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was evaporated to give 2.28 g of slightly colored crystals which con-
sisted of ca. 94% 15b and 6% 11 by GLC. Three recrystallizations from
hexane followed by sublimation gave an analytical sample: mp
108-109.5 °C; vmax (CCly) 3610 (O-H), 3086 cm~! (C-H).

Anal. Caled for CigH240: C, 82.70; H, 10.41. Found: C, 82.95; H,
10.40.

A similar reaction of 11 with tert-butyllithium gave 15¢ as colorless
crystals: mp 84-86 °C; vpax (CCly) 3600 (O-H), 3080 cm~! (C-H).

Anal. Caled for CigH240: C, 82.70; H, 10.41. Found: C, 82.93; H,
10.45.

The tert-butyl derivative 15¢ decomposed on Woelm neutral alu-
mina (activity grade 1) and on GLC columns above 190 °C to a com-
plex mixture of alcohols and hydrocarbons.

Iso-Half-Cage Ketoxime 8. A mixture of 34.8 g of 8, 27.8 g of hy-
droxylamine hydrochloride, 25 ml of 30% sodium hydroxide solution,
45 ml of water, and 125 ml of ethanol was refluxed for 46 h, poured
into 500 ml of water, and extracted three times with ether. The com-
bined ether extracts were dried and evaporated. The colorless, crys-
talline residue was recrystallized from hexane to yield 34.2 g of 8, mp
132-136 °C. An analytical sample, mp 134.5-136.0 °C, was obtained
by another recrystallization from hexane followed by sublimation.

Anal. Caled for C2H;NO: C, 76.15; H, 7.99; N, 7.40. Found: C,
76.55; H, 8.41; N, 7.33.

Registry No.—1, 704-02-9; 1b, 3212-28-0; 2, 707-05-1; 3, 60606-
96-4; 5, 60606-97-5; 6, 60606-98-6; 6 oxime, 60606-99-7; 6 tosylhy-
drazone, 60607-00-3; 6 Na salt, 60607-01-4; 7, 60607-02-5; 8, 707-83-5;
8 oxime, 1603-18-5; 11, 7509-41-3; 12a, 60607-03-6; 12b, 741-42-4; 12¢,
60607-04-7; 12d, 60607-05-8; 15a, 7261-85-0; 15h, 60607-06-9; 15¢,
60607-07-0; isodrin, 465-73-6; endrin, 72-20-8.
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A synthesis of the parent hydrocarbon, 1-cycloheptatrienylidene-4-cyclopentadienylidene-2,5-cyclohexadiene
(4), was attempted. The approach was based on the dehydrogenation of the dihydro derivative 11. Hydride abstrac-
tion of 11 did not lead to the desired tropylium salt 13. A synthetic approach to the tetraphenyl derivative 17 in-
volved the tropylium salt 16. Deprotonation of 16 produced an apparent oligomer of 17. A stable organoiron deriva-
tive 7 of 4 was prepared by a three-step synthesis starting with p-ferrocenylphenylmagnesium bromide (19).

Sesquifulvalene (1) is a cross-conjugated two-ring hydro-
carbon of considerable theoretical interest® which is expected
to have a certain amount of contribution to its structure from

) © )
ca®/i
©)

the dipolar resonance form. The parent hydrocarbon 14 is
unstable and could not be isolated as a solid at low tempera-
ture.> The tetraphenyl derivative 2 possesses the expected
thermal stability.® The hydrocarbon 1 can also be stabilized
as a ligand in transition metal complexes. This was demon-
strated by the synthesis of ferrocenyltropylium fluoroborate
(3).7

