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Abstract—A convenient, high yield procedure for the synthesis of anthranilic acids carrying a variety of different substituents as well as their
straightforward transformation into the corresponding 9-chloroacridines could be established by using modified Buchwald–Hartwig
amination conditions.
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1. Introduction

Substituted acridines have been in use as antimalarials1 for
many years quite successfully and several of them2 – 8 have
exhibited excellent results in the chemotherapy of cancer.
Quite recently, however, Prusiner et al. enlarged the scope
of potential applications for these compounds dramatically
due to their finding of quinacrine9 – 12 (1) and related
compounds13 to show quite promising activity in vitro
against prion based diseases. In addition, preliminary QSAR
studies14 attributed the observed activity both to the
presence of an acridine ring and to the presence of a
suitable spacer for the bisacridines 2. Independent NMR
binding studies15 supported these conclusions by establish-
ing a molecular interaction between the C-terminal helix of
the prion protein and the quinacrine molecule. Up to
now, however, no conclusive structure/activity relation-
ships could be established due to the controversial
interpretation of the biological data obtained in different
biological screening systems16 – 18 as well due to the lack
of a sufficient large number of analogues synthesized and
screened so far.

Acridines substituted at position C(9) are usually accessed
from the corresponding 9-chloroacridines19,20 the latter
being prepared by the cyclization of suitably substituted
N-phenylanthranilic acids. These compounds have been in
the focus of synthetic interest in their own right due to the
finding that flufenamic acid (3) has been used21 – 24 quite
successfully for the therapy of amyloidogenic diseases
(Fig. 1).

The majority of substituted N-phenylanthranilic acids have
been synthesized using an Ullmann–Jourdan reaction25 – 28

as the key step for establishing the C–N bond. These
reactions despite the fact that several improvements29 – 33

have been suggested over the years usually suffer from high
reaction temperatures and from the need of using quite a
large excess of copper or of copper salts. To obtain
reasonably high yields electron withdrawing substituents
are mandatory.34 As an alternative the Pd(0) catalysed
reaction of unsubstituted anthranilic acid with trifluoro-
methyl-iodobenzene has been suggested (Scheme 1).21,35,36

During our own investigations concerning the efficient
synthesis of anti-prion active acridine derived compounds it
became necessary to develop a reliable route providing
these compounds in good yields even on a larger preparative
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Figure 1. Structure of anti-Prion (1, 2) or amyloidogenic (3) active
compounds.
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scale. Thus, a more systematic investigation of the
Ullmann–Jourdan reaction as well as of appropriate
Pd(0)-mediated alternatives21,35,36 was called for.

2. Results and discussion

In a first approach for the synthesis of substituted N-phenyl-
anthranilic acids 6 we investigated their synthesis starting
from substituted 2-chloro-benzoic acids 4 and aniline
derivatives 5 in the presence of Cu or suitable Cu salts in
more detail. Numerous variations concerning the choice of
solvent (among these water,37 ethanol, aqueous solution of
sodium carbonate, DMF,25 amyl alcohol as well as butane-
2,3-diol), co-catalysts (Cu(I)38 or Cu(II) salts, several diols,
potassium iodide or pyridine36), the amount and particle size
of the copper (or copper bronze) were performed in parallel

synthesis technique. Finally the highest yields were
obtained using copper–bronze (3%) in amyl alcohol as
the solvent containing 15% of pyridine as a co-catalyst.
Table 1 and Scheme 2 summarize our results for these
Ullmann–Jourdan reactions under optimized conditions.
Although the synthetic set-up is quite robust and the average
yields for these couplings range between 40 and 60% this
methodology is not optimal for scaling up and has to be
optimized for each different substitution pattern.

The problem usually arising with these reactions may
be rationalized by the probable reaction mechanism39

(cf. Scheme 3) for this reaction.

The initially formed copper complex A is believed to afford
in a rate determinating step the reactive species B; addition
of Cu(I) salts (as well as of Cu(II) salts that give upon
symproportion with Cu(0) in situ formed Cu(I) species)
have previously been used to enhance the speed of several
coupling reactions, but in our own experiments the addition
of a broad variety of different Cu(I) salts did not show any
effect on the rate of the reactions at all. The formation of
several by-products is encountered during these reactions;
this finding is well explained by the high reactivity of
intermediate C (Scheme 4) that upon reaction with a
molecule of aniline following path I affords the desired
anthranilic acid. Reaction of C with protic solvents that are
used most often for these coupling reactions, yield either
ethers (upon reaction with primary alcohols, path II) or
salicylates40 (with water as the solvent). In addition, a
single-electron transfer affords (reaction path III) the radical
species D whose reaction with C consequently yields
biphenylic diacids or after protonation the corresponding
benzoic acid, respectively.

Due to these major drawbacks of the Ullmann–Jourdan
reaction we focused our synthetic efforts on the investi-
gation of Pd(0) catalysed reactions using the iodine-
substituted benzoic acids as starting material. The latter
have been accessed very easily by applying Sandmeyer

Scheme 1. Synthesis of N-phenyl-anthranilic acids.

Table 1. Ullmann–Jourdan reactions (Scheme 2)

R1 R2 R3 R4 R5 R6 R7 R8 R9 Product Yield (%)

H NO2 H H H H OMe H H 6a 54
H NO2 H H H H H H OMe 6b 65
H NO2 H H H H OMe H OMe 6c 57
H NO2 H H H OMe H H OMe 6d 40
H H NO2 H H H H H OMe 6e 49
H H NO2 H H H H OMe H 6f 40
H H NO2 H H H OMe H OMe 6g 58
H H H H H H OMe H H 6h 52
H Cl H H H H OMe H H 6i 58

Scheme 2. Ullmann–Jourdan reactions.

Scheme 3. Probable reaction mechanism for Ullmann–Jourdan reactions.
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reactions onto the corresponding 2-amino-benzoic acids41

followed by esterification using the SOCl2/methanol
procedure.42 Palladium-catalyzed coupling reactions are
very important transformations both in academic and
industrial laboratories. In order to establish optimised
reaction conditions several model reactions were performed
using potassium carbonate, potassium phosphate, cesium
carbonate or potassium-t-butoxide as the base,43 ^-BINAP,
DPE-Phos44 or 2-(di-t-butylphosphino)biphenyl as the
phosphine ligand45 – 48 and Pd(OAc)2 as the source for the
metal. From these preliminary screening experiments we
deduced the reaction system DPE-Phos/Pd(OAc)2/Cs2CO3

as best suited; these experiments also revealed that the
premixing of Pd(OAc)2 with the phosphine ligand and the
aniline is a prerequisite for optimal reactions (Fig. 2).49

Scheme 4. Possible side reactions occurring during Ullmann–Jourdan reactions.

Figure 2. Pd(0) assisted synthesis of substituted N-phenyl-anthranilic acids.

Scheme 5. Modified Buchwald–Hartwig aminations for the synthesis of substituted N-phenyl-anthranilic acids; (a) DPE-Phos, Pd(OAc)2, Cs2CO3; (b) aqueous
NaOH.

Table 2. Modified Buchwald–Hartwig aminations for the synthesis of substituted N-phenyl-anthranilic acids according to Scheme 5

R1 R2 R3 R4 R5 R6 R7 Ester Yield ester Acid Yield acid

H H H H OCF3 H H 7j 93 6j 95
H H H Me Me H NO2 7k 89 6k 91
H H H H H H CO2Me 7l 51 6l 80a

H H H H H F H 7m 94 6m 96
H H H H F H F 7n 98 6n 90
H H H H F F F 7o 94 6o 91
H H H H OMe H OMe 7p 97 6p 97
H H H OMe H H OMe 7q 73 6q 90
Cl H H H OCF3 H H 7r 90 6r 90
Cl H H H F H F 7s 86 6s 96
Cl H H H F F F 7t 54 6t 95
H NO2 H H OCF3 H H 7u 87 6u 95
H NO2 H H F H F 7v 85 6v 94
H NO2 H H F F F 7w 60 6w 93

a R7¼COOH.
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Following this procedure methyl anthranilates 7j–7w were
obtained in ca. 50–98% isolated yield (cf. Table 2 and
Scheme 5).

Subsequent hydrolysis of these esters 7j–7w resulted in the
formation of the corresponding acids 6j–6w that upon
reaction with POCl3 followed by work up under basic
conditions furnished the corresponding 9-chloro-acridines 8
in good to excellent yields (cf. Table 3 and Scheme 6).

In summary, a convenient, high yield procedure for the
synthesis of anthranilic acids carrying a variety of different
substituents as well as their straightforward transformation
into the corresponding 9-chloroacridines could be estab-
lished by using modified Buchwald–Hartwig amination
conditions.

3. Experimental

3.1. General

Melting points are uncorrected (Leica hot stage micro-
scope), optical rotations were obtained using a Perkin–
Elmer 341 polarimeter (1 cm micro cell), NMR spectra were
recorded using the Varian spectrometers Gemini 200,
Gemini 2000 or Unity 500 (d given in ppm, J in Hz,
internal Me4Si or internal CCl3F), IR spectra (film or KBr
pellet) on a Perkin–Elmer FT-IR spectrometer Spectrum
1000, MS spectra were taken on a Intectra GmbH AMD 402
(electron impact, 70 eV) or on a Finnigan MAT TSQ 7000

(electrospray, voltage 4.5 kV, sheath gas nitrogen) instru-
ment; for elemental analysis a Foss-Heraeus Vario EL
instrument was used; TLC was performed on silica gel
(Merck 5554, detection by UV absorption or by treatment
with a solution of 10% sulfuric acid, ammonium molybdate
and cerium(IV)) sulfate followed by gentle heating. The
solvents were dried according to usual procedures.

3.2. General procedure for Ullmann–Jourdan reactions
(GP1)

A mixture of the substituted chlorobenzoic acid
(40.2 mmol) and the aniline derivative (79.6 mmol),
potassium carbonate (6.9 g, 50.0 mmol) and Cu-powder
(40 mesh, 0.24 g, 3 wt% with respect to the amount of
benzoic acid used) was heated in amyl alcohol (40 ml)
containing pyridine (1.21 g, 15 wt%) for 5 h under reflux.
After cooling to room temperature, the solution was
acidified with hydrochloric acid, the crude product was
filtered off and recrystallized from ethanol to afford the
product.

3.3. General procedure for Buchwald–Hartwig
amination reactions (GP2)

Under argon a solution of Pd(OAc)2 (40 mg, 2 mol%),
DPEPhos (210 mg, 4 mol%) and the aniline derivative in
dry toluene (15 ml) was stirred for 5 min. To this deep red
solution the corresponding methyl 2-iodobenzoate (2.00 g,
7.60 mmol) and Cs2CO3 (3.48 g, 10.64 mmol) were added
and stirring at 95 8C was continued until GC-MS and TLC
showed the reaction to be completed (usually 2 days). The
solid was filtered off and the filtrate concentrated in vacuo to
afford a residue that was subjected to chromatography
(silica gel, hexane/ethyl acetate 9:1!8:2) to afford the
corresponding product.

3.4. General procedure for the saponification of the
substituted methyl N-phenyl-anthranilates (GP3)

To a solution of the methyl anthranilate (2.0 g, 6.4 mmol) in
acetone (100 ml) an aqueous solution of sodium hydroxide
(5%, 20 ml) was added and the reaction mixture was stirred
overnight at room temperature. After neutralization with
diluted hydrochloric acid, the solvents were removed and
the product was washed with water and dried to yield the
corresponding acid.

3.5. General procedure for the synthesis of the
substituted 9-chloroacridines (GP4)

The substituted N-phenyl-anthranilic acid (6.7 mmol) was
dissolved in POCl3 (15 ml) and heated under reflux for 6 h.
After cooling to room temperature the reaction mixture was
poured very carefully under vigorous stirring onto a mixture
containing crushed ice (200 g), ammonia (100 ml) and
chloroform (250 ml) keeping the pH during this operation
always .8. The phases were separated and the aqueous
phase was extracted with chloroform (2£100 ml), the
organic phases were combined, dried (CaCl2) and evapo-
rated to yield the crude product that was pure enough for the
further transformations. Analytically pure samples were
obtained after flash-chromatography.

