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Summary: The kinetically controlled base hydrolysis of the
sterically encumbered arylantimony dichloride 2,6-M&gs-
SbC} (1) under aerobic conditions afforded [2,6-M€sH3-
(CHsSKH"],0 (2) and the mixedsalent clusters (2,6-Me€sHs-
SB),(CISB")40s (3) and (2,6-MesgCsH3SH)4(CISH!),(HOSH'),-

O14 (4), whose molecular structures are dominated by hyper-

valent and secondary bonding.

The first stibonic acids RSb(O)(OHJR = alkyl, aryl) were

prepared more than 90 years ago in the context of the

pharmalogical studies on arsonic acids RAs(O)(®#hich are

closely associated with the onset of modern chemotheraphy and

the remedies Atoxyl and Salvarshin sharp contrast to their
lighter congeners, stibonic acids, such as PhSb(O){@H}
MeSb(O)(OH),2 are amorphous, ill-defined materials that are

only poorly soluble in most solvents. These properties led to

the conclusion that their structures are most likely polymeric

Figure 1. Molecular structure of [2,6-Me€sH3(Cl)Sb"],0 (2)
showing 20% probability displacement ellipsoids and the atom
numbering. Selected bond parameters [A, deg]: -Sb1 1.947-
(4), Sb1-CI1 2.411(6), Sb+C10 2.188(5), Sb201 1.966(4),

and contain hypercoordinate antimony atoms. Notably, well- sp2-CI2 2.391(4), Sh2C40 2.189(5), O+ Sh1-CI1 94.69(10),

defined tri- and diorganoantimony oxides, such asStFO) (R
= Ph, 0-MeOGHy),2 (PhSbO),* and (RSbxOs (R = Ph,
0-MeCsHy),® are also aggregated and hypercoordinate.

In an attempt to prepare a well-defined stibonic acid utilizing
the stabilizing effect of a bulky organic substituent, we have
studied the kinetically controlled base hydrolysis of analytically
pure 2,6-MegCsH3:SbCh (1)¢ in a two-layer system (ether/

aqueous NaOH solution) under aerobic conditions at variable

reactions times (Scheme 1).

After 2 h, the hydrolysis ofl afforded the dinuclear
compound [2,6-Me££gH3(CI)SH"],0 (2) as a colorless crystal-
line solid (Scheme 1). The molecular structure of [2,6-
MesCeH3(Cl)SH'"],0 (2) established by single-crystal X-ray
diffraction is shown in Figure %.It comprises two crystallo-

01-Sb1-C10 105.2(2), CI+Sh1-C10 93.62(13), 0+Sb2-CI2
93.24(18), O+ Sb2-C40 102.91(18), Cl2Sb2-C40 94.13(19),
Sb1-01—-Sh2 128.69(15).

Scheme 1
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tetrahedral environments when taking into account the stereo-
chemically active lone pair. The SI© bond lengths o (1.947-
(4) and 1.966(4) A) are comparable to those of,BlEOSbMe

graphically independent Sb(lll) sites both possessing distorted (1.988(5) and 2.099(6) Aand (TbtSbO) (2.004(7) and 1.990-
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(6) A; Tht = 2,4,6-[(M&Si),CH]3CeHy).1° The Sb-O—Sb angle
of 2 (128.69(159) is also similar to that of Mg&SbOSbMe

(7) The starting materid was prepared from 2,6-Mg8sHsLi and SbC}
according to the literature procedure described in ref 6. An excess of SbCl
must be strictly avoided, as a crystalline addix@bCk may be formed.
Careful control of the melting point and microanalysis allows distinguishing
between purd (mp 166C; C 56.94, H 4.94) and the addukiSbCk (mp
121°C; C 39.26, H 3.41). A solution df (482 mg, 1.00 mmol) in diethyl
ether (20 mL) was hydrolyzed with a solution of NaOH (30.0 mg, 0.75
mmol) in water. The mixture was vigorously stirred at room temperature
in an open flask, before the reaction was stopped afte(for the isolation
of 2), 10 h (for the isolation of3), and 20 h (for the isolation of) by
separating the layers. The organic layer was dried oveS®a and the
solvent was slowly evaporated until colorless crystals appe&régield
71 mg, 0.074 mmol, 15%, mp 27@): Anal. Calcd for GgHsoCl,OSky
(957.28): C, 60.22; H, 5.26. Found: C, 60.33; H, 5.3qQyield 96 mg,
0.060 mmol, 35%, dec 300C): Anal. Calcd for GgHsoClaOsShs
(1627.29): C, 35.43; H, 3.10. Found: C, 35.67; H, 242C4H1,0 (yield
45 mg, 0.015 mmol, 15 %, dec 345): Anal. Calcd for GosH122Cl4O15
Shio (3019.51): C, 41.37; H, 4.07. Found: C, 41.39; H, 3.87.
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(123.0(3Y).° According to the VSEPR concept, the rather large
Sb—0O-—Sb angle and the deviation from the putative tetrahedral
angle are indicative of a rather high ionic bond contribu-
tion.11

