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. \bs t ract :  Reacr ion of  t r ipheny l t r is ( te t rahydrofuran)chromium(I I I )  ( f )  w i th  2-butyne y ' ie lds ,  in ter  a l ia ,  1 ,2 ,3 ,4 '

te t remerhy lnaphtha lene (2) .  A f ree or  meta l -complexed te t ramethy lcyc lobutad iene has been exc l r - rded as an in ter -

mediare rn  rh is  react ion by the observat ion that  1 ,2-d imethy l -3 ,4-d i (methy l - r i r )naphtha lene (6)  is  not  a  product  o f  I

and 2-bur l  ne-  1 ,1 ,1-d3 (3) .  Examinat ion o f  the re la t ive y ie lds o f  1 ,2 ,3 ,4 ,5-pentamethy lnaphtha lene (15)  and 1,2 ,3 , '
.1 .6-pentamerhy lnaphtha lene (16)  tbrmed in  react ion o f  2-butyne wi th  t r i -o- to ly l - ,  t r i 'n r - to ly l - ,  and t r i -p- to ly l t r is -
( ter rah ldro iuren)chromium(I I I )  demonst ra tes th i i t  a  iong- l ived aryne-chromium complex is  a lso not  an in termedi -

a tc  in  fhe:e  cyc l izat ions.  Label ing and k iner ic  isotope exper iments  us ing par t ia l ly  deuterated der ivat ives o f  1  fur -

rhcr  drse rcd i r  bcnzyne complexes as in termediates in  the tbrmat ion of  2 .  The react ion o f  t r imes i ty l t r is ( te t rahydro-

iur rn)chronrrumt l l l )  w i th  2-butyne to  torm c is-2-mesi ty lbut -2-ene suggests  that  an in i t ia l  s tep in  these react ions may

be rnserr ron ot '2-butyne in to  a  carbon-chromium bond rv i rh  format ion of  an in termediate  v iny l ic  chromium reagent
(2{ r .  The addi t iona l  observat ions that  2-b ipheny lmagnesium bromide and t r ich lorot r is ( te t rahydrofuran)chro-
mrum( l l l )  re lc t  to  form 5- (2-b ipheny l )d ibenzchromole (29) ,  and that  th is  chromocyc lc  reacts  wi th  2-butyne to  y ie ld

9. l r . t -d imcthy lphenanrhrene,  impl ic l te  an analogous chromocyc le  3 ,4-d imethyt -5-pheny lbenzchromole (34)  in  the

l 'o rmarron of  2 .  Taken togethe i  w i th  fur ther  deuter ium exchange and labe l ing exper iments .  thcse obscrvat ions lead

ro rhc proposal  thar  the react ion o f  I  w i th  2-buryne proceeds by in i t ia l  inser t ion o f  one molccu le  o l '2 -butyne in to  a

phcn l l - ch rom ium bond  o f  l ,  c yc l i za t i on  o f  t hc  resu l t i ng  v i ny l i c  ch rom ium con tpound  r v i t h  e l im ina t i on  o f  benzene

to iorm chromocyc le  34,  anc i  react ion o f  the chromocyc le  wi th  a  second molecu le  o f  2-butyne to  y ie ld  2  (Scheme

V I I  ) .

rc loo l iuonrer ize t ion  o f  ace ty lene by  t rans i t ion  n te ta l
c l i t l l vs ts  p ror  ides  the  bas is  fo r  a  number  o f

use iu l  o rs ln ic  s l 'n theses .3  At tenrp ts  to  es tab l i sh  mech-
an isms io r  th is  c lass  o f  reac t ions  have been h indered
by '  d i f 'hcu l t ies  in  ident i f y ing  the  ac t ive  organometa l l i c
ca ta lvs ts .  A l though a  var ie ty  o f  s t ruc tu res  have been
postu la ted  to r  these ca ta lys ts ,  i t  has  proved poss ib le
to  i so l l te  and charac ter ize  mechan is t i ca l l y  s ign i f i can t
reec t ion  in te rmcd ia tes  or  by-produc ts  in  on ly  a  smal l
number  o i  reac t ions . { ' ;  Precedcnts  der ived  f rom the
er tens i r  e lv  exp lo red  chemis t ry  o f  t rans i t ion-meta l  ace ty -
lenc  conrp lexes  suggest  tha t  these cyc loo l igomer iza t ion
reac t ions  are  in i t ia ted  by  coord ina t ion  o f  one or  more
molecu les  o f  ace ty len ic  subs t ra te  to  a  meta l  a tom or
meta l  a tonr  c lus te r  o f  the  ca ta lys t .  s '6  The process(es)
b1 '  wh ich  the  coord ina ted  acety lenes  are  subsequent ly
conr  e r ted  to  p roduc t  has  been var ious ly  suggested
to involr  e metal locycl ic,  r 'z 's ?r-al ly l ic ,s" 'e ' r0 or cyclo-

( l )  Suppor tcd  by  thc  Na t iona l  Ins t i t u t cs  o t 'Hea l th ,  Gra r r t  No .  GN{
160 :0 .  by  thc  U .  S .  A rmy  Rescarch  Ot I i ce  (Durham)  Gran t  No .  ARO-D-
I  I  -  l  l - 1 -G69  l ,  and  by  E l i  L i l l y  and  Co .

( l )  Na t ton l l  Sc iencc  Four rda t io r r  T ru ince .  1965-1966 ;  Na t iona l
Ins t i t u t cs  o t '  Hca l th  P rcc loc to ra l  Fe l l ow .  1966-1969 .

(3 )  Rer rovs :  (a )  C .  Hoogzand  and  W.  H i ibc l  i n  "Org ln i c  Svn thcscs
v ia  I I c ta I  Carbony ls , "  L  Wender  and  P .  P ino ,  Ed . ,  I n t c rsc ience ,  Nc rv
York ,  N .  \ ' . ,  1968 .  pp  3 . {3  f t ' ;  (b )  F .  L .  Bowden  and  A .  B .  P .  Lever ,
Orqunometa l .  Chem.  Rec . ,  Scc r .  A ,3 ,227  (1968) ;  ( c )  E .  Och ia i .  Coord .
Ci tent .  Rer ' . ,  J .  -19 (  1968);  (d)  J.  P.  Col lmrn,  Trat ts i t ior t  , l le ta l  Chent. ,
2 .  |  ( 1 9 6 6 t .

(1 )  J .  P .  Co l lman .  J ,  W. l i ang ,  W.  F .  L i t t l c ,  and  i \ I .  F .  Su l l i va r r ,  I no rg .
C l t e m . , 7 .  l : 9 U  (  1 9 6 8 ) .

( 5 )  ( a )  O .  S .  l l i l l s  a n d  C .  R o b i n s o r r ,  P r o c .  C h e n . . S o c . ,  1 8 7  ( 1 9 6 ' l ) ;
(b)  R.  P.  Dodge and V. Schomaker,  J.  Organontetal .  Chen.,  3 '  :7 ' l
( 1 9 6 5 ) ;  ( c )  J .  F .  B l o u n t ,  L .  F .  D a h l ,  C .  H o o g z a n d ,  a n d  W .  H i i b c l ,
J .  A rne r .  Chem.  Soc . ,88 ,292(1966) ;  J .  T .  l v {ague .  i b id . ,9 l .198 l  (1969) ;
L .  R .  Ba teman,  P .  M.  Ma i t l i s ,  and  L .  F .  Dah l ,  i b id . ,91 ,7292(1969) .

(6 )  W.  H i jbc l ,  "Organ ic  Syn theses  v ia  Me ta l  Carbon . ' - l s . "  I .  Wender
and P. Pino,  Ed. ,  Int t - ' rsc icrrce,  Ncrv York,  N.  Y. ,  1968, p i73 t i .

(7 )  L .  S .  IWer i r ve the r ,  ! 1 .  F .  Le to ,  E .  C .  Co l thup ,  anc l  G .  W.  Kcn-
ner ly,  " / .  Org.  Chenr. ,  27.  3930 (  1962) ;  W. Keim, J.  Orguncmetal  Chem.,
16 .  l 9  I  (  1969) ;  E . -A .  Rc insch ,  Theor .  C l ten r .  . 1c ra ,  l l ,  196  (  1968) .

butad ienes '  r0 - r3  in te rmed ia tes .  o r  to  p roceed by  a  con-

cer tec l  "  n -n tu l t i cen ter "  rcac t ion  pa t [ .  t  t '  t3  Of  these

suggested  and no t  necessar i l y  exc lus ive  mechan is tns ,
on ly  the  nre ta l locyc l i c  pa thwxy has  rece ived pos i t i re

suppor t .4 ' ;  Untbr tunate ly ,  w i thout  knowing e i ther  thc
s t ruc tures  o I  the  ac t ive  ca ta lys ts .  o r ,  in  most  cases .

even e lementary  c ie ta i l s  o f  s to ich ion le t ry ,  reac t ion  order .

o r  mater ia l  ba lance,  the  des ign  and in te rpre ta t ion  o f

exper iments  bear ing  on  the  r l tech ; , tn isms o f  these re -

ac t ions  remains  a  d i l l i cu l t  and sub jec t ive  mat te r .
Our  in te res t  in  the  mechan ism o f  t rans i t ion  meta l

catalyzecl  c.vclool igonrer izat ion reect ions has promptc-d

us to examine a related noncatalyt ic cycl izat ion in-
vo lv ing  a  t rans i t ion  meta l  o rganometa l l i c  reagent :  u i : . .

the react ion of  2-butyne with t r iphenyl t r is( tetrahydro-
furan)chromium(II I )  ( l )  to y ie ld.  inter al ia,  1,2,3,- l -
tetramethylnaphthalene (2; .  t  t '  t : '  t t  This react ion is i - t

considerably more tractable subject  for  mechanist ic
examinat ion  than the  ca ta ly t i c  cyc loo l igomer iza t ions

(8)  For rc lated proposals of  mctr l -coordin i t tcd butadiene l , ' l -dt  -

rad ica ls  as  reac t ion  in t c rn rcd ia tcs ,  sec  R .  C .  Cookson  and  D .  W.  Jones .
Proc .  Chem.  'Soc . ,  l l 5  (1961) ;  H '  P .  Th rondscn '  W.  Me t les i cs '  and  H '

Ze iss .  - / .  Organometa l .  Chem. ,5 ,  176  (  1966) .
( 9 )  G .  W i l k c ,  e t  a l . ,  A n q e t v .  C h e m . ,  t n r .  E d .  E n q l . , 5 , l 5 l  ( 1 9 6 6 ) ;  A '  T '

B tomqu is t  anc l  P .  I l .  \ l a i t l i s ,  J .  Amer .  Chen .  Soc . ,  84 ,  2329  (1961) .

P .  M .  N I a i t l i s .  e t  a l . .  i b i d . , 9 0 , 5 l 2 l  (  1 9 6 8 ) .
(10) w.  Schr. i t 'cr  ancl  H.  Hcl lm;rnn,  '4nqerv.  Chent. '  Int .  Ed.  Enql ' '  6 ,

5 1 8  f l 9 6 7 ) .
( l l )  H .  Zc i ss  i n  "Org l r to r r t c ta l l i c  Chemis t r l ' , "  H .  Zc i ss ,  Ed . ,  Ame r r -

can  Chcmica l  Soc ic t y  ! {o r rog raph  No .  l {7 ,  Rc inho ld ,  Nerv  York ,  N '  Y  '

1960 ,  pp  186  f l
( l l i  w .  Hc r rv ig ,  W.  \ I c t l cs i cs ,  and  H '  Zc i ss ,  J .  Amer .  Chem.  Soc ' .

8 1 .  6 1 0 l  (  l 9 - 5 9 ) .
(13 )  G .  N .  Schrauzer ,  P .  G lockner ,  and  S .  E ich tc r ,  Angew.  Cher r t "

In r .  E t l .  Eng l . .3 ,  185  (196 '1 ) ;  G .  N .  Schr . tuze r  rnd  S .  E ich le r ,  Che t t t '

8 e r . . 9 5 . 5 5 0  (  1 9 6 : ) .
( l - l )  Rc la tcc l  reac t ions  have  becp  obsc rycd  w i th  d ipheny ln i cke t  [ \ l .

Tsutsui  arrd H. Zciss,  . / .  . {nter .  Chenr.  Sr- lc . ,  El ,  6090 (1959) l  and rvr t l r

cyc loper r t l { i cny lme thy l i ro r t  d i ca rbo r r l  [  ; . r r t d  c ; - c lopc l tad iepy lc th r  t -

mo lybdcnum t r i ca rbony l  [A .  N .ku ' ru r . r  . r r rd  N .  H .g iha r i t ,  i \ ' l i pp , t r t

Ka g ' r t  k  t t  Zo s s l t  i ,  8.1.  3 ' l ' l  (  I  961 )  ;  C he nt .  .1 b s r  r ,  59 '  i ' i0 l  I  d (  19 63) l '
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for several reasons. First, the composition and struc-
ture of  the start ing organometal l ic  reagent I  are rea-
sonably wel l  def ined.rr ' r2 ' rs Second, the fact  that  con-
version of a o-bonded phenylchromium moiety into
tetramethylnaphthalene necessarily involves the cleavage
of an ortho carbon-hydrogen bond provides an opportu-
nity to apply a number of standard mechanistic tests to
those steps of the reaction in which the carbon-hydro-
gen bond is broken and the corresponding carbon-
carbon bond formed. Finally, since the organochro-
mium reagent is directly involved as a reagent, and
since it is not regenerated, there is no ambiguity con-
cerning the nature of the "active" organometall ic species
in the reaction. Nonetheless, despite the obvious differ-
ences between this noncatalytic cyclization and the
catalytic cyclooligomerization reactions, there are also
enough parallels to suggest that information concerning
the mechanism o[ the former should be pert inent to
mechanist ic quest ions concerning the lat ter .

Results and Discussion

l\lechanisms Involving a Cyclobutadiene Intermediate.
The in i t ia l  object ive of  th is study was to determine i f
e i ther tetramethylcyclobutadiene or a chromium-
tetramethylcyclobutadiene complex were an interme-
diate in the conversion of  1 to 2.  Previous deuter ium-
label ing studies of  the cyclotr imerizat ion of  2-butyne
to  hexamethy lbenzene by  an  organochromium com-
pound of  unknown composi t ion der ived from I  had
demonstrated that a chromium-tetramethylcyclobuta-
diene complex was not an intermediate in the react ion.16
Although i t  seemed probzrble that  the same resul t  would
be found for the noncatalyt ic conversion of  I  into 2.
the fact  that  these ear l ier  label ing studiest6 had es-
tabl ished that the mechanism of catalyt ic cyclotr imeriza-
t ion var ied wi th the catalyst  indicated that i t  would
be prudent  to  t rea t  th is  po in t  exp l i c i t l y .

The same exper imental  probe used to test  the catalyt ic
cyc lo t r imer iza t ions  o f  2 -bu tyne- l , l , l -&  (31  to  hexa-
nr ethyl  be nzene-d s for  i  nte rmed iates of  tetramethylcyclo-
butadiene- l ike symmetry served, wi th some modif icat ion,
to exclude this type of  intermediate in the conversion
of  3  to  te t ramethy lnaphtha lene-d5.  Th is  exper imenta l
test  is  based on the supposi t ion that the four r ing carbon-
carbon bonds of  f ree or metal-complexed tetramethyl-
cyc lobutad iene are  chemica l l y  equ iva len t . tT  Wi th  th is
supposi t ion,  react ion of  1 wi th 3 taking place by way
of an intermediate of  cyclobutadiene- l ike symmetry
would lead f i rst ,  wi th equal  probabi l i t ies,  to inter-
mediates containing the head-to-head and head-to-tai l
tetramethvlcyclobutadiene-do moiet ies represented by
4a and 4b, and ul t imately by a pathway whose precise
nrechanism need not be speci f ied to the four isotopical ly
subst i tuted tetramethylnaphthalenes 6.  7,  8.  and 9
i n  r e l a t i v e  y i e l d s  2 5 % : 5 0 f : 1 2 . 5 f l : 1 2 . 5 / , . 1 s  C o n -

(15 )  Fo r  a  c rys ra l  s t ruc tu rc  o f  t he  re la ted  compound  p -CHrCeHr -
CrC l : .3THF,  see  J .  J .  Da ty ,  R .  P .  A .  Sneedcn ,  and  H .  H .  Ze iss ,  J .  Amer .
Chem.  Soc . ,  88 . .1287  (1966) .

(  l 6 )  G .  \ { .  Wh i t cs i r l es  r tnd  W.  J .  Ehmann ,  i hk l . , 9 l . 1800  (1969) .
(17 )  R .  P .  Dodgc  and  V .  Schomaker ,  Ac ta  Cr ) ' s ra l l og r . ,  18 ,  6 l , t

(196-s ) ;  J .  D .  Dun i rz ,  H .  C .  N Icz ,  O .  S .  i v l i l l s ,  and  H .  M.  t v [ .  Sheare r ,
Ha lc .  Ch i rn . , l c ra ,45 ,617  (1962) ;  C .  S .  Yar rnon i ,  G .  P .  Ceasar ,  and
B. P,  Dai le."" ,  J .  Aner.  Chent.  Soc. ,  89,  2833 (1967);  H.  Obcrhammcr
aud H. A.  Brune, Z.  , \ 'a tur fbrsch. ,24ar607 (1969).

(18 )  Wc  assume as  p rev ious ly 'd  tha t  any  dcu te r ium k ine t i c  i so tope
e t l cc ts  i n  thc  fo rmar ion  o f  the  deu tc ra tcd  te t ramc thy lnaph tha lene
isomcrs 6-9 are negl ig ib lc,  and thar the re lat ive y ie lds of  thcsc isomers
expccted l ' rorn cach ot ' thc react ion paths considcred can bc calculated
cnt i rc lv t ' rorn stat is t icu I  considerat ions.

version of  3 ro retramethylnaphthalene-d6
r-al ly l ic  or  metal l , rc l 'c l ic  intermediates,
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schematical ly by Sa-c.  or  by way of  any other " l inear"
cyclool igomerizar ion pathway that does not al low thc
four methyl  groups der ived from the two react ing mole-
c u l e s  o f  3  t o  b e c o m e  e q u i v a l e n t ,  w i l l  l e a d  t o  6 , 7 , 8 ,
a n d  9  i n  r e l a t i v e  y i e l d s  o f  0 / " : 5 0 / " : 2 5 f t : 2 5 f . t .
Thus, a c lear dist inct ion between the mechanist ic al-
te rna t ives  under  cons idcra t ion  can be  made on thc
bas is  o f  the  re la t i ve  y ie ld  o f  6  fo rmed in  the  mix tu rc
o f  deutera ted  te t ramethv lnaphtha lene isomers :  the  ob-
serva t ion  tha t  1 .2 -d imerhy l -3 ,4 -d i (methy l -d )naphtha-
lene (6) is not a product of  react ion of  3 wi th 1 is suf l i -
cient evidence to excludc a free or complexed tetra-
methylcyclobutadiene as a react ion intermediate.

