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Sir:

The cyclotr imerizat ion of  subst i tuted acetylenes to

bcnzene der ivat ives using organometal l ic  catalysts is
a  t rans format ion  o f  cons iderab le  syn the t ic  use fu lness . : '3
A controversial  area in lnechanist ic discussions of  th is
react ion centers around the importance of  metal-cyclo-
bu tad iene complexes  as  reac t ion  in te rmed ia tes .  The

observa t ion  tha t  var io t ts  i so lab le  t rans i t ion  meta l  com-
plexcs of  cyclobutadienes react wi th acetylenes only in

the  presence o f  ox id iz ing  agen[s  o r  donor  l igands  has

been interpreted as evidence against  cyclobutadiene
intermeci iates. : ' {  However,  the react iv i ty of  these

stable compounds does not bear direct ly on that of  less
s tab ie  and presumably  n lo re  reac t ive  complexes  wh ich

might be formed under the cyclotr in ler izat ion condi-

t ions.  Label ing and product studies have provided on

support  for  cyclobutadiene intermediates in these reac-

t ions . ;  bu t  these exper iments  a re  amenab le  to  a  number

of interpretat ions.c We wish to report  the resul ts of

deuter ium-label ing exper iments which provide clear

evidence excluding a chromium-tetramethylcyclobuta-
d iene in te rmed ia te  in  the  cyc l i za t ion  o f  2 -bu tyne- l . l , l , -d l
(  1 )  to he xamethylbenzene -d n by t r iphe ny l t r is( tetrahydro-
furan )chrom ium( [  [ [  ) . ' l

I f  the mechanism of th is cyclotr imerizat ion involves

dimerizat ion of  1 to a tetramethylcyclobutadiene-
chromium complex.  the in i t ia l  stages in the cycl izat ion

must produce head-to-head and head-to-tail configura-
t ions of  the labeled cyclobutadienes 2 wi th equal  prob-

abi l i ty .? Further.  ample exper imental  precedent sup-
ports the assumption that a cyclobutadiene moiety com-

plexed with a t ransi t ion metal  wi l l  adopt & square
g.onl . t ry in which the carbon-carbon bonds of  the

r ing are chemical ly equivalent.B In consequence'  reac-

t ion of  a tetramethylc-vclobutadiene-containing inter-

( t )  Supported in part  by thc U. S.  Armv Research Otf ice (Durham)'
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New York ,  N .  Y . ,  1960 ,  P  380 .
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mediate wi th another rnolecule oi  1,  e i ther direct ly or

fol lowing dissociat ion of  the cyclobutadiene from the

rneral, wil l lead to a statistically determined distribution

of the labeled hexanrethylbenzenes 4,  5,  and 6 (relat i re

yields I  :5 :  l ) .  In contrast ,  cyclotr imerizat ion pro-

ceed ing  in  i r  concer ted  n tanner  th rough an  in te rmed ia te
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in which three molecules of  1 are s imultaneously co-

ordinated with the metal (represented schematically by

3),  or  through a metal  heterocycle of  the type proposed

by Blomquist{  and Col lman,e should lead only to 5 ancl

6  in  3 :  I  re la t i ve  Y ie ld .
We have distinguished experimentally between thesc

two al ternat ive paths by determining the yield of  4 pro-

duced in the cycl izat ion,  re lat ive to the combined yields

of 5 and 6.  Compound 4 is unique among the labeled

(5 )  J .  C .  Sauer  anc i  T .  L .  Ca i rns .  i b i r l . ,  19 ,2659  (1957) ;  C '  N '
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Sce also E.  NI .  Arnet t  and J '  M. Bol l inger,  - I '  Am. Chem' Soc' ,  86,  '171' ' r

