
1070-4280/01/3701-0040$25.00C2001 MAIK [Nauka / Interperiodica]

Russian Journal of Organic Chemistry,Vol. 37, No. 1,2001, pp. 40345. Translated from Zhurnal Organicheskoi Khimii, Vol. 37, No. 1,2001,
pp. 51356.
Original Russian Text CopyrightC 2001 by Akhmetvaleev, Baibulatova, Shavaleeva,Miftakhov.

ÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍÍ

Prostanoids: LXXIV. * 2,3-Dichloro-
4,4-ethylenedioxy-2-cyclopentenone in the Synthesis of Analogs

of Marine Prostanoids**

P. P. Akhmetvaleev, G. M. Baibulatova, G. A. Shavaleeva, and M. S. Miftakhov

Institute of Organic Chemistry, Ufa Research Center, Russian Academy of Sciences,
pr. Oktyabrya 71, Ufa, 450054 Bashkortostan, Russia

fax: (3472) 35-60-66

Received April 13, 1999

Abstract-Transformations of readily accessible 2,3-dichloro-4,4-ethylenedioxy-2-cyclopentenone resulted in
formation of previously unknown 2,3-dichloro-4-hydroxy-4-[(Z)-2-octenyl]-2-cyclopentenone which is
a universal block synthon for analogs of marine prostanoids.

Prostanoids (PG) with unusual structure, such as
clavulones [2, 3] (isolated from marine corals) and
related halogen-containing compounds, chlorovulones
[4], punaglandins [5, 6], etc. [7], attract considerable
interest due to their powerful antiviral and antineo-
plastic activity [8]. The structures of some most
important marine prostanoids are shown in Scheme 1.

The structural fragment in marine prostanoid mole-
cules responsible for their antiviral and antitumor
activity is the cross-conjugated dienone system which
includes the C9ÍO keto group and C7ÍC8 and

C10
ÍC11 double bond. The presence of a hydroxy

group at C12, as well as of chlorine atom on
C10, enhances the biological activity. The antitumor
effect of chlorinated prostanoids is stronger than that
of clavulones; in turn, punaglandins are more active
than chlorovulones [10].

It is known that among native PGs possessing anti-
tumor activity the most efficient are alkylidenecyclo-
pentene derivatives like PGA1 and J2. Methyl esters
D7-PGA1 and D12-PGJ2 (Scheme 1) are characterized
by IC50 values of 0.3 and 0.7mg/ml, respectively,

Scheme 1.
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against L1210 cellsin vitro; the corresponding IC50
value for clavulones is 0.5mg/ml, and for punaglan-
dins, 0.02 mg/ml; i.e., these are lower than those
found for the known antitumor agents, Vincristine and
Doxorubicin. The antiproliferative activity increases in
the series: methyl esters PGA1 and PGJ2 < D12-PGJ2 <
methyl esterD7-PGA1 ; clavulones < chlorovulones <
punaglandins [9311].

The mechanism of antitumor action ofD12-PGJ2
and D7-PGA1 is unique [11]; it originates from their
ability to penetrate cell membranes and irreversibly
(in physiological medium) bind nucleic proteins via
covalent bonds. The latter are formed by 1,4-addition
of the protein thiol groups to the enone system of
prostaglandins (at C11). The result is that PGs inhibit
biosynthesis of macromolecules (such as proteins and
DNAs) and hence cell proliferation,i.e., the cellcycle
is terminated at the G1 phase. It is important that PGs
bind only to the nucleic proteins: their reactions with
HSR at the approach to cell nucleus and even in the
intracellular space are reversible (direct PG3gluta-
thione conjugates exhibit no antiproliferative activity,
and they are not transferred to cell nucleus). This is
the main distinctive feature of the antitumor action of
alkylidene prostaglandins. It should be noted that
methyl esterD7-PGA1, which is effective in the treat-
ment of chemotherapy-resistant ovary cancer by
intraperitoneal administration [12], is now under
preclinical testing.

