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Phenoxarsin-10-yl  derivatives of 2-amino-
cyclopent-1-ene-1-carbodithioic acid, (ACDA),
and its N-alkyl derivatives O(C¢H, ),AsS,C—CH,—
NHR-2 (R=H, CH,CH,, CH,CH,), have
been prepared by reacting O(C,H,),AsCl with
the corresponding ACDA 1,1-dithioic acid. The
compounds were obtained by stirring stoichio-
metric amounts of the reagents in ethanol, over
24h, at room temperature. The scale of the
preparations were in the order of 2 mmol and
the yields of the compounds ca 75%. The reactions
were carried out in absolute ethanol. The com-
pounds were characterized by IR, mass and
NMR (‘H, "C) spectroscopy. The molecular
structure of O(CH,),AsS,C—CH—NH,-2 was
determined using X-ray diffractometry, achieving
an R-value of 6.3%; this compound is monomeric
and contains an asymmetric monometallic bicon-
nective 1,1-dithiolato ligand [As—S(1) 2.272(2) A,
As - - - S(2) 3.125(2) A]. An intramolecular hydro-
gen bond is established between one hydrogen
atom of the NH, group and the sulfur [S(2)] atom
involved in the secondary interaction to arsenic.
The dihedral angle (150.3(3)°) of the phenoxarsine
moiety is practically unaffected by substitution of
chlorine on arsenic by the carbodithioato ligand.
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INTRODUCTION

2-Aminocyclopent-1-ene-1-carbodithioic acid
(ACDA) and its N- or S-alkyl derivatives have
been reported to exhibit antifungal properties,
and it was suggested that this biological behavior
might be related to the ability of such compounds
to form metal complexes.' The molecular struc-
ture of ACDA was investigated by X-ray diffrac-
tometry and an equilibrium between the meso-
meric forms a and b (with a high contribution of
b) has been proposed” (Eqn. [1]).

H
\+/H
N

; ;
C C
o d s
b

(1]

This ligand can exhibit various coordination
patterns, e.g. monometallic monoconnective
(monodentate—structure ¢), S,S-monometallic
biconnective  (bidentate—structure d) or
N,S-monometallic  biconnective  (bidentate—
structure e). Most of the studies on metal com-
plexes of ACDA and its N-substituted derivatives
reported so far have been concerned with tran-
sition metals, and either structure d or e was
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proposed on the basis of spectroscopic data (IR,
ES, NMR).**

By contrast, knowledge of main group metal
derivatives is scarce. Complexes of the type ML,
[M=1In(II1),” As(Ill), Sb(III),* and Bi(1I[)*")
containing S.S-monometallic biconnective
ACDA ligands have been described, and an
X-ray diffraction study of tris[2-ethylamino)-
cyclopent - 1 - ene - 1 - carbodithioato]bismuth(III)
supports this coordination pattern.” However, the
spectral behavior of the diphenylantimony(III)
derivatives of ACDA has suggested a monome-
tallic monoconnective (monodentate) coordina-
tion of the 1,1-dithiolato ligand (structure ¢)."" A
similar coordination pattern was recently estab-
lished by X-ray diffractometry for an inorganic
As(III) complex (CH,S),AsS,C—CsHq—NH,-2,
and proposed for other analogous As(1II) and
Sb(I11) complexes on the basis of IR and NMR
(‘H and "C) data."

We wish to report here the synthesis and spec-
troscopic characterization of some phenoxarsin-
10-yl derivatives of ACDA and its N-alkyl (i.e.
ethyl and methylcyclohexyl) analogue, as well as
the crystal and molecular structure of
O(C(H,),AsS,C—CH—NH,-2, containing a
monometallic  monoconnective ~ ACDA-type
ligand. The coupling of an organoarsenic moiety
with a 1,1-dithiolato ligand, both exhibiting biolo-
gical properties,"> might result in interesting
synergistic effects and useful applications.

EXPERIMENTAL

Materials and methods

The starting materials were of reagent or analyti-
cal grade and were used without further purifica-
tion. 10-Chlorophenoxarsine was prepared from
diphenyl ether and AsCl, in the presence of
anhydrous AICl,;."* ACDA and its N-alkyl deriva-
tives, (i.e. ethyl and methylcyclohexyl) used in
this work were obtained according to literature
methods."

