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Abetr~t 

The [weparations of A-.8-NaTSiW,~Nb3Oa o and Na~[(qS-CsMe~)iT, h - Sl~'gNb304o] are descn'bed. The w a ~ - ~  ~ of the 
Keggin-type Irisubstituted hewropolyanion, A-~-SiWgNbsO~-, of interest as a polyoxoanion support for orgmemetalk co~eler, ek was 
isolated in pure form in 61% yield as its beptasodimn salt with 16 wafts of hydratien. The polyoxe~mioe-sepptmed ~,m~tlelaJ~ 
complex as its all-sodium salt, [('qS-CsMes)Rh-SiWgNbsO4o] 5- was obtained in 21% yield as em amlytieally pure, hemeg~eons 
yellow-brown solid by the reaction of [(r/s-CsMes)P~CH3Clq)3] 2+ with the l~.'substiulled ~ SiW~t30 7- im C]I3C"Jw-- 
DMSO. These all-sodium salts have reqvit~ their own novel preparations and purifuealic~ and have never bcca derived d~ctly from 
the known all-l]u4N + salts of the c o n d o n i n g  Keggin hetempolyalli~s. Composifiee~ ~ was a~:e~plished by cmwp~e 
elemental analyses. TG/DTA, and FC-IR. St~'U.n'al c ~ o n  in solution was ~h~ved by ~ of IH, mC aid ts~W 
NMR specUeu~es. 
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1. Introduction 

Recently, we reported the syntheses and isolations of 
the nonasodinm salt of  the Dawson-type triniobinm-sub- 
stituted polyoxoenion B-at-P2WIsNb30692 [1] and tile 
heptasodinm salt of  the polyoxoanion-supported 
o r g a n o m e t a l l i c  c o m p l e x  [ ( ~ / 5 - C s M e s ) R h  • 
P2Wls]qb3062] 7- [2]. That work was aimed at providing 
a water-soluble form of the important P2WIsNb3092 
polyoxoanion [1,3-5] and at extending die concept of  
water solubility and all-inorganic composition to [(75- 
CsMes)Rh-P2WlsNb3062] "t- [2,3,6]. From the syn- 
thetic point of view, isolation of these all-sodium salts 
has required their own preparation and purificatib-~ 
including choice of  the ~ a t e  solvent system. Prior 
to that wol-k, the P2WlsNb3092 - polyoxoailt/on had 
available only as its organic-solvent soluble (and water- 
insoluble) all TBA ÷ salt [3], TBA = [(n-C4Hg)4N] ~'. 

* ConeSlmnding author. 

Hence, the all-sodium salt of  P2Wt51/~Jb30~ - 
the well-documented orgenometall~ chemisuy of  
P2Wt~Nb3092 into aqeeons media (see for 
Refs. [1,4,6] and references cited therein), ha a s~ll~a~ 
accmmt, the full detaUs of  the symhesis and h o t a t m  of 
the po~oxoeu~e-~ ~ ~t~ex 
[('qS-CsMes)Rh" P2W[sNb3062] 7- as its alI-TBA + salt 
have been reported [1-8~ 

The goal of  the ~ t  work is to aFply the conmpts 
of water-solubility end all-inorganic ~ to the 
triniubiona-sol~stituted Keggin- ty~ potyexoeni~ m d  to 
its supported oq,,m~ner~s, smcir~auy to the xe~* 
gin*type ~lyoxeenion A-0-SiWgNb30 ~- (Fig. I(A)) 
aud its organometallic complex, [(~5.*C~Mes)Rh- 
SiWgNb30,oP- (Fig. I(B)) [10311. 

ha earlier wade by Finke a~l  co-wcdu:~ focnsed ~ 
polyoxoanion-soplmcted complexes, the ~ and 
isolations of such compounds as their ,~l~k.*solvem 
soluble and w a l e r - ~  fcims in all-TBA + salts 
had been reported [5,11 ]. in the Keggin-type polyoy, ena- 
ion, thsee niubium atoms a~e sebsanned in the A-site of 
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F-~ L (A) ~ n~memmm of the Keggn-type hm- 
~ , ~ , ~ , ~  ~-t23-S~'W~Nb~O~o-. The thn:e niobimn rams are 
~msmte~ by h~hed ~aheen in the ~-3 po~imm (A-s~). Tt~ 
WOs m:t~mha oc~lry the wh~e oetahecha, aml m SiO4 group is 
~ as the ~ , ,~d  tetcahedm0t (B) One of the two most plmm'ble 

syame~ ~ of R~s-CsMes)t~-SiW~h'h04ol s-. The 
e~m'~ plaa~l~ ~../~ ~ buadiag of the ml;mem:atnic 
f,.g~, m two ~ W--O--Nb oxygem aml a t~sni~m~ Nb=O 
ea~m F~]. 