Table 3. Synthesis of the substituted 9-chloroacridines 8 according to
Scheme 6

Starting material R1 R2 R3 R4 R5 R6 Product Yield
(%)

6a NO2 H H OMe H H 8a 80
6b H NO2 H H H OMe 8b 75
6c NO2 H H OMe H OMe 8c 70
6f NO2 H H H H OMe 8f 79
6g H NO2 H OMe H OMe 8g 85
6h H H H OMe H H 8h 91
6i Cl H H OMe H H 8i 77
6j H H H OCF3 H H 8j 90
6m H H H H F H

H H F H H H 8m(2) 37
H H H H F H 8m(1) 53

6n H H H F H F 8n 96
6o H H H F F F 8o 85
6p H H H OMe H OMe 8p 95
6q H H OMe H H OMe 8q 83
6r Cl H H OCF3 H H 8r 82
6s Cl H H F H F 8s 87
6t Cl H H F F F 8t 65
6u H NO2 H OCF3 H H 8u 84
6w H NO2 H F F F 8w 92

Scheme 6. Synthesis of the substituted 9-chloroacridines 8.
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3.5.1. 2-(4-Methoxyanilino)-4-nitrobenzoic acid50 – 52

(6a). Following GP1 from 2-chloro-4-nitrobenzoic acid
(8.1 g, 40.2 mmol) and p-anisidine (9.8 g, 79.6 mmol) 6a
(6.2 g, 54%) was obtained as a red solid. Mp 241–245 8C
(Lit.: 238–240 8C,50 235–237 8C,51 235–236 8C52). 1H
NMR (200 MHz, acetone-d6): d¼3.78 (s, 3H, OCH3),
6.96–7.07 (m, 2H, Harom), 7.20–7.30 (m, 2H, Harom), 7.42
(dd, 1H, J¼8.3, 2.5 Hz, Harom), 7.54 (d, 1H, J¼2.5 Hz,
Harom), 8.08 (d, 1H, J¼8.3 Hz, Harom), 9.58 (s, 1H, NH). 13C
NMR (100 MHz, acetone-d6): d¼55.2, 106.7, 109.6, 115.0,
115.9, 125.9, 131.5, 133.4, 149.3, 150.8, 156.9, 168.5. IR
(KBr): n¼3357m, 2958m, 1678s, 1619w, 1584w, 1537s,
1516s, 1456w, 1426m, 1349s, 1251s, 1178w, 1144w,
1107w, 1070w cm21. UV–vis (methanol): lmax (log 1)¼
282 nm (4.27). MS (ESI, MeOH): m/z¼287.3 (100%,
(M2H)2), 597.4 (20% [(M2H)2Na]2).

3.5.2. 2-(2-Methoxyanilino)-4-nitrobenzoic acid (6b).
Compound 6b (7.5 g, 65%) was obtained from 2-chloro-4-
nitrobenzoic acid (8.1 g, 40.2 mmol) and o-anisidine (9.8 g,
79.6 mmol) following GP1. Mp 236–240 8C (Lit.: 187–
189 8C50). 1H NMR (400 MHz, acetone-d6): d¼3.81 (s, 3H,
OCH3), 7.02 (ddd, 1H, J¼7.9, 7.9, 1.7 Hz, Harom), 7.13–
7.22 (m, 2H, Harom), 7.43 (dd, 1H, J¼7.9, 1.7 Hz, Harom),
7.47 (dd, 1H, J¼8.7, 2.1 Hz, Harom), 7.70 (d, 1H, J¼2.1 Hz,
Harom), 8.09 (d, 1H, J¼8.7 Hz, Harom), 9.73 (s, 1H, NH). 13C
NMR (100 MHz, acetone-d6): d¼55.6, 107.3, 110.3, 112.2,
120.7, 122.2, 125.3, 127.6, 133.3, 147.5, 150.6, 151.4,
151.8, 168.4. IR (KBr): n¼1691s, 1622m, 1597m, 1543s,
1494m, 1437s, 1426m, 1349s, 1263s, 1114m, 1029m,
1107w, 1070w cm21. UV–vis (methanol): lmax (log 1)¼
282 nm (3.90). MS (ESI, MeOH): m/z¼287.2 (100%,
(M2H)2), 597.2 (20% [(M2H)2Na]2).

3.5.3. 2-(2,4-Dimethoxyanilino)-4-nitrobenzoic acid (6c).
Compound 6c (7.3 g, 57%) was obtained from 2-chloro-4-
nitrobenzoic acid (9.8 g, 79.6 mmol) and 2,4-dimethoxy-
aniline (12.3 g, 80.3 mmol) following GP1. Mp 235–240 8C
(Lit.: 259–260 8C27). 1H NMR (400 MHz, DMSO-d6):
d¼3.76 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 6.60 (dd, 1H,
J¼8.7, 2.5 Hz, Harom), 6.73 (d, 1H, J¼2.5 Hz, Harom), 7.27
(d, 1H, J¼8.7 Hz, Harom), 7.37–7.41 (m, 2H, Harom), 8.06
(dd, 1H, J¼6.6, 2.9 Hz, Harom), 9.41 (s, 1H, NH). 13C NMR
(100 MHz, DMSO-d6): d¼55.4, 55.7, 99.7, 104.9, 106.8,
109.3, 115.8, 120.0, 125.9, 133.2, 149.3, 150.8, 154.1,
158.2, 168.5. IR (KBr): n¼1690s, 1624m, 1584m, 1542s,
1438m, 1350s, 1250s, 1211s, 1160m, 1129w, 1033w cm21.
UV–vis (methanol): lmax (log 1)¼286 nm (3.79). MS (ESI,
MeOH): m/z¼317.2 (100%, (M2H)2), 657.5 (30%
[(M2H)2Na]2).

3.5.4. 2-(2,5-Dimethoxyanilino)-4-nitrobenzoic acid (6d).
Compound 6d (5.1 g, 40%) was obtained from 2-chloro-4-
nitrobenzoic acid (9.8 g, 79.6 mmol) and 2,5-dimethoxy-
aniline (12.3 g, 80.3 mmol) following GP1. Mp 206–209 8C
(Lit.: 222–223 8C53). 1H NMR (400 MHz, DMSO-d6):
d¼3.69 (s, 3H, OCH3), 3.72 (s, 3H, OCH3), 6.53 (dd, 1H,
J¼8.7, 2.9 Hz, Harom), 6.92 (d, 1H, J¼2.9 Hz, Harom), 6.95
(d, 1H, J¼8.7 Hz, Harom), 7.37 (dd, 1H, J¼8.3, 2.5 Hz,
Harom), 7.80 (d, 1H, J¼2.5 Hz, Harom), 8.02 (d, 1H, J¼
8.3 Hz, Harom), 11.95 (s, 1H, NH). 13C NMR (100 MHz,
acetone-d6): d¼56.0, 56.9, 106.0, 106.9, 110.1, 110.9,
113.6, 123.8, 124.8, 131.9, 133.0, 145.8, 148.5, 154.0,

168.5. IR (KBr): n¼1628s, 1533s, 1431m, 1347m, 1218s,
1008m cm21. UV–vis (methanol): lmax (log 1)¼292 nm
(3.91). MS (ESI, MeOH): m/z¼317.2 (100%, (M2H)2),
657.5 (40% [(M2H)2Na]2).

3.5.5. 2-(2-Methoxyanilino)-5-nitrobenzoic acid (6e).
Compound 6e (5.9 g, 49%) was obtained from 2-chloro-5-
nitrobenzoic acid (8.1 g, 40.2 mmol) and o-anisidine (9.8 g,
79.6 mmol) following GP1. Mp 218–224 8C (Lit.:
215 8C54). 1H NMR (400 MHz, DMSO-d6): d¼3.87 (s,
3H, OCH3), 6.98–7.05 (m, 3H, Harom), 7.28–7.32 (m, 1H,
Harom), 7.35 (dd, 1H, J¼8.3, 1.7 Hz, Harom), 8.14 (dd, 1H,
J¼9.5, 2.9 Hz, Harom), 8.98 (d, 1H, J¼2.5 Hz, Harom), 9.88
(s, 1H, NH). 13C NMR (100 MHz, DMSO-d6): d¼55.7,
110.8, 112.2, 113.3, 120.6, 124.0, 126.4, 126.7, 128.2,
129.0, 136.4, 152.0, 152.4, 168.5. IR (KBr): n¼3308w,
2937m, 1674s, 1602s, 1578s, 1537s, 1503s, 1466m, 1439m,
1333s, 1296s, 1262s, 1182m, 1152m, 1132m, 1118m,
1067w, 1050w, 1031m cm21. UV–vis (methanol): lmax

(log 1)¼233 nm (4.43). MS (ESI, MeOH): m/z¼287.2
(100%, (M2H)2), 597.3 (25% [(M2H)2Na]2).

3.5.6. 2-(3-Methoxyanilino)-5-nitrobenzoic acid (6f).54,55

Compound 6f (4.8 g, 40%) was obtained from 2-chloro-5-
nitrobenzoic acid (8.1 g, 40.2 mmol) and m-anisidine (9.8 g,
79.6 mmol) following GP1. Mp 258–261 8C (Lit.: 253–
254 8C54). 1H NMR (400 MHz, DMSO-d6): d¼3.77 (s, 3H,
OCH3), 6.84 (dd, 1H, J¼7.5, 2.0 Hz, Harom), 6.90–6.96 (m,
2H, Harom), 7.18 (d, 1H, J¼9.5 Hz, Harom), 7.36 (t, 1H,
J¼8.3 Hz, Harom), 8.18 (dd, 1H, J¼9.5, 2.9 Hz, Harom), 8.70
(d, 1H, J¼2.9 Hz, Harom), 10.31 (s, 1H, NH). 13C NMR
(100 MHz, DMSO-d6): d¼55.2, 109.4, 111.0, 111.5, 113.4,
115.8, 128.3, 129.2, 130.4, 136.5, 139.3, 152.1, 160.2,
168.4. IR (KBr): n¼3306w, 3087w, 1670s, 1601s, 1578s,
1530m, 1496s, 1466w, 1439m, 1423m, 1335s, 1268m,
1237s, 1200m, 1173m, 1160m, 1132m, 1043w cm21.
UV–vis (methanol): lmax (log 1)¼233 nm (3.27). MS
(ESI, MeOH): m/z¼287.2 (100%, (M2H)2), 597.6 (20%
[(M2H)2Na]2).

3.5.7. 2-(2,4-Dimethoxyanilino)-5-nitrobenzoic acid (6g).
Compound 6g (7.75 g, 58%) was obtained from 2-chloro-5-
nitrobenzoic acid (8.1 g, 40.2 mmol) and 2,4-dimethoxy-
aniline (12.3 g, 80.3 mmol) following GP1. Mp 236–
242 8C. 1H NMR (400 MHz, DMSO-d6): d¼3.77 (s, 3H,
OCH3), 3.79 (s, 3H, OCH3), 6.59 (dd, 1H, J¼8.3, 2.5 Hz,
Harom), 6.70–6.75 (m, 2H, Harom), 7.26 (d, 1H, J¼8.3 Hz,
Harom), 8.10 (dd, 1H, J¼9.5, 2.9 Hz, Harom), 8.67 (d, 1H,
J¼2.9 Hz, Harom), 9.99 (s, 1H, NH). 13C NMR (100 MHz,
DMSO-d6): d¼55.4, 55.7, 100.2, 105.6, 110.6, 113.6, 119.6,
127.1, 128.8, 129.5, 136.3, 153.9, 154.8, 159.3, 169.0. IR
(KBr): n¼3294w, 2938w, 2361m, 1689s, 1601s, 1582s,
1514s, 1438s, 1347s, 1307s, 1250s, 1209s, 1157m, 1131m,
1068w, 1030m cm21. UV–vis (methanol): lmax (log 1)¼
398 nm (3.74). MS (ESI, MeOH): m/z¼317.3 (100%,
(M2H)2), 657.5 (20% [(M2H)2Na]2). HRMS for
C15H14N2O4: calcd: 318.0852; found: 318.0852.

3.5.8. 2-(4-Methoxyanilino)benzoic acid (6h).56 – 59 Com-
pound 6h (5.3 g, 52%) was obtained from 2-chlorobenzoic
acid (6.3 g, 40.2 mmol) and o-anisidine (9.8 g, 79.6 mmol)
following GP1. Mp 196–199 8C (Lit.: 187 8C;56,57 181–
183 8C58). 1H NMR (400 MHz, DMSO-d6): d¼3.74 (s, 3H,
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OCH3), 6.67 (ddd, 1H, J¼7.1, 7.1, 1.7 Hz, Harom), 6.88–
6.96 (m, 3H, Harom), 7.13–7.18 (m, 2H, Harom), 7.30 (ddd,
1H, J¼7.1, 7.1, 1.7 Hz, Harom), 7.84 (dd, 1H, J¼8.3, 1.7 Hz,
Harom), 9.40 (s, 1H, NH). 13C NMR (100 MHz, DMSO-d6):
d¼55.5, 111.3, 112.9, 114.8, 116.3, 125.0, 131.7, 133.0,
134.1, 148.9, 156.1, 170.0. IR (KBr): n¼3327m, 2954m,
2836w, 2643w, 2569w, 1665s, 1597s, 1577s, 1513s, 1452s,
1442s, 1425m, 1330m, 1296w, 1270s, 1245s, 1172s, 1110w,
1086w, 1032m cm21. UV–vis (methanol): lmax (log 1)¼
225 nm (4.40). MS (ESI, MeOH): m/z¼242.3 (100%,
(M2H)2), 507.4 (30% [(M2H)2Na]2).

