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The Proton Magnetic Resonance Spectra of Tris-parachlorophenyltin Chloride
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The 1:1 addition compounds formed between
tris-para-chiprophenyltin chloride and the Lewis
bases, acetone and dimethyl sulfoxide, have been
investigated. It is observed that as the base strength
increases, there is a shift of electron density towards
the tin atom as measured via the phenyl ring coupling
constants. The results support the previous suggestion
that long range coupling constants may be used to
determine qualitatively the extent of d,p, inter-
action in aryltin compounds. A method for calculat-
ing the chemical shifts and coupling constants of the
aromatic protons without the aid of computerized
pmr analyses is also described.

Introduction

It has been established that triorganotin halides
form 1:1 addition compounds with Lewis bases [1].
Depending on the basicity of the Lewis base, the
configuration of the adducts range from a distorted
tetrahedral structure to a trigonal bipyramidal confi-
guration with three coplanar alkyl groups [1, 2]. Our
interest in the bonding in aryltin compounds has led
us to investigate the interaction between tris-para-
chlorophenyltin chloride and the Lewis bases, ace-
tone and dimethyl sulfoxide (DMSQO), in an inert sol-
vent, such as carbon tetrachloride. An aromatic
organotin compound containing a substituent in the
p-position was chosen in order to obtain a simplified
pmr spectrum. Except for the effects due to the
magnetic tin isotopes, tris-parachlorophenyltin chlo-
ride would be expected to give an AA'BB’ spectrum.

Experimental

Reagents

Fisher Spectroanalyzed Grade carbon tetrachloride
and acetone were used without further purification.
Spectroquality Grade dimethyl sulfoxide, obtained
from Matheson, Coleman and Bell Co., was used

without further purification. The solvents contained
no impurities which could be detected by pmr
spectroscopy. Except for acetone, the solvents were
stored over Linde 4A molecular sieve.

Reagent grade starting materials were used without
purification in all synthetic work.

Analyses
The elemental analyses were done by Schwarzkopf
Microanalytical Laboratory, Woodside, New York.

Preparation of Tris-parachlorophenyitin Chloride

A mixture of 8.57 g (15 mmol) of tetrakis-para-
chlorophenyltin and 1.25 g (4.8 mmol) of anhydrous
stannic chloride was heated at 205215 °C for 3
hours and subsequently at 180—190 °C for another
3 hours. Recrystallization of the reaction product
from 95% EtOH yielded 4.0 g of the pure com-
pound. M.p. 110-111°C (Lit. [3] 110-111°C).
Anal. Calculated: C, 4423; H, 247; Cl, 29.01%.
Found: C, 44.33;H, 2.46;Cl, 28.83%.

Preparation of Tris-patamethylphenyltin Chloride

Tris-paramethylphenyltin chloride was prepared
from the tetrakis-paramethylphenyltin using similar
experimental conditions. M.p. 99 °C (Lit. [4] 97.5—
98.0 °C). Anal: Calculated: C, 58.99; H, 4.95; Cl,
8.29%. Found: C, 59.03; H, 5.18; Cl, 7.69%.

PMR Spectra

The pmr spectra were obtained on Varian Model
A-60 and Model HA-100 spectrometers using carbon
tetrachloride, acetone or dimethyl sulfoxide as sol-
vents. The spectra were traced both ways using a
sweep width of 500 cps and were found to be repro-
ducible to *0.5 cps. The spectra were calibrated
using TMS as the internal standard.

The J(**Sn—C—C-H,) coupling constants were
determined from spectra that were traced both ways
using sweep width of 100 cps and were found to be
reproducible to £0.2 cps.
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Figure 1. The 'H NMR resonance spectrum at 100 Mc sec ! of tris-parachlorophenyltin chloride in acetone. Line assignments are

indicated on the respective peaks.

