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Summary

Twenty-eight diorganotin halide acetates, thioacetates, haloacetates and
carboxylates, eighteen not previously reported, have been synthesized by the
reaction between the diorganotin oxides and acid halides, and by transacyloxy-
lation reactions between diorganotin halide acetates and carboxylic acids.
Infrared in the 2000—200 cm™! range, proton and carbon-13 NMR and tin-119m
Mossbauer data are interpreted in terms of acetoxy-bridged, trigonal bipyramidal
tin in the solid phase with depolymerization occurring in solution where a
dynamic equilibrium between diorganotin dihalide and dicarboxylate species is
rapidly established. A new infrared absorption also appears at 100—125 cm™ to
higher frequency of the v,5,,, (CO,) which disappears on heating. A dimeric
structure based upon four-membered Sn,0, or Sn,OX rings in which carboxylate
group oxygen atoms bridge tin atoms of a second molecule leaving the C=0
group free is proposed. The halide thioacetates are associated in the solid state
but are monomeric in solution.

The question of intermolecular association in organotin compounds, of interest
generally {11, is brought into sharp focus with the organctin chlorides and
acetates. Data from gas phase studies of the methyltin halides [2—4] show no
large deviations from tetrahedral geometry in the free molecules, while the
crystal data show a progression of situations from the nearly tetrahedral geom-
etry of triphenyltin chloride [5], through diphenyl- [6] and bis(chloromethyl)-
tin dichloride [7] to that of dimethyltin dichloride [8] whose environment ig
substantially distorted toward the octahedral. We are clearly in an intermediate
area, and the question of coordination number at the tin atom in the latter mem-
bers of this series must be said at this writing to be indeterminate [1]. The
same is found in the recently investigated diethyltin halides [9].

* Dedicated to Professor E.G. Rochow on the occasion of his 70th birthday.
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" The situation in the organotin acetates is analogous. The acetate moiety can
behave as a bidentate chelating ligand or as a bridging group to give rise to
associated oligomeric or polymeric chain structures in the solid. Binding in a
unidentate fashion is found when a second donar group successfully competes
for the coordination sites as in 2,2"-bipyridylbis(trifluoroacetato)divinyltin(IV)
[10], when the chelating interaction would be weak or possibly impose a
strained conformation on the molecule as in Cl;SnCH,Cl [4], or when the organic
groups at the tin atom are too bulky to permit either chelation or bridging.
Tricyclohexyltin acetate [11] may be an example of the last-named situation,
but the stereochemically suggestive position and short distance of the second
oxygen atom make this conclusion, and hence the assignment of the coordina-
tion number at the tin atom, ambiguous.

The simplest organotin carboxylate, trimethyltin formate, forms a structure
of formoxy- and planar trimethyltin groups arranged alternately along a
helical chain [12]. The carboxylate groups in trimethyltin acetate and tri-

- fluoroacetate also bridge in associated structures comprised of planar tin-car-
boxylate units [13]. Acetate groups in other examples bridge ditin units as in
di-u-acetatobis(diphenyltin) {13] and stannoxane units as in {[(n-C;H;),Sn0,-
CCCl,l,}, [16]. The structure of tribenzyltin acetate [17] exemplifies the
crossover between the tendency for a bridged, one-dimensional polymer and
the discrete, monomeric molecular form with an increase in steric bulk at the
tin atom. The coordination number at the tin atom in this case is indetermi-
nate. .

Between these two situations lie the organotin halide acetates for which no
X-ray crystal structure information is available [1]. The first compound of this
type, dimethyltin chloride acetate, was prepared in 1960 by Okawara and
Rochow by the action of acetic anhydride on dimethyltin dichloride {18]:

7 i i
(CH,),SnCl, + (CH;C),0 - (CH;).CISnOCCH; + CH;CCl 1)

Later, the redistribution of dialkyltin dihalides and diacetates was used to
prepare a variety of dialkyltin halide acetates [19—22].

R.SnX, + R.Sn(0.CCH,), - 2 R,XSnO,CCH, 2)

Another synthetically useful method is the reaction of tetraalkyl-1,3-dichloro-
distannoxanes with acetic acid or acetic anhydride [23]:

2(R.CISn).O + 2 CH;CO,H — 2 R.CISn0O,CCH; + H,O 3)
(R2CISn)1O + (CH3CO),0 -~ 2 R.CISnO,CCH; 4)

Other, in general less convenient methods inciude the cleavage of tetra-n-butyi-
1,2-dilacetoxydistannane with bromine [24] to give di-n-butyltin bromide
acetate, the reaction of di-n-butylchlorotin hydride with acetic acid [25] to
give di-n-butyltin chloride acetate, and the cleavage of a methyl group from
trimethyltin chloride by haloacetic acids [26,27] when heated together for
several hours in a sealed tube. ’
Dimethyltin chloride acetate has also been preparead by the reaction of acetyl
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chloride with dimethyltin oxide [{28]:
C") _
(CH;);SnO + CICCH; —~ (CH3)2SI’I102CCH3 (5)
' Cl

An analogous reaction between diethyltin oxide and benzoyl chloride gives
only diethyltin dichloride and diethyltin dibenzoate [28]. Attempts to prepare
dimethyltin chloride benzoate via a redistribution reaction were also unsuccess-
ful [21]. :

We report in this paper the synthesis of twenty-eight diorganotin halide ace-
tates, thioacetates, haloacetates, and carboxylates, eighteen of them reported
here for the first time, and infrared, proton and carbon-13 nuclear magnetic
resonance and tin-119m Mossbauer spectroscopic data which are interpretated
in terms of the structures of these systems in the solid phase and in solution.

Experimental

Chemicals and spectra )

Reagent grade chemicals were used as received, except for acetyl bromide,
which was distilled in the presence of N,N'-dimethylaniline to remove hydrogen
bromide, and used immediately. Melting points were measured on a Thomas-
Hoover Capillary Melting Point Apparatus (Arthur H. Thomas Co.) and were
uncorrected. Tin was analyzed as tin(IV) oxide through the action of nitric
and sulfuric acids.

Infrared spectra were recorded on a Beckman IR-12 infrared spectrometer
as Nujol mulls from 600—200 cm™ and as KBr pellets from 2000—300 cm™.
Solution infrared spectra were obtained between: KBr plates in the region
2000—400 em™! and in polyethylene cells for the 600—200 cm™! region.

119mgy Mossbauer spectra were recorded on a cam-drive, constant accelera-
tion spectrometer previously described [29], using a Ba!!*™SnQ; source (New
England Nuclear Corp.) as the zero of isomer shift.

'H NMR spectra were recorded on a Varian AGO-A spectrometer operating
at an ambient probe temperature of ca. 39°C. Deuterochloroform was used as
the solvent, and tetramethylsilane (TMS) as the internal standard.

