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A)stracf : Total stereospecific synthesis of EPA has been performed by a sequence of ozonolysis, selective reduction and Wittig 
reactions which affords the cis-skipped olefmic system. Versatile Compound4. readily prepared from dihydm anisole, atlowed us to 
prepare the skipped dienic synthon 2 in high yield. 

EPA 1 a (all cis-5,8,11,14,17-eicosapentaenoic acid) is a polyunsaturated fatty acid (PUFA) of the o-3 

serie found in marine food.’ Nutritional effects of EPA (as ftee acid, triglycerides or phospholipids from fish 

oil) are associated with lowering cardiovascular risk and arterial thrombosis.2 More recently, studies have 

suggested that EPA may also have a favourable effect on other human diseases such as arthritis,3 renal 

disorders,4 asthma: eczema6 and possibly also cancer.7 Future nutritional experiments using pure or labeled 

EPA will allow evaluation of its biochemical and biological role. This new interest in the o-3 PUFA* prompts us 

to report, herein, the total stereospecific synthesis of pure natural EPA la. Our strategy is convergent and is 

based on the Wittig reaction of the two synthons 2 and 3. 

la, R=H 
lb, RrMe 

Preparation of 2, summarized in scheme I, starts from the commercially available 2,5dihydroanisole. 

0zonolysis9 performed in isopropanol gave an intermediate hydroperoxyhemiacetallo which was reduced with 

dimethylsuhide and acetalized, in sim, into 4 in 33% yield by addition of triisopropyl orthoformate at room 

temperature. Incomplete reaction in isopropanol has to be tolerated because of the rapid ozonolysis of the second 

double bond leading to methyl 3,3-diisopropoxypropanoate and malonaldehyde bis(diisopropylaceta0.t 1 The 

versatile ester acetal4 exhibits a cis double bond. Modification of either one of its functionalities would yield a 

powerful six-carbon-atom homologating agent. Accordingly, compound 4 was reduced with lithium aluminum 

hydride at low temperature into alcohol acetal5. Smooth conversion of 5 with Ph3PBr2t2 in the presence of 

pyridine furnished the bromide 6 in 91% yield. Displacement with triphenylphosphine in refluxing acetonitrile 

gave the Wittig salt 7 in 60% yield. The reaction was performed in presence of triethylamine and NaI to avoid 

the acid catalyzed eliminationt3 of isopropanol to form an isopropyl enol ether.14 Cis-Wittig reaction of the 

corresponding ylid with methyl Soxopentanoate provided the Z,Z-dienic ester aldehyde 8 in 80% yield Acidic 

hydrolysis in the conditions already described15 quantitatively afforded aldehyde 2, 
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a : 4. iPrOH, -60°C; b : Me& -804: to tt;c : HC(iOP&. H+. 4 (33%); d : LiAIH,, THF, -70°C to -3o”c, 5 (73%); e : PhaPBr2, pyridine, 
Ct-&N, 04: tort. 1 h, 6 (91%); f :Ph,P, EgN, Nat. W&N, 65Dc, 15 h. 7 (60%); g : NaN(SiMe&, THF, + OHC(Cl+)@OMe, -1OWto 

rt, 6 (60%); h : TsOH (0.05 equiv), THFYO, IO min, 2 (quant). 

In scheme II, the t-butyldiphenylsilyl ether of 3-butynol was homologated with ethylene oxide to 

monoprotected diol 9 in 70% yield.t6 Selective reduction of the triple bond over P-2 nickelt7 quantitatively 

provided the cis ethylenic monoprotected diol 10 which was converted into the phosphonium salt 12 in 89% 

yield. The corresponding ylid was condensed under cis-Wittig reaction conditions with propanal leading to the 

silyl ether of Z,Z-3.6~nonadienol 13 in 65% yield. Fluoride deprotectiont* furnished alcohol 14 followed by 

successive conversion under mild conditions to the bromide 15 (96%) and to phosphonium salt 16 (92%). 
Wittig reaction of the corresponding ylid of 3 at low temperature with aldehyde 2, thoroughly dried by 

azeotropic distillation of benzene, afforded the methyl ester of EPA 1 b . Saponification with LiOH gave the pure 

natural EPA t a. 19 

Scheme II 

lO,XsCBi&BuPh,, YICH 

11 , XI OSiCBuPh, , Y = Br 

12, X s OBWBuPhz , Y r+PPh,, Bi 

‘m i 1 > 1161 ,_> lb _- 111 

13,X=OSiCBuPh, 

14,x=CH 

15,X=Br 
3 , X =*PPh, , Br 

a : BuLi, ethylene oxide, -7OC, EtpOITHFkiMPA,Q (70%); b : Ni(OA&, NaBH,, Hz, ethanol, 10 (100%); c : Ph,PICBr,, CH&, 0°C 
to It, 11 (94%); d : Ph,P. Cl-!&N, 65”c, 15 h, 12 (95%); e : NaN(SiMe&, THF, + propanal, -1 OVC to ft. 13 (65%); f: NBu,F, lHF,14 

(700/.); g : Ph3PBr2, pyridine, CH&N. 04: to rt, 1 h. 15 (96%); h : Ph3P, C&CN, 65%. 15 h, 3 (92%); i : NaN(SiMe&, THF, +2, 
-100°C to ft. 1 b (50%); j : LiOH, THF, rt, 15 h,la (92 %). 
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NMR data of methyl EPA 1 b and EPA 1 azo are in agreement with those repoxted21 for natural EPA 

isolated from cod fish oil. 

This total synthesis of EPA by sequential elaboration of double bonds will allow the synthseses of other 
kinds of PUFA like docosahexaenoic acid @HA). A strategy based on the versatile ester acetal4 should give 

both lipophilic and carboxylic parts of the PUFA’s. 
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19. Att =mVounds snow correct mass spectra or elemental anlyses. NMR 1H and 1% are resp&ively reccqdetj at 
200 and 50.312 MHZ in CDCl3. Key compounds are described below. 

