ) ,  1 9 , 9 5  ( 1 9 0 5 ) .

(4 )  For  s tud ies  o f  copper -ca ta lyzed con jugato  add i t iong  to  uns&ture ted

es ters ,  iee  (a )  J .  I Iunch-Petersen,  J .  Org .  Chem. ,  12 ,  l7O (1957) ;  (b )  J .

l lunc l r -Petersen.  . . l c la  Chen.  Scand. ,  11 ,  2007 (1958) ;  (c )  J .  l lunch-Petersen

anr l  V .  K .  . \n r le rsen,  ib id . .  10 ,  271,  293 ( lg t r l ) ;  ( r l )  J .  J Iunch-Petersen,  C.
l l r e t t i n s .  P .  ) l . . I o r s c r t s e t t ,  S .  R e f n .  \ t .  I i , . \ n r l e r s e n ,  a n r l  ' \ '  J s r t ,  1 6 t d . ,  1 6 ,

J 7 7  ( l 9 t j l ) :  ( e )  V .  I i . . \ n t l c r s e q  u o t l  J .  ] I u n c h - P o t e r s e n ,  r [ ' i d . ,  1 6 , 9 { 7  ( 1 0 6 ! ) ;

we ha,ve m:]cle tlo effort to derive kinetic orders fronr

these me&surements.  Except in the c&ses notet l .

solut ions containing the ketone I  p lus any eddi t ives

were mixecl with the orgcnometall ic rel,gent in thc

florving stream re&ctor. From reactions run in iL

flask (rerction times of 10-+5 min) where the additir-e

( f )  s .  . Iacobsen,  v .  B i tsch ,  and J .  J Iunch-Petersen,  ib id . ,  17 ,825 (1963) ;  { r< , r

T .  K ind t -Larsen,  v .  I J i t sch ,  I .  G.  K .  Anr le rsen,  A .  Jar t ,  and J .  I lunc t r -

P e t e r s e n ,  t b i d . , L 7 , l { 2 6  ( l g t i : l ) ;  ( h )  V '  B i t s c h ,  S '  J a c o b s e n ,  I '  G '  K '  A n d e r s e n '

en t l  J .  ] [unch-Perersen,  ib rd . ,  1? ,  1 .133 ( l9 t i3 ) ;  ( i )  B .  I I .  N ie lsen anr i  J .

] Iunch-Petersen,  " / .  Organometo l .  Chem. '  3 '  {93  ( l9 t j ' l ) '

(5 )  For  o ther  s tud ies  o f  con jugate  add i t ions  o f  o rganomagnes ium corn-

poun<Is  see (a )  E .  R.  - { lexander  an t l  G.  R.  Coraor ,  J '  ' lm '  Chem'  Soc"  73 '

2 7 2 1 ( 1 9 5 1 ) ; ( b ) E . T . I l c B e e , Y . S . l i i m , a n d H ' P ' B r a e n d l i n , t b i C " S 4 '
3 1 5 { ( l 9 t i 2 ) : ( c ) A ' J . B i r c h a n d l I . S m i t h , P r o c ' C h e m ' S o c " 3 5 6 ( 1 9 6 2 ) ; " l t
Y .  l n o u y e  a n r i  H .  I I .  W e l b o r s k y - ,  J .  o r g .  c h c m . , 2 7 , 2 7 0 6  ( 1 9 6 2 ) ;  ( e )  I t .

F i l l e r  a n d  Y .  S .  R c o ,  i b i d . , 2 7 , 3 3 { 8  ( l 9 t i 2 ) ; ( f )  R .  F '  C b u r c h ,  R '  E '  I r e l a n ' i '

e n d  D .  R .  S h r i d h a r ,  i b ; d . , 2 7 , 7 0 7  ( 1 9 t i 2 ) ;  ( g )  R .  C .  F u s o n ,  T '  S a n '  a n r l  I '

D i e k m a n n ,  i b i d . , 2 7 , 1 2 2 1  ( 1 9 6 2 ) ;  ( h )  R .  E '  L u r z  a n d  C '  L '  D i c k e r s o n '  t b t ' ! "

l? ,  20{O (1962) ;  ( i )  H .  } Io r i ,  Chcm'  Phorm'  Bu l l '  (Tokvo) '  L ' ,  1221 ( l9 t ) { t ;

Chcm.  Abs t r . ,6 t ,  l7 l0  (1965) ;  ( l )  I I .  Tor igoe and J '  F i rhman '  Te t rohedron '

Le t te rs .  No.  19 ,  1251 (1963) ;  (k )  I .  ) i .  Rozhkov  and s .  ) I .  I tek tn ,  zh .  obshch.

K h i n . , 3 { ,  5 9  ( 1 9 6 { \ :  c t t e m . . { b d r . , 6 0 ,  1 0 5 7 6  ( l 9 S ' t ) ;  ( l )  w '  J '  w e c h t e r '  ' - l '

O r u .  C h e m . , 2 9 ,  1 6 3  ( l g d ' l ) ;  ( m )  J .  K l e i n ,  T e t r o h e d r o n ,  t 0 '  { 6 5  ( 1 9 6 ' l ) :  t n t

I l , .  E .  L r le  un t l  F .  J .  T rosc iuo iec '  J '  Orq .  Chen ' ,  t ' ,  333  (1959) '
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"  The : rmoI l l t
t i l l r r s r l | r e a g e n t s w u s a d j r r s t e d s r r c h t h l t e r r r : h m r r l e r l f k e t r l r r e r v r r . . r n r i r e
m o l e s o f m e t h y l l i t h i t t m , o l ! n l r l l e r ( ) f d i n r e t h ] ' l m l g n e . i i l l n r . | I n t h i . r ' . l - r e t h e . l r ' g a r r . l r l l p
of  a-BLrrPCrr I  t ( i  I  mule of  methyl l i th i r rm.

\ \ ' t rs  nr ixc ' r l  rv i th  the orgut ro t t te t r l l i r f  re l lge l r t  bc iore t f re

hetonc '  so lu t i r ln  \ \ ' l IS  r l ( ic le( I ,  thc  l l ro t lu t : t  t l i s t r ibut ior rs
(Tu l l le  I I )  u 'c re  ( ' ( )nr l ) r ru l l le  rv i th  t l t r - rsc  t>bt r t i r rer l  i r r  thc

f l  r l rvi  rr g-st rel l t t t  reitc to r.

T . r s u s  I I

l l . r : .rclro: i  ol  E-rr;Ess \[  p'r t tvr,  Ottr; .r , . tott  t : ' l ' . \LLI( '  l  )  utt t  t ' . i 'LIv Es
\\ ' r1'n l / 'aru$-j l-Pu.v'rps-J-oNE ( I  )  t .v [ i ' r t tatt  )()Lt"rI(, ] i

\ \ ' r , l ' ( )  i ro t l i  too r i r l , l i r l  t 'o t '  r r re l rs t t rL 'n le t ) t  i r r  o t t r  l rJ ) l ) t l ru l  l r> .

\ \ 'e  l r i l \ ' ( '  no ex l )or i t t tc t r t l t l  lner ts t l rc  t l f  n ' l t i t : l r  rer rq t l r l  r : -

t  l re  n tor t '  rL ' r t ( ' t i \ ' ( ' .
; i .  

' f l r e  
l l r c s t ' t r t ' e  o t  ( ' \ ' ( ' n  1  l l t o l ( ' ' i  o f  t  t ' o p y l t ' t ' s r L i t

i r r  thr .  re lc t ior r  t t t t : r l i t t t t t  ve l 'y  I l tu r l (e( l ly  iL ( ' ( f  ( - ' l ( ' r ' r , t ( '>

t l r e  ovc r - r r l l  r : r t ( '  o f  t ' r ' u ( ' t i o t t  l t s  \ \ ' e l l  us  e t t h l t t t ' i t t g  I l r .

J ) t l ) l x ) r t i o r l  o i  t l t e  c o l t j t t q u t c  u , t l t l i t i o n  p r o ( l u ( ' t .  I r

t l r e  r c l r t ' t i o t r  i s  t t )  l r t ' t ' t t r t  i t t  e t l t e r  s o i t t t i o n .  t l t e t ' c  t s : L

r l i . s t i r r c t  l ( l v i u l t l Lq t ' t r )  t l t e  r t t l t l i t i on  o I  t he  ( : o l ) p t ' r  ( ' r . t r " -

l v s t  r r s  t l r e  c t l t c t ' - so l t t l r l e  t ' o l r pe r ( I )  i o r l i t l e - t r i - r u -h r rn ' l -

ph<lsph i r ro  ( 'o tu t r ) lex . r i ' i  Hotvc 'n 'er .  whel t  i '1 ,  r r r ix turc  , t

tc t r lhyr i ro f t lnu l  u , t t t l  c t l t t t t '  i s  t tset l  rs  the r€ le t io t t  so i -

vcn t ,  t he  c : . r t l t l v t i c  c f f e t : t  o i  r t t t y  o i  t he  so l t t b l e  ( ' o l ) l ) ( ' l ' -

( I )  o r  ( ' ( ) l ) l ) c r ( I I )  r l e r i va t i ves  i s  r . t l ) p rox in l a te l l '  e t l t t r t l .

I t  s h o u k l  f t r r t h c r  b c  t u . t t c r l  t h a t  t h e  l c l d i t i o n  o i  r I  ( ' i t l i r -

l v t i c  r . r n ro ru r t  o i  t l t c  s i l ' , ' t ' r  i o t i i t l t - t r i - n -bu t1 ' l phosp l r  i  r r , '
( ,on l l ) lo . \  to  n te t  l tv ln tuqrres i t tn i  bronr ic le  c l id  not  r - ' l t t l t l r -2 .
( ' on jug l t c  a r l t l i t i r l n .  Ho rve l ' e r ,  t h i s  l a t t e r  r L ' t u ' l  I ( ) r r

nrixture rva.s heterogelleol ls al ld tve hlve no retrsott 1o

bel ie ' , 'e  thu. t  &I Iy  so lub le  nrethy ls i lver  spec ies \ \ ' r ts

I ) resent .
+ .  As hr rc l  bect t  l lo te( l  prev io t ls ly ,2& the pro | )o l ' t t ' t r

o f  con jugr te  ac ld i t ion is  not  s ign i f icant ly  d imin isher l  l rv

the presen( fe  o [  u  sub-qtnr r t ia l  a ,nrount  o f  isoprene i r r  t l t t '

re l r ,c t ion mix turo.  We therefore co l l t i l i t le  to  bc l i t ' r - , '

that  the eonjug: - r , te  ldc l i t ion pro( ress c loes not  i t tvo lv t

the addi t ion o f  rL  f ree l l l i f  i  rac l i r t : . r l  to  the cot t j t t { r t t t ' r i

sys ten l  cont rary  to  the '  s t tggest io l l  o f  Rozhl tov  r I I r r i

l I l k i n . s k
) .  The  e f f e t : b  r l f  so l ve t l t  o t l  t he  rea t : t i o t r  r l t c  r t l t , i

I ) r opo r t i on  o f  con jug l t e  a t l c l i t i o r r  i s  o f  i n te res t .  
' f l r , '

l ) r ese l ( ' e  o f  t e t r ahy r l r o l u r l l n  (TH I r )  i n  t he  re r r ( ' t  r o  r r

so lu t iop i r r r , re : . tses th t t  r r t te  o i  1 ,2  udc l i t iop s l ig I t  1r -

ar r t i  lppe&rs to  reprcs.J  t l tc  ra tc  o f  thc  copper- ( i [ I t l t i r -z t " i

I t i )  T l t e  a ( l \ . a n t a g e  n o t e r l i "  f o r  r r s r n g  x  t e t r B l l ! ' d r o f u r t n  s o l u t t t t n  o f  c o 1 , 1 , , ' '

( I I )  a c e t a t e ,  r a t h e r  t l r a n  c ( ) p p e r ( l )  c l r l t t r i , i e ,  i s  a p p a r e n t l l -  s i m p l l ' : r  r e s r i l  ' t

t i r e  v e r - " -  l o r v  s o l t t b i l i t ) '  o f  c o p p e r r  I )  r r h l o r i t l e '

( 7 )  ( . I )  C .  I l .  K a u f  m a n  u n , l  L .  - \ .  T e t e r ,  I n o r g .  S v n . ,  7 '  I  (  1 9 6 : t  )  h

I i b u l l i o s c o p i c  m e g s t t r e r n e n t s  i n  n o n p o l a r  m e < i i a  i n d i c s t e  t h i s  m a t e r i a l  t 9  t . ' "  r

r e t r a m e r :  F .  C .  ] I e n n ,  l ) .  P r r r r i i e ,  a n r i  . \ .  F .  \ \ ' e l l s ,  J .  C h e n .  J o r ' . .  I  i { l . l

( 1 9 : J f j ) .  ( r : )  . \  e o m p l e t e  \ - r u l '  s t r t l c t t l r e  o f  t l r e  t r i e t h y l a r s i n e  c o m p l e x  r t t r ' i  : r

l ) s r t l a l  i r n a l y s r s  9 f  t I e  s t r t t c t r r r e  q f  t h e  t r i - n - b r r t l ' l p h < x p h i n e  c o r n p l e x  I  \ .  I

\ \  e t l s ,  Z .  K r r r l . .  9 1 ,  1 { ;  ( 1 9 ; i t i )  |  r n , l i r : u t e  b o t l r  c o m p l e x e s  t o  b e  t e t r l l n r P r :  r r l

t i r e  c r V S t t l l i r r e  S t i 1 t e  r t t t l t  t : t l 1 t 1 t e r  i l t o t n J  a t  t l t e  c < 1 r n e r S  o f  n  t e t r a l t e , i r o n .

i .  r : o n , ; t t q a t e

a r k l n

1)1 )
!io

l l )
1 ) ( i

1 |-t

>1 )11

>1)1 )

>1)1 )

>91 f

"  Unless otherwise rroted,  the lddi t ive wLi  added t r r  an etherel l
s<.r l r r t ion of  the orgl l l ( )n)etr l l i r :  reagert t  t t rd then the ketot te I  wls
ldded. b In th is c{Lse,  & solut ion of  the ketotre and the copper
der ivat ive wtrs added to the orgat tometal l i r :  re l lgent .  '  In th is
cuse,  the orgl r r ( )mett l l i r ;  reagenI was heterogetreorts.  See the
Exper imental  Set ;b ion for  detai l .s .  d In th is case,  p- ' - r id ine wu-s the
pr incipal  solvent ,  the solvent  voiumes being i l5 rn l  t - r f  p1 ' r id ine l r rd
5 . l i  m l  o f  e the r .

Before corrs ider ing thc exper in lerr ts rv i th preforniet l
ol 'gl,nocopper retrgerrts seVeriLl generol phenomenu,
should be noter i .

1.  The proport ions of  1,2 &trc l  1,- l  ut l l i t iorr  r rL '
ru l ) l ) ro. \ imatel-v the samc i r respect ive of  rvhether nlethyl-
Inugrresiunr bromir [e or c l in iethylnr lg l resium is the or-
grrromrgrresiunr reugent enlploye(I .  Di f ferences of
s imi l l r  mir ,grr i tude have beerr  re l )orte( l  e lservhere.e" ' { r
, lust  as rvas tnre for  saturutecl  ketones,:r '  the react iorr
rv i th c l inrethylnrrgnesium is substant i r l l - ' "  fa-* ter  than
the rerrction with methyimagnesiunl bronride.

2 .  A s  h : r s  b e e t r  n o t e d  f r e q u e n t l y  ( e . g . , r e f . 5 h ) ,
nreth-vl l i th iunr is nrr l re rea(: t ive thtn rnethylmugnesiunl
bronr ide arxl  strongly favors 1,2 ldcl i t iorr  r r ther thrrrr
l .+  u , t l c l i t ion .  S i r rce  th t '  rc l ( ' t ions  o f  the  k t ' to t tc
I  u ' i th nrethyl l i th iurn urrc l  rv i th t l inrethy' lnrrgtrcsiut t t

O  r ( 3 n o l n e t a l l i r :

resgen L

) le I  tg l l r
\ l e \ [ g B r
\  I e l t g B r
] [ e f l q l ] r
I l e r \ l g
\  [ e L i
] l e l i
] t eL i
] [ eL i

ro r r  l ( I - { 5  } [ r r

, \ r l t l i ! i v e "  ( r n o l e ' 1 , )

n - l J r t rPCr r I  (  1  . 0 )b
C t r (OAr : ) . :  ( l  o ) "
n - B r r r P A g I  ( 1 . 0 ) '

C t r I ( 50  ) '
( , ' rr I  (1)1) )"
Crr [  (  l0 : j  ) "
C r r I  ( 5 ( ) )

n -B r r rPC t r I  (  1011 )
Crr I  (50)  *  p l ' r id iner
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r.orrjug:.rte rucldit iorr. 
' fhis trend is ntore striki lrg rvith

1.2-r l imethoxyethane (DIIE) rvhich accelerates sub-

stalt i l , l ly thc rate of 1,2 addition. This i lcreesed

rute of 1,2 lrldit ion is itt general agreement rvith the

enhanced rerrctivity of alkylmagnesium derivatives
rvhen 1,2-dimethoxyethatte is present.s

Thesc obsen'atiolls ccII be reconciled rvith the general

scheme i l lustrated in the fo l lorv ing equl t ions (1- ' ) )

in rvhich the copper(I) retrctant is represented ls i l ,

methyicopper species for  s impl ic i ty.  The f inal  eq

5 is rppl icable only i f  the catalyt ic amount of  copper

k t

CHr l lg \  *  tursat t t ra ted ketone I  +

5  *  eno la te  6  ( ] I *  :  i t g \ )  ( t )

C l l r \ l g \  *  C r r '  
o ' ,  

(CHrCr r ) "  +  i t g \  ( 2 t

( C I I i C L T ) , ,  f  t t t t s a L t t r a l e d  k e t o t t "  I  
t ' t

e t t o l a t e  6  ( \ t '  -  C t t ' )  ( 3 )

er r t . r l l te  6  ( \ t *  :  C t t ' ;  1*1 tgX 5

e n o l a t e  6  ( \ I +  :  i t g X )  *  C t r *  ( { )

C r r z *  *  g 1 y 1 1 1 u 5  
o ' .

Cr t '  *  ] ig \  +  l c - l l r  los t  i x  met l ta t te  o r  e th r t t re i  ( ; )

stlt is ir,rldecl i.Is i.t ( 'ol)lter(II) spet:ies. To e.rplain the
cxpcrinrerrtr,r. l oltservlrt iotts, otte nittst rssttnie thet elt:h
of the rrtc con.rtlttts /, ' .3 A'; is mttch larger th:-rtr / ir.
' fhe nlpi t l i ty  of  thcse rer lct iot ts nr i ry be appreciatel l
i rv r ;onsic lcr i r rg thu, f  in less thtn 0.07 set: ,  the cycle oi
reections 2--t is rclteatecl nttrl)v t imes so thut the nleth-

-r- lcol lJrcr  intcrnrct l iatc c i t t l  s t tccessful [y ( :c)nlpete wi th
the rncthylntugttcsi t t t t t  rcr tgct t t  rvhose col lcol l t rat ion is
100 t inres greoter.  I r r  other rvort ls,  u, l l  of  t l tc  ret l t : t iot t -s
2--t nccd to bt: l,pllro.xinrltely 103 times faster than re-
tct ion I  rvhi t :h i tscl f  h: . rs I  hal f - l i ie oi  approximatel-v
0 .1  sc t : .

Thc foregoing cotts ic leru, t ions st tggestet l  the c lesir-
atr i l i ty  of  st t rc ly ing the reat: t ious of  the nrethylcopper
specie 's rvhich is postul l tecl  to be the react ive inter-
mecliate. lfetl i l ' lcopper mu,y be obtained as a yeilorv,
insoluble artcl u,p1-lri,rently polymeric, solid by reaction
oi  copper( I )  iot l ic le [or  other copper( I )  sal ts]  rv i th
metfry l l i th i t rnr  or  methylmagttesium der ivat i l 'es in
ether solution lt tenrper:.ltures belorv 0o.e The sanre
procluct mly be obtained less efficiently by the reaction
oi  rnethf  i l i th i r rnr  or a methylmagnesium der ivat ive
w' i th i r ,  copper( I I )  sal t ;  in th is case the f i rst  equivaletr t
oi orglnonretail ic rcugettt is oxiclized by the copper-
( I I )  - rpecies resul t i r rq in the format ion of  a copper( I )
-*r l t  rvhi t ;h then yielc ls methylcopper.e I f  the i l rsoluble
nrcthylcopJrer is treatecl rvith a secotrd ntolar equiv:.i-
le rr t  of  meth-vl l i th iunr,  a pale yel lorv to color less

( 8 )  ( i r )  L .  L  Z a k l r a r k i n ,  O .  Y .  O k h l o b y s t i n ,  a n t l  K . , \ .  B i l e v i  r c h ,  T e t r a -

I t e d r o n . 2 1 .  8 8  I  ( l 9 t i , l - r ) .  ( b )  L .  I .  Z a k h a r k i n ,  O .  Y .  O k h l o b y s t i u ,  a n t l  1 3 .  ) i .

s I r r r n i n ,  J .  O r g o n o m e l a l .  C h e m . ,  { ,  3 . t g  ( 1 9 6 5 ) .  ( c )  I n  a n  a p p a r e n t l - " -  r e l a t e , i

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

t r o o  o f  b e n z ] ' l r n a g n e s i r r m  b r o m i r l e  w e s  f o u n d  t o  e n h a n c e  l h e  d e g r e e  o f  d i s -

s o r : i a t r o n  o f  t h e  c a r b o n - t n a s n e s i u m  b o n d :  H .  F .  E b e l  a n d  R .  S c h n e i d e r ,

. l n q e , L ' .  C h e m . ,  I n t e r n a t .  E d .  l i n g l . ,  { ,  8 7 8  ( 1 9 0 5 ) .

t U )  ( a )  I I .  G i l m a n ,  R .  G .  J o n e s ,  a n < l  L .  . \ .  W o u i s ,  J .  O r y .  C h c m . ,  1 ? ,  1 6 : 1 0

( l U 5 l ) .  ( b )  I : o r  r e l r t e r l  s t u t l i e s o f  e t h y l a o d p h e n y l d e r i v a t i v e s o f  c o p p e r ( I ) ,

s e e  l l .  G i l n r a n  a n r l  . f .  I I .  S t r a l e r ' , 8 e c . T r o a .  C h i m . ,  ! 6 , 8 2  I  ( 1 9 3 6 ) .  F o r r e c e n !

s t r r , l i e s  o f  t l r e  t l e c o r n g r o s i t i o n  o f  t n e t l r l ' l c o l ) p e r ,  s e e  ( c )  C .  E .  H .  l J c r v n  a n , l

l j .  . , .  \ \ ' l r i t b r ' ,  , / .  C h e m .  S o r ' . . : l 0 t t t  ( l 9 t i o ) :  ( r l )  C .  C o s t a ,  : \ .  C a m u r ,  a n r l  I ' i .

\ [ r r r s r t l r .  . l  .  l t t , t r q .  . \ ' t t t l .  ( ' h e n r . ,  t 7 ,  ? 8 1  ( l 0 t i 5 ) :  ( e t  ( i .  C o s t a  u n r l  C .

l ) e . \ l t r ,  ( ) 6 1 2 .  ( ' h i n .  l t r l  . , 8 7 ,  1 2 7 : i  ( l U l - r 7 ) :  C h e n . . l b . : 1 r . ,  6 2 ,  l 9 { i 3  ( 1 9 5 8 ) .

Vor, .  l i l

etherel l  solut ion is obtairret l . , "  \ \ 'e consider th is solu-
t ion to contain t l  oomplex r i inrethylcopper( I )  ar t i t l t r
sut:h as 7. This structure is Dllclogous to other re-

(CFI3CLT)" + CII ,L i  = i  (CHr)rd(OEtl) ,  L i*  (6)

ported polyall iy' lnletcl attiotts.r0 The state of aggre-
gat ion and dcgree of  solv l t ion of  th is dimethylcol)por

species is not presently knorvn &nd the monome'rirr

clietherate 7 is rvritten for simplicity. Although we

huve been unable to find :l solvent for methylcopper
rvhich rvil l  permit measurenrent of the nmr spectrum.

the nmr data for the dimethl' l tropper anion and severll
rellterl compouncls &re summ&rized in Table III.tt

The nmr methyl signal for the dimethylcopper atrion

rem&ins sharp (half-banchvirlth 1'8 cps) even Dt rell-

t ively Iorv temper&tures. From this observation rrtrt l

the ih i f t  in both the methf  i  s ignal  and the t3CH

coupl ing colst i1nt  os ex(.ess methl ' l l i th ium is aclc let l .

rve conclurJe t [at  the et lu i i ibr i t rnr  represented in e([
(i l ies f1,r to the right; t l ie shrrpness of the signals ri lstr

lrgueS agli irtst, the l lresettce tl i  srtbstantial conr:entt ' l l .-

t ions of  paranrrgpet ic col tperr l l )  species in these solr t -

t. i91s. The subsetlrteptlv clt 'scribccl lolv order of I ' f '-

r r t : t i v i t y  o f  t l te  l i th iun i  t l i n re t l t y lcop l l c r  spec ies  n ' i t l r

t . i l r l ror l l ' l  fut t t : t , i t t t ts  i r lso i t l . l i t ' l t t ls  th l t  the equi l ibr i t rnr

posi t ior t  r t I  rct tct ion ()  l ies i r t r  to the r ight .

T . rsLr :  I I I

\ r t t t  l i . r r ' . r ,  ! ' ( ) t t  \ ' . \ l t l ( ) t ' s  l ) e t r t r '  r  r I v E S  o r  ] l s T H y L C o P P E R  I l i

E ' t ' t tu t t  Sr rL t . 'T IoN

C l r e m i c a l  s h i f t '

c p s  u b o v e  ( C H r ) r S i

( b r - r n d r v i d t h  a c

T t  r n p .  l r l l f - h e i g h t ,  J  t r c ' l t ,

. ( i  c p s )  c p s

( l r - r .  i lO  I  10 .  5  96 .  ;

R e u c t a n t s ,  c o n c n  t n

m o l e s  l .

