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Abstract: Tin(Il) tungstophosphate and tungstosilicate derivatived48aPWoOz4)2]12~ (1), [SN'3(a-SiWgO34)2] 24~

(2), and [SH3(8-SiWe034)2] 14~ (3) have been prepared by reaction of tin(ll) sulfate withN[#, 3-PWoOs4] - 24H,0,
Nayo[0-SiWgO34):xH,O, and Nag[-SiWgO34):26H,0, respectively. Oxidation of1 with Br, yields
[(HOSNYOH)3(PWoO3s4)2]12~ (1'). The new heteropolyanions were characterized by elemental analysis, infrared
spectroscopy, multinuclear NMR, and X-ray crystallography. Crystals efHISN'3(PWeOs4)7]-14H,0 (anion1)

are triclinic, space groupl, with lattice constants = 12.904(3) A,b = 18.059(3) A,c = 21.618(3) A,a =
111.68(23}, B = 94.04(2y, y = 101.41(1), V = 4531.5(14) &R, Z = 2. Crystals of Cg dH; Sn'3(a-SiWgOz4)7] *-
24.5H,0 (anion?) are triclinic, space groupl, with lattice constants = 13.101(5) A,b = 18.140(7) A,c =
21.367(8) Ao = 111.54(4), B = 92.22(4}, y = 102.98(2}, V = 4561(3) B, Z= 2. Both1 and2 have structures

in which three Shcations are sandwiched between XWits. Inlthe coordination of each Sn is trigonal bipyramidal
with the “equatorial” unshared electron pair directed toward the center of the anion. The inequality of the equatorial
(2.11 A) and axial (2.33 A) SnO bond lengths results in one RWroup being rotated by°#with respect to the

other PW. The overall anion symmetry B;. Anion 2 has a more pronounced ()Gotation of the SiW groups,

which results in “tetrahedral” Sn coordination, again with the unshared electron pairs directed internally (overall
anion symmetryCs). The greater rotation in the structure »fmay be a consequence of electrostatic repulsions
between the more highly charged Si®441°~ anions. All three anions display one-lid€Sn-NMR and two-line
183W-NMR (intensity 1:2) spectra, although the lines are broad-(BI0 Hz) for2 and3 suggesting a slow fluxional
process, probably racemization via an internal twist. In contrast, the two W-NMR lingsacd narrow and the

more intense line shows two-bond coupling to P (1.7 Hz). This line is split into two by the addition of the chiral
amino acids lysine, isoleucine, and histidine, but is unaffected by achiral glycine. Crystals of a lysine complex have
been isolated, but have in all cases so far proved to be disordered.

Introduction Experimental Section

Current interest and activity in the chemistry of polyoxo- Synthesis. Sodium 9-tungstophosph&tgNagH[A, B-PWeOs4]--
metalates is largely driven by potential applications in medicine 24H,0) and sodium 9-tungstosilicafe@Nayd a-SiWeOs-xH.0 and
and catalysis, which lead to searches for new structures with Nay-SiWeOs4-26H,0) were prepared following the published meth-
unusual combinations of propertiesin each of these applica-  ods and were identified by infrared spectroscopy. Tin(ll) sulfate was
tion areas it would be desirable to have chiral polyoxometalates, purchased from Aldrich and used without further purification.
since much biological activity is expected to depend on the chiral ~ K1H[Sn"s(PW¢Os4)2]-32H0. (1) Powdered SHSQ, (0.67 g, 3
configuration, and chiral-selectivity in catalysis is also a major mmol) was added to 60 mL of water with stirring. Nitrogen gas was
goal. Based on the fact that tin(ll) demands a different bubbled through this slightly turbid solution to remove oxygen. Solid

coordination environment compared with W(VI) and other NaH[PWsOz4-24H,0 (5.7 g, 2 mmol) was quickly added to the above
. solution. Within a few seconds, most of the tungstophosphate dissolved
heteroatoms, we are seeking to produce new pOIyoxowngStateand the solution clarified and turned orange-red. Sodium bicarbonate

structures conta_lnlng Sn Earl_ler work had demonstrated that was added to this solution in small portions, until no further evolution

one S can be incorporated into lacunary Keggin structdres. ot co, was observed. The solution was stirred for an additional 10
We report here the syntheses and structural characterization ofyin under nitrogen. At this stage the color of the solution was orange,
three complexes derived from the lacunary anions §e\°~

ando- andp-[SiWg0341%~. The new complexégrove to be (4) (a) Domaille, P. J.; Knoth, W. Hnorg. Chem 1983 22, 818. (b)

i i i ivyati Finke, R. G.; Droege, Ml. Am Chem Soc 1984 106, 7274. (c) Domaille,
chiral in contrast to other trimetallo derivativés. P. 3.3, Am Chem Soc 1984 106 7677, (d) Knoth, W. H.: Domaille, .

