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Coordination chemistry of trivalent and pentavalent
organoarsenic heterocyclic dithiocarbamate derivatives:

synthesis and characterization
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A series of diphenylarsenic(III) and triphenylarsenic(V) derivatives of heterocyclic dithiocarbamates
of the type:

Ph2As XS2CN

and

XS2CNPh3As

n

Br2-n

[where X = > CH2 (Pipdtc), >CH–CH3 (4-MePipdtc), >O (Morphdtc), >N-CH3 (N-MePzdtc), and
> NH (Pzdtc)] [n = 1 or 2] have been synthesized by reactions of diphenylarsenic(III) chloride and
triphenylarsenic(V) dibromide with the sodium salt of heterocyclic dithiocarbamates in 1 : 1 and 1 :
2M ratios, respectively, in refluxing benzene. All these newly synthesized compounds have been
characterized by their elemental analyses, molecular weight measurements, and ESI mass studies.
Structures of the compounds have been proposed on the basis of IR, 1H, and 13C NMR spectral data
which suggest anisobidentate mode of bonding.
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XS2C-NPh3As

n

Br2-n
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+

+

+

+

Ph3As Br 2 CH 2CH2XCH 2CH 2NCS 2NaCH 2CH2XCH 2CH 2NCS 2Na

NaBr++

+
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Introduction

The chemistry of organoarsenic in +3 and +5 oxidation states has been the subject of con-
siderable research [1–4] due to their extensive applications such as fungicides, herbicides,
and wood preservatives [5–9]. Organoarsenic(III) and (V) derivatives exhibit different coor-
dination patterns with ligands such as xanthates [10], dithiophosphates [11], dithiocarba-
mates [12], etc.

Dithiocarbamates are well known as heavy metal chelating agents [13] and have been
used in complexes with anti-fouling, anti-scaling, and corrosion inhibiting properties for use
in recirculating water coolers [14].

We have been working on organic derivatives of organoarsenic, organoantimony, and or-
ganobismuth in +3 and +5 states with some N and S containing ligands [15–20]. In continu-
ation of our work on monophenyl antimony(III) [21] and triphenyl antimony(V) derivatives
[22] of heterocyclic dithiocarbamates, in this article we report the synthesis, characteriza-
tion, and structural elucidation of diphenylarsenic(III) and triphenylarsenic(V) derivatives of
heterocyclic dithiocarbamates.

Results and discussion

Diphenylarsenic(III) derivatives of heterocyclic dithiocarbamates have been synthesized by
reactions of Ph2AsCl with the sodium salt of heterocyclic dithiocarbamates in anhydrous
benzene with vigorous stirring.

Ph2AsCl + CH2CH2XCH2CH2NCS2Na

Ph2AsS2CNCH2CH2XCH2CH2 +

Ph2AsCl CH2CH2XCH2CH2NCS2Na

NaCl

Similarly, triphenylarsenic(V) bromo- and bis(heterocyclic-dithiocarbamate) derivatives
have been prepared by the reactions of Ph3AsBr2 with the sodium salt of heterocyclic
dithiocarbamates in 1 : 1 and 1 : 2 M ratio, respectively, in anhydrous benzene solution with
vigorous stirring.

Ph3AsBr2 + n CH2CH2XCH2CH2NCS2Na

Ph3AsS2CNCH2CH2XCH2CH2 + n NaBr
n

Br2-n

[where X = > CH2 (Pipdtc), CH3-CH<(4-MePipdtc),>N-CH3 (N-MePzdtc),>NH (Pzdtc),
and > O(Morphdtc)] [n = 1 or 2].

All these derivatives are colored crystalline solids, soluble in common organic solvents,
and recrystallized from benzene and n-hexane mixture.
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IR spectra

IR spectra of these derivatives have been recorded as KBr pellets from 4000 to 400 cm−1

and the assignment of important bands have been made with the help of earlier reported lit-
erature. All the diphenylarsenic(III) and triphenylarsenic(V) derivatives exhibit strong bands
at 1430–1445 cm−1, due to v(C–N) stretching vibrations. A comparison with the corre-
sponding sodium salt of dithiocarbamates shows a small shift towards higher frequencies
(~20–35 cm−1). Split strong bands at ~1115–970 cm−1 and ~1130–995 cm−1 due to v(C=S)
have been observed for diphenylarsenic(III) and triphenylarsenic(V) bromo- and bis(hetero-
cyclic dithiocarbamate) derivatives, respectively.