the ~Kegg in  saecune,  and in its polyoxoaaion-sup- 
~ complex, the organometallic group [()i s- 
CsMes}~a] z÷ is b o e d ~  to two laidging W - O - N b  
omjgm ahaus aad a b r ldMS W--O--W oxygen necupy- 
mg t l~ ~ of  the SiWgNb30~o- Keggin-type poly- 
e m ~ i o n ,  t s  shown by solmlon s p e c u e s c ~ c  methods 
[i0-t21. 

Remain for the synthesis of an-sodim salts of Keg- 
gin-type pelyoxemaine and its polyoxonnion-supported 
eemlJma~ include: (a) their amicipated water-soltthility, 
t b e n ~  ~ p o l y o x m a i e n ~ ' S n ~ m m e  eom- 
pte~s aad their g~'tivity into water (vide supra), (b) 
• e p e ~ f i a t  of a l l - i n~ r~ i c  basic polyoxoaninns as 
novel types of solid-base ~ s  catalysts, and 
(e )  the p o s s ~  that such all-hua.ganic, warm" soluble 
sa~s uaght  lm3vide a m o ~  general rome to crystalline 
SiW, l~o~O~o--s~,v~,d u,s , , ,onztanie catalyst precur- 
sors [13t 

Herein we r e p ~  tbe full dmalls of the syntheses and 
of the a]]-andii~l salt, NaTSI'~'gNb304o- 

]6H20 (1) in 61% yield (on an 11 g scale) and Nas[(~ s- 
CsMes~h - SiW, Nb304o] - 3DMSO • 2H20  (2) in 21% 
yield (0.33 g scale). Also reported me the compositimmi 
dmn~-ATafi t~s  of  I a n d 2  by full elemental analyses, 
Fr -~ .  ~ 1/~r. A ~ ~ r  ~ ~ in 
solufiea by H, 13C u d  m W  NMR specuesco~es. 

2. r . a a l m ~ m a l  

2.1. C/~nn/ca/s 

The f ~  we~  used as-m:eived: NaBF 4, NaOH, 
AgBF 4, CH3CN, DMSO, FAOAc, Et20. 3A mole~dar 

sieves (all from Wako); DMSO-d 6 (Aldrich). [()i5 
C s M e s ) R h C I 2 ]  2 [ 3 , 1 4 , 1 5 ]  a n d  [ ( n  5- 
C4Hg)4N]6H2Si2WlsNb60 ~ [11] were l~-epared ac- 
cording to the literam~. 

2.2. instrwnentmhm / analytical procedures 

Elemental analyses were obtained from Mikroana- 
lytiscbes Labor Pascber (Remage~ Germany). hxfrared 
spectra were recorded on a Nicolet 510 FF-IR spec- 
uomet~  in KBr disks at room ~ .  Tbenn~  
gravimetric (TG) and ¢liffet~ntial thermal analyses 
(DTA) were ac4nired using a Rigalm TAS 300 TG 
8101D. T G / D T A  wexe run under air with a tempera- 
ture ramp of  1 °C rain -~ between 20 and 500°C 

1H NMR (399.65 MHz) and '3C NMR (100.40MHz) 
were recorded at 22°C in 5 m m  o.d. tubes on a Jeol 
JNM-EX 400 FF-NMR ~ and Jeol EX-400 
NMR data processing system. IH NMR and t~c NMR 
spectra were referenced to an internal standard of 
(CH3)4Si (TMS). ~ c a l  shifts me reported on the 8 
scale and resonances downfield of TMS (8 0) are 
recorded as positive. 1'3W NMR (16.50MHz) spectra 
were recorded at 22°C in 10ram o.d. robes on a Jeol 
JNM-EX 400 FF-NMR spectrometer equipped with a 
Jeol NM-40T10L low-frequency tunable probe and a 
Jeol EX.400 NMR data processing system. These ~ -  
Ira were referenced to an external standard of saturated 
Na2WO4-D20 solution by the substitution method. 
Chemical shifts are reported on the 8 scale with reso- 
nances upfield of Na2WO 4 (8 0) as negative. 

