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Confirmation of previous postulates regarding the steric course of two metalation reactions of ferrocene is presented. It 
is rigorously shown that treatment of ferrocene with n-butyllithium or with phenylsodium gives rise to 1,l’-dilithioferrocene 
or 1,l’-disodioferrocene, respectively. Dilithio- and disodioferroccnc were converted to silyl derivatives which are identical 
to those obtained from reactions of corrcspondingly substituted eyclopcritadienes arid iron(I1) chloride. 

In  a previous publication from this laboratory2 
some work concerning the mctsllatiori of ferrocene 
was described. Included in that report was the prep- 
aration of two silylferrocenes which were obtained 
from treatment of the reaction mixture of ferrocene 
and n-butyllithium with trimethylchlorosilane. 
Analytical values obtained from these products 
were consistent with a monosubstituted ferrocene, 
trimethylsilylferrocene (I), and a disubstituted 
ferrocene which was assigned the structure, 1,l’- 
bis(trimethylsily1)ferrocene (11). The assignment 
had as its basis the absence of absorption near 9 
and 10 p in the infrared spectrum of the compound 
(9-10 Rule3). 
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In  the present study, treatment of the mixture 
of lithioferrocenes (V and VI) with tri-n-hexyl- 
bromosilane also yielded a mono- and disubsti- 
~~ 

(1) Presented before the Division of Organic Chemistry, 
134th Meeting, ACS, Chicago, September 1958. 

(2) M. Rausch, M. Vogel, and H. Rosenberg, J .  Org. 
Chem., 2 2 ,  900 (1957). 

(3) M. Rosenblum and R. B. Woodward, J .  Am. Chem. 
SOC., 80, 5443 (1958); cf. M. Rosenblum, doctoral disserta- 
tion, Harvard University 1953. 

tuted silylferroccnc. The infrared spectra of both 
compounds, in this case, exhibited strong absorp- 
tion a t  9 and 10 p .  This observation, therefore, 
caused us to consider the correctness of the prev- 
ious structural assignment for II.2 The fact that the 
spectrum of tri-n-hexylbromosilane also showed 
strong absorption a t  9 and 10 p,  could not, a t  first, 
be taken to mean that these bands were the ones 
present in the spectrum of IV since it was not pos- 
sible to preclude the absence of 9-10 absorption due 
to the ferrocene nucleus of IV. Additional experi- 
mental work, however, conclusively showed both 
disubstituted silylferrocenes, I1 and IV, to possess 
heteroannular orientation; so that the absorption 
a t  9 and 10 p in the spectrum of IV was, in fact 
attributed to the substituents and not to a possible 
inconsistency with the 9-10 Rule. 

The heteroannular locations of the silyl functions 
in I1 and IV were proven by synthesis of both 
compounds from the correspondingly substituted 
cyclopentadiene derivatives, I X  and X. 

$(CH3)3 [Sj(?z-Cd-JdJ 
1. n-BuLi 
2. Fe’ll)  - IV 1. n-BuLi 

2. FelIl) 

IX 

Trimethylsilylcyclopentadiene (IX) was prepared 
according to the procedure reported by Frisch.4 
This material was treated with n-butyllithium fol- 
lowed by iron(I1) chloride to yield 1,l’-bis(tri- 
methylsily1)ferrocene (11). The product gave rise 
to an infrared spectrum identical to that obtained 
from the disubstituted product previously pre- 
pared via lithiation of ferrocene.2 

(4) K. C. Frisch, J. Am. Chem. SOC., 7 5 ,  6050 (1953). 
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The tri-n-hexylsilylferrocenes, I11 and IV, were 
also prepared from the mixture of V and VI, but 
during t!he present investigation an improved 
method for the lithiation of ferrocene5 was used. 
The extent of metalation was checked after 18 hr. 
by carbonation of an aliquot of the reaction mix- 
ture. The amount of ferrocenedicarboxylic acid 
thus obtained indicated a 56y0 conversion of fer- 
rocene to VI. After treatment of the mixture 
with tri-n-hexylbromosilane and isolation of the 
products by means of chromatography on alumina, 
the relative amounts of I11 and IV obtained indi- 
cated that an incomplete reaction between VI and 
the bromosilane took place since an unaccountably 
large yield of I11 was isolated. Replacement of both 
lithio groups of VI by bulky tri-n-hexylsilyl radi- 
cals was probably attended with difficulty because 
of steric factors. The high yield of I11 was best 
explained by hydrolysis of the intermediate, 1- 
lithio-1'-tri-n-hexylsilylferrocene. 

