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ABSTRACT

A new synthetic route for 1,2'-binaphthalenes was developed. 4,5,8'-Trimethoxy-2,3'-dimeth-
yl-[1,2']-binaphthalenyl-1'-ol (20) was synthesized by aryl-aryl coupling of the prefixed aryloxy-
methyl-aryl intermediate followed by reductive cleavage of the ethereal bridge. Compound 20 was
further oxidized with Fremy’s salt to give 4,5,8'-trimethoxy-2,3'-dimethyl-[1,2']-binaphthalenyl-
1',4'-dione (21). Preliminary studies showed that compound 21 was active against Leishmania
mexicana (LV78) promastigotes, but was inactive against the cell growth of a variety of human tu-

mor cell lines.

Key words: 1,2'-Binaphthalenes; 1,2'-Bisnaphthoquinones; Synthesis; Antileishmanial activ-

ity; L. mexicana; Promastigote.

INTRODUCTION

Nature provides a vast number of biaryl prod-
ucts with great structural diversity. Among biaryl
products, various binaphthalenes, binaphthoqui-
nones, and naphthyl-isoquinolines, which fre-
quently bear an axially chiral conformation, have
been isolated from microorganisms and higher
plants that exhibit potent biological activities."?
For example, (-)-isodiospyrin (1) bearing an un-
symmetrical 1,2'-binaphthoquinoid chromophore
was isolated from the roots of Diospyros and Euclea
species.’” Diosgyrin (2), a 1,1'-binaphthoquinoid

derivative, was obtained from Diospyros montana
Roxb.%” 2,2'-Binaphthalene derivative, gossypol
(3), was isolated from Gossypium species® and has
been studied as a male antifertility agent in China.
The two representative naphthyl-isoquinoline alka-
loids, ancistrocladine (4) and dioncophylline A (5),
were found in lianas of the genera Ancistrocladus’

and Triphyophyllum peltatum,'®"

respectively.
The latter has been found to have fungicidal,'® in-
sect growth retarding and antifeedant activity,"
and, in particular, activity against malaria para
sites.'

The naturally occurring quinonoid compounds
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have attracted our attention, since these agents of-
ten act a vital links in one-electron transformation
and thus produce pronounced cytotoxicity and
other biological activities.? Of these derivatives,
(-)-isodiospyrin (1) and its monomer, 7-methyl-
Jjuglon (7) were revealed to have potent antitumor
activity against human KB epidermic carcinoma,
A-549 lung carcinoma, HCT-8 and Co-115 colon
carcinoma cells in vitro.'>'® Isodiospyrin is also a
dual DNA topoisomerase I and II o inhibitor.'” The
inhibition of the catalytic activity of human topo-
isomerase I by isodiospyrin is 10-fold more potent
as compared to camptothecin,'’ a potent antineo-
plastic natural product and topoisomerase I inhibi-
tor."® The isomer, diospyrin (2), was also cytotoxic
to several human tumor cell lines in culture.'” Ray
et al. reported that diospyrin significantly inhibited
the growth of Leishmania donovani promasti-
gotes.”” This agent also inhibited the catalytic activ-
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ity of DNA topoisomerase I of the parasite and in-
duced DNA topoisomerase I-mediated cleavage in
vitro, suggesting that the binaphthoquinonoid de-
rivatives exert their inhibitory effect by binding to
the enzyme and stabilizing the Topo I-DNA cleav-
able complex. However, diospyrin did not inhibit
topoisomerase Il of L. donovani and required much
higher concentrations to inhibit calf thymus topo-
isomerase I. Based on the biological properties of
isodiospyrin and diospyrin, they can be exploited
for rational drug design to develop new anticancer
agents or drugs against human leishmaniasis.
Leishmania species are kinetoplastide proto-
zoa obligatbry intracellular parasites that are re-
sponsible for a wide spectrum of diseases, ranging
from local, self-healing skin ulcers (cutaneous,
leishmaniasis) to visceral leishmaniasis (VL), in
which infection is located in the spleen and liver.?!
VL is invariably fatal if not treated. These diseases
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have ~1.5 - 2 million new cases and 350 million
people are at risk.”> Although a new drug formula-
tion of amphotericin B (liposome form) has proved
to be effective, it remains out of reach for most pa-
tients because of its high cost.”* On the other hand,
miltefosine, currently used for its antileishmanial
properties (clinical trial in phase III in India), was
the first highly efficient oral treatment against
VL.* Unfortunately, current therapies are inade-
quate since the resistance to miltefosine has already
been observed due to interaction with P-gp.”* Re-
search on new antileishmanial drugs is still neces-
sary for the treatment of this disease. During the
course of developing a synthetic route for 1,2'-bi-
naphthoquinoid derivatives, we found that the
product 4,5,8'-trimethoxy-2,3'-dimethyl-[1,2']-bi-
naphthalenyl-1',4'-dione (21) exhibited potent anti-
leishmanial effects. In this paper, we described a
novel synthetic route for [1,2']-binaphthalenyl-
1',4'-dione (21).