The coordination pattern of these diphenylarsenic(III) and triphenylarsenic(V) bromo-
and bis(heterocyclic dithiocarbamate) derivatives may be determined by using the value of
Δv[v(CS2)assy − v(CS2)symm]. The values of v(CS2)assy and v(CS2)symm are at 1110–1120
cm−1 and 980–995 cm−1, respectively, for diphenylarsenic(III) derivatives whereas in triphe-
nylarsenic(V) derivatives these stretches are observed at 1115–1125 cm−1 and 990–1010
cm−1, respectively. The Δv value [v(CS2)assy − v(CS2)symm] are 115–130 cm

−1 and 125–135
cm−1 for diphenylarsenic(III) and triphenylarsenic(V) bromo- and bis heterocyclic dithiocar-
bamate derivatives, respectively, which are smaller than the observed Δv values for biden-
tate coordination and are larger than the observed value for corresponding free sodium salt
of dithiocarbamates, as reported earlier [23]. The above-mentioned data suggest that the
dithiocarbamates are coordinated to arsenic in anisobidentate manner. A sharp absorption
band at 450 ± 20 cm−1 may be assigned to v(As–S) which also indicates the bonding of
arsenic with sulfur. A band due to v(As–C) is observed at 470–455 cm−1 in spectra of all
these derivatives.

NMR spectra

1H NMR spectra. 1H NMR spectra of these diphenylarsenic(III) and triphenylarsenic(V)
bromo- and bis(heterocyclic dithiocarbamate) derivatives have been recorded in CDCl3 and
DMSO-d6 and the data are summarized in tables 1 and 2.

The –CH2–, –CH(CH3)–, N(CH3)–, CH2–O–CH2, protons in spectra of diphenylarsenic
(III) derivatives (1–5) and triphenylarsenic(V) bromo- and bis(heterocyclic dithiocarbamate)
derivatives (6–15) are observed at their appropriate positions (tables 1 and 2). No apprecia-
ble shift is observed in their chemical shift positions as compared to the corresponding
sodium salt of dithiocarbamates is observed. The signals for aromatic ring protons attached
to arsenic appear at δ 7.13–8.28 as a multiplet.

13C NMR spectra. 13C NMR spectra of these derivatives are interpreted and data are sum-
marized in tables 3 and 4.

A comparative study of 13C NMR data of diphenylarsenic(III) (heterocyclic dithiocarba-
mate) derivatives (1–5) and triphenylarsenic(V) derivatives of bromo- and bis(heterocyclic
dithiocarbamate) derivatives (6–15) with their corresponding sodium salt of dithiocarba-
mates indicates the upfield shift of ~15–20 ppm in the position of CS2 carbon signals, due
to strong chelation and anisobidentate behavior of dithiocarbamate. Remaining carbon sig-
nals for diphenylarsenic(III) and triphenylarsenic(V) bromo- and bis(heterocyclic dithiocar-
bamate) derivatives are at their expected positions (tables 3 and 4).
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The corrected chemical shift value [24] δ′ and Hammett–Taft constant [25] σR° for phe-
nyl carbons attached to arsenic in +3 and +5 oxidation states have been calculated by the
relation δ′ = Cp − Cm (where Cp and Cm are the chemical shift values of para and meta car-
bons of phenyl ring attached to arsenic) and by the equation δ′ = 23.06 σR°, respectively.
The δ′ and σR° values are negative, δ′ −3.66 to −1.68 for 1–5 and −4.37 to −1.04 for 6–15
and their σR° values are −0.15 to −0.07 for 1–5 and −0.27 to −0.04 for 6–15. These nega-
tive values exhibit the release of electron density from metal towards the phenyl ring
through dπ–pπ conjugation in these derivatives and poor donor capability of arsenic.

