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A SIMPLE SYNTHESIS OF METHYL 11(S)- AND 12(S)-HETE 

George Just* and Zhi Yuan Wang 
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ABSTRACT: Starting from D-arabinose, tie describe a synthesis of 115' and IZS- - 
HETE methyl esters. 

A simple retrosynthetic analysis indicates that either enantiomer of 

8, 9, 11 and 12-hydroxyeicosatetraenoic acids (HETE's) can, in principle, be 

constructed from a chiral intermediate corresponding to B, if it were 

available as the dialdehyde synthon B', and phosphoranes corresponding to 

A, C, D (I) and E (5). 
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Phosphoranes corresponding to A and E are readily available'. Those corres- 

ponding to C and D have been described 2,3 . A rapid one-pot synthesis of 

non-3Z-enylidenetriphenylphosphorane ("C") is outlined in the companion paper. 

In the following, we detail the synthesis of 11(S)-HETE4 and 12(S)-HETE5 methyl 
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esters, using arabinose as the chiral starting material. In contrast to 

most carbohydrates, it is readily available in both D and L form. 

R,OmS,t _ Hfi:,, Ph3PCHCHO HmEt 
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The synthesis of the D-2-deoxypentose dithioacetal 1 has been described by 

Wong and Gray' and allows for its large-scale easy preparation from arabinose. 

Transformation to its t-butyldiphenylsilyl ether L7, [al, 
8 

2o + 13.7' (CHC13), 

using the method of Hannessian and co-workers , followed by hydrolysis with 

trifluoroacetic acid/tetrahydrofuran (THF)/water (1:2:1, 3.5 mL per 1 mm01 

of 2, 20-25O, 20 
6 h) gave dial z7, [al, + 24.7" (CHC13), which was obtained 

in 78% yield after flash chromatography (EtOAc-petroleum ether, 1:4). Treat- 

ment of 2 with 3.5 eq of sodium periodate in THF-acetone-water (2:1:2.5, 7 mL 

per 1 mm01 of 3_) at 20° for 15-20 min. gave aldehyde 47 as an oil in 72% 

yield. Reaction of 4 with formylmethylenetriphenylphosphorane in dry - 
benzene at 70" for 6 h gave a,6-unsaturated aldehyde 5, which was obtained in 

79% yield after purification'. In contrast to aldehyde 4_, 9_ and 11, 5 was - 

quite stable and could be stored at O-10" for weeks. This material corres- 

ponds to fragment B in 11(S) and 12(S)-HETE. 

Coupling of 5 with dianion 7 _3 gave, after methylation with dimethyl - 
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sulfate in situ, ester 10 
7 

in 75% yield after chromatography. 
-10 

Hydrolysis of 

the dithioacetal function provided unstable aldehyde 11 
11 

- in 61% yield after 

rapid chromatography purification. It was immediately treated with hexyl- 

triphenylphosphorane to give 14 in 42% yield. - Although both 142 and 14E 

isomers were obtained, they could not easily be separated at this stage. 

Hydrolysis of the silyl ether function with 1.9 eq of n-Bu4NF*3H20 in THF at 

45" for 4 h gave a mixture of the 142 (major) and 14E (minor) isomer of 

12(S)-HETE methyl ester, which were easily separated by flash chromatography 
12 . 

Further purification by HPLC (7.5% EtOAc in hexane, Microporasil) gave 

pure 15 - 13, [ali + 1.3'(c 0.3 in CHC13), [ali + 1.5"(c 0.2 in CHC13)5. An 

attempt was made to determine enantiomeric purity hv forming the Mosher ester 
15 

of 15 -' and comparing it to the one derived from d,l-12-HETE methyl ester kindly 

provided by Dr. Julian Adams. Unfortunately, the diastereomeric Masher esters 

derived from racernic 15 appeared as a single peak on HPLC using two different -- 

systems. Proton n.m.r. of the Mosher ester of 15 was consistent with the - 

formation of one diastereomer only. The overall yield of 15, based on crystal- 

line arabinose dithioaceta16, was 5.7% 

For the synthesis of 11(S)-HETE methyl ester, a very similar sequence was 

used: a,(3-unsaturated aldehyde 5 was first treated with 5 to provide S in 58% 
14 

yield . Condensation of highly unstable aldehyde 2, which was obtained after 

removal of the dithioacetal function of 8 as described above, with 7 gave, - 

after methylation in situ, ester 12 and its olefinic isomers in 52% yield. - 

Hydrolysis of the silyl ether function of 12 and its isomers with n-Bu4NF*3H20 - 

in THF gave a mixture of 13 and isomers, - which was easily separated by 
12 

chromatography . After further purification by HPLC (7.5% AcOEt in hexane, 

Microporasil), pure 11(S)-HETE methyl ester 13 was obtained in 3.2% overall - 

yield, based on crystalline arabinose dithioacetal. It was in all respects 

identical to 13 previously prepared 
4b . - 
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CE2CHS), 3.74 (t, CHS), 4.73 (q, CHOSi), 6.01 (q of d, CH=CECHO), 6.65 

