Russian Journal of Organic Chemistryol. 37, No. 8, 2001, ppl079-1082. Translated from Zhurnal Organicheskoi Khimiol. 37, No. 8, 2001,

pp. 11381141.
Original Russian Text Copyrighto 2001 by Akhmetvaleev, Baibulatova, Nuriev, Miftakhov.

Prostanoids: LXXIX.” Analogs of “Marine” Prostanoids.
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R.R. Akhmetvaleev, G.M.Baibulatova, I.F.Nuriev, and M. S. Miftakhov
Institute of Organic Chemistry, Ufa Scientifidenter,Russian Academy @&ciences, UfaBashkortostan, 450054 Russia
Received March 27, 2000

Abstract—(+)-14,15-dihydro-11-chlorochlorvulone was synthesized starting with 1,4-dioxa-6,7-dichloro-
spiro[4.4]non-6-ene.

In extension of our studies on application of theMichael acceptor. Besides the labile Cl at* atom
functionalized cyclopentenoné)([2] to the synthesis can be easily replaced by nucleophilicoups,i.e.,
of prostaglandins (PG) [5] we report here on arises a possibility to influence the reactivity of the
results demonstratind'internal synthetic potential enone system.
of the basic synthon by an example of performed
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As to the selection of compound for the object
of the synthesis we should like to mention, that the
possible application in medicine of the alkylidene- HO

cyclopentene prostaglandins, among them also Chlorvulone IT m

compoundll, is antitumor therapy. For instance, the

methyl etherA7-PGE1is now subjected to preliminary A possible path of preparation of compourid
tests for chemotherapy of ovary cancer [6]; highfrom the initialketall is shown in Scheme 1. The key
antiproliferative properties possess representatives aftage consists in transformation of enohé into
“marine prostanoids clavulones, chlorvulones, enolate and condensation of the latter with aldehydo-
punaglanding7], and their analogse.g., compound

I [8]. Scheme 1.
This activity is provided by the part of the 0O CO,Me
molecule containing the cross-conjugated alkylidene- Cl O//\//\/\/

cyclopentenonesystem; in the“*marine’ PG are also v

important the ¢?> center with a tertiary alcohol
group, andchlorine atom attached to'€[6, 7]. As Cl R
seen from the structure the target compourd v
contains two chlorineatoms, andthat obviously
enhances theproperties of its enone system as *=

11

Antiproliferative properties of the alkylidenecyclopentenone
PG are due to their capability for formation of covalent

, For preceding communication, §E{é]- _ bonds with NH and SH groups of biological systems along
The study was carried out under financial support of Rus- the route of conjugate 1,4-addition and to inhibiting the
sian Foundation for Basic Resear@rant no. 99-03-32915a). synthesis of macromoleculegroteins, DNA, etc.
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Scheme 2.
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esterV [9]. Although this strategy in the synthesis of tetrahydropyranyl etherlX) was sufficiently labile,
chlorvulones and clavulones was successfully usednd after purification by column chromatography on
[10-12], somewhat dubious seemed the possibility tcsilica gel we isolated the target compouhdin 62%
obtain enolatefrom protected derivatives of the yield.

highly reactive compoundyV .. Thus the investigation demonstrated that dichloro-

We planned to introduce an octyl group into thederivativel that is easily prepared from hexachloro-
ketal of cyclopentenedionel)( with simultaneous cyclopentadiene is a convenient initial compound for
building up of a center with a tertiary alcohol group building up the structure of new pharmacologically
in compoundV by condensation of the initial ketone promising 11-chlorochlorvulones.
with octylmagnesium bromide(Scheme 2). The
experiments showed the absence of products originat- EXPERIMENTAL
ing from hydride reduction and revealed cean
addition of the organomagnesium reagent to the ket%
group of compoundl. Tertiary alcohol VI was
obtained in 73%yield. The subsequent acid hydro-
lysis of ketal VI afforded enoneVIl in 82% yield.
Prior to the keystage of aldol condensation alcohol
VIl was converted into methoxymethyVI(l ) and
tetrahydropyranyl 1K) ethers. Theenolates were 8-Hydroxy-1,4-dioxa-8-octyl-6, 7-dichlorospiro-
generated therefrom by treatment with lithium diiso-[4.4]non-6-ene (VI). To a stirred solution 00.42 g
propylamide(LDA). The reaction of the intermediate (2 mmol) of enonel in 10 ml of anhydrous THF
enolates with aldehydoethe occurred cleanly under argon at20°C was added dropwise 8 ml of
furnishing in both cases directlyE57E-trienonesX 0.5 N solution of GH;,MgBr in THF. Thereaction
and XI in over 70% yield. The correspondingZ¥ mixture was warmed to ®C and stirred at this
derivativesX and Xl arise in small quantities~6%). temperature for 0.5 Imore. Then 10 ml of saturated
The &, 7E-configuration of the conjugated double aqueous solution of NiCI was added, the reaction
bonds system is proved by the presence in theiproduct was extracted intether, the combined
'H NMR spectra of a downfield doublet signal of H  extracts were dried on N8O, and evaporated. The
7.10 ppm {s ; ~12 Hz) [13-15]. Theacid hydrolysis residue was subjected to chromatography on,St
failed to deprotect methoxymethyl ethar, but the afford 0.38 g (73%) ofoily alcohol VI. IR spectrum,

