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spectroscopy and trapping with phenyltriazolinedione
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Abstract—For the first time, the title alcohol 3 was unambiguously detected as a transient intermediate leading to ditropylether (6) in a
cation—anion reaction between the tropylium ion (5) and hydroxide ion in an aqueous solution by NMR spectroscopy. It was also found that 6
gives 3 as a transient product in acid-catalyzed disproportionation of 6 into a mixture of tropone (4) and 1,3,5-cycloheptatriene (7) in
chloroform containing water. Furthermore the existence of 3 in the latter reaction was confirmed by trapping with 4-phenyl-1,2,4-triazoline-
3,5-dione to afford the [4+2]cycloadduct of the norcaradiene form of 3. © 2003 Elsevier Science Ltd. All rights reserved.

The thermodynamic stability of carbocations can be
evaluated by their pKr values. One method for determin-
ing the value is based on pH dependence of the electronic
absorption spectrum, assuming the equilibrium between a
carbocation and its corresponding alcohol (Eq. (1)).! While
the alcohol corresponding to a thermodynamically unstable
carbocation is stable enough to be isolated, the alcohol
corresponding to a thermodynamically stable cation is
basically unstable because of its facile dissociation back to
the cation. In some cases, its easy and irreversible
disproportionation to the correspnding ketone and hydro-
carbon species is observed. For example, 1-phenalenol (1)
had been elusive until Sugihara and Murata found special
protocols for isolating it in 1989;> they used sodium
borohydride in the presence of ceric chloride for reduction
of phenalenone (2) and isolated 1 by particular workup and
crystallization. However, they reported that application of
their method was unsuccessful in isolation of the title
alcohol, 2,4,6-cycloheptatrien-1-ol (3),** from tropone (4).
Although the equilibrium between the tropylium ion (5) and
the alcohol 3 (in Eq. (1); R=2,4,6-cycloheptatrien-1-yl) was
postulated, particularly well in pKy_ value measurements of
5, such as in the pioneering work by Doering et al. in 1954,°
3 has, surprisingly, been neither observed nor isolated yet in
the half century since the definite finding of the tropylium
ion. Doering et al. found that § affords only ditropylether (6)
as a single isolable product under the basic aqueous
conditions. Later on, it was also found that disproportiona-
tion of 6 under acidic conditions gave tropone (4) and 1,3,5-
cycloheptatriene (7),” that makes it harder to detect 3
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(Schemes 1-3).

R*X~ + H,0 ROH + HX (D
Meanwhile, in 1976 Franzus et al. reported that a base-
catalyzed rearrangement of 7-norbonadienol (8) provides
the tropyl skeleton.® They suggested that the first product
observed in the rearrangement under basic conditions could
be the alkoxide of 3 by NMR analysis. However, signals in
the 60 MHz NMR spectrum can be assigned either to those
of the alkoxide or to those of 6, as pointed out by the authors
themselves. It is notorious that the signals did not show
time-dependent change after the disappearence of 8. Thus, it
is hard to concede that definite detection of either 3
equilibrated with its alkoxide or the alkoxide itself is
achieved in the study of Franzus et al. In this paper we
describe the unambiguous detection of 3 as a transient
species under acidic and basic conditions by NMR
spectroscopy and its trapping with phenyltriazolinedione
O

as a dienophile (Scheme 4).
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1. Results and discussion

1.1. Detection of 3 in the reaction of the tropylium cation
and hydroxide anion

Our approach to detection of the title alcohol 3 was
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straightforward. Initially we monitored the reaction of the
tropylium cation and sodium hydroxide in deterium oxide
by NMR spectroscopy. Fortunately, we were able to achieve
our purpose by this simple experiment which has not
appeared in the literature. Tropylium tetrafluoroborate was
added to a solution of 2 equiv. of NaOD in D,0O in an NMR
tube and the reaction mixture was monitored by 'H NMR
analysis with sodium 4,4-dimethyl-4-silapentanesulfonate
(DSS) as an internal standard at 23°C of the probe
temperature. At the beginning of the NMR measurements,
the signals of § had already disappeared. Growing signals
for 6 and decreasing signals were observed in a time range

