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INTRODUCTIOR

Organolithium compounds have become important tools in
synthetic chemistry only in the past decade and alihough
much 18 now known about these interesting and useful com=-
pgunds, further studies ure necessary before ocur knowledge
of them and thelr reactions is adequate.

In a general way the organolithium compounds undergo
several different types of reaction. These mey be more or
leas arbitrarily divided into several types. HFirst, they
add to many multiple bonds in cyelic and cpen-chained mole-
cules. Second, they give hydrogen-metel interconversion or
metalation with many compounds., Third, they react with
variaus orgenic halides to glve halogen-metal interconversia.
Fourth, they react with many other organometallliec compounds
by metal-metal interconversion. Fifth, some mclecules are
cleaved by organolithium compounds in reactions other than
the interconversions mentioned. Sixth, they glve coupling
products with many substances. Seventh, some inorganic
metal salts react with them. Finally, various other reactions,
of lesser importance, take place.

Such a variety of reactions demonstrates not only the
utility of the organolithium compounds but, also, the com-
plexity of a systematic study of them. As ls shown in the
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Historical part, some of these reactions have been rather
thoroughly investigated whersas others have resceived only
scant attention., With this in mind, the present study was
made in order to extend the knowledge of these lesser known
reactions.

The following problems have been investigated:

l. Improvement of methods for preparing and utiliz-
ing various types of organolithium compounds, as well as the
preparation énd uses of hitherto unknown types such as that
in which the lithium atom is attached to a tertiary carbon
aton.

Z. Determination of the lmportant factors affect-
ing halogen-metal and metsl-metal interconversions involving
organolithium compounds.

3. Comparison of the relative reactivities of the
organolithium compounds used most extensively in some of the
above-mentioned types of reaction.

These prablamé, overlapping to some degree as they must,
are important in that possible correlations of relative reac-~
tivities in the wvarious reactions will meke possible the
selection of optimum conditions and best reactants‘for certain
syntheses with a minimum of triel and error studies, and may
allow preferential reactions to be carried out with polyfuncg-
tional compounds.

The Historiocal part covers the literature up to January,
1941.



HISTORICAL

A chronological history of the organolithium compounds
is not desirable since such a treatment, embracing all the
types of reaction shown by these compounds, would lead to
confusion and needless repetition. A more desireble method,
one which lends itself to a ¢lear presentation nmore readily,
is to separeste the varlous types of reaction into several
groups and disocuss each as & unit., Such is the method used
here, the reactions being separated as in the Introduction.
Before that phase of the subjJect is discussed, however, a
summary of the reactions between lithium metal and various
hydrocarbons must be made in order to correlate an otherwise
gseattered mass of faots concerning an important class of

organolithium compounds.

Reaction of Lithium with Hydrocarbons

#. Schlenk and E, Bergmenn have worked most lntensively
on the addition of alkali metals to multiple carbon bonds.
The variety and complexity of thelr studles are appreciated
only after & careful survey of their work., Although later
investigations have shown that a few of thelr results are
in error, on the whole they have done splendid work., This

is further appreciated when it is realized that, because of
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the very nature of the substances with which they deall,; the
products they isolated were in some degree determined by the
conditions of reaction and methods of charaeterization.

In general, the eddition of lithium to carbon-carbon
double and triple ﬁonds is rather slow and often leads to a
variety of products from a single reactant. Such changes as
rearrangement, with or without cyelization, and polymeriza-

tion often lesd to a complex mixture of substances.
Addition to open-chained molecules.

Hnleocules contelning a singles ethylenic linkage conju-
gated with aromatic double bonds add lithium metal slowly in
ether solution. 2,3-Diphenyl-2-butene {(gyam. diphenyldimethyl-
ethylene) and sym. diphenyldibiphenylethylens, when shaken
with lithium in ether for three days, add two atoms of the
metal (1l). Hydrolysis of these sddition compounds with
ethanol ylelds the corresponding ethanes. Carbon dioxide
converts the metal compounds into the corresponding substi-
tuted suceinic acids. Shaking the addition compounds with
meroury regenerates the starting materials by removing the
1ithiun atoms. These reactions are illustrated below for
gym. diphenyldimethylethylene. The substituted suceinic
acid produced by the carbonation of the lithium sddition
sompound ef‘gggg. diphenyldimethylethylene is different from

1. S8chlenk and Bergmann, aAnn., 483, 98 (1928).
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the corresponding compound formed from the sodium addition

compound. These aclids are bellaved to be stereoisomers.

C He CH ’
oot g e otk Jouns L2, aﬁsg gceﬂs

Viio:74
CH
l [EtoH/ 55359—§-g§555
H H

gym. Diphenylsthylene {stilbene) and gym. dl-p-methoxyphenyl-
sthylene add lithium under similar conditions, and the addi-
tion produets resct in the sbove manner with ethsanol, earbon
dioxide, and mercury. unsym. Diphenylethylene {isostilbene)
also adds lithium under the same conditions but treatment with
meroury produces stilbepe, and cerbon dioxide forms the same
agid as that produced from the stilbene addition compound {1).
The p-methoxy derivative also undergoes rearrangement toc the
symmetrical form. This shift into the symmetrical form 1s
apparently feoilitated by the addition of the metal atoms to
the double bond., Tetraphenylethylene does not add lithium in
ether readily. If a small quantity of sodium is added, how-
aver, the eddition takes place smoothly (2).

Another type of rearrangement also occurs in these addi-
tions. 1,1,2-Triphenyl-l-propene (1,1,2-triphenyl-g-methyl-
ethylene) adds two atoms of lithium in the normal manner but
the related compound, 1l,l-diphenyl-2-methyl-l-propene {(1,l-

2. Wittig and Obermann, Ber., §7, 2053 (1934).
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diphenyl-2,2-dimethylethylene) apparently adds only one atonm
{3). Treatment of the addition product of the former with
ethanol produces l1,1,2-triphenylpropane. The addition com-
pound of the latter reacts with phenyl isothiocysnate to form
the thiocanilide of 2,2-diphenyl-3-methyl-3«butenoic acid.

The two reacting forms are spparently as shown:

{CgHs) oC = C(CHg) (CgHg) —— vy {CqHg) g0 e G(CH3)CqHs
. L1

11
(CgHig) o0 = ClCHz)y ~ ————— (Cgl)gf ——— C(CHz)
o,

Several possible explanations of the latter reaction ¢an be
made., One is the addition of two atoms of lithium followed
by the eliminstion of lithium hydride. This possibility
finds some support in the fact that ethyllithium splits out
lithium hydride at higher temperstures {(4). Another possi-
bility is the metalation of one of the methyl groups by the
lithium metal followed by ullylie rearrangement either before

or upon resotion with phenyl isothiocyanate.

(CgHz) 50 = 83; CHg — (Cgliz) oC = g - 033
(C,H.),C =« C - C
GES 2.1[-1 'C'Hg Bs
This poesibility is supported by similar rearrangement reac-
tions of other organolithium compounds of this typs, puch as

3. BSechlenk and Bergmann, Ann., 463, 1 (1928).
4. Thomson and Stevens, J. Chem. . Sec., 556 (1933).
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benzyllithium (5). Unfortunstely, sufficient data ars not
available to decide whether one of these or some other mecha-
nism represents the true course of the reaction.
1,1,3-?r1pheny1~l—prbpehe (1,1-diphenyl-2-benzylethylene)
also gives other than the expected 1l,2«addition to the ethyl-
enic linksge (6). 1In this cuse a mixture of products is
obtained when characterization is attempted with various reac-
tants. The products are somewhat analogous to0 thoss obtained
from 1,1-diphenyl-2-methyl-l-propene. The addition compound
reacts with benzyl chloride and, after hydrolysis, 1,2,2,4~
tetraphenylbutane and 1,1,3,4-tetraphenyl-l«butene are found
as the reactlon productas. With carbon dloxide the addition
cempaun§ yields two acids, 2,4,4~triphenyl-3-butencic acid
and 2,2,4~-triphenylbutanoie scid. Phenyl isothiocysnate and
the addition compounds form the thicanllides of these two acids.
The resemblance to the above 1l,l-diphenyl-2-methyl~l~propene
is now clesar and ths possible reaction mechanisms suggested
for that compound?s reactlions would apply equally well in this
cage. This mechanism, to form an equilibrium mixture of A
and B, or a direct metalation to produce B, which then par-
tially shifts to A (as indliecated by end products obtained)
would explain part of the reactions. It is seen that A and
B are allylic forms. The obvious weakness in this conjecture
is the fact that no adequute explanation of the formation of

5., Gilman and Breuer, J. im. Chem. Soc., 56, 1127 (1934).
6. Sechlenk, Bergmann and Blum-Bergmann, AnN., 479, 78 (1930).
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the twe saturated derivatives 1s possible.

B 11 H A
(CoHe) LC=CCH,C B > (CoHg) gGmGmmG(CoH, )
¢!z 2Cets 6ls 2%1 gx g efls
l[-fz-ig?
E H " H
(Celig ) p0=C—C (CeHg) 3 > (Cgllg) pf—0mmt (CgHg)
11 11

{B) (4)
Other mechanisms have been proposed which explaln the reac=-
tions in & much more logical maenner, including the formation
of the saturated derivatives. The first of these involves
the formation of a free radical by additicn of one atom of
metal to the double bond. This radiocal then disproportionates
into two orgenometallic compounds, one, saturated, the other,

unsaturated. This reaction sequsnce follows:
2{663533G-GH-GEEGSE5~££—» B(Gsﬂﬁ)zgi-QF-Cﬂacﬁﬁs
— (Ogfly) 2 —CHp—CHalefy * (Cgfls) of—CRnCH{CgH5)
(céﬂs)zc-cx-ggicsgs)

These two forms would accouht for both the saturated and
ungaturated compounds formed. (Note that the unsaturated
compound undergoes allylic rearrangement). Another mecha-
nism, proposed by Ziegler (7) which does not involve a free

7. Ziegler, Colonius and Schifer, Ann., 473, 36 (1929).
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radical, is probably the most loglcal of all the postulations.
This meechenism asaunmes the formstion of the normal 1,2-addition
product which then reacts with unchanged starting material to
give the same two organolithium compounds which were formed
by the disproportionation of the ahove free radical. Although
facts are known both in favor of and against each of these
mechaenisms, no definite conclusions can yet be drawn as to
which is the true mechanism or whether one or a comblnation
of seversl such processes is involved.

Ziegler and his coworkers have shown that lithium adds
to 1,3-butadiene in ether solution but that only a tarry
resin is produced on hydrolysis (8). 1,3-Pentadiens (piperyl-
ene) and 2,3-dimethyl-l,3-butadiene, however, form recognize
able produets (8). The former yvields, along with other
produots, emylene and dihydrodipiperylene. The latter com-
pound forms analogous products. OQther subatituted'butadienes

also give similer compounds. For example, trans, trens-l,4-

diphenyl-l,3-butadiene adds lithium in ether solution (1).
The aetion of ethanol on this addition compcound forms 1,4~
éighenyl—s-hutene. Carbon dioxide produces ths corresponding
1,4~-81icarboxylic acid. Treatment with dry air or mercury
regenerates the starting material.

Although 1,2-addition was the rule with the substituted
ethylenss (see above) even though the ethylenic linkage was

8. 2iegler, Jakob, Wollthan and Wenz, ibid., 511, 64 (1934).



conjugated with the multiple bonds of aromatic rings, the
longer chained unsaturated molecules do not yield products
eorresponding to 1l,2-adéition. The results with the above
dienes and with other long-chalned unsaturated compounds
Indloate that addition takes place at the snds of the open
chain, The addition of lithium to such compounds as 1,1,4,4-
tetraphenyl-l,3-butadiene (1), 1,2,4-triphenyl-1,3~butadiene
{9}, 1,6-diphenyl-l,3,5-hexatriene (10}, 1,1,6,6-tetraphenyl-
1,3,5~hexatriene (11), and 1,8-diphenyl-1,3,5,7-0ctatetraene
{10) ylelds hydrolytic and carbonation products which seem
to substantiate this addition to the snds of the open chain.
It is apparent, however, that 1,3-addition followed by
allylic rearrangement would also account for the formation
of the products 1solatéd.

9,10-Bibenzal-9,10-dihydroanthracene ylelds 9,10~
dibenzyl-9,10«dihydroanthracene when it is treated with
lithium in ether solution and the addition product is hy=-
drolyzed {12). 9-Propenylphenanthrene, under similar con-
ditions, is dimerized, 1,4~-di({9-phenanthryl)=-2,3=-dimethyl-
butane belng obtained on hydrolysis of the reaction mixture
(9).

gmann and Bergmann, J. Am. Chem. Soc., 82, 1699 (1940).
10. Kuhn and Winterstein, Helv. Chim. Acta,, 12, 493 (1929).
1l. Wittig and Klein, Ber., 69, 2087 (193E).

12. Bergmann and Fujise, . Ann., 480, 188 (1930).



Addition and Cyeclization.

Another type of addition of lithium to carbon-carhon
double and triple bonds results in partial or complete
¢yelization. In many cases the products appear to be formed
in rather ocomplex reactions while in others quite simple
reactions would account for the compounds obtained. .

The slmplest cases of cyclization are those involving
compounds with a single ethylenic linkasge. Thus, 1,1,3-
triphenyl-l-propene (1,l-diphenyl-g2-benzylethylene) when
sheken with lithium in ether adds the metal and treatment
of the addition product with benzohydryl bromide, followed
by hydrolysis, gives e mixture of products which includes
tetraphenylethane and 1,3-diphenylhydrindene (8). The
related 1,l-diphenyl-Z2-methyl-l-propene (1,l-diphenyl-2,2-
dimethylethylene) after shaking with lithium in ether for
four weeks was treated with benzyl chleoride and then hydro-
lyzed. The products isolated were unchanged starting maste-
rial, 1,l-diphenyl-2,2-dimethylethane snd a hydrooarbon,
easaza' which wes assigned two possible structures (13),
namely: l-phenyl-2-methyl-3-benzylhydrindene or l-phenyl-
2-{B-phenylethyl)hydrindens. No conclusive evidence of
structure was obtained, 1,1,3,3-Tetraphenyl-l-propene after
elght days in contaoct with lithium in ether ylelds, subssquent

13. Schlenk and Bergmann, Ann., 478, 58 (1930).
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to hydrolysis, 1,2,3-triphenylhydrindene {3). 9-illylphenan-
threna, in a similar manner, yields ¢,10-cyclopentenophenan-
threns {(9). This behavior is in contrast to that of 9-pro-
penylphenanthrene {see page 15) which gives no oyclization
under the same conditions. The two compounds differ only

in the pﬂsiticn of the ethylenio linkage in the side chain.
Treatment of the lithium addition ecompound of 9-allylphenan-
threne with benzaldehyde does not yield a cyelic product but
forms, instead, l-phenyl-2-(9-phenanthryl3-buten-l-ol. The
struoture assigned to the lithium compound is based on the
reaction with dbenzaldehyde, and on the fect that hydrolysis
yislds the original compound and aot the reduced produoct
usually obtajined by hydrolyzing metal addition products. A

LeFsCHO
S
HG-Q=CH, m-ﬂ-‘?'Oﬂz %ﬁag“‘?"‘?"’ﬁa
HH HO HH

similar oyoclization occurs when 2,2,4,4~tetraphenyl-3-butene
is shaken with lithium in ether for six days and the reaction
mixture is then hydrolyzed (14). The products obtained are
l-methyl=-l,2,3-triphenylhydrindene, methyldiphenyimethane
and isostilbene. Oarbonetion produces a 1,2~ or 1,3- acid

of the above hydrindene and also some 1,1,4,4~tetraphenyl-
2-butene~l,4-dicarboxylic aclid which evidently results from

14. Bergmann and Weiss, Ann., 480, 59 (1930).
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the dimerizing asction of lithiun on the irostilbene formed
in the reaction.

The reactions of compounds containing more than one
ethylenic linkage with 1ithium also produce cy¢lie produocts
in many cases, For example 1,1,3,3-tetraphenylpropadiense
adds lithiun in ether solution and, following hydrolysis,
l=-benzohydryl~2-phenyl«3,4-benzcyclobutane is found as the

reaction produat‘(15). The mechaniasm of this reaction is
| i - (ﬁq?e@gz
(Cqlig) o€ HH
not oclear. In like manner 1,2,3,4-tetraphenyl-l,3-butadiene
adds lithium in ether to form a dark red-brown solution (18).
Hydrolysis of this solution ylelds l-benzyl-2,3-diphenyl-
hydrindene along with some dlbenzylstilbene. The action
of metallic mercury on the metal compound forms lebenzale
z,s-&ipnenylhydrinﬁene. The tendency seems toward the
formation of four-, five~ and six-membered rings with the
five~membered ring predominating, as mlght have been pre-
dicted from a general knowledge of ring closure. An example
ef the formation of a six-membered eyole i1s the case of
1,1,8,8-tetraphenyl~1l,7~-0ctadlene, Bergmann (17) treated
15. Schlenk and Bergmann, ibid., 463, 228 (1928).

16. Bergmann, Winter and Sehreiber, ibid., 500, 122 (1933).
17. Bergmann, Ber., 63, 2593 (1e30f.~ =~ —




this compound with lithium in ether for four weeks and then,
after hydrolysis, was able to isolate substantisl quanti-
ties of 1,2-dibenzohydryleyclohexans. Vittig later showed
(18) that in dioxane for three days, followed by hydrolysis,
the products formed were sixty per cent of the cyelohexans
derivetlive and thirty per cent of 1,1,8,8-tetraphenyloctsne.
This latter product indicstes thet metal addition to the
double bonds precedes cyclization.

