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SUMMARY

13C NMR data- are reported for a range of tributyl
and dibutyl-tin complexes containing O, N and S ligands.
The coupling constant J1 appears to be indicative of the
coofdination state of the tin atom. Using Jl, shift
values and otﬁer supporting evidence, structures for a

number of the compounds are proposed.

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

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

is generally accepted that the Fermi contact term is dominant

1,3,4

for organometallics and that the value of the coupling

constant, may reflect the "amount of s character™ in the
Sn-C bonds’s. While caution should be exercised in the use
of coupling constants7, they are strongly indicative Qf the
céordinatioﬁ state of ‘the tin atom, and indeed such a
c1a551f1catlon has been made for a number of dialkyl- ‘and

trlalkyl tln compounds

We have prepared a range of compounds containing



{states of: tln,rand the potentlal of each donor atom to

13

icoordlnate,to the meta1~t in vrew of the scartlty}of C

:N M R. data avallable on such>systems, we present here:*"'“
tabulatlons of the approprlate parameters together w1th ‘the

1mp11cat10ns of thlsAQata for some.of the systems studied.

Tributyltin Compounds

1 ) values for

{Sn

tributyltinrcompouhds_with_coordination number four,

Generally, J 119/117 _ C13

decrease in the order O > Cl > S, indicating that Bent's

rule is obeyed for these systems. Chemical shifts of

carbon in. the butyl groups vary significantly. for the

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

the 8, ¥ and 6:values’'do not. - ’ ¢
The‘tributylstannyl derivative of o-sulfobenzoic

5 S L1 .. 119 o

acid has a coﬁplingrconstant, J1 (Sn CI3) of 400 Hz.

. ... . -.This could indicate four coordination,er distorted :
five coordination around the tin atom. The infrared spectrum
contains a-strong band at 17237cmf1; typical of the carboxyl
groﬁﬁ in benzoic acids, and a band at 2650 cm ! which is
characteéristic of ‘hydrogen bonded carboxylatesls.ThéfH;'N;M;RZ
spectrfum contains a broad peak at ' 11.6 p.p;mlﬁfwhich5can be -
attriﬁuted to a carboxylic acid proton.-: Aithoagh molecular
models show that a- structufe such as’ (a) “could readlly form,
the data ruleés- out this- 90551b111ty. In- chlorofbrm solutlon,
the molecular - wezght ‘of the complex is“602 which” 1nd1cates

that monoméric. -and dlmerlc specles (such as B ‘and - c) are in:

equilibrium. The coupling constant value-may beflncreased
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jby a weak 1nteract10n between tin and another sulfonyl

oxygen atom as 1nd1cated in the figures.

(A)

(C)

(B)

The cempound N-(tributylstannyl) cyanimide,

(n-C_ H ) SnNHCN, is dimeric in benzene and the Massbauer
479737
8

data suggests a coordlnatlon number greater than four

Its Jl value of 502 Hz is con51stent w1th a flve-coordlnate

structure, p0551b1y of the type (D).

R Sn—N-CsN'
+ +
N=C-N-SnR
. H 3

(D)



'11gands are un;dentate-,AIn,the case of the compound w1th

the Z-amlnocyclopentene dlthlocarboxylate 11gand, the a-C
Shlft :LS 16 8 ppm wh:l.ch :Ls somewhat h:l.gher than correspond:_ng
values for typlcal tthl derlvatlves. Resonance of the type

(E) may account for the hlgher a-C- shlft value.

o S~
. <« I
R3Sn—S-C , RySn—S—C

(E) + NH,

Dibutyltin Compounds

Tin displaying coordination nunbers of 4,5 or 6
are represented among the dibutyltin compounds. Only
acetylacetone (J = 910 Hz) and benzoylacetone (J = 901 Hz)
appear to force the tin into a six coordinate state.

