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The arsenic(III) dithiolate [PhAs(HlipS2)] (1, HlipS22
2 = re- inhibit enzymes that contain lipoic acid as a cofactor. X-ray

structure analysis shows that 1 is a 2,4-disubstituted 1,3,2-duced rac-lipoic acid) has been obtained via three different
routes: (A) from (PhAsO)n and rac-dihydrolipoic acid, (B) dithiarsinane, i. e. a six-membered heterocycle. The phenyl

group at the 2-position (As) adopts the axial orientation.from (AsPh)6 and rac-lipoic acid, and (C) from PhAsO(OH)2

and rac-dihydrolipoic acid. The latter method is also suitable (2RS,4RS)-1, which is the isomer found in the crystal, is ther-
modynamically more stable than the diastereomericfor the preparation of [(4-NH2C6H4)As(HlipS2)] (2) from (4-

NH2C6H4)AsO(OH)2. rac-Dihydrolipoic acid and Me2- (2SR,4RS)-1 by 4.3 ± 0.8 kJ/mol (25°C). In solution, the epi-
merization by inversion of configuration at the ψ-tetrahe-AsO(OH) react to give [(Me2As)2(HlipS2)] (3). These reac-

tions indicate pathways by which mono- and diorganoarsenic drally coordinated As atom is faster than expected, with acid
catalysis (COOH groups!) being a possible cause.compounds of various As oxidation states (I, III, and V) may

Scheme 1The toxicity of arsenic compounds has been known and
used since classical antiquity[2]. In addition to its harmful
effects on individuals, arsenic can cause severe public health
problems, as a recent case of mass contamination has
shown[3]. However, the underlying molecular mechanisms
of action are still far from clear. It is assumed that the elec-
tronically soft species RAs21 and R2As1 (R 5 e. g. alkyl,

examined; these were obtained from AsIII starting materialsaryl) block biological sulphydryl groups; however, “the inhi-
in all cases[16] [17] [18]. In the present paper we show that suchbition of thiol-enzymes by AsIII, although widely quoted, is
models are also accessible from compounds of mono- andpoorly understood”[4].
pentavalent arsenic related to the antimicrobial arsenicals,A probable biological target of arsenic(III) is enzyme-
of which “Salvarsan” is the most prominent example[19]. Inbound lipoic acid (α-lipoic acid, thioctic acid, 5-(1,2-dithi-
addition we report the crystal and molecular structure ofolan-3-yl)pentanoic acid, Hlip) [5] [6]. This small biomolecule
[PhAs(HlipS2)] (1), which to our knowledge is the first X-acts as a cofactor in some multienzyme complexes, namely
ray structure of an organoarsenic complex of a naturallythe pyruvate dehydrogenase (and other α-keto acid de-
occuring thiolate. A brief report on some of these resultshydrogenases[7] [8]) and the glycine cleavage system[9] [10]. It
has appeared as a conference abstract[20].has gained attention as a powerful biological antioxidant[11]

and is approved in Germany for use as a therapeutic ag-
Reactionsent[12]. Lipoic acid can be reduced reversibly to dihy-

In the human body, inorganic AsV is partly methylateddrolipoic acid (6,8-dimercaptooctanoic acid, Hlip(SH)2;
to MeAsO(OH)2 and Me2AsO(OH), and it has been sug-Scheme 1). This redox equilibrium is part of the enzy-
gested that the intermediate formation of AsIII is involvedmatic cycles[13].
in the biomethylation pathway[21]. The accompanying redoxIt has repeatedly been demonstrated that lipoic acid-con-
processes are probably coupled to biological thiol/disul-taining enzymes are strongly inhibited by AsIII compounds
phide equilibria. A redox reaction also occurs in the metab-such as arsenite[14] and organoarsoxanes (RAsO)n

[15]. How-
olism of the aryl-AsI compound Salvarsan (see below) andever, only a few relevant low-molecular models have been
results in an AsIII species, which is thought to be the active

