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ABSTRACT. A systematic study of Knoevenagel reaction and Nazarov cyclization was made on variety of less reactive car-
bonyl compounds such as B-ketoesters, 1,3-diketones and cyclic active methylene compounds using Yb(OTf); as the catalyst.
Recycling study confirms reusability of the catalyst without much loss of activity.
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Highly substituted o, f-unsaturated olefins obtained via
Knoevenagel condensation are key intermediates for var-
ious reactions and have been extensively used in the syn-
thesis of valuable compounds.' Identification of diethylamine
as a catalyst, first by Knoevenagel,” paved way for the
development of a large number catalysts,*'® and condi-
tions.'”?® Review of literature shows that compared to
large number of bases as catalysts, Lewis acid (LA) cat-
alysts known for Knoevenagel condensation are only lim-
ited. Mg(ClO4),,'® LaCls,?® NbCls,*° TiCly,*'*? ZnCl,,»
and MgBr,** are known as LA catalysts. Some of these LAs
need to be used in more than stoichiometric quantity” and
catalyst like Mg(ClO4)> needs MgSO; as additive.'® The
presence of adventitious water as well as water generated
during the course of the reaction generally degrades some
of these conventional LAs, and renders it non reusable one
and leads to generation of pollutants. In almost all of the
LA mediated Knoevenagel condensations, only highly reac-
tive carbonyl compounds such as malanonitrile, cyanoac-
etates and malonates are used as substrates. Mg(ClOs),, a
potential explosive material, has been used as LA for the
reaction on less reactive carbonyl compounds such as -
ketoesters and 1,3-diketones.'®

Indanone ring systems is an important building block
for the synthesis of biologically active compounds.*® LA
catalysts such as Sc(OTf);-LiCl04,*>" SnCl*® AICI;-N-
fluorobenzenesulfonamide® and Cu(OTf);-N-fluoroben-
zenesulfonamide*® are known to catalyse Knoevenagel
condensation followed Nazarov cyclization between less
reactive alkyl benzoylacetate and an aromatic aldehyde to

give the indanone ring system and its derivatives. How-
ever, there are drawbacks such as the use of additives and
more than stociometric quantity of the reagent. This sug-
gests that there is a need for the development of novel LA
catalysts which could work on less reactive carbonyl com-
pounds.

Lanthanide triflates, (Ln(OTf);)*'*? are new genera-
tion, water compatible green LAs which can be recovered
almost quantitatively and reused without much loss of
activity. Based on our previous experience®* we feel that
the hard Lewis acidic lanthanide triflates must be useful
for Knoevenagel reaction on less reactive carbonyl com-
pounds. Thus we observe successful condensation of 2-
nitrobenzaldehyde (1e) as well as 2-chlorobenzaldehyde
(1f) with ethyl acetoacetate (6a), in the presence of
Yb(OTH)s; to get alkylidene B-ketoesters 7¢ and 7d respec-
tively, which are useful intermediates for the synthesis of
calcium channel blockers amlodipene and nifedipine
(Table 3).

During the course of this study we noticed that there is a
short report on the use of Yb(OTf); as a catalyst for Kno-
evenagel reaction.*® However, the study involves only two
highly reactive carbonyl compounds, malanonitrile and
ethyl cyanoacetate, and among the various lanthanide tri-
flates, only Yb(OTT); was examined as the catalyst. Sim-
ilarly, Yb(OTf); was used in coupling reaction between
alkynes and aldehydes to give trans-o.,B-enones*’ and in
coupling of 8-hydroxyquinoline with aldehyde for the
synthesis of alkaloids.*® However, there was no system-
atic study on using Yb(OTTf); as a catalyst for Knoeve-
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Table 1. Selection of rare earth triflate for Knoevenagel reaction

(0]

/©)LH , FOOCHs yp(OTH), (10 moi%) Xy CO0CH;
H.CO <CN Neat, 80-85°C |, CN
1b 2b ’ 3d
S. No Catalyst Yield (%) Time (hr)

1 Nd(OTf); 67 12

2 Sm(OTf); 72 10

3 Gd(OTf); 53 11

4 Yb(OTf)* 94,94, 93,93 06

5 Yb(OTf);° 94 1

*The reqgaction was repeated using recovered catalyst for second,
third and fourth time
®5 mol% of catalyst was used

nagel adduct formation between less reactive carbonyl
compounds and aromatic aldehydes of varied reactivity.
To the best of our knowledge, there is no report on the use
of Yb(OTHY); as a catalyst for Nazarov cyclization. Here in
we report our results.

