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INTRODUCTION 

Organotin compounds are those which ha-?e a direct union 

of carbon with tin. The first such compound was prepared by 

LOwig (8E), in 1852, when he reacted ethyl iodide with a 

sodium-tin alloy to form diethyltin. Many of the early 

workers, Grimm (48), Cahours (13) and Ladenburg (78), used 

this method to obtain a mixture of products containing the 

tetraalkyltin compound. The preparation of organotin com

pounds through an organic halide and a sodium-tin alloy is 

still in use, and it is probably the most desirable commercial 

method available at prei?ent. 

Frankland and Lawrence (26) prepared tetraethyltin by 

reaction of stannous chloride with diethylzinc, and found 

this method superior to the direct reaction of stannic chlor

ide and diethylzinc which was quite vigorous and difficult to 

control. Pope and Peachey (100) introduced a more convenient 

method of preparation through the use of a Grignard reagent 

with a stannic halide. This reaction is easily controlled 

and is a most convenient laboratory method. Austin (5) has 

supplemented the use of the Grignard reagent with organolith-

ium compounds thereby extending the versatility of the method. 
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The organolithium oompounds possess greater reaotiTity than 

Orignard reagents and have found application in the introduc

tion of sterioally hindered groups into organotin oompounds. 

This higher level of reactivity is emphasized in the prepar

ation of organotin oompounds reported by Talalaeva and 

KooheshlEOV (113) by reaction of organolithium compounds with 

finely divided tin. Grignard reagents apparently do not enter 

into this reaction. 

Recently Yakubovich and co-workers (125) reported a novel 

method of preparation for organotin oompounds by the reaction 

of stannic halides with diazomethane and diazoethane. The 

course of the reaction can be controlled to yield mono-, di-, 

tri- and tetrasubstituted compounds, and appears to be a 

promising method of preparation. 

The first organotin compound containing an aromatic 

group, triethylphenyltin, was prepared by Ladenburg (77) in 

1871 by the addition of metallic sodium to an ethereal so

lution of triethyltin iodide and bromobenzene. This is a 

Wurtz type reaction and has received little attention as a 

preparative method. The best laboratory method for the prep

aration of unsjumaetrical organotin compounds is the reaction 

of an organotin halide with a Grignard reagent (100), a 

method which has been widely used (9, 11, 49, 61, 75, 79, 

107). 
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Kraus and Bullard (67) have reversed the Grignard ap

proach by reacting an organotin halide -with sodium metal in 

liquid anmonia to form an organotin-sodium intermediate which, 

after ammonia removal, is reacted vdth an organic halide to 

form the onsyimetrical organotin compound. Bobashinskaya and 

Kooheshkov (9) have supplemented the Grignard reagent with 

organolithium compounds to prepare certain organotin com-

pounds, and recently (29, 40) organolithium compounds have 

been used to excellent advantage in the preparation of un-

symmetrical organotin compounds containing functional groups 

such as hydroxyl, hydroxymethyl and dimethylamino* 

Use of the "Random Distribution" reaction, as introduced 

by Calingaert and Beatty (15), for the preparation of organo

tin cofflpounds is probably of oomaieroial interest only, since 

a very efficient fractionating column is necessary to sepa

rate the products. The reaction is carried out by refluxing 

two symetrioal tetraalkyltin compounds in pentane in the 

presence of aluminum chloride. All the possible compounds 

are formed in yields which closely approximate those obtained 

by calculation according to the law of probability (14, 28). 

The purpose of this study is the exploration of the re

action mechanism, scope and limitations of the preparation of 

symmetrical and unsymmetrical or^notin compounds by way of 

an organotin-lithium complex of the type triphenyltin-

lithium (39, 41, 120, 123). Of primary interest is the prep
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aration of organotin oompounds which contain mter-aolubilizing 

groups or reaotiTe groups that might be utilized in subsequent 

reactions with water-soluble compounds, thereby rendering the 

tin-containing compound vmter-soluble. 

In connection with the study of tlie preparation of water-

soluble organotin oompounds several azo tin dyes have been 

prepared (40). These dyes have been tested as anticarcinogenic 

agents and for their substantiTity as dyes. 
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HISTORICAL 

Survey of tiie Chemical Literature on Organotln 
Gompooiida from 1941 to the Present Tiims 

Investigators in this Laboratory have available an ex

cellent and thorough bibliography of the organotin literature 

by Clyde !• Arntzen (3), in which publications through 1940, 

and soiae dated 1941, are listed. There is given also, in 

tabular form, a list of all organotin compounds known up to 

that time* 

A thorough search of the chemical literature beginning 

with January 1941 and ending with the time of this writing 

has been made with the purpose of outlining the methods of 

preparation, both new and those previously described, now in 

use. In order to simplify the presentation of this data, it 

has been divided into five major sections, each of which 

covers a specific type of compound. At the end of each sec

tion is a table listing all ooo^ounds of the type discussed 

which were mentioned in the articles reviewed, no matter how 

brief the description of the compound may have been. Oon^ilete 

coverage of the chemical literature for the years 1941 through 

1951, inclusive, and as complete coverage as possible for 1952 
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through the month of September haa been made. 

Compounds of the general formulae R4Sn, RgSnR*, 
RgSnR*ai RgSnR'R", and RgSn 

Methods of preparation* In this disouasion organotin 

molecules in "whioh the central tin atom is bonded only to 

carbon and all four organio groups are the same will be re

ferred to as symmetrical compounds; where the groups are not 

all the same, the term unsymmetrical oompounds will be used* 

The best industrial method available for the preparation 

of symmetrical compounds is the reaction of an organio halide 

vdth a sodium-tin alloy* In many instances the reaction has 

been improved by the addition of zinc to the alloy. Tetra-

ethyltin has been prepared by reacting a 60^ excess of ethyl 

bromide vdth a sodium-zinc-tin alloy (29). Itolalaeva and 

Kocheshkov (113) obtained tetra-£-tolyltin [39?^] by refluadng 

a tin amalgum [0.02 g. atom of Sn plus 0*04 g* atom of Hg], 

lithium metal and £.-bromotoluene in ether for 16 hours. Under 

corresponding conditions, tetraphenyltin was prepared in a 

69% yield. \\Mle investigating the mechanism of this reaction, 

they found that tetraphenyltin 1168^3 could be prepared from 

phenyllithium and the amalgum, and the same compound was ob

tained in a 46^ yield simply by shaking phenyllithium with tin 

powder in ether for 185 hours* 
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In the laboratory symmetrical organotin compounds are 

best prepared by reaction of a stannic halide with a reactive 

organometallio compound such aa a Grignard reagent or organo-

lithium oompound. Unsymmetrioal compounds are usually ob

tained from organotin halidea and Grignard reagents. In some 

oases an organolithium oompound may be substituted for the 

Grignard reagent to good advantage. Manulkin (85, 86, 87, 88a) 

has prepared tetra-ji-heptyltin [89^3 and tetra-fi-ootyltin 

C59^3 by reacting stannic chloride with n-heptyl- and jg.-

ootylmagnesium bromides, respectively (87). Similarly di-

methyldiethyltin C6£^3 -ma obtained from diethyltin dichlor-

ide and methylmagnesium iodide (8da)^ and some fifteen com

pounds of the type HsSnR* were prepared from the appropriate 

trisubstituted organotin halide and a Grignard reagent in 

yields ranging from 78% to 91^ (85, 86, 87). 

Talalaeva and Kooheshkov (113) prepared tetra-^-methoxy-

phenyltin [55^3, tetra-£-ethoxyphenyltin [785^3 and tetra-£-

biphenylyltin C69^3 by refluxing stannic chloride vdth the ap

propriate organolithium compound in an ether-benzene solution 

for 1.5 hours. Meals (89) used stannic chloride and Grignard 

reagents to obtain four symmetrical long chain aliphatic tin 

compounds in yields ranging from 45^ to 76?^, and Vijayarag-

havan (116) prepared tetraallyltin [80^3 in the same manner. 
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Using a slightly less direct method Harris (53) obtained 

tetraphenyltin C67^] from stannic chloride, chlorobenzene and 

sodium metalt The reaction probably proceeds by formation of 

phenylsodium whioh then attacks the stannio chloride to form 

the final product. 

Recently, during the course of some research on the in

troduction of water solubilizing groups into organotin com

pounds, it was found that if triphenyltin chloride was reacted 

with organolithium compounds which were prepared by halogen-

metal interconversion (29) some tetraphenyltin was formed as 

a by-product. Therefore the organolithium compounds were con

verted to Grignard reagents by reaction with anhydrous mag

nesium bromide, and the Grignard reagents were, in turn, added 

to the organotin halide to prepare the unsymmetrical com

pounds (29). 

o-BrG6H40H + Sa-C^HgLi > o-LiC6H40Li + n-G^Hio + 

ja-C^HgBr 

o-LiC6H40Li + MgBrg » o-BrMgGgH^OLi + LiBr 

o-BrMgCeH40Li + (C8H5)gSnCl > (CeHg)gSn(o-LiOC6H4) 

{C6He)3Sn((2.-LiOG6H4) > (CgHc )3Sn(o-H0CsH4) 

In this manner triphenyl-o-hydroacyphenyltin t57^3, triphenyl-

jB.-hydroxyphenyltin ClO^], diphenyldi-o-hydroxyphenyltin [68^3, 
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trietIiyl-£-hydroxypli0nyltln [54?S], triphenyl-o-hydroxymetliyl-

phenyltin [64^3 and triphenyl-£-hydroxymethylphenyltin [66^] 

were prepared. 

In oases where the organolithium compound was prepared 

by direct reaction of lithium metal with an organic halide, 

the reactive organometallic compound was added directly to 

triphenyltin chloride in ether without conversion to the 

Grigneird reagent. Triphenyl-o-dimethylaminophenyltin [64fol  

and triphenyl-"£-dimetlqrlaminophenyltin iQZfol were prepared 

by this shortened procedure. Triphenyl-j^-carboxyphenyltin 

was obtained in a 44^ yield by oxidation of triphenyl-£-

hydroxymethylphenyltin with potassium permanganate (29), 

(GgHg) gSn-^^OHgOH + KMnO^ > (CgHg)gSn-^^COgH 

Organotin complexes of the type RgSnM [where M is lithium 

or sodium] have been used to prepare symmetrical and unsymmet-

rical compounds. Triphenyltin-sodium adds to ethylene oxide 

to yield, on hydrolysis, triphenyl-2-hydroxyethyltin in good 

yield (29), and triphenyltin-lithium has been reacted with 

appropriate organic halides to prepare tetraphenyltin [66^3, 

triphenylbenzyltin [22^3 and triphenylethyltin [36^3 (39). 
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Tabulatioa of oompoands. 

Table 1 

R^Sn, RgSnR*, RgSnR'g, RgSaR'R", and RgSn Compounds 

Compound and n|j,^C.* Referenees 

Dlallyldi«s-butyl« 145-146/l7iam, (52) 

Diallyldiethyl- 99-100/17Batt. (62) 

Dlofelorometliyldi-l- 141-142/5m. {186) 
ohloroetbyl- n 1,5478 

Diethyleyolopentame tiiylene- (119) 

Dietnyldi-l-obloroethyl- 114-115/5mm. (126) 
n 1.5063 

Diathyldlisoamyl'- (119) 

Dtathyldliaobutyl- (119} 

DietbyldimetJiyl- 131»132/760ffim. (87) 
n^® 1.4650 

Dlisoamylethyl-ja-propyl- (119) 

I^jttethyloyolopentamethylene- (119) 

thyldiisobutyl- (119) 

Dlphenyldlbenzyl- (loi) 

*In these tables, unless a pressure In millimeters Is 
glTen, the data in the physical oonstants oolumn are melting 
points. Where more than one value for a oonstant is reported, 
the highest value is recorded here, unless later investi^-
tions indioate the highest value reported is very question
able. IJnless otherwise indicated n represents n|^. 
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Table 1 {continued) 

Compound m. ,b., and References 

Diphenyldi-£-dimetliylamino-
phenyl-

Diplienyldi-2.-diffletliylamlno-
pheayltin dimethiodide 

Diphenyldiethyl-

Diphenyldi-£-hydrox:yph0nyl-

Diphenyl-

Sodium £i.-{2*-tripli6nylstannyl-
4•-dime thylamind)phenylazobenzoate 

164-168 

136-138 

Tetraallyl-

Te tra-dl-amyl-

Tetra-n-amyl-

Tetra-£.-biph0nylyl-

Tetrabromomethyl-

Te tra-|i-but yl-

Tetra-l-ohloroethyl-

Te traohloromethyl-

Tetra-2,-clilorophenyl-

Tetra-£-dimethylaminophenyl-

Te tra-£-dime tliy laminophenyl -
tin tetramethiodide 

69-70/1.5inm. 
n®® 1.533 

260 

57 

127/1.7fflm. 
n 1.4727 

142/2mra. 

49-49.5 
148.5/5mm. 

196-198 

dec. 190 

(125) 

(125) 

(101) 

(4,29) 

(60,123) 

(This theaia) 

(116) 

(119) 

(119) 

(113) 

(126) 

(88b,119) 

(126) 

(126) 

(38) 

(125) 

(125) 

Tetra-n-dodeoyl- 15-16 
n 1.4736 

(89) 



12 

Table 1 (oontinued) 

Compound m. ,b., and njj,®G. References 

Tetra-£~0thoxyplienyl-

Tetraethyl-

Tetra-n-heptyl-

Te tpa-s.-li0 asade oy 1 -

Te tra-j^-hexyl-

Tetraiaoamyl-

Tetraisobut yl-

Tetraisopropyl-

Te t ra-E.-me tlioxyphenyl-

Tetrametliyl-

Te tra-ja-ootade oyl-

Tetra-^-ootyl-

Tetraphenyl-

Tetra-n-propyl-

Tetra-a-tetradeoyl-

Tetra-o-tolyl-

104 

180.5-181/7 eoima, 
1.4693 

219-£21/2mia. 
n 1.4702 

41.5-42.5 

155-155.5/24ima. 
n 1.4760 

134.8 

n®® 1.4386 

47 

250-255/5inm. 
n 1.4681 

229 

33-34 

216-217 

(113) 

(4,27,29, 
65,8db, 
106,109, 
110,119) 

(86,119) 

(89) 

(119) 

(119) 

(27) 

(105b ) 

(113,127) 

(65,110, 
118,119) 

(89) 

(86,119) 

(27,32,37, 
39,45,53, 
106,113, 
120,123, 
127) 

(52b,116) 

(89) 

(This thesis) 
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'Ifeble 1 {ooatinued) 

Compound m*,b., and njj,®C. fioferenoes 

Tetra-ji-tolyl-

Tetra-E^-tolyl-

Tri 

Tri-a-butylallyl-

Tri-n-butyl^aeo-butyl-

Tri»n,-butylethyl-

Tri-ja-butyl-a*^i®2:yl-

Tr i-jg,-but yli s oamyl -

Tri-a-butylaethyl-

Tri-a-butylphenyl-

Triathylallyl-

Triatliyl-a-aiByl-

Tri© thyl-£,-but yl-

Tr io thyl-£-hydroxyphenyl-

Triethylisoamyl-

Trietliylisobutyl-

TrietJbiylisopropyl-

122-1E3 

834«aS5 

155/17iHm. 

143*144/5&0nii* 
n^® 1,4796 

165/7i3im. 
n^' 1.4762 

177-178/20iiim, 
n 1.4715 

139/0.6iQ]a. 
n 1.5155 

76-77/lOaua. 

99-101/15iaia. 
n 1.4736 

155-156/15ima. 
n^® 1.5379 

192-194/719iaia. 
1.4772 

(IMS tbesis) 

(113) 

(119) 

(62)  

(119) 

(119) 

(86,119) 

(85,119) 

(119) 

(fhis thesis) 

(62) 

(119) 

(85) 

(4,29,119) 

(119) 

(119) 

(86,119) 
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Table 1 (continued} 

Cofflpound ffl. ,b., and nj),**C. References 

Trie thyliBfi thyl -

Trie ti^l-^t-propyl -

Triisoaiayl-^-lieptyl-

Triiaoamylmethy1-

Triisobutylethyl-

Triisobutylisoamyl-

Trimethyl-n-amyl-

Trims thyl-^-butyl-

Trijne t hyle thy 1-

a^imethylisoamyl-

Trime thylia obutyl-

Tripheaylbenzyl-

Triphenyl-£-bromophenyl-

Triphenyl-^-oarboxyphenyl-

Tripheaylohloropheny1-

Tripheayl-3-die thylamino-
propyl-

159/745mni. 
n 1,5653 

112/50iam. 
n 1.4726 

158-160/J5mm. 
n 1.4696 

138-140/4min. 
n^® 1.4700 

I71-172/721inni. 
n 1.4559 

149-150/726iBm. 
n®^*® 1.4560 

106/74&nm. 
n 1.4527 

162-164/725inm. 
1.4470 

140-141/726mm. 
n®i*® 1.4544 

90-91 

133-135 

166-168 

139-140 

(85,119) 

(62,85,119) 

(86,119) 

(86,119) 

(119) 

(119) 

(85) 

(85,119) 

(85) 

(85,119) 

(85,119) 

(39) 

(34,125) 

(4,29) 

(This thesis) 

(125) 
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Tal)le 1 (continued) 

Compound m«,b., and Beferenoes 

Triphenyl-S-die thylamino-
propyltin mdthiodida 

173-175 

Triplienyl-3-dimethylamino- 199-BOO 
6-(4I-bromophenylazo)phenyl-

Triph6nyl*4-dimethylamino- 170-172 
3-{4»-bromophenylazo)phenyl-

Triphenyl-3-dlm©thylamino- dec. 358 
6-{41-oarboxyphenyla zo)phenyl-

Triphenyl-4-diiae thylamino- 162-165 
3.(4I-ohlorophenylazo)phenyl-

Triphenyl-3-dimethylamino- 205-206 
6-{4*-nitrophenylazo)phenyl-

Triphenyl-4-dimethylamino- 187-189 
3-(4•-nitrophenylazo)phenyl-

Triphenyl-s.-dime thylamino- 110-112 
phenyl-

Triphenyl-m-dimsthylamino- 90-91 
phenyl-

Triphenyl-£-dimethylamino- 132-134 
phenyl-

Triph0nyl-£-dimethylamino- 164 
phenyltin methiodide 

Triphenyl-£-dimethylamino- 244-246 
phenyltin methosulfate 

Triphenyl-2,4-dimethylphenyl- 113-115 

Triphenyl-2,5-dim0thylphenyl- 97-99 

!Etiphenyl-2,3-dime thylphenyl- 118-119 

(125) 

(This thesis) 

(This thesis) 

(This thesis) 

(This thesis) 

(®biis thesis) 

(This thesis) 

(4, 29) 

(This thesis) 

(4, 29) 

(125) 

(125) 

(This thesis) 

(This thesis) 

(This thesis) 
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Table 1 (oontlnued) 

Gompoimd m. ,b., and ar5,®C« References 

Triphenylethyl-

Triphenyl-£-furyl 

Trlplienyl-2-hydro3:y-3-
ohloropheayl-

Triphenyl-2-hydroiyethyl-

Triphenyl-£-hydroxyme thyl-
piienyl-

Triphenyl -^.-hydr oxyme thyl -
phenyl-

Triphenyl-o-hydroxyphenyl-

Triplienyl-£-hiydroxypiienyl-

Triphenylm®sityl-

Triphenyl-a-me thoxyme thyl -
phenyl-

Triphenyl-o-methoxyphenyl-

Triphenyl-£.-itte thoxyphenyl • 

Triphenylme thy1-

Triphenyl-2-pyridyl-

Triphenyl-S-pyridyl-

Triphenyl-3-pyrldyltin 
methlodlde 

Triphenyl-o-tolyl-

Triphenyltolyl-

56-58 

158-159 

97-99 

67-68 

158-159 

98-100 

dec. 176-177 

201-203 
• 

157-158 

94.5-95.5 

130-131 

151-152 

60-61 

178-179 

220 

183-184 

165 

124 

(32,39) 

(34) 

(This thesis) 

(29) 

(4,29) 

(4,29) 

(4,29) 

(4,29) 

(This thesis) 

(4,28b) 

(This thesis) 

{This thesis) 

(98) 

(34) 

(34) 

(34) 

(This thesis) 

(This thesis) 
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Table 1 (continued) 

Compound m. ,b., and n^,®C. References 

Tri-a-propyl-n-butyl-

-a-propyle t h.y 1-

Tri-n-propylisobutyl-

Tri-o-tolylbenzyl-

137-l38/37inm. 
n 1.4741 

108-109 

{85,88b,119) 

(119) 

(119) 

(This thesis) 

Compounds of the general formulae RgSnX, ReR*SnX, 

RgSnXg, and RSnXg CX •» g, CI, Br, or 13 

Methods of preparation. Organotin halides are usually 

prepared by cleavage of a symmetrical or unsymmetrical or

ganotin compound with acidic agents such as halogens, halo

gen acids, stannic halides, aluminum chloride or mercuric 

chloride. In order to systematize the review of this method 

of preparation, each o3.eavage agent will be discussed under 

a separate heading. 

Halogen. Manulkin (84, 85, 86, 87, 88) has made 

an extensive study on the cleavage of organic groups from 

tin in organotin compounds, and in the course of this work 

has prepared many organotin halides. Most of the reactions 

studied involved cleavage of alkyl groups from both symmetri-
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eal and unsynaaetrioal oompounds with iodine. The reaotiona 

•were carried out by refluxing the tin oompoond vd.th iodine 

in ether for 1-lE hours. In this manner some twenty organo-

tin iodides have been prepared in yields ranging from 60^ 

R^Sn + 12 >RgSnI + RI 

RgSnR* + Ig •RgR'Snl + RI 

to 90^ (84» 85, 86, 87}• Manulkin has developed a series 

on the ease of oleavage of alkyl groups from tin based on 

these iodine cleavage reactions. ISie group most easily 

cleaved is methyl, and the one least easily cleaved is a-

oetyl; methyl > ethyl > n-propyl > isobutyl > fi-butyl 

isoamyl > aayrl > n-hexyl > fi-heptyl > a-octyl. 

Vijjayaraghavan (116) attested to prepare triallyltin 

bromide by reaction of tetraallyltin iwith bromine at -15®, 

but instead isolated an inseparable mixture of diallyltin 

dibromide and triallyltin bromide. In a reaction vdth io

dine, under the same conditions, a similar mixture of mono-

and dihalide oompounds was formed. In contrast with this, 

triethyltin bromide was prepared in an 88^ yield by the ad

dition of bromine to tetraethyltin at -10* in a 1:1 molar 

ratio (29). From these results it is apparent that the allyl 

group is muoh more easily cleaved from tin by bromine than is 

the ethyl group. 
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Halogen add. Meals (89) prepared tri-n-dodeoyltin 

chloride, chloride [85^], tri-^-hexa-

decyltin chloride [749^3, and tri-a-octadecyltin chloride 

[62^3 by saturating an ethereal solution of the appropriate 

tetrasubatituted compound with hydrogen chloride and allow

ing the resulting mixture to stand overnight. 

R^Sn + HCl »R3SnCl + RH 

Manulkin (87) prepared trimethyltin chloride C70^3 and 

dimethylethyltin chloride [80^3 by passing dry hydrogen 

chloride into a refluxing chloroform solution of tetra-

methyltin and trimethylethyltin, respectively. These in

sults show that the methyl group is more easily cleaved 

by halogen acid than is the ethyl group. Continuing the 

study of cleavage reactions, Razuvaev and Fetyukova (101) 

prepared dibenzyltin dichloride [80^3 by dissolving di-

phenyldibenzyltin in ethanol saturated with hydrogen 

chloride, demonstrating that the phenyl group is more 

easily cleaved than the benzyl group. 

Stannic halide. The preparation of organotin 

halides by reaction of an organotin compound with stannic 

halide has an advantage over other cleavage methods in that 

none of the substituents attached to the tin atom is lost. 

SR^Sn + SnX^ > 4R3SnX 
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R^Sn + SnX4 > gRgSnXg 

R4Sn -I- 3SnX4 p 4RSnXg 

Vijayaraghavan (116) suooesafully prepared diallyltin 

dibromida by reacting tetraallyltin with stannic bromide in 

a sealed tube at 20 mm. pressure and 50® for 10 hours. Pav-

lovskaya and Koohesohkoy (98) found that compounds of the 

type RSnClg Cishere R is an alkyl group] are best prepared 

from ArgSnR compounds [where Ar is an aromatic group] and 

stannic chloride. In this manner methyltin trichloride 

C65^] was prepared from triphenylmethyltin and stannic 

chloride• 

Talalaeva, ZaiteseYa and Kocheshlcov (114) heated the 

appropriate tetrasubstituted compound with a stannic halide 

in a sealed tube for 3 hours at 160® to prepare di-£.-

methoxyphenyltin dichloride C87^], di-£-methoxyphenyltin 

dibromide C74/?'], di*£-ethoxyphenyltin dichloride [66'ic], 

di-jD-biphenylyltin dichloride IQQffol and di-jg.-biphenylyltin 

dibromide [71^]. Using the same method Jones and co-workers 

(62) prepared tri-£L-butyltin chloride, di-a-butyltin di

chloride and ethyltin trichloride, and triphenyltin chloride 

was prepared in a 72^ yield (37)* For an improved proce

dure for the preparation of the latter compound see the Ex

perimental part. 
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Almainma ohloride. In extending his studies to 

other oleavage agents Manulkin {88e^ found that tetraethyltin 

in ohloroform is readily cleaved by alurtdnum ohloride. After 

7 hours at room temperature diethyltin diohloride was ob

tained in a 71^ yield. Under comparable conditions, tri-a~ 

butyltin ohloride CSE^] and di-jg,«butyltin diohloride [29^3 

were prepared from tetra-j^-butyltin, and tetraphenyltin was 

completely degraded to benzene and stannic ohloride. These 

results eonvinoingly substantiate previous evidence which 

showed that aromatic groups are laore readily cleaved from 

tin than aliphatic groups by acidic reagents (9). ^ 

Mercuric ohloride. Manulkin (87) found that mer

curic ohloride was less active as a cleavage agent than 

aluminum ohloride, but, surprisingly enough, a more active 

agent than hydrogen ohloride in refluxing ohloroform. Tri-

methyltin chloride [70^] and dimeti^ltin diohloride E13^3 

were prepared by adding mercuric ohloride to an alcoholic 

solution of tetramethyltin at room temperature. Under simi

lar conditions, tetraethyltin yielded triethyltin chloride 

[35^] and diethyltin diohloride [10^3. 

In conclusion, it appears that aromatic groups are more 

easily cleaved frtaa tin than aliphatic groups by acidic / 

agents; the longer the aliphatic group is, the more difficult 

it is to cleave; the branched chain isomer is more readily 

cleaved than the normal isomer where the number of carbon 
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atoms In the ohain is the same. 

These oonolusions are in agreement with those of Kharasoh 

and his associates based on the reaction of hydrogen chloride 

-with unsymntetrioal organomeroury confounds (28a). Eharasch 

deduced that the more electronegative radical unites with the 

hydrogen thereby providing a measure of the relative electro

negativity of various aryl and alkyl groups. The results of 

the cleavage of groups from organotin compounds by acidic 

reagents substantiate the conclusions of these earlier workers. 

Another method of preparation of organotin halides is 

the direct reaction with an alloy. Nesmeyanov, Borisov and 

Abramova (94) prepared trans-tri-S-chlorovinvltin chloride 

[40%] by stirring trana-2-chlorovinylmercuric chloride with 

a sodium-tin alloy [15% sodium] in benzene for 3 hours. 

Under congjarable conditions, ois-2-chlorovinylmerourio 

chloride gave cis-tri-2-ohlorovinyltin chloride in a 50% 

yield. Heating tin powder with trana-di-2-chlorovinylmer-

cury in ethanol for 4.5 hours at 50® gave trans-tri-2-

chlorovinyltin chloride [29%] and trans-2-ohlorovinyltin 

trichloride [1.5%]. In another reaction with tin powder, 

dicarbethoxymethyltin dibromide [16%] was prepared by re-

fluxing ethyl bromoacetate with the powder for 5.5 hours 

(36). Several other reactions with tin powder and similar 

haloesters failed to give isolable products. 
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n->Butyltin triiodide C25^3 waa formed by reacting KSnClg 

%'ith n-butyl iodide in a sealed Garius tube for 72 hours at 

90® (36), Keoently Takabovich and co-workers (126) reported 

that stannic halides react progressively with aliphatic di-

azo ooit3>ounds to yield halogen substituted organotin deriva-

tiTes. yields ranging from 40^ to 80^ were reported for the 

numerous compounds prepared by this method. The preparation 

of compounds with different aliphatic groups attached to tin 

was aohie-?ed by starting with substituted organotin halidea 

and reacting them with a diazo coopound containing another 

group. 

The reactions with stannic halides were run at a temper

ature range of 0® to 5® using benzene as the solvent. Stannic 

chloride and bromide reacted satisfactorily, but stannic 

fluoride did not enter into the reaction. 

SnX^ + CHgNg — ^ XGHgSnXg + 

XCHgSnXs + CHgNg —> (XCHa)gSnXg + 1^2 

(XGHe)eSnX8 + CHgNg — —* (XCH8)3SnX + % 
{XGHe)3SnX + CHgNg — »(XCHg)4Sn + Hg 

Just before the report of Yakubovich and co-workers it was 

shown that tri-n-propyltin bromide reacted with diazoethane 

to form a compound which contained bromine, but, unfortunately, 

it decomposed before being oonQ>letely analyzed (36), 
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Tabalation of oompoimda. 

Table 2 

B3S11X, HgR'SoX, HgSnlgy and RSnXg Compoonds 
(X « F, 01, Br, or I) 

Compounds m. ,b., and njj,®C** Referenoes 

Bromometliyltin tribromide 

n-Butyl-n-propyltin dl-
ohloride 

a-Butyltin triiodide 

Cbloromethyltin tri
chloride 

2-CliloroYinyltin tri-
chloride 

Diallyltin dibromide 

Dibenzyltin dichloride 

Di-£-biphenylyltin di
bromide 

Di-£-biphenylyltin di
chloride 

109/5mm. 

67-68 

154/52]m. 

72.5-73/5mm. 
n 1.5689 

65-65/4Ma. 
n^s 1,5602 

77-79/2. Omta. 

