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ganometallic compound. Since trimethyllead halides
and dimethyllead dihalides have been shown to be
monomeric in solution®! we assume that most of the
organometallic compounds studied are monomeric also
in the benzene solutions used. A more serious consider-
ation is the possibility that the organometallic com-
pound forms a complex or addition product with the

nitrone. This could either tie up an appreciable frac-
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(51) R.J.H. Clark, A. G, Davies, and R, J. Puddephatt, J. Am, Chem.
Soc., 90, 6923 (1968).

tion of the substrate and/or the nitrone or in fact be
the precursor to the spin adduct. The interaction
could range from a weak attraction as in a complex to
an actual bond formation as in an addition product
of salt-like structure,

Perhaps the latter occurred in the reaction between
phenyltin trichloride where a precipitate formed upon
mixing and no spin adduct was detected in the photol-
ysis. If complexes such as I photolyzed more readily
than the uncomplexed molecules, trapping of the pro-
duced radical would be more efficient since it could take
place as a cage reaction. The somewhat surprising
successful trapping of acetoxy radicals in the thermal
decomposition of lead tetraacetate, and in the photol-
ysis of trimethyl- and triethyllead acetate and mercuric
acetate might be rationalized in this way. However
since the acetoxy spin adduct has been obtained from
a number of other sources it appears that acetoxy radi-
cal can be trapped by PBN. Further investigations into
this question are in progress.

Acknowledgment. We acknowledge the assistance of
Susan Henson in some of the above experiments.

Organometallic Photochemistry. 1. The Photolysis

of Ethyllithium

William H. Glaze and Terry L. Brewer
Contribution from the Department of Chemistry, North Texas State University,

Denton, Texas 76203,

Abstract:
peting photolytic mechanisms:

process which yields lithium metal, ethane, and ethylene.

Received February 10, 1069

The photolysis of ethyllithium with mercury resonance radiation apparently proceeds by two com-
a lithium hydride elimination reaction which yields ethylene, and a homolytic

The absence of butane and deuterated ethane (when

the photolysis is carried out in CsDs or CsD)2) indicates that the homolytic process occurs via an intraaggregate
disproportionation mechanism. Photolysis in the solid state yields ethane, ethylene, and butane as well as a poly-

meric material.

he thermolysis of alkyllithium compounds has been

the subject of several investigations!~” and is gen-
erally conceded to proceed via a concerted 3 elimination
of lithium hydride, unless no 8-hydrogens are available.”
The possibility of radical participation has been rejected
by most workers, 2?3 except possibly in the thermolysis of
potassium and sodium alkyls.® The photolysis of alkyl-
lithium compounds has not been reported, and one pur-
pose of the work reported here was to compare the
mechanism of photolytic decomposition with that of the
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Solution photolysis in the presence of a mercury pool yields only ethane (and no LiH).

corresponding thermal process. van Tamelen and co-
workers® have reported that phenyllithium photolyzes
by an interesting intradimer process which yields prin-
cipally biphenyl. A further purpose of this work was
to examine the generality of this mechanism among
aliphatic lithium compounds.

Absorption Spectrum of Ethyllithium. Notwithstand-
ing a report to the contrary,'*!! the ultraviolet spectrum
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Table I. Summary of Photolysis Products of Ethyllithiume
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RLi Gaseous hydrocarbon products Liquid

Run Photolysis reacted, Total, % % % LiH, products,®
no. Solvent time, hr mmol mmol C,H; CH, CHi mmol mmol

1 Isooctane 7.0 1.19 1.00 29 71 0 0.25 Trace

2 n-Decane 7.0 1.65 1.33 31 69 0 d 0.2

3 n-Decanes 10.0 d d 55 45 0 d 0.2

4 Benzene 7.0 d d 42 58 0 d Trace

S Isooctane® 4.0 3.40 2.40 100 0 0 Trace 0.7

6 Benzene* 5.0 d d 86 14 0 d d

7 None 7.0 d 7.0 51 18 31 0.8 (Polymer)

(solid phase)

e Data refer to an average of at least three runs in each case.

