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Abstract : A total convergent synthesis of leukotriene (+)-LTB4 has been carried out via two 

enantiomerically pure CY-hydroxyaldehydes,chiral key intermediates both obtained from D-mannitol 

and connected at a four carbon atoms interval by Wittig reactions. 

We have previously reported 
2 

a general method to prepare enantiomerically pure 

a-hydroxyaldehydes of R or S configuration from D-mannitol. These aldehydes are chiral key 

intermediates for the synthesis of arachidonic acid metabolites. The strategy is based on 

nucleophilic opening of diastereoisomeric diepoxides 1 and 2 - _. We have now used this approach 

for a total convergent synthesis of (+)-LTBb3 : I 

The first part of our work is concerned with the preparation of suitably protected 

( Z q tBDPSi, Z’= C6H5CO) enantiomerically pure aldehydes A (R) and B (S). Two moles of each - 

are obtained from one mole of D-mannitol without (I wastagP:of carbons”. 

Suitably protected cy-hydroxyaldehyde A results (Scheme 1)from nucleophilic opening 

of the diepoxide 21 (I,2 : 5,6-dianhydro-3,4-O-methylethylidene-D-mannitol) by lithium hepty- 

nide followed by silylation in situ, controlled hydrogenation of the triplehonds (A-J), re- 

moval of the acetonide group (z-_ 4) and oxidative cleavage of the 3,4-diol (:---_A). 

In the presence of bulky tert-butyldiphenylsilyl(tBDPSi) protectinggroups, hydro- 

lysis of the acetonide using aqueous trifluoroacetic acid is not complete at O°C and silicium- 

oxygen bond cleavage occurs at higher temperatures. Indeed deprotection of the glycol by trans- 

thioketalisation 4 affords crude diol 4. Aldehyde A (R) is obtained with 33 X overall yield - - 
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Schme I - Synthesis of aldehyde A(R)" 

D-mannitol 
b.c 

20 
HO L2 

4 A(R) 

a: rec. 1 -b: 2,2eq.C5Hq-CGC-Li, MC, WT, 65OC. 2hM then tfKF5iC1, 65oC, M-130 ; 60 % - c : Lindlar cat., H2, 

?+6 ; 
100 X - g : 7eq.(Cii2SH)2, O&q. TStH, Cl-C+ 60°C, 3h - 5 1,leq. P~~Nc)~, C6H6, RT, lh ; d + e : 55 X 

Schem II - Synthesis of ai@hyck E(S)" 

,, ,CW ,, /CO,Et 

D - manni tol 

0 % 6 0 
?I - I 
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- ^ 

03 BZC, 
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CO,Et 
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CO,EI 

2 5 6 B(S) 

a : ref. 1 - b : 6eq. LiC=C-tX12Et, 6eq.BF3.rXt2, Tl+, - 7WC, 2h then "$Cl aq.Sat. - c : 2,5eq. PMXl, pyr, 2u°C, 

Zh;b+c: 80 % -d : H2, Ft, C2H5CH ; 100 % - e : TFA, H20 9/l, -5oC. 300 ; Sll X - f : 1,leq. F~J@Ac)~, C+12C12, 

- 10°C, lh ; 65 X 

scheme III - Synthesis of conjugatedtriene-LTB. 
697 +A transisomerl" 

.e 

A(R) 7 8 X- CO?Et 

= c 9 X= CH,OH 

dLIO X= CH,Er 

‘c 11 X= CH;PPh, .Br- 

12 13 

I 

c+)- LTB~ 

a : 1.2eq. Ph3P=CH-Ml, C H 
66 

, fW’C, 6h ; 60 % - b - : l,ZZeq. (Et0)2POCli2C02Et,leq.CEiJ, l/&q. LiCl, alp, RT, lh ; 65 X 

c : l,Zeq. AlH 
3’ 

Tl+, O°C. 2h30 - d : 3.3eq. U3r4, 1,5eq. OIFWOS, 0-l Cl - 2 2’ - 
35oc. 2h3Cl - e : - 1,2eq. Ph3P, M3CN. RT, 

2h3O;c+d+e:75%-f: - leq. Buli, Tw, - imoc, am then i,5eq. kwr, - 1moc-tv ; 80 x - p : irk+ n8u 4w, 

TIC-L: 1%. K#‘Q 14eUi.H20 4/l. 
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from diepoxide 1. 

