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A series of azulene analogues of triphenylmethyl cation (tri(l-azulenyl)methyl, di(1-azulenyl)phenyl-
methyl, and (1-azulenyl)diphenylmethyl hexafluorophosphates) were synthesized by hydride abstraction from
the corresponding methane derivatives with DDQ. In order to examine the effect of substituents on the
cations, and to enhance their stabilities, a series of cations bearing 3-methyl, 3-methoxycarbonyl, 3,6-di-t-
butyl, 6-t-butyl, or 3-¢-butyl groups on each of the azulene rings were also synthesized. Their pKg+ values
showed that the stabilities of these cations dramatically increase with the number of azulene rings. Tris(3,6-
di-t-butyl-1-azulenyl)methyl cation showed the highest pKy+ value (14.3) ever observed. The high stabilities
of these cations were attributed to a large conjugative effect between the central cation and the azulene
ring(s). The dynamic stereochemistry of these cations was also studied based on the temperature-dependent
"HNMR spectra, which were analyzed by a flip mechanism. Low-temperature NMR studies indicated that
tri(1-azulenyl)methyl cations exist in two types of propeller conformations (symmetrical and unsymmetrical
propellers, which have C3 (AA4) and C;(BB) symmetries, respectively), and at higher temperature the NMR
reflect the rapid isomerization. The lower activation energy of the process B—A(or B—A), compared with
that of B—B, indicates that the threshold rotation mechanism for the cation is a one-ring flip. This is the

first example of a molecular propeller with a threshold rotation mechanism comprising a one-ring flip.

Hydrocarbon carbocations, which comprise only car-
bon and hydrogen, are generally reactive species. Re-
cently, some extremely stable hydrocarbon carbocat-
ions, which exist even under weak basic conditions, have
been reported in the literature.?—® However, most of
these examples are cyclic cations, such as cyclopropen-
ylium or tropylium ions. The most stable hydrocarbon
carbocation ever reported is the tropylium ion (1) an-
nelated with three bicyclo[2.2.2]octenes, whose pKr+
value was determined to be 13.0.? The cyclopropen-
ylium ion (2) stabilized by three cyclopropyl groups,
which has a pKgr+ value of 10.0, has also been reported
(Chart 1).*=7 In contrast to the cyclic cation, substi-
tuted methyl cations are not expected to show high sta-
bilities, e.g., triphenylmethyl cations (3) show a lower
pKgr+ value (—6.4) compared with that of triphenylcy-
clopropenylium ion (4) (pKg+=3.0).19

Theoretical calculations'? and its large dipole mo-
ment (1.08 D)'? have suggested that azulene should
stabilize carbocations attached at the 1- position
through p-p interactions, e.g., the cyclopropenylium
ion (5) substituted by three guaiazulene rings, whose
pKr+ value is over 10.0 (Chart 2).8) Therefore, the tri-
(1-azulenyl)methyl cations (6), which are also classified

Chart 1.

as substituted methyl cations, are expected to show ex-
traordinary stabilities due to the contribution of the
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resonance forms, e.g., 6.

Here, we report on the syntheses of a series of azul-
ene analogues of triphenylmethyl cation (3), i.e., tri(1-
azulenyl)methyl (6a), di(1-azulenyl)phenylmethyl (7a),
and (1-azulenyl)diphenylmethyl (8a) hexafluorophos-
phates by hydride abstraction from the corresponding
methane derivatives (Chart 3). In order to examine the
effect of substituents on the cations and to enhance their
stabilities, a series of the cations (6, 7, and 8) bearing a
3-methyl (6b, 7b, and 8b), 3-methoxycarbonyl (6¢, Tc,
and 8c), 3,6-di-t-butyl (6d, 7d, and 8d), 6-t-butyl (6e,
7e, and 8e), or 3-t-butyl (6f, 7f, and 8f) group on each
of the azulene ring(s) were also synthesized. The bulky
t-butyl groups effectively stabilized 6, 7, and 8 by their
steric and inductive effects, the latter being induced by
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the contribution of C—C hyperconjugation.

Rotations of the azulene rings of most of these cations
(6, 7, and 8) were observed below ambient tempera-
ture via 'HNMR spectroscopy. These cations (6, 7,
and 8) and their corresponding methane derivatives
(9, 10, and 11) have the general structures ArsZ and
Ar3zZH (Ar =azulenyl or phenyl group and Z=C* or C),
which are classified as molecular propellers.'>'¥) The
correlated rotation of the molecular propellers is com-
monly analyzed in terms of the flip mechanism postu-
lated by Kurkland et al.'>~'® Conformational analy-
ses of triarylcarbenium ions,*® ) triarylboranes,??-%®
triarylmethanes,?*—29 triarylsilanes,3* %2 and triaryl-
amines®33% were carried out on the basis of this mech-
anism.

The representative flip mechanism for molecular pro-
pellers, such as triphenylmethyl cation (3), which ex-
ists in two enantiomeric forms (A4 and A), is illustrated
in Fig. 1. These mechanisms are classified into four
processes, i.e., from a zero-ring flip to a three-ring flip,
depending on the number of flipping rings. The ring
flip is defined by the rotation of the rings through the
plane which is perpendicular to the reference plane (the
plane which is defined by the three arylic ipso carbons),
whereas a nonflipping ring rotates concomitantly with
the ring flip to the opposite direction, which passes
through the reference plane.

The mechanism is independent of conjugative effect
between the central atom and the three rings, even in
the cases of triarylmethyl cations or triarylboranes, and
the lowest energy (threshold) rotation mechanism for
these systems is uniformly a two-ring flip.'® Recently,
Rappoport et al. noted that the mechanism for vinyl
derivatives (12) of molecular propellers is dependent
on the steric effects between the substituent (R=H or
OH) and the three rings (Chart 4).3%3®) Therefore, the
threshold rotation mechanism for the molecular pro-
pellers must also be variable. However, the three rings
of molecular propellers are in close proximity to each
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Fig. 1. Representative flip mechanism for the molec-

ular propeller (3) such as ArsZ.
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other, compared with those of 12, so that stronger con-
jugative interactions are needed to change the threshold
rotation mechanism.

The high stabilities of cations 6, 7, and 8 may be
rationalized as being due to the large conjugative ef-
fect between the cationic carbon (C*) and the azulene
ring(s), which would contribute to the transition state
of the ring flipping as well as to the ground state. There-
fore, in the case of tri(1-azulenyl)methyl cations (6) the
threshold mechanism is expected to change from a two-
ring flip to a one-ring flip. We herein also report on
analyses of the dynamic stereochemistry of the cations
6, 7, and 8 based on the flip mechanism.

Results and Discussion

Syntheses of Tri(1-azulenyl)methyl Hexafluo-
rophosphates (6a—f). Previously, two groups have
already reported the syntheses of 6. (1) Hafner et al.
reported that the reaction of azulene with tetraethyl or-
thocarbonate in nitromethane in the presence of HCI af-
forded tri(1-azulenyl)methyl chloride, and that the ad-
dition of NaClQ, in formic acid gave its perchlorate.®”
(2) Matsubara et al. reported that tri(1-azulenyl)meth-
yl tetrafluoroborate and its 3,3',3”-trimethyl derivative
were obtained by hydride abstraction from tri(1-azul-
enyl)methanes 9a and 9b with Ph3C*tBF,~.3%39 How-
ever, we found that neither method gave the desired
6.

We also obtained cationic materials from the reaction
of azulene with tetraethyl orthocarbonate in the pres-
ence of HCL. However, the complexity of the 1H NMR
spectrum of the product and its low solubility led us
to suspect that it was polymeric. We also obtained a
similar cationic compound in the absence of tetraeth-
yl orthocarbonate. Therefore, Hafner’s product must
be a polymeric cation, whose structure has not been
clarified.

Tri(1-azulenyl)methanes 9a and 9b have been ob-
tained by the autooxidation of azulene (13a) and 1-
methylazulene (13b) with Oz in 3.2 and 4.0% yields, re-
spectively, among many other products.?®3*) However,
we found that 9a was effectively synthesized by the re-
action of 13a with 1-formylazulene (14a) under acidic
conditions. A mixture of 14a with two molar equiv-
alents of 13a in acetic acid was stirred at room tem-
perature for 3 d to yield 9a in 30% yield, along with
1,3-bis[di(1-azulenyl)methyl]azulene (15) in 14% yield.
Similarly, 3,3’,3"-trimethyl (9b) and 3,3',3"-trimeth-
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oxycarbonyl (9c¢) derivatives were also obtained by the
reaction of 1-methyl- (13b) and 1-methoxycarbonyl-
azulene (13c¢) with 1-formyl-3-methyl- (14b) and 3-for-
myl-1-methoxycarbonylazulenes (14c)*® in 70 and 94%
yields, respectively.

Attempted hydride abstraction from 9a—c by a re-
action with Ph3CtTPFg~ afforded the corresponding di-
(1-azulenyl)methyl hexafluorophosphates (16a—c) in
98, 98, and 65% yields, respectively, via the extru-
sion of one azulene ring each. The azulene rings
were recovered as the corresponding 1-triphenylmeth-
ylazulenes (17a*!*?—c) and 1,3-bis(triphenylmethyl)-
azulene (18)*"4? from 9a. Therefore, reports concern-
ing the preparation of 6a or 6b from the reaction of 9a
or 9b with Ph3C*tBF,~ by Matsubara et al. are also
doubtful.

The synthesis of 6a was accomplished by hydride ab-
straction from tri(1-azulenyl)methane (9a) using DDQ.
The reaction of 9a with DDQ in dichloromethane, fol-
lowed by an exchange of the counter anion with PFg~
by the addition of a 60% aqueous HPFg solution was
found to yield tri(1-azulenyl)methyl hexafluorophos-
phate (6a) in 86% yield as deep-blue colored crystals.
Similarly, 3,3',3"-trimethyl (6b) and 3,3’,3"-trimeth-
oxycarbonyl (6¢) derivatives were also obtained quan-
titatively from the reaction of DDQ with 9b and 9c,
respectively.

The syntheses of ¢-butyl derivatives (6d—f) were
accomplished as follows. 6-¢-Butylazulene (13e) was
prepared in 99% yield starting from 4-¢-butylpyri-
dine according to a modification of Hafner’s azulene
synthesis.*® t-Butylation*? of 13e with t-butyl alcohol
in dichloromethane in the presence of HoSO,4 did not af-
ford a satisfactory result. The t-butylation was carried
out with #-butyl chloride in the presence of AICl; in
dichloromethane, which afforded 1,6-di-¢-butylazulene
(13d) and 1,3,6-tri-t-butylazulene (19) in 56 and 15%
yields, respectively. 1-t-Butylazulene (13f) was also
prepared by the similar ¢-butylation of 13a in 54% yield
together with 1,3-di-¢-butylazulene (20) in 10% yield.

The reaction of 13d and 14d (which was obtained
in 83% yield by Vilsmeier reaction of 13d) in acetic
acid at room temperature afforded tris(3,6-di-¢-butyl-1-
azulenyl)methane (9d) in 71% yield. Hydride abstrac-
tion from 9d with DDQ gave 6d in quantitative yield.
The 6,6',6"”-tri-t-butyl (6e) and 3,3’,3"-tri-t-butyl (6f)
derivatives were similarly synthesized starting from 13e
and 13f and their 1-formyl derivatives (14e and 14f),
which were obtained by Vilsmeier reaction of 13d and
14f*? in 93 and 95% yields, respectively (Scheme 1).

Syntheses of Di(1--azulenyl)phenylmethyl
Hexafluorophosphates (7a—f). 7a—f were pre-
pared in 84—100% yields by a reaction of the corre-
sponding methane derivatives (10a—if) with DDQ. Di-
(1-azulenyl)phenylmethane (10a) was synthesized by
the reaction of benzaldehyde with two molar equivalents
of azulene (13a) in acetic acid at room temperature, in



1412 Bull. Chem. Soc. Jpn., 68, No. 5 (1995)
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9a: R'=H, R%H 15
9b: R'=Me, R%=H

gc: R'=COOMe, R%<H

9d: R'=tBu, R%+Bu
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Scheme 1.

51% yield together with 1,3-bis[(1-azulenyl)phenylmeth-
ylJazulene (21a) in 19% yield (Scheme 2).49 Similarly,
3,3'-dimethyl (10b), 3,3'-dimethoxycarbonyl (10c),
3,3',6,6’-tetra-t-butyl (10d), 6,6’-di-t-butyl (10e), and
3,3'-di-t-butyl (10f) derivatives were also obtained by
the reactions of 13b—f with benzaldehyde in acetic acid
in 89, 100, 98, 36, and 56% yields, respectively, together
with 1,3-bis[(1-azulenyl)phenylmethyl]-6-t-butylazulene
(21b) in 16% yield, in the case of 13e.

Syntheses of (1- Azulenyl)diphenylmethyl
Hexafluorophosphates (8a——f). (1-Azulenyl)di-
phenylmethane (11a) was synthesized by the reaction of
benzhydrol with one molar equivalent of azulene (13a)
in refluxing acetic acid, in 40% yield together with
1,3-bis(diphenylmethyl)azulene (22a) in 37% yield.*?
Similarly, 3-methyl (11b), 3-methoxycarbonyl (11c),

Azulene Analogues of Triphenylmethyl Cation

CHO
CH,COOH

———

13a-f +

R? R? R R R

10a: R'=H, R%=H 21a: R=H
10b: R'=Me, R%H 21b: R=t-Bu
10c: R'=COOMe, R=H

10d: R'atBu, R%=+Bu

10e: R'=H, R%=tBu

10f: R'=tBuy, R%=H

I 1. DDQ 7af

2. FPF,
Scheme 2.

3,6-di-t-butyl (11d), 6-t-butyl (11e), and 3-t-butyl
(11f) derivatives were also obtained by the reactions
of 13b—f with benzhydrol in refluxing acetic acid in
46, 89, 28, 31, and 55% yields, respectively, together
with 1,3-bis(diphenylmethyl)-6-t-butylazulene (22b) in
11% yield, in the case of 13e. 8a, 8c, 8d, and 8f were
also prepared by the reaction of 11a, 11c¢, 11d, and 11f
with DDQ in quantitative yields (Scheme 3). However,
we could not obtain the 3-methyl (8b) and 6-¢-butyl
(8e) derivatives in pure form by this method, because
of the low stabilities of these cations.

The reduction of the cations (6a—b, Ta—b, and 8a)
with LiAlH4 in THF /dichloromethane solution at room
temperature afforded the corresponding (1-azulenyl)-
methane derivatives (9a—b, 10a—b, and 11a) in 15—
40% yields. These results lent further support to the
cationic structures of these compounds (6, 7, and 8)

The pKr+ Values. The pKr+ values of most of
the cations (6, 7, 8, and 16) obtained here were de-
termined spectrophotometrically at 24 °C in a buffer
solution prepared in 50% aqueous MeCN,?*5%% which
are summarized in Table 1. Since the half-neutraliza-
tion point of 6d was beyond 14, the pKgr+ value of
6d was determined by extrapolation using the equation
pH=pKg++log [ROH]/[R*]. The pKg+ value of 8¢ was
determined in the HoSO4—H20O system, because of its
low stability.

The pKgr+ value of 6a (11.3) (which is 17.7 pKgr+
units higher than that of triphenylmethyl cation (3)
(pKr+=-6.4Y)) is extremely high for a methyl cation
substituted with only hydrocarbon groups. As ex-
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Table 1. pKy+ Values of 6, 7, 8, and 16 Determined
at 24 °C in a Buffered Solution Prepared in 50%
Aqueous MeCN

6 16 7 8
a; 11.3 7.3 10.5 3.0
b; 11.4 8.7 10.8 3.7%
c 10.3 21 3.4 0.08"
d; 14.3 12.4 4.6
e 13.7 11.7 3.6Y
f; 13.3 10.7 3.6

a) Measured for impure samples. b) Measured in

H2S04-H20 system.

pected, the methyl substituents slightly increase the
pKgr+ value (6b; 11.4) and the methoxycarbonyl groups
decrease the stability (6¢; 10.3), but there is a small dif-
ference in the pKgr+ values of 6a—c. The pKg+ values
of 16a—c are smaller by 4.0, 2.7, and 8.2 pKr+ units
than those of 6a—c, respectively. The methoxycarbon-
yl groups particularly destabilized 16. The small dif-
ference in the pKr+ values of 6a—c can be explained
in terms of steric protection by the azulene rings of the
cation from attack by bases. Therefore, it is considered
that the extreme stability of 6 mainly depends on the
contribution of the resonance structure 6’ and to some
extent on the steric effect of the three azulene rings.
Introduction of bulky ¢-butyl groups at the 3,3’,3"-
and/or 6,6',6"-positions stabilized the cation effectively.
The pKg+ values of 6d—f are substantially larger than
those of 6a—c. The pKgr+ walue 14.3 of 6d is the
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highest value for a methyl cation substituted with hy-
drocarbon groups ever reported, and is 3.0 pKp+ units
higher than that of 6a and 1.3 pKg+ units higher than
that of 1.2 The large difference of the pKy+ values be-
tween 6f and 6b shows that the extreme stability of
6f is attributable to the steric effects of bulky ¢-bu-
tyl groups at 3,3’,3”-positions. The small difference in
the pKgr+ value of 6e and that of 6f indicates that the
inductive electron-donating effect of the 6,6’,6"-tri-i-
butyl groups contribute to the stability in addition to
the steric effects. Consequently, the high pKgr+ value of
6d must be mainly attributable to steric effects of six
bulky ¢-butyl groups in addition to the contribution of
the dipolar structure of three azulene rings.

The pKg+ value of 7a (10.5) is also extremely high,
and is only 0.8 pKg+ units less than that of 6a. As
expected, although the methyl substituents slightly in-
crease the pKg+ value (7b; 10.8), the methoxycarbonyl
groups particularly destabilize 7 and likewise 16c. The
pKgr+ value of 7c is 7.1 pKRr+ units lower than that of
7a. Although the t-butyl groups at 3,3',3"- and/or 6,
6,6"-positions also stabilized 7, the effect of stabiliza-
tion of the t-butyl groups was lower than that of 6.
The pKg+ values of the t-butyl derivatives (7d—f) are
higher by only 1.9, 1.2, and 0.2 pKgr+ units than that
of 7a, respectively. The small pKgr+ values of 8 showed
the relatively low stabilities of the cations. However,
the pKgr+ value of 8a is 9.4 pKg+ units higher than
that of 3. '

A plot of the pKRr+ values vs. the number of azulene
rings is shown in Fig. 2. The pKr+ values dramatically
increase with the number of azulene rings. The pKg-+
values of 3 are increased 9.4—11.0 pKgr+ units by the
substitution of one azulene ring, except for 8c. A sec-
ond substitution of another azulene ring increased the
pKgr+ values by an additional 7.1—8.1 pKg+ units, ex-
cept for Tc. Saturation of the stabilization was observed
between the second and third substitution of the azul-
ene rings. The third substitution stabilized the cation
only by 0.6—2.6 pKr+ units, except for 6c.

