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There has been considerable recent attention in the literature directed toward the
preparation and properties of the R;EL1 {E = Sj, Ge, Sn, Pb) compounds™. Excellent
proecedures for a variety of these rezgents have now been described!-2, making it of
great value to have available a general analytical procedure for solutions of these
compounds.

A nember of procedures for the analvsis of organolithium corzpounds have been
described?. The simple hydrolysis of an aliquot and titration with acid?3 gives results
which are uniformly high. This is due to the unavoidable presence of metal oxides
and alkoxides in the solution. The most widelv used method of analvsis for alkvl-
lithinm compounds has been that which consists of a double titration using benzyl
chloride®t. The method is convenient to use; however, it is no: applicable to the
analysis of methvllithium or arvllithium compounds, and evidence has accurnulated
indicating that the titration shows an RLi content lower than the true valuete.s,
These drawbacks led us to reinvestigate the double titration procecure. This re-
investigation brought the conclusion that allvl bromideis.2d.6 j: 3 bhetter Kli-con-
suming reagent than benzy! chloride, and thus gives a more accurate analyvsis when
emploved in the double titration of alkyilithinm compounds®.

A previous repori from this Laborarory has described a quantitative estimation
of organocsiiylmetallic compounds®. The method proposed was thz initial reaction of
the R.SiLi compound with n-butyl bromide followed by determination of the amount
of bromide ion released using a Volhard titration procedure. However, the earlier
success with the more convenient double titration piroczdure using allvl bromide
suggested that the method might alsc give an improved analvsis for organosilvi-
lithiurn compounds.

EXPERIMENTAL

Triphenvisiivlithium?®, methyvldiphenylsilvllithinm?®, dimethyvlpheavisilvllithinm?,
triphenvigermyvliithium® and triphenvltinlithium3¢ were prepared according to
published procedures in tetrahydrofuran solution. The tetrahydrofuran was purified
by refluxing over sodium wire, distillation into lithturn aluminum hydride, and
distillation from the hydride immediatelv before use. The solution to be analyzed
was fiitersd under drv, oxygen-free nitrogen through a sintered glass funnel in order

" The preparations and properties of organosilvimerallic compounds have been thoroughly
reviawedl.
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to remove insoluble material. The pipettes and flasks 'were baked in an cven at 140°
and flushed with a stream oi nitrogen until cool. The halides used in the titrations
were dried over phosphorus nentoxide and then distilled. The ether employed was
dried by storage cover sodium wire.

Analytical procedures

The n-butyl bromide-Volhari method of analysis was carried out accozding to the
published procedures.

For the double iitrations, a 3 ml aliquot of the solution to be analyzed was
withdrawn by pipette using a. suction bulb and added to 1o ml of ether. The solution
was hydrolyzed with 10 ml <f distilled water and titrated with standard acid, using
phenolphthalein as indicator, to give the total alkali present. A second 3 ml aliquot
was withdrawn and added t2 10 ml of ether, containing ¥ ml of the halide, unde: an
atmosphere of nitrogen. The solution was swirled gently and allowsd to stand for 2
min, after which it was hydrolyzed with distilled water and titrated immediately
with standard acid, again using phenoclphthalein as indicator.

In titrating the latter solution the end point is easily oversteppad, since the
aqueous layer decolurizes before the ether laver. Vigorous shaking near ~he end peint
is recommended. There is the possibility of interference from hydrolysis of the halide,
so that the titration should be carried out within a reasonable length of time.

Reactions of allvl bromide with lithium ethoxide
Solutions of lithium ethoxide in ether were filtered under nitrogen. Tha double

titracion procedure using allvl bromide, as described above, was then carried out with
these solutions.

Preparation of tri-n-butvitiszlithinm'®

To 0.7 g (0.1 gram-atom) cf finely cut lithium wire was added 6.51 g ‘0.02 mole} of
tri-n-butyitin chloride in z-2 ml of tetrahvdrofuran. Stirring was begun, and an
immediate exothermic reaction was noted. Tetrahvdrofuran (40 ml) wis then acded
at one time and stirring continued for 45 min. The vellow solution was fi*tered threugh
glass wool, and titrations were carried out in the usual manner.

RESULTS AND DISCUSSION

In the reinvestigation of the double titration procedure for the analysis of organo-
lithium compounds’, a series of nineteen difierent substituted benzy: halides, allyl
halides, and polvhaloalkanes was emplcved as potentially better RRLi-consuming
reagents than benzyl chloride. The first significant results wera those with phenyl-
lithium. In that case the double titration values with several halides were compared
with the amount of tetraphenvitin formed on treatment with tripher.yltin chleride.
It was concluded that ariong the halides so far investigated the t:tration values
obtained with 1,1,2-tribromoethane were: In closest agreement with the actnal con-
centrations, with allvl bromnide giving valaes several percent lower”. The investigation
was ther extended to alkvllithium compounds.