The synthesis of the protected aldehyde B (S) (Scheme II) begins with the nucleo- 

philic opening of the diepoxide ' 2 (I,2 : 5,6-dianhydro-3,4-II-methylethylidene-L-iditol) 

by lithio ethylpropiolate (large excess) in the presence of boron trifluoride-etherate at 

-78 oc 5. The diol is thenbenzoylated and triple bonds are reduced (2-2). Hydrolysis of the 

acetonide 2 and cleavage of the 3,4-diol 6 leads to aldehyde 1 (S) in 47 X of overall yield 

from diepoxide 2. - 

In the second part of the synthesis (Scheme III), a four carbon atom junction bet- 

ween the two aldehydes A and B is realized by succesive Wittig condensationsaccording to a - 
3a 

scheme previously described . We have modified some experimentalconditions. In particular 

during the Horner-Wadsworth-Emmons reaction (7__8) we used conditions 
6 
more appropriate 

for base sensitive aldehydes. For the transformation of allylic alcohol 9 into bromide 10 - - 

use of DIPHOS 7 (Ph2CH2j2 instead of triphenylphosphine facilitates purification since "diphos 

monoxyde" is more easily separated than triphenylphosphine oxide. 

The last Wittig reaction leads to a mixture of the two diastereoisomers b 6y7 cis 

and &y7 trans (d;uole bond isomers ; ratio 12 : 
and fully characterised T 

_?1, ca. 7 : 3). These compounds are easily 
separated by HPLC Each isomer has been sequentially deprotected 

and the potassium salt of (+)-LTB4 obtained is identical (HPLC, lJVj9 with a sample supplied 

by J. Rokach. 

The study of LTB4 metabolism by different systems (P.M.N.L. and hepatic microsomes 

of rat) shows that the metabolic profile obtained is superposable to the one obtained from 

Rokach's sample of LTB4. 

Starting from an inexpensive chiral natural compound, via diepoxides, this synthe- 

sis of (+)-LTB4 has been accomplished according to a flexible strategy which is easily appli- 

cable to synthesis of analogs or modified LTB4 and of hydroxy eicosatetraeno& acids (HETE). 
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uv 

: sol&t gradient system (CH,CN / H,O with .l % 
: 261, 269, 281 nm. 

AcOH) on a Spherisorb ODS 2 5pcoiumn . 

lO.Allnewcompounds exhibited satisf?ctory spectra and analytical data. 

A (R) : Ebo.os w l680C(B&hi - .[cx]~' q -14.5O (c 2.2,CHC13) [Litt : -16.5' (C 3.0, CHC13)39; 

-lt3O ( c 2, CHC1,)2d !l - 'H NMR (90 MHz, CDCl,) : 0.85 (t,3H), 1.10 (s, 9H), 1.25, (m, 
6H), I.9 (m, 2H), 2.4 (m, 2H), 4.1 (dt, IH, 6Hz, l.EHz), 5.4 (m, 2H), 7.4-7.7 (2m, IOH), 

9.5 (d, IH, 1.8 Hz) - 13C NMR (CDCl,) : 202.2 (d), 135.4 (d), 133.0 (d), 132.8 (a), 
132.6 (s),129.6 (d), 127.4 (d), 122.3 (d), 77.7 (d), 37.3 (t), 31.5 it), 29.1 (t), 
27.3 (t), 27.0 (q), 

B (5) : Eb,_,* ,,, 100°C (B&h 
22.6 (t) .19.4 (s), 14.1 (q). SM (NH3) : 426 (M' +l8). 

enantiomer 
[cY]$ = -390 (c 1.2, CHCls) [Litt : -46O (~0.5, CHC13?* 
CHC13)3d] - 'H NMR (90 MHz, CDCl,) : 1.25 (t, 3H, 7.5H:); 

1.95 (m, 4H), 2.40 (t, 2H, 7.25Hz), 4.15 (s,2H), 5.30 (t. lH. 7Hz). 7.60.-8.15 (2m. 

