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Abstract : Substituted dinaphtho-16H-(2,1-d.(1',2"-g)1,3,2-dioxaphosphocin-8-ylJureas (Sa-i) were
synthesized by reacting bis (2-hydroxy-1-naphthyl)methane (4) with different carbamidophosphoric
acid dichlorides (3) in the presence of triethylamine in dry toluene at 45-50 °C. Their structures
were established by elemental analysis, IR, 'H, 3C & *'P NMR spectral data. These compounds
were found to possess good antimicrobial activity.

Introduction

Organophosphorus compounds being ubiquitous in nature have found multifaceted applications.
Phosphorous heterocycles substituted with carbamate moieties are important classes of
antitumour agents [1], pesticides [2], and bactericides [3, 4]. Substituted phosphoryl ureas of the
type RR'P(O)NHCONR"” R"" exhibited pesticidal activity [5-7]. In view of this several, N-
(substituted)-N'-[8-oxidodinaphtho-16H-(2,1-d: (1',2'-g)1,3,2-dioxaphosphocin-8-ylJureas have
been synthesized, expecting them to possess broad spectrum of biological activity and

characterized by elemental, IR, NMR ('H, '>C and *'P) spectral analyses.

Results and Discussion

The synthetic route (Scheme-1) involves the addition of dichloroisocyanato phosphine oxide [1,
8] (1) with various amines (2a-i) at -15°C under inert anhydrous conditions in dry toluene to
afford the corresponding carbamidophosphoric acid dichlorides [9, 10] (3a-i). After the
completion of addition of amines to 1, the products separated from the reaction mixture
immediately as crystalline compounds. Further purification of carbamidophosphoric acid
dichlorides (3a-i) could not be accomplished due to their insolubility in many organic solvents
and air sensitivity. Hence they were reacted directly in situ with a solution of bis (2-hydroxy-1-
naphthyl)methane (4) in toluene in the presence of two equivalents of triethylamine to yield the
compounds 5a-i and their structures were established by IR, NMR ('H, >C and *'P) spectral data
(Tables-1,2 and 3).
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The infrared spectral data (Table 1) of Sa-i exhibited stretching frequencies in the region 1232-1259, 3302-

3362 and 1664-1741 cm™ for P=0, P-NH and C=0 respectively [11, 12,13].

In the proton NMR spectral data (Table 2) of (Sa-i), the aromatic protons resonated as multiplets at

slightly downfield (5 7.87-6.63) when compared to those of the starting compound 4 (8 7.20-6.49) due to

the deshielding effect of benzoxazaphosphorin 2-oxide ring. The chemical shifts of C-4 methylene

protons appeared as two distinct doublets in the region & 4.86-4.78 and 5.27-5.20(3 /.y = 16.2-16.5 Hz)

indicating their non-equivalence and coupling with phosphorus in the eight-membered chair conformation

of the dinaphthodioxaphosphocin 8-oxide system [13].
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Table-2 : '"H NMR Spectral data™” of N-(substituted)-N'-[8-oxidodinaphtho-16H
(2,1-d:(1°,2’-g)1,3,2-dioxaphosphocin-8-yljureas (5a-i)

-CH,-(bridged)

Compd. Ar-H -NHC(0) C(O)NH-
H, H,
Sa 7.87-7.13 (m, 17H) (i '62_2) (‘1"62) 8.62 5.21
Sb 7.71-7.10(m, 16H) (? 62.(2)) (T:Z) 8.52 5.90
Sc 7.52-6.63(m, 16H) (i 62.2) (Té?i) 8.72 5.41
5d 7.41-6.69(m, 16H) (? '62_Z) (‘1‘:2) 8.12 421
Se 7.81-7.04(m, 16H) (?'62_2) (‘1"68_‘3‘) 8.71 5.10
sf 7.61-6.99(m, 16H) (i '62_2) (‘1“68.2) 8.16 5.27
Sg 7.23-6.84(m, 15H) (i 62.3) (‘1"68_}‘) 8.32 5.71
Sh 7.73-7.20(m, 16H) (i '62_2) (‘1‘:2) 8.64 5.60
Si 7.61-6.87(m, 12H) (i 62.43;) (‘1"68_3) 8.18 5.25

