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A copper(II) complex of the 2-quinoxalinol salen ligand
(salquCu) 1 has been tested for use in catalysis. Here, an
optimized method for oxidation of aryl methylenes and its
potential applications are described. In organic solvents, the
yields obtained are higher than with other commonly used
catalytic methods. Because this methods does not require
high heat or increased pressure, this presents an opportunity
for more environmentally friendly or “green” chemistry in a

Introduction

The development of new metal catalysts has been of wide
interest in synthetic methodology;[1] however, the applica-
tion of these in the pharmaceutical industry has been lim-
ited for many reasons. Developing less expensive, easier to
use, or more environmentally friendly metal catalysts is a
promising trend for new synthetic methods.[2] The oxidation
of C–H bonds offers benefits in commercial organic synthe-
sis in the form of “greener” chemistry by energy efficiency,
and operational simplicity, while at the same time reducing
wastes.[3]

The easy to prepare salen metal (Mn, Ru, Co, Cu, etc.)
complexes have been used in the development of catalysts
for numerous reactions,[4] among these the oxidation of ac-
tivated C–H bonds; however, this reaction is limited by the
low solubility of salen ligands in organic solvents resulting
in low yields.[5] For these reasons, we were interested in de-
veloping a modified salen system to be used for oxidation
of activated C–H bonds.

Previously, several methods of oxidation of aryl methyl-
enes to form aryl carbonyl groups or aryl α-hydroxy groups
have been described.[6] The utility of these systems has often
been limited by the need for selectivity. In the 1970’s, Se2O
was used as oxidant for such reactions; the reaction mecha-
nism was determined to proceed with the formation of β-
keto seleninic acids leading to numerous byproducts.[7] Oxi-
dations with manganese salts or nitropyridinium salts were
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single-phase system. Using this method, a key fragment of
natural products Vitamin K1 and K2, 1,4-naphthoquinone,
can be easily synthesized from 1,2,3,4-tetrahydronaphtha-
lene in increased yield (65%) as compared to established
methods (30–40% yield) that require higher temperatures
and increased pressure.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

found to have a hydrogen transfer and radical mechanism,
but these resulted in low yields (less than 60%).[8] Singlet
oxygen has also been investigated for use as an oxidant, but
because this reaction also involves radical mechanism, the
products are a mixture of the α-keto and α-hydroxy group
products.[9] More recently, methods of oxidation using hy-
pervalent iodine,[10] tert-butyl hydroperoxide,[11] Jones rea-
gent, DDQ, or peroxy acid[12] have been reported. Yields of
these methods are still less than 80%, and these methods
require rigorous controlled conditions.

For this kind of oxidation, catalysts are required for ac-
celeration of the reaction and improvement of yields. Metal
catalysts used in this way have included copper, cobalt[13]

or ruthenium salts.[14] For this purpose, salen ligands have
been used as manganese or copper catalyst supports.[15] One
promising method developed recently is the Gif system, in
which an iron catalyst is combined with a suitable carbox-
ylic acid, pyridine, zinc dust (as a reductant) with oxygen
as the oxidant, to acylate methylene;[16] however, less than
40% yields were obtained.[16,17] Many articles have reported
high conversion rates of this oxidation as determined by
GC or HPLC; however, this is not a good reflection of iso-
lable yields, due to the different absorptions between start-
ing materials and products. This is especially true in the
oxidation of an aryl methylene group into an aryl carbonyl
group which should exhibit a stronger UV absorption. For
this particular oxidation, it is difficult to identify a metal
catalyst possessing both good solubility in organic polar
aprotic solvents (for example, CH3CN) and non-polar sol-
vents (for example, hexane), a bottleneck to the oxidation
of non-polar compounds like steroids.

On the basis of our 2-quinoxalinol salen ligands
(salqu),[18] we have developed a new copper catalyst,
salquCu 1 (Figure 1).[19] This metal complex can be used as
a catalyst in the conversion of aryl methylene groups into
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aryl carbonyl groups. Here, we introduce this method, de-
scribe selectivity, and propose potential applications of the
salquCu catalyst 1.

Figure 1. Structures of salen, salph and salqu copper complex cata-
lysts 1–7.

