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Total Synthesis of Thromboxane B, Starting from (R,R)-Tartaric Acid
as a Chiral Pool
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Abstract: Optically active natural thromboxane B, (TXB,) was synthesized from (R,R)-
tartaric acid as only chiral source. The synthesis was achieved through regio- and
stereoselective introduction of acetate moiety at the C2-position of the 68-
dioxabicyclo[3.2.1]octene derivative (2) to provide an acetamide derivative (6), partial ring
opening of 6 to give a pyranoid (10), and construction of the C15-hydroxyl group of TXB,
by stereospecific allylic transposition of the inherent chirality of tartaric acid in the trans-
allylic acetate (18). Copyright © 1996 Elsevier Science Ltd

Thromboxane B, (TXB,) is a metabolite of thromboxane A, (TX A,) which causes platelets to clump
and aggregate and is known to be remarkably unstable under the physiological conditions (t; 5 (37 °C) =32 s
at pH 7.4).1 In spite of biological inertness as a platelet aggregating agent, TX B, is recognized as a valuable
substance for study of a variety of biochemical processes as well as an important synthetic precursor to
TX Az.z In this context, there have been reported several syntheses of optically active TXB,, which divided
into two groups of synthetic strategies: (1) utilization of the Corey's lactone including Baeyer-Villiger
oxidation to lead to the pyranoid skelenon;3 (2) manipulation of D-glucose providing the pyranoid
intennediate.4Among the syntheses reported, no one construct highly stereoselectively the C15-chiral center
which is important for bioactivity. Now we disclose a highly stereoselective total synthesis of TXB, featuring
effective use of (R,R)-diethyl tartrate (1) as only chiral source. The synthesis involves regio- and
stereoselective functionalization of 6,8-dioxabicyclo[3.2.1]octene derivative (2) to provide an acetamide
derivative (6) and stereospecific construction of the secondary C15-hydroxy! group via allylic transposition of
the inherent chirality of tartaric acid in the trans-allylic acetate (18).
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(R.R)-(+)-Diethyl tartrate (1) was transformed to a (/§,55,75)-(+)-7-mesyloxymethyl-6, 8-
dioxabicyclo[3.2. 1]oct-3-ene (2) ([0]p+61.9° (c=0.8, CHCl,) through six step reactions in 44% overall yield
according to the reported method.” Highly regio- and stereoselective functionalization of the bicyclic skeleton
was realized as illustrated in Scheme 1. Oxidation of the olefin with MCPBA afforded stereoselectively the a-
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epoxide (3) in the same mode reported by Brown.® After substitution of the mesyloxy group on the side chain
at the C7-position with p-methoxyphenyloxy (Mp-O-) group,7 the Mp-ether (4) was led to an allylic alcohol
(5) by base-promoted isomerization with BuLi.’ Regio- and stereoselective introduction of acetate moiety on
the C2-position was attained by Claisen rearrangement of the alcohol using CH3;C(OMe),NMe, ¥in refluxing
xylene to give an almost quantitative yield of an amide derivative (6). lodolactonization followed by reductive
deiodiation of the iodide (7) by means of hypophosphorus acid’ proceeded smoothly to provide a lactone (8).
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Several attempts at partial ring opening of the 6,8-dioxabicyclo[3.2.1]octane skeleton of 8 giving the
pyranoid lactone structure (9) have been done by (1) methanolysis using Amberlyst-15 as a catalysl;4b 2)
acetolysis using BF3-Et,O as a catalyst in ACZO;Sb (3) thiolysis using EIZAISPh,m but none of these methods
afforded satisfactory results providing pyranoids (9) in good yields. In turn, the amide (6) in which the C5-
acetal carbon is located at the allylic position was chosen for partial ring opening to lead to pyranoid as shown
in Scheme 2. Thus, treatment of the amide (6) with catalytic amounts of p-TsOH in MeOH at 0 °C gave the
desired pyranoid (10) in an excellent yield. Three-step transformation of 10 involving iodolactonization, OH-
protection with ¢-butyldiphenylsilyl (TBDPS) group,7 and reductive deiodination through iodolactone (11) and
t-butyldiphenyisilyl ether (12) provided a lactone-acetal (1 3) in a high overall yield (78%).

Construction of the o-chain and the a—chain starting with 13 was realized according to Scheme 3. An
aldehyde (15) was obtained from the pyranoid-lactone (13) through Swern oxidation of the alcohol (14),
obtained by deprotection of Mp-group with Ce(NH4),(NO3)¢ (CAN). After considerable attempts, we
achieved to make trans-olefinic bond of the side chain by Uchimoto's method' ' using 1, 1-diiodohexane and
CrCl, in DMF 1o yield a mrans-olefin (16), from which a trans-allylic alcohol (17) was obtained by
deprotection of the hydroxyl group. A crucial step involving stereospecific allylic tranposition12 of the acetate
(18) proceeded with a catalytic amount of PdCl,(CH;CN), in THF at room temperature for 2 h to give an
equibrium mixture of the allylic acetates (19) and (18) of a 2.5:1.0 ratio. Separation of the isomers by column
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chromatography was difficult and the mixture was used for the next steps without separation. Reduction of the
lactone portion of the acetate mixture with DIBAL, followed by Wittig reaction of the crude mixture of
hemiacetals (20) with PhyP=CH(CH,);CO, " and column chromatographic separation of the products afforded
the desired mono-methyl ether (21) of TXBZ in 56% overall yield from the allylic acetate (18) along with the
isomer (22) as a minor product (21%). Hydrolysis of the methyl ether (21) with phosphoric acid gave
crystalline TXB, [mp. 92.0-94.0 °C, [a]p+56.8° (¢=0.4, EtOH)] which was identified with the authentic
sample [mp. 92.0-92.5 °C, [a]p+56.5° (c=1.0, EtOH)]3 in all respects.

In conclusion, optically active TXB, was synthesized from tartaric acid as only chiral source, which
solves the longstanding problem of establishing the stereospecific construction of the C15-hydroxyl group.
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