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Abstract—The classical Knoevenagel-Doebner reaction is reinvestigated wherein the direct synthesis of substituted 4-vinylphenols instead
of the expected 4-hydroxycinnamic acids is described. The condensation reaction is performed on 4-hydroxy substituted benzaldehydes and
malonic acid with a mixture of acetic acid—piperidine as condensing agent under focused microwave irradiation. The occurrence of simulta-
neous condensation—double decarboxylation without the use of any decarboxylating agent is a new finding, the reaction being facilitated

solely by the hydroxy substituent and microwave irradiation effect.

© 2006 Published by Elsevier Ltd.

1. Introduction

4—Viny1phenols,l a class of functionalized styrenes, consti-
tute one of the most extensively explored compounds due
to their wide ranging applications in food and alcoholic bev-
erages, flavouring substances® and as intermediates in the
preparation of various bioactive molecules,® polymers and
copolymers that are useful in coatings, electronic applica-
tions, ion exchange resins and photoresists,4 etc. In addition,
a number of biological activities such as antioxidant,
antibacterial, antifungal, hypolipidemic and antimutagenic
activities® have been attributed to these compounds. A bur-
geoning global demand coupled with the natural scarcity of
FEMA GRAS® (Flavor Extract Manufacturer Association;
Generally Regarded As Safe) approved 4-vinylguaiacol (3-
methoxy-4-hydroxystyrene), 4-vinylphenol (4-hydroxy-
styrene), antimutagenic canolol®® (3,5-dimethoxy-4-hydroxy-
styrene) and other vinylphenols’ or polymethoxylated
styrenes® have provided an increased impetus towards their
synthetic production. However, the development of a simple
and efficient synthetic methodology for vinylphenols® has
been a difficult proposition due to the susceptibility of the
hydroxy function towards polymerization.'® Consequently,
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a majority of the prevalent synthetic strategies comprise of
protection—deprotection steps for vinylphenols as compared
to styrenes.'! Some of the precedents exemplifying this
approach include Grignard addition to benzaldehyde,”® de-
carboxylation of trans-cinnamic acids at 240-260 °C in the
presence of toxic quinoline and metal salts,”>< catalytic de-
hydrogenation of ethylphenols® or Wittig synthesis.’® For
instance, Corson'? et al. synthesized 4-vinylphenol in five
steps starting from phenol.
Similarly, 4-vinylphenols®®! were synthesized from hy-
droxybenzaldehydes adopting either Knoevenagel conden-
sation—decarboxylation or Grignard addition—dehydration
approach, however, only moderate yield of the product
(29-34%) could be achieved despite prior protection of the
hydroxyl group. A few recent reports'* utilizing Suzuki
cross coupling between aryl halides and 2,4,6-trivinylcyclo-
triboroxane-pyridine!> provide styrenes in high yield,
however, the reactions are delicate and require temperatures
down to —78 °C. Styrenes have also been accessed through
the coupling of arylboronic acids with vinyl bromide in the
presence of palladium acetate,'® however, the method is not
compatible with the mild conditions required for hydroxy
substituted styrenes.

In this context, a panacean approach for the synthesis of
vinylphenols seems to be the transformation of commer-
cially available 4-hydroxybenzaldehydes through Knoeve-
nagel-Doebner!” condensation into the corresponding
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cinnamic acids in the first step, followed by decarboxyl-
ation'® of the cinnamic acids to obtain the required 4-vinyl-
phenols in the second step. There have been a number
of reports for the preparation of cinnamic acids through
this Knoevenagel-Doebner route including various green
methodologies.'® However, a majority of the decarboxyl-
ation protocols for cinnamic acid involve the use of toxic
quinoline/metal salts,'®-2° which compromises their environ-
mental sustainability besides involving tedious'®® work
up and formation of various side products.'® Although,
some biotransformation?! methods have been reported
for decarboxylation of cinnamic acids, the difficulty in
scaling up the protocol is a major impediment with
these methods. The above contemporary concerns attracted
our attention towards the development of a simple, efficient
and environmentally*®> benign synthetic protocol for
vinylphenols.!®

