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Abstract. Bunsen’s cacodyl disulfide, Me,As(S)-S-AsMe, (1), reacted
with iodine giving the novel dimethylarsinosulfenyl iodide,
Me,As-S-1 (3) although theoretical calculations indicated that the AsY
compound Me,As(S)-I (4) was more stable in the gas phase. The oily
product was stable neat and as a solution in CDCl; at +4 °C and —20 °C
for at least 15 d. Light, H,O, H,0,, and Zn dust, but not Nal or Ag,
decomposed it. Compound 3 did not interact with Ph;N, with Ph,NH
and PhNH, it interacted but not reacted. 3 was decomposed by
piperidine, with pyridine and 4-dimethylaminopyridine it interacted
and produced Me,As-SS-AsMe, (2) and I, that formed charge transfer

complexes Base‘l,, whereas Et;N decomposed 3, and 3Et3N-21, was
isolated. 3 was desulfurized by Ph;P and (Me,N);P completely, and
by (PhO);P and (PhS);P partially. The reactions of 3 with (Me,N);P,
(PhS);P, and (EtO);P were complicated. From the As'™ nucleophiles,
only Ph;As was bound, while (PhS);As reacted slowly in a compli-
cated manner with 3. No interaction of 3 with MeOH or PhOH was
observed but NaOH, Ag,O, and PhONa decomposed it. Thiophenol
produced traces of Me,As-SPh (10) and sodium thiophenolate attacked
mainly at As'™ of 3. Thus, externally stabilized sulfenium ions of the
type Me,As-S-Nu*I~ were not obtained.

Introduction

In a previous publication!!! we summarized the nucleophilic
(towards many heavy metal cations) and electrophilic (towards
a variety of nucleophiles of group 15 and 16 of the
periodic Table) reactions of Bunsen’s cacodyl disulfide
Me,As(S)-S-AsMe, (1). Metal cations split 1 giving com-
plexes (Me,As(S)-S),M, whereas nucleophiles either bind or
split or desulfurize 1. Another aspect of 1 is that it shows
internal redox chemistry by being equilibrated to an extent of
approx. 10% with the true disulfide Me,As-S-S-AsMe, (2)
when dissolved in an inert solvent.?! Group 17 elements have
not been examined for their ability to react with 1. A reaction
of 1 with, e.g., I, can conceivably give the hitherto unknown
compounds 3 or 4 [Equation (1)], where I, oxidizes the sulfur
atoms and the arsenic atom of 1, respectively.

In the dimethylarsine-As-sulfenyl iodide or dimethylarsi-
nosulfenyl iodide (3) the —SI group is linked to As™. Going
up in group 15, compounds of the type R,P-SX (dialkylphos-
phine-P-sulfenyl halides) seems to be unknown, while there
are a few compounds, e.g. (EtO),P(O)-SX, where the —SX
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group is linked to PV.3*1 Dialkylamine-N-sulfenyl halides,
R,N-SX, are known but not widely studied.[*>! The dimethyl-
thioarsinyl iodide (4) should either not exist or be highly un-
stable because of the operation of the inert pair effect that will
convert 4 to 3.

In this paper we describe the preparation of Me,As-S-I (3)
as well as an overview on its stability under various conditions,
its reactivity towards oxidizing and reducing agents, and its
behavior towards nucleophiles of group 15, i.e. compounds of
N, P and As™, as well as of group 16, i.e. O and S™, hoping
to get stable adducts of the type Me,As-S-Nu*l", by analogy
to phosphine-stabilized arsenium salts, R,As:*:PR’51".[6]

Results and Discussion

Preparation and Properties of Me,As-S-1 (3)

Bunsen’s cacodyl disulfide (1) reacted smoothly with iodine
in dry dichloromethane, initially giving an orange suspension
that cleared to a very pale yellowish solution. However, in all
preparation a small amount (approx. 40 mgrmmol~! 1) of a
brown sticky solid formed that did not subsequently react. Its
identity is unknown and its IR (KBr) showed a broad, strong
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band at 3446 cm™' and non-informative somewhat broad bands
in the region 1645-670 cm™!. Removal of the CH,Cl, solvent
should be done at low temperatures (approx. 15 °C) on a rotary
evaporator only, otherwise the yields diminish drastically.
Also, even a brief (approx. 1 min) drying in vacuo diminishes
the yields to approx. 50-60%. Under the conditions described
in the Experimental Section, the yields of 3 were 77-92 %.
Product 3 was obtained from a yellowish solution in CH,Cl,
as a red-orange to cherry-red mobile liquid, having an unpleas-
ant odor, and by '"H NMR in CDCl; the very pale yellowish
solution showed the presence of 0.5-2 % CH,Cl,.