® Abstract published ifAdvance ACS Abstractgyugust 1, 1996. J.; Farlee, R. DOrganometallicsl985 4, 62. (e) Finke, R. G.; Rapko, B.;

(1) (@) Pope, M. T.Heteropoly and Isopoly OxometalafeSpringer- Saxton, R. J.; Domaille, P. J. Am Chem Soc 1986 108 2947. (f) Knoth,
Verlag: New York, 1983. (b) See the following: Pope, M. T. In  W. H.; Domaille, P. J.; Harlow, R. Linorg. Chem 1986 25, 1577. (g)
Comprehensge Coordination Chemistrywilkinson, G., McCleverty, J. A., Finke, R. G.; Rapko, B.; Weakley, T. J. Rorg. Chem 1989 28, 1573.

Eds.; Pergamon Press: Oxford, 1987; Vol. 3, p 1023. (c) Pope, M. T.; (h) Liu, J.; Ortega, F.; Sethuraman, F.; Katsoulis, D. E.; Costello, C. E.;
Miiller, A. Angew Chem, Int. Ed. Engl. 1991, 30, 29. (d)Polyoxometalates: Pope, M. T.J. Chem Soc, Dalton Trans 1992 1901. (i) Kawafune, I.;

From Platonic Solids to Anti-Retedral Activity; Pope, M. T., Miler, A., Matsubayashi, GChem Lett 1992 1869. (j) Lin, Y.; Weakley, T. J. R.;
Eds.; Kluwer Academic Publishers: Dordrecht, The Netherlands, 1994. Rapko, B.; Finke, R. Glnorg. Chem 1993 32, 5095. (k) Yamase, T.;
(2) Chorghade, G. S.; Pope, M. J.Am Chem Soc 1987, 109 5134. Ozeki, T.; Sakamoto, H.; Nishiya, S.; Yamamoto,Bull. Chem Soc Jpn
(3) We have recently learned that the tungstophosphate derivative has1993 66, 103. (l) Xin, F.; Pope, M. TOrganometallics1994 13, 4881.
been independently synthesized by Bogdral starting from tungstate, (5) Massart, R.; Contant, R.; Fruchart, J. M.; Ciabrini, J. P.; Fournier,
phosphate, and tin(ll) ions. The structure of the potassium salt was M. Inorg. Chem 1977, 16, 2916.
determined [A. Botar, J. Meyer, and A. Mer, personal communication]. (6) Tezg A.; Herve G. Inorg. Synth 1992 27, 87.

S0002-7863(95)04045-5 CCC: $12.00 © 1996 American Chemical Society
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and the final pH was 8.0. Traces of unreacted tungstophosphate wereTable 1. Crystal Data and Structure Refinement foand 2

filtered out. Potassium chloride was added in small portions until no
more precipitation was observed. The precipitate was collected on a
medium porosity sintered glass frit and dried under suction for 10 min,
then washed with saturated KCI solution and dried overnight under
suction, giving a yield of 4.5 g. Anal. Calcd for 1kSnsP--
W1g010Hes: K, 7.39; Sn, 6.12; P, 1.06; W, 56.83. Found: K, 7.34;
Sn, 6.15; P, 1.68; W, 56.77. NMREP, 6 —12.0 ppm (s, 2P)}°Sn,

0 —676.1 ppm (s, 3Sn)83W, 6 —104.0 ppm (d, 12WJw-p = 1.7

Hz), —143.9 ppm (s, 6W).

CSMH [Sn” 3(PW9034)2] -14H20. Solid K11H [Snllg(PW9034)2] '32H20
(3 g) was redissolved in 40 mL of water. Cesium chloride was added
in small portions until no more precipitation was observed. The orange
precipitate was collected on a sintered glass frit and dried under suction
overnight. Recrystallization from hot water gave thin orange plates,
which were used for the single-crystal X-ray diffraction investigation.

K 1:H[(HOSN"Y OH)3(PWqO34)2]-20H,0 (1'). 1' was synthesized by
addition of 1.0 mL of bromine to 40 mL of a water solution containing
3 g of KysH[Sn"'3(PWgOz4)2]. This solution was stirred for 5 min, then
CCl, was introduced to extract excess,BrAddition of potassium
chloride yielded a white precipitate which was filtered out and dried
under suction. Yield: 2.0 g. Anal. Calcd fori¥SnP,W1094H47:

K, 7.54; Sn, 6.24; P, 1.09; W, 57.98. Found: K, 7.55; Sn, 6.80; P,
0.93; W, 57.27. NMR:3P, 5§ —11.5 ppm (s, 2P)%Sn, 6 —659.4
ppm (s, 3SnJsn-w = 138 Hz);18W, 6 —129.4 ppm (s, 6W);-201.4
ppm (s, 12W Jw-sn = 137 Hz).