[e] Part 1: Ref. [1]. form of this formerly used medicinal drug[22]. This
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prompted us to investigate the redox behaviour of some rel- yields the crystalline AsIII compound [(4-NH2C6H4)As(H-

lipS2)] (2). Spectroscopic data reveal that 2 is not zwit-evant organoarsenic compounds towards the dithiol dihy-
drolipoic acid [Hlip(SH)2] and its oxidation product, the terionic, at least in the solid state and in CDCl3, and that

it has the same constitution as 1 (Scheme 2). The formationcyclic disulphide lipoic acid (Hlip, see Scheme 1).
In tetrahydrofuran (THF), phenylarsonic acid is of 2 sheds light on the possible biochemical pathway of ar-

sanilic acid and similar AsV arsenicals. It shows the facilesmoothly reduced by Hlip(SH)2 with the formation of the
AsIII compound [PhAs(HlipS2)] (1) and lipoic acid (Eq. 1, reduction by a biological dithiol as well as the blocking of

the coenzyme lipoic acid, which may be the cause or one ofmethod C under Experimental).
the causes of the antimicrobial activity.

The AsI arsenical Salvarsan is an aromatic ring-substi-
tuted (3-NH2, 4-OH) derivative of hexaphenylcyclohexaar-
sane. While the parent compound is well-defined and forms
cyclic (AsPh)6 molecules[24], Salvarsan appears as mixtures1 is a disubstituted 1,3,2-dithiarsinane (Scheme 2). Its
of partly oxidized oligomeric and polymeric chains withconstitution was deduced from NMR data by Dill et al.,
strongly varying properties[25]. Both compounds containwho obtained 1 from PhAsCl2 and Hlip(SH)2 in solution
As2As bonds. In Salvarsan these bonds are oxidativelybut did not isolate the product[18]. The final proof of the
cleaved under physiological conditions (see above). We usedstructure of 1 comes from our crystal structure determi-
(AsPh)6 as a model for Salvarsan to test whether lipoic acidnation described below. Eq. 1 includes two reaction steps,
acts as an oxidizing agent towards aryl-AsI and can ac-namely the reduction of AsV and the subsequent com-
complish the As2As bond cleavage. No reaction occurredplexation of the AsIII formed. The second step determines
in THF, toluene or diethylene glycol dimethyl ether at tem-the result of the overall reaction. Therefore, even with the
peratures up to the boiling point of the respective solvent.appropriate ratio of phenylarsonic acid to Hlip(SH)2, no
However, when (AsPh)6 and lipoic acid were melted to-phenylarsoxane is obtained (Eq. 2).
gether, compound 1 was formed quantitatively (Eq. 4,
method B).

Instead, 1 is formed, and 50% of the PhAsO(OH)2 re-
mains unreacted.

The need for quite drastic and thus nonphysiological con-Scheme 2
ditions may be rationalized in terms of the different struc-
tures of (AsPh)6 and Salvarsan, i.e. cyclic vs. open-chain.
Bearing this difference in mind one can expect that in vivo,
Salvarsan, after oxidation by a suitable biological disul-
phide (not necessarily lipoic acid), is able to inhibit lipoic
acid dependent enzymes.

Finally, we studied the reaction of dihydrolipoic acid with
a diorganoarsenic(V) compound, namely dimethylarsenic

Starting from phenylarsoxane, there is an alternative and acid [cacodylic acid, Me2AsO(OH)]. Again reduction of
more favourable route to 1 (Eq. 3, method A). AsV to AsIII, accompanied by AsIII complexation was ob-

served (Eq. 5).

