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A transition metal free expedient approach for the C=C bond cleavage of electron deficient alkenes such
as arylidene Meldrum's acid and malononitrile derivatives are discussed. The C=C bond of these com-
pound were cleaved to benzoic acid in good yield at high temperature. Most importantly, with oxone in
CH3CN/H,0 at 45°C or m-CPBA in DCM or NaClO; in THF/H,0 or PIDA in THF at room temperature
furnished benzaldehyde derivatives selectively in excellent yields.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Structurally diverse alkenes from natural products have been
considered to be a suitable source for the synthesis of complex
molecules [1]. Transforming the alkenes to carbonyls or carboxyl
compounds via oxidative cleavage have greatly received the
attention of chemists for their extensive application in organic
chemistry [2]. Normally, the oxidative cleavage of the C=C bond is
instigated by transition metal and non-metal oxidants and helps to
incorporate the oxo group [3]. However, the formation of toxic by-
products restricts the usage of metal oxidants. Response to such a
problem is abetted to develop various sustainable approaches for
cleaving the electron-rich C=C bond [4]. In 2010, Vinod et al. re-
ported the facile approach to cleave a C=C bond of electron rich as
well as electron deficient olefins by using the water-soluble in-situ
generated hypervalent iodine reagent. Moorthy et al. reported the
oxone mediated oxidative cleavage of various electron deficient
olefins to afford the corresponding benzoic acids [5]. Like electron
rich olefins, electron deficient olefins such as arylidene Meldrum's
acid, malononitrile, diethyl malonate derivatives have been used in
the synthesis of various synthetically important molecular scaffolds
[6]. In 2001, Tsuno et al. reported that epoxidation of arylidenene
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Meldrum's acid can be obtained with H,0; [7]. Similarly, McQuaid
et al. showed that epoxidation of various conjugated diester can be
achieved with iodosylbenzene [8]. Notably, no oxidative cleavage
product of these molecules were observed. However, Caliskan et al.
reported (Scheme 1) the Mn(OAc)3 and Cu(OAc), mediated unusual
transformation of Meldrum's acid derivative as well as dieth-
ylmalonate derivative of naphthaldehyde to 1-naphthaldehyde [9].
In our previous report, we used the oxone for the epoxidation of
styrene derivative and obtained it in good yield [10]. In turn, we
attempted to the epoxidation of arylidene Meldrum's acid deriva-
tive with oxone at room temperature. Surprisingly, we found that
the starting material was consumed in short time and provided
selectively aldehyde as a major product. These results intrigued us
to investigate oxidative cleavage reaction of electron deficient
olefins of arylidene Meldrum's acid, malononitrile derivatives by
using various water-soluble and insoluble oxidants [11]. Unlike
styrene or cinnamates, arylidene Meldrum's acid, malononitrile
and diethylmalonate derivatives exhibit highly reactive benzylic
carbon which is inclined to act as a strong Michael acceptor [6].
Hence, cleaving such C=C bond needed mild conditions to selec-
tively afford the corresponding aldehyde. Herein, mild and efficient
methods for the oxidative cleavage of the electron deficient C=C
bond of arylidene Meldrum's acid, malononitrile derivatives with
oxidants Oxone or m-CPBA or NaClO, or PIDA are demonstrated.
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Scheme 1. Oxidative cleavage of C=C bond of arylidene Meldrum's acid.

2. Results and discussion

At first, the oxidative cleavage of C=C bond of compound 1a was
executed with oxone in water at 80 °C (Scheme 2). Unexpectedly,
the reaction provided the benzoic acid 3a as a major product in 2 h.
Encouraged by this result, we made several attempts to selectively
produce the aldehyde and found that oxidative cleavage of C=C of
1a with 3 eq. of oxone in water at 45 °C for 2 h provided the alde-
hyde 2a in 32% yield. However, heating for prolonged period
afforded the corresponding acid 3a. Similarly, other water soluble
peroxides (NHg4),S,0s, K2S,0g, and H,0, provided 2a, and 3a. The
results were encouraging; however the careful observation of this
process indicated that harsh reaction condition and poor solubility
of arylidene Meldrum's acid derivatives in water as a sole solvent
were seems to afford the low yield of aldehydes.