To identify the best catalyst, Knoevenagel condensation
was studied between a more reactive carbonyl compound,
ethyl cyanoacetate (2b) and 4-methoxy benzaldehyde (1b)
using different lanthanide trifltes, Nd(OTf);, Sm(OTf)s,
Gd(OTf); and Yb(OTf);. This covers low to high Lewis
acidity range of lanthanide triflates. The results are sum-
marized in Table 1. With Yb(OTf); (10 mol%) in toluene,
at 110 °C, the adduct 3d was obtained, after 12 h, only in
traces. With benzene, CH,Cl,, CH;CN and CH3;NO; as
the solvent, the yield was not impressive.

However, when the reaction was carried out at 80-85 °C,
without any solvent, for 6 h, the desired adduct 3d was
obtained in good yield (7able 1). Among the catalysts,
Yb(OTf); gave high yield of the product in short time.
With 5 mol% of the catalyst it took more time for com-
pletion (11 h, entry 5). Thus the use of Yb(OTf); (10
mol%) as the catalyst at 80-85 "C, without solvent was
identified as the best condition for further study. In order
to check reusability of the catalyst, it was recovered from
aqueous workup and reused for the same reaction. The
catalyst could be recovered up to 98% and the product
yield was almost the same for the second (94%), third
(93%) and fourth (93%) time. To establish the generality
and scope of the method, further study on different active
methylene compounds was carried out.

Excellent yield to very high yield of the Knoevenagel
adduct was obtained on reaction of malanonitrile (2a),
ethyl cyanoacetate (2b) with aromatic aldehydes (1a-f)
containing electron donating as well as withdrawing sub-
stituents (entry 1-8, Table 2). In case of diethyl malonate
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Table 2. Yb(OTf); Catalysed Knoevenagel Reaction

j\ Y Yb(OTf),, (10 mol%) R! X
ron Neat, 80-85°C —
X ’ H  COOEt

1 a-f 2 a-c 3 a-l
2aX=Y=CN,2bX=CN, Y =COOEt, 2¢c X = Y = COOEt

Starting Material Prod- Time Yield
Entry R! X Yot ) %)
I 4OMe-CéHs(1b) CN  CN__ 3a 2 98
2 4NO»CHs(1d) CN  CN  3b 2 98
3 -CsHs (1a) CN COOEt 3¢ 4.5 95
4 4-OMe-CéHs(1b) CN COOEt 3d 6 94
5  4-OH-C¢Hs (1¢) CN COOEt 3e 8.5 95
6 4NO-CsHi(1d) CN COOEt 3f 10 92
7 2-NO»-C¢Hs(le) CN COOEt 3g 25 92
8  2-C-CHi(1f) CN COOEt 3h 12 85
9 4-OMe-C¢Hs (1b) COOEt COOEt  3i 6 84

10 4-NO»-C¢Hy (1d) COOEt COOEt 3j 30 80
11 2-NO»-C¢H, (le) COOEt COOEt 3k 24 93
12 2-Cl-CeHy(1fy COOEt COOEt 31 7 91

'Yiled based on 25% recovered stating material

(2¢), aromatic aldehydes containing electron donating 4-
OMe and 2-Cl substituent (entry 9 and 12) reacted fast
compared to electron withdrawing 4-NO; and 2-NO;
(entry 10 and 11) substituent. Overall the product yield
was high. Comparison of reaction time between malono-
nitrile (2a, 2 h) ethyl cyanoacetates (2b, 10 h) and diethyl
malonate (2¢, 30 h) especially, towards 4-NO» benzalde-
hyde (entry 2, 6 and 10) clearly shows that compound 2a
is more reactive under Knoevenagel reaction conditions.
Comparison of reaction time 6 h and 30 h for 1b and 1d
(entry 9 and 10) respectively clearly shows that the alde-
hydes with electron donating substituent get activated eas-
ity by Yb(OTf); compared to electron withdrawing substituent.
Only a single geometrical isomer was obtained.

