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SUMMARY 

13 
C NMR data-are reported for a range of tributyl 

and dibutyl-tin complexes containing 0, N and S ligands. 

The_coupling constant J1 appears to be indicative of the 

coordination state of the tin atom. Using J1, shift 

values and other supporting evidence, structures for a 

number of the compounds are proposed. 

Carbon-13 N.M.R. spectroscopy has been shown to be 

a powerful tool for the study of organotin compounds 1-3 . It 

is generally accepted that the Fermi contact term is dominant 

for organometallicslr384 and that the value of the coupling 

constant, may reflect the "amount of s character" in the 

Sn-C bond5'6. -While caution should be exercised in the use 

of coupling constants 
7 
, they are strongly indicative of the 

coordination state of the tin atom, and indeed such a 

classification-has been made for a number of dialkyl--and 

trialkyl tin_ compoundsl. 

We have prepared a range of compounds containing 



:k&tes oijtfn;':and'.th~rpbt.~_~ial-of each:donor -atom .to.. .. ~_ ._ _._..:. -_ 
:~cokdinate ‘to. the- ~metal; In.view of. the. s&arcitylof Cl?.' 

N;i;;t.. 

tabulations of the .aRpropriate parameters'together.with..the .. 

implications of this,$~?f+ for some of the systems studied. ..- -. 

. -. 

Tributyltin Compounds .. . 

Generally, J 
1 (Sn119/117 

- C13) values for 

tributyltin compounds with coordination number four, 

decrease in the order 0 5 Cl > S, indicating that Bent's __ . 

rule is obeyed for these systems. Chemical shifts of 

carbon inthe butyl-groups vary significantly. for the 

atom which is.in the a-position with respect.to tin,,while 

the 6, y and 6.-valuesrdo not, ?- -. c 

-__ _ - 
The tributylstannyl derivative of o-sulfobenzoic 

_..-. 
acid has a coupling constant, J1 (Snflg - CI-3) of 400 Hz. 

. .~ 
__--.. __ This could indicate four coordination or distorted 

five coordination around the tin atom. The infrared spectrum 

contains a-strong band at 
-1. 

1723.cm ; typical of.the carboxyl 

groub in benzoic'acids, and a band at 2650 cm-' which is'- 

charadkistic of.hydrijgen bonded darb~xylates18.The Hl'N.M;R; 

spectrum contains a broad peak at.ll.6 p.pirn,, :which-can b'e :- 

attributed to a o&bojrylic acid proton.-- AIthouSh molecular _ 

mohelk show that:a- zkructee such as (A)couId readily.-form,' 

the data'rules-out this possibility. In-chlor&form solution, 

the moleculair-weight of the comRlex~is602 which"indicates 

that tinomeri&:-and dimeric speci&s (fu&“&'B..and C) are: in-' 

equilibrium. The coupling_constant valu~may-~~-increased.- 



-, 

.by-a.,weak,i~~~raction.between tin and another sulfonyl 

oxygen atom-& indicated in the figures. .. 
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_. .-._ - : 

R--- - 

(A) 

The compound N-(IzributylstannylJcyanimide, 

(xPC~H~)~S~NHCN, is dimeric in benzene and the &s,sbauer _ 

data suggestk a coordination number greater than four8. 
_ : 

Its il value of 502 Hz-is consistent with a five-coordinate 

structti~, possibi& of the type (D)'_ 
__. .: . .” 

H . . . 
R_$+~N~Cz~ 

-. 
i+‘ 

NrC-N+nR 
H 

3: ;: 

(D) 



.-, 

values for typical- thiol'derivatives. Resonance of. the type 
: 

.- 
(E) may account for the higher a-C shiftlvaiue. ._. --- 

N”Z 03 + NH2 

._ . 

_ 
Dibutyltin Compounds 

T&I displaying coordination numbers of 4,s or 6 

are represented among the dibutyltin compounds. Only 

acetylacetone (J 
1 

= 910 Hz) and benzoylacetone (J1 = 901 HZ) 

appear to force the tin into a six coordinate state. 

(Table 1). The molecular weight determinations' indicate 

that the& co&lexes are monomeric in solution, The S1 

values are thus consistent with the infrared 
10 

and Mijssbauer 
-_ - 

studies which indicated octahedral stereochemistry 
11 

, with 

tr&.s al*1 groups. Sulfur- and nitrogen- containing ligands 

usually favour structures with S-coordinate tin. Other 
_. .' 

oxygen donors su_ch as acetate, benzoate and alkoxygroups 

also seem to-'cause pentacoordination of .the tin. 

1 :, 
..~ 

.._.--. 



