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69.5', reported'' m.p. 67.5"; p-chloroazobenzene, m.p. 
88-89', reportedl? m.p., 87.5';. p-bromoazobenzene, m.p. 
88-90", reported" m.p. 89"; p-iodoazobenzene, m.p. 105- 
107', reported's m.p. 105'; pmethylazobenzene, m.p 69- 
i l  O ,  reported10 m.p. 71-72'; p-phenylazobenzene, m.p. 
154-155', reported20 m.p. 150', and m-trifluoromethyl- 
azobenzene, m.p. 38-39', reported21 m.p., 37'. 

The azobenzenes prepared from aniline and the appro- 
priate substituted nitrosobenzenes were: p-nitroazobenzene, 
1n.p. 132-134', reported" m.p. 134-135'; m-trifluoromethyl- 
azobenzene, m.p. 38-39'; and o-chloroazobenzene, m.p. 

Anal. Calcd. for C.zHSNzC1: C, 66.52; H, 4.19. Found: 
C, 66.60,66.79; H, 4.28,4.17. 

Ferrorenylazobenzenes. The ferrocenylazobenzenes were 
prepared by the same methods as the azobenzenes, using in 
each case the aminophenylferrocene and a 10% excess of 
the appropriate nitroso compound. Their properties and 
analyses are listed in Table I. The ferrocenylazobenxenes 
dissolve in alcohol to give colored solutions varying from 
orange to reddish purple. They are soluble in concd. hydro- 
chloric acid to form red solutions. 

p-Ferrocenylazobenzene was also prepared directly from 
ferrocene and p-aminoazobenzene. A solution of 9.3 g. (0.05 
mole) of ferrocene was prepared in 27 ml. of concd. sulfuric 
acid, to yield the ferrocinium ion, and this solution was 
poured on crushed ice. To this solution was added a solution 
of diazotized p-aminoazobenzene in acetic acid, prepared 
from 9.9 g. (0.05 mole) of paminoazobenzene in acetic acid 
with sulfuric acid and a 10% excess of sodium nitrite a t  
-3'. The mixture was brought to room temperature with 
stirring overnight. Work-up involved chromatography on 
alumina (benzene). pFerrocenylazobenzene was obtained 
in 21% yield, based on recovery of 38% of the ferrocene. 
The infrared spectrum of this product was identical with 
that prepared from p-aminophenylferrocene; a mixed 
melting point showed no depression. 

29-31'. 

(17) E. Bamberger, Ber., 29, 102 (1896) 
(18) E. Noelting and P. Werner, Ber., 23, 3252 (1903). 
(19) C. Mills, J. Chem. Soc., 67,925 (1895). 
(20)  P. Greiss, Ber., 9, 132 (1876). 
(21) V. P. Chernetskii, L. M. Vagupolskii, and S. B. 

Serebryanyi, Zhur. Obsl,chei Khim., 25, 2161 (1955); Chem. 
Abstr., 50, 8661 (1956). 

Several nitroso compounds failed to couple with the amino- 
phenylferrocenes. p-Nitroso-N,N-dimethylaniline, p-nitro- 
soanisole, and m-nitrosotoluene yielded with the amino 
compounds intractable tars. 

Attempts to diazotize m-aminophenylferrocene and p- 
aminophenylferrocene and to couple with N,N-dimethyl- 
aniline failed. In both cases it is doubtful that the diazonium 
salt was obtained. This is not surprising in view of the 
report of failures by Nesmeyanov22 to diazotize p-amino- 
phenylferrocene. 