Relative yields of hydrocarbon products are =27,

b Liquid products refer

to Cio and G, branched-chain hydrocarbons presumably due to ethyl radical coupling with decane and isooctane solvents, respectively.

¢ Solvents used in these early runs contained impurities which caused absorbance at 253.7 my in excess of 0.3.

for these runs. ¢ Mercury pool present.

of ethyllithium in isooctane (Figure 1) consists of a
broad absorption beginning around 300 mu with a max-
imum near 210 mu. A similar spectrum for n-butyl-
lithium was reported by Oliver, ez al.’* The extinction
coefficient of ethyllithium at the maximum is 2.0 X 10°
l./(mol ¢m), and 3.8 X 102% 1./ (mol cm) at 253.7 mu.
This absorption is predicted by a simple MO treatment
of the tetramer by Weiss and Lucken,!? although more
elaborate SCF calculations'® predict the transition to
occur at 100 mu. The band reportedly broadens in but-
3-enyllithium'4 or upon the addition of a Lewis base
such as tetrahydrofuran.!>!” Urwin and Reed!® have
reported that the maximum absorption of n-butyllithium
in benzene shifts from 278 mu at 6 X 10—3 M to 282 mu
at3 X 10-2 M. The extinction coefficient at 285 mu was
reported to be 91.1 ./(mol cm).'* The effects of alkox-
ide, which are inevitably present in alkyllithium solu-
tions, have not been investigated previously and the pos-
sibility exists that the tail of the absorption shown in
Figure 1 extending beyond 300 mu is due to some type
of alkoxide complex. However, the absorption of eth-
yllithium at 254 mu, the wavelength utilized in the pho-
tolysis studies, does not appear to depend on the quan-
tity of alkoxide in the solution. Furthermore, as noted
in the Experimental Section, the concentration of “other
soluble bases,” as measured by the Gilman titration!®
does not change during a photolysis run. Until further
data is available, therefore, we shall assume that the
alkyllithium aggregate is the principal absorbing spe-
cies.

Photolysis of Ethyllithium. The results of this work
are summarized in Table 1. Since ethyllithium is only
moderately soluble in aliphatic hydrocarbons, saturated
solutions (ca. 0.1 M) were employed. The percentage
of carbon-bound lithium, as determined by the modi-
fied Gilman titration,'® varied from 95 to 859, but was
usually greater than 9077.

As shown in Table I, ethylene is the predominate gas-
eous product when photolysis is carried out in “opti-
cally pure” aliphatic hydrocarbon solution (entries 1
and 2). In the presence of large quantities of optical
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4 No mass balance attempted

impurities, somewhat larger quantities of ethane are
produced (entry 3). In each case, butane is produced
in quantities of less than 1 mol 7. These results con-
trast with those of van Tamelen, ef al., who report that
phenyllithium yields 805 biphenyl when photolyzed in
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Figure 1. Ultraviolet spectrum of ethyllithium solution in iso-
octane, {C;H;Li} = 3.5 X 1074 M.

ether solution.® The absence of butane is also evidence
that ethylene does not result from the disproportiona-
tion of two “free” ethyl radicals. Another possible
source of the ethylene is lithium hydride elimination,
although the control experiments require a nonthermal
elimination mechanism (eq 1). Since a portion of the

hy
(C;H;Li) —> (CH;Li)* —» LiH + C,H, (1)

lithium hydride produced would be expected to survive
the exposure to the ultraviolet radiation,!® the residue
obtained from solution runs was analyzed for hydride
by the method of Frazer, ef al.? (eq 2). The results

2LiH + Hg ﬁ> Li,;Hg + H, 2
shown in Table I indicate that abundant quantities of
hydride were found. Approximately one-third of the
quantity of hydrogen to be expected from the ethylene
yields was obtained in one analysis shown in Table I.
This can only be regarded as an approximate figure in
view of the possible photolysis of lithium hydride and

(19) D. J. E. Ingram, M. J. A, Smith, and W. T. Doyle, Phys. Rev.
Leyt., 2, 497 (1950).

