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inexpensive route to tetramethylcyclopentenone (4), an in-
termediate also used in the previous synthesis.3 We have not
reproduced the second route.

Here we describe a fourth route to I and a particularly
convenient preparation of I -ethyl-2,3,4,5-tetramethylcyclo-
pentadiene (9) (Scheme III). This synthesis of I is based on
the work of Coniae and Eaton.l0 2-Butyl tiglate (6) is prepared
either by acid-catalyzed esterification of tiglic acid (5) or by
allowing tigloyl chloride to react with 2-butanol. Compound
6 is cyclized and dehydrated to tetramethylcyclopentenone (4)
using I : l0 solution of PzOs in methanesulfonic acid.l0 This
medium proved superior to PPA for this cyclization (see the
Experimental Section). Addition of methyll ithium to 4 and
dehydration of the resulting alcohol to I follow previous
syntheses.3.7 The synthesis of 9 begins with dimerization of
3-pentanone to 4,5-dimethyloctane-3,6-dione (7) by refluxing
with lead dioxide.l I This procedure is both more convenient
and safer than that requiring acetyl peroxide,l2 and it is not
necessary to isolate 7. After simple disti l lation of excess
3-pentanone, a base-catalyzed internal aldol condensation
converts 7 to 8; addition of methyll ithium and dehydration
affords 9. Compound 9 was characterized by NMR spec-
troscopy and by conversion to ethyltetramethylcyclopentadienyl
(EtMe+Cp) derivatives of titanium and iron ((EtMe+Cp)zTiClz
and (EtMe4Cp)uFe).

The relative merits of these new methods for preparation
of pentaalkylcyclopentadienes are based on cost and con-
venience. The most convenient of these four preparations for
large-scale work is that leading from 3-pentanone to 9 (method
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Pentamethylcyclopentadienyl (MesCp) anion is a useful
cyclopentadienyl congener in transition metal chemistry.l '2
Investigation of MesCpmetal compounds has been hindered
by the inaccessibil i ty of pentamethylcyclopentadiene (l).t ' :
The most commonly used synthols: (Scheme I) is inconvenient
and expensive and the optimal experimental conditionsa have
not been widely disseminated. Although specialized reactions
yield MesCpM derivatives,5.6 no general, large-scale prepa-
ration of pentamethyl- or other polyalkylated cyclopentadiene
derivatives has been available.

Burger et al. recently reported two short syntheses of MesCp
which are practical for large-scale preparations (Scheme II).7
The starting material in the first of these syntheses, hexa-
methyl(Dewar benzene) (2) is expensive and sensitive. We
have repeated the cleavage of 3 to I following the reported
methodT on a preparative scale and found it to be an efficient
and convenient method. The second procedure provides an
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Scheme I .  Synthesis of  Pentamethylcyclopentadienc ( l )  Based on
Butenyl l i th ium (Method 1 )  "o

O H H
E r l L r  \ /

/  2  74c io  - / , / . t t , '  c ro3-pv 'd ine
\\ //

/  \  3  H z o  
)  (  8 5 %

7 \ o / o  /  \

Inorganic Chemistry, Vol. 15, No. 2, 1976 467

Scheme I I I .  New Syntheses of  Pentamethylcyclopentadiene (3)
and E thy lte tramethylpen tadiene (9)
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Rcporte dScheme I I .  Syntheses of  Pentamethylcyclopentadiene
by Burger et  a l .?
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5).  Start ing mater ia ls are inexpensive and th.  pro. .dL,r .  i ,
easi ly carr ied out on a scale that  y ie lds 100-200 g of  9.
Al though organometal l ic  der ivat ives of  EtMe+Cp lack the
aesthet ic symmetry ai iorded bi '  MesCp, they have the
c o n r p e n s a t i n g  a d v a n t a g e  o f  h i g h e r  s o l u b i l i t y
((Et\{e+Cp):TiCl: is soluble in both toluene and hexane while
(Me:Cp):TiCl :  is  insoluble in these solvcnts) and lower
mel t ing  po in ts  (Cp:Fe,  1 l1o :  (MesCp) :Fe,  291-295" ;
(EtMerCp):Fe, I  45o; Cp:TiCl : ,  289-291o :  (Me-sCp):TiCl : ,
27  3"  ;  (E tMe+Cp) :T iC l : ,  200-201 "  ) .

