SCIENTIFIC PAPERS
OF THE UNIVERSITY OF PARDUBICE
Series A
Faculty of Chemical Technology
5 (1999)

SUBSTITUTED TRIBUTYLTIN(IV) PHENOLATES

Milan NADVORNIK® and Viadimir PEJCHAL®
*Department of General and Inorganic Chemistry, University of Pardubice,
Z-532 10 Pardubice
"Research Institute of Organic Syntheses, CZ-532 18 Pardubice

Received October 26, 1998

Substituted tributyltin(lV) phenolates of general formula (1-C,H,),SnOCH,R,
where R is H(I), 4-CH,(I), 4-OCH(III), 4-NHCH,1V), 4-COCHy(V), 4-
NHCOCH,(VI}, 4-CI(VIl), 4-Br(VIla), 4-NO,(IXa), 2-NO,(IXa’), 4-COOCH{X)
and 4-CN(XT), as well as selected polysubstituted tributyltin(IV) phenolates: 2,4-
diBr(VIIIb), 2,4,6-triBr(VIIIc), 2,4-diNO,(IXb) and 2,4,6-#riNO,(IXc) have been
synthesized and studied by means of 'H, PC and '”Sn NMR specroscopy.

According to the values of 6("'’Sn) chemical shifts, all the compounds
prepared form —- in solutions of non-coordinating solvent (CDCly) — simply
pseudotetrahedral molecules with co-ordination number at tin atom equal to four.

The complexes of tributyltin(IV) phenolates with one molecule of solvent are
Jformed in solutions of coordinating solvent (hexadeuteriodimethyl sulfoxide). These
complexes form trans-trigonal bipyramidal molecules with butyl groups in
equatorial positions, coordination number at tin atom equal to five and the
C-Sn-C angle 118 — 122 © according to values of 1J(1"%Sn, BC).

The values of the chemical shift 3('°Sn) correlate (with exception those for
compounds VIIlc, IXc and XI) with Taft's constants o, (N =13, r = 0.927).

! To whom correspondence should be addressed.
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Introduction

Organotin compounds represent a kind of organometallic compounds, which are
extensively studied and produced and utilized in chemical industry {1]. Surprisingly,
the group of triorganotin(IV) phenolates has been studied quite rarely. Their
synthesis has been known since the sixties and seventies. Obviously, at that time
the present methods of the structural research were not available, and the structure
of the triorganotin(I'V) phenolates was not studied. In general, triorganotin(IV)
phenolates are potentially applicable e.g. as efficient fungicides or disinfectants.

At first, the aim of the present paper was to prepare the selected group of
tributyltin(IV) phenolates, mainly 4-substituted, as well as polysubstituted ones, at
second, to characterize their physico-chemical properties and study their structure
by means of multinuclear magnetic resonance in solutions with both non-
coordinating and coordinating solvents.

Experimental

The solvents used were dried by the standard methods described elsewhere [2].

Tributyltin{1V) chloride (pure, Lachema Bmo) was distilled at reduced
pressure (bp. 118 — 119 °C/4 hPa) before use.

Bis(tributyltin(TV)) oxide was prepared by alkaline hydrolysis of
tributyltin{IV) chloride; the tributyltin(IV) hydroxide intermediate was dehydrated
by azeotropic distillation with benzene and the product was distilled at reduced
pressure (bp. 185 °C/4 hPa, néﬂ =1.4868, Ref. [3] 1.4860).

Tributyltin(IV) methoxide was prepared by reaction of tributyltin(TV) chloride
with sodium methoxide in methanol (bp. 110—116 °C/4— 5 hPa, Ref, [1]90 °C/0.1
Torr).

The substituted phenols used for the reactions were of “purum” purity grade
and were used as delivered (Lachema Brno or Lancaster Synthesis). 4-(N-
methylamino)phenol was used as the sulfate (METOL, pure, Lachema Brno).

All the other chemical substances used were of “purum” purity grade at least.