3.5.9. 4-Chloro-2-(4-methoxyanilino)benzoic acid (6i).
Compound 6i (6.6 g, 58%) was obtained from 2,4-di-
chlorobenzoic acid (7.7 g, 40.1 mmol) and p-anisidine
(9.8 g, 79.6 mmol) following GP1. Mp 206–208 8C (Lit.:
214–215 8C;60,61 213.5–214 8C;62 213–214 8C;63

202 8C;64 176–178 8C65). 1H NMR (400 MHz, DMSO-
d6): 3.76 (s, 3H, OCH3), 6.69 (dd, 1H, J¼8.7, 2.1 Hz,
Harom), 6.75 (d, 1H, J¼1.7 Hz, Harom), 6.96–7.01 (m, 2H,
Harom), 7.17–7.22 (m, 2H, Harom), 7.84 (d, 1H, J¼8.3 Hz,
Harom), 9.49 (s, 1H, NH). 13C NMR (100 MHz, DMSO-d6):
d¼55.3, 110.0, 111.6, 114.9, 116.0, 125.9, 131.8,
133.5, 138.9, 150.0, 156.7, 169.2. IR (KBr):
n¼3321m, 3008m, 2954m, 2833m, 1662s, 1596s,
1570s, 1515s, 1460s, 1426s, 1334w, 1250s, 1232s, 1178m,
1156m, 1102m, 1038w cm21. UV–vis (methanol): lmax

(log 1)¼233 nm (4.39). MS (ESI, MeOH): m/z¼276.7
(100%, (M2H)2).

3.5.10. 2-[4-(Trifluoromethoxy)anilino]benzoic acid (6j).
Following GP3 from 7j (2.0 g, 6.4 mmol) 6j (1.8 g, 95%)
was obtained as a solid. Mp 195–196 8C (Lit.: 175–
176 8C66). 1H NMR (500 MHz, DMSO-d6): 6.75 (ddd, 1H,
J¼7.3, 0.9 Hz, Harom), 7.23 (dd, 1H, J¼8.0, 0.9 Hz, Harom),
7.29–7.34 (m, 4H, Harom), 7.40 (ddd, 1H, J¼7.8, 6.9,
1.4 Hz, Harom), 7.90 (dd, 1H, J¼8.3, 1.8 Hz, Harom), 9.63 (s,
1H, NH). 13C NMR (100 MHz, DMSO-d6): d¼113.4, 114.1,
118.1, 120.1 (q, J¼253.2 Hz), 122.0, 122.2, 131.8, 134.0,
140.0, 143.2, 146.2, 169.7. 19F NMR (188 MHz, DMSO-
d6): d¼257.9 (s, OCF3). IR (KBr): n¼3338w, 3072w,
1660s, 1600s, 1580s, 1519s, 1450s, 1421m, 1330w, 1284s,
1253s, 1200s, 1164s, 1152s, 1108w, 1014w cm21. UV–vis
(methanol): lmax (log 1)¼234 nm (3.94). MS (ESI, MeOH):
m/z¼296.1 (100%, (M2H)2), 615.2 (85% [(M2H)2Na]2).
HRMS for C14H10F3NO3: calcd: 297.0613; found:
297.0614.

3.5.11. 2-(4,5-Dimethyl-2-nitroanilino)benzoic acid (6k).
Compound 6k (0.86 g, 91%) was obtained from 7k (1.0 g,
3.3 mmol) following GP3. Mp 241–246 8C. 1H NMR
(500 MHz, DMSO-d6): d¼2.23 (s, 6H, CH3) 7.03 (ddd,
1H, J¼6.9, 6.9, 1.4 Hz, Harom), 7.42 (s, 1H, Harom), 7.45–
7.52 (m, 2H, Harom), 7.91 (s, 1H, Harom), 7.94 (dd, 1H, J¼
7.8, 1.8 Hz, Harom), 11.0 (s, 1H, NH). 13C NMR (100 MHz,
DMSO-d6): d¼18.4, 19.9, 117.7, 118.1, 119.8, 121.1, 125.8,
129.8, 131.7, 133.7, 135.2, 135.9, 142.6, 145.8, 168.7. IR
(KBr): n¼2923m, 1689s, 1627m, 1583s, 1566s, 1505s,
1484s, 1453m, 1434m, 1405m, 1338s, 1291m, 1262s,
1247s, 1158w, 1085w, 1053w, 1020w cm21. UV–vis
(methanol): lmax (log 1)¼237 nm (4.17). MS (ESI,
MeOH): m/z¼285.6 (100%, (M2H)2). HRMS for
C15H14N2O4: calcd: 286.0954; found: 286.0954.

3.5.12. 2-(2-Carboxyanilino)benzoic acid (6l).21,67 – 71

Compound 6l (0.76 g, 80%) was obtained from 7l (1.0 g,
3.5 mmol) following GP3. Mp 300–301 8C (Lit.: 314–
316 8C;67 302–305 8C;68 295 8C69,70). 1H NMR (400 MHz,
DMSO-d6): 6.94 (ddd, 2H, J¼7.9, 6.2, 2.1 Hz, Harom),
7.40–7.48 (m, 4H, Harom), 7.89 (d, 2H, J¼7.9 Hz, Harom),
10.80 (s, 1H, NH) 13.00 (s, 2H, COOH). 13C NMR
(100 MHz, DMSO-d6): d¼117.5, 117.6, 119.9, 131.7,
133.2, 143.5, 168.2. IR (KBr): n¼2970m, 2630m,
1668s, 1602m, 1581s, 1521s, 1449s, 1414m, 1325m,
1274s, 1250s, 1230s, 1166m, 1086w, 1044w cm21. UV–
vis (methanol): lmax (log 1)¼220 nm (4.49). MS (ESI,
MeOH): m/z¼256.3 (100%, (M2H)2), 535.5 (302%
[(M2H)2Na]2).

3.5.13. 2-(3-Fluoroanilino)benzoic acid (6m). Compound
6m (1.4 g, 96%) was obtained from 7m (1.5 g, 6.1 mmol)
following GP3. Mp 190–192 8C (Lit.: 164 8C;72 162–
164 8C73). 1H NMR (400 MHz, DMSO-d6): 6.57 (ddd, 1H,
J¼9.1, 9.1, 2.5 Hz, Harom), 6.69 (ddd, 1H, J¼7.5, 7.1,
1.3 Hz, Harom), 6.84–6.88 (m, 2H, Harom), 7.13–7.25 (m,
3H, Harom), 7.90 (dd, 1H, J¼7.9, 1.7 Hz, Harom), 9.43 (s, 1H,
NH). 13C NMR (100 MHz, DMSO-d6): d¼104.0 (d,
J¼23.8 Hz), 106.5 (d, J¼21.5 Hz), 114.0, 114.7, 118.3,
124.4, 130.4, 131.0 (d, J¼10.0 Hz), 132.5, 144.2, 145.3 (d,
J¼10.0 Hz), 163.5 (d, J¼240.9 Hz), 172.0. 19F NMR
(188 MHz, DMSO-d6): d¼2112.9 (m, F). IR (KBr):
n¼1606s, 1578s, 1544m, 1509s, 1448m, 1387m, 1284w,
1150s cm21. UV–vis (methanol): lmax (log 1)¼231 nm
(4.16). MS (ESI, MeOH): m/z¼230.3 (100%, (M2H)2),
483.5 (32% [(M2H)2Na]2).

3.5.14. 2-(2,4-Difluoroanilino)benzoic acid (6n). Com-
pound 6n (1.5 g, 90%) was obtained from 7n (1.8 g,
6.8 mmol) following GP3. Mp 202–204 8C. 1H NMR
(400 MHz, DMSO-d6): 6.79 (ddd, 1H, J¼7.9, 7.9, 0.8 Hz,
Harom), 6.84 (d, 1H, J¼8.7 Hz, Harom), 7.04–7.12 (m, 1H,
Harom), 7.30–7.40 (m, 2H, Harom), 7.45–7.52 (m, 1H,
Harom), 7.89 (dd, 1H, J¼7.9, 1.7 Hz, Harom), 9.43 (s, 1H,
NH). 13C NMR (125 MHz, DMSO-d6): d¼104.9 (dd,
J¼24.9, 24.9 Hz), 111.8 (dd, J¼21.2, 3.7 Hz), 112.5,
113.3, 117.7, 124.7 (dd, J¼12.0, 2.8 Hz), 126.2 (dd,
J¼10.1, 2.8 Hz), 131.8, 134.5, 147.3, 155.8 (dd, J¼246.7,
12.9 Hz), 158.6 (dd, J¼243.5, 11.5 Hz), 170.1. 19F NMR
(188 MHz, DMSO-d6): d¼2115.4 (dd, J¼15.2, 6.1 Hz, F),
2120.1 (dd, J¼15.2, 9.1 Hz, F). IR (KBr): n¼1661s,
1600m, 1582s, 1519s, 1450m, 1430m, 1334w, 1264s,
1210w, 1166m, 1142m, 1095w, 1043w cm21. UV–vis
(methanol): lmax (log 1)¼234 nm (4.24). MS (ESI,
MeOH): m/z¼248.0 (100%, (M2H)2). HRMS for
C14H9F2NO2: calcd: 249.0601; found: 249.0600

3.5.15. 2-(2,3,4-Trifluoroanilino)benzoic acid (6o). Com-
pound 6o (1.6 g, 91%) was obtained from 7o (1.8 g,
6.4 mmol) following GP3. Mp 210–215 8C. 1H NMR
(400 MHz, DMSO-d6): 6.83 (ddd, 1H, J¼7.8, 7.8, 0.9 Hz,
Harom), 6.94 (d, 1H, J¼8.3 Hz, Harom), 7.24–7.34 (m, 2H,
Harom), 7.39 (ddd, 1H, J¼7.3, 7.3, 1.8 Hz, Harom), 7.97 (dd,
1H, J¼8.3, 1.8 Hz, Harom), 9.3 (s, 1H, NH). 13C NMR
(125 MHz, DMSO-d6): d¼112.2 (dd, J¼17.5, 3.7 Hz),
113.1, 113.7, 118.3, 118.7 (d, J¼6.5), 126.3 (dd, J¼9.2,
2.8 Hz), 131.7, 134.3, 139.8 (ddd, J¼248.6, 14.7, 14.7 Hz),
144.7 (ddd, J¼247.6, 11.0, 3.7 Hz), 146.4, 147.6 (ddd,
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J¼243.9, 11.0, 2.8 Hz), 169.9. 19F NMR (188 MHz,
DMSO-d6): d¼2141.3 (m, F), 2144.9 (m, F), 2160.1
(m, F). IR (KBr): n¼3308m, 3082m, 1674s, 1616m, 1590s,
1535s, 1513s, 1489m, 1454s, 1446s, 1413w, 1313w, 1265s,
1238w, 1224w, 1165w, 1086w, 1056m, 1042m cm21. UV–
vis (methanol): lmax (log 1)¼233 nm (4.37). MS (ESI,
MeOH): m/z¼266.3 (100%, (M2H)2), 555.7 (50%
[(M2H)2Na]2). HRMS for C13H8F3NO2: calcd:
267.0507; found: 267.0509.

3.5.16. 2-(2,4-Dimethoxyanilino)benzoic acid (6p). Com-
pound 6p (1.9 g, 97%) was obtained from 7p (2.0 g,
7.0 mmol) following GP3. Mp 180 8C (Lit.: 158–
162 8C25). 1H NMR (400 MHz, DMSO-d6): 3.76 (s, 3H,
OCH3), 3.77 (s, 3H, OCH3), 6.53 (dd, 1H, J¼8.7, 2.5 Hz,
Harom), 6.62–6.68 (m, 2H, Harom), 6.80 (dd, 1H, J¼8.3,
0.8 Hz, Harom), 7.21 (d, 1H, J¼8.3 Hz, Harom), 7.28 (ddd,
1H, J¼8.3, 7.1, 1.7 Hz, Harom), 7.83 (dd, 1H, J¼7.9, 1.7 Hz,
Harom), (s, 1H, NH), 12.8 (s, 1H, COOH). 13C NMR
(100 MHz, DMSO-d6): d¼55.3, 55.6, 99.5, 104.4, 111.2,
112.5, 115.8, 121.5, 124.6, 131.4, 133.8, 148.6, 153.5,
156.9, 169.6. IR (KBr): n¼3333m, 2994s, 2968m, 2933m,
2641m, 1655s, 1611m, 1577s, 1518s, 1446s, 1421m,
1338w, 1314w, 1274s, 1256s, 1207s, 1155s, 1129s,
1039s cm21. UV–vis (methanol): lmax (log 1)¼230 nm
(4.66). MS (ESI, MeOH): m/z¼272.4 (50%, (M2H)2),
567.5 (100% [(M2H)2Na]2)

3.5.17. 2-(2,5-Dimethoxyanilino)benzoic acid (6q).25,74,75

Compound 6q (1.3 g, 90%) was obtained from 7q (1.5 g,
5.2 mmol) following GP3. Mp 162–164 8C (Lit.: 167–
168 8C;74 155–157 8C25). 1H NMR (400 MHz, DMSO-d6):
3.69 (s, 3H, OCH3), 3.76 (s, 3H, OCH3), 6.57 (dd, 1H,
J¼8.7, 2.9 Hz, Harom), 6.78 (ddd, 1H, J¼8.7, 6.6, 0.8 Hz,
Harom), 6.94 (d, 1H, J¼2.9 Hz, Harom), 6.97 (d, 1H, J¼
8.7 Hz, Harom), 7.27 (d, 1H, J¼8.3 Hz, Harom), 7.40 (ddd,
1H, J¼8.3, 7.1, 1.7 Hz, Harom), 7.88 (dd, 1H, J¼7.9, 1.7 Hz,
Harom), 9.60 (s, NH), 13.0 (s, COOH). 13C NMR (100 MHz,
DMSO-d6): d¼55.3, 56.1, 106.0, 106.7, 112.5, 113.1, 113.9,
117.3, 130.2, 131.6, 133.9, 144.7, 145.9, 153.1, 169.3. IR
(KBr): n¼2953m, 2826m, 2640w, 1674s, 1605s, 1578s,
1537s, 1496m, 1448m, 1428m, 1410w, 1321w, 1260s,
1216s, 1201m, 1170m, 1133m, 1060w, 1028m cm21.
UV–vis (methanol): lmax (log 1)¼236 nm (4.40). MS
(ESI, MeOH): m/z¼272.3 (55%, (M2H)2), 567.6 (100%
[(M2H)2Na]2).