Spectra. The spectra were obtained with a Cary Model 14 
instrument. The solutions were prepared in absolute alcohol 
in about 10-6M for the ultraviolet spectra and about 10-4M 
for the visible spectra and were allowed to stand overnight 
in the dark to assure the trans form of the azo compounds. 
Although attempts to detect cis and trans isomers of the 
ferrocenylazobenzenes by chromatography on alumina gave 
no evidence of these two types of isomers, it was deemed 
desirable to allow these solutions to stand in the dark 
overnight in view of reports of changes in the spectra of 
azobenzenes upon exposure to light.za*24 In view of experi- 
ence the authors have had with decomposition of solutions 
of acetylferrocene and other derivatives of ferrocene on 
standing in acetonitrile, the ferrocenylazobenzene solutions 
were examined for decomposition on standing. No changes 
n'ere observed in either the absorption maxima or the ex- 
tinction coefficients of these solutions over a period of several 
days. 
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Treatment of mixtures of bisacetylferrocene and benzaldehyde with 5% aqueous-ethanolic sodium hydroxide produced a 
yellow product and a red product, which were evidently mono- and dibenzaldehyde derivatives respectively. The structure 
bf the red product was established as the dibenzal derivative of bisacetylferrocene but that of the yellow product was not 
determined. Some evidence was obtained that the latter compound had a cyclic vinyl ether structure. 

It has previously been shown8 that acetyl- 
ferrocene (I) and benzaldehyde undergo the alkali 

(1) Supported in part by the Office of Ordnance Research, 

(2) Esso Research and Engineering Company Fellow, 

(3) C. R. Hauser and J. K. Lindsay, J .  Org. Chem., 22, 

U. S. Army. 

1057-1958. 

482 (1957). 

catalyzed aldol type of condensation accompanied 
by the elimination of water to form the benzal 
derivative 11. 

It therefore seemed possible that bisacetylferro- 
cene (111) and benzaldehyde would undergo this 

(4) We are indebted to Dr. R. L. Pruett, Union Carbide 
Chemicals Company, South Charleston, W. Va., for a gener- 
ous sample of this compound. 
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type of condensation to give the mono- and diben- 
zal derivatives IV and V respectively. 
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Actually treatment of mixtures of diketone 111 
and benzaldehyde with 5% aqueous-ethanolic so- 
dium hydroxide produced a yellow product and a 
red product, the analyses of which were satisfactory 
for mono- and dibenzaldehyde derivatives, respec- 
tively. As might be expected on this basis, the pro- 
portion of the yellow product decreased and that of 
the red product increased as the nuniber of molecu- 
lar equivalents of benzaldehyde were increased 
(Table I). 

TABLE I 

BISACETYLFERROCENE (111) WITH VARIOUS 
EQUIVALENTS OF BENZALDEHYDE 

YIELDS OF YELLOW AND RED PRODUCTS FROM 

Yellow Prod., Red Prod. 
CsHsCHO Yield, (V) Yicld, 

Equiv. %" % 
1 GG-68 6-13 
2 60 23 
4 22 72 
6 5 75 

a Calculated as a monobenzaldehyde derivative. 

Evidence was obtained that the red product was 
indeed the dibenzal derivative V but that the yellow 
product was an isomer or a polymer of structure IV. 
In  Table I1 are summarized some significant bands 
of the infrared absorption spectra of the red and 
yellow products and of certain related compounds. 

It can be seen from Table I1 that the infrared 
spectrum of the red product was almost identical 

TABLE I1 
INFRARED ABSORPTION SPECTRA OF THE RED AND YELLOW 

PRODUCTS AND RELATED COMPOUNDS ( P O  

Satu- Satu- 
Red Bensal Benzal- rated rated Yellow 

Product Deriva- aceto- Ketone Ketone Prod- 
Va tive IIa phenoneb VIc VIIc uct" 

- 3.24 
6.03 6.03 6.0 5.87 5.88 6.00 
6.23 6.23 G.2 - - - 

- 6.77 6.79 - 
- 7.15 7.15 - 

- - - - 

- - - - 
7.75 7.75 7.6 7.65 7.64 7.80 

- 8.05 
8.95 - - 9.0 
9.90 - 

- - - - 
- - 

- 9.98 - - 
10.20 10.20 10.30 10.09 10.11 10.10 
- - - 11.27 11.36 11.24 

- 14.16 
14.6 14.6 14.5 

Infrared spectrum determined in potassium bromide 
pellet. Ref. 5. Infrared spectrum determined in carbon 
tetrachloride solution. 