RESULTS AND DISCUSSION

The first synthesis of the 1,2'-binaphthoqui-
none derivative, isodiospyrin (1) and related com-
pounds, was achieved by Laatsch.?® Racemic iso-
diospyrin was obtained in low yield (8%) together
with 5,5'-dihydroxy-7,7'-dimethyl-6,6'-binaphth-
yl-1,4:1',4'-diquinone (13%) by oxidative coupling
of 3-methyl-5,8-dimethoxy-3-methyl-1-naphthol.
Apparently, the oxidative dimerization of 1-naph-
thol occurs through a C1-C2' and C2-C2' coupling
and lacks regioselectivity. Later, Baker and co-
workers prepared isodiospyrin (1) and 8'-hydro-
Xyisospyrin (2) in 6 steps from the C1-C2' aryl-aryl
coupling of a 2-(1,4,5,8-tetramethoxynaphthalene-
2-yl)-dihydrooxazole derivative with an excess of
the Grignard reagent derived from 2-bromo-3-
methyl-1,4,5,8-tetramethoxynaphthalene via an
asymmetric synthesis of the atropisomers.?’ To de-
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velop a new synthetic approach for 1,2'-binaphtho-
quinoids, we modified the synthetic method re-
ported by Bringmann et a/.***° The known 1-hy-
droxy-8-methoxy-3-methylnaphthalene (15)*° and
4-bromo-3-bromomethyl-1,8-dimethoxynaphthale
ne (17)*' were used as the key intermediates for pre-
paring our target compound (Schemes 1 and 2).
Compound 15 was prepared from phenol in 6 steps
by following the procedure previously described
(Scheme 1).* It should be noted that compound 15
is extremely unstable and decomposed in one
month even when it was stored in the refrigerator.
Treatment of 15 with Me,SO4/NaOH/dichloro-
methane in the presence of phase-transfer catalysis
of benzyl tri-n-butylammonium chloride afforded
1,8-dimethoxy-3-methylnaphthalene (16) in almost
quantitative yield. Although, the conversion of 16
to the dibromonaphthalene 17 was described in a
communication paper,*° a detailed procedure for
preparing 17 was not available. The yield of dibro-
mo 17 varied (30 - 60%) depending on the reaction
conditions. When compound 16 was treated with
N-bromosuccinimide (NBS, 4 equivalents was re-
quired) and 2,2'-azobisisobutyronitrile (AIBN) in a
large amount of solvent (dry cyclohexane), dibro-
mo 17 was obtained in yields of 55 - 60% by irradia-
tion. Occasionally, the reaction was not completed
and the monobromo products (bromination oc-
curred either on the aromatic ring or methyl group)
were detected from the reaction mixture by NMR
spectral analysis. If this is the case, the reaction
mixture must be filtered to remove solid by-prod-
ucts and the monobromo intermediates isolated
from the filtrate were retreated with NBS/AIBN
and irradiation to give the desired dibromo 17.
Compound 17 was purified by column chromatog-
raphy and then reacted with naphthol 15 to give the
prefixed naphthalenyloxymethyl-naphthalene 18 in
good yield in a mixture of dichloromethane and IN
NaOH in the presence of phase transfer catalyst
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Scheme 1