Unlike D12-PGJ2 and D7-PGA1, the mechanism
of antitumor action of chlorine-containing marine PGs
(chlorovulones and punaglandins) is not so clear and
doubtless [8, 13]. It was reported that these com-
pounds inhibit biosynthesis of proteins, DNAs, and
cell proliferation as a whole, but no chemical aspects
of such action were considered [13]. The molecular
structure of chlorovulones and punaglandins suggests
that these, as well asD12-PGJ2 and D7-PGA1, are

Scheme 2.

alkylating agents. The presence of C10
ÄCl and

C12
ÄOH moieties provides additional activation of

the enone system as Michael acceptor. However, in
this case the unique mechanism typical ofD12-PGJ2
and D7-PGA1 (involving irreversible reaction with
thiol groups of only nucleic proteins) may not be
operative since primary conjugatesB formed by
chlorovulone and punaglandin analogsA can readily
be transformed into other products through reactive
episulfonium saltsC (the reaction is irreversible;
Scheme 2).

As noted above, the antitumor activity of chloro-
vulones and punaglandins (A) is even slightly higher
than that ofD12-PGJ2 and D7-PGA1. Assuming that
the mechanisms of antitumor action ofA and
D7-PGA1 are similar, the reactionA + HSR B on
the path of PG to cell nucleus should be reversible;
taking into account that the transitionA B is sub-
stantiated to a sufficient extent, we can presume usual
alkylating mechainsm of the antitumor action ofA
(irreversible binding to thiol groups).

In the present work we made an attempt to syn-
thesize new analogs of marine prostanoids of the
general formulaD which contain two chlorine atoms
in positions10 and11 (PG numbering). Undoubtedly,
these chlorine atoms should strongly enhance pro-
perties of thea,b-unsaturated cyclopentenone system
as Michael acceptors, so that they should readily and
irreversibly react with amino or thiol groups of
proteins by the AdNE mechanism to give conjugates
E (Scheme 3). Similar productsE formed by reactions
of simpler compounds, e.g., of 2,3-dichlorocyclo-
pentenones with O-, S-, and especially N-nucleo-
philes, are extremely chemically stable [14, 15].

Scheme 3.

Thus, had compoundsD exhibited antitumor activ-
ity, the mechanism of their action would be different
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from that discussed above forD7-PGA1 because the
reactionD E is irreversible. Probably, compounds
D should be powerful alkylating agents. Obviously,
the results of our study will favor better understanding
of mechanistic aspects of antitumor activity of halo-
gen-containing marine prostanoids. It was supposed
to obtain structuresD by aldol-like condensation
of aldehydes with enolate generated from enoneI
(Scheme 4).

Scheme 4.

The synthetic approach to key compoundI starts
from readily accessible dichlorocyclopentenoneII
[16] (Scheme 5). We planned to build up the side
chain through Reformatsky adductIII [1] and the
subsequent transformation sequenceIII VII . Acid
hydrolysis of the tetrahydropyran-2-yloxy group in
VII smoothly yielded the corresponding alcohol.
However, we failed to remove the dioxolane protec-
tion from VIII despite numerous attempts and
application of various procedures. Presumably,
the high hydrolytic stability of the dioxolane ring
in VIII results from the presence of theZ-double

bond in the side chain, which sterically shields the
dioxolane fragment.

Therefore, the synthetic scheme was changed so
that to accomplish deprotection of the oxo group at
an earlier stage (before formation of theZ-double
bond; Scheme 6). The reaction sequence started from
hydroxy esterIII which was synthesized as shown
in Scheme 5. Unlike compoundVII , acid hydrolysis
of III occurred extremely readily, and enoneIX was
obtained in high yield. Intramolecular assistance by
a free hydroxy group was observed by us previously
[18, 19]. Before building up the side chain, the keto
group in enoneIX was reduced to hydroxy (which
may subsequently be oxidized). The reduction was
performed using sodium tetrahydridoborate. The
hydroxy groups in diastereoisomeric diolsX thus
obtained were protected via etherification with di-
hydropyran. The ester group inXI was reduced with
lithium aluminum hydride to obtain alcoholXII
which was oxidized to aldehydeXIII by treatment
with Collins’ reagent. Olefination ofXIII with hexyli-
denetriphenylphosphorane gave compoundXIV , and
the latter was oxidized with Jones’ reagent to obtain
the target cyclopentenoneI in moderate yield.