Results and Discussion

A typical proton nmr spectrum for tris-parachlo-
rophenyltin chloride is shown in Figure 1. The
spectrum consists of two groups of peaks; the down-
field and upfield groups of peaks were attributed to
the protons ortho to the tin atom, designated as Hy
and the protons ortho to the chlorine atom designat-
ed as Hg respectively. The downfield group of peaks
assigned to the H, protons was confirmed by
decoupling experiments on the analogous compound,
trisparamethylphenyltin chloride. A pair of satellites
resulting from the coupling of the '*7Sn and '"?Sn
with the ortho protons was observed on the
downfield side. The separation between the satellites
and the chemical shift of the H, proton did not
change when the spectrum was obtained on a 60Hz
or 100Hz instrument. This confirms that these satel-
lites were indeed the J(*'"Sn—C—C-H,) and J(**¥Sn—
C—C-H,) coupling constants. Previous studies on
phenyltin chlorides have also found that the down-
field peaks are due to the protons ortho to the tin
atom [5, 6].

One method of obtaining the chemical shifts of
the Hy and Hg protons in an AA'BB’ spectrum
without the aid of a computer is to find the center of
the AA" or BB’ multiplet and use this as the resonan-
ce frequencies, Hy and Hg, respectively. However,
the center of a multiplet is not always easy to assign
since the outermost lines are sometimes of very weak
intensity. Also the center of a multiplet is equal to
the chemical shift only when the multiplet is per-
fectly symmetrical. As shown in Figure 1, the pmr

spectrum obtained in this investigation contains two
intense lines which are characteristic of an AA'BB’
system when Jog >> Jop' > 0 and Jgg' > J5 0" > 0.
The more intense line is labeled as line 3, v, while
the less intense line is labeled as line 1, v, [7]. By
assigning the two most intense lines in the experi-
mental spectrum as lines 1 and 3, »,6, the difference
between the chemical shift of the Hy and Hy pro-
tons, can be calculated using the following derived
equations [7]:

N=p; —v; m

[(#e8)* + N2]'P2 =y, +p, )

Since in an AA'BB’ spectrum the AA’ transitions are
a mirror image of the BB' transitions, the resonance
frequencies H, and Hg can be obtained because the
distance v48 must be centered on the center of the
observed spectrum.

Once the chemical shift of the AA' protons has
been determined, the J(!!*Sn—C—C—H,) coupling cons-
tants may be obtained because the distance between
the chemical shift of the AA' protons and the observ-
ed satellites is %J(*!?Sn—C—C—H,) and %J(**?Sn—C—
C-H,).

In order to confirm this method for calculating
the chemical shifts of the H, and Hg protons detail-
ed pmr analyses were carried out on tris- parachloro-
phenyltin chloride. The analyses were obtained using
the LAOCOON III program and the difference be-
tween the experimental and computed frequencies are
within 0.2 cps. The assignments of the various tran-
sition frequencies as shown in Figure 1 are achieved



NMR of (p-CIC¢Hs)3SnCl Adducts

TABLE I. Comparison between Observed and Calculated
Chemical Shifts for Tris-parachlorophenyltin Chloride.

Solvent Hp — Hyp (obs.) Hp — Hp (calc)
CCls 11.25 cps 11.25 cps
(CH3);CO 3542 3542

(CH3)3 S0 20.87 21.10
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well as in an inert solvent. Examination of the table
reveals that in a solution of acetone or dimethyl
sulfoxide the Jgg' coupling constants decreases rela-
tive to those from carbon tetrachloride solution while
the J,,' coupling constants increase when a coordi-
nating solvent is employed. Although the interpreta-
tion of coupling constants is not a simple procedure,
these results imply as a result of coordination, there

TABLE II. NMR Analyses of Tris-parachlorophenyltin Chloride in CCly, (CH3 ), CO, and (CH3); SO Solutions.

