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ABSTRACT

Synthesis of a series of novel iminophosphorane derivatives of piperazine was accomplished
through Staudinger reaction in high yields (70-80%). In the first step, 1-(4-fluorophenyl)
piperazine (1) and 1-(2-pyrimidyl) piperazine (6) were reacted with chlorodiphenylphosphine (2)
in the presence of triethylamine (TEA) in dry THF at low temperature under N, atmosphere to
form the compounds (3) and (8). These on further reaction with a series of alkyl azides (4a-k)
gave the correspondi n% iminophosphorane derivatives (5a-k). Their chemical structures were
established by IR, *H, *C, **P-NMR, mass spectral studies and elemental analyses. All the titled
compounds (5a-k) showed promising anti-microbial activity.

Keywords: 1-(4-Fluorophenyl) piperazine, 1-(2-pyrimidyl) pip&ine, iminophosphoranes,
Staudinger reaction, antimicrobial activity.

INTRODUCTION

The reaction of a tertiary phosphine with organides to produce iminophosphoranes [1]
(phosphinimines) after nitrogen evolution is knoas Staudinger reaction [2, 3] and it is a
versatile tool in organic synthesis [4, 5]. Nitrogaustard derivative of cyclic organophosphorus
compound, such as cyclophosphamide is known tcbéduntitumor activity [6]. In the primary
imination process, phosphazides are importantrimgdrates that have been isolated [7] or trapped
via an intramolecular reaction [8]. But in most eéasuch phosphazides lose nitrogen at room
temperature to give the corresponding iminophospies in practically quantitative yields.
Stable and isolable phosphazides [9] were formebarcase of sterically hindered components or
the electronic effects of substituents which inseethe electron density on phosphorus atom or
decrease it on thil-atom of the azides [10-13]. Iminophosphoranes playimportant role in
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heterocyclic synthesis [14-16]. The use of phogsptiimee method in carbohydrate field provides
an easy access to variobscontaining sugars (carbodiimides, cyclic carbasyagpimines,
ureido, guanidine derivatives, etc) [13]. In coursé the studies on the synthesis and
transformation of sugar phosphinimines, recentlypaaticular interest has been aimed at the
Staudinger reaction of glycosyl azides bearing dditenal functional group at the anomeric
carbon. Iminophosphoranes were found to be exdefieagents in bridging the main group
elements with transition elements [17-18]. The aglity of phosphinimines in the synthesis of
heterocyles embedded with high valent transitiotaiads well documented [19]. Hydrolysis of
the Staudinger iminophosphorane is a convenienhadefor the synthesis of amines [20].
Iminophosphoranes have wide range of applicatiomduding modification of cell surfaces,
protein engineering, and specific labeling of nicckeids, proteomic studies and as a general tool
for bioconjugation [21].

In view of the above reports, we herein report $lgathesis of novel iminophosphoranes by
Staudinger reaction and their antimicrobial adegt Their structures were established by IR,
NMR (*H, **c and®P NMR) and mass spectral data.

MATERIALSAND METHODS

Sigma-Aldrich, Merck and Lancaster Chemicals wewledu as such. Solvents used for
spectroscopic and other physical studies were ntageade and were further purified by
standard procedures and techniques. The IR sp@dBapellets) were recorded on a Thermo
Nicolet 380 double beam spectrophotometet.and *C NMR spectra were recorded on a
Bruker ACF NMR spectrometer (400 MHz foH and 100 MHz forC) with TMS as an
internal standard®’P NMR spectra were measured using 8598® (ortho phosphoric acids
external reference on a 300 MHz. Mass spectra vem@ded on LCMS-2010A, SHIMADZU
spectrometer. Melting points were determined iropen capillary tube on Mel-temp apparatus,
Tempo instruments, India and were uncorrected.

General procedurefor the preparation of azides: 4-nitr obenzylazide (4a):

In a dry 100 mL round bottomed flask fitted witltodping funnel, calcium chloride tube, sodium
azide (0.065 g, 0.001 mole) and 5 mL of dry THFewelaced. The reaction mixture was stirred
and 4-nitrobenzylbromide (0.21 g, 0.001 mole) ir0 XQL of dry THF was added at room
temperature, when the reaction started, the temperavas increased to 40°¢5 The mixture
was cooled to room temperature to get pure 4-retmaplazidg4a).