HMolecules contalning one or more acetylenlc linkages
have not been investigated to any great extent as regards
their reactions with lithium metal. Diphenylacetylene or
tolen, us it 1s commonly called, rescts with lithium in

ether solution. Hydrolysis is aoccomplished with alechol and
& mixture of products is obtained, These produets include
2,3,4~-triphenylnephthalene (3), 1,2,3,4-dibenz~-9-phenyl-
9,10-dihydroanthracens (19) and l-benzal-2,3-diphenyl-
hydrindene (2C). Carbonation of the metallic addition
compound produces l-carboxy-2,3,4-triphenylnaephthalene (3).
1,4-Diphenyi-1,3-butddiyne, CgHgCIC-CCC4H,, does not add

lithium under corresponding conditions (3).
Addition to aromatic rings.
A further type of addition shown by lithium is that

18. Wittig and Waltnitzki, ibid., 67, 667 (1934).
19. Bergmann and Zwecker, Anm., 487, 155 (1931).
20, Bergmann and Schreiber, ibid., 500, 118 (1933).
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involving the double bonds of aromatic rings and of rings
attached to aromatle cycles. Such compounds as substituted
anthracenes, indenes, phenanthrenes, naphthalenes and even
blphenyl show this ability to add lithium metal.

Anthracene itself, adds lithium metal slowly, for nine
days in ether solution are necesgsary. Addition takes place
at the 9~ and 10- positions (3). The action of earbon
dioxide gas on the addition product gives some 9,10-dihydro-
$,10,10-tricarboxyanthracene (21). A superficial inspection
might lead to the conelusion that three atoms of lithium
added, This 1s probably not true, especially in view of
some recent work which has been done on the carbonation of
organoalksli compounds {22). This study shows that the
manner of carbonation pleys a large part in determining the
products of carbonation. Thus the organosodium compound
or compounds formed from n-amyl chloride and sodium give
largely caproic acid with very little p-butylmalonio acid
when carbonstion is effected by solid carbon dloxide. A
mixture of ocaproic acid with relatively large amounts of
grhutylmalonie acid is formed when slow, gaseous carbonation
is used to characterize the organometallic compound. These
results indicate that the isolation of a compound with two

carboxyl groups on a single carbon atom does not prove that

21. Blum-Bergmenn, ibid., 484, 26 (1930).
22. Gilmen end Pacevitz, J. Am. Chem. Soc., 62, 1301 (1940).
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the precursory compound had two metal atoms on this same
carbon,

9,10-Diphenylanthracene, when treated with lithium for
two days in ether solution, adds two atoms of the metal.
Carbonation of this addition product ylelds two 9,10~-diphenyl-
9,10-dicarboxyanthracenes which are stereoisomers (1). 1In
a similar manner 9,10-dibenzylanthracene gives the corres-
ponding 9,10-diacid (12). More highly substituted anthra-
cenes like 1,2-dibenzanthracens (23), 1,2,3,4,5,6-tribenz-
anthracene, cholanthrene (24), and 3-methylcholanthrene (25)
add lithium in ether solution., Hydrolysis of these addition
compounds ylelds dihydro derivatives while carbonation in-
troduces carboxylic acid groups. In some cases the exact
pogitions entered are not known with certeinty.

3-Phenylindene ias reported to undergo dimerization when
treated with lithium (21) dbut later workers have not been
able to verify the reaction (26). 1,1,3-Triphenylindens,
however, adds lithium and hydrolysis yields a dihydro compound
which has not been positively identified (1l). Benzalindene
also adds lithium (27). When l-biphenylene-3~-phenylindense
23. W. E. Bachmann, J. Org. Chem., 1 347 (1938).
24. W. E. Bachmenn, Ibid., 434 (Tozs).

3
25. Bachmann and Pence, J. Am. Chem. Soc., 59, 2339 (1937).
26. Marvel and Pacevitz, ibid., 60, 2616 (1938).

27. Ziegler and SohBfer, Amm., 511, 101 (1934).
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13 shsken with lithiuzm in ether for three days and the
resulting solution 13 then hydrolyzed, a fair yield of
1,2,3,4-dibenz-9-phenylfliuorene is obtained (28).

Phepnanthrene adds lithium and hydrolysis produces a
dihydrophenanthrene. Schlenk (3) thought this compound was
the l,4~dihydrophenanthrene because it could be further re-
duced by hydrogen with a catalyst., He assumed that the
9,10-dihydrophsnanthrene could not be reduced in this manner.
Sochroeter (29}, however, has shown that the reduction of
phenanthrene takes place in three steps. This fact invali-
dates Schlenk's assumption., adams (30) later showed that
dithium, like the other alkaelil metals, adds to ths 9,10«
positions of phenanthrene. He used the dimethyl ether of
ethylene glycol as solvent for the reaction because it has
been shown that ethers of higher oxygen content than diethyl
ether accelerate the addition of alkall metals to unsaturated
linkages (31}. adams also showed that some of Sohlenk's
results were due to the presence of fluorene as an impurlty
in the phenanthrene used., The corresponding reaction of 9-
phenylphenanthrene with lithium in ether forms a vioclet-
cqlored solution, which is hydrolyzed to yleld 9-phenyl-
9,10-dihydrophenanthrene (32).

28, Koelsch and Rosenwald, J. Am, Chem. Soc., 59, 2170 (1937).
29, Schroeter, Miiller and Huang, BeT., 82, 645 (1929).

30. Jeanes and Adems, J. Am. Chem. So0e., 59, 2608 (19837).

31, N. D. Scott, U.S. Patent 2,054,308 [ C.a., 30, 7586 (1936)7.
32. Bergmann and Bergmann, J. Am. Chem. Soe., 58, 1443 (1937)}.



Raphthelene will adé lithium in ether solution under
similar eonditions. Hydrolysis of the addition compound
forms l,4-dlhydropaphthalene and carbonation produces 1,4-
dicarboxy-1l,4-dihydronaphthalene (1). 2,3,4-Triphenyl-
naphthalene, one of the producsts formed by the action of
lithiun on éiphenylésetylena (see page 19}, alsoc reacts
with lithium (19). Hydrolysis, after shaking with lithium
in ether for elight days, permits the isolation of 1,8,3,4-
divenz-9~phenyl-9,10-dihydroanthracene. This change in-
volves oriho positions of tweo adjacent phenyl groups and
resulting bond shifts, although in just what way this ohange

takes place is not clear.

| ~ Cells Cglis H
HE

Biphenyl adds lithium very slowly. Hydrolysis of the
reaction mixture after two weeks ylelds 1,4-dihydrcbiphenyl
and carbonation ylelds the 1,4-dicarboxylic aecid (3).

(H)
14 H
OO — OXX
Li

(H)

Lyecopin in ether forms & blus-green solution with lithium
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which 1s hydrolyzed to one or more dlhydrolycopins (33).
Pyrene adds lithium in ether solution. The product of

carbonation is not definitely known but is probably 4,8- or

3,10-dicarboxydihydropyrene (34).

Other reactions.

An interesting case of cleavage of & hydrocarbon is
found in the reeaction of 1,1,3,3,3-pentaphenyl-l-propene
(1-triphenylmethyl-2,2-diphenylethylene) and lithium in
ather. After several days, hydrolysis ylelds triphenyle
methens and 1,1,4,4-tetraphenyl-g8-butene. Carbonation of
the reaction mixture precduces triphenylacetic acid and 1,4~
dicarboxy-1l,1,4,4-tetrephenyl-2-butene (28). These products
indicate that the hydrocerbon is cleaved to give two parts
& triphenylmethyl radical and a 1,l-diphenylethenyl radicel.
The former adds lithlum to form triphenylmethyllithium
while the latter dimerlzes, either before or after adding
lithium, to form the substituted butene.

A similar case is reported in which dimerizetion occurs.
l-Bromo~2,2~diphenylethylens reacts with lithium in ether
and hydrolyeis of the resulting solution yilelds 1,1,4,4~
tetraphenyl-2-butense. The action of iodine produces 1,1,4,4-

33. KXarrer and Bachmann, Helv. Chim. iota, 12, 265 (1929),
34. Bergmann and Eﬂgr&cﬁav; £« A, Chame éne.:‘gg, 3616 (1940).
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tetraphenyl-1,3-butadiene (35). These results indicate that
dimerization or coupling preceded addition of lithium.

Although many of the aromatic compounds add lithium
metal, heterceyclic compounds like furan and le-methylfuran
ars not affected by lithium (36).

Preparation gg Crganolithiuwn Compounds

Preparation by addition of lithium metal.

The preparation of organclithium compounds by addition
of lithium metal to unsaturated molecules has deen dlscussed
above, This method 1s more or less limited because the types
of molecules which will add lithium are rather few in number.
Then, too, the compounds are complex and of a low order of reac-

tivity as will be shown later.

Preparation by ether ecleavage.

Another method of preparation, which 1s still nmore lime
ited, is that of cleaving ethers by lithium metal. Lithlum
is not a very powerful reagent for cleaving ethers. A few
sthers are slowly cleaved by it. Diphenyldimsthoxymethane,
on shaking with lithiun in ether for three weeks, forms a

35, Blum, Ber., 62, 881 (1929).
36. Gilmen and Breuer, J. Am. Chem. Soc., 56, 1123 (1934).
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red-violet colored solution. Hydrolysis yields diphenyl-
methyloarbinol and carbonation forms a small amount of di-
phenylmethoxyscetic acid and diphenylhydroxyacetie acid.
These products are the results of side reactions following
cleavage and are thought to be formed as shown in the follow-

ing sequence of reactions (37):

(CglHg) C(0CHy) , + Ld

l
(Ogfs)of(00%5)  (Ogiglaplo)  Ioghs)pf(or)
i
0 CHaOL
£/ Ve
(Cgls) oG OCH) (Cgllg) ¢-CH (Cells) 53CHs
COOH COOH oH

Evidently cleavage takes place on either side of the oxygen
atom.

In a similar manner 9,9-dimethoxyfluorene, 9-phenyl-9-
methoxyfluorene and 9-phenyl-9-bsnzyloxyfluorene undergo

slow cleavage by lithium in ether (1).

Preparation by metal displacement.

The simple alkyllithium compounds were firs%lprepared
by a reaction known as metsl displacement, Schorigin, in
1910, had noted that diethylmercury and lithium in benzsne

gave some proplonic acld con carbonation, but he did nothing

37. Schlenk and Bergmann, ainn., 464, 35 (1928).
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further with the reaction (38). Schlenk and Holtz (39) were
the first to earry out this reaction as a means of preparing
the organolithium compounds, slthough the reactlion had been
used for many yeaers to obtain the orgenosodium compounds.
In fact ¥Wanklyn had used it as early as 1858, reacting di-
ethylzinc with sodium {(40). Schlenk and Holtz treated
orgenomeroury compounds with lithium in solvents like gaso-
line or benzene und obtained good yields of the organolithiunm
compounds. They used Séhlenk tubes (41)rilled with nitrogen.
The reaction is slow and thorough shaking 1s necessary to
obtain good yields. Heating lncreases the rate of rezction.
Zlegler later showed that the reaction is reversible by
shaking a solution of n-butyllithium in eyeclohexane with a
large excess of mercury (42). After two days no organo=
lithium compound remained and the odor of di-p-butylmercury
wag very pronounced. Later he showed that benzyllithium
is converted almost completely into dibenzylmercury by
shaking it for fifteen hours with excess mercury (43). The
general reaction is written as follows:

Rpllg + Li _ 2RLi + L1 (amalpan)
In practice a large excess of lithium 1s used so{h?at the
38, Sehorigin, Ber., 43, 1938 (1910).
%9, Schlenk and Holtz, . ibid., 50, 262 (1917).
40. ‘ianklyn, ann., 107, 195 (1858).
41. Schlenk and Thal, Ber., 46, 2843 (1913).

42, Ziegler and Colunius, Ann., 479, 135 (1930).
43. Ziegler, Ber., 64, 445 (To317).
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reactlion goes essentially to completion. The metheod is

a convenient one in that it requires little attention but
is rather expensive and zlso somewhat dangerous because it
involves the use of the highly poisonous mercury compounds.

The method of Schlenk and Holtz was later improved by
HMarvel {(44) who simplified the preparation by using solvent
vapor ag the inert atmosphere. Further extensions were made
by Hein who prepared the simple alkyllithium compounds from
organozine, ~cadmium, and -aluminum compounds by this}mathod
(45). The reaction seems quite general. For example, bis
2-{B-sthyloarbazyl)mercury, when treated with lithium and
then with carbon dioxlds, ylelds fifty per cent of 2~earboxy-
S-~ethylcarbazols (46).

Z2iegler and Dersch have sffected metal displacement in
Grignard reagents with lithium. Benzylmagnesium chloride
and lithium in ether solution form benzyllithium, lithium
chloride and magnesium (47). This preparation of benzyl-
lithium is impraetical, however, because a long time and
dilute solutions are necessary for appreciable reaection to
take plaee. Another recent extension of the method is that
in which tetraphenyllead or triphenylbismuth are greated
with lithium in ether or xylene (48). The yielda‘or phenyl-

44, Hager and Marvel, J. am. Chem. Soc., 48, 2689 (1926).
45. Hein, Petzchner, Wagler and Segitz, Z. anorg. allgem.
Chem., 141, 161 (1924). /T.A., 19, 1080 (1925)/.

46, Gilman and Kirby, J. Org. Chem., 1, 146 {1936).
47. Ziegler and Dersch, Ber., 84, 448 {(1931).

48. Talalaseva end Kocheshkov, 4. Gen. Chem. (U.S.S.R.), 8,
1831 (1938) [/ C.h., 33, SB19-T1959) />



- 29 -

lithium are poor and of no practical wvslue. Other sinmilar
compounds, like tetraphenyltin, tetraphsnylsiliecon, tri-
phenylarsine and diphenylmercury are reported to yleld no
phenyllithium under these conditions. These results are

of no great value except they indilcsate that some conditions
may be too drastic for this reaction. This is seen in the
apparent fallure of diphenylmercury to resact, whereas the
preparation of arganolithium compounds from mercurials under
milder conditions hsag been well established by the work of
Séhlenk end others as Just mentioned.

Preparation by halogen replacement.

In general, the most satlisfactory method of preparation
of the simpler aliphatic and aromatic organolithium compounds
is the direct replacement of a halogen atom by lithium. The
first indications that this reaction would take place were
obtained by Spencer and his coworkers. As sarly as 1908 a
prelinminary note reporting the reaction of‘«-bromcnaphthalane
and lithium was published {49). The evidence was indirsct,
being based on the products isolated after hydrolysis. Among
these was naphthalene in amount corresponding to forty per
cent of the «~bromonaphthalene used, indicating that «-
naphthyllithium had been formed. The statement wes also

made that they were unable to obtaln any reaction In ether.

49. Spencer and Wallace, J. Chem. Soc., 1827 (1908).

TIPS Wb —
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Two years later the following general reactions were postu-~
lated (50):
{I) RX+ 214 - RLI + LiX

(II) 2 RX+ 2 I ==ws R-R + 2 LiX
These equations were based on the products isclated from hy-
drolyzed reaction mixtures of various organie halides and
lithium which had been heated to reflux, without solvent,
for periods of from thres to twenty hours., Jodobenzene and
lithium in ether wers reported to form only biphenyl. Ziegler
snd Colonius (42) were unable to duplicate these results,
but were successful in preparing the simple orgenolithium
compounds in ether, benzene, tyclohexans and anaslogous 80le
vents by reaction (I) (above). They used Schlenk tubes (41}
in all their preparations. Gilman (51} later showed that
Schlenk tubes are unnecessary and that the conventional
Grignard apparatus can be emplcyed.

The firat reaction, (I), is, in general, most satisfac-
tory with chlorides., The bromides or iodides are sometimes
preferable as a matter of convenience. For example, methyl
chloride gives a better yleld of methyllithium than does the
bromide or iodide. In small runs especislly, the iodide 1s
80 muoch more convenient (because it is ligquid et ordinary
50. Spencer and Price, ibid., 385 (1910).

51. ?ilma?, Zoellner and Selby, J. Am., Chem. Socec., 54, 1957
1932).
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tenperatures) that it is usually cmployed. Methyl iodide
appears to be the exception in the aliphatic series for

all the other lodidses glve very poor or no ylelds of organo-
lithium compounds, Iodobenzens gives & falr yield of phenyl-
lithium but bromobenzene i1s better and more economical. The
reaction seems quite generel in the aliphatic series for long-
chained compounds like dodecyl- and tetradecyllithium have
been prepared (52). Many less accessible organclithium com-
pounds can be made by using specisl precautions. Such com-
pounds as 3-styryllithium (53), S-lithiotetralin {54), and
4-1ithio-2,7-dimethylhydrindene {55) are obtainable from

the bromides. Triphenylmethyllithium cam be made from ths
chloride and Tive-tenths per cent 1lithium amalgamffé:;

Other halides, like 3-iodofuran (57), z—bromofluorene, tri-
fluorochloromethane (58) and 3-bromocacenaphthene (59), do
not react with lithium under conditions tried thus far,
2-Bromo~3,4,8~triphenylpyridine end lithium in ether react,
apparently to form 2-1ithlo~3,4,6«triphenylpyridine, foxr
hydrolysis yields 2,4,5-triphenylpyridine (60). Strangely

52. Hoyt and Gilman, Proc. Iowa iAcad. Sei., 45, 133 (1938).
53, liright, J. Org. Chem., I, 457 {193

54. Cook and Lawrence, de GEbma 366‘571??%5é}955)'

55. Bruece, J. . Chen. Soc., €0, 22 .

6. v. Grosse, er., 59,§§§46 TIQzG).

57. Gilmen and ﬁright S de Am. Chem. Soc., 55, 2893 {1933).
58, Simons, Bond and MeArthur , Ibl d.. €2, 3477 (1940).

59. Niller and Bachman , ibid., ® 11935) .

60. Allen end Frame, ibid., 62, 1301 (1940}
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enocugh, this lithium compound did not react with ocarbon
dioxide, aldehydes or ketones.

In the formotion of organolithiwa compounds from op-
tioally active halides, racemization occurs if the halogen
is on the agsymmetrioc carbon atom (61l). The unreacted halide
is not racemized during the rsaction. If the essymmetric
sentsr is not the point of reaction then racemization does

not take place {(82).

?sﬁlsﬁa ?eﬁlsfa -  Celliz-n
: Li LoD
| ]

TR TSh mTP L
Organolithium compounds, therefore, may be used to introduce
optically active groups into molecules. (See page 82 for
such a reaction).