The IR (neat) of the oil showed the symmetric and asymmet-
ric bending of the Me groups at 1430 and 1252 cm™!, the rock-
ing bands of AsMe, at 899 and 838 cm™!, and the asymmetric
and symmetric As—C stretching at 582 and 572 cm™', respec-
tively, but could not reveal an expected very strong band at
478-488 cm™!271 attributable to As=S stretching, if the oil is
compound 4, because of noise. Its IR (CCly), in the noisy re-
gion 700-400 cm™!, again did not show an expected very
strong band at 478-488 cm™!. If the oil is compound 3, the
expected As-S stretching is expected at 389 cm™.,!?! a region
not reached by our instrument. An IR spectrum was obtained
by adsorbing the oily product on KBr and brief (otherwise
the product evaporates) grinding. The yellowish disc gave a
spectrum, whose bands were at the same position as that ob-
tained as a film and, moreover there was only one weak, some-
what broad, band at 486 cm™', a band at about the same posi-
tion that the As=S of 1 absorbs strongly (see Supporting Infor-
mation for the spectra). Because theoretically the As=S stretch-
ing of 4 at 530 cm™! is very strong, the absence in the actual
spectrum indicates that the product was 3 and not 4.

In order to further establish the structure of the product we
performed theoretical calculations, at MP2(full)/6-311%* level
of theory, which indicated that 4, as isolated molecule in the
gas phase, was more stable by 45.14 kJ'mol™! than 3. Thus, it
is probable that 4 rearranges to 3 in the condense phase most
likely due to the inert pair effect.

The possibility that 4 was hydrolyzed by water in KBr,
giving the compounds Me,As(S)-O-As(S)Me, (8) and
Me,As(S)-OH (9) (see stability of 3) was dismissed because
the As=S stretching in 8 was found at 482/523 cm™!,l”! while
in 9 was calculated to be at 528 cm™' (see Supporting Infor-
mation) and there was no band at approx. 520 cm™ in the ac-
tual spectrum.

Although the Me,AsY protons in 1 resonate at approx.
2.0 ppm and the Me,As™ protons in 1 and 2 at approx.
1.5 ppm,!':8] the Me,As protons of 3 resonated at 2.026 ppm
in CDCl; and at 1.980 ppm in CD;0D (Figure 1). It should be
noted that the iodide Me,As-I (6) resonated at 2.016 (this
work) or 2.01°Tin CDCls, at 1.98 in CD;0D,®! at 2.00 as neat
liquid,'°! while it resonated in the expected region, i.e. at § =
1.46 ppm, in benzene.['!! The origin of the downfield shift of
the methyl protons of 6 and 3 is still unknown.

The reaction of I, with Bunsen’s disulfide can involve I,+1
and/or I,+2. In the first case 1 has inherently electrophilic and
nucleophilic properties, and there will be a nucleophilic attack
on the positively polarized iodine atom, 3*I-I>~. The attacking
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Figure 1. Formulae of the compounds encountered in this work show-
ing the Me,As proton shifts in CDCl; and in CD;0D (italics). The &
values have a range of less than *=0.002 ppm of the quoted values.

atom should be ¢ as shown in Figure 2 and not a or b because
the latter case do not give quantitatively 3 without further re-
arrangements. The same occurs if I, attacks at the AsY d with
the negatively charged iodine atom. In the second case, as I,
reacts with 2, the equilibrium between 1 and 2 shifts towards
2. Based on the mechanisms proposed for the reaction of hal-
ogens with disulfides, i.e. nucleophilic attack of the electrons
of the S=S bond at X—X"'?! and nucleophilic attack of the elec-
trons of sulfur at X—X,/'>!41 it seems that both are possible
with 2, as shown in Figure 2. The formation of 4 can be visual-
ized as a concerted reaction of iodine atoms with arsenic atoms
of 1.

Reactivity of Me,As-S-I (3)

From the sulfenyl halides proper, R—SX, the chlorides, RSCI,
have been mostly studied,”! although sulfenyl iodides may
have biological importance.['>!6! The sulfenyl halides show
dual reactivity (i.e. they are “electromeric”'”!). Thus, in nucle-
ophilic reactions the nucleophile attacks at sulfur expelling the
halide anion. Less frequently the sulfenyl halide releases a pos-
itive halogen or reacts via free radicals.!!”!
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Figure 2. Probable mechanisms for the formation of 3 from 1 and 2.