163 

144-145 

140 

Dibromomethyltin dibromide 87 

Di-n-butyl-j^-hexyltin 
iodide 

Di-a-butylisoamyltin iodide 

180/8nm* 
n^® 1.5246 

195/12mm. 
n 1.5254 

(126) 

(88b) 

(36, 80) 

(126) 

(94, 119) 

(116) 

(101) 

(114) 

(114) 

(126) 

(86, 119) 

(85, 119) 

*See Table 1. 
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Table 2 (oontinued) 

Compound ni»,b., and n^,®C. Referenoes 

dichloride 153-156/5aaa. 
41-42 

Di-l-oarbethoxyethyltin di- 82-85/1.5ima. 
bromide ̂ ̂ ' 

Dicarbetlioxymethyltin di- 139 
bromide 

Di-l-ohlorobutyltin di- 134/5mm, 
chloride 53 

Di-l-chloroethylohloromethyl- 128/Smm. 
tin chloride n 1.555 

Di-l-chloroethyltin di- 112/4mm. 
chloride 12 

n 1,5535 

Dichloromethyltin dichloride 89.5-90 

oia-Di-2-ohlorovinyltin di-
chloride 

trana-Di-2-ohlorovinyltin 
dichloride 

Di-£-ethoxyphenyltin di-
chloride 

Diethyl-a-amyltin bromide 

Diethyl-5-bromoamy1tin 
bromide 

Diethyl-fi«butyltin iodide 

100-102/3mm. 
n 1.5675 

77.5-78.5 

46 

134-135/iaBm. 
n 1,5460 

(62, 88a, 
88b, 97) 

(36) 

(36, 80) 

(126) 

(126) 

(126) 

(126) 

(93, 94, 
95, 119) 

(93,94,95) 

(114) 

(119) 

(119) 

(85,119) 

^^^In this table a question mark following any compound 
signifies that its composition as indicated is not definite. 
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Table 2 (oontlnaed) 

Compound m. |b.| and References 

Diethyliaoamyltin bromide 

Diethylisoamyltin chloride 

Diethylisobutyltin bromide 

Diethyl-fi-propyltin bro
mide 

Diethyl-a-propyltin 
chloride 

Idethyl-a-propyltin io
dide 

Diethyltin dibromide 

Diethyltin dichloride 

Diethyltin diiodide 

Diisoamylethyltin bromide 

Diisobutylethyltin bromide 

Dilauryltin diohloride 

Di-£-methoxyphenyltin di-
dibromide 

Di-£-iaethoxyphenyltin di
ohloride 

Dimethyl-^-amyltin iodide 

Dimethyl-ja-butyltin iodide 

132-134/16iam, 
n It5582 

227/760mm, 
84-85 

50-31 

19.4 

102 

76 

132-133/23inm. 
nl® 1.5440 

118-120/25iim. 
n 1.5478 

(119) 

(119) 

(119) 

(119) 

(119) 

(85,119) 

(63) 

(2,15,21, 
62,64,87, 
88e^8b, 
102,106) 

(84) 

(119) 

(119) 

(108) 

(114) 

(114) 

(85,119) 

(85,119) 
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Table 2 (continued) 

Compound m. ,b», and njj,*C References 

Dimetiiylethyltln chloride 

Dimethylethyltin iodide 

Dimethyliaoamyltin iodide 

Dimethylisobutyltin iodide 

Dimethyltin dichloride 

Dimethyltin diiodide 

Diphenyl-a-carbomethoiy-
phenyltin chloride 

Diphenyl-o-carboxyphenyl-
tin chloride^-T 

Diphenyltin dichloride 

Di -a^-pr opyl-£L-b ut yl t in 
iodide 

Di-a-propyltin dibromide 

Di-ja-propyltin diiodide 

Ethyltin trichloride 

Methyltin trichloride 

Phenyltin tribromide 

Phenyltin trichloride 

166-168/760iam. 
n 1.5082 

78/13mm. 
n 1.5705 

115/15mm.. 
n8i 1.5410 

95/15mm. 
a 1.5082 

185-190/760Baa. 
107-108 

44 

168-169 

42 

159-160/24m£fl. 
XL 1.5320 

196-198/76Qmm. 
-10 
n 1.5408 

45-46 

96/1.4nm. 

(87) 

(85) 

(85,116) 

(85,116) 

(2,64,87) 

(84,119) 

(29) 

(29) 

(29,64, 
106,125) 

(85,119) 

(52b) 

(52b) 

(21a^2) 

(98) 

(119) 

(10,119,125) 
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Table S (oontinued) 

Compound m, ,b,, and References 

Tri-n-arayltin bromide 

Tri-s-amyltin iodide 

Tribenzyltin chloride 

bromide 

Tri-ja-butyltin chloride 

Tri-n-butyltin iodide 

Tri-l-ohloroethyltin 
chloride 

Trichloromethyltin chloride 

oia,-Tri-2-ohloroTinyltin 
chloride 

trans*^i--2~chlorovinyltin 
chloride 

l^ri-a-dodecyltin chloride 

Triethyltin bromide 

Triethyltin chloride 

Triethyltin fluoride 

Triethyltin iodide 

Tri-n-heptyltin iodide 

168/4Kmi. 

145-147/5iam. 
n^l 1.4908 

168/8mm. 
n 1.5345 

130/3mm. 
n 1.5450 

138-140/5mm. 
n 1*595 

119.5/lmm. 
n 1.5821 

121 

33 

105-107/15fflm. 
n 1.5240 

95/15mm. 
15 
n 1.5055 

117-118/15mm. 
n^® 1.5553 

235-240/lEmm. 
nSO 1.4732 

(119) 

(84) 

(81) 

(119) 

(19,62, 
88a;L19) 

(84,86) 

(126) 

(126) 

(94,95,119) 

(94,95) 

(89) 

(19,29,119) 

(2,19,21a,68, 
63,87,a8b, 
119) 

(19) 

(19,84, 
85,119) 

(86) 
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Table 2 (continued) 

Compound m. ,b., and References 

Tri-£i«hexadecyltin chloride 55.5^56.5 (89) 

G^ilsoamyltin bromide (119) 

Triisoamyltin chloride (119) 

Triiaoamyltin iodide 178-179/llmm. (85,119) 
ni8 1,5209 

Triisobutyltin bromide (119) 

Triiaobutyltin chloride (119) 

Triisobutyltin iodide (119) 

TrimsthyIti^ bromide (63) 

Trimethyltin chloride 152-154/760mm. (2,87) 
42 

Trimethyltin fluoride (63) 

Trimethyltin iodide 69/15mm. (84,119) 

Tri-n-ootadeoyltin chloride 61-62 (89) 

Tri-a-octyltin iodide 215-220/5fflm. (86,119) 
n 1.5181 

Triphenyltin bromide 119-120 (120) 

Triphenyltin chloride 106 (6,21b,29, 
37,96,101, 
123,125) 

Triphenyltin fluoride (21b) 

Itiphenyltin iodide 119-121 (29,83) 

Tri-jL-propyltin bromide (52b, 119) 
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Table B (oontinued) 

Compound 

Tri-fiL-propyltin chloride 

^i-a-propyltin iodide 

Tri-n«tetradecyltin chloride 

and References 

{19,119) 

140-14l/15inm. (52b, 84,119) 

46-47 (87) 

Compounds of the general foriaulae {R3Sn)gY, RgSnY, 
SgSnYR, RgSnYg, RgSnY, R8Sn{TR)8, RsSn(TR*)e» 
and SnY^ [Y " OH, 0, S, RGOg, or (RO)gPOl 

Methods of preparation. The reaction of a diaubstituted 

organotin halide, RgSnZg, with an inorganic base is the method 

of choice for the preparation of organotin oxides of the type 

RgSnO. Talalaeva, Zaitseva and Kooheshkov (114) prepared 

RgSnClg + EOH" fRgSnO + HgO + 201* 

di-E,-methoxyphenyltin oxide, di-£-ethoxyphenyltin oxide and 

di-£.-biphenylyltin oxide in 100^ yields by dissolving the ap

propriate organotin dihalide in alcohol saturated with ammo

nia. By reacting dilauryltin dichloride with sodium hy

droxide in refluxing ether, Solerio (108) isolated some 

dilauryltin oxide. 
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Harada (51, SSs) prepared trimethyltin sulfide by re

acting triiaethyltin iodide with sodium sulfide in ethanol. 

S(CHa)3SnI + NagS >C (CH3) gSnlgS + 2NaI 

Molecular weight determinations show this compound to be a 

monomer. Reaction of dimethyltin diiodide and diethyltin 

diiodide with potassium bisulfide or sodium sulfide in eth

anol led to the reco'very of dimethyltin sulfide and di

ethyltin sulfide. From molecular weight deteiminations it 

(GHa)gSnlg + NagS ^CGHglgSnS + 2NaX 

was decided that these sulfides must be trimers and the pro

posed formula for their structure is RgSnSSn(Rg)SSn(Rg)S, a 

six membered heterocycle. Talalaeva, Zaitseva and Kochesh-

kov (114:) prepared di-^-methoxyphenyltin sulfide [71^3, di-

^.-ethoxyphenyltin sulfide and di-jgi-biphenylyltin sulfide 

C72^3 by reacting the appropriate organotin dichloride with 

potassium hydroxide in ethanol saturated with hydrogen sul

fide • 

Arbuzov and Grechin (1) prepared compounds of the typo 

RgSn(P03Rg)g [where R is a short chain alkyl group] by mix

ing an organotin dihalide, RgSnXg, with a phosphorus ester, 

P(0R)3, and heating to 100®. The compounds thus formed are 

RgSnXg + P(OR)g >RgSn(P03R2)2 + ZBX 
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soluble in hot butanol and chloroform, but are almost com

pletely insoluble in other organic sol'irents. Molecular 

weight determinations by the Rast method show these compounds 

to be dimsrio in structure. The phosphorus-tin bond is ex

tremely sensitive, and it is readily cleaved by dilute hy

drochloric acid, 10^ sodium hydroxide solution or halogen. 

In an analogous reaction, Arbuzov and Pudovik (2) have pre

pared compounds of the type RgSnPOgRg by mixing an organotin 

halide, RgSnX, with a phosphorus ester. These compounds are 

RgSnX + P(0R)3 ^RgSnPOsRg + ^ 

readily soluble in organic solvents, are monomeric in struc

ture, and are easily cleaved by dilute acid, halogens and 

acetyl chloride. 



33 

Tabulation of oompounds* 

Table 3 

(RgSnlgY, R3S11Y, RgSnYR, RgSnYg, RgSnY, RgSnlYRlg, 
RgSnCYRMgi and SnY^ Compounds 
CY = OH, 0, S, RCO2, or (ROlgPO] 

Compound m.,b*, and n^,®C.* References 

Di-£-biplienylyltin oxide (114) 

Di-^-biphenylyltin sulfide 134»5-135 (114) " 

Di-n-butyldi-n-butoxy- (17) 

Di-£^-butyldiettioxy- (17) 

Di-ja-buty Mime thoxy- (17) 

Di-n-butyldi-n-ootoxy- {17) 

Di-n-butyltin diaoetate (119) 

Di-n-butyltin diundeoate (119) 

Di-l-ohloroethyltin sulfide 180 (1E6) ̂ 

Di-^-ethoxyphanyltin oxide (114) 

Di-£-ethoxyphenyltin sulfide 127 (114) 

Diethyltin sulfide 219-221/760miii. (52a) 
24 

Diethyltin tetraethyldi- 249-251 (1) 
phosphorate 

•see Table 1. 
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Table 3 (continued) 

"-.b-. ana np.'C. Referenoea 

Diethyltin tetramethyldi- 263.5-265 (1) 
phosphorate 

Diethyltin tetra-a-propyl- 262-264 (1) 
diphosphorate 

Dilauryltin oxide deo» 110 (105) 

Di-jg^-methoxyphenyltin oxide (114) 

Di-£-msthox3rphenyltin sulfide 95 (114) — 

Dimethyltin sulfide 149 (52a) 

Diaethyltin tetramethyldi- 245-247 (1) 
phosphorate 

Diphenyl-£-oerboxyphenyl-, (29) 
inner aalt^"' 

Diphenyltin oxide (105,123) 

Di-n-propyltin oxide {52b) 

Di-n-propyltin sulfide (52b) -

Di-^-propyltin tetra-^- 251-253 (1) 
propyldiphosphorate 

Ethyl triphenylstannyl- (83) 
acetate 

Tin tetraacetate 253 (104) 

Tri-a-butyltin hydroxide (119) 

Triethylethoxy- 82-84/lliam» (2,116) 
ni6 1,4842 
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Table 3 (continued) 

Compoond m. and Reterenoes 

Triethyltin diethylphoa- E10-S20/2.5iam. (£) 
phorate n^* 1.4858 

Trietliyltin sulfide 187-188/20iiim. (51) 

Trimethyltin dimethyl- 96 (2) 
phosphorate 

Trimethyltin hydroxide 118 (2) 

Dtimethyltin sulfide 118/18inm. (51) 

Triphenylsiloxytriphenyl- 141-142 (This thesis) 

g.-Triphenylstannylbenzene- (83) 
sulfonazoide 

Triphenyltin a-t)*ityrats (83) 

Triphenyltin hydroxide (6) 

Triphenyltin oxide 124 (105) 

Tri-^-propyltin hydroxide (52a) 

Tri-a-propyltin oxide (52a) 

Tri-^-propyltin sulfide 215-219/19inai. (51) 
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Compounds of the general formulae RgSnSnRa, 
RgR«SnSnR*Re, RgSnR^SnRg, and RsSiSnRa 

Methods of preparation. The most direct method for the 

preparation of ditin confounds of the type RgSnSnRg is the 

reaction of a trisubstituted organotin halide with sodium 

metal in refluring xylene. Harada (50) used this method to 

prepare hexaethylditin. 

2(C8Hg)gSnX -»• 2Na •(OgHcjaSnSnCCgHgls + 2NaX 

Wittig, Meyer and Lange (123) reacted triphenyltin 

bromide with the intermediate, triphenyltin-lithium, to 

prepare heiaphenylditin in a 48% yield. Tfiphenylsilyltri-

phenyltin C71^] has been prepared by reaoting triphenyl-

chlorosilane with triphenyltin-lithium in ether at reflux 

for 3 hours (39). This compound has also been prepared by 

reaoting triphenylsilyl-potassium with triphenyltin chloride 

(125). Attempts to prepare triphenylleadtriphenyltin by re

acting triphenyltin-lithium with triphenyllead chloride, and 

triphenyllead-lithium with triphenyltin chloride were un

successful (125). 
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Tabulation of eompounda. 

Table 4 

RgSnSnRg, RfiR'SnSnR'Rg, RgSnR'SnRg, and RgSlSnHg Compounds 

Compound m.,b., and n|.,*>C.* References 

Deoamethylenedi-(tri-
ethyltin) 

Hexaettiyldi-

Hexaisobutyldi-

Hexamethyldi-

Hexaphenyldi-

Heaca-£.-propyldi-

Hexa-£-tolyldl-

Pentamathylenedi-
(triethyltin) 

1,1,2,2-Tetrae thyl-1,2-
diisobutyldi-

l,l,2,2-Tetraethyl-l,2-
dl-a-propyldi-

Triptienylsilyltriphenyl-

153-155/17inm. 

229-231 

298-300 

289-291 

(119) 

(50,119) 

(119) 

(91) 

(39,120,123) 

(119) 

(87, This 
thesis) 

(119) 

(119) 

(119) 

(39,125) 

*See Table 1. 



38 

Compounds of the general formulae RgSnH^ 
EgSnHg, and ESnH3 

Methods of preparation. Finholt, Schlesinger and co

workers {21a, 23) found that organotin halides are readily re

duced by lithium aluminum hydride to organotin hydrides in 

excellent yields, and the products are obtained in a high 

state of purity. The reduction is carried out by stirring 

the organotin halide with lithium aluminum hydride in dioxane 

for 1 hour at 25®. Under comparable conditions no reduction 

is achieved when lithium hydride is substituted for lithium 

aluminum hydride. 

4RySnX4.y + (4-y)LiAlH4 >4RySnH4.y + (4-y)LiX + 

(4-y)AlX2 

This method has been used to prepare silanes and germanes in 

good yields. 

Triphenyltin hydride was prepared in a 42^ yield (37) 

using the method of Chambers and Scherer (16) by ajoimoniating 

triphenyltin-sodium in liquid amtaonia with ammonium bromide. 

( CqHb ) gSnBr 2Na * (CgHg) gSnNa + NaBr 

(GeHg)aSnNa + NH^Br >(CeHe)3SnH + NHg + NaBr 

Wittig, Meyer and Lange (123) reduced triphenyltin bromide 

directly with lithium aluminum hydride in ether to prepare 
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triphenyltin hydride in 345^ yield. Detailed directions for 

the preparation of this hydride by reduction of triphenyltin 

iodide with lithium aluminum hydride are included in the Ex

perimental part. 

Tabulation of compounda. 

Table 5 

RgSnH, RgSnHg, and RSnHg Compounds 

Compound m. ,b., and njj,®C.* References 

Dimethyltin hydride 35/760mm. (24) 
n 1.4480 

Methyltin hydride 0/760mni. (24) 

Trimethyltin hydride 59/760mm. (24) 

Triphenyltin hydride 155-157/0.1mm. (37,123) 

*See Table 1. 



40 

Organometallio Complexes 

Siaoe the preparation of lithium boron hydride by 

Sohlesinger and Brovm (103) about a dozen articles dealing 

with organometallio complexes have been published. These 

papers, together with all prior publications covering this 

field, will be reviewed herein in order to systematize the 

information now at hand. 

1!he question arises as to how boron can, with a normal 

oxidation state of three, accommodate the five atoms ap

parently around it in lithium boron hydride. The answer 

to this question is found in the reports of Wittig and co

workers (120, 181, ISE, 123, 124). They substituted phenyl 

groups for the hydrogen of lithium boron hydride, and studied 

the physical and chemical behavior of the more easily handled 

tetraphenylboron-lithium. The boron atom in triphenylboron 

has an open octet in that its outer shell contains but six 

electrons. In its need to fill its octet, the boron will 

share a pair of electrons donated by a nucleophilic group 

which the boron can accommodate. If phenyllithium is looked 

upon as a tight ion pair (18, 92), then it is apparent that 

the phenyl group can readily share its electron pair with 

the boron atom. This sharing leaves the newly formed tetra-

phenylboron group with a formal negative charge, enabling 

it to hold the lithium ion close by electrostatic interaction. 
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CgHg 

+ OqEq: Li » 

G«H 8"e 

B^CgHg 

GeHe 

+ 
U 

Wittig has oompared this complex formation with the ad

dition of phenyllithium to the polar form of benzophenone. 

+ •• + 

(GsHgJgO « »-(C6H5)8C + GgHg: Li > 

0 

(CaHgjgC^-CeHe 

0 

+ 

+ Li 

The carbon atom bonded to the oxygen atom in the polar form 

possesses an open octet which is quickly filled by the phenyl 

anion* 

The same reasoning can be used to explain complexes like 

triphenylberyllium-lithium and triphenyltin-lithium. It will 

CeHg Be 

CgHg 

+ CeHg; Li CsHg-Be^-CeHg 

CgHg 

+ 
Li 
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« • 

CaHg-|n 

CeHe 

+ CgHe: Li 

be noted that in the case of the beryllium-oomplex, the beryl

lium atom still has an open octet. This accounts for some re

actions into ̂ ich it enters. These -will be discussed in de

tail in the next section. 

Complexes of group II metals 

In 1858 WanJclyn (117) attempted to prepare ethylsodium 

by the olea\tage of diethylzinc with sodium metal but vas not 

successful. Instead he had prepared triethylzinc-sodium 

from which the desired ethylsodium could not be obtained. 

Much later Hein (54, 55| 56, 58} showed that the addition 

of one equivalent of ethylsodium to one equivalent of di

ethylzinc in an inert solvent formed a solution vdth a con

ductivity equal to that of a 0.1 N potassium chloride solu

tion, and that sodium ion migrates to the negatively charged 

electrode and triphenylzinc ion migrates to the positively 

charged electrode. 

More recently it was reported (31) that an attempt to 

prepare diethylstrontium by the action of strontium metal on 

diethylzinc resulted in the preparation of a complex, tetra-

ethylzinc-strontium. A similar reaction ims carried out 
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EtOgHglgZil + Sr »(C8HB)8Zn'Sr(CgHB)8 + Zn 

between barluia metal and diethylzinc, and dlethylbariuffl was 

prepared in good yield. De Postin (20) used the cleavage 

method to prepare triethylzino-oesium from diethylzino and 

cesium metal. Hurd (59) found that one equivalent of di-

methylzinc in ether will take up two equivalents of methyl-

lithium to form tetramethylzino-dilithium. 

(CH3)8Zn + SOHgLi ^(GHgj^ZnLig 

Wittig and co-workers have made an intensive study 

(120, 121, 122, 123, 124} on the nature of organometallio 

complexes and in the course of their research prepared tri-

phenylberyllium-lithium, triphenylmagnesium-lithium, tri-

phenylzinc-lithium, heptaphenyldizinc-trilithium, and tri-

phenylcadmium-lithium. In each case the complex was prepared 

by adding an ethereal solution of phenyllithium to a solution 

of the diphenylmetallic coo^ound in ether. 

(GeHB)gM + OeHgLi >(CeHB)aMLi 

(M « Be, Mg, Zn and Gd) 

It was not possible to prepare a complex from diphenyl-

mercury and phenyllithium. Further study showed that the 

complex, triphenylmercury-lithium, could not be prepared by 

several different approaches. 



44 

Triphenylberyllium-lithium is a colorless solid which 

is stable up to 200®. Diphenylberyllium, in contrast, begins 

to decoagjose at 160®. The complex can be crystallised from 

dioxane with four molecules of solvent, and from xylene 

solvent-free. Triphenylmagnesium-lithium decomposes at 212® 

while diphenyliaagnesium is stable up to 250®. The coi^lex 

can be crystallized from dioxane with two molecules of sol

vent, and from xylene solvent-»free. Triphenylzino-lithium 

decomposes at 165®, and heptaphenyldizinc-trilithium is 

stable up to 215®. Diphenylzinc ia readily vacuum distilled 

without decomposition. Both complexes can be crystallized 

solvent-free from xylene. From dioxane, the former crys

tallizes with four molecules of solvent and the latter, with 

five. Investigations (123) have shown that the addition of 

phenyllithium to diethylzinc in a 1:1 ratio results in the 

preparation of triphenylzino-lithium. The further addition 

of 0.5 equivalent of phenyllithium leads to the foimation 

of the second complex, heptaphenyldizinc-trilithium. 

(CgHejgZn + OgHeLi > (OeHejaZnLi 

2(CgHg)3ZnLi + OgHgLi ^ (CgHg}^21ngLi3 

Triphenylcadmium-lithium is unstable, blackening slowly in 

the dark and rapidly in the presence of light. The addition 

of dio2»ne to an ethereal solution of the complex preoipi-
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tates the trlphenylcadmlum-lithiuia vdth four solvating mole-

oulea of dioxane. 

Reaotion vdth Mlohler*a ketone* Color Test I (42) is 

baaed on the faot that moderately active organometallio com

pounds add to the oarbonyl double bond of Miohler*a ketone 

to for% upon hydrolysis, a tertiary oarbinol vshioh is con

verted to a di- or triphenylmethane type dye by iodine in 

acetic acid. For phenyllithium the reaotion is: 

i:p-( CH3) 2NG6H4 JgC-O + CgHBLi -3a2-^Cp. (GH3) gNGaH^lgCGsHg + 

OH 

"OH 

(0H3)eH-Q/ W 

Malachite Green 

Kierefore Color Test I provides a good method for following 

the course of complex formation and for qualitatively esti

mating complex stability. If the complex were part of an 

equilibrium system, some phenyllithium would be present in 

solution and the equilibrium mixture would give a positive 

Color Test, 

(CeHg)glilLi > (CeHg)gM + GgHgLi 

The latter is valid, of course, only if the complex itself 

does not add as a unit to the carbonyl double bond, thereby 
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giving a positinr© teat. Fortunately, none of the complexes 

tested has sufficient activity to add as a unit. Table 6 

outlines the results of Color Tests I with ethereal solutions 

of these complexes• 

Table 6 

Reaction of Group II Complexes with Michler's Ketone 

(GsHejaltti Color Test I 

Be Negative 

Mg Positive 

Zn Negative 

Cd Positive 

(CeHg)7ZngLig Negative 

The results indicate that the complexes of magnesium and 

cadmium are involved in equilibrium systems, and those of 

beryllium and zinc are not* 

Reaction -with fluorene. Phenyllithium metalates fluorene 

promptly to form 9-fluorenyllithium which on carbonation 

yields diphenyleneacetic acid. Diphenylberyllium, -magnesium, 

-zino, and -cadmium do not metalate fluorene. This reaction, 
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" CX  ̂
Hg H Li 

Z' • Ci;X) 
i bOgH 

therefore, provides an excellent method to gain an Insight 

into the stability of these complexes provided that any 9-

fluorenyllithium formed does not itself form a stable complex 

•with the diphenylmetallies. Fortunately the latter happens 

only in the case of diphenylcadmium, and the resulting com

plex, diphenyl-9-fluorenyloadmium-lithium, is so weakly formed 

that it does not interfere with the carbonation reaction. 

Table 7 summarizes the results of the reaction of fluorene 

with ethereal solutions of these complexes. 



48 

Table 7 

Reaction of Group II Complexes with Fluorene 

(GeHgJaMLi Number of days 
reacted 

$ yield of diphenyl-
eneacetic acid 

Be 14 0 

Mg 3 47 

Zn 10 16 

Cd 3 64 

(GeHgj^ZngLia 10 44 

From these results a series of complex-stability, 

(GgHBlsBeLi > (CeHgjaZnLi > (C6HB)3MgLi > (GsHglgCdLi, may be 

made* The exact position of (CgHigj^ZngLis cannot be decided 

on, but it is apparent that the complex first dissociates 

into (GgHglgZnLi and CgHgLii and that this step is fairly 

rapid. Note that although the zinc-complexes do not give a 

poaitiTe Color Test I they do metalate fluorene. 

Reaction with benzophenone. TOie addition of phenyl-

lithium to the oarbonyl double bond of benzophenone is quite 

prompt, theireby providing another method for measuring the 

stability of these complexes. Unfortunately this method is 

complicated by the fact that some of the diphenylmetallics 
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possess sufficient activity to add to benzophenone. Table 8 

shows the yield of triphenyloarbinol (tritanol) when each of 

the diphenylmetallioa was reacted with benzophenone for 1 

hour. 

Table 8 

Reaction of Diphenylmetallic Compounds with Benzophenone 

% tritanol 

Be 55 

Mg 67 

Zn 0 

Cd 0 

CCeHgLi] C99 3 

Table 9 outlines the results obtained when each of the 

oois^lexes was reacted with benzophenone for 1 hour. 
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Iteble 9 

Reaotlon of Group II Complexes v^ith Benzophenone 

(CeH9)3MLi ^ tritanol based on the addition 
of one phenyl group 

Be 45 

Mg 100 

Zn 54 

Cd 96 

(CgHg} rj»Zngl<ig 100 

Surprisingly enough triphenylberyllium-lithium and benzo

phenone react to form tritanol in fair yield. Since this com

plex does not give a positive Color Test I and does not metal-

ate fluorene, it is thought that the oarbinol arises not from 

phenyllithium addition but, instead, by direct reaction of 

the complex with benzophenone, 

•f* mt 
(CgHgjeCO < ^ (CeHg)8C-0 (CeHglaBeLi » 

+ 

(CeHgleC-O + 
y I »• (G6Hg)BC-0Be{0QHg)g + Li » 
GgHg-BeLi I 

I CgHg 
(OgHg)g 

(CgHgisCOH + (CgHglgBe 
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The energy necessary for the direct addition of the complex 

to the polar form of henzophenone is believed (123) to come 

from the desire of the beryllium atom to add two electrons 

to complete its octet* The intermediate thus formed then 

rearranges to form the carbinol. 

As it is known that triphenylmagnesium-lithium is part 

of an equilibrium system the question arises whether the car

binol is formed by direct addition of the complex to benzo-

phenone or from diphenylmagnesium and phenyllithium adding 

separately. Table 10 summarizes the results of series of ad

ditions to benzophenone. 

Table 10 

Reaction of Organometallic Compounds with Benzophenone 

Compound added ia tritanol after $ tritanol after 
fiTe minutes one hour 

{CgHg)gMg 

(CgHglaMgLi 

CsHgLi 

44 

60 

78 

67 

81 

99 
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The yield of tritanol from the complex represents the mean 

between the diphenylmagnesium and phenyllithiam, and fr(m 

this it was oonoladed that the oarbinol arises from addition 

of the latter pair of oompounds to benzophenone and not from 

oomplex addition (123). 

Reaotion with benzalaoetophenone. Organometallio oom

pounds id.th high reactivity, such as phenylpotassium, add 

1,2 to benzalaoetophenone to form diphenyl-^styryloarbinol, 

while moderately aotive oompounds, like diphenylmagnesium, 

add 1,4 to form diphenyl propiophenone* 

+ •• «. + 

CgHgCH-GHG^O < *CsHgCH«GHG-0 -f CsHp; K > 

CeHg CgHB 

OgHg^ 

CAHBGH«GHG-0 K 
I 
06% 

H GaHBCH«GHC{OH)(CaHg)e 

+ — • 

CeHgGH^GHC-O + (CgHglgMg GeHgCH^CHCCeHg < " 

OsHe (CsHejeMgO 

+ -f 

CeHBCHOH-CGaHB » ^S^SGHGH^CCeHB (OgHB) oGHGHCCaH. 
y  j  "  "  Gq Hb  j o o  11  
CeEgMgO OMgCgHg 0 

GsHB 
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In some additions a secondary reaction takes place which 

leads to the formation of ̂ -phenyl-'J^-henzoyl-lf-benzhydryl-

butyrophenone. 