The Schlenk flasks technique and setup for the purification and distribution
of argon as inert gas were used for preparation of substituted tributyltin(IV)
phenolates. The inert gas was deoxygenated with BTS catalyst and dried with
molecular sieve NALSIT 4 (Lachema Brno).

The compounds studied were synthesized according te some of following
chemical reactions:

A) reaction of bis(iributyltin(IV}) oxide and phenol in benzene with removal of
formed water by azeotropic disttllation
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2 R-C,H,~OH + (Bu,;Sn),0 = 2 R-CH ~OSnBu, + H,O

B) conversion of tributyltin(IV) chloride by sodium phenolate prepared i situ (by
reaction of sodium methoxide and phenol) in methanol

R-C,H,~OH + CH,ONa + Bu,SnCl = R-C,H,-OSnBu; +NaCl + CH,OH

C) reaction of tributyltin(TV) methoxide and phenel in methanol

R-C.H,~OH + Bu3SnOMe = R—CGH,I—OSnBu3 + MeOLH

Determination of C, H, N elements was carried out on an EA 1108 CHN
instrument (Fison’s Instruments). Tin content was determined gravimetrically.
Samples were decomposed in a quartz crucible with a mixture of conc. H,50, and
conc. HNO, 6:1 (v:v), followed by annealing to SnO, (the process was modified
according to Ref. [4]).

The 'H (360,13 MHz), *C (90,566 MHz) and '"’Sn (90,566 MHz) NMR
spectra were measured with a Bruker AMX 360 apparatus in pulse-mode with
Fourier transformation in a 5 mm zone tuneable probe and with help of an X32
computer (UXNMR software — version 940501.3). The compounds synthesized
were measured in 10 — 30% solutions or saturated solutions in deuteriochloroform
or hexadeuteriodimethyl sulfoxide at 300 K. The chemical shifts §(3C) were
referred to the respective solvent signal and recalculed to 8 scale [5('°C) = 77.0
(CDCL,), 39.6 ((CD,),S0)]. The 3('H) and &(' '9Sn) chemical shifts were
referenced to the internal hexamethydisiloxane (& = 0.05)and external tetramethyl-
stannane (& = 0.00), resp.

The two-dimensional spectra H,JI-COSY a H,C—-COSY were measured by
means of pulse programs delivered by the producer of spectrometer. The
H,C-COSY experiment was optimized on the coupling constant J ( BC,"H)150—
160 Hz and 8 — 10 Hz. The !!°Sn NMR spectra were measured in the so-called
“inverse gate” mode with proton noise decoupling during the acquisition period.
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Results and Discussion

All the chemical reactions used for preparation of the compounds studied together
with their yields, compounds characterization and the results of elemental analysis
of newly prepared compounds are listed in Table I.

The NMR parameters of synthesized compounds are listed in Tables IT and
11 { "H NMR) and Tables IV and V ( *C and ''”Sn NMR). In the tables the atoms
of hydrogen and carbon are marked as follows

i

4 3 2 | . .
R=Bu CHyCHCHCH; — R=Fh 4@1—

5 3

The 'H and '*C NMR spectra allowed to identify the synthesized compouds
and to analyze their purity. Unambiguous assignment of the 'H and '3C signals,
especially in aromatic area of 'H NMR spectra, was carried out by combination of
one-dimensional and two-dimensional (H,H-COSY and H,C-COSY) NMR
techniques.

The chemical shifts & '**Sn) and coupling constants 'J(''?Sn, '*C) were used
for determination of coordination number at the tin atom and as an estimate of
coordinating polyhedron geometry.