The rates of formation of organoclithium compounds in
ether are more rapid than those of the corresponding Grignard
reagents. They follow, in generasl, the reactivities of the
halogens and the aliphatic halides are more reactive than
the corresponding aromatic compounds (63).
€¢l. Tarbell and Welss, 1bid.z161 1203 (1939).

82. Austin, ibid., 55, 2948 (1933).
63. Gilman, Zoellner, Dickey and Selby, ibid., 57, 1061

{1835).



The yields of organolithiunm compounds are dependent on
several factors such as solvent (42), rate of addition of
halide ané finensss of the metallic lithium (64, 63, 66).
The nore finely divided lithium metal 1s generally better.
Various ways of obtalning finely divided lithium have heen
devised (67).

The advantages of using low-bolling petroleum ether as
a solvent for the preparation of the lower alkyllithium com-
pounds {except methyllithium) have only recently received
the recognition they deserve {67). The rates of formation
of alkyllithium compounds in this solvent approach those in
sther snd higher ylelds ars obtained. The difficulty of
secén&ary reactions like cleavage, present in dlethyl ether,
is obviated. Indirect supplemsntary analyses (68) are un-
necessary to determine the titer of solution, and the simple
acld-titration analysis (69) is adequate. The by-product
of the reaction, lithium helide, ms well as other inorganic
1ithiun compounds such as the oxide and nitride, are insoluble
in petroleun ether and are removed by flltration {67). The

production of such compounds as lsopropyl- and g-butyllithium

64. Gilman, Zoellner and Selby, ibid., 55, 1252 (1933).

85. Gilman, Zoellner, Selby and Boatner, Bec. trav. shim.,
54, 584 {1935).

68, Horton and Hechenblelikner, J. A&. Ohem. Soc,, 58, 1697

{1938).
67. Gilman, am and Moore, ibid., 62, 2327 (1940).
6s. ?iegl?r, CrBssmann, Kleiner and Scﬁgfer, Ann., 473, 1
1929 '

69. Gilmen, Wilkinson, Fishel and Meyers, J. Am. Chem. Soc.,
45, 150 {(1923).
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is much more satisfactory. t~Butyllithiuwa has been synthe~
sized for the first time, using this solvent (see page 89).
The low boiling polant of the solvent facilitates its removal

and replacement by other solvents.
Preparation by interconversion.

Three general types of interconversion reactions are
recognized at present in organometallic chemistry. These
are: hydrogen-metal interconversion or metelation, halogen-~
metal interconversion and metal-metal interconversion. 411
of these types of reuction may bs used to preparse Organc-
lithium compounds. 3Since they are more or less supplementary
to the more direct methods no discussion of them will be
made at this polnt but will be deferred to allow a complete
treatment of the three types tc be madé in the next section

{see puges 57 to 76 inclusive)

Properties of Organclithium Compounds

Physical propertles.

The orgenclithium compounds have not been extensively
examined in regard to their physical and physico-chemical
properties., With few exceptlions most of the reported data
. of this nature have been recorded incidentally to the study

o of some chemicsl reasctions.



The lower alkyllithium compounds, so far as hes been
determined, are liqulds with the exception of wmsthyl- and
ethyllithium which are fusible solids (39). Fusion does not
decompose these compounds but prolonged heating in solvents
at temperstures above their melting points slowly brasaks
them down. Thus, ethyllithium, after heating in ligroin for
several hours at 120°, gave, on hydrolysis, hydrogen ges

eorresponding to f£ifty per cent decomposition (4).

o/

BzﬁﬁLi lﬁﬁ’ 0234 + LI == ¢ H + LiQH + Hz

Hein and coworkers have studied the electrical conduc-
tivitlies of various organolithium compounds in ssveral
solvents (45). Their results may be briefly summarized as
- follows: Methyl-, ethyl-, phenyl- and benzyllithium all
conduect in diethylzine, Zthyllithlum, fused or in benzsne
solution, does not conduet. The molar conductance of a
sclutien‘éf athyllithium in diethylzinc decreases with in-
creased éélutian indicating increased sclvation, In diethyl-
zine solution, methyllithium is a better conduotor than
ethyllithium. Ethyllithium conducts better in triethyl-
aluminum solution than in dlethylzine solution, but is a
non~conductor in diethylcadmium. Phenyllithium is a poor
conductor in dlethylzinc while benzyllithium 1s the best

conductor of all the alkyllithium compounds studied. From
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e¢ryoscoplc data Hein showed that ethyllithium is associated
into aggregates of slx or seven molecules in benzens solu;
tion while the solvates with diethylzine are represented by
[CpHs1d- (CoHg) pZn/ end larger aggregetes (70). In ether
solution most of the orgenclithium compounds apparently
associate with the solvent. These etherates sometimes
separate from solution on long standing (56, 71). A general
comparison of the physieal properties of the alkyl deriva-
tives of the elements, including those of lithlum, with
respect to thelr positions in the Periodic 3Jystem has been |
made (72).

Chemical properties.

Organolithium compounds are of interest ohiefly because
of thelr chemiecnl properties. In a broad sense they react in
various ways which may be clessified es follows: They add
to multiplses linkages in many types of éampounds. They take
part in many interconversions and other elegvaga reactions,
They enter into many coupling reactions, They react with
salts and also give various other reactions of less lmportance,
Due to the high reactivities of these compounds towards car-
bon dioxide, molsture and oxygen the orgsnolithium compounds
70. Hein and Schramm, Z. égzgég, Ghem.é 1514, 234 (1930).

71. Ziegler and Sohlifer, inn., 479, 150 {1930).
72. v. Grosee, %. gnorg. ellgem, Chem., 152, 133 (1926).
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must be prepared and menipulated in an inert stmosphere free
of these substances. HNitrogen is usually used although other
gages like methane, butane, hydrogen or even helium nmight be
ugsed. The use of hydrogen ls discouraged because of the ease
with which air-hydrogen mixtures are exploded.

Addition to multiple bonds. One of the multipls link-

ages to which grganclithium conpounds add is the carbon-
carbon double bond. The simplest case is that of ethylens,
which is polymerlized to non~gaseous products by ths lower
alkyllithium compounds (73). Ziegler and his coworkers have
done most of the work on this reaction., Unsymmetrieal di-
phenylethylene (isostilbene) adds n-butyllithium slowly in
banzéne solution. After fourteen days ut room temperature,
carbonation ylelds fifty per cent of 2,2-diphenylheptencic
acid (ea), gxg. Diphenylethylene ylelds the corresponding
2,3~diphenylheptanoclc acid under similar conditions. Other
organolithium compounds also udd to thess compounds, 1,3~
Butadiene has been made the subject of rather intensive

study as regards its polymerization by organoalkall compounds.
In general, lithium compounds of the types (aeryl), alph(H}CLi
and {aryl)sCIli cause it to polymerize. Among the compounds
atudied were those of fluorene, indene, phenylindane and 1,3~
diphenylindene (74). With benzyllithium in ether, butsdiene

7%, Friedrich end Marvel, J. Am, Chem. Soc., 52, 376 (1930).
74. ziegler end Jakob, Ann., Bil, 45 (1934).



- 38 -

yields, subsequent to hydrogenation, phenylated hydrocarbons
like phenylnonane and phenyltridecane (75). Some of the
nost recent work has been done with n-butyllithium. With
this compound in ether at 25-30°, butadliene ylelds, after
hydrolysis, nins to thirty~-one per cent octenes and eightesn
to thirty-four psr cent dodecadienes in asddition to some
high~boiling prbducts. In benzene sclution at 100-115° the
products isolated seem largely the result of 1,4-addition
while in ether at -50°, 1,2~addition is the main reaction (76).
Tempersture apparently plays a dominant role in the addition
raaction,‘ror if seven moles of butadiene und one mole of
n~-butyllithium are reacted at 150° end the product is then
ozonized and hydrolyzed, a sixty per cent yield of succinic
acid is obtained. ' The same reaction, run et -80°, produces
no suceinic aeid. Strangely enough, 1,1,5,5«tetraphenyl-
1l,4~pentadiene does not zadd phenyllithium but is metalasted
by it (77). The organolithium compound forﬁed exists in two
allylic forms similar to those previously demcribed (see
page 13).

Dimethylfulvene and dimethylbenzofulvene add phenyle
lithium in sther solution but hydrolysis produces only res-
inous materlals from which no starting compounds can bs

isoclated {27).

75. Ziegler, Dersch and wollthan, ibid., 511, 13 (1934]).
7¢. Ziegler, Grimm and Willer, ibid., 542, 90 {(1939).
77. Wittig and Obermann, Ber., 68, 221% (1935).
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The earbonyl group, >C=0, is another important multiple
linkage acted upon by orgunolithiua compounds. The reactions
of the eommon aldehydes and ketones with organolithium come
pounds have not been extensively studled. Usually, for the
purpose of synthesis, the Grignard reagent is employed,
largely because the reactions have been well established
and the reagent ls readlly available. Some more complex
ketones have besn reacted with organolithium compounds, how-
ever, and in certain cases the use of the latter reagents
makes possible the syntheses of molecules which cannot be
made by the uge of the OGrignard reagent.

#1lth benzaldehyde the action of organolithium compounds
is 1,2-eddition to the carbonyl group. Thus the lithium
compound formed from 9-allylphenanthrene (see page 17) reacts
with benzaldehyde to form l-phenyl-2-{9-phenanthryl)-3-
buten-1-o0l in feir yield (8). 1l-Lithiow2,3-diphenylindene
end benzaldehyde yield l-bénzal-2,3-diphenylindene, which
is the dehydration product of the carbinol first formed (19).

CaHg CeHs
ColHg + cﬁascm& Cetls
Ly HOCgHq

The compound formed by metalating 3,5-dlethyl-2-p-propylpyri-
dine rezcts with benzaldehyde and with dbutyric aldehyds to
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give the 2-(x-benzyloxy) and 2-{«-butanozy) derivatives,

respectively (78).

c CoHs RCHO Cols CoHg
8, 2LCcH(CH) OCH c
15-CH(Colls i:Giodd g SO

HOC=-R
H

Benzyllithium, like benzyvlmagnesiun chloride, reacts
with formaldehyde to glve g-tolylearbinel instead of the
sxpected (I-phenylethyl aleochol (6). This is another case
of ellylic reerrangement. Ain explanation of this reaction
from the standpolnt of quantum mechanics has been proposed

(79). BSuch vigorous protests have been made against this

(expected) {obtained) CH,OH

proposal, however, thet it is of doubtful value (80, 8l).

Benzophenone reacts with organolithium sompounds to
form carbinols. For example, 9-fluorenyllithium yields 9-
flucrenyldiphenylcarbinol with benzophenone in ether solu-
tion (1). Other organolithium compounds which react with

this ketone in the same .ianner are g-anisyllithium (82},

78, Haskelberg, Chemistry and Industry, 54, 261 (1935).
79. Nilsen, J. Chem. Physics, 5, 15 IfgﬁgT.
80. Hylleraas, ibid., _3"2, i l15ss) .

8l1. Pauling and wheland, ibid., 3, 315 (1935).
82, iittig, Pookels and Drbge, Ber., 71, 1803 (1938).
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p-anisyllithium (83), 2,5-dimethoxyphenyllithium, 2,4-dl-
methoxyphenyllithium, S-bromo~2,4-dimethoxyphenyllithium
(82), and @-styryllithium (84), With l-lithio-3-phenyl-
indene (21) benzophenone rezcts to give an unssturated
derivotive in & manner similar to that shown with 2,3-di-
phenylindenyllithiun end benzaldehyde (see page 39). 1l-
Lithio-8-methylnaphthalene reucts with g-chloroacetophenone
in an anslogous manner (85).

Substituted benzophenones also react with organolithium
compounés. The product obtained is dependent upon the nature
of the substituent groups. Thus, bis (4-benzylphenyl) ketons
end phenyllithium react normally to give bdbis (4-benzylphenyl)
phenylcarbinol in almost quantitative yield (86). Ailthough
4=henzohydrylphenyl phenyl ketone reects normally with phenyl-
lithium, the related compound 4-(o~chlorobsnzohydrylphenyl)
phenyl ketone does not undergo addition but reacts to form
a free radicel which apparently exists in two forms, one
having a trivealent carbon atom, the other a monovelent oxy-

gen atom (87). These forms are as follows:

caﬁs"‘é G¢(CgHg)p ~— ceHS‘g=<:>=°(°sﬁs)z

83. Miller and Topel, ibid., 78, 273 (1939).

B4. Mﬁrve%, Mueller and Peppel, J. im. Chem. S8o0c., 60, 410
85, Fleser and Seligman, ibid., 61, 136 (1939).

86. Connerade, Bull. goc. chim. Delg., 45, 647 (1936).

87, wWittig, Kairies and Hopf, Ber., 65, 767 (1932).
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The reaction of phenyllithiua with bls (4=-dichloromethyl-
phenyl) ketons gave only polyaeric products (88).

In contrast to the Grignard resgent, the reaction of
A e
organolithiunm compounds with mogt conjugeted systems con-

taining a earbonyl group 1s nearly always 1,2-addition to
the carbonyl group., JAlthough the Grignard reagent reacts
in thils manner with some conjJugated systems, such as is
Tfound in benzophenone, other more uactlive systenms do not
always yield the sume product with this resgent &nd with
the corresponding organolithium compound., For exanple,
benzalacetophenone reacts with phenyllithium to give about
niﬁety per cent of diphenyl-@-styrylcarbinol, the 1,2«

- addition eompound (89) and about ten per cent of the 1,4~

addition product, B,3-diphenylpropiophenocne (90).

(4) (3)(2) -
GeflsCH = Tlig-COefls * Celisld

(4) (3) (2) (4)  (3)(2)
(Céﬁs)gcﬂ - Gﬂg-goceﬁ5 + CSESCH - CH'?(CGHS)Q
(1)o (1)0H
The ratio of products is approximutely the same with p-
dimethylaminophenyllithium (90). Under somewhat different
conditlons Wittlg has isolated 1,1,3,5,5-pentaphenyl~l, S~

dioxypentene as the major product (91).

88. Connerads, Bull. soc. chim. Belgm., 43, 447 (1934).
89. ILittringhaus, Ber., 67, 1602 (1934)%

90. Kirby, lows State Coll. J. Sei., 12, 137 (1937).
91. Wittig and Kosack, anmn., 9529, 167 (1937).
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With dibenzalucetone, @-styryllithiua gives a fair
yield of tri-@-styryleurbincl, the result of 1,2-addition
to the carbounyl group (84). |

A case where an orgenolithium cormpound éives a better
vield of 1l,4-udditlion product then the corresponding Grignard
reagent is that in which 9-methoxy-8-phenyl-peri-naphthindan-
7-one ig reacted with phenyllithium end with phenylmagnesium

bromide (928).

Calis Cglis

&

e

{hanaequinbaa}

The yileld with phenyllithium was twenty per cent and very
poor with the phenylmaghesium bromide. The removal of hy-
drogen from the intermediate compound will be disocussed
later (see page 84). In the reaction of phenyllithium with
the related 8—pheny1-ggg;~naphthindan-?,Q-Qiona this same
1,4-addition took place but the dehydrogenation did not (92).
Other eyclie ketones have been reacted with organo-

lithium compounds. Adams and coworkers heve recently used

Ale Chem. Sce., 59, 2166 (1837).

gt ANy Notweeay T av—

92. ZXoelsch and Rosenwald, J.



this combination in elucldating the strueture of ceannabidiol.
For exanple, 3=-methyl-6-igo-propylhexanone and 2,6~dimethoxy-
phenyllithium react to form l-(2,6-dimsthoxyphenyl)-3-methyl-
6~1so-propylhexan-l-ol (93),.

CHz OCH:3 CH3z OH OCH3
0 + Li  —
(CH) ,CH OCH, (CHg) ,CH  OCH,

Cther similar syntheses have been carried out {94).

When 1,2,3,4~dibenz-9-anthrone is treated with phenyle-
lithivam and the addition product is hydrolyzed, 9-hydroxy-~
9~phenyl=9,10-dihydro-1,2,3,4~dibenzanthracene is obtained
(95).

0,’ N ¢ OH
S0 QEEN
¥ [RoH7  °
N

wWith 2,2-diphenyl-l-acenaphthenone, phenyllithium ylelds l-
hydroxy=~l,2,2~triphenylacenaphthene (96).

93, Adams, Wolff, Cain and Clark, ibid., 62, 1770 (1940).
94, Adams, Wolff, Cain amd Clark, ibid., 62, 2215 (1940).
95, Bergmann and Berlin, J. Chem. Soc., 493 (1939).

96. wWittig snd Petri, Ber., 68, 924 (1835).



Methyllithium has been used in s synthesis of a highly
substituted anthracene derivative (97). The yield was very
poor.

Compounds oontaining more than one carbonyl group also
add organolithium compounds, usueslly undergoing 1l,2-addition
to this group. 1l,4-Cyclohsxandione wund phenyllithium in ether
give l,4-diphenyl-l,4~-cyclchexandlol in sixty per cent yield.
This compound can be converted into terphenyl by hesting st
200° with selenium. A Friedel-Crafts reuction with the ter-
phenyl and benzoyl chloride yields 1,4-di-{4-benzoylphenyl)-
benzene. The aotlon of phenyllithium on this dicarbonyl con-
pound producea a di-alechol. Treatment with hydrogen chloride
followsd by copper mestal produces a radlicsl having two tri-
valent carbon atoms (98). This sequence of reactions 1is

1llustrated by the followlng equations,

CgHs L1 »C .
0 —832+= , ¢ He Se 5
OQ Lﬁﬂﬂ] G%Q °

OH OH

97. Fieser and Cason, J. im. Chem. Soc., 62, 432 (1940).
g8, Miiller and Sok, Ber., 70, 1990 {1937)%
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With derivatives of nephthaliec acids the action of
organolithium compounds is sgain unlike that of the cor-
respondling Grignard reagent. In these cases the lithium
compound gives 1,2~addition tc the carbonyl group while
the magnesium compound shows a reducing setion, Thus,
with 1,8-dibenzoylnuaphthalene, phenyllithium adds 1,2~ to
the two carbonyl groups and the magnesium compound gives

a ring closure (99).