Then we employed oxone in mixed solvents to improve the
solubility of arylidene Meldrum's acid derivatives to increase the
efficiency of the reaction. Hence, we investigated the reaction of 1b
with oxone in CH3CN/H,0 mixture at room temperature [5b,11b].
Disappointingly, the reaction was sluggish and afforded the alde-
hyde in 20% yield after 16 h. However, heating at 45 °C employed a
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3a, 85%

(0]
|
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Scheme 2. Cleavage of C=C bond to afford aldehyde.

distinguishable impact on the oxidative cleavage and it furnished
the desired product 2b in 88% yield (Table 1). Prolonged exposure of
1b with oxone at 45 °C led to the formation of overoxidised product
3b in 28% yield. On the other hand, refluxing the reaction mixture
for 8 h furnished 3b as the sole product in excellent yield.

Then we explored the C=C bond cleavage in various solvent
mixture and the results are depicted in Table 1. In case of water
miscible mixture, the oxidative cleavage proceeded smoothly and
afforded the aldehyde in good yield (Table 1, entry 2, 4). However,
competing side product 3b was observed, while the reaction was
performed in 1,4-dioxane/H,0 mixture. In contrast, with solvent
DCE/H,0 or CHyClp/H,0 mixture the negligible conversion was
observed. Undoubtedly, an immiscible biphasic solvent mixture
reduced the contact between the substrate and oxidants. The above

Table 1
The oxidative cleavage reaction of C=C bond with oxone at 45 °C.

O Oxone(2 eq.)
cl [ o) solvents
1b

SLLNo  Solvents (1:1) Conditions Time (h) Yield (%)2b Yield (%) 3b
1 CH5CN/H,0 45°C 1 88 —
2 CH50H/H,0 45°C 1 75 —
3 1,4-dioxan/H,0  45°C 3 55 22
4 THF/H,0 45°C 1 73 —
5 CH5NO,/H,0 45°C 3 55 —
6 2-propanol/H,0  45°C 3 36 -
7 CH5CN/H,0 45°C 16 65 28
8 CH3CN/H,0 reflux 8 — 86
9 DCE/H,0 45°C 6 — -
10 CH,Cl,/H,0 45°C 2 - -
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stated results clearly indicates that the temperature as well as na-
ture of the solvent has influenced the selectivity of the product on
the oxidative cleavage of the C=C bond. In continuation, the
cleavage of C=C bond of 1b was examined with other oxidents
such as persulfates, KS,0g or (NH4),S,0g in CH3CN/H20 (1:1) at
45 °C (Table 2). Notably, these oxidants also effectively generated
the aldehyde in good yield. However, along with aldehyde signifi-
cant amount of over oxidized product 3b was also obtained in some
cases (Table 2, entries 2,3). In case of H,0,, the reaction furnished
the aldehyde 2b in moderate yield along with the unreacted
starting material. Furthermore, we found that the combination of
oxone with NaHCO3 in acetone/H,0 (Table 2, entry 7) was also
suitable for the cleavage of the electron deficient C=C bond [12].

