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Abstract : Four known dithiophosphinic acids, DTPA, were synthesized and their zinc complexes were
newly prepared. The complexes have been proven to have the structures [Zn(u-DTPAM)2(DTPAM):],
([DTPAM]= R(R)P(S)H, R= 4-CH30-C¢Hs4-; R1= jso-amyl-, DTPA!; R2= jso-butyl-, DTPAZ; R3= sec-butyl-,
DTPA3; R*= jso-propyl-, DTPA%). The DTPAs were prepared by the reaction of the Lawesson reagent,

[2,4-bis(4-methoxyphenyl)-1,3,2,4-dithiodiphosphetane-2,4-disulfide] (LR), with the corresponding
Grignard compounds. The acids formed are viscous liquids difficult to purify and so they were converted
to ammonium salts, [DTPA"][NH4], which are easy to obtain as pure crystals. The complexes were
identified to have dimeric structures on the basis of mass spectroscopic data.
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INTRODUCTION rubber vulcanizing agent (1,2), lubricating oil

additives (3-5), metal flotation mediators (6-8),
Acidic organodithiophosphorus compounds like and pesticides (9-11). Potential uses as
dithiophosphoric, dithiophosphonic and chemotherapeutic agents (12), clinical imaging
dithiophosphinic acids (Figure 1) and the aids (13) and antibiotic synergists are also
coordination compounds thereof have some investigated (14).

industrial interest because of their use as a

i i |-
RO—P==§ Ro—Fl;is R—F|'>£s
OR' R' R
Dithiophosphoric acid Dithiophosphonic acid Dithiophosphinic acid

R, R’= Alkyl- or aryl- groups

Figure 1. Different types of organodithiophosphorus compounds

DTPA metal complexes are mostly classified as we present the preparation and characterization
four-coordination number. The nickel(II)-DTPA of the zinc complexes of four different
complexes are mono-nucleic and as a square- dithiophosphinic acids, [DTPA"], 4-
planar (15), on the other hand Zn(II)- or Cd(II)- methoxyphenyl(3-methylbutyl) dithiophosphinic
DTPA complexes are shown to be four acid, [DTPA']; 4-methoxyphenyl(2-
coordinated, dimeric structures (16,17). Here, methylpropyl) dithiophosphihinic acid, [DTPAZ2];
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4-methoxyphenyl(1-methylpropyl)
dithiophosphinic acid, [DTPA3];
methoxyphenyl(1-methylpropyl)
dithiophosphinic acid, [DTPA*]. The synthesis of
the dithiophosphinato ligand was described
elsewhere (18-20). As it is general for the
related compounds the Lawesson reagent, 2,4-
bis(4-methoxyphenyl)-1,3,2,4-

4-
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dithiadiphosphetane-2,4-disulfide (LR) was
reacted with the appropriate Grignard reagent to
obtain the corresponding dithiophosphinic acid
and the product was neutralized with dry
ammonia to yield a crystallizable ammonium salt
for purification, [DTPA"][NH4]. The reactions and
the products are summarized in Scheme 1.
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Scheme 1. Synthesis of [DTPA"] and [DTPA"][NH4].

Zinc complexes of the four dithiophosphinic
acids described above were obtained by the
treatment of the corresponding ammonium-

ligand salt with zinc(II)chloride in ethanolic
medium, [Zn(u-DTPAM)(DTPAM),], (Scheme 2).

CHjy n
o R DTFA
Cl - el
R, 0. R CH—HC
\Pé NH4 p/ " a “dy o
a4 \3 + Zn2+—> 2 S s/ \s S
“4NH," Ao N NN 2 S
H3C< Q N\ rJ\ /Z?\ f7P\R R —CH—HC
o) s s s s CH
N/ 3
P
HaCsg R’ \Z : , e
R CH—cti2
o / CHj
HaC -
R4 —H{\:
[DTFA"][NH,] [Zn(u-DTFA"),(DTFA'),] cHy
Scheme 2. Synthesis of [Zn(u-DTPA"),(DTPA"),].
EXPERIMENTAL determinations were performed on a Gallenkamp
apparatus with a glass capillary. 'H, proton-
General coupled 13C and 3'P NMR spectra were recorded

