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I. INTRODUCTION 
Organotin compounds are substances in which a t  

least one tin-carbon bond is present. The first such 
compound was described in 1852 by Lowig (527). 
Many significant contributions were made in this field 
during the next few decades. The assignment of the 
first accurate atomic weights of the Group IVA metals 
was facilitated by the study of their alkyl compounds. 
A comparison of the organometallic derivatives of 
silicon, tin, and lead formed part of the basis of 
Mendelkeff’s famous prediction of a new element, 
eka-silicon (germanium). I n  the years that  followed, 
largely because of important applications, principal 
interests in organometallic chemistry shifted to other 
areas, first to organoarsenic and organomagnesium 
compounds and later to organolead and organosilicon 
compounds. Not until the late 1940’s was there a 
noticeable renaissance in the field of organotin chemis- 
t ry;  a quick glance a t  the dates of the references a t  
the end of this review will give an estimate of the 
accelerated interest in this field during the past few 
years. 

Tin, the element of atomic number 50, is a member 
of Group IVA of the Periodic Table. I n  the atom of 
any element of this group there are four electrons 
in the valence level. All orbitals in lower levels are 
completely occupied, so that differing valences will 
not be due to employment of more or fewer lower- 
lying orbitals in bond formation. The four valence 
-electrons are not all equivalent. The ground state 
for these atoms is (in the Russell-Saunders notation) 
a 3P state, derived from an s2p2 configuration (593). 
There are two electrons in the s subshell, necessarily 
with spins coupled, and in this state only the two 
unpaired electrons in the p subshell should be avail- 
able for bonding. A covalence of two would be ex- 
pected, arising from this ground state of the atom. 
I n  order to form the usual four-covalent state, i t  is 

......................................... 524 

......................................... 525 

necessary to uncouple the s electrons; the Pauli prin- 
ciple requires that one of the s electrons be promoted 
to  a higher energy level. The next level is the p level 
of the same shell, and promotion of an s electron to 
this level gives an sp3 configuration, for which the 
lowest term is a 6S state with four uncoupled electrons. 
To prepare the atom for bond formation, the linear 
combinations of these sp3 orbitals which give the best 
bonds are sought, and the familiar tetrahedral orbitals 
result. The common four-covalent state is derived from 
the sp3 5S state of the atom, which is not the ground 
state but the first excited state. 

Covalences of two and four would then be expected 
for these elements in neutral molecules. The two- 
covalent state may be represented as in structure I 
(where A is any covalently bound atom or group) 
and the four-covalent state as in 11. These two states 

A 

t Sn-A A-dn-A 
I 

A 
I I1 

are not a t  all analogous chemically. I n  structure I the 
central tin atom has only six electrons in the valence 
shell and should be able readily to accommodate an- 
other pair to form the stable octet. Structure 11, in 
contrast, is a structure with two more covalent bonds 
and with a complete octet around the central atom. 
The latter state occurs far more frequently than the 
former and the great majority of organotin com- 
pounds possess a four-covalent tin atom. Because of 
the sp3 hybridization, the organometallic compounds 
of Group IVA are relatively stable and possess rela- 
tively low chemical reactivity; thus, tetramethyltin 
is unreactive toward air and water, in strong contrast 
to  trimethylindium and trirnethylstibine. The marked 
increase in stability of R4Sn compounds over R,Sn 
types also demonstrates the effect of increased hy- 
bridization. 

A 
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The discussion above emphasizes some similarities 
in compound formation by all of the elements of this 
group. Among these elements there are also differ- 
ences, which lead in some cases to rather widely differ- 
ent chemical behavior of their compounds. There is 
considerable difference in electronegativity, especially 
in the transition from carbon to silicon. The polarity 
of the metal-carbon bond increases as the group is 
descended, and the bond becomes more sensitive to 
attack by polar reagents; also, the increase in polar 
character of the halogens in compounds such as 
R,MX is evident. I n  the R,MOH series, the basicity 
increases from silicon to lead. The metal-carbon bond 
strengths decrease and the bond distances increase 
going down the group, resulting in progressively de- 
creasing thermal stability. 

The carbon atom is in a special situation within 
the group. Since i t  is a second-period element, i t  can- 
not expand its valence shell beyond eight electrons. 
For silicon and other elements in higher periods, such 
an expansion is theoretically not forbidden and may 
account for some of the differences between the 
chemistry of these elements and that of carbon. Al- 
though the elements of this group, with the exception 
of carbon, show no tendency to  form double bonds 
(p , -p , )  of the ethylene type, there is good evidence 
that the d orbitals of the elements other than carbon 
are used for bonding (d-p,). For example, with 
the four acids of the type p-R,MC6H,COOH, where 
M represents carbon, silicon, germanium, or tin, car- 
bon is the most electronegative of the four elements 
and should enhance the acid strength to the greatest 
extent. Actually, the carbon compound shows the 
lowest acid strength, indicating that d,--p, bonding 
is operative in the other three compounds (128). Sev- 
eral other examples of multiple bonding involving d 
orbitals are listed in a survey in which the behavior 
of silicon is examined in detail (820). 

The tendency to maintain the divalent state appar- 
ently increases, in this group, as the atomic number 
or atomic weight increases. Except for multiple-bonded 
compounds such as carbon monoxide, the only divalent 
compounds of carbon are the carbenes and the 

methylenes, which have been shown to exist as un- 
stable reaction intermediates (170, 403, 783a, 898). 
Several divalent organotin compounds are stable and 
isolable substances (see Section 111). A larger num- 
ber of divalent organolead derivatives might be ex- 
pected but have not been reported, probably because 
of the generally poorer stability of organolead com- 
pounds. 

The latest complete review (467) of organotin 
chemistry covers the literature up to  about 1935. 
More recently several brief expositions concerning this 
subject have been published (144, 233, 530, 560, 720, 
779). Since organotin chemistry appears to be on the 
threshold of large-scale commercial development, this 
seems to be an appropriate time to review and sum- 
marize the present state of knowledge in the field. In  
this paper the original literature is covered, as thor- 
oughly as circumstances allow, through 1959. Tables 
are included which present an essentially complete 
listing of published organotin compounds, with litera- 
ture references. I n  almost every case, all references 
known to the authors are given. 

There has been considerable inconsistency in the 
nomenclature of organometallic compounds, and the 
organotin literature is not exceptional in this respect. 
Throughout this review, including the tables, the 
authors have endeavored to  follow the nomenclature 
system presently used by Chemical Abstracts (17). 
Although the naming of organosilicon and organo- 
germanium compounds is based on organic no- 
menclature and requires the endings “silane” and 
“germane,” for organotin and organolead compounds 
inorganic nomenclature is now employed and the end- 
ings “stannane” and “plumbane” have been replaced 
by ‘%in” and “lead.” When two or more groups are 
to be named prior to the ending “tin,” the groups 
are arranged in alphabetical order. Alkyl groups not 
otherwise designated are normal or straight chain. 
With a few compounds, the inorganic nomenclature 
becomes unwieldy or impossible ; therefore the prefix 
“stannyl” is used for the group R,Sn-. The nomen- 
clature employed is best elucidated by exemplifying 
both the present (inorganic) and the older (organic) 
systems; table 1 lists a few examples of both systems. 

TABLE 1 
Some examples of old and new nomenclature of organotin compounds 

Fonnula I Present Name I Older Name 

(CzHs)rSn ...................................... 
(CzHsO)(CsHs)aSn. .............................. 
(CeHa)sSnSn(CsHa)s. ............................ 
(CHa)zSnHz .................................... 
(CeHa)aSnCl, ................................... 
(CzHa)aSnOH ................................... 
(CeHs)zSnO. .................................... 
CHaSnOOH .................................... 
(CeHaCHz)(CeHa)(C7H7)zSn. ..................... 

