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cysteine functionalized magnetic nanoparticles (LCMNP) as
magnetic reusable catalyst: Evaluation of their anticancer

Foroogh Bahrami,® Farhad Panahi,** Fatemeh Daneshgar,’ Reza Yousef/',b Mohammad Bagher
Shahsavani® and Ali Khalafi-Nezhad**

A new class of structurally diverse a-aminophosphonate derivatives containing benzimidazole, theophylline and adenine

heterocycles were synthesized using a simple and efficient strategy. This class of a-aminophosphonates was synthesized

using the reaction of synthetic aldehydes containing nucleobases, amines and diethyl phosphonate using L-cysteine

functionalized magnetic nanoparticles (LCMNP) as catalyst. The aldehyde derivatives containing benzimidazole,

theophylline and adenine nucleobases were synthesized using the reaction of a bromo-substituted aldehyde drived from

isovanillin and 4-hydroxy benzaldehyde. The LCMNP catalyst was found to be an efficient magnetic reusable catalyst for

synthesis of this class of a-aminophosphonates under mild and clean conditions. This method is introduced as a suitable

approach for the synthesis of new a-aminophosphonate derivatives containing nucleobases which has potential biological

activity. As the anticancer properties of a selected group of thesesynthetic ligands were evaluated, they indicated poor

activity comparted to cisplatin against Jurkat cancer cell line.

Introduction

a-Aminophosphonate derivatives have received considerable
attentions in medicinal chemistry due to their widespread
applications such as enzyme inhibition activity,1 anticancer?
and antibiotics’ actions, pharmacological prperties,4 and
peptidomimetic utilizations.® This class of compounds can be
hydrolyzed to a-aminophosphonic acids which there is several
important biological active compounds based on this structure
(for example Alafosfalin & Glyphosate).s'7 Research on the
synthesis of new derivatives of a-aminophosphonates is in
progress. For example, recent studies shown that a-
aminophosphonate derivatives showed anti-leishmanial
at:tivity.8 There are attempts on the synthesis of new a-
aminophosphonates derivatives and their applications.9 In the
recent years some of the a-aminophosphonate derivatives
containing heterocycle moieties have been synthesized which
shown interesting biological activities.® It seems that the
existence of heterocyclic moieties in the structure of a-
aminophosphonate molecule influenced the biological activity,
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significantly. The chemical structure of some of the biological
active a-aminophosphonates incorporating heterocycle rings is
shown in Figure 1. In the structure of these biological active
compounds there is a heterocycle ring such as quinazoline,
pyrazole, thiazol, pyridine and chromen which the existence of
them in the structure of these molecules is very effective in
their activity.10

o
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Figure 1 The chemical structure of some of the biological
active a-aminophosphonates including heterocycle moieties

In continuation of our program on the utilization of
nucleosides and carbohydrates in multicomponent reactions
for one-pot synthesis of new compounds incorporating these
fragments,11 we would like to report the synthesis of new a-
aminophosphonate derivatives containing benzimidazole,
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theophylline and adenine heterocycles. These fragments are
important due to a range of biological activities and medicinal
applications associated with them. The existence of these
heterocyclic moieties in the structure of many drugs obviously
clarifies the important role of these heterocycles in medicinal
chemistry. In many cases the presence of these nucleobases in
the structure of biologically active compound enhanced the
activity.lz'14

For synthesis of these new a-aminophosphonate derivatives
our previous strategy was used.*™ Aldehyde derivatives
incorporating desired heterocycle were synthesized and then it
was used in a multicomponent reaction with amine and diethyl
phosphonate which is known as Kabachnik—Fields reaction.”
In order to obtain these compounds in high yield and clean
conditions our previously catalyst system (L-cysteine
functionalized magnetic nanoparticles, LCMNP) was used.’®
The LCMNP catalyst is a magnetic reusable and after finishing
the reaction it was separated using an external magnetic field.
Thus a clean and mild reaction condition will be available for
synthesis of this class of compounds. The TEM and SEM images
of LCMNP catalyst are shown in Figure 2 in order to illustrate
the morphology and size of particles which are suitable for
catalysis applications.

26KV 40.0KX  1um KYKY-EM3200 _ SN:0666

Figure 2 A TEM image of LCMNP catalyst (a). The average size
of catalyst nanoparticles was approximately 10 nm. The black
cores related to Fe;0, and the white shells around them are
attributed to the SiO, layer. A SEM image of LCMNP catalyst
which shows the surface morphology of this material (b).

Results and discussion

Synthesis of a-aminophosphonate derivatives

One of the methodologies for the synthesis of a-
aminophosphonate has been known as Kabachnik—Fields
reaction which is the nucleophilic addition of diethyl
phosphonate to imines (in situ generated from amines and
aldehydes) (Scheme 1).17

2| J. Name., 2012, 00, 1-3

DOI: 10.1039/C5RA21419J
Journal Name

3 E0)0P  Fh L,

NH
CHO o
X X
R1@/ P ™ + HPO(OEY), ——> R- N
Z L Z
RZ

Scheme 1 One-pot three-component synthesis of o-
aminophosphonates using reaction of amine, aldehyde and
diethyl phosphonate

Our strategy in this study for the synthesis of a-
aminophosphonate derivatives is the synthesis of aldehydes
and use of them in the above reaction. Thus, we started our
study with the synthesis of aldehyde derivatives containing
benzimidazole and theophylline nucleobases. The approach for
the synthesis of this class of aldehydes is shown in Scheme 2.

HO. CHO I
Br n Br Br_{~_O. CHO  25: n=1, 67%
R n 2b: n=2, 73%
MeO K;CO3, TBAB MeO 2c: n=3, 70"/:
CH3CN, 20h, reflux 2d: n=7, 71%
Isovanillin (1)
K,CO;, TBAB

CH;3CN, 20h, reflux
Nucleobase

N/A‘N
N
o CHO O =
HN N S \\
L NN A~ A~~~ O CHO
Met -
3a: 77% N .
a: 77% g// N 3:89% o
o Ne N
\_N o CHO =
/’?7]//?/ N :@/ N _~_~_0O CHO
N MeO ]@/
o MeO

3c: 90% 3d: 87%
Scheme 2 The synthetic approach for the synthesis of
aldehydes with benzimidazole and theophylline moiety started
from isovanillin

Isovanillin (1)18 was used as the starting material and it was
reacted with different dibromides in order to synthesis
aldehydes 2a-d. These compounds were synthesized in gram
scale in good yields. Then, aldehydes 2 were reacted with 9H-
purine-6-thiol, theophylline and benzimidazole and aldehydes
3a-d were produced. Aldehyde 3a is containing an adenine
moiety with a 4 carbon atom chain connected to isovanillin
aldehyde. Two aldehydes were synthesized using theophylline
with different spacer (3b & 3c). An aldehyde incorporating
benzimidazole ring (3d) was also synthesized with a 5 carbon
chain spacer.

After synthesize and characterization of aldehydes (3a-d) we
checked different conditions to find an appreciate procedure
for conversion of the synthetic aldehydes to the corresponding
a-aminophosphonate. For optimization study the reaction of
isovanillin, p-toluidine and diethyl phosphonate was selected
as model reaction. The results of optimization studies are
shown in Table 1.

This journal is © The Royal Society of Chemistry 20xx
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Table 1 Optimized reaction conditions for synthesis of a-
aminophosphonate derivatives using LCMNP catalyst®

HO CHO NH, (Et0),0P

]©/ + /©/+ HPO(OE), Conditions Hi D/k
MeO H3C Ve

Entry Catalyst Solvent T(°C) Time Yield®

(mol%) (h) (%)

1 none neat 80 24 60

2 none neat rt 24 45

3 Mg(ClO,), (5) neat 80 6 73

4 InCl; (15) neat rt 20 65

5 ZrOCl, (10) neat rt 5 71

6 L-proline (5) neat 50 10 55

7 LPMNP (5) neat 50 10 72

8 LCMNP (8.5) neat rt 5 85

9 LCMNP (8.5) neat 50 2 92

10 LCMNP (8.5) EtOH 50 5 75

11 LCMNP (8.5) CH5CN 50 5 78

12 LCMNP (8.5) | Toluene 50 12 55

13 LCMNP (8.5) DMF 50 6 71

14 LCMNP (12) neat 50 2 93

15 LCMNP (5) neat 50 6 87

@ Reaction conditions: isovanillin (1.0 mmol), p-toluidine (1.0
mmol), diethyl phosphonate (1.2 mmol), solvent (3 mL) and
LCMNP (0.05 g, 8.5 mol%). ® solated yield.

