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Summary: Sulfoxides of leukotriene C (2) and various analogs (5_, 3 undergo a 1, ‘I-migration of sulfur 

(forming diastereomers 5, 5, and 8_, respectively) with noteworthy facility. Generation of the S-halo 

derivatives of leukotriene C in water results in heterolysis of the C-S bond to give (5S, 12R)- and (5S, 12S)- 

6-trans-leukotriene B in a process which mimics biochemical deactivation. 

The unique lipopeptide nature of the slow reacting substances (SRSs), leukotrienes (LTs) C, D, and E 

raises the intriguing question as to how these molecules function as biological agents and, in particular, 

whether chemically reactive intermediates are involved in the expression of this activity or in metabolic 

deactivation. Some time ago we initiated tests to determine whether divalent sulfur plays a role of this 

sort, as might be the case, for instance, if sulfonium ion formation or oxidation at sulfur is a key bio- 

chemical event. That divalent sulfur is not essential for bioactivity on airways or smooth muscle was 

indicated by the finding that one (but only one) of the two diastereomeric LTD sulfoxides (the less polar) is 
I,2 highly active (ca. 0.1 x LTD). Continuation of these studies on the S-oxidation products of leukotrienes 

has led to a number of striking findings which form the subject of this note. The results which have been 

obtained are of general chemical interest and are also relevant to the mechanisms for biological deactiva- 

tion of SRSs. 

Reaction of LTC (1) in pH 6.8 phosphate buffer (0.25 mg/ml) with excess sodium periodate &, 20 

equiv) at 23°C for 1 hr produced a 4:l mixture of two diastereomeric sulfoxides (2) having reversed phase 
- 3 

HPLC (RP-HPLC) retention volumes (Rv) of 2.6 and 2.7, respectively, in system A. The diastereomer 

Rv = 2.6 showed UV max in CH30H at 286 nm4 and that of R, = 2. ‘7 at 285 nm, 
4 

and as was the case in the 

LTD series’the more polar isomer (lower Rv) was the less active. Each diastereomer underwent a 

remarkably facile rearrangement involving overall migration of sulfur from C (6) to C (12) resulting in a 

mixture of four diastereomeric 6,8, lo-a-sulfoxides 5 having UV max (H20. pH 6.8) at 279.0 nm. 
4 

The 

half life for this rearrangement at 23°C was roughly 4 hr. The structure 2 for the diastereomeric rearrange- 

ment products was confirmed by independent synthesis from the two known diastereomers of the 12S- 

glutathionyl-6, 8, lo-trans analog of LTC5 by periodate oxidation and careful comparison of the resulting 

diastereomeric sulfoxides (UV, RP-HPLC in several solvent systems) with the sulfoxides produced by 

rearrangement of 2 _. The four diastereomers 8_ were resolved by RP-HPLC into two peaks with Rvs of 

2.4 and 2.7 in system B, 
3 

in which system the two LTC sulfoxides zaare unresolved with R, = 5.0. It is 

likely that the two unresolved components in each peak differ in absolute configuration at sulfur and have 

the same chirality at C (12). 
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The rearrangement of sulfoxides z to 2 represents a novel 1, ‘I-migration of sulfur which is, to our 

knowledge, without precedent. Among the mechanistic possibilities for rationalizing this 1, 7-shift are the 

following: (1) [2,3]-sigmatropic rearrangement of E to form a sulfenic ester with oxygen attached to C (8)6 

followed by heterolysis to a heptatrienyl sulfenate ion pair which undergoes collapse with bonding between 

sulfur and C(12) to afford 3; (2) two successive [2,3]-sigmatropic rearrangements of 2 to form a C(10) sul- 

foxide, a further [2,3]-sigmatropic rearrangement to a C(l2)-sulfenic ester, and finally, heterolysis to an 

ion pair followed by collapse to the C (12) sulfoxide 3~ or (3) protonation of 2_ at the sulfinyl oxygen followed 

by heterolysis to a heptatrienyl cation and nucleophilic recombination of sulfur of the peptide-SOH fragment 

with C(12) of the cation to form 2. The third of these possibilities can be excluded by virtue of the observa- 

tion that the rate of the rearrangement of 2 to 51s no more than a factor of 2 faster at pH 4 than at pH 7. 