2. Results and discussion

We initially envisioned a two-step synthetic strategy involv-
ing condensation of hydroxybenzaldehydes and malonic acid
followed by decarboxylation, both steps to be carried out
under monomode microwave irradiation?* in an environ-
mentally benign manner as compared to the existing conven-
tional methodologies.® We had a successful precedent for the
condensation of a number of methoxylated benzaldehydes
and malonic acid (2 equiv) to the corresponding cinnamic
acids using a mixture of piperidine—acetic acid? as condens-
ing agent under domestic microwave oven. The use of acetic
acid—piperidine?* instead of the usual pyridine—piperidine?’
combination was found to be more effective and eco-
friendly as the toxic pyridine—piperidine combination
tends to vaporize easily under domestic microwave. We em-
ployed the same method®* on 4-hydroxybenzaldehyde (1a)
(Scheme 1, Table 1) under microwave irradiation (domestic,
960 W) for 3 min, and much to our surprise, instead of the
expected 4-hydroxycinnamic acid,?® an unexpected sweet
smelling viscous liquid (37% yield) was obtained. The sweet
smelling liquid was identified as vinylphenol (1b), which
lead us to seek better optimization and mechanistic insights
into the reaction. To this end, the method was attempted on

Table 1. Effect of different acid—base combinations on formation of 1b from

1a under microwave irradiation”
CHO Malonic acid /©/\
—_—
M.W. HO

HO 1a 1b
S. No. Acid Base Yield (%)
1 AcOH Piperidine 61
2 HCOOH Piperidine 25
3 AcOH Pyridine 39
4 AcOH Triethylamine 31

% CEM Discover monomode microwave.

monomode??® microwave (150 W, 130 °C) and the yield of
product 1b increased up to 47% (Scheme 1). The low yield
(37%) in the case of domestic microwave oven might be
attributed to easy evaporation of the product vinylphenol,
which gets subsided in monomode microwave due to
open refluxing under condenser. It was also found that the
optimum temperature for the above transformation was
130 °C, above which rapid evaporation of the product 1b oc-
curs and below which the yield of 1b drops significantly and
extended reaction times were observed. In our quest to fur-
ther increase the yield of 1b, the use of an excess of malonic
acid?’ over the usual 2 equiv'” was found to be an interesting
option. Consequently, the 4-hydroxybenzaldehyde—malonic
acid ratio was varied in our reaction mixture and 4 equiv of
malonic acid was found to be optimum (yield of the product
increased from 47 to 61%).

In order to discern the specific role of microwave, com-
pound la and malonic acid were reacted in the presence
of acetic acid and piperidine under conventional heating
at reflux temperature for 5-6 h. The method provided cin-
namic acid (68%) as the major product along with a small
amount of 1b (12% yield). This result emphatically proved
the role of microwave in effectively bringing about conden-
sation—decarboxylation within minutes, without the use of
any decarboxylating agent at all (Scheme 1). It is well rec-
ognized that microwave hastens the approach of ground
state (GS) towards the transition summit in case of polar
reactions.?”>" The foregoing effect is rather pronounced

Knoevenagel- R!
Doebner Reaction R2 “__COOH
4
B B to, HO 1 R
Classical Protocol Expected
R R' OH
2 . .
R CHO AcOH/Piperidine R2 COOH (i) Protection of phenol
+ CHy(COOH), M4> gonzu(ls%oll(r;e/Copper salt,
4 icrowave COOH -260 °
HO R HO R* (iii) Deprotection of phenol
R3 R3 CO;
Where — — 1
ifi R
R'= R2= R3= R%= OMe, H, OH, Br, NO, etc. Modified Protocol "
X
>
HO R4
2CO0, R3

