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Abstract—Transformations of readily accessible 2,3-dichloro-4,4-ethylenedioxy-2-cyclopentenone resulted in
formation of previously unknown 2,3-dichloro-4-hydroxy-42J{2-octenyl]-2-cyclopenteone which is
a universal block synthon for analogs of marine prostanoids.

Prostanoids (PG) with unusual structure, such a€'°=C!! double bond. The presence of a hydroxy
clavulones [2, 3] (isolated from marine corals) andgroup at G2 as well as of chlorine atom on
related halogen-containing compounds, chlorovulone&!?, enhances the biological activity. The antitumor
[4], punaglandins [5, 6], etc. [7], attract considerableeffect of chlorinated prostanoids is stronger than that
interest due to their powerful antiviral and antineo-of clavulones; in turn, punaglandins are more active
plastic activity [8]. The structures of some mostthan chlorovulones [10].
important marine prostanoids are shown in Scheme 1. |t is known that among native PGs possessing anti-

The structural fragment in marine prostanoid moletumor activity the most efficient are alkylidenecyclo-
cules responsible for their antiviral and antitumorpentene derivatives like PGAand 4. Methyl esters
activity is the cross-conjugated dienone system which]-PGA1 and Alz-PG; (Scheme 1) are characterized
includes the =0 keto group and G=C® and by IC;, values of 0.3 and 0.7ug/ml, respectively,

Scheme 1.
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For communication LXXIIl, see [1].
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PROSTANOIDS: LXXIV. 41

against L1210 cellsn vitro; the corresponding I§;  alkylating agents. The presence of°%cCl and

value for clavulones is 0.pg/ml, and for punaglan- c!2_0OH moieties provides additional activation of
dins, 0.02ug/ml; i.e., these are lower than thosethe enone system as Michael acceptor. However, in
found for the known antitumor agents, Vincristine anchijs case the unique mechanism typicalAd?-PG;
Doxorubicin. The antiproliferative activity ilgcreases inand A7.|:>G,A‘1 (invo|ving irreversible reaction with
the series: methyl esters PGAnd PGJ < A™-PGJ < thiol groups of only nucleic proteins) may not be
methyl eSt?IA -PGA; = clavulones < chlorovulones < operative since primary conjugate® formed by
punaglandins [911]. chlorovulone and punaglandin analogscan readily

The mechanism of antitumor action QFZ-PG% be transformed into other products through reactive
and A-PGA, is unique [11]; it originates from their episulfonium saltsC (the reaction is irreversible;
ability to penetrate cell membranes and irreversibl\scheme 2).

(in physiological medium) bind nucleic proteins via As noted above, the antitumor activity of chloro-
covalent bonds. The latter are formed by 1,4-add|t|0fﬂlu|0nes and punaglandind) is even slightly higher

of the protein thiol groups to the enone system ot . that ofA'-PGJ, and A™-PGA,. Assuming that
prostaglandins (at %) The result is that PGs inhibit the mechanisms of antitumor action & and
biosynthesis of macromolecules (such as proteins anﬁi.pGA1 are similar, the reactiod + HSR== B on
DNAs) and hence cell proliferation.e., the cellcycle  the path of PG to cell nucleus should be reversible;
is terminated at the Bphase. It is important that PGS taking into account that the transitioh— B is sub-
bind only to the nucleic proteins: their reactions withstantiated to a sufficient extent, we can presume usual
HSR at the approach to cell nucleus and even in thgikylating mechainsm of the antitumor action Af
intracellular space are reversible (direct ®ita- (jrreversible binding to thiol groups).

thione conjugates exhibit no antiproliferative activity, |, the present work we made an attempt to syn-

;nd they g‘.r‘i. n(:j[ trafnsf[erredft:)h cell tr_1tucleus). tT his igyesize new analogs of marine prostanoids of the
€ main distinctive teature ot the antitumor aclion Olyaperg| formulad which contain two chlorine atoms

alkylidene prostaglandins. It should be noted tha . :