] t e l i  ( t . { ? )

] le l i  (1  5 '2)  *  c t r l
( 0 . ; 0 )

\ t e l i  ( 0  20 )  *  C r r I
( ( )  r0 )

] l e l i  ( 1  . 63  )  *  C t r I
(0 5.r)

] te l , i  (0  20)  *  Crr I
( 0 .  067  )

6 6  1 0 3 . 5
62  (0  6 )
r j l  ( o  s )
6 1 )  5  ( t . 2 )

73 5 105
7 7  5  ( { ) . 6 )
7 s . 5  ( 3 . S )
7 rJ  (S .6 )

5 7',2 (5 E) +
112  (b r )

71  ( ca .  4 )  *
114 (ca.  9) "

3 6 . 5  I  1 3
5 0  ( 0  7 )
5 1  5  ( 1 . 2 )
{ 7 . 5  ( 2  { )

Cu. l';ll

').)
i  

-  . t . ,

i  - t i l  5

Co.
(
) -
t -
t _

] t e l i  ( 0 . ' l ( ) )  *  C r r I  -  t ' i t

( o  0 5 )

] I e L i  ( 1  0 9 )  +

n B r r r P C t r l  ( l  . 0 1 ) )  ( l a .  l j l )
: i l

] t e l i  (0  5 :J )  . t -  
- i r i

n B u r P C t r I  ( ( )  5 ; J )  _ ; ;

, ,  The ureu. i  t t t tc ie l  these tu 'o peaks &re approxinrale[- r '  et l r t rL i

. , ,gg.rr i , tg that  et l r r i l ibr l t io t t  betrveet t  a species havinq t  l t ' r

, i , l i7 f , i , ,n i " t ry '  ) Ier i r r -L i  
-  a^d nrethl ' l l i th i t rm hu beet t  retat ' t ic '1

l t  - 0 0  t o  - 7 0 o .

A secolcl methocl for obtaipittg atr ether-soluble clerir '-

ut ive of  methylcopper consists of  adding I  equiv of  t | i -

n - b u t y l p h o s p h i n e . T h i s p r e p l r a t i o n i s m o r e c o n \ . e l I -

( 1 0 )  ( 8 )  C .  R e e r m a n n  a n t l  K '  C l a u s s '  A n g e w '  C h e m " T L '  6 2 7  ( l 9 5 U t :  ' b t

l ) . , I . P o s t o g n t l R . S n y , t I e r , J . o r g . C / r e n r ' . 3 0 , 1 6 3 { ( 1 9 6 5 ) ; ( c ) G , \ \ . i t t r i I .

1 " .  , 1 .  ] l e v e r ,  s n . i  G .  L a n g e ,  l n n "  6 ? 1 '  l t i ;  ( l U 5 l ) '

( l  l )  T l r e s e  s l l e c t r B  r r e r e  ' l e t e r t n r n e ' l  b t '  J I r '  R o g e r  ' \ '  L s t l r a r n  l I l  r ' ) r i t

l l  b o  r u  t o r t e s .
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ierr t ly  ef fee ted bv rcu,ct iot t  of  I  t t to lc cr l r t iv  of  nrethyl-
l i thiunr rvith I rnole crluiv of the tri-n-but1'lphosphine
r;onrplcx of  colrper( I )  iodide in ether solut ion.  Ethereul
solut ions of  th is phosphine complex,  l i l ie solut ions of
the l ithium clinrcthylcopper, cre essentially colorless
tnd arc stable rt lenrperatures of 0o or less for at least
several hours. One possible structure for this phos-
phine complex ut i l izes the t r ia lkylphosphine rs one
ligand and solvent molecules at the reinaining coordi-
nat ion s i tes of  the copper( I )  species as indicated in
structure 8. In the absence of information rr,bout the
extent of  aggregat iotr  a l rd solvat ion of  th is mater ia l ,
rro firm proposril for the structure of this complex can
l ;e of fcrecl . I :  The data for  the nmr s ignal  of  the
mcthyl  group is prcsert ted in Table I I I .

?*r'
(CHrCu)" + (ru-Brr)3P 

; f r  
(n-BrrhPCrr(OEt, : ) :

8

Tl ie corr jugl te ldcl i t ion product 4 \ r ' r ts essent ia l ly
the only rnrter i r l  isolrr ted f rom react ions of  methyl-
coppor or i ts r ler ivat i " 'es 7 or 8 rv i th thc unsl turatecl
kc. tone (T:rble I I ) .  In certr i in of  our elrr i ic ' r  exJrer i -
nrents,  thr :  d iat ld i t ion prot lur : t  9 rvrs l  s igni f ic l rnt  by-

I I , ( )  C I I r l l s . \  H , O
s t r r - r l u te  r r t t i g  t  [  - -1  (C I I r ) !C I IC I ITCOCI IT  -+  ->

4

( C I  I , ) , ,CTIC I  T. . ,C( C I  I I  ) r

n  
u t t

proci t rct  fornrer l  i r r  r :cr tu i r r  re lu; t iorrs.  Tlre forntat iorr
of  th is mlter ie l  * ' ru shorvn to occur r lur ing the isol l t iorr
proceclure in w'hi t :h the excess orgrr lometal l i r :  rergent
rvls h1'droll 'zcrl l iy u,tldirrg rvater to the ethereal rerc-
t ion nr i .xt t r re.  Hyr l ro lysis of  the en<l l l te 6 to fornr thc
I tetone 4 w'u.s obviousl-v or:curr ing rvhi le sol l le ruethy[-
nr: ls{nesiunr spccies \v l rs st i i l  presett t .  in thr l  re l rct iot t
mi.xture. \\ ' trcn the isolrt ion prot:eclttro \\ 'rIS alteretl
so that the etltere:l l reat:t ioIt solufion wrls arlcled to
rvater rvith vigorous stirring, the by-product 9 rvas no
longer present. A re:r,ction rvith the phosphine conr-
plex 8 in the florving-stream re:.rctor clemonstrated that
this copper re:-rgent did indeed unclergo the antici-
pu,tecl. very rapid conjugate addition to the unsaturateti
ke tone l .

Thus, the gross ef feet  of  copper( I )  in catalyzing
conjugete acldi t ion is explrr inecl  by the inten'ent ion of
l  methy'copper c ler ivat ive (presumably of  t t re type
7 when a, catall ' t ic amount of copper is employ'ecl)
rvhich is formed and regenerated rapidly and rvhich
reacts rapicily rvith a conjugated clrbon-carbon
clouble bonr.l. Horvever, our attention rvas attracted
to thc reecti 'u' itv of the v:.rrious methylcopper deriva-
t ives rv i th c l rbonvi  funct ions by the observat ion that
l ioth the unsatuni ted ester 10 and the t :orresponding
lc id t  I  (proclr tcer l  us inci icated in Scheme I I )  f l i led
to react rv i th the l i th ium cl imethylcopper reagent in any
sense: horvever, the rela,ted unsaturltetl ketone 12 did
give the conjugu,te aclclit ion product l6 rvith the reagent.
Subsequent stur-ly clemonstrated that the ketone 4

( 1 2 )  . \ n  \ - r a y  s t r r r c t r r r e  d e t e r m i n a [ i o n  f o r  t h o  c o p p e r ( [ )  p h e n l ' l a c e c y l i d e -

t r i m e t h v l p l r o e p h i n e  t : o m l r l e x  i n r l i c a t e d  i t  t o  b 6  a  ! e t r a m e r :  G .  E .  C o e l e s ,

P .  \ ! ' .  R .  C o r f i e l d .  C .  I ' u r k i n ,  a n t l  I I .  ] L  l t .  S h e u r e r ,  c i t e r l  b y ' R .  G .  G u y  a n t l

U .  L .  S l r a r v ,  . l d t a t t .  I  t r c r q .  C l n m .  R a d i o c h e n , ,  a ,  l W  ( l 9 t i { ) .

l 'ur  CHTTIISTRy or Clnu.rNlors.  XI I

Scrru^rrr ' :  l l

,,a?
t-Bu{ FO + (EtO)zP-CH-COrEt -

\-J 
Na*

l. NaOH, H,O
r'Bu{ FCHCosEt -*

\-/ 
' 

2. H,o'

l 0

6 l f  f  I

e-Bu{ pcu-co,H sff#* e.nu{ pcH-cocH,
\-J 

Pttv 
\--l

l l  1 2

r-Bu{ )-cs,-cocu3 r-Bu{ FcHco,cg,\-/ \J
l 3 l 4

l 5

,-eu--CHCoCH3 +
\-/

t2 2a,

d ,

t 'Bu{ pCH-C(CH ,
\-/ |

1 7  0 H

l .  cFrcorH 
>

2.  NaOH, H,O

H
l 6

,-t'{-cH2co2cH3

cH3-M

M - MgBr
M -  

- C u C H , L i *

t'Bua.lacu?cocH3 
r

H,. \ -J 'CH,

t 6

cH:OH

CH,
t 'Bu

l 8

fai led to react ei ther rv i th a suspension of  pol"vnrer i , '
methylcopper or rv i th a solut ion of  the phosphine colr l -
ple.x 8. Furthermore, the reection of the ketone 4
rvi th the l i th iunr dimethylcopper 7 to form the alcohol
9 rvas a relatively slorv process, only :)L/s of the ketottt

(CH' )TCHCH:COCH,  +  L i * (CHr) .Cr t -  ry  g

4 7
( C H ' ) T C H C I I : C ( C H r ) :  *  o t h e r  p r o d t t c t .

J"
9

4 hrvirrg been col lst tn le( l  at ter  2 min.  Since thc t ' r : rLr ' -

t ion of  methyl  ketones sueh es 4 rv i th methyl l i th i r tpr
is complete in less than 1 sec (c/ .  Table I ) ,  th is observrt-
t ion re( lu i res th l t  the aiorement ioned equi l ibr i t r r r r
mi.rture obtained from methyll ithium and methylcopl-le l

must l ie far  to the r ight ,  so that  the concentrat ior t  , t

free methyll ithium is very lorv. In a similar reactioti
rvhere the ketone 4 rvas treated with the reagenb pre-

parecl fronr I mole equiv of cuprous iodide and 3 nrgltr

equiv of  methyl l i th ium, the reuct ion to form the alcolrei
\vi.rs colnll lete in lc'ss than I nlin. Consequetttlv, \\ '( '

3 l : l  l

CH,COCH.

,",p'n'
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CHsM

CHs

21b

I
H

(CH')rCH

20

H.  OCOCHJ
b:i

(CHr)rCHl 
tCH,

24

,CHZ
(CHo)TCHCH'C.

bcocg'

AcrO

(CHr)zCHCHzC(COCHT)z

"t /cH3
C:C.

(cHr)rcHl 
\ococH,

23

H,cocHr
. ,c:c.
CH{ .H

K ,CHt
\n-r{

P-\
(CHs)zCH' \O -

M1-
20

CHrM

I
Hr ,O- 

M+

,c:cr,
(CHI)?CH' CHr

, ,

(C H') rCHC l{rC:CHr
I

o-  M+

25a

\ /CH'
F:c'.'  

b - M +

have no firm eviclellce requiring the existence of s'rl

., i"tf iUtitm of the type i l luitrated in eq 7 although our

L i * (CI I r ) . :Cr r -  *  C I ITL i  -  2L i+ lCHrhCt r2-  (7 )

nmr clafa (Table III) rvoulci be consistent with such a

process.'- 
ih. foregoing results demonstrate that methyltropper

"nJ 
it, cteiivatives 7 and 8 have the abil ity to reaci

t..y rlpiclly rvith conjugatecl carbotr-cDrbon double

u o . ' . l s w h i l e a t t h e ' * ^ . t i m e b e i r r g e i t h e r i n e r t o r
relu.tively unrettctive torvard' carbon-oxygell double

bolcls. Treatment of laphthalene rvith the phosphine

;;;tpl.- 8 r,^cl treetnrent of norbornenel3't{ rvith either

the phosphine complex 8 or the l i th ium dimethylcopper

7 yielclecl no proclucts corresponding to the addition of

a methyl group to either naphthalene or norbornene'

I t tnougn Ihis 'matter is current ly bei .g invest igr ted

n'ror. i 'horoughly, it rvould &ppear thet the copper

(13)  Cer ta in  l i th i t rm reagents  have been repor ted  to  edd to - the  s t ru ined

earbon-carbon dotrble bond of norbornene U' E' lvlulvaney and Z' G' Gerd-

l u n t t .  " f .  O r s .  C h e n . , 3 0 '  9 1 7  ( 1 9 6 5 ) l a n d  t o  n a p h t h a l e n e  U '  A '  D i x o n '  D '  H '

F ishmen,  and R.  S '  Dut l invuk  '  Te t rahcdror .  Le t te r t '  No '  l t '  613  (196 ' { ) l '

( t { )  An  iso lab le  complex  o f  norbornene ond copper ( t )  ch lo r ide  har  been

repor red  by  D.  I i . , \ rno l t l ,  D '  J '  T reeker '  and E '  l ] '  \ \ ' h ipp le '  J '  Am'  Chcm'

^Jor..  E?, 259tj  (  I  U(iJ'r) .

26

reagents acld relcli ly only to certain cllrbon-carirrttt

**Iripf. boncls rvhitih are part of conju$lted systents'

It shoulcl be .otecl i. passirig that the preformed copl)('r

' . " g . ' ' o z a n d 8 o f f . ' c o n s i t l e r a b l e s y n t h e t i c u t i } i t r -
i"1irt it rvoulcl be practical to add these copper derir-I-

t ives to the carbo,,-t" 'bon double bond of a eon'irr-

s r t e d k e t o n e s e l e c t i v e l y r v h i l e u n p r o t e c t e . d . k e t ' n r " '
7rr'ri , ,, 

'ro-,ltrorytt, 
acitl funclions uere present in the Eo///r'

""l,ir?ti;*t turnecl our ettention to the question.oi rrrn'

the methyl group is transferred from a methylcopl)('r

J.ri ',, 'rtio'L to tn" p positio. of an c''-unsatureteci k.-

tone. fn" 
"rgu^t"tt 

fot ancl against a. cyclic trlt l lsi-

t ion state (as in 1g) for this proceis have been rer-ieri ' t" i

elservhere.: '54'im Our recettt studies of the stef t 'o-

c h e m i c a l i r r t e g r i t y o f l i t h i u n r e l l o l a t e s i n t h e & b s e t t r . r '
of proton-aortri i"g molec.ulests suggested a procetlttt ' ' '

,"ni.n would prov"ide a direct mecsure of the st()r(",-

.t ."i irtry of 
'conjugate 

aclciit ion. As i l lusf retetl rrr

scheme I I I ,  th;  ;y; l t ;  t ransi t ion srate 19 in rvhi t 'h t i t , '

m e t a l a t o n l i s - p a r t i a l l y b o n c l e c l b o t h t o t h e l e | I r ' i I l g

(  l5 )  (o )  H.  O '  House snd l ] '  I I '  T ros t '  J  '  Org '  Chcm"  30 '  l3 {  I  '  ' ' r ) l

( l l l t t5 ) i  (b )  H '  O '  H" t t *  end V '  Kramar '  ib id " ' t '  3362 (1963) '

25b

ScHevr I I I
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l lkyl group lnd to the carbonyl oxygen atom requires
the exclusive format ion of  the c is-enolate anion 20.
rvhercas tny etldit ion process such as 2l rvhich does
not require partial boncling of the metal atom to the
carbonyl oxygerr should lead to zr mi.xture of the trans'
(22) a"nd cis- (20) enolate anions. Since these enolates
20 arrd 22 are procluced in the presence of excess org&no-
metall ic relgent, each anion should retain its stereo-
chemistry ancl could be acetylated to form the cor-
responding enol  acetate 23 or 24.t i  The equi l ibr ium
mixture of the corresponding potassium enolate anions
in 1,2<l in iethoxyethane (DIIE) is knorvnrrb to cont l i t t
l87e of the cfs-enolate 20, 7To of the trans-enolile 22,
and, 7it/6 of the terminal enolate 25a; conseqttently,
any equil ibration of these enolate anions rvoulcl favor
the cis-enollte 20 ancl, l lso, eoulcl be detected by for-
met ion of  the.  enol  acctate corresponding to the terminal
enol t r tc 25a.

The results of this errrl several reli l tecl expcriments
rre sumnirirized in Table I\ ' . l irom thc'se data, one

T.\sLn IV

Pnr:p.rn.r 'r tor- . \ .r-D r\cETt' t  .r ' r loN ()F run Elou.r 'nn A.rtoxs 20 . lxn
22 I)e rrtvnD rnolr - l- ] [srHvL-3-ps], ir .r .vosn (4)

Y i e l r l  o f  - P r o r l u c t  c o m p o s i t i o n ,  ! 7 a -

r c e [ ! ' -  c r s -  l r a n i -

l u t e t l  E n o l  E n o i

e n ( ) l u t e s ,  t r c e t { r t e  i r c e t l r t e  r l i k e t o n e

St- r lvent  ' i ,  23 24 26

Err ( )  o l i  2 ( i  i l )  l ;

Et:r() 72 3(i  3 01

Et : ( ) 12 Ca. 8;l L'u,. I Ca. ii6

I inol  lcetr t t tsb +

I te l i  l i t , , ( )  t -2 7 '2 22 ( i

D r ro l  r ce t i l t es "  +
) l e \ [ g B r  E t ? ( )  7 r  - 1 9  3  4 S

"  A  m ix t t r re  o f  e t to [  ace ta tes  con ta in ing  S f  i  o f  t he  ces  i somer
23 end l9( l -  of  fhe l ran.s isomer 24 w:r^s added to 2 et l t iv  of  the
r r rq r r romet l l l i c  re lge r t l  ( c f  .  re f  l 5 ) .  b  A  m ix t t t re  t t f  eno l  aee ta tes
corr ta in ing 7i t l1 of  the ces isomer 23 and 25176 oi  the l rcn.s isomer
24 rvus added to 2 er l t t iv  of  the orglnometal l ic  re:rgent .

c&n conclude a minimum of 69/6 of  thc mixture of
enolate ln ions 20 and 22 procluced from react ion of  the
unsr-r,turated ketone 1 rvith l i thium dimethylcopper (7)
is t lre trans isomer 22. This constitutes rJirect erperi-
mental praof that at least 69/6 oJ' this conjugated addition
did rt,ot proceecl uia the cyclic transilion state L9 and rve
see no re&son to suppose that any significant frection
of this reection proceedecl by such a pl,thrvay'. At-
tenrpts to perform nnalogous exper iments rv i th methyl-
masnesium brclrnir le,  e i ther rv i th or rv i thout the aclc l i -
t ion of  r r  cotalyt ic amount of  a copper( I )  spccies were
r:ompl icater l  in the lcety lu, t ion step by the formlt iotr
of  substant i l l  emounts of  C-acetylated product,  the
di l ietone 26.t6 Orient ing exper iments in which knorvt t
mlrtures of thc enollrte anions 20 and 22 were generated
fronr the enol u,cetatesrs 23 and 24 demonstrated that C-

(16)  The spec t ra l  p roJrer t ies  o f  th is  p roduc t ,  descr iber l  in  the  exper imen!a l

sec t ion ,  r re  no t  in  uccor t l  rv i th  the  recent  c la i rn  the t  ih is  p roduc t  ex is ts  as  a

nonc l re lu te , i  ! ranr -e t ru l .

Tns CHnIt ISTRy or C.rns.r ,Nloss.  XI I
. )  r  o . )
, )  t , ) .  r

l r t ' -r 'Ll t ion rvu.s f : l 'u 'ored sl ightl l ' l t - . ,"  thc t lse of ether r l t l tct '

than 1.2- r l in re thox-vethr r l re  r ls  e  so lvent  a t td ,  espec i l l l l ' ,

b-v the presence of nrlgttesit tnr r l l ther thtrt> l i thirtnr ts

the r :ounter  ion o [  the ent t l l te  r tn ion.  A l though th is

phenomcnon is  o f  in terest  in  eont tect io t r  rv i th  our  eorr -

cr r r rent  s t t tc l ies  o f  eno l t te  r l t l io t t  re l lc t ions and rv i l l  b t '

r l i scr rssed e lservhcre.  the fornr l l t ion o f  predonr i t t l r t t I r '

the C-a ikv l ru te t l  pror luc t  rv i th  the nreth ,v lmagnesrr t t r r

der ivu, t ives in  the present  s tu t ly  pro ' " 'ed to  be pur t l ( ' l t -

la r ly  unfor tu tur te .  l 'e rus l t l  o f  thr r t  data  in  Table  I \ '

reveels thrrt ntore h'ans-enttllrte 22 Lht"n cis-enolatc 23

is  eonver ted to  the C- t t ty la te t l  pro t lu t : t .  Consequent l l - ,

although i t  w'otr lcl  &ppe:.rr thrrt  the l , 'o; ' ls-enolate rt t t tort

22 is  fornred in  subst tn t i r r i  ln lo t t t t ts  in  a l l  c&ses,  \ \ 'o

er rn  prov i r le  t tnr rn tb ig t to t ts  proof  for  th is  contet t t io r t

or r ly  in  the re lc t ion o f  t l t t t  t t t ts t r t t t r t l tec l  I ie tor te  I  n ' i t l r

l i th iLrnr  t l in re thy lcopper .  Ht t tvever .  i t  should  be t to t t r r l

th l t  l r ,  n . r 'ont  p t rb l ic l r t io t t r i  t le -s t r r ibes t r lpp ing the er ro-

l1 [e  l r r ic l r rs  f ront  bet tz r tv l t ' r ' c l t lhc 'xet re  l t tc l  phenv l t t t l t r l ' -

nes i t r n r  b ron t i r l e  b1 '  l i t ' e t 1 ' l r t t i o r t  t o  f o rn r  a  1 :1  m ix t t t t ' r '

o f  the c ' r ro l  lcc t r r tes  27 l r t t l  28.  Th i .s  ohserv l t io t t  l i l te

or l r  o \ \ 'n  c leur ' I f  is  t to t  t :o t t t l t r r t ib le  rv i th  t i  eyc i ic  t r l t t ts t -

t ion s t lL te  r r rurkrgor ts  to  l9  (n-h ich n 'ou l . l  h r rve lc t l  t ' x -

t : l t t s i v t ' l v  t r t  t l t t ' e t t t t l  l l t ' c t l f i e  27  i n  t h i s  c rne ) '

a ,Yco-Ph phrrqBr
l l i -

I r i i l g l r e J l t l t l l  
A c , O

e t r r r l l t t e  l t t t i o t t  
- - - - +

I leuc t r tn  ts

U r r s r t r i  k e t o r r e  I  *
L i  f J l e r C r r -

Unsu td  ke tone  I  *
) t e l l g l l r  *  I

mo le  ( ' . ,  (n -Br r ) r

P C r r I

Unsa td  ke tone  I  *
] l e l l g l l r

Dno l  cce t r tes ' r  +
] l e L i

Ph
I
c .tococH, +

Ph
27

ococHl
I

a/\y''C-Ph
t l.*pn

28

\ \ 'c h:xl l toperl r l l . -so to l t l l t ' t t  i ront thc l l forenretl t iott t :r l

e r r r l l l t t c  t r l t p l l i r r q  t ' . l 1 l c t ' i t t t t : t t t s  r r ' l t t : t hc r  t he  cOn j t t { l L t r '

l u t [ r l i t i on  o f  n re t l t y l t ' op l l e r  r i e r i v l t i v t ' s  and  me t l l l ' i -

r l luqpcs ln l  r . le r i 'u 'u t iygs l t i tye  r l i f fe161r l t  s tereOchent i , ' :L l

1 . , , ,1u i . , , , r rcnts .  \ \ ' r '  i r t r l  r l l l t l t i r ter l  t i re '  S&Ine Ster to-

is , t r . , r , , r  ( i l t ro t l r r r : t i r tp  t t f  l l r t  rx i l t l  p Ic11 '  group)  i r t  p t ' r l -

r . io r rs  r t ' l l t ) t io t ts  o f  At 'e- r lc t l t l - l - r l t rc  r l ' i th  e i ther  a  phe 'nr - l -

r t r l rgnes i t tnr  or  : I  l theny ' lcoppt l r  r le r ivet i ' , 'e .3 t  S inr i l r r r

. , , r , i l t .  I l r -e  beel  obta i r re t l  f  i t I  n le th l ' l  der ivc , t ive 's . I r ' I r ]

Al l  oi  the l l l to 'u'e'  stt tr l ies strfTer fronl the disadvalt l tqe

thut  t [c  s ] 's ten ls  s t ru l ier l  g1r 'e  s ig l i f i c ln t  amounts  9 i

o1 l1 '  one o i '  the tw 'o  pgss ib le  s tereo i - .on ler  adducts  ar t r l .

