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suggests that the molecular aggregation is certainly occurr-
ing in water environment and a trimerization of the pro-
teolipid protein is likely forming by changing the solvent
from chloroform-methanol to water. As we know that the
main biological function of the plasma membrane proteolipid
protein is the K* jon transport, we tried to investigate the K*
ion effect to the molecular aggregation in aqueous system.
Figure 4 shows the polarization plot versus KCl concen-
tration in agueous system. Polarization value was enhanced
linearly as the K* ion concentration increases. This result is
very interesting in connection with the oligomerization state
and K* ion transport in the biological membrane. Nonethe-
less, any conclusive remarks can not be presented at the mo-
ment and further study on this subject should be carried out.
Summarizing the fluorescence spectral analysis and quen-
ching experiment, tryptophan environment is more hydro-
phobic and buried in case of the water soluble form of proteo-
lipid. Fluorescence polarization data present the strong evi-
dence for oligomerization in agueous system. In addition to
the above results, the fact that a hydrophobic interaction is
the predominant molecular interaction between the subunits
of the proteins is known in general. Upon considering the
results and the fact, we can carefully mention about the
oligomerization process and state of the proteolipid in water
as following. During the formation of the water soluble pro-
teolipid, most of the exposed domain of the protein becomes
hydrophilic to maintain the water solubility. But a certain
part of the domain keeps the hydrophobic character for the
formation of oligomer through the hydrophobic interaction.
This hydrophobic domain may contain tryptophan residue or
not. Even though tryptophan residue is located in this do-
main, it is still buried by other subunit and reveal a hydropho-
bic character after the oligomerization process. However, it
is not easy to draw the exact molecular topography of the
oligomer and more experimental evidences are required.
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2,7,7-Trimethyl-cis-1,5-dicarboethoxybicyclo[3.3.0]octan-2-0l{5) is synthesized as a synthetic intermediate for hirsutene by

use of dianion methodelogy.

Introduction

Hirsutene(1), the biogenetic precursor of coriolin(2) and
hirsutic acid(3), is a tricyclic sesquiterpene hydrocarbon
isolated from Coriolus consers.

In addition to the synthetic interest elicited by the skeletal
features of these terpenoids, there exist a number of
remarkable physiological properties associated with the
coriolin-type sesquiterpenes.” The antibiotic and antitumor

activities of coriolin and hirsutic acid dictate an efficient syn-
thetic approach to these compounds, particularly in view of
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their uncertain supply from natural sources.® Several in-
teresting syntheses have appeared to date, describing the
preparation of coriolin,* hirsutic acid® and hirsutene.®

Results and Discussion

We have been investigating a new method of cis-fused
ring annulation based on the dianion methodology.” From the
structure 1, we can derive a retro-synthetic analysis for
surveying the possible route of the dianion chemistry.
(Scheme 1).
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Scheme 1

Cis-fused configuration of 2,7,7-trimethyl-cis -1,5-dicar-
boethoxybicyclo[3.3.0]octan-2-0l{5) might be a good choice
of dianion annulation from the vicinal diester(4). Another
ting annulation with cis stereochemistry from 6 to 7 might be
achieved by Danheiser’s annulation method.? (Scheme 2).
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We decided to make 5 as a possible intermediate for the
:ynthesis of hirsutene. As shown in scheme 3, 4,4-dimethyl-
'-cyclohexenone(8) is prepared from the aldol condensation
£ isobutyraldehyde and methy) vinyl ketone with sulfuric
cid as a catalyst.” Hydrogenation of 8 gave 4,4-dimethyl-
yclohexanone(9) in 96% yield. Carboethoxylation of 9 with
iethyl carbonate and sodium hydride produced 2-carbo-
thoxy-4,4-dimethyl-1-cyclohexenol(10a) in 68% yield. The
9 NMR chemical shift at 12.22 ppm indicated the prefer-
1ce for the enol tautomer, 10a.
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Bromination of 10, followed by Favorskii rearrangement
of 11 gave 1,2-dicarboethoxy-4,4-dimethylcyclopentane(d)in
67% yield. When 1.5 equivalents of 4-chlorobutane-2-one(12)
(prepared from hydrochlorination of methyl vinyl ketone)
were added to the dianion generated from the vicinal cyclo-
pentane diester 4, the desired bicyclic alcohol § was obtained
in 21% yield. This approach to a highly functionalized cis-
fused bicyclo[3.3.0)octane skeleton leads an easy approach
to the related intermediates.