Scheme 1.
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in the case when the transition state (TS) occurs later along
the reaction coordinates.?2 Presumably, such a microwave
effect facilitates the simultaneous condensation—decarboxyl-
ation observed in our case, especially in view of the fact
that decarboxylation generally requires high activation en-
ergy thus rendering the corresponding TS to occur later
along the reaction coordinates. On the other hand, the lower
yield of 1b under conventional heating might be ascribed
to the concomitant polymerization reactions as well as to
the slow rate of heat transfer. Interestingly, the use of
pyridine—piperidine combination also provided comparable
yields, but it affected the quality of product 1b due to
degeneration of aroma. It is pertinent to mention here that
the classical Knoevenagel-Doebner reaction has been
widely used for the synthesis of a variety of cinnamic
acid derivatives from benzaldehydes® including hydroxy-
benzaldehydes*® and malonic acid in the presence of
pyridine—piperidine. In this context, the developed Knoeve-
nagel-Doebner—Sinha protocol'® discloses, for the first
time, an observation of a simultaneous condensation—

double decarboxylation effect leading to the formation of
1b from 4-hydroxybenzaldehyde and malonic acid. Our
above premise of simultaneous condensation—decarboxyl-
ation was proved when treatment of 4-hydroxycinnamic
acid with acetic acid and piperidine under microwave-
irradiation did not yield 1b.

Thereafter, a lot of changes were made in the devised proto-
col. For instance, other acid—base combinations were inves-
tigated, however, optimum results were obtained only with
the piperidine—acetic acid combination (Table 1). Our efforts
to generalize this method with various other substituted
benzaldehydes led us to some more surprises (Table 2).
It was found that 4-hydroxy substitution is a mandatory
condition for the synthesis of the corresponding vinylphe-
nols in a single step. Interestingly, S-nitrovanillin (entry 6)
gave the corresponding vinylphenol in only 7% yield along
with the unreacted nitrovanillin and various side products.
Further, 2-hydroxybenzaldehyde (entry 7) provided couma-
rin (34%) as the major product along with a small amount of

Table 2. Microwave” induced conversion of substituted benzaldehydes (a) into styrenes (b) and cinnamic acids (c)

R
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(9
I
(@]

HO

CHO XN o)
1% on
o 20b,21

HO

CHO N o
Non
69% NDP 20b,21

[S)
T
i@
w»n
T
[e]
o
<
®

OMe

MeO

w
I
o
o‘@
=
®
N
T
(e)

CHO MeO. 0
N MeO
o oy
7% 5¢,8
0

CHO A “ 0
5 OH
° 20b

~
T
j@
0
T
(@]
o
T

OH

Br

W
I
O ;
0
T

OMe OMe
NO, CHO NO,
6 Hojg/ 20 HO
OMe
CHO ©(\
7 <jEOH 8

OMe

OH 12%°

CHO Br o)
N B
)eh o
o] 14b,29

% HO NDP

O
N NO
2 NoH
7% 21,29
HO NDP ’
OMe
(0]
XN
OISO
+
o o 20b,23

34%

(continued)



A. K. Sinha et al. / Tetrahedron 63 (2007) 960-965 963

Table 2. (continued)

Entry Benzaldehydes (a) Time (min) Styrene (b) Cinnamic acid (c¢) Ref.
CHO N o)
oy Fon
3 - 20 OH ND 84% 200
OH
CHO X (0]
N OH
9 MeO I 20 Meo™ [, ND® 86% 20b
OH MeO
OH
CHO A (0]
X OH
10 MeO 8 MO Jme 4%° 91% 8,20b,23
OMe MeO
OMe
MeO, CHO MeO, N MeO . O
OH
11 MeO T 8 MeO T 24%¢ MeO 89% 8b,23,29
° © OMe
CHO A (0]
s o
(0]
12 O\/O 8 -0 4%° o 85% 36,29
\—-O
o O, S
OH
13 MeO 8 MeO 2%° 83% 16,23
MeO
CHO ©/\ Q'
14 @ 15 OH 3b
ND 79%
CHO A (0]
X
15 O/ 15 cl OH 21
cl ND 82%

C

% CEM Discover monomode microwave.
" Not detected.
¢ Yield of the product based on 'H NMR spectra.

vinylphenol (12%). Presumably, coumarin might have
formed by the ring closure of the hydroxy carboxylic acid
intermediate. On the other hand, its 3-hydroxy counterpart
(entry 8) did not form vinylphenol even when the irradiation
time was increased to 20 min and 3-hydroxycinnamic
acid was formed as the major product. In all other cases
(entries 7-15), cinnamic acids were obtained and styrenes
were formed in traces (Table 2). Ironically, the hitherto
problematic hydroxy functional group®!%!3 proved to
be important. The above method successfully provided
commercially important FEMA GRAS approved vinylphe-
nols (entries 1 and 2) and anti-mitotic canolol (entry 3,
Table 2) in a single step in a cost effective manner thus ob-
viating the need for the prevalent multistep protocols.”!%!3
It may be mentioned here that the developed protocol
allowed us to further synthesize important acetoxylated®s"
or methoxylated® styrenes by acetylation or alkylation of
the corresponding vinylphenols under microwave?* within
minutes.

