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Four novel organotin(IV) complexes containing phosphoric triamide ligands were synthesized and characterized by multinuclear
('H, 3!P, 13C) NMR, infrared, ultraviolet and fluorescence spectroscopy as well as elemental analysis. The 'H NMR spectra of
complexes 1-4 proved that the Sn atoms adopt octahedral configurations. The nanoparticles of the complexes were also prepared by
ultrasonication, and their SEM micrographs indicated identical spherical morphologies with particles sizes about 20-25 nm. The

fluorescence spectra exhibited blue shifts for the maximum wavelength of emission upon complexation.

Introduction

In recent years, the increasing progress in the preparation of
nanomaterials has led to characterization of a great number of
nanostructures [1]. Nanoscale materials are of significance
owing to their small sizes and large specific surface areas indi-
cating novel properties that differ considerably from those of
the corresponding bulk materials [2,3]. The coordination chem-
istry of organotin(IV) complexes has become of great interest
due to the wide applications of these coordination compounds

[4-6]. For example, they can act as potential antitumor agents

[7,8], wood preservatives, agrochemical fungicides and biocides
[9,10], as well as catalysts [11]. The organotin(IV) complexes
with phosphorus-based ligands bearing the P(E) group (E = O,
S, or Se) are especially important because of their various coor-
dination numbers [12-14]. The central tin atom presents a
diverse coordination environment depending on the different
nature of substituents [15]. Hypervalent octahedral geometries
were observed for the Sn(IV) atoms in organotin(IV) complexes

of O-donor ligands, such as phosphoramidates [16-22],

94

O


http://www.beilstein-journals.org/bjnano/about/openAccess.htm
mailto:shariati@aut.ac.ir
http://dx.doi.org/10.3762%2Fbjnano.4.11

imidodiphosphonic acids [23] and bis(diphenylphosphino) pyri-
dine [24], while a trigonal bipyramidal coordination was found

for Sn atoms in thiophosphinates complexes [25].

Ultrasonic vibration has the potential to be a simple and effec-
tive process to produce homogenous nanomaterials. Some
investigations have proved that ultrasonication can be applied to
prepare nanosized coordination compounds [26-29]. The syn-
thesis of nanoplates of a cadmium(II) coordination polymer by
a sonochemical process was reported [30]. It is notable that, as
far as we know, there are no reports about the preparation of
nanosized organotin(IV) complexes bearing phosphoric
triamide ligands.

In this work, following on from our previous works to
prepare organometallic compounds including phosphoric
triamide ligands [17,18], novel organotin(IV) complexes with
the formula SnCl,(CH3),L', (1), SnCl,(OH,),LY, (2),
SnCI(CgHs)3L'5 (3) and SnCly(CH3),L2, (4), where L! =
C6H5C(O)NHP(O)[NC4H8N(C6H5)]2 (5) and L2 =
P(O)[NC4HgN(C¢Hs)]3 (6), were synthesized and character-
ized. The results of NMR, IR, UV and fluorescence spec-
troscopy of complexes 1-4 were compared with each other and
their related phosphoric triamide ligands 5, 6. The spherical
nanoparticles of complexes 1-4 were obtained by ultrasonica-

tion with particle sizes of about 20-25 nm.
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Results and Discussion

Spectroscopic study

In this work, new organotin(IV) complexes 1-4 were
synthesized from the reaction of SnCIR3 with phosphoric
triamide ligands (Scheme 1). A summary of the NMR and
IR parameters of complexes 1-4 and their corresponding
ligands C¢H5C(O)NHP(O)[NC4HgN(C¢Hs)]o (5) [31],
P(O)[NC4HgN(C6Hs)]3 (6) [32
organotin(IV) complexes 7-13 reported earlier [14,15,17,18]

] and also of similar
are given in Table 1.