EXPERIMENTAL

The IR spectra were recorded on a UR-20 spec-
trometer from samples prepared as thin films or mulls
in Nujol. The 1H and13C NMR spectra were obtained

Scheme 5.
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Scheme 6.

on a Bruker AM-300 instrument at 300 MHz (1H) and
75.47 MHz (13C) using CDCl3 as solvent and TMS
as internal reference.

2,3-Dichloro-4-hydroxy-4-[(Z)-2-octenyl]-2-cyclo-
pentenone (I).To a solution of 0.5 g (0.68 mmol) of
bisetherXIV in 50 ml of acetone at 0oC we added
dropwise 2.9 ml of Jones’ reagent prepared from
0.55 g of CrO3, 5 ml of water, and 0.5 ml of concd.
H2SO4. The mixture was stirred for 30 min, excess
Jones’ reagent was decomposed by adding 0.5 ml
of 2-propanol, 20 ml of a solution of NaCl was
added, and the product was extracted into ether
(3050 ml). The combined extracts were washed with
10 ml of a solution of NaCl, dried over MgSO4, and
evaporated, and the residue was purified by column
chromatography on silica gel to obtain 0.094 g (32%)
of compoundI as an oily substance. IR spectrum,n,
cm31: 1614, 1740, 3480.1H NMR spectrum,d, ppm:
0.89 t (3H, CH3, J = 7 Hz), 1.1031.40 m (6H, 3CH2),
1.9032.65 m (4H, 2CH2), 2.70 d (1H, 5-H, J =
18.3 Hz), 2.86 d (1H, 5-H,J = 18.3 Hz), 2.6032.90 m
(1H, OH), 5.1035.25 m (1N, CHÍ), 5.6035.72 m (1H,
CHÍ). 13C NMR spectrum,dC, ppm: 13.99 (CH3),
22.48 (C7`), 26.43 (C4`), 27.53 (C6`), 31.46 (C5`), 36.39
(C1`), 47.26 (C5), 77.44 (C4), 120.31 (C2`), 131.37
(C2), 136.65 (C3`), 164.73 (C3), 193.30 (CÍO).

1,2-Dichloro-3-(2-tetrahydropyranyloxy)-3-(2-
hydroxyethyl)-5,5-ethylenedioxycyclopentene (V).
To a solution of 3 g (10.6 mmol) of alcoholIII and
0.01 g of p-toluenesulfonic acid in 20 ml of CH2Cl2
at 0oC we added with stirring 1.16 g (13.8 mmol) of

freshly distilled 2,3-dihydropyran. The mixture was
stirred for 30 min, 0.1 g of NaHCO3 was added, the
solution was evaporated, and the residue was sub-
jected to chromatography on silica gel to obtain 3.54 g
(91%) of compoundIV . The product was dissolved
in 30 ml of ether, and 0.7 g LiAlH4 was added. The
mixture was stirred for 30 min, and 40 ml of moist
ether and 7 ml of 10% aqueous potassium hydroxide
were added. The organic layer was separated, dried
over MgSO4, and evaporated to obtain 2.68 g (82%)
of diastereoisomeric alcoholsV at a ratio of 4 :1
(according to1H NMR). IR spectrum,n, cm31: 3500.
1H NMR spectrum,d, ppm: 1.4031.80 m (8H, 4CH2),
2.3032.60 m (2H, C9H2), 2.82 br.s (1H, OH), 3.403
4.25 m (8H, 3CH2O), 4.55 m and 4.95 m (1H, 2`̀ -H).
13C NMR spectrum,dC, ppm: 19.45 and 20.20 (C4`̀ ),
25.02 and 25.10 (C5`̀ ), 31.45 and 31.64 (C3`̀ ), 40.76
and 40.27 (C1`), 46.31 and 46.25 (C9), 58.83 (C2`),
62.38 and 62.74 (C6`̀ ), 65.98, 66.24, and 66.33
(CH2O), 85.33 and 84.26 (C8), 93.54 and 95.01 (C2`̀ ),
112.31 (C5), 134.49 (C7), 137.55 (C6).

