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PALLADIUM(0)-CATALYZED SYNTHESIS

OF 2-PHENYL-2H-CHROMENE

J.-R. Labrosse, P. Lhoste, and D. Sinou*
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ABSTRACT

2-Phenyl-2H-chromene is obtained in quite good yield start-
ing from 3-[(2-tert-butyldimethylsilyl)oxyphenyl]prop-2-enal.
Condensation of this aldehyde with phenyl magnesium
bromide, followed by the acetylation of the alcohol obtained,
and then intramolecular cyclization in the presence of a
palladium catalyst gave the phenylchromene in an overall
34% yield.

Key Words: 2H-Chromene; Palladium; Cyclization; Allylic
acetate

INTRODUCTION

Flav-3-enes are useful intermediates in the synthesis of the parent
flavans, flavan-3,4-diols and flavylium salts.[1] They are easily isomerized
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into flav-2-enes that are precursors of biflavonoı̈ds.[2] 4-Aryloxyflavans and
4-aryloxyflavonoı̈ds, whose structures are known to occur in some natural
products, could also be obtained from flav-3-enes.[3]

2-Phenyl-2H-chromene was first obtained by reduction of 20-hydroxy-
chalcone in isopropanol.[1] Dehalogenation of halogenoflavanes gave also
the corresponding 2-phenyl-2H-chromene.[2–5] Various aryl propargyl ethers
have been thermally cyclized via a Claisen rearrangement into the corres-
ponding 2-aryl-2H-chromenes.[6] More recently a palladium(II)-catalyzed
cyclization of various o-allylic phenols to substituted 2H-benzopyrans was
published by Larock et al.[7]

We have recently shown that allylic ethers could be conveniently
prepared in high yields and under very mild conditions via palladium(0)-
catalyzed O-alkylation of allylic carbonates or acetates with alcohols and
phenols.[8,9] This procedure was particularly efficient for the formation of
oxygenated heterocyclic compounds.[10–15] We described in this paper the
application of this very simple procedure for the synthesis of 2-phenyl-2H-
chromene.

DISCUSSION

The sequence for the preparation of 2-phenyl-2H-chromene (8) is
shown in Sch. 1. Wittig reaction between 2-hydroxybenzaldehyde (1) and
the stabilized ylide Ph3P¼CHCO2Et in benzene according to the literature
procedure[16] afforded hydroxy ester 2 in 99% yield as a E/Zmixture (70/30).
Reaction of the (E)-hydroxy ester 2, obtained by column chromatography,
with tert-butyldimethylsilyl chloride in DMF in the presence of
imidazole gave compound 3 in 96% yield. Transformation of ester 3 into
aldehyde 5 was performed in two steps; reduction of the ester 3 with Dibal
in toluene, followed by oxidation with MnO2 in CH2Cl2 afforded the
aldehyde 5 in 82% yield. It is to be noticed that this aldehyde 5 could also
be obtained by a Wittig condensation between 2-hydroxybenzaldehyde and
Ph3P¼CHCHO in benzene

[17] (44% yield) followed by the reaction with tert-
butyldimethylsilyl chloride in DMF in the presence of imidazole (64% yield).
However this Wittig reaction gave many by-products.

Reaction of the Grignard reagent obtained from C6H5Br and
magnesium on aldehyde 5 afforded the allylic benzylic alcohol 6a in 79%.
However, since this alcohol is very unstable, the crude product was reacted
directly with acetyl chloride in CH2Cl2 in the presence of pyridine to give the
corresponding acetate 6b (76% yield). Deprotection of the hydroxyl function
of compound 6a in the presence of Bu4NF.H2O afforded the hydroxyacetate
7, which was directly cyclized in the presence of a palladium catalyst, obtained
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from Pd2(dba)3 and dppb or 1,4-bis(diphenylphosphino)butane in THF to
give the expected 2-phenyl-2H-chromene 8. It is to be noticed that the overall
chemical yield from the aldehyde 5 to the phenyl chromene 8 is 34%.

CONCLUSION

In conclusion, we have devised a new access to 2-phenyl-2H-chromene
occuring under very mild conditions. This palladium-catalyzed synthesis can
be extended to the preparation of various 2-alkyl-2H-chromenes as well as
functionalized 2-aryl-2H-chromenes. Work is currently under progress in
these directions.