Tetraethyltin 
Ethoxytriphenyltin 

Hexaphenylditin 
Dimethyltin dihydride 
Tnphenyltin chloride 
Triethyltin hydroxide 
Diphenyltin oxide 
Methanestannonic acid 
Benzylphenyldi-ptolyltin (groups in alphabetical order) 

~~~ ~ ~~ 

Tetraethylstannane 
Ethoxytriphenylatannane 
Triphenyltin ethoxide 
Hexaphenyldistannane 
Dimethylstannane 
Chlorotriphenylstannane 
Triethylstannanol 
Diphenylstannone 
Methylstannoic acid 
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11. ORGANOTIN COMPOUNDS OF FOUR-COVALENT TIN 

A. SYMMETRICAL ORGANOTIN COMPOUNDS 

1. General 

Symmetrical organotin compounds are substances 
of the type R,Sn (table 2) in which the R groups are 
all the same; R may be alkyl or aryl. The tetra- 
alkyltins are colorless, and the compounds of lower 
molecular weight are liquids a t  room temperature; 
tetratetradecyltin and analogs of higher molecular 
weight are low-melting solids. The tetraaryltins are 
solids with melting points above 17OOC. The lower 
tetraalkyltins can be distilled a t  atmospheric pressure 
without decomposition. 

The lower-molecular-weight compounds are soluble 
in the common organic solvents. The higher-molecular- 
weight substances are only difficultly soluble in many 
of the more common solvents and solution can be 
effected only by such solvents as benzene, pyridine, 
or chloroform. 

These compounds are regarded, as stated previously, 
as possessing typical covalent bonds. They are quite 
stable in the presence of air or water and are unre- 
active in such organometallic reactions as addition 
to a carbonyl group. They are not highly sensitive 
toward strong aqueous bases, but cleavage of the 
carbon-tin bond occurs readily with halogens, hydro- 
gen halides, or strong aqueous acids. 

2. Preparation 

Symmetrical organotin compounds have been pre- 
pared in numerous ways but two procedures have 
been employed most frequently. These are prepara- 
tions involving the action of a moderately reactive 
organometallic compound (such as a Grignard reagent 
or an organolithium compound) on tin (IV) chloride, 
and preparations employing a tin-sodium alloy and 
an alkyl halide. The former method is superior either 
for laboratory syntheses or for commercial processes. 

Pope and Peachey (672) were the first to prepare 
organotin compounds by means of the Grignard re- 
agent. I n  general the yield of the organotin compound 

4RMgX + SI& RaSn + 4MgXz 

is between 50 and 95 per cent except in cases which 
are influenced by steric factors. An excess of the 
Grignard reagent usually is required for a more com- 
plete conversion; even so, the product may contain 
some of the R3SnX compound which, especially with 
the aliphatic derivatives, is difficult to  remove. A 
pure product can be obtained by repeated fractional 
distillation (167) , or by shaking an ethereal solution 
of the reaction product with an alcoholic solution of 

potassium fluoride (464). In the former method, 
alkaline hydrolysis of the R3SnX compound to the 
(R3Sn) *O derivative prior to distillation is helpful; 
in the latter method, the R3SnX compound is con- 
verted to the insoluble R3SnF derivative, which can 
easily be removed by filtration. Another purification 
procedure involves passing dry ammonia through the 
ethereal solution of the reaction product; the R,SnX 
impurity is converted to an insoluble complex, 
R,SnX.2NH3 (886). Where the organic group is 
large, i t  is sometimes necessary first to prepare the 
R3SnX compound, which is subsequently allowed to  
react with the corresponding Grignard reagent (468). 
Ethyl ether or an ethyl ether-hydrocarbon mixture 
usually is employed as a solvent. Recently, the use 
of tetrahydrofuran (761, 769) or of butyl ether (189) 
as a solvent has been reported to give improved yields. 
Anhydrous tin (IV) chloride is most commonly used, 
although the bromide and iodide give equally good 
results. (The following references indicate the extent 
to which this method has been used: 51, 52, 57, 79, 
167, 189, 225, 228, 239, 240, 283, 286, 315, 365, 380, 
383, 384, 391, 409, 413, 427, 464, 466, 469, 473, 474, 
512, 514, 524, 562, 564, 565, 566, 570, 608, 660, 661, 
672, 683, 685, 687, 728, 739, 745, 747, 761, 769, 811, 
812, 855.) 

With aliphatic secondary or tertiary Grignard re- 
agents yields are often poor; in the preparation of 
tetracyclohexyltin a considerable amount of hexa- 
cyclohexylditin is formed by reduction of the inter- 
mediate tricyclohexyltin halide by the Grignard 
reagent (468). With tert-butylmagnesium chloride 
and tin (IV) chloride, the intermediate di-tert-butyltin 
dichloride is reduced by the excess Grignard reagent 
to di-tert-butyltin (475). 

An interesting modification of this method has been 
reported by Kipping (402) and Smith and Kipping 
(794), who prepared R,Sn compounds without the 
previous preparation of the Grignard reagent. The 
organic halide is added to magnesium and tin(1V) 
chloride in ether. This method has received attention 
recently (595, 683, 698, 699) ; the ether is frequently 
replaced by a hydrocarbon solvent. 

Tetrabutyltin is formed as an intermediate in a 
cyclic process for the preparation of dibutyltin di- 
chloride. I n  this procedure, dibutyltin dichloride is 
treated with butylmagnesium chloride to  form tetra- 
butyltin. This symmetrical organotin compound then 
is cleaved to dibutyltin dichloride with tin(1V) chlo- 
ride; a portion of the product is then used to  repeat 
the cycle (518). 

Reactions of various other organometallic reagents 
also have been employed for the preparation of 
symmetrical organotin derivatives. These reagents 
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TABLE 2 
R4Sn compounds 

Compound 

Tetraallyltin .......................................... 
Tetraamyltin ......................................... 
Tetraamyltin119 ....................................... 
Tetra-dl-amyltin ...................................... 
Tetrabenzyltin ........................................ 
Tetra-2-biphenylyltin .................................. 
Tetra-3-biphenylyltin , ................................. 
Tetra-4-biphenylyltin , ................................. 
Tetrabutyltin ......................................... 

Tetracyclohexyltin ..................................... 
Tetra-1.cyclopentadienyltin ............................. 
Tetradodecyltin ....................................... 
Tetraethyltin ......................................... 

Tetraethyltin11a ....................................... 
Tetra.9-5uorenyltin .................................... 
Tetraheptyltin ........................................ 
Tetrahexadecyltin ..................................... 
Tetrahexyltin ......................................... 
Tetra.1-indenyltin ..................................... 
Tetraisoamyltin ....................................... 
Tetraisobutyltin ....................................... 

Tetraisopropenyltin .................................... 
Tetraisopropyltin ...................................... 
Tetrakis(bromomethy1)tin .............................. 
Tetrakis(o-chlorobenzy1)tin ............................. 
Tetrakis(1-chloroethy1)tin .............................. 
Tetrakia(chloromethy1)tin .............................. 
Tetrakis(p-chloropheny1)tin ............................. 
Tetrakis(p-dimethylaminophenyl)tin ..................... 
Tetrakii(p-dimethylaminopheny1)tin . tetnuuethiodide ...... 
Tetrakia(pdimethylaminopheny1)tin. tetramethosulfate .... 
Tetrakis(p-ethoxypheny1)ti.n. ........................... 
Tetrakis(2-ethylhexyl)tin ............................... 
Tetrakis(pfluoropheny1) tin ............................. 
Tetrakis(m-hydroxypheny1)tin .......................... 
Tetrakis(p-methoxyphenyl) tin. .......................... 
Tetrakis(pnitropheny1)tin .............................. 
Tetrakia(phenylethyny1)tin ............................. 
Tetrakis(pphenoxypheny1)tin ........................... 
Tetrskis(2-phenylethyl)tin .............................. 
Tetrakis(m-triBuoromethylphenyl)tin .................... 
Tetrakis(3 .5.5-trimethylhexyl)tin ....................... 
Tetrakie(trimethylailylmethy1)tin ........................ 
Tetrakis(ptrimethylsilylpheny1) tin ...................... 

Melting Point 

O C  . 

42-43 
300-301 
145.5-145.8 
260 
268.5 

263-264 
71-73 
15-16 
137.147'K . 

210 

41.5-42.5 

216 

57 
96.5 

49-49.5 
199 
194.5-195 
19s-199 
Decomposes 

a t  190 
Decomposes 

a t  195 
104 

144-145 
Decompose8 

a t  178-179 
253-254 
134.8 
Deflagratee 

a t  350 
Decomposee 

a t  174 
171 

143-144 

343-345 

Boiling Point 

O C  . 
87-88/4 mm . 
182/10 mm . 
138-144/0.8-0.9 mm . 
174/10 mm . 

69-70/1.5 mm . 

145/10 mm . 
127/1.7 mm . 
109-112/0.3 mm . 

178.5/760 mm . 
180.5-181/760 mm . 
78/13 mm . 

219-221/2 mm . 
239/10 mm . 
ZOQ/lO mm . 
187-190/1.5 mm . 
188/24 mm . 
170/11 mm . 
12&129/8 mm . 
155-155.5/24 mm . 
130/10 mm . 
143/16.5 mm . 
66+37/8 mm . 
89/4 mm . 
103-104/10 mm . 
142/2 mm . 
148.5/8 mm . 

2sS/12 mm . 
94/02 mm . 

L.5324 (at 32') 

1.4720 

1.4727 
1.4736 

1.4736 
1.4719 
1.4691 
1.4693 (at 25O) 

1.4702 

1.4791 
1.47242 (at 16') 
1.4760 
1.4772 (at 20.5') 
1.4751 (at 19.5') 

1.5110 
1.4851 (at 20.2') 

1.4839 (at 25O) 

References 

.435. 855) 

.121. 122. 324. 357. 365. 366. 530. 
856. 888. 914) 

:119) 
.365. 888) 
.310. 337. 514. 794) 
36)  
36)  
.46. 260) 

(70. 121. 122. 137. 151. 167. 186. 
251. 269. 324. 332. 335. 355.356. 
357.360.363. 365. 366.376. 512. 
518.526. 530. 567. 579. 646.667. 
668.685.687.698.699.812.850. 
856. 888. 905. 914) 

(283. 432. 468) 
(239) 
(265. 569. 570) 
(38. 54. 89. 100. 117. 120. 167. 206. 

216.219.220.225. 228. 229.234. 
251.260.269. 286. 289. 293.324, 
343.357.363. 365.366. 377.378. 
383.409.427.484. 491. 512.516. 
517. 528. 530. 555a. 557. 567. 
579.611. 661. 672. 747.785. 808. 
810. 811. 812. 826. 850. 856. 886. 
888. 911. 917) 

(118) 
(920. 921) 
(121. 888) 324. 335. 365. 366. 564. 856. 

(569. 570) 
(117 . 121. 167. 365. 366. 384. 530. 

(920. 921) 
856. 888) 

(122. 282. 464. 656. 667. 856 . 888) 

(122. 228. 286. 289. 357. 627. 809. 
907) 

(615. 617) 
(122. 579.745. 123.269,363,380,530,555a, 757) 

(901. 903) 
(51) 
(901. 903) 
(901. 903) 
(248. 421. 474. 530. 599. 862) 

(41. 256. 900) 
(256) 

(256) 

(831. 913) 
(384) 
(222) 
(240) 

(346 . 683. 831. 912. 913) 

(858) 

(315) 

(474) 
(365) 
(222) 
(384) 
(761) 
(571) 
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339, 515, 829). Probably organosodium intermediates 
are involved in these reactions. 

The first organotin compounds were prepared by 
the reaction of tin alloys with alkyl halides; through 
the years this method has received considerable atten- 
tion. A similar reaction using a lead-sodium alloy is 
of economical importance for the production of tetra- 
ethyllead. The early workers-Cahours (100, 103), 
Grimm (282), Ladenburg (484), and Werner and 
Pfeiffer (886)-heated an alkyl iodide with a tin- 
sodium alloy and obtained a mixture of products 
containing the tetraalkyltin compound. Other alkyl 
halides, usually under pressure, have been used instead 
of the iodide (70, 181, 304, 446, 447, 611, 667) ; a few 
reports of the use of aryl halides have appeared (666, 
667). Letts and Collie (516, 517) obtained a 50 per 
cent yield of tetraethyltin by heating ethyl iodide 
with a tin-zinc-copper alloy; ethyl iodide did not 
react with an alloy of tin and copper under these 
conditions. 

Harada (290, 291, 293, 305) has investigated the 
effect of zinc as a third component in the sodium-tin 
alloy. Excellent yields of tetraethyltin were obtained 
by refluxing an alloy containing 14 per cent sodium 
and 12-22 per cent zinc with ethyl bromide. A 60 
per cent excess of ethyl bromide and the use of an 
inert solvent such as cyclohexane have been reported 
to be desirable for a smooth reaction and a good yield 
(38, 234, 530). With butyl chloride and a sodium-tin 
alloy containing 2 per cent zinc, tribuiyltin chloride 
is the major product obtained (914). 

According t o  Krause and von Grosse (467, 530), 
the following reactions may explain the products ob- 
tained in this method : 

Sn + 2RX 4 R&Sz 
RzSnXn + RX + 2Na --$ R3SnX + 2NaX 
RsSnX + RX + 2Na + R4Sn + 2NaX 

A mixture of trialkyltin halide and tetraalkyltin 
results. By-products are dialkyltin and hexaalkylditin, 
formed by the following reactions: 

RISnX2 + 2Na RzSn + 2NaX 
2R3SnX + 2Na + RoSnSnRI + 2NaX 

More recently (914), the following reactions have 
been proposed to  explain the products obtained: 

2NaSn + 2RC1 + RzSn + 2NaCl + Sn 
RzSn + RCl --$ RsSnCl 
2RzSn + R4Sn + Sn 

Luijten and van der Kerk (377, 530) have made 
an extensive investigation of the use of a magnesium- 
tin alloy to  replace the sodium-tin alloy in the prep- 

Mg& + 4CnHsX --$ (CzHs)4Sn + 2MgXa 

aration of tetraethyltin. The magnesium-tin alloy is 
easily obtained by melting together the calculated 
amounts of tin and magnesium; in contrast to  sodium- 
tin alloys, Mg,Sn can be handled quite safely. For 
smooth reaction and good yields, a mercury or 
mercury (11) chloride catalyst, a temperature of about 
16OoC., autogenous pressure, and an inert solvent 
such as cyclohexane are required. A slight excess of 
the alkyl halide is desirable; however, a large excess 
of alkyl halide or long reaction times favor the forma- 
tion of alkyltin halides. Either ethyl bromide or 
ethyl chloride may be employed, but better yields of 
tetraethyltin are obtained with the former. Other 
alkyl halides as well as bromobenzene have been used 
in this reaction with some success and several patents 
have appeared on this subject (206, 343, 530, 668). 

As mentioned previously, tetraphenyltin can be pre- 
pared by the reaction of chlorobenzene and tin (IV) 
chloride with sodium. More recently, this Wurtz-type 
reaction has been extended to  the preparation of tetra- 
alkyltins by Luijten and van der Kerk (380, 384, 
530). Usually, a mixture of tin(1V) chloride and the 
alkyl halide is added to refluxing solvent containing 

SnC14 + 4RX + 8Na + RISn + 4NaCl + 4NaX 

the sodium. For the preparation of tetrabutyltin from 
butyl chloride, a solvent of low-boiling petroleum ether 
and a sodium sand of about 1 mm. diameter gave 
optimum results (530) ; however, in a recent patent, 
a higher-boiling hydrocarbon and molten sodium are 
suggested for the synthesis of tetradodecyltin (265). 
The method may prove quite useful for the prepara- 
tion of symmetrical tetraalkyltin compounds, espe- 
cially derivatives of higher molecular weight (384). 

A modification of the above method has been sug- 
gested for the preparation of dibutyltin dichloride 
(376, 530). I n  this cyclic process dibutyltin dichloride 
reacts with butyl chloride and sodium to form tetra- 
butyltin. The tetrabutyltin is then treated with 

( C ~ H ~ Z S ~ C ~ ~  + 2C4HpC1 + 4Na --$ 

(C,Hp)4Sn + 4NaC1 
@~Clr 

2(GHd2SnC11 

tin (IV) chloride to form dibutyltin dichloride; with 
sufficiently high yields in these reactions, a portion of 
this dichloride may be used to repeat the cycle. A 
small amount of hexabutylditin accompanies the tetra- 
butyltin; the ditin compound also can be converted 
to  dibutyltin dichloride by cleavage with chlorine to  
tributyltin chloride and subsequent reaction with the 
calculated amount of tin (IV) chloride. 

A number of other less important methods have 
been used for the preparation of symmetrical organo- 
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tin compounds. Letts and Collie (516, 517) obtained 
tetraethyltin by heating ethylzinc iodide with powdered 
tin a t  150OC. for several hours. Nad and Kocheshkov 
(599) treated phenylmercury chloride with an alloy 
of tin and sodium in xylene and obtained a 50 per cent 
yield of tetraphenyltin ; when diphenylmercury was 
employed the yield of tetraphenyltin was very small. 
Other tetraaryltin compounds were prepared in this 
manner. 

When aryllithium compounds and finely divided tin 
or a tin amalgam are refluxed in ether, a low yield of 
the corresponding tetraaryltin can be obtained (830, 
831). Triaryltinlithium compounds, prepared from 
the aryllithium derivatives and tin (11) chloride, react 
with the corresponding aryl halide to give the tetra- 
aryltin derivative (254) ; this reaction also has been 
successful in the aliphatic series (251). 

Nad and Kocheshkov (599) obtained a 37 per cent 
yield of tetraphenyltin from the reaction of triphenyl- 
tin chloride with an alloy of sodium and tin. Gilman 
and Barnett (236) converted triphenyltin halides into 
tetraphenyltin in poor yield by the action of hydra- 
zine hydrate. 

Diazomethane reacts with tin (IV) chloride in ben- 
zene to form chloromethyltin trichloride; the product, 
in turn, reacts with an excess of diazomethane to give 
tetrakis (chloromethyl) tin (901, 903). When diethyltin 
is heated above 15OoC., tin and tetraethyltin are 
formed (73,90,100,218,293). 

2(CzH&Sn + Sn + (CzHdaSn 

Diallyldiphenyltin, when heated above 16OoC., under- 
goes disproportionation to give tetraphenyltin (435). 

3. Physical properties 
The absorption spectra of the tetraphenyl deriva- 

tives of silicon, tin, and lead from 2100 to 3000 A. 
(in chloroform and in ethanol) have been given by 
Milazzo (588). Riccoboni (715) has discussed critically 
the ultraviolet absorption spectra of tetraethyllead, 
tetraethyltin, triethyllead chloride, triethyltin chlo- 
ride, and diethyltin dichloride in hexane and in 
methanol. Both of these authors concluded that the 
nature of the curves for the tin derivatives, in con- 
trast to those for the lead compounds, indicates no 
dissociation. The ultraviolet absorption spectrum 
of triethylphenyltin from 2000 to 2800 A. has been 
presented and discussed by Bowder and Braude (79). 

The relative fluorescence efficiencies of a number of 
organic compounds, including tetraphenyltin, have 
been reported (224). The scintillation counting be- 
havior of a group of pure crystalline organic com- 
pounds, including tetraphenyltin, has been studied 
( 743) . 

The Raman and infrared spectra of tetramethyltin 
have been studied by several workers (54, 190, 3978, 

524, 640a, 780, 781, 906a) ; considerable disagreement 
appears to exist as to the actual observed spectrum 
and to its interpretation. The infrared spectra of the 
tetraphenyl derivatives of carbon, silicon, germanium, 
tin, and lead have been studied (633). There is one 
sharp strong band which shifts in a characteristic 
way between 9 and 9.5 p in this series: R,Si (9.05 p ) ,  
R,Ge (9.18 p) ,  R4Sn (9.34 p), and R4Pb (9.45 p ) ;  
this band is clearly absent in the spectra of tetra- 
phenylmethane and of tetraethyltin. Infrared spectra 
of tetraethyltin (38613) , tetravinyltin (62, 386b), (2- 
cyanoethyl) triphenyltin (385) , ethyltriphenyltin (631, 
634), ethylenebis (triphenyltin) (631, 634) , and com- 
pounds of the type R,SnC,F,,+, (368) have been 
reported. 

Force constants for tetramethyltin have been cal- 
culated (773, 781, 782). 

The CI3 nuclear magnetic resonance spectrum of 
tetramethyltin has been obtained (489). The nuclear 
magnetic resonance spectrum of dibutylbis ( 1,1,2,2- 
tetrafluoroethyl) tin also has been reported (476). 

With microwave magnetic resonance of the unpaired 
electrons, the effect of ionizing x-rays on tetra- 
methyltin in the solid state has been studied (278) ; 
the radicals produced could not be definitely identified, 
but one type appears to be (C,H,)+. 

The atomic coefficients of magnetization for several 
tetraalkyltin compounds were determined by Pascal 
(642). The diamagnetic susceptibility has been meas- 
ured for several symmetrical alkyl derivatives of tin 
(366). The molar magnetic rotations of several tetra- 
alkyltin compounds have been determined (857). 

X-ray studies of crystals of a number of tetra- 
aryltin compounds have been made (227, 230, 345, 
346, 347, 846, 912, 913). Tetraphenyltin, tetra-m- 
tolyltin, tetra-p-tolyltin, and tetrakis(p-methoxy- 
phenyl) tin form tetragonal crystals; there are two 
molecules per unit cell. Tetrakis (p-ethoxyphenyl) tin, 
however, forms monoclinic crystals with four mole- 
cules per unit cell. The crystal symmetry decreases 
with increasing size of the aryl groups. Additional 
work on the crystal structure of tetraaryltin deriva- 
tives has been reported by Buttgenbach (99). 

Brockway and Jenkins investigated the structure 
of tetramethyltin by electron diffraction (85) ; the tin- 
carbon bond distance was found to be 2.18 t 0.03 A. 

Numerous determinations of the atomic refractivity 
of tin when attached to  primary alkyl groups have 
been made, -but the agreement between the values 
found by the different investigator8 is only fair (229, 
260, 365, 836). Krause and Schmite (473) found that 
values of the atomic refraction and dispersion of tin 
calculated from ethyltriphenyltin are appreciably 
higher than those calculated from methyltriphenyltin. 
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More recently, by analysis of the refraction data in 
the literature for liquid organotin compounds, a sys- 
tem of bond refractions for tin has been established 
(157,856, 888, 889). 

Smith and Andrews (793) have determined the 
molal heat capacities of tetraphenyltin between 100' 
and 320'K. From the molal heats of vaporization of 
tetramethyltin, ethyltrimethyltin, and triethylpropyl- 
tin, Bullard and Haussman (93) concluded that these 
compounds are "normal" liquids. More recently, the 
heats of combustion, heats of formation, and related 
thermodynamic fucctions of several tetraalkyltin 
compounds have been determined (54, 167, 365, 524, 
646) ; heats of bromination of several R,Sn compounds 
also have been reported (646, 647). Mean dissociation 
energies for various tetraalkyltin compounds have 
been calculated (524, 528, 597). 

Waring and Horton (865)  investigated the thermal 
decomposition of tetramethyltin between 440' and 
493'C. over a range between 5 and 185 mm. initial 
pressure. Above 80 mm. initial pressure the reaction 
was found to be predominantly first order; a t  lower 
initial pressures the order increased, approaching that 
of second. The reaction was found to be homogeneous 
once the reaction vessel was thoroughly coated with 
a deposit of tin and carbon. Nitric oxide produced no 
inhibition but instead caused a slight catalytic 
acceleration of the primary process. The predominant 
gaseous product was methane, together with some 
hydrogen and ethylene. A possible reaction mechanism 
was proposed. Later, Sathyamurthy, Swaminathan, 
and Yeddanapalli (748) recalculated the results of 
Waring and Horton and found a better fit with a 1.5- 
order reaction and a free-radical mechanism. Long 
(529) has attributed methane formation t o  the reac- 
tion of methyl radicals among themselves, not on a 
first collision, but in a series of subsequent steps, 
all of which are to be associated with more favorable 
activation energies and steric factors. 

Incidental to  the investigation of the antiknock 
properties of the low-molecular-weight alkyl R,Sn 
compounds, the limits of flammability of various 
explosive gaseous mixtures containing organotin com- 
pounds have been studied (587, 600, 601, 602, 603, 
604, 605, 606, 607, 835, 836, 837, 838, 839, 840, 841, 
842). 

Volume effects of tetraisopropyltin in benzene, 
carbon tetrachloride, and cyclohexane have been 
studied (757) ; these solutions belong to the class in 
which the structure of the solvent is not altered, and 
the total volume change is due to  distortion of the 
structure of the solute. 

The distribution of (C6H5) ,Pb* between solid and 
liquid phases in the systems tetraphenylsilanebenzene 
and tetraphenyltin-benzene was determined by meas- 

urement of the radioactivity of both phases after 
agitation in a sealed ampoule (610). 

Molecular-weight determinations show that the 
compounds of these types are not associated (for 
example, see references 427 and 826). I n  connection 
with the melting points of the aryl R,Sn compounds 
i t  is interesting to note that the melting point of 
tetraphenyltin is depressed only a few degrees 'when 
the compound is mixed with several different tetra- 
phenyl organometallic compounds (65, 172, 641a). 

The vapor pressure of tetramethyltin between 18' 
and 78.9OC. has been determined (93, 837, 849). An 
equation has been given for the calculation of the 
boiling points of tetraalkyltins (365). 

Experiments indicate that tetraethyltin can crystal- 
lize in a t  least ten forms (810, 811, 812, 850); the 
melting points of all of these lie between 137' and 
148OC. A less complete investigation of tetraethyllead 
has revealed a t  least six crystalline modifications 
(811); two forms of tetraethylgermane have been 
obtained, while tetraethylsilane and the tetramethyl 
derivatives of the Group IVA elements appear to 
crystallize in only one form (812). With tetraethyltin, 
the crystalline form obtained appears to depend on 
factors such as  the degree of purity, the nature of 
the surface of the confining vessel, and the thermal 
history of the sample before crystallization. It is sug- 
gested that this unusual polymorphism of tetra- 
ethyltin and tetraethyllead arises because the mole- 
cules of these two substances exhibit in the solid state 
a form of rotational isomerism (811, 812). I n  con- 
nection with these studies, the various melting points, 
heats of fusion and transition, and heat capacities 
from about 95'K. to  about 20' above the melting 
point have been measured (812). 

As expected, the dipole moment for tetraethyltin 
was found to be zero; the dipole values for triethyl- 
phenyltin and ethyltriphenyltin are 0.5 and 0.73 
Debye unit, respectively (557). 

The parachor value for tetraethyltin was found by 
Garner and Sugden (225) to be 441.1. The supercool- 
ing and glass-formation properties of tetramethyltin 
have been investigated (161, 162). The bchavior of 
counter tubes with tetramethyltin filling has been 
studied (56). 

The dissociation constants of (p-carboxyphenyl) - 
trimethyltin and (p-carboxyphenyl) triethyltin have 
been found to be 1.05 X and 1.17 X 1P, respec- 
tively (128). 

4. Chemical properties 
Most of the reactions of R4Sn compounds involve 

the replacement of one or more of the organic groups. 
Of these, the most important reactions are cleavages 
of R4Sn compounds to organotin halides with halogens, 
halogen acids, or tin(1V) halides. 
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R S n  + Xz + RaSnX + RX 
RaSnX + Xz --* RzSnXz + RX 
R S n  + HX + RISnX + RH 
R3SnX + HX + RzSnXz + RH 
3RaSn + S n X d  + 4RsSnX 
R4Sn + S ~ X I  + 2R2SnX2 
R4Sn + 3SnX4 --$ 4RSnX3 

Other inorganic halides cleave R,Sn compounds to 
give organotin halides; these include mercury (11) 
halides, bismuth chloride, thallium (111) chloride, 
arsenic (111) halides, and phosphorus (111) bromide. 
All of the above reactions are discussed in a later sec- 
tion (Section I1,C). Alkyldihaloboranes are conveni- 
ently prepared by treating boron trihalides with 
tetraalkyltin compounds (82b) ; better yields are ob- 
tained by warming the reactants. 

Tetraalkyltin compounds are cleaved by mercaptans 
to R,SnSR’ derivatives (747, 760) ; vinyl groups are 
especially easily cleaved (760, 765). 

R4Sn + R’SH -+ RaSnSR’ + RH 

Tetraethyltin is cleaved by phenol to give triethyl- 
phenoxytin (512, 747). Similarly, tetraorganotin 
compounds may be cleaved by organic acids (222, 
435, 511, 512, 724, 739, 745, 747, 760, 761, 765); 

R4Sn + R’COOH --* RsSnOOCR’ + RH 

vinyl groups are cleaved more readily than normal 
alkyl groups but less readily than phenyl groups (739, 
760). I n  liquid ammonia, RrSn compounds react with 
sodium to form R,SnNa derivatives (52, 126, 293, 

RkSn + 2Na + NH, + R&Na + RH + NaNHt 

462) ; with tetraphenyltin, some diphenyltindisodium 
is formed. I n  tetrahydrofuran, tetraphenyltin is 
cleaved by lithium metal to give a low yield of tri- 
phenyltinlithium (246) . 

It has been shown that symmetrical organotin com- 
pounds are cleaved by organolithium reagents (248, 
897). This cleavage may occur as a side reaction in 

R4Sn + R‘Li + R3SnR‘ + RLi 

the preparation of R,Sn compounds; i t  is not a suit- 
able method for preparing R3SnR’ derivatives. Re- 
cently, however, advantage was taken of the ease of 
cleavage of the vinyl grouping to  develop a very 
satisfactory method of preparing vinyllithium (770, 
772). Phenyllithium reacts with tetravinyltin in ether 
or hydrocarbon solutions to give a 50-75 per cent yield 

(CHz=CH)4Sn + 4CsH6Li + 
4CHz=CHLi + (CsHa)rSn 

of vinyllithium. Tetraphenyltin precipitates almost 
quantitatively, but the insolubility of this product 

does not seem to be the determining factor in the reac- 
tion; a suitable yield of vinyllithium can be obtained 
by the reaction of phenyllithium with tributylvinyltin 
even though the tributylphenyltin formed is soluble 
(770). Tetraphenyltin is cleaved by diethylstrontium 
or diethylbarium to give, subsequent to carbonation, 
10-32 per cent yields of benzoic acid (243). 

Symmetrical organotin compounds may be cleaved 
by hydrogen (228,342,428,429,430). Tetraphenyltin 
undergoes hydrogenolysis a t  60 atm. and 200OC. to 
yield metallic tin and benzene ; 

(C6Hs)aSn + 2Hz --t 4CaHa + Sn 
only a trace of biphenyl is obtained. Similarly, with 
tetraethyltin and tetraisobutyltin, reaction with hy- 
drogen yields principally ethane and isobutane, re- 
spectively (228). 

Alkyl halides may cleave tetraaryltin compounds 
(78, 514); from the reaction of tetraphenyltin and 
tert-butyl bromide an 8 per cent yield of tert- 
butylbenzene was obtained, accompanied by an unsatu- 
rated hydrocarbon, hydrobromic acid, and triphenyltin 
bromide (78). Acid halides react slightly or not a t  
all with tetraorganotin compounds; however, if 
aluminum chloride is added, cleavage takes place 
readily to give the expected ketone and either organo- 
tin halides or inorganic tin compounds (77, 514, 785). 

Cleavage of R,Sn compounds is effected also by a 
variety of compounds in addition to  those mentioned 
above: by sulfuric acid (77, 794) ; by chlorosulfonic 
acid (794) ; by sulfur (77, 78, 711) ; by sulfur dioxide 
in the presence of air (220) ; by aluminum borohydride 
(331) ; and by benzenesulfonyl chloride and sulfuryl 
chloride (77, 78, 785). 

Vorlander (858) reported that nitration of tetra- 
aryltins could be effected without cleavage; other 
authors (77, 78) reported only cleavage of organotin 
compounds by nitric acid. Tetrakis (p-nitrophenyl) tin 
is reported by Vorlander to have been prepared by 
the action of a mixture of fuming nitric acid and 
concentrated sulfuric acid on tetraphenyltin. Ben- 
zenediazonium nitrate is obtained by the action of 
N,O, and NO on tetraphenyltin (556). 

B. UNSYMMETRICAL ORGANOTIN COMPOUNDS 

1. General 
Unsymmetrical organotin compounds are sub- 

stances of the type R,Sn in which the R groups are 
not all the same. Many compounds having two or 
three different R groups attached to the same tin 
atom have been reported (see tables 3, 4, 5, and 6) ; 
the R groups may be all alkyl, all aryl, or mixed aryl 
and alkyl. These substances are usually lower melting, 
more soluble in organic solvents, and somewhat more 
reactive chemically than related symmetrical com- 
pounds. 



ORGANOTIN COMPOUNDS 

TABLE 3 

RsR'Sn compounds 

Compound 

[2-(pAcetamidophenyl)ethyl]triphenyltin. . . . . . . . . . . . , . . . . . 
(3-Acetamidopropyl)triphenyltin . . . . . . . . . . . . . . . . . . . . . . . . . 
(2-Acetoxyethyl) triphenyltin 
(3-Acetoxypropy1)triphenyltin. . . . . . . . . . . . . . . . . , . . . . . 
Allyltributyltin . . . . . . . . . . . . . . . . , . . . . . , . . . , . . . . . . . . . . . . . . 

............................. 

Allyltriphenyltin 
(3-Aminopropyl) . . . . . . . . . . . . . . . . . .  
Amyltributyltin . 
Amyltriethyltin . . . . . . . . . . . . . . . . . 
Amyltrimethyltin . , . . . . . , . . . . . . . . . . 
(2-Benzoylethy1)triphenyltin. , . . . . . . . . . . . . . . . . . . .  
(2-Benzoylethyl) tripropyltin . . . . . . . . . . . . . . . . . . 
Benzyltrimethyltin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Benzyltriphenyltin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Beneyltri-o-tolyltin. , . . 
(5-Bromoamyl) triethylti 
(5-Bromoamy1)trimethyltin. . . . . , . . . . . . . . . . . . . . . . . . . . . . . . 
(Bromomethy1)trimethyltin.. . . . 
[2-(4-Bromophenylazo)-5-dimethylaminophenyl]triphenyltin.. 
[3-(4-Bromophenylazo)-4-dimethylaminophenyl]triphenyltin.. 
(p-Bromopheny1)triethyltin. . . . . . . . . 
(p-Bromopheny1)trimethyltin . . . , . . . . . . . . . . . . . . . . . . . . . . . . 
(p-Bromophenyl) triphenyltin 
(p-Bromopheny1)tripropyltin , . . . . . . 
(l-Bromo-3,3 ,3-trichloropropyl)triet 
(2-Butyl-4-pyridylmethy1)triethyltin 
Butyltriethyltin . . . . . . . . , . . . . . . . . . 
Butyltrimethyltin . . , . . . , . . . . . , , , , . , , . , . , . . . . . . , . , . . , , . . 
Butyltripropyltin . . . . . . . . . . . . . . . . . . 
Butyltrivinyltin . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(2-Carbamylethy1)triphenyltin. . . . . . . . . . . . . . . . . . . . . . . . . . . 
(2-Carbamylethy1)tripropylti 
(2-Carbethoxybuty1)tripheny . . . . . . . . . . . . . . . . .  
(2-Carbethoxy-1-methylethyl 
(3-Carbethoxypropy1)tripropy 
(2-Carbomethoxyethy1) triphenylt 
(2-Carbomethoxyethyl)tripropyltin . . . . . . . . . . . . . . . . . . . . . . . 
(2-Carbomethoxypropy1)triphenyltin. . 
(3-Carbomethoxypropy1)triphenyltin. . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(Carboxymethy1)triphenyltin. . . . , . . . . . . . . . . . . . . . . . . . . . . . . 
[2-(4-Carboxyphenylazo)-5-dimethylaminop!nenyl] triphenyltir 

(p-Carboxyphenyl) triethyltin . . . . . . . . . . . . . . . . . . . . . . . . . . . , 
(p-Carboxypheny1)trimethyltin. . . . . . . . . . . . . . . . . . . . . . 
(p-Carboxypheny1)triphenyltin . , . . , . . . . . . . . . . . . . . . . . . . . . , 
(3-Carboxypropy1)triphenyltin. . . . . . . . . . . . 
(Chloromethyl) trimethyltin. . . . . . . . . . 
[3-(4-Chlorophenylazo)-4-dimet 
(p-Chloropheny1)triphenyltin. . . . . . . . . . . . . 
[3-(2-Cyanoethoxy)propylltriphenyltin. . . . 
(1-Cyanoethy1)triphenyltin. . . . . . . . . . . . . . 
(2-Cyanoethy1)triphenyltin. . . . . . . . . . . . . . . . . , . . . . . . . . . . . 
(2-Cyanoethyl) tripropyltin . . . . . . . . . . . . . . . . 
(2-Cyano-1-methylethy1)triphenyltin. . , . , . , . . . . . . . . . . . . . . 
(Cyanomethy1)triphenyltin , . . . . . . , . . . , . . . . . . 
(1-Cyano-2-phenylethyl) tripropyltin , . . . . . , . . . . . . . . . . . . . . 
(3-Cyanopropy1)triphenyltin. . . . . . . , . . . . . . . . . . . . . . . . . . . . 
(3-Cyanopropyl) tripropyltin . . . . . . , . , . . . . . . . . . . . . . . . . . . . 
Cyclohexyltriphenyltin . . . . . . . , . . . , , . . . . . , . . , . . . . . . . . . . . 
1-Cyclopentadienyltriphenyltin . . . . . . . . . . . . . . . . . . . . . . . . . . 
Decyltrimethyltin . .............. 
Decyltrivinyltin . . . . . . . . . . . . . . 

(Cyanomethy1)tributyltin.. . . . . . . . . . . . . . .  

........... 

Melting Point 

OC. 

154-155 
95-98 
44.546.5 
65-66 

73.5-74.5 

79-80 

90-91 
108-109 

199-200 
170-172 

133-135 

61-62 

123-124 
44-47 
58-59 

46.5-47 

100-102 

122-122.5 
Decomposes 

a t  358 
44.5-46.5 
86 
131-132 
166-168 (d.) 
130-131 

162-165 
139-140 
59-61 
115-116 
93-94 

103-104 

106-109 

80-81 

131-132 
130-131 

Boiling Point 

OC. 

155/17 mm. 
76-77/10 mm. 
125.5/642 mm. 

143-144/12 mm. 

102/10 mm. 
171-172/721 mm. 

158-165 /0.05-0.03 
mm. 

90/9 mm. 
Decomposes at 

215/760 mm. 

155.5/15 m a .  
124118 mm. 
46-50/11 mm. 

150-151/6 mm. 
124/15 mm. 

168/4 mm. 
115-119/0.65-0.9 mm. 
144-14513-4 mm. 
73-75/4 mm. 
149-150/726 mm. 
222/3 mm. 
137-138/37 mm. 
77-78/8.6-8.5 mm. 

155-161/4 mm. 

111-112/0.6 mm. 
117-119/0.7 mm. 

145-150/2 mm. 
173-176/0.0002 mm. 

44-48/15 mm. 

157-160/12 mm. 

140-144/1.3 mm. 

130-141/0.0002 mm. 

78-79/0.001 mm. 

67/0.5 mm. 
90-94/0.05 mm. 

1.4734 
1.4741 (at 25') 

1.4559 

1.5070 (at 25') 

1.5425 (at 25') 
1.5364 
1.4736 
1.4560 (at 21.5') 

1.4741 
1.4851 (at 25') 

1.4860 (at 25') 

1.4602 (at 25') 
1.4820 (at 25': 

References 

387, 631, 634) 
387) 
391, 631, 634) 
387, 631, 634) 
364, 771) 
364) 
649, 769) 

237, 387, 435) 
389, 631, 634) 
357) 
287, 365, 856, 888) 
562) 
389, 631, 634) 
389, 631, 634) 

442, 646) 

249) 
254, 723) 
287) 
287) 
767) 
250) 
250) 
128, 862, 908) 
128, 908) 
242, 256, 474, 900, 908, 909) 
908) 
784) 
917) 
381, 530, 562) 
381, 530, 570, 856, 888) 
355, 356, 357, 402, 573) 
365, 563. 567, 856, 888) 
769) 
391, 631, 634) 
391, 631, 634) 
388, 631, 634) 
387, 631, 634) 
'387, 631, 634) 
(385, 391, 631, 634) 
J91, 631, 634) 
c387, 631, 634) 
(388, 631, 634) 
388, 631, 634) 
(388, 631) 
(388, 631, 634) 
(126) 
(250, 864) 

(128, 910) 

(128) 
(37, 38, 126, 234) 
(388, 631, 634) 
(767) 
(250) 
(158, 474, 723, 908, 909) 
(387, 631, 634) 
(631, 632, 634) 
(385, 391, 631, 632, 634) 
(391, 631, 632, 634) 
(385, 391, 631, 634) 
(382, 530) 
(382, 530) 
(387, 631, 632, 634) 
(385, 391, 631, 634) 
(387, 631, 634) 
(468) 
(239) 
(724) 
(724) 
(362) 
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Compound 

[3-(Diethylamino)propylltriphenyltin. . . . . . . .  
[3-(Diethylamino)propylltriphenyltin, . . . . . . .  
[3-(Diethylamino)propylltriphenyltin, methosulfate. . . . . . . . 
[4-Dimethylamino-3-(4-bromophenylazo)phenyl]triphenyltin. 
[5-Dimethylamino-2-(4-bromophenylazo)phenyl]triphenyltin. 
[5-Dimethylamino-2-(4-carhoxyphenylazo)phenyl] triphenylti~ 

[4-Dimethylamino-3-(4-chlorop 
[9-(2-Dimethylaminofluoroenyl 
[4-Dimethylamino-3-(4-nitrophe 

(p-Dimethylaminopheny1)triphenyltin.. . , . 

Ethyltriisobutyltin . . . . . . . . . . . . 
Ethyltrimethyltin. . . . . . . . . . . . . 
Ethyltriphenyltin 

(p-Fluoropheny1)t 

Heptyltriisoarnyltin. . . . . . . . . . . . . . . .  

Hexyltrivinyltin . . . . . . . . , . . . . . . . . , , . . , . , , , . . . , . , . . . , , , . . 
(5-Hydroxyamyl) triphenyltin . . . . . . , . , , , , . , . , . , . , . . . , , , . . 

(2-1Xydroxyethyl)triphenylt 
(o-Hydroxymethylpheny1)tr' 
(p-Hydroxymethylpheny1)tr 
(3-Hydroxy-2-methylpropyl) 
(Hydroxymethyl) trimethylti 

(m-Hydroxyphenyl) triphenyltin 
(p-Hydroxypheny1)triphenyltin . . . , . , , , . , , . , , . . , . , . , . . . . , , 
(3-Hydroxy-1-propeny1)triphenyltin.. . . , . , . 
(3-Hydroxy-1-propenyl) tripropyltin 

1-Indenyltriphenyltin. . . 
(Iodomethyl) trimethyltin 
(p-1odophenyl)triphenylti 

Isoamyltrimethyltin. . . . . 
Isobutyltrimethyltin . . . . . . . . . . . . . . . . . . . . , , , , , , . , . . . . . . . . 
Isohutyltripropyltin . . . . . . . . . . . , . . . . , , . . , , , . , . , , , , , , . , . . 
(5-Ketohexy1)trip ......................... 
(2-Ketopropy1)tri . . . . . . . . . . . . . . . . . .  
1-(2-Ketopyrrolid triphenyltin . . . , . , . 
Mesityltriphenylti . . . . . . . . . . . . . . . . . .  
(o-Methoxymethylphenyl) triphenyltin. . . , , . . . . 
(o-Methoxypheny1)triphenyltin . . . . . . . . . . . . . . . 
(p-Methoxypheny1)triphenyltin. . , . , . . . . . . . . . . , . . . . . , . . . , , 
(Methyldichlorosilylmethyl) trimethyltin. . . . . . . . . . . . . . . . . . . 
(Methyldimethoxysilylmethyl)trimethyltin. . . . . . . . . . . . . . . . . 
(Methylethyny1)triphenyltin. . . . , . , . . . . . . . . . , . , . . . , . , . . . . 
(4-Methyl-l-naphthyl)trivinyltin . . , . . . . . . . . . , . , . . . , . . . . . . 
Methyltriphenyltin . . . . . , , , , . . . , . . . . . . . . . . , . . . . . , . . . . . . , 
Methyltripropyltin . . . . . . . . . . . . . . . . . . . . . . 
1-Naphthyltriphenyltin .............. 
Octyltrivinyltin . . . . . . . . . . . . . . . . , . . , . . . . . . . . . . . . . . . . . . . . 
(Pentafluoroethyl) triphenyltin. . . . . . . . . . . . . , . . . . . . . . . . . . . . 
4-Pentenyltriphenyltin . . , , . , . , , . . , . . . . . . , . . . , . . , . . , , . . . , 

..................... . .  

TABLE 3-Continued 

Melting Point 

OC. 

173-175 
118-132 
170-172 
199-200 
Decomposes 

a t  358 
162-165 
150-151 
190-192 
205 

110-1 12 
90-91 
132-134 
164 
244-246 

56-58 

34 
129 
171 
160-161 

54 

64-66 
75-76 
97-99 
66-67 
158- 159 
98-100 
1oc-102 

Decomposes 
a t  176-177 

207-208 
201-203 
115-125 

105 
129-130 

143 

70-71 

74-76 
157-158 

94.5-95.5 
130-131 
151-152 

43 

60-61 

125 
54-55 

Boiling Point 

"C. 

172-17313 mm. 

158-164/1.1 mm. 
158-160/14 mm. 
93-9WO.15 mm. 
115/10 mm. 
106/746 mm. 
108.2/760 mm. 

101/10 mm. 

158-160/3 mm. 
75-80/0.1 mm. 

57-61/0.03 mm. 

58-59/6.5 mm. 

120-122/0.006 mm. 

53-54/6.5 mm. 

152.9/16.5 mm. 
162-164/725 mm. 
140-141/726 mm. 
128/18 mm. 
84-89/0.2 mm. 

98-100/1 mm. 

58-59/4 mm. 
77.5-81/18 mm. 

94-96/11 mm. 
49-53/1.1 mm. 

90-93/0.2 mm. 

1.4610 (at 2 5 9  

1.4527 

1.4696 

1.4851 (at 25') 

1.5510 (at 25') 

1.4470 (at 21') 
1.4544 (at 21.5') 

1.4865 

1.4824 (at 25") 
1.4523 (at 25') 

1.4819 (at 25') 

References 

(256, 900) 
(256, 900) 
(256) 
(723) 
(723) 
(723) 

(723) 
(916, 920) 
(37, 250, 723) 
(250. 723) 
(422, 625) 
(37, 38, 234) 
(250, 723) 
(37, 38, 234) 
(256, 900) 
(256, 900) 
(381, 530) 
(381, 530, 724) 

(286, 357, 365, 888) 
(93, 96, 101, 102,110,111,167, 563, 

608, 669, 762) 
(243, 246, 249, 253, 473, 510, 530, 

557) 
(286, 365, 856, 888) 
(313) 
(920) 
(908, 909) 
(159, 239, 242) 
(564, 856, 888) 
(387, 631, 632, 634) 
(724) 
(724) 
(389, 631, 634) 
(389, 631, 634) 
(254, 723) 
(37, 234, 254, 388, 631, 634) 
(37. 38, 234) 
(37, 38, 234) 
(387, 631, 634) 
(766) 
(38, 234) 

(240) 
(37, 38, 234) 
(387, 631, 634) 
(387, 631, 632, 634) 
(391, 631, 634) 
(239, 907, 920) 
(767) 
(908, 909) 
(286, 856, 888) 
(562, 856, 888) 
(562, 856, 888) 
(286, 888) 
(389, 631, 634) 
(387, 888) 
(626) 
:391) 
(253, 723) 
(77 1 ) 
(37, 38, 235) 
:253, 723) 
:253. 723) 
:768) 
(768) 
:313) 
(694) 
:95, 252, 473, 645) 
(365, 389, 509, 631, 634) 

:473. 665) 
:223, 391, 631, 632, 834) 
:694, 724) 
:368) 
:237) 



ORGANOTIN COMPOUNDS 

TABLE 3-Cmtinued 

(2-Phenoxyethy1)triphenyltin ............................ 
(pPhenoxypheny1)triphenyltin ........................... 
(2.Phenylethyl)tripropyltin .............................. 
(Phenylethyny1)tri-ptolyltin ............................. 
Phenyltripppyltin ...................................... 
Phenyltri-2-thienyltin . .................................. 
Phenyltrivinyltin ....................................... 
Sodium p-~2- tr ipheny l s ta~y l~ -d~ethy la~opheny lazo) -  

benzoate ............................................ 
(Thiocyanomethy1)trimethyltin ........................... 
Triallylbutyltin ........................................ 
Triamylbutyltin ........................................ 
Triamylpropyltin ....................................... 
Tribenzylbutyltin ...................................... 
Tribenzylethyltin ....................................... 
Tribenzylphenyltin ..................................... 
Tribenzyl-p-tolyltin ..................................... 
Tributyl.sec.butyltin .................................... 
Tributyl(2-carbomethoxyethy1)tin ........................ 
Tributyl(2.carboxyethyl)tin .............................. 
Tributyl(2.cyanoethyl)tin ............................... 
Tributyl(cyanomethy1)tin ............................... 
Tributyl( dimethyll2-(dimethylchlorosilyl)ethylIsilylmethyl)- 

methylhydrogensilylmethy1)tin ................. 
Tributyl(ethoxydimethylsilylmethy1)tin ................... 
Tributylethyltin ........................................ 
Tributylhexyltin ....................................... 
Tributyl(3.hydroxy.3.methylbutyl)tin ..................... 
Tributyl(3-hydroxypropyl)tin ............................ 
Tributyl-1-indenyltin ................................... 
Tributyl-3-indenyltin . .................................. 
Tributyl(iodomethy1)tin ................................. 
Tributylisoamyltin ..................................... 
Tributyl(2.ketocyclohexyl)tin ............................ 
Tributylmethyltin ...................................... 

............................................ 

Tributyl(pheny1ethynyl)tin .............................. 
Tributylphenyltin ...................................... 
Tributylstannylacetic acid. ethyl ester .................... 

2-(Trihutylstannyl)acetoacetic acid. 1 ,  3.dimethylbutyl ester . 
Tributylstannylacetone .................................. 
a-(Tributylstannyl)acetophenone ......................... 
a.(Tributylstannyl)acetophenone, semicarbazone ........... 
(Tributylstanny1)ethylmalonic acid. diethyl ester ........... 
CTributylstanny1)malonic acid. dibutyl ester ................ 
(TributylstannyUmalonic acid. diethyl ester ................ 
(Tributylstanny1)malo~c acid, dimethyl ester .............. 
3-(Tributyletannyl)-2 . 4-pentanedion e .  .................... 
Tributylvinyltin ........................................ 
Tricyclohexylethyltin ................................... 
Tricyclohexylmethyltin .................................. 
Tricyclohexylphenyltin .................................. 
Tricyclohexyl-p-tolyltin ................................. 
Tri-1-cyclopentadienylphenyltii .......................... 
Tri-I-cyclopentadienylvinyltin ........................... 
Triethylhexyltin ........................................ 
Trlethyl(o.hydroxyphenyl)tin ............................ 
Triethyl(p-iodophenyl) tin ................................ 
Triethylisoamyltin ...................................... 
Triethylisobutyltin ............................ 
Triethyl(p-isopropenylphenyl) tin ......................... 
Triethylisopropyltin .................................... 
Triethyl(2.ketocyclohexyl)tin ............................ 
Triethylmethyltin ...................................... 
Triethyloctyltin ........................................ 
Triethyl(phenylethyny1)tin .............................. 

471 

82.5-83 
161-162 

106 

31-32 

80 

191-192 
111 
64-65 

Compound I Melting Point 

I o c  . 
Boiling Point 

OC . 

118-121/0.007 mm . 
160/15 mm . 
73-75/0.45 mm . 

104-105/4 mm . 
116-119/10.0 mm . 
163/10 mm . 

290/5 mm . 
143-144/3 mm . 
140-141/0.4 mm . 
132-138/0.2 mm . 
145-148/1.4 mm . 
180/30 mm . 
133/5 mm . 
147/5 mm . 
129/10 mm . 
165/7 mm . 
133-138/0.7 mm . 
117-119/12 mm . 

108-112/0.5 mm . 
177-178/20 mm . 
155-156/1 mm . 
121/10 mm . 
122-124/12 mm . 
174/4 mm . 
142/2.5 mm . 
139/0.6 mm . 
159-163/10 mm . 
Decomposes a t  

210/760 mm . 
130-134/14 mm . 
130-132/2 mm . 
200-205/3 mm . 

114/3 mm . 
95/1.5 mm . 
221/15 mm . 227-228/15 mm . 

102-104/0.75 mm . 
155-156/15 mm . 
197-200/3 mm . 
174-175/760 mm . 
111/18.5 mm . 
86/10 mm . 
129-130/2 mm . 
192-194/719 mm . 
116-117/4 mm . 
162-163/760 mm . 
159/745 mm . 
135-138/3-4 mm . 
162/15 mm . 

1.5478 (at 25") 

1.5247 (at 259  
1.6162 (at 25") 

1.4796 (at 15') 

1.4814 (at 18') 

1.4836 (at 25') 
1.4764 (at 25") 
1.4682 (at 25') 

1.4762 (at 17') 

1.4801 
1.4715 
1.4805 

1.5155 

1.4842 

1.4576 
1.4634 

1.4761 (at 25') 
1.4751 (at 25') 

1.5379 (at 25') 

1.5441 (at 25") 
1.5448 (at 25') 
1.4772 (at 19") 
1.5057 
1.4656 

References 

(391. 631. 634) 
(474) 
(387. 631. 634) 
(312) 
(510) 
(191) 
(694. 769) 

(723) 
(767) 
(724) 
(357) 
(365. 856. 888) 
(577. 882) 
(308. 794) 
(402) 
(402) 
(888) 
(385. 391. 631. 634) 
(388. 631. 634) 
(385. 391. 631. 634) 
(509) 

(572) 
(572) 
(572) 
(365. 856. 888) 
(564. 888) 
(389. 631. 634) 
(389. 631. 634) 
(541. 550) 
(547) 
(757) 
(563. 856. 888) 
(626) 
(365. 509. 856. 888) 

(314) 
(131. 251. 355. 357. 723. 770.- 771) 

(509) 

(547) 
(509. 626) 

(509) 
(509) 
(547) 
(541. 547) 
(541) 
(54 1 ) 
(114. 547. 548) 
(581. 694. 728. 769.770. 772) 

(468) 
(468) 
(468) 
(468) 
(239) 
(694) 
(381. 530) 
(38. 234. 422. 625. 8562888) 

(908) 
(286. 365. 856. 888) 
(286. 357. 365. 856. 888) 
(42. 4278) 

(564. 856. 888) 
(626) 
(102. 110. 111. 167. 563. 856. 1888) 

(381. 530) 
(312) 
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Compound 

Triethylphenyltin . . . . . . . . . . , , . . . . . . . . . . . . , . , . . . . . . . . . . 

Triethylpropyltin . . . . . . . . . . . , , . . . . . . , . . . . . . . . . . . . . . . . . . 

Triethyl@-pyridylmethyl) tin. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triethylstannylaceto 
Triethyl(l,3,3,3-tet 
Triethyl(3,3,3-trichl 
Triethyl@-trichlorosilyl .................... 

Triethylvinyltin . . . . . . . . . . . . . , . . , . , . , . . . . . . , . , . . . . . . . . . 
Triiioamylmethyltin . . . . . . . . . . , . , , , , , , . , , , , , . , . , 
Trimethyloctyltin . . . . . . . . . . . . . . . . , , . , , . . . , . . . . . . . . . . , . 
Trimethylphenylt' . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Trimethylpropylt' . . . . . . . . . . . . . . . . . .  
(Trimethylsilylme enyltin. . . . . . . . . . . . 
Trimethyl(trimethylsilylmethy1) tin 

Trimethylvinyltin 

Triphenylpropyltin. . . . . 

Triphenyl(2-pyridy1)tin. 
Triphenyl(3-pyridyl)tin, 
Triphenyl(3-pyridyl)tin, 
1-Triphenylsilyl-2-triphenylstannylethane . . . . , , , . , . . . . , . . . 
7-(Triphenylstannyl)bicyclo[2.2.l]hepta-2, 5-diene-2,a-dicar- 

boxylic acid, diethyl ester. . . . . . . . . , , . . , , . . , . , , . . . . . . , . . 
7.(Triphenylstannyl)bicyclo[2.2.l]hept-5-ene-2 ,a-dicarbox- 

ylic acid, diethyl ester.. . . . . . . , , , . , , . . . . . . . . . . . . . . . . . . . 
7-(Triphenylatannyl)bicyclo[2.2.llhept-5 

ylic anhydride.. . . . . . , . . . . . . . . . . . . . . 
9.[2-(Triphenylstannyl)ethyllcarbazole. 
1-[2-(Triphenylstannyl)ethyl]2-pyrrolido 

Triphenyl-8-styryltin 
Triphenyl-2-thienyltin. , . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Triphenylvinyltin . . . . . . . . . . . . . . . . . . . . 
Triphenyl-2,5-xylyltin. . . . 

Triphenyl-2.6-xylyltin .......................... 

Tripropyl-8-styrylt . . . . . . . . . .  . . . . . . . . . . . . . . .  
Tripropylvinyltin.. 
Tris(2-carbomethox 
Tris(2-oarbomethox 
Tris(2-~arboxyethyl)propyltin, trisodium salt. . . . . . . . . . . . . . . 
Tris(p-chloropheny1)phenylethynyltin. . . . . . . . , . . . . . . . . . . . . 