Hexamethl ' l (Dewar benzene) (1) is not an inherent ly ex-
pensive mater ia l  and reduct ion of  i ts  current pr ice would
unquest ionably rendcr method 2 the best route to l .  Both
methods 2 and 4 produce I in comparable i ' ields (24o/o and
34026, respect ivcly) .  but  method 4 has the disadvantage that
an addi t ronal  step is required. Tigl ic acid is,  however,  less
expensrve than hcxamcthy' l (Dewar benzene).  Method 1 is
clearl,v- lcss convenienl. as a procedure to I than are methods
2 and 4.  We hare at tcmpted to prepare 2-butyl  t ig late (6)
direct ly '  I ' rom 2-bromo-2-butene, carbon monoxide, and 2-
butanol  fo l lowing the proceclure of  Heck et  a l . l r  but  have not
been ablc to prot luce morc than tracc amounts.

Al l  of  thc rncthods discussed have part icular appl icat ions
as Iarge-sculc preparal tor)  methods for pentaalkylated cy-
c lopcntad icnes .  S in rmet r ica l  cyc lopcntad ienes  are  ava i lab le

2  M € O H ,  K O H

3 8 % ( b o s o d  o n  p b O z )

(ex ccss)

(mi-r ture of  isomers)
9

(overall yield 28'/n)

from the appropriate starting materials in methods 3-5.
Varying degrees of substitution may be induced in method 3
by variations of aldehyde and/or ketone used and in method
4 by use of analogues of t iglic acid and 2-butanol. Method
5 generates a product of lower symmetry than Me.sCp. Of
course. substituents may be varied in derivatives made by
methods I .s bv the addition of alkyllithium compounds other
than methr l l i thium to the tetraalkylcyclopentenone, although
stcric hindrance mav become a problem with the more highly
subs t i tu ted  c )  c lope n tenones.

\ \ 'c  notc i inal l i  that  the procedure for preparat ion of
rnctal loccnes using l r th ium cyclopentadienide given in the
Experimcntal Section is superior to those previously reported
and is appl icable to pentamethylcyclopentadiene as wel l . la

Experimental Section
Thc fbllorirng chemicals rvere obtained from the indicated suppliers:

t ig l ic  acid.  3-pentanone. th ionvl  chlor ide.  methancsul fonic acid
(prac t ica l  g radc)  ( [ :as tman) :  P :O.  tVa l l inckrod t ) ;  2 -bu tano l
( . \ ld r i ch) .  rne th i l l i th iunr  ( in  E t :O)  and t i tan ium t r i ch lo r ide  (A l fa ) :
lead dior idc (Fischcr) :  polyphosphor ic acid (MCB).  l r  spectra were
taken using a P[:  Modcl  567 spcctrophotometcr.  and NMR spectra
using a Var ian T-60 spectromcter.  Mcl t ing points,  boi l ing points.
and pressures are uncorrected. Elcmental :rnalyses were pcrformed
bv Robcrtson l -aborator l .  Florham Park.  N.J.  Both MesCpH and
EtMctCpl- l  should bc stored at  - .10o.

2-Butyl 
-f iglate (6). \{ethod A. A mixturc oi 400 nl ol '2-butanol,

.100 nr l  o l ' to lucne.  16  g  (0 .16  mol )  o l ' t ig l i c  ac id ,  and 10  ml  o i
conccntralcd t l :SOr uas ref luxed ior  l8 hr nhi le separat ing water
i n  a  Dcan-S tu rk  t rap .  Thc  m ix tu re  r vas  coo led ,  c r t rac ted  once  w i th
1 0 0  m l  o f  w a t c r .  d r i c d  ( \ a : S O r ) .  a n d  c o n c e n t r a t e d .  T h e  r e s u l t i n g
o i l  u a :  d i s t i l l c d  t h r o u g h  a  J 0 - c m  h e a t e d  H o l z m a n n  c o l u m n  g i v i n g
6 5  I  g  ( 9 - 1 o i , )  o i  2 - b u t l l t i g l a t c  h a v i n g  b p  6 6 o  ( 8  T o r r ) .  l i 1 . l 5  [ p  $ 1 . - s o
( 1 7 ' I o r r )  N \ { R  ( ( ' D C l r ) :  6  ( T l V { S )  6 . 8 2  ( m .  l ) .  1 5 3  ( s c x t u n l c t ,
l .  J  .  6  t l t  ) .  l . l ( 5  ( s .  b r o a d . 6 ) .  l . . i l  ( q . 2 .  /  . , . , 6  H t ) . 0 , 9 0  ( d .  , 1 .
J  - .  6  [ ] z ) .  0 . 7 1  ( t .  . 1 .  J  ,  6  H t ) .

