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TOTAL SYNTHESIS OF SLOW REACTING SUBSTANCES (SRS's):

6-EPI-LEUKOTRIENE C AND 6-EPI-LEUKOTRIENE D

E. J. Corey and Giichi Goto

Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138, U.S.A.

Summary: 6-Epi~leukotrienes C and D (3 and 5) have been synthesized unambigucusly via the 5(8),
E(Bj—epoxide (5,6—5&5) which is isomeric with leukotriene A, These G-EEETIeukotrienes are less
active (especially f) than leukotrienes C and D (E and 2) and have not been found in substantial
quantity in natural SRS sources.

Previous papers from this laboratory have described for the first time the total synthesis o

1

number of naturally occurring slow reacting substances (SRS's) including leukotrienes C QJ and D
(LTC, LTD).Z’3 As an integral part of this program we have simultaneously carried out unambiguou
stereospecific syntheses of 6~epi-LTC (§) and 6-epi-LTD (f) in order to allow rigorous camparison
with and precof of structure of the natural leukotrienes in all detail including stereochemistry.
We describe herein the route of synthesis of 3 and 3, which is obvicusly also applicable to other
6-epi-LT's and their analogs. Comparison of the synthetic leukotrienes }, %' 5, and f {and natu
SRS's) is straightforward since }'f are readily distinguished by reversed phase high performance
liguid chromatography (RP-HPIC). The 6-epi-compounds E and f have not been detected thus far as
naturally occurring SRS's, In principle § and 5 might be generated biosynthetically in a number
of ways including (a) by 2 successive SNZ displacements on LTA, {b) by Sy2 displacement on the 5(!
6(R) isomer of leukotriene A (5,6-cis-LTA}, or (c) from LTA by displacement of oxygen with retent
{e.g. via a stabilized carbocation). Their absence in 3RS sources such as hypersensitized human
or guinea pig lung or peritoneal fluid from challanged rats therefore is especially noteworthy.

The starting point in the synthesis of § and f was the readily available bis-acetonide of
D= {+) ~mannose E which was converted to the glycal monoacetonide E {78% owerall} by known procedur:
and thence to the t-butyldimethylsilyl ether (Z) in 98% yield using 2 equiv. of t-butyldimethylsi:

5,6
chloride and 2.5 equiv. of imidazole in dry dimethylformamide at 23° for 48 hr. Hydration of

give the corresponding cyclic hemiacetal was effected in one flask (95% yield) by the following

process: (1) hydroxy mercuration using 1.1 equiv., of mercuric acetate in 4:1 tetrahydrofuran (THF)

water at 0° for 30 min., and (2) successive reaction of aqueous potassium iodide (5 equiv., 0°,

30 min.) and agueous sodium borohydride (1 molar equiv., -10°, 5 min,), and the hemi-
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acetal was converted in 96% yield to the a,B-unsaturated ester 8 (88:12 mixture of trans and cis)

by reaction with 1.1 equiv. of methoxycarbonylmethylenetriphenylphosghorane in dimethoxy-
2b
ethane ceontaining a trace of benzoic acid at 70° for 3 hr. Hydrogenation of the double bond in ¢

{1 atm. hydrogen, platinum catalyst, 23°, 100% yield) followed by tetrahydropyranylation (dihydro-

pyran and pyridinium tosylate in methylene chloride at 23* for 12 hr, 98% yield) and treatment wit
7

2 equiv. of tetra-n-butylammonium fluoride in THF at 23° for 2 hr formed an intermediate &-lactone

(99%) which upon stirring with methanolic triethylamine at 23° for 2 hr provided (99% vield) the
8

hydroxy ester 9. Reaction of 9 with 1.2 equiv. of tosyl chloride in pyridine at 23° for 12 hr ga‘
25
the tosylate 10 (97%) which was depyranylated to 11 (92%), [0 -19.1° (c = 1.6 in CHCl3), by

exposure to a trace of pyH' TsO™ in methanol at 23° for 3 hr. Benzoylation of 11 (1.3 equiv, of

25
]D

{c = 2.0 in CHC13) {98%). Treatment of 12 with 3% hydrogen chloride in methanol at 23° for 2 hr.

benzoyl chloride in pyridine at 23® for 4 hr) provided the benzoate tosylate 12, mp 78°, [o +19.

cleaved the acetonide to form corresponding 1,2-dicl (93%), mp 58°, [a}%? +12.6° (c = 2.0 in CHC13)
° =2
which was reprotected by reaction with 5 equiv. of methyl orthoacetate in methylene chloride

containing a trace of tosic acid (23°, 30 min) to give 13 in 99% yield., The protected benzoate
tosylate EE was transformed inte the cis-epoxy aldehyde %5 by the sequence (1) reaction with 3 equi
of potassium carbonate in methanol (2 hr., 23°, 96%) to form the cis-epoxide unit, (2) exposure to
wet methylene chloride containing a trace of pyH* TsO~ (5 min., 23°, 98%) to convert the cyclic
orthoacetate to mono acetate (3) deacetylation by 1.1 equiv. of potassium carbonate in methanel

(1 hr., 23°, 99%) to form 1,2-glycol, and {4} 1,2-glycol cleavage with 1.05 equiv, of lead tetra-

acetate in methylene chloride containing 10 equiv, of finely powdered sodium carbonate (~45°, 5 mir
10
98% yield); the aldehyde 14 had ﬂl]%? -101.3° (c = 1.5 in CHCl4). Chain extension of 14 as
2b - = -
previously reported gave the trans,trans-dienal 15 (55%). Reaction of dienal 15 with an excess ¢

2b
the Wittig ylide 16 in THF-hexamethylphosphorictriamide at -78° afforded in 66% yield the methyl
ester of the S(E), 6(5) isomer of leukotriene A (17), [a]%? -18.4° (¢ = 0.5 in cyclohexane), as a

colorless oil, UV

max 269, 278 (£ = 40,000), 289 nm in CHLOH.

