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August 17, 2023 6a-h were screened against both Gram-positive and Gram-negative bacteria of four pathogenic

strains, comparable to ampicillin and chloramphenicol drugs. Most hybrids showed higher

f?; ;:;;jsz activity compared to the reference drugs. Notably, the antibacterial performance of 6¢ was more
Lewis Acid substantial than other analogues with best minimum inhibitory concentration (MIC) and highest

a-Aminophosphonate zone of inhibition (ZOI) of 31, 34, 35, 38 mm, against Serratia marcescens, Streptococcus

Antibacterial mutans, MRSA and Klebsiella pneumoniae clinical isolates respectively. In addition,
Transmission Electron Microscopes (TEM) was carried out to study the mode of action of 6¢
with MRSA, the results confirmed that the titled hybrid caused the disruption of bacterial cell
wall. Moreover, the time-dependent kill study revealed that the investigated compounds were
time and dose-effective bactericidal agents and could be used as potential leads for further
development and optimization of novel antibacterial agents.

© 2024 by the authors; licensee Growing Science, Canada,

1. Introduction

Antibiotic resistance is a global health concern that is expected to worsen in the near future. The misuse and overuse
of antibiotics, as well as mutation owing to environmental changes and the gene transfer of bacteria, are the leading causes
of antibiotic resistance.! From this perspective, searching for new efficient antibacterial agents to feed the preclinical
pipeline is one of the challenges that researchers face in overcoming the emergence of antibiotic resistance to various
bacterial strains. In this context, acridine along with its functional analogues are the most privileged pharmacophore in
medicinal chemistry with diverse biological applications.?® The pharmacological value of amino-acridines has been known
for a long time and received much attention from many researchers due to their wide range of biological applications.? On
the other hand, a-aminophosphonates are bioisosteres of naturally occuring amino acids with diverse pharmacological
application.®?* The synthesis of aminoacridine derivatives and a-aminophosphonates has been introduced using a variety
of synthetic processes.”!! A large number of analogues are displayed as antiviral, antifungal, antibacterial and antitumor
agents.>"!! However, there is still room for synthesizing new derivatives with potent antibacterial properties to increase
medication availability and lessen the drug resistant bacteria issue. Encouraged by the aforementioned facts, it is anticipated
that by combining two intrinsically biologically active scaffolds; such as amino acridine derivatives and aminophosphonates
moieties, a synergistic effect would be anticipated for the resulting hybrid’s structure when compared with each moiety
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independently. In this study, certain novel acridine-aminophosphonate hybrids with or without carbon spacer will be
synthesized and evaluated for their antibacterial action against both Gram-negative and Gram-positive bacteria aiming to
reach the best substitution and activity for the synthesized hybrids, Fig. 1.

o-aminophosphonates

1
Acridine :
.

Fig. 1. Design of aminoacridine- a-aminophosphonate hybrids

2. Results and Discussion
2.1 Chemistry
The preparation of 9-aminoacridine derivatives 3a-d was achieved as reported before?* by nucleophilic substitution

reaction of 9-chloroacridine 1a, b with hydrazine 2a or ethane-1, 2-diamine 2b under reflux to afford the 9-aminoacridine
derivatives 3a-d in good yields as depicted in Scheme 1.
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Scheme 1. Synthesis of 9-aminoacridine derivatives 3a-d

The synthesis of oi-aminophosphonate derivatives bearing acridine core structure 6a-h was achieved in good yields via
Kabachink-field reaction by three one-pot reaction of equimolar ratio of 9-aminoacridine derivatives 3a-d, aldehydes 4a,b,
triphenyl phosphite 5 in acetonitrile with presence of 10% mole of lithium perchlorate (LiClO4) as a Lewis acid catalyst.