14.3, 14.1, 13.5, - 

with that of the benzal derivative of monoacetyl- 
ferrocene (11) and similar to that of benzalaceto- 
phenone16 both of which are structurally analogous 
to V. All three compounds showed bands a t  6.2 p 
and at  about 14 p ,  which may be ascribed to the con- 
jugated carbon-carbon double bond6 and to the 
monosubstituted benzene ring' respectively. The 
9-10 y bands exhibited by I1 but not by the red 
product (or benzalacetophenone) are attributeds 
to  the unsubstituted cyclopentadienyl ring of 11. 

Further support that the red product had struc- 
ture V was obtained by its molecular weight and 
by hydrogenation of the carbon-carbon double 
bond over palladium-charcoal, about 1.5 molecular 
equivalents of hydrogen being absorbed. The prod- 
uct was presumably the saturated ketone VI 
(51%) , since its infrared spectrum showed carbonyl 
absorption at  5.88 y and no band in the region of 
6.2 p for a carbon-carbon double bond conjugated 
with the carbonyl group (see Table 11). 

, 
Fe 

I 

COCH,CII?C,H, 

VI 

As a model for such a hydrogenation, benzsl 
derivative I1 was treated similarly, approximately 
one molecular equivalent of hydrogen being ab- 
sorbed. The resulting saturated ketone VI1 (89%) 
(5) L. J. Bellamy, The  Infrared Spectra of Complex Mole- 

(6) See ref. 5, p. 136. 
(7) See ref. 5, p. 76. 
(8) See P. L. Pauson, Quart. Revs. (London), 9, 391 

cules, John Wiley and Sons, New York, 1958, p. 89. 

(1955). 
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was independently synthesized from ferrocene and 
hydrocinnamoyl chloride (Scheme A). 

Scheme A 
n 
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I 
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The infrared spectra of the two saturated ketones 
were almost identical, except for the usual absence 
of the 9-10 p bands in the spectrum of VIs (see 
Table 11). As these spectra were determined in car- 
bon tetrachloride solution, the phenyl absorption 
was obscured by the solvent. The spectrum of ke- 
tone VI1 was also determined in a potassium bro- 
mide pellet, in which strong phenyl absorption was 
observed in the 14 ,u region. These results are con- 
sidered to establish the structure of the red product: 
as V. 

Incidentally, the method of preparation of benza1 
derivative I1 from monoacetylferrocene (I) and 
benzaldehyde was improved to give I1 in yields of 
94--967l, instead of the 65-697, yields reported 
earlier. 

It can further be seen from Table I1 that the in- 
frared spectrum of the yellow product was not con- 
sistent with structure IV. Thus, although a car- 
honyl band was shown at 6.0 p, no band was ob- 
served in the region of 6.2 p for a conjugated car- 
bon-carbon double bond. Instead, several bands ap- 
peared that 11-ere not exhibited by the cr,fl-unsatu- 
rated carbonyl compounds. As the analysis of the 
yellow compound called for a monobenzaldehyde 
tleriyative, an isomer or polymer of IV is suggested. 
,i conceivable isomer would be VI11 or IX, which 
might have arisen through intramolecular conju- 
gate addition involving the oxygen or carbon reso- 
iiance forms of the intermediate anion respectively. 

cwiceiuable dimer would be X or XI, which might 
hare arisen through intermolecular conjugate addi- 
t i c i n  of the two resonance forms of the anion. 

;Is T'III and IX may correspond to ai1 eight- or 
iiine-rwmbered ring and X and XI to a 16- to 18- 
iiiemberrd ring, the latter might appear more likely 
weii though an intermolecular (widensation would 
first be required. Of (wurse all the cyclizations 
mould require the cis-c.oiifigiirution ( i .~.,  with thch 
two groupb on thc same side) whiteh appears to  bp 
the norinal coiifiguratloil (if at least c.rrt;tin ferro- 
(sene derj~-atives.~ Even if mine ferroceiie winpounds 