{CeHgJgGHCH^CGeHB + CeHgCH^CHG^O 

OMgCeHg CgHp 

0 
11 

(C6HB)8GHCH0CaHg 

CeHgCHCHaCCsHg 
II 
0 

Phenyllithium adds to benzalacetophenone to form diphenyl-^-

styrylcarbinol [1,2-addition] in an 84^ yield and diphenyl 

propiophenone [l,4-addition3 in a 16^ yield. The diphenyl-

metallics in their reactions with benzalacetophenone form 

only diphenyl propiophenone Cl,4-addition3, except diphenyl-

cadmium, which does not react at all* Table 11 summarizes 

the results of the reaotion between some of these complexes 

with benzalacetophenone, under comparable conditions* 
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Table 11 

Reaotion of Group II Complexes with Benzalaoetophenone 

(CeHglgMLi % oarbinol % ketone % diketone 

Be 0 41 0 

Mg 0.4 95 0 

ZXL 10 0 24 

Cd 7 22 1.8 

(C gHg)^ZngLi 3 12 0 32 

As with benzophenone, triphenylberyllium-lithlum must 

add to benzalaoetophenone as a unit, or else some oarbinol 

would have been isolated. The same reasoning must follow for 

triphenylmagneaium-lithium, whioh also adds to benzalaoeto

phenone as a unit* The zino-oomplexes must first dissociate 

into diphenylzinc and phenyllithium whioh then add to the 

ketone. It is interesting to note that triphenylcadmium-

lithium must add as a unit to the ketone while diphenyload-

mium shows no reaction. This my be due to the desi2:>e of 

the oadioium in the complex to complete its open octet. 
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Oomplexea of Group III metala 

In 1933 Thomson and Stevens (115) tried to prepare tri-

methylethylboron-lithium from trimethylboron and ethyllithium 

in ligroin at 120* without success. An attempt to prepare 

tetraphenylboron-lithium from triphenylboron and phenyl-

lithiumi under the same conditions, was also unsuccessful. 

Seven years later Sohlesinger and Brown (103} announced the 

preparation of lithium boron hydride by reaction of diborane 

with ethyllithium, and, in order to prove that this type of 

coB^lex was not unique, successfully synthesized and fully 

described trimethylethylboron-lithium. The latter complex 

was prepared by adding an ethereal solution of ethyllithium 

to trimethylboron in ether, at room temperature. 

BgHa + CEHgLl »LIBH4 + OgHa 

(CHglaB + CgHBLi »{GH3)g(C8Hg)BLi 

Hurd (59), using the method of Sohlesinger and Brown, 

prepared tetramethylboron-lithium and tetramethylaluminum-

lithium from the trimethyl organometallic compounds and 

methyllithium in ether, Wittig and co-workers, along with 

their studies on the nature of the complexes of Group II 

metals, have prepared and fully described tetraphenylboron-

lithium and tetraphenylaluminum-lithium (ISO, ISl, 122, 123). 
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These complexes were prepared by the method of Sohleaiager 

and Brown, 

(CaHg) 3B + GsHBLI > {C0H5)4BLI 

(GgHejaAl + CgHgLl ^(CeHgj^AlLi 

Tetraphenylboron-lithium can be reorystallized solvent-free 

from oyoloheiane plus ether or from di-ja-p^^opyl ether to 

yield shiny colorless needles. The great stability of this 

complex is highlighted by the fact that it does not react 

with water, and water solutions of tetraphenylboron-lithium 

are stable. The complex does not give a positive Color Test 

I, and it does not react with benzophenone or acetone. 

Tetraphenylaluminum-lithium can be reorystallized from 

dioxane. Like tetraphenylboron-lithium, this complex vd.ll 

not give a positive Color Test or react with benzophenone, 

but tetraphenylaluminum-lithium does react with water im

mediately on contact to yield benzene, aluminum hydroxide 

and lithium hydroxide. Analogous reactions with water are 

entered into by the Group II complexes. 

(G6H5)4AlLi + 4H0H >4C6He + A1(0H)3 + Li OH 

Starting with tetraphenylboron-lithium it is possible 

to prepare tetraphenylboron-complexes with other alkali 

metals and the pseudoalkali, the ammonium ion. Tetraphenyl-
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boron-potassiuBij -rubidium, -cesium, and -ammoniuia are formed 

by reacting an aqueous solution of tetraphenylboron-lithium 

with a very oonoentrated salt solution of the appropriate ion 

» potassium chloride]. Tetraphenylboron-sodium is pre

pared from the lithium coo^lex and sodium methoxide« 

(CgHg) 4BU + K:+ »• (CgHg) 4BK + Li+ 

(G6Hg)4BLi + NaOCHg > (CeHgl^BNa + LiOCHg 

An interesting complex, (C6Hg)4BP(GeHg)4^, is formed by 

reacting tetraphenylboron-lithium with tetraphenylphosphorus 

bromide in ether. 

(GgHgj^BLi + (OeHBl^PBr * (CgHgj^BPCOsHg)4 + LiBr 

Triphenylboron and triphenylaluminum react K«ith hydrides of 

the alkali metals to form stable complexes* 

(06HB)3B + AH > (CeH6)3BHA 

£a » Li, Ha or K3 

(CeHg) 3AI + LiH > {CgHg) gAlHLi 
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Complexea of Group lY metals 

It has bean kno'wn for some time that reaotlve interme

diates of the type RgMA. [where R may be an aliphatic or aro

matic group, M is Si (7, SE, 46, 68, 72), Ge (66, 69, 70, 74), 

Sn (11, IS, 16, 71, 73) or Pb (S5, 30, 57), and A is Li, Na 

of K] can be prepared by the reaction of alkali metals or 

their alloys with compounds of the type RgMX [where X may be 

an aliphatic, aromatic, alkoxy, RgM, halogen, oxygen, hydro

gen, and possibly nitrogen]. 

In 1941 it was reported that three equivalents of phenyl-

lithium react with one equivalent of lead chloride in ether 

at -10* to form triphenyllead-lithium (43). The reaction has 

been shown to be a two step process, the first being simple 

nuoleophilic displacement of chloride ion by phenyllithium 

and the second, coi^lexation of the diphenyllead, thus formed, 

with phenyllithium (43). 

SCeHgLi + PbClg » {CeHg)ePb + 2LiCl 

{ CqHB ) gPb + GeHeLi >( CeHg) gPbLi 

littig (120, 123) has prepared triphenyltin-lithium from 

diphenyltin and phenyllithium in ether. The complex may be 

crystallized solvent-free from dioxane to yield brilliant 

yellow needles. As with the lead-oomplex, triphenyltin-
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lithium has been prepared by direct reaction of three equi

valents of phenyllithium with one equivalent of stannous 

chloride (39). 

ECeHgLi + SnClg •(CeHgjgSn + ELiGl 

(CeHg)8Sn 4- O^E^Li * (^GqE^) ̂Si^i 

Complexes of tin containing aliphatic groups, tri-n-

butyltin-lithium and triethyltin-lithium, have been prepared 

by reacting the appropriate allcyllithium craapound with stan

nous chloride (41)» 

Triphenylgeriaanium-lithium has been prepared, in like 

manner, by reacting germanium diiodide with phenyllithiujn, 

but little information is available on this complex at this 

writing. 

Reaction with Michler's ketone. Triphenylsilyl-potassium 

(125) gives a positive Color Test I but the result is a blue 

color which is remindful of Michler*s hydrol and not the usual 

green of Malachite Green. Triphenyltin-lithium does not give 

a positive Color Test, but triphenyllead-lithium does give a 

positive Test. From this result and other data cited below 

it has been concluded that triphenyllead-lithium is part of 

an equilibrium system, with the equilibrium displaced at least 

80^ toward the lead complex (43). 

(CeHB)gPb + CSHBU '(CeH5)3PbLi 
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Reaotloa with unaaturated linkages* TripJienylsilyl-

potassium reacts with Dry loe to form triphenylsilylaoetio 

aoid. This aoid is metestable, and on warming to 135* lib

erates carbon monoxide with formation of triphenylsilanol (7), 

(C8Hg)3SiK + COg —(CsHBjaSiCOeH 

{CeHgjaSiCOeH > (GeHglaSiOH + CO 

The high reactivity of this intermediate is emphasized by 

its addition to trana-atilbene to yield ̂ «triphenylsilyl-o{, 

diphenylethylpotassium which on hydrolysis forms triphenyl-

-diphenylethylsilane (47). 

(GsHgjaSiK + GeHeCH-CHOgHB > (CgHg) 3SiCH(06Hg)CH(C6Hg)K 

—^ > {CeHg) 3SiCH( CeHg) CHg {CgHe) 

Triphenyltin-lithium does not react with Dry Ice, gaseous 

carbon dioxide, benzophenone, benzalacetophenone, or trans-

stilbene. From these results it has been concluded that, like 

triphenylberyllium-lithium, tetraphenylboron-lithium and 

tetraphenylaluminum-lithium, this tin-complex is not part of 

an equilibrium system. 

Triphenyllead-lithium reacts with gaseous carbon dioxide 

to form benzoic aoid and a diphenyllead polymer. Apparently 

the carbon dioxide combines with the phenyllithium present in 
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the equlllhriuffl mixture gl'vlng rise to the benzoic acid (43). 

(CsHglaPbLi »(C6Hg)gPb + OgHeLi 

CeHBLi + COg ^ > OaHpOOgH 

Seaotlon with mter. Each of the three complexes dis

cussed in this section reaots with water in a different man

ner. Triphenylsilyl-potassium yields triphenylsilane, which 

immediately hydrolyzes to triphenylsilanol, and potassium hy

droxide; triphenyltin-lithium yields hexaphenylditin, hydro

gen, and lithium hydroxide; triphenyllead-lithium yields a 

diphenyllead polymer, benzene, and lithium hydroxide. 

(0 eHg) gSiK + HOH » (C gHg) gSiH + KOH 
' * (06HB)3Si0H 

(OaHgjsSnLi + HOH * (CsHgJaSng + Hg + LiOH 

{G8H5)aPbLi + HOH »[ (CeHg jgPb]^; + CeHg + UOH 

Reaction with organic halides. The complexes discussed 

in this section are formed from compounds in which the me

tallic element has oxidation state of two. Unlike the metals 

of Group II and III complexes, the Group lY metals can re

arrange their electronic configuration and assume an oxida

tion state of four. These Group IV complexes react promptly 

with aliphatic and aromatic halides to form compounds of the 

types, H^M and R3IR* [where R and R' may be aliphatic and/or 

aromatic groups], in good yields. Triphenyllead-lithium, 
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although part of an equilibrium system, reacts as a unit with 

organic halidea. 

(0aH6)3pbLi + CsHgCHeCl * (CgHelsPbCHgCsHg (70^) 

+ LiCl 

In conclusion it may be said that triphenylsilyl-potas

sium and triphenyltin-lithium are not involved in equilibrium 

systems, and that the former is much more reactive than the 

latter. Triphenyllead-lithium is part of an equilibrium sys

tem and its reactivity is about the same as that of the tin-

complex. 

Analytical Procedures 

The most convenient qualitative test for tin, although 

not the most accurate, in organotin compounds is to ignite 

a small sample of the oompound on a clean spatula or crucible 

cover. The gray-white residue of stannic oxide indicates the 

presence of tin. This test may be ineffective with volatile 

organotin compounds, and decomposition of a sample of the 

compound with bromine followed by precipitation of the tin 

as the sulfide oan be used as an alternative test for the 

presence of tin. Recently another test for tin has been de

veloped based on the fact that Mo^®, as in the Yellow precip
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itate, is reduced to Mo"*"® by Sn^®. Mo"*"® compounds are blue 

in color, and the change in color from yellow to blue is in

dicative of tin (22, 34). 

Quantitatively, tin in organotin compounds is determined 

as stannic oxide. Pfeiffer (99) introduced 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 oonoentrated sulfuric acid and ignition to stan

nic oxide. A more convenient method (76) uses fuming nitric 

plus fuming sulfuric acid in a covered porcelain crucible 

to decompose the sample, followed by ignition to stannic 

oxide. Concentrated sulfuric aoid plus 30fo hydrogen per

oxide has been used in place of fuming nitric plus fuming 

sulfuric acid (111). Volatile organotin compounds usually 

give low results by the fuming aoid procedure. A method has 

been introduced whereby the volatile organotin compound is 

first decomposed with bromine in carbon tetrachloride, fol

lowed by treatment with concentrated nitric plus concentrated 

sulfuric aoid and finally ignition to stannic oxide (35). 

It has been found that organotin compounds can be completely 

decomposed simply by treatment with concentrated sulfuric 

aoid followed by ignition to stannic oxide. This method can 

be applied to volatile as well as non-volatile compounds. 
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EXPERIMENTAL 

Organotin Reaotions 

Stadlea on the natyre and reaotlona of 
trlphenvltln-lithlum In ether 

Preparation of trlTahenyltln-llthlom in ether. The gen

eral procedure which was used for the preparation of tri-

phenyltin-lithium on a 0.045 mole scale was as follows: the 

calculated volume of solution necessary to give 0*135 mole 

of phenyllithium'-*® was added dropwise, over a period of 

about 1,5 hours, to 8*54 g« (0.045 mole) of finely ground 

anhydrous stannous chloride® suspended in 100 ml. of ether 

in a 500 ml., four-necked flask. The operations were carried 

out onder nitrogen. During the addition the mixture was 

cooled in an ice-salt bath whose temperature was maintained 

iH. Oilman, E. A, Zoellner and W. M. Selby, J. Am. Chem. 
Soc.. 5§, 1252 (1933); see also ibid.. 1957 (19321. 

®R. G. Jones and H. Gilman, ••Organic Reactions", Vol. 6, 
John Wiley and Sons, Inc., New York, N.Y., 1951, p. 353. 

^•'Stannochlor" purchased from Metal and Thermit Corpora
tion. 
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at -10«, Meohanioal stirring, one of the most important 

points in the teohnique, was employed. A glass blade stirrer 

-^0® Glass Co. stirrer, catalog number 8245) ma found 

to be very efficient. The stirrer blade must fit the bottom 

of the flask closely, otherwise the dense stannous chloride 

oolleots on the bottom of the flask and the reaction proceeds 

irregularly. 

fhe phenomena which occurred during the addition of the 

phenyllithium were as follows: the first few drops produced 

a yellow color. The color gradually increased in intensity 

and was bright yellow at 0.5 equivalent of phenyllithium, 

orange at 1.0 equivalent, red at 1.9 equivalents, deep red 

at B.l equivalents, rust at 2.5 equivalents, and tan at 3.0 

equivalents. The deep red color is believed to indicate di-

phenyltin*, and the tan color, triphenyltin-lithium®. Color 

Test I® for reactive organometallic compounds remained nega-

^See E. Krause and A. von Grosse, "Die Chemie der metall> 
organischen Verbindungen", Gebruder Borntraeger, Berlin, 1937, 
p. 355, for a discussion of the color of solutions of diaryl-
tin compounds in organic solvents. 

®G. Wittig, Angew. Ghem.. 231 (1950)} G. Wittig, F. 
J. Meyer and G. Lange, Ann.. 571. 167 (1951). 

®H. Gilman and F. Schulze, £. Ghem. Soc.. 47. S002 
(1925). 
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tive until 3.05-3.10 equivalents of phenyllitMum had been 

added. At no time during the addition was there a homogene

ous solution. The triphenyltin-lithiim was ready for subse

quent use as soon as the addition of the phenyllithium solu

tion was completed. These phenomena were confirmed carefully 

in at least four different runs, and were observed in general 

in numerous other experiments. 

It was found that the rate of addition of the phenyllith

ium solution to the stannous chloride was particularly criti

cal. If the phenyllithium solution was added too rapidly, 

Color Test I remained positive throughout the addition and 

the color changes described above did not take place. Color 

Test I remained positive even 5 hours after the rapid addi

tion of three equivalents was completed. A dropwise addition, 

at a rate where each drop can be seen distinctly, was found 

to give optimum results. 

Hydrolysis of reactions involving triphenvltin-lithium. 

After the desired reaction time had elapsed the mixture was 

hydrolyzed by pouring it into 400 ml. of saturated ammonium 

chloride solution contained in a 1 liter beaker. The contents 

of the beaker were stirred efficiently during the hydrolysis 

by the use of a magnetic stirrer (e.^* > Precision Scientific 

Co. Mag-Mix, catalog number 65904). Any solid which may 

have come out of solution upon hydrolysis was filtered off 
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and air-dried. The ether and water layers were separated, 

the ether layer dried over anhydrous sodium sulfate, and the 

water layer discarded. After drying, the ethereal solution 

was filtered from the sodium sulfate, the ether was removed 

by distillation from a water bath, the last traces of the 

solvent were removed at water pump pressure, and the residue 

worked up as required by the nature of the expected product. 

It was found that the symmetrical organotin compounds 

were best reorystallized from benzene, petroleum ether (b.p. 

77-120®), or a mixture of both. Unsymmetrical compounds 

urere best reorystallized from ethanol or a mixture of meth

anol and benzene. 

Hydrolysis of triphenvltin-lithium. Triphenyltin-lithium 

was prepared by the addition of 0.135 mole (3 equivalents) of 

phenyllithium in 123 ml. of ether to 8.54 g. (0.045 mole) of 

stannous chloride suspended in 100 ml. of ether at -10®. The 

reaction mixture was hydrolyzed, as soon as the addition of 

the phenyllithium was completed, by pouring it into 400 ml. 

of water* Upon hydrolysis the ether layer became orange 

colored and had an orange solid suspended in it. On standing, 

a yellow solid precipitated from the ether layer. 

The solid recovered on hydrolysis was crystallized from 

petroleum ether (b.p. 77-120®) to yield 2.1 g. (14.6?^) of 
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tetraphenyltia melting at 222-225®'''. A mixed melting point 

witlx an authentio specimen showed no depression. 

The ether layer yielded a yellow solid -whioh when crys

tallized from petroleum ether (b.p, 77-120*) yielded 2.1 g. 

(10.9^) of heiaphenyldltin melting at 226-229»®, A mixed 

melting point with an authentio specimen showed no depres

sion. A mixed melting point with tetraphenyltin melted at 

190-200®, showing a drastic depression. 

Run 2. A second run carried out exactly as the 

first led to the recovery of 1.5 g. of tetraphenyltin (10.0^) 

melting at 224-226® and 2.2 g. of hexaphenylditln (14.0^) 

melting at 226-228®. Mixed melting points with authentic 

specimens showed no depression. 

Carbonation of triphenvltln-lithlum with gaseous carbon 

dioxide. The theory was developed that in the trlphenyltin-

llthium preparations there existed an equilibrium between 

diphenyltln and phenyllithlum, on the one hand, and triphenyl-

tln-lithlum on the other, 

{OeHgjgSn + C6H6L1F^= ^{CsHgJaSnLl 

''d. CSoddard and A. S. Qoddard, £. Ghem. Soc.. 121. 256 
(1922). 

®E. Krause and R. Becker, Ber., 173 (1920). 
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ordinarily far diaplaoed toward the triphenyltin-lithium®. 

Suoh an equilihrium vsould help to explain the formation of 

tetraphenyltin in the reaction of triphenyltin-lithium with 

benzyl chloride {see pp. 91 ) by proposing a metal-metal 

interconversion between triphenylbenzyltin, as formed, and 

phenyllithium, 

{C6H6)3SnCHgi^C^e + CgHgLi »(C6He)4Sn + 

(CeHpjgCCeHgCHgjSnLi 

to yield tetraphenyltin and a new intermediate. For char

acterization of the phenyllithium the oarbonation reaction 

was employed. 

Triphenyltin-lithium was prepared by addition of 0.135 

nu^le (3 equivalents) of phenyllithium in 162 ml. of ether to 

8.54 g* (0.045 mole) of stannous chloride suspended in 100 

ml. of ether at -10®. Color Test I was very weakly positive 

after the addition of the phenyllithium was completed, and 

the reaction mixture was tan colored. Dry carbon dioxide 

gas was then passed over the surface of the solution, still 

stirred in the cold, for 4 hours. The reaction mixture did 

not change in appearance in any way, and was hydrolyzed by 

pouring it into 100 ml. of water. 

®H, Gilman. L. Summers and R. W. LeeT>er. J. Ora. Chem.. 
IZ, 630 (1952). " 
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On hydrolysis a yellow-brown solid came out of solution. 

The solid was filtered off and air-dried, and the layers were 

separated. The ether layer was extracted with three 15 ml* 

portions of 15% potassium hydroxide solution, and then dried 

oyer sodium sulfate. The potassium hydroxide layers were 

combined with the water layer of the hydrolysis mixture. 

The water layer was acidified with dilute hydrochloric acid, 

and the solution became faintly cloudy. The aqueous solution 

was extracted three times with 25 ml. portions of ether* The 

portions of ether were combined and dried over sodium sulfate. 

The ether was removed from the layer which should con

tain the benzoic acid leaving a small amount of oily residue. 

No benzoic acid or addition products of benzoic acid were 

isolated from the oil. 

The solid (10.7 g.) recovered on hydrolysis was extracted 

with benzene and filtered hot. On cooling, 3.4 g. (23.6^) of 

tetraphenyltin melting at 222-225* was obtained. A mixed 

melting point with an authentic specimen showed no depression. 

The ether layer from the hydrolysis yielded a solid on 

distillation. Crystallization of the solid from petroleum 

ether (b.p. 77-120®) yielded 2.5 g. (15.9^) of heasphenyldi-

tin melting at 227-230*. A mixed melting point with an au

thentic specimen showed no depression. 

A check run gave essentially the same results, and no 

benzoic acid or addition products of benzoic acid were iso
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lated. These results tend to ellailnate the hypothesis that 

an equilibrium exists between diphenyltin and phenyllithium, 

on the one hand, and triphenyltin-lithium on the other. 

Garbonation of triphenyltin-lithium with Dry loe. Tri-

phenyltin-lithium was prepared by the addition of 0.135 mole 

of phenyllithium in 15S ml. of ether to 8.54 g. (0.045 mole} 

of stannous chloride in ether. The reaction mixture was then 

carbonated directly by pouring it onto a Dry Ice-ether slurry. 

On warming to room temperature the ethereal solution was 

filtered from the solid suspended in it. This solid was ex

tracted with 100 ml. of petroleum ether (b.p. 77-120*) and 

filtered hot. On cooling, 0.9 g. (4.75^) of tetraphenyltin 

melting at 222-225° was obtained. A mixed melting point with 

an authentic specimen showed no depression. 

The ethereal solution was evaporated to dryness, and the 

oily residue was extracted with 50 ml, of refluxing petroleum 

ether (b.p. 77-120®) for 0.5 hour and the filtrate decanted. 

The insoluble solid was extracted with 50 ml. of water and 

filtered hot. Acidification of the aqueous solution with 

concentrated hydrochloric acid yielded no acid. The petro

leum ether solution yielded no tetraphenyltin or hexaphenyl-

ditin. 

Reaction of triphenyltin-lithium with benzophenone. The 

purpose for carrying out this reaction was twofold. First, 

it was used to measure the reaotivity of triphenyltin-lithium 
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toward a oarbon-oxygen double bond; second, it was used to 

further test tlie possibility that triphenyltin-lithium is 

in equilibrium idth diphenyltin and phenyllithium^ as pre

viously mentioned* Wittig and co-workers® have used this 

method very successfully in the measurement of the stability 

of various organometallic complexes* 

TKriphenyltin-lithium was prepared by the addition of 

0,330 mole (3 equivalents) of phenyllithium in 250 ml. of 

ether to 20«9 g. (0*110 mole) of stannous chloride suspended 

in 100 ml. of ether at -10*. Color Test I was very weakly 

positive after the addition of phenyllithium was completed, 

and the reaotion mixture was tan colored. Then 20*0 g* 

(0.110 mole) of benzophenone was added in one portion. The 

reaction mixture became chocolate brown and increased in vis

cosity almost immediately. The ice-salt bath was maintained 

at -10* while the mixture was stirred for 2 hours. Hydroly

sis was carried out as described above. 

The solid recovered on hydrolysis was extracted with 

500 ml. of petroleum ether (b.p. 77-120®), filtered hot, and 

the filtrate placed in a refrigerator to cool. On cooling, 

3.5 g. (9.5^) of tetraphenyltin melting at 223-225* was ob

tained. A mixed melting point with an authentic specimen 

showed no depression* 
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The ether was removed leaving a yellow oil. On standing 

the oil solidified. The yellow solid was extracted with 100 

ml. of petroleum ether (b.p. 28-36«) at reflux and the mix

ture was allowed to oool to room temperature. The solid was 

filtered off and dried while the petroleum ether was distilled 

from the filtrate leaving a yellow oil. The solid from the 

petroleum ether extraction was digested with 400 ml. of pe

troleum ether (b.p, 77-120®), filtered hot, and the filtrate 

placed in a refrigerator to oool. On cooling, 5.7 g. (14.85^) 

of hexaphenylditin melting at 286-229* was obtained. A mixed 

melting point with an authentic specimen showed no depression. 

In order to determine the nature of the yellow oil re

covered from the petroleum ether extraction a sample of it 

was reacted with phenylhydrazine to form a phenylhydrazone 

melting at 135-137* (the phenylhydrazone of benzophenone 

melts at 137*)^®. A sectmd sample was reacted with 2,4-

dinitrophenylhydrazine to form a 2,4-dinitrophenylhydrazone 

melting at 236-238* (the 2,4-dinitrophenylhydrazone of ben-

zophenone melts at 239® 

^ R. L. Shriner and R. 0. Fuson, "03ie Systematic Iden
tification of Organic Compounds", John V'dley and Sons, Inc., 
New York, 1948, 3rd Edition, p. 264. 
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The oil was extracted with 50 ml. of ethanol and filtered 

hot. The ethanol was remoTed by distillation at the water 

pump, and the residue was distilled at reduced pressure (124**/ 

0*8 mm.}. Only one fraction was obtained. A reooTery of 

12.6 g. (60.0^) of benzophenone melting at 46®^° was made. 

During the course of the work-up of the reaction partic

ular attention was paid to the possible recovery of tri-

phenylcarbinol but no trace of this compound was found. A 

check run was made and essentially the same results were 

obtained. 

Reaction of triphenyltin-lithlum with benzalacetophenone. 

Triphenyltin-lithium was prepared by the addition of 0.135 

mole of phenyllithium in 152 ml. of ether to 8.54 g. (0.045 

mole} of stannous chloride suspended in 100 ml. of ether. 

To this was added 9.4 g. (0.045 mole) of benzalacetophenone 

in 50 ml. of benzene. No apparent change took place upon 

addition or as the reaction progressed. The cooling bath 

was remoTed, the mixture was refluxed for 24 hours, and hy-

drolyzed. The solid recovered on hydrolysis was extracted 

with petroleum ether (b.p. 77-120®), and filtered hot. On 

cooling, 1.5 g. (7.8^) of tetraphenyltin melting at 224-225® 

(mixed melting point) was obtained. 

The ether and benzene were removed by distillation 

leaving a brown gum. The gum was extracted with 225 ml. of 
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methanol and filtered hot. On cooling, an oil came out of 

solution. Various attempts to crystallize the oil (10.0 g,) 

proved unsuccessful. In order to determine the nature of 

the oil a sample of it was reacted with phenylhydrazine to 

form a phenylhydrazone melting at 116-119* (the phenylhydra-

zone of benzalacetophenone melts at 1E0®)^°. A second sample 

was reacted with E,4-dinitrophenylhydrazine to form a 2,4-

dinitrophenylhydrazone melting at E43-245® (the 2,4-dinitro-

phenylhydrazone of benzalacetophenone melts at 245®)^°. 

From these results it was concluded that the oil was prin-

ciply unreacted benzalacetophenone. 

Preparation of triphenyl-2-hydroryethyltin. Triphenyl-

tin-lithium was prepared from 8.54 g. (0.045 mole) of stan

nous chloride and 0.135 mole of phenyllithium in 150 ml. of 

ether. With the salt-ice bath (-10®) still in place 15.0 g. 

(750^ excess of 0.045 mole) of ethylene oxide in 20 ml* of 

ether was added. The color changed from tan to light yellow 

almost immediately. The reaction mixture was stirred for 1 

hour, with the cooling bath in place, and hydrolyzed. 

The solid (1.3 g.) recovered on hydrolysis was extracted 

with 150 ml. of petroleum ether (b.p. 77-120®), treated with 

Norit A, and filtered hot. On cooling, 1.0 g. (5.2^) of 

tetraphenyltin melting at E23-225® (mixed melting point) was 

obtained. 
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The ether layer yielded an oil which was extracted with 

100 ml, of methanol, and filtered hot. On cooling, a small 

amount of solid cams out of solution. The methanol solution 

was decanted and the solid ms ignored. The methanol was re

moved by distillation from a water bath, and the residue dis

solved in a minimum amount of refluzing petroleum ether (b.p. 

77-lSO®). On cooling, 8.3 g. (44.8^) of triphenyl-E-hydroxy-

ethyltin melting at 66-67®^^ (mixed melting point) was ob

tained. 

Preparation of triphenyl-2-hydroxy-5-ohloropropyltin» 

Triphenyltin-lithium was prepared from 8.54 g. (0.045 mole) 

of stannous chloride and 0.135 mole of phenyllithium in 147 

ml. of ether. With the salt-ice bath (eg,. -10*) still in 

place IE.3 g. (0.045 mole plus 200%) of epichlorohydrin was 

added. The color of the reaction mixture changed from tan 

to gray almost immediately. The mixture was then stirred 

for 1 hour, with the cooling bath in place, and hydrolyzed. 

The solid (E.6 g.) recovered on hydrolysis was extracted 

with 200 ml. of petroleum ether (b.p, 77-120®), treated with 

Norit A, and filtered hot. On cooling, 1.9 g. (9.9%) of 

Oilman and C. E. Arntzen, £. Org. Ghem., 15, 994 
(1950). 
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tetraphenyltln fflelting at S24-2E60 {mixed, melting point} was 

obtained. 

The ether layer yielded an oil whioh was extracted with 

100 ml* of methanol, and filtered hot. On cooling, a small 

amount of solid came out of solution. The methanol solution 

was decanted and the solid discarded. The methanol was re

moved by distillation from a water bath, and crystals were 

obtained from the residual oil by vigorous mixing with 25 ml. 

of petroleum ether (b.p. 60-70®). The yield of crude tri-

phenyl-2-hydroxy-3-chloropropyltin melting at 94-97* was 8.7 

g. (43.5^). This crude product ̂ s extracted with 50 ml. of 

petroleum ether (b.p. 77-120®), and filtered hot. On cool

ing, 5.4 g. (27.0^) of triphenyl-2-hydroxy-3-ohloropropyltin 

melting at 97-99® was obtained. 

Anal. Calcd. for OgiHgiOClSn: Sn, 26.76. Found: 

Sn, 26.77. 