H H o Me O OMe

Ny b éiﬁ O <
+ —_— R —_— e ‘

8 9 10 11 12 13
l s

OMe OMe
OMe OMe OMe OH Me
SO YRR U
o 9@ 9@
Br 0
17 16 15 14

Reagents and conditions: a: DCC/E%N/THF, reflux, 3 hthenr.t., 24 h, 60 %; b: A]Cl3/NaCl, 220-230°C, 37-40 %;

c: Me2 SO4/NaOH, CHzClz/H20, benzyltri-n-butylammonium chloride, r.t., 3 h, 100 %; d: MeMgI/EtZO, 0°Cthenrt. 1.5h, 84
e: KMnO4/NaIO4, r.t, 6 days, 77 %; f: 0.2N KOH/MeOH, r.t., 25 min, then HC, 70 %; g: MezSO4/NaOH, CH2C12/HzO,
benzyltri-n-butylammonium chloride, r.t., 3 h, 80 %; h: NBS/AIBN, IR irradiation, reflux, 4 h, 60 %.

Scheme 2
OH OMe OMe OMe
a Br
== MeO
* O  OMe
Me CH,Br MeO
Br

15 17

-
L S
O OMe
MeO OH OMe MeO
20

19

21

Reagents and conditions: a: IN NaOH/CH;,Cly/PhCH,N(n-C4Hg)5Cly, 1t., 6 h, 77%: b: Pd(PPh;)Cl,/NaOAc/DMA, 130 °C, 3 h, 70%;
c: Li(CgHs),/THF, -100 oC, 1.5 h, 60%; d: Fremy's salt/K,HPO4/TBAB/CH,Cly/H,0, r.t., 18 h, 97%.

[PhCH,N"(n-C4H;);]CI". The ether 18 was then intramolecular C-C-coupling by treatment with bis-
converted into the pentacyclic 19in 70% yieldvia  (triphenylphosphine) palladium dichloride/NaOAc
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in N,N-dimethylacetamide at 130 °C for 2 h. Re-
cleavable ring opening of 19 to the desired 1,2'-di-
naphthalene 20 in 60% yield was achieved by treat-
ment with lithium-biphenyl adduct® in dry THF at
-100 °C for 2 h. Compound 20 was further oxidized
to 1,2'-binaphoqunoid 21 in high yield by Fremy’s
salt in a two-phase system (H,O/CH,Cl,) under the
catalysis of tetrabutylammonium bromide (TBAB).

All new compounds were characterized by
spectroscopic and analytical methods. The methy-
lene protons of compound 18 appeared at 5 5.43 asa
singlet, while the same methylene protons of the
racemic pentacyclic derivative 19 had different
chemical shifts and appeared at 8§ 4.87 and 5.27
(each 1H, d, J=12.6 Hz). The protons of the methyl
function in compounds 18 and 19 appeared at § 2.46
and 2.31, respectively. In comparison to the chemi-
cal shifts of the methyl group of 15, 16, and 20 by
NOESY experiment, the methyl at 6 1.97 was as-
signed to C3-Me of the 1-methoxynaphthalene
fragment in 20, since irradiation of the methyl
group enhanced the intensity of the singlet at § 7.33
(C4'-H). Similarly, irradiation of the methyl func-
tion at 6 2.18 increased the signal of the aromatic
proton at & 6.89, suggesting that the methyl group
was located at the C3' position of the 1-naphthol
fragment in 20. In addition, the irradiation of the
doublet at & 7.44 affected the triplet signal at § 7.35,
also indicating that this set should have a comple-
mentary doublet in the higher field. So, when the
doubletatd 6.77 was irradiated, enhancement of the
triplet at 7.35 confirmed its closeness to the previ-
ous set of protons of the naphthol half. When the
doublet at & 6.80 was irradiated, the triplet at 7.18
was affected. The deshielded proton with a signal at
8 6.89 belongs to the same set of protons as con-
firmed by irradiation of the methyl signal at § 1.97
when the NOE on the C4'-H singlet and a cross peak
at 0 6.89 were observed.

