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INTRODUCTION

Although the first organothallium compound, diethyl-
thallium chloride, was prepared by Hansen56 in 1870, only
nine years after the discovery of the slement thallium by
Grookes,gz there 1s to this date no complete survey of the
organic chemistry of thallium or of organothallium chemistry,
in a more restricted sense.

Metallic hydrides and carbides may in a sense be regarded
as organometallic compounds: that is, they may be considered
as first members of a series in which the hydrogen or cerbon
atoms may be replaced by methyl, ethyl, phenyl or other groups
to produce what is more generally considered to be an organo-
metallic compound. Thellium hydride has never been isolated,
but its existence can be demonstrated spectrographicelly when
an arc is ocsused to pass between thallium electrodes in an
atmosphere of hyﬂrogen.55 From the spectroscopic data the
antropy of the gaseous diatomic hydride has been computed, and
the thallium-hydrogen bond distance calculated to be 1.870 2.1*4
Thallium in the molten state does not dissolve any appreciable
amount of carbon, nor does it form a carbide.ll4

There is no record in the literature of a thallium
carbonyl, or of a thallium acetylide. An ammoniacal thallous
salt solution does not yleld a precipitate with acetylene, as
do copper and silver. Thalllum in this and in many other
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respects resembles the alkall matals.’

As & soft, low-melting, malleuble metal, thallium in its
elementery form probably most resembles lead. In spite of
| its plauce in the third group of the periodic taeble, its common
valence is one, and in many of its properties it resembles the'
alkali metals, especially potassium. 4 long series of thallous
and potassium salts crystallizes in isomorphous systams.lso
Thallous hydroxide and carbonate are strong bases and readily
soluble in water, in both of which respects they resemble the
alkall metals. In the solubility of its fluoride, and insolu-
bility of its ehloride, bromide, 1odide and sulfide it resembles
silvar.131 In the trivalent state thallium is a muech weaker
base, 1s subject to extensive hydrolysis, and resembles in this
respect many other trivalent metals, such as bismuth. Thallle
halidssvﬁlsc have ocertain properties analogous to auric
haliﬁas,lg especially with respect to solubility in water and
the capacity to replace hydrogen by direct nuclear substitu-
tion {auration and thallation). Thalliec halides, however,
have much greater cobrdination powers, and tend to form acid
salts. Indeed, a neutral thallic oxalate is not known, and
thallium in this respect resembles other trivalent metals,
guch ag aluminum, iron and chrcmium.152 The quantitative pre-
cipitation of thallic ion by an excess of oxalic acld relates
thallium with scandium, yttrium and lanthanum; but the solu-
bility of thallic acid oxalate in potassium chloride solution

makes possible a separation from thesa three elements, and
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from the other rare-earth elements.l31 Ag would be expected,
organothallium compounds show many properties similar to
organogallium and organoindium compounds.s"' 38, 39, 40
These relationships are discussed In detall in the section on
R,T1l compounds. Finally, organothallium compounds are related
to orgenomercury and organclead compounds. The series ethyl-
mercury chloride, diethylthallium chloride and triethyllead
chloride has been the toplc of rather aserimonious and polemi-
cal discussion.®s 26, 32, 122

It will pnot be possible in this Review to discuss the .
more general topic of the organic chemistry of thalllium, as
contrasted with the more restricted orgenothallium chemistry.
But it should be pointed out that the applications and uses of
thallium in organic chemistry are interesting and originsal.
For example, thallous alkoxides and phenoxides have unique
properties, and many have been studied®®s 68, 83, 140 4, oreat
detail. Thallous hydroxide has meny advantages as a titration
agent105 in organic chemistry slnce it will replace not only
carboxyl hydrogen, but hydroxyl hydrogen as well,l?' 31, 100
es in sugars, tartaric acid, and related substances. For
this reason it has been extensively used in cellulose chemis-
try 2s a msans_of estimating the internal surface of the
polymerS7, 146, 147, 148, 149 yogt acids form very well-
defined thallous salts. ©Such salts have been used in the
separation of isamers,30 in the isolation of acids from

tannia,so in the seperation of saturated from unsaturated
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fatty aeidsll’ 65

33

and recently as a derivative for sulfonie
acids. Such thallous salts are readlly esterified or
alkylated by alkyl iodides.>?

A Tew other salts are known in which the thallium is
not attached to oxygen, such as thallous ethylmercaptide,ls
thallous mercaptobenzothioazole and mercaptohenzlmidazele,81’ 141
and certain nitrogen-substituted thallous amides.%?

Thallic halides form very many complexes with pyridine,
quinoline, and their derivatives, with alkalolds, and with
aliphatic amines.%3» 86126 mnege are of such importance even
in the organometallic chemistry of thallium that numerous refer-
- ences will be found throughout this Review,

Thallium is not a rare element and will prove to be a
fruitful field for further research. At the pregent time
Germany lesds the world by a wide margin in the production of
thallium followed by Belgium, Poland and the United States in
that order. German production is already in tonnage quantities,
as compared with a few hundred pounds produced yearly in this
gcountry. With Belglian and Polish produetion in German hands,
Germany thus has practically a monopoly on thallium, and has

developed many important industrial uses.s



HISTORICAL

Compounds of the Type R,Tl1

The search for trivelent thallium compounds in which
all three valence bonds are attached to carbon was not success-
ful until about a decads ago, although even the first paper
on organothallium compounds indicated an awareness of the
possibility or even probability of thelr existence. When
eventually synthesized, an examination of the properties of
this type of compound mede evident the reason why Hansen, in
1870, and several others since him had had difficulties.

