This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

=
| 4
K

S PR} ] e e g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S-;'!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290

Silicon

and the Related Elements

| New Carboxylate Functionalized Phosphodi- and Trihydrazones as

e |y Versatile Chelating Agents of Metallic Ions in Organic Solvents and in
Water
Fayez El Khatib?®; Nathalie Launay®; Zong Li He"; Anne Marie Caminade®; Jean Pierre Majoral
¢ Chemistry Department,Faculty of Science and Agriculture, Jerash University,, Jordan ® Laboratoire de
Chimie de Coordination du CNRS, France

i il i 1. o .| Online publication date: 21 December 2010

To cite this Article Khatib, Fayez El , Launay, Nathalie , He, Zong Li , Caminade, Anne Marie and Majoral, Jean
Pierre(2005) 'New Carboxylate Functionalized Phosphodi- and Trihydrazones as Versatile Chelating Agents of Metallic
Ions in Organic Solvents and in Water', Phosphorus, Sulfur, and Silicon and the Related Elements, 180: 2, 321 — 330

To link to this Article: DOIL 10.1080/104265090508235
URL: http://dx.doi.org/10.1080/104265090508235

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/104265090508235
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 46 28 January 2011

Downl oaded At:

Phosphorus, Sulfur, and Silicon, 180:321-330, 2005 Taylor & Francis
Copyright © Taylor & Francis Inc. Taylor & Francis Group

ISSN: 1042-6507 print / 1563-5325 online
DOI: 10.1080/104265090508235

New Carboxylate Functionalized Phosphodi- and
Trihydrazones as Versatile Chelating Agents of Metallic
lons in Organic Solvents and in Water

Fayez El Khatib
Chemistry Department, Faculty of Science and Agriculture, Jerash
University, Jordan

Nathalie Launay

Zong-Li He

Anne-Marie Caminade

Jean-Pierre Majoral

Laboratoire de Chimie de Coordination du CNRS, France

Phosphodihydrazones and phosphotrihydrazones having two or three carboxylic
acids as substituents are synthesized, and their complexation ability towards var-
ious divalent and trivalent metal acetates (Co(OAc)2,4H20, Ni(OAc)24H20, and
Er(OAc)3,4H20) in organic solvents is described. The metal / phosphorhydrazone
ratio is measured and the results discussed. All these complexes are insoluble in
organic solvents and in water. Analogous experiments are carried out in water with
sodium salts issued from these phosphodi- or tri-hydrazones, and NiSO4 as a model
of industrial waste waters.

Keywords Chelating agents; metal acetates; phosphorhydrazones; waste waters

INTRODUCTION

The removal of metallic contaminants from industrial waste-waters
becomes a crucial necessity with the advent of more stringent environ-
mental legislations concerning the quality of the final disposal stream.!
Some classical means for such removal consists in precipitating hy-
drated metallic oxides by adjusting the pH with lime or caustic soda,?
or in using biosorbents.? In the latter case, it is known that the func-
tional groups acting in the complexation of metals are generally car-
boxylate groups (or eventually sulfate groups), and that the density of
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these functions plays a role in the efficiency of the metal sequestration,
as shown for instance by the success of ethylenediamine tetraacetic acid
(EDTA) as complexing agent.* Furthermore, many chemically synthe-
sized chelating agents used in very diversified fields such as catalysis
or radiopharmaceuticals® also possess carboxylate groups.

The easy synthesis of phosphorhydrazides issued from methylhy-
drazine, and their quantitative condensation reactions with benzalde-
hyde derivatives already allowed us to isolate numerous phosphodi-
and trihydrazones functionalized by two or three functional groups,
including carboxylic acid groups and sulfate groups.® This type of re-
action was even extended to some dendrimers having hydrazide end
groups, and leading to 48 carboxylic acid end groups.” However, the
complexing ability of these compounds was never tested. In this paper,
we report the synthesis of two new phosphorhydrazone derivatives of
carboxylic acid and some tests concerning their complexation properties
toward M(II) and M(III) metals.

RESULTS AND DISCUSSION

Difunctional (2) and trifunctional (4) phosphorhydrazone derivatives
are easily obtained using our previously reported method,® from
phosphodi-(1) and tri(3) hydrazides (Scheme 1). In order to take
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SCHEME 1 Synthesis of phosphodi- and phosphotri-hydrazones.
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advantage of the presence of sp? nitrogen atoms as potential complexing
sites, the ortho position was chosen for the location of the carboxylic acid
function. The condensation reactions induce as usual a shielding effect
in phosphorus NMR, from § = 85.7 (for 1) or 84.3 (for 3) to § = 78.8 (for
2) or 72.7 (for 4).