l l e t h o d  B . r i '  T i g l r c  a c i d  ( 2 5  g . 0 l - :  r n o l )  a n d  t h i o n l l c h l o r i d c  ( - i 7
g . 0 . l l l  m t l l ) r r c r c  h e a t c d  I ' o r  2  h r  o n  r r  s t c a n t  b a t h .  [ . . r c c s s  t h r t l n r ]
ch londc  \ \ r r \  ren to \cd  b r  cvapora t ion  a t  r cduccd  p rcssu rc .  l -bu tun , r i
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(25 ml) was added, and the mixture was heated unti l  the evolut ion
of HCI ceased. The result ing oi l  was dist i l led to give 35 g (89ozo) of
6 .

2,3,4,5-Tetramethylcyclopent-2-enone (4). Method A. 2-Butyl
t iglate ( l  5.6 g, 0.1 mol) was magnetical ly st irred with I  50 g of a I  :10
PzOs-methanesulfonic acid mixture (prepared by mechanically stirring
i part of PzOs into l0 parts of practical (95olo) methanesulfonic acid) l0
for 4 hr at room temperature. The deep red mixture was added
dropwise over 2 hr to 350 ml of water. and aqueous material was
extracted with 300 ml of pentane. The pentane solut ion was washed
once with 100 ml of saturated aqueous NaHCOI solut ion and once
wi th  100 ml  o f  saturated aqueous NaCl  so lu t ion,  dr ied (NazSO+),
and concentrated. Distillation gave 7 .6 g of 4 as a mixture of isomers
hav ing bp 100"  (30 Torr ) ,  l i t . l  bp 59.8 '  (3 .3  Torr ) ,  which was 92olo
pure by' glpc (50o/o yield).

Method B. A 2-t. flask fitted with a reflux condenser, a mechanical
st irrer, and a thermometer was charged with 600 g oi PPA and 90
g (0 .19 mol )  o f  2-buty l  t ig la te .  The mix ture was heared to  90o for
l0 minl7 and then quenched by the careful addit ion oi ice water. I ts
f inal color was deep red. The hydrolyzed reaction mixture was
extracted with pentane ( l  l . )  and the pentane solut ion extracted rvith
250 ml of I  1V aqueous NaOH solut ion. From the aqueous base. 9.6
g of impure t igl ic acid was recovered by acidif icat ion, extract ion. and
crystallization. The pentane solution was further extracted with rvltter.
saturated aqueous NaHCOI so lu t ion,  and saturated aqueous \aCl
so lu t ion.  Dry ing (NazSO+).  concent ra t ion,  and d is t i l la t ion gavc 26
g of  mater ia l  hav ing bp 51- ,58 '  (6  Torr )  which r . r ,as  8 lo /o  4  by GLC
(260/0\. This material was contaminated by' two highcr boiling fractions.
I t  was not  necessary  to  remove thesc contaminants .

1,2,3,4,5-Pentamethylcyclopentadiene ( l) .  To a solut ion of 26 g
(0.15 mol) of crude 4 ( irom the above preparation) in 300 mlof ether
maintained at 0o in an ice bath and magnetically stirred under nitrogen
was added 120 ml  o f  2 .2  M methy l l i th ium (0.28 mol )  us ing a syr ingc.
The mix ture was s t i r red overn ight .  Excess methv l l i th ium was de-
s t ro .n-ed by '  caut ious addi t ion o f  30 ml  o i  3-propanol .  The so lu t ron
was poured in to  water  and ext ractcd u ' i th  c ther .  and the combincd
organic lavers were treated with a few crystals (ca. I00 mg) of iodine .Is
Watcr  was a l lowed to  separate  for  2  h i .  The resu l t ing"so lu t ion was
washed nith 0.1 ,t1 NazSlO+ solut ion (400 ml) and sarurated aqueous
NaC l  so lu t i on  (150  m l )  and  d r i ed  (Na :SO l ) .  Concen r ra t i on  and
d i s t i l l a t i on  gave  15 .6  g  (75ozo )  o f  I  ( bp  51 "  (7  To r r ) .  l i t . t  bp  58 .3 .
( 1 3 . - 5  T o r r ) ) .  \ M R  I C D C I : ) :  6  2 . 5  ( m .  t ) ,  1 . 8 3  ( s ,  b r o a d .  l 5 ) .