General procedurefor the preparation of title compounds 5a-k:

Synthesis of 1-(N-benzyl-4'-nitro-P, P-diphenylphaosphorimidoyl)-4-(4-fluor ophenyl) piper azine 5a:
1-(4-Fluorophenyl) piperazine (1) (0.18 g, 0.001 mole) was treated with
chlorodiphenylphosphin€2) (0.19 mL, 0.001 mole) in the presence of triethyle(TrEA)
(0.001 mole) in dry tetrahydrofuran (THF) under&imosphere, stirred at low temperature (0-10
°C) for 3 hours. The progress of the reaction wasitoced by TLC analysis. The reaction
mixture was filtered to remove triethylamine hydntocide gave a solution of3). This on
further reaction with p-nitrobenzylazid@a) (0.001 mole) in dry THF at 68C under N
atmosphere for 5 hours yielded the compoyhbd) with the evolution of nitrogen. After
completion of the reaction, as indicated by TLdidaigel) using hexane and ethyl acetate (3:1)

289
www.scholarsresearchlibrary.com



Venkata Rao Chunduri et al Der Pharma Chemica, 2012, 4 (1):288-296

as a mobile phase, the solvent was removed inaaen@porator and the crude product obtained
was purified by column chromatography on silica (#)-120 mesh) using hexane and ethyl
acetate (3:1) as an eluent to afford the analyyigalre 5a.

Similarly, the other compoundsSb-f was synthesized by adopting the above experimental
procedure and the compoun8g-k was synthesized by adopting the similar experinienta
procedure by taking 1-(2-pyrimidyl) piperazi(® as a starting compound.

Analytical data

Synthesis of 1-(N-benzyl-4'-nitro-P, P-diphenylphosphorimidoyl)-4-(4-fluorophenyl) piperazine 5a
Yield: 64 %, M.P:143-14%. FT-IR (KBr): 1385 (-P-N), 1234 (P=N), 1016 (C:N—) NMR
(CDCl): 6 7.2 (dd, 8H, Ar-H), 3.3 (t, 8H, N-CHl 7.46-7.91 (m, 10H, Ar-H)3.1P NMR (CDC}):
6 10.86.

Synthesis of 2-({[4-(4-fluorophenyl) piperazin-1-yl](diphenyl)-A>-phosphanylidene}amino)pyridine-
3-carbonitrile 5b

Yield: 67 %, M.P: 150-152C. FT-IR (KBr): 1382 (-P-N), 1224 (P=N), 1016 (C:l\]lb-l NMR
(CDClg): 6 7.2 (dd, 8H, Ar-H), 3.4 (t, 8H, N-Chl 7.72-7.80 (m, 10H, Ar-H). )?1P NMR
(CDCly): 6 -12.24.

Synthesis of 5-({[4-(4-fluorophenyl) piperazin-1-yl] (diphenyl)-A>-phosphanylidene} amino)
pyrimidine 5¢

Yield: 73 %, M.P: 147-149C. FT-IR (KBr) 1384 (-P-N), 1230 (P=N), 1015 (C-N—).NMR
(CDClg): 6 7.2 (dd, 8H, Ar-H), 3.49 (t, 8H, N-Gi§ 7.44-7.91 (m, 10H, Ar-H).31P NMR
(CDCl): 6 8.36.

Synthesis of 1-[P, P-diphenyl-N-(3-nitropyridin-2-yl) phosphorimidoyl]-4-(4-fluorophenyl)
piperazine 5d

Yield: 74%, M.P:160-162C. FT-IR (KBr):1382 (-P-N), 1216 (P=N), 1014 (C-NH. NMR
(CDCh): 6 7.3 (dd, 8H, Ar-H), 3.34 (t, 8H, N-Gi 7.48-7.83 (m, 10H, Ar-H)??’C NMR
(DMSO-dg): & 49.45. B NMR (CDCk): 5 10.23. LC-MS (m/z): 502 (M+H). Anal. Calcd for
CoH2sFNsO4P: C, 64.66; H, 5.02; N, 13.97. Found: C, 64.515188; N, 13.85.