The relat ive y ie ld of  6 in the mixture of  tetramethyl-
naphtha lenes  6 ,  7 ,8 ,  and 9  ob ta ined by  reac t ion  o f  I
and 3 was establ ished using a chemical  degradat ion
designed to capi ta l ize on the fact  that  only 6 contains
adjacent labeled methyl  groups at  the I  and 2 posi t ions
of the naphthalene r ing (Scheme I) .  Oxidat ion ot '
the mixture of  isotopical ly labeled tetramethylnaph-
thalenes with t r i f luoroperacet ic acid and boron tr i -
f luor ide etherate y ie lds a mixture of  the labeled ketones
10,  11 ,  and 12 . le  Ozono lys is  o [  th is  mix tu re  w i thout
separat ion into indiv idual  components,  fo l lowed b1'
catalyt ic reduct ion of  the resul t ing ozonides, y ie lds
13, among other products.  Cleavage of  13 with aque-
ous sodium hydroxide yields methyl  isopropyl  ketonc
(14) and sodium 2-acetylbenzoerte.  : ' )

(19) H.  Hart  and R. I ( .  Murray,  J.  Org.  Chem.,  32,2448 (1967).
(20) For s imi lar  base-catalyzed c lcavagc react ions of  subst i tuted

p-diketones,  see R. G. Pearson and E.  A.  Mayer le,  J,  Amer.  Chem. Soc. .
73 ,926  (1951) .  A l though  the  c leavage  o f  l 3  m igh t  a  p r io r i  have  p ro -
ceeded by sciss ion of  the carbon-carbon bond adjacent to that  broken
in Scheme I ,  y ie ld ing sodium acetate and 2 ' -acety l -2-methylpropio-
phenone, only the mode of  c leavagc indicated in th is scheme was ob-
served.
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This sequence of  react ions isolates adjacent methyl
g roups  f rom the  I  and 2  pos i t ions  o f  te t ramethy lnaph-
th . r lene in  the  isopropy l  g roup o f  14 .  The reac t ion
condi t ions for  the c leavage 13 -*  14 were speci f ical ly
adrus ted  so  tha t  any  deuter ium present  in  the  methy l
g roup d i rec t l . v -  bonded to  the  carbony l  mo ie ty  in  14
* 'as  * 'ashed ou t  dur ing  the  course  o f  the  reac t ion .2r
Consequent ly ' ,  the  methy l  i sopropy l  ke tone ob ta ined
by  c iegradat ion  o f  7 ,  8 ,  o r  9  us ing  th is  sequence shou ld
be en t i re l l '  l l -d3 ,  wh i le  tha t  ob ta ined f rom 6  shou ld
be a I  :  I  mixture of  l4-dt  and l4-do.te Thus mass
srec t roscop ic  ana lys is  o f  the  deuter ium d is t r ibu t ion
in  the  meth l l  i sopropy l  ke tone ob ta ined f rom degrada-
r i t - rn oi  the mixture of  labeled tetramethylnaphthalene-
d;  isomers isolated from react ion of  1 and 3 can be
sinrpl l '  re lated to the relat ive y ie ld of  6 in th is mixture.

Scheme I I .  Sl  nthesis of
I  .  l -  D rmetht '  l -  l , . l -d i (  methyl-dr)naphthalene 6

a n  r - H  I .  L i A l l ) ,

l .  I ' f l r ' ,
->
3. Lir\  l  [) ,

CD,
c D ,  1  ( c l l - ( ) ) , '  l l c l '  H O A c

2. I , i . \ IH,

/ - n  L  r C H , O I " ,
L U J

l{ct. H0,\c
+

? .  L i A I H .
CH,

C H ,
6

(21) When unlabeled mcthyl  isopropyl  ketone was subjected to the
react ion condi t ions uscd for  the conversion of  l3 to 14,  using D:O as
solvent ,  t ,he rccovered kctonc was found to contain >90% dr mater ia l
by mass spectroscopic analysis.
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In order to be certain that  scrambl ing of  the deu-
terium label present in 6 does not take place during
this degradat ion,  an authent ic sample of  6-was syn-
thesized, using the sequence of  Scheme I I ,  and de-
graded; mass spectroscopic analysis of the resulting
methyl  isopropyl  ketones yielded the distr ibut ion of
deuterium label summarized in Table I. The observa-
tion that no detectable yield of l4-d,t results from the
degradat ion of  authent ic 1,2-dimethyl-3,4-di(methyl-d3)-
naphthalene (6) establishes that no scrambling of methyl
groups or of deuterium atoms occurs during degrada-
t ion,  and indicates that the analyt ical  scheme out l ined
in Scheme I should be capable of detecting any signifi-
cant concentrat ion of  6 admixed with 7.  8.  and 9.22

Degradation of the mixture of tetramethylnaphtha-
lene-dr isomers obtained by reaction of triphenyltris-
( tetrahydrofuran)chromium(II I )  wi th 2-butyne- l , l , l -ds,
followed by mass spectrometric analysis of the resulting
14, y ie lded resul ts also l is ted in Table I .  These numbers

Table I. Normalized Calculated and Observed lsotopic
Composit ions (7) ' ,b

Tetra methyinap htha lene
source l4-,/o l4relt l+d6

Scheme I. Degradation of 1,2,3,4:Tetramethylnaphthalene-do

( ' F  ( ' o  l l-.....-...-.............*
Bl . '  ( ) i . t

o

l ll 0
1 . O t

g. H,, Pa,t
-.>

oo ,-Co:\: ' lgF'
+
o
tl

n) cr
l4

N; tOH

l l , o

6
React ion of  1 and 3
Ca lcd :  cyc lobu tad iene
Calcd:  " l inear"

o Corrected for  CDrC:CCDr and CD.:HC:CCHr present as
impur i t ies in the star t ing CDtC:CCH'.  b The est imated precis ion

in these numbers is  , -=t  I  73.

are normal ized and have been corrected for contr ibut ions
to the mass spectra ar is ing f ionr natural ly abundant
r3C and f rom the  2-bu tyne-dq and 2-bu tyne-1 ,1-d  pres-
en t  as  impur i t ies  in  the  3 :  tha t  i s ,  they  represent
the yields that  would be observed for react ions of  t r i -
pheny lchromium wi th  pure  3 .  For  compar ison,  Ta-
b le  I  a lso  conta ins  the  re la t i ve  abundances  o f  the  iso-
top ica l l y  subs t i tu ted  der iva t ives  o f  14 ,  ca lcu la ted  on
the assumption that the rei ict ion proceeds ent i re ly by
way o f  a  cyc lobutad iene in te rmed ia te  (4 )  and those
ca lcu la ted  on  the  assumpt ion  o f  a  noncyc lobutad iene
process involv ing only intermediates of  the type rep-
resented schematical ly by 5 (cal led " l inear" in th is
table).

Within the l imi ts of  detect ion of  th is procedure
( tL%)  no  l4 -do  or  l4 -de  was ob ta ined f rom th is  deg-
radat ion.  Hence, no 6 was present in the start ing
mixture of  tetramethylnaphthalene-do isomers.  This
observat ion establ ishes that nei ther tetramethylcyclo-
butadiene nor any other intermediate of  s imi lar  ef fect ive
symmet ry  i s  invo lved in  the  convers ion  o f  1  to  2 .

Nlechanisms Involving a Benzyne lntermediate. Zeiss
and Sneeden have advanced the proposal  that  conver-
s ion of  t r iphenyl t r is( tetrahydrofuran)chromium (1)
to tetramethylnaphthalene (2) takes place by a mecha-
nism involv ing an intermediate benzyne-chromiunr

( 2 2 )  T h e  o b s e r v a t i o n  t h a t  t h e  n o r m a l i z c d  a b u t t d a n c e  f r o m  a u t h e n t i c
6  o f  l4 -do  is  -20% h igher  than tha t  o f  l4< ln  rcmains  unexp la ined.

One poss ib lc  o r ig in  o f  th is  anomaly  migh t  be  a  dcu ter ium iso tope e f fec t

in  the  degradat ion  o f  te t ramethy lnaphtha lene ' r / , ; .  However ,  regard-

less  o f  i t s  source ,  i t  c lear ly  does  no t  a t l t c t  t l t c  conc lus ions  drawn f rom

thesc  ana lyses .  For  i so top ic  e f fec ts  in  methy l  g roup migra t ion  sc , - '

W .  l v l  .  S c h u b c r t  a n d  P .  H .  L e F e v r c ,  J .  A m e r .  C h e m . , S o c . ,  9 l '  7 7 1 6
(  1 9 6 9 ) .

5 8 .  2
0 . 0

t2 .5
0 . 0

0 . 5  4 1 . 2
9 9 . 8  0 . 2
7 5 . 0  1 2 . 5

1 0 0 .  0  0 . 0

o

CO CH

C D ,

ct{r

lVhitesidas, Ehmann,' 1,2.3,1-Tetrumethvlnaphthalene
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complex.  der ived from el iminat ion of  a chromium
hydr ide f ragment f rom 1.23 This proposal  f inds l i t t le
support  in the avai lable l i terature deal ing wi th benzyne
chemistry. : {  Al though a complex of  benzyne with
si lver( I )  has been impl icated as a t ransi tory intermediate
in the thermal decomposi t ion of  benzenidiuzonium-2-
carboxylate in the presence of  s i lver ion25 and a stable
complex of  a f l ior inated cyclohexyne der ivat ive wi th
cobal t  has been prepared,:6 extensive ef for ts to
synthesize authent ic benzyne-transi t ion metal  com-
plexes have been unsuccessful .2 i ,27,2s Nevertheless,
tetramethylnaphthalene rs formaily derived from the
elements of  one molecule of  benzyne and two molecules
o f  2 -bu tyne;  fu r ther ,  chromium compounds in  var ious
valence states have been impl icated is hydrogen atom
or hydr ide ion acceptors in the Etard react ionrn.  and
in other react ions of  organochromium reagents. :3,reb
Thus, mechanisms for format ion of  2 relatel  to that
represented  by  eq  l ,  a l though improbab le .  cannot
be disregarded arbi t rar i ly .

we have car r ied  o ' t  severa l  exper iments  des igned
to  exc lude cer ta in  c lasses  o f  mechan isms to r  the  ion-
vers ion  o f  l  to  2  requ i r ing  benzyne in te rmed ia tes .
These exper iments do not prov' ide suf f ic ient  evidence
to  exc lude a / /  poss ib le  n rechan isms fo r  I  - .  2  invo lv ins
benzyne in te rmed ia tes ,  and add i t ionar  exper iments  the l
o re t i ca l l y  capab le  o f  exc lud ing  the  remain ing  c lasses
of  mechan isms do no t  seem to -  u .  p rac t ica l  i i  the  re -
act ion systenr under study. Nevertheless,  the observa-
t ions  repor ted  here .  together  w i th  ev idence conta ined
in  the  fo l low ing  sec t ion .  combine  e f fec t i ve lv  to  exc lude
benzyne pa thways  fo r  to rnra t ion  o f  2 .

stereochernical  e r  idence against  rer .ers ib le el iminat ion
of  a  chromium hydr ide  moie ty  dur ing  the  reac t ion  o f
t r ia ry lchromium reagents  w i th  ace ty lenes  was ob ta ined
by  _examin ing  the  y ie lds  o f  1 .2 .3 ,4 ,5 -pentamethy l -
naphtha lene (15)  and 1 .2 ,J .4 .6 -penramerhy lnaphtha lene
(16)  fo rmed in  reac t ion  o f  t r i -o - to ly l - ,  t r i - rn - to ly l - ,  anc l
t r i -p- to ly l  t r i  s( tetra hyd rofura n)ch romiu rn( I  I  t ;  wi ih 2-bu-
t .v . 'ne  (Tab le  I I ) .  Equ i l ib ra t ion  o f  these t r i to ly lchro-
nr ium conr  po  L l  nds  w i th  dehydro to luene-chronr ium co  m-

( 1 3 )  ( a )  H .  H .  Z c i s s . r r d  R .  p .  A .  S n c c c l c r r ,  , l n g e * , .  C l t e n t . ,  I t t t .  E r l  .
E t t q l . . 6 , 4 3 - 5  ( 1 9 6 7 ) ;  ( b )  R .  P .  A .  S r r c c d c n  a n d  H .  H .  Z c i s s .  - / .  O r g a n o -
n t e t a l .  C h e n t . , 2 0 .  1 5 3  (  1 9 6 9 ) .

(2 - l )  Sur 'c -v '  R .  w,  Hor r r r ra . r r .  "Deh. " -c i robc .zcnc  anc i  c l , c roar -
k l r r c s . "  A c a d c r r r i c  P r r - . s s .  N c r v  y o r k ,  N .  y . .  1 9 6 7 .

( : - ( )  L .  F r i c d r r u r n ,  J . . . 1  r r r e r .  C l t e n t .  S o c . ,  g 9 .  3 0 7  1 ( . 1 g 6 7 ) .
( 1 6 )  R .  L .  H u r t  a r r t [  c .  w i l k i . s o . ,  I r t o r q .  C r t e n t . , 4 ,  l 2 7 o  i l 9 6 5 ) ;

N '  A .  B u i l c y ,  l \ 1 .  R .  C h u r c h i l r ,  R .  H u ' t ,  R .  N l a s o n ,  a n c i  G .  w i l k i n s o u ,
Proc .  Chenr .  Soc . ,  .10  I  (  196- l ) .

( : 7 )  G .  W i r r i g  . u d  F .  B i c k c l h a u p r ,  C h e n t .  B e r . , 9 l ,  S g l  ( 1 9 5 g ) :  H .
H c l l r r r a r r r r  a r r c l  C .  l V I .  S c l t c l , t r ,  , l t t r t .  C h e n r . ,  6 4 2 , 2 1  ( 1 9 6 1 ) ;  H .  J .  S .
\ \ ' i r r k l c r  r n d  C .  \ ! i t r i g ,  J .  O r s ,  C l t e  m . , 2 g ,  l 7 3  j  (  1 9 6 3 ) .

( l s )  A  c o r r r l r o r . d  s t r g g c s r e c i  t o  b e  .  b c . z y r r c - . i c k c l  c o m p l c x  h a s
b c c r r  r c p o r t c c l ,  b u t  c l  i t i r - ' r r c e  c o n t i r m i r r g  i t s  s t r u c t u r e  h a s  n o t  a p p e a r e c l :
c / ' . ,  E . _ W .  G o w l i . C ,  S .  F .  A .  I ( c t t t c ,  a . c l  C .  i V I .  S h a r p l e s ,  C h e ' m .  C o m -
t r r t r t t . , 2 t  ( 1 9 6 8 ) .

( 1 9 )  ( a )  f ( '  B .  w i b c r g  r . c l  R .  E i s c r r h a r ,  T e t a r t e c r r o n , 2 0 ,  l l 5 l  ( 1 9 6 . r ) ;
I .  N c c s o i u ,  v .  P r z c r r r c r c h i .  A .  G h e n c i u l c s c u ,  c .  N .  R c n r g a ,  a u d  c .  D .
N c r r i t z c s c u ,  i b i l . .  2 2 . 3 0 1 7  t  1 9 6 6 ) :  ( b )  G .  H e n r i c i - O l i v e  r n c i  S .  O t i v e ,
J .  Or .g t r r ton tc tq l .  Chc t t r . ,  9 ,  325 (1967) .

Table rI .  Yields oi penramethl 'rnaphthalenes from Reaction of
Tri tolylchromrum(tl l  I  Reagents with 2-Butyne

R , C r . - l T H F
-Yield,3"-

r5 t6
( aToh l t rC r  ITHF
(m-To l r l r :C r  ITHF
(p -To l r l t rC ;  ITHF

60
5 . 1
0 .  06

0 . 0 b
47
69

"  Yie lds are basec ur f l  t i . lc
o f  p e n t a m e r h l  I n a p n r h e i e ; : e
r e a g e n t  w o u l J  c o n s l ; r u t c  3
o u t  i n  T H F  s o l u r r , . r n  . t t  1 5 ,
detected.

a : :umpr ion  tha t  fo rmat ion  o f  I  equ r r
pc r  equ iva len t  o f  t r i a ry l ch romiu r r r

I t lO'"  .v ie ld.  React ions were carncd
5 Less than 0.5 ft could have bccrr
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plexes shouid pre'r r ldr '  a pathway for interconversion
of  o - )  m- .  and i - ie r l l  l  g roups  (Scheme I I I ) .  The

Scheme III. Forn-rr:.on oi penrrmethylnaphthalenes

Cl l  C-CCt l

CHr

CH '

CH,
l5

observa t ion  rha t  reac t ion  o l '2 -buryne w i th  t r i -p - to ly l -
chromium y ie lds  no  15 .  and tha t  reac t ion  w i th  t r i - r . r -
to ly lchronr ium y ie lds  no  16 .  demonst ra tes  tha t  the
to ly lchromium reagcnrs  do  t to t  equ i l ib ra te  under  these
reac t ion  cond i t ions .  How er  e r .  i somer iza t ion  o f ,  e .g . ,
o -  to  z - to ly lchronr ium br  way o f  an  in te rmed ia te
dehydro to luene-chromium comple ,x  wou ld  requ i re  tha t
the  l i fe t ime o f  th is  in re rmed ia te  be  su f f i c ien t  to  permi t
the  to rs ion  around the  aryne-chromium bond necessary
to  t rans fer  the  hydr ide  l igand f rom i ts  coord ina t ion  s i te
on the  meta l  to  the  carbon a tom or ig ina l l y  bonded to
the  meta l .  Thus ,  revers ib le  chromium hydr ide  e l im i -
na t ion  f rom these t r i to ly lchromium reagents  cou ld  be
reconc i led  w i th  the  da ta  o f  Tab le  I I ,  p rov ided tha t  the
rate of  col lapse of  the dehl ,drotoluene complex to
o-toly lchromium reagent was nruch more rapid than
the  ra te  o f  to rs ion  around the  arvne-chromium bonc l .
There  is  p resent ly  no  way o i  es t imat ing  the  bar r ie r  to
th is  type  o f  to rs iona l  mot ion  in  the  hypothe t ica l
benzyne-chromium complexes .  a l though a  pr io r i  to rs ion
of  a  benzyne in  an  oc tahedra l  complex  migh t  be  ex-
pected to be more rapid than that observed for ethylene
in  square  p lanar  rhod iumr0 or  p la t inumrr  complexes .

(30) R.  Cramer,  J.  B.  I ( l ine,  and J.  D.  Roberts.  J.  Amer.  Chem. Soc. ,
9 r ,2519  0969) .

(31 )  A .  R .  B rausc ,  F .  I (ap lan ,  and  t v t .  Orch in ,  i b id . ,g9 ,266 l  (1967) :
C .  E .  Ho l loway ,  G .  Hu l l cy ' ,  B ,  F .  C .  Johnson ,  and  J .  Lew is .  J .  Chem.
S o c .  A , 5 3  ( 1 9 6 9 ) .
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Thus,  the  da ta  o I  Tab le  I l . ind ica te  qua l i ta t i ve ly  tha t
the  convers ion  o f  t r i to ly l -  and presumably  o ther
tr iary lchromium reagents to the corresponding tetra-
methy lnaphtha lenes  does  no t  invo lve  revers ib le  fo r -
mat ion  o f  a  long- l i ved  aryne-chromium in te rmed ia te ,
bu t  they  do  no t  permi t  a  r igorous  es t imate  o f  the  lower
l im i t  fo r  the  l i fe t ime o f  a  benzyne-meta l  in te rmed ia te
w 'h ich  wou ld  be  compat ib le  w i th  the  absence o f  ob-
ser ! 'ab le  pos i t ione l  i somer iza t ion  dur ing  the  reac t ion .

