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INTRODUCTION 
h 

The chemistry of silylmetallic compounds has received consider

able study in These Laboratories and elsewhere since the first prepar

ations of stable silylmetallic s in 1950 and 1951 (1). These reagents, 

like the well known organometallic species, have a wide range of syn

thetic possibilities. They are of fundamental interest in silicon chem

istry, because they allow studies of the behavior of the silyl anion in 

solution; and, just as the study of organometallic compounds has laid 

the foundations of carbanion chemistry, silylmetallic reagents are being 

used to elucidate the properties of negatively charged silicon, 

Germyl-, tin-, and leadmetallic species are no less interesting 

than their silicon analogs, but have received much less study. In 

particular, relatively little attention has been centered upon the varia

tions in properties of metallic derivatives of silicon, germanium, tin, 

and lead. Therefore, the present work has sought to throw light upon 

the relative reactivities of these reagents. 

The aspect of this work concerned with the analysis of organo

metallic compounds served as a starting point. The method to be 

described has been successfully applied to the analysis of solutions 

of silyl-, germyl-, and tinlithium compounds (2), and thus has afforded 

the possibility of making quantitative comparisons of the reactivities 

of the reagents. 
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Emphasis has been placed also upon extending synthetic possi- . 

bilitieSf particularly with tinlithium reagents. Several new triorgano-

tinlithium compounds have been prepared, and triphenyltinlithium has 

been used for the synthesis of a compound, tetrakis(triphenylstannyl)-

tin, which is representative of a hitherto uninvestigated series of 

branched chain polytin compounds. 
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HISTORICAL 

Analysis of Organolithium Compounds 

There has been much interest in recent years in analytical methods 

for solutions of organometallic compounds. The necessity for reliable 

methods when structural and mechanistic studies are being carried out 

is obviousf and such studies are becoming increasingly common in the 

literature. Analytical procedures for organomagnesium compounds have 

been recently evaluated (3-5). 

In the case of organolithium compounds there have been several 

studies aimed at developing a simple, accurate procedure (6-16). It is 

well recognized that hydrolysis of an aliquot of an organolithium com

pound followed by titration with acid (6) leads to an analysis that is 

always high, because of the impossibility of excluding all traces of 

oxygen and moisture, which react with organolithium reagents to give 

other basic species. Thus, the simple acid titration is measuring the 

combined concentrations of the several basic components of the solution. 

The most commonly used method of analysis for alkyllithium com

pounds has been a double titration in which benzyl chloride is used to 

destroy the organolithium compound (8). Acid titration after treatment 

of the solution with benzyl chloride measures basic species other than 

the organolithium compound. The difference between the total basic 
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content and that after treatment with benzyl chloride thus corresponds to 

the organolithium content. The method is more convenient to carry out 

than other procedures proposed, but several drawbacks have become 

apparent. Quite low concentration values are obtained when the anal

ysis is carried out on solutions of methyllithium and aryllithium com

pounds, and recent work has also indicated that the analysis is some

what low for other alkyllithium compounds as well (11, 16, 17), The 

implication is that benzyl chloride does not react quantitatively with an 

organolithium compound to give nonbasic products. 

It has been estimated (11, 17) that the benzyl chloride double titra

tion method gives an analysis which is about 5% low for _n-butyllithium 

in hydrocarbon solvents. The argument is based on the fact that lithium 

alkoxides have low solubility in hydrocarbons, so that almost the total 

basic content of the solution should be due to the organolithium com

pound. Consequently, a new method of analysis was developed which 

consisted of oxidative titration with vanadium pentoxide (11). The latter 

method showed that n.-butyllithium contributed approximately 99% of the 

base released upon hydrolysis of the hydrocarbon solutions. However, 

the method is less convenient to carry out than the double titration 

because of the standard solutions that must be prepared, and apparently 

some experience is required before consistent results can be obtained 

(16), Also, some caution is required with the titration because of the 



www.manaraa.com

5 

very strong oxidative power of vanadium pentoxide, which may also oxi

dize unsaturated carbon compounds present. 

Recently; still another independent method of analysis for ri-butyl-

lithium in hydrocarbon^solvents has been proposed (16). The procedure 

employs thermometric titration with ^-butanol^ a reaction which produces 

lithium ji-butoxide. The approach appears to be a sound one, since 

basic species other than the organolithium compound would not be expected 

to interfere. Solutions of ji-butyllithium were analyzed both by thermo

metric and vanadium pentoxide titration, and the concentrations found were 

in essential agreement (16). The thermometric titration is rapid, but again 

there is a major drawback. The normal research laboratory, performing 

occasional analyses, will find it expensive and inconvenient to set up 

and maintain the required equipment. 

Several variations of the double titration procedure have been pro

posed (9, 12 - 14), employing organic halides other than benzyl chloride, 

but these procedures have not been investigated as to reliability or gener

ality. Titration with iodine has been investigated (10), but side reactions 

may be expected to affect the accuracy of the method, since iodine com

pounds formed during the titration can react with the excess of organo-

metallic compound or with alkoxides. 
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Cleavage of Alkoxysilanes 

A variety of reagents, both electrophilic and nucleophilic, bring 

about the cleavage of alkoxysilanes (18). In virtually all of the known 

cases cleavage of the silicon-oxygen bond occurs to the exclusion of 

scission of the carbon-oxygen bond, in spite of the fact that the Si-0 

bond energy is greater than that of the C-0 bond (18). Indeed, the 

alkoxy group attached to silicon behaves as a pseudohalogen. Extensive 

use has been made of this fact for the synthesis of organosilicon com

pounds . The readily available tetramethoxy- and tetraethoxysilane may 

be reacted with organometallic reagents to obtain good yields of organo-

silanes. Experimental procedures for replacing one, two, or three 

alkoxy groups with an organic residue have been described in some detail 

(19,20). 

Wurtz-Fittig condensations of alkoxysilanes with organic halides 

can be carried ouf using sodium in toluene (21): 

SKOCgHg)^ + CgHgBr + Na ^ (C2Hs)^8i(0C2H5)4_^ (x = 1-3) 

However, alkoxysilanes are less reactive than chlorosilanes in condensa

tion reactions, so that the trimethylsilyl group may be used to protect an 

hydroxyl group during organometallic syntheses (22): 
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(CHg)gSiCl + HO(CHg)^Cl > (CHg)g8iO(CH2)^Cl 

(CHg)gSiCl + (CH3)g8iO(CH2)4Cl + 2Na —> (^3)3810(^2)481(^3)3 

(CH3)g8iO(CH2)^8i(CHg)2 + HgO"*" —^ HO(CH2)48i(CH3)3 + (CH3)3SiOH 

8table silylmetallic reagents may be obtained from the reaction of 

ethoxy- (23) or m e th oxy triph enyl s ila ne (24) with s odium-potassium alloy 

in diethyl ether. Silylpotassium compounds are formed, apparently in 

good yield. 

It is only rather recently that cleavage of the carbon-oxygen bond 

in alkoxysilanes has been observed. The reaction of n^-butoxytrimethyl-

silane with phosphorus oxychloride proceeds in the normal manner (25): 

(CHg)g8iOC^Hg + POCI3 (CH3)3SiCl + P0Cl2(0C^Hg) 

However, when the reaction is carried out with (<x.-phenylethoxy)-

trimethylsilane or (diph enylmethoxy) trim ethyl s ila n e, the products are 

those of carbon-oxygen bond cleavage (25): 

(CH ) 8iOCH(CHJ(C H ) + POOL > (CHj.SiOPOCL + (C.HJ(CHJCHCl 
3 , 3  3 6 5  o  0 0  z  b o o  

(CH^)^8iOCH(CgH^)^ + POClg—> (CHg)g8iOPOCl2 + (CgHg)gCHCl 

It appears then that alkoxides derived from relatively reactive alcohols 

undergo C-O bond scission with some facility. 
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A second factor which appears to favor abnormal cleavage is increas

ing electronegativity of groups attached to silicon. This fact is indicated 

by the following two reactions (26): 

(CH3)3SiOCH(CH3)(C2H5) + BCI3 —> (CH3)3SiCl + (C2H5)(CH3)CHOBCl2 

Clg8iOCH(CHg)(C2Hg) + BCI3 > (013810)38 + (C2Hg)(0Hg)0H01 

The redistribution of alkoxy groups attached to silicon under the influ

ence of sodium ethoxide has been known for some time (27), Recently the 

reaction has been investigated further using methoxysilanes and sodium 

m ethoxide or alkali metals as catalysts (28), In all of the reactions run, 

dimethyl ether is formed in minor amounts. Presumably this product arises 

from C-0 bond cleavage in the following manner: 

CH3O' + CH30SiR3 —^ OH3OCH3 + R3Si0~ 

When alkali metals are used at high temperatures, some reduction of the 

methoxysilanes took place. The mechanism proposed for the reaction 

involves C-O bond cleavage by the alkali metal (2 8): 

OHgOSiRg + 2 Na —^CHgNa + RgSiONa 

CHgNa + CH30SiR3—> CHgSlRg + CH30Na 
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The reduction could be effected when either methoxy or phenoxy groups were 

attached to silicon, but it was not facile compared to the redistribution 

reaction. 

Reactions of silylmetallic compounds with alkoxysilanes have been 

carried out (29), but attack at silicon and not at carbon has been observed. 

Relative.Reactivities of Organic Group IVB Lithium Compounds 

No strictly quantitative comparisons of the Group IVB lithium reagents 

have been made or attempted. Any attempt in this direction has been 

hampered until recently by the lack of a convenient method for the quanti

tative analysis of solutions of the compounds. Most often comparisons 

must be made by culling information from various sources, which allows 

only rough estimates at best." 

The most definitive information available is that for metalation 

reactions. The proton transfer involved in metalation affords a measure 

of the basicity of the metalating agent, a property of rather fundamental 

significance. A study has been made (30) in which triphenylsilyl-, 

-germyl-, -tin-, and -leadlithium were reacted, all under the same con

ditions, with fluorene, the reaction mixtures carbonated, and yields of 

fluorene-9-carboxylic acid determined. The following order of decreasing 

metalating ability was found: 

(C6H5)3SiLi^ (C6H5)3GeLi > (G6H5)3SnLi > (C6H5)3PbLi 
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The concentrations of the solutions of m eta la ting agents were not stand

ardized, nor was the actual amount of reagent present known with precision. 

These inaccuracies could conceivably reverse the positions of triphenyl-

silyllithium and triphenylgermyllithium, since the two gave nearly the same 

yield of acid. However, triphenylsilyllithium was shown to metalate 

triphenylgermane (30), and this observation was taken to indicate the 

greater basicity of the silyllithium reagent. It should be noted, however, 

that a conclusive judgment is not warranted on this basis, since the 

metalation by triphenylsilyllithium is probably an irreversible reaction. 

The product, triphenylsilane, is not metalated even by ji-butyllithium. 

The reaction which does occur is hydride displacement leading to _n-butyl-

triphenylsilane (31), 

Early investigations (32) showed a rather high metalating ability for 

triphenyltinlithium and triphenylleadlithium when the reagents were pre

pared from diphenyltin and diphenyllead, respectively, and phenyllithium 

in diethyl ether. It was proposed, however, that the actual metalating 

agent in these reactions was phenyllithium, and that preparation of the 

.tin- and leadlithium reagents corresponded to the establishment of a 

readily reversible equilibrium: 

(C6H5)2Sn + CgHsLi ^ (C6H5)3SnLi 

The existence of such an equilibrium under these conditions has been 
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questioned with regard to triphenyltinlithium (33), but it appears very 

likely to exist for tripheny 11 eadlithium, since a solution of the latter 

reagent gives benzoic acid on carbonation (34). Thus, it seems unwise 

to compare the metalating power of triphenyltinlithium and triphenyllead-

lithium prepared from phenyllithium in diethyl ether with the same reagents 

prepared in tetrahydrofuran from triphenyltin or - lead chloride. 

Some comparisons can be made in the area of nucleophilic displace

ment reactions, The interaction of the lithium reagents with organic 

ha lid es is complicated by the possibility of halogen-metal interconver

sion, In general, alkyl chlorides react with triphenylsilyllithium to give 

good yields of the corresponding alkyltriphenylsilanes with little or no 

side products (29), Bromides and iodides normally give some halogen-

metal interconversion with formation of hexaphenyldisilane (29), Tri-

phenylgermyllithium does not appear to enter into halogen-metal inter-

conversion as readily as the s ilyllithium, as indicated by the following 

comparison: 

^ (29,p.306) 

2 6.4% 44.4% 

(CjH^sGeLi + n-CgHj^Br (35) 

70% 0% 

Triph enyltinlithium (35-37) and triphenylleadlithium (36, 38) in tetra-
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hydrofuran also appear to give coupling to the virtual exclusion of 

halogen-metal interconversion in reactions with organic ha lid es. 

Several sources report reactions of organic halides with triphenyltin-

lithium (33, 39) and triphenylleadlithium (34, 40) prepared from phenyl-

lithium in diethyl ether. Halogen-metal interconversion can occur in 

these systems (39), but again phenyllithium may be the active reagent. 

It would thus be possible to compare the nucleophilicity of the Group IVB 

lithium compounds in displacements on alkyl chlorides without serious 

interference from side reactions, but such a comparison is not available. 

Ethylene oxide has been treated with triphenylsilyl-, -germyl-, and 

-tinlithium. This reaction, involving nucleophilic attack, affords the 

corresponding -hydroxyethyl derivatives, Triphenylsilyllithium in 

tetrahydrofuran gave an 85,5% yield of alcohol (41), triphenylgermyl-

lithium in ethylene glycol dimethyl ether a 71% yield (42), and tri-

phenyltinlithium in diethyl ether a 44,8% yield (43), However, due to 

the difference in experimental conditions, the comparison may not be 

a valid indication of reactivities, 

Triphenylsilyllithium has been proposed to be more reactive than 

phenyllithium, ji-butyllithium, or benzyllithium in coupling reactions 

with chlorotriphenylsilane (44), The observation was made on the basis 

of competitive reactions of two of the lithium reagents with a quantity 

of chlorosilane insufficient to react with both. 
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When two moles of triphenylsilyllithium are added to one mole of 

hexaphenyldigermane, a quantitative yield of hexaphenyldisilane is 

obtained along with 70% of triphenylgermane (45). The formation of tri-

phenylgermyllithium from a cleavage reaction with triphenylsilyllithium 

would at first glance indicate that the silyllithium is the more reactive 

of the two. However, all that may have been proved is that the silicon-

silicon bond is a stronger one than the germanium-germanium bond. A 

variety of cleavage reactions of this type has been run, but their signifi

cance for determining relative reactivities is doubtful. 

Another area in which some comparisons can be made is that of 

additions to double bonds. Triphenylsilyllithium adds to benzophenone 

to give a 50% yield of a rearranged product (46): 

(CeHsjgSili + (CgHjjjCO -» (CgHjjjSlOCHCCgHj)^ 

On the other hand, triphenylgermyllithium adds to the same ketone to 

give a 37% yield of the normal carbinol product (47). Triphenyltinlithium 

has been reported not to add to benzophenone, benzalacetophenone, or 

stilbene (43). Again, triphenylsilyllithium adds to 1,1-diphenylethylene 

in 80% yield (29, p.322), while triphenylgermyllithium adds in only 

14.8% yield (48). Both of the latter two reagents add to azoxybenzene 

to give N-substituted hydrazines, triphenylsilyllithium in 52.9% yield 

and triphenylgermyllithium in 51.4% yield (49). It thus appears that tri-
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phenyl s ilyllithium gives more facile additions to multiple bonds than tri-

phenylgermyllithium, while triphenyltinlithium and triphenylleadlithium 

have not been observed to give addition reactions « 

Organic Polytin Compounds 

The chemistry of catenated organotin compounds began as early as 

1852 with the report by Lowig (50) of the reaction of ethyl iodide with tin-

sodium alloy. A product of this reaction, a diethyl tin, has only very 

recently been characterized (51-53), A similar situation may be cited in the 

case of tetrakis (triphenylstannyl)tin, which was prepared as early as 192 3 

(54), but was not rigorously identified until the present study. This com

pound is the only discrete branched chain polytin in the literature at 

present. These two examples are not entirely representative of the state 

of the science in catenated tin chemistry, but they are indicative of the 

current active interest in the field and of the kind of fundamental questions 

which are only now being given answers. 

The ditin compounds known outnumber the higher polytin s. This is 

in part due undoubtedly to the greater difficulty of synthesizing some of 

the latter compounds. The pioneer in this area, C, A, Kraus, character

ized the first tritin and p enta tin derivatives in 1925 (55), but his work 

was not elaborated upon until recent years. The synthetic possibilities 

have now been broadened considerably by the characterization of cyclic 
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polytin compounds, which may serve as precursors for many new deriva

tives . Any number of fundamental questions bearing upon the effects of 

chain length in catenated tin compounds may find answers in the near 

future. 

A particularly active area of investigation is that concerned with the 

nature of "divalent" tin species, R2Sn, It has now been well established 

that these compounds are in many cases polymers of the R2Sn structure, 

and do not, in fact, contain tin species in the divalent stateo Some 

diorganotin compounds, particularly those prepared from organolithium or 

organomagnesium reagents and stannous chloride, have been shown (52, 

53, 56-58) to correspond to RgSn compounds only in gross composition, 

and to contain tin polymers with chain branching, so that RgSn- and RSn= 

moieties are present in the compounds, A review (53) of the nature of these 

compounds and the problems involved in their study has recently appeared, 

so that the present writing will in the main treat only those compounds 

which have been shown to be reasonably discrete species. 

Methods of preparation 

Almost every useful method for the synthesis of organopolytin com

pounds has involved organotin halides or hydrides as starting materials. 

The classic Wurtz synthesis employing a triorganotin halide and sodium 

in benzene, toluene or xylene has been used frequently for the preparation 

of ditin compounds (43, 59-63): 
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(p-ClC H ) SnBr + Na 
6 4 3 

xylene 
^ (E-CIÇ HJ Sn_ 89.5% (62) 

6 4'6. 2 

Other solvents, such as diethyl ether (64), isoamyl ether (65, 66) 

or ethanol (59) have been successfully employed, or the reaction may 

be run using sodium powder and a liquid organotin halide without solvent 

(64), Another solvent which has been shown to have considerable versa

tility is liquid ammonia, A simple coupling may be accomplished with a 

triorganotin halide and lithium (67) or sodium (67-70) in liquid ammonia. 

But, more importantly, the reaction may be halted with the formation of a 

triorganotin s odium compound, which may be treated subsequently with a 

different triorganotin halide to obtain an unsymmetrical ditin (68, 69): 

(CH ) SnBr + Na _li2jJilil^(CH ) SnNa —(^2^5)3^^!—^ 
3 3 33 

(CHg)g8n8n(C2Hg)3 (68) 

The versatility does not end here, however, for diorganotin dihalides may 

be reacted with sodium to produce polytinsodium compounds (55, 71, 72). 

Thus, Kraus has shown that proper choice of the ratio of sodium to 

dimethyltin dibromide leads to 1,2-disodiotetramethylditin or 1,3-disodio-

hexamethyltritin. Using this method a chain of five tin atoms has been 

obtained: 

3(CHj SnBr + 8 Na 
3 2 2 

Na + 6 NaBr 

(CHg)gSn [8n(CH^)^] g8n(CHg)^ (55) 
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Using diorganotin dichlorides and sodium in xylene^ o/,tJ-dichloro-

polytin compounds may be obtained in yields of up to 50% (73), One 

major product was obtained from each tin halide; dimethyltin dichloride 

produced a ditin; diethyl-, dipropyl-, and dibutyltin dichloride gave 

tetratin, tri tin, and pentatin, respectively (73). 

RgSnCl + Na ^Y^^ne ^ ^ ^C1 

n = 2 

R = CHgCHg, n = 4 

R = CHgCHgCHg, n = 3 

R = CHgCHgCHgCHg, n = 5 

A number of additional preparations involving alkali metals has been 

reported. The first preparation of a hexaorganoditin involved the addition 

of ethyl iodide to a tin-sodium alloy to produce what appears to be hexa-

ethylditin, along with other products (50, 74). Tin-sodium alloy has also 

been reacted with organomercuric halide s to produce a hexa-substituted 

ditin along with tetra-substituted tin (75). A phenoxy group attached to 

tin serves as a pseudohalogen in the reaction of trimethylphenoxytin with 

sodium in liquid ammonia, the product being hexamethylditin (71). Tri-

methyltin hydroxide also may be used in the coupling reaction to produce 

hexamethylditin (70, 76). Reaction of triphenyltin chloride with potassium 

graphite (KCg) leads to hexaphenylditin (77). Triorganotinlithium reagents, 

obtained on treatment of stannous chloride (33, 43) or R^Sn compounds (67) 
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with an organolithium compound in diethyl ether or by direct reaction of 

RgSnCl with lithium in tetrahydrofuran (36, 38, 78) disproportionate 

under a variety of conditions to produce the corresponding hexaorganoditin. 

Hydrolysis (36, 38, 43, 78) or carbonation (42, 37) of a tinlithium reagent 

leads to the ditin, as also does reaction of a triorganotinlithium or -sodium 

compound with organic halides which can undergo halogen-metal intercon

version (36, 39, 79, 80): 

(39) 

(CgH^gSng + (CgHg)^8n + 2,6-(CH3)2C6H3C02H 

The lithium reagents may be used to make unsymmetrical ditin compounds 

(78) just as the sodium reagents while avoiding the use of liquid ammonia. 