, , ,r ,r . . .1,, .rrt11',  nt,1y irot hl lr-e beetr sensit ive to snrrr l l

s ter i t ,  r l i f fe re t i t 'es .  The f i rs t  c ienronst re t ion that  t l t t '

s ter ic  re t lu i renre. t ,s  i t re  c l i f fe rent  ior  the con ju{ r r tc

lu,clcl i t i r tp of phcnvittuit{ t tesit t tu lncl phenylcopper r i t ' -

r iv t t i r -es  r r - " ,  1r . , r r : i< ler i  in  u  - : t t t t lv  o f  l rs l 'mmetr ic  in t l r r r ' -

I r | - -

w
CH3

a\l/'Y,o
t l lw

HH
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t ion by ltrottl 'e l.t l  \\:., l l lorsli-"- ':0 A second example

oi thi; pherri lprcp,rl ' lppetrrs probl,ble i* the recent

rvorlt of Jlrrshrll u,trcl Attdersott.]t In i]n effort to

fi l t l  rr system rvherc rve cottlt l  study this phenomenon,

*-, pr.p,r.ecl the rtnsaturatecl ltetone L2: earlier studies2'r

of  ihe ldcl i t ior t  of  methyimlgnesiunr r ler ivat ives to 4-

l-brrtyft 'ytrlohexnrtolle suggestecl that rve might expect

l i t t le pieferen..e lor  at t lck of  methylmDgnesium de-

rivati ies either cis or lra'ns to the /-butyl group. I.

prrr,ctice. reuction of the ketotre 12 rvith methylcopper

i"ntt.r in catalytic or stoichiometric amount) yielded

a single stereoimmeric l ietone l6 &coompanied by smal l

en1oii,rts of the ak:oliol 17. The configuration of the

ketorre I6 \\,r. l,s determiled by clegrldlt ion to the

knorvn:: alcohol 18. unforttrnatel-v, our plan lvas

thrvl,rted at this poipt bet:1ttse the relction of the un-

saturlted l ietole 16 w'ith nlethylmlgnc'siutn bromide

f*u.  onl l ' thr , : . i l r :o5ol  l7;  no r :onjugl te adcl i t ion prodttet

iO , ,oul , i  be r leter. tcr l .  Colsequel t ly ,  \ \ 'e rre unable

to ellborltc o1 tf ie cliffttrcnt:L' be't lveell eoljugate addi-

ti91 of l l l tvlcopllt ' t '  trttcl all iylniugncsittm derivatives
gnt i l  u n)orL,  sut isfut ' torv svstenr for  st t t t ly  is  founcl .

Al t Io1q[ t l r t ,  r t fot 'err iet t t iorret l  t l l t l r  oxt ' l t t t le a r '1 '<: l ic

l.- l-rt lt l i t iol I) l '0('css l ls t he pretlouritttrttt pirthrvly

.  for  t [c t 'ot t i r rgrr tc l r tk l i t iorr  t l f  orglr t to( 'o l ) l ) ( ) r  t lonrpouncls,

thr '  l tossi i r i l i t t '  r t ' t t t : r i t ts  t t t l t t  fOrnt l t i r l t t  r l i  l r  r :oort l inA-

t io r r  t .onr l l l t ' x  | ;1r f  11 '1 '1r11 t l tc  t ' t l t t j t tUt tc t l  o lc f in  lnd the

ofgu lO( lop[ )cr  r ' ( ' t rqcr r t  is  l r t t  in rpot ' t t t t t  f i rs t  s tep in  the

lc . l rc t io , r 'p l th .  
' I ' l r t l  p re- {e t Ice < l f  e i t l r t ' r  escess t r i -n-

bu t v l t r r hosph ine  ( ' I ' e i r l t j  I )  o r  py r i t i i r r c  (T l l b l e  I I )  i n  t he

r.. , , . t ibn ni i*t , , . , ' ,  hlcl  t to observetl  t l f fcct t l though these

I t l t l i t i ves n t ight  l r t :  expet : te t l  to  ront l l t : te  u ' i th  the un-

s l t t t l i te t i  l tc t r l r te  for  t r< lorc l i t r t r t ion pr ls i t i r l t ts  on copper '

. . \ 1 . - o .  * . e  r . r l r t l r l  r l i s . t , p r  r r 6  cy i r l p l t , r '  f 6 r  t he  f o rn ra t i on

9f  1 ,  co l t l te r ( I ) - l ie tone conl l l l cx  f  ront  exanr in ing the in-

in t re t l ,  nn l r ,  l r t t t i  t t l t r lv io lc t  spect r lu  o I  e t t rer  so lu t ior rs

co l t l i l i l g  t [ e  hc to r re  1  t i l t l  t h t :  ( ' oppe r ( I )  i od id r

t r i - , -but1- lp l r6sp i r i r rc  t 'onr l l lex .  . \s  r t I I  hypothes is  to

gr r i r le  fu i t i t , r r  rvgr l i .  \ \ 'g  r l ro  l t16t t rp t .e t l  to  suggest  th l t

t hc  reu r , r i o r r  ( ) i  n te thv l t ' op l ) e r  N ' i t h  t he  unsa tu ra tec l

l ie to le  i r rvo lves e i ther  I  p l r t ia l  or  cornp le te  e lect ron

t*i .sfer t<l fornr either I  chlrge-trattsfer eompiex or

t f ie  igp r l r l i r :1 l  29.  Subsec luenl  t ra ls fer  o f  a  methy l

nrc i i r . r i l  f ronr  a  t r lns ient  nrethy l t 'opper( I I )  spec ies 30

9r  r :o l l l rpse of  the r : [ l rge- t runsfer  eomplex lvou lc l  eom-

p le te  the ac lc l i t ion seqt te t tce.

CHTCHCH:CCH3 * CHrCu(tr)"' t
o-  30

2s (8)

ScHnvn

-4\- 4,
|  i l  l  r + c H r M g B r
t u t - u
v 'li

o
3 l

I  L i ' rcH, l rcu 
-

I

-..A t^-

f il-T- ll + other products
<-\- -A./Y . T

o-
+

L I \

3 3 \
> . . . H o . - 3 1  + 3 2 +

copper (7) yielded a cleep greell solution &s soon trs

the relgents tvere mixed. T[e color of the solution

,r,", ,"pT,lly discharged on acldit io. of air or rvater attt l

the electron spin i.rono,r,,u (esr) spet:trunl33 of thtl

sol t r t io l  waS gopsistel t  rv i t [  the presel lce of  an at t iot t

r : i t l i t .u l  sut .h ns 33; the s&me r: . t t l icr i l  species appelret l

to result from reactiott of an ethert'rt l solttt iotr of f luole-

pole rv i th l i th ium metal . r {  H1' t l ro lv '* is of  the greerr

solrr t ion obtainecl  f ronr f luoret tot te rr t r t l  I i th ium ci imethyl-

r .o l lpert l )  u, f forr lcr l  u mixt l l 'e t r i  f l t toret tot te (31) al t i

th l  r i ,k ,ohols 32 ancl  J{ . : r r r  The f lct  that  & radict l

r i r r iorr  rvts observer l  does not.  of  cot t rse,  prove that i t

\ \ ' rN at l  intermedi l r te i r r  the aclc l i t iot t  re l t : t iot t '

In a.  u l r : i l lary exper imel l t ,  \ \ 'e t 'xaminecl  the react ions

of the t r iphcnl ; l  ketone 35 (Sr,hcnre V),  rv i th methyl-

I V

Et ,O

Pn,AcH,{i-qt
( l
o

r_...1
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-lt)Itte evitletrt 'e ftrvoring this idel' rvu's found in the

reut. t i ( )n of  I i th i r rnt  r i inre ' thylcopl l t : r  (7)  rv i th f luorenone

(grI  (St ,henre,  I \ ' )  i r r  ether solut ion.  Al though the

Ir lc l i t io.  ' f  f iuorerut .e to l t t  etherel l  solut io l  of  methyl-

pr lg 'esiunt bropr i { r .  resul ted i r r  rapid addi t ion. to form

the uir :ohol  32.  th is re: , rct iot t  $ ' i th l i th ium dimethyl-

Ph3c- cH, -c(cH.)z

I
OH
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l l .  ]1 .  \ l ' a lborskv ,  . . / .  ( ) rs '  C t rcm' ,  27 ,  2706 (  1962) '

rn , l  N .  l { .  . \n r le rson ,  i t t id . .3 t ,  t i t iT  (  l96 t i ) '

run , l  , \ .  F i rng ,  to  be  p t rb l i s i red '

-r

CHt-  M*

, - ' * * " i n < l e b t e t l t o P r o f e s s o r K e r r l ' I 3 . l r v e r s g u d } I r . P e t , e r L e h m l o
for  these measurements '

(2 { }  (8 )  For  a  rev te rv  o f  ear l ie r  rvork  and a  ' - l i scuss ion  o f  the  t rans fer  o f

e lec t rons  f rom carbun ions  io  t tnsa turs te t i  s ! ' s tems '  see  G" \ '  Ruas€ l l '  E '  ( ' ) '

J a n z e n , a n d E . T . S t r o m , J " l m ' C h e n ' S o t : " 8 6 ' 1 8 0 7 ( 1 9 6 ' t ) ' F o r s t u d i e s o i
t h e f l u o r e n o n e c n i o n r a d i c a i , s e e ( b ) \ \ " 8 ' l l a c h m s n n ' r b i d " 6 6 ' 1 1 7 9 ( 1 9 : t : t t :
i . l  f f .  g .  l l e n t  a n t l  , \ .  J .  H a r r i s o n '  t h i ' | "  5 6 '  9 t i 9  ( 1 9 { { ) ; ( d )  D '  J '  } [ a r a n t z

a n d E . \ \ ' a r h u r s t , T r o n c , F o r o d a y S o c " 6 l ' 1 3 7 ' - r ( 1 9 5 5 ) ; t e ) l J ' J ' ) [ c C l e l l a n ' i '
i h i d . , 6 7 , l ' 1 5 8  ( 1 9 6 I ) ; ( f )  A '  l l a t h i c s s n d  [ i '  \ \ ' a r h u s r t '  i b ] d "  t E '  9 { E  ( l 9 t i l r :

i * l  i .  i '  Car te r ,  B .  J '  l t cC le l lan t l '  and  E '  \ \ ' s rhurs t '  ib id "  t6 "155 ( lg t jo ) ;

( h ) V . ) I . K a z o k o v a a n d Y ' K ' s v r k i n ' Z h ' S t r u k ' K i i m " t ' 5 3 6 ( l 9 t j : ' l i :
( i ) P . 8 . . { y s c o u s h a n t l R ' \ \ ' i l a o n ' J ' C h e m ' S o c " 5 ' l 1 2 ( 1 9 0 3 ) ; ( j ) N ' H i r ' - t t a

and S.  I .  \ \ ' e issmun,  l to l '  Phus"  6 '  537 ( l9 t j2 ) ;  (k )  N '  H i ro ta  and S '  l '

\ \ ' e i rsmen,  J .  .4n .  Chem'  Soc ' ,  t6 '  2537 '  2538 ( l98 ' l ) ;  ( l )  R '  Deh l  and G '  I i '

F ' r c e n k e l , J . C h c m . P h U r ' , ! 9 , 1 7 9 3 ( l g d : ] ) ; ( r n ) l ' D ' ] l o r o z o v a a n d ] [ ' 1 " '
Dvatk ins ,  Dok t ,  Akod"Vau*  S 'SSB'  1 t6 '  8 :10  (19 t i : l ) '

+  
(CHr )2CHCH:CCHr  

(9 )
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( : ( ) )  \ ' .  l n o t t v e  : r n , l
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r l J r  l ' .  [ ) .  G r e c n e
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lithium and rvith meth-vlmagnesium bromirle. It rva.s
our thought that, if the intermediate ketyl rvere formed.
it might fragment as inclicu,ted at a rate conrparable n'ith
the addi t ion of  & methyl  group.ts Horvever,  in al l
eases examined, the expected acldit ion produet lvrs
formed in gre:,r,ter than 90% yieltl ancl no evidence rvas
obtained for the presen('e of a triphenylniethyl carb-
anion or free radical.

Experimental Section:6

Preparat ion of  Star t ing Mater ia ls-Etherel l  sohrt ions (ap-
proximateiv I  J I )  of  methl ' lmagnesirrm bromide,  d imethl ' lmag-
nqsi  um (  f  rom dimet h1' lmerr :ur_v- ) ,  and met h-v l l i  t  h i  um (  f  rom met h1- i
bromide) were prep&red and standardized (wi th phenyldimethl , l -
s i ly l  chlor idet  u previorrs iy descr ibed.2 ' :7 Arr therr t ic  .samplas of
the ter t iur- l '  a l l -v l ic  . r ieohol  3 and the satrr r t ted ketone 4 were
dercr ibed previorrs l r ' .b The prepar l t ive route,  oxidat ion of
l ran.r ' - I } -penten-2-ol ,  r rsed previr l r rs l ,v2" for  the rrn.satrr rate<l
ketrrne I  g lve r  crr rde prot i r r r : t  which wa.s d i f f i r : r r l t  to separate
f rom sml l l  amor rn ts  , r f  t he  s t l r t i ng  t l eoho l .  Consec l r ren t l l ' ,
th i .s  ketone I  was srr l>set l r rent l_r '  prepared bi '  r r  \ f  i t t ig  re lct iorr .
I n  r r  t y ' p i ca l  n rn ,  n  so l r r t i on  o f  1 )1 .5 { )  g  (0 .21S mo le )  o f  acen ' l -
me thv le r re t r i phen-v lphosphor r r re  In rp  205-207"  ( l i t . tE  mp 2 (XF-
l ' l l ( ) " ) l  i n  ; i (X )  n r l  o f  me thv lene  r :hL r r i r l e  wr r . r  t re t ted  rv i th  I
so l t t t i on  o f  2 i r  g  (0 . i r7  mo le )  o f  ace r l l dehvde  in  5 ( )  m i  o f  n re th r - l ene
chlor ide.  . { . f ter  the solr r t iun hl r l  l ;een ref l r r .xe<l  for  t i  hr  arr t i
t hen  l l l rwed  to ,s tu ,nd  fo r  t i  h r ,  t he  so lve r r I  wLr  d i s t i l l ed  f ro r r r

XI I ' )  1  ' )  -
, )  I  . i .  )

t h e  m i x t r r r e  t h r o r r g h  l n  S ( J - r ' m  V i g r e r r x  e ( ) l u m n ,  a n d  t h e  r e s i r l r r , '
r v t . s  r l i l r r t e r i  r v i t h . l 0 (  )  m l  o f  t r l en tu r re .  A f te r  the  e r . r - s ta l l i r re  r r r -
phen . r ' I phosph i r re  ox i t l e  h l r , l  l r een  r .o l l e r : te r l ,  t he  o rgan ic  f i l t r r r r t .
w : rs  ( ' on ( ' en t r t r te ( l  un r l  f r t c t i ona l l v  r l i s t i l l ed  to  Tep&ra te  l 1 ) .1  t
g  ( 7 i t . i t r i  t  o f  t h e  k e t o n e  l .  I  c o l o r l e s s  l i q r r i d ,  b p  l l i t - l l l r ' ,
f l r r o  l . . t ; J 5 : l  ( l i t . 2 e  b p  l J l - l ? 2 . ; '  ,  n 2 o D  1 . 4 ; J . 1 2 ) .  T h e  i r r f n r r r r l
absorpt , ion l r , r r r i  g: r .s  r .hrr imlr togr ln l3c of  th is su ' rp le corresporrr l l r i
t o  the  s lme  t l l t a  [o r  the  l l r ev io r rs l l ' desc r ibed2n  samp le  o i  l l i r .
l r c n s  k e t r r n e  l .  l i e u c t i o n  o f  , ' r . l  I  q  ( 5 1  m m o l e ; ) o f  t h e  s & t r r r i r r ( ' ( i
ke to r )e  4  r v i t h  75  n tmo les  o f  n re th - r ' lmagnes i r rm b romide  i r r  i i
nr l  of  et l ter  for  iJ(  )  mirr ,  fo lkrrvecl  b-v hvdrolvsis wi th &qlre()u: i  r r rn-
lnon i r rm ch l r r i r l e  rn r l  t he  r r s r ra l  i - . . o l l r t i on  p rocedr r re ,  . r ' i e l r l r ' , i
: J . - 1 7  g  ( i t g ' ' i ) , r f  t h e  s a t u r a t e d  a l c o h o l  9 ,  b p  1 2 9 - l : 1 1 " ,  / r r r r r
l . { l ; t { )  ( l i t . 3 '  b p  l ; 3 { f - l l i 2 o ,  n j o n  l . { t - 1 0 ) .  T h e  s a m p l e  h u . s  i r r i r r r -
rer l  r r t rsorpt iorrr r  ut  l i ( i l ( )  r rnr l  i l - lS0 r 'm-t  ( r rnus.sociated urrr l  r rs-
s r rc ia te r l  ( ) l { l  r v i t h  nn r r3z  pe tk . i  r } t  d  ? . {3  ( l  H  b road  s i r rq l r , r
s h i f t e d  b 1 '  t h e  u l d i t i o r r  o t  p , r ' r i d i r r e ,  O I I ) ,  1 . 3 4  ( , 2  H  r l r r r t r l t . r

r v i t h . . /  :  5 . 5  r : p s ,  C F I l ) ,  l . l 5  f t i  I I  s i r r g l e r ,  ( C H ' ) : C O l ,  a n r l  t ) . 1 r +

[ ( i  I I  r i o r rb le t  r v i t h  . l  =  t j  t ' ps ,  tC [ { , ) :C ] ]  as  we l l  a . s  a  b roac l  r r r r r i -
t i p l e t  i n  t h e  r t - ' g i o n  6  l . ; ] - 2 . ( )  ( l  I I ,  > C I I t .  T h e  m a . s s  s p e ( . t r u n r
exh i l r i t s  l t o  n ro lec t t l l t r  i o r r  l l e l r k ,  b r r t  ha .s  re la t i ve l - r '  &b r rndar r t  i l r r { -
n r e n r ,  p e u k . *  r r r  / r r l e  l { ) l  ( \ t  -  ( ' l l , ) , ; { )  [ ( c I [ , ) r c : + o H ] , 5 ; .  + : i .
{1 ,  t r r r r i  j j  I  .  S r r l r s t ' r 1 r r t ' r r t l v  r i t l s r . r i l r ed  n r i . x t r r re : ;  o f  t he  ke ro r r t , .  I
l r r r r l  4  tn t l  t l i e  l r l co l ro l s  3  r r r r r l  9  w 'e re  l rn l l . r ' zed  by  gas  ( f l r r ( )n l i r -
t ogn l l i r r ' . r ' )  T l i e  g l r s  r . l ) ron r l l t og r lg rhv  e r l r r i l lmen t  was  ce l i l l r r i r t ' r i
u ' i t h  k r ro rvn  r r r i - x t r r res  l t r r : l t r r re t i  f ro rn  r r t r t hen t i c  samp les  l r r r r l
u 'e igher i  s l t t np les  o l  r ' l u r t - , r re  * ' e re  l r r l t l e t l  l . s  i t t t e rna l  s ta r r t l l t l r l .
t o  J l e r n r i t  - r ' i e i r i  c l r l r . r r l l t i o r r s .  T l r e  r e t e n t i o n  t i m e s s  o f  t h t . - t '
( ' ( ) n l [ ) ( ) n { . n t s  f o l l o $ ' :  : t r t l t r u t ( ' t l  k s t r t r r e  4 .  2 0 . 6  m i l r ;  s i l t u r l r t ( , ( t
r r l r o h o l  9 ,  l t i . S  n r i r r ;  r r n s i I t l l t ' l i t ( x l  r r l c o h , r l  3 ,  ] 1 ) . 1  m i n . :  c n r n r ' r r r ' .
,  j - l  . - 1  r n i r r i  l r r r r l  l l l r s t r t l l r u t e ( l  k e t o r r e  I ,  - 1 5 . 7  m i n .  T h e  t t ' l - i  / -
l r r r t v l p l r o - l r h i r r e  r . o n r p l r ' . x  o t '  r ' o 1 l p t : r r  l  )  i o r l i r l e  I w h i t e  r r t e r l l r . -
f l ' ' , r r r  i s , r l r r o p v l  r r l c o l r o l .  r r r p  7 { - i { . 5 "  t l i t . ; "  n ) p  7 i ' ) l  w a s  p r ( ' l } r r r ' , , , i
r Ls  l l r t ' v i r r r r s l v  r l t ' s r , r i l l t ' r l . ; ' .  T l re  so lv r ) r r t s ,  t e t rah r '< l r r ) l ' u r . i u r
, ' f  I I I . ' t  r r r r t l  l , J - r l i r r r r . t l r o r v t . l l r r r r r e  l l ) \ l [ i ) ,  r r s e t l  f r ) r  c e r t r i r r r  , , 1
l l l ( ' ( , r t { i l l r { r r r t t , t l r l l i r ' t ' r ' l r ( ' t i { , u :  n ' t , r r :  p r t r i f i t . , l  l l - r ' d i s t i l l l t i , , r r  t r ' ' , r r r
l i t  l r i r r r r r  l r l r r n r i r r r r r r r  h v r l r i r l e  j r r . t  p r i o r  t o  r r . s e .

' f  
l r e  v l t r i , r l l . s  r ) rg lu l ( ) ( ' op l l c r r  [  )  r ( ] r rgen ts  e tnp l r r ve r l  wer r  l ) r ( ' -

f , , r n t e r l  l r t '  l r t l r l i r r g  t l t c  e f l t t t r t ' r t l  ( ) r g l r n ( ) l i t h i l r n l  o r  o r g l t n ( ) r n i r { -
n r ' s i r r n t  s o l u t i o r r s  t o  t  s l r r n ' \ '  r r f  ( ' ( ) l ) [ ) o r 1  I t  i o t l i d e  i n  & r r h v t l r ' , , , r -
e ' t h t r . ' , \ l t l r o r r q h  t h r : s e  r r r l r l i t i o r r s  w e r e  i r r i t i a l l - v  p e r f , r r r r r r . r l
l u t  -7So  l f t e r  r vh i r ,h  t i i c  so i r r t i o r r s  n 'e re  wr rn re< l  to  ( ) " .  i n  s r r l , - , ' -
( l r r e n t  e x J r e r i n r e r r l , r  t h e  i r r i t i l r l  n r i x i r r q  l r r r l  t h e  s r r b s e q u e n t  r t , l r r . -
t i o r r s  r v e r e  t . t f t r r t r - ' r l  r r t  l ) o .  \ \ ' l r r . r r  I  t r l r r i v , r f  e i t h e r  m e t h l ' l l i t l r i r r r r r
( ) r  l !  r l l e t l t v lnu rqnes i r t t r t  r l e r i ' , ' l t t i ve  r r ' : r s  l r t l t l t x l  t o  copper ( I )  i , r t i i , l r . .
l r  r - r ' l l , , r v  p r r : r ' i p i t l l t e  o f  I n e t l l v l ( ' ( ) [ ) p c r  s e l x r r e t e t l  .  A d d i t i , , l l , l
( , \ { ' ( , \ i  t r r t ' t l tV in r l rq t r r ' s i r t n t  r ' , r r r rp0 r r r r r l  } t l r r l  l l o  tpp0 fen t  e l i ' r ' r ' r
, r r r  l l t i s  i t r - o l r t l r l e  n r r - ' t [ t v i c r r l t l l e r  l r r t t  t l r e  l t r l r i i t i o n  o f  a n  a d r l i t i r r r r r r i
r : r | 1 j y ; 1 1 " , ' t  o t  r n e f h v i l i t h i r r n r  r l i s s o l v e r l  t h e  p r e c i p i t a t e  t o  g i v r . : r
r ,o lo r le . *s  to  l u le  t l r r r  so l r t t i o r r .  ' l ' l r i s  

ch l rnge  : ]ppears  t l l  l r e  r r ' -
ve rs ib le  s i r r ce  n re t i t v l t ' opper  \ \ ' l r - r  o f1911  observed  to  rep re r . i l r i r : t r ' ,
f ron r  so l r r t  i o r r s  o f  l i t h i r r r r r  r i i t t t e thv l r to l tpe r  wh ich  were  t re l r t r , ' l
w i t h  t h e  t r r r s i t t t t n r t e r l  k e t r t t t t - '  l .  T h e  a t l r l i t i o n  o f  I  e r l r r i r '  , , 1
n t e t h . r ' l l i t h i r r n r  t o  c l r  e t l t e r  s o l r r t i o n , r f  t h e  c o p p e r ( I )  i o r l i r i t *
t r i - r i -b r t t v l l l l t osph ine  c r ) tnp le . \  l t  { )o  r ss r r l t ed  in  the  fo rmat io l r  , r l '
l t  eo l , r r l ess  so l r t t i o r r .  \ \ -hen  lu r  e the rea l  so l r r t i on  o f  1 .0  e r l r r i ' , '  , , i

I l le thvlmlgnesi t tm bronr i r le rvr ts l t r ic ler , i  to ln ethereal  solr r t iorr
o f  l . { )  e r l r r i v  o f  t r i - l - b r r t1 ' l ph ' r sp } r i ne -copJ le r ( I l  i od ide  eomp le . r ,  r r

1 'e l low prer: ip i tate of  nteth-r ' l r 'opper sepa,rutet l  and wa.s not ,  r ' ( f -
t l is- .o lved bv the ldr i i t iorr  o l  e.x<'ess meth\- lm&gne.s i r rm bromir le.
Th is  i s  rppure r r t l v  I  re . s r r l t  o i  t l t e  i u r : t s  tha t ,  f o rmab ion  o f  r ru rs -
t tes i t t n t  s t l t s  o f  t he  c l i n re t i r v l cop rpe r t  I )  an io t t  i s  no I  favo ra l t l e  r r r ' , 1
th l t  t he  f i r s t  e r l r r i v l i e r r t  o f  t r i - r r - [ r r r t v lphosph ine  i s  comJr le . re , i
r v i t h  nugr r t x i r rn r  h l l i de .  I t  r v t s  poss ib le  to  ob ta in  an  e the r t ' r r l
. - r o i r r t i o r r , r i  t h e  m e t h v l c o p p e r - r r i - n - b r r t v l p h o s p h i n e  c o n r J r l t . x
f r o m  t h e  ( i r i q n a r t i  r e r r q e r r t  b r - r d t l i n g  l . l )  e t l r r i v  o f  m e t h - r ' l r r r r r g -
r r t r i r r n r  b r o t t t i t i e  t r r  u r r  e f  h e r  s o l r r t i o n  c r r r r t u i n i n g  b o t h  1 . { )  e r l r r r r '
, r f  t r i - r u - l r r r t v l p l r o s l r h i r r e  l r r t i  l . { )  e r l r r i v  , r f  t h e  t r i - n - b r r t v l g ; 1 r , , - -
ph in * - r ' o1 - lpe r t  I t  i o r i i r i e  coml l i e r .  T l re  t rmr  d& ta ,  fo r  e thc ' r  s , , i ' r -

r 1 1 ) )  . \ .  L .  \ \ - i l , l s  a n r l  ( ' .  l ) j e r u . . s s i ,  . / .  - l n .  C h e m .  S o c . , 6 8 ,  l 7 l 5  ( l 9 i r l , .