Run 2. This run was carried out exactly as the 

first. The yield of tetraphenyltin melting at 223-225® was 

1.6 g. (8.4$^) and of triphenyl-2-hydroxy-3-chloropropyltin 

melting at 97-99® was 4.7 g. (23.5^). 

Reaction of triphenvltin-lithium with trans-stilbene. 

It v®s found that triphenylsilyl-potassium possesses suffi

cient reactivity to add to the carbon-carbon double bond of 
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trans-atllbene^®, and this reaction was run to compare the 

reactivity of the two organometallic intermediates, 

Triphenyltin-lithium was prepared from 8#54 g. (0,045 

mole) of stannous chloride and 0.135 mole of phenyllithium 

in 144 ml, of ether. Color Test I was negative after the 

addition of the phenyllithium solution was completed. Then 

8.1 g, {0,045 mole) of trana-atilbene in 200 ml, of ether 

was added. No apparent change took place and Color Test X 

remained negative throughout the course of the reaction. 

The mixture was stirred for 72 hours, and carbonated by 

pouring it onto a Dry Ice-ether slurry. 

On mrming to room temperature the ether mixture was 

extracted with 100 ml, of water. The layers were separated, 

and the ether layer dried over sodium sulfate. Acidifica

tion of the aqueous layer gave a clear solution. No acid 

was recovered. 

The ether layer yielded a white solid which was ex

tracted with 200 ml. of methanol, and filtered hot. On 

cooling, 7,8 g, (96,4^ recovery) of trana-stilbene melting 

at 121-124® was recovered. 

^®T. C, Wu, Doctoral Dissertation, Iowa State College 
(1952), 
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Beaotioa of triphenyltia-lithluia with iodine. The tri-

phenyltin-lithium waa prepared by reacting 8.54 g. (0.045 

mole) of stannous chloride with 0.135 mole of phenyllithium 

in 125 Ml. of ether. Then 11.4 g. (0.045 mole} of iodine 

in 100 ffll. of ether was added» dropwise, to the reaction 

mixture. At first the iodine color was discharged as the 

ethereal solution was added but near the end of the addition 

the iodine color becaiod permanent and was never completely 

discharged. Ten minutes after the iodine addition ms com

pleted, the reaction mixture was hydrolyzed by pouring it 

into an aqueous solution of sodium thiosulfate. The iodine 

color was discharged immediately, and a white solid came out 

of solution. 

The solid recovered on hydrolysis was extracted with 

250 ml. of petroleum ether (b.p. 77-120®) and filtered hot. 

On cooling, 9.0 g. of solid melting over the range 190-195® 

was obtained. 

The ether layer yielded a solid which was extracted with 

150 ml. of petroleum ether (b.p. 77-120®). On cooling, 1.0 

g. of solid malting over the range 190-200® was obtained. 

The two solids were combined but further attempts to purify 

the mixture by recrystallization were unsuccessful. Infra

red amlysis showed the solid to be a mixture of tetraphenyl-
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tin and hexaphenylditin^®. 

Ron 2. This run ws carried out exactly as the 

first except that 17«1 g. (0.0675 mole, 50^ excess) of io

dine was reacted with 0.045 mole of triphenyltin-lithium. 

The solid recovered on hydrolysis was crystallized 

twice from petroleum ether (b.p. 77-120®) to yield 3.7 g. 

(23.5^) of hexaphenylditin melting at 226-229* (mixed salt

ing point). The solid recovered from the ether layer was 

crystallized twice from petroleum ether (b.p. 77-120®) to 

yield 1.4 g. (6.5^) of triphenyltin iodide melting at 117-

119®^* (mixed melting point). 

Run 3. In this run 11.4 g. (0.045 mole) of iodine 

in 150 ml. of xylene was added to 0.045 mole of triphenyltin-

lithium in 200 ml. of ether and the reaction mixture was re-

fluxed for 4 hours. The iodine color was not completely dis

charged. The reaction mixture was hydrolyzed as above, the 

layers were separated, and the ether-xylene layer dried over 

sodium sulfate. 

The dried solution was concentrated to about 75 ml. by 

distillation and cooled to about 60®. Then 20 ml. of meth-

^®The infrared investigations reported herein were car
ried out by Dr. 7. A. Fassel and M. Margoshes of The Ames 
Laboratory, Iowa State College. 

^*1. Krause, Ber.. 912 (1918). 
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anol was added to the oonoentrated solution whloh was then 

placed in a refrigerator for 3 hours. On oooling, some solid 

came out of solution. This was filtered off and recrystal-

lized from petroleum ether (b.p. 77-120®) to yield 1,4 g. 

(7.3^) of tetraphenyltin laelting at 223-225® (mixed melting 

point). 

The mother liquor was evaporated to dryness by pulling 

a stream of air over the surface of the solution, and the 

solid residue was crystallized from 200 ml. of petroleum 

ether (b.p. 77-120®) to yield 10.0 g. of triphenyltin iodide 

melting at 118-119®. Concentration of the petroleum ether 

mother liquor led to the recovery of an additional 2.0 g. 

of triphenyltin iodide melting at 117-119®. The total yield 

of tripheiyrltin iodide was 12.0 g. (56.7^). 

Run 4. This run was carried out exactly as the 

third except that the reflux time was lengthened from 4 

hours to 18 hours. The yield of tetraphenyltin was 1.4 g. 

(7.3^), m. 223-225®, and of triphenyltin iodide was 8.5 g. 

(40.295), m. 118-119®. 

Run 5. In this run 5.7 g. (0.0225 mole) of iodine 

in 100 ml. of ether was added, dropwise, to 0.045 mole of 

triphenyltin-lithium, and the reaction mixture was refluxed 

for 18 hours. The iodine color was completely discharged. 

The reaction mixture was hydrolyzed and worked up in the 

usual manner. 
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The solid vtiioh was recovered on hydrolysis was extracted 

with 250 ml, of benzene and filtered hot* On cooling, 3.0 g. 

{20»0^) of hezaphenylditin melting at 332-234* (mixed melting 

point) was reooTered. The mother liquor was evaporated to 

dryness by pulling a stream of air over the surface of the 

solution, and the solid residue was crystallized from 200 ml. 

of petroleum ether (b.p. 77-120*) to yield 6.0 g. of solid 

melting over the range 195-205®. Further attempts to purify 

the solid by recrystallization were unsuccessful. Infrared 

analysis showed the solid to be a mixture of tetraphenyltin 

and hexaphenylditin. 

Reaction of triphenyltin^lithium with oxygen. Triphenyl-

tin*lithium was prepared from 8.54 g. (0.045 mole) of stannous 

chloride and 0.135 mole of phenyllithium in 135 ml. of ether. 

Then oxygen was bubbled through the reaction mixture for 2 

hours at room temperature, with good stirring, and the mix

ture was hydrolyzed. The color of the reaction mixture 

ohanged from tan to light yellow almost immediately after the 

admission of the oxygen. 

The solid (9.5 g.) recovered on hydrolysis was crystal

lized from a petroleum ether (b.p. 77-120®)-benzene solvent 

pair to yield 8.1 g. of material melting over the range 180-

190®. 

The ether was removed by distillation leaving an oily 

solid which when crystallized from petroleum ether (b.p. 
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77-120®) yielded 1.0 g. of material melting over the range 

170-190®. The two solids (9.1 g.) were combined and infra

red absorption spectra showed the material to be a mixture 

of hexaphenylditin and tetraphenyltin. No triphenyltin hy

droxide vms isolated* 

Preparation of triphenvlbenzyltin. Benzyl chloride is 

usually the reagent of choice for the characterization of 

reactiTe organometallic intermediates, and it was thought 

that it would prove useful in the characterization of tri-

phenyltin-lithium. 

Triphenyltin-lithium was prepared from 8*54 g. (0.045 

mole} of stannous chloride suspended in 100 ml. of ether at 

-10* and 0.135 mole of phenyllithium in 156 ml. of ether. 

Then, with the salt-ice bath in place, 5.2 g. (0.045 mole) 

of benzyl chloride in 20 ml. of ether was added. Color Test 

I was negative before the addition of the benzyl chloride, 

and was negative 1 minute after its addition. The reaction 

mixture was stirred for 15 minutes in the cold, refluxed for 

1.5 hours, and hydrolyzed. 

The solid (4.0 g.) recovered on hjrdrolysis was extracted 

with 250 ml. of petroleum ether (b.p. 77-120®), and filtered 

hot. On cooling, 3.3 g. of tetraphenyltin melting at 223-225® 

(mixed melting point) was obtained. 
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The ether layer yielded a yellow oil which was stirred 

with 15 ml, of ethanol, and the flaalc containing the mixture 

^8 placed on a oake of Dry Ice for 10 minutes. The oil 

solidified on cooling, and the aolirent was decanted into a 

crystallization dish. The solidified oil was extracted with 

100 ml. of methanol and filtered hot. Some of the solid 

(S.O g.) did not dissolve in the methanol and it was crys

tallized from petroleum ether (b.p. 77-120®) to yield 1.9 g. 

of tetraphenyltin melting at S84-2E5*. On thorough cooling, 

the methanol solution yielded 4.6 g. of very crude triphenyl-

benzyltin melting over the range 80-84®, This was recrys-

tallized from methanol to yield 1,9 g. of triphenylhenzyltin 

melting at 89-91®^®. On standing, 2,0 g, of triphenylbenzyl-

tin melting at 89-91® precipitated from the ethanol solution 

in the crystallization dish. Both triphenylbenzyltin samples 

were identified by a mixed melting point with an authentic 

specifl^n. The total yield of tetraphenyltin was 5.2 g. 

(36,1^ based on the available phenyl groups), and of tri

phenylbenzyltin was 3.9 g. (19.7^). 

Eun 2. This run was carried out exactly as the 

first. The total yield of tetraphenyltin was 5.7 g. (39.6^), 

^®R. A, Bullard, J. Am. Qhem. Soc.. 51, 3065 (1929). 
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and of triphenylbenzyltin was 1.5 g. (7.6^). The results 

of the two rans mre somewhat erratic and it appeared as if 

some seoondary reaction were taking plaoe. 

Run 3« This run was made at a lower temperature 

in order to minimize possible side reactions. Triphenyltin-

lithium was prepared from 8*54 g. (0.045 mole) of stannous 

ohloride suspended in 100 ml. of ether at -10* and 0.135 

mole of phenyllithium in 160 ml. of ether. The ioe bath 

was then replaced by a Dry Ice-acetone bath at -35®. Then 

5.7 g. (0.045 mole plus 10^) of benzyl ohloride in 30 ml. 

of ether was added. The reaction mixture was stirred for 

0.5 hour while the bath was maintained at -35®, and then for 

an additional hour while the bath slowly warmed to -10®. The 

reaction mixture was then hydrolyzed. 

The solid (9.1 g.} recovered on hydrolysis was extracted 

in a Soxhlet with petroleum ether (b.p, 77-120®). A recovery 

of 8.7 g. of tetraphenyltin (60^ based on the available phenyl 

groups) salting at 2S3-225® (mixed melting point) was made. 

The ether layer yielded a yellow oil which, upon cooling 

in an ioe bath, partially solidified. The solid was filtered 

off and dried on a suction filter. This solid (3.7 g., m. 

88-91®) was crystallized from ethanol, and 3.4 g. (17.2^) of 

triphenylbenzyltin melting at 90-91® was recovered. Upon 

working up the remaining oil with the ethanol mother liquor, 

an additional 0.9 g. (4.5^) of triphenylbenzyltin melting at 
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90-91* (mixed melting point) was obtained. 

Ron 4. This run was made to inTestigate the effect 

of order of addition upon the relative yield of the products. 

Diphenyltin was prepared from 8.0 g. (0.042 mole) of stannous 

chloride suspended in 100 ml. of ether at -10® and 0.084 miole 

of phenyllithium in 100 ml. of ether. Then 5.7 g. (0.045 

mole) of benzyl chloride was added. No apparent reaction 

took place upon the addition of the halide. Then an addi

tional 0.042 mole of phenyllithium in 50 ml. of ether "ma 

added) dropwise and in the cold, to the reaction mixture. 

The color of the mixture lightened somewhat as the addition 

of the phenyllithium solution progressed but some red colora

tion remained when the addition was completed. The mixture 

was stirred for 15 minutes in the cold and hydrolyzed. 

The solid (4*1 g*) recovered on hydrolysis was extracted 

with petroleum ether (b.p. 77-120®). On cooling, 3.4 g. 

(25.5^) of tetraphenyltin melting at 227-229® (mixed melting 

point) was obtained. 

The ether layer yielded a yellow oil which was digested 

with 15 ml. of methanol and then cooled. The oil solidified 

yielding 3.9 g. (21.1^) of crude triphenylbenzyltin melting 

at 85-89®. The crude solid was recrystallized from methanol 

to yield 3.0 g. (16.2^) of triphenylbenzyltin melting at 

90-91® (mixed melting point). 
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From these results it may be ooaoluded that order of 

addition has little or no effect on the reaction as the 

yields of tetraphenyltin and triphenylbenzyltin are of the 

sa®e order of magnitude as in the previous reactions. 

Preparation of tetraphenyltin. For this preparation 

there mre used 8.54 g. (0.045 mole} of stannous chloride 

in 100 ml. of ether, 0.135 mole of phenyllithium in 140 ml. 

of ether, and finally 10.1 g. (0.045 mole plus 10^) of io-

dobenzene. "Etie mixture was refluxed for 1.5 hours and hy-

drolyzed. The solid recovered on hydrolysis was extracted 

in a Soxhlet with petroleum ether (b.p. 77-120®) for 12 

hours. A total of 12,0 g. of tetraphenyltin melting at 

224-225^ (mixed melting point) was obtained. 

An additional 0.7 g. of tetraphenyltin melting at 224-

225® was recovered from the ether layer. The total yield of 

tetraphenyltin -ma 12.7 g. (66.2?^). 

Run 2. For this run 8.54 g. (0.045 mole) of stan

nous chloride in 100 ml. of ether, 0.135 mole of phenyllithium 

in 139 ial. of ether, and finally 10.1 g. (0.045 mole plus 

10^) of iodobenzene were used. The reaction mixture was re-

fluxed for 6 hours, stirred overnight, and hydrolyzed. The 

solid (25*9 g.) recovered on hydrolysis was refluxed with 

300 ml. of benzene overnight, and filtered hot. On cooling, 

13.2 g. of tetraphenyltin melting at 227-229® (mixed melting 
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point) WLS obtained. Concentration of the benzene mother 

liquor led to the recovery of 2.3 g. of tetraphenyltin melt

ing at E28-229*. The total yield of tetraphenyltin was 15.5 

g. (80.8^). 

In Table IE there is a summary of the reaction of tri-

phenyltin-lithium with a series of organic halides. These 

reactions were carried out as outlined above for benzyl 

chloride and iodobenzene with minor changes as noted in the 

table• 

Preparation of trii)henyl-2.6-dimethylPhenyltin. Tri-

phenyltin-lithium was prepared from 8.54 g. {0.045 mole) of 

stannous chloride and 0.135 mole of phenyllithium in 157 ml. 

of ether. Color Test I was negative after the addition of 

the phenyllithium was completed. Then 10.5 g. (0^045 mole) 

of 2y6-dimethyllodobenzene in 40 ml. of ether was added. No 

apparent change took place, but a Color Test I made 1 minute 

after the addition was very strongly positive. The ice bath 

mis removed and the reaction mixture brought to reflux. 

Color Test I remained positive for 90 minutes after reflux 

started. The reaction mixture was refluxed for a total of 

18 hours and hydrolyzed. 

The solid (3*4 g.) recovered on hydrolysis was extracted 

with 300 ml* of petroleum ether (b.p. 77-120®). On cooling, 

2.4 g. (12.5^) of tetraphenyltin melting at 227-228® (mixed 

melting point) was obtained. 
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Table 12 

Preparation of (CQH5)3SnR from (CgHgjgSnLi and RX 

Halide^ M.P. and yield M.P. and yield Reaction 
(CQHe}3SnH (GgHg}4Sn conditions 

Ethyl iodide 

Broaio benzene 

Chlorobenzene 

£-Iodotoluene® 

Bromoffl©aitylene 

£.-Bromoanisole 

£,-Iodoohloroben-
zene® 

£-Bromodimathyl-
aniline^ 

56-58® 
36.4̂ ° 

155-152® 
38.1 

151-152* 
30.1̂  

136-139* 
19.' 

223-225® 
26,9^ 

227-229® 
82.2̂  

228-229® 
ZZ,9% 

223-225® 
12.4?S 

225-226® 
17.7̂  

222-224® 
6,8% 

222-224® 
25.5̂  

1.5 hours 
at reflux 

6 hours 
at reflux 

6 hours 
at reflux 

1.5 hours 
at reflux 

24 hours 
at reflux 

6 days 
at 25® 

24 hours 
at reflux 

1.5 hours 
at reflux 

None of these halides entered into the halogen-metal in-
teroonversion reaction reported below, ^Recrystallized from 
ethanol. ^No pure products ¥»re isolated. ^Reorystallized 
from an ethanol-benzene solution (6:1). ®A 14?5 recovery of 
this halide was made. ^Apparently no reaction took place be
tween this halide and triphenyltin-lithium, and 36.7^ of the 
halide was recovered. 



96 

The ether layer yielded an oily solid which was reorys-

tallized three times from a minimum amount of ethanol to 

yield 7.0 g. (34.1^) of triphenyl-2,6-dimethylphenyltin 

melting at 116*119* (mixed melting point}. 

Run 2. In order to identify the organometallio 

compound causing the positive Color Test I after the addition 

of S,6-dimethyllodobenzene to triphenyltin-lithium the fol

lowing reaction was carried out. 

Triphenyltin-lithium was prepared from 8.54 g. (0.045 

mole) of stannous chloride and 0.135 mole of phenyllithium 

in 115 ml. of ether. Color Test I was negative after the 

addition of the phenyllithium was completed. Then 10.5 g. 

(0.045 mole} of Sfe-dimethyliodobenzene was added. Color 

Test I made 10 minutes after the addition of the halide was 

very strongly positive, and the reaction mixture was carbon

ated by pouring it onto a Dry Ice-ether slurry with vigorous 

stirring. 

On nmrming to room temperature the ether solution was 

decanted from the solid on the bottom of the flask. The 

solid was extracted with a mixture of water and benzene, and 

filtered hot. The layers were separated and the benzene 

layer dried over sodium sulfate. Acidification of the aque

ous layer yielded nothing. The benzene ims removed by dis

tillation from a steam bath and the residue extracted with 

100 ml. of petroleum ether (b.p. 77-120®}. On cooling, 2.2 
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g. of solid fflelting oyer the range 195-215* was obtained. 

This was r©crystallized from petroleum ether (h.p. 77-120®) 

to yield 2.0 g. of solid melting over the range 195-215®. 

Infrared analysis showed this solid to he a mixture of tetra-

phenyltin and hexaphenylditin. 

The ether layer yielded an oily residue which was ex

tracted with 100 ml. of petroleum ether (b.p. 60-70®). The 

solid vfbioh did not dissolve in the petroleum ether was ex

tracted with 100 ml. of water* and filtered hoti Acidifica

tion of the aqueous solution with concentrated hydrochloric 

acid precipitated the crude 2,6-dimethylbenzoio acid which 

was recrystallized from petroleum ether (b.p. 60-70®) to 

yield 1.1 g. (16.2^) of 2,6-dimethylbenzoic acid melting at 

116® (mixed melting point). The petroleum ether solution, 

on thorough cooling, yielded a aBaall amount of solid. This 

was recrystallized twice from petroleum ether (b.p. 77-120®) 

to yield 0.7 g. (2.2^) of hexaphenylditin melting at 229-231® 

(mixed melting point). 

Run 3. This run vsas made on a larger scale in order 

to isolate and identify all the secondary products. It was 

concluded that the 2,6-dimethylbenzoio acid arose by way of 

a halogen-metal interconversion between triphenyltin-lithium 

and 2,6-dimethyliodobenzene to form triphenyltin iodide and 

2,6-dimiethylphenyllithium, which on subsequent carbonation 
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yielded, the substituted benzoio aoid. This reaction path 

•would also explain the origin of the hexaphenylditin which 

would be brought about by reaction of triphenyltin-lithium 

with triphenyltin iodide, as formed. 

SnLi 

"Kriphenyltin-lithium (0»10 mole) was prepared from 18.97 

g. (0.10 mole) of stannous chloride and 0.30 mole of phenyl-

lithium in 310 ml. of ether. Color Test I was negative after 

the addition of the phenyllithium solution was completed. 

Then S3.2 g. (0.10 mole) of 2,6-dimethyliodobenzene was added. 

Color Teats I made 1 and 10 Mnutes after addition of the 

halide were strongly positive, ^ttie reaction mixture was car

bonated by pouring it onto a Dry Ice-ether slurry 10 minutes 

after the addition of the halide. 
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On warming to room temperature the ethereal solution 

ifias filtered from the solid suspended in it. This solid \ms 

extracted with 100 ml. of benzene for 2 hours and filtered 

hot. On oooling, 11.0 g. of solid melting over the range 

195-215* ms obtained. The benzene mother liquor was evap

orated to dryness and the solid residue orystallized from 

petroleum ether (b.p. 77-120*) to yield 1.3 g. of solid 

melting over the range 193-218*. 

The ether layer yielded an oily residue which was ex

tracted with 100 ml. of refluxing benzene for 0.5 hour, and 

the filtrate decanted. The insoluble solid was extracted 

with 100 ml. of water, and filtered hot. Acidification of 

the aqueous solution with concentrated hydrochloric acid 

precipitated 2.8 g. (18.7^) of 2,6-dimethylbenzoic acid melt

ing at 115-116* (mixed melting point). 

The benzene solution was evaporated to dryness and the 

residue orystallized from petroleum ether (b.p. 77-120*) to 

yield 1.9 g. of solid melting over the range 196-214*. 

The three high melting solids (14.2 g.) were combined. 

Infrared spectra showed the material to be a mixture of 

tetraphenyltin and hexsphenylditin. The solid was extracted 

with successive 50 ml. portions of carbon disulfide. Hexa-

phenylditin is very much more soluble in this solvent than 

tetraphenyltin, and the two compounds were separated from 

each other by this extraction method. Sach 50 ml. portion 
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of solution was alloi»ed to evaporate to dryness and eaoh solid 

fraction worked up by crystallization from a minimum amount 

of petroleum ether ("b.p. 77-120*). A total of 8.7 g. (66.6^ 

based on the amount of aoid reoovered) of hexaphenylditin 

melting at S31-23E® and 4.3 g. (10.8^) of tetraphenyltin 

melting at 228-229® were obtained. Both compounds were iden

tified by mixed melting points with authentic specimens. 

In Table 13 there is a summary of the reaction of tri-

phenyltin-lithium with a series of organic halides which en

tered into the halogen-metal interconversion reaction. These 

reactions were carried out as outlined above for 2,6-dimethyl-

iodobenzene with minor changes as noted in the table. Two 

reactions were carried out between eaoh halide and triphenyl-

tin-lithium; first, to prepare the unsymmetrical organotin 

compound; second, to indirectly identify the organolithium 

compound formed during the halogen-metal interconversion re

action. 

Preparation of hexaphenvlditin. For this preparation 

4.77 g. (0.023 mole) of stannous chloride in 100 ml. of ether, 

0.069 mole of phenyllithium in 78 ml. of ether, and finally 

8*86 g. (0.023 mole) of triphenyltin chloride in 250 ml. of 

ether were used. The reaction mixture was refluxed for 1.5 

hours and hydrolyzed. The solid recovered on hydrolysis was 

extracted with 800 ml. of petroleum ether (b.p. 77-120®). 



Table 13 

Reaction of {C6Hg)gSnLi with BX, Followed by Carbonation with Dry loe 

Halide M.P. and yield M»P. and yield Reaction M.P. and M«P, and yield 
(CeHgigSnS (C6H6)4Sn conditions yield acid {CgHgjsSnR 

2,4-Dlmethylio-
dobenzene 

112-115® 
42.7^ 

223-225® 
13.0^ 

17 
at 

minutes 
-10® 

125-126® 
9. si® 

113-115® 
13.3% 

2,5-Dimethylio-
dobenzene 

97-99® 
43.0^^ 

223-225® 
8.39S 

17 
at 

minutes 
-10® 

131-132® 
3.7%® 

96-99® 
19.5% 

o-Iodotoluene 163-165® 
25.3^® 

223-225® 
24.5^ 

18 
at 

hours 
reflux 

103-104® 
11.5%® 

163-164® 
19.2% 

lodomesitylene 156-158® 
l3.7S^b 

224-225® 24 
at 

hours 
reflux 

152-155® 
20.3F 

c 

o-Iodoanisole 129-130® 
24.3%® d 17 

at 
minutes 
-10® 

100-102® 
4.4%« 

129-130® 
12.1% 

SReorystallized from ethanol, ^ecrystallized from an ethanol-benzene solu
tion (6:1). ^o unsymmetrical compound tvas isolated in the carbonation reaction* 
%o attempt was made to recover the tetraphenyltin. ^Reaction time before carbon
ation was 2 minutes. ^Reaction time before carbonation was 10 minutes. 
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On ooollng, 3*6 g* of hexaphenyldltin melting at 229-231* 

(ffllxed melting point) vblB obtained. 

The ether layer yielded a solid which was crystallized 

from 800 ml. of petroleum ether (b.p. 77-120®). On cooling, 

4.1 g. of hexaphenylditin melting at 229-231® was obtained. 

The total yield of hexaphenylditin was 7.7 g. (52.8^). 

Run 2. For this preparation 8.54 g. (0.045 mole) 

of stannous chloride in 100 ml. of ether, 0.135 mole of 

phenyllithium in 152 ml. of ether, and finally 17.3 g. (0.045 

mole) of triphenyltln chloride in 100 ml. of benzene were 

used. The reaotion mixture was refluxed for 24 hours and 

hydrolyzed. The solid recovered on hydrolysis was extracted 

with 200 ml. of benzene for 3 hours, and filtered hot. On 

cooling, 9.4 g. of hexaphenylditin melting at 233-234® (mixed 

melting point) v»s obtained. Concentration of the mother 

liquor led to the recoveiry of 2.9 g. of hexaphenylditin melt

ing at 232-234®. 

The ether layer yielded a solid which was crystallized 

twice from a Biinlmum amount of benzene to yield 4.6 g. of 

hexaphenylditin melting at 233-234® (mixed melting point). 

The total yield of hexaphenylditin was 16.9 g. (53.7^). 

Preparation of triphenylsllyltrlphenyltln. For this 

preparation there were used 8.54 g. (0.045 mole) of stannous 

chloride in 100 ml. of ether, 0.135 mole of phenyllithium 

in 101 ml. of ether, and finally 13.3 g. (0.045 mole) of 
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triphenylohloroailane In 100 ml. of ether. The color of the 

reaction Mxture changed from tan to gray on addition of the 

silane. The mirtijire isas refluxed for 3 hours and hydrolyzed. 

The solid reooTered on hydrolysis was extracted with 

benzene* On ooolingi 21.3 g. of white solid melting at 282-

287* was obtained. This was reorystallized from benzene to 

yield 19.5 g. (71.3^) of triphenylsilyltriphenyltin melting 

at 289-291*. 

Anal. Calod. for C^gHsoSiSn: Si, 4.61; Sn, 19.48. 

Found: Si, 5.09; Sn, 19.61. 

A mixed melting point with a specimen prepared later by 

the reaction of triphenylsilyl-potassium with triphenyltin 

chloride showed no depression^®. 

Reaction of triphenyltin-lithium with triphenylsilane. 

Triphenyltin-lithium was prepared from 3.65 g. (0.0193 mole) 

of stannous chloride in 100 ml. of ether and 0.0580 mole of 

phenyllithium in 52 ml. of ether. To this was added 5.0 g. 

(0.0193 mole) of triphenylsilane^® in 100 ml. of ether, and 

the reaction mixture was refluxed for 3 hours and hydrolyzed. 

The solid recovered on hydrolysis was extracted in a 

Soxhlet with benzene. A total of 1.7 g. (20.0^) of tetra-

phenyltin melting at 225-227* (mixed melting point) was ob

tained. 

E. Dunn, Doctoral Dissertation, Iowa state College 
(1951). 
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The ether was removed leaving a yellow oil. This was 

extracted with 100 ml. of petroleum ether {b.p. 60-70®) and 

filtered hot. The solid which did not go into the petroleum 

ether was combined with the solid which came out of the pe

troleum ether on cooling, to yield 1.7 g. (32.0^) of tri-

phenylsilanol melting at 148-151®^'' (mixed melting point). 

Reaction of triphenyltin-lithium with triphenylohloro-

methane, for this preparation there was used 8.54 g. (0.045 

mole) of stannous chloride in 100 ml. of ether, 0.135 mole 

of phenyllithium in lEl ml. of ether, and finally lE.O g. 

(0.045 mole) of triphenylchloromethane in 100 ml. of ether. 

The mixture was refluxed for 3 hours and hydrolyzed. 

The solid recovered on hydrolysis was extracted with 

S50 ml. of chloroform, and filtered hot. Then 250 ml. of 

ethanol was added to the filtrate and the solution placed 

in a refrigerator. On cooling, 14.5 g. of solid, which when 

heated turned red at 165® and melted at 174-179®, was ob

tained. This solid was recrystallized from a chloroform-

ethanol solvent pair to yield 12.8 g. of material which when 

heated turned red at 169® and melted over the range 174-190®. 

Further attempts to purify this material by recrystallization 

failed. It has been reported that triphenylstannyltriphenyl-

Marsden and F. Kipping, J. Ohem. Soc.. 93, 198 
(1908). 
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methane turns red at 260® and melts at 272-S7S*^®. From 

these results it may be conoluded that some triphenylstannyl-

triphenylmethane -was formed, but that it was contaminated by 

secondary products, probably tetraphenyltin. 

The ether layer yielded 1,3 g. of solid which turned red 

at 170® and melted at 172-178®. Attempts to purify this ma* 

terial failed. 

Bun 2. A second run carried out as the first vas 

made idth a fresh sample of triphenylchloromethane (Eastman 

Kodak white label, m.p. 112-113®) and, unfortunately, the 

results obtained were the same* 

Reaction of triphenyltln-lithium with triphenylmethane, 

Triphenyltin-lithium was prepared from 8.54 g. (0.045 mole) 

of stannous chloride in 100 ml. of ether and 0.130 mole (2.9 

equivalents) of phenyllithium in 121 ml, of ether. To this 

was added 11.0 g. (0.045 mole) of triphenylmethane in 50 ml. 

of ether. The reaction mixture wais then refluxed for 18 

hours. Color Test I remained negative for the entire reflux 

time* On completion of reflux the reaction mixture was car

bonated by pouring it onto a Dry Ice-ether slurry with good 

mixing. 

