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phosphorus heterocycles
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ABSTRACT

A simple procedure for the synthesis of eight-membered 6-(2-chloroethyl)/bis(2-chloroethyl)-amino-
12-oxo-dibenzo[d,g][1,3,2ldioxaphosphocin 6-oxides (3a-b) and seven-membered 6-(2-chloroethyl)/bis-
(2-chloroethyl)aminodibenzo[d,f][1,3,2]dioxaphosphepin 6-oxides (5a-b) from cyclocondensation of
equimolar ratios of 2,2-dihydroxybenzophenone (1) and 2,2’-dihydroxybiphenol (4), respectively with
2-chloroethylphosphonicdichloride (2a) and bis(2-chloroethyl)phosphoramidic dichloride (2b) in dry
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toluene in the presence of triethylamine at 45-50 °C is described. All synthesized compounds possessed oxides;

significant growth inhibition for their antibacteria against ‘Bacillus subtilis’and ‘Klebsiella pneumonia’and

antifungi activity on “Curvularia lunata” and “Aspergillus niger.”

GRAPHICAL ABSTRACT
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Introduction

Organophosphorus compounds (OP) are important class of
components with a variety of applications in biology, agriculture
and chemistry.!"® However, phosphonates and phosphorami-
dates are organic compounds containing C-PO(OR), and R,N-
PO(OR), groups (R = alkyl, aryl or H), which exhibits multi-
faceted applications in modern organic and medicinal chem-
istry.>*® In particular, alkyl and aryl phosphonates are increas-
ingly used in medicine to treat disorders associated with bone
formation and calcium metabolism such as osteoporosis, and
also serve as carriers for radionuclides in bone cancer treat-
ments.® More importantly, the introduction of an amine group
in the molecule increases the metal binding abilities of the corre-
sponding phosphonates.®® In continuation of our efforts for the
synthesis of bioactive dioxaphosphocin and dioxaphosphepin

cl. 9 Triethylamine
Toluene, 45 - 50 °C

benzodioxaphosphepin
oxides; antibacterial;
antifungal activities

—_ 12 P
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oxides,”"'? herein we report a corresponding eight- and seven-
membered phosphorus heterocyclic compounds and their pre-
liminary biological results.

Results and discussion

The synthesis of 6-(2-chloroethyl) and bis-(2-chloroethyl)
amino-12-oxo-dibenzo-[d,g][1,3,2]-dioxaphosphocin 6-
oxides (Scheme 3, 3a and 3b) was achieved by the cyclo-
condensation of 2,2’-dihydroxybenzophenone (1) with 2-
chloroethylphosphonic dichloride (2a) and bis-(2-chloroethyl)
phosphoramidicdichloride (2b), respectively, in equimolar
quantities in dry toluene, in the presence of triethylamine. The
dichlorides (2a, 2b) were prepared as shown in Schemes 1 and
2 by modified literature procedures. 14
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2a, Y: CHCH,CI

Scheme 1
A o)
P(O)Cl; + HN(CH,CH,Cl); — 3 CI‘F"
cl/ '\Y
2b, Y: N(CH,CH,Cl),
Scheme 2

The cyclization of compound 1 with 2-chloroethylphos-
phonic dichloride (2a) and bis(2-chloroethyl)phosphoramidic
dichloride (2b), occurred smoothly in dry toluene in the pres-
ence of triethylamine in about 5-6 h at 45-50 °C. The course
of the reaction was followed by using TLC analysis (EtOAc-
Hex, 1:3) at different time intervals. In the reaction, formation
of dibenzodioxaphosphocin 6-oxide heterocyclic system is con-
sidered to be a nucleophilic attack by oxygen atom of hydroxy
groups of compound 1, on the phosphorus atom of phosphon-
icdichlorides and phosphoramidicdichloride. In this condensa-
tion, dry toluene was found to be an ideal solvent since the reac-
tants readily dissolved in it in the presence of triethylamine with-
out reacting with it. The use of triethylamine in these reactions is
essential as it readily scavenges the liberated hydrogen chloride
forming its salt and thereby drives the reaction to completion.
Further, work-up of the reaction product is easy by filtration of
the insoluble triethylamine hydrochloride salt and removal of
solvent from the filtrate and then drying before purification by
recrystallization.