é%ﬁs}a Cels Oells
08 Gemsis "0 (G fis) e T‘-OK
G-OH G0 C-0H
(Colis) o Cels Setis

The reaction of bis (4-benzoylphenyl) ketone with

phenyllithium tekes place smoothly to give good yields of

99, Wittlg, leo und Wiemer, ibid., 64, 2405 (1931).
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the expected bis(xX~hydroxy-«,q=-diphenyl-p~tolyl)phenyl-
methanol (100)., Phenyllithium alsa reacts with bis 2,2'-
{1~phenylinden-3-one) to give bis 2,2'-(1,3~diphenylinden-
3-0l) in seventy per cent yield (101).

The following reactions were csrried out in a study of
the cyclization of benzylidenebenzylsuccinic acid {102).
Hethyl benzylsucclnate was treated with benzaldehyde and
the mixture waes distilled to yield a compound 618H1493’
which was thought to be 2«benzyl-3~carboxy-l-hydroxynaph-
thalene or some isomer of this compound. This was trested
with glacial acetic acid giving benzylliderebenzylaucelinic
acid which was treated with sulfuriec aclid at 70° to fom a
compound c1831262° This compound was treated with}a large
excess of phenyllithium to give a compound Cp,Hyg0, which
was thought t¢ be l-hydroxy-lO-phenyl-2,3~-benzanthracene,

The reaction involving the organclithium compound 1s shown
bﬁl@w‘ | ’

3 OH
X0 e, OOCO
0 Cells

The reacticn is desceribed in the words of Bergmann (102):

~

100. Connersde, Bull. soe. chim. Belg. 179 {1937).,
101l. Kek and ﬁérvel, Jo Am. Chem. SOc;: §§: 1898 {1935).

————

102, Bergmann and Weizmenn, Compt. rend., 208, 539 {1939).
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*Zvidently the phenyllithium reacts on the saturated ketonic
group, enolizing the other ketonic group simultaneously and
ereating an entirely aromutic molecule.”

Quinones react in the normal menner with organolithium
compounds. Naphthoquinones (103), naphthacene quinones {104)
and anthraquinones {105) have been rescted with phenyllithium.

1,l~ﬁiphenyl—zubenzoylethyl alcohol and phenyllithium
react at -80° to foram 1,1,3,3-tetraphenyloropan«l,3«diol
by 1,2-addition {2).

An interesting and useful application of the addition
ef reletively reactive organometallic compounds t¢ the car-
bonyl group of Hichler's ketone has been made &g the basis
of a color test for the qualitative determination of these
compounds (108)., Organolithium compounds give a positive
test readily. This Indicates that these compounds do not
form stable addition complexes with Michler's ketonse as do
many less reactive orgenometsllic compounds (107).

Some « -0xido ketones and phenyllithium react to give
good ylelds of the corresponding propanols. The first
reaction is one of addition. Thus, with benzal-p-methoxy-
acetophenone oxide end phenyllithium at -15° in ether, the
105 S ¢ e S gt o).

105. Weizmann, Bergmenn end Heskelberg, ibid., 391 (1939).

106. Gilmen and Schulze, J. Am. Chem. Soc., 47, 2002 (1925).
107. Gilman and Jones, ibld., 62, 1243 (1940].
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following resction occurs.
H H CglsLi B § Sefs
C gyt —C -C gl 0CHg (p) ——— CgHsC—C-CCaH,0CHS(p)
0”8 0" ¢m
At reflux temperature cleavage of the oxide ring takes plaecse

giving diphenyl-p-anisylcarbinol and a resinous materisl (108).
In a siamilar manner analogous reactions are obtalned with
g-chlorobsnzalacetophenone oxlide and other «-oxlido ketones
(108, 109). These results are somewhat different from thoss
obtained with Grignard resagents (110).

The usual reaction of the more uctive organonmetallle
compounds with oarbon dioxide 1lg the formation of the salt
of a earboxylie aold. It has been shown, however, that the
ocommon procedure of gaseous carbonation leads to very litile
acld frouw many organolithium compounds but that the chlef
product is a ketone, some tertiuary carbinol also being formed.
To overcome this difficulty, carbonation by slow addition
to a large excess of crushsed solid cardbon dloxide is recom~
mended {11ll). These secondary reactions leading to ketones
and carbinols seem %o be puartially due to the solubility of
the RCCCL1 compound in ether, the usual solvent, because the
other organcelkali compounds, whose salts are largely in-

soluble in ether, give high ylelds of scids (as salt) when

108, Bickel, ibid., 59, 325 {1937).

109. Kohler «nd Bickel, ibid., 57, 1099 (1935).
110. Bergmann and wWolrf, Ibid., 54, 1644 (1932).
111, Gilman epd Van Ess, 1bld., 55, 1258 (1933).
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carbonated in boiling ether solution {112).

In general, the reaction of esters of carboxyllic acids
with excess organolithium compounds leads to tertiary car-
binols. A great many esters have been so reacted. Dimethyl
« ,K'~dihydromuconate and excess phenyllithium yield 1,1,6,6~
tetraphenyl-3-hexen-1,6-di0) {11}, while dimethyl mesc-
6,3'~diphenyladipate yields 1,1,3,4,6,6~hexaphénylhex&n~
1,6-diol (84). HMethane triacetic acid trimethyl ester,
under simllar conditions, is converted to tri (B3,8-diphenyl-
f-~oxyethyl)methane {91). The reaction is similar with esters
of aromatie acids. Methyl 8-besnzohydryl«l-naphthoate forms
diphenyl-l-{8~benzohydrylnaphthyl)carbinol {(96). Wittig

has shown the following rsaction to be quite general (18):

| | (Cells) g
COOR ' C-OH
CeHi Li
GOOR efsld | G-0H
(excess) (Celig)

Cis and trang forms 4o not undergo stereoisomeric rearrange-

ment during the reaction., The corresponding l,4-diesters
rsact in an analogous menner (113). Other organoliithium
compounds, like p-biphenylyllithium (114}, may also be used.
With esters of sromatic dicarboxylic acids, the reactiocn is
very good &nd ylelds ac high as ninety per cent and more are
112, Gilmen and Young, J. Org. Chem., 1, 315 (1936).

113. Wittlg and Pook, _Ber., 70, 2485 (1937).
114. wWittig and Kréhne, Ann., 529, 142 {(1937).



obtainable (115). Leo has used this reaction to prepare a
radical having three trivalent carbons (116). The sequence

of reactions follows:

COnCHy HOG(Gelis) 2 “G{Cglisle
Celig Clp
cogcr JEHOME g§§635’3 “E&gl" ClCotin)p
CO,0Hy HUC{Cgli) » wGlCeHgl g

Other esters have also been reacted with phenyllithium (2,
117).

9~Fluorenyllithium reacts with dimethyl carbonate to
form methyl fluorene-l-carboxylets in fair yield (21) and
with ethyl orthoformste to yield an amorphous polymer (59).
l<Lithlo-3-phenylindene and dimethyl carbonate react, yleld-
ing methyl 2-phenylindene-l~carboxylate {118).

Organolithium compounds react with acid aenhydrides.
The action of two moles of phenyllithium on one mole of
dimethylmaleic anhydride gives 2,3-dimethyl-4,4-8iphenyl-
crotonolactone which probaebly results from 1,2-addition of
& second inole of organometallic compound tc the intermediate
keto acid rormed (119).
115. Wittig and Leo, Ber., 64, 2395 (1931).
118, Leo, ibid., %0, 1691 (1937).
117, Wittig and Feiri, anmn., 505, 17 {1933).

118. Blum-Bergmann, ibid., 492, 277 (1932).
119, Tarbell and Weaver, J. Am. Chem. Soc., 82, 2747 (1940).
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0 )
H56~C~G//\ agc-c-cgc ells H3G-C~G{G eHs) 2
> CeHisLi CeligLi )
y0-C-C H0-C-G-OLL f36-C-G

This maqhanism is substantiated by the action of phenyllithium
on the intermediate keto acid, (3-benzoyltiglic acid, to form
the seme lactone as was obtained in the above reaction. Only
a small amount of material resulting from 1,4-addition was
obtained., With phenylmsgnesium bromide the same intermediate
compound is obtulned (120) but the exasss Grignerd reagent
adds 1,4~ to this compound instead of 1,2~ as does the phenyl-
lithium,

%ith phthallc anhydride the reaction is vigorous bdut
not well defined. One of the products formed is triphenyl-
carbinol (115).

Orgenolithium compounds add to the carbon-nitrogen double
bonding known as the anil linkage, This reaction was first
reported by Zlegler and Zieser. They treated pyridine with
benzene solutions of n-butyl- and phenyllithium finally
heating the mixtures in sealed tubes at 90-100° for seversal
hours (121). The first resaction is addition of the organo-
lithium compound to the anil linkage to form an «-substituted

120. Tarbell, 1bid., 60, 215 (1938).
121. Ziegler *end Zaiser, Bexr., 63, 1847 (1930).
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N-lithiodihydropyridine. Hydrolysis ylelds the -substituted
dihydropyridine. COn heating the unhydrolyzed addition com-
pound, lithium hydride splits out leaving an «(-substituted

pyridine. This sequence of reuctions is shown below.

RO . ()

[

Li
The yileld of substituted pyridline was incresased by replacing
benzene, the solvent first used, by toluene {122), The ex~
tension of this resaction to other nitrogen compounds facili-
tated the preparation of many otherwisgse difficultly accessible
products. Some of the compounds which have been reacted with
organclithium compounds in this manner are acridine, which
forms 9,10-dihydro-9-R-acridines, isoquinoline, 9,10-dihydro-
aeridine, whieh gives 9,10-dihydro~10-R-acridines (123),
quineline, 2-p-butylpyridine and quinaldine (124). This
resction has been used recently to prepare some substituted
guinolines for possible use as insecticides (125).

The reaction of the nitrile group, -C=l, with organo-

lithium compounds is analogous tc that of the Grignard reagent.

122, Walters and MeHlvain, J. am. Chem. Soc., 55, 4625 (1933).
123, Ber ‘s Blum~Bergmann and v. Ohristiani, Ann., 483,
80 {1930]. ’
124. Ziegler and Zeiser, ibid., 485, 174 (1931).
125. Oldham and Johns, J. am. Chem, Soc., 81, 3289 (1939).
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The addition product is a ketimins which hydrolyzes more or
less readily, to fora a ketone., Thus, iscobutyronlitrile and

n-butyllithium yield p-butyl iso-propyl ketone (126).
80-03&;{7(35& + Q—C,QHQM s ] 180-83:&7'-9‘04}{9-&
HLA

VAN 80-CH,~G-CgHg-n + Ny + LiOH

0

Some nitriles, which reaoct only very slowly with Grignard
reagents under\the usual conditions, undergo prompt reaoction
with organolithiua compouhds (127, 128). For example, D~
dimeth&lamincbsnzonitrile and p-methoxybenzonitrile rsact
smsothlg with methyl« and phenyllithiua to give the expectad
ketones, followlng hydrolysis. Other nitriles, which have
been reacted with organolithium’compounds, include benzo-
nitrile and o-toluonitrile {112, 127, 128, 129}. These have
been studied malinly in determinations of the relative reac-
tivities of various organometallic compounds., l1-Lithio=8-
methylnaphthalene reacts with 4~cyunchydrindene to give
the ketimine which could not be hydrolyzed to the ketone (130).

Compounds containing an anil link&ée vnd some other fun-

etional group capoble of reacting with orgenolithium compounds

126. Ziegler and Ohlinger, Ann., 495, 84 (1932).

————

127. Gilmen and Kirby, J. Am. Chem, Soc., 55, 1265 (1933).

128, ?ilma? and Liehtanwalter, Rac. Lrav. ehim., 55, 561
1936) .

lz9. %ilm&?, Kirdby, Llchtenwalter and Young, ibid., 55, 79
193¢} .

130. Fleser and Bowen, J. Am. Chem. Soc., 62, 2103 (1940).
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have bsen studled, also, Thus, a compound with & coupled
anil linkage and carbonyl {or thiocarbonyl) group is known
to undergo 1l,2-addition to the carbonyl group, although the
end product obtained indicates that addition takes place at
the anil linkage. Yor example, phenyl lsothiocysnate has
been shown to react in this way (131). This general reaction
may be 1llustrated as follows:

RBeF=(=0 ¢+ R'L1 R—H'g:GLi

RejfeGm0 ¢ Rel=Q-OH
H R* R

Acridone and 3-methylacridons undergo 1,2-addition at the
carbonyl group {(132). The anil linkage also tekes part in
the reaction for, if the N-potassium salt is umed, only
one~half the smount of phenyllithium necessary to react
with the free base is needed to glve equivalent reaction
with the salt,

Benzophenone anil also adds phenyllithium. Here 1,2«
addition to the anil linkage takes place, to form triphenyl-
methylaniline. The Grignard reagent sdds 1,4~ to the con-
Jugated system (127). These two reactions are glven below.

131. Gilmen and Breuer, ibid., 55, 1262 (19833).
133. Lehmstedt and Dostal, Ber., 72, 804 (1939).



?eﬁs ‘feﬂs ?eﬁs

fﬂii Cells :L-f

HT (._&__. .@ _.QH‘.J._.) Cg 1 ~C _O
6635 6F5 6H5

With 9-oyanoacridine, reaction tekes place at the nitrile
group. Using phenyllithium, the products isolated are 9~
benzoylacridine and phenyl-(9-acridyl)iminomethans. The
latter compound is unhydrolyzed ketimine (132).

CEN gt CgHg~C=NE CgHsC=0
CC0 2 OO0 = OO0

The anil linkags apparently does not play an important part
in this reaction. 8-Cyanoquinoline reacts with 4-lithio-7-
methylhydrindene to glive the corresponding ketons in fifty-
seven per cent yield (133). The S5-cyanc compound gave a
much poorer yield, seventeen and one-half per cent.

The nitrogen-nitrogen double bonding also reacts with
organolithium oompounds. Two reactions seen to take place.
The major reaction, with phenyllithium snd azobenzene for
example, is the formation of a dilithium compound, for hy-
drolysis produces about Tifty per cent of hydrazobenzene (134).

133. Fleser and Hershberg, J. An. Chem. “gc., 62, 1640

(1940},
134. Gilman and Bailie, J. Org. Chem., 2, 84 (1937).



CHgNmNGC gy —Emll, Celisl-NCeis HoR, C gH H-HC gH
HEH
The expected addition, to yield triphenylhydrazine following
hydrolysis, also takes place to a limited degree (135).
Gﬁﬁsg"‘HCGHS + Csﬁsm — (Csﬁﬁjaﬂ-—"m(caﬁs)
The dilithium addition compound c¢an react with unchanged azo-

benzens to form a frees radical (135).

CeflsT—~N0gHs + (Cellgl)p — 20gls N —ICells

The formation of the dilithium compound is smoother if hy-
drezobenzene is treated with methyllithiuwa (135).
szrogen~m§tal ;ntareonversio#. Metalatlon, the replace~
ment of a cuarbon-held hydrogen by a metal, is slso known as
hydrogen-metal interconversion. This rzaction serves sone
useful purposes in organlc syntheses, mainly because of its
ability to shorten or faoilitate the production of many com-
pounds. Sinee an excellent review of this general fleld has
been made recently (136, 137) the only phases of this resection
which will be discussed are those facts which have been de~
termined since that time regarding organolithium compounds.
wWhen p~bromcanisole is reacted with lithium in ether

solution, the first snd obvious reaction is the formation

135,  Wittig, Angew. Chem., 53, 241 (194C).
136. ?‘ L.)Bebb Doctoral Dissartation, Iowa State College,
1938).

137. Gilman and Bebb, J. Am. Chem. Soc., 81, 109 (1939),



of p-anisyllithium. A side reaction, teking place to some
extent, is the metalation of p-bromoaniscle by the newly-

formed p-enisyllithium (138, 82).

[:f§73 [:férz Qg OCHy
0

A sinilar réaotion ococurs in ths preparation of gfphenoxy-
phenyllithium from p-bromophenyl phenyl ether (138), and

in the preparation of 2-carboxydibenzofuran (139). In the
latter reaction the 2-lithiodibenzofuran metalates some of
the unchanged 2-bromodibenzofuran to give, subsequent to
carbonation and hydrolysis, some 2-bromo-4-carboxydibenzo-
furan. When 3-bromodibenzofuran is treated with p-butyl-
lithium in ether some 4~carboxydibenzofuran is isolated after
carbonation, indicating that some of the 3-lithiodibenzofuran
metalated some unchanged 3-bromo compound, being converted

to dibenzofuran which is then metslated in the 4~-position

by n~butyllithium. No 3-bromo-4-carboxydibenzofuran was
isolated, however (140). Organolithium compounds have bsen

utilized in other studies on dibenzofuran (141, 142, 143).

138. Gilman, Langham and Jacoby, ibid., 61, 106 (1939).

139. Gilman, Langham and Willis, %“i”a., €2, 346 (1940).

140. Gilmen, Willis and Swislowsky, ibid., 61, 1371 (1939).

141. Gilman, Van Bss and Hayes, ibld., 61, 643 (1939).

142. Gilman, Cheney and Willis, Ibld., 6L, 951 (1939).

145, E‘}ilma? Parker, Baille and Brown, 1bid., 61, 2836
1939} .
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When phenols and thelir methyl ethers are metalated, the
metel does not always enter the same position in each case.
Por example, 4~hydroxydibenzofuran on metalation gives 6-
sarboxy~-4-hydroxydibenzofuran, following cerbonation and
hydrolysis. With 4-methoxydibenzofuran, some 3-carboxy-
4-methoxydibenzofuran is formed, although the 6-acld is
formed in higher yleld. Resorcinol gives some 2,6-dihydroxy-
benzole aclid with a little 2,4~dlhydroxybenzoic acid. The |
dimathyl sther yields the 2,6-dimethoxy derivative (144),

A8 a rule, metalation takes place ortho to the oxygen or
sulfur grouping in phencls, thiophenols and their ethers.