Pentameth"v"lc.'-clopentadiene (Method 2\.1 e, mixture of 20 g (0.1 l2
mol )  o i  i  -acety  l -  1 .2 ,3 .4 .5-pentamethy lcyc lopentad ienc.6 l0  ml  (  0 .36
mol)  o f  e th l  lene g lyco l ,  and 0.3  g  o f  p- to luencsuI fon ic  ac id  hydrarc
was ref lured overnight while separating water in a Dcan-Stark trap.
The mix ture rvas coo led,  cx t racted once wi th  100 ml  o f  watcr .  tu ice
wi th  100-ml  por t ions o f  saturated aqueous NaHCO: so lu t ion,  and
once wi th  saturated aqucous NaCl  so lu t ion,  and dr ied (Na:SO+).
C--oncentrat ion at reduced prcssurc and dist i l lat ion gave l l  g (T2orr)
o i  3 .  bp 17"  (5  Torr ) .

3-Ethl- l-2,4,5-tr imethylcy-clopent-2-en-l-one. A mixrure of I  kg
(2.1  mol )  o i  lead d iox ide and 1.7  L  o i  3-pentanone was mcchanica l l l
stirred at reflur overnight. Yellow lead oxidc was removed bv filtration
and erccss - l-pentanone and watcr were rcmoved b,t" dist i l lat ion. The
residue u'as taken up in 1.5 l .  of methanol and st irrcd overnight with
-s  g  o l 'KOH. The base was neut ra l ized u, i th  7 .5  ml  o f  conccnt ra ted
t- lCl.  the mcthanol cvaporatcd at reduced prcssurc, and the rcsiduc
extracted with equal volumes of water, I  A' aqueous NaOH solut ion.
saturated aqueous NaHCO: so lu t ion.  and saturated aqueous NaCl
so lu t ion and dr ied (Na:SO+).  D is t i l la t ion gave 87 g (38" , r , )  o l8 .  as
a mix ture o f  isomers.  bp 8 l  -84"  (6  Torr ) .  I r  (CCl+) :  1694 (C:O) .
1642 (C:C)  cm l .  Th is  compound was not  charactcr ized fur ther
but  uas used d i rect l ,v .

Eth_v-ltetramethy lc.v-clopentadiene ( 9 ). C.v-cl ope n rc none 8 u,a s d ri ed
immediatel l  beiore use by passage through 40 g of crudc Woelnr
a lumina (act iv i ty  l ) .  A 2-1.  round-bot tomed f lask equipped for
magnetic stirring and fitted u'ith a precalibrated addirion l'unnel capped
uith a No-Air stoppcr was f lame-dried and purged with dr1, nirrogcn.
A f t c r  coo l i ng ,  174  g  (  l . l 5  mo l )  o l ' f r esh l r  d r i ed  8  and  4 -s0  m l  o f  d r r
c thc r  ue rc  l dded  d i r cc t l r  t o  1 f i g  f l ask  r i r r  cannu l l  und  rhcn  7_15  m l
(  l . l5  mol )  o f  1 .1  M c therea l  nrcrhv l l i th ium \ \ ,as  added ro  thc  addi r ion
funnel. again by cannula. Thc f leik wrrs immersed in an ice bath and
the methy l l i th ium added s lowl l  o 'c r  2  hr .  The mix ture * 'as  a l lowcd
lo uarm to room temperaturc and st ir  ovcrnight. Exccss mcthrl l i thiunr
*as dest rovcd b i  the caut ious addi t ron of  2-propanol ( r0  nr r )  and the
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ethereal solut ion was extracted with water. To the ether layer was
added 0.5  g  o f  iod ine.  Over  0 .5  hr  l8  ml  o f  water  separated.  The
etheral layer was extracted twice with 100-ml port ions of 0.1 M
NazSzO+ solution and twice with 100-ml portions of saturated aqueous
NaCl solut ion. dried (NazSO+). and concentrated to give 164.5 g of
l ight yel low oi l  (95olo crude yield). Dist i l lat ion gave 130 g (75olo) of
9  (EtMeaCpH) bp 59-61o (5  Torr ) ,  as  a  mix ture o f  isomers.  Th is
material was not further characterized but used directly in the following
reactions. I  9