Results and Discussion

The conversion of diphenylmethane into benzophenone
was selected to test the activity of the catalyst salquCu 1
and to develop optimized conditions. On the basis of pre-
vious reports with salphCu,[4] we began using the addition
of 3 equiv. H2O2, in CH3CN as solvent with 1% by molar
of the catalyst salquCu 1, heated to reflux temperature for
18 h. Under these conditions, the isolated yield of benzo-
phenone is only 27%. Six experimental factors were consid-
ered for optimizing this reaction: oxidant (Figure 2), cata-
lyst ratio (Figure 3), reaction time (Figure 4), oxidant ratio
(Figure 5), solvent, and types of catalyst (Figure 6 and
Table 1).

Figure 2. Oxidants for conversion of diphenylmethane into benzo-
phenone in acetonitrile (yields are based on purification by flash-
column chromatography).
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Figure 3. Catalyst ratio of 1 for conversion of diphenylmethane
into benzophenone (yields are based on purification by flash-col-
umn chromatography).

Figure 4. Reaction yields with time of the conversion of di-
phenylmethane into benzophenone (yields are based on purifica-
tion by flash-column chromatography).

Figure 5. Oxidant ratio for the conversion of diphenylmethane into
benzophenone (yields are based on purification by flash-column
chromatography).

First, four oxidants were tested using CH3CN as solvent
in each case, with 1% of the catalyst 1 at reflux temperature
for 18 h (Figure 2). It was found that tert-butyl hydroperox-
ide in decane was the best oxidant, quantitatively con-
verting diphenylmethane into benzophenone. When tert-bu-
tyl hydroperoxide in water was used as the oxidant, the yield
of the product, benzophenone, was around 80% (Figure 2).
The use of tert-butyl hydroperoxide in decane allows for a
uniform or monophasic organic soluble catalyst system,
and thus further improves the optimal yield.
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Figure 6. Reaction yields using copper salts or ligand-supported
metal catalysts (salen, salph, and salqu ligands). Yields are based
on separation by flash-column chromatography.

Table 1. Optimized conditions with different salqu Cu catalysts
(1x).

R1 R2 Yield (%)[a]

1 CH2Ph 3,5-di-tert-butyl 99
1a CH2Ph 3-tert-butyl 92
1b CH2CH(CH3)2 3,5-di-tert-butyl 99
1c CH2CH(CH3)2 H 90
1d CH2CH(CH3)2 5-OH 80
1e CH(CH3)2 H 90
1f CH(CH3)2 5-OH 65
1g CH2CH2SCH3 3-OH 77

[a] Yields are based on separation by flash-column chromatography
and mass calculation.

With tert-butyl hydroperoxide in decane as oxidant, the
catalyst ratio was increased from 0.1% to 3% (their turn-
over numbers are 736, 176, 99 and 32, respectively.) It was
found that 1% of catalyst 1 is best for this oxidation (Fig-
ure 3). Although 0.1% of catalyst 1 leads to the highest
turnover number, using 1% of catalyst 1 results in the opti-
mal yields within 18 h. Increasing the amount of catalyst
beyond this point did not decrease the reaction time re-
quired to achieve the optimal yield of benzophenone. Using
less than 1% catalyst resulted in reduced yields (Figure 3).
Decreasing the reaction time or oxidant ratio also results in
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lower yields (Figures 4 and 5). The addition of more of the
tert-butyl hydroperoxide oxidant also does not serve to de-
crease the reaction time (Figure 5).

Finally, several polar and non-polar solvents were tested.
With acetonitrile, chloroform, toluene and hexane as sol-
vents, the yields of the desired product, benzophenone, are
very high (over 95%), but using THF as solvent, the yields
are very low, because of the degradation of THF under oxi-
dative conditions.[20] It is worth mentioning that when tolu-
ene was used as solvent, there were not any byproducts gen-
erated by reaction of the toluene obtained. Therefore, the
optimal reaction conditions require acetonitrile (toluene,
hexane or chloroform) as solvent, the addition of 3 equiv.
of tert-butyl hydroperoxide in decane as oxidant, with 1%
of the catalyst salquCu 1. The reaction mixture heated to
reflux temperature and found to be complete after 18 h.

Previously, a library of salqu ligands has been prepared
using combinatorial methods.[18] These have been used to
prepare stable metal complexes of broad solubility with
Ni2+, Co2+, Cu2+, Mn2+ or UO2

2+.[19] Different metal com-
plexes were tested as catalysts (Figure 6).

