This article was downloaded by: [North Carolina State University]

On: 09 December 2012, At: 10:00

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Synthetic Communications: An International
Journal for Rapid Communication of
Synthetic Organic Chemistry

Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/lsyc20

D,L-Proline-Catalyzed One-Pot Synthesis of
Pyrans and Pyrano[2,3-c]pyrazole Derivatives
by a Grinding Method under Solvent-Free

Conditions
Shao-Bo Guo *, Shu-Xiang Wang * & Ji-Tai Li ®

& College of Chemistry and Environmental Science, Hebei University,
Baoding, Hebei Province, China
Version of record first published: 03 Jul 2007.

To cite this article: Shao-Bo Guo, Shu-Xiang Wang & Ji-Tai Li (2007): D,L-Proline-Catalyzed One-Pot Synthesis
of Pyrans and Pyrano[2,3-c]pyrazole Derivatives by a Grinding Method under Solvent-Free Conditions,
Synthetic Communications: An International Journal for Rapid Communication of Synthetic Organic Chemistry,
37:13, 2111-2120

To link to this article: http://dx.doi.org/10.1080/00397910701396906

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the
contents will be complete or accurate or up to date. The accuracy of any instructions, formulae,
and drug doses should be independently verified with primary sources. The publisher shall not
be liable for any loss, actions, claims, proceedings, demand, or costs or damages whatsoever or
howsoever caused arising directly or indirectly in connection with or arising out of the use of this
material.



http://www.tandfonline.com/loi/lsyc20
http://dx.doi.org/10.1080/00397910701396906
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [North Carolina State University] at 10:00 09 December 2012

Synthetic C()mmunications®, 37:2111-2120, 2007 e Taylor & Francis
Copyright © Taylor & Francis Group, LLC

ISSN 0039-7911 print/1532-2432 online

DOI: 10.1080/00397910701396906

Taylor & Francis Group

D,L-Proline-Catalyzed One-Pot Synthesis of
Pyrans and Pyrano[2,3-c]pyrazole
Derivatives by a Grinding Method under
Solvent-Free Conditions

Shao-Bo Guo, Shu-Xiang Wang, and Ji-Tai Li
College of Chemistry and Environmental Science, Hebei University,
Baoding, Hebei Province, China

Abstract: D,L-Proline was found to efficiently catalyze the one-pot condensation of
aromatic aldehydes, malononitrile, and dimedone (1,3-cyclohexanedione or 3-methyl-
1-phenyl-2-pyrazolin-5-one) 2-Amino-3-cycano-4-aryl-7,7-dimethyl-5,6,7,8-tetrahy-
drobenzo[b]pyrans and 6-amino-5-cyano-4-aryl-1,4-dihydropyrano[2,3-c]pyrazoles
were synthesized by a grinding method under solvent-free conditions. The reaction
proceeded cleanly at room temperature to afford the products in good yields.

Keywords: 1,3-cyclohexanedione, 1,4-dihydropyrano[2,3-c] pyrazole, dimedone, D,L-
proline, grinding method, malononitrile, 3-methyl-1-phenyl-2-pyrazolin-5-one, solvent
free, 5,6,7,8-tetrahydrobenzo[b]pyrans

INTRODUCTION

Synthetic chemistry consumes energy and material. One of the greatest
environmentally problematic aspects of organic synthetic chemistry is the
use of solvent. The solvent has to be produced in another chemical
process, which also consumes energy and resources. Within the reaction,
the vast amount of solvent has to be heated or cooled, consuming large
amounts of energy, and has to be removed after completion of the
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reaction from the reaction mixture. The best solvent is no solvent.!'! A move
away from the use of solvents in organic synthesis has led in some cases to
improved results and milder synthetic procedures, and the solvent-free
thermal reactions are more important for practical synthetic processes in
industry.'!

It is well known that 4H-pyran and its derivatives are very useful
compounds. They have been widely used as medicine intermediates because
of their useful biological and pharmacological properties, such as antialler-
gic®®! and antitumor agents."! The 4H-pyran ring can be transformed to
pyridine systems, which relate to pharmacologically important calcium antag-
onists of the dihydropyridine (DHP) type.”®! Polyfunctionalized 4H-pyrans are
a common structural unit in a number of natural products.”®’ 2-Amino-3-
cyano-4H-pyrans possess photochemical activity.!”!