Two comol imentar,v-  deuter ium kinet ic isotope ef fect
messurements relate to the possible intermediacy of
meta l -con:p lexed benzyne as  a  t rans i to ry  in te rmed ia te
in  the  conrers ion  o i  t  to  2 .  F i rs t ,  the  iso tope e f fec t
on  the  re te  o f  c leerage o f  the  carbon-hydrogen bond
o i  the  phenr l  r ing  incorpora ted  in to  the  te t ramethy l -
n r :h rhr lene \ r f , s  de termined to  be  k t l ko  :  2 .7  *

0.  I  r :  b1 n ' l : tss spectrometr ic determinat ion of  the
rr i r , , r  r ' r r  tetremerhl  lnaphthalene-dt  to tetramethyl-
n r rn rnr l : : :e -d  io rmed dur ing  reac t ion  o f  t r i (pheny l -2 -
d : ) t ; rs ( te l r rh ld r r - ' r iu r rn )chromium( I I I )  (17)  w i th  2 -bu-
t i : i .  Se:.rn. . : .  the isotope ef fect  character iz ing the

,  i {  r ' - t ' ( ' l { ,

/TLI
L I r j
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of  the  four  poss ib le  labe led  t r ipheny lchromium com-
pounds obtained in th is react ion is that  expected frorn
s t a t i s t i c a l  c o n s i d e r a t i o n s :  l 8 a : 1 8 b : f  8 c : 1 8 {  I : 3 : 3 :  I .
Clear ly,  in th is mixture,  only l8b and l8c of fer  the
possibi l i ty  of  an intramolecular choice of  deuterated
and nondeuterated phenyl  groups dur ing the step in
which the react ion sequence resul t ing in conversion
of a part icular phenyl  group to tetramethylnaphthalenc
is in i t iated. However,  these compounds const i tute
the major i ty of  the mixture,  and the presence of  18a and
l8d does nothing to obscure the conclusion that there
is no isotope ef fect  on the react ion in which phenyl
group select ion takes place.

Control  exper iments establ ished that the relat ive
yieids of  tetramethylnaphthalene-do and -dt  were
independent of  the extent of  conversion of  the mixture
of compounds 18a-d to products.  Thus, the absolute
rates of  format ion of  these compounds, and by inference
the absolute rates of  react ion of  l8b and 18c, are equal
th roughout  the  course  o f  the  reac t ion .

These kinet ic isotope ef fect  data lead immediately,
to  one impor tan t  conc lus ion  concern ing  the  mechan ism
of conversion of  1 to 2.  The moderate isotope ef fect
observed in  the  reac t ion  o f  17  w i th  2 -bu tyne es tab l i shcs
tha t  a  carbon-hydrogen bond is  b roken in  the  reac t io r l
tha t  de termines  wh ich  o f  the  two geomet r ica l l y  equ iv -
a len t  carbon a toms or ig ina l l y  o r t l to  to  the  chromiunr
a tom is  to  fo rnr  a  r ing  junc ture  in  the  te t ramethy ' l -
naphtha lene produc t .  Th is  same rerc t ion ,  regard less
of  i t s  p rec ise  na ture ,  obv ious ly  occurs  dur ing  convers ion
o i  l8b  and 18c  to  p roduc ts .  However ,  the  neg l ig ib le
kinet ic isotope ef fect  observed in the lat ter  react ion
ind ica tes  tha t  the  reac t ion  tha t  de termines  wh ich  o f
the  th ree  phcny l  r ings  o f  I  i s  u l t imate ly  conver ted  to
2  does  r ro t  invo lve  carbon-hydrogen bond break ing ,
since the isotope ef fect  for  the react ion involv ing com-
pet i t ion  be tween cor respond ing  C-H and C-D bonds
in  d i f fe ren t  pheny l  g roups  shou ld  be  the  same as  tha t
chnrac ter iz ing  the  compet i t ion  be tween C-H and C-D
bonds in  the  same pheny l  -s roLrp .  C lear ly  the  pheny l
g roup cannot  be  se lec ted  in  a  reac t ion  tak ing  p lace
af te r  the  C-H bond is  b roken.  Thus ,  the  pheny l  r ing
incorpora ted  in to  te t ramethv lnaphtha lene is  se lec ted
in a react ion which takes place heJ'ore the ortho carbon-
hydrogen bond is  b roken.

Further interpretat ion of  these isotope ef fects in terms
of speci f ic  mechanisms involv ing benzyne intermediates
is  compl ica ted  by  ignorance o f  the  geomet ry  o f  1 :
both meridional  (1a) or J-acial  ( l t r )  arrangements of  the
pheny l  g roups  o f  th is  compound are  conce ivab le .
There  is  no  exper imenta l  ev idence ava i lab le  tha t  bears
direct ly on the geometry of  l :  however,  the meridionul
i somer  seems the  more  probab le  o f  the  two poss i -
b i l i t i es .  r3  On the  hypothes is  tha t  the  observed iso tope

p l .
I  l r  T r  r  r

r  t  f l f
t /
t /

Ph-( ' r - ' l 'H l "

THF/, ! ,
r l )

I , I I  T H t r

1 , 2 " "
T t t r

t , l ] - L
, / l

D I . .  I
I  f l  F

H  C H ,
:.7 t  0.1

sr ' i . i :1. ' r : ' l  ' .1 a phenl ' l  group from among undeuterated
: : . ;  :e rdeut : re ted  pheny l  g roups  bonded to  chromium
\r - rs  3s : . ro l i sheC to  be  k^ lko  :  0 .97  *  0 .02  (o r  0 .99  per
, . ' , , : i : ' ,  c r rbon-h ld rogen bond)  by  mass  spec t romet r ic
-J\ . i : i : i t . l t l r )n of  the rat io of  tetramethylnaphthalene-r /o
:  - r  l r ' r : rx ' r i r th r  lnaphtha lene 'd r  fo rmed on reac t ion  o f
l - : : i ; : : ' :  r r r i h  t h e  m i x t u r e  o f  o r g a n o c h r o m i u m  c o m -
I t r : i iS  ob te ined on  t rea tment  o f  chromium t r i ch lo r ide
u r : : l  e  l : l  m i x t u r e  o f  p h e n y l m a g n e s i u m  b r o m i d e  a n d

f r : ' :1\  l - r l ; -magnesiunr bromide. The relat ive y ie lds

{ , '^H.} tgBr + CeDri l lgBr

l : I

Jc.cr, rtn r

i i  , ' : '  'C . , [ { . r , (C .D, )Cr  +  rCnH,XC^D; ) . rCr  +  (CeDr) ,Cr
lEa l8b l8c l8d

H  C H ,
1.0

Jcu,c-r-'cH,

DC H .

H  C H ,

1.00

CH,  D CH,

CH,

D  CH,

1.03 t 0,02
l bl a

( l : )  I t  is  possib le (ckte inf ra)  that  the rate of  the react ion which is  the
rev 'crse of  thc step in which thc hydrogen is removed f rom the phenyl
group is  compet i t ive rv i th thc subsequent steps of  the conversion of  l7
or l8 to products.  Hencc,  rhe observed rat io o[2-dr  to 2 'do produced in
the react ion of  17 should bc considcred to y ie ld a lower l imi t  for  the
kinct ic  isotopc c i lect  dcscr ib ing the breaking of  the carbon-hydrogen
bor td .

(31) Dichloro(p- to ly l ) t r is( tetrahydrofuran)chromium exists ln a
mer id iona l  con t igu ra t ion ;  L I  b i s ( t r imcrhy la rn ine ) t r i ch lo roch romium( I I I )
i s  a  t r i gona l  b ipy ramid . r r

(3 -1 )  G .  W.  A .  Fo rv l cs ,  P .  T .  Grecnc ,  a r td  J .  S .  Wood ,  Chem'  Com'
r n u r r . , 9 7 l  ( 1 9 6 7 ) .

D  C H ,

lVltitcsidas, Eltrnunn l.).i.1-Tarrunteth.vlnaplttlrulena
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effects ar ise dur ing chromium hydr ide el iminat ion,
any mechanism that cortverts one of  two (or three)
geometrically eqrioalenr phenyl groups to benzyne,
regardless of the nature of its rate-determining step,
can be r igorously excluded on the grounds that i t
should give rise to similar isotope effects in reactions of
17 and 18. On the other hand. mechanisms which
involve conversion of  a geometr ical ly unique phenyl
group to benzyne require fur ther considerat ion,  s ince
at the most elementary level  of  interpretat ion,  mech-
anisms of  th is type would be compat ib le wi th the
conclusion (uide supra) that the selection of the phenyl
ring converted to tetramethylnaphthalene must precede
breaking of  carbon-hydrogen bond of  th is r ing.

Thus, for example, the isotope effect data are in-
compat ib le wi th mechanisms requir ing extrusion of
benzyne from one of  the c i rc led phenyl  groups of
complexes 19 and 20, regardless of  the posi t ion of  the
rate- l imi t ing step for the react ion;  their  compat ib i l i ty
wi th mechanisms involv ing el iminat ion of  the indicated
phenyl  group of  21,  in which the phenyl  group con-
verted to benzyne is unique by v i r tue of  i ts  re lat ion
to the two remaining phenyl  groups, or f rom 22, in
which i t  is  unique by v i r tue of  i ts  re lat ion to the co-
ordinated acetylenic l igands,3s depends on the posi t ion
of the rate-determining step. I f  benzyne format ion
from complexes 21 or 22 were rate l imi t ing,  tetra-
methylnaphthalene-r / , r  should be formed more rapidly
than tetramethylnaphthalene -dt  in the ear ly stages of  the
reac t ion  o f  2 -bu tyne w i th  the  mix tu re  o f  compounds
18a-d, because the kinet ic isotope ef fect  observed

unique pheny- l  group of  e i ther the start ing organd
chromium reagent  o r  an  organochromium in te rmed ia te
such as 21 or 2l  *ould be compat ib le wi th the isotope
effect  data.  procided that th is extrusion took place af ter
the  ra te - l im i t ing  s tep  fo r  the  overa l l  reac t ion .ss

Nlechanisms Involv ing a Nletal locycl ic Intermediate.
The f i rs t  subs tan t ra l  c lues  concern ing  the  mechan ism
of  convers ion  o i  I  to  I  lay  among the  o ther  p roduc ts
formed in th is rer lcr ion (eq 2).  Tr iary lchromium(II I )
compounds rear r rnse  thermal ly  in  the  absence o f
s tab i l i z ing  i igands  to  e  complex  mix tu re  o f  a romat ic
hydrocarbons ani  benzene- and biphenylchromium(l)
7 r -a rene compler :s : i6  thus ,  the  presence o f  these
compounds in the rerctrL)n mi. \ ture is of  no assistance
in deducing a mechanism for the react ion.  Hexa-
methylbenzene is : roduced in s igni f icant quant i t ies only

-  r "  ,  1 : ' .  r

/ - \
t / - \  \\\-r-r

I  e r 1  u l r

I
Z\\//*/
t t l
\--\Z'.

, , r -  l  .

when 2-bu tyne is  p resent  in  la rge  excess , r r ' r2  and is
probably formed in a process unrelated to the con-
vers ion  o f  1  to  2 .  On the  o ther  hand,  the  observa t ion
of  smal l  quant i t ies  o f  c is -2 -pheny lbu t -2 -ene in  the
product mixture af ter  hy 'drolysis suggests that  insert ion
of  2 -bu tyne in to  a  carbon-chromium bond o f  t  o r
some re la ted  organochromium compound may be  i tn
in i t ia l  s tep  in  convers ion  o I  I  to  p roduc ts .  sT  Th is
supposi t ion is strengthened by the related observat iot t ,
f i rst  reported by Zeiss and conf i rmed in our work,  that
react ion of  t r imesi ty l t r is( tet  rahyd rotbran)chromium( I  I  I  )

2t  22

for react ion of  17 wi th 2-butyne would inf luence the
relative rates of formation of benzyne-ds and -d+.

I f ,  on the other hand, benzyne were formed in an
equi l ibr ium establ ished before the rate-determining
step, some combinat ion of  a (presumably) smal l
equi l ibr ium isotope ef fect  and a subsequent k inet ic
iso tope e f fec t  invo lv ing ,  € .9 . ,  c leavage o f  a  chromium-
hydr ide (or deuter ide) bond, would be responsible for
overal l  isotope ef fect  observed for 17. This com-
binat ion would again ensure that tetramethylnaph-
thalene-dg was formed more rapidly than tetramethyl-
naphthalene-dt  in the ear ly stages of  react ion of  18a-d.
The observat ion that the rat io of  tetramethylnaph-
thalene-r /o to -c l t  remains constant throughout the
reac t ion  exc ludes  bo th  o f  these poss ib i l i t i es .

Howev'er,  a mechanism for conversion of  1 to Z
requir ing extrusion of  benzyne from a geometr ical ly

(15 )  H i i h l c  and  S to l zc  have  shown tha r  one  mo lecu le  o f  THF i s  l os t
se lec r i ve l y  f rom CrPhr .3THF to  y ie ld  CrPhr '2THF.  I f  a  reac t ion  o f
th is sort  occurs in THF solut ion,  a molecule of  2-butyne could complex
with the CrPhr.  2TH F in a manner that  rvould "selcct"  the phenyl
group to be involvet l  in  the subsequent cycl izat iorr .  J .  Hih le and G.
Stolze,  Z.  ) , lutur1brs l r . .  l9b,  l08l  (1964).
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with 2-butyne, fo l lowed by hydrolysis,  y ie lds c is-2-
mesi ty lbut-2-ene in high ) ' ie ld.  

rs Normal cycl izat ion
of the type which would lead to a product analogous to
tetramethylnaphthalene is,  of  course, suppressed in
this react ion by the subst i tut ion of  methyl  groups for
hydrogen atoms in the posi t ions ortho to the carbon-
chromium bond,  a l though an  "abnormal "  cyc l i za t ion
yielding 2,3,4,6-tetramethyl indene (26) is observed.

(36 )  M.  Tsu isu i  and  H .  Ze iss , . / .  Amer .  Chem.  Soc . ,  81 ,  1367  (1959) ;
J .  H i i h le  and  G.  S to l ze ,  J .  Organomera l .  Chem. ,8 ,3 l l  ( t 967 ) .

(37 )  R .  F .  Heck ,  Adcqn .  Chem.  Ser . ,  No .  49 ,  l 8 l  (1965) .
(38 )  W.  Me t les i cs  and  H .  Zc i ss , . . / .  Amer .  Chem.  Soc . ,  E l '  ' 1117

(  l9se) .
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In order to confirm that the substituted styrenes 23
and 25 are in fact derived from the analogous styryl-
chromium compounds by hydrolysis,  the extent of
deuter ium incorporat ion into these compounds fol-
lowing treatment of  the react ion mixtures obtained
front 2-butyne and tr iphenyl-  or  t r imesi ty l t r is( tetra-
hydrofuran)chromium with deuter ium oxide was ex-
amined. Mass spectrometr ic analysis establ ished that
the isotopic composi t ion of  25 isolated under these
cond i t ions  was L7o dr ,  51% d1,  ond 15% d6,  and was
consistent wi th in i t ia l  insert ion of  2-butyne into the
carbon-chromium bond o f  t r imes i ty lchromium to
yielc l  an intermediate styry lchromium reagent.  Mass
spectrometr ic analysis of  23 obtained fol lowing a

deuter ium ox ide  quench o f  par t ia l l y  reac ted  I  revea led
a more  compl ica ted  tabe l ing  pa t te rn :  c i ; . ,  a  mix tu re
of do, d1, cod, surpr is ing|y,  d,  species were present.  The
posi t ion of  the deuter ium in these isomers was local ized
by oxidiz ing the 23 to a mixture of  isotopical ly sub-
st i tuted benzoic-do 66%) and -dt  (44%) acid wi th
potass ium permanganate .  On the  assumpt ions  tha t
deuter ium was present in the s ide chain of  the labeled
23 only at  the v inyl ic posi t ion as was indicated by the
nn l r  spec t rum,  and tha t  no  deuter ium was washed

out  o f  the  r ing  dur ing  permanganate  ox ida t ion ,  com-
par ison  o f  the  iso top ic  conrpos i t ion  o f  the  23  be fore
c leavage w i th  permanganate  w i th  tha t  o f  the  benzo ic
acid isolated al ter  c leavage indicated that the deuterated
2-pheny lbu t -2 -ene was composed o f  a  mix tu re  o f

four isomers (23a-d).  Of these isomers,  23b is the
compound expected from hydrolysis of  the styry l -
chromium compound wh ich  wou ld  be  fo rmed as  a
produc t  o i  inser t ion  o f  2 -bu tyne in to  a  carbon-chro-
nr ium bond o l  1 .  and 23a might  be  fo rmed by  decom-
pos i t ion  o i  the  s t1 ' ry lchromium by  some pathway

thu t  w ou i . l  invo lvc  t rans fer  o f  a  hydrogen to  the

/
/_\A

\ r i
25

70%
+

J
JL/*(A

26
20%
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compounds to be discussed below, it is presumed that
the label  is  local ized in the ortho posi t ions.

In testing the hypothesis that the first intermediate
formed in the conversion of  1 and 2 is a styry ldhromium
compound 24, i t  was important to have independent
informat ion concerning the react iv i ty of  organochro-
mium compounds of  th is type toward 2-butyne.
Clear ly,  i f  react ion of  an authent ic styry lchromium
compound with 2-butyne leads to a spectrum of
products s imi lar  to that  obtained from 1, the case
for an intermediate styrychromium reagent in the latter
react ion is strengthened. In in i t ia l  exper iments,  the
products of  react ion of  the organometal l ic  compound
derived from tr ichlorotr is( tetrahydrofuran)chromium-
(I I I )  and 2,2-diphenylethenylmagnesium bromide (27)
with 2-butyne were examined.{0 The styry lchromium

()

r
\_/-)

I lg  Br
27

;,r.;rHF'rHF- OY.i (.il('-{.(.t, 
><

28
12%

qto,t%%
^ j  pos i t ion .3e  The r ing-deutera ted  compounds 23c
and 23d c lear ly  cannot  be  der ived  in  a  d i rec t  manner
f rom hydro lys is  o f  a  s imp le  s ty ry lchromium in te r -
med ia te .  A l though the  pos i t ion  o f  the  r ing  deuter ium
atoms in 23c and 23d is not known with certainty,  by
analogy with the behavior of  re lated organochromium

(19)  The lbscnce o f  any  s ig r t i t i can t  amou l l t  o f  the  l rans  isonrer  o f

234 exc ludes  dccompos i t io r t  by  any  p i t th rvay  invo lv ing  a  f ree  rad ica l '

C .  \ 1 .  W h i t c s i d e s  u n d  C .  P .  C a s c r ' .  J .  . 1 m e r .  C h e m . . l o c . , 8 8 , 1 5 ' l l  ( 1 9 6 6 ) .

23b
( , ) ' l 7 - ,  l

23c
r l2 i i  t

23d
, ' 1 . ) '  \
{  'J - ) , '  r

compound which is presumed to be an intermediate
in these conversions does react wi th 2-butyne to form
a cyc l i c  a romat ic  p roduc t  ana logous to  2 :  however ,
the y ie ld of  th is product is s igni f icant ly lower than the
yield of  2 obtained by react ion of  t r iphenylchromiunl-
( l l l )  w i th  2 -bu tyne.  Whether  th is  d i f fe rence in  y ie ld
is mechanist ical ly s igni f icant is unclear.  Since styry l -
chromium reagents appear to be thermal ly much
less stable than l ,  their  rapid the-rmal conversion
to  the  cor respond ing  bu tad iene d imers  may be  more
faci le than in the case of  the organochromium reagent,
24 ,  in  wh ich  on ly  one lab i le  s ty ry l  mo ie ty  i s  bonded to
each chromium a tom.

ln an et l 'or t  to c i rcumvent some of the ambigui t ies
or ig ina t ing  in  the  thermal  ins tab i l i t y  o f  the  s ty ry lchro-
mium reagents .  the  preparer t ion  o I  t r i s (2 -b ipheny l ) -
t r i s ( te t rahydro furan)chromium( l l l )  was  a t tempted.
Our  in te res t  in  th is  compound as  a  po ten t ia l  mode l
for 24 rested on two considerat ions:  f i rst ,  s ince thc
chromium a tom o f  th is  subs tance wou ld  be  d i rec t l y
bonded to  an  aromat ic  carbon a tom.  i t s  cons t i tuent
carbon-chromium a  bonds migh t  be  expec ted  to  have
reasonab le  thermal  s tab i l i t y :  and second,  the  geomet ry
o f  the  carbon-chromium bond o f  th is  mater ia l  w i th

respec t  to  the  o-pheny l  g roup o i  the  b ipheny l  mo ie ty '
would be expected to resemble c losely that  character-
i z ing  the  s ty ry lchromium reagent  2 { .