Natural abundance, proton noise-decoupled carbon-13 spectra were recorded
at 25.1 MHz on a modified Varian HA-100D spectrometer equipped for fast
Fourier transform operation. Carbon-13 NMR data were collected and processed
by a Digilab FTS/NMR-3 pulse and data system. Deuterochloroform was used
as the solvent, and the samples, approximately 50% (wt/v), were contained in
8 mm o.d. tubes which held 2 mm o.d. coaxial inner cells containing C¢F, the
external lock material. Probe temperatures were maintained at ca. 40°C during
proton-decoupled experiments uiilizing the Digilab 50-80 decoupler by a
continuous flow of nitrogen circulated through cooling coils held in dry ice.

Carbon chemical shifts were measured in parts per million (ppm) relative to
internal TMS, positive values being to high frequency. A resolution of *1 Hz
was achieved using 16384 (16 K) data points and a sampling frequency of
12000 s™t. |
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Syntheses

Two synthetic methods were used in the preparation of the diorganotin
halide carboxylates listed in Table 1: by reaction between diorganotin oxides
and acid halides, and by transacyloxylation reactions between diorganotin
halide acetates and carboxylic acids. A description of each method used in a

typical preparation is given below.

’ Di-n-butyltin chloride acetate. Di-n-butyltin oxide (3.00 g, 12 mmol) was
suspended in carbon tetrachloride and acetyl chloride (0.94 g, 12 mmol) added
with stirring. The mixture was heated and allowed to reflux ca. 0.5 hour, dur-
ing which time all the suspended di-n-butyltin oxide dissolved. The solution
was cooled, the carbon tetrachloride solvent removed by rotary evaporation,
and the product recrystallized from hexane, m.p. 63—64°C (lit. [25] 64—65°C).

Di-n-butyltin chloride monochloroacetate. Di-n-butyltin oxide (3.00 g, 12
mmol) was suspended in toluene and acetyl chloride (0.94 g, 12 mmol) added.
The temperature of the mixture was slowly increased, but kept below the boil-
ing point of toluene, until all the di-n-butyltin oxide had dissolved. The solu-
tion was cooled and monochloroacetic acid (1.14 g, 12 mmol) was added.
The acetic acid released during the transacyloxylation reaction was removed
by azeotropic distillation and the remaining toluene was removed by rotary
evaporation. The product was recrystallized from hexane, m.p. 68—69.5°C.

Results

Infrared spectra and assignments

Diorganotin halide acetates. Solid-state infrared spectral data for the diorgano-
tin halide acetates in the range of 2000—200 cm™ are given in Table 2 *. Assign-
ments are based upon the spectrum of sodium acetate [30—33]. The infrared
spectrum of dimethyltin chloride acetate has also been previously reported
[20,26,34].

The most prominent bands arise from the v,y n(CO,) and v, (CO,) modes
which occur as very strong, broad absorptions in the ranges 1560—1551 and
1422—1408 cm ', respectively. Other bands associated with the carboxylate
group are the CO; scissor vibration which is a strong band at 689—679 cm™!,
the CO, out-of-plane deformation which is a medium band at 618—612 cm™,
and the in-plane CQO. deformation which is a weak band at 498—484 cm™!. The
lowest CO, deformation frequency has been assigned to the out-of-plane motion
based upon the bending frequencies of acetone [35,36].

A medium to strong band that occurs in the 287—271 cm™! range is assigned
to the v(Sn—0) mode. While only few far infrared studies have been made on
organotin carboxylates, bands in the 300—250 ecm™ region, which are absent
in the infrared spectra of sodium formate and acetate, have been assigned to
the »(Sn—O) mode for triorganotin formates [37] and acetates [38—40] and
dialkyltin diacetates [41].

* Tables 2—9 and 14 have been deposited as NAPS document No. 03431 (21 pages). Order from
NAPS. ¢/o Microfiche Publications, P.O. Box 3513, Grand Central Station, New York, N.Y.
10017. Remit in advance, U.S. funds only $ 5.25 for photocopies or $ 3.06 for microfiche. Out-
side the U.S. and Canada adc postage of $ 3.00 for photocopy and $ 1.00 for microfiche.
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Both the vy, (Sn—C) (606—577) and v ,.y,,(Sn—C) (630—616 cm™!) vibra-
tions are observed for all the dialkyltin halide acetates studied. These modes in
phenyltin compounds are found in the 382—261 and 249—225 cm™ regions,
respectively [42—45]. The v,.,,(Sn—C) mode in diphenyltin chloride acetate
is not observed, and probably coincides with the strong #(Sn—Q0) band which
overlaps it at 294 cm™. A shoulder appears at 280 ecm ™ for diphenyltin
bromide acetate, which may arise from the v,,,,,(Sn—C) mode. The v, ,,(Sn—C)
vibrations for the.diphenyltin compounds are assigned to 238 and 224 cm™* for
the chloride and bromide compounds, respectively. Assignment of this band
is not unambiguous since a band in the same region has been assigned to
Veym(Sn—O) for trimethyltin formate and acetate [46]. :

Tin—halogen stretching vibrations are easily observable as intense bands in
the 335—326 and 242—227 cm™! regions for v(Sn—Cl) and v(Sn—By), respecti-
vely.

Phenyl ring assignments for the diphenyltin halide acetates are based on
comparison with other phenyltin compounds {45,46].

Dialkyltin halide haloacetates. Solid-state infrared spectral data for the
dimethyltin chloride and bromide haloacetates and di-n-butyltin chloride
haloacetates are given in Tables 3 and 4, respectively. Complete assignments
have not been attempted, but literature values for the sodium haloacetate salts
[31] and the triorganotin haloacetates [38,40,48] allow some assignments to
be made with confidence.

The v,5,m(CO,).and v,,,,(CO,) modes yield broad, very strong bands in the
frequency ranges 1651—1580 and 1408—1358 cm™!, respectively. While
Vasym(CO») and v, (CO.) show a marked dependence on increasing halogena-
tion, v,y m(Sn—C) and vy, (Sn—C) show little variation, appearing in the
ranges 586—580 and 528—522 cm™!, respectively for the dimethyltin compounds.
The V.5, (Sn—C) mode appears at 603—595 em™ in the di-n-butyltin com-
pounds. The CO, bending vibrations were assigned to the following: a strong
band in the 718—682 cm™! range to the CO, scissor vibration, a weak to
medium intensity band in the 6839—615 cm™ range to the CO, out-of-plane -
deformation, and the CO, in-plane deformation to a medium to strong band
at 514—497 cm™. This latter band probably overlaps the vg,,,(Sn—C) absorption
for the di-n-butyltin compounds, which is also found in this region (cf. Table
2). '

The tin—halide stretching vibrations are again easily identifiable as a strong
band at 350—314 cm™* for »(Sn—Cl) and at 241—286 cm™! for the v(Sn—Br)
mode. :

The assignment of the carbon—halogen stretching vibrations is more diffi-
cult. Strong bands in the 849—788 cm™' frequency range for the chloroacetate
derivatives probably arise from the v(C—Cl) mode, but assignments for the
dimethyltin compounds are not unambiguous since a strong absorption arising
from the Sn—CH; rocking mode also occurs in this region (cf. Table 2). This
band is absent in the di-n-butyltin compounds, making assignments somewhat
less difficult. The v(C—Br) mode is easily identified as a strong band at 727
cm™! for dimethyltin chloride bromoacetate and at 702 cm™ for di-n-butyltin
chloride bromoacetate.