Without the addition of catalyst, oxidation using 3 equiv.
of tert-butyl hydroperoxide in decane as oxidant in acetoni-
trile heated to reflux temperature for 18 h, resulted in a very
modest yield. Only about 5–10% of the desired product,
benzophenone, was obtained. With the addition of copper
salts to the reaction mixture, 50–60% benzophenone can be
obtained. The addition of the salph Cu complex 6 increased
the yield of benzophenone obtained to 74%. Using the
salen Mn complex 7, produced a similar result, 75%.

The reason why the use of catalysts 6 and 7 results in
lower yields than for salquCu 1 remains unclear, but two
possibilities come to mind. Judging from the uranyl
(UO2

2+) crystal structure, the salqu metal complexes 1–5
have a slightly different metal coordination geometry than
the salph (6) and salen complexes (7). The salqu ligand in
the uranyl (UO2

2+) metal complex is puckered and has the
metal lifted above the plane of the ligand while the salen
and salph (6) and salen complexes (7) are planar.[19] The
salqu complexes also have improved solubility in numerous
organic solvents.[18,19] Either characteristic of these com-
plexes could affect the catalytic reaction mechanism and
lead to the observed improved yields. The improved solubil-
ity of catalyst salquCu 1 also eliminates the need for a bi-
phasic system, which would be useful in applying this sys-
tem to larger scale applications.

As a demonstration of the importance of solubility to-
ward the efficacy of this reaction, different salqu copper
complexes were examined in catalytic studies. The results of
these experiments are depicted in Table 1. Besides catalyst
1, tert-butyl-functionalized copper complexes 1a and 1b
show good catalytic effects, whereas hydroxy-functionalized
complexes 1f and 1g lead to yields comparable with regular
the manganese salen and copper salph complexes 6 and 7.
It is also possible that the hydroxy group impairs the cata-
lytic function of Cu or Mn, leading to the lower yields.
Complexes 1c and 1e gave a lower yield than catalysts 1, 1a
and 1b, probably because of reduced solubility.
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Catalyst 1 is stable to air and moisture and can be reused

at least twice. Catalysts that are found to be stable both to
air and moisture are much more convenient for their appli-
cation. Stable capability was tested using the reaction con-
ditions to oxidize diphenylmethane.

Diphenylmethane was treated with 1% of catalyst 1 and
3 equiv. of tert-butyl hydroperoxide in refluxing acetonitrile
for 18 h. After 18 h, an additional equivalent of di-
phenylmethane, and 3 equiv. oxidant were added into the
reaction system. The reaction mixture was allowed to con-
tinue refluxing for another 18 h. After this period of time,
the addition was repeated. Finally, the pure benzophenone
product was obtained by flash-column chromatography.
The total yield is over 95% of the combined amounts of
starting material. While the addition of additional material
in the initial reaction (lowering the percentage of catalyst
present) reduces the yield produced in 18 h, the addition of
additional materials in increments indicates that the cata-
lytic species is regenerated during the course of the reaction
and that the catalyst 1 has been reused at least twice. This
increases the overall lifetime of the usable catalyst and
could be of benefit to reduce volumes of solvents required
in larger scale reactions.

Once the optimal conditions were determined, these were
used in reactions with several compounds containing aryl
methylene group to be oxidized (Table 2). It was found that
if there is an electron-donor group neighbouring to the
methylene group to be oxidized, the yield is increased (En-
tries 1, 2 and 3), whereas if there is a neighbouring electron-
withdrawing group the yield will decrease (Entries 4, 5).
Aryl methylene compounds with neighbouring electron-
withdrawing groups can be oxidized again to enhance the
final yields (Table 2, method 2). Aryl methylene groups can
be selectively oxidized, while other methylene groups are
not affected (Entry 6). If an amino or hydroxy group is
present neighbouring to the methylene group, the final
product produced is an aldehyde (Entries 2 and 9). By this
method, not only may the aryl methylenes be oxidized to
the corresponding carbonyl groups, but an ether group can
be converted to an ester in good yields (Entry 3).

If there is no aryl group neighbouring the methylene
group, the expected product was not found (Entry 16). This
could also be due to steric limitations on the configurational
geometry of the metal complex to the catalytic mechanism.
For example, when there is a bulky tert-butyl group on the
methylene, none of the expected product found (Entries 13,
14). Compounds containing a hydroxy group were found to
have no reaction (Entry 15) or lower yields (Entry 9), presum-
ably because the oxygen atom could coordinate with the cata-
lyst metal centre, (in this case copper), and this would block
the catalyst mechanism. Remarkably, tetrahydroisoquinoline
and tetrahydroquinoline were special cases. Oxidation of
tetrahydroisoquinoline and tetrahydroquinoline using this
method leads to isoquinoline and quinoline (Entries 17 and
18 respectively), but not α-ketoisoquinoline or α-ketoquino-
line analogs. For some of the oxidation reactions found to
have poor yields, the yield can be improved using a modified
reaction scheme, method 2 (Entries 4, 5, 10 and 11).
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Table 2. Tested aryl methylene compounds using catalyst 1.