Analytical-grade LR, iso-amyl bromide, iso-butyl
bromide, sec-butyl bromide and iso-propyl
bromide were purchased from Merck and used
directly without further purification. Benzene,
chloroform, ethanol, diethyl ether and 2ZnCl;
were purchased from Merck. Benzene and
diethyl ether were distilled and dried before use.
[DTPA!][NH.4], [DTPA2][NH4], [DTPA3][NH4] and
[DTPA*][NH4+] were prepared according to the
literature (21).

The LC/MS system was supplied by Waters with
a C-18 HPLC column and a Waters Micromass
ZQ connected to an ESI ionizer. Melting point
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on a Varian Mercury (Agilent) 400 MHz FT
spectrometer. CDClz was the solvent of
preferences for zinc complexes. Internal
standards were SiMe4 for the 'H-, 13C-NMR and
85% H3PO; for 3'P-NMR. IR spectra were
recorded on a Perkin Elmer Spectrum 400 FTIR
instrument (200-4000 cm~!) with wavenumbers
in cm~! units. Elemental analyses were
performed on a LECO CHNS-932 C instrument.

General procedure for the zinc complexes

To pure ethyl alcoholic solution of 2 mmol (0.04
g) of ZnCl; in a beaker (40-50 mL) were added 4
mmoles of the ligand of interest (0.34 g of
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[DTFA][NH4]; 0.31 g of [DTFA2][NH4]; 0.31 g of
[DTFA3][NHs] and 0.28 g of [DTFA*][NH4];).
After mixing the cation with the ligand, the
colorless complex was formed. Upon waiting for
2 days, fine crystals of the complex were formed
at the bottom. These crystals were filtered and
recrystallized from ethanol or chloroform.

Bis-{bis-[4-methoxyphenyl(3-
methylbutyl)dithiophosphinato]zinc(II)}
[Zn(u-DTPAL)2(DTPAL),]. Yield: 1.83 g, 74%.
Colorless. M.P. 221-222°C. 'H NMR (d:ppm,
CDCI3): d= 0.85 (dd, 3Junu= 6.51 Hz, 24H, -CH-
(CHs3)2), 1.47 (m, 8H, -CH-), 1.55 (m, 4H, -CH;-
CH), 2.28 (m, 8H, -CH;-CH;), 3.84 (s, 12H,
OCHs), 6.95 (A-part of AA'MM’X, 4Jpy= 2.30 Hz
(Jax), N= 8.70 Hz, 8H, m-H), 7.86 M-part of
AA’'MM’X, 3Jpy= 13.36 Hz (Jux), N= 8.70 Hz, 8H,
0-H). 13C-NMR (CDCl3): d= 22.1 (s, -(CHs)2),
32.0 (d, 3Jp-c= 4.4 Hz, -CH-(CH3)2)), 28.6 (d, 2Jp-
c= 17.5 Hz, -CH»-CH), 40.2 (d, Jp-c= 50.9 Hz, P-
CH>-), 55.4 (s, CHs0-), 113.3 (d, 3Jp.c= 14.2 Hz,
Ar-Cmeta), 126.5 (d, Jpc= 88.9 Hz, P-Cirom)
132.3 (d, %Jp-c = 11.9 Hz, Ar-Corro), 162.1 (s,
CH30-C). 3'P-NMR (CdCl3): 8= 68.1. LC/MS: m/z
647.3 ([[M/2+CH3CN)]*, 100%), 1222.9 ([M]*,
4%), 883.3 ([M-DTPA']*, 4%), 614.3 ([M/2-H]*,
60/0). Anal. Calcd. for C48H722n204P4ss (1224.3
g.mol'): C, 47.1; H, 5.9; S, 21.0. Found: C,
47.2; H, 5.7; S, 20.8%.

