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Abstract

9-Substituted-4,5-bifunctionalized acridines are common subunits of numerous drugs and fluorescent dyes, thus studies were carried

out on a series of their potential precursors from the aspect of preparation, reactivity, chemical stability and potential applications. The

syntheses of the new 9-fluoro-, 9-triflate and 9-lithiated derivatives of 4,5-dimethoxyacridine were reported. All the new intermediates

supplemented with the recently synthetized 9-haloacridine analogues were compared and their applicability was discussed. The

reactivity of the studied acridino-precursors was tested by using them as starting materials in Suzuki-Miyaura and Kharasch type

cross-couplings as well as in Li-organic reactions.
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1 Introduction
Acridines are one of the most widely used heteroaromatic
building blocks. Their derivatives are frequently applied as
antibiotics [1], antimalarials [2], cytostatics [3] or as a sig-
naling unit of various optochemically active agents [4—7].
Synthetic modifications of acridines usually focus on
the substitution at position 9, which is generally carried
out via a 9-haloacridine precursor, especially 9-chlo-
roacridine, while the subsequent step is typically a C-C
cross-coupling, like Suzuki-Miyaura- or Kharasch-
reaction [8—10]. Moreover, acridines can also be mod-
ified at other positions to obtain a multifunctionalizable
scaffold or to provide the desired chemical or photophys-
ical properties. Since the 1950s compounds containing
a 9-modified acridine or a 4,5-bifunctionalized acridine
substructure have been successfully used as precursors of
pharmaceutics in oncology [11-19] and infectiology [20],
while some of them also proved to be effective as anti-in-
flammatory- [21] or antifungal [22] drugs. The value of
9-substituted as well as 4,5-bifunctionalized acridines is
also demonstrated by numerous industrial patents in the

recent decades [23-28]. Nowadays, these acridine-scaf-
folds are still the bases of a wide range of applications in
coordination chemistry [29], optochemistry [30], corro-
sion inhibition [31], and also in pharmaceutical industry as
precursors for a great variety of anticancer agents [32—34]
and drugs against Alzheimer's disease [35].

Furthermore, the modified acridine-diols are not only
valuable precursors, but the analogues of these heterocy-
clic key intermediates also exhibit a broad-range of phar-
maceutical and chemotherapeutic activities, including
anticancer, antiviral, anti-inflammatory, antimalarial and
antimicrobial effects [36—39].

Recently, we successfully accomplished the transfor-
mations of 4,5-dimethoxyacridone to 9-haloacridines
(Scheme 1), and used them for modified and thoroughly
optimized Kharasch type cross-coupling reactions [5, 40].
Furthermore, we extended the synthetic possibilities by
applying the recently reported highly reactive 9-bro-
mo-4,5-dimethoxyacridine in Suzuki-reaction [40]. It was
also showed, that the reported 4,5,9-trisubstituted acridines
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had an increased reactivity and decreased stability com-
pared to those of the corresponding unsubstituted ones [40].
These highly reactive multifunctionalizable intermediates
open new ways for diverse post-synthetic modifications of
the acridine backbone in contrast to the majority of conven-
tional multistep synthetic procedures, which functionalize
the acridine scaffold using ring closure steps [8, 41, 42].

The large number of industrially important ana-
logues and the limitations of using the recently reported
4,5-bifunctionalized-9-chloroacridine intermediates moti-
vated us to extend these studies. Thus, we report herein the
synthesis and comparison study of a series of new 9-acti-
vated 4,5-dimethoxyacridines as multifunctionalizable
synthetic building blocks. All reported compounds were
prepared from 4,5-dimethoxyacridone, which was initially
synthesized as a precursor for macrocyclic sensor mole-
cules [43]. Reactivity, chemical stability, possible limita-
tions are discussed, and suggestions are made regarding the
subsequent modifications of these valuable intermediates.

2 Results and discussion

2.1 Scaffold design and synthetic modifiability
Synthesis of the reactive 4,5,9-trisubstituted acridino-in-
termediates (2) was carried out starting from 4,5-dime-
thoxyacridone (1), which enables a highly diverse assem-
bly of a great variety of potential drug-subunits or
fluorescent dyes (Scheme 1) [43].