(Table 1). The molecular welght determlnatlonsg;indicate

that these" complexes are monomeric in. solutlon. The Jl

-values are thus con51stent w1th the 1nfraredl and MSssbauer

studles which 1ndlcated octahedral stereochemlstry », with
vtrans alkyl groups. Sulfur- and nltrogenv containing ligands
usually‘favour structures with 5-coordinate tin. Other
oxygen donors such as “acetate, benzoate and alkoxy groups

‘also seem- to ‘cause pentacoordlnatlon of" the t1n.
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» :}E55 ﬁiB;£yitin bis(p-ethokybenzoate) is monomeric in
:Cﬁ¢15 a§&,i£$ Jl;vaihe is 586 Hz. This is much lower than
fbr thé 6—coordinatebcompounds and is in the range expected
7 fbi 5-coordinate tin. Although a structure such as (F) could
be writtgn,'the carbonyl carbon shifts are equivalent

(175.6 ppm) , thus suggesting a rapid bidentate-unidentate

rinterchange of the coordinating groups.

R
ol 1§
EtO ¢ >sn—0-=C OEt
R

Similarly, the compound S—(dibutylstannyl)bis(2-
mercaptobenzothiazole, also monomeric in CHC13, displays a
J1 Qalue of 505 Hz, again characteristic of 5-coordinate
tin. Thus, the structure (G) is postulated. 2Again, chelation
interchange is possible and, in this case, the fifth
interaction with the metal could be via either sulfur or

nitrogen.

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 solutionlz,rthe'Jl value (653 Hz) is again

typical of 5-coordinate tin. A broad band at 400 em~1 in

the infrared spectrum could be due fo a 0+Sn interéctionlB.
Moieqular 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
7 V (Continued on p.347)



8°€T . 897 be8e

N_Amwnmv. (8°82) .

_‘_”h.mﬁ wﬂ. VQ.FN 8°82
_m,mH..v.NA‘m.hN. 987
et ,fw,,_.m.hu £*62
wwwm, .‘._ T evee

LoeET L TLe 9°82

€T ¢ TLT L*8e

.
ed
o~

L°e1 S*'LT:

T S O S

g r. . e
(L*0z) . - (e) OEUS-S-HD"HO-S-US

' . ! ' ' J '

€07

Vi

mswc
P
_ﬂmu. S

ot s-ustnqu

Lo Acv o
R ) : €
€8T o Amvzomz-cm.smc

Nmz”

89T T w-m-qnnsnc,,

1 —-

8°ST -g=ug*ngu

Co [4
v oz

4 : 00 of
21 o =om H’Dg-us‘ngu

TiLT

Aavﬂonmmsmg

06 A gy US"nau

° ~ B

Cee A T g(o)e

p(d) 9 © punoduiod .

H TIAYL

ma




345

s 00 UU.COU

- €2 98¢ LET 6'97 §'87 9°LT (e} % [ng(u)s) ~us®ngu
- - 20y 9'ET £°92 1Lz 1°LT (@ 1ouglngu
VL - 90p L'ET 6° 92 8°Le €02 () H000" #0s% 0-usE nau
, 2 C (s T N
Z8 - 9LE LUET £°L2 £°82 9°ST (g CHN= (“WD)2%HO 0-ustngu

- - (=) L'ET € LT '8¢ 59T

S9¢ 8°9T  (of HOOU HNCHOCHD O-us-Engu

- - (=) 8'€T 'Lz v*8e §°9T SN |

L9€ Lyl 9 ou mnCHo%uo o-ustngu
{(e)
SOT. .GV L€ 8'CT oLz p*8e 59T
R 69€ . YT (g H'owrnCuoluo o-usEnau

- - 0LE 8'ET 5° L2 V°8e §°9T L . 7 c
, 09€ - 8°WT () “H-OwHN’HO%HO O-ugtnau
QD, 29 nte asrT e 4y I Y.Y ] e m.-.bl ....IMII...
(4] (A4 Vit otlL vV LC V B¢ ¢ VL A.mv HIUO=Uug ™ ud

- - - 9'¢T 1L 9°8¢ 8°ST ’ N;,NA. e

o 8°LT (q) “HN‘mo®HO-s-ustnau.

