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CONFORMATIONALLY RESTRICTED LEUKOTRIENE ANTAGONISTS.
ASYMMETRIC SYNTHESIS OF A NOR-LEUKOTRIENE D, ANALOG. IIl.
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Summary: Chiral diol 5 is prepared from cyclohexanone and used in the asymmetric synthesis
of nor-leukotriene D, analog 1.

Inspired by a recent report that 2-nor-leukotriene analogs, such as SKF 1011322, possess
significant LTD, antagonist activity, we have extended our conformationally restricted
approach to-the design of new LTD, antagonists based upon nor-LTD, analogs. The molecule 1,
in which two of the three contiguous asymmetric centers are confined to the cyclohexane ring,
was considered to be a particularly attractive target.
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While considering approaches to this problem, the potential of the Sharpless asymmetric
epoxidation? of allylic alcohols was appealing in that 2,3-epoxy alcohols are versatile
intermediates in the enantio- and stereoselective syntheses of polyfunctional organic

molecules.® In this letter, we report the asymmetric synthesis of the chiral diol 5 and
its conversion to 1 (Scheme I).
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The first substrate for asymmetric epoxidation in this reaction scheme was the allylic
alcohol 3. This substance was prepared in twvo steps from 2 by a Vadsvorth-Emmons homo-
logation 3 followed by reduction with DIBAL in 65X overall yield. Catalytic asymmetric
epoxidation® of 3, employing a non-acidic aqueous workup, afforded epoxy alcohel 4([«a],2°=
-16.1(c=1.0, CHCl,)) as an oil in 80% yield and 82X enantiomeric excess (ee), determined by
1H and 19F NMR (C¢Dg, 300 MHz7) analyses of the (+)-w-methoxy-o-(triflusromethyl)phenylacetic
acid [(+)-MTPA]ester®. The (S)-absolute configuration, resulting from delivery of oxygen
from the bottom enantioface of the olefin using L-(+)-DET, is predicted by the Sharpless
model3.

With the acid-sensitive epoxy-alcohol 4 in hand, careful isomerization to the chiral diol 5
wvas accomplished by stirring in a two-phase mixture of 10% aqueous tartaric acid-methylene
chloride at room temperature. In this way, 3 was produced in 40X% yield after chromatogra-
phy®. Recrystallization from hexane-chloroform produced analytically pure 5 (m.p. 72-73°C;
[«]29=-28.1°(c=1.02, CHC1,)). The R absolute configuration was confirmed by analogy to the
reported optical rotation for R-2-cyclohexyl-1,2-ethanediol([«],2%=-4.17°(c=1.73, CHC1,))10.
Diol 5 was selectively converted to the tert-butyldimethylsilyl (TBDMS)ether 6 in B4X yield
by 4-dimethylaminopyridine catalyzed silylationil. At this point, the enantiomeric purity of
6 was determined by H and !°F NMR analyses of the (+)-MTPA ester. Within the detection
limits, 6 was judged to be optically pure (>95X ee).

In the next phase of the synthesis, the acetic acid side chain was introduced via an ortho-
ester Claisen rearrangement!2. Treatment of 6 with triethyl orthoacetate in thé normal way
resulted in complete transfer of chirality from the side chain in 6 to the bottom face of the
olefin affording 7 in good yield. Upon examination of the possible transition states A

g,

———

BCHZOTBDMS

and B, the formation of 7 occurs presumably via A, the most stable chair-like transition
state vith the bulky substituent in the equatorial position. Assignment of the E-olefin
geometry was made from spectral analyses and supported by comparison with an analogous recent
literature report.!3, Deprotection of 7 with fluoride ion afforded allylic alcohol 8 ({a]y?°
=-18.2°(¢=1.18, CHCl,); NMR (300 MHz, CDCl,) & 5.31 ppm (t, 1H, J=6.5 Hz)). The yield for
the two-step transformation of 6 to 8 was 80X.
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SCHEME I
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CONDITIONS: a) (EtO)zF!CHchZ Et,NaH,benzene; b) DIBAL(2.1), |
toluene,rt(2h); c) Ti(OiPr),,L-(+)-DET,(CH;3)3CO0H,4A sieves,
CH,Cl,,-25°(2h); d) 1:1 CH,Cl, -10%agq.tartaric acid
rt(0.5h); ¢) TBDMS-CI,EtsN,DMAP,CH 2Cl,rt(18h);
f) CH3C(OEt);,0-xylene,propionic acid(cat.),135°(2h);

®e
g) (n-Bu) NF,THF,rt(1h); h) D-(-)-DET,(CH3)COOH,TiO(iPr),.
CH,Cl,,-25%20h); i) DMSO,(COCI),,CH ;Cl2,EtsN;
e (=]
j) CH3(CH3),,CH,P@3Br,THF,n-Buli,-78>~C'
k) HSCH ,CO,Et,Et sN,EtOH,rt(18h); 1) KOH,EtOH,H,0,rt(18h).
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To further elaborate the molecule with complete control of stereochemistry, a second asym-
metric epoxidation was employed at this stage of the synthesis. Thus, treatment of 8 with
tert-BuOOH and Ti(0iPr), in the presence of D-(-)-DET produced 9 ([«],?°=-13.3°(c=1.05,
CHCl,)) in 77% yield with delivery of oxygen from the top enantioface as predicted by the
Sharpless mnemonic®. With all asymmetric centers now in place and well-defined, the
completion of the synthesis was straightforward and followed our previously published
sequencel!. Swern oxidation!4 of 9 followed by Wittig olefination!5 afforded the Z-olefin
(J=11.29 Hz) 10 ([«],2°=-21.6°(c=1.05, CHCl;)) in 48% yield for the 2 steps. Regiospecific
opening of vinyl oxirane 10 with ethyl 2-mercaptoacetate produced the di-ester 11 ([«],?°=
-33.2°(c=1.60, CHC1;)) in 60X yield. The regiochemistry of the substitution was clearly seen
in the !'H NMR (300 MHz, CDCl,); the sulfur methine resonance at & 3.94 (d, 1H, J=9.93 Hz)
clearly excluding any Ss2’ derived product. Saponification of 11 in 55% yield afforded 1
({x],29=-66.8°(c=1.41, CHCl;)). Vhen tested in a guinea pig ileum model, this
conformationally-restricted nor-LTD, analog showed moderate activity as an antagonist,
comparable to that reported for SKF 101132.16
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