
Tetrahedron Letters Vol. 21, pp 3143 - 3146 
@Pergamon Press Ltd. 1780. Printed in Great Britain 
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"LEUKCTRIENE C-2" (ll-trans-leukotriene C) (3) and Leukatriene D (4) 

E. J. Corey, David A. Clark, Anthony Harfat and Giichi Goto 

Department of Chemistry, Rervard University, Cambridge, Massachusetts 02138 USA 

summaryz Syntheses are described for the "slow reactinq substances" Il-trans-loukotriene C !3) 

(previously known as 1euKotriene C-2) and leukotriene D CO), the cys-gly analog of leukotriene C ( 

The synthesized leukotrienes 3 and 4 were instrumental in the assignment of structure to these 

members of the family of naturally occurinq slow reacting substances which includec alco 2. 

"Slow reacting substance' (SRS), is the name applied to a biologically active material ProduB 

by the action of an antigen on, for example, guinea pig lung: SRS is considered to be an 

important agonist in various forms of immediate hypersensitivity including asthma and allergic 
2 

rhinitis. Samuelsson and coworkers 

C-l and c-2, from murine n.9sticytom.a 

leulcotriene A [LTA) with cysteine or 

have purified two leukotrienes (LT's) designated originally 

cells and have proposed that LTC-1 is a C(G)-S conjugate of 
3 

a derivative thereof. Recent work has confirmed the struct 
4 

of LTA to be 1 (as first suggested by one of us in March 1977) by isolation and conp;lrison with 
5-8 E 

totdlly synthetic 1.. Further the structure of I.l'C-1 has been shown to be 2 by total synthesis 
9-11 

and rigorous comparison with naturally derived material. By comparison of synthetic and 

naturally derived compounds LTC-2 emerges as the 11-trans isomer of LTC-1 (3). In addition to 2 

and 3 another biologically active SRS has been detected and isolated fror rat basophilic leukemia 
-12 11 11 

cells and from human lung and challenged rat peritoneal leukocytes. The structure of this 
12 

compound, for which Samuelsson has proposed the trivial name LTD, is assigned as 4, i.e. the 

cys gly conjugate of leukotriene A, on the basis of correspondence of naturally derived and 
11,12 

synthetic material. In this paper we present data relating to the synthesis and 

identification of ll-trans-L'IC (3) and LTD (4). The latter substance appears to be of exceptiona 
1 

interest since it accounts for most (>90%) of the biologicalactivityinhypersensitizedhumanlung. 

Synthesis of LTC-2 (ll-trans-L'IC): The contrast between the ultraviclet absorption of LX-2 
3,13 

(h mx 278 nm) and LTV-1 Omax at 280 run) and reactivity toward soybean lipoxygenase (LTC-1 

reactive, LTC-2 unreactive) suggested that LTC-2 miqht ditfer from LTV-1 in the geometry or the 
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P-bond. On the other hand it was observed that hydrolysis of pure N-trifluoroacetyl LX-1 tri- 

methyl ester6 [p urity established by both high performance liquid chromatographic (HPLC) analysis 

and hydrolysis to pure LTC-1 vith 0.1 M_ aqueous potassium carbonate under arqon at 23" for 4 hrs. 

by means of 15 equiv. of lithium hydroxide in 411 dimethoxyethane-water under argon at 23O for 4 

14 
afforded a mixture of LTC-2. and LTC-1 containing as much as 80% of the former. Purified LX-1 

was not converted to LTC-2 under the same conditions. To test the possibility that base-catalyze 

epimerization was occurring in the peptide moiety, pure S-a-napthylmethyl-N-trifluoroacetyl- 

glutathione dimethyl ester was prepared and subjected to the action of excess lithium hydroxide 

('i-19 eqniv.) in 4~1 dimpthoxynthnnp-watnr at 23O for 4 hr. Pure S-cl-napthylmettyl-glutathione, 

np 153-154°C, homogeneous by HPLC analysis, was obtained quantitatively, arguing against stereo- 

mutation in the peptide moiety. Epimerization at C-E of the eicosanoid moiety, another formal 
15 

possibility could be excluded by comparision with 6-Ed&-LTC obtained by unambiguous synthesis. 