Trea tment  o f  2 -b ipheny lmagnes ium bromide w i th

t r i ch lo ro t r i s ( te t rahydro furan)chrorn iu rn( I I I ) ,  fo l lowed
by reac t ion  o f  the  resu l t ing  organochromium compound
wi th  2 -bu tyne.  d id .  in  fac t ,  y ie ld  9 .10-d imethy lphenan-
t h r e n e  ( 3 0 )  i n  8 0 %  y i e l d  b a s e d  o n  c h r o m i u m . { t  T h u s .

the  reac t ions  lead ing  to  cyc l i za t ion  and aromat iza t ion
in  the  reac t ion  sequence lead ing  to  30  take  p lace
wi th  y ie ld  and e l i c iency  cornparab le  to  those chr r r -
ac te r iz ing  the  convers ion  o f  1  to  2 .  However ,  n lo re
interest ing f rom a ntechanist ic v iewpoint  is  the obser-

( .10) The interpretat ion o[s imi lar  rcact ions usir tg cts-styry lmagne s ium
bromidc was macie ambiguous by lpplrcnt  isomerizat ion of  the olcf i r r ic
doublc bond ot '  thc i t r tcrmcdiate styry lchrorniurn rcxgent.

(41 )  I f  ca rbo l  monox idc  i s  subs t i t u ted  t ' o r  1 -bu ty le  i n  the  reac t io r r ,
f luorcr tonc is  produced in a 4 l  I  y ic td.

lVltiresitles. Elttnunn | .2,i,1-Terrantetlt.,-lnaphthalene
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vation that the intermediate organochromium com-
pound present in solution at the point at which 2-
butyne is added to the reaction mixture is not the
expected tris(2-biphenyl)chromium(III), but rather a
compound assigned the structure 29 on the basis
of analysis of products obtained by a degradation
designed to establ ish the locat ions of  carbon-chromium
bonds.

Direct reaction of arylchromium reagents with
bromine yields a mixture of products, including
aryl bromides and biaryls, and as such is unsuitable
as a quantitative method of identifying the locations
of carbon-chromium bonds.a2 However,  ary lchro-
mium reagents react smoothly with mercury(Il) bro-
mide, yielding the corresponding arylmercury(Il) bro-
mides.a2 The carbon-mercury bonds of  these sub-
stances, in turn, are cleaved by bromine in high yield
to aryl  bromide and mercury(I l )  bromide.a3 Treat-
ment of  a solut ion obtained by react ion of  2-biphenyl-
magnesium bromide in turn wi th chromium tr ichlor ide,
mercur ic bromide, and bromine yields a solut ion
containing 2,2 ' -d ibromobiphenyl ,  2-bromobiphenyl ,
and biphenyl  in the y ie lds shown in Scheme IV. Taking

Scheme [V. Formation and Reactions of 5-(2-Biphenyl)-
dibenzchromole (29)

+ Crc l  . ; l ' f t l l . '

i .0t) cr l  uir '

one further equivalent of  the biphenyl  Gr ignard
reagent has been converted to a substance having
carbon-metal  bonds in both 2 and 2'  posi l ions.  These
observations strongly suggest that 29 correctly repre-
sents the structure of  the organometal l ic  intermediate
in th is react ion.  I t  is  not  c lear f rom our data whether
a t r is(2-biphenyl)chromium compound or,  €.g. ,  a
der ivat ive of  chlorobis(2-biphenyl)chromium or dichlo-
ro(2-biphenyl)chromium is the compound from
which cyclization to produce the metallocyclic moiety
of  29 occurs.

A number of  sound precedents support  the pro-
posed format ion of  a metal locycl ic compound of
chromium(II I )  by intramolecular at tack on an adjacent
carbon si te:  u iz. ,  pyrolysis of  d iphenyl(2-biphenyl)-
aluminum yields the c losely analogous 5-phenyldi-
benzaluminole 31 :{{  react ion of  azobenzene with
potass ium te t rach lo rop la t ina te , {5  pa l lad ium d ich lo -
r ide : { ' i  o r  n icke locene{6  y ie lds  compounds o f  s t ruc tu re
32;  and ar1 , ' iphosph ine  complexes  o f  rhod ium, { ; ' {B
i r id ium, {e  ru then ium. { i .50  coba l t ,50  and i ronsr '52  under -
go  reac t ions  wh ich  e i ther  requ i re  o r  imp l ica te  ox ida-
t i ve  add i t ion  o i  an  or tho  carbon-hydrogen bond
to  the  nre ta l  w i th  fo rmat ion  o f  cyc l i c  in te rmed ia tes
represented  schenr . r t i ca l l v  by  33 .  These and re la teds3
examples  have es tab l i shed tha t  fo rmat ion  o f  lour -
o r  f i ve-menrbered meta l locyc l i c  r ings  by  cyc l i za t ion
onto  a  benzene r ins  i s  a  senera l  and fac i le  reac t ion

.'\/N*N-Phu-rl-+-
H ( '  C H

30
().S0 eq u ir '

O
0 . { J  equ i v

Ct{ Cr(lcl{
<+-

l ' )  h ,  . ) <

CO
+

{ t )  h r . : 1 5

32

33

PPh

I'L
I
I 1

t ype .  Combined w i th  the  exper imenta l  da ta  sunt -
marized in Scheme IV. they make the structure 29
a very reasonable formulat ion for  the stable organo-
chromium substance formed under our react ion

(4- l )  J .  J .  Eisch and W. C. I i ; rska,  J.  Amer.  Chem.  ̂ Soc. ,88,  1976
(  1966) .

( 1 5 )  A .  C .  C o p e  a n d  R .  W .  S i e k m n n ,  i b i c l . , E 1 , 3 2 7 2  ( 1 9 6 5 ) ;  s c c  a l s o
R .  F ,  H e c k ,  i b i d . , 9 0 , 3 1 3  (  1 9 6 8 ) .

( .16 )  J .  P .  I ( l c iman  and  M.  Dubeck ,  i b id . .85 ,  15 .14  (1963) ;  see  a l so
N.  W.  A lcock ,  R .  C .  Spencer ,  R .  H .  P r incc ,  and  O.  I (ennard ,  J .  C l te rn .
S o c . ,  . 4 , 2 3 8 3  (  1 9 6 8 ) .

( .17) W. I (e im. J.  Orgartornetal .  Chenr. ,  14.  179 (  1968).
( .18) J.  Chatt  and J.  rv- I .  Davidsort ,  - / .  Cherr t .  Soc. ,  843 (1965),  havc otr-

served oxidat ive addi t ion of  thc c iLrbon-h-"-drogen bonds of  coordinatcd
P-CHr  and  naph tha lcnc  g roups  to  ru thcn ium,  and  S .  D .  Ibek rvc ,  B .  T .
I ( i lbourn,  U.  A.  Raeburn,  aud D. R.  Russel l ,  Chent.  Commutr . .  133
(1969) ,  havc  de tc rm incd  the  c r - ' - s te [  s t ruc tu rc  o f  ( c -CroHr )RuH[ t  CHr ) : -
PCH:CH:P(  CHr ) : l :  by  X - ray  d i f l ' r r t c t i on .

( -19 )  } I .  A .  Benne t t  and  D .  L .  \ I i l r r c r ,  C l te tn .  Con tmwr . ,58 l  (1967) ;
J .  An re r .  Chem.  Soc . ,  91 ,6981  (  1969) .

(50 )  G .  W.  Parsha l l ,  J .  An te r .  Cham. .Soc . .  90 ,  1669  (1968) ;  G .  \V .
Parsh r r l l ,  W.  H .  I (no th ,  and  R .  A .  Schunn ,  i b i t l . , 9 l , . 1990  (1969) .

(51 )  C .  Ha ta ,  H .  I (ondo ,  a r td  A .  l t i vake ,  i bk t . , 90 ,2278  (1968) .
(5 : )  A .  Sacco  and  M.  A res ta ,  C l ten t .  Comntun . ,  1223  (1968) ;  see  e l so

P .  L .  Pauson ,  Pure  App l ied  Chem. ,17 ,235  (1968) ;  l v l .  M .  Bagga ,  W.  T .
F lann ig ln ,  G .  R .  I (nox ,  P .  L .  Pauson ,  F .  J .  P res ton ,  and  R .  I .  Reed ,
J .  C h e m .  S o c .  C . 3 6  ( 1 9 6 8 ) .

(53) R.  I (oster ,  Aclcan.  Organonretal .  Chem.,  2,  257 (196' l ) ;  R.
K i j s te r  and  i v l .  A .  Crassbergc r ,  , 1n t t .  C l t cn r . ,  719 ,  169  (1968) ;  D .  He  l l -
rv inkel .  C he m. Ber. ,  99.  3 660 (  1966).
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131  equ i v

Br  B l
0.95 equiv

into account the s l ight  excess of  Gr ignard reagent used,
and the presence o[  smal l  amounts of  b iphenyl  in
the solut ion of  th is Grignard reagent,  these yields
establ ish c lear ly that  ca.  I  equivalent of  b iphenyl
has been produced at  some stage of  the react ion of l
Gr ignard reagent and chromium tr ichlor ide,  and that

( -12) W. Herrv ig and H. H.  Zeiss,  J.  Anrer.  Chem. Soc. ,  El ,  4798
(  re59) .

1'13) F.  R.  Jensen . rnd B.  Rickborn,  "Electrophi l ic  Subst i tut ion of
Orgrtnomercur ia ls,"  \ {cCras,-Hi i l ,  Nerv York,  N.  Y. ,  1968 pp 75 tT.
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l , /  condi t ions by react ion of  2-biphenylmagnesium bro-
7  mide  and chromium t r i ch lo r ide .

The observa t ion  o f  the  d ibenzchromole  29  as  a
s tab le  o rganometa l l i c  in te rmed ia te  and the  demon-
s t ra t ion  tha t  the  reac t ion  o f  29  w i th  2 -bu tyne proceeds
smooth ly  to  9 ,1O-d imethy lphenanthrene obv ious ly  sug-
gest that  the reLrted chromocycle,  3,4-dimethyl-5-
pheny lbenzchromole  (34 ; ,  m igh t  be  an  in te rmed ia te
in  the  convers ion  o f  1  to  2 .  We have no t  been ab le
to  ob ta in  c learcu t  ev idence fo r  th is  benzchromole
as an interrnediure in th is conv'ersion. Al though
the  io rmat ion  o f  c is -2 -pheny lbu t -2 -ene-d2 (23d)  on
t rc r tmenr  o i  a  reac t ing  mix tu re  o f  1  and 3  w i th  deute-
r ium ox ide  s t rong lv  imp l ica tes  34  as  a  so lu t ion  compo-
ncnt .  the  y ' ie ld  o i  23d,  and by  in fe rence 34 .  i s  a lways
lor ' , .  Thc-se i ' ie lds are easi ly compat ib le wi th the
hvpcr thes is  o f  3 .1  as  an  in te rmed ia te  on  the  pa thway
lc r . . l i ns  to  re t ranre thv lnaphtha lene,  p rov ided tha t  the
r i . r re r) i  reecr i r ' rn oi  3-1 wi th 2-butyne is rapid compared
wrrh  l rs  r i . t te  r ' r i  f t r rmat ion .  However .  in  the  absence
o i  t r t h c r  e r i r r c n c e .  i t  i s  a l s o  c o n c e i v a b l e .  a l t h o u g h  u n -
l rkc ' i r , .  th . r t  34  rn i r r i t t  be  s imp ly  the  produc t  o f  a  s ide
r3 : r i i l r ro  unre l : r tc t i  t t )  the  pa th  connect ing  l  w i th  2 .
Regard less .  i t  i s  c leur  tha t  the  conv 'e rs ion  o f  2 -b ipheny l -
muqnes iu r l  b rorn ide  to  9 ,  lO-d imet t ry lphenanthrene in -
v o l v e s  i n i t i a l  f o r n r a t i o n  o f  t h e  d i b e n z c h r o n r o l e  2 9  a s
an in te rmed ia te ,  fo l lowed by  subsequer r t  reac t ion  o f
th is  subs tance w i th  l -bu tvne.  A  s i r l i l a r  p i r thway fo r
t l ' r c -  convers ion  o I  I  to  2  seenrs  very  p robab lc .

The k ine t ic  i so tope e l i cc ts .  d iscussed ear l ie r  in  c t - rnnec-
t i o n  w i t h  t h e  q u e s t i o n  o f  t h e  i n t e r n r e c l i a c v  o f  b e n z v n e -
c h r o n r i u m  c o m p l e x e s  i n  r e a c t i o n  o f  t r i p h e n y l c h r o m i u n r
w i t h  l - b u t ) ' n c .  n o w  b e a r  r e e x a r n i n a t i o n  i n  l i g h t  o f  t h e  e v ' i -
d c n c c  i n d i c : r t i n s  t h u t  t h e  m o s t  s i g n i f i c a n t  i n t e r m e d i a t e
is  in  fuc t  u  benzchromole .  fo r r r red  by  inser t ion  o f
l -bu t r  ne  in r t - r  i . r  curbon-chronr iun t  bond fo l lowcd by
c r c i i z . r r r , r n .  T h e  , t b s e r r a t i o n  t h a t  t h e r e  i s  n o  i s o t o p e
cr l ' c . ' l  t ) r - l  t i te  rc : rc r i ( )n  o f  conrpounds 18a-d  w i th  2 -
i : r r r l ' ,  i : C  r :  c n t r r e  l r  c ( r n s i s t e n t  w i t h  t h i s  r l e c h a n i s t i c  h y -
l (  \ t  ; r . J \ :  i .  . r , l - i r  r . ' r  I  r ( )  v  r t lec l  t [ ra t  the  ra te -de ternr in ing  s te  p
l - , ' r  | ' . c  rc - tc t l r ) r ' l  t )cCL l rs  be fore  the  cvc l i z l ' t t ion .  C lear ly ,
r r i r i .  :  snr . r i l  sc -condury  i so tope e f lec t  wou ld  be  ex-
nc ; t :J  to  . r t t iF rd  a  n rechan ism whose ra te -de termin ing
s t . l  \ \ l i s  i n s c r t i o n  t r f  2 - b u t y n e  i n t o  t h e  c a r b o n - c h r o -
n r i u n r  b o n J  o f  t r i p h e  n y l c h r o m i u m  t o  f o r m  2 4 ,  o r  c o -
r r rJ rn . i t i c - 'n  r r i  l -bu tvne to  the  chromiun l  a tom o f  th is
r r rc t l l  Con l  p r rL l f ld .  Fur ther ,  the  pos tu la te  tha t  the
s l t r$  Sr€p in  conv 'e rs ion  o f  t r ipheny lchronr ium to  te t ra -
n t . : t f t r  l n a p h t h u l e n e  i n v o l r e s  c o o r d i n a t i o n  o r  i n s e r t i o n
o i  l -bu tvne.  anc i  tha t  the  subsequent  fo rmat ion  and
fur th ' : r  reuc t ion  o f  the  benzchronro le  34  are  fas t ,  i s
cLrns is ten t  w ' i th  the  fa i lu re  to  de tec t  any  s ign i f i can t
bu i l t iup  o i  in te rnred ia te  o rganochromiurn  conrpounds
d u r i n - g  t h e  r e e c t i o n .

N l e c h a n i s t i c  i n t e r p r e t a t i o n  o f  t h e  d e u t e r i u m  i s o t o p e
e l l ' cc t  observed fo r  reac t ion  o f  t r i (pheny l -2 - r /1 ) t r i s ( te t ra -
hydro t l ran  )chro  rn iu  n r  (  17)  w i th  2 -bu tyne req  u i res  knowl -
ec lge  o f  the  fa te  o f  the  hydrogen a tom los t  f ro rn  the
or rho  pos i t ion  o f  the  pheny l  r in_q .  Th is  in fo rmat ion
was ob ta ined by  reuc t ion  o f  t r i (pheny l -2 , ,1 ,6 - r l r ) t r i s -
( te t rahydro [uran)chronr iunr ( l l I )  35  w i th  2 -bu tyne to
g ive  among o ther  p roduc ts ,  te t ramethy lnaphtha lene-d
and a  nr ix tu re  o f  deutera ted  benzenes.  The mix tu re
o f  benzenes was separa ted  f ronr  the  reac t ion  mix tu re ,
and i t s  i so top ic  conrpos i t ion  de termined by  mass  spec-
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troscopy. Knowledge of  the isolated yield and isotopic
compos i t ion  o f  the  benzene,  and o f  the  y ie ld  o f  te t ra -
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Comparison of  the isotope ef fect  obtained dur ing
react ion of  t r i (phenyl-2-d)chromiunr (17) and 2-butyne

H CrPh,
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e l e c t  r o p h  i l i c

i u b s t l t u ! l o n
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methylnaphthalene-d,  was suff ic ient  to establ ish that
>0.5 equiv of  CoH:D1 wi ls produced for each equiva-
lent  of  tetramethylnaphthalene formed in the react ion.
Since some of the benzene produced in th is t ransforma-
t ion is held as zr-benzenechronr ium(0) or chromium(l)
complexes, and as such would not have been isolated
as  benzene under  the  cond i t ions  used in  work ing  up
these exper iments,  i t  appears that  most or al l  of  the
o-hydrogen which disappears f rom one phenyl  r ing
o f  t r ipheny lchromium in  fo rming  te t ramethy lnaph-
thalene is t ransferred to a seconcl  phenyl  r ing and
ul t imately appears as benzene.

At least  three basic mechanist ic schemes deserve con-
s idera t ion  as  poss ib le  descr ip t ions  o f  the  cyc l i za t ion  s tep .
The r ing  c losure  migh t  take  p lace  by  d i rec t  inser t ion  o f
the  chromium( l I I )  a tom in to  the  or tho  carbon-hydrogen
bond o f  the  pheny l  r ing  to  g ive  a  chromium(V)  hV-
dr ide (36) as an internrediare,  fo l lowed by loss of
benzene;  i t  m igh t  take  p lace  by  e lec t roph i l i c  a t tack
by  the  chromium(U[ )  a tom on the  pheny l  r ing  to
yield a o complex (37), ,  fo l lowed ei ther by direct
loss  o f  benzene or  by  a  l ,2 -p ro ton  sh i f t  to  y ie ld  the
produc t  o f  ox ida t ive  add i t ion  36 :  o r  i t  m igh t  take  p lace
by  a  p rocess  in  wh ich  expu ls ion  o f  benzene was con-
cer ted  in  some unspec i f ied  manner  w i th  carbon-chro-
mium bond fo rnra t ion .

Scheme V. Formation of 1,2-Dimethyl-5-phenylbenzchromole

l lt 'hitesides, Ehmunn i I .).-1,1-Terromethylnaphtlwlenc
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with those observed for representat ive electrophi l ic  sub-
st i tut ion react ions at  aromat ic carbon permits one
clear condi t ion to be placed on the mechanisms out-
l ined in Scheme V: i f  intermediate 37 does l ie along
the react ion path between 24 and 34, i ts format ion
from 24 must take place in a rapid preequi l ibr ium
step, and i ts conversion to 36 or 34 must be rate deter-
mining. The a-deuter ium isotope ef fect  on the rate
of format ion of  a d comple.r  is  normal ly smal l  in elec-
trophi l ic  subst i tut ion react ions,  s ince l i t t le carbon-
hydrogen bond stretching takes place dur ing at tack
of the electrophi le on the r ing. ; r ' ; ;  Thus, the isotope
effect observed for reaction of 17 with 2-butyne (k^lko
:  2.7)6u is too large to be compat ib le wi th rate- l imi t ing
attack of  the chromium atom on the aromat ic r ing.

