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Abs t rac t :  1 ,4 -Tc t ramethy leneb is (cyc lopen tad ieny l ) t i t an ium( lV )  ( l )  was  p repared  bv  rcac t ion  be tween  d i ch lo rob is (cyc lopen-
tad icny l ) t i t an ium( lV )  and  1 .4 -d i l i t h iobu tane :  i t  cou ld  be  i so la ted  a t  l ow  t cmpera tu re .  bu t  i t s  the rma l  l ab i l i t y  was  such  tha t
i t  cou ld  be  charac te r i zed  on ly  th rough  i t s  reac t ions .  Compound  I  and  the  ana logous  s i x -membered  meta l l ocyc le  I  . 5 -pen ta -
methy lcncb is (cvc lopen tad ieny l ) t i t an ium( lV )  (5 )  were  much  more  s tab le  than  an  acyc l i c  t i t an ium a lky l .  d i -n -bu ty lb i s (cyc lo -
pen tad ieny l ) t i t an ium( lV )  (3 ) .  Therma l  decompos i t i ons  o f  3  and  5  appear  to  take  p lace  by  unexcep t iona l  p -c l im ina t ion  and
reduc t ion  reac t ions  invo lv ing  t i t an ium hydr ides .  These  reac t ions  y ie ld ,  respec t i ve l y ' .  u  m ix tu re  o f  bu tenes  and  n -bu tane  and  a
mix tu re  o f  pen tenes  and  cyc lopen tane .  By  con t ras t ,  t he rma l  decompos i t i on  o f  I  (4  h ,0 'C )  takes  p lace  in  pa r t  by  a  pa th  tha t
c lcaves a carbon-carbon bond of  the t i tanocyclopentane r ing and generates ethylene:  I  -butcnc is  the second major  product  of
th i s  decompos i t i on .  Carbony la t i on  o f  I  y ie lds  cyc lopcn tanone ;  ca rbony la t i on  o f  3 .  5 .  and  d ime thy lb i s (cyc lopen tad ieny l ) t i t an r -

um( lV )  takes  p lace  less  read i l y ,  i f  a t  a l l .  These  resu l t s  i nd i ca te  tha t  the  h igh  s tab i l i t ; -  o f  t he  t i t anocyc lopcn tane  r i ng ,  p resum-
ably ref lect ing suppression of  the p-el iminat ion of  metal  hydr ide,  is  accompanied bl  abnormal ly  h igh react iv i ty  in carbonyla-
t ion and in thermal  decomposi t ion by carbon-carbon f ragmentat ion.  Several  funct ional  equivalents of  t i tanocene (CpzTi-
N :T iCp : ,  [Cp lT iH ] . - ,  [Cp :T i ] : .  Cp :T iC l :  reduced  w i th  l i t h ium naph tha len ide )  reac t  d i rec t l l 'w i th  o le f i ns  and  fo rm t i t anocy -
c loDentane r ings.  The best  v ie lds in these react ions are obtained usine benzonorbornadiene.  norbornene. and ethylene.

A dominant  decomposi t ion react ion o f  t rans i t ion meta l
a lky ls  is  the /3-e l iminat ion o f  a  meta l  hydr ide moiety . r  A l -
though this reaction is fundamentalto much of transit ion metal
cata lys is .  i ts  very  fac i l i ty  l imi ts  the impor tance of  o ther .  po-
tent ia l ly  va luable ,  types of  react ions,  par t icu lar ly  those in-
volving carbon-carbon bond formation and cleavage. We have
previously suggested that one way of suppressing the (l-hydride
e l iminat ion react ion is  to  const ra in  the M-C-C-H d ihedra l
angle  to  va lues far  f rom the opt imal  0o.  Th is  suggest ion was
ver i l i cd  by prepar ing severa l  p la t inum( l l )  meta l loc) 'c les ,  and
estab l ish ing that  the i r  thermal  decomposi t ion is  dramat ica l ly
Iess rap id  than that  o f  acyc l ic  analogues. r  Here we descr ibe
dcta i ls  o f  the preparat ion,  character izat ion,  and react ions o f
b i s ( cyc lopen tad ieny l ) t i t an ium( lV )  me ta l l ocyc l cs .  and  pa r -
t i cu la r l y  o f  1 ,4 - t e t rame thy leneb i s ( cyc lopen tad ieny l ) t i t an i -
um( lV ) .  CpsT i (CH2)a  ( l )  These  s tud ies  re i n fo r ce  t he
suggcst ion that  the chemist ry  o f  meta l locyc lopentanes is  s ig-
n i f icant ly  d i f ferent  f rom that  o f  ana logous acyc l ic  organo-
rneta l l ic  compounds,  and that  an impor tant  bas is  for  th is  d i f -
fe  rcncc is  suppress ion of  i l -hydr ide e l iminat ion. r

Results

Preparation and Characterization of 1,4-Tetramethvlene-
bis(cyclopentadienyl)t i tanium(lV) ( l  ) .  Reaction of a suspension
ol '  d ich lorob is(cyc lopentad ieny l  ) t i tan ium( I  V )  (CplT iClz)  w i th
1.4-d i l i th iobutane in  d ie thy l  e ther  a t  -78 oC y ie lds a  react ion
mix ture conta in ing I  (Scheme I ) .  I ts  iso la t ion and pur i f ica t ion
can be accompl ished by chromatography over  a lumina at  -40
oC under  argon us ing hexane as e lucnt ;crys ta l l iza t ion may be
cffccted by'cool ing thc eluent to -78 oC. Compound I is a dark
orangc crvstal l ine sol id. readi ly soluble in pentane and ethereal
solvents. whrch decomposes thermally in CFCI:CClF1 solut ion
w i th  a  ha l f - l i i e  o f  ca .  0 .5  h  a t  0  oC .

Sincc the thermal  ins tab i l i ty  o i  I  prec luded t rad i t iona l  an-
a l i , t ica l  proccdures.  i t  was character ized by i ts  react ions.
Trcatment  o f  chronratographed samples o f  I  w i th  HCI  (gas)
i n  hexanc  o r  CF IC ICFC l2  y i e l ded  Cp2T iC l z  and  bu tane  i n
rno la r  r a t i o  l : 1 .0 :  t r ea tmen t  w i t h  b rom ine  i n  t he  same  so l ven ts
y ie l ded  CpsT iB rz  and  1 ,4 -d ib romobu tane  i n  mo la r  r a t i o  l : 1 .2 .
Thc lac t  that  the ra t io  o f  t i tan ium-conia in ing products  to
products  der ived f rom the 1,4- te t ramethy lene moiety  is  ap-
prox imate ly  1 .0  in  both o f  these exper iments  ind icates that  the
compound has s to ich iometry  [CpzTi (CH:)+]u .  In  what  fo l lows,

Scheme I .  hcpara t ion  and  Reac t ions  o f  CprT i (CHr )o  ( l  )
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y ie lds arc  based on thc assumpt ion that  the react ion o f  I  w i th
b rom ine  y i e l ds  1 .4 -d ib romobu tane  quan t i t a t i ve l y :  v i z . ,  t ha t
this reaction can be used to assay solut ions for the quanti ty of
I  the l '  conta in .  The major  par t  o f  the dcscr ip t ive chemist ry  o f
I  was carr ied out  by prepar ing I  by  react ion o f  1 ,4-d i l i -
t h i obu tanc  w i t h  Cp lT iC l : ,  i so la t i ng  I  by  l ow- tempera tu re
chromatography using procedures outl ined in the Experimental
Scct ion.  and assay ing an a l iquot  by brominat ion to  determine
the quant i ty  present .  The convers ion of  Cp:T iCl :  to  a  so lu t ion
conta in ing I  was normal ly  ca.20o/" .

Two l ines of cvidence argue that I  is a monomer containing
a f ive-membered t i tanocyc lopentane moiety ,  ra ther  than a
d imer  or  h igher  o l igmer  hav ing the same empi r ica l  composi -
t i on .  F i r s t .  i t s  t he rma l  s tab i l i t y  i s  much  g rea te r  t han  t ha t  o f
acyc l i c  ana logues .  Fo r  cxamp le ,  CpzT i (CHtCH2CHzCH r ) :
( 3 ,  v i de  i n f r a )dccomposes  rap id l y  a t  - 55  oC ,  wh i l e  t  has  ap -
p rec iab le  s tab i l i t y  a t  0  oC .  I f  I  we re  a  d imer  o r  o l i gmer  con -
ta in ing a r ing hav ing more than f ive members,  i ts  thermal
s terb i l i t l  would  be expected to  be determined by the ra te  o f

/J -h-v-dr ide e l iminat ion.  and to  be approx imate ly  the same as
that ol3.r The observation that the stabi l i ty of I  is qual i tat ively
much grcatcr  than that  o f  3  argues s t rongly  that  the 1 ,4- te-
t ramethy lene moiety  o f  I  is  par t  o f  a  f ive-membered r ing.
Second.  carbony la t ion o f  I  (CO,  I  a tm,  warming f rom -40
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Tab le  I .  P roduc ts  o t 'Thc rma l  Decompos i t i on  o1
\{eta l lo cy c lopcntane sa

Two  aspec t s  o f  t hcsc  da ta  dese rve  compar i \ ( ) r t  I  r r ' 1 .  t he
m u c h  e n h a n c e d  t h e r m a l  s t a b i l i t l ' o f  I  r e l a t i r . ' c  l t , 3  r : . r u u t ) l l l -
pan ied by a  change in  the t )  pes o f  hydrocarbon pr t r l l i i !1 .  i . \ r ' ( ) -
duccd  on  decompos i t i on :  t hc  ca rbon -ca rbon  l ' n ren rc r i . r t l r ) n
tha t  convc r t s  I  t o  c thy lene  has  no  coun te rpa r t  i n  t l l !  ( i r ' ! , \ n t -

pos i t ion o f  3 .  Second.  th is  increased s t l tb i l i ty  pcnr)n :  I  t , '  .e . rc t

w i t h  ca rbon  n ronox idc  and  genc ra te  cvc lopen tan ( ) i t e  [ ) r l , cn -
zv lb i s (  c ) ' c l opcn tad ien l ' l  ) t i t an ium(  I  V  )  a  nd  n t c t  h r  I  i . r . r  . ' ,  .  i ' , -
p e n t a d i c n y l ) t i t a n i u m ( l V )  c h l o r i d e  .  i n  w h r c h  , J - h i d r r t l e  e  : ; ' ' -
i n a t i o n  i s  n r t t  p o s s i b l e .  u l s o  c a r b o n v l a t c : ' r  d i n t c t h r I l . r .  . ' . g I 1 r -
p c n t a d i e n l ' l ) t i t a n i u n t ( l V )  r e a c t s  o n l l  s l o w l r  \ \ r t l r , , , r ' r r ) ! r
r nonox idc  a t  r oo r . t ' t  t en rpc ra tu rc .  The  obse rva t i on  t i r , r i  I  r \
s ign i f icant l l  n rore react ive tor . la rd  carbon nton() \ i t i t  I  .
Cp .T iN {e1  sugges ts  t ha t  t hc  f i v c -mcmbercd  me ta l l oc r c l t .  t . i i r r
o l ' I  se rves  bo th  t o  supp ress , J -h1 'd r i de  e l im ina t i on  and  l r i  . , r ,  ' -

