
of tlira bluc color was noted. For tlic introduction of iron, 
:iliquots of it stock solution of 0.1 g. of anhydrous ferric: 
chloride in 100 ml. of tetrahydrofuran were addod. Thus for 
example, in onr c:speriment nbing t-butyl dcohol, 1 1111. of 
this solution \\'us added; assuming that the liquid voluinc!: 
ar(2 additive, this is eqnivalrnt, to 0.001 nig. of iron per nil. 
of reaction mixture which \ye regard, for convenience, us 
equivalent to 1 p.p.ni. Corresponding aliqiiots were taken for 
other iron concent.rations :tiid experiments using the other 
alcohols. In  cases vhere the reaction times were very short 
(< 10 inin.), the :ilrohol and/or  ferric chloride were added 

last to the other reagents so ns to avoid the time normally 
required for the metal to ',nielt" in the reaction mixture. 

The effect of iron on the Birch reduction of estradiol 3- 
methyl et>her vas studied using 6.5 g. of the steroid and the 
quantities of other reagents (t-biityl alcohol !as proton donor) 
given directly above. Lilcewise the addition of definite 
amounts of iron was done in a fashion similar to that  
described. The products were isolated and analyzed for 
unreduced starting material as described earlier. 

CHICAGO 80, ILL. 

Preparation of Substituted Ferrocenes from 
Fulvenoid Compounds' 

1,2-Diaro \~ l~ :~c lo~~c~i i tad ie i ic~~ readily form sulistituted c~!-rlo~eiitadir~~i(le ions with bases, but these anions do not react 
with ferrous chloritlt? to j,ieltl suht i tuted ferrocenes. Howvrr ,  prior rediirtion of the carbonyl groups with lithium aluminum 
hydride followed I)!. treatinent with ferrous chloride yieldp 1.1 ',',2'-tetrat)eri~ylferrocenes. T'nsubstituted tetrabenzyl- 
ferrocene and a scarier of srihstituted tetmbeiizylferroceIir~~ wew prepared. T h r  xi1)stituents. on all four benzyl groups in 
each case, inrlutlrrtl p-inc:thyl, p-fliioro, o-rhloro p-rhloro, )Jt-hrotiio, and p-l)roino. 

t1ciiioiistlatc.d t o  oxist to  iiii cxtent grenter thaii SOYo 
iii the hydrogen tmidcd eiiol forin, 11. 

l>i:iroylcyclopeiitadieiies rr:idily form salts with 
strong Iiases; this suggested :I possible m i t e  to  
tctr:iiiroylfcrrn(~ri~es. IIT, by rrwt ion with ferrous 
ioiis. So diffiviil ty \vas cwcwiiiitc~rcd in preparing 
salts of tlil,riixoyli.y(~lo~)~iitadieiir; however, thrk 
irsiilt iiig aiiion f:tilrd i i i  id1 :Ittempt s to "saiid\vi(~h" 
with iroii. 'I'hc iittcrnpts c~mployrd :IS bases phenyl- 
lithiiiin i i i  cthcr, socliiiin ethoxidc iii ethanol, and 
tliethylaiiiiiic. :is both haw arid solvent, Oidy rr- 
c ~ n ~ r y  of clil~c~iizoyl~~yclopeiitadiriir resulted with 
the phc.iiyllithiiini aiid with sodiuiii ethoxide, whil(> 
tliethylamiiie produvcd only tars. Apparently thr  
p i  clrc7troiis in thc  dibc.iizoyl(:yc~lopeiitadieriide ioii 

:LIT too drlocalizcd for rffecti\.e sandwiching. 
The fniliires of tht. :hut rrartioiis \WIT :~scribetl 

to  ewrssiv(> cleloc~aliaat inii of thr pi ralectroiis 
fo i .  thr saiidn.icbhiiig rraction ivith friv)iis chhlorid(s. 
. h o r d i  ugly, i i i  ordcr t ( 1  vi i-ri iiiiveii t t h i.s d i f h  11 t y 
:tiid to iiicwasc. t h t i  :i\xil:it.)ility of tho riiig (>lecti.oiis, 
thc curlwiiyl groiips of  tlil~c~iixoylc.~-c.lopclitaclieii~~ 
TUW i * c d i i c d  wi th  lithiiiin :diiniiiiiiiii hydride prior 
to saiidnichiiig. l'hc rcdiiotioii inisttire in ether was 
directly iiitrodnc8c.d to alihydrow ferroui. cshlorictc i l l  

tctrahydrofuraii, :~iid from thr iwultiiig rwctioil 
was isolated 1 , I ',2,~'-trtral)t.iixylf'c~rI.oc.t.iic, IVa, 
in 1:3%, yield. 

