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Abstract. |1, 1-Ethylene-1H-azulenium tetrafluoroborate (1b) and its alkyl substituted derivatives, 6-1-butyl
(1¢) and 4-isopropyl-3,8-dimethyl ones (1d), were synthesized starting from their corresponding azulenes by a
three-step sequence which includes reduction, cyclopropanation and hydride abstraction reactions. The cation 1b
and its 6-t-butyl derivative I¢, generated in dewterated acetonitrile at ~20 °C, were characterized by low-
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temperature NMR speciroscopy. On the other hand, the cation 1d was isolated as slightly unstable, greenish-
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temperatures, I ¢ and 1d just decomposed. All the cations were found to react easily with nucleophiles 10 give
thermodynamic, ally controlled stable addirion nrn/inrrc at their cyclopropane methylene carbons. @ 1999 Elsevier

Science Ltd. All rights reserved.

The solvolytic behavior of B-arylalkyl systems has been a widely studied and most controversial topic in

modern physical and organic chcxmstrv Solvolytic studies of a wide variety of benzenoid arylalkyl derivatives

have been documented to prove the anchimeric assistance of the aromatic p—orbltal On the other hand, McDonald

P-azulylethyl p-toluenesulfonate solvolysis, and the dispiacement of the leaving group by the solvent occurred via
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the intermediary 1,1-ethylene-1H-azulenium tosylate (1a).”* Athough the cationic intermediates in benzenoid ary-
alkyl systems were elucidated in detail by the extensive works of Olah's group,” alternative generation and
characterization of those in the azulene system have not been studied except the benzannelated cation 2,° and a full
account of the chemistry of 2 has not appeared yet. Meantime, the cation 1 embodies the structure of
cyclopropyltropylium cation (3)’ and is a more suitable candidate than 3 to evaluate O—7 interaction between a
cyclopropane ring and an electron-defficient p-orbital® because of its structural rigidity and appropriate bisected
geometry. Herein we report in full detail the synthesis, characterization, and some reactions of 1,1-ethylene-

1H-azulenium tetrafluoroborate (1b) and its atkyl s

a ¥ ia; Y=0Ts, R',R%R3R%=H
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R' R 1d; Y=BF;, R'R%=Me R?=iPr,R3=zH

Synthesis of 1,1-Ethylene-1H-azulenium Tetrafluoroborate and Its Alkyl Substituted Derivatives
1 £ + 1ty 0t s Aslyy availabla noelasa oo £A114
The synthesis of 1b was accomplished in a few steps starting from readily availab ulenie as follows

f 1 c»umyuroazmene L‘l), prepareu from azuiene Dy the blrcn I'BGUCUOII in gOOG yle.l(l

with 1,2-dibromoethane and sodium hydride as a base in DMF gave 1,1-ethylene-1,6-dihydroazulene (5),'' the
precursor for the title cation, as a slightly air-sensitive oil in 77% yield. Yields of 5 in THF or liquid ammonia as
the solvent were far less than that in DMF. Addition of a molar equivalent of trityl tetrafluoroborate to a deuterated
acetonitrile solution of 5§ at -20 °C resulted in a slightly greenish solution. 'H and '*C NMR spectra measured at
the same temperature are shown in Figure 1, which indicates complete disappearance of 5 and formation of the
title cation 1b along with triphenylmethane (6); the 'H NMR spectrum of this reaction mixture showed a 4H

nrotons, two doublets at 8 = 7.69 and 7.82 npm for the
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Scheme 1

five-membered ring protons, and finely split SH signals at & = 8.51-9.02 ppm for the seven-membered ring
protons. The >C NMR exhibited two aliphatic signals at & = 24.1 and 44.7 ppm and nine olefinic signals
between & = 133.0 and 172.9 ppm for 1h, besides signals

0 for 6. On the other hand, hydride abstraction of 5 with
. 12 13 . .
ther reagents, such as nitrosonium tetrafluoroborate, © fluorosulfonic acid,” and dichlorodicyano-
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Fig. 1. 'H(top) and *C (bottom) NMR specira of ib in a CD;CN
solution at -20 °C. A ; solvent, O ; Ph ;CH.

benzoquinone,'* gave only intractable spectra.
Addition of Et,O to the reaction mixture of 1b at
-20 ° C gave greenish solids. However, several
efforts for purification of these solids by filtration
and recrystallization at low temperature under inert
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(vide infra).

The cation 1b in the reaction solution was stable
at -20 °C, but it rearranged at 0 "C with a half-life
time of 27 min (k = 4.24 x 10” sec’ at 0 °C). After
completion of the rearrangement, the color of the
solution turned dark brown. New signals, displacing
those of 1b, in 'H (Figure 2) and '’C NMR spectra
at 0 °C were best interpreted to be those of the cation
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propane ring of 1b. Further NMR studies such as
the proton decoupling experiments, and DEPT,
HMQC, and HMBC (Figure 3) spectra strongly

suggested the structure of 7. Proton spin-decoupling
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Fig. 2. The '"H NMR spectrum of 7 in a CD;CN solution
at0 °C. A; solvent, O ; Ph;CH.

spectra of 7 showed an AB quartet at 8 = 4.58 ppm with a coupling constant of 15.0 Hz under irradiation at & =

2.88 ppm and also an AB quartet at & = 2.88 ppm with a coupling constant of 14.4 Hz under that at 6 = 4.58



ppm.The differences in both the geminai coupling constants and the
vicinal coupling manner indicate that the cyclobutane ring of 7 was J p
fairly strained in its congested ring system. Many efforts to trap the

cation 7 with various nucleophiles, such as alcohols, water, and ~ _———» A W\
amines, were unsuccessful. AR i AR\