v i d c  a  p u r t i c u l ; r r l r  r c u c l i v c  g r o u p i n g .
The  fac to r s  i n f l uenc ing  t he  pa r t i t i on ing  o f  t he  1 .4 - t c t r r r -

meth l ' lene un i t  o f  I  between eth l " lenc and l -butene on therntu l
decomposi t ion wcre cxp lored br ie f ly  (Table  I ) .  A lso for  conr-
pa r i son ,  t hc  r c l a t cd  n rc t r l l ocvc l cs  4  and  5  * ' c r c  p r cpa rcd .  pu -
r i i i cd  by  ch ro rna tog raph r .  an t l  i t l l ow 'ed  t o  decomposc  t hc r -
n r a l l r .  T h e  t h c r m a l  s t a b i l i t i c s  o l '  t h c s e  s u b s t u n c c s  a r c  i n t c r -
mediate  betwccn those o l - l  and 3.  The products  o1 'deconrpo-
s i t i on  va r i ed  s l i gh t l l  u  i t h  t cn tpe ra tu rc .  bu t  a l r ' , ay ' s  cons i s t cd
predominant l l '  o f  pcntcncs.  No rnore than a t race of  propy lcne
or  c th) ' lene \ \ 'as  observcd ( )n  dccomposi t ion o f  4 .

cyc lo -
1 -pen tene  +  2 -pen tene  +  pen tane

Compound Temp ( 'C )
1 -Bu tenc /

A
C t  l ) \  l L ' n L " '

( csHs) ,T i ( cHr )o  ( l )

( C , N I c . ) r T i ( C l l , ) 4

(C ql \ ' Iea I : t )  rT i (CH r)4

CprZr (C l I , )o

2 0
(')

15 0c
0

l5 0.'
0

25 0c
It)

25 0.

9
A
a

0.05
(4.s)
(0 .4  )
( 6 )
( 0 . 6 )
6
l

a  Thc rma l  decompos i t i ons  rvc rc  ca r r i cd  ou t  i n  C I rC l rcc l l r ,  so lu -
t i on  a t  conccn t ra t i ons  o r ig ina l l l '  ca .  0 .02  1 \ l  i n  r l rganometa l l i c  co r .n -
pound .  b  The  abso lu tc  y i t : l ds  o1 'o le t i ns  u ' c rc  no t  mcasurcd  in  i n -
s tanccs  rnd tca ted  b l ' pa rcn t l rescs ;  i n  o thc r  cases ,  thc  i r roduc t  ba lancc
\ \ ,as  g rca tc r  than  80%.  Thc  rcma in ing  l , . l - t c t ramethy ' l enc  rno ie t i es
appcared  i r redo tn inan t l l '  as  a  m i r tu re  o t ' e thanc  and  bu tanc .  S incc
the  ra t i o  o f  c thanc  to  bu tane  \ \ ' as  approx in ra tc l y  t l t c  san rc  as  tha t  o t '
c th - ' - l cnc  to  bu tcne ,  thcsc  tb rmer  ma tc r ia l s  u ' c re -  p robab l l  l o rmcd  b1
r e d r r c t i , r r r  o l  l l l f  l l t t t ' r . 8 . l ) e c ( ) l n 1 1 ( ) s i l i ( ) n  \ \ ' a \  c a r r i . ' d  r r u t  h r  i r r j c e -
t i on  d i r cc t l f  i n to  a  GLC in l c t  po r t  a t  250 'C .

to  25  "C)  y ie lds  cyc lopen tanone  in  80 -90o /o  y ie ld .  I f  I  were  a

dimcr  or  o l igmer ,  the carbony l  groups would be expected to
jo in  d i l ie rcnt  te t ramethy lene moiet ies .  The product ion o f  cy-
c lopentanone in  good y ie ld  is  cons is tent  wi th  the ex is tence of
a  t i t anocyc lopen tane  mo ie t y  i n  l .

The Thermal Decomposit ion and Carbonylat ion Reactions
of I Produce Different Types of Products Than Do Analogous
Reactions of Di-n-butylbis(cyclopentadienyl)t i tanium(lV) (3).
React ion o f  n-buty l l i th ium and methy l l i th ium wi th  CplT iCl l
a t  -78 oC is  accompanied by the same co lor  changcs observed
on react ion wi th  1 .4-d i l i th iobutane:  CplT iMe2 is  cas i ly  iso la ted
in 80o/n yield as a yel low-orange sol id which is moderately stable
at  room temperature; r '6  CpuTiBu:  (3)  decomposes rap id ly  a t
-50  oC  and  has  been  i so la ted  on l y  a r  - 18  oC .  I t  has  been
poss ib le  to  examine the products  o f  thermal  decomposi t ion o f
3  and of  the products  resu l t ing f rom i ts  t reatment  wi th  bro-
minc,  hydroch lor ic  ac id ,  and carbon monoxide.  Compar ison
of  these products  wi th  those obscrved fo l lowing analogous
rcact ions o f  I  is  he lp fu l  in  ident i fy ing react iv i ty  character is t ic
of  the t i tanocyc lopentane r ing.  Thermal  decomposi t ion o f  3

o
ll "oBuCBu *_//_ CpsTiBu

3

These s tud ics  do not  prov idc suf f ic ient  ev idcnce to  ind icate
the s t ructura l  features that  promote curbt tn  carbon c leavagc
in  t he rma l  decompos i t i on  o f  I  a1  t l r c  cxpcnsc  o f  t he  (p resun t -

ab lv  13-hydr ide e l iminat ion-based)  path that  lcads to  butenes. r0
The  marked  t empera tu re  dependencc  o l - t hc  f  i e l ds  o f  hyd ro -
carbons obscrvcd on decomposi t ion o l '  I  i s  c rpe r imenta l ly  re-
p roduc ib l e .  bu t  no t  eas i l f  i n t e rp rc ted .  Thc  1 . . 1 - t e t rame th l , ' -
lenebis( pentaalkylcl 'clopentadienl ' l  ) t  i t rr  n i  u m ( |  V ) spccies were
prepared to test the hypothesis that incrcuscd steric bulk in the
p lane  o f  t he  cvc lopcn tad ien . v - l  r i ngs  m igh t  i nh ib i t  bo th  puck -
e r i ng  o f  t he  me ta l l ocvc lopen tane  r i ng  and  t r ans f c r  o i  a  p -

hyd rogen  f r om ca rbon  t o  t i t an iu rn  ( l  . *  7 )  Thcsc  ma tc r i a l s

I
t 'of i

\--)
4
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( G L C  i n j e c t i o n )
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rnJec t ron)

i s  complete  in  minutes a t  -50 oC,  or  very  rap id ly  in  the in-
ject ion port of the GLC at 250 oC. Either decomposit ion
generates,  in  greater  than 80o/o y ie ld ,  the I  : l  mix ture o f  n-
butane and butenes expected2'7 for ini t ial  t i tanium hydride

B-el imination fol lowed by reductive el imination of butane. No
ethylene is produced. Reaction of 3 with carbon monoxide does
not yield di-n-butyl ketone under any condit ions we have ex-
amined:  the butene:butane mix ture character is t ic  o f  thermal
decomposit ion is again detected. In contrast, thermal decom-
pos i t ion o f  I  generates a  mix ture o f  e thy lene and l -butene
(Table I).  Carbonylat ion of 1 generates a species having an ir
absorpt ion (1720 cm-r )  expected for  a  t i tan ium( lV)  acy l  and
assigned to the structure 2. This carbonylat ion occurs in good
yield at -55 oC in less than 2 h; conversion of 2 to cyclopen-
tanone is  rap id  ( -2  h)  a t  0  oC.

A
t 'p Ti l-. 

.*
\).,-r_/

I

)

4'^_-) i/-,AI<y
7

y ie ld .  i f  any th ing .  less  ra ther
Addi t ion of  a methyl  group

than more ethy ' lene than does l .
t o  I  ( 4 )  i nh ib i t s  ca rbon -ca rbon
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f ragmentat ion.  perhaps due to  a  fac i le  p-hydr ide e l iminat ion
invo lv ing the methy l  group.  The s tab i l i ty  o f  the re la ted p la t i -
nocvc le  is .  however .  re la t ive ly  unaf fected by the addi t iona l
rnethy l  group. r

Cycloaddit ion Reactions of Olef ins with Functional Equir,-
alents of Titanocene. Two compounds of empir ical formula
(C roH11 ;T i )  have  been  ca l l ed  " t i t anocens "  6 . l l  l 8  (Scheme  I l ) .

Scheme I I .  Routes to  T i tanocene

6 5 3  l

In principle. any two-electron reduction of Cp2TiCl2 might
generate  a  t i tan ium( l l )  spcc ies that  cou ld  act  as  an ethy lene
acceptor .6  A l though Cp2TiN2TiCp2 serves adequate ly  as a
source of "t i tanocene". i t  is not easi ly prepared. Accordingly,
we spent  some ef for t  in  t ry ing to  f ind a l iernat ive and more
convenient procedures for generating the functional equivalent
o[  t i tanocene f rom CplT iCl l  by  reduct ion.  The development
of  a  sat is factorv  reduc ing agent  is  made d i f f icu l t  by  the re-
qu i remen t  t ha t  i t  wo rk  rap id l y  a t  - 30  oC .  a t  wh i ch  t empera -
ture I  is  moderate l l '  s tab le .  The a lka l i  meta ls ,  a lka l i  meta l
amalgams.  and Na K a l loy  reduce Cp2TiCl2 to  CprT i l l  s lowlv
even at  room tcmperaturc .  Hydr id ic  reduc ing agents  (potas-
s ium hy 'dr ide.  V i t r ide.  isobuty lmagnesium bromide)  were
s i rn i lar l l '  unsat is factory .  So lu t ions o f  aromat ic  an ions proved
to be ef f ic ient  reduc ing agents .6 '  |  7 '  le  Thus.  react ion o f  a  sus-
pens ion of  CpzTiCl l  in  to luene wi th  l i th ium naphtha len idc (  1 .7
M in  TH F)  occurred readi ly  a t  -55 to  -30 oC in  the presence
o f  e thy lene  (  I  a tm) .  Ca rbony la t i on  o f  t he  resu l t i ng  reac t i on
mix ture y ie lded cvc lopentanonc in  l7o/o  y ie ld :  the resu l ts  o f
sevcral related experiments are summarized in Table II .  These

1 .  2 L i + N p . -  ( T H F )  
- .