I 
/CH- 

I 
Fe 

Fe 
1 

X 

I l 

& I  COCH&HCH?CO 

CsH5 
XI  

were normally in the trans-configuration, there 
seems to  be free rotation around the iron in solution 
a t  normal temperatures.I0J1 

Because the yellow product had a relatively high 
melting point (>300") and a relatively low solubil- 
ity in such solvents as refluxing ethanol, benzene, 
carbon tetrachloride, tetrahydrofuran, and di- 
methylformamide, a dimer or even a higher poly- 
mer was indicated. Unfortunately, attempts to  de- 
termine the molecular weight of the yellow product 
mere unsatisfactory because of its insolubility in 
the usual cryoscopic and ebullioscopic solvents. 

Although the structure of the yellow product was 
not established, its infrared spectra appeared to  in- 
dicate the presence of a large ring ether group as in 
VI11 and X but not in IX and X I  (see Table 11). 
Thus, the product showed a strong band at  8.05 p, 
which corresponds to bands in the region of 7.87-8.1 
p reported for this type of group.12 1210reover, the 
product gave weak bands at 3.24 p and 11.24 p, 
which seem attributable to the a.u-disubstitiited 
ethylenic linkage fourid in VI11 and X, as bands 
in these regions among others h a w  been observed 
for compounds having such a group. l 3  While the 
former band might also have beeii due to carboii- 

(9) See D. A. Semenov and J. D. Roberts, J .  A r r r .  Chrtri. 

(10) See &I. Rosenblum and I< H. I\ ood\\md, J .1 ~ t r  

( 1 1 )  1-11 T Striirhkov, Zhio O/t.shchP/ Khrttc , 27, LO:<!) 

Noc., 79, 2741 (1957). 

( 'hem Soc ,go, 5143 (1958). 

( 1 2 )  see ref. -5, pgt' I 1-1. 
(13) See ref. 5 ,  page 51. 

( I  % 5 i ) .  



NOVEMBER 1960 ALDOL CONDENSATION OF BISACETYLFERROCENE 1985 

hydrogen stretching iu the ferrocene nucleus,* the 
nonferrocene type of vinyl ether XIP4 likewise 
showed a band at 3.23 p (and a t  3.55 p )  for the 
methylene double bond group. The band for the 
vinyl ether group in XI1 appeared at  9.0 p,  but this 
shift in value might be attributable to the presence 
of the nitro group. 

OCH? 
I 

P - N O ~ C ~ H ~ C = C H ~  
XI1 

Indirect evidence was obtained that the yellow 
product had only one ketone group per ferrocene 
nucleus in agreement with structures VI11 and X. 
Thus, the product gave a monophenylhydrazorie 
and a mono-2.4-dinitrophenylhydrazone on treat- 
ment with large excesses of phenylhydrazine and 
2,i-dinitrophenylhydrazine respectively. No di- 
phenplhydrnsone or di-2,4-dinitrophenylhydrazone 
was found. 

It should be mentioned that when a suspension 
of the yellow product in glacial acetic acid coii- 
taining 5% hydrochloric acid was heated a t  reflux 
temperature for two hours under dry nitrogen, 
decomposition occurred. However, no pure com- 
pound was isolated. 

EXPERIMENTAL" 

Condensation of bisacetylferrocene (111) with benzaldehyde. 
This condens:ttion was effected with various molecular 
equivalents of benzaldehyde by means of dilute aqueous- 
ethanolic sodium hydroxide to form yellow and red prod- 
ucts, the yields of which are summarized in Table I. Experi- 
ments are described below employing 1 and 6 equivalents of 
the aldehyde. 