The chemical shift values 5(''?Sn) of synthesized compouds (110.4 ~ 157.3
ppm, with exception of picrate IX¢ — 195.6 ppm) in deuteriochloroform are typical
for tributyltin{IV) compounds with the coordination number 4 at the tin atom (Ref,
[12]). The coupling constants 'J('1°Sn,*C) in 321.8 - 374.4 Hz range correspond
with correlation equation for butyltin{IV) compounds (Ref. [13])

| 'J(""%8n, 3C) (Bu Sn| = 9.996 - 746

to the magnitude of bond angles 6 (C—Sn—C) in the range of 107 — 112°. For picrate
I[Xc, the value of 8(''°Sn) found was near to the same value as for tributyltin(IV)
perchlorate (&(''?Sn) = 196.8 ppm in CD,NO,, Ref. [14]). In both above-
mentioned compounds, there is probably trigonal pyramidal cation Bu,Sn" with
coordination number three at the tin atom.

The general upfield shift of 8(''?Sn) values (values from -19.9 to 19.4 are
typical for pentacoordinated tributyltin{IV) compouds [12] accompanying the
change from deuterio-chloroform solutions to solutions in the coordinating solvent
hexadeuteriodimethyl sulfoxide is due to formation of donor-acceptor complexes
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TableI List of synthesized tributyltin(TV) phenolates Bu,SnOC,H,R, their characterization and results
of elemental analysis

R Method yield,  Characterization Elemental analysis, calc./found
No of prep Ya
comp. Sn C H N Ref.
H A 84 colourless oil 31.06 56,7
I bp. 205 - 210/7 3095
4-CH; A 96 colourless oil 20.38 8.9
il 29.74
4-OCH,; C 86 colourless oil 2872 10
M bp. 152-4/0.1 2821
4-NHCH, B 60 pale yellow oil 28.79 5535 858 340
v 2852 5555 863 3.44
4-COCH, C 68 colourless solid 2791 5649 B.O8
v mp. 30 - 35 (*} 2785 5693 8.4
4-NH- c 72 colourless solid 2696 5456 803  3.18
COCH; mp. 79 — 82 (**) 2631 5435 815 310
VI
4-Cl A 85 slightly yellow oil  28.42 8
VI bp. 203 — 205/7 27.98
4-Br C 81 slightly yellow oil ~ 25.69 9
Viila bp. 230 -235/5-6  25.61
2,4-diBr B 89 slightly yellowoil 21,94 3936 5.60
Vb 2193 3593 500
2,4,6-triBr C 87 slightly yellow oil 19.15 3498 473
VIlc 1877 3311 450
4-NO, A 97 yellow oil decomp.  27.72 11
Xa by dest. 2742
2-NO, A 93 yellow oil 2772 5049 731 3.27
IXa’ 2712 4736 682  3.77
2,4-diNO, A 89 yellow oiton light  25.08 4569 640 592
Xb get dark 24.67 4642 647 6.45
2,4,6- A a8 red oil not analyzed for potentially safety hazards
triNO,
IXec
4-C00- B 92 slightly vellow ¢il ~ 20.73 5415 8.10
C,H; 29.68 4854 742
X
4-CN C 90 slightly yellow 0il ~ 29.08 5590  7.67  3.43
XI 2852 5434 749 4.02
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Table I - Continued

(*) crystallized from chloroform—heptane mixture at -40 °C

(**) crystallized from chloroform—hexane mixture at -8 °C

Most of other oily products were not distilled because of the high risk of decomposition (see [Xa).
The 'H- NMR spectra were used as purity criterion