The generality of this prucedure as a method fur 
preparing tetrahciizylferroceiics of  knowii substi- 
tution pat terns \vas wtablished hj. preparing simi- 
1:ir dcriviltivcs st:irting ivith siitwtitriird benzoyl 
c~hloridcs. S1:trtiiig \vit,h p-inrth?.l-, p-fliioro-, O- 

rhloro-, p-vhloro-, miironio-, and ~ ~ - h r o i i i o I ~ t - ~ i i z ~ ~ ~ l  
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TABLE I 
DIAROYLCYCLOPENTADIENES 

- Tield,a Calcd. Found 
Compound % M.P. Formula C H C H 

1,2-l)i(pfluorobenzoyl)- 75 174-175 CIOHIZOZF~ 73.54 3.90 73.84 4.18 

1,2-Di(m-bromobenzoyl)- 74 139.5-140.5 Cl~HlzOzBrz 52.81 2.80 53.44 2.60 

1,2-Di(p-bromohenzoyl)- 15 172-174 CloHl?OzBrl 52.81 2.80 52.35 2.81 

1,2-Di( p-iodohenzoy1)- 65 192-193 CIPH~ZOZL 43.37 2 30 43.40 2.07 

cy clopentadiene 

c yclopentadiene 

cyclopentadiene 

cyclopentadiene 

a Based on acid chloride. 

' 0  
F=O It 

I 
I ,O 

c--0 
I 

IVa. S = H 
h. X ==o-Cl e. S =v-F 
c. X = p-Cl f .  X = ro-Br Ar 
ti. X p-(:HJ g. X = p-Rr IT1 

ohloridc, the corresponding diaroylcyclopeii tadieries 
were prcptwed, and from these the corresponding 
substituted tetraberizylferrocen~s were obtained in 
yields usually ranging from 25-30%. All of the 
tetrabenzylfcrrocencs were yellow, easily crystal- 
lized solids. Only 1,2-di(p-iodobenzoyl)cyclopenta- 
diene failed to yield sufficient amoimts of the tetra- 
benzylferrocene to be characterized. 

Table I lists the d iaroylcyclopentadienes pre- 
pared that were not reported by Linn and Sharkey ; 
Table I1 lists the tetrabenzylferrocenes. 

~~XPERIMEXTAL 

A l l  iiiclting 1)oints are iiiicorrertcd. 
Analyses were performed by Rlicrotcch LaLoratorics, 

Skokie, Ill., and by Kenneth L. Shepard in this Depart- 
ment. 

l,$,-Diaroylcyclopentadienes. The dibenzoylcyclopenta- 
dienes were prepared essentially by the method of Linn and 
Sha.rkey.8 To a solution of pheny1lit)hium (0.02 mole) was 
added an equimolar quantity of cyc1opent:tdime in dry ether 
solution. To this reaction mixture was then added dropwise 
an equivalent amount of the aromatic acid chloride a t  room 
temperature After stirring for 15 min., the mixture was 
treated with dilut>e acetic acid and the layers separated. 
The ether layer was extracted several times with dilute 
acetic acid, and the volume reduced to about half. Addition 
of about an equal volume of 90% ethanol, followed by further 
reduction of the volume at 55", yielded, on cooling, yellow 
crystals of the diaroylcyclopentadiene. Most of the diaroyl- 
cyclopentndienes were recrystallized from pctroleuin ether 

Allenapterl prepulnliotas of telrclbenzylf~rrocene. JCquin~o1:i~ 
c1iiantit)ies of pher~yllithiuin :tiid dibe~izoylcyc1opent:tdienr iri 
ether solutions werc mixed arid stirred for 1 hr. Thc mixture 
wns added to an cqriivaient quantity of ferrous c,hloride 
(anhj~droiis) in tetr:1li!.drofur:iii. Aft8c,r stirring for I lir., tlic 
niixtiirc \v:w filtered aid tre:ittd w i t h  tliliitc. hy(1roc:hloric 
:wid. J3v:tpor:Ltiori or the solvent licltlcd o d y  tho st:trting 
di~)rrizoylc?.clop(,ii t,adiviic. 