The 6-t-butyl substituted cation 1c¢ was synthesized from 6-r-
butylazulene (8)'° in a similar manner except for the reduction step }
{Scheme 2). We envisioned either 6-r- hl“
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mhydmazu;eﬁe 7 Or I.V} as an appropni riate

tor Fig. 3. Correlations in the HMBC
1c instead of 6-r-butyl-1,6-one, because the hydride abstraction spectrum of the cation 7,
reaction of 7-substituted cycioheptatrienes with trityl salt has been

e
1,10

known to suffer from steric hindrance.” ” Therefore, an alternative method was chosen for reduction of 8; with
lithium aluminium hydride in refluxing Et,O, 8 gave a mixture of 9 and 10 in the ratio of 4 to | in 85% yield.
This mixture was cyclopropanated with sodium hydride and 1,2-dibromoethane in DMF and then was subjected

to hydride abstraction with trityl tetrafluoroborate in deuterated acetonitrile at -20 °C to give the cation 1¢ and

cation 1¢ was -ol_nd to be stable at -20 °C; however, contrary to the case of 1b, at elevated temperatures its
. . . .5 -1
signals decreased without any detectable displacing signals. The half-life time (t,, = 154 min, k = 7.47 x 10" sec
at 0 °C) in the decomposition was longer than that of the rearrangenment of 1b
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Scheme 2
The 5-isopvopyl—_3,8-dim_thyl substituted cation 1d was synthesized starting from guaiazulene (13) through
the dihydroazulene 14 and its cyclopropanated precursor 15 in a completely similar manner to that of 1b.
Reaction of 15 with trityl tetrafluoroborate in acetonitrile at - 20 °C resulted in a greenish reaction solution from

- 3 P

which 1d was obtained as unsiable greenish-yellow crystais in 58% yield by adding ether and subsequent
filtration. Triphenyimethane 6 was isolated from the filtrate in a quantitative yield. This cation was characterized
by IR, UV, MS, and NMR (Figure 5) spectroscopic methods. Notably, in the 'H NMR spectrum of 1d the
methylene protons at the cyclopropane ring appear separately at 8 = 2.37 and 2.94 ppm as a multiplet, while those
of 1b and 1c¢ combine as a singlet. The cation 1d in a deuterated acetonitrile solution was stable at 0 °C, but
gradually decomposed at room temperature without any detectable formation of product. Its half-life time was 230
min at 23 *C (k =5.02 x 107 sec’™), showi 1g that 1d is kinetically more stable than 1b and 1¢ i

1d could be stored in a

1a could be stored n ax
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Fig. 4. The '"H NMR spectrum of 1c¢ in a CD,CN solution at -20 °C.
A ; solvent, O ; Ph,CH.
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Fig. 5. The 'H NMR spectrum of 1d in a CD;CN solution at 0 °C.

A ; solvent.
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8.51 in the NOESY spectrum were quite heipful to make the definite assignment of the ring protons on the azulene
skeleton. Also, correlations between the C-8a carbon and the H-4 and cyclopropane methylene protons and
between the C-3a carbon and the H-8 proton in the HMBC spectrum were essential to assign those quarternary
olefinic carbons. Spectral data of 1b, 1¢, 1d, and phenonium ion (16)>* are summarized in Figure 6. The higher
field shift of the cyclopropane carbon and methylene proton signals in 1b compared with those of 16 indicates
less delocalization of the positive charge to the three-membered ring part in 1b than in the case of 1 6. This might
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be attributed to the difference in st

1ce in stability of the cationic part
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©C.
seven-membered ring of 1b testifies to the least bond alternation around the ring as a consequence of its aromatic
nature. The average chemical shifts of the azulene ring and cyclopropane methylene protons of 1¢ and 1d are
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apparantly shifted slightly to higher field than that of 1b, showing the efficient inductive effect of the alkyl

substituents. Although the thermodynamic stability of these cations has not been evaluated, the effect of alkyl
i srithh thate asarenclonatba Llaatla cbal it S sl oo o1 1 1 18
substituents is consistent with their appr 1aic Kinetic staoiiity in the orderof 1d>1c¢>1b
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Schieyer er a."® reported that the phenonium ion was nonclassical with appreciable 67-aromatic character and
was most clearly represented by the structure 16' based on the optimized geometry calculated by the ab initio
MP2/6-31G* method. However, Olah et al. >° lately concluded that the phenonium ion is predominantly classical
in nature, judging from the total chemical shift difference (TCSD),”' the difference in the sum of all '*C shifts of
the carbocation and its corresponding neutral hydrocarbon. In the meantime, it is of substantial interest to apply
the TCSD approach to 1 to see whether the classical or nonclassical structure is ascendant in the nature of 1. The

TCSD between 1b and 5 is 323 ppm which applies to borderline cases but is rather close to the lowest limit of

values (3!

h

0 ppr_u) for classical ions 2 In view of both facts of this TCSD value and the degree of positive charge

el gs
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similar to that for 1b, indicating that 1 ¢ and 1d have also the classical structure

. Total chemical shift Total chemical shift of the .
Cation o \pe cation corresponding hydrocarbon Difference
\ + ,
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1c 1606 1277 329
id 1603 1275 328

Addition Reactions to the Cations
Addition of an excess of water to an acetonitrile solution of 1b at -20 °C resulted in a blue reaction solution,

from which the alcohol product 17"** was obtained in 83% yield as a blue oil after silica gel chromatography

(Scheme 3). Cations 1¢ and 1d also reacted with water to give the alcohol products 18 and 19 in 31 and 21 %
vielde recnectivaly Mathannl endinm acetate an diathvlamine alea added ta the ratinon Th ta vield the
IWINES, SWIpAAWmLE VLI AVivuddiua, SULIULLE dhliair ainli WAy Iduiiiue Uoy auuvud U Wit Vauvi 2 WU YIviu Wiy
X Y =0OH, 17
g Nucleophil = OCHgs 20
u nes ?
P~ cleophle T
A\ N\ 4/ =0eCCHs 21
N N
BF, - = N(CaoHg)2, 22
ai = 5Q5Ph, 23
1“ = 7
= OSOPh, 24

Scheme 3.

products 20, 21** and 22 in 31, 83, and 67% yields, respectively. The reaction of Ib with sodium
phenylsulfinate, a typical ambident nucleophile, afforded two products, the phenyl sulfone 23 and the
phenylsulfinate 24, in 28 and 19% yields, respectively. Independent of the nature of nucleophiles used, all
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products obtained after silica gel chromatography are the
P e . . L HQ HQ
ones derived from addition at the cyclopropane methylene
carbons of the cations, though the tropylium ion is known i~ y, oy
to capture the nucleophile readily at their seven-membered \\/k\\'//) f \\/k\ //
ring carbons.”*”® Since the coefficients of LUMO and /
nearly lying next LUMO calculated by semiempirical /
molecular orbital calculations—the AM1 method”’—for 1b 18 19

predict higher reactivity at the seven-membered ring
compared withthat of the cyclopropane ring (Figure 7), it seems possible that adducts at the azulene skeleton