The »(Sn—O0) mode is found as a weak to medium intensity band in the



(08'28)

6L'ee 46989 £6 auuxay 4 10 HDO%OUSIDH(6HYD-u)
(12'62)
89'62 29—-09 06 auuxay 4 gt 1100%OuSIOY(6H VD-u)
(81'92)
68°'92 §'69—89 88 auuxayf 4 IZHODTOUSION(6 ) PD-u)
[92] 99—¢9 _
{ez] 19 '23] 1909 )
‘loz] 9'L9—99 ¥9—£9 g6 ouuxay 1 tHODTOUSIOYEHYD-U)
(€6'eE)
Ly'eg 8L—9L auuxay 4 SH%0tousai(EHD)
(ag'0¢)
12°0¢ OLTI—4L1 8 EIDHD 4 £1000%ousg i EHO)
(82'¢¢)
8y'ee qL—ZL 4 Lafels} 4 LIoHDDTOUSIEL(EHD)
($8°9¢)
ye'LE Ya1—331 28 auanjoy 4 10 HDOOuSIEL(EHD)
(9z'1%)
aL'ov £6T—161 06 auojean 1 EHo0tousgi(EH0)
(LL'9¥)
08y £9—29 2] auwjuad 4 £HO(0)0Sus10UEHO)
(12°98)
90°'0¢ 9L—EL L9 ouuxay I SH9D0tousIDU D)
(9z°ve)
gI'¥E [L2] 961 981 ag EloHD 7 £1000T0usIDUEHD)
(20°8¢) .
18'Le (£2] 181081 arI—£21 08 Y100 4 LIOHDOOTOUSIOUEND)
(vL'3h) [L2] 0E1—62T
91'ey (12| 821—0'021 931831 9L £loHD/ouLxoy Z 10%HODOuSIDUEHD)
(¥8°'9¢)
yeae 86T—0E1 08 ElpHo/ounxay 4 1O OUS 10U EHO)
(8L°8¥) [L2] 881—L81
0%'8v [81] 68181 681981 08 auojanu 1 EHOO%OusIOU D)
(%) () m punoj
((‘porud) punoy) judalos polaw
ug (0,) 'd'W (%) protx Uuojusi[uIs A10ay p ¥Anutedong punodwo)

138 -

SULVIAXO9UVD TAI'TVH NILONVHUOIA
T A14vVL



139

‘H20D,4 puv 'nyis uj powrtoy EHHHTOUSK Y usamiaq uoroeal g tX 00,4 Pur QUSLY UsImIaq UOHITAL 1 ]

(28°8%)
bv°8%
(1°28)
gL'1g
(29'7v2)
0¥'¥2
(00°L2)
80°L%

(99°78)
¥9°9E
(Ly'08)
£0°0€
(31'26)
£8°2¢
(99°43)
8¢°4%
(96°62)
18°63

68—98
96—36
9'T4~0L
9L—T'EL
1va] 9'89—L9 ¥9
(x101, 920/ 66—96 "d'8)
S'Ib—0b
(1101, 43'0/60T—90T ‘d'®)
¥6—4'26

LL—g'de,

1%

64

L9

(43
43

99

auwvjudd

auvjuad

auwmjuad

auviuad
auexay

auvjuad

suexay

auexay

tHo0t ousgt(SH9))
EHDOTOUSIDUSHOD)
EHooTousg(L 8D u)
EHOOtOusIDULIHED-)
fo0tousigé(6ivo-u)
EHO(0)0SUSIDU6HYD-)
SH%00%0usIDUSHYD-W)
§EHD)DD O USIOUEH YD)
£1000%0usIOUEHYD-W)
Z1oHDDTOusIOY6HYD-u)

(ponupuod) T ATLVIL



140

range 293—253 cm™!. The frequency of this vibration increases with increasing
halogenation for the dimethyltin compounds, although observation of the
effect is less certain for the di-n-butyltin compounds.

 Solution infrared spectra of.dialkyltin halide acetates and haloacetates. The
prominent absorption bands of dimethyltin halide haloacetates in solution are
given in Table 5, and those of di-n-butyltin chloride haloacetate and di-n-
butyltin bromide acetate are given in Table 6.

The tin—carbon asymmetric and symmetric stretching vibrations are rela-
tively unchanged from the solid-state (cf. Tables 2 and 3). Compared to their
positions in the solid-state, however, the tin—halogen stretching frequencies
increase by 10—35 cm™.

Significant changes also occur in the positions of the carbonyl stretching
vibrations. The v,.,,(CO,) modes increase, and Vg, ,(CO-) decrease from the
solid-state to the solution phase. The shift to higher frequencies for the
Vasym(CO,) mode is greatest for the acetate compounds (41—47 cm™), and
relatively smaller for the haloacetate compounds, although in some cases
precise measurement was difficult owing to asymmetry in the shape of the
absorption band. In the dimethyltin halide chloroacetates and dichloroacetates
the v, (CO-) absorption is split into two bands, No comparable splitting was
observed in dimethyltin chloride bromoacetate, or in the corresponding
di-n-butyltin chloride compounds, although the band showed some asymmetry
in shape.

: In solution all the compounds exhibited a higher frequency band generally

100—200 cm™ higher than v, ,(CO,) that was absent in the solid state infrared
spectra. Shifts in v,,, ,,(CO.) with increasing halogenation were accompanied by
a comparable shift in this higher frequency absorption band.

Dialkyltin halide benzoates and thioacetates. Data for the dlalkyltm halide
benzoates are given in Table 7. Assignments and the numbering of the phenyl
ring vibrations are based upon the spectra of the alkali metal salts of benzoic
acid {49], and the observed frequencies and band intensities closely parallel
those found there. The vas,m(Coz) and v, ,,(CO,) modes are found at 1575—
1566 and 1380—1366 cm™!, respectively. The asymmetric carbonyl vibrations
in the dimethyltin compounds are split; in dimethyltin chloride benzoate the
splitting is unresolved and the band is asymmetric in shape, but in dimethyltin
bromide acetate it is clearly split. In CCL, solution, on the other hand, only
one absorption peak is observed.

Characteristic benzene ring vibrations in benzoic acid include a strong band
at 1609—1616 cm™! arising from a »(C—C) mode, a strong band at 725—720
cm™! assigned to a benzene ring deformation, and a weak v(C—C) mode at
1308—1305 cm™'. Carbon—hydrogen deformation vibrations are found at
1179—1178, 1076—1071, and 1028—1025 cm™. The very sharp band at
1452—1451 cm™! observed for all the compounds probably arises from a C—C
skeletal vibration, although no comparable band is reported for the alkali metal
salts [49]. A medium intensity band at 1135—1134 em™ is also absent in the
spectra of the alkali metal salts; however, a medium intensity band at 1134
em™! is reported in the Raman spectra of lithium and sodium benzoate [49].