Similarly, 6-(2-chloroethyl) and bis-(2-chloroethyl)amino
dibenzo[d,f][1,3,2]dioxaphosphepin 6-oxides (Scheme 3, 5a and
5b) were synthesized from 2,2'-dihydroxybiphenol (4) and 2a-
b under these conditions. The 2-chloroethylphosphonic and
bis(2-chloroethyl)phosphoramidic dichlorides (2a and 2b) were
prepared according to the literature modified procedures with
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Scheme 3. Synthesis of dioxaphosphocin and dioxaphosphepin-6-oxides.

high purity.!>!* Further, the reported conditions are very con-
venient, easy handling, simple work-up and purification.'? The
molecular structures of the synthesized compounds were con-
firmed by IR, 'H, ¥C, and *P NMR spectroscopy and mass
spectrometry and elemental analysis.

In order to confirm the reaction through characteristic func-
tional groups in the molecules, the infrared spectra were used,
and confirmed the phosphoryl (P = O) group in the given
structures (3a-b and 5a-b) based on absorption bands for
P = O stretching frequencies in the region 1290-1312 cm™!. The
appearance of P = O absorption in the normal region indicates
that the phosphoryl group is not involved in hydrogen bond-
ing in these compounds.!'* The carbonyl groups in 3a and
3b showed absorption bands at 1627 and 1636 cm™! respec-
tively, in a relatively low region than normal due to the effect
of two aromatic phenyl rings attached to it.!"!® Proton (‘H)
NMR showed two distinct multiplets for compounds 3a and 5a
in the regions § 2.03-2.64 (P-CH,) and § 3.33-3.94 (-CH,Cl)
for aliphatic methylene groups attached to phosphorus, whereas,
bis(2-chloroethyl)amino group compounds 3b and 5b, proton
signals observed in the regions § 3.18-3.45 (N(CH,);) and §
3.53-3.60 ((-CH,Cl);). The aromatic protons appeared in the
expected regions, § 6.80-8.10.'5!* The *'P resonance signals
were within the region from 42.7 to 12.3 ppm.'>~1¢ The EI mass
spectra of compounds 3b and 5b are recorded and interpreted in
support of the structures proposed based on their synthesis.®~!!

Biological activity

The synthesized compounds (3a-b, 5a-b) were screened for
their antibacterial activity against the growth inhibition of Bacil-
lus subtilis (gram + ve) and Klebsiella pneumoniae (gram-ve) at
concentrations 500 and 1000 ppm?!’ and all these compounds
exhibited promising activity against both the organisms. The
results are presented in Table S1 (Supplemental Materials). Peni-
cillin and Tetracycline were tested as standard reference com-
pounds to compare the activity of these compounds. The anti-
fungal activity was also tested for the compounds (3a-b, 5a-b)
against the growth inhibition of Curvularia lunata (Pink dis-
ease) and Aspergillus niger (dry root rot of sun flower and cit-
rus) with two different concentrations (500 and 1000 ppm).'8
Griseofulvin was used as reference compound to compare the
activity of the synthesized compounds. Most of the compounds
showed moderate antifungal activity against the growth of both
the fungi.

Experimental procedures

General Information: The melting points were determined in
open capillary tubes on a Mel-Temp apparatus and are uncor-
rected. The infrared spectra were recorded as KBr pellets on
Perkin Elmer 1000 unit. 'H, *C, and *'P-NMR spectra were
recorded on a Varian AMX 400 MHz NMR instrument oper-
ating at 400 MHz for 'H, 100.56 MHz for '*C and 161.7 MHz
for *'P. All the compounds were dissolved in chloroform-d and
chemical shifts were referenced to tetramethylsilane (TMS) (*H,
3C) and 85% H3PO, (*'P). Microanalysis data were obtained
from Central Drug Research Institute, Lucknow, India. Toluene
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procured from S.D. Fine Chem. Ltd., Boisar, India, was dried
over anhydrous calcium chloride followed by sodium wire and
distilled before use. The other solvents were obtained from S.D.
Fine Chem. Ltd., Boisar, India and Qualigens Fine Chemicals,
Mumbeai, India and were used after purifying by the established
procedures. ¥