We envisage a rather new mechanistic pathway for the pecu-
liar simultaneous condensation—double decarboxylation ob-
served in our case. The selectivity for 4-hydroxy substituted
benzaldehydes may be due to the assistance provided by
para hydroxy group towards dehydration of benzylic
hydroxy group in acidic medium?® with the subsequent
formation of a para-quinone methide. The para-quinone
methide then eliminates a molecule of carbon dioxide.
Finally, hydrogen transfer followed by release of second
molecule of carbon dioxide ensures the formation of styrene
as shown in Scheme 2.

The facile progress of the reaction under microwave might
be ascribed to the fact that all the intermediates proposed
in the mechanism are more polar than the starting material.
Consequently, microwave stabilizes the more polar transi-
tion states to a greater extent than the ground state.??®
Further investigations regarding the elucidation of precise
mechanism are currently under progress.
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*OH,
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Scheme 2.

3. Conclusion

In conclusion, we disclose a new protocol wherein the
age-old Knoevenagel-Doebner method is modified to give
commercially important vinylphenols in a single step from
4-hydroxybenzaldehydes and malonic acid under micro-
wave via simultaneous condensation—double decarboxyl-
ation. The developed method eliminates the need for toxic
decarboxylating agents like quinoline and metal salts. Oper-
ational simplicity, utilization of commonly used inexpensive
reagents, rapid conversion and good yield of the product
make the developed protocol a useful alternative to the pre-
valent multistep methods for the synthesis of vinylphenols.

4. Experimental section
4.1. General procedure

All benzaldehydes were obtained from commercial sources.
'H (300 MHz) and '3C (75.4 MHz) NMR spectra were
recorded on a Bruker Avance-300 spectrometer. Kenstar
microwave oven (2450 MHz, 960 W) and CEM Discover "
focused microwave (2450 MHz, 300 W) were used wher-
ever mentioned. GC-MS was determined using Shimadzu-
2010 spectrometer.

4.2. Synthesis of 4-vinylphenols under microwave
irradiation

A mixture of benzaldehyde (1a—15a) (0.0164 mol), malonic
acid (0.0656 mol), piperidine (0.0656 mol) and acetic acid
(10-12 mL) was taken in a 100 mL round-bottomed flask.
The flask was shaken well and irradiated under focused
monomode microwave system fitted with reflux condenser
for 5-20 min (150 W, 130 °C). The cooled mixture was
poured into ice-cold water (20 mL) and extracted with ethyl
acetate (3x20 mL). The organic layer was washed with
saturated sodium chloride and dried over sodium sulfate.

HO
FHY|| -H*

(')H

The solvent was evaporated under reduced pressure to obtain
a viscous liquid, which was purified on silica gel column
using a mixture of hexane and ethyl acetate (9:1 to 6:4) to
provide vinylphenols along with cinnamic acids (Table 2)
whose spectra matched with those reported.®20-26-22

Acknowledgements

Two of us (B.PJ. and A.S.) are indebted to CSIR, Delhi
for the award of SRF. The authors gratefully acknowledge
the Director of I.LH.B.T., Palampur for his kind cooperation
and encouragement.

Supplementary data

Spectral data of some representative 4-vinylphenols. Sup-
plementary data associated with this article can be found
in the online version, at doi:10.1016/j.tet.2006.11.023.