Cp,TiCl -=--+ 
| FO t1-fi %)

i?,11';;l''' 
'\--/

2 .  C O

cxpcr imcnts .  combined wi th  resu l ts  descr ibed ear l ie r ,  suggest
that  the fa i lu rc  o f  th is  procedure to  prov ide a genera l  route
f rom o le f in  to  kc tone is  due to  poor  y ie lds  on t rapping of  t i ta -
nocene by ole f in, rather than to a fai lure to produce t i tanocene
in  the reduct ion or  to  unsat is factory  carbony la t ion (Scheme
lV ) .  Reac t i ve  o le f i ns  (no rbo rncne .  benzonobo rnad iene )  a re

Scheme lV. ( 'onversion of Olef ins to C,vclopentanones by'
Reaction u' i th CprTi Equivalcnts

I t ' -
('p,Ti('l ---------* "Cp.Ti"

I{  (r:( ' l i ..---------------

[Cp,Ti]N, + Cp,Ti --: lCp,Til,

-,|, r/ l\-r"/** l- \
[( 'p TiHl.a ]  Cp. ' f iCl,

8

The structure of the less reactive. green. dimeric compoundl : .1 l

has recent ly  been estab l ished as 8 . la  In  th is  paper  we re fer  to
b is(cyc lopentad ieny l ) t i tan ium( l  I ) ,  CplT i ,  as  t i tanocene.  Th is
substance has been wel l  character ized by Br in tz inger .  e t  a l . l  r

In  so lu t ion,  t i tanocene is  preponderant ly  d imer ic  and fa i r ly
s tab le  a t  r oom tempera tu re . l l  Hea t i ng  t o  90  oC  i n  t o l uene .
however .  g ives a lmost  a  quant i ta t ive y ie ld  o i  8 .1  |  T i tanocene
may be generated f rom i ts  po lymer ic  hydr ide (CpzTiH) .  or
i t s  d imer i c  d i n i t r ogen  comp lex  (Cp :T i ) :N : ,  bu t  t he  p repa ra -
t ions o f  these compounds are fa i r ly  d i f i i cu l t  and hazardous
s ince they arc  pyrophor ic . r r  Two-e lect ron reduct ion o f  t i ta -
nocene  d i ch lo r i de  us ing  Gr i gna rd  r cagen ts , l 5  sod ium sand . i 6
sod ium naph tha len ide , lT  o r  e l ec t rochemica l  r educ t i on l s
probably yields t i tanocene, but under the condit ions employed
i t  r ea r ranges  t o  8  o r  r eac t s  w i t h  so l ven t . l l

The most straightforward rat ional izat ion for production of
c thy lene f rom I  is  a  pathway '  o f  the type suggcsted by I  -  6 .
I t  seemed possible that this pathwav might be reversible-that
is .  that  e thy lene might  react  w i th  t i tanocene and form l .  To
test  th is  poss ib i l i ty ,  a  funct iona l  equ iva lent  o f  t i tanocene,
Cp:T iN:T iCp, , l r  was exposed to  e thy lene at  temperatures
be tween  -78  and  -30  oC  (Scheme I I I ) .  Reac t i on  o f  t he  re -

Scheme II l .  Reaction of Ethylene and "Titanocene" Generates I
1 .  C H 3 L i

(.p,TiCl, -_- - [Cp,TiHl,2 .  H .

N 2
-------) 

[CprTiN,TiCpr]

|  
"",-"",O I  totuene

\ l - 30 "c
.-1--- tl ?l

Y
sul t ing mix ture wi th  carbon monoxide,  hydroch lor ic  ac id ,  or
bromine led to  products  character is t ic  o f  the I  ,4- te t ramethv-
lene moiety  in  y ie lds  o f  ca.  l0  I  5o lo .  based on the [Cp2Ti ]2N1
used as a start ing material.  Although we were never successful
in isolat ing a pure sample of I  from the reaction of [Cp2Ti]:N:
wi th  e thy ' lene,  the product ion o f  moderate y ie lds o f  products
character is t ic  o f  I  s t rongly  impl icates i t  as  an in termediate  in
these react ions.  I t  is ,  however ,  poss ib le  that  o ther  mono-  or
dit i tanium organometal l ic species would show a similar pattern
of  react iv ty .  and a l ternat ive s t ructures cannot  present ly  be
exc luded.

conver ted in  good y ie lds to  ketones.  based on t i tan ium.  Thus,
the reduct ion o f  CplT iClz  to  CpzTi  must  proceed in  sat is fac-
tory  y ie lds .  Prev ious ev idence ind icated that  carbony la t ion o f
I to cyclopentanonc procceded in good yield, in agreement with
the observation of high yields of ketones from norbornene and
be nzonorbornadiene. Thus, carbonylat ion of the metal locycle,
once formed,  a lso takes p lace in  good y ie ld .  Hence,  the y ie ld-
determin ing s tep for  product  o f  ketones is  the react ion o f  t i -
tanocene with olef ins and formation of metal locyclopentanes.
The order  o i  y ie lds-benzonorbornadiene )  norbornene )
e thy lene )  1 .7-hexadiene- is  that  expected i f  coord inat ion o f
o le f in  to  meta l  is  impor tant . l0

Al though 1.7-octad iene does not  t rap Cp2Ti  generated by
reduct ion o f  CplT iCl2 .  i t  does react  in  low y ie ld  wi th
CplT iNlT iCp:  (Scheme V) .  Th is  observat ion prov ides an
opportunity to check on the rate at which metal locyclopentane
and d io le f in-meta l  complex are in  equi l ib r ium.  Both c is -  and
t rans -1 .2 -d i ( l i t h i ome thy l ) cyc lohexane  reac t  w i t h  Cp2T iC l2
to givc (uncharacterized) metal locyclopentanes, which, in turn,

i ' ield the corrcsponding hexahydroindanones in ca. 20o/o yield
(based on t i tan ium) on carbony la t ion.  The s tereochemist ry  o f
the cyc lohexane r ing is  complete ly  re ta ined in  these t ransfor -
mat ions:  no l4  is  obta ined f rom I  l ,  and no l2  is  obta ined f rom
13.  Thus,  l l  and 13 do not  equi l ib ra te  under  the react ion
cond i t i ons  ( -20  oC .  I  h ) .  Reac t i on  o f  1 ,7 -oc tad iene  w i t h
CplTiNlTiCp3. fol lowed by carbonylat ion, generates only 12,

l"'b
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Table I I .  In Si tu Fo rma t io n a nd C arb on vlat io n of \1 e t al l  o cv c lot. l  t-  I t  t  a nt- s{

RrT iC l . Olef in (  equiv/eqtr iv  Ti ) I ) r o d u c l \  i c . l d  t1 ' l ) b

Cp ,T iC l ,

( C . M c , ) r T i C l .
(C  sN{c4 l - t ) rT iC l2

Ir  th l ' lcnc

Norbornene

( l )
r  l 0 ;
( t )

r l 0 ;

.i

1 , 1
) . 1, -T

B c n z o n o r b o r n a d i c n c  (  I  )

( 5 )

1  . 7 -Oc tad ienc  (  10 )

/- \r,. j '
\ ., --r--

i i
1 l

t \
I  F t l

(  i  c l o p c t r I l l r t ( ) n r '
( ' l  c l o p c n t a n o t t e

l 0

I . - th1 ' lcnc
F th l , l cnc

(  l 0 )
(  l 0 )

l-\
J/

1'

1 1 8 ) ,

7-<

t 6  ( : 5  ) (

9 { )

r l
1l

r)B enzc ln  o rbornad ic r te  (  -5  )

a  A l l  r cac t ions  wcrc  ca r r i ed  ou t  by  r cduc ing  thc  t i t an ium ( lV )  d i ch lo r id r ' i n
40 'C  in  t l re  p resence  o f  o le t ' i n .  l 'A l l  l ' i e lds  u 'e rc  ob ta incd  b1 'GL( -  ana l l ' s i s

c  I so la tcd  y i c ld .

to l r r c r t r -  u  i t l r  a  so l r r t i on
using i l r t r '  nra I  s t  l tnt j  ard

o t '  I i t h i u r r t  n a p h t h a l c n i d c  r r r  
- f  

I l l  l t
t t - ' c l rn i r l ucs .  e t t c l  a rc  bascd  o t t  ' t  i t t t t t t t t t t t

Scheme V .  Reac t ions  o t ' \ ' l e ta l l on ' c les  Re la ted  to  1 .7 -Oc tad icne angles to ! 'a lucs far  f rom the 0 oC that  scenls  to  be t lp t imal  for

me ta l  hyd r i de  e l i n r i na t i on  dec rcasss  t he rma l  dccompos i t i on

ri i tes. Sccond. I  is tnorc rcactivc toward carbon monoxide than
e i t he r  d i n i e thv lb i s ( c l c l open tad ien ) ' l ) t i t an ium( lV )  o r  5 :  t he

thermal  ins tab i l i t i  o i  3  prec ludes uscfu l  d i rec t  compar ison wi th

l .  The  d i f f ' e r cnce  i n  r cac t i v i t ) ' o f  I  and  5  sugges ts  t ha t  t he
f ive-mcmbered r ing lna\  be suf f ic icnt ly  s t ra ined to  show cn-

hanced rcactivi tv in reactions that increase coordinati t tn of thc

t i t an ium cen tc r  ( e .g . .  coo rd ina t i on  o f  ca rbon  monox ide )  and
(p resumab l l ' )  dec rease  t he  C  T i  C  ang le .  Th i rd ,  t hc rma l
dccon rpos i t i on  o l ' l  t akcs  p lacc  i n  pa r t  b - v "  a  r cac t i on  i nvo l v i ng
cu rbon  ca rbon  bond  c l cavagc .  Th i s  r cac t i on  appa rcn t l )  h t t s
no  una loguc  i n  dccon tpos i t i ons  o f  3  o r  5 .  A l t hough  the  oppo r -
t un i t l  l o r  t h i s  ca rbon  ca rbon  l ' r agn tcn ta t i on  t o  compc tc  \ \ ' i t h

1 i - hyd r i de  c l i r n i na t i on  undoub tcd l y '  a r i ses  i n  t he  cxce  p t i ona l

s lorvncss o l ' thc  la t tc r .  i t  i s  not  c lcar  what  l )c tors  encouragc thc
l i r rnrcr .  Thc tac i t  assur .npt ion that  thc  n tcchanisnts  o l - thesc t$o
rcac t i ons  l r r e  s t r a i gh t l b rw 'a rd  docs  no t  p r csen t l \  r cs t  i n  an \
dc ta i l cd  app rec ia t i on  o l  t hc i r  cou rse  .  Thus ,  a l t hough  decon t -
pos i t i on  o l - l  w i t h  f o rn ra t i on  o f ' l - bu t cne  n t i gh t  t ake  p lacc  b1 '

i n i t i a l  1 l - h l d r i dc  c l i r l i na t i on .  i t  r l i gh t  a l so .  i n  p r i nc i p l c .  occu r
by  i n i t i a l  r r - h l d r i dc  c l im ina t i on .  I - oss  o l ' r r - hvd rogcn  a to tns  t \
now  wc l l  es tab l i shcd  i n  o rganon tc ta l l i c  dc r i va t i vcs  t l 1 '  n te ta l s
on  t he  l c f t  o l ' t hc  t r ans i t i on  se r i es . l l  and  t h i s  t vpc  o f  dec t t r t t -

taY^r,r'p-l
L\-'V l

13

a"
\-,-\

1 .  C p . T i N . T i C p ,

2 .  C O

12
(no detectab le  14 formed)

how be i t  in  low y ' ie ld  (ca.  2ozn)  fo l lowing carbony la t ion.  Thus
the meta l locyc le  for rned d i rect ly  f rom o le f in  and t i tanoccne
also shows no tendency to  equi l ib ra te  c is  and t rans isomers o f

the 1.2-disubsti tuted cyclohcxane r ing. Thermal decomposit ion
o i  l l  and  l 3  i n  t he  absencc  o f  ca rbon  monox ide  does  y i e l d

1,7-octadienc ()507o). The conclusion from these experiments
is  that  the carbon carbon bond break ing requi red to  convcr t
t hese  me ta l l ocyc lopen tanc  r i ngs  t o  1 ,7 -oc tad iene  i s  a  s l ow
process,  re la t ive to  carbony la t ion a t  -40 oC.

