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AbskadlS-0x0 metabolites of prostaglandins I$, Fti and new 15-0x0 prostaglandin analogues 5 and 7 were 
found to reveal higher antiproliferative activity than the correslxmding 15-hydroxy derivatives on human 
leukemia X562 cells in vim. The responsibility of the enone group in the wchain of a prostanoid molecule 
for this activity is suggested. 

Prostaglandins (PGs) of the E, A, and D series as well as marine coral prostanoids (clavulones, 

punaglandins etc.) have been shown to inhibit the growth of several animal and human mmour cell lines, 

h&ding various leukemia ce!l lit~es,‘~ knardine the structure reauirements. it is well established that a - -~- - --- -------- _-l---__.-..__, __ -- ..-- _---.-.._- -.-_ _ 

cyd~tenone unit is essential for the cytotoxic activity of a prostanoid compound?s6 Thus, cyclopentenoic 

prostaglandins, for example, PGA and PGJ, can be transported into cells and accumulated in cell nucle?**, 

differently from their respecbve metabolic precursors PGE and PGD. No studies have been carried out on 

the cytotoxic activity of the prostanoids, containing an enone unit in the o-chain of the molecule. For 

example, the 15-0x0 derivatives generally considered to be metabolic inactivation products of natural 

prostaglandins9 have not been studied on this activity. 
~_.__._.?__.~~ ~~~. e_ -1 ..~_. .Z n-m meresang~y, we rouna mat 13-oxo-r~~, - the first deP+humn _.bohtt of PG&, exh$itt a high= 

antiproliferative activity on human leukemia X562 cell line than PG&. This finding forced us to study more 

widely the contribution of the enone group in the w-chain of a prostaglandin molecule to the antiproliferative 

activity. We have synthesized 15-oxo-PGF% 2, 15-0~~PGE, methyl ester 4 and ring modified 15-0~0 

prostanoids 5 and 7, and compared their cytotoxicity with that of the corresponding 15-hydroxy prostaglandins 

- PGF, 1, PGB, 3 and 15-hydroxy prostanoids 6 corresponding to the prostaglandin analogue 5. 

15-Oxo-PGF,2 was synthesized accordmg to Anggard and Samuelsson.lo 15-Gxo-PGE, methyl ester 

4 and a new prostaglandin analogue - g-deoxy-lldeoxy-IO@), 12(Qdihydroxy-15-oxo-~~ -PG& methyl 

ester 5 were prepared starting from (B)-(+)-methyl-7-(3-tetrahydropyranyloxy-5oxo1-cyclopentenyl)-5(Z)- 

heptenoate r1 (Scheme 1). 
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The 1,4-conjugate addition (path a) of the ketalic cuprate reagent to this enone gave 15-0~~PGE, 

methyl ester 4 in 30% yield after deacetalixation, while the 1,Zaddition of the reagent (path b) led to the 

diastereomeric THP derivatives 5-TEP in a 3:2 ratio. These diastereomers were easily separable on silica 
^^1 L-C- ~--..,&..X-,&z,, u.. __.^ _.^_ -I...- f~~_~r..t:_~r:-- ^ -:--1- -2 ..^. Xf.._l _L_._. -^^^ z ..:.I. -:” g=1 ucX”‘c; ucacclalIL;(Lu”II. ~“Wt;“cX, alLIIc;I “czlccuuIl*Lu”IL a surg1c; pruuucL, umyu1oay e‘,“,K J, Wllll c&J- 

orientated OH- groups, was obtained in 9% yield from the starting enone.” Compound 5 represents a new 

synthetic prostaglandin analogue, characterized by 8,9 double bond and hydroxyl groups at C-10 and at C-12 

position. 

The corresponding 15-hydroxy compounds were obtained from 5 by reducing it with NaB& in EtoH 

yielding, after chromatographic separation, diastereomeric 15(R)- and 15(S)-hydroxy prostanoids 6 (87%)i3 

(Scheme 2). Compound 5 was also oxidized by using Jones reagent into 9-deoxy-lldeoxy-12(R)-hydroxy- 

lO,&dioxo-A*-PGE, methyl ester 7 in 87% yield l4 (Scheme 2). 

The antiproliferative activities of PGF&l, PGE, 3, their methyl esters,” the corresponding 15-oxo- 

derivatives 2 and 4, and the new synthetic prostanoids 5-7 are presented in the Table. 

TABLE 

The antiproliferative activity of PGFk 1, PGl$3 (free acids), their methyl 
esters, the corresponding 15-0~0 derivatives - 15-oxo-PGF, 2,15-oxo-PGE, 
. ..a+k.l mn*- ” . . ..A n..n*lrs*L . . . . . ..n+“..r.Ao L m ,-...A v a.. I.......... r.r~ulJ’ GJL&X WI (UK4 JJ”U’~l.K. y1vJuur”WJ J, ” , QllU I “11 UU‘llaJl 
leukemia K562 cells in vitmb. 

