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SUMMARY

The electric dipole moments of 14 organotin compounds containing the methyl,
ethyl, butyl, phenyl and vinyl groups, have been measured. The results are discussed
in terms of d,~p, bonding and the relative importance of structures of the type H*C=
8n-Cl and Sn=C1".

INTRODUCTIGN

In our recent work on organotin compounds’?, dielectric evidence was
presented which showed that d,—p, bonding between aromatic carbon and tin probably
occurs in para-substituted trimethylphenyltin derivatives containing ¢lectron-
releasing groups. A similar effect may be expected when a SnX, group (where X is a
strongly electronegative atom such as Cl) is linked to an unsaturated radical such as
phenyl or vinyl. We have now extended our study of d,—p, bonding to such unsaturated
organotin chlorides, including three series of aliphatic organotin chlorides for compar-
ison and to investigate the relative importance of structures of the type H * C=Sn~Cl
and Sn=Cl. During the course of the work described in this paper, Lorberth and Noth?
reported on the electric moments of some of the compounds studicd by us. Never-
theless, because of several discrepancies in the published moment vajues of organotin
chlorides in the literature?, and the different scope and emphasis in previous work. it
seems desirable to record our results in their entirety in this paper.

EXPERIMENTAL

Experimental methods and apparatus employed have been described before?.
All physical measurements were made at 25° in benzene solution.

The vinyltin chlorides were prepared according to the method of Rosenberg
and Gibbons®; triethyltin chloride, diethyltin dichloride, tributyltin chloride and
dibutyltin dichloride were prepared as described by Luijten and van der Kerk®.
Trimethyltin chloride, dimethyltin dichloride, triphenyltin chloride, diphenyltin
dichloride, phenyltin trichloride and n-butyltin trichloride were commercial samples
freshly purified before use.
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Di-tert-butyltin dichloride

This compound was obtained as a byproduct from an attempted preparation
of tert-butyltin trichloride {cf. Luijten and van der Kerk, loc. cit.}. tert-Butylmagnesium
chloride was prepared in the usual manner from 24.3 g (1 g-atom) of magnesium and
92,5 g (1 mole) of tert-butyl chloride in 250 ml of anhydrous ether. The Grignard
preparation was added slowly to a solution of 260.5 g (1 mole) of stannic chloride in
125 ml of dry benzene. The reaction mixture was immediately decomposed by 600 ml
of water followed by filtration of the organic layer and subsequent removal of volatile
solvents by distillation. A fraction boiling at 88-92°/5.5 mm and consisting mainly of
tri-tert-butyltin chloride was collected. (Found: C, 44.68; H. 7.68 ; Cl, 16.55. C, ,H -
CISn caled.; C, 44.28: H, 8.30; Cl, 1092°,.) A second fraction b.p. 92-93.5°/5.5 mm
was collected which later proved to be di-tert-butyltin dichloride, m.p. 42.5-43.5°
{lit.” not stated). (Found: C, 31.64; H, 6.09; Cl, 22.86. CzH 3C1,8n calcd.: C, 31.61;
H. 593; Cl, 23.38%,)

Although the solid dichloride was easily purified by recrystallisation, the mono-
chloride could not be obtained in a sufficiently pure state for physical measurements,
being contaminated by the closely boiling dichloride, The reaction failed to give the
desired product, tert-butyltin trichloride, presumably because the compound is easily
hydrolysed and must have decomposed in the last step of the Grignard reaction. An
attempt to prepate the trichloride by reacting tert-butyllithium in pentane with excess
stannic chloride at 0° was also unsuccessful.

DISCUSSION

The detailed results are listed in Table 1. A comparison of the moments found
in this work with previous measurements is given in Table 2. The largest discrepancies
with carlier work occur in the compounds (C H ¢),SnCl; {ref. 10) and (C,H ;},5nCl,
{rcf. 9). On the whole, our results agree rather well with the values reported by
Lorberth and Nath. The moments of the vinyltin chlorides and of di-tert-butyltin
dichleride are recorded here for the first time.