(= 6.190 V) (- 5.941 eV)

Fig. 7. LUMO and next LUMO orbitals for 1 calculated by the AM1 method.

carbons are formed. In order to gain insight into the mechanism of these reactions, the methoxy group addition
reaction was carried out under several reaction conditions. Reaction of 1b with a methanol solution of an excess
sodium methoxide and subsequent purification of the crude product only by distillation gave a mixture of the
methoxy ether products’® in 48% yield. The '"H NMR spectrum of this mixture revealed that it consists of several
addition products at the seven-membered ring” and none of 20. Although the signals in the spectrum were not
fully characterized, the major component was deduced as 1,1-ethylene-6-methoxy-1,6-dihydroazulene (2 5);
signals as a doublet at 8 = 6.64 ppm (J = 5.2 Hz) for Hb, a doublet of a doublet at §

1L L) 1UL 110 e A a LU

= 6.45 ppm (J = 10.0, 1.2 Hz) for He, adoublet at 8 = 6.19 ppm (J = 5.2 Hz) for Hg

Ha, a doublet of a doublet at 8 = 6.00 ppm (J = 10.0, 1.2 Hz) for Hg, a multiplet ==\ He
(2H) at & = 5.39 ppm for Hd and Hf, a triplet of a triplet at 8 = 3.44 ppm (J= 4.8, H \}\/l\;‘( “OCHj3
1.2 Hz) for He, a singlet (3H) at 8 = 3.33 ppm for the methoxy group, and a Hb H é Hd
multiplet (4H) at § = 1.41-1.78 ppm for the cyclopropane methylene protons, were

observed in the spectrum. Thus, addition at the seven-membered ring carbons was 25

indeed found to proceed under basic conditions. This mixture was sensitive to acids so that it decomposed quickly
on silica gel and rearranged to 20 in 83% yield under the acidic methanol conditions. Furthermore, by using 2%
trifluoroacetic acid—methanol as a nucleophilic substrate for the addition reaction of 1b the yield of 20 was

improved to 77 %. Therefore, in nucleophilic reactions, the adducts at the seven-membered ring carbons are likely
1 H o a o ~aunlamenmana
to be kinetically controlled ones as predicted by the molecular orbital calculations and those at the cyclopropane
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ring carbons are thermodynamically controlled ones.
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We have demonstrated the synthesis of 1,1-ethylene-1H-azulenium tetrafluoroborate and its alkyl substituted
denivatives in short steps from azulene and the corresponging azulene derivatives, respectively. Although we were
unable to evaluate their thermodynamic stability with respect to the 6—t conjugation, alkyl substituion on this
cationic azulene skeleton was found to be effective to stabilize the m-electron system. Nucleophilic addition to
these cations gave mainly the thermodynamically controlled, stable products, which are derived from addition at
their

velon, propane methvlene carbons,

10

EXPERIMENTAL

Melting points were measured on an Yanaco MP-3 and are uncorrected. IR spectra were recorded on a JASCO
IR-810 spectrometer. UV spectra were measured on a Shimadzu UV-256FS spectrometer. 'H-NMR (400 MHz)
and '’C-NMR (100 Hz) were recorded with tetramethylsilane as an internal standard on a JEOL «a400. Mass
spectra were measured on a JEOL JMS-D-300 mass spectrometer. Column chromatography was done with Merck
Kieselgel 60 Art 7734. Acetonitrile-d, (isotopic purity 99.5%) was purchased from Aldrich Chem. Co. and
purified by distillation from calcium hydride. Azulene was prepared by Hafner's method’® and 6-t—bulylazulene

[ :
Asao er 4. Guaiaznlene was nurchased from Tokvo Ka

was prepared by its modified method reported by A Guaiazulene was purchased from Tokyo Kasei
. 31 .

Kogyo Co. Trity!l tetrafluoroborate was prepared by the reported method.” 1,2-Dibromoethane was purchased

— Py —— Py = e - S ol < A4 Ak L.

from Wako Pure Chem. Ind. and purified by distillation from phosphorous pentaoxide. THF and Et,O were

purified just before use by distillation from sodium diphenylketyl under nitrogen atmosphere. DMF was
purchased from Tokyo Kasei Kogyo Co. and purified by distillation from calcium hydride. Semiemperical
moleclar orbital calculations were conducted on an IBM RS /6800-580 computer by using the MOPAC program
(ver. 6.02) with full geometrical optimization.

Birch Reduction of Azulene and Guaiazulene.

1,6-Dihydroazulene (4). A 1-1 three-necked flask, fitted with a low-temperature condenser and an inlet

1
CILULENE 2 1314 wow P SRALPRA GRS DURRSRANNL &G (1215, =

connected to an ammonia source, was cooled by a dry ice-i-PrOH bath. The flask was charged with

Ataamae ey S el o BT TR ATIIG GTS Ao cnhitian S £ NN - 730 POy AL o el A8 T

fOXiiat ly LJU nu Ul uqum dlllulUllld, anda a soluuon o1 s.uu g 27, l IIlIIlUU 01 az,mf‘:nc lﬂ UU mi o1 L‘IZU was
added. To this solution was added 2.50 g (0.i09 atom) of sodium in small portions over i0 min. After this
mixture was stirred for 30 min at -78 °C, 10 ml of MeOH, 50 ml of a saturated NH,Cl solution and 100 ml of
Et,O were slowly added in that order and then the cooling bath was removed to evaporate the ammonia. The
resulted reaction mixture was poured into 300 ml of 2 M hydrochloric acid and extracted with Et,O (3 x 100 ml).
The combined organic layer was washed with a saturated NaHCO, solution and brine, and then dried with
anhydrous MgSO,. After evaporation of the solvent, the residual oil was purified by chromatography (SiO,,
pentane) to give 4.72 g (93%) of 4 as a colorless oil. 'H NMR