The reaction of an organolithium compound with stannous chloride 

often leads to polymeric diorganotin species of indefinite composition (53). 

In two cases relatively discrete compounds, eicosaethylcyclodecatin and 

hexadeca-_n-butylcyclooctatin, appear to have been obtained (81), Treat

ment of stannous chloride with a Grignard reagent may lead directly to the 

hexaorganoditin (59, 63). A rather thorough investigation of the products 

of the interaction of stannous chloride with phenylmagnesium bromide in a 

1:6 molar ratio showed the presence of three products: hexaphenylditin, 

tetraphenyltin, and the supposed tetrakis(triphenylstannyl)tin (54). 

In a synthesis which is unique, octa-tert-butylcyclotetratin, has been 
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obtained from di-tert-butyltin dichloride and tert-butylmagnesium chloride 

(82). The reaction does not lead to the normal product, tetra-tert-butyltin, 

probably for steric reasons, 

Hexaphenylditin has also been obtained by electrolysis of a methanol 

solution of triphenyltin chloride, the product being produced at the cathode 

(83). Other triorganotin halides have been electrolyzed in aqueous isopro-

panol, but the ditin compounds thought to be produced were not isolated (84). 

A variety of synthetic methods employs tin hydrides as the starting ma

terials . The interaction of triethyltin hydride with diethylmercury leads to 

hexaethylditin, mercury, and ethane (85). Hexamethylditin has been obtain

ed by treatment of dimethyltin dihydride with sodium in liquid ammonia, fol

lowed by addition of methyl iodide: 

(CH3)2SnH2 + Na(CH3)28nSn(CH3)2Na (CH3)6Sn2 (86) 

Simple pyrolysis of the same dihydride produces some hexamethylditin, but 

the reaction is complex and appears to be of little synthetic utility (87). 

Reactions of triorganotin hydrides with amines lead to the corresponding 

ditin (88-92). It was originally thought that the reaction was a deamination, 

but more recent work indicates that the action of the amine is catalytic, no 

hydrocarbon or ammonia being formed (91, 92). 

In an interesting extension of the above reactions, diorganotin 

dihydride s have been treated with amines to obtain cyclic polytin com

pounds (51, 52, 56, 93). In one reported case (52) a 94% yield of 

octadecaethylcyclononatin was obtained from diethyltin dihydride and a 
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pyridine-diethyltin dichloride complex. It is apparently also possible 

to obtain straight-chain products with suitable reagents: 

Reductions of ketones, sulfones and sulfoxides with triphenyltin 

hydride have been shown to give hexaphenylditin as the tin-containing 

product (89, 94), Aryl isocyanates or isothiocyanates also produce the 

same product from triphenyltin hydride (95). 

A potentially quite useful synthetic method was recently reported 

by Sawyer and Kuivila (96-98), who treated diorganotin dihydrides with 

carboxylic acids to obtain functionally substituted ditin compounds. 

Thus, the reaction of dibutyltin dihydride with acetic acid leads to 1,1,2,2-

tetra-_n-butyl-1,2-diacetoxyditin in 65% yield; 

The acetoxy groups may be replaced by halogen through treatment with 

hydrogen chloride in diethyl ether, and the dihalide reduced with lithium 

aluminum hydride, all without scission of the tin-tin bond: 

(n~C^ v^Hg-ii)2 + HCl —> (n-C^Hg)28n—8n(C^Hg-n)2 

(CgHg)g8nHg + CH3OH > H[(CgHg)28n] gH (93) 

(n-G.Hq)_8nH. + HOAc >(n-CAHQ)o8n — Sn(C/Hq-n)p 
OAc 6AC 

LiAlH (99) 

(n-Q^Hg^Sn—8n(C4Hg~il)2 

H H 
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The same diacetoxyditin was prepared from the interaction of dibutyltin 

dihydride and dibutyltin diacetate (96, 97). In the same papers another 

method was found to be successful: namely, treatment of diphenyltin with 

benzoyl peroxide to produce 1,1,2,2 -tetraphenyl-1 ; 2 -dibenzoyloxyditin 

in 81% yield (96, 97). 

The cyclic polytin compounds have not as yet been used extensively 

for synthetic purposes, but indicative of what might be done is the reaction 

of octa-tert-butylcyclotetratin with iodine to prepare 1,4-diiodoocta-tert-

butyltetratin (82). 

Physical properties 

The lower molecular weight hexaalkylditins are generally rather high 

boiling liquids, while the compounds containing aryl groups are solids. 

The hexaorganoditins are generally soluble in aromatic solvents, less so in 

chloroform or diethyl ether, and insoluble in ethanol. 

The known polytin s appear to be reasonably stable to heat. In an 

isolated example, hexamethylditin has been observed to decompose in 

boiling benzene (100). Normally temperatures above 250° are required, 

and several aryl and alkyl derivatives have been observed to deposit tin 

under these conditions (59, 81, 101-103). A method for decomposing 

hexaethyl- and hexaphenylditin at 1000°? in order to obtain a tin coating 
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has been patented (101). The thermal decomposition of hexaethylditin 

at 275° may be represented as follows: 

(C2Hg)gSn2 —> (C2Hg)^8n + Sn + 2 C2H5. (103) 

It is likely that the first stage in the process is the conversion of the 

ditin to tetraethyltin and diethyltin, the latter producing tin and two ethyl 

radicals (103). 

For a number of years, the ditin s were thought to be considerably 

dissociated in solution into triorganotin radicals. Molecular weight deter

minations on several ditin s corresponded to almost complete dissociation 

at low concentrations in benzene or ether solution (54, 68, 104). However, 

cryoscopic molecular weight determinations on hexamethylditin in benzene 

(69) and hexaphenylditin in camphor (54) indicated the dim eric structure. 

Magnetic susceptibility measurements on hexamethylditin and even hexa-

o-tolylditin indicated no dissociation (100, 105). It seems quite unlikely 

that dissociation does, in fact, occur in solution. A tin-tin bond energy 

of 50 kcalo/mole has been calculated for hexaethylditin on the basis of 

its heat of reaction with benzoyl peroxide (106). 

Molar refractions for compounds containing a tin-tin bond have been 

calculated (107-109). The most recent work shows a tin-tin bond refrac

tion of 10.683 (107). 

The Raman spectrum of hexamethylditin has been determined and anal

yzed, with a tin-tin bond stretching force constant of 1.0^0.1 x 10^ dyneg/cm. 
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calculated (110), The value is smaller than that determined for the 

• silicon-silicon and germanium-germanium bonds in the analogous methyl 

derivatives. The infrared spectra.of hexaphenyl- (111, 112) and hexa-

ethylditin (113, 114) appear in the literature, as well as hexaphenylditin 

in the 15 - 35yM region (115). 

The nuclear magnetic resonance spectrum of hexamethylditin has been 

determined and compared with that for tetramethyltin (116). A decrease 

in diamagnetic shielding is observed in the ditin. The NMR spectrum 

of the same ditin has also been compared to those of octamethyltritin, 

dodecamethylcyclohexatin, and a dimethyltin polymer of uncertain com

position (117). The values of the coupling constant, Tgn-CHg* were 

determined and related to the percent s character in the Sn-C bonds. 

The latter value becomes lower with increasing chain length; consequently, 

the percent s character in the Sn-Sn bond increases with chain length. 

The coupling constants are also linearly related to the observed Sn-C 

stretching frequencies in the infrared spectra of the compounds (117). 

Still another NMR study involving hexamethylditin and 1,1,1-trimethyl-

2,2,2-triethylditin has found J i i q  to be anomalously low for the 
Sn^^^-CHs 

ditin compared to other methyltin derivatives (118, 119). 

The ultraviolet spectrum of hexaphenylditin has been determined 

(120a), and it is proposed that there is intense interaction of phenyl 

groups on opposite tin atoms. The phenomenon, which occurs with 

analogous compounds of silicon, germanium, and lead, has been attributed 
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in the case of silicon (12 0b) to an excitation involving the silicon-

silicon bond. It is reasonable that the same explanation is applicable 

in the case of the tin-tin bond. Ultraviolet spectra of hexaethylditin 

(103) and octadecaethylcyclononatin (52) have been reported, but without 

extinction coefficients. The ultraviolet absorption of diethyltin (from 

pyrolysis of the ditin, degree of polymerization not known) is thought to 

occur at higher wavelength than hexaethylditin. These examples are 

consistent with the observations for polysilanes (120), but the data are 

as yet rather sketchy. 

Chemical properties 

Organopolytin compounds with reactive functional groups attached 

to tin have been prepared only recently, so that most of the known 

chemistry of the polytins involves scission of the tin-tin bond. Such 

cleavage occurs under a variety of oxidative conditions, Some alkyl-

substituted ditins are oxidized even in air, Hexamethylditin (68) and 

hexaethylditin (104) are both unstable in the presence of air, while 

1,1, l-trimethyl-2,2,2-triphenylditin is unaffected by air, (69); and hexa-

phenylditin in benzene solution withstands treatment with oxygen itself 

(43), The air oxidation of hexaethylditin in_n-nonane is proposed to occur 

through the initial formation of the peroxide, [(C2Hg)g8no] 2, which is 

subsequently converted to bis(triethyltin)oxide (113), The recently pre

pared 1,1,2,2 -tetra-n,-butyl-1,2-dihydroditin reacts with air to form 
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dibutyltin oxide (99). 1,2-Diacetoxytetra-^-butylditin also decom

poses slowly in air, while the analogous tetraphenyl compound is 

unaffected over 48 days (96, 97). The reaction of hexaethylditin with 

oxygen has been studied by Harada (72) and by Aleksandrov and co

workers (121, 122). The products obtained under the conditions of the 

latter workers are bis(triethyltin)oxide and diethyltin oxide, and a free 

radical chain mechanism is involved. Elemental sulfur has been shown 

to react with hexamethylditin in benzene to form bis (trimethyltin) sulfide 

(68 ) .  

Reaction with alcoholic silver nitrate has been used as a qualita

tive test for the ditin linkage, and a variety of compounds,including aryl 

derivatives, have been shown to deposit a silver mirror on treatment with 

the reagent (59, 62, 63, 76, 123). Potassium permanganate is also 

reduced readily (63, 124). Hexaphenylditin has been shown to react 

virtually quantitatively to produce triphenyltin hydroxide when subjected 

to the action of potassium permanganate in acetone solution (124), 

A variety of other oxidizing agents, including dibenzoyl peroxide 

(106, 125, 126), acetyl benzoyl peroxide (125), di-tert-butyl peroxide 

(127), cyclohexyl percarbonate (125), lead tetraacetate (125), and nitro-

soacetanilide (125, 128, 129) have been shown to cleave the tin-tin bond 

homolytically. 
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®^2°2 (C2H5)3SnOBz + (C2Hg)2Sn(0Bz)2 (125) 

75.4% 7.1% 

(C2Hg)g8ng + BZgOg ^^^4 ) (C2H^)38nCl + (C2H5)2SnCl2 (12 6) 

Although the reaction with benzoyl peroxide apparently results in some 

cleavage of ethyl groups from tin, it has been exploited for the structural 

investigation of some diorganotin polymers (57, 58, 85, 130), A polymer 

produced from hexaethylditin and aluminum chloride was treated with 

the peroxide to show that the tin chains contained considerable branching: 

(C2Hg)28n + BZ2O2 ^C2Hg8n(0Bz)3 + (C2H5)28n(OBz)2 + (C2H5)38nOBz + 

(C2Hg)^8n + 8n (57) 

The most thoroughly examined reaction of the tin-tin bond is that with 

the halogens. 

Rg8n-8nRg + Xg >2 RgSnX 

The reactions with bromine (56, 59, 62, 63, 81, 96, 97, 131, 132) and 

iodine (52, 54, 56, 61-63, 68, 74, 75, 93, 123, 124, 131) are believed to 

be quantitative, and have been employed for the analysis of ditin content. 

Reaction with chlorine in some cases results in cleavage of organic groups 

from tin as well as the expected tin-tin scission (123, 133). 
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(n-C^Hg)gSn^ + Cl^-> (n-C^Hg)g8nCl + (n-C^Hg)28nCl2 (133) 

No ditin has been observed to be resistant to halogen cleavage. Even 

a compound such as hexakis(2-biphenylyl)ditin, which could be expected 

to exhibit considerable steric hindrance to reaction readily decolorizes 

bromine in carbon tetrachloride and iodine in benzene (63), The reaction 

has a number of potentialities for structural analysis. As an example, 

the compounds recently prepared by Neumann'from diorganotin dihydrides 

and basic reagents were shown to have a cyclic structure by use of the 

reactions with chlorine, bromine or iodine (52, 56, '93). The compounds 

gave only diorganotin dihalides after halogen cleavage with no triorgano-

tin halide or organotin trihalide being isolated; 

A dibutyltin polymer prepared from n^-butyllithium and stannous chloride 

likewise showed specific cleavage to dibutyltin dibromide on treatment with 

bromine (81), 

Cleavage with formation of the halide is accomplished with a number 

of reagents other than the halogens. Treatment of hexamethylditin with 

concentrated hydrobromic acid leads to trimethyltin bromide (68). However, 

hexaethylditin has been found to react with four moles of hydrogen 

chloride to form diethyltin dichloride: 
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(C2Hg)gSn2 + 4 HCl —> 2 (C2Hg)2SnCl2 + 2 C2Hg + H2 (134) 

Mercuric chloride has been used by several workers to obtain the tri-

organotin halide (63, 65, 66,. 68, 135) and stannic chloride in greater 

than catalytic amounts is also effective; 

(C2H5)6Sn2 +SnCl4 —>4(C2H5)3SnCl + Sn (134) 

• An interesting reaction that has been proposed (136) to have a free 

radical mechanism is the interaction of hexamethylditin and trifluoro-

iodomethane, catalyzed by ultraviolet light. The product isolated is 

trifluoromethyltrimethyltin (136, 137). The same reaction occurs under 

the influence of heat, but a cyclic mechanism is favored for this process 

(138). A variety of organic halide s have been shown to react with hexa

ethylditin (135, 139, 140). Temperatures above 100° are usually 

required in order to bring about reaction in a reasonable length of time. 

(C2Hg)gSr^ + CgHgCH2Cl > (C^Hg)38nCl + CgHgd^C^CgHg (139) 

(73.4%) (35.4%) 

Ultraviolet light also catalyzes the reaction of hexaethylditin with benzyl 

bromide (141): 

(C2Hg)g8n2 + CgHgCHgBr ^ > (C2H5)3SnBr (68.8%) + 

(C2Hg)28nBr2 (7.7%) + CgHgCH2CH2C6Hg (59.5%) 
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As has been indicated earlier, an organic halide such as carbon tetra- . 

chloride can react with a ditin to produce the triorganotin halide with 

the aid of a free radical initiator such as benzoyl peroxide (125, 12 6). 

Again with ultraviolet catalysis, hexamethylditin adds to tetrafluoro-

ethylene to produce 1^2-bis(trimethylstannyl)tetrafluoroethane (142). 

A number of Lewis acids have been shown to effect disproportion-

ation of hexaorganoditin compounds. Treatment of hexaethylditin with 

aluminum chloride in catalytic amounts results in the formation of tetra

ethyltin, metallic tin, and a diethyltin polymer; 

(C^H^)gSn^-l-AlClg (CgHg)^8n + 8n + [(C2H5)2S^ ^ (102) 

The reaction does not occur with tetraethyltin even under more forcing 

conditions, so that it has been proposed as a qualitative test for the 

tin-tin linkage (127). The same type of process also occurs with alumi

num bromide (130), stannous chloride (130), and zirconium (103), titan

ium (103), and tin (103, 130) tetrachlorides. Boron trifluoride, di-

methylboron fluoride, and diborane have been shown to bring about the 

cleavage of hexamethylditin to form tetramethyltin (143). 

As would be expected by analogy with other Group IVB elements, 

the tin-tin bond is susceptible to attack by nucleophilic reagents. -

Hexa-ri-butyl and hexaphenylditin are cleaved by lithium aluminum 

hydride, but the reactions lead to a rather complex product mixture and 

are not very facile (144). Phenyllithium cleaves hexaphenylditin to give 



www.manaraa.com

30 

tetraphenyltin in 88.6% yield (39). Phenylmercuric chloride and 

diphenylmercury have been' shown to produce a similar cleavage (65, 

6 6 ) .  . .  

25 qO 
"=2®5'6®°2 + > (C^HjjjSnCgHj + (C^HgjgSnCl (65) 

Sodium amide in liquid ammonia is also effective: 

(OH ) 8n + NaNHg ^^3 ) (CHg)g8nNH2 + (CHg)g8nNa (145) 

On the other hand, the monosodium adduct of naphthalene leads to 

reduction of hexaphenylditin with formation of triph enyltin s odium (146). 

Alkali metals themselves also produce this reduction, The earUest 

system used was sodium in liquid ammonia (68, 70, 76) with which 

Kraus prepared trimethyltin sodium from hexamethylditin (68). Sodium-

potassium alloy in ethylene glycol dimethyl ether also cleaves the same 

ditin (147). Most recently, lithium in tetrahydrofuran has been shown to 

cleave hexaphenylditin (36, 38) and hexa-ii-butylditin (78). Also, 

hexaphenylditin may be cleaved by magnesium when ethyl bromide is . 

used to initiate the reaction (147b). In an interesting variation, a 

catalytic amount of sodium in liquid ammonia causes the addition of 

vinylacetylene to hexaethylditin (148): 
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. (CgHg) Sng + HC5C-CH=CHg + Na NH3 ^ (C2Hg)g8nC=C-CH=Cî^ 

The few reactions known (99) which proceed without breaking the tin-

tin bond have been discussed in the section on methods of preparation. 
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EXPERIMENTAL 

The reagents and solvents used in the following experiments 

were commercially available materials. Tetrahydrofuran was dried 

by refluxing over sodium wire, distillation into lithium aluminum 

hydride, and distillation from the hydride immediately before use. 

Dry diethyl ether and hydrocarbon solvents were obtained by storage 

of the solvents over sodium wire. 

The organosilicon halides were purchased from Dow Corning 

Corporation, Midland, Michigan. Organotin halides were obtained 

from M & T Chemicals, Rahway, New Jersey; Columbia Organic 

Chemicals, Inc., Columbia, South Carolina; or Peninsular Chem 

Research, Inc., Gainesville, Florida. Chlorotriethylgermane and 

hexaphenyldigermane were obtained from Reaction Products, Inc., 

Painesville, Ohio. 

Reactions were run in a three-necked flask of appropriate size 

with ground glass joints, fitted with a Trubore stirrer, a Friedrichs 

condenser, and an addition funnel. The condenser and addition fun

nel were connected to nitrogen inlets. All glassware was dried in 

an oven before use and purged while hot with dry, oxygen-free nitrogen. 

Lithium metal was obtained commercially from Lithium Corporation 

of America and was wiped free of its protective coating and cut into 

small pieces into the nitrogen filled flask. Magnesium metal was 
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Grignard grade turnings obtained from Mallinkrodt Chemical Works, 

_n-Butyllithium (149), methyllithium (150), and phenyllithium (150, 

151) were prepared in diethyl ether according to published directions. 

Likewise, previously described preparations of triphenylsilyllithium 

(152), methyldiphenylsilyllithium (152), dim ethylphenylsilyllithium 

(152), triphenylgermyllithium (47, 49), triphenyltinlithium (36), and 

triphenylleadlithium (36) were employed, using tetrahydrofuran as sol

vent. When molarity is quoted for a solution of an organic Group IVB 

lithium compound, the value was obtained by double titration with 

allyl bromide (2), Color Test I (153) was used as a qualitative test 

for the metallic reagents. Silicon and tin analyses were carried out 

according to a published procedure (154). Likewise, a standard pro

cedure (155) for the determination of chlorine attached to silicon or 

tin was employed. 

Melting points were determined with a Mel-Temp apparatus or 

in an electrically heated oil bath. Infrared spectra were determined 

with a Perkin-Elmer, model 21, spectrophotometer, and ultraviolet 

spectra with a Beckman DK-2A spectrophotometer. 
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Analysis of Organolithium Compounds 

Double titration procedure 

A 3 ml. aliquot of the solution to be analyzed was withdrawn 

by pipette using a suction bulb and added to 10 ml. of diethyl ether. 

The solution was hydrolyzed with 10 ml. of distilled water and titrated 

with standard hydrochloric acid, using phenolphthalein as indicator, to 

give the total alkali present. A second 3 ml. aliquot was withdrawn and 

added to 10 ml. of diethyl ether, containing 1 ml. of the organic ha lid e, 

under an atmosphere of nitrogen. The solution was swirled gently and 

allowed to stand for 2 min., after which it was hydrolyzed with distilled 

water and titrated immediately with standard acid, again using phenol

phthalein as indicator. 

In titrating the solution containing the organic halide the end 

point is easily overstepped, since the aqueous layer decolorizes before 

the ether layer. Vigorous shaking near the end point is recommended. 

In some cases there is the possibility of interference from hydrolysis 

of the halide, so that the titration should be carried out without delay. 