Comparing the phosphorus chemical shift, 8(3!P), of com-
pounds 1-4 demonstrates that it is the most deshielded atom in
4 (containing three N-phenylpiperazinyl substituents on the P
atom with 5(3'P) = 17.33 ppm). The 3!P NMR of complexes
1-3, each containing identical phosphoric triamide ligands,
show that the phosphorus atom is at the most upfield region in 1
with M = SnCl,(CHj),. Further, the 8(3!P) shifts downfield
from 1 to 3. The complexes 1 and 4 both contain SnCl,Me,,
and they differ in the phosphoric triamide ligands. The
31p NMR reveals that the phosphorus atom in 1 appears at a
much more upfield region than that of 4, which is due to the
presence of more electron-donating phosphoric triamide ligands
in 1. The 8(3!P) in complex 1 and its corresponding ligand 5 are
observed at about 9.00 ppm, while those of complex 4 and its
ligand 6 are at about 18.00 ppm. These downfield shifts in com-
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Scheme 1: The preparation pathway of organotin(IV) complexes 1-4.
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Table 1: Selected spectroscopic NMR and IR data of compounds 1-13.

5(1P)  5("9sn)  2y(M9sn,H)2J(117SNn,H) v(P=0) Vv(C=0) Ref.
compound? (ppm)  (ppm)  (H2) (em™)  (em™)
ML (1) 9.33 -166.77  55.1 1137 1671 —d
SnCl(OHo),L 15 (2) 1121 — — 1137 1675 —d
SnCI(CgHs)sL", (3) 1132 — — 1190 1667 —d
MLZ, (4) 1733 — 83.4 1135 — —d
CgH5C(O)NHP(O)INC4HgN(CgHs)l2 (5) 937 — — 1205 1675 [31]
P(O)[NC4HgN(CgHs)13 (6) 1850 — — 1189 — [32]
M[4-F-CgH4C(O)NHP(O)(NCsH1¢)2]2 (7) 10.15°  -210.75  111.4/42.1° 1162 1680 [17]
M[CgH5C(O)NHP(O)(NC4Hg)olo (8) 6.85° — 111.8/43.7° 1115 1672 [18]
M[CgH5C(O)NHP(O)(NH-C(CH3)s]> (9) 2950  — 110.9/42.1° 1150 1648 [18]
M[3-N-CgH4C(O)NHP(O)(NH-C(CH3)3),l, (10) 2.45°  -166.77  114.0/110.8° 1225 1683 [20]
M[3-N-CH4C(O)NHP(O)(NHCgH11)2]» (11)  5.68°  -166.77  71.2/68.2° 1202 1649 [20]
M[4-N-CgH4C(O)NHP(O)(NHCgH11)2]» (12)  5.48°>  -23825 — 1163 1676 [20]
M[CgHsP(O)(NHCH(CH3)sl, (13) 18.38° — 88.9/— 1138 — [21]

aM = SnCly(CHs)y, L' = compound 5, L2 = compound 6.
b(DMSO0), ¢(CHClI3), 9This work.

pounds 4 and 6 show that the N-benzoyl substituents cause It can be deduced from the '"H NMR spectra of complexes 1-4
more electron donation to the phosphorus atoms than do the that the Sn atoms adopt octahedral configurations (Figure 1 and
4-phenylpiperazinyl moieties. Figure 2). The coordination number of the central Sn atom with

94258
~-9.4111
0916

4901

-~ 14331
1.0213

T 0.9110

/
/
. 4/
\;

Cr
C__
i
3
(:
—
=

2.0005 _ —~—

-
1.0010

1.0092
2.0057 —

4.0032

2.0095
7] 4.0082
8.7047
J 9.4115

©
o -
~
(-]
(]
w
»n

Figure 1: The "H NMR spectrum of compound 1.
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Figure 2: The "H NMR spectrum of compound 4.

different phosphoric triamide ligands can change. For example,
Jurkschat et al. prepared [33-35] several organotin(IV)
complexes of HMPA, P(O)(NMe,)3, in which the Sn atoms
indicate distorted trigonal bipyramidal geometries. The
TH NMR spectra of compounds 1 and 4 exhibit the 2/('1°Sn,H)
= 55.1, 83.4 Hz for the geminal coupling of the '1°Sn atom with
the hydrogen atoms of the CH; groups. The 2J(119/1178n H)
coupling constants were obtained in the range of 114.0/
110.8 Hz (for 10) to 71.2/68.2 Hz (for 11), see Table 1.

