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Phosphorous Acid and Arsenious Acid as Ligands
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Phosphorous acid, 4RO; (systematic name phosphonic acid),
has a tetrahedral structure [HP(O)(QHyith one hydrogen atom
attached directly to the phosphorus atbhnis thus only dibasic,
and its anions are [HPQDH)]” and [HPQ]?". Only in the

postulated to be the rate-determining step in numerous kinetic
studies of the oxidation of [HP(O)(OK)with Hg(ll), Ag(l),
Cr(VI1), V(V), and halogens.In the arsenic case, As(Okip the
most likely form in acidic solutions without other complexing

triesters P(OR)is it possible to encounter phosphorus(lll) atoms ligands.

in an all oxygen environment, and even in such cases, there is a The crystallization of the new complexes is achieved by adding

strong tendency to rearrange to the four-connected species [RP-cucurbituril (GeHzeN24012) to the solution. This macrocyclic

(O)(ORY)] (Arbuzov reaction with alkyl halides). Arsenic(lll) in  cavitand forms stable adducts with incomplete cubesQMm

aqueous solutions gives arsenious acid, which is probably As- (H,0)q*" (M = Mo, W; Q = S, Se§ 8 and with their heterometal

(OH)s, though it has never been isolated or adequately character-cuboidal derivatives, for example, with Mo/Pd cubes HRaiCl)-

ized in solutions:? Q4(H20)g]3".91° The driving force is the formation of twelve
The isolation and X-ray crystal structures of complexes of complementary hydrogen bonds between theQCgroups of

P(OH) and As(OH}) are reported for the first time in this work.  cucurbituril and the water molecules coordinated to the clusters.

Coordination is to the Pd site of a heterometal cuboidal cluster The complexes isolated in the present study have the composition

cation with the MgPdS** core3 The addition of PGlor NaAsQ

to solutions of [M@(PdCI)S(H,0)q)%" (the chloride is attached
to the Pd, and the nineBs to the 3x Mo sites, which have
less affinity for CF)* in HCI is accompanied by rapid color
changes from blue to brown as a result of following reactions:

[Mo4(PdCI)S(H,0)g*" + PCl, + 3H,0 =
[MosPdP(OH)S,(H,0)]*" + 3H" + 4CI™ (1)

[Mo4(PACI)S(H,0)e]*" + NaAsQ, + H,0 + H' =
[Mo ;PdAS(OH)S,(H,0)]*" + NaCl (2)

The formation of [M@PdP(OH}S,Cl,(H20)s-]*~"* complexes

in solution was appropriately monitored B¥? NMR spectros-
copy. Addition of 3 equiv of PGlto a 125 mM solution of [Me-
(PACI)S(H,0)g]%" in 4 M HCI at 300K causes the appearance of
three unique signals (from three separate species with different
n; 6 = 116.4, 115.9, 115.3 ppm) of low intensity shifted to low
field from the free [HP(O)(OHJ. No P—H coupling is observed,
confirming the disappearance of the-R bond. The products of
reactions 1 and 2 are stable in solution only in the presence of
excess of P(lll) and As(lll). The formation of the coordinated
P(OH); requires isomerization of the [HP(O)(Ojfform (the
initial product of hydrolysis of PG). Though never directly
observed, the isomerization to P(QHhas been repeatedly
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{[MOgPdP(OH}SaCI:;(HzO)G]2(C36H35N24012)} Clz‘ZOHQO (1) and
{ [MO3PdAS(OH%S4C|3(H20)5] 2(C35H36N24012)} C|2'19H20 (2).11