The starting acridone 1 contains methoxy groups at posi-
tions 4 and 5, which remain intact in any transformations,
which aim to modify the other positions of the acridine
moiety. The methyl protective groups can be easily and
effectively removed with pyridinium chloride (2 h reaction
time, >90% yield [5]) to gain widely modifiable hydroxy
groups after incorporating the other desired functions.

The substitution at position 9 of acridines is the other
option in focus. Since the most electrophilic center of
acridines and acridones is the carbon atom at position 9,

functionalization can be carried out regioselectively.
Moreover, the introduction of substituents at position 9
opens ways for a sensitive fine-tuning of the building
blocks. As the transformation of acridones to acridines
extends the aromatic delocalization to the entire tricyclic
system, the directly attached 9-subunits of different elec-
tronic nature or lipophilicity provide a versatile opportu-
nity for tailoring both physico- and photochemical prop-
erties. Although the partial reconversion of acridines to
acridones often takes place attributed to their relative sta-
bilities, the 9-substituent can also stabilize the acridine
form unless containing an a-H atom [40]. On the other
hand, the electron donating methoxy groups at positions 4
and 5 of the acridino-building blocks decrease the chem-
ical stabilities besides their reactivity- and basicity-en-
hancing effects compared to the unsubstituted 9-acrid-
ino-analogues [40]. Thus, applying inert and proton
source-free reaction conditions is suggested.

2.2 Model reactions starting from the 9-position-
activated 4,5-dimethoxyacridine building blocks
The synthesis of two 9-haloacridine analogues (2/a,2/d)
(missing from the series of the recently reported ones
(2/b,2/c) [5, 40]) as well as that of the 9-triflate (2/e) and
9-Li-organic derivative (2/f) were attempted to extend the
synthetic possibilities for the proposed building blocks.
Then these highly reactive, unstable 9-activated 4,5-dime-
thoxyacridines (2/a-2/e except 2/d) were converted with-
out purification using the previously optimized modified
Kharasch- and Suzuki-Miyaura-couplings or Li-organic
reactions resulting in the same, stable 9-phenylacridine
(3/a) as a model compound (Scheme 2) [5, 40, 43, 44].
The new 9-fluoro- (2/a) and 9-triflate (2/e) derivatives
were synthesized based on analogies of the correspond-
ing unsubstituted acridines [45], while the 9-chloro- (2/b)
and 9-bromoacridine (2/¢) were prepared according to the
reported methods [5, 40].

I
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Scheme 1 Transformation of 4,5-dimethoxyacridone (1) via highly reactive 9-activated acridino-precursors (2) to get trifunctionalizable scaffolds (4)
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Scheme 2 Procedures for preparation of 4,5,9-trifunctionalized acridino-precursors

For the preparation of triflate 2/e, using Hiinig's base
proved to be essential as only a partial conversion could be
achieved in its absence. Warming and contact with protic
media or air should be avoided during the whole work-up.
Extraction with aqueous solutions is also not applicable
(investigated by pouring the reaction mixture into a large
excess of vigorously stirred 40 w/w% aqueous trimeth-
ylammonium hydroxide solution at 0 °C and extracting
with dichloromethane) as a significant decomposition
was observed. In the case of 9-fluoroacridine 2/a to the
contrary, extraction with aqueous solutions is allowed as
decomposition did not take place. The synthesis of the
9-iodo-analogue 2/d was also attempted via triflate 2/e,
but the desired product could not be isolated. Probably

it is due to the extreme degradability of 9-iodoacridine
2/d. Although a total conversion of 9-position-activated
intermediates (2/a-2/e except 2/d) could be reached in all
cases, the reconversion to acridone could not be totally
avoided even in optimized conditions. No other by-prod-
ucts could be isolated besides parent acridone 1.

The strong electropositivity at position 9 of the acridine
moiety resulted in a quite acidic 9-H, which is also sup-
ported by the observed chemical shift of its singlet peak
in the "H-NMR spectrum of compound 5 (6 = 8.75 ppm
in CDCI, [43]). It allows the regioselective lithiation of
acridine 5 at position 9. According to the experiences,
the application of #-BuLi instead of n-BuLi resulted in a
higher conversion to 3/a in the Li-organic pathways.
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The hydroxyl groups at positions 4 and 5 of acridines
can also be functionalized easily and effectively [5, 43].
Among many possibilities, the formation of dimesylate 8
i1s demonstrated in Scheme 3, which can act as an active
substrate in nucleophilic substitutions.