The sulfenyl halides, R—SX, can be considered to be polar-
ized as RS¥*—X® U181 and in the limit the (solvated) sulfenium
ion, R—S*,1'%1 can be obtained. A stabilized sulfenium was de-
tected in a crystalline complex.[?°! Therefore, the reactions of
sulfenyl halides can be viewed from the sulfenium ion perspec-
tive.

3

action was studied by *'P NMR as well, and assignment of the
singlets was based on literature data.!?+-21

Stability of Me,As-S-I (3)

Sulfenyl iodides, R—SI, are rare because of their high reac-

Me. .. Me @ .. tivity and not for their inherent instability.?”! They undergo

\A's'-:é}@ <~ As=§ || a facile disproportionation to disulfide and I,!*®! that can be

Me / Me” 5 Me suppressed by very bulky flanking groups.*! The new
As-S—| Me,As-S-1 (3) seems to be quite stable. Thus, attempted dis-
Me” tillation at reduced pressure (20 Torr) gave no distillate and a
3 \ Me, .. 0@ black oil remained. When neat 3 was stored at +4 °C or at
Me,AS_-S.' I —20 °C, it was stable for at least 15 d. As a solution in CDCls;,

7 3 was stable at +4 °C for at least 15 d and at —20 °C for at

2

The sulfenyl iodide 3 can be considered to be similarly
polarized Me,As—S¥-I%~ and it can give the novel sulfenium
ion in resonance with the “arsenium” ion 5 [Equation (2)], i.e.
the sulfenium ion can be intramolecularly stabilized. 5 has
been previously postulated./?!?>! Based on this consideration,
the reverse polarization to give 7 [Equation (2)], is not ex-
pected unless the iodonium I* is strongly stabilized by a Lewis
base.

Reactions of Me,As—S—-I (3): Conditions and the
Identification of the Products

The stability of 3 under various conditions, its redox proper-
ties, and the nucleophilic substitution of its iodine by group 15
and 16 nucleophiles were studied by 'H and *'P NMR spec-
troscopy. In some cases the reactions were worked up and also
run on a preparative scale.

The identification of the species in solution (Figure 1) was
based on the accumulated data on compounds having Me,As™!
and Me,As(S)— groups!!-321-231 and the shifting of the Me,As
protons on binding of a nucleophile to 3, although it was not
so profound. The position of the sharp singlets in some cases
was not fixed probably indicating a fast exchange between
3 + Nu and Me,As—S-Nu*I". The shifting of the aromatic pro-
tons in some nucleophiles upon binding to 3 corroborated such
a binding. For phosphorus(IIl) nucleophiles, the binding or re-

least 40 d. On TLC (petroleum ether) it was decomposed pro-
ducing Sg. A sample of 3 in CDCl; left in daylight for 2 d
gave six new singlets in the "H NMR spectroscopy. Compound
2 was not detected. Field et al.''! reported that brief UV irradi-
ation of Me;C-SI gave the disulfide and I, and the reverse
reaction did not take place.

As sulfenyl halides are not stable in the presence of water
and they are hydrolyzed to RSO,—SR and RSSR!"7! via RSOH,
which acts as a S nucleophile to itself,’?”! so 3 in CD;0D is
partly hydrolyzed by H,O (1:3 molar ratio of 3 to H,O)in 1 h
to give Me,As(S)-O-As(S)Me, (8).11 With more water (1:13
molar ratio) in 3 h 3 and 8 reacted giving Me,As(S)-OH
(931 resonating at 2.341 ppm. 9 in D,O resonates at § =
2.11 ppm!2!-3% and in CD;0D/D,0 3:1 at 2.056.18! A probable
mechanism for the formation of 8 may involve the internally
stabilized sulfenium cation 5 as a key species.!?*

Redox Properties of Me,As-S-I (3)