References and notes

1. (a) Tressl, R.; Kossa, T.; Renner, R.; Koppler, H. Z. Lebensm.-
Unters.-Forsch. 1976, 162, 123—130; (b) Maga, J. A. Crit. Rev.
Food Sci. Nutr. 1978, 10, 323-372; (c) Heinrich, L.; Baltes, W.
Z. Lebensm.-Unters.-Forsch. 1987, 185, 362-365; (d) Progress
in Flavour Precursor Studies; Schreier, P., Winterhalter, P.,
Eds.; Allured: Carol Stream, IL, 1993; pp 343-360; (e)
Sinha, A. K.; Joshi, B. P.; Sharma, A. U.S. 6989467, 2006;
Chem. Abstr. 2004, 141, 71343.

2. Perfume and Flavor Chemicals, Aroma Chemicals; Steffen, A.,
Ed.; Allured: IL, USA, 1994; Vols. I and II.

3. (a) Stuart, R. R.; Colette, S. M.; David, J. L. Bioorg. Med.
Chem. 1994, 2, 553-556; (b) Michel, C. B.; Adriano, L. M.;
Igor, T. J. Mol. Catal. A: Chem. 1999, 143, 131-136; (c)
Campos, P. J.; Garcia, B.; Rodriguez, M. A. Tetrahedron Lett.
2000, 41, 979-982; (d) Namboodiri, V. V.; Varma, R. S.;


http://dx.doi.org/doi:10.1016/j.tet.2006.11.023

10.

11.

12.

13.

14.

15.

16.
17.

A. K. Sinha et al. / Tetrahedron 63 (2007) 960-965 965

Sahle-Demessie, E.; Pillai, U. R. Green Chem. 2002, 4, 170-
173; (e) Aslam, S. N.; Stevenson, P. C.; Phythian, S. J;
Veitch, N. C.; Hall, D. R. Tetrahedron 2006, 62, 4214-4226.

. (a) Lee, S. M.; Frechet, J. M. J.; Willson, C. G. Macromolecules

1994, 27, 5154-5159; (b) Nalwa, H. S. Ferroelectric Polymers;
Marcel Dekker: New York, NY, 1995; (c) Atsushi, T.; Atsushi,
M.; Takeo, K.; Yoshinobu, I. React. Funct. Polym. 1998, 37,
39-47.

. (a) William, A. A.; David, J. M.; Priyotosh, C. Phytochemistry

1996, 42, 1321-1324; (b) Adriana, C.; Leticia, G.; Maria, S.;
Elizdath, M.; Hugo, A. J.; Francisco, D.; German, C.;
Joaquin, T. Arzneim.-Forsch./Drug Res. 2001, 51, 535-544;
(c¢) Kuwahara, H.; Kanazawa, A.; Wakamatu, D.; Morimura,
S.; Kida, K.; Akaike, T.; Maeda, H. J. Agric. Food Chem.
2004, 52, 4380-4387; (d) Vuorela, S.; Meyer, A. S;
Heinonen, M. J. Agric. Food Chem. 2004, 52, 8202-8207.

. Encyclopedia of Food and Color Additives; George, A. B., Ed.;

CRC: Boca Raton, FL, 1996; Vols. I and II.

. (a) Takayuki, S.; Osamu, N. Phytochemistry 1982, 21, 793—

794; (b) Hanna, P.; Michael, N.; Uri, Z.; Russell, L. R.;
Steven, N. J. Agric. Food Chem. 1992, 40, 764-767; (c)
Lasekan, O. O.; Teixeira, J. P. F.; Salva, T. J. G. Food Chem.
2001, 75, 333-337.

. (a) Southwell, I. A. Phytochemistry 1981, 20, 1448-1450; (b)

Nagashima, F.; Murakami, Y.; Asakawa, Y. Phytochemistry
1999, 51, 1101-1104.

. (a) Dale, W. J.; Hennis, H. E. J. Am. Chem. Soc. 1958, 80,

3645-3649; (b) Dale, W. J.; Rush, J. E. J. Org. Chem. 1962,
27, 2598-2603; (c) Finkle, B. J.; Lewis, J. C.; Corse, J. W.;
Lundin, R. E. J. Biol. Chem. 1962, 237, 2926-2931; (d)
Fujiwara, H.; Yamazaki, H.; Ozawa, K. Eur. Pat. Appl. EP
128984 Al, 1984; Chem. Abstr. 1985, 102, 184819; (e)
Bettach, N.; Le Bigot, Y.; Mouloungui, Z.; Delmas, M.;
Gaset, A. Synth. Commun. 1992, 22, 513-518; (f) Vicari, R.;
Aslam, M.; Ray, W. B.; Davenport, K. G.; Dammel, R.;
Lingnau, J.; Doessel, K. F. U.S. 4965400, 1990; (g)
Brudermueller, M.; Merger, F. U.S. 5380918, 1995; (h)
Houlihan, F. M. U.S. 6111133, 2000.