It is suggested to modify positions 4 and 5 after stabi-
lizing the acridines by introducing a 9-substituent accord-
ing to the possibilities shown in Scheme 2.

2.3 Comparison of reactivity and stability

Although all of the studied intermediates can be con-
sidered unstable, they showed quite different stabilities.
The tendencies of the reported 9-activated intermediates
to degradation during the work-up, purification or storage
were compared in Table 1.

Naturally, the 9-Li precursor (2/f) is only stable under
inert atmosphere dissolved in an ethereal solution cooled to
—78 °C. It can be seen that the stability of the halogen deriv-
atives (2/a-c) changes depending on the "goodness" of the
leaving groups at position 9. From the aspect of this tendency
and also considering the pK values of the conjugate acids of
the corresponding leaving groups at position 9, triflate 2/e
showed an unexpectedly high stability compared to bromine
2/c (Table 1). Overall, because of the relatively low stabilities,
all of the studied intermediates are suggested to be reacted
without any purification using only the optimized procedure
for working up as reported in Sections 4.2.1 and 4.2.2.

The applied three types of model reactions (modified
Kharasch, Suzuki-Miyaura and Li-organic) required different
times to complete, thus also became suitable for comparing

the reactivity of the reported 9-activated intermediates. The
Kharasch-analogue reaction was worked up after 20 h of
stirring, while the Suzuki-coupling and the Li-organic reac-
tions needed 5 h and 1 h to complete in optimized condi-
tions, respectively. The applicability of the intermediates
was compared by the yields for the preparation of 4,5-dime-
thoxy-9-phenylacridine (3/a) as the same product of the cor-
responding model reactions. Initially, the results of the modi-
fied Kharasch-coupling were summarized in Table 2.

It can be seen that the yields did not exactly follow the
order of the pK  values of the conjugate acids of the leaving
groups. On the other hand, the reactivity strongly depends
on agthe electrophilic character of the precursors. The lower
yield using bromide 2/c in this reaction is probably due to its
lowest stability among the studied intermediates, which can
strongly influence the outcome of the C-C-coupling.

The reactivities were similarly studied in Suzuki-
Miyaura-coupling as shown in Table 3.

Fluoride 2/a and chloride 2/b did not work for this
reaction. Bromide 2/¢ was more effective as the required
reaction time was much shorter than in the case of the
Kharasch-analogue reaction. Although a large amount of
the precursor was reconverted to the parent acridone 1, the
relatively favorable stability and high reactivity of triflate
2/e were reflected from the result.

Finally, in contrast to the previous cases, acridino-inter-
mediate 5 was tested as a nucleophilic agent after its lithi-
ation, while the electrophiles contained series of leaving
groups. The reverse case was also studied in Li-organic
reactions. Results are summarized in Table 4.

O X O Py*HCI [5] O X O MsCI/Hiinig's base O A O
= = =
N N N
OMs OMs
0 O OH OH
5 7 8 (97%)
Scheme 3 Suggested procedure for modifying positions 4 and 5 of the acridine scaffold
Table 1 Comparison of the stabilities of the studied 9-activated acridino-intermediates
. . Acidic conditions .. . o
Intermediate Extraction Wl‘th (10% HCl aqueous Liquid chfomatpgraphlc Storage at r.t. in the air' Sto‘rage at =30 °C under
aqueous solution . purification inert atmosphere'
solution)
2/a A N A I5h 3 days
2/b A N N 6h 2 days
2/c N N N order of minutes order of minutes
2/e N N N 1h 20 h

'A' means applicable.
'N' means not applicable.

! The reported periods of time indicate the maximum shelf life under the corresponding conditions, while no significant decomposition, - i.e., absence

of additional visible dots on TLC plates - was observed based on TLC-analysis.



Table 2 Comparison of reactivities of 9-activated
4,5-dimethoxyacridines in a Kharasch-type model reaction giving 3/a
as a product after 20 h of reaction time

Starting material Reagent Yield (%)’
2/a PhMgBr 10
2/b PhMgBr 58 [38]
2/c PhMgBr 39

2/e PhMgBr 75

! Reaction, work-up and purification were carried out according to a
previously optimized [40] synthetic procedure reported in Section 4.2.5.