Csi28H14Sn" 3(0-SiWg034)2]-24.5H,0 (2). 2was prepared analo-
gously to anionl. After SH'SQ, (0.67 g, 3 mmol) was mixed with
Nayo[a-SiWgOs4]-xH20 (5.7 g, 2 mmol) in aqueous solution, sodium
bicarbonate was added to adjust the pH to 8. Cesium chloride was
used to precipitate out the orange product. Recrystallization from hot
water gave thin orange plates, which were used in single-crystal X-ray
diffraction studies. Yield: 4.7 g. Anal. Calcd for GsSnSio-
W1g092Hs05 W, 48.31; Sn, 5.20; Cs, 23.29; Si, 0.82. Found: W,
48.32; Sn, 5.52; Cs, 23.05; Si, 0.71. NMRSi, 6 —85.2 ppm (s,
2Si); 119Sn, 0 —617.1 ppm (s, 3Snyi, = 71 Hz); ¥W, 6 —113.8
ppm (s, 12W w1, = 94 Hz), —153.4 ppm (s, 6Wy12 = 94 Hz).

CsoHs[Sn'" 3(-SiWgO34)2]-30H,0 (3). 3was prepared analogously
to anionl. After Nayo[5-SiWyOs4 had been added to the solution of
SrH'SQ, under N, CsCl was added to precipitate @avithout adjusting
the pH with NaHCQ. Recrystallization from hot water gave thin red
plates. Yield: 4.1 g. Anal. Calcd for @8nSi;W1s0esHss: W, 50.51;

Sn, 5.43; Cs, 18.26; Si, 0.86. Found: W, 50.50; Sn, 5.73; Cs, 18.40;
Si, 0.96. NMR: 2°Si, 6 —85.0 ppm1°Sn,d —621.0 ppm (s, 3Sn1.2

= 85 Hz);83W, ¢ —137.7 ppm (s, 6Wy1, = 72 Hz),—141.2 ppm (S,
12W, Vi = 59 HZ).

Physical Measurements. Infrared spectra were recorded on a
MIDAC FTIR instrument. Elemental analyses were performed by E
& R Microanalytical Laboratory Inc., Corona, NY. All NMR data were

obtained on a Bruker AM-300WB spectrometer. Resonance frequencies

were 121.495 MHz foPf!P, 59.623 MHz for?°Si, 111.924 MHz for
1195n, and 12.505 MHz fof®3W in 10-mm tubes. Pulse widths (90
were 11us for both3!P and'!°Sn, 13.8us for2°Si, and 4Qus for 183w,
Chemical shifts are given with respect to external 853 ®j for 1P,
30% tetramethylsilane in acetonitrile f8iSi, and 2 M NawO, for
18\, For 1*%Sn NMR, a solution of SnGlin 12 M HCI (chemical
shift —388.1 vs tetramethyltif)wvas used as external standard, but the
chemical shifts are reported with respect to gzBn. All chemical
shifts downfield of the references are reported as positive. Most of
the NMR experiments were done with aqueous unbuffered solutions.
To achieve sufficiently concentrated solutions %W NMR (ca. 1.5
g/2mL), the potassium and cesium salts were treated with Li@i@

the resultant insoluble perchlorates were removed by filtration or
decantation.

Crystallography. Crystals of cesium salts dfand2 were not stable
under the X-ray beam at room temperature. The data were collected
at —100 °C on a Siemens P4/RA diffractometer with graphite-
monochromated Mo K radiation ¢ = 0.71073 A). The structures
were solved using SHELXL-PLUS (Siemens) direct methods for W,
Sn, Cs, P, and Si. The structures were refined with SHELXL-93
(Sheldrick, G.M.) by full-matrix least squares, the minimized function
being YW(|Fo| — |Fel)2 The weighting scheme wag = 1/[0%(F?) +

(7) Lassigne, C. R.; Wells, E. £an J. Chem 1977, 55, 927.

Xin and Pope
1 2
chemical formula CsH2908:P,SnsW1g  Cs12 3Hs0 8092 551:SnsWig
formula wt 6531 6914
—-100°C —-100°C
2 0.71073 A 0.71073 A
space group P1(2) P1(2)
unit cell dimensions
a 12.904(3) A 13.101(5) A
18.059(3) A 18.140(7) A
c 21.618(3) A 21.367(8) A
a 111.68(2) 111.54(43
B 94.04(2y 92.22(4y
y 101.41(1y 102.98(2)
\% 4531.5(14) R 4561(3) B
4 2 2
Ocalcd 4.786 Mg/rﬁ 5.034 Mg/rﬁ
27.868 mm?! 28.442 mm?