Further differentiation between the mechanistic al-
ternat ives of  Scheme V is di f t icul t  on the basis of  the
avai lable informat ion.  The di f ference between the two
paths connect ing compounds 24 and 36 is pr imari ly one
of t iming in format ion of  the carbon-chromium bond.
Whi le i t  is  c lear f rom other work thar sor hvbr id iza-
t ion at  carbon is not required for oxidai ive 

-addi t ion

of carbon-hydrogen bonds to t ransi t ion metals,57,58
there is no f i rm evidence indicat ing rhar oxidat ive addi-
t ion of  aromat ic carbon-hydrogen bonds to metals
does not in fact  procced through intermediates anal-
ogous  to  37  by  a  pa thway invo lv ing  in i t ia l  a t tack  o f
the  meta l  on  carbon ra ther  than by  inser t ion  o f  the
metal  into a carbon-hydrogen bond. However,  there
is also no direct  evidence establ ishing the intermediacy
of  compounds resembl ing  e icher  36  or  37  in  reac t ions
of these chromium compounds. Nevertheless,  two
l ines of  evidence lend support  to the suggest ion that
conversion of  24 to 34 takes place ei ther by oxidat ive
add i t ion  o f  a  carbon-hydrogen bond to  the  chromium
atom or  by  concer ted  add i t ion-e l im ina t ion ,  ra ther  than
by a react ion resembl ing electrophi l ic  subst i tut ion at
carbon.

The f i rst  of  these l ines der ives f rom an examinat ion
o i  the  reac t ions  o f  t r ipheny lchromium (1)  and 5- (2 -
b ipheny l )d ibenzchromole  (29)  w i th  deuter ium gas .  Re-

R,P. A\' \ _ / \  \ )
,Rh. \:(/ + cH, + CH,D

R P /  \ p '  \ n , o )
, / \

R '  
' R

i i

R :  o -CoH,D
(57) S. Bresadola, P. Rigo, and A. Turco, Chem. Commun., 1205

(1968) ;  F .  P iacent i ,  e t  a l . ,J .  Amer .  Chem..Sc,c . ,90,6848 (1968) .
(58)  M.  A.  Benncr t  and P.  A.  Longstaf f ,  ib id , ,6266 (1969) .

act ion  o f  I  in  THF * r th  deuter ium fo r  14  hr  a t  I  a tm
pressure  and 15 '  resu l ted  in  s low deutero lys is  o f  the
carbon-chromium bond.  l  ie ld ing  a  mix tu re  o f  benzene-
d t  (58  \ )  and,  -d ,  (41T)  es  the  pr imary  o rgan ic  p roduc ts .
The benzene-dr detecteci  in th is react ion is probably
produced bv thernral lv induced homolyt ic scission of
carbon-chromium bonds ( r i  some par t ia l l y  deutero lyzed
species anci  retcr lon r ' r i  the resul t ing f ree or metal-
complexed phcnr  I  r ld ice is  w ' i th  so lvent .  No deuter iunr
was exchanged in ro  the  rnnheny lchromium under  these
cond i t ions .

React ion  o i  deurer ium r r i th  29  under  s imi la r  cond i -
t ions  resu l ted  in  lna le rs t )us  c leavage o f  the  carbon-
chromium bond,s  to  v ie ld  b ipheny l .  However ,  i f  the
react ion wirh 29 w'as carr ied to part ia l  complet ion,
and the  remain ine  org i toc- rchromiunr  compound con-
ver ted  to  the  cor respond ing  ary l  b romides  by  reac t ion
wi th  mercury ' ( l l )  b romide and bromine,  mass  spec-
t roscop ic  ana ivs is  esr rb l i shed tha t  apprec iab le  deu-
te r ium had been erchanse. . i  in to  the  r ings .  Degradat ion
of  the  b iphenv ls  es tab l i shed thar  the  deuter ium wh ich
had exchanged in ro  rhc  chromium reagents  has  beer i
incorpora ted  predomrnrnr lv  o r  exc lus ive ly  in to  the  l ,

D , ,  I  a t m ,  1 5 ' ,  1 {  h r
HgBr ,

C , H "
t '

w+a_o +qp

(!a) Review: H-zo inset, Adt:an. phls. ory. chen,z, t6t us64r. posirions of the biphenvl ring (see the Experimental
(55) For isotope el lccrs in int ramoleculnr  e leckophi l ic  subsl i tu l ion Sect ion).

rerc t ions of seve ral com p o Lrnds closely rela red ! o those considered in rhis 
- -1",''

wo(k. oii., derivalives oi :-tpn""yr-zlaro"."-"i.- ilj;;;. ;. ;;;;"r The pertinence of these results to the mechanism
andP.P Klemchuk,./. ,. lz'e.. crs'. soc., E0.1285(1958I o[ cyclization of 24 to 3{ depends on the resemblance

t56) A relarcd relcl ton, rhe rhermrl dccompsir ion of merhyltr is(tr i-  ^t , ' t .
(phenyr.2{4phosphinclrhodium (i)  toi i ,  me.hane, and merhane-d,, pre- - '  "^ ' :  process by which the carbon-chromium bonds
surnably orirz oxiaidve iddirion of an o.r,/ro cff bon- hydroeen (deureiiirm) of the dibenzchromole 29 are converted to carbon-
bond to rhodium,'erhibirs an isorope erTecr of ksl&D < 4.2, as mea- deuteIium bonds tO the reverSe Of the reaCtiOn Se.
sured by thc r i t io ofCH, to CH,D evotved {sce Erpcrimenlal Secrion). ; , ,--^
This number is comparable wirh rhe isorope efec! of 2.7 observed for t*-. .-e. in which the carbon-hydrogen bonds of the
the reaclion of l7t! and suppo(s the contention that the reac.ion I - 2 immediate precursors of 19 and 3,1 are converted to
proceeds l ia oxidative addhion. carbon-chromium bonds. At the very least the ob-
R .P .  -CH,\ ,/ servation that deuteriunr is exchanged into the ortho

Rh positions of the biphenyl groups demonstrates that
R,l/ \eR, carbon-hydrogen bond cteivage is reversible uncler

some condi t ions.

(1 .65 equiv  r
94.0% d,

5.6"/" dr
4 .0% d )

B r
, 0 l i  e q u i v l

l ) : r . . )7 , r  d , )

- ,  a / J  t L l

. i . : ; .  d ,

Br Br

(0.1? equiv)
80.5% do
I7.Wo dt
t.6% d2

The phenomenological  s imi lar i t .v-  of  the isotopic ex-
change observed on  t re r tment  o f  29  w i th  deuter ium
to  tha t  observed by  Parsha l l .  Knoth ,  and Schunn fo r
the  o-hydrogens o f  the  pheny ' l  r ings  o i  HCo(Nr ) (PPh3) '
and related compounds50 is sul f ic ient ly c lose to make
the suggest ions of  analogous mechanisms at t ract iv 'e.
Fol lowing the scheme proposed by these authors,  ex-
change would take place bv oxidat ive addi t ion of  deu-
ter ium to 29 to y ie ld a species represented schematical lv
by 35 fol lowed ei ther bv an i r reversible c leavage of

Jottrnul o/ the rlrnericun Clrcmical Societl, ,l 92.-19 I September 2J, 1970
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the chromium-biphenyl  o .bond (35 - . -  36),  or  by a
co.mpet ing and porent ia l ly  reversible c leavage of  a chro-
mium-carbon bond of  the dibenzchromolJ (3S * 37).
However,  there is no direct  evidence in th is work (or
indeed in  much o f  the  d i rec t l y  ana logous work  w i th  d8
complexes) tor  d iscrere hydr id ic intermediates der ived
f rom ox idar i re  add i t ion .  on  the  bas is  o f  ev idence
present ly '  a ra i lab le .  these c lasses  o f  reac t ions  mieh t
take place b) '  e react ion sequence in which oxidat ive
addi t ion ro form an intermediate hydr ide and sub-
sequent  e l imrnat ion  were  separa te  s teps ,  o r  by  a  p rocess
anelogous to that  labeled "concerted el iminat ion" in
Scheme ! '  in  wh ich  add i t ion  and e l im ina t ion  merse
t o  a  s i n g l e  s t e p : r  "

a.>-O

Scheme VI

-r/// \\-1 
fCr.{r; +

-\

H -

) zo'
"l'\o.

{cH,c-ccur

l.z-l'\n"

j - . , t
39

fcn,c-ccH,

38

d1, together wi th smal l  quant i t ies of  more highly deu
terated mater ia l .  Deuter ium incorporat ion into a mes
i ty l  group bonded to chromium is in c lear conrrast
w i th  the  resu l ts  o f  s im i la r  exper iments  us ing  t r ipheny l -
chromiunr ,  bu t  i s  compat ib le  w i th  an  in te rmed ia te  ie -
sembl ing 39. The o.x idat ive addi t ion of  a methyl  car-
bon-hydrogen bond to  chromium imp l ica ted  by  s t ruc-
ture 39 has some precedent.{$,58,63 However,  re-
gard less  o f  the  prec ise  mechan ism o f  fo rmat ion  o f
26 ,  the  demonst ra t ion  tha t  the  ab i l i t y  o f  o rganochro-
mium reegents to y ie ld cycl ic products does not depend
on the  ava i lab i l i t y  o f  an  aromat ic  carbon a tom to  ac t
as  one r ing  te rminus  prov ides  suppor t  fo r  those mech-
anisms for cycl izat ion which do not resemble aro-
mat ic  subs t i tu t ion .

Summary and Conclusions

Th is  work  ind icares  tha t  rhe  convers ion  o f  t r ipheny l -
chromium to  te t ramethy lnaphtha lene on  reac t ion  w i t l r
2 -bu tyne takes  p lace  in  th ree  d is t inc t  s teps :  inser t ion
of  2 -bu tyne in  a  pheny lchromium a  bond o f  1  to  f lo rm a
styry lchromium reagent;  cycl izat ion of  th is styry lchro-
mium reagent  to  a  benzchromole :  and reac t ion  o f
the benzchromole wi th a second molecule of  2-butyne
to  fo rm te t ramethy lnaphtha lene (Scheme VI I ) .  In  b r ie f
summary,  four k inds of  evidence support  th is mech-
an ism.  F i rs t ,  labe l ing  exper iments  us ing  2-bu tyne-
l , I ,L -d r ,  p roduc t  s tud ies  based on  reac t ions  o f  o - ,  f f i - ,
and p-toly lchromium reagents.  and deuter ium kinet ic
isotope ef fect  determinat ions carr ied out wi th 17 and 18
combine e f fec t i ve ly  to  exc lude mechan isms invo lv ing
intermediates of  tetramethylcyclobutardiene- or benzyne-
l i ke  symmet ry .  Second,  i so la t ion  o f  c ls -2 -mes i ty lbu t -

(63) iv{cchanisms s imi lar  to rhosc out l ined in Scheme VI provide a
rat ional izar ion for  product ion of  tetrapirenylc l 'c lopentadiene i i i  on reac-
t ion of  t r imethyl t r is( tetrahydrofuran)chromium with to lane.6{

' { t  
.  Ph

(cH-) ,cr  JTHF 
Ph( ' - r  l 'h .  

"  
, ,Y

/ v h
Ph

i i i

(6.1) H. Zeiss and M. Tsutsuj,  J. Amer. Clrcnr. Soc., gl,6090 (1959);
iVI .  Michma'a.d  H.  H.  Zcrss,  J ,  Organornera l .  C l ten. ,13,  p23 (196g) ;
1 5 ,  t 3 9  ( t 9 6 8 ) .
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Ti :s  SCCI ' r i  c iu r t rm suppor t ing  the  hypothes is  tha t
cr)  i ' r r  j ;5 i6n e ' r i  2{  to 34 requires a step involv ing oxidat ive
- l - l i r r r t rn  c ' r i  r  carbon-hydrogen bond to  chromium
i : : rs  . r l reed l '  been ment ioned in  another  connect ion .  The
. r t . r . i r i c r  o i  t r imes i ty ' l chromium and 2-bu tyne cannot
c r ; i rze  b1 '  subs t i tu t ion  a t  an  or tho  carbon-hydrosen'o t ro t i :  

ins tced.  cvc l i za t ion  takes  p lace  by  a t ta tk  o i  
": i ' r r ' rh r l  g roup.  u l t in ra te ly  y ie ld ing  26 .  The fo rmat ion

t r i - r i r rs  p roduc t  can  be  ra t iona l i zed  us ing  a  mechan ism
r  c r r  s rn r i la r  to  tha t  o f  Scheme v l  p roceed ing  th rough a
s i r - rnembered chronrocyc le  38 ,  o r  by  d i rec t l yc l i za i ion
tc r  ths  four -membered chromocyc le  39 .  Aga in ,  no  ex-
pcr in rc 'n ta l  e ' idence pro ' ides  d i rec t  suppor t  fo r  e i ther
l l re rna t i 'e .  Howe 'er ,  reac t ion  o f  t r imes i ty lchromium
ri  i th deuter iunr to part ia l  complet ion,  fo l lowed by deg-
r lc l l r ion  o f  the__rerna in ing  org i rnochromium reagents
r rs ins  n rercury ( I [ )  b romide anc l  b romine.  v ie lded 2-
bror r romes i tv lene w i th  compos i t ion  61 .7  %r /o  and 34 .s%

( 's9)  organol i th ium';0 and -magnesium60 reagents,  sodium naph-
thal idc,r t  and hydroxidc io ' ,0. r  react  readi ly  rv i th-hydrog*n,  p i"su-aory
by a mechanism involv ing nucleophi l ic  at tack.  A ret i rea mechanism
mrght a lso be possib lc for  thc react ion of  ary lchromium reagenrs wirh
hyclrogen.

(60 )  I ( .  C lauss  and  H .  Bc .s t i an ,  Ann .  Chem. ,654 ,  g  (1962) ;  W.  E .
Bccker and E.  C.  Ashby,  J.  Org.  Chent. ,29,g54f- tqO+1.

(61 )  S .  Bank  lnd  T . .4 , .  Lo i s ,  J . .4mer .  C l tem.  Soc . ,90 ,1505  (196g) .
(6 l t  C .  Wa l l i ng  and  L .  Bo l t yky ,  i b i ( t . , 86 ,3750  (  tg6 t ) .
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Scheme VII. Schematic Mechanism for Conversion of
Triphenyltris(tetrahyd rofuran)chromium( [II) to
1,2, 3,4-Tetramethylnap hthalene

/n \
|  ( r  rH -Cr . ; ]THF '  

( ' t l ( ' - ( - ( 'H ' ,

\ \_/ /,

-Ph l {

i n  wh ich  the  chromium( l l l )  he terocyc le  reac ts  w i th
2-bu tyne to  f  ie ld  te t ramethy lnaphtha lene.  A t  leas t
three al ternat ive mechanisms appear cor lceivable for
th is  s tep :  reac t ion  migh t  take  p lace  by  inser t ion  o f  a
second molecule oi  l -buty 'ne into a carbon-chromium
bond to  g ive  a  se \en-membered chromium heterocyc le
(e.g. ,  40),  bv '  a concerted. f ront-s ide displacement,  or
by a Diels--Alder rerct ion.  in which format ion of  both
carbon-carbon bonds to the enter ing acetylene occur
concurrent l r ' .  \ \ 'e have never detected products in
the  reac t ion  mix tu res  f rom the  to rmat ion  o f  2  o r  30
which suggest conlpL)unds resembl ing 40 as a precursor;
and on the basis rr i  th is weak evidence, we prefer a
mechanism for incorporr t ion of  the second molecule
o f  2 -bu tyne in to  thc  te t ramethy lnaphtha lene r ing  pro-
ceed ing  th roueh rn  in te rmed ia te  o r  t rans i t ion  s ta te
resembl ing  -11 .
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2-ene and cis-2-phenylbut-2-ene from react ing mixtures
of t r imesi ty l -  and tr iphenylchromium support  the pro-
posed in i t iat  insert ion of  2-butyne into the aryl-chro-
mium bond. Third,  the isolat ion of  c is-(phenyl-2-A-
but-2-ene-3-d (23d) to l lowing deuterolysis of  a react ing
mixture of  t r iphenylchromium and 2-butyne, and the
faci le format ion oi  5-(2-biphenyl)dibenzchromole (29)
on react ion of  2-biphenylmagnesium bromide with
chromium tr ichlor ide,  provide evidence for f ive-mem-
bered chromium heterocycles as react ion intermediates.
Final ly,  several  deuter ium kinet ic isotope and label ing
studies appear to be consistent wi th the proposed re-
ac t ion  sequence.

The insert ion of  2-butyne into a carbon-metal  bond
impl ica ted  in  the  f i rs t  s tep  o i  th is  mechan ism is  unex-
cept ional ,  and deserves no further comment.6s Cycl i -
za t ion  o f  the  resu l t ing  s ty ry lchromium compound to  a
chromium-containing heterocycle is more interest ing
on two counts.  First ,  i t  provides further support
for  the supposi t ion{ '5 that  f ive-membered metal locycles
are important as intermediates in organometal l ic  re-
act ions.  Second, the c lose analogy between the r ing-
c los ing  and r ing-open ing  reac t ions  o f  the  chromium-
( l l l )  compounds examined here ,  and s in r i la r  reac t ions
of dB comple,res.  suggests that  the former may take
place by mechanisms involv ing oxidat ive addi t ion of
carbon-hydrogen bonds to chromium. Oxidat ive addi-
t ion  o f  an  aromat ic  carbon-hydrogen bond to  a  d3
chromium( l I I )  ion  to  g ive  compound fo rmal ly  con-
ta in ing  a  d t  chromium(V)  ion  has  no  precedent .66  How-
ever,  the stabi l i ty  of  substances such as PhoCrl ia,sT
LirCrzHrPh6,6s (CHr)oCrl i i6e is suf f ic ient  to establ ish
tha t  chromium( I I I )  i s  capab le  o f  fo rming  compounds
conta in ing  mul t ip le  carbon-chromium c  bonds.  Cor -
respond ing  compounds o f  chromium(V)  a re  no t  known
as stable ent i t ies,  but  nt ight  not be prohibi t ively en-
erget ic as intermediates or t ransi t ion states in mech-
an isms requ i r ing  ox ida t ive  add i t ion  to  chromium( I l I ) .

On ly  negat ive  ev idence is  ava i lab le  concern ing  the
nature of  the f inal  stage of  the proposed mechanism,

(65) For examples of  addi t ions of  other organomctal l ic  molecules to
acety lenes,  see ref  3 and P.  M. Mai t l is ,  ,4dcan. Organometal .  Chem.,  4,
9 5  ( t e 6 6 ) .

(66 )  Rev iews ;  J .  P .  Co l lman ,  Accoun ts  Chen t .  Res . ,  l ,  136  (1968) ;
L .  Vaska ,  i b id . ,  l , 135  (1968) ;  J .  P .  Co l lman  and  W.  R .  Roper ,  Adaan .
Orgartontetal .  Chem.,7,5- l  (1968);  G. W. Parshal l ,  Accounts Chem. Res. ,
3,  139 (  t970).