Experimental

Reported boiling points and melting points are uncor-
rected. Al NMR spectra were recorded on a Bruker 250
MHz FT-NMR using TMS as an internal standard. Mass
spectra were obtained by use of a VG MM16 mass spec-
trometer and accurate mass data were obtained by use of a
VG 7070 high resolution mass spectrometer. IR spectra were
taken on a Beckmann IR-5 spectrometer. GLC analysis were
performed using a Varian Aerograph series 2700 gas chro-
matograph equipped with 117 x 1/4%, 10% OV-17 column.
No effort was made to improve the yields.

4.4-Dimethyl-2.cyclohexenone(8). A solution of 27.2
mi(0.30 mole) of isobutyraldehyde and 16.2 m#0.20 mole) of
methyl vinyl ketone was mixed at room temperature with 0.2
m/ of concentrated sulfuric acid. The solution was warmed
cautiously to 45-50°C and maintained at that temperature by
means of occasional cooling with a coldwater bath. (Caution:
A violent reaction may result if the temperature is allowed to
exceed 65°C). The exothermic reaction subsided within
about 1 hour. The solution was then refluxed through a
Dean-Stark trap until water removal ceased(ca. 3 hours). Dis-
tillation{1.6 mm Hg) of the mixture gave 14.9 g(0.12 mole) of
clear liquid at 35-41°C(60% yield).

'H NMR(CDCly): & (ppm) 6.63(1H,d,J=10 Hz), 5.80
(1H,d,J =10 Hz), 2.42(2H,t,J =7 Hz) 1.83(2H,t,]=7 Hz), 1.13
(6H,s).

BC NMR(CDCly): & (ppm) 199.3(s), 159.6(d), 126.6(d),
35.9(d), 34.2(d), 32.6(s), 27.5(q).

MS: 124(M™), 109, 96(base), 82, 81, 77, 67, 53, 41.

HRMS: Calcd for CgH,0: 124.0888. Observed: 124.0887.

IR(neat): 2933, 1681(« , 8-unsaturated C=0), 1464, 1383,
1239, 1125, 805 cm™.

4,4-Dimethylcyclohexanone(9). 6.0 g(0.05 mole) of 8
was dissolved in 40 m? of glacial acetic acid and 0.2 g of 10%
palladium on carbon was added. The mixture was shaken
overnight under 60 atmosphere of hydrogen. The mixture
was filtered twice through florisil, and then poured into a
mixture of 200m! of water and 150m/ of ether. The acetic acid
was neutralized by slow addition of solid sodium bicarbonate,
The aqueous layer was separated and washed twice with
ether.. The ether layers were combined and dried. Concentra-
tion gave 6.0 g(0.048 mole) of prism-like needles, mp
37-39°C. Sublimation removed a small amount of residual oil
and raised the melting point to 39-41°C(96% yield).

'H NMR(CDCly): & (ppm) 2.31(4H t,] =7 Hz), 1.63(4H t,
J=7 Hz), 1.06(6H,s).

BC NMR(CDCly): & (ppm) 212.0(s), 38.9(d), 37.7(d),
29.7(s), 27.3(q).

MS: 126(M*), 111, 83, 71(base), 55, 43.

