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Abstract: A convenient and simple method for the synthe-
sis of 1-methoxy-5,10-dioxo-5,10-dihydro-1H-benzo[g]isochro-
mene-3-carboxylic acid (3-(dimethylamino)propyl)amide 4c
was developed. The key step involves the easy formation of
1,3-disubstituted cyclic alkenyl ether, an important frame-
work of isochromene natural products, with a dual role Pd-
(I1) catalyst.

Naphtho[2,3-c]pyran-5,10-diones exhibit a broad range
of biological activities’™* and therefore much attention
has been paid to the synthesis of these compounds.
Pentalongin 1, dehydroherbarin 2a, and its analogues
2b,c, and compound 3 (3543R1) are these classes.>”7 On
the other hand, 1,3-disubstituted-3,4-dehydropyrano-
naphthoquinones 4a—c have been found as very effective
antitumor chemotherapeutics.? The anthracycline ana-
logues daxorubicin 5a and daunomycin 5b have been
used in the clinic to treat various cancers but they have
limited activity for solid tumors® and these agents also
induce serious side effect such as bone marrow depression
and cardio toxicity.®® ¢ It was found by Wang et al. that
the carboxamide side chain of (4b, 4c) is potentially

(1) Solis, N. P.; Lang'at, C.; Gupta, M. P.; Kirby, G. C.; Warhurst,
D. C.; David, J. P. Planta Med. 1995, 61, 62—65.

(2) Wang, W.; Li, T.; Milburn, R.; Yates, J.; Hinnant, E.; Luzzio, M.
J.; Noble, S. A.; Attardo, G. Bioorg. Med. Chem. Lett. 1998, 8, 1579—
1584.

(3) (@) Hayashi, T.; Smith, F. T.; Lee, K. H. J. Med. Chem. 1987,
30, 2005—2008. (b) Lee, H.; Hong, S. H.; Kim, Y. H. Bioorg. Med. Chem.
Lett. 1996, 6, 933—936.

(4) (@) Brimble, M. A.; Nairn, M. R.; Prabaharan, H. Tetrahedron
2000, 56, 1937—-1992. (b) Kobayashi, K.; Uchida, M.; Uneda, T.;
Yoneda, K.; Tanmatsu, M.; Morikawa, O.; Konishi, H. 3. Chem. Soc.,
Perkin Trans. 1 2001, 2977—2982.
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27, 286—287. (b) Kadkol, M. V.; Gopalokrisnan, K. S.; Narashimha-
chari, B. J. Antibiot. 1971, 24, 245—248.
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308.
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York, 1989. (b) Tsuruo, T.; Ogawa, M. Drug Resistance as a Biochemical
Target in Cancer Chemotherapy; Academic: New York, 1990.
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important in the interaction with DNA.2 Among them (4b
and 4c), 4c (BCH-2051) was the most potent analogue
identified, showing better activity in resistant cell lines.
It is active against the human varian cancer cell line
SKOVS, its P-170 glycoprotein mediated multi-drug-
resistant variant SKVLB, and the colon carcinoma cell
line HT-29.2 The activity was expressed by ICs, ratio of
SKVLB over SKOV3 and the value was 9.3 for compound
4c (BCH-2051). The value of 1Cso of compound 4c was
0.07 uM for HT-29. These results indicate that the
compound BCH-2051 is the most potent analogue.

1 (pentalongin)

Me<  .Me
OR' O

L2 i
o g QS
o} =

(o}

2a R' = Me, R? = Me (dehydroherbarin)

2bR'=H R2=H 3 (3543R1)
2cR'=H, R?=Me
O OMe O OH 0
X
N_R
o) 0 MeO O OH O
HaC 70
4a R = OMe NH,
OH

4b R =NR'R?[R" = H, R? = N(CHy)4N(CHa),,
N(CH,)30H, N(CH,)aBr, N(CH;)3S*(CHy)a,
N(CH)aN*(CHz)s, N(CH),N_
o}

o)
Z
N(CH2)3HN :
MeO O
R' = CHa, R? = N(CHy)oN(CHg),l
4c R = NH(CH,)3N(CHg), (BCH-2051)