1,2-Dichloro-3-(2-tetrahydropyranyloxy)-3-[(Z)-
2-octenyl]-5,5-ethylenedioxycyclopentene (VII).
A solution of 1.32 g (3.9 mmol) of alcoholV in 10 ml
of CH2Cl2 was added at 0oC with vigorous stirring
under argon to Collins’ reagent prepared from 5.6 g
(56.0 mmol) of CrO3 and 9.58 ml of pyridine in 70 ml
of CH2Cl2. After 15 min (TLC), the mixture was
filtered through a thin layer of silica gel, the filtrate
was acidified to pH 6 with 2 N hydrochloric acid,
and the organic phase was separated, washed with
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a saturated aqueous solution of NaCl (3030 ml), dried
over MgSO4, and evaporated under reduced pressure.
We thus isolated 1.1 g (84%) of aldehydeVI . IR
spectrum,n, cm31: 1632, 1672, 1724, 1744. Aldehyde
VI , 1.1 g, was dissolved in 25 ml of benzene, and
the solution was added to a solution of hexylidene-
triphenylphosphorane, prepared by treatment of a sus-
pension of 4.46 g (105.1 mmol) of hexyltriphenyl-
phosphonium bromide in 10 ml of benzene with
10 ml of a 0.55 N benzene solution of (Me3Si)2NNa
(30 min, argon atmosphere). The mixture was stirred
for 3 h, neutralized to pH 7 with 0.5 N hydrochloric
acid, and extracted with diethyl ether (4010 ml).
The combined extracts were washed with a saturated
aqueous solution of NaCl (5 ml), dried over MgSO4,
and evaporated under reduced pressure. The residue
was subjected to chromatography on silica gel (eluent
ethyl acetate3hexane, 3 :7;Rf 0.32). Yield of VII
0.77 g (58%; diastereoisomeric mixture), oily sub-
stance. IR spectrum,n, cm31: 1600. 1H NMR spec-
trum, d, ppm: 0.83 t (3H, CH3, J = 7 Hz), 1.103
1.70 m (12H, 6CH2), 1.7032.60 m (6H, 3CH2), 3.803
4.10 m (6H, 3CH2O), 4.50 m and 4.85 m (1H, 2`̀ -H),
5.2035.35 m (1H, CHÍ), 5.4035.55 m (1H, CHÍ).
13C NMR spectrum,dC, ppm: 13.90 (CH3), 19.47 and
20.85 (C4`̀ ), 22.41 (C7`), 25.06 (C5`̀ ), 27.32 (C4`),
27.58 (C6`), 31.37 (C3`̀ ), 31.40 (C5`), 31.69 (C1`),
43.24 and 45.09 (C9), 63.14 (C6`̀ ), 65.83, 66.06,
66.87, and 66.96 (CH2O), 84.80 (C8), 94.53 and 94.68
(C2`̀ ), 112.31 (C5), 122.33 (C2`), 133.71 (C3`), 134.23
(C7), 137.64 (C6).

(+)-1,2-Dichloro-3-hydroxy-3-[(Z)-2-octenyl]-5,5-
ethylenedioxycyclopentene (VIII). To a solution of
0.77 g (1.89 mmol) of compoundVII in 10 ml of
acetone we added 0.2 ml of 15% hydrochloric acid
and, 2 h after, 2 ml of a saturated aqueous solution
of NaCl. The product was extracted into ethyl acetate
(3010 ml). The combined organic extracts were
washed with a saturated aqueous solution of NaCl
until neutral reaction, dried over MgSO4, filtered, and
evaporated to obtain 0.51 g (82%) of alcoholVIII .
IR spectrum,n, cm31: 1636, 3440.1H NMR spectrum,
d, ppm: 0.79 t (3H, CH3, J = 7 Hz), 1.1031.40 m
(6H, 3CH2), 1.8532.60 m (6H, 3CH2), 2.7033.00 (1H,
OH), 3.8034.10 m (4H, 2CH2O), 5.1535.30 m (1H,
CHÍ), 5.4035.60 m (1H, CHÍ). 13C NMR spectrum,
dC, ppm: 14.12 (CH3), 22.85 (C7`), 27.73 (C4`), 29.72
(C6`), 31.82 (C5`), 36.20 (C1`), 43.29 (C9), 66.35 and
66.46 (2C, CH2O), 79.52 (C8), 112.59 (C5), 123.13
(C2`), 132.43 (C7), 134.86 (C3`), 140.15 (C6).