of about 40 min (Fig. 1). After then the spectrum showed
only the signals of 6 and the resulted mixture looked cloudy
because of its low solubility in the aqueous solution. The
latter transient signals disappeared with a half life-time of
4 min under the conditions and with the slightly longer half
life-time of 7 min at 7°C. The 'H NMR spectrum after 2 min
is shown in Figure 2. The signals consist of four different
protons with their integrals of 1:2:2:2 ratio, the same as seen
in that of 6. This splitting pattern is similar to that of 6, but
the chemical shifts are different from those of 6, clearly
indicating the existence of a new 7-substituted 1,3,5-
cycloheptatriene. Based on the integral pattern and the
chemical shifts observed, this fleeting intermediate is best
regarded as the title alcohol 3. The signals of 3 appear
broadened probably due to slow equilibrium between 3 and
5, because unimolecular dynamic processes for 3, such as
ring inversion and norcaradiene-cycloheptariene tautomer-
ization, and equilibrium with the corresponding alkoxide are
expected to be very fast at the NMR temperature.
Monitoring the reaction by '3C NMR spectroscopy also
supports the existence of an intermediate into 6 and its
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Figure 1. Change in time-dependent product ratio in the reaction of the tropylium ion (5) and sodium deuteroxide in D,O at 23°C. The ordinate shows the molar
ratios of 2,4,6-cycloheptatrien-1-ol (3, O) and ditropylether (6, UJ) to the internal standard (DSS) and the abscissa time in min.
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Figure 2. The 'H NMR spectrum of the reaction mixture of the tropylium ion (5) and sodium deuteoxide in deuterium hydroxide after 2 min at 23°C.
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Figure 3. Proton and carbon chemical shifts of 2,4,6-cycloheptatrien-1-ol
(3) and ditropylether (6) in NaOD-D,O and 7-methoxy-1,3,5-cyclo-
heptatriene (9) in D,O with DSS as an internal standard.

structure as 3. The assignment of carbon and proton signals
for 3, 6, and 7-methoxy-1,3,5-cycloheptatriene (9) for
comparison are listed in Figure 3. Chemical shifts of the
hydrogens at the 1-3 positions of 3 were observed at higher
magnetic field. Particularly, the hyrogen of the 1 position of
3 resonated relatively at higher field by more than 0.5 ppm
compared with those at the corresponding position of 6 and
9. This may be attributed to the effect of the electronic
nature of the alkoxide which naturally exists in equilibrium
with 3 under basic conditions. The final product 6 was
isolated from this reaction mixture in more than 90% yield
as reported.’

1.2. Detection of 3 in acid-catalyzed disproportionation
reaction of 6 and trapping with 4-phenyl-1,2,4-tri-
azoline-3,5-dione as a dienophile

Encouraged by the experiments for the detection of 3 from
5, we proceeded to detect 3 in acid-catalyzed disproportio-
nation’ of ditropylether (6) into a mixture of tropone (4) and
1,3,5-cycloheptatriene (7). A reaction mixture of 6 and
trifluoroacetic acid (TFA, 6 equiv. to 6) in CDCI; saturated
with D,O was monitored at 23°C. As the signals of 6
decreased, the signals of both 4 and 7 increased in the course
of reaction time. Along with these signal changes, it was
observed that another set of signals grew up to half of the
reaction period and then gradually disappeared (Fig. 4).
After 65 min, the reaction provided a quatitative yield of a
1:1 mixture of 4 and 7. The transient product observed in the
reaction can be regarded best also as 3 from its 'H NMR
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Figure 4. Change in time-dependent product ratios in the disproportionation of ditropylether (6) in CDCl;—CF3CO,D at 23°C. The ordinate shows the molar
ratios of 2,4,6-cycloheptatrien-1-ol (3, O), ditropylether (6, J), tropone (4, ®), and 1,3,5-cycloheptatriene (7, A) to the internal standard (TMS) and the

abscissa time in min.

signals in the mixture. While all proton signals of 6 in acidic
CDCl; were observed at slightly higher field than those in
basic D,0, all proton signals of 3 in acidic CDCl; were
observed at lower field than those in basic D,O (Figs. 3 and
5). In this case also, the hydrogen at the 1 position shifts
most to lower field, probably due to more effective
protonation of the hydroxy group of 3 than the ether
functional group. The proton chemical shifts of 6 and 9
seem to be affected mainly by solvent polarity. Thus, the
greater dielectric constant of the solvent used, the lower
chemical shifts of hydrogens of 6 and 9 were observed. On
the other hand, the proton chemical shifts of 6 and 9 seem to
be affected rather by pH of the solution.