Addition of one equivalent of 30 % aqueous H,0, to a solu-
tion of 3 (+8) in CD;0D gave at once a brown solution, indica-
tive of I, whose 'H NMR showed absence of 3 and the pres-
ence of two singlet signals at 1.911 and 1.931 ppm having in-
tensities 4:6, respectively, that could not be assigned. Adding
one more equivalent of H,O, changed only the intensities to
9:6. Sulfenyl halides are progressively oxidized to sulfinyl and
sulfonyl halides giving eventually sulfonic acids.!”!
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While zinc dust with sulfenyl halides gave disulfides,
RSSR,!'7! it gave with 3 (+8) in CD50D two prominent sharp
singlet signals at 1.274 and 1.349 ppm, with a 6:6.3 integra-
tions, and other five minor singlet signals at approx. 2 ppm.
The singlet at 1.274 could not be assigned but the singlet at
1.349 ppm can be due to the disulfide 2 probably stabilized
towards formation of 1 by complexation with Znl, as in the
case of 2 and AICI5.[23! The less electropositive Ag (as silver
wool) did not react with 3 in CDCl; or CDCI;/CD5;0D 1:1
after 24 h.

Addition of an equimolar quantity of dry Nal to 3 (+8) in
CD;OD, a light orange solution was formed and 'H NMR
showed only the singlet signals due to 3 and to 8. The disulfide
2 and I, were not produced although they were expected based
on the behavior of sulfenyl halides.[!”]

Reactions of Me,As-S-I (3) with Nitrogen Nucleophiles

Triphenylamine and 3 in CDCl; did not react because the
lone pair on nitrogen atom is on a p atomic orbital’*!! and,
being involved in p, interaction with the phenyl groups is not
available for donation to acids e.g. HF, HCI, HCIO,.[*?!

Diphenylamine and 3 under 2:1 stoichiometry did not react
in CDCl; (24 h) but interacted as the shifting of Me,As singlet
to 2.001 ppm indicated and 2 was not detected. In dry ether or
ether/pentane Ph,NH-HI was not precipitated out. Under 1:1
stoichiometry '"H NMR revealed only binding (singlet at
2.007 ppm). The non-reactivity of Ph,NH towards 3 may, in
part, be due to being a nearly planar molecule.*3! It should be
noted that Me;C—SI reacted with piperidine, giving the ex-
pected sulfonamide.['>! In contrast, piperidine and 3 under a
2:1 stoichiometry in dry ether in less than 1 h gave a white
odorous solid (118 %), which was piperidine hydroiodide (by
'"H NMR). From the ether supernatant malodorous oil was iso-
lated that by 'H NMR (CDCl;) exhibited singlet signals at
1.401, 1.738, 1910, and 2.034 ppm with integrations
0.6:1.0:1.0:0.25. The signals could not be assigned except
the one at 1.401 ppm, which can be due to 2 and/or
Me,As—S—AsMe,.®!

Aniline and 3 under a 3:2 molar ratio in CDCl; did not react
after 24 h at room temperature but only interacted. No solid
precipitated running the reaction in dry ether or ether/pentane.
However, n-butylamine was reactive towards triphenylmethyl
sulfenyl iodidel** and the sterically protected aromatic
sulfenyl iodides reacted with excess benzylamine giving
sulfenamides.*!

Pyridine and 3 in CDCl; under 1:1 to 1.5:1 molar ratios
interacted as the 'H NMR spectra showed. Approx. 0.02
molecules of 2 per molecule of 3 were detected implying the
formation of a 1:1 charge transfer complex py-I,!*>! giving a
solution with a very pale yellowish color. When the CDCl;
solution was evaporated, dried, and treated with ether, traces
of an off-white solid was obtained that by '"H NMR in CD;0D
had the Me,As protons at 2.115 ppm and the aromatic protons
well downfield (8.10, 8.64 and 8.87 ppm) approaching those
of py-HCI implying the formation of Me,As-S-py*T".

4-Dimethylaminopyridine (DMAP) and 3 reacted in CDCl,
under 1:1 stoichiometry. In 1 h, 0.14 molecules of complexed
3, resonating at 1.981 ppm, were left and two singlet signals
at 1.400 and 1.354 ppm appeared that merged in 24 h to one
at 1.398 ppm assigned to 2 (0.40 molecules). The production
of 2 in greater amounts than with pyridine implies the forma-
tion of a stronger 1:1 charge transfer complex DMAP-I,13¢!
and the absence of signals due to 1 indicates inhibition of the
reversion of 2 to 1.

A likely mechanism for the formation of 2 from 3 in the
presence of pyridine or DMAP is based on the equilibria of
Equation (2). If the base acts on 5, then an externally stabilized
sulfenium 5 will be present. The base, however, can promote
the formation of iodonium I*, as in the case of sulfenyl hal-
ides,!'”] that can be stabilized as, e.g. py,I*.[*’! The reaction of
cation 5 with anion 7 will give the observed 2 and combination
of I" and I* will give I, forming charge transfer complexes,
Base‘l,.