?inal R[I > 20(1)]?
final R[I > 30(1)]2

AR = 3 (IFol — IFc/)/3IFol.
Table 2. Selected Bond Lengths [A] for [$5(PWoO34)] 2

R(Fo) = 0.0944
R(F,) = 0.0881

bond lengths (A) av (A)
W=0 1.65-1.77 1.71
W—O(W) 1.82-2.07 1.93
W-0O(P) 2.29-2.42 2.36
W—0O(Sn}nort sn-o 1.84-1.89 1.87
W—0(SN)ong sn-0 1.79-1.84 1.82
Sn—O(Wshor 2.08-2.15 2.11
SM-O(Wiong 2.27-2.45 2.35
P—O(W) 1.51-1.58 1.55

Table 3. Selected Bond Lengths [A] for [Se(SiWgOs4)2] 4

bond length (A) av (A)
W=0 1.69-1.79 1.75
W—O(W) 1.78-2.17 1.96
W—O(Si) 2.21-2.35 2.29
W-0(Sn) 1.78-1.85 1.80
W-0 1.75-1.81 1.78
Sn—0O(W) 2.12-2.29 2.22
Si—O(W) 1.62-1.74 1.66

(0.092P)2 + 12.0%°] where P = (Max(F,2, 0) + 2F2)/3. Crystal
data and structure refinement parameters are listed in Table 1. Final
atomic coordinates and thermal parameter$ afid?2 are given in the
supporting information, and selected bond lengths are given in Tables
2 and 3.

The crystals ofl and 2 underwent slow decomposition under the
X-ray beam even at 100°C. The standard check reflections dropped
to 60% forl and 80% for2, after a 3-day data collection. The color
of both crystals changed from orange to green. If the X-ray beam was
stopped for several minutes, the check reflections would recover to
almost 100%. This suggests that there might be reversible intramo-
lecular electron transfer between"Sand PW or SiW, groups. The
high R values (0.0944 fot, and 0.0881 foR) could also be caused by
the decomposition, although the structures were well solved.

Results and Discussion

Tin(l) monosubstituted polyoxotungstates are easily oxidized
by air in aqueous solutioh. The current syntheses were
therefore carried out under a constant stream gfawd the
reaction stoichiometries and pH conditions for the synthesis of
1 were established from preliminary studies monitorec?1y
NMR. Since [PW034 %" is not stable in aqueous solution, the
reaction of Sh and PW was carried out by addition of the
solid sodium salt of PWho a solution of SHSO, under N. As
soon as the two reactants were mixed, f¢solved and the
solution turned orange-red. Addition of CsCI precipitated an
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&/ \ » Figure 2. Infrared spectra of potassium salts of anidnand1'.
> VB 0139s

o / \ ; The reaction stoichiometries and pH conditions for the

reactions ofx- and3-SiWg with SH'SO, were established from

0(%%5) —— preliminary studies monitored vig#?®Sn NMR. It was found
2l 306 s that addition of NaHC@®was necessary in order to synthesize
0i93s) 2 efficiently. Elemental analysis and multinuclear NMR
spectroscopy a2 are fully consistent with the structure revealed
0172s) 0(38s! by X-ray crystallography (Figure 3). The characteristic IR
00275} i o

2 spectra, shown in Figure 4, demonstrate the structural similarity
0i83s of 2 with 3.

Figure 1. (a) Structure of [Shy(PWsOs4)2]*>~ (1) showing 50%
probability thermal ellipsoids. (b) SHELXP representation of the
coordination spheres of the tin atomslin

orange-red product. ThHBP NMR spectrum of an unbuffered
agueous solution of this precipitate showed peaks &t.3,
—12.0, and—13.0 ppm, with an intensity ratio of 1:1:3.

Solutions which were made by dissolving the precipitate in G axis from the ecli L I .

. psed position. Each'Ss coordinated
acetate buffer_(pH 25 10 6.0) gave th_e_ same tfifedines but by two oxygen atoms from two edge-sharing belt-tungstens of
with different intensities. Upon addition of NaHGQo the each PW unit. Because of the relative rotation of the PW
gnbuffered solution, thé'P NMR spectrum showgd onlly one groups each Snhas pseudo-trigonal-bipyramidal coordination
line at—12.0 ppm. Subsequently, addition of sodium bicarbon- with two long axial Sr-O bonds (2.33 A), two short equatorial
ate during the synthesis (see Experimental Section) resulted inSn—O bonds (2.11 A), and presumébly the lone-pair of

good yields ofl. Elemental allnalysis. and multinuclear NMR electrons occupying the third equatorial position pointing toward
spectroscopy of are fully consistent with the structure revealed the anion’s G axis. The axial ©Sn—O bond angle is about
by X-ray crystall_ography (Figu_re_ D). Anio_h Is s_table in the 141.£4 (139.7142.3), and the equatorial ©Sn—0O angle is
SO“d. state, but Itis slowly ox!dlzed by ar tﬂ.)' In agueous about 97.2 (96.5-97.7). These bond lengths and bond angles
solutlon.. Potassium salt§ of ampllandl give S|m|lar infrared are consistent with reported values for other trigonal-bipyramidal
spectra in the PO stretching region, but slightly different YAO tin(ll) structuresto