Further confirmation of the existence of 3 was made by its
trapping with a dienophile. Under the same reaction
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Figure 5. Proton chemical shifts (6 ppm) of tropyl derivatives in CDCl;.
The values in parentheses were observed in the disproportionation mixture
in CDCl;—-CF;CO,D. TMS was used as an internal standard.

conditions with undeuterated solvents, we succeeded in
trapping 3 with 4-phenyl-1,2,4-triazoline-3,5-dione
(PTAD). The PTAD adduct 10, to the norcaradiene form
of 3, was obtained in 72% yield based on twice amounts of 6
used, accompanied with a mixture of previously known
adducts 11° and 12'° in 22 and 21% yields based on the
amount of 6 used, respectively. The stereochemistry of the
hydroxy group on the cyclopropane ring in 10 was assigned
to be exo based on the vicinal coupling constant
(3Ju_y=1.2 Hz) between the hydrogen on the carbon
atom attached by the hydroxy group and the neighboring
methine hydrogens on the cyclopropane ring.!! The yield of
10 decreased in higher concentration of TFA and increased
in its lower concentration as shown in Table 1. Nozoe has
previously proposed two possible pathways from 6 into a
mixture of 4 and 7;’acid-catalyzed cleavage of the ether
linkage of 6 provides 3 and 5 and subsequent intermolecular
hydride shift from 3 into either 5 or 6 ends up with a mixture
of 4 and 7. The dependence of the yields on the amount of
the acid in the trapping experiments clearly indicates that
the acid favors consumption of 3 rather than its accumu-
lation, assuming that the adduct formation step is not
affected by the acid. Although the definite mechanism of the
formation of 4 and 7 must await further meticulous kinetic
study, the existence of 3 under these reaction conditions is
evident (Scheme 5).

Table 1. Result of trapping experiments of 3 with PTAD under the
conditions with various concentrations of TFA

TFA (molar equiv. to 3) Yield of the adducts (%)

10° 11° 12°
20 16 81 77
5 65 27 25
1 72 22 21

% Molar ratio based on twice amounts of 3 used.
® Molar ratio based on the amount of 3 used.

2. Summary

For the first time, we have observed the title alcohol, 2,4,6-
cycloheptatrien-1-ol (3), as a transient species by NMR
spectroscopy in the cation—anion reaction. The half-life
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time of 3 in this reaction was found to be in order of several
minutes. Also, 3 was detected in disproportionation of
ditropylether (6). In the latter reaction in the presence of
PTAD, 3 was trapped as a [4+2]cycloadduct of its
norcaradiene form to give the adduct 10 along with
previously known 11 and 12. The stereochemistry of the
hydroxy group at the cyclopropane ring in 10 was found to
be exo. The yield of 10 in the trapping experiments was
found to be dependent on the concentration of TFA. These
results will help in elucidating the definite mechanism of the
disproportionation of 6 which is a basic reaction in
troponoid chemistry.

3. Experimental
3.1. General

Melting points were measured on a Yanaco MP-3 and are
uncorrected. IR spectra were recorded on a JASCO IR-810
and Perkin—FElmer Spectrum RX I spectrometers. UV
spectra were measured on a Shimadzu UV-1600 spec-
trometer. 'H NMR (400 MHz) and '3C NMR (100 Hz) were
recorded on a JEOL a400. Mass spectra were measured on a
JEOL GC-Mate mass spectrometer. Column chromato-
graphy was done with Merck Kieselgel 60 Art 7734.
Deuterium oxide (isotope purity; >99.9%) from Sigma-
Aldrich Co., chloroform-d (isotope purity; >99.5%) from
Wako Co. and 40% (w/w) sodium deuteroxide in deuterium
oxide (isotope purity; 99%) from Merck Inc. were used
without purification. DSS was purchased from Merck Inc.
Tropylium tetrafluoroborate was prepared by the method of
Dauben et al.!? and was purified by recrystallization from a
mixture of dichloromethane and hexane. PTAD was
prepared according to the method in the literature.!3

3.2. Detection of 2,4,6-cycloheptatrien-1-o0l (3) in the
reaction of the tropylium cation and hydroxide anion

In an NMR tube was charged 0.60 ml of a 0.1 M deuterium
hydroxide solution and 2 mg of DSS in deuterium oxide. To
this solution was added 5.0 mg (28 wmol) of tropylium
tetrafluoroborate in one portion. The NMR tube was quickly
shaken and was loaded into the NMR probe. The reaction
was monitored at the probe temperature of 23°C or the

4 . 7

PTAD |

controlled temperature of 7°C by '"H NMR spectroscopy.
The same procedure was repeated for monitoring at 23°C by
13C NMR spectroscopy. After the monitoring, the resulted
mixture of one experiment was poured into water and
extracted with hexane (5X10 ml). The combined organic
layer was dried with MgSO, and the solvent was removed to
give 2.6 mg (94%) of 6%7 as a brown oil.