5a doxorubicin (adriamycin), X = OH
5b daunomycin, X =H

Hence, we were interested in the synthesis of the
potential antitumor agent BCH-2051. For this, we
needed to construct the 1,3-disubstituted cyclic alkenyl
ether moiety of the isochromene system. There are only
a limited number of examples of the one-pot synthesis of
the 1,3-disubstituted cyclic alkenyl ether moiety of iso-
chromene derivatives.**1911 The procedure used by Wang
et al. for the synthesis of BCH-20512 and construction
of the 1,3-disubstituted cyclic alkenyl ether derivative?'2
involved a difficult multistep conversion, including oxida-
tion with DDQ, Diels—Alder cyclocondensation, and
careful hydrolysis. Furthermore, in this case, synthesis
of the starting material was also a lengthy and difficult
procedure.'3

(10) Van T. N.; Kesteleyn, B.; Kimpe, N. D. Tetrahedron 2001, 57,
4213—-4219.
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b CHO

OTBDMS
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9(9:7=0.9:1.0)

a Reagents and conditions: (a) 1 equiv of PhSeO;K, 0.97 equiv of K;HPO4, 0.1 equiv of TBAB, acetonitrile. (b) 10 mol % of Cul, 10 mol
% of PPhs, 5 mol % of PdCl,, EtsN (solvent), 70—80 °C, 8 h. (c) 5 mol % of Pd(OAc),, 1 equiv of benzoquinone, 2 equiv of MeOH, 1,4-

dioxane, rt, 3 h.

Herein, we report an easy and convenient procedure
for the construction of the 1,3-disubstituted cyclic alkenyl
ether framework of the isochromene system and its
application to the synthesis of the potent antitumor agent
BCH-2051. The key step of this synthesis is the use of a
dual role catalyst, in which Pd(l1) exhibits a Lewis acidic
activity for enhancing the electrophilicity of aldehyde and
exhibits the activity of a transition metal catalyst for
enhancing the electrophilicity of the alkyne bond, for
constracting the a-methoxycyclic alkenyl ether from the
o-alkynylaryl aldehyde (eq 1).*

OMe MeO  OMe
CHO cat Pd(OAc),
(L0 oo OO
=
X
OMe R

(eq 1)

For the synthesis of BCH-2051, we first construct the
1,3-disubstituted cyclic alkenyl ether moiety of the iso-
chromene system. The construction of the 1,3-disubsti-
tuted cyclic alkenyl ether moiety of the isochromene
system is outlined in Scheme 1.

Compound 6 was prepared according to the reported
procedure.® Oxidation of 6 with potassium benzoselenide
and potassium hydrogen phosphate in the presence of a
catalytic amount of tetrabutylammonium bromide (TBAB)
in acetonitrile under refluxing conditions for 30 h with
vigorous stirring gave aldehyde 7 in 86% yield.'®7 The
modified sonogashira reaction®® of 7 with suitable acety-
lenic silane 8 in the presence of a catalytic amount of
copper(l) iodide, triphenylphosphine, and palladium chlo-

(13) Lavallée, J.-F.; Rej, R.; Courchesne, M.; Nguyen, D.; Attardo,
G. Tetrahedron Lett. 1993, 34, 3519—3522.

(14) Asao, N.; Nogami, T.; Takahashi, K.; Yamamoto, Y. J. Am.
Chem. Soc. 2002, 124, 764—765.

(15) (a) Ansbacher, S.; Fernholz, E.; Dolliver, M. A. 3. Am. Chem.
Soc. 1940, 62, 155—158. (b) Tuyen, N. V.; Kesteleyn, B.; Kimpe, N. D.
Tetrahedron 2002, 58, 121-127.

(16) Syper, L.; Mlochowski, J.; Kloc, K. Tetrahedron 1983, 39, 781—
792.

(17) Syper, L.; Mlochowski, J. Synthesis 1984, 747—752.

(18) (a) Orlglnal Sonogashira reaction: Sonogashira, K.; Tohda, Y.;
Hagihara, N. Tetrahedron Lett. 1975, 16, 4467—4470. (b) Taylor, E.
C.; Harrington, P. M. J. Org. Chem. 1990, 55, 3222—3227. (c) Jamison,
J.; Levy, S.; Sun, X.; Zeckner, D.; Current, W.; Zweifel, M.; Rodriguez,
M.; Turner, W.; Chen, S.-H. Bioorg. Med. Chem. Lett. 2000, 10, 2101—
2105.

ride in triethylamine at 70—80 °C for 8 h gave the
acetylinic aldehyde 9, mixed with starting material 7.
The reaction was not heated further as decomposition
started and the yield of 9 decreased.