It is difficult to asses: a method of analysis when solutions of knowa concentra-
tion cannot be prepared. The closest one can ccme with reactive organometallic
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compaounds is to prepzre solutions of alkyllithinm componnds in hydrocarbon solvent
under conditions rigoiously controlled to exclude oxygen and moisture. In this case
th:e amount of base frcm alkoxide sources is controlled by the lack of solvent cleavage
and also by the low solubility of lithium alkoxides in hydrocarbons, making C-Li
almost the sole contzibutor to the total basic content. Under these conditions the
titration of an aliquot reacted with a halide should show very little base, a condition
fulfilled very well by :Hvl bromide~.

Recently it has been shown from competitive reactions!! that the coupling
reaction of iriphenylsilyllithium with monchalosilates is more facile than those of
s-butyiiithium or phenyllithinm. Although this system is different from that existing
in the double ifitrations, it seems reasonable to suppcse from the evidence above that
the reaction of an orgnic halide with triphenylsilyllithium should go to completion
if the same reaction is complete or very nearly so with z-butvllithinm and phenvi-
itthium. It has been shown that the reactions of triphenvlisilyllithium with alkvl
bromides proceed larzelv through halogen-meizl interconversion, followed by a
coupling reaction!; ho'vever, the destruction of Si--Li should be compiete in any case.

Following the abcve conclusions, the present investigatior was begun using the
betier of the titrating reagents previously tried. A given preparation of an R,ELi
compound was analvzad using several different halides in the double titration pro-
cedure as well as by ~he n-buty] bromide-Volhard method. Thz results of some of
these comparisons are shown in Table 1.

TABLE 1

COMPARISOX OF DIFFERENT METHODS OF ANALYSIS OF 3ELi coyMpPoUxps
Sslutions of R,ELi compoiunds were analyzed by the »-buty] bremide-Volhard method and by
double titration with vazious halides. The results are expressed as percentage yizld of RyELi
comgpound in the preparztion, and are average values of two or more determinations.

FPerrcemtagze Yieid of RyELY

cnr;z‘:;—j;: Doubts Titration Votrard
Flalide Used Araxlyris
None Z3H{Br PaCH.Ci BrCH.CH.Br PhCCl, Br,CHCH.Br
Ph,SiL: 128.0 94.2 S22 > 100 118.0 —_ 95.2
Ph,Sils 1124 93.6 875 — — — 832
Ph,Sili 134.8 89.6 — 107.3 —_ — 86.2
Ph,Sil s 123.9 95.7 — — — — 54.85
Ph.MeSiLi 114.3 S3.7 — — —_ — 83.5
Ph.MeSili I12.0 92.0 — 100.8 — —_ 74.6
PhMe,SiLi 91.2 327 — 70.0 —_ — —_
PhyGeLt 117.7 8c.0 — — —_ — 84.6
Ph,Snli 117.2 94.2 S9.5 go0.3 — — 86.1
Ph,Snli 11S8.3 94.1 75.0 S1.9 rio.2 §6.9 747

It shonld first be no’ed that there is consideradle reason to believe that the
preparations of the R, iLi compounds are accomplished in good vield. The particular
case of triphenvisilvili-hium has been investigated most thoroughly. It is common
for products of reacticns with triphenylisilvllithium to be isolated in So 94 vield or
betterl, as illustrated in the follow:ingz reactions. A particulariy good method for
forming derivatives of silyllithium compounds is the reaction with a trialkyl phos-
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phatels. With this reaction vields of greater than 85 9} are normally obtazined, and in
one case a vield of g7 9% has been reported!s. Another obszrvation psinting to the

Ph,SiCH, -5 Ref. 12
P 21

Ph,SiLi PhC=CH. . Ph,CHCH,SiPh, Ref. 13

8094
TR0 T~ ph,SICOH Ref. 14
93%

szme conclusion is that hexaphenyldisilane is not isolated in reactions of triphenyl-
silyllithinum prepared from the disilane unless it can be produced from the silyllithimin
compound by some route. This is of particular significance because hexaphenvl-
d:silane has low solubilitv in tetrahvdrofuran, making it difficult to overlock and

Ph,SiLi + (#-C,H,0),PO ——= Ph,SiC,Hyn

~0r
97 "o

vary easy to isolate. There is reason to believe that preparations of other RyEL1i com-
paunds are equally good. In one study®® the PhyEL1 (E = Si, Ge, Sn, I'b) reagents
were prepared by lithinm cleavage of the Pii,E-EPh; compounds ard also by direct
reaction of lithium with the appropriate chloride, and the resnlting solitions treated
with benzyl chloride. The vields of benzyvl derivatives were all good, with triphenyvl-
s:Ivllithium giving the lowest vield, probably because of halogen-metal interconver-
sion followed by formaticn of hexaphenyldisilane. The reaction conditions were not
rigorously controlled in this study-, nor was any attempt made to maximize the vields
af the preparations, but the results are strongly indicative of a high vield in all the
preparations. A further fact of some importance is that decomposition cf R,Sili com-
pounds through reaction with the solvent is reasonably slows,

The observations above lead to the conclusion that titrations o fresh R ELi
preparations may be expected to show vields consistently above ¢o0¢;, with yields
above g5 9% being quite possible. The data in Table 1 show high vields in most cases,
2ad in general the observed vield is higher with the allv]l biomide double titration than
with the #2-butv]l bromide-Volhard analysis. The single preparation of triphenvl-
germyllithium represents an exception. In other preparations, with which comparzative
analvses were noi made, double titration with allvl bromide has shown vielcs of
g6.7 %5, 66.6 %, ¢8.0 % and ¢6.0°;,. Also, preparations of dimethvlphenylsilyvllithinum
have given analvses corresponding to 86.5, 36.1 and 85.8 2; vields.