Tris(m-hydroxypheny1)phenyltin . . . . . . . . . . . . . . . . . . . . . . . . . 
Tri-m-tolyl-p-tolyltin. . . . . . . . .  
Tri-p-tolyl-o-tolyltin . . . . . . . . . . . .... 

TABLE 34onc luded  

Melting Point 

OC. 

-50.5 

127-127.5 
62 
74-74.5 
112-113 
178-179 
220 
183-1 84 

107-108 

109.5-111 

144-145 
207 
74-76 
97-98 
35.5-37.5 
119-120 
206 
165 
124 
132.5-133.5 
Decompose8 

a t  272-273 
45.2-45.4 
113-115 
100.5 
97-99 
118-119 

132 
203-205 
103 
168 

Boiling Point 

OC. 

254/760 mm. 
159/745 mm. 
113-114/6 mm. 
112/50 mm. 
77/10 mm. 

120-121/3-4 mm. 
100.5-101/6 mm. 
100/0.3 mm. 
74/0.25 mm. 
85/0.6 mm. 
78/0.4 mm. 
174-175/760 mm. 
60-62/12-13 mm. 
138-140/4 mm. 
102-118/12 mm. 
56-58/0.03 mm. 
203-208/760 mm. 
130.8/760 mm. 
162-163/2 mm. 
100.0/760 mm. 
165-106/760 mm. 
64-65/24 mm. 
99-100/760 mm. 

121-125/0.009 mm. 
217-219/760 mm. 
136-140/11 mm. 
155-160/3 mm. 
119-120/0.0001 mm. 
90/8.2 mm. 
139-141/0.0004 mm. 
136-140/0.0008 mm. 

1.5653 

1.4726 
1.47410 

1.531 
1.4991 
1.5230 (at 25') 
1.5086 (at 25') 

1.4638 (at 25') 
1.4780 
1.4738 (at 25') 
1.4700 (at 1 5 9  
1.4587 (at 25') 

(at 16.6") 

1.47410 
1.5943 (at 25') 

1.4569 (at 25') 
1.4594 (at 25') 
1.4544 (at 25') 

1.4776 (at 25') 

References 

(79, 625) 422, 481, 482, 510, 530, 557, 

(286, 364, 365, 464, 563, 672, 856, 
888) 

(917) 
(626) 
(763) 
(763) 
(763) 
(763) 
(648, 694, 763, 769) 

(563, 856, 888) 
(381, 530, 724) 

(95, 646) 
(93, 672) 
(64 1 ) 
(368, 484a) 
(641, 761) 

(460, 646, 766, 769) 
(632) 
(385, 391, 631, 632, 634) 
(312) 
(510) 
(387, 631, 634) 
(242) 
(242) 
(242) 
(632) 

(239) 

(239) 

(239) 
(387, 631, 634) 
(631, 634) 
(639) 
(385, 391, 631, 634) 
(387, 631, 632, 634) 
(191, 470) 
(253, 402, 723) 
(473, 723) 
(641) 
(52) 

(694, 728, 730, 769) 
(253, 723) 
(253, 473, 723) 

(253, 723) 
(387, 631, 634) 
(509) 

(509) 
(387, 631, 634) 
(739) 
(387, 631, 634) 
(387, 631, 634) 
(388, 631, 634) 
(312) 
(240) 
(402) 
(402) 

2. Preparation 
Unsymmetrical organotin compounds of the types 

R,SnR', R2SnR:, and R,SnRR' usually are prepared 
from an organotin halide and a Grignard reagent. 

In  some cases they may be prepared conveniently 
from an organotin-metal compound and an organic 
halide or by addition of an organotin hydride to an 
unsaturated linkage. The preparation of organotin 
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halides and organotin hydrides is discussed in later 
sections. 

The reaction of Grignard reagents with organotin 
halides as a method of preparation of unsymmetrical 
organotin compounds was introduced by Pope and 
Peachey (672) and is the method most commonly used 
a t  present. Any organotin halide, even the fluoride, 

RaSnX + R‘MgX -+ RsSnR’ + MgXz 
R2SnX2 + 2R’MgX -+ RZSnR; + 2hfgX2 
RSnXa + 3R’MgX + RSnR: + 3MgX2 

may be used; the R groups of both the organotin 
halide and the Grignard reagent may be either 
aliphatic or aromatic. I n  general, the yield of organo- 
tin compound by this method is very satisfactory. 
The usual solvent has been ethyl ether or, in some 
cases where the R group is bulky, benzene or toluene 
has been added. More recently, the use of tetrahydro- 
furan as a solvent has been recommended (648, 694, 
724, 728, 739, 760, 761, 769). (The following refer- 
ences illustrate the wide application of this method: 
52, 72, 79, 94, 95, 167, 223, 235, 237, 239, 240, 284, 
364, 365, 380, 381,391, 402, 464, 468, 470, 473, 474, 477, 
490, 510, 562, 563, 564, 565, 572, 608, 632, 641, 646, 
648, 649, 665, 672, 694, 724, 728, 739, 760, 761, 764, 
766, 767, 769, 794, 889, 901, 903, 908.) The stepwise 
addition of two different groups via the Grignard 

R’MgX R”hlgX 
R2SnX2 - ReR’SnX - R2R‘R’’Sn 

reagent is difficult and in most cases impossible (724) ; 
compounds of this type are best prepared by the 
following reaction sequence: 

R2SnX2 - R2SnR; - ZR’hlgX Xa 

R”MgX 
R2R‘SnX - R2R’R’’Sn 

Tin heterocycles- (cyclopentamethylene) diethyltin 
and (cyclopentamethylene) dimethyltin-have been 
prepared from the di-Grignard derivative of 1,5- 
dichloropentane and the corresponding dialkyltin 
dibromide (287). Di-Grignard reagents react with 
R,SnX compounds to  form compounds containing 
two tin atoms per molecule (64, 312, 770) ; this is 
especially useful for preparing tin-substituted acetylene 
derivatives. 

2RsSnX + XMgCFCMgX + RaSnC=CSnR3 + 2MgXz 

It has recently been reported that unsymmetrical 
organotin compounds also may be produced by the 
reaction of Grignard reagents with organotin oxides 
(728). 

2CHz=CHMgCl + (C~Hg)sSnOSn(C4H8)~ -+ 

2 (CIHB)IIS~CH=CH~ + (MgCl)20 

Other organometallic reagents react with organotin 
halides to form unsymmetrical organotin derivatives. 

A number of reports of the use of organolithium re- 
agents have appeared (42, 72, 242, 256, 314, 497, 770, 
917, 919, 920, 921); the organolithium reagent has 
been employed principally for the introduction of 
vinyl or aryl groups. However, use of the organo- 
lithium reagent may result in cleavage and redistri- 
bution products (234, 248, 897, 909); in some cases 
increased yields are obtained if the organolithium 
compound is converted to the Grignard reagent prior 
to reaction with the organotin halide (234, 235, 240, 
242). 

The first organotin compound containing an aro- 
matic group was prepared by Ladenburg (481, 482), 
who prepared triethylphenyltin by adding metallic 
sodium to an ether solution of triethyltin iodide and 
bromobenzene. Probably phenylsodium was an inter- 
mediate in this reaction. More recently, a patent lists 
the preparation of butyltriphenyltin from phenyl- 
sodium and butyltin trichloride in toluene (355). 
Sodium acetylide in liquid ammonia reacts with 
R,SnX compounds to form R,SnC=CSnR, derivatives 
(64 312) ; silver acetylide derivatives in acetone 
similarly have been employed (362). Sodium salts of 
compounds containing an active methylene group also 
react with organotin halides in toluene (541). 

Early workers-Cahours (101, 102) , Frankland 
(219) , Morgunoff (594) , and Pope and Peachey (669) 
-prepared unsymmetrical organotin compounds by 
the reaction of dialkylzinc compounds and organotin 

2(CH&SnI + (CzH6)zZn -+ 2(CHa)a(C~HdSn + ZnIz 

halides. Organozinc compounds are rather difficult to 
manipulate and offer no advantages over the Grignard 
reagent. 

A number of unsymmetrical organotin compounds 
have been prepared by the reaction of an organotin- 
sodium compound, in liquid ammonia, with an organic 
halide. The preparation of organotin-alkali metal 

R,SnNa, + yR’X + KSnR; + yNaX 

compounds is discussed in a later section. (The follow- 
ing references illustrate the general application of this 
reaction: 64, 94, 95, 96, 126, 199, 234, 387, 442.) Al- 
though functionally substituted compounds are diffi- 
cult to prepare using this reaction, the method has 
been employed for the preparation of (carboxymethyl) - 
(CaHS)$3nNa + CHZCICOONa + 

(CeHs)&3nCH2COONa + NaCl 

triphenyltin (126). (2-Hydroxyethyl) triphenyltin has 
been obtained from triphenyltinsodium and ethylene 
oxide in liquid ammonia (234). Bullard and Robinson 
(95) were unable to prepare dimethyldiphenyltin from 
dimethyltindisodium and bromobenzene in liquid am- 
monia ; however, when diphenyltindisodium and methyl 
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Compound 

Bia(2-carbomethoxyethy1)diphenyltin. . . . . . . . . . . . , . . . . . . . , 
Bis(2-carbomethoxyethy1)dipropyltin. . . . . , . . . . . . 
Bie(2-~arboryethyl)dipropyltin, disodium salt. . . . . . . . . . , . , , 
Bidl-chloroethyl)bis(chloromethyl)tin. . . . . . . , , . . . . . . . . . . . , 
Bis(1-chloroeth y1)diethyltin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 
Bis(2-cyanoetby1)dipropyltin. . . . . . , . . . . . . . . . . . . . . . . . . , . . . 

Bis(dimethylhydrogenailylmethyl)dimethyltin 

Bis(pmethoxypheny1)di-1-naphth 
Bis(p-methoxypheny1)diphenyltin 
Bis(p-methoxyphenyl)di-2-thienyl 

Diallyldiethyltin . . , , , , . . . . . . . . . . , , , , , , , , , . 
Diallyldiphenyltin . , . . , . . . . . . . . . . . . . . . . . . . . . . . . .  

Dibutylbis(dimethylhydrogensilylmethy1)tin. . . . . 
Dibutylbis(ethoxydimethylsily1methyl)tin. . . . . . . . . . . . . . . . . 
Dibutylbis(1 , 1 ,2,2-tetratluoroethyl) tin. . . . . , . . , . . . . . . . , . . 
Dibutylbia(trimethylsilylmethy1)tin.. . . ............. 

...................... 
................................. 
................................. 
................................. 
................................. 

...................... 
Dibutyldimethyltin ......................... 
Di-eec-butyldimethyltin . . . . , . . . . . . . . . , . . . . . . . . . . . . . . . . . , 
Di-brtbutyldimethyltin . . . . , . . . . . . . , . . , . . . , . . . . . . . . . , . . . 
Dibutyldivinyltin . . , . . . . . . . . . . . . . . . . . . . , . . . . . , , . . . . . . . . . 
2 ,Z'-(Dibutylstannylene)bia[acetoacetic acid], dibutyl eater. . 
2,2'-(Dibutylstannylene)bi~[acetoacetic acid], diethyl ester.. . 
2,2'-(Dibutylstannylene lacetoacetio aoid], 
diethyl eater. . . . . . . . 

1 ,l'-(Dibutylstannylene lacetonel. . . . . . . 
(Dibutylstanny1ene)bisbenaoylacetic acid], diethyl eater., , . . 
3,3'-(Dibutylstannylene)bis[3-benzoyl-2 ,4-pentanedionel. . . . 
(Dibutylstanny1ene)bis~enzylmalonic acid], tetraethyl ester.. 
(Dibutylstannylene)bia[cyanoacetic acid], dimethyl ester. , , . . 
3,3'-(Dibutylstannylene)bi~[3-(2-ethylhexyl)-2 ,4 
pentanedionel ........................................ 

2 ,2'-(Dibutylstannylene)bis[2-propylacetoacetic acid], 
diethyl ester. . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

(Dibutylstanny1ene)dimalonic acid, dibutyldiphenyl ester. . . . 
(Dibutylatanny1ene)dimalonic acid, tetrabutyl ester 
(Dibutylstanny1ene)dimalonic acid, tetraethyl 
(Dibutylstanny1ene)dimalonic acid, tetrakis(2 
ester .................................... 

3,3'-(Dibutylatannylene)-2 ,4-pentanedione . , . . . . . . , , . . . . . , 
Dicyclohexyldmethyltin . . . . , . . . . . . . . . . . . . . . . . . . . . . . , . , . 

............. 

*............. 

TABLE 4 

R&Sn compounds 

Melting Point 

"C. 

164-168 

125 
Decomposes at 

136-138 
189-190 
201-203 

125-126 
89-93 

106-109 

85-87 

Boiling Point 

OC. 

lQ1-194/0.003 mm. 
119-121/0.001 mm. 

141-142/5 mm. 
114-115/5 mm. 
113-117/0.0004 mm. 

101/20 mm. 
146/15 mm. 
lOl-l02/0.2 mm. 

98/0.4 mm. 

172/0.015 mm. 

170/25 mm. 

95/21 mm. 
148/16 mm. 
95/14 mm. 
63/15 mm. 
145-146/5 nun. 
93/0.1 mm. 
99-100/17 mm. 
173-174/5 mm. 
120-124/0.005 mm. 

139-141/14 mm. 
119.5-120/29 mm. 
223-224/20 mm. 

130/5 mm. 
186/15 mm. 
46-47/0.2 mm. 
98/0.45 mm. 
123-125/40 mm. 
143/0.45 mm. 
128/0.3 mm. 
112/10 mm. 

102/2.9 mm. 
70/4.4 mm. 
68/5.5 mm. 
84-85/40 mm. 

78-80/2 mm. 
54-55/0.35 mm. 

130-132/1.6 mm. 

98/0.4 mm. 

1.578 
1.5083 

1.4743 (at 25") 
1.4730 (at 25') 
1.4715 (at 25') 

1.5184 (at 2 5 O )  

1.4800 (at 25') 
1.4805 (at 25') 
1.4743 (at 25') 
1.4840 (at 25') 

1.4986 (at 25') 

1.6025 
1.6013 (at 25') 

1.4870 (at 25') 

1.4810 (at 25') 
1.4655 (at 25') 

1.4777 (at 25') 

1.5126 (at 25') 
1.5067 (at 25') 
1.4734 

1.4756 (at 25O) 
1.4640 (at 25') 
1.4738 (at 25') 
1.4662 (at 25') 

1.4824 (a6 25') 
1.4797 (at 25') 

1.4544 
1.4665 

1.5184 (at 25O) 

References 

(387, 631, 632, 634) 
(387, 631, 634) 
(388, 631, 634) 
(901, 903) 
(901, 903) 
(387, 631, 634) 
(256, 900) 
(256, 900) 
(256) 

(572) 
(572) 
(724) 
(37, 38, 234) 
(240) 

(764) 
(72) 
(72) 
(694) 
(387, 631, 632, 634) 
(382) 
(572) 

(572) 
(572) 
(287, 856, 888) 
(287, 856, 888) 
(364, 724) 

(3 64 ) 
(237, 435, 724) 

(357) 
(889) 
(381, 530) 
(856. 889) 
(794) 
(108, 708, 709) 
(572) 
(572) 
(476) 
(761) 
(889) 
(764) 
(764) 
(167) 
(114, 548) 
(764) 
(764) 
(764) 
(856, 889) 
(109, 357,494, 889) 
(555,  581, 694, 728, 766a, 769) 

(547, 550) 
(547) 

(547) 
(547, 550) 
(547) 
(114. 548) 
(541, 547) 
(114, 547, 548) 

(547) 

(547) 
(114, 548) 
(114, 541, 547, 548) 
(541, 547) 

(547) 
(114, 547, 548, 550) 
(764) 
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Dicyclohexyldiphenyltin ................................. 
Di-1-oyclopentadienyldiphenyltin ......................... 
Dicyolopentyldimethyltin ................................ 
Dicyolopentyldiphenyltin ................................ 
Diethyldiisoamyltin ..................................... 
Diethyldiiiobutyltin .................................... 
Diethyldimethyltin ..................................... 
Diethyldiphenyltin ..................................... 
Diethyldipropyltin ...................................... 
Di-1-indenyldiphenyltin ................................. 
Diisobutyldimethyltin ................................... 
Diisopropyldimethyltin ..... ...................... 
Dimethylbis(perfluoroviny1) t . . . . . . . .  
Dimethylbis(trimethylsilylmethy1) tin ..................... 

5.5-Dimethyl-10, ll-dihydrodibenzolb .flstanniepin .......... 
Dimethyldiphenyltin .................................... 
Dimethyldivinyltin ..................................... 
Di-1-naphthyldiphenyltin ................................ 
Di-1-naphthyldi-2-thienyltin ............................. 
Di-4-pentenyldiphenyltin . ............................... 
Diphenylbis[p.(diphenylhydroxymethyl)phenylltin .......... 
Diphenylbia(trimethylsilylmethy1) tin ...................... 
Diphenylbiab-trimethylsilylpheny1)tin .................... 
5 .B.Diphenyl.lO. ll-dihydrodibenzo[b .flstanniepin .......... 
Diphenyldipropyltin .................................... 
Diphenyldi-2-thienyltin ................................. 
Diphenyldivinyltin ..................................... 

................................. 

Hexaphenylatannole .................................... 
1 ,1.4,4-Tetraphenyl-l-stanna-4-germacyclohexane. ........ 
1 .1.4.4-Tetraphenyl.l.8tanna-4.ailacyclohexane ............ 

Melting Point 

O C  . 
119-120 
105-106 

49-50.2 

108-110 

209-210 
145-146 

265-266 

95-96 
146-147 

207-210 

>160 

iodide were used. they obtained dimethyldiphenyltin 
in satisfactory yields . These authors also were unable 
to  prepare trimethylphenyltin from trimethyltinsodium 
and bromobenzene ; similarly. Chambers and Scherer 
(126) were unable to  obtain R. SnR' compounds from 
triphenyltinsodium and various aryl halides . The re- 
action of dialkyltindisodium compounds in liquid am- 
monia with dichloromethane yields polymeric products. 
(R.SnCH. ) ,, (199. 545) . 

I n  the above reactions an  organotinlithium reagent 

Boiling Point 

O C  . 

76-77/0.3 mm . 
131/13.5 mm . 
108.2/13 mm . 
131-132/760 mm . 
144-146/760 mm . 
155-157/4 mm . 
135.5-137/ <1 mm . 
84.5/10-11 mm . 
205-207/760 mm . 
85/16.5 mm . 
68/29.0 mm . 
58/38 mm . 
146.5-147.5/65 mm . 
62/1.3 mm . 
55/0.7 mm . 
130-135/0.2 mm . 
121-122/0.2 mm . 
127-140/3 mm . 
120-121/760 mm . 

174-175/1.5 mm . 
137/0.35 mm . 

160-161/3 mm . 
153-154/5 mm . 
121.5/0.4 mm . 

1.5109 (at 25') 

1.4650 (at 19') 

1.4621 (at 25') 

1.4644 (at 25') 
1.4702 (at 25O) 

1.6130 (at 259  
1.4659 (at 25') 

1.4720 (at 25") 

1.5598 

1.5499 (at 25') 

1.5949 (at 25') 
1.5929 (at 25") 

References 

(72. 764) 
(239) 
(764) 
(764) 
(286. 856. 888) 
(286. 856. 888) 
(94. 594. 110. 672) 111. 167. 219. 509. 565. 

(94. 422. 510. 530. 625. 708. 709) 

(94) 

(239) 
(286. 856. 888) 
(764) 
(3688) 
(641. 761) 

is the usual solvent for the preparation and reactions 
of organotinlithium reagents . 

RaS&i + R'X R3SnR' + LiX 

A number of R. SnR' compounds. where R and R' 
may be either alkyl or aryl groups. have been pre- 
pared in this manner (249. 251. 253. 256) . [3- 
(Diethylamino) propyl] triphenyltin has been prepared 
from triphenyltinlithium and 3- (diethylamino) propyl 

may replace the organotinsodium compound . Ether chloride (256) . 
TABLE 5 

R2R'R"Sn compounds 
~~ 

Compound 

Benzylbutyldiphenyltin . . .  
Benzyldibutylethyltin . . . . .  
Benzylphenyldi-p-tolyltin . . 
Dibenzylbutylethyltin . . . . .  

Diethylmethylvinyltin . . . . .  

Butyldiphenylvinyltin . . . . .  

Dibenzylethylpropyltin . . . .  

Ethyldihamylpropyltin ... 
Ethyldimethylpropyltin .... 
Ethylmethyldipmpyltin .... 

................................................... 

.......................... 
..................... 

.................................. 

........................................... ...................................................................... 
....................................................... 

Boiling Point 

O C  . 
215/13 mm . 
175-180/9 mm . 
265-270/23 mm . 
207-209/9 mm . 
22&225/15 mm . 
56-59/26 mm . 
141-142/17 mm . 
153/762 mm . 
183-184/758 mm . 

1.4697 

(402) 
(490) 
(402) 
(694) 
(402. 490) 
(794) 
(769) 
(286. 856. 888) 
(608. 669. 672) 
(762) 
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(CsH6)8SnLi + C~CHZCH~CHZN(CZHE.)Z ---t 

(C4H~)aSnCH~CH~CH2N(C~H~)2 + LiCl 

Triphenyltinlithium reacts with ethylene oxide to  
form, subsequent to hydrolysis, (2-hydroxyethyl) - 
triphenyltin (254). 

(CsHs)8SnLi + CHn-CH2 + 

HzO (CsH5)~SnCHzCHZOLi - 
(C6Hs)sSnCHzCH20H + LiOH 

Epichlorohydrin similarly yields (2-hydroxy-3-chloro- 
propyl) triphenyltin, indicating the epoxy linkage to 
be more reactive than the carbon-chlorine bond (254). 

Organotin hydrides undergo addition reactions with 
many olefinic and acetylenic compounds. The reaction 
product usually is not contaminated with undesirable 

‘0’ 

RaSnH + R’CHzCHR” + RsSnCHR‘CHzR” 
RzSnHz + 2R’CHzCHR’’ + RzSn(CHR’CH2R”)Z 
RSnHa + 3R’CH=CHR” + RSn(CHR’CHzR”)s 

R3SnH RsSnH + C H s C R ’  + R8SnCH=CHR’ - 
R3SnCHzCHR’SnRn 

by-products, as is often the case with other methods 
of synthesis of unsymmetrical organotin compounds. 
The method is especially suited to the preparation of 
organotin compounds containing functional groups. 
These reactions are discussed in some detail in a later 
section (Section II,E). 

“Redistribution” reactions of two symmetrical R4Sn 
compounds have been used to prepare unsymmetrical 
organotin derivatives. A mixture of triethylmethyltin, 
diethyldimethyltin, ethyltrimethyltin, and starting 
materials was obtained on refluxing a pentane solution 
of tetraethyltin and tetramethyltin for 5 hr. in the 
presence of 2.5 mole per cent of aluminum chloride 
(110, 111). Fractionation of this reaction mixture 
showed that the yields of the various compounds 
corresponded to the calculated values on the basis 
of random distribution. Similarly, redistribution reac- 
tions have been run using tetraethyltin and tetraiso- 
butyltin, tetrabutyltin and tetraamyltin, and tetra- 
phenyltin and tetrabutyltin (356, 357). This method 
of preparation is limited, since the separation of the 
products requires very efficient fractional distillation. 
I n  a modification of this procedure (357), tetraphenyl- 
tin and tetrabutyltin in equimolar quantities were 
heated in the presence of a small amount of aluminum 
chloride ; a t  19&2OO0C. and 2.5 mm. pressure, tributyl- 
phenyltin and dibutyldiphenyltin were distilled from 
the reactor as they were formed and separated by 
fractional distillation. The tributylphenyltin was re- 
turned to the reactor to form more dibutyldiphenyltin 
by reaction with butyltriphenyltin; by this process, 
yields above 90 per cent of dibutyldiphenyltin were 
obtained. 

Other less-used methods include cleavage reactions 
of hexaalkylditin compounds and the use of diazoal- 
kanes. By heating hexaethylditin with phenylmercury 
chloride for 3 hr. a t  150-16OoC., a 30 per cent yield 
of triethylphenyltin was obtained (422, 625). 

(C2Hs)8SnSn(CzHs)r + CeHsHgCl + 
(CzHdsSnCeHs + Hg + (CzHs)aSnC1 

When diphenylmercury was used in place of phenyl- 
mercury chloride, the yield of triethylphenyltin was 
40 per cent. This procedure was employed for the 
preparation of (p-dimethylaminophenyl) triethyltin 
and triethyl (o-hydroxyphenyl) tin (422, 625). A 60 
per cent yield of diethyldiphenyltin was obtained when 
diethyltin and diphenylmercury were heated a t  15OOC. 
for 30 min. (422, 625). Perfluoroalkyl iodides cleave 

(CzHdzSn + (CeH&Hg + ( C J W ” 4 H d z  + Hg 

the tin-tin linkage of hexaalkylditin compounds, as 
illustrated by the following equation (368) : 

RsSnSnRt + CnFzn+1I -+ R&C,FZ,+l + RiSnI 

The R3SnCnFen+l compounds also are formed, but in 
very small amounts, by the cleavage of symmetrical 
R4Sn derivatives with perfluoroalkyl iodides. 

Halomethyl derivatives of tin of the type R,SnCH,X 
may be prepared in good yield by the reaction of 
diazomethane with organotin halides (767). 

RsSnCl + CHzNz + RaSnCHzCl + NZ 

Organotin hydrides react with aliphatic diazo com- 
pounds to form unsymmetrical organotin compounds 
of the type R,SnR’ or R,SnR: (509). 

RsSnH + NzCHR’ + RsSnCH2R’ + N t  

This method has been utilized to prepare organotin 
compounds containing keto, ester, or nitrile groups. 

Triethylmethoxytin reacts with isopropenyl acetate 
to form triethylstannylacetone and methyl acetate 
(626). A number of other organotin ketones have been 

(CzH6)sSnOCHs + CH2=C(CHs)OCOCHs + 
(CzHs)sSnCHzCOCHs + CHICOOCHs 

similarly prepared. 
Triphenyltin cyanoacetate undergoes decarboxyla- 

tion on heating in vacuo just above its melting point 
to give a 50 per cent yield of (cyanomethyl) triphenyl- 
tin (382). 

(CsH5)3SnOOCCH2CN + (CsH6)8SnCHzCN + COa 

Triethyltin cyanoacetate does not decompose similarly, 
but gives tetraethyltin rather than the expected prod- 
uct; however, a 20 per cent yield of (cyanomethy1)- 
tripropyltin can be obtained by heating tripropyltin 
cyanoacetate (382). 
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3. Physical properties 
Physical investigations with organotin compounds 

have usually employed symmetrical substances, and 
there are few data which pertain in particular to un- 
symmetrical compounds. For this reason all references 
to  physical properties were discussed in the analogous 
section under symmetrical organotin compounds. 

4. Chemical properties 
The chemical properties of unsymmetrical organo- 

tin compounds are basically the same as  those of the 
symmetrical compounds; the discussion which follows 
will be confined for the most part to divergencies in 
the reactions of the two types. The conversion of 
tetraorganotin compounds to organotin halides by 
cleavage with halogens, halogen acids, or tin (IV) 
halides as well as the ease of cleavage of various 
groups are discussed in a later section (Section 11,C). 

It has already been mentioned that the reaction of 
tetravinyltin with phenyllithium is a useful method 
for preparing vinyllithium. Similarly, the reactions of 
alkylvinyltin compounds with arsenic (111) bromide 
( 5 5 5 )  or mercury(I1) halides (762) are useful routes 
to  vinylarsenic halide or vinylmercury halide deriva- 
tives. 

(CrH&Sn(CH=CH& + AsBrr --$ 

(CdHp)aSnCH=CH* + HgXz + 

(C4H&SnBrZ + (CH2=CH)2AsBr 

(C4Hg)aSnX + C H F C H H g X  

The reaction of phenyllithium with compounds of 
the type ((&HE) ,SnC6H,X, where X is a halogen atom 
or a methyl group, yields principally tetraphenyltin 
(909). Tetraphenyltin also is obtained from the reac- 
tion of butyllithium with l-cyclopentadienyltriphenyl- 
tin (237). It appears that  the unsymmetrical organotin 
compounds are cleaved by organolithium reagents and 
that the cleavage products undergo symmetrization. 
The reaction of (p-bromophenyl) triphenyltin with 
ethylmagnesium bromide similarly may give tetra- 
phenyltin (910). 

While most tetraorganotin compounds are stable in 
the presence of water and are not sensitive toward 
dilute aqueous solutions of alkalies, a few of the un- 
symmetrical types are quite easily hydrolyzed. Bis- 
(triphenylstannyl) acetylene is stable in cold water 
but hydrolysis takes place in the presence of a slight 
amount of base (64). 

(CeH&SnC=CSn(CsHs)s + 2Hz0 -+ 
2(CsH6)3SnOH + CH=CH 

l-Cyclopentadienyltriphenyltin is readily hydrolyzed 
by water to bis (triphenyltin) oxide (239). 

Cyanomethyl- and carbethoxymethyltin compounds 
react with aqueous alkali to give cleavage of the tin- 
carbon bond; however, when the ester or cyano group 

OH- RdhCHzCN + HzO - RsSnOH + CHsCN 
OH- RSnCHZCHzCN + 3Hz0 - 

OH- RaSnCHzCOOC2Hs + HzO + 

RsSnCHtCHzCOOCZHa + HzO OH: 
RaSnCH&H&OOH + CZH~OH 

is in the P-position or beyond with respect to the tin 
atom, they are readily hydrolyzed to the carboxylic 
acid derivatives (382, 388, 509). (2-Carboxyethyl) - 
triphenyltin is unstable a t  room temperature; other 

(CsHs),SnCH&H&OOH 4 
(CsH&hCH2CHzCOO- + CsHs 

R,SnCH,CH,COOH compounds can be thermally 
decomposed to the corresponding inner salts (385, 
388). 

Similarly, reduction with lithium aluminum hydride 
of cyanomethyl- or carboalkoxymethyltin compounds 
results in cleavage of the carbon-tin bond; if the ester 

RaSnCHzCN - RISnH + CHsCN 

R3SnCH2CH2CN - R&CHnCHZCHzNH2 

RsSnCH2COOR’ - RsSnH + CZH~OH + R’OH 

R&GH&HtCOOH + “,OH 

RaSnOH + CH3COOClHr 

LiAlH4 

LiAlH4 

LiAlH4 

R8SnCH2CH2COOR’ - LiAlH4 

RZSnCHzCH2CH20H + R’OH 

or cyano group is in the P-position or beyond, normal 
reduction products are obtained (389). 

Methylmagnesium iodide reacts with (2-cyano- 
methyl) tripropyltin to give principally the addition 
product, (3-ketobutyl) tripropyltin, and a small 
amount of cleavage product, methyltripropyltin (389). 
With methylmagnesium iodide and tributyl(2-carbo- 
methoxyethyl) tin, only the addition product, tri- 
butyl (3-hydroxy-3-methylbutyl) tin, is obtained (389). 

Photochemical reactions of diethyldiphenyltin with 
carbon tetrachloride, chloroform, or methanol proceed 
through cleavage of the phenyl radical, which then 
reacts with the solvent (709). With carbon tetra- 
chloride as a solvent, chlorobenzene, hexachloroethane, 
diethyltin dichloride, and a small amount of tri- 
phenyltin chloride were obtained. With chloroform, 
the products were benzene, tetraethyltin, and diethyl- 
tin dichloride. In methanolic solution, benzene, formal- 
dehyde, metallic tin, tetraethyltin, and possibly 
diethyltin oxide were the reported products. 

Unsymmetrical organotin compounds containing 
both alkyl and aryl groups react readily with silver 
nitrate solution, while the symmetrical alkyl com- 
pounds undergo no similar reaction a t  room tempera- 
ture (64, 471, 473, 481, 510) ; tetraphenyltin is readily 
cleaved by silver nitrate (255) . With trialkylphenyl- 
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tins and dialkyldiphenyltins, a yellow precipitate of a 
phenylsilver-silver nitrate complex is obtained ; with 
alkyltriphenyltins, finely divided metallic silver is 
immediately deposited (510). A study of the mechan- 
ism of these reactions is in progress (510). 

In attempting to prepare organometallic compounds 
via the Diels-Alder reaction, the reaction of tetra- 
cyclone with triphenylvinyltin in refluxing bromo- 
benzene was examined (730). Among the products 
isolated were tetraphenyltin, 1,2,3,4-tetraphenylben- 
zene, 2,3,4,5-tetraphenylcyclopent-2-enone, and tri- 
phenyltin bromide; a reducing gas was evolved 
throughout the course of the reaction. To explain the 
products obtained, the following reactions were pro- 
posed : 

(CsHs)3SnH + CsH6Br 3 (CsHs)sSnBr + CeH6 

The expected addition products were obtained from 
the Diels-Alder reaction of ( l-cyclopentadienyl) tri- 
phenyltin with maleic anhydride, with diethyl maleate, 
and with diethyl acetylenedicarboxylate (239). 

Various other reactions that involve no cleavage of 
carbon-tin bonds have been reported for the unsym- 
metrical organotin compounds. (p-Bromophenyl) tri- 
alkyltin compounds may be converted to the cor- 
responding Grignard reagents, whose subsequent 
carbonation gives (p-carboxyphenyl) trialkyltin com- 
pounds (128). 

coz 
RsSnC&Br 5 R3SnCeH4MgBr 

R&3nCeH&OOH 

Polymerizable silanes containing tin have been pre- 
pared from organotin Grignard reagents (768) (Y may 
be a halogen atom or an alkoxy group) : 

RaSnCHzMgX + CH3SiYs + 
R3SnCH2(CH3)SiY2 + MgXY 

The reaction of organosilicon Grignard reagents with 
organotin halides also has been employed to prepare 
compounds of this type (572) ( m  = 1 or 3; n = 1 or 2; 
R = methyl or butyl) : 

nH(CH&Si(CHz),MgCl + R~-,SnCI, + 
[H(CH&Si (CHZ),],S~RL, + nMgCl2 

Tris (trimethylstannylmethyl) borane has been pre- 
pared by the Grignard method; oxidation of this com- 
pound gave the corresponding alcohol (766). 

(CzHs)zO 
3(CH3)3SnCH2MgX + BF3 - 

[(CH3)3SnCH&B + 3MgFX 

3 (CH3)3SnCHnOH H202. NaOH, C2HsOH 
[(CHI) 3SnCH213B 

Organotin compounds containing tertiary amino 
groups readily form the corresponding methiodide and 
methosulfate salts (256). Organotin compounds con- 
taining an azo linkage have been prepared by treating 
(m- or p-dimethylaminophenyl) triphenyltin with ap- 
propriate diazonium salts (234, 240, 250). Oxidation 
of (p-hydroxymethylphenyl) triphenyltin with potas- 
sium permanganate yields (p-carboxyphenyl) tri- 
phenyltin (234). 

Polyhalomethanes and trichlorosilane add to tri- 
ethylvinyltin in the presence of benzoyl peroxide at 
90-95OC. (763) ( Z  = H, C1, or Br) : 

(C2H5)3SnCH=CHz + CClaZ + (C2H5)3SnCHZCH~CC13 
(C2H5)3SnCH=CH2 + HSiC13 + (CzH5)3SnCH2CH2SiC13 

C. ORGANOTIN HALIDES 

1. General 
Although the organotin halides (see tables 7 to 13) 

have few direct applications, a large amount of re- 
search and a considerable number of patents have 
appeared in this field. The value of organotin halides 
lies in their utility as intermediates in the preparation 
of a great many other organotin compounds. 

In  general, the aliphatic tin halides, with the excep- 
tion of the fluorides, are either liquids or low-melting 
solids ; the corresponding aromatic compounds are 
solids, except for the RSnX, types which frequently 
are liquids a t  room temperature. All of the organotin 
fluorides are solids which usually melt or decompose 
above 200OC. 

2. Preparation 
The organotin halides are best prepared by halo- 

genation of the fully substituted R,Sn compounds or 
by various methods starting from metallic tin or its 
inorganic compounds. The lower-molecular-weight, 
and therefore more volatile, R,SnX compounds have a 
strong penetrating odor and are potent vesicants and 
lachrymators; considerable care should be exercised in 
their manipulation. 

The halogens readily cleave R,Sn compounds to  
R,SnX, R2SnX2, or SnX,, depending on the conditions 
and the relative amounts of materials employed (77, 
78, 92, 94, 95, 96, 102, 126, 216, 219, 222, 234, 239, 
287, 291, 293, 305, 380, 381, 382, 390, 402, 422, 442, 
462, 463, 466, 468, 470, 474, 481, 482, 483, 561, 562, 563, 
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TABLE 6 

Compounds containing two or nwre tin atoms per  molecule* 
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Cnmpound 

4,4’-Biphenylenebis(triphenpltin). . , . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . 

1 ,6-Bis(triphenylstannyl)-2, 5-dimdthylhexane . . , . . . . . . . . . . . . , . , , , , . , . , 

3,3’-Bis(triphenylstannyl)pro~imis anhydride. . . . . . . , . , . . , . . , . , , , , , . , . , 
Bis(3-triphenylstannylpropyl) ether, . . . . . . . . . . . . . , . . . , . . . . . . . . . . . . . . , . 
1-Carbomethoxy-l , 2-his(triphenylstannyl)ethane. . . . . . . . . . . . . . , . . , , . , . , 

1-Carbomethoxy-l , ?-ijisit,.ipragylstannyl)ethane. . . . . . . . . . . . . . . . . . . , . . . 
Decamethylenebis(triethy:tin) . . . . . , , . . . . , , . . . . . . . . . . . . . . 
Dibutylniethylenetin (a polymer). . . . . . . . . , . , . , . , , . , . , , , . . 
Dimethylmzthylenetin (a polyrnrr) . , , . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Diphenylbis(2-(trighenylstsnnyl)cthyllgermane. . , . . . , . , . 
Diphenylbis[S-(triphenylstannyi:ethyljsilane. . . . . . , . . , . . . . . . , . . . . . , . , . . 
Diphenyl(diphenylrnetliy1ene)tin (a polymer). . . . . . . . . . . . . . . . . . . . . . . , . . . 
Ethylenebis(tripheny1tin). . . . . . . . . . . . . . . . . , . . . . . . , . . . . . . . . . . . . , . . . . 
Ethyleneglycol bls(3-tri?henylstannylpropionate). . . . . . . . . . . . , . . . . . . . , , . 

1,4-Bis[2-(triphenylstannyl)ethylIbenzene.. . , . , . . . . . .  

Ethynylenchi3(trihencyltin). . . . . . . . . , . , . . , . , . , 
Ethynylen.lliis(tricthyltin) . . . . . . , . . . . . . . . . . . , . 

Ethynylenpbis(tripheny1tin) . . . . . . . . , . . . . , . , . . . . . . . . . . . . . . . . . . . . . . . . . . 
Ethynylen~bis[trisfp-chlorophenyl)tinj. . . . . . . , . 
Ethynylenebis(tri-o-tdgltin) . . . . . , . . . . . . . . . . . . . . . . . . . . , , , . , . . . . , , . , . . 
Ethynylenebis(tri-p-tolyltin) . , . . . . . . . . . . . . . . . . . . . , . . . . . . . . , . . . , . . . . . . 
cis-(dl)-l , 1,2,4,4 ,.5,-I-Ieuaphenyl-l,4-distannacyclohexane 
trans-1 ,1,’2,4,4,5-Hexaplienyl-l,4-distannacyclohexane., 
Methylanebi3(triinettiyltin) . . . . . . . , . . . . , . . . . . . . . . . , . , . 
Met!iylenobis(triphenyltin) . . . . . . , . . . . . . , , , . . . . . . . . . . . . , . , , . . , . . , . , . . 
(Met1iylene)diphenyltin (a polymer), . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
WIetliylidynetris(tripheny1tin). . . . . . . , . . . . . . . . . . . . . , . . . . , . . , . , . . . , . , . , 
Pentametliylcnebis(triethy1tin) . . . . . . , . . . . . . , . . . . . . I . . . . . . . . . . . . , . , . 
Pentariiathylene(trimetbyl1cad) (trimethyltin). . . . . . . . . . . . . . . . . . . . . . . . . , . 
1-Phenyl-1 , 2-bis(triphenylstanny1)othane . . . . . , . , , . . , , , . 
p-Phenylenebis(trimethy1tinj. . , . . . , . , . . . . . . . . . . . . . . . , . . . . . . , . . , . . . . . . 
p-Plicnylenebis(triphmy!tin) . . . . . . . . . . . . . . . , . , . , . . , , , , . . . . . . . . . . . . . . 
sum-Tetraniethylbis ( 2-[dimethyl(tributylstannylmetbyl)silyl]ethyl) - 

disiloxane . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
s~m-Tetramethylbis(tributylstannylmeti~yl)disilosane. . . . . . . . . . . , . . . . . . . 
Tetramethylenebis(tripheny1tin). . . , . . . . . . . . . . . . . . . . . . . , . . , . , , . , . , , . . 
Trimetliylenebi~(tripheng1tin;. . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , , 

TrisitrimethylstannyImetiy1)horane. . . . . . , . . . . . . . . . . , . . , . . . . , . , . . . . . , 
Vinylenebis(trimethy1tin). . . . . . , . . . . . . . . . . . . 

, . . . . , . . 
. . . . . . . . 

. . . . . . . , 

* Compounds containing 8 tin-tin bond are discussed in Section II,G. 

Melting 
Point 

“C. 

303 
235-236 
298 
83-94 
136-142 
182-186 
105-108 
111-112 

206-207 
93-9G 
94 
- 52 

153 
181 
143 
149 

104.5 

128 

139-140 
123-124 
289-292 

149-150.5 
182-185 

564, 565, 566, 594, 595, 608, 625, 665, 666, 669, 670, 
683, 724, 725, 760, 761, 764, 765, 767, 794, 795, 855, 
910). 

R4Sn + Xz + R3SnX + RX 
R3SnX + Xz + R2SnXZ + RX 
RZSnX2 + 2Xz + SnX4 + 2RX 

In this reaction the first two groups are cleaved step- 
wise but the remaining two groups are then cleaved 
simultaneously (561) ; thus, R,SnX and R,SnX, com- 
pounds may be prepared in this manner, but not the 
RSnX, compounds. A number of studies have been 
made to determine the relative ease of cleavage of 
various organic groups from tin (94, 561, 562, 563, 
564, 565, 724, 725, 760, 765). The groups, arranged 
in order of decreasing ease of cleavage, are: o-tolyl > 
p-tolyl > phenyl > benzyl > vinyl > methyl > 
ethyl > propyl > isobutyl > butyl > isoamyl > 
amyl > hexyl > heptyl > octyl. With some un- 

Boiling Point 

“C. 

120-123/0.0002 mm. 
248/15 mm. 

2941760 mm. 
123/0.05 mm. 
230-240/10-4 mm. 

199-201/760 mm. 

205.5/14.5 mm. 
162/17.5 mm. 

240/ <0.1 mm. 

90-91/0.15 mm. 
194-195/760 mm. 

1.5089 (at 20’) 

1.4850 
1.4852 

References 

(908, 910,919) 

(387, 631, 634) 
(387, 631, 632, 634) 
(387, 631, 632, 634) 
(387, 631, 632, 634) 
(387, G31, 634) 
(387, 631, 634) 
(287, 856, 888) 
(199) 
(199, 454) 
(832) 
(632) 
(199) 
(387, 631, 634) 
(387, 631, 632, 634) 
(312) 
(64) 

( 0 4 )  
(312) 
(312) 
(312) 
(6321 
(632) 
(459) 
(449) 
(199) 
(449) 
(287, 856, 888) 
(287) 
(387, 631, 632, 634) 
(462) 
(916, 919) 

(572)  
(572, 632) 
(916, 919) 
(387, 631, 634) 
(766) 
(460) 

symmetrical R,Sn compounds, cleavage of two differ- 
ent groups may occur. Thus, triethylisopropyltin on 
reaction with iodine gives both triethyltin iodide 
and diethylisopropyltin iodide (564). With a num- 
ber of R,R;Sn compounds, either of the groups may 
be cleaved by iodine in benzene (764). 

R2R;Sn + IZ + RRiSnI + RZR’SnI 

With a-substituted organotin nitriles and esters, the 
functionally substituted group is easily cleaved, but 
when the substituent occupies the P-position or be- 
yond with respect to the tin atom, the other groups 
are cleaved preferentially (390) . 
(C3H,)3SnCHzCOOCzH6 + Brz + 

(CpHp)aSnCHzCH&OOCHs + Brz --+ 

(C3H7)3SnBr + BrCHzCOOC2H6 

(CnH&3n(Br)CHzCHzCOOCH3 + C4H9Br 

Chlorine is not often used in these reactions, since 
its manipulation presents many problems. When 
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TABLE 7 
RsSnX compounds (X = halogen) 

Compound 

Triamyltin bromide.. .................................... 
Triamyltin chloride. . .  ....................... 
Triamyltin iodide.. . . . .  ....................... 
Tribenzyltin bromide. . . . .  ....... 
Tribenzyltin chloride.. ................................... 
Tribenzyltin fluoride. ... .. . . . . . .  
Tribenzyltin iodide. ..................................... 
Tri-2-biphenylyltin bromide. ............................. 
Tributyltin bromide. .... 
Tributyltin chloride.. .................................... 

Tri-tsrtbutyltin chloride., ....................... . . . .  
Tri-tsrtbutyltin fluoride. ................................. 
Tributyltin iodide. ...................................... 
Tri-tertbutyltin iodide. ......................... 
Tricyclohexyltin bromide. . . . . . . . . . . . .  
Tricyclohexyltin chloride. . . . . . . . . . . . .  . . . . . . . . . . . . . . .  
Tricyclohexyltin fluoride. . . . . . . . . . . . . . . . . . . .  

Tridodecyltin chloride.. . . .  
Triethyltin bromide.. .................................... 

Triethyltin chloride. ..................................... 

Triethyltin fluoride. ..................................... 
Triethyltin iodide. ...................................... 

Triheptyltin iodide. ..................................... 
Trihexyltin chloride. ..................................... 
Trihexyltin fluoride.. . . . . . . . .  . . . . . . . . . . . . .  
Triisoamyltin bromide. ..................... 
Triisoamyltin chloride.. .................................. 
Triisoamyltin iodide. .......................... 

............ 

. . . . . . . . . . . . . .  
...................... 

. . . . . . . . . . . . . . . . . .  
Triisopropylth chlo . . . . . . . . . . . . . . . . . .  
Triisopropyltin iodide. ................................... 
Trimethyltin bromide . . . . . . . . . . .  
Trimethyltin chloride. .......................... 

. . . . . . . . .  Trimethyltin fluoride. . . . . . . . . . . . . .  
Trimethyltin iodide.. ..... 
Tri-1-naphthylth chloride. ........................ 
Trioctadecyltin chloride. ................................. 
Trioctyltin chloride. ................................... 
Trioctyltin iodide.. .... 
Triphenyltin bromide. ..... 

vIelting Point 

O C .  

125-128 
148 
143-145 
242 
102-103 
167.5-168 

Decomposes 
a t  257 

77 
129-130 
Decomposes 

a t  305 
65 
33 
-13.5 

15.5 

294.5 
302 
-34.5 

55.5-56.5 

30.2 
288 

244 

27 
37-38 
42 

Decomposes 
a t  375 

3.4 

204-205 
61-62 

121-122 

Boiling Point 

OC. 

189/13 mm. 
140/0.85 mm. 

198/15 mm. 
168/4 mm. 

163/12 mm. 

145-147/5 mm. 
9W0.45 mm. 

120-122/1.6-1.8 ~lllfl. 

132/12 mm. 

l68/8 mm. 
172/10 mm. 
147.5/12 mm, 

97/13 mm. 
224/760 mm. 

94/13 mm. 
210/760 mm. 

105.5-106/16 mm. 
117.5/13 rnm. 
234/760 mm. 
235-240/12 mm. 
178-180/1.5 mm. 

177/13 mm. 
174/13 mm. 

152/13 mm. 
178-179/11 mm. 
148/13 mm. 
142/13 mm. 

151/13 mm. 

256-258/760 mm. 
165/760 mm. 
152-154/760 mm. 

67-68/15 mm. 
170/760 mm. 

163-166/0.008 mm. 

215-220/5 mm. 

1.5022 

1.4903 

1.5345 (a 200) 

1.5240 (at 20') 
1.5281 

1.5055 (at 20') 

1.5653 (at 18') 

1.4732 (at 30') 

1.5209 (at 18") 

1.5724 (at 20') 

References 

:365, 530, 866, 888) 

(914) 
(365, 561) 

$360) 
(340, 522, 599, 631, 634, 660, 661, 

(51, 472) 
(402) 
(46) 
(365, 760, 856, 888) 

(70, 135, 149, 186, 262. 269, 356, 
363,364,376,382, 530,541,545, 
566, 568, 574, 579, 630, 685, 687, 
698, 699,700,760,772, 856, 859, 
888, 914) 

738, 774,775, 776, 794) 

(475, 678) 
(475) 

(365, 561, 564) 

(475) 
(468) 
(283, 468) 
(468) 

(468) 
(569, 570) 
(10, 12, 101, 149, 216, 234, 286, 

343,377, 408, 409, 417, 479, 527, 
530, 621, 736, 856, 888) 

(10, 12, 25, 42, 58, 90, 101, 149, 
150, 167,206, 216, 269, 286, 363, 
364,367,369,377,380,408,409, 
439, 479,481,482, 527, 530,565, 
567, 579, 630, 694, 738, 744, 797, 
856, 888) 

(10, 55, 149, 216, 310, 464) 

(10, 100, 101, 149, 171, 286, 293, 
479,480,484, 527, 530, 561, 563, 
736, 852, 856, 886, 888) 

(564) 
(569, 570, 631, 634) 
(55) 
(286, 856, 888) 
(55, (282, 464) 286, 856, 888) 

(107, 286, 563, 856, 888) 

(286, 856, 888) 
(286, 856, 888) 
(55, 464) 
(104, 107, 286, 856, 888) 
(269, 363, 579, 678) 
(106) 
(367, 411, 458, 462, 647, 784) 
(25, 296, 363, 406, 439, 445, 452, 

530,565,641,678,784,787,788, 
847, 848) 

(55, 367, 464) 

(101, 286, 291, 480, 484, 523, 561, 
608,657,738,784,787,856,888) 

(474) 
(569, 570) 
(143, 168, 169, 207, 269, 363, 579, 

631, 634) 
(564, 856, 888) 
(126, 159, 463, 504, 617, 631, 634, 

646, 730) 
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TABLE 7 4 m l u & d  

Compound 

Triphenyltin chloride. . . . . , , . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Triphenyltin fluoride. . , . , . . . . . . . . . , . . , . , . . . . . . . . . . . . . . . . . . 
Triphenyltin iodide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 
Tripropyltin bromide. , . . . . . , , . . . , . . . . . , . . . . . . . . . . ~ . . . . . . . 

Tripropyltin chloride. . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tripropyltin fluoride. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tripropyltin iodide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Tris(bromomethy1)tin bromide. . . . . . . . . . , . . . . . 
Tris(p-carbethoxyphenyl) tin chloride. . , . , , . . . . . . . . . . . . . . . . . . 
Tris(2-carbomethoxyethy1)tin bromide 
Tris(o-chlorohenzy1)tin fluoride. . . . . , . . . . . . . . . . . . . . . . . . . 
Tris(1-chloroethy1)tin chloride . . . . . . . . . . . . . . .  . . . . . . .  
Tris(chloromethy1)tin chloride 
Tris(p-chloropheny1)tin bromi 

Tris(p-chloropheny1)tin fluoride. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tridp-chloropheny1)tin iodide. . . . . . . . . . . . 
cis-Tris(2-chloroviny1)tin chloride, . . . . . . . . . . , . . , . . . . . . . . . . . 
tram-Tris(2-chloroviny1)tin chloride 
Tris(cyclopentadieny1)tin chloride. . . . . . . . . . . . . . . . . . . . . . . . . . 
Tris(p-fluoropheny1)tin bromide. . . . . . . . . . . . . . 
Tris(p-methoxypheny1)tin fluoride. . . . . . . . . . . . 

Tris(p-methylbenzy1)tin chloride 
Tris(trimethylsilylmethy1)tin iod 
Tritetradecyltin chloride. . . . . . . . . . , . . . . . . . . . . . . . . . . . . . 
Tri-o-tolyltin bromide 

Tri-p-tolyltin bromide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tri-o-tolyltin chloride 
Tri-m-tolyltin chloride. . , , , , . , . . . , , , , , , , . . , , . . . . . . . . . . . . . . 
Tri-p-tolyltin chloride.. . . 
Tri-p-tolyltin fluoride. . . . 

Tri-o-tolyltin iodide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 
Tri-p-tolyltin iodide. . , . , . . , . . . . . . , 
Trivinyltin bromide. . . . . . . . . . . . . . . . 

Trivinyltin fluoride. . . . . . . . . . . . . . . . . . . . 
Trivinyltin iodide. . . . , , . . . . . , . . . . . . . , , . . . . . . . . . . . . . . . . . . , 
Tri-Z15-xylyltin bromide 
Tri-2,5-xylyltin chloride. . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tri-2 ,4-xylyltin fluoride. . . . . . , . . . . . . . . . . . . 
Tri-2,5-xylyltin fluoride. . . . . . . , . . . . . . . . . . . 
Tri-2,5-xylyltin iodide ........................... 

Melting Point 

OC.  

105.5-107 

Decomposes 
a t  357 

121 

275 
266-268 

186-187 

96-97 
110-1 11 

93-95 

' 120-121 

109-110 
Decomposes 

at 239 
190 (d.) 

46-47 
99.5 
94-96 
98.5 
105-106 
108-109 
97.5-98 
Decomposes 

119.5 
120.5 

at 305 

Above 300 

151 
141.5 
209 
Decomposes 

a t  247 
159.5 

Boiling Point 

O C .  

249/13.5 mm. 

133/13 mm. 
252-255/760 mm. 

(with slight 
decomposition) 

123/13 mm. 

140-141/15 mm. 
259-264/760 mm. 

(with slight 
decomposition) 

165/5 mm. 

154-158/0.005 mm. 

130/3 mm. 
138-140/5 mm. 

119.5/1 mm. 

105/0.3 mm. 

53-54/0.34.4 mm. 
59-60/6.0 mm. 

60/1.8-1.9 mm. 

1.5450 (at 20') 
1.593 (at 20') 

1.5821 (at 20') 

1.5237 

1.5235 

1.5828 

References 

(39, 40, 45, 55, 58, 145, 146, 158, 
183,234,239,242,247,356,382, 
402, 415, 463, 530, 598, 599, 617, 
637, 641, 677, 678, 694, 708,709, 
738, 797, 847, 848, 896, 900, 918, 
921) 

(55, 183,466, 847) 

(74,95, 126, 146,234,254,390,435, 
463,535,562,598,631,634,809) 

(286, 303, 305, 390, 613, 634, 856, 
888) 

(149, 286, 439, 530, 568, 631, 634, 
856, 888, 914) 

(55. 464, 631, 634) 

(103, 105, 106, 286, 303, 305, 561, 
856, 888) 

(901) 
(599) 
(390, 631, 634) 
(51) 
(901, 903) 
(901, 903) 
(474, 530) 
(474) 
(474) 
(474, 599) 
(613, 619, 856, 888) 
(613, 619) 
(694) 
(222) 
(474) 

(775) 
(761) 
(565, 569) 
(466, 595) 

(466) 
(254, 415, 466) 
(402, 415) 
(415, 466, 599) 
(466) 

(466) 
(466) 
(760) 
(694, 725, 726, 727) 
(760, 769) 
(760) 
(466) 
(466) 
(466) 
(466) 

(466) 

bromine is employed, the reaction is often carried out 
below O O C .  and the bromine is added slowly to avoid 
excess cleavage; bromine is commonly used if the 
dihalide is desired. Iodine is the most convenient 
halogen for use in this reaction, especially for the 
preparation of monohalides. The reaction often is 
carried out in chloroform, carbon tetrachloride, or 
ether a t  room temperature or with some warming. 

Halogens readily cleave the Sn-Sn linkage of ditin 

compounds to  the corresponding R,SnX compounds 
(74, 100, 238, 360, 361, 376, 448, 450, 462, 466, 468, 
474,480,490, 599). 

RaSnSnR, + X t  + 2R3SnX 

This method serves as a means of preparing very 
pure R,SnX compounds; aside from this it is of little 
importance, since ReSn, compounds usually are pre- 
pared from R3SnX derivatives. Calcium chloride and 
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TABLE 8 

R2R'SnX compounds (X = halogen) 

Compound 

Allyldibutyltin bromide ..................................... 
Allyldiphenyltin bromide .................................... 
Amyldiethyltin bromide ..................................... 
Amyldiethyltin iodide ....................................... 
Amyldimethyltin iodide ..................................... 
Bis(2-carbomethoxyethy1)propyltin bromide ................... 
Bia(1-ch1oroethyl)chloromethyltin chloride. .................... 
(5-Bromoamy1)diethyltin bromide ............................ 
(5-Bromoamy1)dimethyltin bromide ........................... 
(Bromomethy1)dimethyltin bromide ........................... 
(Bromomethy1)diphenyltin fluoride ........................... 
(p-Bromopheny1)diethyltin bromide. .......................... 
(p-Bromopheny1)diethyltin chloride ........................... 
Butylhis(chloromethy1)tin chloride ............................ 
Butylbis(trimethylsilylmethy1)tin iodide ....................... 
Butyldicyclohexyltin iodide ............................. 
Butyldiethyltin iodide ....................................... 
Butyldimethyltin iodide ..................................... 
scc-Butyldimethyltin iodide .................................. 
Butyldiphenyltin bromide ................................... 
Butyldipropyltin iodide ..................................... 
Butyldivinyltin bromide ..................................... 
Butyldivinyltin chloride ..................................... 
(2-Carbethoxy-1-methylethy1)dipropyltin bromide . . . . . . . . . . . . . .  
(2-Carbomethoxyethy1)diphenyltin iodide ...................... 
(o-Carbometboxypheny1)diphenyltin chloride ................... 
(Chloromethy1)dimethyltin chloride .......................... 
(2-Cyanoethy1)dipbenyltin iodide ............................ 
(Cyanomethy1)diphenyltin iodide ............................ 
(3-Cyanopropy1)diphenyltin fluoride ......................... 

Cyclohexyldimethyltin iodide ............................... 
(Cyclopentamethy1ene)vinyltin chloride ...................... 
Cyclopentyldimethyltin iodide .............................. 
Decyldimethyltin bromide .................................. 
Decyldivinyltin bromide ........... ..................... 
Diallylbutyltin bromide ........... ..................... 
Diamylethyltin iodide ...................................... 
Dibutyl(2-carbomethoxyethy1)tin bromide .................... 
Dibutyl(chloromethy1)tin chloride. .......................... 
Dibutyl@-cyanoethy1)tin bromide ........................... 
Dibutylcyclohexyltin iodide . . . . . .  
Dibutylcyclopentyltin iodide ................................ 
Dibutylhexyltin iodide . . . . . . . . . . . . . . .  
Dibutylisoamyltin iodide ...................... 
Dibutylmethyltin iodide ....................... 
Di-sec-butylmethyltin iodide ................................ 
Dibutylphenyltin bromide .................................. 
Dibutylvinyltin bromide ................................... 
Dibutylvinyltin chloride .................................... 
Dibutylvinyltin iodide ......................... 
Dicyclohexylmethyltin iodide ............................... 
Dicyclopentylmethyltin iodide .............................. 
Diethylhexyltin iodide ..................................... 
Diethylisoamyltin bromide ................................. 
Diethylisoamyltin chloride . ........................... 
Diethylisobutyltin bromide ................................. 
Diethylmethyltin bromide .................................. 
Diethyloctyltin iodide ...................................... 
Diethylphenyltin bromide .................................. 
Diethylpropyltin bromide .................................. 