Synthesis of 1-[P, P-diphenyl-N-(5-nitropyridin-2-yl) phosphorimidoyl]-4-(4-fluor ophenyl)
piperazine 5e

Yield: 64%, M.P:150-152C. FT-IR (KBr): 1379 (-P-N), 1217 (P=N), 1032 (C-Nj NMR
(CDClg): 6 7.2 (dd, 8H, Ar-H), 3.49 (t, 8H, N-GH 7.51-7.93 (m, 10H, Ar-H)??’C NMR
(DMSO-ds): 50.01. B’ NMR (CDCk): § -12.58. LC-MS (m/z): 501 (f). Anal. Calcd for
Co7H2sFNsO2P: C, 64.66; H, 5.02; N, 13.97. Found: C, 64.754198; N, 14.07.

Synthesis of 1-[N-(4-bromobenzyl)-P, P-diphenylphosphorimidoyl]-4-(4-fluor ophenyl) piperazine 5f
Yield: 67%, M.P:143-145C. FT-IR (KBr): 1374 (-P-N), 1218 (P=N), 1034 (C:N-) NMR
(CDCly): 6 7.16 (dd, 8H, Ar-H), 3.31 (t, 8H, N-Gi 7.39-7.57 (m, 10H, Ar-H). )3.1P NMR
(CDCl): 6 5.68.
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Synthesis of 2-{4-[P, P-diphenyl-N-(4-nitr obenzyl) phosphorimidoyl] piperazin-1-yl} pyrimidine 59
Yield: 71%, M.P:162-164C. FT-IR (KBr): 1384 (-P-N), 1220 (P=N), 1014 (C:N-) NMR
(CDCl3): 6 8.36 (d, 2H, -CH), 3.41 (t, 8H, N-GH 7.44-7.55 (m, 10H, Ar-H).13C NMR
(DMSO-dg): 52.93. B NMR (CDCk): § 14.49. LC-MS (m/z): 499 (M+Hj). Anal. Calcd for
CoH27NsO2P: C, 65.05; H, 5.46; N, 16.86. Found: C, 65.015135; N, 16.45.

Synthesis of 2-({diphenyl [4-(pyrimidin-2-yl) piperazin-1-yl] A>-phosphanylidene} amino) pyridine-
3-carbonitrile 5h

Yield: 68%, M.P:140-142°C. FT-IR (KBr): 1374 (-P-N), 1216 (P=N), 1035 (C:N-) NMR
(CDCl): 6 8.21 (d, 2H,-CH), 3.49 (t, 8H, N-G} 7.35-7.91 (m, 10H, Ar-H)1.3C NMR (DMSO-
ds): 6 49.83. B! NMR (CDCb): 6 8.23. LC-MS (m/z): 467 (M+H). Anal. Calcd for GeH24N-P:
C, 67.09; H, 5.20; N, 21.06. Found: C, 67.21; HA5N, 21.19.

Synthesis of 2-{4-[P, P-diphenyl-N-(pyrimidin-5-yl)phosphorimidoyl] piperazin-1-yl}pyrimidine 5i
Yield: 74%, M.P:151-153C. FT-IR (KBr): 1382(-P-N), 1234 (P=N), 1030 (C-NH.NMR
(CDCl3): 6 8.32 (d, 2H,-CH), 3.40 (t, 8H, N-GH 7.42-7.91 (m, 10H, Ar-H). )‘?’1P NMR
(CDCl3): 6 9.34.

Synthesis of 2-[4-[P, P-diphenyl-N-(3-nitropyridin-2-yl) phosphorimidoyl] piperazine-1-yl}
pyrimidine 5j

Yield: 66%, M.P: 144-146C. FT-IR (KBr) 1379 (-P-N), 1233 (P=N), 1017 (C-Nb—] NMR
(CDClg): 6 8.23 (d, 2H,-CH), 3.54 (t, 8H, N-Gi 7.30-7.54 (m, 10H, Ar-H). )‘?’1P NMR
(CDCl3): 6 -2.34.