3.3. Detection of 2,4,6-cycloheptatrien-1-o0l (3) in the
disproportionation of the ditropylether (6)

In an NMR tube was charged a solution of 10.0 mg
(50.1 pwmol) of 6 and Smg of DSS in 0.60 ml of chloroform-
d. To this solution was added 50 w1 (300 pmol) of TFA. The
reaction mixture was monitored by '"H NMR spectroscopy
at 23°C.

After 3 h, the resulted mixture was poured into a phosphate
buffer (pH 6.86) and extracted with dichloromethane
(5X10 ml). The combined organic layer was dried with
MgSO, and the solvent was removed to give 9.6 mg (96%)
of a 1:1 mixture of 4 and 7 as a yellow oil.

3.4. Trapping experiments of 2,4,6-cycloheptatrien-1-ol
(3) with PTAD in the disproportionation of the
ditropylether (6)

A solution of 6 (45.5mg, 0.230 mmol) in in 2ml of
chloroform was added 5 pl of water and 18 .l (0.23 mmol)
of TFA, followed by addition of 95.2 mg (0.460 mmol) of
PTAD. After being stirred for 5 h, the reaction mixture was
concentrated in vacuo. The residue was purified by silica gel
chromatography with a 1:1 mixture of chloroform and ethyl
acetate as eluent to give 12, 11, and 10 in this order. The
yields in the reactions with other TFA concentrarions are
shown in Table 1.

3.4.1. Compound 12. 12.7 mg, 21%; colorless micro-
crystals, mp=199-200°C (lit.'® 186-188°C). 'H NMR
(CDCl3) 6=0.32 (dt, J=6.6, 3.8 Hz, 1H), 0.67 (q, J/=7.1 Hz,
1H), 1.61 (m, 2H), 5.21 (m, 2H), 6.10 (m, 2H), 7.32-7.45
(m, 5H); '3C NMR (CDCl;) 6=6.22, 8.40, 53.66, 125.18,
125.56, 128.24, 129.11, 131.42, 156.71.

34.2. Compound 11. 14.2mg, 22%; yellow prisms,
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mp=169-170°C (lit.° 178-180°C). 'H NMR (CDCls)
§=5.38 (dd, J=7.3, 2.0 Hz, 1H), 5.4 (tlike, J=7.3 Hz,
1H), 6.02 (dd, J=10.9, 2.0 Hz, 1H), 6.93 (t-like, J=8.1 Hz,
1H), 7.11 (dd, J=7.8, 7.6 Hz, 1H), 7.35-7.51 (m, SH); 13C
NMR (CDCly) 8=51.38, 63.55, 124.28, 125.46, 128.52,
129.22, 130.88, 131.17, 136.23, 143.35, 151.77, 152.39,
188.47.

3.4.3. Compound 10. 87.6 mg, 72%; colorless micro-
crystals, mp=202-203°C. 'H NMR (CDCl;) 6=1.54 (s,
1H), 1.88 (m, 2H), 2.88 (t, J/=1.2 Hz, 1H), 5.24 (m, 2 H),
6.21 (t-like, J/=3.7 Hz, 2H), 7.33-7.47 (m, 5H); '3C NMR
(CDCly) 6=13.37, 51.41, 60.17, 125.51, 126.49, 128.40,
129.17, 131.19, 156.59. IR (KBr) »=3449brm, 1770m,
1713s, 1500m, 1457w, 1403s, 1233m, 1160m, 1138m,
1045m, 1022m, 899w, 867w, 843w, 773m, 736m, 720m,
640w cm™!; MS (70 eV) m/z (rel intensity) 283 (M+, 0.5),
177 (23), 119 (41), 106 (30), 105 (30), 91 (100), 77 (50); UV
Amax (CH2Cly) 230 nm (log £=3.99), 256 (3.60). Found: C,
63.78; H,4.70; N, 14.93%. Calcd for C;5H;3N505: C, 63.60;
H, 4.63; N, 14.83%.
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