{ : i 0 )  . \  { - t t t  g t . s  c i t r o t n l t o q r l r p i r v  c u l r t t t t t r  ( ) o n t r i n i n g  t * ' o  t l i f f e r e n c  p a c k r r r , : .

* ' a s  e r n l - r l o y  e r l  f o r  t h i s  o n u l v s l , , l .  T l r e  f i r s t  h . r l f  o f  t h e  c o l u m n  r v a s  l i u c k t , , i
r r ' i r i r  . r  $ r r s p e n s l o n  o f  { - r n e t h _ r ' l - - { - n i t r o p i r n e l o n i t r i l e  o n  C h r o m o s o r b  P  a n , l  u r t ,
g e c t . r n r l  l r l l f  o f  t i r e  r : o l t r r n n  r v a s  p c c k e , i  u i t l r  C ' a r b o r v a x ,  N o .  l 5 { 0 ,  s u s p e n , i " , i

o n  ( l l r r o r r r o s o r b  l ' .

t : l l )  \ \ ' . . 1 .  I I i c k i n b o c t o r n ,  l ) .  P e t e r s .  r n r l  I ) .  G .  ] t .  \ \ ' o o d .  J .  C h c n .  . ; , , , . .

l j l t j ( )  (  l 1 ) 5 i r t .

t j l J )  l ) e t e r r r r i r r e r l  l . r  l r  J { ) l u f  i o n  i n  c l r b o r r  t e t r l r t ' l r l o r i r l e .

( 2 5 )  T l r e  r e a c t i t t n  o f  a - b r o m o  r l e r i ' , ' a t i l . e s  o f  l r i n , l e r e , l  k e t o n e s  r e . o . ,  i )  r v i t l r
( i r i g n l r , l  r e u q e n r s  t o  f o r m  e n o l t t e  a n i o n s  ( e . 0 , ,  i i l  r n l r ' b e  p i r ' t r r r e r i  c s  &  ( . o r r r -

y r u n r b l e  p r o ( . P s s .

--CHt// \\
CH,,{ }CO-CH,Br + Er-MgBr +' \ /

-cH,

CH,,

Jq-
cH,< >{-cH:-Br 

-B'',
-cH,

Et-  Mg*  -8 .

CH'
o-
I

MgBr + Et-BrC:CH,,

CFIJ

i i

F o r  e x a m p l e s ,  s e e  ( r )  C ,  H .  F - i s h e r ,  I I .  R .  S n y r l e r ,  a n d  R .  C .  F u s o n ,  J .  A m .
C h e . n .  S o c . , 6 { ,  3 0 8 5  ( 1 U 3 2 ) ;  ( b )  E .  p .  K o h l e r  a n t l  t r I .  T i s h l e r ,  t b t d . .  6 1 ,  1 5 9 {
( 1 9 3 2 ) ; ( c )  S .  I j i n n s ,  J .  S .  G .  C o x ,  E .  R .  [ I .  J o n e s ,  a n r l  B .  G .  K e t c h e s o n . . . / .
C h e n .  S o c . ,  l l 6 l  ( l 9 t i . t ) ;  ( d )  E .  R .  [ { .  J o n e s  a n d  D .  A .  \ \ ' i l s o n ,  t b i d . , 2 9 : l : l
(  l 9 r i 5 )  .

( 2 6 )  , \ l l  m e l t i n s  p o i n t s  a r e  e o r r e c t e d  a n d  a l l  b o i l i n g  p o i n t s  a r e  u n c o r r e c r e ( 1 .
U n l e s s  o t h e r u ' i s e  s t c t e ( l  m a g n e s i u m  s u l f a t e  r v a s  e m p l o y ' e t l  a s  a  d r l . i n g  a g e n r .
T h e  i n f r a r e r i  s p e c t r a  r v e r e  d e r e r m i n e t l  r v i t h  a  P e r k i n - E l r n e r ,  ] [ o t l e l  2 i ] 7 ,
i n f r a r e r l  r e c o r r l i n q  s p e c t r o p h o t o m e t e r  f i t t e d  r v i t h  a  g r a t i n s .  T h e  u l t r s v i o l e t
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  C a r y  r e c o r < l i n g  s p e e t r o p h o t o m e t e r ,  ] [ o r l e t
l { .  T h e  n m r  s p e c t r : r  r v e r e  t l e t e r r n i n e r l  a t  6 0  } t c  r v i r h  a  V a r i a n ,  } t o r l e l  . . \ - t i 0 .
n m r  s p e c [ r o m e t e r ;  a l l  c h e m i r : s l  s h i f t s  r r e  e x J r r e s s e d  i n  p a r t s  p e r  m i l l i o n  r e l s -
t i v e  t o  i n t e r n a l  t . e r r a r n e t h v l s i l a n e .  T l r e  m a s s  s p e c t r a  r v e r e  o b t a i n e t l  r v i t h  a
C E C ,  ] l o d e l  2 l - 1 3 0 ,  m o s s  s p e c l r o t n e t e r .  T l r e  r n i c r o a n u l l . s e s  r v e r e  p e r f o r m e , i

b y  D r .  S .  ] I .  N a s y  a n r i  h i s  a s s o c i a t e s  a n r l  b y  t h e  S c a n r l i n g r . i a n  I I i c r o -
a n a l y t i e u l  L a b o r u [ o r y ' .  A l l  r e a c t i o n s  i n v o l v i n l t  o r s o n o m e t a l l i c  r e a s e n r s  r v e r e
r u n  u n < l e r  a  n i t r o g e n  i t t m o s p h e r e  u n l e s s  o i h e r l v i s e  n o t e d ,

( 2 7 )  ( e )  f I .  O .  H o r r s o  a n d  \ \ ' .  L .  R e a p e s s ,  J .  ( ) r g o n o m e t a l .  C h e m . ,  1 ,  \ ) i
(  1 9 6 5 ) .  ( b )  T h r o r r ( h t j u t  t h i s  s t u d y ,  t h e  m a g n e s i u m  e m p l o y e d  t ' o s  a  s i n g l e
l o t  o f  E a s t m a n  K q l a k ' s  G r i g n a r d  g r a t l e  m a g n e s i u m  m e t g l .  A l t h o u g h  r v e

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

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

s h o u l d  b e  c o n s t a n t .
( 2 E )  I r .  R u r n i r e z  : . r n r l  S .  D e r s h o r v i t z ,  J .  O r u ,  C h e m . ,  t t ,  { l  (  l l ) i r i ) .



'  The speci l ied :rddit ivei were irr the rerervoir with the ketone sohl ion prir)r to rerct ion. t  The per cenl rercrion was calculxte(l  $
iol lows: percent tecr)ven'of slart ing materisl  (100)/totsl percent f icld or r 'ecoverv of materiols from the rer{:r io mixture. !  The:e
per cent yiel( ls. or recr)ve4',  calcrt l i ted from the grs chrom:r,tognrphic ( l :r tr .  rre b$re.l  r)n the rrnorrni {}f  st irrr ing ketone emplol 'er l .
r T h e i l t c f o r t h i s n l n a r e b a s e d ( , r r l s i n g l e e x p e r i m e n t . . T h e i e c o p p e r ( I l ) s a l t s , r l t h o r r g h i n s o l ( b l e i n e t h e r . $ e r e s D l b l e i n t h e t e r r l -
hvd r r r i r r r . l ns ' ) l l l t i l ) no | t heke tone in ihe r . c t l l l t I e l e r yo i r . /Th i s re l r gen t
of nrethrl l i thirrnr end 8.6:|  mm{)leJ ot n-BrrrPCrrI.  l {o der:omposir irrrr ' ) f  the rergent in ihe rexcrr)r prir)r rr) mir i i rg \r ' l r .opparent.

Housn,  REspgss,  . rsn WHTTESTDES

T.ret,n \ '
Rr r rs  on RE.rcr loN oF l rnns-3-Prx ' res-2-ovs ( l ) . rxo 4- I l r rHy l -2-ppxt . r roxn (4)

O r g a n o m e t a l l i c  R e a c -

K e t o n e  r e a g e n c  A d d i t i v e "  t i m e ,
( m m o l e s )  ( m m o l e s )  ( m m o l e s )  S o l v e n t  ( m [ )  s e e

r  ( 2 .18 )  I [ e l t gB r  (3 .  S0 )  E t ,O  (37  . 6 )  0 .  062
I  ( 2 .48 )  I t e \ [ gB r  . (  I  I  . ; ] 0 )  E t ,O  (22 .6 ) -T I IF  (20 )  0  067
I  ( 2 . 1 7 )  f l e l l g B r  ( 1 1 . 1 0 )  E t , O  ( 2 2  2 ) - D l t E  ( 2 0 )  0  0 6 s
I  ( 2 .48 )  \ I e? ] [ s  ( . 1 .40 )  E t?O (37  6 )  0  062
I  ( 2 .50 )  I I eL i  ( , 3 .80 )  E t ' ( )  ( 37 .6 )  0 .062
I  ( 2 .60 )  I t e l i  ( 8 .80 )  n -B tuPCr r I  ( 0 .  102 )  E t :O  (37 .6 )  0 .062
I  ( 2 .50 )  I l e2 l l g  ( 1 .40 )  n -Bu rPCu I  (0 .103 )  E t ,O  (37 .6 )  0 .062
I  ( 2 .52 )  I I e l I gB r  (8 .80 )  n -Bu rPCr r I  ( 0 .103 )  E t rO  (37 .6 )  0 .062
I  ( 2 .52 )  \ [ e \ I gB r  (8 .S0 )  n -B tuPCr r I  ( 0 .104 )  +  E t rO  ( ; ] 7 .6 )  0 .062

Noprene (25 .2 )
I  ( 2 .55 ) , ,  ) t e l t gB r  ( t .S0 )  n -Bu rPCu I  (0 .107 )  +  E t :O  (37 .6 )  0 .062

n-Bt r rP (0 .604)

I  ( 2 .50 )  \ t e \ [ gB r  (11 .30 )  n -B ruPCu I  (0 .102 )  E t ,O  (22  6 ) -T I IF  (20 )  0 .067
I  ( 2 . { s )  } t e } t gB r  (11 .30 )  CuBr r  ( 0 .103 ) '  E t rO  (2 ' . 1 .6 ) -TF IF  (20 )  0  0 ( i ;
I  ( 2 .111 )  I I e l I gB r  (11 .30 )  C r r (OAc ) :  ( 0 .100 ) '  E t rO  (2J . t i FT I ' I F  (20 )  0  067
I  ( ? .5 { )  } I e - \ I gB r  (11 .30 )  n -B ruPCu I  (0  102 )  E t , ' ( )  ( ?2 . ] ) -D l [ t r  ( 20 )  0  06 f i
I  ( 2 . 5 0 )  n - B r r 3 P C r r l l e ' ( 1 1 . 3 0 )  E t : O  ( 3 6 . 6 )  0 . 0 6 5
4 ( 2 . 5 2 )  \ t e \ I g B r ( , 3 . r j 0 )  E t r O ( 3 7 . 6 )  0 . 0 r i 2
4  (2 .51 )  ] t e l l sB r  ( s .  S0 )  z -B r r rPCu I  (0  lO - t )  E t :O  (37 .6 )  0  062

t i ons  o f  l i t h i r rm d ime th -v l r :opper ( I )  end  the  t r i - ru - l r r rn ' l ph r l sph ine
comp lex  o f  n re thv l copper  ( I )  a re  s r rmmar i ze t l  i n  T . l b le  I I I .

Procedure f  or  Kinet ic  Studies.-The f l  owi  n g-strerm app&rt t  us
rv ls l r .senrbled arrd cal ibrated rs previorrs lv desrrr ibet l  . :b In
() l le  reservoir  of  the lpplr r l r t l rs  we.s p l t r :et t  25 ml of  l ln  ethereal
so l t t t i on  con ta i r r i ng  12 .5  mmolan  o f  me thv l rn rgnes i r rm b romi r le ,
l ! . . i  mmo les  o f  me th - r ' l l i t h i r rn t ,  o r  6 .25  mnro les  o f  t l i n re th l ' lm lg -
n ; i r rm .  A  s t . r l u i i < l r r  o f  approx in ra te l y ' : 1 .5  n rmo les  o f  l ran .s -
i l - pen ten -2<rne  ( l )  ( ) r  { -me th1 ' l -2 -pe r r t tnone  (4 \ ,  e  we ighed
lumor rn t  o f  c r rmene  (appro . r i n ra te l_v  !0  mg  Ls  an  in te rn i r l  s tandar r i ) ,
und melsrrret l  rnrorrnt .s of  an-v other at ld i t ives in ?0 ml of  solvenI
(e the r ,  T I I IT ,  o r  D \ [D)  r va .s  p l l ced  i r r  t he  se r :ond  rese rvo i r .3s
These  so l r r t i o r r s  were  fo rce t l  t h ro r rgh  the  m ix i r rg  ch rmber  l nd
ro r r ( ' l i { ) r r  t r r l re  r rnder  r r  p ( )s i r i ve  n i t rogen  p rpss r t re  eq r t i v l l en t  to
5 ( )  r : n r  o f  m e r c u r y ' r r n t i l  t h e  k e t o n e  r e s e r v o i r  j r r s t  e m p t i e d  ( t h e
()rg$n()met l l l ic  rvus alwa-r 's  in exce;s) .  The reat : t ion solr r t ions
were ( luerrchet l  in  a t :o ld ( { )o) ,  v igororrs ly st i r red mi.xt . r r re of  J0
n r l  o f  me tha r ro l  and  15  m l  o f  wa te r ,  a  queneh ing  m ix [ r r re  wh ich
g&ve a homogeneorts mixtr r re at  the end of  the react ion.  The
re*srr l t ing re:rct , ion mi. \ t l l re wa- l  satrr ruted by the addi t ion of  am-
monirrm chlor ide which carr .sed separat ion of  the organic and
&queorrs phues. The ether layer wu separated and washed with
saturated,  &( lueol ls  ammonirrm chlor ide and the combined &qlreolrs
phr-ss were e.xtra,cted wi th petro lerrm ether.  The eombined
organie -*o lut ions were dr ied over eale i r rm srr l f l te and then anu-
ly'zeti b1' gl.s r:hrom&r()grcph)'.m The resrrlt.s of these reeetions
rre - i r rmmtr izer i  in  Table V;  except where noted al l  of  the _r ' ie ld
data l re &verrge v l l l r res obtained f rom two ()r  more nrns.  In
rr() crr^ie ciid the averrge values reported differ from individrral
valr ret  b1'  more than i ! .  To determine reuct ion t imer end
mixi r rq rat ios,  the apparatrrs wtLS cal ibrated wi th e lher t :s .
et ,her,  ether . rs.  ethereel  ( ) .5 l I  methylmagnesium bromide,
ether fs .  ethereal  0. ;  l t  methl ' lcopper- t r i -n-brr t1 ' lphosphirre
ruomplex,  ether us.  tetr th! 'drof  r r ran,  ether us.  1,2<l imetho.x l ' -
ethane, and rv i th the preformed react ion mixtr r re f rom the ketone
I  rnd methl ' l rnagnesirrm bromide.  The molar  qrrant i t , ies and
retct ion t inres l is ted i r r  TLrble \ '  htve been corrected f rom these
ctr l ibr l r ion data.

3l  30

( i J : l )  T h e  t e r r r p e r a [ u r e s  o f  t h e  i n i r i a l  s o l u t i o n s  r e n g e d  f r o m  2 5  t o  2 8 o .  . \ s
n o t e d  p r e v i o r r s l _ v  ( r e f  2 b t ,  t h e  f a c t  t h a t  t h e s e  k i n e t i c  r u n s  a r e  n e c e s s a r i l y

o d i a b a t i c  i n  c h o r a c t e r  r e s u l t s  i n  a  s i g n i f i c a n r  i n c r e e s e  ( i . a . ,  5 - t 0 o )  i n  t h e

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

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

i n h e r e n [  e r r o r  i n  o r l r  r n e u s u r e m e n t s  a n d  l r a s  l e d  u s  t o  c o n c l u d e  t h e t  m o r e

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

V<1r,. :] I

rvt rn ( )nc. \NoMET,\LLrc Rn.rcnlrs

r e a c -  - Y i e l d s ,  7 o " -  a d d n  i n  t h e

t i o n  I  3  {  9  p r o d u c !

2 9  6 7  2 4  4  . .  l 4
3 7  5 r )  3 t  4  . .  l : j
{ ) s  2  9 0  3  . .  3
9 7  2 7 6  t 8  1 9

>01)  g t l  < l  < t
> 9 9  E 9  8  . .  I
>9{ )  17 79 82
>91) 1 95 99
>0f) 2 gjj 9g

>99 4 87 96

9 l  s z s  5 8  6 8
72 27 26 .15 6-t
67 :i t 2;l 41 64
0,9 2 77 20 20

>1)1) 9; i  99
5  . .  9 i  5  . . .
5  . .  1 9  5  . . .

Procedure  fo r  O the r  P roduc t  S tud ies . -A  so l r r t i on  o f  t l r t
orgrul ( ) rnet l l l i t ;  re l rgerr t  l r r r t . l  r r r r - r '  l r t l r le t i  ( 'o [ )per der ivat , ive in ' . ] i

n r I  o i  e the r  w l r s  p repare r i  l r t r r l  t l t c  so l r t t i t l n  r v i r s  mu i r r ta ine t i  l r t
( ) o  r v h i l e  r r n  e t h e r e a l  s o l r r t i o n  o f  t h e  k e t o r r e  I  o r  4 l n d  a  w e i g h e t l
l uu lo r tn t  r l f  cun te t re  (a .s  l n  i I ) t e r l l l r l  s t l rn r l r r r r l )  w r r . s  adde t l  ,  r l l l i t l l r '
: r r r r i  r v i t h  s t i r r i n t { .  T l re  reu t ' t i < l r r  n r i x t r r re  wus  s t i r red  fo r  t l r t '
sJ re r : i f i e r l  t ime  ( ' f l t r l c  \ ' [ )  l r r r i  t l t en  a r l t l ed  t ( )  r r ( l ueous  &mmon i r r r r r
c l r l o r i r l e .  The  e the r  ex t r l r c t  o f  t l t e  r c ' s r r l t i ng  re l c t i on  m ix t r r r r :
wa.s dr ie<l  r lnd at ta l , r 'zed t r1 '  g ls c l t romltogruphv.e In certa in o i
orrr  e l t r l l '  exper inrent .s,  in rvhich the orgl r r r l rnetrr l l ic  re lgen[  $ ' r rs
h - r ' r l r o l - vze t l  bv  the  l< l t l i t i on  o f  l< l r reo r rs  l n rmon i r rm ch lo r ide  to
thu  re t r c t i r . rn  m ix t r r re ,  l r r  u t l t l i t i on l r l  J r ro<1r rc t . ,  t ho  s t t t r ra ted  a l co -
l ro l  9,  was l l .so prot l r rcet i  .  . \  r 'o Iet ' rer l r )sunty l le of  th is produ(, t  $ ' i r . i
i r i e r r t i f i e t l  b ' " '  t he  p rev io r rs l l '  r . l esc r i l r e t l  l r t t t l t e r r t i r :  samp le  bv  c , rn r -
pu r i so r r  o f  ga .s  ( ' l l r ( )m l r t ( )g raph ic  re ten t ion  t imes  a r rd  i n f ra r r : ' l
spe(. t r l l .  T[re fo l lorv ing exper im( 'nt  wtr .s performed to demon-
s t r l r t e  theL  the  s : r t t t ra te r l  l l r roho l  i s  no t  fo rmed  i r r  t he  o r ig in r r l
reect ion mi.xt r r re brr t  rather t | t r ing the h1'drolys is procedrrre i r r
u 'h i r ,h r rqrreorrs ammonirrm r :h lor i t le  is  rdded to the reect ion solr r -
t i on .  A  so l r r t i on  o f  4? l  mg  (5 .01  mmoles )  o f  t he  ke tone  I  an r l
i l f ) t  mg of  r : r rmene in - l ( )  ml  of  ether wr^s rddet l ,  dropwise nnd rv i t l r
s t i r r i ng ,  to  40  m l  o f  rn  e the rea l  so l r r t i on  r :on ta in ing  20  mmole ;  o f
methl ' lmagnesirrm bromir le.  The rerr : t ion mixture w&s st i r rer l
&t  ro()m temperetr l re for  7; i  min lnd then a l5-ml a l iquol  of  the
solrr t ion was aclded to aqt teot ts rmmott i r tm chlr r ide.  Anal l 's is l '
o f  the etherer l  lay 'er  obtained b1'  th is procedure indicntecl  t i re
p rese r rce  o f  the  s r t r r ra ted  ke tone  4  ( l 7 ra  y ie ld )  and  the  un -
,sr t . r r rated r icohol  3 (7 lc;  r ' ie ld)  r 'orresponr i ing to l9! |  of  corr-
j r rga te  ad r l i t i on  p rod t t c t .  Aq t teo r t s  ammot t i t t n t  ch lo r ide  wr r . r
added to the reml in ing 55 ml of  reect ion solr r t ion.  Anal l 's is30
of  the resrr l t ing etherer l  lay 'er  indic&ted the presence of  the
sa t r r ra ted  ke tone  4  (111  r ' i e ld ) ,  t he  sa tu ra ted  a l coho l  9  ( - l ' ' ,

f  i e ld ) ,  l nd  the  r rns& t r rn l ted  a l coho l  3  (737c  f  i e ld )  co r respond ing
to  2 { )C i ,  t : on j r rga te  adc l i t i on  p ro t i t t c t s  4  l nd  9 .

The  re rc t i ons  s t r rd ied  r re  summ&r ized  in  Tab le  V I .  Excepr
where noted,  the resrr l ts  a,re $verage val t res obtained f rom twrr  or
more e. \per iments.  In no r :ase did the average values reporrer l
in the t : rb le d i f fer  f rom inr l iv idrre l  vr l t tes by more than j i ' l  .
[ -n less othenvise noted,  the reect ion mixt t t res were hydrol , r 'ze,  I
b1 '  addirrg thenr to rqt teorts ammotr ium chlor ide solut ion.  I r r
eases where the reverse procedttre (addition of trqtteotts ammoniunt
chlor ide to the react ion mi.xt r r re)  w&s r tsd,  the percenkrge of  the
prodrrct  der ived f rom conjug&te addi t ion is  der ived f rom the sunr
of  the -v ie lds of  satrr rated ketone 4 and saturated alcohol  9.

I r r  r - rn l t ld i t ionr l  e.xper imett t ,  6- l ; i  mg ( i r .0 mmoles) of  naph-
th r lene  w ls  l dde t l  t o  l  so l t t t i on  o f  I i t h i r rm d ime thy lcopper r  I
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, The speci l ied lr ldi t ive wu-s nrixed with the organomet l ic sol l l t i r)n in the rerct irxr l l : : .sk :rud then the etheretl  sohrt ion of the ket 'rrtrr

*.u-s arl t let l .  t  The-se per cenr f  ield.r,  cl lcl l lsted from the grr: chrornltolr lphic drr l .  l re bl.eC ort the tmotult  o[ start ing ketorrr:
en rp l . l r . e t l . "Th rse r l a to l r e t l r : r . i ved f r ' r lm r r s i ng leexpe r imen t ,d In th i sexpe r imen t ' h1 .d ro l1 . s i sw . r , sec t r rn rp l i shedbudd ing lq l l l l l l l l :
, n rn r , , i l i . t ' ' ' ch l r l r i r l e t r r t he re l c t i r r l r n r i x t t r r e . . I t t t h i Jc | r se , l r ne !he rs l
l hc . ) | q : r t l ( |me t l l l i ( j r e : t gen t . /T l r e ( i r i gn l r . d re rgen tso l l l t I l
pe f I [ ) l f e t l t t ew l r . s l dde r l ' Th i so fg lo { }ne t3 l l i e re Igen twos thende l i be r " r re l yo l l r l * ' ed tos t l r nd l r j ]

r v l u l . l r i r l cd t r r t heL l r i gn : r r r l l eage tL l .The l rdd i t i r x r re l r r t l t i n t hegene rs
i r ' , n l t hc { l e tn ' . i l i ( ) l ! l ) i n l e t c l l i c i i l vo r ) . [ ) i o Ie l c t i ( ) nwasobse rvedwherL thee the re l r l
J l - ; \ o . J [ l )weve r , : r , s r r spe r r s i r l r r . l i 1 . e l l r rws l r l i d (p re l r rmc l r l yme(hv l l . l ) ppe r ) f r l r n redb r r r
l l ' l ) o . ' . \ : r I spe r r s i r t no i1 .e l l r r r vs l r l i r l i p re l t l nuh l ] .me thv l coppe r . ) f o r . r nedwhen the t ) rg l r t | on le t : } l l i ( :
i r r l i r l e : r t  - 7S"  I nd  d i t l  no t
- i , r , r es r r l t ed in the in i t i a l | r l r n r r r t i r l r r . r i " r - ' - e l l owp rec ip i t c t ewh i r l h re r l i s s r l | veds the

* l r r r i on .  I
l l i l { l b o i x l r l i I r e d 0 l { ) o | I ) . 5 n r i l l , s ( i l l t ) n o f t h e k e t (
u rd j ' : j l r r l r r l r : t he r . . -The ! i ed l l l I e t yp i r : l r l l l f : r n t rmbe ro fe rpe r i n ren t s i nwh i ch th
rl inrer htIrrpper ior r
t he ' r ' i e l r l . r i a l c r l h r l l 9 i nc re . r . se t l . s i ncee3 l rm i t | : I t i u l
r ev r , l l l unu l r l i t i on l l pe l r k ' t hen : r t I r r e r l | t l r ead t l i t l l l l
re,rrverecl kotorre olesrrnublv resrr l ted from:r small  &morrnt of enolate rnion formed in s,r ir le re*t: t ion.