Synthesis of 6-chloro-2-({diphenyl [4-pyrimidin-2-yl) piperazin-1-yl]-A>-phosphanylidene} amino)
pyrimidine-4-amine 5k

Yield: 75%, M.P:161-163C. FT-IR (KBr):1378 (-P-N), 1231 (P=N), 1035 (C-NH.NMR
(CDCl): 6 8.31(d, 2H,-CH), 3.36 (t, 8H, N-GH 7.44-7.91 (m, 10H, Ar-H). ).31P NMR
(CDCl): 6 10.93.

Biological assay

Antibacterial activity

A standard inoculum (1-2 x i@.f.u/cn? 0.5 McFarland standards) was introduced on to the
surface of sterile agar plates, and a sterile gi¢pssader was used for even distribution of the
inoculum. The discs measuring 6.25 mm in diametrevwprepared from Whatmann no.1 filter
paper and sterilized by dry heat at 140 °C for Thre sterile disc previously soaked in a known
concentration of the test compounds were placatutrient agar medium. Solvent and growth
controls were kept. The plates were inverted amdbated for 24 h at 37 °C. The inhibition
zones were measured and compared with the conlaiénum inhibitory concentration (MIC)
was determined by broth dilution technique. Theriant broth, which contained logarithmic
serially two fold diluted amount of test compounddacontrols were inoculated with
approximately 5 x 10c.f.u of actively dividing bacteria cells. The tuks were incubated for 24

h at 37 °C and the growth was monitored visuallg apectrophotometrically. The lowest
concentration (highest dilution) required to arrés¢ growth of bacteria was regarded as
minimum inhibitory concentrationsM|C). Streptomycin was used as a standard drug. The
diameter of the zone of inhibition and minimum intory concentration (MIC) values are given
in Table 1.
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The newly synthesized compounds were screened Heir tantibacterial activity against
Escherichia coli, Bacellus subtilis and Streptococus bovis (recultured) bacterial strains by disc
diffusion method. The investigation of antibactesareening data revealed that all the tested
compounds showed moderate to good bacterial imbwibilThe compound&a-k showed very
good activity against all the bacterial strains.

Antifungal activity

Sabourauds agar media was prepared by dissolviqngeptone, 4 g D-glucose, and 2 g agar in
100 cnf distilled water, and adjusting pH to 5.7 usingfeufNormal saline was used to make a
suspension of spore of fungal strain for lawning.lodpful of particular fungal strain was
transferred to 3 cinsaline to get a suspension of corresponding spe2tecni of agar media
was poured in to each Petri dish. Excess of sugpemsas decanted and the plates were dried by
placing in an incubator at 37 °C for 1 h. Usingamar punch, wells were made and each well
was labeled. A control was also prepared in trgséicand maintained at 37 °C for 3-4 d. The
inhibition zones in diameter were measured and ewetpwith the controls. The Nutrient broth,
which contained logarithmic serially two fold dikdt amount of test compound and controls
were inoculated with approximately 1.6 x*#x 1¢ c.f.u cm®. The cultures were incubated for
48 h at 35 °C and the growth was monitored. Theekiwwoncentration (highest dilution) required
to arrest the growth of fungus was regarded asmuim inhibitory concentrationsM]C).
Bovastin was used as the standard drug. The diaméteone of inhibition and minimum
inhibitory concentration values are given in Table

Newly prepared compounds were screened for theiifuagal activity againstFusarium
oxyporum, Aspergillus flavus, Aspergillus niger (recultured) in DMSO by serial plate dilution
method. The antifungal screening data showed mtelécagood activity. Compoundsa-k
emerged as very active against all the fungalrsdrai