Diethylpropyltin chloride ................................... 
Diethylpropyltin fluoride ................................... 
Diethylpropyltin iodide .................................... 
Diisopropylmethyltin iodide ................................ 
Dimethyloctyltin bromide .................................. 
Dimethyloctyltin iodide .................................... 
Dimetbyl(trimetbylsily1methyl)tin bromide ................... 
Dimethylvinyltin bromide .................................. 

Dibutyl(trimethylsily1methyl)tin bromide ..................... 

Melting Point 

O C  . 

Above 290 

76 
168-169 

121-122.5 
99-100 
Shr inks  a n d  

turns brown 
8t about 280 

271 

Boiling Point 

O C  . 
35-89/0.03 mm . 
135/15 mm . 
160-164/16 mm . 
132-133/23 mm . 
120-122/0.002 mm . 
128/3 mm . 
190.5/16 mm . 
168/14.5 mm . 
75-79/4 mm . 

82-87/0.3 mm . 
105/0.4 mm . 
160/0.7 mm . 
134-135/13 mm . 
124-128/12 mm . 
118-120/25 mm . 
88-89I5.4 mm . 
84/5.5 mm . 
155-159/0.2 mm . 
159-160/24 mm . 
70-72/0.6-0.75 mm . 
82-84/3 mm . 
119-120/0.02 mm . 

76-77/11 mm . 

86/0.65 mm . 
77/0.5 mm . 
110-114/0.2 mm . 
96-100/0.01 mm . 
160-164/16 mm . 
125-128/0.002 mm . 
106-110/3 mm . 
152-156/0.6 mm . 
136/0.6 mm . 
125/0.4 mm . 
180/8 mrn . 
195/12 mm . 
82/0.35 mm . 
71/0.25 mm . 
120-124/0.001 mm . 
91/02 mm . 
72-73/0.03 mm . 
96/0.55 mm . 
112-114/4 mm . 
82-83/0.6 mm . 
108.5-109.8/1.75 mm . 
134/0.4 mm . 
115/0.7 mm . 
98-100/0.25 mm . 
137.5/17 mm . 
125.5-126/13 mm . 
122/17 mm . 
95-98/11 mm . 
132-133/0.9 mm . 
112.2/16 mm . 
108/17 mm . 
132-134/16 mm . 
96/7.6 mm . 
77-81/0.01 mm . 
50/0.35 mm . 
58-61/9.5 mm . 
102-118/12 mm . 

1.5440 (et 18") 

1.555 (at 20') 

1.5683 

1.5394 
1.5257 
1.5630 
1.5460 (at 20') 

1.5467 

1.5510 

1.5320 (at 20") 
1.5221 
1.4970 

1.5263 

1.5717 

1.5758 

1.5095 

1.5494 
1.5487 

1.5254 (at 20') 
1.5375 
1.5498 

1.5037 
1.4970 
1.5102 
1.4973 
1.4987 (at 20') 
1.5384 
1.5786 
1.5836 

1.5246 (8t 15') 

1.5582 (at 20') 
1.5518 

1.5101 
1.5350 

References 

(724) 
(724) 
(287. 856. 888) 
(381) 
(562. 856. 888) 
(390. 631. 634) 
(901. 903) 
(287. 856. 888) 
(287) 
(767) 
(767) 
(380. 530) 
(380) 
(767) 
(761) 
(764) 
(381. 530. 562. 856. 888) 

(381. 530.562.764.856. 888) 

(764) 
(724) 
(563. 856. 888) 
(762) 
(694. 728) 
(390. 631. 634) 
(390. 631. 634) 
(234) 
(767) 
(390. 631. 634) 
(382. 530) 
(390. 631. 634) 

(764) 
(694) 
(764) 
(724) 
(724) 
(724) 
(530) 
(390. 631. 634) 
(767) 
(631. 634) 
(764) 
(764) 
(564. 856. 888) 
(563. 856. 888) 
(764) 
(764) 
(724) 
(761) 
(725. 760. 765) 

(694. 728.760. 765) 

(760. 765) 
(764) 
(764) 
(381. 530) 
(286. 856. 888) 
(286. 856. 888) 
(286. 365. 856. 888) 
(769) 
(381. 530) 
(380) 
(286. 888) 
(286. 856. 888) 
(464) 
(563 . 856. 888) 
(764) 
(724) 
(381. 530) 
(380) 
(760. 765) 
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TABLE 8-Concluded 

Dimethylvinyltin chloride. . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . 
Dimethylvinyltin iodide. , . . .. ................ 
Diphenyloctyltin iodide. . ~ . . . . . . . . . . . . . . . . , . . . . . . . . , . . , . . . . . 
Diphenyl(2-pheny1ethyl)tin iodide. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Diphenyi(triphenylmethy1)tin chloride. . , . . 
Diphenylvinyltin bromide. . . . . . . . . . . . . . . . . , , . . . . . . , . . . . . , . , , 
Diphenylvinyltin chloride. . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . 
Diphenylvinyltin fluoride. . . . . . . . . . . . . . , , . . , . , . . . . . , . . . . . . . . . 

Dodecyldiethyltin iodide. . . . . . , , . . , . . . . . . . , . . . . . . . . . . . . . . . . . 
Dodecyldimethyltin bromide. . . . . . . . . . . . . . . . . . , . . . . , . . . . . . . . . 
Dodecyldimethyltin iodide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Ethyldiisoamyltin bromide. . . . . . , . . . . . . . . . . , . . . , . , . . . . . . . . . . 
Ethyldiisobutyltin bromide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Ethyldimethyltin bromide. . . . . , . . . . . , . , . . . . . . . . . . . . . . . . . . . . . 
Ethyldimethyltin chloride. . . . , . . . . . . . . . . . . . , , . . . , . . . . . . . . . , . 
Ethyldimethyltin iodide. . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hexyldiphenyltin bromide. . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . , . 
Hexyldivinyltin bromide. . . . . . . . . . . . . . . . . . . . . . . . , . . . , . . . . . . . 
(3-Hydroxypropy1)diphenyltin bromide. . , . . . . . . . . . , . . . . . . . . . , , 
(1odomethyl)dimethyltin fluoride. . . . . . . , . . . . . . . . . . . . . . . . . . . . . 
(1odomethyl)dimethyltin iodide. . . . . . . . . . . . , , . , . . . . . . . , . . . . . , 
Isoamyldimethyltin iodide .......................... 
Isobutyldimethyltin iodide.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Isopropyldimethyltin iodide. . . . . . . . . . , . . . . . . . . . . 
Methylbis(trimethylailylmethyl)tin bromide.. , . . . . . 
Methylbis(trimethylsilylmethy1)tin iodide. . . . . . , . . 
Octyldivinyltin bromide. . . . . . . . . . , . . . . . . . , . . . . . . . . . . . . . . . , . . 
Phenyldivinyltin chloride ............. 
Phenyldivinyltin fluoride. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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59-60 
210 

Above 300; 
turns brown 
and shrinks 
above 285 

127-128.5 
Decomposes 

above 250 

Above 300; 
turm tan 
and shrinks 
above 210 

Compound I Melting Point Boiling Point 

OC. 

73-75/27 mm. 
57.5-5915.2 mm. 

182-184/>1.5 mm. 
124-12WO.05 mm. 
156-158/1 mm. 
154-155/16 mm. 
130.6/13 mm. 
175-180/760 mm. 
166-168/760 mm. 
77-78/11 mm. 
185-187/718 mm. 

70-74/0.05 mm. 

111/5 mm. 
115/15 mm. 
95/15 mm. 
77-78/92 mm. 
73/0.18 mm. 
85-86/0.35 mm. 
82-86/0.01 mm. 

1.5105 
1.5762 

1.5082 (at 20”) 
1.5705 (at 20’) 

1.6690 
1.5410 (at 21’) 
1.5082 (at 209 
1.5553 
1.5018 
1.5268 

References 

(760, 765) 
(760, 765) 
(530) 
(390, 631. 634) 
(52) 
(724) 
(694) 
(760) 

(530) 
(724) 
(381, 530) 
(286, 856, 888) 
(286, 856, 888) 
(96) 
(565) 
(563, 608, 669, 670) 

(724) 
(724) 
(390, 631, 634) 
(767) 

(767) 
(562, 855, 856, 888) 
(562, 855, 856, 888) 
(764) 
(761) 
(761) 
(724) 
(694) 
(760) 

mercury(I1) chloride also have been used to cleave 
RsSn, compounds to  the corresponding R,SnCl deriva- 
tives (462). 

The halogen acids, in solution or in the gaseous 
state, also cleave R,Sn compounds (45, 46, 47, 52, 90, 
94, 402, 481, 509, 565, 570, 708, 709, 760, 765, 921). 
Usually, the monohalide is obtained, but in some cases 

RaSn + HX + R3SnX + RH 
RJSnX + HX -+ R2SnX2 + RH 

the dihalide may be prepared in this manner; care 
must be taken to avoid excess cleavage. The organotin 
compound is refluxed with the halogen acid or, more 
usually, the hydrogen halide is bubbled into a chloro- 
form, ether, or benzene solution of the organotin com- 
pound. 

The ease of cleavage of various groups is the same 
as that listed above for cleavage by the halogens. 
Again, predictions based on this cleavage series are 
not infallible; for example, both the methyl and the 
ethyl groups of diethyldimethyltin are cleaved by 
hydrogen chloride to give ethylmethyltin dichloride 
(94, 509). With R,Sn [ CH,Si (CH,) compounds, 
where R is methyl or butyl, the methyl or butyl groups 
are more easily cleaved by halogen; however, the (tri- 
methylsilyl) methyl group is more easily cleaved by 
hydrogen halides (761). With tribenzylethyltin, the 
benzyl group is cleaved by halogen, but hydrochloric 
acid removes the ethyl group (402). 

One of the most valuable methods for the prepara- 
tion of organotin halides, especially in commercial 
quantities, involves the cleavage of organotin com- 

TABLE 9 
RR’R”SnX compounds (X = halogen) 

Compound I 1 Boiling Point I References 

Benzylbutylphenyitin Buoride ................................................................ 
Ethylmethylpropyltin iodide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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TABLE 10 
R~SnX1 C O ~ P O U ~ ~ ~  (X = halogen) 

Compound 

Bia(bromomethy1)tin dibromide .......................... 
Bis(p-bromopheny1)tin &bromide ......................... 
Bis(p-bromopheny1)tin dichloride ......................... 
Bis(p-bromopheny1)tin diiodide ........... 
Bis(1-carbethoxyethy1)tin dibromide ...................... 
Bis(carbethoxymethy1)tin dibromide . . . . . . . . . .  
Bis(oarbethoxymethy1)tin diiodide ........................ 
Bis(p-carbethoxypheny1)tin dibromide .................... 
Bis(mcarbethoxypheny1) tin dichloride . . . .  
Bis(p-carbethoxyphenylhin dichloride ..................... 
Bis(o-carhethoxypheny1)tin diiodide ....................... 
Bis(p-oarbethoxypheny1)tin d 
Bis(2-carbomethoxyethyl) tin 
Bis(1-ohlorobuty1)tin dichloride .......................... 
Bis(1-ch1oroethyl)tin dichloride .... 
Bis(chloromethy1)tin dichloride ........................... 
Bis(p-chlorophenyl) tin dibromide ......................... 
Bis(p-ohloropheny1)tin dichloride . . . . . . . . . . . . . . . . . . .  
Bis(p-chloropheny1)tin diiodide ........................... 
cis-Bis(2-chloroviny1)tin dichloride . . . . . . . . . . . . . . . . . .  
trans-Bis(2-chloroviny1)tin dichloride 
Bis[p-(dich1oroiodo)phenylltin dichloride . . . . . . . . . . . . . . . . . .  
Bis(p-ethoxypheny1)tin dichloride ........ 
Bis(2-ethy1hexyl)tin dichloride .......... 
Bis(p-iodopheny1)tin dichloride ................ 
Bis(p-methoxypheny1)tin dibromide ....................... 
Bis(o-methoxyphenyl)tin dichloride . . . .  . . . .  
Bis(p-methoxypheny1)tin dichloride ........................ 
Bis(2-methyl-3-butenyl)tin dichloride ...................... 
Bis(trimethy1silylmethyl)tin dibromide ..................... 
Bis(trimethylsilylmethy1)tin diiodide ....................... 

Di-tert-amyltin dibromide ................................. 
Diamyltin dichloride . . .  . . . . . . . . . . . . . . . . .  

Bis(p-iodopheny1)tin dibromide ............................ 
Bis(p-iodopheny1)tin diiodide ............................ 

Di-tert-amyltin dichloride ................................. 
Di-tert-amyltin difluoride ................................. 
Di-krtamyltin diiodide .................................. 
Dibenzyltin &bromide ................................... 
Dibenryltin dichloride . . . . .  . . . . .  
Dibenayltin diiodide . . . . . . .  . . . . .  
Di-p-biphenylyltin dibromide ...................... 
Di-p-biphenylyltin dichloride . . . . . . . . . . . . . . . . .  

Di-tert-butyltin dibromide . . . . . . . . . . . . . . . . . . . .  
Dibutyltin dichloride ......................... . . .  

Dibutyltin bromide chloride . . . . . . . . . . . . . . . . . .  
Dibutyltin dibromide .................................... 

Di-teyt-butyltin dichIoride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Di-krt-butyltin difluoride ................................. 
Dicyolohexyltin dibromide . . . . . . . . . . . .  
Dioyclohexyltin dichloride ................................ 
Dicyclohexyltin diiodide . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

Dicyclohexyltin difluoride . . . . .  
Didodecyltin dichloride . . . . . . .  
Diethyltih dibromide . . . . . . . . .  

Diethyltin dichloride ..................................... 

Diethyltin dichloride .zHzO ............................... 
Diethyltin difluoride ..................................... 

Melting Point 

OC . 
87 
82 
103 
79-80 

139 
101.5 
69-69.5 
95-96 
102-103 

138-140 
53 
12 
89.5-90 
73 
86.5 
46-47 

77.5-78.5 
82-82.5 
46 

102 
147 
88.5 
102 
113 
76 

38.6-39.8 
34.6-35.4 

34.5-35.5 

Decomposes 
a t  264 

130 
163-164 
86-87 
144-145 
140 
34-34.5 
20 

43 

42 
Decomposes 

a t  254 
58 
88-89 
278 
42 
19.4 
63 

89 
84 

74 
Decomposes 

a t  287-290 

Boiling Point 

OC . 
155-160/5 mm . 

82-85/1.5 mm . 

134/5 mm . 
112/4 mm . 

100-102/3 mm . 

154-162/0.3 mm . 

77-79/2.0 mm . 
166/13 mm . 
153/12 mm. 

186/12 mm . 

104-106/0.55 mm . 
128/14 mm . 
153-156/5 mm . 
135/10 mm . 

117/14 mm . 

218/760 mm . 
233/760 mm . 

277/760 mm . 

1.5535 

1.5675 

References 

(901. 903) 
(418. 622. 908) 
(418. 420. 622. 624) 
(418. 622) 
(245) 
(245. 492) 
(194) 
(196) 
(679) 
(196. 424) 
(194) 
(196) 
(390. 631. 634) 
(901. 903) 
(901. 903) 
(901. 903) 
(418. 474. 622) 
(418.420.424. 622. 624) 
(418. 622) 
(612. 613. 619. 856. 888) 
(424. 612. 613. 619) 
(418. 622) 
(834) 
(384) 
(418. 622) 
(418. 420. 622) 
(418. 622) 
(834) 
(420. 624)  
(72. 834) 
(694) 
(761) 
(761) 
(694) 
(855) 
(475) 
(543. 631. 634) 
(475) 
(475) 

(475) 
(417. 621. 794) 
(402. 417. 621. 708. 709. 794) 
(794) 
(834) 
(46. 834) 
(355. 361) 
(2. 660) 
(475) 
(70. 108. 130. 184. 186. 188. 262. 

269. 356. 357.358. 359. 360. 364. 
376.395. 518.530. 541.543.545. 
566.567.568.579. 583.643. 644. 
660. 667. 685. 687. 694. 698. 699. 
700.741.851.852.867.868. 914) 

(475. 678) 
(475) 

(283. 468) 
(72. 468) 
(468) 
(283. 468) 
(535. 802) 
(101. 218. 287. 293. 343. 367. 377. 
408. 411. 417. 527. 530. 611. 621. 
651. 738. 886) 

25. 58. 94. 101. 112. 160. 167. 206. 
216.361. 364. 369. 378. 408. 409. 
411. 417.422. 423. 481. 527. 530. 
565.566.567.583.617.650. 651. 
713. 716. 738. 749. 785. 797. 852. 
867. 868. 886) 

550. 886) 
.lOl. 464. 902) 
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TABLE 1O-CmZuded 

Compound 

Diethyltin diiodide ...................................... 

Dihexyltin dichloride. ................................... 
Diiaoamyltin dibromide. . 
Diisoamyltin dichloride. ................................. 
Diisoamyltin diiodide. , . . 
Diisobutyltin dibromide .................................. 
Diisobutyltin dichloride. ................................. 
Diiiobutyltin diiodide ....... ... ......... 
Diisopropenyltin dibromide. .............................. 
Diisopropyltin dibromide ................................. 
Diiaopropyltin dichloride. . . . .  
Diiaopropyltin diiodide. .................................. 
Dimethyltin dibromide.. . .  
Dimethyltin dichloride. .................................. 

Dimethyltin difluoride. ..... 
Dimethyltin diiodide, ....... 
Di-l-naphthyltin dibromide ............................... 
Di-2-naphthyltin dibromide.. . . . .  
Di-l-naphthyltin dichloride.. ............................. 
Di-2-naphthyltin dichloride. .............................. 
Di-l-naphthyltin diiodide, ....... 
Dioctyltin dichloride. .................................... 
Di-9-phenanthryltin dichloride. ........................... 
Diphenyltin bromide chloride. 
Diphenyltin chloride iodide. .............................. 
Diphenyltin dibromide. .................................. 
Diphenyltin dichloride. .................................. 

Diphenyltin difluoride .................................... 
Diphenyltin diiodide. .................................... 
Di-l-propenyltin dibromide 
Di-l-propenyltin dichloride 
Dipropyltin dibromide ................................... 
Dipropyltin dichloride 

Dipropyltin difluoride .................................... 
Dipropyltin diiodide ..................................... 
Di-2-thienyltin dichloride. . . . . . . .  
Di-p-tolyltin dibromide .................................. 
Di-o-tolyltin dichloride. ......... 
Di-m-tolyltin dichloride, . . , . , , . . . . . . . . . . . . . . . . . .  
Di-p-tolyltin dichloride. . . . . . . . . .  . . . . . . . . . . . . . . . .  

Divinyltin dibromide .................................... 
Divinyltin dichloride, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Divinyltin difluoride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Divinyltin diiodide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Di-2 ,5-xylyltin dibromide . .  

Melting Point 

OC. 

44-45 
30-31 

45-47 
- 4 t o  -2 
28 

9 

54 
56.5-57.5 
80-84 

74 

107.5-108 

Decomposes 
at 360 

30 
44 
142 
114-115 
137-137.5 
110-111 
160 
47.548.5 

39 
69 
38 

42-44 

Above 360 
71-72 

49 
80-81 

204-205 

74 
49-50 
39-40 
49-50 

13.2 
74.5-75.5 

Boiling Point 

O C .  

245-246/760 mm. 

134-138/1.5 mm. 

202-205/8 mm. 
144/15 mm. 
135.5/15 mm. 
290-295/760 mm. 
102.5/9 mm. 

256-258/760 mm. 
209/760 mm. 

185-190/760 mm. 

228/760 mm. 

164-165/0.16 mm. 

333-337/760 mm. 

176-182/2 mm. 
121-122/10 mm. 

263-265/760 mm. 

166-167/10 mm. 

47/2 mm. 
54-56/3.0 mm. 

1.5665 

1.5663 

1.5920 
1.5500 
1.5490 (at 2 5 9  

References 

(100, 171, 218, 293, 370, 399, 480, 
483,491, 527,558,561, 651, 660, 
738, 825, 886) 

(384) 
(660) 
(282, 660) 
(660) 
(467) 
(107, 467) 
(107, 370) 
(615, 616, 617) 
(175) 
(106, 175, 678) 

(106) 
(101, 408, 411, 454, 658, 659, 660, 

784, 787) 
(25, 101, 151, 258, 325, 423, 424, 

454, 543, 565,583, 641, 658, 660, 
676, 718, 719, 721, 784, 786, 787, 
788, 847, 848, 852, 867, 868) 

(464) 

(101, 370, 523, 561, 658, 660, 784, 

(417, 616, 621, 665) 
(417, 621) 
(72. 417, 617, 621, 665, 683) 
(417, 621) 
(665) 
(116, 384) 
(47) 
(39) 
(39) 
(39, 43, 126, 159, 417, 466, 530, 

621, 666, 795) 
(39, 58, 72, 125, 135, 196, 234, 

240, 271.356, 395, 402, 406, 407, 
417, 423, 424, 541, 543, 616, 621, 
624, 628, 641, 667, 694, 705, 785, 
851, 900) 

856, 888) 

(460) 
(95, 146) 
(614, 615, 616, 694) 
(614) 
(2, 303, 305, 365, 408, 411, 660) 
(106, 327, 408, 411, 568, 583, 631, 

634. 660, 738, 852, 867, 868) 
(464) 
(106, 305, 327, 370, 660) 
(72) 
(99, 417, 621, 654) 
(412, 414, 420, 617, 624, 679) 
(413) 
(410, 412, 414, 417, 424, 616, 617, 

(618) 
(618, 694, 725, 726, 727, 769) 

(694) 
(694) 
(99) 

795) 

pounds with tin(1V) halides (70, 90, 102, 116, 158, 
167, 234, 240, 247, 250, 262, 356, 358, 360, 361, 364, 
376, 380, 382, 384, 406, 407, 408, 409, 411, 412, 413, 
414, 415, 418, 477, 481, 482, 518, 574, 622, 630, 645, 
647, 665, 667, 673, 705, 725, 726, 769, 834, 855, 859, 

3R4Sn + S n X d  + 4RaSnX 

R4Sn + SnX, + 2R,nSnXz 
R4Sn + 3SnX4 -+ CRSnXa 

900, 908, 914, 921). The reactants usually are heated 
to 100-2OO0C.; both alkyl and aryl R,Sn compounds 
undergo this reaction and either tin(1V) chloride or 
tin(1V) bromide may be used. Usually a mixture of 
products is obtained, but the desired halide can be 
produced in excellent yields by the use of an appro- 
priate ratio of starting materials and a proper temper- 
ature range. Halides produced as side products can 
be returned to the reaction container and allowed to 
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Compound Melting Point* 

ROBERT K. INGHAM, SANDERS D. ROSENBERG, AND HENRY GILMAN 

References 

Benzylphenyltin dibromide. ......... 
Benzylphenyltin dichloride. . . . . . . . . .  
Butylpbenyltin dichloride. . . . . . . . . . .  
Butylpropyltin dichloride. .......... 
Butylvinyltin dibromide . . . . . . . . . . . .  
Butylvinyltin dichloride. ........... 

(2-Carbomethoxyethy1)phenyltin 
dibromide ....................... 

(3-Cyanopropy1)phenyltin dibromide . 
(Cyclopentadieny1)vinyltin 

dichloride. ...................... 
Ethylmethyltin dichloride. . . . . . . . . . .  
Ethylphenyltin dichloride. . . . . . . . . . .  
Ethylpropyltin dichloride. . . . . . . . . . .  
Phenylvinyltin dichloride. . . . . . . . . . .  
Thienylvinyltin dichloride. ......... 
(5-Methylthieny1)vinyltin dichloride. . 

OC. 

74-75 
83-84 
50 
67-68 

27-28 
99-101/3 mm. (b.p.) 
n650 = 1.5254 

11 1-1 14 
101-102 

52 
45 
57-58 

I 

* The valuea given are melting points except &a otherwise noted. 

react with additional amounts of R,Sn or SnX, to 
form the desired product. 

2R3SnX + sfi4 --$ 3RzSaz  

2RSnX3 + R4Sn + 3RzSnX2 

R2SnX2 + R4Sn + 2R3SnX 

R2SnX2 + SnX4 -+ 2RSnX3 

The preparation of organotin halides by this method 
offers an advantage over other cleavage methods in 
that none of the substituents attached to  the tin atom 
is lost; the method is undesirable, however, for the 
preparation of organotin halides in which all of the 
organic groups are not identical. 

In the above methods for the preparation of organo- 
tin halides, heating is sometimes required and the 
products are usually purified by distillation; in a few 
cases, care must be taken since thermal redistribution 
may occur and the desired product may not be ob- 
tained (725, 760, 765, 781). 

heat 

heat 

2RzR’SnX - R8nX + RRiSnX 

3R2R’SnX - 2RaSnX + RjSnX 

2R3SnX - RzSnXz + R4Sn 
heat 

Other inorganic halides cleave R,Sn compounds to  
give organotin halides; these include mercury (11) 
chloride (419, 422, 471, 473, 565, 623, 625, 641), 
mercury (11) bromide (761) , aluminum chloride (111, 
566), bismuth chloride (567, 765), thallium (111) chlo- 
ride (272), arsenic (111) halides (765), phosphorus (111) 
bromide (736, 765), and phosphorus and iodine (736). 
These reagents offer no advantages for preparative 
methods. 

The reaction of an alkyl halide with a sodium-tin 
alloy was employed by Lowig (527) in the synthesis 
of the first organotin compounds and was the method 
used by most of the early investigators for the prep- 
aration of organotin halides. Usually, the alkyl halide 
and a sodium-tin alloy, containing 10 to 20 per cent 
sodium, are heated for several hours a t  100-2OO0C. 
Many of the low-molecular-weight R,SnX compounds 
have been prepared by this method. R4Sn, R,SnX,, 
and R,Sn, compounds are also formed in the reaction; 
if the sodium content of the alloy is low, the principal 
product is the dihalide. The method is not in general 
use a t  present, but the following references illustrate 
how widely this method was used formerly (70, 100, 
101, 103, 106, 107, 116, 291, 480, 484, 527, 611, 914). 
Variations of this reaction include the use of a tin- 
magnesium alloy (206, 343, 377) or a tin-copper alloy 
(786, 867) rather than an alloy of tin and sodium. 

Molten tin reacts with an alkyl halide a t  elevated 
temperatures to form, primarily, a dialkyltin dihalide. 
This reaction was used by many of the early investi- 
gators for the preparation of R,SnI, compounds (100, 

Sn + 2RX - RzSnXZ 

106, 107, 194, 218, 282, 328, 370, 527, 886). The reac- 
tion is also successful with alkyl bromides and chlo- 
rides and has received increasing attention in recent 
years (2, 245, 287, 370, 718, 748, 775, 788). Catalytic 
amounts of copper or zinc are sometimes added (718, 
786). Methylene bromide and granulated tin, when 
heated a t  180-22OoC. in a sealed tube, react to give 
a nearly quantitative yield of methyltin tribromide 
(404, 407). Methyl iodide reacts with molten tin a t  
elevated temperatures t3 produce methyltin triiodide 
(787). 

Alkyl halides react, a t  elevated temperatures, with 
tin(I1) oxide in the presence of metallic copper to 
form, primarily, alkyltin trihalides; if tin (IV) oxide 
is used, the dialkyltin dihalides may be obtained 
(787). 

The reaction of a Grignard reagent with a tin(1V) 
halide has been used for the preparation of organotin 

heat 

RMgX + SnX4 + RSnXz + MgXz 
2RMgX + SnX4 -t R2SnXz + 2MgXz 
3RMgX + SnX4 --$ R3SnX + 3MgXz 

halides; this method is somewhat limited in applica- 
tion, since in most cases mixtures of R,Sn, R,SnX, 
R2SnX,, and RSnX, are obtained, even though the 
correct molecular quantities of reactants are employed 
(46, 116, 186, 392, 402, 447, 657, 661, 685, 694, 744, 
794, 802). It has been reported (794) that increased 
yields are obtained by adding the organic halide to a 
mixture of magnesium and tin (IV) chloride, rather 
than using the preformed Grignard reagent. The 
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Compound 

TABLE 12 
RSnX3 compounds (X = halogen) 

Melting Point 

487 

Allyltin tribromide (trimer). ............................... 
Bromomethyltin tribromide, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(p-Bromopheny1)tin tribromide. ............................ 
(p-Bromopheny1)tin trichloride. ............................ 
Butyltin trichloride. ...................................... 
(o-Carbomethoxypheny1)tin trichloride. ..................... 
(l-Chloroethy1)tin trichloride. ............................. 

OC. 

109 

49-50 
64.5-65 

164 

Methyltin trichloride, .................................... 

hiethyltin triiodide ....................................... 
l-Kaphthyltin trichloride.. ................................ 

(Chloromethy1)tin trichloride . . . . . . . . . . . . .  

trans-(2-Chlorovinyl)tin trichloride. ......................... 

Ethyltin trichloride, 
Ethyltin triiodide.. . 

Isopropyltin tribromide, ................................... 
Isopropyltin trichloride 
(4-Methyl-l-naphthy1)t 
Methyltin tribromide ..................................... 

45-46 
42-43 

85 
86.5 
77-78 

39 

5C-70 (d.) 
108-110 
Decomposes 

at 310 
- 10 

80-80.5 
55-56 
112 

53 

Phenyltin triiodide ....................... 
Propyltin tribromide 
Propyltin trichloride. . . . . . . . . . . . . . . . . . . .  
Propyltin triiodide.. ..................................... 
o-Tolyltin trichloride., ...................... 
m-Tolyltin trichloride. . . . . . . .  

Vinyltin trichloride .................... 

Boiling Point 

OC. 

l09/5 mm. 

93/10 mm. 
102-103/12 mm. 

69-71/4 mm. 
72.5-7315 mm. 

63-65/4 mm. 

103-106/14 mm. 

196-198/760 mm. 
181-184.5/19 mm. 

75/16 mm. 

211/760 mm. 

182-183/29 mm. 
142-143/25 mm. 
9611.4 mm. 
245/760 mm. 
Decomposes above 

220/760 mm. 

98-99/12 mm. 
200/16 mm. (partial 

decomposition) 
157-158/20 mm. 
150-151/23 mm. 
156-157123 mm. 

64-65/15 mm. 
48-50/5.2-5.3 mm. 

1.5689 

1.5602 (at 29’) 

1.5408 

1.5844 

1.5361 (at 25’) 

References 

(803) 
(901, 903) 
(908) 
(418, 622) 
(186, 262, 355, 356, 358, 359, 392, 

(420, 624) 
(901) 
(901, 903) 
(418, 622) 
(613, 856, 888) 
(694) 
(418, 622) 
(620) 
(174, 408, 530) 

(167, 364, 378, 530) 
(845) 
(694) 
(418, 622) 
(418. 622) 
(175) 
(845) 
(694) 
(173, 202, 404, 405, 658, 671, 673, 

778, 784, 787) 
(173, 325, 404, 405, 585, 645, 656, 

788) 658, 659, 671, 673, 713, 784, 787, 

(173, 404, 405, 657, 658, 671, 673, 
738, 784, 787, 845) 

(665) 
(694) 
(406, 407, 856, 888) 
(80, 158, 240, 356, 406, 407,”530, 

856, 888, 900) 

530, 574, 631, 634, 699, 700) 

(406, 407, 845) 

(176) 
(176, 631, 634) 
(845) 

(412, 414) 
(413) 
(412, 414) 
(803) 
(694, 725, 726, 727, 769, 803) 

method is more successful when the organic group is 
large, e.g., l-naphthyl (474) or 2-biphenylyl (46). 
The reaction of one equivalent of a Grignard reagent 
with an organotin dihalide or trihalide is very diffi- 
cult (724) but has been successful in a few cases (380, 
699, 728). 

RSnX3 + R’MgX + RR’SnXz + MgXz 
RzSnX2 + R’MgX + RzR’SnX + MgXz 

By using an excess of Grignard reagent, the fully 
substituted organotin compounds are more easily 
obtained; an interesting cyclic process for the prepara- 
tion of R2SnX, compounds has been reported (518): 

RzSnXz + 2RMgX -+ RlSn 

RaSn + SnXl + 2RzSnXz 

The Wurtz reaction of an alkyl halide and a tin (IV) 
halide with sodium usually is employed only for the 
preparation of R,Sn compounds; however, i t  has been 
reported that dibutyltin dichloride can be prepared 
in this manner (643). Organoaluminum compounds 
can be treated with tin(1V) halides to form organotin 
halides (363, 369). 

Organotin dihalides may be prepared by the reac- 
tion of a tin(I1) halide with an organomercury com- 
pound. Aronheim (39) first used a method of this 
type, preparing diphenyltin dichloride from diphenyl- 
mercury and tin (IV) chloride. Later, Kocheshkov and 
Nesmeyanov (196, 417, 418, 612, 615, 617, 620, 621 
622) investigated the reaction, using a tin (11) halide. 
The following equations serve to illustrate the useful- 
ness and limitations of this method: 
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Allylpentabromostannic acid. .................. 
5,5-Dichloro-lO, ll-dihydrodibeneo[b ,flstanniepin. 
Ethylpentachlorostannic acid. .................. 
1,1 ,2  ,a-Tetraamylditin 1 ,a-dichloride.. ......... 
1,1 ,2  ,a-Tetrabutylditin 1 ,a-dibromide. ......... 
1,1 ,2  ,a-Tetrabutylditin 1,2-dichloride. ......... 
1,1,2 ,a-Tetraethylditin 1 ,%dichloride. ......... 
1 , I  ,2,2-Tetraphenylditin 1,2-dichloride.. ....... 
lI1,2,2-Tetrapropy1ditin 1 ,a-dichloride. ........ 
Tropylium stannichloride ...................... 

ROBERT K. INGHAM, SANDERS D. ROSENBERG, AND HENRY GILMAN 

106-107 

96.5-97.5 
103-104 
110-112 
115-1 16 
170-176 (d.) 
185-187 (d.) 
120.5-121.6 
252 (d.) 

TABLE 13 
Other organotin halides 

Compound Melting 
Point 

Refer- 
ences 

(A) RzHg + SnXz + RzSnXz + Hg 
(B) RzSnXz + RzHg + R3SnX + RHgX 
(C) RzHg + SnXz + 2CzH60H 4 

2RH + Hg + (CzHs0)zSnXz 
(D) 2RHgX + 2SnXz + RzSnXz + 2Hg + SnXa 
(E) 2RHgBr + SnBrz 4 RZSnBi-2 + 2HgBr 

Usually reaction A occurs; however, with slowly react- 
ing substances reaction B may also take place, giving 
a mixture of products. Aryl compounds all react 
readily in acetone according to equation A, while in 
ethyl alcohol the reaction depends on the organic 
group ; with large groups or substituted phenyl groups 
reaction C may take place. When aryl RHgCl com- 
pounds are used, the reaction proceeds according to 
equation D. Aryl RHgBr compounds react simultane- 
ously according to equations D and E. Aliphatic RHgX 
compounds undergo little reaction with tin (11) halides. 
The above reactions sometimes are useful for the 
preparation of organotin compounds which cannot be 
obtained with a Grignard reagent. At least in some 
cases, the organomercury compound may be replaced 
by R,PbX, or R,TlX compounds in this method 
(423, 616, 618). Heating an RHgX compound with 
powdered tin or with sodium-tin alloy in benzene 
produces the corresponding R,SnX compound (599, 
613). 

Lowig (527) prepared diethyltin diiodide by treat- 
ing diethyltin with iodine. Later, Krause and Becker 
(466) obtained diphenyltin dibromide from the reac- 
tion of diphenyltin with bromide. This method gener- 
ally is not used for the preparation of R,SnX, 
compounds. 

Treatment of an R3SnX compound with a dilute 
basic solution produces the corresponding hydroxide; 
the hydroxide derivatives may be reconverted to the 
organotin halide by treatment with the appropriate 
halogen acid. This method is often employed for the 

R3SnX + MOH + R3SnOH + MX 
R3SnOH + HX’ -+ RsSnX’ + HzO 

interchange of halogens in an organotin halide. The 
reaction usually is carried out by shaking an ethereal 
solution of the organotin hydroxide with an aqueous 
solution of a halogen acid, or by adding the halogen 
acid to an alcoholic solution of the organotin hy- 
droxide. Any halogen acid may be used, although the 
fluorides are more conveniently prepared by other 
means. A few of the numerous references to articles 
containing a description of this method illustrate its 
general use (101, 106, 126, 402, 466, 468, 472, 474, 
479, 527). 

Similarly, an R,SnX, compound may be taken to 
the corresponding organotin oxide and the oxide then 
converted to the desired organotin halide. (The ex- 
tensive use of this method is indicated by the follow- 

RzSnXz + 2MOH + RZSnO + 2MX + HzO 
RzSnO + 2HX’ -+ R2SnX; + 2Hz0 

ing references: 39, 51, 101, 106, 126, 175, 218, 293, 413, 
468, 482, 527, 667, 767, 794, 795, 802, 886.) Various 
other reagents, such as phosphorus (V) chloride, phos- 
phorus (111) chloride, or tin (IV) bromide, have been 
used instead of the halogen acid in this reaction (10, 
101). Direct displacement of chlorine by iodine can 
be accomplished in some cases by the use of sodium 
iodide in acetone (418, 622,665, 767). 

(CH3)2SnClZ + 2NaI -+ (CH3)2Sn12 + 2NaC1 

Organotin hydrides react with concentrated hydro- 
chloric acid or with halogens to form the correspond- 
ing organotin halides (451,631, 896). 

R3SnH + HC1 + R3SnC1 + Hz 
R3SnH + XZ + R3SnX + HX 

Alkyl halides and bromobenzene react with triphenyl- 
tin hydride to give the corresponding hydrocarbon and 
triphenyltin halide (386, 635, 730). 

On mixing chilled solutions of an aryldiazonium 
chloride and tin (IV) chloride, a crystalline precipitate 
of (ArN,Cl),.SnCl, is obtained. When this salt is 
added slowly to  boiling ethyl acetate containing 
powdered tin, decomposition takes place according to 
the reaction (420, 624) : 

(ArNzCl)2.SnCl4 + 2Sn + ArtSnClz + 2Nz + 2SnClz 

Powdered copper or zinc may replace the powdered 
tin in this reaction. Several aryltin dichlorides have 
been prepared in this manner, but the yields were low. 
Bis (p-nitrophenyl) tin dichloride could not be obtained, 
and with p-carbomethoxybenzenediazonium chloride 
the corresponding organotin trichloride was produced. 
Tin(I1) chloride does not form double salts with 
diazonium compounds. However, if aryldiazonium 
fluoborates are decomposed by zinc powder in the 
presence of tin (11) chloride, organotin compounds are 
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obtained; after hydrolysis, the principal product is 
the diaryltin oxide (627). 

When tin(1V) chloride reacts with a diazoalkane, 
one or more of the halogen atoms are replaced by 
a-halogenated alkyl groups (767, 901, 903). Alkyltin 
halides may be used rather than tin(1V) halides to 
give compounds containing both alkyl and a-haloalkyl 
groups. 

RCHNz + SnXa --* (RCHX)SnXs + Nz 
(RCHX)SnX3 + RCHNZ -+ (RCHX)zSnX2 + NZ 
R z S ~ X ~  + CH2Nz -+ R2Sn(X)CH2X + NZ 

The organotin fluorides are commonly prepared by 
treating an aqueous or alcoholic solution of an  
R,SnOH, R,SnX, or R2SnX2 compound with potas- 
sium fluoride ; the less soluble, solid organotin fluorides 
usually will precipitate from the solution (51, 402, 
464, 466, 468, 472, 474, 475). The reaction of di- 
ethoxydiethyltin with acetyl fluoride produces diethyl- 
tin difluoride (902). 

As mentioned above, organotin trihalides may be 
prepared by the reaction of an R,Sn compound with 
a tin (IV) halide. Another common method involves 
the treatment of an organostannonic acid with a halo- 
gen acid; this reaction also is used for the interchange 

RSnOOH + 3HX + RSnXs + 2H20 

of halogens in an RSnX, compound through the inter- 
mediate formation of the stannonic acid (173, 175, 
413, 658, 673, 803). Methyltin triiodide has been pre- 
pared by heating methyl iodide and tin(I1) iodide in 
a sealed tube (657); methyltin trichloride has been 
prepared in a similar manner (787). Several RSnI, 
compounds have been obtained by heating KSnC1, 
with an organic iodide (245, 845). Kocheshkov (404, 
407) heated methylene bromide with granulated tin 
in a sealed tube and obtained a good yield of methyl- 
tin tribromide; the reaction met with little success 
when methylene chloride or methylene iodide was 
substituted. 

3. Physical properties 

The crystal structure of several organotin halides 
has been studied, and it has been found that dimethyl-, 
diethyl-, and dipropyltin dichlorides form rhombic 
crystals (39, 99, 327). Molecular-weight determina- 
tions of diethyltin diiodide indicate that i t  is unasso- 
ciated (886). The dipole moments of several organotin 
halides have been determined (367, 637, 797, 806) ; all 
evidence points toward a tetrahedral arrangement of 
the atoms in these compounds. The values of the 
dipole moment for various organotin chlorides have 
been used to calculate minimum values for the moment 
of the tin-chlorine bond; from these, the minimum 
ionic character in the tin-chlorine bond has been esti- 

mated to  be 27 per cent (637, 796, 797). This is in 
fair agreement with the 35 per cent value obtained 
from thermal data (796). 

Infrared and Raman spectral data have been re- 
ported for several organotin halides (171, 523, 568, 
749). The ultraviolet spectra of triethyltin chloride 
and diethyltin dichloride have been studied (715). 
The various methyltin halides have been investigated 
by electron diffraction (784) ; as the number of halogen 
atoms replacing hydrogen or methyl on the tin atom 
is increased, the tin-halogen bonds become progres- 
sively shorter. 

A necessary condition for the dissociation of an 
organotin halide is the presence of an electron donor 
(678) : 

RJSnX + :Y R3SnY+ + X- 

The R,SnY+ species may or may not undergo sub- 
sequent reaction; e.g., proton transfer if Y is H20: 

R3SnOHz+ + HzO & R3SnOH + H30+ 

The extent of this reaction depends on the nature of 
both the R and the Y groups. Conductivity measure- 
ments of ethyltin and methyltin halides have shown 
that these compounds are not true electrolytes in the 
pure state but when dissolved in methyl or ethyl 
alcohol, water, pyridine, or acetone, they are relatively 
good conductors; in benzene, ethyl ether, nitrobenzene, 
or nitromethane these compounds are poor conductors 
(440, 445, 452, 778, 848, 923). The ionization constant 
for trimethyltin chloride in ethyl alcohol was found 
to be 3.5 X a t  25OC. (440). Dimethyltin dichlo- 
ride dissociates almost completely in water (722) : 

(CHJZSnC12 + nHzO +. (CH,)2Sn(H20)tt + 2C1- 

The resulting solutions are acidic; thus some hydrolysis 
must occur. 

(CHdzSn(H20)F + HzO & 
(CH3)&h(H20),,-1OH+ + HsO+ 

The degree of hydrolysis depends on the concentration, 
and for most dilute solutions is less than 10 per cent 
(721) ; dimethyltin dichloride is hydrolyzed in pure 
water to the extent of 10.5 per cent in 0.064 molal 
concentration a t  25OC. (258). The solvolyses of vari- 
ous R,SnCl compounds in ethyl alcohol, isopropyl 
alcohol, and water-dioxane have been studied (678). 
Solutions of various organotin chlorides in N,N- 
dimethylformamide have been investigated conduc- 
tometrically and have been found not to undergo 
dissociation into organotin cations and chloride ions 
(847). 

The partial resolution of ethylmethylpropyltin iodide 
has been accomplished by conversion to the (+)- 
camphorsulfonate or (+) -bromocamphorsulfonate salts 
and subsequent reconversion to the iodide (608, 609, 
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669, 670). An R,Sn+ ion would have the planar sp2  
configuration, leading to immediate racemization; 
presumably, tetrahedral configuration is preserved by 
solvent coijrdination (144). 

The molecular volume a t  2OoC., the molecular 
refractivity, and the atomic refractivity for several 
alkyl R,SnBr and R,SnBr, compounds have been re- 
ported (365). More recently, data on bond refraction 
for several organotin halides have been listed (856, 
888). Values have been derived for the heats of 
formation of trimethyltin bromide and trimethyltin 
iodide (461, 647). 

The thermal decomposition of dimethyltin dichlo- 
ride has been studied by the toluene carrier technique 
between 555’ and 688OC. (676). Rate constants for 
the overall reaction 

(cH3)~SnClz + SnCb + 2CHs. 

were calculated ; the decomposition is homogeneous 
and the rate constant is independent of variations of 
the alkyl concentration between 1.01 X 1O-O and 
4.36 X 10-9 m01e/cm.~ 

Several polarographic studies of organotin halides 
have been made (149, 714, 716, 738, 852). The reduc- 
tion potential of the tin in the organotin halides differs 
from that of tin in a normal metal ion; it is a function 
of pH and the id in many cases is proportional to con- 
centration (852). R,Sn substances appear to be formed 
in the electrolysis of both R,SnX and R,SnX, com- 
pounds (149, 716), although other reactions also may 
occur. 

4. Chemical properties 
Organotin halides frequently are used in the prep- 

aration of other organotin compounds ; those reactions 
discussed under other headings will be mentioned only 
briefly here. 

The organotin halides react with organometallic 
compounds such as RMgX, R,Sn, and RLi to form 
R,Sn compounds. 

RzSnXz + 2R’M + RZSnR: + 2MX 

These reactions have been discussed in connection 
with the preparation of symmetrical and unsymmetri- 
cal R,Sn compounds (Sections II,A and 11,B). 

When organotin halides are treated with alkaline 
solutions, the following conversions take place: 

R3SnX + MOH + R3SnOH + MX 
RZSnXz + 2MOH + RzSnO + 2MX + H20 
RSnX3 + 3MOH + RSnOOH + 3MX + HzO 

more detailed discussion of these reactions is given 
later (Section I1,D). 

Sodium reacts with R,SnX compounds in inert 
Qolvents with the formation of R,SnSnR3 compounds. 
These compounds are discussed in Section I1,G. The 

2R3SnX + 2Na + RsSnSnRs + 2NaX 

R,SnX, compounds react with sodium in liquid am- 
monia to form R,SnNa, derivatives. These reactions 
in liquid ammonia are discussed in connection with 

RzSnX2 + 4Na + RzSnNaz + 2NaX 

the preparation of R,SnNa and R,SnNa, compounds 
(Section II,F) . R,SnCl, compounds react with tri- 
ethylamine or with sodium in alcoholic solution to 
form the corresponding R,Sn (Cl) Sn (Cl) R, derivatives 
(361, 364). 

When an alcoholic solution of an organotin halide 
is treated with hydrogen sulfide, either the sulfide or 
the trisulfide is formed. 

2R3SnX + HzS + (RsSn)ZS + 2HX 

RZSnX2 + HzS + RzSnS + 2HX 
2RSnX3 + 3HzS + (RSnS)?S + 6HX 

These reactions are discussed in Section II ,D. 
Metalloijrganic oxides (ROM) react with R,SnX 

and R2SnX, compounds to form the corresponding 
R,SnOR’ and R,Sn (OR’) , derivatives (discussed in 
Section I1,D). 

RzSnXz + 2MOR’ + RzSn(0R’)z + 2MX 

The formation of salts from the organotin halides by 
reaction with inorganic salts such as silver nitrate or 
with organic acids also is discussed in Section I1,D. 

Lithium aluminum hydride readily reduces organo- 
tin halides to  the corresponding organotin hydrides 
(see Section I1,E). 

2RZSnXz + LiA1H4 + 2RzSnH2 + LiX + AlXa 

Mercury (11) chloride reacts with aryl R2SnC12 and 
RSnC1, compounds in alcohol according to the follow- 
ing equations (196,412,414,419,665) : 

R2SnC12 + 2HgCI2 + 2RHgC1 + SnCl4 
RSnC13 + HgClz + RHgCl + SnCh 

Similarly, organothallium compounds can be prepared 
from organotin halides (423,424) : 

R&C12 + + RzTlCl + SnCL 

Incidental to the study of arylation agents, Freid- 
lina and Nesmeyanov (221) have found that phenyltin 
trichloride reacts energetically with iodine trichloride 
in dilute hydrochloric acid with the formation of a 
quantitative yield of (CsH,) ,ICl. Similarly, C,H,ICl, 
(221) and CHCl=CHICl, (80) can be arylated by 

phenyltin trichloride. 

IC13 + 2C&SnC13 + (C~H6)zIcl + 2SnC14 
CsHsIClz + CeH6SnC13 + (CsH6)21C1 + SnC14 
CHC1=CHIC12 + C ~ H S S ~ C ~ ~  + 

CHC1=CHI(CsHs)C1 + SnClr 
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Benzenediazonium nitrate was obtained by the 
action of a mixture of N2O3 and NO on triphenyltin 
chloride, diphenyltin dichloride, and phenyltin tri- 
chloride (556). Aronheim (40) has reported that 
triphenyltin chloride is obtained when an acetic acid 
solution of diphenyltin dichloride is treated with 
sodium nitrate; diphenyltin dichloride also has been 
converted into triphenyltin chloride by the use of 
moist sodium amalgam (40). 
trans-Tris(2-chloroviny1)tin chloride, on being 

heated in xylene with benzoyl peroxide, is converted 
to the cis isomer (918). Diphenyltin dichloride, when 
heated with benzoyl chloride and aluminum chloride, 
forms benzophenone (785). 

Organotin halides exhibit a strong tendency to form 
many complex compounds with amines or with organo- 
tin oxides and hydroxides (table 21). 

D. ORGANOTIN HYDROXIDES, OXIDES, AND 

RELATED COMPOUNDS 

1. General 
The organotin compounds reviewed in this sub- 

section are among the most complex in organotin 
chemistry. They may be liquids or solids; they exist 
as monomers, as cyclic trimers, and as linear polymers 
of high molecular weight. As will become apparent 
in Sections V and VI, some of the organotin com- 
pounds contained in this group are commercially 
important and much of the future growth of industrial 
organotin chemistry will take place in this area. 

2. Preparation 

(a )  R,SnOH and R,SnO compounds 
These compounds (tables 14 and 15) are prepared 

from the organotin halides by treatment with aqueous 
alkali (39, 45, 101, 106, 107, 125, 126, 175, 196, 218, 
222, 290, 293, 305, 327, 388, 402, 413, 416, 418, 422, 
443, 468, 472, 474, 475, 477, 482, 530, 599, 621, 624, 
650, 659, 661, 663, 665, 701, 724, 725, 761, 769, 794, 
795, 802,834, 850,859,886,901). 

R3SnX + MOH + RSSnOH + MX 
RzSnXz + 2MOH + R2Sn0 + 2MX + HzO 

These reactions are carried out conveniently by shak- 
ing an ether solution of the organotin halide with an 
aqueous solution of potassium, sodium, or ammonium 
hydroxide. The ether is omitted in large-scale prep- 
arations if the organotin halide is a liquid or a low- 
melting solid, but heating is required. The dihy- 
droxides, R2Sn (OH),, except for a few compounds, 
are dehydrated immediately to amphoteric, polymeric 
R,SnO compounds. The R,SnOH compounds are more 
stable and are less readily dehydrated to (R,Sn),O 
compounds. The trihydroxides, RSn (OH) 3 1  are un- 

known and are apparently dehydrated spontaneously 
to organostannonic acids. 

When organostannonic acids are heated in an alka- 
line solution, the corresponding organotin oxide is 
formed (174, 175,650, 673). 

2RSnOOK --f R?SAO + KzSnOI 

Oxidation of RzSn compounds in organic solvents 
leads to the formation of RLSnO conipounds (126, 466, 
651, 914). Alkaline hydrolysis of (carbethoxy- 
methyl) tripropyltin and of (cyanomethyl) triphenyltin 
results in cleavage of the carbon-tin bond and forma- 
tion of the corresponding R,SnOH compound (388). 
Diaryltin oxides and triaryltin hydroxides are ob- 
tained from the reaction of aryldiazonium salts with 
tin (11) chloride (627). 

(b) (R3Sn) 2O compounds 
These compounds (table 14) are prepared by two 

general methods. The bis-oxides that are sensitive to 
moisture are prepared from the corresponding hy- 
droxides by the removal of a molecule of water. This 
may be accomplished, in most cases, by distilling the 
organotin hydroxide under reduced pressure or by 
heating under reduced pressure in a vacuum desiccator, 
using calcium chloride or phosphorus pentoxide as the 
drying agent (39, 101, 103, 293, 805, 381, 468, 479, 
579, 724). Bis (trimethyltin) oxide, because of its 
extreme sensitivity t o  moisture, is prepared from 
trimethyltin hydroxide and sodium in anhydrous 
benzene (300). 

4(CH3)3SnOH + 2Na -+ 
2[(CH3)3Sn]z0 + Hz + 2NaOH 

The bis-oxides that are not easily hydrolyzed may 
be prepared by reaction of the appropriate organotin 
halide with aqueous alkali. Bis (tributyltin) oxide is 
prepared by heating a well-stirred mixture of tri- 
butyltin chloride and aqueous sodium hydroxide (530) 
or by refluxing the chloride with sodium hydroxide in 
ethanol (859). 

The bis (triorganotin) oxides and their correspond- 
ing hydroxides may also be prepared by the oxidation 
of hexaalkylditin compounds (45. 443, 462). The reac- 
tion of R3SnX or (R,Sn)&3 compounds with silver 
oxide yields (R3Sn) .O compounds 113). l-Cyclo- 
pentadienyltriphenyltin is hydrolyzed by water to 
bis (triphenyltin) oxide (239). The thermal decom- 
position of triethyltin hydroxide is reported to yield 
diethyltin oxide and bis (triethyltin) oxide ; diethyltin 
oxide is similarly transformed to bis (triethyltin) 
oxide (297). 

(c) R,SnS and (R,Sn),S compounds 
The reaction of organotin halides with hydrogen 

sulfide in an alcoholic solution serves as a convenient 
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TABLE 14 
Organotin oxides 

[Compounds of the types IhSnO, RR'SnO, (RaSn)*O, and (&R'SJI)~O] 

Compound 

Bis(aoetoxybutylpheny1tin)oxide 
Bis(acetoxydibuty1tin)oxide. . . . 
Bis(pbromopheny1)tin oxide.. . , . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Bisbutyldiethyltin) oxide. . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  

Bis(diethylooty1tin) oxide, . , . . . 
Bis(dimethylocty1tin) oxide.. . . . . . . . . . 
Bis(l,2-diphenylvinyl)tin oxide. . . . . . . . . . . . . . . . . . . . . . . . 
Bis(dodecyldiethy1tin) oxide. . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . 
Bis(dodecyldimethy1tin) oxide. . . . . 

..................... 

Bis(p-iodopheny1)tin oxide. . . . . . . . . . . . . . 
Bis(p-methoxypheny1)tin oxide.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Bie(pnitropheny1)tin oxide. . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Bis(triamy1tin) oxide. . . . . . . . . . . . . . . 
Bis(tribenzy1tin) oxide. . . . . . , . . . . . . , , . . . . . . . . . . . . . . . . . . . . . 
Bis(tributy1tin) oxide.. . , . . . . . . . . . . . . . . .  

Bis(tricyclohexy1tin) 
Bis(triethy1tin) oxide 

Bis(trihexy1tin) oxide. . . . . . . , , , . . , . . . . . . . . . . . . . . . . 
Bis(triisobuty1tin) oxide.. . . . . . , . . . . , . . . . , . . . . . . . . . . . . . . . . . 
Bis(triisopropy1tin) oxide. . . , . . . . . , , . . . . . . . . . 
Bis(3,5,5-trimethylhexyl)tin oxide. . . , . . . . . . . . . . . . . . , . . . . . . 

Bis(triocty1tin) oxide. , , . 

Bis(tripropy1tin) oxide. . . . . , , , , . . , . . . . . . . . . . . . . . . . 
Bie[tris(o-bromobenzyl)tinl oxide. . . . . . . . . 
Bis[tris(o-chlorobenzyl)tinl oxide, . . , . . . . . . . . . . . . . . . . . . . . . . . 

Bis(tripheny1tin) oxide.. . . . . . . . . . . . . . . . . . . . .  

Dibenzyltin oxide. , . , . , , , , , , . , , , , , 

. . . . . . . . . . . . .  

Dioyclohexyltin oxide.. . . , . . . , . , . . . . . . . . . . 
Didodecyltin oxide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

, . . . . . . . . . . . .  

Dihexyltin oxide. . . . . . . . . . . . . . . . . 
Diisoamyltin oxide. . . . . . . . . , . . . . . . . . . . , . . . . . . . . 
Diisobutyltin oxide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . 
Diieopropyltin oxide. . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . , . . . . . . 

. . . . . . . . . . . . .  

Di-1-nrtphthyltin oxide 
Di-2-naphthyltin oxide 
Dioctyltin oxide. . . . . , . . . . . . . . . . . 
Diphenyltin oxide. . . . . . . . . . . . . . . . . . . . . . . 

Melting Point 

O C .  

180 

Above 300 

134.5-135 

120 

145-160 

124 

158-159 
133.5 
113 

254-260 (d.) 
Does not melt below 250 

110 (d.) 

315 (d.) 

38 

Boiling Point* 

OC.  

220-230/10 mm. 
nia0 = 1.8472 

100/1 mm. 
272/760 mm. 
154/10 mm. 
nioo = 1.5010 or 1.4975 

197-198/12 mm. 
n;" = 1.4850 

86/24 mm. 

195-198/21 mm. 
142-144/1 mm. 

Referenow 

(724) 
(724) 
(418, 622, 624, 627) 
(381) 
(381) 
(679) 
(196, 679) 
(627) 
(901) 
(418, 622, 624, 827) 
(381) 
(612) 
(884) 
(381) 
(381) 
(381) 
(620) 
(381) 
(381) 
(834) 
(151, 384) 
(418, 622) 
(834) 
(627) 
(530) 
(51) 
(148, 200, 269, 380, 530, 579, 590, 

(468) 
(12, 13, 71, 101, 293, 295, 297, 477, 

591, 629, 630, 859) 

479, 630, 744, 746) 

