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MOLECULAR RECOGNITION AND DISCRIMINATION OF HYDROPHOBIC GUESTS IN WATER BY
QUATERNARY AMMONIUM CYCLOPHANES HAVING DIARYLMETHANE UNITS

Kazunori ODASHIMA,14) Hajime KAWAKAMI, Atsushi MIWA, Isabelle SASAKI, 1b) and Kenji KOGA*
Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo, Bunkyo-Ku, Tokyo 113, Japan

A series of quaternary ammonium cyclophanes, 2b~e and 4a~d, having well-defined
hydrophobic cavities rationally designed with diphenylmethane and naphthylphenylmethane units,
respectively, were synthesized and fully characterized. A systematic study on the molecular recognition
and discrimination properties of these hosts in neutral water was carried out. Whereas host 2 having
diphenylmethane units formed inclusion complexes selectively with aromatic guests, host 4 having
naphthylphenyimethane units were proved to form inclusion complexes with bulky aliphatic guests that
were not complexed by host 2.

KEYWORDS macrocycle; cyclophane; hydrophobic cavity; host-guest complex; inclusion
compound; molecular recognition; structure discrimination; hydrophobic guest

Water-soluble cyclophanes constitute a promising class of totally synthetic hosts having hydrophobic cavities to
capture organic guests in water.2) We have previously reported a series of water-soluble cyclophanes, CPmn
(1a~c,f~i), having diphenylmethane units as structural components for hydrophobic cavities.3) The hosts having C4 or
longer bridges (1b,c,g~i) showed guest inclusion properties in acidic water with marked selectivity toward aromatic
guests.3¢.0.f) Such aromatic selectivity can be rationally explained by the inclusion geometry shown schematically in
Fig. 1, based on firm evidence by X-ray crystallography3a.¢) and detailed NMR study.3b) We have also reported the
synthesis of a related host having naphthylphenylmethane units (3b) and its quaternary ammonium derivative (4b,
soluble in water at all pHs), as well as some preliminary results on the guest binding.39) In this communication we wish
to describe a systematic study on the guest discrimination properties of a series of quaternary ammonium cyclophanes
having diphenylmethane or naphthylphenylmethane units with connecting bridges of various lengths (2b~e,4) 4a~d).
The rational design of well-defined hydrophobic cavities by the use of these diarylmethane units has resulted in unique
guest discrimination in water.
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Hydrophobic Cavity for Aromatic Guests

Formed by Host 1 (Protonated Form) Having Fig. 2. Design of a Host for Aliphatic Guests
Diphenylmethane Units (Based on X-Ray by Rigid Extension of the Hydrophobic Cavity
Crystallography3a.6) and NMR Studies3b)) with Naphthylphenylmethane Units 3f)

Compounds 2b~e and 4a~d were synthesized by N-quaternizationS) of the corresponding tetraamines (1b~e,
3a~d),b) followed by ion exchange (I — CI*) and purification by repeated reprecipitation from MeOH/acetone or
MeOH/Et,0. The purity of the quaternized compounds was carefully checked by HPLC.7) Satistactory IR and TH NMR
spectra, and elemental analyses (C, H, N, Cl) were obtained for the air-dried samples®8) that were proved to be pure by
HPLC.7) The chiorides of the quaternary ammonium cyclophanes are highly soluble in water, whereas the
corresponding iodides and perchlorates are much less soluble. Complexation in water with hydrophobic guests (5~10)
by hosts 2 and 4 was examined by TH NMR.®) Host-induced upfield shifts of the guest proton signals were used as
probes of the guest inclusion.3a.b) Stability constants (Kg) of the 1:1 host-guest complexes are listed in TABLE 1.10) The
following results show interesting aspects of guest discrimination in water by these hosts.11)

(1) The formation of jnclusion complexes with hydrophobic guests was observed for all of the hosts having C4 or
longer bridges (2b~e, 4b~d), as shown by the large upfield shifts of the guest proton signals (> 1 ppm) expected
upon inclusion within the cavities of cyclophanes.32.6) On the other hand, inclusion complex formation was
negligible for host 4a having C3 bridges.12)

(2) Hosts 2b~e (QCP44~77) having diphenylmethane units showed marked selectivity toward aromatic guests (5~7),
whereas inclusion complex formation with aliphatic guests (8~10) was negligible.12) The stability constants of the
host-guest complexes by hosts 2b and 2d are listed in TABLE |. Thus, the aromatic selectivily, the most important
property of host 1,3d) was proved to be retained in the corresponding quaternary ammonium hosts.

