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SUMMARY

Triorganotin carboxylates were found to react with diorganotin dichlorides
according to the following reactions:

R,SnCl, +R5Sn(OOCR”) — R,SnCl{OOCR"} +R5SnCl
R,SnCl, +2 R4Sn(OOCR") — R,Sn(OOCR"),+2 R5SnCl

(R=CH; or C¢Hs; R’=CH,, C¢Hs or n-C H, and R”"=CHj;, CH,Cl, or C¢Hs).
* In addition, reaction of R,SnCI(OOCR") with R3Sn(OOCR") in a i/1 mole
ratio was found to give R,Sn(OOCR"),.

These reactions were followed by use of NMR techniques as well as by isola-
tion of the products. These reactions afford a convenient method for the synthesis of
diorganotin halide carboxylates and diorganotin dicarboxylates. The scope of these
reactions as weli as the IR spectra of the products are discussed.

INTRODUCTION

Redistribution or exchange reactions of electronegative groups X and Y
(X or Y =mono- or bidentate ligand) between diorganotin(IV) compounds, equation
(1), are of considerable synthetic utility :

R,SnX,+R.SnY, — 2 R,SnXY )

For example, this type of reaction has been used to synthesize dibutyltin
halide acetates® ~ 3, dialkyltin halide methoxides?, dialkyl-* and diphenyltin® chloride
8-hydroxyquinolinates, dialkyltin halide hydrides®~2, dimethyltin halide acetates®,
dimethyltin halide tropolonates'®, and dimethyltin halide dithiocarbamates®®.

However, attempts to prepare compounds of the type (p-XCcH,COOY)-
SnCI(CH4),, (X=H, Cl, CH,0 or CH;), via the above type of reaction, were un-
successful. When the reactions were run in either chloroform or benzene, the only

* Presented in part at the 158th National Meeting of the American Chemical Society, New York, N.Y.,
September 1969.

**x Taken from a thesis submitted by A.D.C. to The City University of New York in partial fulfillment of
the requirements of the Ph.D. degree, February, 1970.
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pure product obtained was (p-XC¢H,COQ),Sn(CH,),. Attempts to prepare di-
methyltin chloride benzoate using other methods!?~** were also unsuccessful. To
determine whether the isolation of only (p-XC¢H,COO0),Sn(CHj3), was due merely to
its insolubility relative to (p-XCgH,COO)SnCIl(CH3),, mixtures of methyltin chlor-
ides and methyltin carboxylates were examined by means of NMR spectroscopy. In
the course of these studies a hitherto unreported reaction system was discovered and
several new compounds were prepared.

EXPERIMENTAL

NMR spectra were recorded in CDCl; with a Varian Associates A-60A
spectrometer, using tetramethylsilane as an internal standard. IR spectra were
recorded as KBr disks or nujol mulls using Beckman IR-10 or Perkin-Elmer 21
spectrophotometers.

Dimethyltin oxide, dimethyltin dichloride, diphenyltin dichloride, trimethyltin
chloride, triphenyltin chloride, and triphenyltin acetate were obtained from M & T
Chemicals, Inc. The melting points of these compounds, after recrystallization from a
suitable solvent, agreed with literature values. Trimethyltin chloroacetate!®, tri-
phenyltin benzoate'S, and trimethyltin benzoate were synthesized according to the
interfacial polymerization technique®®.

Tin was determined gravimetrically as SnO, by degrading the compounds in
H,S0, according to the method of Okawara, Webster and Rochow'” as modified by
Okawara and Wada'8. Microanalyses (C, H and Cl) were performed by the Schwarz-
kopf Microanalytical Laboratory, Woodside, N.Y.

NMR studies

Solutions were prepared by dissolving methyltin chlorides and methyltin
carboxylates in amounts which gave the desired mole ratio of reactants in CDCls.
The concentrations of the final solutions ranged from 5-13 9. The mixtures were
transferred to sample tubes, TMS added as internal standard, and the spectra were

TABLE 1

NIMR EVIDENCE FOR EXCHANGE BETWEEN METHYLTIN CHLORIDES AND METHYLTIN BENZOATES®

Composition Mole ratio SnC, species SnC; species
of mixture

° Je ° Je
R,SnCl, /R ;SnCl* 1/1 8.78 69.2 9.33 58.8
R,SnCl,/R;Sn(OOCR’)* 1/1 8.83 71.5 9.34 59.2
R,5nCl,/R3Sn(0O0CR’) 1/2 8.86 829 9.34 59.6
R ;SnClI/R ,Sn(OOCR")," 1 8.88 83.7 9.35 59.2
R.SnCl, Pure compound 8.80 68.9
R;SnCl Pure compound 9.35 578
R;Sn{OOCR’) Pure compound 9.37 58.7
R,Sn(OOCR"), Pure compound 8.88 838
R.SnCI(OOCR) Pure compound 3.88 76.5

¢In CHCl, or CDCl;. * TMS=10 ppm. € J(*'9Sn—C-H), in Hz.  R=CH,. * R'=C4zH;. / R"=p-
CH;OCH..

