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The One-electron Reduction of Carbonium lons. Part 12.! The Con-
formational Effect of the para-Cyclopropyl Group on the Stability of
Phenyltropylium lons and on their Reducibilities with Chromium(u) lon

By Koichi Komatsu, Ken’ichi Takeuchi, Nobuyuki Abe, Kenji Yasuda, and Kunio Okamoto.* Department
of Hydrocarbon Chemistry, Faculty of Engineering, Kyoto University, Sakyo-ku, Kyoto 606, Japan

A series of p-cyclopropylphenyltropylium ions with and without flanking methyl groups has been synthesized to-
gether with various methyl-substituted phenyltropylium ions as reference compounds. The conformational effect
of the para-cyclopropyl group upon the cation stability has been studied by means of *H n.m.r. spectroscopy, pKg+
measurements, and rate measurements of one-electron reduction with chromium(i) ion. Examination of the H
n.m.r. spectra and the pKg+ values of these cations indicates that stabilization due to charge delocalization to the
para-cyclopropyl group decreases with the introduction of the flanking methyl groups. A linear free-energy
relationship is observed when log k, for the chromium(i1) ion reduction is plotted against the summation of the
substituent constants ¢+ for unsubstituted, m- and p-methyl-, m.m-dimethyl-, and p-cyclopropyl-phenyltropylium
ions, but log k, for the p-cyclopropyl-substituted cation with one or two flanking methyl groups deviates greatly
from the linear correlation line, reflecting the loss of stabilization caused by conformational change of the cyclo-

propyl group.

It is now generally accepted that the cyclopropyl group
can stabilize an electron-deficient sp? carbon atom by
conjugative electron donation when the ‘ bisected * con-
formation is attained.? In a solvolytic study on p-
cyclopropyl-t-cumyl chloride [1-(p-cyclopropylphenyl)-
1-methylethyl chloride], the conformational effect of the
cyclopropyl group was examined by the use of the
elegant method of introducing flanking methyl groups to
fix the cyclopropyl conformation® In our previous
work, this method was applied to a kinetic study of the
one-electron reduction of cyclopropyltropylium ions in
order to confirm the importance of the bisected con-
formation of the cyclopropyl group directly attached to
the Hiickel aromatic cation, the tropylium ion.%

In previous work® we examined the rate of one-
electron reduction of substituted tropylium %:4¢ and
cyclopropenium ions.®¢ It was found that log %, for
chromium(11) ion reduction ¢ or log k. for zinc
reduction ¢ of the stable cations correlates linearly with
the transition energy of the charge-transfer band with a
given electron donor. Thus, the °one-electron re-
ducibility ’, expressed by log(reduction rate), was shown
to be a useful criterion for the electron affinity of stable
cations in solution. Recently, Bowie and Feldmann
also reported a kinetic study on the chromium(ir) ion
reduction of a variety of heteroaromatic and tropylium
cations; the Marcus theory for outer-sphere electron
transfer reactions was successfully applied to interpret
the kinetic data.® For a series of structurally related
cations, a linear correlation was also found to hold
between log 'k, for the chromium(i) ion reduction and
the cation stability represented by the pKg: value, the
more stable cation being reduced more slowly.%¢ A
quantitative treatment on this relation was made by
Bowie and Feldman.®

In this paper we report the results of a kinetic study of
the chromium(11) ion reduction of p-cyclopropylphenyl-
tropylium ions with and without flanking methyl groups.
In this system the aryl and tropylium rings are supposed
to be considerably twisted due to the steric repulsion of

the ortho-hydrogens.”»® Thus, it seemed of interest to
examine how much of the conjugative stabilizing effect
of the p-character of the cyclopropyl group is trans-
mitted to the tropylium-ion moiety across the phenyl
ring. A conformational change of the para-cyclopropyl
group is expected to affect the reactivity of the tropylium
ring greatly, if the positive charge is delocalized to the
para-position of the phenyl ring.

RESULTS AND DISCUSSION

Synthesis.—The aryltropylium ions (3a—g) were
synthesized by a method similar to that reported by
Jutz and Voithenleitner 7 from 7-arylcycloheptatrienes
(2a—g), which were obtained by the reaction of the
Grignard reagents of the aryl bromides (la—g) with
7-ethoxycycloheptatriene (Scheme 1).f The bromides
(le and f) were obtained by direct bromination of cyclo-
propylbenzene and o-cyclopropyltoluene, respectively,
whereas the bromide (1g) was prepared by the sequence
shown in Scheme 2.

