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A CONVENIENT SYNTHESIS OF B-ALKYNYLPROPIONIC ACIDS FROM 8-PROPIOL?Cl-ONES. 

SYNTHESIS OF 4,4,5,5- TEX'RADEXYDRO-9(O)-MEXHAMXA 6(9a)_pGI 
1' 

* 
Masaki Shinoda, Katsuhiko Iseki, Tomei Cquri, Yosio Hayasi, 

Shun-ichi Yamada+ and Masakatsu Shibasaki# 

Research Laboratory, Mitsubishi Yuka Pharmaceutical Co., LID., Ami, Inashiki, Ibaraki 300-03, 
Japan 

t 
Faculty of Pharmaceutical Science, Josai University, Keyakidai, Sakado, Saitama 350-2, Japan 

# Sagami Chemical Research Center, Nishi-Ohnuma, Sagamihara, Kanagawa 229, Japan 

Summary: A neu prostacyclin analog, 4,4,5,5-tetradehydro-9(O)-methano-A 6(9a)_pGI has been 
synthesized by utilizing the regiocontrolled cleavage of the B-propio&one tiith the 
dialkylaluminum acetylide. 

Since prostacyclin (PG12) 1 was found to be the nest potent inhibitor of platelet aggre- 

gation and a potent vasodilator with fairly short-life, considerable efforts have been expended 

to prepare chemically more stable and biologically rrore selective analogs. 
1 

Recently Ikegami 

and co-mrkers2 reported the synthesis of 9(O)-methane-A 6(9u) -PGII 2, which is more potent than 

,&ll-k~lcwn carbacyclin in inhib iting platelet aggregaticn. This result prompted us with the 

aim of developing rrore attractive corqxx~~& to prepare the new carbon analog 3_, which contains 

the triple bond at C4-C5 (PG numbering). We wish to report herein the first synthesis of 3, 

which utilizes the regiccontrolled ring cleavage of 6-propiolactones with dialkylalurninum 

acetylides for the construction of the upper side chain of 3. 
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Table. Reaction of Aluminum Acetylides with !3-Propiolactones 

R2 R3 
n-BuLi 

RkCH 
R'2AlCl QL 0 

lbluene -3OOC 
RiCECAl" 

0 

-30° - o"c 
R+ 

CCOH 

NJ. RkXH Lactone Product Yield(%) a) 

1 PhCECH 

2 EtCL=CH 

3 n-PrCfCH 

4 n-PrC=_CII 

5 n-PrCZCH 

6 
o- 

CSCH 

7 '1mCZCH 

OTHP 

8 C3H7 C=CH 

9 
t-m(Ph)2SiOmCEcH 

q 
0 

0 

Q 0 
0 

q 
0 

0 

Q 0 
0 

< b 
0 

q 0 
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q 0 
0 

q 0 
0 

q 0 
0 

Phc=_C 
\CCOH 74 

EtC=C 
-L OH 

44 

n-PrCSZ 
%CCQH 

84 

n-PJC=C 
-t CCOH 

48 

n-PrCGC 
COOH 

68 

c- c~c~cocxl 95 

OInP 

C3H7 F C=\CNXX3 

7,h’ c) 

t-Bu(Ph)2SiOmC3C 

IJXXXR, 

a) All yields are for isolated pure compounds. No other product was ditected. b) The mlar 

ratio of RkZCH/ n-FSuLi/ ~%s~~lCl/ E-propiolactone is 1.0 : 4.0 : 4.0 : 6.0. c) Isolated as 

a methyl ester by treating with diazmethane. 
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The aldehyde 4_,3 which is now readily available frcm the wall-known Corey lactone, 

appeared to be the most suitable synthetic intermediate for 3_ as a result of retrosynthetic 

analysis. In order to obtain 6 by the introduction of au upper side chain, the desulfonyla- 

tion4 of the sulfone 2, 
5 - which was readily obtained from 4_, was first attempted under a variety 

of conditions. However, the desired product 6_ was not obtained in any case. Therefore, wa 

turned our attention to three carbon homlogation of the enyne 2; that is, introduction of 

CH2CH2COOH to the enyne 1. 