One of the main points of interest in this paper is the extent to which the dielec-
tric data assembled here afford positive evidence for 4,~p, bonding in the organotin
compounds concerned, particularly the vinyl and phenyl trichlorides where the op-
portunities for n-clectron delocalization are more favourable. A useful general
appronch, originally proposed by Sutton!? for detecting mesomeric effects in a mono-

‘substituted aromatic system, is to determine the mesomeric moment of the aromatic
compound, defined as the vector difference between its dipole moment and that of its
aliphutic analogue, since this provides a measure of the interaction between the n-
clectron system of the aromatic ring and its substituent. To allow for induction, the
aliphatic standard for comparison should be the tert-butyl compound although the
methyl compound is often used when the higher homologue is not available!?, Thesc
mesomeric moments associated with various groups were regarded as +p or —p
nccording as their positive or negative ends, respectively, were towards the substituent
group, Thus Sutton was able to show that ortho~para directing groups were invariably
associnted with positive, and meta directing with negative mesomericmoments. Apply-
ing the samc arguments, it follows from the moments of C¢HSnCl, (4.23 D) and
CHSnCl, (3.62 D) that a mesomeric moment of ~0.61 D could be assigned to the
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TABLE 1|

DIELECTRIC CONSTANTS AND DENSITIES OF SOLUTIONS AT 25°

IOS‘VV2 dIZ

Trimethyltin chioride

2471 0.88349
2691 0.88431
2024 0.88534
3389 0.88701
e, =671 fi-d; =039
yP=2890cc Ry =301 cc(cated.)
Dimethyltin dichloride
679 0.87686
1554 0.88092
2006 0.88326
3545 0.89083
[ 3 5% =8»80 ’}'d|:0.48
P=3976cc Ry =358 cefcaled.)

Triethylvin chioride

743 0.87615
1288 0.87797
1790 0.87973
2607 0.88254
3495 0.88551
a8, =648 p-d, =033
1P=3451¢c Ry =499 celcaled.)
Diethyltin dichlaride
546 D.87603
1491 0883004
1854 0.88160
2437 0.88411
2913 0.88615
28, =8.80 p-d, =043
P=4534cc Ry =450 cefealed.)
Tri-n-buryltin chiloride
058 0.87545
1790 0.87766
3146 0.88059
4106 0.88246
4890 0.88425
a6y, =396 pJd, =022
P=3259 ce Rp=77.6 celcaled.)
Di-n-butyltin dicirloride
943 0.87723
2006 0.88055
3104 0.88424
3903 0.88727
5408 0.89248
o ey =711 fird, =034
+P= 4089 ¢c R =063,5 cefealed.)

2

2.4389
24513
24681}
24997

n=352D

23334
2.4047
2.4480

u=421D

23191
2.3553
23893
24397
2.5003

p=3R0D

2.3204
2.39499
24310
24862
25338

n=447D

22453
2.3411
2.3958
24378
24706

=348 D

23371
24122
2.4903
2.5853
2.0603

ne=4,45 )
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(continued an next puge)
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TABLE 1 (continued)

10’ ‘Wi d: 2 €y2
n-Butyltin trichloride
930 0.87704 2.3484
1752 0.38069 24090
2442 0.38371 24708
3198 0.88727 2.5270
3698 0.88885 2.5703
4758 0.89315 2.6505
5108 0.89489 2.6853
&ty =789 f#-d, =0.69
P=4390cc Rp=503cc u=432D
Di-tert-butyltin dichloride
498 0.87527 2.3052
752 0.37614 23229
1529 0.B7B65 2.3812
2008 0.88001 2.4069
2535 0.88170 24417
a6y =668 p-d;=0.31
P=4480cc Rp=863.5 cecaled.) pg=434D
Trivinyitin chloride
966 0.37700 2.3108
1559 0.87910 23373
1614 0.87928 2.3387
1849 0.88021 2.3487
2994 0.8841]
uriy =4.15 p-d, =034
F=2321cc Ry, =48.6 cc{calcd) wu=300D
Divinyltin dichloride
634 0.87649 2.3150
1958 0.88211 24178
2422 0.88417 24539
2965 0.88662 24937
3850 0.89056 2.5659
@£y =740 pd =044
¢M=3813cc Ry =44.1 cc(caled.) u=406D
Vinyltin trichlartde
24 0.87529 2.2929
L1 0.87796 2.3254
1207 {).87958 2.3451
2013 0ORB352 2.3957
o, =615 f-d, =043
=304 ce Rp=139.7 cclenled.) n=377PD
Triphenyltin chinride
668 087628
1314 087874 23160
153% 087975 2.3250
2554 088320 2.3597
360 {.08634 13859
gy =341 §-d,=038
=333 cc Rp=94.5 co{caled.) He=344 D
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TABLE 1 (continued)