(380, 530) 
(907) 

(380, 530) 
(384) 
(761) 
(297, 300, 443, 462) 
(380, 530) 
(239, 468, 629, 753) 
(103, 303, 380, 388, 530, 631, 634, 

(51) 
(51) 
(51) 
(222) 
(629) 
(115, 274, 275) 
(435) 
(795) 
(834) 
(53, 109, 115, 132, 133, 134, 137, 
168, 169, 188, 207, 262, 274, 275, 
395, 496, 504, 658, 660, 703, 733, 
869, 877, 884) 

(629) 
(135, 624, 802, 884) 
(101, 174, 218, 293, 297, 527, 650, 

(384) 
(282, 660) 
(107) 
(175) 
(101, 133, 293, 443, 658, 659, 673, 

(665, 683) 
(627) 
(384) 
(39, 125, 126, 130, 132, 133, 134, 
321, 395,417, 435, 522, 621, 627, 
628,679,683,753,795,870,884, 
896) 

746) 

651, 914) 

721, 766) 
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TABLE 14-Cmluded 

Compound 

Dipropyltin oxide ......................................... 
Di-o-tolyltin oxide. . . . . . . . . . . . . . . . .  
Di-m-tolyltin oxide. 
Di-ptolyltin oxide. . . . . . . . . . . . . . . . . , . . . . . , , . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . .  

Ethylphenyltin oxi ............................... 
5-Oxo-10,ll-dihyd 
(Triethyltin)(trimethyltin) oxide. . . . . . . . . . . . . . . . . . . . . . . . . . . . 

493 

Melting Point 

O C .  

Above345 

Triisoamyltin hydroxide. , . , , , , , . . . , . . . , . , , . . . . . , . , . . , , . . . . . . . . . . . . 
Triisobutyltin hydroxide . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . .  

Trimethyltin hydroxide. . . . . . . , . . . . . , , . . . . , . . . . . . . . . . . . . . . . . . . . . . , . 
Triisopropyltin hydroxide. . . . , , , . . . . . . . . . . . . 

Tri-2-naphthyltin hydroxide. . , , . . . . . . . . . . . . . 

. . . . . . . . . . . . . .  

. . . . . . . . . . . .  
Triphenyltin hydroxide. . . . . . . . . . , . . . . . . . , . . . . . . . . . . . . .  

BoilingPoint 1 References 

118 
Sublimes above 80 

119-120 

OC.  

(106, (417, 624, 176, 305, 627, 679) 327,!660) 

(413) 
(417, 621, 627,:795) 
(701, 725, 769) 
(94) 
(481, 482) 
(477) 
(629) 

method of preparation for these compounds (table 16) 
(196,258,408,418,622). 

R2SnX2 + HzS + RZSnS + 2HX 
2R3SnX + HzS -+ (RsSn)2S + 2HX 

Triethyltin hydroxide has been used in this reaction 
for the preparation of triethyltin sulfide (479) ; 
(R,Sn) *O (744) and R3SnOR’ (530) compounds also 
have been employed. These methods have been com- 
bined by treating the organotin dichloride with potas- 
sium hydroxide in ethanol saturated with hydrogen 

sulfide (834). Sodium sulfide and potassium bisulfide 
may also be used in the preparation of organotin 
sulfides (301, 302). 

Instead of the expected (3-mercaptopropyl) tri- 
phenyltin, the reaction of triphenyltin hydride with 
allyl mercaptan gives propene, hydrogen sulfide, and 
bis (triphenyltin) sulfide (635). 

2(CsH&SnH + ~CHFCHCHZSH + 
[(CsH~JkhlzS + HzS + ~CHZ=CHCHI 

R,Sn compounds react with sulfur to produce the cor- 
responding R,SnS derivatives (477). 

TABLE 15 
Organotin hydroxides 

[Compounds of the types R3SnOH, RZR’SnOH, RR’R’’SnOH, and R2Sn(OH) 21 

Compound I Melting Point 

I OC. 

Benzylbutylphenyltin hydroxide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . 
Bensylphenyl-ptolyltin hydroxide. . . . . . . . . . . . 
Di-tert-amyltin dihydroxide . . . . , . . . . . 
Dianhydrotri(dibenay1tin dihydroxide) . . . . . . . . . . . . . . . . . . . . . . .  
Di-tert-butyltin bromide hydroxide. . . 
Di-teTf-butyltin dihydroxide. . . . . 

. . . . . . . . . . . .  

. . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  
Di-tertbutyltin chloride hydroxide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Dicyclohexyltin dihydroxide . . . , . . . . . . , . . . . . . . . . . . . . . . . . 
Diphenyltin chloride hydroxide, . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . 
Ethyldimethyltin hydroxide 
Methyltin hydroxide sulfate 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tribenzyltin hydroxide. . . . 
Tributyltin hydroxide. . . . . . . . . . . , . . . . . . . . . .  
Tri-tertbutyltin hydroxide. . . . . 
Triethyltin hydroxide. . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  
. . . . . . . . . . .  

135-137 
136-137 
200 
250-260 
152 
170 

291 (d.) 
187 

122-124 

153 
44-45 
49-50 

Boiling Point 

“C. 

186-190/5 mm. 

272/760 mm. 

335-338/760 mm. 
311-314/760 mm. 

References 

(402) 
(402) 
(475) 
(795) 
(475) 
(475) 
(475) 
(468) 
(39, 402) 
(96) 
(659) 
(51, 472, 599, 660) 
(130, 436, 733, 856, 888) 
(475) 
(71, 101, 171, 216, 293, 297,-380, 

409, 422, 479, 484, 530, 625,-626, 
630, 821, 859) 

(107, 282) 
(104, 107) 
(106, 205) 
(25, 101, 151, 291, 304, 380, 436, 

(627) 
(39, 45, 126, 388, 416, 436, 462, 

(103, 105, 106, 303, 530) 
(627) 
(627) 
(474, 627) 
(627) 
(627) 
(416, 599, 627) 
(702, 725) 

443, 530) 

468, 599, 733, 905, 918) 
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Bis(trimethylsilylmethy1)tin sulfide. ....................................... 
Bia(trimethy1tin) sulfide. ................................................. 

Bia(tripropy1tin) sulfide. ................................................. 
Bidtriphenyltin) sulfide.. ................................................ 

ROBERT K. INGHAM, SANDERS D. ROSENBERG, AND HENRY GILMAN 

150-165 

141.5-143 

TABLE 16 

Organotin sulfides 
[Compounds of the types RZSnS, (R3Sn)& and (RSn)&J 

Bis[tris(p-carbethoxypheny1)tinI sulfide. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  
Di-pbiphenylyltin sulfide. ............................... . . . . . . . . . . . .  
Dibutyltinsulfide ....................................................... 
Didodeoyltin sulfide ..................................................... 
Diethyltin sulfide. . . . .  ........................ 
Dimethyltin sulfide.. ........................ .. 

Di-1-nsphthyltin sulfide, ................................................. 
................................. 

Dipropyltin sulfide. ............................................... 

5-Thio-lO,ll-dihydrodibenao[b ,f]stanniepin. ............................... 
Di-m-tolyltin sulfide. .................................................... 

Compound Melting Point 

132-133 
134.5-135 

24 
149 

215 
183-184 

121.5-122 
274-275 

Bis(pbromopheny1)tin sulfide 
Bis(pbromopheny1tin) trisulfi ........................... 
Bia(pcarbethoxypheny1) tin sulfide. ....................................... 
Bis(1-ohloroethy1)tin sulfide. . .  
Bis(pohloropheny1)tin sulfide.. . . . . . .  
Bis(pchloropheny1tin) trisulfide.. .... 
Bis(pethoxypheny1)tin sulfide. . . . . . .  
Bis(p-iodopheny1)tin sulfide. ............................................. 
Bis(piodopheny1tin) trisulfide. . . . . . . .  
Bia (p-methox yphenyl ) tin sulfide. . . . . . .  
Bis(methy1tin) trisulfide. ................................................. 
Bis(o-tolyltin) trisulfide ...................... 
Bis(tributy1tin) sulfide. . . . . . . . . . . . . . . . .  
Bia(triethy1tin) sulfide ................................................... 

228-229 

141.5-142.5 
180 
179 
295 (d.) 
127 
248 

95 

* Two values of the refractive index are given in this column. 

(d) R,SnOR’, R,Sn (OR’) 21 R,SnSR’, RzSn (SR’) *, 
and RSn (SR’) , compounds 

These compounds (table 17) are prepared by treat- 
ing an organotin halide with a sodium alkoxide, phen- 
oxide, or mercaptide, or by the reaction of an 
organotin hydroxide, halide, ester, or oxide with an 
alcohol, phenol, or mercaptan (34, 39, 43, 53, 98, 143, 
168, 169, 196, 207, 480, 484, 496, 497, 504, 506, 530, 
543, 546, 689, 692, 696, 697, 744, 746, 760, 777, 873) ; 
the reaction of an organotin oxide with an alcohol or 
a mercaptan is frequently run in benzene or toluene 
and is assisted by the removal of water by azeotropic 
distillation. 

Tetraalkyltin compounds are cleaved by mercaptans 
to give, usually, the R,SnSR’ derivatives (745, 747) ; 
vinyl groups are especially easily cleaved (760, 765). 

RaSn + R’SH -+ RaSnSR’ + R H  

Tetraethyltin is similarly cleaved by phenol to give 
triethylphenoxytin (747). 

Organotin alkoxides and mercaptides can undergo 
reactions of the ester-exchange type (548, 746). 

Boiling Point* 

O C .  

= 1.518 
113-137/1 mm. 
187-188/20 mm. 
.io’ = 1.5468 

233.5-235.5/759 mm. 
118/18 mm. 

215-219/19 mm. 
254/16 mm. 

219-221/760 mm. 

254/16 mm. (with 
slight decomposition) 

References 

(418, 622) 
(418, 622) 
(196) 
(903) 
(418, 622) 
(418, 622) 
(834) 
(418, 622) 
(418, 622) 
(834) 
(655, 658, 659, 660) 
(412, 414) 
(800) 
(12, 301, 479, 530, 746) 

(761) 
(301, 462, 655) 

(631, 634, 635) 
(301, 303) 

(599) 
(834) 
(22, 188, 395, 557, 881, 882, 883, 
884) 

(881, 883) 
(302) 
(22, 258, 302, 408, 577, 655, 660, 

(665) 
(196, (303, 395, 305) 577, 882, 883, 884) 

(413) 
(477) 

881, 882, 883) 

RzSn(0R)a + 2R’OH -@ R2Sn(OR’)2 + 2ROH 
RJSnSR + R’SH F? RSSnSR’ + RSH 

On heating organostannonic acids with mercaptans, 
organotin trimercaptides are obtained (818). 

RSnOOH + 3R’SH + RSn(SR’), + 2H20 

(e) R,SnOCOR’ and R,Sn (OCOR’) compounds 
A variety of methods has been applied to the prep- 

aration of organotin esters (table 18). The oldest 
and most frequently used procedure involves the re- 
action of organotin hydroxides, oxides, or halides with 
organic acids or acid anhydrides (11, 14, 101,220,258, 
268, 381, 422, 426, 479, 530, 553, 683, 724, 744, 769, 
777, 792, 794, 850). 

R3SnOH + R’COOH + R3SnOCOR’ + HzO 
RzSnO + (R’C0)zO + RzSn(OCOR’)2 

In  addition, they can be prepared from organotin 
halides and organic acid salts (11, 184, 488, 552, 660, 
669, 670, 774). Other methods include the reaction 
of silver salts of organic acids with organotin halides, 



ORGANOTIN COMPOUNDS 

Compound 

(Benzy1oxy)tributyltin .................................................... 
(Benzylthio),t riethyltin .................................................... 
(Benay1thio)triisopropyltin ................................................. 
(Benzylthio) tripropyltin ................................................... 
Bis(ally1oxy)dibutyltin .................................................... 
Bis(amy1thio)dibutyltin ................................... 
Bis(amy1thio)didodecyltin ................................................. 
Bis(2-benzothiazoly1thio)dibutyltin ......................................... 
Bis(benzy1oxy)dibutyltin .................................................. 
Bisfbenzy1oxy)diethyltin .................................................. 
Bis(benzy1thio)diphenyltin ................................................. 
Bis (2-[2-(2-butoxyethoxy)ethoxylethoxy] dibutyltin ........................... 
Bis(p-carbethoxyphenyl)bis(&quinolyloxy)tin ............................ 
Bis(carbobutoxymethy1thio)dioctyltin ....................................... 
Bis( 1-carboxyethoxy)diethyltin. dibutyl ester ................................ 

Bia(o-aminopheny1thio)dibutyltin ........................................... 

Bis(benzy1thio)didodecyltin ................................................ 

Bis(dodeoy1thio)dimethyltin . . . . . . . . .  .................................. 
Bia(dodecy1thio)diphenyltin ................................................ 
Bis(furfury1oxy)diphenyltin ... ....................................... 
Bis(pheny1thio)dipropyltin .... ....................................... 
Butoxydibutyl(octy1thio)tin .... .......................... 
Butoxytributyltin ........................................................ 
tMt-Butoxytributyltin ..................................................... 
(Buty1thio)triethyltin ..................................................... 
(tertButy1thio)triethyltin ............................................. 
Butyltin-(S. S . S)-tris(decyl mercaptoacetate) . . . . . . . . . . . .  
Butyltin-(S . S . S)-tris(mercaptoacetic acid). ............. 
Butyltris(buty1thio)tin ................................ ............. 
Butyltris(p-oarbomethoxyphenylthioltin ..................................... 
Butyltris(p-cresylthio)tin .............................. ............ 
Butyltris(dodecy1thio)tin .................................................. 
Butyltris(lertdodecy1thio)tin ..... .................................... 
terdButyltris(2-hydroxyethy1thio)tm ........................................ 
(Carbethoxymethy1thio)triethyltin .......................................... 

(0 ,O )-Bis(triethy1tin)ethylene ..................................... 

............. 

............. 

........................................ 
...................... 
...................... 

...................................... 
Diamyldipropoxyti ...................................... 
Dibutoxydibutyltin ............................. ..... ..... 

Dibutylbis(amylcarbamoy1methylthio)tin .................................... 
Dibutylbis(buty1thio)tin ................................................... 
Dibutylbis(8ec-buty1thio)tin ................ 
Dibutylbis(0-earbomethoxyphenoxy) tin ............ ................. 
Dibutylbis(carboxymethy1thi . . . . . . . . . . . . . . . . .  

495 

Melting Point 

OC . 

216-217 

110-115 

TABLE 17 

Dibutylbt(dodecy1oxy)tin . . . . . .  
Dibutylbis(dodecy1thio)tin ................................................. 

Dibutylbis(ethy1thio)tin . . . .  ........................................... 
Dibutylbis(hexadecy1thio)tin ............................................... 
Dibutylbis(hepty1thio)tin .................................. .......... 
Dibutylbis(hexy1thio)tin . . . . . . . . .  ................................ 
Dibutylbis(krt.hexylthio)tin ...... ................................ 
Dibutylbis(2-hydroxyeth0xy)tin ............................................ 
Dibutylbia(2-hydroxyethylthio) tin .......................................... 
Dibutylbis(Z-bydroxyethylthio)tin, adipate .................................. 
Dibutylbis(2-hydroxyethy1thio)tin. dilaurate ....... . . . . . . . . . . . . .  
Dibutylbis(isobuty1thio)tin ...................... . . . . . . . . . . . . .  
Dibutylbis(2-methyl-1.3-dioxolan-4-ylmethoxy)tin . . . . . . . . . . . . . . . . .  ... 
Dibutylbis(morpholinocarbonylmethy1thio)tin ................................ 
Dibutylbis(nonylthi0) tin .................................................. 
Dibutylbis(octy1carbam ........................... 
Dibutylbis(octy1oxy)tin ........................... 
Dibutylbis(octy1thio)tin ................................................... 

Organotin compounds of the types R3SnOR’. R.SnSR’. R2Sn(OR’).. RzSn(SR’)2. RSn(OR’)*. RSn(SR’)a. 
R*Sn(OR’)(OR”). and R2Sn(OR’)(SR”) 

120-130 

Boiling Point 

OC . 
90-95/1 mm . 
138-140/1 . 
167-170/1 mm . 
165-167/1 mm . 

226:230/1 mm . 
184-185/4.5 mm . 
124-128/3 mm . 

8&91/1 mm . 
84-8611 mm . 

107-109/1.0 mm . 
192-195/1 mm . 
180-183/1 mm . 

160/0.0001 mm . 

682 
675 
497 
558 

652 

1298 
975 

1688 

i133 
io60 

i420 

5540 

5101 (at 25’. 
5010 
l998 

4730 
5011 

References 

536) 
744. 747) 

745) 
745) 
546) 
353. 354. 697) 
353. 354. 697) 
353. 354. 697) 
353. 354. 697) 
97) 
114. 548) 
353. 354. 697) 
353. 354. 697) 
548) 
196) 
532) 
114. 548) 
353. 354. 697) 
26. 353. 354. 

114. 548) 
746) 
777) 
44) 
1143. 168. 169. 

:536) 

505. 697) 

207) 

:744) 
:744) 
:879) 
;879. 880) 
(818) 
(818) 
(818) 
(697) 
(818) 
(503) 
(760) 
(745) 
(745) 
(353. 354) 
(539) 
(539) 
(98. 108. 142. 
143. 539. 546. 
951) 

(28. 31. 497) 
(353. 354. 697) 
(353. 354. 697) 
(114. 548. 873) 
(878) 
(353. 354. 697) 
(114. 548. 549) 
(26. 353. 354. 
505. 506. 548. 
697. 819. 884. 
892) 

(353) 
(353. 354. 697) 
(353. 354. 697) 
(353. 354 . 697) 
(353. 354. 697) 
(97) 
(689. 695) 
(30. 34 . 502) 
(692) 
(353. 354. 697) 
(114. 548) 
(28. 31. 497) 
(353. 354. 697) 
(31. 497) 
(142. 143) 
(353. 354. 697) 
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Compound Melting Point 

OC. 

Boiling Point 

Dibutyltin-(8 , S)-bis(butyl 2-mereaptopalmitate) . . . . . . . . . . . . . . . 
Dibutyltin-(S , 8)-bis(buty1 2-mereaptopelargonate) . , . . . . . . . . . . . . . . . . . . . . . . . . . 
Dibutyltin-(S , 8)-bis(buty1 2-mereaptostearate) . , . , . . . . . . , . . . . . . . . . . . . . . . . . . . . 
Dibutyltin-(8 , S)-bis(Z-butyloetyl3-me 
Dibutyltin-(S ,S)-bis(cyclohexy1 mercap . . . . . . . . . . . . . .  
Dibutyltin-(O, 0)-bis(dibuty1 tartrate). 
Dibutyltin-(S ,S)-bis(diethy1ene glycol ........... 
Dibutyltin-(0 .O)-bis(diethy1ene glycol 
Dibutyltin-(S ,S)-bis(dihydroabiety1 m 
Dibutyltin-(5 ,S)-bidethylene glycol ri 
Dibutyltin-(0 ,O)-bidethyl 2-hydroxyisobutyrate) . , . . . . , , , . . , . . . . . . . . . , . . . . . . 
Dibutyltin-(0 ,O)-bis(ethyl lactate) . . . . . . . . . . , . 
Dibutyltin-(S ,S)-bidethyl 2-mercnpto-2-ethylcaproate . , , . . . , . , . . . . . . . . . . . . . . 
Dibutyltin-(S ,SI-bidethyl mercaptodiphenylacetate) , . . . . . . . , . . . . . . . . , . , . , . . . . 
Dibutyltin-(S,S)-bis(ethyl mercaptolaurate) 

ionate). . . . . . . . . . 

,.................. 
................... 

.............. 
Dibutyltin-(S ,S)-bis(mercaptoethy1e 

Dibutyltin-(8 ,S)-bis(Z-mercaptoeth 
Dibutyltin-(S ,S)-bis(Z-meroaptoeth 
Dibutyltin-(O, 0)-bidmethyl ricin01 
Dibutyltin-(S, S)-bis(phenoxyethy1 
Dibutyltin-(S, 8)-bis(thiomalic acid 

,.............. 

Dibutyltin-(S , S)-bis(3 , 5  ,B-trimethylhexyl mereaptoacetate). . . . . . . . . . . . . . . . . . . 
Dibutyltin-(S, S)-bis(trimethylhexy12-mercaptobutyrate). . . . . . , . . . . . . . . . . . . . . . 
Dibutyltin-(q, S)-bis(trimethylhexyl 2-mercaptocaproate) . . . . . . . . . . . . 
Dibutyltin-(S , S)-bis(trimethylhexyl 6-mercaptocaproate) . . . . . , . . . . . . . . . . . . . . . . 
Dibutyltin-(S ,S)-bis(trimetbylhexy1 2-mercaptodiethylacetate). . . . . 
Dibutyltin-(S,S)-bis(trimethylhexy12-mercaptopropionate). . . . . . . . 
Dibutyltin-(S,S)-bia(trimethylhexyl 3-mercaptopropionste). . . . . . . . 
Dibutyltin-(S, S)-bis(trimethylhexy12-mercaptovalerate) . . . , . . . . . . . . . . . . 
Dibutyltin-(S, 8)-bis(trimethylhexy1 5-mercap 

Dibutyltin dicyolohexyl thioglycolate . . . . . . . . . . . . . . . . . . . . . . . . . 
Dibutyltin-(0 , O)-(glyceryl monolaurate) . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . 
Dibutyltin-(S,S)-bis(tnmethylnonyl mereaptoacetate). . . . . 

Dibutyltin-(0 ,O)-(glyceryl monooleate). . . . . 
Dibutyltin-(O,O)-(glyceryl mononoinoleate). . . . 
Dibutyltin-(O, O)-(glyceryl monostearate). . . . . . . . . . . . . . 
Didodecylbis(dodecy1thio) tin.. . . . . . . . . . . . . . . . . . . . . . . . 

.............. 

.................. 
.............. 
.............. 
.............. 

Didodecyltin-(S,S)-bis(buty1 mercaptaacetate) . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . 
Didodecyltin-(S , S)-bis(butyl4-mercaptobutyrate) , . . , . . . . . . , . . . . . . . . . . . . . . . . . 
Diethoxydiphenyltin . . . . . . . 

OC. 

136-139/1.2 mm. 

a t  124 

124-126/3 mm. 

1.4831 

1.4206 
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(690) 
(690) 
(690) 
(353, 354, 697) 
(879) 
(27, 495) 
(39, 348, 349) 

(539, 543) 
(546) 
(546) 
(575) 



ORGAWOTIN COMPOUNDS 

TABLE 174ontinued 

Compound 

Diphenylbie(pheny1thio)tin ................................................ 
Diphenyltin40.0 )-(glyceryl monoricholeate) ................................ 
Dipropyltin-(S . S)-bis(2-mercaptoethyl trimethylhexanoate) .................... 
(Dodecy1thio)trimethyltin ................................................. 
(Dodecylthio) triphenyltin ................................................. 
Ethoxydiethyltin fluoride .................................................. 
Ethoxytriethyltin ......................................................... 

Ethoxytrimethyltin ....................................................... 
(Hepty1thio)triisopropylth ................................................ 
(Hepty1thio)tripropyltin ................................................... 
Isopropyltin-(S . 8 . S)-tris(mercaptoethyl pelargonate) ......................... 
Methoxytrioctyltin ....................................................... 
Methoxytripropyltin ...................................................... 
(Methy1tbio)triethyltin .................................................... 
Methyltris(1-naphthy1thio)th .............................................. 
Methyltris(octsdecy1thio)tin ............................................... 
Methyltris(a-piny1thio)tin ............................................. 
Phenoxytripropyltin ...................................................... 
(Pheny1thio)triiaopropyltin ................................................. 
(Pheny1thio)tripropyltin ................................................... 
Tribenzyl(4-hydroxybuty1thio)th. &eater with azelaic acid .................... 
Tributyll2-(amylcarhamoyl)ethylthioltin ..................................... 
Tributyl(carboxymethy1thio) tin. decyl eater .................................. 
Tributyl(cyclohexy1oxy)tin ................................................ 
Tributyl(l,l-dimethyl3-oxobutoxy)th., .................................... 
Tributyl(dodecy1oxy) tin ................................................... 
Tributyl(dodecy1thio)tin ................................................... 
Tributylmethoxytin ....................................................... 
Tributyltin-5-(decyl mercaptoacetste) ...................................... 
Tributyltin-8-(mercaptoacetic acid) ......................................... 
Triethyl(ethy1thio)tin ..................................................... 
Triethyl(hepty1thio)tin .................................................... 
Triethyl(isobuty1thio)tin .................................................. 
Triethylmethoxytin ....................................................... 
Triethyl(3-methylbutylthio) tin ............................................. 
Triethyl(2-naphthy1thio)th ................................................ 
Triethyl(p-nitrophenoxy)tin ................................................ 
Triethylphenoxytin ....................................................... 

Triethyl(isopropy1thio)tin ................................................. 

Triethyl(pheny1thio)tin .................................................... 
Triethyltin-S-(decyl mercaptoacetste) ....................................... 
Triethyltin-S-(mercaptoacetic acid) ......................................... 
Triethyl(p-tolyloxy) tin ........................................... 
Triethyl(o4olylthio)tin .................................................... 
Triethyl(m-toly1thio)tin ................................................... 
Triethyl(p-toly1thio)tin .................................................... 
Triisopropyl(p-tolylthio)th ............................................... 
Trimethylphenoxyth ..................................................... 
Trimethyltin-0-(tributyl citrate) ........................................... 
Triphenyl(triphenylsi1oxy)tin .............................................. 
Tripropyl(p-toly1thio)tin .................................................. 
Tris(8sc-amy1thio)methyltin ................................................ 
Tris(buty1thio)methyltin .................................................. 
Tris(buty1thio)phenyltin ................................................... 
Tris(p-chlorobenzy1thio)methyltin .......................................... 
Tris(p-cresy1thio)methyltin ................................................ 
Tris(p-oresy1thio)phenyltin . . . . .  ................................... 
Tris(dodecy1thio)methyltin ................................................ 
Tria(tertdodecy1thio)methyltin ............................................. 
Tris(2-hydroxyethy1thio)methyltin .......................................... 

Triphenyltin-8-(decyl mercaptoacetste) ..................................... 

Tris[3-(hutylcarbamoyl)propylthiolisopropylth ............................... 

Tris(p-carbomethoxypheny1thio)methyltin ................................... 

Tris(dodecy1thio)ethyltin . ............................................. 

Tris(2-hydroxyethy1thio)isopropyltin. terephthalate ........................... 
Tris(p-mercaptophenoxypheny1thio)methyltin ................................ 

Melting Point 

O C  . 
65-65.5 

90-91 

50-60 

138-139 

143-145 

Boiling P o h t  

O C  . 

82/13 mm . 
82-84/11 mm . 
190-192/760 mm . 
65-66/760 mm . 
155-15711 mm . 
15&160/1 mm . 

87-88/3 mm . 
2241760 mm . 

145-147/1 mm . 
13&139/1 mm . 
157-159/1 mm . 

101-102/2 mm . 

125-126/12 mm . 
134-135/1 mm . 
86-88/1 mm . 
7&80/1 mm . 
73-74/13 mm . 
95-97/1 mm . 
189-190/1 mm . 
115-126/1 mm . 
115/1 mm . 
147.5-148/12 mm . 
138-140/1 mm . 

124-127/1 mm . 
132-135/1 mm . 
132-134/1 mm . 
125-126/1 mm . 
129-132/1 mm . 
157-158/1 mm . 
109/8 mm . 
222-224/760 a m  . 

157-159/1 mm . 

1.4842 (at 15') 

1.5045 
1.4981 

1.4781 

1.5290 
1.71 

1.5449 
1.5284 
1.5676 
1.5626 

1.4745 

1.5150 
1.5006 
1.5122 
1.5132 
1.4760 

1.3231 

1.5422 
1.5415 

1.5828 

1.5365 
1.5360 
1.5704 
1.5720 
1.5705 
1.5712 

1.5648 

1.5516 
1.5602 
1.5452 

1.5541 
1.5710 
1.6579 
1.6523 

1.6890 

1.6168 

References 

(43) 
(690) 
(501) 
(353. 354. 697) 
(353. 354. 697) 
(902) 
(25. 286. 480. 

48;1. 536. 856. 
888) 

(484) 
(745) 
(745) 
(500) 
(143. 168. 169. 

(626) 
(13) 
(818) 
(818) 
(818) 
(746) 
(745) 
(746) 
(30. 34. 502) 
(28. 31. 497) 
(878) 
(536) 
(114. 548) 
(114. 548) 
(353. 354. 697) 
(143. 536. 626) 
(879) 
(879) 
(744) 
(747) 
(744. 746) 
(744. 746) 
(626) 
(746) 
(747) 
(380. 530) 
(380. 630. 744. 

207) 

746. 747) 

(747) 
(879) 
(879) 
(744. 747) 

(744. 747) 

(744) 
(744. 746. 747) 

(745) 
(458) 

(873) 
(879) 
(641) 
(744. 745. 746) 

(818) 
(28. 31. 497) 
(818) 
(818) 
(818) 
(818) 
(818) 
(818) 
(353. 354. 697) 
(353. 354. 697) 
(818) 
(30. 34. 502) 
(818) 
(818) 
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TABLE 174mZuu!ed 

Compound 

(C4Ho)zS,nSCHzCOOCHaCHzOCOCHzS .................................... 
(C~H~)zSnSCHzCOOCHzCH(CHs)OCOCHzS. ............................... 
(CsHsCHz)aSnS(CHz)zCOO(CHz~rOCO~CHa)zSSn(CHaCsHa)s.. ............... 
[(CsH~CHz)aSnS(CHz)rOCO(CHz)alzCHz. ................................... 
I(CIIH~~COO)(CIH~)ZS~S(CHZ)~~ZO. ....................................... 
[(CHaCH=CHCOO)(CtHo)zSnS(CHz)rlzO. ................................. 
HO(CH~)~[OS~(CIH~~~O(CH~~~~~OH.. ...................................... 
[(C~HP)(CZH~)CHCHZOCOCHZSS~(C~H~)Z~~O. .............................. 
(C~H~)(CzH~)CHCHz0COCHzS~Sn~CrH~)zOlaOCCiiHza. ..................... 
(C~H~~(CZH~)CHCH~OCOCHZS~S~~C~H~~Z~~~OCCH-CHCOOCI~H~~. . . . . . . . .  
(C~Ho)(CzHs)CHCHzOCOCHaS~Sn~CrH~)z0laOCCH-CHCOOCHzCH(CHs~O H 
(C4HO)Z (CHa[CH(CHs)]sCHzCOOCHaCHzS ) zSn ............................ 
(C~H~)ZS~[SCH~CH(OCOCI~HZ~~(CH~~COCIIHZ~)~Z. ........................ 
(C~Ho)zSn(OCHzCHzO)zSn(CrHe)z. ........................................ 
[(CHs)zSnla[B(OCsH~S-p)alz. .............................................. 

1 I 

CIZH~~S[S~(CIH~)~OI~S~(C~H~)ZSCI~HZ~. . ............................. 

[(CIH~)ZS~~~[B~OCHZCH~S~~IZ . ..................................... 
[(C~zHza~zSnla[B~OCHzCHzS~alz.. .......................................... 
[(CsHa)zSnla~B~OCHzCHzS~alz. ............................................ 
[(CaHa)zSn]a [ B[OCHzCH(CeHs)Sls} 1 . .  ..................................... 

Melting Point 

OC.  

215-218 

223-229 (d.) 

Boiling Point 

O C .  

80-8015 mm. 

%loo 

1.5128 
1.5069 
1.5037 

Related aompounds 

I I I 
(tert-Butylperoxy) tributyltin ............................................... 
(tstf-Butylperoxy)tnethyltin. .............................................. 
(Cumy1perory)triethyltin. ................................................. (tatButy1peroxy)trimethyltin. ............................................. 

105-110/1 mm. (with 
decompoaition) 

56-57/12 mm. 
56/12 mm. 
105-110/1-2 mm. 

References 

(35, 507) 

(35, 507) 

(35, 507) 
(503) 
(44) 
(44) 
(696) 
(163, 164, 551) 
(163, 164, 551) 
(183, 164, 551) 
(163, 164, 551) 
(32) 
(501) 
(163, 164, 551) 
(76) 
(688) 
(688) 
(688) 
(688) 
(688) 

sulfides, and oxides (13) ; transesterification reactions 
(14, 746) ; the reaction of organic esters with organo- 
tin oxides (10, 11) ; and the reaction of an organotin 
sulfate with a barium salt of an organic acid or an 
organotin carbonate with an acid (479). 

A recent method involves the cleavage of organic 
groups from tetraorganotin compounds (222, 511, 724, 
739, 745, 747, 760, 761, 765). The cleavage of one or 

RdSn + R’COOH + R&hOCOR’ + RH 

more vinyl groups by organic acids, hydrogen halides, 
or mercaptans occurs in preference to  addition to the 
vinyl double bond; vinyl groups are cleaved more 
readily than normal alkyl groups but less readily than 
phenyl groups (739, 760). 

Organotin inner salts may be formed from the hy- 
drolysis of bromo (carboxyethyl) -substituted tin com- 
pounds‘ (388, 390) or by the reaction of triphenyltin 
hydride with acrylic acid (385). 

RzSn(X)CH&H&OOH -+ Rz&CH&HzC00- + HX 

[(CsHs)sSnCH~CH2COOH] --$ 

(CeHs)aSnH + CHz=CHCOOH + 

(C6Hs)z&CHzCH2COO- + CsHs 

(2-Carboxyethyl) triphenyltin is unstable a t  room 
temperature; other R,SnCH,CH,COOH compounds 
can be thermally decomposed to the corresponding 
inner salts (388). 

Organotin thio esters have been prepared by the 
reaction of organic thio acids with R,SnOH and R,Sn 
compounds (801). 

( f )  RSnOOH compounds 
The organostannonic acids (table 19) are usually 

prepared by one of two methods. The reaction of 
tin (11) chloride, sodium or potassium hydroxide, and 
an organic halide is employed in the preparation of 
the alkanestannonic acids (173, 174, 175, 176, 178, 
185, 212, 485, 508, 513, 585, 658, 660, 673, 803). 

SnClZ + 3MOH + MHSnOz + 2MC1 + HzO 
MHSnOa + RX + MOH .+ 

RSnOOM + MX + HzO 

Hydrolysis of aryltin trichlorides is used most com- 
monly for the preparation of the aromatic stannonic 
acids (406, 412, 413, 414, 418, 665, 673) ; the method 
has also been applied to the preparation of aliphatic 
stannonic acids (844). Warming RSnX, compounds 

RSnCla + 4MOH + RSnOOM + 3MX + HzO 

with water alone often brings about the desired 
hydrolysis. 

2-Propene-l-stannonic acid has been prepared by 
heating tetraallytin in an ampoule a t  170OC. (435). 

(g) (RSnS) *S compounds 
These compounds (table 16) are prepared from 
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TABLE 18 
Carboxylic acid derivatives of organotin compounds 

[Compounds of the types RaSn02CR‘. R2R’SnO&R”. R2Sn(02CR’)2. and R&h(O&R’)(O&R”)] 

Compound 

AUyldiphenyltin acetate ........................................... 
5.Amino.2.2.dibutyl.l.oxa.2.stanna-3.thiacyclohexan.~ne ............ 
Benzyltin trisbutylxanthate) ...................................... 
Biddibutyltin monobehenate) maleate .............................. 
Bis(2-ethyhexyl)tin dilaurate ...................................... 
Bidtributyltin) thiomalate ........................................ 
Bis(3.5. 5.trimethylhexyl)tin dilaurate .............................. 
(5-Bromoamy1)diethyltin acetate ................................... 
(p-BromophenyUdiethyltin acetate ............................. 
Butoxydiphenyltin oleate ..................................... 
Butyldiethyltin acetate ............................................ 
Butyldimethyltin acetate . . .  ......................... 
(2-Carboxyethy1)diphenyltin ......................... 
(2-Carboxyethy1)dipropyltin (inner aalt) ............................. 
(o-Carboxypheny1)diphenyltin (inner ealt) ........................... 
(p-ChlorophenyUdiethyltin acetate .................................. 
(3-Cyanopropy1)dipropyltin acetate ................................. 
Decyldimethyltin acetate .......................................... 
Decyldivinyltin acetate ........................................... 
Diamylethyltin acetate . . .  ................................. 
Dibenzyltin diacetate ............................................. 
Dibenayltin dilaurate ............................................. 
Dibenzyltin distearate . . ................................... 
Dibenzyltin ricinoleate ............................................ 
Dibutyl(2-carboxyethy1)tin (inner salt) .............................. 
Dibutyl(dodecy1thio)tin acrylate ................................... 
Dibutyl(dodecy1thio)tin crotonate .................................. 
Dibutyl(dodecy1thio)tin laurate .................................... 
Dibutyl(dodecy1thio)tin methacrylate ............................... 
Dibutyl(dodecy1thio)tin methyl maleate. ............................ 
Dibutyl(dodecy1thio)tin oleate ..................................... 
Dibutylmethoxytin acetate ........................................ 
Dibutylmethoxytin allyl maleate ................................... 
Dibutylmethoxytin butyl maleate .................................. 
Dibutylmethoxytin laurate . . . . . . . . . .  .......................... 
Dibutylmethoxytin methyl maleate., ............................... 
Dibutylmethoxytin methyl phthalate ............................... 
Dibutylmethoxytin sorbate ........................................ 
Dibutylmethoxytin methyl succinate ................................ 
Dibutylmethoxytin tetrahydrofurfuryl maleate. ...................... 
2.2.Dibutyl.l.oxa.2.stanna.3.thiacyclopentan.5.one ....... 
Dibutyltin acrylate thioacetate ..................................... 
Dibutyltin adipate ............................................... 
Dibutyltin bis(amy1 maleate) . . . .  . . . . . . .  ...... 
Dibutyltin bisbutyl maleate) ...................................... 
Dibutyltin bis(dodecy1mercaptoisobutyrate) ......................... 
Dibutylin bis(9.10.epoxy.l 2.hydroxystearate) .................... 
Dibutyltin bis(9.l 0.epoxystearate) ............................. 
Dibutyltin bis(2-ethylhexyl thioacetate) ......................... 
Dibutyltin bis(ethy1 maleate) ...................................... 
Dibutyltin bidethyl malonate) ........... 
Dibutyltin bis(isoocty1 maleate .................................... 
Dibutyltin bis(isoocty1 thioacetate) ................................. 
Dibutyltin bis(isopropy1 maleate) .............................. 
Dibutyltin bis(isopropy1xanthate) .................................. 
Dibutyltin crotonate te ............................... 
Dibutyltin diacetate ................................. 

Dibutyltin dihendecanoate ......................................... 
Dibutyltin dilaurate .............................................. 

Dibutyltin diphthalate ............................................ 
Dibutyltin disalicylate ............................................ 
Dibutyltin fumarate .............................................. 
Dibutyltinitaconate .............................................. 
Dibutyltin maleate ............................................... 
Dibutyltin 3.methylsdipate ........................................ 

Melting Point 

‘C . 
Decomposes 

at 260 
205-207 

68-69 
108-109 

71-73 
106-108 
Does not melt 

below 320 
158-160 

100-101 
71-72 
96-98 

50-53.5 
136-137 
88-92 
99-100 

110-113 

185-187 

136-137 

37 

143-144.5 

Boiling Point 

O C  . 

142-145/10 mm . 

+OO 

1.5011 
1.5068 
1.4860 
1.5103 
1.5448 

1.4980 
1.5036 

1.4906 
1.4927 

1 . 5005 

1.4982 

References 

(724) 

(280) 
(29. 33) 
(263) 
(384. 532) 
(801) 
(384 . 532) 
(380) 
(380. 530) 
(552) 
(381. 530) 
(381. 530) 
(385. 388.391.631. 634) 

(390. 631. 634) 
(234) 
(380. 530) 
(390) 
(724) 
(724) 
(381. 530) 
(794) 
(774) 
(774) 
(774) 
(388. 631. 634) 
(44) 
(44) 
(44) 
(44) 
(44) 
(44) 
(4. 552. 553) 
(4. 552. 553) 
(4. 552. 553) 
(4. 552. 553) 
(4. 114. 548. 552. 553) 
(4. 552. 553) 
(114. 548) 
(4. 552. 553) 
(4. 552. 553) 
(280) 
(44) 
(14) 
(425. 426) 
(425. 426) 
(496) 
(792) 
(735. 792) 
(578) 
(425. 426) 
(550) 
(884) 
(578) 
(425. 426) 
(29. 33) 
(44) 
(21. 81. 109. 151. 184. 226. 306. 

373.395.682.729.733.790.856. 
884. 888. 906) 

(888) 
(1. 108. 137. 151. 187. 217. 324. 

394.395.532. 680.729.733.789. 
790. 805. 856. 884. 888. 906) 

(137) 
(731) 
(306. 681. 805) 
(14) 
(137. 188. 268. 395. 532. 680. 789. 

(14) 
790. 861. 884) 
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TABLE 18-Continmd 

Compound 

Dibutyltin thioacetate methyl maleate .............................. 
Dibutyltin oxalate ................................................ 
Dibutyltin phthalate .............................................. 

Dibutyltin terephthalate .......................................... 
Dibutyltin thiomalate. ............................................ 
Dibutylvinyltin acetate ........................................... 
Diethylhexyltin acetate ........................................... 
Diethyloctyltin acetate ......................... 
Diethylphenyltin acetate ....................... 
Diethyltin diacetate ........................... 
Diethyltin dibutyrate .......................... 
Diethyltin diformate .............................................. 
Diethyltin oxalate .................................. 
Diethyltin tartrate ............................................... 
Dihexyltin dilaura te .............................................. 
Dihexyltin maleate .......................................... 
Diiiaopropyltin bis(cb1oroacetate) .................................... 
Diisopropyltin bis(dich1oroacetate) .............................. 
Dimethyloctyltin acetate ...................................... 
Dimethyltin bis(bromoacetate) ..................................... 
Dimethyltin bis(ch1oroacetate) . . . . . . .  . . . . . . . . . . . .  ....... 
Dimethyltin bis(dich1oroacetate) ................................... 
Dimethyltin bis(trich1oroacetate) ................................... 
Dimethyltin bis(trifluoroacetate) ................................... 
Dimethyltin dibenzoate ........................................... 
Dimethyltin diacetate ............................................. 
Dimethyltin dibutyrate ........................................... 
Dimethyltin dicaprylate ........................................... 
Dimethyltin diformate ............................................ 
Dimethyltin dimethacrylate . . . . . . . . . . . . .  ..................... 
Dimethyltin disalicylate ........................................... 
Dimethyltin divalerate ............................................ 
Dimethyltin oxalate .............................................. 
Dimethyltin phthalate ............................................ 
Dimethyltin succinate ............................................. 
Dimethylvinyltin 2-bromopropionate. ............................... 
Dimethylvinyltin chloroacetate ..................................... 
Dioctyltin bis(buty1 maleate) ...................................... 

Dibutyl(trimethylsilylmethy1)tin triiluomacetate ..................... 

Diethyltin citrate .............................. 

Dioctyltin bis(2-ethylhexanoate) . ......... ................. 
Dioctyltin diacetate .................... ................. 
Dioctyltin dibutyrate ............................................. 
Dioctyltin diformate ....................... . . . . . . . . . . . . . . . .  
Dioctyltin dilaurate ............................................... 
Dioctyltin distearate .............................................. 
Dioctyltin maleate ................................................ 
Diphenyloctyltin acetate .......................................... 
Diphenyltin diacetate ............................................. 
Diphenyltin maleate .............................................. 
Diphenyltin tartrate .............................................. 
Dipropyl[2-(4-pyridyl)ethylltin acetate .............................. 
Divinyltin phthalate ............................... ......... 
Dodecyldiethyltin acetate ......................................... 
Dodecyldimethyltin acetate ........................................ 
Ethoxydiethyltin ethyl aebacate .................................... 
Ethyldiphenyltin acetate .......................................... 
Hexyldiphenyltin acetate. ......................................... 
Hexyldivinyltin acetate ........................................... 
Methoxydiphenyltin butyl itaconate ................... . . . . .  
Octyldivinyltin acetate ............................................ 

Triamyltin acetate .......................... . . . . . . .  
Tribenzyltin acetate ....... 
Tribenzyltin benzoate ....................... ....... 
Triheneyltin laurate .............................................. 
Tribenzyltin methyl maleate ....................................... 
Tribenzyltin ricinoleate ........................................... 
Tribeneyltin stearate .............................................. 
Tributyltin cyanoa . . . . . . . . . . .  .......... 

(2-Ethoxyethoxy)diethyltin crotonate ............................... 

(2-Phenylethy1)dipropyltin acetate .................................. 
Tetrabutylditin dilaurate maleate .................................. 

........................ 

Tributyltin acetate 

Melting Point 
~~ 

O C  . 
195 (d.) 

78-82 

Above 245 

62.0-63.4 

64-65 
67-69 
93.5-94.5 

187-187.5 

About 13 

54-55 
69-71 
95-97 
96-97.8 
159-160 
162-165 
226-228 
190-191 
240-243 

140-144 
205-206 

360 (d.) 
314 (d.) 
78-81 
104-107 

99.5-100.5 

114 
96-97 
283 (d.) 
68-72 
99-102 
97-98.6 

125-127 

79-80 

66-67.5 
117-118 
99-100 
90-91 
114-117 

99-100 
84.5-85 

Boiling Point 

O C  . 
References 

(44) 
(14) 
(137) 
(14) 
(14) 
(14) 
(801) 
(761) 
(744) 
(381. 530) 
(381. 530) 
(380. 530) 
(101) 
(101) 
(101) 
(101) 
(101) 
(101) 
(384. 532) 
(384. 532) 
(745) 
(745) 
(381. 530. 724) 

(739) 
(739) 
1739) 
(739) 
(739) 
(258. 722) 
(101) 
(101) 
(101) 
(101. 327. 328) 
(739) 
(258. 722) 
(101) 
(258. 660. 722) 
(258. 722. 766) 
(258. 722) 
(760) 
(739) 
(384. 532) 
(384. 532) 
(384) 
(384. 532) 
(384) 
(116. 384. 532) 
(384. 532) 
(384) 
(530) 
(395. 532) 
(395) 
(683) 
(390. 631. 634) 
(769) 
(381. 530) 
(381. 530. 724) 

(552) 
(552) 
(530) 
(724) 
(724) 
(552) 
(724) 
(390 . 631. 634) 
(59) 
(530) 
(774) 
(774) 
(774) 
(774) 
(774) 
(774) 
(151. 184. 378.380. 530) 
(382. 530) 
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TABLE lS-Cmtinued 

Compound 

Tributyltin methacrylate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tricyclohexyltin acetate. . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triethyltin acetate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Triethyltin acrylate.. . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triethyltin benzoate. . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Triethyltin hidp-chloropheny1)acetate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triethyltin bitartrate. 2Hz0 . . . . . . . . . . . . . .  
Triethyltin bromoacetate.. . . . . . . . . . . . . . . .  
Triethyltin 2-bromopropionate . . . . , . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triethyltin 3-hromopropionate . . . . . . . . . . . . . . . . . 
Triethyltin butyrate. . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . 
Triethyltin caproate. . , . . . , , . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triethyltin caprylate. . . . . , . . . , . . . . . . . . . . . . . . . . . . 
Triethyltin chloroacetate. . . . . 
Triethyltin 2-chloropropionate 

.. ... 

......................... 

Triethyltin glycolate. . . . . . . . . . . . 
Triethyltin heptafluorobutyrate. . . . . . . . . . . . . . . . . .  
Triethyltin iodoacetate. . , , . . . . . . 
Triethyltin maleate 
Triethyltin malonat 

................ 

Triethyltin oxalate .......................... 
Triethyltin propionate. . . . . , . . . . . . , . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triethyltin tartrate . 2 H z 0 .  . . . . . . . . . . . . . 

.................................... 
Triisoamyltin formate . . . . . . . . . . .  . . . . . . . . . . . . . . .  
Triisobutyltin acetate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triisobutyltin formate. . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 

. . . . . . , . . . . . . . , 

Trimethyltin caproate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 
Trimethyltin caprylate. . . . . . . . . . . . . . . . . . . . 
Trimethyltin formate. . , . . . . , . , , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Trimethyltin methacrylate ................................ 

Trimethyltin valerate. . , . . , , , . . . . . . . , , . , . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . .  

Triphenyltin benzoate.. . . . . 
Triphenyltin butyrate.. . . . . 
Triphenyltin cyanoacetate. . 
Triphenyltin 2-cyanopropionate. , . . . . . . . . 

Triphenyltin methacrylate . . . . . . . . . . . . . . 

Tripropyltin ac . . . . . . . . .  I . . . .  

Tripropyltin be 
Tripropyltin br 
Tripropyltin 2-bromopropionate. . . . . . 
Tripropyltin butyrate. . . . . . . . , . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tripropyltin chloroacetate . , , . , . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tripropyltin cyanoacetate . . , . . .............................. 

Melting Point 

oc. 
20-22 
61-63 
130-131 
132-134 
119 
121 
134-135 
116-1 17 
80 
74-74.5 
71 

99.5 
88-89 
84.5 
92 
80.5-81 

111-112 
90.5-91 
87.5-88 

107-108 
99.5-100 
132-133 
155-156 
50-60 
106.5-107 
75.5 
94.5 
73-74 

175-175.5 (d.) 
75.5 

94.5 
103 

107 
122-123 

68-69 

51.5-52 

196.5-197.5 

100 
122 

47-48 
121-122 
82.5-84.0 

140-142 
139-141 

91-92 
82 
100 
34-35 
94-95 
4546  
77-78 
88-89 
66 
78-79 
91-92 

Boiling Point 

OC. 

224/760 mm. 

133-134/1 mm. 

96-98/1 mm. 

118-119/1 mm. 

121-123/1 mm. 

224/760 mm. 

216.5/760 mm. 
226-238/760 mm, 

218/760 mm. 

81-83/1 mm. 

158-162/1 mm. 

102-104/1 mm. 
135-140/1 mm. 

References 

(436) 
(530) 
(10, 13, 71, 101, 220, 378, 380, 381, 

422, 479, 530, 631, 634, 744, 746, 
760) 

(11, 71, 631, 634) 
(10, 71, 380, 479, 530, 744, 747) 

(71) 
(479) 
(11) 
(11) 
(11) 
(101,479, 744) 
(101, 530) 
(101) 
(747) 
(11) 
(11) 
(71) 
(11) 
(11) 
(747) 
(11) 
(71, 101, 479) 
(11) 
(11) 
(11) 
(530) 
(530) 
(530) 
(11, 436, 771) 
(101, 479) 
(11) 
(744) 
(479) 
(10, 744, 747) 

(101) 
(378, 380. 530) 
(107) 
(107) 
(107) 
(107) 
(378, 530) 
(380, 530) 
(29, 33) 
(101, 378,380, 530) 
(101) 
(101) 
(101) 
(101) 
(436, 488) 

(101) 
(378, 380, 530) 
(378, 380, 530, 631, 634, 663) 
(237) 
(534) 
(382, 530) 
(631, 634) 
(733) 
(436) 
(103, 378, 380, 388, 530, 631, 634, 

739, 746) 

(631, 634) 
(744, 746) 
(739) 
(739) 
(103, 746) 
(739,745) 
(739) 
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TABLE Ig-Concluded 

Compound I Melting Point I Boiling Point 

Tripropyltin dichloroacetate ....................................... 
Tripropyltin formate.. ............................................ 
Tripropyltin propionate. .......................................... 
Tripropyltin trichloroacetste. ...................................... 
Tripropyltin triauoroacetste ....................................... 
Tria(whloropheny1)tin acetate. .................................... 
Tris(p-fluorophenyl)tin heptafluorobutyrate. ......................... 
Tria(pfluoropheny1)tin triauoroacetste. ............................. 
CH~COOSn(C~Ho)~0COCH-CHCOOSn~C~He)~OCOCHs. ........... 
C~IH~~COOS~(C~H~)~~COCH-CHCOOS~(C~H~)~OCOCIIH~~. ....... 
(CsHi~OCOCH=CHC00)z(OCOCH=CHCOO)~C~HoSn)~(HzO~~. ..... 

83-84 
84-85 

70 
96-97 
94-95 
so 
148.5-149.5 
276-278 (d.) 
318-322 (d.) 

OC. 

88-89/1 mm. 

88-90/1 mm. 

Reference8 

organotin trihalides and hydrogen sulfide in aqueous 
solution (412, 414, 418, 622, 658, 659, 660). Organotin 

2RS& + 3HzS + (RSnS)&3 + 6HX 

chlorides, bromides, and iodides have been used in 
this reaction. Alkanestannonic acids react with hydro- 
gen selenide to give (RSnSe) ,Se compounds (844) . 

2RSnOOH + 3HzSe --$ (RSnSe)ZSe + 4Hz0 

(h) Miscellaneous salts 
For convenience, the nitrates, cyanides, cyanates, 

phosphates, platinates, sulfates, arsenates, etc. (table 
20) are discussed as a group, since their methods of 
preparation are essentially the same. The reactions of 
an organotin oxide, hydroxide, halide, or acetate with 
an acid and of an organotin halide or mercaptide with 
a silver or alkali metal salt are used for the prepara- 
tion of these compounds (13, 101, 102, 130, 135, 197, 
258, 282, 380, 412, 479, 530, 535, 576, 722, 769, 843, 
860,886,910). 

Organotin oxides, hydroxides, and halides react with 
phosphorus pentoxide and with phosphoryl chloride 
to give organotin phosphate esters (130, 136). Frank- 
land and Lawrence (220) obtained triethyltin sulfate 
by the action of sulfur dioxide on tetraethyltin in the 
presence of air. Triethyltin sodium reacts, in liquid 
ammonia, with p-toluenesulfonyl chloride to form 
p -  (triethylstannylsulfonyl) toluene (530). Attempts to  
prepare triphenyltin cyanide from triphenyltin hy- 
droxide and hydrocyanic acid or from triphenyltin 
chloride and potassium cyanide were unsuccessful ; the 
cyanide can be prepared from triphenyltin hydroxide 
and anhydrous hydrogen cyanide (918). 

Arbuzov and Pudovic (25) have reported that tri- 
ethyltin iodide reacts with triethyl phosphite to give 
diethyl triethyltinphosphonate ; later reports indicate 
the product to be triethyltin (ethyl ethylphosphonate) 
(24, 558). Similarly, diethyltin diiodide and triethyl 

(CzHdrSnI + P(OCzHd3 + 

( C ~ H ~ ) J S ~ O P ( O )  (CZHS) (OC2Hd 
not 

(C2Hs)SnP(O) (OCzHsh 

phosphite give diethyl bis (ethyl ethylphosphonate) 
(23, 24, 558). 

3. Physical properties 
The organotin hydroxides, R,SnOH, usually are 

solids with well-defined melting points. They are 
soluble in the common organic solvents, and the low- 
molecular-weight hydroxides are soluble in water. I n  
water and methyl alcohol, the organotin hydroxides 
are weaker bases than the corresponding compounds 
of mercury, thallium, and lead; all of these are 
stronger than their corresponding normal inorganic 
hydroxides (82, 322). It has also been reported that 
while triethyltin hydroxide is basic, triisopropyltin 
hydroxide is only faintly basic, and triphenyltin 
hydroxide is acidic (678). Determinations of the 
molecular weights of trimethyltin and tribenzyltin 
hydroxides have shown that these compounds are 
somewhat associated in refluxing benzene (443, 795). 
Triethyltin hydroxide is associated in refluxing ben- 
