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Summary: A simple one-step preparation of the sulfones of Leukotriene Cq, D, and E, has been 

developed by the direct oxidation of the parent compounds. An alternative synthesis of these 

sulfones has also been carried out by reduction of an acetylenic precursor. 

Slow reacting substance of anaphylaxis (SRS-A) has for many years been implicated as an 

important mediator of anaphylactic reactions'. Interest in the role of SRS in these reactions 

and other biological responses has been stimulated in recent years by the elucidation of its 

structure' and its chemical synthesis". Syntheses of its three major components: LTCI,, LTDb, 

and LTE4, has allowed more precise studies of its biological properties. However, in 1980, 

Ohnishi and coworkers4 reported the structure of SRS-A isolated from rat peritoneal cells in 

which the sulfur of the thioether linkage is present as a sulfone (structure A) rather than a 

sulfide (structure B) as proposed by Samuelsson'. 
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The biological activity of LTC, sulfone was reported to be comparable to the activity of 

LTC,, itself, thus setting up an intriguing and possibly disturbing situation with regard to the 

proposed structures for the components of SRS-A. As there have been no further reports clari- 

fying these contrasting structural assignments, we decided to carry out the synthesis of LTCI, 

sulfone. We report herein a surprisingly facile solution to this objective, and extended it to 

the preparation of the sulfones of LTD,, and LTE,,. 

In order to synthesize the Leukotriene sulfones 2 we had at first considered opening LTA,, 

methyl ester with the appropriate sulfinic acid. Although this proposal was the most attractive 

from the view point of ascertaining the identity of the product, the preliminary experiments 

with a model sulfinic acid were not very encouraging. 

The oxidation of Leukotrienes C,,, D, and E,, as well as that of various protected deriv- 

atives also appeared to be an attractive alternative. This approach suffered from the 

disadvantages of having to prove the integrity of the molecule since the double bonds are also 
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susceptible to oxidation. We reasoned however that, of the four double bonds in the molecule, 

the conjugated triene would be easily recognized by its characteristic U.V. absorption. The 

isolated double bond at C,, would present more of a problem. Not only would it be difficult to 

detect but it is the most susceptible to oxidation. So, in our overall strategy, we needed a 

complementary synthetic method which would take into account this potential problem, provide an 

alternative to the direct oxidation and more importantly, allow for confirmation and proof of 

structure. 

After a number of unsuccessful attempts to oxidize Leukotrienes and their derivatives with 

different oxidizing agents, the reagent of choice was found to be potassium hydrogen persul- 

fate. Trost et a1.5 successfully used this reagent to prepare sulfones and they have shown that 

the oxidation could be performed in the presence of double bonds. Using 7.5 equivalents of 

KHS0s6 and 1 equivalent of LTC, and monitoring the reaction by HPLC for the disappearance of 

starting material, the desired sulfone s was obtained. In fact, the reaction is slightly more 

complicated as three types of products are formed. The two sulfoxide diastereoisomers are 

formed first and are seen on HPLC as two close peaks (a certain asymmetric induction occurred 

since the two peaks were in a ratio of 4:l). In a slower second step oxidation, the concentra- 

tion of the sulfoxides diminished and that of the sulfone increased. As this was happening a 

third much more polar new compound starts appearing which has not as yet been completely charac- 

terized, but has the characteristic triene chromophore in the U.V. spectrum (X&gH 266, 276, 

287 nm). This compound may have resulted from an epoxidation at the 14-15 positions followed by 

hydrolysis to the diol under the conditions of the reaction. In a typical run, 8.5 mg of LTC, 

will yield, after purification by HPLC7, 2.5 mg (25%) of LTC, sulfone 2a. Similarily LTD, and - 

LTE,, when oxidized under the same experimental conditions, afforded a 20-25% yield of the 

corresponding sulfones z and & respectively. It is interesting to note that the U.V. spectra 

of the sulfones with $@H 270, 280 and 292 nm are almost identical to those of the parent 

sulfides. Proton assignments have been made on the 400 MHz NMR spectra of these sulfonesa and 

we observe as expected a downfield shift of 0.6-0.7 ppm for the protons a. to the sulfones as 

compared to the sulfides. 

SCHEME 1: 

LTCO (W a: glutathione LTC4 sulfone (a) 

LTDJ (E) b: cysteinyl glycine LTD4 sulfone (a) 

LTE4 (C) c: cysteine LTE4 sulfone (&) 

The main strategy used in our second synthesis (Scheme 2) is the incorporation of a group 

at the 14 position not susceptible to oxidation under experimental conditions and which would be 

subsequently transformed to a cis olefin. Hence the diene aldehyde 2' was converted to 

14,15-dehydro LTA, methyl ester by a Wittig reaction with triphenyl (non-3-yn-1-yl)phosphonium 
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bromide3a in 70% yield. The opening of the epoxide 2 with the appropriate protected amino 

acid followed by basic hydrolysis to afford 2 was carried out in 50% yield under previously 

described conditions3a. The oxidation of 5 to the sulfones 2 was carried out with KHS0s6 as 

described above for the oxidation of Leukotrienes C,, D,, and E, in 50-70% yield. Finally, the 

reduction of 2 with Lindlar catalyst led to the sulfones of Leukotrienes C,, D,, and E, 1. in 

lo-30% yield." 
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The pD2 values of the sulfones 3, 2b and 3 on the non-tonal guinea pig trachea (0.5 ug/mL - 
indomethacin present) are 8.2, 8.1, and 7.9, respectively. The comparative data for LTC,, D,, 

and E,, determined previously by us, are 8.7, 8.6, and 8.1 respectively. It is clear from these 

data that the sulfones are very potent compounds and their activity, while slightly lower than 

the corresponding sulfides, is in the same range. Since the retention times on reverse-phase 

HPLC" of the sulfones 2 are different (more polar) than the corresponding sulfides 1 it follows 

that the natural product previously compared12,13 with synthetic material was indeed a sulfide 

and not a sulfone. 

While it is possible that the sulfones 2 will be shown to be natural products, the evidence 

presented by the Japanese workers is not enough to support their claim, Careful controls will 

have to be developed, e.g., by recycling pure synthetic leukotrienes through all the steps of 

the isolation procedure. Final comparison of the results with authentic LT's and their sulfones 

will have to be made. Without such comparison it will be difficult to know how much of the 

sulfone isolated by the Japanese group is an artifact of oxidation during the isolation 

procedure. Since no HPLC work seems to have been done, it is even difficult to know if their 

samples are not contaminated to varying degrees with LTC,. 
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