Triethylamine and 3 in CDCl; behaved quite differently
compared to pyridine and DMAP. Under 1:1 molar ratio, the
clear colorless solution, in 1 h, contained “protonated” Et;N
and only 0.04 molecules of complexed 3, 0.03 molecules of 2,
0.02 molecules of an unknown species at 1.852 ppm, and 0.90
molecules of an unknown species at 1.299 ppm were seen. The
later singlet is in-between the singlets of cacodyl (Me,As—
AsMe,) at 6 = 1.11 ppm®®! and Me,As-S—AsMe, or 2 at
1.399 ppm.!8! Working up gave a white, needle-like solid, not
suitable for X-ray analysis, that was analyzed as 3Et;N-21,. Its
IR (KBr) did not match the spectrum of Et;N-HCI in KBr or
perfluorinated paraffin 0il®*”! nor E;N'HI in the same sol-
vent.**1 In CDCl; the solid gave a yellow solution that re-
vealed a “protonated” nitrogen with the CH; protons as one
triplet (at 1.474 ppm) but the CH, protons appeared as two
quartets of equal intensities (at 3.173 and 3.186 ppm). The for-
mation of 3Et;N-2I, was reproducible in other runs, as the ele-
mental analyses revealed. The constitution of 3Et;N-2I, could
not be formulated based either on the work done!*®=?! on the
strong but unstable complex formed from Et;N and I, nor the
X-ray analysis of py-21,.143! It is of interest that the reaction of
3 with Et;N has produced I, virtually without producing 2.
Therefore, another atom from 3 should be reduced and, since
sulfur having oxidation number of zero was expelled as Sg,
it remains As" to be reduced, probably to cacodyl,
Me,As—AsMe,.

Summarizing, although tertiary amines reduce sulfenyl hal-
ides to disulfides and the salt of the radical cation R;N*[#41 3
and py or DMAP gave the disulfide 2 and I, but with Et;N
the nature of the arsenic-containing species is not certain. If
base is to be used for promotion of reactions of 3, pyridine
must be the base of choice (see also referencel'®)).

Reactions of Me,As-S-I (3) with Phosphorus Nucleophiles

The reaction of equimolar quantities of 3 and triphenylphos-
phine in CDClj, in 1 h, resulted in the production of Me,AsI
(6), Ph;P=S by 'H and 3'P NMR {43.9 ppm; literature value
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—42.6 ppm?#1} and 0.07 molecules of 2 per molecule of 6.
Under similar condition the non-fissionable phosphite
(PhO);P, in 6 h, produced only 22% 6 giving (PhO);P=S as
estimated from the 3'P spectrum,?*! and from the 'H NMR
spectrum 2 (0.08 molecules) was present per (3 plus 6) both
resonating at 2.015 ppm as one singlet. With (PhO);P aromatic
sulfenyl chlorides gave ArSSAr and (PhO);PCl,, whereas ali-
phatic sulfenyl chlorides were desulfurized to (PhO);P=S and
RCL.!%31 PhsP did not react with 6.14¢! Our results with Ph;P
and (PhO);P on 3 are in line with their effect on 1, where Ph;P
desulfurized 1 in 5 min, while (PhO);P reacted slowly!® and
on Sg, where Ph;P reacted slowly, while (PhO);P did not react
at all.[47]

Tris(phenylthio)phosphine*® in CDCI; reacted slowly (>24
h) with 3 giving, by 3'P NMR, (PhS);P=S (at 6 = 93.1 ppm;
literature value —91.1 ppm/3!) but most (PhS);P had not re-
acted (8§ = 133.1 ppm; literature value —130.5 ppm/®). The
overall reaction was complicated because the '"H NMR spectra
showed, that 2 was produced in 1 h but in 24 h had reacted
and Me,As-SPh (10) was present at 1.353 ppm,[!! arising by
an unknown mechanism. The prominent singlet at 2.019 ppm
could be due to {3 and 6}.

There are no reports on the reaction of sulfenyl halides with
the more nucleophilic than PhsP, tris(dimethylamino)phos-
phine. In CDCl; 3 was quickly (< 1 h) desulfurized by
(Me;,N);P, some 2 was produced but it seems that 6 reacted
further giving singlet signals at 1.208, 1.246, and 1.83 ppm. In
the 3'P NMR spectrum, apart from the (Me,N);P=S signal at
6 = 82.3 ppm (literature value —77.5 ppm™#), two singlet sig-
nals at 0 = 49.7 and 26.3 ppm were present, the latter close to
the (Me,N);P=0 signal (literature value —23 ppm!*}).