Although diospyrin has previously been re-

Chin. Pharm. J. Vol. 55, No. 4, 2003 251

ported to be active against L. donovani promasti-
gotes,> Yardley et al.** found that the natural prod-
uct was inactive against L. donovani amastigotes in
macrophages. The dimethyl ether derivative of di-
ospyrin, however, was more active than the parent
compound, inducing 33.4% inhibition at 10 uM.
The hydroquinoid derivatives had improved activ-
ity (73.8% inhibition at 3 pM) against intracellular
amastigotes despite showing toxicity to macro-
phages at the same concentration. The preliminary
biological studies revealed that compound 21 dis-
played significant inhibition against Leishmania
mexicana (LV 78) promastigotes in vitro. Further
evaluation of the antileishmanial effects of this
compound is required to compare with other anti-
leishmanial agents active against L. mexicana
amastigotes in macrophages. The detailed anti-
leishmanial activities of a series of binaphthoquin-
oids and anthraquinones will be published later.

As described previously, both isodiospyrin
and diospyrin exhibited potent antitumor activities.
The antitumor evaluation of compound 21, how-
ever, showed it was inactive against a variety of hu-
man tumor cells in culture.

CONCLUSIONS

A new derivative of 1,2'-binaphthoquinoid,
namely 4,5,8'-trimethoxy-2,3'-dimethyl-[1,2']-bi-
naphthalenyl-1',4'-dione (21), was synthesized by
C-C-coupling of the prefixed binaphthyl methyl
ether 18 followed by oxidation with Fremy’s salt.
The method described in our paper allows smooth
synthesis of the 1,2'-binaphthalene derivative.
However, an asymmetric synthesis of the atropiso-
mers of 1,2'-binaphthalenes cannot be achieved.

As described previously, isodiospyrin was
more cytotoxic than diospyrin to several human tu-
mor cells in vitro. For inhibition of topoisomerase I,
isodiospyrin was also more potent than diospyrin. It
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clearly suggests that the position of the quinone
moiety in the molecule of both agents may be im-
portant for their cytotoxicity. Recently, Oliveira-
Brett ef al.®® studied the reaction of the antitumor
B-lapachone, which bears a 1,2-naphthoquinone, in
the presence of L-cysteine and 2-mercaptoethanol.
They suggested that the antitumor mechanism of
B-lapachone could be explained via interaction
with Topo 1. It was clearly demonstrated that thiol-
containing enzymes, such as topoisomerases, might
attack the quinone moiety via Michael addition.
The four carbonyl functions in isodiospyrin are lo-
cated at the C5, 8, 5', and 8' positions of the 1,2'-
binaphthlene chromophore, while the carbonyl
groups in diospyrin are located at the C1, 4, 5', and
8' positions. On the basis of these observations, iso-
diospyrin can more readily undergo nucleophilic at-
tack of thiol-containing enzymes than diospyrin
since there is less steric hindrance for the Michael
addition. Additionally, early studies on the electro-
chemical characteristics of diospyrin also sug-
gested that the antitumor and antileishmanial prop-
erties of this natural product may result from a fac-
ile electron-transfer mechanism via redox cy-
cling.’® Consequently, it can explain why com-
pound 21, which bears only one naphthoquinone
chromophore, has no antitumor activity. Neverthe-
less, the current study revealed that compound 21
was shown to have potent antileishmanial activity.
The results suggest that 1,2'-binaphthoquinoids
having two naphthoquinone chromophores located
at the position similar to isodiospyrin may be neces-
sary for their antitumor and antiparasitic activity.

EXPERIMENTAL

THF and ether were freshly distilled from so-
dium/benzophenone. Dimethylacetamide was
distilled over CaH,, and c-hexane was dried over
the molecular sieves 3A. Other materials were used
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as received from commercial suppliers. Melting
points were determined on a Fargo melting point
apparatus and are uncorrected. Column chromatog-
raphy was carried out over silica gel G60 (70-230
mesh, ASTM, Merck). Analytical and preparative
thin layer chromatography was performed on pre-
coated silica gel G60 F 254 (Merck) plates with
short wave length UV light for visualization. Ele-
mental analyses were done on a Heraeus CHN-O
Rapid instrument. '"H NMR spectra were recorded
on a Brucker AMX-400 and AMX-500 spectrome-
ters with Me4Si as internal standard. '"H NMR as-
signments for new compounds 19 - 21 were con-
ducted by 2D COSY experiments in standard pulse
sequences in phase-sensitive mode. NOE experi-
ments were made by means NOE difference tech-
nique, with an irradiation time of 2 s and a relax-
ation delay of 4 s.

