HETEROCYCLES, Vol 28, No 2, 1989

SYNTHESIS OF MONOCYCLIC ANALOGUES OF A POTENT
THROMBOXANE RECEPTOR ANTAGONIST, {1)-(5Z)-7-[3-ENDQ-
[(PHENYLSULFONYL)AMINOIBICYCLO{2.2.1JHEPT-2-EXC-
YLIHEPTENOIC ACID (8-145)1

Kenji Kawada and Tadahiko Tsushima*
Shionogi Research Laboratories, Shionogi & Co., Ltd., Fukushima-ku,
Osaka 553, Japan

Abstraet — Several monocyclic analogues of the potent thromboxane-Ag receptor
antagonist S-145, i.e. cyclohexane, eyclopentane, tetrahydrofuran, and pyr-
rolidine, as well as the biclo[2.2.2]octane one were synthesized using allylation

via oxime dianion and the Barton's method for oxime reduction in the key steps.

A thromboxane receptor antagonist, (t)-(5Z)-7-[3-endo-[{phenylsulfonyllaminolbicyclo[2.2.1Thept-2-exo-
yliheptenoic acid {8§-145), recently synthesized by Narisada et al. has attracted much attention because of
its remarkably high potency.2,3 This compound effectively suppresses both 1n witro and in vivo the platelet
aggregation and the vascular and respiratory smooth muscle constriction elicited by several kinds of
thromboxane Ag (TxAg) mimics.4 The compound is presently under development for use in the
chemotherapy of various TxAg- and/or PGHo-mediated disorders5 such as angina pectoris, thrombotic
ischemia, myocardial infarction, or asthma. The diversity of the structures and activities of hitherto known
TxAg antagonists® suggests that the TxAy receptor has considerabie tolerance for structural changes in
substrates. This has led to extensive study in these laboratories of the structural modification of 8-145 in
order to design more useful antagonists.? Efforts have also been made to find structure-activity relation-
ships on the partial agonist activity frequently accompanying TxAg antagonists.8 As a part of these
studies7, we synthesized monocyclic analogs, cyclohexane 1a, cyclopentane 1b, tetrahydrofuran 1c, and
pyrrolidine 1d, as well as the bicyclo{2.2.2]octane derivative le, in order to examine the effects of ring size,
heteroatom substitution, and the configurations of the side-chains, as shown in Scheme 1.

The synthetic procedure of 8-145 which invelves allylation of a ketone-enolate (Route 1 in Scheme 1) and
oxime reduction with LiAlH, has recently been reported2t but its straightforward application to the
present case, particularly to five-membered compounds, was not suitable at two key stages, allytation and

oxime reduction, because these enolates are quite unstable due to rapid aldol condensation or P-elimination
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Scheme 1. (a} LDA, #~Br, ri. (b) HeN-NHo- HC1, Py/EtOII, refl. (¢) Buli, #~Br, -30°C-r.t. {d) #~MpgBr/Et30,
0°C. (e} PCC/CHClg, rt. () LIAIHY/THF, r.t.-45°C. (g) BuzP-PhSSPh, NaBH3;CN/THF, (h) PhSO9C-EtzN/CHCla,
0°C-r.t. (1) m-CPBA/CH2Clo-HIO 4 2HzO/THF, (i) 0s04-NalOg/THF-H20(10:3), r.t. (k) PhgP*(CH2)4COoH Br~
—NaH/DMSO0, 10-15°C; HeCNg/CH2Clg, r.t. (1) MeOH-1N-NaOH, 0°C.

and also because cyclopentanone oxime strongly resists reduction, To overcome these problems, we chose
twa recently reported procedures, namely allylation via oxime dianion® and oxime reduction, which was
developed by Barton et al. 10

Treatment of the oximes of cyclohexanone, cyclopentanone, and bicyclo[2.2.2.Joctanone (4a, 4b,and 4e} with
n-butyllithium followed by the addition of allyl bromide smoothly afforded the desired monoallylated
oximes (Ba, 5b, and 5e) in 50%, 58%, and 90% yields, respectively, particularly in an enhanced yield with
the cyclopentanone case (5b) as previously reporteddb. Surprisingly however, in contrast to the earlier
study®, both Z- and E-allyl oximes were produced despite our careful work-up avoiding equilibration; for
cyclohexanone oxime 5a, Z/E = 1/1.6 and for cyclopentanone oxime 5b, Z/E = 2/1. Both isomers were
separated and their structures unambiguously identified.11 These results raised some questions as to the
syn regioselectivity of the reaction, which has been attributed to chelate formation in dilithium enolate
intermediates. With other heterocyclic cases (4¢ and 4d), this allylation was not successful, giving complex
mixtures of products because of the facile ring opening due to f-elimination. In these cases, Grignard
reaction of the epoxides (6c and 6d) with allylmagnesiuvm bromide gave the allylated aleohols (7¢ and 7d) in
79% and 85% yields, respectively. They were subsequently converted into the oximes (5¢ and 5d) via ketone
in a usual manner.