[a] All of products have been characterized by 1H and 13C NMR
and in agreement with their standard NMR spectrum. [b] None of
the expected final product is obtained. [c] Method 1: 1 % catalyst
1, CH3CN, 3 equiv. tBuOOH (in decane), reflux for 18 h. [d]
Method 2: (1) 1% catalyst 1, CH3CN, 3 equiv. tBuOOH (in dec-
ane), reflux for 18 h. (2) 3 equiv. tBuOOH (in decane), CH3CN,
reflux for 18 h. [e] After 40 min the Schiff base product, N-benzyl-
idenebenzylamine is formed. 89% of benzaldehyde was determined
by adding the reacted benzaldehyde with pure isolated benzalde-
hyde. [f] Yields are based on separation by flash-column
chromatography and mass calculation.
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The oxidation of benzylamine directly into benzaldehyde
by the catalyst 1 mimics the important biological process of
oxidation of amine substrates to aldehydes as catalyzed by
the naturally occurring metalloenzymes that contain cop-
per, namely amine and lysyl oxidases (Entry 2).[21] Once the
benzaldehyde is generated, this can react directly with any
remaining unreacted benzylamine to form N-benzyl-
idenebenzylamine. N-Benzylidenebenzylamine is a useful,
costly but commercially available, indicator reagent used for
organolithium assays and as an intermediate of amino acid
syntheses, and this is a potentially useful as an easy, inex-
pensive method to prepare N-benzylidenebenzylamine di-
rectly from benzylamine.[22,23]

In another example of the potential utility of this cata-
lyst, 1,4-naphthoquinone is typically prepared on an indus-
trial scale from naphthalene using oxygen gas with a vana-
dium catalyst at high temperature while under pressure.
This reaction typically yields no more than 40%.[24] This is
an important compound as it is a key intermediate of sev-
eral natural products including phylloquinone and mena-
quinone (vitamin K1 and K2),[25] the derivatives of which
have been found to have broad bioactivity ranging from an-
ticancer to antifungal.[26] Several new methods for prepar-
ing 1,4-naphthoquinone derivatives have been developed,
but all of them involve more expensive metal catalysts.[27]

Here, we set up a new method for preparing 1,4-naphtho-
quinone by using inexpensive commercial available starting
material 1,2,3,4-tetrahydronaphthalene and easily prepared
salquCu catalysts 1 with 63% yield (Entry 10). This conver-
sion also mimics another crucial biological oxidization pro-
cess catalyzed by galactose oxidase.[28]

This is a promising new result, but it remains to deter-
mine the specific oxidation mechanism, although the
mechanism of oxidation by copper salt and THBP has been
investigated.[29] This can be difficult, because if the mecha-
nism involves a carbon cation intermediate, the methoxyl
group should be better leaving group than hydrogen (Entry
3) in conversion of phenyl methyl ether to methyl benzoate.
In contrast, we find that in this case, the hydrogen acts as
the leaving group. Secondly, if the mechanism involves a
radical intermediate, the conversion of 1,1-diphenylpropane
to benzophenone can not be explained and the expected
product 1,1-diphenylpropanol should be obtained as the fi-
nal product (Entry 7). In addition, conversion of tetra-
hydroquinoline to quinoline, the expected α-ketoquinolines
have not been obtained, indicating an unexpected mecha-
nism occurs (Entries 17 and 18). Another question that
arises is in the case of benzylamine (Entry 2). The expected
product would be benzoic amide; however, the major prod-
uct found is benzaldehyde in very good yield (�88%).

Conclusions

The unusual salquCu metal complex 1 has been devel-
oped for use in oxidation of aryl methylenes with good
yields. Results of the optimization process indicate that the
configuration and solubility of salqu copper complex cata-
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lyst (e.g., 1) are key factors during the oxidation. Besides
the salqu copper complex 1, the salqu manganese complex
was also found to demonstrate catalytic ability.