Bis-{bis-[4-methoxyphenyl(2-
methylpropyl)dithiophosphinato]zinc(II)}
[Zn(u-DTPA2),(DTPA2),]. Yield: 2.54 g, 85%.
Colorless. M.P. 167-168°C. 'H NMR (CDCls): 3=
0.88 (t, 3Jun= 6.67 Hz, 24H, -CH,-CHs), 2.11
(m, 4H, -CH-CH3s), 2.28 (m, 8H, 2Jpy= 11.90 Hz,
3Jpy= 6.10 Hz P-CH>), 3.84 (s, 12H, OCHs), 6.92
(A-part of AA'MM’X, 4Jpy= 2.46 Hz (Jax), N= 8.50
Hz, 8H, m-H), 7.91 M-part of AA’'MM’X, 3Jpy=
13.44 Hz (Jux), N= 8.50 Hz, 8H, o-H). 13C-NMR
(CDCl3): d= 25.5 (d, 3Jp.c= 3.9 Hz, -(CHs)2),
24.3 (d, 2Jp-c= 10.0 Hz, -CH-(CHs)2)), 42.9 (d,
Jp-c= 51.4 Hz, P-CHy-), 55.4 (s, CH30-), 113.7
(d, 3Jp.c= 14.1 Hz, Ar-Cmeta), 127.8 (d, Jp-c=
80.3 Hz, P-Carom) 132.6 (d, 2Jp-c = 13.1 Hz, Ar-
Cortho), 161.9 (d, “Jp.c= 3.0 Hz, CH30-C). 3'P-
NMR (CDCl3): &= 60,7. LC/MS: m/z 1190.3
([M+Na]*, 2%), 845.2 ([M-(Zn(DTPA2)]*, 4%),
619.3 ([M/2+CH3CN]+, 92%), 607.2
([M/2+Nal*, 35%). Anal. Calcd. for
Ca4He4ZN204P4Sg (1168.2 g molt): C,45.2; H,
5.5; S, 22.0. Found: C, 45.4; H, 5.5; S, 22.2%.

Bis-{bis-[4-methoxyphenyl(1-
methylpropyl)dithiophosphinato]zinc(1I)}
[Zn(p-DTPA3),(DTPA3),]. Yield: 2.33 g, 78%.
Colorless. M.P. 187-188°C. 'H NMR (CDClI3): d=
0.92 (t, 3Juww= 7.30 Hz, 12H, -CH,-CHs), 1.98
(m, 8H, -CH»-CH3), 1.16 (m, -CH3-CH- adjacent
with -CH3-CH-, 16H), 1.16 (dd, -CHs3-CH- ve -
CH3-CH- adjacent, 2Jpu= 21.94 Hz, 3Jpu= 6.86
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Hz, 16H), 3.84 (s, 12H, OCHs), 6.95 (A-part of
AA'MM’X, *Jpy= 2.32 Hz (Jax), N= 8.80 Hz, 8H,
m-H), 7.83 M-part of AA'MM’X, 3Jpy = 12.95 Hz
(UJmx), N =8.80 Hz, 4H, o-H). '3C-NMR (ppm,
CDCl3): & =16.26 (d, 2Jp.c = 1.0 Hz, -(CHs),),
38.19 (d, Jpc = 49.6 Hz, P-CH-), 55.37 (s,
CHs0-), 113.6 (d, 3Jp.c = 13.9 Hz, Ar-Cpeta), 0=
124.85 (d, Jp-c = 78.1 Hz, P-Carom) 132.97 (d,
2)p.c = 12.5 Hz, Ar-Cortno), 162.05 (d, 4Jp.c = 2.8
Hz, CH30-C). 3P-NMR (ppm, CDCl3): & = 82.9.
LC/MS: m/z 1191.1 ([M+Na]*, 31.2 %); 909.1
([(M-(Zn(DTPA3)]*, 89.0 %); 583.2 ([M/2-H]",
78,5 0/0). Anal. Calcd. for C44H64Zn204P4Ss
(1168.2 g moll): C45.2; H, 5.5; S, 22.0.
Found: C, 45.6; H, 5.8; S, 22.6%.