C. Bailie, Iowa State Coll. £. ii* 8 (1939). 
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On warming to room temperature the ethereal mixture was 

extracted with 100 ml. of water. The solid whioh did not go 

into solution was filtered off and air-dried. The layere 

were separated, the ether layer was dried over sodium sulfate, 

and the water layer aoidified with dilute hydroohlorio aoid. 

No solid precipitated from the water solution on acidifica

tion. 

The solid recovered on hydrolysis was extracted with 

200 ml. of petroleum ether (b.p. 77-120*), and filtered hot. 

A total of 1.5 g. of tetraphenyltin (10.0̂ ) melting at 224-

226" (mixed melting point) was obtained. 

The ether layer yielded a white solid whioh was extracted 

with 100 ml. of methanol, and filtered hot. The solid which 

did not go into solution was crystalliased from petroleum 

ether {b.p. 77-120®) to yield 2.2 g. of hexaphenylditin 

(14.0%) melting at 227-229*. On cooling, 9.0 g. of tri-

phenylmethane (81.8% recovery) melting at 93*94® was re

covered from the methanol solution. Mixed melting points of 

the last two compounds with authentic specimens showed no 

depression. 

Preparation of bromobenzene-free Phenvllithium. In a 

1 liter flask were placed 71.0 g. (0.2 mole) of diphenyl-

mercury, 5.6 g. (0.8 g. atom) of lithium wire cut into 1/8 

inch lengths, and 400 ml* of dry benzene. The mixture was 

stirred vigorously and maintained at an internal temperature 
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of 75* for 5 days. Then the benzene was distilled and, after 

the flask had oooled, 400 ml. of ether was added. The mix

ture was placed in a refrigerator for 12 hours. The ethereal 

solution was carefully decanted into a 500 ml. graduated drop

ping funnel leaving the black sludge behind. The yield, de

termined by acid titration of a 5 ml. aliquot, was 0.312 mole 

(78.5̂ )̂ ®. All of the above operations were carried out under 

nitrogen. 

Preparation of bromobenzene-free triphenyltin-lithium in 

ether. The bromobenzene-free phenyllithium prepared above 

was used to synthesize three 0.033 mole runs of triphenyltin-

lithium. The runs were carried out exactly as in all the 

previous preparations. It was noted that the color changes 

previously outlined took place once again, but that they were 

not as dramatic. The change in color from orange at the one 

equivalent's point to the deep red of the two equivalents* 

point was a gradual one, and once passed the two equivalents* 

point the change from deep red to the tan color present at 

the three equivalents* point takes place more promptly. In 

eaoh run Color Test I was iwgative after the addition of the 

phenyllithium solution was completed. 

%̂sing essentially the same method W. Schlenk and J. 
Holtz, Ber.. 50. 273 (1916) prepared phenyllithium but no 
yield was quoted. 
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Run 1» Triphenyltin-lithlum v»as prepared from 

6*87 g. (0.033 mole) of stannous chloride and 0.099 mole of 

hromobenzene-free phenyllithium in 135 ml* of ether* With 

the salt-ice Tjath (-lO"*) still in place, 15*0 g. of ethylene 

oxide in SO ml* of ether was added* The color of the reaction 

mixture changed from tan to light yellow almost immediately* 

The mixture was stirred for 1 hour with the cooling bath in 

place and hydrolyzed* 

The solid (3.2 g*) recovered on hydrolysis was extracted 

with 150 ml* of petroleum ether (b.p* 77-120®), and filtered 

hot. On cooling, 1*3 g* (9*2̂ ) of tetraphenyltin melting at 

223-225* (mixed melting point) was obtained* 

The ether layer yielded an intractable oil which could 

not be solidified though many different approaches were tried* 

This may have been due to the presence of some unreacted di-

phenylmercury which has a solubility in organic solvents simi

lar to that of the expected product, triphenyl-2-hydroxy-

ethyltin* 

Run 2* As before, 0*033 mole of triphenyltin-

lithium was prepared from 6*27 g* (0*033 mole) of stannous 

chloride and 0*099 mole of phenyllithium in 135 ml* of ether* 

Then 4*2 g. (0*033 mole) of benzyl chloride was added* Color 

Î st I remained negative* The reaction mixture was refluxed 

for 1*5 hours and hydrolyzed. 
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The solid (2.8 g.) recovered on hydrolysis was extracted 

with 150 ml. of petroleum ether (b.p. 77-120®), and filtered 

hot. On cooling, 1.5 g. of tetraphenyltin melting at 223-225« 

(mixed melting point) was obtained. 

The ether layer yielded an oil. To this oil was added 

15 ml. of ethanol and the solution was permitted to cool 

slowly. The solid recovered by this treatment was recrystal

lized from 150 ml. of petroleum ether (b.p. 77-120®) to yield 

0.5 g. of tetraphenyltin melting at 2E5-225®. Total yield of 

tetraphenyltin was 2.0 g. (14.2%). 

To the ethanol mother liquor was added 75 ml. of methanol, 

and the mixture was placed on a block of Dry Ice for 10 min

utes. The filtrate was then poured into a crystallization 

dish leaving most of the gumoy solid behind; the filtrate was 

allowed to stand overnight. In this manner, 4.3 g. of crude 

triphenylbenzyltin melting at 61-84® was obtained. This crude 

product was recrystallized from methanol to yield 2.1 g. 

(14.4%) of triphenylbenzyltin melting at 89-91® (mixed melt

ing point). 

Run 3. Finally, 0.033 mole of triphenyltin-lithium 

was prepared from 6.27 g. (0.033 mole) of stannous chloride 

and 0.099 mole of phenyllithium in 135 ml. of ether. Then 

6.6 g. (0.033 mole) of bromomesitylene was added. Color Test 

I remained Mgative. The reaction mixture was refluxed for 

24 hours and hydrolyzed. 
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The solid (3*4 g*} reoovered on hydrolysis v?as extracted 

with 150 ml. of petroleum ether (b.p. 77-120*), and filtered 

hot. On cooling, 1.3 g. of tetraphenyltin melting at 223-225® 

(mixed melting point) was obtained. 

The ether layer yielded an oil which was dissolved in 

100 lal. of methanol plus 50 ml. of benzene by refluxing the 

mixture for 1 hour. On cooling, a small amount of solid came 

out of solution. This solid was recrystallized from 50 ml. 

of petroleum ether (b.p. 77-120®) to yield 1.2 g. of tetra

phenyltin melting at 224-225*. The total yield of tetra

phenyltin was 2.5 g. (17.7^). 

The methanol-benzene mother liquor was evaporated to 

dryness on a water bath and the residue was extracted with 

100 ml. of methanol and filtered hot. On cooling, 4.6 g. 

(30.0^) of triphenylmesityltin melting at 155-157* (mixed 

melting point) was obtained. 

It will be noted that in all three runs some tetra

phenyltin was isolated, and the yield increased as the re

action time was lengthened. Apparently part or all of the 

tetraphenyltin isolated in previous runs may arise from 

some reaction path other than that of unreacted bromoben-

zene combining v&th triphenyltin-lithium as formed. 

Preparation of triphenvltin hydridê . In a 250 ml. 

flask were placed 4.8 g. (0.01 mole) of triphenyltin iodide 

in 50 ml. of ether and 0.5 g. (0.01 mole plus 25^) of 
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llthiom aliminum hydride* The mixture was refluxed for 1 

hour. Color Test I was positive at the end of the reflux 

period* Then some hydroquinone was oautiously added. A 

heavy white precipitate formed aoeoiapanied by a vigorous 

evolution of gas* The mixture was then extracted with 100 

ml. of saturated sodium hydroxide solution and all the solid 

dissolved* The aqueous layer was removed hy means of a 

pipet and the ether layer dried over sodium sulfate. All 

of the above was carried out under nitrogen. 

The ethereal solution was filtered through a sintered 

glass plate into a distilling flask» and the ether was re

moved by distillation from a water bath. The residual oil 

was filtered through a sintered glass plate into a second 

distilling flask, and distilled under reduced pressure 

directly into a glass ampule* The yield of triphenyltin 

hydride was 1.8 g. (51.6̂ ); b.p. 151*/0.05 mm. All of the 

above was carried out under a nitrogen atmosphere. Using 

this same method Wittig and co-workers® prepared triphenyltin 

hydride in 43̂  yield. 

Run 2. This run was carried out exactly as the 

first. The yield of triphenyltin hydride was 1.8 g. (51.6̂ ); 

b.p. 172*/0.5 mm. 
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Reaotion of trlphenyltln hydride with methyllithlum̂ . 

A S50 lal, flaak ms equipped with a magnetic stirrer, a 100 

ffll. graduated dropping funnel, a nitrogen inlet tube and a 

gas outlet tube. The gas outlet tube was attached to a ̂ s 

bubble oounter filled with concentrated sulfuric aoid; the 

oounter was, in turn, attached to a Dumas tube filled with 

fine oupric oxLde; the tube was attached to water- and oarbon 

dioxide-absorption tubes used in micro carbon and hydrogen 

qtwntitative analysis. 

About 50 blL. of ether was placed in the flaslc, gentle 

stirring was begun, and a very slow stream (oa. 1 bubble 

eyery 3 seconds) of nitrogen gas was passed through the en

tire system for 1 hour. The long burner under the Dumas 

tube Dî s turned on during the sweep-through of the gas. The 

absorption tubes were then weighed. 

After the absorption tubes were returned to their posi

tions 1.6 g. (0.0046 mole) of triphenyltin hydride was added 

to the reaction flask and 0.0046 mole of methyllithium in 35 

ml. of ether was plaoed in the dropping funnel. The same 

rate of nitrogen sweep-through and stirring as before were 

maintained while the methyllithium solution was added drop-

wise. There was no deoernable increase in the bubble rate 

during the addition of the methyllithium solution and a white 

solid precipitated. No tan colored precipitate or yellow 

solution formed (indicative of triphenyltin-lithium). The 
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system was swept with nitrogen for 0.5 hour after the addition 

was ooŝ leted. The absorption tubes were then reweighed and, 

within limits of allowable error, there was no ohange in 

weight for either tube. A Color Test I made 1 hour after the 

addition was completed was negatire. 

The ethereal solution was filtered from the white solid, 

extraoted with 50 ml. of water, and dried over sodium sulfate. 

The ether layer yielded an oil which was digested with 50 ml. 

of methanol, and the mixture was allowed to cool slowly. On 

cooling, 0.4 g. of solid melting over the range 170-225* was 

reooTered. This solid was recrystallized from 25 ml. of pe

troleum ether (b.p. 77-120*) to yield 0.35 g. (25.05̂ ) of 

tetraphenyltin melting at 224-225* (mixed melting point). 

The methanol was removed by distillation leaving an oil. 

Thorough cooling in a Dry Ice bath yielded an oily solid. 

This mass was extraoted twice with 5 ml, portions of cold 

ethanol to yield 0.5 g. of crude triphenylmethyltin melting 

at 48-54*. This crude solid was recrystallized from 5 ml. 

of ethanol to yield 0.3 g. (18.1̂ ) of triphenylmethyltin 

melting at 59-61*®® (mixed melting point). 

H. Bullard and W. R, Robinson, J. Am, Ghem. Soc.. 
49, 1368 (1927). 
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Ron 8» This pim was carried out precisely as the 

first. Once again no gas evolution was noted and the weight 

of the gas absorption tubes remained constant. In this run 

0.35 g. (25.095) of tetraphenyltin melting at 222-225* and 

0.25 g. (15.0̂ ) of triphenylmethyltin melting at 60-61® were 

obtained. Both compounds were identified by mixed melting 

points with authentic specimens. 

Studies on the nature and reactions of other 
organotin-lithium complexes in ether 

Preparation of tri-p-tolyltin-lithium in ether. In order 

to e3$lore the scope of the reaction of RM (where R may be 

alkyl or aryl and M may be Li, Ha or MgX) with stannous 

chloride, a series of compounds was reacted with the tin ha-

lide, the first of these being ̂ -̂ olyllithium. The calcu

lated Tolume of solution necessary to give 0.135 mole of 

ji-tolyllithium̂  was added dropwlse, over a period of about 

1.5 hours, to 8.54 g. (0.045 mole) of finely ground anhydrous 

stannous chloride suspended in 100 ml. of ether. During the 

addition the mixture was cooled in an ice-salt bath whose 

temperature was maintained near -10®, and all operations 

were carried out under nitrogen. 

The phenoinsna which occurred during the addition of the 

£.-tolyllithium were as follows: the first few drops produced 

a yellow color. The color gradually increased in intensity 
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and was bright yellow at 0.5 equivalent of £,-tolyllithium, 

deep yellow at 1.0 equivalent, very deep red at 2.0 equiva

lents, and olive drab at 3.0 equivalents. Color Test I re

mained negative until 3.0 equivalents of ̂ -tolyllithium had 

been added. The tri-£-tolyltin-lithium was ready for subse

quent me as soon as the addition of the sci" 

lution was completed. 

Preparation of tetra-p-tolvltin. For this preparation 

there were used 8.54 g. (0.045 mole) of stannous chloride in 

100 ml. of ether, 0.135 mole of £-tolyllithium in 141 ml. of 

ether, and finally 10.8 g. (0.045 mole plus 10̂ ) of £-iodo-

toluene in 50 ml. of ether. The mixture was refluxed for 

1.5 hours and hydrolyzed. The solid recovered on hydrolysis 

was extracted with benzene. On cooling, 11.1 g. of tetra-

]̂ -tolyltin melting at E53-235*®̂  (mixed melting point) was 

obtained. Concentration of the benzene mother liquor led 

to the recovery of 4.3 g. of tetra-£-tolyltin melting at 

23E-234®. 

An additional 1.0 g. of tetra-jt-tolyltin melting at 

232-234* was recovered from the ether layer. The total yield 

of tetra-£-tolyltin was 16.4 g. (74.25̂ ). 

Pfeiffer, Z. anorg. Chem.. 68. 122 (1910). 
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Reaotion of tri»p~tolyltln-llthiuin ̂ Ith a.Ŝ dimethyl-

lodobenzane * Tri-jB.-tolyltin-lithium was prepared from 8.54 

g. (0.045 mole) of stannous chloride and 0.135 mole of £-

tolyllithium in 126 ml. of ether. Color Test I was negati're 

after the addition of the ̂ -tolyllithium solution was com

pleted. Then 10.5 g. (0.045 mole) of 2,6-dimethyliodobenzene 

in 40 ml. of ether was added to the reaotion mixture. No 

apparent change took place, but a Color Test I made 5 minutes 

after the addition was 7ery strongly positive. The reaotion 

mixture was then carbonated by pouring it onto a Dry Ice-

ether slurry with vigorous stirring. 

On warming to room temperature the ether solution was 

decanted from the solid on the bottom of the flask. The 

solid was extracted with 100 ml. of petroleum ether (b.p. 

77-120®) and filtered hot. On cooling, 1.8 g. of solid 

melting over the range 210-215® was obtained. This was re-

crystallized from 50 ml. of petroleum ether (b.p. 77-120*) 

to yield 1.5 g. of tetra-EL-tolyltin melting at 231-233® 

(mixed melting point). 

The ether layer yielded an oily residue which was ex

tracted with 100 ml. of petroleum ether (b.p. 77-120®). The 

solid which did not dissolve in the petroleum ether was ex

tracted with 100 ml. of potassium hydroxide solution, and 

filtered hot. Acidification of the aqueous solution with 

concentrated hydrochloric acid precipitated the crude 2,6-
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diffiethsrlbenzolo aoid. Thia crude aoid vaa re crystallized 

from petroleum ether (b.p, 60-70*) to yield 1.6 g. {2S,7%) 

of 2,6-disiethylbeBzoio aoid malting at 115-116* (mixed 

melting point). The petroleum ether solution, on thorough 

oooling, yielded 0.2 g. of tetra-£«»tolyltin melting at 233* 

235*. The total yield of tetra-E,-tolyltin was 1.7 g. (7.8̂ ). 

Preparation of tri-m-tolyltin-lithium in ether. The 

oaloulated Tolume of solution neoessary to give 0.136 mole 

of a-tolyllithium̂  was added dropwlse, over a period of about 

1.5 hours, to 8.54 g. (0.045 mole) of finely ground stannous 

chloride suspended in 100 ml. of ether at -10*. 

The phenomena which occurred during the addition of the 

a-tolyllithlum were as follows: the first few drops produced 

a yellow color. The color gradually increased in intensity 

and was bright yellow at 1.5 equlTalents, deep red at 2.0 

equlTalents, red at 2.5 equivalenta, and red-brown at 3.0 

equivalents. Color Test X remained negative until 3.0 equiva

lents of n-tolyllithlum had been added. The tri-m-tolyltin-

llthlum was ready for subsequent use as soon as the addition 

of the jg-tolylllthium solution was coî pleted. 

Preparation of tetra-m-tolvltin. For this prepaidtlon 

there were used 8.54 g. (0.045 mole) of stannous chloride in 

100 ml. of ether at -10*, 0.135 mole of a,-tolyllithlum in 

141 ml. of ether, and finally 7.8 g. (0.045 mole) of ̂ -bromo-

toluene in 20 ml. of ether. The mixture was refluxed for 24 
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hoars and bjdrolyzed. The solid (23.9 g.) reooTered on hy

drolysis iwas crystallized from 100 ml. of i&ettonol plas 40 

ml* of benzene to yield 15.5 g. of tetra-g-tolyltin melting 

at 122-123*®®. Concentration of the methanol-henzene mother 

liquor led to the reoovery of an additional 1.9 g. of product 

melting at 122-123*. The total yield of tetra-jg-tolyltin ms 

17.4 g. {80.2̂ }. 

Prepayaitp̂ Qfi Of The 

calculated Toluioe of solution necessary to gi-ve 0.135 mole 

of a,-tolyllithium̂  was added dropwise, over a period of about 

1.5 hours, to 8.54 g. (0.045 mole) of finely ground anhydrous 

stannous chloride suspended in 100 ml. of ether at -10*. 

The phenomena ushich occurred during the addition of the 

a-tolyllithium were as follows: the first few drops pro

duced a yellow color. The color gradually increased in in

tensity and was bright yellow at 0.5 equivalent of £-tolyl-

lithium, orange at 1.0 equivalent, deep red-brown at 2.0 

equivalents, deep red-brown at 2.5 equivalents, red-brown 

at 2.8 equivalents, and deep brown at 3.0 equivalents. 

Color Test I remained negative until 3.1 equivalents of sl" 

tolyllithium had been added. The tri-a-tolyltin-lithium 

®®1, Krause and R. Becker, Ber., 53, 185 (1920). 
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iinas ready for subseqaeut use as soon as the addition of the 

£L-tolylllthlim solution was completed* 

Preparation of tetra-o-tolyltln. For this preparation 

there were used 8.54 g* (0.045 mole) of stannous ohlorlde In 

100 ml. of ether at -10*, 0.135 mole of a-tolylllthlum In 

150 ml. of ether, and finally 10.8 g. (0.045 mole plus 10̂ ) 

of £-lodotoluene. The oolor of the reaction mixture changed 

from deep brown to light tan in about 5 minutes after addi

tion of the hallde. The mixture was refluxed for 6 hours, 

stirred OTernight and hjdrolyzed. The solid recovered on 

hydrolysis was extracted with 40 ml. of benzene, and filtered 

hot. The solid which did not go into solution weighed 7.4 

g. and melted at £97-300*. On cooling, and additional 0.4 

g. of solid melting at £98-300* ims obtained from the benzene 

solution* It ms suspected that this high melting solid was 

hexa-£-tolylditin̂  ̂and a sample was analyzed. 

Anal. Calcd. for Ĉ Ĥ̂ gSn: Sn, 30.£7. Found: 

Sn, 30.01. 

The ether layer yielded a TISCOUS yellow oil which par

tially solidified on standing In a refrigerator for S4 hours. 

®®H. Morris, W. Byerly and P. W. Selwood, i. ̂ m. Chem. 
Soc.. Si» 17£7 (194£). 



1S2 

The sapernatant oil ma deoanted, and the solid was orystal-

llzed from 80 lal* of 50̂  benzene-metbanol solution. On oool-

ing, 0,9 g. (4.2̂ ) of tetra-a-tolyltin melting at 211-213®®* 

(mixed melting point) was obtained* 

Preparation of tri-o-tolylbenzyltin. For this prepara

tion there were used 8*54 g. (0*045 mole) of stannous chlor

ide in 100 ml* of ether at -10*, 0*135 mole of ̂ -tolyllithium 

in ISO ml. of ether, and finally 5.9 g. (0.045 mole plus 10̂ ) 

of benzyl chloride. The mixture was brought to reflux and a 

gradual change in oolor from red to dark yellow took plaoe. 

The mixture was refluxed for 5 hours, stirred oTernight at 

room temperature, and hydrolyzed. The white solid reoorered 

Oft hydrolysis was extraoted with 500 ml. of benzene* The 

benzene solution was oonoentrated by distillation to about 

250 ml. On cooling, 6.5 g* (37*6̂ ) of hexa-̂ -tolylditin 

melting at 298-300* was obtained from the distillate* A 

mixed melting point with a sample of hexa-£-tolylditin iso

lated in the pretious experiment showed no depression. 

The ether layer yielded a Tiscous yellow oil. To this 

oil was added 20 ml. of methanol, and the mixture was placed 

in a refrigerator oTernight. A small amount of solid came 

2*1. Krause and M. Schmitz, ger., 2159 (1919) 
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out of th« mixture. It was filtered off, and crystallized 

from a benzene-methaaol solution to yield 0.7 g. of tetra-a-

tolyltin melting at 214-215* (mixed melting point). 

The original methanol mother liquor tms then concen

trated on a steam plate until all solvent was remoTed, and 

the oily residue was dissolved in 100 ml. of petroleum 

ether (h.p. 77-120*). This petroleum ether solution ms 

then chromatographed using Merck & Company adsorption alumina. 

Petroleum ether (b.p. 60-70*) ms used as the elution solvent 

and the eluate i«as taken off in fifteen 200 ml. fractions. 

Kractions 3-8 yielded an additional 0.8 g. of tetra-£-tolyl-

tin melting at 213-215*. Total yield of tetra-£-tolyltin was 

1.5 g. (6.9̂ )̂. Fractions 11-13 yielded an oil from which 

crystals were obtained by treatment with a benzene-methanol 

solution* A total of 0.5 g. (2.3?S) of tri-£-tolylbenzyltin 

melting at 105-107* (mixed melting point) was obtained. 

Attempted preparation of tri-p-dimethylaminophenvltin-

lithium in ether. The calculated volume of solution 

necessary to give 0.135 mole of ̂ .-dimethylaminophenyllithium 

was added, dropwise, to 8.54 g. (0.045 mole) of finely 

ground anhydrous stannous chloride suspended in 100 ml. at 

-10*. 

The phenomena which occurred during the addition of 

the jQL-dimethylaminophenyllithium were as follows: the first 

few drops produced a yellow color. The color changed rapidly 
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and i«aa pea grean at 0,2 aqoitaleat of ĵ -dloathyXaialBopiieayX-

lithiam, p#a groea at 0.5 aqoivaleat, yallow at 1#0 aqaiva-

laat* At this polat Color Taat I baoama poaitlTa and re-

maiaed ao for 1 hoar* At 1*8 aqulTalaats the eolor was 

goldaa, the ioe Isath was removed, aad Color Test I x̂ malaed 

positive for 8 hoars. At S.5 eqoivaltats the eolor was tan 

aad Color Test I remaiaed positive even after 72 hours. At 

this point the reaetion was abandoned beeause none of the 

third equivalent was taken up after 72 hours* 

Preparation of trî a-butyltia-lithium ia ether. The 

general prooedure whioh was used for the preparation of tri-

-̂butyltin-lithium on a 0.045 mole soale was as follows: 

the ealoulated volume of solution neoessary to give 0.135 

mole of &-butyllithium®>®® was added dropwise* over a period 

of about 2.5 hours, to @.54 g. (0.045 mole) of finely ground 

anhydrous stannous ohloride suspended in 100 ml. of ether at 

-10*. 

The phenomena whieh ooeurred during the addition of the 

1-butyllithium were as follows: the first few drops produoed 

a yellow oolor. The oolor gradually inereased in intensity 

and ms lî t orange at 0.5 equivalent of |j,-butyllithium, 

oraâ  at 1.0 equivalent» red at 1.5 equivalents» deep red at 

•̂h. Silman and eo-workers, J. Am. Chem. Soo., 7̂ , 1499 
{1949). "• 
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2*0 ogtuiTaXeBts, deep ired at S*5 eqolTaXents, deep brown at 

£.8 etoiTaleats, and deep brown at 3.0 equlTalenta. GoXor 

Test I for organoiaetallle oompoands remained imtll 

S.O eqoimlents of jĝ -batyllithlom Jbad been added. At tMe 

S.O eqalvaXents' point Color Teat I beoame positive and re

gained positlTe for tbe rest of the addltion̂ .̂ Color Test 

XZ for very reaetlTe organometallle oompoondŝ *̂  resiained ne* 

gatlve until exactly 3.0 eqolTalents of A-batyllltblam bad 

been added* At no time during the addition was tbere a homo-

geneons solution. Tbe tri-jĝ obutyltlnolitbium was ready for 

subsetnent ase aboat 15 ointttes after the addition of the ar 

btttyllithiiim solution was oô pleted. These phenomena were 

oonfirmed oarefuUy in at least four different runs, and 

were observed in general In other experiments. 

Î eparation of tetra-n-̂ butyltin. Tri-a-butyltin-llthium 

vRis prepared by the addition of 0.135 mole (3 etuivalents) of 

It-batyllithiam in 118 ml. of ether to 8.54 g. (0.045 mole) of 

stannous ehlorlde suspended in 100 pi. of ether at *10*. To 

this preparation there was then added 9.1 g. (0.045 mole plus 

10%) of £-butyl iodide, still in the eold. The brown oolor 

^̂ Color Test X at this point was not the usual dark green 
eolor but was remindful of the blue of Mlehler*8 hydrol. 

QfXlm&a. and J. Swiss» £. Chem. §aS-> £g. 1847 
(1940). 
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of the reaetloa i&ixtare ohaoged to bright yellow loffltdlately 

apoa the adOition of the hallde, and Color Test I was negative 

S minutes after its addition* The reaotlon oixtore was stir

red for IS zainutes in the eold, refltixed for 3 hoars» and hy-

ôlyzed as desoribed above. 

The ether layer yielded about 16 ml. of a imter-like 

11gold whioh was distilled under reduced pressure to yield 

8.S g* (52,£̂ ) of tetra-BL«butyltin distilling at 187*/1*7 

ag® 1#47S7®®. 

Preparation of trl»n-»butylphenyltin> Tri-£*butyltin* 

lithium uma prepared by the addition of 0*30 laole of ||̂ *butyl* 

lithium in 336 ml. of ether to 18.96 g* (0.10 mole) of stan

nous ohlorlde suspended in ISO ml. of ether at *10*. To this 

preparation there was then added SO.4 g. (0*10 mole) of lo-

dobenssene in 3S ml. of ether. The reaotlon mlzture was stir

red for IS minutes in the oold, reflu3»d for 24 hours, and 

hydrolyzed. 

The ether layer yielded a water-like liquid vMoh was 

distilled under reduoed pressure, and two fraotions were eol-

leoted. fraotion I distilled at 70-87*/0.1 m., weighed 

10.0 g., n|® 1.4780. Iraotion II distlUed at 94-U0*/0.1 

®®W. J. 5'ones and eo-workers, £. Chem. Soc.. 39 (1935). 
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am#, weighed 1S«4 g«, 1.5094. Î aetloa XI -ma redls-> 

tlXXed aader redaoed preseare to yleXd a forerun dlstlXXlng 

at XO0-X3fi*/O.6 dm#, and X0»0 g. (27.6?̂ ) of trl-a-̂ t̂yX-

phenyXtlB dlstlXXlng at X39**/0.6 mm,, aĝ  X.5X&5* 

MSJL" OaXod. for CxeHagSn: Sn, 3S.33* Found: 

Sn, 32.37. 

The forerun ms combined with Fraction I whloh was then 

redlstlXXed under reduoed pressure to yleXd 7.2 g. (27«@̂ } 

of tetra-ia-fetttyXtln dlstlXXlng at X09*/0.5 ma., ng® X.475X, 

ot XP, ethyX* 

Xlthlm solution, about X M, was prepared as described aboTe 

for |̂ *btttyXXlthlua. The oaXouXated ToXuoe of this solution 

necessary to glTe 0.X3S ooXe of ethyXXlthlum was added, drop* 

wise, over a period of 2.5 hours, to d.S4 g. (0.045 noXe) of 

flneXy ground anhydrous stannous chXorlde suspended In XOO 

aX. of ether at -XO*. 

The phenomena whloh occurred during the addition of the 

ethyXXlthlum solution were as follows: the first few drops 

produoed a yellow color. This oolor gradually Increased In 

Intensity and was light orange at 0.5 eqtuliralent of ethyl-

lithium, orange at 1.0 equivalent, red at 1«S equl-mlents, 

deep red at 2.0, S.S, and 3.0 equivalents. Oolor Test I re

mained negative until 2.0 equivalents of ethylllthlum had 

been added. At the 2.0 equivalents' point Color Test X be

came positive and remained positive for the remainder of th.e 
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addition®®. Golor feat II remained negative until eataetly 

2,5 equl'̂ mXents of athylXitiLiiim Md toen added, and was poai* 

tiire from this point to the ooopletion of the addition. At 

no time daring the addition rms there a homogeneoos eolation, 

fhe trieth|ritin*Xithiasi ime ready for 8tibse(},aent oee 15 Min*> 

atea after the addition of the ethyXlithioffl solation nas ooa-

pleted. 

Preparation of tetraethyltin. Triethyltln-lithiua wlb 

prepared hy the addition of 0.135 mole (S equivalents) of 

ethyUithiam in 162 ml. of ether to 3.54 g. (0.046 mole) of 

stannous ohloride suspended in 100 nil. of ether. To this 

preparation there ms then added 10.0 g. (0.09 mole, 100̂  

exoess 0.045 mole) of ethyl bromide, still in the oold. The 

deep red eolor of the reaetion mixture Imediately changed 

to dark grey. The mixture ivas stirred overnight and hydro* 

lyi&ed. 

fhe ether layer srielded a mter-like liquid whieh isas 

distilled to yield 7.3 g. (68.3̂ ) of tetraethyltin distilling 

at l̂ a.e*, ng® 1.4691®*. 