As a part of exploiting this methodology towards the
synthesis of some biologically active compounds we car-
ried out formal synthesis of antibacterial agent, trimethoprim
(Scheme 1). Reaction of 3,4,5-trimethoxybenzaldehyde
(1h) and ethyl cyano acetate (2b) gave the adduct 3m in
quantitative yield. Compound 3m on reduction with
Hantzch ester in the presence of silica gel, in toluene led to
saturation of double bond and the product 4 was con-
densed with guanidine**' by literature procedure to get
trimethoprim 5. This is an easy and convenient method for
the preparation of Trimethoprim,?*#-5!

Having got good yield of Knovenagel adduct with
highly reactive carbonyl compounds, we turned our atten-
tion towards less reactive carbonyl compounds such as
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Scheme 1. Synthesis of Triemthoprim.

ethyl acetoacetate (6a) and acetyl acetone (6b). Gratify-
ingly, the reaction between ethyl acetoacetate (6b) and 2-
NO: (1e) benzaldehyde took place readily to give prod-
ucts 7b respectively in very good yield (entry 2, Table 3).
However aldehyde with 4-NO, (1d) and 2-CI (1f) sub-
stituent reacted only slowly and the reaction was stopped
after 15 h.

Geometrical isomers were formed in case of conden-
sation between ethyl acetoacetate (6b) and aromatic alde-
hydes. The reaction between ethyl acetoacetate (6a) and
4-NO»-benzaldehyde (1d) gave product 7a containing a
mixture of £:Z geometrical isomers in the ratio 6:1. How-
ever, 2-NO,-benzaldehyde (1e) and 2-Cl-benzaldehyde
(1f) gave products 7b and 7¢ containing £:Z isomers in the
ratio 5:5. Compound which shows lower 6 value for COCH3
protons were assigned as E isomer, where COOC,Hs is
trans to the aromatic ring and the other compound as Z iso-
mer. The lower & value for COCHj3 protons could be
attributed to the effective shielding by benzene ring which
is positioned cis to COCHj3 group. With acetyl acetone
(6b) and 4-OMe benzaldehyde (1b), Knoevenagel adduct
7d was obtained in good yield. However, in case of 4-
NO»-benzaldehyde (1d) containing strong electron with-
drawing substituent, the reaction was slow. This obser-
vation testifies that Yb(OTf); can even catalyse Knoevenagel
reaction on less reactive active methylene compounds
such as B-keto esters and 1,3-diketo compounds.
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It is interesting to note that with the carbonyl com-
pounds such as ethyl cyanoacetate (2b), diethyl malonate
(2¢) and ethyl acetoacetate (6a), the 2-nitro benzaldehyde
(entry 7 and 11 in 7able 2 and entry 2 in Table 3) gave high
yield of the desired product, despite taking long reaction
time. However, this is not the case with aromatic alde-
hydes substituted with similar electron withdrawing, 4-
NO; or 2-Cl, substituents (entry 6, 8, 10, 12, Table 2 and
entry 1 Table 3). This shows that the presence of 2-NO,
group adjacent to aldehyde must be helpful in forming a
complex with Yb(OTf); and activation of the aldehyde
group. The slow reaction rate may be due to, the lone pair
of electrons from nitro group oxygen and the aldehyde
oxygen forming a chelated complexes with Yb(OTf)s.
Comparison of previous reports on Knoevenagel reaction
reveals that in general under Lewis acid catalyzed
conditions™'®>? aromatic aldehydes substituted with elec-
tron donating substituents react readily where as reverse is
true with basic compounds as catalysts.>!”

With a less reactive carbonyl compound, ethyl benzoy-
lacetate, aromatic aldehydes underwent Knoevenagel
condensation followed by cyclization in a tandem Naz-
arov reaction to give indanone ring system in a one pot
procedure (entry 1-4, 7Table 4). Benzaldehyde (1a, entry 1)
and 4-NO; benzaldehyde (1d, entry 3) gave the cyclized
indanones (10a and 10c¢) as the only product in very good
yield. However, 4-OMe and 2-NO; benzaldehyde (entry 2
and 4) gave the uncyclized benzyledene B-keto esters (9b
and 9d) in addition to the cyclized product. Formation of
the cyclized product 10d could be identified from the 'H-
NMR spectral data however, it could not be separated
from the unidentified products formed. The four possible
isomers formed in the reaction were not separated in our
hands on purification by silica gel column chromatogra-

phy.