The mixture could not be separated due to the same
R¢ value. We then decided to use the mixture for the next
step. The NMR ratio of the product (9) to the starting
material (7) was found to be 0.9:1.0. From the NMR ratio,
we calculated the amount of product 9 present in the
mixture and hence the reagents necessary for the next
step. A mixture of 5 mol % of Pd(OAc),, 1 equiv of
benzoquinone, 2 equiv of methanol, and compound 9
(mixed with 7) in 1,4-dioxane under argon atmosphere
was stirred for 3 h at room temperature. The desired 1,3-
disubstituted cyclic alkenyl ether 10 was obtained in 67%
yield (based on recovered 7).

In the previous communication,** we reported that the
reaction of alkenyl aldehydes with methanol in the
presence of Pd(ll) catalyst gave a mixture of five- and
six-membered alkenyl ethers (eq 2). In the present

OMe
CHO cat Pd(OAc),
\ T MeOH O * (ea2)

transformation starting from 9, only the six-membered
product 10 was obtained. The reason for this different
observation is not yet clear. The cyclization of o-alkynyl
carboxylic acids also gives a mixture of five- and six-
membered rings and the isomer ratio is dependent on
the reaction conditions and reagent used,® and under
certain conditions the selective synthesis of six-membered
alkenyl ethers is accomplished.

The formation of potent antitumor agent BCH-2051
is outlined in Scheme 2. The desylation?® of 10 was
carried out in the presence of tetrabutylammonium
fluoride in THF at room temperature for 1 h, giving
alcohol 11, which was used without purification for the
next step. The oxidation of the crude material 11 with

(19) Rossi, R.; Carpita, A.; Bellina, F.; Stabile, P.; Mannina, L.
Tetrahedron 2003, 59, 2067—2081.

(20) Reddy, M. V. R.; Yucel, A. J.; Ramachandran, P. V. J. Org.
Chem. 2001, 66, 2512—2514.
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SCHEME 22
MeO  OMe MeO  OMe MeO OMe
i O3
O = OTBDMS = OH = CHO
MeO MeO MeO
10 11 (crude) 12 (83% from 12)

MeO o}

13 (quantitative)

O  OMe

d

CL 2
68% AN~ N
0 0

4c (BCH-2051)

a Reagents and conditions: (a) 1.1 equiv of TBAF, THF, rt, 1 h. (b) DMSO, EtsN, CHCl;, 3 equiv of SO3-Py complex, 0 °C to room
temperature, 3 h. (c) 5 equiv of NaCN, 20 equiv of MnOg, 5 equiv of N,N-dimethyl-1,3-propanediamine, isopropyl alcohol, 0 °C, 5 h. (d) 5
equiv of CAN buffering with NaHCOj3; (1.8 equiv with respect to CAN), CH3CN/H0, 0 °C, 15 min.

SO3-Py complex in the presence of DMSO/Et;N in dichlo-
romethane at 0 °C to room temperature?! gave aldehyde
12 in excellent 83% yield from 10.

Aldehyde 12 was then treated with N,N-dimethyl-1,3-
propanediamine in the presence of excess NaCN and
manganese dioxide to give amide 13 in almost quantita-
tive yield.?? Oxidative demethylation?® of amide 13 with
5 equiv of cerium(1V) ammonium nitrate (CAN) buffered
with NaHCO; (1.8 equiv with respect to CAN) in aqueous
acetonitrile at 0 °C gave the biologically active yellow

(21) Liu, Z. D.; Piyamongkol, S.; Liu, D. Y.; Khodr, H. H.; Lu, S. L.;
Hider, R. C. Bioorg. Med. Chem. 2001, 9, 563—573.

(22) Gilman, N. W. J. Chem. Soc., Chem. Commun. 1971, 733—734.

(23) Attardo, G.; Breining, T.; Courchesne, M.; Lamothe, S.; La-
vallee, J.-F.; Nguyen, D.; Rej, R.; St. Denis, Y.; Wang, W.; Xu, Y.-C.;
Barbeau, F.; Lebeau, E.; Kraus, J. L. U.S. patent, 148251, 1998.
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solid compound 4c (BCH-2051) in 68% yield, which
matches the given NMR value reported earlier.®

In conclusion, we described herein a convenient and
simple method for the synthesis of the potent antitumor
agent 4c (BCH-2051). Our method has 2-fold utilities.
Using this method we can easily construct the 1,3-
disubstituted cyclic alkenyl ether moiety of the isochro-
mene system by one-pot reaction and synthesize a wide
range of amides and related compounds with different
side chains from isochromene aldehyde 12.

Supporting Information Available: Experimental pro-
cedure, characterization data, and spectra for compounds 7, 9
(mixed with 7), 10, 12, 13, and 4c. This material is available
free of charge via the Internet at http://pubs.acs.org.
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