N
D
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J
(d), 135.0 (d), 143.7 (s), 144.1 (s); I (film) %OlO(w) 2950
{(w), 2860 (w), 1430 (w) 5 (w) 645 (w) 895 (w), 840 (w), 790 (m), 690 (s) cm’. EIMS (70 eV) m/z (rel
intensity): 130 (M", 100), 129 (69), 128 (53), 127 (24), 115 (60), 93 (17), 91 (20), 69 (25), 51 (22). Found: m/z
130.0784. Calcd. for C, H,,: M, 130.0782.
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of guaiazuiene (1 3) was transformed to 1 4 (1./8 g, 88%). A pale yellow oil. H NMR (CDCl,) 6= 1.13 (d, / =
6.8 Hz, 6 H), 1.97 (s, 3 H), 2.03 (s, 3H), 2.24 (d, /= 6.9 Hz, 2 H), 2.56 (hept, J= 6.8 Hz, 1 H), 3.13 (brs,
2H), 5.01 (t, J= 6.9 Hz, 1 H), 6.01 (brs, 1 H), 6.14 (s, 1 H); °C NMR (CDCL,): 8 = 14.1 (q), 21.1 (), 22.6
(q), 30.3 (1), 35.6 (d), 40.7 (v), 113.8 (d), 114.6 (d), 125.5 (d), 132.8 (s), 142.9 (s), 143.3 (s), 143.5 (s),
144.0 (s); IR (film) 2995 (s), 2860 (m), 1630 (w), 1460 (w), 1450 (m), 1380 (m), 1305 (w), 1200 (w), 1010
(w), 860 (w), 790 (w), 740 (w) cm’'. EIMS (70 eV) m/z (rel intensity): 200 (M", 27), 198 (22), 185 (19), 183
(34), 158 (20), 157 (100), 143 (19), 142 (35), 141 (14), 128 (10), 68 (20), 28 (18); UV Amax (hexane) 220

(4.16), 291 (3.49), 304 (3_43). Found: m/z 200.1528. Caled for C, H, s M, 200.1564
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Lithium Ammmlum nyanae lceaucnon 0] O i- Dulytazulene (0)

6-t-Butyl-1,4- and 6-t-butyl-1,8-dihydroazulenes (9 and 10): To a solution of 1.00 g (5.34 mmol) of
6-t-butylazulene (8) in 50 ml of THF at 0 “C under nitrogen atmosphere was added 406 mg (10.7 mmol) of
lithium aluminium hydride in several portions. After the addition, the ice bath was removed and the mixture was
refluxed on an oil bath for 1 h. Then, the resulted reaction mixture was cooled to 0 °C and water (5 ml) was added
carefully to this mixture, which was poured into a cold 9 M hydrochloric solution (200 ml) and extracted with
hexane (3 x 50 ml). The combined organic layer was washed with brine and dried with anhydrous MgSO,.

Fvnm‘a ion of the solvent gave 0.95 g of a brown oil which was purified by chromatography (SiQ.. hexane) to
TR REA O b o ~ r MJ VAR ARIRmIVRATLY S A 22

give QAR ma (R8T af 2 mivhira of Q@ and 10 (4-1) ac a calarlace ail HNMR (T TV S =104 /¢ QW x O N

bl"v T 1LE \UJ /U} Vi Q ILHALULV VL 7 Qi L vV \“"4 ll A A VUILIVI VIO Ui, AL LNAIVIEN \\4“\«]3} V- 1.UT \D’ 7 i1 A U. L”
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1AW (8, 9nxUs), 200(q, J=00nZ, 2 nXxULl), 202(a, s=006nz, 20 xu.0) 3.0 (015, 2 N X U.8),

3.08 (brs, 2Hx0.2), 524 (t,J=68Hz, 1Hx0.8), 526 (t,/J=68Hz, 1Hx0.2),6.18(d,/J=56Hz,1 H

x0.2), 6.37 (d, J=5.6 Hz, 1 H x 0.8), 6.44 (d, J= 5.6 Hz, 1 H x 0.8), 6.50 (d, J= 5.6 Hz, 1 Hx 0.2), 6.55
(d, J=11.6 Hz, 1 Hx 0.8), 6.66 (d, J= 11.6 Hz, 1 Hx 0.2), 6.71 (d, J = 11.6 Hz, 1 H); ''C NMR (CDCl,) 3
=27.2, 27.7, 30.3, 35.0, 35.1, 43.6, 49.9, 114.0, 114.9, 126.5, 127.3, 127.6, 129.5, 129.6, 133.7, 135.2,
138.4, 139.0, 139.8, 140.6, 146.6, 147.1; IR (film) 2995 (s), 2860 (m), 1465 (w), 1365 (m), 950 (w), 840
(m), 770 (m) cm™'. EIMS (70 eV) m/z (%): 186 (M*, 33), 185 (20), 171 (15), 145 (13), 143 (12), 130 (43), 129
(100), 128 (32), 115(22), 93 (26), 77 (18), 57 (85), 41 (43), 39 (19). Found: m/z 186.1392. Calcd for C, H, ¢

led (04 \10} L0 18

M, 186.1408.

Cyclopropanation of 1,6-Dihydroazulene and its Derivatives.

General Procedure : To a solution of the dihydroazulene (15 mmol) in 50 ml of DMF at 0 °C was added 708 mg
(29.5 mmol) of sodium hydride in one portion and 2.82 g (15 mmol) of 1,2-dibromoethane dropwise. After the
addition, the ice bath was removed and the reaction mixture was stirred for 30 min at room temp. Then 10 ml of
EtOH and a saturated NH,Cl solution was slowly added to the mixture. The resulted reaction mixture was poured
into water (200 ml) and extracted with hexane (3 x 50 ml). The combined organic layer was washed with brine,
and then dried with anhydrous MgSO,. After evaporation of the solvent, the residual oil was purified by

chromatography (SiO,, hexane) to give the title compound.