:\ siniilar proodure w:is i i s e d  v i l , l i  s o c l i i i ~ i r  i ~ ~ ~ t i i ~ x i t l t : ~  i i i  

c~(8hanol :IS the Ime.  Thc rraction \ \ i t t i  fc,rroris c~hloritlv wiis 

:illowti to reflux for 3 hr., I J U ~  again only starting iiixteri:tl 
\VIIS ob taincd. 

The reaction betnecii dibenzoyluvc:lo~)eii~adi~,nf, and fvr -  
rous chloride in diethylamine was allowed to stir overnight. 
Evaporation of the solvent after filtration yielded a black tar 
which was taken up in methylene chloride arid was treated 
with sodium hl-drosulfite. Evaporation of the solvent yieldcd 
a solid that appeared to be polymeric and contained no iroii. 

1,1',2,2'-2'etmbenzlll~c~rocenc. To :I soliltion of 1.:12 E. 
(0.035 mole) of lithium aliiminum hytlridr in 100 nil. of dry 
t'ther was added 7.0 g. (0.0255 mole) of solid dibrnao).lcwlo- 
pentadiene. The reaction that ensiied brought the s).sttwl t,o 
reflux. After 2 hr. a t  reflux, the mist im,  ccntaining a ) c l lo \~  
precipitate, xas  transferred undc3r nit,rogen to a mixtiirc: of 
anhydrous ferrous chloride (0.0127 mole) in tetrahydrofurail. 
The reaction mixture turned brown and was allowed to re- 
flux for 2 hr. \T-ater and dilute hydrochloric acid were added 
t o  hydrolyze the inorganic salts, and the ether layer was 
separated. The ether layer was washed thrcc times with 
water and was dried over magnesium sulfate before the et'her 
was evaporated. The residue was chroniatogrnphed on alu- 
mina with benzene-lOc/;? ethanol. The yellow crystals ob- 
tained were recrystallized from acet.one. The yield was 0.93 
g., 13 yo, m.p. 1 54.5-1 555'. 

(b.p. 60-110'). 
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‘I’.” I1 
‘YETRbSUBSTITUTED FERROCENES PREPARED I,ROM L)IAROYI~CTCLOPENTADIE~ES 