Table 3. Yb(OTf); Catalysed Knoevenagel condensation of less reactive active methylebne cpompounds

(0]

X Yb(OTf)5, (10mol%) RL Y
R’J\H * <Y Neat, 80-85°C H>:<X
1 a-f 6 a-b 7 a-e
6a X =COCHg;, Y = COOEt, 6b X =Y = COCH3
Entry Starting Material R, X Y Product Time (h) Yield (%) E/Z ratio
1 4-NO.-CsHy (1d) COCH; COOEt 7a 15 67 6/1
2 2-NO»-CsH, (1e) COCH; COOEt 7b 15 76 5/5
3 2-CI-CeHs (1) COCH; COOEt 7e 15 57 5/5
4 4-OMe-CgHa (1b) COCH; COCH; 7d 18 50 -
5 4-NO»-C¢Hy (1d) COCH;3 COCH;3 Te 18 341 -

Yield based on 55%, 40%, 40% and 60% starting material recovered from i, i, iii and iv respectively.
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Table 4. Yb(OTf); Catalysed Nazarov cyclisation Reaction
o o o o o o

OEt
.
Yb(OTf),

by m/:\ /2

‘ X
8 9ad R 10ad §°
En Starting Material ~ Time Isolated Isolated
try R ()  Yield(%) Yield (%)
1 CeHs (1a) 24 nil (9a) 88 (10a)
2 4-OMe-C¢H4 (1b) 24 41 (9b) 59 (10b)
3 4-NO»-Cg¢H, (1d) 24 nil (9¢) 75 (10c)
4 2-NO»-CeHs(le) 7.5 46 (9d) (10d)*

A mixture of steroisomers along with the uidentified products was
obtained

Unlike the conventional Lewis acids, Yb(OTf); is known
to be active even in the presence of Lewis basic amines
and nitrogen heterocycles. Barbituric acid, a nitrogen het-
erocycle with active methylene carbon, underwent facile
reaction with aldehydes in the presence of Yb(OTf); to
give the condensation adducts in very high yield. Both,
electron donating as well as electron withdrawing alde-
hydes gave products in high yield (entry 1-3, Table 5).
With yet another cyclic active methylene compound, Mel-
drums acid, the cyclization product was obtained in mod-
erate yield.

Based on the above observations a tentative mechanism

Table 5. Yb(OTf); catalysed Knoevenagel condensation of cyclic
activemethylene compounds

o
O/CHO ﬁ\ _YbOTs _ XN
z—
“sesc /l%

Starting Material Time  Isolated
En Ketone Product .
Y Aldehyde (h) Yield (%)
Q
NH A
1 oZNQCHO ;Fo 5
(d) NH 44 H ©13a)
Q
NH
2 H3CO@CHO >=o M 93
(1b) N9 © by
NH HyCO.
s HO@CHC U N )% 5 o
HsCO (19) NH an HO o H (m)
0. o
Oren (K IO Kt
4 ON CHO J 5 ok (142)

(1d) (12)

67
s wool Yoo O /O/f
® ( O%: (2)  H,CO K (14b)

1b)
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is proposed as given below. The reactivity pattern of aro-
matic aldehyde indicates that the Lewis acid catalyst
forms a complex with the aldehyde group first, followed
by which the nucleophilic attack by active methylene
should take place on the aldehyde carbon.

OTf (l)Tf

707 b O/Tf 10" ot

7 L I H,0 @/\(COOEt
|
MCOOEt m N CN
COOC,Hs

In case of the B-keto ester and B-diketones, the enol form
is expected to undergo condensation in the following
manner.

OH CHg CH3
B ES (e]
| (.~  COOEt

R

In conclusion, we have established Yb(OTf); (10 mol
%) as an effective catalyst for Knoevenagel reaction of
several less reactive carbonyl compounds such as p-keto
esters, 1,3-diketo compound and cyclic active methylene
compounds. The catalyst was also useful for the Nazarov
cylization on ethyl benzoylacetate. For all the reactions no
special care was taken to exclude moisture, no solvent was
used and simple workup procedure was followed. The cat-
alyst can be recovered and reused without much loss of
activity. All these features make this method an attractive
Lewis acid catalyst for Knoevenagel condensation as well
as Nazarov cyclization of less reactive carbonyl compounds.

EXPERIMENTAL

All yields reported were based on isolated compounds.
TLC separations were carried out on silica gel plates with
UV indicator from Aldrich; visualization was by UV flu-
orescence or by staining with iodine vapor. IR spectra
were recorded on a FT-IR Bruker Vector 22 Infrared spec-
trophotometer using KBr disks. NMR spectra were recorded
on FT-NMR Bruker 400/200 MHz spectrometer as CDCl;
solutions with TMS as internal reference.