ESI mass spectra. ESI mass spectral data of three compounds, one each from diphenylar-
senic(III) heterocyclic dithiocarbamates (1), triphenylarsenic(V) bromo- (6) and bis(hetero-
cyclic dithiocarbamates) (11) series have been recorded which exhibit monomers of these
compounds and their fragmentation patterns are summarized in tables 5–7, respectively, the
mass peaks indicated formation of a variety of fragments of arsenic – dithiocarbamate moie-
ties in the course of decomposition. In all three compounds the molecular ion peak
appeared but was not the base peak. Base peaks at m/z 379.50, 531.90, and 108.90 corre-
spond to the fragments

[Ph2AsS2CN ,

[BrPh3AsS2CN

and

AsS
respectively, indicating strong chelating of dithiocarbamate. Fragmentation of complex initi-
ated from the heterocycle of the dithiocarbamate and sequentially there is partial loss of the
dithiocarbamate and completely loss of phenyl, attached to As. We get {As–S}+ fragment
as a final decomposition product in each compound, showing strong As–S bonding.

Table 5. ESI-Mass fragmentation mode of 1.

S.no. Assignment Mass no. Relative abundance (%)

1 392.80/389.60 21.77/19.44

2 379.50/376.10 100

3 315.60/316.20 12.05/11.11

4 273.20/274.30 27.77/13.88

5 196.10/197.20 5.55/4.83

6 108.30/106.30 4.61/4.01
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In the mass spectrum of triphenyl(V)bromo-(heterocyclic dithiocarbamate), two lines of
almost equal height (1 : 1) are observed in the molecular ion region with a gap of 2m/z unit
(i.e. M+ and M + 2) between them. This indicates the presence of a bromine in this
compound. Compounds containing bromine exhibit two peaks M+ and M + 2 (1 : 1) in
molecular ion region, depending on which bromine isotope (79Br/81Br), the molecular ion
contains.

Structural elucidation. The molecular structure of these diphenyl arsenic(III) (heterocyclic
dithiocarbamates) and triphenylarsenic(V) bromo- and bis(heterocyclic dithiocarbamates) in
the solid state may be assigned on the basis of earlier reported crystallographic structures of
similar derivatives [26].

IR spectra displayed a split strong band at 1130–970 cm−1 due to v(C=S). In diphenyl
arsenic(III) dithiocarbamate derivatives v(C=S) was at lower wavenumber as compared to
triphenylarsenic(V)bromo- and bis(heterocyclic dithiocarbamate).

13C NMR spectral studies exhibit remarkable upfield shifts in the position of CS2 carbon
indicating a strong chelation in all these derivatives. The spectroscopic evidence suggests
that the dithiocarbamate moieties are coordinated with arsenic in an anisobidentate manner
with arsenic in a trigonal bipyramidal geometry having stereochemically active lone pair

Table 6. ESI-mass fragmentation mode of 6.

S.no. Assignment Mass no. Relative abundance (%)

1 546.40/545.70 33.80/30.98

2 531.90/530.10 100

3 503.20/502.30 20.33/18.30

4 426.30/427.10 64.28/61.29

5 230.80/231.40 15.49/12.67

6 108.30/106.70 21.05/12.67

Table 7. ESI-mass fragmentation mode of 11.

S. no. Assignment Mass no. Relative abundance (%)

1 627.20/626.70 16.92/13.84
2 473.80/472.10 6.15/7.15
3 445.30/447.60 16.92/12.30
4 213.90/215.30 15.30/6.15
5 187.70/186.20 9.23/8.17

6 108.30/106.70 100
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electrons for diphenyl arsenic(III) derivatives of heterocyclic dithiocarbamate derivatives
(1–5) (figure 1).

In triphenyl arsenic(V) bromo- (6–10) and bis(heterocyclic dithiocarbamate) derivatives
(11–15) arsenic acquires octahederal and pentagonal bipyramidal geometries (figures 2 and 3),
respectively.