Generally, NaClO, is known for epoxidation of styrene, allylic
oxidation, and oxidation of aldehyde to carboxylic acid [13]. How-
ever, NaClO, cleaved the C=C bond of 1b and selectively afforded
the aldehyde 2b in 78% yield. After a detailed study with various
solvent mixture and oxidants, the scope of this C=C bond cleavage
was explored with a series of arylidene Meldrum's acid derivatives
and other electron deficient alkenes (Table 3). As mentioned in
Table 3, under optimized reaction condition the C=C bond of
arylidene Meldrum's acid derivatives were effectively cleaved to
afford the aldehyde in excellent yield. We also examined (Table 3)
the oxidative cleavage reaction with other electron deficient mol-
ecules such as chalcones, cinnamic acid and arylidene derivative of
diethyl malonate, malononitrile. Like arylidene Meldrum's acid
derivatives, C=C bond of diethyl malonate derivative and malo-
nonitrile derivatives were effectively cleaved to afford the aldehyde
in good yield. In case of chalcone and cinnamic acid, we have not
observed the corresponding C=C bond cleaved product at low
temperature with stoichiometric amount of oxidants. As stated in
reports by vinod et al. [5a] and Moorthy et al. [5b], the conjugated
carbonyl groups needed longer reaction duration and high tem-
perature for the cleavage of C=C bond. Hence, with excess of oxi-
dants at refluxing condition, the C=C bond of cinnamic acid as well
as chalcone was cleaved to provide the benzoic acid in good yield
[5b].

We next explored C=C bond cleavage with organic peroxide m-
CPBA [11e,14]. Generally, m-CPBA has been used for the epoxidation
of electron rich olefins and reacts moderately with electron defi-
cient olefins such as chalcones and cinnamates [15]. To our delight,
the reaction of 1b in DCM was provided the aldehyde 2b in excel-
lent yield (Table 4). Moreover, the cleavage of a C=C bond of
malononitrile derivatives was pleasingly furnished the aldehyde in
good yield.

Having established various approaches by using peroxides and
sodium chlorite for the cleavage of electron deficient C=C bond, we
further inspected a metal-free and efficient approach using phe-
nyliodine(Ill)diacetate (PIDA) [16].

Table 2

Reaction of 1b with other oxidants.
Entry Oxidants Conditions Time (h) Yield (%) 2b Yield (%) 3b
1 Oxone 45°C 1 88° —
2 K5S,0g 45°C 3 65 27
3 NH4S,0g 45°C 3 62° 30
4 H,0, 45°C 4 552 -
5 NacClO, 45°C 1 78 —
6 Naclo, It 2 73> -
7 Oxone rt 1 85°¢ -

Conditions:

2 The reaction performed in CH3CN/H,0 at 45 °C.

b the reaction was performed in THF.

¢ The reaction was performed with oxone (2.5eq.)/NaHCOs3 (4 eq.) in acetone/H>0
(2:1).

3
Table 3
Scope of the cleavage of C=C bond.
Substrate Functional group  Yield of aldehyde Yield of acid
R= H 2a, 86% 3a, 89%"
o} 4-Cl 2b, 88% 3b, 86%°
N 2-Cl 2c¢, 86%
O 4B 2d, 90%
o O/% 2-Br 2e, 87% 3e, 91%°
R 4-Me 2f,91%
1 4-OMe 2g, 89%
3,4-di-OMe 2h, 90%
3,4,5-tri-OMe 2i,91%
2,5-di-OMe 2j, 84%
2-OMe 2Kk,84%
2-Br-5-OMe 21, 85%
4-NO, 2m,75% 3m, 69%°
3,5-di-OMe 2n, 91% 3n, 65%°
4-N,N-di-Me 2°, 89%
3-OMe 2p, 90%
3-OMe-4-OH 2q, 72%
o H 23, 84%
R o0 ot 4
L CN H 2a, 70%, 3a, 90%”
m 4l 2b, 68% 3b, 88%°
R 5
o H Not observed 3a, 90%°
o
R 6
o H Not observed 3a, 67%"
rR7
4Conditions: oxone (2 eq.), CH3CN/H0, 45 °C for 1 h.
b Used 6eq. of oxone and refluxed for >16 h.
¢ Stirred at 45°C for 12 h.
Table 4
Reaction with organic peroxides.
i i
AN (o) m-CPBA, NaHC03
o 0707\ DCM. 0 °C-rt, 6-8 h =
1 2
Substrate Substitution Yield of Aldehyde
o 4-Cl 2b, 90%
N 4-OMe 2g, 86%
Q 3,4-di-OMe 2h, 87%
o O/% 2,5-di-OMe 2j, 83%
R 3,4,5-tri-OMe 2i, 85%
1
x CN H 2a, 78%
N 4-Cl 2b, 76%
R
4

