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Selective Oxidation of Lignan Compounds by Dimethyldioxirane.

astereoselective Opening of Asarinin Furo-furan Skeleton.
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Abstract. Asarinin, a furo-furan lignan compound with two benzyl-ethercal carbons of opposite
stereochemistry, was monooxidised at a selected centre by DMD to a chiral substituted tetrahydro-
furan. Use of a dilute solution of DMD was crucial for the success of the process. The stereochemistry
of the product was confirmed by a similar oxidation of scsamin, the C-7’ isomer of asarinin.

© 1998 Elsevier Scicnce Ltd. All rights reserved.

The investigation of the potential of dimethyldioxirane (DMD) in selective transformations of natural
targets for synthetic purposes is a useful exercise.

Recently we reported several examples in which DMD was shown to be a very effective and selective
oxidant for molecules bearing two functional groups with similar reactivity." We also reported our
observations about the efficiency of the oxidative process when the target of the reaction is an activated
ethereal carbon.

These observations, together with the increasing interest in recent years in the chemistry of lignans,’

corresponding furan lignans, a class of compound with a wide range of biological activity. To our
knowledge, efficient syntheses for these compounds are rare.*
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tetrahydrofuran cycles and the different stereochemistry of the benzyl-ethereal centres could make possible a

selective attack by DMD. However, we predicted that the known high reactivity of tertiary benzyl-ethereal
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carbon atoms with this reagent’ would make it difficult to control.
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mixture of products, most of which appeared to be polyhydroxylated compounds, probably due to radical
hydroxylations of the aromatic rings. A dark-red colour of the mixture, revealing uncontrolled reactions,®
appeared a few minutes after the addition of DMD (0.09M solution in acetone).” The same reaction, carried
out at temperatures less then —20°, did not proceed at all.

Finally we performed the reaction at —20° using a 0.03-0.04M solution of DMD (1 eq for 2 days) and
we obtained in good yield (80%) a product which was characterised as an acetate. This compound, by NMR
analysis was shown to derive from the oxidative opening of just one ring, revealing the high selectivity of the
attack. Moreover the product appeared to be diastereoisomerically pure, indicating that DMD was able to
approach a carbon centre with a specific stereochemistry in a highly diastereoselective process.

Physical data were in agreement with a monoxidised compound and H-NMR signals were quite

the moiecuie to give a compound with the C-8 § configuration.

To better investigate the stereochemistry of 2, we carried out the same reaction on sesamin 3, the C-7°
isomer of asarinin, extracted from the bark of fagara macrophylla® The aim was to monooxidise this
i _.-\t inl yifl nnnnnnn +1 s
two benzylethereal carbons would have produced the same compound.

The reaction proceeded as expected and gave in 75% yield a product identical to that obtained from the

oxidation of asarinin. This means the centre C-7 with the R configuration i

1
3
(@]
Cu
e
5
o
-
-
@
o
[¢’]
=
o
<
@]
£
-
g
o
<
o
[¢’]
[¢]
]
=
&
=
[=%
=
@]
=
o}

On the basis of molecu
proton, exo to the framework of the molecule. Moreover this reaction confirms the necessity of DMD to

k
approach the reaction site with rigid stereoelectronic controls."!

and the attack from the exo face is favoured. To confirm this observation, comparative experiments showed
that asarinin reacts three times faster than sesamin.

Under the same reaction conditions, a second mole of diluted DMD leads to attack on the ethereal
aliphatic ring to give 4 in good yield (66%) from 2.

Both compounds have defined chiral centres and are highly functionalised. The process may be seen as
a diastereoselective transformation of furo-furan lignans to furan compounds and 1,4-butanediol derivatives,

useful for synthetic purposes. Furan lignans are common in nature and are often extracted from plants used in
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traditional medicine om
Our major interest in continuation of this research is to investigate practical applications of this method

to prepare new bioactive products starting from readily available lignans.



