
INTRODUCTION

Since the 1940’s, chemists have developed
all sorts of highly effective antibiotics (Sulfa drugs,
Pinicillins, Tetracyclines, and others that are
effective) against bacterial infections and viral
infections. In recent years there has been a flood of
papers describing the synthesis of new antibacterial
compounds and isolation of some natural products
and study of their biological antimicrobial activities
penicillin derivatives,1 lignanan named crossandrin,2

triazolo-thiadiazinyl comarins,3 p-bromo and p-
nitrophenylsele-nocyanate,4 pyrazoline-5-ones,5

thiacarbamides,6 substituted benzimidazole
derivatives,7and others.8-10 In this introduction we
have paid attention in penicillines and
organophosphorus compounds.

The penicillin is one of the most widely
used antibiotics and its antibacterial activity against
both gram-positive and gram-negative
organisms.11,12 The penicillin has two heterocyclic
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ABSTRACT

Tris (pentafluorophenyl) phosphine, bis (pentafuorophenyl) phenylphosphine, tris (4-
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(pentafluorophenyl)phosphonium iodide, methyl bis (pentafuorophenyl)phenylphosphonium iodide,
methyl tris (4-fluorophenyl) phosphonium iodide and methyl triphenylphosphonium iodide. These
phosphonium salts showed significant activity against all the bacteria tested, Escherichia Coli,
Protius, Staphylococcus Aureus and Pseudomonas. The combination of these phosphonium salts
with the penicillin G or V gives a synergistic effect.
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rings, the smaller, β-lactam, of which is crucial to
biological activity and contain bulky side chains
attached to the 6-aminopenicillanic acid.13-15

The establishment of the precise structure
of penicillin was  very difficult and was completed
only in 1945, when Dorthy Hodgkin  (Nobel Prize of
chemistry 1964) brought the final tests thanks to
work  of diffraction of x-rays (Scheme-1) .
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Scheme 1: Structure of penicillin
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The molecular skeleton lets foresee that it
probably derives from two amino acids, in fact
cysteine and valine what was indeed proven. Its
general structure is shown in Scheme-2

In recent years, there have been numerous
papers describing the synthesis and chemistry of
phosphorus compounds, such as fluorovinyl-
containing phosphines,16 and application due to their
utility as corrosion inhibitors of iron,17,18

    Now we found that the combination of penicillin
G or V with phosphonium salts gives a synergistic
effect and brought a high degree of antibacterial
activity for this drug.

RESULTS AND DISCUSSION

The strategy we have adopted for carrying
this research consists of the following steps
´ Synthesis of some fluorinated phosphonium

iodide derivatives using Wittig reaction, this
route has been widely used for the synthesis
of alkenes  and more recently, for the
synthesis of phosphonium salts. Tris
(pentafluorophenyl) phosphine 4a, bis
(pentafuorophenyl) phenylphosphine 4a and
tris (4-fluorophenyl) phosphine 4a are readily
reacted with 1.3 equivalents of methyl iodide
in chloroform at boiling point to afford
respectively phosphonium salts of tris
(pentafluorophenyl)phosphonium 5b iodide,
bis (pentafuorophenyl)phenylphosphonium
5b and tris (4-fluorophenyl) phosphonium
iodide 5b as shown in Scheme-4.

´ Study of their biological antibacterial activities
and the effect of synergy of these compounds
with penicillin G.

Scheme 2: The general structure of penicillin
(consists of two amino acids Cys and Val.)
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There is also considerable interest in the
synthesis and chemistry of organophosphorus
compounds due to their utility in medicine and
agricultural applications.  Before World War II, there
were almost no practical applications for synthetic
organophosphorus compounds since they
possessed exceedingly high levels of mammalian
toxicity. Over the years, it was discovered that the
mammalian toxicity levels could greatly reduced by
proper structural modification, but that toxicity level
to insects was very high. Since that time, Many
organophosphorus compounds have been made
and used in very large quantities in agriculture, not
only as insecticides but also later as herbicides and
in other applications. Medicinal organophosphorus
chemistry is now an active and exciting area, with
many opportunities for fresh research. High level anti
cancer activity has been found in a number of
phosphorus compounds such as
cyclophosphamide-1, lysophosphatidyl choline-2,
which are cytotoxic agaist tumor cells, and
mitefosine-3, a choline phosphate (Scheme-3).
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EXPERIMENTAL

Synthesis
General

19F, 31P{1H} and 1H NMR spectra were
recorded on a Bruker DPX400 spectrometer
operating at 376.5, 162.0 and 400.1 MHz,
respectively. Peak positions are quoted relative to
external CFCl3, 85%H3PO4 and TMS, respectively,
using the high frequency positive convention.
13C{1H} NMR spectra (reference TMS) were
recorded on a Bruker DPX 400 spectrometer,
operating at 100.5 MHz. All NMR spectra were
recorded using CHCl3 as internal standard. Fast
atom bombardment (FAB) was recorded with a
Crates MS50 with an m-nitrobenzyl alcohol matrix.
Accurate mass determinations were carried out on
a Kartos Concept IS spectrometer. Infra red spectra
were recorded using a Perkin-Elmer 783

spectrometer equipped with a PE 600 data station.
Melting points were determined using an
Electrothermal melting point apparatus and were
uncorrected. Silica thin layer chromatography (TLC)
was conducted on percolated aluminium sheets (60
F254) with a 0.2 mm thickness (Aldrich Chemical
Co.).