As shown in Table 1 under catalyst- and solvent-free
conditions about 45-60 % of product was produced (entries 1
& 2). We decided to use from reported catalyst systems in the
literature to improve the reaction yield. In the presence of
Mg(ClO,), at 80 °C about 73% of product was observed (Table
1, entry 3).17b By use of other Lewis acids such as InCI319 and
ZrOCI220 no significant improvement in reaction yield related to
Mg(ClO,), was detected (Table 1, entries 4 & 5). By using L-
proline as catalyst at 50 °C only 55% of product was isolated
from the reaction mixture (Table 1, entry 6). Since, the most
problems associated with these catalyst systems was the
separation of them from the reaction mixture which resulted
in the decreasing of reaction yield we decided to use from
magnetic reusable catalyst. By use of the magnetic reusable
catalyst systems it is possible to separate the catalyst from the
reaction mixture after completion of the reaction using an
external magnetic field.”* We used from our previous reported
catalyst system LPMNP,22 which is a L-proline-supported
magnetic nanoparticles catalyst system and about 72% of
product was obtained after 10h at 50 °C (Table 1, entry 7). In
the presence of LCMNP catalyst at rt and under neat
conditions about 85% of product was observed (Table 1, entry
8). At higher temperature of 50 °C the reaction yield was
increased to 92% (Table 1, entry 9). The solvent conditions
were also checked and no superiority was observed in
comparison with solvent-less conditions (Table 1, entries 10-
13). The catalyst loading was optimized and 8.5 mol% of
catalyst was found to be optimal (Table 1, entries 14 & 15).

This journal is © The Royal Society of Chemistry 20xx

Thus the conditions showed in Table 1 entry 4 was applied in
the synthesis of a-aminophosphonate from the synthetic
aldehydes (3a-d). The method was efficient for the synthesis of
new a-aminophosphonates using synthetic aldehydes.
Consequently, a set of a-aminophosphonate derivatives
containing adenine, theophylline and benzimidazole
heterocycles were synthesized in good to excellent yields
(Scheme 3).
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Scheme 3 Synthesis of new a-aminophosphonate derivatives
containing adenine, theophylline and benzimidazole
heterocycles. Reaction conditions: aldehyde (1.0 mmol), amine
(1.0 mmol), diethyl phosphonate (1.2 mmol), LCMNP (0.05 g,
8.5 mol%).

As shown in scheme 4, by selection of different amines it is
possible to synthesize diverse derivatives of this class of a-
aminophosphonates in good to excellent yields using LCMNP
catalyst. Both amines with electron-donating and electron
withdrawing groups were used and all of the products were
obtained in high yields. Thus the used methodology in this
study is suitable for synthesis of a-aminophosphonates
bearing these heterocycles.

In order to increase the diversity of synthetic
aminophosphonates  further, other aldehydes were
synthesized starting from 4-hydeoxy benzaldehyde (Scheme
4).
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Scheme 4 Synthesis of new theophylline and adenine based
aldehydes

The synthesized aldehydes 7a and 7b were converted to a-
aminophosphonates derivatives using optimized reaction
conditions and compounds 8a-d were obtained in good
isolated yield (Figure 3).
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Figure 3 The chemical structure of synthesized a-
aminophosphonate derivatives. Reaction conditions: aldehyde
(1.0 mmol), amine (1.0 mmol), diethyl phosphonate (1.2
mmol), LCMNP (0.05 g, 8.5 mol%).

It is clear that this methodology is applicable for synthesize of
diverse a-aminophosphonate derivatives using the selection of
a hydroxy substituted aldehyde to react with a dibromide in
order to synthesize a bromo-substituted aldehyde.
Nucleophilic addition of a nucleobase to the bromo-
substituted aldehyde resulted in the production of nucleobase
functionalized aldehyde which can be undergo in the reaction
with amine and diethyl phosphonate for synthesize of
desirable a-aminophosphonate. This strategy is efficient for
the synthesis of adenine derivatives such as 4a, 4b, 8a and 8c
which may be important in medicinal chemistry because there
are a range of biological active adenine-based phosphonate
t:ompounds.19 The LCMNP catalyst facilitates the mild
conditions that suitable for efficient and clean synthesis of this
class of compounds. Since the LCMNP catalyst is magnetic
reusable it is possible the separation from the catalyst from
the reaction mixture using an external magnetic field after
completion of the reaction. This situation caused that the
synthetic compounds obtained in more comfortable conditions
with less impurity.

A reaction mechanism was proposed as shown in Scheme 5
based on primary amino acid t:atalysis24 and previous reported
pathways for Kabachnik—Fields reaction in the literatures.”
Aldehyde group can activate by amino acid functionality on the
surface of magnetic nanoparticles in LCMNP catalyst (A).26 The
amine component reacted with the activated aldehyde in

4| J. Name., 2012, 00, 1-3
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order to form imine intermediate (B).27 Addition of diethyl
phosphonate to the formed imine resulted in the production
of intermediate C, which after deprotonation process
catalyzed by LCMNP catalyst produces the final product.23
Also, in another path (dash line), the amino group of amino
acid moiety can react with aldehyde to form imine
intermediate D which in the following is converted to imine B

due to the high stability of imine B related to D.

OEt

!
HO P\OEt

Scheme 5. Proposed mechanism for reaction.

Anticancer activity of some synthetic ligands (8b, 8c,
4c, 4i)

Since the a-aminophosphonate derivatives have been already
indicated to possess anticancer activity,29 this feature was
evaluated for a selected group of the synthetic ligands
including 8b, 8c, 4c and 4i. In this study the synthetic ligands
were tested for their anticancer activity against Jurkat cancer
cell line, as the cells were incubated with the ligands for 24 h.
The cytotoxic activity was measured by MTT assay as described
in the experimental section. The synthetic ligands as indicated
in Figure 4, demonstrated a dose-dependent anticancer
activity against this cell line. Also, our results (Figure 4 and
Table 2) suggest poor anticancer properties for these ligands
compared to cisplatin.

Table 2 The ICs5q values of the synthetic ligands after incubation

with Jurkat cancer cells line for 24 h

Ligands | Cisplatin 8b 8c 4c 4i
ICs 74.08 286.27 | 299.18 | 324.01 | 327.43
(uM) (£1.3)% | (£8.7) | (£7.3) | (x4.3) | (+3.8)

?Standard deviation.

This journal is © The Royal Society of Chemistry 20xx
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Moreover, all the synthetic ligands indicated approximately
similar anticancer activities, suggesting that different
substitutions on the main molecular scaffold did not modulate
their biological activity to the significant levels.

100

i w—  Ctrl
b == (isplatin
h == 8b
80 i = 4
—~ i =7 - : == 4j
§ e 8C
> 60F
'S 40
>
20¢
) \ Q -Q -Q -Q ) Q Q Q
K SN AR S
Ligand (uM)

Figure 4 The growth suppression activity of the synthetic
ligands against Jurkat cancer cell line. The tumor cells were
incubated with varying concentrations of each ligand, ranging
from 0 to 500 uM for 24 h. The growth inhibitory activity was
assessed using MTT assay.30 Also Cisplatin was used as a
positive control.