1,1-Ethylene- 1,6-dihydroazulene (5): 719% yield. A colorless oil. 'H NMR (CDCl,) 8 = 1.50 (g-like, J = 3.7 Hz,
2 H), 1.66 (g-like, /= 3.7 Hz, 2 H), 2.36 (t, J= 6.8 Hz, 2 H), 5.28 (dt, J= 9.3, 6.8 Hz, 1 H), 5.30 (dt, J =
9.3, 6.8 Hz, 1 H), 5.95 (d, J=9.3 Hz, 1 H), 6.09 (d, J=5.1 Hz, 1 H), 6.50 (d, J=9.3 Hz, 1 H), 6.63 (d,J =

5.1 Hz, 1 H); "°C NMR (CDCL) & = 14.5 (t), 27.9 (1), 37.4 (s), 116.8 (d), 117.0 (d), 120.5 (d), 125.1 (d),
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131.0 (d), 138.4 (d), 141.7 (8), 146.1 (s); IR (ﬁ'u“l) 3610 (s), 2945 (m), 2860 (w), 1610 (m), 1485 (m), 1430
~ne ~an P PN BAM s N MmN e oy e s n e E N I
(s), 1395 (s), 1280 (s), 1075 (s), 1040 (b), (S), 02U (8), /80 (8), 720 (8), 69> (8), 645 (s) cm . EIMS (/0

eV) m/z (rel intensity): 156 (M*, 60), 155 (48), 141 (100), 129 (29), 128 (44), 115 (39), 102 (8), 89 (5), 7 (20),
77 (13), 64 (17), 51 (16), 39 (12). UV Amax (hexane) 236 nm (log € = 4.36), 311 (3.67). Found: m/z
156.0945. Calcd for C12H12: M, 156.0938.

1,1-Ehylene-5-isopropyl-3,8-dimethyl-1,6-dihydroazulene (15): 38% vyield.
=1.12 (d, J= 6.8 Hz, 6 H), 1.50 (m, 2 H), 1.77 (m, 2 H), 1.84 (s,

=75

=8

A colorless oil. '"H NMR (CDCl,) &
2
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—
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s), 143.4 (s), 144.5 (s), i45.1 (s), IR (film) 2960 (w), 4940 {(s), 2825 (m), 1610 (w), 1440(m), 1430
(m), 1360 (m), 1305 (w), 1195 (w), 1160 (w), 1025 (w), 955 (m), 920 (w), 840 (w), 6700 (m), 755 (w) cm'
EIMS (70 eV) m/z (rel intensity): 226 (M", 45), 221 (57), 183 (100), 168 (21), 153 (17), 141 (10), 128 (9), 115
(7), 41 (8), 39 (7). UV Amax (hexane) 209sh nm (log € = 4.05), 231sh (4.20), 238 (4.20), 298 (3.56). Found:
m/z 226.1721. Calcd for C,.H,,: M, 226.1720.

53 .8 Hz, : J . 1
12.8 (1), 14.0 (q), 20.6 (q), 22.5 (g), 30.0 (1), 35.2 (d), 36.5 (s), 1 ), 117.8 (d), 130.3 (s), 134
37.9 (

A Mixture of 1,1-Ethylene-6-t-butyl-1,4- and 1,1-ethylene-6-t-butyl-1,8-dihydroazulenes(11 and 12, 1:1): 45%
yieled. A colorless oil. "H NMR (CDCL) 8 =1.09 (s,9H), 148 (q, J=36 Hz, 2Hx 0.5), 1.51 (g, J=4.0
Hz, 2Hx05), 161(g, J=36Hz, 2Hx05), 1.64(q, J=36Hz, 2Hx05), 224, J=66Hz, 2 Hx
G.5), 2.68 (d, /=68 Hz, 2ZHx0.5), 5.13 (t, /J=6.6 Hz, 1 Hx 0.5), 530 (1, /= 6.8 Hz, 1 Hx 0.5), 599 (d, J
=54Hz, 1Hx 0.5), 6.19(d, J=12.0Hz, L Hx 0.5), 6.19(d, J=5.2 Hz, l Hx 0.5), 6.40 (d, J=5.2 Hz, |

Hx0.5), 652 (d,J=54 Hz, 1H x0.5), 657 (d, J=12.0 Hz, 1 Hx 0.5), 6.62 (dd, J=11.2, 1.2 Hz, | H x
0.5), 6.76 (d, J= 11.2 Hz, 1 H x 0.5); '*C NMR (CDCly) 8 =12.9, 13.2, 234, 27.8, 30.3, 35.1, 35.9, 36.2,
113.4, 114.7, 122.2, 127.1, 128.4, 128.7, 129.8, 130.9, 136.3, 136.4, 137.7, 141.1, 141.3, 143.5, 146.9,
147.3; IR (film) 3000 (w), 2950 (s), 2895 (m), 2860 (m), 1680 (w), 1580 (w), 1460 (w), 1390 (w), 1360 (m),
1320 (w), 1280(w) 1250 (w), 1140 (w) 1070 (w), 1030 (w), 1000 (w), 955 (m), 835 (w), 810 (w), 780 (w),
710 (w) cm’', MS (70 eV) m/z (rel intensity): 212 (M", 64), 201 (19), 187 (38), 159 (22), 157 (16), 155 (21),

4 RA%2 122 ns Ay AT &L, 2d

132 (22), 128 (23). 115 (33), 91 (32), 77 (24), 57 (100). UV/Vis Amax (hexane) 204 nm (log & = 4.12). 240sh
(4.36), 275sh (3.91), 281 (3.98), 286 (3.97), 290sh (3.91), 347sh (3.21), 360sh (2.62). Found: m/z 212.1566.
Caled for C,H,o: M, 212.1564.

Generation of 1,1-Ethylene-1H-azulenium lons.

The General Procedure for NMR Measurements : In an NMR tube was charged a solution of
1,1-ethylenedihydroazulene (30~60 mmol) in 0.7 ml of acetonitrile-d,. This tube was cooled at -20 °C with a dry
ice-carbontetrachloride bath. To this solution was added one equivalent of trityl tetrafluoroborate quickly in one
portion and the tube was capped and shaken well. Spectra of cations were measured at the same temp. and

1l. JPeLU V1 Ldtiy) LIl 11ltao af

ar
Iyy NMR and ‘3C erpaten

4-Tricyclo[5.5.0.0" “Idodeca-5,7,9,11-tetraenium Ion (7): An acetonitrile-d, solution of 1b in an NMR tube was
prepared as described above and allowed to stand in a refrigerator at O °C for 12 hr. Then, NMR spectra were
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{d,./=5.0nz 1n), 8.98{m, 30, ¥.15 (i1, 2 1); C NMR (CU, N, U ) o= 2Zo.U (i), 53.1 (i), /4.2 {5)
140.9 (d), 147.6 (d), 148.0 (d), 152.0 (d), 152.7 (d), 154.2 (d), 155.9 (d), 168.0 (s), 171.8 (s)