Reaction with triphenyltin chloride 

A diethyl ether solution of phenyllithium was added dropwise to a 

stirred solution of triphenyltin chloride in the minimum amount of tetra-
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hydrofuran required for dissolution. An amount of triphenyltin chloride 

corresponding to a 25% excess over the theoretical phenyllithium con

tent of the diethyl ether solution was employed. At the completion of 

the addition ; more dry diethyl ether was added, and stirring was con

tinued for 4 hours 0 The tetraphenyltin formed was filtered on a sintered 

glass funnel and washed twice with hot water and once with cold 

methanol. It was then dried in an oven and weighed. The product 

melted at 22 8-230° (mixed m.p.). The organic layer was evaporated, 

but no additional tetraphenyltin was obtained. 

Reactions of organic halides with lithium 
ethoxide and phenoxide 

Solutions of lithium ethoxide and phenoxide were prepared by addi

tion of a diethyl ether solution of ethanol or phenol to finely cut lithium 

wire in diethyl ether under vigorous stirring. The resulting cloudy 

solutions were filtered under nitrogen through a sintered glass funnel. 

The solutions were titrated as in the procedure previously described, 

but using standard sulfuric acid. After the acid titration, a Volhard 

titration was carried out in the case of the lithium ethoxide reactions 

in order to measure the halide ion released. 

Cleavage of Alkoxysilanes 

Preparation of starting materials 
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2-Cvclohexen-1-vloxytriphenvlsilane To a mixture of 9.81 g. 

(0.10 mole) of 2-cyclohexen-l-ol and 29.5 g. (0,10 mole) of chloro-

triphenylsilane in 100 ml. of dry benzene was added dropwise 7.91 g. 

(0.10 mole) of pyridine, which had been dried by storage over barium 

oxide. An exothermic reaction occurred, accompanied by the evolu

tion of a gas. The mixture was stirred overnight at ça. 40°, at the 

end of which time a solid (pyridinium chloride) was filtered off. The 

solvent was evaporated from the filtrate and the residue absorbed in 

petroleum ether (b.p. 60-70°) and chromatographed on alumina. Petro

leum ether (b.p. 60-70°) eluted 20.5 g. (57.5%) of 2-cyclohexen-l-

yloxytriphenylsilane, m.p. 61-63.5°. Recrystallization from petroleum 

ether (b.p, 28-38°) gave 51.2% of the pure product, m.p. 61.5-62.5°, 

Anal. Calcd. for C2^H2^08i: Si, 7.87. Found: Si, 7.71, 7,87. 

Crotyloxytriphenvlsilane A mixture of 14,4 g, (0,20 mole) of 

crotyl alcohol and 59.0 g. (0,2 0 mole) of chlorotriphenylsilane in 100 

ml. of dry benzene was treated with 15,8 g, (0,20!mole) of pyridine 

as described in the previous experiment. Work-up as before was fol

lowed by chromatography on alumina. Petroleum ether (b.p. 60-70°) 

eluted 28,8 g. (44.2%) of a viscous oil which crystallized on cooling. 

The bulk of the solid was recrystallized from petroleum ether (b.p. 28-

38°), aided by seeding with the impure material, to give 21,4 g. (33.0%) 

of crotyloxytriphenylsilane, m.p, 44-46°. 
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Anal, Calcd. for 022^22031: Si; 8.49. Found: Si, 8.56, 8.43, 

The same preparative procedure was used for the following compounds 

which have been previously described: allyloxytriphenylsilane (156) 

(46.0% yield, m.p, ^d mixed m.p. 79-80°), (diphenylmethoxy) tri-

phenylsilarie (157) (36.9% yield, m.p. 84-85°). An attempted prepara

tion of (triphenylmethoxy) triphenylsilane gave none of the desired pro

duct, undoubtedly due to a considerable steric hindrance to formation of 

the compound, Benzyloxytriphenylsilane was prepared from triphenyl-

silanol, benzyl alcohol, and a catalytic amount of hydrochloric acid at 

150°, as described elsewhere (158), The yield of product, m.p. 84-85° 

(mixed m.p.), was 60%, 

Cleavages with triph enyl s ilvllithium 

Allvloxvtriphenvlsilane To 9.49 g. (0,030 mole) of allyloxytri

phenylsilane in 50 ml. of tetrahydrofuran was added 108 ml. of 0.415 

M triph enyl s ilyllithium (0.045 mole). The mixture was stirred overnight 

and hydrolyzed in dilute hydrochloric acid. Separation and filtration of the 

organic layer afforded 6.60 g. (42.2%) of hexaphenyldisilane, m.p. 

365-370° (mixed m.p.). The solvent was distilled from the organic fil

trate, and petroleum ether (b.p. 60-70°) was added to the residue, 

precipitating a gummy solid, from which no pure products were obtained 

upon attempted crystallization from benzene. The petroleum ether (b.p. 
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60-70°) solution was chromatographed on alumina. Elution with the 

same solvent afforded impure allyltriphenylsilane which was recrystal-

lized from petroleum ether (b.p. 28-38°) to obtain the pure compound, 

0.52 g, (5.8%), m.p. 87-88° (mixed m.p. 88.5-89.5°). Further elu

tion afforded 1,03 g. of a solid, m.p. 147-149° cloudy, which showed 

siloxane and aliphatic carbon-hydrogen absorptions in its infrared 

spectrum. This material was not further fractionated. 

Benzvloxvtriphenvlsilane To 11.0 g, (0.030 mole) of benzyloxy-

triphenylsilane in 75 ml. of tetrahydrofuran was added 110 ml, of 

0.424 M triphenylsilyllithium (0,047 mole), and the resulting mixture 

was stirred overnight. Hydrolysis in dilute hydrochloric acid and 

filtration of the organic layer afforded 13.7 g, (88%) of hexaphenyl-

disilane, m.p. 364-368° (mixed m.p,). Work-up of the organic 

layer, followed by alumina chromatography gave 0.22 g. of solid, 

m.p. 196-200°, which showed strong siloxane absorption in its infra

red spectrum. 

Ethoxytriphenylsilane To a solution of 15.6 g. (0.051 mole) of 

ethoxytriphenylsilane in 50 ml. of tetrahydrofuran was added ca. 

0.05 mole of triphenylsilyllithium in tetrahydrofuran. The reaction 

mixture was stirred overnight, then hydrolyzed in dilute hydrochloric 

acid. Filtration of the organic layer gave 24.0 g. (91%) of hexaphenyl-
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disilane^ m.p. 365-370°. Distillation of the solvent from the filtrate 

afforded only a small amount of gummy material / from which no pure 

products were obtained. 

(Diphenvlmethoxv)triphenvlsilane To 13,3 g. (0.030 mole) of 

(diphenyImethoxy)tripheny 1 silane in 50 ml. of tetrahydrofuran was 

added ça. 0.05 mole of triphenylsilyllithium in tetrahydrofuran. After 

stirring overnight, the mixture was hydrolyzed in dilute hydrochloric 

acid. Filtration of the organic layer gave 5.54 g. (35,6%) of hexa-

phenyldisilane, m.p, 360-365° (mixed m.p.). The solvent was eva

porated from the filtrate, and the residue was absorbed in petroleum 

ether (b,p. 60-70°) and chromatographed on alumina. Elution with 

the same solvent afforded first an oil which slowly crystallized to give 

6.90 g, (63% based on triphenylsilyllithium) of triphenylsilane, m.p. 

42-44° (mixed m.p.). Further elution gave a solid which was recrystal-

lized from petroleum ether (b.p. 28-38°) to obtain 3.22 g. (24.3%) of 

(diphenylmethoxy)triphenylsilane, m.p, 83.5-84.5° (mixed m .p.). 

Additional oily solid, 2,5 g.,was obtained from the chromatography, 

but it was not identified. 

2-Cvclohexen-1-vloxvtriphenvlsilane To 3.56 g. (0.010 mole) 

of 2-cyclohexen- 1-yloxytriphenylsilane in 40 ml. of tetrahydrofuran 

was added 22 ml. of 0.453 M triphenylsilyllithium (0.010 mole). 
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After stirring for 48 hours, Color Test I was still slightly positive, and 

the mixture was hydrolyzed in dilute hydrochloric acid. Filtration of the 

organic layer afforded 2.95 g. (57%) of hexaphenyldisilane, m.p, 367-370°. 

The filtrate was worked up as before and chroma tographed on alumina. Pe

troleum ether (b.p. 60-70°) eluted a solid which melted at 155-165° after 

recrystallization from petroleum ether (b.p. 28-38°). Fractional crystal

lization from absolute ethanol gave two solids, m.p. 190-2 00° and m.p. 

155-165°, which were not identified and a trace amount of 2-cyclohexen-l-

yltriphenylsilane (156), m.p. 129-131° (mixed m.p.). 

Cleavages with lithium 

Benzyloxvtriphenvlsilane A solution of 7.31 g, (0.02 0 mole) 

of benzyloxytriphenylsilane in 60 ml. of tetrahydrofuran was added 

dropwise to 1.4 g. (0,20 g.-atom) of lithium in 20 ml. of tetrahydro

furan. Reaction began within 15 min., and the mixture turned orange, 

then black. At the end of the addition. Color Test I was positive. 

The mixture was stirred for an additional 1.5 hours, filtered through 

a glass wool plug, and added to a solution of 5.9 .g, (0.02 0 mole) of 

chlorotriphenylsilane in 50 ml. of tetrahydrofuran. The mixture was 

hydrolyzed in dilute hydrochloric acid. Removal of the solvent from the 

organic layer, addition of petroleum ether (b.p, 60-70°), and filtration 

afforded 8,47 g. (76.7%) of triphenylsilanol, m.p, 144-146° (mixed 

m.p,). The filtrate was chromatographed on alumina. Elution with 
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petroleum ether (b.p, 60-70°) gave 0.4 g. (5.7%) of impure benzyltri-

phenylsilane, m.p. 86-89° (mixed m.p, 92-94°). The infrared spectrum 

of this product was superimposable with that of an authentic sample. 

Further elution with the same solvent gave 0,15 g. (1.4%) of hexaphenyl-

disiloxane, m.p. 225-227° (mixed m.p,), Elution with benzene afforded 

2,15 g. of an oil which was not identified, 

f Diph en vim ethoxv) triph en vl silane To a mixture of 8.85 g, (0,02 0 

mole) of (diphenylm ethoxy) triph enyl s ilan e and 1,4 g. (0.20 g .-atom) 

of lithium was added dropwise 100 ml. of tetrahydrofuran. Reaction 

began immediately with the appearance of a dark red color. When the 

addition was complete, Color Test I was positive. After 3 hours of 

stirring, double titration with allyl bromide showed the presence of 

0.17 equivalent of lithium reagents (C-Li and/or Si-Li). The mixture 

was decanted through a glass wool plug and added to 11,8 g. (0.04 

mole) of chlorotriphenylsilane in 50 ml. of tetrahydrofuran. The mix

ture was stirred overnight, then hydrolyzed in dilute hydrochloric acid. 

Addition of petroleum ether (b.p, 60-70°) to the residue after removing 

the solvent from the organic layer and filtration afforded a solid. 

Fractional crystallization from benzene and from absolute ethanol gave 

3,6 g. (33.7%) of hexaphenyldisiloxane, m.p. 225-227° (mixed m,p, 

227-230°), and 2,78 g. (35,0%) of (diphenylmethyl)triphenyisilane, 

m.p, 158-160° (mixed m.p,). From the ethanol solution was obtained 
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2,5 g. (27,6% based on chlorotriphenylsilane) of triphenylsilanol, 

m.p. 147-149° (mixed m,p, 151-153°). The petroleum ether solution 

above was chromatographed on alumina to obtain an additional 0.28 

g. (3,3%) of (diphenylmethyl)triphenylsilane, m.p. 155-157° (mixed 

m.p, 156-158°), 

2-Cvclohexen-1-vloxvtriphenvlsilane To 3,56 g, (0,010 mole) 

of 2-cyclohexen-l-yloxytriphenylsilane and 0,69 g, (0,10 g.-atom) 

of lithium was added over a period of 1,5 hours 50 ml, of tetrahydro

furan. The lithium became golden in color. Titration with ally! 

bromide showed 44% reaction. The mixture was filtered through glass 

wool and added to 5,9 g, (0,02 0 mole) of chlorotriphenylsilane in 50 

ml, of tetrahydrofuran. Work-up as before afforded only hexaphenyldi-

siloxane, 1,69 g, (21,1%), m.p, 220-224° (mixed m.p, 228-230°), 

and triphenylsilanolf 1,59 g, (19,2%), m.p, 144-146° (mixed m.p, 

146-148°), and solids which appeared from their melting point behavior 

to be mixtures of the two compounds, 

Crotyloxytriphenylsilane To a mixture of 6.61 g. (0.020 mole) 

of crotyloxytriphenylsilane and 1.4 g. (0.20 g.-atom) of lithium was 

added 50 ml. of tetrahydrofuran. After stirring the mixture for 14 hours, 

double titration showed 61% reaction. The solution was decanted and 

added to 11,8 g. (0.040 mole) of chlorotriphenylsilane in 50 ml. of 
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tetrahydrofuran. Hydrolysis and the usual work-up afforded 0.13 g. 

(0.8%) of hexaphenyldisilane, m.p. 354-357° (mixed m.p,), 1.69 g, 

(10.5%) of hexaphenyldisiloxane, m.p. 230-233° (mixed m.p. 227-229°), 

and 4.10 g. (24.8%) of triphenylsilanol^ m.p, 149-150° (mixed m,p. 

149-151°). 

Relative Reactivities of Group IVB Lithium Compounds 

Reactions of triphenvltinlithium 

With pyridine To 1.58 g. (0.020 mole) of pyridine was added 

49 ml. of 0.408 M triphenyltinlithium (0.020 mole). The resulting 

solution was heated at reflux temperature for 3 hours, at the end of 

which time Color Test I was positive. The solution was hydrolyzed 

with dilute hydrochloric acid.. The usual work-up of the organic layer 

afforded a solid residue, which was crystallized from benzene. The 

product, m.p. 195-200°, showed an infrared spectrum similar to that 

of hexaphenylditin and tetraphenyltin, and was evidently a mixture 

of the two compounds. The yield was 3.6 g. or about 50%. No 

further products were obtained. 

With azobenzene To 3.2 8 g. (0.018 mole) of azobenzene in 50 ml. 

of tetrahydrofuran was added dropwise over 30 min. 55 ml. of 0.325 M 

triphenyltinlithium (0.018 mole). Color Test I was negative at the end 
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of the addition. The mixture was stirred 30 min. longer, then hydrolyzed 

in saturated ammonium chloride. The organic layer was separated and 

concentratedf followed by filtration. The solid product obtained was re-

crystallized from a mixture of benzene and petroleum ether (b.p. 60-70°)-

to give 5,32 g. (84.4%) of hexaphenylditin, m.p. 236-238° (mixed m,p.), 

The remaining organic layer was evaporated; leaving an orange s olid, 

which was recrystallized from methanol-water. The product was azoben-

zene, 2.30 g, (70.1%), m.p. 67-68° (mixed m.p.). Further concentra

tion of the mother liquor afforded a light orange solid which melted at 76-

85°. The infrared spectrum of this product indicated it to be a mixture of 

hexaphenylditin and azobenzene, and no absorption due to the N-H group 

was present. 

With 4.4'-bis(dimethvlamino)benzophenone To 3.76 g. (0.014 mole) 

of 4,4'-bis(dimethylamino)benzophenone in 60 ml. of tetrahydrofuran was 

added over a period of 20 min. 30 ml. of 0.470 M triphenyltinlithium 

(0.014 mole). The mixture was stirred for 18 hours, followed by hydrolysis 

in saturated ammonium chloride. Separation and concentration of the organic 

layer afforded 2,75 g, (72,6%) of the starting ketone, identified by mixed 

m.p. (167-168°) and superimposition of infrared spectra. Further work-up 

was not carried out. 

"With benzophenone To 2.74 g. (0.015 mole) of benzophenone in 
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25 ml. of tetrahydrofuran was added 30 ml. of 0.505 M triphenyl-

tinlithium (0.015 mole) over 20 min. The reaction mixture rapidly. 

turned bright blue and was stirred for 2 hours. Hydrolysis in 

saturated ammonium chloride and the usual work-up afforded hexa-

phenylditin. From the concentrated organic layer was isolated a 

solid, which was recrystallized from benzene-petroleum ether (b.p. 

60-70°) to obtain 0.3 g. (12%) of benzopinacol, m.p. 184-187° 

(mixed m.p.). 

In a separate experiment an electron spin resonance spectrum^ 

was obtained on the blue reaction mixture. A quite strong signal was 

observed. The solution was too concentrated to allow hyperfine 

splitting to be seen, but presumably the radical was the ketyl of 

benzophenone. 

Competitive reactions for n-butyl chloride 

Infrared analysis" of product mixtures Strong infrared absorption 

bands for phenyl groups attached to silicon, germanium, tin, and lead 

fall at 9.04, 9.19, 9.34, and 9.4^, respectively, depending upon 

the element present. In the spectra of alkyltriphenyl derivatives of these 

elements, the bands are the only ones in this region of the spectrum. 

^The electron spin resonance spectrum was determined by Dr. Edward 
G. Janzen, Department of Chemistry, Iowa State University of Science 
and Technology, Ames, Iowa. 
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Thus, in spectra of mixtures of two such compounds, e.g. n.-butyltri-

phenylsilane and n.-butyltriphenylgermane, two adjacent bands are seen. 

The areas of these bands may be defiled without concern over vagaries 

of the base line by drawing a horizontal line through the point of mini

mum absorbance between the two bands. The areas thus enclosed are 

measured. Synthetic mixtures of ri-butyltriphenylsilane and _n-butyl-

triphenylgermane in weight ratios of 1:1, 2:1, and 3:1, respectively, 

were prepared, the spectra run, then the relative areas of the peaks at 

9.04 and 9,1^ measured. The area ratios plotted against the weight 

ratios gave a straight line with a maximum deviation of 5%. For mixtures 

other than that above, only a 1:1 synthetic mixture was prepared, and 

the weight ratio in the product mixture was determined by a simple pro

portion . 

Triphenvlsilvllithium and triphenvltinlithium To 88 ml. of a 

0.522 M solution of tripheny 1 silyllithium (0.046 mole) in tetrahydro-

furan was added 90 ml. of 0.511 M triphenyltinlithium (0.046 mole) 

and the mixture cooled to -30° in a Dry Ice-acetone.bath. ri-Butyl 

chloride, 4.26 g. (0.046 mole) in 10 ml. of tetrahydrofuran, was added 

over a period of 15 seconds. Cooling was then discontinued, and the 

solution was stirred for 1.5 hours and carbonated by pouring onto a Dry 

Ice-diethyl ether slurry. The resulting mixture was extracted twice with 

cold 2% sodium hydroxide. The organic layer was dried over anhydrous 
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sodium sulfate and the solvents evaporated. To the solid remaining, 

petroleum-ether (b.p. 28-38°) was added. Filtration afforded hexaphenyl-

ditin, 3.0 g. (18.6%), which melted at 228-232° (mixed m.p, 232-235°) 

upon recrystallization from benzene. The petroleum ether filtrate was 

chromatographed on alumina. Elution with petroleum ether (b.p. 60-70°) 

gave _n-butyltriphenylsilane, which was recrystallized from the same sol

vent to obtain 8.8 g. (60.5%) of the product, m.p. 84-85° (mixed m.p.). 

Further elution of. the column gave 1.5 g. of solid melting over the range 

of 64-74°. An infrared spectrum of this material in carbon disulfide showed 

the relative areas of the phenyl-silicon and phenyl-tin absorptions at 9.04 

and 9.34y/, respectively, to be 6,2:1. A si5ectrum of a synthetic mixture 

of ji-butyltriphenylsilane and n-butyltriphenyltin in 1:1 weight ratio gave 

the relative areas of the same bands as 3,8:1. A simple proportion gives a 

weight ratio of ji-butyltriphenylsilane to ji-butyltriphenyltin of 1.6:1 and 

yields of 0.9 g. of the former and 0.6 g. of the latter. The total yield of 

the two products was 67% of_n-butyltriphenylsilane and 3.1% of _n-butyltri-

phenyltin. 

In a second run of the reaction under the same conditions of time 

and temperature, 89 ml. of 0.475 M triphenyltinlithium (0.042 mole) 

was combined with 75 ml. of 0.565 M triphenylsilyllithium (0.042 mole) 

and reacted with 3.92 g. (0.042 mole) of _n-butyl chloride in 10 ml. of 

tetrahydrofuran. Product yields were 5.0 g. (36%) of _n-butyltriphenyl-

silane and 0.2 g. (1.2%) of n-butyltriphenyltin. 
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Triphenvlqermvllithium and triphenvltinlithium Under the same 

conditions as outlined above, 70 ml. of 0.549 M triphenylgermyllithium 

(0,038 mole) was added to 70 ml. of 0.549 M triphenyltinlithium 

(0.038 mole) followed by treatment with 3.56_g. (0.038 mole) of ri-

butyl chloride. Subsequent to the same work-up and alumina chro

matography, 5,8 g. of _n-butyl triph enylg ermane, m.p. 80.5-81.5° 

(mixed m.p. 81,5-82.59), was isolated. Additional solid, 3.7 g., 

m.p. 73-75°, was shown to contain 3.0 g. of n-butyltriphenylgermane 

and 0,7 g, of n-butyl triph enyltin by infrared analysis. Combined 

yields were 63% of germanium derivative and 4.5% of tin derivative. 