The mechanism of desulfurization of 3 by the above P™
nucleophiles most likely involves the formation of the quasi-
phosphonium intermediate Me,As—S—PAr;*I" followed by at-
tack of I on As™ to give Me,As-I (6). The production of 2
can be explained as in the case of nitrogen nucleophiles.

Even more complicated was the reaction of 3 with the fis-
sionable nucleophile (EtO);P. Thus in CDCl;, in 1 h, apart
from (EtO)sP, CH3CH,-1, 2, and a compound having H-P pro-
ton (6.817 ppm, J 692 Hz) were detected. In the 3'P
spectrum six signals were present at —27.6, 14.6, 18.8, 23.1,
53.0, and 81.2 (major) ppm. (EtO);P=S was not present at
(—)68.1 ppm,[>*! implying that (EtO);P did not desulfurize 3
but reacted in an Arbuzov-type manner, like the reactions of
trialkyl phosphites with sulfenyl halides.*!741 A very
small amount of the expected Arbuzov product,
Me,As—S-P(O)(OEt),, was detected at approx. 20 ppm, which
being based on the chemical shift of (CIPhS)P(O)(OEt), at
21 ppm.[*?! The major singlet at 81.2 is found within the
range of 50-100 ppm for thiophosphoryl compounds?®#°1 but
its identity remains unknown.

Reactions of Me,As-S-I (3) with Arsenic Nucleophiles

There are no reports in the literature on the reaction of
sulfenyl halides with arsenic(IIl) nucleophiles. In contrast to
Ph;P, the homologous Ph;As in CDCl; did not react with 3 in

1 h. A small amount (ca. 0.08 molecules) of 2 was present in
the solution. A weak binding cannot be excluded because
Me,As protons were at 2.013 ppm.

Tris(phenylthio)arsine, (PhS);As, reacted slowly and in a
complicated way with 3 in CDCl;. After 24 h at room temp.,
the 'H NMR spectrum showed in the aromatic region
(PhS);As, absence of PhSSPh and presence of signals some of
them attributable to Me,As—SPh (10). In the aliphatic region
there was a singlet at 1.353 ppm due to 10! and another sing-
let of equal intensity at 2.021 ppm. 2 was not detected. TLC
(petroleum ether) showed three spots that could not be as-
signed and one spot due to Sg. The production of 10 is difficult
to explain.

Reactions of Me,As-S-I (3) with Oxygen and Sulfur
Nucleophiles

While sulfenyl halides with NaOH gave disulfides and
thiosulfonic acid esters, Ar—SO,—SAr, or sodium arylsulfinate,
Ar-SO,Na, depending on the stoichiometry,!!”! 3 and NaOH
(1:1 molar ratio) in CD;0D reacted (30 min to 24 h) giving
four singlet signals at 1.274 (main), 1.560, 1.738, and
1.910 ppm, none of which could be assigned. The disulfide 2
was not detected.

Silver oxide reacted slowly with 3 (1:2 molar ratio) in
CDCl; producing in 24 h the yellow Agl and a clear, colorless
solution containing two main singlet signals at 1.403 ppm,
most likely due to the disulfide 2, and at 1.853 ppm that could
not be assigned.

Methanol or phenol in stoichiometric amounts or excess to
3 in CDCl; did not interact after 2 d at room temperature.
These findings are in line with the reports that sulfenyl chlor-
ides react with alcohols and phenols when heated or when their
alkali metal salts are used.”®! So, despite the shortcoming of
CDCl; as a solvent in the presence of PhONa, we tried its
reaction with 3. After 30 min shaking most PhONa had reacted
(a few needles floating), 3 had reacted and the main singlet
was at 1.478 ppm due to expected Me,As—S—OPh (11), a very
small singlet at 1.401 ppm due to 2 and six small singlets in the
regions 1.255-1.342 and 1.810-2.004 ppm were seen. After 8
h, most 11 had reacted and the spectrum contained singlet sig-
nals of 2 and of unknown compounds at 1.255, 1.876, 1.981,
and 1.991 ppm. As some “monothioperoxide” derivatives of
sulfenyl halides are unstable,! 11 was not stable and decom-
posed giving more 2 and other non identifiable, by '"H NMR,
compounds.