(EtMeqCp)zFe. Ferrous chloride was prepared by stirring at reflux
0.97 g (6  mmol)  o f  FeClr .0 . l69 g  (3  mmol)  o f  i ron powder  (e lec-
trolyt ical ly reduced, 300 mesh), and 20 ml of THF (dist i l led from
benzophenone kety' l)  for 5 hr under argon. A 0.052 M slurry of
EtMe+CpLi  was prepared by the addi t ion o f  150 ml  o f  1 .10 M
methy l l i th ium to  a  so lu t ion o f  13.0 g  o f  EtMe+CpH in  20 ml  o f  dry
Et2O, evaporation of ether, and replacement with THF. An al iquot
of this slurry (42 ml) was added to the ferrous chloride preparation
at room temperature via svringe. The reaction was st irred overnight
at ref lux, quenched with water. and extracted with 200 ml of CHCI:.
Thc organic layer was washed with saturated aqueous NaCl solut ion,
dr ied (Na:SO+).  and concent ra ted to  g ive 1 .7  g  (53olo  crude)  o f
(EtMe4Cp) :Fe.  Three recry 's ta l l iza t ion f rom CHCIt -MeOH gave
clear yel low crystals (0 9 g), mp 14-5o (sealed tube). NMR (CDCI:):
6  2 . 1 6  ( q . 2 . /  =  7 . 6  H z ) .  I  7 0  ( s , 2 4 ) .  O . q  ( 1 . 6 ,  /  =  7 . 6  H z ) .  M a s s
spec t rum (70  eV) :  M+  '  l .  35 -1 .  I r  spec t rum (KBr .  g rn  t ) :  2960 ,
1900.  2860.  1170.  11.s0.  1420.  1175.  102-5.  Anal .  Calcd for  CzzHlqFe:
C .  7 . 1 . 5 7 :  t { .  9 . 6 7  F o u n d ;  C . 7 1 . 7 2 :  H .  9 . 7 3 .

(Et \ ' te ,+Cp) :T iCl : .  T i tan ium t r ich lor ide ( l -s .1  g .  100 mmol)  was
transfcrred in a dribor into a dry, 1-1. three-necked f lask f i t ted with
No-Air stoppers and equipped for magnetic st irr ing. The f lask was
removed from the dry'box. I 75 ml oi dry TH F was added via a syringe,
the f lask was f lushed with argon. and one stopper was replaced with
a rc f lux  condenscr .  A suspens ion of  EtMe,rCpLi  in  THF prepared
as dcscribed above (375 ml. -100 mmol) was added via syringe at room
tcmpcrature and thc n t ix turc  was re f luxed overn ight .  Af ter  coo l ing
o l ' thc  mi r turc  to  0o rn  an icc  bath.  500 ml  o f  l2  rV HCI  was added.
thc rcsu l t ing dark  red so lu t ron was cxt racted wi th  I  l .  o f  CHCI: ,  and
the organrc phasc uls dried l \a:SO.r).  Evaporation gave 25.5 g (6lolo)
o f  (H tMerCp) :1  r ( ' ) :  Rec r i s ta l l i za t i on  f r om CHCI ' I -MeOH gavc
lus t rous  pu rp le -b roun  c r r s ta l s .  mp  20 ( ) . - 5 -201 " .  NMR (CDCI : ) :  6
2 . 5 0  ( q ,  1 . J  =  I 6  H z ) .  1 . 0 - l  ( s .  l 1 ) . 0 . 9 5  ( r . 6 ,  " /  

=  7 . 6  H z ) .  M a s s
spec t rum (70eV) :  \ ' l + . . 116 .  I r  (KBr . cm t ) :  2960 ,2900 ,  1450 .  1430 ,
1390 ,  1380 .  1365 .  1048 .  1020 .  Ana l .  Ca l cd  f o r  C : :H r+C l :T i :  C .
6 3 . 3 2 ;  H .  8 l l :  C l .  1 6  9 9 .  F o u n d :  C .  6 3  2 5 :  H .  8 . 4 8 1  C l .  1 7 . 2 5 .
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