Using the copper catalyst 1, an important fragment of
natural compound, 1,4-naphthoquinone, can be easily ob-
tained in high yields, and the oxidations of the metalloen-
zymes amine oxidase and galactose oxidase, can be mim-
icked. These types of catalysts present a new option for use
in industry or organic syntheses because of their relative
ease of preparation, low sensitivity to moisture and air, and
the use of more environmentally friendly and less costly
metals. They are also soluble in many common organic sol-
vents. They possess high catalytic efficiency and can be re-
used at least twice. In future work, we will investigate the
immobilization of the salqu metal complexes (e.g., 1) by
incorporating them into polymers for use in solid phase cat-
alysts based on the developed solid phase extraction (SPE)
technology.[30] The mechanism of this oxidation and new
reactions will also be further investigated.

Experimental Section
General: All of starting materials were purchased from Acros, TCI
or Alfa Aesar Inc. and were used as received. tert-Butyl hydroper-
oxide in decane (6 ) and salen Mn complex 7 were purchased from
Aldrich. Salqu ligands were synthesized by a previously published
procedure.[19,20,31] Solvents were purchased from Fisher Scientific
and were used directly. 1H and 13C NMR spectra were recorded
with Bruker AC 250 spectrometer (operated at 250 and 62.5 MHz,
respectively) or Bruker AV 400 spectrometer (operated at 400 and
100 MHz, respectively). The final synthesized products (Entries 1
to 19) were identified by TLC, 1H and 13C NMR and compared
with TLC, 1H and 13CNMR of commercially available compounds.
The known 1H and 13C NMR of commercial available compounds
are available from spectroscopic database for organic compounds
(SDBS), National Institute of Advanced Industrial Science and
Technology (AIST), Japan. Chemical shifts are reported as δ values
(ppm). NMR spectroscopic data were collected by using CDCl3 or
[D6]DMSO. The solvents used are indicated in the experimental
details. Reaction progress was monitored by thin-layer chromatog-
raphy (TLC) using 0.25 mm Whatman aluminum plates precoated
with silica gel 60-F254, visualization by irradiation with a Min-
eralight UVGL-25 lamp. The products yields are based on separa-
tion by flash-column chromatography.

General Method 1: The synthesis of the products depicted in
Table 2 began with the combination of catalyst 1 (0.02 mmol,
15.2 mg) and 2.0 mmol of starting material (aryl methylene com-
pound) dissolved in 2.0 mL acetonitrile with 1.0 mL tert-butyl hy-
droperoxide decane solution (6.0 mmol). The reaction mixture was
stirred for 18 h at 70 °C and monitored by TLC. Once the starting
material could no longer be seen by TLC, the reaction was consid-
ered to be complete. Pure products were obtained using flash col-
umn chromatography with a solution of hexane/ethyl acetate, 10–
20:1 as the eluent. The yields of final pure products were from 45–
99% (see notation in Table 2).

General Method 2: For reactions found to result in low yields (see
Table 2), a modified procedure was employed. The procedure began
with of the addition of catalyst 1 (0.02 mmol, 15.2 mg) and
2.0 mmol of starting materials (aryl methylene compounds) dis-
solved in 2.0 mL acetonitrile and 1.0 mL tert-butyl hydroperoxide
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decane solution (6.0 mmol). The reaction mixture was stirred for
18 h at 70 °C. After 18 h, an additional 1.0 mL of tert-butyl hydro-
peroxide decane solution (6.0 mmol) was added and the solution
was heated at reflux temperature for an additional 18 h. The reac-
tion was monitored by TLC. Once the starting material can no
longer be seen by TLC, the reaction was considered to be complete.
Pure products are obtained by purification using flash column
chromatography with a solution of hexane/ethyl acetate (10–20:1)
as eluent. The yields of final pure products were from 65–92% (see
notation in Table 2).

Data Section

Entry 1: 1H NMR (400 MHz, CDCl3): δ = 7.49 (t, 4 H), 7.62 (t, 2
H), 7.84 (d, 4 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 196.8,
137.6, 132.5, 130.1, 128.3 ppm.

Entry 2, N-Benzylidenebenzylamine: 1H NMR (400 MHz, CDCl3):
δ = 4.87 (s, 2 H), 7.28–7.93 (m, 10 H), 8.43 (s, 1 H) ppm. 13C NMR
(100 MHz, CDCl3): δ = 162.5, 139.0, 136.4, 134.5, 130.9, 130.6,
64.9 ppm.