The same two products, I11 and IV, were also 
obtained from treatment of the reaction mixture 
of ferrocene and phenylsodium with tri-n-hexyl- 
bromosilane. Formation of I11 in this case may have 
also resulted from an incomplete reaction of dis- 
odioferrocene (VIII) with the bromosilane since 
it was reported6 that a negligible quantity of mono- 
sodioferrocene (VII) is formed by the action of 
phenylsodium on ferrocene. 

VneGuivocal synthesis of IT' was achieved by 
the preparation of tri-n-hexylsilylcyclopentadiene 
(X) (not isolated), and treatment of the latter 
with n-butyllithium followed by iron(I1) chloride. 
Although IV was formed in small yield (4y0), it 
was isolated in the pure state by means of chroma- 
tography on alumina. This authentic heteroan- 
nularly substituted compound possessed proper- 
ties (infrared spectrum and refractive index) 
identical to those of the same two disubstituted 
products obtained via lithiation and sodiation of 
ferrocene. 

The chemical evidence obtained in this work, 
which rigorously proves the structures I1 and IV 
and establishes the steric course of the two meta- 
lation reactions described, serves an additional 
purpose as well. The intermediates VI and VI11 
are directly relatable to I, 1'-diacetylferrocene 
through 1, 1'-ferrocene dicarboxylic and the 
results of the present investigation, therefore, serve 
as further confirmation for the structures previously 
assigned to these compounds.8 

EXPICRlMk~NTI\L' 

1 ,I '-132s (triineth?/lsil~/l)ferrocac. (111). Trimrthylsilycyrlo- 
pentadient14 ( I X )  (12.2 g ; 0.88 molc in 100 ml. of dry 

( 5 )  13. W. hltyo, P. I). Hh:Lw, ~ l d  M. Itausch, C h n .  tk 
Ind.  (London), 1388 (1957). 

(6) A. h'. Nrsmryanov, E. G. Perevalova, and Z. .4. 
Beinoravichutr, Dolclady Aknd. Nai~li  S. S. S. IS., 112, 439 
(1957). 

benzcnc) was addcd to s solution of n-hutyllithium (125 
ml. of a 0.70 molar solution in petroleum ether, b.p. 40- 
60") during :<0 min. The reaction mixture was heated under 
reflux during 1 hr. while it was kept under Nz. After the 
mixture had cooled to room t,emperature, anhydrous iron(I1) 
chloride [prepared from 27 ml. of chlorobenzene and 9.7 g. 
of anhydrous iron(II1) chloride10] was added as a slurry 
iri 150 ml. of benzene. The petroleum ether was then re- 
moved by distillation, and 200 ml. of pure dry tetrahydro- 
furan (THF) was added in its place. Aft,er the reaction mis- 
ture was stirred overnight a t  room temperature, it  was 
treated with ice water; and thc THF removed by evapora- 
tion. The residue was filtered, and the fikrate phase- 
separated. Ether extracts of the aqueous phase, combined 
with the bulk organic phase obtained from the filtrate, were 
evaporated to a dark-colored oil which was fractionated in 
vacuo. The distillation yielded II(7.3 g.; 50% yield based on 
0.88 mole of IX), n'g 1.5437, which was collected a t  96- 
104" (0.04-0.15 mm.). This orange-red-colored oil gave rise 
to an infrared spectrum which was superimposable upon 
the spectrum obtained from the disubstituted product 
prepared via the lithiation of ferrocene.2 

Tri-n-hexylsilyljerrocenes. A. I11 and IV via lithiation of 
ferrocene.6 n-Butyllithium (1 100 ml. of a 0.88M ethereal 
solution), cooled to - lo", was added to ferrocene (35.0 g.; 
0.19 molc in 1100 ml. of THP) which was stirred in an 
atmosphere of dry The solution of ferrocene was initially 
cooled to -35". Addition of the solution of n-butyllithium, 
although carried out as fast as possible (15 min.), was 
made so that the t,emperature of t,he react,ion mixture did 
not, rise above - 10". Stirring was continued while the 
mixture was allowed to warm to room temperature ( 2  hr,), 
and the reaction was t<heri kept a t  room tempcrature for an 
additional 18 hr. At that time an aliquot was withdrawn 
and treated with carbon dioxide (Dry Ice) to form ferro- 
cencdicarhoxylic acid. The amount of diacid obtained 
(804 mg.) indicated a 5601, conversion of ferrocene to VI. 
The lithiation was alloxed to continue for another 4 hr. 
(24 hr. total time), after which time tri-n-hexylbromosilane11 
(73.6 g.; 0.23 mole) was rapidly added. A mild exothermic 
reaction was obscrved during the addition. The reaction 
mixture, adequat,ely protected from light and kept in an 
atmosphere of Nt, w.as stirred during 4 days at room k m -  
perature. Enough water was then added (200 ml.) to dis- 
solve the solid material (presumed to be LiRr) which wag 
deposited, and the dark orange-red mixture was heated on 
a steam bath until the odor of THF was no longer detected. 