Discussion

The react iv i ty  o f  1 ,4- te t ramethy lenebis(cyc lopentad ien-
y l ) t i tan ium( IV)  ( l  )  d i f fers  in  three character is t ic  ways f rom

that of di-n-butylbis(cyclopentadienyl)t i tanium(lV) (3). First.

I  is  much more s tab le  than 3 toward thermal  decomposi t ion.
The observat ion that  1 ,5-pentamethy lenebis(cyc lopentad i -
eny l ) t i t an ium( lV )  ( 5 )  sha res  some  o f  t h i s  s tab i l i t y  w i t h  I

suggests that the structural features that determine the thernlal

s tab i l i ty  o f  these t i tan ium( lV)  meta l locyc les para l le l  those

estab l ished for  re la ted meta l locyc l ic  der ivat ives o f  b is ( t r i -

pheny lphosph ine )p la t i num( l l ) . 3  The  h igh  s tab i l i t y  o i  P t (  I I )

and Ti( lV) f ive- and six-membered metal locycles is compatiblc

wi th  the hypothes is  that  suppress ion of  the meta l  p-hydr ide

e l iminat ion react ion on const ra in ing the M-C-C-H d ihedra l

Gor27r ' r

( ' p . ' f i .  l *  ( ' P
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HT T
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pos i t i on  m igh t  se r \ , ' c  t ( )  c rp l l i n  t he  i nsens i t i v i t \  o f ' t hc  re l l t i v c

ra t cs  o f  p roduc l i on  o l - e th l l cnc  and  bu t cnc  t t l  t hc  bu l k  o i  sub -

s t i t uen ts  on  t hc  c r c l opcn tad i cnv l  r i ngs .  D i s t i nc t i on  bc t r vccn

rv -  r nd  ^ l - h l d r i dc  pa ths  n tus t  u ' l l i t  on  f u r t l t e r  cxpc r i t r l cn t r t l

e ' , ' idcnce.  f r t ' r r t lu la t i t tn  o l ' thc  product ion o f  c thv lenc f ront  I  i ts

a  s t ra i gh t f o ruu rd  r cduc t i vc  c l im ina t i t ' r n  r eec t i on  i s  suppo r ted

b1 '  t  hc  obscrvut i t ' rn  o1 '  thc  rcverse react i t ln .  e l ls i lv  ra t  i t lnaI  i  zcd

as  un  o r i da t i vc  l dd i t i on .  Th i s  po ten t i a l l y  usc f ' u l  r cac t i t l n  t 1 ' pc

onl_v u 'orks  w 'c l l  u ' i1h rc l tc t ivc  o le f ins  (n t l rborncne der iv i t t ivcs .

I I C
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ethy lene) ,  and i t  is  not  ev ident  how the system should  be
n rod i [ i ed  t o  i nc reasc  i t s  r a t c .

These resu l ts  estab l ish that  i t  i s  poss ib le  to  form t i tanocy-
c lopcntanes by ox idat ive cyc loaddi t ion o f  two o le f ins  and one
t i t an ium a tom.  l t  r ema ins  t o  be  es tab l i shed  whe the r  t h i s  pa th
is  conrmon or  ext raord inary  in  t rans i t ion meta l  cata lys is .  Re-
la ted s to ich iometr ic  react ions have been observed prev ious ly
in  react ions bet rveen other  meta ls  and react ive o le f ins . r l  but
the poss ib le  in termediacy o f  meta l locyc l ic  spec ies in  usefu l
cata ly t ic  proccsses has not  been invest igated.  Three t lpes o f
reac t i ons  pa r t i cu la r l l '  w ' a r ran t  a t t en t i on .  F i r s t .  t he  va r i e t l '  o f
react ions in  ivh ich t rans i t ion meta ls  cata lyze the convers ion
ol 'c th i , lene to  l -butene are present ly 'be l ieved to  invo lve meta l
hyd r i des  as  i n te rmcd ia tes . l r  A l t hough  th i s  f o rmu la t i on  i s

/E*>.
H C

-------) 
NI

t E t
. = + l

M-H

ccr ta in l v  co r rec t  i n  manv  ins tances .  fo rmat ion  and  decompo-

s i t i on  o f  a  n ie ta l l ocyc lopen tane  may  be  invo lved  in  o the rs .

Second. the steps involved in in i t iat ion of  o lef in polymer izat ion.

pa r t i cu la r l y  w i th  he te rogeneous  ca t : r l ys ts .  rema in  unc lea r . :a

I ro rmat ion  and  decompos i t i on  o f  a  su r face  meta l l oc l ' c lopen-

tane  rvou ld  p rov ide  a  method  o f  gene  ra t i ng  e  i t he r  me  ta l  h_v - -

d r ide  o r  mc ta l  a l ky l  cen te rs  d i r cc t l y  f rom o le f i ns .  Th i rd ,  i t  i s

possib le to wr i tc  mechanisms for  o lef in metathesis that  involve

r n e t a l l o c y c l i c  i n t e r m c d i a t c s . l 5  A l t h o u g h  c u r r e n t  a t t e n t i o n  i s

focused  on  the  p robab lc  i n te rmed iacy  o f  me ta l - ca rbene

comp lexes  in  these  reac t ions . l6  a t  l eas t  onc  reac t ion .  p robab l l , '

i n v o l v i n g  a n  i n t e r n r e d i a t e  t u n g s t e n  m e t a l l o c y c l e  .  h a s  y ' i e l d e d

resu l t s  o f  t he  t vpe  expec ted  fo r  me ta thes is . l 5  In  the  work  re -

po r ted  he re ,  e ramina t ion  o f  thc  reac t ions  o f  1 .7 -oc tad iene  w i th

t i t anocenc  showcd  no  suggcs t ion  o f  me ta thes is - l i kc  rea r -

r a n g e m e n t s  o f  t h c  c a r b o n  s k e l c t o n .  T i t a n i u m  i s  n o t ,  h o w e v e r ,

a  c o m p o n e n t  o f  a c t i v c  m c t a t h c s i s  c a t a l y s t s . l '

Exper imental  Sect ion

( ienera l  l \ I e thods .  A I I  r cac t ions  invo lv ing  o rganonre ta l l i c  com-
pounds  were  ca r r i cd  ou t  under  u 'e ld ing  g rade  a rgon  us ing  s tandard
tcchn iqucs  f i r r  hand l ing  a i r - scns r t i vc  compounds . l s ' : q  D ie th r  I  e the  r
w a s  d i s t i l l e d  f r o m  l i t h i u m  a l u m i n u m  h y d r i d c .  T o l u e n c  u n d  2 . 1 , 4 - t r i -
mc th l  l pen tane  \ \ , e re  d i s t i l l e  d  f ' r om ca lc ium h rd r ide  a f te r  r c l ' l ux ing
io r  l l  h .  Pcn tanc  and  hc ranc  u ' c re  u 'ashed  { ' ree  o f ' o le l ' i ns  w i th  con-
cen t ra ted  su l l ' u r i c  ac id  and  d i s t i l l cd  l ' r om a  suspens ion  o l ' sod ium
bcnzophcnonc  ke t l l .  Te t rahvdro l ' u ran  r , ' ' as  d i s t i l l cd  l ron r  a  so lu t i on
o l - s o d i u m  b e n z o p h e n o n c  d i u n i o n .  . { l l  d i s t i l l a t i o n s  u e r c  c u r r i c d  o u t
undc r  a rgon .  CFTCIC-FC l l  was  pu rged  w i th  a rgon  o r  degasscd  undc r
h igh  vacuum be f ' o rc  use .  NMR spec t ra  wc re  run  on  Var ian  T -60  o r
t { i t a c h i  P e r k i n - [ : l m e r  R 2 0 B  ( 6 0  M H z )  a n d  R 2 2  ( 9 0  M H z )  s p e c -
t r ( )meters.  In l ' rared spcctra were nreasured u ' i th a Perkin-Elmcr Modcl
-167 instrunlcnt .  Standard.  t ight lv  stoppcrcd.  sodium chlor idc solut ion
i r  ce l l s  p rovcd  sa t i s l ' ac to r l  l i r r  a i r - scns i t i vc  compounds  r f  t hc  spec t ra
were  taken  p ron rp t l r .  GLC 'ana l l , scs  vv ' c re  pc r fo rmed  on  a  Perk in -
F : ln rc r  \ l odc l  990  ins t run rcn t .  equ ipped  u i th  a  f l ame ion iza t ion  de -
tector .  Di*c lopentadienr l t i taniunr d ichlor idc was obtained f ront  Al fa
I n o r g u n i c s  a n d  u s e d  u i t h o u t  f u r t h e r  p u r i f i c a t i o n .  F . t h i l e n e  u ' a s  o b -
ta incd  t ron r  M i r thcson  (C .  P .  g radc ) .  O the r  chemica ls  \ r ' e re  reagcn t
g rade  and  uscd  u , i t hou t  l ' u r the r  pu r i f i ca t i on .  I  i qu id  reagen ts  to  be
addcd  to  a i r - sens i t i vc  so lu t i t l ns  \ \ ' e re  l ' i  r s t  pu rged  rv i th  a rgon .