RESULTSAND DISCUSSION

Synthesis of the title compoun@a-k) was accomplished by the reaction of 1-(4-fluoropthen
piperazing(1l) and 1-(2-pyrimidyl) piperazing) were reacted with chlorodiphenylphosph(@e
in the presence of triethylamine (TEA) in dry THFl@w temperature under Mitmosphere to
form the compounds3] and(8). This on further reaction with different alkyl des(4a-k) in dry
THF at 65°C under N atmosphere formed the corresponding iminophospilecdarivativeg5sa-
k) with the evolution of nitrogen in 70-80% yield amklted in the range of 144-166. The
progress of the reaction was monitored by thin day@omatography (TLC) analysis and the
products were purified by column chromatographygsiexane: ethyl acetate (3:1) as eluent.
The structures of the title compoun@a-k) were established by their spectroscopic data.h&ll t
compounds(5a-k) exhibited infrared absorption bands for P-N, Paidl &N-C in the regions
1385-1375, 1240-1212 and 1033-1019 “aespectively.

The aromatic protons of the title compouiisis-k) resonated as a doubletéaf.18-7.48 J=8.5-
9.2 Hz) for (4-Fluoro) phenyl moiety and doubleBa86 for (2-pyrimidyl) moiety. The aromatic
protons of the two phenyl moieties ®B-k) appeared as a multiplet at 7.49-7.91. The remginin
protons of the title compound@Sa-k) appeared in the expected region.
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The **C NMR spectral data dbd, 5e, 59 and 5h compounds showed characteristic chemical
shifts for aromatic carbons. The chemical shiftshef methylene carbon atoms of the piperazine
moiety appeared @t50.17-51.48. The data of other carbon signalobserved in the expected
region.

3P NMR chemical shifts of these compourffia-k) appeared in the expected region -15.14 to
15.95 ppm. In the LC mass spectra, compousttjse, 5g and 5h exhibited their respective
molecular ion peaks with moderate intensity.

/\ cl THF, TEA  H.C,
OO+ e
HSCG/ CeHs 0-10 °C, H5C6/ __/
N, atm
(1) () 3)
RN, (4a-f)
3—> HSCG\P N/ \
- N F
THF65°C,  HCZ I N/ < >
N, atm
(5a-f)
/N N= cl THF, TEA H.C
HN N—<\ + | s /N N=
NI / P N PN N— /
N HCs™ “CgH, 0-10°C, H.C; NN
N, atm
(6) )] (8)
RN, (49-k)
3—> HSCS\P N/ \ _<N_
- N
THE650C,  HCS I N/ />
N, atm
(5g9-k)
Compound R Compound R
5a \—Q—Noz 59 \—< :>—No2
oN ~CN
5b | S 5h | _
N7 N
5c \E\N 5i | SN
7 7
NO. NO
AN 2
5d (I 5j | X 2
N N/
o NH,
2 X
Se | 5k | >N
N/ /)\
c” N

Scheme 1
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Table 1. Antibacterial activity of iminophosphoranes 5a-k against Gram positive and Gram negative bacteria