{ f r o n r  1 . 1 ) { X i  g  ( l { )  m n r o k r s ) ( ) f  ( ' o p J ) e r ( I )  i o r i i t l e : } n d  2 0  m m o l e s  o f
n re t l r - \ ' l l i t h i r r r r r l  i n  i l )  n r [  ( ) i  e the r .  

' f he  
m ix t r r re  wLs  s t i r red  fo r

l i  n r r r r  i n  l r r r  i ce  l l u th  l t r r l  t l t e r t  i o r  i i { )  n r i n  r r '  ro ( )m temper& t t t re .
, \ f t e r  t l r e  ( , rq rn ( ) I I r ( ) tu l l i c  reager r t .  hu t l  bee t t  hvd ro l vzed  by  the
ru i ( l i t i on  o f  r ( l l l eo l t s  a l r lmo t r i nn r  c l t L r r i de ,  the  o rg r , r l i c  l aye r
\v&i  - {e[) i l r i r tet l  arrd r r ) r l - ! 'z( ] ( l  by '  gr-s c i t ronratography.s '3{  ( ) r t lv

nrpl r th i l lene wrrs detectet l  in  th is sol t t t io t t  r l rd l -methylnaph-
thr lene &n(.1 : l -meth1' ln lphthalene (rvhir :h wott ld have been re.
solved) rvere not  dete( ' te(1.  The naphthalene recovered f rom
this rerr : t i r )n wrr .J i r lent i f ie t l  wi th at t  euthent ic  sample by a mix-
t r r re mel t ing point  determina[ ion and by compar ison of  inf rared
spe( i t r l } .  An|r , logorrs re&(: t ions were nrn wi th & mixt t t re of  nor-
bornene rrnLl  e i ther &n ethere&l  solr t t ion of  l i th i r rm dimeth- ' - l -
( ' ( )p [ ) r ] r ( I )  o r  l n  e the re l l  s r r spens io l )  o f  me lhy l copper .  I n  bo th
( ' lL- ies,  { ) l t lv  n()rbornene w{xj  detected30,s{  in the recovered sol t t -
t iorr  r - r f  the r) rgtn i ( i  pro( l r tc ts ant- l  coi lectedm samples of  the prod-
u ( . r . j  were  i r l e r r t i f i e r l  \ v i t h  &n  &r r then t i ( r  samp le  o f  no rbo rnene  by
c()mpur is()n of  retent ion t imes &r ld inf r&red speetra.

Acety lat ion of  the Enolate Anions Der ived f rom Ketone 4.-
Arr thent i t :  srr r r l ) les ( ) f  the previo l rs lv descr ibedrsb enol  acetates
23 ,  24,  an( l  25b were prep&red b-" . '  the re&ct ion of  the
kerone 4 rv i th isoproperrv l  i rcetu, tersb or  rv i th acet ic  anhvdr ide
:rr r r l  I )€r( :h lor i ( j  r tc i r i  i r r  ccr l )on tetrachlor ide.  rsa For st tbse-
( l r rerr t  grs chrorni l toEraphir ' r r  i rn&iyses,  ln isole was employed &s
lu r  i n ten l i . r i  s t . l r r r l a r t l .  The  re ten t ion  t imes  fo l l rw :  sa tu r { r ted
kero r re  4 ,  S .7  n r i r r ;  r ' i s -eno l  L r ( i e tu , te  23 ,  l 1 ) .0  m in ;  te rm i t ta l l  e t ro l
i r ( ' e r i r t e  25b ,  : l ' 1  . {  n r in  i  t n tns -en r ) l  uce t$ te  24 ,  24 .11  m in . ;  and
ar r i - . o ie  l j ( ) . t i  n r i n .  The  e t l t r i l i i r r i r tm  m ix t l t re  o f  t hese  e l l o l  &ce -
tr t res (nelr [  ] t  l00o )  rvrrs previouslv fotrndt ib 1n eont&in 73q'1,
cr.r is()nrer 23, 22'';, /rrrz.s isonrer 24, lnd ilf, terminal ttttsatttrate<l
i ,sonrer 25b.  To obt l in : .1,n r r r r thent ic  sample of  the C-acety la-
t i o r r  p ro r l t r c t ,  t he  d i ke tone  26 ,  u ,  m ix t t t re  o [  10 .0  g  (0 .100  n to le )

: l  l t  - \  i { a s  c i r r o r n l t o q r l p i r y '  e o l u r n n  p e c k e t l  r v i l h  s i l i c o n e  f l u i t i ,  n o .  7 l 0 '

J , r " r , e n , l t ' , 1  ( ) n  C l l r ( ) r n ( ) s r l r b  l ' r v u s  e t n p l , r v e r l  f r l r  t l r i r  u n l l y s i s ,

o f  ace t - , - l ace tone ,  22 .S0  g .  ( { ) . l i l  mo le )  r i f  i sop rop l ' l  i od i t l e ,  l ; i . t t
g ( { ) . { )1)4 mole )  of  l r t t l tv t l ror ts I )ot t lss i t rn l  c : r rbol l l t te,  l t r r l  - l ' - '

n r l  o f  11 ( .e to1 le  \ r '&s  re f l t t xe t l  f 9 r  i 0  [ r .  T I re  res t t l t i t t g  n l i x t r t r ' "

w i l s  con ( :en t ru , te ( i ,  d i l r r t e t l  w i t l t  e t i re r ,  f i l t e red ,  l nd  d i s t i l l t r l  t "

. sep$r& te  the  r tnchu t lged  re&( r tD I ) t s  f r ( )m I  l . lS l ) -g  ( .8 '4 r - -  )  f r r r ' ' -

t i on  o f  co lo r less  l i q r r i t l ,  bp  t i 8 -7 !o  (12  mm) ,  n2 {D  1 .443( ) ,  r v l r i , ' l r

con ta ined  the  monoa lk l ' h ted  p rod t t ( , t s . s .3 t  Th is  p rod t t c t  ( ' ( ) l r -

t : r i r red3{  co .707c  o f  the  d  d i ke tone  26  ( f i r s t  e l t r t ed )  a t t t l  t ' r r .

3 { ) ' i  o f  t he  O-a lk1 ' l a ted  p rod r t c t  37  (e l t r t ed  second) .  A  co l -

ler : tet i r {  s&mple of  the diketorre l6 wrs ident i f ied wi th a sul) , { ( ' -

CHr
I
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quent ly descr ibed sample bv compar ison of  inf rared spe( ' t r ' : t

c ,nd gas chronratogr&phic retent io l  t imes.  A coi lectet l3{  s lnrpi , '

o f  lhe second prodl tct ,  one of  the stereoisomers of  the enol  L ' t l l t ' l '

37 ,  has  in f ra red  absorp t ion32  r t  l 650  (eon j t tga ted  C : ( ) )  r t r r r l

15 f10  cm- r  ( c l ; n juga ted  C :C)  r v i t h  a r )  t t l t r av io le t  ma .x in t r t t r t  ' '

& t  261  mp ( .  16 ,20 { ) )  and  l rmr  ebsorp t ion3 :  a [  d  t . 3 ' l  ( l  H  p r r i r -

( : ] 5 )  T h e  p r r r e  !  t l i k e t o n e  3 6  i s  r e p o r t e d  t o  b o i l  a t  1 8 3 - 1 8 5 o  U .  T .  . \ , l a r n s

a n d  C .  R .  I l a u s e r .  J .  , L m .  C / t e m .  J o , ' . ,  6 ? ,  2 E {  ( 1 9 { 5 ) I  o r  8 2 - 8 6 o  ( 2 0  m r r r

l F l .  H .  I I a n ,  I r .  C .  F r o s t i c k .  . I r . ,  a n r i  C .  R '  F I a u s e r .  i b i d . , 1 1 , 3 2 2 8  ( l 9 S l t l r t n ' i

t o  g i v e  a  n e g a t i v e  f e r r i c  c h l o r i r l e  t e s t  [ [ : .  G '  \ - o u n c ,  F '  C .  F r o s t i c k ,  ' l r "  ' l '  i '

S a n r l e r s o n .  r n , l  C .  R .  H a t t s e r ,  i b i d . ,  7 , ,  3 t i 3 5  r  1 9 5 0 )  l '

( : 1 6 )  T h e  p r e p a r a l i o n  o f  t h e  r l i k e t o n e  t 6  b y  t h e  a l k y ' l a t i o n  o f  t h e  s o ' l i t t r r t

r l e r i v a t i v e  o f  a c e t l ' l a c e t o n e  h a s  b e e n  r e c e n t l r -  r e p 1 - 1 r t e r l  b y  S .  T .  \ ' o f f e ,  l l .  l l .

P o p o v ,  I i .  V .  V a t s u r o ,  E .  K .  T u l i k o r . s ,  a n t l  J r [ .  I .  K a b a c h n i k ,  T e l r o i t e r l f u t , r  .

1 g ,  g 2 : l  ( 1 9 6 2 ) .  T l r e  p h y s i c a l  c o n s t a n t s  r e p o r t a l  f o r  t h i s  p r e p a r a t i o n  s e r , '

b p  g 2 - 8 3 o  ( 2 0  m m ) ,  n t o o  l . { { 2 0 ,  i n  c l o s e  a g r e e m e n t  w i t b  o u r  v o l u e s .  l n : r

s u b e e < 1 u e n t  p u b l i c a t i o n ,  Y .  N .  l t o l i n ,  - { .  T .  I o f f e ,  E .  E .  Z a e v ,  E .  K .  S u l o r " e v r t .

E .  E .  K u g u c h e v a ,  V .  V .  V o e v o d s k i i ,  a n d  I I .  I '  K a b e c h n i k  [ / : u '  A k o d " \ ' ' t t t "

s s s n ,  s a r .  K h i 7 / t . ,  1 5 5 6  (  l 9 d 5 ) ;  c A e m .  . . l b c l r . ,  6 { ,  l 9 l 6  ( 1 9 0 0 )  I  l t u v e  : t l s , r

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

( l l ? )  t ) e t e r m i n e r l  a r  a  s o l u t i o n  i n  g ; 1 ' 7 c  e t l r l n o l '

(  CI { r )TCI IC I I (  COCIIT ) :
2 6
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der ived f rom corr j r rg l te : r t l t l i t ion rvere 7.-{ ' l  of  the c ls-enol  ace-
ta te  23 ,  ( ) .O i r ( |  o f  t he  / r r r rus -e r ro l  & ( ' e t r l t e  24 ,  end  4 .1 ! f  o i  t he
t l iketorre 26.  Col lectet l3{  s: lmples of  t l re c is-enol  ncetate 23
ar rd  the  d i ke to r re  26  were  iden t i f i e r l  r v i t h  e r r then t i c  S i rmp les  bv
eompar ison of  retent ion t imes l r rd infnrrer l  err t l  ma-ss s lectra.

The  fo l l ow ing  exper imen ts  were  pe r fo rmer l  r r s ing  p rev io r rs l v
descr ibed procet i r r resr '1 to examirre the et fect  of  cat ion rnd solverrr
on  the  pos i t i on  , r f  l r ce tv l r t i on  o f  t l t e  e r ro la te  l n ions  2O und  22 .
The : rddi t iorr  o[  261) nrg (  l . l )  mmoles )  ( ) [  r r  mi .xt r r re of  enol  ar , r : -
tates ( l l l f i  o f  the r- 'z .s isonter  23 anr l  l1) ' l .of  the l rons isomer 24)
to  u ,  so l r r t i on  o f  i J .8  mmoles  o f  me th - r ' l l i t h i r rn r  i n  5  m l  o f  1 ,1 -
t l imethoxvethane almost  completei l '  r i ischrrged the red coLrr
o f  the  t r i pheny ' lme thv l  an ion  ind ica to r .  The  res t r l t i ng  so lu t i o r r
was added to 5.{ )6 g (50 mnroles)  of  rcet i t :  enhl 'dr ide and therr
the previousl-v descr ibed react ion l t r t . i  isol r t t i r i t r  procedtt res were
fol l r l rved.  The pent lne solr t t ion of  the () rg l ln ic products con-
ta ined3{  E2% o f  the  c i s -eno l  ace ta te  23  tn t l  lS [  o f  t he  l rans -
erro l  ar :etate 24;  the calr :u lated I ' ie lds rvere t i l -6 o l  23 and l -1( ' i .
o [  24 .  In  ag reenren t  w i th  e t r l i e r  s t r r t l i es . r i  r )one  o f  the  C-ace tv l -
I t ed  p rod r rc t ,  t he  d i ke tone  26 ,  r v tus  t l e te l te t i .  An  ana logor rs  es -
pe r in ren f  r r t i l i zed  l i i i l  mg  (? . l i l l  mnro les )  o f  e  m ix tu re  o f  e r r t t l
r t ( 'e t i r tes (75' ' - r ,of  the cr 's  isorner 23 anr i  'J ; i ' ' i  o f  the l rans isomer
24)  and  { .S  n rmo les  o i  me th l ' l l i t h i r rn r  i n  s  n r lo i  e the r . se  . { . f t e r
the  res t r l t i ng  so l r r t i on  h r r t l  been  s t i r re r l  f o r  l i  m in  ( c l r r r i ng  wh ich
t ime  l  p re r : i p i t u te  s t l r t ed  to  fo rn r )  r r r r r l  t hen  r l r renched  in  6 .011

B ( . - rU  mmr l l es )  o f  l ce t i c  l nh - r ' c l r i c le ,  t he  pe r r t l r re  so l t t t i on  o f  [ [ re
o rg : rn i c  p ro t l r r c t . s  con tu , i ne t l3 t  72c ; , r f  t he  r ' l r -€no l  ace ta te  23 ,
' r + t ' i  o f  t h e  / r c n . s - e r r o l  l t c e t a t e  2 4 ,  t r r t l  { i f  i  , r i  t h e  d i k e t o n e  2 6 :
the  cu l t ' r t l t t e t l  , r ' i eh l s  r ve re  5 l ( l  o f  23 ,  l ( i ' ;  r ' i  24 .  uc l  . r f |  o l  26 .
S im ih r l - r ' ,  t he  so I r r t i o r r  ob ta i r re r l  l r , ' r r r  i . ]  n r r r ro les  o f  me th_ r ' l -
n r lg r res i r rm b romi r le  l r r r t l  - l t i : i  n rg  ( i i . i t i  n rn r r r l t ' s ro f  an  eno l  l r : e -
t l t e  m i x r r r r e  ( S l t ;  o i  t h e  c i s  i s o n r e r  2 3  l r r r , l  l t ) ( , -  o f  t h e  / r r r r r s
i son re r  24 )  i n  S  n r l  o f  e t l t e r re  i v l r s  s t i n ' t ' t l  i , r r  l i  m in  l t t d  t l t r : r r
r l r r e n c h e r i  i r r ; - r . l i 0  g  ( ; 1 2  n t n t o l e s ) o f  r r r t ' t i , ' r i r r i r ) ' r i r i r l e .  T h e  p t : r r -
t u n e  s o I r r t i o r r  o f  t h e  o r g l r n i t '  p r o r l r r l t s  c o r r t r i r r e d 3 {  4 1 ) [  o f  t h c
c l ' . r -e t to l  ru :e t$ te  2 : ,  : j t 1  o f  t he  l r r r r r . s - r ' t t o l  l l e t l t t e  24 ,  und  . {S ( i ,

o i  t he  t l i ke tone  26 ;  t l t e  r ' : r l c r r l r t t t ' r i  ' r ' i t ' l t l s  r v t : re  i i 596  o l  23 ,2 ' ' i ,
r i  24 , ln t l  i l - [ ( l '  r> t  26 .  Co [ec te r l "  s r rn r l r l es , r f  t he  ces -eno l  ace -
t l t e  23  an r l  t he  d i ke tone  26  were  i r i e t r t i f i e , l  r v i t h  p rev io t t s l v
r i esc r ibe r l  sump les  b - l '  t ' on rp r r r i so r r  o f  re t ( ' l l t i o r r  t imes ,  i n f r r re , r l
sp{ , ( : t r l r ,  l r l r l  m:rss spe( ' t  r l r .

4- l -Buty lcycloheryl ideneacet ic Acid t  l l  )  ard Der ivat ives.- , \
16 . { i -g  ( ( ) . j i - l  mo le )  sun rp le  o f  l  d i spe rs io r t  , r f  i ! ' 1 .  so t l i r tm  hydr i t l t :
i r r  m ine r : r l  o i l  r v l t s  n ' l . she t l  repe l t te r l I r ' r v i t l r  pe r t t r r r te  l t t d  0he  rc -
n r l i r r i r rg  so t l i t tm  hv t i r i t l e  r va .s  s t t sJ r r : r t r l e r l  i n  - t l  ) {  )  m l  o f  1 ,2 - r l i -
n re thox -ve thu t te .  To  th i s  s t t spe t t s io t t  r v r t s  l r r i r l ed ,  c i ropw ise  l t t r r l
r v i t h  s t i r r i n q  ( ) v e r  a  2 - h r  J r e r i o r l  ,  r r  s r r l r r t l l v l l  , , f  7 1 1 . { ) { ) g  ( 0 . 3 5 3  m o l t ' )
o f  e t h _ r ' l  r l i e t h v l p h o s p h o t t o r t c e t u t e  i t r  l t l t )  r r r l  , r f  1 , 2 - d i m e t h o x r ' -
e thane .  The  res r r i t i r rq  so l r r t i o r r  r v rL . i  s r i r r t r i  i o r  a t r  udd i t i o t r r r l
h o r r r  n n d  t h e r r  l  s o l r t t i o n  o f  5 l ) . ( ) ( )  c  ( { ) . : ; ' l ;  m , r l e 1  o f  { - l - b r r t v l -
r . v r , k rhe .xanor re  i n  l l ( ) l )  m l  o f  i , 2 - r l i n rc t l r ( ) xve f  h l l ne  was  adder i
r i rop rv i se  and  w i rh  s t i r r i ng  ove r  0 ,  1 l ( ) -n r i r r  pe r iod .  When  th t r
add i t i on  was  t ' omp le te ,  t i l e  res r t l t i ng  suspe t t . . t , t t t  ( sod i r tm  d ie thv l -
phosphate prer : ip i tatet l  t i r r r ing the t t l t l i t ion r  wr l^s .st i r red for  l ; - r
m in  anc l  t hen  t l i l r r t e r l  w i th  w&te r : , r t t t l  e . x t r ru ' t ed  w i t i r  e the r .  A f te r
t i re etheret i  extru,ct  hat l  been dr ied t r r r l  ( 'on( 'entroted,  f rar : t ionrr l
d i s t i i l e t i on  sepDre ted  tu tcha t tge r i  l - b r t t v l cvc l , rhexa t tone  fo l l owe t l
b-v the conjugated ethyl  ester  l0 us u.  r 'o l r r les.  l i r l r r id,  bp 77-8 ' {"
( 0 . 1  n r m ) ,  n ! r r )  l . - 1 7 7 ; 1 .  

' I h e  p r o t l r r c t  e x h i i r i t e r l  I  s i n g l e  p e a k  o r t
g l r^S chromrtogrrpl t - " -31 lnd hlus i t r f r r r rer l  u, l rsorpt i r tn32 at  l7 l ( t
( con j r rga ted  ss lgp  Q: ( ) )  l t t t l  1 ( i ; i { )  r ' n r -L  , r ' on j t t ga ted  C :C  t
r v i t h  an  r r l t ruv io le t  m l . x imr rm3T l l t  : : l ' J  n rs  ( c  l -1 ,9 (X) ) .  Thc
nmr  spec t r r rn r3 :  hus  pe r rk .s  l t  6  ; l  . i ?  r l  F I  i r roa t l  s ing le t ,  v i r r - r ' l
C H ) ,  - 1 . ( ) 7  [ 2  H  c l r r a d r r r p l e t  r v i t h  . I  :  7  ( ' p s  r e t h o x v l  C H r )  s r l p e r -

imposed  ( )n  l r  b ro t rd  mt t l t i p le t  l t t t r i b r r tab le  to  one  a l i pha t  i r '

CH l ,  and  ( ) .SS  (9  H  s ing le t ,  (CH ' ) . :C l  rL . .  * ' e l l  l s  a  t r i p le t  ( t t

6  1 .25  rv i th . /  :  7  cps ,  e thox l ' l  CH.1  s r tpe r in tpose t l  on  comp lex

lbso rp t ion  in  the  reg io r t  6  l . l - ? . ' l  t l r l i p i r t r t r , :  CH) .  The  ma.ss

spe( ) t r l lm  h l s  a  mo lc r : t t l a r  i o r t  peak ;L t  n r , te  l l {  w i th  ab t tnd l r r r t

f ragnre t t t  pe rks  tL  m/e  t ' 10 ,  l l J ,  1 )+ ,  1 ) ; ,  . ) ; ,  ; - t i > ,  4 i l ,  and  ' l l .

. 1 n a L .  C . r l r : r l  f o r  C r r H . : r ( ) : :  C , 7 { . 1 ) ' ' r ;  H ,  1 0 . 7 , 3 .  F o t t t t t l :

C , 7 4 . 0 7 ;  H ,  l 0 . t i ; .

( : ] 9 )  \ \ ' e  r v e r e  u n a b l e  t o  u s e  t r i p h e n l ' l r n e t l t l n e  a s  e n  i n d i c a t o r  f o r  t l r i s

r e a c t i o n  b e c t u s e  t f u e  a d d i t i o n  o f  t r i p h e n y ' l n t e t h a n e  t o  B n  e t h e r  s o l u t i o n  r r f

m e t h f . l l i t h i t r m  , r r  m e t h ! ' l m a g n e s i u m  b r o m i r l e  r l o e s  n o t  r e s r t l t  i n  t h e  f o r m u t r o n

o f  : r  r e r l  c o l o r  o f  t h e  t r i p l r e n y ' l r n e t h y l  a n i o t r  r v r t i t i n  a  3 G m i n  p e r i o d .  T h i s

o b s e r v a t i o n  i n t i i c u t e s  t h e t ,  i n  e t h e r  s o l u t i o s  i r r n l i k e  i n  l , : l { i m e t l r o x y e t h u n e r .

e i t h e r  t h e  f 1 . 1 r m a t i o n  o f  t r r p i r e n t ' l m e t h y l l i t l r i r r r n  l s  ! ' e r \ ' : l o r v  o r  t h e  t r i p l r e n l ' l -

m e t h l  l l i t h i r r r n  i . t  n o !  d i s s o c i { r t e r l .

t i a l l l '  r eso lve t l  mr r l t i p le t ,  h l l f $hndw i t l t h  2  cps  v inv l  CH) ,
{ . ; J l i  ( l  H ,  s e v e r r - l i n e  s i g r r r l  w i t h - . /  :  0  c p s ,  O C H ) , 2 . 1 7  a n r l
! . 02  [ t r vo ; i  [ I  s i r rg le ts  ( the  l r l ng - ra r tge  t :o r tp l i ng  o [  o t te  o f  t hese
signals rv i th the v i r r l ' l  CH signal  w&s no[  resolved),  CH1Co
and CHrC:Cl  ,  lnd I  .2.s [6 H dorrblet  wi th . I  :  6 t :ps,  (CHr)rCl .
The mms spe( ' rn lm oi  the s&mple h:us n moleet t l r r  ion peok et
m/e 142 wi th rbrurc lant  f ragment,  peaks tL nr , f  e l (X),  S5,  { l l ,  rnd
4 t .

. l na l .  Ca lcd .  fo r  Cr I I r rO . . r :  C ,  67 . i t 7 ;  H ,  9 .9 i1 .  Fo r tn t l :  C ,
6 7 . 2 9 ;  H . 9 . S - t .

The  in f ra red ,  u l t r r , v io le t  [ ( x - . .  262  mp (e  6500)1 ,37  a r rd  nmr
ebsorpt ion of  the or ig inr l  monoir lkv lated product  mixtr r re cor-
responded ver l ' rvel l  to r  mixture of  26 and 37;  f r r r thermore,  t ,he
spectrr  of  th is mixt l l re corresponded very '  c losely to the publ ished
cr l rvess6 for  the .supp,rseci lv  part ia l ly  enol ized sample of  the di -
ketone 26.  Thrrs,  rve concir tde that  the prrb l isheds6 report  that
the diketone 26 is  in eerr i l ibr i r rm wi th a l rans-enol  form (2.e.

38 )  i s  e r ro r )eo r rs .

