
THE PMR SPECTRA OF FUNCTIONALLY-SLJBSTJTUTED ETHYLTIN 
COMPOUNDS 

investigations on the PMR spectra ofethyltin compounds ‘.l have sho\Ul thnt 
several factors affect the chemical shift data and the coupling c<>nstiints ./(%I--C-H) 
and J(Sn-C-C-H). Substitution on either the X- or the /l-carbon atom with rcspcct 
to tin could shed light on some of the problems encountered in discussing rhc PMR 
spectra. Therefore a series of compounds carrying a substituent on the r- or the I!- 
carbon atom were studied. comprising apropyl-. n-butyl, and isopropyl-tin c‘.~rn- 
pounds and the respective halides, together with compounds of the type X‘J~C‘J f :- 

SnR, and [ZCH,CH,),SnR,! (Z=CN. C&l .+ COOU-i>. OC’OCIH,~. CX_‘,,tl, and 
R =C,H,). and also some bromides and iodidcs. 

EXf’ERfMENTAf. 

TetraisopropyJtin. tctm-n-propyltin and tetra-n-butyltin wet-c prcparcd by ;I 
Grignard synthesis-‘. The corresponding dialkyhin dihalides and mono;~Ikyltiu 
trihalidcs were obtained by the usual redistribution reactions with tin tctrachloridc 
or tin tetrabromide’*‘. Triisopropyltin bromide and the triisopropyltin acctiltc 
hydrate were prepared according to the procedure described by Luijten ;lnd Van dcr 
Kerk’. Diisopropyltin diiodide was obtained by a modification of the synthc~~s 
described earlier by Cahours”, as fo1lows.A mixture of isopropyl iodide and cxccss till 
powder is heated ta&Q” for 24 h with vigorous stirring. The reaction m;kss is then u~rlc~f 
and extracted with dicthytethcr. FractionuldistiJlation oftheextract yields thcdiiudidc 
(boiling point 265-268”). 

For the synthesis of the function;lJly-substituted compounds. (XC.1 I&‘H,1- 
SnR, and (%CH,Cff ,)$nR,, the rctlctions. 

R,SnH t CHI=CH% - IZ,SnCIH&If2% 
R,SnH 2 + 2 Cl-l ,=CHZ - R &(CH JCH rZ)J . 

praposcd by Noltes and Van dcr Kcrk ‘*‘, were used. ‘I’hc rc;icli~l crl‘thz?;c ~OII~JXWII& 
with molccularhalogel~s rcsultcd principally in disptucement ofonealkyt or aryl group, 

R3SnCH,CH,Z i- Br, - RBr-tRzBrSn~‘l-12Ctf~% 

The organotin hydrides, (C,,H ,j3SnH. (n-C’,H,),SnH. {n-IC’,H,,),,Mnl I ilJlC1 (II-~ '_,! 1-.)I~% 
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SnH,, were prepared Py the reduction of the appropriate organotin halides7e” with. 
LifUH-& j 

: 

The spectra were recorded with a Varian V-4300 B spectrometer with a fixed 
frquency of 56.44 MHz. Details on the instrumentation and techniques used have 
been published previously’. The tin-satellite spectra were observed on the neat 
liquids; the chemical shift data were derived from spectra taken on 10 vol % solutions 
in CCI,. 

DESCR WTION AND .ANALYSlS OF SPECTRA 

These molecubs can be considered as belonging to the A3B2C2X type mol- 
eculcs. X being either ’ “Sn or 1 *9Sn. The main signal therefore will result from the 
AJB2Cz grorrp.As the internal chemical shift. 6{AB), and the proton-proton coupling 
constant, JAB, are nearly equal, the resulting multiplet structure is seriously distorted 
by second-order coupling. The resonance frequency of type C-protons is under direct 
influence of ihe inductive effect of the substituents, Y, on tin. The ratio J(BC)/S(BC) 
decreases with increasing number ofelectronegative substituents.Y, and for CHJCH2- 
CH&CI, we observe a nearly pure triplet-structure. 

The tin-satellite spectra, caused by coupling of B- and C-protons with “‘Sn 
and t ‘“Sn, with coupling constants, J(BX)and J(CX), yield weak but purely first-order 
spectra that can be observed on both sides of the main signal or only on one side, 
depending on the total frequency area covered by the former and the value of J(BX) 
or J(CX). In many cases, the satellites through coupling with “%n and “‘Sn 
respectively. coincided. 

These spectra are of thcAjBjCLDtX type. The signaIs of the B- and C-protons 
arc unresolved in most cases, yielding an i&l-defined multiplet. The A-protons yiefd 
a seriously distorted triplet but the D-proton signal structure approaches that of a 
slightly distorted triplet with increasing number of substituents, Y, on tin. The tin 
sateHire signals yield rhc sumc general pattern as observed in the n-propyftin com- 
pr)u rids. 

The isopropyl group yields spectra of the A& type. The ideal first-order 
multiptct structure for small values of J(AB)/a(AB) is approached with increasing 
number ofelcctroncgativc substituents as S(AB) increases, and J(AB) remains prac- 
tically constant. 