Zone of inhibition (mm)
Compound Escherichia coli Bacellus subtilis Streptocus bovis
150pg  250pg 350upg 150pg 250pg 350ug 150pg 250upg 350ug
5a 7 [ 12 [ 17 3 ] 7 ] 11 3 8 | 12
MIC 50 pg 80 pg 90 pg
5b 5 [ 9 [ 14 11 [ 12 [ 15 7 [ 12 ] 18
MIC 75 ug 40 pug 45 ug
5¢ 7 [ 12 [ 16 - ] 7 ] 11 2 ] 5 ] 8
MIC 70 pg 180 pg 130 pg
5d 10 [ 13 ] 15 7 ] 10 | 16 4 ] 7] 11
MIC 45 ug 35 ug 70 pg
5e 6 [ 11 [ 14 8 | 12 [ 15 - | - 7
MIC 60 ug 20 pug 280 ug
5f 6 | 8 | 13 3 ] 5 ] 18 - | 7] 12
MIC 45 ug 80 pg 200 ug
5g 4 | 7 | 1 - ] - ] 6 3 [ 6] 9
MIC 60 ug 300 ug 100 pg
5h 6 [ 9 [ 12 5 [ 9 | 12 7 ] 11 ] 13
MIC 45 ¢ 55 ¢ 35 p¢
5i -- [ 8 [ 12 8 | 9 ] 12 - | 3] 8
MIC 170 ug 30 pug 180 pg
5j 2 | 7 | 16 7 ] 12 ] 14 8 [ 13] 17
MIC 130 pg 60 pg 25 ug
5k - [ 10 [ 14 3] 5 [ 9 5 | 8 ] 13
MIC 160 pg 120 pg 65 ug
Streptomycin 21 20 22
(Standard)
MIC=Minimum inhibitory concentration
Table 2. Antifungal activity of iminophosphoranes 5a-k
Zone of inhibition (mm)
Compound Fusarium oxysporum Aspergillus flavus Aspergillus niger
150ug 250pg 350 150ug 250pg 350 150pg 250pg 350
5a 2 [ 7 | 11 7 | 12 ] 17 0 | 5 ] 9
MIC 100 pg 45 ug 160 ug
5b - | 10 | 13 5 | 8 | 15 6 [ 8] 15
MIC 75 pg 75 pg 120 pg
5¢ - [ 4 [ 1 9 | 13 [ 18 - | -1 6
MIC 80 ug 35 ug 65 ug
5d 6 | 8 | 12 8 | 10 | 16 5 ] 8 | 11
MIC 42 ug 30 pg 85 ug
5e -- [ 7 [ 10 4 ] 9 ] 14 6 [ 8] 13
MIC 70 pg 120 pg 110 ug
5f - 6 [ 13 3 | 5 [ 8 8 [ 12 ] 16
MIC 80 ug 135 ug 132 pg
59 7 [ 10 [ 14 2 ] 8 | 11 6 | 8 | 11
MIC 60pg | e 115 pg
5h 8 [ 11 ] 15 3 ] 5 ] 7 - ] 4 ] 9
MIC 130 pg 75 pg 55 ug
5i 8 [ - [ 10 2 ] 5 ] 8 6 | 6] 8
MIC 135 ug 70 ug 120 pg
5 13 [ 10 ] 10 15 | 7 ] 10 4 ] 7] 10
MIC 120 pg 90 ug 70 ug
5k 5 [ 11 ] 16 4 | 7 ] 10 3 | 5] 11
MIC 100 pg 80 pg 60 pg
Bovastin
(Standard) 19 21 18
MIC=Minimum inhibitory concentration
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Biological activity

Antibacterial activity

All the synthesized compounds were screened agaiash positive bacteria and Gram negative
bacteria by the disc diffusion methadd the results were compared with the standard dru
(Streptomycin). The results revealed that majasftthe synthesized compounds showed varying
degrees of inhibition against the tested microosas. In general, the compourtsts 5¢ and5g
were more effective towardsschrichia coli, 5b, 5h, 5j and 5k were more effective towards
Streptococus bovis and the compoundsd, 5e, 5f and5i were more effective toward3acellus
subtilis.

Minimum inhibitory concentration (MIC) was deterraoh for the compoundSa-k by broth
dilution technique. The lowest concentration (higthailution) required to arrest the growth of
bacteria was regarded as minimum inhibitory corregions (MIC). Streptomycin was used as a
standard drug. The diameter of the zone of inlwhitand minimum inhibitory concentration
values are given in Table 1.

Antifungal activity

All the titled compound®a-k were tested for antifungal activity and the resulese compared
with the standard drug, Bovastin. Among them, t@poundsa, 5b, 5c¢, 5d and5e were more
effective towardsAspergillus flavus, 5f compound was more effective towarispergillus niger

and the compoundsg, 5h, 5i, 5] and5k were more effective toward=usarium oxysporum. The
inhibition zones in diameter were measured and ewetp with the controls. The lowest
concentration (highest dilution) required to arréis¢é growth of fungus was regarded as
minimum inhibitory concentration (MIC). Bovastin svased as the standard drug. The diameter
of zone of inhibition and minimum inhibitory condeation (MIC) values are given in Table 2.

CONCLUSION

We have successfully synthesized a series of niomglophosphoranes (phosphinimines) in
higher yields by Staudinger reaction adopting aps&mand straight forward procedure. The
advantages are shorter reaction times, low cateo$tarting chemicals and simple experimental
procedure. All the compounds exhibited antibackera antifungal activities.
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