(  196 .1 ) .
(7)  We assume that  any k inct ic  isotope ef fects in the formatton arrd

subsequcnt c iegradat ion (eq l )  of  the hexamethylbenzenes can bc nc-

glected.
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Dai tey,  J.  Am. Chem' Soc. ,  E9,  2833 (1967).
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hexamethylbenzenes in having three adjacent labeled
methyl groups. Degradation of a mixture of 4, 5, and
6 to corresponding isotopically substituted 3-methyl-
2, -pentanediones (7) by reduction with sodium in hexa-
methylphosphoramide-l-butyl alcohol, followed by
ozonolysis, isolates sets of three adjacent methyl groups
in separate molecules (rq I  ) .  This degradat ion does not
scramble or exchange methyl  groups; hence, mass spec-
tral  determinat ion of  the proport ion of  7 having three
labeled methyl  groups, fo l lowed by appropr iate stat ist i -
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cal  correct ions to account for  the distr ibut ion of  labeled
methyl groups expected on reduction of each of the
hexamethylbenzenes, provides a method of  determining
the relat ive y ie ld of  4.

The observed isotopic composi t ion of  7 obtained by
degradat ion of  the hexamethylbenzenes from cycl izat ion
oi  I  wi th t r iphenyl t r is( tetrahydrofuran)chromium(II [ ) : ,
i s  g iven  in  Tab le  I ,  toge ther  w i th  the  iso top ic  d is t r ibu t ion

Tah le  I .  Ca lcu la tec l  and  Ot rse rved  l so top ic  Com; ros i t i ons  (  i i t ' ,

mium-cata lyzed react ion beyond that  a t t r ibutah l r .
isotopic composition of the starti"-* t--;r,y"ff.n*:
sequent ly indicates that wi th in our exper imenralerror 

no

oo
il tl

?Ct,
H

7

4 was formed in th is cycl izat ion. .  The.close agreenrcnr
between the isotopic composi t ion observed for thc
a luminum ch lo r ide  ca ta lyzed reac t ion  and tha t  ca l_
culated on the basis of  a cyclobutadiene intermecl iate
provides assurance that the degradat ion y ie lds rel iable
resul ts.  r  3 Taken together,  these resul ts exclude i r
cyclobutadiene intermediate in the cyclotr imerizat ion
of  2 -bu tyne over  t r ipheny lchromium( I I I ) .

We have used a s imi lar  approach to demonstrate thar
a tetramethylcyclobutadiene-chromium complex is not
an intermediate in the product ion of  1.2.3,4-tetramethyl-
naphthalene (8) in the chromium-catalyzed cycl izat ion
of 2-butvne. In part icular,  isolat ion of  sets ol  ru 'o
adjacent methyl  groups from 8, using the degradat ion
out l ined in eq 2.  and mass spectral  determinat ion of  the
isotopic composi t ion of  t  have establ ished that no 1.2-
dinrethyl-3.4-di(methyl-dr)naphthalene (10) is fornrecl
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" The starting 2-butyne had isotopic composition corresponding
to  98 .9 : ;  CDICH,  and l . l I i ;  (CDJ) , .  The exper imenta l  compos i -
t ions include contr ibutrons to the spectra f rom t l re approximately
l . l  Y, ,  isotopic impuri ty (CHDrt in the CD.r groups. '  Exper imental
error in these values is estimated to be -+0.22".

calculated assuming that the react ion proceeds through
a tetramethylcyclobutadiene internrediate and that cal-
cuiated assuming 'd concerted cyclotr imerizat ion (or
some geometr ical l5,  st t ivalent path). t ( '  Exper imental
resul ts obtained by a paral le l  degradat ion of  the hexa-
methylbenzene from cyclotr imerizat ion of  1 using
aluminum chlor ide in benzene are also included in th is
table.  t t  Comparison of  the observed and calculated
values shows that no 7,  (CDr),r  w&S formed in the chro.

(10) Mass spectra were obtained using a nominal ionizing volrage
of 8.3 eV: K. Biemann, "Mass Spectrometry-Organic Chemical
Appl icadons,"  Mccraw-Hi l l  Book Co. Inc. ,  New York,  N.  Y. ,  1962,
p 223 ff.

( l l )  W. Sch; i fer  and H. Hcl lmann, Angev, .  Chem. Intern.  Ed.  EnSl. ,
6 .  518  f i 96 ' t ) .

i n  the  reac t ion  o f  t r ipheny l t r i s ( te t rahydro furan)chro-
mium( l l l  )  w i th  1 .  r : i '  I  ' l
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