1H N.m.r. Spectra.—The H n.m.r. spectral data for
the aryltropylium ions (3a—g) are summarized in Table 1
together with those for the 7-(p-cyclopropylphenyl)-
cyclohepta-1,3,6-trienes (2e—g). A close examination
of the chemical shifts of cyclopropyl protons offers
information on the conformation and the charge-
delocalizing effect of the para-cyclopropyl group.
First, the signal for the (Z)-methylene protons (3'-, 5’-H)
in both the cycloheptatrienes (2) and the cations (3)
experiences an upfield shift upon the introduction of
each flanking methyl group, while that for the (E)-
methylene protons (2’-, 4-H) is affected only slightly.
This spectral change clearly demonstrates a change of
the averaged conformation of the cyclopropyl group
from the ‘ bisected ’ arrangement (A) to the ‘ parallel’
one (B); in the latter conformation the (Z)-methylene
protons are placed far out of the plane of the aromatic

t The cycloheptatriene (2g) was obtained in higher yield by

the reaction of 1l-cyclopropyl-4-lithio-2,6-dimethylbenzene with
tropylium fluoroborate (see Experimental section).
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ring, and the molecular model indicates that they are
rather located nearly on a boundary of the shielding
region of the phenyl ring.

(A) (B)

Secondly, it is shown that the downfield shift of the
methylene proton signals, observed on going from the
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tris-(p-cyclopropylphenyl)methyl cation (4).® In this
system the difference in the averaged chemical shifts of
the cyclopropyl methylene protons between the cation
(4) and the corresponding alcohol is found to be 0.54
p.p.m. for the system without flanking methyls and
0.38 p.p.m. when the flanking methyls are introduced.?
The ratio of these values (0.54/0.38 = 1.42) is com-
parable with that observed in the present system
(0.31/0.21 = 1.48), suggesting that the relative effective-
ness in charge delocalization of the ‘ bisected’ cyclo-
propyl group (A) with reference to the  parallel’ one
(B) in the present system (3} is quite similar to that in
system (4).

TABLE 1

H N.m.r. spectral data for the aryltropylium ions (3a—g) in CF4CO,H and the 7-arylcyclohepta-1,3,5-trienes
(2e—g) in CCl,

Chemical shift 3
Seven-membered ring * Cyclopropyl ® -
— A - Phenyl ¢ Methyl @ = A —
Com- 3-, 2-, 1-, — P — ~ - Al - 2'-, 3,
pound 4-H 5-H 6-H 7-H 9-H 13-H 10-H 12-H H-11 10-Me 12-Me 11-Me 1H 4-H 5-H
— — AN - J
(3a) 9.37—9.07 7.79
(3b) 9.34—8.99 7.89 7.57 2.53
h—-—-ﬂ___a’
(3c) 9.36—9.04 7.78  7.66 7.66 2.52
——
(3d) 9.33—9.03 7.55 7.45 2.51
(3e) 9.22—8.87 7.85 7.40 2.07 122 0.92
(3f) 9.23—8.87 7.70  7.67 7.17 2.58 207 115 0.82
— Mo e
(3g) 9.27—8.93 7.58 2.63 1.89 121 0.68
(2e) 6.58 6.10 525 258 7.03 1.80 0.87 0.65
(21) 6.60 6.09 528 2.63 6.93  6.90 7.02 2.42 1.83 086 0.60
| U ——— — e —
(2g) 6.63 6.12 527 249 6.87 2.37 1.67 096 051
a Numbering b Numbering: Ar
. 26 910 - o
3 ' I
Pl 137 12 27 1 4

neutral cycloheptatrienes (2e—g) to the cations (3e—g),
increases in the order (3g) < (3f) < (3e); the difference
in the averaged chemical shifts of the methylene protons
(3"-, 5-H and 2'-, 4’-H) between (3) and (2) is 0.21 for
(3g) and (2g), 0.26 for (3f) and (2f), and 0.31 p.p.m. for
(3e) and (2e). The largest downfield shift of the
methylene proton signals observed for (3e) serves as
evidence for the most effective delocalization of the
positive charge to the cyclopropyl group attained in the

R
C e
3
R
(4)
a; R=H
b; R=Me

bisected conformation (A). A similar observation has
been made with respect to the 2H n.m.r. spectra of the

pKg+ Values—In order to examine the stability of
cations (3) in aqueous solution, the pKgy+ values were
determined spectrophotometrically in 23%, ethanol to
give the results shown in Table 2. The effect of the
para-cyclopropyl group is indicated by subtracting the
pKr+ values for the cations without the cyclopropyl
group [(3a, ¢, and d)], from those for the corresponding
cyclopropyl-substituted cations [(3e, f, and g)], re-
spectively. In agreement with the prediction from 1H
n.m.r. data, the stabilizing effect of the cyclopropyl
group is shown to be the greatest for the cation (3e),
which favours the bisected cyclopropyl conformation,
and decreases in the order, (3e) {ApK=z+[(3e) — (3a)] =
0.90} > (3f) {ApKg+[(3f) — (3c)] = 0.26} > (3g)
{ApKr-[(3g) — (3d)] = 0.10}.