Found Yield, Calcd. - 
Compound 5% x p .  Forinula C H C H 

1,1’,2,2 ’-Tetrahenzylferrocene 

1,1’,2,2’-Tetralris(p-iiieth)-lbeiiz~l) - 

1,1‘,2,2’-Tetrukis(o-chloroi,enzyl)- 

1 ~ 1’,2,2’-Tetrakis(p-~hlorobenzyl)- 

1,1’,2,2’-Tetrakis(p-fluorobenzyl)- 

1,1’,2,2’-Tetrakis(m-bromobenzyl)- 

1,1’,2,2’-Tetrakis( p-hromohenzyl) - 

ferrocene 

ferrocene 

ferrocene 

ferrocene 

ferrocene 

ferrocene 

1 3 154.5-155.5 

25.5 1 0 1-1 0 2 a  

10.7 163.5-164.5 
1 1 7-118 

25.7 169-171 

30.5 142-143 

24.4 117.5-118 

0 .5  207-208 

CssH&e 83.51 6.27 83.20 6.22 
83.44 6.33 

Ci2H42Fe 83.71 i . 0 3  83.32 7.12 

C38H&14Fe 66.69 4.42 66.52 4.40 

CssH~oC1,Fe 66.69 4.42 66.75 4 33 
67 08 4.58 

C38H30FIFe 73.79 4.89 73.66 5.03 

C3aHaoBr4Fe 52 04 3 . 5 1  53.26 3.53 

C38H30Br4Fe 52 94 3 .51  53.11 3.85 

0 Compound nielts a t  lo lo ,  resolidifies at 102”, and melts finally at 117-118”. 

The other tetrahenzvlterrocenes were prepared by almost 
identical procedures froin diaroylcyclopentadienes prepared 
from the appropriatP1v s i i l d t u t e d  benzoyl chlorides. The 
recrystalllzatlon solvents lispd with the substituted corn- 
1,ounds were as follows: p-methyl, ethanol; o-chloro, ethyl 
acetate; p-chloro; acetone; p-fliioro, acetone-water; m-bromo, 
acetone; p-bromo, benzene. 
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Preparation of Heteroannular Disubstituted Ferrocenes from Fulvenes 
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J,ithiuiii : t I i i i i i i i i i i i i i  Iiydritle wis :tcltled to the ex0 double boiids of dirnctli,vlfiilvc~iie xud diphenylfulvcn~, followed by t.real- 
iiient with ferrous chloride to  produce heteroannular diisopropylferrocene and dibenzhydrylferrocene, respectively. Addition 
of phrnvllit,hium t,o dimethylfiilvene, followed by treatment with ferrous chloride similarly gave heteroannular bis( 0 1 , ~ -  
(limrthylbenzyl)ferrocciic. Phenyllithiuin addition to diphenglfulvene, howvevcr, did not givc tjhe expectled bis-triphenyl- 
iiic~thjdferrocene upon trorttment with ferrous chloride. The structure of the product obtained was not determined. Bistri- 
j i l i c , r i~ ln io th3l fe r ro~~n(~  W H S ,  Iiowovcr, obtained froin t r iphenyl ine th~~lc~cloper i t~dic~ic  :tnd ferrous chloride. 

’The aromatic nature of a cyclopentadienide iori 
cndows the ring with a stability that enables ful- 
venes to react with several reagents as pseudo 
ketones, the five-membered ring with its ability to  
accommodate a negative charge performing as the 
carbonyl oxygen. Figure 1 summarizes four reac- 
tions of fulvenes that are analogous to ketone reac- 
tions. Lithium aluminum hydride adds to the ex0 
double bond of alkyl- and arylfulvenes to yield sub- 
stituted cyclopentadienide ions’; phenyllithium 
likewise adds to fulvenes2 in an analogous maimer to 
carbonyl addition. With strong bases such as tri- 
phenylmethide or sodium amide, alkylfulvenes lose 
protons3 in a manner analogous to enolization; and 
with sodium nieta1,4 reductive coupling occurs, as in 
pinacol formation from ketones, to form dianions. 

(1) K. Ziegler, H. G. Gellet, H. Martin, and J. Schnider, 
.1 un , 589,91 (IM4). 

( 2 )  I<. %ir,glc*r tmd \V. Schnfer, A m . ,  511, 101 (1934). 
(.1) \V. hrhli~iil, :mtl  13. lkrgni~tnn, Ann., 479, 58 (1930). 

- 

All of these reactions offer routes to substituted 
ferrocenes, simply by treating the products with an- 
hydrous ferrous chloride. The purpose of the present 
communication is to present the details of the use of 
the first two of these reactions for the production of 
ferrocenes. Concurrently, the authors5 and Pauson6 
report,ed results of preparations of disubstituted 
ferrocenes by these routes in preliminary communi- 
cation form. Pauson also reported the use of po- 
tassium amide on dimethylfulvene for preparation 
of dialkenylfulvenes, and Pruett’ has found that the 
fourth reaction produced bridged ferrocenes whose 

(4) \I-. Schlenk and E. Bergmann, Ann. 463, 63 (1928); 
479,42 (1930). 

(5) It. C. Koestler and N. F. Little, Chem. &. Ind. (Lon- 

(6) P. L. Pnuson and G. R. Knox, I’roc. Chent. Soc., 280 

( i )  R. L. I’ruett, personal communication. 

don) ,  1589 (1958). 
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