Table 3 Comparison of reactivities of 9-activated
4,5-dimethoxyacridines in a Suzuki-Miyaura-type model reaction
giving 3/a as a product after 5 h of reaction time

Starting material Reagent Yield (%)’
2/a PhB(OH), 0

2/b PhB(OH), 0

2/c PhB(OH), 26 [38]
2/e PhB(OH), 31

! Reaction, work-up and purification were carried out according to a
previously optimized [40] synthetic procedure reported in Section 4.2.6.

Table 4 Comparison of reactivities of 9-activated
4,5-dimethoxyacridines in Li-organic model reactions giving 3/a as a
product after 1 h of reaction time

Starting material Reagent Yield (%)
2/f PhF (6/a) 0
2/f PhCl (6/b) 0
2/f PhBr (6/c) 35
2/f PhOTT (6/d) 22
2/a PhLi (6/e) 0
2/b PhLi (6/e) 39
2/c PhLi (6/e) 57
2/e PhLi (6/e) 45

! Reaction, work-up and purification were carried out as reported in
Sections 4.2.3 and 4.2.4.

The fluorides (2/a,6/a) did not work in both cases and the
chlorides (2/b,6/b) showed low reactivity. The exception-
ally high reactivity of bromide 2/c could manifest in these
fast reactions. The rate of decomposition of compound 2/c
did not exceed the conversion rate as much as in the other
studied cases. (It also supports the assumption regard-
ing the reduced yield in Kharasch-reaction when starting
from bromide 2/c.) Thus, using bromide 2/¢ resulted in
the highest yield. Parent acridone 1 could only be isolated
as a by-product from the reaction mixtures of the studied
other two cross-couplings. However, in the cases of the
Li-organic reactions, the formation of biphenyls also took
place, especially when acridines were the nucleophiles. It
indicates, that the metal-halogen exchange is in a competi-
tion with the orbital-controlled C-C-coupling.
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3 Conclusion

The earlier synthesized 9-chloro- (2/b) and 9-bromo (2/c)
-4,5-dimethoxyacridine were supplemented with their
new 9-fluoro- (2/a), triflate- (2/e) and lithiated (2/f) ana-
logues to get a series of 4,5,9-trisubstituted multifunc-
tionalizable fluorescent building blocks. Studies on these
precursors establish a new synthetic chemical platform
with replacing conventional procedures, which produce
the multifunctional acridines by ring closure reactions
using intermediates obtained from multistep pathways.
The post-modifications of the acridine moieties were car-
ried out regioselectively at position 9 starting from the
activated precursors (2) in Kharasch-analogue, Suzuki-
Miyaura- and Li-organic C-C-couplings. Moreover, the
stabilities of the reported precursors (2) were also stud-
ied, which increased in the following order: 9-Br<9-
OTf<9-CI<9-F. There was a reverse correlation between
the determined orders of stability and reactivity based
on the comparison of yields for 4,5-dimethoxy-9-pheny-
lacridine (3/a) as a model compound. For high-rate reac-
tions, which require at least one hour to be completed
bromide 2/c is suggested. In the cases of slower conver-
sions, reaction times between 2 and 24 h, triflate 2/e is
the most favorable one, while fluoride 2/a can be advanta-
geous for very slow reactions with a time requirement of
several days. For C-C-couplings at position 9, the acrid-
ino-precursors are preferred to be the electrophiles. The
reconversion to the more stable acridone form can also be
avoided by substitutions at position 9 unless the substit-
uent contains an a-H. After the substitution at position
9 of the acridine moiety, the resulting intermediates can
be further modified at positions 4 and 5 by the almost
quantitative cleavage of the methyl groups. The present
work opens new ways for post-synthetic modifications of
the acridine backbone to gain 4,5,9-trisubstituted acrid-
ino-intermediates as common building blocks of drugs,
chemosensors and fluorescent dyes.

4 Experimental

4.1 General

Starting materials and reagents were purchased from
Sigma-Aldrich Corporation (USA, owned by Merck,
Germany) and used without further purification unless oth-
erwise noted. Solvents were dried and purified according to
well established methods [46]. Silica Gel 60 F254 (Merck,
Germany) plates were used for thin-layer chromatography
(TLC). All reactions were monitored by TLC and visual-
ized by UV-lamp. Purifications were carried out by prepar-
ative thin-layer chromatography (PTLC) using Silica gel 60
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F254 (Merck, Germany) plates. Ratios of solvents for the
eluents are given in volumes (mL/mL). Evaporations were
carried out under reduced pressure unless otherwise stated.