The compoundd and 2 appear to be isostructur&t® The
only difference is the number of water molecules inside the
cucurbituril cavity: two inl and one ir2. Supramolecular adduct
{[MO3PdE(OH)S4C|3(H20)G]2(C36H36N24O]_2)}2+ (Where E=P
(1) or As (2)) is shown in Figue 1 , with important bond distances
given in the figure caption. The centrosymmetric supramolecular
adduct lies on the special position of space grBaP, with site
symmetry 3resulting in ideal three-fold symmetry of the cluster
with equivalent Me-Mo, Mo—Pd, Pd-S, and E-O bonds. Each
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(11) {[Mo3PdP(OH)sS4Cl3(H20)e]2(CseH36N24012)} Cl2:20H0 (1). 17 mg
of PCk was added to 5 mL of 12 mM [M@PdCI)S(H,0).]*" solution
in 4 M HCI. Immediate color change took place from dark blue to dark
brown, which was followed by the addition of 1.5 mL of 20 mM
cucurbituril solutionn 4 M HCI. The reaction mixture was stirred and
left for 6 days at room temperature. Dark brown crystalslofere
obtained (yield 28%). Anal. Calcd fdi{Mo3PdP(OH)S,Cl3(H20)g].-
(CseH36N24012)} Cl220H,0 (%): C 14.10; H 3.48; N 10.96; Cl 9.25.
Found: C 14.39; H 3.05; N 11.24; Cl 9.40[MosPdAS(OH):S,Cls-
(H20)6]2(C36H36N24012)} C|2'19H20 (2) 30 mg of NaASQ was added
to 5 mL of 47 mM [Mo(PdCI)S(H,0)]3" solution n 4 M HCI.
Immediate color change took place from dark blue to dark brown,
followed by addition of 1.5 mL of 20 mM cucurbituril solution in 4M
HCI. The reaction mixture was stirred and left for 3 days at room
temperature. Dark brown crystals ®fvere obtained (yield 92%). Anal.
Calcd for {[MOgPdAS(OH%SA;Clg(Hzo)G]2(C36H36N24012)}Clz'lgHzo
(%): C 13.79; H 3.34; N 10.72; Cl 9.04; S 8.18. Found: C 13.64; H
3.25; N 10.40; Cl 9.06; S 8.10.
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Figure 1. Supramolecular adduct{[MoszPdP(OH}S,Cl3(H20)s]2-
[(H20)2C CseH36N24012]} 2" (probability ellipsoids at 50% level) with
partial numeration scheme. The enumeratiof is similar. Main bond
distances il (3): Pd(1)-Mo(1), 2.8276(12); Pd(BS(2), 2.356(2); Pd-
(1)—P(1), 2.259(4); Mo(LyMo(1), 2.7599(13); Mo(1)}S(1), 2.347(2);
Mo(1)—S(2), 2.323(2); Mo(13S(2), 2.328(2); Mo(1}-CI(11), 2.489-
(2); Mo(1)—0(12M), 2.203(6); Mo(1)}O(13M), 2.228(6); P(1rO(1),
1.561(12). Main bond distances2(A): Pd(1)-Mo(1), 2.7995(14); Pd-
(1)—-S(2), 2.360(3); Pd(HAs(1), 2.368(3); Mo(1)}Mo(1), 2.7616(18);
Mo(1)—S(1), 2.333(4); Mo(1)}S(2), 2.324(3); Mo(1)S(2), 2.330(3);
Mo(1)—CI(11), 2.492(3); Mo(1}O(12M), 2.217(7); Mo(1}O(13M),
2.224(8); As(1)-O(1), 1.765(16).

Mo atom is coordinated by two # molecules and one ClI
ligand, the latter occupying position trans to the unigyes,
which caps the Mo atoms only. Six coordinated water molecules
form complementary hydrogen bonds with portal oxygen atoms
of cucurbituril, the G--O distances being 2.862.953 Ainl

and 2.754-2.873 Ain2.