peaks (Figure 2). The structure o (Fi is simi
. . gure 2) is similar to the structure af
It rtl)astbeer; demgrl[strgtgc\ivthgt th? s;arﬂngtmatfr:y%wl\% and consists of two A-type-SiWsg anions linked by three tin-
can be transiormed 1o &;FVe Simply Dy heating the Solid. () groups into an assembly of virtu@l; symmetry. Here the

. _ 9— i i . . . .
A_trﬁacnon of 2 mrr;oi_ of Bf [3PV§034? flprepared |ntth(;s Way  rotation angle between two SMnits is larger than that df.
with an aqueous solution of 3 mmol of S0y generated anion i oy ses the two potentially axial oxygens to be separated

1 directly with no need for pH adjustment. The crystal structure ; ; ;

. . . too far to bind tin(ll) at same time. The structure can be
(se.e bgloyv) reveals that amdmontayns two Aq-PWe units, described as one in which one of the Sivhits (Si(1)W) of
which indicates that the synthesis involves a structural rear- an eclipsed structure is twisted *1@round the G axis. This
rangement of both of the possible starting materialg;RWg* rotation moves three oxygens of the Si(lWwhit (O(37S),

Structures. The structure ofL (Figure 2) consists of two
A-type a-PWy anions linked by three tin(ll) cations into an
assembly of virtuaD3 symmetry. All previously reported M
(PWs), and Ms(SiWg), compounds havBs, symmetry with two
PWy or SiWy units related by a mirror plane, i.e. they are
“eclipsed”#a494.4.9 |n 1, one PW group is rotated by 7around

or B.a-PWe. 0(25S), O(19S)) into positions equidistant from the center of
(8) (a) Finke, R. G.; Droege, M.; Hutchinson, J. R.; Gansow).@m

Chem Soc 1981, 103 1587. (b) Knoth, W. H.; Domaille, P. J.; Farlee, R. (9) Xin, F.; Pope, M. T,; Long, F. J.; Russo, horg. Chem 1996 35,

D. Organometallics985 4, 62. (c) Finke, R. G.; Droege, M. W.; Domaille, 1207.

P. J.Inorg. Chem 1987, 26, 3886. (d) Weakley, T. J. R.; Finke, R. G. (10) Gielen, M.; Recktenwald, O.; Rzaev, Z. M. O.; Veith, Mopics in

Inorg. Chem 199Q 29, 1235. (e) Moore, B.; Foger, Knorg. Chim Acta Current Chemistry 104 Organotin CompoundsBoschke, F. L., Ed.;

1991 181, 201. Springer-Verlag: Berlin, Heidelberg, New York, 1982.
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Figure 3. Structure of [Shs(SiWeOs4)2]*4 (2) showing 50% prob-
ability thermal ellipsoids. (b) SHELXP representation of the coordina-

tion spheres of the tin atoms b
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Figure 4. Infrared spectra of sodium salts @fSiWs and-SiWs and

cesium salts of aniond and 3.

three pairs of oxygens of the edge-sharing y\é@tahedra of

Xin and Pope

0(41S) and O(91S)). Each'Sis coordinated by three oxygens,
with its lone-pair of electrons occupying the fourth position of
a tetrahedron and, as iy pointing toward the interior of the
structure. The average S© bond lengths are 2.21 A (2.42
2.29 A), and average-©Sn—0 bond angles are 85.7 A (789
94.1°). These bond lengths and bond angles are consistent with
reported values for other trigonal-pyramidal tin(ll) structules.
The shortest “nonbonded” S® contact is 2.71 A. The
W—0(Sn) bond lengths (1.781.85 A, average 1.80 A) are
somewhat shorter than those of M@(W) (1.78-2.11 A,
average 1.91 A). The three YO bonds of Si(1)W (1.75—

1.81 A, average 1.78 A) for the oxygen atoms (O(38S), O(26S),
0(145S)), which do not form bonds with Sn, are slightly shorter
than those of W-O(Sn). Bond valence sum (BVS) calculafién
shows that these oxygen atoms have average BVS values of
1.45, which suggests that each oxygen is partially protonated
on average by 0.5 H. This would be consistent with the
elemental analysis and the crystallographic results which found
12.5 cesium cations for each t4anion. An alternative
explanation is that the WO bond lengthening indicates weak
interaction with Sn.