7 > i positions10 and 11 (PG numbering). Undoubtedly,
mgtr?ty I OefStCel:AethO?lﬁé,r;VhI?lhelssisfgr?ftl(;/\?alrn ﬂ;:r:rce;t'bthese chlorine atoms should strongly enhance pro-
intraperitoneal adminigt};ation [12], is ¥10w under}serﬁe.S of theo.,B-unsaturated cyclopentenone system
preclinical testing ' as Michael acceptors, so that they should readily and

. 12 ' 7 _ irreversibly react with amino or thiol groups of
Unlike A™-PG} and A'-PGA;, the mechanism oteins by the AE mechanism to give conjugates

of antitumor action of chlorine-containing marine PG (Scheme 3). Similar producks formed by reactions
(chlorovulones and punaglandins) is not so clear angs simpler compounds, e.g., of 2,3-dichlorocyclo-

doubtless [8, 13]. It was reported that these com: : Q. : ) )
pounds inhibit biosynthesis of proteins, DNAs, andpentenones with O-, S-, and especially N-nucleo

cell proliferation as a whole, but no chemical aspectgh”es’ are extremely chemically stable [14, 15]
of such action were considered [13]. The molecular

structure of chlorovulones and punaglandins suggests Scheme 3.
that these, as well aa'>PGJ and A’-PGA,, are o R
cl _
Scheme 2. ¢ HX C
0 0 cl R!
Cl = HSR' Cl = HO
_— D Proteins, glutathione
R ’ R'S R ,
HO HO 0 R
A B Cl —

Thus, had compound3 exhibited antitumor activ-
ity, the mechanism of their action would be different

0 O
HO
+ = Nu E
—= R—S —— Products
_ R
Cl HO
C
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42 AKHMETVALEEV et al.

from that discussed above far-PGA, because the bond in the side chain, which sterically shields the
reactionD — E is irreversible. Probably, compounds dioxolane fragment.

D should be powerful alkylating agents. Obviously, Therefore, the synthetic scheme was changed so
the results of our StUdy will favor better Understandinghat to accompnsh deprotection of the oxo group at
of mechanistic aspects of antitumor activity of halo-an earlier stage (before formation of thedouble
gen-containing marine prostanoids. It was supposegond; Scheme 6). The reaction sequence started from
to obtain structuresD by aldol-like condensation pygroxy esterlll which was synthesized as shown
of aldehydes with enolate generated from endne iy Scheme 5. Unlike compoundll , acid hydrolysis
(Scheme 4). of Il occurred extremely readily, and enoh¢ was
obtained in high yield. Intramolecular assistance by
a free hydroxy group was observed by us previously
0 [18, 19]. Before building up the side chain, the keto
cl group in enonelX was reduced to hydroxy (which
D —~ + RCHO may subsequently be oxidized). The reduction was
cl x performed using sodium tetrahydridoborate. The
HO hydroxy groups in diastereoisomeric dioks thus
I obtained were protected via etherification with di-
hydropyran. The ester group Ml was reduced with

The synthetic approach to key compouhdtarts Ilth!um alumln_um hydride to obtain alcohokill
from readily accessible dichlorocyclopentenotie Which was oxidized to aldehydilll by treatment
[16] (Scheme 5). We planned to build up the sigewith Cplllns’ reagent. Olefination oXlIll  with hexyli-
chain through Reformatsky addutit [1] and the denetriphenylphosphorane gave compontif, and
subsequent transformation sequetite— VII . Acid the latter was oxidized Wlth_Jones' reagent to obtain
hydrolysis of the tetrahydropyran-2-yloxy group inthe target cyclopentenonk in moderate yield.

VIl smoothly vyielded the corresponding alcohol.