1,1-Ethylene-5-isopropyl-3,8-dimethyl- 1 H-azulenium Tetrafluoroborate (1d); To a solution of 193 mg (854
mmol) of 16 in 6 ml of acetonitrile at -20 °C was added 282 mg (854 mmol) of trityl tetrafuloroborate in one
prtion. After being stirred at -20 °C for 10 min, 30 ml of Et,O was added to the reaction mixture. Greenish-
vellow crystals formed were collected by quick suction filtration and washed well with Et,O to give 155 mg

(58% yield) of 1d. M.p. 150 °C (dec.). "H NMR (CD,CN) & = 1,45 (d, J=6.8 Hz, 6 H), 2.38 (dd, J=8.8, 4.9
He 2 HY D AR (e HY 2727 (¢ T HN QA (dd T=282 A0 H>» Y7HY 2A4AR fhant I=AR H> 1 HY 770 (hre
14, & X3)y &0 Dy Ih)y &OJ \Oy J Ah)y, £.7T\UlU, v = U.Uy TvJ Lhisy & A1)y J.T0 \LVpLy v = UG 1h&y L KL), 1.4F \ULS,

2
Hz, 1 H), 8.61 (d, J= 1.9 Hz, 1H); "C NMR (CD,CN) § = 13.7, 18.6,

~ -

23.7, 24.6, 40.0, 42.2, 139.9, 140.2, 145.1, 149.3, 157.4, 160.3, 167.1, 167.5, 170.5; IR uu:m 2943 (m),
2855 (w), 1595 (w), 1520 (m), 1440 (w), 1405 (w), 1300 (m), 1200 (w), 1050 (brs), 970 (m) em’. UV Amax
(CH,CN) 246 nm (log £ = 4.48), 293 (4.56), 351sh (3.56), 370sh (3.83), 387 (3.98). FABMS m/z (rel
intensity): 225 (C,,H,,", 100), 224 (6), 211 (14), 183 (4), 179 (5), 165 (7), 154 (4), 152 (4), 136 (4), 115 (3),
91 (5), 77 (4). EIMS m/z (rel intensity): 226 (C,,H,,"+H, 67), 225 (C,.H,,", 5), 211 (100), 198 (14), 183 (10),
152 (7), 141 (3), 128 (3), 115 (3). Found: m/z 226.1719. Calcd for C,,H,,: M, 226.1722. Found: m/z

225.1661. Calcd for C,;H,: M, 225.1643. It did not give the satisfactory result of combustion analysis probably

Reactions of 1,1-Einylene-1H-azulenium {ons wiih Nucieophiles.

General Procedure : Trityl tetrafluoroborate (1.0 mmol) was added in one portion to a solution of
1,1-ethylenedihydroazulene (1.0 mmol) in 10 ml of acetonitrile at — 20 °C. After the mixture was stirred at the
same temp. for 10 min, ten equivalents of a nucleophile either in solution with an appropriate solvent or without
a solvent was added. After the addition, the bath was removed and the reaction mixture was gradually warmed to
room temp. The resulted mixture was poured into water (50 ml) and extracted with dichloromethane (3 x 30 ml).
The combined organic laver was washed with brine and dried with anhydrous MgSO,. After evaporation of the
solvent, the residunal oil was purified by chromatography to give triphenylmethane (95~99%) as colorless crystals
and the addition product.

2-(I-Azuiyi)ethyiaicohoi (1 I)“ 83% yieid. A biue oil. 'H NMR (CDCl,) 6=1.49 (s, 1 H), 3.37 (1, /=6.3 Hz,
2H),399(,J=63Hz,2H), 7.13 (t, J=9.8 Hz, 1l H), 7.15 (t, J= 9.8 Hz, 1 H), 7.38 (d, J=3.7 Hz, 1 H),
7.59 (t,J =9.8 Hz, 1 H), 7.85 (d, J= 3.7 Hz, 1 H), 8.30 (d, J=9.8 Hz, 1 H), 8.36 (d, J=9.8 Hz, 1 H); ''C
NMR (CDCL) 8 = 31.0, 63.9, 117.0, 121.9, 122.5, 126.5, 133.7, 136.6, 136.9, 137.4, 137.7, 140.9.

2-{1-(6-t-butyl)azulyl}ethanol (18): 31% yield. A blue oil. 'H NMR (CDCl,) & = 1.45 (s, 9 H), 1.68 (bs, 1 H)
3324, J=63Hz 2H), 395(t, J=63 Hz, 2 H), 727 (d, J=3.7 Hz, 1 H), 7.28 (dd, /= 10.2, 1.8 Hz, 1
HY 732 (4dd IT=1072 18 THY 772(4d IT=A7 H7z 1 Y 8772744 IT—=1092Hs THY I 44 JT— 107
ARJy & rddu \Navay W RNy 1 e ;uu, 1 ERjy deid \Nay v el KRéiy 1 ALJy Urdndw \Mby o AN Kadly L1fy, U.eU \Uy v — 1VU.L
. 1 . 3. anuan V& -12n18 1210 28& €10 114 12019 130 E 179 € 1277 128 £ 1257
1L, 1 1), nxvu\ \\,1)\,14} O = JvU.0, J1.7, J50.0, UI.7, 11044, 14LU.L, 14U 0, 1400, 134/, 1D3D.0, 130.7/,
136.4, 139.5, 161.5; IR (film) 3340 (br), 3055 (w), 3025 (w), 2950( ), 2860 (w), 1580 (m), 1550 (w), 1400

(m), 1305 (w), 1240 (w), 1040 (m), 840 (m), 765 (w), 715 (w) cm’. EIMS (70 eV) m/z (rel intensity) 228 (M",
5), 227 (24), 142 (24), 141 (26), 128 (19), 87 (99), 86 (100). UV/Vis Amax (hexane) 239 nm (log € = 4.18),
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272sh (4.61), 278 (4.67), 283sh (4.63), 298sh (3.66), 320sh (3.66), 320sh (3.31), 330sh (3.45), 346 (3.48),
5 (3.63), 361 3.42), 5349‘11 (2 16), 55 583 (2.41) 606 (2.49), 632 (2.42), 663 (2.43), 695