Bis-{bis-[4-methoxyphenyl(2-
propyl)dithiophosphinato]zinc(II)}
[Zn(u-DTFA%)2(DTFA%),]. Yield: 2.00 g (81 %).
Colorless. M.P. 209-210°C. 'H NMR (CDCl3): &
=1.16 (dd, 3Jpu= 21. 5 Hz, 3Jun = 6.9 Hz, 12H, -
CH-(CH3)2), 2.3 (m, 4H, -CH-), 3.84 (s, 6H,
OCHs), 6.94 (A-part of AA'MM’X, 4Jpy = 2.35 Hz
(Jax), N =8.80 Hz, 4H, m-H), 7.83 M-part of
AA’'MM’X, 3Jpy = 12.95 Hz (Jux), N =8.80 Hz, 4H,
0-H). 3C-NMR (ppm, CDCl3): & =16.26 (d, 2Jpc
= 1.0 Hz, -(CH3)2), 38.19 (d, Jp.c = 49.6 Hz, P-
CH-), 55.37 (s, CH30-), 113.6 (d, 3Jpc = 13.9
Hz, Ar-Cmeta), 0= 124.85 (d, Jp.c = 78.1 Hz, P-
Carom) 132.97 (d, 2Jpc = 12.5 Hz, Ar-Corno),
162.05 (d, *Jp.c = 2.8 Hz, CH30-C). 3'P-NMR
(ppm, CDCI3): & = 82.9. LC/MS: m/z 1133.8
([M+Nal*, 31.2 %); 864.9 ([(M-(Zn(DTFA]+,
100.0 %); 576.9 ([M/2]*+Na]l*, 78,5 %); 308.8
([Zn(DTFA4]*, 12,3 %). Anal. Calcd. for
C40H562nzO4P458 (1112.1 g mol‘l): C,43.2; H,
5.1; S, 23.1. Found: C, 43.2; H, 4.9; S, 23.3%.

RESULT AND DISCUSSION

The data relating to the percent yields, physical
appearance, and elemental analyses of the
complexes as well as IR-, mass- and NMR (‘H-,
13C-, 31p-) spectra are given in the section
“Experimental”. The major  spectroscopic
features are as follows:

IR Spectra

The prominent IR bands of the complexes,
[Zn(p-DTPAL)2(DTPAL)], [Zn(u-
DTPA2),(DTPA2),], [Zn(u-DTPA3)y(DTPA3),] and
[Zn(u-DTPA%)2(DTPA%),], are summarized in
Table 1. The asymmetrical and symmetrical PS
stretching vibrations, vasym and vsym, show up in
the ranges 610-588 cm™ and 492-549 cm,
respectively. The bands in the range 282-311
cm™t were assigned to Zn-S stretching bands,
vzn-s. These values agree well with those
reported in the literature for analogous
compounds (22-24).



Saglam EG and Acar N. JOTCSA. 2018; 5(2); 931-940.

RESEARCH ARTICLE

Table 1: Selected FTIR (R) data (cm™! ) assignment of significant bands for
[Zn(u-DTPAM)(DTPAM),]

VzZn-s vasym (PS) vsym (PS)
Compounds
IR IR IR
[Zn(p-DTFA!)>(DTFAL):] 308 610;599 518;534
[Zn(p-DTFA2),(DTFAZ2);] 282 589 517,542
[Zn(u-DTFA3),(DTFA3);] 297 588 492
[Zn(p-DTFA%)>(DTFA%);] 311 611 523; 550

Mass Spectra

The mass signals of the complexes reflect the
isotopical multitudes of zinc and sulfur. Some of
the mass peaks indicate the attachment of an
CH3CN or a Nat cation to the species responsible
for the signal. CH3CN or Na* ions are likely to be
originated from the buffer solution used in the
ionization chamber and similar cases were
reported in the literature (25). The
disintegration pattern of the complexes are also
comparable to the literature data reported for
analogous structures (26-29). Molecular peaks
corresponding to the dimeric structures of the
complexes are discernable for all the
compounds, but [Zn(u-DTPA),(DTPAL);]. The
complexes display Mass-peaks corresponding to
the mono-nuclear [Zn(DTPA™"),] moieties. In the
Mass spectrum of all the [Zn(u-
DTPAM)(DTPA");] complexes display peaks
indicating removal of a DTPA" leaving back a
sort of the formula [Zny(DTPAM)3].