The IR spectra indicate that the v(P=0) of complexes 1-4 are
weaker than their corresponding ligands S and 6 due to the for-
mation of Sn—O—P bonds. Also, the v(C=0) of complexes 1-3
are nearly equal to (or slightly weaker than) the v(C=0) value in
ligand 5§ (1675 cm™1). The bands at about 560 and 520 cm™!
correspond to asymmetric and symmetric stretching frequen-
cies of Sn—C bonds. Also, the bands at ~450 cm™! are for the
stretching frequencies of Sn—O bonds.

SEM and fluorescence studies

The nanoparticles of complexes 14 were prepared by ultrasoni-
cation. In this way, the synthesis of these compounds was per-
formed in an ultrasonic bath at 30 °C for about 1-2 h. The SEM

micrographs of the nanoparticles are shown in Figures 3—6 indi-
cating that the particle sizes are about 20-25 nm with identical
spherical morphologies of the nanoparticles. It is notable that
SEM micrographs could be obtained from both dissolved and
powdered samples. For the dissolved samples, a few droplets
were placed on a small piece of foil, whereas the powdered
compounds were directly placed on the sample holder. Here, the
complexes were dissolved in methanol, and after evaporation of
the solvent, the SEM images were obtained from the nanoparti-
cles prepared on aluminum foil. The fluorescence spectra of
complexes 1—4 and their related phosphoric triamide ligands 5§
and 6 are represented in Figures 7—12 (see below), respectively.
Also, a summary of the UV—vis and fluorescence spectra of
compounds 1-6 is given in Table 2. The results reveal that the
UV absorption wavelengths in these compounds vary from 280
to 330 nm, which are related to the interligand n—n* and n—n*

electronic transitions.

The fluorescence spectra of each compound were repeated at
various wavelengths from about 220 to 360 nm to find the
maximum emission intensity. The emission signals with
maximum intensities are shown in Figures 7—12. It can be seen
that the A(max) of emission appears at 360 nm for both ligands
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Figure 3: SEM micrograph of compound 1 and histogram indicating Figure 4: SEM micrograph of compound 2 and histogram indicating
the size distribution in the SEM images. the size distribution in the SEM images.
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Figure 5: SEM micrograph of compound 3 and histogram indicating Figure 6: SEM micrograph of compound 4 and histogram indicating
the size distribution in the SEM images. the size distribution in the SEM images.



Table 2: The summary of fluorescence and UV spectra of compounds 1-6.

compound A(max) of excitation
(nm) (nm)
1 295.0 355.5
2 300.0 352.0
3 300.0 353.5
4 295.0 358.5
5 310.0 360.0
6 285.0 360.0
1422
5|
= |
— 50!
0.1] _
314.0 35 400 453.0

0
Wavelength (nm)

Figure 7: Fluorescence spectrum of compound 1 in methanol.
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Figure 9: Fluorescence spectrum of compound 3 in methanol.
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Figure 11: Fluorescence spectrum of compound 5 in methanol.

A(max) of emission
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Maximum intensity of A(max) of absorption

emission in UV (nm)
142.2 291-296
169.7 282-310
100.6 286-330
939.5 282-300
275.3 282-297
948.3 287-313
169.7
5 100
k=
19.1/ .
316.9 35 400 423.1

0
Wavelength (nm)

Figure 8: Fluorescence spectrum of compound 2 in methanol.
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Figure 10: Fluorescence spectrum of compound 4 in methanol.
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Figure 12: Fluorescence spectrum of compound 6 in methanol.
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5 and 6 while it decreases in their corresponding complexes
(blue shift). This observation shows that the band gap (AE)
increases upon complexation. Moreover, the peak intensities are
very much smaller in complexes 1-3 relative to that of their
corresponding ligand 5. However, the A(max) of emission and
the peak intensity are very close to each other in compound 4
and its phosphoric triamide ligand 6.