A crystallographic data set was collected for a crystal of the
cesium salt of3. The crystals are orthorhombic, space group
Pnma with lattice constants = 28.296(4) A,b = 16.906(3)

A, c=17.806(5) A, and/ = 8517.9(10) &. The crystals are
disordered, and the structure could be only partially solved, with
R=0.1474 for 330 parameters and 2408 independent reflections
with | > 20 out of 7764 reflections collected. The partial
structure shows a crystallographic mirror plane through the
structure coincident with a mirror plane of one of the SiW
groups. Since the other SBNinit is rotated by 1% that unit

and the three Sn atoms are disordered. Because of the disorder,
the reflections at high angle were weak and the structure could
not be totally solved. However, the heavy atom positions and
the SiW unit that is not disordered are well defined. The partial
structure clearly shows the two SiWinits to bep-type as
anticipated and the rotation between the two SiMits to
appear to be about 15 A table of atomic coordinates and
equivalent isotropic parameters together with a figure showing
the atom labeling are given in the supporting information. The
structure is consistent with the elemental analysis and IR
spectrum of3. There is a possible electrostatic reason for a
large twist angle in the Si¥\erivatives. A large rotation moves
the negatively-charged O(Sn,W) atoms further apart in the 14
anion.

Since the rotation of the two Py and SiW units can occur
either to the left or to the right], 2, and 3 are chiral. The
space groups of the X-ray structures of batland 2 are P1,
therefore each unit cell contains one pair of enantiomers, related
by the center of symmetry.

NMR. Each of the three complexes exhibits a two-line
W-NMR spectrum that is inconsistent with the solid-state
structures D3 for 1 (three lines expected) arigs for 2 and 3
(six lines expected). This indicates exchange processes leading
to an average structure 8fy, symmetry. The most plausible
process would be an oscillatory twist, depicted in Figure 5,
leading to interconversion of the enantiomers. During this
process each tin atom hundergoes a pseudorotation with the
“equatorial” lone pair of the trigonal bipyramidal coordination
sphere acting as the pivot. Further, the configuratiobwbuld
appear to be an intermediate state in the racemization processes
of 2 and3. Broad NMR lines for2 and 3 indicate that these

(11) Bond valence sums are computed as the sum of “bond strengths”
at each atom. Bond strength= exp[(o — r)/B], wherer is the observed
bond distance (A) anth andB are empirical parameters. Valuesrgfaind
B for WY'—02~ are 1.917 A and 0.37, respectively. [Brown, I. D.;

the Si(2)W unit (O(73S) and O(83S), O(52S) and O(62S), Altermatt, D.Acta Crystallogr 1985 B41, 244.]
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1 L Interactions with Amino Acids. Chiral polyoxometalate
\\ // \\\ / . \\ e structures may be divided into three classes: (a) those which
4 - L0 - A undergo rapid racemization via water exchange, partial hydroly-
' 7 S~ 7 A sis, or fluxional behavior (examples are;Ms0,,]" (X = OP,
— — RP, S, Se; M= Mo, W),*? [(MeAsO;)MogO1g(H20)e]*~, "2
10—degree twist (Si) 7—degree twist (P) eclipsed [XVMOQO31(HZO)3] M and [X\/2M018052] * (x = P’ AS) ’15 and

) _ _ ) [MVMo0gO3,]®~ (M = Mn, Ni));16 (b) those which are nonlabile
Figure 5. Representation of the first half to the proposed fluxional p t with enantiomers so similar that separation has not been

process leading to racemization bf2, and3. The square brackets : Qi 6— ) 10— ;

define the positions of oxygen atoms attached to pairs of edge-shared%cgflvsgbéﬁigéﬁig ig\grﬁgs[%NI\/bEﬁlop)Z\?)/(lV? 6(1)] ) ]Sr_]d(l\;lhﬂr

belt-WQ; octahedra of XW groups. The filled circle represents a tin ! 2H2AATVO sl - AV T
< Waroup P X = Zn, Co))!°® and (c) those which are nonlabile, with

atom. separable enantiomers ([f4010035H4]8~ 2° and [RW1g07¢)2%7).2

The dicobaltate anion has been resolved by classical diastere-
omer formation, and the chirality of the tungstophosphate anion
in solution has been demonstrated by the doubling of all P-NMR
lines when the spectrum was recorded in the presence of lysine.

Although anionsgl, 2, and3 would appear to belong to class
a, some preliminary experiments with chiral amino acids have
been carried out. Addition of lysine hydrochloride to solutions
of 2 and 3 had no significant effect on the broad Sn- and
W-NMR lines, but further splitting was observed in the W-NMR
spectrum ofl.

