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Selective cross-metathesis of 2-allylphenols with styrenes

Delphine Forget-Champagne, Martine Mondon, Nadia Fonteneau and Jean-Pierre Gesson*

UMR 6514, Université de Poitiers et CNRS, 40, Avenue du Recteur Pineau, F-86022 Poitiers, France
Received 30 April 2001; accepted 24 July 2001

Abstract—A general and efficient preparation of 1,3-diarylpropenes, useful precursors for the synthesis of flavanols, is based on
cross metathesis of protected 2-allylphenols with styrenes in presence of the Grubbs catalyst CL(PCy;),Ru=CHPh. © 2001

Elsevier Science Ltd. All rights reserved.

Flavan-3-ols are naturally occurring phenolic com-
pounds which display various biological activities.! A
representative example is (+)-catechin 1 (Fig. 1), found
in higher woody plants, which is known to have potent
antioxidant properties useful against aging diseases
such as cancer, cardiovascular and neurodegenerative
pathologies.> Moreover, flavan-3-ols are constituents of
oligomeric proanthocyanidins® and condensed tannins*
which are thought to have health-promoting effects.

Their synthesis is usually carried out from 1,3-diaryl-
propenes by intramolecular ring opening of the corre-
sponding epoxide or dihydroxylation followed by
cyclization (Scheme 1).° In this respect, Ferreira et al.®
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Figure 1.

Scheme 1.
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have recently shown that asymmetric dihydroxylation
and acid-catalyzed cyclization lead to flavanols in good
yield and high enantiomeric excess. Thus, the prepara-
tion of appropriately substituted 1,3-diarylpropenes is
an important preliminary step. Known methods are
based on dehydration of 1,3-diarylpropanols derived
from chalcones,” metal- or Lewis acid-catalyzed® or
photochemically induced® allylation of aromatics,
Pd(0)-catalyzed arylation of allylbenzenes with diazo-
niums salts,'® Claisen rearrangement of allyl ethers'!
and olefination of arylacetaldehydes.'?

We now propose cross metathesis of protected 2-allyl
phenols with styrenes as a new, general and efficient
route toward E-1,3-diarylpropenes (Scheme 2). Indeed,
cross metathesis of two different alkenes can be accom-
panied by metathesis of individual substrates to afford
a mixture of £ and Z isomers of symmetrical and
unsymmetrical coupling products.!> One example of
such a reaction between allylbenzene and different alke-
nes (including styrenes) has been recently reported to
give all possible isomers.!* On the other hand, cross
metathesis of alkenes bearing allylic (or more distant)
groups (ester, amide, silyl...) has been shown to give
mainly unsymmetrical coupling products.'®
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Table 1. Cross metathesis of allyl derivatives 2 with styrenes 3
Entry Allyl compound Styrene Diarylpropene Yield (%)
i 2a (Z=Ac) 3a (R=R'=H) 4a 75
il 2b (Z=MOM) 3a 4b 75
iii 2¢ (Z=TPS) 3a 4c 73
iv 2a 3b (R=0OMe, R'=H) 4d 66
\ 2a 3¢ (R=Cl, R'=H) 4e 60
vi 2a 3d (R=CF;, R'=H) 4f 77
vii 2a 3e (R=H, R"=NO,) 4g 79%
viil 2a 3f (R,R'=benzo fused) 4h 72
#2a (10%) was also isolated.
The starting allyl derivatives 2a—¢ were prepared from Acknowledgements

the known corresponding phenol, itself obtained by
Claisen rearrangement of 1-allyloxy-3,5-dimethoxyben-
zene.'® Commercially available styrenes 3a—e and 2-
vinylnaphtalene 3f were chosen for this study. Initial
experiments were carried out with 2a and 3a in presence
of the Grubbs catalyst ClL(PCy;),Ru=CHPh'” in
CH,Cl,. The optimum yield of 4a (75%) was obtained
in CH,Cl, (see general procedure'®) with 2 equiv. of
styrene and 18% of this catalyst (under these conditions
conversion of 2a was complete). The use of 1 equiv. of
styrene afforded 4a in 55% yield, further reduced to
28% in presence of only 10% of the catalyst. Shortening
the reaction time to 6 h resulted in a 51% yield while
conducting the reaction at reflux of CH,Cl, afforded a
lower yield of 4a. In all experiments, no significant
amounts of symmetrical cross metathesis products were
detected. Then the effect of the protecting group was
studied: no significant difference was observed upon
replacement of the acetate group by a MOM or TPS
ether (Table 1, entries i—iii). Thus, acetate 2a was used
for the study of metathesis reactions with various styre-
nes. It was found that compounds 4d-h were isolated in
60-79% in all cases (Table 1, entries iv—viii). Only the E
configuration was detected in agreement with earlier
observations for cross metathesis of styrene.!”

In conclusion, cross metathesis of protected 2-allylphe-
nols with styrenes is a general route toward 1,3-diaryl-
propenes useful for the synthesis of flavan-3-ols.
Further experiments with more efficient catalysts'® are
needed to lower the amount of catalyst used in order to
afford an attractive preparative process. This will be
reported in due course.
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Cancer (Comité de Charente-Maritime) for financial
support.

References

1. (a) Bohm, B. A. In Introduction to Flavonoids; Ravin-
dranath, B., Ed.; Harwood Academic, 1998; (b) Ferreira,
D.; Bekker, R. Nat. Prod. Report. 1995, 13, 411-434; (c)
Ferreira, D.; Li, X.-C. Nat. Prod. Report. 2000, 17,
193-212.

2. Smith, M. A.; Perry, G.; Richey, P. L.; Sayre, L. M.;
Anderson, V. E.; Beal, M. F.; Kowall, N. Nature 1996,
382, 120-121.