The known compounds 10 - 17 were prepared
by following the procedures developed by Bring-
mann et al.***° However, the detailed procedure for
the synthesis of dibromonaphthalene 17 is de-
scribed in the Experimental Section.

4-Bromo-3-bromomethyl-1,8-dimethoxy-
naphthalene (17)*

Compound 16 (2.0 g, 9.8 mmol), AIBN (1.6 g,
9.74 mmol) and NBS (3.6 g, 20.2 mmol) were
mixed in dry c-hexane and the reaction mixture was
refluxed and irradiated (IR lamp, 250 W) with stir-
ring under an Ar atmosphere for 2 h. Additional
amounts of NBS (1.78 g, 10 mmol) was then added
and the reaction mixture was gently refluxed for
further 2 h. After cooling, the mixture was filtered
and the filter cake was washed with CHCl;. The
combined filtrate and washings were evaporated in
vacuo to dryness. The product 17 was purified by
column chromatography (hexane/CH,Cl,, 1:1 v/v);
2.2 g (59.6%); mp 147-148 °C (Lit.*° 144 °C); 'H
NMR (CDCl5): 8 3.98 (6H, s, 2 x OCH3), 4.80 (2H,
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s, ArCH,), 6.87 (1H, s, ArH), 6.95 (1H, m, ArH),
7.50 (1H, ¢, J = 7.7 Hz, ArH), 7.96 (1H, d, J = 8.4
Hz, ArH).

1-Bromo-4,5-dimethoxy-2-(8-methoxy-3-
methylnaphthalen-1-yloxymethyl)-naphtha-
lene (18)

A solution of 17 (955 mg, 2.64 mmol) in
CH,Cl, (5 mL) was added dropwise to a mixture of
15 (496 mg, 2.65 mmol), benzyltri-rn-butylammo-
nium chloride (400 mg, 1.28 mmol), 1N aq. NaOH
(80 mL) and CH,Cl, (80 mL) and the reaction mix-
ture was vigorously stirred for 6 h. The organic
layer was separated, washed with water, dried over
Na,SOy,, filtered and concentrated in vacuo to dry-
ness. The residue was crystallized from EtOH/
EtOAc (1:1, v/v) to afford 18, 950 mg, (77.2%); mp
181-182 °C; '"H NMR (CDCl;): & 2.46 (3H, s,
ArCHs;), 3.94 (3H, s, OCHs;), 3.97 (6H, s, 2 x
OCH;), 5.43 (2H, s, ArCH,), 6.82 (1H, m, ArH),
6.88 (1H, s, ArH), 6.93 (1H, d, J = 7.8 Hz, ArH),
7.25(2H,d,J=5.8 Hz, ArH), 7.32-7.37 (2H, m, 2 x
ArH), 7.50 (1H, ¢, J = 7.9 Hz, ArH), 7.59 (1H, s,
ArH), 7.98 (1H, d,J= 8.6 Hz, ArH). Anal. Calcd for
CysH»304Br: C, 64.25; H, 4.96. Found: C, 64.58; H,
815,

4,8,9-Trimethoxy-13-methyl-6 H-5-oxabenzo-
[e]chrysene (19)

A mixture of 18 (520 mg, 1.1 mmol), NaOAc
(140 mg, 1.7 mmol), and Pd(PPh;3)Cl, (80 mg, 0.11
mmol) was placed in a three necked flask fitted with
a condenser. Freshly distilled dimethylacetamide
(75 mL) was transferred to the reaction mixture and
bubbled with dry nitrogen for 2.5 h. The reaction
mixture was heated to 130 °C for 3 h with stirring
and then was concentrated under reduced pressure.
The residue was dissolved in CH,Cl,, washed with
water, dried over Na,SO,4 and evaporated in vacuo
to dryness. The product 18 was purified by liquid
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column chromatography (EtOAc/hexane, 1:9 v/v),
301 mg (70%); mp 208- 210 °C; 'H NMR (CDCls):
62.31 (3H, s, ArCH,), 3.99, 4.00, 4.04 (each 3H, s,
3 x OCHs3), 4.87 and 5.27 (2H, each d, /= 12.6 Hz,
ArCH,), 6.80 (1H, dd, J = 1.6, 6.8 Hz, ArH), 6.82
(1H, s, ArH), 6.85 (1H, d, J = 7.4 Hz, ArH), 7.26
(2H, m, 2 x ArH), 7.34 (1H, d, J = 6.9 Hz, ArH),
7.36 (1H, s, ArH), 7.40 (1H, s, ArH). Anal. Calcd
for C,5H,,04: C, 77.70; H, 5.74. Found: C, 77.51;
H, 5.83.