Although the conjugate addition of alkynylaluminum reagents to a,6-unsaturated ketones6 is 

a wall-known useful method, such addition to a,6-unsaturated esters has not been reported. The 

regioselective ring cleavage of s-propiolactones has been extensively established by the use of 

organormatallic compounds such as dialkyl and dialkenylcuprates', Grignard reagents8 and organo- 

cadnium ccqmundsg to afford E-substituted propionic acids. Howaver, such cleavage with 

alkynylmetals to afford 8-alkynylpropionic acids has not been reported. Accordingly wa have 

examined the cleavage of 6-propiolactones with alkynylmetals and found that dimethylaluminum 

acetylides, which are easily prepared from lithium acetylides and dimethylaluminum chloride, 

react with 6-propiolactones at -35OC to afford B-alkynylpropionic acids in 38-95% yields. The 

individual cases are s urmarized in the Table. In the case of 6-methyl-8-propiolactone (Table, 

entries 2,4), the corresponding products were obtained in moderate yields. A general experi- 

manta1 procedure follows. A solution of 1-pentyne (340 mg, 5.0 ml) in anhydrous toluene 

(10 ml) under argon was metallated with n-BuLi (1.54 M in n-hexane, 5.5 ml) at -35OC for 30 

min. The resulting solution was treated with dimethylaluminum chloride (1.2 M, 5.5 ml) at 

the sama temperature. Stirring at -35OC was continued for 30 min followad by addition of 8- 

propiolactone (432 mg, 6.0 m-al). The reaction mixture was stirred at -35OC for 2.5 hr, 

quenched with n-ethanol, poured into water and extracted with ether. Purification by column 

chromatography gave 4-octynoic acid (585 q, 84%). 

The synthetically useful method described above was applied to the synthesis of 6. Treat- 

nrnt of 1.1 equiv of (EtO)2P(0)CC121L10 at -1OOO --20°C afforded the gem-dichloroalkene 8 in 89% 

yield. The enyne z was obtained by reaction of 8 with 2.0 equiv of n-B&i 'lo in 75% yield and 

converted to the ester 6 by using 6.0 eguiv of n-B&i, 6.0 equiv of dimethylaluminum chloride 

and 9.0 equiv of 6-propiolactone at -40° --30°C followed by treatment with diazomethane in 42% 

yield. Instead of 7_, 9 was also converted to 10 under the same conditions in 58% yield. -_ 

Treatment of 8 with Bu4N+F- in THF gave the key intermediate 11 l1 _I in quantitative yield. 
- 

OSi(Ph)2 OTHP 

2 Ii:c‘-cII 
10 I~:-crc _- (cH2)2c02cH3 

OH 
R1 R2 11 R: ?C5tlll 

15a 
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Rl: 011, R2:Il 
R 

--... R 1 :11, 2:ot1 
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The alcohol 1_l_ was then transformed to 4,4,5,5-tetradehydro-9(O)-methane-A 6(9a) -PGIl 1 in 

usual manner. Oxidation of 1_1_ with SO3-pyridine complex and triethylamine in DMSO gave the 

aldehyde 1_2_, which was directly treated with dimethyl (2-oxoheptyl)phosphonate-sodium hydride 

in THF to provide the enone 1__ in 72% overall yield. Reduction of 13 with sodium borohydride __ 

in methanol at -2OOC afforded the C 15-epimeric alcohols 1_4_ (PG numbering), which, after de- 

protection of the THP group, gave the more polar diol 15a in 39% overall yield together with _I_ 

the less polar dial 1_zb (27%). Finally, hydrolysis of 15a with sodium hydroxide in aqueous 1-1 

ethanol followed by acidic extraction provided 4,4,5,5-tetradehydro-9(O)-methane-A 6(9u)_pGI 

3l2 
1 

as a white powder in 64% yield. 

Preliminary biological results obtained with 2 indicated very weak inhibitory activity in 

human platelet aggregation induced by ADP. 
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