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Substituent effect by chlorine and bromine atoms for carbon-13, silicon-29
and tin-119 NMR chemical shifts in tetramethyl compounds.
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Carbon-13, silicon-29 and tin-119 chemical shifts were measured for chloro and bromo-
substituted compounds [(CHs),MX4—,; M=C,S1,Sn; n=0~4], and the behavior of the
chemical shifts for carbon, silicon and tin atoms in those compounds were investigated.
The *C, *Si and '"°Sn chemical shifts of monochloro-substituted compounds were
shifted to a lower field by 30~172 ppm in the order of ?°Si, "*C and ''*Sn, which could
be explained by an inductive effect. The '*C chemical shifts for chloro-substituted com-
pounds were shifted to a lower field in order of mono, di, tri and tetrachloro substituents,
however, the ''°Sn chemical shifts in those compounds were shifted to higher fields with
increasing number of chlorine atoms in a molecule. This is considered to be due to the
effect of a steric compression between the substituted chlorine atoms. The '*C, *Si and
981 chemical shifts of monobromo-substituted compounds were also shifted to a lower
field by 27~135 ppm in the same order as that of monochloro-substituted compounds.
The *C, 2°Si and.''”Sn chemical shifts for bromo-substituted compounds shifted largely
toward a higher field with increasing number of bromine atoms in a molecule, which
probably could be attributed to the heavy atom effect.

Keywords : chloro and bromo-substituted compounds; carbon-13, silicon-29, tin-119;
NMR chemical shifts.
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Table 1 Measurement conditions in NMR Table 2 '3C, ?°Si and ''®Sn NMR chemical shifts®
Nucl in chloro and bromo-substituted com-
ucieus
Conditions \ pounds
13C ZQSi ll9sn A M
Observation frequency/  22.49 17.55 33.37 Compound 13¢y 29g; 119
MHz 1 Sn
Pulse width 45° 45" 45° (CH3);MCl 39.1 30.8 171.6
Accumulation 100~1500 100~500 20~1000 (CH3)sMCl, 58.9 39.3 140.3
Observation frequency/ 5000 5000 18018 CH3MCl, 67.3 19.6 18.3
Hz _
Pulse repetition time/s 5 5 2 MCL, 68.0 18.6 153.4
(CH3)sMBr 34.2 27.0 135.3
Sample tube/mm 5 10 10 (CH3)aMBry 32.1 19.9” 70.4
: CH;3MBr; 3.5 —19.2% —170.0"
MBr, —57.8 —90.7 —637.2
57 VARSI EN Do kD TRET 5. a) in ppm reference to (CHs)s'*C, (CHs)4*°Si and
(CHs)4"'%Sn ; negative value denote high field shift.
2 = B b) data cited from reference 3).
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fz. Fig. 1 Relationship between '*C, *°Si and ''°Si
NMR chemical shifts and number of chlorine atoms
for chloro-substituted compounds
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Fig. 2 Relationship between Ba, %Si and ''¥Sn
NMR chemical shifts and number of bromine atoms
for bromo-substituted compounds
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