1.4- I ) i l i th iobutane and 1,5- f ) i l i th iopentane. A solut i t tn o l '  I  . .1-di -
e h l o n r b u t a n c  ( 1 1 . 0  m l : 0 . 1 0  n r o l )  i n  - i 0  n t l  o t ' d i c t h r l e t h e r  w a s  a d d c d
r n  d r o p s  o v c r  a  p c r i o d  o f ' I  h  t o  I 0 0  n r l  o f ' c t h e r c o n t a i n i n g  3 . 8  g  ( 0 . , 1 0
l l ( ) l  ) o l  l i t h i u m  ( l ( ) r ,  \ i r )  u ' i r e  l r t  0 ' ( ' .  T h c  r e a c t j o n  u , a s  s t i r r c d  a t  0
o ( -  l i r r  l - l  h  

- Ihc  
so lu t i on  was  I ' r ced  o f ' suspendcd  so l i ds  b r  ccn t r i l u -

q u t r o n  r l n d  s t o r e d  t n  a  S c h l c n k  t u b e  a t  - 1 0  " C .  l f  k e p t  i t t  t h i s  t c n r -

6 5 3  3

perature.  the rcagent had a uscful  l i ie  of  3 -4 weeks.  The concentrat ion

o f  "RL i "  was  I  . 2  N  (90u / "  v i c ld )  w i th  0 .02  N  res idua l  base  by  d ib ro -

moe thanc  doub lc  t i t ra t i on .  r0  ( ;  LC  ana lys i s  o l ' a l i qu t l t s  o f  t he  so lu t i on

ob ta ined  f rom th i s  o rgano l i t h ium re i i gen t  fo l l ow ing  reac t ion  w i th

d ib romoc thane  ind ica ted  tha t  mos t  o f  t he  R t - i  t i t e r  was  p resen t  as

d i l i r h ium reagcn t .  Cvc lobu tane  was  the  p r inc ipa l  by ' -p roduc t  o f  t he

reac t ion .  a long  w i th  sma l le r  amoun ts  o f  bu tane  and  bu tene .  No  e th -

r  lcnc wus obscrvcd.  Much lcss sat is factory '  resul ts were obt i r ined using

c i thc r  l t l r v -sod iu rn  l i t h ium o r  1 .4 -d ib romobu tane .
l . -5 -D i l i t h iopcn t : l ne  was  p repared  in  an  ana logous  manner  i n  8 -5o /o

r  r e l d .
1.4-Tetramethvlenebis(cvclopentadienyl) t i tanium(lV) (  l  ) .  A sus-

p e n s i o n  o l ' ( ' p ' T i ( - l -  ( 0 . 5 0  g :  2 . 0  m m o l ) w a s  r a p i d l y ' s t i r r e d  i n  2 0  m l
o t ' d i c t h r l c t h c r  l t  - 7 l t  o C  \  s o l u t i o n  o i  1 . 4 - d i l i t h i o b u t a n e  ( 2 . 1 m m o l )

i n  c t h c r  u u s  u d d e d  r r r p i d l r  b l  s l r i n g e .  T h c  s o l u t i o n  w a s  g r a d u a l l l

u r r r r n c d  w i t h  r i g o r o u s  s t i r r i n g  t o  - 4 5  o C  a n d  m a i n t a i n e d  a t  t h i s

t c n r p c r a l u r c  u n t i l  a l l  t h c  d i c h l o r i d c  h a d  d i s s o l v e d  (  1 . 5  h ) .  M e t h a n o l
( - s 0  g l )  u u s  a d d c d  t o  d c s t r o l  c x c c s s  a l k v l l i t h i u m  r e a g e n t .  R e m o v a l

o l ' t h c  s o l v e n t  l t  - - 1 0  " ( ' ( 0 . 0 5  T o r r )  l c f t  a  r e d - b r o w n  r e s i d u c  w h i c h

u ' r r s  t r i t u r a t c d  u i t h  l 0  r n l  o f  h c x a n c  a t  - 4 0  o C  t o  g i v e  a n  o r a n g e -

b rou 'n  so lu t i on .  Thc  c r t r l c t  u 'as  thcn  l rans fc r rcd  by  cannu la  to  a  d r \

5 - c n r  c o l u m n  o l ' a l u m i n a  ( W o e l m ,  a c t i v i t y  g r a d e  l )  w h i c h  h a d  b c e n

tho rough l r  I ' l ushed  rv i th  u rgon .  Th is  co lun tn  wr l s  p rov ided  u ' i t h  a

coo l i ng  jackc t .  and  n ra in ta ined  a t  - .10  oC.  The  res idue  was  t r i t u ra tcd
u i th  two  lu r the r  - : -n r l  a l i quo ts  o f ' hexane ,  and  thesc  were  a l s t - r  t rans -

I ' e r r cd  to  thc  co lumn.  Thc  co lumn l r ' as  e lu tcd  w i th  hcxane  (pen tanc .

1 . 2 . ' l - t r i n r e t h r l p c n t a n e  ( i s o o c t a n e ) .  a n d  C F C I T C F T C I  ( m p  - 3 7  o C )

u  c re  a l so  s i r t i shc to r l  c lu t i ng  so lvcn ts  fo r  thc  ch romatography ) .  and

a  b r igh t  on lngc  bund  wus  co l l cc ted  as  i t  c lu t cd .  Coo l ing  the  resu l t i ng

d i r r k  o range- rcd  so lu t i on  to  -7 l J  oC gave  da rk  o rangc  nced les  wh ich

d isco lo rcd  i f  u 'a rmcd  ubo ' , ' c  -30  oC.  Thc  so lu t i on  showcd  no  dc -

compos i t i on  u l ' t c r ,1 l (  h  a t  -71 {  oC.  ( -ompc lund  I  has  a  sharp  s ing lc t

r n  t h c  \ M R  s p c c l r u m  ( 6 0  \ { H z :  0  o C )  a t  6  6 . 2 0  w h e n  d i s s o l v e d  i n
( 'FC ' l rCF .C l .  Thc  n rc thv l cnc  reg ion  was  obscured  b1 '  res idua l  t races

o l ' c t h e r  u n d  h c r r r n e .  t i t h c  s l r m p l c  u ' a s  a l l o w c d  t o s t a n d  a t  0 ' C . l i g h t

tun  so l rds  p rcc ip i ta t cd  f rom so lu t i t ' r n  and  the  NMR s ing le t  dec rcased

t o  h a l l ' r t s  o r i g i n a l  v a l u c  i n  0 . - 5  h .
The  thc rma l  and  ox rda t i ve  i ns tab i l i t , v -  o f  I  p rec luded  m ic roana lys i s .

Ins tead .  i t  was  poss ib l c  to  cs t ima tc  the  ra t i o  o f  Cp :T i  t o  1 .4 - te t ra -

n rc thy lene  mo ie t i cs  b1  examin ing  the  p roduc ts  de r i vcd  f rom l .

T rea tn ren t  o f  a  C I " ( ' l rCFrC l  so lu t i on  o f  I  w i th  b romine ,  fo l l owed  b1
( i l -C '  ana l l s i s .  pc rm i t ted  an  cs t ima t ion  o f  the  quan t i t ; "  o f  1 ,4 -d ib ro -

mobutane formed: cool ing thc solut ion to -20 oC. separat ing the dark

red prccip i tatc bv l ' i l t rat ion.  and washing i t  wi th cold hexane isolated

thc CprTiBr l  (character izcd b.v decomposi t ion temperaturc and N MR
( C D C l l r )  D  6 . 7 0  ( s ) .  w i t h  n o  d e t e c t a b l e  i m p u r i t i e s ) .  T h e  m o l a r  r a t i t r

o l ' t h c s c  n r u t e  r i u l s  w ' a s  1 . , 1 - C a l l x B r , . : C p . T i B r l  =  1 . 2 : 1 . 0 .  S i m i l a r l y .

l i r l l ou  i ng  t r c i r tn rcn t  r v i t h  unhvdrous  HCl l .  ana lvs i s  l o r  bu tanc  and

Cp. ' I i ( -11  (chur i t c t c r i zcd  b1  decompos i t i on  tempera tu re  and  NMR
( C  D C ' l r )  6  6 . - i 7  ( s )  w i t h  n o  d c l c c t a b l e  i m p u r i t i e s )  g a v c  t h e  r a t i o
( ' 1 1 1 1 1 1 : ( ' p l T i ( ' 1 .  =  L 0 : 1 . 0 .  C a r b o n v l a t i o n  o f  a  s o l u t i o n  o l  I  i n

C  l r ( ' l : ( ' t ' 1C l  b r  a l l ow ing  thc  so lu t i on  to  warm to  amb icn t  f rom - ' 10
o ( ' o v e r  s c v c r a l  h o u r s  u n d c r  I  a t n t  o l ' C O  y ' i e l d e d  c v c l o p c n t a n o n c
(0  8  0 .9  cqu i r ' .  bascd  t l n  thc  r t ssumpt ion  tha t  thc  reac t ion  o f  I  w i th

l l r .  r  i c l d i n g  I  . - 1 - d i b r o m r ) b u t a n e  i s  q u a n t i t a t i v e ) .

Di-n-buty lb is{cyclopentadienyl) t i tanium(lV) (3) .  A suspcnsion ol '

Cp.TiCl l  (0.50 g:  1.0 mntol)  u 'as rapidh st i r red in ,5 nr l  of  d ieth-v- l  ether

a t  -7u  oC.  A  so lu t i on  o f  n -bu ty l l i t h ium (2 .0  mmol )  i n  e the r  was  added

r a p i d l y  b y ' s 1 r i n g c .  i t n d  s t i r r i n g  w a s  c o n t i n u e d  a t  - 7 8  o C  f o r  I  h .

Me thano l  ( ,50  g l )  was  in . i ec ted  to  des t roy  any  un reac ted  l i t h ium re -

agen t .  Remova l  o f  t he  so lven t  a t  -7 i l  oC  (0 .01  Tor r )  f o r  2  h  l e f ' t  an
()range s ludgc.  Thc product  rvas chromatographed by a procedure

Irnulogous 1o thrr l  used l i t r  I  u i th isot tctane as the elut ing solvent  whi le

n r r r i n t r r i n i n g  t h c  c o l u m n  a t  - 7 0  t o  - 7 l J  o C .  A  c l c a r  o r a n g e  s o l u t i o n

u r rs  ob ta incd .  and  r r l t hough  i t  read i l r  decon tposed  to  a  tan  p rcc ip i ta t c

r r t  - -5 ( )  o ( - .  n t ' r  ch r tngc  in  uppe  an tnce  had  occur red  a f ' t e r  s tand ing  fo r

1 . 1  h  a t  - 7 l J  o ( ' .

l - h c  l h c r n r r l  l n d  o x i d a t i v c  i n s t a b i l i t l ' o f ' 3  n e c e s s i t a t e d  i t s  c h a r a c -

l c r i z l r t i on  th rough  i t s  re r t c t i t t n  p roduc ts .  T rea tmen t  o f  t hc  i sooc tanc
: o l u t i o n  o l ' 3  w i t h  b r o r n i n c .  f  o l l o w ' c d  b l  ( i t - C  a n a l v s i s .  p c r m i t t c d  a n

cs t i rn r r l i on  o1 '  t hc  quun t r t r  o l '  l - b r t tmobu t l t ne  lo rmcd :  the  da rk  r cc l
p r c c i p i t l t c  o l ' (  p . T i l l r .  u , t s  s c p a r a t c d  b r ' l ' i l t r a t i t t n  a n d  w a s h e d  w i t h
p c n t a n c :  i t s  \ \ ' l R  s p c c t r t t m  ( C D (  1 r ) s h t l w c d  a  s i n g l c t  a t  A  6 . 7 0 .  a n d

i n r p u r i t i c s  { - i  l 0 ' \ ' )  i  1 . 0  I  6 .  T h c  t t t o l a r  r a t i o  o f ' l h c s c  m a t c r i i l l s  u r t r
( ; l l , r B r . ( ' p l T r l l r .  -  1 . 9 : 1 . 0  S i m i l a r l r .  t b i l o w i n g  t r c a t m c n t  u r l h

; r n h r d r o u s  l l ( ' l . l n u l r s i s  l u r  b u t u n e  a n d  C p . l - i C l .  ( \ \ { R  ( ( ' l ) ( ' l ' i

E
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6 6.-57 (s) .  no detectable impur i t ies)  y ie lded the rat io CqlJ l6:CpzTiC l l
=  2 .0 :1 .0 .  A t tempts  to  ca rbony la te  3  gave  less  than  0 .01  equ iv  o f  d i -
buty l  ketone by GLC analysis owing to thc rapid decomposi t ion of  3
a t  no rma l  ca rbony la t i on  tempera tu res  ( -50  oC) .