los'WZ dlZ €12

Diphenyltin dichloride

634 0.87623 2.3087
1771 0.88090 2.3812
2567 0.88435 24274
2930 0.88577 24500
3650 0.88890 24980
26, =6.08 f-d. =041
+P=4555¢c Rp=748 cc n=431D
Plenyltin trichloride

488 0.87595 2.3024
1105 0.87885 23426
1815 0.88235 2.3902
2728 0.88657 2.4492
2992 0.88787
4461 0.89500
2-£, =058 A-d, =048

=4200¢c Ry =550 ccfcaled.) 1=423D

SnCl; group, i.e. it should be meta-directing. Unfortunately, the case with which the
Sn-C (aromatic) bond is cleaved by electrophilic reagents may make this prediction
difficult to test experimentally. The existence of a negative mesomeric moment can
also be taken to confirm the incidence of d,—p, bonding between aromatic carbon and
tin in C¢H (SnCl,.

A difficuity arises, however, when CsH SnCl; (4.23 D) is compared with
n-C4HeSnCl, (4.32 D} since the mesomeric moment is now +0.09 D. in coatrast to
the value determined with CH,8nCl, as standard. [Although tert-C,H,SnCl; is the
more appropriate compound to use for comparison, we were not successful in prepar-
ing it; however, the near identity of the moments of {tert-C,H,),SnCl; (4.34 D} and
{n-C,H,),SnCl; (4.45 D) indicates that n-C,HoSnCl; should be an adequate sub-
stitute]. The apparent inconsistency between the mesomeric moments calculated for
the SnCl, group using CH ;SnClI; and n-C,H,5nCl, as standards of comparison. can
be partly resolved by an alternative interpretation of the dipole moment data. Brown ' *
has shown that the series of organic radicals obtained by arranging the chloro-
derivatives of these radicals, R—Cl, in order of increasing values of their carbon-
chlorine bond moments, parallels the clectronegativity scale of organic radicals
established by the study of the selective hydrolytic splitting of organomercurials*®,
Provided that this correlation between the electronegativity series of organic radicals
and dipole moments is generally applicable, then because the clectronegativity scale
isphenyl >methyl >ethyl > n-butyl > tert-butyl, it may be predicted that the moments
of the compounds RSnCl; should lie in the order n-C,H4SnCl; >C,H SnCl, >
CH,SnCl, >C.HSnCl,. The observed moments lie in the order n-C HaSnCl, >
C¢H<SnCl, >C,HSnCl; > CH,;SnCl;, revenling the anomalous position of C,H,-
SnCl, in this context. This anomaly, however, is explicable in terms of d ~p, bonding in
CH SnCl,, an effect which would cause a mesomeric moment to act in the molecule
with its negative end towards the SnCl, group. Since this is in the same sense as the
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TABLE 2
DIPULE MOMENTS OF ORGANOTIN CHLORIDES IN BENZENE SOLUTION
Solute ni{D) References
Trimethyitin chioride 3.52 Present work