The residue was extractcd with CHCI,, and the extracts 
evaporated to a dark, red-brown, mobile oil which was sub- 
sequently heated in vac7m (90-100') to sublime the un- 

(7) Carbonation of VI by R. A. 13enkcscr, D. Goggin, and 
G. Bchroll [J. Am. Chem. Soc., 76, 4025 (1954)], A. N. 
Nesmeyanov, E. G. I'crevalova, R. V. Golovnya, and 0. A. 
Nesnieyanova [Doklndy Akacl. Xnuk S. S. S .  R., 97, 459 
(1954)] and D. W. Msyo, P. D. Shaw, and M. Rausch (Ref. 
5 ) ,  and carbonation of VIII by A. N .  Nesmeyanov, E. G. 
Perevalova, It.  V. Golovnya, and 0. A.  Nesmeyanova 
(above), produced a dicarboxylic acid (1,l ,-ferrocenedi- 
carboxylic acid) with propcrt,ies identical to those of the 
diacid obtained by ltosenblum and Woodward (Ref. 3)  
through hypoiodite oxidat,ion of diacctylfcrrocene-A ( I,],- 
diacctylfcrroeelic?). 

(8) 8ec. "I lloscnblum and It. J3. Woodward, Ref. 3 and 
other work cited thorein. 

(0)  Al l  hoiling points arc uiicorrected. Analyscts by 
Schwartekopf Micro:tnalytical Idioratory, Woodsido 77, 
N. Y. and Spang Microanslytics1 I.:tboratory, Ann Arbor, 
Mich. 

(10) 1'. Kovaoic and N.,O. Br:tce, J. Am. C h ~ n i .  Soc., 76, 
5491 (1954). 

(1 1 ) The authors wish to exprcss their gratitude to Dr. 
C. Tamhorski of this laboratory for tho t,ri-n-hoxylbrorno- 
eilanc used in this work. 
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reacted ferroccne (3.9 g.; 11% of thc original amount). 
Distillation of the ferrocene-free residue gave I11 (34.7 g.; 
32% yield) which was collected as an orange-red oil within 
the temperature range of 180-198" (0.17-0.25 mm.). This 
material was subsequently column-chromatographed on 1000 
g. of Woelm, nonalkaline, Grade I alumina. The product, 
111, was eluted from the column with a benzene-ethanol 
mixture (35 parts of benzene and 1 part of ethanol) after 
the column was developed with benzene. The material was 
chromatographically homogeneous; ny 1.5202. 

Anal. Calcd. for GaHtsFeSi: C, 71.76; H, 10.32; Fe, 11.92. 
Found: C, 71.96; B, 10.30; Fe, 11.85. 

The residue obtained from the distillation of the crude 
reaction product was column-chromatographed on 800 g. 
of alumina. Development and elution were carried out with 
benzene, and IV (29.8 g.; 35% yield) was obtained from the 
eluate. A portion of the product was rechromatographed for 
analysis; ng 1.5054. 

A d .  Calcd. for CUHseFeSiz: C, 73.55; H, 11.54; Fe, 7.43. 
Found: C, 73.23; H, 11.36; Fe, 7.24. 

B. I11 and IV via sodiation of ferrocene.E Ferrocene (23.3 
g.; 0.125 mole), dissolved in toluene, was treated with 
phenylsodium12 (0.25 mole) at room temperature during 
24 hr.; and a t  75-80' for an additional 7 hr. Tri-n-hexyl- 
bromosilane (90.8 g.; 0.25 mole) was rapidly added (mild 
exothermic reaction), and the mixture stirred at room tem- 
perature overnight; then heated at 70-80" for 24 hr. The 
reaction mixture, cooled to loo, was passed through a bed 
of "Filter-Aid," and the filtrate (500 ml.) was heated on a 
steam bath in vacuo (20 min.) to sublime the unreacted 
ferrocene (17.9 g.; 77% of the initial amount). The residue 
was then heated under distillation conditions, and material 
which was collected up to 100' (0.04 mm.) was not investi- 
gated. The undistilled portion (28.2 g. of a dark fluid) 
was chromatographed on 400 g. of alumina. The chromato- 
gram was developed with cyclohexane and eluted with ben- 
zene. Two bright orange-colored bands were successively 
eluted. The slower-moving band yielded 111 (580 mg., 0.5% 
yield) which when rechromatographed was obtained 
analytically pure; ng 1.5202. 