7 
a 
72 - 

13 - 

5H), 9.75 (S, IH) - 13C NMR (CDCl,) : 197.8-(d); 172.6 (s), i65.9 is), 133.5 (d), ’ 
129.8 (d), 129.1 (s), 128.5 (d), 78.3 (d), 60.4 (t), 33.6 (t), 28.3 (t), 20.5(t), 

CHCl 
;HCl )3 iLiLkitta 

: -14.4O (c 2.0, CHC13)] 

H NMR (CODA, 250 MHZ) 
: 40,6"(c 2.0, CHCl )3g, 45' ic 3.0 CHCl )3a] 

: “0.~0 (t, 3H), 0.90 (t, 3H), 31.10-1.40 (m, 15;1), I.360 (m; 4H) 
1.85 (m, 2H), 2.10 (m, 2H), 2.35 (m, 2H), 3.80 (q, 2H), 4.30 (m, lH, HI, ), 5.30 (dd, ;H, 
Hs), 5.45 (ddd, IH, H,,), 5.47 (ddd, IH, HI4 ),5.70 (dd, lH, HII ), 5.95 (dd, lH, HI,), 
6.0 (dd, IH, H,), 6.05 (m, IH, Hs), 6.10 (ddd, IH, Hs), 6.70 (dd, IH, Hs), 7.0-13.10 (2m, 
5H), 7.20-7.80 (2m, IOH), 54,s = 5.5, J&s = 9.5, J6,7 -10.5, J78 = 11.5, Jag q 14, 
J9,1o q 1’3.2, JIO,II 
165.6 (BzCO) 

q 14.5, J1,,12 = 7.2, J 14,I6 q IIHZ -13c NMR (~6D6) : l72.j (Cl) ; 
; 137.6, 136.4, 135.3, 132.6, 132.3, 130.9, 130.7, 129.9, 128.9, 128.4, 

128.2 125:O (Ph, Cs, C7, Cs, C,, CIo, CII , C14, C15) ; 74.7 (Cl,) ; 70.7 (C5) ; 60.0 
(COzC&CH3) 
Cl8 , Cl9 1 

; 36.6, 34.7, 34.0, 31.8, 29.6, 27.8, 22.9, 20.9, (C2, CB, C4$ C13, Cl6, C17 , 

(C2HsOH) 

; 27.3, 19.6 (tBu) ; 14.1 (COZCH2C,&, COO) - SM (NH,) : 724 (M' +l8) - Ov 
: 263, 272, 283 nm. 

IH NMR (~6~6, 400MHz) : 0.80 (t, 3~), 0.90 (t, 3H), 1.10-1.40 (m, l5H), 1.60 (m, 4H), 
1.85 (m, 2H), 2.05 (t,2H), 2.40 (m, 2H), 3.90 (q, 2H), 4.40 (ddd, lH, HI*). 5.45 (my 2H, 
H,~, ~~~ ), 5.50 (ddd, IH, H6), 5.70 (dd, IH, HI1 ), 5.95 (m, lH, Hs), 6.0 (m, lH, Hs), 
6.10 (dd, IH, HIo), 6.30 (ddd, IH, H7), 7.05-6.20 (2m, 5H), 7.20-7.80 (2m, IOH), J4,5 = 

5.5, J5,6 = 15, 

JII ,IZ 
= 7.5, J6,7 = 14, J6,6 q 2, J7,6 q 9,5, J7,6 q 2.5, Jg,lo = 9, JIO,U 

q 7, 512, 13 q 5.5, J14,15 = l1Hz - 13C NMR (c,Ds) : 172.3 (C,) ; 165.3 (BzCO) ; 
137.0, 136.3, 133.8, 133.2, 132.8, 132.4, 131.8, 131.2, 130.4, 129.9, 124.9 (Ph, r6, C7, 

G3, cg, cl0 , c,, , cl4 , 1115 ) ; 74.6 (C12) ; 74.4 (C,) ; 60.0 (C02WW) ; 36.6, 34.2, 33.9, 

31 .a, 29.6, 27.8, 23.0, 21.0 (C2, C3, C4, C13 , Cl6 , C17 , h 3 Cl97 ; 27.3, ‘9.6 (tBu) ; 
14.3 (C02Cr,Cfi3, C26) - SM (NH3) : 724 (M'++18) - Ov (C,H,OH) : 262, 270, 282 nm. 
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