As 1 is the only solid product of this reaction, separation
problems, as in the case of method C (Eq. 1; similar solu-
bilities of 1 and Hlip), are avoided. Triphenylarsane was Attempted separation of [(Me2As)2(HlipS2)] (3, see

Scheme 2) from the second nonvolatile product lipoic acidalso tested as a starting material. However, no reaction with
dihydrolipoic acid was observed. This behaviour distin- failed, although 3 was unambiguously identified by spectro-

scopic methods (13C NMR, CI-MS) in the reaction mixture.guishes AsPh3 from HgPh2, which under the same con-
ditions yields the trinuclear complex The 1:2 molar ratio of 3 and Hlip expected from Eq. 5 was

confirmed by 1H-NMR spectroscopy. No unreacted start-[Hg(PhHg)2(HlipS2)2] [23].
p-Aminophenylarsonic acid [arsanilic acid, (4- ing material or other products were found. Pure 3 is access-

ible via reaction of Me2AsCl with Hlip(SH)2 in the presenceNH2C6H4)AsO(OH)2] was one of the first arsenicals to be
used successfully. Ehrlich has already inferred from biologi- of pyridine as a base[16]. Its formation from Me2AsO(OH)

is, however, more relevant to bioinorganic and toxicologicalcal observations that this compound must be reduced in
organisms in order to become active against pathogens[19b]. questions, because dimethylarsenic acid is a common bio-

methylation product of arsenate and arsenite[21]. Moreover,We have shown that (4-NH2C6H4)AsO(OH)2 is reduced by
Hlip(SH)2. The reaction, which was carried out in meth- this compound is also a herbicide and a chemical weapon

(“Agent Blue”)[26].anol, is analogous to that of PhAsO(OH)2 (Eq. 1) and
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We have shown that mono- and diorganoarsenic(V) com- formation can be easily deduced from Figure 1. Changing

the positions of the stereochemically active lone pair andpounds of the type RAsO(OH)2 and R2AsO(OH), respec-
tively, are easily reduced by dihydrolipoic acid. The logical the phenyl group at As [without rotation about the

As2C(14) bond!] would cause severe repulsion between theextension of this, the reduction of R3AsO by Hlip(SH)2, has
been studied by others for R 5 Me[27]. The only products phenyl ortho-H atoms and the four lone electron pairs at

S(1) and S(2). Rotation about the As2C(14) bond wouldobserved were Me3As and lipoic acid.
reduce this unfavourable energy contribution, but on the

Crystal Structure of 1 other hand it would move one of the ortho-H atoms
towards the lone electron pair at As.Crystals of 1 consist of [PhAs(HlipS2)] molecules (or

In the conformation of 1 that is actually adopted, cis-complexes, to emphasize the semimetallic character of ar-
axial interactions probably occur between the phenyl groupsenic; see Figure 1). The molecules are arranged as sym-
and the axial H atoms at C(1) and C(3). As suggested formetric hydrogen-bonded dimers. Each dimer is situated on
substituted 1,3,2-dithiaphosphinanes and their dioxo anal-a crystallographic centre of inversion and has a central
ogues[30b] [31], these van der Waals forces may be weakly at-eight-membered ring formed by the two carboxylic groups.
tractive. In addition, hyperconjugative interactions in theThe O···O distances within the two hydrogen bonds of the
S2AsPh moiety, similar to those accepted as a basis for thering are 2.657 Å [O(1)···O(29); 2 2 x, 2 2 y, 2 2 z]. This
anomeric effect[32], may contribute to the observed axialmotif is very common and has been found for the majority
orientation of the phenyl group in 1.of monofunctional carboxylic acids in the crystalline

There are no intermolecular contacts to As smaller thanstate[28].
the sum of the van der Waals radii. Thus the coordination

Figure 1. View of [PhAs(HlipS2)] (1) in the solid state; non-hydro- number of As is three, and the geometry around this atomgen atoms are shown as thermal ellipsoids with 50% probability[a]

is pyramidal (ψ-tetrahedral). At least one related compound
is known, in which, in contrast to 1, the coordination
sphere of the central atom is expanded by secondary As2S
bonds. This compound is [PhAs{S2P(OiPr)2}2] [33]. In 1 the
metrical data of the C(14)AsS(1)S(2) part are unexceptional
and fall within the ranges found for four other compounds
having aryl-AsIIIS2 moieties [34]: As2S 2.2322.28, As2C
1.9521.99 Å; S2As2S 92.72102.1, S2As2C
94.02101.3°. The As2S bond lengths in 1 lie marginally
below the single-bond value calculated from the covalent
radii and corrected for the electronegativity difference[35a].