*Recorded in DMSO-d;
®Chemical shifts in ppm
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Table-3: C NMR Spectral data®® of some N-(substituted)-V'-[8-oxidodinaphtho-16H-
(2,1-d:(1°,2°-g)1,3,2-dioxaphosphocin-8-yljureas

Carbon S5a 5b Sc 5d Se 5f S5¢g
C-1,15 1273 1289 1267 1277 126.1 127.1 127.9
C-2,14 1258 1254 1244 1244 125.9 1262 127.6
C-3,13 1254 1243 1243 1234 125.4 124.7 126.4
C-4,12 1294 1293 1291 1293 129.2 129.8 129.1
C-5,11 129.1 1290 1276  129.1 127.7 129.6 1282
C6.10 1204 1204 1204 1205 120.5 120.9 120.4
’ (4.8) “4.6) (49 (4.9 (4.6) (3.6) (4.8)
Co6a.9 1486 1485 1485 1486 148.7 149.1 148.6
’ (13.7)  (13.5) (13.4) (133)  (13.6)  (13.7) (13.4)
124.4 121.4 122.4 120.6

C-15b/16 1233 1234 123.5
(66 (4.5) (.2) .1)

1322 132.7

15a/16b 1322 1322 132.5 132.3 132.9

C-loa (1.9) 2.0)

C4a/lla 1326 1324 1325 1326 133.0 136.1 132.5
C-16 242 242 243 24.3 24.4 24.8 24.3
ct 1487 1488 1487 1486 148.8 150.1 147.7

1294 1322 119.0
2 1294 1208 124.5 129.4

¢2 12) (1.9 (4.6)
C-3 1316 1302 1275 1243 123.5 127.0 125.8
C-4 1254 1354 1244 1294 143.9 143.0 126.9
C-5' 1276 1302 1243 1275 123.5 127.0 123.7
C-6' 1234 1208 1205 1245 121.0 124.4 1205
Cc=0 1523 1560 153.0  161.9 156.1 158.7 159.2
54.9

Alkyl . 20.4 : ] ; .
ky 545 60.5

* Chemical shifts in ppm
® Recorded in DMSO-d;
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The signal of phosphorylamidic proton of P(O)-NH-C(O) appeared at extreme downfield, 5 8.72-8.12
when compared to that of carbamidic protons C(O)-NH-R resonance signal, & 5.90-4.21. Absence of split
signals for the protons of other groups (R) attached to the carbamido moiety shows that phosphorus
coupling is limited to P-NH proton only [14].
The >C NMR chemical shifts (Table 3) for C-4 to C-10, C-1' to C-6' and C-1" to C-6" were observed in
the expected range in the title compounds [15, 16]. However, the signals for the carbon of the carbamido
function appeared at 8 161.9-152.3. Chemical shifts for other carbons were observed in the expected
regions. The >C NMR chemical shifts could not be identified in the spectra of compounds 5f and S5g
because of poor quality of the spectrum due to their meager solubility in DMSO.
The *'P NMR signals of 5a-i appeared as singlet [17] in the range of 21.9-37.5 ppm. (Table-1)
Antimicrobial Activity
The compounds S5a-i (Table-4) were screened for their antifungal activity against Aspergillus niger and
Helminthosporium oryzae by comparing with standard fungicide Bavistin. Disc diffusion method [18]
was followed for screening the compounds at three different concentrations (25, 50, 100 ppm). Their
antibacterial activity was evaluated according to the disc diffusion method [19, 20] at three different
concentrations against Escherichia coli and Staphylococcus aureus by comparing with standards
Streptomycin. The title compounds showed more antifungal activity when compared with antibacterial
activity.
Compounds S5a-i were moderate effective against Staphylococcus aureus and the compounds Sa-d, 5f-h
were effective against Escherichia coli. However all these compounds exhibited more antifungal activity
against Aspergillus niger and Helminthosporium oryzae.
Experimental
Melting points were taken on Mel-Temp apparatus and are uncorrected. Elemental analyses were
performed by the Central Drug Research Institute, Lucknow, India. IR spectra were recorded as KBr
pellets on a Perkin - Elmer 1430 unit. "H NMR and *C NMR spectra were recorded on'’ AMX 400 MHz
spectrometer operating at 400 MHz for 'H, 100 MHz for ">C and 161.9 MHz for *'P. Compounds were
dissolved in CDCls. The chemical shifts were referenced to TMS ('H and "*C) and 85% H;PO, *'P).
Bis (2-hydroxy- 1 -naphthyl)methane (4) was prepared by using the reported procedure [21].
Preparation of 4-chloro phenyl carbamido phosphoric acid dichloride (3d).
A solution of 4-chloro aniline (2d, 0.51 g, 4.0 mmol) in dry toluene (25 mL) was added dropwise (20
min) to a cold solution (-15°C) of isocyanatophosphoric dichloride (1, 0.64 g, 4.0 mmol) in dry toluene
(30 mL). After the addition the temperature of the reaction mixture was maintained between -15°C to -
5°C for 30-40 minutes. Later the reaction mixture was brought to room temperature and stirred for 30-40

