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Summary: We report the stabilization of the, $liorganotin-

(1V) dication [Ph(L})Sn-OH),Sn(Y)Ph]2H(1-CBy1H12) 2 (2),
where Lt is 1{2,6-(MeOCH),CsH3}, which in contrast to the
rare analogues prepared thus far does not contain a coordinated
water molecule. Compourlexhibits high catalytic actity in

the acetylation of alcohols.

Introduction

Organotin cations, well-known as species with pronounced
Lewis acidic character of the central tin atom, are important

intermediates in the hydrolysis of organotin halides, a key step Ph(L)SCl, * AgCB, Hy, ~

in the preparation of stannoxanes. An investigation of their long
history showed a relatively large number of triorganotin cafions

(the trimethyltin cation hydrates and ammoniates have been

known since the 196038)while the preparation of diorganotin
dications stabilized by coordination with alkynylborates and
phosphine oxide was reported receritlpne of the most
promising areas of organotin cations is the chemistry of cationic
clusters. The Spdications [(RSn)014(OH)e]?" have received
attention as nano building blocks for sajel-derived hybrid
materials} and the recently prepared Sdications [R(H2O0)-
Snu-OH),SN(HO)R;]?TY ~, (Y = CRS0s, CsF17S05) were
shown to be very efficient alcohol acetylation anet© coupling
bond catalyst8 As a consequence of hydrolysis, allLSlications
contain a coordinated molecule of water (Chart 1).
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Chart 1 lonic Sn;, Dications Prepared to Date
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Scheme 1. Preparation of Compounds 1 and 2
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Results and Discussion

In this context, we have prepared the,Stication [Ph-
(LYHSn-OH),LSN(LYPhFH(1-CByiH12) 2 (2), where LLis 1{2,6-
(MeOCH,),CgH3z}, which is free of any coordinated water
molecule. Compoun@ exhibits high catalytic activity in the
acetylation of alcohols.

Since the use of Y,C,Y-chelating ligands & O in 2,6-
(MeOCH,),CgHz and 5LBU-1,3-[P(O)(OEQ]2C6H2 and Y=N
in 2,6-(MeNCH,),CsH3) was shown to be a possible way to
prepare organotin catio§sye attemted to prepare the diorga-
notin cation [Ph()SnCIJ*[1-CB1iH15 ™ (1) by treating Ph(&)-
SnCh with Ag(1-CByiH12) in CH,Cl,.” However, during our
attempts to prepare single crystals for X-ray diffraction,

(6) (a) Jastrzebski, J. T. B. H.; van der Schaaf, P. A.; Boersma, J.; van
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Mehring, M.; Schiumann, M.; Costisella, B.; Jurkschat, Rrganometallics
2004 23, 1501. (d) K&ea, B.; Jambor, R.; DostaL.; Rizicka, A.; Csdiova,
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(7) Ag(1-CBy1H12) (0.33 g, 1.0 mmol) was added to a stirred solution
of Ph(L1)SnCk (0.432 g, 1.0 mmol) in CkCl, (10 mL). The suspension
was stirred for 2 days at ambient temperature. After this time, the AgCI
was filtered off and the solvent was evaporated in vacuo. The residue was
washed with pentane to afforias a white solid. Yield: 0.52 g (96%).
Mp: 145-148°C. Anal. Calcd for G/H30B11CIO,Sn (mol wt 539.50): C,
37.85; H, 5.60. Found: C, 37.81; H, 5.39. Mol wt: 540. MBvz 397,
100%, [M — CB11H12*; m/z143, 100%, [CBiH12] . *H NMR (CDCls; 6
(ppm) ):2.15 (s, cage CH); 3.86 (s, 6H, @H5.19 (AB spin system, 4H,
CHz, "J(*H,'H) = 12.3 Hz); 7.43-7.87 (complex pattern, 8H, SnPh,
SnGHz). 13C NMR (CDCh; 6 (ppm)): 42.60 (s, cag€H); 61.10 CHy),
74.0 CHy, "J(*9SnlSC) = 36.10 Hz); Sn@H3, 131.73 (C(1)), 140.82,
125.08, 121.03; SnPh, 133.88'(D), 135.74, 131.31, 134.311°Sn NMR
(CDCl3; 6 (ppm)): —88.13.21B NMR (CDCls; 6 (ppm)): —10.03 (s, 1B,
B(12)); —16.38 (s, 5B, B(#11)); —20.37 (s, 5B, B(26)). IR (suspension
in Nujol; cm™1): »(BH) 2569.
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Figure 1. ORTEP view of2. The thermal ellipsoids are drawn at the 50% probability level. Hydrogen atoms are omitted for clarity.
Selected bond distances (A) and angles (deg): —$0 = 2.0744(11), Snt0O4a= 2.0942(11), Sn+C11 = 2.0933(15), SntC21 =
2.1062(16), Snt0O1 = 2.3502(11), Sn102 = 2.6414(13), SnlaO2a= 2.6414(13); O4Sn1-C11 = 104.40(5), O4Snl-Oda=
70.82(5), C1+Sn1-04a= 104.35(5), 04 Sn1-C21 = 103.30(5), C13+Sn1-C21 = 146.73(6), O4aSnl-C21 = 101.88(5), O4
Sn1-01 = 79.75(4), C1+Sn1-01 = 73.85(5), O4aSn1-01 = 149.18(5), C2+Sn1-01 = 93.45(5).