Two chiral centres are present in [PhAs(HlipS2)]: the one
at C(3) belongs to the reduced lipoic acid and a second one
at the arsenic atom. According to the numbering scheme

[a] Selected bond lengths [Å] and angles [°]: As2S(1) 2.230(1), for the 1,3,2-dithiarsinane ring, these are the 2- and the 4-
As2S(2) 2.227(1), As2C(14) 1.964(4), S(1)2C(1) 1.817(5), position. The structure determination was performed on aS(2)2C(3) 1.848(4), C(1)2C(2) 1.530(6), C(2)2C(3) 1.521(5),

crystal of the (2RS,4RS) racemate. Figure 1 shows theC(3)2C(4) 1.529(6), C(4)2C(5) 1.515(6), C(5)2C(6) 1.510(6),
C(6)2C(7) 1.509(6), C(7)2C(8) 1.485(6), O(1)2C(8) 1.297(5), (2R,4R) enantiomer.
O(2)2C(8) 1.208(5), S(1)2As2S(2) 99.41(5), S(1)2As2C(14)
99.49(11), S(2)2As2C(14) 100.51(11), As2S(1)2C(1) 102.55(14), Stereoisomerism of 1As2S(2)2C(3) 104.56(13), S(1)2C(1)2C(2) 117.1(3),
C(1)2C(2)2C(3) 115.9(3), S(2)2C(3)2C(2) 113.0(3), The crystalline products obtained by methods A and CS(2)2C(3)2C(4) 106.5(3), C(2)2C(3)2C(4) 112.2(3),

(see Experimental Section) are (2RS,4RS)-1 as found by X-C(3)2C(4)2C(5) 113.9(3), C(4)2C(5)2C(6) 115.9(3),
C(5)2C(6)2C(7) 111.1(4), C(6)2C(7)2C(8) 117.0(4), ray structure analysis (see above) and spectroscopic com-
O(1)2C(8)2O(2) 122.0(4), O(1)2C(8)2C(7) 114.2(4), parison. A freshly prepared solution in CDCl3 shows theO(2)2C(8)2C(7) 123.8(4).

expected number of 12 signals in the 13C-NMR spectrum.
On standing at room temp. for several days, the dia-The [PhAs(HlipS2)] molecule is a 1,3,2-dithiarsinane di-

substituted at the 2-position (As) and the 4-position [C(3)], stereomer (2SR,4RS)-1 gradually forms in the solution. It
gives rise to additional, weak signals in the 1H- and 13C-i.e. it is a 2-arsa-1,3-dithiacyclohexane derivative. The

AsS2C3 six-membered ring adopts a chair conformation. NMR spectra. Signals at the same positions are observed
for the product prepared by method B, i.e. by melting to-While the 4-substituent has an equatorial orientation, the

phenyl group is axially orientated. This axial confor- gether rac-lipoic acid and (AsPh)6 at 130°C. A quantitative
evaluation of the NMR spectra of this product gives a con-mational preference of a substituent at the As atom is not

unexpected. It has been observed before in related mol- tent of the minor isomer (2SR,4RS)-1 of ca. 16%.
The establishment of equilibrium between the two iso-ecules such as 2-phenyl-1,3,2-dithiarsinane (solution)[29]

and 5-tert-butyl-2-phenyl-1,3,2-dithiaphosphinane (solution mers proceeds much faster in [D4]methanol than in CDCl3.
Starting from pure (2RS,4RS)-1, it is about 90% completeand solid state) [30] and seems to be a more general phenom-

enon. The consequences of the alternative equatorial con- after one day, and after 7 days the final ratio of ca. 85:15 is
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attained. This ratio corresponds to ∆G 5 4.3 ± 0.8 kJ/mol nism involves cleavage of one of the As2S bonds ac-

companied by protonation of the S atom and As2O2Cat 25°C for the equilibrium shown in Eq. 6.
bond formation, rotation about the remaining As2S bond,
and re-establishment of the first As2S bond by elimination