Chromium(11) Ion Reduction.—As has been reported '
for a variety of substituted tropylium ions,534 the re-
action of the aryltropylium ions (3) with chromium(ir)
ion in 109, HCIl quantitatively affords the dimeric
products, i.e. aryl-substituted bitropyls (5). These
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products are most probably formed by coupling of the
aryltropyl radicals generated by one-electron reduction
of the cations (Scheme 3). In the case of zinc reduction
of tropylium ion, the generation of tropyl radical has

R! R!
R? Br ~—» R? MgBr

R3 R3

(GD) l

il
Rl

*~<O—~_J

R3

(2)

a;R'=R?=R3:=H L"”
b; R' =R3=H, R2=Me :
c; R =Me, RZ=R3=H R

d; R' =R3=Me, R?=H

e; R'=R¥=H, R?=[>

f; R'=Me, RZ =[> R3:=H

g; R' =R3 = Me, RZ= [>- R3

h; R'=R3=H, RZ=Pri (3

ScueME 1 Reagents: i, Mg-Et,0; ii, EtOC,H,-Et,0;
iii, Phsé—MeCN

been verified by the use of a spin-trapping technique.l®
Since the formation of arylcycloheptatrienes was not

TABLE 2

Results of the measurements of reduction-rate (25 °C in
10%, HCl) and pKg+ for the aryltropylium ions (3)
pEr+ *

103[(3)]/ 103[Cr2+}/ 1 k2/ kz avemge/ in 23%
M

Cation M mol sl Imolts™ EtOH

(3a) ® 4.26 8.57 140 144 4.13
4.62 9.28 147

(3b) ® 3.23 9.10 99.0 100 4.61
4.70 12.7 94.2
5.03 12.3 108

(3¢c) 1.97 8.75 120.1 124.7 4.51
2.00 8.75 129.3

(3d) 3.13 7.85 123.9 123.7 4.54
2.92 7.37 123.4

(3e) 2.59 5.53 88.7 86.2 5.03
2.63 6.92 85.2
4.85 13.8 84.9

(3f) 1.95 9.30 92.7 92.6 4.77
1.80 8.30 92.4

(3g) 1.80 8.53 118.8 119.3 4.64
1.90 8.30 119.8

@ Probable error -0.05. ? Data taken from ref. 5d.

observed in spite of the reaction taking place in such a
strongly acidic medium, the possibility of intervention

* For the advantage in using such a strongly acidic medium,

see refs. 5a and b.
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of a chromium complex, such as that reported for the
chromium(11) ion reduction of benzyl halides,}! is ruled
out in the present study.

Me Me  NO, Me  NH,

Me Me Me

Me

Br

Me
(19}

ScHeEME 2 Reagents: i, HNO,—Ac,0; ii, Sn—~HCI;
iii, Br,~AcOH; iv, NaNO,~H,SO,~EtOH

Kinetic measurements for the chromium(i) ion re-
duction of the cations (3) in 109, HCI * were carried out
by the use of a flow method reported previously.’> The
rate constants were determined under second-order
reaction conditions to give the results shown in Table 2.
From the results of our previous studies,?¢ which
indicated a linear correlation between log %, for the
reduction and the electron affinity of the cations, it has
been established that the one-electron transfer step is
rate determining in this reaction. Therefore, if we

2
Ar C——>r* Ar @

(3) l

1
1A

(5)

SCHEME 3

assume, as a first approximation, that the energy levels
of a series of the aryltropyl radicals do not differ sig-
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nificantly from each other * and the levels of the tran-
sition state are close to those of the radicals, then the
values of log %, are expected to correlate with energy
levels of the starting aryltropylium ions (3). Since the
stability of the cations (3) should also have a correlation
with the substituent constant ¢+ { the values of log %,
were plotted against the summation of ¢,1% assuming
that the additivity holds for the substituent effect in the
present system.