2.3. Synthesis of  A-[~NazSiWgNb304o. 16HzO (1) 

5.00g (0.756mmol) of  (Bu4N)6H2Si2WIsNb6077 
[11] was dissolved in 50ml CH3CN in 200ml conical 
beaker at 50-60*{2, with stirring. At this temperature, to 
the clear CH3CN solution, 0 .498g (6 equivalents, 
4.536nnnol) of solid NaBF 4 was added, which was 
completely dissolved after about 20rain stirring. To this 
homogeneous solution at room temperattae, exactly 
12.11mi (8 equivalents, 6.05mmol) of 0 .5M NaOH 
aqueous solution was added dropwisc, In the early stage 
of this addition, the solution became cloudy, tbet? a 
white tm~ipitate formed, and finally an oily material 
appeared at the bouom of the beaker. The stirring was 
continued, while about 300ml of CH3CN was added in 
three po~ons.  A ~ r  this addition was over, the stirring 
was continued for 30rain, and then the conical beaker 
was let stand for 3 days in the refrigerator. In the bottom 
of the beaker an oily material collected and the super- 
natant looked colloidal. While the conical beaker was 
kept cold, the mother liquor was discarded by d e ~ t -  
ing, and then the residual material was washed with 
small amotmts of CH3CN (3 × ca. 10ml). The sample, 
still in the conical beaker, was daied overnight in a 



K. Nomiya et al. /Journal of Organom~llic C1,.emixlry 533 (1997) 153-159 

55 °C oven. The dried material in the conical beaker 
was redissolved at 50 -60°C  in ca. 30nd of  pH8  un- 
buffered aqueous solution, and the second repracipita- 
tion using ca. 300ml  of  CH3CN and the work-ups were 
repeated as above. Yield: 2 .9g  (63%) of  white powder 
which is soluble in water, sfightly soluble in DMSO, but 
insoluble in CH3CN, ethyl acetate and ether. This pro- 
cedure was also effective to a foux-times scale-up exper- 
iment, resulting in an I 1.3g yield (61%). 

2.3.1. Microanalysis 
Found: H, 1.07; Na, 5.59; Nb, 9.10; O, 27.8; Si, 

0 . 96 ;  W ,  54 .0 ;  to ta l :  9 8 . 5 % .  Ca l c .  f o r  
H32Na7SiWgNb3056 or Na~SiWgNb304o- 16H20: H, 

Fig. 2. FT-IR spectra, measured in KBr disks, of (a) 
Na~SiWgNb304o- 16H20, (b) Nas[(~S-CsMes)Rh.Si2W, Nb~04o]. 
3DMSO-2H20 (c) (Bu~N)~SiWoNb~O4o, and (d) (Bu~N)~(~ s- 
C~Mes)P,h. SiW, Nb30~o I. The observation of the characte~stic Keg- 
gin-type p o l y o x ~  IR bands between il00-700cm -i denton- 
s~ates that the SiW~Nb~O~o- suppmx-ie~ ~anins intact under the 
conditions of die synthesis. In spectra (a) and (c), the in~.-.nse and 
characteristic 690cm-' bend, due to the vibration of tl~ee bfitiging 
Nb-O-Nb linkages i~esent in the dimefic polyonoanien 
Si2WlsNbsO~7- [11], disappears. In specmtm (b), very weak and 
bro~d bamh comis~g of many weak pe~s are o ~ e r v ~  between 
1465-1384cm-~; these me al~buled to the vibrations of the sup- 
pened (qs-C~Me~)Rh 2÷ moiety. In centras~ these bends are ob- 
scured in (d) by the very intense C-H vibrations of the BurN ÷ 
cmmtercatlons. 

~5 

A 

, • , _ ~  . . . .  _ ~  . . . .  _ ~  ~ . .  

c*} 

A n C D 

A 

Fig. 3. tS3w ~ spectra of (a) Na~SiW~N~O40 in D20 ami of(b) 
Nas[(~5-CsMes )Rh - $I~V'9 Nb304o] in DMSO-d 6, ~ w ~  ~fe~mce 
to an external Na2WO4 saenaeed in D20 by a sut~im~a me~zd. In 
spectrum (a), the o~erved two-line sp=ctmm with 2:1 i lemaymr~ " 
shows that the complex has C~ (pseudo) ~ oa die W 
NMR time scale. In comra~ in specuum (b), ~ obsevged five-line 
s 3 W ~  shows that die complex has C~ (psee~) sym~ewS ~ die 

time scaJe. 