Hansen5

6 rirst tried four reastions unsuccessfully:

(1) (C.Hg)4Zn + TICL —s

(2) O HeI + T1 —>

(3) (C,.Hy),a2n + T1 —

(4) CLH4I + Tl:Na alloy —+ where the zlloy
contained six parts of thallium to one of sodium by weight.
In each case there was no reaction., Believing that the rea-
son for the lack of reaction in the first egquation was perhaps
the insolubility of thallous chloride in diethylzinc, he tried
the reaction of thallium trichloride on diethylzinc. In this
case there was vigorous action, but he found it impossible

to distill pure triethylthallium from the mixture, since the

distillate always contained chlorine, derived from the
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decomposition of chlerinated compounds formed in his unfor-
tunate method of preparing thallium trichloride by the direect
chlorination of a suspension of thallous chloride in ether.
However, the fraction boiling between 110° and 170° gave
positive teéests for thallium and fumed strongly in the air. By
shaking with dilute hydrochloric acid he easily cbtained pure
diethylthallium chloride.

Mendelderr?® boldly predicted that triethylthallium
would be discovered. A translation of this passage wherein he
gives his reasons for such a prophecy reads as follows: "The

members of the even rows do not form, as far as is known,
volatile hydrides and organometellic oompounds, as do the
corresponding members of the uneven rows. Since the elements
Zn, €4, As, Sb, Se, Te, Br, I, Sn, Pb, Hg, Bi from the uneven
rows can be changed by a common method into organometallie
compounds, it 1s to be postulated with definiteness that the
elements In and T1, belgnging to ghis group, will give organo-
metallic compounds InieY and TlAeY, No single one of the
members of the even rows out of the higher groups has as

yet given organometallic compounds. The experiments of
Buckzon, Gahcuri et al., wherein they attempted to prepare
Tise™ from TIC1l™, were succezarul, regardless of the great
similarity between TiC1%, Si1C1% and snCl%. Should, therefore,
organometallic compounds be obtained from elements of the
even rows, they will be quite different in their behavior
from the previously known organometallic bodies, just as the
hydrides of P4, Cu, Kb do not agree in their properties with
the corresponding compounds from the uneven rows. Volatile
hydrides and ethyl compounds will be obtained only with
difficulty from Zr, Nb, Mo, W, U,"

Bartwig,ss’ o9

working under the dirsction of Carius,

mede further attempts at the synthesis of triethylthallium,

as it was especially desired to supplement the determination
of the specific heat of thallium made by ngnaultlzg with a

molecular welght determination on a gaseous compound. He

could not agree with Hansen that triethylthallium is formed
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in the reaction between diethylzine and thallium trichloride,
but found instead that, 1f he used an ether solution of
thallium trichloride which was free of chlorination productse
of the ether, and if such a solution was added to an ether
solution of diethylzinc, dlethylthallium chloride was formed
directly in accordance with the equation:

TIC1l, + (CgH,)aZn ——r (C,.Hy),T1C1l + ZnCl,

Nevertheless, he proclaimed his belief that triethyl-
thallium must exist. It is to be noted that he did not record
that he had ﬁistiilad the reaction mixture, as Hansen had done.
Strong heating might have caused some decomposition and the
distillation of the certainly more volatile triethylthallium.
In two further experiments between diethylthallimm chloride,
diethylthallium iodide and diethylzinc,.in an attempt to add
the third ethyl group in place of the halogen, he found no
triethylthallium, but instead metallic thallium, zinc chloride,
and a gas which he assumed to be a mixture of ethane and ethyl-
ene,

Carius was not content with these negative results, and
in a short time Carius and Fronm.?xllerla published two further
experiments. Diethylthallium chloride and diethylmercury were
heated for several hours at 150-160°, but the reaction was
found to be: |

(CoHy)aT1CL + (CoHy) gHE ~——b 2C Hyo + TICL + Hg.
When diethylmercury was heated with metallic thallium no

reaction was observed below 150° and at 170° decomposition of
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the diethylmercury took place to give ethane, ethylene, and

a2 thallium amalgam. They conocluded: "The attempts at the
preparation of tristhylthallium here described probably

exhaust all methods known for the preparation of analogous
compounds. However, the negative results in all these
experiments can not be considered as proof that trisethylthallium
does not exist, but rather that 1ts preparation is attended
with exceptional difficulties, whioch probably have their

origin in the injurious effect of high temperatures., We
bslleve that it wlill be possaible to avoid these high temper-
atures by the application of other diethylthallium compounds.®”
It is evident that they were not yet aware of the different
nature of the third valence of thallium. Trialkylthallium
compounds were to be made, not by altering the dialkylthallium
salt to be used but rather by employing a more powerful organo-
metallic reactant than dlethylzine or dlethylmercury.