General Experimental Procedure for the Synthe-
sis of Substituted Alkenes

To a mixture of an aromatic aldehyde (5.0 mmol) and
active methylene compound (5.5 mmol), Yb(OTf); (0.5
mmol) was added and the resulting reaction mixture was
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heated at 80-85 "C in an oil bath for required time. The
progress of the reaction was monitored by thin layer chro-
matography (TLC, silica gel, hexane: ethyl acetate, 8:2).
After completion of the reaction, the reaction mixture was
diluted by adding ethyl acetate (10 mL) and washed with
water (2x5 mL) and brine solution (5 mL). The organic
layer was dried (Na,SO,) and concentrated under reduced
pressure. The residue was purified by column chroma-
tography (silica gel, hexane-EtOAc, 8.5:1.5) to afford the
substituted olefin in very good yield. All the new products
obtained were fully characterized by spectroscopic meth-
ods such as IR, '"H NMR, 3C NMR and mass spectros-
copy. If the compound is already known in the literature,
IR, and 'H NMR values are given, compared with the
spectral data already known, and a suitable reference is
also mentioned.

2-(4-Methoxybenzylidene)malononitrile (3a)

The reaction was carried out according to the general
experimental procedure using 4-methoxybenzaldehyde (250
mg, 1.836 mmol), malononitrile (145 mg, 2.197 mmol)
and Yb(OTf); (114 mg, 0.184 mmol). Conditions: 80-85 °C,
2 h. The title compound 3a was obtained (330 mg, 98%)
as a solid, mp 114-116 °C. The spectral data for the com-
pound 3a was in agreement with the values already reported
in the literature.

'H NMR (400 MHz, DMSO) d 3.88 (s, 3H, -OCH),
7.19 (m, 2H, ArH), 7.97 (m, 2H, ArH) and 8.40 (s, 1H,
ArCH=). IR (KBr) 2224, 1605, 1571, 1513, 1370, 1319,
1279, 1185, 1022, 834 cm’.

2-(4-Methoxy-benzylidene)-malonic acid diethyl ester
(i)

The reaction was carried out according to the general
procedure using 4-methoxy benzaldehyde (100 mg, 0.735
mmol), diethyl malonate (129 mg, 0.808 mmol) and Yb(OTT);
(52 mg, 0.074 mmol) conditions: 80-85 °C, 6 h. The title
compound 3i was obtained (171 mg, 84%) as an oily
mass. The spectral data of the compound 3i was in agree-
ment with the values reported in the literature.

'H NMR (400 MHz, CDCl;) & 1.20 (t, J=7.2 Hz, 3H,
-CH,CH5), 1.25 (t, J=7.2 Hz, 3H, -CH,CH?5), 3.44 (s, 3H,
-OCH5), 4.26 (m, J=7.2, 16.4 Hz, 4H, -CH,CH3), 7.49 (m,
4H, ArH), 7.72 (s, 1H, ArCH=). IR (KBr) 2982, 1723,
1628, 1448, 1375, 1255, 1196 cm’".

2-Cyano-3-(3,4,5-trimethoxy-phenyl)-propionic acid
ethyl ester (4)
The reaction was carried out 2-cyano-3-(3,4,5-trimethoxy-

phenyl)-acrylic acid ethyl ester (250 mg, 0.860 mmol),
Hantzsch ester (240 mg, 0.950 mmol), and silica (2.5 g) in
presence of toluene (5 mL) at reflex condition for 5 h. The
title compound 4 was obtained (275 mg, 94%). The spec-
tral data of the compound 4 was in agreement with the val-
ues reported in the literature.

'H NMR (400 MHz, CDCls) & 1.22 (t, J=7.2 Hz, 3H,
-CH,CH5), 3.12 (m, J=5.6, 13.6 Hz, 2H, Ar-CH>), 3.64 (t,
J=5.6, 1H, ArCH»-CH-), 3.76 (s, 3H, -OCH3), 3.78 (s, 6H,
2-OCH3), 4.19 (q, J=7.2, 14. Hz, 2H, -CH,CH3), 6.42 (s,
2H, ArH). IR (KBr) 2942, 2253, 1743, 1592, 1509, 1463,
1245, 1127, 1005, 851 cm™.