1 
1 methyl ester 

2 
2 methyl ester 

3 
3 methyl ester 

4 
z 

; 
7 

>700 
99*4 

362 f 7 
61 f 5 
63 f 4 
41 f 1.4 
28 f 1.5 
qn I I L” I I 

201 f 9 
6.6 f 0.4 

’ A mixture of 15(R) and 15(S) isomers as well as the diistereomers separately. 
b Cells were grown in DMEM, supplemented with 10% of fetal calf serum, penicillin (100 WmL), and 
streptomycin (0.1 mg/mL) at 37°C in a humidified atmosphere of 5 96 C& in air. Cells were plated in 24- 
well Nunc multidishes at a density of 2 x lo’/ mL and incubated in the presence of various concentrations 
of the investieated comnounds for 48 h, The viable c&s. c!&mni& by tqy~ blue dye exclusion, were _~ _._ -..-___-._-- _~~~~~~~~~~~ ~__ 
counted on a hemocytometer. 
o ICH, is the dose that, after 48 h, reduces the cell growth in vitro by 50% as compared to the control 
cultures. The data are expressed as means f SEM (n=4-8). 
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As can be seen from the data presented in the Table, the methyl esters of PGE, and, especially, of 

PGF, were more cytotoxic than the parent free acid compounds, which may be explained by their better 

penetration into the cell. The 150x0 derivatives revealed an additional increase in the cytotoxic activity. In 

case of PGE, such an increase may be caused by a more rapid serum albumin- catalyzed dehydration of 15- 

oxo-PGE, to 15-0~0 PGAz when compared to the conversion of PGEr to PGA2 in the culture medium.16 PGA 

has been shown to be the ultimate active compound which is transported through the cell membrane and, in 

the protein-bound form, into the cell nucleus.17~‘* 

However, since albumins have no destructive effects on PGF, and 15-o~o-PGF,,~~ such a mechanism 

.4-n ..r\+ nrr\lo;n &P n.,tnrn-;n;t.. nn...mA l... tl.a . ..-..n+mnlnnA.nn ,TC 0 .a..Lx. t%.r A.-,+~ rlnm,.nohntn +hn+ th,. u- ll”L wy.?uuu “‘b CJWu?,uC’LJ MUJCU “J “,G y,“urcyLau”,r.a “1 I JCIIW. “UI UaLa “~III”IIJUc4IC UICU ULb 

enone group of the w-chain of the PGF, molecule clearly enhances the cytotoxicity (cf. compound 2 to its 

parent compound 1 both as a free acid and as a methyl ester,see Table). This phenomenon may evidence of 

the better transportation of 15-0x0-PGF, into cells while no accumulation of PGF, by murine leukemia cells 

in culture has been shown7. Also, the c&unsaturated carbonyl group of compound 2 may react, similarly 

to cyclopentenone prostaglandins, with some cellular nucleophiles, which ultimately results in the cytotoxicity. 

Although compound 5, because of its structural properties, does not possess the ability to form a 

cyclopentenone prostaglandin (PGA-type) via enzymatic dehydration, it still revealed a higher cytotoxic 

activity than 15-0x0-PGE, methyl ester. The reduction of the 15-0~0 group in compound 5 to the trihydroxy 

compound 6r9 decreased the antiproliferative activity about 10 times. Thus, the facts presented above indicate 

that the enone unit in the wchain plays an important role in the cytotoxic activity of compound 5. Oxidation 

of the hydroxyl group at C-10 in compound 5 to compound 7 bearing enone units in both the ring and w-chain 

resulted in the additional increase of the activity about 3 times (Table). This points to the formation of a 

reactive, rather unusual cy&unsaturated carbonyl group in the cyclopentane ring (A* , lO-oxo) which also 

contributes to the cytotoxic activity of the compound. The antiproliferative activity of compound 7 exceeded 

the activity of PGD, (IC, =lO a) on the K562 cell line.*’ 

In conclusion, the results of the present study demonstrate that the enone unit in the tihain of natural 

prostaglandins of E and F series contributes to the cytotoxic effect of the compounds. So, 15-oxo-PGE, and 

15-0x0-PGF,, the first metabolites of PGE, and PGF, in most cells*‘, reveal higher antiproliferative activity 

than PGE, and PGF, on the K562 leukemia cell line in vitro. The ring modif& 15-oxo-prostaglandin 

&j&men 5 nnd 7 renrecent a new g& of cvtntmir nrmtannid9 n_.e $iffe_wAQs in &e g&\ri_Q of ;5i 6, and_ e___ - -_- . __r_______ _ ___.. -,_--.--- ~--I-- __-_ I. 

7 shows that both the w-chain and ring enone groups play an important role in the determination of their 

biological activity. 
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methyl-l-cyclopentenyl)heptenoate (b), where cis- carbinol protons resonate at 4.65 (a) and 4.63 (b) and 
tmtr.vzubinol protons at 4.83 (a) and 4.95 (b) ppm. 
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