(20) J. W, Frazer, C. W, Schoenfelder, and R. L. Tromp, U. S.
Atomic Energy Comm., UCRL-4944 (1957),
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the effect of impurities such as LIOH on the analytical
method.? The remainder of the solid residue apparently
is lithium metal,?! a portion of which may result from
the photolysis of lithium hydride. However, the presence
of ethane among the gaseous products suggests that a
competing mechanism may occur, and the most reason-
able choice seemed to us to involve homolytic bond
cleavage of excited ethyllithium to yield lithium metal
and an ethyl radical (eq 3). Under the conditions em-

C.H;- =+ HS — CgHs + S. (4)

ployed, the ethyl radical would be expected to abstract
a hydrogen atom from solvent (eq 4).

The mechanism proposed in eq 3-4 was tested by
photolyzing ethyllithium in C¢D;, with the surprising
result that very small quantities of C,H;D were observed
in the mass spectrum of the gaseous product.?? The
result cannot be explained by any reasonable isotope
effect since the solvent contained 99.597 deuterium.
Apparently, some mechanism exists by which normal
isotopic ethane is formed by the abstraction of a hydro-
gen atom from ethyllithium. The following reaction
scheme is proposed to account for these results.

(C:H:Li).* —> -C:H:(C:H;Li).—1 + Li (5
‘CH(CH;Li)s1 —> CHg + -GHLLI(GH;Li),-,  (6)
-CH,Li(C,H;Li)p s —> (C;H;Li),—» +~ C:H, + Li @)

The over-all homolytic process summarized in eq 8 cor-

hy
(CgHsLi)s —_— (CgHsLl)e* —_—
CH¢ + C.:H, + 2Li + (C:H;Li)s (8)

responds to an intraaggregate disproportionation pro-
cess. With the present data, it is not possible to distin-
guish between the concerted reaction (eq 8) and a mech-
anism involving intermediate caged (or complexed)
radicals (eq 5-7). It is interesting to note, however,
that reactions 6 and 7 have been proposed by D’yach-
kovskii and coworkers?® on the basis of their studies of
alkyllithium coupling reactions. They also found only
small percentages of deuterated ethane (C,H;D) when
reactions 9 and 10 were carried out in perdeuterioben-

(CsH:):CCl + (C:HsLi), —> (CeH;):C- +
LiCl 4+ -CH(CH:Li)r1 (9)

C2H5I + (CgHsLin e C2H5' + Lil + 'CzHa(CgHaLi)n_1 (10)

zene, -cyclohexane, and -toluene. The presence of rad-
icals was indicated by the detection of the triphenyl-
methyl radical by esr, and by the formation of large
quantities of ethane and ethylene. In the case of reac-
tion 9, however, no butane was found, indicating that
the ethyl radical reacted within its cage, presumably by
a disproportionation step as shown in eq 7. The simi-
larity between this case and the photolysis reaction is
striking, and suggests that radicals formed from alkyl-
lithium reagents will not behave as ““free” radicals.??
Photolysis of crystalline ethyllithium is apparently a
more complex process as indicated by the results shown

(21) No evidence for any organic product was obtained in the solid
residues with the exception of the residue obtained from the photolysis
of solid ethyllithium (vide infra).

(22) The ratio of the peaks at m/e 30 and 31 was approximately 15:1
indicating the possible presence of approximately 6~7 7 C:HsD.

(23) F. S. D’yachkovskii and A. E. Shilov, Usp. Khim., 35, 699
(1966); Russ. Chem, Ret., 36, 300 (1966), and references cited therein.

in Table I. In this case we find significant quantities
of butane for the first time, and also rather sizeable
amounts of an oily polymeric material. Mass spectral
measurements indicate that this material contains hy-
drocarbon species in the C;—C,s range. These results,
and the observation that the ethylene:ethane ratio is
less than unity, suggest that ethylene may be polymer-
ized by some process. D’yachkovskii and Shilov?2?
have suggested that ethylene may add to alkyllith-
ium-radical intermediates (eq 11) to form a butyllith-
ium-ethyllithium mixed aggregate. A continuation of

-C,Hy(C,H;Li), + C:Hy —> -CHy(C,H;Li), (11)

this process and subsequent steps such as eq 1 and 8
would account for the results summarized above.