The reaction was repeated using 85 ml, of 0,556 M triphenyl-

germyllithium (0,047 mole), 81 ml, of 0,588 M triphenyltinlithium 

(0.047 mole), and 4.39 g. (0.047 mole) of_n-butyl chloride to obtain 

9.5 g. (55.5%) of n^-butyltriphenylgermane and 1.2 g, (6,2%) of n-

butyltriph enyltin. 

Triphenyltinlithium and triphenylleadlithium Triphenylleadlithium 

prepared from 19,0 g, (0.040 mole) of triphenyllead chloride was combined 

with triphenyltinlithium prepared from 15.4 g. (0.040 mole) of triph enyl

tin chloride (0,034 mole of triphenyltinlithium by double titration). To 

this mixture at -30° was added 3,18 g, (0,034 mole) of_n-butyl chloride. 

The usual work-up followed by alumina chromatography gave 6.5 g. of 

product, m.p. 57-58°. Infrared analysis indicated 6.2 g. (45%) of n-
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butyltriphenyltin and 0,3 g. (2%) of_n-butyltriphenyllead. Because 

of the small area of the phenyl-lead band in this spectrum, the 

analysis is undoubtedly less accurate than in the previous reactions. 

Triphenylsilyllithium and triphenvlqermvllithium To 57 ml, of 

0.480 M triphenylsilyllithium (0.027 mole) and 61 ml. of 0.446 M 

triphenylgermyllithium (0,027 mole) at -15° (the solution became 

inhomogeneous at lower temperature) was added at one time 2 ,52 g. 

(0.027 mole) of _n-butyl chloride in 10 ml. of tetrahydrofuran« After 

the usual work-up ; the product was crystallized twice from petroleum 

ether (b,p. 60-70°) and once from methanol to obtain solid melting 

at 77-83°. Infrared analysis using the calibration curve described 

previously showed the presence of 3,7 g, (42.5%) of n-butyltriphenyl-

silane and 3.0 g, (31%) of ji-butyltriphenylgermane. 

Triphenylsilyllithium and methyldiphenylsilvllithium To 75 ml, 

of 0,596 M triphenylsilyllithium (0.045 mole) and 74 ml. of 0.602 M 

methyldiphenylsilyllithium (0,045 mole), cooled to -30°, was added 

4.14 g. (0,045 mole) of n-butyl chloride in 10 ml, of tetrahydrofuran. 

After carbonation and the usual work-up, the solvent was removed from 

the neutral layer to leave an oily residue. Methanol was added, and 

after standing several hours, 3.65 g. (2 6,4%) of n-butyltriphenylsilane, 

m,p, 79-81°, was filtered off. The filtrate was concentrated to remove 
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the majority of the solvent, and the remaining liquid was analyzed by 

vapor phase chromatography using trimethylsilyldiphenylsilane^ as 

a standard, as described in the next section. The yield of n^-butyl-

methyldiphenylsilane was determined to be 38%. 

Methvldiphenvlsilvllithium and dimethvlphenvlsilvllithium To a 

mixture of 79 ml. of 0.549 M methyldiphenylsilyllithium (0.043 mole) 

and 62 ml. of 0.694 M dimethylphenylsilyllithium (0.043 mole) at -30° 

was added 4,01 g. (0.043 mole) of _n-butyl chloride in 10 ml. of tetra-

hydrofuran. The usual work-up and removal of the solvent by distilla

tion left a liquid residue. The mixture was analyzed quantitatively by 

vapor phase chromatography using a column of Dow Corning Hi-vac 

grease on firebrick at 170°. The standard, which was added in known 

quantity to the product mixture, was trimethylsilyldiphenylsilane, which 

is eluted from the column between the two butyl derivatives. Each of 

the butyl compounds was combined in known quantity with the standard 

in order to determine a correction factor for the observed peak areas. 

These factors were close to unity, i.e. equimolar quantities of the 

standard and the butyl derivatives give peaks of almost the same area. 

Analysis of the product mixture above showed yields of 48.6% for _n-

G. L. Schwebke, Iowa State University of Science and Technology, 
Ames, Iowa. Information on the preparation and properties of trimethyl
silyldiphenylsilane . Private communication. 1963. 
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butylmethyldiphenylsilane and 45.5% for n^-butyldlmethylphenylsilane. 

The reaction was repeated using 93 ml, of 0.705 M methyldi-

phenylsilyllithium (0,066 mole); 92 ml, of 0,715 M dimethylphenyl-

silyllithium (0.066 mole), and 6.09 g, (0.066 mole) of n.-butyl chloride. 

The same work-up and analytical procedure showed yields of 53% for 

ji-butylmethyldiphenylsilane and 51.5% for ri-butyldimethylphenylsilane. 

There is an obvious error here, since the combined yields are greater 

than 100%, but the source of the error is not known. However, the rela

tive yields of the products are in reasonably good agreement with those 

of the first run. 

Competition of triphen vis ilyllithium and 
triphenylgermvllithium for n-hexyl chloride 

A mixture of 72 ml, of 0.649 M triph enyl s ilyllithium (0.046 mole) 

and 73 ml. of 0.636 M triphenylgermyllithium (0.046 mole) was cooled 

to -5°, and 5.60 g. (0.046 mole) of_n-hexyl chloride in 10 ml. of tetra-

hydrofuran w&s added. Work-up in the usual manner, followed by 

alumina chromatography gave 9.3 g, of product melting over the range 

70-76.5°, Infrared analysis using the same calibration curve as before 

showed 6,1 g. (38%) of ri-hexyltriphenylsilane and 3,2 g, (18%) of n,-

hexyltriphenylgermane, 

The reaction was repeated using 104 ml. of 0.444 M triphenylsilyl-

lithium (0,045 mole), 106 ml. of 0,436 M triphenylgermyllithium (0.045 

mole), and 5.42 g. (0,045 mole) of ri-hexyl chloride. The yields of 
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products were 6.9 g. (44%) of^-hexyltriphenylsilane and 3,1 g, (18%) 

of ri-hexyltriphenylgermane. 

Reaction of methvldlphenvlsilvllithium 
with n-butyl chloride 

To 68 ml. of 0.590 M methyldiphenylsilyllithium (0.040 mole) 

was added dropwise over a period of 45 min. 3,72 g. (0.040 mole) of 

_n-butyl chloride in 25 ml. of tetrahydrofuran. Color Test I was nega

tive at the end of the addition^ and the solution was hydrolyzed in 

dilute hydrochloric acid. The tetrahydrofuran layer was removed; 

dried, and distilled to remove the solvent. The residue was distilled 

under reduced pressure to obtain 2.0 g, of forerun, b.p, 118-120°/0.5mm., 

2 0 
n^ 1.5537, and 6.0 g, (59%) of n,-butylmethyldiphenylsilane, b.p, 

120-122°/0.5mm,, n^° 1.5524, 

Anal. Calcd. for C^.H^^Si: C, 80.27; H, 8.72, Found: C, 

80,10, 79.94; H, 8,26, 8.36, 

Reaction of dimethvlphenvlsilvllithium 
with n-butyl chloride 

To 85 ml, of 0,575 M dim ethylph enyl s ilyllithium (0.049 mole) 

was added dropwise 4.52 g. (0,049 mole) of _n-butyl chloride in 

50 ml. of tetrahydrofuran. The usual work-up followed by distilla

tion at reduced pressure gave 0.4 g. of forerun, b.p. 113-116°/ 

2 0  
30 mm., n^ 1.4932; 1.0 g. (10,6%) of impure product, b.p. 116-
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120°/30 ram., 1.4924; and 3.7 g, (39,4%) of ^-butyldimethyl-

2 0 
phenylsilane, b.p. 120-121°/30 mm., n_ 1.4921. Vapor phase 

D 

chromatography showed low-boiling impurity in the second fraction^ 

but none in the third fraction. 

Anal. Calcd. for 0^2^2 0^^* C, 74.92; H, 10.48. Found: C, 

74.48, 74.26; H, 10.36, 10.61. 

Metalations of fluorene 

By triphenvlsilyllithium To a solution of 7.63 g. (0.046 mole) 

of fluorene in 60 ml. of tetrahydrofuran at room temperature was added 

at one time 80 ml, of 0.575 M triphenylsilyllithium (0.046 mole). 

The solution was stirred for 4 hours, then carbonated by pouring onto 

a Dry Ice-diethyl ether slurry. After allowing the mixture to warm to 

0°, dilute hydrochloric acid was added, followed by several extrac

tions with diethyl ether. The combined ether layers were extracted 

with 400 ml. of 5% sodium hydroxide in several portions. The basic 

extract was boiled to remove traces of tetrahydrofuran, then acidified 

with 10% hydrochloric acid. Filtration afforded solid product which 

was recrystallized from glacial acetic acid to obtain 9.28 g. (96.8%) 

of fluorene-9-carboxylic acid, m.p. 226-230°. In addition, 6.7 g. 

(62%) of triphenylsilane, m.p. 40-41°, and 0.2 g. (2.5%) of fluorene, 

m.p. 111-113° (mixed m.p.), were isolated on alumina chromatography 

of the neutral fraction of the reaction mixture. 
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General procedure for comparative reactions To 7,63 g, (0.046 

mole) of fluorene in 380 ml. of tetrahydrofuran, cooled to 0° with a 

Dry Ice-acetone bath, was added at one time 77 ml, of 0.596 M tri-

phenylsilyllithium (0,046 mole). The solution was stirred for 1,5 hours 

with the temperature maintained between 0° and 5°, then carbonated 

and worked up as previously described. Two recrystallizations of the 

crude product obtained upon, acidification of the basic extract, again 

from glacial acetic acid, afforded 4,3 g, (44,5%) of fluorene-9-

carboxylic acid, m,p, 229-232°, 

The remainder of the reactions reported in Table 11 were carried out 

as described above, under the same conditions of time, temperature, and 

concentrations of reagents. Fluorene-9-carboxylic acid was considered 

of sufficient purity when it began to melt at 226° or above. 

Preparations and Reactions of Organic Group IVB Lithium Compounds 

Pentaphenvldisilanvllithium (159) 

Preparation of reagent To 10.50 g. (0,0115 mole) of decaphenyl-

cyclop enta s ilane (160) in 150 ml. of tetrahydrofuran was added 103 ml, 

of 0.675 M triphenyl s ilyllithium (0.070 mole), and the mixture was 

stirred at room temperature for 46 hours, A 25 ml. aliquot was removed 

by pipette and hydrolyzed in dilute hydrochloric acid. The organic 

layer was separated and filtered to obtain hexaphenyldisilane, 0.24 g,, 
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m.p. 360-364°, The filtrate was dried and the solvent evaporated, 

followed by alumina chromatography of the resulting solid. Petroleum 

ether (b,p. 60-70°) eluted traces of oil. Mixtures of petroleum ether 

(b.po 60-70°) and benzene eluted pentaphenyldisilane, which was 

recrystallized from the same solvent system to obtain 0.76 g. (ça, 40%) 

of the product, m.p. 219-221° (mixed m.p.). 

A second 25 ml. aliquot was removed from the reaction mixture 

after 94 hours. The same work-up afforded hexaphenyldisilane (0,27 

g.) and pentaphenyldisilane (1,12 g., ça. 63%). 

A repeated run of the reaction gave ça. 35% of pentaphenyldisilane 

after 48 hours and ça. 57% after 96 hours. Subsequent preparations of 

the reagent were stirred for 96 hours. 

Reaction with n-butyl chloride To the silyllithium reagent pre

pared from 6,98 g, (0,0077 mole) of decaphenylcyclopentasilane 

in 75 ml, of tetrahydrofuran and 79 ml, of 0,533 M triphenylsilyllithium 

(0,042 mole) was added 3.90 g, (0.042 mole) of n^-butyl chloride. 

Color Test I was negative at the end of the addition,and the mixture was 

hydrolyzed in dilute hydrochloric acid. Separation and filtration of the 

organic layer gave a solid, m.p. 300-32 0°, which was treated with ben

zene and filtered to obtain 0.75 g. of hexaphenyldisilane, m.p, 358-

362° (mixed m.p,). Evaporation of the filtrate from the organic layer 

left a solid which was recrystallized from benzene-petroleum ether 
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(b.p. 60-70°) mixture to obtain material melting at 224-227°. Two 

recrystallizations from ethyl acetate gave 5.4 g, (28%) of pure ri-

butylpentaphenyldisilane, m.p. 224-226°. 

Anal. Calcd. for Cg^Hg^Sig: C; 81.87; H; 6.87; Si, 11.26. 

Found: C, 82 .09, 82.04; H, 6.54, 6.54; Si, 11.52, 11.62. 

Dimethvl-p-tolylsilyllithium 

Preparation of starting materials 

Chlorodimethyl-p-tolvlsilane The Grignard reagent prepared 

from 85.5 g, (0.50 g.-atorn) of magnesium in 400 ml. of diethyl ether was 

added dropwise to 73 g. (0.47 mole) of dichlorodimethylsilane in 100 

ml. of ether. The solution was stirred overnight, followed by replace

ment of the ether with dry petroleum ether (b.p. 60-70°). The resulting 

mixture was filtered through a sintered glass funnel under nitrogen 

pressure. The solvent was removed, followed by distillation at reduced 

pressure to obtain 41.5 g. (48.4%) of the product, b.p. 110.5-113°/ 

20 mm., n^ 1.5130 [reported (161) b.p. 130-131°/40 mm., n^ 

1.5055^ . The infrared spectrum showed no absorptions due to Si-OH 

or Si-O-Si groups. 

A second run of the reaction was made using twice the previous 

quantities of reagents. The yield of product was 98.1 g. (53.1%), 

b.p. 106-108°/20 mm., n^° 1.5132. 



www.manaraa.com

57 

1.2-Di-p-tolvl-1.1.2.2 - tetra methyldi s ilane 

Chlorodimethyl-_£-tolylsilane^ 41,5 g. (0.225 mole); sodium, 

11.5 g. (0.50 g.-atom); and xylene, 150 ml., were heated until the 

sodium melted, and the mixture stirred for 48 hours. The excess 

sodium was destroyed by slow addition of 95% aqueous ethanol, and 

the resulting mixture filtered. The solvent was removed from the 

filtrate by distillation at reduced pressure. The solid thus obtained 

was recrystallized from methanol to give 15 g. (45%) of l,2-di-_£-

tolyl-1,1,2,2-tetramethyldisilane, m.p. 68-70°. Three recrystal-

lizations from methanol raised the melting point to 70-72°. 

Anal. Calcd. for C_H-_Si-: C, 72.42; H, 8.81. Found: C, 
10 6 b Ù 

72.92, 72.90; H, 8.75, 8.90. 

Preparation of reagent 

* From dis ilane (attempted) To a mixture of 8.95 g. (0.03 

mole) of 1,2-di-^-tolyl-1,1,2,2-tetramethyldisilane and 1.5 g. 

(0,22 g.-atom) of lithium was added 5 ml. of tetrahydrofuran« Stirring 

of the mixture for 1.5 hours produced no apparent effect. Additional 

tetrahydrofuran (100 ml.) was introduced, and stirring was continued 

for 15 hours. Color Test I remained negative. The reaction mixture 

was hydrolyzed and worked up in the normal manner to recover 6.9 g. 

(77%) of the dis ilane, m.p. 69-71°. 
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In a second run the mixture of disilane, lithium, and a small 

volume of tetrahydrofuran, sufficient to make a paste, was stirred 

for 2 hours. Addition of small amounts of chlorotriphenylsilane and 

ethyl iodide had no apparent effect, but after stirring for 10 hours 

the reaction mixture turned brown. Tetrahydrofuran (60 ml.) was 

added, and stirring was continued for an additional 12 hours. Color 

Test I appeared slightly positive, and double titration showed a 

silyllithium content corresponding to a 3.8% yield of the reagent. 

Hydrolysis and the usual work-up afforded 31% of recovered disilane. 

From chlorosilane To 4.2 g. (0.6 g.-atom) of lithium was 

added over a period of 1.5 hours a solution of 11.1 g. (0.06 mole) 

of chlorodimethyl-ji-tolylsilane in 50 ml. of tetrahydrofuran. An 

exothermic reaction took place, and a brown color developed slowly. 

Titrations were made after stirring;for 6, 24, and 30 hours, showing 

yields of 4.2, 41.2, and 42 ,5%, respectively. The solution gave a 

positive Color Test I. 

In a second run, the maximum yield by titration was 33.6% after 

25 hours. 

Dimethyl-p-methoxvphenylsilvllithium 

Chlorodimethvl-p-methoxvphenvlsilane The Grignard reagent 

prepared from 93.5 g. (0.50 mole) of £^-bromoanisole and 18.2 g. 
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(0.75 g,-atom) of magnesium in 400 ml. of ether was added drop wise 

to 107 g. (0,83 mole) of dichlorodimethylsilane in 150 ml. of ether. 

The mixture was stirred for 3 days, followed by replacement of the 

ether with petroleum ether (b.p. 60-70°). Filtration under nitrogen 

and removal of the solvent were followed by distillation under reduced 

pressure to give 22.4 g. (24%) of the product, b.p. 143-146°/25 mm., 

n^° 1.5219 [Reported (162) b.p. 163-165°/50 mm., n^° 1.5528] . 

Anal. Calcd. for CgHjgClOSi: CI, 17.7%. Found:CI, 17.5, 17.3%. 

Preparation of reagent (attempted) To 1.73 g. (0.25 g .-atom) of 

lithium was added over a period of 1.5 hours a solution of 10.0 g. 

(0.050 mole) of chlorodimethyl-£-methoxyphenylsilane. An exothermic 

reaction occurred, and the mixture soon became red-brown. After 

stirring for 17 hours. Color Test I was slightly positive, and the 

solution was titrated. The total basic content corresponded to a yield 

of 102%, but silyllithium content was only 0.4%. Stirring was continued 

for 41 hours, when the color test was positive, and the yield of silyl

lithium was 2.1%. 

Dimethyl- p- ph enoxyphen vl s ilvllithium 

Chlorodimethyl-p-phenoxyphenylsilane The Grignard reagent 

prepared from 249.1 g. (1.0 mole) of £,-bromodiphenyl ether and.36.5 

g. (1.5 g.-atoms) of magnesium in 550 ml. of ether was added to 
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193 g. (1,5 moles) of dichlorodimethylsilane in 250 ml. of ether. 

Color Test I was negative at the end of the addition. Work-up as 

before and distillation at reduced pressure afforded 156,8 g, (66.5%) 

of productf b,p. 140-160°/l.6 mm. This material was redistilled 

to give the pure product, b,p, 170-171°/3.2 mm,, lo5668 

[reported (162) b.p, 204-210°/40 mm., n^° 1,5722] , 

Preparation of reagent (attempted) To 0,6 g, (0,085 g.-atom) 

of lithium was added dropwise a solution of 10,5 g. (0,040 mole) 

of chlorodimethyl-_£-phenoxyphenylsilane in 50 ml, of tetrahydrofuran. 

An exothermic reaction occurred with the formation of a dark red 

color. After 1,5 hours of stirring, titration showed 112% yield of 

base and 4., 0% yield of silyllithium, 

In a repeated run, stirring was continued for 3 hours, when the yield 

of silyllithium compound was 2 ,4% by titration. 

p-Biphenvlvldimethvlsilvllithium 

p-Biphenvlylchlorodimethvlsilane The Grignard reagent prepared 

from 233 g. (1.0 mole) of £-bromobiphenyl and 36.5 g, (1.5 g,-atoms) 

of magnesium in 600 ml, of ether was added dropwise to 193 g, 

(1,5 moles) of dichlorodimethylsilane in 200 ml, of ether. After 

stirring overnight Color Test I was negative, and the reaction mixture 

was worked up in the usual manner. Distillation at reduced pressure 
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afforded the product, b.p. 147-167°/3.0-2.4 mm. The material 

tended to solidify in the side arm of the condenser, which was kept 

free by heating with an infrared lamp. The product was redistilled 

to obtain pure_£-biphenylylchlorodimethylsilane, b.p, 164-167°/ 

2 .5 mm. 

Anal. Calcd, for C H ClSi: CI, 13.7%. Found: CI, 13.7, 
14 10 

13.4%. A yield of product was not determined, since a portion of the 

Grignard reagent was lost through an insecure stopcock on the addition 

funnel. 

Preparation of reagent (attempted) To 0,6 g. (0,085 g.-atom) 

of lithium was added over a period of 3 hours a solution of 10.36 g. 

(0.040 mole) of £^-biphenylylchlorodimethylsilane in 190 ml. of tetra-

hydrofuran. A dark green color developed rapidly, and the reaction 

mixture became rather viscous. The solution gave a positive Color 

Test I, After stirring for an hour after the end of the addition, titra

tion showed a 134% yield of bas-e and 103% of organolithium. The 

solution was added to n.-butyl chloride to form a mixture of products 

which were not identified. 

Triethylqermyllithium (attempted) 

To 0.7 g. (0.1 g.-atom) of lithium was added 2.4 g. (0,012 

mole) of chlorotriethylgermane in a few ml, of tetrahydrofuran. 
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Stirring produced an exothermic reaction, and the mixture became 

cloudy, A second 2,4 g, (0,012 mole) portion of chlorotriethyl-

germane in 50 ml, of tetrahydrofuran was added over a period of 

20 min. At the end of the addition the solution gave a negative Color 

Test I, Hydrolysis of an aliquot of the solution released no base. 