However, we failed to remove the dioxolane protec- EXPERIMENTAL

tion from VIII despite numerous attempts and

application of various procedures. Presumably, The IR spectra were recorded on a UR-20 spec-
the high hydrolytic stability of the dioxolane ring trometer from samples prepared as thin films or mulls
in VIl results from the presence of th&double in Nujol. The'H and*3C NMR spectra were obtained

Scheme 4.

Scheme 5.

0 HO_ CH,CO,Me @ - THPO_  CH,CO,Me
c Zn, BrCH,CO,M c o c
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Scheme 6.
HO CH,CO,Me HO CH,CO,Me | " THPO CH,CO,Me
+ Cl NaBH4, EtOH Cl » H Cl
Me,CO, H 0°C O
111 B —_— —_—
4% 1 OH Cl
cl 0 C OTHP
IX X XI
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XI1 XIII X1V
HO _
H,CrO,, Me,CO Ccl

1

on a Bruker AM-300 instrument at 300 MHZH) and  freshly distilled 2,3-dihydropyran. The mixture was
75.47 MHz {%C) using CDC} as solvent and TMS stirred for 30 min, 0.1 g of NaHCQwas added, the
as internal reference. solution was evaporated, and the residue was sub-
2,3-Dichloro-4-hydroxy-4-[(Z)-2-octenyl]-2-cyclo-  jected to chromatography on silica gel to obtain 3.54 g
pentenone (I). To a solution of 0.5 g (0.68 mmol) of (91%) of compoundV. The product was dissolved
bisetherXIV in 50 ml of acetone at< we added in 30 ml of ether, and 0.7 g LiAljiwas added. The
dropwise 2.9 ml of Jones’ reagent prepared frorﬁnlxture was stirred for 30 min, and 40m| of m0|§t
0.55 g of CrQ, 5 ml of water, and 0.5 ml of concd. ether and 7 ml of 10% agueous potassium hydroxmle
H,SO,. The mixture was stirred for 30 min, excesswere added. The organic layer was separated, dried
Jones’ reagent was decomposed by adding 0.5 rAver MgSQ, and evaporated to obtain 2.68 g (82%)
of 2-propanol, 20 ml of a solution of NaCl was Of dlasyereo?omerlc alcoholy at a ratlo1 of 4:1
added, and the product was extracted into ethd@ccording to'H NMR). IR spectrumy, cm™: 3500.
(3x50 ml). The combined extracts were washed with"H NMR spectrum3, ppm: 1.401.80 m (8H, 4CH),
10 ml of a solution of NaCl, dried over MgSQand  2.30-2.60 m (2H, CH,), 2.82 br.s (1H, OH), 3.40
evaporated, and the residue was purified by colum#.25 m (8H, 3CHO), 4.55 m and 4.95 m (1H,"2H).
chromatography on silica gel to obtain 0.094 g (32%)3c NMR spectrumg,, ppm: 19.45 and 20.20 (0,
of compound|_as an Og}’ substance. IR spectrum, 2502 and 25.10 (¥), 31.45 and 31.64 (), 40.76
cm: 1614, 1740, 3480.H NMR spectrum,é‘), ppm: and 40.27 (é’)’ 46.31 and 46.25 ®, 58.83 (é'),
0.89t(3H, CH, J=7Hz), 1.161.40 m (6H, 3CH), 6338 and 62.74 (©), 65.98, 66.24, and 66.33

1.90-2.65 m (4H, 2CH), 2.70 d (1H, 5-H,J = oy ) 8533 and 84.26 (@, 93.54 and 95.01 (&
18.3 Hz), 2.86 d (1H, 5-HJ = 18.3 Hz), 2.602.90 m (112.231)’(6), 134.49 (&) &1;37_55 ©. ©,

(1H, OHf), 5.105.25 m (1N, Ch), 5.60.5.72 m (1H, 1,2-Dichloro-3-(2-tetrahydropyranyloxy)-3-[(2)-

CH=). °C NMR spectrum,5., ppm: 13.99 (CH)), > ooten \
, , : , - yl]-5,5-ethylenedioxycyclopentene (VII).