(3) Among the aromatic guests, host 2b (QCP44) having the smaller cavity preferred 5 and 6, whereas 2d (QCP66)
having the larger cavity preferred 7. This can be explained on the basis of the steric fit between the host and guest.
Thus these hosts are capable of discriminating aromatic guests having different structures, as observed for host 1.3d)

(4) Hosts 4b~d (n=4~6), having naphthylphenylmethane units, formed inclusion complexes with bulky aliphatic guests
(8, 9) that were not complexed by host 2. On the other hand, inclusion complex formation with cyclohexanesulfonate
(10), a smaller aliphatic guest, was negligible for all of the hosts.12) Furthermore, complexation with aromatic guests
by host 4 was generally weaker than that by host 2. Thus, the inclusion ability for bulky aliphatic guests as well as
the inclination toward aliphatic selectivity was observed for the hosts designed to have rigidly extended hydrophobic
cavities by the use of naphthylphenylmethane units (Fig. 2).

(5) Of the aliphatic guests, the adamantane derivative (8) was most strongly complexed by host 4b (n = 4) and the
camphor derivative (9) by host 4¢ (n = 5). The observed discrimination of the aliphatic guests can be ascribed to the
structural fit between the hydrophobic cavity of the host and the adamantane or camphor moiety of the guest.

The systematic study described above clearly shows that the inclusion and discrimination of hydrophobic guests
in water by quaternary ammonium cyclophanes 2 and 4 are controlled mainly by the proper fit between the hydrophobic
cavity of the host and the hydrophobic moiety (aromatic or aliphatic) of the guest. Thus such a mode of molecular
recognition, so far studied systematically only with host 1 in acidic water,3d) has now been firmly extended to neutral pH
region by a series of quaternary ammonium hosts 2 and 4. Consequently, the present study confirmed the effectiveness
and versatility of diarylmethane units for rational design and synthesis of hydrophobic cavities of well-defined structure.
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TABLE |. Stability Constants of the Host-Guest Complexes with Aromatic and

Aliphatic Guests 3 " 00 -

Guest 2b (QCP44) 2d (QCP66) 4b (n=4)  4c (n=5)  4d (n=6)

5
5 1.5x 103 9.0 x 102 3.3x102 2.5x 102 3.1x102 - -
6 33x103  1.1x103  47x102  1.4x103  1.0x 103 —©—303 SO3
7 9.0 x 102 1.9x 103 3.3x102 2.0x103 9.0 x 102
8 b) b) 6.0 x 102 4.0 x 102 1.9 x 102 6 7
9 b) b) 75x101  35x102  2.4x102
) : CH,CO,
a) Ks[M] of the 1:1 complexes in water (D20) determined by TH NMR at 28
+ 2°C.1) For guests 6~10 sodium salts were used. Although the pD of
the sample solutions was not controlled, the guests are estimated to be -
mainly in the monoanionic form. 03S o
b) Negligible formation of inclusion complex.12) 8 9
(H)-so;
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~are as follows: 2,>1x 10" M; 4a, 1.1 x 102 M; 4b, 1.4 x 10-1 M; 4c, 1.1 x 102 M: 4d, 3.5 x 10-2M. The values
determined by the both methods were in good agreement.

10) The stability constants were calculated from the host-induced upfield shifts of the guest proton signals (TMS was
used as an external standard).3a.6) The non-linear curve fitting procedure with the least-squares method was
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12) Host-induced upfield shifts below the CMC of the host were much smaller (< 0.2 ppm) than expected for the
formation of an inclusion complex of moderate stability (Ks > 50 M-1).
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SYNTHESIS OF (11S)-(+)- AND (11R)-(-)-JALAPINOLIC ACIDS.. A REVISION OF CHEMICAL STRUCTURES OF
MERREMOSIDES B AND D