(a) Sovish, R. C. J. Org. Chem. 1959, 24, 1345-1347; (b)
Cohen, L. A.; Jones, W. M. J. Am. Chem. Soc. 1960, 82,
1907-1911.

(a) Alwyn, S. J. Organomet. Chem. 1983, 247, 117-122; (b)
Beller, M.; Fischer, H.; Kiihlein, K. Tetrahedron Lett. 1994,
35, 8773-8776; (c¢) Cavani, E.; Trifiro, F. Appl. Catal. A:
General 1995, 133, 219-239; (d) Pan, R.-Q.; Liu, X.-X.;
Deng, M.-Z. J. Fluorine Chem. 1999, 95, 167-170; (e)
Kolios, G.; Eigenberger, G. Chem. Eng. Sci. 1999, 54, 2637—
2646; (f) Kustrowski, P.; Segura, Y.; Chmielarz, L.; Surman,
J.; Dziembaj, R.; Cool, P.; Vansant, E. F. Catal. Today 2006,
114, 307-313.

Corson, B. B.; Heintzelman, W. J.; Schwartzman, L. H.;
Tiefenthal, H. E.; Lokken, R. J.; Nickels, J. E.; Atwood,
G. R.; Pavlik, F. J. J. Org. Chem. 1958, 23, 544-549.

Jacob, S; Frohlich, L.; Olma, K.; Popall, M.; Kahlenberg, F.
U.S. 6984747, 2006.

(a) Matsumoto, T.; Periana, R. A.; Taube, D. J.; Yoshida, H.
J. Catal. 2002, 206, 272-280; (b) Prasad, A.; Dehaen, W.;
Eycken, E. V. de. Org. Lett. 2005, 7, 2723-2726.

Kerins, F.; O’Shea, D. E. J. Org. Chem. 2002, 67, 4968-4971.
Lando, V. R.; Monteiro, A. L. Org. Lett. 2003, 16, 2891-2894.
(a) Knoevenagel, E. Chem. Ber. 1898, 31, 2585-2595; (b)
Doebner, O. Chem. Ber. 1900, 33, 2140-2142; (c) Jones, G.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Org. React. 1967, 15, 204-599; (d) Tietze, L. E.; Beifuss, U.
Comprehensive Organic Synthesis; Trost, B. M., Fleming, L.,
Heathcock, C. H., Eds.; Pergamon: Oxford, 1991; Vol. 2,
pp 341-394; (e) Saravanamurugan, S.; Palanichamy, M.;
Hartmann, M.; Murugesan, V. Appl. Catal. A.: General 2006,
293, 8-15.

. (a) Org. Synth., Coll. Vol. I 1941, 441-442; (b) Fiddler, W.;

Parker, W. E.; Wasserman, A. E.; Doer, R. C. J. Agric. Food
Chem. 1967, 15, 757-761; (c) Shaw, P. E.; Tatum, J. H.;
Miyashita, D. H.; Ohinata, K. J. Agric. Food Chem. 1976, 24,
1186-1189; (d) Snow, R. A.; Degenhardt, C. R.; Paquette,
L. A. Tetrahedron Lett. 1976, 49, 4447-4450; (e) Fleming,
S. M.; Robertson, T. A.; Langley, G. J.; Bugg, T. D. H.
Biochemistry 2000, 39, 1522-1531.

(a) McNulty, J.; Steere, J. A.; Wolf, S. Tetrahedron Lett. 1998,
39, 8013-8016; (b) Kaupp, G.; Naimi-Jamal, M. R
Schmeyers, J. Tetrahedron 2003, 59, 3753-3760.

(a) Jones, G. B.; Chapman, B. J. J. Org. Chem. 1993, 58, 5558—
5559; (b) Nomura, E.; Hosoda, A.; Mori, H.; Taniguchi, H.
Green Chem. 2005, 7, 863-866.