The inorganic moiety o2 is effectively shielded by the bulky
terphenyl substitutents, while the two mesityl group®itho
position are engaged in Menshutkin-type interactions with the
lone pair of the Sb(lll) atoms (centroid(C2€25)--Sh2
distance 3.264(6) A and centroid(C6@65)--Sb1 distance
3.514(7) A)!2 Unlike Me;SbOSbMe,® no secondary SkX
interactions (X= O, Cl) are observed between adjacent
molecules.

After 10 h, the hydrolysis ofl produced the hexanuclear
cluster (2,6-MesCsH3SbY),(CISH")405 (3) as a colorless crys-
talline solid (Scheme 1). The formation ®tan be rationalized
by the hydrolytic cleavage of both Si€cl and Sb-C bonds
within 2 and the concomitant oxidation of the remaining RSb-
(Il sites by air. The molecular structure of (2,6-M€EsHs-
Sb),(CISh'")40s (3) established by single-crystal X-ray dif-
fraction is shown in Figure 2.

The key feature of the structure is the dense inorganic core
consisting of two organometallic Sb(V) sites and four inorganic
Sh(lll) atoms, which are linked by a number of primary-Sb
bonds and secondary SIO interactions (Figure 2b). The
average SHh—0 and SH —O bond lengths, being 1.957(10) and
1.975(10) A, respectively, differ only marginally, while the secon-
dary SH'---O interactions cover a large range from 2.551(10)
to 3.186(10) A. Each Sh(lll) center also binds to an exohedral
Cl atom, with the average 8b-Cl bond length being 2.433(3)
A. Intermolecular secondary SkCl contacts (Sb2A-Cl2b
3.461(11) A, Sh2B-Cl2c 3.053(8) A) link adjacent molecules
in the crystal lattice, which is presumably the reason for the
very poor solubility of3 once it crystallized from the reaction
mixture. It is worth mentioning that a recent survey has

demonstrated the smooth transition of hypervalent and secondary

Skr--O and Sk--Cl bonding?®

(8) (a) Crystal data fo2 (CsgHs0Cl20Sh): M = 957.28, triclinic space
groupP1, a=8.58(2) A,b=11.95(3) A,c = 21.48(5) A,o. = 74.85(8Y,
B =85.73(9), y = 83.88(8), V = 2112(9) B, Z = 2, pcaica= 1.440 mg
m~3, crystal dimensions 0.3& 0.20 x 0.15 mn?. Of 22 669 reflections
collected at 173 K, 10295 (7974) were observed and used for all
calculations. After absorption correction the structure was solved by direct
methods and refined anisotropically &3. Final residualsR; = 0.0343,
WR, = 0.0862 ( > 20(l)); Ry = 0.0520,wR, = 0.0937 (all data). GooF
1.065, 478 parameters. (b) Crystal data 30(CagH50Cl4OsSks): Mc
1627.18, monoclinic space grol2/n, a = 8.7910(7) A,b = 21.8251-
(12) A, c = 14.2469(11) A = 100.473(6), V = 2687.93) B, z = 2,
Pealed = 2.010 mg m3, crystal dimensions 0.1% 0.10 x 0.05 mnd. Of
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Figure 2. (a) Molecular structure of (2,6-Mg8eH3Sb"),-
(CISB")40sg (3) showing 20% probability displacement ellipsoids
and the atom numbering. (b) Inorganic core with primary and
secondary (broken lines) contacts. Selected bond lengths [Al:- Shi
O1A 1.966(7), Sb+02A 2.016(9), Sh+03B 1.932(7), Sh+04B
1.927(12), Sb1a0O1B 1.994(8), Sh1a02B 1.876(9), Sh1aO3A
2.003(7), SblaO4A 1.944(11), Sb+C10 2.127(6), Sh2A01A
1.965(8), Sh2A-O3A 1.958(8), Sh2ACI1 2.461(2), Sb2B0O1B
1.998(8), Sh2B-03B 1.965(8), Sh2BCl1a 2.419(2), Sh3A02A
2.039(9), Sh3A-0O4A 1.936(12), Sh3ACI2 2.384(5), Sh3B-02B