Redox Properties. Redox potentials (V vs. Ag™)
of 6, 7, 8, and 16 measured by cyclic voltammetry in
MeCN are summarized in Table 2. The first reduction
potentials (EF*?) of 6, 7, 8, and 16 were observed to be
lower than that of 3 (—0.13 V vs. Ag/AgNQO3*"), which
also shows the enhanced stabilities of these cations. In
spite of the high pKg+ values, the Ef*d values of 6, 7,
8, and 16 are relatively positive compared with those
of the cyclic cations; e.g., —1.120 for 1 and —2.20 V
vs. Agt for 2.9

The Ei*¢ values become more negative with the num-
ber of azulene rings, and tend to correlate with their
stabilities (pKg+ values), e.g., —0.78 for 6a, —0.66 for
7a, and —0.48 V for 8a. Reversibilities were found in
most of the first reduction waves of 6 and 7. Therefore,
the azulene rings should stabilize not only carbocations,
but also radical species (e.g., 23). The oxidation of 6
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shows two adjacent waves, e.g., +0.98 and +1.07 V for
6a, which are due to the oxidation of two azulene rings
to give a cation radical, such as 25 (Chart 5). The EP*
values of 7 are slightly more positive than those of 6,

15

104

pKg*

]

0
]
1

5
B 0 1 2 3 )

number of azulene rings
Fig. 2. Plot of the pKg+ values vs. the number of

azulene rings. () R'=H, R>=H; (@) R'=Me, R*>=
H; (A) R'=COOMe, R?=H; (®) R'=t-Bu, R*=
t-Bu; (O) R'=H, R*=¢-Bu; (O) R'=¢-Bu, R?=H.

Table 2. Redox Potentials (V vs. Ag") of 6, 7, 8, and
16 Determined by Cyclic Voltammetry in MeCN®

E{ed E;ed Ei)x ng ng
6a -0.78 (—1.56) (+0.98) (+1.07)
6b —082 (—159) (+0.85) (+0.94)
6c  —061 (—1.30) (+1.26) (+1.36)
6d 091 (—172) +0.84 4095 (+1.50)
6e —0.85 (—1.66) (+0.92) (+1.03)
6f —083 (=1.01) +0.82 +0.99 (+1.51)
16a (—0.58) (+0.95)
16b (-0.62) +0.89  (+1.34)
16c  (=0.38) (—0.52) (+1.42)
7a  —0.66 (—1.52) (+0.82)
b —0.70 (—157) (+0.90)
Tc  (—049) (=057) (+1.32)
7d  -0.78 (-1.64) +0.88 (+1.38)
7e —0.74 (=1.59) (+0.97)
7€ —0.71 (—1.57) +0.93 (+1.40)
8a (—0.48) (+1.41)
8c  (—0.36) (+1.82)
8d -059 (-1.54) (+1.53)
8f  (=0.54) (+1.55)

a) Irreversible processes are shown in parentheses.

Azulene Analogues of Triphenylmethyl Cation

except for that of 7a, and the oxidation of 7 no longer
shows two waves as observed in 6. Relatively positive
EP* values were observed at an oxidation of 8, because
there is no azulene ring for oxidation like 6 and 7.

Spectroscopic Properties. High-resolution mass
spectra of 6, 7, 8, and 16 ionized by FAB showed the
correct Mt —PFg ion peaks, which were also indicative
of the cationic structure of 6, 7, 8, and 16.

6, 7, 8, and 16 showed strong absorption maxima in
the visible region. The maxima (nm) and coefficients
(loge) in the visible region are summarized in Table 3.
There is no apparent correlation between the absorp-
tion maxima (nm) and the stabilities (pKr+ values).
The absorption maxima of 6 are 15—31 nm shorter
than that of 7, which nearly equal to those of 16. 3-
Methyl and 3-{-butyl substituents apparently showed
a bathochromic shift of 31—38 nm, 6-t-butyl groups
slightly shifted to longer wavelength (1—3 nm), and
3-methoxycarbonyl substituent showed a hypsochromic
shift of 13—23 nm. The absorption maxima of 8 are
greatly different from those of 6, 7, and 16. Those
maxima, existed in a narrow range of 483 to 495 nm.

The characteristic bands of hexafluorophosphate were

@ l +2@ +€
g T

QO +8
&

Chart 5.

Table 3. Absorption Maxima (nm) and Their Coeffi-
cients (loge in the Parentheses) of 6, 7, 8, and 16
in MeCN in the Visible Region

6 16 7 8
a; 614 (4.70) 616 (4.81) 639 (4.57) 487 (4.16)
b; 652 (4.57) 647 (4.87) 676 (4.53) 495 (4.21)
c; 601 (4.72) 599 (5.03) 616 (4.60) 493 (4.12)
d; 650 (4.62) 681 (4.61) 489 (4.11)
e; 615 (4.64) 642 (4.60) 483 (4.17)
£, 650 (4.61) 678 (4.53) 495 (4.14)
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Table 4. 'HNMR Chemical Shifts (ppm) of Tri(1-azulenyl)methyl Cations (6) and the Corresponding
Hydro Derivatives (9)
Solvent Temp Assignment
°C CH 2 3 or 3-sub 4 5 6 or 6-sub 7 8
9a CDCl; — 736 7.40 7.26 828 717 7.49 695  8.28
6a CDCls 58 7.87 7.68 8.73 7.82 7.97 7.37 7.83
(+0.47)  (+0.42) (+0.45) (+0.65) (+0.48) (+0.42) (—0.45)
9b CDCl; — 725 795 2.53 814  6.93 7.40 679  8.12
6b CDCls 58 7.69 2.73 8.60 7.76 7.89 7.25 7.68
(+0.44)  (+0.20) (+0.46) (+0.83) (+0.49) (+0.46) (—0.44)
9¢ CDCls — 715 T.78 3.82 967  7.52 7.77 726 8.35
6¢c CDCl3 58 8.13 3.94 10.01 8.05 8.08 7.84 8.13
(+0.35)  (+0.12) (+0.34) (4+0.53) (+0.31) (+0.58) (—0.22)
9d 50%CD.Cl/CS; — 7.08 17.29 1.45 844  7.06 1.37 695 813
6d DMSO-de 90 7.56 1.50 9.11 8.07 1.40 7.56 7.75
(+0.27)  (=0.05) (+0.67) (+1.01) (+0.17) (+0.61) (—0.38)
6e DMSO-dg 80 7.81 7.72 8.84 8.09 1.40 7.63 7.79
of CDCls — 722 7.42 1.47 856  6.92 7.40 6.80 822
6f DMSO-ds 80 7.72 1.57 9.18 7.91 8.04 7.40 7.78
(+0.30)  (+0.10) (+0.62) (4+0.99) (+0.64) (+0.60) (—0.44)

a) AS values are shown in the parentheses.

Table 5. 'HNMR Chemical Shifts (ppm) of Di(1-azulenyl)phenylmethyl Cations (7) and the Corresponding Hydro
Derivatives (10)®
Solvent Temp Assignment
°C CH 2 3 or 3-sub 4 5 6 or 6-sub 7 8 2,6 3.5 4
10a CDCls — 6.74 745 7.27 8.26 7.07 7.50 6.97 8.26 7.22—7.11
7a CDClz 58 7.86 7.70 8.78 7.99 8.11 7.59 7.96 7.41 7.59 7.77
(+0.41) (+0.43) (+0.52) (+0.92) (4+0.61) (+0.62) (—0.30)
10b CDCls — 6.67 7.30 2.55 8.13 6.93 7.40 6.82 8.13 7.25—7.08
7b CDCls 58 7.68 2.66 8.65 7.98 8.05 7.49 7.84 7.38 7.58 7.74
(4+0.38) (+0.11) (4+0.52) (+1.05) (40.65) (+0.67) (—0.29)
10c CDCls — 6.60 7.84 3.84 9.65 7.49 7.74 7.27 8.34 7.26—7.18
7c CDClz 58 8.31 3.97 10.03 8.23 8.29 7.86 8.30 7.46 7.64 7.84
(+0.47)  (+0.13) (+0.30) (+0.74) (+0.55) (40.59) (—0.04)
10d CDCls — 6.63 7.38 1.49 8.53 7.14 1.40 7.04 8.16 7.17—7.15
7d CDCls 50 7.58 1.59 9.08 8.18 1.46 — 7.86 7.73—7.38 (H-7)
(+0.20) (40.10) (+0.55) (+1.04) (40.06) —  (-0.30)
10e CD2Cl2 — 6.69 7.36 7.18 8.23 7.28 1.40 7.20 8.23 7.20
7e CDCls 50 — — 8.76 8.17 1.44 — 7.90 7.79—7.35 (H-2,3,7)
(4+0.53) (4+0.89) (+0.04) (—0.33)
10f CDCls — 6.67 7.45 1.50 8.58 6.96 7.43 6.85 8.19 7.28—7.09
7f CDCls 50 7.71 1.59 9.10 — — — — 8.21—7.35 (H-5,6,7,8)
(+0.26) (40.09) (+0.52)

a) Aé values are shown in the parentheses.

observed at around 834—840 (strong) and 556—560
(medium) cm™! in the IR spectra of 6, 7, 8, and 16,
which supported the cationic structure of these com-

pounds.
Time- Averaged 'H and 3*C NMR Spectra.

Rotation of the azulene ring(s) of most of 6, 7, and 8
around 50 °C was fast on the NMR time scale. There-
fore, static NMR spectra of 6, 7, and 8 were determined
above the coalescence temperature, except for 8d and
8f. 'H and '3C NMR spectra of 6, 7, and 8 and those
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Azulene Analogues of Triphenylmethyl Cation

Table 6. 'HNMR Chemical Shifts (ppm) of (1-Azulenyl)diphenylmethyl Cations (8) and the Corresponding Hydro
Derivatives (11)
Solvent Temp Assignment
°C CH 2 3 or 3-sub 4 5 6 or 6-sub 7 8 2'6 3,5 4
11a CDCl3 — 6.14 749 - 8.28 7.10 7.58 7.08 8.22 7.38—7.16 (H-3)
8a CDCl; 58 7.91 7.80 8.97 8.53 8.48 8.11 8.20 740 7.61 777
(+0.42) — (+0.69) (+1.43) (+40.90) (41.03) (—0.02)
11b CDClzs — 6.08 7.31 2.54 8.09 6.91 7.37 6.81 8.09 7.26—7.06
11c CDCl3; — 6.06 7.90 3.88 9.64 7.48 7.75 — 8.34 7.42—7.06 (H-6)
8 CDCl3 — 8.39 4.00 10.09 — — — 8.61 8.48—8.73 (H-5,6,7)
(+0.49) (4+0.12) (40.45) (40.27)
11d CDCls — 6.07 7.31 1.50 8.55 — 1.40 7.08  8.08 7.29—7.04 (H-5)
8d CDClz3 50 — 1.57 9.25 8.78 1.51 8.12 8.12 7.87—7.26 (H-2)
(40.07)  (40.70) (4+0.11)  (+1.04) (+0.04)
1le CDCls — 6.11 7.39 br 8.21 — 1.40 — 8.17 7.32—7.04 (H-5,6)
11f CDCls — 6.10 7.42 1.51 8.59 6.98 7.45 6.88 8.13 7.30—7.11
~ 8f CDCls 50 — 1.57 9.25 8.36—8.70 8.26—7.92 (H-2) 7.82—7.26
(40.06)  (+0.66)

a) AJ values are shown in the parentheses.

of the corresponding methane derivatives (9, 10, and
11) are summarized in Tables 4, 5, 6, 7, 8, and 9.

The *HNMR chemical shifts of the methine protons
of 9, 10, and 11 were observed at lower field com-
pared to triphenylmethane (5.57 ppm); 7.08-—7.36 for 9,
6.60—6.74 for 10, and 6.07—6.14 ppm for 11, which dis-
appeared on the 'H NMR spectra of 6, 7, and 8. Large
downfield shifts were observed at H-2—7. The largest
Ab value was observed at H-5, i.e., +0.53—+1.01 for 6,
+0.74—+1.05 for 7, and +1.43 ppm for 8a. The large
downfield shifts of H-5 are predicted by the resonance
structure of 6, 7, and 8. The tendency to increase the
Ad value of H-5, i.e., +0.65 for 6a, +0.92 for 7a, and
+1.43 ppm for 8a, agreed with the order of stabilities
of these cations. However, there are no apparent cor-
relations between the A values and the stabilities of
the cations, such as 6a—f. The A§ values of H-8 for 6
and 7 were negative, i.e., —0.22——0.45 for 6 and for
—0.04—-0.33 for 7, in contrast to the other positions.
The upfield shifts of H-8 for 6 and 7 are regarded as
being the effect of the neighboring azulenium structure.
However, the reasons for the upfield shifts of H-8 for 6
and 7 are now being investigated.

The chemical shifts (**C NMR) of the central cationic
carbon of 6, 7, and 8 were observed at 151.82—161.38,
161.11—169.83, and 168.58—177.68 ppm, respectively.
The upfield shifts observed in 6, compared to those of
7 and 8, are indicative of decreased charge densities
on the cationic carbons and their enhanced thermo-
dynamic stabilities. The chemical shift of the central
cationic carbon in 6d (151.82 ppm), which is slightly
upfield compared with those of other tri(1-azulenyl)-
methyl cations (6a—c and 6e—f), agreed with its en-
hanced thermodynamic stability. However, good cor-

relations between the 3C NMR chemical shifts of the
central cationic carbon and the stabilities of the cations
were not observed in 6, 7, and 8.

Large A6 values were observed at C-3, 3a, 5, 7,
and 8a. The largest A§ value was observed at C-
5, i.e., +8.55—+11.79 for 6, +10.51—+14.30 for 7,
and +16.45—+24.24 ppm for 8. The downfield shifts
of C-3a, 5, 7, and 8a were predicted based on the
resonance structure of the cations, and those of C-
3 were attributed to the decreased azulenic charac-
ter. The cationic structure does not affect the chem-
ical shifts of the C-1 of 6 and 7, whose Ad values
were only —3.00—+0.02 and —4.84—+1.28 ppm, re-
spectively. Therefore, the NMR spectra of 6, 7, and 8
showed most of the positive charge to be delocalized on
the azulene rings, which effectively stabilized the carbo-
cation.

Dynamic Stereochemistry of 6b.  3,3',3"-Tri-
methyl derivative (6b) was utilized for the analysis of
the dynamic stereochemistry of 6 in order to avoid the
complexities of the temperature-dependent NMR, spec-
tra. As expected, the threshold rotation mechanism for
6b was a one-ring flip, which is the first example for a
molecular propeller.

The 'HNMR (600 MHz) spectra of 6b in CDCl; at
60 °C and —60 °C are shown in Fig. 3. At —60 °C the
NMR (methyl region) consisted of four signals (as in-
dicated a, b, ¢, and d) in the ratio of intensities of ca.
1:1:1:1.4. These signals indicate that the ground state
of 6b is a propeller (helical) conformation. The possibil-
ities of stereoisomerism and isomerization for 6b were
analyzed by using the flip mechanism.!5—'® Four pro-
peller conformations (including stereoisomers) are pos-
sible for a molecule of this type. These isomers make up
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Table 9.

130 NMR Chemical Shifts (ppm) of (1-Azulenyl)diphenylmethyl Cations (8) and the Corresponding Hydro Derivatives (11)®

Assignment

Solvent Temp

‘6-sub

1 26 35 4
122.48 133.48 135.28 144.67 129.00 128.09 125.95
121.04 132.87 135.14 144.77 129.00 128.06 125.89
126.08 135.19 140.25 143.88 129.00 128.30 126.26

142.22 144.14 154.14 139.90 135.45 129.53 135.45
(+16.14) (+8.95) (+13.89) (—3.98) (+6.45) (+1.23) (+9.19)

7 8a

6-sub

6
137.17

3a
140.89 136.56 121.93

3-sub 3-sub

3
116.53

1
132.05 138.09

130.41 139.16

°C CHor Ct

— 49.79

11a CDCl3

137.14

139.16 136.93 120.80

124.46 12.59

— 49.58

11b CDCl3

138.88
148.56

115.04 165.47 (5)50.89 (q) 141.50 137.72 127.51
129.53 163.04 (s)52.39 (q) 157.04 143.59 143.96

131.53 140.92

135.45 151.70

— 49.70
— 177.68

11c CDCl3
8c CDCls

(4+1.50) (+15.54) (+5.87) (+16.45) (+9.68)

(+127.98) (+3.92) (+10.78) (+14.49) (—2.43)

160.35 38.11 (s)31.74 (q) 119.22 132.11 134.00 144.89 129.03 128.00 125.77
174.07 40.31 (s)31.37 (q) 141.53 139.19 154.83 140.83 134.64 129.43 133.61

137.48 33.17 (s) 32.20 (q) 135.01 134.49 118.42
154.58 33.48 (s) 30.03 (q) 159.07 141.38 142.66

— 49.67 129.19 135.89
168.58 136.90 142.45

11d CDCl3
8d CDCl; 50

139.70 133.55 128.88 133.03

(—2.17) (+24.06) (+6.89) (+24.24) (+13.72) (+2.20) (—0.37) (+22.31)(+7.08) (+20.83) (—4.63) (+5.07) (+1.16) (+7.55)

5 (1995)

(+118.91) (+7.71) (+6.56) (+17.10) (+0.31)

160.89 38.39 (s)31.83 (q) 120.59 132.60 134.09 144.86 129.03 128.06 125.86

139.55 135.65 120.16

137.75 33.20 (s) 32.17 (q) 136.23 135.28 120.43 136.93

154.46 33.54 (s) 30.06 (q) 160.01 142.24 143.52

115.92

131.59 137.17
129.58 136.93
136.81 147.17

— 49.73

11le CDCl3
11f CDCl3

121.04 133.03 135.28 144.74 129.00 128.03 125.86
142.66 141.93 156.63 141.15 134.98 129.52 133.91

143.83

49.73
170.16

8f CDClz 50

140.10 133.91 129.00 133.45

(+21.62) (+8.90) (+21.35) (—4.12) (+5.45) (+1.23) (+7.82)

(+120.43) (+7.23) (+10.24) (+16.71) (+0.34) (—2.11) (+23.78)(+6.96) (+23.09) (+6.90)

~a) A6 values are shown in the parentheses.

Azulene Analogues of Triphenylmethyl Cation

two diastereomeric sets of enantiomers, as illustrated in
Fig. 4. One set of enantiomers (A and 4, hereafter AA)
has C; symmetry (symmetrical propellers) and each
enantiomer has three equivalent methyl groups. The
other set of enantiomers (B and B, hereafter BB) has C;
symmetry (unsymmetrical propellers) and each enan-
tiomer has three nonequivalent methyl groups. There-
fore, the low-temperature 'H NMR, spectrum exhibited
four signals in the methyl region attributed to a mixture
of diastereomers (AA and BB). The lower field three
resonances (a, b, and c) correspond to those of BB,
while the more intense peak (d) is assigned to those of
AA. The spectrum of 6b at —60 °C was consistent with
the postulated propeller geometry for the ground-state
conformation, and with a ratio of BB to A4 of 3.0:1.4.
The spectrum of 6b at 60 °C indicated that the three
azulene rings were rapidly rotating at this temperature,
and that the spectrum was easily analyzable using sim-
ple decoupling techniques.