as illustrated in Scheme 2.
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Scheme 2. Synthesis of a-aminophsophonate bearing acridine core
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The chemical structures of the synthesized hybrids 6a-h were fully elucidated through FT-IR spectroscopy, NMR ('H-,
& 13C-) techniques, MS spectrometry, and elementary analysis (CHN). The results in good agreement with the proposed
chemical structures, and the known compounds showed data consistent with the literature data. Referring to the FT-IR
spectra of 6a-h, the absorption bands ranged from v- = 3253 to 3279 cm-!, indicated secondary amine (>NH), aromatic (C-
H) ranged from 3028 to 3198 cm™!. Whereas the bands of aliphatic (C-H), and (-P=0), were recorded at v- = 2882 to 2988,
and 1209 to 1327 cm’!, respectively. Moreover, 3C-NMR spectra of hybrids 6a-h gave representative peaks of (P-C-H)
chiral carbon displayed at = 46,54 to 58,40 ppm in addition to the other expected carbon signals for aliphatic and aromatic
carbons. The phosphorus atoms were individually resonated as a single peak at 6 = 14.08 and 14.85 ppm, respectively.
Furthermore, the mass spectra of the target hybrids are in conformity with the assigned structure and showed molecular ion
peaks corresponding to their molecular formula (for details cf. the supporting information). Additionally, the elemental
analysis of the as-prepared manifested the successful reaction with the expected products. Accordingly, the proposed
mechanistic route of the reaction occurred through two major steps: a) the in-situ generation of Schiff base via activation of
the formyl group by Lewis acid (LA) catalyst; this facilitated the condensation reaction between aminoacridine derivatives
3 and aldehydes via nucleophilic addition of nitrogen lone pair to the electrophilic carbon of the activated carbonyl group
of (-CHO). b) the nucleophilic attack of the (triphenyl phosphite) phosphorus atom to the electrophilic carbon of the imine
moiety (>C=N-), followed by the extrusion of phenol molecule through formation of the in-situ phosphonium salt and
hydroxy phosphite intermediates Scheme 3.
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Scheme 3. Proposed mechanism for hybrids formation
2.2 In vitro antibacterial screening

The In vitro screening of the synthesized hybrids 6a-h was done with concentration 40 mg/mL against clinical isolates
Gram positive bacteria such as MRSA and Streptococcus mutans and Gram-negative bacteria such as Serratia marcescens
and Klebsiella pneumonia.*>° The following results presented the potency of these hybrids 6a-h against these clinical
isolates compared to the control drug ampicillin and chloramphenicol with concentration 80 mg/mL.

2.2.1 Antibacterial screening of acridine — a-aminophosphonate hybrids against MRSA

The screening results of synthesized hybrids 6a-h against MRSA showed the antibacterial activity of all hybrids except 6f
which has zone of inhibition lower than the the standard drugs ampicillin and chloramphenicol. Notably, hybrid 6¢ displayed
the best activity with zone of inhibition of 35 mm and minimum inhibitory concentration (MIC) of 0.078 mg /mL compared
to the reference drugs as shown in Table 1.
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Table 1. The antibacterial screening of synthesized hybrids against MRSA clinical isolates

Compounds o1 MRSA MRSA ATCC 43300
MBC MIC MBC/MIC MBC MIC MBC/MIC
6a 19 +1.00 1.25 0.312 e 25 0.625 4
6b 170.60 0.625 0.312 2(H) 1.25 0.625 2(+)
6c 35+1.00 0.156 0.078 2(H) 0.312 0.156 2(+)
6d 18+0.60 1.25 0.625 2(H) 25 1.25 2(+)
6e 23+0.60 0.078 0.039 2(4) 0312 0.078 4(+)
6f 13+1.00 1.25 0.625 2(+) 2.5 1.25 2(+)
6g 3340.60 0.156 0.039 4+ 0.312 0.078 4
6h 31+0.60 0.156 0.039 4(+) 0.312 0.078 4(0)
Ampicillin 14.77+0.60 6.25 3.13 2(H) 6.25 1.56 4(4)
Chloramphenicol 14.32+0.60 3.13 0.78 4(+) 12.5 8 1.6(+)

2.2.2 Antibacterial screening of acridine — a-aminophosphonate hybrids against Streptococcus mutans

The antibacterial potency of hybrids 6a-h was further evaluated against Streptococcus mutans clinical isolates, and the
results was depicted in Table 2. Notably, all hybrids have revealed higher activity, especially 6¢ displayed a significant
activity among other with zone of inhibition of 34 mm at a minimum inhibitory concentration (MIC) of 0.078 mg/mL
compared to the reference drugs.