The system 4 is a cross-conjugated three-ring hydrocarbon
having an inserted p-phenylene ring between the two aromatic
rings of sesquifulvalene in the dipolar structure. It was of in-
terest to study the synthesis of this long conjugated system
about which very little is known. The parent hydrocarbon 4
has not yet been synthesized. Only three derivatives, 5,5 6,°
and 7,2 with strong electron-withdrawing substituents or metal
coordination have recently been reported. The present paper
describes the preparation of the dihydro derivative 11, which
was a key intermediate in the attempted synthesis of the
parent hydrocarbon 4, and the isolation of an oligomer of te-
traphenyl derivative 17. Also included is a detailed report of
the synthesis of r-cyclopentadienyliron derivative 7.
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Results and Discussion
Dihydro Derivative 11 (Scheme I). The dihydro deriva-
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tive 11 was synthesized from p-dibromobenzene by the se-
quence outlined in Scheme I. Thus, lithiation of p-dibromo-
benzene, followed by addition of tropylium fluoroborate, gave
p-tropylbromobenzene (8)10 in 56% yield. The NMR spectrum
exhibited a methine proton (H-) triplet at ~ 7.34, characteristic
of 7-arylcycloheptatrienes.'213 p-Tropylphenyllithium (9)
was prepared via addition of n-butyllithium to a solution of
8, at 0 °C.14 The lithium reagent 9 was then treated with 3-
cyclopentenone at 0 °C to yield the hydroxy derivative 10 in
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26% yield. The IR spectrum of carbinol 10 exhibited a hydroxy
absorption peak at 3600 cm~!. The NMR spectrum exhibited
amultiplet at 7 7.1-7.5 for the methine and methylene protons
and a broad singlet at 7 4.30 for the olefinic protons.

Treatment of 10 with phosphoryl chloride and pyridine at
0 °C gave the dihydro derivative 11. This compound was
thermally unstable and decomposed fairly rapidly when ex-
posed to air.!5 1-Phenyl-1,3-cyclopentadiene also behaved
similarly.1® The mass spectrum of 11 exhibited a parent ion
peak at m/e 232. The NMR spectrum of 1124 showed a triplet
for a methine proton (H7) at 7 7.30 and an apparent doublet
for two methylene protons (H1;) at 7 6.65.17 The structure of
11 was further substantiated by treatment with n-butyllith-
ium followed by ferrous chloride to give the disubstituted
ferrocene derivative 12. The mass spectrum of 12 showed the
expected parent peak at m/e 518. The NMR spectrum of 12
exhibited two triplets at 7 5.60 and 5.87, characteristic of
1,1’-diarylferrocenyl group.!®

Treatment of 11 with triphenylmethyl fluoroborate failed
to give the expected tropylium derivative 13 and afforded only
intractable polymeric materials. Hydride abstraction from 11
did occur as evidenced by the isolation of triphenylmethane;
however, the tropylium derivative 13 was apparently very
unstable and could not be isolated. The instability of 13 could
be due to the dissociation of the slightly acidic proton in cy-
clopentadiene to form the parent hydrocarbon 4, which was
so reactive that it in turn was converted to polymeric mate-
rial.20

Oligomer of Tetraphenyl Derivative 17 (Scheme II).
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Addition of 2,3,4,5-tetraphenyl-2-cyclopentenone*® to p-
tropylphenyllithium (9) yielded the carbinol 14. The crude
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product 14 was heated at reflux with hydrochloric acid in
ethanol to form the cyclopentadiene derivative 15 in 19% yield.
The NMR spectrum?? of 15 exhibited a singlet at 7 4.95 for the
methine proton of the cyclopentadienyl group.22 The mass
spectrum exhibited a parent ion peak at m/e 536.

The tropylium salt 16 was obtained as a red solid in 83%
yield by hydride abstraction of 15 with triphenylmethyl flu-
oroborate. This IR spectrum of 16 showed a strong absorption
at 1060 cm™!, indicating the presence of fluoroborate ion. The
NMR spectrum exhibited a singlet for the methine proton at
7 4.31, a multiplet for the tropylium protons at 7 0.6-1.10, and
a quartet for para-disubstituted aromatic ring protons at 7
2.40. The UV spectrum of 16 was markedly solvent depen-
dent.25 It showed A« at 355 (log € 4.04) and 600 nm (3.90) in
CHCl;, and 377 (log € 4.17) and 527 nm (4.23) in CH3CN.