Conclusions

In conclusion, we introduced a synthetic methodology for the
synthesis of a new class of a-aminophosphonate derivatives
incorporating benzimidazole, theophylline and adenine
heterocycles in a three-step process. For this purpose,
isovanillin or 4-hydroxybenzaldehyde was used as simple and
cheap starting materials toward synthesis of structurally
complex nucleobase derived aldehydes. Subsequently, the
synthetic aldehydes undergoes in a multicomponent reaction
with amines and diethyl phosphonate in the presence of
LCMNP catalyst for one-pot synthesis of a-aminophosphonate
derivatives incorporating these heterocycles. The LCMNP
catalyst promotes this reaction under mild
environmentally being conditions to obtain desired products in
high yields. The anticancer activities of some ligands (8c, 8b,
4c, 4i) were evaluated and the results show that they have
poor activity against Jurkat cancer cell line. The biological
activities of the synthesized a-aminophosphonates are under
evaluation and will be reported in due course.

and

Experimental section

General. Chemicals were purchased from Merck and Aldrich
chemical companies. All the chemicals and solvents were used
as received without purification. For recording "H NMR and “c

This journal is © The Royal Society of Chemistry 20xx

NMR spectra we used a Bruker (250 MHz) Advance DRX, and
samples were dissolved in pure deuterated DMSO-dg or CDCl3
solvents with tetramethylsilane (TMS) as internal standard. FT-
IR spectroscopy (Shimadzu FT-IR 8300 spectrophotometer)
was employed for characterization of the compounds. The
scanning electron micrography (SEM) images for the catalyst
were obtained by SEM instrumentation (SEM, XL-30 FEG SEM,
Philips, at 20 kV). Transmission electron microscopy (TEM)
images were obtained using a TEM apparatus (CM-10-Philips,
100 kV) for the characterization of the LCMNP catalyst.
Melting points were determined in open capillary tubes in
Barnstead Electrothermal 9100 BZ circulating oil melting point
apparatus. The reaction monitoring was accomplished by TLC
on silica gel PolyGram SILG/UV254 plates.

Synthesis of a-aminophosphonates

Synthesis of aldehydes 3a-d, 7a & 7b. In double-necked
round-bottom flask (100 mL) equipped with a condenser, a
mixture consisting of isovanillin/4-hydroxy benzaldehyde (0.02
mol, 2.44 g), dibromoalkane (0.06 mol), K,CO;3 (2.76 g, 0.02
mol), and a catalytic amount of TBAB (0.1 g) in MeCN (50 mL)
was refluxed for 20 h. After cooling and solvent evaporation,
the resulting foam was dissolved in CHCIl; (150 mL) and washed
with water (3 x 150 mL). The organic layer was dried over
anhydrous Na,SO, and evaporated. The crude product was
purified by column chromatography on silica gel [eluting with a
mixture of n-hexane and EtOAc (10:1)].
3-(3-Bromopropoxy)-4-methoxybenzaldehyde (2a). Yield: 67%
(3.7 g), white crystals, mp 58-59 °C.IR (KBr): v =3093, 2948,
2800, 1674, 1730, 1589, 1437, 665 em™. 'H NMR (250 MHz,
CDCl3/TMS): 6 (ppm) = 1.97-2.00 (m, 2H), 3.40- 3.45 (m, 2H),
3.86(s, 3H), 4-4.05 (m, 2H), 6.90 (d, J = 10.0 Hz, 1H), 7.30(d, J =
2.5 Hz, 1H), 7.37 (d, J = 7.5 Hz, 1H), 9.76 (s, 1H). 3¢ NMR (62.5
MHz, CDCl3/TMS): & (ppm) = 29.8, 32.0, 56.0, 66.4, 110.7,
110.7, 126.9, 129.9, 148.6, 154.7, 190.7. Anal. Calcd for
C11H13Br0O5(273.13): C, 48.37; H, 4.80. Found: C, 48.28; H, 4.74.
3-(4-Bromobutoxy)-4-methoxybenzaldehyde (2b). Yield: 73%
(4.12 g), white crystals, mp 59-60 °C. IR (KBr): v = 3090, 2947,
2790, 1681, 1730, 1523, 1388, 1263, 1174, 740 cm™ 'H NMR
(250 MHz, CDCl3/TMS): & (ppm) = 1.98-2.04 (m, 4H), 3.44-3.49
(m, 2H), 3.90 (s, 3H), 4.04-4.08 (m, 2H), 6.93 (d, J = 7.5 Hz, 1H),
7.25-7.43 (m, 2H), 9.79 (s, 1H). Bc NMR (62.5 MHz,
CDCl3/TMS): 6 (ppm) = 27.6, 29.4, 33.3, 56.1, 67.9, 110.3,
110.6, 126.9, 130.0, 148.8, 154.8, 190.8. Anal. Calcd for
Cy1,H15BrO5 (387.15): C, 50.19; H, 5.27. Found: C, 50.11; H, 5.22.
3-((5-Bromopentyl)oxy)-4-methoxybenzaldehyde (2c). Yield:
70% (4.2 g), white crystals, mp 61-62 °C. IR (KBr): v =3090,
2943, 2784, 1685, 1733, 1523, 1387, 1267, 1175, 743 cm™ 'H
NMR (250 MHz, CDCl3/TMS): & (ppm) = 1.54-1.64 (m, 2H),
1.78-1.95 (m, 4H), 3.38 (t, J = 7.5 Hz, 2H), 3.88 (s, 3H), 3.99-
4.04 (m, 2H), 6.92 (d, J = 5.0 Hz, 1H), 7.33 (s, 1H), 7.40 (d, J =
2.5 Hz, 1H), 9.75 (s, 1H). 3¢ NMR (62.5 MHz, DMSO-dg/TMS): 6
(ppm) = 24.2, 27.6, 35.0, 36.3, 55.8, 68.0, 110.5, 111.3, 125.8,
129.5, 148.3, 153.2, 191.3. Anal. Calcd for Cy3H;,BrO; (301.18):
C,51.84; H, 5.69. Found: C, 51.75; H, 5.63.
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3-((9-Bromononyl)oxy)-4-methoxybenzaldehyde (2d). Yield:
71% (5.07 g), yellow oil. IR (KBr, neat): v = 3078, 2854, 2723,
1681, 1725, 1589, 1434, 1184, 748 cm . "H NMR (250 MHz,
CDCl3/TMS): 8(ppm) = 1.19-1.35 (m, 10H), 1.74-1.79 (m, 4H),
3.29-3.34 (m, 2H), 3.86 (s, 3H), 3.98 (t, J = 7.5 Hz, 2H), 6.89 (d, J
= 10.0 Hz, 1H), 7.25-7.26 (m, 1H), 9.76 (s, 1H). >C NMR (62.5
MHz, DMSO-dg/TMS): 6 (ppm) = 27.5, 28.0, 28.1, 28.5, 28.6,
28.8, 32.2, 34.7, 55.7, 68.1, 110.3, 111.1, 125.5, 129.5, 148.4,
154.2, 190.9. Anal. Calcd forC;7H,5BrO;3 (357.29): C, 57.15; H,
7.05. Found: C, 57.07; H, 6.98.
4-(4-Bromobutoxy)benzaldehyde (6a). Yield: 70% (3.6 g),
yellow oil. IR (KBr, neat): v = 2939, 2831, 2738, 1697, 1512,
1465, 648 cm™. 'H NMR (250 MHz, CDCl3/TMS): & (ppm) = 1.21
(s, 2H), 2.26-2.30 (m. 2H), 3.53-3.56 (m, 2H), 4-4.1 (m, 2H),
7.12-7.14 (m, 1H), 7.34-7.40 (m, 3H), 9.90 (s, 1H). *C NMR
(62.5 MHz, CDCl3/TMS): 6 (ppm) = 27.2, 29.2, 33.3, 67.2, 114.0,
114.7, 129.8, 131.5, 131.9, 163.8, 190.7. Anal. Calcd for
C;1H43BrO, (257.13): C, 51.38; H, 5.10. Found: C, 51.31; H, 5.03.
4-((5-Bromopentyl)oxy)benzaldehyde (6b). Yield: 76% (4.12
g), white crystals, mp 60-61 °C. IR (KBr): v = 3155, 2920, 2795,
1690, 1735, 1450, 1518, 665 cm™ 'H NMR (250 MHz,
CDCl3/TMS): & (ppm) = 0.53 (d, J = 2.5 Hz, 2H), 0.91 (d, J = 5.0
Hz, 2H), 1.63-1.65 (m, 2H), 3.06-3.14 (m, 2H), 3.66-3.70(m, 2H),
6.78-6.83 (m, 1H), 7.01-7.02 (m, 1H), 7.07-7.10 (m, 2H), 9.61 (s,
1H). C NMR (62.5 MHz, CDCl3/TMS): & (ppm) = 28.4, 29.7,
31.9, 33.2, 65.6, 114.1, 114.7, 130.0, 132.0, 135.6, 163.6,
190.8. Anal. Calcd for C;,H.5BrO (271.15): C, 53.16; H, 5.58.
Found: C, 53.07; H, 5.51.