2-(2-Chloro-benzylidene)-3-oxo-butyric acid ethyl
ester (7d)

The reaction was carried out according to the general
procedure using 2-chloro benzaldehyde (100 mg, 0.711
mmol), ethylacetoacetate (102 mg, 0.783 mmol) and Yb(OTH);
(50 mg, 0.071 mmol) conditions: 80-85 °C, 15 h. The
crude product was purified by column chromatography
(silica gel, hexane: ethyl acetate. 9:1). First eluted was
unreacted starting material 1d (40 mg, 40%). Second
eluted was the title compound 7d was obtained (54 mg,
57%, yield calculated based on the recovered starting
material) as an oilic mass. The spectral data of the com-
pound 7d was in agreement with the values reported in the
literature.

'H NMR (400 MHz, CDCl;) & 1.17 (t, J=7.2 Hz, 3H,
-CH,CH53),2.42 (s, 3H, -COCH3), 4.24 (q, J=7.6, 14.0 Hz,
2H, -CH,CH3), 7.35 (m, 4H, ArH). 7.85(s, 1H, ArCH=).
IR (KBr) 1724, 1669, 1618, 1468, 1439, 1376, 1239, 1200 cm™.

3-(4-Nitrobenzylidene)pentane-2,4-dione (7f)

The reaction was carried out according to the general
experimental procedure using 4-nitrobenzaldehyde (250
mg, 1.650 mmol), acetyl acetone (182 mg, 1.820 mmol)
and Yb(OTH); (103 mg, 0.165 mmol). Conditions: 80-85°C,
18 h. The title compound 7f was obtained (131 mg, 34%)
as a clear oilic mass. The spectral data for the compound
7f was in agreement with the values already reported in
the literature.

'H NMR (400 MHz, CDCl3) § 2.23 (s, 3H, -COCH;),
2.39 (s, 3H, -COCHs), 3.76 (s, 3H, -OCH3), 7.43 (s, 1H,
ArCH=), 7.48 (d, 2H, ArH), 8.17 (d, 2H, ArH). IR (KBr)
1709, 1653, 1595, 1518, 1345, 1237, 1172, 858 cm.

5-(4-Hydroxy-3-methoxybenzylidene)pyrimidine-2,4,6

(1H,3H,5H)-trione (13c)
The reaction was carried out according to the general
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experimental procedure using vaniline (250 mg, 1.645 mmol),
barbituric acid (210 mg, 1.645 mmol) and Yb(OTf); (102
mg, 0.165 mmol). Conditions: 80-85 °C, 5 h. The title
compound 13¢ was obtained (415 mg, 96%) as a solid, mp
309-311°C. The spectral data for the compound 13¢ was
in agreement with the values already reported in the lit-
erature.

'H NMR (400 MHz, DMSO) § 3.82 (s, 3H, -OCH3),
6.89 (d, 1H, ArH), 7.79 (m, 1H, ArH), 8.21 (s, 1H, ArCH=),
8.47 (d, 1H, ArH), 10.56 (s, 1H, -OH), 11.13 (s, 1H, -NH),
11.26 (s, 1H, -NH). IR (KBr) 3456, 3195, 3130, 3052,
2847, 1729, 1692, 1657, 1542, 1498, 1398, 1299, 1273,
1255, 1178, 1136, 1024, 851, 791, 516 cm™.

2,2-Dimethyl-5-(4-methoxybenzylidene)-1,3-diox-
ane-4,6-dione (14b)

0
jope?
HsCO 0~ o

The reaction was carried out according to the general
experimental procedure using 4-methoxybenzaldehyde (250
mg, 1.836 mmol), meldrumsacid (317 mg, 2.201 mmol)
and Yb(OTf); (115 mg, 0.185 mmol). Conditions: 80-85 °C,
4.5 h. The title compound 14b was obtained (320 mg,
67%) as a solid, mp 127-129 °C. The spectral data for the
compound 14b was in agreement with the values already
reported in the literature.

'HNMR (400 MHz, DMSO) § 1.72 (s, 6H, -CH3), 3.87
(s,3H,-OCHs3) 7.09 (d, 2H, ArH), 8.22 (d, 2H, ArH), 8.30
(s, 1H, ArCH=).

IR (KBr) 3101, 2997, 2840, 1747, 1714, 1574, 1514,
1429, 1391, 1203, 1171, 1019, 933, 837, 798 cm™".
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