In other words, the (2RS,4RS) isomer, whose X-ray struc- of 2COOH. Acid catalysis is consistent with the observed
ture has been determined, is the thermodynamically more acceleration of the epimerization in [D4]methanol. While in
stable one. In contrast to 1, solutions of the compound 2 CDCl3 hydrogen-bonded dimers like those observed in the
in CDCl3 exhibit NMR spectra compatible with the pure solid state can be expected, in protic solvents monomers
(2SR,4RS) isomer. Here further experiments were ham- having more easily accessible protons should prevail.
pered by the low solubility. Financial support from the Deutsche Forschungsgemeinschaft and
Scheme 3 the Fonds der Chemischen Industrie is gratefully acknowledged. We

thank ASTA Medica AG for generous donations of rac-lipoic acid,
Dr. H. J. Tritschler for providing us with copies of refs. [11] [38a], and
Mr. W. Saak for helpful discussions and for collecting the diffrac-
tion data.

Experimental Section
General: Racemic lipoic acid was obtained as a gift from ASTA

Medica AG. Dihydrolipoic acid was prepared by NaBH4 reduction
of lipoic acid[37]. The identity of the product and its purity ($99%
based on GC) were checked by high-resolution 13C-NMR spec-
troscopy (125.8 MHz, CDCl3): δ 5 22.03 (C-8), 24.02 (C-3), 26.17
(C-4), 33.67 (C-2), 38.37 (C-5), 39.03 (C-6), 42.48 (C-7), 179.8 (C-
1)[38]. Dihydrolipoic acid is a colourless oil which should be stored
under nitrogen. Hexaphenylcyclohexaarsane was prepared and
purified according to the method described in ref. [39]. All other
chemicals were purchased from commercial sources and used with-
out further purification. The solvents were reagent grade. The com-

The equilibrium of Eq. 6 is shown in more detail in pounds 123 were prepared and handled in a glove box under an
Scheme 3. 1a and 1b are conformational isomers of atmosphere of dry nitrogen. 2 IR: FT-IR spectrometer Bio-Rad
(2R,4R)-1, while 1c and 1d correspond to (2S,4R)-1. The FTS 7PC. 2 1H and 13C{1H} NMR: Bruker AM-300, Bruker
isomer 1a is shown in Figure 1. (2S,4S)-1 and (2R,4S)-1 are ARX-500, chemical shifts relative to TMS, solvent signal as in-
not considered because they would merely give a mirror im- ternal reference in the 13C-NMR spectra (CDCl3: δc 5 77.00,

[D4]methanol: δc 5 49.00). Asterisked signals belong to the minorage of Scheme 3. In addition to the slow epimerization by
isomer (2SR,4RS)-1. 2 MS: Finnigan MAT 212, Finnigan MATinversion of configuration at the arsenic atom, two chair-
95. 2 Elemental analyses: Mikroanalytisches Laboratorium Beller,chair equilibria (1a/1b and 1c/1d) are included. As demon-
D-37004 Göttingen, Germany. 2 Caution! Arsenic compounds arestrated above, (2R,4R)-1 is thermodynamically favoured.
highly toxic, and some of them are recognized as human carcino-Under the plausible assumptions that (i) conformations
gens. They should therefore be handled with care to avoid exposure.

other than chair may be neglected and (ii) the
5-(2-Phenyl-1,3,2-dithiarsinan-4-yl)pentanoic Acid (1): Method(CH2)4COOH substituent prefers the equatorial orien-