1H-NMR Spectra

!H-NMR data are summarized in Table 2. For all
the structures investigated the four anisole-ring
protons and the phosphorus atom constitute an
AA'MM’X system. The AA'MM’ part display
practically an AMX pattern (30). This is obviously
because Jamr and Jam are virtually zero. The
aromatic protons were assigned on the basis of
the magnitudes of the coupling constants to
phosphorus. In all the compounds, the protons
in ortho- position to phosphorus display a 3Jpy of
~13 Hz and those meta- to phosphorus a %Jpy of
~2.3 Hz.

The peak area integrals of all the signals confirm
the assignments of the peaks. Chemical shift
and coupling data are in compliance with the
literature (31,32).
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13C-NMR Spectra

13C-NMR data are given in Table 3. The contact
31p-13C coupling of the ipso- carbons varies
between 76.3 Hz and 88.8 Hz whereas the one-
bond coupling for the aliphatic carbons, C6, lies
in the range 48.1 Hz-51.4 Hz. The & and J
values are in agreement with those given in the
literature (33-35).

31p—-NMR Spectra

Proton-decoupled 3!P-NMR signals of the
compounds, [Zn(u-DTPAL)(DTPAL),], [Zn(u-
DTPA2),(DTPAZ2),], [Zn(u-DTPA3),(DTPA3),;] and
[Zn(u-DTPA%)2(DTPA%),], appear at 68.1, 60.1,
79.4 and 82.9 ppm, respectively. The fact that
each compound displays only one singlet
indicate that the phosphorus atoms are in an
equivalent environment within the molecule
except for [Zn(u-DTPA2),(DTPAZ2),]. These data
comply with those reported in the literature
(31).

CONCLUSION

In this work four new dithiophosphinato zinc
complexes were synthesized and characterized.
The characteristic vn-u stretching bands of the
ligands appear at ~3000-3100 cm™ on IR (18-
20). These bands disappear on the IR spectra of
the complexes proving the substitution of the
ammonium group by metal cations. All the
complexes are of dimeric structures. The one-
bond 13C-3!P coupling constants for the aromatic
ipso- carbons were found to be 30-40 Hz greater
than that of the aliphatic carbons (76.3-88.8 Hz
and 48.1-51.4 Hz, respectively). Due to the
equivalent chemical environment of the
phosphorus in the complexes except for [Zn(u-
DTPAZ2),(DTPAZ2),], a single peak appeared in the
31P-NMR  spectrum. The structures of the
complexes were elucidated on the basis of
elemental analysis as well as mas-, FTIR- and
NMR- spectra.
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Table 2: 'H NMR spectral data of complexes.
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CH
o~ 3