11 917 reflections collected at 200 K, 4712 (3751) were observed and used1.950(8), Sb3B-0O4B 1.978(11), Sb3BCl2a 2.468(4) Sb2A-02B

for all calculations. After absorption correction the structure was solved by
direct methods and refined anisotropically BA Final residualsR; =
0.0365WR, = 0.0798 ( > 20(l)); Ry = 0.0532,wR, = 0.0852 (all data).
GooF = 1.005, 368 parameters. For details on the disordered fragments,
see the Supporting Information. (c) Crystal data462CsH100 (CiodH122
Cl4018Sbig): M = 3019.42, triclinic space groupl, a = 15.066(3) Ab

= 15.160(3) A,c = 15.218(3) A,a. = 62.465(5), = 63.750(5, y =
82.683(5y, V = 2751.2(9) R, Z = 1, peaica = 1.822 mg m3, crystal
dimensions 0.50< 0.25 x 0.10 mn¥. Of 27 579 reflections collected at
173 K, 12 462 (9353) were observed and used for all calculations. After

2.893(7), Sb2A-04B 2.758(11), Sh2A-Cl2b 3.461(11), Sh28-02A

2.828(7), Sh2B-04A 2.842(11), Sh2B-Cl2c 3.053(8), Sb3A-

O1A 3.186(10), Sh3A-O3A 2.810(8), Sh3B-01B 2.551(10),
Sh3B--03B 3.034(9).

The presence of two Sb(V) and four Sb(lll) centers was
independently confirmed by?Sb Mossbauer spectroscopy,
which gives rise to two well-separated absorption peaks. The

absorption correction the structure was solved by direct methods and refinedasymmetric absorption peak with small isomer shiftsielative

anisotropically onF2. Final residualsR; = 0.0408,wR, = 0.1057 { >
20(1)); Ru 0.0646, wR, = 0.1210 (all data). GooF= 1.077, 613
parameters.
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to InSb) of —4.86 mm s?, large quadrupole coupling constant
(e2qQ) of 19.1 mm s?, and asymmetry parametgrof 0.19 is

an obvious indication of Sb(lll) atoms having a stereochemically
active lone pait* The rather symmetric absorption with=
5.86,62qQ = 8.9 mm s, andyn = 0.99 falls within the range
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(2,6-MesCsHzSh")x(CISH),(HOSH)O; (39) is obtained, whose
dimerization gives rise td. The two hydroxy groups of are
involved in intramolecular hydrogen bonding (0®1a 2.767-
(9) A, symmetry coden = 1—x, —y, —2). The hydrogen bridge
is confirmed by an IR spectrum (KBr) that exhibits an OH
stretching vibration at 3367 cm.

In summary, we have shown that the kinetically controlled
base hydrolysis of under aerobic conditions provides access
to novel mixed-valent multinuclear antimony(lll/V) oxo clusters,
such as (2,6-MQ§6Hgst)2(C|SU")403 (3) and (2,6-Me,’_iCeH3-
SbY)4(CISH")4(HOSH"),014 (4), which can be regarded as
inorganic esters ofaftho-)stibonic acids RSb(OH) Earlier
attempts at preparing stibonic acids containing smaller organic
substitutents, such as PhSb(O)(@Hten produced amorphous
ill-defined products, for which microanalyses consistently gave
values that were too low in their carbon and hydrogen
percentag@.0Our results may provide a feasible explanation for
this observation when assuming that similar species suéh as
and4 had formed in the early work. Previous work on organotin
oxo clusters, such asPrSn}(OH)4Cls-2H,0, (i-PrSnyOg(OH)s-
C|5'6C2H550, [G-PrSn12014(OH)6]CI2, (2,4,64-PT3C5H25n)305-
(OH)5'4Q,H120, (2,4,6'+-Pr3C5HZSn)38m012(OH)12-12QH100,
[(Me3Si)zCSn}Og, and [(MeSi)sC(OH)SNO}, has revealed an
extensive structural diversity, which depends on the method of
preparation, the degree of hydrolysis, and, most importantly,
the bulk of the organic substituerifsEfforts are underway to
systematically study the influence of these parameters on the
structures of organoantimony oxo clusters.
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