(67) F.  Hein and R. Weiss,  Z.  Anorg.  Al lg.  Chem.,  295,  145 (1958).
(68) F. Hein and B. Heyn, ,V[otrutsber. Deut. Akad. l lt iss. Berlin,4,

223 ( 19 62) ; N a t ur w is s e t u c ha l 't e tt, 46, 321 ( 1959).
(69 )  E .  Kur ras  and  J .  O t to ,  " I .  Organometa l .  Chem. ,4 ,  l 14  (1965) ;

J.  I ( rause,  Proccedings 9th Internat ional  Conlcrence on Coordinat ion
Chcmis t r y ,  S t .  l l o r i t z ,  Scp t  1966 ,  p  168 .
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Ex per imental  Sect i r , rn; l

Ceneral Nlethotls. AII reactions involving organometall ic corn-
pounds were carr ied out in f lame-dried glassware under an incrt
atmosphere of prepurrr ied nitrogen using standard techniques for
handling oxygen- and water-senstt ive reagents. Ether and tetra-
hydrofuran were distr l led from l i thium aluminum hydride under a
nitrogen atmosphere immediately belore use. Dioxane was dis-
t i l led from a dark purple soiut ion of sodium benzophenone dianiorr.

Triphenyltris(tetrahl'drofuran)chromium( llD (1) r2 and 2-butl'ne-
l , l , l -ds (3)to * ' . t .  prepared as described previously. Trichloro-
tris(tetrah]' drofuran)chromium(III) r,vas prepared using a proced u re
based on that o[ Zeiss.rr The desired quanti t ies of anhydroLrs
chromium(III)  chloride and tetrahydrofuran were placed in a f lame-

(70 )  Mc l t i ng  po in ts  wc re  de te rm ined  us i r tg  I  Thomas-Hoover  can t l -
lary mel t ing point  apparatus and arc uncorrected.  Boi l ing points . r re
uncorrected.  Nrnr spectra were run otr  a Vir r jan 4 ' '60 spectromctcr .
In l r iued spcctra rvere taken in sodium chlor ide cel ls  using a Perkin-
Elmer Nlodet  2378 grat ing spectrophotomcter.  Mass spectra wcr i
determined on a Hi tachi-Perkin-Elrncr  Rfv lU-6D mass spectromctcr .
Al l  spectra used tor  deuter ium anal ls is ' "vere obtained using a minir r t . rL
ioniz ing vol tage.?t  N{ icroanalysis r"as performed by Midwest NI icro-
lab ,  Inc . ,  I nd ianapo l i s .  I nd .  G lpc  ana l - vses  \ ! ' e re  ca r r i ed  ou t  us ing  l r r
F & ! I  N[odel  l l l0  t lame ionizat iorr  instrumcut.  Samples for  m;. ts;
spectroscopic analyses were col lected f rom an F & M Model  720 instru-
ment equippcd rv i th a thermal  conduct iv i ty  detector .  Normal ly  SE-
52 or  UC-W98 columns were used tbr  both analyt ical  and preparat i rc
work.

(71 )  K .  B icmann ,  "M i t ss  Spec t romc t ry -Organ ic  Chemica l  App l i ca -
t ions."  McGraw-Hi l l ,  New York,  N.  Y. ,  1962, pp 223 f f .  Samples t 'or
deutcr ium analysis were pur i f ied by gtpc,  taki r rg care to col lect  as mucl t
of  the peak as possib le to i tvoid isotopic f ract ion;r t ior t .

(7 : )  W.  Hc r rv ig  and  H .  Zc i ss ,  " / .  Org .  C l ten t . ,23 '  1404  (1958) .



dr ied  f l ask .  toge the r  w i rh  a  sma l l . quan t i t y  o f  ch romium( I l )  ch lo r ide
[ - l -5  [  by  we igh t  o f  C r ( l l l tC l ' ] . 7 r  The  m ix tu re  was  hea ted  under
ni t rogen wi th st i r r rng at  a temperature between 50o and ref lux tem-
perature unt i l  a homogeneous solut ion was obtained,  typical ly
l - 2  h r .

1,2,3,4-Tetrrmethl' lnaphthalene (2). The general procedure used
for  these react ions is  based on the procedure developed by Zeiss. t2
The  Gr ignard  reagen t . f rom 0 .52  g  (1 .3  mmol )  o f  b romobenzene  in
l0 ml of  tetrahydroluran was added droprv ise to 1.0 mmol of  t r i -
ch lo ro t r i s ( te t rahydro fu ran )ch romium( t l l )  i n  l 5  m l  o f  t e t rahydro -
l ' u ran  a t  -30 ' to  r vh i ch  hcp tadecane  had  been  added  as  in te rna l
s tandard .  A f te r  s t i r r i ng  l -2  h r  a t  room tempera tu re ,  0 .2  m l  ( ca
3 mrnol)  of  2-butyne lvas added and the solut ion st i r red overnight .
Hydro lys i s  o f  a  l -m l  a l i quo t  o f  t he  reac t ion  m ix tu re  i n  I  m l  o (  l 0T ,
aqueoLrs hydrochlor ic  acid and analysis b1,  g lpc shorved a 50-75f i
f  ie ld of  tetramethylnaphthalene.  Samples for  mass spectra l  analy-
s is were obtained by hydrolysis of  t l re react ion mi, r ture in l0 ml  of
l0 [  aqueous hydrochlor ic  acid,  concentrar ion of  the organic phase
under  vacuum,  and  the  co l l ec t i on  o f  the  1 .2 ,3 ,4 - te t ramethy lnaph-
thalene f rom glpc.

To  p repare  quan t i t i es  o f  1 ,2 .3 ,4 - te t ramethy lnaph tha lene  la rge r
than l0 mmol,  thc serme procedure,  modi f ied by omission of  the
internal  standard.  rvas lb l lowed. The product  obtained f rom con-
cerr t rat ion of  the hydrolyzed react ion mixture was recrystal l ized
I tom hexane to y ie ld i0-50[  o i  1,2,3,4- terramethylnaphthalene
h a v i n g  m p  1 0 5 - 1 0 6 ' ;  l i t . r x  m p  1 0 6 ' ' .

1,2,3, , l -Tetramethl , lnnphthalene-c/o.  Tr iphenyl t r is( tetrahydro-
l r r r a n ; c h r o m i u m ( I I [ )  p r e l t a r e d  l r o m  7  3  g t q 1  m m o l t  o i C r C l r .  3 T H F
rvas  a l l owec i  to  reac t  r v i t h  7 .9  m l  o f  2 -bu ryne- l , l , l - r l L  ( cc .5 .0  g ,
97  mrno l )  l b l l o i v ing  the  p rocedure  desc r ibed  above  ro  y ie ld  1 .2  g
(6 ,1  mmol )  o t '  1 .2 ,3 , - l - t c t ramethy lnaphrha lcne- r / , ;  hav ing  mp 106-
106 .5  '  ( l i t . t 2  mp  lb r  an  unde l r t c ra ted  saml t l e  106 ' ) .  The  i so rop ic
conrposi t ion ol '  th is rnater ia l  detcrminecl  mass spectrometr ical ly
( i i . l  e V )  w a s  l . - l l l , / , , , 9 3 . | i ' ' l  r / 5 ,  r r r d  3 . 7 i i d , . t t

1,2-Bis(hydrox! 'mcth]  l - r l . : )naphthalcne.  A solut ion of  40 g
(0 .  l 6  mo l )  o t '  d ime thy , lnaph tha lenc - l , l - d i ca rboxy la te?5  in  200  m l  o f
d ry  te t rahydro l i r ran  (THF)  was  cau t ious l . ' -  added  to  7 .6  g  (0 .18
mo l )  o t '  l i t h iu rn  a luminum deu tc r i c i c i ' i  i n  100  n r l  o l 'THF over  30
nr in.  The solut io l l  was heated at  ref lux tempcrature for  2 hr ,
cooled.  hydrol .vzed.  and madc acid ic wi th 30' [  aqueous hydro-
c l t lorrc acid.  The orgunic la lc. r  rvas separated and the aqueous
laye r  washed  w i th  100  m l  o l ' ch lo ro lb rm.  The  comb ined  o rgan ic
laye rs  were  w i rshcd  w i th  aqueoL ts  sod ium b ica rbona te ,  d r ied
( N ' l g S O r ) ,  a n d  c o n c e n t r a t e d  t o  y i c l d  3 1 . 5  g  ( 7 9 1 7 )  o f  1 . 2 - b i s ( h y -
d roxymethy l - r / , : )naph tha lene  hav i r rg  mp  l :18 .5 -149 .5 '  (mp  o f  an
L lnde  u tc ra ted  sump le  l -19 -  1 .19 .5  ' ) .

, . l t r u l .  o l  un r leu te ra tcd  samp lc  Ca lcd  lb r  Cr . rHr , :O : :  C ,  76 .57 ;
H . ( r . - l - 1 .  F o u r r c l :  C , 7 6 . 6 1  :  H . 6 . - 1 9 .

l .?-Bis(bromomcth-"- l - r l .1)n:rphth:r lene.  To a m:xture of  20 g
(0 .11  mo l )  o l '  1 .2 -b rs (hy 'd ro , r ymeth , " - l - t l z )naph t l ra lene  and  50  m l  o t '
benzene  a t  0 '  was  added  l0  m l (ca .  a  th ree lb ld  excess t  o f  phosphorus
t r i b romide .  The  m ix tu re  was  warmed  to  room tempera tu re ,
st i r red tor  8 hr .  poured onto ice.  ancl  extracted wi th 50 ml of  chloro-
lbrrn.  The chloroform solutron was washed rv i th aqueous sodium
b ica rbona te ,  d r ied  (N lgSO. , ) ,  and  concen t ra ted  to  y ie ld  31 .5  g  (87%)
o t '  I  . 2 -b i s (  b romomethy l - r / . : )naph tha lene  hav ' i ng  mp 148 .5 -149 .5  "
(mp  o l ' an  undeu te ra tec l  samp le  p repared  by  an  a i te rna t i ve  p roce -
du re ; ;  I  48 .5 -  1 .19 .5  " ) .

1 .2 -D i (me t l r y l - r [ )n : rph tha lene .  A  so lu t i on  o f  26  g  (82  mmol )  o f
1 .2 -b i s t ' b romomethy l - r l )naph tha lene  in  500  m l  o i  d ry  THF was
added  to  3 .8  g  (90  mmol )  o i  l i t h ium a luminum deu te r ide  in  200  m l
ot ' tet ra l - rydrol r . r ran over a per iocl  of  30 min,  dr , r r ing rvhich t ime the
solLr t ion began to ref lu.x.  Ret iu.r ing rvas cont inued wi th external
hea t ing  lb r  an  add i t i ona l  l 8  h r .  The  so lu t i on  was  hyd ro l . vzed ,
made acid ic wi th 30"1 hy 'drochlor ic  acid.  and the THF removed
undcr vacLlum. The residue was c,r t racted wi th ether and the ether
la le r  d r ied  (N lgSOl ) ,  concen t ra ted .  and  d i s t i l l ed  under  vacuum

( 7 1 )  T h c  c h r o r n o u s  i t t n  L r p p e a r s  t o  c l r a l y z c  t h e  d i s s o l u t i o n  o f  t r i -
c h l t r r o c h r o m i u m ( l l l ) .  I n  Z c i s s ' s  p r o c e d u r e  s  s n . r a l I  q u a u t i t i e s  o f  c h r o -
nro t rs  ion  \ !c r r :  gc l tc r i t t c ( l  i / l  s i tu  bv  rcduc( io r t  rv i th  z i r rc ,  For  sma[ l
s c r r l e  p r c p a r i l t l o n s ,  t h c  p r o c c c l u r c  d c s c r i b c d  h e  r e  i s  t h e  m o r e  c o n v c n i e n ! .

( 7 - l )  I s o t o p i c  c o r n p t t s i t i o n s  r e p o r t c d  t h r o u g h o u t  t h e  e . r p e r i m e n t a l
s c c t i o n  a r c  d c r i v c d  I ' r o n r  i n r c n s i t y  d a t a  c o r r c c t c d  t b r  t r C .  T h e  i o n i z i n g
v o l t i . l g e  a t  r v h i c h  s p c c t r a  u ' c r c  t a k c n  w a s  s u c h  t h a t  t h c  i n t e n s i t y  o [  t h e
I l  -  I  p c a k  r v a s  n c g l i g i b l c .  A n y  m o l c c u l a r  i o n  h a d  r e l a r i v e  a b u n d a n c e
< 1 . 0 T ,  i f  n o t  r c p o r t c d  c x p l i c i t l y .

( 7 , s )  E .  F .  B r a d b r o o k ; r n r i  R .  P .  L i n s t c a d .  J .  C h u n .  S o c . ,  1 7 3 9  ( 1 9 3 6 ) ;
R .  I I c i c r  a n d  H .  C .  L o t t c r ,  C h e n r .  B e r . , 9 O , : 2 :  (  1 9 5 7 ) .

(  7 ( r )  P u r c h u s c d  f r o r n  i \ l e  r r r l  H y  d r i d e  s ;  i s o t o p i c  p u r i t y  9 9  [  d e u t c r i u m .
( 7 7 )  \ ! ' .  R i e  t i  a n d  I ' 1 .  [ J o c l c r r ,  L - l r c t n .  B e  r . , 8 9 , 7 0 t J  (  1 9 5 6 ) .

_s6_j  7

to  y ie ld  l l . 5  g  (87X;  o t  1 .2 -d i (me thy l - r / ; )naph tha lene ;s  hav ing  bp
6647  '  (0 .10  mm) ;  mass  spec t ra l  i so top ic  ana lys i s  (8 .3  eV)  94 .4%
dq and 5.67;  d ' .

4-Chloromethr'l- 1,2-di(meth:,,1-rd)na phtha lene. Ch loromerhy la-
t i on  o f  10 .9  g  (67  mmol )  o t '  1 .2 -d i (me thy l -d , )naph tha lene  us ing  the
procedure of  Hewett . re wirh 20 e 6lO mmol)  of  paraformaldehyde
and 100 ml of  acet ic  acid y ie lded 8.0 g (60%) of  4-chloromerhy. i -
1 ,2 -d i (me thy l - r / r )naph tha lene  hav ing  mp 7 .1 .5 -75"  ( l i t . t ,  mp  fo r  an
undeu te ra ted  samp le  72 ' ) .

1,2-Di(methy' l - r / r ) -1-methy' lnaphthalene.  The reduct ion of  7.5 g
(37  mmol )  o f  - l - ch lo romethv l -1 ,2 -d i (me thy l - r4 )  w i rh  1 .6  e@z mmol )
o f  l i t h ium a luminum hydr ide  in  50  m l  o f  THF was  ca r r i ed  ou r  us ing
the procedure descr ibed tbr  the reduct ion of  d i (bromomethyl-c/ : ) -
naphthalene wi th LAD. concentrat ion of  the ether extract  y ie lc led
6.0 g (q:%) oi  1.2-di (methyl- r / r ) - .1-methylnaphthalene having mp
49-50'  ( l i t .7e mp of  an undeuterated sample, lg-50.) ;  mass spectra l
i so top ic  compos i t i on  (8 .3  eV)  94 .3  T (  d tand  5 .7 ,2  (L .

2-Chloromethl' l-3,4-di(methyl-r/;)-1-methylnaphthalene. Chloro-
methy la t i on  o l ' 5 .5  g  (31  mmol )  o f  1 ,2 -d i (me thy l - r / r ) -4 -methy lnaph-
thalene using. l .5 g (150 mmol)  of  paralbrmaldehyde and 40 ml o l '
acet ic  acid rvas carr ied out  using the procedure of  Hewett .?e A
react ion t ime of  . l  days produced 2.2 g (32%) of  2-chlorometh-r ' t -
3 .4 -d i tmerhy  l - r l r ) -  l -me thy lnaph tha lene  hav ing  mp 87-88  " .

1,2-Dimethr ' l -3.4-(d imethl ' l -c / r )naphthalene (6) .  The reduc-
t ron ol '  2.0 g (3.9 mmol)  ot '  l -chloromerhyl-3,4-di (methyl- r / , r ) - l -
me thy lnaph tha lene  rv i th  0 .38  S  (  l 0  mmo l )  o f  l i t h ium a luminum
hydr ide  us ing  the  p rocedure  desc r ibed  above  y ie lded  1 .6  g  (1009 ; )
o i  I  . l - d imc thy '  l - - t , . 1 -d i (merh -v -  l - r i  r )naphrha lene  hav ing  mp I  05 -  I  06 ,
( l i t . t 2  mp  fo r  undeure ra ted  samp lc  106 ' ) ;  mass  spec t ra l  i so top ic
compos i t i on  (8 .3  cV)  9 - .1 . i  T i  r / o  an t i  6 .5 " i  d , , .

Degradir t ion of  1.2,3,4-Tetr : lmeth! , ln i lphthalene-r /c.  A sample of
deu te ra ted  1 ,2 , - ' 1 . .1 - te t r tmerh l l naph th l l ene  (0 .5  g ,  i . 6  mmo l )  was
ox id i zed  us ing  thc  p rocedure  o f  Har t  and  iV lu r ray . re  The  resu l t i ng
o i l , v  m r x t u r e  o t ' 1 0 .  l l .  a n d  l 2  r v a s  d i s s o l v e d  i n  l 5  m l  o f  m e t h a n o l
and  coo led  to  - lO ' .  Ozonc  rvas  bubb lcd  th rough  the  so lu t i on
un t i l  t he  c t l l uen t  gas  tu rned  an  aqucous  so lu t i on  o l ' po tass ium ioc l i de
brorv 'n ( r ' r r .  3 mint .  Excess ozone rvAS removed by bubbl ing a
strcam ol '  n i t rogcn through the solut ion br ief iy .  Ozonides lvcre
r e d u c e d  c a t a l y t i c a l l ! ' u s r n g  - l ( X )  m g  o l ' 5 2  P d - C  a n d  I  a t m  o f
hydrogen. The mcthanol ic  solut ion lvas f i l tered and concentrated
undcr  vacL tum to  y ie ld  c r r .  150  mg o l ' an  o i l .  To  th i s  o i l  was  adc lcd
l0  m l  o f  l 0 " l  aqueous  sod ium h - " -d rox ide .  and  the  m ix tu re  was
s t i r red  lb r  2 l  h r  a t  an rb ien t  tempera tu re .  The  so lu t i on  was  ex -
t rac ted  rv i th  1 .0  mI  o l ' decane  and  the  decane  so lu t i on  d r ied  ovc r
4A  N , Io l ccu la r  S ieves .  Samp les  o f  me th_ , - l  i sop rop ,v l  ke tone  (14 )
lb r  mass  spec t r . r l  ana lys i s  r v 'e re  pu r i f i ed  by  g lpc  us ing  an  SE- l ( )
co lumn.  The  mass  spec r r l l n t  o l '  l {  p repared  in  th i s  manner  l i on r
undeu te ra te  d  te t ramethy , lnuph tha lene  rvas  i c l cn t i ca l  r v i t h  tha t  o t '  an
a u t h e n t i c  s a m p l e  o i  l . l .

React ion of  Tr i -nr- to l1 ' l t r is( tetrahvdrofuran)chromium with Z-
B u t y ' n e .  T o  a  s o h - r t i o n  o l ' 1 . 0  m m o l  o f  C r C l , . 3 T H F  a n d  0 . 2 1 1  g  o i
e i cosane  in  20  m l  o f  t e t rahydro fu ran  a t  - , ' i 0 'was  added  the  Gr rg -
nard reagent prepared t iom L2 g (7.O mmol)  of  nr-bromotoluene in
I  5 ml of  tetrahy'drofuran.  Af ter  st i r r ing the react ion mixture lbr
I  h r  a t  room tempera tu re ,0 . " l  m l (ca .  6  mmol )  o f  Z -bu tyne  was  added
and  the  so lu t i on  s t i r red  lb r  l 0  h r .  A  2 -m l  a l i quo t  o f  t he  m ix ru re
rvas then quenclred in I  ml  o i  10 'T aqueoLrs hydrochlor ic  acid anci
ana lyzed  by 'g lpc .  Th is  ana l . ' - s i s  es tab l i shed  the  p resence  o f  0 .186  g
(17 .0 i ; )  o f  1 .1 .3 . .1 .6 -pen tamcrh t ' l naph tha iene  and  0 .0203  g  (5 .1T)
o i  1 .2 .3 .4 .5 -pen tamethy lnaph tha lene  in  rhe  reac r ion  m ix tu re .