2-[1-(5-Isopropyl-3,8-dimethyl)azulyl)ethanol (19): 21% yield. A blue oil. 'H NMR (CDCL)) 6=133(d, J=
6.8 Hz, 6 H), 2.61 (s, 3H), 297 (s, 3 H), 3.01 (t, /=68 Hz, 2H), 392 (t,/J=6.8 Hz, 2H), 685 (d, J =
10.5 Hz, 1 H), 7.27 (d, J = 10.5 Hz, 1 H), 7.48 (s, 1 H), 8.07 (s, 1 H); *C NMR (CDCl,) 6 = 12.8, 24.6,

27.1, 34.4, 37.6, 64.8, 123.5, 124.5, 126.5, 132.9, 133.4, 134.7, 137.9, 139.1, 140.0, 145.2; IR (film) 3320
(br), 2955 (m), 1700 (w), 1650 (m), 1540 (w), 1460 (m), 1360 (w), 1320 (w), 760 (w) cm”'. EIMS (70 eV) m/z
(rel intensity): 242 M, 17), 212 (15), 211 (100), 209 (16), 195 (12), 165 (25), 141 (7), 128 (5), 120 (6), 110
(16), 78 (13). UV/Vis Amax (hexane) 245 nm (log € = 4.18), 287 (4.41), 305 (4.00), 352 (3.56), 369 (3.50),
619 (2.35), 676sh (2.23), 747 (1.73). Found: m/z 242.1676. Calcd for C,,H,,0: M, 242.1669.

1-(2-Methoxyethyl)azulene (20): 31% yield. A blue oil. "H NMR (CDCl,) 8 = 3.33 (t, J= 7.4 Hz, 2 H), 3.35 (s,
3H), 3.67 (td, J= 7.4, 1.5 Hz, 2 H), 7.01 (t, J= 9.8 Hz, 1 H), 7.04 (t, J = 9.8 Hz, 1 H), 7.30 (d, /= 3.9 Hz,
1 H), 7.47 (d, J = 9.8, Hz, 1 H), 7.79 (d, J = 3.9 Hz, 1 H), 8.19 (d, J=9.8 Hz, 1 H), 8.26 (d, J= 9.8 Hz, 1
H); ’C NMR (CDCl,) 8 =27.9, 58.6, 73.6, 116.8, 121.5, 122.2, 127.0, 133.3, 136.2, 136.3, 137.2, 137.3,
140.6; IR (film) 3010 (w), 2915 (w), 1575 (s), 1430 (m), 1390 (s), 1295 (w), 1190 (s), 1110 (s), 960 (w) 940

. +
770 (m 1 mtensﬁy): 186 (M, 15), 142 (12), 141 (1
T

...... \ 1n 1
v

SN W
), 88 J. UV/Vis Amax (hexane) 2

~ PN ~

(4.84), 277 (4.98), 281sh (3.97), 296sh (3.91), 319sh (3.41), 326sh (3.61), 334 ,
(3.62), 533sh (2.36), 554sh (2.53), 578 (2.59), 602 (2.68), 627 (2.61), 692sh (2.27), 728 ( .24). Found: m/z
186.1027. Calcd for C,,H,,0: M, 186.1044. The yield was improved to 77% when addition of 10 equiv. of
methanol with 2% of trifluoroacetic acid was used.,

2-(1-Azulyl)ethyl acetate (21)": 83% yield. A blue oil. '"H NMR (CDCl,) & = 2.03 (s, 3 H), 3.40 (1, J = 7.3
Hz,2H),437(, J=73Hz 2H),7.08 (t, J=9.8 Hz, 1 H), 7.12 (t, J=9.8 Hz 1H), 7.33 (d, J=3.9 Hz, |
H), 7.54 (td, J=9.8, 0.5 Hz, 1 H), 7.80(d, J=3.9Hz, 1 H), 825(dd, J=9.3, 0.5 Hz, | H), 830 (4, J=9.3
Hz, 1 H); '’C NMR (CDCl,) § = 21.0, 26.9, 65.1, 116.8, 121.8, 122.5, 125.6, 133.3, 136.4, 136.5, 137.2,

137.5, 140.9, i71.1.

N, N-Diethyl-N-2-(1-azulyl)ethylamine (22): 67% yield. A blue oil. "H NMR (CDCL))8=099 (t, J=7.1 Hz, 6
H), 2.58 (q, /= 7.1 Hz, 4 H), 2.74 (t, J= 7.6 Hz, 2 H), 3.15 (t, J = 7.6 Hz, 2 H), 7.07 (t, J =9.8 Hz, 1 H),
7.10 (t, J=9.8 Hz, 1 H), 7.31 (d, J = 3.7 Hz, 1 H), 7.55 (t, J=9.8, Hz, 1 H), 7.80 (d, J=3.7 Hz, 1 H), 8.25
(d, J=9.8 Hz, 1 H), 8.32 (d, J= 9.8 Hz, 1 H); °C NMR (CDCl,) 8 = 12.6, 25.9, 47.7, 55.5, 117.7, 122.3,
123.0, 130.6, 134.5, 136.8, 137.2, 138.3, 138.4, 141.5; IR (film) 2960 (s), 2920 (m) 2780 (w), 1575 (m),

/-\ f-\"

41) 606 (2.49), 632 (2.42), 663 (2.43),
695 (2.08), 735 (2.04). Found: m/z 227.1673. Calcd for C]ﬁHZIN: M, 227.1724. Hydrochloric acid salt; Blue
leaflets, m.p. 140-142 °C. Found: C, 72.38; H, 8.30; N 5.52%. Calcd for C,H,,CIN-0.1H,0: C, 72.35; H,