The propeller geometry of 6b was also supported by
an X-ray crystallographic analysis.® A crystal of 6b
was grown by slow evaporation of a THF /dichlorometh-
ane solution with the incorporation of one molecule of
THF for each cation. Two crystallographically inde-
pendent molecules were found in the unit cell, which
had both approximate C; symmetries (symmetrical pro-
pellers such as AA). However, we could not refine the
structure of 6b. Therefore, the accurate structure of
6b could not be obtained by the X-ray crystallographic
analysis.

'HNMR spectra (600 MHz, methyl region) of 6b
at various temperatures are shown in Fig. 5. When
the sample was warmed to ca. —5 °C, noticeable line
broadening occurred, and further warming resulted in
the coalescence of all four peaks to a singlet, which
became sharp at ca. 60 °C. Possible interconversions
of the stereoisomers for 6b were analyzed by the flip
mechanism. Their four flip mechanisms are illustrated
in Fig. 6. We label the methyl groups of A4 and BB
of 6b by the same letters, a—d, corresponding to the
low-temperature NMR spectrum, for convenience. The
asterisks show the positions of a methyl group during
the course of interconversions. There are a total of nine
distinct pathways for all possible interconversions for
6b.

In the zero-ring flip connecting A and A (Fig. 6a),
since no methyl group interconverts, the process is
not detectable by the temperature-dependent 'H NMR
spectra. Similarly, the zero-ring flip connecting B and
B also cannot be observed for the same reason. Fur-
thermore, the transition state of the zero-ring flip in
which all three azulene rings rotate through the refer-
ence plane, is unfavorable on steric grounds. Therefore,
these mechanisms were excluded from an analysis of the
temperature-dependent *H NMR spectra of 6b.

The one- and two-ring flips connecting B and B com-
prise hexagonal cyclic interconversions, and each B and
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by the torsion angles of the three azulene rings.

B is interconverted to A or A by each mechanism.
Therefore, each of these mechanisms makes up the cu-

bic type interconversions, as illustrated in Figs. 6b and
6¢, respectively.

There are a total of three distinct pathways for the
one-ring flips. In the one-ring flip interconverting A and
B (or A and B), the three methyl groups (a, b, and c)
of BB interconvert to those (d) of AA; therefore, these
processes cause a coalescence of all four methyl reso-
nances (a, b, ¢, and d) of AA and BB to a singlet. In
the other two, one-ring flips interconverting B and B, a
and b interconvert to ¢ with different rates, which show
the coalescence of all four methyl resonances (a, b, c,
and d) of A4 and BB to two lines. There are a total of
three idealized transition states of the mechanism. The
nonflipping two azulene rings at the transition states
are oriented in two types of parallel (BB) and an anti-
parallel (AB) relationships, as shown in Fig. 6b. The
interconversion of BB through one-ring flips must be
unfavorable compared to those of A and B (or 4 and B)
on the steric interaction of the non-flipping two azulene
rings at the transition state of the rotation. Therefore,
three exchanges (a—d, b—d, and c—d) of the methyl
groups by A and B (or A and B) should be observed
as preferred interconversions in the one-ring flip mech-
anism.

The two-ring flip interconverting A and B(or A
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and B) also causes three energetically equal exchanges
(a—d, b—d, and ¢—d) of the methyl groups, which co-
alesce all four methyl resonances (a, b, ¢, and d) of A4
and BB to a singlet. The enantiomeric two-ring flips,
which interconvert B and B, causes energetically equal
exchanges (a—b, a—c, and b—-c¢) of the methyl groups,
and coalesce the three methyl signals (a, b, and c) to a
singlet. Interconversions of B B are favorable compared
to those of AB (and AB) on the steric interaction of the
flipping two azulene rings at the transition state of the
rotation, because the anti-parallel arrangement of the
two azulene rings (transition state of BB) is considered
to reduce the steric interaction at the transition state,
compared with the parallel arrangement (that of AB).
Therefore, three exchanges of the methyl groups by BB
should be observed as preferred interconversions in the
two-ring flip mechanism.

Since no methyl group interconverts in the three-ring
flip connecting A and A (Fig. 6d), the process is not
also detectable by the temperature-dependent 'H NMR
spectra. Therefore, the only process to be considered is
the enantiomerization of B and B, which renders two
azulenyl groups enantiotopic. However, the three-ring
flip, in which all three rings rotate through planes per-
pendicular to the reference plane, were also ruled out
from an analysis of the temperature-dependent NMR
spectra of 6b on steric grounds.

The analysis indicates that the only mechanisms
which can explain the variable temperature 'HNMR

spectra of 6b are those which interconvert A and B
(and A and B), i.e., the appropriate one- or two-ring
flip, or a combination of these with other pathways.

On the basis of the analysis mentioned above, a sim-
ulation of the variable-temperature !HNMR spectra of
6b was accomplished by iteratively employing three en-
ergetically equal exchanges (a—d, b—d, and c—d) of
the methyl groups of AB interconversions and those
(a—b, a—c, and b—c) of BB.4%:%0

The simplest explanation for the observed coalescence
is the sole operation of the process A—B (or A—B).
A calculation of YHNMR line shape expected for the
process A—B (or A— B) was found to be in good agree-
ment with the experimental spectra. Thus, the dynamic
stereochemistry of 6b mainly depends on the process
A—B (or A—B). Furthermore, a better fit with the
experimental spectra was obtained by a consideration
of the process B— B, which is also shown in Fig. 5.

The spectral data permitted a calculation of the en-
ergy relationships among the stereoisomers of 6b and
the magnitudes of the barriers separating these isomers.
The relative intensities of the 'HNMR signals at —60
°C show that BB is slightly more stable than AA at
this temperature. As the sample is warmed, the popu-
lation of BB increases relative to that of AA. Qual-
itatively, this indicates a positive AS° value for the
equilibrium AA—BB. A plot of AGS (derived from
the simulation of the temperature-dependent 'H NMR,
over the range from —60 to 60 °C) yields, for the equi-
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librium AA—BB, AH°=5.44+0.4 kJmol~! and AS°=
294+1.3JK~'mol~!. The temperature at which AG°
is equal to zero (crossover temperature) is therefore ca.
—89 °C. The major part of the entropy difference is ac-
counted for by the difference in symmetry (Cs vs. C)
of the two diastereomers (A4 and BB).

The rate data was used to calculate the free ener-
gies of activation for the various exchange processes
at 20 °C. The results are shown schematically in
Fig. 7. For the equilibrium BB—AA, AGS, is 3.2+0.5
kJmol~!. For the conversion of BB to AA, the calcu-
lations yielded AGJ,=58.7+5.2 kJmol~!, and for the
reverse reaction (AA— BB) AGl=55.5+5.1 kJ mol~!.

The barrier to enantiomerization of B and B is AGZE:
61.845.1 kJmol~!. Thus, at 20 °C the interconver-
sion of BB— A4 is energetically more favorable by 3.1
kJmol~! than that of BB—BB. Therefore, the low-
est energy pathway for the observed isomerizations of
6b is the one-ring flip. A conjugative interaction be-
tween cationic carbon (CT) and three azulene rings for
6b largely contributes to the transition state of the ring
flipping as well as to the ground state. Consequently,
the two-ring flip process for 6b becomes less stable than
that of a one-ring flip.

Dynamic Stereochemistry of 7b.  3,3'-Dimeth-
yl derivative (7b) was utilized for the analysis of the
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dynamic stereochemistry of 7 to avoid the complexi-
ties of the temperature dependent NMR spectra, and
was also analyzed by the flip mechanism. The dynamic
stereochemistry of 7b was established by utilizing a flip
mechanism of one azulene ring between three conform-
ers as the threshold rotation mechanism.

The 'HNMR (600 MHz, methyl region) spectra of
7b in 50% CD2Cly/CSs at various temperatures are
shown in Fig. 8. At —100 °C the NMR consists, in
the methyl region, of four signals (as indicated a, b,
¢, and d) in the ratio of intensities of ca. 1.2:1.2:3:1.
Six isomeric propeller conformations (including stereo-
isomers) are possible for a molecule of this type. The
possibilities of sterecisomerism and isomerization may
be analyzed by flip mechanism. These isomers consist of
the three diastereomeric sets of enantiomer illustrated
in Fig. 9. One set of enantiomers (4 and A) have C;
symmetry and each enantiomer has two nonequivalent
methyl groups. The other two sets of enantiomers (B,
B, C, and C) have C, symmetry and each set of enan-
tiomers has two equivalent methyl groups. Therefore,
the 'THNMR spectrum at —100 °C exhibits four res-
onance signals in the methyl region attributable to a
mixture of diastereomers. On the basis of the analysis
given above, two resonances (a and b) in the higher field
correspond to those of A (and A). However, the other
more intense peak (c) and the remaining less intense
peak (d) are assigned to those of B (and B) and C (and
'C), respectively, by considering their stabilities based
on the analysis of molecular models. Thus, the spec-
trum of 7b at —100 °C is consistent with the postulated
propeller geometry for the ground state conformation,

Azulene Analogues of Triphenylmethyl Cation
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Fig. 8. 'HNMR of 7b (600 MHz, methyl region)
at various temperatures. The left-hand panel dis-
plays the experimental spectra. The right-hand panel
shows the calculated spectra for the combination of
the A—B (or A—B) and A—C (or A—C) flips.

and with a ratio of AA: BB:CC of 2.4:3:1.

When the sample was warmed to ca. —50 °C, notice-
able line broadening occurred and further warming re-
sulted in a coalescence of all four peaks to a singlet,
which became sharp at 40 °C. Possible interconver-
sions of the stereoisomers of 7b are described by the
flip mechanism. The four flip mechanisms of 7b are
illustrated in Fig. 10.

In the zero-ring flip, although each conformer (A4,
BB, and CC) interconverts to its enantiomer, no meth-
yl group interconverts in this mechanism (Fig. 10a). In
one- and two-ring flip, since each conformer intercon-
verts to the other three isomers having opposite he-
licities, the mechanisms consist of cubic-type intercon-
versions, as shown in Figs. 10b and 10c, respectively.
In the one-ring flip, the AB (or AB) and AC (or
AC) interconversions consist of two sets of exchanges of
methyl groups (a—¢, b—c and a—d, b—d) (Fig. 10b).
Whereas, in the two-ring flip, two energetically different
exchanges (a—b, c—d) are represented by AA and BC
(or BC) interconversions in addition to the two sets of
exchanges (a—c, b—c and a—d, b—d), which are iden-
tical with the one-ring flip mechanism (Fig. 10c). Enan-
tiomerization of A and 4, and interconversions of BC
(or BC) will occur via three-ring flip (Fig. 10d). The
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three-ring flip process has two exchanges (a—b, c—d)
of methyl groups. These analyses also indicate that
the flip of the phenyl ring, which has local C> symme-
try, does not affect the temperature dependence of the
methyl groups. The temperature-dependent H NMR of
7b showed complex signals in the olefinic region. There-
fore, information concerning the rotation of the phenyl
ring could not be obtained.

Simulation*®°% of the variable temperature *H NMR
spectra of 7b by consideration of only two sets of ex-
changes (a—c, b—c and a—d, b—d) of methyl groups
by AB (or AB) and AC (or AC) interconversions
matches the experimental spectra. The results of the
simulation are also shown in Fig. 8. The analysis indi-
cates that the mechanism, which can explain the tem-
perature dependence of methyl groups, is a one-ring flip
of azulene or a two-ring flip of azulene and phenyl rings,
or a combination of these pathways. Therefore, the flip
of one azulene, regardless of the flip of phenyl ring, is a
threshold rotation mechanism of 7b. The two azulene
rings do not flip simultaneously.

The spectral data permitted a calculation of the en-
ergy relationships among the stereoisomers of 7b and
the magnitudes of the barriers separating these isomers.
The relative intensities of the NMR signals at —100
°C show that BB is slightly more stable than A4 or

Bull. Chem. Soc. Jpn., 68, No. 5 (1995) 1423

CC at this temperature. As the sample is warmed,
the population of AA increases relative to that of BB
or CC. An analysis of the temperature-dependent
NMR over the range ~100 °C to —60 °C yields, for the
equilibrium AA— BB, AH°=-2.0£0.3 kJmol~! and
AS°=-9.44+1.4JK 'mol~! and, for AA—CC, AH°=
—3.540.7 kJmol~! and AS°=-2743.5 JK *mol!.
The crossover temperatures are therefore, for AA— BB,
ca. —61 °C and, for AA—CC, ca. —145 °C. The ma-
jor part of the entropy difference is accounted for by
the difference in the symmetry (Cy; vs. Cy) of the two
diastereomers.

The rate data determined by line-shape analysis were
used to calculate the free energies of activation for the
various exchange processes at 20 °C. The results are
shown schematically in Fig. 11. For the equilibrium
AA—BB, AGS, is 0.84£0.5 kJmol~! and, for AA—CC,
AGS, is 4.5£1.2 kJmol ™. For the conversion of A4 to
BB, the calculations yielded A GJ,=45.24+4.3 kJ mol~?,
and for the reverse reaction (BB— AZA) A GJ,=44.4+4.3
kJ mol~'. The barrier for the conversion of A4 to CC is
AGZ;=53.844.3 kI mol~?, and for the reverse reaction
(CC—AA) AGJ,=49.3+4.5 kJmol~L. Therefore, the
flip of one azulene is a threshold rotation mechanism
for 7b.

Dynamic Stereochemistry of 8a. HNMR (400
MHz) spectra of 8a in CDCl; at various temperatures
are shown in Fig. 12. At —60 °C the NMR comprises
two sets of p- and o-phenyl proton signals (as indicated
a and b) with equal intensities, single m-phenyl pro-
ton signals, and a azulenyl proton signals in the aro-
matic region. The two p-phenyl proton signals corre-
sponds to the restricted rotation of the azulene ring,
and the only two o-phenyl proton signals indicates that
the two phenyl rings are rapidly rotating, even at —60
°C, unless the accidental chemical shifts are equivalent.
When the sample was warmed to —20 °C, noticeable
line broadening of the o- and p-phenyl proton signals
occurred, and further warming resulted in a coalescence
of the four signals, which became a set of sharp signals
at 60 °C. Therefore, the spectrum change of the phenyl
region corresponds to a rotation of the azulene ring.

Simulations of the variable temperature *HNMR
spectra in the phenyl region of 8a were accomplished
in a similar manner to those of others (6b and 7b).
The rate data determined by a line-shape analysis were
used to calculate the free energies of activation for the
process at 20 °C. The calculation yielded the rotational
barrier of the azulene ring for 8a (AGJ,=52.9+2.5
kJ mol~1).

In contrast to 8a, 13C NMR spectra of t-butyl deriva-
tives (8d and 8f) in CDCl3 at 50 °C showed eight phenyl
carbon signals attributed to two set of ipso-, o-, m-, and
p-positions. These results indicate the restricted rota-
tion of the azulene ring and the rapid rotation of the
phenyl rings at 50 °C, unless the accidental chemical
shifts are equivalent. Therefore, the rotational barriers
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(A Ggf)) of those for 8d and 8f were calculated to be
over 68.6 kJmol~!. These results show that the ¢-bu-
tyl groups increase the 7-donation of the azulene rings.
Consequently, the ¢-butyl groups stabilize the carbo-
cations to a considerable extent.

Conclusions

In conclusion, the stabilities of a series of azulene ana-
logues (6, 7, and 8) of triphenylmethyl cation (3) dra-
matically increase with the number of azulene rings, and
the introduction of bulky ¢-butyl groups to each of the
three azulene rings further increase their stabilities.

The lowest energy pathway for the observed isomer-
izations of 6 is a one-ring flip process, which is the first

Azulene Analogues of Triphenylmethyl Cation
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Four-flip mechanisms of 7b. (a) Zero-ring flip mechanism; (b) One-ring flip mechanism; (c) Two-ring flip

example for a dynamic stereochemistry of molecular
propellers. Therefore, the threshold rotational mecha-
nisms for molecular propellers are not uniformly of the
two-ring flip type. The mechanisms switch from a two-
ring flip to a one-ring flip due to conjugative interac-
tions of the central atoms and steric effects between the
three rings. These results indicate that the conjuga-
tive effects largely contribute to the transition state of
the ring flipping as well as to the ground state. Conse-
quently, (1-azulenyl)methyl cations (6, 7, and 8) show
unique dynamic stereochemical behaviors.

Experimental

General. The melting points were determined on a
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Yanagimoto micro melting-point apparatus (MP-S3) and
are uncorrected. Electron-impact mass spectra were ob-
tained on a JEOL HX-110 instrument usually at 70 eV. IR

Bull. Chem. Soc. Jpn., 68, No. 5 (1995) 1425

and UV spectra were measured by on a Hitachi 215 or 270-
30 and a Hitachi 340 or U-3410 spectrophotometer, respec-
tively. 'HNMR spectra were recorded on a Hitachi R-90H
at 90 MHz, a JEOL GSX-270 at 270 MHz, a JEOL GSX-
400 at 400 MHz, or a Bruker AM-600 spectrometer at 600
MHz. *CNMR spectra were recorded on a Hitachi R-90H
at 22.5 MHz, a JEOL GSX-400 at 100 MHz, or a Bruker
AM-600 spectrometer at 150 MHz. Temperatures were cal-
ibrated by the chemical shift separation of the protons of a
4% methanol in CD3OD sample, and are considered to be
accurate to £2 °C. Medium-pressure chromatographic sep-
arations were performed using a Kusano prepacked column
Si-50. Gel-permeation chromatographies (GPC) were per-
formed on Showadenko Shodex K2001 and K2002. Voltam-
metry measurements were carried out with a BAS100B/W
electrochemical workstation equipped with Pt working and
auxiliary electrodes, and a reference electrode formed from
Ag/AgNO3 (0.01 M, 1 M=1 moldm™?) and tetrabutylam-
monium perchlorate solution (0.1 M) in MeCN. All mea-
surements were made under argon on a 1 mM sample of the
substrate in 10 ml of dry MeCN containing 0.1 M tetraethyl-
ammonium perchlorate (TEAP) as a supporting electrolyte,
at a scan rate of 100 mVs~!. Elemental analyses were per-
formed at the Instrumental Analysis Center of Chemistry,
Faculty of Science, Tohoku University.