The reaction mixture was hydrolyzed in dilute hydrochloric acid and 

worked up in the usual manner. Removal of the solvent from the 

organic layer was followed by distillation to obtain 2 .2 g, (55%) of 

hexaethyldigermane, b.p, 97-98°/0,9 mm., n^^ 1.4948 [reported 

(163) b.p .  61-62°/0.007 mm,, n^° 1.49601 . 
D —' 

Variations in the manner of addition of the chlorotriethyl-

germane to the lithium did not alter the course of the reaction. None 

of the attempts gave a positive Color Test I or a basic solution on 

hydrolysis, 

Tri- n- butyl tinlithium 

Preparation of reagent To 0,7 g, (0,1 g,-atom) of lithium was added 

6,51 g. (0.02 mole) of tri-ri-butyl tin chloride in 1-2 ml, of tetra

hydrofuran. Stirring was begun, and an immediate exothermic reaction 

was noted. Tetrahydrofuran (40 ml,) was then added at one time and 

stirring continued for 45 min. The solution had a light yellow color, 

gave a positive Color Test I, and showed a 65,9% yield of tinlithium 
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reagent on titration. Variations in the method of addition of tri-ri-

butyltin chloride did not appreciably affect the yield of reagent. 

Stability in tetrahvdrofuran Aliquots of the tetrahydrofuran 

solution of tri-n^-butyltinlithium were titrated at intervals. The 

solution was allowed to stand at room temperature over the period in 

which titrations were made. The results appear in Figure 2. 

Reaction with n-butyl chloride To 1.69 g. (0.018 mole) of 

n-butyl chloride was added over a period of 45 min. 76 ml. of 0,239 

M tri-ji-butyltinlithium (0.018 mole). At the end of the addition. 

Color Test I was negative. The reaction mixture was stirred overnight, 

followed by hydrolysis in saturated ammonium chloride solution. 

Separation and drying of the organic layer were followed by distillation 

of the solvent. The residue was distilled at reduced pressure to 

obtain the crude product, b,p. 105-122®/l.2 mm. Redistillation 

afforded 2,6 g. (41%) of pure tetra-ri-butyl tin, b.p. 117-119°/0.8 

mm., n^^ 1,4751 [reported (164) b.p. 127°/l .7 mm., n^^ 1.4729^ . 

The infrared spectrum was identical to that of a known sample (164). 

Reaction with iodobenzene To 4.1 g. (0.021 mole) of iodobenzene 

in 30 ml. of tetrahydrofuran was added 78 ml. of 0.271 M tri-n-

butyltinlithium over a period of 1 hour. The resulting brown solution 

gave a negative Color Test I and was stirred for an additional 18 hours. 
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Hydrolysis in saturated ammonium chloride was followed by the usual 

work-up and distillation of the solvent. The residue was distilled at 

reduced pressure to obtain crude phenyltri-n-butyltin, b.p. 120-147°/ 

0.6 mm. Redistillation afforded 1.3 g. (22%) of the pure product, 

b .p. 123-124°/0.5 mm., n^® 1.5210 [reported (164) b.p. 139°/0.6 

20 —I 
mm., n_ 1.5155 . The infrared spectrum was identical with that of 

D —' 

a known sample (164). 

Reaction with trim ethyl phosphate To 2.5 g. (0.018 mole) of 

trimethyl phosphate in 10 ml. of tetrahydrofuran was added over a 

period of 1 hour 77 ml. of 0.232 M tri-n-butyltinlithium (0.018 mole). 

The reaction was exothermic, and Color Test I was negative at the 

end of the addition. After stirring for an additional hour, the mixture 

was hydrolyzed in saturated ammonium chloride and worked up in the 

usual manner. After distillation of the solvent, methyltri-^-butyltin, 

2.0 g. (36%), was obtained, b.p. 108-lll°/4 mm., n^ 1.4731, 

dgQ 1.0908 [reported (165) b.p, 122-124°/ll mm,, d^g l,090l]. 

Reaction with hexaphenvldisilane (attempted) To 10,25 g, 

(0.02 0 mole) of hexaphenyldisilane suspended in 30 ml, of tetrahydrofuran 

was added 96 ml. of 0,2 06 M tri-n^-butyltinlithium (0.020 mole) over a 

period of 30 min. After stirring for 66 hours there was no evidence of 

reaction. Hydrolysis in saturated ammonium chloride was followed 
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by filtration to obtain 10.25 g, (100%) of unreacted hexaphenyldisilane, 

m.p. 362-365°. 

M eth vldiph en vltinlithium 

Preparation of methvltriphenvltin 

From triphenvltin chloride and methyllithium (attempted) To 139 

g. (0.36 mole) of triphenyltin chloride in 450 ml. of ether was added 

a solution;of methyllithium prepared from 63,9 g. (0,45 mole) of 

methyl iodide and 6.94 g. (1.0 g.-atom) of lithium in 600 ml, of ether 

(0,30 mole of methyllithium by ally!bromide double titration). After 

stirring for 48 hours. Color Test I was still positive, and 7.7 g. (0.02 

mole) of additional triphenyltin chloride in 100 ml. of ether was added. 

After another 2 hours, the color test was negative. The reaction mixture 

was hydrolyzed in dilute hydrochloric acid and the ether layer separated 

and filtered to obtain solid product, m.p. 222-228°. The material was 

re crystallized from benzene to obtain 83.2 g. (72.3% yield based on 

available phenyl groups) of tetraphenyltin, m.p, 227-230° (mixture m.p.). 

From triphenvltinlithium and trimethyl phosphate To 36.5 g. 

(0.26 mole) of trimethyl phosphate in 100 ml. of tetrahydrofuran was 

added drop wise 510 ml. of 0.465 M triphenyltinlithium (0,24 mole). 

At the end of the addition stirring was continued for 2 hours, followed 

by hydrolysis with dilute hydrochloric acid. The normal work-up and 
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evaporation of the organic layer afforded the crude product, Treat

ment with methanol and filtration gave 3.3 g. (3.6%) of hexaphenyl-

ditin, m.p. 225-230° (mixed m.p. 230-233°). Concentration of the 

filtrate afforded^ after recrystallization of the product from methanol, 

69.0 g. (73.1%) of methyltriphenyltin, m.p. 60-62° (mixed m.p.). 

Methyldiphenyltin chloride 

From methyltriphenyltin and hydrogen chloride A solution of 

6.70 g. (0.018 mole) of methyltriphenyltin in 100 ml. of chloroform 

was heated to reflux temperature. Approximately 415 ml, (0,018 mole) 

of anhydrous hydrogen chloride, metered by a calibrated manometer, 

was bubbled into the solution over a period of 3 min. The reaction 

mixture was stirred for 30 min., decanted, and the solvent evaporated. 

From the resulting oil a solid, m.p. 95-98°, crystallized on standing 

overnight. Recrystallization from dry petroleum ether (b.p. 60-70°) 

afforded 1.4 g. (19.3%) of triphenyltin chloride, m.p. 101-103° (mixed 

m.p.). The remaining oil was distilled at reduced pressure to obtain 

2 0 
the crude product, b.p. 143-150°/0.5 mm,, n ' 1.6124. Two redistilla-

D 
tions afforded pure methyldiphenyltin chloride, b.p. 125-128°/0.2 mm., 

2 0  
n^ 1.6139. 

Anal. Calcd. for Cj^gH^gClSn: C, 48.28; H, 4.05; CI, 11.0, Found: 

C, 48,59, 48.55; H, 4.16, 4.20; CI, 11.2, 11.0. 
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From methvltriphenvltin and chlorine Into a solution of 

50.0 g. (0.14 mole) of methyltriphenyltin in 500 ml. of dry petroleum 

ether (b. p .  60-70°) cooled to -25° with a Dry Ice-acetone bath was 

bubbled approximately 3500 ml. (0.16 mole) of chlorine over a period 

of 12 min. The mixture was allowed to warm to room temperature under 

stirring, and the solvent was evaporated. The resulting oil was 

distilled three times at reduced pressure to obtain 10.6 g. (24.0%) 

2 0 
of methyldiphenyltin chloride, b.p. 128-132°/0.25 mm., n^ 1.6140. 

The residue from the first distillation solidified and was recrystallized 

from dry petroleum ether (b.p, 60-70°) to obtain 3.6 g. (6.8%) of 

impure triphenyltin chloride, m.p. 85-90° (mixed m.p, 92-95°). 

From methvltriphenvltin and iodine followed by hydrolysis and 

treatment with hydrochloric acid To a solution of 72.8 g. (0.20 mole) 

of m ethyltriph enyltin in 350 ml, of chloroform heated to reflux tempera

ture was added dropwise a solution of 50.5 g. (0.20 mole) of iodine 

in 11. of chloroform. The purple iodine color was discharged rapidly at 

first, then more slowly, until 1 hour was required to lose the color at 

the end of the addition. The solvent was evaporated and the resulting 

oil taken up in diethyl ether. The ether solution was extracted three 

times with 2 0% sodium hydroxide, once with distilled water, and three 

times with 10% hydrochloric acid. The ether layer was then dried over 

anhydrous sodium sulfate and the solvent evaporated to leave an 
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oil which was distilled at reduced pressure to obtain impure methyl-

2 0 
diphenyltin chloride, b.p, 137-150°/0.5 mm., n^ 1.6130. Redistil

lation afforded 29.4 g. (44.2%) of the pure product, b.p. 129-130°/ 

20 
0.15 mm., n 1.6140. From the residue of the first distillation was 

D 

obtained a solid which was recrystallized from dry petroleum ether 

to give 2.4 g, (3.1%) of triphenyltin chloride, m.p. 101-103° (mixed 

m.p. 103-105°). 

Preparation of reagent To 7.9 g. (0.024 mole) of methyldiphenyl-

tin chloride and 0.52 g. (0.075 g.-atom) of finely cut lithium wire 

was added a small amount of tetrahydrofuran. Stirring was commenced, 

and an immediate exothermic reaction took place. Tetrahydrofuran 

(50 ml.) was added, and the mixture rapidly became green-brown in 

color. After stirring for 3 hours titration showed a 93.7% yield of the 

tinlithium reagent. The solution gave a positive Color Test I. 

Stability in tetrahydrofuran Aliquots of a tetrahydrofuran solution 

of methyldiphenyltinlithium were titrated at intervals. The solution was 

allowed to stand at room temperature over the period in which titrations 

were made. The results appear in Figure 2. 

Reaction with trim ethyl phosphate To 3.42 g. (0.024 mole) of 

trimethyl phosphate in 50 ml., of tetrahydrofuran was added over a 

period of 1 hour 52 ml. of 0.409 M methyldiphenyltinlithium (0.021 mole). 
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The mixture was allowed to stir for an additional 1,5 hours, then 

hydrolyzed in dilute hydrochloric acid. Removal of the solvent from 

the organic layer left an oil which was distilled at reduced pressure 

to obtain crude dimethyldiphenyltin, b.p, 94-106°/0.15 mm. Re

distillation afforded the pure product, 3,1 g. (41.9%), b,p. 93-96°/ 

2 0 0.15 mm., n^ 1.5900. The infrared spectrum of the product was 

identical with that of the material prepared from diphenyltin dichloride 

and methylmagnesium iodide. 

Dimethvlphenvltinlithlum 

Preparation of starting materials 

Dimethvldiphenvltin The Grignard reagent prepared from 

39,8 g, (0.28 mole) of methyl iodide and 9,2 g. (0,38 g.-atom) 

of magnesium in 300 ml. of diethyl ether was added dropwise to 

48,0 g. (0.14 mole) of diphenyltin dichloride in 300 ml, of diethyl 

ether. The mixture was stirred overnight, at the end of which time 

Color Test I was negative. Hydrolysis was effected with dilute 

hydrochloric acid, followed by the usual work-up. Evaporation of 

the solvent from the organic layer left a brown oil which was distilled 

at reduced pressure to obtain 36,2 g, (85.6%) of dimethyldiphenyltin, 

2  0  2 0  
b.p. 97-.99°/0,2 mm,, n^ 1,5910, dgg 1.3650, 

Anal. Calcd, for C H Sn; C, 55,50; H, 5,32; MR^ 74,98 (109), 
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Found: C, 54.89, 55.04; H, 5.36, 5.47; MR^ 75.01. 

A second run of the reaction afforded dimethyldiphenyltin in 

76o3% yield after two distillations of the product, b.p. 99-100°/ 

0.25 mm., n^° 1.5909. 
D 

Dimethylphenvltin chloride To a solution of 50.0 g. (0.165 

mole) of dimethyldiphenyltin in 900 ml. of chloroform heated to reflux 

temperature was added 41.9 g, (0.165 mole) of iodine in small portions. 

At the end of the addition the mixture was maintained at reflux tempera

ture for 3 hours, then allowed to cool under stirring overnight. The 

solvent was distilled under nitrogen, then the residue distilled at 

reduced pressure to obtain 53.8 g. (92 .5%) of a product assumed to be 

2 0 
dimethylphenyltin iodide, b.p. 79-83°/0.25 mm., n^ 1.6271» This 

material was dissolved in 150 ml. of diethyl ether, extracted three 

times with 20% sodium hydroxide, once with water, and three times with 

10% hydrochloric acid. The ether layer was then dried over anhydrous 

sodium sulfate and the solvent distilled. The residue was distilled 

at reduced pressure to obtain 28.9 g. (67.2% based on dimethyldiphenyl

tin) of dimethylphenyltin chloride, b.p. 91-92°/0.9 mm., n^ 1.5761. 

Anal. Calcd. for CgH^^^ClSn: Cl, 13.6. Found: Cl, 13.8, 13.6. 

When the reaction mixture was worked up without distilling the 

dimethylphenyltin iodide before converting it to the chloride, a more 

complex mixture of products was obtained. Five distillations were 
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required to purify the product in this case. 

Preparation of reagent To 6.54 g, (0.025 mole) of dimethylphenyl-

tin chloride and 0.52 g, (0,075 g.-atom) of finely cut lithium wire was 

added a small amount of tetrahydrofuran. Stirring was begun, and an 

exothermic reaction ensued, Tetrahydrofuran (50 ml.) was added and 

the mixture stirred for 3 hours, At the end of this time Color Test I 

was positive, and titration showed a 77.9% yield of the tinlithium 

reagent. 

Branched Chain Poly tin Compounds 

Preparations of tetrakisftriphenvlstannvDtin 

From tri phenyl tinlithium and stannous chloride followed by triphenvl-

tin chloride A solution of 3.66 g. (0,019 mole) of stannous chloride 

was cooled to ça. 0° with an ice-water bath, and 118 ml. of 0.479 M 

triphenyltinlithium (0.057 mole) was added over a period of 3 hours. The 

reaction mixture became yellow rapidly, then darkened to brown. At the 

end of the addition the mixture was stirred for 18 hours. The solution 

appeared homogeneous and gave a negative Color Test I. It was decanted 

and added dropwise to a solution of 7.05 g. (0,019 mole) of triphenyltin 

chloride in 100 ml, of tetrahydrofuran. The resulting brown solution was 

stirred for 2 0 hours, then hydrolyzed in saturated ammonium chloride. 

The organic layer was separated and filtered to obtain a white solid. 
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moP. 310-330° decorap. Recrystalllzation from benzene gave 15,7 g. 

(55%) of tetrakis(triphenylstannyl)tin, m.p. 315-330° decomp. Subse

quent recrystallizations from benzene^ chloroform or a carbon disulfide-

acetone mixture did not raise the melting point. 

Anal. Calcd. for C H Sn: C, 56.94; H, 3.98; Sn, 39.08; 
72 60 

mol. wt. 1519. Found: C, 57.71, 57.91; H, 4.14, 4.16; Sn, 38.93, 

39,21; mol. wt. (vapor pressure osmometer) 1498. 

Evaporation of the tetrahydrofuran filtrate afforded a solid 

which was recrystallized from benzene-petroleum ether (b.p. 60-70°) 

to obtain 4.6 g. (17.5%) of hexaphenylditin, m.p, 229-232° (mixed 

m.p. 230-234°). Concentration of the mother liquor gave a material, 

m.p. 280-300° decomp., which appeared to be a mixture of the two 

products already described. The mixture was not fractionated. 

Two subsequent runs of the reaction under the same conditions 

afforded tetrakis(triphenylstannyl)tin in yields of 69.4% and 47.5%. 

The infrared spectrum of the compound is identical to that of hexaphenyl

ditin, while the ultraviolet spectrum ( \ cyclohexane 275.5, 247 nyj ) 

is distinctly different from that of the ditin (12 0a). 

From phenvlmagnesium bromide and stannous chloride The 

Grignard reagent prepared from 75.0 g. (0.48 mole) of bromobenzene 

and 12.2 g. (0.50 g.-atom) of magnesium in 400 ml..of diethyl ether 

was decanted through a glass wool plug into a reaction flask and 
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cooled to ç^. 0° with an ice-water bath. Finely powdered stannous 

chloride, 15.0 g. (0.079 mole), was added, and the solution turned 

red in color as the stannous chloride slowly dissolved. The mixture 

was allowed to warm to room temperature and stirred for 1 hour, 

then heated to reflux temperature and stirred for 4.5 hours. Hydrolysis 

was effected in cold water. The organic layer was separated and 

filtered to obtain a brown, amorphous material which was boiled with 

benzene and filtered to give a brown solid that did not melt below 400°. 

The benzene solution was concentrated to obtain 2.7 g. (9.6%, based 

on stannous chloride) of impure hexaphenylditin, m.p. 225-230° 

(mixed m.p. 226-231°). The original organic layer was evaporated to 

obtain a solid which was fractionally crystallized from benzene to 

obtain impure hexaphenylditin, m.p. 223-230° (mixed m.p. 228-232°), 

2.6 g. (9.2%), and a solid melting at 190-210°. The latter material 

was fractionally crystallized from benzene to give 0.9 g. (3.2%) of 

additional impure hexaphenylditin, m.p. 218-225° (mixed m.p. 224-

229°) and 0.5 g. (2.1%) of tetrakis(triphenylstannyl)tin, m.p. 310-

330° (mixed m.p.). Recrystallization from benzene-petroleum ether 

(b.p. 60-70°) raised the melting point to 315-330°. The ultraviolet 

spectrum and x-ray powder diffraction pattern of this compound were 

identical with those of the previously prepared tetrakis (triphenyl-

stannyl)tin. 
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From phenvllithium and stannous chloride (attempted) A diethyl 

ether solution (420 ml.) of 0.41 mole of phenyllithium was cooled to 

ca. 0° in an ice-water bath, and 13.0 g. (0.068 mole) of stannous 

chloride was added. The reaction mixture became gray in color within 

a few minutes. It was allowed to warm to room temperature and stirred 

for 1 hour, followed by 4 hours at reflux temperature. Hydrolysis was 

effected in saturated ammonium chloride, and the organic layer was 

separated. The water layer, which contained gray solid, apparently 

elemental tin, was extracted with diethyl ether and with benzene. The 

combined organic layers were filtered to obtain 9.1 g. (31.3% based 

on stannous chloride) of tetraphenyltin, m.p. 228-231° (mixed m.p.). 

Evaporation of the filtrate gave a slightly yellow solid which was 

recrystallized from benzene to yield 4.6 g. (16%) of additional tetra

phenyltin, m.p. 227-230° (mixed m.p.). 

From tri phenyl tinlithium and stannic chloride Triphenyltinlithium 

was prepared from phenyllithium (0.30 mole in 330 ml. of diethyl ether) 

and stannous chloride [j9.0 g. (0.10 mole) in 150 ml. of diethyl ethe^ 

according to published directions (33). The solution was added dropwise 

to 6.5 g. (0.025 mole) of stannic chloride in 100 ml. of diethyl ether. 

The resulting mixture was stirred overnight, then hydrolyzed in saturated 

ammonium chloride. The organic layer was separated and filtered to 

give a yellow solid. This material was treated with boiling benzene, and 
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the resulting mixture filtered to obtain a brown solid which did not 

melt below 400°. The substance was not identified. The benzene 

filtrate was evaporated to obtain a solid, m.p. 220-250°. Fractional 

crystallization of the .solid from chloroform gave 3.9 g. (9.7%) of 

tetrakis(triphenylstannyl)tin, m.p. 305-325° decomp., and material 

melting at 220-230°. The former was recrystallized from benzene-

petroleum ether (b.p. 60-70°) to obtain the pure compound, m.p. 

315-330° decomp., which was identical with previous samples in 

ultraviolet spectrum and x-ray diffraction pattern. Work-up of the 

organic layer afforded 3.25 g. of tetraphenyltin, m.p. 225-227° (mixed 

m.p.). 

From triphenvltin chloride, stannic chloride, and lithium Solutions 

of 23.1 g. (0.060 mole) of triphenyltin chloride in 300 ml. of tetra-

hydrofuran and 3.91 g. (0.015 mole) of stannic chloride in 30 ml. of 

benzene were added simultaneously over a period of 1.5 hours to 0.83 

g. (0.12 g.-atom) of finely cut lithium wire in 100 ml. of tetrahydro-

furan. After approximately half of the addition had been completed, the 

lithium became shiny, and heat was evolved. The mixture turned pale 

green in color and was stirred overnight, followed by hydrolysis in 

saturated ammonium chloride. Filtration of the organic layer gave a 

solid which was crystallized from benzene-petroleum ether (b.p. 60-

70°) to obtain 4.7 g. (20.6%) of tetrakis(triphenylstannyl)tin, m.p. 
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305-325° decomp. Recrystallization from the same solvent mixture 

afforded the pure material, m.p. 315-330° decomp., with ultraviolet 

spectrum and x-ray diffraction pattern identical to those of previous 

samples. Work-up of the organic layer gave 8.6 g. (41%) of hexa-

phenylditin, m.p. 230-234° (mixed m.p. 232-234°). 