Table 1. Acetylation of Alcohol by 2

Ac,Olcat.
ROH BTy ROAc
ROH concn, mol % reacn time, min yield,%
CHz(CHy)sOH® 0.01 5 48
0.01 9 99
CH3CH(OH)CH 0.01 5 17
0.01 20 100

aReaction conditions: ROH (5 mmol); A0 (5 mL). " Determined by
GC. ¢Yields (0.1 mol % concentration, reaction time 60 min): 12% (without
catalyst), 22% (Ph()SnCb). 9 Yields (0.1 mol % concentration, reaction
time 60 min): 0% (without catalyst), 0% (PH)SnCLb).

compound 2 was isolated. Compound underwent facile
hydrolysis. Compoun@ was prepared directly in wet THF in
40% vyield as an air-stable solid (Schemé® 1).

The 11%Sn NMR spectrum ofl in CDCl; exhibited a singlet
at —88.1 ppm, diagnostic of [3+ 2] coordinated organotin
cations’ shifted downfield compared to the signal for the starting
material Ph()SnCh (—204.2 ppm). The formation of prochiral
1 was further confirmed by théH NMR spectrum, where an
AB spin system at 5.2 ppm was observed for OHgroups,

(8) Yield: 0.42 g (40%). Mp: 185189°C. Anal. Calcd for GsHe2B2206-
Snp (mol wt 1042.11): C, 39.19; H, 6.00. Found: C, 39.21; H, 6.02. Mol
wt: 1042. MS: m/z 379, 100%, [(M— 2CByiH12)]2"; miz 143, 100%,
[CB11H12]~. *H NMR (CDCl5; 6 (ppm)): 2.24 (bs, 1H, cage CH); 3.47 (s,
6H, CHg); 5.04 (s, 4H, CH); 7.47-7.71 (complex pattern, 8H, SnPh,
SnGH3). 13C NMR (CDCE; 6 (ppm)): 59.84 CH3); 68.12 (cageCH); 71.12
(CHa, "J(119SNn13C) = 29.21 Hz); SnEHs, 126.49 (C(1)), 144.67, 126.75,
133.06; SnPh, 135.26 (@)), 136.03, 131.04, 133.46:°Sn NMR (CDC};

o (ppm)): —315.07.11B NMR (CDCl5; 6 (ppm)): —5.05 (s, 1B, B(12));
—11.41 (s, 5B, B(#11)); —14.40 (s, 5B, B(26)). IR (solution in CHC};
cmb): »(BH) 2539. IR (suspension in Nujol; cth): v(BH) 2543, vas
(SnOSN) 721p{(SnOSN) 439.

Table 2. Comparison of Catalytic Activities of 2, 3a, and 3b
in the Acetylation of 2-Phenylethanot

/cat.