3.5.18. 4-Chloro-2-[4-(trifluoromethoxy)anilino] benzoic
acid (6r). Compound 6r (1.7 g, 90%) was obtained from 7r
(2.0 g, 5.8 mmol) following GP3. Mp 180–185 8C. 1H
NMR (400 MHz, DMSO-d6): d¼6.83 (dd, 1H, J¼8.7,
2.1 Hz, Harom), 7.09 (d, 1H, J¼2.1 Hz, Harom), 7.34–7.40
(m, 4H, Harom), 7.89 (d, 1H, J¼8.7 Hz, Harom). 13C NMR
(100 MHz, DMSO-d6): d¼111.7, 112.7, 117.6, 120.0 (q,
J¼255.5 Hz), 122.2, 123.4, 133.5, 138.7, 138.8, 143.9,
147.6, 168.8. 19F NMR (188 MHz, DMSO-d6): d¼257.7 (s,
OCF3). IR (KBr): n¼1661s, 1599s, 1571s, 1513s, 1455m,
1428s, 1401m, 1333m, 1290s, 1255s, 1217s, 1150s, 1104s,
1015w cm21. UV–vis (methanol): lmax (log 1)¼242 nm
(3.99). MS (ESI, MeOH): m/z¼330.7 (100%, (M2H)2),
684.9 (70% [(M2H)2Na]2). Anal. calcd for C14H9ClF3NO3

(299.68): C, 50.70; H, 2.74; N, 4.22; found: C, 50.75; H,
2.88; N, 4.57.

3.5.19. 4-Chloro-2-(2,4-difluoroanilino)benzoic acid (6s).
Compound 6s (1.3 g, 95%) was obtained from 7s (1.5 g,
5.0 mmol) following GP3. Mp 320 8C (decomp.). 1H NMR
(400 MHz, acetone-d6): 6.54 (dd, 1H, J¼8.3, 2.1 Hz,
Harom), 6.77 (t, 1H, J¼1.7 Hz, Harom), 6.95 (ddd, 1H, J¼
8.7, 2.9, 1.7 Hz, Harom), 7.05 (ddd, 1H, J¼9.1, 8.7, 2.9 Hz,
Harom), 7.37–7.45 (m, 1H, Harom), 8.07 (d, 1H, J¼8.3 Hz,
Harom), 11.42 (s, 1H, NH). 13C NMR (100 MHz, DMSO-d6):
d¼104.3 (t, J¼25.0 Hz), 111.0, 111.3 (dd, J¼21.5, 3.8 Hz),
116.1, 121.1, 123.2 (d, J¼10.0 Hz), 126.1 (dd, J¼13.0,
3.2 Hz), 133.3, 134.4, 146.7, 155.1 (dd, J¼246.3, 12.3 Hz),
157.5 (dd, J¼246.3, 12.3 Hz), 170.6. 19F NMR (188 MHz,
DMSO-d6): d¼2118.1 (m, F), 2121.4 (m, F). IR (KBr):
n¼1610m, 1584s, 1426m, 1373m, 1298w, 1259m, 1192w,
1141w, 1094w cm21. UV–vis (methanol): lmax (log 1)¼
220 nm (4.14). MS (ESI, MeOH): m/z¼282.6 (100%,
(M2H)2). HRMS for C13H8ClF2NO2: calcd: 283.0212;
found: 283.0212.

3.5.20. 4-Chloro-2-(2,3,4-trifluoroanilino)benzoic acid
(6t). Compound 6t (0.92 g, 95%) was prepared from 7t
(1.0 g, 3.2 mmol) according to GP3 followed by column
chromatography (silica gel, CHCl3). Mp 280–287 8C. 1H
NMR (400 MHz, DMSO-d6): 6.64 (dd, 1H, J¼8.3, 2.1 Hz,
Harom), 6.88 (d, 1H, J¼0.9 Hz, Harom), 7.14–7.24 (m, 2H,
Harom), 7.84 (d, 1H, J¼8.0 Hz, Harom). 13C NMR (100 MHz,
DMSO-d6): d¼111.9, 112.1 (d, J¼3.1 Hz), 115.5, 116.9
(m), 122.1 (m), 128.4, 133.6, 134.6, 139.9 (ddd, J¼247.0,
16.1, 16.1 Hz), 143.7 (ddd, J¼245.7, 7.8, 3.1 Hz), 145.0
(ddd, J¼245.7, 9.3, 3.2 Hz), 146.4, 170.8. 19F NMR
(188 MHz, DMSO-d6): d¼2144.2 (m, F), 2147.4 (m, F),
2160.6 (ddd, J¼21.4, 21.4, 4.7 Hz, F). IR (KBr): n¼1607s,
1518s, 1485s, 1430m, 1371m, 1265m, 1168w, 1050s cm21.
UV–vis (methanol): lmax (log 1)¼237 nm (4.03). MS (ESI,
MeOH): m/z¼300.1 (100%, (M2H)2), 623.1 (95%
[(M2H)2Na]2). HRMS for C13H7ClF3NO2: calcd:
301.0117; found: 301.0119.

3.5.21. 5-Nitro-2-[4-(trifluoromethoxy)anilino] benzoic
acid (6u). Compound 6u (1.6 g, 95%) was prepared from
7u (1.8 g, 5.1 mmol) following GP3. Mp 300 8C (decomp.).
1H NMR (400 MHz, DMSO-d6): 6.00 (d, 1H, J¼9.9 Hz,
Harom), 6.77–6.82 (m, 2H, Harom), 7.08–7.12 (m, 2H,
Harom), 7.37 (dd, 1H, J¼9.5, 2.9 Hz, Harom), 8.09 (d, 1H,
J¼2.9 Hz, Harom). 13C NMR (100 MHz, DMSO-d6): d¼
112.2, 120.3 (q, J¼253.9 Hz), 121.6, 123.4, 125.7, 126.6,
128.3, 128.4, 141.7, 154.1, 159.5, 173.8. 19F NMR
(188 MHz, DMSO-d6): d¼257.7 (s, OCF3). IR (KBr):
n¼1630s, 1598s, 1531s, 1508s, 1482s, 1443s, 1385s, 1332s,
1296s, 1270s, 1204s, 1147s, 1133s, 1066m, 1015m cm21.
UV–vis (methanol): lmax (log 1)¼404 nm (3.97). MS (ESI,
MeOH): m/z¼341.3 (100%, (M2H)2), 705.4 (40%
[(M2H)2Na]2). HRMS for C14H9F3N2O4: calcd:
342.0464; found: 342.0465.

3.5.22. 2-(2,4-Difluoroanilino)-5-nitro-benzoic acid (6v).
Compound 6v (1.4 g, 94%) was prepared from 7v (1.5 g,
4.9 mmol) following GP3. Mp 300 8C (decomp.). 1H NMR
(400 MHz, acetone-d6): d¼5.86 (dd, 1H, J¼10.0, 2.1 Hz,
Harom), 6.80–6.93 (m, 2H, Harom), 7.01 (ddd, 1H, J¼9.1,
9.1, 2.1 Hz, Harom), 7.39 (dd, 1H, J¼10.0, 2.9 Hz, Harom),
8.08 (d, 1H, J¼2.9 Hz, Harom). 13C NMR (100 MHz,
DMSO-d6): d¼110.8 (dd, J¼21.5, 3.0 Hz), 112.3, 124.8
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(m), 125.5, 126.8, 128.1, 128.4, 138.7 (d, J¼12.3 Hz), 154.1
(dd, J¼241.7, 11.5 Hz), 155.8 (dd, J¼237.9, 11.5 Hz),
160.5, 173.7. 19F NMR (188 MHz, DMSO-d6): d¼2122.3
(m, F) IR (KBr): n¼1638s, 1537s, 1451s, 1341s, 1289m,
1264m, 1194m, 1143m, 1096m, 1070m cm21. UV–vis
(methanol): lmax (log 1) 395 nm (3.82). MS (ESI, MeOH):
m/z¼293.3 (100%, (M2H)2), 609.3 (30% [(M2H)2Na]2).
HRMS for C13H8F2N2O4: calcd: 294.0452; found:
294.0452.

3.5.23. 2-(2,3,4-Trifluoroanilino)-5-nitro-benzoic acid
(6w). Compound 6w (0.90 g, 93%) was prepared from 7w
(1.0 g, 3.1 mmol) following GP3. Mp 300 8C (decomp.). 1H
NMR (400 MHz, DMSO-d6): 5.88 (dd, 1H, J¼9.5, 2.1 Hz,
Harom), 6.63–6.71 (m, 1H, Harom), 6.94–7.04 (m, 1H,
Harom), 7.41 (dd, 1H, J¼9.5, 2.9 Hz, Harom), 8.12 (d, 1H,
J¼2.9 Hz, Harom). 13C NMR (100 MHz, DMSO-d6): 111.1
(dd, J¼16.1, 3.1 Hz), 112.3, 118.3(m), 125.5, 127.4, 128.1,
128.2, 139.6 (ddd, J¼245.2, 16.1, 16.1 Hz), 140.5 (m),
143.9 (dd, J¼242.5, 5.8 Hz), 143.3 (dd, J¼236.7, 11.1 Hz),
160.5, 173.6. 19F NMR (188 MHz, DMSO-d6): d¼2147.2
(dd, J¼22.9, 9.2 Hz, F), 2147.9 (m, F), 2162.4 (ddd, J¼
22.9, 22.9, 9.2 Hz, F). IR (KBr): 1615s, 1456s, 1413m,
1381m, 1340s, 1294m, 1265m, 1150m, 1133w, 1071w,
1049m cm21. UV–vis (methanol): lmax (log 1)¼389 nm
(3.94). MS (ESI, MeOH): m/z¼311.2 (100%, (M2H)2).
HRMS for C13H7F3N2O4: calcd: 312.0358; found: 312.0359.

3.5.24. Methyl 2-[4-(trifluoromethoxy)anilino]benzoate
(7j). Following GP2 from 4-trifluoromethoxyaniline
(1.61 g, 9.12 mmol) and methyl 2-iodo-benzoate (2.00 g,
7.60 mmol) 7j (2.2 g, 93%) was obtained as a red oil. 1H
NMR (400 MHz, CDCl3): d¼3.89 (s, 3H, OCH3), 6.75 (t,
1H, J¼7.5 Hz, Harom), 7.15–7.24 (m, 5H, Harom), 7.32 (ddd,
1H, J¼8.5, 7.1, 1.5 Hz, Harom), 7.95 (dd, 1H, J¼7.9, 1.7 Hz,
Harom), 9.45 (s, 1H, NH). 13C NMR (100 MHz, CDCl3):
d¼51.8, 112.3, 113.9, 117.6, 120.4 (q, J¼256.2 Hz, OCF3),
122.0, 123.1, 131.6, 134.0, 139.5, 144.6, 147.3, 168.7. 19F
NMR (188 MHz, CDCl3): d¼258.8 (s, OCF3). IR (film):
n¼3318m, 3037w, 2954m, 1690s, 1601s, 1584s, 1518s,
1456s, 1438s, 1406m, 1325s, 1254s, 1202s, 1163s, 1085s,
1048w, 1015w cm21. UV–vis (methanol): lmax (log 1)¼
237 nm (4.38). MS (ESI, MeOHþTFA): m/z¼312.1 (100%,
(MþH)þ). HRMS for C15H12F3NO3: calcd: 311.0777;
found: 311.0770

3.5.25. Methyl 2-(4,5-dimethyl-2-nitroanilino)benzoate
(7k). Compound 7k (2.0 g, 89%) was obtained from methyl
2-iodobenzoate (2.0 g, 7.6 mmol) and 4,5-dimethyl-2-
nitroaniline (1.5 g, 9.1 mmol) following GP2. Mp 150–
152 8C. 1H NMR (500 MHz, CDCl3): d¼2.23 (s, 6H, CH3),
3.94 (s, 3H, OCH3), 6.98 (ddd, 1H, J¼7.3, 7.8, 1.4 Hz,
Harom), 7.36 (s, 1H, Harom), 7.41 (ddd, 1H, J¼7.3, 8.3,
1.4 Hz, Harom), 7.47 (dd, 1H, J¼8.3, 1.4 Hz, Harom), 7.92 (s,
1H, Harom), 8.00 (dd, 1H, J¼7.8, 1.4 Hz, Harom), 11.0 (s, 1H,
NH). 13C NMR (125 MHz, CDCl3): d¼18.8, 20.3, 52.2,
118.1, 118.6, 119.4, 121.1, 126.5, 129.3, 132.0, 133.3,
135.4, 136.8, 142.9, 145.2, 167.5. IR (KBr): n¼2922m,
1701s, 1628m, 1583s, 1566s, 1507s, 1457m, 1425m, 1336s,
1295m, 1273s, 1249s, 1180w, 1164w, 1080m cm21. UV–
vis (methanol): lmax (log 1)¼236 nm (4.34). MS (ESI,
MeOH): m/z¼301.1 (100%, (Mþ)þ). HRMS for
C16H16N2O4: calcd: 300.1110; found: 300.1111.