The symmetrical deformation and CO, out-of-plane rock. are found at
700—691 and 568—550 cm™, respectively. The later lies between the v ¢y p-
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(Sn—C) and v, (Sn—C) modes at 615—591 and 534—518 cm™!, respectively,
all three of which are broadened and in some cases overlap.

The v(Sn—Cl) vibrations are found in the 359—324 range and v(Sn—Br) in
dimethyltin bromide benzoate at 237—236 cm™. The positions of ¥»(Sn—Cl)
are shifted by 20—30 cm™' to higher frequencies in solution, however, there
is no shift in »(Sn—Br).

Surprisingly few spectral changes occur on dissolving the compounds. As
was observed for the dialkyltin halide acetates, a new, sharp, high frequency
band appears at 1701—1697 cm™. The only other significant changes occur in
the spectra of the dimethyltin compounds, in which a2 band at 946 cm™! in the
solid-state disappears, and the v(Sn—Cl) mode shifts to higher frequencies. The
most notable observation, however, is that the v, ,,(CO.) and v, ,,(CO;) modes
in the halide acetates show only very small shifts, as compared to the acetates.

Table 8 gives the infrared spectral data for the dimethyl- and di-n-butyltin
chloride thioacetates. The data for the metal salts of thioacetic acid are lack-
ing, but a number of bands can be assigned with confidence by comparison
with the infrared spectra of thioacetic acid [50], thioacetate esters [51] and
trialkyltin thioacetates [52].

The carbonyl stretching vibration is seen as a broad, intense band at
1612—1600 cm™, the »(C—S) mode as a strong band at 965—963 cm™!, and
v(OC—C) the strong band at 1139—1133 cm™!. A strong band is also observed
at 657—654 cm ™, and is assigned to the out-of-plane skeletal deformation of
the thiocarboxylate group. Both the v, ,,,(Sn—C) and v, m(Sn—C) modes are
found in the 610—500 region and (Sn—Cl) at 340—321 cm™.

The band observed at 273—266 cm™' may arise from the v(Sn—O) stretch
of the weakly coordinated tin—oxygen bond, since a comparable band is also
found in the trialkyltin thioacetates [ 52] in which tin—oxygen coordination
is believed to exist.

As with the dialkyltin halide benzoates, no spectral changes occur on dis-
solving the thioacetates. .

Di-n-butyltin chloride trimethylacetate. The data for di-n-butyltin chloride
trimethylacetate as the neat liquid and in carbon tetrachloride solution are
listed in Table 9. The v,5,,,(CO,} stretch is split, as in the sodium salt [31]
and occurs at higher frequencies, like other dialkyltin halide acetates, in
solution. A strong absorption, attributable to a carbonyl out-of-plane bend
at 627 cm™!, obscures the asymmetric tin—carbon stretch, but the symmetric
vibration is observed at 515 ecm™ as a weak band. The tin—chloride stretch
absorbs as a strong band at 330 cm™t.

The spectrum of di-n-butyltin chloride trimethylacetate in carbon tetra-
chloride solution is nearly identical to that of the neat liquid, except that the
tin—chlorine stretching vibration increases in frequency by 23 cm™.

A high frequency band near 1705 cm™ for both the neat liquid and carbon
tetrachloride solution is also observed, similar to those described above.

NMR spectra and assignments

'H NMR data. Table 10 lists the *H NMR. data for the dimethyltin halide
carboxylates. The general increase in chemical shifts of the acetate group
protons with increasing halogen substitution is expected on the basis of simple
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TABLE 10
1H NMR DATA FOR (CH3)2XSn0,CR’

R : £:8n—C—H) T 5(02C—C—H) ? 127(1198n—Cc—11)} b
X=C1 .

CH; 1.08 2.09 76.0
CH,Br 1.13 3.87 75.5
CH,Cl 1.16 4.14. 75.1
CHCl, 1.18 5.96 74.1
cCl; 1.20 73.8
CgHg 1.13 76.1
X =Br .

CHy ’ 1.18 - 2.10 74.0
CH,Cl 1.22 111 74.8
CHCI, 1.30 5.99 73.3
CCly 1.33 72.6
CgHs 1.29 70.5
(CH3)»>CISnSC(Q)CH3 1.06 2.04 718

2 pom relative to internal TMS. ¥ In Hz.

electron withdrawal. The methyltin protons are similarly affected by halo-
substitution, but in a much less drastic way. Comparable shifts have been -
observed for trimethyltin haloacetates [29,38].

The two-bond 12J(*'?Sn—C—'H)| couplings for the dimethyltin halide halo-
acetates decrease with increasing halogen substitution on the acetate group.
The data for the dimethyltin chloride haloacetates vs. group electronegativities
[52], x;, can be fit to a straight line with a correlation coefficient of 0.985 and
a standard deviation of the caiculated values of J from the measured values of
0.16. The equation of the calculated line is found to be J(}'°Sn) = —3.84 x; +
83.61. A least-squares fit of the 11°Sn J values vs. the Taft inductive factor
o* [53] also gives a straight line, but in this case the correlation coefficient is
only 0.974 with a standard deviation of 0.21. The equation of the calculated
line is J(*'9Sn) = —0.90 ¢™ + 76.09.

Similar plots of the '°Sn data vs. group electronegativities and Taft inductive
factors for the dimethyltin bromide haloacetates give unsatisfactory results.
The correlation coefficients are less than 0.9, probably owing to the exception-
ally high J values found for the monochloroacetate compound.

13C NMR data. Carbon-13 NMR. data are listed in Table 11 for the di-n-butyl-
tin chloride haloacetates and the dimethyltin halide benzoates, but not for the
dimethyltin halide haloacetates owing to their limited solubilities. The results
for the di-n-butyltin compounds parallel the 'H NMR data for the analogous
dimethyltin compounds. The general increase in the acetate a-carbon chemical
shifts with increasing halosubstitution is expected on the basis of electron
withdrawal, and the n-butyltin carbon atoms are similarly affected. A least-
sguares fit of the shifts of the carbon atoms bonded to tin (C(1)) vs. group
electronegativities gives a straight line with a correlation coefficient of 0.903
and a standard deviation of 5.8. The equation of the calculated line is §(*3C(1)) =
53.9 x; + 544.4. A significantly better fit is obtained by using the Taft inductive
factors (a correlation coefficient of 0.959 and standard deviation of 3.8 is
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obtained for the calculated line of equation §(*3C) = 14.1¢™ + 647.3).

The magnitudes of the ['J(*'°Sn—">C)| values are much larger than those of
the twe bond [?J(*'*Sn—C—"H)| couplings, and are much more sensitive to
changes in bonding and structure in organotin compounds [55,56]. The
J(''°Sn—"'3C) I values decrease with increasing halosubstitution on the acetate
group. Their plot against Taft inductive factors gives a better fit to a straight line,
with a correlation coefficient of 0.980 and standard deviation of 2.7 as compared
to the correlation coefficient of 0.950 and standard deviation of 4.2 against
group electronegativity. The resulting equations for each line are J(*'°Sn) =
—14.30* + 503.2 and J(!'°Sn) = —56.4x; + 611.7, respectively.