Table II Chemical shifts §('H) [ppm] of compounds studied in solutions of CDhCl,

Compound H(1) H(@) H(@E) H@) HE) HGE) H@) HG) HE) Other

I 118 157 130 036 664 705 662 705 664

1 119 159 131 086 665 685 - 685 665  BCH) =217

m 119 159 131 088 659 665 - 665 659  8CH,) - 3.62

v 118 158 132 087 640 654 - 654 640  5(CH,) = 2.65
S(NH) - 3.38

\% 130 163 132 087 667 779 - 779 667  S(CH,) = 2.45

VI 122 158 132 087 659 720 - 729 659  B(CHy = 2.03
S(NH) = 8.47

v 121 158 131 086 659 704 - 704 659

Vlila 122 158 131 086 653 716 - 716 653

VIIb 135 160 129 08 - 750 - 712 655

Viilc 134 162 128 086 - 749 - 748 -

IXa 132 163 134 087 665 807 - 807 665

IXa’ 130 162 130 087 - 732 674 685 7.84

IXb 134 168 142 089 - 875 - 825 692

IXc 148 168 135 09 - 88 - 885 -

X 127 161 131 087 662 784 - 784 662  &CH,) = 0.86
B(CH,) = 4.23

X1 128 163 132 087 666 737 - 137 666

of the present compounds with one molecule of this solvent

Buy,SnOCH,R +dmso = Bu,SnOC.H,R.dmso

The coupling constant values 'J('*Sn, *C) inthe range of431.6 —477.9 Hz,
corresponding to bond angles 8 (C-Sn-C) of 118 — 122° (Ref. [13]) indicate that
butyl substituents in these complexes assume equatorial positions in trans-trigonal
bipyramidal arrangement of bond partners of the tin atom. The axial positions of
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Table III Chemical shifts 8( 'H) [ppm] of compounds studied in solutions of dmso-d,

Compound H{(l} H(2) H3) H# H(2) H{I) H@#) H(5) H{) Other

I 116 1.67 139 0936 639 7.07 657 707 659

II 1.15 168 139 094 630 688 - 6.88  6.50 S(CH,) = 2.21

11 120 174 142 097 660 672 - 672  6.60 3(CH,) = 3.69

v values of chemical shifts were not measured due to decomposition of compound

v 111 152 131 084 650 7170 - 7.70 650 3(CH,) = 2.39

VI 1.05 156 129 0.8% 722 6.44 - 644 722 8(CH;) = 1.96
3{(NH) = 2.50

Vil 1.1 r6l 133 087 651 702 - 7.02 651

Villa .12 162 131 087 646 713 - 7.13 646

VIITb 1.18 1.68 136 091 - 7.51 - 715 6.53

Ve 122 164 128 0.84 - 747 - 747 -

1Xa 1.14  1.58 1.28 d.BZ 654 799 - 799  6.54

Xa' 1.14 161 130 084 - -

IXb .11 1.54 127 081 - 8.55 - 8.07 6.62

IXc [.12 1.53 127  0.84 - 8.57 - 8.57 -

X 1.19 1.68 137 091 654 777 - 7.77  6.54 8{CH,) = 1.3t
B(CH,) = 423

X1 1.18  1.64 134 088 659 736 - 736 6.59

TBP are occupied by oxygen atom of phenolate and oxygen atom of hexadeuterio-
dimethyl sulfoxide.

The obtained chemical shifts &(''?Sn) of the compounds in solution of
deuteriochloroform correlate with values of Taft's constants o,. For the whole group
of sixteen compounds, the following equation was found

8('1°Sn) = 38.50,+105.7 N =16 r = 0.901

By omitting the chemical shift values given for compounds VIile, IXc and XI, the
correlation is expressed (see Fig. 1) by equation

5(''"°Sn) = 33.48¢,+109 N =13 r = 0927

In two selected groups of studied derivates (bromophenolates and
nitrophenolates) together with non-substituted phenolate, it was found that the che-
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Table IV '"Sn and '"C NMR parameters of compounds studied in CDCI,