(9, CH=CHCHO), 7.24-7.72 (m, 10 H, Ar-H), 9.34 (d, CHO); MS h/e, 70eV): 

472 (2) 

(M+ 

, 415 (M+ - CMe3), 410 (M+ - EtSH), 381 (M+ - Et - EtSH), 353 

- CMe3 - EtSH), 327 (M+ - CH=CHCHO - EtSEt), 323 (M+ - 149, 

0HCCH=CHCH=&SiPh2CMe3), 135 (8H(SEt)2); [cl;' = - 16.1" (c 2.0 in CHC13); 

chromatography: silica gel (Kieselgel 60 HE'254 ), petroleum ether-EtOAc 

35:l. 
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'H n.m.r. 200 MHz (CDC13) 6: 1.09 (s, 9H, CMe3), 1.64 (t of d, 2H, 

C3-H), 2.27 (t, 2H, C2-H), 2.51 (t of d, 2H, C13-H), 2.72 (t, 2H, C7-H), 

3.60 (s, 0~~~1, 4.67 (q, C12-H), 5.10-5.40 (m, 3H, C5 6 a-H), 5.60 (9, 

Cll-H), 5.80 (t, cg-H), 6.22 (q, Clo-H), 7.36 (m, GH,'p:m-Ar-H), 7.62 

(m, 4H, 0-Ar-H), 9.66 (t, CHO); IR (CHC13): 1715 Cm-' (C=O), 1725 cm-1 

(o-C=O); MS (m/e 70ey): 504 (M+), 473 (Mf - CCH3), 447 CM+ - CMe3), 

225 (447-222, Ph2Si=O-CH=CH2), 199 (225 - HCXH). 

Silica gel (Kieselgel 60 HF254 from BDH), petroleum ether-EtOAc 1O:l. 

'H n.m.r. 200 MHz (CDC13) 6: 0.88 (br.t, 3H, C20-H), 1.31 (m, 6H, 

C17,1a,lg-H), 1.69 (m, 2H, C3-HI, 1.80 (d, OH), 2.08 (m, 2H, C16-H, 2H, 

C2,4-H), 2.34 (br.t, 2H, C13-H, 2H, C2 4-H), 2.94 (br.t, 2Hr C7-H), 

3.66 (s, OCH3), 4.24 (br.m, C12-H), 5.50-5.50 (m, 4H, C5 6 S 14-H)' 
. I - 

5.50-5.60 (m, C15-H), 5.70 (d of d, Cll-H), 5.95 (br.t, Cg-H), 6.55 

(d of d, ClO-H); MS (m/e 70eV): 316 (M+ - H20), 303 (M+ - CCH3), 223 

CM+ - CH2CH=CH(CH2)4CH3), 141 (M 
+ 

- 223, loss of Me02C(CH2)3CH=CHCH2CH= 

CH=CH), 191 (223 - CH40), 107 (191-84). 

'H n.m.r. 200 MHz (CDC13) 6: 0.88 (t, 3H, (CH2)CE3), 1.09 (s, 9H, CMe3), 

1.12 (t, 3H, SCH,Cl,), 1.15 (t, 3H, SCH2CF13), 1.27 (m, 6~, CH~(C~~)~CH~), 

1.68-2.12 (m, 4H, SCH2CH3, lH, CH=CHCH2CH2), 2.29 (q of d, lH, 

CH=CHCH~CH~), 2.51 (m, 2H, CH2CHS), 3.79 (t, CHS), 4.17 (q, CHOSi) r 

5.34 (m, CH=CgCH2), 5.50 (q, CH=CHCHOSi), 5.79 (t, Cc=CHCH2), 6.09 - 
(q, CE=CHCHOSi), 7.34 (m, 6~, p,m-Ar-H), 7.66 (t of t, 4H, 0-Ar-H); 

MS (m/e, 70eV): 540 (M+), 483 (M+ - CMe3), 421 (M+ - CMe3 - HSEt), 

417 (M+ - CH=CHCH=CH(CH2)4CH3), 360 (483 - CH=CHCH=CH(CH2),CH3), 199 

(;=SiHPh2); [a]:' = - 27" (c 2.10 in CHC13). 
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