IR spectra were obtained on spectrophotometer
R-20 from thin film or mull in mineraloil. *H and

13C NMR spectra were registered from solutions in
CDCl; on Bruker AM-300 spectrometer at operating
frequencies 300 and5.47 MHz respectivelyinternal
reference TMS.
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v, el 3330, 1650.'1H NMR spectrum,s, ppm:
0.85 t (3H, CH, J 7 Hz), 1.06-2.00 m (14H, 7CH),
2.15 d (1H, H, J 14.3 Hz), 2.40 d (1H, A J
14.3 Hz), 3.964.20 m (4H, 2CHO). **C NMR
spectrum, 3¢, ppm: 13.77 (Me), 20.40 gcg, 23.22
(C?), 28.85 (C), 29.28 éd)’ 29.51 (C), 31.64
(C?), 37.72 (C), 48.02 (C), 65.71 (CHO), 65.80
(CH,0), 79.30 (&), 112.15 (C), 131.39 (C),
139.91 ().

4-Hydroxy-4-octyl-2, 3-dichlorocyclopent-2-en-1-
one (VII). A solution of0.65 g (2mmol) of ketalVI
in 10 ml of acetone and 0.2 ml 15% HCI was re-
fluxed for 1 h, cooled tooom temperature, 2 ml of

saturated water NaCl solution was added, and th

product was extracted into ethyl acetatex (D ml).

o LXXIX.

1081

toluenesulfonic acid in 10 ml of CJ€l, at C was
added 0.14 g (1.67 mmol) of freshly distilled
2,3-dihydropyran. Theaeaction mixture was stirred
for 30 min, 0.05 g offine powder ofNaHCO; was
added, the mixture was stirred for I0in, filtered,
and the filtrate was evaporated. We obtained 0.5 g
(93%) of oily compoundX as a mixture of diastereo-
mers in 3:1 ratio {H NMR data). IR spectrumy,
cml: 1740, 1650, 1610.H NMR spectrum, $,
ppm: 0.78 t (3H, CH, J 7.0 Hz), 1.162.00 m (22H,
11CH,), 2.60 d and 3.35 d (1.5H, 3,, main dia-
stereomer,J 18.7 Hz), 2.63 d and 2.78 d (0.5H,
C°H,, minor diastereomer] 18.7 Hz), 3.303.40 m
1H, CH,0), 3.80 m (1H, CHO), 4.40 m (0.75H,
YH) and 4.60 m (0.25H, €H).

The combined organic extracts were washed with Main diastereomer (1X). 3C NMR spectrumgc,

saturated water solution of NaCl tiheutral, dried
with MgSQ,, filtered, and evaporated. Wabtained
0.46 g ofoily ketone ¥Il). IR spectrum,v, cmk:
3450, 1730, 1650, 161%H NMR spectrump, ppm:
0.75 t (3H, CH, J 7 Hz), 1.06-1.30 m (14H, 7CH),
2.58 d (1H, H, J 18.6 Hz), 2.74 d (1H, B J18.7
Hz). *3C_NMR spectrum,dc, ppm: 13.77 (Me),
22.31 (C), 23.48 (C), 28.89 (C), 29.03 (C),
29.43 (©), 31.48 (&), 37.54 (&), 47.13 (O),
77.49 (&), 132.20 (A), 166.83 (G), 194.30
(C=0). Found, %: C 55.80; H 6.80; Cl 25.15.
C,3H,oClL,0,. Calculated, %: C55.92; H 6.73; Cl
25.40.