Synthesis of methyl tris (penta-
fluorophenyl)phosphonium iodide 4a

A dry 250 ml, three-necked-round
bottomed flask equipped with a rubber septum, a
magnetic stirrer and reflux condenser was charged
with tris (pentafluorophenyl) phosphine (2.5g,  3.76
mmol) in (50 mL) of chloroform. Methyl iodide (1.0
g, 0.5 mL, 7 mmol) was added over a 5 minutes
period. The reaction mixture was refluxed on a water
bath with gentle stirring for 3 hrs. The reaction is
exothermic; care must be taken to ensure that the

Table 1: Antibacterial activity concentration – 3.5-4.0 µg/ml

S Compounds Diameter of zone of inhibition in (mm)

No E.Coli S.Aureus Pseudomonas

1. Pin.G (6.0 µg/mL) - 31.0-38.5 -
2. Oxacillin (5.0 µg/mL) - 27.0-34.0 -
3. Amoxicillin (25.0 µg/mL) 22.0-26.5 - -
4. 7b (3.5 µg/mL) 20 - 12
5. Pin.G+7b (3.5 µg/mL v/v) 22 - 13
6. 6b (3.5 µg/mL) - 20 -
7. Pin.G+6b(3.5 µg/mL v/v) - 26 -
8. 4b (4.0 µg/mL) 10 18 -
9. Pin.G+4b (4.0 µg/mL v/v) 13 22 -

Table 2: Antibacterial activity concentration-3.5-4.0 µg/ml

S Compounds Diameter of zone of inhibition in (mm)

No S. aureus Sreptococcus

1. Pin.V+4a (160 µg/mL v/v) 24 22
2. Pin.V+5b (3.5 µg/mL v/v) 21 30
3. Pin.V+6b (3.5 µg/mL v/v) 19 28
4. Pin.V+5a (96 µg/mL v/v) 24 22
5 . Pin.V+4b (3.5 µg/mL v/v) 20 23
6. Pin.V+7b (4.0 µg/mL v/v) 23 19
7. Pin.V+7a (3.5 µg/mL v/v) 22 20
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reaction is not too vigorous, by appropriate cooling.
The mixture was transferred to a single rotavapor to
leave colourless oil that crystallized on standing. This
can, if required, recrystallised from propan-2-ol to
give pure tris (pentafluorophenyl)phosphonium
iodide (2.1 g, 3.12 mmol, 83%),  m.p. 114-116°C.
The material is sufficiently pure to suit most
purposes. 1H NMR (400MHz; CDCl3): δ 1.05 (3H, d,
CH3); 

19F NMR (376.5MHz; CDCl3): δ -160 (6F, m,
Ar-F ortho), -147(6F, m, Ar-F meta), -130 (3F, m, Ar-
F para); 31P NMR (162 MHz; CDCl3): δ -74.35 (1P,
dddd, J=34Hz, P); IR (KBr, cm-1): 2860-2980 (CH
aliphatic), 1625 (C=C), 1250 (C-P), 1094 (C-F).

Synthesis of methyl bis (penta-fuorophenyl)
phenylphosphonium 4b

A dry 250 ml, three-necked-round
bottomed flask equipped with a rubber septum, a
magnetic stirrer and reflux condenser was charged
with bis (pentafuorophenyl) phenylphosphine (1.0
g,  2.26 mmol) in (50 mL) of chloroform. Methyl iodide
(0.5 g, 0.25 mL, 3.5 mmol) was added over a 5
minutes period. The reaction mixture was refluxed
on a water bath with gentle stirring for 2.5 hrs. The
reaction is exothermic; care must be taken to ensure
that the reaction is not too vigorous, by appropriate
cooling. The mixture was transferred to a single
rotavapor to leave colourless oil that crystallized on
standing. This can, if required, recrystallised from
propan-2-ol to give pure bis (pentafuorophenyl)
phenylphosphonium iodide (1.12g, 1.92 mmol,
85%),  m.p. 130-132°C. The material is sufficiently
pure to suit most purposes. 1H NMR (400.1MHz;
CDCl3): δ 1.35 (3H, d, J=28 Hz, CH3), 7.4 (3H, m,
Ar-H, ortho and para), 7.9 (2H, t, Ar-H meta); 31P
NMR (162MHz; CDCl3): δ -34.78 (1P, dd, J=45Hz,
P); IR (KBr, cm-1): 2860-2980 (CH aliphatic), 1625
(C=C), 1225(C-P), 1150 (C-F).

