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Abstract: In vivo, the prostaglandins (PGs) are inactivated by enzyme oxidation of the 15-α-OH 

group to 15-keto group. 15-, 16-Substituents, 16-Aryloxy and others diminished this inactivation 

[1]. We planed to diminish inactivation by introducing bulky bicyclo[3.3.0]octane or 

bicyclo[3.3.0]oct-6-ene substituents linked to the C-15 carbon atom, but also to introduce this 

fragment found in nature and in compounds with anticancer activity. ω-Side chain of PGs are 

introduced by an E-HEW-stereoselective olefination of an aldehyde with a β-ketophosphonate 

(Corey procedure). The β-ketophosphonates were synthesized from bicyclo[3.3.0]oct(a)ene acids by 

a two or three step sequence in good yields and used for obtaining a new PG. 
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1. Introduction 

The inactivation of the prostaglandins (PGs) by enzyme oxidation of 15α-OH to the 15-keto 

group via the 15-PGDH pathway was diminished by introduction of 15-methyl, 16-dimethyl, 

difluoro, methyl and OMe, cyclohexyl, cyclopentyl, phenyl or 16-aryloxy groups. In the same time 

the modifications in the ω-side chain were most beneficial for biologic activity of the compounds 

[1,2]. In this direction we planed to introduce a bicyclo[3.3.0]oct(a)ene fragment linked to the C15 

carbon atom to introduce a more hindered access of the enzyme to the 15-hydroxyl group. We also 

took into account the fact that a bicyclo[3.3.0]octane fragment is found in the molecule of recognized 

drugs like (iso)carbacyclins and their analogs and also in the molecule of many natural products, 

some of them with antitumor activity [3]. So this fragment could give interesting biological activities 

to the new PGs analogs. This concept for the ω-side chain of these new PGs analogs is design in the 

β-ketophosphonates used in an E-HEW stereoselective olefination with a cyclopentane aldehyde. 

The paper presents the synthesis of new β-ketophosphonates which contain a bicyclo[3.3.0]octane or 

a bicyclo[3.3.0]oct-6-ne scafold in the molecule linked to the ketone group. 

For papers that report original research, you should use the titles “Materials and Methods”, 

“Results”, “Discussion” and “Conclusions” (optional).  
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2. Results 

New β-ketophosphonates with a bicyclo[3.3.0]octane or bicyclo[3.3.0]oct-6-ene fragment were 

synthesized starting from the diacids 1 in a sequence of 2 to 4 high yield steps (Scheme 1): 
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Scheme 1. Synthesis of β-ketophosphonates 2 starting from diacids 1. 

In a sequence, the diacids [4] were transformed in the anhydrides [5] which, by reaction of the 

lithium salt of dimethyl methanephosphonate (DMMPh) (generated in situ from DMMPh and 

n-BuLi in and. THF at low temperature (below −70 °C)), gave the β-ketophosphonates 2 (R = OH). 

Then the diacids were cleanly transformed in the methyl esters by reaction with diazomethane in 

diethyl ether-chloroform.  

In another sequence, the diacids were esterified (MeOH/TsOH, rt) and the diesters were reacted 

with the lithium salt of DMMPh, in the same conditions, to give the β-ketophosphonates 2 (R = 

OMe), toghether with a quantity of bis-β-ketophosphonates 2 (R = CH2P(O)(OMe)2), depending of 

the ratio of DMMPh/diester. For ex. in the case of saturated bicyclo[3.3.0]octane phosphonates, at a 

ratio of 2.05:1 DMMPh/diester, mono β-ketophosphonates was obtained in 33.5% and bis- 

β-ketophosphonates in 31.8%. At greater ratio of DMPh/diester, a greater amount of bisphosphonate 

12 was obtained. The saturated β-ketophosphonates 2 (R = OMe) was used in an E-HEW 

stereoselective olefination with the aldehyde intermediate 4 with α-side chain, obtained by 

transacetalization of the intermediate 3, to give the new PG analog 5 with the bicyclo[3.3.0]octane 

linked to C15 carbon atom (Scheme 2) in 73% yield: 
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Scheme 2. Sinthesis of new PG analogs with a bicyclo[3.3.0]octane linked to C15 carbon atom. 

The reduction of the 15-keto group with a bulky reducing reagent, like aluminium 

diisobornyloxyisopropoxyde, gave no 15-allylic alcohol, this demonstrating that also the access of 

the enzymes will be restricted by the bulky the bicyclo[3.3.0]octane fragment. The use of of 

bis-β-ketophosphonates 2 (R = CH2P(O)(OMe)2), in the E-HEW stereoselective olefination of the 

aldehyde intermediate 4 will give to a pseudo-PG analog with formula I,  
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Figure 1. Keto-pseudo-prostaglandin analogue I should be obtained with bis-β-ketophosphonate 2 (R 

= CH2P(O)(OMe)2). 

In conclusion, mono-β-ketophosphonates and bis-β-ketophosphonates 2 were synthesized and 

a PG analog with a bulky bicyclo[3.3.0]octane in the ω-side chain was synthesized. 

In meantime, the work presnted above, was included in an manuscript which was accepted to 

be published in New J. Chem. 2020, DOI:10.1039/D0NJ04594B [6] 

3. Patents 

A patent was deposited to OSIM—Romania with the no. C. Tănase, M.T. Căproiu, C. Drăghici, 

A/00517/14.08.2020. 
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