Ac,O
Ph(CH),0H ——— Ph(CH),0Ac

30°C
compd concn, mol % reacn time, min yield?%
2 0.01 10 97
0.005 30 91
KEY 0.01 10 93
0.005 30 93
3bd 0.01 10 95
0.005 30 90

aReaction conditions: ROH (5 mmol); A© (5 mL).° Determined by
GC. ¢Yields (0.1 mol % concentration, reaction time 60 min): 2% (without
catalyst), 29% (Ph@®SnCb). 9 See ref 5a.

indicating their diastereotopicifif. The 11°Sn NMR spectrum
of 2 exhibited a singlet at-315.1 ppm, which is shifted upfield
compared to the signal for the starting material Py®nCb.
The 'H NMR spectrum showed a broad singlet at 5.0 ppm for
the CH groups. Three resonances in a 1:5:5 ratio found in the
1B NMR spectra ofl and 2 indicate the presence of a free
CByHi1> anion!! Figure 1 illustrates the structure d,
determined by single-crystal X-ray analy&fs.

The whole molecule consists of a dimeric organotin dication
compensated by two GEH, anions. Although the tin atoms

(9) (@) These'1%Sn values were found in the pentacoordinate phenyl
cations GSn* with trans-trigonal-bipyramidal geometry in triorganotin
compounds containing Y,C,Y-chelating ligands, and the downfield shift of
A[6(*19Sn)] = 116 ppm as one goes from the starting molecular complex
Ph(L)SnCk to 1 is typical for an ionization process where a-St bond
is cleaved. (b) K&sj B.; Jambor, R.; Dostal.; Kolafova L.; Cisaiova,

I.; Holetek, J.Organometallics2006 25, 148.
(10) For the proposed structure bf see the Supporting Information.
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Table 3. Selective Acetylation of Primary Alcohol over Remarkably, the desired acetates were obtained 4€C30
Secondary Alcohol under Catalysis of 2 10 min, and a 0.01 mol % concentrationivas sufficient for
guantitative yields.
Ph(CH),0H Ac.Oleat2 Ph(CH);0AC The catalytic activity of2 is comparable with those of the
# previously prepared Srdications [R(H20)(OTf)Sn-OH),-
Sn(HO)(OT)] (3a, R = "Bu; 3b, R = Bu). The catalytic
CH;CH(OH)CH, CH;CH(OAC)CH,; activity of these compounds in the acetylation of 2-phenyl-
ethanol is given in Table 2, from which is seen that only a 0.005
ROH concn, mol %  reacn time, min  yield,"% ratio mol % concentration o2 is sufficient for quantitative yields of
Ph(CH,),0OH 0.01 10 36 955 the desired 2-phenylethyl acetate.
CH3CH(OH)CHs 5 Since the selective acetylation of primary alcohols in the
Ph(CH,),OH 0.005 30 84 89:11 presence of secondary alcohols is of great synthetic value, we
CHsCH(OH)CHs 10 have tried to investigate the competition in acetylation between
aReaction conditions: Ph(GHOH (2.5 mmol)/CHCH(OH)CH; (2.5 primary and secondary alcohols under catalysig.of
mmol); Ac,O (5 mL)." Detected by GC. As shown in Table 3, there is a preference for primary

alcohols and particularly notable are the high selectivities
are ionic, they are free of any solvated molecule. The Sn together with high conversions. Compoudnaintains a high
dication contains hydroxyl bridges, thus forming a four- primary/secondary acetate ratio with over 90% conversion.
membered SO, ring. The values of the Sri01, Sn+-02 In summary, we have prepared a,Stiorganotin dication
and SnlaOla, SnlaO2a bond lengths demonstrate the \yhich in contrast to the rare analogues prepared thus far does
presence of strong and medium-strong-Eninteractions. Tin . not contain a coordinated water molecule. Compa2ieghibits
atoms Snl and Snla are both hexacoordinated as a consequengfgh catalytic activity in the acetylation of alcohols as a
of the presence of those interactions. This is also the reasonconsequence of its ionic nature. Other possible applications
that2 does not contain additional water molecules coordinated together with the preparation of similar cations are currently of
to the tin atoms, although these molecules are present in thejnterest to us.
crystal cell of2. A similar ionic but solvated structure has been

characterized for [RHZO)SW'OH)ZS”(HZO)RZ]2+Y_2 (Y = Acknowledgment. We wish to thank The Ministry of
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atom in the Spdication, compoun@ is an efficient catalyst ’

for alcohol acetylation (Table 1).
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