The synthesis of ll-t-s-LX for comparison with naturally derived LTC-2 was achieved in an 

expeditious manner using the same intermediates employed for the synthesis of LTC (I.e. LX-l). 
6 

As previously reported reaction of the trans,trnns-dienal-ester 5 with the Wittig reagent 6 at --- 

-78°C in tctrahydrofuran (~J-hcxamct~lylphosphor~i~ proceeds stereospecifically as a cis olefi 

ation to give the methyl efitcr of leukotriene A (1). Modification of these conditions aimed at 

promoting trans olefination was therefore studied. Fieaction of a mixture of the ylide 6 and 8.6 

equiv of dry lithiurt iodide at 0" in 4~1 ether-THF with the aldehyde 6 (all under argon, addition 

of 5 to 6) for 35 nin. produced in addition to LTA (1) its isomer, ll-trans-LTA. Themixt~arewasnc 
. c 

analyzed directly, since the components were not easily separated chromatoqraphically nor dis- 

tinguished spectroscopically (W, IR. PMRI. However, reaction of the mixture with 3 equiv. of 
6 

glutathfone and 12 equiv. of triethylamine in concentrated methanol solution at 23“ for 4 hr. 

afforded a mixture of monomethyl esters of 2 and 3 which was readily separable by usinq reverse- 

phase HPLC analysis (Waters Associates U-.POraSil-Cl8 colurm with 65:35 methanol-water containing 

0.10 acetic acid buffered to pH 5.6 with ammonium hydroxide) with peaks at LB mir.. (LX monoester 

and 20.5 min. (ll-trans-LX mono ester) in a ratio 3:l. Chromatographyqavethepure components (to' 

yield 65%). The monomethyl ester of 11-trans-LTC (Uvnax at 278 nm as compared to 280 nm for 2 

methyl ester) upon treatment with 0.1 11 aqueous potassium carbonate at 23O for 4 hr. produced pu.r 

ll-trans-LTC (3) Wmax 278 run, E 40,000, homogeneous by reversed-phase HPLC analysis(95%). Synthc 

16 

3 and L!TC-2 isolated fron mastocytar.a cells were indistinguishable. 
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Synthesis of LTD (%I: The cys-gly analog of L!K was synthesized from the methyl ester of LTA 

(11 and N-trifluoroacetylcysteinylglycine methyl ester. N-trifluoroacetyl-L-cystine, mp 166-l.67OC 

was converted to the acid chloride (phosphorous pentachloride in ether at O'C for 0.5 hr.), and 

allowed to react with glycine methyl ester in tetrahydrofuran at 0-23°C for 2 hr. Reduction of th 

crystalline cystine derivative so obtained (67%) mp 1E?9.5°C, with triphenylphosphine (1.1 eguivl : 

2:l dimethoxyethane-water at 23°C for 3 hr gave after extractive isolation and recrystallization 

fraa ether R-trifluoroacetylcysteinylglycine methyl ester, mp 99-1OO'C (84%). Reaction ofthemethy 

ester of 1 with 2 equiv of N-trifluoroacetylcysteinylglycine methyl ester and 4 equiv of rriethyl- __ 

amine in a minimum of methanol under argon at 23°C for 4 hr afforded after extractive isolation 

a single major product which was purified by thin layer chromatography to yield the dimethyl ester 

of N-trifluoroacetyl leukotriene D (58%) as homogeneous material (by RPLC analysis on D-PorasiL) 
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with characteristic ultraviolet absorption at 270, 280, and 290 nm (E 31,000, 40,000, 31,000). 

Reaction of this LTD derivative under argon with 0.13 M_ potassium carbonate in water-methanol (3:l 

at 23O for 18 hr followed by isolation and purification by reversed phase HPLC as aescribed earlic 

for LTC-1 afforded pure LTD (4) in ca.. 90% yield. - This purification of 4 served to separate 4 

(retention volume 9.3) from a minor impurity (<5a, ultraviolet max at 278 M). Use of the milder 

conditions which were used for the synthesis of leukotriene C resulted in incomplete deprotection 

to give a mixture of 4 and its N-trifluoroacetyl derivative. The latter was synthesized unequiv- 

ocally from the methyl ester of 1 by coupling with N-trifluoroacetylcysteinylglycine followed by 

selective cleavage of the resulting rnonanethyl ester using 0.05 M_ potassium carbonate in aqueous 
11,12 

dimethyoxyethane at 23'C for 4 hr. 

The syntheses of 11-trans-LTC (3) and LTD (4) reported herein allowed rigorous assignment of 

structure. The question of the mechanism of the conversion of 2 methyl ester to 3 under basic 
." 

conditions is under study. It is possible that the ll-cis -+ 11-trans isomerization is catalyzed - 

a trace contaminant, e.g. thiyl radical (RS~), generated by base-catalyaed 8-elimination of RS- ir 

the 
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cysteine moiety followed by oxidation by traces of air. 

The biologically very potent LTD is now readily available by 
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