(a) Lee, I. Y.; Volm, T. G.; Rosazza, J. P. N. Enzyme Microb.
Technol. 1998, 23, 261-266; (b) Takemoto, M.; Achiwa, K.
Tetrahedron Lett. 1999, 40, 6595-6598; (c) Karmakar, B.;
Vohra, R. M.; Nandanwar, H.; Sharma, P.; Gupta, K. G.;
Sobti, R. C. J. Biotechnol. 2000, 80, 195-202; (d) Ago, S.;
Kikuchi, Y. U.S. 6468566, 2002; (¢) Muheim, A.; Muller, B.;
Munch, T.; Wetli, M. U.S. 6235507, 2001.

(a) Anastas, P. T.; Warner, J. C. Green Chemistry: Theory and
Practice; Oxford University Press: New York, NY, 1998; (b)
Perreux, L.; Loupy, A. Tetrahedron 2001, 57, 9199-9223; (c)
Hayes, B. L. Microwave Synthesis: Chemistry at the Speed of
Light; CEM: Matthews, NC, 2002; (d) Sinha, A. K.; Joshi,
B. P; Acharya, R. Chem. Lett. 2003, 32, 780-781; (e)
Pathania, V.; Sharma, A.; Sinha, A. K. Helv. Chim. Acta
2005, 88, 811-816; (f) Joshi, B. P.; Sharma, A.; Sinha, A. K.
Can. J. Chem. 2005, 83, 1826-1832; (g) Sharma, A.; Kumar,
V.; Sinha, A. K. Adv. Synth. Catal. 2006, 348, 354-360; (h)
Marquez, H.; Loupy, A.; Calderonc, O.; Pérez, E. R.
Tetrahedron 2006, 62, 2616-2621.

Sharma, A.; Joshi, B. P.; Sinha, A. K. Chem. Lett. 2003, 32,
1186-1187.

(a) Eynde, J.J. V.; Rutot, D. Tetrahedron 1999, 55, 2687-2694;
(b) List, B.; Doehring, A.; Fonseca, M. T. H.; Job, A.; Torres,
R. R. Tetrahedron 2006, 62, 476-482.

(a) Kuang, C.; Senboku, H.; Tokuda, M. Synlett 2000, 1439—
1442; (b) Simpson, C. J.; Fitzhenry, M. J.; Stamford, N. P. J.
Tetrahedron Lett. 2005, 46, 6893-6896; (c) Inokuchi, T.;
Kawafuchi, H. J. Org. Chem. 2006, 71, 947-953.

(a) Pearl, I. A.; Beyer, D. L. J. Org. Chem. 1951, 16, 216-220;
(b) Mitra, A. K.; De, A.; Karchaudhuri, N. Synth. Commun.
1999, 29, 573-581; (¢) Kumar, H. M. S.; Subbareddy, B. V.;
Anjaneyulu, S.; Yadav, J. S. Synth. Commun. 1998, 28,
3811-3815; (d) Peng, Y.; Song, G. Green Chem. 2003, 5,
704-706.

(a) Wang, Q. L; Ma, Y.; Zuo, B. Synth. Commun. 1997, 27,
4107-4110; (b) Kim, J. K.; Kwon, P. K.; Kwon, T. W,;
Chung, S. K.; Lee, J. W. Synth. Commun. 1996, 26, 535-542.
(a) Johnson, W. S.; Heinz, W. E. J. Am. Chem. Soc. 1949, 71,
2913-2918; (b) Zajac, W. W.; Nowicki, R. B. J. Org. Chem.
1966, 31, 2712-2713.

Asahi Research Center. Handbook of Proton-NMR, Spectra
and Data; Academic: Tokyo, 1987.



	One-pot two-step synthesis of 4-vinylphenols from 4-hydroxy substituted benzaldehydes under microwave irradiation: a new perspective on the classical Knoevenagel-Doebner reaction
	Introduction
	Results and discussion
	Conclusion
	Experimental section
	General procedure
	Synthesis of 4-vinylphenols under microwave irradiation

	Acknowledgements
	Supplementary data
	References and notes