J. Organometal. Chem., 25 (1970) 421-428



EXCHANGE REACTIONS OF ORGANOTIN CARBOXYLATES 423

obtained. Typical results are shown in Table 1. The observed reactions were essentially
complete within the time of preparation of the samples because no changes in the
spectra were observed after standing at room temperature for considerable periods of
time.

Svntheses via exchange reactions

Since, in every case, the conditions were similar, details will be given only for
those exchange reactions which involved new compounds.

Dimethyltin chloride chloroacetate. A solution of 0.85 g (3.9 mmoles) dimethyl-
tin dichloride in 5 ml benzene was added to a hot solution of 1.00 g (3.9 mmoles)
trimethyltin chloroacetate in 10 ml benzene. Evaporation of a portion of the solvent
=:d cooling the mixture yielded 0.77 g (729%) of small, colorless squares of crude
dimethyltin chloride chloroacetate, m.p. 122—125°. This compound was also prepared,
in a yield of 90 %, by reaction of dimethyltin dichloride with dimethyltin bis(chloro-
acetate) in a 1/1 mole ratio, equation (1), m.p. 126.5-128°. (Found: C, 17.79; H, 3.13;
Cl, 25.16; Sn, 42.86. C;H3zCl,0,Sn calcd.: C, 17.30; H, 2.91; CL, 25.53; Sn, 42.74 ;.
NMR spectral data: J(*'°Sn—C-H) 74.8 Hz; 7(Sn—CH,) 8.83; 1(OOCCH,Cl) 5.20.

Dimethyltin bis(chloroacetate). A solution of 0.42 g (1.95 mmoles) dimethyltin
dichloride and 1.00 g (3.9 mmoles) trimethyltin chloroacetate in 11 ml benzene was
concentrated by evaporation. Cooling to room temperature yielded 0.49 g (76 %;) of
dimethyltin bis(chloroacetate), m.p. 166-168°; lit.'® 162-165°. The NMR spectrum
of this product was very nearly the same as that obtained for pure dimethyltin bis-
(chloroacetate) synthesized from dimethyltin oxide and chloroacetic acid; J(*!°Sn—
C-H) 81.5 Hz; t(Sn—CH3) 8.88; :(OOCCH,CI) 5.87.

. Dimethyltin chloride chloroacetate with trimethyltin chloroacetrate. A solution
of 0.54 g (1.95 mmoles) dimethyltin chloride chloroacetate and 0.50 g (1.95 mmoles)
trimethyltin chloroacetate in 11 ml benzene was concentrated and cooled to room
temperature to yield 0.51 g (78 %) of dimethyltin bis(chloroacetate), m.p. 166-168°;
lit.'® 162-165°.

Attempted reverse reaction. A solution of 0.50 g (1.49 mmoles) dimethyltin
bis(chloroacetate) and 0.89 g (4.47 mmoles) trimethyltin chloride in 5 ml benzene was
concentrated and cooled to yield 0.35 g of crude dimethyltin bis(chloroacetate), m.p.
155-160°; 1it.*® 162—-165°. The NMR spectrum of this product showed the presence of
a small amount of trimethyltin chloride (r 9.37). There was no evidence of (CH),-
Sn(OOCCH,CI) or of (CH3),SnCl,.

Diphenyltin chloride benzoate. A solution of 1.21 g (3.5 mmoles) dlphenyltm
dichloride in 10 ml ligroin was added to a solution of 1.00 g (3.5 mmoles) trimethyltin
benzoate in 15 ml ligroin. Removal of about 18 ml of solvent under vacuum and
cooling in the freezer overnight yielded 1.33 g (88 %) of a white powder of diphenyltin
chloride benzoate, m.p. 71.5-73°. After recrystallization from ligroin the m.p. was
72.2-73.5°. (Found: C, 52.84; H, 3.77; Cl, 8.52; Sn, 27.53. C,oH,sC10,Sn calcd.:
C, 53.13; H, 3.53; CL, 8.25; Sn, 27.64%,.)

Diphenyltin dibenzoate. A solution of 1.21 g (3.5 mmoles) diphenyltin di-
chloride in 10 ml ligroin was added to a solution of 2.00 g (7.0 mmoles) trimethyltin
benzoate in 30 ml ligroin. The solvent was removed under vacuum until crystallization
began. Cooling resulted in 1.32 g (73 %) of diphenyltin dibenzoate, m.p. 115-119°.
Two recrystallizations from ligroin with a minimum of heating afforded small white
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crystals, m.p. 116-118.5°; 1it.2° 116-117°. (Found: C, 60.64; H, 4.12; Sn, 23.10.
C,6H,00,Sn caled.: C, 60.62; H, 3.92; Sn, 23.04 %.)

