
THE PREDICTION OF “Si-H AND ‘-‘C-H COUPLING CONSTANTS IN 
SUBSTITUTED SILANES AND METHANES 

In a recently published paper’ WC have us4 the Poplc Suntry method’ of 
calculating coupling constants in a study of substitucnt cfiects on directly bondcj 
“‘Si-H and ‘“C-H couplings. The calculations which wc huvc m&c 3ccourtt fcrr thaw 
quadratic nature of the additive substiruent effects in siluncs-\ and 911CtIli191L!~J i99 

termsofone parameter ax for each substitucnt X. It was shown th;lt the M --I I ~x1upli91g 

constant J(MHXY7.) in MHXYZ (M x “‘Si. ’ T) c’;\91 hc Lymsscri : 

J(MHa(Y%) = J(MH,J -t 11. (r\,-t-z, ,+ r,) 4- 0. (rf 1.2;’ .j ;t;l 

+ C’.(;l,.x, 3-2, ‘.X, ! x, X\) i I / 
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mast convenient compromise, between choosing one compound arbitrarily and 
using all the available measurements, is to consider the couplings in MH& MH2X2. 
and MHX;. 01~ is chosen to give the best fit to these couplings, using eqns. (2), (3) and 

TABLE f 

VAI.Ut” OF CCk WH VARlOffS SUWXITUENTS x IN SILANES AND METHANIiS (in Cv) 
^__ .._. ., .-.. - I I-.- ._....X.._“_, . ..I.... ,. ._, . . ..~ 

x xx” X z** 
_ .._ _, “~_ .___ . .._.._~..___ ~_.. 
SibJU’S MrllurnPs Silmws 

_. ~. _. __-_____. __ ~.~~__~~~~.~._ ...” ^.. _._._... ,.~. _,~ .--- ---- -- 

F ,I 2.67 - 3.57 osi H ,, - I .76 
C-1 .- 2.50 -.. 2.88 NMc, -0.51 
nr .- 2.53 -2.x3 Ph 0. IO 
I .- 2 .t-l4 - 2.93” Me 0.36 
OMC - 1.49 -2.13 
. ~ ,,..._ ____..__.._..._~ .__ .~.._. . _-..-- ._.~. ._ -. . . . “. .,. 
u rx ischosct~ to give the best fit to thccouplin.~s in MH,X. MH :X2 and MHX + “Choxn to I3 the ccruplinps 
in CH,f and CHlfl only. mce the coupling in CI-lI,q has no1 yet been rcportcd. 
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(4). The values which WC have found in this way for nine common substiturnts in 
silanes, and live in methanes, are shown in Table 1. 

Tables 2 and 3 show the observed and calculated couplings in the mono-. 6. 
and trisubstituted silanes and methanes which were used to dcterminc the 3tx vaiucs 
given in Table 1. 
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TABLE 4 _i_ .‘<., 

‘:‘z. 
PREhlCTED AND OBSERVED COUYtlNGS @YSi-ki) IN SILANES WtT’w MORE THAN ONE TYPE OF SUttSTtTUENT 

(in cps) I: 
. ../_-____ ,.’ ..~._._._.__._ -- ._.. ._.... ~_. ..__-.._ ._._ .__.__._ 

CfJJHpUJld J(prdicfLq J (~Jb~~~~Yd) S/JUlW 

“--..l-------_.--~-~~ ---__-_ 

SiH*FMc - 228.8 - 222.3 8 
SiHFMe, -219.4 -215.8 IO 
SiWF,Mc - 283.2 -273.1 10 
SiHICIPh - 234.4 - 236.5 h 

5WlClMc - 227.5 - 229.0 8 
SiWX’hl -231.8 -235.1 b 
SiHCIMc, -21x.3 - 222.3 h 
SiHCIPhMe - 224.9 - 229.2 P 
SiHCI,Ph - 286.8 - 288.5 P 
SiHCI,Mc - 288.0 - 279.5 h 
SiH$rPh - 234.6 - 235.6 h 

SiH~FwMC - 227.6 -231.1 8 
SiFtErMe, -2lH.4 - 225.0 IO 
SiHBr,Mc - 278.7 - 280.K 10 
SiHtlMe - 223.3 -231.0 x 
SiHfMe, -214.6 - 224.8 10 
SiHl,Mc - 263.3 -271.6 10 
SifjIPhMc - f93.R - 143.0 c 
XNPbMc, - 187.4 - lHB.O n 
SiHPhzMe - 192.0 - 194.0 h 

u cfx values from Tuhlc I. * Prcscnl wnrli. 
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found that the effect of a /I substituent X on the zQSi-H coupling can be written : 

where K =3.9 cps/eV. The value of S(p-X) is added to the coupling calculated without 
considering the /I substituent. Good agreement with the observed couplings is 
achieved, as can be seen from an inspection of Table 6. 
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SUMMARY 

The effect of substjtraents on directly bonded “‘Si-H and ‘“C-H couphn~ 
constants is discussed. The effect of a substituent X is charactcrised by a pammeter 
ax, a Caulomb integral or electronegativity. The relationship bctwecn zx and fhc 
coupling constant in an X-swbstituted silanc or methane has been calculotcd by the 
Pople-Santry method. The determination of ax values is discussed, Vahxs of x1 for 
nine substituents in silanes, and five in methanes are presented. The effects of jr sub- 
stituents on 24Si-H coupling s is described. “‘Sj-H and “C-H couplings xc c;~f- 
culatcd for more than seventy sikmcs and mcthancs. and the results arc compilrctl 
with the observed couplings. 
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