Thiophenol and 3 in CDCl; after 24 h at room temperature
produced only 0.05 molecules of Me,As—SPh (10). However,
sodium thiophenoxide in CDCl; shaken with 3 gave a yellow-
ish precipitate (impure Nal) and a colorless solution containing
10, Me,As-SSPh (12), 2 and 1 in a molar ratio of
1.0:0.06:0.01:0.03, respectively. A small singlet at 2.038 ppm
could not be assigned. TLC (petroleum ether) showed the pres-
ence of Sg and three other spots. These results indicate that
PhS~ attack mainly at the As™ of 3 and the Sg came from
NaSI. However, the formation of 1 and 2 cannot be explained.
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Conclusions

The novel, quite stable sulfenyl iodide 3 having the —SI
group linked to As™ was prepared in good yields from Bun-
sen’s cacodyl disulfide (1) and iodine. It was reactive towards
H,0 and redox reagents, but not Nal, indicating that it did not
easily produce I". An overview of the reactivity of 3 towards
nitrogen, phosphorus, arsenic, oxygen, and sulfur nucleophiles
was given. Each group of nucleophiles behaved differently and
even the various members in each group showed variable reac-
tivity, e.g. from non reactivity with PhsN to complete decom-
position with piperidine and Et;N. The reactions, in general,
gave by-products that made the isolation of pure products diffi-
cult because of the small scales used. In any case, externally
stabilized sulfenium cations of the type Me,As—S—Nu*I" could
not be isolated.

Experimental Section

Bunsen’s cacodyl disulfide (1) was prepared according to Zingaro
et al.>8%1 The sources and purity of the nucleophiles (amines, phos-
phorus(Ill), arsenic(Ill), oxygen and sulfur(Il) compounds) are de-
scribed in a previous publication.!'! Solvents were kept over 4 A mo-
lecular sieves. Silica gel 60 H (Merck) was used for thin layer
chromatography, TLC.

TLCs were run on microslides and visualization was effected by iodine
vapors. IR spectra were obtained with a Perkin-Elmer model 16PC FT-
IR spectrometer. '"H NMR spectra (400 MHz) and 3'P NMR spectra
(162 MHz) were recorded with a Bruker DPX Avance spectrometer
with either internal TMS (0.000 ppm) or external 84 % H;PO,4 (8 =
0.00 ppm) as standards, respectively. Elemental analyses were obtained
through the Centre of Instrumental Analyses, University of Patras,
Patras, Greece.

Theoretical Calculations: Molecular orbital ab initio calculations
based on Hartree-Fock (HF) and second order Mgller-Plesset (MP2)
perturbation theory as implemented in the Gaussian09 program pack-
age,”!! were utilized in the present study in order to calculate the
structural details and the vibrational frequencies of Me,As—S-I (3),
Me,As(S)-1 (4), and Me,As(S)-OH (9) molecular units. The basis sets
that were used are the Pople’s 6-311G** split-valence triple-zeta basis
set plus d polarization function on non-hydrogen and p polarization
function on hydrogens.[?! Specific basis sets were obtained by use
of the Basis Set Exchange (BSE) software and the EMSL Basis Set
Library.’3 The geometries of all structural models were fully opti-
mized at the MP2 all-electrons level of theory.

Preparation of Dimethylarsinosulfenyl Iodide (3): A solution of iod-
ine (127 mg, 0.5 mmol) dissolved in dry dichloromethane (10 mL) in
a oven-dried conical flask was added dropwise to vigorously stirred
solution of Bunsen’s disulfide (1) (137 mg, 0.5 mmol) dissolved in dry
dichloromethane (5 mL) in an oven-dried spherical flask. The orange
suspension, containing some brown solid, was stirred at room tempera-
ture for 3 h giving a clear yellowish solution and a small amount of
beige solid. Concentration to approx. 3 mL (rotary, 13 °C) gave a yel-
low solution (plus the solid) that was treated with 3 drops of aqueous
sodium thiosulfate by stirring vigorously for 5 min. Filtration (Pasteur
pipette plugged with cotton having on top anhydrous sodium sulfate)
gave a pale yellow solution that was evaporated (rotary, 13 °C) to give
a red-orange oil (241 mg, 91 %) that by '"H NMR contained approx.
2% CH,Cl,, soluble in ether and pentane. C,HgISAs (M, 263.95):

calced. C 9.10, H 2.29, S 12.15%; found C 9.46, H 2.31, S 11.73 %.
IR (neat): ¥ = 3015 m, 2976 m, 2900 m, 2788 w, 1403 vs, 1252 s,
899 vs, 874 s, 838 vs, 763 w, 582 vs, 572 vs cm~'. 'H NMR (CDCl;,
TMS): § = 2.026 (s), 5.301 (s, CH,Cl,). 'H NMR (CD;0D, TMS): §
= 1.980 (s), 5.484 (s, CH,Cl,), 1.970 [s, due to Me,As(S)-O-As(S)
Me, (8)1211].