Table 2. The antibacterial screening of synthesized hybrids against Streptococcus mutans clinical isolates

Compounds 701 Streptococcus mutans Streptococcus mutans ATCC 35668
MBC MIC MBC/MIC MBC MIC MBC/MIC

6a 19+1.00 1.25 0312 4(+) 2.5 0.625 4(+)

6b 17+0.60 1.25 0.625 2(+) 2.5 1.25 2(+)

6¢ 34+1.00 0.156 0.078 2(+) 0.312 0.156 2(+)

6d 18+0.60 0.625 0.312 2(+) 2.5 0.625 4(4)

6e 2840.60 0.078 0.039 2(+) 0.156 0.078 2(+H)

6f 15£1.00 1.25 0.625 2(+) 2.5 1.25 2(+)

6g 22+0.60 0.625 0.312 4(4) 1.25 0.625 2(+)

6h 28+0.60 0.078 0.039 2 (+) 0.312 0.078 4(4)
Ampicillin 12+1 3.13 1.565 2(+) 6.25 3.13 2(+)
Chloramphenicol 12.7+0.6 6.25 1.56 4(+) 12.5 6.25 2(+)

2.2.3 Antibacterial screening of acridine — a-aminophosphonates hybrids 6a-h against Klebsiella pneumonia

As reported in Table 3, all hybrids of 6a-h were screened against Klebsiella pneumonia. Compound 6¢ showed the
highest zone of inhibition of (38 mm) at a minimum inhibitory concentration (MIC) of 0.078 mg /mL compared to the
reference drugs. While other hybrids showed variable activity ranging from 17 to 28 mm and the least effective ones were
6d and 6f.

Table 3. The antibacterial screening of synthesized hybrids against Klebsiella pneumoniae clinical isolates

Compounds 701 Klebsiella pneumonia Klebsiella pneumoniae ATCC 700603
MBC MIC MBC/MIC MBC MIC MBC/MIC
6a 19+1.00 0.625 0.156 4(+) 1.25 0.312 4(+)
6b 18+0.60 0.625 0.312 2(+) 1.25 0.625 2(+)
6¢ 38+1.00 0.078 0.019 4(+) 0.156 0.039 4(+)
6d 17+0.60 0.625 0312 2(+) 2.5 0.625 4+
6e 18+0.60 0.312 0.156 2(+) 0.625 0.312 2(4)
6f 17£1.00 1.25 0.625 2(+) 2.5 1.25 2(4)
6g 22+0.60 0.156 0.078 2(+) 0.312 0.156 2(+)
6h 28+0.60 0.312 0.078 4(+) 0.312 0.156 2 (+)
Ampicillin 14.3+0.6 8 4 2(+) 6.25 3.125 2(+)
Chloramphenicol 8.7+0.6 3.13 1.565 2(H) 6.25 1.56 4 (1)

2.2.4 Antibacterial screening of acridine — a-aminophosphonate hybrids against Serratia marcescens

Results listed in Table 4 showed that all hybrids 6a-h at low dose is more effective than the positive reference standard.
Hybride 6¢ showed the highest zone of inhibition of 31 mm with minimum inhibitory concentration (MIC) of 0.078 mg
/mL compared to the reference drugs.
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Table 4. The antibacterial screening of acridine — a-aminophosphonate against Serratia marcescens clinical isolates

Compounds 701 Serratia marcescens Serratia marcescens ATCC13880
MBC MIC MBC/MIC MBC MIC MBC/MIC

6a 17£1.00 0.312 0.078 4(+) 0.625 0.156 4(+)