Compound 5('1%Sn), 8(1C), ppm \ (J(1*°8n. 1°C), Hz)
PP c(1) @) @) c@)
I 113.0 15.28 2722 26.49 13.01
(354.9) (20.4) (60.6)
iI : 112.6 15.32 27.33 26.60 13.10
(355.5) (20.3) (61.1)
Il 122.8 15.35 27.35 26.64 13.13
(354.3) (20.3) (61.4)
v 111.2 15.19 27.32 26.59 13.10
(321.8) (19.8) (61.3)
v 114.0 16.29 27.32 26.56 13.12
(363.2) (21.9) (64.5)
Vi 120,0 15.85 27.52 26.82 13.36
(346.8) (19.7) (61.8)
vII 123.8 15.8 2745 26.77 13.29
(351.8) (20.4) (62.3)
VIIla 123.9 15.87 27.47 26.78 13.33
(351.6) (20.5) (61.3)
VIIIb 137.9 16.76 27.59 26.95 13.51
(347.4) (20.3) (61.8)
VIile 150.5 17.91 27.54 26,93 13.45
(335.8) (18.5) (59.2)
Xa 128.8 16.38 27.18 26.34 12.93
(354.8) (21.9) (63.5)
IXa’ 135.3 17.10 27.41 26.80 13.31
(354.1) (20.0) (63.7)
IXb 157.3 18.01 2727 26.67 13.18
(350.5) (21.8) (65.7)
IXc 195.6 19.64 27.19 26.72 13.16
(347.1) (20.7) (70.8)
X 114.2 15.94 2723 26.48 13.00
(360.7) (21.5) (63.2)
X1 110.4 16.60 27.25 26.40 13.00
(368.8) (23.1) (65.3)
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Table 1V - Continued

Compound 8('C), ppm Other
c(1n c2h C(3 C(4n C{5h C(6")
1 161.86 117.62 12855 119.03 12855 117.62
i 159.48 11885 120.17 12646 129.17 118.85 8(CH,) = 19.92
I 155,59 11404 119,57 15093 11957 114.04 8(CH,) = 54.98
v 15358 11323 11956 14158 11956  113.23 S(CH,;) = 31.19
AY 167.32 11848 13043 12730 13043 11848 §(CO) = 196.13
8(CH,) = 28.85
VI 158.64 11936 12176 12937 12176 11936 &(CO) = 168.43
8(CH,) = 23.76
VI 160.75 120.59 128.75 122.59 128.75 120.59
VIlla 161.27 121.20 131.71 109.83 131.71 121.20
Vb 158.19 105.87 134,51 116.73 130.97 121.74
VIIIc 155.17 116.75 133.67 109.61 133.67 116.75
IXa 169.45 11882 12579 13855 12579 11882
IXa’ 157.01 12428 12525 13453 12871  117.69
IXb 163.42 13699 12418 13884 12877 12222
Xe 156.57 14203 12467 13451 12467 142,03
X 16632 11858  131.08 11899 131.08 11858 &(COO) = 167.33
3(CH,) = 13.83
B(CH,) = 59.50
X1 166.87 119.66 133,22  98.76 13322 119.66 S(CN) was not

determined

mical shifts 8('*°Sn) correlate well with the number of bromine atoms or nitro
groups in the phenols, and with their pK ; as well. The equation for chemical shifts
of bromoderivates (# is number of bromine atoms in one phenol molecule) is

12.62n+ 1124 N =4 r = 0998

5( 1 19Sn)

5( i i9Sn)

1t

-8.86pK, ~ 1045 N =4 r = 0.971

and for nitroderivates (1 is number of nitro groups in one phenol molecule) is
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Table V. '"Sn and "*C NMR parameters of studied compounds in dmso—d,

Compound 5(198n), 3(Cy, ppm \ (J('""Sn. °C), Hz)
ppm
C(1) C2) €G) )

I 2.1 17.55 27.77 26.64 13.50
(440.4) (25.6) (70.0)

I 82 17.40 27.82 26.72 13.52
(440.49) (25.0) (68.2)

111 19.39 17.26 27.94 26.86 13.58
(431.6) (25.1) {68.1)

v parameters were not measured due to decomposition of

compound

v -19.7 18.28 27.70 26.49 13.54
473.1) (27.1) (68.0)

VI -37 17.58 27.75 26.61 13.60
(441.7) (26.3) {71.3)

Vil -2.6 17.90 27.8 26.64 13.59
(463.7) (26.9) (72.1)

VIla -7.1 17.89 27.75 26.59 13.52
(461.1) (26.6) (67.5)

VIIIb -13.8 18.54 27.71 26.56 13.51
(472.4) (27.4) (73.7)