The new compounds were characterized by their physi-
cal constants such as melting point, thin-layer chromatogra-
phy retention factor (R)), infrared, 'H-NMR and B*C-NMR
spectroscopies and MS spectrometry. Elemental analyses
and HRMS measurements could not be performed due to
the instability of the new compounds. Melting points were
taken on a Boetius micro-melting point apparatus and are
uncorrected. Infrared spectra were recorded on a Bruker
Alpha-T FT-IR spectrometer (Bruker Corporation, USA)
using KBr pastilles. NMR spectra were recorded on a
Bruker 300 Avance spectrometer (Bruker Corporation,
USA; at 300 MHz for 'H and at 75.5 MHz for '*C spectra).

4.2 Synthesis
4.2.1 The synthesis of 9-fluoro-4,5-dimethoxyacridine
(2/a, Scheme 2)
Triflate 2/e (see Section 4.2.2) (150 mg, 0.39 mmol), sodium
fluoride (82 mg, 1.95 mmol) and Hiinig's base (68 uL, 50 mg,
0.39 mmol) were stirred in dry acetonitrile under an Ar atmo-
sphere at room temperature. The reaction mixture was stirred
for 5 min. The temperature was raised and the reaction mix-
ture was refluxed for 2 h, when TLC analysis indicated the
total conversion of the starting material (2/e). The mixture
was evaporated and the residue was taken up in dichloro-
methane (50 mL) and water (100 mL). The phases were
shaken well and separated. The aqueous phase was extracted
with dichloromethane (3 x 50 mL). The combined organic
phase was dried over magnesium sulphate, filtered and the
solvent was removed. The crude product was purified by
PTLC using silica gel adsorbent with dichloromethane as an
eluent to give fluoride 2/a (95 mg, 95%) as an orange solid.
M.p. = 190-198 °C (decomposition). R, =0.39 (silica gel
TLC, dichloromethane). 'H-NMR (CDCL,): J [ppm]: 4.11
(s, 6H); 7.09 (d, J = 7.6 Hz, 2H); 7.61 (t, J = 8.2 Hz, 2H);
7.76 (d, J = 8.7 Hz, 2H). "C-NMR (CDCL,): 6 [ppm]: 56.31;
107.23; 112.35; 119.98; 120.80; 128.85; 141.48; 155.15.
IR: v [em™]: 3416, 3338, 3091, 3025, 2948, 2850, 1732,
1626, 1594, 1533, 1489, 1457, 1413, 1356, 1323, 1272,
1225, 1161, 1081, 1032, 971, 926, 801, 751, 639. LC-MS:
m/z = [MH']: 258.08, (Calcd. for C H ,FNO,, 257.09).
4.2.2 The synthesis of 4,5-dimethoxyacridin-9-yl
trifluoromethanesulfonate (2/e, Scheme 2)
4,5-Dimethoxyacridone (1, 300 mg, 1.18 mmol) was dis-
solved in dry and pure dichloromethane (10 mL) in a flame-
dried flask equipped with a septum and an Ar inlet.

The solution was cooled to 0 °C by using an external ice-
bath. Then, triflic anhydride (595 pL, 999 mg, 3.54 mmol)
was added to the stirred solution by a syringe. Hiinig's base
(1233 pL, 915 mg, 7.08 mmol) was also added using a
syringe and the reaction mixture was stirred for 30 min. The
volatile components were removed at 20 °C. (If the reac-
tion mixture was poured onto a large excess of 40 w/w%
aqueous tetramethylammonium hydroxide at 0 °C and was
extracted with dichloromethane, the majority of the prod-
uct was hydrolyzed.) Based on TLC analysis, a quantitative
conversion was achieved and the crude product as a dark
red solid was further reacted without purification.