Synthesis of theophylline, benzimidazole and adenine-based
aldehyde. In a double-necked round-bottom flask (100 mL)
equipped with a condenser, a mixture consisting of nucleobase
(0.01 mol), bromo-substituted aldehyde (0.012 mol), K,CO;
(1.38 g, 0.01 mol), and a catalytic amount of TBAB (0.1 g) in
MeCN (50 mL) was refluxed for 20 h. After cooling and solvent
evaporation, the resulting foam was dissolved in CHCI; (150
mL) and washed with water (3 x 100 mL). The organic layer
was dried over anhydrous Na,SO, and evaporated. The crude
product was purified by column chromatography on silica gel
[eluting with a mixture of n-hexane and EtOAc (1:1)].
3-(4-((9H-purin-6-yl)thio)butoxy)-4-
methoxybenzaldehyde(3a). Yield: 77% (2.79 g), white crystals,
mp 101-102 °C. IR (KBr): v = 3471, 2947, 2746, 1735, 1513,
1272, 1134 cm . 'H NMR (250 MHz, CDCl5/TMS): 6 (ppm) =
1.71-2.15 (m, 4H), 3.46-3.51 (m, 2H), 3.94 (s, 3H), 4.38-4.43 (m,
2H), 6.94-6.99 (m, 1H), 7.26 (s, 1H), 7.34-7.47 (m, 2H), 8.14 (s,
1H), 8.68 (s, 1H), 9.83 (s, 1H). *C NMR (62.5 MHz, DMSO-
dg/TMS): 25.4, 27.9, 30.8, 56.9, 75.2, 111.3, 111.6, 126.0,
129.2, 134.6, 145.8, 147.4, 153.9, 155.1, 163.5, 164.9, 191.3.
Anal. Calcd for Cy7H.gN,O5S (358.42): C, 56.97; H, 5.06; N,
15.63; S, 8.94. Found: C, 56.88; H, 5.00; N, 15.56; S, 8.88.
3-((9-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-9H-purin-9-
yl)nonyl)oxy)-4-methoxybenzaldehyde (3b).Yield: 89% (4.1 g),
white crystals, mp 120-121 °C. IR (KBr):v = 3215, 2850, 2367,
1672, 1640, 1737, 1566, 1350, 1155 cm . *H NMR (250 MHz,
CDCl3/TMS): & (ppm) = 1.25-1.43 (m, 10H), 1.82-1.86 (m, 4H),
3.40 (s, 3H), 3.58 (s, 3H), 3.94 (s, 3H), 4.03-4.08 (m, 2H), 4.27
(t, J = 7.5 Hz, 2H), 6.96 (d, J = 7.5 Hz, 1H), 7.26 (s, 1H), 7.38-
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7.45(m, 1H), 9.83 (s, 1H). *C NMR (62.5 MHz, DMSO-dg/TMS):
22.6, 25.3, 26.1, 28.2, 28.3, 28.4, 28.6, 29.6, 30.0, 46.1, 55.8,
68, 111.3, 111.3, 116.0, 124.0, 135.0, 140.3, 142.3, 148.3,
150.3, 155.4, 159.8, 191.3. Anal. Calcd for Cy;H3,N,05 (456.54):
C,63.14; H, 7.07; N, 12.27. Found: C, 63.06; H, 7.01; N, 12.18.
3-(3-(1, 3-dimethyl-2, 6-dioxo-1, 2, 3, 6-tetrahydro-9H-purin-
9-yl) propoxy)-4-methoxybenzaldehyde (3c). Yield 90% (3.4g),
white crystals, mp 114-115°C. IR (KBr): v = 3217, 2365, 1673,
1640, 1735, 1566, 1350, 1150 cm . 'H NMR (250 MHz,
CDCl3/TMS): & (ppm) = 2.63(t, J = 5.0 Hz, 2H), 3.50 (s, 3H), 3.74
(s, 3H), 4.15 (s, 3H), 4.34-4.39 (m, 2H), 4.72-4.77 (m, 2H), 7.47
(d, J = 7.5 Hz, 1H), 7.65 (s, 1H), 7.87(d, J = 10.0 Hz, 1H), 8.36 (s,
1H), 10.13 (s, 1H). *C NMR (62.5 MHz, DMSO-d¢/TMS): 27.4,
29.3, 29.3, 43.9, 55.8, 65.5, 110.6, 111.3, 117.2, 126.1, 132.5,
134.7, 142.4, 149.7, 160.6, 166.1, 169.5, 191.2. Anal. Calcd for
Cy5H20N4Os (372.38): C, 58.06; H, 5.41; N, 15.05. Found: C,
57.95; H, 5.36; N, 15.01.
3-((5-(1H-Benzo[d]imidazol-1-yl)pentyl)oxy)-4-
methoxybenzaldehyde (3d). Yield 87% (2.94 g), mp110-111 °C.
IR (KBr): v = 3125, 2910, 2815, 1690, 1737, 1450, 1581, 1256,
1115 cm . *H NMR (250 MHz, CDCl5/TMS): & (ppm) = 1.57 (t, J
= 7.5 Hz, 2H), 1.87-2.01(m, 4H), 3.91(s, 3H), 4.03-4.08 (m, 2H),
4.20 (t, J = 7.5 Hz, 2H), 6.90 (d, J = 7.5 Hz, 1H), 7.26- 7.36 (m,
2H), 7.37 (d, J = 2.5 Hz, 2H), 7.44 (t, J = 2.5 Hz, 2H), 7.90 (s, 1H),
9.82 (s, 1H). *C NMR (62.5 MHz, DMSO-d¢/TMS): 22.7, 28.0,
29.0, 43.9, 55.8, 68, 110.3, 111.3, 119.3, 121.2, 122.1, 125.8,
126.4, 130.4, 140.6, 143.9, 148.2, 149.9, 155.6, 191.3. Anal.
Calcd for CyH,,N,05 (338.41): C, 70.99; H, 6.55; N, 8.28.
Found: C, 70.91; H, 6.50; N, 8.23.
4-(4-(6-amino-9H-purin-9-yl)butoxy)benzaldehyde (7a). Yield:
88% (2.74g), white crystals, mp118-119°C. IR (KBr): v = 3290,
2931, 2877, 1666, 1737, 1450, 1581, 1264, 1164 cm . *H NMR
(250 MHz, DMSO-dg/TMS): & (ppm) = 1.66-1.71 (m, 2H), 1.93-
1.98 (m, 2H), 4.02-4.07 (m, 2H), 4.17-4.22 (m, 2H), 7.17 (s, 2H),
7.37 (s, 1H), 7.46- 7.49 (m, 2H), 7.75 (s, 1H), 8.13 (d, J = 7.5 Hz,
2H), 9.94 (s, 1H). *C NMR (62.5 MHz, DMSO-d¢/TMS): 25.6,
26.1, 42.5, 67.1, 113.5, 121.3, 122.3, 126.7, 130.2, 137.5,
140.8, 149.4, 152.3, 155.8, 158.9, 192.9. Anal. Calcd for
Ci6H17NsO, (311.14): C, 61.72; H, 5.50; N, 22.49. Found: C,
61.66; H, 5.43; N, 22.42.