221',48 (C), 26.43 (C), 27.53 (C), 31.46 (é)' 36.39 A solution of 1.32 g (3.9 mmol) of alcohd in 10 ml
(C)). 47.26 (C), 77.44 (C), 120.31 (C), 131.37 of CH,CI, was added at <€ with vigorous stirring
(C%), 136.65 (C), 164.73 (C), 193.30 (G-0). under argon to Collins’ reagent prepared from 5.6 g

1,2-Dichloro-3-(2-tetrahydropyranyloxy)-3-(2-  (56.0 mmol) of CrQ and 9.58 ml of pyridine in 70 ml
hydroxyethyl)-5,5-ethylenedoxycyclopentene (V). of CH,CI,. After 15 min (TLC), the mixture was
To a solution of 3 g (10.6 mmol) of alcohdll and filtered through a thin layer of silica gel, the filtrate
0.01 g of p-toluenesulfonic acid in 20 ml of C})€Il, was acidified to pH 6 with 2 N hydrochloric acid,
at ®C we added with stirring 1.16 g (13.8 mmol) of and the organic phase was separated, washed with
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a saturated aqueous solution of NaCk@ ml), dried of esterlll in 40 ml of acetone we added with stirring
over MgSQ, and evaporated under reduced pressurd. ml of 15% hydrochloric acid and, 15 min after,
We thus isolated 1.1 g (84%) of aldehydd. IR 15 ml of a saturated aqueous solution of NaCl. The
spectrumy, cmit: 1632, 1672, 1724, 1744. Aldehyde product was extracted into ethyl acetatex@ ml).

VI, 1.1 g, was dissolved in 25 ml of benzene, andrhe combined extracts were washed with a saturated
the solution was added to a solution of hexylideneaqueous solution of NaCl until neutral reaction, dried
triphenylphosphorane, prepared by treatment of a sugver MgSQ, filtered, and evaporated to obtain 3.8 g
pension of 4.46 g (105.1 mmol) of hexyltriphenyl- (82%) of ketonelX. IR spectrum,v, cnr™: 1608,
phosphonium bromide in 10 ml of benzene with1736, 3440. KetondX was dissolved in 50 ml of
10 ml of a 0.55 N benzene solution of (M&),NNa EtOH, the solution was cooled t’O, and a freshly

(30 min, argon atmosphere). The mixture was stirre@repared solution of 0.6 g (15.9 mmol) of Nakh
for 3 h, neutralized to pH 7 with 0.5 N hydroch|oric 25 ml of EtOH was added. The mixture was stirred

acid, and extracted with diethyl ether {40 mi). for 30 min, diluted with 15 ml of methanol, acidified