The conventional synthesis of 2-amino-3-cyano-4H-pyrans use organic
solvent, but these solvents make the workup procedure complicated and
lead to poor yields of products.™ In recent years, 2-amino-3-cyano-4H-
pyrans have also been synthesized under microwave,'” with ultrasound
irradiation,"'” or in aqueous media.!'"'*! Some two-component'¥ and
three-component''" condensations have been introduced for the synthesis
of 2-amino-3-cyano-4H-pyrans. Each of these methods has its own
merit, with at least one of the limitations of low yields, long reaction
time, effluent pollution, harsh reaction conditions, and tedious workup
procedues.

The amino acid proline is a remarkable molecule, which has become
important in asymmetric catalysis, where it can act as a ligand in asymmetric
transition-metal catalysis, a chiral modifier in heterogeneously catalyzed
hydrogenations, and most important, can itself be an effective organocatalyst
of several powerful asymmetric transformations, such as aldol,'™*
Michael,'"*! and Knoevenagel reactions.!'® Proline is an abundant bifunc-
tional molecule that is inexpensive and available in both enantiomeric
forms. These two functional groups can act as both acid and base and can
also facilitate chemical transformations in concert, similar to enzymatic
catalysis."”!

The grinding method has increasingly been used in organic synthesis in
recent years. Compared with traditional methods, this method is more
efficient and selective. A large number of organic reactions can be carried
out in high yields with mild conditions and simplicity in process and
handing by the grinding method.!"-'®

All of these reasons spur us to study the possibility of synthesis of
2-amino-3-cycano-4-aryl-7,7-dimethyl-5,6,7,8-tetrahydrobenzo[b]pyrans (4)
and 6-amino-5-cyano-4-aryl-1,4-dihydropyrano[2,3-c]pyrazoles (6) under
solvent-free conditions. In this manuscript, we report a highly efficient
procedure for the synthesis of these compounds via a one-pot grinding
method under solvent-free conditions using an inexpensive and commercially
available p,L-proline as catalyst (Schemes 1 and 2).
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Scheme 1.

RESULTS AND DISCUSSION

In a typical general experimental procedure, aromatic aldehydes (1), malono-
nitrile (2), dimedone [1,3-cyclohexanedione (3) or 3-methyl-1-phenyl-2-
pyrazolin-5-one (5)], and a catalytic amount of p,L-proline are added to a
mortar. The mixture is ground by mortar and pestle at room temperature for
a period. The solid product is obtained from an intermediate melt and then
is laid up at room temperature for 0.5 h. The mixture is transferred to ice
water and then is filtered off. The crude products are purified by recrystalliza-
tion by ethanol (95%) to afford the products (4 or 6) in good yields. The auth-
enticity of the products was established by comparing their melting points, IR
spectra, and '"H NMR spectra with literature.' 12!

In the first instance, 4-chlorobenzaldehyde, malononitrile, and dimedone
were ground in the presence of p,L-proline under solvent-free conditions. The
appropriate reaction conditions were investigated with the results summarized
in Table 1. Without catalyst, 2-amino-3-cycano-4-(4-chlorophenyl)-7,7-
dimethyl-5,6,7,8-tetrahydrobenzo[b]pyran was not obtained for 40 min
using the grinding method. The solid compound was not obtained from the
intermediate melt. Increasing the amount of the proline to 5 mol%,
10 mol%, 15 mol%, 20 mol%, and 25 mol% results in accelerating the
reaction. The yields of product were 75%, 81%, 90%, 94%, and 94% respect-
ively, and the solidified time was 15 min, 10 min, 5 min, 5 min, and 5 min
respectively. Use of 20 mol% proline was sufficient to push the reaction
forward. Higher amounts of the catalyst did not improve the results to a

Ar
H .
N _—
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Ar H CN N O rt N 07 "NH;
Ph Ph
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Scheme 2.
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Table 1. Effects of the reaction conditions on the yields of
2-amino-3-cycano-4-(4-chlorophenyl)-7,7-dimethyl-5,6,7,8-
tetrahydrobenzo[b]pyran

Catalyst Grinding
Entry (mol%) time (min) Yield (%)
1 0 40 0
2 5 15 75
3 10 10 81
4 15 5 90
5 20 5 94
6 25 5 94

“Isolated yields.

greater extent. So, proline was an efficient catalyst, and 20 mol% proline was
chosen as a quantitative catalyst for the reactions.