Dimethyltin chloride acetate. A solution of 1.07 g (4.9 mmoles) dimethyltin
dichloride and 2.00 g (4.9 mmoles) triphenyltin acetate in 21 ml chloroform was
concentrated and cooled to room temperature. This procedure yielded 0.91 g (77 %()
of dimethyltin chloride acetate, m.p. 182-184°; 1it.° 185-186°. The IR and NMR
spectra of this product were superimposable with the corresponding spectra of
authentic dimethyltin chloride acetate; J(**°Sn—C-H) 75.5 Hz; 7(Sn-CH,) 8.90;
t(OOCCH;) 7.88.

Dimethyltin diacetate. The NMR spectrum of a freshly prepared solution con-
taining 0.53 g (2.45 mmoles) dimethyltin dichloride and 2.00 g (4.9 mmoles) triphenyl-
tin acetate in 15 ml chloroform showed a chemical shift and coupling constant of the
(CH,).Sn moiety corresponding to dimethyltin diacetate?!-?2. However, after
evaporation of some solvent and cooling in the freezer, 0.12 g of crude dimethyltin
chloride acetate was obtained, m.p. 178-179°; lit.? 185-186°. Vacuum distillation of
the filtrate afforded a mixture of dimethyltin diacetate and triphenyltin chloride.

Reaction of dimethyltin dichloride with triphenyltin benzoate. A solution of
0.46 g (2.1 mmoles) dimethyltin dichloride and 2.00 g (4.25 mmoles) triphenylitin
benzoate in 10 ml chloroform/hexane (1/3, v/v) was stirred until all solids dissolved.
The solvent was removed under vacuum until crystallization began. This procedure
yielded 0.99 g of white crystals, m.p. 88-115°. The filtrate was evaporated and re-
crystallized from chloroform/hexane (1/1, v/v) to yield 0.23 g of colorless crystals, m.p.
88-130°. Both crops were shown, by NMR spectroscopy, to be a mixture of dimethyl-
tin dibenzoate and triphenyltin chloride. Attempts to separate the two products by
vacuum sublimation were not successful.

RESULTS AND DISCUSSION

Typical results of the NMR studies are shown in Table 1, where data for the
pure compounds are also included for comparison. From Table 1 it is seen that, for a
mixture of R,SnCl, and R;SnCl in a 1/1 mole ratio, there was no significant change
in the chemical shifts and tin—methyl coupling constants of the respective species
compared to the individual compounds. However, the NMR spectrum of a solution
containing (CH,),SnCl, and (CH;)3Sn(OOCCgH5) in a 1/1 mole ratio showed values
for T and J associated with five-coordinate dimethyltin halide chelates*® ~*!. When
the mole ratio of reactants was increased to 1/2, respectively, the t and J values
corresponded to six-coordinate dimethyltin bis(chelates)!?:21:22. Moreover, the
values observed for the latter system were practically identical with those of a solution
containing R;SnCl and R,Sn(OOCR”), in a 1/1 mole mixture, also shown in Table 1.

These results indicate that triorganotin carboxylates react with diorganotin
dichlorides according to the following equations: )

R,SnCl, +R5Sn(OOCR”) — R,SaCI(OOCR")+R5SnCl (2)
R,SnCl, +2 R5Sn(OOCR"”) — R,Sn(OOCR"),+2 R3SnCl (3)

Reaction (2) occurs when R,SnCl,/R5Sn(OOCR") is in a 1/1 mole ratio while
reaction (3) occurs when R ,SnCl,/R5Sn(OOCR")is in a'1/2 mole ratio. Both reactions
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were essentially complete ‘within seconds after mixing as shown by the immediate
change in the chemical shift and coupling constant of the dimethyltin species.

Large scale reactions in which the products were isolated confirm the above
reaction sequence. In addition, diorganotin chloride carboxylates were found to
react with triorganotin carboxylates according to equation (4),

R,SnCl{OOCR"”)+R5Sn(OOCR"”) —» R,Sn(OOCR"),+R3SnCl )

The various systems studied and the compounds obtained are listed in Table 2.

TABLE 2

RESULTS OF EXCHANGE REACTIONS

R R’ R"” moles R5Sn(OOCR”)/ Products

moles R,SnCl,
CH, CH, CeH; 1 (CH3).Sn(O0OCC¢H;).
CH, CH, CICH, 1 (CH,).SnCI{OOCCH,CI)
CH, n-C;H, CeHss 1 (CH;),Sn(O0OCCsH5),
CH, CeH; CH, 1 (CH,),SnCI{OOCCH.,)
CeHs CH, CsHs 1 (C6Hs)>SnCl{OOCCgH )
CH, CH, CeHs 2 (CH3),Sn(0O0CC4Hs),
CH; CH; CICH, 2 (CH3),Sn(OOCCH,Cl),
CH, CeHs CH, 2 (CH;),Sn(OOCCH,;),*
CH, CeH; CeH; 2 (CH.,),Sn{OOCC4H,),*
CeH; CH, CoH; 2 (CeH3),Sn(OOCCgH ).

