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—r0°. This NMR behavior can be understood by the assumption of the following
valence tautomerism (Fig. 1) occurring rapidly even at —10° in the solution. This
rapid tautomerism averages out all the protons and the NMR spectrum will have a
single peak. The +-value observed can be approximately calculated as follows on the
assumption of the tautomerism. The calculation involves averaging out all the =values
of the terminal protons of butadiene(tricarbonyvl)iron* and the hypothetical +-values
for zz-allyl{tricarbonyl)iron* and results in a value of 8.35 =.
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Solvent and concentration effects on the rate of addition of n-butyHlithium
to 1,1-diphenylethylene

Enhancement of rates of organolithium reactions by ether solvents has been
recognized for many yvears, but quantitative knowledge is wanting. We report here
measurements of the rate of reacticn (1} in hydrocarbon solutions containing small
amounts of tetralivdrofuran (THF)*. The rate increases a factor of yoo—;00 with a
160-fold change in THF level at each of seven n-butvllithium concentrations. On the
other hand, with increasing amounts of #-butyllithium at constant THF concentra-
tions, the rate of reaction (1) is found to decrease. Since n-butyllithium is one of the
formal reactants, this decrease in rate is unusual. The only previously reported kinetic

1-C HyLi + CHo=C{CH,), ——> n-C;H,,C{C H,),Li (1)
studies of organolithium olefin addition reactions which relate to solvent effects are
the propagation reaction of s-butylithium-initiated polymerization of styrene in
benzene solution containing small amounts of THF?-* and the propagation reaction of
n-butyllithium-initiated polymerization of dienes in hexane or THTF3 or (C,H;),08.
Initiation of these polymerizations was reported to be too fast to measure. A kinetic

* See ref. 1 for a kinetic study of reaction (1) in benzene.
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study of the eflect of ethers on a different type of organolithium reaction demonstrates
the accelerating effect of diethyl ether on the coupling reaction between n-butyl-
hithium and 1-bromooctane in predominantly hexane solution®.

n-Butvlithium adds to 1,r1-diphenylethylene (DPE} to form 1,1-diphenvl-
s-hexyiithinm3. Addition of a2 second DPE molecule does not occur except when
DPE is present in large excess®. In the experiments reported here the amount of DPE
(0.045 mmoles) and the total volume (5.0 ml} are constant. Concentrations of
THF and sn-butyllithium are varied. Rates were measured spectroscopically by
monitoring the absorbance of the adduct 1,1-diphenyl-n-hexyllithium on a Cary
recording spectrophotometer using an absorption cell described previously?'®. Initial
rates of reaction (1), determined from the initial slopes of the absorbance vs. time
curves, are given in Table 1. The molar ratio THF/»s-C HyLi ranges from 0.008 to 25.

Rates of reaction (1) appear to be primarily determined by the n-butyllithium
concentration and the ratio THF/z-butyllithium, as shown by a plot of ratey
i1-C H,Li% versus THY/n-C ,H,Li 4, in which all the data of Table 1 fall on the same
semi-parabolic curve.

The data in Table 1 shows that at a constant s:-butvlithinum concentration the
increase produced by THF in the rate of (1) is small at low THF concentrations, and it
increases at higher THF concentrations. Plots of rate vs. {THF; show two approx-
imatelv linear sections. The slopes of the first sections at low THF concentration
increase with decreasing #-butyllithium concentration; the slopes at higher THY
levels are similar for all the 7z-butyllithium concentrations. Presumably at even lower
»-butyvllithium concentrations the rate increase would appear to be proportional to
the amount of THF as is found for the dependence of the rate of addition of styrene
to polvstyrvllithinum on THE2. However, the small effect of small amounts of THF is in
contrast to the finding that virtuciy ali of the acceleration of the rate of #-butyl-
lithium-1-bromooctane coupling reaction by diethyl ether occurs when Et.Of
#-C,Hgli << 0.5 (ref. 7).

At a given ratio of THF to z-butvilithium, the rate of (1) is faster the higher the
71-C HyLi concentration, but at a given THF level the rate is faster the lower the
71-C;HeLi concentration. The propagation rate of styTene polyimerization did not show
this inverse rate dependence with increasing polystvrviithium concentration®. An
indication of a further possible fundamental difference between the efiect of THF on
-buryllithium and pelystyrylithium® or polvisoprenvilithium?®© is that initiation of
polvimerization of styrene or isoprene by #-C Hgli is enormously accelerated by THF
whereas propagation is only a few-fold faster than in hydrocarvon solution® 5. In
fact, even at the lowest THF concentration initiation was too fast to measure>.

Apparent orders of reaction (1) In 2#-C;H,Li as indicated by plots of log rate us.
log {n-BuLi;, vary from a fractional negative value at ow THF levels to approximate
zero order at high THF ievels. Non-linear plots are obtained at intermediate THF
concentrations. Similar treatment to obtain the apparent reaction order in THF (at
constant n-C,H,Li) also result in non-linear plots except at low THF levels.