3.5.26. Methyl 2-[2-(methoxycarbonyl)anilino]benzoate
(7l). Compound 7l (1.1 g, 51%) was obtained from methyl
2-iodobenzoate (2.0 g, 7.6 mmol) and methyl 2-amino-
benzoate (1.4 g, 9.1 mmol) following GP2; the crude
product was recrystallized from ethanol. Mp 90–95 8C
(Lit.: 102–103 8C;76 96–98 8C77). 1H NMR (400 MHz,
CDCl3): d¼3.93 (s, 6H, OCH3), 6.88 (t, 2H, J¼7.5 Hz,
Harom), 7.35 (ddd, 2H, J¼7.5, 7.5, 1.6 Hz, Harom), 7.52 (d,
2H, J¼8.3 Hz, Harom), 7.97 (dd, 2H, J¼7.9, 1.7 Hz, Harom),
11.0 (s, 1H, NH). 13C NMR (100 MHz, CDCl3): d¼52.1,
117.1, 117.6, 119.8, 131.7, 133.2, 144.1, 167.6. IR (KBr):
n¼3030w, 2940w, 1698s, 1609m, 1582s, 1523s, 1449s,
1432m, 1320m, 1266s, 1221s, 1193m, 1161w, 1085s cm21.
UV–vis (methanol): lmax (log 1)¼237 nm (4.37). MS (ESI,
MeOH): m/z¼308.2 (100%, (MþNa)þ).

3.5.27. Methyl 2-(3-fluoroanilino)benzoate (7m). Com-
pound 7m (1.8 g, 94%) was obtained as an oil from methyl
2-iodobenzoate (2.0 g, 7.6 mmol) and m-fluoroaniline
(1.0 g, 9.0 mmol) following GP2. 1H NMR (400 MHz,
CDCl3): d¼3.89 (s, 3H, OCH3), 6.60–6.70 (m, 2H, Harom),
6.96 (m, 2H, Harom), 7.20–7.38 (m, 3H, Harom), 7.96 (dd,
1H, J¼7.5, 1.7 Hz, Harom), 9.50 (s, 1H, NH). 13C NMR
(100 MHz, CDCl3): d¼51.9, 108.2 (d, J¼24.2 Hz), 109.6
(d, J¼24.2 Hz), 112.8, 114.5, 117.0, 117.9, 130.3 (d, J¼
9.6 Hz), 131.6, 134.0, 142.6(d, J¼10.0 Hz), 146.7, 163.4(d,
J¼244.7 Hz), 168.6. 19F NMR (188 MHz, CDCl3): d¼
2112.5 (m, F). IR (film): n¼3318w, 2952w, 1690s, 1602s,
1580s, 1521s, 1492m, 1455s, 1437m, 1328m, 1263s,
1250s, 1231s, 1192m, 1164m, 1141m, 1085m, 1047w,
1002w cm21. UV–vis (methanol): lmax (log 1)¼236 nm
(4.36). MS (ESI, MeOH): m/z¼246.3 (100%, (MþH)þ).
HRMS for C14H12FNO2: calcd: 245.0852; found: 245.0865.

3.5.28. Methyl 2-(2,4-difluoroanilino)benzoate (7n).
Compound 7n (2.0 g, 98%) was obtained from methyl
2-iodobenzoate (2.0 g, 7.6 mmol) and 2,4-difluoroaniline
(1.2 g, 9.3 mmol) following GP2. Mp 62–63 8C. 1H NMR
(400 MHz, CDCl3): d¼3.90 (s, 3H, OCH3), 6.74 (ddd, 1H,
J¼7.1, 1.2 Hz, Harom), 6.82–6.94 (m, 3H, Harom), 7.27–
7.36 (m, 2H, Harom), 7.95 (dd, 1H, J¼8.3, 1.7 Hz, Harom),
9.23 (s, 1H, NH). 13C NMR (125 MHz, CDCl3): d¼51.8,
104.8 (t, J¼9.6 Hz), 111.2 (dd, J¼22.1, 3.7 Hz), 112.1,
113.4, 117.5, 124.7 (dd, J¼12.0, 3.7 Hz), 126.1 (dd, J¼2.8,
9.2 Hz), 131.6, 134.2, 147.9, 156.5 (dd, J¼246.7, 11.0 Hz),
159.3 (dd, J¼250.4, 12.0 Hz), 168.9. 19F NMR (188 MHz,
CDCl3): d¼2115.2 (m, F), 2119.3 (m, F). IR (KBr):
n¼3307w, 2953w, 1683s, 1587s, 1529s, 1458m, 1435m,
1332m, 1288m, 1254s, 1229s, 1190m, 1170m, 1148m,
1088s, 1054w cm21. UV–vis (methanol): lmax (log 1)¼
236 nm (4.17). MS (ESI, MeOH): m/z¼264.1 (100%,
(MþH)þ). HRMS for C14H11F2NO2: calcd: 263.0758;
found: 263.0759

3.5.29. Methyl 2-(2,3,4-trifluoroanilino)benzoate (7o).
Compound 7o (1.9 g, 91%) was obtained from methyl
2-iodobenzoate (2.0 g, 7.6 mmol) and 2,3,4-trifluoroaniline
(1.3 g, 9.1 mmol) according to GP2 followed by column
chromatography (silica gel, CHCl3). Mp 70–71 8C. 1H
NMR (400 MHz, CDCl3): 3.90 (s, 3H, OCH3), 6.79 (ddd,
1H, J¼7.9, 7.0, 1.2 Hz, Harom), 6.91–6.95 (m, 2H, Harom),
7.05–7.15 (m, 1H, Harom), 7.32 (ddd, 1H, J¼9.1, 7.1,
1.2 Hz, Harom), 7.97 (dd, 1H, J¼7.8, 1.2 Hz, Harom), 9.3 (s,
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1H, NH). 13C NMR (100 MHz, CDCl3): d¼52.0, 111.2 (dd,
J¼18.4, 4.6 Hz), 112.7, 113.7, 118.0, 118.1, 126.3 (dd, J¼
9.2, 3.1 Hz), 131.6, 134.1, 140.7 (ddd, J¼250.9, 16.1,
16.1 Hz), 145.7 (ddd, J¼247.1, 10.7, 2.3 Hz), 147.0, 147.4
(ddd, J¼247.1, 10.7, 2.3 Hz), 145.7 (ddd, J¼247.1, 10.7,
2.3 Hz), 168.6. 19F NMR (188 MHz, CDCl3): d¼2140.0
(m, F), 2143.7 (d, J¼20.1 Hz, F), 2158.6 (ddd, J¼23.1,
23.1, 8.4 Hz, F). IR (KBr): n¼3304m, 2997w, 2955m,
1682s, 1615s, 1589s, 1536s, 1514s, 1491s, 1455m, 1436s,
1330m, 1315m, 1293m, 1255s, 1221s, 1191m, 1168m,
1141m, 1090s, 1060m, 1042m cm21. UV–vis (methanol):
lmax (log 1)¼233 nm (4.47). MS (ESI, MeOH): m/z¼282.0
(100%, (MþH)þ). HRMS for C14H10F3NO2: 281.0664;
found: 281.0664.

3.5.30. Methyl 2-(2,4-dimethoxyanilino)benzoate (7p).
Compound 7p (2.1 g, 97%) was obtained from methyl
2-iodobenzoate (2.0 g, 7.6 mmol) and 2,4-dimethoxyaniline
(1.4 g, 9.1 mmol) following GP2. 1H NMR (500 MHz,
CDCl3): d¼3.80 (s, 3H, OCH3), 3.81 (s, 3H, OCH3), 3.88 (s,
3H, OCH3), 6.46 (dd, 1H, J¼8.5, 3.1 Hz, Harom), 6.54 (d,
1H, J¼3.1 Hz, Harom), 6.64 (ddd, 1H, J¼7.9, 6.7, 1.2 Hz,
Harom), 6.95 (d, 1H, J¼8.5 Hz, Harom), 7.21–7.26 (m, 2H,
Harom), 7.92 (dd, 1H, J¼8.5, 1.2 Hz, Harom), 9.13 (s, 1H,
NH). 13C NMR (125 MHz, CDCl3): d¼51.6, 55.5, 55.7,
99.6, 103.9, 111.3, 113.4, 116.1, 122.7, 124.8, 131.5, 134.0,
149.1, 154.2, 157.4, 168.9. IR (kap.): n¼3333m, 3001w,
2950m, 2836w, 1686s, 1604s, 1578m, 1519s, 1454s, 1437s,
1415m, 1249s, 1209s, 1188m, 1159s, 1129m, 1084s,
1035m cm21. UV–vis (methanol): lmax (log 1)¼233 nm
(4.46). MS (ESI, MeOH): m/z¼288.4 (100%, (MþH)þ).
HRMS for C16H17NO4: calcd: 287.1158; found: 287.1155.

3.5.31. Methyl 2-(2,5-dimethoxyanilino)benzoate (7q).78

Compound 7q (1.6 g, 73%) was obtained as an oil from
methyl 2-iodobenzoate (2.0 g, 7.6 mmol) and 2,5-dimethoxy-
aniline (1.4 g, 9.1 mmol) following GP2. 1H NMR
(400 MHz, CDCl3): d¼3.75 (s, 3H, OCH3), 3.84 (s, 3H,
OCH3), 3.89 (s, 3H, OCH3), 6.51 (dd, 1H, J¼9.1, 2.9 Hz,
Harom), 6.74 (ddd, 1H, J¼7.1, 7.1, 1.3 Hz, Harom), 6.83 (d,
1H, J¼8.7 Hz, Harom), 7.03 (d, 1H, J¼2.9 Hz, Harom), 7.32
(ddd, 1H, J¼7.1, 6.6, 1.7 Hz, Harom), 7.38 (dd, 1H, J¼8.7,
1.3 Hz, Harom), 7.95 (dd, 1H, J¼7.9, 1.7 Hz, Harom), 9.45 (s,
1H, NH). 13C NMR (100 MHz, CDCl3): d¼51.8, 55.8, 56.5,
106.5, 106.7, 112.0, 113.2, 114.7, 117.4, 131.1, 131.5,
133.8, 145.5, 146.5, 153.6, 168.4. IR (film): n¼3328m,
3078w, 2999m, 2950m, 2834m, 1732m, 1690s, 1597s,
1579s, 1526s, 1455s, 1436s, 1314s, 1288s, 1260s, 1217s,
1200s, 1180s, 1164m, 1132s, 1085s, 1046s, 1026m cm21.
UV–vis (methanol): lmax (log 1)¼233 nm (4.50). MS (ESI,
MeOH): m/z¼288.1 (100%, (MþH)þ). HRMS for
C16H17NO4: calcd: 287.1158; found: 287.1159.

3.5.32. Methyl 4-chloro-2-[4-(trifluoromethoxy)anilino]-
benzoate (7r). Compound 7r (2.1 g, 90%) was obtained
from methyl 4-chloro-2-iodobenzoate (2.0 g, 6.8 mmol) and
4-trifluoromethoxyaniline (1.5 g, 8.5 mmol) following GP2.
Mp 104–105 8C. 1H NMR (400 MHz, CDCl3): d¼3.89 (s,
3H, OCH3), 6.70 (dd, 1H, J¼8.3, 1.7 Hz, Harom), 7.1 (d, 1H,
J¼2.1 Hz, Harom), 7.16–7.24 (m, 4H, Harom), 7.88 (d, 1H,
J¼8.3 Hz, Harom), 9.53 (s, 1H, NH). 13C NMR (100 MHz,
CDCl3): d¼52.0, 110.4, 113.2, 117.8, 120.5 (q, J¼
256.6 Hz), 122.3, 124.1, 132.9, 138.6, 140.6, 145.5, 148.6,

168.2. 19F NMR (188 MHz, CDCl3): d¼258.7 (s, OCF3).IR
(KBr): n¼3321m, 2957m, 1697s, 1599s, 1576s, 1516s,
1439m, 1425s, 1406m, 1321m, 1257s, 1226s, 1200s, 1153s,
1100s, 1080w, 1014w cm21. UV–vis (methanol): lmax

(log 1)¼243 nm (4.40). MS (ESI, MeOH): m/z¼344.2
(100%, (M2H)2). HRMS for C15H11ClF3NO3: calcd:
345.0380; found: 345.0381.