minutes. 4-chlorophenyl carbamido phosphoric acid dichloride (3d) being insoluble in toluene separated
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out. Without isolation and further purification, 3d was used for cyclisation reactions. Other
carbamidophosphoric acid dichlorides, 3a-i were prepared following this procedure.

Synthesis of N-(substituted)-/V'-[8-oxidodinaphtho-16H-(2,1-d:(1',2'-g)1,3,2-dioxaphosphocin-8-yl)urea (5d)

A solution of 4-chlorophenyl carbamidophosphoric acid dichloride (2d, 0.575 g, 2.0 mmol) in toluene (20
mL) was added to the solution of Bis(2-hydroxy-1-naphthyl)methane (4, 0.6 g, 2.0 mmol) and
triethylamine (0.404 g, 4.0 mmol) in dry toluene (20 mL) at 0°C. After the addition, the reaction mixture
was maintained at 0°C for one hour and then stirred at room temperature for further one hour. Later the
temperature of the reaction mixture was raised slowly to 45-50 °C, with stirring for an additional five
hours. The progress of the reaction was monitored by TLC in the 1:2 mixture of ethyl acetate and hexane
as a mobile solvent and silica gel as adsorbent. Triethyl amine hydrochloride was separated by filtration
and the solvent from the filtrate was evaporated under reduced pressure. The residue obtained after
washing with water was triturated with isopropyl alcohol to afford 0.66 g (60%) ofi analytically pure
material of 5d, m.p 163-165 °C. Physical and spectral data of 5d are given in Tatles 1-3.

Other members of § were prepared by adopting the same procedure.
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Table-5 : Antifungal and Antibacterial activities of compounds 5 in terms of Zone of Inhibition (mm)

Fungi Bacteria
Aspergillus niger Helrelnthosportan Escherichia coli Staphylococcus aureus
Compd. oryzae
100 50 25 100 50 25 100 50 25 100 50 25
5a 7 - - 10 6 - 9 5 - 9 4 -
5b 8 4 2 12 9 4 10 8 3 10 6 2
5¢ 9 6 2 12 7 11 8 3 12 7 2
5d 9 6 - 10 8 - 10 7 - 10 6 3
Se 10 6 2 10 6 2 - - - 10 6 -
5f 9 6 2 11 8 10 5 10 6 2
5g 10 6 2 12 7 - 12 8 - 10 7 -
5h 9 5 - 11 6 2 8 5 - 8 5 -
5i 10 4 - 12 8 2 - - - 11 8
Bavistin 8 S - 12 9 -
Streptomycin 10 0 - 9 5 -

Concentrations expressed in ppm
‘=’ indicates no activity
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