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3¢ and 1°Sn NMR spectra of the title compounds (CgH;)3;SnOC(O)CgH,-4-X, where
X  H, NH,, OCHj;, C(CH3)3, CH3, NHCOCH,, Cl, and NO,, have been studied in coordinat-
ing (pentadeuteriopyridine, hexadeuteriodimethyl sulphoxide) and non-coordinating solvents
(deuteriochloroform). From the NMR spectral parameters it follows that all the compounds
studied, dissolved in the coordinating solvents, form donor-acceptor complexes with one solvent
molecule. Discussed are the differences in composition and structure of the compounds in the two
types of solvents as well as influence of substituents on values of the parameters of the 13¢C and
1196n NMR spectra.

Solutions of triorganyltin carboxylates in non-coordinating solvents contain mono-
meric particles of the compounds, irrespective of their structural arrangement in solid
phase. This fact was proved in the previous communication' for a large group
of triphenyltin(IV) carboxylates (of both aliphatic and aromatic carboxylic acids)
by means of a '3C and ''°Sn NMR spectral method developed earlier in our labora-
tory?. The tetracoordinated tin atom of the molecules of triorganyltin(IV) carboxyla-
tes represents a coordinatively unsaturated system which can form a donor-ac-
ceptor complex in the presence of a donor of electron pair (e.g. a coordinating solvent
molecule). The present communication deals with a study of '*C and ''°Sn NMR
spectra of solutions of a selected group of triphenyltin(IV) 4-substituted benzoates
(CoH5)3SnOC(0)CeH4-4-X, where X = H, NH,, OCH;, C(CH;);, CH;, NHCOCH,
Cl, and NO, in coordinating (pentadeuteriopyridine, hexadeuteriodimethyl sulph-
oxide) and non-coordinating (deuteriochloroform) solvents by means of '*C and
''9Sn NMR spectral method. The aim of this study is to confirm the existence
of the donor-acceptor complexes, to determine their composition and probable
structure and, furthermore, to verify the nature and extent of effects of solvent
type and character of the substituent in the phenyl ring of the benzoate group on the
values of the '>C and ''°Sn NMR spectral parameters.

Collection Czechosliovak Chem. Commun. [Vol. 49] [1984]



2904 Ly&ka, Nadvornik, Handlit, Holecek =

EXPERIMENTAL

All the studied 4-substituted triphenyltin(IV) benzoates were prepared according to described
procedure!. The 13C and 11°Sn NMR spectra of the compounds were measured in solutions
of deuteriochloroform, pentadeuteriopyridine, and hexadeuteriodimethyl sulphoxide at ap-
proximate (w/v) concentrations of 4% (}1°Sn NMR) and 20% or saturated solutions (1!°Sn,
13C NMR) with a INM-FX 100 apparatus (JEOL, Japan) at 25-047 MHz (13C, int. (CH),Si)
or 37-14 MHz (*1Sn, ext. neat (CH;),Sn) at 300 K. Positive values of the chemical shifts denote
the downfield shifts. The NMR spectra were identified and interpreted as in refs! = 3.

RESULTS

The chemical shifts §(*!?Sn) and coupling constants "J(**°Sn 3C) of the ca. 20%; or
saturated solutions of the compounds studied in deuteriochloroform, pentadeuterio-
pyridine, and hexadeuteriodimethy] sulphoxide are given in Table I. The &(*'°Sn)
chemical shifts of the c. 49/ solutions were shifted upfields by at most 1 ppm. Table II
gives the &(**C) chemical shifts of the individual carbon atoms arranged in the same
order of solvents. Their denotation follows from formula I. From the two Tables it

is seen that practically all parameters of the '*C and ''°Sn NMR spectra depend,
more or less, on both the type of solvent and the character of the X substituent.
Generally it can be stated that the solvent effect is more distinct on the parameters
characterizing the triphenylstannyl group, whereas the X substituent effect makes
itself felt in the benzoate residue to a greater extent, although it cannot be neglected
in the remaining parts of the molecule.

Effect of the Type of Solvent

The solvent nature affects most markedly the NMR spectral parameters which
characterize the central tin atom and its immediate surroundings, i.e. the three C;,
atoms and their links to the central atom in the grouping (C¢Hs);Sn. This effect
gradually decreases with increasing distance from the tin atom. This fact alone
indicates donor-acceptor interaction between the tin atom and the corresponding
donor atoms of pentadeuteriopyridine and hexadeuteriodimethyl sulphoxide.