Treatment of 16 in acetonitrile with triethylamine afforded
a yellow solid, mp 250 °C. A molecular weight determination
by vapor pressure osmometry in benzene solution2? indicated
that the product was the dimer 18.28 The elemental analysis
was consistent with either the monomer 17 or an oligomer 18.
The absorption spectrum of 18 exhibited no visible band as
expected for an oligomer. The spectrum showed A4y at 300
nm (log € 4.67). The NMR spectrum exhibited broad reso-
nances in the regions r 3.00-5.00 (olefinic) and 7.00-7.60
(methine), indicating the presence of a substituted cyclo-
heptatrienyl group2!3%2 as a result of polymeric linkage.2°
Presumably the tetraphenyl derivative 17 was formed as an
intermediate;39 however, its highly polar nature rendered it
so reactive that it was converted to the oligomer 18.31

m-Cyclopentadienyliron Derivative 7. The synthetic
sequence for the preparation of 7 is outlined in Scheme III.
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Addition of p-ferrocenylphenylmagnesium bromide (19)32 to
tropylium fluoroborate in THF gave the tropyl derivative 20
as an orange solid, mp 129-130 °C, in 25% yield. The NMR
spectrum of 20 exhibited a triplet for the methine proton (Hy)
at 7 7.73, a singlet at r 6.06 for protons of the unsubstituted
cyclopentadienyl group, and two triplets at 7 5.51 and 5.81 for
the aryl-substituted cyclopentadienyl group.®3 The mass
spectrum exhibited a parent ion peak at m/e 325.

In order to facilitate hydride ion removal from the tropyl
ring,12:34 the derivative 20 was isomerized to 21 in refluxing
xylene. The structural assignment of 21 was based on its NMR
spectrum, which exhibited a triplet at 7 7.72 for two methylene
protons (Hy).
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Treatment of 21 with tropylium fluorcborate in methylene
chloride-acetonitrile produced the thermally stable salt 7 as
a dark green solid in 50% yield. This complex did not melt
below 300 °C. The ir spectrum of 7 displayed a strong ab-
sorption at 1060 cm~! characteristic of fluoroborate ion. The
NMR spectrum exhibited a multiplet at 7 0.7-1.31 indicating
the presence of an aryl tropylium group.3® The low-field NMR
signals at 7 0.70-1.31 indicated that most of the positive charge
was located on the seven-membered ring. Derivatives 5 and
6,59 having strong electron-withdrawing substituents on the
five-membered ring, also displayed these characteristic low-
field signals. Thus, the success of preparing a stable derivative
of 4 required the presence of strong electron-withdrawing
substituents or metal coordination on the five-membered
ring.

Experimental Section

Infrared spectra were recorded on a Beckman IR-10 spectropho-
tometer and were calibrated vs. polystyrene. NMR spectra were re-
corded on a Varian A-60 spectrometer or Perkin-Elmer R12A spec-
trometer with tetramethylsilane as internal standard. Ultraviolet
spectra were obtained on a Cary 14 recording spectrometer. Mass
spectral data were obtained on a Hitachi Perkin-Elmer RMU 6L mass
spectrometer by Dr. A. Siegel, University of Massachusetts.

Melting points were determined on a Mel-Temp apparatus. They
are not corrected. Elemental analysis and molecular weight deter-
minations were performed by Mr. Charles Meade of the University
of Massachusetts Microanalytical Laboratory.

Ethyl ether and tetrahydrofuran were purified by drying over po-
tassium hydroxide and sodium respectively, and were distilled from
lithium aluminum hydride. Benzene was dried by azeotropic distil-
lation. Pentane was washed with sulfuric acid and distilled from
calcium hydride.

Thin layer chromatography experiments were performed with
CAMAG silica gel containing ultraviolet-sensitive fluorescent indi-
cator. Column chromatography experiments were performed with
CAMAG alumina (neutral).