zene; the molecular weight is dependent on the con- 
centration of the solution, but a value of 1000 was 
found as compared to the calculated value of 223 for 
the molecular weight (293). Kipping (402) attempted 
to resolve benzylphenyl-p-tolyltin hydroxide, benzyl- 
butylphenyltin hydroxide, and benzylbutylethyltin 
hydroxide with the aid of two different optically active 
camphor derivatives and d-tartaric acid. These salts, 
except two of the tartrates, were oils which could not 
be solidified. The d-tartrates of the first two hy- 
droxides were solids, but the regenerated hydroxides 
and fluorides were optically inactive. Bond-refraction 
data have been reported for R,SnOH, R3SnOR’, and 
R,Sn (OCOR’) compounds (856, 888). The infrared 
spectrum of triethyltin hydroxide has been reported 
(171). 

The organotin oxides, R,SnO, are all solids which, 
in most cases, do not melt but decompose a t  high 
temperatures. Usually they are insoluble in the com- 
mon organic solvents and in water. Although the 
formulas of these organotin oxides are written as 
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l-Naphthalenestannonic acid. . . . . . . . . . . .  
Phenylmethanestannonic acid. . . . . . . . . . .  
1-Propanestannonic acid. . . . . . . . . . . . . . .  
2-Propanestannonic acid. . . . . . . . . . . . . . . .  
2-Propene-1-stannonic acid.. . . . . . . . . . . . .  
o-Toluenestannonic acid, . . . . . . . . . . . . . . .  
m-Toluenestannonic acid.. . . . . . . . . . . . . . .  

TABLE 19 
Organostannonic acids 

(Compounds of the type RSnOOH) 

295 (d.) 
295 (d.) 

Compound 

7-Aceto-a , ,&didodeeylatannonin . . . . . . . . .  
Ethylenebis(stannony1 chloride). . . . . . . . . .  
Tridodecylstannonin . . . . . . . . . . . . . . . . . . .  
(CHn=CHSnOOCOCHa)a . . . . . . . . . . . . . .  
CHaSnOOCOOK.Hz0.. . . . . . . . . . . . . . . . .  

Benzenestannonic acid.. ................ 
pBromobensenestannonic acid. ......... 
2-Bromoethanestannonic acid. . . . . . . . . . . .  
1.4-Butanedistannonic acid. . . . . . . . . . . . .  
p-Chlorobenzenestannonic acid. . . . . . . . . .  
Dichloromethanestannonic acid. . . . . . . . . .  
1,2-Diphenylethenestsnnonic acid. . . . . . .  
1-Dodecanestannonic acid. . . . . . . . . . . . . . .  
1,2-Ethanedistannonic acid. . . . . . . . . . . . .  
Ethanestannonic acid. . . . . . . . . . . . . . . . . . .  
Ethenestannonic acid. . . . . . . . . . . . . . . . . . .  
p-Iodobenzenestannonic acid. . . . . . . . . . . .  
2-Keto-l-propaneatannonic acid. . . . . . . . . .  
Methanedithiostannonic acid. . . . . . . . . . . .  
Methanestannonic acid. . . . . . . . . . . . . . . . .  

240 (d.) 

Melting Point 

OC. 

157-160 

Derivatives of methanestannonic acid 

Hexabutyrate . . . . . . . . . . . . .  
Hexaisobutyrate.. . .  
Hexapropionate ....................... 
Pentaacetate. . 
Pentabensoate. 
Pentabutyrate. 
Pentaformate ..................... 
Pentaisobutyrate ..................... 
Pentakis(ch1oroacetate). . .  
Pentakis(dich1oroacetate) . . . . . . . . . . . . . .  
Pentapropionate 

Triacetate. .......................... 
Triformate.. .... . . . . . . . .  

180 
260 
246 (d.) 
250 (d.) 
272 
105 
240-280 (d.) 
194 
214-224 (d.) 
235-240 (d.) 
156-157 
240 
280 (d.) 
270 (d.) 

Other compounds 

References 

(406, 407, 417, 
513, 621) 

(81, 418, 622) 
(513) 
(803 ) 
(81, 418, 622) 
(513) 
(620) 
(803 ) 
(803 ) 
(174) 
(803) 
(418, 622) 
(513) 
(658) 
(173, 185, 212, 

485, 585, 658, 
660, 673) 

(513, 665) 
(513) 
(176) 
(175) 
(435, 513. 803) 
(412, 414) 
(413) 
(412, 414, 417, 

621) 

(803) 
(803) 
(803 ) 
(660) 
(765) 

R,SnO, their structures are represented more cor- 
rectly by the formula (R,SnO),. Smith and Kipping 
(795) have studied the properties of a dibenzyltin ox- 
ide derivative, HOSn (CH,CsH,) , [ OSn (CH,CsH,) 2 ]  n- 

OSn (CH3C6H5) ,OH. The analyses indicate that n is 
equal to 1, but molecular-weight determinations show 
that n is actually 6 or 7. It has been noted in a few 
cases that freshly prepared oxides are soluble in alkali; 
however, after standing they become insoluble. This 
may be due to the formation of a polymeric structure, 

as  proposed by Smith and Kipping. Solerio has reported 
that R,SnO compounds are monomeric if the R group 
is large, e.g., C,,H,,, but polymeric if R is smaller 
(802). 

The bis (trialkyltin) oxides, (RaSn) ,O, are liquids 
which can be distilled under reduced pressure. They 
are soluble in the common organic solvents and are 
decomposed, in most cases, by water and alcohol. 
Bis (triaryltin) oxides are reported only briefly; they 
are solids which are insoluble in organic solvents. The 
basicity of organotin oxides decreases progressively as 
the oxygen content increases: R,Sn > (R,Sn),O > 
(R,SnO), > [ (RSnO),O]. > SnO, (10). 

The organotin sulfides, R,SnS, are usually solids 
with definite melting points. These compounds are 
soluble in the common organic solvents. The sulfides 
of higher molecular weight, however, are only slightly 
soluble in methyl alcohol, ethyl alcohol, and petroleum 
ether. From molecular-weight determinations Harada 
(301, 302) has concluded that the sulfides are trimers 
of the structure 

Le., a six-membered heterocycle. 
The bis (trialkyltin) sulfides, (R,Sn) ,S, are similar 

to the bis (trialkyltin) oxides. Bis (trimethyltin) sul- 
fide, monomeric in structure, is a distillable liquid 
(301, 302). 

The organotin alkoxides and aryloxides, R,SnOR’ 
and R,Sn (OR’) ,, and the organotin mercaptides, 
R,SnSR’ and R,Sn (SR’) ,, are either distillable liquids 
or solids with definite melting points. Diethoxy- 
diphenyltin is soluble in ethanol but insoluble in ether; 
methyl alcohol is used as the solvent for the recrystal- 
lization of diphenylbis (phenylthio) tin. Kraus and 
Neal (458) found that the molecular weight of tri- 
methylphenoxytin was normal. 

The organotin carboxylates, R3SnOCOR’ and 
R,Sn (OCOR’) ,) are solids which melt or sublime when 
heated. Partial decomposition accompanies sublima- 
tion in some cases. In general, these compounds are 
soluble in alcohol. The crystal structures of several 
of these compounds have been investigated (257, 327, 
328). Molecular Teights of the R,Sn (OCOR’) , com- 
pounds vary from that of a dimer to 3000 (14). 

The organostannonic acids, RSnOOH, are all solids 
which do not melt but decompose, usually a t  tem- 
peratures above 300OC. The low-molecular-weight 
acids are insoluble in the common organic solvents 
and in water; the higher-molecular-weight compounds 
are soluble in most organic solvents but insoluble in 
petroleum ether and water. The stannonic acids are 
amphoteric ; they dissolve in sodium or potassium 
hydroxide and may dissolve in halogen acids if the 
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Compound 

Bis(dipheny1tin) pyrophosphate ................... 
Bis(ethy1tin) triselenide . , , , , . , . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Bis(methy1tin) triselenide ............................................ 
Bis(triethy1tin) sulfate. . 
N ,  N-(Dibutylstanny1ene)bis 
N ,  N-(Dibutylstanny1ene)his . . . . . . . . . . . . . . . . .  
N ,  N-(  Dibutylstannylene)bis( ................. 
N ,N-(Dibutylstannylene)bis( . . . . . . . . . . . . . . . . .  
N ,  N-(Dibutylstannylene)bis( 

. . .. . . . . . . . . . . .. .. . . .. .. . . ... . .. . 

. . . . I . . . .  . .  .... . .  ....................... 
Dihutvltin a-arninobenz .. . . . . . . . . . . . 

ROBERT K. INGHAM, SANDERS D. ROSENBERG, AND HENRY GILMAN 

Melting Point 

"C. 

135-137 

175-185 (d.) 

TABLE 20 
Miscellaneous organotin salkr 

[Compounds of the types RaSnE, RR'R''SnE, and R2SnE2 (E = anion other than halide, oxide, s a d e ,  -OR, S R ,  or -0COR)l 

I .  -~ 
Dibutyltin bis(S-benzyl-N-henzylisodithiocarbamate) . . . 

Dibutyltin his[bis(methylcyclohexyl) dithiophosphatel . 

. . . . . . . . 
Dibutyltin his(S-benzyl-N-butylisodithiocarbsmate) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Dibutyltin bis(S-bensyl-N-cyclohexylisodithiocarbamate) . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . 
Dibutyltin bis[bis(octylphenyl) dithiophosphatel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . * .  .... 

Dibutyltin E, S-bis(dihydroabiety1 2-mercaptoethyl borate) 
Dibutyltin S,S-bidethylene 2-mercaptoethyl borate). . . . . 

. . . . . . . . . . . . .  

. . . . . . . . . . . . .  
Dibutyltin bis(3-nitro-4-aminobensenearsonate). . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Dibutyltin dioctyl borate. . . . . . . . 
Dihutyltin hydrogen phosphate. . . 
Dibutyltin 3-nitro-4-aminobenzene 
Dibutyltin p-nitrobensenearsonate. . . . . . . 

.................................. 

Dibutyltin tris(tr 
Didodecyltin bia( . . . . . . . . . . . . . . . . .  
Didodecyltin bis( te) . . . . . . . . . . . . . . 
Didodecyltin bis 
Diethyltin bis(di 
Diethyltin bidet 
Diethyltin bis(eth 
Diethyltin chloroplatinate . . . . . . . 

. . . . . . . .  ............................. . . . . . . . .  . . .  

....................................... . . .  

................................. 
, . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

........................ 
Dimethyltin bis(pheny1 ......................... 

Dimethyltin dimetaborate. . . . . . . . . . . . . . . . . . . . . . . . .  
..................... . . . .... . . 

Dimethyltin phenylphosphonate . . , . , . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Dimethyltin tungstate. 
Dimethyltin vanadate. . . . . . . . . . . . . . . 
Dimethyl trirnethyltinphosphonte . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . .... ...... ,. . . . . . . . . . . . . . . . . . 330 (d.) 
. . . . . . I . . . . .  . . . .  ................ 

,........... 

189-193 (d.) 
165-172 (d.) 
164-170 (d.) 
Above 320 

262 (d.) 
249 (d.) 
256 (d.) 
191 (d.) 

346-349 
234.5 
292-294 (d.) 

260 (d.) 

213 (d.) 

Boiling Point* 

=e. 

100/760 mm. 

210-220/2.5 mm. 
.A':" = 1.4858 

120/5 mm. 

References 

(130) 
(844) 
(844) 
(7, 746) 
(542, 545, 790) 
(542, 545) 
(545) 
(542, 545) 
(542, 545) 
(860) 
(580) 
(580) 
(580) 
(197, 535) 
(197, 535) 
(197) 
(197, 535) 
(691) 
(69 1) 
(691) 
(691) 
(860) 
(860) 
(860) 
(769) 
(576, 584) 
(576, 584, 693) 
(884) 
(860) 
(860) 

(860) 
(884) 
(130) 
(197, 535) 
(197, 535) 
(197) 
(24) 
(558) 
(24) 
(327) 
(102) 
(101, 527) 
(102) 
(886) 
(101, 527, 886) 
(25) 

(130, 135, 136) 
(282) 
(843) 
(258, 722) 
(258, 722) 
(580) 
(739, 769) 
(327) 
(722) 
(258, 722) 
(769) 
(258, 722) 
(722) 
(722) 
(258, 722) 
(258, 722) 
(258, 722) 
(769) 
(722, 769) 
(101, 327,328) 
(258, 722) 
(258, 722) 
(25) 
(135) 
(860) 
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TABLE 2&Cmlu&d 

Compound 

Diphenyltin S ,S-bis(dipheny1 mercaptoethyl borate). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Diphenyltin butanearsonate.. . . . . . . . . . . . . . . . 
Dipropyltin dicyanide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Divinyltin dithiocyanate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Divinyltinphenylphospbonste .......................................................... 
( +)-Ethylmethylpropyltin bromocamphorsulfonate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(+I-Ethylmethylpropyltin camphoruulfonate. , . . . . . . 
Hexamethyl methyltintriphosphonate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tetraethyl diethyltindiphosphonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . 
Tetraethyl dimethyltindiphosphonate., . . . . 
Tetramethyl diethyltindiphosphonate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tetramethyl dimethyltindiphoaphonate. , , . 
Tetrapropyl diethyltindiphosphonate. . . . . . 
Tetrapropyl dipropyltindiphosphonate. . . . . 
N-(Tributylstanny1)-N-ethylbenzenesulfonamide . . . . . . . . . . . . . . . . 
Tributyltin cyanide, , . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . 
Tributyltin dioctyl phosphate. . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  

............. 

............. 

............. 
Tributyltin dioctyl triphosphate. . . . . . . . . . 
N-Triethylstannylsaccharin . . . . . . . , , . . . . . . 
pTriethylstsnnylsulfonyltoluene . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
N-Triethylstannyltoluenesulfonamide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triethyltin carbonate. , . . . . . . . . . . . . . , . . . , , , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triethyltin chloroplatinate . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Triethyltin arsenate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Triethyltin cyanate. . . . . . , . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . 
Triethyltin cyanide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

............... 

............... 

Triethyltin (ethyl ethylphoapbonate) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triethyltin isocyanate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Triethyltin isothiocyanate , . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . , . . 

Triethyltin methanesulfonamide . . . , . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triethyltin nitrate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  ..................... 

................... ..................................... 

.............. 

. . . . . . . . . . . . . .  
Triisobutyltin nitrate. . . . . . . . . . .................. 
Triiaobutyltinsulfate .................................................................. 
Trimethyltinamide ................................................................... 
Trimethyltin sulfate, . . . . . . . . . . . . , . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . 
(Triphenylsi1oxy)triphenyltin. . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Triphenyltin cyanide, , . . , . . . . . . . . . . . . , . . . . . . . . . . 

Trimethyltin nitride. . . . . . , . . . . . , . . . . . . . . . . . . . . . . . 

N-Triphenylstannylbenaenesulfonamide . . . . . . . . . . . . 
Triphenyltin dodecyl trithiocarbonate . . . . . . . . . . . . . . . . . 
Triphenyltin p-nitrobenzenearsonate. . . . . . . . . . . . . . . . . . . 
Tripropyltin cyanide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Tris(tributy1tin)phospha ............................................................... 
(CtHo)zSn(ON=.CHCaK7)z. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

................... 

.................. 
............. 
t............ 

............. 
.............. 

- 

*Three values of the refractive index are given in thm column. 

organotin trihalide formed is water soluble. Like 
phenols, these compounds may be precipitated from 
alkaline solutions by carbon dioxide and they are 
insoluble, in most cases, in ammonium hydroxide. 
Lambourne (485, 486) studied the structure of 
methanestsnnonic acid and found that  i t  is not cor- 
rectly represented by the simple formula CH,SnOOH, 

Melting Point 

O C .  

297 (d.) 

163.5-165 (d.) 

194-197 
125-126 

Above 355 

249-251 

263.5-265 
245-247 
262-264 
251-253 

90-93 

113.5-114 
91.5-92 
69.5-71 

120 
138-139 (d.) 

214 
163.5-164 
153 

261-263 
48 

33 

38 

71-73 

141-142 

272 (d.) 

Boiling Point* 

O C .  

130/760 mm. 
249/760 mm. (with 

decomposition) 
ni4' = 1.4902 
239/760 mm. 
162-163/80 mm. 
120-121/11 mm. 
130/1 mm. 
282/760 mm. (with 

decomposition) 
.goo = 1.5825 

160/70 mm. 

HO CHa 
\ /  

A 
HO CHa 

Referencea 

(691) 
(860) 
(177) 
(769) 
(769) 
(670) 
(669) 
(23) 
(23) 
(23) 
(23) 
(23) 
(23) 
(23) 
(545) 
(530) 
(136) 
(136) 
(530) 
(530) 
(530) 
(479) 
(479, 530, 661, 910) 

(327, 479) 
(10, 102, 479) 
(10, 13, 101, 102, 
380, 479, 530) 

(24, 558) 
(13) 

(13) 

(380, 530) 
(479, 527) 
(179) 
(380, 530) 
(328) 
(90, 101, 220, 327, 
328,479,527,530) 

(10, 102) 
(479) 
(282) 
(104) 
(104) 
(459) 
(95) 
(101.327, 328,462) 
(723) 
(534) 
(918) 
(197) 
(860) 
(103) 
(130) 
(114, 548) 

but by a more complex cyclic formula containing three 
atoms of tin in the ring: 

The RSnOOH compounds show no crystal structure 
by x-ray examination (803). 
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The thio anhydrides of organothiostannonic acids, 
(RSnS) zS, commonly referred to as organotin trisul- 
fides, are solids which do not melt but decompose a t  
high temperatures. They are insoluble in most organic 
solvents and in water; the p-halophenyl derivatives 
are soluble in pyridine, aniline, and nitrobenzene. I n  
general, these compounds are soluble in ammonium 
sulfide, alkali, and mineral acids, owing to the forma- 
tion of water-soluble reaction products. The follow- 
ing structure has been proposed for these compounds: 

S S 
T t 

R-Sn-S-Sn-R 

The miscellaneous salts usually are solids which 
decompose on heating. I n  general, they are soluble 
in water and alcohol. I n  water solution, diethyltin 
sulfate and many similar salts are largely dissociated 
into ions (886). 

Hz0 
(C2Hs)ZSnSOc - (CzH&Snf2 + SO;' 

Hj ortdahl (327, 328) has studied the crystal structure 
of several of these compounds. 

4. Chemical properties 
Some of the chemical properties of these compounds 

have been discussed previously in connection with the 
preparation of other organotin derivatives. In  general, 
i t  may be stated that organotin hydroxides, oxides, 
sulfides, alkoxides, mercaptides, and carboxylates will 
react with halogen acids to form the appropriate 
organotin halide. Most of the bis (triorganotin) oxides 
are sensitive toward basic hydrolysis, forming organo- 
tin hydroxides. The sulfides, alkoxides, mercaptides, 
and carboxylates can be hydrolyzed by base to form 
the appropriate organotin oxide, hydroxide, or bis- 
oxide. 

In liquid ammonia, trimethyltin hydroxide reacts 
with sodium to form hexamethylditin (290, 291); 
hexamethylditin is also formed in the reaction of 
2(CH3)&nOH + 2Na + (CH3)3SnSn(CH3)a + 2NaOH 

trimethylphenoxytin with sodium (458). Vinylmag- 
nesium chloride reacts with dibutyltin oxide and 
bis (tributyltin) oxide to form dibutyldivinyltin and 
tributylvinyltin, respectively (728). 

2CH2=CHMgCl + (C4Hg)zSnO ---t 

(C4Hs)~Sn(CH=CH~)~ + (MgC1)zO 
2CHz=CHMgC1 + [(C4Hs)3Sn]~0 ---f 

2(C4Hp)sSnCH=CH2 + (MgC1)ZO 

Diethyltin oxide reacts with phosphorus (V) chloride 
to form diethyltin dichloride and phosphoryl chloride 
(101). 

(CZH&SnO + PC16 --t (C2Hs)2SnC12 + POch 

Tin (IV) chloride reacts with bis (triethyltin) oxide 
to form triethyltin chloride and tin(1V) oxide (10) ; 

silicon tetrabromide reacts similarly. The bis (tri- 
alkyltin) oxides reduce iodine in benzene and per- 
manganate in acetone solutions (51). Aryltin oxides 
react nearly quantitatively with mercury (11) oxide in 
alkaline alcohol solution to form the corresponding 
organomercury compound (486,665). 

RtSnO + HgO + 2NaOH -+ 

RzHg + NazSnOa + HzO 

Pope and Peachey (673) reported that methane, 
trimethyltin hydroxide, and dimethyltin oxide are 
formed when methanestannonic acid is refluxed with 
aqueous alkali. Lesbre and Glotz (513) found that 
the conversion of organostannonic acids to organotin 
oxides takes place more readily the shorter the alkyl 
group, and that aromatic stannonic acids do not 
undergo this reaction. Organostannonic acids react 
with halogen acids to form organotin trihalides (174, 
175, 513, 673, 803) ; heating with halogen acids may 

RSnOOH + 3HX + RSnXa + 2H20 
RSnOOH + 4HX .--t RH + S a 4  + 2Hz0 

result in the formation of the corresponding hydro- 
carbon and the tin (IV) halide (665). Glyceryl esters 
and acid chloride derivatives of organostannonic acids 
have been reported (803). Attempts to hydrolyze 
triphenyltin cyanide to the carboxylic acid were un- 
successful (918). 

Chambers and Scherer (126) found that the thermal 
decomposition of triphenyltin hydroxide leads to the 
formation of tetraphenyltin, diphenyltin oxide, and 
water; Schmitz-Dumont (753) obtained the same 

2(CeH&3nOH -+ (C6HdaSn + (CoHdzSnO + HzO 

products and proposed bis (triphenyltin) oxide as an 
intermediate. Similar results were obtained by Krause 
and Bullard (443) with trimethyltin hydroxide. The 
thermal decomposition of triethyltin hydroxide, how- 
ever, follows a different course (293, 295, 297). 

(CzH&SnOH + (CzHsLSnO + CzHe 
3(CzH&SnO + [ (CZH~)&IIZO + SnOz 

Thermal decomposition of dimethyltin oxide a t  ele- 
vated temperatures leads to the formation of tetra- 
methyltin, ethane, tin (11) oxide, and tin (IV) oxide 
(443). Under diminished pressure, diethyltin oxide 
undergoes thermal decomposition with the formation 
of bis(triethy1tin) oxide and tin(1V) oxide (293). 
Thermal decomposition of bis (trimethyltin) oxide 
leads to the formation of tetramethyltin and dimethyl- 
tin oxide (443). When methanestannonic acid is heated 
in the absence of air, methane is formed; carbon 
dioxide, water, and tin(1V) oxide are formed when 
this compound is heated with ammonium nitrate 
(173). The thermal decomposition of ethanestannonic 
acid follows two courses simultaneously (174). 
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C I H ~  + SnOa 

I C ~ H ~ O H  + SnO 
CzHsSnOOH 

Complex compounds, such as R2Sn0,R2SnX,, may 
occur as troublesome by-products in the preparation 
of organotin compounds; a large number of these com- 
pounds (table 21) have been described by Harada 
(293, 297, 304). Exposure of a trialkyltin-dithizone 
complex in chloroform to sunlight causes photo- 
chemical decomposition to  a dialkyltin-dithizone 
complex (8 ) .  

E. ORGANOTIN HYDRIDES 

1. General 
Among the Group IVA elements the hydrides (table 

22) become increasingly unstable as the group is 
descended. The first successful preparation of an 
organolead hydride was only recently announced 
(180). Tin hydride, SnH,, is a very unstable sub- 
stance, but progressive substitution of alkyl or aryl 
groups results in greatly increased stability (167,211). 
Because of their instability, the organotin hydrides 
have received little attention; recent studies of these 
compounds indicate that they may have some promise 
as selective reducing agents (12, 478, 635) and for the 
preparation of organotin compounds containing func- 
tional groups (385,387,509,632,635). 

2. Preparation 
Two general methods for the preparation of organo- 

tin hydrides appear in the literature. The first of 
these methods was introduced by Kraus and Greer 
(451) and involves the reaction of an organotinsodium 
compound with ammonium chloride or bromide in 

RaSnNa + NH4X - RsSnH + N a X  + NHs 

RzSnNaz + 2NH4X --+ R2SnH2 + 2NaX + 2NHa 

liquid ammonia. This was the sole method employed 
(96, 126, 451, 896) until a more convenient synthesis 
was reported in 1947. 

This second method, developed by Finholt, Bond, 
and Schlesinger (210, 211), involves the reduction of 
organotin halides with lithium aluminum hydride. 
The method has been widely used in recent years 
(12, 167, 211, 237, 392, 398, 509, 520, 631, 896); 
dioxane, ethyl ether, and tetrahydrofuran have been 
used as solvents. Under comparable conditions, no 

NHa 

NHa 

4RaSnX + LiAlH4 + 4R8SnH + LiX + AlXa 
2R2SnX2 + LiAlH, + 2RzSnHz + LiX + AlX, 
4RSnX8 + 3LiAlHd + 4RSnHs + 3LiX + 3AlXa 

reduction occurs when lithium hydride is substituted 
for lithium aluminum hydride (211). When 1,1,2,2- 
tetrabutylditin l,2-dichloride is treated with lithium 

aluminum hydride, reductive cleavage of the tin-tin 
bond occurs and dibutyltin dihydride is formed (631). 
Triphenyltin hydride has been prepared by the reac- 
tion of triphenyltin bromide with lithium in liquid 
ammonia followed by treatment with ammonium 
bromide (896). 

In  searching for a less expensive reagent than 
lithium aluminum hydride for the preparation of 
organotin hydrides, van der Kerk, Noltes,.and Luij ten 
found that organotin halides can be reduced in good 
yields with amalgamated aluminum (393,631). It is re- 
ported that silicon or magnesium in the aluminum- 
mercury alloy have a deleterious effect and that zinc 
cannot be used to replace aluminum. Attempts to 
reduce dipropyltin dichloride by this method were 
not successful. Triphenylgermanium bromide is readily 
reduced to triphenylgermane with zinc and hydro- 
chloric acid ; an attempted reduction of triphenyltin 
halides by this method was unsuccessful (887). 

EmelBus and Kettle have prepared alkyltin tri- 
hydrides by the reaction of alkyl iodides with H,SnNa 

NHs 2SnH4 + 2Na - 2HaSnNa + Hz 

HaSnNa + RI + RSnHa + NaI  

in liquid ammonia (193). Methylene chloride did not 
react with H,SnNa. 

3. Physical properties 
With the exception of diphenyltin dihydride and 

tribenzyltin hydride, the organotin hydrides are dis- 
tillable liquids ; diphenyltin dihydride is reported to 
be a solid which decomposes on heating (126, 392) 
and methyltin trihydride is a gas a t  room temperature. 
Organotin hydrides are soluble in the common organic 
solvents. Molecular-weight determinations indicate 
that the compounds are monomeric, nonionized sub- 
stances (12, 96, 126, 451). The application of Egloff’s 
boiling-point equation to organotin hydrides gives 
good results (195). 

Vapor-pressure constants have been reported for the 
methyltin hydrides (211, 398) and for the ethyltin 
hydrides (167). The infrared spectra of a number of 
the alkyltin hydrides have been determined (193, 
398, 520, 568). The microwave spectrum of methyltin 
trihydride between 25,500 and 29,000 mc. has been 
reported ; in this compound the carbon-tin distance is 
estimated as 2.143 rt 0.002 A. The dipole moment of 
methyltin trihydride is 0.68 +- 0.03 Debye unit (520) ; 
dipole moments of “hydrates” of triethyltin hydride 
and triphenyltin hydride have been reported (557). 

4. Chemical properties 
Most organotin hydrides decompose slowly a t  room 

temperature, especially in the presence of atmospheric 
oxygen, and a white-to-gray precipitate usually is 
formed (12, 167, 211, 237). Stability usually increases 
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Compound 

RSnXa compounds: 
CHaSnBra .2CsHs N .  .................. 
CHaSnBra.2(CaHsN.HBr) ............ 
CHaSnBra . 2(CoH7N .HBr ). ............ 

CHaSnCla.2(CeHaNHz. HC1) ........... 
CHsSnCla.2(CeHaNHCHa.HCl). ....... 
CHaSnCla . 2(CoH7N .HCl ) ............. 
CHaSnCla .2(pBrCeH4NzCl ) ........... 

CHaSnCla .2CsHa N . . . . . . . . . . . . . . . . . . .  
CHsSnCla.2(CaHsN .HC1 1. ............ 

CHaSnCla . ~(o-NOZCEHINZC~) .......... 
CHaSnCla .2(pCHaCeHtNzC1 ) .  . ....... 
CHaSnCla . ~(P-CH~OCEHINZCI) ........ 
CHaSnCla . 2(p-CzHaOCeH4NzCl) . . . . . . .  
CHaSnIa .4CsHs N .................... 
CzHaSnCla.2(CeHaNHz~ HCl) .......... 
iso-CaH7SnBra.2(CaHaN . HBr) ......... 
ieo-CaH7SnBra .P(CKHK N.  HC1) . . . . . . . . .  
CeHaSnCls~ 2CsH .......... 
o-CHaCeH4SnCla ............. 
p-CHsCeH4SnCls . 2CsHaN ............. 

(CHa)zSnBrz .4NH a .  .................. 
(CHa)zSnBrz . 2CsHsN ................. 
(CHa)zSnBrz . 2(CaHsN .HBr ) .......... 
(CHa)zSnBrz .2CoHrN ................. 
(CHa)zSnBrz.S(CoH7N .HBr ) .  ......... 
(CH3)aSnClz .4NH a .  .................. 
(CHs)zSnClz . 2CaHsN .......... 
(CHa)zSnClz . 2(CaHaN .HC1 ). ........... 

(CHa)zSnClz .2(CoH7 N.  HCI) ............ 
(CHa)zSnIz .4NH a .  ................... 
(CHa)zSnIz .ZCSHK N ................... 
(CHs)zSnIz .2CeHaNHz ................. 
(CHa)zSnIz . 2CHaCaH4N ............... 
(CHa)zSnIz .2(o-CHsCsH4NHz) .......... 
(CHa)zSnIz . 2CeHtN(CzHs)a . . . . . . . . . . . .  
(CzHa)zSnBrz.4NHa. . . . . . . . . . . . . . . . . . .  
(CzHa)zSnBrz~2CsHaN . . . . . . . . . . . . . . . . .  
(CzHa)zSnBrz .2(CsHaN.HBr ). . ......... 
(CzHs)zSnBrz.CeHaNHz ................ 
(CzH6)zSnBrz .2CeHaNH z. . . . . . . . . . . . . . .  
(CzHa)zSnBrz . 2(CeHrN . HBr) ........... 
(CzH6)zSnClz .2NHa .................... 
(CzHs)zSnC1~.3NHa. . . . . . . . . . . . . . . . . . .  
(CaHa)zSnClz . 2CaHsN . . . . . . . . . . . . . . . . .  
(CzHa)zSnClz.2(CaHaN .HCl ) ........... 
(CzHa)zSnCh . 2CsHsNHz ............... 
(CzH6)zSnClz . 2(CeHsNzCl) ............. 
(CzHs)zSnClz . 2(pBrCeHtNaCl) ......... 
(CzH6)zSnClz . 2(pClCeH4NzCl) ......... 
(CzH6)zSnClz . P(pCHaCsH4NzCl) ....... 
(CzHs)zSnC!z.2(pCzHsOCsH4NaCl). . . . .  
(CzHa)zSnclz.2(CoH7N.HCl). .......... 
(CzHa)zSnIz.2NHa ..................... 
(CzHa)zSnIz.4NHa. .................... 
(CzHa)zSnIz~2CsHaN .................. 
(CaH7)zSnBrz.4NHa. .................. 
(CaH7)zSnBrz .ZCSHK N.  ................ 
(CaH7)zSnBrz . 2(CaHaN .HBr ). .......... 
(CaH7)zSnClz .4NH a .  .................. 
(CaH7)zSnClz .2CsH6 N ................. 
(CsH7)zSnClz .2(CoH7 N .  HC1) ........... 
(CsH7)zSnIz .2CeHaNH a .  ............... 
(CaH7)zSnIz . 2CHaCoHeN .............. 

RzSnXz compounds: 

(CHa)zSnClz . 2CeHsNH 
(CHa)zSnClz.2CoHrN. . 

(CHa)zSnIz . 2(a-CHaCoHsN) . . . . . . . . . . . .  

(CaH7)zSnBrz . 2CeHaNHz ............... 

(CaH7)zSnClz .2(CaHaN.HCl ) .  .......... 
(CaH7)zSnIa .2CaHs N .................. 
(CaH7)zSnIz . 2CeHaN(CzHa)z ........... 

TABLE 21 
Some orgamtin m p k x  compounds 

Melting Poinl 

OC . 

203 

145 (d.) 

300 
214 
194 
200 (d.) 
147 (d.) 
106 (d.) 
112 (d.) 
165 (d.) 
108 (d.) 

165-172 (d.) 

172 (d.) 
108-112 
80-115 
134 

163 
143 
143-144 

40-60 
167 

151-152 
109-110 

69-70 
88-90 
110-111 

140 
9 0 4 9  

120-124 

135 
118-122 

80-81 (d.) 
110 (d.) 
98-99 (d.) 
88-89 (d.) 
80 (d.1 
134-135 

117 

128 
100-114 

114 
114 
77 
64-65 

63-64 
71-72 

Referencea 

(410. 654) 
(655) 
(655) 
(410. 654) 
(173. 655) 
(173) 
(173) 
(655) 
(713) 
(713) 
(713) 
(713) 
(713) 
(654) 
(174) 
(175) 
(175) 
(410) 
(410) 
(410. 412. 414) 

Compound 

RzSnXa compounds (Continuad): 
(iso-CaH7)zSnBrz.2(CaHsN.HBr). ..... 
(C4Ho)zSnBrz .2CaHa N.  .............. 
(C4Ho)zSnClz~2CaHaN ............... 
(iso.C4Ho)zSnIz.2CeHaN(CzHa)a . . . . . .  
(CeH6)zSnBra .2CaHa N ............... 
(CaHa)zSnBra . 4CsHaN ............... 
(C6Ha)zSnBrz . 2(CsHaN .HBr ) ........ 
(CeH6)aSnBrz 'P(CoH7N .HBr ) ........ 
(CeHs)zSnC1z.2CsHsN. .............. 

(iso-CsH7)zSnCl~.2(CaHaN~HCl). ..... 

(CeH6)zSnCla .4CaHa N ............... 
(C6Ha)zSnClz~ 2 (CKHSN . HC1) ......... 
(CsHa)zSnClz.2(CoH7N .HCl ) .  ........ 
(pCHaCsH4)zSnBi-z .2CaHa N. ........ 

RsSnX compounds: 
(CHa)aSnBr . NHa .................... 
(CHa)aSnCl.NHa. ................... 
(CHa)aSnC1.2NHa ................... 
(CHa)aSnCl.CaHaN .................. 
(CHa)aSnCl. CeHaNHz ............... 
(CHa)sSnI.NHs. .................... 
(CHa)aSnI .2NH a .  ................... 
(CHa)aSnI .2CaHsN.. ................ 
(CHa)aSnI .2CsHaNHa ............... , 

(CaHs)aSnBr.2NHa ................... 
(CzHa)sSnI .2NH a .  .................. , 

(CzHdaSnI .2(iso-CsHiiNHz ) .......... 
(CzHa)aSnI . 2CeHsNHz ............... 
(CsHa)aSnBr.2(CaHsN .HBr ) .......... 
(CaHs)aSnC1.2CaHsN. ................ 
(CsHs)aSnC1.2(CaHsN~HCl) ........... 

(CzHa)sSd.2CaHsN. ................. 
(CeHs)aSnBr~2CaHaN ................. 

(CsHii)aSnCl.2NHa ................... 
RzSnO . RzSnXz compounds: 

(CHa)zSnO . (CzHs)zSnIz ............... 
(CHa)zSnO . (CaH7)zSnBra .............. 
(CzHa)zSnO . (CHa)zSnIa ............... 
(CzH6)zSnO . (CzHs)zSnBrz ............. 
(CzHa)zSnO.(CzHa)zSnIz. ............. 
(CzH6)zSnO . (CaH7)zSnBrz ............. 
(CaH7)zSnO . (CzH6)zSnBrz ............. 
(CaH7)zSnO . (CaH7)zSnBrz ............. 
(CsH7)zSnO . (CaH7)zSnClz ............. 

(CzH6)zSnO . (CzHs)zSnClz ............. 

RzSnO . RzSnIOH compounds: 
(CHa)zSnO . (CHa)zSnIOH ............. 
(CzH6)zSnO . (CzH6)zSnIOH ............ 
(iso.CaH7)zSnO . (iao-CaH7)zSnIOH ...... 
(iso-c~H~)zSnO~ (io-C4Ho)zSnIOH ...... 
(iso-C6Hii)zSnO~ (iao-CsHii)zSnIOH .... 

RzSnO . RzSn(OC0CHa)z compounds: 
(CHa)zSnO.(CHa)zSn(OCOCHa)z ....... 

(RzSnO)z.RzSnXa compounda: 
[(CHa)zSnO]z . (CHa)zSnCla ............. 

HCRzSn0)aOH . RaSnXz compounda: 
H[(CHs)zSnO]aOH . (CH3)zSnBrz ........ 
H[(CHa)zSnO]aOH~ (CHa)zSnIz ......... 
H[(CzHs)zSnOlaOH~ (CzH6)aSnBrz ...... 
H[(CzHa)zSnOlaOH~ (CnHa)zSnClz ...... 
H[(CaHs)zSnOlaOH~ (CzH6)aSnIz ....... 
H[(CaH?)zSnO]aOH.(CaH7)zSnIz ....... 
H[(CzHs)zSnOlaOH~ (CHa)zSnIz ........ 

Melting Point 

OC . 
230 (d.) 
270 (d.) 
77-78 
65-66 

165 
160 
195 
119-129 
151 
155-156 
186 
133-140 
172-176 

37 
84.5 

60.5 
B5.2 

- 17 
58 
78-84 
146-153 
81-84 
169-170 
128 

102-103 
68-70 
100-106 
170-171 
175.5 

35-87 
104-105 
108 
122 

140-141 
187 
a15 

231 

n o  
106-218 (d.) 
216 
115-217 (d.) 
105-213 (d.) 
188-205 (d.) 
18C-198 (d.) 

Referencea 

(460. 461. 462) 
(453) 
(453) 
(453 ) 
(453) 
(453) 
(102. 453) 
(453) 
(102. 453) 
(422) 
(102. 886) 
(102. 886) 
(453) 
(102. 886) 
(654) 
(655) 
(654) 
(654. 655) 
(468) 

(294) 
(294) 
(293. 303. 304) 

(293. 303. 304. 

(293) 
(303) 
(303) 

540) 
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TABLE 21 (Concluded) 

R'(RzSn0)aOR'. RzSnXz compounds: 
CHa[(CHs)zSnOlaOCHs~ (CHa)zSnBra. ... 
CHa[(CHa)zSnOlaOCHa.(CHa)zSnIz.. . . . .  
CzH~~~CHa~zSnOlaOCzHs~ (CHahSnBrz.. . 
CzHs[(C~s)zSnOlaOCzHs~(CHs)~SnI~. . . .  
CaHs[(CzHa)zSnOlaOCzHa~ (CzH6)zSnBrz. 
CzHa[(CaHa)zSnOlaOCzH~~ (CzHa)zSnClz.. 
CzHs[(CzHs)aSnOlaOCzHa~ (CzHa)zSnIa. . 
CzHs[(CaHr)zSnOIsOCzHs. (CaH7)zSnIz. . 
C ~ H I ~ ( C H ~ ) ~ S ~ O I ~ O ( C ~ H ~ ) ~  (CHa)zSnIa.. . 
C~H~I(CSH~)ZS~O~~O(C~H~). (CaH7)zSnIz. 
C~HeI(CHs)zSnOlaO(C~H~)~ (CHa)zSnIz.. . 
CzHs[(CHa)zSnOlsOCzHa~ (CzHa)zSnIz. . .  

(RsSn)zO. RsSnX compounda: 
[(CHs)aSnlzO . (CHa)aSnBr. ............. 
I(CHa)aSnlzO. (CHs)aSnI.. .............. 

RaSnOH. RaSnX. HzO compounds: 
(CHa)irSnOH~(CHa)sSnBr.H20.. ........ 
(CHa)aSnOH. (CHa)sSnCl.HzO.. ........ 
(CHa)aSnOH.(CHs)aSnI.HzO.. ......... 

(RsSn0H)z 'R3SnX compounds: 
[(CHdaSnOHla. (CHa)aSnBr.. ........... 
I(CHa)aSnOHlz. (CHs)aSnCl.. ........... 
~ ~ C H a ~ a S n O H l n ~ ~ C H a ~ a S n I  .............. 
[(CzHs)aSnOH]z. (CzHa)aSnBr.HzO.. .... 
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OC. 

210-215 (d.) 
215-218 (d.) 

. 137-187 (d.) 
135-190 (d.) 
137-198 (d.) 
122-140 (d.) 
230-235 
151-178 (d.) 
200-209 
127-162 (d.) 

88 (d.) 
94 (d.) 

210-211 (d.) 
81-95 (d.) 
221 (d.) 

113-115 (d.) 
85-91 
143-153 (d.) 
103 

Compound 1 Melting Point 

77 
108-110 

178-180 
155-156 
247-248 

About 152 (d.) 

123-125 

About 135 (d.) 

115-119 

78-81 

139-140 

(293) 
(293) 

(628) 
(628) 
(628) 
(754,755) 
(754, 755) 
(754, 755) 
(754, 755) 
(323) 
(323) 
(323) 
(323) 
(281) 

(281) 

(281) 

(281) 

(281) 

(281) 

References 

(294) 
(294) 
(293, 294) 
(293, 294) 
(293) 
(293) 
(293) 
(303) 
(294) 
(303) 
(294) 
(303) 

(298) 
(298) 

(455) 
(293, 296, 455) 
(455) 

(444,455) 
(296,455) 
(292, 455) 
(293) 

(RsSn0H)a. RaSnX compounds (Continuad) 
[(CzHs)aSnOHIz~(CzHa)aSnCl~HzO., ... 
I(CzHa)aSnOHlz~(CzHs)aSnI~HzO.. .... 

Other compounds: 
[(CaHs)zBr]zSnCla. ................... 
[(C6Hs)ZCl]zSnCla. .................... 
[(CaHs)sOlzSnCla. .................... 
(CaHa)sSnHAl(OCzHs)s. . . . . . . . . . . . . . .  
(CsHa)zSn[HAl(OCzHs)alz. ............ 
CaHsSn[HAl(OCzHa)a]a. . . . . . . . . . . . . . . .  
(CsHii)aSnHAl(OCzHs)a. . . . . . . . . . . . . . .  
(CHs)zSn[Co(CO)rlz. .................. 
(C4He)~Sn[Co(CO)rlz. ................. 
(C~HP)ZS~[CO(C~)~P(CEHS)~]~. ......... 
(C4He)aSnCo(CO)r. . . . . . . . . . . . . . . . . . . .  
[(CaHs)aPCHzSn(CHa)sI[(CHa)sSnBral. . 
[(CsHa)sPCHzSn(CHa)a]- 

[Cr(CHa)n(SCN)rl. ................. 
I(C~HS)~PCHZS~(CH~)ZCH~P(CEH~)~]- 

[(CHa)zSnBr41. ........ 
l(CaHs)aPCHzSn( eHdal- 

[Cr(NHa)z(SCN)rlz. . . . . . . . . . . . . . . . . .  
[(CaHs)sPCHzSn(CHa)zCHzP(CeHa)sl- 

[B(CaHs)rl2 ........................ 
I(CaHs)aPCHzSn(CHOzCHzP(CaHa)al- 

[HgBrzClzla. . . . . .  ........... 

I 

as  the number of alkyl or aryl groups is increased 
(167, 211, 451) ; however, among the alkyl compounds 
stability decreases as larger groups are substituted 
(193). On standing a t  room temperature in a glass 
tube, methyltin trihydride is less than 2 per cent de- 
composed after sixteen days ; dimethyltin dihydride 
showed no appreciable change a t  the end of three 
weeks ; and trimethyltin hydride did not change within 
three months (211). Another report states that  
methyltin trihydride showed no noticeable decompo- 
sition on standing in a glass bulb for one month (520). 
No deposit appeared when triethyltin hydride was 
allowed to stand for one month, but a small amount 
of pressure developed (12). 

The nature of the decomposition of the organotin 
hydrides has not been determined. One author states 
that  disproportionation does not occur (211). When 
triethyltin hydride was refluxed, the odor of hexa- 
ethylditin was observed (12). Diphenyltin dihydride 
decomposes above -33OC. to diphenyltin (126) ; di- 
phenyltin dihydride has been reported to decompose 
to tetraphenyltin and metallic tin when heated above 
100OC. in vucuo (392). This latter reaction may be 
explained by assuming decomposition to diphenyltin 
and subsequent disproportionation of this compound. 
Triphenyltin hydride reacts with atmospheric oxygen 

(CsHdzSnHz -+ (CsHdzSn + HZ 
2(C~Hs)tSn + (C6Hs)4Sn + Sn 

to give hexaphenylditin (126), while ethyldimethyltin 
hydride (96) and triethyltin hydride (12) are reported 

4(CaHdaSnH + 0 2  + 2(C6H6)aSnSn(CsHda + 2H20 
2R3SnH + 0 2  -+ 2RsSnOH 

to give the corresponding hydroxides with oxygen. On 
standing in sunlight, triphenyltin hydride decomposes 
to tetraphenyltin and metallic tin. When a small 
amount of benzoyl peroxide is added to triphenyltin 
hydride in hexane, tetraphenyltin is obtained with no 
accompanying metallic tin, while with larger amounts 
of benzoyl peroxide, triphenyltin benzoate is formed 
with no evidence of tetraphenyltin or metallic tin 
(237). 

Alkyltin hydrides react slowly with water to form 
white gels (211). Triphenyltin hydride in ethyl ether 
remains unchanged on addition to water or sodium 
hydroxide solutions (896) ; tripropyltin hydride reacts 
with a dilute aqueous-alcoholic sodium hydroxide solu- 
tion to form tripropyltin hydroxide and hydrogen 
(748). Triphenyltin hydride (896) and trimethyltin 
hydride (451) react with concentrated hydrochloric 
acid to  yield the corresponding tin chlorides; organic 

RaSnH + HC1 + RaSnCl + Hz 

acids react in a similar manner (631). Organotin hy- 
drides react vigorously with the halogens, hydrogen 
being displaced by the more electronegative halogen 
atom (631). 

(CsH7)aSnH + Brz + ( C ~ H T ) ~ S ~ B ~  + HBr 

Trimethyltin hydride (451) and triphenyltin hy- 
dride (126) were found to  react with sodium in liquid 
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RSnHa compounda: 
Butyltin trihydride .................................................................. 
Ethyltin trihydride.. ................................................................ 
Methyltintrihydride ................................................................ 
Propyltin trihydride. ................................................................ 
Vinyltin trihydride.. ................................................................ 

RzSnHz compounds: 
Diamyltin dihydride ................................................................. 
Dibutyltin dihydride ................................................................ 
Diethyltin dihydride. ................................................................ 
10 , 11-Dihydrodibenro[b ,flstanniepin .................................................. 
Dimethyltin dihydride ............................................................... 
Diphenyltindihydride ............................................................... 
Dipropyltin dihydride ............................................................... 

RaSnH compounds: 
Trihensyltin hydride. ............................................................... 
Triethyltin hydride. ................................................................. 

........................................................... 

Trihexyltinhydride ................................................................. 
Trimethyltin hydride. ............................................................... 
Trioctyltinhydride .................................................................. 
Triphenyltin hydride ................................................................ 

Tripropyltinhydride ................................................................ 

RzR'SnH compounda: 
Ethyldimethyltin hydride. ........................................................... 

ROBERT K. INGHAM, SANDERS D. ROSENBERG, AND HENRY GIJJMAN 

52-53 

26-28 

TABLE 22 
Organotin hydrides 

Melting 
Compound Point l- 

ammonia to form the corresponding organotinsodium 
compounds and hydrogen. Triphenyltin hydride was 

2R3SnH + 2Ns. + 2RsSnNa + Hs 

reported to react with methyllithium to give tri- 
phenyltinlithium and methane (896) ; another paper 
reported methyltriphenyltin and lithium hydride as  
the products of this reaction (252). Triphenyltin 

hydride similarly gives tetraphenyltin and lithium 
hydride when treated with phenyllithium (247). 

Recently, two methods which utilize organotin hy- 
drides for the preparation of organotin compounds 
containing functional groups have been reported. The 
first of these involves the reaction of diazo compounds 
with trialkyltin hydrides (509). Compounds in which 

R3SnH + NICHR' + RsSnCH2R' + NI 

Boiling Point* 

99-101/760 TD~. 
35/780 mm. 
25/760 mm. 
0/760 mm. 
1.4/760 mm. 

58-59/0.45 mm. 
55-59/5 mm. 
75-76/12mm. 
80/760 mm. 
96-97/760 mm. 
Not isolated 
35/760 mm. 
.EoQ - 1.4480 
Decomposes above 100 

39-40.5/12 mm. 
in ooew 

76-81/0.74).9 mm. 
69-70/47 mm. 
79-81/92 mm. 
142/760 mm. 
n~" = 1.4725; 1.4700 
124-127/0.015 mm. 
60/750 mm. 
59/760 mm. 
143/0.0005 mm. 

164-165/0.3 mm. 
151/0.005 mm. 
SC-81/12 mm. 

173-174/6 mm. 

90/760 mm. 

References 

(392, 631, 634) 
(167, 193) 

(193, 211, 520) 

(193, 631, 634) 
(828) 

(631, 634) 
(392, 478, 568, 631, 
634) 

(167, 631, 634) 

(477) 
(195, 211, 398) 

(126, 392, 478, 631, 

(392, 568, 631, 634) 
634) 

(631, 634) 
(392, 568, 631, 634) 
(12, 124, 167. 392, 
393,557,631,634) 

(631, 634) 
(195, 211, 451) 

(631. 634) 
(126, 237, 247, 252, 
392,393, 557, 631, 
634, 635, 896) 

(124, 392, 393, 568, 
631) 

(96, 195) 

*Two values for the refractive index are included in fhia column. 

R = -C3H7 or -C,H, and R' = -H, -COOC2H5, 
-COCH3, -cOCsH,, and -CN have been synthe- 
sized by this method. 

I n  the second of the methods mentioned above, 
trisubstituted organotin hydrides are added to olefinic 
compounds (385, 387, 391, 631, 635). Compounds 

RaSnH + R'CH=CHR'' -+ R3SnCHR'CH2R" 

prepared in this manner include those in which 
R = -C3H7, -C4H,, or -c6H5; R' = -H, -CH3, 
or -CN; and R" = -CN, -(CH2)5CH3, -CH20H, 
-CH,CN, -CH,OCHzCH,CN, -CH2NBCOCH3, 
--CH,CHzCOCH,, -CH2OCOCH,, -CH ( OC2H5) 2, 

-CH,COOC,H,, -CH,Sn (CeH,) 3, -c6H5, -C,H,N, 

-OCOCH3, -COOH, -COOCH,, or -COOC,H,. 
The reaction product usually is not contaminated with 
undesirable by-products as is often the case with other 
methods of synthesis of the tin-carbon bond. The 
functional groups thus introduced will often undergo 

-CizH,N, -CeH4NHCOCH3, -CONH2, -0Cc3H5, 
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reaction with alkali, lithium aluminum hydride, and 
Grignard reagents without cleavage of carbon-tin 
bonds (385,388). 

Although triphenylsilane and other similar com- 
pounds have been shown to add to olefins via a free- 
radical mechanism, there is evidence that the reactions 
of organotin hydrides with olefins are ionic (385, 387, 
476, 632). .The presence of small amounts of hydro- 
quinone has no detectable influence on the yields of 
these reactions ; neither platinum nor hexachloroplatinic 
acid has any catalytic effect. With triphenyltin hy- 
dride the reaction is more facile than with the aliphatic 
tin hydrides, but the latter often still react without the 
assistance of catalysts. Attempts to add tripropyltin 
hydride to allyl alcohol failed, whereas triphenyltin 
hydride reacts quantitatively with this compound 
under very mild conditions (632). It has been reported 
(223) that triphenyltin hydride does not add to 1- 
octene but gives a redistribution product, tetra- 
phenyltin; other workers (631, 632, 634) report 
obtaining the normal addition product from this 
reaction. 

In  some cases, reactions other than addition may 
occur. Triphenyltin hydride reacts with vinyl ketones 
giving hexaphenylditin and an a,@-unsaturated alcohol 
(635). Diplienyltin dihydride similarly reduces a,& 

2(CeH5)3SnH + CHZ=CHCOR + 

(CeH&SnHz + CH2=CHCOR + 

( C O H & S ~ S ~ ( C ~ H ~ ) ~  + CHZ=CHCHOHR 

(C6H&Sn + CHz=CHCHOHR 

unsaturated aldehydes and ketones to the correspond- 
ing unsaturated alcohols (19, 478). This reaction may 
prove quite useful for such reductions; the yields are 
usually good, no hydrolysis step is necessary, and a 
substantial degree of stereoselectivity is reported, 
Divinyl sulfone, divinyl sulfoxide, and p-nitrostyrene 
also are reported to undergo reduction rather than 
addition (635). Compounds in which the keto group 
is not conjugated with the double bond undergo the 
usual addition reactions (387,635). 

(C6H5)3SnH + CH2=CHCH2CH2COCH3 + 
(C ,H~) ,S~CHZCH~CH~CH~COCH~ 

Allyl bromide and triphenyltin hydride react to give 
triphenyltin bromide and propene; 2-methylpropene 
in like manner is obtained from methallyl chloride 

(C&, )3SnH + CH2=CHCH2Br + 
CHFCHCH~ + (C6H5)3SnBr 

(635). Saturated alkyl halides (386) and bromo- 
benzene (730) also undergo hydrogenolysis with 
triphenyltin hydride. The reaction of triphenyltin 
hydride with allylamine yields hexaphenylditin and 
propene, but with 3-acetamidopropene and triphenyl- 

~ ( C O H E J ~ S ~ H  + CH2=CHCHzNHz + 
(Cd&)3SnSn(CeH5)3 + CH2=CHCH3 + “8 

(CBHS)IS~H + CH2=CHCH2NHCOCH3 + 
(CsH5)3SnCH2CH~CH2NHCOCH3 

tin hydride, (3-acetamidopropyl) triphenyltin is ob- 
tained. Butylamine and hexylamine react with tri- 
phenyltin hydride to give hexaphenylditin and the 
saturated hydrocarbon (635). Allyl mercaptan simi- 
larly reacts to give propene and bis (triphenyltin) 
sulfide; the reaction offers a direct method of con- 
verting mercaptans into the corresponding hydro- 

2 (C~H5)~SnH + 2CH2=CHCH2SH + 
2CH2=CHCH3 + [(C6H5)3Sn]2S + HzS 

carbons (635). Triphenyltin hydride adds t o  acrylic 
acid but the addition compound is not stable, losing 
benzene to give an interesting polymeric product 
(632). 

(CeH&SnH + CHz=CHCOOH + 
-C&e 

[ (C8H6)3SnCH~CH~COOH] - 
[-(CeH6)~SnCH~CH~COO-]N 

Triphenyltin hydrides also add to diolefinic com- 
pounds (387). Products have been obtained where 
R = -C,H,-, -COOCO-, -COOCH,OCO-, and 

2(C6H5)3SnH + CH2=CHRCH=CHz + 
(CsH5)3SnCHzCH2RCH2CH2Sn (CeH& 

-CH,OCH,--. Attempts to prepare a mono-addition 
product were unsuccessful. With acetylenic compounds 
either mono- or di-addition products can be obtained 
(387). That the addition to alkynes takes place more 

RJSnH + CHECR’ + R3SnCH=CHR’ 
R3SnCH=CHR’ + R3SnH + R3SnCHzCHR’SnR3 

readily than addition to olefins is indicated by the 
failure of tripropyltin hydride to  react with l-octene 
but its facile addition to l-hexyne. Triphenyltin 
hydride reacts with 2-propyn-1-01 to give a mixture 
of the cis and trans addition products; however, with 
phenylacetylene, which has a larger group adjacent 
to the triple bond, only the trans isomer is obtaiwd 
(387). The reactivity of organotin hydrides toward 
carbon-carbon triple bonds offers a general method 
for the preparation of organotin compounds containing 
a substituted vinyl group. 

Di- and trihydrides may add to olefinic compounds 
(387, 476), as illustrated by the following examples: 

(C4HQ)2SnH2 + ~CFZ=CFZ + ( C I H Q ) ~ S ~ ( C F Z C F ~ H ) ~  
(C3H~)2SnH2 + 2CH2=CHCOOCH3 --f 

( C ~ H , ) Z S ~ ( C H ~ C H ~ C O O C H ~ ) ~  
C ~ H Q S ~ H ~  + 3CH2=CHCOOCH3 -+ 

C J L S ~ ( C H Z C H Z C O O C H ~ ) ~  

Because of the decreased stability of the di- and 
trihydrides, the reaction is limited to the more reactive 
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Dibutyltindisodium ............................... 
Dimethyltindisodium.. ............................ 
Diphenyltindisodium.. ............................ 
Ethylmethyltinduodium ........................... 
Hexamethyltritin-1 ,3-disodium. .................... 
Tetraethylditin-1 ,%disodium. ..................... 
Tetramethylditin-1 ,Z-disodiurn. .......... 

olefinic substances; the yields of pure adducts are 
usually lower than in the corresponding mono-addition 
reactions (387). The reaction of dialkyltin dihydrides 
with diolefinic or acetylenic compounds may result in 
polymer formation (386, 632). With diphenyltin 

(C3H7)zSnHz + CH2=CHC6H4CH=CH2 + 

[ - s<~ ; . .H4cHZcHz-  I. 
(CsH7)2SnH2 + CH2=CHCOOCH2CH20COCH=CH2 + 

[-(C3H7)2SnCH2CH2COOCH2CH20COCHzCH~-],, 

(C3H7)2SnH2 + CH=CCsH5 + -SnCH&H- [ :E: &H,]. 

dihydride and phenylacetylene, a dimeric cyclic prod- 
uct, 1,1,2,4,4,5 - hexaphenyl- 1,4 - distannacyclohexane, 
was obtained instead of the expected polymer (632). 

The reaction of triphenyltin hydride or diphenyltin 
dihydride with vinyl-substituted germanium or silicon 
compounds leads to products containing two or more 
Group IVA atoms (632). 

( C ~ H E ) ~ S ~ H  + CH2=CHGe(C6HS)3 -+ 

(C&)2SnHz + (CHZ=CH)~S~(CE,H~)Z --j 

(CeHd3SnCHpCHzGe (C&)3 

CeHs CHzCHz C& 
\ /  \ /  
/ \  /si\ 

Sn 

CHzCHz CaH5 CeHs 

Triethyltin hydride reduces certain halides and 
oxides of a t  least thirteen transitional elements and 
seven regular group elements either t o  a lower oxida- 
tion state or sometimes to the free element (12). Both 
aluminum chloride and boron trifluoride are readily 
reduced by tripropyltin hydride (631). 

(199) 
(95, 199, 388, 454) 
(95, 126, 199) 
(94) 
(454) 
(293) 
(398, 454, 458) 

F. ALKALI METAL DERIVATIVES 

Triphenyltinlithium.. ............................. 

Triphenyltinsodium.. ............................. 
Tri-o-tolyltinlithium .............................. 
Tri-n-tolyltinlithium .............................. 
Tri-p-tolyltinlithium .............................. 

1. General 

The organotin-alkali metal derivatives (table 23) 
may be formulated as M+ (R,Sn) - and 2M+(R,Sn) =, 
as indicated by conductivity data. The R,Sn- ion 
would then be analogous to a carbanion and would 
be a strong nucleophilic reagent. This is the essential 
chemical nature of these substances, which are useful 
for the formation of a tin-carbon bond by nucleophilic 