Sn\
HYX ﬁlA'
Hp Hp'
Na”’
Solvent
cClL® Acetone® DMSO®
Ha 100.051 + 0.032 99.801 + 0.020 99.819 + 0.025
Hp’ 100.051  0.032 99.801 + 0.020 99.819 = 0.025
Hg 111.302 + 0.032 135.223 + 0.020 120.923 + 0.025
Hp’ 111.302 + 0.032 135.223 + 0.020 120.923 + 0.025
JaA’ 0.464 + 0.056 1.573 £ 0.035 1.627 £ 0.075
JA'B 0.537 £ 0.036 0.426 + 0.031 0.358 + 0.035
JA'B’ 7.996  0.040 8.052 * 0.030 8.036 £ 0.036
JAB 7.996 * 0.040 8.052 * 0.030 8.036 £ 0.036
JAB 0.537 £ 0.036 0.426 * 0.031 0.358 * 0.035
Ip’ 3.146 £ 0.041 2.345 £ 0.033 2.106 £ 0.070

2Analysis done on 100 Hz instrument. bAnalysis done on 60 Hz instrument.

TABLE III. Comparison of the Tin Ortho-hydrogen and Tin
Methyl Hydrogen Coupling Constants in Tris-parachloro-
phenyltin Chloride and Trimethyltin Chloride Adducts.

Solvent J(*¥Sn-C—C-Hp) 1("®sn—CHj)?
CCly 61.6 cps 57.6 cps
(CH3),CO 634 66.1
(CH3),S0 66.7 69.2

2Ref. 2.

by comparing the observed spectrum with a theoretic-
al spectrum typical for a paradisubstituted aromatic
compound.

Table I list the differences of the chemical shifts
of the Hy and Hg protons — those calculated from
the pmr analyses using the LAOCOON III program
as well as those observed from the pmr spectra. The
agreement of the calculated and observed differences
between the Hy and Hg protons indicate that the
method described for calculating the chemical shifts
is valid.

Tabulated in Table II are the computerized values
for the chemical shifts and coupling constants for
tris-parachlorophenyltin chloride in Lewis bases as

is a shift of electron density toward the tin atom as
the base strength increases.

In Table III, the J(*'?Sn—C-C—H,) coupling con-
stants in the trisparachlorophenyltin chloride com-
plexes obtained in the present study are compared
with the J(***Sn—CH;) coupling constants in tri-
methyltin chloride adducts [2]. In the case of the
J(*®Sn—-C-C-H,) coupling constants there is a
change of only 5.1 cps in going from the non-donat-
ing solvent, CCl,, to the strong Lewis base, DMSO,
as compared with a change of 11.6 cps observed for
the J(*®Sn—CH;) coupling constants in the same
series of solvents. In the latter case there is a linear
correlation between the coupling constants and the
per cent scharacter in the tin—carbon bond [2]. On
the other hand, no such correlation is observed in the
present study.

It has been suggested [S] that the long range
coupling constants in (C4Hs),SnCl4.,, depend on the
amount of pi electron interaction. A reexamination
of Table II indicates that as the strength of the Lewis
base increases, the J(*'°Sn—C—C—H,) coupling con-
stants also increase. Thus, the results support the
suggestion that the long range coupling constants may
be used to determine qualitatively the extent of
d.—p, interaction in aryltin compounds.



102

Acknowledgement

The authors wish to thank Dr. Byron Arison, of
Merck Research Laboratories, for doing the decoupl-
ing experiments. :

References

1 N. A. Matwiyoff and R. S. Drago, /norg. Chem., 3, 337
(1960).

G. Engand C. R. Dillerd

2 T. F. Bolles and R. S. Dargo, J. Am. Chem. Soc., 88,
5730 (1966).

3 E. Krause and K. Weinberg, Ber., 62, 2235 (1929).

4 K. A. Kocheshkov, M. M. Nad and A. P. Alexandrov,
Ber., 67, 1348 (1934).

5§ L. Verdonck and G. P. Van der Kelen, Bull. Soc. Chim.
Belges, 74, 361 (1965).

6 J.C.Maire, J. Organometal. Chem., 9, 271 (1967).

7 J. W. Emsley, J. Feeney and L. H. Sutcliffe, “High Resolu-
tion Nuclear Magnetic Resonance Spectroscopy”, Vol. 1,
Pergamon Press, New York (1965) p. 404.