Phosphorus oxychloride was procured from Ubichem Ltd.,
England, whereas, Phosphorus trichloride was procured from
Spectrochem, Mumbai, India and used without further purifica-
tion. Triethylamine obtained from S.D.Fine Chem. Ltd., Boisar,
India was dried over potassium hydroxide pellets and distilled.
2,2'-Dihydroxybenzophenone and 2,2-dihydroxybiphenol were
purchased from Sigma-Aldrich Chemical Company, Inc. USA
and used without further purification.

Preparation of 2-chloroethylphosphonic dichloride (2a)

A mixture of phosphorus trichloride (34.4 g, 0.25 mole),
anhydrous aluminum chloride (33.4 g, 0.25 mol) and 1,2-
dichloroethane (24.8 g, 0.25 mole) was refluxed in a three-
necked round bottomed flask with stirring till all the AICl; dis-
solved. After cooling to —5 to 0 °C, 300 mL of methylene chlo-
ride was added slowly from a dropping funnel with stirring
and then water (45.0 g, 2.5 mol) was added dropwise at —10°C
with vigorous stirring. After removal of aluminum salts, the sol-
vent was distilled off and the residual liquid was removed under
reduced pressure, (bp 100 °C / 20 mm), to give a colorless liquid
(vield, 15.0 g)."?

Bis(2-chloroethyl)phosphoramidic dichloride (2b)

Triethylamine (20.2 g, 0.2 mole) in dry toluene (75 mL)
was added dropwise to a stirred suspension of bis(2-
chloroethyl)amine hydrochloride (17.8 g, 0.1 mole) and
phosphorus oxychloride (15.3 g, 0.1 mole) in dry toluene
(150 mL) under inert atmosphere in a three-necked round
bottomed flask (500 mL), equipped with reflux condenser. After
completion of the addition, the reaction mixture warmed to
reflux, filtered and the filtrate was subjected to flash evaporation.
The residue obtained was purified by vacuum distillation under
reduced pressure to yield 19.5 g (75%) of compound 2a, bp
126-129°C/1.5 mm."*

General procedure for cyclocondensation reactions (3a-b
and 5a-b)

A solution of dichloride 2a-b (0.01 moles) in dry toluene
(20 mL) was added over a period of 20 min to a stirred solution
of 2,2’-dihydroxybenzophenone, 1 or 2,2'-dihydroxybiphenol,
4 (0.01 moles) and triethylamine (0.02 moles) in dry toluene
(50 mL) at 0 °C. After completion of the addition, temperature
of the reaction mixture was raised to 45-50 °C and stirred for 5-
6 h. The progress of the reaction was monitored by TLC analysis
(EtOAc-Hex, 1:3). The precipitated triethylamine hydrochloride
was filtered and then filtrate was evaporated in a rotaevapora-
tor under vacuum. The residue obtained was washed with water
followed by chilled 2-propanol. Colorless crystals were obtained
by recrystallization of the crude product from 2-propanol. The
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synthetic and analytical data of all the compounds (3a-b, 5a-b)
provided.