Ve To22 19.82 27.87 26.81 13.61
(465.8) (25.6) (81.2)

Xa -18.0 18.74 27.89 26.68 13.59
(477.3) (27.5) {74.1)

Xa’ -11.8 18.89 27.74 26.66 13.54
{457.7) (27.3) {75.7)

IXb -19.9 19.23 27.56 26.42 13.47
(472.3) (27.9) (76.0)

IXc 10.9 19.53 27.54 26.38 13.53
(456.6) (28.4) {76.1)

X -14.4 18.32 27.93 26.74 13.58
(469.1) (27.1) (72.7)

XI -5.2 18.66 28.13 26.97 13.79
{(468.4) (27.4) (73.9)
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Table V - Continued

Compound 8(3C), ppm Other
C(1) C2) €39 €49 €(5) C(6)
I 163.39 11600 12876 119.19 12876 116.00
m 160.96 118.88 129.28 124.33 129.28 118.88 8(CH,) = 20.14
m 156.80 11439 119.20 151,14 11920 11439 &(CH,) = 29.11
v parameters were not measured due to decomposition of compound
v not 118.60  130.52 125.01 130.52  118.60 8(CO)Y = 195.09
obtained B(CH,) = 25.87
Vi 158.64 11799 120,94 12996 12094 11794  §(CO) = 167.26
5(CH,) = 23.67
VII 162.34 120.35 128.53 119.43 128.53 120.35
Villa 162.83  121.07 13136 10673 13136 121.07
VIl 159.89  105.61 13365 116.13  130.61 12098
Vil 157.20 11645 13331 10553 13331 11645
IXa 17138 11859 12614 13672 126.14 11859
IXa’ 159.61 141.23 125.07 133.67 12364 114.12
IXb 166.47 13259 12401 13882 12832  122.80
Xc 160.92 142.01 12522 12431 12522  124.01
X 166.19 119,10 131.23 11672 131.23 119.10  &(COQ) = 169.83
8(CH,) = 14.38
8(CH,) = 59.33
X1 168.98 120.34 133.61 97.29 133.61 120.34 S(CN) was not
determined
8(''%Sn) = 27.57n+1074 N =5 r = 0.969
8(''°Sn) = -8.59pK, +1954 N =5 r = 0986
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The attempt to correlate all 16 chemical shift 5(''*Sn) values of the
compounds with pK, values of corresponding phenols was not successful; no
reasonable correlation was found (N = 16, r = 0.03).
The values of characteristic quantities of phenoles (pK,, o,) for the above-
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mentioned correlations are listed in Table VI.

Table VI Characteristic quantities of substituted phenols used in the present work

Phenol in compound pK, [15] g, [16]
I 9.97 0
I 10.2 -0.01
111 10.21 0.30
v 10.2[17,18] 0.17
v 8.05 0.30
VI 8.5[19] 0.28
VII 9.42 0.47
VIITa 9.34 0.47
VIIIb 7.8 [20] 0.94
VIl 59121 141
Xa 7.16 0.67
IXa’ 7.22 0.67
IXb 4.09 1.34
IXc 0.29 2.01
X 8.37 [22) 0.30
X1 . 7.95 0.57
Conclusion

Sixteen substituted tributyltin(TV) phenolates were synthesized and studied by
means of 'H, '"Cand '"Sn NMR spectroscopy. In the solutions of non-
coordinating solvent (CDCl,), tributyltin{IV} phenolates are formed from tetra-
hedrally coordinated molecules, ‘and in the solutions of coordinating solvent
(hexadeuteriodimethyl sulfoxide) trans-trigonal bipyramidal complexes of phenolate
arise with one molecule of solvent and butyl groups in equatorial positions.

The chemical shifts 3(''”Sn) of compounds studied correlate satisfactorily
with values of Taft’s constants .
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Fig. 1 Comelation ofthe chemical shift 5( ''°Sn) of the substituted tributyltinIV) phenolatesin CDCI,

solutions with Taft’s constant o,
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