(CH,)TCHCH(COCH,) , ,

2 6

OH
I

.ccH3t
+ (CH,),CHC.'/

\ c:o
./

CH,
3 8

. \  c o l d  ( 0 o ) s o l r r t i o n , r f  I i t h i r r m  d i m e t h y ' l c o p p e r ( l )  [ f r o m  l . l l X i
g  td . l JS  mmol : ' s1  o f  topper r l )  i od i< le ,  12 . ( )  n rmo les  o f  me t l t v l -
l i t h i r rn r ,  l n< i : l - t . t i  n r l  o f  e the r ]  r v t s  t re l ted  rv i rh  u  so l t r t i r l r r  o f
JT i l  mg  ( j l . ' . l i  n rmo les )o f  the  r rns r l t l r r l t e t l  ke tone  I  i n  J5  n r l  o f
e t l i e r .  A i te r  the  so l r r t i o r r  h l c i  l r ee r r  s t i r re t l  f o r  I5  m in ,  i t  r v l r . s
r r r k l e t l  ,  r v i t t r  s t  i r r i r r g ,  t o  ( i . l J  g  ( ( i { )  n r n r o l r x ) r l f  r r ( ' e t i c  l n h v d r i r l e .
' f he  

rcs r r l t i r rg  n r i x t r r re  \ r ' i r s  s t i r r c r l  f o r  i l 0  n t i r r ,  m ixe r l  w i th  i JO
nr l  o f  l l e r r t l n t : ,  l n r l  l i 0  n r l  o f  cok l  (0o ) ,  sa t , t t r i l , t ed ,  c ( l l l e t l r t s  so t l i r rm
l r i r ' : r rbo r r r r t c ,  r r r r r . l  t l r c r r  , s t  i r re t l  f o r  l l t r  l dd i t i r l n r r l  I  l r r .  So l i r . l
s r x l i t t n t  I r i r u rbo r r l t o  w l r . J  l rdder l  l l n t i l  t he  c l r l - ro t t  t l i r r x i c le  evo l t t t i o r r
lerued;  then the r l rgtr r ic  l l1 'er  rv: ls  sel l l r rutet l  tnt l  the ul r t l lorrs
phr. ie \ r ' rLJ extrar ter l  rv i th J)ent i lne.  

' fhe conr l l ined { i rg l r f r i ( '
so l r r t i ons  rve re  r l r i e t l ,  ( ' on ( ' en t r l l t e r l ,  m ixec l  r v i t h  ? l - l  mg  o f  a r r i so le
(es  in te r t r l r l  s tu r r r i r r r l ) ,  l r nc l : r t r r r l vz tx l  . 3 {  ' f he  r : l k ' r r l a ted  I ' i ek l s
rvere lS ' ' i .  of  the r- ' t .s- t l r r , r l  l r ( .et t r te 23,  1( ' l ( ' ;  of  t ] re l ran.s-enol  a<'e-
t u t e  2 4 .  l r r t i  l ( ) ' i ,  o f  t h e  r l i k e t o r r e  2 6 .  A  c o l l e c t e r l 3 {  s l r n t p l e  o f
t l t e  t l i ke tone  26  h r rs  i r r i ra red  ubsorp t io r r r r  l t  l ( i lX )  cn r  - t  r v i t l r
s l t r r r t l t i e rs  i l t  ( ' ( r .  l 7 l5  u r r r i  l 7? ; - r  cm - t  (C : ( )  s t re tch  o f  I  l , j j -
r l i ke to r re  t  w i th  b ro r r r l  r r l t r l r v io le t  u ,bso rp t ionsT  l t  ? ,S ( l -2 lX )  n t ! .
(e  lS l ) )  i r r r l i c l r t i r rg  t l re  l r l r se l r ce  o f  tnv  s ign i f i r : l n t  l lmonn t ,  o I  e r r , r I
i n  t h i s  s l m p l r : .  

' f l r e  
r r n r r  s [ ) e ( ' t r r r m s  h u s  p e a k s  u t  6  i i . l 5  [ l  H

r io r rb le t ,  l i ne  seJ r rn l t  i o r r  l 0  c l t s  r v i t h  f  r r r the r  sp l i t t i ng  xpp&re l r  t
b r r r  n o t  r e s o l v e t l ,  C I { ( C j O ) , : 1 ,  1 . 7 ;  ( 6  H  s i n g l e t ,  C H I C O ) ,  a n d
{ ) . ; i { )  [ t i  H  < - io r rb le t  * ' i t h , /  :  t i . i r  cps ,  (CHr ) rC ]  as  w 'e l l  u  a  b rou r l
mr r l t i p le t  i n  the  res ion  6  l .S - ! .4  ( l  H ,  >CH) .  The  mes .s  spec -
t r r rn r  hus  a  w 'eak  mo lec r r l a r  i on  peuk  a ,L  mfe  142  w i th  a t r r rndan t
f r rgment peuks u. t  r t t /e l (X),  .S; ' i ,  lnd 4i l .  Col lected3{ semples
o f  the  eno l  l r : e ta tes  23  lnd  24  rve re  i r l en t i f i ed  w i th  a r r then t i c
s l rmples bv conrpar ison r- l f  retent ion t i rnes,  inf rered sper: t r l r ,
anti ma.-s.s spe('t r[].

To  r t  co l t l  (0 "  )  so l r r t i r t r r  o i  12 . . i  mnro les  o f  n te th l ' lmagnes i r rm
bronr ide  in  25  n r l  o f  e the r  r vus  ld r le< l ,  d ropw ise  rnd  w i th  s t i r r i ng
over  l r  i l 0 -m in  pe r io r l ,  r r  so l r r t i on  o f  252  mg ( ;1 .0  n tmo les )  o f  t he
uns l . t r l ra te t l  ke to r re  I  l n r l  - {S  mg (0 .12  mmoles )  o f  t r i - n -b r r t y ' l -
phosph ine -coppc r ( l )  i od ide  comp lex  in  2 . - r  m l  o f  e the r .  

' f he

r :< l l d  re l r : t i on  m ix t r r re  r vas  s t i r red  fu r  an  udd i t i o r ra l  l 0  m i r r  l n r i
t hen  ldded  to  l ( ) . 0  g  ( { )S  mmoles )o f  ace t i c  anh ,vd r ide  end  s r rb -
jectet l  to t .he previorr-* l l '  descr ibed i .soiat ion and arrah's is. r {  The
cl lc t t i r te<i  f  iek ls rvere ! { i ( l  r - l f  the r . l .s-erro l  r l r :etate 23,2r , .  of  the
l ra r rs -eno l  & ( .e t l r t e  24 ,  und  { - l ' ' i  r l f  t he  d i ke to r rc26 .  Co l le r . tec i3 {
samples of  the c i .s-erro l  r r ( 'et r re 23 arrd the r l iketone 26 w.ere i t lerr t i -
f iec l  rv i th previousl- r '  t lescr ibed samples bv comptr isorr  of  inf ru-
ret i  s l ler : t r l r  n l iLs,s . . i [ )e( ' t  ro,  urr t l  retent ion t inres.

A  so l t t t i o t t  o f  52 l l  mg  (6 . i 1  tnn ro les t  o f  t he  t r r r s i l t r r ra ted  ke tone
I  in 50 mi of  ether rvrus udded t<l  u,  col t l  (0o )  solut ion of  25.0 mmolcs
o i  me th l ' lm lg r res i r rm b romide  i r r  i rO  m l  o f  e the r .  The  res r r l t i r rg
solut ion wa^s st i r ret l  for  2()  min,  added to 20.0 g ( lgt j  mmoies) of
lcet ic  lnhvdr ide,  urrd then subjected to the previorr .s lv detcr ibed
isolat iorr  arr t l  r r r ra l_ l 's is .3{  The calcrr l r ted y ie lds of  products

( l ] 8 )  D e t e r m i n e t i  a s  i r  p r t r e  l i r l t r i d  r v i t l r  l e l r a m e t h 4 l a i l u n e

l e r r 6 I  s l a n l a r d .

p leEen l  oE  c l n  e I -



O r : r o s e t t  l 1 ) { i ( i

, \  s r l r r t i . r . t " j l ) . { )  r o . i { )  m i r l e ) , f  s o r i i r r n r  h v r l r o x i t l e  l n d  5 0 . 7 { l
g  ( 0 . : l : i  r n o l r - ' ) , r f  t h e  c o r r j r r g u t e r l  e t l n ' l  e s t e r  l 0  r n  7 5  m l  o f  w a t e r
r r r r r l  225  n r l  o f  e t l r l r ro l  r v t s  s t i r re r l  r r t  r r l om temper& t r l re  fo r  4
r l l v s : r r r r l  t h e r r  r l i l i r t e t l  r v i t h  l i { X }  n r l  o f  e t h e r .  T h e  o r g t n i c  l a v e r
w l rs , . i ep l r r l t t o ( l  l t r r r l  r v l xhe r l  r v i t h  s : l t r r ra ted ,  l t ( l l l e ( ) l l s  sod i r tm
bi t ' l r rbt l tur te.  ' l 'he 

cr lmbi t tet l  l l t l t r t - .orrs solr t t ions were nerr t ra l izer l
i  t o  pH {  )  n ' i t h  l r ( l l l e { ) t t s  l t v r l roch lo r i c  l r r : i r l  t r rd  ex t ra r : ted  re -
pe t te r l l v  r v i t l r  t , t he r .  ' l ' h i s  

l t f  t e r  e the re l l l  ex tnu ' t  wa .s  d r ied  r l nc l
( ' on ( :en t r i l t e r i  t o  l e t ve  i l , \ . l l . l  g  o f  t hc  r , r r r r l e  so l i d  t c id  l l ,  mp
77- , \ l  " .  I t e r . r vs t l l l i z l r l i on  f ron r '  pen t l rne  rL f l o r r l ed  : l 5 . lS  g
i7 { ) .1 ( ; . )  o f  t he  p r r re  ac id  l l  us  r vh i te  nee t_ i l es ,  mp  g2 - l )3 ' .  The
stmple hl rs l l ro l r r l  in f r l rer i  l lbsorpt i r tns2 in the i l -pr  region (as-
soc i l t e t l  OH)  r v i th  pe lk . s  l t  l t i l ) 0  ( co r r j r rga ted  c l rboxv l  g : { ) )

l l n r l  l t j - 15  t 'm  - t  ( r ' on . j  r rg l r te t i  C :C)  and  ln  r r l t r l r v io le l  max imr rm{1 )
t t  l l J i l  n l p  ( e  l ( i , l X ) O ) .  T h e  p n r r  s p e ( , f  r r r m 3 2  h 1 . s  p e a k . s . r t  6 1 ? . 5 ?
( l  H  b r o a d  s i r r q l e t ,  ( l O t ) H ) , 5 . ; ; i  ( l  H  b r o t r d  s i n g l e t ,  v i n - " - l  C H ) ,
an r i  l ) .SS  [ { )  F [  s ing le r  (C I - I , t hC ]  us  r ve l l  l s  h rou ,d  mr r l t i p le t s  i n
t h e  r e g i o n s  6  l . ( ! - ' 1 . ; - r  r S  H ,  r l i l r h r t i c  C l { )  l r r d  6 : 1 . , B - . 1 . 2  ( l  H ) .
Th is  l t t t e r  pe l r k ,  r v l r i r ' h  r r l so  i s  ev i t l e r r t  i n  the  l l r ev i< t r r s l v  r l e -
sc r ibe t l  e t l t v l  es te r  l 0  l r t t r l  t l t e  s r rbse t l r re r r t l v  r l e . sc r ibed  c r r rde
n le thv l  es te r  l 4  i s  r rop r t t ' e t t t l , r '  l r t l r i l l r r t r r l r l e  to  the  e t l r r l r t o r i l r l  C -2
hv t i rogen  r r ton r  w ' l r i r l r  i s  r ' i . s  to  ( l r . r r< i  ( ' ( )nse ( l l l en t l v  ee l i l l se r l  w i th  )
t l t t '  e . s t c ' r  r l r  l r c i r l  f u r r l t i o r r .  r r

- l n r t l .  ( l i l r . t l .  f o r  ( ' ' , . : H , , , (  ) . : :  C ,  7 : i . { ; i ;  t I ,  t 0 . J 7 .  F - o r r n < l :
C l , 7 ; ] . ; l { ;  H ,  l o . l l .

F , r l l o u ' i r t g  1 | 1 1 '  p t ' o r e r l t t r ( '  o r r t l i r r e r l  l r l t o v r ) ,  l { ) . i : }  g  ( - 1 0  m m o l e s  I
o t  mr t t l t v l  r l i t t t l r v l r l l r os l l l t o t ro l r c t : t l r t t - '  \ r ' l r . s  t  r c l t e t l  s r r r : t . ess i ve l v
r v i r l r  l . i i l { i  g  r , - r ' i  r r r r r r o l e s l  , ' t  s o r l i r r r n  h . r ' r l r i r l e  r r r r t l  7 . 7 l i l  g  ( i t t
t t t r t t o l t ' s  ) , r f  - l - / - l r r t t v l c v t ' l o l t e . \ u t r o r r e  i n  I , l J - r l i n r e t h o x v e t [ r a r r e . r :
I ) i s t r l l r r t i o t t  , , i  l l r ( '  r ) t ' g t u r i r '  l l r o r l r r r , t  t r l f i r r r l e t l  { i . l l )  g  { 5 S f , )  o f
l l r r .  r ' r r r t l t , m e t h y l  e s t e r  l 4  r r . s  r r  r ' , r l o r l e s s  I i r l r r i t l .  l t l t  1 3 1 ) - 1 4 2 "
( . r  t t l l t l  r .  ' [ ' ] r t '  

l ) t ' ( ] { l u ( ' t  l t r r s  i r r f r l r r r . r l  l r l r so rJ t t i o r r r i  : r t  l 7 l l 0  ( r to r r -
j r t g : L t t r l  t , s t t ' t '  C l  - (  )  )  : r r r r l  l { i , i ( )  r . r r r  - t  ( r . o r r j r r g l t e r l  C - l : C )  r v i t h
r t l t r l r v i o l t ' l  l r l r s r l r ' l l t i o r r r ;  l L t  l l l l f  n t p  ( €  l S , i i (  ) O t .  T l r e  r r r n r  s p e r ' -
t r r r n l r r  I r r r s  p r ' : r k s  r r t  , i  . ' i . - { { i  ( l  I ' l  l r r o r r t l  s i r r g l e t ,  v i r r r . l  ( l H ) , ; j . ; . i
i i i  I l  . i r r g l t ' t ,  ( ) ( l l l , ) ,  t r r r l  l ] . , \ 2  [ 1 )  H  s i r r g l e t ,  ( ( . ] F I r ) r C l  r v i t h  r r
I r r o : r r i  n r r r l t i p l t ' t  i r r  t h e  r c g i o r r  6  t . 0 - ' - 1 . ;  i , \  I [ ,  r t l i l l l r r r t i r . C [ { ) r r r r r l
l r  l l r o l r r l  r l o r t l l l c t  ( s e p l r r l l t i o r r  l l i  r . 1 l s )  r , c r r t e r c t l  l r t  6  ; j . S ; - l  (  I  H .
t r l r t l r t o t ' i l r l  C l r i l  . ' r . \  t o  r , r r r t r o n r r r t h o x r ' I  f r r r r r , t i r l r r  ) . r l  T h e  m l s s
{ l ) ( . ( ' t r r rn r  l u r , s  r r .  r l r o le r . r r l l r r  i o r r  1 t r :uk  l r t  t t t  t e  ) l l )  r v i t h  l r l t r rn r l l r r r t
f  r ' : r g n r c r r l  p e l r k s  r r t  n t  / ( '  l 2 t i ,  1 ) , ) ,  5 ; ,  - { 1 ,  r r r r r l  J l ) .  . {  J . l t ) - g .
(10  n rn r r l t ' s )  s r rn lp l c  , r i  f  h r l  . r r r< ie  t : s t c r  l 4  u ' i r . J  supo l l i f i e t l  b r '
r t ' r t c t i o t t  u ' i t l t  l . l i 3  g  f  -10  n rmo les  )  o f  J ro ta .ss i r r r t r  hvc l rox i t l e  i n
. l l  )  n r l  o i  r e f l r r x i r r q  n r c t l r r r n o l  f o r  l 1 ) . i  l r r ' . 1 x  1 ' h t ' r e l r t : t i o n  n r i x t r r r e
\ \ ' i r s  ( ' ( ) n ( ' ( ) l l t r t r t t ' r l ,  r l i l r r t c t l  r v i t l r  w u t ( ' l ' ,  e x t r t r ( . t e ( l  w i t h  e t h e r ,
: r c i r l i f i e t l  t v i t l r  r r r l r r r t o r r s  I r v r l r o r , t r l o r i r ,  l r r i r i ,  l L r r r l  l r g l r i n  e x l r a r : t e t l
r v i t l r  t t l r c r .  , \ i t t , r '  t l t t ,  u r . i r l i r ' ,  c t h e r c t i  ( f r t r t r ( . t  I r l r t l  b e e n  w a s h e t i
w ' i t I r  r t ( l l t ( ' { ) t t s  - , , r l i t t n r  c l t l o t ' i r l c  l l t r r l  r l r i c r l .  r ' o r r t ' t - ' t t t r t t i o t t  l e i t
1 . , : ' i  g  r r , l . i ' ,  ) , , t  t l r t : , . r r r r i e  l i r l r r i r l  l t r o r l r r r , t  r v i t h  r r l t r l v i o l e t  l t t s t l r p -
t i o r r r ;  l t  j l { i  l r r g  r c . i l i 0 ) . r i l I ' l r e  t ' l r i l r r r r : , r f  t l r e  r r r , i r l i c  p r o t l r r c t  t o
c rvs t l l l i z t :  l r t r r l  i t s  [ , , r v  r t l t r l r v io le t  ex t i nc t i o r r  r ,o r , ' l l i r , i en t  s r rgges te r l
t h l L t  t l r c  v i q , r r o r r s  r o r r r l i t i o n s  r r s e r i  i n  t l r i s  s l r p o r r i f i c a t i r t n  h l r r l
p l r r t i l l l f  i s , r r r re r i z r t r l  t he  t .o r r j r rE l r te t l  es te r  l 4  l o r  a t : i d  l l  )  t o
t l t e  r tnco r r j r rg l r te r i  rL r r rb l t . - l r o l rd  i somer .  Th is  s r r sp i c ion  wa^s  con-
f i rn re r l  hv  es te r i f _ r ' i r rq  l ) . 70  g  ( i i  mmo les )o f  the  r .n r t . i e  l i q r r i d  a r : i t l
r v i t h  excess  e tho re r l  r l i l r zometh lne .  ' f he  cn r t l e  ne r r t rD l  p ro t l r r r . t
r - ' o r r t l i r re r l3 l  f o r r r  r , o rnJ )onen ts  n ' i t h  the  fo l k r r v inq  re ten t ion  t imes
l rn r l  re l l r f i ve  pe r t k  r ress :  61 ) ! ;  o f  t he  no r t r .o r r j r rqa ted  es te r  l 5
t l j i . J  n r i r r  r :  l 1 ) ' ,  o i  t l r e  r , o n j r r q l t e d  e s t e r  l 4  ( l { i . 2  m i n ) ;  : J , 1
, r f  r rnk r ro rv r l  ( ' o rn l ) ( ) r re r r t  : \  ( ' ) 0 .?  m in  ) ;  un t l  l 2 , l  o f  l l nkn ( )wr r
( ' on tp ( ) l t en t  B  i i l . \  n r i r r  ) .  A  co l l e r t te t l s r  s ln rJ r le  o f  t he  r :on j r rge te t i
es te r  l 4  w ' r r . r  i t l e r r r i f i e r t  r v i t h  the  p rev io r r . s l . r '  r - l esc r ibed  sanrp le  bv
( ' ompr r r i s ( )n  o i  i r r f r l r re r i  l r r t r l  n l l r s -s  s [ )e ( ' t n r .  J  l o l l ec ted  samp les l
o i  t l i r :  noncon juga ted  methy l  es te r  l 5  hes  i r r f r l re< l  absorp t io r rs :
l r t  1 7 - [ , - r  ( t : s t e r  ( j . : ( ) )  l r r r l  l ( i 7 {  )  r : n r - t ( u ' e l r k ,  C : C )  r v i t h  o r r l r .
e r r t l  l b s o r p r i o r r  i r r  t l r e  r r l t r l v i o l e t 3 ;  [ ? l { )  n r s  i €  ; ; ] ( i ) 1 .  T h e  n n t r
s p e l t n r n r r :  h l s  s i r r q l e t s  r r r  6 ; ; . t i 1 )  i : l  F I .  O C H t )  l n d  0 . S l i  I f )  H ,
(CHr i , rC l  r v i t l t  l r ro r r r l  l t e r r l r s  r ,e r r t t - ' r e r l  l r  6  , - r . { i l i  ( l  H ,  v in l ' l  CHt
l u r r i  ? . 1 ) l i  r l  t l ,  ( l l l r C ' (  ) )  r r r r r l  r l  r , o r r r n l t ' r  n r r r l t i p l e r  i r r  t h e  r e g i o n
6  1 .0 - i . ;  r i  I I ,  r r l i J rh r r t i r ;  CF t  t .  

' f l r t '  
n t r . r . J  >pe( ' t n rm hus  u

t  l ( ) )  l ) e r e r r n i n r ' , [  1 1 s  l r  s o l r r t i o n  i n  n - l r e p t a n e .
i + L J  ( ' f  .  I [ .  l l t r r r l r .  I ) .  . i t a r r t l a t : l r e r ,  I ' .  N i k l r r r r s ,  . r n L l  - \ .  ] l e l e r a ,  I y ' e l u .

( ' h t n .  . l ' ' l a .  { 8 .  l O l l ;  ,  l l l f i S r .

t { J )  ' l ' l r i s  
e x p e r u r r ( , n t  n u s  1 . l e r f o r r n e r l  b y  D r .  \ l - .  G .  K e n l . o n  i n  o t r r  l a b o r u -

t ( )  r  I  e3.

r { : J )  [ . ' f ( ) r r r o $ k ( ) z i  : r n , l  ( j .  . J i r n z s o  l C l n n .  I n r l .  ( l , o n t l o n ) ,  2 0 8 5  ( l 9 t l ? ) l  r e -

l ) r ) r t  t l l e  r r c i , l  1 1  u s  r r  l i , 1 r r l l .  b t r  l : i . - r - l  l 0 o  ( J  r n r n r .  I t  r n : r t '  r l ' e l l  b e  t l r t r t  t l r e

l t r l r r i ' i  p r r x l r r t . t  r e J x r r t r . r t  b v  t l r e s e  t r r r t l r o l s .  l i k e , r r r r  I i , t r r i r i  l c i d  r e D o r t e r l  l r e r e ,

THn CHBlnsrRy or  C. rnn . { . \ ro \s .  X I I

nro lec r r l l r  i o r r  pe rk  i L r  n t , / e  210  rv i th  l t x r r r c l : r r r t  f ragmenr  p r . r t i -
' t t  t r t  /e I? l ,  1) : i ,  , \ { ) ,  7{) ,  ;17,  r rnci  -1I  .

. l na l .  C rk ' t l .  f o r  Cu I { : :O : :  C ,  7 -1 .2 { ;  H ,_10 .54 .  I i ' o r rn r i :
C ,  7 - 1 . 1 1 ) :  H ,  1 0 . 6 . l .

Preparat ion of  the Unsaturated Alcohol  17.-To I  sol r r t iorr  o i
j i S . ( )  m m o l e s , r f  m e t h v l l i t h i r r m  i n : 1 0  m l  o f  e t h e r  w a s  u t l r l e r l ,
r . l r opw ise  lnd  rv i t i t  s t i r r i nq  ove r  r r  i J ( ) -m in  pe r iod ,  o  so l r r t i o r r  o t '
2 . ( X )  g  ( l ) . 1 )  m m o l e s l  o f  t h e  r r n . s i r t l l r t t e d  e s t e r  l 0  i n : i { )  n r l  o i
e t h e r .  A f t e r  t h e  r e l c t i o r r  m i x t r r r e  h a d  b e e n  s t i r r e d  o v e r l r i s [ r r .
i t  r v : r s  po t t re r i  i t t t o  ru t l r t e r ) l t s  l lmmor r i r rm ch l r l r i de  so l r t t i on  , r r r i -
j r rsted to pH 7-S rv i th lmmonirr )  lnr l  the r l rganic layer rvrrs sr 'p-
i r r& te ( l  &n ( l  con rb i r red  rv i th  the  e t l re r  ex t ra r : t  o f  t he  a r l r re , r r r -
pha^se.  The r l rgarr i r :  sol r r t ion wrr .J t l r iet l  and concentr t te( l  t r  r
l e t ve  l . -11 )  g  (79 . : t ( l  )o f  t he  c r r r r l e  l l r . oho l  l 7  as  wh i te  so l i r l ,  r r ro
; ; t i ( ) ' .  S r rb l im l t i on  t f f o r t l e r l  t he  p r l re  a l coho l  l 7  r s  r r ' l r i r , '
need les ,  mp  ( i l - { )2 ' .  The  s tmp le  } rus  i n f r l red  absorp t ion r i  r r t
i J59 ( )  t r r r l  l l - 150  cm- r ( r rnus .soc i l t e r l  rnd  assoc ia ted  OH)  rv i th  nn r r
p e r k s 3 : t t  6  i . { 7  ( l  H  b r o t c l  s i n g l e t ,  v i n v l  C H ) ,  1 . 3 4  [ 6  H  s i r r r - { l t r .
( ( l H r t , : C - l O l ,  r r n d  0 . 1 ) l )  [ 1 )  H  s i n g l e t ,  ( C H ] ) , ] C l  a . s  w e l l  l . S  b r r r r , t
m r r l t i y r l e r s  i r r  t h e  r e g i o n s  6  j j . 2 - : i . ( j  ( l  H ,  O H ,  s h i f t e d  b v  r l r t
a d d i t i o n  o f  p v r i r l i n e r  u r r r l  6  l . { ) - 2 . . i r  ( 1 )  H ,  l , l i p h a t i c  C H ) .  

' l ' l r , '

n r i r . ss  s l )e ( ' t r r t r r t  ex l r i l r i t . s  t t o  mo lec r t l l r r  i o t t  peek  b r t t ,  has  a l t r r r r r i r i r r r
f r l gmet t t  l t euks  t r t  r f r ,  p  l ) l J ,  5S ,  , ) ; ,  + ;1  ,  l r n t l  - l l .