2,3-Dichloro-4-methoxymethoxy-4-octylcyclo-
pent-2-en-1-one (VIII). To a stirred solution of
0.43 g (1.54 mmol) of alcohol VIl and 0.24 g
(3 mmol) of chloromethyl ether in 10 ml of an-
hydrous dichloroethane at 2D was added0.39 g
(3 mmol) of freshly distilled diisopropylethylamine.
The reaction mixture was stirred for 3 h at°&5 then
cooled to 20C, diluted with 40 ml of CHCI,,
washed with saturated aqueodaCl solution till
neutral, dried on Mg$Q filtered, and evaporated.
We obtained0.46 g (92%) ofcompoundVIIl . IR
spectrum,v, cnt: 1750, 1640, 1610. 'H NMR
spectrum,8, ppm: 0.88 t (3H, CH, J 7 Hz), 1.16-
2.20 m (14H, 7CH), 2.72 d (1H, B, J 18.7 Hz),
3.12 d (1H, B, J 18.7 Hz), 3.36 s (3H, OMe),
4.65 m (2H, OCHO). *C NMR spectrumpc, ppm:
13.73 (Me), 22.41 (€), 23.21 (C), 28.61 (C)
28.96 (), 29.51 (C), 31.64 (¢, 37.48 (C),
44.09 (C), 55.47 (OMe), 8257 (8§, 92.16
(OCH,0), 134.91 (&), 163.00 (6), 192.29(C=0).

2,3-Dichloro-4-octyl-4-(2-tetrahydropyranyloxy)-
cyclopent-2-en-1-one(I1X). To a stirred solution of
0.43 g (1.54mmol) of alcoholVIlI and 0.01 g of

ppm: 13.96 (Me), 19.79 (€), 22.50 (C), 23.22
(C*"), 24.96 (C), 29.04 (C), 29.19 (C), 29.50
(C%), 31.52 (C"), 31.67 (C), 38.04 (C), 44.23
(C¥, 62.98 (C"), 82.88 (C), 95.48 ("), 135.01
(C?, 165.38 (C), 193.41 (C=0).

Minor diastereomer (IX). **C NMR spectrum,
e, ppm: 13.96 (Me), 19.56 (€), 22.50 (C),
23.22 (C"), 24.96 (C), 29.04 (C), 29.19 (C),
29.50 (C), 31.18 (C"), 31.67 (C), 36.39 (C),
43.80 (@), 63.04 (C"), 81.69 (¢, 94.16 (C"),
133.54 (@), 165.73 (C), 193.41 (C=0).

14,15-Dihydro-12-methoxymethoxy-11-chloro-
chlorvulone II (X). To a solution of 0.12 g
(1.2 mmol) of i-PL,NH in 5 ml of anhydrous THF
cooled to-10°C under argon was added dropwise
2.4 ml of 0.5 N solution of BuLi in hexane. The reac-
tion mixture was stirred for 15nin, and dropwise
was added a solution @.32 g (1.2mmol) of ketone
X in 2 ml of THF. Then the reaction mixture was
cooled to-78°C, and a solution 00.19 g (1.2mmol)
of aldehyde V in 3 ml of THF was adddbereto. The
reaction mixture was stirred for 20 min af8°C and
30 min at -20°C, then kept for 30 min aroom
temperature Afterwards 2 ml of 1N HCI was added,
the mixture was stirred for 1fnin, and theproducts
were extracted into ethyl acetate (30 ml). The
combined extracts were washed with water till
neutral, driedwith MgSQ,, and evaporated. We
obtained 0.4 g of crude reaction product that was
purified by chromatography on Sifeluent pentane
ethyl acetate, 7:3). We isolat€éd29 g (73%) ofoily
compound X. IR spectrum,v, cml: 3450, 1740,
1640.'H NMR spectrum, ppm: 0.84 t (3H, CH,
J 7 Hz), 1.051.35 m (10H, 5CH), 1.75-2.40 m
(10H, 5CH,), 3.33 s (3H, OMe), 3.66 s (3H, OMe),
4.35d (1H, OCHO, J 7.0 Hz), 4.45 d (1H, OCHD,
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J7.0 Hz), 6.30 d.t (1H, B J7.0,15.1 Hz), 6.52 d.d 1.3 Hz), 7.01 d (1H, ¢H, J 11.8 Hz).C NMR