Methyl 2,3-dichloro-1,4-dihydroxy-2-cyclopent-
enylacetate (X).To a solution of 5 g (17.66 mmol)

of esterIII in 40 ml of acetone we added with stirring
1 ml of 15% hydrochloric acid and, 15 min after,
15 ml of a saturated aqueous solution of NaCl. The
product was extracted into ethyl acetate (3050 ml).
The combined extracts were washed with a saturated
aqueous solution of NaCl until neutral reaction, dried
over MgSO4, filtered, and evaporated to obtain 3.8 g
(82%) of ketoneIX . IR spectrum,n, cm31: 1608,
1736, 3440. KetoneIX was dissolved in 50 ml of
EtOH, the solution was cooled to 0oC, and a freshly
prepared solution of 0.6 g (15.9 mmol) of NaBH4 in
25 ml of EtOH was added. The mixture was stirred
for 30 min, diluted with 15 ml of methanol, acidified
to pH 5 with 3% hydrochloric acid, and extracted with
ethyl acetate (3050 ml). The combined extracts were
washed with an aqueous solution of NaCl (2030 ml),
dried over MgSO4, and evaporated under reduced
pressure to obtain 3.72 g (91%) of diolX as a 4 :1
mixture of diastereoisomers. IR spectrum,n, cm31:
1650, 1740, 3450.1H NMR spectrum,d, ppm: 1.903
2.95 m (4H, 2CH2), 3.64 s (3H, CH3O), 4.0034.30 m
(1H, OH), 4.4034.80 m (2H, 4-H, OH).13C NMR
spectrum,dC, ppm: 41.72 and 42.29 (C5), 45.11 and
45.41 (CH2), 51.55 and 51.77 (OMe), 72.33 and 73.00
(C4), 78.23 and 78.92 (C1), 134.29 and 134.85 (C2),
134.89 and 135.19 (C3), 170.55 and 171.38 (CO2).

Methyl 2,3-dichloro-1,4-bis(2-tetrahydropyr-
anyloxy)-2-cyclopentenylacetate (XI).To a solution
of 3.72 g (14.5 mmol) of alcoholX and 0.01 of
p-toluenesulfonic acid in 20 ml of methylene chloride
at 0oC we added with stirring 3.16 g (37.6 mmol) of
freshly distilled 2,3-dihydropyran. The mixture was
stirred for 30 min, 0.1 g of NaHCO3 was added, and
the solution was evaporated to obtain 5.66 g (92%)
of compoundXI . IR spectrum,n, cm31: 1636, 1740.
1H NMR spectrum, d, ppm: 1.2031.80 m (12H,
6CH2), 1.8033.00 m (4H, 2CH2), 3.50 s, 3.52 s, and
3.54 s (3H, CH3O), 3.2034.00 (4H, 2CH2O), 4.303
4.70 m (3H, 2CHO, 4-H).

1,2-Dichloro-3-[(Z)-2-octenyl)-3,5-bis(2-tetra-
hydropyranyloxy)cyclopentene (XIV) was obtained
from diether XI , following the procedure described
above for compoundVII . Yield 71% (calculated on
XI ), oily substance. IR spectrum,n, cm31: 1600.
1H NMR spectrum,d, ppm: 0.87 t (3H, CH3, J =
7 Hz), 1.2032.70 m (20H, 10CH2), 3.1034.20 m (6H,
2CH2O, 1̀-H, 5-H), 4.7035.00 m (3H, 2CHO, 4-H),
5.3035.50 m (1H, CHÍ), 5.5035.70 m (1H, CHÍ).
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