EXPERIMENTAL

All manipulations involving palladium-catalysis were carried out in
Schlenk tubes under an inert atmosphere. Tetrahydrofuran was distilled

Scheme 1. Reagents and conditions: (i) Ph3P¼CHCO2Et, C6H6, 99%,Ref. [16];

(ii) TBDMSCl, imidazole, DMF; (iii) Dibal, toluene; (iv) MnO2, CH2Cl2;
(v) C6H5MgBr, diethylether; (vi) CH3COCl, C5H5N, CH2Cl2; (vii) Bu4NF�H2O,
THF; (viii) Pd2(dba)3, dppb, THF.
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from sodium/benzophenone. All 1HNMR and 13CNMR spectra were
recorded on a Varian-Gemini 200 or Brücker AM 300 spectrometers in
CDCl3. Chemical shifts are reported on the � scale with the reference to
tetramethylsilane as the internal standard. TLC was done using Merck
silica gel 60 F254 precoated aluminium-backed plates, 0.2mm thickness.
Visualisation was by UV or by spraying with 10% sulphuric acid and then
heating. Column chromatography was carried out using Merck silica gel
(Kieselgel 60 70–230mesh).

Ethyl (E )-3-[(2-tert-butyldimethylsilyl)oxyphenyl]prop-2-enoate (3):

A solution of t-BuMe2SiCl (3.6 g, 23.2mmol) and imidazole (3.6 g,
52.9mmol) in DMF (30mL) was added at room temperature to a solution
of ethyl (E)-3-(2-hydroxyphenyl)prop-2-enoate[16] (2) (4.0 g, 21mmol) in
DMF (15mL). After being stirred at 25�C for 24 h, water (100mL)
was added, and the mixture was extracted with CH2Cl2 (5� 30mL).
The organic phases are washed with NaOH 5% (5� 30mL), then with
H2O (5� 40mL), and dried over Na2SO4. Evaporation of the solvent
followed by purification of the residue by flash-chromatography using
petroleum ether/ethyl acetate (7 : 1) as the eluent gave 6.2 g of compound
3 as an oil (yield 96%). Rf¼ 0.38;

1HNMR (300MHz, CDCl3) �: 0.23 (s,
6H, SiMe), 1.05 (s, 9H, CMe3), 1.33 (t, J¼ 7.2Hz, 3H, CH3), 4.25 (q,
J¼ 7.2Hz, 2H, OCH2), 6.38 (d, J¼ 16.2Hz, 1H, ¼CH-), 6.84 (dd,
J¼ 7.9, 1.1Hz, 1H, Harom), 6.98 (ddd, J¼ 7.9, 7.4, 1.1Hz, 1H, Harom),
7.26 (ddd, J¼ 7.9, 7.4, 1.8 Hz, 1H, Harom), 7.55 (dd, J¼ 7.9, 1.8Hz, 1H,
Harom), 8.09 (d, J¼ 16.2Hz, 1H, -CH¼); 13CNMR (75.5MHz, CDCl3) �:
�4.2, 14.4, 18.4, 25.8, 60.3, 117.8, 120.0, 121.6, 126.0, 127.3, 131.3, 139.9,
154.6, 167.2. Anal. calcd for C17H26O3Si (306.48): C 66.63, H 8.56, found: C
66.63, H 8.54.

(E )-3-[(2-tert-Butyldimethylsilyl)oxyphenyl]prop-2-enol (4): A solution
of ester 3 (3.0 g, 9.8mmol) in toluene (60mL) was slowly added at �78�C to
a solution of Dibal 1.5M in toluene (16.3mL, 24.5mmol). After being
stirred at �78�C for 2 h, methanol (20mL) was added, and the solution
acidified by HCl 1N (20mL). The solution was extracted with CH2Cl2
(5� 30mL), and the organic phase dried over Na2SO4. Evaporation of
the solvent followed by purification of the residue by flash-chromatography
using petroleum ether/ethyl acetate (4 : 1) as the eluent gave 2.44 g of
compound 4 as an oil (yield 94%). Rf¼ 0.42;

1HNMR (300MHz, CDCl3)
�: 0.23 (s, 6H, SiMe), 1.05 (s, 9H, CMe3), 1.55 (bs, 1H, OH),
4.32 (d, J¼ 6.1Hz, 2H, CH2OH), 6.31 (dt, J¼ 16.0, 6.1Hz, 1H, ¼CH-),
6.80 (dd, J¼ 8.1, 0.9Hz, 1H, Harom), 6.93 (ddd, J¼ 7.7, 7.3, 0.9Hz, 1H,
Harom), 6.95 (d, J¼ 16.0Hz, 1H, -CH¼), 7.13 (ddd, J¼ 8.1, 7.3, 1.8Hz, 1H,
Harom), 7.47 (dd, J¼ 7.7, 1.8Hz, 1H, Harom);

13CNMR (75.5MHz , CDCl3)
�: �4.1, 18.4, 25.9, 64.3, 119.7, 121.5, 126.5, 126.6, 128.1, 128.4, 128.6, 153.0.
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Anal. calcd for C15H24O2Si (264.45): C 68.14, H 9.16, found: C 67.91,
H 8.66.