The lithium hydride elimination process which com-
petes with the homolytic process is apparently retarded
by the presence of optical impurities in hydrocarbon sol-
vents. The nature of these impurities is unknown to us,
but it is conceivable that they behave either as photo-
sensitizing agents or, alternatively, as quenching agents.
In view of the very high extinction coefficient of eth-
yllithium, and its high concentration relative to the im-
purities, we prefer to consider the latter to be quenching
agents. The apparent decrease in the ethylene yield
may then be attributed to a process such as 12 which
competes with reaction | but not with reaction 8. For
this reason, it is tempting to attribute the hydride elim-
ination process to a triplet excited ethyllithium species,
and to assume that homolytic processes such as 8 pro-
ceed through a singlet state. However, there is little
evidence to confirm this speculation.

A + (CH;Li),* —> A* + (C;H;Li), 12)
A = impurity

Finally, we note that the presence of a mercury pool
during the photolysis results only in the formation of
ethane and lithium amalgam. Moreover, where this
reaction is carried out in deuterated cyclohexane, the
ethane again is found to contain only ca. 10-159; Cy-
H;D. This system is presently under further study, and
we prefer to reserve further comment at this writing,

Experimental Section

Preparation of Ethyllithium Solutions. Ethyllithium was pre-
pared by the usual procedure from ethyl bromide and lithium sand
in n-pentane. The compound was purified by crystallization in a
drybox. Solutions were prepared as needed and analyzed by the
modified Gilman procedure.!®

Isooctane (Eastman spectro grade) and benzene (Phillips pure
grade) were distilled from lithium aluminum hydride and stored over
sodium metal prior to use. Absorbance of isooctane at 250 mu
was less than 0.05 (1-cm path length). n-Decane (Phillips pure
grade) was washed with hot sulfuric acid, then with water, and dis-
tilled from lithium aluminum hydride. The distillate was passed
through activated silica gel three times before using. Significant
absorbance at 250~260 mu could not be eliminated reproducibly,
however, and isooctane became the solvent of choice in the latter
phases of the work.

Absorption Spectra. Spectra were obtained in 0.1-cm cylindrical
quartz cells with a Cary 14 spectrophotometer. The strong
absorption of ethyllithium in decane or isooctane solution (Figure
1) beginning at approximately 300 mu is completely annihilated by
the addition of ethanol to the cell.

Photolysis of Ethyllithium Seolutions. Most of the photolysis
experiments were carried out in quartz round-bottomed flasks
(125 or 250 ml) with 19/38 § connections, or in 28 mm o.d. quartz
tubes with rubber stoppers. In either case, the vessel was loaded
with analyzed ethyllithium solution in a drybox, sealed, removed
from the box, and connected to a small vacuum line which was
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constructed such that the vessel containing the solution was cen-
tered in a Rayonet RP-100 reactor. Approximately 907 of the
lamp output consists of 253.7-mu mercury resonance radiation.

The ethyllithium solution, which was under an atmosphere of
helium, was opened to the evacuated line and the total pressure of
the closed system was adjusted to approximately 300 mm with
helium gas. The pressure was measured with a mercury manometer
before photolysis. The hydrocarbon gases produced by the pho-
tolysis were collected at liquid nitrogen temperature in a trap which
was connected to the vacuum line at a point outside the photo-
reactor. A small quantity of solvent distilled over during the pho-
tolysis, but its quantity was never significant compared to the total
amount remaining in the reaction vessel. A black, sometimes
mirror-like, solid was also formed during the photolysis and usually
coated the walls. For this reason, few photolysis runs were car-
ried beyond 12 % decomposition of the original ethyllithium.

The final pressure was measured manometrically, and the com-
position of the residual gas was determined by gas chromatog-
raphy. Hydrogen gas was detected with a 10 ft X 0.25in, Linde
5A Molecular Sieve column (40°, nitrogen carrier gas). Hydro-
carbons were determined with a 6 ft X 0.25 in. silica gel column, a
6 ft X 0.25 in, Poropak Q (40°) and a 6 ft X 0.25 in. Poropak S
column (40°). Infrared spectra of the gases confirmed the analyses.
Retention times were compared with standard mixtures. Thermal
conductivity corrections were made using literature values. The
number of moles of each component in the product gas was calcu-
lated from the relative composition, as determined chromatograph-
ically, and the total number of moles of gas, as determined from the
PVT data. The volumes of the vacuum line parts were determined
in separate experiments by conventional methods.