A notable exception is thiocaniscle, which metalates laterslly
(145).

TO, :
CgllgmS-CHy + p-CgHoLi 5§é§7Z C gHis~S-CH,CO0H
Anisole and thiophenetole metalaute ortho to the ether group-

ing. The heterocyclic compound, phenoxathiin, slso metalates

ortho to the ether bridge (146).

| 5 | - 8
OO0 s a0
0 [HoH7 0
COCH

Aleohols and amines usually are metaleted in the ortho

144, ?ilma?, Willis, Cook, Webdb and ieals, ibid., 82, 667

145, Gilman and Webb, ibid., 62, 987 (1940).

146. Gilmen, Van Ess, Willls and Stuckwisch, ibid., €2,
2606 (1940).
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position. Benzyl alcohol ylelds o-hydroxymethylbenzolie acid
after metalation with p-butyllithium followed by carbonation.
Triphenylcarbinol, aniline, diphenylamine and K-n-butylaniline
all metalate in a position ggggg to the hetercslement (147).
Surprisingly enough, triphenylamine metalates in the meta

position (148). COCH

wsﬁﬁ)zﬂ‘o + BCymgls Zg_%‘z (Ceﬁs)z"'@

The related triphenylphosphine also metalates in the meta
position (149).

The reaction is of no value for the preparation of the
simpler organclithium compounds. Toluene and p-butyllithium
in ether yield only twenty-twe hundredths per cent of phsnyle
acebtic acid, following carbonation and hydrolysis. Under
similar conditions benzene forms fifteen per cent of benzole

acid (150).

Halogen-metal interconversion. The second type of inter-
conversion, halogen-metal interconversion has been utilized
only recently for syntheses with organolithium compounds.

The esarliest study on this reaction was msde & number of years
ago by HMarvel ani coworkers. Unfortunately, they allowed

such long periods for reacticn that only secondary products
147. Gilman, Brown, Webb and Spatz, ibid., 62, 977 (1940).

148, Gilmen and Brown, ibid., 82, 3208 (1940).
149. G. E. Brown, ﬁoc%araI ﬁiéﬁ%%taticn, Iowa State College,

1941).
150, Gllman, Pacevitz and Baine, J. jim. Chem. Soc., 82,

1514 (1940).
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were cbtalned in most cases. Thus n-butyllithium and p-

- heptyl bromide in petroleunm ether were allowed to stand
ninety days and the mixture was then hydrolyzed. The main
product was n-undecans (151). In shorter-timed resctions
they did obtain products resulting froam halogen-metal inter-~
converaion. For example, o-bromotoluene and p-butyllithium
in petroleum ether for four days gave gixty-five per ceant

of toluene following hydrolysis. The recction which occurred

follows:

CHz CHz
[::]:§3+ grcéﬂgli —— [::]Lis* a-C4HgBr -égggz [::]

The related p-bromotoluene after thirty days yielded seventy-
five per cent of p~-n-butyltoluene. This reaction 1s similar
to the one above except that in this case sufficlent time
elapsed before hydrolysis to permit the secondary ccupling

reaction to complete itself.

CHx CHz CHs
Qv — (oo —()
Br 4 4 Céﬂgon

A similaer reaction, run for twenty hours, gave an sighty-six

per cent yleld of p-tolulc acid on ecarbonation (67).

151. Marvel, Hager and Coffman, ibid., 49, 2323 (1927).



A mechanism to explain halogen-nsetal interconversion
has been proposed recently (152) and may be outlined as
follows: If two molecules, with configurations like those
below, are brought in contact ths two may react to form a
more stable system depending upon the relative attraction
of each of the charged particles for those of opposite charge.

Thus, the following particles form:

(<) (=) (-) (=)
{A) o01 — DG: and (B))0: ~—— DG:
Li

K] X _
(+) (+) (+) (+)

Then, if the radical (B) has a greater attraction for Li*
than does (A), most of the Li* will become attached to (B).
The following shift of bonds will then occurs

(=) (+) {-) {(+)

> X >C X
| | ~— .

i 16 Li c{
{+) (=) (+) (=)

or, & halogen-metal interconversion will %take place. That
the secondary coupling observed, especially 1ln longer-timed
reactions, is not the final step of this process, but another
reaction entirely, is based on the fact that x* and Li* do
not combine to form LiX., That 1is, the positive halogen pos-
tulated cannot react with the lithium ioen., The basis of this
whole mechanism rests on the ionization of the halogen

152, Meerwein, Hofmann and Sehill, J. prakt. Chem., 154,
268 (1940).



lacking an slectron peir, This is not the usual manner of
ionization of halogen. Some reactions, however, indicate
that such ionizations do oceur.

Other fsotors than time affect the extent of halogen~
metal intereconversion and a systematic study of some of
these has reosntly been reported (153). The factors studied
were solvent, temperature, kind of organolithium compound,
consentration of remctants and catalytic agents. The rate
is affected greatly by the nature of the solvent. Thus, in
the polar sclvents, like diethyl ether, dibutyl ether and
dimethylaniline, the reaoction betweer «<-bromonaphthalene
and p-butyllithium is very rapid, maximum yields of inter-
conversion product, «L-naphthyllithium, being obtained in
a period of only & few minutes. In non-polar solvents,
like benzene, cyclohexane and petroleum ether, the reaction
is slower and less complete in the same time periods. The
use of petroleum ether as & solvent for these reactions is
recommended, however, because the secondary coupling reaction
seems to be strongly inhibited in this solvent (67). Small
temperature changes do not alter the rate of reaction in
ether appreciably. Cooling to ~80° gives a much slower rate
of reaction than that observed &t room temperature and 1s
of little velue except in special cases (153, 154) where

153. Gilman and Moore, J. Am. Chem. Sog., 62, 1843 (1940).
154, Gilman and Spatz, ibid., 62, 446 (1940).
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preferential reaction is desired with polyfunctional come
pounds. The kind of organolithium compound is an important
factor, for with «x-bromonaphthalene in ether the order of
decreasing effectiveness was found to be p-propyl-, ethyl-,
p-butyl-, phenyl-, and methylliithium, Of these, methyl=-
lithium gives only & trace of interconversion product. The
concentration of resctants is not so important, although

the reaction is more repid at moderately high concentrations
than in more dilute solutiona. No really effective catalyst
has been found. Copper breonze has some beneficlal effect,
whereas Laney nickel deorsases the ylelds slightly.

The rate and extent of interconversion is also depen-
dent upon the nature of the halide used. The reaction of
aryl iodides is very fast and aryl bromides are slower.
This is evidenced by the instaentaneous reaction between
o~iodoaniscle and phenyllithium in ether whereas g-bromo-
aniscle requires about an hour (135). Only a few isolated
cases of chlorine- or fluorine-metal interconversion have
been observed. The compounds known to give this reaction
at the present time are g-chloro- and gyfluoraaniscle with
phenyllithium {13%) and phenylethynyl chloride (155) and
3-chloro-2,4,5~triphenylfuran (156} with p-butyllithium.

155. Unpublished studies by A. H. Haubein. -
156. Unpublished studies by D, S. Melstrom.
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The helogen-metal interconversion is probably not an
intermediate step in coupling reactions, as was mentioned
above. Although coupling is favored when the RX compound
is an alkyl bromide or iodlde the followilng facts demon-
strate that this is only a minor point. First, no evidence
of halogen-metal interconversion between alkyl halides and
aryllithium compounds has, as yet, been obtained. Sascond,
aaiy a few 1soclated caszes of chlorine- or fluorine~-metal
interconversion have been found and most aryl chlorides and
fluorides 4o not give this reuction under conditions tried
thus far. Third, no halogen-metal interchange has been
obtained with organolithium compounds like phenylethynyl-
lithium (CeﬂschLi). Pourth, the slow rate of intercon-
version exhibited by the less reactive organomagnesium and
~aluminum compounds makes 1t appear unlikely that any
poesibly Intermediately formed organocopper and organonickel
ecompounds take part{ in interconversion rsactions when copper
and nickel are used to produce coupling of hallides.

The halogen-metal interconversion reaction has been
used to obtaln some compounds which are otherwise rather
iﬁacoessibl&. Its use to prepare compounds like «~naphthyl-
lithium (153) or p-anisyllithium (138) is not recommended
since the direct preparaetion of these compounds is equally
satisfactory and less expensive. It is, however, very use-

ful in preparing more complex compounds. If 1,3-dimethoxy~
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4,6-dibromobenzene is treated with one equivalent of phsnyl-
lithium in ether for a short time, only one of the bromines
is replaced (82).

.CHz0 OCH. Cl OCH OCH.
Hs B8 ogmse TS 3 pom OO 3
Br Br _22 B Li —_— Br

l CqligLL

CHz0 OCH CHz0 OCH
KO =, =)™
—

If two equivalents of phenyllithium are used, partial inter-
conversion of both bromines takes place. For example, after
an eighteen hour reaction period, hydrolysis yieldsed seventy-
two per cent of 1,3-dimethoxybenzene, elght per cent of 1,3~
dimethoxy-4~bromobenzene and sixty per cent of bromobenzene
{157). ¥hen 2-bromodibenzofuran 1ls treated with n-butyllithium
in ether for thirty minutes an elghty-seven per cent yleld

of 2-curxboxydibenzofuran is obtained following carbonation
{(139). 4-Bromodibenzofuran also undergoes this reaction with
a-butyllithium (140). Other bromodibenzofurans have also
been reacted in this manner (158). A reaction between bromo-
157. Wittig and Pockels, ggg,, 272, 89 (1939).

158. Gllman, Swislowsky and Brown, J. Am. Chem. Soc., 62,
348 {1940).
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form and phenyllithium in equivalent quentities in ether
geve bromobenzene end some stllhene when hydrolyzed afterxr
twenty minutes (159). A reaction between bis (4-chloro-
methylphenyl)methsne and phenyllithium gave only resinous
materials along with biphenyl {160). Hexabromobenzene and
phenyllithium also yield resinous substances (161).

A recent epplication of halogen-metal intsrconversion
has made use of this reaction to estublish the structures
of some substituted 2,2'-dihydroxybiphenyls (1862). Thus,
the X, X*=-dibromo-2,2'-dihydroxybiphenyl of earlier workers
was shown to be the 5,5'~didbromo~-2,2'-dihydroxybinhenyl by
halogen-metal interconversion of the dibromo-2,2'-dimethoxy-
biphenyl with p~butyllithium, followed by carbonation to
the known 5,5%'«~dicarboxy-2,2%~dimethoxybiphenyl. This proof
was supplsmented by another, not dependent on halogen-
metal interconversion, showing that the method is reliable.
Other simlilar proofs weres also carried out.

The halcgan~matal interconversion reaction between
@-bromostyrens and p-butyllithium is of special interest
since 1t involves a&n allphatic halogsen compound and leads
to the reletively rare type of vinyl- or substituted vinyl-
lithium compound. In the first study of this reaction (151)

159. Wittig and Pockels, Ber., 72, 884 (1939).

160, Connerasde, Bull. soc. chim. Belg., 44, 411 (1935). ,
161. Geissman and Mellatt, J. ﬁm.Thgem. Soe., 61, 1788 (1939),
162. Gilman, Swiss and Cheney, lbid., 62, 1963 (1940).
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the remctants were sllowed to stund thirty-eight days in
a sealed tube in petroleum ether solution. Hydrolysis pro-
duced l-phenyl-l-hcxene snd 1l,4~diphenyl-l,3-butadiene. Ko
evidence of the formatiocn of octene, phenylethylene or phenyl-
acetylere wes found. A simllar reacticn, run for twenty
hours at reflux, was carbonuted and & twenty-three per cent
yvield of ﬁzgggfuinnamic weld wes obtained. In diethyl ether,
the products of carbonation are somewhat different. Im
addition to trans-cinnamic acid, phenylpropiolic ecld is
also obtained (67). Two possible mechanisms for this reeace-
tion have been proposed. First, the p-butyllithium may
have gplit out hydrogen bromide from the B«bromostyrens,
forming phenylacetylene, which then undergoes metalation
to form phenylethynylliithium,
CglHgCH=CHBY  mem—> CgH5CECH ~» CgHgC®CLi
Second, there may have been lateral metalation followed by
loss of lithium bromide, to form phenylacetylene which then
undergoes metalstion. A
06H58E=CHBr — C5H50(11)=CHBT —— 06356505
Fo conclusive evidence of either mechanism has, as yet, been
obteined. Similar mechenlisms would account for these sanme
pmduct.s which are obtained when 3-styryllithium from (3=
bromostyrene end lithium in sther, is carbonated (53).
Bromodimethylanilines undergo halogen-metal intercon-

version with n~butyllithium. m-Bromodimethylaniline ylelds
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twenty-six per cent of the corresponding acid followlng car-
bonstion after twenty hours, while the para isomer yields
forty-rive per cent under the same conditions (163). This
latter compound has been recently proposed as & reagsnt for
quelitatively detecting active orgeanometallic compounds (164).
Under conditions where n~-butyllithium gives a positive test,
p~butylmagnesium dbromide does not give a positive resction.
The basis of the test is the fact that organclithium conmpounds
undergo halogen-metal interconversion with p-bromodimethyl-
anlline whereas organomagnesium halldes have not given this
reaction under the same conditions. ILithium compounds of
pyridine and quinoline have alsc been obtained by this recc-
tion. For sxamaple, 3-bromoquincline and p-butyllithium in
ether at «35%° yield fifty-two per cent of 3-carhoxyquinoline
after carbonation at the end of a fifteen nminute rezction
veriod (154}. Addition of the organclithium compound to the
anil linkage does not take place quantitatively under these
conditions, but the addition compound 1s formed in relatively
high yiecld. ’

Halogens attached to nitrogen appear to undergo halogen-
metal interconversion with organolithiun compounds, In reac-
tions of monochloroamine with various organolithiwa compounds,
poor yields of amlnes but fairly good ylelds of ammonis were

163. Gilman and Banner, idbid., &2, 344 (1940).
164. Gilmen and Swiss, 1bid., 62, 1847 (1940).
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obtained {165}, These results indicate that the principal

reaction was as follows:

RLi + ClNHp ~—> RC1 + LiNHp LN NHg

The resction sxpected was coupling in the following manner:
RLi + ClNH, - HNH, + LiCl

#ith phenyllithium, for example, the ylelds at 0° were three
per cent aniline and forty-eight per cent ammonia, When
thres esquivalents of phenyllithium were used, the ylelds
werse ten per gent aniline and forty-two per cent ammonia.
At -50°, with three equivelents, the ylelds were thirty-
three and thirty-seven per cent, respectively. These re-
sults show that there 1s some correlation between this reac-
tion and the halogen-metsal interconversion between X-bromo-
naphthalene and organolithium compounds {(see page 63).
Ald~chlorimines also show this reaction to a certain extent.
The mechanism proposed for this reaction (168) alsc involves
the removal of a positive halogen (see page 62). For examplae,
4~ohlorcbenzalchlorimine and phenyllithium react in ether
solution in two ways, namely:

p-C1lCgH4CHeN-C1 + CgHgll ——» p~C1lCgH4ON

p-ClCgH,CH=N-C1 + Cglgli = D-C10gH,CH=NL1

| p-ClCgH,CHO LHOEL)

165. Coleman, Hermanson and Johnson, ibid., 59, 1896 (1937).

186. Le Malstre, Rainsford and Hauser, J. Org. Chem., 4,
106 (1939).



The first reaction involves the removal of hydrogen chloride,
the second is & halogen~metal interconversion in which a
chlorine with a sextet of electrons l1ls removed., Grignard
Teasgents also give this resetion. Comparing phenyllithium
and phenylmegnesium bromide as regards their rezction with
p~chlorobenzalchlorimine under the same conditions, phanyl-
lithium yields twenty per cent p-chlorobenzonitrile and thirty-
four per cent p-chlorobenzaldehyde while with phenylmagnesium
bromide the ylelds are tea and sixty-one per cent, respec-
tively. Prom this it is evident that phenyllithium reacts
according to the second equation to a lesser extent then
phenylmagnesium bromide but this does not prove that the
Grignaerd reagent is better than phenyllithium for halogen-
metal interconversion with such nitrogen compounds since the
other reaction introduces a complieating faetor., Reaction

of unchanged organometallic compound with the nitrile formed
would also alter the ratio of products. To what extent, if

any, this reaction ococurs is not kanown.

Hdetal-metal intercomversion. The third type of inter-
conversion, metal-metal, is known to oeccur with many different
orgenometallic compounds. The general reaction may be written
ags follows:

R¥ + R*'M' <> RY' +‘R'm
Cne of the first applicastlions of this method to the prepar-

ation of orgunolithium compounds was made by Zisegler (71)



who treated dibenzylmorcury with p-butyllithium obtaining
di-p~butylmercury and benzyllithium. He later extended this
reaction to the Orignard reagent in order to prepare the less
accessible organolithium compounds like benzyllithium and
lgo-propyllithium (47). The reaction, in the case of benzyl-
magnesium chloride, proceeds as follows:
Cgl5CHpMECLl + CgHgLl —> LIC1 + CgHgOH,MaCeHs
Csﬁsﬂﬁﬁﬁgceﬁs + GeﬁsLi — SGHSCHzld + (csns)axg
This reaction is not very useful for the preparation of
organolithium compounds since it also forms organomagnesium
compounds which often Interfere in subsequent reactions.
Austin noted thet in reactions of orgenoclithium compounds
with organclead halldes, an excess of the orgsnolithium
compound was detrimental to the preparation of the unsym-
metriocael compounds because the organolithium compound dis~
placed scme of the original groups attached to lead (l87).
In a reaction between tetraethyllead and p-tolyllithium,
however, he wes unable to isoclate any p-tolyllead compounds.
Organoboron compounds like trimethylboron {4) and tri-
n-butylboron (168) do not react with phenyllithium to give
any phenylboron compounds although an exothermic reaction
coours. With ethyllithium an addition compound, Cpligld
B{CHgz)x, forms. This 1s thought to be a compound of the

167. hiustin, J. ism. Chem. Soc., 54, 3726 (1932).
168. Johnson, Snyder and Van Cempen, ibid., 60, 115 (1938).
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type H’/BRZ7/. When diboreane is treated with ethyllithium
the substance formed is lithium borohydride (169).