(E )-3-[(2-tert-Butyldimethylsilyl)oxyphenyl]prop-2-enal (5): Method A:
A mixture of 3-[(2-t-butylmethylsilyl)oxyphenyl]prop-2-enol 4 (4.49 g,
17.0mmol) and MnO2 85% (53.0 g, 0.52mol) in CH2Cl2 (10mL) was stirred
at room temperature for 3 h. After filtration of the solid on Celite and
evaporation of the solvent, the residue was purified by flash-chromatog-
raphy using petroleum ether/ethyl acetate (8 : 1) as the eluent to give 3.97 g
of compound 5 as an oil (yield 89%).Method B: A solution of t-BuMe2SiCl
(2.24g, 14.8mmol) and imidazole (2.3 g, 33.7mmol) in DMF (15mL) was
added at room temperature to a solution of (E)-3-(2-hydroxyphenyl)prop-2-
enal[17] (2.0 g, 13.5mmol) in DMF (15mL). After being stirred at 25�C for
24 h, water (100mL) was added, and the mixture was extracted with CH2Cl2
(5� 30mL). The organic phases are washed with NaOH 5% (3� 30mL),
then with H2O (7� 40mL), and dried over Na2SO4. Evaporation of the
solvent followed by purification of the residue by flash-chromatography
using petroleum ether/ethyl acetate (8 : 1) as the eluent gave 2.25 g of
compound 5 as an oil (yield 64%). Rf¼ 0.35;

1HNMR (300MHz, CDCl3)
�: 0.25 (s, 6H, SiMe), 1.05 (s, 9H, CMe3), 6.70 (dd, J¼ 16.2, 7.7Hz, 1H,
¼CH-), 6.88 (dd, J¼ 8.1, 0.7Hz, 1H, Harom), 7.01 (ddd, J¼ 7.7, 7.4, 0.7Hz,
1H, Harom), 7.32 (ddd, J¼ 8.1, 7.4, 1.7Hz, 1H, Harom), 7.55 (dd, J¼ 7.7,
1.7Hz, 1H, Harom), 7.89 (d, J¼ 16.2Hz, 1H, -CH¼), 9.67 (d, J¼ 7.7Hz, 1H,
CHO); 13CNMR (75.5MHz, CDCl3) �: �4.1, 18.4, 25.8, 119.9, 121.7, 125.5,
127.8, 128.3, 132.5, 148.3, 154.9, 194.0. Anal. calcd for C15H22O2Si (262.43):
C 68.67, H 8.46, found: C 68.55, H 8.62.

(E )-3-[(2-tert-Butyldimethylsilyl)oxyphenyl]-1-phenylprop-2-enol (6a):

A solution of compound 5 (2.0 g, 7.6mmol) in diethylether (5mL) was
slowly added at 0�C to a solution of the Grignard reagent obtained from
bromobenzene (3.6 g, 22.3mmol) and Mg (0.56 g, 22.3 at.g) in diethylether
(100mL). After being stirred at 25�C for 24 h, a saturated aqueous ammo-
nium chloride solution (60mL) was added, the mixture was extracted with
diethylether (3� 20mL), and the organic phase was dried over Na2SO4.
Evaporation of the solvent gave the crude alcohol 6a which was used with-
out further purification. Rf¼ 0.56 (eluent petroleum ether/ethyl acetate 7 : 1);
1HNMR (300MHz, CDCl3) �: 0.18 (s, 3H, SiMe), 0.19 (s, 3H, SiMe), 0.99
(s, 9H, CMe3), 2.02 (bs, 1H, OH), 5.38 (d, J¼ 6.5Hz, 1H, CHOH), 6.35 (dd,
J¼ 16.0, 6.5Hz, 1H, ¼CH-), 6.95 (d, J¼ 16.0Hz, 1H, -CH¼), 6.70–7.50 (m,
9H, Harom);

13CNMR (75.5MHz, CDCl3) �: �4.2, �4.1, 18.4, 25.9, 75.6,
119.6, 121.4, 126.2, 126.4, 126.6, 127.7, 127.9, 128.6, 128.7, 131.5, 143.0, 153.1.