1,5-Pentamethylenebis(cyclopentadienyl) t i tanium(l \ ' )  (5)  was pre-
pa rcd  bv  a  p rocedurc  ana logous  to  tha t  used  fo r  l ,  subs t i t u t i ng  l . - i -
d i l i t h iopcn tane  fo r  1 .4 -d i l i t h iobu tanc .  Co lumn ch romatographr  us rng
CFCITCFTCI  o r  i sooc tane  as  e lu t i ng  so lven ts  gave  a  da rk  o range  so -
lu t i on .  A f te r  s tand ing  fo r  30  m in  a t  -45  oC a  sma l lamoun t  o f  ye l l ou
prccip i tate had fbrmed. Bromine and HCI c lucnchcs of  thesc solut ions
g a v e  t h c  r a t i o s  l . - 5 - C s H  1 6 8 r 1 / C p l T i B r .  =  0 . 7  a n d  C . t l 1 1 / C p l T i (  l 1
=  1 .5 .  Bo th  o f  the  i so la ted  t i t anocene  p roduc ts  had  decompos i t i on
po in ts  tha t  wc re  lower  and  b roade  r  than  au thcn t i c  samp lcs .  C la rbon-

1 ' l a t i on  o l ' so lu t i ons  o f ' 5  gave  less  than  a  l 9o  y i c ld  o f ' cy "c lohexanonc
b 1 '  G t - C  a n a l y s i s .

I  -Methyl-  1,4- tetramethvlenebis(  cyclopentadienyl  ) t i tanium( I \ '  )  (  4 )
was prepared by a procedure analogous to that  used for  l ,  subst i tut ing
I  .4 -d i l i t h iopen ta  ne  fo r  I  . 4 -d i l i t h iobu tanc .  Co l  u  rnn  ch ro rna tog raph l
using isooctane as elut ing solvent  gave an orange-brou'n solut ion that
s low ly  decomposed  a t  -4 ,5  oC.  B rominc  and  HCI  quenchcs  o l  t hc
so lu t i on  gave  1 ,4 -d ib romopen tanc  and  pen tanc .  respcc t i ve l y .  bu t  thc
reac t ions  were  no t  c lean  and  the  resu l t i ng  t i t anocene  p roduc ts  were
verv impure.

Carbonylat ions of  l ,  3,  and 5.  Chromatographed solut ions of  thesc
compounds (ca.  0.02 M) wcrc prcpared as descr ibed abovc.  They,werc
s t i r red  under  I  a tm o { 'CO a t  -50  oC and  a l l owed  to  warm to  room
temperature over several  hours rv i th st i r r ing.  Yie ids of 'ketone products
were determined by GI-C analysis using intcrnal  standard techniques.
I  y ie lded 0.8 0.9 equiv of  cyclopentanone, whi le 3 and 5 gave less than
0 .01  equ iv  o f  d ibu ty l  ke tone  and  cyc lohexanone ,  respec t i ve l l .

1,4-Tetramethylenebis( cyclopentadieny- | )zi rconi um ( I \ ' | \\ 'as prc-
pared and chromatographed bv i i  procedure analogous to that  used
fo r  I  subs t i t u t i ng  Cp lZ rC l l  (0 .58  g ;  2 .0  mmol )  fo r  Cp :T iC l1 .  Chro -
matograph ing  thc  yc l l ow  reac t ion  m ix tu re  w i th  CFCIzCFIC l  gavc
a  c lea r ,  co lo r less  so lu t i on  tha t  was  ca .0 .02  M in  p roduc t .  \ l ' a rm ing
the  so lu t i on  to  room tempera tu re  r csu l ted  in  a  wh i te  p rec ip i ta te  and
a  hvd rocarbon  m ix tu re  con ta in ing  l59o  e  th l l enc  and  85ozn  bu tenes .
Thermo lvs i s  o l ' t he  ch romatographcd  so lu t i on  a t  250  oC- -  gavc  30 ,2n
ethylene and 709i ,  butcnes.  Brominat ion gavc I  . .1-dibromobutane. but
the  Cp2ZrBr2  cou ld  no t  bc  i so la ted .  T rea tmen t  w i th  anhy 'd rous  HCI
g a v e  b u t a n e a n d C p 2 Z r C l z  ( i s o l a t e d  b y  f i l t r a t i o n s m p  2 1 9  2 4 0 ' C ) .
bu t  the  rcac t ion  was  no t  c lean  cnough  to  ob ta in  a  ra t i o  o f  bu tane  to
Cp2ZrC l2 .  Carbony ' l a t i on  o f  so lu t i ons  o f  Cp lZ r (CH: ) . r  be fo re  ch ro -
matographl-  gave onlv a 2ozn ) ' ic ld of  cvclopcntanone.

Thermal Decomposi t ion of  l .  3,  4,  5.  and Cp2Zr{CH2)r .  Chroma-
tographed solut ions of  thcsc compounds were prcpared as descr ibed
above .  They  were  decomposcd  a t  250  oC b ) '  i n jec t i ng  san ip les  o f  thc
co ld  so lu t i ons  d i r cc t l f  i n to  thc  gas  ch romatograph .  Pen tane  and
hexane  were  used  as  in te rna l  s tandards  to  de tc rm ine  the  p roduc t
ba lance  (80  95o l " )  and  y ie lds  o l -hvd rocarbons .  So lu t i ons  o f  I  wc rc
decomposed  a t  0  and  -20  oC b ) ' i i t t i ng  the  tubes  w i th  new sc run r
stoppers and stor ing them at  0 oC for  several  hours and at  -20 oC for
severa l  days .  Subsequen t  ana lvses  gavc  thc  same resu l t s ,  i nd i ca t ing
comp lc te  decompos i t i on .  The  samp les  we  rc  coo lcd  to  -40  oC be fo re
GLC ana lys i s .  and  the  p roduc t  ba lanccs  wcre  w i th in  l 0o /o  o f  tha t  fo r
the 250 "C decomposi t ion.  The data obtained in these decomposi t ions
are  sunrmar i zed  in  Tab lc  L

Thermal f )ecomposi t ion of  (CsMes)Ti(CH2)a.  Bis (  pentamcthylc l  -

c lopen tad ieny l  ) t i t an ium(  IV )  d i ch lo r idc r  r . - r  I  197  mg:  0 .25  mmol )  was
s lu r r i ed  in  3  m l  o f  e thy l  c the r  a t  -7 l l  oC .  A  so lu t i on  o f  1 ,4 -d i l i -
t h iobu tane  (0 .28  rnmo l )  i n  e thc r  was  added  rap id l y  by  sy r inge .  The
mix tu re  was  g radua l l y  warmed  to  - r l 5  oC w i th  s t i r r i ng  and  ma in -
ta ined  a t  th i s  tempcra tu re  l b r  I  h ,  g i v ing  an  o range-b rown so lu t i on .
Methano l  (50  p l )  was  in jec ted  to  des t roy  the  excess  l i t h ium rcagcn t .
Remov ing  thc  so lven t  a t  -40 'C  (0 .1  To r r )  and  t r i t u ra t i ng  the  re -
su l t i ng  b rown  so l i ds  w i th  3  m l  o l  CFCITCFICI  gave  a  da rk  o rangc
so lu t i on .  Samp les  o i  t hc  co ld  so lu t i on  were  in j cc ted  d i rec t l y  i n to  the
gas  ch romatograph  to  dccompose  a t  250  oC.  The  reac t ion  tube  was
then  f i t t cd  w i th  a  ncw se rum s topper  and  s to red  a t  0  oC fo r  severa l
hours and the decomposition was judgcd complete when two successrve
analyses gave the snme rcsul t .  The samples were cooled to -40 "C for
GLC ana lys i s ,  and  no  s ign i f i can t  l oss  o f  gascs  u ,as  observed .  The
ethylene to butene rer t io was unal ' fected by chromatographing thc
s o l u t i o n  t h r o u g h  a l u m i n a .

(CsMeqL , t ) :T i (CH: )+  was  p repared  and  decomposed  by  thc  same
procedure f rom (Cs McaEt )2TiCl2.

Thc  l i c lds  o f  h rd roca rbons  found  in  these  e rpc r imen ts  a re  sum-
m a r i z c d  i n  T a b l c  I

React ion of  ( 'p2- l ' i \ le2 wi th ( 'arhon \ {onoxide.  A 0.1 M solut ion
o f  C p l T i N l c l  r n  C I ' . C I C F ( ' l r  \ \ ' i r S  s t i r r c d  a t  l 5  o C  u n d e r  l 0  a t n r  o f '
CO.  A t  i n t cn ' r r l s  thc  so lu t i on  u 'as  c ran r incd  b1 '  \  \ {R .  Thc  spcc t run r
o1 '  Cp .T i  \ { c r  (  ( -  F  - ( ' l ( '  [ r ( ' 11  ) .  / t  6 .  I  0  (  s .  I  0  H  ) .  0 .0 ]  ( s .  6  l l  ) .  r vas  ob -
se rvcd  to  dcc l i nc  on l r  s l i gh t l r  a l ' 1e r  scvcn r l  hours .  \o  cv idcncc  lo r  rn
a c l l c o r n p l c x  c o u l d  b c  f o u n d  i l l  a n \  t r n r c . , A t  l t l w c r  t c m p c r a t u r e s  n o
obsc rvab lc  r c l r c : t i on  took  p lacc .