As shown in the Figure, a good linear free energy
relationship is observed for the cations (3a-—e) and also
the isopropyl-substituted cation (3h) } (0 0.47). How-
ever, the points for cations (3f and g) dramatically
deviate upward from the straight line. These devi-
ations are most probably ascribed to a change in the
cyclopropyl conformation, and the extent of the upward
deviation from the line can be taken as a measure of the
decrease in the stabilizing effect of the cyclopropyl group

-06 -04 -02 00
zo*
Plot of log k; for the chromium(ir) ion reduction of the
substituted phenyltropylium ions (3) against summation of o+

which is prevented from adopting the bisected conform-
ation by the flanking methyl groups.

Thus, the present kinetic results together with the
1H n.m.r. and pKg+ data clearly indicate that the para-
cyclopropyl group in a bisected conformation exerts the
greatest conjugative stabilization on the tropylium ion
across the phenyl ring, and that the extent of stabiliz-
ation is sensitively affected by a change in cyclopropyl
conformation. As for the inductive effect of the cyclo-
propyl group, there have already been accumulated data
which show that such an effect is negligible or only
slightly electron-withdrawing reflecting its double-bond
character. For example, the Taft o; value for the
cyclopropyl group has been estimated to be +0.017—
0.0 depending on the method of estimation.’® On the
other hand, the results of the present work demonstrate
that the cyclopropyl group flanked by two methyl
groups is still weakly electron donating; the ¢* value

* Although the conjugative interaction of the cyclopropyl
group with the wn-radical is known (for example, see N. L. Bauld,
J. D. McDermed, C. E. Hudson, Y. S. Rim, ]J. Zoeller, jun., R. D.
Gordon, and J. S. Hyde, J. Amer. Chem. Soc., 1969, 91, 6666),
this effect is supposed to be much smaller than the conjugative
stabilization effect of the cyclopropyl group in the cations, to
affect the energy levels.

View Article Online

265

for the cyclopropyl group in (3g) corrected for two
flanking methyls is estimated to be —0.034 from the
difference in log &, between (3g and d) (—0.016) and the
¢ value (0.47) of the straight line in the Figure. There-
fore, the conjugative effect of the cyclopropyl group is
not completely eliminated by the introduction of two
flanking methyls but still remains somewhat to stabilize
the cation; the steric effect of the two methyl groups is
apparently not large enough to constrain the cyclo-
propyl group rigidly to the parallel conformation.
Similarly, in the solvolytic study of the t-cumyl system,
the para-cyclopropyl group flanked with two methyl
groups has been reported to still exert about one-half of
its maximum conjugative stabilization of the cationic
centre during solvolysis.® The difference in the carbon
framework in these two systems, the phenyltropylium
and t-cumyl cations, is responsible for the change in
flanking methyl effect exerted upon the conformation of
the cyclopropyl group.

EXPERIMENTAL

M.p.s and b.p.s are uncorrected. Elemental analyses
were performed by the Microanalytical Centre, Kyoto
University, Kyoto. I.r. and u.v. spectra were recorded
with Hitachi 215 and 200-10 spectrometers, respectively.
'H N.m.r. spectra were taken on a Hitachi R-24 spectro-
meter (60 MHz) or on a Varian HA-100 spectrometer (100
MHz) with tetramethylsilane as internal standard. Mass
spectra were taken on a JEOL JMS-01SG spectrometer.

Materials—Reagents were of reagent grade quality
except where otherwise noted. Acetonitrile, b.p. 81.6—
81.8 °C, and ethyl acetate, b.p. 77.4—77.5 °C, were re-
fluxed and distilled over phosphorus pentaoxide. 7-
Ethoxycycloheptatriene was prepared from tropylium
fluoroborate ¥* and sodium ethoxide. Trityl perchlorate
was prepared by the method of Dauben ef all®* A 1M
solution of chromium(11) chloride in 10%, HCl was prepared
by dissolving chromium metal in 109, HCl under nitrogen.
5-Bromo-1,3-dimethylbenzene (1d) was prepared in 83.19,
yield by deamination of 4-amino-5-bromo-1,3-dimethyl-
benzene, obtained in 71.3% yield by bromination of 2,4-
dimethylaniline in acetic acid; (1d) b.p. 75.5—78.5 °C at
5 mmHg (lit.,'® 83—87 °C at 15 mmHg), §(CCl,) 7.06 (2 H,
s), 6.84 (1 H, s), and 2.27 (6 H, s). 4-Bromo-1-cyclopropyl-
benzene (le) was prepared by bromination of cyclopropyl-
benzene 17 in acetic acid-potassium acetate, according to
the method of Hahn ef al.;® (le) b.p. 75—80 °C at 2
mmHg (lit.,'8 61—63 °C at 1 mmHg).