Hirotaka SHIBUYA, Keiko KAWASHIMA, Nam In BAEK, Norihiko NARITA, Masayuki YOSHIKAWA, and Isao KITAGAWA®

Faculty of Pharmaceutical Sciences, Osaka University, 1-6, Yamada-oka, Suita, Osaka 565, Japan

(118)-(+)-Jalapinolic acid (;&5) and (11R)-(-)-jalapinolic acid (;23) have been synthe-
sized from cyclododecanone (2) via Sharpless asymmetric epoxidation of an allylic alcohol
Qg). Since synthetic (11S)-(+)-jalapinolic acid (llf) and natural jalapinolic acid gl)
derived from merremosides were found identical in all respects including their specific

rotations, the previously proposed chemical structures of merremosides b and d, two resin-

and 15 respectively.

KEYWORDS jalapinolic acid; methyl jalapinolate; Merremia mammosa; Convolvulaceae;

resin-glycoside; Sharpless epoxidation; Horeau's method; HPLC optically active; merremoside

Resin-glycosides, which are oligoglycosides of hydroxy-fatty acids, are of current interest in regard
to their chemical and biochemical characteristics. Recently, we reported the isolation and chemical struc-

tures of two resin-glycosides named merremosides b and d from the tuber of an Indonesian medicinal plant

1)

Merremia mammosa Chois. (Convolvulaceae). In those proposed structures, the absolute configuration at

C-11 of jalapinolic acid, the common hydroxy-fatty acid aglycone, appeared to be R according to Horeau's

method.2’3)

Since the optical yields in Horeau's esterification were low and the 1IR configuration of
jalapinolic acid lacked definite proof, we have attempted to determine the C-11 configuration by synthesis.,
Here we present the synthesis of (11S8)-(+)- and (11R)-(-)-jalapinolic acid (;lg and 13a) using Sharpless
asymmetric epoxidationA) as the key reaction, and their comparison with natural jalapinolic acid gl) which
was obtained by hydrolysis of merremosides b and d.l)
Baeyer-Villiger oxidation of cyclododecanone (z) followed by methanolysis and subsequent ethoxy-
ethylation (in CH2

Phenylselenation (in THF) of ﬁ/followed by oxidative elimination (30% HZOZ’ 0°—»30°) gave an o,B-unsaturated

C12) afforded an w-hydroxydodecanoic acid derivative (ﬁ) in satisfactory yield.

ester (2) in 63% yield, which was then converted in good yield by reduction with diisobutylaluminum hydride
to an allylic alcohol Qﬁ).

Sharpless epoxidation4) using diethyl L-(+)-tartrate of the allylic alcohol gg provided (10S,118)-
29
D

-18° (c=3.1, CHC13), e.e, 92%]?) whereas the epoxidation of 6 using diethyl D-(-)-tar-
trate gave (10R,11R)-epoxide [§3, [a];7 +17° (c=2.1, CHCla), e.e. 92%], in 83% and 82% yields respectively.

epoxide [Zg, [a]

The enantiomeric excess (e.e.) in each asymmetric epoxidation was determined by lH NMR analysis (500 MHz

in CDCl3) of the respective acetates (7b and 8b) in the presence of tris[3-(heptafluoropropylhydroxy-

)

Among two epoxides, (10S,11S)-epoxide (Zs) was converted in 63% yield to (11R)-terminal epoxide (9)

methylene) - (+)-camphorato]europium (III).5

by successive treatment with diisobutylaluminum hydride, p-tosyl chloride-pyridine, and alkali (10% NaOMe-
MeOH). Grignard reaction of 9 (in THF) followed by benzoylation and acidic hydrolysis (in 95% EtOH) af-
forded (115)-diol ll-monobenzoate [10, [0,];6 +1.3° (c=0.8, CHCL,)] in 40% yield. Chromic acid oxidation
of 10 followed by diazomethane methylation and methanolysis provided methyl (118)-(+)-jalapinolate [;ép,
[a]go +0.9° (¢=0.7, CHC13)], which was further converted by treatment with aqueous potassium hydroxide to
(118)-(+)-jalapinolic acid [lla, [o.]12)7 +0.7° (c=0.9, CHC1,)] in moderate yield.