Experimental

Spectroscopic measurements

The 'H, 13C and 3'P spectra were recorded on a Bruker Avance
DRS 500 spectrometer. 'H and !3C chemical shifts were deter-
mined relative to internal TMS and 3'P chemical shifts relative
to 85% H3POy4 as an external standard. Infrared (IR) spectra
were recorded on a Shimadzu model IR-60 spectrometer.
Elemental analysis was performed by using a Heraecus CHN-O-
RAPID apparatus. Melting points were obtained with an Elec-
trothermal instrument. The scanning electron microscopy
(SEM) micrographs were obtained with a Philips instrument
(XL30), under vacuum, accelerated at 30 kV. The fluorescence
and UV-visible spectra were measured by using a Perkin Elmer
LS55 instrument and a Genway spectrophotometer, respective-

ly.

Synthesis
Bis[N-benzoyl-bis(4-phenylpiperazin-1-yl)phos-
phinic amide-kOldichlorido dimethyltin(1V) (1)

A solution of dimethyltin(IV) dichloride (0.5 mmol, 0.110 g) in
dry methanol (20 mL) was added dropwise to a solution of
N-benzoyl-bis(4-phenylpiperazin-1-yl)phosphinic amide
(1 mmol, 0.489 g) at room temperature. After two hours stir-
ring, the solution flask was placed in an ultrasonic bath at 30 °C
for two hours. Then, the solution was evaporated and the
nanoparticles of the product were dried. The product was
further purified by washing with diethylether and CCly. mp
122-124 °C; yield: 55%; anal. calcd for Cs4H79CloN{gO4P,Sn:
C, 56.11; H, 5.88; N, 11.68; found: C, 56.08; H, 5.87; N, 11.69;
19gn {1H} NMR (DMSO-dg): § —166.77 (s); 3!P{'H} NMR
(DMSO-dg): 8 9.33 (s); '"H NMR (DMSO-dg): 8 0.91 (d,
2J(1198n, H) = 55.1 Hz, Sn-CH3), 1.02 (s, 6H, Sn-CH3), 3.11
(m, 16H, CH,), 3.29 (m, 16H, CHy), 6.78 (t, 3J(H,H) = 8.3 Hz,
4H, Ar-H, phenylpiperazinyl), 6.92 (d, 3J(H,H) = 8.3 Hz, 8H,
Ar-H, phenylpiperazinyl), 7.20 (t, 3J(H,H) = 8.3 Hz, 8H, Ar-H,
phenylpiperazinyl), 7.47 (t, 3J(H,H) = 7.6 Hz, 4H, Ar-H,
N-benzoyl), 7.58 (t, 3J(H,H) = 7.6 Hz, 2H, Ar-H, N-benzoyl),
7.92 (d, 3J(H,H) = 7.6 Hz, 4H, Ar-H, N-benzoyl), 9.41 (d,
2J(PNH) = 7.2 Hz, 2H, NH); 13C NMR (DMSO-dq): & 22.36
(s, Sn-CH3), 40.10 (s), 48.85 (d, 2J(P,C) = 5.3 Hz, CH,),
115.66 (s), 119.07 (s), 128.19 (s), 128.27 (s), 128.88 (s),
132.18 (s), 133.60 (d, 3J(P,C) = 7.9 Hz, ipso-C),
151.14 (s), 168.37 (s, C=0); FTIR (KBr): 3437 (NH),
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3071 (CH), 2906 (CH), 2840 (CH), 1671 (C=0), 1595,
1441, 1210, 1137 (P=0), 972 (P-Nyminc)> 742 (P-Numide), 708,
532 (Sn-C)g cm™ .