4-Bromo-1-cyclopropyl-2-methylbenzene (1f).—1-Cyclo-
propyl-2-methylbenzene was prepared by the use of the
Simmons-—-Smith reaction.’” The slow addition of 2-methyl-
styrene !* was found to minimize polymerization and thus
remarkably increase the yield. A representative procedure
is as follows. Freshly distilled di-iodomethane (80.4 g,

t In the previous study on the chromium(11) ion reduction of a
series of phenyltropylium ions carrying a variety of alkyl and
heteroatom substituents,’? we observed a better linear correlation
of log k, with Hammett ¢ (correlation coefficient 0.9795) than
with ot substituent constants (correlation coefficient 0.9280).
However, the exact reason for this phenomenon still remains to
be clarified (see ref. 6).

t The second-order rate constant %, for the chromium(i1) ion
reduction of p-isopropylphenyltropylium ion (3 h) has been
determined as 102 1 mol™ s7! in 109, HCl at 25 °C (K. Komatsu,
R. Ohara, and K. Okamoto, unpublished data).
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0.300 mol), zinc powder (19.6 g, 0.300 g atom), and a small
amount of iodine were stirred in dry monoglyme (75 ml).
To the stirred mixture was added dropwise a solution of
2-methylstyrene (17.7 g, 0.150 mol) in monoglyme (75 ml)
over 9 h with heating to reflux. After refluxing for an
additional 22 h, the mixture was filtered and washed well
with ether. The filtrate was treated with diluted HCI and
worked up in the usual way to give 1-cyclopropyl-2-methyl-
benzene (14.2 g, 71.89,) after vacuum distillation, b.p.
47—53 °C at 2 mmHg (lit.,?* 193.5 °C at 745 mmHg);
3(CCl,) 6.94br (4 H, s), 2.37 (3 H, s), 1.80 (1 H, m), and
0.89—0.50 (4 H, m). A solution of 1l-cyclopropy!-2-
methylbenzene (6.61 g, 50.0 mmol) and bromine (8.00 g,
50.1 mmol) in freshly distilled n-hexane (160 ml) was let
stand at —20 °C for 73 h in the dark under oxygen; the
reaction conditions were adopted from those employed for
the para-bromination of cyclopropylbenzene.?’ The mix-
ture was then washed with 109, sodium thiosulphate.
The usual work up and vacuum distillation afforded (1f)
(6.35 g, 60.2%) as an oil, b.p. 99—100 °C at 4 mmHg;
3(CCl,) 7.18 (1 H, s), 7.10 (1 H, d), 6.73 (1 H, d), 2.37 (3 H,
s), 1.75 (1 H, m), and 0.93—0.50 (4 H, m).

4-Bromo-1-cyclopropyl-2,6-dimethylbenzene (1g).—For the
preparation of the bromide (lg), Sharpe and Martin ?
described a method which involved the Friedel-Crafts
acetylation of the acetanilide (6) to give (7), followed by
removal of the acetylamino group and conversion of the
acetyl group into the cyclopropyl group in three steps.
However, when we attempted the Friedel-Crafts acetylation
of (6), we were always confronted with the formation of an
inseparable mixture of (7) and its positional isomer (8) in a
ca. 1:1 ratio. Our result agrees well with the report of
Rabideau and his co-workers 22 on the acetylation of 5-
bromo-1,3-dimethylbenzene (9), which indicates that C(2)
and (4) have equal reactivity. Thus, we adopted the
preparative method shown in Scheme 2 (see text) and
described below in detail.

NHCOMe NHCOMe NHCOMe
Br Me Br Me Br Me
D el +
Ac Ac
Me Me Me
(6) (7) (8)
Br Me
Me
(9)