HRMS: Calcd for CgH,40: 126.1045. Observed: 126.1049,

IR(KBr): 2933, 1715(C=0) em™.
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2-Carboethoxy-4,4.dimethyl-1-cyclohexenol{10a-
). Into a 250 m{ three-necked flask was placed 5.1 g(0.11
mole) of 50% sodium hydride-oil suspension. While under
nitrogen, the solid was washed 3 times with dry toluene and
3 times with anhydrous tetrahydrofuran(solvent removed by
syringe). A solution of diethyl carbonate(12.1 m/, 0.1 mole) in
dry tetrahydrofuran(25 m#} was added dropwise and the stir-
red mixture was heated to reflux. A solution of 9(5 g, 0.04
mole) in 10 m/ of tetrahydrofuran was slowly added over 45
minutes(fast stirring was required to remove foaming).
Heating was continued for 8 hours and the flask was cooled
in an ice bath. A solation of acetic acid(40 m/) and saturated
brine(50 m/) was slowly added, followed by ether(125 mi) and
solid sodium bicarbonate. The layers were separated, and
the aqueous phase was extracted with ether(2 x 50 ml). The
combined organic layers were washed with brine, dried and
evaporated. Distillation(0.63 mm Hg) gave 5.3 g(0.027 mole)
of clear, colorless liquid at 74-80°C(68% yield).

'H NMR(CDCl3): &(ppm) 12.22(1H,s), 4.18(2H,q,J=7
Hz), 2.26(2H,t,J=7 Hz), 2.00(2H,brs), 1.42(2H,t,]=7 Hz),
1.28(3H,t,J = 7 Hz), 0.93(6H,s).

BC NMR(CDCly: &(ppm) 172.7(s), 171.Ks), 96.3(s),
60.0(t), 35.9(t), 34.3(t), 28.8(s), 27.7(q), 26.4(t), 14.}(q).

MS: 198(M*}, 183, 170, 152, 142(base), 137, 124, 113,
109, 96, 81, 68, 55, 41
HRMS: Calcd for C;,H 403: 198.1256. Observed: 198.1251.

IR(neat): 2915(br), 1653, 1616, 1282, 1235, 1205, 1070,
820 cm™.

6-Bromo-2-carboethoxy-4,4-dimethylcyclohexan-
one(11). To a solution of 4.2 g{0.021 mole) of the enol ester
10a in 15 m/ of methylene chloride was added dropwise 3.4
g(0.021 mole) of bromine at 0°C and stirred 8 hours at room
temperature, The «-bromo product was isomerized to the
7 -bromo by bubbling a stream of moisture through the solu-
tion for 1 hour. Excess hydrogen bromide was removed by
rinsing with 5% aqueous sodium bicarbonate and water. The
organic solvent was dried over anhydrous magnesium sulfate
and reduced in volume. The resulting yellow oil(6.1 g} was
used directly for the next step.

1,2-Dicarboethoxy-4,4-dimethylcyclopentane(4). To
a solution of 4 g(0.1 mole} of sodium hydroxide in 25 m/ of
ethanol and 25 m! of water was added dropwise 6.1 g of
crude bromoketo ester 11 at 0°C and stirred for 1.5 hours at
0°C, then reflux for 1 hour. The yellow slurry which resulted
was diluted with water, the ethanol evaporated at reduced
pressure and then the resulting solution was acidified by ad-
ding HCl, extracted with ether, washed with saturated brine,
dried over magnesium sulfate and reduced in volumn. Dis-
tillation(0.67 mm Hg)} gave 3.4 g(0.014 mole) of the clear, col-
orless liquid at 84-90°C(67% yield from 10a).

'H NMR(CDCly): #(ppm) 4.12(4H,q,J=7 Hz), 3.25(2H,
m}, 1.85(2H,m), 1.66(2H,m), 1.23(6H,t,] =7 Hz), 1.02(6H,s).

BC NMR(CDCly): & (ppm) 174.4(s), 60.1¢t), 46.3(d),
44.1(t), 38.9(s), 28.6(q), 13.8(q).