350 Clacys et al.?

346 Lorberth and Nith?
Dimethyltin dichloride 4.21 Present work

4.22 Claeys er al®

4.14 Lorberth and Néth?
Methyltin trichloride 3.62 Claeys et al®

374 Lorberth and Noth?
Triethyltin chloride 3.80 Present work

3.44 Spaght et al.®

3.56 Lorberth and Noth?
Diethyhtin dichloride 4.47 Present work

3.85 Spaght er ol.%

4.32 Lorberth and Noth?
Ethyltin trichloride 4,08 Lorberth and Néth?
Trivinyltin chlotide 3.00 Present work
Divinyhin dichloride 406 Present work
Vinyltin trichloride 77 Present work
Tri-n-butyltin chloride 348 Present work

3.29 Lorberth and Noth?

364 Goldshtein et al.'?
Di-n-butyltin dichloride 445 Present work

4,38 Lorberth and Noth?

4,72 Joldshtein er al.'?
n-Butyltin trichloride 4.32 Present work

427 Lorberth and Néth?
Di-tert-butyltin dichloride 4.34 Present work
Tripheayltin chloride 334 Present work

331 Goldshtein et al.'?

330 Smyth!?

344 Lorberth rnd Néth?
Diphenyltin dichloride 431 Present work

3159 Goldshtein er al.'®

423 Lorberth and Néth?
Phenyltin trichloride 4,23 Present work

4.24 Goldshtein et al.’®

4,26 Lorberth and Néth?
group moment of SnCl,, the gross moment of the molecule would be increased beyond
the valuc compatible with the position of CgH s in the electronegativity scale.
Similar arguments may be used in the case of CH,=CHSnCl;. Although there
is some uncertainty as to whether the phenyl or vinyl radical is more electronegative,
there s little doubt that the trigonal character of the carbon atoms in vinyl would make
its electron-attracting power comparable to that of phenyl and certainly greater than
that of methyl. The pK,, values of substituted acetic acids’® XCH,;COOH (X =phenyl,
4,31, vinyl, 4.35; and methyl, 4.82) confirm this expectation. Similarly, the easc of
clenvage of unsymmetrical organotin compounds by halogens and acids'” suggests
that the relative scale of electron-withdrawing power is phenyl > vinyl > ethyl,
although a study of the cleavage of symmetrical organomercury compounds by HCI'®

4. Organometal. Chem., 11 (1968) 515.-524
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suggests that it is vinyl > phenyl >ethyl, in agreement with Brown's dipole moment
analysis (loc. cit)). In any case. it is certain that the difference in electronegativity
between the phenyl and vinyl groups will be quite small and we should expect the
moments of phenyltin chiorides and vinyltin chlorides to be practically the same. in
the absence of complications due to steric effects. The observed moments of the phenyl-
tin chlorides are all larger than those of the corresponding vinyltin chlorides, partic-
ularly in the case of the trichloride. Since steric effects are unlikely to intervene in the
trichlorides, as shown by an examination of scale models, it seems reasonable to infer
that there is more double bond character in the C(aryl)-Sn than in the C(vinyl)-Sn
bond. Furthermore, although vinyl is more electronegative than either methyl or
ethyl, the observed moment of vinyltin trichloride lies between those of methyltin
trichloride and ethyltin trichloride. This suggests that even though d.—p, bonding in
vinyltin trichloride is not as fully developed as it is in the phenyl analogue, the effect
is by no means insignificant in the former compound.

An alternative way of using the dipole moment data is to consider the ratios
#(RSnCl;3)/u(R38nCl) =m and u(R,SnCl;)/u(R;SnCl) =n. In the absence of mutual
induction between the polar groups and assuming tetrahedral bond angles in the
organotin compounds, the values of m and n should be 1 and 1.16 respectively!”. On
the basis of the experimental dipole moments for the monochlorides, it is possible to

TABLE 3
CALCULATED AND EXPERIMENTAL DIPOLE MOMENTS”