Bis[N-benzoyl-bis(4-phenylpiperazin-1-yl)phos-
phinic amide-kO]diaqua dimethyltin(1V) (2)

To a solution of N-benzoyl-bis(4-phenylpiperazin-1-yl)phos-
phinic amide (1 mmol, 0.489 g) in methanol (15 mL),
dichlorotin(IV) dihydrate (0.5 mmol, 0.113 g) was added at
room temperature, and the mixture was stirred for one hour.
Then the solution flask was placed in an ultrasonic bath at 30 °C
for two hours. After evaporation of the solvent, the nanoparti-
cles of the product were obtained. The powder product was
further purified by washing with diethylether and CCly. mp
143-145 °C; yield: 58%; anal. calcd for C54HggCIoN|9OgP2Sn:
C, 53.84; H, 5.69; N, 11.63; found: C, 53.85; H, 5.70; N, 11.62;
3Ip{IH} NMR (CD;0D): 5 11.21 (s); 'H NMR (CD30D): §
3.29 (m, 16H, CH,), 3.48 (m, 16H, CH,), 6.92 (t, 3J(H,H) =
8.0 Hz, 4H, Ar-H, phenylpiperazinyl), 7.05 (d, 3J(H,H) =
8.0 Hz, 8H, Ar-H, phenylpiperazinyl), 7.27 (t, 3J(H,H) =
8.0 Hz, 8H, Ar-H, phenylpiperazinyl), 7.50 (t, 3J(H,H) =
7.5 Hz, 4H, Ar-H, N-benzoyl), 7.59 (t, 3J(H,H) =17.5 Hz, 2H,
Ar-H, N-benzoyl), 7.91 (d, 3J(H,H) = 7.5 Hz, 4H, Ar-H,
N-benzoyl); 13C NMR (CD3;0D): & 45.80 (s, CHj), 51.97(s,
CHy), 118.40 (s), 122.58 (s), 129.23 (s), 129.74 (s), 130.29 (s),
133.93 (s), 134.74 (d, 3J(P,C) = 8.9 Hz, ipso-C), 152.09 (s),
171.49 (s, C=0); FT-IR (KBr): 3424 (NH), 3062 (CH), 2833
(CH), 1675 (C=0), 1593, 1491, 1447, 1230, 1137 (P=0), 973
(P-Namine)s 753 (P-Namide), 690, 465 (Sn-0O) cm™,

Bis[N-benzoyl-bis(4-phenylpiperazin-1-yl)phos-
phinic amide-kO]chlorido triphenyltin(IV) (3)
N-benzoyl-bis(4-phenylpiperazin-1-yl)phosphinic amide
(1 mmol, 0.489 g) was dissolved in methanol (15 mL), and
triphenyltin(IV) chloride (0.5 mmol, 0.193 g) was added at
room temperature and the mixture stirred for half an hour. Then
the solution flask was placed in an ultrasonic bath at 30 °C for
one hour. The evaporation of the solvent yielded the nanoparti-
cles of the product, which was further purified by washing with
diethylether and CCly. mp 114-115 °C; yield: 54%; anal. calcd.
for C7oH79CIN;oO4P,Sn: C, 63.37; H, 5.84; N, 10.26; found: C,
63.35; H, 5.83; N, 10.25; 3!P{1H} NMR (CD;0D):  11.32 (s);
TH NMR (CD30D): 6 3.32 (m, 16H, CH,), 3.43 (m, 16H, CH,),
6.84 (t, 3J(H,H) = 8.1 Hz, 4H, Ar-H, phenylpiperazinyl), 6.96
(d, 3J(H,H) = 8.1 Hz, 8H, Ar-H, phenylpiperazinyl), 7.23 (t,
3J(H,H) = 8.1 Hz, 8H, Ar-H, phenylpiperazinyl), 7.44 (d,
3J(H,H) = 5.9 Hz, 6H, Ar-H, Sn-Ph), 7.49 (t, 3J(H,H) = 5.9 Hz,
3H, Ar-H, Sn-Ph), 7.60 (t, 3J(H,H) = 5.9 Hz, 6H, Ar-H, Sn-Ph),
7.83 (t, 3J(H,H) = 7.0 Hz, 2H, Ar-H, N-benzoyl), 7.70 (t,
3J(H,H) = 7.0 Hz, 4H, Ar-H, N-benzoyl), 7.86 (d, *J(H,H) = 7.0
Hz, 4H, Ar-H, N-benzoyl); 13C NMR (CD30D): & 46.01 (s,
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CHy), 51.34 (d, 2J(P,C) = 5.1 Hz, CHy), 117.92 (s), 121.46 (s),
128.90 (s), 129.17 (s), 129.66 (s), 130.08 (s), 130.46 (s), 130.77
(s), 133.74 (s), 133.90 (s), 134.93 (d, 3J(P,C) = 10.2 Hz, ipso-
C), 152.99 (s), 171.37 (s, C=0); FT-IR (KBr): 3431 (NH), 3064
(CH), 2852 (CH), 2820 (CH), 1667 (C=0), 1596, 1454, 1377,
1326, 1190 (P=0), 1132 (P-Nypmine)> 965(P-Nymide), 759, 688,
572 (Sn-C)ys, 532 (Sn-C)g cm ™.