6-t-Butylazulene (13e). A mixture of 2,4-dinitrochlo-
robenzene (20.2 g, 99.7 mmol) and 4-t-butylpyridine (25.0
g, 185 mmol) was stirred at 80 °C for 4 h, during which time
a yellow precipitate was formed. After cooling to 0 °C, di-
methylamine (15.0 ml, 226 mmol) and dry pyidine (100 ml)
were added dropwise. The resulting reddish-brown reaction
mixture was warmed to room temperature and stirred for
12 h. Then, cyclopentadiene (6.10 g, 101 mmol) and 2.5
M sodium methoxide solution (40 ml) were added dropwise
to the reaction mixture. After the addition was complete,
stirring was continued for another 4 h. The mixture was
heated under a N2 atmosphere, and a mixture of pyridine
and methanol was distilled off until the temperature reached
105 °C. Then, dry pyridine (130 ml) was added and the
blue mixture was heated for 12 h. After cooling to room
temperature, the pyridine was removed under reduced pres-
sure. The blue residue was extracted in a Soxhlet apparatus
with hexane and the solvent was removed under reduced
pressure. The blue residue was purified by column chro-
matography on silica gel with hexane to yield the azulene
13e (18.3 g, 99%). Blue plates; mp 95.0—96.0 °C (hexane);
MS (70 €V) m/z (rel intensity) 184 (M™T, 100), 169 (75),
154 (26), 153 (28), 152 (27), 141 (36), and 128 (27); IR
(KBr disk) 2968, 1586, 1476, 1406, 836, and 748 cm™'; UV
(hexane) 237 (loge 4.14), 278 (4.77), 284 (4.77), 330 (3.54),
344 (3.71), 548 (2.39), 569 (2.48), 592 (2.44), 619 (2.45),
647 (2.14), and 684 nm (2.14); "THNMR, (90 MHz, CDCl3)
6=8.28 (d, J=11.0 Hz, 2H), 7.81 (br, 1H), 7.33 (d, J=11.0
Hz, 2H), and 1.44 (s, 9H); *CNMR (22.5 MHz, CDCls)
6=160.62 (s), 138.76 (s), 135.86 (d), 120.59 (d), 117.23 (d),
38.36 (s), and 31.86 (q). Found: C, 91.05; H, 8.74%. Calcd
for C14H16: C, 91.25; H, 8.75%.

1,6-Di-t-butylazulene (13d). AlCls (13.9 g, 105
mmol) was added to a solution of 6-t-butylazulene (13e)
(18.5 g, 100 mmol) and ¢-butyl chloride (18.6 g, 201 mmol) in
CH2Cl2 (11). After stirring at room temperature for 30 min,
the reaction mixture was poured into water. The organic
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layer was washed with water, dried with MgSQy, and con-
centrated in vacuo. The mixture was separated by column
chromatography on silica gel with hexane, and medium-pres-
sure column chromatography on silica gel with hexane to
afford 1,6-di-t-butylazulene (13d), (13.6 g, 56%), 1,3,6-tri-
t-butylazulene (19) (4.45 g, 15%), and the recovered 13e
(2.97 g, 16%).

13d: Blue needles; mp 42.0—44.0 °C (sublimination);
MS (70 eV) m/z (rel intensity) 240 (M™, 36) and 225 (100);
IR (KBr disk) 2972, 2912, 2876, 1578, 1410, 1394, 836, and
760 cm™'; UV (hexane) 241 (loge 4.00), 282 (4.66), 287
(4.63), 292 (4.59), 339 (3.42), 349 (3.42), 349 (3.58), 365
(3.21), 594 (2.46), 651 (2.38), and 723 nm (1.96); *HNMR
(90 MHz, CDCls) 6=8.60 (d, J=10.8 Hz, 1H), 8.15 (d,
J=10.6 Hz, 1H), 7.73 (br, 1H), 7.22 (dd, J=10.8, 1.5 Hz,
1H), 7.17 (dd, J=10.8, 1.5 Hz, 1H), 1.58 (s, 9H), and 1.41
(s, 9H); *CNMR (22.5 MHz, CDCl3) §=160.16 (s), 140.10
(s), 138.79 (s), 135.31 (d), 134.43 (d), 134.34 (d), 133.21 (s),
119.73 (d), 118.48 (d), 115.65 (d), 38.08 (s), 33.26 (s), 32.17
(q), and 31.77 (q). Found: C, 89.79; H, 10.04%. Calcd for
CigHas: C, 89.94; H, 10.06%.

19:  Blue needles; mp 134.0—135.0 °C (MeOH); MS
(70 eV) m/z (rel intensity) 296 (M™, 47), 282 (25), and 281
(100); IR (KBr disk) 2972, 2908, 2872, 1580, 1464, 1392,
1364, 1242, 1212, and 830 cm™'; UV (hexane) 244 (loge
4.07), 287 (4.73), 291 (4.73), 296 (4.69), 346 (3.52), 355
(3.71), 373 (3.61), 619 (2.44), 672 (2.34), and 748 (1.89);
HNMR (90 MHz, CDCls) 6=8.52 (d, J=11.2 Hz, 2H),
7.65 (s, 2H), 7.11 (d, J=11.2 Hz, 2H), 1.57 (s, 18H), and
1.43 (s, 9H); *CNMR (22.5 MHz, CDCls) 6=159.83 (s),
136.32 (s), 134.25 (s), 134.00 (d), 133.70 (d), 117.72 (d),
33.20 (s), 32.23 (s), 31.62 (q), and 31.80 (q). Found: C,
88.76; H, 11.01%. Calcd for CaaHss: C, 89.12; H, 10.88 %.

1-t-Butylazulene (13f). The reaction of azulene (13a)
(6.41 g, 50.0 mmol) with ¢-buty! chloride (9.28 g, 100 mmol)
in CH2Cly (500 ml) in the presence of AICl3 (6.71 g, 50.4
mmol) at room temperature for 30 min afforded 1-t-butyl-
azulene (13f) (5.02 g, 54%), 1,3-di-¢-butylazulene (20) (1.10
g, 10%), and the recovered 13a (1.66 g, 26%).

13f:  Blue oil (Ref. 42; blue oil); 'HNMR (90 MHz,
CDCls) 6=8.65 (d, J=9.9 Hz, 1H), 8.23 (d, J=9.2 Hz, 1H),
7.84 (d, J=3.8 Hz, 1H), 7.51 (dd, J=9.7, 9.7 Hz, 1H), 7.27
(d, J=3.8 Hz, 1H), 7.04 (dd J=9.9, 9.7 Hz, 1H), 7.01 (dd,
J=9.7, 9.2 Hz, 1H), and 1.59 (s, 9H).
© 20: Blue needles; mp 97.0—98.0 °C (Ref. 42; mp 96—
98 °C); *HNMR, (90 MHz, CDCl;) §=8.56 (d, J=9.7 Hz,
2H), 7.77 (s, 1H), 7.44 (t, J=9.5 Hz, 1H), 6.92 (dd, J=9.7,
9.5 Hz, 2H), and 1.58 (s, 18H).

3-Formyl-1-methoxycarbonylazulene (14c). POCI;
(5.60 ml, 60.0 mmol) was slowly added at 0 °C to a solu-
tion of 1-methoxycarbonylazulene (13c) (2.00 g, 10.7 mmol)
in DMF (40 ml). The solution was heated at 90 °C for
30 min. The resulting solution was poured into ice-water,
made alkaline with 2 M aqueous NaOH, and then extracted
with CH2Cla. The organic layer was washed with water,
dried with MgSOy4, and concentrated in vacuo. Purifica-
tion of the residue by column chromatography on alumina
with CH2Cly gave the formylazulene 14c¢ (2.30 g, 100%).
Orange needles; mp 114.0—115.0 °C (MeOH); MS (70 eV)
m/z (rel intensity) 214 (M™, 100), 213 (64), 183 (91), and
127 (28); IR (KBr disk) 1696, 1663, 1655, 1460, 1447, 1431,
1408, 1401, 1235, 1219, 1190, 777, and 745 cm™!; UV (hex-
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ane) 237 (loge 4.57), 277 (4.54), 290 (4.38), 307 (4.54), 374
(3.95), 384 (3.93), 389 (3.92), 510 (2.73), 548 (2.66), and 601
(2.17); 'HNMR (90 MHz, CDCls) §=10.25 (s, 1H), 8.70 (d,
J=10.1 Hz, 2H), 8.62 (s, 1H), 8.01 (dd, J=9.4, 9.4 Hz, 1H),
7.75 (dd, J=10.1, 9.4 Hz, 2H), and 3.96 (s, 3H); **CNMR
(22.5 MHz, CDCl3) 6=186.76 (d), 164.69 (s), 145.85 (d),
144.99 (s), 142.58 (s), 141.30 (d), 139.81 (d), 139.26 (d),
132.25 (d), 131.76 (d), 124.41 (s), 117.12 (s), and 51.72 (q).
Found: C, 72.84; H, 4.80%. Calcd for C13H10035: C, 72.89;
H, 4.70%.

3,6-Di-t-butyl-1-formylazulene (14d). - The reac-
tion of 1,6-di-t-butylazulene (13d) (415 mg, 1.73 mmol) with
POCI; (0.48 ml, 5.2 mmol) in DMF (8 ml) at room temper-
ature for 30 min afforded the formylazulene 14d (383 mg,
83%). Brown needles; mp 96.0-—99.0 °C (hexane); MS (70
eV) m/z (rel intensity) 268 (M™, 40), 254 (23), and 253
(100); IR (KBr disk) 2968, 1648, 1464, 1444, 1364, and 1226
ecm™!; UV (hexane) 217 (loge 4.34), 239 (4.22), 271 (4.02),
305 (4.51), 316 (4.62), 387 (3.90), 403 (3.92), and 553 nm
(2.63); 'HNMR (90 MHz, CDCl3) §=10.31 (s, 1H), 9.44 (d,
J=10.8 Hz, 1H), 8.80 (d, J=11.2 Hz, 1H), 8.12 (s, LH), 7.74
(dd, J=10.8, 2.0 Hz, 1H), 7.67 (dd, J=11.2, 2.0 Hz, 1H),
1.59 (s, 9H), and 1.49 (s, 9H); *CNMR (22.5 MHz, CDCl3)
§=185.44 (d), 163.82 (s), 141.17 (s), 140.25 (s), 140.04 (s),
138.42 (d), 136.90 (d), 135.53 (d), 126.84 (d), 124.89 (d),
123.30 (s), 38.66 (s), 32.99 (s), 31.74 (q), and 31.62 (q).
Found: C, 84.68; H, 9.04%. Calcd for C19H240: C, 85.03;
H, 9.01%.

6-t-Butyl-1-formylazulene (14e).  The reaction of
6-t-butylazulene (13e) (3.20 g, 17.4 mmol) with POCls (4.7
ml, 52 mmol) in DMF (70 ml) at 0 °C for 15 min afforded the
formylazulene 14e (3.59 g, 98%). Reddish-purple needles;
mp 69.0—70.0 °C (hexane); MS (70 eV) m/z (rel intensity)
212 (M, 21) and 211 (100); UV (hexane) 216 (loge 4.34),
237 (4.18), 266 (3.84), 300 (4.54), 311 (4.66), 374 (3.87),
388 (3.93), 530 (2.69), 573 (2.60), and 631 nm (2.11); IR
(KBr disk) 1644 and 1454 cm™~; "H NMR (90 MHz, CDCls)
6=10.33 (s, 1H), 9.50 (d, 1H), 8.44 (d, J=10.8 Hz, 1H), 8.17
(d, J=4.2 Hz, 1H), 7.80 (dd, J=10.8, 1.8 Hz, 1H), 7.71 (dd,
J=10.8, 1.8 Hz, 1H), 7.24 (d, J=4.2 Hz, 1H), and 1.48 (s,
9H); 3CNMR (22.5 MHz, CDCls) 6=185.93 (d), 164.22
(s), 144.67 (s), 140.68 (d), 139.13 (s), 137.78 (d), 136.53 (d),
127.23 (d), 126.53 (d), 125.71 (s), 118.33 (d), 38.84 (s), and
31.77 (q). Found: C, 84.72; H, 7.72%. Calcd for C15H160:
C, 84.87; H, 7.59%.

Tri(1l-azulenyl)methane (9a). A solution of azulene
(13a) (1.93 g, 15.0 mmol) and 1-formylazulene (14a) (1.19
g, 7.62 mmol) in glacial acetic acid (50 ml) was stirred at
room temperature for 3 d. The reaction mixture was poured
into water, neutralized with NaHCOgs, and then extracted
with CH2Cly. The organic layer was washed with water,
dried with MgSO4, and concentrated in vacuo. The residue
was purified by column chromatography on silica gel with
CH;Cly/hexane to give tri(l-azulenyl)methane (9a) (271
mg, 14%, net 30%), 1,3-bis[di(1-azulenyl)methyljazulene
(15) (110 mg, 6%, net 14%), and the recovered 13a (1.33 g,
69%) and 14a (983 mg, 83%).

9a: Blue prisms; mp 193.0—200.0 °C decomp
(CH2Clz/hexane); MS (70 eV) m/z (rel intensity) 394 (M T,
100), 393 (35), 266 (37), and 265 (79); IR (KBr disk) 1576,
1394, 774, and 734 cm™*; UV (CH2Clz) 238 (loge 4.68), 284
(5.00), 349 (4.16), 362 (4.09), and 602 nm (2.98); 'HNMR
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(270 MHz, CDCls) §=8.28 (d, J=9.7 Hz, 6H), 7.49 (dd,
J=9.7, 9.7 Hz, 3H), 7.40 (d, J=4.0 Hz, 3H), 7.36 (1H, s),
7.26 (d, J=4.0 Hz, 3H), 7.17 (dd, J=9.7, 9.7 Hz, 3H), and
6.95 (dd, J=9.7, 9.7 Hz, 3H). Found: m/z 394.1709. Calcd
for C31Haz: M, 394.1722. Found: C, 93.49; H, 5.81%. Calcd
fOI‘ C31H22-1/4H202 C, 9331, H, 568%

15: Green crystals; mp 243.0—244.5 °C decomp (tolu-
ene/hexane); MS (70 eV) m/z (rel intensity) 660 (M™, 7),
394 (86), 393 (100), 375 (69), 267 (56), 266 (32), and 265
(76); IR (KBr disk) 1394, 766, and 728 cm™*; UV (CH2Cl,)
240 (loge 4.84), 283 (5.17), 350 (4.33), 365 (4.31), and 605
nm (3.15); 'HNMR (600 MHz, CDCls) 6=8.241 (d, J=9.7
Hz, 2H), 8.187 (d, J=9.7 Hz, 4H), 8.138 (d, J=9.7 Hz, 4H),
7.435 (dd, J=9.9, 9.9 Hz, 4H), 7.361 (t, J=10.0 Hz, 1H),
7.248 (s, 2H), 7.202 (d, J=3.8 Hz, 4H), 7.112 (d, J=3.8
Hz, 4H), 7.048 (s, 1H), 7.020 (dd, J=9.9, 9.7 Hz, 4H), 6.827
(dd, J=10.0, 9.7 Hz, 2H), and 6.820 (dd, J=9.9, 9.7 Hz,
4H); "3*CNMR. (150 MHz, CDCl3) §=141.05 (s), 138.31 (d),
137.06 (d), 136.50 (d), 135.51 (s), 134.61 (s), 133.85 (s),
133.79 (d), 133.57 (d), 132.66 (s), 122.35 (d), 122.22 (d),
121.64 (d), 121.40 (d), 116.33 (d), 36.21 (d). Found: C,
91.75; H, 5.82%. Calcd for Cs2Hss-H20: C, 92.00; H, 5.64%.

Tris(3-methyl-l1-azulenyl)methane (9b). A solution
of 1-methylazulene (13b) (2.69 g, 19.0 mmol) and 1-for-
myl-3-methylazulene (14b) (850 mg, 4.99 mmol) in glacial
acetic acid (30 ml) was stirred at room temperature for 21
d. The violet solution turned into a blue suspension. The
crystals were collected by filtration and purified by column
chromatography on alumina with CH2Cls to afford the tri(1-
azulenyl)methane 9b (1.52 g, 70%). Greenish-blue needles;
mp 257.0—262.0 °C decomp (toluene); MS (70 eV) m/z (rel
intensity) 436 (M, 100), 421 (29), and 279 (42); IR (KBr
disk) 1576, 1362, 752, and 732 cm™!; UV (CH2Cly) 243
(loge 4.64), 271 (4.92), 287 (4.98), 358 (4.18), 372 (4.17),
and 632 nm (2.98); '"HNMR (90 MHz, CDCl3) §=8.14 (dd,
J=9.5, 1.2 Hz, 3H), 8.12 (dd, J=9.5, 1.2 Hz, 3H), 7.40
(dddd, J=9.5, 9.5, 1.2, 1.2 Hz, 3H), 7.25 (s, 4H), 6.93 (dd,
J=9.6, 9.5 Hz, 3H), 6.79 (dd, J=9.6, 9.5 Hz, 3H), and
2.53 (s, 9H). Found: m/z 436.2204. Calcd for C34Has: M,
436.2191. Found: C, 93.54; H, 6.57%. Calcd for C34Hos: C,
93.54; H, 6.46%.

Tris(3-methoxycarbonyl-1-azulenyl)methane (9c).
A solution of 1-methoxycarbonylazulene (13c) (3.18 g, 17.1
mmol) and 3-formyl-1-methoxycarbonylazulene (14c) (2.14
g, 9.98 mmol) in glacial acetic acid (60 ml) was refluxed
for 7 d. The purple solution turned into a purple suspen-
sion. The crystals were collected by filtration, washed with
CH;Cls, and dried in vacuo to give the tri(1-azulenyl)meth-
ane 9c¢ (2.55 g, 52%, net 94%). The filtrate was concentrated
in vacuo and the residue was dissolved in CH3Clz. The so-
lution was washed with 5% aqueous NaHCOs3 and water,
dried with MgSOy, and concentrated in vacuo. The residue
was purified by column chromatography on silica gel with
CH;Cl; to afford the recovered 13c (1.41 g, 44%) and 14c
(744 mg, 35%). Purple needles; mp >300 °C (toluene); MS
(70 eV) m/z (rel intensity) 568 (M™, 100), 510 (37), 509
(91), 389 (42), 382 (30), 323 (72), and 263 (34); IR (KBr
disk) 1696, 1456, 1444, 1418, and 1206 cm™; UV (CH,Cly)
238 (loge 4.84), 261 (4.63), 292 (4.97), 306 (4.97), 373 (4.34),
and 559 nm (3.10); "HNMR (90 MHz, CDCls) §=9.67 (dd,
J=9.8, 1.2 Hz, 3H), 8.35 (dd J=9.4, 1.0 Hz, 3H), 7.78 (s
3H), 7.77 (dddd, J=9.2, 9.2, 1.2, 1.0 Hz, 3H), 7.52 (ddd,
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J=9.8,9.2, 1.2 Hz, 3H), 7.26 (ddd, J=9.4, 9.2, 1.2 Hz, 3H),
7.15 (s, 1H), and 3.82 (s, 9H). Found: C, 79.35; H, 5.30%.
Calcd for C37Has06+1/2toluene: C, 79.14; H, 5.25%.

