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SYNTHETIC STUDY ON BREYNIN A : SYNTHESIS OF BREYNOLIDE SULFONE
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Department of Chemistry, Faculty of Science and Technology, Keio University

Hiyoshi, Yokohama, Japan

Summary: In connection with breynin A having a significant hypocholesterolemic activity in
rats, an optically active perhydrobenzothiophene has been synthesized starting from L-carvone
in 117 overall yield. Furthermore, this sulfur-containing bicyclic segment has been
successfully converted into an oxygenated breynolide,

Breynin A (1), isclated from the plant Breynia officinalis H. growing in Taiwan, shows a

remarkable hypocholesterolemic activity in rats.1 On the basis of an X-ray crystallographic
analysis of breynolide (2,2 an acid-hydrolysis product of breynin A, it was determined that
breynﬁn A has a glycoside structure carrying breynogenin (3) as the aglycon which involves a
novel perhydrobenzothiophene and spiroketal moieties. However, positions of sugars (D-glucose
and L-rhamnose) in 1 remain undecided. From a structural point of.view, breynin A is quite
similar to phyllanthoside {8),3 although its structure is more complex than that of 4, We
describe herein the first synthesis of an oxygenated brgyno11de (5) starting from L-carvone
through a perhydrcbenzothiophene (6) as a synthatic key—intermediate, from which breynin A (1)

will be derived.
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The known epoxide (7)% of L-carvone was readily converted into the corresponding ketone
(8),5 in 817 overall yield. This ketone was treated with NaBH4 and then with AcpO-pyridine to
afford two epimeric acetates which were converted into the corresponding allyl alcohals (9),5
in 947 overall yield, according to Neyori's procedure.® The mixture of two epimers was further
converted into the ketone (10)5 as a sole product, in 877 overall yield, as shown in Scheme 1.
where direct conversion of 8 to 10 has not given any good resutt. This ketone (10) so far
obtained was subjected to oxidative hydroxylation using MoOg-HMPA-pyridine complex to afford
an a-hydroxy ketone (11),% in 71% yield, which was further treated with NaBHs and then
carbonyl diimidazole to afford a mixture of two carbonates (12),% in 91% overall yield. As
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Scheme 1. Synthesis of a perhydrobenzothiophene (6).
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seen in Scheme 1., this mixture was stereoselectively converted into a separable mixture of
two epimers (13 and 14; 13/14 = 1)5 in 7 steps (587 overall yield). The former (13) was
hydrolyzed with KsC03 to afford the corresponding diol, which was further subjected to
selective mesylation followed by treatment with NaOMe to give rise to a desired epoxide (18),°
in 81% overall yield. This epoxide was also obtained from 14 1in 62% overall yield, wherein
SN2 inversion took place at the carbon atom bearing the sec. OH group on epoxidation. Thus,
total yield of 15 from the mixture of 13 and 14 is 71%. Furthermore, the epoxide (15) was
treated with NayS in DMF to give a sulfur-containing bicyclic compound (15),5 in 67% yield,
which was readily converted into the desired perhydrobenzothiophene (6),2 in almost
quantitative yield. As judged from the TH NMR spectral data {8 3.68(d, J= 10 Hz) (Ha) and
3.56 (dd, J= 5, 11 Hz) (Hb) in 6; & 3.88(d, J= 3 Hz) (Ha) and 3.53(t, J= 4 Hz) (Hb) in 16],
the confermation of 6 is different from that of breynolide (2), while 16 adopts the same
conformation as that of 2, suggesting that both two conformers seem to be reversible to each
other.

In the next step, the perhydrobenzothiophene (6), synthesized from L-carvone in 11%
overall yield, was converted into the oxygenated breynolide (5), as shown in Scheme 2,. When
treated with the sulfone (17) derived from L-tartaric acid/ in the presence of LDA as a base,
the aldehyde (6) was converted into a hydroxy sulfone, in 627 yield, which was subjected to
Na~Hg reduction to afford a trans olefin (18)% in 427 yield. furthermore, this olefin (18)
was treated with 0s04 in pyridine and then subjected to Swern oxidation to give an
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a)i.LDA/THF under argon (-780C, 1.5h) (62Z), ii.Na-Hg, N§2P04/MeOH under argon (room temp.,
1.5h) (42Z). b)i.excess 0sOgq/pyridine (room temp., overq1ght) and then Na2350§ (rgqm temp.,
2h) (74%), ii.Swern oxidation (-500C, 45min) (957). c)\."Bp4NF (o°c, Zh) (897), 11_95A/RhH
(room temp., overnight) (100Z: 20/21= 2). d)CSA/PhH (refluxing temp.). e)i.Moffatt oxidation
(09C ~ room temp.) (100%Z), ii. Hp-Pd black/cyclohexene-MeOH (1:4) (room temp., 1 day) (1007).

Scheme 2. Synthesis of the oxygenated breynolide (5).
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a-hydroxyketone (19),5 in 70% overall yield, which was desilylated with NBugNF and then
treated with camphorsulfonic acid (room temp., overnight) to afford a mixture of two ketals
(20 and 21)> in quantitative yield {20/21 = 2). On repeated acid-catalyzed equilibrium using
camphorsulfonic acid, the later was converted into the desired one (20), in more than 95%
yield. The TH NMR spectrum of 20 has the methyl doublet at § 0.90 (J= 7 Hz) similar to that
of breynolide (2) [ 0.82 (d, J= 6.9 Hz}, while in 21 the corresponding signal is observed at
§ 1.03 (d, 7 Hz)]. Finally, this ketal (20) was subjected to Moffatt oxidation followed by
catalytic hydrogenation to give rise to the oxygenated breynolide (5)9 in quantitative yield.
This compound (5) was completely identical with the sulfone derivative of breynolide, which
was obtained by mCPBA oxidation of 2, in all respects of their spectral data. Further
synthetic study on breynin A is in progress.

This research has been supported in part by grants from the Ministry of Education,
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