Isolat ion of  2 in the ( 'arbonr ' lat ion of  l .  , , \  pcntanc solut ion ol ' l  (0.8
n r r n o l  b r  B r - .  q u c n c h )  * a s  s t i r r c d  l b r  I  h  u n d c r  I  r r t r l  o l ' c a r b o n
n r o n o x i d c  a t  - 5 5  " C .  , \  r c l l o u - b r , r w n  s o l i d  s c p a r a t e d  l r o n r  s o l u t i o n .
Thc  so l i d  \ \ ' l r s  \ \ l shcd  ( )nce  \ \ ' i t h  co ld  pen tanc .  thcn  d i sso lvcd  in  a
n r in imum unroun t  o f  t t l l ucnc  a t  0  o ( ' .  Pcn tanc  u l r s  addcd  s lou lv  un t i l
a  s l i gh t  c loud incss  pc rs i s ted .  A  1 ' c l l o rv  so l i d  c r r s ta l l i zed  w 'hen  the  ro -
lu t i on  u 'us  s lou lv  coo lcd  to  -60  o ( ' .  A f t c r  2  h  thc  so lu t i on  u 'as  d i s -
ca rded  und  thc  so l i d  u 'ushcd  r i i t h  pcn tanc  und  d r i cd  undc r  a  s t re r ln r
o f ' a r g o n  a t  0  o ( ' .  r i c l d i n g  0 . 1 6  g  ( 7 - 5 t ' , , ' 1  o l 2 :  N M R  ( ( ' [ ) . C 1 , ) r )  6 . ] 5
( s .  l 0  H .  C p ) . 1 . 5  1 . 0  ( n r . 8  t J .  ( (  t l : ) + ) .  \ n  i r s p c c t r u n r  o f  t h c s a n r c
so lu t i on  hud  i t  s t rong  band  a t  l 7 l0  cm- r  r rh i ch  g radua l l r  d i sappearcd
a t  l - 5  " ( ' t o  b c  r c p l u c c c l  b r  a  b r o a d  b a n d  c c n t c r c d  u t  1 7 . 1 0  c r n - r . ' I ' h c
ca rbonr l  band  o l ' cvc lopen tanonc  i s  a t  l 7 ;1 -5  cn r - ' r .  The  Cp  resonancc
e t  6 . 1 5  d i s a p p c l r c d  u t  a  s i m i l a r  r a t c  a n d  a  h a l f  - l i t ' c  o l ' l 5  m i n  a l  J 5  o C

c a n  b c  c s t i m r r t e d .  , \ n a l r s i s  o l ' t h e  r e s u l l u n t  s o l u t i o n  b 1  G t - C  s h o w ' c d
c rc lopcn tunone  to  bc  p rcscn t .  So l i d  2  decomposcd  comp lc tc l v  whcn
l c l ' t  l r t  l 5  o (  l i r r  l - 1  h .  I n  s o l u t i o n  2  i s  c r t r c l n c l r  s c n s i l i v c  t o  o x \ -

8 c n
l ( ' p 2 T i H | .  \ 4 r r s  p r c p a r c d  b r  t h c  p r o c c d u r c  o f  B r i n t z i n g c r  c t  a l . r 1

(  pzT iNz t ' i ( p2  wrs  p rcpared  b1 '  s t i r r i ng  a  to lucne  o r  d i c th l " l  e the r
so lu l i on  o l '  [ ( ' p .T i l l  l  ,  unde  r  n i t rogcn  a t  -20  "C  fb r  scvc ra l  hours .  "
l n  gcne  n r l .  I t -  p .T i l .  und  i t s  h ld r idc  p recu rso r  rnus t  be  hand led  unde  r
r i go rous l r  O . . - f ' r ce  cond i t i ons  l ' o r  t hc  r cac t ions  to  succeed .  i \ s  p rc -
v i o u s l r  r c p o r t c d . r r  t h c  h l d r i d c  i s  p l r o p h o r i c .  O n c  s a r n p l c  i g n i t c d  r n
r r  l l usk  duc  to  i r  sn l l l l  l i r  l c l r k .  No  p rob lcms  w 'e rc  encoun te rcd  u ' i t l r
t hc  r cs iducs  o f ' t he  rcac t ions  rcpor t cd  hc rc .  bu t  cuu t ion  i s  r ccon . r -
r r r c r rded  u  i l  h  : r  l  l  r c l t c t  i ons  i  n r  t r l r  i  ng  ( ) rg : l  n ( ) t i t i r  n ( ) ccnc  \pcc i c \ .

Reac t ion  o f  l ( ' p2 f  i 12  w i th  E th -v - lene .  Thc  g ra \ -g rcen  h rd r idc
( C p . T i l l ) ,  r r  ( 1 0 7  n r g : 0 . 6 0  m m o l ) w a s  s t i r r e d  i n  t o l u c n c  u t  - 7 8  o (  .
f : t h r ' l c n c  ( l - i  n r l :  1 . 2  m m o l ) w a s a d d e d  b y  s l r i n g e a n d  t h e s o l u t i o n  u u s
wr r r r l cd  to  - .15  oC.  The  so l i d  d i sso lvcd  as  thc  reac t ion  was  s t i r r cd  l i r r
-1  h  a t  t h i s  t cn rpc ra tu re .  The  a rgon  a tmosphcre  r r ' as  r cp laccd  b_ r 'onc
o l ' ca rbon  n ronox idc .  and  thc  re  ac t i on  n r i x tu re  was  a l l owed  to  $ 'ann
t()  r (x) l l  tcnrpcrrr turc ov 'e r  sevcral  hours.  Af tcr  l2 h a l2%r y ie ld (b i rsecl

o n  ( ( ' p l T i H ) ,  ) o f ' c v c l ( ) p c n t a n o n c  w a s  d c t e c t c d  i n  s o l u t i o n  b 1  C i l  ( '

l l ' r r n  I { ( - l  q u c n c h  u u s  s u b s t i t u t c d  l b r  t h e  c a r b o n  m o n o x i d e .  u  s i n t i l r r r
r  i c l d  o l '  b u t l r n c  w  a s  o b t a i n c d .

React ion of  ( 'p2 ' I ' iN2' t iCpz wi th t - thvlene.  A dark-bluc solut ion ol '
( ' p . T i \ . T i C ' p .  \ \ , a s  p r e p a r c d l r  f ' r o r n  I  n r n r o l  o l ' ( C p : T i H ) ,  a n d  l 5
rn l  o l ' t o lucnc  o r  c thv l  c thc r .  F . th r l cnc  ( -50  n r l .  2  mmo l )  was  in t roduccd
rr t  -7 lJ oC al ' tcr  thc n i t rogcn atmosphere had becn replaced b1'  argon.
T 'hc  reuc t ion  uas  a l l owcd  t t t  u 'a rm to  -30  oC u 'hc reupon  i t  changcd
to  u  g rccn -b rou 'n  co lo r .  A l i e r  I  h .  a l i quo ts  l vc rc  a l l owcd  to  reac t  w i th
t l ( -1 .  CO.  and  Br ;  l -o r  ( i l .C  ana lys i s .  Bu tanc ,  cyc lopen tanonc .  and
1 . "1 -d ib ron robu tanc  \ \ ' c r c  ob ta rned  in  l 0  l - s? ,  y ' i e ld  bascd  on
( ( ' p :T iH  ) , .  Thc  b romine  qucnch  was  no t  used  in  to luene  bccausc  thc
r c t c n t i o n  t i m c s  o f  1 . 4 - d i b r o n r o b u l a n e  a n d  b e n z y ' l b r o m i d e  a r c  s l m r -
| l t  r .

Reduction of ('p2l' i( l2 with Lithium Naphthalenide in the Presence
o f  l l t hv lene .  , , \  so lu t i on  o { '  l i t h ium naph tha lcn ide  was  p repared  b r
s t i r r i ng  a  I  M  so lu t i on  o i  naph tha lcnc  in  t c t rahvdro l ' u ran  w i th  a  s l i gh t
e  xccss  o l  l i t h ru rn  w  i re .  Dur ing  the  f  i r s t  hour  the  exo the rm ic  r cac t ion
u,as coolcd occasional l l '  wi th an ice bath to maintain the tenrperaturc
a t  1 .5  o ( -  o r  bc low.  A l ' t e r  f - i vc  add i t i ona l  hours ,  the  t i t e r ,  t yp i ca l l l  l .T
M.  u 'as  dc tc rmrncdr l  b r  quench ing  an  a l i quo t  w i th  deoxygena ted
\ \ ' a t c r  i rnd  t i t ra t i ng  w i th  s tandard  l - lC l .

B i s ( c l c l o p c n t a d i c n l ' l ) t i t a n i u m  d i c h l o r i d c  ( 0 . 2 - 5  g :  1 . 0  m m o l )  u ' a s
suspcndcd  in  l 5  n r l  o l - to lucnc  a t  - -50  oC by  rap id  s t i r r i ng  under  an
c t h l l e n c  a t m o s p h e r c .  l - i t h i u m  n a p h t h a l e n i d e  ( 2 .  I  m m o l  )  w : r s  a d d c d
in  d rops  ove r  I  5  n r in .  Mos t  o f  t hc  CpzT iC l :  d i sso lved  du r ing  th rs  pc -
r i od .  Thc  re rna inder  d i sso lvcd  du r ing  an  add i t i ona l  30  m in  o f  s t i r r i ng
a t  - ' 10  oC.  The  e thv lenc  a tmospherc  u 'as  r cp laced  by  ca rbon  mon-
ox idc  und  thc  reac t ion  n r i r t u rc  was  a l l owcd  to  warm to  roonr  t cm-
pc ra tu re  ovc r  4  5  h .  ,A l ' t e r  6  h  a t  25  oC,0 .17  mmol  o f ' cyc lopcn tanonc
$as prcscnt .  A more prolonged react ion at  -s0 oC did not  increase the

