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Reactions of guaiazulene (1) with all-trans- and 13-cis-
retinals (2a and 2b) in methanol in the presence of hexafluo-
rophosphoric acid at �10 �C for 1 h afforded the title mono-
carbocation compound 3 in 87–91% yield, respectively.

In previous papers, we reported an efficient preparation, the
molecular and crystal structures, and the characteristic chemi-
cal and electrochemical properties of mono- and dicarbocation
compounds stabilized by a 3-guaiazulenyl group.1–6 These
products can be readily obtained by the reactions of guaiazu-
lene (1) with the corresponding aromatic aldehyde compounds
in acetic acid (and methanol) in the presence of hexafluoro-
phosphoric acid (and tetrafluoroboric acid), respectively. On
the other hand, the chemistry on retinals has been studied to
a considerable extent, and the physical and chemical proper-
ties, the biological activities, and the functions for those mole-
cules have been well documented. As a series of basic studies
on the creation of novel functional materials possessing a 3-
guaiazulenyl group and their potential utility, our interest has
been focused on the reactions of 1 with commercially available
all-trans- and 13-cis-retinals (2a and 2b) in methanol in the
presence of hexafluorophosphoric acid, giving the title mono-
carbocation compound, (2E,4E,6E,8E)-1-(3-guaiazulenyl)-
3,7-dimethyl-9-(2,6,6-trimethyl-1-cyclohexen-1-yl)-2,4,6,8-
nonatetraen-1-ylium hexafluorophosphate (3), respectively.
We now wish to report on our detailed studies of a facile prep-
aration as well as the spectroscopic and electrochemical prop-
erties of the new compound 3, with a delocalized �-electron
system, compared with those of (3-guaiazulenyl)phenylmeth-
ylium hexafluorophosphate (4)5 (Chart 1).

Compound 3 was prepared by the following procedure. To a
solution of guaiazulene (1) (9 mg, 45 mmol) in methanol (1
mL) was added a solution of all-trans-retinal (2a) (10 mg,

35 mmol) in methanol (2 mL) containing hexafluorophosphoric
acid (60% aqueous solution, 0.2 mL). The mixture was stirred
at �10 �C for 1 h under aerobic conditions, giving a precipi-
tation of a dark-blue solid of 3. The thus-obtained crude prod-
uct was carefully washed with diethyl ether, and recrystallized
from o-dichlorobenzene–hexane (1:5, v/v) to provide pure 3 as
stable crystals (19–20 mg, 87–91% yield). Similarly, the reac-
tion of 1 with 13-cis-retinal (2b) under the same reaction con-
ditions as 2a afforded 3 in 87–91% yield, owing to the rear-
rangement from 2b to 2a. Instumental analyses of 3 were car-
ried out according to procedures described before.1–6 Com-
pound 3 was dark-blue needles, mp > 120 �C [decomp.,
determined by thermal analysis (TGA and DTA)]. The UV/
vis spectrum [�max (CH3CN) nm (log")] appeared at 222
(4.30), 271 (4.27), 374 (4.03), and 655 (4.82), as shown in
Fig. 1, whose characteristic absorption band, based on the for-
mation of the (2E,4E,6E,8E)-1-(3-guaiazulenyl)-3,7-dimeth-
yl-9-(2,6,6-trimethyl-1-cyclohexen-1-yl)-2,4,6,8-nonatetraen-
1-ylium moiety, with a delocalized �-electron system, appear-
ed at the absorption maximum (�max 655 nm, log" ¼ 4:82).
The IR (KBr) spectrum showed two specific bands based on
the counter anion (PF6

�) at �max 837 and 555 cm�1, which co-
incided with those of (3-guaiazulenyl)phenylmethylium hexa-
fluorophosphate (4).5 The MALDI-TOF-MS spectrum [2-(4-
hydroxyphenylazo)benzoic acid matrix] showed only an ion

Chart 1. Structural formulas.

Fig. 1. The UV/vis spectrum of 3 in acetonitrile. Concen-
tration of 3: 0.020 g/L (31.8 mmol/L). Length of the cell:
1 cm.
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peak at m=z 466 ([M� PF6 + H]þ, 100%). The molecular for-
mula C35H45 for the monocarbocation unit was determined by
the exact FAB-MS spectrum (3-nitrobenzyl alcohol matrix;
Found: m=z 465.3537; Calcd for C35H45: [M � PF6]

þ, m=z
465.3521). An elemental analysis confirmed the molecular
formula C35H45F6P [Found: H, 7.56; C, 66.71%. Calcd for
C35H47F6OP (C35H45F6P�H2O): H, 7.54; C, 66.86%.]. The
500 MHz 1HNMR (CD3CN) spectrum showed signals based
on the 3-guaiazulenyl group at � ¼ 1:43 (6H, d, J ¼ 6:9 Hz,
(CH3)2CH-7

0), 2.54 (3H, s, Me-10), 3.29 (3H, s, Me-40), 3.41
(1H, sept, J ¼ 6:9 Hz, Me2CH-7