Commercial n-butyllithium in hexane solution was obtained from
Alfa Inorganics, Inc. Tropylium fluoroborate,?® 3-cyclopentenone,?”
ferrous chloride,?® triphenylmethyl fluoroborate,?® 3,4-diphenyl-2-
cylopentenone,? and tetraphenyl-2-cyclopentenone?? were prepared
by published methods.

The numbering of positions in all structures is arbitrary for the
convenience of proton assignments.

p-(7-Cycloheptatrienyl)bromobenzene (8). n-Butyllithium (68
mmol) was added under nitrogen to a stirred solution of p-dibromo-
benzene (16 g, 68 mmol) in 100 ml of dry ethyl ether at 0 °C over 20
min and stirring was continued for an additional 30 min. The reaction
mixture was then added under nitrogen through an addition funnel
to a stirred suspension of 6.4 g (36 mmol) of tropylium fluoroborate
in 100 ml of dry ethyl ether at room temperature. Following comple-
tion of the addition, the reaction mixture was allowed to stir at room
temperature for 4 h. The reddish solution was then poured onto 300
ml of cold 2 N hydrochloric acid and the layers were separated. The
ether layer was washed twice with 10% sodium carbonate solution and
twice with sodium chloride solution, and dried (NasSO4). The solvent
was evaporated and the residue was extracted twice with 250 ml of
hot Skellysolve B. The combined extracts were evaporated and the
liquid residue was vacuum distilled (95-108 °C, 0.05 mm), affording
4.5 g (56%) of product as a pale yellow oil. The product was further
purified by low temperature recrystallization from pentane. The pure
product obtained was a white solid: mp 31-32 °C; bp 108-109 °C (0.05
mm) (lit.'t bp 108 °C (0.001 mm)]; NMR (CDCl3) 7 7.34 (1 H, t, H,),
4.55-4.90 (2 H, m, H; ), 3.63-3.97 (2 H, m, H. 5), 3.24-3.41 (2 H, m,
H3,4), 2.47-3.00 (4 H, m, HA,-).

Anal. Caled for C;3Hq1Br: C, 63.18; H, 4.49; Br, 32.33. Found: C,
63.11; H, 4.34; Br, 32.30.

p-(7-Cycloheptatrienyl)phenyllithium (9). To a stirred solution
of 8 in ether at 0 °C was added slowly an equimolar amount of n-
butyllithium under nitrogen. The initially colorless reaction mixture
turned to yellow at the end of addition. After an additional stirring
for 15 min, the reagent was ready for use.

1-p-(7-Cycloheptatrienyl)phenyl-3-cyclopenten-1-ol (10). A
solution of p-tropylphenyllithium (9) was prepared from 5.1 g (23
mmol) of p-tropylbromobenzene in 60 ml of dry ethel ether and 10.5
ml (23 mmol) of n-butyllithium in 20 ml of dry ether. To this solution
was added a solution of 1.9 g (23 mmol) of 3-cyclopentenone®” in 25
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ml of dry ether at 0 °C over a period of 15 min. Stirring was continued
at this temperature for 5 h. The mixture was hydrolyzed with an
aqueous solution of ammonium chloride and layers were separated.
The ether layer was washed with water, dried (NasS0O4), and evapo-
rated in vacuo to a yellow solid. The latter was triturated with cold
Skellysolve B and recrystallized three times from ethyl ether at —78
°C to produce 1.2 g (26%) of white crystals: mp 101-102 °C; NMR
(CDCls) 7 7.92 (1 H, s, Hown), 7.10-7.50 (5 H, m, H7 methylene), 4.30 (2
H, broad s, Hyefinic of Cp), 4.50-4.86 (2 H, m, H; g), 3.67-4.00 (2 H, m,
Has), 3.28-3.50 (2 H, m, Hj 4), 2.50-2.90 (4 H, m, Ha,).

Anal. Caled for C1gH50: C, 86.36; H, 7.24; O, 6.39. Found: C, 85.99;
H, 6.92; 0, 6.93.