Tris(3,6-di-t-butyl-1-azulenyl)methane (9d). A
solution of 1,6-di-t-butylazulene (13d) (412 mg, 1.71 mmol)
and 3,6-di-¢-butyl-1-formylazulene (14d) (228 mg, 0.850
mmol) in glacial acetic acid (6 ml) was stirred at room tem-
perature for 21 d. The blue-purple solution turned into a
blue suspension. The crystals were collected by filtration
and purified by column chromatography on silica gel with
CH2Cl; to afford the tri(1l-azulenyl)methane 9d (429 mg,
71%). Blue crystals; mp 294.0—297.0 °C decomp (tolu-
ene/hexane); MS (70 eV) m/z (rel intensity) 731 (M™, 35),
674 (60), and 673 (100); IR (KBr disk) 2968, 2908, 2872,
1578, 1364, 1228, and 834 cm™*; UV (CH:Cly) 245 (loge
4.57), 275 (4.98), 294 (4.99), 3.60 (4.17), 375 (4.14), and 619
nm (2.96); "HNMR (600 MHz, 50% CD2Cly/CS,) §=8.443
(d, J=10.6 Hz, 3H), 8.135 (d, J=10.6 Hz, 3H), 7.287 (s,
3H), 7.077 (dd, J=10.6, 1.9 Hz, 3H), 7.075 (s, 1H), 6.974
(dd, J=10.6, 1.9 Hz, 3H), 1.450 (s, 27H), and 1.384 (s, 27H).
Found: m/z 730.5458. Calcd for CssHro: M, 730.5478.
Found: C, 90.52; H, 9.84%. Calcd for Cs5H7o: C, 90.35;
H, 9.65%.

Tris(6-t-butyl-1-azulenyl)methane (9e). A solu-
tion of 6-t-butylazulene (13e) (1.84 g, 9.99 mmol) and 6-¢-
butyl-1-formylazulene (14e) (1.03 g, 4.87 mmol) in glacial
acetic acid (30 ml) was stirred at room temperature for 21
d. The blue-purple solution turned into a blue suspension.
The crystals were collected by filtration and washed with
CH2Cl2 to afford the tri(1-azulenyl)methane 9e (2.36 g,
86%). Blue crystals; mp 286.0—290.0 °C decomp (tolu-
ene); MS (70 eV) m/z (rel intensity) 562 (M™*, 100) and
505 (42); IR (KBr disk) 2072, 1582, 1404, and 838 cm™!;
UV (CH2Cly) 239 (loge 4.58), 289 (4.98), 299 (4.97), 352
(4.16), and 591 nm (2.96). Found: m/z 562.3598. Calcd for
CuzHae: M, 562.3599. Found: C, 88.77; H, 8.29%. Calcd
for C43H46°H202 C, 88.92; H, 8.33%.

Tris(3-t-butyl-1-azulenyl)methane (9f). A solu-
tion of 1-t-butylazulene (13f) (372 mg, 2.02 mmol) and 3-¢-
butyl-1-formylazulene (14f) (215 mg, 1.01 mmol) in glacial
acetic acid (6 ml) was stirred at room temperature for 21
d. The blue-purple solution turned into a green suspension.
The crystals were collected by filtration and purified by col-
umn chromatography on silica gel with CH2Cly to afford
the tri(1-azulenyl)methane 9f (328 mg, 58%). Green crys-
tals; mp 228.0—234.0 °C decomp (toluene/hexane); MS (70
eV) m/z (rel intensity) 562 (M™T, 92), 506 (47), and 505
(100); TR (KBr disk) 2968, 1570, 1366, 1226, and 742 cm™*;
UV (CH2Cls) 244 (loge 4.60), 271 (4.90), 288 (4.93), 359
(4.14), 374 (4.15), and 631 nm (2.93); "HNMR (90 MHz
CDClz) §=8.56 (d, J=9.7 Hz, 3H), 8.22 (d, J=9.7 Hz, 3H),
7.42 (s, 3H), 7.40 (dd, J=9.9, 9.9 Hz, 3H), 7.22 (s, 1H), 6.92
(dd, J=9.9, 9.7 Hz, 3H), 6.80 (dd, J=9.9, 9.7 Hz, 3H), and
1.47 (s, 27TH). Found: m/z 562.3600. Calcd for CysHae: M,
562.3599. Found: C, 91.75; H, 8.08%. Calcd for C43Hyg: C,
91.76; H, 8.24%.

Tri(1-azulenyl)methyl Hexafluorophosphate (6a).
DDQ (224 mg, 0.988 mmol) was added at room temperature
to a solution of tri(1-azulenyl)methane (9a) (198 mg, 0.501
mmol) in CHzCly (50 ml). The blue color turned to deep
blue. After the solution was stirred at the same temperature
for 1h, 60% HPFs (5 ml) and water (50 ml) were added
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to the mixture. The resulting suspension was filtered with
suction. The organic layer was washed with water, dried
with MgSQy4, and concentrated under reduced pressure. The
residue was dissolved in CH2Cly (5 ml); then, EtoO (50
ml) was added to the solution. The precipitated crystals
were collected by filtration, washed with Et20, and dried in
vacuo to give the tri(l-azulenyl)methyl cation 6a (233 mg,
86%). Deep purple powder; mp 195.0—200.5 °C decomp
(CH2Clz/ether); MS (FAB) m/z 393 (M* —PF¢); IR (KBr
disk) 1464, 1380, 1280, 840, and 558 cm™~!; UV (MeCN) 229
(loge 4.71), 279 (4.55), and 614 nm (4.70); *HNMR. (400
MHz, CDCls, 58 °C) §=8.728 (d, J=9.5 Hz, 3H), 7.965
(dd, J=9.7, 9.7 Hz, 3H), 7.868 (d, J=4.3 Hz, 3H), 7.828
(d, J=9.8 Hz, 3H), 7.817 (dd, J=9.7, 9.5 Hz, 3H), 7.677 (d,
J=4.3 Hz, 3H), and 7.369 (dd, J=9.8, 9.7 Hz, 3H); 'HNMR
(400 MHz, CDCls, —60 °C) 6=8.852 (d, J=9.6 Hz, 1H, By),
8.806 (d, J=9.6 Hz, 1H, Bs), 8.800 (d, J=9.6 Hz, 1H, A),
8.777 (d, J=9.6 Hz, 1H, B,), 8.126 (d, J=4.2 Hz, 1H, B.),
8.121 (dd, J=9.4, 9.4 Hz, 1H, A), 8.078 (dd, /=9.4, 9.4 Hz,
1H, B:), 8.045 (d, J=4.2 Hz, 1H, Bs), 8.023 (dd, J=9.4,
9.4 Hz, 1H, Bs), 8.014 (d, J=10.0 Hz, 1H, A), 7.983 (dd,
J=9.4, 94 Hz, 1H, Bs), 7.958 (dd, J=9.6, 9.4 Hz, 1H, A),
7.907 (dd, /=9.6, 9.4 Hz, 1H, A), 7.873 (d, J=10.0 Hz, 1H,
Ba), 7.830 (dd, J=9.6, 9.4 Hz, 1H, Bs), 7.826 (d, J=4.2 Hz,
1H, B.), 7.808 (d, J=4.2 Hz, 1H, B.), 7.774 (dd, J=9.6,
9.4 Hz, 1H, By), 7.773 (d, J=4.2 Hz, 2H, A and B.), 7.741
(d, J=4.2 Hz, 1H, By), 7.724 (d, J=10.0 Hz, 1H, By), 7.696
(d, J=10.0 Hz, 1H, Bs), 7.659 (d, J=4.2 Hz, 1H, A), 7.585
(dd, J=10.0, 9.4 Hz, 1H, A), 7.480 (dd, J=10.0, 9.4 Hz,
1H, By), 7.333 (dd, J=10.0, 9.4 Hz, 1H, Bs), and 7.242 (dd,
J=10.0, 9.4 Hz, 1H, Bs). Found: m/z 393.1594. Calcd for
Cs1Hi: M, 393.1643. Found: C, 68.90; H, 3.91%. Calcd
for C31H21PF6: C, 69.15; H, 3.93%‘
Tris(3-methyl-1-azulenyl)methyl Hexafluorophos-
phate (6b). DDQ (1.71 g, 7.54 mmol) was added at room
temperature to a solution of tris(3-methyl-1-azulenyl)meth-
ane (9b) (2.08 g, 4.65 mmol) in CH2Cls (300 ml). The blue
color turned to deep blue. After the solution was stirred
at the same temperature for 1 h, 60% HPFs (30 ml) and
water (300 ml) were added to the mixture. The resulting
suspension was filtered with suction. The organic layer was
washed with water, dried with MgSQ4, and concentrated un-
der reduced pressure. The residue was dissolved in CH2Cl,
(10 ml); then, Et2O (100 ml) was added to the solution.
The precipitated crystals were collected by filtration, washed
with Et20O, and dried in vacuo to give the tri(l-azulenyl)-
methyl cation 6b (2.70 g, 100%). Deep purple powder; mp
266.0-—269.0 °C decomp (CH2Cly/ether); MS (FAB) m/z
435 (M* —PFs); IR (KBr disk) 1466, 1438, 1412, 1396, 1348,
1318, 1290, 838, and 558 cm™'; UV (MeCN) 242 (log e 469),
291 (4.52), 372 (4.16), and 652 nm (4.57); "HNMR (400
MHz, CDCls, 58 °C) §=8.596 (d, J=9.8 Hz, 3H), 7.888
(dd, J=9.8, 9.8 Hz, 3H), 7.758 (dd, J=9.8, 9.8 Hz, 3H),
7.693 (s, 3H), 7.679 (d, J=9.8 Hz, 3H), 7.251 (dd, J=9.8,
9.8 Hz, 3H), and 2.734 (s, 9H); "THNMR (400 MHz, CDCl3,
—60 °C) §=8.686 (d, /=10.0 Hz, 1H, B,), 8.662 (d, J=10.0
Hz, 1H, A), 8.641 (d, /=10.0 Hz, 1H, Bs), 8.634 (d, /=10.0
Hz, 1H, B.), 8.056 (dd, J=9.8, 9.4 Hz, 1H, A), 8.005 (dd,
J=9.8, 9.4 Hz, 1H, B;), 7.961 (dd, J=9.8, 9.4 Hz, 1H, By),
7.937 (s, 1H), 7.906 (dd, J=9.8, 9.4 Hz, 1H, Bs), 7.906 (dd,
J=10.0, 9.4 Hz, 1H, A), 7.887 (d, J=9.8 Hz, 1H, A), 7.870
(s, 1H), 7.858 (dd, J=10.0, 9.4 Hz, 1H, B,), 7.835 (dd,
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J=10.0, 9.4 Hz, 1H, By), 7.794 (dd, J=10.0, 9.4 Hz, 1H,
Bs), 7.760 (d, J=9.8 Hz, 1H, Bs), 7.620 (d, J=9.8 Hz, 1H,
Bi), 7.607 (s, 1H), 7.559 (d, J=9.8 Hz, 1H, Bs), 7.545 (s,
1H), 7.468 (dd, J=9.8, 9.8 Hz, 1H, A), 7.361 (dd, J=9.8,
9.8 Hz, 1H, By), 7.224 (dd, J=9.8, 9.8 Hz, 1H, B;), 7.131
(dd, J=9.8, 9.8 Hz, 1H, Bs), 2.815 (s, 3H, B), 2.766 (s, 3H,
B), 2.718 (s, 3H, B), and 2.657 (s, 3H, A). Found: m/z
435.2086. Calcd for CsgHg,: M, 435.2113. Found: C, 70.10;
H, 4.50%. Calcd for CssHo7PFe: C, 70.34; H, 4.69%.

Tris(3-methoxycarbonyl-1-azulenyl)methyl Hexa-
fluorophosphate (6¢c). DDQ (461 mg, 2.01 mmol) was
added at room temperature to a solution of tris(3-meth-
oxycarbonyl-1-azulenyl)methane (9¢) (569 mg, 1.00 mmol)
in CH2Clz (100 ml). The purple suspension turned into a
deep-blue solution. After the solution was stirred at the
same temperature for 1 h, 60% HPFs (10 ml) and water
(100 ml) were added to the mixture. The resulting sus-
pension was filtered with suction. The organic layer was
dried with MgSOy4, and concentrated under reduced pres-
sure. The residue was dissolved in CH2Cly (20 ml); then,
Et20 (30 ml) was added to the solution. The precipitated
crystals were collected by filtration, washed with Et20, and
dried in vacuo to give the tri(l-azulenyl)methyl cation 6c
(713 mg, 100%). Purple powder; mp 242.5—249.0 °C de-
comp (CH2Cly/ether); MS (FAB) m/z 567 (M' —PFs); IR
(KBr disk) 1706, 1454, 1418, 1366, 1224, 1198, 1162, and
1084 em~!; UV (MeCN) 229 (loge 4.80), 251 (4.74), 301
(4.73), and 601 nm (472); "HNMR (400 MHz, CDCls, 58
°C) 6=10.005 (d, J=9.6 Hz, 3H), 8.130 (br, 6H), 8.083 (dd,
J=9.6, 9.6 Hz, 3H), 8.048 (dd, J=9.6, 9.6 Hz, 3H), 7.843
(br, 3H), and 3.938 (s, 9H). Found: C, 60.58; H, 3.99%.
Calcd for Cs7H2706PF6°H202 C, 60.83; H, 4.00%.

Tris(3,6-di-t-butyl-1-azulenyl)methyl Hexafluoro-
phosphate (6d). DDQ (98 mg, 0.43 mmol) was added
at room temperature to a solution of tris(3,6-di-¢-butyl-1-
azulenyl)methane (9d) (152 mg, 0.208 mmol) in CH,Cl;
(40 ml). The blue color turned to deep blue. After the
solution was stirred at the same temperature for 1 h, 60%
HPF¢ (2 ml) and water (20 ml) were added to the mixture.
The resulting suspension was filtered with suction. The or-
ganic layer was washed with water, dried with MgSOs, and
concentrated under reduced pressure. The residue was dis-
solved in CH2Cly (1 ml); then, Et2O (10 ml) was added to
the solution. The precipitated crystals were collected by fil-
tration, washed with Et20, and dried in vacuo to give the
tri(1-azulenyl)methyl cation 6d (182 mg, 100%). Brown
powder; mp >300 °C (CH2Clz/ether); MS (FAB) m/z 730
(M* —PFe); IR (KBr disk) 2972, 1466, 1420, 1368, 1350,
1238, 840, and 558 cm™!; UV (MeCN) 248 (loge 4.74), 300
(4.61), 650 (4.12), and 670 nm (4.60); *"HNMR (600 MHz,
DMSO-dg, 90 °C) 6=9.105 (d, J=10.8 Hz, 3H), 8.071 (dd,
J=10.8, 2.1 Hz, 3H), 7.745 (d, J=10.8 Hz, 3H), 7.563 (dd,
J=10.8, 2.1 Hz, 3H), 7.563 (s, 3H), 1.543 (s, 27H), and
1.396 (s, 27H). Found: m/z 729.5376. Calcd for CssHiy: M,
729.5399. Found: C, 75.19; H, 7.97%. Calcd for CssHegPFe:
C, 75.49; H, 7.95%.

Tris(6-t-butyl-1-azulenyl)methyl Hexafluorophos-
phate (6e). DDQ (323 mg, 1.42 mmol) was added at room
temperature to a solution of tris(6-t-butyl-1-azulenyl)meth-
ane (9e) (564 mg, 1.00 mmol) in CH2Clz (200 ml). The blue
suspension turned into a deep-blue solution. After the solu-
tion was stirred at the same temperature for 1 h, 60% HPFg
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(10 ml) and water (100 ml) were added to the mixture. The
resulting suspension was filtered with suction. The organic
layer was washed with water, dried with MgSQOg4, and con-
centrated under reduced pressure. The residue was dissolved
in CH2Cly (5 ml); then, Et2O (50 ml) was added to the solu-
tion. The precipitated crystals were collected by filtration,
washed with Et20, and dried in vacuo to give the tri(1-
azulenyl)methyl cation 6e (657 mg, 93%). Brown powder;
mp 225.0—230.0 °C (CH2Cla/ether); MS (FAB) m/z 561
(M* —PF¢); IR (KBr disk) 1458, 1382, 1296, 838, and 556
cm™Y; UV (MeCN) 243 (log e 4.66), 294 (4.59), and 615 nm
(4.64); 'HNMR (400 MHz, DMSO-ds, 80 °C) §=8.835 (d,
J=10.2 Hz, 3H), 8.093 (dd, J=10.2, 2.0 Hz, 3H), 7.808 (d,
J=4.4 Hz, 3H), 7.793 (d, J=10.2 Hz, 3H), 7.723 (d, J=4.4
Hz, 3H), 7.634 (dd, J=10.2, 2.0 Hz, 3H), and 1.386 (s, 27H).
Found: m/z 561.3500. Caled for CasHfy: M, 561.3522.
Found: C, 73.13; H, 6.20%. Calcd for CasHasPFs: C, 73.07;
H, 6.42%.

Tris(3-t-butyl-1-azulenyl)methyl Hexafluorophos-
phate (6f). DDQ (71 mg, 0.31 mmol) was added at room
temperature to a solution of tris(3-¢-butyl-1-azulenyl)meth-
ane (9f) (114 mg, 0.202 mmol) in CH2Cl; (40 ml). The blue
color turned to deep blue. After the solution was stirred at
the same temperature for 1 h, 60% HPF¢ (2 ml) and water
(20 ml) were added to the mixture. The resulting suspen-
sion was filtered with suction. The organic layer was washed
with water, dried with MgSQOy4, and concentrated under re-
duced pressure. The residue was dissolved in CH2Cly (1 ml);
then, Et20 (30 ml) was added to the solution. The pre-
cipitated crystals were collected by filtration, washed with
Et20, and dried in vacuo to give the tri(1-azulenyl)meth-
yl cation 6f (135 mg, 95%). Brown powder; mp 252.0—
255.0 °C (CH2Cly/ether); MS (FAB) m/z 561 (M+ —PFs);
IR (KBr disk) 1462, 1442, 1410, 1368, 1344, 840, and 558
cm™!; UV (MeCN) 244 (loge 4.75), 294 (4.55), and 650 nm
(4.61); "THNMR (400 MHz, DMSO-ds, 80 °C) 6=9.180 (d,
J=10.2 Hz, 3H), 8.038 (dd, J=10.0, 10.0 Hz, 3H), 7.907
(dd, J=10.2, 10.0 Hz, 3H), 7.776 (d, J=10.2 Hz, 3H), 7.715
(s, 3H), 7.395 (dd, J=10.2, 10.0 Hz, 3H), and 1.566 (s, 27H).
Found: m/z 561.3505. Calcd for CssHfz: M, 561.3521.
Found: C, 72.96; H, 6.11%. Calcd for C43H45PFs: C, 73.07;
H, 6.42%.

Reaction of Tri(1l-azulenyl)methane (9a) with
Ph;CtPF;. Ph3CTPF; (144 mg, 0.372 mmol) was
added at room temperature to a solution of tri(1-azulenyl)-
methane (9a) (151 mg, 0.382 mmol) in MeCN (20 ml). Af
ter stirring at the same temperature for 30 min, the solvent
was removed under reduced pressure. The residue was re-
crystallized from MeCN/ether to give di(1-azulenyl)methyl
hexafluorophosphate (16a) (154 mg, 98%). The filtrate was
purified by PTLC on alumina with hexane and medium-
pressure column chromatography on silica gel with 5% eth-
yl acetate/hexane to afford 1-triphenylmethylazulene (17a)
(47 mg, 33%) and 1,3-bis(triphenylmethyl)azulene (18) (24
mg, 10%).