( A  ) W i t h  otLe equicalent of benzaldehyde. Preparation of 
yellow product. To a stirred solution of 1.6 g. (0.04 mole) 
of sodium hydroxide in 10 ml. of water and 125 ml. of 95% 
ethanol was added 10.8 g. (0.04 mole) of bisacetylferrocene 
(111). As soon as the diketone had dissolved, a cold water 
bath (approximately 15') was placed around the flask, and 
4.2 g. (0.04 mole) of freshly distilled benzaldehyde was 
slowlvly added to the solution. The resulting deep red solu- 
tion was stirred for 80 min., during which time a pink 
precipitate formed. St>irring was stopped and the solution 
was allowed I O  &nd overnight in the refrigerator. The 
pink-yellow solid was co1lect)ed and xashed with water 
until the washings were neutral to litmus. Recrystallization 
from ethanol-benzene gave 9.6 g. (66%) of the yellow com- 
pound as golden feathers, m.p. >300", the analysis of which 
was satisfactory for :I nionohenzaldehyde derivat>ivr of bis- 
wet ylferrocent:. 

. inal. Calcd for C~,H,,O,Fe: C, '70.41; H, 5.06; Fe, 15.53 
Found: C, TO..J8; H, 5 11: Fe, 15.74. 

Concent,rntion of the filtra,tc. precipitated 1 .O g. (6%) of 
the bis-or,~-uric:it~irntrti ketone 1- a R  small, red rryst,als, m.p. 

( B )  W i t h  si.r eyuioalents of benzoldehyde. Preparation of 
bis-or,P-unsal7onfeo! ketone 1'. To a stirred solution of 6 g. 

(14) We are indebted to 1)r. Frank G. Young of Union 
Carbide Chemicals Co., Sout,h Charleston, W. Ira.., for tshe 
infrared spectrum of this compound. 

(15) Analysos are by Galbraith Laboratories, Knoxville, 
' rem.  hlelting points are inicorrected. Infrared spectra were 
obtained on a l.'erkin-Elmer Model 21 Hpectrophotomet,er. 

206-209'. 

_ _ _  

(0.150 mole) of sodium hydroxide in 75 ml. of water and 100 
ml. of 95% ethanol was added 5.4 g. (0.02 mole) of bis- 
acetylferrocene (111) in 50 ml. of 95% ethanol, followed by 
11.5 g. (0.12 mole) of freshly distilled benzaldehyde. The 
resulting deep red solution was stirred for 6 hr. During this 
time a very flocculant, red precipitate formed. The stirring 
was stopped, and the solution was allowed to stand over- 
night in the refrigerator. The red precipitate was collected 
and m,ashed with water until the washings were neutral t'o 
litmus. The red powder, on recrystallization from ethanol- 
water, gave 6.7 g. (757,) of the bis-a,p-unsaturated ketone 
V as red needles, m.p. 208-210'. 

Anal. Calcd. for C2,Hz202Fe: C, 75.34; H, 4.94; Fe, 12.51. 
Found: C, 75.06; H, 4.99: Fe, 13.34. Mol. wt.I6 Calcd. 
446.3. Found: 462. 

In addition, there was isolated a very small quantity 
(approximately 0.3 g.) of the yellow product, m.p. >300". 
Mixed melting point3 and infrared spectra showed these 
two products to be identical with those isolated under (A).  

H,ydrogenation of bis-a,@-unsaturated ketone V. To a deep 
red solution of 1 g. of t,he unsat,urated ketone 1- in 225 ml. 
of absolute ethanol \vas added 400 mg. of 5'% palladium on 
charcoal. The resulting, rapidly stirred mixture was saturated 
with hydrogen at  room temperature (approximat'ely 28") 
nnd at,mospheric pressure. After 4 hr. the uptake of hydro- 
gen, having reached approximately 75% of the theoretical, 
ceased and the reaction T V ~ S  stopped. The mixture was 
filtered and the filtrate was concentrated to yield a crude 
red-orange powder. This powder was recrystallized four 
times from ethanol to give 0.5 g. (51%) of the reduced 
ketone, presumably, PI, as red-orange needles, m.p. 130- 
130.5". 

Anal. Calcd. for CzsH2sO2Fe: C, 74.5; H, 6.04; Fe, 12.4. 
Found: C, 73.90; H, 5.95; Fe, 12.02. 