4 : ‘I+ t+~lR65.61-5.54 (2H m), 4.51 (1H. 1, J= 5.5 Hz). 3.80 (2H, sept, J= 6.1 HZ), 3.62 (3~, s), 3.07 (2~, d, J 

= 5.3 Hz), 2.29 (2H, dd, J= 555.2 Hz), 1.13 (6H, d, J= 6.1 Hz), 1.08 (6H, d, J= 6.1 Hz) ; ‘3CNMR3 172.1 (c), 
127.7 (CH), 123.0 (CH), 99.4 (CH). 67.9 (2CH), 51.6 (CH3), 33.9 (CH,),.32.9 (CH,), 23.2 (2CH3), 22.4 (2CH3). 

7 : ‘H NMR57.85-7.66 (15H. m), 5.80-5.38 (2H, m), 4.42 (lH, t, J= 5.4 HZ), 3.76-3.59 (4H. m), 2.43-2.27 (2H, 
m), 2.06 (2H, m)+ 1.10 (8H, d, .I=- 6.1 Hz), 1.03 (6H, d, J= 6.1 Hz) ; 13C NMR 6 135.2 (3CH, d, J= 3 Hz), 133.6 
(6CH, d, J= 10 Hz), 130.6 (6CH d, i= 13 Hz), 128.3 (CH, d, JcccP = 16 Hz), 127.1 (CH, d, ~~~~~~ = I HZ), I 17.9 

((3429 6 Jcp = 93 HZ), 99.2 O-9, 68.4 (2CH). 34.2 (CH2), 23.2 (2 CH3), 23.0 (CH2, d. JccP = 49 Hz), 22.5 

(2 CH3). 

8 ‘HNMR55.41-5.30 (4H, m), 4.51 (IH, 1, J=5.5 Hz), 3.83 (2H. sept, J= 6.1 Hz),362 (3H, s),2.74 (2H,brt, 
J= 5.1 Hz), 2.32 (2H. dd, J= 4.9,5.5 Hz), 2.28 (2H, 1, J= 7.5 Hz), 2.06 (2H, td, JS 7.1, 6.1 Hz), 1.66 (2H, tt, J= 

7.1, 7.5 Hz), 1.15 (6H, d, J= 6.1 Hz), 1.10 (6H, d, J= 6.1 Hz) ; “C NMR 6 173.2 (Cl), 129.9 (Cg), 128.9 (c5 
and C6), 124.6 (C8). 99.9 (Cl l), 67.9 (2C isopropyl). 51.5 (OCy), 33.8 (ClO), 33.4 (C2), 26.6 (C4), 25.9 (c7), 
24.8 (C3). 23.4 (2C isopropyl), 22.5 (2C isopropyl). 
9 See ref. 14. 

20. 

21. 

19 ‘H NMR67.64-7.27 (IOH, m), 5.65-5.25 (2H. m), 3.60 (2H, t, J= 6.7 HZ), 3.50 (2H. t, J= 6.3 Hz), 2.39-2.07 
(4H, m), 0.98 (9H, s) ; 13C NMR 6 135.6 (4CH arom), 133.9 (2C arom), 129.6 (2CH arom), 129.3 (CH), 127.7 
(4CH arom), 127.2 (CH), 63.6 (CH2), 62.2 (CH2), 30.9 (2CH2), 26.7 (3CH3), 19.22 (C). 

14 ‘H NMR65.585.20 (4H, m), 3.61 (2H, 1, J= 6.5 Hz), 2.77 (2H, Br t, J= 6.6 HZ), 2.31 (2H, td, J= 6.5, 6.9 

Hz). 2.03 (2H. td. J= 7.506.7 Hz), 0.93 (3H, 1, J= 7.5 Hz) ; 13C NMRG 132.0 (CH), 131.0 (CH), 126.8 (CH), 
125.4 (CH), 62.0 (CH2). 30.6 (CH2), 25.5 (CH2), 20.5 (CH2).14.2 (CH3). 

1 b tH NMR 65.44-5.22 (1 OH, br s), 3.64 (3H,s), 2.88-2.68 (8H. m), 2.30 (2H, t, ,/= 7.5 HZ), 2.10-2.02 (4H. m), 

1.76-1.60 (2H, m), 0.95 (3H, 1, J= 7.5 Hz); “c NMR 6 173.9 (C) , 132.0 (CH), 128.9 (CH), 128.6 (CH), 128.3 
(CH). 128.2 (2CH). 128.1 (2CH). 127.7 (CH), 127.0 (CH), 51.4 (CH3), 33.40 (CH2), 26.5 (CH2), 25.6 (CH2). 25.5 
(CH2), 24.8 (CH2), 20.6 (CH2), 14.3 (CH3). 

la ‘H NMR65.46-5.28 (IOH, br s), 2.89-2.72 (8H, m) 2.34 (2H, 1, J= 7.5 Hz) 2.17-1.99 (4H, m), 1.77-1.62 (2H, 

m), 0.96(3H, t, J= 7.5 HZ); 13c NMR 6 180.4 (C), 132.0 (CH), 129.0 (CH), 128.7 (CH), 128.5 (CH), 128.3 (CH), 
128.2 (2CH). 128.1 (CH), 127.7 (CH), 127.0 (CH), 33.5 (CH2), 26.5 (CH2), 25.6 (3CHz), 25.5 (CH2), 24.5 (CH2), 
20.6 (CH2), 14.3 (CH,). 

Corey. E.J. ; Wright, SW. J. Org. C/rem., 1988.53, 5980. 

(Received in France 27 April 1992) 