Physical measurements

IR spectra (4000-200c¢cm™') were obtained in
KBr disks using a Perkin—Elmer 283B spectro-
meter. 'H and "C NMR spectra were recorded in
CDCl; or CDCL/DMSO-d, solutions using
Varian VXR 300S and Varian Gemini 200
spectrometers, operating at 299.949 and
50.29 MHz, respectively. TMS was used as exter-
nal standard. Electron-impact (70 eV) mass spec-
tra were recorded using a Hewlett—Packard
MS/GC 598 instrument.

General procedure for the preparation
of phenoxarsin-10-yl derivatives

Stoichiometric amounts of 10-chlorophenoxarsine
and the 1,1-dithioic acid were mixed in ethanol
and stirred over 24 h. In a typical experiment,
557mg of 10-chlorophenoxarsine (2 mmol) in
20 ml of absolute ethanol was added to 2 mmol of
ACDA or the corresponding ACDA alkyl deriva-
tive, also in 20 ml of absolute ethanol. The reac-
tion mixture was stirred at room temperature for
24 h and then filtered, yielding a solid. The solid
obtained was washed with methanol and dried in
a desiccator in the normal laboratory line vacuum
over silica gel. Elemental analysis, yields and
melting points are given in Table 1.

Crystal structure determination of
O(C¢H,).AsS,CC;H.—NH,-2

Crystal data

CsH,,AsNOS,, M 401.4, triclinic, a =8.028(3) A,
b=16.251(7) A, ¢=6.900(3) A. a=93.63(3)°,
p=109.31(3)°, y=86.32(3)°, V=846.9(4) A°,
Z=2, D.=1574gcm™, F(000)=408, space
group P-1, CuKea radiation, A=154178 A,
#(CuKa) 5.038mm~', crystal size 0.40 mm X
0.24 mm x 0.08 mm.

Structure determination
Suitable crystals (yellowish plates) of the title
compound were obtained by solvent diffusion in a
CHCl;-hexane mixture, at room temperature.
Data were collected on a Nicolet P3/F four-cycle
diffractometer with a nickel filter for 2190 reflec-
tions in the 26/0 scan mode, of which 1986 were
independent (Rin=5.80%) and 1810
(F>3.00(F)) were used in the full-matrix least-
squares refinement.'® The structure was solved by
direct methods.

The final R values are R=23x|F,— FJ|/Z|F|=
6.30% and wR=[Iw(|F,— F|)/Zw|F,[']"=
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Table2 Atomic coordinates (x 10") and equivalent isotropic
displacement coefficients (A?x 10%) for C,H),As NOS,

Atom x y z u(eq)’
As 3196(1) 8031(1) 2137(1) 34(1)
S(1) 2814(2) 6905(1) —64(3) 36(1)
$(2) 3016(3) 6365(1) 4065(3) 46(1)
O(1) 6156(7) 8312(3) 31(8) 41(2)
N(1) 2610(12) 4527(5) 3464(11) 54(3)
C(1) 2756(9) 6127(5) 1574(11) 30(3)
C(2) 2513(9) 5335(4) 627(11) 30(3)
C(3) 2506(10) 4603(5) 1569(13) 37(3)
C(4) 2268(13) 3870(5) 90(14) 50(4)
C(5) 2226(14) 4213(5) -1913(14) 54(4)
C(6) 2353(12) 5147(5) —1613(13) 44(3)
C(N 5738(9) 7965(4) 3251(11) 30(3)
C(8) 6584(10) 7759(5) 5281(12) 37(3)
C9) 8395(11) 7688(5) 6074(13) 47(3)
C(10) 9423(10) 7797(5) 4874(14) 45(3)
C(11) 8653(10) 8017(5) 2893(13) 42(3)
C(12) 6803(9) 8092(4) 2062(11) 32(3)
C(13) 4590(11) 8790(4) ~-707(11) 38(3)
C(14) 4539(13) 9295(5) —2268(13) 52(4)
C(15) 3009(16) 9785(S) —3116(14) 63(4)
C(16) 1580(15) 9769(5) —2416(15) 62(4)
C(17) 1666(12) 9258(5) ~-908(14) 50(3)
C(18) 3176(10) 8751(4) —-10(13) 36(3)

“ Equivalent isotropic U defined as one-third of the trace of the
orthogonalized Uj; tensor.