16a: Violet powder; mp 194.0—204.0 °C decomp
(MeCN/ether); MS (FAB) m/z 267 (M* —PF¢); IR (KBr
disk) 1556, 1532, 1420, 1294, 1264, 1054, 840, and 558 cm™ Y
UV (MeCN) 280 (loge 4.29), 342 (3.98), and 616 nm (4.81);
'HNMR (270 MHz, DMSO-ds) 6§=9.35 (d, J=9.8 Hz, 2H),
9.14 (s, 1H), 8.75 (d, J=4.5 Hz, 2H), 8.74 (d, J=9.5 Hz,
2H), 8.26 (dd, J=9.8, 9.8 Hz, 2H), 8.15 (dd, J=9.8, 9.8 Hz,
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2H) 8.07 (dd, J=9.8, 9.5 Hz, 2H), and 7.80 (d, J=4.5 Hz,
2H). Found: m/z 267.1177. Calcd for Co1Hfy: M, 267.1174.
Found: C, 61.17; H, 3.55%. Calcd for C21H;15PFg: C, 61.17;
H, 3.67%.

17a:  Blue prisms; mp 170.0—171.0 °C (Ref. 42; mp
178 °C); '"HNMR (90 MHz, CDCl3) §=8.27 (d, J=9.7 Hz,
1H), 7.67 (d, J=9.9 Hz, 1H), 7.64 (d, J=4.0 Hz, 1H), 7.41
(dd, 7=9.9, 9.5 Hz, 1H), 7.25 (d, J=4.0 Hz, 1H), 7.20 (s,
15H), 7.04 (dd, J=9.7, 9.5 Hz, 1H), and 6.70 (dd, J=9.9,
9.9 Hz, 1H).

18: Blue prisms; mp 289.0—291.0 °C (Ref. 42; mp 293
°C); "THNMR (90 MHz, CDCl3) 6=7.63 (d, /=9.9 Hz, 2H),
7.38 (s, 1H), 7.25 (t, J=9.5 Hz, 1H), 7.14 (s, 30H), and 6.60
(dd, J=9.9, 9.5 Hz, 2H).

Reaction of Tris(3- methyl- 1- azulenyl)methane
(9b) with PhsCtPF;. PhsCTPF; (472 mg, 1.22 mmol)
was added at room temperature to a solution of the tri(1-
azulenyl)methane 9b (437 mg, 1.00 mmol) in CH>Cl> (100
ml). After stirring at the same temperature for 1 h, the pre-
cipitated crystals were collected by filtration, washed with
Et20, and dried in vacuo to give bis(3-methyl-1-azulenyl)-
methyl hexafluorophosphate (16b) (432 mg, 98%). The fil-
trate was purified by column chromatography on silica gel
with CH2Clz and medium-pressure column chromatography
with 5% ethyl acetate/hexane to afford 3-methyl-1-(triphen-
ylmethyl)azulene (17b) (187 mg, 49%).

16b: Brown powder; mp 280.0—285.0 °C decomp
(MeCN/ether); MS (FAB) m/z 295 (M* —PFs); IR (KBr
disk) 1584, 1556, 1526, 1420, 1400, 1338, 1302, 1270, 1050,
882, 838, and 558 cm™'; UV (MeCN) 223 (loge 4.45), 250
(4.30), 284 (4.26), 309 (4.13), 358 (4.01), and 647 nm (4.87);
'HNMR (90 MHz, MeCN-d3) §=9.17 (d, J=9.8 Hz, 2H),
8.82 (s, 1H), 8.54 (d, J=9.6 Hz, 2H), 8.53 (s, 2H), 8.24—
7.84 (m, 6H), and 2.64 (s, 6H). Found: m/z 295.1483. Calcd
for CazHTy: M, 295.1487. Found: C, 62.92; H, 4.37%. Calcd
for Co3H19PFs: C, 62.73; H, 4.35%.

17b:  Blue prisms; mp 190.5—192.0 °C (hexane); MS
(70 eV) m/z (rel intensity) 384 (M™, 100), 308 (25), and
307 (95); IR (KBr disk) 1570, 1490, 1444, 752, 736, and
702 cm~!; UV (CHaCly) 239 (loge 4.35), 294 (4.55), 301
(4.54), 359 (3.62), 378 (3.65), and 630 nm (2.52); "HNMR
(90 MHz, CDCl3) 6=8.15 (d, J=9.5 Hz, 1H), 7.53 (d, J=9.5
Hz, 1H), 7.46 (s, 1H), 7.34 (dd, J=9.6, 9.6 Hz, 1H), 7.19
(s, 15H), 6.94 (dd, J=9.6, 9.5 Hz, 1H), 6.56 (dd, J=9.6,
9.5 Hz, 1H), and 2.58 (s, 3H); "> CNMR (22.5 MHz, CDCl3)
§=147.11 (s), 141.42 (d), 137.88 (s), 137.60 (d), 136.96 (d),
135.90 (s), 133.58 (d), 133.58 (s), 130.86 (d), 127.14 (d),
125.62 (d), 123.24 (s), 121.11 (d), 120.89 (d), 61.74 (s), and
12.65 (q). Found: m/z 384.1875. Calcd for C3zoHa4: M,
384.1878. Found: C, 93.57; H, 6.58%. Calcd for C3zgHz4: C,
93.71; H, 6.29%.

Reaction of Tris(3-methoxycarbonyl-1-azulenyl)-
methane (9c) with PhsCTPF;. PhsCTPF; (205 mg,
0.527 mmol) was added at room temperature to a solution
of the tri(1-azulenyl)methane 9¢ (284 mg, 0.500 mmol) in
CH2Cl2 (100 ml). After stirring at the same temperature
for 1 h, the precipitated crystals were collected by filtration,
washed with CH;Cls, and dried in vacuo to give bis(3-meth-
oxycarbonyl-1-azulenyl)methyl hexafluorophosphate (16c)
(173 mg, 65%). The filtrate was poured into water and
extracted with CH2Clz. The organic layer was washed with
water, dried with MgSQy4, and concentrated in vacuo. The
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residue was purified by column chromatography on silica gel
with CH2Cl> and medium-pressure column chromatography
with 10% ethyl acetate/hexane to afford 1-methoxycarbon-
yl-3-(triphenylmethyl)azulene (17¢) (116 mg, 54%).

16c: Purple powder; mp 249.0—255.0 °C decomp
(MeCN/ether); MS (FAB) m/z 383 (M*—PFs); IR (KBr
disk) 1712, 1564, 1508, 1428, 1358, 1320, 1260, 1208, 1050,
840, and 560 cm™!; UV (MeCN) 224 (log e 4.64), 283 (4.41),
304 (4.39), 357 (3.99), and 599 nm (5.03); 'HNMR (90
MHz, MeCN-ds) §=9.78 (dd, J=9.5, 2.0 Hz, 2H), 9.42 (dd,
J=9.5, 2.0 Hz, 2H), 9.23 (s, 1H), 9.03 (s, 2H), 8.51— 8.16
(m, 6H), and 4.06 (s, 6H). Found: m/z 383.1248. Calcd for
CasH1907: M, 383.1283. Found: C, 55.56; H, 3.48%. Calcd
for 025H1904PF6-1/2H202 C, 5588, H, 375%

17c: Purple needles; mp 216.0—217.0 °C (ethyl
acetate/hexane); MS (70 eV) m/z (rel intensity) 428 (M*,
100), 369 (30), and 351 (99); IR (KBr disk) 1696, 1456, 1444,
1422, 1206, 746, and 702 cm™'; UV (CH2Clp) 237 (loge
4.60), 309 (4.66), 385 (4.05), and 557 nm (2.62); 'H NMR
(90 MHz, CDCls) §=9.69 (d, J=9.9 Hz, 1H), 8.12 (s, 1H),
7.89 (d, J=9.9 Hz, 1H), 7.65 (dd, J=9.9, 9.9 Hz, 1H), 7.46
(dd, J=9.9, 9.9 Hz, 1H), 7.20 (s, 15H), 6.98 (dd, J=9.9,
9.9 Hz, 1H), and 3.88 (s, 3H); }*CNMR (22.5 MHz, CDCls)
§=165.53 (s), 146.35 (s), 142.69 (d), 142.60 (s), 140.86 (s),
139.70 (d), 138.91 (d), 137.81 (d), 134.73 (s), 130.77 (d),
127.78 (d), 127.39 (d), 125.92 (d), 125.62 (d), 114.03 (s),
61.56 (s), and 50.89 (q). Found: m/z 428.1778. Calcd for
C31H2402: M, 428.1776. Found: C, 86.61; H, 5.49%. Calcd
for C31H2402: C, 86.89; H, 5.64%.

Di(1-azulenyl)phenylmethane (10a). A solution of
azulene (13a) (1.28 g, 9.99 mmol) and benzaldehyde (266
mg, 2.50 mmol) in glacial acetic acid (30 ml) was stirred at
room temperature for 2 d. The reaction mixture was poured
into water and extracted with CH3Clz. The organic layer
was washed with 5% NaHCOs and water, dried with MgSOQy,
and concentrated in vacuo. The residue was purified by col-
umn chromatography on silica gel with 20% CH2Cl; /hexane
to afford di(1-azulenyl) phenylmethane (10a) (259 mg, 15%,
net 51%), 1,3-bis[(1-azulenyl)phenylmethyljazulene (21a)
(139 mg, 7%, net 19%), and the recovered 13a (777 mg,
61%).
" 10a:  Blue crystals; mp 136.0—138.5 °C (Ref. 44; mp
140—141 °C); IR (KBr disk) 1394, 776, and 740 cm™*; UV
(CH,Cly) 238 (loge 4.51), 283 (4.81), 289 (4.79), 295 (4.81),
349 (3.96), 365 (3.87), 600 (2.77), 623 (2.72), 651 (2.69), and
718 nm (2.23); 'H NMR (90 MHz, CDCls) §=8.26 (d, J=9.4
Hz, 4H), 7.50 (dd, J=9.8, 9.5 Hz, 2H), 7.45 (d, J=4.0 Haz,
2H), 7.27 (d, J=4.0 Hz, 2H), 7.22—7.11 (m, 5H), 7.07 (dd,
J=9.5, 9.4 Hz, 2H), 6.97 (dd, J=9.8, 9.4 Hz, 2H), and 6.74
(s, 1H).

21a: Green crystals; mp 126.0—129.0 °C (CH2Clz/hex-
ane); MS (70 eV) m/z (rel intensity) 560 (M*, 100), 344
(43), 343 (55), 295 (27), and 128 (41); IR (KBr disk) 1594,
1396, 774, 738, and 722 cm™'; UV (CH2Clz) 239 (loge 4.72),
282 (5.03), 349 (4.14), 365 (4.12), 603 (2.92), and 765 nm
(1.94); 'HNMR (90 MHz, CDCl3) §=8.26—8.10 (m, 6H),
7.58—6.78 (m, 24H), and 6.67 (s, 2H); *C NMR (22.5 MHz,
CDClg) 6§=145.25 (s), 140.95 (s), 140.89 (s), 139.73 (d),
139.67 (d), 138.09 (d), 137.14 (d), 136.96 (d), 136.38 (d),
135.77 (s), 134.92 (s), 134.86 (s), 133.61 (d), 133.51 (d),
133.45 (d), 132.87 (s), 131.66 (s), 128.58 (d), 127.94 (d),
125.65 (d), 122.23 (d), 121.62 (d), 121.53 (d), 116.41 (d),
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and 42.81 (d). Found: m/z 560.2507. Calcd for C4aHza: M,
560.2504. Found: C, 94.31; H, 6.04%. Calcd for C44Hss: C,
94.25; H, 5.75%.
Bis(3-methyl-1-azulenyl)phenylmethane (10b). A
solution of 1-methylazulene (13b) (1.44 g, 10.1 mmol) and
benzaldehyde (562 mg, 5.29 mmol) in glacial acetic acid (30
ml) was stirred at room temperature for 24 h. The blue
solution turned into a green suspension. The crystals were
collected by filtration and purified by column chromatogra-
phy on silica gel with benzene to afford the di(1-azulenyl)-
phenylmethane 10b (1.68 g, 89%). Greenish-blue prisms;
mp 198.0—199.0 °C (ethyl acetate/hexane); MS (70 eV)
m/z (rel intensity) 372 (M™, 100), 357 (31), 279 (25), and
215 (38); IR (KBr disk) 1576, 740, 732, and 708 cm™'; UV
(CH2Clz) 241 (loge 4.50), 281 (4.84), 356 (3.99), 373 (3.97),
and 631 nm (2.97); "HNMR (90 MHz, CDCls) §=8.13 (d,
J=9.4 Hz, 4H), 7.40 (dd, J=9.8, 9.5 Hz, 2H), 7.30 (s, 2H),
7.25—7.08 (m, 5H), 6.93 (dd, J=9.5, 9.4 Hz, 2H), 6.82 (dd,
J=9.8, 9.4 Hz, 2H), 6.67 (s, 1H), and 2.55 (s, 6H). Found:
m/z 372.1873. Calcd for CagHaq: M, 372.1878. Found: C,
93.40; H, 6.63%. Calcd fOI‘ 029H24: C, 93.51; H, 6.49%.
Bis(3- methoxycarbonyl- 1- azulenyl)phenylmeth-
ane (10c). A solution of 1-methoxycarbonylazulene
(13c) (720 mg, 3.87 mmol) and benzaldehyde (427 mg, 4.03
mmol) in glacial acetic acid (12 ml) was refluxed for 10 h.
The purple solution turned into a purple suspension. The
crystals were collected by filtration and purified by column
chromatography on silica gel with CH2Cl, to afford the di-
(1-azulenyl)phenylmethane 10c (890 mg, 100%). Purple
prisms; mp 258.5—259.0 °C (toluene); MS (70 eV) m/z
(rel intensity) 460 (M™, 100), 401 (60), 383 (31), 86 (54),
84 (82), and 51 (27); IR (KBr disk) 1690, 1458, 1444, 1418,
1216, 1206, and 1040 cm™!; UV (CH,Clz) 238 (loge 4.68),
295 (4.80), 307 (4.84), 3.71 (4.15), 385 (4.18), and 559 nm
(2.91); 'THNMR (90 MHz, CDCl3) §=9.65 (dd, J=9.2, 1.2
Hz, 2H), 8.34 (dd, /=9.6, 1.0 Hz, 2H), 7.84 (s, 2H), 7.74
(dddd, /=94, 9.4, 1.2, 1.0 Hz, 2H), 7.49 (ddd, /=94, 9.2,
1.2 Hz, 2H), 7.27 (ddd, J=9.6, 9.4, 1.2 Hz, 2H), 7.26—

7.18 (m, 5H), 6.60 (s, 1H), and 384 (s, 6H). Found: m/z

460.1675. Caled for C31H2404: M, 460.1674. Found: C,
79.80; H, 5.39%. Calcd fOI‘ C31H24O4°1/3H20: C, 79.81; H,
5.33%.

Bis(3,6-di-t-butyl-1-azulenyl)phenylmethane (10d).
A solution of 1,6-di-t-butylazulene (13d) (490 mg, 2.04
mmol) and benzaldehyde (223 mg, 2.10 mmol) in glacial
acetic acid (12 ml) was stirred at room temperature for 12
h. The blue solution turned into a greenish-blue suspension.
The crystals were collected by filtration and purified by col-
umn chromatography on silica gel with CH2Cly to afford
the di(1-azulenyl)phenylmethane 10d (567 mg, 98%). Blue
crystals; mp 233.5—235.0 °C (hexane/EtOH); MS (70 eV)
m/z (rel intensity) 568 (M*, 100) and 512 (36); IR (KBr
disk) 2968, 1578, 1366, 1230, and 832 cm™!; UV (CH.Clz)
243 (log e 4.45), 287 (4.91), 304 (4.88), 358 (4.01), 375 (3.93),
and 615 nm (2.79); 'HNMR (90 MHz, CDCl;) §=8.53 (d,
J=10.8 Hz, 2H), 8.16 (d, J=10.8 Hz, 2H), 7.38 (s, 2H),
7.17—7.15 (m, 5H), 7.14 (dd, J=10.8, 2.0 Hz, 2H), 7.04
(dd, J=10.8, 2.0 Hz, 2H), 6.63 (s, 1H), 1.49 (s, 9H), and
1.40 (s, 9H). Found: m/z 568.4077. Calcd for CssHsz: M,
568.4069. Found: G, 90.61; H, 9.34%. Calcd for C43Hs2: C,
90.79; H, 9.21%.

Bis(6-t-butyl-1-azulenyl)phenylmethane (10e). A
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solution of 6-¢-butylazulene (13e) (1.84 g, 10.0 mmol) and

benzaldehyde (269 mg, 2.54 mmol) in glacial acetic acid -

(60 ml) was stirred at room temperature for 5 h. The sol-
vent was removed in vacuo, and the residue was dissolved in
CH:2Clz. The solution was washed with 5% NaHCO3 and
water, dried with MgSQOy4, and concentrated in vacuo. The
residue was purified by column chromatography on silica
gel with CH2Cl; and GPC with CHCl;3 to afford the di(1-
azulenyl)phenylmethane 10e (295 mg, 13%, net 36%), 1,3-
bis[(6-t-butyl-1-azulenyl)phenylmethyljazulene (21b) (147
mg, 6%, net 16%), and the recovered 13e (1.15 g, 62%).

10e: Blue plates; mp 259.0—263.5 °C decomp (tol-
uene/hexane); MS (70 eV) m/z (rel intensity) 456 (M™T,
100); IR (KBr disk) 2968, 1584, 1406, and 840 cm™!; UV
(CHClz2) 238 (log e 4.48), 283 (4.89), 300 (4.90), 352 (4.03),
367 (3.78), 588 (2.80), and 708 nm (2.24); "HNMR (90 MHz,
CD,Cly) 6=8.23 (d, J=10.3 Hz, 4H), 7.36 (d, J=4.0 Hz,
2H), 7.28 (dd, J=10.3, 1.8 Hz, 2H), 7.21 (s, 5H), 7.20 (dd,
J=10.3, 1.8 Hz, 2H), 7.18 (d, J=4.0 Hz, 2H), 6.69 (s, 1H),
and 1.40 (s, 18H). Found: m/z 456.2822. Calcd for CssHag:
M, 456.2817. Found: C, 91.94; H, 8.29%. Calcd for CssHss:
C, 92.05; H, 7.95%.

21b:  Greenish-blue crystals; mp 172.0—179.0 °C de-
comp (hexane/EtOH); MS (70 eV) m/z (rel intensity) 728
(M*, 0.6), 456 (61), 275 (27), 274 (100), 217 (41), and 184
(46); IR (KBr disk) 1582, 1406, and 836 cm™*; UV (CH2Cl,)
239 (loge 4.68), 287 (5.11), 297 (5.06), 351 (4.22), 367 (4.08),
and 592 nm (3.00); *H NMR (90 MHz, CDCl) §=8.19 (d,
J=10.3 Hz, 6H), 7.34—6.98 (m, 21H), 6.64 (s, 2H), 1.40 (s,
18H), and 1.33 (s, 9H). Found: m/z 728.4377. Caled for
CseHse: M, 728.4382. Found: C, 91.52; H, 7.88%. Calcd
fOI‘ C56H56-1/2H202 C, 91.13; H, 7.78%.