1.2.3,4.5-Pentamethy' lnaphthnlene (15).  Tr i -a. to ly lchromium
(2.04 mmol)  was prepareds0 anci  a l lowed to react  rv i th 2-buty,ne
ib l l o rv ing  the  p rocedure  used  lb r  the  n r - ro l y l i somer  to  y ie ld  220  mg
(607 ; )  o t '  1 . J .3 .J .5 -penramerh ) ' l naph tha lene  hav ing  mp 7V7 l '  :
nmr  (CDCI . , )  o  -7 .0 -8 .0  ppm (n t .  - -1 .  a romat i c ) ,812 .75  (s ,  3 ) ,  2 .60
1 5 .  - r )  1 . 5 0  ( s .  , 1 )  a n d  1 . 2 8  ( s .  6 ) .

( 7 8 )  A n  u n d c u t e  r a ( c ' d  s a r n p l c  p r c p l r e d  b v  t h i s  s e q u e n c e  e x h i b i t e d  a n
i r  s p c c t r u r n  i d c n t i c . r l  r r i t h  a  c o r n n r c r c i a l  s a m p l e  o b t a i n e d  f r o m  I (  &  I (
L a b o r l t o r  i c s .

( 7 9 )  C .  W ,  H c , , r ' e  t t .  J .  C h e n t .  S o c . ,  1 9 l  ( 1 9 . 1 0 ) .
( 8 0 )  T h e  o - b r o n r o t o i u c n c  u s c d  i n  t h i s  e x p c r i r n c n r  w a s  p r c p a r e d  b l

e s t e r i t i c a t i o n  o l ' o - [ , . r o m o b e n z o i c  u c i d ,  r e d u c t i o n  o t ' t h e  e s t e r  w i t h  L A F I  ,
b r o m i n l t i o n  o t ' t h c  a l c o h o l  r v i t h  P B r . r ,  a n c t  r e d u c t i o n  o f  t h e  d i b r o m i d c
r v i t h  L A H  t o  g i v ' e  i s o m e r i c a i l v  p u r e  ( > 9 9  i  b y  n m r )  o - b r o m o t o l u e n e .

( 8 1 )  T h i s  a r o m a t i c  m u l t i p l c t  * ' a s  a n a l y z e d  a s  a n  A B C  s p i n  s y s t c n l
u s i n g  t h c  i t c r a t i v c  n r n r  p r o g r a m  L A O C N J : E r  6 r  :  7 . 8 0 , 6 s  -  7 . 1 9 ,
i l ;  :  7 . 1  l , - / . r B  :  3 . 3  F I z ,  J t r :  :  1 . 9  H z .  J s c  -  6 . 9  H z .  T h e  m a g n i t u d c s
o t ' t h c s c  c o u p l i n g  c o n s ( i t n t s  i l r c  c o n s l s ( c n t  r v i t h  t h o s c  e x p e c t e d  f o r  1 5 ,
i r u t  a r e  r n c o r r s i s t c u t  r v r t h  t h o s c  c x p c e  t e r l  t b r  l 6 . J l

I
t

l l '  I  r  i  t , , .s  i  t l t  s  .  E/ t  r r t tur  r t
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Anal .  Calcd for  Cr ;Hrr :  C.  90 '85;  H '  9 '15 '  Found:  C '

90.86;  H.  9 .07.
1,2,3,4,6-Pentamethylnaphthalene . (16)'  Tri-p- tolylchromtum

f f .OS mmol) *u, ptipured and allowed to react with 2-butyne

iollowing the procedure used for the nr-tolyl isomer to yield 148 mg

i;; i ;  & 1,2,3,4,6-pentamethvlnaphthalene having mp 85-86";

" . i  
i coc l r j  6  -7 . i -s . t  pp-  (m,  3 .  aromat ic ) '84 2 '53 (s '  6) '  2 '50

(s ,  3  ) ,  and 2.30 (s '  6) .  '' - ' ) , ' i t .  
ca lcd lbr  Cr iHrsr  c ,  90.85;  H.  9 '15 '  Found:  c '

9O.72;  H.9.40.
Chlorobenzene-Z-d. A mixture oi 100 eQ.42 mol) of .l-chloro-2-

iodobenzene. 200 ml otdioxane. 80 ml of deuterium oxide, and 80 g

of zinc powder was relluxed for 7 hr, liltered. and the organic layer

,"por"t.O. The aqueous layer rvas 
"vashed 

with 150 ml of ether and

the combined ether layers were washed with two 100-ml portions

of *u,.. ,  dr ied (Mgsor), anci concentrated by dist i l lat ion through a

i0; Vigr.u* colJmn. The residue was distilled through a 50-cm

,pi"" i"g i"nd column to yield 2g.l  g (57 %) of chlorobenzene-2-d:

this maGrial has mass spectral composit ion 97.1 / '  d1.2.9/o do-

Bromobenzene-2'c/. benzoic-2-ri acid (10 g' 82 mmol)-' prepared-

from N,N-dimethylbenzylamine by the procedure of Hauser8s

urlng Uutyl l i thium in a 3 : I  hexane-ether solut ion as metal lat ing

agent. was converted to bromobenzene-2-r/ (10.7 g, 84f) using the

piol. , iur. of Oppenheimer and Bergmann;86 this material had mass

lp..tro..opic i iotopic composit ion J9. '0 eV) 98' |  1i  d. '  l  '97' do'
' 

Reaction of Tri(phenil-2-ri-)tris(tetrahydrofuran)chromium(IIl)
with 2-Butyne. A solution oi 63 mmol of trit pl'renyl-2-r/)chromium-

(t i i )  *as al lorved to react rvi th 1.5 ml (ca. 160 mmol) of 2-butvne

ir i , ig the procedure described above tbr reaction o[ undeuterated

i. ipt i .nVt.f ,romium. A sample of thc result ing tetramcthy[-

nopf, i frof.ne, isolatecl by glpc, had mass spectrosco' ic isotopic

composi t ion (8 .8  eV)  7 l  .6  ,h ,28. '1 l i  ' i ' r '
[fromobenzene'r/,,. Bromine (60 g, 0']7 rnol) rvas added over I

hr to 25 c (0.3 mol) of benzcne-r/rs7 contatning I g of iron f i l ings'

The solutron was poured irrto 5() rnl ol '  I  N sodium hydroxide and

hlterecl.  The organic layer was separatcd. dricd ( lv{gSOr), and

J is t i l led to  v ie ld  lq  g  f  s i 'T)  o t '  b romobenzene-c / "  bp 55-56"  (15

Torr);  mass spcctral isotopic cornposit ion 95'8 " l  t l ' "  1'2/" d*

Rcaction of 2-tlut1.ne with a Nlixture of (cnt[;)rcr, (coFls):-

(CeDr)Cr. (Cotl ,)(Cod,)rCr, and (C,;D,),Cr ( l8a-d). An approxi-

n.,u,. iv I  :  i  mixture ot '  bromobenzcne-r/,r  and bromobenzene-du

*ut pr.p"red (49.6 7i, ,lr' 50.4% da { cl',r8)' The Crignard reagent

so lu i ion prepared i rom t . l  g - (ca.  7 .0  mmol)  o f  th is  mix ture o f

bromobenzenes and magnesium in 20 ml ol 'THF was added drop-

wise to  1 .99 mmol  o f  1  in  30 ml  o f  te t ra l r -v -drofuran at  *30o,  con-

taining 0.1693 g of heptaclecane as an intcrnal standard. After

st irr in-g lbr I  hr i t  ,oom temperature. a l0-mlal iqrrot ot-the result ing

so lu t ion o i  l8a-d was addcd to  1 .0  g  o t 'mercury( l l )  bromide,  the

result ing organomercuriai rvas cleavetl  wit f t  an excess of bromine,

and the exciss brominc was decomposed by addit ion 9f l0 ml of

ioZ 
"qu.ous 

socl ium bisulf i te. After concentrat ion of the organic

pnaie under vacuum. a sample of bromobcnzene was col lected by

glpc for mass spectral isotopic arralysis: 48'8 moli i  dn * d' '  To

ihe remainder of the solut ion of 18'-d was added 0.5 ml (ca. 6

mmol) of 2-butyne. Durirrg the course o[ the ensuing exothermic

reaction. l0-mlal iquots of the reaction mixture were quenched in 5

ml of l0d aqueoui hyclrochloric acid and the yields o[tetramethyl-

naphthalene determineci by glpc. After concentrat ion of each

tuenched al iquot under vacuunt. samples of 1.2.J,4-tetramethyl-

napirthatene were col lected by gtpc lbr mass spectral isotopic analy-

sis. Yiclds and isoropic analyses are summarized in Table II I .

The kinetic isotope etlect was obtained by comparison of the iso-

top ic  composi t ion o f  the te t rametht tnaphtha lene wi th  that  o f  the

Table tI I .  Yields and Isotopic Composit ion of

ietramethylnaphthalenes Isolated from Reaction of

2-Butyne with 184-d

-TetramethY'lnaPhthalef l  €-
Isotopic composit ion' I  Isotope effect '

Time," min Yiel.l. % ,io d, * r/, ,ts/&ob

1 1

J I

! l
9 t

1 l

"  Time af ter  adding 2-but}nc to the solut ion of  18a-d '  b Ob-

ta ined by compar ison wi th the isotopic composi t ion of  the,mixture

2 . 0
3 . 5
5 . 0
90

5()  5
50 l
_ \ ( J .  )

) (J  )

.19 5
4 9 . 9
19 .  5
.19. 5

0 . 9 7
0 . 9 6
0 . 9 7
0 . 9 7

bromobenzene obtained by' mercuration and bromination of t l ie

start ing solut ion of l8a-d.
Reaction of Trimesityltris(tetrahydrofuran)chromium(IID with

Z-gutl"r". A solution ot 6.3 mmol of trichlorotris(tetrahydrofuran)-

cLrromiumtIII)  in 100 ml oi THF to rvhich 0.7156 g of hexadecane

had been added as internal glpc standard was cooled to -30'.

To this solut ion was added the Crignard reagent solut ion prepared

t rom. l .0  g  (20 mmol l  o f  l -bromomesi ty lene and an excess.  o f  mlg-

nesium in so ml of THF. The reaction mixture was al lowed tcl

warm to room temperature, u, i th apl]earance of a characteristtc

bLue color. After si irr ing the solut ion at room temperature for l

h r .  1 .5  ml  (c ' .  l7  mmol t  o1 2-buryn.  was added.  The course of  thc

ensuing reactton \r, 'as monltored by glpc analysis of -hydroly'zed
aliquols and rvas complcre at ier 0.5 hr. Hydrolysis, foi lowed bv

componcnt  iso lar ron and spect roscopic  analys is ,  es tab l ished t l ta t

the ieact ion l . ie lded 0.771 g (70" , ; )  o l 'c is -2-mesi ty lbut -2-ene (25) ' "

hav ing bp + j -+- l '  (0 .01 Toi r t ,  and 0.223 s  e l%) o f  a  compound'

Up ZOIZI:,  (0.0-l  Torrt.  deduced to be 2,3.-1,6-tetramethyl indene (26)

on the bas is  o f  thc  fo l lo rv tng ev idence:  nmr (CDCh) 6  6 '89 (s '

l ,  a ronrar ic ) ,  6 .70 (s .  l .  a romat ic ) ,  1 .06 (broad s ing le t ,  2 .  cH)) ,

Z .+S  f s ,  3 .  A rCH, ) .  l . l l  ( s .  3 .  A rCHr ) ,  2 ' 15  (b road  s i ng le t '  3 ' 2 -CH ' ) '

1 .98 (s .  -1 .  3-CHr) ,  mass spcct rum (70 eV)  mle l '12 (molecu lar

of bromobenzene-r/0, -clr, ord -rl; obtained by mercuration and

bromina t ion  o f  18a-d .

i o n ) .
,ltrul. Calcd for

9 0 . 5 8 :  H , 9 . - 1 6 .
oxide y ie ldcd
(9 .0  ev )  I  : ' ;

Hydro lys i s  o f  a  reec t ion  m i r tu re  w i th  deLr te r ium

c is -2 -mes i t y lbu t -2 -enc  hav ing  i so top ic  compos i t i on

(82 )  A .  A .  Borhnc r -Bv  anc i  S .  l v { .  cas tc l l ano  in  " compute r  P rog rams

fo r  Chemis t r y , "  Vo l .  I ,  D .  F .  DeTar '  Ed . .  W.  A .  Bcn j i rm in ,  New York '

N .  Y . ,  1 9 6 8 ,  p  1 0 .
(S3)  A .  A .  Bo thnc r 'Rv '  Adca t t '  . \ l aqn .  I l esonance ,  l ,  195  (  1965) ;

S .  S te rnhe t l ,  Rea .  Pure  .4pp l .  Chem. ,  14 ,  l 5  (1964) .

(81 )  Ana lys i s  o f  t h i s  mu t t rp te t  y ' i e tdcc i  6 t '  :  7 '96 ,6s  :  7 '86 '  6c  :
' 1  

. 2 3 , J $ :  0 . 8  H z .  / r c  :  9 ' 8  H z ,  J r t , :  :  l ' l  H z '  T h e s e c o u p l i n g c o n -

s tan ts  . r re  compat ib l c  r v i t h  16 .
(85 )  F .  N .  Jones ,  I ' 1 .  F .  Z inn ,  and  C .  R .  Hauser ,  J '  Org '  Chem"28 '

6 6 3  (  1 9 6 3 ) .
( 8 6 ) J . B t u m , E . O p p c n h e i m e r , a n d E . D . B c r g m a n n , ' / " ' l m e r ' C h e m '

Soc . ,  89 .  1338  (  1967) .
(87 )  Purchased  f rom S toh lc r  I so topc  Chemica ls '

iSSi  f f1"  rar io ot 'bromobenzcne-c/r  1e -g l5 was approximately invar ient

th roughou t  th i s  expc r imcn t .  Fo r  co r t ven icncc ,  on ly  the  sum o f  thcse

tu 'o  spcc ie  s  i s  r cpo r t cd .

dt ,54 ' \ r / r ,  and J5"- . ,  t l  ' .
Isolaiion of ci.r-2-I'henylbut-2-ene (23) from Rqrction of l- lnd

2-Butyne. To 20 mmol of 1 rn 2(x) ml oi THF was added 3.0 r l l l

l . * - lS  mmol)  o f  2-butyne.  F i i teen.minutes a f ter  the beginnrr rg

oI  the exothermic  react ion (  l ( )5  min a f ter  the addi t ion o f  2-butynet '

2.0 mlo[deuterium oxide rvas added. The mixture was poured into

100 ml oi l0% hydrochlorrc acid irnd extracted with 20 ml of ether-

The ether rvas washed threc trnrcs with 50-ml port ions o[ water.

dr ied (NIgSO*) .  and concent ra ted.  Deuterated crs-2-pheny lbut - l -

ene was iso la tec i  by  g lpc in  -2 ' "  overa l l  y ' ie ld '  based on chromium'

Its mass ,p.. t .or.ol ic isotopic composit ion (8'8 eV) was 32"1T'

ir ,  +5.+1i 'dr, and 22.27" dr '  An undeuterated sample prepared

b:- an onologout proceciure had an ir  spectrum in good agreement

with that of an authentic sample.Be
Degradation of Deuterated cis-2-Phen1'lbut-2-ene. .A mixture of

S0 rr i  of deuterated cis-2-phenylbut-2-ene' 160 mg (1'0 mmol) oi

porasslum permanganate, inci 20 ml of water was st irred for 2 hr.

Excess permanganate was decomposed rvith sodium bisulf i te and

the solut ion rual f i l tered, macle acidic with hydrochloric acid. and

extracted with 5 ml of ether. The ether was concentrated under

v&cuum and benzoic acid was isolated ttom the residue by col lectron

from glpc. This material haci mass spcctroscopic isotopic conr-

pos i t ion (8 .8  eV)  M.2% dr  and 55 '8  [  r /q '

Reaction of Tris(2,2-diphenylethenl'l)chromium(Ifl) with 2-But1'ne'

The Grignard reagent solut ion prepared from 6'0 g (23 mmol) ot '

2-bromo-l, l -diphenliethylenet unti  t*t t t t  magnesium in-30 ml of

THF was added to  a  so lu t ion o f  6"1 mmol  o f  CrCh'3THF arr t i

0 .181 g o f  e icosane (g lpc s tan<iard)  in  60 ml  o f  THF at  -30 ' '  T t r

this solut ion was uOa.,f  2.5 ml (ca. 33 mmol) of 2'butyne in orte

port ion. anrJ the result ing solut ion was al lowed to warm to rootn

(89 )  S i rd t l e r  Ca ta logue ,  spcc t run l  no '  l 6 l9 '
(90 )  D .  Y .  Cur t i n  i nd  E .  W.  F l yn r r ,  J .  ' [mer .  Chem'  Soc ' ,81 '  {71+

( l 9 5 q l .

2_t. la70
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temperature and st i r red for  2 hr . .  Analysis of  the mixture by glpc
showed  the  p resence  o f  0 .155  g  ( l l%)  o f  a  p roduc t  i den t i f i ed  by
compar i son  o f  i t s  re ten t ion  t ime  and  mass  spec t rum w i th  those  o f  an
aurhent ic sample oi  1.2-dimethyl-4-phenylnaphthalene (28).  Hy-
drolys is o i  the react ion mixture,  concentratron.  and extract ion wi th
e rhe r  y ie lded  1 .0  s  Q5% based  on  ch romium)  o f  a  wh i te  so l i d ,
s l i gh t l y  so lub le  i n  e t l t e r .  wh ich  was  iden t i f i ed  as  1 .1 ,4 ,4 - te t rapheny l -
butadiene by compar ison of  i ts  i r  spectrum wi th that  of  a known
s a r n p l e . e r

1.2-D imeth yl-4-phen-'" Ina phthalene (28) was prepared by oxidative
coupl ing of  a mi. red copper( [ )  ate complex.e 2 Solutrons of  phenyl-
l r th ium prepared l tom l5 g (9a mmol)  of  bromobenzene and excess
l i t h ium rv i re  i n  100  m lo t ' e the r ,  and  o f  4 - l i t h io -1 .2 -d ime thy lnaph tha -
lene.  prepared f rom 2.6 e (  I  I  mmol)  of  . l -bromo- l  ,2-dimethylnaph-
tha lene ;e  and  l i t h ium rv i re  i n  30  m l  o f  e the r ,  were  added  to  7 .2  g
( : ( )  mmo l )  o f  copper ( l )  b romide  a t  0 " .  Oxygen  rvas  bubb led
through the solut ion at  0 '  for  -5 min.  and the react ion mixture was
hrdrol lzed rv i th 50 ml of  water .  The ether layer was separated,
d r ied  l \ {gSOr ) ,  and  concen t ra ted .  Much  o f  the  b ipheny l  fo rmed
as the major  product  of  the react ion was removed b_v subl imat ion at
70'  (0.1 Torr) .  The residue l iom the subl imat ion rvas dist i l led
under  ! ' acuum to  y ie ld  0 .8  g  (34 [  based  on  naph tha lene  p recu rso r )
o i  l , l - d ime thy l - - l -pheny lnaph tha lene  hav ing  bp  l2 l . - l '  ( 0 .05  Tor r )
a n d  n m r  ( C D C I  )  6  7 . 1 - 8 . 2  ( m ,  1 0 ,  a r o m a t i c ) , 2 . 7 0  ( s , 3 ,  C H r ) ,
and  2 .13  ( s ,  3 ,  CH ' r ) .