1-p-(7-Cycloheptatrienyl)phenyl-1,3-cyclopentadiene (11).
To a solution of the carbinol 10 (0.8 g, 3.2 mmol) in 8 ml of dry pyridine
at 0 °C, 0.3 ml (3.4 mmol) of phosphoryl chloride was added by a sy-
ringe. The reaction mixture was stirred at this temperature under
nitrogen for 6 h and then hydrolyzed by pouring it onto ice-cold dilute
hydrochloric acid. The mixture was extracted with 150 ml of ether;
the extract was washed with water, dried (Na,SQ,), and evaporated
under reduced pressure. The brown residue was extracted twice with
15-ml portions of Skellysolve B. The extracts were evaporated under
reduced pressure to produce 0.52 g (70%) of a yellow product. A purer
sample was obtained by trituration with Skellysolve B at —78 °C. The
product was thermally unstable, even under nitrogen at 0 °C: NMR
(CDCly) 7 7.30 {1 H, t, H5), 6.65 (2 H, d, Hmethylene), 2.70-3.20 (4 H,
m, Ha,), 4.65-5.00 (2 H, m, H;g), 3.30-4.20 (7 H,
H 5,34 olefinic of Cp)-

Anal. Caled for CigHig: C, 93.06; H, 6.94; mol wt, 232. Found: C,
93.21; H, 5.91; mol wt. {mass spectroscopic), 232.

1,1'-Di{ p-(7-cycloheptatrienyl)phenyl)ferrocene (12). To a
stirred solution of 0.52 g (2.3 mmol) of dihydro derivative 11 in 30 ml
of dry ethyl ether at 0 °C was added under nitrogen n-butyllithium
(2.6 mmol) in 10 ml of dry ethyl ether over 10 min. Stirring at this
temperature was continued for 30 min and 0.14 g (2.3 mmol) of ferrous
chloride was added in one portion. The reaction mixture was then
stirred at 0 °C for 2 h and at room temperature for 12 h, and hydro-
lyzed with 100 ml of 2 N hydrochloric acid. The mixture was extracted
two times with 300-ml portions of ether; the combined ether extracts
were washed twice with water and dried over NasSO4. The dried
ethereal solution was evaporated to dryness in vacuo and the residue
was dissolved in 40 ml of benzene. The benzene solution was placed
on a column of alumina. Elution with benzene gave an orange solid.
The solid was crystallized from benzene to yield 0.25 g (22%) of
product. An analytical sample was obtained by recrystallization from
benzene: mp 163-165 °C; NMR (CDCl;) 7 7.40 (2 H, t, H7 7), 5.60 (4
H, t, I‘Ll and (,'), 5.87 (4 H‘ ty H}g and ﬂ’), 4.46-4.83 (4 H, m, Hlvﬁyl’ys’),
3.67-4.00 (4 H, m, Ho 5 5, 3.25-3.46 (4 H, m, Hs 4 3 4), 2.64-2.95 (4
H’ m, HAr)~

Anal. Caled for CsgHagFe: C, 83.40; H, 5.83; Fe, 10.77; mol wt, 518.
Found: C, 83.57; H, 5.95: Fe, 10.15; mol wt (mass spectroscopic),
518.

Attempted Preparation of p-(1,3-Cyclopentadienyl)phenyl-
cycloheptatrienylium Fluoroborate (13). The dihydro derivative
11 (0.2 g, 0.86 mmol) in 5 ml of methylene chloride and 0.28 g (0.86
mmol) of triphenylmethyl fluoroborate in 10 ml of methylene chloride
were combined in a 25-ml flask with argon. The reaction mixture was
left in a refrigerator for 2 days. After filtration, the black precipitate
collected was found to be intractable material. The filtrate was
evaporated to dryness; the residue was purified by column chroma-
tography on alumina and eluted with Skellysolve B to produce 94 mg
(45%) of triphenylmethane. The NMR spectrum of this compound
was identical with that of an authentic sample.