Fortunately, the C=C bond cleavage of 1g with PIDA in DCM
proceeded smoothly at room temperature and afforded the alde-
hyde 2g in 56% yield. Surprised by the results, we next studied the
cleavage of C=C bond of 1g with PIDA in different solvents. PIDA (2
eq.) in THF was effectively cleaved the C=C bond of 1g and
exclusively provided the aldehyde in 89% yield (Table 5). Notably,
with other hypervalent iodine reagens such as, DMP and in-situ
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Table 5
Reaction with hypervalent iodine reagents.

i j
MeO (6] O \ Solvent MeO
19 2g

Entry oxidants Co-oxidants Solvent Time (mins) Yield (%)

1 PIDA - DCM 120 56

2 PIDA - THF 45 89

3 PIDA — CH5CN 120 80

4 DMP — THF 360 nr

5 p-1BA NMO DCM 360 nr

generated iodoxobenzoic acid [5a,17] (i.e mixture of p-IBA and 2 eq.
of NMO) 2g were ineffective. Further, we decided to explore the
oxidative cleavage of malononitrile derivatives with PIDA in THF. To
our delight, the PIDA involved C=C bond scission of malononitrile
derivative provided comparatively better yield than other oxidants
and the results are summarized in Table 6.

3. Plausible mechanism

From various experiments, we observed that the C=C bond of
arylidene Meldrum's acid derivatives can be effectively cleaved
with peroxides, NaClO,, and PIDA to afford selectively the corre-
sponding benzaldehydes. The C=C bond cleavage with these oxi-
dants quickly furnished the aldehydes. Controlled experiments by
lowering the oxidants and the reaction time minimize the imme-
diate C=C bond cleavage to aldehyde. Unluckily, while purification
we found that the intermediate was decomposed and afforded the
aldehyde. However, the available literature sources have supported
to develop the plausible mechanism [5b,7,8,18]. Commonly, the
oxidation of double bond of all substrates with peroxides proceed
via epoxidation and further the oxirane ring cleavege to form the
diol under the developed reaction conditions. However, we assume
that the C=C bond cleavage of arylidene Meldrum's acid with
oxone in CH3CN—H;0 proceeds via diol formation and followed by
the C—C single bond cleavage as shown by the Moorthy et al
(Scheme 3). [5b].

In case of PIDA mediated reaction [19], first it activates benzylic
position of arylidene Meldrum's acid by interacting with carbonyl
oxygen and followed by the Michael addition generates the (-
acetylated species (Scheme 4). Further attack by carbonyl oxygen of
acetyl group leads to intramolecular cyclization and form the ace-
tyloxonium ion of Meldrum's acid derivative. Presence of water in
the reaction medium support to provide the a-actylated-p-hydroxy
alkylidene Meldrum's acid. Further cleavage of C—C bond provides

Table 6
Reaction of PIDA with arylidenemalononitrile derivative.

Substrate Substitution Time (mins) Yield of aldehyde
N CN 4-C1 45 2b, 89%
4-Me 45 2f,91%
CN 3,4-di-OMe 60 2h, 82%
2,5-di-OMe 60 2j, 78%
2-OMe 60 2k, 77%
H 300 No reaction

R
4
0
@/\)J\OH
R

5

the carbonyl compound.

In conclusion, we have developed multiple approaches
involving various oxidants for the oxidative cleavage of C=C of
arylidene Meldrum's acid and malononitrile derivatives to the
corresponding aldehyde. The advantages of these methods are as
follows: (1) the cleavage of C=C bond proceeds under mild con-
dition with various oxidants in short reaction time; (2) the C=C
bond can be cleaved without addition of any transition metal
catalyst; (3) PIDA cleaves the C=C bond of malononitrile de-
rivatives effectively.