According to the method of Stock and Young,? 1-cyclo-
propyl-2,6-dimethylbenzene was prepared from 2,6-di-
methylstyrene. The Simmons-Smith reaction was further
repeated twice on the crude product, giving a 64.99%, yield
of the cyclopropyl compound in contrast to the reported
yield of 209%,,% b.p. 88—98 °C at 5§ mmHg. To an ice-
cooled solution of 1-cyclopropyl-2,6-dimethylbenzene (6.19
g, 42.3 mmol) in acetic anhydride (17 ml) there was added
concentrated nitric acid (3.50 ml, 46.7 mmol) dropwise
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with vigorous stirring over 10 min. After stirring for 5 h
at room temperature, the mixture was poured into ice-
water (100 ml), neutralized with 40% NaOH, and worked
up to give the crude product, which was shown to contain
86.09%, of 1-cyclopropyl-2,6-dimethyl-3-nitrobenzene (5.90 g,
72.99%) by 'H n.m.r. analysis. Purification was effected by
vacuum distillation, b.p. 119—125 °C at 0.7 mmHg;
3(CCl,) 7.45 (1 H, d), 6.95 (1 H, d), 247 (3 H, s}, 2.41 (3 H,
s), 1.70 (1 H, m), 1.11 (2 H, m), and 0.51 (2 H, m). Toa
stirred mixture of l-cyclopropyl-2,6-dimethyl-3-nitroben-
zene (10.99 g, 57.5 mmol) and mossy tin (30.0 g, 0.253 g
atom) there was added concentrated HCI (86 ml) dropwise
over 4 h with occasional cooling to keep the temperature
at 40—50 °C. After removal of excess of tin the mixture
was extracted with ether and worked up to give crude
3-amino-1-cyclopropyl-2,6-dimethylbenzene (8.72 g, 94.1%,),
which was further purified by vacuum distillation, b.p.
100—103 °C at 0.4 mmHg; §(CCl,) 6.62 (1 H, d), 6.23
(1 H, d), 3.40br (2 H, s), 2.26 (3 H, s), 2.16 (3 H, s), 1.60
(1 H, m), 0.93 (2 H, m), and 0.44 (2 H, m). A solution of
bromine (13.45 g, 84.2 mmol) in acetic acid (13 ml) was
added dropwise to an ice-cooled solution of 3-amino-1-
cyclopropyl-2,6-dimethylbenzene (12.45 g, 77.2 mmol) in
acetic acid (19 ml) for 40 min with vigorous stirring. After
stirring at 55 °C for 1.5 h, ice~water (30 ml) was added to
the mixture, which was then extracted with chloroform
and worked up to give 3-amino-4-bromo-1-cyclopropyl-
2,6-dimethylbenzene (15.52 g, 83.6%), b.p. 120—140 °C
(bath temperature) at 0.1 mmHg; 3(CCl) 6.92 (1 H, s),
3.80br (2 H, s), 2.20 (6 H, s), 1.52 (1 H, m), 0.96 (2 H, m),
and 0.43 (2 H, m). A solution of 3-amino-4-bromo-1-cyclo-
propyl-2,6-dimethylbenzene (15.50 g, 64.6 mmol) in ethanol
(20 ml) was added slowly to an ice-cooled solution of con-
centrated sulphuric acid (11.5 ml) in ethanol (26 ml),
followed by the dropwise addition of an aqueous solution
(10 ml) of sodium nitrite (9.05 g, 0.131 mmol) over a 1 h
period with stirring at 5 °C. Then copper bronze (2.05 g)
was added and the mixture was stirred at room temperature
for 1 h and at 50 °C for 1.5 h. After addition of water
(50 ml) and benzene (50 ml) the mixture was worked up
and distilled under reduced pressure to give the bromide
(1g)(7.19 g, 49.5%,) as a pale yellow viscous oil, b.p. 81—
85 °C at 0.25 mmHg; §(CCl,) 6.99 (2 H, s), 2.35 (6 H, s),
1.54 (1 H, m), 0.99 (2 H, m), and 0.50 (2 H, m).
Avryltropylium Perchlovate.—3-Methylphenyltropylium
pevchlorate. To a stirred solution of 3-methylphenyl-
magnesium bromide, prepared from 1-bromo-3-methyl-
benzene (10.0 g, 58.5 mmol) and magnesium turnings (1.49
g, 61.3 mg atom) in dry ether (8 ml), there was added
7-ethoxycycloheptatriene (8.78 g, 64.5 mmol) dropwise.
After refluxing for 1 h the mixture was worked up and
distilled under reduced pressure to give 7-(3-methylphenyl)-
cyclohepta-1,3,5-triene (2¢) (5.89 g, 55.39,) as an oil, b.p.
86—101 °C at 0.3 mmHg; §(CCl,) 7.06 (4 H, m), 6.60 (2 H,
t), 6.14 (2 H, dm), 5.28 (2 H, dd), 2.59 (1 H, 1), and 2.30
(3 H, s). To a stirred solution of (2c) (3.98 g, 21.8 mmol)
in acetonitrile (11 ml), there was added trityl perchlorate
(7.63 g, 22.3 mmol) in one portion. After stirring at 60 °C
for 10 min and at 80 °C for 5 min, ethyl acetate (15 ml) was
added to the resulting dark red solution. The precipitates
which separated upon cooling were collected by filtration,
washed with dry ether, and dried under vacuum to give the
perchlovate salt of (3c) (4.38 g, 71.49%) as yellow plates,
m.p. 122.0—122.5 °C (decomp.) (from acetonitrile—ethyl
acetate) (Found: C, 59.9; H, 4.9. C,H,,ClO, requires
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C, 59.9; H, 4.65%). Their. and u.v. spectral data for the
cations (3) are given in Table 3.