Hydrogenation of benzalacetoferrocene (11) to f o r m  saturated 
ketone VII. The benzal derivative I1 was prepared by a 
modification of the earlier procedure.8 

To a &red solution of 2.18 g. (0.055 mole) of sodium 
hydroxide in 20 nil. of xat,er and 10 ml. of 95y0 ethanol a t  
30" wa,s added a mixture of 9.8 g. (0.043 mole) nionoacetyl- 
ferrocene and 4.9 g. (0.048 mole) of freshly distilled benzalde- 
hyde in 25 ml. of 95% ethanol. This mixture mas stirred for 
about, 10 min. The resulting t,hick mixture was allowed to 
stand for 1.5 hr., filtered, and the solid washed with water 
until the washings were neutral to litmus. The solid was 
recryhallized from 9554 et,hanol to give 13.0 g. (96yo) of 
benzalacetoferrocene (11) as red crystals, n1.p. 137-139'. 
?\.fixed melting points and infrared spectra showed t'his 
sample to he identical v-ith an authentic one. 

To t,he deep red solution of 1 g. of unsaturated ketone I1 
in 150 nil. of alxolute et>hanol 11-as added 500 mg. of 5% 
palladiuni on charcoal. The resulting, rapidly stirred mixture 
\vas sat,urated wit,h hydrogen at  30" and atmospheric pres- 
sure. -1fter :i hr. the uptake of hydrogen, having reached 
:ipproximately 100% of theory, ceased. The mixture was fil- 
t,ered, and the filtrate was concentrated to precipitate 0.88 
g. (89y0) of the saturat>ed ketone VI1 as dark red needles, 
m.p. 85-85.5'. Recrystallization from n-hexane failed to 
raise the melting point. 

Anal .  Calcd. for CISH18OFe: C, 71.6; H, 5.i; Fe, 17.5. 
Found: C, 71.53; H, 5.35; Fe, 16.7. 

rndepundmt synthesis of saturated ketone VII. To a rapidly 
&red. cooled solution of 10 g. (0.054 mole) of ferrocene 
and 9.04 E. (0.054 mole) of h>-drocinnamoyl chloride in 200 
nil. of arihpdrous ethylene chloride was added 15.7 g. (0.108 
mole) of anhydrous aluminum chloride at such a rate that 
the temperature did not rise above 8". The resulting deep 
purple solution was st'irred at, 0" for one-half hour and then 
refluxed for 4 hr. Ice and excess hydrochloric acid were 
added. :md the txr-o I a y w  were separated. The aqueous 
1:tyw \ c i s  cstmvtcd 11vic-r n-ith siix~11 portions of methylene 
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chloride, and the extracts were added to the ethylene 
chloride layer. The combined chlorocarbon layers were 
washed with water until neutral, and dried over Drierite. 
The solvents were removed to leave a red, mobile oil which 
very slowly crystallized. This crystalline solid was col- 
lected and recrystallized twice from hexane to give 7.0 g. 
(41%) of ketone VII, m.p. 85.5-86", as small orange-red 
needles. Further recrystallizations did not raise the melting 
point. Mixed melting points and infrared spectra showed 
that this compound myas identical with that obtained from 
the hydrogenation of the benzal derivative 11. 

Monophenylhydrazone of yellow product. To a solution of 
1 g. of the yellow product in 250 ml. of boiling absolute 
ethanol was added 4 g. of phenylhydrazine. This solution 
was heated on the steam bath for 30 min., and then 3.5 ml. 
of concd. hydrochloric acid was added. The solution was 
cooled in the refrigerator overnight to precipitate a brown 
powder. Recrystallization from absolute ethanol gave 0.3 
g. (25%) of tan needles, m.p. 200-201", the analysis of 

which was satisfactory for a monophenylhydrazone of a 
monobenzaldehyde derivative of bisacetylferrocene. 