The 5(*'°Sn), 6(**C)), and 'J(*!°Sn'3C) parameters of the compounds studied
in deuteriochloroform are significant for quasitetrahedral arrangement of the (C6H5)3.
.SnO grouping and, hence, for monomeric character of their molecules'*2. The same
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parameters measured in the coordinating solvents indicate trans-trigonally bipyra-
midal geometry of the environment of the tin atom in the donor-acceptor complexes?.
A good linear correlation (1) was found between the 'J(''°Sn'3*C) and §(''°Sn)
values.

'J(*°Sn'3C) = « . 6(*'°Sn) + B (1)

Parameters of the linear correlations are given in Table 111,

The ¢(**C) chemical shifts of carbon atoms of the (C¢Hs);Sn group, except for
8(*3C);), are relatively little sensitive to the change in solvent nature. It is noteworthy,
however, that values of the differences §(**C).,, — 6('*C),y, Which characterize
the overall 7 electron density of the phenyl ring*, are by about one half smaller
for the compounds measured in the coordinating solvents (0-53—0-68 ppm) than the
values determined in deuteriochloroform (1-20—1-60 ppm.)

Also observable is the effect of solvent character on the chemical shifts §(**C)
of some carbon atoms of the benzoate group. The coordination change at the tin
atom causes an upfield shift of §(**C)cooy by 0-6—3-5 ppm and a downfield shift
of 6(*3C)(y by 1:7—4-8 ppm. The §(*>C), shifts in the coordinating solvents differ
by —53 to +2-4ppm from the same values in the non-coordinating solvents.
Changes in the §(**C)(,, and 6(*>C), chemical shifts (or also that of the carbon
atom of substituent X, §(*3C),, are negligibly small and vary within the ex-
perimental error.

TABLE 1
5('1°Sn) and 'J(11°Sn'3C) values of triphenylstannyl 4-substituted benzoates

Substituent 8('!?sn), ppm LJ11%sn!3c), HZ

X C’HCL*  C?HsN  (C’Hy),80  CP’HCl®  Cs?HgN - (C?H;),S0
H —1099  —2418 —261:0 648-4 8057 834:0
NH, —1209  —2139 —2540 650-4 7617 822-2
OCH, —1150  —2338 —2593 649-4 793:5 830'1
C(CHy); —1124  —2403 —260-2 6482 8008 832:6
CH, —1126  —2372 —259-8 649-4 8008 8326
NHCOCH; —1102  —237-4 —259-6 649-4 798-4 8313
cl —1049  —2457 —2616 6475 808-2 8350
NO, — 961 —2523 —2632 6465 8204 8379

“ The values taken from ref.!; ® the "J(*1°Sn!3C) values are almost identical for n = 2, 3, and 4,
being: 2J = 49-0 - 0-3 (for the solution in C2HCl,), 44-0 -+ 1-0 (Cs*HsN), 46:0 + 1-0 (C*H3),.
.S0), and similarly 37 =642 4+ 0-3, 690 + 1-5, 70-4 + 1-0 Hz, 47 =135 + 0-2, 140 £ 10,
14:6 -:- 1-0 Hz.
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TABLE II