3,5-Dimethylphenyltvopylium pevchlorate. In a similar
manner 7-(3,5-dimethylphenyl)cycloheptatriene (2d) was
obtained by the reaction of 3,5-dimethylphenylmagnesium
bromide with 7-ethoxycycloheptatriene in 52.5%, yield,
b.p. 85—93 °C at 0.2 mmHg; 3(CCly) 6.90 (2 H, s), 6.83
(1 H,s), 6.65 (2 H, t), 6.15 (2 H, dm), 5.32 (2 H, dd), 2.55
(1 H, t), and 2.26 (6 H, s). Hydride abstraction with
trityl perchlorate afforded the perchlovate salt of (3d) as
yvellow needles in 73.49%, yield, m.p. 187.0—188.0 °C
(decomp.) (Found: C, 61.05; H, 5.2. C,;H,;ClO, requires
C, 61.1; H, 5.15%).

4-Cyclopropylphenyltropylium  perchlovate. 7-(4-Cyclo-
propylphenyl)cycloheptatriene (2e) was similarly prepared
from the bromide (le) in 43.59%, yield, b.p. 111121 °C at
0.1 mmHg. Hydride abstraction afforded the perchiorate
salt of (3¢) as a yellowish orange powder in 74.99, yield,
m.p. 119.0—119.5 °C (decomp.) (Found: C, 62.45; H, 4.8,
CeH15Cl0, requires C, 62.65; H, 4.959%,).

4-Cyclopropyl-3-methylphenyltropylium  pevchlovate. -
(4-Cyclopropyl-3-methylphenyl)cycloheptatriene (2f) was
prepared from the bromide (1f) in 43.99, yield, b.p. 110—
119 °C at 0.09 mmHg. Hydride abstraction gave the
perchlovate salt of (3f) as red-orange crystals in 69.69 yield,
m.p. 144.1—145.1 °C (decomp.) (Found: C, 63.4; H, 5.45.
C,.H,ClO, requires C, 63.65; H, 5.45%,).

TABLE 3

I.r. and u.v. spectral data for the aryltropylium ions (3)
Amax.(10% HCL)/

Cation Vmax.(KBr) /fem™ nm (log ¢)

(3a) = 3020w, 1600s, 1 520s, 1 480s, 1 430m, 226 (4.58)
1 380m, 1 320m, 1 275m, 1 240m, 271 (4.17)
1 200s, 1 100brs, 860m, 830m, 790s, 368 (4.21)
740s, 735sh

(3b) ¢ 3020w, 1600s, 1 530sh, 1510s, 1 480s, 227 (4.51)
1 430m, 1 380m, 1 275s, 1 200m, 275 (4.09)
1 100brs, 830m, 760s, 715w 395 (4.27)

(3c) 3 020w, 1 600s, 1 580w, 1 530s, 1 520m, 225 (4.49)
1 480s, 1 440m, 1 390m, 1 370m, 272 (4.12)
1 300m, 1 270s, 1 190m, 1 100brs, 375 (4.14)
810m, 750s, 700m

(3d) 3 030w, 1600s, 1 570w, 1 530m, 1 520m, 227 (4.55)
1 490m, 1 420w, 1 385m, 1 360m, 270 (4.29)
1 315m, 1 280s, 1 200m, 1 100brs, 381 (4.15)
860s, 760s, 695s

(3e) 3 020w, 1 600s, 1 530s, 1 515s, 1 485s 233 (4.47)
1 445m, 1 420m, 1 380m, 1 300m, 277 (3.95)
1 270s, 1 200m, 1 100brs, 900s, 840m, 415 (4.28)
810w, 765s, 720s

(3f) 3 020w, 1 600s, 1 510s, 1 480s, 1 440m, 232 (4.44)
1 370m, 1 260s, 1 100brs, 900s, 880sh, 276 (3.92)
840w, 830w, 760s 414 (4.21)

(3g) 3020w, 1600s, 1520s, 1475s, 1 450m, 230 (4.48)
1 380m, 1 310s, 1 280s, 1 200m, 277 (3.91)
1 100brs, 880m, 860w, 820m, 770s 408 (4.21)

% Data taken from ref. 5d.
4-Cyclopropyl-3,5-dimethylphenyltvopylium perchlovate.