. l n u L .  C r r l r . r l  f o r  ( , - r r [ I : e ( ) :  C ,  7 l ) . 1 ) ; f  :  H ,  l : ] . - 1 6 .  F o r r r r r i :  ( ' ,

7 { ) . 7 1 ;  F I ,  l J . ; j ; i .
P repara t ion  o f  the  Unsa tu ra ted  Ke tone  12 . -To  1  r ,1y l1 l  r ( ) '

s o l r r t i o r t  o i  ? 5 . 0 5  q  t l ) . l i j  n r o l e ) ( ) f  t h e  r r r r s u t r r r a t e c l  a r . i r l  l l  l ; r
l o {  }  r r r l  o f  e t h e r  r v l r s  l i t l r l e ' r l ,  r l r o p u ' i s e  l r r r r l  r v i t l t  v i g o r o r r s : t u ' r l l r {
o v e r  l r  1 . . - r - l r r  l l e r i , r r l ,  l !  s o l u t i o r r  o f  { ) . 1 7  n r o l e  o f  n r e t h v l l i t l r i r r r r r
i n  l { 0  n r l  o t  t ' t h e r .  

' f l r c  
r e s r r l t i r r g  s o l r r t i o r r  w r r s  s t i r r e t t  i o l  r t r r

r r t l r l i t i o r r l r l  l  l  l t r  l t t t t l  t l t e t t  l r t i r l e r l  t o  l o l t l ,  l r ( l u e o u s  & n l n r ( , r r i r r r r r
r l t l o r i r l r ' .  ' f  

l r e  o t ' g l t t i c  l l r ve t '  w ' i r s  s r ' [ ) l r r l r t e r l ,  con tb ine t l  t v i t  l r  r  l ' , .
e t h e r  e x t r l r ( ' t  ( ) f  t l t t ' L r t l r r e o r t s  J r l t r r s r ' ,  r l r i e t l  .  l r r r l  e o r r r : e r 1 f 1 ; s t 1 , 1 l  r ,
l e r r v t ' 2 { . 1 1 )  g  o i  t l t e  c r r r r l t ' k t t o r r e  l 2  r r s  l r  l l u l t t  v e l k l w  l i q r r i r i .  

' l ' 1 r , ,

g : r s , ' l r r o r r t l r t o g r l t n r r t o i  t l t i s  J l r o r l t t r t  s u g g e : i t e ( l  t l t l r t  i t  \ \ ' i r s  ( ' ( ) r r r -
p o . . e r l  o f  t l t e  k e t o t r e  l 2  ( e l r r t e r l  s t ' r ' o t t r l  l u s  l 3 ) ( ' o n t c m i n r l t e r i  r v r t l r
2 - : i ' ' ;  o i  t h r .  l r l l o l r o l  l 7  l e l r r t t . r l  f i t ' s t  ) .  S i r r c c  u t t e n l l ) t s  t ( )  l l n l ' l t \ '
t  l t i . s  p ro r l r r c t  l l v  f r l t c t  i o tu r l  r l i s t  i l l r r t  i o r r  r l r  l t , l '  g lus  ch romutogr ' : Lp i r v
r e s r r l t e r l  i r r  p l r t ' r i l l  i s , r t n e r i z i r t i o r l  o f  t h e  p r o t l r t r : t ,  t o  t h t ' s u i , - r . -
r l r r e r r t l . r '  r l e s c r i t r e r l  t t t r c r l r t  j t t g l t t e t l  i s o r r t e r  1 3 ,  I  [ ) e n t i ] n e  s o l r r l i r r r r  ,  r l
t i r e  k d t o r r e  l 2  r v u s  t r l o l e r i  t o  l ) r r ' I r ' e  t e n r p e r l ] t , l r r e  t o  s e p r r r l r t e  t i r r .
ke to r re  l Ls  f i no  rv l t i t e  t r+ :e r l l es  r v l r i t i t  ren re l te r i  l l ek lw  roon l  ten l l ) { , r ' r r -
t l l r e  ( l rp l r rox i r r t r t e  n l [ )  -  I  t o  + - {o  ) .  Th is  l o rv - teml te r r r t  u r ' { '
r e r r r vs t l l l i za t i r l r t  J ) r ( ) ( ' ( ' ss  r v l r . J  reJ )c i r t t r l  seve r l t l  t i n res  an r l  t  l r t ' r r
t he  s r rmp le  r v lus  r l r i e r l  r r r r r l r r  re t l r r ce r l  I ) ress r r re  to  g i ve  7 .1 t i  s
o f  t h e  c o r r j t t g l r t e r i  k e t ( ) n r )  l 2  l r s  r r  l o l , r r l e s s  l i < 1 r r i d ,  n 1 6 t r  l . - l \ i ) . i
' l ' l r e  

J t ro r i r r c t  l t r r . s  i t t i r l r re r l  l r l r so rp t i o t r r :  t t  l { ; 1 )0  ( ' r ' o r r j r rg l r t , " i

C : (  )  )  r r r r r l  l { i . 10  r ' n r  - t  ( r ' o r r j ng r r t ( ' ( l  ( - l :C ' ) ;  t hese  tw 'o  pe r rks  ' r r ' ' '
o t  l r . D 1 ; r o x i n r r r r e l v  e < 1 r t l l  i t r t e t r s i t v  r u g g e s t  i n q  t h . r t ,  t h e  n r o l r ' , ' , r i ' '
e x i s t s  p r i m l r i l f  i r r  t l r e  l i s o i r i  r o t r f o r n u r t i o r r t l  l 2 a  p r e s r r m r r l r i v  r , ,

l vo i r l  f  he  e t l ua t ( ) r i l r l  hvd rog r : r r -n r t - . t l r v l  i t r t e ra t ; t i on  r v l r i c l r  r v , r r i r  I

,9"'
o'

/ ' B u

H
L 2 a

C / H

f---42"\:O
t-B* .///H {r,

f i
L2b

l t e  J l r e s e r r t  i n  t h e  t r l r n s r t i t l  c o t i f r t r n r l t i o n  l 2 b .  T l t e  s l n r i t l t ' l u r .
r r l t rev io l t ' t  n r r r . \ im l3?  l t  l ' 1 l l  n r ! .  (e  l ' 1 ,6 (X) )  l t t t t l  3 l i l  mr r  1e  l l ) :
t u r r t i  r rmr  pe r rks3T  . r t  6  5 .1 ) (  )  i l  H  b ro l t r - l  . * i t rg le t ,  v i t t v l  CH t ,  j . ' t ,

f i i  H  s i n g i e r ,  C H r C o ) ,  u r d  { ) . S t i  [ 1 )  H  . s i n g l e t ,  ( C H r ) , C l  r r . .  ' * ' , , i 1

us  u  b roa t l  r l o r rb le t  ( sep r r l t i o t r  l 2  t ' ps )  ( ' e t t t e red  a t  6  l J .S ( i  r  t  I I .
e r l r r l t r l r i l l  C :H  r : i s  to  ca r l t o t t v l  f t t t t t ' t i o t t  ) r r  a l td  r ,  b roa t i  m t t i t i l r i , ' r
i n  t h e  r e g i o t t  6 1 . ( ) - 2 . 5  ( a l i p h a t i t :  C H ) .  T h e  m a s s  s p e ( ' r r r r r r r
I ras  r  n ro lec r r l a r  i o t r  l l eak  u t  In /e  l l ) ' 1  r v i t h  l b t tnda t t t  f r l r gn t , ' t , t
pe l ks  t l  n t / ' e  1 )5 ,  ,g l ) ,  i t 7  ,1?> ,  end  {1 .

( ' h e n t .  S ' t r . ,  ; |  { : 1 5  (  l l , t i ( l



3 l  +0

. l r t r i l .  C r l c r l  f o r  Un l { : . , (  ) :  C ,  ,S r t . ; . ; ;  t t ,
s o . - { , j ;  H .  l  l . ; i l .

l l . - t l .  F o t t t t d :  C ,

. \ l t ho r rgh  t l t e  l rbove  s t t , t t t p le  o f  t hc  p t t r i f i cd  t :o t r  j r t g l t t ed  ke t r l l r e  l 2
gives rr  s ingle peuk r l t t  g: . rs t :hrr lnt l togra,phl ' , l r  : r  r :o l lected s lmpie of

th is pelk l rut l  i t t f r : r re<- l  absorpt iot t3z u[  1720 t :nr-r  (nonconj t tgetet l

C : ( ) ) .  The  nn t r  s l )e ( ' t r t tmr r  o f  t h i s  r ro l l ec te r l  samp le  h r^s  peaks

t t  6  2 . lX )  (2  H  b ro r t l  s ing le t ,  CH lCO) ,  2 .01 )  ( i i  H  s i r rg le t ,  COCHi ) ,

lnr l  { ) .S,9 [1)  H s i r rgtet , ' tCHr) , ,C1 . r -s rvel l  l rs  t r road pe:rk centeret l

r t  6  5 .07  ( l  H ,  v in l ' l  CH)  l t t t l  a  comp lex  mr r i t i p le t  i n  the  reg ion

6  l . l - 2 . i r  (a l i ph t r t i c  CH) .  The  n russ  spe t r t , r t tm  o f  the  s lmp le  h rx

a mtr lecrr lar  iorr  pel tk l l "L r tL/e.  11) ' t  rv i th abt tndrr t t t  f ragmett t  peaks

L \L  nL /e  1 )5 ,  S ( ) ,  57 ,  +3 ,  t l nd  {1 .  C , r r t seq t re t t t l l ' ,  r ve  co t t c l t t de  thab

the ketone l2 isornt l r izet l  to the t t t t t : r l t t j t tguted isgnter  13 on ot t r
gas chromatogr l l> l t1 '  col r tmtt .  Atr  : . r t tenlpt '  to d isr i l  a cr t tde

sample of  the ketor te l2 l f forc led:r  d ist i i la te who-*e infrared ab-

sorpt iop indicated i l  to l te I  mi .xt t t re of  isonrer ic ketones l2 l1d

13. The gas t :hronratogr l lm3{ of  the cn'sta l l i t re l l t :ohol  l7 ex-

hib i ted t rvo pl r t ia l lv  resolved peuks;  u col lecter ls{  sample of

these  peaks  has  sJ re r t r l  i r rd i ca t i r rg  tha t  i t  i s  r r ,  n r i x t t t re  o f  two  o r

more r i ierres rvhi t 'h  l tuve beerr  fornre<l  b1- t lehvdr l t t i t - r t t  of  the ai -

t : oho l  l 7  o r t  t he  ges  c l t romDt ( )g r t l 1 )h .  The  i r r f r l red  spe t : t r t t n t3 :

o f  t h i s  r . r l l l ec ted  s l tn r l t l e  l t r l s  t t o  r r l t so r l l t i o r t  i t t  i he  i i - s  reg io r r  l r t -

t r i b r t t r r l l l e  to  I  hv t i rox l ' l  f  t t r r l t i o t t ;  t he  t t r l t . ss  s l )e ( ' t r l tm  has  u

n ro lec r r l l r  i o r r  pe r rk  u t  t r r  / e  l l l - l  r v i t h  l t t t t t rd l t t t  i r egn re l t I  peuks
' r L  t n ,  e  l ; t ; .  l l l .  1 ) ; j ,  7 1 ) ,  ( i 1 ) ,  ; 7 ,  i 5 ,  r r r d  { 1 .

Addi t ion of  Organometal l ic  Reagents to the Ketone L2.-
T o  l  c o l r l  ( ( ) " )  s o l t t t i o t t , r l  l i t h i r r r r t  r l i n r e t h v l c o p p e r ( [ )  [ f r o n r
7 . r j l t  g  ( { l )  n t n t u l e s }  o t  c o l l l l e r t I )  i o t l i t l e ' l t r t l  , \ { }  m m r l l e s  r l f

me th l ' l l i t h i r rn r l  i t r  l { i { }  n r l  o I  e t l t e r  r v rus  l t l t l e t l ,  t l r op rv i se  l t rd  r v i t l t

s t i r r i ng ,  l  so l r t t i o t t  o t  l i . , \ s j i  g  (?0  I t t l r l o les )  o f  t he  l l l l s& t t l r& te ( l
k t : t one  l2  i r r  l ( i {  )  n t l  o i  e t } te r .  ' l ' l t e  re r r t : t i o r r  n l i x t r t re  w t t - J  s t i r re t l
f o r  j i l l  t t t i r r  u r r r l  t l r e r r  l r r l r l c t l  t o  u t l t t e r , t t . j  l t t l t r t o r r i r l m  r : h l t l r i d e .

; \ f t e r  the  o t ' g l l r r i t .  l : r v r t r  l t : t t l  l t ee t t  se l t l r t ' l t t , ' t l  l r r r r l  t ' r l n r l l i t t ed  r v i fh

t l re  e the reu , l  ex t  ru . r ' t  o f  t  l r e  l r ( l l r e ( ) r r s  p l t r t : . c ,  t  l r t '  r ' o tn l l i t t e t l  e the reu l
.o l r t t i o t t s  t ve l ' e  r l r i c r l  l t r r t l  { ' ( ) t t ( ' e t l t r l t t e (1 .  

' f l r e  res id t t . r l  1 'e lL lw '
o i l  ( - t . l S  g )  r . o r r t l r i r r e r l s r  1 X i ' i  o f  t h e  r o t r j t t g r t t t ' l t l t l i t i o t t  p r o d t t t : t  l 6
( s l r r t e t l  s u r , r l r r < l )  l r r r r l  { ' ,  r , i  t l t e  r r l t ' 9 l r 1 l  I 7  t e l r t t e r t  f i r s t  l ' r s  I  n t i x -

t t r r e  o f  r l i e t t e s  ) .  l ) i s r i l l r r t i o l r  , r f  t l t i s  n t r r t e r i l i  l t l l r d e t l  3 . t 7 {
g  , r i  f ruc t i o t r s  l l o i l i r rg  i r r  t l t e  r r l nqe  { ; - ; , \ o  (0 .1  n t l t t  ) ;  l t t t r veve ' r ,

t l r r : l t  o i  t l r e  i r l r c t i o r r s  r vu .s  ru r r t l r t r t i t u r . (e t l 31  rv i th  l t  sn ru l l  l n t t l t t t t t  o f

t l r c  l r l : o l t o [ .  A  t ' o l l e r l t : t l 3 r  s r tn rp le  , r t  t l t e  pe l l k  t l e r i ved  f rom the

l r l l r l l r o l  l 7  l r l r l  i r r f r l r re , i  l l l r so t ' J r t i o r r  l t r r i  l r  g r l . r  t l t r t l n ru t t t g reph i r l

re t ( f r r l i r l t r  t i n t s  t ' r l t ' r t ' s l t o t t r i i r rg  t6  t l t t l  r l i e t r t ' s  t t [ t l i l r e t l  f rom gus
( . l t r { )mr r t ( )gn rg r l t - r '  o f  t l r e  J l r r re  l l l r ' , r l t o l  17 .  . . \  r ' r l l k t t : t e t l 3 r  sun rp le  o f
1 [11 .  I s lo r r r :  16 ,  r r  l o lo r l css  l i < l r r i t l  ,  i t l r . s  i r r i r l t re r l  l l l so rp t i r l r t s t  a t

l 7 l ;  , . r n - r  1 ( l : {  ) ) .  ' l ' l r e  
r r t r r r  , i p 1 ' r ' 1 1 t 1 n t l :  I t t r s  s i r l g l e t s  l t  6

l . ' . t s  ( J  H ,  ( j l l r ( - ; o ) ,  j . [ : i  ( : i  H ,  C o C F I , ) ,  o . 1 ) ;  i ; i  r I ,  c H ' c ) ,

r r t r r l  { ) . , \ - t  l 1 )  F I .  i ( i l l , 1 , ( l l  . r r l l e r i n r y r o s e t l  o r r  u  l r t ' o r t r l  n t r t l t i p l e t  i n

the  reg io r r  6  ( ) .1 ) - ' J . , i  ( r r l i l r l r r t i c  CF I ) ;  t l t e  shu rp r t tess  o f  these

s i t rg le ts  : i l gges ts  t l l r t  t he  ke to t t t l  i s  p re r I l n t i t t l t t t l v  I  s i r rg le  S te reo -

i . so rne r .  Th i . s  r .o t r r , l t t s io t r  i s  s r tbs ta t t t i a te r l  b - l ' t i r e  s r t t l seq t ten l l y

r l es t ' r i l - re t i  pe rec i c i  ox i t l a t i o r r  o f  t he  ke to r te  16 .  The  mass  spec -

t r r t rn  o f  t l t e  ke to t te  exh i i l i t s  t t o  m, l l e t : t t l t r  i o t t  peuk  and  hus

u , l r r r r rda r r t ,  f ragnre r r t  pe rk .s  l t L  n t f  e  152 ,  g t j ,  9 ; ,  1 ) ' l '  S l ,  57 ,  4 :1 ,

t r r t . l  - i l .

- l . l L , t l .  C a L : d .  f o r  C * H . : n ( J :  C , 7 f ) . 1 ) ; 3 ;  H ,  l : 1 . 4 6 .  F o r t n d :

C .  ; l ) . 1 ) s :  H ,  1 2 . ; 1 7 .
A . . o l r r t i o r r  o i  S ( )  t n r l  ( 0 . 1 0  m n r o l e ) o f  t h e  t r i - n - t r r r n ' l p h o s p h i n r

copper t l )  i od i t l e  tomJr lex  e r rc l  1 )1 )7  mq ( ' 1 .1 ) {  mnr t - r l es )  o f  t he

l l r l s l r t r l r& te t l  k t t r l t rg  l 2  i r r  { ( )  m l  e f  e t l t e r  r v tus  l d r led ,  d ropw ise

ru r r t l  r v i t i t . s t i r r i ng  ove r  i !  i l 0 - rn i r r  pe r iod ,  to  -10  n r l  , r f  : r  co ld  (0o ) ,

e the reu i  so l r t t i o r t  ( ' on tc i l l i ng  f0  n tn ro les  r t f  n re th l ' lmAgnes i t tn t
b romi r le .  A i te r  the  m ix t t t re  h ld  been  s t i r red  fo r  l n  add i t i ona l
i0 min,  i t ,  rvr .s sr tb jectet l  to the previ<t t ts lv  t lescr ibed isolat iorr

1;roceclr r re to seprrat .e 1.0? g of  t l rgat t ic  prot i t t t : t  u,s I  r -e l low oi l .

T l r i s  p ro t l r r c t  ro t t t a i r te t l s {  r - ' 4 .  74 ( l  o f  t he  ke to t te  l 6  and  ca .26 ( , c
o f  t h e  r k ' o l r o l  1 7 .

^ \  s o l u t i o r r  r r f  1 . 0 {  g  { i r , !  n r r r t o l e s ) o f  t h e  k e t o t r e  1 2  i n ' l ( )  n l l  o f

c , l he r  was  u r lde t l ,  t i r opw ' i . i e  l r rd  r v i t h  s t i r r i r rg ,  t , r  r r ,  r ; o id  ( ( )o )

soir t r iorr  o i  ' . l t )  n ln lo les of  nret l t - r ' ln lagr l ( ]s i r l r l r  brorni t le in '10 nt l

of  ether.  Af ter  t l re r r : l t r : t io t t  l t r i .x t t t re hud l le 'et t  s t i r ret l  $t  roolr l

t e rnpera t  r t r c '  f o r  l i o  n t i t t ,  i I  w i t ^s  s t tb je t : t ed  to  the  p rev io r rs l y

r l e r i l r i be r i  i so l l t i o t r  p t ' o t ' e t i r r re  to  seJ ra ru te  l . t ) ' t  (93%)  o f  the

uk' r . ,hol  l7 u a.  rvhi te:o l id,  mp 00--- t i2o,  rvhich we-* ident i f ied wi th

the previor ts l - r '  r lescr ibed prodt tct  b-"-  compar ison of  inf rared spec-

t ru .  \ o r re  o f  t he  co t t j t t g l t e  ad t l i t i o r r  p rod t t c t  l 6  co t r l d  be  de '

ter , tet l  i r r  e i ther the i r r i rut 'et l  spret : t r t tm r l r  t l te gus t ;hronutr lgr : rnrr{

u f  t i r t - .  ( ' n rde  l l r o t l t t l t .
Pe r  Ac id  Ox ida t ion  o f  the  Ke tone  16 . - ' \  ' o l r t t i o t t  , , f  p t ' t ' ' , . r 1 ' -

t l ' r l l r r r ) l ( ) i . r ( ' ( ' t i r :  l e  i r l  l f  t ' o r t r  . l  . l I  r r r l  ( i j . - r  n t t t t o l cs )  o f  t r i l l t r u l ' o l rec t l ( :

WHt ' r rs toas \ - o r . .  : l l

ar rh_ r ' t l r i t l e  l r r r r l  I  . l )  r1 l  ( l i 7  r r r r r ro l t ' *  )  o f  i ! ( l uc ( ) t r s  SS/ l  h1 'dn ige r r
peroxidel  i r r  l0 ml  of  methr. ' ler te rh lor i r le rv ius l t t lder l  ,  droprv is l
ru r rd  r v i t h  s t i r r i r rg  ( ) ve r  r r  l 5 - rn i r r  p t ' r i o r l ,  t o  &  r ' o ld  (Qo)  m i . x t r t r c
o f  ! . 52  g  ( l i  mmo les )  o f  t he  ke to t te  l 6  ( r l i s t i l l e t l  mr te r ia l  w l r i t ' l r
co r r t r i r re r l  ca . l ( ' i , , r f  t he  l l t ' o l t o l  l 7 ) ,  l ; 1 . { )  g  o f  d i so t i i r tm  hydrogcn
ph( )sphu te ,  Dn( l  15  m l  o f  me thv le r te  chk r r i de . {5  The  res t r l t i n14
mix tu re  w&s  re f l l r xed ,  w ' i t h  s t i r r i t r t t ,  f o r  I  h r  l nd  then  f i l t e re r l ,
lnr l  the residt te rvru rv lusl te<l  rv i th methvletre chlor ide.  Tl r t '
comb ine r l  me thv le r re  chk r r i< le  so l t t l i o t t s  were  rva .shed  w i th  &q t teo r l s
sodirrm t t i r :arbotr i r . te,  < l r iet l ,  l t t t l  t 'o t t t 'e t l t r&te( l  to leave 1.2: l  g

of  t :okrr les.s I i r l r r i r l .  This t ' r t tde pr t ldt tc t  had i r r f r l red peaks3r l t l
l7{0 ( :x 'et l l te C:(  )  )  r t r r t t  l7S0 r 'm - t  ( t r i f l r toroac"1"1s Q:(  )  t
and exhibi tet l  t rvo pelks ( )n gc: j  t : I t romltogrephy rvhich n 'e bt ' -
I i eve  to  be  the  r r ( ' e t r te  l r t< t  t r i f l r t r - r ro i t t t e t l t e  o f  l l coho l  18 .  ' \
so l r r t i on  o f  the  t ' r r r c le  ox i r i r t t i o t t  p roc l t t l t  (? .2 .J  g ,  t ' o .  1 ) . f i  mmo les t
and  l . l 0  g  ( l i ( )  n rn to les  )  o f  so t l i t t n t  hvd r< lx ide  i r r  2 l )  m l  r - r f  me tha t ro l
and l t )  nr l  of  w'r ter  rv l rs st i r ret l  r t t r t ie t '  l t  t t i t roget t  l t , t  mosphere for
; i 6  h r  l n r l  t he r r  r l i l r r t ed  rv i th  e the r ' .  The  o rg l t t i c  l aye r  r vas  seP-
i r ra[e(1,  t :ombirret i  rv i th the t ' t i rerel t l  e\ t r l l ( ' i  o f  the &( l l leot ls  l lver .
r l r i ed ,  u r r r l  concen t ru ted  to  l e l ve  l . ; r {  g  (71 (1  b r - r - se t l  on  the  ke -
tone  16 )  o f  t he  cn tde  a l ' o l t o l  l 8  r r s  t  r vh i te  so l i d ,  mp  7G-7 ! ' .
I Je f , l re  1> r r r i f i cu , t i , r r r ,  t h i s  cn t t l e  l l r o t l r t t ' t  w l t . J  c r lmpr r red  rv i t l r

u { r the l l f i r :  s l t n t J l l es : r  o f  t i t e  s te t ' e r , r i s r lmer i t t  u l t : r rh< l l s  l 8  l nd  39 .

CH, .r"toj
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3 9  r m p  ? 8 - 7 9 ' r 18  (mp  ?5 -76o )

' l ' l r e  
s t e r c o i s o l t t e t ' s  l 8  u . r r r l  3 9  w t ' r t :  r ) t t l v  l ) l r r t i l t l l v  r t l s r l l v e t l  o t t  , r r t t '

g l r s , . i r r o r r r a t o g r : L 1 r l r , t 6  t i r e  u l r ' , r l r , r l  l 8  l r e i r r g  c l r t t e t l  t t t o r e  r l p i t l l r ' .
( ) r r  f  i r i r r  l l r t ' e r  l l t r o t t u r t o g r l t l l l t . r ' , t i  l l t r t  t r . r i u l  l t v r l r r ) x v n l e t h - \ ' l  i s o n t t ' t '

l 8  w ' l u "  e l r r t e r i  n t , r r r :  r l t p i t l I r ' t l r l r r r  t l r e  r t l c o i r t , l  3 9 .  
' f h e  

i r l f r l r t ' t i

s 1 ) e r . t r l r : , r i  t l r e  I u ' o  i s o r r r u r s  e . r I r i l l i t  - i q l r i f i c l r t r r  t l i l l e r e r t t ' e s  i r r

t h e  f i r r g e r l l r i r r t  t ' t - ' g i o t r .  l i - r ' l l l  , r f  t l t t ' : r ' r ' t ' i t t ' t ' i r r ,  ( g a s  c l t r r l t t r l r -

t o g r l r l t l r r ' ,  t l t i t r  l l t , v e r  l l t r o r t t t t t r t g t ' l r 1 . l l r , t ' ,  L t t r r l  i r r t ' r t r r e < l ) ,  o t t r  c r t t t l t '

u l t . o h o l  r : o r r t u i r r e r l  t l r e  u l c o l r o l  l 8  l r r r r l  t t o t t e , r I  l l t e  i s o r r l e r i t :  l i , ' , ' -

h o l  3 9  r v l r - s  r l t : t e r , t e r l .  S r t l r l i t t t l t t i o l t  o t  r ) r t l ' t ' l ' l l ( l e  1 l t ' r l d t t c t  r i t l

{ ) . ( ) i  r n r n ) u l i l r r r l e r i  t l t e  p r r r r :  l r l l o i r , r l  l 8  l r . s  r v h i t e  l . r l r l t e s ,  n t l l  7 i . ' i -

7 ( i o ,  i < l e r r t i f i e r l  r v i t h  t l t t :  r r t t t l t t : r r t i , '  : i I I I l l ) l ( ) r :  l r v  u  n t i x t t t r e  m e l t i r l r g

l l r 1 i r r t  t i e t e r m i t r l t  i o t t  u t r t l  l l - ' , '  r ' r , r t t l l l r l ' i s , r l t  , r t  i t r l r l r r t : r l ,  t t n t f  ,  l t t r l

n l iL is  spe( : t . f l I .