1.06; Na, 5.28; Nb, 9.14; O, 29.4, Si, 0.92; W, 54.2%. 
T G / D T A .  weight loss of  9.40% between 47 aad 5~)°C  
with an endothennic point at 91.0°C. Calc. fcf  
Na7SiWgNb304~ • 16H20, 9.45% (16HzO). S ~ a a ~ l y ,  
the same compound was dried overnight at room tem- 
pefaltm~ tulder redtw.,cd presslK~ ( ~  10 -3 to 10-4 Tort)  
before analysis. Found: H, 0.30;, Na, 5.73: Nb, 9.90; O, 
24,4; Si, !.04; W, 58.2; total: 99.6%. CaJc. for 
HsNa~SiWgNb3044 or  NaTSiWgNb30.m-4H20:. H,  
0.28; Na, 5.68; Nb, 9.83; O, 24.8; SL 0.99;, W, 58.4%. 
IR (KBr), (Fig. 2(a)): 959, 921, 884, 794cm - I .  I ~ W  
NMR specm~m (D20  adjusted m pD8.4,  ~ 295 K), (Fig. 
3(a)): 8 - 121.2 (6W, 2Jw_o_ w = 15.0Hz); -- 127.3 
(3W, 2Jw_o_ w = 15.01-Lz). 

2.4. Symhesis o f  Nas[f~S-CsMes)Rh . SiWgNb304o]. 
3DMSO. 2HzO (2) 

Finely ground Na~SiWgNb30 ~ • 16H20 ( l :50g;  
0.49retool) was placed in a 100ml tlmu~ueck mend-  
bottomed flask. Next, 24.0ml of  CHjCN (d~ied over 
molecular sieves) at once and exactly 7.2ml of  DMSO 
(d i ed  over molecular sieves) were added dmpwise 
while vigorously stirring with a magnetic stir bar. Using 
a long needle, dry N 2 was ~ ~ the i w ' ~ g  

I The pD was calculated from the measmed ~ (aip~emt) by 
pD = pH +0.4 [16]. 
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T~$1e 1 
Ch~e~al sh~ts of IH ~td 13C ]q~[R spec[~ for the ~ of 
~ is~m,s ~ f~- t~  s i~e  iso~r 

t H NMR t3C NMR 

of 1.70;, 1.73; 1.76 8.25; 8.61; 8.78; 92.6; 
isemers %.7; 97.O;, 97.7 

~ 1.76 8.36; 92.6 

suspension for 30mi~ In a separate beaker, [0IL 
C 5 ~ 5 ) ~ 2 ]  2 (0.15g~, 0.25mmol) was slurried in 
6ml  o f d v l  CH3CN. Sofid AgBF, (0.19g; 0.98 mmol; 4 
eqaivalems) was added to the slunT cansing the imme- 
diate ~ of  an AgCI precipitate. The mixune was 
stirred for 10rain via a magnetic stir bar, and then 

tlmmgh a medium glass flit directly into the 
M~ud s ~ a S i n l l  of  NaTSi~F9Nb304o . The predpitate 
on the glass flit was washed with ca. 4ni l  of  CH3CN 
using a pipette and tbe wnsinngs were also inUeduced to 
the hetempolyoxomfion suspension. Thus, the DMSO + 
CH3CN solvent mixtme used was a total of 7.2ml + 
34mL Upon inu'ednction of the in situ generated yel- 
low-m'ange [(~5-CsMes)Rh(CH3CN)3](BF4) 2 solutio~ 
the color of the heteropolytongstate dmnged from white 
to yellow-mange, The x~ulting suspension was sf i r~l  

an N 2 ~ (with [he N 2 inlet needle being 
above the solution) at 84eC for 4h;  during this time the 
y d l o w ~  color became more intense. After allow- 
ing the rea-fion mixtm~ to cool to room temporature, 
the yeller-orange pr~ipimle was collected on a meditmt 
glass frit. wash~l thxee times with ca. 20 ml of CH 3CN , 

washed three times with ca. 20ml of ether and 
&ied in vacuo for several hoers at room ~ m r e .  
The yield at this stage was 0.73g. (This precipitate 
conta ins  a mixture  of  N a s [ ( ~ % C s M e o ) R h ,  
SiWgNb3040 ] and NaBF 4. It was shown by 1I~ NMR 
(Table I) in DMSO-d 6 that the Na 5 salt at this stage 
still consisted of  so~e positional isomers o f t b e  sup- 
polted ('qL.CsMes)Rh2+ group. Longer time reactions 
(more t h ~  4h)  at 84°C, which wexe tried in order to 
com~'t such positional L~ome~'s to a single isomer, 
resulted in a decomposition of  the targut componnd. 
This is attributed to water Inesont in the reaction system 
which ori£~mat~ from the hydrated form of the starting 
Na~SiWgNb~O~o.) Next, the dry m a l ~ a l  was trans- 
fen'ed to a 50mi beaker and ca. 5ml  of dry DMSO 
were added. The resulting cloudy orange solution was 
filtered flw0ugh a folded filter paper (Whatman No. 5) 
into a 100ml thien-neck rmmd-hottomed flask. The 
yel]orw~:gange fillrate was stirred ~ a N 2 stream 
(With the N 2 ildet i~ed]e being above solution) at 84°C 
for 3h;  during the stirring the yellow-orange color 
be~me  ted. It was shown by IH NMR (Table !)  that 
during this procech~, some positional isomers of the 