These compounds are not soluble in water, thus we decided first
to study their sequestering properties toward metallic ions in an or-
ganic solvent, with the aim of establishing if our initial strategy was
right. Methanol is chosen because it solubilizes both the phosphorhy-
drazones 2 and 4, as well as various acetate metallic salts. We selected
Co(OAc)2,4H50, Ni(OAc)2,4H50, and Er(OAc)s,4H20 as models of M(II)
and M(III), expecting that the acetates will be replaced by carboxylic
acids as ligands of the metals. A solution of one or two equivalents of the
metallic salt in methanol is added at room temperature to a solution of
compounds 2 or 4 in methanol (Table I). Two stoichiometries were used
to determine the sequestering performance of both compounds. In all
cases, a precipitate immediately begins to appear, and after three hours,
the color of the solution, due to metallic salts, has faded, an abundant
precipitate is formed, and a strong odor of acetic acid emanates from
the solution. Separation of the precipitate from the solution followed
by evaporation to dryness of the solution affords only traces of matter
when a stoichiometric amount of each compound is used, or a higher
quantity when 2 equivalents of metals are used.

All the precipitates are insoluble in all the organic solvents we tested
(8 different solvents) and in water. This fact precludes any analysis of
the precipitates in solution, but it is a very interesting phenomenon,
regarding our initial goal to remove metallic ions from waste-waters.
The precipitates are examined by IR spectroscopy, which gives an im-
portant information: in practically all cases (excepted case d, Table I),
the broad band corresponding to asymmetric vibration of the carboxylic

TABLE I Stoichiometry Used for the Complexation of P-Hydrazones
by Metal Acetates, and Metal/Phosphorus Ratio Obtained by
Elemental Analyses of the Precipitates

Experiment a b c d e f g

P-hydrazone 2 2 2 4 4 4 4

M(OAc)y Co(OAc); Co(OAc)y Ni(OAc)s Co(OAc); Co(OAc); Er(OAc); Er(OAc)s

M/P initial 1 2 1 1 2 1 2

M/P in 1.0* 1.3* 1.1* 1.2* 1.5* 1.0* 1.1*
precipitate

*These values are the average of at least two experiments.
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FIGURE 1 IR spectra (KBr) of 4 (a) and of [4 + Er(OAc);,4H,0] (b).

groups at 1700 cm~! has disappeared (compare Figure 1(a) (4) and
Figure 1(b) (4 + 1 Er(OAc)s, 4H30)). This means that all the carboxylic
acid groups are implied in the complexation. However, the IR data
cannot give any information concerning the stoichiometry in the com-
plexes. Indeed, this is not obvious, since we have already shown for
complexes issued from phosphorhydrazones having phenols instead of
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FIGURE 2 Types of complexes previously isolated from phenol functionalized
phosphodihydrazones.

carboxylic acid functions that the complexation may afford either 1/1
or 3/2 metal/phosphorhydrazone complexes (see Figure 2).8

Elemental analysis of the precipitates obtained here, and more pre-
cisely the ratio Metal/P, should give very informative data concerning
the stoichiometry of the complexes. Table I displays the M/P ratio ob-
tained for the seven complexation experiments which we carried out.
The reaction of one equivalent of divalent metals with compound 2
(cases a and c) and the reaction of one equivalent of a trivalent metal
with compound 4 (case f) cleanly affords the expected 1/1 complexes.
When a higher number of equivalent of metal per ligand is used (2
equivalents), not all the amount of metal is complexed. The higher per-
centage of metal retained is when 2 equivalents of Co are added to one
equivalent of 4 (case e). The precipitate obtained corresponds to a 3/2
ratio (3 Co/2 4), in which all the carboxylic groups have reacted. It must
be noted that for an initial 1/1 stoichiometry (case d), the 1/1 complex
is not obtained cleanly, and a higher percentage of metal is retained in
the precipitate; indeed, the situation in which one carboxylic group will
remain unreacted seems unlikely. On the other hand, when 2 equiva-
lents of Er are used with one of 4 (case g), the precipitate obtained has
practically the same composition than with the initial 1/1 stoichiom-
etry (case f). Finally, case b corresponds to a mixture of compounds
having a 1/1 and a 3/2 stoichiometry. Thus, in most cases, the expected
stoichiometries are actually obtained in the complexes, but they are
unexpectedly insoluble. In accordance with our previous complexes, we
anticipated here the obtaining of the 16-membered macrocyclic struc-
ture (A) shown in Scheme 2. However, in view of the high insolubility of
the complexes, this type of structure seems unlikely. These complexes
should be viewed as polymers, in which each metal does not bridge two
branches emanating from the same molecule, but two branches of two
different molecules (structure B in Scheme 2).
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SCHEME 2 Complexation of metal acetates by the phosphodihydrazone 2.