Bis[tris(4-phenylpiperazin-1-yl)phosphinic amide-
KOldichlorido dimethyltin(IV) (4)
Tris(4-phenylpiperazin-1-yl)phosphinic amide (1 mmol,
0.530 g) was added to a solution of dimethyltin(IV) dichloride
(0.5 mmol, 0.110 g) in dry methanol (15 mL) at room tempera-
ture, and the mixture was stirred for two hours. Then the solu-
tion flask was placed in an ultrasonic bath at 30 °C for one hour.
The evaporation of the solvent gave the nanoparticles of the
product, which were further purified by washing with
diethylether and CCly. mp 145-147 °C; yield: 61%; anal. Calcd
for CgpHgqCIHN[,0,P>Sn: C, 58.13; H, 6.61; N, 13.12; found:
C, 58.14; H, 6.60; N, 13.13; 3'P{'H} NMR (DMSO-dg): &
17.33 (s); '"H NMR (DMSO-dg): 8 0.97 (d, 2J('%Sn, H) =
83.4 Hz, Sn-CH3), 1.02 (s, 6H, Sn-CH3), 3.09 (m, 24H, ring-
CH,), 3.19 (m, 24H, ring-CH,), 6.79 (t, 3J(H,H) = 8.0 Hz, 6H,
Ar-H), 6.96 (d, 3J(H,H) = 8.0 Hz, 12H, Ar-H), 7.22 (t, 3J(H,H)
= 8.0 Hz, 12H, Ar-H); 13C NMR (CD30D): & 22.94 (s,
Sn-CH3), 45.71 (s, ring-CHy), 49.07 (d, 2J(P,C) = 5.7 Hz, ring-
CHy), 115.73 (s), 119.20 (s), 128.91 (s), 151.21 (s), 165.57 (s,
C=0); FT-IR (KBr): 2914 (CH), 2822 (CH), 1597, 1499, 1450,
1231, 1135 (P=0), 968 (P-N), 759, 635 (Sn-C),s, 529 (Sn-C)g
em™!,

Conclusion

Four new organotin(IV) complexes with phosphoric triamide
ligands were synthesized and characterized by 'H, 3P,
I3C NMR, IR, UV, fluorescence spectroscopy and elemental
analysis. According to the "H NMR spectra, it was concluded
that the Sn atoms adopt octahedral conformations. The geminal
Sn, H coupling constants 2J(!19Sn,H) = 55.1, 83.4 Hz, were
measured in the "H NMR spectra of complexes 1 and 4. Using
ultrasonication, spherical nanoparticles of complexes 1-4 were
prepared, and their SEM micrographs indicate that the nanopar-
ticle sizes are about 20-25 nm. The fluorescence spectra illus-
trate blue shifts for the A(max) of emission and a decrease in the

peak intensities upon complexation.
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