The P-0 distance inl (1.561(12) A) is close to that found in

crystalline [HP(O)(OH) (1.538-1.553 A} and significantly

(12) Crystal data fol.: C35H106C|8M06N24050P2P(1258, F. W. 306591_, crystal
dimensions 0.36x 0.34 x 0.32 mnd, cubic, space groupa3, a =
21.669(6)V = 10175(5) &, pcaca= 2.001 g cm?, A(Mo Ko) = 0.7107
A, T=212(1) K. Absorption corrections were made by integration from
crystal shape. A total of 3953 reflections (unique only) were collected
with a STOE STADI4 diffractometer. Final refinement converged with
R; = 0.0599 and wRR= 0.1462 against 2832 reflections wity > 40-

(Fo)-

Crystal data foR: CggH10/ASClsM0gN24040PSs, F. W. 3135.79, crystal
dimensions 0.40x 0.38 x 0.35 mnd, cubic, space groupa3, a =
21.7016(12)V = 10220.6(10) A, pcaica= 2.038 g cm?, (Mo Ka) =
0.7107 A,T = 300(1) K. Absorption corrections were made by measuring
of y-scan curves. Crystal appeared to be a merohedry twin with twining
matrix of (0 19 1 00, 00 1) andelative weights of components equal
to 0.431(2):0.569(2). Total/unique 9820/3145 reflections were collected
(Rint = 0.0770) with a Bruker P4 diffractometer. Final refinement
converged with R= 0.0587 and wR= 0.1512 against 2347 reflections
with Fo = 40(Fo). The atomic displacement ellipsoids of oxygen atoms
of E(OH); groups both inl and2 are relatively large and elongated in
the direction perpendicular to the# bond, which indicates possible
oscillations of these groups around the-fibonds.

(13)
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shorter than that observed in P(QR3thers (1.6041.654 A
according to Cambridge Structural Database, C3Dur attempts

to find structural information on BAsO; were unsuccessful.
Nevertheless, a search in the CSD revealed the structure of
(C3H12N2)o[H2ASeM040,5] < 2H,0,1% in which the AsQOH frag-
ment is present, with an AO distance of 1.801 A. The latter is
slightly longer than found i (1.765(16) A). The As-O distances

in As(OR); ethers (1.7831.855 A according to CSD) are also
longer than ir2. All three OH groups of the E(OHJigands make
relatively strong hydrogen bonds with solvent water molecules,
with O-+-O distances of 2.75 A i and 2.66 A in2. Though the
hydrogen atoms were not directly located in both structures, it is
unlikely that [EQ(OH)s_4]* are present instead of E(OHAs-
(OH)z is known to be very weak acid g = 9.22)}2and P(OH)

is expected to be about as weak, and though some increase in
acidity can take place on coordination, the acid dissociation will
be suppressedi4 M HCI.

A notable feature of botth and2 is a considerable shortening
of the Mo—Mo bonds in the tetrahedrical unit M@d (by 0.05-

0.06 A) compared to what is usually observed in the derivatives
of MosPdS**, where Pd is bonded to Cl, CO, alkene, or to a
sulfur atom of another MgPdS, unit21° The Pd-P and Pd-As
bonds are unexceptional, though they are on the shorter end of
the Pd-E(OR) (E = P, As) bond length statistic$.

Given the ease of formation and stability of P(Qlhd As-
(OH); complexes, it may be asked why it took so long to prepare
and structurally characterize them. At least in the case of
phosphorus, the reason may be two-fold: the stability of the [HP-
(O)(OHY),] tautomer (which itself coordinates through its oxygens
to harder metal ions, such as CufMD;),)*¢ and possible ox-red
instability of solutions with softer metals (like noble metals),
whose preference to phosphorus might be expected to stabilize
the P(OH) tautomer. In one case, heatingCl, and HPO;
gives [P1(P,OsHy),]?~, where a new P,Finding ligand [(O)P-
(OH)—O—P(O)(OH)F results from a condensation reactign.
The present study implies that certain soft metal sites in clusters
may lend themselves as better partners for coordinated B(OH)
Indeed, solution studies show a high affinity of the palladium
atom of MaPdS clusters to phosphiné&ln its coordinated form,
P(OH) may be the simplest “water-soluble” phosphine with
possible applications in “water friendly” catalytic cyclésThe
ability of other heterometal centers (M Ni, Fe, Cu) of cuboidal
clusters MMQ4*" (M = Mo, W; Q = S, Se) to coordinate to
E(OH) (E = P, As) is currently under study.
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