Elution of the faster-moving band gave IV (.5.63 g., 8% 
yield); ng 1.5054. 

C. IV via tri-n-hexylsilylcyclopentadiene (X). Freshly 
distilled cyclopentadiene (13.7 g.; 0.21 mole) was added 

(12) 11. Gilman, H. A. Pacewitz, and 0. Blaine, J. Am. 
Chem. Soc., 62 ,  1517 (1940). 

to sodium shot (2.34 g.; 0.10 mole) over a lbmin. period. 
Evolvement of hydrogen ceased 45 min. after the addition 
was completed. The reaction mixture was cooled to 5', and 
tri-n-hexylbromosilane (36.5 g. ; 0.10 mole), dissolved in 20 
ml. of THF was added with stirring during a 1-hr. period. 
The mixture was allowed to  reach room temperature while 
the stirring was continued for an additional 2 hr. After the 
reaction mixture was subsequently heated under reflux 
during 24 hr., it was cooled to room temperature and 
passed through a bed of Filter-Aid to remove the white 
precipitate (NaBr) which was present. The filtrate W&Q 
evaporated on a stenm bath in vacuo, and the residue dis- 
tilled. 

Infrared analysis of a fraction collected a t  140-160' 
(0.5-0.7 mm.), n? 1.4750-1.4743, indicated the presence of 
a substituted cyclopentadiene compound. A portion of this 
material (3.5 g.; 0.01 mole based on the presence of pure X) 
was dissolved in benzene and treated with n-butyllithium 
(9 ml. of a 0.183-1 ethereal solution), and then heated under 
reflux during 1 hr. Iron(I1) chloride (3.5 g.; 0.02 mole) was 
added ILS a slurry in THF, and the reaction mixture heated 
under reflux for 3 hr.; then stirred at  room temperature 
during an additional 24 hr. After the mixture waa poured 
onto 200 ml. of water-crushed ice and phase-separated, 
ether extracts of the aqueous phase were combined with the 
bulk organic portion. The presence of the ferrocene nucleus 
in tbis solution was indicated by means of a paper chro- 
matography test.I3 Evaporation of the solvent yielded a 
dark fluid which wns heated to 250' (0.1 mm.) until no 
further distillate was obtained. The undistilled portion was 
chromatographed on 30 g. of alumina, and the compound, 
I V  (56 mg., 4% yield), ng 1.5056, was obtained from the 
benzene eluate. 

The infrared spectrum of the product was found to be 
identical to those of the disubstituted compounds (both IV) 
prepared via the 2 metalation procedures. 
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The (+)- and ( -)-12methyloctadecanoic acids have been prepared from (+)- and ( -)-2octanols by the, procedure 
pioneered by Prout, Cason, and Ingersoll.2 The active acids have higher melting points than the abacid. 

The preparation of the active 12-methylocta- 
decanoic acids represents an extension of earlier 
work2,3 and the scheme is given in the chart. 

( I )  This work was abstracted from the Master of Scicnce 
theses submitted to the faculty a t  De Paul University by 
Donald E. Dickson (1952) and Itobcrt J. Klimkowski 
(1958). 

(2) F. S. Prout, J. Cason, and A. W. Ingersoll, J .  Am. 
Chem. SOC., 7 0 ,  298 (1948). 

(3) J. Cason and R. A. Coad, J .  iim. Chem. SOC., 72 ,  
4695 (1950). 

- 

The (+)- and ( -)-2-octanols4 (I) were converted 
to the antipodally pure (-)- and (+)-&methyl- 
nonsnoic acids (V) by a four-step procedure in 
which optical purity was assured by fractional 
crystalliaution of the (-)- and (+)-2-octylmz~lonic 
acids (IV). The active forms of IV (m.p. 106-108") 
were obtained readily by crystallization from 
hexane; however, the m-form (m.p. 80-82") did 

(4) J. Kenyon, Org. Syntheses, Coli. Vol. I, 2nd ed, 
418-21 (1941). 