(TjS--CsMes)Rh 2÷ group were converted to a 

single i ~ .  2 The red solution was allowed to cool to 
room temperature and then filtered through a folded 
filter paper (Whaunan No. 2) into a 11 beaker (black 
by-products were removed). To the stirred clear-red 
filtrate, about I ! of  ethyl acetate was added in small 
portions. At first a red powder ~v,~,~pitated, and then a 
fine yellow powder deposited. This suspension was 
stirred in an ice bath for I h. The yellow-brown powder 
was collected on a fine glass fllt, washed with ether 
(5 × 40ml) and dried overnight onder vacuum. (The 
Co~taminafillg NaBF 4 can be removed because NaBF 4 is 
soluble in excess ethyl acetate.) Yield: 0 .33g (21%) of 
yellow-brown powder which is soluble in DMSO but 
insoluble in CH3CN, ether and ethyl acetate (see foot- 
note 2). This compound is soluble in water with color 
change of yellow-brown to yellow-orange. The ~ H NMR 
spectrum in D20 showed a very broad signal around 
1.76ppm due to the methyl group. 

2.4 !. Mic,'aanalysis 
The sample was dried overnight at room temperature 

under reduced wessure (ca. 10 -3 to 10-4Tort)  before 
analysis. Found: C, 5.71; H, 1.11; Na, 3.67; Nb, 8.61; 
O, 21.0; Rh, 2.60; S, 2.65; Si, 1.22; W, 51.3; total: 
97.9%. Calc. for H37CI6NasSiWgNb3RhO4sSa: C, 5.96; 
H, 1.16; Na, 3.56; Nb, 8.64; O, 22.3; Rh, 3.19; S, 2.98; 
Si, 0.87; W, 51.3%. TG/DTA:  weight loss of 6.2% 
below 200~C with a sma!l endothennie point at 55°C 
and of 5.9% above 200°C with the decomposition at 
289~C. Calc. for NaT[(~S-CsMes)Rh - SiWgNb304o ] - 
3Me2SO - 2H20,  i .1% (2H20) and 7.3% (3DMSO). IR 
(KBr), (Fig. 2(b)): 1465-1384, 958, 920, 884, 795 cm -1 . 
183W NMR (DMSO~d6, 295K), (Fig. 3(b)): 6 - 5 2 . 7  
(2W, A v l / 2 = 5 . 9 H z ) ;  --90.6 (2W, A u t / 2 ~ 6 . 9 H z ) ;  
- 103.0 (2W, Aul/2 ffi 5.7 Hz); - 148.6 (2W, AUl/2 = 
6.8Hz); - 1 5 2 . 8  (IW, A u l / 2 = 6 . 6 H z ) .  IH NMR 
(DMSO-d 6, 295K): 8 1.76 ((~sMes, s). 13C NMR 
(DMSO-d 6, 295 I 0 : 8  8.36 (CsMe s, s); 92.6 (CsMe 5, 
s); 40.4 (Me2SO , s). 

3. Results and  disenssien 

The heptasothum salt (1) of the geggin-typ¢ bet- 
empolyoxoanion SiWgNb30~o has beer pr~pai'ed from 
the organic solveat-soinble, dimeric precm'sor [(n- 
C4Hg)4N]6H2Si2WI~Nb60~7, ill which two monomeric 

2"r he yield of the mixtu~ with l~tional isomers, but widmm 
NaBF 4, was 0.528 (33%), the sample of which has been obtained 
directly by two n~p~cipilations by ethyl acetate from the DMSO 
solmion wifltout the second weA-up of heating at 84 ~C for 3 h in ¢by 
DMSO sohmon. Thus. the yield of the single isomer hem the 
mixture with the positional isornms was 63%. 
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Keggin units av= coupled through three Nb-O-Nb bonds 
[10-12] as shown in Eq. (1). 