Stability of Me,As-S-I (3): The stability of 3 as a neat liquid and as
a solution in CDCl; was studied by "H NMR under various conditions
of temperature, daylight and sunlight, and on TLC. The hydrolytic
stability of 3 was studied by 'H NMR in CD;0D by adding various
amounts of H,O.

Oxidation and Reduction of Me,As-S-I (3): To freshly prepared
solutions of 3 in CD3;0D, 30% H,0,, dry sodium iodide, Ag wool or
zinc powder under various stoichiometries were added and the NMR
tubes shaken. The progress of the reactions was followed by 'H NMR
spectroscopy.

Reaction of Me,As-S-I (3) with Various Nucleophiles: The reactions
of 3 (approx. 50 pmol) in CDCl; (approx. 0.6 mL) with various nu-
cleophiles were followed by 'H NMR and sometimes they worked up
or were done in a preparative scale (approx. 0.2 mmol).

Reaction of Me,As-S-1 (3) with Diphenylamine: To a solution of 3
(20 mg, 76 pmol) in CDCl; (0.6 mL) was added diphenylamine
(12.8 mg, 76 pmol) and the clear solution after 20 h was examined by
TH NMR (CDCls, TMS): 6 = 2.011 (s, 6 H, Me,As), 6.922 (t, J =
7.2 Hz, 2 H, p—Ph-H), 7.066 (d, J = 8.0 Hz, 4 H, m—Ph-H), 7.259 (t,
J = 8.0 Hz, 4 H, 0-Ph-H).

Running the reaction under 1:2 molar ratio of 3 to Ph,NH in CDCl;,
after 24 h the '"H NMR showed a singlet at 2.001 ppm and the aromatic
signals at 6.917 (t), 7.055 (d), 7.253 (t), i.e. slightly upfied from the
corresponding signals of free Ph,NH.

Running the 1:2 reaction in dry ether, nothing precipitated after 48 h
stirring. Addition of dry pentane did not cause any precipitation.

Reaction of Me,As-S-I (3) with Triethylamine: In a NMR tube con-
taining a solution of 3 (37 umol) in CDCl; (0.6 mL) was syringed in
dry triethylamine (5.2 pL, 37 pmol) and the clear, colorless solution,
after 1 h, examined by 'H NMR contained “protonated” Et;N (at § =
1.46 and 3.15 ppm) and singlet signals at 1.299 (integration 6.00),
1.401 (0.21 due to 2), 1.852 (0.13), and 1.980 (0.24 due to complexed
3). Evaporation, drying in vacuo and treatment with ether gave 8.0 mg
of an off-white solid, decomposing at 174-176 °C to bubbly orange
oil. 3Et3N-2L, i.e. C gHysN3l, (M, 811.17): caled. C 26.65, H 5.59, N
5.18 %; found C 26.80, H 5.38, N 4.62, S 0.00%. IR (KBr): ¥ = 2972
vs, 2938 vs, 2794 s, 2760 vs, 2680 vs, 2478 s, 1466 vs, 1422 vs, 1398
vs, 1364 m, 1284 w, 1166 s, 1078 w, 1064 w, 1034 vs, 846 w, 802 m,
752 w, 466 w cm™!. 'TH NMR (CDCl;, TMS, yellow solution): 6 =
1.474 (t, J =72 Hz, 9 H, CH;), {3.173 (q, J = 7.2 Hz) and 3.186 (q,
J =72Hz), 6 H, CH,N*}.

A preparative run in dry ether gave a white solid that washed with
diethyl ether and dried in air to give 83% of 3Et;N-2I,, containing
traces of Sg by TLC (petroleum ether), soluble in acetone from which,
by addition of ether, needles not suitable for X-rays were obtained.

Supporting Information (see footnote on the first page of this article):
Experimental spectra of 1 and 3 and theoretical results and spectra of
3,4,and 9.
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