¢ Unable to separate completely from triphenyltin chloride.

The results of the analysis of the new compounds listed in Table 2 are described in the
experimental section. The properties of products which are known compounds
agreed with reported data except for the cases of (CH;),Sn(OOCCH;), and (CH3),-
Sn(OOCC4Hs), prepared by the reactions of dimethyltin dichloride with triphenyltin
acetate and triphenyltin benzoate, respectively. It was not possible to completely
separate triphenyltin chloride from these two products. Otherwise, the IR spectra of
the various products confirmed the absence of starting materials or impurities.

Although the NMR studies of solutions containing dimethyltin dichloride and
various triorganotin benzoates in a 1/1 mole ratio indicated the existence of a five-
coordinate dimethyltin species in solution, all attempts to isolate (CHj;),SnCl-
(OOCC¢H;) were unsuccessful. Reactions of dimethyltin chloride with either
trimethyl- or tri-n-butyltin benzoate according to equation (2) afforded impure
dimethyltin dibenzoate only.

Attempts to reverse equations (2-4) by addition of a large excess of R5SnCl to
either R,SnCI(OOCR") or to R,Sn{OOCR"), showed no evidence for reaction. In the
investigation of an analogous reaction between dimethyl- and trimethylsilicon
moieties, shown in equation (5), an equilibrium constant of 1.9 x 103 was found?3.

{CH,),SiCl, + 2 (CH,);Si(OCH;) — (CH,;),Si{OCH,;),+2 (CH;)5SiCl  (5)
The failure to observe a reverse reaction in the organotin system suggests that
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the equilibrium constants of equations (2—4) are also large. Hence, with the possible
exception of dialkyltin chloride benzoate, these reactions afford a convenient method
for the synthesis of diorganotin halide carboxylates and diorganotin dicarboxylates.

IR spectra

The principal bands in the IR spectra of the new compounds prepared are
shown in Tables 3 and 4. The preparation of diphenyltin dibenzoate has been recently
reported?, however, no spectral data was given. Assignments of infrared bands were
made in analogy to published studies®*~ 3? and by comparison with the spectra of the
respective sodium carboxylates.

TABLE 4
RELEVANT INFRARED FREQUENCIES OF DIPHENYLTIN BENZOATES
Incm™'.
(C6eHs)-Sn(OOCCH)a (C6H;)2SnCI(OOCCHs) Assignments
KBr CHCl, KBr CHCI,
disk satd. soln. disk 2.5% soln.
1596 vs 1605 s 1598 s 1601 m v(CC)
1546 vs (br) 1567 s 1547 s 1547 s Asym. COj, str.
1497 s 1493 s 1495 w 1493 w ¢ semicircle str.
1483 s 1482 w 1481 m 1481 m v(CC)
1392 vs (br) 1361 vs 1377 s 1388 s (br) Sym. CO, str.
1307 m 1305 m 1308 w 1306 w v(CC)
1071 m 1070 w 1070 m 1073 w B(CH)
717 vs “ 718 vs # @(CC)
688 vs @ 689 s @ Sym. CO, deform.
531w 521 vw 523 vw CO, rock

317 m* Sn—Cl str.

2 Region masked by solvent. * Nujol mull between CsBr plates.

Inspection of Tables 3 and 4 shows that the asymmetric COO stretching
vibrations increase while the symmetric COO stretching vibrations decrease in going
from the solid to solution. The direction of the shifts and the positions of the frequen-
cies observed signify a structural rearrangement involving bridging carboxyl groups
in the solid state and chelated carboxyl groups in solution, similar to that observed for
dialkyltin diacetates®"'-*% The only exception is the case of (C¢H5),SnCI{OOCCH ),

-which shows the same position for the asymmetric frequency and an increase in the
symmetric frequency in going from the solid to solution. This suggests a different
structure for diphenyltin chloride benzoate in solution compared to the other organo-
tin carboxylates studied.

The presence of two bands due to the SnC, asymmetric and symmetric stretch-
ing vibrations in the IR spectra of the dimethyltin compounds (Table 3) indicates that
the C—Sn—C moiety is not linear. These observations are in agreement with the results
of studies of dimethyltin bis(chelates)*19-11:2%.22.33 and dimethyitin halide chel-
ates*? 1L

J. Organometal. Chem.. 25 (1970) 421428
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