[( n-C,Hg)+N]+H2Si2W, sNboO.r,. + 6NaBF 4 + 8NaOH 

+ 2Na~SiW, Nb,O~o + 6[(n-C+H9)+NIBF 4 

+SHOO (1) 
It is isolated as its water-soluble, analytically pure 
sodium salt on up to an 11.3g scale (61% yield of a 
white solid). Key points in the synthesis of 
NaTSiWgNb304o are as follows: (a) the use of stoichio- 
metric amounts (6 equivalents) of NaBF+ to allow fc~ 
exchange of the [(n-C4Hg)4N] + colml[~v.a~oils of the 
dimerlc, organic solvent-soluble precursor, [(n- 
C4Hg)4N]6H2Si2WIsNb6077; (b) the use of a total of 8 
equivalents of NaOH to react with the two protons in 
the dimer (requiring 2 equivaleats of OH-)  and to 
hydrolylically cleave the b¢idging Nb--O-Nb bond (re- 
quiring an additioul 6 equivalents of OH- and forming 
5H20); (c) the l~moval of [(n-C+Hg)4N]BF 4 from the 
r e a s o n  mixto~ and purific~on to an analy~ically pur~ 
white solid by ~ nam~ipitaion from an aqueous 
pH8 u ~ f f ~ l  sohi~on by the addison of excess 
CH~C~. 

The molecular formula of 1 is established by an 
elemcntal analysis (all element, including oxygen, 
98.5% total o b s e ~ ;  see the S ~  2.3). TG analysis 
with a tempefatm~ ramp of 1 °C ~dn - '  shows the wes- 
ence of 16['[20, in accord wi~h the findings of the 
elemeatal analysis. Two full ek~¢atal  analyses of the 
same compound were cmied o~:~ at room 
tore as it was and the other ~or the ~mple dried 
ovenfight at room I ~  under reduced pressure 
(10 -3 to 10 -4 Ton'); these show the fommr sample with 
16 hydrates and the latter with four hychates. We have 
handled the sample ~ t h  16 bydral~ umi~r mmmspheric 
conditions without noticeable problems. 

The solid FT-IR spectra, measured as KBr disks, of 
NaTSiWgNb30~o • 16H20 obtained here (Fig. 2(a)) and 
of (Bu, N),SiWgNb~O ~ (Fig. 2(c)) separately p ~  
according to Ref. [1 !], ate completely coincident, ex- 
cept for the typical vibrational bands due tO the Bu4 N+ 
C ~  obse~ed in the 1485-1380cm -I ~'gion 
which are of coerse absent in the all-Na ÷ salt. In these 
s p e c ~  the ~ and imonse 690cm - t  bead, 
due to the vibration of three bridging Nb-O-Nb link- 
ages present in the dimefic  polyoxoanion 
Si2WmNb6OS~ - [11], ~ .  Infrared meastwements 
(Rg. 2(a) and Fig. 2(c)) confum that the Keg#a-type 
"SiWt20~o-"" heteropo~ytongstate framewo~ remains 
intact under thv conditions Of the synthasis [171 

Fsn'th~ solution ~ relied on mSW 
N-MR. The m W  NMR specUmn of NaTSiW9Nb~O ~ in 
D20 (Fig. 3(a)) shows pdmadly two peaks at - 121.2 
and -127.3ppm with intesntted intensifies 2:1. The 
i n t e ~  inteltsides are in accord with the ~ of 

a tung~ bdt ~ g  of ~ W06 c~ch~ ~ a 
ttmgs~m cap Of thx~ WO~ ~ ~ ~pe~M ~ a 

l~masodium salt, Na~(~s--CsMes)Rh- 
SiWgNb30+ o] (2), in which (~S-CsM%)Rh2+ is sap- 
ported on the Keg#n-type k e a m ~ o l  
SiWgNb30~-, has been ~ ~ to Eq. 
(2) and (3). ~ of Na~SiWgNt~O,o with (,f- 
CsMes)Rh 2+ in a solvem ~ of DMY~D-CH3CN 
(volume ratio 7.2ml:.~ml) afforded the t s r~ t  cem- 
poond on a 0.33 g scale (yield: 21%) as a ~ 
solkt (We aho. ~ .  uied to w . p , ~  t i c  

SiWgNb304e] with 5 ec~valeats of NaBF 4 in d ~  
CH3CN under xcflux. This mu~ failed siace, dudag the 
course of ti~ ranction, a ~ fegms wifich is a 
mixtmm of tho TBAs_~Na z salt. No fm, lher cltmm:tm~ 
zatioe of this matmal was aaempted.) 