Bis(3-t-butyl-1-azulenyl) phenylmethane (10f). A
solution of 1-¢-butylazulene (13f) (365 mg, 1.98 mmol) and
benzaldehyde (214 mg, 2.01 mmol) in glacial acetic acid (12
ml) was stirred at room temperature for 12 h: The blue
solution turned into a blue suspension. The crystals were
collected by filtration and purified by column chromatogra-
phy on silica gel with CH2Cl; to afford the di(l-azulenyl)-
phenylmethane 10f (252 mg, 56%). Greenish-blue crystals;
mp 98.0—100.5 °C (MeOH); MS (70 eV) m/z (rel inten-
sity) 456 (M, 100), 441 (27), and 399 (39); IR (KBr disk)
2064, 1570, 1392, 1364, 1228, and 736 cm™'; UV (CH:Cly)
242 (loge 4.49), 282 (4.83), 357 (3.98), 374 (3.99), and 627
nm (2.77); 'HNMR, (90 MHz, CDCl3) §=8.58 (d, J=9.7
Hz, 2H), 8.19 (d, J=9.5 Hz, 2H), 7.45 (s, 2H), 7.43 (dd,
J=10.1, 9.9 Hz, 2H), 7.28—7.09 (m, 5H), 6.96 (dd, J=10.1,
9.7 Hz, 2H), 6.85 (dd, J=9.9, 9.5 Hz, 2H), 6.67 (s, 1H), and
1.50 (s, 18H). Found: m/z 456.2818. Calcd for CssHse: M,
456.2817. Found: C, 92.00; H, 8.10%. Calcd for CssHse: C,
92.05; H, 7.95%.

Di(1-azulenyl)phenylmethyl Hexafluorophosphate
(7a). DDQ (196 mg, 0.858 mmol) was added at room
temperature to a solution of di(l-azulenyl)phenylmethane
(10a) (173 mg, 0.501 mmol) in CH2Cl; (50 ml). The blue
color turned to deep blue. After the solution was stirred
at the same temperature for 1 h, 60% HPFg (2.5 ml) and
water (25 ml) were added to the mixture. The resulting
suspension was filtered with suction. The organic layer was
washed with water, dried with MgSO4, and concentrated
under reduced pressure. Et2O was added to the residue.
The precipitated crystals were collected by filtration, washed

_ the residue.
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with Et20, and dried in vacuo to give the di(1-azulenyl)-
phenylmethyl cation 7a (245 mg, 100%). Brown powder;
mp 187.0—191.0 °C (CH2Cly/ether); MS (FAB) m/z 343
(MT —PFs); IR (KBr disk) 1470, 1378, 1276, 836, and 558
cm™}; UV (MeCN) 229 (loge 4.57), 280 (4.39), 305 (4.23),
355 (4.19), 455 (3.81), and 639 nm (4.57); 'HNMR (400
MHz, CDCls, 58 °C) §=8.777 (dd, J=9.6, 0.9 Hz, 2H),
8.105 (ddd, J=9.8, 9.6, 0.9 Hz, 2H), 7.994 (ddd, J=9.6, 9.6,
0.9 Hz, 2H), 7.959 (d, J=10.0 Hz, 2H), 7.862 (d, J=4.6 Hz,
2H), 7.774 (tt, J=T7.6, 1.4 Hz, 1H), 7.702 (d, J=4.6 Hz, 2H),
7.592 (dd, J=8.2, 7.6 Hz, 2H), 7.587 (ddd, J=10.0, 9.8, 0.9
Hz, 2H), and 7.408 (dd, J=8.2, 1.4 Hz, 2H). Found: m/z
343.1464. Calced for CQ7H'1';): M, 343.1487. Found: C, 66.23;
H, 3.80%. Calcd for Co7H19PFe: C, 66.40; H, 3.92%.

Bis(3-methyl-1-azulenyl)phenylmethyl Hexafluo-
rophosphate (7d). DDQ (303 mg, 1.32 mmol) was added
at room temperature to a solution of bis(3-methyl-1-azul-
enyl)phenylmethane (10b) (373 mg, 1.00 mmol) in CH;Cl,
(100 ml). The blue color turned to deep blue. After the solu-
tion was stirred at the same temperature for 1 h, 60% HPFg
(5 ml) and water (25 ml) were added to the mixture. The
resulting suspension was filtered with suction. The organic
layer was washed with water, dried with MgSQOg4, and con-
centrated under reduced pressure. EtoO was added to the
residue. The precipitated crystals were collected by filtra-
tion, washed with Et20, and dried in vacuo to give the di(1-
azulenyl)phenylmethyl cation 7b (517 mg, 100%). Brown
powder; mp 209.5—212.5 °C (CH2Cly/ether); MS (FAB)
m/z 371 (MT—PFs); IR (KBr disk) 1482, 1440, 1412, 1398,
1346, 1312, 1288, 836, and 558 cm™*; UV (MeCN) 235 (loge
4.58), 286 (4.39), 362 (4.22), 461 (3.75), 483 (3.75), and 676
nm (4.53); "HNMR (400 MHz, CDCl;, 58 °C) §=8.651 (d,
J=9.2 Hz, 2H), 8.045 (dd, J=9.6, 9.6 Hz, 2H), 7.975 (dd,
J=9.6, 9.2 Hz, 2H), 7.836 (d, J=9.4 Hz, 2H), 7.742 (t,
J=7.6 Hz, 1H), 7.684 (s, 2H), 7.582 (dd, J=17.6, 7.4 Hz,
2H), 7.491 (dd, J=9.6, 9.4 Hz, 2H), 7.380 (d, J=7.4 Hz,
2H), and 2.664 (s, 6H). Found: m/z 371.1820. Calcd for
CaooHi:: M, 371.1800. Found: C, 67.48; H, 4.30%. Calcd
for CagH23PFg: C, 67.44; H, 4.49%.

Bis(3- methoxycarbonyl- 1- azulenyl)phenylmethyl
Hexafluorophosphate (7c). DDQ (353 mg, 1.54 mmol)
was added at room temperature to a solution of bis(3-meth-
oxycarbonyl-1-azulenyl)phenylmethane (10c¢) (461 mg, 1.00
mmol) in CHCly (100 ml). The purple color turned to
deep blue. After the solution was stirred at the same tem-
perature for 1 h, 60% HPF¢ (5 ml) and water (25 ml) were
added to the mixture. The resulting suspension was filtered
with suction. The organic layer was dried with MgSO4 and
concentrated under reduced pressure. EtoO was added to
The precipitated crystals were collected by
filtration, washed with Et2O, and dried in vacuo to give
the di(1-azulenyl)phenylmethyl cation 7c¢ (596 mg, 99%).
Brown powder; mp 181.0—183.0 °C (CH2Clz/ether); MS
(FAB) m/z 459 (M*™ —PFg); IR (KBr disk) 1714, 1482,
1448, 1366, 1224, 1160, 838, and 558 cm™"; UV (MeCN) 228
(loge 4.57), 263 (4.50), 283 (4.45), 371 (4.11), 444 (3.86),
and 616 nm (4.60); "HNMR (400 MHz, CDClz, 58 °C)
§=10.025 (dd, J=9.8, 1.6 Hz, 2H), 8.305 (s, 2H), 8.300
(dd, J=10.0, 1.4 Hz, 2H), 8.291 (dddd, J=9.8, 9.8, 1.6, 1.4
Hz, 2H), 8.225 (ddd, J=9.8, 9.8, 1.6 Hz, 2H), 7.861 (ddd,
J=10.0, 9.8, 1.6 Hz, 2H), 7.844 (tt, J=7.8, 1.0 Hz, 1H),
7.636 (dd, J=8.0, 7.8 Hz, 2H), 7.460 (dd, J=8.0, 1.0 Hz,
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2H), and 3.973 (s, 6H). Found: m/z 459.1612. Calcd for
Ca1Ha307: M, 459.1596. Found: C, 60.83; H, 3.68%. Calcd
for C31H2304PF6-1/2H20: C, 6069, H, 394%
Bis(3,6-di-t-butyl-1-azulenyl)phenylmethyl Hexa-
fluorophosphate (7d). DDQ (64 mg, 0.28 mmol) was
added at room temperature to a solution of bis(3,6-di-t-bu-
tyl-1-azulenyl)phenylmethane (10d) (114 mg, 0.200 mmol)
in CH2Cly (40 ml). The blue color turned to deep blue.
After the solution was stirred at the same temperature for
1 h, 60% HPFe¢ (2 ml) and water (20 ml) were added to
the mixture. The resulting suspension was filtered with suc-
tion. The organic layer was washed with water, dried with
MgSOs4, and concentrated under reduced pressure. Hex-
ane was added to the residual oil. The precipitated crys-
tals were collected by filtration, washed with hexane, and
dried in vacuo to give the di(1-azulenyl)phenylmethyl cation
7d (142 mg, 100%). Deep blue powder; mp 203.0—209.0
°C (CH2Clz/hexane); MS (FAB) m/z 557 (MT —PFs); IR
(KBr disk) 1480, 1420, 1370, 1336, 1314, 1244, 838, and 558
em™!; UV (MeCN) 243 (loge 4.60), 289 (4.43), 313 (4.37),
359 (4.25), and 681 nm (4.61); 'HNMR (90 MHz, CDCls,
50 °C) 6=9.08 (d, J=10.8 Hz, 2H), 8.18 (d, J=10.8 Hz,
2H), 7.86 (d, J=10.8 Hz, 2H), 7.73—7.38 (m, 6H), 7.58 (s,
2H), 1.59 (s, 18H), and 1.46 (s, 18H). Found: m/z 567.3990.
Caled for C43H§1: M, 567.3991. Found: C, 70.93; H, 6.74%.
Calcd for C43H51PF6'1/4CH20122 C7 7077, H, 707%
Bis(6-t-butyl-1-azulenyl)phenylmethyl Hexafluo-
rophosphate (7e). DDQ (71 mg, 0.31 mmol) was added
at room temperature to a solution of bis(6-¢-butyl-1-azul-
enyl)phenylmethane (10e) (94 mg, 0.21 mmol) in CH2Cl,
(40 ml). The blue color turned to deep blue. After the
solution was stirred at the same temperature for 1 h, 60%
HPFs (2 ml) and water (20 ml) were added to the mixture.
The resulting suspension was filtered with suction. The or-
ganic layer was washed with water, dried with MgSQOy, and
concentrated under reduced pressure. Hexane was added to
the residual oil. The precipitated crystals were collected by
filtration, washed with hexane, and dried in vacuo to give
the di(1-azulenyl)phenylmethyl cation Te (104 mg, 84%).
Deep blue powder; mp 159.0—167.5 °C (CH2Clz/hexane);
MS (FAB) m/z 455 (M* —PFs); IR (KBr disk) 1474, 1400,
1378, 1304, 840, and 558 cm™'; UV (MeCN) 232 (loge 4.53),
284 (4.45), 313 (4.34), 351 (4.24), 399 (3.93), and 642 nm
(4.60); '"HNMR (90 MHz, CDCl3 50 °C) §=8.76 (d, J=10.6
Hz, 2H), 8.17 (d, J=10.6 Hz, 2H), 7.90 (d, J=10.8 Hgz,
2H), 7.79—7.35 (m, 11H), and 1.44 (s, 18H). Found: m/z
455.2741. Caled for CssHyiy: M, 455.2739. Found: C, 70.22;
H, 5.62%. Calcd for C35H35PFe: C, 69.99; H, 5.87%.
Bis(3-t-butyl-1-azulenyl)phenylmethyl Hexafluo-
rophosphate (7f). DDQ (68 mg, 0.30 mmol) was added
at room temperature to a solution of bis(3-t-butyl-1-azul-
enyl)phenylmethane (10f) (91 mg, 0.20 mmol) in CH2Cl
(40 ml). The blue color turned to deep blue. After the
solution was stirred at the same temperature for 1 h, 60%
HPF¢ (2 ml) and water (20 ml) were added to the mixture.
The resulting suspension was filtered with suction. The or-
ganic layer was washed with water, dried with MgSQO4, and
concentrated under reduced pressure. Hexane was added to
the residual oil. The precipitated crystals were collected by
filtration, washed with hexane, and dried in vacuo to give
the di(1-azulenyl)phenylmethyl cation 7f (120 mg, 100%).
Deep blue powder; mp 165.0—171.0 °C (CH2Cl>/hexane);
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MS (FAB) m/z 455 (M —PFg); IR (KBr disk) 1474, 1412,
1338, 1296, 1176, 840, and 558 cm™; UV (MeCN) 235 (loge
4.60), 285 (4.34), 362 (4.17), 455 (3.75), and 678 nm (4.53);
'HNMR (90 MHz, CDCls, 50 °C) §=9.10 (d, J=11.7 Hz,
2H), 8.21—7.35 (m, 13H), 7.71 (s, 2H), and 1.59 (s, 18H).
Found: m/z 455.2707. Caled for CssHiz: M, 455.2739.
Found: C, 68.12; H, 6.43%. Calced for C3sHs5PFs-H20:
C, 67.95; H, 6.03%.

(1-Azulenyl)diphenylmethane (11a). A solution
of azulene (13a) (1.28 g, 10.0 mmol) and benzhydrol (3.69
g, 20.0 mmol) in glacial acetic acid (60 ml) was refluxed for
10 h. The solvent was removed in vacuo, and the residue
was dissolved in benzene. The solution was washed with 5%
NaHCO3 and water, dried with MgSOy, and concentrated in
vacuo. The residue was purified by medium-pressure column
chromatography on silica gel with 3% ethyl acetate/hexane
to afford (1-azulenyl)diphenylmethane (11a) (1.18 g, 40%),
and 1,3-bis(diphenylmethyl)azulene (22a) (1.70 g, 37%).

11a: Blue needles; mp 120.0—122.0 °C (Ref. 42; mp 123
°C); IR (KBr disk) 1578, 1496, 1456, 1398, 786, 742, 720,
and 698 cm™!; UV (CHCly) 237 (loge 4.27), 284 (4.67),
288 (4.68), 294 (4.68), 348 (3.71), 364 (3.55), 598 (2.49),
and 646 nm (2.42); '"HNMR (90 MHz, CDCl;) 6=8.28 (d,
J=9.1 Hz, 1H), 8.22 (d, J=9.3 Hz, 1H), 7.58 (dd, J=9.6,
9.6 Hz, 1H), 7.49 (d, J=4.0 Hz, 1H), 7.38—7.16 (m, 11H),
7.08 (dd, J=9.6, 9.1 Hz, 1H), 7.10 (dd, J=9.6, 9.3 Hz, 1H),
and 6.14 (s, 1H).

22a: Blue needles; mp 143.0—144.0 °C (Ref. 42; mp 146
°C); IR (KBr disk) 1574, 1496, 1454, 730, and 698 cm™%;
UV (CH2Cls) 240 (loge 4.55), 292 (4.87), 302 (4.89), 357
(3.94), 374 (3.94), 617 (2.71), and 672 nm (2.63); 'HNMR
(90 MHz, CDCls) §=8.17 (d, J=9.4 Hz, 2H), 7.45 (t, J=9.5
Hz, 1H), 7.30—6.98 (m, 21H), 6.93 (dd, J=9.5, 9.4 Hz, 2H),
and 6.08 (s, 2H); *CNMR. (22.5 MHz, CDCl;) §=144.55
(s), 139.52 (d), 137.39 (d), 136.17 (s), 133.55 (d), 130.67 (s),
128.91 (d), 128.03 (d), 125.89 (d), and 49.67 (d)

(3-Methyl-1-azulenyl)diphenylmethane (11b). A
solution of 1-methylazulene (13b) (1.42 g, 10.0 mmol) and
benzhydrol (3.69 g, 20.0 mmol) in glacial acetic acid (50 ml)
was refluxed for 24 h. The solvent was removed in vacuo,
and the residue was dissolved in benzene. The solution was
washed with 5% NaHCOs and water, dried with MgSQy,
and concentrated in vacuo. The residue was purified by
medium-pressure column chromatography on silica gel with
3% ethyl acetate/hexane to afford the (1-azulenyl)diphenyl-
methane 11b (1.41 g, 46%). Blue plates; mp 124.0—125.0
°C (hexane); MS (70 eV) m/z (rel intensity) 308 (M™, 100),
293 (39), and 231 (52); IR (KBr disk) 1576, 1496, 1454,
746, 740, 728, 722, and 698 cm™'; UV (CH2Clz) 240 (loge
4.23), 291 (4.67), 355 (3.70), 373 (3.66), and 627 nm (2.51);
'HNMR (90 MHz, CDCl3) §=8.09 (d, J=9.7 Hz, 2H), 7.37
(dd, J=9.9, 9.9 Hz, 1H), 7.31 (s, 1H), 7.26—7.06 (m, 10H),
6.91 (dd, J=9.9, 9.7 Hz, 1H), 6.81 (dd, J=9.9, 9.7 Hz, 1H),
6.08 (s, 1H), and 2.54 (s, 3H). Found: m/z 308.1566. Calcd
for CasHao: M, 308.1565. Found: C, 93.18; H, 6.59%. Calcd
for Cz4H20: C, 93.46; H, 6.54%.

(3-Methoxycarbonyl-1-azulenyl)diphenylmethane
(11c). A solution of 1-methoxycarbonylazulene (13c)
(546 mg, 2.93 mmol) and benzhydrol (1.08 g, 5.89 mmol)
in glacial acetic acid (18 ml) was refluxed for 6 h. The
solvent was removed in vacuo, and the residue was dissolved
in benzene. The solution was washed with 5% NaHCO3 and
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water, dried with MgSOy, and concentrated in vacuo. The
residue was purified by column chromatography on silica gel
with CH2Cl; to afford the (1-azulenyl)diphenylmethane 11c
(922 mg, 89%). Purple needles; mp 156.0—158.0 °C (ethyl
acetate/hexane); MS (70 eV) m/z (rel intensity) 352 (M,
100), 293 (48), 275 (44), and 215 (26); IR (KBr disk) 1700,
1464, 1452, 1438, 1420, 1396, 1200, 1174, 1038, 868, 778,
742, 732, and 696 cm™'; UV (CH2Cls) 238 (loge 4.43), 296
(4.55), 308 (4.64), 384 (3.93), and 558 nm (2.62); 'HNMR
(90 MHz, CDCls) 6=9.64 (d, J=9.7 Hz, 1H), 8.34 (d, J=9.5
Hz, 1H), 7.90 (s, 1H), 7.75 (dd, J=9.7, 9.7 Hz, 1H), 7.48 (dd,
J=9.5, 9.4 Hz, 1H), 7.42—7.06 (m, 11H), 6.06 (s, 1H), and
3.88 (s, 3H). Found: m/z 352.1464. Calcd for Ca5H2002: M,
352.1463. Found: C, 85.14; H, 5.88%. Calcd for Ca5H20O05:
C, 85.20; H, 5.72%.