The 6(*3C) values of triphenyltin(IV) 4-substituted benzoates

Substituent X

Ceiy 13824
14269
143-35

Clo 13680
137-42
13637

Cimy 12881
129:04
12838

Ceo 13006
129-67
128-96

Cicooy 17279
171-00
16939

Cay 13037
13465
134-26

Cay 130-53
130-50
129-39

Cay 12807
128:36
128-40

Cua 13259
13187
13153

13879
142-49
143-58

136-80
137-47
136-45

128-73
129-04
128:-30

129-87
129-12
128-84

173-02
172:42
170-25

119-18
121-29
120-89

132:63
132-89
131-30

113-49
113-59
112:59

150-84
153-21
152-04

OCH; C(CHj); CH,

138-52 138-41 138-41
142-64 142-74 142-59
143-47 143-36 143-36

13681 136-85 136-85
137-47 137-42 137-42
136-37 136-34 136-39

128-78 128-81 128-81
129-04 128-99 128-99
128-30 128-35 128-40

129-99 130-03 130-03
129-67 129-63 129-67
128-88 128-89 128-98

172-56 172-82 172-88
171-00 171-10 171-15
169-16 169-29 169-34

122:69 128-27 ¢
127-09 ¢ 132-11
126:90 131-76 131-52

132-64 130-51 130-61
132-45 130-41 130-60
131-26 129-28 129-52

113-30 125-10 128-80
113-64 125-24 128-99
113-33 124-89 128-74

163-66 156-25 143-18
162-82 150-97 141-90
161-83 154-18 141-36

55-17 34-99¢ 2154

55-30 31-15¢ 2033
55-35 34.63¢ 21418

NHCOCH; I

138-41
14264
143-46

13685
137-42
136-44

128-90
129-09
128-45

130-12
129-72
130-49

172-38
171-05
168-90

12593

c

128-45

131-88
131-:62
130-49

118-67
118-90
118-21

142-06
143-71
142-43

168-53¢
169-20°
168-90°¢

138-06
142:59
14321

136-81
137:37
136-39

128-89
129-09
128-45

130-14
129-72
129-08

171-59
169-84
168-41

129-09
13391
133-52

131-93
132-01
131-27

128-35
128-41
12830

13891
137-37

c

NO,

137-47
142-49
143-00

13677
137-47
136:25

128-97
129-19
128-49

130-37
129-58
129-02

170-10
168-57
167-40

136-42
141-08
140-54

131-43
131-19
130-56

123-16

123-49
123-42

150-12
149-90
149-23

4 The chemical shift values 6('3C) of the individual carbon atoms are given in the solvents
order: C*HCl,, C5*H;N, (C2H3)ZSO; b the values for CZHCl, are taken from ref.!; € overlap;
4 for the carbon atoms of methyl groups 31-29, 30-55, 31-07; € for the carbon atom of the methyl
group 24-56, 24:36, 24-30.
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The parameters of '°Sn NMR spectra give significant information on dynamic
properties of formation of complexes. The derivative with the 4-NHCOCH substi-
tuent dissolved in hexadeuteriodimethyl sulphoxide was diluted 1 : 1 with deuterio-
chloroform (v/v), and the measured chemical shift was &(''°Sn) —248-4 ppm.
The same derivative was dissolved in a 1 :4 (v/v) mixture of hexadeuteriodimethyl
sulphoxide and deuteriochloroform, and the &(*'°Sn) chemical shift measured was
—218:0 ppm. The measurements were repeated after 24 h, and the §(''°Sn) values
found were, within experimental error, the same as those measured immediately
after preparation of the solutions. These results show that the formation of com-
plexes of triphenyltin(IV) benzoates with coordinating solvents represents a rever-
sible reaction whose cquilibrium is rapidly established. The difference in the §(*'°Sn)
chemical shifts obtained in 4 and 209 solutions of the tripheny]tin(IV) benzoates
did not exceed 1 ppm (see above), which means that the equilibrium is shifted in
favour of formation of the complex compounds.

Effect of Character of the X Substituent

The 6('*C) chemical shifts of the carbon atoms of the benzoate group vary within
relatively broad limits, they are, however, not distinctly different from analogous
values of purely organic 4-substituted benzoates®. It is possible to apply to them
the concept of additivity of contributions of substituent chemical shifts (SCS)
(ref.®-7) in all the solvents used within accuracy of this concept. Greater deviations
were only observed with the derivatives having X = NH, and NHCOCH,.

The X substituent effects on the &(*'°Sn), 'J(*'*Sn'3C), §('*C)co0) and
5('3C) ;) parameters can be described satisfactorily by the Hammett correlations
of the type

AP = g0, + 0o, @)

TaBLE 111
The parameters of linear correlation according to Eq. (/)

Solvent «, Hz ppm ™! B, Hz N ’
C2HCl,4 . —0'16 - 003 631113 284 8 0930
CsZH4N —1:50 + 006 44119+ 1473 8  0-995
(C*H;),S0 —1:71 4 007 387:66-- 1833 8  0-995
€ —1-51 + 002 43926+ 606 16  0-998

9 Number of pairs;  the regression.coefficient; ¢ the data from the two coordinating solvents.
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where P means the corresponding parameters and AP means the difference of the
parameters between the substituted and non-substituted triphenyltin(IV) benzoates.
Table 1V gives the values of the correlation constants. The values for X = NH,
only deviate from the satisfactory linear dependences. The 6(*'°Sn) shifts in deuterio-
chloroform show positive dependence on ¢,, whereas in the coordinating solvents
the coefficient is ¢ < 0. The correlation coefficients ¢ of the dependences ' J(*'°Sn'3C)
vs o, have opposite signs in the both solvent types as compared with the respective
dependences 5(''°Sn) vs o,. In accordance with refs’-®, the §(**C)coo) chemical
shifts show negative values of the ¢ correlation coefficients in the both solvents
types, whereas, on the contrary, the dependence (**C)(,, vs 6, has positive slopes
in all the cases. Small upfield and downfield shifts of &6(**C)co0) and 6(**C)y),
respectively, of the coordinated 4-substituted triphenyltin(IV) benzoates as com-
pared with the same values of the non-coordinated molecules are connected with in-
creased donor ability of the coordinated group (C¢Hs);SnO as compared with the
same non-coordinated group’-®.