. - l t t t t / .  C a l c d  l b r  C r s H r o l

9 1 . 9 1 :  H .  7 . 0 6 .
5-(2-Biphent l )d ibenzchromole (29),  and I ts  Rcact ion wi th 2-

Bu t l ' ne .  The  Cr ignard  reagen t  p repared  f rom ( ) .8221  g  t l . 5 l  mmo l )
o t ' l - t r r t rmcrb ipheny l  and  excess  magnes ium in  l 5  rn l  o t 'THF con-
r r i n i r rg  0 .1707  g  o f  hep tadecane  as  in te rna l  g lpc  s tandard  a t  ca .
- l - i " r :  *as  s lo rv l y 'adc led  to  a  so lu t i on  composed  o t '  l . ( )8  mmo l  o f
C r C l ' . l T H F  r n  l ( )  m l  o l ' T H F  a t  - 1 0 ' ,  c o n t i t i n i n g  0 . 1 0 9 3  g  o f  e i -
.osanc  rs  r  second  in te rna l  g lpc  s tandard .  A t ' t e r  the  so lu t i on  had
warn rcd  to  room tempcra tu re  and  s t i r red  lb r  I  h r ,  a  l 0 -m l  a l i quo t
r ' , as  a l l o r red  to  r cac t  r v i t h  0 .5  g  o l 'mercu r r - ( i l )  b romrde  a t  room
tc rn [ ) c ra tu rc .  B romine  (  150  mg.1  was  added  to  the  resu l t i ng  m ix tu re
o l ' o rg lnomercu r !  compounds .  and  the  so lu t i on  una ly ' zed  by  g lpc
lb r  b ipheny '1 .  l -b romob ipheny  l .  and  2 .1 ' -d ib ro rnobrphcny  l .

To  thc  rema in ing  reac t ion  m ix tu re  r vas  addcd  0 .2  m l  ( ca .  3  mmol )
o l ' l - b u t 1 n c .  a n d  t l i e  s o l u t i o n  w a s  s t i r r e d  l b r  f i  h r  a t  1 5 ' .  A  l - m l
l l i quo t  w 'as  hy 'd ro l yzed  rv i th  5 [  hyd roc l r l o r i c  ac i c l  and  ana lyzed
l ' o r  9 . l t ) -d ime thy l l ; i r c ' nan th renee{  by  g lpc .  A  l (F rn l  a l i quo t
rvns  rv 'o rkcd  up  rv i th  mercu ry ( l l )  b romide  us ing  thc  p rocedure
t icscrrbcd abov'e .  Products rvere isolated by glpc and ident i f ied by
co rnp l r r i son  o t '  i r  a r rd  mass  spec t ra  r v i t h  those  o t '  au the  n t r c  samp les .
I r r  a  scpar i l t e  exper imen t  i r r  wh ich  the  reac t ion  m ix tu re  was
t lL rcnchcd  w ' r th  deL l te r i r r r l  ox ide ,  mass  spec t ru t l ana l_ rs i s  o i  t he  9 .10 -
d r rnc th l  l f . hcnan t l t r cnc  fo rmed  showed  no  inco rpo ra t ion  o f  deu-
t cnu r l1 .

I ; l uo renone .  A  so lu t i on  o i  2 .05  mmol  o i  5 - (2 -b iphcnv l )d ibenz -
ch romo le  t29 )  i n  J0  rn l  o i  THF,  con ta in ing  0 .1 - l J6  g  o t ' hcp tadecane
as internal  standard.  prepared as descr ibed above.  was st i r red
ior  I  hr  at  room temperature.  Af ter  st i r r ing lbr  an addi t ional  40
hr urrder an utmosphere of  carbon monoxide at  room temperature,
a l -ml  a l rc luot  rvas hy 'drol1 'zed rv i th I  ml  o i  l0 ' l  aqLreous hydro-
c i r l o r i c  l c r d  a n d  a n a l l z e d  b , v ' g l p c  t o  s h o w  0 . 1 5 3  g  ( 4 2 [  b a s e d  o n
chromium)  o t '  f l L ro renonL- .  The  rema in ing  so lu t ron  was  concen-
tratcci  under vacuunr.  h1'droly 'zed.  made acid ic w' i th 20' i  aqueous
hy t i roch lo r rc  ac rd .  and  ex t rac ted  w i th  l 0  m l  o f  e t l t c r .  The  e the r
so lu t i on  was  conceu t ra ted  and  a  samp le  o f  f l uo rcnonc .  co l l ec ted  by
g lpc .  r vas  shorvn  to  cxh ib i t  an  i r  spec t rum match ing  tha t  o f  an  au -
then t i c  samp le .

Re:rction of Tri(phcn1'l-2.4.6-r{;)chromium (35) rvith 2-Butyne.
A  s o l u t i o n  o t ' 1 . 0  m n r o l  o t ' C r C l r . S T H F  i n  l 0  r n l  o t ' t e t r a h y d r o f u r a n
con ta in ing  0 .0761  g  o t ' l r ep tadecane  and  0 .2136  g  o r  decane  as  in -

(9  l )  Sac l t l c r  C . r ta loguc ,  spcc t ra  no .  1 ,125- i ,  : 05  t  l .
( 9 1 )  G .  \ 1 .  \ ! ' h i t c s i d c s .  \ V .  F .  F i s c h c r ,  J r . ,  J .  S l n  F i l i p p o ,  J r . ,  R .  W .

B r r s l r c .  a u t i  H .  O .  H o L r s c ,  J .  . 1 n t c r .  C h e t r t . S o c . , 9 l .  - { l J 7 l  t t 9 6 9 ) ;  G .  } t .
\ \ ' i r i t cs i r l cs ,  J .  S . r r t  F i l i ppo ,  J r . ,  C .  P .  C . t sey ' ,  and  E .  J .  P . rnek .  i b id . ,  E9 ,
5 3 o l  (  r 9 6 7 ) .

t9 l )  T i re  so lub i l i t y  o t '  b ipheny l - l -magnes iu rn  b ro rn idc  i n  THF i s  i n -
co r r l e r t i c r r t l y  l o rv  i t t  l c rnpc ra tu re  < .10 ' .

( 9 4 )  A n  a u t h e  n t i c  s u r n p l c  o f  9 , 1 0 - d i m e t h y l p l t c r t a r t t h r e n c ,  m p  1 4 2 -
l+1 . , ( ' ,  \ \ i r s  p rcp i l r c t l  us i r rg  l i t e ra tu rc  p roccdurcs :  C .  A .  Dor rn tc td ,  J .  E .
C . r l l c n . . r n d  C .  l { .  C o l e r r r a r t ,  " O r g a n i c  S y n t h c s e s , "  C o l l .  V o t . I I I ,  W i l e y ,
\ c rv  York .  \ .  \ ' . .  195 , i ,  p  l l - l :  U .  ! l .  iV l i kha i l ( ) v  i rn l t  N .  C .  Churnova ,
J .  Ge t t .  C i r t ' t r .  L ' . 5511 ,  :  l .  l 6 i9  (  l 95 l ) .

l l oo  900  700

cm'
Figure 1. The infrared spectra of biphenyl-d obtained from the
reaction of 29 with deuterium (A) and from mixtures of biphenyl-ri,
with -25 /" of biphenyl-?-d (B), biphenyl-3-d (C), and biphenyl-4-c/
(D). Bands characteristic of each deuterated sprcies are indicated
on the spectra.
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ternal standards were cooled to - 30" and 3.8 mmol of phenyl-
2,4,6-drmagnesium bromidees in l0 ml of tetrahydrofuran was
added slowly. After st irr ing the reaction mixture for l2 hr at room
temperature, the reaction was quenched with 2 ml of 5 M hydro-
chloric acid. Analysis by glpc showed l l2 mg (1.44 mmol) of
benzene and 89 mg (0.48 mmol) of 1,2,3,4-tetramethylnaphthalene.
The reaction mi.rture was then di luted with 50 ml of water and ex-
tracted with t0 ml ot.  ether. The ether extract was washed with
50 ml of water, dried (MgSOr), and concentrated by dist i l lat ion
through a 30-cm Vigreux column. Mass spectral analysis of a
sample of benzene col lected by glpc shorved isotopic composit ion
15 7, d4, 83.3 % d j, aod | .7 7( d2.

Reaction of Triphenyltris(tetrahydrofuran)chromium(Ill) with Dr.
A solut ion of 2.0 mmol of tr iphenyltr is(tetrahydro[uran)chromium-
(tI I)  in 25 mt of tetrahydroluran was st irred lbr 90 min at room
temperature in a 125-ml f lask under an armosphere of deuterium.
Approximately one-half of the solut ion was added to 1.5 g of
mercury(ll) bromide and the resulting mercury compounds were
cleaved rvith an excess of bromine. Excess bromine was decom-
posed with l0 ml of a 10% aqueous sodium bisulf i te solut ion.
The solut ion was then di luted with 50 ml of water and extracted
with l0 ml of pentane. The pentane was concentrated and a por-
t ion of bromobenzene was col lected by glpc. lvlass spectral analy-
sis establ ished i ts isotopic composit ion to be >99.5 7, do. The
remaining tr iphenylchromium rvas st irred a total of l : l  hr, poured
into 100 ml of water, made acidic wirh hydrochloric acid, and
extracted rvith l0 ml of pentane. The pentane solut ion was con-
centrated and benzene was col lected by glpc. \ [ass spectral analy-
sis establ ished i ts isoropic composit ion to be 57.6 % & and 42.4f i  t lo.

Reaction of 5-(2-Biphenyl)dibenzchromole (29) with Deuterium.
The same general procedure was used lbr several experiments.
The Gngnard reagent obrained l iom 3.5 mmol of 2-bromobiphenyl
was a l lowed to  react  wi th  1 .0  mmol  o f  CrCl r .STHF at  -30o in
THF as described previously. The nitrogen armosphere over the
organometal l ic solut iort was replaced by deLrtcrium (l  atm), and
the mixture was al lorved to warm to room temperature and st ir
tbr the desired length of t ime. [ t  rvas rhcn tprcnched by addit ion
to  1 .5  g  o t 'mercury( t l )  bromide lb l lo rved by-  bromine.  The mixrure
rvas f i l tered and concenrrated. Samples of biphenyl, 2-bromobi-
phenyl, and 2.2'-dibromobiphenyl used lbr mass spectraI deute-
r ium analysis rvere rsolated by glpc.

Qual i ta t ive ly .  the extent  o f  dcuter ium incorporat ion in to  each
of these materials depended on the e.\tent to rvhich the reaction of
20 rvith deuterium was al lo' ,ved to proceed. the higher incorporation
into the 2-bromo- and 2.2'-dibromobiphenyl being observed after
longer  react ion t imes.  The most  extens ivc  incorporat ion in to
these materials was observed in materials isolated l tom reaction
between - l  mmol  o t '20 and 2 mmol  o f  D:  car r ied out  a t  25"  for
l - l  h r .  Hcre,  isotop ic  composi t ions o f  the b ipheny l  der ivat ives
rve re :  b i phe r r y l  ( 83 .6 i i  c l o ,  11 .3% d1 ,  1 .7 \  d , ,  and  0 .3 'Z  d r ) , 2 -
bromobipheny l  (52.5 \  t l , ,  38.8  % dt .  7 .8- -  4 ,  and 0.8 'Z  d) ,  and
2.2 ' -d ibromobipheny l  (71.9% d l .  26.7  % c/ r .  and : .37 i  ( l r ) .

Biphenyl-2-r/1, biphenl'l-3-r/1, and biphenyl-.1-tl1 were prepared by
reaction of the corresponding Grignard reagents rvith deuterium
oxide in THF solut ion. and rvere purif ied by crystal l izat ion fol lowed
b-v' subl imation. l lc l t ing points and mass spccrroscopic isotopic
composit ions of each isomer were: biphenyl-2-r/ .  mp 69-70o,
92.1 ' \  4 ,  7 .47 i  do;  b ipheny l -3-d.  mp 68.5-69.5 ' .  62.4 'Z  du 37.67f ,
d,, :  biphenvl-.1-r l .  mp 69.5-70", 88.0:; r /r ,  l l .0 ' i  dr. Ir  spectra

-- .--'

(CCl{)  of  mixtures of  b iphenyl- r /n and these compounds in the 65G_
I100  cm- r  reg ion  a re  rep roduced  in  F igu re  l .

Determination of the Site of Deuteration of the Biphenyls Obtained
by Reaction of 29 with Deuterium. The crude mixttre of organrc
products obtained by react ion of  -5 mmol of  29 and 3 mmol of  D:
for  14 hr  at  25",  fo l lowed by react ion wi th mercury( I l )  bromide and
bromine.  was dist i l led through a short-path column to separate the
biphenyl  der ivat ives l ' rom nonvolatr le inorganic and organometal l ic
substances.  This drstr l la te.  whrch included the major  part  of  the
b ipheny l ,  2 -b romobrpheny l .  and  2 .2 ' -d ib romob ipheny l  p resen t  i n
the crude react ion mixture.  was al lowed to react  wi th excess mag-
nesium in 5 ml of  THF. The solut ion was cooled to 0o to precip i -
tate the bipheny l -2-magnesium bromide and biphenyl-2,2,-d i (mag-
nesium bromide),  the precip i rare was compacted by centr i fugat ion
at  0o,  and the supernarant  solur ion decanted.  The sol id residue rvas
al lowed to reacr rv i th - l  ml  of  r ! 'a ter ,  and the resul t ing biphenyls
isolated using convenr ional  procedures,  and pur i f ied by subl imat ion
(mp 67*70" ) .  The  rso la red  r i c id  o i  b ipheny l  was  -100  mg;  i t s
i r spec t rum in  the  6 - i0 -1100  cm- r  reg ion  i s  g i ven  in  F igu re  l ;  mass
spec t ra l  i so top ic  anah  s i s  sho r red  81 .0 'T  do ,  l 7 .17o  d r ,  t nd  1 .5% d l .

Reaction of Trimesitl ' lchromium rvith Deuterium. A solution of
1 .0  mmol  o f  t r imes in  l ch romium;3  in  25  m l  o f  t e t rahydro fu ran  was
st i r red under I  atm oi  deuter ium in a 100-ml f lask for  12hr.  The
solut ion was then added to 1.0 g of  mercury( l l )  bromide,  fo l lowed
by O.2 ml of  brominc.  Excess bromrnc rvas decomposed wi th aque-
ous  sod ium b isu l f i t e  and  the  resL r l t i r rg  m i , r ru re  poured  in to  50  m l  o t '
water  and extracted rvrrh i5 ml  of  ether.  The ether was dr iecl
(V tgSOr )  and  concenr r l r cd  under  vacuum.  A  samp le  o f  2 -b romo-
mesi ty lene.  pur i f ied bv glpc,  was anal-vzed by mass spectromctr ! '
t o  s h o w  6 1 . 7 \  c / n .  l J . S ' \  , 1 , , 0 . 6 " ;  d t ,  1 . 3 7 i  d 3 , 0 . 9 %  d $  0 . 6 7 ,
/s,  ood a t race ot ' r /6 arrd r / r  isomers.

Tr i (phenyl-2-r i )phosphine.  (  Phen.v- l -2- t / )magnesium chlor ide, ,vas
prepared by ret lux ing l5 g l ( ) .1.1 mol)  ot '  chlorobenzene-2-c/  rv i th
0 .4  g  tO . l7  mo l )  o f  po r rde red  magnesrum rn  150  m l  o f  THF fo r  4  h r .
The Cr ignard reagcnt  ' ,vas then dccanted through a cannula,  cooled
to  0o ,  and  3 .2  g  (0 .011  mo l )  o f  phosphorus  t r i ch lo r ide  was  added
droprvise over 2()  mrn.  The str lut ion was rvarmed to room tem-
pera tu re  and  h : "d ro l y ' zcd  rv r th  100  m l  o t ' 20 ' {  aqueous  ammonrum
chlor ide,  the la1 'ers wcre sepuratcd,  and the aqueous layer rvas
washed wi th 30 ml o i  ether.  The cornbined organic layers were
dr ied  ( iV tgSOr ) ,  concen t ra ted  under  vacuum.  and  the  las t  t races  o t '
solvent  were removed by heatrng t l re resic iue to 60' (0.1 Torr)  lbr
l 0  m in .  The  res idue  was  c r ; - s ta l l i zed  l ' r om e thano l  to  y ie ld  5 .2  g
(857 l  o f  t r i ( pheny l -2 - r / ; phosphrnc  hav ing  mp 79-80" ;  mass  spec -
t ra l  i so top ic  ana ly ' s rs  :  0 .67 i  . 1 t ,7  .4  " l  r [ .  and  92 .1  % d3 .

Tr is[ t r i (phen1' l -2-r / )phosphine]rhodium(I)  Chlor ide.  Tr is [ t r i -
(pheny ' l -2 - r4phosph ine l rhod iumt l )  ch lo r rdc  was  p repared  in  961
y i e l d  f r o m . l . l  g  ( 1 5 . 5  m m o l )  o t ' t n ( p h c n y l - 1 - r / ) p h o s p h i n e  a n d  0 . 7 ( )
C  Q.7  mmol )  o f  rhod ium( l t l )  ch londc  hyd ra te  acco rd ing  to  the
p r o c e d u r e  o f  W i l k i n s o n : e 6  m p  1 5 5 - 1 5 7 '  1 l i 1 . o o  m p  f o r  a n  u n d e u -
t e r a t e d  s a m p l e  1 5 7 - 1 5 8  ' ) .

Decomposi t ion of  l tethy ' l t r is I t r i (  pheny' l -2-r / )phosphine]rhodium(I) .
Methyl t r is [ t r i l  pheny l -2-r0phosp h r  r re]  rhod i  u m( [ ) ,  prepared f rom 0.  50
g of  t r is [ t r i (phenyl-2-r |phosphine]rhod iurn(  I )  chlor ide according to
the  p rocedure  o f  Ke im. {7  was  hee ted  fo r . l  h r  a t  120 ' .  The  methane
evolved.  af ter  having been passcd over a lumina to remove t races
of  residual  ether,  was analyzed lbr  deuter ium by mass spectroscopy.
The methane lvas shown to contain 8 l  . -1 % CHr and 18.7 % CHrD,
giv ing.  af ter  correct ion lor  undeuterated phenyl  groups in the t r i -
p l reny lphosph ine  l i gand ,  an  i so tope  e t l ec t  o t '  ks t ' ko  :  4 .2  * .0 .1 .

t9-s)  Prepared f rom bromobenzenc-2.4,6-r l i .  synthesized using the
proccdure  o f  J .  N t .  Scarborough ,  U .  S .  A to rn i c  Energy  Commiss ion ,
NAA-SR-21-1 - l  (  1957) ;  Chen t .  . 4bsn , .  52 .9012d  (  1958) .

(96 )  J .  A .  Osborn .  F .  H .  Sard ine .  J .  F .  \ ' oung ,  and  G.  Wi l k inson ,
J .  Chern .  Soc .  A , lT l l  (1966) .

J,  ) r tntu l  t t l  l l tc  . - l rner ictut  Clrct t t icul  .Srrc. iut  I ' )  l  l , )  Septetttber 21 , 1970


	33(1).PDF
	33(2).PDF
	33(3).PDF
	33(4).PDF
	33(5).PDF
	33(6).PDF
	33(7).PDF
	33(8).PDF
	33(9).PDF
	33(10).PDF
	33(11).PDF
	33(12).PDF
	33(13).PDF
	33(14).PDF
	33(15).PDF
	33(16).PDF