MS: 242(M*), 227, 197, 196, 168, 153, 139, 123, 95(base),

81, 67, 55, 41.

HRMS: Calcd for C;3H;20,: 242.1517. Observed:

242.1512.

IR(neat): 2933, 1724(C=0), 1176, 1035 cm™.

4-Chlorobutan-2-one{(12}. A methylene chloride solu-
tion of 20 g(0.28 mole) of methyl vinyl ketone was stirred at
0°C while 10.2 g of gaseous HCl were bubbled into the flask
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at a rate such that little or no HCl was detected by wet litmus
paper at the exit port of the reaction flask. The reaction was
deemed complete when HCl was evidenced above the reac-
tion(ca. 2 hours). The reaction was worked up by transferr-
ing the methylene chleride solution to a separatory funnel
and rinsing repeatedly with saturated sodium bicarbonate
solution. If this rinse procedure was omitted, the distilled
praoduct became highly colored and rapidly polymerized.
After removal of the methylene chloride in vacuo, the red-
dish residue was distilled(40-41°C at 18 mm Hg) to provide
23.7 g(0.224 mole} of colorless liquid(80% yield).

'H NMR(CDCly): & (ppm) 3.71(2H,t,] =6.5 Hz), 2.90(2H,
t,J=6.5 Hz), 2.18(3H,s).

3C NMR(CDCls): &(ppm) 204.8(s), 45.5(t), 38.0(t),
30.0{q).

MS: 108(M* + 2}, 106(M *}, 91, 71, 63, 43(base).

HRMS: Caled for C,H,OCl: 106.0185. Observed:
106.0189.

IR(neat): 1718(C=0), 1368, 1163, 727, 649 cm™.

2,7,7-Trimethyl-cis-1,5-dicarboethoxybicyclof{3.3.0]
octan-2-0l(5). A solution of 2.5 equivalents of lithium
dtisopropylamide in 50 m/! of dry tetrahydrofuran was stirred
while cooled to -78°C and 0.70 g(0.0029 mole) of the diester
4 was added slowly via syringe under nitrogen. After stirring
30 minutes, 0.46 g(1.5 eq.) of 12 was added at -78°C. The
reaction was then stirred for 24 hours at room temperature
and quenched by cautiously adding 10% aqueous HCl solu-
tion, extracted with ether, washed with saturated brine and
then dried over magnesium sulfate. This gave (.89 g of an
orange syrup which was passed through a silica gel column
(5 cm x 45 cm, 9:1 hexane:ethyl acetate) to provide 0.19
2(0.0061 mole} of the product(21% yield).

'H NMR(CDCl3): & (ppm) 4.09(2H,q.]=7 Hz), 4.07(2H,
q,J=7 Hz), 2.9-1.49H,m), 1.51(3H,s), 1.24(3H,t,]=7 Hz),
1.21(3H,t,J =7 Hz), 1.09(3H,s), 1.04(3H,s).

BC NMR(CDClY: & (ppm) 178.9(s), 173.8(s), 83.1(s),
73.0(s), 63.6(s), 61.4(t), 60.6(t), 50.5(t), 49.7(t), 40.5(t),
36.9(s), 36.8(t}, 32.7(q), 31.2(q), 23.7(q), 14.0{q), 13.9(q).

MS: 312(M™), 266, 241, 221, 195(base), 167, 149, 121,
107, 93, 79, 65, 43.

HRMS: Caled for C,;H,305: 312.1936. Observed:
312.1938.

IR(neat): 3333(-OH), 2924, 1712(C=0), 1684C=0), 1368,
1277, 1212, 1186, 1026, 911, 730 cm™.
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The hydrophobic interaction leading to the formation of ion-pair between MB*+ and TPB- was investigated spectroscopically
by varying the medium with the addition of 1,4-dioxane or urea. Beyond 0.01 mole fraction of 1,4-dioxane in water or above
2.0M urea the ion-pair appeared to be comptetely dissociated into individual ions, The jon-pair was not observed in common
organic solvents and the absorption maxima of MB* were correlated relatively well with the n*scale.