displacement on carbon. Used in this way, these 
tin-containing anions can complement the tin-contain- 
ing cations of the organotin halides. Syntheses which 
would be very difficult through one type of reagent 
may sometimes be accomplished easily through the 
other. 

458, 462) 

253, 254, 256, 
895, 896) 

(159,241,246,249, 

(95, 126, 449, 457) 
(254) 
(254) 
(254) 

TABLE 23 
Alkali metal derivatives 

Compound 1 References 

(CHa)aSnHNa. .................................. 
(CH3)dNHz)SnNs.. .............................. 
(CaH7)3SnGb(C?H70H)z. .......................... 
(CaH7)sSnSb[CeH3(OH)CHa]z.. .................... 
(CzH5)3SnBi(CaHdz. ............................. 
(C6Hs)zBiSn(iso-C3Hr)zAs[CBHa(OH)CHslz.. . . . . . . .  
(iso-CsH7)3SnBi(CaHs)z. ......................... 
(CHa)sSnPb(CeHs)a. ............................ 
(CH3)3SnTl(CeHs)z. ............................. 

2. Preparation 
Several methods have been reported for the prep- 

aration of these compounds. The method exploited 
first was the reaction of an organotin halide with 
sodium in liquid ammonia (94, 95, 126, 199, 234, 454, 
462). 

R3SnX + 2Na ---f R3SnNa + NaX 

When dimethyltin dibromide is treated with sodium, an 
intermediate product, (CH,) ,Sn (Na) Sn (Na)  (CH,) *, 
is obtained which is converted into dimethyltindi- 
sodium by further reaction with sodium (454). 

2(CH3)2SnBr2 + 6Na -+ 

(CH3)2Sn(Na)Sn(Na) (CH& + 4NaBr 
(CHs)zSn(Na)Sn(Na) (CH3)Z + 2Na -+ 2(CH3)*SnNa2 

This ditin intermediate may be obtained from di- 
methyltin and dimethyltindisodium (454). The 
R,SnNa and R,SnNa, compounds are also prepared 
from the corresponding R,SnSnR, and RzSn com- 
pounds by reaction with sodium in liquid ammonia 
(293,449,454,456,462). 

R3SnSnR3 + 2Na + 2R3SnNa 
RzSn + 2Na -+ RzSnNaz 

Actually, these reactions are intermediate steps in the 
preparation of organotinsodium compounds from 
organotin halides. 
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2RaSnX + 2Na RaSnSnRs + 2NaX 

R2SnX2 + 2Na --* RtSn + 2NaX 

I n  liquid ammonia R,Sn compounds react with sodium 
to form R,SnNa compounds (52, 126, 293, 462). 

R4Sn + 2Na + NHa + R3SnNa + RH + NaNHg 

With tetraphenyltin, some diphenyltindisodium is 
formed. It has been shown that triphenyltinsodium 
reacts with sodium in liquid ammonia to form di- 
phenyltindisodium (126). Organotin ethers and hy- 
drides react with sodium in liquid ammonia to 
form these derivatives (126,451,458). 

Conductometric titration of a solution of sodium 
in liquid ammonia with dimethyltin dihydride shows 
the formation of (CH,) 2SnNa2, (CH,) ,SnHNa, and 
(CH,) ,Sn(Na) Sn (Ka) (CH,) , ; under suitable condi- 
tions (CH,) , (KH,) SnNa also is formed (398). 

More recently, organotin alkali derivatives have 
been prepared in solvents other than liquid ammonia. 
Wittig (895, 896) has prepared triphenyltinlithium 
from diphenyltin and phenyllithium in ethyl ether. 

(C6H6)2Sn + C&Li -+ (CsH5)sSnLi 

Later it was shown (249) that this derivative can be 
prepared directly from phenyllithium and tin (11) 
chloride and that the reaction appears to be general; 
the organic group may be alkyl or aryl (251, 253, 
254). 

3RLi + SnClz -+ R3SnLi + 2LiC1 

Triphenyltin hydride has been reported to react with 
methyllithium to give triphenyltinlithium and methane 
(896) ; a more recent, paper lists methyltriphenyltin 
and lithium hydride as the products of this reaction 
(252). 

Triphenyltinlithium can be prepared in better than 
75 per cent yield by the reaction of triphenyltin chlo- 
ride with lithium metal in tetrahydrofuran (246). LOW 

(CsHs)3SnC1 + 2Li -+ (C6H5)aSnLi + LiCl 

yields of triphenyltinlithium also can be obtained by 
the cleavage of hexaphenylditin or tetraphenyltin 
with lithium in tetrahydrofuran (246). 

3. Physical properties 

Trimethyltinsodium (462) and triphenyltinsodium 
(126) are pale yellow solids which readily decompose. 
They dissolve in liquid ammonia with the formation 
of yellow to deep red solutions. Triphenyltinsodium is 
slightly soluble in ether. Triphenyltinlithium may be 
crystallized solvent-free from dioxane to yield brilliant 
yellow needles (895). It is possible to obtain diphenyl- 
tindisodium in the dry state and to redissolve it with- 
out apparent decomposition (199). 

Conductivity measurements have shown that tri- 
phenyltinsodium and trimethyltinsodium are strong 
electrolytes in liquid ammonia. The dissociation con- 
stant of triphenyltinsodium is approximately four 
times greater than that of sodium bromate (456, 457). 

4. Chemical properties 
Many of the reactions of the organotinalkali deriva- 

tives have been discussed previously in connection 
with the preparation of various other types of organo- 
tin compounds. Surveys have been written concerning 
some of the reactions of organotinsodium compounds 
in liquid ammonia (441, 866). The organotinsodium 
compounds react with organic halides in liquid am- 
monia to form R,Sn, R,SnR’, R,SnR; (94, 95, 96, 
126, 442) , R,SnSnR,, R2R’SnSnR’R2 (449, 460, 462), 

RzSnNa, + yR’X .--f R,SnR; + YNaX 

R,SnCH,SnR, (449, 459) , R,SnCeH4SnR3 (462), 
(R,Sn) ,CH (449) , and R,R’Sn (SnR,) .SnR’R, (454). 
I n  a similar manner, these compounds react with 
organotin halides in liquid ammonia to form R,SnSnR; 
(442, 450, 462) and R,Sn(SnR,).SnR, (454, 458) 
compounds. Treatment of a solution of an R,SnNa or 
R,SnNa, compound in liquid ammonia with am- 
monium chloride or bromide leads to the formation of 
the corresponding organotin hydride (96, 126, 451, 
896) ; triphenyltinlithium similarly gives triphenyltin 
hydride (896). 

Oxidation of an R,SnNa derivative leads to the 
formation of the corresponding R,SnONa intermedi- 
ate, which is readily hydrolyzed to the organotin hy- 
droxide or the bis-oxide (126, 293). Bullard and 
Robinson (95) reported that trimethyltinsodium reacts 
with bromobenzene in liquid ammonia, probably 
according to the following equation: 

3(CH3)3SnNa + 3c~HsBr  + NHa --$ 

[(CHa)aSn]JS’ + 3C6H6 + 3NaBr 

Triphenyltinsodium reacts with phenylmercury iodide 
to form hexaphenylditin, sodium iodide, mercury, and 
phenylmercury amine (126). Disubstituted organo- 
tindisodium compounds react with dichloromethyl 
derivatives to give polymeric substances (199, 454). 

RnSnNa2 + RiCC12 + [R2SnCR;], 

I n  an attempt to explain the observation that  
triphenyltinlithium reacts with bromine to give di- 
phenyltin dibromide, the existence of the equilibrium 

(CsHs)aSnLi (CeHs)sSn + C&&i 

was proposed (159). Triphenyltinlithium reacts with 
fluorene in ether to give, subsequent to carbonation, a 
21.5 per cent yield of 9-fluorenecarboxylic acid; thus, 
i t  was suggested that triphenyltinlithium is approxi- 
mately 20 per cent dissociated. However, i t  was then 
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reported (253, 254) that triphenyltinlithium does not 
react with Dry Ice, gaseous carbon dioxide, benzo- 
phenone, benzalacetophenone, or trans-stilbene; from 
these results it was concluded that triphenyltinlithium 
is not part of an equilibrium system in ethyl ether. 
Presumably, the metalation of fluorene must result 
from the action of triphenyltinlithium and not from 
the presence of phenyllithium. Triphenyltinlithium 
does not metalate fluorene in tetrahydrofuran (934). 

Triorganotinlithium compounds in ether react with 
organic halides, with organic sulfates, and with or- 
ganotin chlorides to form R,Sn, R,SnR’, and R3SnSnRa 
compounds (246, 249, 251, 253, 254, 256, 896, 915). 
Under these conditions triphenyltinlithium does not 
react with chlorobenzene. In  reactions between tri- 
phenyltinlithium and o-substituted iodobenzene com- 
pounds, a halogen-metal interconversion accompanies 
the normal nucleophilic coupling reaction (253, 254). 
The triphenyltinalkali derivatives react with epoxides 
to give, following hydrolysis, the P-hydroxyalkyl de- 
rivatives (234, 254). The reaction of triphenyltin- 

hydrolysia 
(CBHS)&MM + CHz-CHR 

‘0’ 
(CaH6)aSnCHzCHOHR 

lithium with water gives a mixture of tetraphenyltin 
and hexaphenylditin (254, 895) ; triphenyltin hydride 
has been proposed as an intermediate in this reaction 
(895). Tetraphenyltin and hexaphenylditin are also 
formed when ethyl carbonate or ethyl chloroformate 
is treated with triphenyltinlithium (241) . 

0. HEXAALKYL- AND HEXAARYLDITIN COMPOUNDS 

1. General 
Catenation is most important with carbon; although 

this property becomes decreasingly important as one 
departs from carbon either within the family or 
within the period, a number of chain or ring-type 
compounds have been reported for other elements of 
Group IVA. Organic derivatives of tin containing 
from two to five tin-tin bonds per molecule have been 
reported (table 24). The most widely studied of these 
derivatives are those conforming to the general 
formula R,SnSnR,, and much of the information 
reported on the structure of the higher homologs is of 
a speculative nature. 

The hexaarylditins are crystalline solids; the low- 
molecular-weight hexaalkylditins are liquids and the 
higher-molecular-weight compounds are solids. The 
R groups may be the same or different, and mixed 
alkyl-arylditins are known. 

2. Preparation 
The most direct method for the preparation of ditin 

compounds is the reaction of a trisubstituted organotin 

halide with sodium in organic solvents or liquid am- 
monia (48, 87, 284, 293, 299, 442, 462, 466, 468, 474, 

2RaSnX + 2Na + RsSnSnRa + 2NaX 
2RzR’SnX + 2Na -$ RZR’SnSnR’RZ + 2NaX 

480, 484, 490, 625). Hexamethylditin has been pre- 
pared from trimethyltin hydroxide and sodium in 
liquid ammonia (291). 

Several R,SnSnR3 compounds have been obtained 
as by-products in the preparation of other organotin 
compounds. Hexaethylditin was obtained as one of 
several products from the reaction of ethyl iodide and 
a sodium-tin alloy (loo), and hexabutylditin was a 
by-product in the preparation of tetrabutyltin from 
the reaction of a mixture of dibutyltin dichloride and 
butyl chloride with sodium (530). Hexaphenylditin 
was produced in the preparation of tetraphenyltin 
from phenylmercury chloride and a sodium-tin alloy ; 
hexakis (p-chlorophenyl) ditin was similarly obtained 
(599). The preparation of tetracyclohexyltin from 
cyclohexylmagnesium bromide and tin (IV) chloride is 
accompanied by the formation of hexacyclohexylditin 
(468). Hexamethylditin, hexaethylditin, and hexa- 
phenylditin were obtained when the corresponding 
R,SnNa compounds were treated with carbon tetra- 
chloride in liquid ammonia in efforts to prepare 
(R,Sn),C compounds (449, 460, 462). Phenylazotri- 
phenylmethane reacts with diphenyltin in benzene or 
in carbon tetrachloride to form hexaphenylditin (707). 
Hexaphenylditin is one of the products of the reaction 
of triphenyltinlithium with 2,6-dimethyliodobenzene 
(253), and hexa-o-tolylditin is the principal product of 

the reaction of tri-o-tolyltinlithium with o-iodotoluene 
(254). 

Hexaphenylditin has been prepared from phenyl- 
magnesium bromide and tin(I1) chloride a t  reflux 
(74, 466). This method is used extensively for the 

2CsH6MgBr + SnCh + (CaH6)~Sn f 2MgBrC1 

3(CeHshSn -$ (CsH&Snsn(C6H6)8 + Sn 

preparation of dilead compounds. Hexa-2-biphenylyl- 
ditin has been prepared from 2-biphenylylmagnesium 
bromide and tin (11) chloride as well as by the reaction 
of tri-2-biphenylyltin bromide with sodium (48) ; the 
former method gave a solid melting a t  17OoC., while 
the latter method produced a form melting a t  288- 
289OC. Good yields of hexaphenylditin are obtained 
from the reaction of triphenyltinlithium with tri- 
phenyltin halides (249, 253, 896). Triphenyltin 
bromide, when treated with lithium in liquid ammonia 
followed by treatment with ammonium bromide, gives 
a mixture of hexaphenylditin and triphenyltin hydride 
(896). 

The R,SnSnRI and R3SnMR6 compounds can be 
prepared in liquid ammonia by the reaction of R,SnX 
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Hexabenzylditin .................................................. 
Hexa-2-biphenylylditin ............................................ 
Hexabutylditin . . . . . . , . . . , . , . , . . . . . . . . . . . . . 
Hexacyclohexylditin . . . . . . . . . , , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hexaethylditin ....................................... 
Hexaisobutylditin . . . . . . . , . . . . . . ............................... 
Hexaisopropylditin . . . . . . . . . . . . . ....... . . . . .  ... . . . . . . . . . . . . .  9 . .  

Hexakis(p-chloropheny1)ditin ....................................... 
Hexamethylditin .................................................. 

515 

147-148 
170 
288-289 

43.8 

224-226 
23 

TABLE 24 
Hexaalkyl- and hexaarylditin compounds 

~ 

Decamethyltetratin . . . . . , . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . 
1 ,3-Diethyl-1 ,1,2,2,3,3-hexamethyltritiin. . . . . . . . . . . . . . . . . . . . . . . . . . . 
Dodecamethylpentatin ............................................. 
Dodecaphenylpentatin ............................................. 

Compound 1 Melting Point 

Not stable in air 

Bia(dimethylchlorosiyl)diphenyltin . . . . . . . . . . . . . . . . . , . . . , . . . . . . . . . . . . 
Trimethyl(triphenylsily1) t in,  . , . . . . . , . . . . . . . . . . . . , . . . . . . . . . . . . . . . . , . 
(Triphenylgermy1)trimethyltin ...................................... 
(Triphenylgermy1)triphenyltin ...................................... 
(Triphenylsily1)triphenyltin ......................................... 

Hexaphenylditin .................................................. 
Hexapropylditin . . . . . . . . . . . . .................................. 
Hexa-o-tolylditin . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hexa-ptolylditin . . . . . . . . . . 
Hexa-2 ,5-xylylditin. . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1 , 1 , 2  ,Z-Tetraethyl-1 .2-diisobutylditin . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . 
1,1 ,2  ,2-Tetraethyl-1 ,Z-dipropylditin.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1 ,l,l-Triethyl-Z, 2,Z-trimethylditin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1 , 1 , l-Trimethyl-2,2,2-triphenylditin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1 , 1 , l-Trimethyl-Z,Z, 2-tri-p-tolylditin . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . 

................................... 

88 
284-286 
289-291 

237 
229-231 

298-300 
208-210 
251-252 
145 
196 

106 
139.5-141 

Polytin compounds 

Boiling Point 

Decomposes above 300 
161-162/23 mm. 
153-155/17 mm. 
179/3.5 mm. 

182/756 mm. 
85-88/45 mm. 

143.6/15 mm. 

179/15.5 mm. 
165.8/15 mm. 
235/748 mm. 

References 

(490) 
(48) 

(530) 
(468) 
(100, 284, 293, 297, 299, 422, 480, 

483,484,625,732,856,888,917) 
(284, 856, 888) 
(123) 
(474,599) 
(87, 291, 398, 442, 460, 462, 596, 

647) 
(74, 249, 253, 254, 466, 599, 631, 

634, 635, 707, 808, 895, 896) 
(284, 856, 888) 
(254, 595, 723) 

(87, 466) 

(466) 
(284, 856. 888) 
(284, 856, 888) 
(442. 462) 
(442, 808, 809) 
(87) 

Related compounds 

I I I 
(199) 
(448) 
(450) 
(238) 
(249, 253, 9M)) 

I I 

compounds with R; SnNa and R; MNa intermediates 
(442, 450, 462). Bis (dimethylchlorosilyl) diphenyltin 

RsSnX + RiSnNa + RsSnSnR; + NaX 
R3SnX + RlMNa + RsSnMR; + NaX 

has been prepared by the reaction of dichlorodimethyl- 
silane with diphenyltindisodium (199). I n  the prep- 
aration of trimethyl (triphenylsilyl) tin, triphenylsilyl- 
lithium was used (448). (Triphenylsilyl) triphenyltin 
has been prepared by the reaction of triphenylchloro- 
silane with triphenyltinlithium (249, 253) and of 
triphenylsilylpotassium with triphenyltin chloride 
(900) . Similarly, (triphenylgermyl) triphenyltin has 
been obtained from the reaction of triphenylgermyl- 
potassium and triphenyltin chloride (238). Two at- 
tempts to  prepare tin-lead compounds have not been 
successful (90, 900) ; apparently these compounds are 
unstable, although (trimethylstannyl) triphenyllead has 
been reported in the patent literature (808). 

Aliphatic amines react with triphenyltin hydride to  
form the corresponding hydrocarbons and hexaphenyl- 
ditin (635) ; this two-step reaction allows the direct 
replacement of a primary aliphatic amine group by 
hydrogen. Triphenyltin hydride also reacts with CY,& 
unsaturated aldehydes and ketones to produce 
hexaphenylditin and an a,P-unsaturated alcohol 
(635). These reactions are discussed in Section I1,E. 
Aliphatic tin dihalides react with sodium ethoxide in 
ethanol (360) or with the more basic amines (361) 
to form tetraalkylditin dihalides. 

3. Physical properties 
The lower-molecular-weight compounds of these 

types are liquids and the higher-molecular-weight 
derivatives are solids, which, in most cases, have 
definite melting points. Although their solubilities 
vary somewhat, these compounds are, in general, 
soluble in the common organic solvents excepting 
methyl and ethyl alcohol. 
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The extent to  which the ditin compounds undergo 
dissociation has been the subject of several conflicting 
reports. Numerous molecular-weight determinations 
have been carried out with ditin compounds (74, 284, 
442, 448, 450, 462, 466, 468, 732). Some reports indi- 
cate that in dilute solutions the compounds are 
dissociated, while in more concentrated solutions they 
exist in the completely associated form; other reports 
indicate no evidence for dissociation. For example, 
Kraus and Sessions (462) state that  cryoscopic meas- 
urements indicate that hexamethylditin is almost 
completely dissociated into the trimethyltin radical 
in dilute solution. As supporting evidence for dis- 
sociation, Bullard (91) prepared 1,1,1 -triethyl-2,2,2- 
trimethylditin by refluxing a mixture of hexamethyl- 
ditin and hexaethylditin in benzene. The results 
obtained from studying the magnetic properties indi- 
cate that the organoditin compounds are not dis- 
sociated. Morris and Selwood (596) report that  
hexamethylditin is diamagnetic a t  40OC. and a t  90°C. 
Similarly, hexa-o-tolylditin (595) is reported to be 
diamagnetic. Diamagnetism in these compounds 
would appear to exclude homolytic dissociation into 
radicals, while heterolytic dissociation into ions R,Sn+ 
and R,Sn:- seems excluded by the absnnce of color 
(144). A reexamination of the entire subject is neces- 
sary before the existing discrepancies can be resolved. 

Bond-refraction data for numerous organotin com- 
pounds, including various hexaalkylditins, have been 
reported (856, 888). A study of the Raman and infra- 
red spectra of hexamethylditin is in progress but has 
not yet been published (87). 

4. Chemical properties 

The organoditin compounds are more reactive than 
their germanium analogs but less reactive than the 
corresponding dilead compounds. Halogens readily 
cleave the ditin compounds to the triorganotin halides 
(74, 100, 238, 448, 450, 462, 466, 468, 474, 480, 490, 
599). 

R~SnSnR3 + Xz + 2R3SnX 

The hexaalkylditins are slowly oxidized in air to  
the bis-oxides, (R3Sn),0, which are converted to the 
hydroxide, when this is the more stable form, by the 
moisture in air (87, 293, 442, 462). Similarly, hexa- 

2R3SnSnR3 + 0 2  ---f 2(R3Sn)z0 
(RaSn)zO + H20 ---f 2R3SnOH 

methylditin is cleaved by sulfur with the formation of 
bis (trimethyltin) sulfide (462). I n  the presence of air 
hexamethylditin, in organic solvents, reacts with cal- 
cium chloride to form trimethyltin chloride (462). 
The hexaarylditins and mixed alkyl-arylditins are 
stable in air (442, 468). 

Hexaethylditin and mercury (11) chloride or bromide 
react to form triethyltin halide and mercury (284, 
462, 625). When phenylmercury chloride is used in 
place of a mercury (11) halide, triethylphenyltin, tri- 
ethyltin chloride, and mercury are formed (625). 
Triethylphenyltin and mercury are formed when 
diphenylmercury reacts with hexaethylditin; other 

RaSnSnR3 + HgClz + 2RaSnCl + Hg 
RBSnSnRs + R’HgC1 + R3SnR’ + R3SnC1 + Hg 
R3SnSnR3 + R:Hg + 2R3SnR’ + Hg 

R,Hg compounds undergo this reaction (625). These 
reactions may prove useful for preparing mixed alkyl 
and aryl tin compounds containing groups which can- 
not be introduced via a Grignard reagent. 

Sodium in liquid ammonia cleaves these compounds 
to the corresponding R,SnNa compounds (448, 462). 
The ditin compounds are also readily cleaved by 

R I S ~ S ~ R I  + 2Na --$ 2R3SnNa 

sodium-potassium alloy in ether solutions to produce 
R,SnK compounds (87,238). Low yields of triphenyl- 
tinlithium are obtained by the cleavage of hexa- 
phenylditin with lithium in tetrahydrofuran (246). 

Ditin compounds are cleaved by a variety of other 
reagents: methyl and ethyl iodide (284, 483), chloro- 
acetic acid and ethyl chloroacetate (483), alcoholic 
silver nitrate (293, 466, 474), anhydrous bismuth 
bromide (284), sodium amide in liquid ammonia 
(459), organolithium reagents (238, 253), and N -  
nitrosoacetanilide (707). 

111. ORGANOTIN COMPOUNDS OF TWO-COVALENT TIN 

A. GENERAL 

The first report of an R,Sn compound was made by 
Lijwig (527), who treated a sodium-tin alloy with 
ethyl iodide and obtained diethyltin as well as tri- 
ethyltin iodide and hexaethylditin. A number of 
R,Sn compounds have now been reported (table 25). 
These compounds are usually polymeric substances; 
in a few cases, monomeric compounds which slowly 
polymerize on standing have been obtained. 

The two-covalent state of the Group IVA elements 
has been discussed (493), but a review of this topic 
seems appropriate. This state has been described 
(493, 720) as arising from the s2p2 3P ground state of 
the atom (structure 111); the expected bond angle 

: Sn-R 
I 

R 

I11 I V  

would be approximately 90’ (for p 2  bonding). 
Indeed, electron-diffraction measurements on tin (11) 
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TABLE 25 

RzSn compounds 

Compound 

Birr(methylcyclopentadieny1)tin. . . . . . . .  
Di-2-biphenylyltin . . . . . . . . . . . . . . . . . . .  
Dibutyltin .......................... 
Di-tert-butyltin ...................... 
Dicyclohexyltin ...................... 
Dicyclopentadienyltin . . . . . . . . . . . . . . . .  

Diethyltin .......................... 

10 , ll-Dihydrodibenzo[b ,f]stannoepin. . 
Dimethyltin. . . . . . . . . . . . . . . . . . . . . . . . .  
Di-l-naphthyltin . . . . . . . . . . . . . . . . . . . . .  
Di-9-phenanthryltin . . . . . . . . . . . . . . . . . .  
Diphenyltin ......................... 

Dipropyltin ......................... 
Di-2-thienyltin ...................... 
Di-p-tolyltin ........................ 
Di-2,5-xylyltin. ..................... 

Melting 
Point 

OC. 

Not  isolated 

176-178 
104-105 

(under 
nitrogen) 

Decomposes 
above 
150/760 
mm. 

Indefinite 

200 
179-180 
126-130 

111.5 
157 

References 

(159a) 
(50) 
(914) 
(475) 
(468) 
(159a, 215, 885) 

(90, 100, 218, 293, 
297, 304, 369, 
527, 651, 914) 

(477) 
(398, 454, 651) 
(466) 

(74, 126, 159, 350, 
466, 707, 898) 

(651) 
(191) 
(466) 
(466) 

(49) 

chloride in the vapor state indicate the molecule to be 
angular (525). Hovever, structure IV, a molecule 
having sp2  hybridization and a vacant p orbital, seems 
more probable (231, 898). It is particularly to be 
noted that these molecules exist in a singlet state with 
their nonbonding electrons paired. Since the central 
tin atom in either structure I11 or IV has only six 
electrons in the valence shell, polymerization to form 
the stable octet would be expected. The careful 
measurements of Jensen and Clauson-Kass (350) on 
diphenyltin are especially illuminating. When freshly 
prepared, diphenyltin is monomeric ; it  readily poly- 
merizes to reach the molecular weight of a pentamer 
or greater, and i t  is diamagnetic a t  all stages. The 
dipole moment is about 1.0 Debye unit a t  all stages 
of polymerization. Jensen and Clauson-Kass suggest 
the presence of a biradical to  explain these observa- 
tions. A more likely interpretation for the polymeri- 
zation of diphenyltin might be pictured as follows: 

- + * .  
C&Sn: + :SnC& -+ C6H~Sn---snC6H5 + higher 

polymers 
CE"  1 h& h6H5 &EH5 

V 

Compounds such as structure V would be expected to 
be diamagnetic; in this structure the formal charge 
separation should result in a large dipole moment. 
Presumably, the first tin atom in structure V possesses 
a planar configuration, while the configuration around 
the other tin atom would be pyramidal. Since the two 
tin atoms would not be configurationally identical, 
complete hybridization would be prevented ; however, 
some hybridization might occur. The result would 

be a lowering of the dipole moment, without complete 
obliteration, as was observed. 

B. PREPARATION 

The most used method for preparing R,Sn com- 
pounds is the reaction of a Grignard reagent with 
tin(I1) chloride (49, 466, 468, 651); ethyl ether, an 
ether-benzene solvent pair, and tetrahydrofuran have 
been employed as solvents. Diphenyltin prepared in 
this manner was found to be monomolecular when 

2RMgX + SnClz ---t RzSn + MgXz + MgClz 

freshly precipitated; i t  polymerized slowly on stand- 
ing. Heating diphenyltin with an excess of the Grig- 
nard reagent caused disproportionation to give hexa- 
phenylditin and metallic tin (466). Other R,Sn 
compounds do not undergo this disproportionation as 

3(C&)zSn + ( C & L ) ~ S ~ S ~ ( C B H S ) ~  + Sn 

smoothly as diphenyltin ; with dicyclohexyltin (468) 
and di-9-phenanthryltin (49) the reaction apparently 
does not take place and an excess of the Grignard 
reagent can be used in their preparation. 

There are three references in the literature to  the 
preparation of R,Sn compounds by the reaction of 
Grignard reagents with tin (IV) chloride (74, 126, 
475) ; the first two articles refer to the work of Krause 
(466), and thus i t  appears that tin(I1) chloride 
actually was used. Organolithium reagents can be 
used to prepare R,Sn compounds, but an excess of the 

2RLi + SnClz 4 RzSn - RaSnLi 

organolithium reagent converts the R,Sn compound 
to  R,SnLi (see Section I1,F). 

The reaction of an organotin dihalide with a reac- 
tive metal was first employed by Frankland (218), 
who obtained diethyltin from diethyltin dichloride and 
zinc. I n  a similar reaction, Pfeiffer (651) used sodium 

(CzH6)d3nClZ + Zn + (CzH5)2Sn + ZnClz 

amalgam rather than zinc. More recently, sodium in 
liquid ammonia has been used for these reduction 
reactions (126, 293, 454). An excess of sodium may 
further react with the dialkyltin (293, 454) to give 

R ~ S ~ X Z  + 2Na -+ RzSn + 2NaX 

tin-metal compounds (see Section I1,F). The pro- 
cedure has been used for the preparation of both 
dialkyltins and diaryltins ; diphenyltin, when prepared 
in this manner, was found to be polymerized even 
when freshly prepared (126). 

The reaction of an alkyl halide with a sodium-tin 
alloy produces the dialkyltin, as well as the trialkyl- 
tin halide, tetraalkyltin, and hexaalkylditin (100, 
297, 304, 527, 914). The trialkyltin halide is usually 

RLi 
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the major product, especially a t  higher temperatures 
and if a small amount of zinc is added to the alloy 
(297, 914). A similar reaction of a sodium-lead alloy 
with ethyl chloride is of considerable economic im- 
portance for the synthesis of tetraethyllead. 

Chambers and Scherer (126) have prepared di- 
phenyltin in the monomolecular form by warming 
diphenyltin dihydride to room temperature. This 

fc,a)zh& -t (CsHs)nSn + Hz 

reaction has been used recently to prepare 10,l l-  
dihydrodibenzo [ b,f] stannoepin from the corresponding 
tin dichloride by reduction with lithium aluminum 
hydride (477). 

LiAlH4, 

Sn 

CI ’ ‘Cl 

I H’ ‘H I 
L d 

Dimethyltin has been prepared from dimethyltin- 
disodium and dimethyltin dibromide (454). Diethyltin 

(CHs)zSnNa2 + (CH&SnBrz + 2(CHs)zSn + 2NaBr 

is obtained from the reaction of triethylaluminum 
with tin (IV) chloride in hexane (369). 

C. PHYSICAL PROPERTIES 

I n  general, RzSn compounds are yellow solids and 
form yellow-to-red solutions in organic solvents. I n  
the monomolecular or slightly polymerized state they 
are soluble in the common organic solvents, except 
alcohol, and insoluble in water. When polymerized, 
they are insoluble in organic solvents and in water. 

As mentioned above, diphenyltin can be prepared in 
the monomeric state but i t  readily polymerizes; i t  is 
diamagnetic and has a dipole moment of about 1.0 
Debye unit a t  all stages of polymerization (350). 
Dicyclopentadienyltin also has a dipole moment of 
about 1.0 Debye unit (885) .  The R,Sn compounds 
can be obtained in the monomeric state by the reaction 
of a Grignard reagent with tin(I1) chloride or by the 
decomposition of an R,SnH, compound ; other methods 
apparently give a polymerized product. 

R,Sn compounds usually melt between looo and 
2OOOC. ; the melting point may increase considerably 
as the compound ages (49, 456). At higher temper- 
atures, usually 200-300°C., the compounds decompose 
with the deposition of metallic tin ; di-9-phenanthryl- 
tin possesses unusual thermal stability, with no tin 
depositing even when heated to 360OC. (49). 

Infrared, nuclear magnetic resonance, ultraviolet, 
and dipole-moment measurements indicate an angular 
sandwich structure for dicyclopentadienyltin and 
bis (methylcyclopentadienyl) tin ( 1594.  

D. CHEMICAL PROPERTIES 

The R,Sn compounds are oxidized by air (74, 126, 
218, 454, 466, 468, 527, 651). Oxidation proceeds more 
rapidly when these compounds are in solution and 

2RzSn + 0 2  + 2RzSn0 

the reaction is accelerated by light. Hydrogen peroxide 
also has been used for this oxidation reaction (468) ; 
diphenyltin ignites when treated with fuming nitric 
acid (466). Di-m-tolyltin (466), di-2,5-xylyltin (466), 
and di-9-phenanthryltin (49) are reported to undergo 
oxidation less readily than diphenyltin; the last two 
of these compounds, when in the solid state, can be 
stored without particular precautions. Other R,Sn 
solids may be stored in the dark in a nitrogen atmos- 
phere without the occurrence of oxidation (466, 468). 
A silver nitrate solution is almost immediately re- 
duced to metallic silver by R,Sn compounds (49, 74, 
466,468, 651). 

With halogens the R,Sn compounds form the cor- 
responding R,SnX, compounds (126, 218, 454, 466, 
468, 651). Dicyclohexyltin can be titrated with 

RzSn + XZ ---f R ~ ~ X Z  

bromine in chloroform (468). Di-9-phenanthryl- 
tin does not add bromine, but some of the carbon-tin 
bonds are cleaved to give an unidentified mixture 
(49) * 

Diphenyltin, when refluxed with an excess of 
phenylmagnesium bromide, deposits metallic tin and 
forms hexaphenylditin (74,466). 

3(CsHs)zSn + Sn + (CeHs)sSnSn(CsHs)s 

Dicyclohexyltin (468) and di-9-phenanthryltin (49) 
do not undergo this disproportionation. When di- 
ethyltin is heated above 15OoC., tin and tetraethyltin 
are formed (73,100,218). 

2(CzHs)zSn + Sn + (CzHdaSn 

Triethyltin iodide is formed when diethyltin is 
heated with ethyl iodide (375). Under similar con- 

(CzHdzSn + CzHsI + (CnH&SnI 
(CeH11)pSn + 2CeHl1Br + ( C ~ H d ~ s n B r z  + (C8Hll)n 

ditions, dicyclohexyltin and cyclohexyl bromide react 
to  give dicyclohexyltin dibromide (468). 

The reactions discussed in the previous two para- 
graphs have been employed to explain the products 
(tributyltin chloride and tetrabutyltin) obtained from 
the reaction of butyl chloride with sodium-tin alloy 



ORGANOTIN COMPOUNDS 519 

(914). It is postulated that dibutyltin is first formed; 
this compound then may react with additional butyl 
chloride to form tributyltin chloride, or it may undergo 
disproportionation to yield tetrabutyltin. The prod- 
ucts (tetraphenyltin and hexaphenylditin) from the 
reaction of phenylmercuric chloride with a sodium-tin 
alloy similarly have been postulated to arise from the 
disproportionation of initially formed diphenyltin 
(599) . 

Diphenyltin, when heated in benzene or carbon 
tetrachloride with phenylazotriphenylmethane, yields 
hexaphenylditin ; when diphenyltin is heated in carbon 
tetrachloride with N-nitrosoacetanilide, tetraphenyltin 
is obtained (707). 

Diethyltin reacts with mercury (11) chloride to give 
diethyltin dichloride and with diphenylmercury to 
give diethyldiphenyltin (422, 625). This reaction has 

(C2Hs)2Sn + HgCl? + ( C Z H & S ~ C ~ Z  + Hg 
(c&)~Sn  + (CeHdzHg + (C2Hd~Sn(CsH& + Hg 

been suggested as a method for preparing mixed tetra- 
organotin compounds. 

Kraus and Greer (454) found that dimethyltin re- 
acts with sodium in liquid ammonia according to the 
following equations : 

2(CH&Sn + 2Na + (CH&Sn-Sn(CH& 
I 

d a  Na 

(CH&Sn-Sn(CHa)z + 2Ns. --* 2(CH3)2SnNa~ 
I t  

Na Na 

A similar reaction occurs with diethyltin and sodium 
(293). Incidental to the study of this reaction, it was 
shown (454) that dimethyltin reacts with dimethyltin- 
disodium in liquid ammonia according to the equation: 

(CH&Sn + (CH&SnNaz + (CH3)2Sn-Sn(CH3)2 
I /  

Na Na 

Diphenyltin reacts with phenyllithium to form 
triphenyltinlithium (896). It has been suggested that 
the reaction is reversible and that an equilibrium 

(C6Hs)zSn 4- CeHbLi + (CeH&SnLi 

exists in solution (159) ; however, evidence against 
such an equilibrium has been presented (254) (see 
Section I1,F). 

IV. ANALYSIS OF ORGANOTIN COMPOUNDS 
Quantitatively, tin in organotin compounds usually 

is determined as tin(1V) oxide. Pfeiffer (660) intro- 
duced a method which involves decomposition of the 
sample by the use of fuming nitric acid in a sealed 
tube, followed by evaporation of the product with 
concentrated sulfuric acid and ignition to tin (IV) 
oxide. This basic method has been refined through 

the years by a number of researchers (66, 204, 244, 
404, 466, 530, 570, 660, 823, 828) to a point where 
organotin compounds can be completely decomposed 
simply by treatment with concentrated sulfuric acid in 
a Vycor crucible on a Rogers ring burner, followed by 
ignition to tin(1V) oxide (252). Other reports (204, 
530) suggest the desirability of a considerable excgss I . * 
of nitric acid, in addition to the concentrated sulfuric 
acid, especially with organotin compounds containing 
chlorine or with the more volatile wganohin com- 
pounds. 

Although the sulfuric acid and nitric-sulfuric acid 
procedures are reported to be suitable for the more 
volatile compounds, some investigators have resorted 
to aspiration of the vapor of the compound by means 
of a current of inert gas into the nitric-sulfuric acid 
mixture (674) or to  passing oxygen through the 
weighed sample and igniting the vapor on asbestos 
(86). A preliminary treatment with bromine in carbon 
tetrachloride to form the less volatile bromides, fol- 
lowed by decomposition by sulfuric acid, also has 
been recommended (244). Decomposition using hydro- 
gen peroxide a n d .  sulfuric acid has been suggested 
(823), but this procedure does not appear to  have 
received many adoptions. 

For routine analysis of a large number of samples, 
a colorimetric procedure recently has been proposed 
(204); this method employs combustion in a Parr 
bomb followed by photometric determination using the 
reagent dithiol (toluene-3,4-dithioI) (139, 140, 203, 
400, 640), which produces a red-to-pink color with 
tin. It is reported that tin dithiol shows an interesting 
thermochromic effect (141). A procedure which in- 
volves decomposition with a nitric-sulfuric acid mix- 
ture, followed by reduction of the inorganic tin and 
subsequent titration of the tin(I1) ion, is preferred 
by some workers (204, 641, 674). A colorimetric 
method based on optical density measurements on 
solutions of a green reduction compound of silico- 
molybdic acid has been developed for determining 
small amounts of tin; this method is especially useful 
for determining organotin compounds in textiles 
(734a) . 

Instrumental methods have been described for the 
determination of small amounts of tin found in cer- 
tain tin-stabilized polyvinyl chloride compositions and 
biologically active products. These include a polaro- 
graphic method (270, 277, 756), a photometric method 
(154, 640), a turbidimetric method (372), and a 
method based on radioactivation (1 18) by introducing 
a radioactive isotope of tin, Sn113, into an organotin 
compound. 

Several methods have been reported for the quanti- 
tative determination of the components of mixtures of 
trialkyltin and dialkyltin compounds. Colorimetric 

- 



520 ROBERT K. INGHAM, SANDERS D. ROSENBERG, AND HENRY GILMAN 

methods have been based on the reagents diphenyl- 
thiocarbazone (dithizone) (9,58, 127,344) and sodium 
dimethyldithiocarbamate (674, 675). The combined 
researches of Costa (149) and Toropova (852) have 
shown that polarographic techniques may be used to 
analyze such mixtures over certain concentration 
ranges. A procedure for the simultaneous determina- 
tion of triphenyltin compounds, diphenyltin com- 
pounds, and inorganic tin in mixtures has recently 
been reported (73). Quantitative determination using 
infrared spectra has been attempted (171). 

The microdetermination of carbon and hydrogen 
in organotin compounds by ordinary combustion tube 
techniques offers difficulties. Silbert and Kirner (783) 
obtained satisfactory results when a portion of the 
copper oxide-lead chromate filling had been replaced 
by a cylinder of platinum gauze filled with granulated 
red lead. A semimicro method for the determination 
of carbon and hydrogen in organotin compounds has 
been reported by Colaitis and Lesbre (146) ; silver 
vanadate was used as a combustion catalyst. Nitrogen 
in organotin compounds may be determined by the 
modified Pregl-Dumas method (922). Halogen bonded 
directly to tin may be determined in dilute alcohol 
or acetone by precipitation with silver nitrate and 
weighing of the silver halide (287, 475); a potenti- 
ometric titration using 0.1 N silver nitrate solution 
and a calomel and platinum electrode has also been 
used (530, 531). Total halogen, including halogen 
bonded to carbon, may be determined by the Carius 
method (287). Safford and Stragand (737) have de- 
termined total halogen by combustion in a stream of 
oxygen over a platinum catalyst and absorption of 
the halogen by silver gauze. Silicon contained in 
organotin compounds may be determined by gravi- 
metric (641, 723) and volumetric methods (641). The 
exceptionally low solubility of triphenyltin fluoride 
has been applied t o  the gravimetric analysis of the 
fluoride ion (55, 183). 

The most convenient qualitative test for tin in 
organotin compounds, although not the most definitive, 
involves the ignition of a small sample on a clean 
spatula or crucible cover. The gray-white residue of 
tin(1V) oxide indicates the presence of tin. This test 
may' be ineffective with volatile organotin compounds. 
Decomposition of a sample with bromine, followed 
by precipitation of the tin as the sulfide, can be used 
as an alternative test for the presence of tin. Another 
qualitative test for tin has been deveIoped; the test 
involves cleavage of the organotin compound with 
bromine and subsequent reduction of tin from the 
tetravalent to the divalent state. A drop of the solu- 
tion containing the tin(I1) ion is placed upon a strip 
of ammonium phosphomolybdate paper; a blue spot 
on the test paper indicates a positive test (208, 242, 
823). 

V. PHYSIOLOGICAL PROPERTIES OF 
ORGANOTIN COMPOUNDS 

A. INTRODUCTION 

A few references were made in the older literature 
to the toxic properties of organotin compounds. The 
earliest report came from White (890), who found 
triethyltin acetate, in contrast to inorganic tin salts, 
highly toxic to dogs, rabbits, and frogs. Collier (147) 
found organotin compounds to be toxic toward mice 
in the increasing order: tetraphenyltin, hexaphenyldi- 
tin, triphenylpropyltin, triphenyltin bromide. In  1929 
a patent (338) issued to I. G. Farbenindustrie sug- 
gested the use of tetraalkyltin and tetraaryltin com- 
pounds as mothproofing agents. This patent was 
extended to all organic compounds of quadrivalent tin 
containing one tin atom per molecule (310, 311, 337). 
A recent patent (636) dealing with sprays against 
insects other than moths claimed only the use of 
trialkyltin chlorides. This is indicative of the fact 
that the triorganotin compounds are very much more 
toxic than the other groups of organotin substances. 
I n  1943 the use of certain organotin compounds as 
toxic agents in antifouling paints was patented (182). 
Complex tin compounds of proteins and nucleopro- 
teins and their hydrolysis products have been stated 
to be effective against certain skin diseases (899) and 
blood diseases (734). So far as can be ascertained, 
no commercial application has been made of organotin 
compounds in any of these uses. 

More recently, two new discoveries about the toxic 
properties of organotin compounds have led to com- 
mercial use of these substances. Kerr and Walde 
(394, 395) have shown that dibutyltin dilaurate is a 
very effective remedy for certain intestinal worm 
infections in chickens. van der Kerk and Luijten 
(530) , in an investigation of the biocidal properties 
of organotin compounds, have discovered that trior- 
ganotin compounds are highly toxic toward a number 
of fungi. 

B. MODE OF ACTION 

White (890, 891) in 1881 and Ungar and Bodlander 
(853) in 1886 first demonstrated the toxic effects of 
certain organotin compounds on small mammals. I n  
this century, except for a few minor studies (336), 
work was not resumed until the war-induced search 
for gases and vesicants brought on the studies of 
Seifter (759), Gilman (232), Glass (261), and Mc- 
Combie and Saunders (534). These researches showed 
a definite relation between the structure of the organo- 
tin compound and its toxic action. Low-molecular- 
weight tetraalkyltin compounds exhibited an immediate 
reversible paralysis and a delayed encephalopathy. 
Dialkyltin and trialkyltin compounds showed vesicant 
action and lachrymatory properties. This action was 
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most prominent in the methyl- to  butyl-substituted 
substances. None of the compounds investigated had 
severe enough toxic reactions to warrant their serious 
consideration as war gases. 

When organotin compounds were made available 
commercially, about 1940-1942, toxicological studies 
were carried out, but publications did not result until 
the work sponsored by the Tin Research Institute was 
reported in 1955. Two groups prominent in this effort 
were the Medical Research Council Laboratories in 
England and the University of Toulouse in France. 
Stoner, Barnes, and Duff (821) examined the biologi- 
cal effects of a series of tetra-, tri-, di-, and mono- 
alkyltin compounds. They found that di- and tri- 
ethyltin compounds behaved differently and that only 
the toxic effects of the former were antagonized by 
dimercaptol (BAL). I n  acute experiments the most 
active compound studied was based on triethyltin. 
This material produced muscular weakness followed 
by some recovery, followed in turn by tremors leading 
to convulsions and death. Muscular weakness was 
the outstanding sign of chronic poisoning. The main 
site of action for this compound appeared to be in 
the central nervous system. Meynier (586) conducted 
an extensive study of tetraalkyltin compounds via 
intravenous, intramuscular, oral, and intraperitoneal 
routes. She observed the general lessening of toxicity 
as the size of the alkyl group increased. Cajoulle, 
Lesbre, and Meynier (122) reported greater toxicity 
for tetraisopropyltin as compared with tetrapropyltin. 
The same authors (121) indicated the difficulty of 
obtaining accurate LD,, values, owing to delayed 
deaths. I n  mice a t  a dosage of 4 mg./kg., tetrahexyltin 
gave the following mortalities: 10 per cent, 1 day; 
30 per cent, 2 days; 70 per cent, 6 days; 90 per cent, 
10 days; 100 per cent, 20 days. Cremer (155, 156) 
reported that the in vivo conversion of tetraethyltin 
to a triethyltin species accounted for the latent toxic- 
ity with symptoms similar to those produced by 
triethyltin compounds. On injecting tetraalkyltin 
(labeled with Sn113) into dogs (118, 119), the con- 
centration of tin in the blood fell rapidly and then 
rose; the heaviest concentrations of tin were found 
in the central nervous system and in the lungs. 
Magee, Stoner, and Barnes (554) reported the experi- 
mental production of interstitial edemas in the white 
matter of the brain and spinal cord with triethyltin 
sulfate. There was no damage to the neurones and 
the lesions were reversible. In  the rat  and mouse, 
poisoning by dibutyltin salts is accompanied by dam- 
age to the biliary tract and the liver (60). 

Aldridge and Cremer (7) defined toxic mechanisms 
for diethyltin and triethyltin compounds as follows : 
(1 )  Diethyltin is an inhibitor of a-keto acid oxidase, 
similar to phenylarsenious acid ; ( 2 )  triethyltin showed 

no activity other than interference with oxidative 
phosphorylation. More recent work by Aldridge (6) 
and Stoner and Threlfall (822) shows that no real 
information exists as to what actually happens in vivo. 
Studies of the effect of organotin compounds on the 
levels of tissue phosphates in rats were inconclusive. 
A summary of the information available indicates 
that  in vivo the only pathology is the generation of 
interstitial edemas in the white matter of the .brain 
and spinal cord. In vitro studies point to  the in- 
hibition of a step in the energy-transferring chain 
between electron transport and the formation of 
adenosine triphosphate. These studies further revealed 
that the action of trialkyltin compounds is a t  the 
same site as is the action of 2,4-dinitrophenol. A 
similarity in action to chloropromazine has likewise 
been cited. 

Barnes and Stoner (61) recently reported on the 
comparative toxicity of dialkyltin and trialkyltin com- 
pounds. Elsea and Paynter (192) recently reported 
varied toxicity data on bis (tributyltin) oxide. Acute 
oral LD,, figures in rats were 194 mg./kg. in aqueous 
suspension and 148 mg./kg. in corn oil. An acute 
dermal LD,, was calculated to be 11.7 gm./kg. Thirty- 
day subacute feeding tests were run a t  32, 100, and 
320 p.p.m. Growth suppression was noted a t  all levels. 
No deaths were noted at  32 and 100 p.p.m. This study 
pointed to the possibility that  this substance is a skin 
sensitizer. Tests results indicate that bis (tributyltin) 
oxide is even less toxic than the commercially im- 
portant compound pentachlorophenol when taken by 
oral ingestion (201). 

Very little work has been reparted on the toxicity 
of triaryltin compounds. Stoner showed the LD,,, 
value for triphenyltin compounds to be higher than 
for tributyltin compounds. Recent work puts the LD,, 
value of triphenyltin acetate a t  150 mg./kg. for rats 
(374). 

C. ANTHELMINTICS 

Kerr and Walde (394, 395) have shown that di- 
butyltin dilaurate, dibutyltin maleate, and many other 
organotin esters of monobasic and dibasic organic 
acids are very effective agents for the control of 
helminthic and protozoal infections in poultry. These 
compounds are preventive and curative agents for 
coccidiosis caused by Eimeria tenella in the cecal area 
and Eimeria necatrix in the small intestines of fowl. 
Cestodes, tapeworms, nematodes, and roundworms, as 
exemplified by Raillientina cesticillus and Ascaridia 
galli, are controlled by these organotin acid esters. 
Ethical veterinary formulations containing dibutyltin 
dilaurate and dibutyltin maleate as active ingredients 
are commercially available in this country. Other 
types of organotin compounds also may have anthel- 
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D. FUNGICIDES 

The elegant research of van der Kerk and Luijten 
(378, 379, 381, 530) has shown that trialkyltin com- 
pounds of the type R3SnX (where R may be the same 
group or different groups and X is halogen, hydroxyl, 
carboxyl, or oxygen) are active antifungal agents. 
That this activity is limited to the R3SnX series is 
shown in table 26 (530). I n  addition, van der Kerk 
and Luijten have shown that variation of X in the 
series R,SnX has no great influence on the antifungal 
activity of the organotin compound and that among 
tri-n-alkyltin compounds maximum fungitoxicity is 
associated with a total number of nine to twelve 
carbon atoms in the alkyl groups, regardless of the 
nature of the individual groups (see tables 27 and 28) 
(530). Recently i t  was reported that triphenyltin 
acetate not only did not damage beet roots, celery, 
and potatoes but that  i t  actually appeared to act as 
a strong growth factor (198). 

An unusual phenomenon is encountered in connec- 
tion with these organotin compounds. A number of 
metals, especially mercury, copper, cadmium, and 
zinc, are known to possess fungitoxic properties. These 
properties are mostly independent of the special 
chemical form in which the metals concerned are 
present. The ions are highly toxic and if organo- 
metallic compounds exist, these are toxic as well. The 
behavior of tin in this respect is very exceptional 
because this metal, which is generally accepted to be 
nontoxic in its inoyganic forms, can be made highly 
toxic by bringing it into a special type of organic 
structure. The fact that  the antifungal properties of 
trialkyltin compounds are not very dependent on the 
nature of the group X leads to the supposition that 
the toxicity of the compounds is due to the trialkyltin 
ion or, perhaps, to the undissociated trialkyltin hy- 
droxide formed on hydrolysis in the test media (530). 
In  discussing the investigations of Collier (147), 
Krause (465) came to a similar conclusion for the 

p.p.m. = 
mg. / l .  

100 
5 

500 
>loo0 
> lo00 
>loo0 

TABLE 26 
Influence of the number of alkyl groups directly attached to the tin 

atom on the antifungal properties of ethyltin compounds 

Tin Compound 
~~~~ I 
(CzHahSn . . . . . . .  
(CzHs).&nCl. . . . .  
(CzHs)zSnClz. , . . 
CzHsSnC13. . . . . . .  
SnClr . . . . . . . . . . .  
%nCla.HiO.. . . . .  