L. Qershhein and V. H. Ipatieff, £. Jg. Ghem. Soe.. 
1540 {1952}. 
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Bim 2. This pun was oarrlad out exactly as the 

first. The yield of tetraethyltin was 7.7 g. (72.6̂ ); b.p. 

177*, n|® 1.4691. 

Preparation of eompouada for proof of structure 

Preparation of 2.4'»difflBthylben2oio acid. On a Dry Ice-

ether slurry was dropped, with vigorous stirring, 0.048 mole 

of 2,4»dimethylphenyllithium®® in 98 ml. of ether. On warm

ing to room temperature the mixture was extracted onoe with 

100 ml. of water and onoe with 50 ml, of 15̂  potassium hy

droxide solution. The aqueous layers were comhined and 

warmed on a steam plate for 1 hour to remove any traces of 

ether. Upon neutralissation of the aqueous solution with con

centrated hydrochloric acid, the crude 2,4-dimethylhenzolc 

acid precipitated from solution. This crude acid ms crys

tallized from an ethanol-water solution to yield 6.4 g. 

{87.8̂ a) of S,4-dimethylbenaoio acid melting at 124-126®®̂ . 

Preparation of triphenyl-8.4-dimethylphenyltin. In a 

500 ml. flask was placed 19.25 g. (0.050 mole) of triphenyl-

®®Prepared in 99.4̂  yield hy refluxing 23.2 g. (0.10 
M)le) of 2,4-dimethyliodoben2ene (Eastman Kodak white label) 
in 200 ml. of sther with 1.7 g. (0.2 g. atom plus 20̂ ) of 
sliced lithium wire for 1 hour. 

®̂ 0. Jacobsen, Ber., LLI 18 (1878); W. H. Perkin and 
3". F. S. Stone, £. Clai. Soc.. 127. 2283 (1925). 
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tin cliloride In 100 ml. of ether. To this waa added, drop-

wise and with good stirring, 0.050 mole of 2,4*diffiethylphen7l-

lithium in 102 ml* of ether. The reaction mixture was stirred 

for 2 hoars and hydrolyzed. The layers were separated and 

the ether layer dried oTer sodium sulfate. 

The ether layer yielded an oil whioh was digested with 

25 ml. of methanol, and the oil solidified after several 

minutes* refXuxing. The methanol solution was deoanted, and 

the solid ms re crystallized twioe from a jsosthanol-henzene 

solution to yield 16.2 g. (71.2?S) of triphenyl-2,4-diia8thyl-

phenyltin melting at 113-115*. 

Anal. Calod. for CgsH84Sn5 Sn, 26.08. Found: 

Sn, 25.97. 

Preparation of 2.5->dimflthylhenzolo aoid. On a Dry loe-

ether slurry was dropped, with vigorous stirring, 0.046 mole 

of 2,5-dimethylphenyllithium®® in 92 ml. of ether. On warm

ing to room temperature the mixture was extracted onoe with 

100 ml. of water and onoe with 50 ml. of 15̂  potassium hy

droxide solution. The aqueous layers were oombined and 

waimed on a steam plate for 1 hour. t7pon neutralization of 

®®Prepared in 96.5SS yield by refluxlng 23.2 g. (0.10 
molê  of 2,5*dimethyllodobeazene (Eastman Eodak white label) 
in 200 ml* of ether with 1.7 g» (0.2 g. atom plus 20̂ ) of 
sliced lithium wire for 1 hour. 
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the aqaeoua solution v;lth oonoentrated hydroohlorlo aeld the 

orude S,5-dliaethylb6nzolo aoid precipitated from solution. 

This crude aold was orystalllzed from an ethanol-water solu

tion to yield 6.S g. (96.5̂ ) of 2,5-diiaethylbenzoie aoid melt

ing at 13i-132*®®. 

Preparation of trlphenyl*£.5«dimethylphenyltln. In a 

500 ml* flask ms plaoed 19.g. (0.050 laole) of trlphenyl* 

tin ehlorlde in 100 ml. of ether. !!7o this ms added, drop-

idse and with good stirring, 0.050 mole of S,5-dlmethyl-

phenylllthlum in 103 ml. of ether. The reaction mixture 

was stirred for E hours and hydrolyzed. On hydrolysis a 

white solid oame out of solution. It was filtered off, the 

layers were separated, and the ether layer dried OTer sodium 

sulfate. 

The solid reoovered on hydrolysis orystalllzed from 

petroleum ether (b.p. 77-120®) to yield 4.0 g. (25.0̂ ) of 

tetraphenyltln melting at 224-225* (mixed melting point}. 

The ether layer yielded a ylolet oil whloh was dlssolTed 

in 100 ml. of ethanol plus 30 ml. of benzene by vigorous re-

fluxing. On oooling, a small amount of oil oame out of solu

tion. The oil was dissol-red in §0 ml* of methanol by reflux-

3®0, Jaoobsen, Ber.> 2111 (1881). 
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log. On oooXing, 0.8 g* of triphenyl-2,5'*dli&6tliylplienyltln 

aî lting at 98-99* was obtained, fhen the ethanol-benzene 

motiier liquor urns refluxed with som Horit A, filtered hot, 

and eoneentrated hy distillation. The oonoentrated solution 

was seeded and allowed to oool slowljr* On thorough ooollng, 

10.5 g* of triphenyl-2,5-dimethylphenyltin melting at 97«99* 

was reooTsred. Total yield of triphenyl»2,5-diiBethylphenyl-

tin was 11.3 g. (49.7̂ ). 

Preparation of 2«6-dljBethylbenzoio aoid. On a Dry loe-

ether slurry was dropped, with vigorous stirring, 0.042 mole 

of 2,6-dimethylphenyllithium®* in 90 ml. of ether. On warm-

iag to room temperature the mixture wslS extracted onoe with 

100 ml. of water and onoe with 50 ml. of 15̂  potaigsiom hy

droxide solution. The aqueous layers were oombined and 

warmed on a steam plate for 1 hour. Upon neutralization of 

the aqueous solution with oonoentrated hyoroohlorio aoid 

the orude 2,6-diĵ thylbenzoic aoid preeipitated from solu

tion. This orude aoid was oryatallized from petroleum ether 

•̂prepared in 93.0?l yield by refluxing 23.2 g. (0.10 
mole) of 2,6-dimethyliodoben2iene (Eastman Kodak white label) 
in 200 ml. of ether with 1.7 g. (0.2 g. atom plus 2Ĉ ) of 
slioed lithium wire for 1 hour. 
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(b.p. 60-70®) to yield 5.4 g. (86«05S) of 2,d-dlmfitiiylbexizoio 

aeid melting at 115-116*®®. 

Preparation of trlph6nyl*g>6*dliBethylDhenyltia. In a 

500 ml. flask was placed 19.E5 g, (0.050 mole) of triphenyl-

tin olilorid© in 100 ad. of ether. To this ma added, drop-

wise and with good stirring, O.OSO mole of 2,6-dimethylphenyl-

lithiam in 108 ml. of ether. The reaction miarture was re-

fluxed for SO hours and hydrolyzed. Color Test I ms weakly 

positiTe just before hydrolysis. The layers were separated 

and the ether layer dried over sodium sulfate. 

The ether layer yielded an oil whioh was digested with 

25 ml. of methanol, and the oil solidified after several 

minutes* refluxing. The methanol solution was decanted and 

the solid was recrystallized twice from a methanol-benzene 

solution to yield 10.1 g. (44.5̂ ) of triphenyl-2,6*dimethyl-

phenyltin melting at 118-119*. 

Anal. Calcd. for OggHĝ Sn; Sn, S6.08. lound: 

Sn, SS.13* 

Preparation of mesitvllithium. Mesityllithium was pre

pared on a 0.1 a»3le scale as follows: in a 250 ml, three-

necked flask were placed 19.9 g, {0.10 mole) of bromomesityl-

®®R, W, Hufferd and V«, A, Noyes, J. M. Chem. Soc.. 43. 
929 {19S1). 



ess (lastsma Kodak wMte label), 1*7 g. {0*2 g. atom plas 

20̂ ) of slieed lithium wire and SOO ml. of ether. The mix

ture ma stirred and refluxed for 46 hours, oooled, and then 

decanted through a thin glass mol plug into a 250 ml. grad

uated dropping funnel* The yield ims determined by titration 

of a 2 ml* aliquot ̂ dth steindard aoid, and was 90*3̂ * 

Preparation of mesitoio aoid* On a Dry Ice-ether slurry 

waa dropped, with -vigorous stirring, 0.039 mole of mesityl-

lithiuffl in 9$ ml* of ether* On warming to room temperature 

the mixture was extracted once idth 100 ml. of water and once 

with 50 ml* of 15̂  potassium hydroxide solution* The aqueous 

layers were combined and warmed on a steam plate for 1 hour* 

tJpon neutralissation of the aqueous solution with oonoentrated 

hydroohlorio aoid the crude mesitoie aoid precipitated from 

solution* crude acid was crystallized from an etlmnol-

water solution to yield 6.4 g* {98.9̂ } of mesitoio acid melt

ing at 15E-154'®®. 

Prewration of triphenylmesityltin* In a 500 ml. flask 

was placed 19*25 g* (0*050 mole) of triphenyltin chloride in 

200 ml. of ether* To this was added, dropwise and with good 

stirring, 0.050 mole of mesityllithium in 122 ml. of ether. 

Jannasch and W, Weiler, Ber., 27, 3446 (1894). 
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The peaotlon mixtare was refluxed for 16 hours and hydrolyzed. 

The layers were separated and the ether layer dried over 

sodium sulfate. 

The ether layer yielded a light yellow aolid whioh vsaa 

extracted with 25 ml. of methanol for 10 minutes. The meth

anol solution ̂ aa decanted and the residual solid was crys

tallized twice from a methanol-henzene solution to yield 17.4 

g. (74.2̂ ) of tripheuylmesityltin melting at 157-158*. 

Anal. Galcd. for Cĝ HgnSn: Sn, 25.30. Found: 

Bn, 25.54. 

Preparation of trlPhenyl-o*methoxyphenyltin. In a 500 

ml. flaak was placed 7.5 g. (0.020 mole) of triphenyltin 

chloride in 200 ml. of ether. To this was added, dropwise 

and with good stirring, 0.022 mole of £-methoxyphenylmag-

nesiuyta iodide®̂  in 50 ml. of ether. The reaction mixture 

ms refliixed for 1 hour and hydrolyzed. The layers were sep

arated and the ether layer dried over sodium sulfate. 

The ether layer yielded a white solid which was crys-

tallisied twice from an excess of ethanol to yield 3.2 g. 

(36.0̂ ) of triphenyl-£-methoxyphonyltin melting at 129-130®. 

®̂ Prepared by refluxing 5.0 g. {0.022 mole) of £-iodo-
anisole in 50 ml. of ether with 1.0 g. (0.042 g. atom) of 
magnesium metal for 35 minutes. 
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Anal. Calcd. for CegEggOSn: Sn» 85*97* Fotmd: 

3d., ae.io. 

Preparation of triphenyl-D̂ aadhMFagtin. In a 500 ml. 

flask was plaoad 7.5 g. (O.SO mola) of triphenyltin ehloride 

in 200 ml. of ether. To this was added, dropwise and with 

good stirring, 0.084 mole of ;£-methoxyphenyliHagneaium bro-

midê ® in 50 biI. of ether. The reaction mixture was refloxed 

for 1 hoar and hydrolyzed. The layers were separated and the 

ether layer dried over sodium sulfate. 

The ether layer yielded an oil which solidified on 

thorough cooling. This solid was crystallized three times 

from an excess of ethanol to yield 3.3 g. (37.1̂ ) of tri-

phenyl-2.»ffiethoxyphenyltin melting at 151-158®. 

Anal. Galcd. for CggHggOSn: Sn, 85.97. Found: 

Sn, 83.81. 

Preparation of triphenylmethyltin. In a 500 ml. flask 

was placed 10.0 g. (0.086 mole} of triphenyltin chloride in 

800 ml. of ether. To this was added, dropwise and with good 

stirrinĝ  0.039 mole of methylmagnesium iodide in 50 ml. of 

ether. The reaction mixture was refluxed for 1 hour and hy-̂  

drolyzed. The layers were separated and the ether layer 

®®Prepared by refluxing 4.4 g. (0.084 mole) of £-bromo-
anisole in 50 ml. of ether with 1.0 g. (0.048 g. atom) of 
magnesium metal for 8 hours. 
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dried over sodium sulfate* 

Ihe ether layer yielded an oil which solidified on 

thorough cooling# The solid was orystallized tviiee from a 

lainimtM amount of ethanol to yield l.S g. {ZQ*Z$) of tri-

phenylmethyltin®° melting at 60-61*. 

Preparation of triphenvl-p-tolyltin. In a 500 ml. flask 

was placed 5.0 g. (0.013 mole) of triphenyltin chloride in 

goo ml. of ether. To this was added, dropwise and with good 

stirring, 0.024 mole of £-tolylmagneaium bromide in 50 ml. 

of ether. The reaction mixture was refluxed for 1 hour and 

hydrolyzed. The layers were separated and the ether layer 

dried OTer sodium sulfate. 

The ether layer yielded an oil which solidified on 

thorough cooling. This solid was crystallized twice from 

an excess of ethanol to yield 2.1 g. (36.8'^) of triphenyl-

£«tolyltin melting at 123-124*®®. 

Preparation of tetra-o-tolyltin. In a 2 liter flasJc 

was placed 39.15 g. (0.15 mole) of stannic chloride in 150 

ml. of henzene# To this was added, with good stirring, 

0.625 i^le of £,-tolyllithium in 630 ml. of ether at a rate 

to maintain gentle reflux. The addition took 4 hours to 

®®E. Krause and M. Schmitz, Ber.. 2150 (1919). 
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ooBiplote, and when completed the mixture was stirred for 18 

hours at room temperature. Color Test I was negative at the 

end of this time and the reaction mixture was hydrolyzed by 

cautious addition of water. 

The solid (E3.4 g.) recovered on hydrolysis was thorough

ly air-dried and crystallized from petroleum ether (b.p. 77-

120®) to yield SO.7 g. of product melting at 215-216*, The 

ether and benzene were removed by distillation, and the solid 

residue was crystallized from petroleum ether (b.p. 77-lEO®) 

to yield 28.6 g. of product melting at 214-216®. The total 

yield of tetra-o-tolyltin^® was 49.3 g. (68.1^). 

Preparation of hexa-'o-tolylditin. In a 125 ml, flask 

were placed 4.0 g. (0.0094 mole) of tri-<o-tolyltln chloride^*, 

3.0 g. of sodium shot, 10 ml. of benzene, and 30 ml. of xy

lene, The reaction mixture was refluxed for 1 hour, and fil

tered hot. The solvent was removed by passing a stream of 

air over the surface of the solution. The solid residue was 

recrystallized twice from a minimum amount of benzene to yield 

2.3 g. (62.1^) of hexa-o-tolylditln®® melting at 298-300® 

(mixed melting point). 

Reaction of hexa-o-tolyldltin with oxygen. In a 250 ml. 

flask was placed 3.0 g. (0.0038 mole) of hexa-o-tolyldltln in 

200 ml. of benzene and oxygen was bubbled through the solution 

for 24 hours. During the last 2 hours the solution ̂ s re-
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fluxed. The solvent was then distilled, and the solid resi

due WLB recrystallized from a minimum amount of benzene to 

yield 2,8 g. (93.4^ recovery) of he2»-o-tolylditin melting 

at S98-300*. 

Preparation of tri-o-tolylbenzvltin. In a 100 ml, flask 

"ma placed 5,0 g, (O.OIS mole J of tri-^-tolyltin chloride in 

25 ml, of ether. To this was added, dropwiae and with good 

stirring, 0,015 mole of benzylmagneaiom ohloride in 25 ml, of 

ether. The reaction mixture was refluxed for 1 hour and hy-

drolyzed. The layers were separated and the ether layer 

dried OTer sodium sulfate. 

The ether layer yielded an oily aolid which was crystal

lized twice from lasthanol to yield 3.4 g. (58,6^) of tri-£-

tolylbenzyltin melting at 108-109*, 

Anal, Galcd, for CggHgaSn: Sn, 24,73, Found: 

Sn, 24,96, 

Studies of cleavage reactions with organolithium 
compounds 

Reaction of triphenylbenzvltin with Dhenvllithium. In 

a 250 ml, flask was placed 2.0 g, (0,0046 mole) of triphenyl-

benzyltin in 150 ml, of ether. The flask was imersed in a 

Dry Ice-acetone bath which was maintained at -35*, Then 0,01 

mole of phenyllithium in 10 ml, of ether was added, ®ie solu

tion turned bright yellow immediately. After 5 minutes of 
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stirring a whit© solid precipitated from solution. The mix

ture ma stirred for 1 hour and hydrolyzed. The solid whioh 

remained suspended in the ether layer was filtered off and 

air-dried. The layers were separated, and the ether layer 

dried over sodium sulfate. 

The tetraphenyltin reooTsrad on hydrolysis weighed 1.5 

g. and melted at SE3-825® (mixed melting point). 

From the ether layer 0.3 g. of tetraphenyltin melting 

at S22-S25® and O.S g. of triphenylbenzyltin melting at 89-

91* were recovered. Total yield of tetraphenyltin was 1.8 

g* (91.8^}. 

The triphenylbenzyltin used in this experiment was pre

pared as follows; in a 250 ml., three-necked flask was 

placed 15.0 g. (0.039 mole) of triphenyltin chloride in 100 

ml. of ether. To this was added, dropwise and with good 

stirring, 0.08 mole of henzylmagnesium chloride. After ad

dition was completed the mixture was refluxed for 1 hour 

and hydrolyzed. The layers were separated and the ether 

layer dried over sodium sulfate. 

The ether layer yielded a solid residue which was crys

tallized from petroleum ether (b.p. 77-120*) to yield 13.8 

g. (80.4^) of triphenylbenzyltin^® melting at 90-91® (mixed 

melting point). 
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Him S« A seoond run carried out aa the first gave 

almost the same results; 4.41 g* (0.01 laole) of triphenyl* 

benssyltia was reacted with 0.013 mole of phenyllithium at 

-SS*. fotal yield of tetraphenyltin melting at SBS-BBS* was 

3.8 g. (89.0^), and no triphenylbenzyltin was reoo-vered. 

Eun 5. This run was devoted to identifying the 

benzyllithium which was formed by the metal-metal intercon-

version which took place in the formation of the tetraphenyl

tin (as was established by the following): 5.0 g. (0.0113 

ffiole) of triphenylbenzyltin was reacted with O.OIS mole of 

phenyllithium at -35®. The yellow color (ether solutions of 

benzyllithium are yellow in color) was formed immediately and 

tetraphenyltin precipitated from solution a few minutes later. 

After 1 hour of stirring, the mixture was allowed to stand a 

few minutes Miile the solid settled from solution* The super

natant liquid was then decanted onto a Bry Ice-ether slurry 

with vigorous stirring, and the yellow color was discharged. 

Upon warming to room temperature the ether layer was extracted 

with 100 ml. of water and then with 50 ml* of 15^ potassium 

hydroxide solution. The aqueous layers were combined and 

placed in a liquid-liquid extraction apparatus and extracted 

for 16 hours with petroleum ether (b.p. 60-70®). The basic 

aqueous layer was then acidified with concentrated hydro

chloric acid, returned to the extraction apparatus and ex

tracted with a new sample of petroleum ether (b.p. 60-70*) 
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for 16 hoiiTs, The petroleum ether was then placed In a orys-

talllzation dish, and the solvent ms allowed to evaporate 

at room teBQ)erature. The white solid residue recovered in 

this manner was collected and crystallized from petroleum 

ether (b.p. 77-120®) to yield 0.6 g* of phenylaoetic acid 

(39»0^) ioelting at 73-74* (mixed melting point). 

The total yield of tetraphenyltin melting at 223-225® 

(mixed melting point) was 4.1 g. (88.0^). 

Reaction of trlphenylethvltin with phenvllithium. In a 

100 ml. flask was placed 1.9 g. (0.005 mole) of triphenyl* 

ethyltin in 50 ml. of ether. To this was added 0.005 mole 

of phenyllithium in 4.8 Bil. of ether. The solution was 

stirred for 1 hour at room temperature (^. 25®), no color 

change was noted, and no solid precipitated from solution. 

The solution was then poured onto a Ery Ice-ether slurry. 

Upon warming to room temperature the ether layer was eztraoted 

twice «dth 25 ml. of 10^ potassium hydroxide solution. The 

aqueous layers were combined, made slightly acid with concen

trated hydrochloric acid, then made alkaline hy the addition 

of solid sodium bicarbonate, filtered, and finally acidified 

with concentrated hydrochloric acid. 

The solid which precipitated from solution on the final 

acidification was filtered off and air-dried. The yield of 

benzoic acid melting at 120-122* (mixed melting point) was 

0.4 g» (64.5^). 
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From the ether layer O.S g, (9.4^) of tetraphenyltin 

nwltlng at 223-2B5® and 1,0 g. (52.6^ recovery) of triphenyl-

ethyltin melting at 56-58« were recovered. Both samples were 

identified by laixed melting points with authentic specimens. 

Ho carbonation reaction was run to identify and ethyllithium 

that may have been formed. 

Reaction of tritahenylbenzyltin with triphenyltin'^lithiom. 

^Eriphenyltin-lithium was prepared by the addition of 0.07S9 

mole of phenyllithium in 72 ml. of ether to 4.6 g. (0.0243 

mole} of stannous chloride suspended in 100 ml. of ether. 

Then 10.7 g. (0.0243 mole) of triphenylbenzyltin in 50 ml. 

of ether was added. The mixture was stirred for 2 hours at 

-10® and hydrolyzed. 

The white solid recovered on hydrolysis was extracted 

with 300 ml. of petroleum ether (b.p. 77-120*), Upon cooling, 

2.8 g. (26.9^) of tetraphenyltin melting at 223-225® (mixed 

melting point) was obtained. 

The ether layer yielded a yellow oil tuihich was extracted 

with 60 ml* of ethanol, and filtered hot. Upon cooling, 6.3 

g. of triphenylbenzyltin melting at 90-91® was recovered. 

Concentration of the ethanol mother liquor led to the recovery 

of an additional 0.5 g. of triphenylbenzyltin melting at 89-

91®. Total recovery iiwas 6.8 g. (63.5/^). 

It is known that some tetraphenyltin accoEspanies all pre
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parations of triphenyltin-lithium but the amount isolated 

under oos^arable oonditiona is not as great as that obtained 

above. A better reoovery of triphenylbenzyltin, if it had 

not reacted with the triphenyl-lithium, oould be hoped for* 

fherefore the triphenyltin-lithium may have reacted to a 

slight extent with the triphenylbenzyltin to form the tetra-

phenyltin. 

Reaetion of triphenylbenzyltin idth Bhenylaagnesiaa 

bromide* In a 250 ml. flaaJfe was placed 4.41 g. {0.01 mole) 

of triphenylbenzyltin in 50 ml. of ether. The solution was 

brought to reflux, and 0.01 mole of phenylmagnesium bromide 

in 10 ml. of ether was added. Reflux was continued for 1 

hour, no yellow color developed, and the solution was then 

carbonated by pouring it onto a Dry Ice-ether slurry# On 

mming the ethereal solution was extracted with 25 ml. of 

and then with E5 ml* of 10$ sodium hydroxide solution* 

fhe aqueous layers were combined, placed in a liquid-liquid 

extraction apparatus, and treated as outlined on p.141. The 

ether layer was dried over sodium sulfate. 

The ether layer yielded an oily solid which was crys

tallized from a minimum amount of ethanol to yield 3.6 g. 

(81*9^ recovery) of triphenylbenzyltin melting at 90-91®. 

No phenylacetio acid was isolated by the extraction process. 
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Reaotlon of hexaphenyldltin \»lth Phenylllthlum. In a 

250 ml. flask were placed 5.0 g. (0.00715 mole) of hexaphenyl-

dltln in 92 ml. of ether and 0.00715 mole of phenyllithium in 

8 ml. of ether. The mixture was refluxed for 24 hours. The 

suspended solid was then allowed to settle out and the super

natant liquid was filtei«d off under nitrogen. ®ie solid was 

orystallized from petroleum ether (b.p. 77-120") to yield 4.7 

g. (88.6^) of tetraphenyltin melting at 224-225* (mixed melt

ing point). 

The ether solution had a pale yellow color. When 5 ml. 

of bromobenzene were added to the ether solution the yellow 

oolor gradually faded and the solution became oloudy. Work 

up of this solution led to the recovery of 0.6 g. of solid 

which softened at 220* but did not oompletely melt up to 300*. 

In order to be sure that the starting material was hexaphenyl-

ditin and not tetraphenyltin, a saa^le of the starting ma

terial was used in a mixture melting point with an authentie 

specimen of tetraphenyltin. The mixture melted over the 

range 190-195®. 

Preparation of triphenyl-4-dimeth.vlamino-S-{4*-nitro-

phenylazo)phenyltin^^. In a 1 liter beaker, surrounded by 

an ice bath and equipped with a magnetic stirrer, were placed 
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3.5 g. (0*007 sBole) of triphenyl-£-dtmethylaialnopli«nyltin^^, 

4»X g* Of sodlom aoetate, 75 ml* of ethyl aoetate and 50 ml* 

of water* A solution containing 0*007 mole of £-nitrol5enzene-

diazoniuffl oliloride, to «?hioh enoagh sodium aeetate liad been 

added to neutralize the excess hydroohlorio aoidi, was added 

dropwise and with vigorous stirring. A red color formed al

most imediately* 'Fhe solution was stirred for 2 hours, the 

ice bath was removed» and the mixture allowed to stand over

night# The water, in which a red oil was suspended, was de» 

canted, and the red mass was digested with two 25 ml. portions 

of ethanol leaving a brown solid. This solid was dissolved 

in a minimum amount of refluxing chloroform, then ethanol was 

added at reflux until a traoe of solid precipitated from solu

tion. On cooling, 1.1 g. (24.0%) of triphenyl-4-dimsthylamino-

3-(4*-nltrophenylazo)phenyltin, a bright gold gilt color, 

melting at 187*189® (mixed melting point) was obtained* 

Run 2. In this run 14.1 g. (0*03 mole) of tri-

phenyl-2i,-dimethylaminophenyltin, 16*4 g* of sodium aoetate, 

300 ml* of ethyl acetate and 200 ml* of water were reacted 

with a solution containing 0*06 mole of ̂ .-nitrobenzenediazon-

ium chloride exactly as outlined above* On working up the 

reaction 4*2 g* (22.9^) of triphenyl-4-dimethylamino-3-(4*-

aitrophenylazo)phenyltin melting at 187-189* was obtained. 
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Preparation of triPhenyl-'4»dlaD9thylaffliaO"3-'(4*-broiaO'' 

pheaylazo iPhenyltin> In a 1 liter beaker, sarroimded by an 

ioe bath and equipped with a aiagnetio stirrer, were placed 

3.0 g. (0.0064 mole) of triphenyl-£,«*dimethylaiiiinophenyltin, 

75 ml. of ethyl acetate, 4,1 g. of aodium acetate and 50 ml. 

of water. A solution containing 0.008 mole of £«bromoben-

zenediazonium chloride, to which enough sodium acetate had 

been added to neutralize the exoeas hydrochloric acid, was 

added dropwiae and with good stirring. A red color formed 

almost imaiediately, after 1 hour a deep red solid appeared, 

and after 2 hours all the ethyl acetate had evaporated and 

a deep red tar remained in the water. The water was de

canted, and the tar digested with two 50 ml. portions of 

ethanol. The brown solid residue was crystallized twice 

frdm petroleum ether (b.p. 77-120®) to yield 0.3 g. i7,Z%) of 

triphenyl-4-dime thylamino-3- (4 • -bromophenylazo) bb.«Jttyltin 

melting at 170-172®. 

Anal. Calcd. for OsgHggNaBrSn: N, 6.43J Sn, 18.17. 

Founds N, 6.43J Sn, 18.36. 

Run 2. A second preparation carried out exactly 

as the first except that 9.0 g. (0.0191 mole) of triphenyl-

^-dimethylaminophenyltin was reacted with 0.040 mole (100^ 

excess) of ^-bromobenzenediazonium chloride. The yield of 

triphenyl-4-dimethylamino-3-(4•-bromophenylazo)phenyltin 
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meltl)Qg at 170-172*' vms 2*1 g. (16.8^) • Note that in this 

reaotion the yield of dye was iaoreaaed by ohanglng the 

relative amoaats of the reaotanta, whereas there was no ef* 

feot in the previoas preparation* 

Preparation of triPheayl«4»digiethylaialao-5«» (4 * «ohloro« 

pheaylazo)phenyltin. The same proeedure as that outlined 

for the preparation of triphenyl-4-diiBethylafflino-3-(4*» 

bromophenylazo)phenyltin was followed exoept that E*4 g* 

(0.0051 mole) of triphenyl-£,-diBiethylaiainophenyltin ims re-

aoted with 0.006 mole of ^-ohlorobenzenediazoniuffl chloride. 

Kie yield of triphenyl-4-diffiethylamino-3-{4'-ehlor©phenyl-

azo)ph0nyltin melting at 162-165* was 0.E8 g. {4.S^). 

Anal. Oaled. for OasHeeNaClSn! U, 6.89; Sn, 19,47* 

Found: N, 7.00j Sn, 19.68. 

Reaction of trlphenyl-p-dlmethylaminophenyltin with p-

sulfobenasenedl&zoniam ehloride. In a 1 liter beaker, sur

rounded by an ioe bath and equipped with a magnetio stirrer, 

ware plaoed 5.9 g. (0.0125 mole) of triphenyl-jEL-dimethylaiaino-

phenyltin, 5.0 g. of sodium acetate, 125 ml. of ethyl acetate 

and 60 ml* of water. A solution containing 0.025 mole of £-

sulfobenzenediazonium chloride was added, dropwise and with 

Tigorous stirring. Upon addition of the dlazonlum solution 

a white solid precipitated, and the characterlstio red color 

never developed although the reaction mixture was stirred over

night. fhis solid was then filtered off and crystallized from 
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petroleum ether (b.p. 77-120*) to yield 3.7 g. {6B«7^ re-

aoirery) of triplienyl«2,--dimethylamiaopheiiyltiJi melting at 

132-1S4*. 