119mQp Mossbauer spectra. Table 12 lists the ''°™Sn Mdssbauer data taken at
77 K. All the spectra show well-resolved doublets. The isomer shifts (IS) and
quadrupole splittings (@S) in each series of haloacetates show a general increase
with increasing halosubstitution on the acetate group, a trend previously
observed for analogous series of triorganotin haloacetates [29,57,58]. A
pronounced saturation effect in the variation of quadrupole splitting with
group electronegativity was observed for the tri-n-butyltin haloacetates [29].
The same effect is also observed for di-n-butyltin chloride haloacetates, as
illustrated by Fig. 1, but is less severe for the dimethyltin compounds. ~

TABLE 12
119mgn MOSSBAUER DATA FOR R2XSnOsCR’ AT 77K

Compound I1s@ @sb r; r; (QS/1S)
(CH3),C1SnO,CCH4 1.39 3.52 1.46 1.41 2.53
(CH3)2CISnO,CCH,Br 1.39 3.81 1.16 1.06 2.74
(CH3);CISn0O3CCH;Cl 1.44 3.84 1.32 1.33 2.67
(CH3);CISnO,CCHCI, 1.44 3.87 1.34 1.37 2.69
(CHj3)>CISn0O>CCCl3 1.49 3.94 1.04 1.10 2.64
(CH3);CISn0,CCgH35 1.35 3.49 1.03 1.10 2.59
(CH3)>CISnSC(O)CHj3 1.44 3.08 1.10 1.06 2.14
(CH3)2BrSnO,>CCH3 1.44 3.58 1.07 1.03 2.49
(CH3)7BrSn0O,CCH,Cl - 1.52 3.87 1.02 1.09 2.55
(CH3)ZBrSn02CCHC12 1.63 3.93 1.03 1.17 2.41
(CH3)3BrSn0,CCCl3 1.48 3.98 0.96 1.01 2.69
(CH3)>BrSnO,CCgH5 1.40 3.57 0.89 0.98 2.55
(n-C4Hg)2CISnO;CCH3 1.42° 3.58¢ 1.09 1.20 2.52
(n-C4Hgj;CISn0,CCH,I 1.60 3.84 1.11 1.00 2.40
(n-C4Hg)»ClSnO,CCH, Br 1.63 3.95 1.19 1.15 2.42
(n-C4Hg)2CISnO,CCH;Cl 1.59 ¢ 391° 1.10 1.13 2.46
(n-C4Hg)>CISn0O,>CCHCl, 1.58 € 3.90¢ 1.06 1.16 2.47
(n-C4Hg),C1SnO,CCCl3 1.62° 390¢ 1.04 1.16 2.41
(n-C4Hg)»C1Sn0,CCeH35 1.59 3.53 1.08 112 2.22
(n-C4Hg)2CISnSC(O)CH3 1.60 3.22 0.93 1.11 2.01
(n-C4Hg)2BrSn0,CCH3 1.56 3.67 1.07 1.19 2.35
(n-CgH 7)2C1Sn0,CCH;3 1.50 3.59 1.00 1.03 2.39
(b-CgH 7)2BrSn0O,CCH3 1.54 3.63 1.04 1.12 2.36
(CgH3)2CISn02CCH;3 1.38 3.37 1.27 1.36 2.44
(CgHs)7BrSn0,CCH3 1.44 3.44 1.03 1.05 2.39
(CH3)35nG,CCH3 ¢ 1.31 3.57 1.10 1.16 2.73
(4-C4Hg)3Sn0O,CCH;3 9 1.38 371 1.33 1.05 2.69
(CH3)3SnSC(O)CH3 1.34 286 1.28 1.14 2.13
(n-C3Hg)3SnSC(O)CH; 1.48 2.39 1.20 1.05 1.61

€ +0.06 mm/s. ? £+0.12 mm/s. € +0.03 mm/s. ¢ Reference 52.
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Fig. 1. The @S of R,CISn0O,CCH, X3, vs. the group electronegativity of CH,X3_,.

Discussion

Preparation of diorganotin halide carboxylates. Reactions of diorganotin
oxides with metallic and organometallic halides [59—62] and with thionyl
chloride [63] are well-known, and in general may be written as:

R.SnO + E—X - R,XSnOE (6)

The reaction of dimethyltin oxide with acetyl chloride to give dimethyltin
chloride acetate [28], shown in eq. 5, is an example. The reaction of acid
halides with diorganotin oxides is a convenient method for the preparation of
diorganotin halide carboxylates:

O
| Il
R.SnO + XCR' - R,XSnOCR'’ (7

Although only diethyltin dichloride and diethyltin dibenzoate could be isolated
from the reaction of diethyltin oxide and benzoyl chloride [28], in this study
the action of benzoyl halides with dimethyl- and di-n-butyltin oxides yielded
dialkyltin halide benzoates. Acetyl chloride acts on di-n-butyltin sulfide to give
di-n-butyltin chloride thioacetate.

Other carboxytlic acid derivatives were obtained through exchange reactions
of the type of eq. 8, in which HO.,CR' is a higher boiling carboxylic acid, and

R,XSn0,CCHj; + HO,CR' ~ R,XSnO,CR’ + HO,CCHj (8)

the acetic acid formed was removed by distillation. However, as noted in earlier
studies [64,65] relative volatility is not always the controlling factor in these
transformations. Although thioacetic acid (b.p. 93°C) is more volatile, for -
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example, it readily liberates acetic acid (b.p. 118°C) from dimethyltin chloride
acetate. Thioacetic acid also displaces acetic acid from tri-n-butyltin acetate
[661, suggesting that tin—sulfur is favored over tin—oxygen bonding. This is
also demonstrated by the preparation of organotin mercaptans in aqueous
alkaline solution [67], while organotin alkoxides react rapidly with water.

The structure and bonding of triorganotin carboxylates have been extensively
discussed [68], however, diorganoctin halide carboxylates have not been as
thoroughly investigated. The results of infrared, !'°™Sn Mossbauer, 'H and '’C
NMR measurements for the diorganotin halide carboxylates are now discussed.

Diorganotin halide acetates and haloacetates

Triorganotin carboxylates are pentacoordinated in the solid-state through
bridging carboxylate groups, unless the substituents at tin are bulky, or the
carboxylate group is branched at the a-carbon [69], and X-ray crystallographic
data [1] confirms this suggestion originally put forward on the basis of infrared
studies [70]. The v,,,(CO-) mode for trimethyltin acetate [34] at 1576 cm™
is typical of these associated organotin carboxylates [68]. The frequency
separations of the v,,,,(CO,) and v,,,(CO,) modes have also been used to infer
the type of carboxylate structure present [ 71—73]. These separations from Table 2
are all in the range 150—128 cm™?, indicative of the expected bridged carboxy-
late structure shown in Fig. 2a. Similar conclusions for organotin haloacetates
are precluded owing to shifts in the carbonyl stretching frequencies with halo-
substitution. All the acetate and haloacetate derivatives listed in Tables 2, 3
and 4 exhibit both v,,;,(Sn—C) and v, (Sn—C) modes, indicating a nonlinear
C—Sn—C moiety consistent with the proposed structure.