9.25% (R=6.73% and wR =10.92% for all data)
with weights w™'=g*(F) +0.04585F% goodness-
of-fit 1.07. The residual electron density from a
final difference Fourier synthesis was in the range
of 0.71-0.69 eA~>. Refined values for the atomic
coordinates are given in Table 2. The high value
of R=6.30% was due to the quality of the crystal
and also to crystal-habit correction problems.
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RESULTS AND DISCUSSION

The reaction of 10-chlorophenoxarsine with the
corresponding 1,1-carbodithioic acid in ethanol at
room temperature resulted in the formation of
complexes 1-3 which have been isolated as
yellow, crystalline solids. The compounds were
investigated by means of IR, mass and NMR ('H,
BC) spectroscopy and in one case (compound 1),
the crystal and molecular structure was deter-
mined by single-crystal X-ray diffraction. (Car-
bon numbering generally is given as in structures
1-3. Carbon numbering for the structure discus-
sions is as in Fig. 1 and carbon numbers are in
parentheses.)

Important bands observed in the infrared spec-
tra are listed in Table 1. The absence of a v(SH)
absorption around 2500 cm ™' and the presence of
new bands in the 390-370 cm™' region, assigned
to As-S stretching vibrations,'” indicate primary
bonding of the ligand through sulfur. The exocyc-
lic nitrogen atom seems to be not involved in the
coordination to the central arsenic atom. The
presence of two weak absorptions in the region
910-870cm™', characteristic of carbon-sulfur
stretching vibrations, might be indicative of
monometallic biconnective (bidentate) behavior
of the dithio ligand.™ All complexes also exhibit

Table 3 Electron-impact (70 eV) mass spectra of phenoxarsin-10-yl derivatives

(m/z, % intensity)

1 2 3
M* R=H R=Et X =CH,CH,,
O(C,H,),AsS.C—CsH,—(NHR)-2* 401 (13) 429 (18) 497 (1)
O(C,H, ) As' 243 (100) 243 (100) 243 (100)
C.H,0" 168 (38) 168 (98) 168 (69)

C, H 139 (18)  139(57) 139 (43)
S,CCH(NHR)-2* 158 (10) 186 (21) 254 (20)
SCC,H,(NHR)-2" 126 (23)  154(52) 222 (25)

AsS'!

107 (1)

107 (11) 107 (5)
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Table 5 Important bond distances (A) and angles (°) in
O(CH,),AsS,C—C:H+—NH,-2*

As-S(1) 2272(2)  S(1)—As—C(7) 98.6 (2)
As- - -S(2) 3.125(3)  S(1)—As—C(18) 91.6 (2)
As—C(7) 1.927(7)  S(1)—As- - -S(2) 64.9 (1)
As—C(18) 1.940 (9)  C(7)—As- - -S(2) 90.6 (2)
C(18)—As---S(2)  156.6 (3)
C(7)—As—C(18) 93.2 (3)
C(—C(12)  1.397(12) As—C(7)—C(12) 122.2 (5)
C12)—0(1) 1.386(9) C(NH—C(12)—O(1)  124.0 (6)
O()—C(13)  1.394(9) C(12)—O(1)—C(13) 121.2 (7)
C(13)—C(18) 1.378 (13) O(1)—C(13)—C(18) 123.7(7)
C(13)—C(18)—As  122.8 (5)
C()—S(1)  1.759(8) As—S(1)—C(1) 100.7 (3)
C(1)—S(2)  1.685(8) S(1)—C(1)—S(2) 120.1 (4)
C(1)—C(Q2)  1.402 (10) S(1)—C(1)—C(2) 114.4 (6)
C2)—CG3)  1.392(11) SQ)—C(1)—C(2) 125.4 (6)
C(3)—C(4) 1498 (11) C(1)—C(2)—C3)  126.8 (7)
C4—C(5)  1.512(15) C(1)—C(2)—C(6)  123.5(7)
C(5)—C(6)  1.524(12) C(3)—C(2)—C(6)  109.6 (7)
C6)—C(2)  1.521 (12) N(1)—C(3)—C(2)  126.7(8)
CO3)—N(1)  1.296 (12) N(1)—C(3)—C(4)  121.2(8)
N(D—H(1A) 0.85(11) N(1)—H(1A)---S(2) 133 (2)
N(1)---$(2)  3.013 (9)
H(1A)- - -S(2) 2.37(11)

“For numbering scheme here, see Fig. 1.

other strong, characteristic absorptions for the
dithio ligand and phenoxarsin-10-yl moiety, res-
pectively (Table 1).

The 70 eV electron-impact mass spectra con-
tain a low-intensity fragment corresponding to the
molecular ion, as well as ion fragments resulting
from the main fragmentation, i.e. O(C{H,),As”
and S,C—C;H—NHR-2" (Table 3). Other char-
acteristic ions arising from subsequent fragmen-
tation of the phenoxarsin-10-yl"”-"* or carbo-
dithiolato moieties were also identified.