Preparation of p*nitrobeazeaediazonima fluoborate*o. 

In a 400 ml* beaker ?fere plaoed 34*0 g. (0*25 mole) of £.* 

nitroaniline and 110 ml* of 42*45^ fluoborie aoid. The amine 

mts dissolved by warming the mixture on a steam bath, ^e 

beaker was then surrounded by an ioe bath and the solution 

was stirred vigorously. On oooling, the amine salt precipi

tated from, solution. Then a oold solution of 17.0 g. (0.25 

mole) of sodium nitrite in 54 ml. of iffater wis added drop-

wise. ihen the addition was completed the mixture ims 

stirred for 10 minutes and then filtered by suction on a 

sintered glass filter. This solid was mshed onoe with 25 

ml. of eold fluoborio aoid, twiee with 15 ml. of oold aloo-

hol, and three times with 10 ml. of ether. The yield of j&-

nitrobenzenediazonium fluoborate was 47.0 g. (79.5^). 

Beaotion of triphenyl-p-dimethylaminophenyltin with p-

nitrobenaenediazonium fluoborate. In a 1 liter beaker was 

plaoed 0.0 g. (0.017 mole) of triphenyl-£.-dimethylamino-

phenyltin in 100 ml. of dioxane. The beaker was surrounded 

B. Starkey, Org. Syntheses. Coll. Vol. II. 225 
(1943). 
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by an ioe batli and 4.0 g. (0,017 mole) of ̂ -nitrobenzene-

dlazonlum fluoborate dissolved in S&O ml* of dioxane and 50 

Ml« of iKater vas added, dropwlse and with good stirring. 

After addition was ooapleted, the deep red mixture was 

stirred for IS minutes, and then 400 ml* of water was added* 

fhe deep red solid whioh precipitated on addition of the 

water was filtered off and air-dried# The solid was then 

extracted with 1S5 ml. of chloroform, and filtered hot# 

On cooling, 2.1 g. of red solid melting at ES8-E31® was ob

tained. 

If expulsion of the triphenylstannyl group was the main 

course of the reaction, the dye formed would be 4-dimethyl-

aialno-4*-nitroazobenzene. A mi3rad jseltlng point between an 

authentic specimen of 4-dlai«thylaiBino-4*-nitroa2iobenzene and 

the red solid recovered abo've showed no depression. Total 

yield of 4-dimethylamino-4*-nitroazobenzene was 2.1 g. 

(4§,7SS)^i, 

The following diagram outlines the course of the proposed 

expulsion reaction: 

Meldola, £. Chem. Soe.. jys, 107 (1884). 
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flie ultliaate fate of the trlphenylstaimyl group has not 

been eatabliahed. 

freparation of p-bromobenzenediazoniom flnoborate*'^> 

In a 1 liter beaker were placed 37.0 g. (0.125 mole) of 

bromoaniline, 80 lal. of oonoentrated hydroehlorlo aoid, and 

85 ml. of ^vater. The amine was diasolTed by warming the mix

ture on a hot plate. The beaker was then surrounded by an 

ioe-salt bath and S3.0 g. (0.333 mole) of sodium nitrite in 

30 ml. of water n^s added» dropwise and with good stirring. 

After addition was oompleted the solution was stirred for 15 

minutes, then 110 ml. of 48«45^ fluoborio aoid was added all 

at onoe. The solid whioh precipitated on the addition of 

the fluoborio aoid was filtered off, washed twice with 20 ml. 

of water, twioe with 20 ml. of ethanol, twice with ether, and 

Schiemann and R. Pillarsky, Bgr., M» 1340 (1931). 
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waa tbea thoroughly air-dried. Total yield of ;£-feroittobenzene-

diazonium fluoborate was 34.7 (60,05^), 

broaobeagenediazoniam flttoborate. In a 1 liter bealcer isas 

placed 8.0 g, (0.017 mole) of triphenyl-^-diawthylaminoplienyl-

tia in 100 ml. of dioxane. The beaker was sarroonded by an 

ioe bath and 4.6 g» (0.017 mole) o.t £obrcmobeazenediazonittffl 

fluoborate dissolved ia 250 ml. of dioxaae and 50 ml. of 

water was added, dropwise and ^th good stirring. A deep red 

solution was formed almost immediately* After additioa was 

oompleted the deep red mixture was stirred for 1 hoar» thee 

600 ml. of water was added. The oraage solid whioh precipi

tated from aolutioa on addition of the water was filtered off 

and air-dried. ®bie solid was then extracted with 150 ml. of 

etMnol, and filtered hot. On cooling, 3.0 g. of orange solid 

melting at 148-152* was obtained. Two recrystallizations of 

the solid from a minimum amount of ethanol yielded3 g. 

(45»S^) of 4-dimethylamlno-4*-bromoazobenzene melting at 151-

153«*3* 

Ooldsohfflidt and B. Bardaoh, Ber., Sg, 1375 (189E). 
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Rreparatioa of tripkenyltla ohlorlda**. In a 1 liter 

tlask equipped with an air oondenser were placed 118.0 g. 

(0.275 mole) of tetraphenyltin whieh had been air-dried at 

ISO* for IS hours and 33.4 g. (0»09 mole) of anhydrous stan-

nie chloride. The flaslc was plaoed in an oil bath which ms 

maintained at BBO* - 10* for 1 hour, fhe flask was shaken 

occasionally. After the ̂ sa had cooled, it was extracted 

with 500 ml. of petroleum ether (h.p. 77-120*), treated with 

Norit A, and filtered hot* On cooling, 98.3 g. (65.5^) of 

triphenyltin chloride melting at 104-106* was obtained (mixed 

melting point), fhis reaction was repeated maz^ times in the 

course of this research, and the yields were consistently 

between 60^ and 70^. 

yy^p^y,atj.p4 of . In a 2 liter, 

three-necked flask were placed 100 g. (0.581 mole) of a-

bromoaniline and 100 ml. of water. The flask was partially 

immersed in a running water bath and 70 ml. (91 g., 0.72 • 

mole) of freshly redistilled dimethyl sulfate was added, 

dropwise and with good stirring. Ten minutes after addition 

vma co]iq>leted the solution was neutralized by adding 150 ml. 

of saturated sodium carbonate solution. A second and third 

^PriTate coimnunication from Sastzaan Kodak Company 
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addition of 70 ml. of dimetliyl sulfate were made f0ll0T»ed by 

neutralization with sodium carbonate solution after eaeh ad

dition (oare iwas taken to make the mixture strongly baaio 

after the third addition). The reaction mixture irais then ex

tracted vith 500 lal* of ether, the layers were separated, and 

the ether layer was dried oTer sodium sulfate. To the water 

layer was added 500 ml. of saturated potassium iodide sola* 

tion, and a Toluminous white solid preeipitated. The solid 

mia filtered off and air-dried. The ether was reaoTed fey 

distillation from a water bath and the residue digested with 

150 ml* of saturated sodium oarbonate solution. The result

ing mixture was poured into the potassium iodide mother 

liquor, and the preoipitate thus formed was filtered off and 

air-dried. The solids were oombined {15S.5 g.) and distilled, 

at water pump pressure (12S.5®/15 mm., lS6*/22 mm.)j the 

total distillate was oolleeted in one fraotlon. The distil

late partially solidified on standing. The entire fraotlon 

was then redistilled under reduced pressure (78*/I.0 mm.) 

and two outs were taken. Both fractions had the same index 

of refraction, 1.6011. Total yield of 

aniline ims 79.S g. (68.2^) 

Preparation of m-dlmethylamlnophenyllithium. a-Dlmethyl-

aminophenyllithlum was prepared on a 0.045 scale as follows: 

in a 250 ml., three-necked flask were placed 0.8 g. (0.09 g. 
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atom plas ZQ$) of sXioed bloek lithlom or lithium wlr« and 

50 ml. of ether. In a dropping funnel waa placed 9.0 g. 

(0.045 mole) of i^-bromodlisfithylanlline In 40 ml. of ether. 

The Imllde solution was added to the reaetlon flask, with 

good stirring, at a rate to maintain very gentle reflux. 

When addition was oompleted the mixture was refluxed for 30 

minutes, oooled, and then decanted through a glass wool plug 

into a S50 ml. graduated dropping funnel. The yield was de* 

termlned by titration of a 1 ml. aliquot with standard aoid 

using phenolphthaleln as the Indioator, and usually was be* 

tween 97^ and 1055S**. 

Preparation of triphenyl-m^dlmethylaminophenyltln. In 

a 500 ml., three-i^oked flask was plaoed 15.0 g. (0.039 mole) 

of trlphenyltln chloride in 200 ml. of ether. The flask was 

Immersed in a running water bath, and 0.046 mole of n-dimethyl-

amlnophenylllthlum in 84 ml. of ether was added, dropwise and 

with good stirring. The mixture was stirred for 1 hour after 

addition was completed$ Color Test I was negatlTe at the end 

of this time. The reaction mixture was hydrolyssed by the ad

dition of 150 ml. of water to the reaction flask, the layers 

were separated, and the ether layer dried over sodium sulfate, 

**Tields in excess of 100% were attributed to the pres
ence of small amounts of m-bromo-N-methylanillne in the halide 
used. 
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The ©ther layer yielded an oil whioh was dissolved in 

25 ml» of ahloroform plus 100 sal. of methanol by yigorous re

flating* On oooling, 12*3 g* of white solid laelting at 87-

91* was obtained. The solid was again reorystalllzed from 

25 ml, of chloroform plGis 100 ml. of methanol. On oooling, 

10.4 g. of triphenyl-i-dimethylaminophenyltin melting at 

90-91* was obtained. Goneentration of the mother liquor led 

to the reooTery of 1.2 g. of triphenyl-g-dimetl^laminophenyl-

tin melting at 89-91*. Total yield of trlphenyl-a-dimethyl-

aminophenyltin was 11.6 g. (63.4^) 

Anal. Oalod. for CgeHg^NSn: Sn, 25.24. Found: 

Sn^ 25.28. 

Preparation of triPhenyl-»S-dlmethylamino-6-{4*-nitro-

phenylazo)phenyltin» In a 1 liter beaker, surrounded by an 

ioe bath and equipped with a magnetic stirrer, was placed 

8.0 g. (0.017 mole) of triphenyl-a-dimethylaminophenyltin 

in 100 ml. of dioacane. A solution of 4.0 g. (0.017 mole) of 

£L*iiitrobenzenediazonium fluoborate in 500 ml. of a 50^ di-

oxane-water mixture was added, dropwise and with vigorous 

stirring. A deep red solution was formed almost iimediately. 

Fifteen minutes after the addition was completed 400 ml. of 

water was added, and a deep red solid precipitated. The solid 

was filtered off and air-dried on a suction filter. Extrac

tion of the solid with two 150 ml. portions of refluxing pe

troleum ether (b.p. 77-120*) yielded 5.7 g. of red solid melt
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ing at 205-S06®. Th« solid, reooTered on oooling th® two 

petroleum ether mother liquors in an ioe bath, was reeryatal-

lized twice from petroleum ether (h.p. 77-lEO®) to yield 1.3 

g. of shiny green platelets melting at £05-205.5*. A mixed 

melting point between the red and green solids showed no de

pression* The total yield of triphenyl-3-difflethylamino-6-

{4»-nitrophenylazo)phenyltin was 7.0 g. (66.6^) 

Anal. Calod. for C3BHg80gN4Sn: Sn, 19.17* Fouadt 

Sn« 19.18. 

In a 100 ml. flask were plaoed 4«0 g* (0.0065 mole) of 

the dye, 8*0 g. of stannous ehloride, 10 ml. of water, and 

50 ml* of ooneentrated hydroohlorio acid. The mixture -ma 

stirred tigorously, and warmed on a hot plate until decolor

ized (jga. 3 hours}. The solid residue was filtered off, and 

the filtrate was then made basio with 10^ sodium hydroxide 

solution and extracted with ether. The ether layer was dried 

o^er sodium sulfate. The ether was evaporated by passing a 

gentle stream of air over the surface of the solution* The 

crude bases were warmed on a water bath with 1*0 g. of acetic 

anhydride for 5 minutes. This solution was then diluted with 

SS ml. of water, and filtered. 

Th9 filtrate was neutralized with saturated sodium car

bonate solution, and extracted with ether. The ether layer 

-mn dried ofer sodium sulfate. ^Qien the ether was once again 
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removed aalag a stream of air, and the residue was orystal-

liased from water to yield 0.4 g. (35»0^} of ̂ -dimethylamino* 

aeetanllide melting at 131* (mixed melting point}* 

fhe following diagram shows the struoture proof. 

SnOl 
HCl 

{CH3)gN-^^HHC0GH3 + HgCOGHN -a NOg 
Aoid Soluble Aold Insoluble 

Ho effort was made to reoover the organotin hailde or 

^•nltroaoetanillde• 
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PrepRratloa of trlpheiLYl«3*diiaetliylaBiino-6-(4*»brQffl^> 

phenylazo)pheayltln. la a 1 liter beaker, surrounded by an 

lo@ bath and equipped v»itb a magnetio stirrer, iias placed 4.0 

g. (0.0085 mole) of triphenyl-a-dimetiiylaminophenyltin in 100 

ffll* of dioxane. A solution of 2.3 g* (0.0085 mole) of £• 

bromobenzenediazoniom fluoborate in 100 ml. of dioxane plus 

IS ml, of mter ms added, ivith good stirring. The solution 

wsis stirred for 4 hours if»hile a deep red color gradually 

foxmed. fhen 600 ml. of mter was added, and the red solid 

whioh preoipj^ated was filtered off and air-dried on a suo-

tion filter. The solid (3.7 g.} was eztraoted with 150 ml. 

of petroletM ether (b.p. 77-120*), and filtered hot. On 

eooling, 2.7 g. (48.6^) of triphenyl-3-dimethylamino-6-{4»-

bromophenylazo) phenyl tin melting at 199-200* ma obtained. 

Anal. Galod. for GggEggH^BrSn: Sn, 18.17. Found: 

Sn, 18.01. 

Preparation of p-oarboxybeazenedlazoniom flaoborate#^. 

In a 400 ml. beaker were plaoed 34.3 g. (0.25 mole) of jg.* 

aminobenzoic acid and 100 ml. of 42-45jS fluoborio acid. The 

amino aoid was almost completely dissolved by warming on a 

steam bath. The beaker was then plaoed in an ice bath and 

cooled with vigorous Stirling. On eooling the amine salt 

precipitated. A cold solution of 17.0 g. (0.25 mole) of 

sodium nitrite in 34 ml. of water was added dropwise. After 
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addition iras completed tJaie mixtore m.s stirred for 0,5 hoar 

and filtered on a sintered glass filter. The solid ms 

TN>ashed onoe idth IS ad* of ioed fluoborio aoid» onoe id.th 10 

al« of ioed aloohol, and onoe vdth 20 ml. of ether. The total 

yield of £-carboxyhenzenediazonium fluohorate was 35.4 g. 

(60*0^}• Bie diazonium salt is -very soluble in water and this 

tends to lower the yield when a pure produot is desired. Us

ing the same general prooedure Dunker, Starkey and ^enkins^^ 

prepared this diazoniom salt in 76^ yield, and Euddy, Starkey 

and Hartung*' in 80> yield. Speoifio directions for the pre

paration of the salt were not included in either of the re

ports aM no mention of the oomparati-vely high water solubil

ity of the salt was made. 

Preparation of triphenyl-S-dimethylamino-e- (4 * -oarboxy-

phenylazo)phenyltin. In a 1 liter beaker, equipped as aboye, 

was placed 4.0 g* (0*0085 mole) of triphenyl-s-dimethylamino-

phenyltin in 50 ml. of dioxane. A solution of 2.0 g. (0.0085 

mole) of £-oarboxybenzenediazonium fluoborate in 200 ml* of 

dioxane plus 15 ml. of water was added. A deep red color 

deyeloped almost immediately* fhe solution was stirred for 

F. W* Dunker, B. B. Starkey and G-. L. Jenkins, «r* 
M* Qhem. Soe*. 2S08 (1936). 

''•'a* W* Ruddy, 1. B. Starkey and W. H. Hartung, ibid.» 
Si, 828 (1942). 
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4 hours* then 500 oil. of water was added* An oil, whioh 

quiokly solidified, oame out of aolution. This solid (4.1 

g.) 'was filtered off, air-dried and extracted with 100 ml* 

of petroleum ether (b.p. 77-lSO®) for 0.5 hour, and the hot 

solutioa was deoanted. The solid residue was then er^stal* 

lized from S50 lol. of ethanol. Oa oooling, 0.3 g. of solid 

was obtained from the ethanol solution. Conoentration of 

the mother liquor led to tl» reooTery of an additional 1.1 

g« of solid. Both solids had the same deoomposition point, 

358*. The total yield of triphenyl-3-dimetiyrlajain0'-6-(4*-

oarho3(^phenylazo)phenyltin was 1.9 g. (36*2^). 

lygsl* Calod. for COgMgSns Sn, 19.20. 

Found: Sn, 19*37. 

Hun 8. A second preparation carried out easictly 

as the first except that 3.5 g. (0.0074 mole) of triphenyl-

S-dimethylaminophenyltin was reacted with 1.75 g. (0.0074 

mole) of ;^-oarboxyhenzenediazonium fluoborate. The solid 

recovered from the reaction mixture was extracted with 100 

ml. of petroleum ether (b.p. 77-120®), and filtered hot. 

The yield of triphenyl-3-dim«thylamlno-6-(4*-oarboxyphenfl-

a20)phenyltin was 2.2 g. (47.8^), dec. 356*. 

The acid is insoluble in water, Tery slightly soluble 

in dilute hydrochloric acid and 5^ sodium bicarbonate, 

slightly soluble in sodium carbonate and 5^ sodium hy

droxide, and extremely soluble in ethanol. 
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gfidium 

iffisthylaffliao)pheaylazobeazoate. Ia a 850 al. baakar vraa 

plaoed 2.0 g. (0.00524 mole) of trlplieayl-3*diaetliylamlao-6-

(4»-oarl^xypheaylazo)plienyltla ia 100 ml. of ethaaol. To 

this was added e:motly 53.8 ml. of 0*096 N aodiom hydroxide 

solatioa (0.00324 mole)* The solutioa was thea poored iato 

a erystallizatioa dish, aad the ethaaol permitted to ewpo* 

rato. A reoovery of 2.0 g* (96.5^) of sodium jB.-(2«-tri-

pheayl8taaayl*4**difflethylamiao)pheaylazobeazoatei oraage ia 

oolor, was made. This salt is Tery slightly soluble ia 

water* lafrared studies iadieated that the otmpooad was the 

sodium salt of triphenyl-3-dimethylamlao-6-'(4'-oarboxypheayl-' 

azo}phei^ltia. 

grtparatioa of p^dlmethylamlaobeazeaediazoaiam fluo* 

borate*^. Ia a 600 ml. beaker were plaoed 17.0 g. (0.10 
I 

mole) of £.-amiao<*H»H-dimethylanlliae moaohydroehloride aad 

100 ml* of ooaeeatrated hydroohlorio aoid. The beaker ma 

plaoed ia an ioe bath aad oooled with Yigorous stirriag. A 

eold solutioa of 3.9 g. (0.10 mole) of sodium aitrite ia 14 

ml. of water was added dropwise. The diazotizatioa pro-

eeeded smoothly aad, 5 miautes after the addition of the ai-

Sohiemaaa aad W. WiakelmSller, Ber.> 66. 727 (1933). 
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trite aolution was completed, 100 ml, of 42-45^ fluoborio 

aold was addedt The stirring was oontinued for an additional 

1§ minutes to ensure that the preoipltation of the dlazoniom 

fluoborate was complete. The salt was filtered off on a 

sintered glass filter, washed onoe with 15 ml. of ioed fluo-

borlo aoid, onoe with 15 ml* of ioed aloohol, and twice with 

ether. Total yield of j^-diiaethylaminobenzenediazonium fluo

borate was 9.5 g. (40.4^). This diazonium salt is very sol

uble in water. Using the general procedure Schiemann and 

Tsfinkelmttller*® prepared this diazonium salt in 565S yield. 

E,-Afflinodimethylaniline was used as the starting material in 

place of the •gt-aminodimethylaniline monohydrochlorlde used 

above* Ho mention of the comparatively high water solubility 

of the salt was made. 

Attempted preparation of triphenyl-S^dimethylamin^^ft* 

(4*-dimethylaminophenylazo)phenyltin. In a 600 ml. beaker, 

equipped as above, was placed 2.0 g. (0.004S mole) of tri-

phenyl»irdimethylaminophenyltin in 50 ml. of di03»ne. A 

solution of 1*0 g. {0.0042 mole) of £-dimethylaminobenzene-

diazonium fluoborate in a dioxane^water mixture was added. 

Tlie characteristic red color did not develop within 2 hours 

so the ioe bath was removed and the solution was stirred 

overnight. A light red color developed on the long stirring. 

About 300 ml. of water ms added to the beaker, and the solid 

which precipitated from solution was filtered off and air» 
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dried. The solid was orystallized from 25 kCL. of ethanol to 

yield 1.7 g. (85.0^ reoovery) of triphenyl-n-dimethylamiao-

phenyltia melting at 90-91* (mixed melting point). 

Other organotln reaotiona 

Preparation of triphenYlsiloanrtriphenyltin. In a 850 

ml, flask were placed 5,0 g, (0.018 mole) of triphenylsilan-

ol^^ in 150 ml* of dry toluene and 1,0 g. (0,04 g. atom) of 

sliced sodium metal. The mixture was refluxed for 1 hour, 

then decanted hot through a glass wool plug into a £50 ml* 

flask, and 7,0 g* (0,018 mole) of triphenyltin chloride tras 

added to the toluene solution. The mixture vms refluxed for 

1 hour and filtered hot to remove the insoluble sodium 

chloride which ms formed during the reflux period. On 

cooling, 11.S g, of white solid melting at 138-142* was ob

tained* The solid was orystallized from petroleum ether 

(b.p, 77-120*) to yield 10,6 g, (95,0^) of triphenylsiloxy-

triphenyltin melting at 141-14S*, A mixed melting point 

with triphes^lsilanol melted at lEl-185*, 

This compound was analyzed by decomposing a 0,2 g, 

sample with concentrated sulfuric acid in a 30 ml, vycor 

*®I'. Kipping and L, Uoyd, £, Chem, Soc., 2i» ^52 
(1901), 
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crucible on a Sogers* ring burner, followed by ignition to 

the combined oxides (silicon dioxide plus stannic oxide). 

The combined oxides were then weighed and the percent com

bined Si~Sn determined. The stannic oxide was then remoired 

by heating the combined oxides with 15 times its weight of 

amoniiua iodide at 450* for 1 hoar*^^. This treatioHint con

certs the stannic oxide to stannic iodide which is lost by 

volatilizsation leaTing the silicon dioxide behind* The 

silicon dioxide was then weighed and the percent Si deter

mined. The percent Sn was determined by the difference of 

percent combined Si-Sn and percent Si. 

Ami. Calcd. for C3sH30OSiSn: Combined Si*Sn, 

23.46; Si, 4.48; Sn, 18.98. Found: Combined Si-Sn, 83.46; 

Si, 4.77; Sn, 18.69. 

Reaction of phenvllithium with tin. Talalaeva and 

Kocheshkov®^ reported the preparation of tetraphenyltin in 

46^ yield simply by stirring phenyllithium with tin powder 

suspended in ether for 185 hours at room temperature. Be

cause of the interest aroused by this report the reaction 

ms Investigated. 

®°I. H. Oaley and M. G. Burford, Ind. Eng. Ghem.. Anal, 
ii.f S. 114 (1936). 

®^T. V. ©alalaeva and K. A. KocheshkoT, £. Gen. Chem. 
(Xr.S.S.H.), IZ, 403 (194£) CC.A., 3068 (1943)17 
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In a 500 ml* flask plaoed 11,9 g* (0.1 g* atom) of 

tic powder (Metals Diaintergratiag Co. Inc., Lot 1007-F, 

Order 6540} suspended in SO ml. of ether* 7o this i«as added 

0*4 isole of pheDyllithium in 325 ml* of ethert and the miz*^ 

ture was stirred vigorously and refluxed for 7 days. Color 

Test I was strongly positive at the end of the reflux period. 

The mixture iwas hydrolyzed, the black solid was filtered off 

and the ether layer dried over sodium sulfate* 

The black solid was extracted in a Soxhlet with petro

leum ether (b*p. 77-lSO*) for 24 hours. On oonoentratlon 

and cooling, 1.0 g. (2*5^) of tetraphenyltin melting at ZB4* 

BBS* (mixed melting point) was obtained. 

Reaction of Phenylmagnesium bromide with tin. This re

action was run to compare the reactivity of phenylmagnesium 

bromide with that of phenyllithium toward tin metal. In a 

500 ml. flask was plaoed 11*9 g« (0*1 g. atom) of tin powder 

suspended in 50 ml, of ether. To this was added 0.4 mole of 

phenylmagnesium bromide in 350 ml. of ether, and the mixture 

uma stirred vigorously and refluxed for 7 days. Color Test 1 

was strongly positive at the end of th® reflux period* The 

mixture was hydrolyzed, the black solid was filtered off, and 

the ether layer dried over sodium sulfate. 

The black solid was plaoed in a Soxhlet and extracted 

with petroleum ether (b.p. 77-lSO*) for 24 hours. Ho solid 
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was reooTered from the petroleum ether oa ooneentratloii and 

eoollBg. The ether layer yielded no solid material either* 

Organolead Reactions 

Stadiea on the nature and reaotiona of 
triphenyllead-^lithiuia in ether 

Preparation of triphenyllead^llthiqm in ether. In order 

to afford a ready means of oompariaon of the methods of pre

paration of triphenyltin-lithium and triphenyllead-lithium in 

ether the direotions for the preparation of the latter com

plex are included here. ?or a more oomprehensiTe coverage of 

triphenyllead'^lithium, its chemical nature and reaotiona, the 

report of Oilman, Summers and Leeper* should be consulted. 

The caloulated -volume of solution necessary to give O.ISO 

mole of phenyllithium^ was added dropwise, over a period of 

ahout 1 hour, to 11.1 g. (0.04 mole) of dry lead chlojdde in 

30 ml. of ether at -lO*. 

fhe phenomena nRhich occurred during the addition of the 

phenyHithium were as follows: the fir*t few ml. produced no 

visible effect. Vsithin a short time a yellow color developed 

and deepened to a bright orange-yellow. This color, which is 

believed to indicate diphenyllead*, increased in amount up to 

£ equivalents of phenyllithiom, if the addition was made 
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slowly ejQLOULgh so that the phenyllithlum oould react as added* 

If at any time the pheziyllithlum was added muoh faster than 

indioated aboTe, the oolor would disappear and then reappear 

when addition was slowed* Color Test I remained negatiire ap 

to ahout 2.75 equivalents of phenyllithiuia. Between 2,75 and 

3.00 etoiTalents the yellow oolor disappeared and did not re

appear. At the same tiioe Color Test I beoaiae posltiTe. The 

final adxture contained a gray*white precipitate in a light 

yellow solution, and was ready for subsequent use as soon as 

the addition of the phenyllithium solution was oompleted. 

The most striking difference between the preparations 

of triphenyltin-lithium and triphenyllead-lithium is the re

sults obtained with Color Test I* With the former complex 

Color Test I remains negatlTe until a slight excess of 3.0 

equivalents of phenyllithium had been added» but with the 

latter complex Oolor Test I becomes positive at the 2.75 

equiwlents* point. 

Preparation of triphenvlbenzyllead^. This experiment is 

included to highli^t the great difference in reactivity of 

triphenyltin-lithium and triphenyllead-lithium toward benzyl 

chloride. In the reaction of the tin complex with this ha-

lide* under comparable conditions, triphenylbenzyltin was 

obtained in a 20^ yield and a second product, tetraphenyltin, 

in a S6?S yield* On the other hand, only one product, tri-
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phanylbenzyllead, was isolated in a 71^ yield in the reaction 

of the lead complex with this halide. 

Benzyl chloride was the reagent employed for the char-

aoteriscation of triphenyllead-lithiom* Triphenyllead-lithium 

was prepared, as described abovei by the addition of 0*1S0 

mole of phenyllithium in IIS ml* of ether to 11*1 g* (0*04 

mole) of lead chloride in 30 ml. of ether# To this prepara

tion there was then added 3«1 g. (0.04 mole plus 20^} of re

distilled benzyl chloride in 50 ml. of ether, still in the 

cold, inhere was no visible heating effect. The mixtore was 

stirred for 15 minates in the cold, and then refluxed for 1.5 

hours# The gray appearance gave way to the dead-white oolor 

of lithium chloride. The mixture was cooled and hydrolyased 

by pouring it into 400 ml. of saturated ammonium chloride 

solution which had been previously cooled in an ice-salt bath. 

The hydrolysis left only traces of solid, which were filtered 

off* The ether layer was separated, washed with water, and 

dried over sodium sulfate. The ether was removed on a water 

bath, and finally by evacuation at a water pua^ at room tem

perature. This left a solid residue weighing 18*3 g., which 

was extracted with 175 ml. of 95^ ethanol and filtered hot* 

On cooling, 14.4 g. of triphenylbenssyllead melting at 91-93* 
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(mixed melting point) was obtained®®. Concentration of the 

mother li^aor led to the recovery of an additional 0,6 g, of 

triphenylbenzyllead melting at 90-93*, !nie total yield of 

triphenylbenzyllead was 15.0 g. (71.0^). 

Beaotion of triphenyllead*lithiam with 6-hroao-g^naphthol. 

It wonld be a distinct advantage If onsymmetrieal om^olead 

eos^oonds containing functional groups could be prepared 

directly from triphenyllead-lithium and organic halides. For 

this reason an attempt to Introduce a hydroxyl-containing 

group was made. To 0.04 mole of triphenyllead-lithium was 

added 9.0 g. {0,04 mole) of 6-broiao-2-naphthol®^ in 60 ml, of 

ether, still in the cold. There was no visible heating effect. 

The mixture was stirred in the cold for 15 minutes and then 

brought slowly to reflux. Just as the ether be,^n to reflux 

a lar^ amount of fine blaolc solid precipitated on the sides 

of the flask* The flask was instantly cooled in an ice-salt 

bath. Working up the reaction mixture led to the recovery of 

a trace of hsxaphenyldilead and some metallic lead. Appar

ently the presence of the active hydrogen decos^osed the tri-

phe nyllead-li thium. 