A: 336 mg (2.00 mmol) of phenylarsoxane was added to a solutiontation, it can be concluded that 1a, together with equal
of 416 mg (2.00 mmol) of rac-dihydrolipoic acid in 40 ml of tetra-amounts of its enantiomeric form, is the major stereoisomer
hydrofuran. The solution was stirred for 24 h. Subsequently its vol-in solution. Thus, the conjecture that 1c is most likely the
ume was reduced in vacuo until an oil remained. From this residuemajor isomer[18] could not be confirmed.
colourless crystals of 1 separated over a two-week period at room

From the early phase of the transformation of temp. The crystals were collected on a glass filter, washed with a
(2RS,4RS)-1 into (2SR,4RS)-1 in CDCl3 the activation en- small amount of toluene and dried in vacuo. A second crop of
ergy can be roughly estimated[35b] at ca. 110 kJ/mol at 25°C crystals was obtained from the filtrate after evaporation. Total
if the reaction is assumed to be monomolecular. Mislow yield: 0.43 g (60%), m.p. 97°C. 2 IR (KBr): ν̃5 3042 cm21 (w,

aryl-CH), 2942 (w, alkyl-CH), 2907 (w, alkyl-CH), 1707 (s, C5O),and coworkers have found a correlation between the bar-
1429 (m), 1250 (m), 1206 (m), 745 (m, phenyl group), 370 (m,riers to pyramidal inversion at arsenic and at phos-
AsS[40]). 2 1H NMR (300 MHz, CDCl3): δ 5 1.3721.66 (m, 6 H),phorus[36]. From this correlation and the activation energy
1.89 (m, 2 H), 2.34 (t, 2 H, CH2COOH), 2.65 (m, 1 H), 2.83 (m, 2reported for 5-tert-butyl-2-phenyl-1,3,2-dithiaphosphin-
H), 7.36 (m, 1 H, Ph-para), 7.46 (“t”, 2 H, Ph-meta), 7.87 (“d”,ane[30b], a ∆G° value near 180 kJ/mol is expected for 1. The
2 H, Ph-ortho), 11.5 (br., 1 H, COOH). 2 1H NMR (500 MHz,large discrepancy of ca. 70 kJ/mol can only be accounted
[D4]methanol; after keeping the solution at room temp. for ca. 7

for by a mechanism other than a simple pyramidal inver- d): δ 5 1.47 (m), 1.58 (m), 1.71 (m)*, 1.8221.95 (m), 2.21 (m)*,
sion. Although we did not investigate this problem further, 2.28 (t), 2.66 (m), 2.85 (m), 3.0423.18 (m)*, 7.40 (m), 7.44 (m)*,
one can hypothesize that acid catalysis by the carboxyl 7.50 (“t”), 7.82 (m)*, 7.88 (“d”). 2 13C NMR (75.5 MHz, CDCl3):
group of 1 may be the determining step. The epimerization δ 5 24.20, 25.07, 27.85, 33.80, 35.73, 38.75, 39.76, 128.7 (Ph-para),

129.2, 132.1, 139.2 (Ph-ipso), 179.7 (C5O). 2 13C NMR (125.8would then be self-catalyzed. A possible reaction mecha-
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MHz, [D4]methanol; after keeping the solution at room temp. for found (cf. ref. [38]). 2 MS (CI, isobutane); m/z (%): 416 (32) [M1],

312 (100) [MH1 2 As(CH3)2].ca. 7 d): δ 5 25.58, 25.75*, 26.19, 26.98*, 28.77, 29.85*, 34.77,
36.99, 37.32*, 39.33*, 39.87, 41.01, 46.04*, 129.9, 130.3, 131.4*,