8701

\ carinin I’\v DMD

= or:i)ﬁ .
N \/ oac
137 H oo 1) DMD /\/ 1) DMD

~ % S o ST

(o) -

s 2) Ac,0/Py, 80% % 2) Ac,O/Py, 75% \/‘\/
I H

8 a9 )
=¥ =Y ~Y

_...@«

[¥]
i

o— o
1 2 3
!DMD, 66%
o)
I
o =
v H OAc
P
H / \
‘\(_) J
4
Fig.1 Fig. 2
"
CH.O /g‘s _—— disfavoured
‘QX\ /)6 B - face (
1 \
H g H
ogh AW Ar
\v4 Al
o v o H\)«k;o
AcO/ H L2 H
6(\\>‘OCH H fH
= 3 H i
5\(4\-- G,-‘face ;/
v i/
. favoured

/U
5 P



8702

REFERENCES

1. Bovicelli, P.; Lupattelli, P.; Sanetti, A. Tetrahedron Lett. 1994, 35, 8477-8480. Bovicelli, P.; Lupattelli,
P.; Sanetti, A.; Mincione, E. Tetrahedron Lett. 1995, 36, 3031-3034. Ballini, R ; Papa, F.; Bovicelli, P
Tetrahedron Lett. 1996, 37, 3507-3510. Bovicelli, P.; Sanetti, A.; Lupattelli, P. Tetrahedron 1996, 52,
10969-10978.

2. Bovicelli, P.; Lupattelli, P.; Fracassi, D.; Mincione, E. Tetrahedron Lett. 1994, 35, 935-938. Bernini, R.;
Mincione, E ; Sanetti, A ; Bovicelli, P.; Lupattelli, P. Tetrahedron Lett. 1997, 38, 4651-4654. Bovicelli,
P.; Saneiti, A.; Bernini, R.; Lupattelli, P. Tetrahedron 1997, 53, 9755-9762.

3. See for example: Roy, S. C.; Adhikari, S. Tetrahedron 1993, 8415-8422 and notes reported therein.
Mikami, K.; Matsueda, H.; Nakai, T. Synlerr 1993, 235-236. For a review on lignans and neolignans see:

Whits ting N A Nat Drad Ron 1000 7 240 Ward R Q Nt Prnd PRPon 1QQ77 14 AYI_74
K & f F 4T a4 7

YV IuiL lb’ AF . IN, IVCAE. 1 A, l\vtl lIIU 4 L e N "ﬂlu AN T, LJVLEEe & § A AV . Y £y Y.

4. Stevens, DR ; Tili, C.P.; Whiting, D.A. J. Chem. Soc., Perkin Trans. I 1992, 185-190.

5. Gonzaléz, M.J.T.G,; Pinto, MM.M,; Kijjoa, A.; Anantachoke, C.; Herz, W. Phyfochemistry 1993, 32,
433-4338.

atafoea . Teingals O
1d10id, ., 1iifgdai, .

o
o
e
a
a
3
t-d
o)
7\
o

Phytochemical AnaIysis 1997, 8, 139-142.
7. See for example: Isuk, R.; Dorr, P. Tetrahedron 1994, 50, 9983-9988. Marples, B. A_; Muxworthy, J. P;
Baggaley, K. H. Synlert 1992, 646. Marples, B. A ; Muxworthy, I. P.; Baggaley, K. H. Tetrahedron
8. TLC analysis showed that a dark-red colour of the mixture was related to the forming of polar products,

probably due to hydroxylation of the aromatic rings by a free radical pathway.

\O
[oer]
D
e}

Hadjiarapoglon, L. Chem. Ber. 1991, 124, 2377.

10. Tan, R.X ; Jacupov, J.; Jia, Z. J. Planta Medica 1990, 56, 475-477.

11 See for example Bach, R D ; Owensby, A.L.; Andrés, J.L.; Schlegel, HB. J. Am. Chem. Soc. 1991, 113,
7031.

12. See for example: Whiting, D.A. see ref. 3. Yoshinari, K.; Sashida, Y.; Shimomura, H. Chem. Pharm.
Bull. 1989, 37, 3301-3303. Sakurai, N,; Nagashima, S.; Kawai, K.; Inoue, T. Chem. Pharm. Bull. 1989,
37,3311-3315. Abe, F.; Yamauchi, T. Chem. Pharm. Bull., 1990, 38, 2143-2145,