Synthesis of  methyl tris (4-fluoro-phenyl)
phosphonium iodide 4c

A dry 250 ml, three-necked-round
bottomed flask equipped with a rubber septum, a
magnetic stirrer and reflux condenser was charged
with tris (pentafluorophenyl) phosphine (2.0 g,  3.75
mmol) in (75 mL) of chloroform. Methyl iodide (1.0g,
0.5 ml, 7 mmol) was added over a 5 minutes period.
The reaction mixture was refluxed on a water bath
with gentle stirring for 3 hrs. The reaction is
exothermic; care must be taken to ensure that the

reaction is not too vigorous, by appropriate cooling.
The mixture was transferred to a single rotavapor to
leave colourless oil that crystallized on standing. This
can, if required, recrystallised from propan-2-ol to
give pure tris (4-fluorophenyl) phosphonium iodide
(80%),  m.p. 128-130°C. The material is sufficiently
pure to suit most purposes. 1H NMR (400.1MHz;
CDCl3): δ 1.40 (3H, d, J=28 Hz, CH3), 7.4 (6H, m,
Ar-H, ortho), 7.5 (2H, t, Ar-H meta); 19F NMR
(400MHz; CDCl3): δ -155 (1F, m, Ar-F); 31P NMR
(162MHz; CDCl3): δ -35.86 (1P, m, P); IR (KBr, cm-

1): 2860-2980 (CH aliphatic), 1470-1590 (C=C),
1250 (C-P), 1125 (C-F).

Synthesis of methyl triphenyl-phosphonium
iodide 4d

A dry 250 ml, three-necked-round
bottomed flask equipped with a rubber septum, a
magnetic stirrer and reflux condenser was charged
with triphenylphosphine (20 g, 76.5 mmol) in (100
mL) of chloroform. Methyl iodide (12.0 g, 6.0 mL, 84
mmol) was added over a 5 minutes period. The
reaction mixture was refluxed on a water bath with
gentle stirring for 1 h. The reaction is exothermic;
care must be taken to ensure that the reaction is
not too vigorous, by appropriate cooling. The mixture
was transferred to a single rotavapor to leave
colourless oil that crystallized on standing. This can,
if required, recrystallised from propan-2-ol to give
pure methyl triphenylphosphonium iodide (87%),
m.p. 180-182 °C. The material is sufficiently pure to
suit most purposes. 1H NMR (400.1MHz; CDCl3): δ
3.1 (3H, d, JP-H=13.0 Hz, CH3), 7.7 (15H, m, Ar-H);
13C NMR (376.5MHz; CDCl3): δ 11.5 (d, JPH=57.3,
Hz, CH3, 117.78 (C), 118.96 (C), 130.59 (d, JPC =12.1
Hz, CH), 132.94 (d, JPC =10.56 Hz, CH), 134.68 (CH),
; m/z (FAB): 403 [(M+H),+  4], 278 [M+H-I),+ 11], [(M-
I),+ 100], 276 (17), 225 (6), 200 (8), 183 (28); IR
(KBr, cm-1): 2860-2980 (CH aliphatic), 1625 (C=C),
1250 (C-P).

Microbiological studies
Antibacterial activity of all the newly

synthesized compounds 4b, 6b and 7b was studied
using the disc diffusion method. The bacterial strain
used was Escherichia Coli, Staphylococcus Aurous,
and Pseudomonas.

The compounds were tested at a
concentration of 3.5-4.0 µg/mL and were prepared
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in DMSO. The Petri dishes used for antibacterial
screening were incubated at 37 ±  1°C for 24 hrs.
The results were compared to Penicillin G,
Oxacilline, and Amoxicillin by measuring zone of
inhibition in mm using well plate method. These
phosphonium salts showed significant activity
against all the bacteria tested, Escherichia Coli,
Streptococcus pneumonia, Protius, Staphylococcus
Aureus and Pseudomonas. The combination of
compounds 7b, 6b  and 4b with penicillin G gives a
synergistic effect. The determinations antibacterial
activity is summarized in table-1.

In microbiological study the penicillin
derivatives showed significant activity against all the
bacteria tested. These drugs showing significant
bacterial activity are due to the presence of
protective groups.

The combination of compounds 4a, 5b, 6b,
5a and   and 4b with penicillin V gives also a
synergistic effect for the bacteria S. Aureus, and
Sreptococcus. The determinations antibacterial
activity are summarized in table-2.

The synthesized compounds were also
tested at a concentration of 3.5-4 µg/ml and were
prepared in DMSO. The results were compared to
penicillin V by measuring zone of inhibition in mm
using well plate method.
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