1,2,3,5-Tetraphenyl-4- p-(7-cycloheptatrienyl)phenyl-1,3-cy-
clopentadiene (15). A solution of p-tropylphenyllithium (9) was
prepared from 2.4 g (10.7 mmol) of p-tropylbromobenzene 8 in 100
ml of dry ethyl ether and 4.9 ml (10.7 mmol) of n-butyllithium in 30
ml of dry ether. To this solution was added a solution of 2.8 g (7.25
mmol) of 2,3,4,5-tetraphenyl-2-cyclopentenone®? in 150 ml of benzene
over 30 min at 0 °C. Stirring was continued at this temperature for
7 h. The reaction mixture was hydrolyzed with 250 ml of 2 N hydro-
chloric acid. The layers were separated. The organic layer was washed
twice with 10% sodium carbonate solution and twice with sodium
chloride solution, and dried (NasSQ,). The solvent was evaporated,
and an IR spectrum of the residue showed an O-H stretching fre-
quency at 3600 cm~! (CHCl;). The crude carbinol 14 was dissolved
in 150 ml of hot ethanol. The ethanolic solution was allowed to cool
to room temperature and filtered. The filtrate was then stirred at
reflux under nitrogen in a 250-ml flask while 15 ml of 12 N hydro-
chloric acid was added dropwise through an addition funnel over 30
min. Stirring was continued under reflux for 1 h. The product grad-
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ually crystallized from the hot solution and was collected on a Buchner
funnel after the solution had been cooled. Recrystallization first from
chloroform-ethanol, then from ether, and again from chloroform-
ethanol afforded 0.76 g (19%) of light yellow crystals: mp 180-181 °C;
NMR (CDCls) 7 7.50 (1 H, t, H7), 4.60-5.05 (2 H, m, H, ), 3.72-4.05
(2H, m, Hy35), 3.28-3.50 (2 H, m, Hy 4), 2.73-3.20 (24 H, m, Ha,), 4.95
El H,)s, Hmethine of cp); UV (CHCl3) Amax (log €) 247 (4.46) and 347 nm
4.11).

Anal. Caled for CyoHso: C, 93.99; H, 6.01; mol wt, 536. Found: C,
94.01; H, 5.89; mol wt (mass spectroscopic), 536.

1,2,3,4,5-Pentaphenylcyclopentadiene. A solution of 0.5 g (1.3
mmol) of 2,3,4,5-tetraphenyl-2-cyclopentenone in 45 ml of benzene
was added under nitrogen over 15 min to a stirred solution of phen-
yllithium prepared from 0.3 g (1.9 mmol) of bromobenzene and 0.86
m! (1.9 mmol) of n-butyllithium in 10 m] of dry ethyl ether at 0 °C.
After stirring for 4 h, the reaction mixture was hydrolyzed with 2 N
hydrochloric acid and extracted with ether. The ether extract was
washed with water, dried (Na;S0,), and evaporated in vacuo. An IR
spectrum of the residue showed an O-H stretching frequency at 3600
c¢m™~ !, The erude carbinol was dissolved in 30 ml of ethanol and added
to a nitrogen-flushed 100-ml flask. After the solution was heated to
reflux, 30 ml of 12 N hydrochloric acid was added dropwise through
an addition funnel over 30 min. Stirring was continued under reflux
for 1.5 h. The product gradually crystallized from the hot solution and
was collected by filtration after cooling. Four recrystallizations from
benzene yield 0.19 (33%) of white crystals: mp 259-260 °C (lit.2% 250
°C); NMR (CDCl3) 7 5.00 (1 H, s, Hiethine), 2.70-3.18 (25 H, m,
HAr)-

Anal. Caled for CssHze: C, 94.12; H, 5.87. Found: C, 94.01; H,
5.87.