© 1989 Pharmaceutical Society of Japan

NII-Electronic Library Service



January 1989

261
1) LiAlH
2) MMTrCf/Py. HO
ROOC’\/\N\/){\N -
H OH 3) PhCOC1/Py. H 0COPh
4) p-TsOH
l R=H ( jalapinolic acid) lg
1g: R=CH,
1) NaOMe 1) LDA
c1+1c13 02) PO H,0,
p-TsOH I 74 %
2 86 % 3 93 3 ~
- ~ H
(+) ~DET EEO WOR
Ti(0-iPr)g H
t-BuOOH 70: R=H
i-Bu,AlH 83% S poac
EEOAANANANAA C00Me ——=—+ EEOQANNANAARN OH ~
80 % (=) -DET H
2 6 o 4 EED A~ A~
~ ~ t-BuOOH 5 0R
82 % H
8_9: =H
1) i-BujAlH 8b: R=Ac
benzene 1) n-BuMgCl
2) Tscl 2) PhcoCl/py.
79 ——— EEO S 3 poTson H
~  3) NaOMe H H 0COPh
63 % gl 40 % lil
1) Cro
2) CH,N, /3 /R
ROOC/\/\/\/\/)(\/\/ 84 ——p Rl/\/\/\/\/){\/\/
3) NaOMe 2 od 2
4) aq. KOH H OH R20 H
54 % 11g: ReH 12 : Ri CH ,OH, R22 =COPh
11b: R=cH, 13q: Rl—coon, R =1;
- 13b: R'=COOCH,, R“=H

merremoside b (14): R1=COCH(CH3) 20 R2=H
merremoside d (15): R1=H, R2=COCH(CH3)2

NII-Electronic Library Service



262 Vol. 37, No. 1

By a similar procedure, (10R, 11R) -epoxide (§g) was converted to (llE)—(—)—jalapinolic acid [l3a,
[a]g7 -0.8° (c=0.9, CHC13)] via (11R)-diol 1l-monobenzoate [lg, [u]§7 -1.4° (c=2.5, CHC13)] and methyl
(11R)-(-)-jalapinolate [;gp, [a]§7 -0.9° (c=1.7, CHClB)] in comparably good yields. ’

Synthetic (ll§)-(+)—jalapinolic acid (}15) and natural jalapinolic acid Ql) derived from merremosides
by hydrolysis were found to be identical with each other by comparison of their physicochemical properties
including their specific rotationms. In addition, methyl jalapinolate (la) and diol 1l-monobenzoate (lb),
which were prepared from natural jalapinolic acid (;), were also found to be identical with synthetic 11b
and 10, respectively. Thus, the absolute configuration at C-11 of jalapinolic acid gl) has been defined
as S.

Next, we applied Horeau's method to two synthetic methyl esters (;ip, %}B) and natural methyl jala-
pinolate (}5). When the sample was llb or la, the resulting 2-phenylbutanoic acid exhibited a plus sign
of specific rotation: [a]gé 40.13° (c=3.1, benzene) for 1lb or [ot]lz)6 40.18° (c=5.1, benzene) for la.

In contrast, when ;EP was submitted to Horeau's method, the sign of specific rotation of the resulting 2-

phenylbutanoic acid was minus: [OL]IZ)6

-0.19° (c=3.3, benzene). These results would suggest opposite as-—
signment to the above defined C-11 configuration. But, here again, the optical yield in each esterifica-
tion was low.

Furthermore, we have found that the 3,5-dinitrophenylcarbamates of methyl (11S5)-(+)- and (11R)-(-)-
jalapinolates (la or 1lb, and 13b) can be separated by HPLC using chiral adsorbent (SUMIPAX 0A-2100,
eluting with n—hexane:l,Z—dichloroethane:EtOH=100:20:1).

Consequently, the chemical structures of merremosides b and d now should be depicted as ;é and }3,
respectively, possessing (118)-(+)-jalapinolic acid moiety as their aglycone.

Recently, we have elucidated the chemical structures of other merremosides, a, ¢, e, f, g, hl, hZ’ and
their analogous resin-glycosides, named mammosides A, B, Hl, and H2’ which were also isolated from the same

6)

plant. The evidence for these structure elucidations will be reported in our forthcoming paper.
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