The metul-metal interconversion reaction has been ex-
tended to compounds of bismuth. For exampls, tri-p-tolyl-
bismuth and p~-butyllithium in ether solution yleld seventy
per cent of p~tolulc acid after carhonation. The reaction
follows (170):

(p~CHzCgHy ) 5Bl + 3p-CyHgli ——» 3 D-CHzCgH L1 + (n-C4qHglxBi
The extent of resction is estiuxted dy carbonating the or-
genolithium compound and isolating the resulting acid.
Organothallium eompounds reszct in a sinilar menner (171).

L recent gtudy of this resction between organolead
and organolithium compounds has been reported (172).
Although the metsl-metal interconverslon resction has not
been widely applicable to the preparation of organcliithium
compounds 1t does serve some useful purposes. For example,
although orgunometallic radicals, like triphenyllead, are
thought to be more rezctive than the corresponding compounds,
like tetraphenyllead, which huve the metsl in a normal va-
lence state, no meuns of determining this relative reactivity
nas been possible until recently. In these cases, nelther
the radicals nor normal compounds have been sufficisntly
169. Schlesinger and Brown, 1bid., 62, 3429 {1940).

170. Gilman, Yablunky snd Svigoon, Em., 615 11?0(1939)

171. Gilman and Jones, ibid., 62, 2357 (1940
172. Cilman cnd Moore, 1bid., 62, 3206 (1940).
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reactive to combine with funetional groups, like the car-
bonyl. The recent study by Gilman and Jones (171) on the
more rapid sddition of phenylthallium over triphenylthallium
to some functional groups 1s the first reported case of a
distinoctly reactive organometallic radical. A reaction was
needed, therefore, which could be used to determine the
relative firmness of attachment of R groups to ¥ in compounds
like Bsﬁ and R*ﬁ, where Rsﬁ ias the compound with abnormal
valence, The metal-metul interconversion resction serves
this purpose as is shown by the following observations:
Tetraphenyllead reacts with p~butyllithium in ether solu-~
tion at a fairly rapid rate as follows:

{Cgliz) 4;Fb + & n-C Hgll — & CgHgLli + (n-CgHg) (P
As with the blsmuth ocompounds, the phenyllithium is readily
estimated, after carbonation, as benzoic acid, and the tetra-
n~butyllead can be isolated. Triphenyllead reucts more
repidly in an apparently analogous manner. By comparing
the respective ylelds of benzoic acid obtained under the
same conditions of reaction am estimate of the relative
firmnquger attachment of the phenyl group to lead in tri-
phaayll;ad and in tetraphenyllead is obtalnped. 1In such a
manner 1t was found that triphenyllead undergoes inter-
sonversion with p-butyllithium more rapidly than tetra-
phenyllead, for, where no benzolic seid was obtained with

the latter compound, the formsr gave thirteen per cent of
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the acid in a short time reaction. Similarly, it was
ghown that tri-p-tolyllead is more reactive than tetra-p-
tolyllead in this type of interconversion.

A more complete survey of the relative reactivities
of organolithium eampoundé in various types of reaction is
given in the Discussion.

Another interesting application of}the metal-nmetal
interconversion has been made by Ziegler {68) as a msans
of analyzing solutions of alkyllithium compounds which{
contain colloidel mptal or inorganic lithium compounds,
like 1lithium oxide ér nitride whie¢h react with water to
form lithium hydroxide. #When these impurities ars present,
the determination of the titer of solution by the acid-
titration method (69) 1s meaningless, because the value so
obtained 1s dus not only to the organclithium compound but
also to the inor
this difficulty

ic compounds Jjust mentioned. To avoid

%gler took advantage of two facts about
organolithium compounds which had been determined. First
dibenzylmercury undergoes metal-metal interconversion with
alkyllithium compounds forming benzyllithium and dialkyl-
mercury compounds. Second, although the alkyllithium com~
pounds react only very slowly with alkyl hellides, benzyle-
lithium reacts very rapidly with them to form hydrocarbons
and lithium halides. Briefly, hls method of analysis is

to treat an alliquot of the alkyllithium solution with excess
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n=-butyl bromide and then with dibenzylmercury in small por-
tions. When the yellow tolor, due to benzyllithium, fails
to appear on the addition of a portion of the mercurial the
reaction is complete. The lithium bromide thus formed is
determined by & Volhaerd analysis and the amount of alkyle
lithium compound cean then be caleulated., The reactions
involved are shown below:

2 RL1 + (CglisCHp) g —3 RpHg + 2 CgHsCHpLL

CegHsCHpld + n-C HgBr -~ LiBr + CgHgCgHyji-n

Other cleavage reaotions. Organolithium compounds cleave

other types of linksges in addition to those mentioned above
in interconversion reactions. One of the most important of
these types 1s the carbon-oxygen linkasge found in ethers.

It is more unfortunate that a solvent like diethyl ether,
which facilitates so many reactions of organolithium oompounds,
should also react with them. A knowledge of the rates of
cleavage of this solvent by wvarious organolithium compounds
would be most helpful in many ways. The omnly quantitative
study which has been reported (68) is the reaction of n-
butyllithium with ether in a mixture of sther and boazene.
The olsavage becomes & matter of importance after about four
hours, the concentration of p-butyllithium decreasing to
ons~third its originasl value in forty-eight hours. Organo-
lithium compounds like @-phemanthryllithium and « -naphthyl-

lithium are reported to cleave ether rapidly but no data



are given (83). There 1s some questlon as to just what is
meant by "rapldly"™ for the results on the interconversion
of x-bromonaphthalene (153) and of some bromophenanthrenes
(193) indicate that the term cannot mean less than & few
hours., The only organolithium compound known to cleave
ether in a matter of minutes is t-butyllithium. iso-Propyl-
and s-butyllithium cleave 1t more slowly (174).
Phenyllithium has been used as a reagent for cleaving
some nixed aromatic aliphatic ethers such ss phenyl allyl
ether and phenyl benzyl ether while others llke anisole and
phenyl n-butyl ether are not appreclably affected, even after
several da&s {175). Diethyl ether is also slowly cleaved
by phenyllithium, When cleavage occurs the aliphatic group
is removed. This is illustrated for phenyl benzyl ether by
the followlng equation:

CgEsCCHoCglHg + CgHzLli W CgHs0H + CglHgCHpCgHs

Zthylene oxide, a cyclic ether, reacts with organolithium
compounds, as with the Grignard reagent, to give B~hydroxy~
athyl derivatives. Thus 4-dibenzofuryllithium and ethylense
oxide yleld 4-{B-hydroxyethyl)dibenzofursn (176). It was
noted above that under certain conditlions the cyclic ether
grouping in «-oxido ketones does not react with organolithium
173. Gilmsn and Cook, J. Au. Chem. Soc., 62, 2813 (1940).
174. Unpublished studies by the author.

175. Liittringhaus end S8&r, Angew. Chem., 51, 915 (1938).

176, %1rkp?trick and Parker d. aml. Chem. Scc., 57, 1123
1935).
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compounds (see page 48).

Organiec sulfur compounds are also cleaved by organce
lithium compounds. The disulfides react in the following
manner.

BSSR + R'IL{ ~-—3 RSLi + RSR?
This reaction serves a&s a method for obtaining unsymmetrical
thiocethers (177). The reaction has been extended to the di-
selenides (178)., Other more complex compounds of sulfur
have alsc been cleaved by organolithium compounds. A a;ngle
illustration (179) will sufficeé for all these (180, 181}.

c
(Cells) of — §{0eMs) 2 (excess (Celly) 20=C{CeHg ) 5
s
~¢”
Ha

Coupling reactions. As was mentioned in connesction with
halogen~metal interconversion, the reaction of organolithium
compocunds and organic halides usually leads to coupling pro-
ducts if allowed sufficient time for reaction. This fact is
demonstrated by the results of Marvel (151). Other reactions
giving coupling products have been run, 9-Fluorenyllithium
reacts with p-butyl bromide to give 9~p~butylfluorene in
177. Schgnberg and v, Vargha, Ber., 64, 1390 {(1931).

178. Schonberg, Stephenson, Kaltschmitt, Petersen and

Schulten, ibid., €6, 237 (1933).
179. Sehonberg, Cernik and Urban, ibid., 64, 2577 (1931).
180. ScohBnberg and Nickel, ibid., 64, 2323 (1931).

181. ?gh&n?erg, Kaltschmitt and Schulten, ibid., 86, 245
933) .



- 79 -

forty-one per cent yield (59) and with benzohydryl chloride
to give 9-benzohydrylfluocrene (182), Indenyllithium and l-
chlorohydrindene couple to form l-{l-indenyl)hydrindene

(183) while 2,3~diphenylindenyllithium and benzyl chloride
vield the corresponding l-benzyl compound (184). p~Bromo-
éybutylbenzene and phenyllithium give a five per cent yiel&ffg
of p-t-butylbiphenyl (185). When o~ and R-halogenonaph- N
thalenes are reacted with lithium in ether and the resultant
solutions are treated with dimethyl sulfate and hydrclyzed,
good ylelds of methylnaphthelenes are obtained (186), «-
Picolyllithium and ethyl bromide yield conyrine (187).

The lithium compounds formed by the action of lithium
metal or organolithium compounds on nitrogen-nitrogen double
bonds alse give coupling products with some reactants, The
dilithium compound of azobenzene (see page 56} reacts with
‘dimethyl sulfete to form N,N'-dimethylhydrazobenzens and
with 1,3-dibromopropane to give K,K'«~diphenylpyrazolidine
{135). This coupling reaction, to form a five-membered ring,
is different from the reaction of most of the dilithium con-
pounds formed by metal sddition to ethylsnic linkages in that
%gg. ge:gmann.';Q;%., 63, 1817 (1930).

160 Blumporemann, ibiacs sbotos Thst), o

185. v. Grosse, Mavity and Ipatieff, J. Org. Chem., 3,
48 (1938}, IR

186. Vesely end Sturse, Chem. Idisty, 26, 495 (1932) /[ C.A.,
27, 717 (1933)7. ' ‘ |

187. ?argm?nn and Hosenthal, J. prekt. Chem., 135, 267
1932i}. ' o
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the reaction of 1,3~-dibromopropane simply removes the metal
atoms in the latter cases. For example 1,2-dilithio-1,1,2,2«
tetraphenylethane and 1,3-dibromopropane yield 1,1,2,2-tetrae
phenylethylene instead of the expected 1,1,2,3«tetraphenyl-
eyclopentune (2).

(Cglig) gl — C(Cqligly + Br(CHp)zBr —— (CgHg) ,0=C{CgHy) 5

i 14
+ (oG 4—0(0gHs)
LXV—* no b,

C

B,

The reaction of organclithium compounds with acid hale
ldes usually results in a tertlary carbinol. If the orgenc-
lithium compound is of a low order of reaotivity, ketones
may be formed. For example, 9-fluorenyllithium and benzoyl
chloride form 9-benzoylfluorene and/or 9,9-dibenzoylflucrens,
the latter resulting from secondary reactions (188, 189, 190).
With acetyl chloride 9-acetylfluorene results {(59). g-Pleolyl-
lithium and benzoyl chloride react to form X~phenacylpyridine
whieh soon decomposes (187). If 2,7-dimethyl-4-~bromohydrin-
dene lg treated with lithium in ether and «-paphthoyl chloride
is added, a compound, thought to be 2,7~dimethyl~4-(lenaphthoyl)
hydrindene, 18 one of the products lsclated following hydrolysis.
188, Schlenk and Bergmann, Ber., 62, 745 (192%9}.

189. Preiffer and LUbbe, ibld., 63, 762 (1930).
190. Kliegl, Weng and Wiest, ibid., 63, 1262 (1930).

# The diagonal line signifies that the resoction does not
follow the oourse indlested.
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Another rather surprising product obtained in this reaction
is «-naphthoic anhydride (55},

Eeections with sslts. Inorgenic halldes react with

organclithium compounds to form less reactive organometallic
compounds, The generel reaction may be written as follows:
Rli + M -3 RY + LIX
There are several examples of this reaction., Benzyllithium
reacts with mercuric chloride to form dibenzylumercury (43).
Phenyllithium and cadmium ohloride (191) or bromide (192)
yield diphenyleadmium. p-Dimethylaminophenyllithium and
magnesium iodide yield p-dimethyleminophenylmagnesium iodide
(193). Organothallium compounds have been prepared by a
number ef_invastig&tors using this method, Thallous chloride
(171, 194, 1958), thallic chloride (195) and organothallium
chlorides (171, 194, 195, 196, 197, 198) have been used.
Leed chloride, stannic chloride and organclead halides react
with organolithium compounds to form simple compounds of
these metals {167, 199). In some cases the end product is

not the compound having the metal in its normsl valence state

191. Gilman and Felson, Reg. trav, chim,, 55, 518 {1936).

192. HNesmeyanov and Mskarova, J. Gen. Chem, EU.S.S.R.)'Z,
2649 (1937) [ C.A., 32, 2095 (1938)/.

193. Unpublished studies by KR. H. Kirby.

194. Birch, J. Ohem. Soc., 1132 {1934).

185. MeYnikov and Gracheva, J. Gen. Chem. (U.S.S8.R.) 8,
634 (1936) /C.i., 30, 5557 (193€)/.

196, Groll, J. Am. Chem. Boc., 52, 2998 {(1930).

197. Rochow and Dennis, ibld., 57, 488 (1935).

198. Cilmsn and Jones, ibld., 61, 1513 {1938).

199. 0Oilmen and Towne, %—i?b «s 81, 739 (1939).

Aap————



but is an organometsllic radical. Thus, x-naphthyliithium
and lead chloride yield six to ten per cent of tri-y-
naphthyllead under special econditions (200). The reaction
of an organolead halide with an optically active organo-
lithium eompound has been carried out, Unfortunately,
the organolead compound formed, which should exist in two
diastereoisomeric forms, could not be resolved (62).

Various attempts have been made to prepare nitrogen
compounds in which five hydrocarbon groups are attached to
the nitrogen atom. Some organolithium compounds have been
used in one of these studies. Marvel and coworkers have
reacted quaternary asmonium compounds with org&nolithiuﬁ
eompounds iﬁ the hope that the following reaction would
take place (44):

R4NX + R'Li —> RgNR' + LiX

This reaction did not take place. As end products, ter-
tlary amines and hydrocarbons were obtained. In no case
did the tertisry amine contaln an R group that was not
present in the quaternary salt, indicating that inter-
mediate formation of RyNR', followed by decomposition,
proba§1y did not occur. This reaction was extended to

the corresponding phosphonium (201) and arsonium (73)

200. Gilman and Bailie, ibid., 61, 731 (1939).
201. Coffman and Marvel, ibid., 351, 3496 (1929).

-
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compounds with similar results. Tungsten hexachloride and
phenyllithium react to form, after hyﬂrolﬁsis, compounds
with the formulas (Cgllgi) 50pH, and (GgHg)5lis0gHn. Not much
is known of the nature of these compounds (202). Soms or-
ganie salts, such as lithium benzoate, react with organo-

lithium compounds to give good ylelds of ketones (111).
Cgllg=C=OL1 + RLL — csﬁsg-.—ﬁ o, Ceﬂs-g-ﬁ
d (0L1)p

Miscellansous reactions. HMention has been made of the
necessity of preparing snd manipulating organolithium conm-
pounds in an inert atmosphere free of carbon dioxide, oxygen
and watar vapor. The reaction of orgesnolithium compounds
with the first of these substances has already been dis-
cussed. With oxygen the products are not so definite, being
dependent on such factors as the nsture of the organolithium
compound and solvent. When alkyllithium compounds are oxi-
dized by dry air, good ylelds of the corresponding alcohols
are obtained. n-Butyllithium yields seventy-five per cent
of n-butanol in this reaction (83).

n~C Holl + Gy~ n-C,Hq0H
The aryllithium compounds are more erratic. In ether solution

pPhenyllithium gives only eighteen per cent of phenol and
sixty-four per cent of biphsnyl. Other aryllithium compounds

202. Hein and Nebe, Naturwissenschaften, 28, 93 (1940).
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give similer high yields of coupling products (83). If the
ether is completely removed before oxidation the yields of
phenol and coupling product are practicslly squal. Ether-
free phenyllithium yields twenty~five per cent of phenol and
of biphenyl {(203). %hen phenyllithium is oxidized with tetra-
1lin peroxide in ether solution & ninety per cent yield of
phenol is obtained (83).

Organolithium compounds act as dehydrogenating agents
in some cases. Phenyllithium or pn-butyllithium convert 1,4~
dihydrodibenzofuran to dibenzofuran. 1,4-Dihydronephthalene
eand 1,4-diphenyl-8~«butene are also dshydrogenated by these
reagents (204), as is 1,4-dihydrodibenzothliophene (203).
1,2,3,4~-Tetrahydrodibenzofuran, however, ylelds sbout five
per cent of the 6-acid with phenyl- or p-tolyllithium (206).
Dshydrogenation was not observed in this case. This removal
of hydrogen was also noted in the rsaction of phenyllithium
with sﬂphenyl~9-msthoxy«gggirnaphthindan—?-cne {see pags 43).
When organolithium compounds are treated with hydrogen,
reduction to hydrocarbons results (207). The rate of reduc-
tion is not affected by such substances as platinum and
palladium which usually facilitate reductions with hydrogen.
203, Pacevitz and Gilman, J. in. hem. Scc., 81, 1603 (1939).
204. Gilman end Bradley, ibid., 60, £333 (1938].

205, Cilman snd Jacoby, J. Org. §§gg,, 3, 108 (1938).
206, @Gilman, Smith and Cheney, J. Am. chem. Sog., 37, 2095

{1935).
207. Gilman, Jacoby and Ludeman, ibid., 80, 2336 (1938).