0), 8.12 (1H, s, H-20), 8.23
(1H, dd, J ¼ 11:2, 1.7 Hz, H-60), 8.25 (1H, d, J ¼ 11:2 Hz,
H-50), and 8.50 (1H, d, J ¼ 1:7 Hz, H-80), and signals based
on the (2E,4E,6E,8E)-3,7-dimethyl-9-(2,6,6-trimethyl-1-cy-
clohexen-1-yl)-2,4,6,8-nonatetraen-1-ylium moiety at � ¼
1:08 (6H, s, gem-Me2-6

00), 1.507 (1H, dd, J ¼ 6:0, 3.0 Hz,
Ha-500), 1.512 (1H, dd, J ¼ 6:0, 3.0 Hz, Hb-500), 1.65 (1H,
dddd, J ¼ 6:0, 6.0, 6.0, 6.0 Hz, Ha-400), 1.65 (1H, dddd,
J ¼ 6:0, 6.0, 3.0, 3.0 Hz, Hb-400), 1.78 (3H, s, Me-200), 2.09
(2H, dd, J ¼ 6:0, 6.0 Hz, CH2-3

00), 2.13 (3H, s, Me-7), 2.39
(3H, s, Me-3), 6.35 (1H, d, J ¼ 16:0 Hz, H-8), 6.44 (1H, d,
J ¼ 11:8 Hz, H-6), 6.59 (1H, d, J ¼ 16:0 Hz, H-9), 6.74
(1H, d, J ¼ 14:6 Hz, H-4), 7.34 (1H, d, J ¼ 12:9 Hz, H-2),
7.49 (1H, dd, J ¼ 14:6, 11.8 Hz, H-5), and 8.68 (1H, d,
J ¼ 12:9 Hz, HCþ-1), whose signals were carefully assigned
using the H–H COSY and NOESY techniques and, further, a
computer-assisted simulation analysis (the software: gNMR
developed by Adept Scientific plc) on a DELL Dimension
XPS T500 personal-computer with a Pentium c processor.
The 125 MHz 13CNMR (CD3CN) spectrum exhibited the fol-
lowing thirty-three carbon signals assigned by the HMQC and
HMBC techniques: � 166.1 (C-70), 161.1 (C-3), 158.0 (C-
8a0), 155.8 (C-40), 150.7 (C-3a0), 147.1 (C-50), 147.0 (C-7),
145.6 (HCþ-1), 143.5 (C-60), 142.2 (C-10), 139.2 (C-80),
139.0 (C-20), 138.7 (C-100), 138.5 (C-5), 137.9 (C-8), 137.8
(C-30), 137.4 (C-4), 133.2 (C-200), 133.1 (C-9), 132.1 (C-6),
131.2 (C-2), 40.5 (C-500), 39.8 (Me2CH-7

0), 35.0 (C-600), 34.0
(C-300), 29.4 (Me-40), 29.3 (gem-Me2-6

00), 23.9 ((CH3)2CH-
70), 22.1 (Me-200), 19.8 (C-400), 14.5 (Me-3), 13.9 (Me-10),
and 13.4 (Me-7). The chemical shifts (�, ppm) for the proton
and carbon signals of the HCþ-1 carbenium-ion center of 3
(8.68 for 1HNMR; 145.6 for 13CNMR) showed up-field shifts,
respectively, comparared with those of the HCþ-	 carbenium-
ion center of 4 (8.78 for 1HNMR; 149.6 for 13CNMR).5

These spectroscopic data and an elemental analysis for 3 led
to the molecular structure, (2E,4E,6E,8E)-1-(3-guaiazulen-
yl)-3,7-dimethyl-9-(2,6,6-trimethyl-1-cyclohexen-1-yl)-2,4,6,8-
nonatetraen-1-ylium hexafluorophosphate, with a delocalized
�-electron system.

Further, we have been interested in a comparative study of
the electrochemical behavior of 3 and (3-guaiazulenyl)phenyl-
methylium hexafluorophosphate (4)5 under the same electro-
chemical conditions. The electrochemical behavior of 3 was
therefore measured by means of CV and DPV (Potential/V

vs SCE) in CH3CN containing 0.1 M [n-Bu4N]PF6 as a sup-
porting electrolyte. As a result, the potential based on a
one-electron reduction of the HCþ-1 carbenium-ion center of
3 appeared at �0:24 (Epc, irreversible) V by CV (correspond-
ing to �0:19 (Ep) V by DPV), generating the corresponding
radical species (HC	-1), as shown in Fig. 2, which indicated
that 3 was slightly susceptible to one-electron reduction com-
pared with that of 4 [�0:29 (Epc, irreversible) V by CV (cor-
responding to �0:20 (Ep) V by DPV)].5
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Fig. 2. Cyclic and differential pulse voltammograms of 3
(3.0 mg, 4.8 mmol) in CH3CN (10 mL) containing 0.1
M [n-Bu4N]PF6 at a glassy carbon (ID: 3 mm) and plati-
num wire served as the working and auxiliary electrodes;
scan rates 100 mV s�1 at 25 �C under argon, respectively.
For comparative purposes, the oxidation potential using
ferrocene as a standard material showed þ0:42 (Ep) V
by DPV and þ0:40 (E1=2) V by CV under the same elec-
trochemical conditions as 3.
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