The increase in V., and lowering of v, ,,(CO,) modes with increasing halo-
genation on the acetate group has also been observed for the triorganotin
haloacetates [27,29,34,38,57,58,72,74,75]. Many factors are involved in
determining this frequency, such as inductive, resonance, and field effects, _
which alter the force constant of the carbonyl group, as well as phase changes,
mass and angle effects, vibrational coupling, and changes in the force constants
of the adjacent bonds. Substituting increasingly electronegative groups on the
a-carbon atom would tend to increase the v(CO,) frequency, while the mass
effect would be expected to decrease it, and these factors have been principally
assoclated with these changes [37,74].

The Mossbauer IS should be lowered by the progressive substitution of
increasing electron withdrawing groups [76]. Table 12, however, shows a small,
but monotonic increase of IS values with successive halosubstitution. In addi-
tion, while the values of the dialkyltin chloride acetates are smaller than those
of the corresponding bromide acetates as is predicted, the IS values of the
diorganotin halide acetates are larger than those of the corresponding trialkyl-
tin acetates, opposite to what is predicted.

The observed ''”™Sn Mossbauer data may be interpreted, following our
previous study of the trialkyltin acetates [29], as follows: the population of
the empty 5d-orbitals of the tin atom by electrons from a carbonyl oxygen
atom of a second molecule in an intermolecular association would be expected
to lower the IS relative to the value found in a monomer with a free, organic
ester structure. The subsequent weakening of the Lewis base strength of the
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carbonyl by the inductive pull of the halomethyl group in the X,H;_,CCO,-
group could thus account for the observed incremental increase in IS in the
associated system. We previously predicted that halosubstitution at the tin
atom, with its concomitant increase in Lewis acidity of the tin atom, would
result in an increase in IS [{29], and this is confirmed by the present data.’
Another consequence of this suggestion is a strengthening of the intermolec-
ular tin—carbonyl oxygen bond with a concomitant lowering of the v(CO,)
frequency, which for the dimethyltin chloride and bromide acetates are ca.
20 cm™! lower than those of trimethyltin acetate [34,71].

The ratios of @S to IS (p), are greater than 2.1 for all the acetate and halo-
acetates studied, reflecting higher than four coordination at tin [75]. The
observation of a spectrum at ambient temperatures for dimethyltin chloride
acetate is indicative of a polymeric lattice structure [76] *. The @S data for
dimethyl- and di-n-butyltin halide acetates are the same as those of the tri-
methyl- and tri-n-butyltin acetates.

The proposed structure for diorganotin chloride halide acetate shown in Fig.
2a contains bridging acetoxy groups in the axial positions, with the two organic
groups and the halogen atom in the equatorial positions. Another associated,
pentacoordinated structure is also possible, with the acetoxy groups bridging
from axial to equatorial positions with halogen in the axial position. Distinguish-
ing these two isomers on the basis of infrared or Mdssbauer data is at present
impossible [78].

The v,y m(CO,.) modes shift to higher frequencies (cf. Tables 5 and 6) on dis-
solving, the greatest increases being for the acetates (ca. 40—50 cm™), suggest-
ing that depolymerization occurs in solution. The dialkyltin chloride acetates
which are monomeric in solution, show similar increases [23], and the v,,,,(CO,)
frequency of trimethyltin acetate which is monomeric in dilute solution
increases from 1570 to 1658 cm™!, the latter value typical of an ester-type
structure [77]. However, the chelated structure shown in Fig. 2b has also been
proposed for the halide acetates in solution {23,27], and for monomeric dialkyl-
tin diacetates which show carbonyl bands at ca. 1600 cm™ in solution, where
bis-chelated, hexacoordinated structures have been suggested [41]. The chelated
structure shown in Fig. 2b is analogous to that of the solid sulfur derivative,
dimethyltin chloride N,N-dimethyldithiocarbamate [1].

The v, m(CO-) absorption bands of the dimethyltin halide mono- and dichloro-
acetates in solution show splittings with frequency differences of ca. 24—37
cm™!, indicating that rotational isomerism of the acetoxy chloromethyl group
occurs in these compounds. Rotational isomerism, inferred from splittings with
frequency differences of ca. 25 c¢m™, has been claimed for tri-n-butyltin chloro-
acetates [74,80], however, the corresponding bands in di-n-butyltin chloride
haloacetates are unsplit.

The NMR |2J(119Sn—C—'H)| couplings for methyltin compounds of coordina-
tion numbers four to six show a steady increase, presumably arising through

* The recent observation of ambient-temperature tin-119m Mdssbauer spectra for certain molecular
solids such as tetraphenyltin (m.p. 229°C) [ 78] does not affect our conclusion which is based upon
a variety of physical evidence and upon close analogies with other associated tin(IV)-oxygen and
-sulfur solids whose structures are known [1].
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Fig. 2. Proposed structures of diorganotin halide carboxyvlates.

increased concentration of s-character in the tin—carbon bond [81]. An induc-
tive pull through the C—CO,—Sn system should enhance this concentration of
s-character in the tin—carbon bonds, and lead to an increase in tin—proton cou-
pling constant values with halogen substitution as has been seen for trimethyltin
haloacetates [29].

The [2J(1198n—C—'H)} values for dimethyltin halide haloacetates fall in the
range 69—76 Hz, usually attributed to pentacoordinated tin, and have been
interpreted [27] in terms of the chelated acetoxy structure shown in Fig. 2b.
The results in Table 10, however, show a decrease in magnitude with increasing
halosubstitution, a trend that is opposite to that found for the dimethyltin halo-
acetates. The coupling constants likewise show a monotonic decrease with
increasing halosubstitution in the di-n-butyltin chloride compounds.

We attribute this decrease to a breaking of the chelated acetoxy structure.
The inductive effect of halosubstifution would decrease the Lewis basicity of
the carboxylate carbonyl oxygen. As the carbonyl oxygen becomes less effective
in coordinating to-the tin atom, the coupling constants decrease in magnitude.