As the appropriate reaction conditions had been established, the general-
ity of the reaction was examined with the results summarized in Table 2. The
three-component cyclocondensation reaction proceeded smoothly to give the
corresponding products 4. The property of substituents on the aromatic ring
showed strongly obvious effects in terms of yields and grinding time under
this reaction condition. Benzaldehyde and other aromatic aldehydes contain-
ing electron-withdrawing groups (such as nitro group, halide) (4a—4h) reacted
better to give the corresponding products in higher yields than aromatic
aldehydes containing electron-donating groups (such as alkyl group, alkoxyl
group) (4i—4Kk).

In addition, the position of substituents in the benzene ring had no obvious
effects on the yields of product. The aromatic aldehydes with ortho-, meta-,
and para-position substituents in the benzene ring all gave the corresponding
products (4b—4g) in good yields (91-95%).

On the other hand, aromatic aldehyde reacted with 2 and 1,3-cyclohexa-
nedione to afford the corresponding products (41) and (4m) for 5 min using the
grinding method in 92% and 90% yields respectively. 1,3-Cyclohexanedione
and dimeone had similar reactivity in terms of yields and grinding time under
this reaction condition.

It can easily be seen that the reaction of aromatic aldehydes with 2 and
dimeone were carried out in good yields by the grinding method under
solvent-free conditions using proline as catalyst. For example, compounds
4a, 4b, and 4e were previously prepared in 77%, 63%, and 85% yields respect-
ively using piperidine as catalyst in ethanol.!”™ These compounds also were
previously prepared in 71%, 81%, and 72% yields respectively catalyzed by
KF-Al,O5 in DMF at room temperature for 1—3 h,”®® whereas the present
procedure offered them in 91%, 94%, and 92% yields respectively. It was
apparent that this method can accelerate this reaction.
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Table 2. Synthesis of 2-amino-3-cycano-4-aryl-7,7-dimethyl-5,6,7,8-tetrahydro benzo[b]pyrans by a grinding
method
Mp (°C)
Grinding
Entry Ar R time (min) Yield (%) Found Reported!™*]
4a CgHs CH; 5 91 228-230 228-230180!
4b 4-CICgH, CH, 5 94 207-209 207-209'8°!
4c 3-CICeH,4 CH, 5 91 230-232 230-232!1%
4d 2-CIC¢H, CH,4 5 92 214-215 215-216M12"!
de 4-NO,CgH, CH, 5 92 180—181 177-178'8¢1
af 3-NO,CgH, CH, 15 95 208-210 210-212""
4g 2-NO,CeHy CH,4 5 92 229-231 224-226M12
4h 4-BrC¢H, CH, 3 91 197-199 196—1981¢!
4i 4-CH;CgH, CH, 8 80 220-221 220-222M12
4j 4-OHCgH, CH;4 10 81 205-206 206-20817!
4k 3-OH-4-CH;0C¢H; CH, 10 88 232-233 228-230!1
41 4-CICeH, H 5 92 226-228 226-229112
4m 4-NO,C¢H,4 H 5 90 235-236 234-235M12al
“Isolated yields.
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D,L-Proline was also found to efficiently catalyze the one-pot conden-
sation of 1, 2, and 5. Compounds 6 were synthesized by the grinding
method under solvent-free conditions.

Benzaldehyde and other aromatic aldehydes containing electron-with
drawing groups (such as nitro group, halide), 2, and § were ground under this
reaction condition to afford the corresponding products 6 with good yields
(95%—-99%) in Table 3. The reaction of aromatic aldehydes containing
electron-donating groups (such as alkyl group, alkoxyl group) with 2 and § can
also give the corresponding products in good yields (85—-99%). The property
of substituents on the aromatic ring did not show strongly obvious effects in
terms of yields under this reaction condition. The reaction using the aromatic
aldehydes containing electron-donating groups as substituents required longer
grinding time to give the corresponding products than benzaldehyde and other
aromatic aldehydes containing electron-withdrawing groups. The solidified
products 6a—6h were obtained for 5 min from the intermediate melt. The solidi-
fied products 6i—6k was obtained for 10—20 min from the intermediate melt. The
aromatic aldehydes containing electron-donating groups had higher reactivity
than the aromatic aldehydes containing electron-withdrawing groups.