3. Haslam, E. Plant Polyphenols. Vegetable Tannins Revis-
ited; Cambridge University Press: Cambridge, 1989.

4. (a) Botha, J. J.; Ferreira, D.; Roux, D. G. J. Chem. Soc.,
Perkin Trans. 1 1981, 1235-1245; (b) Delcour, J. A.;
Ferreira, D.; Roux, D. G. J. Chem. Soc., Perkin Trans. 1
1983, 1711-1717.

5. (a) Nay, B.; Monti, J.-P.; Nuhrich, A.; Deffieux, G.;
Meérillon, J.-M.; Vercauteren, J. Tetrahedron Lett. 2000,
41, 9049-9051; (b) Jain, A. C.; Arya, P.; Nayyar, N. K.
Indian J. Chem. 1983, 22B, 116-1118; (c) Jain, A. C,;
Kumar, A.; Gupta, R. C. Proc. Indian Acad. Sci. 1978,
87A, 189-198.

6. (a) van Rensburg, H.; van Heerden, P. S.; Ferreira, D. J.
Chem. Soc., Perkin Trans. 11997, 3415-3421; (b) Reinier,
J. J. N.; van Rensburg, H.; van Heerden, P. S.; Ferreira,
D. J. Chem. Res. (S) 1999, 606-607.



D. Forget-Champagne et al. / Tetrahedron Letters 42 (2001) 7229-7231

7. (a) Goda, Y.; Kiuchi, F.; Shibuya, M.; Sankawa, U.

10.

11.

12.

13.

14.

Chem. Pharm. Bull. 1992, 40, 2452-2457; (b) Achenbach,
H.; Stoeker, M.; Constenla, M. A. Phytochemistry 1988,
27, 1835-1842; (c¢) Ahluwalia, V. K.; Arora, K. K
Mukeherjee, K. Synthesis 1984, 346-348; (d) Suzuki, H.;
Masuda, R.; Kubota, H.; Osuka, A. Chem. Lett. 1983,
909-910; (e) Kamat, V. S.; Graden, D. W.; Lynn, D. G.;
Steffens, J. C.; Riopel, J. L. Tetrahedron Lett. 1982, 23,
1541-1544.

(a) Malkov, A. V.; Davis, S. L.; Michell, W. L.; Kocov-
sky, P. Tetrahedron Lett. 1997, 38, 4899-4902; (b)
Nishibayashi, Y.; Yamamashi, M.; Takagi, Y.; Hidai, M.
J. Chem. Soc., Chem. Commun. 1997, 859-860; (c) Batt,
D. G.; Goodman, R.; Jones, D. G.; Kerr, J. S.; Man-
tegna, L. R.; Mc Allister, C.; Newton, R. C.; Nurnberg,
S.; Wech, P. K.; Covington, M. B. J. Med. Chem. 1993,
36, 1434-1442.

Jimenez, M. C.; Leal, P.; Miranda, M. A.; Tormos, R. J.
Org. Chem. 1995, 60, 3243-3245.

Kikukawa, K.; Nagira, K.; Wada, F.; Matsuda, T. Tetra-
hedron 1981, 37, 31-36.

(a) Jimenez, M. C.; Miranda, M. A.; Tormos, R. J. Org.
Chem. 1998, 63, 1323-1326; (b) Jimenez, M. C.; Marques,
F.; Miranda, M. A.; Tormos, R. J. Org. Chem. 1994, 59,
197-202.

Kagabu, S.; Hara, K.; Takahashi, J. J. Chem. Soc.,
Chem. Commun. 1991, 408-410.

Ivin, K. J.; Mol, J. C. Olefin Metathesis and Metathesis
Polymerization; Academic Press: London, 1997.

Giger, T.; Wigger, M.; Audetat, S.; Benner, S. A. Synlett

15.

16.

17.

18.

19.

7231

1998, 688-691.

(a) Barett, A. G. M.; Beall, J. C.; Gibson, V. C.; Giles, H.
R.; Walker, G. L. P. J. Chem. Soc., Chem. Commun.
1996, 2229-2230; (b) Barett, A. G. M.; Beall, J. C,;
Gibson, V. C.; Giles, H. R.; Walker, G. L. P. J. Chem.
Soc., Chem. Commun. 1996, 2231-2232; (c) Crowe, W. E.;
Goldberg, D. R.; Zhang, Z. J. Tetrahedron Lett. 1996, 37,
2117-2120; (d) Pietraszuk, C.; Fischer, H.; Kujawa, M.;
Marciniec, B. Tetrahedron Lett. 2001, 42, 1175-1178.
(a) Holmes, P.; White, D. E.; Wilson, 1. H. J. Chem. Soc.
1950, 2810-2811; (b) Royer, R.; Demerseman, P.; Rossig-
nol, J.-F.; Cheutin, A. Bull. Soc. Chim. Fr. 1971, 2072—
2083; (c) Reddy, K. S.; Ko, O. H.; Ho, D.; Persons, P. E.;
Cassady, J. M. Tetrahedron Lett. 1987, 28, 3075-3078.
For recent reviews, see: (a) Schuster, M.; Blechert, S.
Angew. Chem., Int. Ed. Engl. 1997, 2037-2055; (b)
Grubbs, R. H., Chang, S. Tetrahedron 1998, 54, 4413—
4450.

General procedure for cross metathesis reactions: To a
0.15 M solution of 2 in CH,Cl, was added 2 equiv. of
styrene 3 and Cl,(PCy;)Ru=CHPh (0.03 equiv.) at rt
under N,. The solution was stirred for 48 h together with
addition of five identical amounts of catalyst at regular
periods of time. After concentration in vacuo, purifica-
tion by flash chromatography on silica gel afforded 4. All
new compounds were characterized by 'H and *C NMR,
and HRMS.
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