3.5.33. Methyl 4-chloro-2-(2,4-difluoroanilino)benzoate
(7s). Compound 7s (1.7 g, 86%) was obtained from methyl
4-chloro-2-iodobenzoate (2.0 g, 6.8 mmol) and 2,4-difluoro-
aniline (1.1 g, 8.5 mmol) following GP2. Mp 89–91 8C. 1H
NMR (400 MHz, CDCl3): d¼3.89 (s, 3H, OCH3), 6.69 (dd,
1H, J¼8.7, 2.1 Hz, Harom), 6.78 (t, 1H, J¼1.7 Hz, Harom),
6.86–6.96 (m, 2H, Harom), 7.28–7.34 (m, 1H, Harom), 7.87
(d, 1H, J¼8.7 Hz, Harom), 9.30 (s, 1H, NH). 13C NMR
(100 MHz, CDCl3): d¼52.0, 105.0 (dd, J¼23.8, 23.8 Hz),
110.3, 111.4 (dd, J¼21.5, 3.8 Hz), 112.8, 117.6, 123.7 (dd,
J¼12.3, 3.1 Hz), 126.9 (dd, J¼10.0, 2.3 Hz), 132.7, 140.6,
149.0, 156.9 (dd, J¼247.1, 10.7 Hz), 159.9 (dd, J¼250.1,
12.3 Hz), 168.1. 19F NMR (188 MHz, CDCl3): d¼2113.6
(m, F), 2118.5 (m, F). IR (KBr): n¼3294w, 3070w,
2959w, 1693s, 1603m, 1579s, 1518s, 1435m, 1328m,
1287m, 1261s, 1245s, 1206m, 1186m, 1144m, 1101s,
1085m cm21. UV–vis (methanol): lmax (log 1)¼242 nm
(4.50). MS (ESI, MeOH): m/z¼296.3 (100%, (M2H)2).
HRMS for C14H10ClF2NO2: calcd: 297.0368; found:
297.0366.

3.5.34. Methyl 4-chloro-2-(2,3,4-trifluoroanilino)benzo-
ate (7t). Compound 7t (1.2 g, 54%) was prepared from
methyl 4-chloro-2-iodobenzoate (2.0 g, 6.8 mmol) and
2,3,4-trifluoroaniline (1.2 g, 8.1 mmol) following GP2. Mp
122–124 8C. 1H NMR (400 MHz, CDCl3): 3.90 (s, 3H,
OCH3), 6.74 (dd, 1H, J¼8.7, 2.1 Hz, Harom), 6.83 (t, 1H,
J¼1.6 Hz, Harom), 6.94–7.02 (m, 1H, Harom), 7.04–7.12 (m,
1H, Harom), 7.89 (d, 1H, J¼8.7 Hz, Harom), 9.39 (s, 1H, NH).
13C NMR (100 MHz, CDCl3): d¼52.1, 110.7, 111.6 (dd,
J¼17.6, 3.8 Hz), 113.1, 118.2, 119.1 (dd, J¼7.7, 3.8 Hz),
125.3 (dd, J¼9.2, 3.1 Hz), 132.8, 140.6 (ddd, J¼252.4,
14.6, 14.6 Hz), 140.6, 146.1 (ddd, J¼249.4, 12.3, 3.8 Hz),
148.3 (ddd, J¼247.8, 10.0, 2.3 Hz), 148.3, 168.1. 19F NMR
(188 MHz, CDCl3): d¼2138.1 (m, F), 2142.3 (m, F),
2157.8 (ddd, J¼23.1, 23.1, 8.4 Hz, F). IR (KBr): n¼
3244m, 2969w, 1696s, 1617s, 1594s, 1534s, 1515s, 1491s,
1441m, 1419m, 1328m, 1293m, 1257s, 1217m, 1190w,
1168w, 1151w, 1105m, 1082w, 1049s cm21. UV–vis
(methanol): lmax (log 1)¼241 nm (4.42). MS (ESI,
MeOH): m/z¼300.3 (90%, (M2H)2), 623.3 (100%
[(M2H)2Na]2). HRMS for C14H9ClF3NO2: calcd:
315.0274; found: 315.0274.

3.5.35. Methyl 5-nitro-2-[4-(trifluoromethoxy)anilino]-
benzoate (7u). Compound 7u (2.0 g, 87%) was prepared
from methyl 2-iodo-5-nitrobenzoate (2.0 g, 6.5 mmol) and
4-trifluoromethoxyaniline (1.4 g, 7.9 mmol) following GP2.
Mp 49–52 8C. 1H NMR (400 MHz, CDCl3): d¼3.96 (s, 3H,
OCH3), 7.03 (d, 1H, J¼9.5 Hz, Harom), 7.24–7.30 (m, 4H,
Harom), 8.13 (dd, 1H, J¼9.5, 2.5 Hz, Harom), 8.95 (d, 1H,
J¼2.5 Hz, Harom), 10.13 (s, 1H, NH). 13C NMR (100 MHz,
CDCl3): d¼52.5, 110.5, 112.9, 120.4 (q, J¼275.4 Hz),
122.4, 125.8, 128.8, 129.4, 137.0, 137.8, 146.8, 152.4,
167.6. 19F NMR (188 MHz, CDCl3): d¼258.7 (s, OCF3).
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IR (KBr): n¼3254m, 2963m, 1702s, 1604s, 1586s, 1537m,
1509s, 1446m, 1348s, 1259s, 1209s, 1130s, 1109s, 1070m,
1014m cm21. UV–vis (methanol): lmax (log 1)¼230 nm
(4.33). MS (ESI, MeOH): m/z¼355.4 (100%, (M2H)2).
HRMS for C15H11F3N2O4: calcd: 356.0620; found:
356.0620.

3.5.36. Methyl 2-(2,4-difluoroanilino)-5-nitrobenzoate
(7v). Compound 7v (1.7 g, 85%) was prepared from methyl
2-iodo-5-nitrobenzoate (2.0 g, 6.5 mmol) and 2,4-difluoro-
aniline (1.0 g, 7.7 mmol) following GP2. Mp 178 8C. 1H
NMR (400 MHz, CDCl3): d¼3.96 (s, 3H, OCH3), 6.74 (dd,
1H, J¼9.1, 1.7 Hz, Harom), 6.90–7.00 (m, 2H, Harom), 7.29–
7.35 (m, 1H, Harom), 8.13 (dd, 1H, J¼9.5, 3.0 Hz, Harom),
8.90 (d, 1H, J¼2.5 Hz, Harom), 9.89 (s, 1H, NH). 13C NMR
(100 MHz, CDCl3): d¼52.5, 105.3 (dd, J¼26.1, 26.8 Hz),
110.5, 111.9 (dd, J¼22.3, 3.8 Hz), 112.9, 122.2 (dd,
J¼12.6, 4.2 Hz), 128.1 (dd, J¼10.0, 2.3 Hz), 128.6, 129.3,
137.9, 152.7, 157.2 (dd, J¼251.7, 12.3 Hz), 160.9 (dd,
J¼249.4, 11.5 Hz), 167.5. 19F NMR (188 MHz, CDCl3):
d¼2111.0 (m, F), 2116.7 (m, F). IR (KBr): n¼2926w,
1702s, 1612s, 1589s, 1542m, 1511s, 1439m, 1361m,
1331s, 1292m, 1266s, 1231m, 1198m, 1144m, 1095m,
1076m cm21. UV–vis (methanol): lmax (log 1)¼230 nm
(4.37). MS (ESI, MeOH): m/z¼307.3 (100%, (M2H)2).
HRMS for C14H10F2N2O4: calcd: 308.0609; found:
308.0610.

3.5.37. Methyl 2-(2,3,4-trifluoroanilino)5-nitro-benzoate
(7w). Compound 7w (1.3 g, 60%) was prepared from methyl
2-iodo-5-nitrobenzoate (2.0 g, 6.5 mmol) and 2,3,4-trifluoro-
aniline (1.1 g, 7.5 mmol) according to GP2 followed by
column chromatography (silica gel, CHCl3). Mp 216–
217 8C. 1H NMR (400 MHz, CDCl3): 3.98 (s, 3H, OCH3),
6.80 (dd, 1H, J¼9.1, 1.7 Hz, Harom), 6.99–7.13 (m, 2H,
Harom), 8.15 (dd, 1H, J¼9.1, 2.5 Hz, Harom), 8.92 (d, 1H,
J¼2.5 Hz, Harom), 9.96 (s, 1H, NH). 13C NMR (125 MHz,
DMSO-d6, 50 8C): d¼52.5, 110.8, 112.4 (dd, J¼17.5,
3.7 Hz), 114.0, 122.2 (d, J¼8.3 Hz), 123.9 (dd, J¼10.1,
3.7 Hz), 127.5, 129.2, 137.5, 139.7 (ddd, J¼249.5, 16.5,
13.8 Hz), 146.0 (ddd, J¼249.5, 9.2, 3.7 Hz), 148.5 (ddd,
J¼249.5, 10.1, 3.7 Hz), 151.6, 166.3. 19F NMR (200 MHz,
CDCl3): d¼2136.2 (m, F), 2141.3 (dd, J¼18.4, 6.2 Hz, F),
2158.1 (ddd, J¼23.1, 23.1, 8.4 Hz, F). IR (KBr): n¼
2925w, 1705m, 1616s, 1595s, 1545m, 1508s, 1486m,
1444m, 1332s, 1304m, 1272s, 1224m, 1138w, 1077w,
1049m cm21. UV–vis (methanol): lmax (log 1)¼367 nm
(4.38). MS (ESI, MeOH): m/z¼325.4 (100%, (M2H)2).
HRMS for C14H9F3N2O4: calcd: 326.0514; found:
326.0516.

3.5.38. 9-Chloro-2-methoxy-6-nitroacridine (8a). Com-
pound 8a (1.6 g, 80%) was prepared from 6a (2.0 g,
6.9 mmol) following GP4. Mp 223–226 8C (Lit.: 229–
230 8C;79 213–214 8C80). 1H NMR (400 MHz, CDCl3):
4.05 (s, 3H OCH3), 7.48 (d, 1H, J¼2.9 Hz, Harom), 7.54 (dd,
1H, J¼9.5, 2.9 Hz, Harom), 8.12 (d, 1H, J¼9.5 Hz, Harom),
8.29 (dd, 1H, J¼9.5, 2.5 Hz, Harom), 8.47 (d, 1H, J¼9.5 Hz,
Harom), 9.08 (d, 1H, J¼2.5 Hz, Harom). 13C NMR (100 MHz,
CDCl3): d¼56.0, 99.7, 107.7, 119.8, 126.2, 126.3, 126.6,
126.8, 127.3, 132.0, 138.1, 145.1, 147.7, 159.7. IR (KBr):
n¼1634m, 1613s, 1558m, 1538m, 1511m, 1477m,
1426m, 1404m, 1344s, 1271w, 1223s, 1076w,

1024w cm21. UV–vis (methanol): lmax (log 1)¼272 nm
(4.44). HRMS for C14H9ClN2O3: calcd: 288.0302, found:
288.0293.

3.5.39. 9-Chloro-5-methoxy-2-nitroacridine (8b). Com-
pound 8b (1.5 g, 75%) was prepared from 6b (2.0 g,
6.9 mmol) following GP4. Mp 360 8C (Lit.: 265–267 8C54).
1H NMR (400 MHz, CDCl3): 4.17 (s, 3H OCH3), 7.17 (d,
1H, J¼8.3 Hz, Harom), 7.63 (dd, 1H, J¼9.1, 7.9 Hz, Harom),
8.00 (dd, 1H, J¼8.7, 1.2 Hz, Harom), 8.47 (m, 2H, Harom),
9.37 (d, 1H, J¼1.2 Hz, Harom). 13C NMR (100 MHz,
CDCl3): d¼56.6, 108.8, 116.4, 122.3, 122.9, 122.9, 125.9,
128.5, 132.7, 144.0, 145.8, 148.2, 155.3, 158.4. IR (KBr):
n¼1628m, 1609m, 1582m, 1542s, 1509m, 1468m, 1457m,
1401s, 1346s, 1337s, 1305w, 1278m, 1267m, 1219w,
1177w, 1135w, 1107m, 1069w cm21. UV–vis (methanol):
lmax (log 1)¼255 nm (3.76). MS (ESI, MeOHþTFA):
m/z¼289.2 (100%, (MþH)þ).