4-((5-(1,3-dimethyl-2,6-dioxo-1,2,3, 6-tetrahydro-9H-purin-
9yl)pentyl)oxy)benzaldehyde (7b). Yield 88% (3.26g), mp 116-
117°C. IR (KBr): v = 3217, 2854, 2360, 1672, 1640, 1735, 1590,
1350, 1150 cm *. 'H NMR (250 MHz, CDCls/TMS): & (ppm) =
2.25-2.30 (m, 4H), 2.47-2.49 (m, 2H), 3.40 (s, 3H), 3.58 (s, 3H),
4.03-4.08 (m, 2H), 4.27 (t, J = 7.5 Hz, 2H), 7.00 (d, J = 7.5 Hz,
2H), 7.81 (d, J = 7.5Hz, 2H), 8.05 (s, 1H), 9.85 (s, 1H). *C NMR
(62.5 MHz, DMSO-dg/TMS): 22.8, 27.4, 28.0, 29.3, 34.5, 47.4,
65.2, 114.7, 116.6, 122.4, 122.7, 123.5, 131.6, 134.4, 140.0,
142.5, 153.5, 161.0, 191.2. Anal. Calcd for C49H,,N,0,4(370.16):
C,61.61; H, 5.99; N, 15.13. Found: C,61.54; H, 5.93; N, 15.08.

Synthesis of a-Aminophosphonates: Aldehyde (1 mmol),
amine (1 mmol), diethylphosphite (1.2 mmol) and LCMNP
catalyst (0.05 g, 8.5 mol%) were mixed and stirred at 50 °C for
2 h. The progress of the reaction was monitored by TLC
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(eluent: EtOAc: n-hexane, 1:1). After completion of the
reaction the LCMNP catalyst was isolated from the reaction
mixture using an external magnetic field to remain the crude
product in reaction vessel. To obtain high purity of the
synthetic a-aminophosphonates the column chromatography
was used.

Diethyl((3-(4-((9H-purin-6-yl)thio)butoxy)-4-
methoxyphenyl)((4-
chlorophenyl)amino)methyl)phosphonate (4a). Yield 75%
(4.53g), IR (KBr, neat): v = 3425, 2252, 2129, 1651, 1246, 1026,
825, 736 cm *. 'H NMR (250 MHz, DMSO-dg/TMS): & (ppm) =
0.98- 1.04 (m, 6H), 1.84-1.89 (m, 4H), 2.70(d, J = 2.5 Hz, 2H),
3.66 (s, 3H), 3.97-4.04 (m, 6H), 4.89 (d, J = 30.0 Hz, 1H), 6.46 (s,
1H), 6.77 (d, J = 5.0 Hz, 4H), 6.98 (d, J = 7.5 Hz, 2H), 7.11 (d, J =
2.5 Hz, 1H), 7.92 (s, 1H), 8.48 (s, 1H), 8.67(s, 1H). *C NMR
(62.5 MHz, DMSO-dg/TMS): 15.9, 16.0, 16.1, 25.9, 27.7, 54.5,
55.3, 62.3, 67.8, 78.6, 110.5, 111.3, 113.6, 114.9, 120.0, 125.8,
128.2, 128.5, 129.5, 144.6, 146.3, 147.3, 148.3, 151.2, 155.7,
159.2, 164.7. *'P NMR (121.5 MHz, CDCls): &6 (ppm) = 27.74.
MS: m/z 605 (21, M"). Anal. Calcd for C,7H33CINsOsPS (605.16):
C, 53.51; H, 5.49; N, 11.56; S, 5.29. Found: C, 53.44; H, 5.43; N,
11.51; S, 5.22.
Diethyl((3-(4-((3H-imidazo[4,5-b]pyridin-7-yl)thio)butoxy)-4-
methoxyphenyl)((3-cyanophenyl)amino)methyl)phosphonate
(4b). Yield 80% (4.76g), IR (KBr, neat): v = 3423, 2254, 2129,
1651, 1244, 1026, 825, 736 cm . 'H NMR (250 MHz, DMSO-
de/TMS): 6 (ppm) = 1.39- 1.44 (m, 6H), 1.53 (d, J = 5.0 Hz, 4H),
2.45 (s, 2H), 4.09 (s, 3H), 4.22-4.40 (m, 6H), 5.48 (d, J = 10.0 Hz,
1H), 6.16 (s, 1H), 7.26 (d, J = 7.5 Hz, 2H), 7.42 (d, J = 7.5 Hz,
1H), 7.57 (d, J = 2.5 Hz, 4H), 8.38 (s, 1H), 8.88 (s, 1H), 9.06 (s,
1H). **C NMR (62.5 MHz, DMSO-dg/TMS): & (ppm) = 15.9, 15.9,
16.2,25.9, 27.7, 54.5, 55.3, 62.1, 64.2, 75.5, 108.6, 111.3,
113.6, 114.9, 118.9, 120.0, 125.9, 128.2, 128.5, 144.6, 146.1,
146.3, 148.3, 151.3, 155.7, 159.3, 159.7. MS: m/z 638 (15, M+).
Anal. Calcd for C,gH36NsOsPS (595.20): C, 57.42; H, 6.20; N,
11.96; S, 5.47. Found: C, 57.36; H, 6.16; N, 11.92; S, 5.41.
Diethyl (((4-chlorophenyl)amino)(3-(3-(1,3-dimethyl-2,6-
dioxo-1,2,3,6-tetrahydro-9H-purin-9-yl)propoxy)-4-
methoxyphenyl)methyl)phosphonate (4c). Yield 76% (4.71g),
IR (KBr, neat): 3433, 2931, 2129, 1651, 1246, 1026, 817, 715
cm . 'H NMR (250 MHz, DMSO-dg/TMS): & (ppm) = 1.01 (t, J =
7.5 Hz, 6H), 2.06- 2.23 (m, 2H), 2.87 (s, 3H), 3.19 (s, 3H), 3.40
(s, 3H), 3.74 (s, 3H), 3.78-3.87 (m, 6H), 4.00 (t, J = 7.5 Hz, 2H),
4.38 (s, 1H), 4.82 (d, J = 20.0 Hz, 1H), 6.57-6.66 (m, 2H), 6.76-
6.89 (m, 2H), 7 (d, J = 7.5 Hz, 2H), 7.09 (s, 1H), 8 (s, 1H). *C
NMR (62.5 MHz, DMSO-dg/TMS): 13.8, 20.0, 27.4, 29.3, 29.6,
43.7, 50.1, 55.4, 62.2, 65.6, 66.6, 110.6, 111.5, 114.2, 114.9,
120.0, 121.1, 125.4, 126.5, 128.2, 128.5, 142.4, 146.3, 147.1,
148.4, 150.9, 150.9, 154.3. MS: m/z 620 (20, M*). Anal. Calcd
for C,gH35CINSO,P (620.04): C, 54.24; H, 5.69; N, 11.30. Found:
C,54.13; H,5.61; N, 11.22.

Diethyl ((3-((9-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-9H-
purin-9-yl)nonyl)oxy)-4-methoxyphenyl)(p-
tolylamino)methyl)phosphonate (4d). Yield 79% (5.4g), IR
(KBr, neat): 3433, 2931, 2129, 1715, 1651, 1246, 1026, 817,

715 cm . 'H NMR (250 MHz, DMSO-dg/TMS): & (ppm) = 1.00-
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1.05 (m, 6H), 1.16-1.23 (m, 10H), 1.61-1.66 (m, 2H), 1.72 (d, J =
10.0 Hz, 2H), 2.05 (s, 3H), 2.71 (s, 3H), 3.20 (s, 3H), 3.39 (s, 3H),
3.84-3.89 (m, 4H), 4.01 (t, J = 7.5 Hz, 2H), 4.17-4.22 (m, 2H),
4.84 (d, J = 25.0 Hz, 1H), 6.65 (d, J = 10.0 Hz, 2H), 6.76-6.84 (m,
2H), 6.90-6.98 (m, 2H), 7.1 (s, 1H), 7.93 (s, 1H), 8.05 (s, 1H). *C
NMR (62.5 MHz, DMSO-dg/TMS): 16.0, 16.2, 19.9, 25.3, 25.5,
27.4, 27.7, 28.3, 28.5, 28.7, 29.3, 30.1, 46.1,55.3, 61.4, 61.9,
62.3, 68, 105.8, 111.3, 113.7, 116.5, 120.6, 125.2, 128.9, 129.4,
133.9, 136.5, 142.3, 145.0, 147.4, 148.3, 151.7, 153.9, 154.2.
31p NMR (121.5 MHz, CDCls): & (ppm) = 28.26. MS: m/z 683 (9,
M"). Anal. Caled for C3sHsoNsO,P (683.34): C, 61.48; H, 7.37; N,
10.24. Found: C, 61.39; H, 7.31; N, 10.17.