4. Experimental section

Reagents and solvents were purchased from commercial sour-
ces and used without further purification. All the reactions were
monitored by TLC, performed on 0.25mm silica gel coated
aluminium sheets (F-254) and visualized by UV light and KMnO4
solution. Column chromatography was carried out using silica gel
(100—200 mesh). 'H NMR spectra were recorded in solvent CDCl3
on 300, 400 MHz Bruker-AVANCE and 400 MHz JEOL spectrometers
with TMS as an internal standard.

4.1. Synthesis of substrate

Starting materials arylidene Meldrum's acid, malononitrile de-
rivatives were synthesized by a modified procedure reported by
Bigi et al. [20,21] Thus the mixture of aldehyde and Meldrum's acid
or malononitrile in HoO was stirred at room temperature for 12 h to
afford the corresponding product. Diethylmalonate derivatives,
cinnamic acid and chalcones were prepared according to reported
procedure [22—24].

4.2. General procedure for oxidative cleavage by oxone to afford
acid 3

To a heterogeneous mixture of arylidene meldrum's acid or
malononitrile derivatives in distilled water, Oxone (3 eq) was added
and heated at 80°C for 2h. The progress of the reaction was
monitored by the TLC and after completion saturated NH4Cl solu-
tion was added and extracted with ethyl acetate. The organic layer
was dried over anhydrous NaySO4 and purified by column chro-
matography to isolate the pure product.

4.3. General procedure for oxidative cleavage by oxone to afford
aldehyde 2

To a heterogeneous mixture of arylidene meldrum's acid or
malononitrile derivatives in distilled water, Oxone (2.5 eq) was
added and heated at 45 °C for 2 h. The progress of the reaction was
monitored by the TLC. After 2 h, saturated NaHCOs3 solution was
added to the reaction mixture and extracted with ethyl acetate. The
organic layer was dried over anhydrous Na;SO4 and purified by
column chromatography to isolate the pure aldehyde.

4.4. General procedure for oxidative cleavage by oxone in CH3CN/
H>0 to afford aldehyde 2

Oxone (2.5 eq) was added to the solution of Arylidene mel-
drum’s acid or malononitrile derivatives in CH3CN/H20 (1:1) and
heated the reaction mixture at 45°C for 1h. The progress of the
reaction was monitored by the TLC. After completion, ethyl acetate
was added to the reaction mixture and separated the organic layer.
The organic layer was washed thrice with saturated NaHCO3 solu-
tion and followed by distilled water. The organic layer was dried
over anhydrous Na,;SO4 and filtered through silica gel plug. The
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Scheme 4. Plausible mechanism of oxidative cleavage of arylidene Meldrum's acid with PIDA.

resulted organic layer was evaporated to afford the pure aldehyde
in good yield.

4.5. General procedure for oxidative cleavage by oxone in acetone/
H>O0 to afford aldehyde 2

Oxone (2.5 eq) and NaHCO3 (4 eq) was added to the solution of
Arylidene Meldrum's acid or malononitrile derivatives in acetone/
H,0 (2:1) and a brisk effervescence was observed. The reaction
mixture was stirred at room temperature for 30 mins-1h. The
progress of the reaction was monitored by the TLC. After comple-
tion, ethyl acetate was added to the reaction mixture and separated
the organic layer. The organic layer was washed with saturated
NaHCOs3 solution, dried over anhydrous Na;SO4 and evaporated
under vacuum to afford the aldehyde.

4.6. General procedure for oxidative cleavage by NaClO, in THF/H,0
to afford aldehyde 2

NaClO; (2 eq) was added to the solution of arylidene meldrum's
acid or malononitrile derivatives in THF/H,0 (1:0.5) and stirred the
reaction mixture at room temperature for 1-2 h. The progress of

the reaction was monitored by the TLC. After completion, the
organic layer was extracted with ethyl acetate, dried over anhy-
drous NaSO4 and evaporated under vacuum. The residue was
purified by column chromatography to afford the corresponding
aldehyde.