A solution containing 0.7 g (0.1 mmol) of #H[Sn's
(PWoOs4)7] in 2 mL of water was treated with LiCI£Xo convert
anion1 to its lithium salt to increase solubility. Then 0.18 g
(1 mmol) of lysineHCI was added to this solution. TI#éP-
and 119%5n-NMR spectra of this solution were unchanged, but
the183W NMR spectrum showed three lines. The cap-tungsten
line at —144 ppm remained, while the belt-tungsten line split
into two lines at—103.0 and-104.9 ppm, a separation of 18.9
Hz. Each line was a doublef_w = 1.9 Hz), see Figure 6c.

In order to study the influence of lysine concentration on the
belt-tungsten W-NMR line splitting, W-NMR spectra were
collected on samples containirigand lysineHCI with mole
ratios ranging from 1:1 to 1:20 (see Figure 7). The data plotted
in Figure 7 are consistent with the formation of a labile complex
of 1 with lysine. Similar behavior was observed with other
amino acids. At a 10:1 ratio of acit]:the belt-tungsten line
was split by 10.5 (histidine) and 6.7 Hz (isoleucine), but no
splitting was observed with achiral glycine, see Figure 6, parts
d—f.

Interactions of amino acids with polyoxometalates have been
AJ\& noted previously? Crans’ group has shown that the interaction
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Figure 6. 12.50-MHz W NMR spectra of 0.05 M solution of: (15) (a) Strandberg, Ricta ChemScand, Set A 1975 29, 350. (b)
(a) in DO, (b) in DO (**W{P}), (c) in 0.5 M lysine, (d) in 0.5 M D'Amour, H. Acta Crystallogr, Sect B 1976 32, 729. (c) Garvey, J. F.;
histidine, (e) in 0.5 M isoleucine, and (f) in 0.5 M glycine. Pope, M. T.Inorg. Chem 197§ 17, 1115.

(16) (a) Teg A.; Herve G. J. Inorg. Nucl. Chem 1977, 39, 999. (b)
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dependent: the W-NMR line widths Gfdecrease from 72 and  Ciabrini, J. P.J. Chem Nucl Chem 1981, 43 1525. (d) Harmalker, S. P.

° . _ ; Ph.D. Thesis, Georgetown University, 1982. (e) See the following: Kozik,
59 Hz at 25°C to 15 and 18 Hz at 42C; the Sn-NMR line M.; Baker, L. C. W.Polyoxometalates: From Platonic Solids to Anti-

width of 2is 71 Hz at pH 8.0 and 170 Hz at pH 4.7. A complete retroviral Activity; Pope, M. T.; Miler, A., Eds.; Kluwer Academic
analysis will require careful control of pH and temperature. ~ Publisher: The Netherlands, 1994.

. 18) Tourrie C. M.; Tourrie G. F.; Zonnevijlle, FJ. Chem Soc, Dalton
The W-NMR lines ofl are narrow enough for two-bond Tréns)lggl f43_ ¢ )

W—P coupling of 1.7 Hz to be resolved on the more intense  (19) (a) Evans, H. T., Jr.; Showell, J. $.Am Chem Soc 1969 91,
line. That this splitting did not represent nearly degenerate 238%65(4b) Ada, T.; Hidaka, J.; Shimura, Bull. Chem Soc Jpn 1970
resonances of belt tungstens in a static structure was confirmed ~(20) (a) waugh, J. C. T.; Schoemaker, D. P.; Paulingdta Crystallogr
by a WP} experiment (Figure 6, parts a and b). These 19547, 438. (b) Baker, L. C. W.; Weakley, T. J. B.Inorg. Nucl. Chem
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25 T T T T a single enantiomer. Such interactions in optically-labile
systems are well-documented (Pfeiffer Eff8ct According to
this interpretation the “split” W-NMR spectrum is that of a

20 o O o ] single enantiomer ol stabilized by interaction with a chiral
o ° counterion. But this does not explain why achiral glycine, which
15 L i would bind equally to both enantiomers, does not split the belt-
o tungsten line as other chiral amino acids do. The binding ability

of glycine to the anion is expected to be similar to that of
isoleucine which does induce splitting.

5. Anions2 and3 are less optically-labile thah(broad NMR
lines). There would seem to be no reason to exclude the
5 o - possibility of formation of amino acid complexes with these
anions, but conditions for well-resolved NMR spectra have not
been discovered.

00 ! ; —— Oxidation. All three tin(ll)-substituted tungstates 2, and

0 5 10 15 20 25 - N .