The iaaction proceeds as follows:
Rli + Hp —> HH + LiH
With water the orgenolithium compounds yield hydro-
carbons and lithium hydroxide. Similarly, with secondary
amines the reaction results in & hydrocarbon and a disub-
stituted lithium amide (126, 208). The general reaction

follows:

RoNH + EL1 - HpNILi +~RH‘4§E§Z9 RoRH + RH + LiOH
The reasctions with hydrogen, water and secondary amines
are obviously similar in that they all produce hydrocarbons.
These reactlons are not of great value in syntheses.

There are a number of miscellaneous reactions of minor
importanee shown by organolithium compounds. Carbon disul-
fide reacts with orgenolithium compounds to give sulfur
analogs of carboxylic acid5'(;78). |

BLY + c8, L/, rossn

Phenyllithium reacts with methoxyamine at -10 to -15° to
form aniline in sixty-three per oent yield (209). When

some erganomatallie coapounds reaoct with nitrogen trioxide,
diazonium eompounds are formed, but the orgenolithium com-
pounds do not give this reaction (197). Phenyllithium, when
heated fér four to two hundred hours in ether or xylene with
208. Ziegler, Eberle and Ohlinger, Ann., 504, 94 (1933).

209. Sheverdina and Kocheshkov, J. Gen. GChem., (U.S.S.R.)
8, 1825 (1938) / C.A., 33, 5804 (1939)/. ’



metals like magnesium, mercury, tin and lead, forms as high
as twenty-seven per cent of the phenyl compounds of these
metals (48). BStrangely enough, n-butyllithium is not affec-
ted by two or forty per cent sodium amalganms (42).

carhon monoxide is reported to react with phenyllithiun
to give w,w~diphenylacetophenone {135) but no detuails are
given., The reaction of carbon monoxlde with the correspond-
ing Grignard reagent takes place at higher temperatures to
form benzil (211).

%ith R-methylformanilide, 2,8-dimesthoxyphenyllithium
reacts to yield 2,6-dimethoxybenzaldehyde in good yield (135).

210, Hekarova and Nesmeyanov, J. Gen. Chem. (U.5.S.R.), 8,
771 (1939); [C.a., 34, 391 (1940)7.
£1l. Fischer and Stolrers, ann., 500, 253 (1933).



EXPERIMENTAL

Preparation of Alkyllithium Compounds

Ths preparation of organolithium eompounds in dlethyl
ether solutions has bsen adequately desoribed by sarlier
workers (42, 51). UNo significant changes in either tech-
nique or yields have been made since these comprehensive
studies were reported.
| It has recently been demonstrated (67) that petroleum
ether, hggling point 28-38°, is an excellent solvent in which
to prepare the lower alkyllithium compounds by the reaction
between alkyl halides and lithium metal. The technique in-
volved in this method 1s somewhat different than that used
for the preparations in dlethyl ether, sc a general procedure
is given at this point.

The conventional apparatus, consigting of a two hundred
fifty ml. three-necked flask fitted with gas-tight mechanical
stirrer, refiux condenser and dropping funnel, is flushed with
dry nitrogen, fres of oxygen and carbon dioxide, Fifty nl.
of dry, "unsaturate-free" petroleum ether (b.p. 28-38°) is
placed in the flask., Slightly more than seven-tenths gram
of lithium is rasped (67) directly into the flask, through

a paper cone or funnel, in an emerging stream of nitrogen.
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FPive~hundredths mole of the desired alkyl helide {(the chlo-
rides give best yields), dissolved in fifty ml. of solvent,
is placed ip the dropping funnel. The reaction vessel is
heated until ?ha solvent refluxes gently and the halide
solution is droppéd in slowly, with rapid stirring. The
reactlion soon starts, as is evidenced by an incrsase in the
rate of reflux and the appearance of the lithlum psrticles,
These particles soon become somewhat blue in color and no
longer float on the surface of the solvent. The halide is
added over a pericd of about an hour. After the addiﬁion

is completed, refluxing and stirring are continued until no
evidence of reection is visible. This 1s easily determined
by removing the heat source and stoppling the stirrer. IT
unreacted halide remalns, its reaction with the lithium
causes & bubbling of the solvent around the lithium. If no
F%Eubbling is observed the reactlion is substantially complete.
The reactiecn mixture 1s allowed to stand, under nitrogen, to
allow the suspended material to settle, Standing overnight
is recommended to insure complete removal of organie halide.
The supernatant liquid is decanted into the filtrstion ap-
paratus {67) and filtered. The volume of filtrate 13 adjusted
to one hundred ml. by addition of sgolvent and an aliquot is
removed and hydrolyzed., Titration of this hydrolyzed portion

with standard acid permits the determination of the concen-

' gration of alkyllithium compound and the yield obtained. The
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residue from the reuotion is conveniently disposed of by
adding it, in smsll portions, to a large volume of water
in a well-ventilated hood.

This method has been used successfully with the lower
slkyl halides including p-amyl chloride. HMHethyllithlum can-
not be prepared in this manner becszsuse of its insoclubility
in the petroleum ether. Ethyllithium appears to hae of
linmited solubility, also.

The yields of alkyllithium compounds obtained by the

above method are given in Table I.

Teble I
Yields of Some Alkyllithium Compounds in Petroleum Ether

K&lide ugsaed % Yield
Ethyl Bromide 50
n~Propyl Bromide 80
n-Prnpyl Chloride 85
Iso-Propyl Bromide 15
iso~Propyl Chloride 75
bn~Butyl Bromide 70
grﬁutyl Chloride 85

go-Butyl Chloride 85
g-Butyl Chloride 85
t—Eutyl Chloride 50
n«amyl Chloride 85

The praparation of t-butyllithium demands special care.
The gfbu€y1 chloride used must be sorupulously purified and
dried befgze use. Hedistillation Just before use is reoconm-
mended. éhe preparation, at the present time, 1s very erratiec

and highly remindful of the similar preparation of fL-butyl-

magnesium chloride.



The values in the above table ars the yields to be eox-
pected under crdinery conditions. With somewhat slover
addition of the halide solution, higher yields are often
obtained. The yields in lurger-sized preparations may be

somewhet lower.

Factorg Affecting Helogen-idstal ;gﬁerconversian

The effects of most of the important factors in halogen-
metal interconversion already have been reported (67, 153).
The further investigations made on the nature of the reac-

tants are given here.

«~Brosmonsphthalene and n-smyllithium,

Ziegler hes cbserved that p-propyllithium adds to 1,1~
diphenylethylene more rapidly then ethyl- or g~butyllithium
(68) . Since p-propyllithium also appeared more effeetive’
then ethyl- and n-butyllithium in halogen-metal interconver-
sion it seemed worthwhile to try p-amyllithium in this latter
reaction to ses if the alkyllithium compounds with an odd
number of carbons were more effective than those with en even
numbsr of carbons.

An sguivalent quantity of x-bromonaphthalene was added
to a 0.25 molar solution of p-amyllithium in sther. The solu-

tion was stirrsed at room temperature and alliquots were removed



and carbonated at tins intervals corresponding to those used

for the other reactions (153). The resulis of this experiment

are given below in Table I1I.

Teble II
Yields of x-Raphthole Acid from «~Bromonaphthalene
and n-amyllithium
Time {min,) Yield %
0.5 58
5.0 58
10. 47
30. 36

«~Bromonaphthalene and isomeric alkyllithium compounds.

In order to compare the relative reactivities of various
isomeric alkyllithium compounds in halogen~-metel intercon-
‘version the action of these compounds on X-bromonaphthalens
was examined, Low-boiling petroleum ether was used as sol-
vent to avold complleating side reactions such as cleavage.
An equivalent quantity of L<~bromonaphthalene was added to &
0.25 molar sclution of each of the alxyllithium compounds
listed in Table III. Aliquots werse removed and carbonated
as'usual, the ylelds belng cualeculated from the weights of

x-naphthole acid isolated.



Table III
!1@1&9 orcx~ﬁa hthoie Acid from x~-Bromonapht ne
sane g . mnoundg etroleun er

{Tims)n-csﬁyhi 180-03HyLi n-Cyfigli 180-CgHpli s-CgHgli $-CyHply
min

18 10 13 77 26
30 11 71 17 18 81 32
60 18 78 av 34 80 34
130 a8 47 40 35 63 30

«-Bromonaphthalene and n-butylesodium.

For the purpose of aomparlsoh, an alkylsodium compound
was reascted with x-bromonaphthalene in petroleum ethar,.

A suspension of n-butylsodium, prepared from 10 g.
(0.032 mole) of di-n-butylmercury and 7 g. (0.3 g. atom)
of sodium wire in two hundred ml. of low=boliling petroleunm
ether, was stirred with 13.5 g. (0.085 mole) of «-bromo-
naphthalene. The reacticn mixture was held at approximstely
25° by a cold water bath. Aliquots were removed and oar-
bonated. The ylelds of <-naphthoie acld obtained are given
in Table IV. The vslues given are only approximate as the
insolubility of the organosodium compounds made the removal

of an aliquot rather difficulst.



Table IV

Yields of x~Naphthoic Acid from x~-Bromonaphthalene
and n-Butylsodium

Time (min.) Yisld (%)
2 17
4 20
8 28
16 28

Factors affeoting Metal-Metal Interconversion

Continuing the studises recently reported (1?2), other
experiments were oarried out to further deteraine the effect
of various reactants in metal-metal interconversion. The
experiments include resctlions of other organocalkali com-
pounds with organiec compounds of lead and also of tin and

| mercury.
Tetraphenyllead and alkyllithium gcompounds.

To 0.06 mole of sach of the organclithium compounds in
250 ml. of ether was added 0.0146 mole of finely powdered
tetraphenyllead. The mixtures were stirred at room temper-
ature and aliquots were removed and carbonated at suiltable

intervals. The ylelds of benzoic acld isolated are given

in Table V.
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Table V

Yields (%) of Benzoic acid from Tetraphenyllead in Zther

Time (hrs.) CpHsLi n-CxHyLi 2-C4Holl
0.5 45 40 38
1.0 56 45 45
2.0 58 48 49
4.0 61 54 52
7.0 65 59 54

Tetraphenyllead and methyllithium.

A solution of 0.54 mole of methyllithium in ether was
stirred with 0.0126 mole of tetraphenyllesd. 4t the end of
three hours an zsliquot was remgved and carbonated. Ko benzoic
acld was isolated from this aliquot. The remainder of the
reaction mixture was carbonated after s reaction time of
fifteen hours. The benzolc acid isolated corresponded to

forty per cent clsavage of the tetraphenyllesd.

Tetraphenyllead and phanylethynyllithium.

An ether solution of C.11 mole of p-butyllithium was
treated with an equivalent quantity of phenylacetylene. The
resulting solution of phenylethynyllithium, CgHgC3CLi, was
diluted to 300 ml. and 0.02 mole of tetraphenyllead was added.
The mixture was stirred at room temperature and aliquots were
removed after five, seventeen, twenty-nlne and sixty-seven
hours. From the acidic materlal produced by carbonating these

aliquots no benzolc acid could be isoclsted. The recovery of



- 08 -
tetraphenyllead was elghty-gseven per cent.

Tatraphenvllead and n-butylsodium.

A suspension of p-butylsodium was prepared in 250 ml.
of petroleum ether (b.p. 85-100°}) by treating 0.032 mole of
di-p-butylmercury with excess sodium metal. To this sus-
pension was added 0.012 mole of tetraphenyllead. The mixture
was stirred at room temperaturs and asliquots were removed |
and carbonated as usual, The yields of benzolc acid isoleated,
caleculated on the basis of total cleavage of the organoliezd
compound, &re given in Table VI. Due to the difficulty of
removing & representative gsample of the reaction mixture,
the ylelds are to be teken as approximete. Under these con-
ditions tetraphenyllead is not appreciably affected by sodium
metal (172},

Table VI
Yields of Benzolc acld from Tetraphenyllead and
n-Butylsodium
Time (hrs. Yield (%)
2 19
4 25
8 25
is 23

Tetraethyllead snd phenyllithium.

To 450 ml. of ether containing 0.30 mole of phenyllithium
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was added 0.067 :nole of tetraethyllead. At the end of two
hours an aliquot was removed and carbonated. The remalnder
of the reaction sclution was carbonsted at the end of twelve
hours. ¥o propioniec scid was isolated from elther portion
nor was any phenyllead compound isolated from the recovered
tetrasthyllead., The recovery of tetraethyllead was ninety-

five per cent.
Preferential gleavage of radieals from organclead sompounds.

Since diphenyldi-p-tolyllead had given preferential
cleavage of the p~tolyl group over the phenyl group with n-
butyllithium (172} this reaoction was extended to other unsyn-
metrical organolead compounds.

To 0.004 mole of each of the organolead compounds, dis-
solved in &5 ml., of ether, was added 0.004 mole of a-butyl-
lithium in 10 ml. of ether. The solutions were stirred for
ten minutes and then carbonated. No isolation of the organo-
lead compounds formed was attempted. The compositions of
the acid mixtures, as calculated from neutrallzation datsa,

are glven in Table VII.



Table VII

Preferentisl Cleavege of Radiocals from Organclead Compounds

Compound Composition (4) of Acid Mixture
(CgHg) 3Pb(CgH4Cl~p) CelisCOgH, 24; D~ClCgH,COoH, 76.
(csas)ng(caﬁ*cl-g)z CgHgCOpH, 2; p-C1CH,CO,H, 98.
(CeHs) pPo{CgHgCHa=D)n CeH5CO0pH, 21; p-CHaCgHeCOoH, 79,

Tetraphenyltin and n-butyllithium.

A solution of 0.05 mole of n-butyllithium in ether was
added to & solution of 0.003 mole of tetraphenyltin in an
equal volume of benzene. This solution was refluxed for
twenty-four hours at 55° and then carbonated. The produots
wore 1solated by customary procedurss. Tetrafgpbutyltin
(b.p.yo 140-144°) was obtalned 1in eighty-one per cent yield.
A forty-eight hour run ylelded sighty-elght per cent of the
alkyltin oompound, which was identified by its refractive
index and density. The yields of benzole acid were thirty-
six per cent and twenty~one per cent, respectively.

A similar reaction was run using benzene as solvent {(no
ether present). Carbonation ylelded only & trace of benzole
acid.

Another experiment, using petroleum ether (b.p. 85-100°)
as solvent, ylelded no benzole acid subsequent to carbonation

and bhydrolysis after heating for twenty-four hours at 85°.

Tetraphenyltin and benzylsodium.
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A suspension of benzylsodium prepared (150) from 4.1 g.
of chlorobenzene and l.4 g. of sodium in 50 ml, of toluene
was stirred with 0.004 mole of tetraphenyltin for twenty-four
hours at 107°, Carbonation produced no benzoic acid and

ninety per cent of the tin compound was recovered.

Tetre-p-chlorophenyltin and n-butyllithium,

A solution of 0.004 mole of tetra-p-chlorophenyltin in
€5 ml. of ether was atirred with 0.004 mole of p~butyllithium
in 10 ml. of ether for ten minutes and then carbonated. The
p-chlorobenzoic acid obtained eorresponded to seventy~two
per}eent cleavege based on the removal of one group or to
slghteen per cent of the tin compound used. No isolation
of the possible tin compounds formed was attempted.

In a similar experiment, run in benzene-petroleum ether
{2:1) for four hours, the yield of p~-chlorobenzoic acid was
only forty per cent as compared to the seventy-two per cent
in ten minutes in ether. After eight hours the yleld of acid

corresponded to forty-five per cent cleavage.

Tetra-p-chlorophenyltin and igomeric butyllithium compounds.

To Getermine the relative resactivities of the various
isomeric butyllithium compounds in metal-metal interconver-
sion these four compounds were reacted with tetra-p-chloro-

phenyltin in low-boiling petroleum ether. This sclvent was
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nacespary to avold complicating side reactions.

Solutions of each of the butyllithium compounds were
prepared in petroleum ether (b.p. 28-38°) and these were
diluted to 0.10 molar, To 200 ml. {(0.0C2 mole) of each of
these solutions was added 0.005 mole of tetra-p-chloro-
phenyltin. The mixtures were stirred at room temperature
and allquots wers removed and carbonated. In Table VIII
are given the yields of p-chlorobenzoic acid obtalned., The
yilelds are c¢aleulated on the basis of complete cleavage of

the organotin compound.

Table VIII

Yields (%) of p-Chlorobenzoie icid from
. Tetra-p-chlorophenyltin

Time (hrs.) p~CgHgli 150-C4HoLi  s-CgHoli  3-CgHoli

C.5 & 8 5 o
1.0 13 12 9 0
2.0 19 19 16 0
4.0 26 19 22 0

Tetra-p-chlorophenyltin with phenyl- and methyllithium.

In order to compare the reactivities of phenyl« and
methyllithium with the other lithium compounds mentioned
above, 0.005 mole of tetra-p-chlorophenyltin was added to
0.02 mole of an ether solution of phenyllithium and methyl=
lithium. The solutions were stirred at room temperature for

fifteen minutes and then carbonated. The yield of p-chloro-
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benzoie acid isolated from the phenyllithium reaction mixturs
was 53%; the yield in the case of methyllithium was 55%.

Dibenzylmercury and methyllithium.

A solution of 0,01 mole of dibenzylmercury in 200 ml.
of ether was stirred with 0.02 mole of methyllithium in 100
ml., of ether. Aliquots were removed and carbonated as usual.
The ylelds of phenylacetic acid, calculated on the bagis of
total cleavage of the organomeroury compound, &re given in
Table IX.

Table II
Yields of Phenylacetlc Aci from. Dibenzylmercury
§§3 Eeth

Time (min,) Yiela (%)
0.5 79
5.0 77
30.0 73

Dibenzylmercury with n- and t-butyllithium.