It was apparent that the grinding method can accelerate this reaction using
proline as catalyst under solvent-free conditions. For example, compounds 6a,
6b, 6e, and 6f were previously prepared in 61%, 91%, 75%, and 73% yields
respectively using piperidine as catalyst in ethanol.””® These compounds also
were previously prepared in 99%, 99%, 89%, and 90% yields respectively
catalyzed by triethylbenzyl ammonium chloride (TEBA) in water at room temp-
erature for 6—10 h.1"?! The present procedure offered them in 99%, 96%, 97%,
and 98% yields respectively within 20 min. It was a highly efficient procedure for

Table 3. Synthesis of 6-amino-5-cyano-4-aryl-1,4-dihydropyrano [2,3-c] pyrazoles
by a grinding method

Mp (°C)
Grinding
Entry Ar time (min)  Yield (%)¢ Found Reported““it']
6a CgHs 5 99 161-163 168—170H12
6b 4-CIC¢H, 5 96 172-174 174-175°%
6¢ 3-CIC¢H, 5 96 148-150 158—159!1®]
6d 2-CIC¢H,4 5 95 144146 144146411
6e 4-NO,C¢Hy 5 97 187-188 192—19442¢]
6f 3-NO,CgH, 5 98 193-194 190—191[11®]
6g 4-BrC¢H, 5 96 176-177 183184194
6h 2,4-C1,CgH; 5 95 182-184 182—184H12¢
6i 4-CH,;C¢H, 10 90 174-175 176—178H12]
6j 4-OHCg¢H, 20 85 206-207 211-212H1%]
6k 4-CH;0C¢H, 10 99 171-173 170-1724

“Isolated yields.
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the preparation of compounds 6 by proline-catalyzed three-component conden-
sations via a one-pot grinding method under solvent-free conditions.

We propose the possible following mechanism to account for the conden-
sation of 1, 2, and 5 (Scheme 3). The step (1 — 9) can be regarded as a fast
Knoevnagel condensation. In this mechanism, D,L-proline is an effective
catalyst for the formation of the cyano-olefin (9). The condensation
proceeds via iminium ion (7) and intermediate (8). Proline also catalyzes
the formation of intermediate (12), which affords the products 6 via
addition and elimination of water. The condensation of 1, 2, and dimedone
(or 1,3-cyclohexanedione) possesses the resemble mechanism.

CONCLUSION

In conclusion, we have described a highly efficient procedure for the
preparation of pyrans and pyrano[2,3-c]pyrazole derivatives by a three-
component condensation via a one-pot grinding method using D,L-proline as
catalyst under solvent-free conditions. Moreover, the procedure offers
several advantages including high yields, operational simplicity, cleaner
reaction, minimal environmental impact, and low cost, which make it a
useful and attractive process for the synthesis of these compounds.

EXPERIMENTAL

Melting points are uncorrected. 5,5-Dimethyl-1,3-cyclohexane-dione was
purchased from Fluka and was used without further purification. IR spectra
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were recorded on Bio-Rad FTS-40 spectrometer (KBr). "H NMR spectra were
measured on a Bruker Avance 400 (400-MHz) spectrometer in CDCl; using
TMS as internal standard.

General Procedure

Aromatic aldehydes 1 (2 mmol), malononitrile 2 (2 mmol), dimedone (1,3-
cyclo-hexanedione or 3-methyl-1-phenyl-2-pyrazolin-5-one 5 (2 mmol), and
D,L-proline (20 mol%) are added to a mortar. The mixture is ground by
mortar and pestle at room temperature (25°C) for a period. The solid
product is obtained from an intermediate melt and then is laid up at room
temperature for 0.5 h. The mixture is transferred to ice water and then is
filtered off. The crude product is purified by recrystallization by ethanol
(95%).
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