f  i e l d .
Reduct ion of  Cp2TiCl2 in the Presence of  Norbornene. Bis(cyclo-
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pcn tad ien ) ' l ) t i t an iun r  d i ch lo r ide  (0 .2 ,5  g ;  1 .0  rnmo l )  and  no rbo rnene
(0 .20  g ;  2 .  I  rnn ro l )  wc rc  s t i r r cd  in  l 0  n r l  o f  t o luene  a t  -50  "C .  L i th ium
n a p h t h a l e n i d e  ( 1 . 2  m l  o f  a  1 . 7  M  s o l u t i o n )  w a s  a d d e d  d r o p w i s c  o v c r
l5  n r in  and  the  reac t ion  w i l s  warmed  to  -30  oC l .  A f te r  30  m in  o f  ad -
d i t i ona l  s t i r r i ng  thc  so lu t i on  was  ca rbony ' l a ted  by  a l l ow ing  i t  t o  warm
s low ' l y ' t o  l 5  oC under  I  a tm o f  CO.  On l l ' one  p roduc t  was  dc tec ted
br  G  l -C  u  i t h  the  same rc tcn t ion  t ime  as  thc  ke tone  d imer  9  p roduced
in  thc  r cac t ion  o f  no rbo rnenc  w i th  Fe (CO)s . r r  A ,  24o , / "  y - i e ld  was
rncasured  us ing  oc tadecane  as  an  in te rna l  s tandard .  Pcn lane  ( -10  m l )
u 'as  added  and  thc  reac t ion  m ix tu rc  shaken  in  a i r  w r th  I  M  HCI  un t i l
t hc  r cd  co lo r  had  d i scharged  and  no  more  so l i ds  p rec ip i ta ted .  A f t c r
f  i l t r a t i r rn .  t he  so lu t i on  was  d r i cd  ovc r  Na lSOa.  Remov ing  the  so lvcn t
a t  r cduccd  p ressure  le f t  a  - v -e l l ow  o i l ,  wh ich  subscqucn t l y  so l i d i i i ed .
Thc  kc tonc  d imcr  9  was  i so la ted  b1  p repara t i ve  T l -C  on  s i l i ca  ge lon

c l u t i o n  u ' i t h  h c x a n c : c t h ) l  a c e t a l e  ( 9 , l  ) .  T h e  p u r c  c o m p o u n d  u ' a s  t h e
c \ ( ) . t r a n s . c x o  k c t o n c  d i m e r : t r  N M R  ( C D C l l r ) r )  2 . - l - 5  a n d  l . l 6  ( m .  - 1

t J .  b r i d g c h e a d ) .  1 . 9 - l  a n d  1 . 7 0  ( d .  4  H .  . /  =  l . 5 l l z .  c l c l o p c n t a n o n e ) .
l . - i  l . l  ( n r . t t  I l .  C H . C l t r  ) .  1 . 0 . 1  ( m , ' 1  H . b r i d g e ) .  N l a s s s p e c t r a l
l n u l r s i s  g a v c  a  p a r e n t  i o n  a t  n l / e  I 1 6 .

[ .  sc o l  a tcnfold cxcess ol '  norborncnc (2.  I  g.  2 I  rnnrol , )  in condi t ions
: in r i l u r  1o  those  repor t cd  abovc  p r .oduced  a  y i c ld  o f ' ke tonc  d in rc r  o f '
?5 ' , i , .  bescd  on  C 'p1T iC l . .  Whcn  thc  r cac t ion  so lu t i on  was  hea ted  to
75  o ( '  l i r r  l - 5  h  under  ca rbon  monox idc .  no  inc rcasc  in  the  l i e ld  o f
kc t t tnc  u  l r s  t rbsc r r  cd

Reduction of ('p2'IiCl2 with Lithium Naphthalenide in the Presence
o f  Benzonorbornad iene .  Benzonorbornad icnc l+  (0 .1a  g .  1 .0  mmol ) .
(  p l T i C l l  ( 0  l 3  g : 0 . - 5 0  n r n r o l ) ,  a n d  C t J r ( C t l - ' ) r 6 C H r  ( 9 0  m g .  G L C
i n t c r n a l  s t r r n d a r d ) w c r c  d i s s o l v e d  i n  c a .  l 0  m l  o i d r y  t o l u e n e  u n d e r
r r r g ( ) n .  T h c  m i x t u r e  w a s  c o o l e d  t o  - 4 0  o ( ' a n d  a  T H F  s o l u t i o n  o f
l i t h ium naph tha len ide  (  I  .  I  mmo l )  was  added  s low ly  by  sy r ingc .  A f te r
s t i r r i ng  fo r  I  h  a t  -40  oC.  the  a rgon  a tmosphere  was  rep laced  w i th
ca rbon  monox ide .  and  the  reac t ion  m ix tu re  was  a l l owed  to  warm to
room tcmpcra tu re  ove r  severa l  hours .  The  m ix tu re  was  ana lyzed  by

GLC.  Remova l  o f  t he  so lven t  and  p repara t i ve  TLC (s i l i ca  ge l ,
lEtOAc:9hexane) af forded a f ract ion wi th R7 0.32 0.44.  Recry 's-
ta l l i za t i on  f rom e the r  gave  a  wh i te  powder  i den t i f i ed  as  the  exo .
t rans ,cxo  d imer  (41  mg;  260 /o )  on  the  bas is  o f  mp  224-225  oC ( l i t . t+

m p 2 2 3  2 2 4 " C \ : i r  1 7 2 5  c m - t  ( l i t . t +  l l 2 2 c m - r ) ,  N M R  ( C C l l )  D
1 . 6 0  ( m ,  4  H ) . 2 . 1 3  ( d .  /  =  t l  H Z =  2 H \ . 2 1 5  ( d ,  " r  

=  8 H 2 . 2  H ) .  3 . 3 5
( s , 2  H ) , 3 . 5 3  ( s . 2  H ) . 7 . 1 0  ( m . 8  H ) .  T h e y i e l d  o f  t h i s  k e t o n e  i n  t h e
rcact ion mixture before workup was determined to be 48o/o by GLC.
Re pet i t ion of  the exper iment using a f ivefold excess of  benzonorbor-
nadiene ra ised the y ie ld to ca.  909o.

t rans-I ,2-Bis(chloromethyl)cy-c lohexane. In a f lame-dr ied f lask
under  n i t rogcn  was  p laced  t rans -  1 ,2 -b i s (hyd roxymethy l ) c_ r - ' c lohex -
aners  16 .2  g .  50  mmol )  and  50  n r l  o f  r cagcn t  ca rbon  te t rach lo r ide .
T r i - n - b u t y l p h o s p h i n e  ( 3 2  g .  l l 0  m m o l )  w a s  a d d e d  o v e r  a  4 - 5 - m i n
per iod  w i th  s t i r r i ng  a t  room tempera tu re .  The  so lu t i on  was  rc f l uxed
f o r  1 , 5  h .  E x a m i n a t i o n  o f  t h e  r e s u l t i n g  r e a c t i o n  m i x t u r e  b y ' N M R
showed  no  res idua l  OH absorp t ion .  A  f l ash  d i s t i l l a t i on  fo l l owed  by '
a  f rac t i ona l  d i s t i l l a t i on  a f fo rded  3 .8  g  (4 lu lo )  o f  t hc  t rans  d i ch lo r ide :
b p  ( l 5  T o r r )  - 1 2 0 ' C : d e n s i t l ,  l . l . l  g / m l :  N \ , { R  ( C D C l r )  6  3 . 6 2  ( m ,
4  H ) .  I  . 0  2 . 2  ( m ,  l 0  H )  G L C  a n a l y s i s  s u g g c s t c d  t h a t  t h i s  m a t e r i i l
was )9t io. /o one component.

c is-  1,2-Bis(chloromethyl)cyclohexane was prepared using a s imi lar
p r o c c d u r c .  b p  ( l - s  T o r r )  - l l 2  o C ; d e n s i t y  l . l 4 g / m l : N M R  ( C D C l r )

r )  - 1  - 5 0  ( d , 4  H ) ,  1 . 0  2 . 4  ( m .  l 0  F I ) .
1,2-Bis( l i th iomethyl)cyclohexanone. This c is and t rans di l i th ium

rcagen ts  were  p repared  in  d ie thy l  e the r  us ing  a  p rocedure  ana logous
to  tha t  fo r  the  p repara t ion  o f  1 .4 -d i l i t h iobu tane ,  excep t  tha t  h igh -
sod ium ( lo lo  Na)  l i t h iu rn  d i spe rs ion  (Foo te  M ine ra l  Co . )  u 'as  uscd
ins tead  o f  l i t h ium w i re .  Typ ica l  y ie lds  fo r  convc rs ion  o f  CHzCI  to
CHrl- i  groups were -50o/o.

Preparat ion and Carbonylat ion of  I  l .  Bis(cyclopentadienyl) t i ta-
n i u m  d i c h l o r i d c  ( 0 . 1 3  g :  0 . 5 0  n r m o l )  w a s  s t i r r e d  i n  l 0  m l  o f  c t h e r  a t
-78  oC,  and  t rans -  1 ,2 -b i s ( l i t h iomethy l ) cyc lohexane  (0 .5 -5  mmol )
in  c thc r  u 'as  added  by  sy r inge .  The  m ix tu re  r vas  s t i r red  fo r  -5  h  w i th
slow rvarming to -20 oC to g ivc a dark orange solut ion.  Thermol l ,s is
o f  a n  a l i q u o t  b y  i n j e c t i o n  i n t o  t h e  i n l e t  o f  t h e  G [ - C  a t  2 5 0 ' C  g a v e  a
subs tan t ia l  amoun t  o f  1 .7 -oc tad iene .  The  so lu t i on  was  coo lcd  to  -50
o( . .  p laced  under  an  a tmospherc  o f  CO.  and  a l l owcd  to  warm to  room
tempera tu rc  ove r  scve ra l  hours .  GLC ana lys i s  us ing  te t radecane  as
an  in te rna l  s tandard  gavc  a  20o lo  v ie ld  (based  on  T i )  o f  i somer i ca l l y '
pu rc  / rdn . f  -hexahydro indan-2 -one  (9 ) .16  Compound  l3  was  p repared
and carbonylated by ' the same proccdurc to g ive a 209, i ,  I ' ie ld of  cr . l -
hc rah l  d ro i  ndan- l - , - rnc  (  |  -1  ) .  

1 t '

6 5  3 5

React ion of  ICp2Ti l2 wi th 1,7-Octadiene.  This react ion was carr ied

o u 1  u s i n g  ( C p : T i t l ) .  (  t 0 7  m g .  0 . 6 0  n r m o l )  a n d  1 . 7 - o c t a d i e n e  ( 0 . 1  I

m l . 0 . 7 2  m m o l )  i n  t o l u e n e .  u s i n g  a  p r o c e d u r e  a n a l o g o u s  t o  t h a t  d c -
sc r ibcd  fo r  thc  r cac t ion  o f  ICp .T i ] l  r v i t h  e thv lene .  Thc  on ly  i den t i f i ed

ke ton ic  p roduc t  \ rAs  / ran . r -he rahydro indan-2 -one  (12 ) .  i r  1742  cm- r :

the  c i s - i son re r  l 4  and  hc rah l ' d ro indan-  l -one  cou ld  no t  be  de tec ted

in  thc  G l -C  t racc .  and .  i f  p rescn t ,  u 'e rc  fo rmed  in  l i e lds  l css  than

0.59, i , .
Reductions of zirconocene dichloride in the presence of ethylene and

norbornene were conducted in a fashion analogous to those of  t i ta-

noccne  d i ch lo r ide .  E thy lene  gave  on lv  l o lo  cyc lopen tanone .  The  v ie ld
oi  the kctone dinrer  was -5o/o wi th a sto ichiometr ic  amount of  norbor-

ncne and 8o/o when a tenfold excess was used. These y ie lds are based

o n  C p z Z r C l l .
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