N
z
/

s

s s s s” R
N/
R x
"0
AA'MM'X

‘0 Spin system
H3C

[Zn(p-
DTFA!),(DTFA?);] AA’'MM’X spin system, (N= Jaw + Jaw)  -OCH3 -C6-H -C7-H -C8-H -C9-H
Rl= jso-amyl-
5= 6.95
—CH, CHy _ 6= 0.85
P ?d‘d 72'3?'6) 4JEde_' o, o=384 5= 2.28 5= 1.55 5= 1.47  (d, 24H)
7 7 -H=— . 7 3 =
s 3Jp.p= 13.36, (Jux) (Jax) (s, 12H) (m, 8H) (m, 8H) (m, 4H) -éngl
N= 8.70 N = 8.70 )
[Zn(p-
DTFA2),(DTFA2);]
R2= iso-butyl-
cHs 5= 7.91 ?;d%a? 5= 2.28 5= 0.88
—CH—HC (dd, 8H) g 2 46 5= 3.84 (dd, 8H) 5= 2.11 (d, 24H) i
& MNew, 3Jp.u= 13.44, (Jux) P'”(; )' ! (s, 12H) 2Joq= 11.90 (m, 24H) 3y =
8 N= 8.50 N= 8.50 3Jun = 6.10 6.67
[Zn(p-
DTFA3),(DTFA3);]
R3= sec- butyl-
B 5=1.16
N 5= 7.83 ?d‘d %‘Hg)z (dd, C6-H and 5=1.16 5= 0.92
CH—CH, (dd, 8H) 470 = 2.32 0= 3.84 (C7-H adjacent, (m, C6-H and 6= 1.98 (t, 12H)
AN 3Jp.p= 12.94, (Jux) P‘“(; )' ’ (s, 12H) 16H) C7-H adjacent, (m, 8H) 3y =
7 N= 8.80 X 2Jpy= 21.94 16H) 7.30
N= 8.80 3~ 6.86
[Zn(p-
DTFA4),(DTFA%);]

R%= iso-propyl-
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CH 0 =6.94 0= 1.16
S— 35J= 7='8132' (9%‘1'(?”)) 4J(di 82"'325 5= 3.84 5= 2.28 (dd 12H) ] ]
8 \eh, P-HT 2€:9 3¢ LIMX P-HT 2039 (s, 12H) (m, 4H) 3Jp.y= 21.5
7 N= 8.80 (Iax) 3 = 6.9
N= 8.80 HA = -
Table 3: 13C-NMR spectral data of complexes.
O/CH3
@} 5
R 0—CHy
"
AN L
O N \p) :
NN N
S S S S
%
O
(6]
(o]
HyC”
-c4 Ar-Cortho -C1 Ar-Cmeta  -OCH3 -C6 -C7 -C8 -C9
Rl= iso-amyl- 5= 132.3 &= 126.5 &= 113.3 5= 40.2 5= 32.0
[Zn(p- R o (d) (d) (d) 5= 55.4 (d) 5= 28.6 (d)
DTFA!)>(DTFA!):] SHa—HE o= 162.1 2Jp.c = Jbc = 3Jp.c = (s) Jbc = (d) 3Jp.c = o= 22.1
5 (s) 11.9 88.9 14.2 50.9 2Jp.c = 17.5 4.4 (s)
_ R2= iso'b;‘HtV" 5= 161.9 5=132.6 &= 127.8 0= 113.7 5= 42.9 5= 25.5
Zn(p- s (d) (d) (d) (d) 5= (d) 5= 24.3 (d)
eh— = 55.4 -
DTFA?),(DTFA?);] N Ipc = 2Jpc = Jpc = 3p-c = (s) Jp-c = (d) 3Ihc =
5" 3.0 13.1 80.3 14.1 51.4 27 = 10.0 3.9
R3= sec-butyl-
[Zn(p o, 0=162.0 3=132.9 3=125.1 &=113.6 5= 45.6
" NA (d) (d) (d) (d) (d) 5= 12.4
3 3 — —
DTFA%)2(DTFA%:] H c/%H L Tp.c = 2Jpc = Jpc = 3Jp-c = 6_(5)5.4 Jpc = (d) 0= 22.8 0=12.4
37 2.9 12.1 76.3 13.9 48.1 2Jp.c = 16.8 (s) (s)
R4= iso-
Zn(u- propyl- 5= 162.1 &=133.0 &=125.9 &=113.6 5= 38.9
[Zn (1 oy 5= 55.4 - .
DTFA%);(DTFA%);] ——H L4 , () (d) L (d) "y (d) 5= 16.3
6Ny Jp-c = Jp-c = Jp-c = Jp-c = Jp-c = (d)
’ 2.8 12.5 78.1 13.9 49.6 2Jp.c = 1.0
Chemical shifts (&) are reported in ppm. J values are reported in Hz. s: singlet; d: doublet; t: triplet; dd: doublet of doublets; m: multiplet.
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