-. 
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~. Ikbutyitin bis(p-ethoxybenzoate) is monomeric in 
: 

CHCi3 snd its J1-value is 586 Hz. This is much lower than 

for the 6-coordinate compounds and is in the range expected 

for 5-coordinate tin. Although a structure such as (F) could 

be written, the carbonyl carbon shifts are eguivalent 

(175.6 ppm), thus suggesting a rapid bide&ate-unidentate 

'interchange of the coordinating groups. 

mercaptobenzothiazole, also monomeric in CHC13, displays a 

J1 value of 

tin. Thus, 

interchange 

interaction 

nitrogen. 

505 Hz, again characteristic of 5-coordinate 

the structure (G) is postulated. Again, chelation 

is possible and, in this case, the fifth 

with the metal could he via either sulfur or 

OEt 

Similarly, the compound S-(dibutylstannyl)bis(2- 

. 

Reaction of dibutyltin oxide with ethylene glycol 

yields the ten-membered ring 1,1,6,6-tetra-n,-butyl-1,6- 

distanna-2,5,7,10-tetraoxyacyclodecane. Whilst this compound 

is monomeric in solution 12; the J1 value (653 Hz) is again 

typical of 5-coordinate tin. A broad band at 400 cm-l in 

the infrared spectrum could be due to a O+Sn interaction 13 . 

Molecular models indicate that the structure (H) is favoured 

and that a rapid interchange of coordinating oxygens is 

possible. Such interchange would make the carbon atoms of 

(Continued on p-347) 
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i 1:. l._ 

the:g$ycol. ligand equivalent, and this is *consistent with 
.-. 

t&C N-&R, data (Table 2). 
53. 

: .- 

C”2 

/ bH2 

I 

-“,i 
\ 

0 -A Sn\ 

I I R 

0 

C”2 
/ 

‘CH2 (HI 

Chemical shifts of ligands 

Table 2 contains information for some sulfur and 

oxygen ligands. The ligands that can readily be discussed 

are the thiols and the aminoalcohols. The thiols x+H2S- 

and p-C4H9S- exhibit shifts similar to those of the SR- 

anion, while those of CH3-C6H4S- are consistent with a 

substituted thiophenol where the substituent exerts an 

electron donating effect 
14 

. i3 effects of 0.5 and 1.2 ppm 

are shown for the -S-C4Hg derivatives of (n-Bu)3Sn and 

(n-Bu) 2Sn, respectively, indicating that the organotin groups 

(Continued on p-350) 
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Rres&&bly~lnd&tes~ that::the. 
.- ,: 

-CH(CHI)~ g+up exe+ a 
_ ._. 

‘&&+&eh st;?Iic influence-on-the organotin; 
._. 

. . 
-_~'Ihe tributyI&aminoalcohol compounds exhibit 

-imi&e-shift values that can be compared to the free ligand 

in only a limited Way. The non-equivalence of carbons is 

:ob@rved in both the butyltin and.the ligand moieties. The 

N-l-propyl derivative contains~non-equivalent 2, 3, and 4, 

C&b&, while the N-2:butyl derivative contains 2, 3, carbo,ns 
- 
.&at Show iron-ecjuivalence. Steric factors are thought to be 

_,+sponsible for this: the smaller propyl group exists in a 
: 

more rigid form-relative to the hexyl and octyl derivatives. 

&dxzctive effects would also influ-ce the shift values of _ 

'these derivatives to a greater extent than perhaps the bulkier 
I: 

-groups, 
. 

EWERIMHNTAL 
.- 

The compounds containing the ligands of interest 

.yere prepared using modifications of procedures involving 

.butyltin:oxide and the protonated ligand (method A) 15, the 

&&notin halide and the sodium salt of the ligand (method B) 16 

or_the.organotin halide, protonated ligand and .sodi_um hydroxide 

-++d C)l'. Microanalytical data (Australian Microanalytical 

-Service,-_~.S.I,R;O., Melbourne) are given.'in Table 3 for new 
: . -. 

+jounds~,- 
'_ :. .: _ -:-_.13, 

. . 

-- _C NTM.R. spectra-were r&corded from-neat 1iquid.s ‘. 
-_ _... 

m&e?z@~ ~p&~ibl&~-‘~~ -fr&n~&oncentra_<ed so&ion& in CDCl~- i_'i- _ -._- 
: .: -. 

'I&ith:-TMS as_ .internal"standa~~;'..usi~~~ -a' ~~~~LY~RFT.-~OOFT spectrometer 
_ .. - ._ :. 

-:. I-. _- :. I .~ .- 
. . .;. ,’ --.. 

-_, : ; -._ - 
.,:,-----~-_.. z: ~.~:__;.~;~-_.-_ _-,___;. __ -_ ~_ 

-. . . . ._: -_- 
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pressed disks u&ng'a Perkin-Elm&r 457 instrument calibrated : -. .i .- 

with. p&lystyrene film. Molecular weights were determined from .~ . . 

cxcl .solutions~at ,35"c with a-;Ptikin-Elm& 115~~V&p& phase ._ ___ 3 -: ~7 -: : 

o&ometer_i _ I :- _, 
., 
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