3.5.40. 9-Chloro-2,4-dimethoxy-6-nitroacridine (8c).27,81

Compound 8c (1.4 g, 70%) was prepared from 6c (2.0 g,
6.3 mmol) following GP4. Mp 250–252 8C (Lit.: 225–
227 8C27). 1H NMR (400 MHz, CDCl3): 4.03 (s, 3H OCH3),
4.14 (s, 3H OCH3), 6.80 (d, 1H, J¼2.5 Hz, Harom), 7.12 (d,
1H, J¼2.5 Hz, Harom), 8.32 (dd, 1H, J¼9.5, 2.5 Hz, Harom),
8.46 (d, 1H, J¼9.5 Hz, Harom), 9.27 (d, 1H, J¼2.5 Hz,
Harom). 13C NMR (100 MHz, CDCl3): d¼56.0, 56.8, 92.4,
103.7, 120.2, 125.9, 127.0, 127.3, 127.6, 138.0, 141.7,
143.9, 147.8, 156.6, 160.4. IR (KBr): n¼2945w, 1631m,
1614m, 1570w, 1515s, 1421m, 1402m, 1346s, 1330s,
1244s, 1045w cm21. UV–vis (methanol): lmax (log 1)¼
273 nm (4.44). HRMS for C15H11ClN2O3: calcd: 318.0407,
found: 318.0399.

3.5.41. 9-Chloro-5-methoxy-3-nitroacridine (8f). Com-
pound 8f (1.6 g, 79%) was prepared from 6f (2.0 g,
6.9 mmol) following GP4. Mp 230–235 8C (Lit.: 204–
205 8C79). 1H NMR (400 MHz, CDCl3): 4.18 (s, 3H OCH3),
7.14 (d, 1H, J¼7.1 Hz, Harom), 7.65 (dd, 1H, J¼8.7, 7.5 Hz,
Harom), 7.99 (dd, 1H, J¼8.7, 0.8 Hz, Harom), 8.32 (dd, 1H,
J¼9.5, 2.5 Hz, Harom), 8.52 (d, 1H, J¼9.5 Hz, Harom), 9.31
(d, 1H, J¼2.1 Hz, Harom). 13C NMR (100 MHz, CDCl3):
d¼56.6, 108.0, 116.3, 120.0, 126.3, 126.5, 126.6, 127.2,
129.2, 141.3, 143.6, 145.8, 148.4, 155.5. IR (KBr): n¼
2924w, 1625w, 1566w, 1512s, 1455m, 1398s, 1347m,
1310m, 1270w, 1155w, 1069w cm21. UV–vis (methanol):
lmax (log 1)¼259 nm (4.49). HRMS for C14H9ClN2O3:
calcd: 288.0302, found: 288.0303.

3.5.42. 9-Chloro-2,4-dimethoxy-7-nitroacridine (8g).
Compound 8g (1.7 g, 85%) was prepared from 6g (2.0 g,
6.3 mmol) following GP4. Mp 258–261 8C. 1H NMR
(400 MHz, CDCl3): 4.04 (s, 3H OCH3), 4.14 (s, 3H
OCH3), 6.85 (d, 1H, J¼2.1 Hz, Harom), 7.14 (d, 1H, J¼
2.5 Hz, Harom), 8.40–8.46 (m, 2H, Harom), 9.34 (dd, 1H,
J¼2.1, 0.8 Hz, Harom). 13C NMR (100 MHz, CDCl3):
d¼55.9, 56.7, 92.3, 104.5, 121.7, 123.4, 126.8, 132.6,
140.7, 141.9, 146.0, 146.6, 156.4, 159.7. IR (KBr): n¼
1633s, 1560m, 1542s, 1509s, 1466s, 1420s, 1406s, 1343s,
1310m, 1246m, 1209s, 1169m, 1148m, 1115w, 1048m,
1012w cm21. UV–vis (methanol): lmax (log 1)¼264 nm
(4.28). MS (ESI, MeOH): m/z¼319.2 (100%, (MþH)þ).
HRMS for C15H11ClN2O4: calcd: 318.0407; found: 318.0435.
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3.5.43. 9-Chloro-2-methoxyacridine (8h).82 – 87 Com-
pound 8h (1.8 g, 91%) was prepared from 6h (2.0 g,
8.2 mmol) following GP4. Mp 162–163 8C (Lit.: 154 8C;82

152 8C;83 153 8C;84 148–149 8C85). 1H NMR (400 MHz,
CDCl3): 4.02 (s, 3H OCH3), 7.47 (dd, 1H, J¼9.5, 2.5 Hz,
Harom), 7.51 (d, 1H, J¼2.5 Hz, Harom), 7.61 (ddd, 1H,
J¼7.5, 6.6, 0.8 Hz, Harom), 7.73 (ddd, 1H, J¼7.9, 6.6,
1.2 Hz, Harom), 8.09 (d, 1H, J¼9.1 Hz, Harom), 8.18 (dd, 1H,
J¼8.7, 0.8 Hz, Harom), 8.37 (ddd, 1H, J¼8.7, 1.2, 0.8 Hz,
Harom). 13C NMR (100 MHz, CDCl3): d¼55.7, 99.9, 102.2,
124.1, 124.5, 125.3, 125.9, 127.0, 129.3, 129.8, 131.5,
146.2, 147.3, 158.2. IR (KBr): n¼3012w, 2976w, 1636s,
1560m, 1552s, 1524w, 1479s, 1445m, 1426m, 1398m,
1350w, 1307w, 1280w, 1265s, 1223s, 1219w, 1203s,
1135w, 1182s, 1139m, 1116w, 1014m cm21. UV–vis
(methanol): lmax (log 1)¼271 nm (5.07). HRMS for
C14H10ClNO: calcd: 243.0451, found: 243.0458.

3.5.44. 6,9-Dichloro-2-methoxyacridine (8i).60,88 – 90

Compound 8i (1.5 g, 77%) was prepared from 6i (2.0 g,
7.2 mmol) following GP4. Mp 169–172 8C (Lit.: 164 8C;88

160–161 8C60). 1H NMR (400 MHz, CDCl3): 4.01 (s, 3H
OCH3), 7.44–7.49 (m, 2H, Harom), 7.52 (dd, 1H, J¼9.1,
2.1 Hz, Harom), 8.05 (d, 1H, J¼9.1 Hz, Harom), 8.16 (d, 1H,
J¼2.1 Hz, Harom), 8.28 (d, 1H, J¼9.5 Hz, Harom). 13C NMR
(100 MHz, CDCl3): d¼56.3, 99.9, 122.8, 125.3, 125.6,
126.4, 128.2, 128.2, 131.5, 135.3, 138.3, 146.7, 147.1,
158.4. IR (KBr): n¼2925w, 1633s, 1554w, 1517w, 1476s,
1420s, 1262s, 1062w, 1027w cm21. UV–vis (methanol):
lmax (log 1)¼276 nm (4.07). HRMS for C14H9Cl2NO:
calcd: 277.0061, found: 277.0032. HRMS for
C14H9Cl2NO: calcd: 277.0061; found: 277.0032.

3.5.45. 9-Chloro-2-(trifluoromethoxy)acridine (8j). Fol-
lowing GP4 from 6j (2.0 g, 6.7 mmol) 8j (1.8 g, 90%) as a
brown solid. Mp 250 8C (decomp.). 1H NMR (400 MHz,
CDCl3): 7.63 (m, 2H, Harom), 7.84 (ddd, 1H, J¼6.6, 6.6,
1.3 Hz, Harom), 8.20–8.28 (m, 3H, Harom), 8.44 (dd, 1H,
J¼8.3, 0.9 Hz, Harom). 13C NMR (100 MHz, CDCl3):
d¼114.1, 120.5 (q, J¼258.4 Hz), 124.1, 124.4, 124.5,
125.2, 127.7, 130.0, 130.9, 132.5, 140.9, 146.9, 147.2,
149.1. 19F NMR (188 MHz, CDCl3): d¼258.3 (s, OCF3).
IR (KBr): n¼3041w, 2926w, 1636m, 1559m, 1522m,
1507m, 1476m, 1460m, 1439m, 1401m, 1267s, 1215s,
1170s, 1012w cm21. UV–vis (methanol): lmax (log 1)¼
269 nm (5.05). MS (ESI, MeOH): m/z¼298.0 (100%,
(MþH)þ).

3.5.46. 9-Chloro-3-fluoro-acridine (8m1) and 9-chloro-1-
fluoro-acridine (8m2).72,73,91 Following GP4 from 7m
(1.2 g, 5.2 mmol) 8m1 (0.64 g, 53%) and 8m2 (0.31 g,
26%) were obtained; the products were separated by
chromatography (silica gel, CHCl3).

Data for 8m1: Mp 158–159 8C (Lit.: 151 8C;72 150–
152 8C73). 1H NMR (200 MHz, CDCl3): d¼7.16–7.30 (m,
1H, Harom), 7.60–7.75 (m, 2H, Harom), 7.82 (ddd, 1H,
J¼6.6, 6.6, 1.7 Hz, Harom), 8.02 (d, 1H, J¼8.3 Hz, Harom),
8.18 (d, 1H, J¼9.1 Hz, Harom), 8.52 (d, 1H, J¼9.1 Hz,
Harom). 13C NMR (100 MHz, CDCl3): d¼110.8 (d,
J¼23.1 Hz), 116.2 (d, J¼8.8 Hz), 124.6, 125.1, 126.3 (d,
J¼5.6 Hz), 127.4, 129.2 (d, J¼9.6 Hz), 129.6, 131.1, 138.5
(d, J¼4.0 Hz), 148.9, 149.9, 157.4 (d, J¼262.6 Hz). 19F

NMR (188 MHz, CDCl3): d¼2111.1 (dd, J¼12.2, 4.7 Hz,
F). IR (KBr): n¼2923m, 1636s, 1553s, 1525m, 1466m,
1426s, 1393m, 1349m, 1316s, 1278m, 1256m, 1220m,
1140m, 1034m cm21. UV–vis (methanol): lmax (log 1)¼
272 nm (5.15). MS (ESI, MeOHþTFA): m/z¼232.2 (100%,
(MþH)þ).

Data for 8m2: Mp 131–133 8C (Lit.: 130–131 8C73). 1H
NMR (400 MHz, CDCl3): d¼7.45 (ddd, 1H, J¼7.9, 7.9,
2.5 Hz, Harom), 7.63 (ddd, 1H, J¼6.6, 6.6, 1.2 Hz, Harom),
7.79–7.85 (m, 2H, Harom), 8.18 (d, 1H, J¼8.7 Hz, Harom),
8.40–8.48 (m, 2H, Harom). 13C NMR (100 MHz, CDCl3):
d¼111.9 (d, J¼20.0 Hz), 118.7 (d, J¼27.1 Hz), 121.6,
123.7, 124.6, 126.7, 127.2 (d, J¼10.4 Hz), 129.4, 131.0,
141.4, 149.4, 149.5, 163.5 (d, J¼254.6 Hz). 19F NMR
(188 MHz, CDCl3): d¼2107.5 (m, F). IR (KBr): n¼3060w,
2924w 1634m, 1616m, 1552m, 1522m, 1480m, 1458m,
1437m, 1400m, 1311w, 1278s, 1261m, 1178m, 1150m,
1136m, 1113w cm21. UV–vis (methanol): lmax (log 1)¼
262 nm (5.12). MS (ESI, MeOHþTFA): m/z¼232.2 (100%,
(MþH)þ).

3.5.47. 9-Chloro-2,4-difluoroacridine (8n). Compound 8n
(1.3 g, 96%) was prepared from 6n (1.4 g, 5.6 mmol)
following GP4. Mp 153–155 8C. 1H NMR (400 MHz,
CDCl3): 7.34 (ddd, 1H, J¼10.0, 10.0, 2.9 Hz, Harom), 7.68
(ddd, 1H, J¼6.6, 6.6, 1.2 Hz, Harom), 7.80–7.86 (m, 2H,
Harom), 8.30 (dd, 1H, J¼8.7, 1.0 Hz, Harom), 8.38 (d, 1H,
J¼8.7 Hz, Harom). 13C NMR (100 MHz, CDCl3): d¼103.0
(dd, J¼24.6, 5.5 Hz), 106.3 (dd, J¼22.7, 22.3 Hz), 124.1,
125.0, 128.2, 130.4, 130.4, 130.8, 137.5 (d, J¼13.0 Hz),
140.3 (dd, J¼8.4, 5.4 Hz), 148.0, 158.4 (dd, J¼262.8,
13.0 Hz), 159.0 (dd, J¼151.0, 11.5 Hz). 19F NMR
(188 MHz, CDCl3): d¼2107.8 (dd, J¼15.3, 9.2 Hz, F),
2117.7 (t, J¼9.2 Hz, F). IR (KBr): n¼1646s, 1559m,
1526m, 1508m, 1473s, 1432s, 1402s, 1330s, 1277m,
1249m, 1207m, 1158m, 1129s, 1080w cm21. UV–vis
(methanol): lmax (log 1)¼269 nm (5.13). MS (ESI,
MeOH): m/z¼250.0 (100%, (MþH)þ). HRMS for
C13H6ClF2N: calcd: 249.0157; found: 249.0154.