From bis (triphenvltin)magnesium and stannous chloride followed 

by triphenvltin chloride Bis.(triphenyltin)magnesium was prepared . 

from 23.1 g. (0.06 mole) of triphenyltin chloride and 2.19 g. (0.09 

g.-atom) of magnesium in 150 ml. of tetrahydrofuran according to 

published directions (147b). Acid titration showed the presence of 

0.051 equivalents of the reagent. The solution was added dropwise 

to a solution of 3.31 g. (0.017 mole) of stannous chloride in 100 ml. 

of tetrahydrofuran cooled to ca. 0° with an ice-water bath. The mixture 

was stirred overnight, then decanted and added to a solution of 6.55 g. 

(0.017 mole) of triphenyltin chloride in 100 mi. of tetrahydrofuran. 

This mixture was stirred overnight, then hydrolyzed in saturated ammon

ium chloride. Filtration of the organic layer and crystallization of 

the resulting solid from benzene gave a material melting at 225-300° 

decomp. Recrystallizations from benzene-petroleum ether (b.p. 60-

70°) mixture and from chloroform afforded 0.8 g. (3.1%) of tetrakis-

(triphenylstannyl)tin, m.p. 310-330°, identified by ultraviolet spectrum 

and x-ray diffraction pattern. Work-up of the organic layer gave 3.0 
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g. (11%) of hexaphenylditin, m.p. 225-232° (mixed m.p. 228-233°). 

Reactions of tetrakis(triphenvlstannvl)tin 

With iodine (1:1 molar ratio) To a solution of 15.18 g. (0.01 

mole) of tetrakis(triphenylstannyl)tin in 100 ml. of refluxing chloro

form was added over a period of two hours a solution of 2.54 g. 

(0.01 mole) of iodine in 100 ml. of chloroform. The iodine color 

was discharged rapidly throughout the addition, but the reaction 

mixture developed a yellow color. The solution was allowed to cool 

by standing overnight, followed by evaporation of the solvent. The 

residue was treated with hot benzene-petroleum ether (b.p. 60-70°) 

and filtered to obtain a solid, m.p. 300-330° decomp. Concentration 

of the filtrate gave further solid melting at 280-310° decomp. The 

two fractions were combined and recrystallized twice from the same 

solvent mixture to obtain 7.4 g. (49%) of the starting tetrakis compound, 

m.p. 305-325° decomp. (mixed m.p.). The ultraviolet spectrum of 

this product was identical with that of tetrakis(triphenylstannyl)tin. 

Further concentration of the original benzene-petroleum ether 

(b.p. 60-70°) filtrate afforded a light yellow solid, m.p. 114-118°. 

Recrystallization of this material from dry petroleum ether (b.p. 60-

70°) gave 3.9 g. (82%) of triphenyltin iodide, m.p. 118-121° (mixed 

m.p.). It is believed that the yellow color of the reaction mixture and 
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the solid products was due to the presence of small quantities of stannic 

iodide f a red-orange solid in the pure state. None of this product was 

isolated/ however. 

With iodine (1:4 molar ratio) To a solution of 15.18 g. (0.01 mole) 

of tetrakis(triphenylstannyl)tin in 100 ml. of refluxing chloroform was 

added over a period of 4 hours a solution of 10.16 g. (0.04 mole) of 

iodine in 300 ml. of chloroform. Decolorization of the iodine solution 

was rapid at first, but was noticeably slower toward the end of the 

addition. The mixture was allowed to stand for 20 hours, followed by 

evaporation of the solvent. The resulting solid was crystallized from dry 

benzene-petroleum ether (b.p. 60-70°) mixture to obtain orange solid, 

m.p. 100-115°. This material was digested with dry petroleum ether (b. 

p. 60-70°) and filtered to give 11.5 g. (60.3%) of triphenyltin iodide, m. 

p. 120-122° (mixed m.p.). Evaporation of the mother liquor, followed by 

fractional crystallization from petroleum ether (b.p. 28-38°) and from 

absolute ethanol gave an additional 4.2 g. (22.1%) of triphenyltin 

iodide, m.p. 119-122° (mixed m.p.). The remaining solid was a red-

orange material which could not be further purified by crystallisation. 

The material is believed to consist of a mixture of stannic iodide with 

some additional triphenyltin iodide. 

With excess svm-tetrachloroethane A mixture of 15.18 g. (0.01 
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mole) of tetrakis(triphenylstannyl)tin and 50 ml. of svm-tetrachloro-

ethane was heated to 140° by means of an oil bath and stirred for 18 

hours. The reaction mixture was heterogeneous throughout this treat

ment, and brown solid was slowly deposited on the wall of the reaction 

flask. The mixture was allowed to cool, then filtered through a 

sintered glass funnel under nitrogen atmosphere. The solid obtained 

was a brown material which was insoluble in boiling benzene and 

which did not melt below 400°. It was not identified. The solvent 

was distilled from the filtrate and the residue crystallized from dry 

benzene-petroleum ether (b.p. 60-70°) to obtain solid, m.p. 185-

205°. Recrystallization from the same'solvent mixture afforded 0.6 

g. of tetraphenyltin, m.p. 225-229° (mixed m.p.). From the original 

mother liquor there was obtained additional solid, m.p. 99-102°. 

Recrystallization of this material from dry petroleum ether (b.p. 

60-70°) afforded 8.5 g. (55% based upon complete reaction of tetra-

kis(triphenylstannyl)tin) of triphenyltin chloride, m.p. 101-104° 

(mixed m.p. 102-105°). 

With svm-tetrachloroethane (1:1 molar ratio, attempted) A mixture 

of 15.18 g. (0.01 mole) of tetrakis(triphenylstannyl)tin and 1.68 g. 

(0.01 mole) of svm-tetrachloroethane in 100 ml. of xylene was heated 

at gentle reflux for 48 hours. The mixture was heterogeneous, and no 

evidence of reaction was observed. The mixture was allowed to cool. 
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then filtered to obtain 13.9 g. (91.6%) of the starting material, m.p. 

315-330° decomp. (mixed m.p.). Distillation of the solvent, fol

lowed by crystallization of the residue from benzene-petroleum ether 

(b.p. 60-70°) afforded an additional 0.4 g. (2.6%) of tetrakis(tri-

phenylstannyl)tin, m.p. 310-325° decomp. (mixed m.p.). 

The reaction was repeated using only 15 ml. of xylene solvent 

and refluxing for 48 hours * Tetrakis(triphenylstannyl)tin was recovered 

in 94% yield. 

With excess 1.2-dibromoethane A mixture of 15.18 g. (0.01 

mole) of tetrakis(triphenylstannyl)tin and 50 ml. (approximately 0.6 

mole) of freshly distilled 1, 2-dibromoethane was stirred for 16 hours 

at 130°. The mixture did not become homogeneous, and slowly 

turned brown. The reaction mixture was allowed to cool and then 

filtered. The brown solid obtained was recrystallized twice from 

benzene-petroleum ether (b.p. 60-70°)to obtain 1.0 g. (6.8%) of 

starting material, m.p. 305-325° decomp. (mixed m.p.). The 

filtrate from the reaction mixture was distilled to remove 1,2-

dibromoethane. The solid residue was recrystallized twice from dry 

benzene to obtain 10.2 g. (63.7% based on unrecovered tetrakis 

compound) of triphenyltin bromide, m.p. 117-119° (mixed m.p.). 

With triphenvltinlithium (1:4 molar ratio) To a solution of 15.18 
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g. (0.01 mole) of tetrakis(triphenylstannyl)tin in 100 ml. of tetra-

hydrofuran was added dropwise 77 ml. of 0.520 M tripheriyltinlithium 

(0.04 mole). During the addition the reaction mixture turned yellow, 

then brown. After stirring for 48 hours, hydrolysis was effected with 

saturated ammonium chloride. Separation and filtration of the organic 

layer gave a solid product. Two recrystallizations from benzene-

petroleum ether (b.p. 60-70°) gave 6.7 g. (44%) of recovered tetra-

kis(triphenylstannyl)tin, m.p. 310-325° decomp. (mixed m.p.). 

Evaporation of the solvent from the organic filtrate afforded a solid 

which was recrystallized twice from benzene to obtain 16.2 g. (74% 

based on the total amount of triphenyltinlithium and unrecovered 

starting material) of hexaphenylditin, m.p. 230-234° (mixed m.p.). 

With methvllithium (1:1 molar ratio) To a solution of 15.18 g. 

(0.01 mole) of tetrakis(triphenylstannyl)tin in 100 ml. of tetrahydro-

furan was added 13 ml. of a 0.760 M diethyl ether solution of 

methyllithium (0.01 mole). The reaction mixture became light 

yellow in color, and Color Test I was negative after 45 min. of 

stirring. Hydrolysis with saturated ammonium chloride followed by 

filtration of the organic layer afforded a white solid which was 

recrystallized from benzene-petroleum ether (b.p. 60-70°) to obtain 

8.4 g. (55%) of tetrakis (triphenylstannyl) tin, m.p. 310-325° decomp. 

(mixed m.p.). Evaporation of the organic filtrate gave a solid which 
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was recrystallized from benzene to afford 0.8 g. of tetraphenyltin# 

m.p. 222-226° (mixed m.p. 224-226°). Concentration of the mother 

liquor gave additional solid, m.p. 190-200°, which appeared to be 

a mixture of tetraphenyltin and hexaphenylditin. The mixture was 

not separated. 

Reactions of hexaphenylditin 

With alcoholic potassium hydroxide (attempted) A mixture of 

3.5 g. (0.005 mole) of hexaphenylditin and 50 ml. of a solution of 

1% potassium hydroxide in 95% aqueous ethanol was stirred for 18 

hours at reflux temperature. The reaction mixture was allowed to cool 

and filtered to obtain 3.2 g. (91.5%) of hexaphenylditin, m.p. 232-

235° (mixed m.p. 233-236°). 

With moist piperidine To 3.5 g. (0.005 mole) of hexaphenyl

ditin was added 100 ml. of moist piperidine (10% by volume water). 

Heating produced a homogeneous solution which was stirred overnight. 

After cooling, the solution was added to 200 ml. of distilled water. 

Filtration afforded a solid which was fractionally crystallized from 

benzene-petroleum ether (b.p. 60-70°). The first fraction was a 

solid which was recrystallized from benzene to obtain 1.1 g. (32%) 

of hexaphenylditin, m.p. 230-235° (mixed m.p. 231-235°). The 

second fraction was 1.0 g. (28%) of bis (triphenyltin)oxide, m.p. 
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116-120° (mixed m.p.). 

With excess svm-tetrachloroethane A mixture of 7 .0 g. (0.01 

mole of hexaphenylditin and 50 ml. of svm-tetrachloroethane was 

heated for 16 hours at gentle reflux. The mixture was allowed to 

cool, and brown solid was filtered off. The solid did not melt below 

400° and was not identified. The filtrate was distilled and the resi

due fractionally crystallized from benzene-petroleum ether (b.p. 

60-70 ). The first fraction was a solid, m.p. 180-188°, which was 

not identified, but was presumably impure hexaphenylditin. The 

second fraction was impure triphenyltin chloride which was re crystal

lized from dry petroleum ether (b.p. 60-70°) to obtain 3.25 g. (42%) 

of the pure product, m.p. 100-102° (mixed m.p. 101-103°). 

Reactions of tris (triphenvlstannvl) tinlithium 

• With trimethvl phosphate A solution of tris(triphenylstanny 1)-

tinlithium, prepared from 104 ml. of 0.520 M triphenyltinlithium 

(0.054 mole) and 3.41 g. (0.018 mole) of stannous chloride in 100 

ml. of tetrahydrofuran, was added dropwise to 2.52 g. (0.018 mole) 

of trimethyl phosphate in 100 ml. of tetrahydrofuran. The brown 

reaction mixture was stirred for 24 hours, then hydrolyzed in sat

urated ammonium chloride. Work-up of the organic layer in the usual 

manner afforded a white solid which was fractionally crystallized 
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from benzene to obtain 8.3 g. (39.5%) of hexaphenylditin, m.p. 

230-234° (mixed m.p. 232-235°), and solid melting in the range, 

,165-180°. Recrystallization; of the latter material from chloroform 

gave 3.2 g. (15% as m ethyl tris (triphenylstannyl)tin) of white solid, 

m.p. 180-183°. Three recrystallizations from benzene-petroleum 

ether (b.p. 60-70°) did not change the melting point. It was noted 

that a brown sediment began to be deposited from solutions of this 

material on standing for several hours. 

Anal. Calcd. for Sn, 40.11; mol. wt. 1184. 

Found: Sn, 39.59, 38.77; mol. wt. (vapor pressure osmometer) 944. 

A second run of the reaction was made, and a similar material 

was isolated. Recrystallization from ethyl acetate-methanol raised 

the melting point to 183-185°. A mixture melting point with the 

solid from the first run was not depressed. A molecular weight 

determination (vapor pressure osmometer) gave a value of 1002 

(calcd. 1184). It seems likely that the product is the desired methyl-

tris(triphenylstannyl)tin, but a pure sample has not as yet been 

obtained. 

With methyl iodide A reaction exactly analogous to that above 

was run, except that derivatization was carried out with methyl iodide 

instead of trimethyl phosphate. Hexaphenylditin (32.7%) was obtained 

along with 4.8% of the same product as above, m.p. 181-184° (mixed 
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m.p.). Again, further purification of the latter product could not be 

effected. 

With chlorotriphenvlgermane A solution of tris (triphenylstannyl)-

•tinlithium, prepared from 84 ml. of 0.613 M triphenyltinlithium (0.051 

mole) and 3.24 g. (0.017 mole) of stannous chloride in 100 ml. of 

tetrahydrofuran, was added dropwise to 5.76 g. (0.017 mole) of 

chlorotriphehylgermane in 100 ml. of tetrahydrofuran. The reaction 

mixture was stirred for 45 hours, then hydrolyzed in saturated ammonium 

chloride. Separation and filtration of the organic layer gave white solid, 

m.p. 315-330° decomp. This material was recrystallized twice from 

benzene-petroleum ether (b.p. 60-70°) to give 4.4 g. (18%) of the 

product with the same melting point. The melting point was not 

depressed when mixed with tetrakis(triphenylstannyl)tin; however, an 

infrared spectrum of the product (carbon disulfide) showed an absorption 

at 9.24yH characteristic of the germanium-phenyl linkage in addition to 

the tin-phenyl absorption at 9.36yf . The x-ray powder diffraction 

pattern of the product was distinctly different from that of tetrakis (tri-

phenyl stannyl) tin and did not appear to be the pattern to be expected for 

a mixture of the tetrakis compound with another product containing 

germanium -phenyl linkages. The product is probably tris(triphenyl-

stannyl) tr iph eny 1 germyltin. 

Anal. Calcd. for Cy2HgQGe8n^: Ge + Sn, 37.17; mol. wt. 1473. 
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Found: Ge 4- 8n, 35.58/ 35.99; mol. wt. (vapor pressure osmometer), 

1503. 

With chlorotriphenvlsilane Tris(triphenylstannyl)tinlithium 

(0.019 mole) was prepared as described above and added to 5 .60 g. 

(0.019 mole) of chloro tri phenyl s il ane in 75 ml. of tetrahydrof uran. 

The reaction mixture was stirred overnight, then hydrolyzed in sat

urated ammonium chloride. Separation and filtration of the organic 

layer afforded a solid which was crystallized from benzene to obtain 

a product, m.p. 310-330° decomp. Recrystallization from benzene-

petroleum ether (b.p. 60-70°) gave 13.0 g. (57%) of tetrakis(tri-

phenylstannyl)tin, m.p. 315-330° (mixed m.p.). The infrared spectrum 

of the product showed no evidence.of s il icon-phenyl absorptions, and 

the ultraviolet spectrum was identical to that of the previously prepared 

tetrakis (triphenylstannyl) tin. 

With tri-n-butvltin chloride Tris (triphenylstannyl)tinlithium 

(0.019 mole) was prepared as described above and added to 6.18 g. 

(0.019 mole) of tri-n-butyltin chloride in 75 ml. of tetrahydrof uran. 

The mixture was stirred overnight, then worked up as described above. 

The only product obtained was tetrakis (triphenylstannyl) tin, 15.3 g. 

(67.2%), which was identified by mixture melting point, infrared and 

ultraviolet spectra. 
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With saturated aqueous ammonium chloride Tris (triphenyl-

stannyl)tinlithium (0.019 mole) prepared as described above was 

hydrolyzed in saturated ammonium chloride. Work-up as previously 

described gave 7.6 g. (34.1%) of tetrakis(triphenylstannyl)tin, 

identified by mixture melting point, ultraviolet spectrum, and x-ray 

powder pattern. In addition, 3.1 g. (14.5%) of hexaphenylditin, 

m.p. 230-234° (mixed m.p. 232-235°), was obtained from the work-

of the organic layer. 
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DISCUSSION 

Analysis of Organolithium Compounds 

In the investigation a variety of organic halides was substituted 

for benzyl chloride in the standard double titration procedure for 

organolithium compounds. Nineteen allyl halides ; polyhaloalkanes, 

and substituted benzyl halides were tested as possible reagents for 

titrations of alkyl- and aryllithium compounds. Many of the halides 

were those used in a previous study of the reactivity of octaphenyl-

cyclotetrasilane with a large number of organic halogen compounds^. 

The halides are listed below in the order of increasing reactivity with 

phenyllithium^ as judged from titration values obtained with them: 

£-methylbenzyl chloride^ benzyl chloride, allyl chloride, _£-bromobenzyl 

chloride, sym-tetrabromoethane, diphenylmethyl chloride, methyl iodide, 

jo-chlorobenzyl chloride, benzyl bromide, _o-methylbenzyl bromide, sym-

tetrachloroethane, chloroform, _o-bromobenzyl bromide, allyl bromide, 

allyl iodide, pentachloroethane, 1,2-dibromoethane, carbon tetra

chloride, 1,1,2-tribromoethane, and o^-^-yjOC-trichlorotoluene. The 

order given here is only approximate for some of the halides, which 

were used a few times and not investigated further. The halides giving 

^J. M. Kraemer and H. Oilman, Department of Chemistry, Iowa State 
University of Science and Technology, Ames, Iowa, Information on the 
reactions of octaphenylcyclotetrasilane with organic halides. Private 
communication « 1960. 
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the highest titration values were examined more thoroughly, with the 

exception of allyl iodide, which offers no advantages over other more 

readily available and more stable halides. 

Attention was centered first on phenyllithium and methyllithium 

as compounds which give obviously low results with benzyl chloride. 

A number of halide s gave higher results than benzyl chloride^ and 

almost all the halides gave good precision when several titrations 

were made of a single preparation of organolithium compound, as is 

shown in Table 1. In the titrations of phenyllithium, a gravimetric 

method of analysis was used as a check on accuracy. The reaction 

used was that with triphenyltin chloride, which produces tetraphenyl-

tin, a compound virtually insoluble in diethyl ether. It is felt that 

the reaction is as nearly quantitative as could be obtained for a 

gravimetric analysis of organolithium compounds, as no side products 

could be isolated. Furthermore, the tetraphenyltin has a high melting 

point (230°), making drying of the sample quite convenient. In Table 

2 the results of the triphenyltin chloride analysis are compared with 

double titration values using several organic halides. The halides 

giving the closest agreement with the yield of derivative are 1,2-

dibromoethane and carbon tetrachloride. 1,1, 2-Tribromoethane gives 

slightly higher values, and «,«>', «<-trichlorotoluene is considerably 

higher. 
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Table 1. Analyses of one preparation of methyllithium in diethyl 
ether using the double titration procedure with several 
different organic halides 

Halide Molarity Deviation, % Yield, % 

None 0.880 84.5 

C H CCI 0.844, 0.845 0.1 81,1 
6 5 3 

BrCH CHBr 0.820, 0.813 0.8 78.4 
2 ^ 

Br CHCHBr 0.801, 0.800 0.1 76.8 
2 2 

BrCHgCHgBr 0.793, 0.785 1.0' 75.8 

CHg = CHCHgBr 0.759, 0.755 0.5 72.8 

CHClg 0.740, 0.744 0.5 71.3 
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Table 2. Analyses of three preparations of phenyllithium in diethyl 
ether by double titration with several halides and by gravi
metric determination of the tetraphenyltin formed on reac
tion with triphenyltin chloride 

Halide 

Run 1 

Molarity 

Run 2 Run 3 

None 0.980 1.07 0.942 

C^H CCI 0.945 1.02 0.861 
65 3 

0.945 0.861 

BrCHgCHBrg 0.926 0.972 0.801 

CCI 0.909 0.966 0.800 
4 

BrCHgCHgBr 0.907 0.962 0.785 

GlgCCHCL 0.872 0.924 — — — 

CHg = CHCHgBr 0.835 0.870 0.686 

(CgHsjjSnCl 0.905 0.961 0.797 
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The most probable reaso^for obtaining a titration value higher than 

the actual concentration is reaction of the organic halide with lithium 

alk oxide. Reactions of the halide s with lithium ethoxide and phenoxide 

were therefore carried out. The results are given in Tables 3, 4, and 5. 