(1H, H° J 12.0, 15.1 Hz), 7.10 d (1H, H J

12.0 Hz).*3C NMR spectrumg., ppm: 13.93 (Me), (C*
22.49 (G9), 23.59 (C%, 24.63 ( ), 28.96 (@, (ct
29.46 (39, 29.62 (@, 31.62 (G%, 32.89 (&),

33.09 (@), 36.24 (CJ, 51.43 (OMe), 83.90
(C'?), 125.47 (C), 134.50 (&), 135.50 (&), 137.33
(C%, 149.06 (C), 161.75 (C), 173.24 (CQ),
184.48 (C=0).

14,15-Dihydro-12-(2-tetrahydropyranyloxy)-11- 1
chlorochlorvulone Il (XI) was obtained by procedure
similar to that described for compouixdby condens-
ation of enolate of keton&X with aldehydeV. Yield
of oily compoundXl 65%. IR spectrum,v, cni:
1740, 1640H NMR spectrum3, ppm: 0.84 t (3H,
CHj, J 7 Hz), 1.051.35 m (10H, 5CH), 1.10-2.50
m (26H, 13CH), 3.60 s (3H, OMe), 4.4%r.s and
4.75 br.s (1H,0CHO), 6.25 m (1H, F), 6.60 m
(1H, H%, 7.10 d (1H, H, J 11.8 Hz). °C NMR
spectrumgsc, ppm: 13.52 and 13.54 (Me), 19.32 and
19.45 (&), 22.48 and 22.91 (¥), 23.56 and 23.65
(C', 24.63 and 25.10 (£), 24.96 and 25.09 (%,
28.93 and 29.12 (&), 29.21 and 29.31 (¥), 29.31
and 29.54 (&9, 30.91 and 31.12 (¢), 31.62 and

31.70 (C®), 32.51 and 32.60 (§, 32.88 and 32.96 6.

(C%, 36.09 and 38.73 (), 51.61 (OMe), 61.55 and
62.78 (C'), 84.19 and 84.33 (€), 94.61 and 95.13
(C!), 125.12 and 125.508
(C%), 133.44 and 136.59 ), 137.68 and 138.40
(C®), 147.24 and 148.69 (¢, 158.59 and 161.97
(ctY, 173.30 and 173.41
(C=0).

14,15-Dihydro-11-chlorochlorvulone I (Il). A
solution of0.25 g (0.05mmol) of etherXl in 10 ml 9
of acetone and 0.2 ml of 15% HCI wastirred at
room temperature for 2 tihen to the reaction mixture 1g
was added 2 ml of saturated water solutionNzCl,
and the products were extracted into ethyl acetate

(3x10 ml). The combined organic extracts were 11,

washed with saturated wateNaCl solution till

neutral, driedwith MgSQ,, filtered, evaporated, the 12,

residue was subjected to chromatography on,SiO
We isolated0.13 g (62%) ofoily compoundll. IR
spectrum,v, cnit: 3450, 1740, 1640. UV spectrum,
ACOH nm: 241 ¢ 10200), 314 £ 10000).'H NMR

max

spectrumg, ppm: 0.84 t (3H, CH, J7.0 Hz), 1.15  14.
1.35 m (12H, 6CH), 1.81 q (2H, CH, J 7.3 Hz),
2.06 m (2H, CH), 2.32 m (4H, 2CH), 2.85 m (1H,
OH), 3.66 s (3H, OMe), 6.25 d.t (1H,%8, J 7.0, 15.

15.0 Hz), 6.70t.d.d (1H, CH, J 15.0, 11.8,

spectrum,§., ppm: 14.00 (

N

w

&

o

133.95 and 135.03 7.

184.37 and 184.44 8.

13.

@%, 22.53 (39, 23.66

‘7‘), 24.03 (C), 29.00 (G%), 29.05 (G9, 29.29
)

, 31.68 (G%, 32.67 (C), 33.20 (&), 36.59

(CB), 51.60 (OMe), 79.60 (&), 125.47 (©),
133.21 (&), 134.00 (G%, 134.68 (&), 148.29
(C), 161.75 (CY), 173.68 (CQ), 184.48(C=0).
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