It has been noted that the carbon-13 chemical shifts and tin—carbon coupling
constants for di-n-butyltin chloride acetate are merely the average of the values
for neat di-n-butyltin chloride acetate and diacetate [56]. Comparison of the
'H NMR parameters listed in Table 10 with data for neat dimethyltin dihalides
[81] and diacetates [41] individually suggests that a dynamic equilibrium exists
in solution (eq. 9) in which the halide and acetoxy groups exchange rapidly

2 R,XSnO,CR’ = R.SnX, + R,Sn(0,CR), (9)

between dimethyltin moieties. When solutions of either dimethyltin bromide
acetate or chloride trichloroacetate are mixed with dimethyltin chloride acetate,
the "H NMR parameters quickly become the average of those for the individual
solutions.
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The solution infrared spectra for all the acetate and haloacetate compounds
show an additional band at ca. 100—125 cm™ to higher frequencies than the
Vasym(CO2) mode, which is absent in the solid-state spectra. The shifts in these
higher frequency absorptions with increasing halosubstitution parallel the
shifts in the v,.,,(CO,) mode, suggesting that the band is associated with a
carboxylate vibration. This higher frequency band was investigated in more
detail for di-n-butyltin chloride acetate, where it is invariant with concentration,
while the v,.,,,(CO,) absorption at ca. 1600 cm ™' shows the expected increases
in intensity. The V., (CO,) mode is unaffected by addition of triethylamine;
however, at a mole ratio of base above 1/10, the high frequency band disap-
pears. Further addition of triethylamine precipitates the bis-adduct of di-n-
butyltin dichloride. Addition of 1,10-phenanthroline to solutions of dimethyl-
tin chloride acetate also precipitates the adduct with dimethyltin dichloride,
results which confirm the equilibrium depicted in eq. 9. As the temperature
of a cyclchexane solution of di-n-butyltin chloride acetate is raised, the
higher frequency band disappears reversibly. In contrast, no variation is observed
in the V., ,,(CO,) mode.

Figure 3 illustrates some of the carboxylate structures possible. Organotin
compounds with a bridging structure (Fig. 3a) generally exhibit the v,;,,(CO;)
mode in the range 1560—1540 vs. 1660—1640 cm ! for the free ester structure
(Fig. 3d). Compounds containing a dimeric structure (Fig. 3b) which has been
proposed for the neat liquid dialkyltin diacetates [41], have the V,5,, (CO>)
mode in the same range as the bridging structures. Structures with a chelating
acetate group (Fig. 3c¢) would be expected to have the v,5,,(CO,) absorption at
frequencies between those of the bridging and the free ester-type structures.

The V4., (CO,) frequencies for the acetate derivatives of the Group IV

—M—0 O—M—0O O—
/ A4 ™ a
C C O O
| | \/ .
CHs CHs

Fig. 3. Possible organometal acetate structure.
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elements, M, recorded under conditions in which all the derivatives possess an
ester-type structure, decrease with increasing atomic weight of M, as shown in
Table 13. The mass effect does not predominate in increasing the halosubsti-
tution on the acetate group, however, and other effects must also be considered.

Changes in the degree of M—O bond ionicity have been discussed [83], how-
ever, this assumes that only electronic effects occur, ignoring the rotational
isomerism that has been observed for the mono- and di-haloacetate compounds.
[73,80]. For the compounds listed in Table 13, only the rotational isomers of
the cis derivatives should be observed, since steric considerations would rule
out the trans configuration. With the carbony! cxygen in the cis position, inter-
action with M would be possible, and the carbonyl frequencies should decrease
in the order of Lewis acidities Sn > Ge > Si.

Trimethyltin acetate [ 76] is monomeric, in dilute solution, with v,.,,(CO,)
at 1650 cm™. As the concentration is increased, a band at 1580 cm™ attribut-
able to the associated form grows. This band disappears upon heating, while
the 1650 cm™ band arising from the monomer grows. The same effect also
occurs upon addition of trimethylamine. The tin—proton coupling constants
for trimethyltin acetate in dilute solution suggest tetracoordinated tin.

The question of interaction of the carbonyl oxygen in the presumably tetra- .
coordinated, monomeric tin compound is complex, however. While the infrared -
and NMR data indicate no appreciable interaction, the !'*™Sn Méssbauer and
X-ray data for tricyclohexyltin acetate disagree. Solid tricyclohexyltin acetate
consists of discrete monomers with an intramolecular tin—carbonyl oxygen
distance of only 2.95 A [12]; but the v,,,,,(CO,) mode in the solid [12] (1645
cm ') is nearly identical to that for trimethyltin acetate in dilute solution [76].
However, the Mossbauer @S value of 3.27 mm/s [84], (p = 2.08), is suggestive
of considerable interaction.

The carbonyl oxygen in trimethyl- and tricyclohexyltin acetate is prevented
from being directed away from the tin atom by steric requirements. In tin(IV)
acetate [85,86], the butyltin tricarboxylates [87], and dimethyltin oxalate
monohydrate [88], on the other hand, at least one carbonyl oxygen cannot be
coordinated to tin, and all exhibit an additional higher frequency carboxylate
absorption band as discussed above for our compounds.

Molecular model studies of di-n-butyltin chloride acetate and trimethyl-
acetate suggest that rotation to the trans isomer is possible for the former but
not for the latter. However, the higher frequency band is also observed for the

TABLE 13

¥(CO,) FREQUENCIES FOR THE ACETATE DERIVATIVES OF GROUP IV ELEMENTS
(CH3)3MO>CCHj5 (cm™1)

M "asym(coz) "sym(co'l) Reference
Si 1725 1267 . 31
Ge 1692 1280 3
Sn 1650° 1380 77

2 Recorded in dilute solution in which the compound is monomeric.
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latter, exhibiting the same temperature dependence as in the acetate. Rotational
isomerism alone then cannot explain these results.
An equilibrium involving an uncoordinated carboxylate oxygen, eq. 10, can

?H3 /CH3 ﬁ
R\ /R /C\ O—(|: R C
O—Sn—0 O === \ ’ —0 = R;Sn—o CH3 ~ (10)
\/ I / l X
<[: X X
CHs
n (I (m)

be ruled out since increasing the temperature would be expected to shift the
equilibrium toward the right and result in an increase in the intensity of the
higher frequency band. However, the opposite is observed.

Addition of a Lewis base such as triethylamine which would coordmate with
the tin atom producing either of the species IV or V. IV would exhibit an

R

Cl Cl O
R . I
~1 : ~eT S~
/Sn ———N(Csz)a or /S‘n\ /C CH3
R | (CoHs)3N™ L 7O
(8]
Sc=o0
HsC
(V) (X))

enhanced uncoordinated carboxylate oxygen band, again contrary to what is
observed. Production of the second species is complicated by the fact that
addition of even a small excess of triethylamine precipitates the bis-adduct of
R,SnX,.

- Association to give dimers must be considered. Possible dimeric equilibrium
structures are shown in eq. 11.

R~ I I TR o
2  >sn—0 0 \ x I
R™ | O=C__ R _C—Chs
/
(I \ (MI) x—enl__ 1)
X Oy o

v
/
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Molecular weight data for diethyl- and di-n-propyl-tin chloride acetate, as
determined cryoscopically In benzerne, are about 5% higher than the monomeric
molecuiar weights [23], but those for dimethyitin chioride monoiodo- and
dichloro-acetate in chloroform [27] exceed the calculated values by about 25%.