It will be noticed from Tablk- 1 that the titration with no halid: precent give
values corresponding to considerably more than 1009, of the thecretical R ELi
content. It has been suggested in the case of silvllithium compounds® that this may
be due in large part to lithinm alkoxide; however, the reagents are prepared in good
vield, and cleavage oi the solvent is slow$. It is possible that the extra basic content
may be due to veryv finely divided lithium metal, which would interfere with the
titratior. if it reacted with the halide used to form an alkyllithium compound which
subsequ:ntly conpled with the excess halide. This may be occurring with some of the
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holides used in the douoble titration, for some of the yields shown in Table 1 are in
excess of 100 %;. It seems unlikely, however, that anything of this nature takes place
writh allyl bromide, for in the period of more than two yezrs during which the allyl
bromide method of assay hzs been in regular use in this Laboratory and elsewhere®d,
no anomalous resulits have been encountered in a large number of preparations,
principally of various silyllithium compounds®.

As cleavage of the solvent proceeds, the increasing concentration of lithium
alkoxide is a major potential source of interference. It has been suggested®® that
there is no reaction between allyl bromide and lithium alkoxide under the conditions
of the double titration. In the present work, lithium etboxide solations in diethyl ether
were treated in the same manner as R;ELi solutions to be analyzed. The results given
in Table 2 indicate that a reaction took place to tke exten: of about 2 9} or less. This
iz slight enough to be negligible unless alkoxide con:entrations become very high. The
extent of this reaction in hvdrocarbon solvent has been measured to be 1.8 9, under
the conditions of the titration!?.

TAEBLE 2

REACTIONS OF ALLYIL BROMIDE WITH LITHIIM ETHOXIDE

Clear soletiens of lithinm ethoxide in diethyl ether were reacted -xith allyl bromide under the
conditions used in the double titrzation.

m! LiOE? mi C,H,Pr Molarity
Run 1 2 o c.397
Run ¢ 2 X 0195
Run r 2 I 0.2G35
Run 2 2 o o.169
Run 2 2 1 0.166
Run 2 3 1 0.166

The precision which mav be expected with the allvl bromide doublz titration is
indicated in Table 3. The results are all {or solutions of triphenvitinlithium, but they
are typical for the other R;ELi compounds as weli. As is shown, deviations of the
order oi 0.5 % are to be expected when using the titration method.

TABLE 3

TITRATIONS OF TRIPHENYLTINLITHIUM PREPARATIONS
Preparations of triphenyltiniithinm ware analyzed by the double titration procedure using allyl
bromide. In each case two determinations were made and transiated into percentage yvizld of the

preparation.
Pregaraticn Ar Yicli. ¢, Deriation, °,
b4 0.533. ©.335 96.0, gh.2 0.2
z 0.399, 0.300 93.5. 93.7 o.z
3 0.282, 0.281 97.0, 96.6 o.4
+ 0.298, 0.266 95.5. 95.0 0.5
3 0.288, 0.286 94.4. 936 o8

T Apotker conceivable source of interference is the reaction of allyl bromide with R,EH
compounnds. For a study of the reaction with triorganosilanss see Ref. 16.
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In addition to the results so far discussed, titrations of tetrahvdrofuran solutions
of triphenvlleadlithinum3®b:¢ were also attempted, but the method has not yvet proven
satisfactory. In titrations of hydrolyzed aliquots without halide added, the end point
is not claarly defined by the phenolphthalein indicator. Also, the reaction cof tri-
phenvleadlithium with allyl bromide produces a highly colored sojuticn which rasks
the indicator change.

Another reagent which has been titrateéd is tri-z-butyltinlithium?®é. Although
little is known at the present time about the reactivity of this reagent and an estima-
tion of the vield to be expected in its preparation weuld be difficu!:, there is no
apparent reason to expect the aliyl bromide titration to be inapplicable. By using the

preparative procedure described above, the \'1eld.\ of tri-nz-butyltinhithium, zs de-
termmed by titration, varied from 33 to 66 °;. On tLeoretical grounds one might
expect the trialkyvltinlithinm reagent> to be more reactive than triphenyltinlithium,
so that the relatively low vieids obtained in the present case are probablv attributable
to tlie method of preparation and not to the method of anaiysis.

The analvtical procedure using allyl bremide has had great utility in this Lzbora-
terv. Of some interest is the stability of the varions R;ELi compounds in tetrakyvdro-
furan, and this study will be reported at a Iater time.
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SUMMARY

A method for the quantitative analvsis of triorgancsilyl-, -germyl-, and -tinlithium
compounds, involving a double titration using allyl bromide, has been investigated
and compared with other methods of analysis. The new procedure is considered to
be more accurate and convenient than previous methods.
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