6b 22+0.60 0.625 0.312 2(+) 1.25 0.625 2(+)

6c 31£1.00 0.156 0.078 2(+) 0.312 0.156 2(+)

6d 19+0.60 1.25 0.625 2(+) 2.5 1.25 2(+)

6e 18+0.60 0.625 0.312 2(+) 1.25 0.625 2(+)

6f 17+1.00 1.25 0.625 2(+) 2.5 1.25 2(+)

6g 29+0.60 0.156 0.039 4(+) 0.312 0.078 4(+)

6h 23+0.60 0.312 0.078 4(+) 0.312 0.156 2(+)
Ampicillin 12+1 3.13 1.565 2(+) 6.25 3.13 2(+)
Chloramphenicol 12.7+0.6 6.25 1.56 4(+) 12.5 6.25 2(+)

From the above-mentioned results, it is notable that synthesized 9-amioacridine- a-aminophosphonate hybrids showed
remarkable activity against Gram positive and Gram negative clinical isolate bacteria, especially 6¢ containing 9-
aminoethylamino acridine with potent activity against these clinical isolates.

2.2.5 Time-kill assay:

Time kill assay was performed to assess bacteriostatic or bactericidal nature and relationship between the concentration
of the test compound and the net growth. The broth macro-dilution method to determine the minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC) values were executed according to the CLSI
guidelines. The test compounds were serially twofold diluted in DMSO to achieve the range of test concentrations of 6.250—
0.039 mg/mL and then placed into each well of a 96-well microplate. An inoculum suspension with density of 105 CFU/ml
exponentially growing bacterial cells was added into each well. The 96-well microplates were incubated at 37°C for 24 h.
As depicted in Table 5, all hybrids 6a-h had a MBC/MIC ratio < 4, (bactericidal) with dose dependent, as illustrated in
Table 5, and Fig. 2.

Table 5. MIC minimum inhibitory concentration (mg/mL), MBC minimum bactericidal concentration (mg/mL), MBC/MIC
ratio for bacteriostatic or bactericidal activity for the synthesized hybrids 6a-h.

Compounds MBC MIC MBC/MIC
6a 1.25 0.312 4 ()
6b 0.625 0.312 2(+)
6¢ 0.156 0.078 2(+)
6d 1.25 0.625 2(+)
6e 0.078 0.039 2(+)
6f 1.25 0.625 2(+)
6g 0.156 0.039 4(+)
6h 0.156 0.039 4(4)

Ampicillin 6.25 3.13 2(+)

Chloramphenicol 3.13 0.78 4(+)
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Fig. 2. Time-kill assay for synthesized hybrids 6a-h

2.2.6 Transmission Electron Microscopes (TEM) Assay

The structural appearance of untreated MRSA as depicted in Fig. 3 with treated 6c¢ as shown in Fig. 4, was analyzed
using TEM. The figures of treated MRSA showed an altered MRSA cell membrane and dead bacterial cells after exposure
to hybrid 6c. The figures also show vacuoles created in the cytoplasm. These micrographs demonstrate that 6c¢ disrupt the
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MRSA bacterial cell wall, resulting in cell death; these effects were amplified and can be described as bactericidal. The
figure also depicts increased cell death because of fewer cells, which is consistent with the observations made with untreated
MRSA in Fig. 3.

Fig. 4. TEM micrographs of methicillin-resistant Staphylococcus aureus (MRSA) treated with 6c¢ showing
incomplete cell wall destruction, cell death

3. Conclusions

New hybrids 6a-h bearing acridine and aminophosphonate scaffolds were prepared in good yields. The structures of the
hybrids were established based on spectroscopic data. The antibacterial activity for all synthesized hybrids was evaluated
and displayed activity higher than the first line antibiotics ampicillin and chloramphenicol used in this study. In addition,
the TEM study of 6¢ proved its mechanism of action where a damage in both cell wall and membrane was observed with
the appearance of damaged vacuoles in cell cytoplasm. Thus, the time-dependent kill study revealed that the investigated
compounds were time and dose-effective bactericidal agents. This study presents a preliminary step forward towards
synthesis and development of new lead hybrids with potential antibacterial performances in the medical field.