4,5,8'-Trimethoxy-2,3'-dimethyl-[1,2']bi-
naphthalenyl-1'-ol (20)

Lithium (15.0 mg, 2.16 mmol) was dissolved
in a mixture of biphenyl (140 mg, 90 mmol) and dry
THF (2 mL) under an Ar atmosphere. The resulting
blue-green lithium-biphenyl adduct solution was
then added to a solution of 19 (53 mg, 0.137 mmol)
in dry THF (2 mL) at -100 °C for 1.5 h with vigor-
ously stirring. The reaction was quenched with 5%
ag. AcOH and extracted with ether (5 x 10 mL). The
ether extracts were combined, washed with water,
dried over Na,SO, and evaporated in vacuo to dry-
ness. The product was purified by preparative thin
layer chromatography (PLC, EtOAc/hexane, 3:7
v/v); 32 mg (60%); mp 221-223 °C; 'H NMR
(CDCl3): 8 1.97 and 2.18 (each 3H, s, 2 x CH;),
4.00,4.01,4.05 (each 3H, s, 3 x OCH3), 6.77 (1H, d,
J=7.6Hz, ArH), 6.80 (1H, d,/=7.7 Hz, ArH), 6.89
(1H, s, ArH), 6.91 (1H, d, J = 8.6 Hz, ArH), 7.18
(1H, ¢, J =7.6 Hz, ArH), 7.33 (iH, s, ArH), 7.35
(1H, ¢, J =8.6 Hz, ArH), 7.44 (1H, d, J= 7.3 Hz,
ArH), 9.45 (1H, s, OH, exchangeable). Anal. Calcd
for C,5sH,404: C, 77.30; H, 6.23. Found: C, 76.95;
H, 6.12.

4,5,8'-Trimethoxy-2,3'-dimethyl-[1,2']-bi-
naphthalenyl-1',4'-dione (21)

Potassium nitrosodisulfonate (Fremy’s salt,
130 mg, wet, freshly prepared according to the
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method of Zimmer et al.®”) was added to a solution
of 20 (15.1 mg, 0.0388 mmol), dipotassium hydro-
gen phosphate (70 mg) and tetrabutylammonium
bromide (129 mg, 0.4 mmol) in a mixture of CH,Cl,
(1 mL) and water (2 mL). The reaction mixture was
stirred at room temperature for 18 h. The reaction
was monitored by TLC analysis (SiO,, EtOAc/Hex-
anes, 1:2 v/v). After all starting material was con-
sumed, the organic layer was separated, washed
with brine (3 x 0.5 mL), dried (Na,SO,) and evapo-
rated in vacuo to dryness. The product 21 was puri-
fied by PLC (EtOAc/Hexanes, 2:3 v/v); 15.1 mg
(96.8%); mp. 196-197 °C (decomp.); 'H NMR (500
MHz, CDCls, 6 ppm: 1.82 (3H, s, C3-CH3), 2.22
(3H, s, C3'-CH;), 3.93, 3.97, 4.01 (each 3H, s,
OCH;), 6.99 (1H,d,J=5.7Hz,C7'-H), 6.79 (1H, d,
J=8.0Hz,C7-H),6.78 (1H, s, C2-H),7.30 (1H, d,J
= 6.8 Hz, C5-H), 7.23 (1H, ¢, J = 6.6 Hz, C6-H),
7.71 (1H, t,J=6.5 Hz, C6'-H), 7.87 (1H, d, J= 6.3
Hz, C5'-H). Anal. Calcd for C,5H,,05: C, 74.61; H,
5.51.Found: C, 74.51; H, 5.72.
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