p-(2,3,4,5-Tetraphenyl-1,3-cyclopentadienyl)phenyltropylium
Fluoroborate (16). A mixture of 1.7 g (3.16 mmol) of the dihydro
derivative 15 in 120 ml of methylene chloride, and 1.0 g (3 mmol) of
triphenylmethyl fluoroborate in 30 ml of methylene chloride was left
in a refrigerator for 4 days. The reaction mixture was concentrated
to 30 ml via a stream of nitrogen and again left in a refrigerator
overnight. Filtration gave 1.5 g (83%) of red crystals. An analytical
sample was obtained by seven recrystallizations from methylene
chloride, followed by drying in vacuo at 100 °C: mp 195 °C dec; NMR
(acetone-dg) 7 4.31 (1 H, s, Huethine), 2.77-3.20 (20 H, m, Ha,),
2.13-2.70 (4 H, q, Hdisub Ar), 0.60 ~1.10 (6 H, m, Hiropylium); IR (KBr)
1060 em~! (s, BF4); UV (CHCl3) Amax (log €) 355 (4.04) and 600 nm
(3.90); UV (CH3CN), Amax (log €) 337 (4.17) and 527 nm (4.23).

Anal. Caled for C4oH3BFy: C, 81.04; H, 5.02; B, 1.74; F, 12.21.
Found: C, 81.14; H, 5.06; B, 1.70; F, 12.12.

The filtrate from the reaction mixture was evaporated to dryness.
The residue was extracted several times with hot Skellysolve B. The
extracts were concentrated to a small volume and chromatographed
on a column of alumina. Elution with Skellysolve B gave 0.47 g (64%)
of crude triphenylmethane. Recrystallization from ethanol afforded
white crystals. The NMR spectrum of this compound was identical
with that of an authentic sample.

Oligomeric 1-Cycloheptatrienylidene-4-(tetraphenylcyclo-
pentadienylidene-2,5-cyclohexadiene) (18). To a nitrogen-flushed
50-ml flask was added 1 g (1.6 mmol) of tropylium derivative 16 in 15
ml of acetonitrile. The deep red solution was cooled to 0 °C, and 0.48
g (4.8 mmol) of triethylamine in 5 ml of acetonitrile was added
dropwise over 15 min. Before half of the amine was added, the deep
red color of the solution was discharged. After stirring for 1 hat 0 °C,
the product was collected on a Hirsch funnel. The yellow solid was
transferred to an Erlenmeyer flask containing 5 ml of acetonitrile
cooled at 0 °C. The suspension was stirred for 30 min and filtered. The
same procedure was repeated once again to produce 0.62 g (72%) of
analytically pure 18: mp 250 °C (red liquid); bp 350 °C (decomposition
with gas evolution); UV (CHCly3) Apay (log €) 300 nm (4.67); NMR
(CDCly) 7 7.00-7.60, 4.10-4.90, 3.30-3.90, 2.00-3.30.

Anal. Calcd for C42Hso: C, 94.34; H, 5.66; mol wt, 534. Found: C,
94.30; H, 5.71, mol wt (osmometric in benzene), 1243.

The filtrate from the reaction mixture was evaporated and the
residue was extracted with water. The agueous extract was evaporated
in vacuo to give 0.22 g (75%) of triethylammonium fluoroborate. The
salt was identical with an authentic sample.

p-(7-Cycloheptatrienyl)phenylferrocene (20). To a stirred
suspension of 3.6 g (20 mmol) of tropylium fluoroborate in 150 mi of
dry ethyl ether was added dropwise under nitrogen over 20 min a so-
lution of p-ferrocenylphenylmagnesium bromide (19)32 prepared from
3.4 g (10 mmol) of p-bromophenylferrocene, 1.1 g {10 mmol) of ethyl
bromide, and 0.73 g (30 mmol) of magnesium in 100 ml of dry tetra-
hydrofuran. Stirring was continued for 2 h at room temperature and
then for 20 min at reflux. The reaction mixture was hydrolyzed with