4.7. General procedure for oxidative cleavage by m-CPBA in CH,Cl,
to afford aldehyde 2

Arylidene meldrum's acid or malononitrile derivative was dis-
solved in CH,Cl,. To this m-CPBA (2 eq) and NaHCOs3 (3 eq) were
added and stirred the reaction mixture for 5—6 h. The progress of
the reaction was monitored by the TLC. After completion, distilled
water was added to the reaction mixture and the organic layer was
extracted with CH)Cl,. The dried organic layer was evaporated
under vacuum and purified by column chromatography to afford
the corresponding aldehyde.

4.8. General procedure for oxidative cleavage by PIDA in THF to
afford aldehyde 2

PIDA (2 eq) was added to the solution of arylidene meldrum's
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acid or malononitrile derivatives in THF and stirred the reaction
mixture at room temperature for 45 mins- 1 h. The progress of the
reaction was monitored by the TLC. After completion, saturated
NaHCO3 solution was added to the reaction mixture and extracted
with ethyl acetate. The vacuum dried organic residue was subjected
to column chromatography to afford the corresponding aldehyde.

4.9. Characterization data of corresponding oxidation products

Benzaldehyde 2a. Colorless liquid; 'H NMR (CDCls, 400 MHz)
6 10.02 (s, 1H), 7.89 (t, J=8 Hz, 2H), 7.64 (t, J= 7.6 Hz, 1H), 7.54 (t,
J=8Hz, 2H).

4-Chlorobenzaldehyde 2b. Colorless solid; TH NMR (CDCl;,
400 MHz) ¢ 9.99 (s, 1H), 7.83 (d, J= 8.5 Hz, 2H), 7.52 (d, J = 8.4 Hz,
2H).

2-Chlorobenzaldehyde 2¢. Colorless liquid; 'H NMR (CDCls,
400 MHz) 6 10.50 (s, 1H), 7.93(dd, J = 7.7, 1.7 Hz, 1H), 7.54-7.52 (m,
1H), 7.46(dd, J = 8, 1 Hz, 1H), 6.99 (t, J = 7.5 Hz, 1H).

4-Bromobenzaldehyde 2d. Colorless solid; 'H NMR (CDCls,
400 MHz) ¢ 9.98 (s, 1H), 7.75 (d, J= 8.4 Hz, 2H), 7.69 (d, J]=8.4 Hz,
2H).

2-Bromobenzaldehyde 2e. Colorless liquid; '"H NMR (CDCls,
400 MHz) 610.37 (s, 1H), 7.93-7.91 (m, 1H), 7.66 (d, J = 8 Hz, 1H),
7.46-7.44 (m, 2H).

4-Methylbenzaldehyde 2f. Light brown liquid; 'H NMR (CDCls,
400 MHz) 6 9.96 (s, 1H), 7.78 (d, ] = 4 Hz, 2H), 7.33 (d, ] = 8 Hz, 2H),
2.44 (s, 3H).

4-Methoxybenzaldehye 2g. Light brown liquid; 'H NMR (CDCls,
300 MHz) ¢ 9.89 (s, 1H), 7.84 (d, ] = 8.9 Hz, 2H), 7.01 (d, = 8.8 Hz,
2H), 3.89 (s, 3H).

3,4-Dimethoxybenzaldehyde 2h. Solid; 'H NMR (CDCls,
400 MHz) 6 9.77 (s, 1H), 7.39(dd, ] = 8, 4 Hz, 1H), 7.33 (d, ] = 1.6 Hz,
1H), 6.91 (d, ] = 8 Hz, 1H), 3.89 (s, 3H), 3.86 (s, 3H).