As for the subsequent oxime reduction step, treatment of the 6-membered ring oximes (5a and 5e) and also
the tetrahydrofurancne 5c¢ with LiAlHy in THF smoothly afforded the desired amines in the following
isolation yields: 8a (75%, t/c =1/5.0), 8e (52%, all trans} and 8¢ (76%, t/c = 5.1/1). Here, both Z- and E-oximes
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were confirmed to give the corresponding amines in a similar way. The resulting amines were isolated as
sulfonamides which were directly used for the subseguent reaction.12 The resulting cis and trans
sulfonamides were separated and their configurations unambiguously determined on the basis of their nmr
spectroscopic datal2. Unlike these oximes (5a, Se, and 5c¢), the reduction of the cyclopentanone oxime 5b
with either LiAlH; or Vitride afforded the desired product 8b only in 11% yield (exclusively trans} together
with a large amount of byproducts. Here, application of the Barton's procedure!l, namely a tandem
reduction via an imine intermediate by successively using tri-n-butylphosphine-diphenyl disulfide and
sodium cyanoborohydride, smoothly afforded 8b in a greatly improved isolation yield of 65% (t/c = 2.3/1),
although the yield was not fully optimized. The stereochemical result obtained suggested a somewhat
decreased stereoselectivity of the products compared to the reduction with LiAlH4, which gave the trans
isomer exclusively, Therefore, the reaction was used with the cyciohexanone oxime 5a to obtain the minor
product trans-8a in a higher yield. As expected, the reaction gave trans-8a in an enhanced yield [the
isolation yield of both isomers (trans- and cis-8a) was 62%, t/c = 1/1.4]. Reduction of the pyrrolidone oxime
bd, being somewhat bothersome in these cases, was also achieved by this Barton's method in 39% yield.
. These results clearly showed the versatility of the reaction.7c

All the trans sulfonamides (trans-8b to frans-8e) thus far obtained, except trans-8a, were then converted
into the aldehydes 9 in good yields by treatment with m-CPBA followed by oxidative carbon-carbon bond
cleavage by periodate, whereas the cts isomers (ci1s-8a and cis-8b) as well as trans-8a were treated with
osmium tetroxide - sodium periodate to afford the desired aldehydes 9.12 Here, the aldehydes (cis- and
trans-9a and cis-9b) existed in a cyclic aminal form but the aldehydes (trans-9b, trans-9c¢, trans-9d, and
trans-Oe) were in a free form. Next, all of these aldehydes were subjected to the Wittig reaction, without
purification, as done by Corey et al.13 and the corresponding free acids (la-le) were obtained as crude
product mixtures. After esterification with diazomethane, the desired esters with the Z-olefin
configuration (cis- and trans-10a, cts- and trans-10b, and #rans-10¢ to trans-10e) were isolated from the
mixtures in the following combined yields from the starting sulfonamides (8a-8e) and fully characterized:
for 10a (44.8% for trans and 21% for cis), 10b (48.1% for trans and 43.2% for cis), 10¢ (41.4% for trans), 10d
(45% for trans), and 10e (58%).14 These esters were hydrolyzed under mild conditions to afford the
analytically pure free acids (1a-1e). They were converted to sodium salts which were subjected to primary
screening, With the pyrrolidine derivative, the nitrogen deprotection was done at the very last stage before
metalation of free acid 1d and some N-substituted derivatives were prepared. The fluorinated derivative of
$-145 at the C-7 position was also prepared but the details will be reported elsewhere.

All the compounds prepared were tested for TxAg receptor antagonist activity in our primary screening
system4 which involves evaluation of inhibitory activities against aggregation of both rabbit platelet-rich

plasma and rat washed platelets induced by arachidonic acid and collagen, respectively, and also against
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arachidonic acid induced sudden death of mouse. Although some compounds, e.g., 1e, 1a, N-Me-1d, showed
comparable activities to those of §-145 in some of the screening tests, all of these compounds were 1/2 fo
1/800 as effective as S5-145. The biological assay results obtained will be reported elsewhere from the

viewpoint of structure-activity relationships,
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elemetary analysis,
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