6-(2-Chloroethyl)-12-oxo-dibenzo[d,gi[1,3,2]
dioxaphosphocin 6-oxide (3a)

Yield: 58%. m.p: 152-154 °C. IR data (KBr): 1211 (P = O), [(P)-
O-Caromatic]: 993 (P-O), 1149 (O-C), 1627 (C = O0) cm~ L. 'H
NMR (CDCls): § 6.80-7.52 (m, 8H), 2.03-2.23 (m, 2H, PCH,),
3.33-3.50 (m, 2H, CH,Cl). 3C NMR (CDCl;): § 132.6 (C-
1&11), 130.2 (C-2&10), 133.9 (C-3&9), 121.9 (C-4&8), 146.6
(d, %Jpoc = 9.5 Hz, C4a&7a,), 125.7 (C-11a&12a), 199.9 (C-12),
30.5 (d, Jpc = 140.3 Hz, PCH,), 36.7 (CH,Cl). 3P NMR (85%
H;PO0,): 42.7 ppm. Anal. Calcd. for C;5H;,04PCl: C 55.84, H
3.75; Found: C 55.69, H 3.62

6-Bis(2-chloroethyl)amino-12-oxo-dibenzo[d,g][1,3,2]
dioxaphosphocin 6-oxide (3b)

Yield: 62%. m.p: 128-130 °C. IR data (KBr): 1290 (P =
0), [(P)-O-Caromatic]: 945 (P-0), 1207 (O-C), 1636 (C = O)
cm~!. 'H NMR (CDCl;): § 7.27-8.10 (m, 8H), 3.18-3.29
(m, 4H, N(CH,);), 3.53-3.58 (m, 4H, (CH,Cl),). ¥3C NMR
(CDCl3): § 133.1 (C-1&11), 132.1 (C-2&10), 134.9 (C-3&9),
124.3 (d, 3Joocc = 2.9 Hz, C-4&8), 148.2 (d, *Jpoc = 8.8 Hz,
C4a&7a,), 127.1 (C-11a&l12a), 188.1 (C-12), 42.0 (N(CH,),),
50.4 (d, *Jpn.ac = 2.3 Hz, (-CH,Cl),). 3'P NMR (85% H3PO,):
20.5 ppm. Anal. Calcd. for C,;H;,NO4PCl,: C 51.02, H 4.03;
Found: C 50.88, H 3.97. EI-MS (70 eV), m/z (%): 399 (1.2, M*.),
366 (1.2), 364 (2.5), 352 (32.5), 350 (100), 288 (13.7), 259 (15),
215 (3.7), 198 (3.7), 168 (12.5), 151 (7.5), 139 (13.7), 124 (21.2),
109 (8.7), 92 (18.7).

6-(2-Chloroethyl) dibenzo[d,f][1,3,2]-dioxaphosphepin
6-oxide (5a)

Yield: 62%. m.p: 97-99 °C. IR data (KBr): 1299 (P = O) cm™L.
'H NMR (CDCl;): § 7.26-7.56 (m, 8H), 2.53-2.64 (m, 2H,
PCH,), 3.85-3.94 (m, 2H, CH,Cl). ¥3C NMR (CDCl;): § 130.2
(C-1&11), 126.6 (C-2&10), 130.3 (C-3&9), 121.4 (d, *Jpocc =
3.4 Hz, C-4&8), 128.6 (C-12&13), 147.4 (d, *Jpoc = 9.2 Hz,
C4a&7a,), 28.0 (d, Jpc = 131.7 Hz, PCH,), 35.7 (CH,Cl). 3'P
NMR (85% H3P04)Z 25.3 ppm. Anal. Calcd. for C14H1203PC12
C 57.06, H 4.10; Found: C 56.92, H 3.99.

6-Bis(2-chloroethyl)amino
dibenzo[d,f]-[1,3,2]dioxaphosphepin 6-oxide (5b)

Yield: 68%. m.p: 98-100 °C. IR data (KBr): 1312 (P = O) cm™'.
'H NMR (CDCls): § 7.33-7.57 (m, 8H), 3.36-3.45 (m, 4H,
N(CH,),), 3.58-3.60 (m, 4H, (CH,Cl),). *C NMR (CDCl3):
§ 130.0 (C-1&11), 126.5 (C-2&10), 130.1 (C-3&9), 121.6 (d,
3Ipocc = 4.6 Hz, C-4&8), 127.9 (C-12&13), 148.0 (d, *Jpoc =
9.1 Hz, C4a&7a,), 41.9 (N(CH,),), 49.3 (d, *Jpn.2c = 3.4 Hz, (-
CH,Cl),). 3'P NMR (85% H3POy,): 12.3 ppm. Anal. Calcd. for
C16H1sNO3PCl,: C 51.63, H 4.33; Found: C 51.48, H 4.26. EI-
MS (70 eV), m/z (%): 399 (1.2, M*.), 366 (1.2), 364 (2.5), 352
(32.5), 350 (100), 288 (13.7), 259 (15), 215 (3.7), 198 (3.7), 168
(12.5), 151 (7.5), 139 (13.7), 124 (21.2), 109 (8.7), 92 (18.7).
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Conclusion