4. Experimental
4.1. Materials and Methods

"H NMR,"*C NMR and 3'P NMR experiments were carried out with the Bruker magnet system 400’54 Ascend/R (USA)
400, 100 and 161 MHz for '"H NMR, '*C NMR, and 3'P NMR respectively. FTIR spectroscopy, were performed with Alpha-
Bruker ATR mode (USA) at Zagazig University. Elemental analysis (C,H,N) was performed at the Microanalytical unit at
Cairo University on CHNS-932 (LECO) Vario Elemental Analyzers. Mass spectroscopy was performed on Direct Inlet part
to mass analyzer in GCMS model with ISQ single quadrupole thermos-scientific Electron Impact mode (UK) at the Regional
Center for Mycology and Biotechnology, Al-Azhar University. Melting points (m.p.) were determined using the Stuart
scientific melting point apparatus and are uncorrected. The in vitro antibacterial screening was executed at the Department
of Botany and Microbiology, Faculty of Science, Menoufia University. All reactions were monitored by using thin layer
chromatography (TLC) on Kiesel gel F254 pre-coated plates (Merck). All reagents and solvents were purchased from
commercial sources and used without further purification. The synthesized 9-chloroacridine 1 and 9-aminoacridine
derivatives 3a-d were prepared in good yields as reported in literature.?*

4.2. General procedure for synthesis of aminoacridine- a-aminophosphonate hybrids:

To aminoacridine derivatives 3 (Immol), aryl aldehydes 4 (1mmol), triphenyl phosphite 5 (1mmol) in acetonitrile (3
mL), 20 mol% of lithium perchlorate (LiCl1O4) was added under magnetic stirring. Further, the reaction mixture was stirred
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under ambient conditions and the reaction was monitored via qualitative thin layer chromatography (TLC) using hexane-
methylene chloride (3:1) as eluent mixture till the complete consumption of the starting materials after 8 hrs. Eventually,
the solvent was removed and the precipitated products were filtered off under vacuum, washed with methanol, dried to
afford the hybrids 6a-h in good yields.

Diphenyl((2-(acridin-9-yl)hydrazinyl)(phenyl)methyl) phosphonate (6a):

Dark brown solid, yield ( 0.150 g, 60%) m.p >300 °C; FT IR (KBr) v cm’: 3273 (NH), 3095 (CHAr), 2945 (CH),
1633(C=Ca), 1595(C=N), 1288(P=0), 1156(C-C). 'H-NMR &: 6.27 (m, 1H, CH-P), 7.19-8.32 (m, 23H, CHa,), 11.84 (br.s,
2H, 2NH). 3C- NMR §: 48.63, 120.54, 121.11, 123.24, 124.22, 124.89, 125.95, 127.55, 128.55, 129.18, 129.75, 130.11,
130.53, 132.30, 138.60,143.54, 149.91, 154.56, 166.86. *'P-NMR &: 1.64 ppm. Elemental analysis calc. (%) for
(C32H26N3OsP): C, 72.31; H, 4.93; N, 7.91. Found: C, 71.18; H, 4.12; N, 7.03. MS, m/z (C3;H26N303P) calcd, 531.17 ;
found, 531.31 [M™].

Diphenyl((2-(acridin-9-yl)hydrazinyl)(4-(dimethylamino)phenyl) methyl)phosphonate (6b):

Brownish red solid, yield ( 0.244 g, 75%) m.p >300 °C, FT IR (KBr) v cm™: 3272(NH) , 3028 (CHATr),2988(CH),
1633(C=Ca), 1593(C=N), 1287(P=0), 1204(C-C). 'H-NMR &: 2.99(m, 6H, 2CH3), 6.74(m, 1H, CH-P), 7.11-8.81 (m,
22H, CHa,), 10.52 (br.s,2H, 2NH). *C- NMR &: 41.30,58.40, 117.88,120.87, 120.92, 120.94, 121.42, 122.55, 126.45,
129.53, 129.81, 133.87, 141.43, 153.66, 177.24. 3'P-NMR § : 0.15 ppm. Elemental analysis calc. (%) for (C34H31N4O3P):
C, 71.07; H, 5.44; N, 9.75.. Found: C, 69.87; H, 4.99; N, 9.13. EI MS, m/z (C34H3:N4O3P) calcd, 574.21 ; found, 574.86
[M'].