Acetic Acid (E )-3-[(2-tert-butyldimethylsilyl)oxyphenyl]-1-phenylprop-

2-enol ester (6b): To a solution of crude alcohol 6a (1.7 g, 6.5mmol) and
pyridine (2.1mL, 25.9mmol) in CH2Cl2 (25mL) was slowly added at 0

�C
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acetyl chloride (1.89mL, 25.9mmol). After being stirred at 25�C for 24 h, an
aqueous saturated copper sulfate solution (20mL) was added, the mixture
was extracted with diethylether (3� 15mL), and the organic phase was
dried over Na2SO4. Evaporation of the solvent gave 1.7 g of the crude
acetate 6b (yield 76%) which was used without further purification for the
next step. Rf¼ 0.45 (eluent petroleum ether/ethyl acetate 12 : 1þ 1% Et3N);
1HNMR (300MHz, CDCl3) �: 0.19 (s, 3H, SiMe), 0.20 (s, 3H, SiMe), 0.99
(s, 9H, CMe3), 2.14 (s, 3H, CH3), 6.32 (dd, J¼ 15.9, 5.9Hz, 1H, ¼CH-), 6.47
(d, J¼ 5.9Hz, 1H, CHO), 6.70–7.50 (m, 10H, -CH¼, Harom);

13CNMR
(75.5MHz, CDCl3) �: �4.2, �4.1, 18.4, 21.4, 25.9, 76.4, 119.7, 121.4,
126.6, 127.3, 127.5, 127.6, 127.7, 128.2, 128.7, 128.9, 139.5, 153.1, 170.0.

Acetic Acid (E )-3-(2-hydroxyphenyl)-1-phenylprop-2-enol ester (7): To
a solution of crude acetate 6b (1.19 g, 4.6mmol) in THF (25mL) was added
a solution of Bu4NF.H2O (1.63 g, 62.4mmol). After being stirred at 25�C for
1 h, the solvent was evaporated and the residue treated with diethylether
(50mL). The diethylether solution was washed with water (3� 20mL) and
dried over Na2SO4. Evaporation of the solvent gave 0.76 g of the crude
acetate 7 (yield 76%) which was used without further purification for the
next step.

Synthesis of 2-phenyl-2H-chromene (8): The catalytic system was
prepared by stirring for 0.5 h in a Schlenk tube under argon Pd2dba3
[or dipalladiumtris(dibenzylideneacetone)] (51.2mg, 0.056mmol) and 1,4-
bis(diphenylphosphino)butane or dppb (95.5mg, 0.224mmol) in tetra-
hydrofuran (7mL). This solution was added under argon to a Schlenk tube
containing the acetate 7 (300mg, 1.12mmol) and Et3N (0.23mL, 1.68mmol)
in THF (7mL). After being stirred for 24 h, the solvent was evaporated and
the residue purified by flash-chromatography using petroleum ether/ethyl
acetate (15 : 1) as the eluent to give 73.7mg of 2-phenyl-2H-chromene (yield
76%). Rf¼ 0.36;

1HNMR (300MHz, CDCl3) �: 5.82 (dd, J¼ 9.9, 3.3Hz,
1H, ¼CH-), 5.94 (bs, 1H, OCH), 6.56 (dd, J¼ 9.9, 0.9Hz, 1H, -CH¼),
6.70–7.50 (m, 9H, Harom);

13CNMR (75.5MHz, CDCl3) �: 77.3, 116.1,
121.3, 121.4, 124.1, 125.0, 126.7, 128.5, 128.7, 129.6, 140.9, 153.3. These
values are in quite agreement with the literature.[18]

REFERENCES

1. Clark-Lewis, J.W.; Jemison, R.W. Flavan Derivatives. XXIII.
Preparation and Synthetic Applications of 3-Flavenes. Aust. J. Chem.
1968, 21(9), 2247–2254.

3672 LABROSSE, LHOSTE, AND SINOU

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
Sa

nt
a 

C
ru

z]
 a

t 0
9:

52
 2

6 
O

ct
ob

er
 2

01
4 



©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

2. Ben Brown, R.; Stuart, I.A.; Tyrrell, A.W.R. Synthesis of Biflavan-
oids in Which the Flavan Units are Linked Through Oxygen from
C-2 to C-3 or C-4. J. Chem. Soc. Perkin Trans. I 1984, 11, 2563–
2572.

3. Ben Brown, R.; Guffogg, S.; Kahn, M.L.; Smart, J.W.; Stuart, I.A.
Synthesis of 4-Substituted Flavans from 4a-Haloflavans. J. Chem. Soc.
Perkin Trans. I 1983, 8, 1825–1829.