The increase in rate caused by the addition of THF could be a result of a greater
number of reactive species of approximately the same reactivity as those in the absen-
ce of THF " or of an increase in the reactivity of the species already present. Although

“ In hydrocarbon solution, s-butyllithium exists predominantly as hexamers!?, whick are in
equilibrivm with reactive monomeric 2-butyliithium?=.
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activation energies for addition of organolithium compounds to olefins are less in ether
solutions®.3:% than in hydrocarbon solutions'?, the principal factor causing increased
rates in the presence of THF is probably the formation of a greater number of reactive
species.

n-Butyllithium in hvdrocarbon solutions in the presence of small amounts of
THF might be considered to be participating in several equilibria consisting of
relatively unreactive, unsolvated n-butvllithium hexamers and equilibrium con-

TARLE 1

INITIAL RATES? OF REACTION (1) IN BENZENE CONTAINING SMALL AMOUNTS OF TETRAHYDROFURAN

Mmnies n-CyHgLt®  Mmoles THF n-C,H Li:]"DPE"

{mrolar)

0.01230.037 ©0.123 0.2347 0.37 0.6I§ 1.23 1.84

0.075 0.29 0.93 3.0 S.0 24.8 36, Ss. 12y j
0.105 0.26 Lo 3-8 10.4 15.2 35. Sy. 120. 2.4
.30 0.3z o.7! 3.9 6.0 11.2 3% 99. 140. 6.7
o.75 ot o.35 1.3% 2. Q.5 21 86. 108. 16.0
1.5 0.16 o342 0.98 2.0 3.0 6.2 41 66. 33.
3.0 0.34 2.5 o7.
.5 o.18 o0.58 166
THE 7 DPE’
{molar) 0.27 o082 27 3.5 8.2 13.7  27. $I.

a Moles fiters~! min.~! < 10%. To convert these initial rates into rate constants requires a
Lknowiedge of the nature of #-C H,Liin these solutions. If 2-C HgLiis monomeric, the rate will be
k. 2-C,H L1, "DPE, butif the 2-C;H,Li is aggregated, the rate expression is k&, (n-C HgLi); tin-
IDPE] where &; = A A (1/n)tn, where A is the aggregate monomer equilibrium constant.
% ;:-C HgLi obtained from Foote Mineral Co., 1.5 molar in hexane. At the highest #2-C HgL1i levels
hexanceis the preddominant solvent. Rates are slightly slower in hexane than benzene. Experiments
in hexane-THE show the same trends as above.

centrations of reactive, unsolvated monomeric n-butyllithium and etherates of
monomeric z-butvlithium®. The existence of a solvated but unreactive s-butyl-
lithium aggregate {which may or may not be a hexamer) mayv also be required to
explain the data of Table 1, as described below. Evidence that #-butyllithium and
ethyllithium exist as solvated dimers in hydrocarbon solutions containing excess
diethyl ether!3 or triethylamine!? has led to the conclusion that the reactive species
in such solutions is the solvated dimer. Kinetic evidence for the extent of aggregation
of #-butylithium in 100°, THF is not, however, consistent with the predominant
snecies being a dimer, but indicates at least trimers!s.

The rate of reaction of polystyryllithium with stvrene goes through a maximum
(at a THF/n-C,H,Li ratio ~ 10) with increasing amounts of THF, leading to the
conclusion that the monoetherates of polystyrvllithium are more reactive than the
dietherates?. A maximum rate with added THF is also found for the addition of iso-
prene to polyvisoprenylithiuin, but at the much higher THF/RLi ratio of 500:1 (ref. 3).
Nevertheless, no indication of a maximum rate is found for reaction (I) up to the

* Evidence suggests the existence of specific etherates which, following the conclusions of
Bywater and Worsfold® for polvstyrvilithium, can be thought of as mono- and dietherates. The
nature of the reactive n-butyllithium species in THF solution are as vet uncertain.
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highest experimentally accessible THF/n-C,H,Li ratio of 25. In 100 9; THF the rate
is essentially instantaneous. Assuming that reaction (1) does not have a rate maximum
at a higher THF/n-C H,Li ratio, the decrease in rate with added n-butyllithium can
be interpreted as indicating the existence of a least two etherates of n-butyllithium,
and that the higher etherate is more reactive than the lower etherate. If such is the
case, the relative reactivities required of the respective etherates are opposite to those
invoked to explain a rate maximum. If reaction () does have a rate maximum at
THF/s-C H,Li > 235, the decrease in rate on adding n-butyllithium at constant THF
level can only be explained by the existence of a relatively unreactive solvated #-C HyLi
clisterts.

It is apparent from the trends reported here and the behavior of other organo-
lithiumn system= that the findings for one reaction or a specific organolithium com-
pound should rot be extrapolated to other systems. Presurnably with the availability
of more data, generalities will be forthcoming. This work is continuing and will be
reported in detail soon.
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The preparation of trialkyltin hydrides by thermal decomposition of formates

Organotin hyvdrides usually are prepared by the reduction of organotin halides
or oxides. We now wich to report that tri-z-propyltin or tri-n-butyvitin hydride can be
prepared by thermal decomposition of the corresponding formate under vacuum:

B
R,SnOOCH -—= R,SnH + CO,

Tri-n-propyltin formate! (27.7 g, b.p. 101-104°%/5 mm Hg, > 1.5038) was heated
at 160-170> under reduced pressure (1o-12 mm Hg), using a distillating column
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