6094 M. Oda et al. / Tetrahedron 55 (1999) 6081-6096

QAN NI £ "!‘701
Q. Fiy Iy Jaf 7/

C

2-(1-Azulyl)ethyl phenyl sulfone (2 3): 28% yield. Blue leaflets, m.p. 92 - 94 °C. '"H NMR (CDCl,) & = 3.50 (m,
4H), 7.105 (t, J=9.8 Hz, 1 H), 7.111 (t, J=9.8 Hz, 1 H), 7.26 (d, /=4.0 Hz, 1 H), 7.55 (m, 3 H), 7.65 (m,
2H), 7.95 (d, J= 7.6 Hz, 2 H), 8.13 (d, J = 9.6 Hz, 1 H), 8.24 (d, /= 9.2 Hz, 1 H); "CNMR (CDCl,) § =
20.6, 57.3, 116.9, 122.2, 122.9, 124.8, 128.0, 129.3, 133.0, 133.6, 135.7, 136.4, 136.8, 137.8, 139.1,
141.5; IR (film) 3000 (w), 1580 (s), 1450 (s), 1400 (s), 1300 (s), 1200 (w), 1150 (s), 1120 (s), 1085 (m), 1070
(m), 985 (w), 89 (W), 550 (s), 520 (s) cm'. EIMS (70 eV) m/z (rel intensity): 296 (M*, 11), 155 (26), 154
(100), 153 (63), 152 (18), 141 (25), 77 (26), 51 (10). 1UV/Vis Amax (MeOH\ 213 nm (l(w £ =4725), 238
(4.18), 274sh (4.59), 278 (4.65), 282sh (4.61), 319sh (3.24), 333 (3.46), 343 (3.61), 358 (3.35), 553sh

. M AN ENY (N ALY LTAL /D AN LA Y ALY 711 /1 A\ 'l"?.... e PO o B o Nie o DUNR & SRR B <o 75/ 4 A £
74810 L4941}, OF03 (£L.F90), ULH4DI (L.944), U0 L.47), [11 \(1.09). TOULIU. L, 14,10, 11, J.0/70. \,KLILU 101
/

2-(1-Azulyl)ethyl phenylsulfinate (2 4): 19% yield. A blue oil. 'H NMR (CDCL,) & = 3.40 (m, 2 H), 3.92 (dt, J =
10.0, 7.2 Hz, 1 H), 3.42 (ddd, J= 10.0, 7.8, 6.6 Hz, 1 H), 7.06 (t, J= 10.0 Hz, 1 H), 7.09 (t, J= 10.0 Hz, 1
H), 7.31 (d, J = 3.6 Hz, 1 H), 7.43 (m, 4H), 7.54 (m, 2H), 7.72 (d, J= 3.6 Hz, 1 H), 8.14 (d, J= 10.0 Hz, 1
H), 8.25 (d, J=9.6 Hz, 1 H); 'C NMR (CDCl,) § = 28.2, 65.3, 116.8, 121.9, 122.5, 124.3, 125.2, 128.9,

131.9, 133.3, 136.4, 1366 137.3, 137.5, 140.7, 144.5; IR (film) 3050 (m), 2950 (m), 1735 (w), 1580 (s),
1835 (w), 1510 (m). 1445 (). 1305 (g}, 1370 (w). 1300 (m), 1245 (\xr\ 1220 (w), 1130 (g). 1080 (im) 1065
LSS \FY gy A AN Naadyy ATVT \OJy 4SS0 (O AT VY g AU (ARdyy ST (Y 1220 Qw), 1220 (8), 1080 (m), 1000
Loy 1TNAKR (Y 1IN (2 QAN (2 QAN TE o TEN N TAN () NN e\ nm‘l TRAC /TN o\ feal
Ull), 1Uso (W), 1uay (W), 79V {d5), oLV \ul), 1IJ \3), 1IU3), 17U (D), /wu\d) Cill . iV (v v nu(, [§1e
intensity): 296 (M", 9), 155 (21), 154 (76), 153 (17), 142 (13), 139 (6), 125 (7), 115 (14), 104 (8), 77 (16), 76

(10), 64 (5), 51 (8). UV/Vis Amax (hexane) 239 nm (iog € = 4.21), 274sh (4.60), 278 (4.65), 282sh (4.61),
320sh (3.23), 334 (3.44), 330sh (3.45), 344 (3.60), 358 (3.30), 553sh (2.33), 573sh (2.40), 597 (2.46), 615
(2.42), 649 (2.38), 717 (1.93). Found: m/z 296.0894. Calcd for C, H,,0,S: M, 296.0871.

Reaction of 1,1-Ethylene-1H-azulenium Tetrafluoroborate with Sodium Methoxide: To a solution of 68.0 mg
(436 mmol) of § in 7 ml of acetonitrile at - 20 °C was added 144 mg (436 mmol) of trityl tetrafluoroborate in one

portion. After the mixture was stirred at the same temp. for 10 min, two equivalents (47.0 mg, 872 mmol) of
added dAronwica After hninn ctirrad at _ ')ﬂ C foar AN min ot N °C

cnrhnm mnﬂ\n\ndn II’I 7 4 ml Af mathannl wae
3G He) n 2.4 M O Maetnant: was agaea GIOPWISC. AL o2inng Sulitld 4t A0 SVIONIDG, v o
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for 1 h and then at rooim temp. for 30 min, reaction mixtire was poured into water {100 ml) and exiracied with
Et,0 (3 x 30 mi). The combined organic iayer was washed brine and dried with anhydrous MgSO,. After
evaporation of the solvent, the residual oil was distilled with a Kugelrohr apparatus (45 °C, 0.05 Torr) to give
39.0 mg (48%) of a mixture of the addition product, which contained 2 § as a major component, as a colorless oil.
EIMS m/z (rel intensity): 186 (M", 17), 170 (7), 154 (5), 141 (100), 129 (31), 128 (13), 115 (16). UV/Vis Amax
(hexane) 234 nm (log £ = 4.28), 268sh (3.84), 273sh (3.95), 279 (4.01), 283 (4.00), 290sh (3.84), 298 (3.64),

307sh (3.60), 344sh (3.23), 360 (2.82). Found: m/z 186.1052. Calcd for C,,H,,0: M, 186.1044.

Arid Catalvzed Rearranoemont nf 28 To
L0 LLGHIEG REGITGREETREN O &2 10

"w
e
:

tion IR S m mol) of 28 in § ml of methananl wac added
fion I 0 m nol) ot Z2 1r methanol was aggaed

11: o7 xam Ui

0.01 ml of trifluoroacetic acid. The reaction mixture immediately turned to blue. After being stirred at room temp.
for 30 min, the mixture was poured into a saturated NaHCO, aqueous solution and extracted with Et,O (3 x 10
ml). The combined organic layer was washed with brine and dried with anhydrous MgSO,. After evaporation of

the solvent, the residual oil was purified by chromatography (SiO,, hexane : AcOEt = 8:2) to give 15.3 mg (83%)
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