Alternatives (1) and (2) are consistent with the data at hand on the transformation of 2 into 2 and also with 

the recently discovered facility of multiple [2,3]+gmatropic rearrangement of 2,4-pentadienylic sulfoxides.7 

The sulfone of LTC8 was prepared and found not to undergo allylic migration of sulfur at pHs between ‘7 and 

3.5, a result to be expected if the shift of sulfur in 2 is a consequence of [2,3]-sigmatropic rearrangement 

rather than Initial C (6)-S-heterolysis @possibility (3;. ’ During the preparation of the sulfone of LTC by the 

oxidation of LTC with Oxone reagent in water 
10 

at 23°C and pH 3.6, the two diastereomeric sulfoxides of 

LTC (2) are produced rapidly and two competing reactions ensue: (1) rearrangement of ,2_ to diastereomeric 

mixture 3_ and (2) slower oxidation of 2 to the sulfone of LTC. Because of this competition only a poor yield 

of LTC sulfone results under these conditions; better results were obtained at -5°C in water containing a 

little ethanol (24% yield of LTC sulfone, UV max 281 nm, 
4 

R, 3.8 system A). The competition between 

rearrangement and further oxidation of 2 had not been appreciated previously. 
8 

N-Acetyl-LTD (4_, prepared from LTD and acetic anhydrlde in water at 0°C) was oxidized by periodate 

to a diastereomeric mixture of two sulfoxides (5J which underwent migration of the sulfinyl group from C(6) 

to C(12) (In a manner paralleliug 2 -3) to form the diastereomeric sulfoxide mixture 2. 
11 

Sim il arly, the _ 

conjugate of LTA Q with isopropyl mercaptan was oxidized to the two diastereomeric sulfoxides &which 

were observed to undergo C (6) -C (12) rearrangement to give diastereomeric mixture 9_. 
12 

Although the C(6) to C(I2) migration of sulfur could be observed with substrates 3 3 andz, it is not 

a completely general process. For example, the pair of dlastereomeric sulfoxides derived from LTD and 

also N-trifluoroacetyl LTD were found not to undergo the C (6) - C(12) migration to au appreciable extent 

(10%) even after 72 hr, corresponding to almost 20 half lives for the rearrangement 2_- 2. It is clear that 

the rate of the sulfur migration can be influenced strongly by the structural factors such as internal hydrogen 

bonding to the sulfinyl oxygen. 
13 

The conversion of LTC (1) to the two diastereomeric sulfoxides 2_ can be effected not only by periodate 

and Oxone reagent, but also by excess hydrogen peroxide (PH 6) or by N-chloro- and N-bromosuccinimides 

or by hypochlorous acid. In the case of the reaction with the positive halogen reagents another course of 

reaction was observed, conversion to a mixture of (5S, 12R)- and (5s. lSS)-6-trans-LTB (lo), UV max 

268.5 nm, 
4 

R, 8.1, 9.1 (respectively) in system B CR, for LTC = 6.8). The assignment of structure 10 
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1 SR = glutat hionyl 2 SR = glutat hionyl 

s SR= N-acetyl cysgly 2 SR= N- acetyl cysgly 

j’_ R= i-Pr g R= i-Pr 

OH OH 
OOH HO COOH 

2 SR = glutathionyl 

5 SR= N-acetyl cysgly 

g R= i-Pr 

was supported by HRLC, UV and mass spectral comparison with compounds prepared by unambiguous 

total synthesis. 
14 

The formation of the two diastereomeric sulfoxides 2_ and the two C (la)-diastereomers of 

6-trans-LTR (10) from LTC can be explained in terms of an S-halosulfonium ion intermediate which 

undergoes either nucleophilic attack by water (or OH-) at sulfur to form 5 or heterolysis to a heptatrienyl 

cation which is attacked by water to form 13. 5,14,15 
Remarkably, LTC is also converted to the 

sulfoxides 2_ and the dihydroxy acids 1,O biochemically by polymorphonuclear leukocytes stimulated by 

phorbol myristate acetate (simulating activation of white blood cells by bacteria, etc.). 16 
Thus it appears 

that oxidation and cleavage reactions at sulfur may be involved In the biochemistry and/or deactivation of 

the leukotrienes. 
17 
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