Diethyl ((3-(3-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-9H-
purin-9-yl)propoxy)-4-methoxyphenyl)(p-
tolylamino)methyl)phosphonate (4e). Yield: 81% (4.85g), IR
(KBr, neat): 3433, 2932, 2129, 1715, 1651, 1246, 1026, 814,
712 cm . 'H NMR (250 MHz, DMSO-dg/TMS): & (ppm) = 0.98-
1.04 (m, 6H), 1.12-1.19 (m, 2H), 2.71 (s, 3H), 2.87 (s, 3H), 3.19
(s, 3H), 3.40 (s, 3H), 3.84 (t, J = 7.5 Hz, 4H), 4 (t, J = 7.5 Hz, 2H),
4.38 (t, J = 5.0 Hz, 2H), 4.82 (d, J = 30 Hz, 1H), 6.60-6.66 (m,
2H), 6.77 (d, J = 7.5 Hz, 2H), 6.83-6.89 (m, 1H), 7 (d, J = 7.5 Hz,
1H), 7.09 (s, 1H), 7.93 (s, 1H), 8 (s, 1H). >*C NMR (62.5 MHz,
DMSO-dg/TMS): 16.2, 19.9, 27.4, 27.4, 29.3, 29.6, 43.7, 52.4,
54.9, 55.4, 55.4, 65.5, 106.0, 111.4, 113.7, 121.1, 125.2, 127.2,
129.0, 129.0, 134.4, 142.4, 142.4, 144.6, 147.0, 148.4, 148.4,
150.9, 154.3. 3P NMR (121.5 MHz, CDCl5): & (ppm) = 23.20.
MS: m/z 599 (18, M"). Anal. Calcd for C,qH3gNsO-P (599.25): C,
58.09; H, 6.39; N, 11.68. Found: C, 58.01; H, 6.33; N, 11.60.
Diethyl ((3-((9-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-9H-
purin-9-yl)nonyl)oxy)-4-methoxyphenyl)((4-
methoxyphenyl)amino)methyl)phosphonate (4f). Yield 80%
(5.59g), IR (KBr, neat): 3434, 2931, 2129, 1715, 1651, 1246,
1026, 815, 712 cm . 'H NMR (250 MHz, DMSO-d¢/TMS): &
(ppm) = 0.99-1.06 (m, 6H), 1.15-1.23 (m, 10H), 1.48 (t, J = 7.5
Hz, 2H), 1.80 (t, J = 7.5 Hz, 2H), 2.48 (s, 3H), 2.71 (s, 3H), 2.87
(s, 3H), 3.21 (s, 3H), 3.53 (d, J = 10.0 Hz, 4H), 3.99-4.04 (m, 2H),
4.20 (t, J = 7.5 Hz, 2H), 4.80 (d, J = 20.0 Hz, 1H), 6.57-6.61 (m,
3H), 6.68-6.72 (m, 2H), 6.82 (d, J = 7.5 Hz, 1H), 6.69 (d, J = 10.0
Hz, 1H), 7.09 (s, 1H), 7.93 (s, 1H). *C NMR (62.5 MHz, DMSO-
dg/TMS): 25.3, 26.1, 27.4, 28.3, 28.5, 29.3, 30.1, 30.6, 31.2,
34.8, 35.7, 46.1, 51.8, 55.0, 55.3, 59.6, 62.3, 68.0, 111.2, 114.1,
114.8, 119.0, 122.9, 130.2, 131.4, 133.8, 134.0, 140.5, 142.3,
146.3, 150.2, 152.8, 154.2, 155.3, 162.2. MS: m/z 699 (23, M").
Anal. Calcd. For C35H5oNsOgP (699.34): C, 60.07; H, 7.20; N,
10.01. Found: C, 59.94; H, 7.11; N, 9.92.

Diethyl ((3-(3-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-9H-
purin-9-yl)propoxy)-4-methoxyphenyl)((4-
methoxyphenyl)amino)methyl)phosphonate (4g). Yield: 84%
(5.16g), IR (KBr, neat): 3433, 2931, 2129, 1715, 1651, 1246,
1026, 814, 712 cm . 'H NMR (250 MHz, DMSO-d¢/TMS): &
(ppm) = 0.97-1.02 (m, 6H), 2.22-2.27 (m, 2H), 3.14 (s, 3H), 3.39
(s, 3H), 3.55 (s, 3H), 3.66 (s, 3H), 3.83 (d, J = 22.5 Hz, 4H), 3.98
(d, J = 7.5 Hz, 2H), 4.37 (s, 2H), 4.78 (d, J = 25.0 Hz, 1H), 6.58 (d,
J=10.0 Hz, 1H), 6.68 (d, J = 7.5 Hz, 1H), 6.83 (d, J = 7.5 Hz, 1H),
7.02 (d, J = 7.5 Hz, 1H), 7.10 (d, J = 10.0 Hz, 1H), 7.29 (s, 1H),
7.50 (s, 1H), 8 (s. 1H), 8.48 (s, 1H). **C NMR (62.5 MHz, DMSO-
dg/TMS): 16.0, 16.2, 19.9, 27.4, 29.3, 29.6, 43.7, 52.4, 54.9,
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55.4, 62.0, 65.5, 106.0, 111.6, 113.7, 114.1, 120.3, 125.2,
126.1, 129.0, 133.4, 134.1, 142.4, 143.7, 144.6, 146.1, 148.4,
150.9, 152.5. MS: m/z 615 (8, M"). Anal. Calcd for C,qH3gNsOgP
(615.25): C, 56.58; H, 6.22; N, 11.38. Found: C, 56.58; H, 6.22;
N, 11.38.

Diethyl ((2-(4-(1H-benzo[d]imidazol-1-yl)butoxy)-4-
methoxyphenyl)(p-tolylamino)methyl)phosphonate (4h).
Yield: 80% (4.41g). IR (KBr, neat): 3125, 2910, 2815, 1450,
1581, 1256, 1115, 814, 712 cm . 'H NMR (250 MHz, DMSO-
dg/TMS): 8(ppm)= 0.98- 1.04 (m, 6H), 1.12-1.19 (m, 4H), 2.04
(s, 3H), 3.48-3.54 (m, 2H), 3.65 (s, 3H), 3.84-3.88 (m, 4H), 3.98-
4.03 (m, 2H), 4.24 (t, J = 7.5 Hz, 2H), 4.88 (d, J = 10.0 Hz, 1H),
6.65 (d, J = 10.0 Hz, 1H), 6.75-6.84 (m, 4H), 6.95-6.99 (m, 1H),
7.09-7.18 (m, 1H), 7.20-7.23 (m, 2H), 7.57-7.62 (m,2H), 7.93 (s,
1H), 8.23 (s, 1H). *C NMR (62.5 MHz, DMSO-dg/TMS): 19.9,
22.7, 26.1, 28.0, 29.0, 31.2, 44.2, 54.9, 55.3, 62.0, 62.3, 67.9,
110.7, 111.3, 113.7, 118.7, 120.6, 122.0, 122.6, 125.2, 128.9,
129.0, 134.8, 141.5, 143.6, 144.7, 145.0, 147.4, 147.4, 148.1,
148.2. MS: m/z 551 (14, M"). Anal. Calcd for Cs;HaoN3OsP
(551.25): C, 65.83; H, 7.13; N, 7.43. Found: C, 65.74; H, 7.06; N,
7.37.