[ys] / [1] 3can be.OX|d|zed to thgq tin(1V) counterpar.ts by bromlne. The

preparation of the oxidized form of (1) is given in the

Figure 7. Apparent splitting of 104-ppmi®3W resonance ol as a  Experimental Section. In order to confirm the number of Sn-
function of lysine concentration. (I in anions2 and3, 25 mL of an aqueous solution of bromine
(0.03194 M, standardized by iodometric titrai®rwas added
to solutions of 1.00 g of cesium salts Bfor 3 in 20 mL of
; . Quater. After the solutions had been stirred for 5 min to allow
isolate crystals of the lysine complex a&fby the method of complete reaction, excessBras determined by iodometric
ethanol vapor diffusion into a solution containing lys= 10: titration. The am’ount of bromine solution consumed was
1. The resulting crystals were shown Vid NMR (intensity determined to be 13.02 mL fdr(4.158 x 10-4 mol of Br, for
ratios of lysine and Tiers salt resonances) to contaird8M4 1.460x 1074 mol of 1, mole ratio, 2.86:1) and 13.56 mL far
mol of lysine per polyoxometalate anion. A crystallographic (4331 x 107* mol of7 Br, for 1.5;26 % 10-4 mol of 2, mole

data set was collected, but could not be solved owing to ratio, 2.83:1). These results show that all three tin(ll) atoms in

considerable disorder'. . 2 and3 are oxidized to tin(IV). Tungsten-183 NMR spectra of
The results shown in Figures 6 and 7 are open to more thana" the oxidized compounds showed two lines (oxidized
one interpretation. Although no firm conclusion can be reached _159 4 ppm (1)—201.4 ppm (2); oxidize@ —135 ppm (1)

in the absence of a structure of an amino acid complex, the _1gg ppm (2); oxidized: —104 ppm (1),—222 ppm (2)).

following points can be made. o . According to their'®W chemical shift patterns, the oxidized
1. The most likely targets of ion-pair interaction of the 5 543 maintained their respectiveor § structure<!® Their

zwitterignic 3min% ac_ids with are theh“equatorial” oxygéan b structures are presumed to be analogous to those of [(RSAOH)
at:oms ourll to the tin atorr?s, smceht ese aref expected to bg,_ or 5-XWOs4)2]"™ with two eclipsed XW units and the R
the most electronegative (they are the sites of protonation in group replaced by OH4.0

the molybdate analog of the [PdW34]%~ unit24).

2. The achiral glycine molecule has no effect on the W-NMR Conclusions
spectrum ofl. This suggests that the observed effects are related
to diastereomeric interactions. In order to seek further confir-
mation of this, some experiments were made with the non-
carboxylate (and therefore non-chiral) analogue of lysine, 1,5-
diaminopentane. Unfortunately, only insoluble salts of the
polyoxometalate were formed.

3. No splitting is observed for the Sn-, P-, and the cap-W
resonances df, and only two lines were observed for the belt-
tungstens (four lines would be expected: two for each diaste-
reomer) in the presence of the chiral amino acids. Although

this would seem to rule out the above explanation that the  Acknowledgment. We thank the NSF for support of this
splitting demonstrates a mixture of polyanieamino acid  work through Grants CHE-9115394 (assistance in the purchase
diastereomers, the possibility cannot be excluded that theof the diffractometer) and CHE-9215228. We gratefully
splittings of the Sn-, P-, W(cap)-, and the two kinds of belt-W  acknowledge the help and advice of Professor Geoffrey Jameson
resonances are too small to be detected. with the crystallographic investigation.

4. Another possible explanation is that the splitting of the
belt-W resonance is caused by the two different kinds of belt-W  Supporting Information Available: Complete tables of
in one enantiomer. Since the racemizatiori @ rapid on the crystal data, atomic coordinates, bond lengths and angles, and
NMR time scale, it is conceivable that the interaction with a thermal parameters fdrand2 and heavy atom coordinates and
chiral amino acid will displace the racemic equilibrium toward figure for anion3 (11 pages). See any current masthead page

(22) @ Hill C. L. Weeks, M. S.- Schinazi, R, 5. Med Chem 1990 for ordering and Internet access instructions.
33,2767. (b) Crans, D. CComments InorgChem 1994 16, 1. (c) Crans, JA954045P
D. C. Comments InorgChem 1994 16, 35.
(23) Crans, D. C.; Mahroof-Tahir, M.; Anderson, O. P.; Miller, M. M. (25) Pfeiffer, P.; Quehl, KBer. Dtsch Chem Res A 1931, 64, 2667.
Inorg. Chem 1994 33, 5586. (26) Day, R. A., Jr.; Underwood, A. LQuantitatve Analysis5th ed.;
(24) Garvey, J. F.; Pope, M. Tnorg. Chem 1978 17, 1115. Prentice-Hall: London, 1986; p 716.
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can occur via hydrogen bondifigand that amino acids or

The structures of the new heteropolyanions'E5WoOs4)2] "™
(X = P, Si) are shown to be chiral as a result of the
stereochemical demand of 'Sn Although relatively facile
racemization can occur via the twisting process described above,
interactions with the chiral amino acids lysine, histidine, and
isoleucine lead to W-NMR line splitting. These results indicate
diastereotopic recognition, which should prove to be important
in both catalytic and biological activity of polyoxometalates.
Further investigation is in progress.