3.5.48. 9-Chloro-2,3,4-trifluoroacridine (8o). Compound
8o (1.2 g, 85%) was prepared from 6o (1.4 g, 5.18 mmol)
following GP4. Mp 327–333 8C. 1H NMR (400 MHz,
CDCl3): 7.70 (ddd, 1H, J¼8.7, 6.6, 1.2 Hz, Harom), 7.86
(ddd, 1H, J¼8.7, 6.6, 1.2 Hz, Harom), 7.96 (ddd, 1H, J¼2.5,
7.9, 10.7 Hz, Harom), 8.30 (dd, 1H, J¼7.8, 1.1 Hz, Harom),
8.38 (dd, 1H, J¼7.8, 1.1 Hz, Harom). 13C NMR (100 MHz,
CDCl3): d¼104.0 (dd, J¼20.3, 5.4 Hz), 120.2 (d, J¼
9.2 Hz), 124.2, 124.5, 128.1, 130.0, 131.3, 137.7 (d,
J¼10.4 Hz), 141.2 (ddd, J¼259.7, 20.3, 19.5 Hz), 140.7,
145.0 (ddd, J¼260.9, 10.4, 4.2 Hz), 148.6, 150.4 (dd,
J¼255.2, 15.0 Hz). 19F NMR (188 MHz, CDCl3): d¼
2129.7 (m, F), 2144.2 (dd, J¼15.2, 6.2 Hz, F), 2152.4
(m, F). IR (KBr): n¼3259m, 3179m, 3009m, 1660w, 1629s,
1599s, 1585s, 1542w, 1506s, 1474s, 1454s, 1399w, 1359w,
1321m, 1321m, 1294m, 1254w, 1199w, 1160w, 1131m,
1106m, 1047m cm21. UV–vis (methanol): lmax (log 1)¼
268 nm (4.72). MS (ESI, MeOH): m/z¼268.2 (100%,
(MþH)þ). HRMS for C13H5ClF3N: calcd: 267.0063;
found: 267.0090.

3.5.49. 9-Chloro-2,4-dimethoxyacridine (8p). Compound
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8p (1.3 g, 95%) was prepared from 6p (1.4 g, 5.1 mmol)
following GP4. Mp 220–222 8C (Lit.: 170–172 8C25). 1H
NMR (400 MHz, CDCl3): 4.00 (s, 3H OCH3), 4.11 (s, 3H
OCH3), 6.74 (d, 1H, J¼2.5 Hz, Harom), 7.12 (d, 1H, J¼
2.5 Hz, Harom), 7.61 (ddd, 1H, J¼8.7, 6.6, 1.2 Hz, Harom),
7.71 (ddd, 1H, J¼9.1, 6.6, 1.7 Hz, Harom), 8.30–8.36 (m,
2H, Harom). 13C NMR (100 MHz, CDCl3): d¼55.6, 56.5,
92.2, 102.4, 123.8, 124.9, 125.8, 127.3, 128.8, 130.5, 137.9,
139.7, 146.1, 156.2, 158.5. IR (KBr): n¼3136m, 1635s,
1564m, 1528s, 1468s, 1445s, 1419s, 1396s, 1327s, 1282w,
1245s, 1230m, 1201s, 1163s, 1152s, 1110m, 1043s,
1008m cm21. UV–vis (methanol): lmax (log 1)¼284 nm
(4.93). HRMS for C15H12ClNO2: calcd: 273.0556, found:
273.0577.

3.5.50. 9-Chloro-1,4-dimethoxyacridine (8q).25,92 Com-
pound 8q (1.2 g, 83%) was prepared from 6q (1.4 g,
5.1 mmol) following GP4. Mp 152–154 8C (Lit.: 148–
149 8C;92 107 8C25). 1H NMR (400 MHz, CDCl3): 3.08 (s,
3H OCH3), 4.09 (s, 3H OCH3), 6.80 (d, 1H, J¼8.3 Hz,
Harom), 6.93 (d, 1H, J¼8.3 Hz, Harom), 7.62 (ddd, 1H,
J¼8.7, 6.6, 1.2 Hz, Harom), 7.77 (ddd, 1H, J¼8.7, 6.6,
1.2 Hz, Harom), 8.32 (d, 1H, J¼8.7 Hz, Harom), 8.57 (d, 1H,
J¼8.7 Hz, Harom). 13C NMR (100 MHz, CDCl3): d¼56.3,
56.6, 105.2, 106.1, 118.6, 124.8, 125.5, 127.1, 130.2, 130.3,
140.0, 142.9, 147.4, 149.4, 149.5. IR (KBr): n¼2934m,
2836m, 1625s, 1611m, 1534w, 1470s, 1409m, 1376m,
1329m, 1314s, 1266s, 1233m, 1169m, 1156w, 1116s,
1080m, 1043s cm21. UV–vis (methanol): lmax (log 1)¼
259 nm (4.60). HRMS for C15H12ClNO2: calcd: 273.0556,
found: 273.0562.

3.5.51. 6,9-Dichloro-2-(trifluoromethoxy)acridine (8r).
Compound 8r (1.2 g, 82%) was prepared from 6r (1.5 g,
4.5 mmol) following GP4. Mp 250 8C (decomp.). 1H NMR
(400 MHz, CDCl3): d¼7.87 (dd, 1H, J¼9.5, 2.1 Hz, Harom),
8.00 (dd, 1H, J¼9.5, 2.1 Hz, Harom), 8.36 (s, 1H, Harom),
8.56 (d, 1H, J¼9.5 Hz, Harom), 9.13 (s, 1H, Harom), 9.27 (d,
1H, J¼9.5 Hz, Harom). 13C NMR (100 MHz, CDCl3):
d¼114.1, 118.9, 120.6, 121.5, 123.7 (q, J¼234.5 Hz),
124.8, 126.6, 131.4, 131.7, 138.5, 140.2, 141.3, 145.0,
151.6. 19F NMR (188 MHz, CDCl3): d¼258.5 (s, OCF3).
IR (KBr): n¼2925m, 1628m, 1489m, 1460m, 1421m,
1260s, 1212s, 1081m cm21. UV–vis (methanol): lmax

(log 1)¼273 nm (4.58). MS (ESI, MeOHþTFA): m/z¼
332.2 (100%, (MþH)þ). HRMS for C14H6Cl2F3NO: calcd:
330.9778; found: 330.9758.

3.5.52. 6,9-Dichloro-2,4-difluoroacridine (8s). Compound
8s (0.87 g, 87%) was prepared from 6s (1.0 g, 3.5 mmol)
following GP4. Mp 171–175 8C. 1H NMR (400 MHz,
CDCl3): 7.39 (ddd, 1H, J¼9.5, 8.3, 2.5 Hz, Harom), 7.63 (dd,
1H, J¼9.5, 2.1 Hz, Harom), 7.83 (ddd, 1H, J¼9.5, 2.5,
1.7 Hz, Harom), 8.33 (d, 1H, J¼9.1 Hz, Harom), 8.40 (d, 1H,
J¼2.1 Hz, Harom). 13C NMR (100 MHz, CDCl3): d¼103.4
(dd, J¼24.5, 5.4 Hz), 107.3 (dd, J¼31.5, 22.3 Hz), 123.4,
124.9 (dd, J¼11.5, 2.5 Hz), 125.6, 128.2, 129.7, 137.5
(d, J¼13 Hz), 137.7, 141.4, 147.3, 158.0 (dd, J¼252.4,
10.7 Hz), 159.4 (dd, J¼264.7, 13.4 Hz). 19F NMR
(188 MHz, CDCl3): d¼2106.7 (dd, J¼16.8, 9.2 Hz, F),
2116.9 (t, J¼9.2 Hz, F). IR (KBr): n¼1630s, 1591s,
1535m, 1485m, 1438m, 1284m, 1248m, 1130m,
1082m cm21. UV–vis (methanol): lmax (log 1)¼274 nm

(5.39). MS (ESI, MeOHþTFA): m/z¼284.2 (100%,
(MþH)þ). HRMS for C13H5Cl2F2N: calcd: 282.9767;
found: 282.9757.

3.5.53. 6,9-Dichloro-2,3,4-trifluoroacridine (8t). Com-
pound 8t (0.51 g, 65%) was prepared from 6t (0.8 g,
2.6 mmol) following GP4. Mp 173–176 8C. 1H NMR
(400 MHz, CDCl3): 7.61 (dd, 1H, J¼9.5, 2.1, Harom), 7.94
(ddd, 1H, J¼10.7, 8.7, 2.5 Hz, Harom), 8.28–8.34 (m, 2H,
Harom). 13C NMR (100 MHz, CDCl3): d¼104.2 (dd,
J¼20.7, 5.4 Hz), 120.2 (d, J¼9.2 Hz), 122.8, 125.6, 128.3,
129.4, 137.9, 138.1 (d, J¼10.7 Hz), 141.0, 141.3 (ddd,
J¼260.9, 20.0, 13.8 Hz), 144.8 (ddd, J¼261.6, 9.2, 4.6 Hz),
148.3, 150.6 (dd, J¼257.8, 13.8 Hz). 19F NMR (188 MHz,
CDCl3): d¼2128.9 (m, F), 2143.8 (dd, J¼15.3, 6.1 Hz, F),
2151.4 (m, F). IR (KBr): n¼1658m, 1609m, 1573w, 1521s,
1496s, 1455s, 1444s, 1402s, 1336s, 1311m, 1288w, 1239w,
1216m, 1190m, 1147w, 1080m, 1064m, 1002s cm21.
UV–vis (methanol): lmax (log 1)¼272 nm (5.18). MS
(ESI, MeOH): m/z¼302.21 (100%, (MþH)þ). HRMS for
C13H4Cl2F3N: calcd: 300.9672; found: 300.9698.

3.5.54. 9-Chloro-2-nitro-7-(trifluoromethoxy)acridine
(8u). Compound 8u (1.3 g, 84%) was prepared from 6u
(1.5 g, 4.4 mmol) following GP4. Mp 315 8C (decomp.). 1H
NMR (400 MHz, CDCl3): 7.77 (dd, 1H, J¼9.5, 2.5 Hz,
Harom), 8.30 (s, 1H, Harom), 8.31 (d, 1H, J¼9.5 Hz, Harom),
8.35 (d, 1H, J¼9.5 Hz, Harom), 8.53 (dd, 1H, J¼9.5, 2.5 Hz,
Harom), 9.40 (d, 1H, J¼2.5 Hz, Harom). 13C NMR (100 MHz,
CDCl3): d¼113.8, 120.4 (q, J¼259.0 Hz), 122.3, 122.9,
123.7, 124.8, 127.2, 132.3, 132.9, 144.1, 146.1, 148.1,
148.8, 149.5. 19F NMR (188 MHz, CDCl3): d¼258.4
(s, OCF3). IR (KBr): n¼3133m, 1636s, 1610s, 1579s,
1543m, 1517s, 1492s, 1404s, 1340s, 1266s, 1215s, 1150s,
1073m cm21. UV–vis (methanol): lmax (log 1)¼255 nm
(4.27). HRMS for C14H6ClF3N2O3: calcd: 342.0019, found:
342.0007.

3.5.55. 9-Chloro-2,3,4-trifluoro-7-nitroacridine (8w).
Compound 8w (0.67 g, 84%) was prepared from 6w
(0.8 g, 2.6 mmol) following GP4. Mp 263–266 8C. 1H
NMR (400 MHz, CDCl3): 8.03 (ddd, 1H, J¼10.4, 7.5,
2.1 Hz, Harom), 8.45 (d, 1H, J¼10.4 Hz, Harom), 8.58 (dd,
1H, J¼9.5, 2.5 Hz, Harom), 9.39 (dd, 1H, J¼2.5 Hz, Harom).
13C NMR (100 MHz, CDCl3): 104.6 (dd, J¼20.7, 5.4 Hz),
121.1 (d, J¼9.2 Hz), 122.1, 123.2, 124.2, 132.4, 140.0 (dd,
J¼10.2, 3.2 Hz), 142.3 (ddd, J¼263.2, 22.25, 13.5 Hz),
144.1, 145.2 (ddd, J¼263.2, 10.0, 4.5 Hz), 146.3, 149.1,
151.3 (ddd, J¼258.6, 14.2, 1.9 Hz). 19F NMR (188 MHz,
CDCl3): d¼2126.3 (m, F), 2142.6 (m, F), 2148.3 (m, F).
IR (KBr): n¼3166w, 1687m, 1625s, 1491s, 1408s, 1296s,
1140m, 1052m cm21. UV–vis (methanol): lmax (log 1)¼
259 nm (4.19). MS (ESI, MeOHþTFA): m/z¼313.1 (100%,
(MþH)þ). HRMS for C13H4ClF3N2O2: calcd: 311.9913;
found: 300.9917.
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