Oilman) £. B. Towne and H. L, Jones, J. Am. Chem. 
SOC.. 5g, 4689 (19S3). 

I^azen and 0. Stattble, J. prakt. Chem.. 105. 352 
{192E). 
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Bflaotloa of trlphenyllead^llthittBi with llthlam o-bromo* 

Dheaoxido. To 0,04 mole of triphenyllaad-lithium wia added 

0.04 mole of lithium £obroiaopheiioxide (prepared by reaotlog 

0*04 mole of £*broffiopheiiol with 0*04 mole of phenyllithium) 

suspeMed in SO ml, of ether. The mixture was stirred for 

4 hours at -lO*, 8 hours at room temperature {oa. EO*), and 

then refluxed for 1.5 hours. The mixture vsas eooled and hy* 

drolyzed by pouring into 400 ml* of saturated ammonium chlor

ide solution whioh had been preyiously cooled in an ioe*8alt 

bath, 

Upon hydrolysis a gray solid came out of solution. This 

solid was filtered off and air-dried, the layers were sepa

rated, and the ether layer dried over sodium sulfate, ^e 

ether layer was deep orange in color and, on standing, an 

orange solid precipitated from the ether solution. The solid 

recoTered oa hydrolysis was extracted with ethanol and fil

tered hot* On cooling, 0,5 g. (2.9^) of hexaphenyldilead, dec. 

170-17S** was obtained. 

The ether layer yielded a incite solid which was extracted 

with ethanol, and filtered hot. On cooling, 1,0 g. (6,4^} of 

tetraphenyllead melting at ZZl-ZZZ* (mixed melting point) was 

obtained. An attempt to recover the £-bromophenol ms unsuc

cessful. 
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Qt t?rjLphgnyl-o>me^lioxypheaylj.ead, fo 0.045 

mole of trlplienyllead*li till urn was added 7.5 g. (0.04 mole) of 

£«>broiBoaiijLsole in 50 ml# of ether, still in the cold. l!he 

idxtt^e was stirred for 15 mlnatea in the cold, reflazed for 

1.5 hours, oooled and hydrolyzed as outlined above* 

XFpon hydrolysis a small amount of solid oame out of so* 

lution* This solid was filtered off and air-dried, the layers 

were separated, and the ether layer dried over sodium sulfate. 

•Kie solid recovered on hydrolysis was extracted with etlmnol 

and filtered hot. On eooling, 0*2 g. iz»5%) of tetraphenyl* 

lead melting at 224*225* (mixed melting point} ims obtained. 

The ether layer yielded a small aa^unt of solid in a 

yellow oil* fhe mixture was dissolved in ethanol by vigorous 

refluxing. On cooling, 10*3 g. of white solid melting at 

120-125® was obtained. This was reorystallized from petro

leum ether (b.p. 77-120*) to yield 7.8 g. {35.8?&) of tri-

phenyl-a-methoxyphenyllead melting at 127-129* (mixed melt

ing point)®** 

Reaction of triphenyllead-lithium with methyl o-bromo-

benssjoate. To 0.045 mole of triphej^llead-lithium was added 

S. Melstrom, Iowa State Coll. £. .§fii., 65 
(1943) CC.A., 720 (1944)]; H. Gilman and D. S. Melstrom, 
I. cSem. Soc.. 2^. 2953 (1950). 
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9.5 g« (0.04 mole plus 10^} of methsrl ^-bromobenzoate in 50 

ml. of ether. The reaotion mixture beearns ohoeolate brown 

upon the addition of the ester. The mixture was stirred for 

15 minutes in the eold, and then refluxed for 1.5 hours. 

The mixture was then eooled and hydrolyzed as abo7e. 

The solid recovered on hydrolysis was extraoted with a 

petroleum ether {b.p. 77-lS0*)-ohloroform solvent pair and 

filtered hot* On eooling^ 7.5 g* of hexaphenyldilead, dee* 

165*, was obtained. 
* 

The ether layer yielded a yellow solid whioh was extrao

ted with petroleum ether (b.p. $0-70®), and filtered hot. 

The residue was then orystallized from a petroleum ether 

{b.p. 77-120®)-ohloroform solution to yield 2.0 g. of hexa-

phenyldilead, dee. 155*. Total yield of hexaphenyldilead 

was 9.5 g. (54.0%), From the original petroleum ether ex

traction 0.8 g. of tetraphenyllead (3.7^) melting at 223-

224* (mixed melting point) was obtained. An attempt to re

cover the metl^l £-bromobenzoate was unsuccessful. 
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DISOUSSIOH 

fhe preparatioa of trlplienyltlii-lithium frcaa stannoua 

ohlorids and phanylllthlum is a two step prooess, the first 

step being nuoleophilio displaoement of the chlorine atoms 

bonded to the tin atom as chloride ions by the phenyl anion 

of phenyllithium to form diphenyltin. The second step in

volves addition of the phenyl anion to the open ootet of the 

tin atom in diphenyltin to form the ooD^lex, triphenyltin-

lithium. The energy for the second step mast be provided by 

the necessity of the tin atom to fill its Talenoe shell with 

a fall quota of electrons. 

SnOlg + EGgHe: Li > (CeHg)^^ + 2LiCl 

(CeHg)Sn GgHg: Li ^CtCgHeJeSn C«Hg3 Li^ 

The attraction of the phenyl anion for the diphenyltin 

must indeed be strong as the coiÊ lex does not appear to be 

involved in an equilibrium system vdth its coi^onent parts 

as evidenced by reactions iwith gaseous carbon dioxide« Itrj 

Ice, benzophenone and benzalacetophenone. If the cojs^lex 

did dissociate into its component parts, it vK>ald be eapected 
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tbat tkie phenyllltMom would reaot with the aforementioned 

ooii^oiinds to form henzolo aold, trlphenyloarblnol and dl* 

phenyl-^-styryloarblnol, reepeetlTely. In eaeh reaction the 

only eosipoond formed was tetraphenyltln (oa. 10^}« and in 

the last two, good reooTerles of tiia ketones were mde. 

Several different types of reaotions indicate that tri-

phenyltln-llthium has a lower level of reaotivity than 

phenyllithiom. The oomplex does not add to oart}on<-Gar1»on 

or earbon-oxygen doable bonda» bat it does possess soffiolent 

aotlYlty to saeoessfally attaek the oxirane ring^^ as evi-

deneed by the preparation of triphenyl-B-hydroiyethyltln and 

triphenyl-S-hydroxy-a-ohloropropyltin, by reaotlon of ethyl

ene oxide and epiehlorohydrin, respeotively, with the oois^lex. 

Triphenyltin-lithium reaots promptly with iodine to form tri-

phenyltin iodide bat the reaction is ooisplioated by the rapid 

attaok on the iodide, as formed^ by excess triphenyltin<* 

lithium, resulting In the preparation of hexaphenyldltia. 

friphenyltln-llthlum reaots promptly with organio iodides and 

(Oa%)gSnLi + Ci^-^CHg » {OeH5)5SnOHgCH20H + Li 

0 

®®R. 0. Elderfield, "Heterooyolio Compounds", John Wiley 
and Sons, !iew York, 1950, p* 2. 
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(CsH8)3SnLi + Ig ^{GaHgjaSnl + Lil 

(CeHgjaSnLi + (CeHs)3SiiI ^iCeHgjaSiig Lil 

brofflidea to form unsymmetrioal cojQi^>oaiids of the t^e 

in fair yields* Aryl chlorides, suoh as ohloro-

benzene, apparently do not react readily ifdth the complex, 

but, under corresponding conditions, more aotiire organic 

chlorides, suoh as benzyl chloride, react promptly. 

{CgHgjgSnLi + RX •{OeHcjaSnR + UX 

It was found that when jg.-subatituted aryl iodides were 

reacted with triphenyltin*lithium a second reaction, along 

with that of the formation of the unsymmetrlcal cojspound, 

took place* fhis second reaction was first observed when 

S,6*dlmethyliodobenzene was reacted with the complex# and 

made itself apparent when Color Test I changed from negative 

before the addition of this halide to positive after its ad* 

dition* The change is most directly explained by proposing 

a halogen*metal interconversion reaction^ between the halide 

and triphenyltin-lithium. The products foriaed by this re

action would be triphenyltin iodide and 2,6-diffiethylphenyl-

lithium* Ttm latter compound was indirectly identified by 

conversion to 2,6-dimethylbenzoie acid by means of the car* 

bonation reaction, and the hexaphenylditin obtained in the 
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same reaction Is belloired to arise by reaotlon of trlphenyl-

tln-lltblum with the trlphenyltin iodide, as fomed* Of those 

halides tested only lodo oompounds with one or both 

positions substituted with methyl or methoxy iproups entered 

Into the halogen-metal Interoon'rerslon reaotlon. 

fhe usual nuoleophille dlsplaoement reaotion to form the 

unsyimaetrloal oompound aeoos^anles the halogen<^etal Intereon-

version reaotion. l^e presence of this ooB^eting reaotlon is 

oonfiraed by the isolation of triphenyl-o-tolyltin from the 

reaotlon of £-iodotoluene with triphenyltin-llthium followed 

by oarbonation Just 2 minutes after hallde addition. In re

actions with 2,6-dlmethyllodobenzene and iodomesitylene, 

where oarbonation was oarried out 10 minutes after hallde 

addition, no unsymmetrioal organetin oompounds were Isolated. 

Apparently the presenoe of methyl groups in the £-posltlons 

markedly deoreases the velooity of the substitution i^aotion. 

This deorease is probably due to the sterio hinditinoe pre

sented by the two methyl groups. At the same time there is 

an apparent increase in the interoonversion reaotion as indl-

oated by the increased yields of £,6-dimethylbenzoic acid and 

mesitoio aold. Whether this increase is due to the lack of 

competition from the substitution reaction or from some elec

tronic effect due to the presenoe of the second £-substitaent 

cannot be ascertained from the available data. 
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It, as proposed, the trlphenyltln Iodide reeets Ismedi-

ately viXth trlphenyltln-lltlilum a question arises about the 

ultimate fate of the organollthiom oompound formed hy the 

halogen-fflfital interoomrersion reaction, ^ere are four pos

sible reaotions tvhieh the organolithium oompound may under

go: first, it my oouple with unreaoted aryl halide to form 

a substituted diphenyl oompoundi second, it may cleave the 

solvent, diethyl ether} third, it may enter into a metal-

Qffltal interoonversion reaetion*^® with the unsymmetrioal oom

pound, as formed; fourth, it may oleave the tin-tin bond of 

hexaphenylditin to form trlphenyltin-lithium and an unsym-

mstrloal organotin oompound. From the known behavior of 

or^nolithium oompounds the first two reaotions are of minor 

i^ortanee under the eai;perimental oonditions used* In a re-

aation of hexaphenylditin with phenyllithium, tetraphenyltin 

was obtained in an exoellent yield, thereby supporting the 

fourth alternative* 

Another reaction whioh indioates a lower order of ac

tivity for trlphenyltin-lithium as compared to phenyllithium 

is that between triphenylsilane and the complex. Treatment 

®®H. Oilman, F, W, Moore and R, G. Jones, £, Chem. 
Soo.. 63. 248E (1941); see also H. Gilman, "Organic Chemis-
try", John Wiley and Sons, Hew Tork, 1943, 8nd ed., p. 572, 
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of tMs sllane with phenyllithiom results in the preparation 

of tetraphenylailane and lithium hydride®', whereas triphenyl-

tin^lithiom does not react with triphenylailane. Similarly, 

the eoisg^lex does not reaot with triphenylmethane, whereas 

phenyllithium reaota to fora triphenylmethyllithiuffl and ben

zene. Triphenyltin-lithiom does reaot promptly ̂ th tri-

phenylehlorosilane and triphenyltin chloride to form tri« 

phenylsilyltriphenyltin and hexaphenylditin, respeotiTely, 

in good yields. 

Complexes other than triphenyltin-lithium may be ob

tained by substituting other organolithiom oompounds for 

phenyllithium. The preparation of symfflBtrioal alkyl and aryl 

organotin oompoonds by this method appears to be promising as 

the yields of tetraethyltin, tetra-i^-butyltin, tetra-£-

tolyltin and tetra-a-tolyltin were in exoess of 70^« It 

would be of interest to see if long chain alkyl co:i^oands, 

suoh as tetradodeeyltin, and polyaryl ooa3>oands, saoh as 

tetra*£.-biphenylyltin, oan be prepared using this method. 

The preparation of oompounds using these oomplexes as inter

mediates has distinct advantages o'ver the usual laboratory 

method, whioh employs stannic chloride and an organolithium 

Gilman and H. W, Melvin, £. Ohem. Soc. > 71. 
4050 (1949). 
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eompoond or Grignard reagent. In that the stannous ohloride 

is muoh more easily handled than atannio ohloride, and the 

overall preparation ia less time eonsuming. 

It was not possible to prepare tetra»£»tolyltin by treat

ment of tri~£-tolyltin»lithiua with o-iodotoluene. The sterio 

hindranee®® presented by the three ^-methyl groups probably 

preyents a suooessful attaok on the halide from taking plaoe* 

A reaotion between this ooi^lex and benzyl ohloride prepared 

the desired unsymmetrioal compound in only a £.2^ yield* It 

would be of interest to see if the hindranoe of the methyl 

groups would be great enough to prevent a suooesaful reaction 

between the complex and methyl iodide. In the reactions of 

tri-a-tolyltin-lithium with ̂ --iodotoluene and benzyl chloride, 

respectively, a considerable amount of solid which analyzed 

for hexa-£*tolylditin was isolated* This material melted at 

S98»300* and was almost completely insoluble in organic sol

vents* Morris, Byerly and Selwood®® reported that they had 

prepared hexa-£-tolylditin by reduction of tri-£-tolyltin 

bromide in benzene with sodium metal and ethanol* Their prod

uct melted at 208-210*. In order to clear up this apparent 

®®For a complete review of sterio hindranoe as applied 
to Gro^p ITB elements see C. G. Erannen, Doctoral Disserta
tion, Iowa State College, 1951* 
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disorepajaoy another sample of hexa-£-tolylditin was prepared 

by reaoting tri-£-tolyltln chloride with sodiam shot in re-

floxing xylene. The oompound thus obtained melted at S98* 

300*, sho^d no depression in a mixed melting point with a 

sample of the solid isolated from the tri-o-tolyltin-lithium 

reaetions and had the same infrared spectrum as this latter 

sample. 

Several inTestigators have studied the possible dis-

sooiation of hexaalkyl- and hexmarylditin eompounds into free 

radicals of the type The experi-

nisntal eTidenoe is contradictory, and it is difficult to de

cide whether these ditin compounds actually do dissociate* 

Moleoular weight determinations made by ebulliometric methods 

indicate that he»i,ethylditin is partially dissociated in 

ethereal solutions®®, hexacyclohexylditin to be coi]^letely 

®®L« Ifigheimer, Ann«. S64. 51 (1909). 

Grttttner, Ber.. 1808 (1917). 

Krause and R. Becker, Ber.. 173 (1920). 

BSeseken and J, J. Rutgers, Rec. trav. chim.. 42, 
1017 (1923). 

Krause and R. Pohland, Ber.. ̂ 7, 532 (1924). 

A, Kraus and W, V, Sessions, J. Chem. Soo., 47, 
2361 (1925). "" ^ 

®®H. Morris and P. W. Selwood, ibid.. 2509 (1941). 
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dlssoolated in beazene^^, and hexametliylditln to be oom-

pletely dissooiated at a oonoentratlon of 0*4^ and completely 

associated at 5*0^ in benzene^^« Using eryoseopie methods in 

benzene the folloiffing oompounds have been ahoisn to be oom-

pletely assooiated, within limits of experimental error: 

hexaethyiditin, hexa-ja-propylditin, hexaisobutylditin, am.-

tetraethyldi-jg-propylditin, aym> -tetraethyldiisobutylditin®®, 

and hexaphenylditin®^*®®* Using the Rast method hexaoyGlo-

hexylditin in camphor "was found to be completely associated®®. 

Morris and Selvood®*^! asing magnetic sasceptibility measure

ments, concluded that hezanwthylditin does not exist as the 

monoiasr even in dilate benzene solutions. This method is 

sensitiTe enough to detect dissociation down to a minimum of 

less than 2^. In an attempt to investigate the reasons behind 

the apparent contradiction between ebulliometric measurements 

and the other methods cited above» Morris, Byerly and Sel-

wood^® made a series of ebullioscopic measurements using 

hexamethylditin in benzene. They concluded that ebullio

metric measurements are of little value for the study of or-

ganometallic free radicals as the compound noticeably decom

poses even before the apparatus can c(xme into equilibrium. 

The reactions of hezsialkylditin compounds with halogens and 

moist air suggest that if there is no actual dissociation 

into free radicals, the tin-tin bond must, at best, be a 

waak one. 
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Hexa-£-tolylditin was reacted with oxygen in benzene in 

the hope t^iat it woald show free radical beha-rior but appar

ently no reaction took place as eTidenced by almost quanti-

tatiTe recovery of the ditin oompound. 

ITnsyimetrioal ooit^oonds of the type E^SnB* are more 

easily prepared by the usual laboratory procedure, which em

ploys an organotin halide and an organolithium coai^oand or 

drignard reagent, than by using these cos^lexes as interme

diates* The reason for this is the formation of a small 

amount of symmetrical oompound in all reactions in which 

these coi^lexes are intolred. The symmetrical by-product 

contaminates the desired unsymmstrical compound thereby ren

dering the latter more difficult to purify and lessening its 

yieldI From the data available it is not possible to ascer

tain exmetly how the symmetrical by-product is formed. In 

general, it appears that the longer a reaction is continued, 

the hi^er is the yield of the symmetrical compound. In re

actions with triphenyltin-lithium it was thought that the 

tetraphenyltin arose from the reaction of the complex, as 

formed, with unreacted bromobenzene carried over from the 

preparation of phenyllithium. The reactions with bromoben-

zene-free triphenyltin-lithium demonstrated that this escplan-

ation cannot be the only mechanism involved in the formation 

of the by-product, as tetraphenyltin was isolated in yields 
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oompaj^able to those obtained with the usual oomplex prepara

tion. ®ho tetraphenyltin may also arise from diaproportion-

ation of diphenyltin, triphenyltin-lithium or the ansysmetri-

oal eoi^ounds» as formed* A more intensive study of this 

phenomenon is needed to shed more light on this aide reaotion. 

Another method of synthesis for unsymmetrioal oos^oonds 

which might prove to be interesting is the preparation of 

RgSnR'g and RgSnR*S" oompoands by reaotion of mixed or^motin-

lithium eosi^lexes with appropriate organio halides* This 

method would afford a direot synthesis for these more oaaplex 

RgSn + R*Li •RgR'SnU 

HgR'SnU + H*X >Rg3nR*8 + LiX 

RgH«SnLi + R"X J-RgSnE'R" + UZ 

unsymmetrioal organotin ooso^ounds as the reaotion ooald be 

oarried out in one flask and only the final product would 

actually be Isolated and purified, thereby tending to in-

orease the overall yield of desired ooi^ound. 

In order to study the effeot of substituents on the re-

aotivity of organic halides toward triphenyltin-lithium, the 

complex was reaoted with ̂ .-bromodimsthylaniline, £-bromoani-

sole and j^-iodoohlorobenzene, respeetively* The first halide 

apparently did not reaot at all, while the last two reaoted 

to form triphenyl-£-methoiyphenyltin (30^) and triphenyl-i,-
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otaoroplionyltia (20^), respeotively. Bromobenzeae, in eoa-

traat, reacts with triphenyltia-lithium to form tetraphenyl-

tln la yield. Coisplexea like triphenyltia-sodiaffi aad 

tripheayltia«potas8icii& should pro're to be more reaotlTe than 

tripheayltia*lithium aad thereby these forioflr complexes, if 

they eoiild be similarly prepared ia ether, might be more use

ful ia the preparation of uasymmetrioal orgaaotia oompouads. 

fhe prepa«itloa of tripheayltia hydride (52^) by redue* 

tioa of tripheayltia iodide with lithium alumlaum hydride 

proved to be a more effioient method of synthesis than the 

ammoaiatioa method of Chambers and Soherer®^* Wittig, iSteyer 

and Xange*^ suooessfully reduoed triphenyltia bromide to form 

tripheayltia hydride (43%), but it was found that tripheayl

tia ohloride appareatly oould not be reduoed by lithium 

aluminum hydride, under oorrespoading oonditions, as evi-

deaoed by almost quantitatiTe reoovery of the orgaaotia 

ohloride. 

Wittig, Meyer aad Laage® reported that tripheayltia-

lithium was prepared by the addition of methyllithium to tri

pheayltia hydride in ether. The oc@tplex was indireotly iden

tified by reaetioa with triphenyltin bromide to form heaca-

®%. I, Chambers and P. C. Soherer, Chem. Soo., 
1064 {19£8). 
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phenyldltla* It was learned in a private oomonioation from 

(CaHgJaSnH + CHgLi > {GsH^jaSnLi + OH4 

Br* Wittig that the gas whioh ivas evolved daring the methyl-

lithiuffi addition ivas not analyzed« and that the reaotion was 

not run in duplicate* It is known that silanss of the type 

RgSiH (where R aay be alfcyl or aryl) react with organ©-

lithium eofflpounds to form syametrioal and unsymmetrioal si-

lanes, and lithium hydride®'* friphenyltin hydride has been 

reacted with phenyllithium to form tetraphenyltin (90^) and 

lithium hydrideBecause of the apparent oontradiotion 

between these latter results and the report of Mttig and 00-

worlcers, triphenyltin hydride was reacted with methyllithium. 

It was found that no gas was eyolved, and that the reaction 

apparently progressed as reported for silanes to fom tri-

phenylmethyltin (18^), tetraphenyltin and lithium hy

dride* Apparently disproportionation takes place, even under 

these mild conditions, to form the tetraphenyltin and its 

presence may, in part, account for the low yield of triphenyl-

methyltin by rendering the latter more difficult to purify* 

®'h. Gilman and S. P. Massie, ibid.. 68, 1188 (1946); 
E. N, Meals, ibid.. ̂ 8. 1880 (1946)T^ A.~Senkeser and F. J. 

Ihid.. 71, 347£ (1951), 
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To oheok. tiiese findings the reaotlon isras repeated and essen

tially the same results were obtained. An attengst to prepare 

triplienyltln-litiiiuia by reaction of triphenyltin ohloride witli 

lithium metal in ether proved to be unsuooessful as evidenced 

by almost quantitative reoovery of the ohloride. 

In the preparation of triphenyl-S,5-dlmethylphenyltin 

and triphenyl-ii-dimethylaminophenyltin from triphenyltin 

ohloride and the appropzlate organolithium compound, it trais 

found that tetraphenyltin was formed as a by-produot if the 

organolithium oompound was added rapidly to an ethereal so

lution of the 0hl03dde» The tetraphenyltin is probably 

foxmed by disproportionation» even under these mild oondi-

tions* The formation of the tetraphenyltin oould be pre^en* 

ted by slow addition of the organolithium ompound to a cold 

ethereal solution of the ohloride* 

The reaction betiraen triphenylbenzyltin and phenyllithium 

pzt>Ted to be extremely interesting in that the benzyl group 

m& preferentially oleaTed by the organolithium compound* 

This result is an exact re^versal of the reaction between tri

phenylbenzyltin and halogen aoid« in which the phenyl group 

is preferentially removed®*. This contradiction suggests that 

®®a. A* HazuvaeT and V* Fetyukova, Gen Ghem. (U.S.S.H,), 
11, 1010 {1961} C£.A., 1479 (1952)3. 
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a systefflatio Investigation of the eleavage of alkyl and aryX 

groups from tin by Msio agents, saoh as j|-batyllithiaa® or 

phenyllithium®, might prove to be of interest. 

Another oleayage reaction whioh opens the way for fur

ther investigation is that betiveen hexaphenyXditin and 

phenyllithium, ntloh resuXted in the preparation of tetra-

phenyXtin in very high yieXd# It wouXd he of interest to 

expXore this reaction using other or^noXithium oompounds 

and other ditin oompounds. 

^e preparation of azo tin ooi^ounds by reaction of 

tripheayX»2.-dimethyXaminophenyXtin with £-substituted ben-

zenediazonium ehXorides in a buffered soXution proved to be 

a rather unsatisfactory method. In fact, it is highly 

doubtful that the diazonlum chlorides actuaXXy exist as such 

under the conditions of the reaction. It is more XikeXy 

that the diazo compound is the diazonium acetate or hydrox-

ide, whioh are of a Xowr energy XeveX than the true aaXts®®. 

TiiQ use of the easily isolated and purified £,-substi-

tuted benzenediazonium fXuoborates in the coupling reaction 

proved to be very interesting. ?ihen reacted with triphenyX-

®®i;. H. Saunders, '^The Aromatic Diazo-Compounds and Their 
Technical Applications", Sdward ArnoXd, London, X949, End ed. 
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jS^-dlmathylamlaoplieayltln these salts oaused expuXsiois of the 

trlpheaylstanayl group with formation of -substituted 

azobenzene eoispounds* Isolated ezaaples of the expulsion re* 

aotion have been reported''*, but no systematio Investigation 

of the phenomenon has been laade* The expulsion of the tri« 

phenylstannyl group in reactions with triphenyl-2i*dimethyl-

aminophenyltin suggests that it may provide an ezoellent 

method for the study of the relative reaetivity of diazonium 

oosig^ounds tomrd the coupling reaction by the use of kinetic 

and quantitative measurements* 

It was found that azo tin compounds could be prepared 

directly and in good yields by reacting triphenyl-a-dimethyl-

aminophenyltin with £;»substituted benzenediazonlum fluo-

borates* The problem remaining is to synthesize azo tin 

compounds which are sufficiently water soluble to be tested 

clinically as anticarcenogenic agents* This might be done 

by reacting jt^oa^^boxybenzenediazonium fluoborate with tri-

phenyl-j^hydroxyphenyltin or triphenyl«2,6-dihydroxyphenyl-

tin» and then converting the resulting azo tin coi^ounds to 

the di* and trisodium salts, respectively* 

The structure of the dyes prepared by reacting tri-

phenyl-s<«dimethylaminophenyltin with ̂ -substituted benzene

diazonlum fluoborates was determined by chemical methods* 

The key to the structure proof was the isolation of £-di-
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methylaminoaoetaailld« (35^}. "This oompound ooold have been 

forcied only if the azo group and dlmethylaaino group were 

para to each other la the original dye {barring moleoular re

arrangement } • Therefore, in the trisubstituted benzene ring, 

the triphenylstannyl group has been assigned the 1 positions 

the diaiethylafflino ^oup, the 3 position; and the j^substi-

tuted azophei^l ̂ oup, the 6 position* Infrared studies on 

triphenyl-3-dim8thylamino-6-(4'-nitrophenylazo)phenyltin 

<were inoonolusiTe and a definite orientation of the groups 

oould not be assigned, but with triphenyl-3-dimethylamino« 

6-(4*-broiaophenylazo)phenyltin l»2|4-substittttion ma olearly 

indicated by the infrared spectrum* This latter finding 

supports the structure assigned as a result of the chemical 

degradation of triphenyl-S-diaethylaiaino-d-CA'-nitrophenyl-

azo) phenyl tin* Two of the dyes, triphenyi»3»dimethylaiaino-

6-{4*-nitrophenylazo)phenyltin and triphenyl-3-dimethylamino* 

6-(4*-brofflophenylazo)phenyltin, were tested by Dr. Dickey^® 

for their substantitity as dyes. The former compound was 

tested with 12 different fabrics and a slight pink coloration 

was developed with each, but this coloration almost corn* 

''°Qr. J* B» Dickey of Tennessee Eastman Company, Division 
of Eastman Kodak Company, Kingsport, Tennessee* 
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pletely faded oa eagjoaure to light for 20 hours. The latter 

dye ma tested with 6 fabrlos aad there was ao ooloration at 

all. In a letter diseuasing the results Dr. Diekey stated^ 

"I would like to suggest that you switoh from the triphenyl 

eoi^ound to the trlis^thyl or ethyl, for example as the color 

«ill be shifted to the blue aad there will be a better 

ohaaee for the resulting oompouads to oolor cellulose aoe* 

tate, nylon, daoron and the like." 
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SUMM^EY 

A thorough Bxnrfef of the ahemloal literature 'begizmixiig 

with January 1941 and ending with Septeaher 1952 has heen 

made* The methods of preparation of organotln ooopoonda 

used daring this pezlod haire been reviewed, and a series of 

tables listing the Tarlous oon^ounds mentioned In the liter

ature has been saade* 

The preparation of trlphenyltln*llthlum from stannous 

ohlorlde and phenylllthloM In ether has been desorlbed* fhls 

oos^lez la not part of an equilibrium system* 

Trlphenyltln-llthlum possesses sufficient aotlvlty to 

suooessfully attaok the oxlrane ring but It does not add to 

carbon-oarbon or oarbon-oxygen double bonds. The oomplex 

has been reacted with alkyl and aryl halldea to form unsym-

metrloal organotln oosapounds In fair yields. With a-substl* 

tuted aryl Iodides, trlphenyltln-llthlum enters Into a halo-

gen-aetal Interconverslon reaction. 

dOBigplexea other than trlphenyltln-llthlum my be ob

tained by substituting other organollthlupi c(»3^ounds for 

phenylllthlum, the preparation of symetrloal alkyl and 

aryl organotln eoiapoands by this method appears to be quite 
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promising. 

A series of organotin oompoonds has been prepared by re* 

acting triphenyltln chloride with an appropriate Grignard re

agent or organollthluM compoond* This method of preparation 

of ansymsietrioal compounds appears to be superior to the re

action of triphenyltin-lithium with appropriate organic ha-

lides* 

The preparation of azo tin compounds by reaction of tri-

phenyl-ja-dimethylaminophenyltin with ̂ -substituted benzene* 

dlazonium chlorides in a buffered solution proved to be an 

unsatisfactory method. It was found that azo tin compounds 

could be prepared directly and in good yields by reacting 

triphanyl-a-dimethylaminophenyltin with ̂ -substituted ben-

zenedlazonium fluoborates. Chemical de^adation of one of 

these dyes showed that the azo group couples para to the dl-

si^thylamino group. 
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