Diethyl ((3-((5-(1H-benzo[d]imidazol-1-yl)pentyl)oxy)-4-
methoxyphenyl)((4-
methoxyphenyl)amino)methyl)phosphonate (4i). Yield: 79 %
(4.59g), IR (KBr, neat): 3123, 2910, 2815, 1453, 1581, 1256,
1115, 813, 712 cm . 'H NMR (250 MHz, DMSO-d¢/TMS):
8(ppm)= 1.00 (t, J = 7.5 Hz, 6H), 1.13-1.17 (m, 4H), 1.82 (t, J =
7.5 Hz, 2H), 3.54 (s, 3H), 3.64 (s, 3H), 3.83-3.87 (m, 4H), 4.01 (t,
J = 7.5 Hz, 2H), 4.21- 4.26 (m, 2H), 4.85 (d, J = 10.0 Hz, 1H),
6.56-6.61 (m, 2H), 6.70 (d, J = 10.0 Hz, 2H), 6.81 (d, J = 7.5 Hz,
2H), 6.96 (d, J =5.0Hz, 1H), 7.09 (s, 1H), 7.17-7.23 (m, 2H), 7.57-
7.64 (m, 2H), 7.92 (s, 1H), 8.21 (s, 1H), . *C NMR (62.5 MHz,
DMSO-dg/TMS): 16, 16.3, 22.7, 28, 29.1, 43.9, 53, 55, 55.3,
61.9, 62, 67.9, 110.3, 111,3, 113.4, 114.1, 114.8, 119.3, 120.7,
121.3, 122.1, 123.9, 129, 133.7, 141, 141.2, 143.2, 143.9,
147.4, 148.2, 151.2. MS: m/z 581 (11, M"). Anal. Calcd for
Ca1HaoNsOP (581.27): C, 64.01; H, 6.93; N, 7.22. Found: C,
63.92; H, 6.87; N, 7.17.

Diethyl ((3-(3-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-9H-
purin-9-yl)propoxy)-4-methoxyphenyl)((4-
nitrophenyl)amino)methyl)phosphonate (4j). Yield 75%
(4.72g), IR (KBr, neat): 3433, 2931, 2125, 1715, 1655, 1246,
1026, 817, 710 cm . 'H NMR (250 MHz, DMSO-d¢/TMS): &
(ppm)= 1.11-1.16 (m, 6H), 2.23-2.28 (m, 2H), 3.18 (s, 3H), 3.40
(s, 3H), 3.69 (s, 3H), 3.85-3.91 (m, 4H), 3.98-4.03 (m, 2H), 4.37-
4.42 (m, 2H), 5.20 (d, J = 10.0 Hz, 1H), 6.91 (d, J = 10.0 Hz, 2H),
7.06 (d, J = 7.5 Hz, 2H), 7.14 (s, 1H), 7.92 (d, J = 5.0 Hz, 2H), 8
(s, 1H), 8.13 (s, 1H).**C NMR (62.5 MHz, DMSO-dg/TMS): 18.3,
19.8, 24.3, 27.4, 29.3, 43.7, 55.4, 56.6, 62.3, 62.5, 65.5, 111.5,
112.1, 114.7, 122.2, 125.6, 125.8, 127.6, 129.9, 130.7, 135,
136.7, 141.1, 142.4, 147.1, 148.7, 150.8, 157.9. MS: m/z 630
(28, M"). Anal. Caled for C,gH3sNgOgP (630.22): C, 53.33; H,
5.59; N, 13.33. Found: C, 53.25; H, 5.50; N, 13.23.

Diethyl ((3-((9-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-9H-
purin-9-yl)nonyl)oxy)-4-methoxyphenyl)((4-
fluorophenyl)amino)methyl)phosphonate (4k). Yield: 81%
(5.56g), IR (KBr, neat): 3433, 2933, 2123, 1715, 1655, 1246,
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1026, 813, 710 cm . 'H NMR (250 MHz, DMSO-d¢/TMS): &
(ppm) = 1.14-1.22 (m, 6H), 1.66 -1.74 (m, 10H), 1.88 (d, J = 2.5
Hz, 2H), 2.26 (d, J = 5.0 Hz, 2H), 2.70 (s, 3H), 2.85 (s, 3H), 3.19
(s, 3H), 3.66-3.71 (m, 2H), 3.86-3.97 (m, 4H), 4.16-4.21 (m, 2H),
4.79 (d, J = 12.5 Hz, 1H), 6.88 (s, 1H), 6.98 (s, 1H), 7.08 (d, J =
5.0 Hz, 2H), 7.44 (d, J = 5.0 Hz, 2H), 7.92 (s, 1H), 8.05 (t, J = 2.5
Hz, 2H). *C NMR (62.5 MHz, DMSO-dg/TMS): 15.9, 16.0, 20.9,
25.3, 25.5, 27.4, 28.2, 28.6, 28.7, 29.3, 30.0, 46.1, 55.4, 61.7,
67.6, 68.0, 70.2, 111.2, 115.0, 120.8, 122.7, 125.4, 128.0,
132.5, 134.2, 135.3, 135.7, 140.0, 142.3, 145.8, 150.9, 154.2,
155.1, 158.5. MS: m/z 687 (19, M®). Anal. Calcd for
Cs4H4,FNsO,P (687.32): C, 59.38; H, 6.89; N, 10.18. Found: C,
59.29; H, 6.81; N, 10.07.

Diethyl ((3-(4-(6-amino-9H-purin-9-yl) butoxy)-4-
methoxyphenyl)  ((4-methoxyphenyl) amino) methyl)
phosphonate (8a). Yield: 80% (4.76g), IR (KBr, neat): v = 3427,
2129, 1651, 1246, 1027, 815, 715 cm . 'H NMR (250 MHz,
DMSO-dg/TMS): & (ppm) = 1.00-1.03 (m, 6H), 1.17 (t, J = 2.5 Hz,
2H), 1.89 (t, J = 2.5 Hz, 2H), 3.33 (s, 3H), 3.91 (t, J = 5.0 Hz, 4H),
4.00-4.04 (m, 2H), 4.14-4.18 (m, 2H), 4.81 (d, J = 12.5 Hz, 1H),
4.91 (d, J = 10.0 Hz, 2H), 6.57-6.62 (m, 2H), 6,68-6.72 (m, 2H),
7.05 (s, 2H), 7.17 (s, 2H), 7.50 (s, 1H), 7.91 (s, 1H), 8.13 (s, 1H).
13C NMR (62.5 MHz, DMSO-dg/TMS): 15.9, 16.2, 25.8, 26.2,
42.6, 55.0, 62.0, 62.1, 62.4, 66.7, 110.8, 114.1, 114.6, 117.4,
120.7, 128.7, 133.4, 135.0, 137.2, 138.6, 140.7, 144.7, 149.4,
151.3, 152.3, 155.8, 158.2. >'P NMR (121.5 MHz, CDCls): &
(ppm) = 23.22. MS: m/z 584 (16, M’). Anal. Calcd for
C,7H3sNgOsP (584.25): C, 58.48; H, 6.36; N, 15.15. Found: C,
58.41; H, 6.30; N, 15.09.

Diethyl ((3-((5-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-9H-
purin-9-yl)pentyl)oxy)-4-methoxyphenyl)((4-
fluorophenyl)amino)methyl)phosphonate (8b). Yield: 83 %
(5.23g), IR (KBr, neat): 3433, 2931, 2129, 1715, 1651, 1246,
1026, 814, 712 cm . 'H NMR (250 MHz, DMSO-d¢/TMS): &
(ppm) = 0.83 (t, J = 7.5 Hz, 6H), 0.97-1.06 (m, 6H), 2.97 (s, 3H),
3.19 (s, 3H), 3.30-3.35 (m, 2H), 3.68 (d, J = 5.0 Hz, 2H), 3.79-
3.85 (m 4H), 4.69 (d, J = 17.5 Hz, 1H), 6.60 (d, J = 10.0 Hz, 4H),
6.81 (d, J = 7.5 Hz, 2H), 7.18 (d, J = 7.5 Hz, 2H), 7.74 (s, 1H),
7.82 (s, 1H). *C NMR (62.5 MHz, DMSO-d¢/TMS): 18.5, 20.3,
27.4, 29.3, 30.6, 35.7, 43.6, 54.4, 62.0, 65.5, 67.8, 72.2, 113.8,
113.9, 114.3, 114.4, 114.7, 115.0, 128.5, 129.3, 131.6, 135.3,
140.9, 142.5, 148.4, 150.9, 152.8, 154.2, 162.2. MS: m/z 631
(25, M"). Anal. Calcd for C,gHs;FNsOgP (631.26): C, 57.90; H,
6.20; N, 11.64. Found: C, 57.90; H, 6.20; N, 11.64.