In view of the insolubility of the complexes, these results in methanol
look very promising, thus we decided to try the same experiments in
water. A solution of NiSO4 in water (1 g in 200 mL) is used as model
of waste water. This salt was chosen because changes of color, easily
detectable by colorimetry that are typical for the complexation. In a first
approach, compounds 2 and 4 are added to the green solution of NiSOy,
but as noted previously, they are insoluble in water; thus no reaction
occurs, as shown by the fact that the precipitate of 2 or 4 remains white,
while the solution remains colored in green with no modification of the
intensity as indicated by colorimetry at 600 nm. Since it is known for
biosorbents that the sodium salts of carboxylic acids have much higher
binding capacity of metallic ions than the carboxylic acids,® we decided
to add 2 equivalents of NaOH to 2 to obtain the corresponding sodium
salt 5 (Figure 3). Furthermore, compound 5 is soluble in water.

NaOQC / \
Me H Me H/Q
D ol
7E>/N_N¢ o (‘I‘D)/NiN C 0 SOsNa
NN SN—Ny o
| | C SO;Na
Me H 6 Me H \ /
NaO,C

FIGURE 3 Phosphodihydrazone sodium salts.
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When compound 5 is added to the solution of NiSO,4 in water, in a
theoretical 1/1 stoichiometry, the observed behavior depends on the pH
of the solution. Tests were carried out between 5 < pH < 10 because
at a lower pH compound 5 precipitates alone. At acidic pH (5-7), only
solutions are observed but a change in color is detected from green for
the initial solution to green-blue in the presence of 5. On the other
hand, at basic pH (7-10), a green-blue precipitate is observed, which
is more abundant when the pH becomes more and more basic and the
solutions become less and less colored. The change of color is indicative
of the occurrence of a complexation reaction, as well as the noticeable
diminishing of the amount of 5 in solution (after concentration) shown
by 3P NMR, in conditions in which it is soluble. A similar test was
carried out also with the sodium sulfate derivative 6 and gave exactly
the same results as the sodium carboxylate derivative 5. These results
seem promising, but as indicated previously it is well known that caustic
soda is used to precipitate hydrated metal oxides in waste waters. It
appears that even if compounds 5 and 6 are an efficient complexing
agent of nickel in water, they do not offer a real improvement compared
to this very simple and inexpensive method, thus no more experiments
were carried out in this field.

CONCLUSION

We have demonstrated the complexing ability of carboxylic acid deriva-
tives of phosphodi- and tri-hydrazones towards M(IT) and M(III) metals
in organic solvents. In most cases, the stoichiometry of the complexes
are as expected 1 M(II)/2 CO; and 1 M(III)/3 CO, . The insolubility of
these complexes in organic solvents and in water strongly indicates that
their structure should be polymeric. Interestingly, the sodium salts of
the same carboxylic acid derivatives and a related sulphate derivative
also possess complexing properties in water, as illustrated by the se-
questration of nickel in basic conditions as a model of industrial waste-
waters.

EXPERIMENTAL SECTION
General

All manipulations were carried out with standard high vacuum and dry-
argon techniques. The solvents were freshly dried and distilled. 'H, 13C,
and 3'P NMR spectra were recorded with Bruker AC 200, AC 250, or
DPX 300 spectrometers. References for NMR chemical shifts are 85%
H;PO, for 3'P NMR and SiMe, for 'H and ¥C NMR. The attribution
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of 3C NMR signals was done using Jp.q experiments when necessary.
Infra-red spectra have been recorded with Perkin Elmer FT 1725x. El-
emental analysis were carried out by the Service Central d’Analyses du
CNRS in Vernaison (France). Compound 6 was synthesized as described
previously.®

Synthesis and Characterization of 2

Powdered 2-carboxybenzaldehyde (1.50 g, 10 mmol) and the phosphodi-
hydrazide 1 (1.15 g, 5 mmol) were dissolved simultaneously in tetrahy-
drofuran (7 mL). The resulting solution was stirred for 3 h at room tem-
perature, then evaporated to dryness to afford a lacquer. This residue
was dissolved in acetonitrile, filtered, and evaporated to dryness to af-
ford compound 2 as a white powder in 97% yield.