Compound T, (D) Hepieq (D) Ap (D)
{(CH,);8nCI 352 3.52 0
(CH;),8nCl, 421 4.08 013
(CH,)SnCl, 362" 3.52 010
{C3H ¢)SnC! 3.80 3.80 0
(C,H4),SnCl, 447 4.40 0.07
(C2H 5}8nCl, 408" 180 0.28
(CH,=CH},SnClI 3.00 300 0
(CH,=CH),8nCl, 4,00 348 0.58
(CH,=CH)S$aCl, 377 300 0.77
(C4H,)s5nCl 348 148 0
(C4H,),SnCl, 4.45 404 0.41
(CaHo)SnCl, 4.32 348 084
{CeHs)sSnCI 3.34 134 0
{C4H £);5nCl, 4.31 188 0.43
{CoH4)SnCl, 4.23 334 0.89

“Noallowance for atomic polarisation was made other than that implicit in tak ing the distortion polarisation
{oP) cquali to the molar refraction (Rp,). * The experimental dipole moments in the first column were chosen
from the present work except the ones with the superscript which were taken from references 3 and 8.

calculate theoretical moment values for the R ,SnCl, and RSnCl, compounds expected
from the above ratios. The results of such calculations are listed in Table 3.

The following features emerge from the table:
{a) there is a general increase in the deviations from the calculated values in a given
series from the mono- to the trichloride;
(b) this increase is particularly marked in the vinyl, butyl and phenyl serics.

J. Organomeral. Chem., 11 (1968) 515-524
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ln the methyl senes. electrondiffraction studieshave shown that the bondan g]es
are tetrahedralz" and examination. of the relevant space models indicates that it is
likely these are retained even in the more bulky aliphatic homologues and the phenyl
compounds, because of the size of the tin atom. Thus; with the possible exceptions of
the vinylmono-and dlch]onde where steric effects may complicate the situation owing
to the geometry of the vinyl group. the deviations observed may be attributed to
changes in the partla] moments Sn—C and Sn—Cl in these molecules*. (a) can be
explained if it is assumed that progressive chiorine substitution leads to an increase in
the effective Sn-*CI moment, either through a corresponding increase in ionic character
of the Sn—~Cl bond, or because the structure Sn=Cl (involving n-bonding between the
p-orbitals of chlorine and the vacant d-orbitals of tin) is effectively more important in
the monochloride than in the trichloride, or both. These assumptions are consistent
with the existence of appreciable and increasing n-bond character in the Sn-Cl bond
in tin tetrachloride upon progressive organic group substitution, but not with the
concurrent increase in Sn—Cl ionic bond character postulated by Swiger and Gray-
beal®! to explain the trends observed in the nuclear quadrupole coupling constants of
some phenyl- and n-butyltin chlorides and related group IV chlorides. It scems un-
likely, however, that Sn=Cl n-bonding would be the dominant factor responsible for
(a) because such a structure, which requires the removal of an el¢ctron from an
clectroncgative atom and its addition to an electropositive one. appears to be energet-
ically unfavourable; whereas the assumption of increasing ionic character in the
Sn—C! bond with successive chlorine substitution, due to greater withdrawal of
electronic charge from the tin atom, and thus leaving 7 greater positive charge on it,
invoives the more facile reverse process of the electropositive tin atom donating elec-
tronic charge to the much more electronegative chlorine atom. Moreover, electron
diffraction measurements?® have indicated a decrease in the Sn—Cl bond length in
the methyltin chloride series with each additional Sn~Cl bond added, in disagreement
with the corresponding decrease in n-bond character postulated?'.Smyth?3, from ear-
lier dipole moment studies of aliphatic group IV B halides, has also concluded that
except in the case of silicon compounds and to a lesser extent the germanium com-
pounds, the lowering of the Z-Cl (Z =Si, Ge. Sn, Pb) bond moment by contribution
from doubly-bonded forms is small. In any case, the present analysis of the dipole
moment data suggests that the conclusion that the Sn—Cl bond polarity increases with
progressive chlorine substitution, seems inescapable, (b) is explicable in terms of the
relative importance of structures corresponding to H * C=Sn-Cl{(the hyperconjugation
cfiect**)and d,-p, bonding***. Thus the hyperconjugation effect, which can be expect-
cd to decrense in the order methyl > ethyl > butyi, is apparently stronger in (CH,);-

e

* §t may be pointed out that possible devintions from tetrahedral geometry arising from steric or other
eflects, would generally be in the direction of wider bond angles and this would result in smaller moments
for the trichlorides and Inrger moments for the monochlorides, in disngreement with the experimental (rets,
#» A recent NMR study3? of the r values of the protons bound directly to the tin stom in dialkyltin halide
hydrides provides physical evidence of a different kind in support of hyperconjugation between the methyl
group and the tn atom.