It is immediately clear that ©<• -trichlorotoluene must be suspected 

of giving unreliable titration values due to considerable reaction with 

both lithium ethoxide and phenoxide. With 1,1,2-tribromoethane there 

is an appreciable reaction with lithium ethoxide. Probably the 10% 

reaction observed in this case would not substantially alter the titra

tion values for fresh preparations of organolithium compounds in which 

the concentration of alkoxide is low. However, 1,1,2-tribromoethane 

should certainly be used with caution where alkoxide concentration is 

suspected of being high. With allyl bromide, 1,2-dibromoethane, and 

carbon tetrachloride the interference should not be appreciable. It 

has.been suggested (14) that there is no reaction between allyl bromide 

and lithium ethoxide under the conditions of the double titration, but 

the present results do indicate a slight reaction. 

Thus, in the phenyllithium titrations in Table 2, the values with 

04,-trichlorotoluene are undoubtedly too high. However, it is 

difficult to choose among 1,1,2-tribromoethane, carbon tetrachloride, 

and 1, 2-dibromoethane. Carbon tetrachloride has not been used regularly, 

because it is more difficult to obtain consistent results with that halide. 
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Table 3, Reactions of organic halides with lithium ethoxide in 
diethyl ether 

Halide Molarity % Reaction 

H 80 AgNO^ 
2 4 3 

Run 1 None 0.140 

BrCH CH Br 0.136 2.8 2.4 

BrCHgCHBrg 0.125 10.7 7.9 

C.H^CCl. 0.106 24.2 31 b 5 3 

Run 2 None 0.429 

CCI, 0.426 0.7 

BrCHgCHgBr 0.422 1.7 

^There was no visible cloudiness on addition of aqueous silver nitrate. 
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Table 4. Reactions of allyl bromide with lithium ethoxide in diethyl 
ether 

Lithium Allyl Molarity % Reaction 
ethoxide bromide 

(ml.) (ml.) 

Run 1 0 

1 

1 

0.097 

0.095 

0.095 

2 . 1  

2 , 1  

Run 2 2 

2 

3 

0 

1 

1 

0.169 

0.166 

0.166 

1 . 8  

1 . 8  
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Table 5. Reactions of organic halides with lithium phenoxide in 
diethyl ether 

Halide Molarity % Reaction 

None 0.144 

CCI 0.144 0® 

BrCH CH„Br 0.142 1.4® 
2 2 

BrCH CHBr 0.143 0.7® 
2 2 

C^H CCI, 0.114 21 
D 5 0 

®There was no visible cloudiness on addition of aqueous silver nitrate. 
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Its reaction with organolithium compounds is extremely vigorous, resulting 

in spattering the solution on the sides .of the vessel, and the resulting 

solution is orange in color, making a phenolphthalein end point more diffi

cult to see. Also, both carbon tetrachloride and chloroform give low val

ues when titrating methyllithium (see Table 1 for a comparison of chloro

form with other halides). 1,1,2-Tribromoethane has been used regularly 

in this Laboratory for the analysis of fresh preparations of phenyl- and 

methyllithium, because the triphenyltin chloride treatment involves the 

isolation and purification of a derivative, and might be expected to give 

a slightly low analysis. However, 1,2-dibromoethane certainly gives a 

satisfactory analysis for normal work and is more readily available and in 

the experience of the author is more stable when opened to the air at 

regular intervals than is 1,1,2-tribromoethane. Indeed, the dibromoethane 

has been previously proposed (9) as a titrating agent for phenyllithium, 

although the reliability of the analysis was not investigated at that time. 

The titrations of methyllithium have not been similarly checked by 

an alternate method of analysis, However, the range of titration values 

obtained with various halides is quite similar to that with phenyllithium 

(compare Tables 1 and 2), and the author feels that the statements above 

concerning the latter reagent apply also for methyllithium. 

Titrations of ii-butyllithium were investigated in some detail, par

ticularly with ally 1 bromide, which had been previously proposed as a 

titrating agent for alkyllithium compounds (13,14), It is extremely dif
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ficult to assess the accuracy of analyses of alkyllithium compounds. 

This is indicated by the fact that one author (166) has recently indi

cated that he considers the benzyl chloride double titration quite 

reliable. However, with care taken in the preparation of an organolithium 

compound in a hydrocarbon solvent, it should be possible to make the 

organolithium compound virtually the sole contributor to the basic content 

of the solution. This criterion has been taken as the best means for 

determining the accuracy of titrations of ji-butyllithium. Table 6 shows 

typical titrations of the reagent with allyl bromide, benzyl chloride, and 

1,2-dibromoethane, the results being expressed as the percentage of the 

total basic content of the solution which is due to n.-butyllithium, The 

first three runs are for preparations in diethyl ether, and it may be noted 

that the allyl bromide values are consistently 5% above those with benzyl 

chloride. This difference corresponds to the error previously estimated 

(11, 17) for the benzyl chloride method. The last three runs are for prep

arations in hexane solution, using rigorous conditions to exclude air 

and moisture (see footnote to the table). The high percentage found with 

allyl bromide titrations is taken to indicate that the _n-butyllithium in the 

solutions is more completely consumed by allyl bromide than by benzyl 

chloride, 

It has been noted that the analytical procedure involving thermo-

metric titration with n^-butanol gives concentrations for ri-butyllithium 
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Table 6, Titrations of _n-butyllithium 

Preparation Percentage of total base due 
to C-Li 

C H CHgCl CHg=CHCH2Br BrCHgCH^Br 

BuLi in Et^O® 88.1 93.6 

BuLi in Et^O^ 90.1 • 95.1 

BuLi in Et^O® 76.3 81.2 

BuLi in Hexane^ 94.7 98.6 

BuLi in Hexane*^ 97.1 99.2 

BuLi in Hexane^ 97.0 99,2 

^Solution was prepared and analyzed under nitrogen atmosphere as 
described in the experimental section. 

b Solution was prepared under an argon atmosphere in a beverage bottle 
using lithium-vaseline dispersion, and introducing hexane and jn-butyl 
chloride with a syringe through a Buna N liner. The analysis was 
carried out in a nitrogen-purged bottle with reagents being transferred 
by syringe, 

"^The solution was a clear commercial preparation analyzed as above. 
The author wishes to express his appreciation to Dr. K, C, Eberly, 
The Firestone Tire and Rubber Company^ Akron, Ohio, for carrying out 
the preparation and analyses of the n-butyllithium in hexane. 
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which are in essential agreement with those obtained by the vanadium 

pentoxide method and higher than is obtained by double titration with 

benzyl chloride (16). The thermometric titration values quoted (16) for 

fresh preparations of r^butyllithium in hydrocarbons show that approxi

mately 99% of the basic content of the solutions is due to organolithium 

compound, in good agreement with the results quoted in Table 6 for double 

titrations with allyl bromide and 1,2-dibromoethane, It has also been 

shown recently^ that analyses of the same preparation of ji-butyllithium 

by the thermometric method and by double titration with allyl bromide and 

1,2-dibromoethane give values in essential agreement. 

Table 7 compares titrations of ri-butyllithium in diethyl ether with 

allyl bromide and 1,2-dibromoethane, Values with the latter reagent 

are consistently slightly higher than those with allyl bromide, but the 

author feels that the two reagents may be used interchangeably without 

significant sacrifice of accuracy. 

The use of 1,2-dibromoethane for the analysis of cyclopropyllithium 

has been reported recently (167), In that case nuclear magnetic 

resonance spectroscopy was used in a rough check of the accuracy of 

the titration, with the conclusion that the analysis was satisfactory, 

^Wo L, Ever s on. Shell Development Company, Emeryville, California, 
Information on titrations of ii-butyllithium, Private communication, 1964, 
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Table 7. Titration of n-butyllithium in diethyl ether 

Molarity % Deviation 

CH =CHGH Br BrCH^CH^Br 
2 2 2 2 

Run 1 0.913 0.922 1.0 

Run 2 0.741 0.749 1,1 

Run 3 0.648 0,665 2,6 
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It should be noted that this investigation has not been extended 

to preparations of organolithium compounds in tetrahydrofuran, The 

titrating agents described in this work, with the exception of allyl 

bromide, give unacceptably high results in titrations of silyl-, germyl-, 

and tinlithium compounds in tetrahydrofuran (2), The opinion was 

expressed (2) that there is finely divided or dissolved lithium metal 

in the above solutions causing the high titration values. Until the 

question is investigated further, the use of allyl bromide is suggested 

for titrations of organolithium compounds in tetrahydrofuran. 

In conclusion, the normal research laboratory which desires 

occasional analyses of a variety of organolithium compounds, will 

find it most convenient to use 1,2-dibromoeth^ne for double titrations. 

This reagent gives reliable results for both alkyl- and aryllithium com

pounds in diethyl ether and for alkyllithium reagents in hydrocarbons. 

The dibromoethane retains its efficacy for several months at least, 

when being used at frequent intervals, so that redistillation is not 

often required. When R^MLi (M =8i, Ge, Sn) compounds are being 

analyzed, allyl bromide should be employed (2), and its use may be 

extended to the titration of alkyllithium compounds as well. Accuracy 

will be less satisfactory when allyl bromide is used with aryllithium 

compounds or methyllithium. These latter reagents may be titrated 

satisfactorily with 1,2-dibromoethane, but accuracy is. probably slightly 

better with the more expensive 1,1,2-tribromoethane. 
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Cleavage of Alkoxysilanes 

In a recent study in this Laboratory (156) it was found that reac

tions of alkoxysilanes derived from ally lie alcohols with metals or 

silylmetallic reagents were anomalous, in that cleavage of the carbon-

oxygen bond was competitive with cleavage of the silicon-oxygen bond. 

Reaction of allyloxytriphenylsilane with triphenylsilyllithium afforded 

hexaphenyldisilane in 62% yield along with allyltriphenylsilane in 1.5% 

yield. The present work has shown that allyloxytriphenylsilane is not 

an isolated example, but that other alkoxysilanes derived from allylic 

and benzylic alcohols behave in an analogous manner. The results 

obtained in the present work are shown in Tables 8 and 9, 

Distinct differences may be noted between the allyloxysilanes 

and the benzyloxysilanes. In reactions with triphenylsilyllithium 

the former give small yields of product derived from C-0 bond cleavage, 

while the latter give none. As would be expected, ethoxytriphenylsilane 

gave a high yield of hexaphenyldisilane and no ethyl triph enyls ilane. 

In direct contrast to these results, cleavage with lithium, followed by 

treatment with chlorotriphenylsilane, gave much more C-0 bond cleavage 

with the benzyloxysilanes. Indeed, with (diphenylmethoxy)triphenyl-

silane 38.3% of (diphenylmethyl)triphenylsilane was obtained and no 

hexaphenyldisilane. It is certainly not surprising that the two cleavage 

reactions afford different results, since the mechanisms of cleavage 
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must of necessity be different. 

Table 8. Cleavage of alkoxysilanes with triphenylsilyllithium 

ROSi(C_H ) Compound 
b 5 " 

Yield of products ̂  % 

R= RSi(C H ) 
6 5 3  

°6«5°H2- 0 88 

0 • 32.6 

CH CH 
3 2" 

0 91 

CHg = CHCHg. 5.8 44.2 

Q trace 57 

Table 9. Cleavage of alkoxysilanes with lithium followed by treatment 
with chlorotriphenylsilane 

ROSi(C.H ) Compound Yield of products, % 
6 5 3 

R= . R8i(C6Hg)g (C6Hs)g8l2 

C^HXH 5.7 6 
b 5 2 

(CGH^)2CH- 38.3 0 

CH3CH = CHCHG- 0 1 

O- ° ° 
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In general, however, the observations tend to confirm the previous 

postulate (25) that the carbon-oxygen bond is more susceptible to cleavage 

in alkoxysilanes derived from reactive alcohols. Obviously a number of 

factors, including relative strengths of the C-0 bond and Si-0 bond and 

stabilities of the anions obtained on cleavage, will be important in 

determining the mode of reaction. 

Relative Reactivities of Organic Group IVB Lithium Compounds 

As a means for determining relative reactivities, the reaction of the 

Group IVB lithium compounds with ii-butyl chloride was chosen. In the 

case of triphenylsilyllithium, the interaction has been reported (168) to 

give 75% of n-butyltriphenylsilane with no hexaphenyldisilane. It is 

then not to be expected that the germanium, tin, and lead reagents will 

give any halogen-metal interconversion. Competitive reactions were 

run in which two lithium reagents and n-butyl chloride were combined 

in 1:1:1 molar ratio. The reaction mixtures were carbonated in order to 

convert the excess lithium reagents into products which could be easily 

separated from the butyl derivatives. 

The results of the experiments are given in Table 10, It may be 

seen that the order of reactivity toward _n-butyl chloride parallels the 

basicities of the anions as determined from metalation studies (30), 

That is, for the triphenyl derivatives, the order of decreasing reactivity is: 
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(CgH^)g8iLi > (CgHg)gGeLl >> (CgH^)g8nI.i » (CgHg)gPbli. 

The comparison of the silyl- and germyllithium compounds was a point 

of particular concern for several reasons. First; because the electro

negativity and size of the two elements are very nearly the same, and 

second because a clear distinction could not be made between the two 

lithium reagents on the basis of the fluorene metalations (30). 

In the present study, the greater reactivity of triphenylsilyllithium 

seems to be on firm ground. Competitive reactions were carried out 

between triph enyl s ilyllithium and triphenylgermyllithium for both _n-butyl 

chloride and ri-hexyl chloride with much the same results. Also, both 

reagents were allowed to compete with triphenyltinlithium for _n-butyl 

chloride. Higher yields of the butyltin derivative were obtained in the 

competition with triphenylgermyllithium than with triphenylsilyllithium. 
é -

It is perhaps surprising that the order of reactivity of the Group IVB 

lithium compounds does correspond so well with the basicities of the 

anions. Details of the mechanism of the reactions are not known. Indeed, 

it cannot be said whether the mechanism is the same for all the reagents, 

although that would seem to be a reasonable assumption. It has been sug

gested (169) that the reaction mechanism of phenyllithium with n.-butyl chlo

ride may approach that of the 8^2 type. That conclusion does not seem 

to be indicated in the present reactions, since one might have expected to 

see a greater disparity between nucleophilicity and basicity. 
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Table 10, Competitive reactions for _n-butyl chloride 

(C-H ) MLi Reagents (C_H ).MC.Hn_n Derivatives 0 5 0  D 0 o 4 y i i  

and yields, % 

Si Ge 

Si Sn 

Si Sn 

Ge Sn 

Ge Sn 

Sn Pb 

Si (42.5), Ge (31) 

Si (67), Sn (3.1) 

Si (36), Sn (1.2) 

Ge (63), Sn (4.5) 

Ge (55.5), Sn (6.2) 

Sn (45), Pb (2) 
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Factors determining mucleophilic reactivities have been discussed 

recently (170), and it was noted that for displacements on primary alkyl 

chlorides, polarizability of the nucleophile is normally more important 

than basicity in determining nucleophilicity. However, one of the 

important advantages of polarizability appears to be the removal of non-

bonding electrons on the nucleophile from the area of interaction between 

the nucleophile and the substrate, reducing the repulsions which would 

result when the reactants approach one another (170), Since the reagents 

in the present study lack such non-bonding electrons, the effect of 

polarizability may be reduced, 

An alternate explanation for the present observations would be that 

considerable positive charge, is built up on the carbon atom under attack 

in the transition state. This could be caused by initial coordination of 

lithium with the chlorine of n-butyl chloride, followed subsequently by 

attack of the anion oh carbon. 

A quite surprising result was obtained with the methylated silyl-

lithium reagents. One would expect that the replacement of a phenyl 

group in triphenylsilyllithium with a methyl group would result in a more 

reactive species due to decreased stabilization of the silyl anion. This 

seems to be the case when comparing triphenylsilyllithium with methyl-

diphenylsilyllithium, as indicated by the competitive reaction. However, 

in the competition between methyldiphenylsilyllithium and dimethylphenyl-
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silyllithium, slightly more product is obtained from the former than from 

the latter. What causes this departure from expectations is not at pre

sent known, but the reaction with _n-butyl chloride does not seem to be 

an isolated case. As will be noted later, the same disparity is apparent 

in metalation of fluorene and in reaction with tetrahydrofuran, Unfortunately, 

the reagent, trimethylsilyllithium, is not available (29) to complete the • 

series. 

The product mixtures obtained from the reaction of the methylated 

silyllithium reagents with _n-butyl chloride can be analyzed conveni

ently and rapidly by vapor phase chromatography. For this reason the 

preparation of reagents of the type, (XCgH^)(CHg)28iLi, was attempted. 

It was hoped that the effects of substituent s on the benzene ring would 

throw light upon the factors determining the reactivities of the silyl

lithium reagents. The study did not prove to be feasible, however, due 

to the'fact that useful reagents could not be prepared, A methoxy group 

in the para position is apparently attacked by the silyllithium reagent 

as rapidly as the latter is formed. It had been reported previously (171) 

that triphenylsilyllithium cleaves anisole to give methyltriphenylsilane, 

but the reaction is not a facile one. Evidently, however, cleavage 

is rapid enough to prevent the formation of appreciable concentrations 

of dimethyl(£-methoxyphenyl)silyllithium. Cleavage of the ether 

linkage apparently occurred also during the attempted formation of 

dimethyl(£-phenoxyphenyl)silyllithium. When a phenyl group is placed 
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in the para position a biphenylyl system is formed. Biphenyl itself 

is reduced by lithium with the formation of a dilithio compound (172), 

Such a reduction apparently takes place when _£-biphenylyldimethyl-

chlorosilane is reacted with lithium in tetrahydrofuran. The green, 

viscous solution formed is characteristic of the dilithio compound 

obtained from biphenyl (172), and double titration showed a yield of 

lithium derivative greater than 100% based on reaction of only the 

Si-Cl bondo 

The only reagent in this series that could be obtained was dimethyl-

2-tolylsilyllithium. The yield of this compound was relatively low, 

however, possibly due to impurity in the starting chlorosilane» The 

project was not pursued further. 

An extension of the study (30) of the metalation of fluorene by 

Group IVB lithium compounds was made, including a wider variety of 

silyllithium reagents. It was expected that methyldiphenylsilyllithium 

and dimethylphenylsilyllithium would be more reactive than triphenyl-

silyllithium, so that the reactions were run under milder conditions than 

those previously used (30), It was discovered in the first experiment 

that the metalation of fluorene by triph enyl s ilyllithium is a somewhat 

more facile reaction than had been indicated in the earlier study, 

Carbonation of the reaction mixture after 4 hours at room temperature 

gave a 97% yield of fluor en e-9 - carboxylic acid; whereas, the previously 



www.manaraa.com

110 

reported 18 hour reaction period had given a 69% yield of acid (30), 

Even milder conditions were employed for the comparative studies 

given in Table 11, and triphenylgermyllithium was included with the 

hope of differentiating its metalating ability from that of triphenyl-

silyllithium. 

The results indicate the following series of decreasing reactivity:. 

{CE^){C^E^)^Siu2 (CHg)2(CgHg}8iLi > (CgHg)gGeLi ) (CgHg)g8iLi=%: 

(CgHg) g8i8i(CgHg)2l,i. The order of methyldiphenylsilyllithium and 

dimethylphenylsilyllithium is the same as that observed in the competi

tive reactions for n-butyl chloride and is not that which would be 

expected from a consideration of the electronic effects of methyl and 

phenyl groups. The greater reactivity of triphenylgermyllithium over 

that of triphenylsilyllithium, seen in the present reactions, is not 

evident in other comparisons of the reagents. In fact, the opposite 

order is observed in the competitive reactions and in the rate of cleavage 

of tetrahydrofuran, 

Difficulty was encountered in reproducing the yield of acid from 

metalations with pentaphenyldisilanyllithium. Definitive results were 

not expected, since the reagent is prepared (159) by cleavage of 

decaphenylcyclopentasilane (160) with an excess of triphenylsilyl-

lithium. A 75-79% yield of pentaphenyldisilane was obtained (159) 

upon hydrolysis of the reaction mixture. In several attempts to repeat 

the preparation, the best yield of pentaphenyldisilane obtained upon 



www.manaraa.com

Ill 

Table 11. Metalations of fluorene 

Metalating agent Yield of fluorene-9-
carboxylic acid/ % 

Run 1 Run 2 Average 

(CH )(C H ) SiLi 65.2 57.4 61.3 
3 b 5 " 

(CHJ,(C H )SiLi 61,6 54.7 58.1 
3 2 6 5 

(C H ) GeLi 46.1 53.2 49.6 
6 5 3 

(C^H ) SiLi 44.5 37.7 41.1 
6 5 3  

(C H ) SiSi(C H )^Li^ 44.6 39.8 42.2 
6 5 3 6 5 2 

^A third run with this reagent gave a yield of 20.3%. 
not included in the average. 

This value was 
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hydrolysis was 63%. It is likely that the solutions used for metalation 

of fluorene contained more than one silyllithium species. However, 

the yield of fluorene-9-carboxylic acid was not appreciably different 

from that obtained with triphenylsilyllithium. One might expect that 

d-orbitals on the silicon atom adjacent to the anion would participate 

in stabilization of the anion; 

Such an effect, which should decrease the reactivity of the silyllithium 

reagent, was not evident in the present reactions. 