Diphenyl(((2-(acridin-9-ylamino)ethyl)amino)(phenyl)methyl) phosphonate (6c¢):

Yellow solid, yield ( 0 .124 g, 73%) m.p 278-280 °C , FT IR (KBr) v cm': 3269 (NH), 3072 (CHAr) ,2882(CH),
1637(C=Ca,), 1587(C=N), 1209(P=0), 1147(C-C). 'HNMR &: 4.43 (br.s , 4H, 2CHy), 6.31 (m, 1H, CH-P), 7.19-8.33 (m,
23H, CHa,), 11.84 (s, 2H, 2NH). '3C- NMR &: 56.03 ,117.37,120.48 ,120.97,125.99,133.41,140.93,176.78. 3'P-NMR §: -
0.33 ppm. Elemental analysis calc. (%) for (C3sH30N303P): C, 72.98; H, 5.40; N, 7.51. Found: C, 71.88; H, 5.14; N, 6.88.
EIMS, m/z (C34H30N305P) calcd, 559.20 ; found, 559.68 [M*].

Diphenyl (((2-(acridin-9-ylamino) ethyl)amino)(4-(dimethylamino) phenyl)methyl)phosphonate (6d).

Dark yellow solid, yield ( 0.286 g, 72%), m.p 290-292 °C, FT IR (KBr) v cm’l: 3272(NH), 3029 (CHAr),
2972(CH),1633(C=Ca,), 1594(C=N), 1261(P=0), 1205(C-C). 'H-NMR &: 3.03(s,6H,2 CH3 ) , 4.63(br.s 4H, 2CH2), 6.74
(m, 1H, CH-P), 6.76-8.23 (m, 21H, CHa,), 9.65 (br.s, 1H, NH), 11.95 (br.s, 1H, NH). 3C- NMR §: 41.33, 56.60, 111.04,
112.36, 114.72, 115.05, 115.24, 117.37, 118.78, 120.49, 120.98, 126.01, 129.36, 129.54, 133.42, 140.92,143.25, 143.88,
165.29, 173.22,176.79. 3'P-NMR §: -0.26 ppm. Elemental analysis calc. (%) for (C3¢H3sN4O3P): C, 71.75; H, 5.85; N, 9.30.
Found: C, 70.78; H, 5.13; N, 8.87. EI MS, m/z (C36H3sN4O5P) calcd, 602.24 ; found, 602.13 [M*].

Diphenyl((2-(2-methylacridin-9-yl)hydrazineyl)(phenyl)methyl) phosphonate (6e):

Black solid, yield ( 0.230 g, 69.5%) m.p 263-265 °C, FT IR (KBr) v cm: 3274 (NH) ,3064(CHa,), 2922 (CH),
1616(C=Ca), 1580(C=N), 1252(P=0), 1208(C-C). '"H-NMR &: 2.37 (s, 3H, CH3), 6.73 (m, 1H, CH-P), 7.13-8.32 (m, 22H,
CHa,), 10.57 (s, 1H, NH). 3C- NMR §: 47.54, 115.08, 120.12, 120.53, 123.12, 124.62, 127.71, 129.13, 129.37, 129.59,
129.82, 130.03, 130.80, 131.33, 131.88, 136.52, 136.69, 138.50, 140.64, 143.24, 143.89,165.29. *'P-NMR & : - 0.15 ppm.
Elemental analysis calc. (%) for (Cs2H23N303P): C, 72.65; H, 5.17; N, 7.70. Found: C, 71.46; H, 4.94; N, 6.93. EI-MS, m/z
(C32H2sN303P) caled, 545.19 ; found, 545.34 [M™].

