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Abstract 

A novel strategy is described for the synthesis of l~,¥-unsaturated aldehydes which are the useful synthons for 
the synthesis of  arachidonic acid and other eicosanoid products. These 13,y-unsaturated aldehydes have been used 
in the total synthesis of  arachidonic acid. © 1999 Elsevier Science Ltd. All rights reserved. 
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In dealing with the chemistry and synthesis of eicosanoids such as polyunsaturated fatty acids, 
e.g. arachidonic acid (AA) 1, eicosapentaenoic acid (EPA) 2, hydroxyeicosatetraenoic acids (HETEs), 
leukotrienes (LTs) and the most recent additions to the eicosanoid field, oxoeicosanoids, 1,2 e.g. 5-oxo- 
ETE 3, and isoprostanes (iPs), 3,4 e.g. 4, we are confronted with the construction of several double 
bonds separated by a methylene group or skipped dienes. We have recently reported on a method for 
the construction of skipped dienes in which one of the double bonds is primary. 5 
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5-oxo-ETE iPF3cz -VI 
One of the most practical methods we have used in the construction of eicosanoids, is the Wittig 

reaction, as shown in Scheme la. 
The reverse process, however, (Scheme lb) is not straightforward due to the great difficulty in 

obtaining 13,y-unsaturated aldehydes, such as 9. The reason lies in the tendency of the double bond 

* Corresponding author. 

0040-4039/99/$ - see front matter © 1999 Elsevier Science Ltd. All tights reserved. 
PIi: S0040-4039(99)01498-7 



7180 

(a) 
R - CHO 4" 

5 
(b) 
. -  CH,P+ph  - 

8 

-I- 

6 

O H C ~ C O O C H  3 

9 

Scheme 1. 

/ - - ~  COOCH3 
R 

7 

to move into conjugation with the carbonyl function during its preparation. For example, in the case of 
alcohols such as l0  and 13, attempted oxidations with various oxidizing agents (Scheme 2) gave a modest 
to low yield of a mixture of [~,y-unsaturated aldehydes and the product of double bond migration, the 
cx,13-unsaturated aldehyde. 

Yield of Ratio of 
H O A ~ X  COOCH 3 O H C ~ X , / ~ / C O O C H  3 OHO~--X,,/~vCOOCH 3 aldehvdes 8.~/oLB 

[O] 11 "1- Jones 45% 10 1 90 
10 " 12 Swem 76% 32 / 68 

Moffat 48% 50 / 50 
[o] 

HO ~ ,, O H C ~  "1" OHC'v~-- 'X/X,/~ Swem 72% 40 / 60 
PCC 51% 10 ! 90 

13 14 15 DMSO/ 
SO3.Py/Et3N 35% 25 / 75 

Scheme 2. 

The isomers, in addition, are almost superimposed on TLC and impractical to separate in a preparative 
manner by column chromatography. 6 Preparation of substituted [3,y-unsaturated aldehydes have been 
reported. High pressure (>100 atm) hydroformylation of substituted butadienes using rhodium catalysts 
have been reported to yield a-methyl  I~,y-unsaturated aldehydes. The stereochemistry of the double bond 
appears to be predominantly trans. 7 

We are reporting here on a new strategy for the synthesis of I~,y-unsaturated aldehydes as presented 
in Scheme 3 and Table 1. We are predominantly interested in the ~,y-c is  aldehydes (entries 1-6), but the 
trans can be prepared as well (entry 7). As can be seen, it makes use of a four-carbon synthon which is 
later shortened by one carbon. 

---/L- O --7L-- o HO 
O v ~ C H O  "1" XPh3 ~/ ' 'VR " O,,,.,,,,,,~-~-~R H O ~ R  , O H C ~ / = ~ / R  

16 17 18 19 20 

Scheme 3. 

The success of this approach was made possible by the very clean cleavage of the diol to the aldehyde 
by Pb(OAc)4 in high yield. 

The fast rate of the diol cleavage to the aldehyde (10-20 min) is almost certainly a factor in the 
exclusive formation of the 13,y-unsaturated aldehydes. 