The combined extracts were washed with a saturatd@ PH 5 with 3% hydrochloric acid, and extracted with
aqueous solution of NaCl (5 ml), dried over Mg$O ethyl acetate (850 ml). The combined extracts were
and evaporated under reduced pressure. The resid{f@shed with an aqueous solution of NaCk(@ ml),
was subjected to chromatography on silica gel (eluerfil®d over MgSQ, and evaporated under reduced
ethyl acetatenexane, 3:7;R; 0.32). Yield of VII rpnrii?jgeo;ﬁo d?:stzel?egiggmger(sgliﬁ) g;e‘ﬂghzqs 2m‘fli_1
0.77 58%; diastereoisomeric mixture), oily sub- : : -
977 9 5 spectrumy. om: 1600 e spec. 1650, 1740, 3450°H NMR spectrum, ppm: 1.90
frum, 5, ppm: 0.83 t (3H, CH, J = 7 Hz), 1.10. 295 M (4H, 2CH), 3.64 s (3H, CHO), 4.00-4.30 m
1.70' m (12H, 6CH), 1.70-2.60 m (6H, 3CH), 3.80-  ({H, OH), 4.404.80 m (2H, 4-H, OH)."C NMR
4.10 m (6H, 3CHO), 4.50 m and 4.85 m (1H,"2H), SPectrum3c, ppm: 41.72 and 42.29 { 45.11 and
5.20-5.35 m (1H, CH), 5.405.55 m (1H, CH-). 45441 (CH), 51.55 and 51.77 (OMe), 72.33 and 73.00
I3C NMR spectrump, ppm: 13.90 (CH), 19.47 and (C), 78.23 and 78.92 (5, 134.29 and 134.85
2055 (0) 20 (€] 2500 (&) 2132 (©) Acodaloio b ibso a0 (ch
27.58 (C), 3137 (C), 31.40 (é)’ 3169 (C), anyloxy)-2-cyclopentenylacetate (XI).To a solution
43.24 and 45.09 (9§, 63.14 (C), 65.83, 66.06, of 3.72 g (145 mmol) of alcohoX and 0.01 of
66.87, and 66.96 (C}0), 84.80 (€), 94.53 and 94.68 ptoluenesulfonic acid in 20 ml of methylene chloride
(C?), 112.31 (C), 122.33 (C), 133.71 (C), 13423 4t °C we added with stirring 3.16 g (37.6 mmol) of
(C), 137.64 (C). freshly distilled 2,3-dihydropyran. The mixture was
(+)-1,2-Dichloro-3-hydroxy-3-[(Z)-2-octenyl]-5,5-  stirred for 30 min, 0.1 g of NaHCOwas added, and
ethylenedioxycyclopentene (VIII). To a solution of the solution was evaporated to obtain 5.66 g (92%)
0.77 g (1.89 mmol) of compoun¥!l in 10 ml of of compoundXI. IR spectrum,v, cml: 1636, 1740.
acetone we added 0.2 ml of 15% hydrochloric acidH NMR spectrum,$, ppm: 1.261.80 m (12H,
and, 2 h after, 2 ml of a saturated aqueous solutioCH,), 1.80-3.00 m (4H, 2CH), 3.50 s, 3.52 s, and
of NaCl. The product was extracted into ethyl acetat.54 s (3H, CHO), 3.20-4.00 (4H, 2CHO), 4.306-
(3x10 ml). The combined organic extracts were4.70 m (3H, 2CHO, 4-H).
washed with a saturated aqueous solution of NaCl 1,2-Dichloro-3-[(Z)-2-octenyl)-3,5-bis(2-tetra-
until neutral reaction, dried over Mg§(iltered, and  hydropyranyloxy)cyclopentene (XIV) was obtained
evaporated to obtain 0.51 g (82%) of alcohdll .  from diether XI, following the procedure described
IR spectrumy, cn™: 1636, 3440'H NMR spectrum, above for compound/Il . Yield 71% (calculated on
8, ppm: 0.79 t (3H, CH, J = 7 Hz), 1.161.40 m XI), oily substance. IR spectrum, cmt: 1600.
(6H, 3CH,), 1.85-2.60 m (6H, 3CH), 2.70-3.00 (1H, H NMR spectrum,$, ppm: 0.87 t (3H, CH J =
OH), 3.804.10 m (4H, 2CHO), 5.155.30 m (1H, 7 Hz), 1.262.70 m (20H, 10CH), 3.10-4.20 m (6H,
CH=), 5.40-5.60 m (1H, CHY). 13C NMR spectrum, 2CH,O, 1-H, 5-H), 4.705.00 m (3H, 2CHO, 4-H),
Sc, ppm: 14.12 (CH), 22.85 (C), 27.73 (¢), 29.72  5:30-5.50 m (1H, CH), 5.50-5.70 m (1H, CH).

(C®), 31.82 (&), 36.20 (&), 43.29 (®), 66.35 and
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