The 'H and “C NMR spectra are consistent
with the formation of the title complexes and with
their structural behavior suggested by IR data. In
the '"H NMR spectra none of the complexes exhi-
bits a resonance for an S-H proton. At high field,
multiplet signals at ca 2.4-2.5ppm and 1.5-
1.7 ppm are observed for the ACDA ring pro-
tons. Additionally, compound 2 shows a multiplet
(6=3.4ppm) and a triplet (6 =1.3 ppm) corres-
ponding to the CH, and CH; protons, respecti-
vely, of the ethyl group bound to nitrogen. For
compound 3, a triplet at 3.2 ppm was assigned to
the CH, group bound to nitrogen (the protons of
the cyclohexyl group exhibit a complex resonance
at high field also). At lower field (6 = 7-8 ppm) all
compounds exhibit the expected resonance pat-

Figure 1

ORTEP-method drawing of the monomeric structure of O(C.H,),AsS.C—C;H—-NH,-2.
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Figure2 View of the unit cell of O(C.H,),AsS,C—CH—NH,-2.

tern for the aromatic protons of the phenoxarsine
moiety.”?' The title compounds also show a
singlet resonance at 10.7 (1), 12.2 (2), and
12.3 ppm (3) for the N—H proton. Additionally,
compound 1 exhibits a second N—H signal
(6=4.6ppm), thus suggesting the non-
equivalence of the amino group protons, due
probably to a N—H- - -S(=C) hydrogen bond.
The "C NMR spectra (Table 4) of compounds
1-3 show the correct number of signals, thus
reinforcing the identity of the compounds.

The crystal and molecular structure of
O(C¢H,),AsS,C—CH—NH,-2 (compound 1)
was determined by single-crystal X-ray diffrac-
tion. The lattice contains monomeric units with
closest contacts of 3.490 A and 3.783 A between
C(13)-C(18) rings (1—x, 2—y, —z) and ACDA
rings (—x, 1 —y, —z), respectively, of neighboring
molecules. Important interatomic distances and
angles are listed in Table 5, and the molecular
structure with the numbering scheme is illustrated
in Fig. 1. A view of the lattice is shown in Fig. 2.

The 1,1-dithio ligand exhibits an asymmetric
monometallic biconnective coordination pattern.
The short [As—S(1) 2.272(2) A] and long
{As- - -8(2) 3.125(3) A) arsenic—sulfur distances
(cf the sum of van der Waals radi,
S.aw(As, S)=3.85 A*) are related to long and
short carbon--sulfur bond lengths, i.e, C(1)-S(1)
1.759(8) A and C(1)-S(2) 1.685(8) A, respecti-
vely, the latter being indicative for single C—S§
and double C=S bonds. The system formed by
the arsenic atom and the whole dithio ligand
fragment is quasi-planar [deviations from the best
plane: As —0.002, S(1) 0.002, C(1), 0.021, S(2)

0.000, C(2) 0.037, C(3) —0.014, C(4) —0.022,
C(5) —0.049, C(6) 0.008, N(1) 0.000 A], with the
sp*-hybridized C(5) atom exhibiting the largest
deviation. This plane is almost perpendicular to
the As—C(7)-C(18) plane [81.4(2)].

The five-membered ring of the ACDA ligand
contains, as expected, two sets of carbon—carbon
bond distances. With the exception of C(2)-C(3)
bond [1.392(11) A], the length of which indicates
a double-bond character, all the others exhibit a
magnitude (average 1.514 A) consistent with their
single-bond nature. The exocyclic C(1)-C(2)
[1.402(10) A] and C(3)-N(1) [1.296(12) A] bonds
are significantly shorter than expected for single
bonds (C—C 1.54, C=C 1.34, C—N 1.51, and
C=N 1.32A%), thus suggesting their involve-
ment in a hyperconjugated system (structure f).
Similar behavior was observed in the free ligand,’
as well as in (CH,S),AsS,C—CsH—NH,-2." This
is consistent with the planarity of the dithio ligand
moiety, the As- - -S(2) secondary interaction and
the lack of coordinative interaction between N(1)
and As in the title compound.

