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Abstract 

Solutions of tributyl- and triphenylstannyl perchlorates have been studied by NMR spectroscopy. Solvent-induced changes in “9Sn, 

and 37Cl line widths as well as Sn-C scalar couplings indicate the existence of an equilibrium between tetrahedral and trigonal 

bipyramidal arrangements. Bipyramidal forms are favoured if the solvent donicity is increased, including structures in which the 

solvent molecules occupy the two axial positions of the five-coordinate trigonal bipyramid. This situation is unequivocally 

demonstrated by the presence of ““Sn-“‘P coupling using hexamethylphosphoramide-d,, as solvent. 

1. Introduction 

The question of whether triorganosilyl perchlorates 
undergo ionization in organic solvents is probably one 
of the most discussed topics in organometallic chem- 
istry [l]. The role of salvation and the geometry of 
silicon are important issues in this context, and have 
recently been addressed [lb,c]. A major problem in 
these studies has been the insensitivity of the silicon 
nucleus in NMR spectroscopy, and so the lack of a 
direct NMR probe. This limitation is especially obvious 
in low donicity solvents, i.e. under precisely the solvent 
conditions in which a truly trivalent silylenium ion 
might exist. The present understanding of the structure 
of these silyl complexes is thus to a large extent based 
on other NMR and conductivity measurements, and 
the indirect nature of the evidence is in part responsi- 
ble for the current controversy. 

Since the behaviour of triorganosilyl anions in or- 
ganic solvents could to a large extent be predicted from 
the behaviour of other more stable and suitable Group 
IV element anions [2] we thought that a similar ap- 
proach could be used to throw light on the structures 
of silylenium species by performing a study of solutions 
of compounds such as triorganostannyl perchlorates 
and fluoroborates. 
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Effects of solvents on tri-n-butyl- and triphenyl- 
tin(W) compounds, mostly halides or carboxylic esters, 
have been been studied previously by NMR [3] or 
far-infrared spectroscopy [4]. Generally it was found 
that these structures were converted from a tetrahedral 

into a trigonal bipyramidal form as the donor strength 
of the solvent was increased. These changes in tin 
coordination were generally associated with upfield 
shifts in the tin resonance of the order of 200 ppm and 
in an increase in the Sn-C one-bond coupling of cu. 
160-200 Hz. The thermodynamic parameters were cal- 
culated from the temperature and concentration de- 
pendence of the ‘19Sn chemical shifts and it was found 
that the stability of the formed bipyramidal solvent 
complexes increased on replacing alkyl by phenyl sub- 
stituents [3d]. A far-infrared investigation of trimethyl- 
stannyl-chloride suggested that a continous range of 
molecular geometries existed between the tetrahedral 
and bipyramidal arrangements, the latter being more 
closely approached as the solvent donicity increases [4]. 
In no case so far has a solvated ionic stannyl species 
been detected in organic solvents. 

2. Results and discussion 

The stannyl perchlorates and fluoroborates were 
generated in solution from the hydride by reaction with 
a trityl salt by analogy with the preparations of silyl 
perchlorates [la,b]. The stannyl fluoroborates were 
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quite stable in solution, in contrast to the a~rrespond- 

ing silyl species, which rapidly gave silyl fluorides. 

In ‘I‘ablc I arc shown the ’ “‘Sn chemic:J shifts for 

tributylstannyl (1) and triphenylstannyl pcrchlorate (2) 

as in various soivcnts. in gcncral thcrc ;\ an upficld 

shift ah the donicity of’ the solvent increases. The 

magnitude and the sire of the solvent induced shift 

changes for 1 and 2 are quite similar to tht,sl: rcportcd 

earlier for the corresponding halides or othc*r deriva- 

tivcs. (~‘hangca from inert to dipoiar media arc also) 

accompanied bl’ an increase in th? ‘,/(Sn -C‘) scalar 

coupling by CU. 200 Hr at the most (‘f‘ablc i ) 1.11. ‘l‘hc 

increase in ‘J is expected if the triorganostannyl species 

are converted from ;I tctrahcdrnl in!o a tr‘irona! bipyra- 

mid arrangement as the x-character of’ the tin bonding 

orbitals increaxcs (sp’) [.ia..33,5]. Better donor zolvcnts 

will also increase the s-charactL:r of the Sn C bond 21s 

the cieclron density incrcascs on the tin atom. An 

intcrenting observation is also that the ““Sn chemical 

shifts for 2 are practicaliy the same as those. for the 

fluoroboratcs (Tabic 1 ). ;t feature that strongly sup- 

ports an ionic structure. This is alho Irile for ~hc 

corresponding tributyl compicxcs in high clnnicity sol- 

vents. 