Benzaldehyde: 1H NMR (400 MHz, CDCl3): δ = 7.50 (t, 2 H), 7.60
(t, 1 H), 7.86 (d, 2 H), 10.01 (s, 1 H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 191.9, 136.0, 134.0, 129.3, 128.6 ppm.

Entry 3: 1H NMR (400 MHz, CDCl3): δ = 3.91 (s, 3 H), 7.43 (t, 2
H), 7.53 (t, 1 H), 8.05 (d, 2 H) ppm. 13C NMR (100 MHz, CDCl3):
δ = 167.1, 132.9, 130.2, 129.6, 128.4, 128.2, 126.9, 52.0 ppm.

Entry 4: 1H NMR (250 MHz, CDCl3): δ = 2.71 (s, 3 H), 8.15 (d, 2
H), 8.35 (d, 2 H) ppm. 13C NMR (62.5 MHz, CDCl3): δ = 196.3,
141.4, 129.3, 123.9, 27.0 ppm.

Entry 5: 1H NMR (400 MHz, CDCl3): δ = 1.43 (t, 3 H), 4.60 (q, 2
H), 7.53 (t, 2 H), 7.67 (t, 1 H), 8.01 (d, 2 H) ppm. 13C NMR
(100 MHz, CDCl3): δ = 186.5, 163.9, 134.9, 132.4, 130.0, 128.9,
62.4, 14.1 ppm.

Entry 6: 1H NMR (400 MHz, CDCl3): δ = 1.02 (t, 3 H), 1.97 (m,
2 H), 2.96 (t, 2 H), 7.46 (t, 2 H), 7.53 (t, 1 H), 7.96 (d, 2 H) ppm.
13C NMR (100 MHz, CDCl3): δ = 200.4, 137.1, 132.9, 128.4, 128.2,
128.0, 40.5, 27.2, 13.9 ppm.

Entry 7: 1H NMR (400 MHz, CDCl3): δ = 7.50 (t, 4 H), 7.62 (t, 2
H), 7.85 (d, 4 H) ppm. 13C NMR (100 MHz, CDCl3): δ = 196.8,
137.6, 132.4, 130.1, 128.3 ppm.

Entry 8: 1H NMR (400 MHz, CDCl3): δ = 2.57 (s, 3 H), 7.49 (t, 2
H), 7.60 (t, 1 H), 7.94 (d, 2 H) ppm. 13C NMR (100 MHz, CDCl3):
δ = 198.4, 137.3, 133.6, 129.1, 128.6, 27.2 ppm.

Entry 9: 1H NMR (400 MHz CDCl3): δ = 7.50 (t, 2 H), 7.60 (t, 1
H), 7.86 (d, 2 H), 10.01 (s, 1 H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 191.9, 136.0, 134.0, 129.3, 128.6 ppm.

Entry 10: 1H NMR (400 MHz, [D6]DMSO): δ = 7.02 (s, 2 H), 7.80
(dd, 2 H), 8.13 (dd, 2 H) ppm. 13C NMR (100 MHz, [D6]DMSO):
δ = 185.1, 138.7, 134.0, 131.9, 126.5 ppm.

Entry 11: 1H NMR (250 MHz, CDCl3): δ = 2.71 (s, 3 H), 7.56 (m,
2 H), 7.62 (m, 4 H), 8.05 (s, 1 H) ppm. 13C NMR (62.5 MHz,
CDCl3): δ = 198.1, 135.6, 134.4, 132.5, 130.2, 129.6, 128.5, 128.4,
127.8, 126.8, 123.9 ppm.

Entry 17: 1H NMR (400 MHz, CDCl3): δ = 7.57–7.96 (m, 5 H),
8.54 (d, 1 H), 9.27 (s, 2 H) ppm. 13C NMR (100 MHz, CDCl3): δ
= 152.5, 142.9, 135.8, 130.4, 127.6, 127.3, 126.5, 120.5 ppm.

Entry 18: 1H NMR (400 MHz, CDCl3): δ = 7.29 (m, 1 H), 7.47 (t,
1 H), 7.63 (t, 1 H), 7.73 (d, 1 H), 8.06 (m, 2 H), 8.60 (m, 1 H) ppm.
13C NMR (100 MHz, CDCl3): δ = 150.3, 148.2, 136.0, 129.4, 128.2,
127.8, 126.5, 121.0 ppm.
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Supporting Information (see also the footnote on the first page of
this article): General experimental methods and 1H and 13C-NMR
spectra of the compounds produced (see Table 2).
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