(3,6-Di-t-butyl-1-azulenyl)diphenylmethane (11d).
A solution of 1,6-di-¢-butylazulene (13d) (496 mg, 2.06
mmol) and benzhydrol (746 mg, 4.05 mmol) in glacial acetic
acid (12 ml) was refluxed for 6 h. The solvent was removed
in vacuo, and the residue was dissolved in benzene. The so-
lution was washed with 5% NaHCOs and water, dried with
MgSOy4, and concentrated in vacuo. The residue was puri-
fied by column chromatography on silica gel with hexane to
afford the (1-azulenyl)diphenylmethane 11d (239 mg, 28%).
Blue needles; mp 163.0—164.0 °C (EtOH); MS (70 eV) m/z
(rel intensity) 406 (M*, 44), 392 (43), 391 (100), 349 (14), 85
(81), and 83 (96); IR (KBr disk) 2960, 1578, and 698 cm™!;
UV (CH:Cl) 241 (loge 4.20), 292 (4.73), 303 (4.80), 357
(3.74), 375 (3.58), and 609 nm (2.49); 'HNMR (90 MHz,
CDCls) 6=8.55 (d, J=11.0 Hz, 1H), 8.08 (d, J=10.8 Hz,
1H), 7.31 (s, 1H), 7.29—7.04 (m, 11H), 7.08 (dd, J=10.8, 1.8
Hz, 1H), 6.07 (s, 1H), 1.50 (s, 9H), and 1.40 (s, 9H). Found:
m/z 406.2660. Calcd for C31Hsa: M, 406.2661. Found: C,
90.84; H, 8.51%. Calcd for C31Has-1/4H20: C, 90.57; H,
8.46%.

(6-t-Butyl-1-azulenyl)diphenylmethane (11e). A
solution of 6-t-butylazulene (13e) (1.85 g, 10.0 mmol) and
benzhydrol (3.68 g, 20.0 mmol) in glacial acetic acid (60 ml)
was refluxed for 6 h. The solvent was removed in vacuo,
and the residue was dissolved in benzene. The solution was
washed with 5% NaHCO3z and water, dried with MgSQy,
and concentrated in vacuo. The residue was purified by
column chromatography on silica gel with hexane to afford
the (1-azulenyl)diphenylmethane 11e (1.09 g, 31%) and 6-¢-
butyl-1,3-bis(diphenylmethyl)azulene (22b) (594 mg, 11%).

11le:  Blue prisms; mp 157.0—159.5 °C (hexane); MS
(70 eV) m/z (rel intensity) 352 (M, 100) and 273 (44); IR
(KBr disk) 1586, 1496, 1452, 1410, 836, 728, and 698 cm™!;
UV (CH2Cly) 236 (loge 4.24), 287 (4.75), 292 (4.73), 298
(4.82), 351 (3.78), 367 (3.35), and 585 nm (2.52); 'HNMR
(90 MHz, CDCl3) §=8.21 (d, J=10.6 Hz, 1H), 8.17 (d,
J=10.8 Hz, 1H), 7.39 (br, 1H), 7.32—7.04 (m, 12H), 6.11
(s, 1H), and 1.40 (s, 9H). Found: m/z 350.2034. Calcd for
Ca7Hae: M, 350.2035. Found: C, 92.59; H, 7.72%. Calcd
for CorHos: C, 92.52; H, 7.48%.

22b: Blue needles; mp 184.5—185.0 °C (CH2Clz/MeOH);
MS (70 eV) m/z (rel intensity) 516 (M™*, 100); IR (KBr
disk) 1584, 1496, and 700 cm™!; UV (CH:Clz) 239 (loge
4.32), 295 (4.73), 358 (3.80), 376 (3.67), and 604 nm
(2.54); 'THNMR (90 MHz, CDCl3) §=8.12 (d, J=11.0 Hz,
2H), 7.28—6.99 (m, 23H), 6.06 (s, 2H), and 1.35 (s, 9H);
I3CNMR (22.5 MHz, CDCl3) 6§=160.89 (s), 144.70 (s),
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138.52 (d), 134.86 (s), 132.60 (d), 130.25 (s), 128.91 (d),
127.97 (d), 125.80 (d), 119.98 (d), 49.61 (d), 38.26 (s), and
31.74 (q). Found: m/z 516.2820. Caled for CaoHsze: M,
516.2817. Found: C, 92.93; H, 7.156%. Calcd for C4oHss: C,
92.28; H, 7.02%.

(3-t-Butyl-1-azulenyl)diphenylmethane (11f). A
solution of 1-t-butylazulene (13f) (190 mg, 1.03 mmol) and
benzhydrol (369 mg, 2.00 mmol) in glacial acetic acid (6
ml) was refluxed for 8 h. The solvent was removed in
vacuo, and the residue was dissolved in benzene. The so-
lution was washed with 5% NaHCOQO3 and water, dried with
MgSQs4, and concentrated in vacuo. The residue was puri-
fied by column chromatography on silica gel with 5% ethyl
acetate/hexane to afford the (1-azulenyl)diphenylmethane
11f (198 mg, 55%). Blue needles; mp 143.0—145.0 °C (hex-
ane); MS (70 eV) m/z (rel intensity) 350 (M*, 92), 336
(34), and 335 (100); IR (KBr disk) 2972, 1568, 1496, 1456,
1364, 1228, 740, 722, and 700 cm™1; UV (CH2Cly) 241 (log e
4.24), 292 (4.66), 355 (3.69), 373 (3.69), and 625 nm (2.47);
'HNMR (90 MHz, CDCl3) §=8.59 (d, J=9.5 Hz, 1H), 8.13
(d, J=9.5 Hz, 1H), 7.45 (dd, J=9.9, 9.9 Hz, 1H), 7.42 (s,
1H), 7.30—7.11 (m, 10H), 6.98 (dd, J=9.9, 9.5 Hz, 1H),
6.88 (dd, J=9.9, 9.5 Hz, 1H), 6.10 (s, 1H), and 1.52 (s,
9H). Found: m/z 350.2036. Calcd for Ca7Has: M, 350.2035.
Found: C, 92.56; H, 7.77%. Calcd for Ca7Hag: C, 92.52; H,
7.48%.

(1-Azulenyl)diphenylmethyl Hexafluorophosphate
(8a). DDQ (305 mg, 1.35 mmol) was added at room
temperature to a solution of (1-azulenyl)diphenylmethane
(11a) (295 mg, 1.00 mmol) in CH2Clz (50 ml). The blue
color turned to red. After the solution was stirred at the
same temperature for 1 h, 60% HPFg (2.5 ml) and water
(10 ml) were added to the mixture. The resulting suspen-
sion was filtered with suction. The organic layer was dried
with MgSOy, and concentrated under reduced pressure. The
residue was dissolved in CH2Cly (1 ml); then, Et2O (30 ml)
was added to the solution. The precipitated crystals were
collected by filtration, washed with Et20, and dried in vacuo
to give the (1-azulenyl)diphenylmethyl cation 8a (439 mg,
100%). Red powder; mp 142.0—146.0 °C (CH2Cly/ether);
MS (FAB) m/z 293 (M*+ —PFs); IR (KBr disk) 1520, 1426,
1374, 1342, 846, 754, 704, and 558 cm™1; UV (MeCN) 223
(loge 4.37), 260 (4.31), 324 (3.96), 396 (4.05), and 487 nm
(4.16); '"HNMR (400 MHz, CDCl3, 58 °C) 6=8.972 (dd,
J=9.8, 1.6 Hz, 1H), 8.532 (ddd, J=10.0, 9.8, 1.8 Hz, 1H),
8.481 (dddd, J=10.0, 9.8, 1.8, 1.6 Hz, 1H), 8.200 (dd, J=9.4,
1.8 Hz, 1H), 8.106 (ddd, J=9.8, 9.4, 1.8 Hz, 1H), 7.909 (d,
J=5.0 Hz, 1H), 7.796 (d, J=5.0 Hz, 1H), 7.768 (t, J=7.6
Hz, 2H), 7.609 (dd, J=7.6 Hz, 4H), and 7.404 (d, J=7.8
Hz, 4H); "HNMR (400 MHz, CDCls, —60 °C) §=9.084 (dd,
J=9.8, 1.6 Hz, 1H), 8.640 (ddd, J=10.0, 9.8, 1.8 Hz, 1H),
8.595 (dddd, J=10.0, 9.8, 1.8, 1.6 Hz, 1H), 8.230 (dd, J=9.4,
1.8 Hz, 1H), 8.171 (ddd, J=9.8, 9.4, 1.8 Hz, 1H), 8.000 (d,
J=5.0 Hz, 1H), 7.904 (d, J=5.0 Hz, 1H), 7.880 (t, J=7.6
Hz, 1H), 7.816 (t, J=7.6 Hz, 1H), 7.673 (dd, J=7.8, 7.6
Hz, 4H), 7.470 (d, J=7.8 Hz, 2H), and 7.427 (d, J=7.8 Hz,
2H). Found: m/z 293.1314. Cacld for C2sH},: M, 293.1330.
Found: C, 62.44; H, 3.77%. Calcd for Ca3H17PFs-1/3H,0:
C, 62.17; H, 4.01%.

(3- Methoxycarbonyl- 1- azulenyl)diphenylmethyl
Hexafluorophosphate (8c). DDQ (164 mg, 0.723 mmol)
was added at room temperature to a solution of (3-methoxy-
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carbonyl-1-azulenyl)diphenylmethane (11c) (178 mg, 0.506
mmol) in CH2Cly (50 ml). The purple color turned to red,
and a brown precipitate was formed. After the solution was
stirred at the same temperature for 1 h, 60% HPFs (2.5 ml)
and water (10 ml) were added to the mixture. The resulting
suspension was filtered with suction. The organic layer was
dried with MgSQO4, and concentrated under reduced pres-
sure. The residue was dissolved in CH2Cla (1 ml); then,
Et20 (30 ml) was added to the solution. The precipitated
crystals were collected by filtration, washed with Et20, and
dried in vacuo to give the (1-azulenyl)diphenylmethyl cation
8c (223 mg, 89%). Orange powder; mp 191.0—193.0 °C
(CH»Cly/ether); MS (FAB) m/z 351 (M+—PFg); IR (KBr
disk) 1718, 1540, 1524, 1426, 1376, 1358, 1266, 834, and 558
cm™1; UV (MeCN) 234 (loge 4.39), 264 (4.22), 293 (4.25),
304 (4.30), 375 (4.01), and 493 nm (4.12); 'HNMR (90 MHz,
CDCls) 6=10.21—9.97 (m, 1H), 8.68—8.53 (m, 1H), 8.48—
8.73 (m, 13H), 8.39 (s, 1H), and 4.00 (s, 3H). Found: m/z
351.1370. Caled for CasH1907: M, 351.1385. Found: C,
60.58; H, 4.03%. Calcd fOI‘ 025H1902PF6: C, 60.49; H,
3.86%.

(3,6-Di-t-butyl-1-azulenyl)diphenylmethyl Hexa-
fluorophosphate (8d). DDQ (62 mg, 0.27 mmol) was
added at room temperature to a solution of (3,6-di-¢-butyl-
1-azulenyl)diphenylmethane (11d) (81 mg, 0.20 mmol) in
CHCl; (40 ml). The blue color turned to red. After the
solution was stirred at the same temperature for 1 h, 60%
HPFg (2 ml) and water (20 ml) were added to the mix-
ture. The resulting suspension was filtered with suction.
The organic layer was dried with MgSOy, and concentrated
under reduced pressure. Hexane was added to the resid-
ual oil. The precipitated crystals were collected by filtra-
tion, washed with hexane, and dried in vacuo to give the
(1-azulenyl)diphenylmethyl cation 8d (110 mg, 100%). Red
powder; mp 137.0—146.0 °C (CH3Cly/hexane); MS (FAB)
m/z 550 (M*—PF¢); IR (KBr disk) 840 and 558 cm™!; UV
(MeCN) 264 (loge 4.24), 333 (4.02), 399 (4.01), and 489 nm
(4.11); "H NMR, (90 MHz, CDCls, 50 °C) §=9.25 (d, J=11.2
Hz, 1H), 8.78 (d, J=11.2 Hz, 1H), 8.12 (s, 2H), 7.87—7.26
(m, 11H), 1.57 (s, 9H), 1.51 (s, 9H). Found: m/z 405.2558.
Calced for 031H§3: M, 405.2582. Found: C, 67.38; H, 6.29%.
Calcd for C31H33PF6: C, 6736, H, 604%

(3-t-Butyl-1-azulenyl)diphenylmethyl Hexafluoro-
phosphate (8f). DDQ (62 mg, 0.28 mmol) was added
at room temperature to a solution of (3-{-butyl-1-azulenyl)-
diphenylmethane (11f) (72 mg, 0.21 mmol) in CH2Cl, (40
ml). The blue color turned to red. After the solution was
stirred at the same temperature for 1 h, 60% HPFg (2 ml)
and water (20 ml) were added to the mixture. The result-
ing suspension was filtered with suction. The organic layer
was dried with MgSOy4, and concentrated under reduced
pressure. Hexane was added to the residual oil. The pre-
cipitated crystals were collected by filtration, washed with
hexane, and dried in vacuo to give the (1-azulenyl)diphenyl-
methyl cation 8f (102 mg, 100%). Red powder; mp 95.0—
98.0 °C (CH:Clz/hexane); MS (FAB) m/z 349 (M+—PFs);
IR (KBr disk) 838 and 558 cm™; UV (MeCN) 262 (loge
4.26), 328 (3.96), 351 (3.91), 398 (4.02), and 495 nm (4.14);
'HNMR (90 MHz, CDCl3, 50 °C) §=9.25 (d, J=11.2 Hz,
1H), 8.70—8.36 (m, 2H), 8.26—7.92 (m, 3H), 7.82—7.26
(m, 10H), and 1.57 (s, 9H). Found: m/z 349.1918. Calcd for
CorHi: M, 349.1956. Found: C, 62.81; H, 4.70%. Calcd
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for CQ7H25PF6'1/3CH20122 C, 62.80; H, 4.95%.

Reduction of Tri(1l-azulenyl)methyl Hexafluoro-
phosphate (6a). LiAlH4 (16 mg, 0.43 mmol) was added
at room temperature to a solution of the tri(1l-azulenyl)-
methyl cation 6a (54 mg, 0.10 mmol) in THF (1 ml) and
CH;Cl; (15 ml). The deep blue color turned to greenish-
brown. After the solution was stirred at same temperature
for 1 h, water (10 ml) was added to the mixture. The re-
sulting suspension was filtered with suction and extracted
with CH2Cls. The organic layer was washed with water,
dried with MgSOy4, and concentrated under reduced pres-
sure. The residue was purified by column chromatography
on silica gel with CH2Cl; and GPC with CHCls to afford
tri(l-azulenyl)methane (9a) (7.9 mg, 20%).

Reduction of Tris(3- methyl- 1- azulenyl)methyl
Hexafluorophosphate (6b). The reaction of the tri-
(azulenyl)methyl cation 6b (58 mg, 0.10 mmol) with LiAIHy
(14 mg, 0.37 mmol) in THF (1 ml) and CH2Cl, (15 ml) took
place at room temperature for 1 h; purification by column
chromatography on silica gel with 30% ethyl acetate/hex-
ane afforded tris(3-methyl-1-azulenyl)methane (9b) (8.3 mg,
19%).

Reduction of Di(1-azulenyl)phenylmethyl Hexa-
fluorophosphate (7a). The reaction of the di(1-
azulenyl)phenylmethyl cation 7a (49 mg, 0.10 mmol) with
LiAlH4 (33 mg, 0.88 mmol) in THF (2 ml) and CH,Cl; (15
ml) took place at room temperature for 10 min; purifica-
tion by column chromatography on silica gel with 15% ethyl
acetate/hexane and medium-pressure column chromatogra-
phy with 5% ethyl acetate/hexane afforded di(1-azulenyl)-
phenylmethane (10a) (5.8 mg, 17%).

Reduction of Bis(3- methyl- 1- azulenyl)phenyl-
methyl Hexafluorophosphate (7b). The reaction
of the di(l-azulenyl)phenylmethyl cation 7b (52 mg, 0.10
mmol) with LiAlH4 (48 mg, 1.3 mmol) in THF (3 ml) and
CH>Cl; (15 ml) took place at room temperature for 10 min;
purification by column chromatography on silica gel with
10% ethyl acetate/hexane and medium-pressure column
chromatography with 3% ethyl acetate/hexane afforded bis-
(3-methyl-1-azulenyl)methane (10b) (15 mg, 40%).

Reduction of (1-azulenyl)diphenylmethyl Hexa-
fluorophosphate (8a). The reaction of the (1-azul-
enyl)diphenylmethyl cation 11a (44 mg, 0.10 mmol) with
LiAlH4 (30 mg, 0.80 mmol) in THF (3 ml) and CH2Cl, (15
ml) took place at room temperature for 10 min; purification
by column chromatography on silica gel with CH2Clz and
medium- pressure column chromatography with 3% ethyl
acetate/hexane afforded (1-azulenyl)diphenylmethane (11a)
(4.7 mg, 16%).

Determination of pKg+ Values.  For the prepara-
tion of a sample solution of the cations, except for 6d—f,
7d—f, and 8¢, buffer solutions of slightly different acidities
were prepared by mixing CH3COONa (1 M) and HCI (1
M) for pH 0.65—2.0, CH3COONa (0.1 M) and CHsCOOH
(0.1 M) for pH 3.5—5.0, KH2PO4 (0.1 M) and Na;B4O~
(0.05 M) for pH 6.0—9.0, NapB4O7 (0.05 M) and NaxCOs
(0.05 M) for pH 10.0, and NayB4O~ (0.05 M) and NaOH
(0.1 M) for pH 11.0—11.6, in various portions. Each 1 ml
portion of the stock solution, prepared by dissolving 3-—5
mg of the cation in MeCN (20 ml), was pipetted out and
made up to 10 ml by adding the appropriated buffer so-
lution (5 ml) and MeCN. Sample solutions of the cations



S. Ito et al.

6d—f and 7d—f were prepared by dissolving in a glycine
(0.1 M)-NaOH (0.1 M) buffer solution (50 ml) and made up
to 100 ml by adding MeCN. A sample solution with lower
acidity was made by further alkalification with 20% aqueous
NaOH. The sample solution of 8¢ was prepared by dissolv-
ing in 50% H2S04 and by adding the appropriated amount
of 50% H2SO4 and H20. The concentration of the cation
was determined by spectrophotometrically at 24 °C. The
pH of each sample was measured on a Horiba pH meter F-
13 calibrated with standard buffers before use, and the Hr
values calculated from the concentration of HyS04.2 The
observed absorbance at the specific absorption maxima of
each cation was plotted against the pH or Hg, giving a clas-
sical titration curve whose midpoint was taken as the pKy+
value.

Complete spectral data of MS, IR, UV, 'HNMR, and
13CNMR for the reported compounds (6a—f, 7Ta—f, 8a,
8c—d, 8f, 9a—f, 10a—f, 11a—f, 13d—f, 14c—e, 15,
16a—c, 17a—c, 18—20, 21a—b, 22a—b) are deposited
as Document No. 68021 at the Office of the Editor of Bull.
Chem. Soc. Jpn.
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