The dimeric structures VII and VIII in the scheme are based upon a four-
membered Sn.0» or Sn,OX ring for which, in at least the former case, there is
ample structural data in support [1]. In each case there is an acetate group
with the carboxylate oxygen both bonded to a tin atom and coordinated to
the tin atom of the second molecule in the dimer. This arrangement, which
leaves the carbonyl group free, is seen in the X-ray crystal structures of the
dimeric {[(H,C=CH),Sn0O,CCF;1,0}, [15] and {[(n-C4H,),Sn0O,CCCl;},0},
[16], molecules which include such a tricoordinated carboxylate oxygen and
free carbonyl group. Such a system would be expected to exhibit a higher cax-
bonyl stretching vibration than for a typical free-ester group, and strong absorp-
tions at ca. 1700 and 1715 cm™, respectively, have been recorded for these
two examples as well as at 1715 cm™ for the dimeric {[(n-C;H,),Sn0O,CCH, -
Cl5_, 1,0 }» [89]. Since the dynamic equilibria shown in Scheme 1 involve only
dimers, their relative positions should be unaffected by concentration changes,
but the addition of the Lewis base triethylamine would shift the system to the
bis-adduct of the monomer, which precipitates. Heating would also drive the
system to the monomeric form.

Diorganotin halide benzoates. The infrared, '>™Sn Mossbauer, 'H and '3C
NMR results for dialkyltin halide benzoates in general parallel those of the
diorganotin halide acetates. In the solid state, the benzoate may act as a bridg-
ing group between dialkyltin halide units in a linear polymer. The carbonyl
stretch at ca. 1570 cm™ and the @S values of ca. 3.5 mm/s are very similar to
those of the diorganotin halide acetates.

Unlike in the diorganotin halide acetates, however, the v,5,,(CO2) modes
do not shift to higher frequencies on solution, and except for the appearance
of the higher frequency absorption band at ca. 1700 cm™, the solution infrared
spectra are nearly identical to the solid state spectra. We interpret the higher
frequency band in the same way as above.

The v, (CO,) mode of solid triphenyltin benzoate is found at 1620 [47],
and at 1565 and ca. 1640 em™ in tri-n-propyl- [83] and tri-n-butyltin benzoate
[83,90], respectively, which are liquids. Since there is no shift towards higher
frequencies in the v,,,,,(CO,) mode on solution, it is likely that structures
adopted in both states contains chelated benzoate groups.

Again, two bond tin—proton NMR coupling constants measured for the
dimethyltin halide benzoates are the average of those for dimethyltin dihalide
[91] and dimethyltin dibenzoate [21], suggesting an equilibrium as in eq. 9.

Dialkyltin chloride thioacetates. Dialkyltin chloride thioacetates have con-
siderably different physical properties from their oxygen analogues. Dimethyl-
tin chloride thioacetate is a low melting point crystalline solid and di-n-butyi-
tin chloride thioacetate is a liquid at room temperature.

The infrared spectra of solid dimethyltin chloride thioacetate and of dl-n-
butyltin chloride thioacetate as a liquid film are similar to those in solution.
The v(C=0) mode is found in the range 1612—1604 cm™', similar to the dialkyl-
tin halide acetates, but ca. 50 cm™ lower than observed for trialkyitin thio- -
acetates [52,92]. Although the v(C=0) mode for the sodium salt of thioacetic
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acid has not been assigned, a qualitative comparison may be made with that .
of sodium thiobenzoate [51], which is found at 1557 cm™'. Trimethyltin thio-
acetate is monomeric in solution [52], and its two bond tin—proton coupling
constant values are in the range of those attributable to tetracoordinated tin.
While both the v,y (Sn—C) and vg;n(Sn—C) modes are present, no bands attrib-
utable to the v(C=S) mode are observed.
Proton NMR data are in the range of those expected for pentacoordinated
tin, but exchanges as in eq. 9 may also be occurring. Evidence in support of a
pentacoordinated structure comes from the Mossbauer @S data which for the
trialkyltin thioacetates are in the range of those found for tetracoordinated tin
[52]1, but for the dimethyl- and di-n-butyltin chloride thioacetate are >3.00
mm/s. Unfortunately, no Mdssbauer data are available for other organotin—sulfur
compounds of similar structure. The Mdssbauer spectrum of the disulfur analogue,
dimethyltin chloride, N,N-dimethyldithiocarbamate, whose chelating structure
has been confirmed by X-ray crystallography [79] has not been measured.
Trialkyltin thioacetates. Trimethyltin thioacetate has been prepared by the
action of the potassium salt of thioacetic acid on trimethyltin chloride [92]:

T 0
I |
(CH3)35nCl + KSCCgH; —~ (CH;3)3SnSCC H; + KCl (12)

and the n-butyl! derivative by the action of thioacetic acid on bis(tri-n-butyltin)-
oxide [92] (eq. 13) or on tri-n-butyltin acetate [65] (eq. 14).

O 0]
R;3SnOSnR; + 2 HS&CH3 - 2 R3SnSg)CH3 +H,0 (13)
O 0] @) Q)
(n-C4H¢,)3SnO(HJCH3 + HSy)CH3 -~ (11-C4H¢,)3811S(HJCH3 + HOCHJCH3 (14)

We have prepared the trimethyltin compound in high yield using sodium
methoxide (eq. 15). The tri-n-butyl derivative was synthesized by the method

o o
I I
(CH;);8nCl + HSCCH; + NaOCH, - (CH,);SnSCCH; + NaCl + CH;0H (15)

depicted in eq. 13. :

The infrared spectra are given in Table 14 * for the neat compounds and their
solutions. The spectra of tri-n-butyltin thioacetate as a liquid film and in solu-
tion, and the trimethyltin thioacetate in solution are all very similar. The
v(C=0) modes are observed as intense absorption bands at ca. 1660 em™!; that
for trimethyltin thioacetate is broad and split, at 1603 and 1575 cm™'. This
latter band has been previously reported [52] to occur at the same frequency
observed in solution, 1667 em™', however, no mention was made of whether
the solid was dispersed in potassium bromide or in Nujol. It was found in this
investigation that when trimethyltin thicacetate was run in Nujol, the sharp
band at ca. 1660 cm™ appears together with a weaker band at ca. 1600 cm™.

The @S value in Table 12 for trimethyltin thioacetate is significantly greater

* See footnote on p. 136.
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than that for tri-n-butyltin thioacetate, which is monomeric and tetracoordi-
nated [1], but is similar to the value found for the tri-n-butyltin compound in
frozen pyridine solution, in which there is higher coordination at tin [93]. The
infrared and Mossbauer data for solid trimethyltin thioacetate suggest that its
structure contains a chelating thioacetoxy group.

The less Lewis acidic tin in trimethyltin thioacetate is tetracoordinated in
solution, the v(C=0) mode moving to higher frequencies. The |J(}'?Sn—C—'H)|
value of 58.0 Hz is confirmatory.

A recent report [94] opens up a new dimension on these studles. During the
annealing of a sample of (CcH;);Sn0,CCCl; [ 58] at room temperature for five
years a solid state monomer-polymer phase transition occuired. This new asso-
ciated form could also be produced directly by changing the solvent of reaction
from methanol [58] to ethanol. The v,5,,(CO,) mode absorbs at 1700 cm™ in
the monomer (@S 2.97 mm/s) and at 1618 cm™ in the polymer (@S 3.90
mm/s) in the solid state, but the latter dissolves as the monomer in dilute carbon
tetrachloride.
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