The Group IVB lithium compounds were compared with respect to 

stability in tetrahydrofuran solution. The reaction of triphenylsilyl

lithium with tetrahydrofuran has been investigated, and the product, 

formed in good yield, is 4-(triphenylsilyl)butan-l-ol (173). The sta

bilities of triphenyl-, methyldiphenyl-, and dimethyl phenyl s ilyllithium 

in tetrahydrofuran have been measured (174) by analyzing for silyllithium 

content at various time intervals. The method of analysis employed 

consisted of decomposition of the silyllithium reagent with n-butyl 

bromide followed by determination of bromide ion by Volhard titration 

(174), The stabilities of triphenylgermyllithium and triphenyltinlithium 
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have been measured^ using the method of double titration with allyl 

bromide (2), These data, along with those obtained for methyldiphenyl-

tinlithium and tri-n-butyltinlithium in the present work; were given a 

kinetic treatment to determine the rates of reaction with tetrahydrofuran. 

In Figures 1 and 2 the logarithm of molarity is plotted against 

time. It will be noted that the decompositions follow pseudo first 

order kinetics only through the first part of the reaction. In all cases 

the rate is accelerated, possibly by a catalytic effect of one of the 

reaction products, until the deviation from first order kinetics is quite 

extreme. In Table 12 the first order constants for the reaction are given. 

The rate constants were determined using the initial linear portions 

of the curves in Figures 1 and 2. 

Among the silyllithium reagents it will be noted that the rate of 

decomposition of methyldiphenylsilyllithium is greater than that of 

dimethylphenylsilyllithium, in agreement with the relative reactivities 

observed in chloride displacement from _n-butyl chloride and in metala-

tion of fluorene. Among the tinlithium reagents one observes the 

expected increase in rate on substituting alkyl groups for aryl groups 

on the tin atom, 

^So-Y. Sim, Iowa State University of Science and Technology, 
Ames, Iowa. Information on the stabilities of triphenylgermyllithium 
and triphenyltinlithium in tetrahydrofuran. Private communication. 
1963. 
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Table 12, Reactions of Group IVB lithium compounds with tetrahydro-
furan 

Reagent x 10^ hours ̂  

(CgH^)g8iLi 0.84 

(G6H5)2(CH3)SiLi 2.1 

(CgH^)(CHg)2SiLi 1.4 

(GgHg) GéLi 1.8 

(CgHg)gSnLi 1.8 

(G.Hj_(CHjSnLi 2.3 
6 5/ 3 

(n-G^Hg)g8nI.i 5.9 
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Figure 1. - Log molarity vs. time for triphenylsilyllithium (A), methyl-
diphenylsilyllithium (B), dimethylphenyisilyllithium (C), and 
triphenylgermyllithium (D) at room temperature in tetrahydro-
furan 
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Figure 2 , - Log molarity vs. time for triphenyltinlithium (A), methyldi-
phenyltinlithium (B), and tri-^-butyltinlithium at room tempera
ture in tetrahydrofuran 



www.manaraa.com

Log Molarity 

Ql l  



www.manaraa.com

119 

A rather interesting result, however, is that triphenylgermyl-

lithium and triphenyltinlithium react faster than triphenylsilyllithium. 

Unfortunately, it is not known whether the reactions have the same 

mechanism, or even whether the cleavage reactions lead to the same 

type of products. Undoubtedly all of the reagents will be coordinated 

with the ether linkage in tetrahydrofuran solution. The rate of reaction 

will be influenced by the extent of coordination and the strength of 

the coordinate bond. However, the manner in which these factors 

exert their influence is not as yet clear. 

Branched Chain Polytin Compounds 

In 1923 Boeseken (54) reported that a minor product from the reaction 

of phenylmagnesium bromide with stannous chloride (6:1 molar ratio) 

was a compound with the empirical formula, (CgHg)22Sng. He could 

not distinguish among the three possible structures (I), (II), and (III) 

for this derivative, but he thought the tetrakis configuration (II) was the 

(CgHjjgSn (C^E^)^Sn  

I (CGHG)28N-SN-8N(CGHG)3 

8n(C H ) 
(CgH ) Sn 5 

\ II 
^8n(CgHg)8n(CgHg)28n(CgHg)3 

III 



www.manaraa.com

12 0 

most likely structure. He reasoned that the latter structure should be 

the most stable of the three isomers, and, indeed, the compound which 

he isolated was one of the most thermally stable organotin compounds 

known, decomposing at 280°. One might also argue that the reaction 

conditions under which the compound was formed afford evidence for 

the tetrakis structure. If the pentatin had the straight chain structure 

(I), one might expect to find tritin or tetratin homologs in the reaction 

mixture. In contrast, the tetrakis structure is unique and could easily 

be formed in the absence of lower or higher homologs. In fact, the 

only two additional products obtained from the reaction were hexa-

phenylditin and tetraphenyltin. 

I I  

Boeseken's compound is the only one in the literature which is 

assumed to contain a branched polytin chain. In view of the modifica

tion of properties which chain branching would be expected to cause 

in polytin compounds, an investigation of possible methods for pre

paring branched chain polytin compounds was undertaken. As an 

alternate synthetic method for tetrakis(triphenylstannyl)tin, the 

scheme below was carried out. It has been previously reported (175) 

3 (GgH^)gSnI.i + SnClg —> gSnLi 

IV 

(CgHsjjSnCl/ 

II 
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that the reaction of triphenylgermyllithium with germanium diiodide 

in a 3:1 molar ratio affords tris(triphenylgermyl)germane subsequent 

to hydrolysis. Presumably the intermediate in the reaction is tris-

(triphenylgermyl)germyllithium. By analogy, the reaction of triphenyl-

tinlithium with stannous chloride would be expected to produce tris-

(triphenylstannyl)tinlithium, which could be treated with triphenyltin 

chloride to form tetrakis(triphenylstannyl)tin. When the reaction was 

run, there was obtained in 70% yield a compound which began to turn 

brown at approximately 280° and melted with tin deposition at 315-

330°, A tin analysis and molecular weight determination (vapor pres

sure osmometer) indicated that the empirical formula was (CgH^j^gSng. 

The infrared spectrum of the compound (in carbon disulfide) was 

indistinguishable from that of hexaphenylditin, showing only absorp

tions associated with the phenyl moiety. The ultraviolet spectrum 

(X c:g^lohexane 275^5^ 247 ) was distinctly different from that of 

hexaphenylditin, which shows only a single maximum at 247.5 nyY (120a), 

The product could be recrystallized from benzene, chloroform, or a car

bon disulfide-acetone mixture without changing the melting point range. 

I I  

The solubility properties are in agreement with those for Boeseken's 

I I  

compound. It seemed likely that the two were the same; thus, Boeseken's 

preparation was repeated, and a compound melting at 315-330° decomp. 

was obtained in 2% yield (based on stannous chloride). The two 
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compounds were shown to be identical by the superimposition of x-ray 

powder patterns, 

The compound was prepared by three additional procedures, each 

of which started with a (CgHg)g8n-containing compound. The x-ray 

4 (CgH^)gSnLi + SnCl^-^ II (9.7%) + (CgHg)gSn2 

4 (CgHg)gSnCl + 8 Li + SnCl^-^ II (20.6%) + (CgHg)g8n2 

2 SnCl 1) 3 gCgH5)3811] zMg n (3.1%) + (C_H_)_Sn 
2 2) 2 (CgH5)38nCl 6 5 6 2 

powder patterns of the compounds from the several syntheses were 

identical, and all showed the same ultraviolet spectrum. When 

phenyllithium was substituted for phenylmagnesium bromide in the 

reaction with stannous chloride, tetraphenyltin was the only product 

isolated. 

Quite recently another study of compounds of the type, (CgH^)3M ^M, 

has been reported (176). Derivatives were prepared in which M corre

sponded to Pb and Sn, the latter product being obtained from triphenyl-

I I  

tinlithium and stannic chloride as well as by Boeseken's method. 

A detailed structural examination of the tin compound has not, however, 

been reported. A related tetrakis compound, tri s (triph enylg ermyl) tr i-

phenylstannylsilane, was prepared some time ago (177) but was not 

investigated in any detail structurally or chemically. 
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The methods of preparation offer strong evidence that the com

pound has the tetrakis configuration (II) and not the isomeric struc

tures (I) or (III). Further, crystals from carbon disulfide-acetone 

were suitable for an x-ray single crystal study^. This analysis 

has given the unit cell dimensions. From considerations of the 

pseudosymmetry observed and the packing of the molecules in the 

unit cell, it is concluded that the tetrakis structure (II) is the 

most probable one^, 

Chemical evidence for the structure has likewise been obtained. 

The most significant result was afforded by reaction of the compound 

with four moles of iodine. Triphenyltin iodide was obtained in 

82 .4% yield along with a product which was thought to be stannic 

iodide. There was no evidence for the formation of diphenyltin 

diiodide or phenyltin triiodide. Likewise, reaction with an excess 

of refluxing 1,2-dibromoethane afforded 63.7% of triphenyltin 

bromide (based on unrecovered tetrakis compound) and no evidence 

for other tin bromides. Refluxing sym-tetrachloroethane reacted 

with tetrakis(triphenylstannyl)tin to give a 55% yield of triphenyltin 

chloride along with a small amount of tetra phenyl tin and an unidentified, 

^A. W, Schleuter, Department of Chemistry, Iowa State University 
of Science and Technology, Ames, Iowa. Information on an x-ray 
single crystal study of tetrakis(triphenylstannyl)tin. Private communi
cation. 1964. 
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probably polymeric, material. 

The tetrakis compound is also susceptible to nucleophilic ' • 

cleavage, and with triphenyltinlithium attack can occur at the 

lateral position. When the reaction was run in a 4:1 molar ratio, 

44% of tetrakis(triphenylstannyl)tin was recovered unchanged. The 

only other product isolated was hexaphenylditin. The latter product 

can arise from hydrolysis of triphenyltinlithium as well as from 

reaction with the tetrakis compound. The yield of hexaphenylditin 

based upon unrecovered starting material and the total amount of 

triphenyltinlithium employed was 74%. It should be noted that in 

the present reaction attack at the central tin atom should lead to no 

net reaction, so that all that can be seen is attack at the lateral posi

tion. 

The reactions above offer reasonably good evidence that the 

structural assignment is correct. Attention was next centered upon 

the possibility of cleaving only one tin-tin bond in the tetrakis 

compound with the hope of obtaining a functionally substituted tris-

(triphenylstannyl)tin compound. Attempts to accomplish this limited 

cleavage have as yet been unsuccessful. 

Reaction of tetrakis(triphenylstannyl)tin with one mole of iodine 

afforded an 81.9% yield of triphenyltin iodide; however, the only other 

product isolated was unreacted tetrakis compound in a 57% yield. 
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When tetrakis(triphenylstannyl)tin was treated with one mole of sym-

tetrachloroethane in refluxing xylene, no reaction was observed, and 

the tetrakis compound was recovered in 94.2% yield. In like manner 

the nucleophilic reagent, methyllithium, gave only tetraphenyltin in 

addition to recovered starting material. 

The conclusion which is drawn from these reactions is that the 

primary cleavage products formed are more reactive than the tetrakis 

compound itself. This is perhaps not surprising when one considers 

the steric hindrance to attack that must be present in the tetrakis 

structure. One might look upon the mdecule as containing a sphere 

of phenyl groups surrounding the vulnerable tin-tin bonds, Investi

gations of the chemistry of the related compound, tetrakis(trimethyl-

silyl)silane (178) have indicated that the same effect is probably 

operating in that compound also^. 

An alternate method for forming derivatives of the tris(triphenyl-

stannyl)tin structure was apparently available through reactions of 

tris (triphenyl s tannyl) tinlithium (IV), the intermediate presumed to be 

present in the preparation of tetrakis (triphenylstannyl) tin starting from 

triphenyltinlithium and stannous chloride. The tinlithium intermediate 

need not necessarily be present in the preparation to account for the 

^C. L. Smith, Department of Chemistry, Iowa State University of 
Science and Technology, Ames, Iowa, Information on the chemistry 
of tetrakis(trimethylsilyl)silane. Private communication. 1964. 
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formation of the tetrakis compound, since the produc^could arise 

from a disproportionation reaction. Indeed, perhaps the most impor

tant method for the formation of hexaorganodilead compounds is the 

reaction of lead dihalides with organometallic compounds (179), 

In order to test for the presence of tri s (triphenyl s tannyl) tinlithium, 

chlorotriph enylg erma n e was substituted for tri phenyl tin chloride in 

the last step of the reaction. A product was obtained with a melting 

3(CgHg)g8nLi + 8nCl2 > IV (^6^5)36801 ^ 

V 

point and solubility properties quite similar to those of tetrakis(tri-

phenylstannyl)tin. However, the infrared spectrum of the material 

showed the presence of germanium-phenyl absorptions, and the x-ray 

powder pattern was distinctly different from that of tetrakis(triphenyl-

stannyl)tin. A.molecular weight determination was quite satisfactory 

for the structure, tris(triphenylstannyl)triphenylgermyltin, but a 

combined analysis for germanium and tin was low. It might be men

tioned that it is difficult to determine the purity of the samples of 

materials that melt with decomposition over a range of temperature, 

so that impurities may be the cause of the poor analysis in the case of 

the latter compound. It is believed that the product is the germanium 

derivative (V). 
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Reactions of the tinlithium intermediate (IV) with trimethyl phos

phate or methyl iodide gave in low yield a product which is probably 

methyltris(triphenylstannyl)tin. However, the compound appeared to 

be relatively unstable in solution and could not be sufficiently purified 

to obtain an identification. 

In contrast to the cases above, reaction of the supposed tris-

(triph enyl s tannyl) tinlithium with chlorotriph enyl s ilane or tri-_n-

butyltin chloride afforded only tetrakis(triphenylstannyl)tin. In like 

manner, hydrolysis with saturated aqueous ammonium chloride gave 

the tetrakis compound, but in lower yield than was obtained after 

derivatization with triphenyltin chloride. The desired product from 

the latter reaction was tris (triphenylstannyl) tin hydride. The related 

compounds, tris (triphenylsilyl) silane (18C), tri s (triph enylg ermy 1) -

s ilane (la), and tris (triph enylgermyl)germane (175) are known and 

are quite stable, but the more polar Sn-H bond may cause the tin hydride 

to be unstable. 

It is believed that tri s (triph enyl s tannyl) tinlithium is formed on 

reaction of triph enyl tinlithium with stannous chloride, but there are 

limits to the synthetic possibilities of the reagent, at least under the 

conditions employed in the present studies. 

In connection with the investigations above, some reactions were 

carried out with hexaphenylditin before applying them to the tetrakis 
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compound. The ditin was found to be inert to a refluxing solution of 

1% potassium hydroxide in 95% aqueous ethanol. The insolubility of 

the compound is probably important in determining its reactivity in the 

aqueous ethanolic medium. Hexaphenylditin did react with hot moist 

piperidine, affording a 28% yield of bis(triphenyltin)oxide along with 

some recovered starting material. The compound was also cleaved by 

refluxing sym-tetrachloroethane to give a 42% yield of triphenyltin chloride. 

Suggestions for Further Research 

As the present investigations have demonstrated, there are defin

ite limitations to the structural modifications that can be made in 

the organic Group IVB lithium reagents. However, the modifications 

that can be made have not been fully exploited. In particular, alkyl-

diphenyl- and dialkylphenylgermyllithium reagents should be readily 

preparable and stable, A study of the relative reactivities of these 

germyllithium compounds would be of interest in view of the apparently 

anomalous reactivities of the alkylated silyllithium compounds. 

Extensions of the present studies with tinlithium reagents should be 

made. The availability of trialkyltinlithium compounds makes possible 

a study of the reactivities of the entire series of reagents from fully 

arylated to fully alkylated. This study has only been begun in the 

present work. 
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In view of the results obtained in the measurements of stabilities 

of Group IVB lithium compounds in tetrahydrofuran, it would be valu

able to determine the specific mode of decomposition of each reagent. 

As has been indicated earlier, it is not known whether germyl- and 

tinlithium reagents give the same type of cleavage product that silyl-

lithium compounds do. Determination of the mode of decomposition 

and the allied question of the actual character of the reagents in 

solution would give insight into the influence of solvents on the 

reactivities of the reagents. 

The present investigations have opened the area of branched 

chain polytin compounds. The effects of chain length and chain branch

ing on the chemical and physical properties of polytin compounds 

are at present inadequately known. The preparation of a series of 

compounds of the general formula, Sn^Rg^ ^ g ; snd an investigation of 

their properties would afford much valuable information. Only in 

the permethylated series is a substantial number of compounds known, 

and often even the physical constants of the compounds are not avail

able in the literature. 

The preparation of polytin compounds with reactive functional 

groups attached to tin would be particularly useful for synthetic 

purposes and for the determination of reactivities. Some prepara

tive methods are now available for this purpose. One possibility 
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which has not been well exploited is the cleavage of cyclic poly tin 

compounds to produce oJ -difunctional polystannanes. 

The tetrakis compounds, (R Sn) Sn, have not as yet shown them-
V 4 

selves to be amenable to chemical transformations leading to other 

branched chain derivatives. The cleavage of one tin-tin bond in 

these compounds would lead to derivatives of the type, (R^Snj^SnX, 

ideal species with which to determine the effects of chain branching 

on the reactivities of functional polytin compounds. Efforts should 

be made to prepare tetrakis compounds with organic substituents other 

than the phenyl group with the aim of further investigating the possi

bility of cleaving one tin-tin bond in the derivatives. 
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SUMMARY 

A convenient and accurate method for the analysis of organolithium 

compounds has been developed. The method is a modification of the 

standard double titration procedure (8), using organic halides other 

than benzyl chloride. The halide of most general applicability is 

1 f 2-dibromoethane^ which gives reliable analyses for solutions of 

both alkyl- and aryllithium compounds in diethyl ether or alkyllithium 

reagents in hydrocarbons. Allyl bromide also gives good results 

when used in titrations of alkyllithium compounds, other than methyl-

lithium, in the two solvents. The accuracy obtained in titrations 

with the above reagents is confirmed by the results of alternate 

methods of analysis which are less convenient to carry out than the 

relatively simple double titration, A more expensive reagent, 1,1,2-

tribromoethane, may give slightly greater accuracy than the dibromo

ethane in titrations of fresh preparations of methyl- and phenyllithium, 

but general use of the tribromoethane is not recommended due to its 

greater tendency to react with lithium alkoxides, 

Relative reactivities of organic Group IVB lithium compounds 

have been measured in three types of reactions. Competitive reac

tions were carried out in which two of the lithium reagents and n_-. 

butyl chloride were combined in a 1:1:1 molar ratio. Determination 

of the composition of the product mixtures showed the following order 
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of decreasing reactivity: (CH )(C H_)„SiLi^ (CH J^(C-H_)SiLi > 
o b o Z  o ^ b o  

(CgH^)^SiLi > (CgHg)gGeLi » (CgHg)g8nli » (CgHg)3Pbli. The 

observed order indicates that the basicity of the anions is the most 

important factor in determining the nucleophilicity of the reagents. 

A study of the relative metalating abilities of the reagents 

was carried out by allowing the compounds to metalate fluorene under 

identical reaction conditions. The reaction mixtures were carbonated, 

and the yields of fluroene-9-carboxylic acid were determined. This 

series of reactions indicated the following order of decreasing reac

tivity: (CH^)(CgH^)^SiLi 2 (CH^)2(CgH^)SiLi ) (CgHg)gGeLi > 

(C^H ) SiLi^ (C Hj 8i8i(C Hj.li. This order is the same as that 
6 5 3  6 ^ 3  6  5  Z  

observed in the competitive reactions with the exception of the posi

tions of triphenylgermyllithium and triphenylsilyllithiumAn explan

ation of the discrepancy is not at present known. 

Thirdlyf rates of decomposition of the reagents in tetrahydro-

furan solution were measured by titration of the reagents at inter

vals of time. Rate constants for the pseudo first order reactions 

were determined, and the following order of decreasing rates was 

observed: (n-C Hg)g8nli)> (CH2)(CgHg)28nLi > (CH3)(CgHg)28iLi > 

(CGHG)G8NLI^ (CGHG)GGELI > (CH3)2(CGHG)8ILI )) (CGH5)38111. 

This order indicates that reactivity toward tetrahydrofuran increases 

on going from silicon to tin, in contrast to the observations above. 
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However, among the silyllithium reagents, the order is much the same 

as that observed previously. Unfortunately, the reaction pathways 

are not known for all the reagents, so that a reasonable explanation 

for the observed order of reactivity cannot be offered. 

Triphenyltinlithium, in contrast to triphenylsilyllithium, was 

found not to enter into addition reactions with pyridine, azobenzene, 

benzophenone, or 4,4'-bis(dimethylamino)benzophenone. With benzo-

phenone, a one electron reduction occurs leading to benzophenone ketyl 

and hexaphenylditin. 

The compound, tetrakis(triphenylstannyl)tin, was prepared from 

the reaction of three equivalents of triphenyltinlithium with stannous 

chloride, followed by treatement with triphenyltin chloride. The com- • 

pound was shown to be identical with a product of the reaction of 

phenylmagnesium bromide with stannous chloride, a reaction previously 

run by Boeseken in 1923 (54), The product was also obtained from 

the reaction of triphenyltinlithium with stannic chloride; from tri

phenyltin chloride, stannic chloride, and lithium; and from bis (tri

phenyltin) magnesium and stannous chloride followed by triphenyltin 

chloride. Chemical and physical evidence for the structure of the 

compound is presented. 
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