The condensed gases remaining in the trap were allowed to vapor-
ize into the vacuum line in a subsequent step. The relative com-
position and total number of moles of trapped gases were deter-
mined by the same methods as described above.

The photolyzed ethyllithium solution, which had been isolated
from the rest of the vacuum line after the lamps were turned off,
was removed to the drybox. The solution was allowed to settle
in the box for several hours and two aliquots for Gilman analysis
were removed, being careful not to carry any black solid in the
pipet. In every run, except one which was discarded, the concen-
tration of basic materials other than ethyllithium remained con-
stant during a photolysis run. The total number of moles of ethyl-
lithium which decomposed was determined by this titration.

The remainder of the ethyllithium solution was filtered through a
Milipore filter and hydrolyzed with dilute hydrochloric acid. The
hydrocarbon layer was analyzed by glpc.

The black solid which remained on the walls of the quartz vessel
was analyzed by the method of Frazer, ef al.2 Mercury metal was
added and the vessel removed from the drybox to the vacuum line
and heated with a mantle until the evolution of gas was complete.
The gas was determined to be nearly pure hydrogen, presumably
resulting from the decomposition of lithium hydride.® The hy-
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drogen pressure was determined quantitatively and the number of
moles of lithium hydride present in the black solid was deduced.
Quantitative reaction of the black solid product could never be
achieved, however, since some of it was inevitably lost when the
residual ethyllithium solution was filtered or decanted away. Pho-
tolysis of ethyllithium solutions with benzene or mercury added
were carried in a similar fashion to that described above. Mercury
was stirred with the isooctane (or decane) solution for several min-
utes with a pool of mercury allowed to remain in the reaction vessel
during photolysis.

A control run was carried out in a similar fashion except that the
flask was carefully wrapped with black electrical tape. Only a
trace of ethane and ethylene resulted, i.e., less than 19 of the
amount produced in an equivalent time when the flask was not
wrapped. Apparently, thermal decomposition is not a competitive
reaction of any consequence under the conditions used.

As mentioned above, each of the photolyses were carried out on a
vacuum line containing a mercury manometer. However, a control
photolysis of an ethyllithium solution utilizing a new vacuum line
with no mercury manometer gave identical results,

Photolysis of Ethyllithium in Perdeuterated Solvents. Cyclo-
hexane-di. and benzene-ds (99.5%, deuterium) were obtained from
Stohler Isotope Chemicals and Merck Sharp and Dohme of Canada,
Ltd., respectively, They were used as received. Saturated ethyl-
lithium solutions in these solvents were prepared in the drybox in 60-
or 10-mm diameter tubes, the lower 60 mm of which were of quartz
construction, The tubes were connected to greaseless high-vacuum
stopcock adapters for connecting to the vacuum line. The entire
apparatus was placed in the reactor., After photolysis, all volatile
components in the tube were transferred to a trap on the vacuum
line at liquid nitrogen temperature, The ethylene-ethane mixture
was purified by diffusion of the mixture from this trap through a
second trap at —78°, or in later experiments, at —95°, and finally
condensed at —170°. The ethane—ethylene mixture, now essen-
tially free of solvent vapor, was analyzed by mass spectroscopy at
70eV.

Photolysis of Crystalline Ethyllithium. Crystalline ethyllithium
was coated on the inner walls of a round-bottomed quartz vessel
by evaporating a pentane solution while rotating the flask. After
photolysis, the vessel was removed to the drybox and the contents
extracted with dry pentane. The solid residue was analyzed for
hydride by the method described above.® The pentane extract
was filtered, hydrolyzed, and acidified. The hydrocarbon layer
yielded an oily polymeric material the mass spectrum and gas
chromatograms of which indicated a mixture of hydrocarbons in
the C,¢~Cys range.
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