Diethyl ((4-(4-(6-amino-9H-purin-9-yl)butoxy)phenyl)(p-
tolylamino)methyl)phosphonate (8c). Yield: 76% (4.08g), IR
(KBr, neat): v = 3427, 2129, 1651, 1246, 1027, 817, 715 cm 2
'H NMR (250 MHz, DMSO-dg/TMS): & (ppm) = 1.46- 1.51 (m,
6H), 1.60-1.65 (m, 2H), 2.24-2.29 (m, 2H), 2.36 (s, 3H), 4.13-
4.27 (m, 4H), 4.31-4.39(m, 2H), 4.45-4.53(m, 2H), 5.32 (d, J =
10.0 Hz, 2H), 5.43 (d, J = 10.0 Hz, 1H), 7.12 (d, J = 5.0 Hz, 2H),
7.23 (t, J = 7.5 Hz, 2H), 7.50 (d, J = 10.0 Hz, 2H), 7.66 (s, 2H),
7.96 (s, 1H), 8.40 (s, 1H), 8.61 (s, 1H). *C NMR (62.5 MHz,
DMSO-dg/TMS): 16.3, 16.5, 20.3, 26.2, 26.6, 43.1, 48.8, 58.0,
62.8, 67.0, 114.0, 115.1, 115.9, 125.6, 129.2, 129.4, 131.5,
132.8, 138.9, 141.5, 145, 145.2, 151.8, 151.9, 155.6, 156.1,
158.9. MS: m/z 538 (18, M*). Anal. Calcd for C,;H3sNgO4P

This journal is © The Royal Society of Chemistry 20xx
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(538.25): C, 60.21; H, 6.55; N, 15.60. Found: C, 60.13; H, 6.48; 1. (a) M. C. Allen, W. Fuhrer, B. Yuck, R. Wade and J. M.
N, 15.53. Wood, J. Med. Chem. 1989, 32, 1652; (b) E. W.
Diethyl (((4-cyanophenyl)amino)(3-((5-(1,3-dimethyl-2,6- Logusch, D. M. Walker, J. F. McDonald, G. C. Leo and
dioxo-1,2,3,6-tetrahydro-9H-purin-9-yl)pentyl)oxy)-4- J. E. Franz, J. Org. Chem. 1988, 53, 4069; (c) P. P.
methoxyphenyl)methyl)phosphonate (8d). Yield 79 % (5.04g), Giannousis and P. A. Bartlett, J. Med. Chem. 1987, 30,
IR (KBr, neat): 3433, 2931, 2129, 1715, 1655, 1243, 1026, 814, 1603.
712 cm . 'H NMR (250 MHz, DMSO-dg/TMS): & (ppm) = 1.55 2. P. Kafarski and B. Lejczak, Curr. Med. Chem.: Anti-
(t, /= 7.5 Hz, 6H), 1.65-1.70 (m, 4H), 2.71-2.76 (m, 2H), 3.69 (s, Cancer Agents. 2001, 1, 301.
3H), 3.91 (s, 3H), 4.35-4.41 (m, 4H), 4.51-4.56 (m, 2H), 4.87- 3. M. V. N. Reddy, S. Annar, A. Balakrishna, G. C. S.
4.92 (m, 2H), 5.65 (d, J = 10.0 Hz, 1H), 7.34 (d, J = 10.0 Hz, 2H), Reddy and C. S. Reddy, Org. Commun. 2010, 3, 39.
7.42 (d, J = 5.0 Hz, 2H), 7.67 (t, J = 5.0Hz, 2H), 7.92 (d, J = 7.5 4. F. R. Atherton, C. H. Hassall and R. W. Lambert, J.
Hz, 2H), 8.45 (s, 1H), 8.54 (s, 1H). *C NMR (62.5 MHz, DMSO- Med. Chem. 1986, 29, 29.
dg/TMS): 15.9, 16.2, 27.4, 29.3, 29.5, 31.2, 34.8, 43.7, 53.6, 5. P. Kafarski and B. Lejczak, Phosphorus, Sulfur Silicon
62.1, 62.2, 62.3, 106.0, 111.3, 113.9, 115.4, 118.3, 119.3, Relat. Elem. 1991, 63, 1993.
119.8, 121.3, 127.9, 129.3, 129.7, 132.6, 142.5, 147.8, 148.4, 6. (a) F. Hammerschmidt and M. Hanbauer, J. Org.
150.9, 154.2, 157.7. 3p NMR (121.5 MHz, CDCl3): & (ppm) = Chem. 2000, 65, 6121; (b) B. Lejczak, P. Kafarski, H.
22.38. MS: m/z 638 (22, M*). Anal. Calcd for CsgH37NgOgP Sztajer and P. Mastalerz, J. Med. Chem. 1986, 29,
(638.26): C, 59.20; H, 6.13; N, 13.81. Found: C, 59.12; H, 6.06; 2212; (c) T. Minami, Y. Liu, A. Akdeniz, P. Koutnik, N.
N, 13.74. A. Esipenko, R. Nishiyabu, Y. Kubo and P.
Anticancer activity of the synthetic ligands Anzenbacher, Chem Jr. J. Am. Soc. 2014, 136, 11396.
The growth inhibitory effect of the synthetic ligands (8c, 8b, 7. (a) S. Cherenok, A. Vovk, I. Muravyova, A. Shivanyuk,
4c, 4i) toward Jurkat cancer cell line was measured, using 3-(4, V. Kukhar, J. Lipkowski and V. Kalchenko, Org. Lett.
5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide 2006, 8, 549. (b) V. P. Kukhar, H. R. Hudson,
(MTT) assay. Also, cisplatin was also used as a positive Aminophosphonic and aminophosphinic  Acids:
control.** The cancer cells were cultured Chemistry and Biological Activity. John Wiley: New
in RPMI-1640 and the medium was supplemented with 10% York, NY, USA, 2000.
FBS and 1% penicillin—streptomycin (100 mg/ml streptomycin 8. S. Bhagat, A. P. Shah, A. S. K. Garg, A. S. Mishra, A.P.
and 100 U/ml penicillin) to control the growth of K. Kaur, B. S. Singhb and A. K. Chakraborti. Med.
contaminating microorganisms. The cells were cultured in 96- Chem. Commun. 2014, 5, 665.
well cell culture plates at a cell density of 2.5 x 10* cells/well, 9. (a) N. Long, X. - J. Cai, B. -A. Song, S. Yang, Z. Chen,
with varying concentrations of each synthetic ligand (0-500 P.S. Bhadury, D.-Y. Hu, L.-H. Jin and W. Xue, J. Agric.
UM). The cancer cells were kept at 37 °C in a humidified Food Chem. 2008, 56, 5242; (b) M.-H. Chen, Z. Chen,
atmosphere of 5% CO, for 24 h. Four hours to the end of B.-A. Song, P. S. Bhadury, S. Yang, X.-J. Cai, D. -Y. Hu,
incubations, 25 ul of sterilized MTT solution (5 mg/ml in PBS) W. Xue and S. Zeng, J. Agric. Food Chem. 2009, 57,
was added to each well containing fresh and cultured medium. 1383; (c) A. Mucha, P. Kafarski and L. Berlicki, J. Med.
At the end, the insoluble formazan produced was dissolved in Chem. 2011, 54, 5955; (d) J. Vicario, D. Aparicio and F.
a solution containing 10% SDS and 50% DMF (left for 1 h at 37 Palacios, J. Org. Chem. 2009, 74, 452; (e) M. Staake, J.
°C in dark conditions) and the optical density (OD) was read Chauhan, D. Zhou, A. Shanker, A. D. Chatterjee, S.
against reagent blank with multi well scanning Das, S. E. Patterson, Org. Lett. 2010, 12, 4596. (f) K. C.
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dose-response curves.*® Karhale, P. Sujitha, C. G. Kumar, K.V.S. R. Krishna and
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A new class of a-aminophosphonate derivatives incorporating benzimidazole, theophylline and adenine
nucleobases were synthesized in a three-step process and the anticancer activities of selected ligands
were evaluated.
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