The coordination geometry of arsenic can be
described as a slightly distorted trigonal pyramid,
with arsenic in the apical position (C-As-X
(X=C,S) average 94.5°). If the As---5(2)
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secondary interaction is taken into account, the
coordination geometry of arsenic might be des-
cribed as a distorted y-trigonal bipyramid, with
S(2) and C(18) atoms in axial positions [C(18)-
As—S(2) 156.6°]. The equatorial positions are
occupied by S(1), by C(7) and supposedly by the
electron lone pair of arsenic. This is supported by
the angles at the arsenic atom (Table 5), and by
the orientation of the S(1)-C(1)-S(2) fragment
which brings the S(2) atom into a frans position to
the C(18) atom, resulting in a large free space
opposite the S(1)/C(7) atoms. The low value of
the S(1)-As-S(2) angle (64.9°) is due to the small
carbodithiolato ligand ‘bite’.

The dihedral angle between the two halves of
the phenoxarsine moiety [150.3(3)°] is slightly
smaller than in 10-chlorophenoxarsine (156.3°).%
This is consistent with the previous behavior of
this folded system, which seems to be not affected
by the substitution of the halogen by a 1,1-
dithiolato ligand.**'

Acknowledgements  This work was supported by the Mexican
Consejo Nacional de Ciencia y Tecnologia, CONACYT
{Grant 1519-E9208]. CS also acknowledges a visiting fellow-
ship grant from CONACYT and UNAM.

REFERENCES

I. G. Matolecsy, M. Hamran and B. Bordas, Acta
Phytopathol. 5, 123 (1970).

2. H. Miyamac and T. Oikawa, Acta Crystallogr. C41, 1489
(1985).

3. K. Nag and D. S. Joardar, Inorg. Chim. Acta 14, 133
(1975).

4. K. Nag and D. S. Joardar, Inorg. Chim. Acta 17, 111
(1976).

10.

1.

12.

13.

14.

20.

21.

22.

23.

24.

. K. Nag and D. S. Joardar, Z. Nuturforsch. 30b, 107
(19753).

. K. Nagand D. S. Joardar, Can. J. Chem. 54, 2827 (1976).

. S. K. Singh, Y. Singh, A. K. Rai and R. C. Mehrotra,
Polyhedron 8, 633 (1989).

. §. K. Singh, Y. P. Singh, A. K. Rai and R. C. Mehrotra,
Indian J. Chem. 28A, 585 (1989).

. P. K. Bharadwaj and W. K. Musker, Inorg. Chem. 26,

1453 (1987).

S. K. Singh, Y. Singh, A. K. Rai and R. C. Mehrotra,

Indian J. Chem. 28A, 771 (1989).

S. K. Singh, Y. P. Singh, A. K. Rai and R. C. Mehrotra,

Indian J. Chem. 29A, 876 (1990).

R. Cea-Olivares, R. A. Toscano, A. Luna and F.

Cervantes, Main Group Metal Chem. 16, 121 (1993).

I. Haiduc and C. Silvestru, Organometallics in Cancer

Chemotherapy, Vol. 1, Main Group Metal Compounds,

CRC Press, Boca Raton, FL, 1989, p. 185.

V. I. Gavrilov, L. M. Pilishkina and F. G. Khalitov, Zh.

Obshch. Khim. 61, 2213 (1991); J. Gen. Chem. USSR 61,

2055 (1991).

. B. Bordas, P. Sohar, G. Matolcsy and P. Berencsi, J. Org.
Chem. 34, 1727 (1972).

. G. M. Sheidrick, SHELXTL/PC User's Manual, Siemens
Analytical X-ray Instruments, Inc., Madison, WI, USA.

. E. A. Meyers, C. A. Applegate and R. A. Zingaro,
Phosphorus Sulfur 29, 317 (1987).

. F. Bonati and R. Ugo, J. Organomet. Chem. 10, 257
(1967).

. J. C. Tou and C. S. Wang, Org. Mass Spectrom. 3, 287

(1970).

R. Cea-Olivares, I.-G. Alvarado, G. Espinosa-Pérez, C.

Silvestru and I. Haiduc, J. Chem. Soc., Dalton Trans.

1881 (1994).

R. Cea-Olivares, R. A. Toscano, C. Silvestru, P.

Garcia-Garcia, M. Lopez-Cardoso, (5. Blass-Amador, H.

Noth, J. Organomet. Chem. In press.

L. Pauling, The Nature of the Chemical Bond, 3rd edn,

Cornell University Press, Ithaca, NY, 1960, p. 189.

D. E. Shriver, P. W. Atkins and C. H. Langford,

Inorganic Chemistry, W. H. Freeman, New York, 1990, p.

68.

J. E. Stuckey, A. W. Cordes, L. B. Handy, R. W. Perry

and C. K. Fair, Inorg. Chem. 11, 1846 (1972).