3IP{TH} NMR (CD30D): § = 78.8 (s). 'H NMR (DMSODg): § = 3.3
(d, 3Jgp = 9.4 Hz, 6H, CH3), 7.5-8.0 (m, 13H, C¢Hy, C¢Hs), 8.6 (s,
2H, H—C=N). 3C{'H} NMR (CD3OD): § = 32.1 (d, 2Jcp = 9.6 Hz,
CH3), 127.9-138.9 (m, C6H4, C6H5), 134.6 (d, 3JCP =10.7 HZ, H—C:N),
170.6 (s, COOH). IR(KBr): 1683 (vcoon). M.P. 173°C. Anal. Caled for
Co4Ho3N4O4PS (494.5): C, 58.29; H, 4.69; N, 11.33. Found: C, 57.95; H,
4.61; N, 11.21.

Synthesis and Characterization of 4

Powdered 2-carboxybenzaldehyde (1.50 g, 10 mmol) and the phospho-
trihydrazide 3 (0.66 g, 3.33 mmol) were dissolved simultaneously in
THF (7 mL). The resulting solution was stirred for 3 h at room temper-
ature, then evaporated to dryness to afford a lacquer. This residue was
dissolved in acetonitrile, filtered, and evaporated to dryness to afford
compound 4 as a white powder in 98% yield.

3IP/IH} NMR (DMSODg): § = 72.7 (s). 'H NMR (DMSODg): § =
3.4 (d, 3Jgp =8.8 Hz, 9H, CHj3), 7.4-8.7 (m, 12H, CgH,), 8.7 (s,
3H, H—C=N). BC{!H} NMR (CD3OD): § =30.3 (d, 2Jcp = 9.1Hz,
CHj3), 128.3-138.2 (m, CgHy), 138.4 (d, 3Jcp = 13.1 Hz, H—C=N),
170.7 (s, COOH). IR(KBr): 1683 (vcoon). M.P. 165°C. Anal. Caled for
CorHorNgO6PS (594.6): C, 54.54; H, 4.58; N, 14.13. Found: C, 54.48; H,
4.61; N, 14.05.

Synthesis and Characterization of 5

A 0.15 M solution of NaOH in water was added to powdered 2. The
precipitate progressively dissolved and was totally dissolved after the
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addition of two equivalents of NaOH. After evaporation of water com-
pound 5 was isolated as a white powder in 97% yield.>'P{'H} NMR
(D20): 6 =178.0 (s). 'H NMR (DMSODg): § = 3.23 (d, 3Jgp = 7.0 Hz,
6H, CHj), 7.3-9.0 (m, 15H, CgHy, C¢Hs, H-C=N). 13C{'H} NMR
(CDsOD): § = 32.2 (d, 2Jcp = 9 Hz, CH3), 128-139 (m, CgHy, CsHs),
134.5 (d, 3Jcp = 10 Hz, H-C=N), 174.6 (s, COO). Anal. Calcd for
C24H21N4NayO4PS (538.5): C, 53.54; H, 3.93; N, 10.41. Found: C, 53.45;
H, 4.05; N, 10.34.

Synthesis and Elemental Analysis of the Precipitates a, b, ¢

A solution of 0.60 or 1.20 mmol of Co(OAc)9,4H50 or Ni(OAc)2,4H50 in
methanol (10 mL) was added dropwise to a solution of phosphodihydra-
zone 2 (0.30 g, 0.60 mmol) in methanol (10 mL). The resulting mixture
was stirred for 3 h at room temperature. The abundant precipitate was
filtered, recovered, and evaporated to dryness to afford a green-blue
powder insoluble in organic solvents and water. The elemental analy-
sis data are the average of at least two experiments.

