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The prostaglandin molecule offers an attractive opportunity for photochemical re- 

actions. The preparation of such novel prostanoic derivatives can be achieved either by 

total synthesis or by cycloaddition to naturally occurring substances. We wish to report 

the synthesis of four prostanoid [2+2]cycl_oadducts using both approaches. 

Irradiation of the conjugated ketone (1) [#ms, 1735, 1710 cm-'; hmax 209 nm, log 

4.11; n.m.r. 3.6 (C02Me), 6.21 (dd, Jl 2 6 Hz, Jl 3 2 Hz, C-10 vinylic H), 7.61 ppm 

(dd, J2,1 6 HZ, J2,3 2.5 Hz, C-11 vinylic H); m/e'274 (M+)], readily obtained from (L)2, 

in methylene chloride solution saturated with ethylene with a Hanau Q-18 high pressure 

E 

ultraviolet lamp at low temperature, affords the cyclobutyl-ketone (2) [70%; timax 1740, 

1610 cm -'; m/e 302 (M+)], along with isomeric material. Sodium borohydride reduction of 

ketone (2). followed by brief exposure to acid, provides the lactone (4) [~max 1770, 

1610 cm -l; m/e 272 (M+)], separated from the 9H-hydroxy-acid also formed during the reduc- 

tion. The n.m.r. spectrum of (4) displays a triplet at 4.71 ppm (JS 9H 7 Hz; J9 loH 7 Hz) 
, , 

corresponding to the proton st C-9. Examination of the geometry of the tricyclic lactone 

(&) with molecular models indicates that such a triplet is only compatible with the u-con- 

figuration of the cyclobutyl moiety. 

The synthetic intermediate (2) is then submitted to the sequence of reactions (see 

Chart) described previously3. Hydrogenolysis of the benzyl ether group and oxidation4 of 

the primary alcohol gives the corresponding aldehyde, which is alkylated with the sodium 

salt of dimethyl 2-oxoheptylphosphonate to afford the crystalline enone (2) [dmax 1770, 

@ 
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1695, 1625 cm-l; Amax 228 nm, log E 4.19; n.m.r. 0.88 (Me), 6.12 (d, 16 Hz; 14-H), 6.68 ppm 

(dd, J 16 Hz, J 8 Hz; 13-H; m/e 276 (Mt)]. 

Reduction of the carbonyl at C-15 is followed by separation of the required lS(S)- 

alcohol derivative [p max 3450, 1770, 1670 cm-l; n.m.;. 0.88 (Me), 5.52 ppm (m, vinylic H); 

m/e 278 (M')] from its 15(R)-isomer [d_x 3400, 1770, 1670 cm-l; n.m.r. 0.88 (Me), 5.52 ppm 

(m, vinylic H); m/e 278 (k)] by preparative TLC. The concluding steps of the synthesis are 

shown on the Chart. Whereas mild acid hydrolysis of the 15a-tetrahydropyranyl ether deriva- 

tive (da), obtained after alkylation of the lactol, completes the synthesis of dl-lOa,lla- 

ethylene-11-desoxy-PGF 2a (6b) [ Q,,x 3450, 1710 cm-l; n.m.r. 0.88 (Me), 4.12 (C02H, g-OH, 

15-OH), 5.46 ppm (4 vinylic H)], oxidation' of (6al followed by acid treatment provides the - 

corresponding prostaglandin belonging to the E-series (e) cJmax 3450, 1740, 1710 cm-'; n.m.r. 

0.88 (Me), 5.51 ppm (m, 4 vinylic H)]. 

Photochemical cycloaddition of allene6 to PGA2-methyl ester @) from Plexaura Homo- 

malla gives a mixture of isomeric (methylene)lO,ll-ethylene-11-desoxy-PGE2 methyl esters of 

which two are reported here. Preparative TLC allows to isolate the major isomer (g) [22X; 

Y 
-1 

max 3430, 1745-1735 cm ; n.m.r. 0.89 (Mel, 3.65 (C02Me), 4.10 (15u-OH), 4.97 (d, J 15 Hz, 

C=CH2), 5.46 ppm (m, 4 vinylic H); m/e 370 (ti-H20), 357 (M+-OMe)]. The configuration of the 

methylenecyclobutane bridge is probably u in @), since its Cotton effect ([~]3~~ -5,570; 

a -63) is reminiscent of that exhibited by the methyl ester (2) (Mel,,, -3,860) obtained by 

cycloaddition of ethylene to (2). 

The structure of the photoadduct (9b) C 15%; timax 3430, 1745-1735 - 

(Me), 3.66 (C02Me), 4.10 (15a-OH), 4.88 (d, J 16 Hz, C=CH2), 5.49 ppm (m, 

370 (Mf-H20), 357 (M+-OMe)], is based on its UV maximum at 300 nm (log E 

-1 
Cl0 ; n.m.r. 0.89 

4 vinylic H); m/e 

2.38), typical of 

a P,v -unsaturated keto-system. In addition, the P-stereochemistry of the methylenecyclo- 

butane moiety in (E) is supported by the intense negative chiroptical properties ([Q]~~~ 

-14,850; a,-142), in agreement with the extension of the octant rule for this home-conjugated 

628 chromophore . 
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