£ e A9 9(0) ¢ »(d) ¢ " punoduiod
u, (ponuTiuod) T HTTHAYL




S | .mao;l,mﬁﬁcm uom, : 0
1ep9 nommu mmsﬁm> Hu -9 .mpmu WoXF POIeWTIS? 9q JOUULD JURISUOD mnﬂamsoo -~ P.*onleA pojewnRss = o ‘

:oﬁusAOm kumuspmm a0 Hono '$06 wWoxy cwcﬂmgno Esuuommm - q °*prInbyT 3EROU WOIAY cwﬁﬂuuno.ssupoummvu ]

. A o
S €T veor 8°92 T V,HmmﬂmofmoowLo_-qmasmc_ S
SRR T (@ TR T

o | ~H5°H-0 e
9°€T Tl L2 L'z ,szgmuo, . WS nau e
AR | (0 o-wlmo-0”

8°€T  b'9C £ L1 6°L7 Auv_ﬂnomumvcmﬂsmg

6°€T v*9z Lie o E'Le RACLLUTET
R p9z B*92 0*52 (@ ©(Enolorugingn ;

c o

L'€T €92 PR 6'82 - .:._0 LmT&Nn%,
A (q) .

e,
y [*(zusg)drajustnau

m,nH N A1 L°82 9°ve .An

G Y R @ Con? o ,
§9E T BUET 2 S 2 2 1 Amvmﬂnmomamu-smusaz,, RERE

9T - 1oz Cvez b9z L A”v s)-usbngu

. oswr st ower toz .« =o~=wW=u-mnnaNam¢., o
BIEARRTE e rmy;_; CTe (e) ) : @ : L , P
e . AO)e gl e - punoduod,

B ' . . i ' L KR

Lo (penuyauod) TETEGE 00 R B




347

_tﬁi—glyéol'ligéﬁd equiyqlgnt;_and‘this is consistent with

13 N.M.R. data (Table 2).

the:

¢

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 nC,H,S-

and n-C,H,S- 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

electrbn,donating effectl4. B effects of 0.5 and 1.2 ppm

are shown for the -S—C4H9 derivatives of (n—Bu)3Sn and

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

{Continued on p.350)
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ft values for the trlbutyltln m01et1es. Thls

rpresumably 1ndlcates that the —CH(CH Tgroup exerts a

\pronounced sterlc lnfluence on the organotln.

The trlbutyltln amlnoalcohol compounds exhlblt
fuhlque Shlft values that can be ﬂompared to the free ligand
Vln'only a 11m1ted way. The non—equlvalence of earbonsvls
?observed 1n both the butyltln and the ligand moieties. The
AN—n—propyl derlvatlve contains non-equlvalent 2, 3, ‘and 4,
'carbons,'whlle the N—n—butyl derlvatlve contains 2, 3, carbons
ithat show non-equlvalenre. Steric factors are thought‘to be
i espon51ble for ‘this: the smaller propyl group exlsts in a
'more rlgld form,relatlve to the hexyl and octyl derlvatlves.
V'Inducta.ve effec..s would ‘also :Lnfluence the shift values of

'these derlvatlves to a greater extent than perhaps the bulkier

1groups.

VEXPERIME'.NTAL

The compounds contalnlng the ligands of 1nterest o

fwere prepared uszng modzfzcatlons of procedures 1nvolv1ng
_butyltln ox1de and the protonated ligand (method A) the
»organotln hallde and the sodium salt of the 11gand (method B)
or ~the. organotln halide, protonated ligand and sodlum hydroxide

‘17 .

,(method C) Mlcroanalyt1ca1 data (Australlan Mlcroanalytlcal

?Serv1ce, C S:1. R 0., Me;bourne) are glven in Table 3 for new"
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w1th polystyrene fllm.. Molecular welghts were determlned from

CHcl3 solutlons at 35°¢C w1th a- Perkln-Elmer 115 vapor phasej

osmometer. T -;5 Sl ,' o e A
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