Introduction

.The visible absorption spectra of aqueous solution con-
taining methylene blue cation (MB*) and tetraphenylborate
anion (TPB") show spectral changes, especially at long wave-
lengths presumably due to the aggregation of MB* and
TPB".! The new absorption hehavior could be clearly differ-
entiated from the well-studied metachromatic effects in
methylene blue hoth in solutions of pure MB* of varying con-
centrations and in systems where the dye is adsorbed on
solid surfaces. They consist of a shift of the long wavelength
peak to a shorter wavelength. The metachromacy of aqueous
MB* solutions can be related to the formation of dimer,
(MB*),?

Since both the cation and the anion are large, univalent,
and poorly hydrated, the water structure forces the two ions
to form an ion-pair, MB-TPB, to minimize their disturbance
to itself and maximize the water-water bonding.® The op-
posite charges on the anicn and cation faciliate the associa-
tion. The ion-pairs can be associated further to produce dou-
ble ion-pairs again by the water structure as suggested recen-
tly.! The tendency of water molecules to self-associate
should be responsible for the ion-pairing. Therefore, the fac-
tors which could modify this tendency should be likely to in-
fluence the formation of ion-pairs. :

For the purpose of elucidating the nature of ion-pair for-
mation, in this paper the absorption and fluorescence emission
behaviors of MB* and TPB™ mixed solutions are reported by
varying the composition of the medium with the addition of
1,4-dioxane and urea. The addition 1,4-dioxane into water
decrease the dielectric constant of medium whereas urea in-
creases it. In addition, the effects of replacing MB* with
other cationic dyes having similar structure and of changing
water with common organic solvents were investigated.

Experimental

Chemicals. Methylene blue, thionine, and toluidine btue

(all from Merck, GR) were used as cationic sources, MB*,
Thio*, and TB*, respectively. Sodium tetraphenylborate
(MCR, GR) as a source of boron complex anion, TPB", was
dissolved in distilled water and stored in a polyethylene bot-
tle to prevent contamination from glasswares contaiming
boron. N-methylformamide (NMF), N-methylpropionamide
{(NMP), dimethylformamide (DMF), and 1,4-dioxane, from
Fluka, 1,2-dichlorethane (DCE), formamide, and pyridine,
from Junsei, and dimethylsulfoxide {DMSQ), acetonitrile,
CH,Cl; and alcohols used from Aldrich Co. were all reagent
grade. For all solutions the concentrations of MB* and TPB"~
were 1.0 x 107°M and 1.0 x 107°M, respectively.

Methods. Visible spectra were made on a Cary 17D
spectrophotometer. Fluorescence excitation and emission
spectra were recorded on a Hitachi 650-60 spectrofluori-
meter. All solutions containing MB* were stored in polyethy-
lene bottles wrapped with aluminum foil to minimize the
photodecomposition of MB*, Measurements were made at
room temperature.

Results and Disscussion

Figure 1 shows the absorption spectra of 1.0 x 10°M
MB* in water {a) and in methanol (b), and of mixed solutions
of 1.0 x 10°M MB"* and 1.0 x 10-°M TPB" in water (c) and
methanol (d). The mixed solution in water reveals a broad ab-
sorption spectrum in comparison with other spectra. Parti-
cularly, it has a considerable absorbance around 710 nm and
there exists a significant contribution near 623 nm in the
light of the decrease in absorbance of MB* at the absorption
maxtmum, 666 nm. The species responsible for the spectral
change that is present only in the mixed aqueous solution
was attributed to the aggregation of MB-TPB ion-pairs.**

Since both monovalent MB* and TPB", large and hydro-
phobic, contribute to tightening up their surrounding water,
there would be a tendency for the water structure to force
these ions into a single cavit%! in order to minimize distur-
bance of the water structure.” The tendency of water mole-