[(,:-C,M~,)R~z]~ + 4AgSF4 + 6CX,CN 
- .  2[(,I '-C,M~,)R~(C",cNhl(aF.) ~ +4~a 

(2) 
2[(,:-C#~,)Rh(CH,CN),I(BF,)2 

+ 2NaT Si~?9 Sb3040 
--, ~ , [ ( , : - c , ~ , ) ~ .  mw,~ro,04.] + 4~sF,  

O) 
This compo~d is ~ y  so~h~ in ~ DMSO. i ~ o ~  
in CH~CN aml FJOAc, lint m lu i~  in wa~' wid| mira" 
change of yellow-tnown to yellow-4mm~ (see the Sec- 
tion 2.4). 

The choice of DMSO--CH~CN as I ~  soh~m nd~- 
ua¢ has pinyon cngial  fc¢ the successful synthmis of Z 
This follows from the followiag so ieb t ty  aad ~ 
properties of  the two main reagt~ts :  the 
NaTSiW~Nb~O~o starting ~ (see Eq. (3)) is so~u- 
blc in wa~¢ and DMSO. but imolubl¢ in CH~CN; 
svcond w.actam ilself, [(~gS-CsMes)PJdsobcm)~] ~+, is 
mech mow staide in soinliom of  CHsCN 0¢ DM$O 
d~an in wamr. Noc&bly, |f~ me of a ~ mlv~ did 
mx allow the reacfio~ described ia Eq. (3) ~o ~ caded 
out a__~cc_--~--_~cuily: (a) in CH~CN. the ~ did ~m 
t ~ o ~ _  q u ~ i t ~ i v d y ,  e v ~  wi,h h ~ a ~  ~ r  n~u,,: 
(b) in wa~r, no n~action was ~ (c) in DMSO. 
on mixing with SiW, Nb~O~-, ~ d [(~-- 
CsMes)P.h] ~+ ton~ place as judged by its 
color c.hange to Im~wa ami funlmr color cha~ge to Wag~k 
with h ~ , ~ .  I l m ~  ~ 6 a l  ~ mggtm~! tlffi 
ase of a mixed ~ sysa~  spcd~caily D M ~  aad 
CH~CN. 

T'ne w,a~n~ coadidoas w~ms ~ fmtlffir o l ~ i u ~ d  
by m o ~  the n~-don im~g~as by Fr -n t  m d  ~H 

was sensitive to a number of expeffi~effi~l pmamems. 
~ ,  e ~  ~e:  (a) the o t ~ r  ~ addifi~ of  the 
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Table 2 
C ~ s m ~  of fl~e chenucal shifts (~S~W NMR) ~eported for Na~SiWgNb~O~ o, Nas[('~-C5 Mes)Rh . SiW9Nb~O ~ ] and (Bu~ N)5[(-~ ~-C5 Me5 )Rh 
• SiW~N'b~O4o ] 
Complex 15 (D20) ~ (DMSO-d 6) 
Na7S~'WgNb304o ~ -121.2; - 127.3 - -  
Nas[(.qs CsMes)Rh. SiW9Nb3040 ] a __ -52.7; -90.6; - 103.0 - 148.6; - 152,8 
(Ba4N)s[(.qs..CsMes)Rh. SiWoNb~O~o ] b __ --50.7; --90.8; - 102.8 -- 148.3; - 152.8 

T~s worL ~ Ref. [11]. 

orgamc solvents, that is, initially 24ml CH3CN and 
then 7.2ml DMSO; (b) the exact ratio of DMSO vs. 
[(~S-CsMes)RhCI2] 2 and the polyoxoanion-support; (c) 
the exact ratio of CH:CN vs. DMSO (total 34ml vs. 
7.2ml): (d) two work-ups consisting of beating at 84°C 
(the first for 4 h  in the mixed DMSO-CH3CN media 
for the synthetic reaction (Eq. (3)), and the second for 
3 h only in dry DMSO to prepare a single species from 
the positional isomers o f  the supported (v/5- 
CsMes)Rh 2+ group) (see footnote 2). In fact, IH NMR 
(Table I) shows that both work-up steps are required. It 
is noteworthy that the requisite (d) for the preparation of 
2 is quite different from that of  only one heating step in 
the mixed DMSO-CH3CN media carried out for the 
preparation of the Dawson-type analog, Na~[(v/s- 
Cs]~[~5)Rh - P2WIsNbsO62] [2]. These differences, com- 
p a r ~  with the soinbifity and stabifity of Nazi('0 s- 
C$~5)P,,h-P2WI5Nb3062 ] [2], ar~ probably attributed 
to the higher solubility of  2 in dry DMSO, but the lower 
stability of 2 in DMSO containing the waters of hydra- 
tion from the starting material 1. Regardless of the exact 
explanation, the small amount of added DMSO acts as a 
cnsolvent and aids in solubilizing the starting materials 
I in the main reaction medium CH3CN. 