a) [2 + 1Co]: Found: C, 47.7; H, 4.4; N, 8.9; P, 4.9; Co, 9.4. Calculated
for [Co4Ho1N4O4PS + Co + 4H50] = Co4HogN4,OgPSCo: C, 46.23; H,
4.67; N, 8.98; P, 4.96; Co, 9.45.

b) [2 + 2Co]: Found: C, 42.7; H, 4.3; N, 7.7; P, 4.1; Co, 10.2. Cal-
culated for [2C94Ho1N4O4PS + 2Co + Co(CH3COy)e + 12H,0] =
C52H72N8024PQSQCO32 C, 41.75; H, 4.85; N, 7.49; P, 4.14; CO, 11.82.

c¢) [2 + 1Ni]: Found: C, 45.9; H, 4.5; N, 8.6; P, 4.7; Ni, 9.8. Calculated
for [Co4Ho1N4O4PS + Ni + 4H50] = Co4HogN,OgPSNi: C, 46.25; H,
4.69; N, 8.99; P, 4.97; Ni, 9.42.

Synthesis and Elemental Analysis of the Precipitates d, e, f, g

A solution of 0.50 or 1.00 mmol of Co(OAc),,4H50 or Er(OAc)3,4H50 in
methanol (10 mL) was added dropwise to a solution of phosphotrihydra-
zone 4 (0.30 g, 0.50 mmol) in methanol (10 mL). The resulting mixture
was stirred for 2 h at room temperature. The abundant precipitate was
filtered, recovered, and evaporated to dryness to afford a powder insol-
uble in organic solvents and water. The elemental analysis data are the
average of at least two experiments.

d) [4 + 1Co]: Found: C, 43.2; H, 4.4; N, 10.5; P, 4.1; Co, 9.8. Calculated
for [Co7Ho5NgOgPS + Co + 4H50] = Co7H33NgO19PSCo: C, 44.82; H,
4.60; N, 11.62; P, 4.28; Co, 8.15. Calculated for [2Co7H34NgOgPS +



09: 46 28 January 2011

Downl oaded At:

330 F. El Khatib et al.

3Co + 12H20] = C54H72N12024P2820032 C, 4115, H, 460, N, 1066,
P, 3.93; Co, 11.22.

e) [4 + 2Co]: Found: C, 43.4; H, 4.6; N, 10.4; P, 3.9; Co, 11.7. Calculated
for [2Co7H24NgOgPS + 3Co + 12H50] = C54H79N19094P2S5Cos: C,
41.15; H, 4.60; N, 10.66; P, 3.93; Co, 11.22.

f) [4 + 1Er]: Found: C, 38.9; H, 3.8; N, 9.6; P, 3.7; Er, 19.3. Calculated
for [Co7HoyNgOgPS + Er + 4H50] = Co7H39oNgO1oPSEr: C, 39.77; H,
3.96; N, 10.31; P, 3.80; Er, 18.61.

g) [4 + 2Er]: Found: C, 36.9; H, 3.7; N, 8.5; P, 3.3; Ni, 19.9. Calculated
for [Cz7H24N606PS + Er + 4H20] = C27H32N6010PSEI'Z C, C, 39.77;
H, 3.96; N, 10.31; P, 3.80; Er, 18.61.

REFERENCES

[1] R. Cenni, B. Janisch, H. Spliethoff, and K. R. G. Hein, Waste Management, 21, 17
(2001).

[2] R. Sheikholeslami and J. Bright, Desalination, 143, 255 (2002).

[3] D. Kratochvil and B. Volesky, Trends Biotechnol., 16, 291 (1998).

[4] T. P. Knepper, Trends Anal. Chem., 22, 708 (2003).

[6] P.R. Singh, H. Jimenez, K. V. Katti, W. A. Volkert, and C. L. Barnes, Inorg. Chem.,
33, 736 (1994).

[6] D.Colombo-Khater, Z. He, A.M. Caminade, F. Dahan, R. Kraemer, and J. P. Majoral,
Synthesis, 1145 (1993).

[7] R. M. Sebastian, G. Magro, A. M. Caminade, and J. P. Majoral, Tetrahedron, 56, 6269
(2000).

[8] D. Colombo-Kather, A. M. Caminade, R. Kraemer, B. Raynaud, J. Jaud, and J. P.
Majoral, Bull. Soc. Chim. Fr., 131, 733 (1994).

[9] E. Fourest and J. C. Roux, FEMS Microbiol. Rev., 14, 325 (1994).