In

conclusion, the biologically active eight- and seven-

membered organophosphorus heterocyclic compounds were
synthesized successfully via cyclocondensation procedure
in high yield. All the synthesized compounds have shown
significant activity in their antimicrobial studies.

References

1.

Quin, L. D. A Guide to Organophosphorus Chemistry, Ed. Wiley-
Interscience: New York, 2000.

. Mucha, A; Kafarski, P; Berlicki, L. J. Med. Chem. 2011, 54, 5955-5980.
. Faraci, W. S.; Yang, B. V; O’'Rourke, D.; Spencer, R. W. Bioorg. Med.

Chem. 1995, 3, 605-610.

. Fananas-Mastral, M.; Feringa, B. L. J. Am. Chem. Soc. 2014, 136, 9894—

9897.

. Gubaidullin, A. T.; Mironov, V. E; Burnaeva, L. M.; Litvinov, I. A.;

Dobrynin, A. B.; Goryunov, E. I; Ivkova, G. A.; Konovalova, I. V.; Mas-
tryukova, T. A. Russ. J. Gen. Chem. 2004, 74, 6, 842-859.

. Johnson, A. W.; Kasa, W. C.; Ostoza, K.A.; Dixon, D. A. Ylides and

Imines of Phosphorus, Wiley-VCH: New York, 1993.

. Wadsworth, W. S. Synthetic Applications of Phosphoryl-Stabilized

Anions, Organic reactions, John Wiley & Sons, 1977, Vol. 25, Ch. 2,
pp 73.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Serpi, M.; Bibbo, R.; Rat, S.; Roberts, H.; Hughes, C.; Caterson, B.;

Alcaraz, M. J; Gibert, A. T.; Verson, C. R. A,; McGuigan, C. ]. Med.
Chem. 2012, 55, 4629-4639.

. Kanduluru, A. K. PhD thesis. 2003, Sri Venkateswara University, Tiru-

pati, India.

Kanduluru, A. K.; Cirandur, S. R.; Lakonda, N. R.; Chamarthi, N. R.
Heterocycl. Commun. 2001, 7, 253-256.

Kanduluru, A. K. Cirandur, S. R; Kumar, N. J; Krishna-

iah, M.  Phosphorus Sulfur Silicon, Relat. Elem. 2001, 173,
83-104.

Haranath, P; Kumar, V. S; Cirandur, C. S; Chamarthi,
N. R, Chichhili D. R. Synth. Commun. 2007, 37,

1697-1708.

Singh, N,; Gupta, R. L.; Roy, N. K. Indian J. Chem. 1996, 35B, 697-699.
White, D. W,; Gibbis, D. F; Verkade, J. G. J. Am. Chem. Soc. 1979, 101,
1937-1942.

Quin, L. D.; Verkade, J. G. Phosphorus-31 NMR Spectral Properties
in Compound Characterization and Structural Analysis. 1994, Wiley-
VCH: New York.

Silverstein, R. M.; Webster, E X. Spectrometric Identification of Organic
Compounds. 1998, 6th Ed., John Wiley & Sons: New York.

Vincent, J. C.; Vincent, H. W. Proc. Soc. Expt. Biol. Med. 1944, 55, 162—
164.

Benson, H. J. Microbiological Applications. 1990, 5th Ed., W. C. Brown
Publications: New York.

Vogel, A. 1. A Text Book of Practical Organic Chemistry. 1978, Longman
Group Ltd.: London.



	Abstract
	References