1-Cycloheptatrienylidene-4-cyclopentadienylidene-2,5-cyclohexadiene

150 ml of 2 N hydrochloric acid. The ether layers were washed twice
with 10% sodium carbonate solution and twice with water, dried
(NagS0,), and evaporzated to dryness. The residue was dissolved in
5 ml of benzene, chromatographed on a 14 X 2 in. column of alumina
(activity II), and eluted with Skellysolve B. The first orange band
consisted of a mixture of phenylferrocene and p-bromophenylferro-
cene. The second orange band, eluted with 2:1 Skellysolve B-benzene,
gave (.75 g (21%) of product. Three recrystallizations from Skellysolve
B afforded analytically pure orange crystals: mp 129-130 °C; NMR
(CDCl3) 7 7.73 (1 H, t, H7), 4.50-4.82 (2 H, m, H, ), 3.69-4.00 (2 H,
m, Ha5), 3.26-3.48 (2 H, m, H3 4), 6.06 (5 H, s, Hyneub cp), 5.51 (2 H,
t, Ha), 5.81 (2 H, t, Hy), 2.53-3.00 (4 H, m, Ha,).

Anal. Calcd for CozHooFe: C, 78.42; H, 5.72; Fe, 15.85; mol wt, 352.
Found: C, 78.15; H, 5.56; Fe, 15.80; mol wt (mass spectroscopic),
352.

p-(3-Cycloheptatrienyl)phenylferrocene (21). A solution of 1.0
g (2.8 mmol) of p-tropylphenylferrocene (20) in 12 ml of toluene was
heated to reflux under nitrogen for 24 h. The solvent was evaporated
in vacuo and the residue was recrystallized from Skellysolve B to yield
9.5 g (95%) of product: mp 123-126 °C; NMR (CDCl3) r 7.72 (2 H, t,
H7),4.32-4.78 (2H, m, H, 5), 3.57-3.97 (2 H, m, Hy 5}, 3.03-3.20 (1 H,
d, Hy), 6.07 (6 H, s, Hyneun cp), 5.80 (2 H, t, Hy), 5.54 (2 H, t, H,), 2.70
(4 H,s, Hay).

p-Ferrocenylphenyltropylium Fluoroborate (7). To a solution
of 0.6 g (1.7 mol) of p-tropylphenylferrocene (21) in 20 ml of meth-
ylene chloride and 5 ml of acetonitrile was added 0.32 g (1.7 mmol)
of tropylium fluoroborate in one portion. The reaction mixture was
stirred at room temperature for 18 h. The final suspension was suction
filtered to produce dark green crystals. The product was purified by
consecutive trituration with water, ether, and benzene. The analytical
sample was obtained by consecutive trituration with carbon tetra-
chloride, water, and ethyl ether, and dried at 110 °C for 4 days. The
compound does not mel: below 300 °C: IR (KBr) 1060 cm™! (s, BFs™);
NMR (CH3CN) 7 0.70-1.30 (6 H, m, H; ), 2.10-2.30 (4 H, d, Ha,),
5.10 (2H, t, H,), 5.45 (2 H, t, Hy), 5.90 (56 H, s, Hunsub cp)-

Anal, Caled for Co3H9BF4Fe: C, 63.06; H, 4.37; Fe, 12.75. Found:
C. 63.38; H. 4.62; Fe, 12.50.

Registry No.—7, 60595-05-3; 8, 54615-31-5; 9, 60582-51-6; 10,
60582-52-7; 11, 60582-53-8; 12, 60595-03-1; 14, 60582-54-9; 15,
60582-55-0; 16, 60582-57-2; 18, 60582-59-4; 20, 60595-01-9; 21,
60595-02-0; p-dibromobenzene, 106-37-8; tropylium fluoroborate,
27081-10-3; 3-cyclopentenone, 14320-37-7; ferrous chloride, 7758-94-3;
2,3,4,5-tetraphenyl-2-cvclopentenone, 7317-52-4; 1,2,3,4,5-penta-
phenylcyclopentadiene, 2519-10-0; triphenylmethyl fluoroborate,
341-02-6; p-bromophenylferrocene, 58482-65-8.
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