### Since the double bond in the Sn—CH, link in kyperconjugalion is not i conventional z-bond. arising
au it doex frem the pairing of u tetrahedral orbital dirccted towards one of the hydrogen atoms with p
r-orhital on tin, it is convenient to distinguish this from the double bond formed by d.—p, overlap between
the vacant d-orbitals of tin and a 2p r atomic orbital of trigonal carbon.

J. Orgaantetal. Chem., |1 (1968) 515-524
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SnCl where there are three methyl groups. compared with CH,SnCl;. where there is
only one. This would compensate for the smaller effective Sn~Cl bond moment in the
former compound with the result that the moments of the two compounds are now
comparable in magnitude.

In the butyl series, the hyperconjugation effect is expected to be much less
important and the relative moments of the compounds are now largely controlled by
the number of chlorine atoms attached to tin. Hence, the moment of the trichloride
is appreciably greater than that of the monochloride. )

In the phenyl series, the deviations observed are undoubtedly due in part at
least, to the increase in polarity of the Sn—Cl1 ¢-bond accompanying an increase in the
number of chlorine atoms in the molecule. Comparison with the methyl series shows
that d,-p, bonding in C¢H ;SnCl, is more important than the hyperconjugation effect
in CH 3;SnCl, since the moment of the former compound is greater. On the other hand,
the smaller moment of triphenyltin chloride compared with that of trimethyltin
chloride suggests that the reverse is true in the monochloride. In butyltin trichloride
and phenyltin trichloride, the moment deviations from the monochloride values are
comparable in magnitude. This further implies that in triphenyltin chloride, d,~p,
bonding, although predictably lcss important than it is in phenyltin trichloride, cannot
be negligible, for if it were so, the difference in moment between the mono- and the
trichloride would then be greater than the corresponding difference in the butyl
compounds. A credible explanation of the varying degree of d,~p, bonding in the
different members of the phenyl series, is that when electronegative ligands like chlorine
are bonded to tin, they tend to withdraw electronic charge from the metal atom leaving
behind a partial positive charge. As the number of chlorine atoms attached to tin
increases, the increased polar character of the bonds will confer extra stability by
improving the d,~p, overlap through contraction of the diffuse 5 d-orbitals and hence
d.—p. bonding should decrease in the order C,H :SnCl; > (C,H<),SnCl; > {(CHs);-
SnCl. Furthermore, the spatial requirements in the case of the monochloride may
force the phenyl rings into planes unfavourable for maximum overlap of carbon and
tin n-orbitals, whereas in the trichloride, steric restrictions are absent and the n-bond
can be formed equally well in all positions as the SnCl; group is rotated about the
tin—phenyl bond?*,

It is noteworthy that in the vinyl series, (CH,=CH);SnCl has the smallest
moment of all the compounds listed in Table 2. A plausible reason for this observation
is that in this compound. electroncgativity {and steric) considerations are of greater
relevance, d,~p, bonding being of minor importance. Steric cffects. if operative. must
act by reducing the C—Sn-C angles and thus increasing the resultant of the three Sn-C
bond moments, but it is difficult to make a reasonable assessment of their importance,
The relatively large difference betwcen the moments of the monochloride and the
trichloride is almost as striking as the corresponding differences in the phenyl and
butyl series, and by analogy with the phenyl compounds, must be attributed to the
increase in Sn—Cl o-bond polarity and increasing importance of d,~p, bonding attend-
ing successive chlorine substitution.
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