Diphenyl((4-(dimethylamino)phenyl)(2-(2-methylacridin-9-yl) hydrazineyl)methyl)phosphonate (6f):

Dark violet solid, yield ( 0.200g, 78%) m.p > 300 °C, FT IR (KBr) v cm': 3278 (NH), 3198 (CHAr) ,2955(CH) ,
1616(C=CAr), 1581(C=N), 1253(P=0), 1210(C-C). 'H-NMR &: 2.28(s,3H, CH3), 3.65 (s, 6H,2 CH3), 5.92 (S, 1H, CH-
P), 7.08-8.89 (m, 21H, CHy,), 9.66(br.s, 1H, NH), 10.56(br.s,1H,NH). 3C- NMR &: 41.26, 56.81, 115.86, 116.67, 119.50,
125.16,125.42,130.32, 131.11, 131.49, 131.93, 132.14, 138.92, 143.53, 145,24. 3 P-NMR § : 1.35 ppm. Elemental analysis
calc. (%) for (Cs7H3N4OsP): C, 71.42; H, 5.65; N, 9.52. Found: C, 70.13; H, 5.21; N, 8.87. EI MS, m/z (C37H37N4O5P)
calcd, 588.23 ; found, 588.65 [M™].

Diphenyl(((2-((2-methylacridin-9-yl)amino)ethyl)amino)(phenyl) methyl)phosphonate (6g):

Yellow solid, yield ( 0 .150 g, 62%) m.p 268-270 °C, FT IR (KBr) v cm': 3253 (NH), 3039 (CHAr), 2939 (CH),
1631(C=Ca), 1587(C=N), 1245(P=0), 1214(C-C). 'H NMR §: 2.22 (s, 3H, CH3), 2.39 (m,2H, CH,), 4.42 (br.s , 2H,
CHy), 6.21 (m, 1H, CH-P), 7.13-8.14 (m, 22H, CHa,), 10.02 (s, IH, NH), 11.69 (br.s, 1H, NH). *C- NMR §:50.45, 120.36,
120.70, 121.29, 122.39, 125.22, 125.98, 128.93, 129.24,129.35, 130.06, 130.27, 132.11, 132.21, 132.63, 133.20,
134.37,134.90, 138.99, 142.03, 154.73, 157.32, 167.533'P-NMR  §: -2.50 ppm. Elemental analysis calc. (%) for
(C3sH32N30sP): C, 73.28; H, 5.62; N, 7.33. Found: C, 72.19; H, 5.21; N, 6.78. EI MS, m/z (C3sH3N3053P) caled, 573.22 ;
found, 573.66 [M"].
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Diphenyl ((4-(dimethylamino)phenyl)((2-((2-methylacridin-9-yl) amino) ethyl)amino)methyl)- phosphonate (6h):

Yellow solid, yield ( 0.236 g, 71%) m.p 215-217 °C, FT IR (KBr) v cm: 3279 (NH), 3172 (CHa,),2982(CH),
1631(C=Ca), 1575(C=N), 1327(P=0), 1218(C-C). 'H-NMR &: 2.21 (s, 3H, CH3), 3.03(s,6H,2 CH3), 4.50 (s,2H,CH,), 6.74
(m, 1H, CH-P), 7.13-8.19 (m, 21H, CHa,), 9.66 (s, 2H, 2NH). 3C-NMR §: 41.35,50.07, 111.05, 113.45, 115.20, 118.76,
120.49, 122.40, 122.62, 125.51, 129.34, 132.74, 133.37, 135.44, 156.12, 157.30. 3'P-NMR &: -1.99 ppm. Elemental
analysis: calc. (%) for (C37H37N4OsP): C, 72.06; H, 6.05; N, 9.09. Found: C, 70.87; H, 5.67; N, 8.42. EI MS, m/z
(C37H37N405P) caled, 616.26; found, 616.12 [M*]
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