M.p. = 176180 °C (decomposition). R = 0.26 (silica gel
TLC, dichloromethane). 'H-NMR (CDCL,): ¢ [ppm]: 4.22
(s, 6H); 7.46 (d, J = 7.7 Hz, 2H); 7.64 (t, J = 8.3 Hz, 2H);
8.18 (d, J= 8.7 Hz, 2H). "C-NMR (CDCL,): 6 [ppm]: 56.99;
114.12; 115.60; 116.03; 126.73; 131.38; 131.64; 147.65; 169.51.
IR:v_ [cm™]:3101,3042,2947,2844,1636,1625,1559, 1503,
1459, 1442, 1408, 1362, 1306, 1282, 1182, 1085, 1070, 1018,
965, 925, 819, 790, 753, 688, 633, 614. LC-MS: m/z [MH"]:
388.05, (Calcd. for C H ,F,NO.S, 387.04).

4.2.3 General procedure for C-C couplings using
9-lithio-4,5-dimethoxyacridine (2/f) and different
phenyl electrophiles (6/a-6/d) (Scheme 2)
4,5-Dimethoxyacridine (5, 100 mg, 0.42 mmol) was dis-
solved in dry THF (3 mL) under Ar atmosphere. The reac-
tion vessel was cooled to =78 °C. Tert-butyllithium (1.7 M
in pentane, 370 uL, 0.63 mmol) was added to the solution
through a septum using a syringe and a needle. The reac-
tion mixture was stirred at —78 °C for 1 h. Then, the corre-
sponding electrophile (1.50 molar equivalent related to 5)
in THF (3 mL) was slowly added to the reaction mixture.
After 1 h of stirring, the reaction mixture was quenched by
adding an aqueous solution of HCI (5 w/w%, 20 mL) and it
was allowed to warm up to room temperature. The mixture
was extracted with ethyl acetate (3 x 20 mL). The combined
organic phase was dried over magnesium sulphate, filtered
and the solvent was removed. The crude product was puri-
fied by PTLC using silica gel adsorbent and ethyl acetate
as an eluent to give 4,5-dimethoxy-9-phenylacridine (3/a).
All of the physical data and spectroscopic properties of 3/a
concurred with those reported in the literature [5].

4.2.4 General procedure for C-C couplings using
9-position-activated 4,5-dimethoxyacridines (2/a—2/e
except 2/d) and phenyllithium (6/e) (Scheme 2)

The 9-position-activated 4,5-dimethoxyacridines (2/a—2/e
except 2/d) were synthesized as reported ([5, 40], Sections
4.2.1 and 4.2.2 in the present work).



Phenyllithium (6/e, 1.9 M in dibutyl ether, 1.50 molar
equivalent related to electrophiles) was stirred under
Ar atmosphere at —78 °C. The corresponding acridines
(2/a—-2/e except 2/d, 100 mg) in THF (5 mL) were added
dropwise to the stirred solution of 6/e. The reaction mix-
ture was stirred for 1 h at =78 °C. The reaction mixture
was quenched by adding an aqueous solution of HCI
(5 w/w%, 20 mL) and it was allowed to warm up to room
temperature. The mixture was extracted with ethyl acetate
(3 x 20 mL). The combined organic phase was dried over
magnesium sulphate, filtered and the solvent was removed.
The crude product was purified by PTLC using silica gel
adsorbent and ethyl acetate as an eluent to give 4,5-dime-
thoxy-9-phenylacridine (3/a). The product 3/a was identi-
cal in every aspect with that reported in the literature [5].

4.2.5 The previously reported optimized general
procedure for Kharasch-type cross-coupling [40]

The 9-position-activated 4,5-dimethoxyacridines (2/a—2/e
except 2/d) were synthesized as reported ([5, 40], Sections
4.2.1 and 4.2.2 in the present work).

A solution of the corresponding crude 9-activated
4,5-dimethoxyacridine (2/a—2/e except 2/d, 100 mg) in
a mixture of dry and pure toluene (3 mL) and acetoni-
trile (0.1 mL) was added dropwise to a stirred solution of
phenylmagnesium bromide (3 M in THF, 6.00 molar equiv-
alent related to 2), palladium acetate (0.07 molar equiva-
lent related to 2), dilithium tetrachlorocuprate (0.1 M in
THF, 0.01 molar equivalent related to 2) under an Ar atmo-
sphere at room temperature. The temperature of the result-
ing reaction mixture was raised to 60 °C and kept at this
temperature for 20 h then cooled down to 20 °C. The sol-
vent was removed and the residue was taken up in ethyl
acetate (10 mL) and ice-cold water (10 mL). The pH of the
aqueous phase was adjusted to 7 using aqueous hydrochlo-
ric acid (5 w/w%). The phases were shaken well and sepa-
rated. The aqueous phase was extracted with ethyl acetate
(3 x 10 mL). The combined organic phase was dried over
magnesium sulphate, filtered and the solvent was removed.