The J( ‘17/1 f ‘%n-H,J satellites could be observed on both sides of the main 
signuf. The J( 117/1 lU Sn-N,) sntcflitc signals however escaped observation due to the 
unfuvourublc intcnsity&ation and probably also because their value was too smal1 to 
ultaw them to emerge from the main signal. 
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yield a PMR spectrum belanging to the A,B,X pattern. As Z is in most instances an 

electronegative substituent, the value of 6(AB) is large and the spectrum consists of 
two nearly undisturbed triplets. In most spectra the corresponding tin-satelbtes with 
separations J&t-H,) and J(Sn-HP) could be easily observed, ahhougb the former 
were sometimes hidden under the main signal. 

All these PMR spectral parameters are collected in Tables 

TABLE I 

PkdR SPECTRAL DATA OF II-PROWL-. ISOPHOPYL- AND n-SIITYLTIN-I-OMP(lt;h’~~ ._“___ __ _ ____ ,.,.. _.-_ ..l.,_~.. _“.._ __ ,I ..- ._....... _.- ._.. “.l . . ..__“I- ..,.-.., .” . . “, ,, 

tabulation. the protons of the alkyd group bonded to tin WC indcxcd with the grtck 
letters, a. 11, etc., along the alkyl chain. starting from the tin ;ttom. The same mctl~d 
of designation is used for the substituted ethyl group protons. 

Clrwfical .slr# daru f~fisnprop,rl-. rt-prc)p~-I- d rbhrrr~dlirl ~*rtrr~prrurkl.~. ‘The ci:rta 

collected in Table I show that both T, and rp &xrca~ with incrcusiq number of 
substituents other than ulkyl on tin. Moreover, it is observed thut t, for tri-isopropyltin 
bromide is smaller than for the acetate, and that t, for di-isopropyltin dibromide is 
smaller than for the dichloride. This is obviously tin anulogous situation to that of the 
ethyftin compounds’*2 and the chemical shifts arc apparently dctcrmincd simuItat~c_ 
ously by the inductive effect and the neighbour anisotropy effect. 

For the n-butyltin compounds, both r’, and tcare larger than in the corrcspond- 
ing n-propyltin compounds. This might be due to the increasing diamagnetism of the 
carbon chain with increasing chain length. 

A comparison of the t,-values of the ethyltin compounds with those of the iso- 
propyltin compounds and of their rp-values with those of the n-propyltin compounds. 
reveals that 

The propyl compounds can bc considered as derived from ethyl compounds whurcin 
an a-hydrogen, or a /J-hydrogen has been replaced by a mcthyj group, The methyl 
group obviously cwses ti downfield shift. In the chloro-and bromo-methyltin cnm- 
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pounds’we haveobserved that theneighbouranisotropycontributionofthehslogen- 
carbon bond to the mcthylene resonance is negligibte compared to the inductive 
effect of the halogen. We therefore assume that these shifts are mainly due to the 
negative inductive effect (deshieiding) of the methyl group. The electronegativity of 
this group was estimated by several investigators: Ranit”‘. 2.64 (from J(‘%I-H): 
Gordy’ I, 233 and 232 (from force constants and quadrupofe coupling cortstants. 
respectively). 

ChtWlild Shlfi dU~fJ 01’ ~~~~;tJleriOJlfJl~~’ SJthSf itJJWd cV/J~~till c’OlJl~r IlJlJtk An 

examination of the data of Table 2 shows that in all molecules tp< rl. Moreovcr. 
tll increases as a function of the nature of the substituent. Z. in the order OCCICH, < 
0C6H5 < COOCH:, K CN and the known proup-electroncgativitics show a dccrcas- 
ing trend in the same order. The -rp-vafues are therefore obviously determined by the 
inductive effect of the substituent, the neighbour anisotropy cfkct being neglipihk 

Only in the R,SnCHICH,C~,HS compound might there also be a slight downfield 
shift due to the ring current effect. The increasing trend in r,-valuet; for compounds 
R$nCH,CH,Z with identical Z. but where R is successively. CJ-I + n-C31-l -. n-C,H.. 
is clearly due to the decreasing group electronegativity ofR. although the ring currc~lt 
effect of the phenyf groups might also yield a small contribution, 

A comparison of the chemical shift values of the methnxy-prtlup prtltons in 
the compounds studied shows fhat the shkldinp is higher for Ii =<‘,.H5 than ft~ 
R=n-CJH, or n-C.&?,,, The inductive clk~t of 1X can bc disciirclcd ;IS ii pl~<~:‘t~k 
explanation. because of the distance and becmusc the opposir~! cfkct stl~~uki tr;r\c* twctl 

observed. If it is assumed. however. that the CH JlI ,CXfOC‘H , pn~p 13 ~rlc~i. ~$1 
that the 0Cf-f3 group comes into the ncighbourhood of the phcnyl gf~ps. lhs rtng 

current diamagnetism on the former would result in a shift to higher field as is ohssrv- 
ed. Indirect evidence for this spatial configuration is to be found in the fact thilt the 
repfacement of C,H 5 by Br or I shifts the mcthoxy-proton resonance to lower C’O~UL-s. 
In this case only the neighbour anisotropy effect of the Sn-Rr. or 51-l bond ctrufcl 
explain this shift. 