Effects of the X substituents on the §('*>C) chemical shifts of the carbon atoms
of triphenylstannyl group and on the values of "J(''°Sn'3*C) (n = 2, 3, and 4)

TABLE IV
The parameters of linear correlation according to Eq. (2)

P Solvent e 2 N* r
3(*1%sn) C2HCl,4 17:98 4 0-61¢ 0-00 4- 0-23¢ 8 0-997
5(11%Sn) Cs*HsN —24-26 + 5-43° 3-39 4 2:07° 8 0-877
5(*1%sn) Cs’H3N —16:08 + 2:18° 1-44 £ 075 7° 0957
3(11%sn) (C*H;),S0  — 569 4 1:37° 1002 4 0-52° 8 0-861
5(119sn) (C*H),80  — 360 + 0-46° 0524+ 015  7° 0962
1y %snt3c) C2HCl,4 — 287 + 0-46¢ 178 40187 8 0930
1j(*"%sn'3C) C52HsN 3610 + 860  —610+327¢ 8 0-864
1J"%sn'3C) Cs?HgN 22-85 + 2:56°  —2944088¢ 7° 0970
1J(1'%sn'30) (C?H,),S0 992 226 —1794+ 086 8 0-874
Ly 1%sn!30) (C*H;),S0 659 + 1:05¢  —099 + 036 7° 0942
3("3C)coo0) C2HCl, — 2254037 —0-584014° 8 0-928
8("3C)coo0) Cs2HsN — 2714+ 009°  —0-30 4+ 009° 8 0975
3("3C)coo0) (C?H;),S0  — 1:96 + 024°  —0-42 £ 0-09° 8 0-956
8("3C)y, C2HCl, 1203 4+ 1-93°  —2:854 0-78° 7 0941
8('3¢C), Cs?HN 13:53 4 2:35¢  —3-05+ 1:02° 6 0944
8("30) 4, (C*H;),S0 1321 + 2119 —2:95 4+ 0-83° 8 0-927

4 Number of pairs; ? the regression coefficient; ¢ ppm; ¢ Hz; ¢ without X = NH,.
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coupling constants are slight and usually do not exceed the limits of experimental
error.

DISCUSSION

Whereas in deuteriochloroform solution all the studied 4-substituted triphenyltin(I1V)
benzoates are present as simple molecules with the tin atom in tetrahedral coordina-
tion, the presence of coordinating solvents will cause formation of donor-acceptor
complexes between the solute and solvent. Values of the characteristic parameters
of the '*C and ''°Sn spectra of these complexes are typical of triphenyl(IV) com-
pounds having pentacoordinated tin atom, viz with three phenyl groups in the
equatorial plane of trigonal bipyramide and two further ligands in its apical posi-

tions. Such arrangement can be realized, in principle, by three ways'®~!2: either
by simple coordination according to the equation:
(CeHs)sSnA + D — [DSn(C¢Hs);A] (4)

(A = 4 X—C4H,COO'™) anion, D = molecule of the coordinating solvent),
or by coordination and subsequent substitution of the anion A by the molecule D
according to the equation:

(C6H5)3SHA + 2D g [DZSH(C6H5)3]+ + A_ (B)

or by the process:
2(Ce¢Hs);SnA + 2D - [D,Sn(Ce¢Hs)s]" + [(CeHs);SnA, ]~ (©)