2b,3
The epoxy methyl ester 17 was converted to 6-epi-LTC (3) in two stages: (1) reaction with
- 2b
2 equiv. of N-trifluorocacetylglutathione dimethyl ester and 3equiv. of triethylamine in a minimum ol

methanol at 23° for 3 hr, under argon to give the N-trifluorocacetyl trimethyl ester of 3 (80%) and
(2) deprotection with 25 equiv, of 0.05 M potassium carbonate in 4:1 dimethyoxyethane-water at 23°

for 4 hr. to afford 3, UV 270, 281 (e = 40,000), 290 nm in CH3O.; RP-HPLC retention volume 7.8
~ max

(LTC = 6.4) using a Waters Associates C 8 u-Bondapak column with 65:35:0.1 CH,0H-H,0-HOAc buffered
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to PH 5.6 with 2 M ammonium hydroxide as eluent.

6-Epi-~LTD (%) was prepared from lz in a parallel way using N-trifluorocacetylcysteinvlglycine
methyl est'.er,3 except that the deprotection step was carried out at 23° for 18 hr., for f: Uvmax
270, 281 (€ = 40,000), 290 nm in CH3CH; RP-HPLC retention volume (conditions as for 3, above) 10.
(LTD = 9,3).

The kioclogical activity measured as contraction of pulmonary parenchymal strips (guinea pig}
was as follows: €-epi-LTC ca. 1/10 LTC, and 6-epi-LTD ca. 1/500 LTD.ll Although the €-epi-leuko
trienes 3 and f possess SRS-like activity they are considerably less active than the isomers 1 an
which are known to occur naturally. Further, no indication that § and f occur as substantial SRS
components has as yvet been obtained despite careful RP-HPLC analysis of the various known natural

12
SRS sources.

References and Notes

1. (a) W. Feldberg and C. H. Kellaway, J. Physiol. (Lond.), 24, 187 (1238}; (b) "Immediate Hype

sensitivity", M. K. Bach, ed., Marcel Dekker, New York, 1978; (c) K. F. Austen, Harvey Lectu
Series, 73, 93 (1978); (4) K. F. Austen, J. Immunol., 121, 793 (1978); (e} R. C. Murphy,
S. Hammarstrdm and B. Samuelsson, Proc. Nat. Acad. Sci. U.S., 76, 4275 (1979); (f) O. R&dmar
C. Malsten, B, Samuelsson, D, A. Clark, G. Goto, A. Marfat and E. J. Corey, Biochem. Biophvys
Res. Commun., 92, 954 {1980); (g) O. R3dmark, C. Malsten, B. Samuelsson, G. Goto, A. Marfat,
and E. J. Corey, J. Biol. Chem., in press (1980).

2. (a) B. J. Corey, Y, Arai and C. Mioskowski, J, Am. Chem, Soc.,, 101, 6748 (1979); (b) E. J, C
D. A. Clark, G. Goto, A, Marfat, C. Mioskowski, B. Samuelsson, and S. Hammarstrom, ibid., 10
1436 {1980); {c) E, J. Corey, H. Miwa, J. R. Falck, C. Mioskowski, Y. Arai, and A. Marfat,
Adv, Prostaglandin Thromboxane Res., 6, 19 (1980); (d) E. J. Ceorey, A. E. Barton,and D. A, C
J. Am. Chem. Soc., 102, 4278 (1980).

3, E. J. Corey, D. A. Clark, A. Marfat, G. Goto, Tetrahedron Letters, in press (1980).

4. (a) J. B. Lee and T. J. Nolan, Tetrahedron, 23, 2789 (1267); {b) R. E. Ireland, C. 5. Wilcox
and 5. Thaisrivongs, J. Org. Chem., 43, 786 (1278); (¢) R. E. Ireland, S, Thaisrivongs, N.
Vanier and C. S, Wilcox, J. Org. Chem., 45, 48 (1980).

S5, B, J. Corey and A. Venkateswarlu, J. Am. Chem, Soc., 94, 6190 (1972},

6. Proton magnetic resonance, infrared and mass spectral data were obtained for each synthetic
intermediate and were in full accord with the assigned structures.

7. E. J. Corey and B. B. Snider, J. Am. Chem. Soc., 94, 2549 (1972).

8, E. J. Corey, J. O. Albright, A, E. Barton, and 5. Hashimete, J. am. Chem. Soc., 102, 1435 (1

9. 6. Goto, Bull. Chem. Soc. Japan, 50, 186 (1977).

10, R. H. Wollenberg, Tetrahedron Letters, 717 (1978).

11. We are indebted to Drs. K. F, Austen and R, A. Lewis of the Harvard Medical School for these
data which will be published in more detail elsewhere.

12. It is a pleasure to acknowledge substantial experimental assistance from Drs. David A. Clark
and Anthony Marfat during the course of this work. We are indebted to Takeda Chem. Ind. Ltd
and the U, §. National Science FPoundation for financial aid.

(Received in USA 19 June 1980)