Conclusion

A comparative study of triphenylarsenic bromo- and bis(heterocylic dithiocarbamate) deriv-
atives of heterocyclic dithiocarbamate in +5 oxidation state with diphenyl arsenic deriva-
tives of heterocyclic dithiocarbamate in +3 oxidation state reveals that the coordination
pattern of dithiocarbamate in both +5 and +3 oxidation state is the same. Strong electron
attraction of arsenic in +5 oxidation is manifested by more downfield shift in the position

Ph

SAs

Ph

s
N

X

C

Figure 1. Proposed structure for 1–5.

Ph

ShP

S

As

Br

Ph

C N X

Figure 2. Proposed structure for 6–10.

S

S S

S
Ph

C N XCNX As

Ph

Ph

Figure 3. Proposed structure for 11–15.
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of >C-N and CS2 carbons in 13C NMR spectra and similar trend is observed in 1H NMR
spectra of the protons adjacent to C–N carbon.

The δ′ and σR° values for triphenylarsenic derivatives in +5 oxidation state are more neg-
ative than in diphenyl arsenic derivatives in +3 oxidation state which reveal more electron
transfer from central arsenic to the phenyl rings.

Experimental

All preparations and subsequent manipulations were carried out under moisture free condi-
tions and glassware was carefully dried prior to use. Benzene and n-hexane were dried by
standard methods.

Diphenylarsenic chloride (Ph2AsCl) [27], triphenylarsenic dibromide [28] (Ph3AsBr2),
and sodium salts of heterocyclic dithiocarbamate [29] have been synthesized by literature
methods. Arsenic and sulfur were estimated by iodometric and gravimetric methods [30],
respectively.

IR spectra of these compounds have been recorded as Nujol mulls using KBr pellets from
4000 to 400 cm−1 on a FT-IR Spectrophotometer model 8400S Shimadzu. The 1H and 13C
NMR spectra have been recorded on a JEOL-FTAL 300MHz spectrometer in CDCl3/
DMSO-d6 solutions using TMS as an internal reference.

Synthesis of diphenlyarsenic(III)-(piperidine-dithiocarbamate) derivative

The reaction mixture containing equimolar amount of sodium salt of pipdtc (0.92 g, 5.01
mM) and Ph2AsCl (1.36 g, 5.04 mM) in benzene (50 mL) was stirred for ~6 h at room tem-
perature (~25 °C). The NaCl thus formed was filtered off and excess solvent was removed
from the filtrate under reduced pressure to produce the compound as a brownish solid in
quantitative yield. The product was recrystallized from benzene and n-hexane mixture.

Analysis showed As% (19.51), S% (17.01), C% (54.82), H% (5.14), N% (3.57) calcu-
lated for C18H20AsNS2 As% (18.99), S% (16.25), C% (54.80), H% (5.10), N% (3.54). The
other compounds were synthesized by similar methods. The synthetic and analytical data
are summarized in table 8.

Table 8. Synthetic and analytical data of diphenylarsenic(III) (heterocyclic dithiocarbamate) derivatives.

S.no Complex

Reactants (gm)

Product
(%

yield)

NaCl (gm)
found
(Calcd)

M.p.°
(±1 °C)

M. wt.
found
(Calcd)

Analyses %
found (Calcd)

Na salt of
heterocyclic

dithiocarbamate Ph2AsCl As S

1 Ph2As
(Pipdtc)

(0.92) (1.36) 80 0.29 (0.32) 153 389.60
(390.01)

18.99
(19.51)

16.25
(17.56)

2 Ph2As(4-
MePipdtc)

(0.96) (1.32) 78 0.28 (0.35) 158 408.40
(409.25)

18.34
(19.01)

15.70
(16.09)

3 Ph2As
(Morphdtc)

(0.93) (1.36) 76 0.29 (0.34) 157 396.37
(397.36)

18.90
(19.93)

16.17
(16.99)

4 Ph2As(N-
mePzdtc)

(0.96) (1.31) 80 0.28 (0.34) 162 409.41
(410.08)

18.29
(19.51)

15.66
(16.70)

5 Ph2As
(Pzdtc)

(0.93) (1.36) 75 0.29 (0.36) 140 395.36
(396.36)

18.94
(19.64)

16.21
(17.01)
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Preparation of triphenylarsenic(V) bromo-(piperidine-dithiocarbamate) derivative

A freshly prepared sodium salt of pipdtc (0.67 g, 3.65 mM) and Ph3AsBr2 (1.70 g, 3.64
mM) in benzene (~50 mL) were stirred for ~6 h at ~25 °C. The NaBr thus formed was fil-
tered off and excess solvent was removed from the filtrate under reduced pressure to pro-
duce the compound as a yellow solid in quantitative yield. The product was recrystallized
from benzene and n-hexane mixture.