X-ray Crystal Structure Analysis of 1: A suitable single crystal of133.1, 133.6*, 140.2*, 140.5, 177.3, 177.4*. 2 MS (CI, isobutane);
1 was obtained from the reaction of rac-dihydrolipoic acid withm/z (%): 359 (100) [MH1], 341 (14) [MH1 2 H2O], 207 (7) [MH1

phenylarsonic acid (similar to method C described above).
2 C6H5As], 189 (35) [MH1 2 H2O 2 C6H5As]. 2 C14H19AsO2S2 C14H19AsO2S2, M 5 358.36, colourless crystal, crystal size 0.42 3(358.4): calcd. C 46.92, H 5.34, As 20.91, S 17.90; found C 47.10,

0.29 3 0.10 mm, triclinic, space group P1̄, a 5 7.240(1), b 5H 5.43, As 20.85, S 18.00.
8.526(1), c 5 14.193(2) Å, α 5 82.03(1), β 5 82.84(1), γ 5

67.72(1)°, V 5 800.4(2) Å3, Z 5 2, ρcalcd. 5 1.487 gcm23, F(000) 5Method B: An intimate mixture of rac-lipoic acid and hexaphe-
368, µ(MoKα) 5 2.38 mm21. 3983 reflections were measured atnylcyclohexaarsane in a 6:1 molar ratio was heated to 130°C within
23°C on a Siemens/STOE AED2 diffractometer using graphite-1 h. The mixture started melting at ca. 70°C. The clear, initially
monochromated MoKα radiation. 5° # 2Θ # 50°, 0 # h # 8, 29yellowish melt was kept at 130°C for 3.5 h before it was allowed
# k # 10, 216 # l # 16, ω/2Θ scans, empirical absorption correc-to cool down to room temp. and to solidify. The reaction was quan-
tion, Tmin 5 0.1803, Tmax 5 0.2880. Structure solution by directtitative and yielded a colourless product. 2 13C NMR (75.5 MHz,
methods[41], refinement on F2 values (full-matrix least-squares)[42],CDCl3): δ 5 24.18, 24.28*, 25.04, 25.78*, 27.83, 29.29*, 33.82,
2819 independent reflections (Rint 5 0.0196) of which all were used35.71, 36.11*, 38.19*, 38.72, 39.74, 44.84*, 128.7, 128.8*, 129.1,
in the final refinement, 173 parameters, S (on F2) 5 1.097, R1 (all130.3*, 132.0, 132.6*, 139.2, 179.9.
data) 5 0.0612, wR2 (all data) 5 0.1079, R1 [I > 2σ(I)] 5 0.0438,

Method C: rac-Dihydrolipoic acid and phenylarsonic acid in a max. and min. electron density in final difference map: 11.13 and
2:1 molar ratio were dissolved in tetrahydrofuran. The solution 20.25 eÅ23. Anisotropic thermal parameters were refined for all
turned light yellow due to the formation of lipoic acid. After stir- non-hydrogen atoms. H atoms were included on idealized positions
ring for 24 h, the solvent was removed in vacuo. Colourless crystals and were given U values 1.5 (OH) and 1.2 times (CH, CH2), respec-
of 1 separated from the remaining oil within 2 weeks. Their IR tively, the equivalent isotropic displacement factors of the atoms to
spectrum was identical with that of the product prepared by which they were attached. The H atom of the OH group was al-
method A. lowed to rotate about the C(8)2O(1) bond (AFIX 87 instruction).

5-[2-(4-Aminophenyl)-1,3,2-dithiarsinan-4-yl]pentanoic Acid (2): Crystallographic data (excluding structure factors) for the struc-
434 mg (2.00 mmol) of p-aminophenylarsonic acid was added to a ture reported in this paper have been deposited with the Cambridge
stirred solution of 833 mg (4.00 mmol) of rac-dihydrolipoic acid in Crystallographic Data Centre (deposition no. 100410). Copies of
60 ml of methanol. The arsenic compound slowly dissolved, and the data can be obtained free of charge on application to The Di-
after a few hours the yellow colour of lipoic acid emerged. After rector, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax:
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