Anal. Calcd. for Cz~HzdV~OFe: C, 72.10; H, 5.35; N, 
6.24; Fe, 12.4. Found: C, 72.22; H, 4.96; N, 6.12; Fe, 12.02. 

iti'ono-2,4-dinitrophenylh ydrazone of yellow product. To a 
solution of 1 g. of the yellow product in 100 ml. of absolute 
ethanol was added 2 g. of 2,Pdinitrophenylhydrazine in 25 
ml. of absolute ethanol. This solution was heated on the 
steam bath for 10 min., and then 3 ml. of concd. hydro- 
chloric acid %*as added. The solution was cooled in the 
refrigerator to precipitate 1 g. (66%) of purple needles, 
m.p. >300°, the analysis of which was satisfactory for a 
mono-2,4dinitrophenylhydrazone of a monobenzaldehyde 
derivative of bisacetylferrocene. 

Anal .  Calcd. for CgH22N40LFe: C, 60.24; 13, 4.12; X, 
10.41; Fe, 10.37. Found: C, 59.98; H, 3.84; N, 10.08; Fe, 
10.27. 

DURHAM, X. C. 
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Thc reaction of cyclopentadienyllithium with dimethyldichlorosilane, 1,3-dichlorotetramethyldisiloxanc, and 1,5-dichloro- 
hexamethyltrisiloxane gave monochloro derivatives which furnished unsymmetrical cyclopentadienylsiloxanes upon treat- 
ment either with a sodium silanolate or with water and a chlorosilane. From the cyclopentadienylsiloxanes, a series of silox- 
anylferrocenes was prepared by treatment with butyllithium and ferrous chloride. Similarly, 1,l '-bis(3-phenyltetramethyl- 
disiloxany1)-z,z'-dimethylferrocene and 1,l'-bis(chloromethyldimethylsily1)ferrocene were synthesized. From the latter, 
1,l '-bis(aminomethyldimethylsily1)ferrocene dihydrochloride was prepared. 

Silicon-substituted ferrocenes previously de- 
scribed have been mono- or bis(triarylsily1)ferro- 
cenes or trialkylsilylferrocenes and mere prepared 
either by addition of a trisubstituted chlorosilane 
to metalated f e r r o ~ e n e ~ - ~  or by treatment of a tri- 
substituted-silyl cyclopentadiene successively with 
butyllithium and ferrous chloride.s By application 
of the latter method to cyclopentadienylsiloxanes 
we have prepared a series of siloxanylferrocenes. 
A major part of this paper describes the synthesis 
of the precursor cyclopentadienylsiloxanes, which, 
like the siloxanylferrocenes, are a class of compound 
not previously described in literature. 

A compound desired for the synthesis of cyclo- 
pentadienylsiloxanes was cyclopentadienyldimeth- 
ylchlorosilane (Ia) . The reaction of cyclopentadi- 
eiiylmagnesium bromide with dimethyldichlorosil- 
ane in benzene has been described, but despite a 

(1) Presented a t  the 135th Ifational Meeting of the 
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75% excess of dimethyldichlorosilane, the main 
product, obtained in about 407, yield, was bis(cy- 
clopentadienyl)dimethylsilane6 and not Ia. A by- 
product, obtained in 11% yield and which was not 
specifically named or characterized, was called cy- 
clopentadienyldimethylchlorosilanc in a related 
patent,? but the reported boiling point, 80-83"/ 
0.7 mm., is too high for the monomer. Cyclopenta- 
dienyltrichlorosilane, b.p. 50-55"/10 mm., has 
been described, prepared in 567, yield from cyclo- 
pentadienylsodium and a five- to seven-fold excess 
of silicon tetrachloride in xylene.* 

When cyclopentadienyllithium \vas treated with 
two moles of dimethyldichlorosilane in ether, cy- 
clopentadienyldimethylchlorosilai~e9 (Ia) was ob- 
tained in 69% yield. Regarding the mode of addi- 
tion, it would be logical to add the cyclopentadi- 
enyllithium to the dimethyldichlorosilane, but the 
order of addition was not important to good yield or 
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monosubstituted cyclpentadiene ring are referred to with- 
out designation of the relative position of the substituent 
and double bonds in the ring. The position of attachment 
is not important to the investigation, inasmuch as the final 
products prepared from the cyclopcntadiene compounds 
are ferrocenes, in which the ring positions are equivalent. 