The changes in the ‘“C chemical shifts for tht) phenyi 

carbons of 2 upon variation of the donicity of the 

solvent arc rather minor except for the ijxo carbon. 

‘This resonance is typically shifted by 5 ppm upfield on 

going from methylenc chloride to a high donicity sol- 

vent. The corresponding I)LII’U carbon shift ic of the 

order of 7 ppm downfield. The absoiutc ,\hrft v~~lucc as 

well as the shift changes arc very similar to those 

observed for the corresponding chlorides [.?it.C] and GlJl 

be salisfactoril~ cxplaincti in tcrm5 of ;I chztngc in 

T-polarization of the phcnyi rings caused by [hc \,ari;r- 

tion in the donor--acceptor interaction. 

It is also possible to probe the aolvation by mcasur- 

ing the “““Cl line widths 11a.b]. For both pcrchloraks 

a “‘Cl line narrowing is observed ax the donicity 01 

the solvent ia increased. i.c. there is it change in line 

widths from more than IO0 Hr. in dichioromcth- 

ane/‘acctonitrile (ACT) to less than 3 Hz/ In dipolar 
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clearly observed as can be seen from Fig. 2, that the 
high field signal corresponds to a structure in which 
both axial positions are occupied by HMPA molecules. 
The chemical shift of this signal is independent of the 
X ligand and the splitting pattern (2J(Sn-P> = 163 Hz) 
is unaffected by a temperature change for the triphenyl 
derivative, but for 1 the triplet (*J(Sn-P) = 146 Hz) 
collapses to a singlet when the temperature is raised. 
No resolved signal could be detected for the low field 
signal at low temperature. A decrease in the HMPA 
concentration only caused a further downfield shift and 
increased broadening of the signal. Only in the case of 
triphenylstannyl chloride at low temperature could such 
slow exchange conditions be reached such that a dou- 
blet [(2J(Sn-P) = 139 Hz, Fig. 2(d)] from the singly 
solvated bipyramidal form (II) could be seen. 

The equilibrium positions and exchange rates are 
clearly dependent on the nature of R and X. The 
doubly solvated species III is favoured if the cation 
coordinating ability (donicity) of the solvent increases, 
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Fig. 1. Representative ‘19Sn NMR spectra of (a) tributylstannyl- (1) 

and (b) triphenylstannyl perchlorates (2) obtained at 200 K in 

DMPU/methylene chloride. For comparison the corresponding 
spectrum (c) of triphenylstannyl chloride is included. Equimolar 

concentrations of stannyl derivative and DMPU (0.8 M: 0.8 M) were 
used. 
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Fig. 2. ““Sn NMR spectra of 1 and 2 (a and b, respectively) and the 

corresponding chlorides (c and d, respectively) in HMPA/methylene 

chloride at 200 K. The relative concentrations stannyl derivative: 

HMPA were 0.2 M : 0.8 M. 

if the ligand is changed from alkyl to aryl, or if X- is a 
weaker Lewis base [4]. A variable temperature study 
clearly demonstrated these features. Lowering the tem- 
perature causes an upfield shift as the solvation of the 
positively charged tin atom is favoured. This tempera- 
ture-induced shift change is small in those systems in 
which the doubly solvated species III is already strongly 
favoured at high temperature (A6 (350-230 K; DMPU); 
Bu,SnC1=57 ppm, Bu,SnClO, Cl)= 26 ppm and 
Ph,SnClO, (2) = 8 ppm). 

Birchall ef al. [71 previously reported the value of 
the ‘i9Sn chemical shift of trimethylstannyl fluorosul- 
phate in HSO,F of 322 ppm at low temperature 
(-60°C). We were able to confirm this observation 
using both tetramethyltin and trimethylstannyl-chloride 
as precursors. The shift value and a scalar Sn-C cou- 
pling of 390 Hz favour a non-planar trimethylstannyl 
ion under these conditions. Very recently, conductivity 
data and ““Sn chemical shifts for trimethyl- and trib- 
utyl-stannyl cations were reported using perchlorate 
and tetrakis(pentafluorophenyl)borate as counterions 
[8]. Shifts as low as 360 ppm, i.e. close to that in 
HSO,F, were obtained in solvents of low nucleophilic- 
ity, and it was suggested that these low shift values 
were consistent with a truly trivalent tin cation. The 
shift values reported for 1 in dichloromethane and 
sulfolane were close to those given here. 