To solutions of 0.005 mole of dibenzylmersury in 150 ml.
of benzene were added separately 0.0l mole of n- and t-butyl-
lithium in 50 ml. of low-boiling petroleum ether. The solu=-
tions were stirred and aliquots were removed and carbonated.
The yields of phenylacetic acld obtained are given in Table
X. The ylelds sre calculated on the basls of total cleavage
of the dibenzylmerocury.
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Table X

Yields (%) of Phenylacetic Acid from Dibenzylmercury with
- $-Butyllithium

Time {min.) n-C4HgLi t-C4Hgli
2 53 15
5 50 15

15 40 15

Diphenylmergury with n- and t-butyllithium.

Experiments, similar to those above, were run replacing
the dibenzylmercury by diphenylmercury. The ylelds of benzois
acid obtained &re glven in Table XI. The ylelds are cealou~
leted on the same basis as before; total cleavage of the

organomereury sonmpound,

Table XI

Yields (%) of Benzoic Acid from Diphenylmercury with p- end
t~Butyllithium

Time {min.)} B-C HoLi 1-C,Hold
2 65 10
5 85 13
15 62 13

Rates of cleavags by n-butyllithium.

A comparison of the rates of cleavage of tetrsphenyllesad
tetraphenyltin and tetra-g-tolyllead by p~butyllithium was
made by sdding equivalent amounts of a-butyllithium to solu-

tions of each of the above-mentlioned compounds, stirring for
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thirty minutes and then carbonating. Check runs were made
in each case. The results of this series are given in Table
LIX. The percentages are, &s usual, based on the quantities

of aclds isolated.

Table XII
Rates of Cleavage by n-Butyllithium
Compound % Cleavege
Tetraphenyllead 30
Tetraphanyltin 45
Tetra-o-tolyllead 3
Migcellaneous

Attempted interconversions of triphenyl-p-bromophenyllesd.

Attempts to convert the p-bromophenyl radical in triphenyl-
beramaphenyllaaﬁ to the p-carboxyphenyl radical by halogen-
meatal interconversion followed by esrhonation have thus far
besen unsuccessful,

To a benzene~pstroleum ether solution of 0.007 mole of
triphenyl-p-bromophenyllead was added 0.015 mole of i-dbutyl-
lithium in petroleum ether. The solution was stirred at room
temperaturs. An aliquot, removed after fifteen minutes, gave
no lead-containing acid following carbonation and hydrolysis.
The result was the same at the end of an hour.

The experiment waa repeated using g-butyllithium in place
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of the %t-butyllithium. Here, also, no lead-containing acid
was isolated. Recovery of the triphenyl-p-bromophenyllead

averaged above ninety per cent.

Addition of isomeric butylliithium compounds to isostilbene.

In order to compare the relativs reactivities of the
isomerie butyllithium compounds a&s regards theilr sddition
to ethylenic linkages, the addition to 1,1-diphenylethylene
(Lsostilbene) was studied. The sextent of reaction was es-
timated by carbonation and hydrolysis. The welghts of acid
obtained were made the basls of the calculation of per cent
of addition. This method is unsatisfactory since the aclds
produced are not pure and may consist of mixtures, Further
work must be done on this reaction before definite conolu-
sions may be safely drawn.

Equimolar quantities of isostilbene and a-, iso, and
8-butyllithium were mixed separately in benzene-petroleum
éthar solution, Another run was made using gy and t-butyle
lithium with isostilbene in petroleum ether alone., The re~

sults of these experiments are given in Teble XIII.
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Table XIII
Addition of Isomeric Butyllithium Compounds to Isogtilbene

Time (hr p-Buli iso-Bulil B-Bull t-Buld
{benzene~petroleum ether)

8 12 13 82

48 35 37 82

(petroleum ether)
8 13 7
48 90 18

Cleevags of diphenyldi-p-chlorophenyllead by hydrogen chloride.

A solution of 0,05 mole of diphenyldl-p-chlorophenyl-
leed in benzene was treated with dry hydrogen chloride gas
until no further precipitate formed. The addition of gas
wag continued for thirty minutes after this stage was reached.
The precipitate was then dried and analyzed for lead. The
caloulated percentages of lead in each of the poassible lead

compounds formed are as follows:

(CgHg) oPBCLy Pb = 47.92%
(CeHs) (p-C1CeHg)PbCly  FPb = 44.37%
(R-C1CgH,) ,FBC1, Pb = 41.32%

Anal: Pb, Found: 43.18%, 43.30%
The above conditions are those whigh usually lead to
removal of two groups from an RgFb compound. On this basis

the analysis corresponds to a mixture of RpFbClpeompounds
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with the p~chlorophenyl group heing present in greater
gquantity than the phenyl group.
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DISCUSSION

The organolithlium compounds, on the whole, are most
conveniently prepared by the reasction of orgsnic bromides
or chlorides with lithium in diethyl ether. The more reac-
tive alkyllithium compounds, however, may be conveniently
and more satisfactorily prepared by replacing the diethyl
ether with low-boiling petroleum ether as the solvent for
the reaction. Not only does thls solvent permit higher
vyields to be obtalned but the resulting solutions of organo-
lithium compounds may be freed of ihorgaunic by-products by
the use of & simple, easily constructable filtratioh apparatus.
The advantagesoffered by this method of preparation have been
outlined previously (see page 33). The use of petroleunm
ether as a solvent has permitted the preparation of a new
organolithium compound, t-butyllithium. All types of satue-
rated alkyllithium oompounds are now known, namely those in
which the metal atom 1s attached to a primary, to a secondary
and to a tertiary carbon atom, The rapid cleavage of ether
by t-butyllithium shows why previouas attempts to prepare thils
compound in éther were predestined to failure. The fact
that iso-propyl- and s-butyllithlum also cleave ether falrly
rapidly explaing the uhsatisfactory ylelds of these ocompounds
when prepared in diethyl ether solution. Unfortunately, the
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aryllithium compounds and methyllithium sre insoluble in
petrolsum ether and so no improvement in thelr preparation
is possible by using this solvent.

The advantages of being able to use clear, water-white
3Qlutions of alkyllithium compounds are numerocus. The ab-
sence of interfering by-products and a knowledge of the
agtual concentration of organcmetallic compound are among
the more lmportant of these. These are especlially signifi-
cant in rate studies and determinations of relative reace
tivities as will be discussed later,

A study of the factors affecting halogen-metal inter-
conversions has shown many of these to bes quite genersl, a
fact which has been used to advantage in subsequent studies.
The most important of thess general factors, with a given
organic halide and alkyllithium compound, is the solvent
used. For maximum ylelds of interconversion product the use
of petroleum ether is recommended, &s this solvent allows a
Vsatiaractory rate of halogen-metal interconversion in most
cases but seemingly inhibits octher reacticns such as metala-
tion and metal-metal interconversion. Where halogen-metal
interconversion 1s the deslired reaction with a compound
whleh also has other functional groups whioch react with
organolithium compounds, it is often adviseble to use diethyl
ether as solvent and allow the reaction to proceed for a very

ghort time at & low temperature. This method has heen used
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successfully with compounds like o-bromonitrobenzene, bromo-
and lodobenzolce acids (153) and with bromine compounds of
pyridine and quinoline (154). '

In the absence of other funetional groups the nost
intereconversion is obtalned with compounds having the
lithium attached to a secondary carbon atom. ZEither iso~
propyl- or g-butyllithium may be used, the g-butyllithium
being slightly more effective in thls case. The use of
moderate concentrations is recommended to obtaln good ylelds
of interconversion products in reessonable lengths of time.
Although the polsr solvents, such as the ethers, give the
most rapié rates of halogen-metal interoccnversion, the use
of these solvents is limited. Reactiohs in whiech the or-
ganometallic compounds formed combine instantly with the
desired reactants may be run in these solvents. TFor example,
if the desired reaction is that betwsen p-shlorophenyl-
lithium and & compound like benzonitrile, the reaction
could be carried out in the following manner. To an ether
solution of p=-butyllithium is edded an equivalent guantity
of p-bromochlorobenzene followed, after a short time {ca.
ten minutes), by the caloulated quantity of benzonitrile.
'Reactions proceeding at a lowér rate should not be run in
ether becauss the coupllng reaction would probably be more
rapid and poor ylelds of the desired compounds would bs ob-
tained., |



~ 109 -

The kind of orgasnolithium compound used has an impore
tant effect as has been demonstrated by the studies with
«~bromophthalens. Under conditions where p-propyllithium
glves s ninety~five per cent interconversion, only a trace
of intsrconversion produot is obtained with methyllithium.
Hethyllithium is recommended =zs a reagent of cholce for the
metalation of some bromoe compounds where halogen-metal
interconversion 1s not desired. This recommendation has
been substanticted by the metaletion of several dbromodi-
phenyl éthers {212).

The metal-metal interconversion reaction seems quite
general. Cases are known involving organic compounds of at
least one metal in Groups II, III, IV and V of the Periodie
System, Whether or not the reaction is universal remains to
be eostablished. It is likely so, however, insofar us true
organometallic compounds are concerned.

In the investigations reported here the most outstanding
Tactor was the effect of the solvent. The effeoct of the
nature of the solvent 1ls more diverse than in the case of
halogen-metal interconversion. The latter reaction took
place in all the solvents exaemined, but in the former case
reaction was often completely inhibited. This again 1llus-
trates the important role played by solvents in organie

212, Unpublished studies by W. Langham, R. Q. Brewster and
H., Gilman, ol
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reactions snd emphasizes the fact that diethyl eﬁher is still
one of the best solvenis for reactions of organometallic come
pounds, although it is cleaved more or less rapidly by nany
such compounds. Diethyl ether is not indispensable, however,
for all the types of intercoanversion can be carried out with-
out using this solvent.

An interesting observation nade during the sarlier phases
of this study of nmetal-metal interconversion wes that dif-
ferent orgenic rudicals weralcleavea from the metelliec atom
at differsnt rates. Some subsequent experiments were made
to determine the order in which some of these radicals were
¢leaved., Kharasch and his coworkers heve extensively studied
the order of cleavags of radicels from unsysmmetrical organo-
mercury compounds by hydrogen chloride. Sincs a review of
this work has been made recently {(213), no extensive review
will be given here, it being sufficlent to say thet the
radicel which was cleaved more readlly from & compound like
EHgR* was considered to be the more "eleotronegative™. On
this basis Kharasch has set up hils so-called "Electronega-~
tivity Series" of orgenic radicals and has been adble to
correlate this series with data comncerning several different
kinds of reactions. There are also several cases where such
correlation does not exist. The order of cleavage of radicals

213. H. L. Yablunky, Doctoral Dissertation, Iowa State College,
1940,
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in metal-metal interconversions is one of these and is the
only one whlich will be discussed as pertinent to tnié thesis.
In the Kharasch series, the order of decreasing "eslectro-
nagativity” for the radicals examined in this work 1is as
follows: o-tolyl) p-tolyl) 'phenyl) p_-?chlorophenyl. In the
netal-metal interconversion reaction between unsymmetrical
and symmetrical ocompounds of lead and tin the order of de~
creasing ease of ocleavage was g-chlorophenyl > p_-tolyl)_ phenyl)
o-tolyl. This latter order is, exscept for the phenyl, the
reverse of the former order. However, in similar reactions
with bismuth compounds, tri-p-tolylbismuth 1s cleaved less
rapldly than triphenylbismuth (214). &pﬁarently, in deter-
mining th; order of cleavage of radicals frca organometallie .
compounds, factcrs other than the "electronegativity" of the
radical are involved., Such variasbles as solubility, nature
of the ceantral atom holding the radicals, and the cleaving
agent may play important roles in determining such orders.
Sterie factors very probably play & part, as is seen in the
low rate of interconversion of tetra-o~tolyllead with g-
butyllithium and of dibenzylmerocury and diphenylmereury with
t~-butyllithium,

Yarious attempts have been made to determine the relative
reactivities of orgunometallic compounds. These attempts

have been successful insofar as each 1s concerned, and some

214. Unpublished studies by H. L. Yablunky.
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success has been had in comparing various orders of reac-
tivity with each other. In most cases, however, exact
correlation of ome series with another is not possible.

Por example, if a series of organometallic compounds is
arranged in the order of increesing rates of reaction of
these compounds with some functional group, this serles can
be extended to other reactions only with caution and often~
times must undergo extensive revision. Ceneral orders of
reactivity usuelly hold and exocepticns are most often en-
countered when comparing two comgouhds of almost equel
reactivity.

The determination of relative reactivities is sometimes
made difficult decause of interfering side reactions. In
fact, these side reactions nay obscure the true reactivities
of some compounds under consideration,

In generzl, the organolithium compounds have the rela-
tivhfxeastivitias expectéa from the position of lithium in
the periodic system. They are less reactive than the corres-
ponding sodium compounds and more reactive than the corres-
ponding Grignard reagents (127, 128). This genersl order
" of reasctivity has been well established by several inveasti-
gators and need not be considered further (112, 127, 128, 129,
191, 207, 215).

215, OGilwan and Young, J. Am. Chem. Sog., 57, 1121 {1935).
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A ocomparison of the relative reactivities of the organo-
lithium compounds themselves is not so easily made, for
sevaral apparantly ancmalous reactions are known., Befors a
general comparison is made it 1s necessary to summarize the
relative reactivities in various kinds of reactions shown by
these compounds.

The rsaction with funetional groups, like the carbonyl
or nitrile, is so rapid under ordinary circumstances that no
clsan-cut series can be obtained with closely related com~
pounds. In other types of reaction, however, significant
differences in reaction rates asre often ohtailned. Thus, in
metalation rezctions these diffurences can be estimated by
carbonation and isoleation of the resulting acids., In this
manner the order of decrecsging reactivity of the ilsomerics
butyllithiuvm compounds toward didenzofuran in petrg;eu&.gggg;
has been found to be grbutyl-)‘g-butyl-) iso-butyl- = n.
butyllithiua {216).

Tha relative resctivities of the organolithium compounds
in halogen-metal interconversion have also been determined
by mezguring the amounts of x-naphthole acid produced from
x-bromonaphthalene followlng carbonatién and nydréiyais after
various time pericds. In ether solution the normal alkyle
lithium compounds and phenyllithium gave the followling order

of decreasing reactivity as determined from the amounts of

216, Unpublished studies by O. Baine.



- 114 -

of «naphthoic acid formed undsr comparable ceonditions: p-
propyl) ethyl ) n-butyl) n-amyl) phenyl) methyl. In
petroleum sthar the following order was obtained with the
alkyl compounds {except methyllithium): gubutyl) iso~propyl
) t=-butyl) pn-butyl = }_gc_»-butyl) a-propyl.

In metal-metal interoconversion the order obtained with
tetraphenyllead was: ethyl) n-propyl) n-butyl ) methyl ) phenyl-
ethynyl., With tetfa;gfchlorophanyltin in ether the order
was: m~-butyl) methyl = phenyl, and in petroleum ether: g-
butyl = }__a_g-butyl = g-butyl ) t-butyl.

These faocts may be used to predict the relative effec-
tiveneaa of these compounds in other rslated reactions. The
most powerful organelithium compound for metsalation is 3,
butyllithium. That is, t-butyllithium will be found most
affective for metalating; but, unfortunately, c¢an be used
only in an inert solvent like petroleum ether. Its use will
thus be limited to thoss nuclel which gilve no metalation
with p-butyllithiun in ggggg solution since this latter com-
pound metalates dibenzofuran in ether tb a greatsr extent
than does t-butyllithium in petroleum sther 1In the same
length of tinmse. grButyllithium ia a betier metalating agent
than gfbutyllithium in petroleum ether and 1s equaled in
reactivity by iso-propyllithium., The uses of these compounds
for metalations will be limited to those nuclel which are

metalated by these ccmpounds in ether solution more rapidly
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than the sther is cleaved by these compounds. Studles now
in progress must be completed before this limitation will be
clearly defined, In general, then, the relative reactivity
in metalation decreases as the lithium atom is attached to
a tertiary, to a secondary and to a primary carbon atom,
respectively.

In halogen-metal interconversion the order of reactivity
is not the same as that observed 1n metalatioh. Here the g~
butyl- and iso-propyllithium are most effective with ««
bromonaphthalene, This may be due, in part, to the greater
reactivity of the i-butyl ocompound in coupling reactions
which always accompany halogen-metal interconversions to a
greater or lesser extent (see page 98). This is another
fllustration of the difficulty of determining relative reac-
tivities when éide reactions take place simultaneously with
‘the desired reaction.

In metal-metal interconversion the order of reactivity
18 the reverse of that expected from the Kharasch serles
with the exception of methyllithium which seems definitely
anomalous in nearly all its reactions. Many facts show this
decidedly low reactivity of methyllithium. Among these may
be mentloned its preparation in good yleld from methyl iodide,
the lack of halogen-metal interconversion with X-bromonaphe
thalene, its slow cleavage of tetraphenyllead in ether solu-
tion, its stabllity in ether solution, and, finally, the low



- 116 -

ylelds of metalatlion products obtained in many cases. This
low reactlvity has some distinct advantages, however. Hethyl-
lithium has proved to be an excellent reagent for metalating
compounds containing bromine atoms {212), and 1t has been
used to effect monometalation of a compound where p-butyle
lithium gives dimetalation (217). The failure of f-butyl=-
lithium to undergo metal-metal interconversion with tetra-p-
ehlorophenyltin may be due to steric factors. With diphenyl-
mercury and divenzylmercury the extent of interconversion was
much leas than that obtalned wlth p-butyllithium, further

strengthening this explanation.

217. Unpublished studies by C. G, Stuckwisch.
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SUMMARY

A review of the chemistry of the organolithium cone
pounds has bsen made. |

A study of the lmportant factors affecting helogen-
metal intsrconversion has been carried out.

A systemetlic study of metal-metal interconversion reac-
tions of organometallic compounds has been started and ground-
work for further study in this important fleld has bdeen lald,

4 new organolithium compound, gfbutyllithium, has been
prepared, completing the meries of saturated alkyllithium
compounds in whioch the l1ithium atom 1s attached to a primary,
secondary and tertiary sarbon atom, respectively.

#ore refined techniques for the preparstion and menipu-
lation of alkyllithium compounds have been developed.

The relative reactivitlies of various organometallie

sompounds in several types of reaction have been determined.
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