In the complexes studied by us it is obviously possible to exclude the two ionic
structurcs (Eqs (B) and (C)). The first of them (B) would necessitate the presence
of free 4-substituted anions which — in comparison with esters of the acids — show
generally the 6(*>C), o0, values shifted downfield by 10— 15 ppm®. The small upfield
shifts (about 2 ppm) found by us for 6('*C),cooy of the donor-acceptor complexes
of the compounds studied disagree with the idea of free anions. The other possible
ionic structure (Eq. (C)) contains tin atoms with two different coordination spheres,
which would have to be manifested by the presence of two signals in the ''°Sn NMR
spectra, and again this disagrees with experiment. Thus it can be concluded that the
triphenyltin(IV) 4-substituted benzoates dissolved in the coordinating solvents
studied form molecular complexes with donor—acceptor bonds formed by non-
-bonding electron pair of the donor atom in the coordinating solvent and bonding
orbitals of the tin atom. In the trans-trigonally bipyramidal arrangement of the
coordination sphere of the central atom the three phenyl groups are located in the
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equatorial plane, the apical positions being occupied by one molecule of the coordinat-
ing solvent and the 4-substituted benzoate group. Molar ratio 1 : 1 of the complexes
corresponds logically to this arrangement. It should be noted here that analogous
molecular complexes of triphenyltin(IV) trifluoroacetate with various donor mole-
cules (molar ratio 1:1) were recently prepared by Srivastava and Singh'3, and
a similar complex of bis(triphenylstannyl) chromate in dimethyl sulphoxide was
proved by 'H, '3C, ''°Sn NMR and IR spectra in our previous communication'.

Thus formation of donor-acceptor complexes in the coordinating solvents (in con-
trast to deuteriochloroform) brings about a substantial change in composition
of the particles in the solution. The decisive effect of the character of solvent on the
13C and ''°Sn NMR spectral parameters of the tin atom and its closest surroundings
must be understood as a reflection of structural changes in this part of the molecule.
The formation of the complexes causes no distinct structural changes in the benzoate
part of the molecule. Less distinct solvent effects on the §(**C) chemical shifts of this
part of the molecule are due obviously to changed polarity of the triphenylstannyl
group after interaction with the solvent molecule. Structure of the complexes does
not depend on nature of the X substituents of the benzoate group, their effect being
only manifested by polar effects in the molecule.

The donor-acceptor interaction causes — first of all — a perceptible increase
of total electron density of the tin atom, which is manifested by distinct upfield
shifts of 8(*'°Sn). The electron density at the central atom of the complex depends,
of course, on the character of both the donor and the acceptor. Therefore, the up-
field shifts of 6(''°Sn) are more distinct in hexadeuteriodimethyl sulphoxide than
in pentadeuteriopyridine (dimethyl sulphoxide forms stronger complexes than pyri-
dine with triorganyltin(IV) compounds)'® and increase with increasing acceptor
ability of the benzoate group which is directly proportional to the acceptor ability
of the X substituent. Consequently, the sign of the correlation coefficients ¢ of the
dependences A3(*'°Sn) vs ¢, must be opposite in the two the solvent types.

Increasing electron density at the tin atom increases also the s character of bonding
orbitals Sn—C;, which is manifested by an increase in the values of 'J(*'°Sn'>C)
coupling constants. In other words, every decrease in 6(*'°Sn), i.e. increase in the
total electron density, causes an increase in 'J(**°Sn'>C), as it is documented by ne-
gative values of « coefficients of Eq. (1) (Table 111). The different sensitivity of changes
of the *J(*'°Sn—"3C) coupling constants depending on 6(*'°Sn) (Table I1I) resp. on
o, (Table IV) is connected with the change in the type of the hybrid orbitals of the
tin atom taking part in Sn—C;, bonds?.

The structural changes due to the coordination of a solvent molecule to the central
tin atom also cause changes at the carbon atoms of the three adjacent phenyl groups.
The 6(**C);, chemical shifts are greater by about 4—5ppm for the compounds
measured in the coordinating solvents than those found in deuteriochloroform.
In our opinion, this difference is due to increased contribution of the (p—d) n inter-
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action of Sn—C(phenyl) for which the planar arrangement of triphenylstannyl
groups in the complex is favourable. The increased transfer of n-electron density
from the phenyl nuclei to the vacant orbitals of tin atom also agrees with the changes
of values of chemical shifts of the other carbon atoms of this group and, inter alia,
also with the decrease of the difference §('*C),, — 6(*>C),,,, as a measure of the
total n-electron density in the phenyl nucleus. The differences in the character of hydro-
gen atoms which can be found in the '"H NMR spectra’®:!7 can be considered a direct
consequence of the changes caused by the coordination in the carbon skeleton
of the phenyl ring.

From the data given thus follows unambiguously that the '*C and ''°Sn NMR
spectral parameters of the compounds studied are affected markedly by the solvent
type used. This fact can cause substantial and stuctural changes of the compounds
present in the solution. The substituents in the benzoate anion have minor effects
and affect to a lesser extent the electron density at the acceptor centre. In any case
they will not affect substantially the composition and structure of the compounds
in solution, their participation being manifested only to a lesser extent in strength
of the donor-acceptor connection.
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