3,4,5-Trimethoxybenzaldehyde 2i. Colorless solid; 'H NMR
(CDCls, 400 MHz) 6 9.87(s, 1H), 7.14(s, 2H), 3.94(2s, 9H)

2,5-Dimethoxybenzaldehyde 2j. Solid; 'H NMR (CDCls,
400 MHz) ¢ 10.40 (s, 1H), 7.28 (d, ] =3.2 Hz, 1H), 7.09(dd, ] = 8.8,
3.2 Hz, 1H), 6.90 (d, ] = 8.8 Hz, 1H), 3.85 (s, 3H), 3.76 (s, 3H).

2-Methoxybenzaldehyde 2k. Colorless crystalline solid; 'H NMR
(CDCl3, 400 MHz) ¢ 10.45 (s, 1H), 7.81(dd, ] = 7.6, 1.6 Hz, 1H), 7.56-
7.51 (m, 1H), 7.03-6.96 (m, 2H), 3.91 (s, 3H).

2-Bromo-5-methoxybenzaldehyde 21 [25]. Light brown solid;
TH NMR (CDCl3, 400 MHz) 6 9.87 (s, 1H), 10.31 (s, 1H), 7.52 (d,
J=8.8Hz, 1H), 741 (d, J=3.2 Hz, 1H), 7.03(dd, = 8.8, 3.2 Hz, 1H),
3.84 (s,3H).

4-Nitrobenzaldehyde 2m. Brown solid; 'H NMR (CDCls,
400 MHz) 6 10.17 (s, 1H), 8.40 (d, J= 8.7 Hz, 2H), 8.09 (d, ] = 8.8 Hz,
2H).

3,5-Dimethoxybenzaldehyde 2n. White solid; '"H NMR (CDCls,
400 MHz) 6 9.91 (s, 1H), 7.02 (d, = 2.4 Hz, 2H), 6.71 (t, ] = 2.4 Hz,
1H), 3.85 (s, 6H).

4-N,N-dimethylbenzaldehyde 2o0. Yellow solid; '"H NMR (CDCls,
400 MHz) ¢ 9.74(s, 1H), 7.73(d, J = 9 Hz, 2H), 6.70(d, J = 9 Hz, 2H).

3-Methoxybenzaldehyde 2p

Brown liquid; 'H NMR (CDCls, 400 MHz) 6 9.98 (s, 1H), 7.46-7.45
(m, 2H), 7.40 (d, J= 2.1 Hz, 1H), 7.20-7.17 (m, 1H), 3.87 (s, 3H).

4-Hydroxy-3-methoxybenzaldehyde 2q. White solid; 'H NMR
(CDCl3, 400 MHz) 6 9.83(s, 1H), 7.44-7.42(m, 2H), 7.04(d, ] = 8.5 Hz,
1H), 3.96(s, 3H)

Benzoic acid 3a. Colorless solid; TH NMR (CDCls, 400 MHz) 6 8.13
(d,J=71Hz, 2H), 7.61 (t, ] = 7.4 Hz, 1H), 747 (t, ] = 7.8 Hz, 2H).

4-Chlorobenzoic acid 3b. Colorless solid; 'H NMR (CDCls,
400 MHz) ¢ 8.04 (d, J = 8.6 Hz, 2H), 7.45 (d, ] = 8.6 Hz, 2H).

2-Bromobenzoic acid 3e. Colorless solid; 'H NMR (CDCls,
400 MHz) ¢ 8.01(dd, J=5.1, 4Hz, 1H), 7.72(dd, J=7.1, 2 Hz, 1H),

7.41-7.38 (m, 2H).
4-Nitrobenzoic acid 3m. White solid; "H NMR (CDCls, 400 MHz)
0 8.33 (d, J=8.9Hz, 2H), 8.27 (d, ] =9 Hz, 2H).
3,5-Dimethoxybenzoic acid 3n. White solid; '"H NMR (CDCls,
400 MHz) 6 7.25(d,J = 2.4 Hz, 2H), 6.7 (t,] = 2.3 Hz, 1H), 3.85 (s, 6H).
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