Tropylium fluoroborate (3.20 g, 18.0 mmol) was added,
under nitrogen, to a stirred solution of 4-cyclopropyl-
3,5-dimethylphenyl-lithium, prepared by the reaction of
n-butyl-lithium (14.0 mmol) in n-hexane (10 ml) with the
bromide (1g) (2.42 g, 10.7 mmol) in dry tetrahydrofuran
(19 ml) at —78 °C. After stirring at — 78 °C for 30 min and
at room temperature for 5 h, the mixture was hydrolysed
and worked up to give the crude product (4.35 g). Pre-
parative t.l.c. over SiO, developed with n-hexane afforded
7-(4-cyclopropyl-3,5-dimethylphenyl)cycloheptatriene (2g)
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(1.84 g, 72.6%,). Hydride abstraction by trityl perchlorate
gave the perchiorate salt of (3g) as orange needles in 85.79%,
yield, m.p. 194.3—194.5 °C (decomp.) (Found: C, 64.4; H,
5.7. C,;4H,,ClO, requires C, 64.55; H, 5.79%,).

Determination of pKg+—The pKg+ values were deter-
mined spectrophotometrically in 239, ethanol at 25 °C by
the method of Breslow and Chang.?*

Chromium(11) Ion Reduction of the Cations (3).—Pro-
cedures for the reduction of the cation (3e) are described
below for a representative case. A 10% HCI solution of
chromium(11) chloride (1M X 5.0 ml, 5.0 mmol) was added
to a stirred solution of the perchlorate salt of (3e) (0.155 g,
0.506 mmol) in 109, HCIl (20 ml) by the use of a syringe
under nitrogen. After stirring for 10 min at room tem-
perature, the mixture was extracted with hexane and
worked up to give an isomeric mixture of x,x’-bis-(4-cyclo-
propylphenyl)bicycloheptatrienyl (5e) (0.105 g, 100.6%,) as
a solid, 2, (CHCL) 250 (log € 4.56) and 290sh nm (4.23);
3(CCl,) 7.3—7.0 (8 H, m), 6.9—6.0br (6 H, n), 5.7—5.3br
(4 H, m), 2.2 (2 H, m), and 1.2—0.7 (8 H, m). The 'H
n.m.r. spectra of the other diarylbitropyls (5c, d, f, and g)
all exhibited quite similar patterns for the seven-membered
ring protons together with the multiple signals for the
substituents implying the existence of positional isomers.
The mass spectrum of (5¢) does not exhibit a molecular ion
peak but shows the fragment peaks corresponding to both
symmetrical cleavage, a, and disproportionation, b; m/e
220 (M*/2 4-13, 39%,), 207 (M*/2, 15), and 194 (M*/2 —13,
100).

w a m

(s)

The chromium(iur) ion reduction of the other aryl-
tropylium ions were carried out in the same way to give the
bitropyls (5) in 90—1009%, yields: (5c), A, (CHCl) 245
(log ¢ 4.50) and 280sh nm (4.10); mje 194 (M*/2 +13,
129%), 181 (M*/2, 100), and 168 (M*/2 —13, 23); (5d),
Apax. (CHCLy) 245 (log € 4.51) and 280sh nm (4.13); m/e 208
(M*/2 413, 12%,), 195 (M*/2, 100), and 182 (M*/2 —13,
17); (5f), A, (CHCL;) 248 (log € 4.50) and 290sh nm (4.16);
mle 234 (M*[2 +13, 7%), 221 (M*/2, 87), and 208 (M*/2
—13, 100); (58), X, (CHCL) 247 (log ¢ 4.55) and 290sh
nm (4.18); mle 248 (M*/2 413, 39%,), 235 (M1/2, 10),
and 222 (M*/2 —13, 100).

Kinetic Measurements.—The second-order rate constants
for the chromium(11) ion reduction of the cations (5) in
109, HCI at 25 °C were determined by the use of a flow
method described previously.®® The diarylbitropyls (5),
formed at times ranging from 0.1 to 0.7 s, were determined
by u.v. spectroscopy using the characteristic absorption
bands shown above.

[8/247 Received, 13th February, 1978)
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