The crude product was purified by PTLC on silica gel
using ethyl acetate as an eluent, to give compound 3/a,
which was identical in every aspect with that reported in
the literature [5].

4.2.6 The previously reported optimized general
procedure for Suzuki-Miyaura-coupling [40]
4,5-Dimethoxyacridines containing an active unit at posi-
tion 9 (2/a—2/e except 2/d) were synthesized as reported
([5, 40], Sections 4.2.1 and 4.2.2 in the present work].
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The corresponding crude 9-activated 4,5-dimethoxy-
acridine (2/a—2/e except 2/d, 100 mg) was dissolved in a
mixture of dry and pure dimethyl sulfoxide (2 mL) and
dioxane (1 mL), and the resulting solution was added
dropwise to a stirred suspension of phenylboronic acid
(3.00 molar equivalent related to 2), tetrakis(triphenylphos-
phine)-palladium(0) (0.02 molar equivalent related to 2)
and potassium phosphate (3.00 molar equivalent related
to 2) in dioxane (3 mL) under Ar at room temperature. The
temperature of the resulting mixture was raised to 60 °C
and the mixture was kept at this temperature for 5 h then
cooled down to 20 °C. Most of the volatile components
was removed and the residue was taken up in ethyl ace-
tate (10 mL) and ice-cold water (10 mL). The pH of the
aqueous phase was adjusted to 7 using aqueous hydro-
chloric acid (5 w/w%). The phases were shaken well and
separated. The aqueous phase was extracted with ethyl
acetate (3 x 10 mL). The combined organic phase was
extracted with water (6 x 10 mL) and then with saturated
aqueous sodium chloride solution (2 x 10 mL) to remove
the remains of dimethyl sulfoxide. The combined organic
phase was dried over magnesium sulphate, filtered then the
solvent was removed. The crude product was purified by
PTLC onsilica gel using ethyl acetate as an eluent, yielding
derivative 3/a. The physical and spectroscopic data of 3/a
concurred with those reported in the literature [5].

4.2.7 The synthesis of S5-(methanesulfonyloxy)acridin-4-
yl methanesulfonate (8, Scheme 3)
Acridine-diol 7 (350 mg, 1.65 mmol) was dissolved in DMF
(15 mL). Methanesulfonyl chloride (385 pL, 4.97 mmol)
and Hiinig's base (1.7 mL, 9.94 mmol) were added to this
solution at 0 °C under argon atmosphere. The reaction
mixture was stirred for 30 min, then the temperature was
raised to 80 °C and it was further stirred at this tempera-
ture for 8 h. The volatile components were evaporated.
The crude product was triturated with dichloromethane
(cooled to 0 °C) to get 8 (588 mg, 97%) as an orange solid.
M.p. = 220-221 °C. R, = 0.95 (SiO, TLC, dichloro-
methane:methanol 10:1), R ,=0.70 (ALO, TLC, dichloro-
methane). '"H-NMR (DMSO-d,): J [ppm]: 8.52 (s, 'H),
7.37 (dd, J = 8.4, 1.3 Hz, 2H), 7.07 (dd, J = 7.4, 1.2 Hz,
2H), 6.85 (t, J = 8.5, 7.4 Hz, 2H), 2.79 (s, 6H). "C-NMR
(DMSO-d,): 6 [ppm]: 150.04; 147.08; 143.14; 133.36; 132.98;
131.24; 129.53; 44.25. IR: v__ [cm™]: 3010, 2958, 2918,
2870, 2853, 1630, 1569, 1541, 1526, 1439, 1430, 1352, 1335,
1220, 1067, 1017, 933, 739, 540. LC-MS: m/z = [MH"]:
368.0, (Calcd. for C, _H NO S_, 367.0).
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Supplement
"H-NMR and “C-NMR spectra of the new compounds can
be found in the Supplement.
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