The effect of halogen substitution on tin. on the otflcr chemicill shift ViIlucs is 
rrnalogous to that observed for the ethyltin compounds’.‘, i.~.. the induc~i\~ iind 
neighbour anisotropy effects are both active.. 

ethyl-. n-propyl- and n-butyl compountls listed in Tahlc I CilII II)C consid~rcd ;IS 
derivatives of the corresponding methyltin compounds in which one lrydraycrr i~t~~fn 
has been repluccd by LI methyl, an ethyl or a propyf group. rcspoctivclv. The ctxln~L~4 
in the electronic eonfiguration around tin arc very sm;~ll in such I*;IXY. ;IIKI. L’OIP+ 
quently. the J(Sn-I-I,) vatucs are close to those obrcrvcd in the ;III;I~O~W~ mctl~y~~m 

compounds. In the discussion of the J(Sn-t-l,,) vulucs. [he isopropyl-. n-prupyl ;rnd II- 
butyltin compounds will be trcntcd OS derivatives of the corresponding ethytiin LXVII- 
pounds where un u- or a P-hydrogen atom is rcpluced hy ti CH., or II C2kf 5 group Tlx 

data ofTuble i indicrile Lhut the I(%--I-f,,) vtifucs in isopropyftin compnund!; .!JTC: IIN 11 

rulesmaller thctn those in the corrcspondingetltyltin compound:;‘*’ The L’J~c~~L’III .“rhslt 
dntu already point to n dccreuscd electron density around tfle remrkinp f~ydrogcn 
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nuclei after such a substitution. Furthermore, the data of Table 1 show that J(Sn-H,) 
decreases in the sequence, ethyl rn-propyl >n-butyl. These experimental data 
suggest that a.lkytsubstitution on either OL- or &positions in the carbon chain bonded 
to tin results in a decreased electron density on the /I-positions and that this could be 
the origin of the decrease of the J(Sn-HP) coupling constants. This would mean that 
an empirical relation for the Sn-H, coupling constants, such as that derived for Sn-H, 
coupling cunstants in ethyltin compoundsz, should hold a term for the electron 
density around the coupling proton (#i (0)). In other words, this means that in this 
case also, Fermi-contact interaction is the predominant coupling mechanism. The 
important diflerence in the J&I-H,) values for n-propyl- and n-butyltin compounds, 
which have nearly identical electronic structures around the coupling nuclei, can be 
ascribed todifferentcontributionsofthcelectron orbital term to the coupling constant. 
This term is indeed strongly dependent on the spatial configuration of the malecule 

and hence on the position of the P-protons with respect to the Sn-X bond’. 

Coupling cc~~~tants for p-functionally substitwd &yitin compounds. The 
J(Sn-Ho) values (listed in Table 2) for triphenyhin compounds are in all cases higher 
than those for triulkyltin compounds. As the grnup electronegativity of phenyl is 
Jarpcr than that of a straight chain alkyt group. this observation suggests that the 
8ctor. @& (U), is more important in the former compounds. This factor also increases 
on substjtution ofan R group by Br, and again there result higher coupling cunstants. 
Moreover, these couplings are seen tg be smaller in ZCHtCHISn(C,H,), than in 
Cfl.~CH2Sn(C,,H5)3. As all the substituents, 2, under investigation have been shown 
to withdraw electrons from around the /I-protons, these data confirm the importance 
of a term @fI (Cl). as explained above. 

Let us now compare the J(Sn-H,J values for (C~300CCH2CH2)2SnBr2 
with those for (CH,CH,),Snf3r,. In both instances, the term @& (0) can be assumed to 
hce~~uul, but 4~;~ (0) will besmaller in theformcrcompound, Nevertheless, the coupling 
in /f-substituted products is higher than in the ethyltin compound, suggesting that 
Fermi contact interaction is not the only mechanism contributing to the coupling. A 
cnntribution of the electron orbitnl term. due to a higher anisotropy in the screeming 
tensor for the Ii-protons in the dicarbomethoxyethyl compounds, could explain this 
difference. 
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MJMMAKY 

A series consisting of isopropyl-. n-propyl. n-butyl and /f-functionally sub- 
sJtitutcdethyliin compounds, has been investigated by PMR spectroscopy. The relative 
imporluncc of the inductive effect, the neighhour anisotropy cfKect and the ring current 
cffzxt in !htl ehcmical shift data, in compounds containing the phcnyl group, is dis- 
cussed, 

Arguments arc put forward to show that the trends in the coupling constants 

/ f~f(~flflrrrPIf~frlt. (%f’lll.. I I ~IWIH) 4Yl -4!U 
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data are largely dependent on the Fermi contact interaction mechanism but that the 
electron orbital term also yields a relatively important contribution. 
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