4. Bateman, G.; Ben Brown, B.; Campbell, J.B.; Cotton, C.A.; Johnson,
P.; Mulqueen, P.; O’Neill, D.; Shaw, M.R.; Smith, R.A.; Troke, J.A.
Synthesis and Reactions of 4-Aryloxyflavans. J. Chem. Soc. Perkin
Trans. I 1983, 12, 2903–2912.

5. Hirwe, A.; Marathe, K.G.; Mohorkar, S.S.; Ramdas, K.; Singh, C.B.
Stereoselectivity at Benzylic Carbon. Flavanoı̈ds. V. Synthesis of trans-
4-Acetamidoflavans. Tetrahedron 1986, 42(5), 1539–1546.

6. Subramanian, R.S.; Balasubramanian, K.K. Novel Synthesis of Flav-
3-enes by Claisen Rearrangement. Tetrahedron Lett. 1988, 29(51),
6797–6800.

7. Larock, R.C.; Wei, L.; Hightower, T.R. Synthesis of 2H-1-Benzopyrans
by Pd-Catalyzed Cyclization of o-Allylic Phenols. Synlett 1998, 5,
522–524.

8. Lakhmiri, R.; Lhoste, P.; Sinou, D. Allyl Ethyl Carbonate/
Palladium(0), a New System for the One Step Conversion of Alcohols
into Allyl Ethers Under Neutral Condition. Tetrahedron Lett. 1989,
30(35), 4669–4672.

9. Goux, C.; Massacret, M.; Lhoste, P.; Sinou, D. Stereo-and Regio-
selectivity in Palladium-Catalyzed Allylic Etherification Organo-
metallics 1995, 14(10), 4585–4593.

10. Fournier-Nguefack, C.; Lhoste, P.; Sinou, D. Palladium(0)-Catalysed
Synthesis of cis and trans Linalyl Oxides. Tetrahedron 1997, 53(12),
4353–4362.

11. Fournier-Nguefack, C.; Lhoste, P.; Sinou, D. Synthesis of Tetra-
hydrofurans and Pyrans via Palladium(0)-Mediated Cyclisation.
J. Chem. Res. 1998, (S)(3), 105, (M) 0610–0618.

12. Massacret, M.; Lhoste, P.; Lakhmiri, R.; Parella, T.; Sinou, D.
Palladium(0)-Catalyzed Synthesis of 2-Vinyl-2,3-dihydrobenzo[1,4]-
dioxins. D. Eur. J. Org. Chem. 1999, 10, 2665–2673.

13. Labrosse, J.-R.; Poncet, C.; Lhoste, P.; Sinou, D. Asymmetric
Palladium(0)-Mediated Synthesis of 2-Vinylchroman. Tetrahedron:
Asymmetry 1999, 10(6), 1069–1078.

14. Labrosse, J.-R.; Lhoste, P.; Sinou, D. An Easy Palladium-Catalyzed
Access to 2-Alkylidene-1,4-benzodioxanes. Tetrahedron Lett. 1999,
40(51), 9025–9028.

SYNTHESIS OF 2-PHENYL-2H-CHROMENE 3673

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
Sa

nt
a 

C
ru

z]
 a

t 0
9:

52
 2

6 
O

ct
ob

er
 2

01
4 



©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

15. Labrosse, J.-R.; Lhoste, P.; Sinou, D. A Simple and Efficient Enantio-
selective Synthesis of 2-Alkylidene-3-alkyl-1,4-benzodioxanes by
Palladium-Catalyzed Annulation of Benzene-1,2-diol and Propargylic
Carbonates. Organic Lett. 2000, 2(4), 527–529.

16. Bunce, R.A.; Schilling, C.L. Five and Six-Membered Lactones and
Lactams by Tandem Dealkoxycarbonylation. Michael Addition
Reactions. Tetrahedron 1997, 53(28), 9477–9486.

17. Bellasoued, M.; Majidi, A. A Simple and Highly Stereoselective Route
to E-a,b-Unsaturated Aldehydes. J. Org. Chem. 1993, 58(9),
2517–2522.

18. Clark Lewis, J.W. Flavan Derivatives. XXI. Nuclear Magnetic
Resonance Spectra, Configuration, and Conformation of Flavan
Derivatives. Austr. J. Chem. 1968, 21(8), 2059–2075.

Received in the UK September 11, 2001

3674 LABROSSE, LHOSTE, AND SINOU

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a 
Sa

nt
a 

C
ru

z]
 a

t 0
9:

52
 2

6 
O

ct
ob

er
 2

01
4 


	Palladium(0)-Catalyzed Synthesis of 2-Phenyl-2H-Chromene