The preparation of the aldehydes is as follows: To a solution of the diol (1 mmol) in anhydrous CH2C12 
(15.5 ml) was added anhydrous Na2CO3 (3.3 mmol) with stirring under argon. The reaction mixture was 
cooled to -40°C and Pb(OAc)4 (1.2 mmol) was added. The reaction mixture was kept at -40  to -30°C 
for 20 min and filtered through Celite/fluorisil. The organic layer was washed with saturated NaHCO3 
solution and brine, dried and concentrated to afford the aldehyde as a colorless oil. 8 All yields are isolated 
yields. In entry 1, the oxidation is quantitative (as judged by TLC), the product, however, is volatile and 
resulted in the lower isolated yield shown. 
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Entry Diol I],7-Unsaturated aldehyde % Yield 

OH 
1 ~ O H  ~ C H O  84 

21 22 
OH 

2 N j ~ . - ~ N ~  OH ~ 7 ~ ' X / ~  CHO 98 

23 24 OH 
3 96 ~ * ~ j ~ / ~ j  OH - -  - -  - -  CHO 

25 26 
OH 

98 4 , .~,% f ~ O H  ~ 7 ~ / C  HO 

27 14 
OH 

5 H 3 C ~ ~ O H  H 3 C ~ ~ C H O  98 

28 11 
OH 

6 C s H s O C O , ~ / ~ / - ~  OH CsHsOCO x / / ~ , / X / ' ~ 7 ~  C HO 83 

29 30 
OH 

7 C6H50C0 ~ OH CsH50CO ~ C HO 83 

31 32 

In entries 1, 2 and 3, aldehydes 22, 24 and 26 can be useful for the synthesis of EPA (C-20 033 n-5), 
and docosahexanoic acid (DHA) (C-22 033 n-6) and derived eicosanoids. C-22 represents the carbon 
skeleton, 033 represents the position of the first double bond from the 03 end of the molecule, and n-6 
represents the total number of double bonds in the molecule. 9 In entry 4, synthon 14 can be used in 
AA-derived product and eicosanoids. AA (C-20 036 n-4) is an 036 fatty acid. In entry 5, aldehyde ester 
11 represents the first eight carbons of AA and other similar polyunsaturated fatty acids and eicosanoids 
derived from AA, EPA and DHA, and iPs of types I, II, IV and VI. 9'10 In entry 6, aldehyde 30 contains 
an extended chain, the purpose of which is to attach affinity labels in some of the eicosanoid derivatives. 
Entry 7 represents the formation of a trans I~,y-unsaturated aldehyde. In this case too, the formation 
of aldehyde 32 is not contaminated with the a,13-unsaturated isomer. However, the propensity of 32 to 
undergo conjugation with the aldehyde is much more pronounced than with all the other cis-double bond 
cases (entries 1 to 6). The cleavage reaction should be stopped as soon as the starting material has reacted, 
usually 10 min. Aldehyde 32 can be stored in solution for a week, and maybe longer, at -20°C. 

In another related process, alcohols such as 10 on oxidation to acids also undergo migration of the 
double bond into conjugation with the ester group (Scheme 4a). In the past 11 when the acid 33 was the 
desired product we used a strategy based on an acetylenic group as the olefinic precursor 37 (Scheme 4b). 
Although the Jones oxidation yield was an acceptable 60%, the synthesis of acetylene 35 is a tedious and 
time-consuming process.ll Scheme 4c shows the much improved high-yield two-step synthesis of 33 
with no double bond migration in either step. 

We have also applied this strategy to the synthesis of the natural product AA (Scheme 5). We were 
surprised to find that except for one report, 12 AA is isolated from soya bean and vegetal sources. 
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Scheme 4. Reaction conditions: (a) Pb(OAc)4, Na2CO3, CH2C12, -40 to -30°C, 20 min, 98%; (b) NaC102, KH2PO4, t-BuOH, 
2-methyl-2-butene, H20, 91% 

+ a 

14 39 40 38 

e 
41 42 43 

Scheme 5. Reaction conditions: (a) LiHMDS, THF, -78°C to rt, 85%; (b) TBAF, THF, 81%; (c) CBr4, DIPHOS, 92%; (d) Ph3P, 
CH3CN, 96%; (e) LiHDMS, THF, -78°C to rt, 70% 

The symmetrical compound 44 has been made in order to study the substrate specificity with the 
various lipoxygenases (Scheme 6). 

+ - O H C , , / ~  LiHMDS, HMPA, THF• 

"~" -78°C to RT, 75% 
42 14 44 

Scheme 6. 
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