The molecular formula of 2 is established by an 
elemamai analysis (all elements, including oxygen, 
97.9% total observed; see the Section 2.4). Given the 
absence of any other sources of sulfur, the S analysis 
(calc. 2.98, found 2.65%) reflects the presence of sol- 
rated DMSO. The additional evidence for the presence 
of sulvated DMSO is provided by 13C NMR in DMSO- 
d 6 as a single peak at 40.4ppm due to two methyl 
carbons. TG analyses with a temperature ramp of 
1 °C rain- ~ confirm the presence of solvated DMSO and 
suggest the presence of hydrated waters (total observed 
weight loss 12.10% below 289°C). 

The infrared ~ u r e m e n t s  (Fig. 2(b)) also confirm 
that the Keggin-type, "SiMt20~o-'" heteropolytungstate 
f i~l~work rernainx intact under the conditions of syn- 
thesis [17]. Interestingly. the IR spectrum (KBr disk) 
shows very weak and broad bands consisting of a 
number of weak peaks between 1465-1384cm- t. These 
weak bands are attributed to the presence of the sup- 
ported (~S-CsMes)Rh2÷ organonmtallic moiety, and 
are the first such observation in the Keggin-type poly- 
oxoauiuns. Such very weak and broad bands due to 

C - H  vibrations of the supported (~S-CsMes)_Rh2+ 
group have also been observed in the all-sodium salt of  
the Dawson-type analog [2]. They could not be ob- 
served in the alI-Bu4N + (Fig. 2(d)) or mixed Bu4 N + -  
Na + salts of [(*lS-CsMes)Rh - SiWgNb304o] s- ,  owing 
to the presence of very intense vibrational bands charac- 
teristic of Bu4 N+ (1486-1381 cm -1) [11]. 

Further solution characterization retied on IH, 13C 
and lS3W NMR spectroscopies (Tables 1 and 2). IH and 
13C NMR spectra (Table 1) in DMSO-d 6 all confirm the 
existence of only a single species of Nas[O/S-CsMe~)Rh 
-SiWgNb304o] in solution (see footnote 2). The IH 
NMR spectrum exhibits one resonance at 1.76ppm that 
is assigned to the methyl protons of the ~/5-CsMe 5 
figand. The 13C NMR spectnnn shows two peaks at 
8.36 and 92.6ppm due to the methyl and the ring 
carbons of the T/~-CsMe5 group respectively. 

The tS3w NMR spectrum of Nas[(~/s-CsMes)Rh - 
SiWgNb304o] in DMSO-d 6 (Fig. 3(b)) shows five peaks 
at - 52 .7 ,  -90 .6 ,  - 103.0, - 148.6 and - 152.8ppm 
with integrated intensities of 2:2:2:2:i. This spectral 
pattern is in a~cord with those of the previously re- 
ported all-Bu4 N+ and /o r  mixed Bu4N+-Na + salts 
[10,11]. The five-liue JS3w NMR spectrum also requires 
that the supported complex has an overall C s symmetry 
on the 183W NMR time scale (Fig. 3(b)). 

4 .  C o n c l u s i o n  

The syntheses and isolations of the water-soluble, 
all-sodium salts of the Keggin-type betempolyanions, 
Na~SiWgNb304o - 16H20 (1) in 61% yield on an 11.3 g 
scale, and Nas[(~5-CsMes)Rh • Si~tTv'gNb3040 ] - 3DMSO 
- 2 H 2 0  (2) in 21% yield on a 0.33g scale, are de- 
scribed. 1 and 2 have been unequivocally characterized, 
both in solution and in the sofid state. The synthetic 
procedure for 2 includes much more sophisticated work- 
ups than those of the all-Bu4N* and the mixed 
Bu4N+-Na + salts, yet simultaneously complements the 
previously reported syntheses of the latter. This proce- 
duse also provides a rare series of identical polyoxoan- 
ion-supported cowolexes with a varied countercation 
composition. Owing to the decisive influence that the 
countercation composition has on solubility and other 
properties, this in turn allows for a systematic study of 
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the physical properties and reactivity over a ran._g~ of  
widely differing solvents and different countm'cafion 
compositions. In additiou, the crystalline~ SiWgNb~O~o- 
is also of  interest as a possible new type of  solid-base 
catalyst [18]. 
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