Solvents used in the previous silylenium studies were 
generally of dipolar protophobic nature such as sul- 
folane or MeCN [l]. When we used such dissociating 
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media as solvents for these stannyl complexes we found, 
as expected, that the equilibrium is shifted to the left 
in the scheme above. Nevertheless slow exchange con- 
ditions could be reached for 2 in MeCN/dich loro-  
methane at low temperature ,  two signals again appear-  
ing in the range - 2 0 0  to --230 ppm. The intensity of 
the high field signal increases upon increased addition 
of MeCN in dichloromethane and this intensity change 
is accompanied by a line-narrowing and a shift in thc 
37C1 signal. Similar changes were observed up on dilu- 
tion in MeCN; thus the 37C1 signal was shifted from 
- 0 . 3  ppm to +6.0 ppm (relative to dilute HCIO,  in 
D20)  with line widths of 140 Hz and 3 Hz, respec- 
tively, when the concentration of 2 was changed from 
1.2 to 0.005 M, The similarity to the earlier reported 
studies of silyl perchlorates is thus striking, although 
the stannyl species are, as expected, more easily ion- 
ized. 

The possibility of a tetrahedral  arrangement  as (I) 
but with a solvent molecule in the first coordination 
sphere must also be considered ( ( R 3 S n S ) + X ) .  How- 
ever, the large upfield l>JSn chemical shifts and the 
significant increase in ' J (Sn -C)  for the perchlorates 
and fluoroborates on going to a more nucleophilic 
solvent than methylene chloride do not fawmr a tetra- 
hedral structure. In the corresponding silyl case, the 
acetonitrile monodenta te  adduct of the trfinethylsilyle- 

2g S nium ion was recently reported [6], but the - , ~ chemi- 
cal shift was very close (38.5 ppm) to that of the 
corresponding perchlorate in methylene chloride (4.5.1 
ppm). 

In conclusion we note that an equi l ibr ium involving 
Sn rehybridization and change in solvent coordination 
is firmly established for the studied iongenic tri- 
organostannyl compounds in nucleophilic solvents. As 
judged from earlier data for silyl perchlorates [1], the 
stannyl perchlorates are bet ter  ionogens than the cor- 
responding silyl species. A similar situation as for stan- 
nyl species, involving exchange between R.~SiX and 
solvated structures might explain the difficulty of ob- 
serving any 2°St r e s o n a n c e  except for predominantly 
solvent- or counterion-coordinated tetravalent forms. 
The inability to record shifts for truly trigonal silyle- 
nium ions can also be seen in this light. So far the 
reported >St chemical shifts in solution can, in our 
opinion, be ascribed to various counterion- or solvent- 
coordinated silyl cations, and the need for less nucle- 
ophilic solvents and counterions will remain a funda- 
mental  problem, since solubility will be a limiting fac- 
tor. 

3. Experimental section 

The stannyl chlorides and hydrides were commer- 
cially available (Aldrich). Triphenylstannyl hydride was 
distilled prior to use  Glassware was dried overnight at 
145°C and all solvents were carefully purified and dried 
by standard methods, such as those used for solvents 
employed in preparation of the corresponding silyl 
compounds [la,b]. For the NMR measurements,  the 
stannyt perchlorates and fluoroboratcs were prepared 
by hydride abstraction using the corresponding trityl 
salts as reported previously. For the NMR measure- 
ments, stock solutions of trityi salts and stannyl hydride 
were introduced from a syringe into a 5 mm NMR tube 
fitted with a s ep tum The cooled NMR tube was fhtshed 
with argon through nccdles. Solute concentrations were 
kept relatively high {0.4-0.8 M) in order to aw:~id 
interference from hydrolysis. NMR spectra were 
recorded on Bruker AM-500 and AC-P 25(t spectrome- 
ters; the ~J<~Sn chemical shifts are reported relative to 
external tetramethvltm and lhe w(] shifts, relative to 
0.4 M HCIO,+ in D~(). 
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