Analysis showed As% (13.34), S% (11.73), C% (52.78), H% (4.63), N% (2.58) calcu-
lated for C24H25AsS2NBr As% (14.17), S% (12.15), C% (52.74), H% (4.60), N% (2.56).
The other compounds were synthesized by similar methods. The synthetic and analytical
data are summarized in table 9.

Preparation of triphenylarsenic(V) bis(piperidine-dithiocarbamate) derivative

Ph3AsBr2 (1.48 g, 3.17 mM) was mixed with freshly prepared sodium salts of pipdtc (1.16
g, 6.32 mM) dissolved in benzene (~50 mL) and the reaction mixture was stirred for ~6 h at
room temperature (~25 °C). The NaBr thus formed was filtered off and excess solvent
removed from the filtrate under reduced pressure to produce the compound as a creamish
colored solid in quantitative yield. The compound was recrystallized from benzene- n-hex-
ane mixture (1 : 1).

The product on analysis showed As% (11.63), S% (20.45), C% (57.50), H% (5.65), N% (4.48)
calculated for C30H35AsN2S4, As% (12.12), S% (21.47), C% (57.48), H% (5.62), N% (4.46).

The remaining compounds were also synthesized by similar methods. The synthetic and
analytical data are summarized in table 9.

Table 9. Synthetic and analytical data of triphenylarsenic(V) bromo- and bis(heterocyclic dithiocarbamate) deriva-
tives.

S.no Complex

Reactants (gm)

Product
(%

yield)

NaBr
(gm)
found
(Calcd)

M.p.°
(±1 °C)

M. wt.
found
(Calcd)

Analyses %
found (Calcd)

Na salt of
heterocyclic

dithiocarbamate Ph3AsBr2 As S

1 Ph3(Br)As(Pipdtc) (0.67) (1.70) 78 0.37
(0.42)

153 546.43
(547.13)

13.34
(14.17)

11.73
(12.15)

2 Ph3(Br)As(4-MePipdtc) (0.70) (1.66) 73 0.36
(0.39)

158 560.83
(561.09)

13.01
(14.05)

11.43
(12.31)

3 Ph3(Br)As(Morphdtc) (0.67) (1.69) 76 0.37
(0.41)

157 548.40
(549.10)

13.30
(13.99)

11.69
(12.21)

4 Ph3(Br)As(N-mePzdtc) (0.70) (1.66) 80 0.37
(0.42)

162 561.44
(562.23)

12.99
(13.51)

11.42
(11.90)

5 Ph3(Br)As(Pzdtc) (0.67) (1.70) 75 0.65
(0.71)

140 547.71
(548.67)

13.31
(14.15)

11.70
(12.05)

6 Ph3As(Pipdtc)2 (1.16) (1.48) 83 0.65
(0.69)

178 626.80
(627.20)

11.63
(12.12)

20.45
(21.17)

7 Ph3As(4-MePipdtc)2 (1.20) (1.42) 80 0.62
(0.69)

143 654.82
(655.23)

11.13
12.15

19.58
(20.15)

8 Ph3As(Morphdtc)2 (1.17) (1.47) 80 0.65
(0.71)

108 630.74
(631.57)

11.54
(12.70)

20.33
(21.09)

9 Ph3As(N-mePzdtc)2 (1.12) (1.45) 78 0.62
(0.67)

120 656.84
(656.91)

11.10
(12.05)

19.52
(20.17)

10 Ph3As(Pzdtc)2 (1.09) (1.51) 76 (0.65)
(0.68)

135 628.76
(629.25)

11.60
(12.09)

20.39
(21.50)
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