p.p.m. = 
mq./l. 

50 

100 
> loo0 
> lo00 
> lo00 

0 . 5  

R h i w p u a  
nirricans* 

p.p.m. 3 
mg./E. 

100 
2 

200 
> loo0 
> loo0 
> lo00 

* Concentration causing oomplete inhibition of growth of the fwtgi. 

TABLE 27 
Influence of varying the group X ~ 1 .  the antifungal properties 

of compounds with the general formula (C2Hs)sSnX 

Tin Compound 

Triethyltin hydroxide. . . . . . . . . . .  
Triethyltin chloride. . . . . . . . . . . . .  
Triethyltin bromide. . . . . . . . . . . . .  
Triethyltin iodide. . . . . . . . . . . . . . .  
Bidtriethyltin) sulfide. . . . . . . . . . .  
Bis(triethy1tin) sulfate. .......... 
Triethyltin acetate. . . . . . . . . . . . . .  
Triethyltin caproate. . . . . . . . . . . .  
Triethyltin laurate . . . . . . . . . . . . . .  
Triethyltin benzoate. . . . . . . . . . . .  
Bidtriethyltin) malonate. ....... 
Bis(triethy1tin) maleate. . , . . , . . , 
Triethyltin phenoxide. . . . . . . . . . .  
Triethyltin pnitrophenoxida. . . . .  
Triethyltin ptoluenesulfonamide , 
Triethyltin methanesulfonamide . , 
p(TriethyLstannylsulfony1) toluene 
N-(Triethylatanny1)saccharin.. ... 
N-(Triethylatannyl)phthalimide. . 

BotrzJfia 
aUii* 

p.p.m. = 
mg./1. 

0.2 
0.5 
0.5 
0 .5  
0.2 
0.2 
1 
1 
0.2 
2 
0.5 
0.5 
0.5 
0.5 
1 
0.5 
1 
1 
0.2 

5 
2 
2 
1 
1 
0 . 2  
2 
5 
0.2 
10 
5 
5 

0.5 
5 
1 
5 
1 
5 
5 
2 
5 
5 
2 
0 . 5  

0.5  
2 
1 
2 
1 
5 
2 
2 
5 
5 
1 
0.5 
1 
2 
5 
2 
2 
2 
2 

* Concentration causing complete inhibition of growth of the fungi. 

organolead compounds. He remarked that the tri- 
phenyllead radical behaves as a new metal, which 
is more toxic than lead in its inorganic compounds. 

The discoveries of van der Kerk and Luijten are 
being applied commercially in the use of organotin 
compounds as fungistats in paper, textile, and poly- 
vinyl paint manufacture; as wood preservatives; as 
biostats in hospital maintenance; and especially as 
fungicides in the field of agriculture (36, 198, 200,201, 
205, 273, 318, 320, 333, 334, 519, 663, 664, 924). 

VI. INDUSTRIAL APPLICATIONS OF 
ORGANOTIN COMPOUNDS 

A. INTRODUCTION 

By far the greatest industrial use for organotin com- 
pounds has been in the stabilization of polyvinyl 
chloride plastics. Upwards of two million pounds of 
end products are used annually for this purpose. In  
addition to their use as stabilizers, organotin com- 
pounds are used as rubber antioxidants, as Ziegler- 
type catalysts in the polymerization of olefins, as 
agricultural fungicides, and as  active ingredients in 
certain veterinary medicines. This last use. is discussed 
under the physiological properties of organotin oom- 
pounds. 

B. 'STABILIZATION OF POLWINYL CHLORIDE 

I n  1940 a patent issued to Carbide and Carbon 
Chemicals Corporation, based on work done by Yngve 
(904) , claimed that tetraphenyltin and diphenyldi- 
propyftin functioned as heat stabilizers in the fabrica- 
tion of polyvinyl chloride plastic materials. This 
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TABLE 28 

Influence of varying the group R on the antifungal properties of compounds R3SnOCOCH3 
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Tin Compound 

(CHa)3SnOCOCH3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(CzHs)3SnOCOCH3. .............................................. 
( C H ~ ) ( C ~ H Q ) S ~ O C  . . . . . . . . . . . . . . . . . .  
( C ~ H ~ ) ~ ( C ~ H Q ) S ~ O  .................... 
(CsH7)3SnOCOCH 
(iso-CsH7)aSnOCO 
(CHa)z(CsHi7)SnOCOCH3. ....................... 
(CzHs)z(CeHi3)SnOCOCH3. ........................................ 
(C4Hs)sSnOCOCHs. . , . , 
(CzH5)z(CsHi7)SnOCOCH3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(CaHii)z(CzHs)SnOCOCHa. ........................................ 
(CHa)z(CizHzs)SnOCOCH3 
(C5Hli)aSnOCOCH3. . . .  
C~H5)z(CizHza)SnOCOC 

(CeHi3)3SnOCOCH3.. . .  
(CaH17)3SnOCOCH3. . . .  
(Cyclo-CeHii)~SnOCOCH3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(CeH5)3SnOCOCH3. . . . . . . . . . . . . . . . . . . . . . . . . .  
CeHsHgBr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CaHsHgOCOCH3, . . . . . . . . . . . . . .  ........................ 

* Concentration causing complete inhibition of growth of the fungi. 

rota1 Numbe 
of Alkyl 

2arbon Atom 

).p.m. = mg.1 

3 
6 
6 
8 
9 
9 
10 
10 
12 
12 
12 
14 
15 
16 
18 
24 
18 
18 

patent was extended further in the next few years by 
Yngve (905, 906) and Quattlebaum (681,733) to show 
that many other organotin compounds, e.g., dibutyltin 
oxide, dibutyltin dilaurate, dibutyltin maleate, and 
dibutyltin diacetate, function as excellent heat and 
weathering stabilizers for polyvinyl chloride plastics. 
It was shown that, of the many possible types of 
organotin compounds that could be used, the best 
stabilizers resulted from the (C,H,) ,SnX, structure 
(or (C,H,) ,SnX, where X is difunctional). This early 
work has been followed by many other patents sug- 
gesting various X groups, e.g., esters (263, 266, 267, 
425, 426, 532, 552, 576, 680, 690, 731, 735, 774, 791, 
792, 798, 801, 876, 886, 894)) mercapto esters (316, 
496, 798, 877), mercaptides (28, 69, 113, 213, 214, 353, 
497, 498, 500, 501, 503, 504, 505, 506, 507, 582, 814, 
815, 816, 817, 819, 863, 871, 874, 878, 880), sulfides 
(799, 881) , acetals (132, 133, 352) , phosphates (136) , 
polyols (540, 544, 550, 8701, oxides (3, 134, 164, 274, 
551, 629, 630, 703, 869, 872), mercapto alcohols (686, 
689), sulfonamides (542, 750) , xanthates (29, 33, 
499), and isodithiocarbamates (580) ; various R,Sn 
(5, 209, 494, 547) and R,SnX (536) compounds also 
have been suggested as stabilizers for polyvinyl chlo- 
ride. Dibutyltin compounds which contain a tin-sulfur 
bond are the most powerful stabilizers known a t  
present (538). 

Despite the extensive work done on the mechanism 
of the degradation of polyvinyl chloride, very little 
has been reported on its stabilization. I n  the case of 
the metallic stabilizers, there seems to be some evi- 
dence that they function by preventing color forma- 
tion rather than by inhibiting the formation of hudro- 

Botrytis 
allii* 

p.p.m. = mg./l. 

20 
1 
1 
0.1 
0.1 
0.1 
0.5 
0.5 
0.1 
0.02 
0.2 
0.2 
0.2  
0 . 2  
1 

> 100 
0 . 5  
2 
0.1 
0 . 5  

Penicillium 
italicurn* 

p.p.m. = mg./l. 

20 
2 
2 
1 
0.1 
0.1 
0.5 
0.5 
0.1 
0.5 
1 
1 
5 
5 
10 

> 100 
0.5 
1 
0.1 
0.5 

Aspergillus 
?tiger* 

p.p.m. = mg./l. 

200 
2 
5 
0 . 5  
1 
1 
0.2 
0.1 
0.5 
0.1 
1 
0 . 2  
5 
0 . 5  
20 

> 100 
5 
0.5 
0.1 
0.5 

Rhiwpus 
nigracans* 

0.p.m. = mg./l. 

200 
2 
5 
0.5 
1 
0.5 
2 
0.1 
0 . 5  

0 . 5  
>5  

10 
10 
50 

100 
> 100 

20 
10 
2 
5 

gen chloride (179, 217). The precise explanation for 
this action is still clouded, but recent research indi- 
cates that  these stabilizers may act as oxidation 
catalysts and disrupt the chromophoric polyene 
groups. Not only the type of metal used in the 
stabilizer but also the manner in which the metal is 
combined in the stabilizer can have an important effect 
on the properties which the stabilizer will impart to  
the vinyl compound. I n  order for a good stabilizer 
against heat and light to function properly, it  should 
have certain of the following characteristics: 

(1) It should prevent the split-off of hydrogen 
chloride or be an acceptor for hydrogen chlo- 
ride. 

(2) It should function as an antioxidant. 
(3) It should react with double bonds, i.e., be a 

reactive dienophilic molecule. 
(4) It should act as a screener of ultraviolet light. 

Organotin stabilizers most closely approach the re- 
quirements of an ideal stabilizer. All classes of organo- 
tin stabilizers give outstanding clarity to flexible and 
rigid vinyl compounds (537). They also have excel- 
lent light stability, they are known to function as 
antioxidants (see below), and they have been shown 
t o  be the only group of stabilizers that can block the 
formation of carbonyl groups (217). There is also a 
possibility that organotin stabilizers may function as 
dienophiles. 

A mechanism through which organotin stabilizers 
may function has been suggested by Kenyon (373). 
It is postulated that a butyl group from a dibutyltin 
diacetate stabilizer acts as a chain repairer by adding 
to the polymer. Presumably, the butyl group could 
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add on to the unsaturated portion formed during the 
extraction of hydrogen chloride, thus blocking further 
action such as cross-linking and oxidation a t  that  
particular point in the polymer chain. A similar free- 
radical mechanism has been proposed by Winkler 
(893). However, such a free-radical mechanism does 
not appear to be the complete answer since, in some 
cases, the stabilizer contains active groups which can 
disrupt a radical-chain process (538). Kenyon (373) 
further suggested that the organotin stabilizer acts 
as a scavenger for hydrogen chloride. 

C. ANTIOXIDANTS FOR RUBBER 

I n  1949 a patent issued to the United States Rubber 
Company, based on work done by Hart  (308), claimed 
that unsymmetrical tribenzyltin compounds of the 
type (C,H,CH,),SnR ( R  = ethyl or another alkyl 
group) were useful as anticracking agents in rubber. 
Recently this work was greatly extended by Weinberg, 
Tomka, and Ramsden (575, 577, 580, 688, 704, 851, 
882, 883, 884) of the Metal &. Thermit Corporation. 
Such organotin compounds as mercapto acid esters, 
sulfides, mercaptides, esters, oxides, alcoholates, and 
chlorides of the types R2SnX, and R,SnX were 
claimed as rubber antioxidants. Note that these com- 
pounds are very similar to, or identical with, the 
organotin compounds used as polyvinyl chloride 
stabilizers. This fact strongly suggests that  the mode 
of stabilization is the same in each application. 

D. ZIEGLER-TYPE CATALYSTS 

The recent discovery by Ziegler and Natta that  
organoaluminum compounds, coupled with titanium 
halides, form excellent catalysts for the low-pressure 
polymerization of olefins has prompted exploration of 
the potential use of other organometallic compounds 
in similar catalyst systems. Such companies as Phil- 
lips Petroleum (662) , Montecatini (589) , Goodrich- 
Gulf (276) , Solvay & Cie (804), and Union Carbide & 
Carbon Corporation (67, 854) have hcen issued 
patents covering the use of organotin compounds as 
catalysts for the polymerization of olefins. A com- 
bination of titanium (IT’) c!iloride (0.6g.), tetrabutyltin 
(2.6 g.), and aluminum chloride (1.0 g.) is an example 
of one of these catalyst combinations (804). 

E. MISCELLAKEOUS APPLICATIOKS 

Organotin halides have been suggested in the treat- 
ment of glass to form an electrically conductive film 
on the surface (533). Several patents (521, 535, 688) 
have been issued on the use of organotin compounds 
as additives for lubricating oils. Such compounds as 
tetrapropyltin (809), tetrabenzyltin (521), tetra- 
phenyltin (401), diphenyltin (521) , dibutyltin sulfide 
(22) , dibutyltin dithiophosphorate (535) ,  dibutyltin 

dithioxanthate (197,535), dibutyltin dithiocarbamates 
(535), and dibutyltin mercaptides (878) have been 
suggested as beneficial additives. Several dibutyltin 
compounds have been claimed as catalysts in the 
formation of polyesters (108) and silicone elastomers 
(18), as craze-prevention agents in polystyrene plas- 
tics (137, 138), and as corrosion inhibitors in organo- 
silicon polymers (729). Tetraphenyltin is used as a 
scavenger in chlorinated dielectric fluids (317, 326, 
684) and dibutyltin salts are used as stabilizers for 
chlorinated rubber paints (924). 

Recently, a variety of organotin compounds have 
been shown to possess outstanding catalytic activity 
in the reaction of isocyanates with several types of 
compounds containing active hydrogen (109, 151). 
For example, the relative activity of dibutyltin di- 
laurate is about 37,000 as compared with an activity 
of 11 for the widely used triethylamine in the reaction 
between phenyl isocyanate and methanol a t  3 O O C .  
(20).  Thus it appears that organotin compounds may 
find extensive application in the preparation of poly- 
urethans. 

Today, widespread research is under way to investi- 
gate the possibility of obtaining useful organotin 
polymers (18, 42, 152, 199, 427a, 591, 592, 632) ; it  is 
quite possible that a new, large-scale application for 
organotin compounds may develop in this area. Re- 
cently, a polymer derived from tributyltin methacryl- 
ate was announced (18, 592); the preparation of 
polyorganotinsiloxanes also has been reported (15, 
152). Dialkyltin dihydrides and phenylacetylene, 
p-divinylbenzene, or other dienic compounds can react 
to give organotin polymers (375, 386, 632) and 
R,SnNa, compounds react with R; CCl, compounds to 
give polymeric substances (199). 

The development of a successful crop fungicide con- 
taining 20 per cent triphenyltin acetate has been 
reported by Farbwerke Hoechst (309). The product, 
which is marketed under the name Brestan, has proven 
t o  be very effective in the control of leaf-spot in celery 
(Septoria api i )  and sugar beets (Cercospora beticola) 
and of potato blight (Phytophthora infestans).  Sev- 
eral other researchers have reported in this area (63, 
166, 751, 758). Trialkytin-based compounds have 
been suggested as preservatives for manila and sisal 
ropes (84) , as fungistats for paints (36), as fungicides 
in paper production and preservation (148, 813), as 
agents for rendering fabrics resistant to mildew and 
the development of bacterial odors (813), as preserva- 
tives for timber (83, 201, 329, 330), and as insecticides 
(71). 

The authors are grateful to Miss Marguerite Moran 
and Messrs. Gerry P. Mack, Elliott Weinberg, Hans- 
Georg Gilde, and Joseph M. Denham for their 
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generous assistance. In addition, the partial surveys 
of Arntzen (37), Gist (259), Krause and von Grosse 
(467), Luijten and van der Kerk (530), and Rosen- 
berg (723) have been especially helpful in the prepara- 
tion of this review. 
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