. - I r r r i l .  C u l c r l  i ' r '  ( , ' , r [ [ . , , o :  ( - ' ,  7 , : . l t t ;  l { ,  1 ; i . l : i .  F o r t t r r l :

C ,  7 7 . ) : l ;  F i ,  l J . 1 ) 1 ) .
Reac t ion  o f  l , l , l -T r ipheny lbu tan -3 -one  (35 )  w i th  Organo-

meta l l i c  Reagen ts . - . \  . o l t t t i o r t  o i  I i . { ) l  g  t5 ; i  m tno les )  t l f  ch lg r r , -

m e r o t l r i a ( f e t ( ) r t e  ( I I r p  l 0 l - t ( ) : J ' ,  I i t ' t * '  r n t l  l ( ) j j - l ( ) { " )  a n d  1 3 ' u u  r <
(5 i J  n rn ro les )  o f  t r i p l re t r y ln te t l t l ' l  l h lo r ide  in  l 5 ( )  n r l  o f  be t t ze t r t '

wlus refhrxecl  for  l l - t  l t r  at r r l  thet t  co,r let l  ,  wlrs i ret l  s t tccessively wi t l r

a( l l le() r rs soel i r tnr  h1' t i roxi t le l r lc l  rv i rh wrt ter ,  dr ied over calc i t tnr

r :h i r t r i t ie ,  l r rd r : r r t t r .e l t t r r , ted.  The sol i t l  residr te wix recr l 's ta l -

l izer i  f rom nleth\ ' [  eth l ' l  ketone to sepr]nr , te - t . ( )Sl  g of  ketone 35

u . i  w h i t e  p r i s n t . . ; ,  m p  l ' l l - l ' 1 2 ' ( [ i t ' ' *  n t p  l ' t ( ] - l ' t 1 ' ) .  T h e s a m p l t :

hus  i r r f re ie t i  l l t so rp t i on re  r - t [  17 . ] .1  cn r - r /C : ( ) )  r v i t I  I  se r ies  ' , i

rveak (e 5(X)-r i2{))  t t l t r tv io let  lnr . l imu3T i r r  t i ie  regiot t  251>27;

mp.  T l te  t t n r r  spe t : t r t t t n ; ' )  h l t s . s i r rq le ts  l t  6  7 . {7  ( l ;  H ,  a r1 ' l  CF I ) ,

3 . 1 h 1  ( 2  H ,  C H I C O  ) ,  l l r r r l  1 . 1 ) 2  ( ; i  H ,  C H r C O ) .

The  ke tgne  35  (+ . ( )  g  o r  l l i  l i lmo l t ' s )  u ' l t s  u t i c le t l  t o  a  so l t t t i on  9 i

{ i ( i  mm0les 0i  mett ry ' lntugnesir rnr  i r r , rmi t le i r r  - [ l )  ml  of  et ] ter  l t t l t l

t he  res r r l t i r t g  so l t t t i o l l  \Y iLs  s t i r re r l  ove r t t i g l t l  a t rd  the t t  m i re t l

r v i t h  u ( l r reo r t s  l n tmo t t i t t t t r  t ' l t L r r i t l t - ' .  T l te  r l rg l t t i c  I1 , ye r  was

- {op i r ra te (1 ,  r r0 rnb i t t ed  rv i th  t [ l e  e the r  ex t r l r ( ' t  o i  t l t e  a t l t t eo r t ' s

p l i , r . - . e ,  t l r i e r l ,  i j l t ( i  conce l t t r l t e t l  t o  l e t ve ; - ! . 617  g  o f  r v t r i t e  so l i t l '

( { , - r )  T t r e  I ) r o ( : e ( l r l r e  o f  \ \ ' .  D .  D r n r n , r n s  l n , l  G .  I i .  L r r c z s ,  , I  .  A n .  C h e t r t .

.Joc.  .  77.  l '187 (  t  Ui i )  .

( { t j )  . \  { l s  c h r o r n a t o q r t l . r i t v  t : o l t t n l r l  p u c k e r l  r v i r i r  t i r e  p o l l ' m e r i c  e { t e r  ( ' I

e t [ 1 ' l e n e  g l - " - r : o l  a n t l  e t i i p r c  a c i r l  s t t s p e n , i e t i  9 t r  C l t r g t u 1 r s o r b  P  r l ' a S  e t n p i o l e t l

f o r  t h e  a n r r l l ' s t s .

( { 7 )  T l r e  a n a l ! . s r s  $ ' a s  p e r f o r m e , l  , - r n  p i a t e s  c o i l t e ( i  r v i t l r  s i l i c i c  a c i d  s n r l

e l u t e r l  r v i t h  I  b e n z e n e  ( 2  l ' o l t r m e s ) - e t h e r  t 3  r ' o l t t t n e s )  l n i x ! u r e '

( { g )  ( r )  . \ .  N .  ) , i e s r n e y s n o v ,  [ .  [ , ' .  L t r t s e n k o ,  a n r l  Z .  ] I .  T u m a t r o v 8 ,  / z t ' .

. l A ' c d . . \ ' , r u l  S f i ^ S A .  ( ) l r l  .  K h i n t . . V c u A ,  t i O  l  ( l 1 ) { l ' ) i ( b )  f o r a t l e s c r i p t i o n o f  t l r t r

i n f r a r e r i  a n r l  n n r r  s [ ) e e  I r l l  0 f  t l r i s  s t t b s t l n t ' e .  r e e  r e f  t 5 t l '  p  2 i 0 3 ,  f o o t n o t e  l ' ] '

r { l l )  l ) e t e r l n i n e r l  u s  i . l  s { ) l l t t i ( ) I l  i t t  , ' l t l 0 r r t f t r r t r l '

r  i o )  I  ) e t t ' r t t t t n e , l  l s  I  s u l t t t i 0 n  i t t  ' l e t t r e r t r l r ' l t l ' t r t ' f t ' r t t t '
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' l ' h i s  c r r r t l c  J r ro< l t t r ' t  co t r t l i r re t l " r  t hc  r t l coho l  (e l r r te t l  mos t  sk rw l l ' )
l l r r r l  two  n r i r ro r  ( . ( )m[ ) ( )ne r r t s ,  ( )no  o f  r r ' ] r i ch  l o r respor rded  in  R t
v l r l r re  to  the  s t t r t i r rg  ke to r re  35  l r r t r l  t he  o the r  to  I  ma te r i l t , l
t r e l i eve< l  to  be  ln  o le f i r r .  . \  5 (X ) -mgsunrp le  o f  t he  p ro t l t r c t  w rus
r:hromrtogr lphet l  on J i  g of  \ \ 'oelm l i r rmirur ,  (act iv i t -v  grade
I I  )  t o  sep i l r l r t e  + f i l  r ng  o f  the  uk :o l ro l  30 ,  mp  l2 ; l -12 . [o ,
t l r r t ed  w ' i t h  l rex t rn t -e thv l  u ( ' e t c te  n t i x t r r res .  l t ec rys ta l l i za -

, .  t i .n f rorn lqrreorr .s met l l rnol  l f forr let i  the alcohol  us whi te
p r i . sms ,  mp  l? ; i . 5 -12+" ,  r v i t h  i r r f r l r e t l  l b . so rp t io r r re  & t  B i rS ( )
cn t - t  / ( ) -H)  u r rd  l  se r ies  o f  r ve r rk  ( c .17 ( I -7 {X) ) r r l t . rav io le t  ma-x -
inurst  in the regiorr  2;( | -2S()  ntp r ts  wel l  m intense end al tsorp-

t i r . rn .  T l re  sanr l t l e  hus  r rmr  s ing le ts ;o  u t  d  ( ) .1 ) l )  (6  H ,  (CHr ) rCC l )
. r r rd  i j .O t j  (2  H ,  CH1)  as  u 'e l l  l . s  t  r ' omJr le .x  mr r l r i p le t  i r r  t he  reg io r r
6  7 . ( I - ; . 7  ( l ;  H ,  a n ' l  C t { ) .

. l n u l .  C u l t : d  f o r ' ( . . , r H 1 , O :  C ,  f i 7 . ; j 0 ;  H ,  ; . 6 ; .  F o r r n d :
C ,  S 7 . i j 2 ;  H ,  7 . ( i { ) .

Arr  ethereal  soIrr t iorr  , r f  t ] re ketorre 35 wu.. ;  therr  a l lowed to
react  rv i th lur  ex( 'ess of  e l t 'h  of  thc.  rerrgerr t .J  nret ,hvlmrgrresi r rnr
b ron r ide ,  t j i n re thv l rnugr res i r rn r ,  r r rd  n re rh - r - l l i t h i r rm.  I r r  ea r ; [ r
cuse ,  l r ra i r ' . s i s ; t  o t  t he  l r r r t l e  p ro r l r r c t  (o l r t l i r red  in  l ) { } -9 . t c }  y ie ld )
i r rd i r l r t e< l  t he  p rese r r r :e , t  t he  u l r : r l r , l  36  u r r r . l  r ro  b l ' - p roduc I  w iLJ
r le tec te t l  .  I t e r ' r vs t l l l i z l t i o r r  o f  e l r ch  ( ' n r ( l e  p r r l t l r r c t  g t l ve  u ,
samp le  o f  the  p r r re  r r l r . o l ro l  ( r ' i e l t i s  t i l i - ; ; , ; ;  )  u 'h i r i t  r v l s  i t l e l t i f i ed
rv i th the l t revior t .s lv  t l t :s . ' r i l r t ' t l  sunrple l rv  cornl rur isorr  of  inf rar tx l
s[)ec t ri l .

React ion of  Fluorenone (31 )  wi th Methylcopper Der ivar ives._
. { r r  l r r r r  hen t i c  s r rn rp le  , , f  l ) - f l r ro re r ro l ,  p re l l r re t . l  t l y .  re t j r r c t i on  o f
f l r ro re r r . r re  r v i t h  s ' r l i r rn r  [ r , ro l r v t i r i r l e  i n  n re th rno l ,  separa te r l
f t ' o ln  l re r rzene  iL . \  r v l r i re  r ree t l k rs ,  rn l )  l ; + -15 ; "  t l i t . i 2  mp  158-
l5 { ; . i "  ) .  I i e r r t . t  i r r r  , t '  f l l r ( ) re l ro r ro  (  t . (X ) ;  g  r ) t '  . ) . t ;  n rmr l l es  )
r v i t l r  l i . {  n t t t r o l e s , , i  t t t e t l t v l t t r l r r g r r e s i r r n r  l l r o r r r i r l s  i r r  l 5  r n i  1 f
e t l t e r  i o t ' l i 0  r r r i r r  f o lL r rve t l  l l v  t l t e  r t s r t r r l  i so l r r l i o r r  p r r i ce t l r r re  v ie l t l e t l
( i l ) i i  n rs  ( ; ; ' - ;  )  o f  9 -methy l -9 - f l uo reno l  (32 )  us  w l r i re  J l l a re : i  f rom
b e r r z c r r c ,  m J r  l ; : l - 1 7 . 1 "  r l i t . i 3  n r p  l 7 + - 1 7 . , r ' ) .  ( ) t l r e r  t h r r r r  t h e
. r ' e l l , r r v  l oL r r  , r f  t l r e  s t l r r t i r l g  ke tone  31 ,  r ro  cohr r  r v1 .s  ev i< ie r r r .
r r I  l n \ ' p o i t t t  r l t t r i l l g  l l l ( ]  t ' r . r r . r ' t i o r l .  S i r r r i L r r l v  t h e  l r r l d i t i r l r r  9 i
H t to r r t t t r t t t e  to  u t r  e t l t e re l t l  so l t t t i o r r  o f  ex ( ' ess  rne t  l r - r ' I i t h i r rn r  res r t l t s l
i r r  t h e  k r s s , r f  t h e  1 ' e l L r r v  l o l . r r c t ' t l r e  s t u r t i r r g  n r u t e r i l l  t o  g i v e : r
t : o lo r l t ' ss  so l t t t i o t t .  ' I ' l r e  

u l t ' o l ro l  32  h l r s  i r r f  ru re t l  l r l l so r l l t i o r r  r !
: t L  ) ) i t i l t  r t r r t i  i i j j ' l x )  r ' r n  - t  ( r r r ru . . : so l i u te t l  l r r rd  : r . ssoc i l t ed  ( )H)  r v i t h
t r t t r r  l r l r s o r ' p t i o r r ; ' )  l r t  , t  l . t j : ;  ( : j  F i ,  s i r r g l e t ,  O H , )  i r r r r l  1 . 0 ; t  i l  F I
s i r rg ie  t  . l r i t t e r t  l r v  t l r e  r r t I l i r  i o r r  o f  pv r i r l i r re ,  (  )H  )  l ^s  r ve l l  us  u .
n r r r l t i p l e r  i r r  t h r :  r ' e g i o r r  o ; . { ) - ; . , \  t S  F I ,  u r 1 . l  C H ) .

1 ' o  r t  , ' o l r i  ( ( ) o  ) s o l t t t i o t r  o f  l i t h i r r n r  t l i r r r c t [ 1 . 1 ' l r r o p p e . r  I f r o r n  7 . t i l  B
. . ' l ( )  rn t t t o l cs )o I  r ' o l rpe r t  I  t  i o r l i r l e  l r r t l  s0  rn l r ro l t : s  o I  l r re thv l l i t h i r rn r l
i n  l ( ) (  )  n t l  r r i  e t l t e r  r v r r . s  l r t l r l e t i  u  s , r l r r t i ' r r , f  l i . t i { )  g  { ? t i  m n r o l e s )
o f  H t t o l t l l t o t r e  t r r  l 0 ( )  r r r l  , r f  e t l r r - ' r ' .  

' [ ' l r r .  
l t l r l i t i o r r  r e s r r l t e t i  i n  t t r e

in tn te r i i r r l c  fo rn r l r l i o r r  o i  l r  r l r r , r ' k  g ree r r  so l r r t i o r r .  Comparu ,b Ie
e the re l r l  so l r r t i o r r s  t ron r  o thn r  n rn .J  ha r l  u ,  b rou r . l ,  l ow- in tens i t v
lbso rJ l t i r r r r  (e  )  l ( ) -2 ( )1  i n  t . he  reg io r r  o i  a { ( ) - - . r ( i l )  m& w i t l l  m( ) re
in te r rse  pe rks  re  )  lO ( I - J {x ) )  i n  the  v i s ib le  req io r r  x t  - l - l l  r nd  4 t i

( 5 1 )  T l r e . r n a l l ' s i s  * ' r r s  p e r f o r m e r l  o n  l
{ r o a l e d  r v i  t . l r  l  s r l i c i c  u c i r l  a n t l  e l u t e t l  s i t l r

r c e t a t e  t l  v o l r r m e )  m i x t r r r e .
( 5 2 )  I { .  P a n  a n r l  

' f  
.  L .  I ; l e t c l r e r .  J .  O r r 1 .

( 5 3 )  J .  L .  l i i c e .  J .  - l n .  C ' h e n .  S o r : . . 8 O .

t l r i n  l l v e r  e i r r o r n a t o g r a p h y  p l a t e

a  c y ' r : l o h e r a n e  (  l 0  r . o l u m e s ) - e t h l . l

C h e m . , 2 3 ,  7 9 9  ( l 9 i r 8 )

3 { 8 ,  ( 1 9 : r 8 ) .

o t '  C A u r r A N r o N s .  X I I  : l I  { 1

mF. . "  T l te  re l t : t i t l r t  m i . x t r t re  1v1s  J l r l r r re { l  i n to  eq r teous  rn ln l ( ) ru l rn l
t . h lo r i r l e  ( r r t l j r r s ted  to  pH 7 -s  w i rh  lmmor r iu )  and  the  e the r  so l r r -
t i r l r r  o f  t he  o rg ln i c  p ro t l r r r . t s  l v lLs  , {ep i r ru , ted ,  d r ied ,  a ,nd  r .o r r r . r , r i -
t r & t e d  t o  l e l v e : i . 7 3  g  o f  v e l l r w  s o l i r l .  A  l . 0 l ) - g  a l i q r r o t  r , [  r l r t .
t ' r t t de  p ro r l t t t ; t  wa .s  r l i sso lve r i  i n  benzene  r r rd  d i l r r t ed  w i th  hex r r r rg
to  p re r : i p i t l t e  { } l l i  r ns  ( ) f  wh i te  .o l i r l ,  mp  l l { i - 133" .  The  i r r t ' r r i -
re r i re  l r r r r i  nn l r t i  l r l ) s ( ) rp t i on  o f  the  ( ,n rde  p rod r rc t  s t rgges te r i  t ] r l r r
i t  i s  I  m ix t t t re  r t t  con rJ t r t re i r l e  un ro r t r r t s  r - r f  t he  meth l ' l f l r ro r t . r r , r i
32  a r r r l  t he  r l i o l  34 .  A r r  l r r t k rqo r rs  n r i x t r r re ,  mp  l21 I - l ; j 5 ' ,  \ \ . i r )
o l l t r r i r r e d  f r o m  I  s o l r r t i o r r  o l  f l r r o r e r r o r r e  l r r d  l i t h i r r m  d i n r e r l n ' l -
( 'opper rvhich rv l rs st i r rer l  for  orr l_r '  J  nr i r r  beiore hydrol l .s is .  I . - r ' r r , . -
t i o r ru l  re r : r vs ta l l i zu t i o r r  o f  r l  po r t i o r r  o f  t he  above  wh i te  s , r l i , l
f r on r  e th rno l  sep r r ru te r - i  t he  meth - r ' l  l l r , r l l r o l  32 ,  mp  17+- l ; . ; ' ,
r v l r i r , h  r v l . s  i t l e r r t i f i ed  r v i th  i . I r )  uu rhenr i r :  san r l l l e  by  a  m ix tu re  r r re i r -
i r rg  po i r r t ,  t l e te rm i r ra t i on  l r r r l  con rJ tu r i s r l r r  o f  i n f re red  sp r , ( , t r . r r .
F r l r ; t i o r r l l  c rvs ta l l i z l t i on  o f  the  wh i te  s l r l i d  reac t ion  p ro r i r r , . r
f rom a  benzene-hex rne  m ix t r r re  sepur r ted  lhe  d io l  34  as  rvh i re
t ree r l l es ,  mp  lS6-1 , \ ; "  r l e r :  ( l i t . r {b  mp  138-100o  de r : ) .  

' f l r r -

J>rr i<. l r r r : t  h l . ;  in f ruret i  absorpt ionre l . r t  :160()  tnd ca.  i3- l lX)  r . l r r  - i

( t rnu .s .s r t c iu tec l  l n r l  as .soc ie te< l  ( JH)  r v i t h  nmr " r  mr r l t i p le t s  , . , . r , -
t e r e r l  r r t  6  ; i . 1 2  ( 2  H ,  ( ) H )  l r r r i  i n  t h e  r e g i o n  d  6 . ! F 7 . 6  r l t i  F { .
l r r v l  ( jH ) .  The  q l . s  r :h romatogr l rn l : ' d  o f  t he  wh i te  so l i d  J l ro , l r r , . t
(32  +  34  )  exh i l r i l ed  th ree  1 - le r rk . s  ( ' ( ) r respo l l d ing  i r r  re ten t io r r  r rn r t :
t o  the  pe l r ks  o t l t l r i ned  f ro rn  f l r ro re r ro r re ,  1 ) -Hr ro re r ro l ,  a r r t l  9 -n re t l r r  i -
t ) - f l r r o r e r r t l l .  ' f l r r r s ,  

i t  s e e n r s  p r o l r t l l l e  t l r l t  t h e  d i o l  3 4  i s , i , . -
t : on rJ los i r rg  ( )n  tho  r :o l t t n t t t  o r  i t t  t l t e  i r r l e t .  s - r ' s te rn  to  fo rm f l L to re r r , r r , *
l r r t . l  ' l ) - f l r ro re r ro l .2 lb  ' l l r e  th ro rn r r t { )g r t rn } ;6  o f  t he  mother  I i r 1 r r , , r .
remu in i r rg  l f  t e r  sepa t ' l r t i o t l  o I  t ] re  n r i . r t  r r re  o I  a l coho ls  32  l r r , , l
34  exh i l l i t e t l  o r re  n ru jo r  pe r rk  r , , r r res r ro r r r i i r rg  to  f l r ro ren r t r re .

I r r  l n  l r i t l i t . i r " l r n r l  e x l t e r i n t e r r t ,  r r  s o l r r t i o n  o t  l , . i l  m g  ( 1 . 0  n t r r r , , i , , ,
o f  f l t t o re t to r re  i n  25  n r l  , r f  e the r  w ' r t . s  adde t i  t o  l  so l r r t i r ) l r  o I  r l r t
l n e t h v l r o l t p e r - l r i - r r - [ r r r t v l l l l r o s l t l r i r r e  c o n r l l l e x  I f r o m  5 . 0  n r r t r , , l , - s
o i  r r r e r I r v l l i t ] r i r r m  r r . r r t l  2 . t ) l ) l  g  ( i . l  r r r r r r o l e s r  o f  r : o p p e r ( I )  i o , l i , l , -
t r i - r r - b r t t v l p l t o s l l l t i r r e  c o n r l - l l e x l  i r r  ! i  n r l  , r t  e t h e r .  T h e  s o l r r l r ,  r r r
l l t l c l r l r re  r l l r r k  g re t - . r r  i r r  coL , r : r . s  th t t  s , r l r r t i o r r s  u 'e re  m ixed  l r r r r l  l u r , i
r r ,  v i s i l t l e  s l )e ( ' l  r r rn ' r  r : r i n t l l l r l r l r l e  to  th l l t  t l es r ; r i bed  lbove .  

' l ' 1 r , ,

i r l e r r t i t - r ' o I  t i r e  s p e r . i e s  l o r r r r e r l  i r o r n  e i r l r e r  l i t h i r r m  d i n r e t l r v i -
( ' oJ ) [ ) ( f r  o r  the  n re t l r v l r : 0J t1 te r - t r i - r r - l l r r t _ r ' l J thosJ rh i r re  r :omp l€x  \ \ ' r r r
f t t r t h e r  i t r r i i t : a t e d  l ; ! ' r : o n r J l l r r i s o r r  o i  t h e  e s r  s l t e c t r a r l  o f  t l r e  n r ' , r
e r l t e r  s r t I r r t i ons .  (  ) r r r  e t l o r f  s  t i )  i r J l$ l vze  these  es r  S t )€c t r t  l r l r v r .
t l r r r s  i : r r  l l e r . r r  r t r r s r t , ' r : r : s s i r r l :  , ' , , r , . , , , 1 , , " , , r 1 . r ' ,  i t  l r u s  t t o t .  b e e n  p > r i r i ) -
l i she t l  t hu t .  t he  es r  s [ )e ( ' f  n r l t r  o l r . sen 'e r l  r , o r resDor rds  to  the  l i t l r i r r r r r
f l  r ro r t t r ro r re  ra r i i r : a l  l r r i o r r  i r r  e the r  so ln t i o r r . j , ?

( 5 { )  ' f l t e  
r : o l r r r  ( u n r l  t i r e  v r s i b l e  s l ) e { : t r u r n t  o f  t h e  H r r o r e r r e  k e t 1 , l  3 3  r s , t , . -

p r : n r l e n L  o n  t l r e  s o l l ' e n t  u , n r l  a s s o c r i l t e r l  c l t i o n .  T l r e  s o r l i t t n r  k e t y l  i s  1 4 r r ) + . r r  l i r

e t l r e r , l l l ' l n , l  b r r r r v n  i n  , l i r l r r n e . l l (  I n  r e t r l i r y ' , l r o f r r r : r , n ,  t h e  s o < l i r r m  K l r . . . l  r {

r e f ) o r t e { l ! l k  t , r  i r l r ' .  r r r u x i r n a  u t  1 ; { )  : r n , l  . - r l 0  r n s  \ \ . i t h  t h e  s i r r - r r t e r  r v D v e l t l 1 1 , r '

t r b s o r p t i o n  a t , t r i b r t t e , l  t o  t i t e  k e t v l  , l r r n e r  r r n , l  t h e  l o n g e r  r v t l ' e l e n g t h  i J b r ' ) r : , -
t r o n  : r t t r r b u t e r i  I o  t i r r :  r n o n o r n e r i r .  k e t v l .

( 5 5 )  D e t - e r m r n e r i  a s  I  g o l r r t i o n  i n  J r e r l e r r t e n o a c e [ o n e .
( 5 i i )  . \  q a s  c h r o n r a t o { r e p i r v  c o l r r m n  p a r : k e r i  r v r t h  C a r b o r v a x  9 0  } I  - r u . i -

p e n , l e , l  r r n  L - l r r o m o s o r b  P  r v a s  e n r p l o v e , i  f o r  t h i s  a n a l y s i s .
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