Nearly thirty years later Meyer and Bertheimllz at-
tempted to alkylate thallous chloride up to a valence of thres,
but unlike their experience between lead chloride and the
Grignard reagent where lead was found to have the higher
valence state, they found that reduction to metallic thallium
took place, and concluded that such a change in valence was
not to be brought about by direct alkylation.

Baging his reasoning on the Bohr theory of atomic struc-
ture, v. Grosses4 stated that "those elements all of whose
valence electrons possess the same major quantum number form
typical alkylated organometallic compounds.” By "typical"
he meant completely alkylated, and since it was known that
all three valence electrons of thallium possessed the same

major quantum number, he predicted that completely alkylated
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thallium compounds must be capable of existence.

24 examined the influence of various

Egerton and.Gates
metallic vapors on the ignition temperature and anti-knock
properties of gasoline., These vapors were carried by a stream
of nitrogen from the surface of the molten metal into the
sxplosion chamber, The most effective metal was found to be
thallium, followed by potassium, lead and iron in that order.
Triethylthallium was not then available for testing, but was
later roundv to be only one-tenth as effective as tetraethyl-
lead,

Hein and Segitzez

showed beyond all doubt that the
electrolysis of ethylsodium in diethylzine as a solvent
liberated free ethyl radicals at the anode. Accldental obser-
vations led to the conclusion that these ethyl groups must
possess a surprising chemical reactivity; for'example the
anodic solution of electrolytic zinc deposited on copper could
only be explained by the reformation of diethylzine, according
to the equation:
Zn + 20 Hy ——3 (C Hy), 21

The transient existence and strong chemical activity of ethyl
radicals was definitively proved by the formation of tetra-
ethyllead when lead was used as the anode, which thereby
experienced a loss in welght corresponding to 94% of the
theoretical value,

It thus seemed appropriate to try other meﬁals ag anode

in the seme system and to examine their behavior and change
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in weilght., The fact that thallium and gold were dissolved

by the ethyl radicals in appreciable amounis appeared to be
of especial interest in so far as this could only occur with
the concomitant formation of compounds in which the said
metals were exclusively united to organic groups; such
thallium derivatives were, however, not known, for all organic
compounds of thallium hitherto deseribed contained halogen

or some other scid group.

In the case of thallium as anode there was at the very
beginning of the electrolysis not only a strong blackening
of the elsctrode but also a simultaneous darkening of the
liquid in the bath which hindered the observation of events
at the anode, especially ag to whether there was any gas
evolution. It was conjectured that this phenomenon, which
was certainly to be referred to the separation of finely
divided metal, also caused the observed appreciable diminu-
tion in the resistance of the bath. Aafter electrolysis lasting
several bhours the loss in weight amcunted to approximately
13.3% of the theoretical value, based on univalent thallium.
In the supposition of the formation of triethylthallium the
decrease would amount to 43% of the theoretical amount. The
probable course of the reaction was stated to be the primary
reaction

3T1 + 3C Hy ey 3CH,,T1
followed by the secondary reaction

SG’H.TJJ—--)' (G,H‘).Tl + 2T1’
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the nascent metal partially going into solution and thus
causing the blackening, and partially belng redeposited upon
the anode.

A year later, in 1928, Berry and Lowry,6

apparently
were brought by their studies of the third valence of thallium
t0 a position where there was some doubt in their minds
whether trialkylthallium compounds were capable'ar existence.
They undertook to study the third wvalence of thallium by con-
ductivity measurements on dialkylthallium galts and bases.
Although thallium formed meny tervalent salts, the only alky;
derivatives which had been prepared up to the time were of the
type R,T1X; moreover, these dialkyl halides could not be
condensed by the action of metalliec sodium to molecules of

the type R,T1°*T1R,, comparable to the bimolecular lead compounds
prepared by Krause and smitz.”® Since no convincing explana-
tion had been given of the non-formation of trialkyl compounds
of the type R ,Tl, it appeared desirsble to investigate the
dialkyl derivatives, in order to find out whether their
ionization was "complete", as in the case of the quaternary
ammonium bases and salts, or whether it was reversible and
incomplete &8 in the case of ammonium hydroxide and mercuric
chloride.

In their general conclusions the authors stated: "The
chemistry of thallium presents certain peculierities which
await an explanation in terms of the electroniec theory of
valency. Thus, it is remarkable that thalllum, although a

third-group metal, forms & series of very stable univalent
thallous salts, whilst gold, which might be expected (like
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silver) to be most stable in the form of a univalent cation,
gives rise generally to tervalent aurie salts, Again, the
alkyl derivatives, instead of being of the types EtAu and
Et,Ti1, interleaving with Et.H and Et,.Pb, are of the types
BtAuBr,, Bt,AuBriéd and Me, TlI s+ The univalent dialkyl
ions of the type Me,Tl+ correspond t0 the covalent molecules
Ph, Hg and HgCl, of the mercury series, with 82 electrons
round the nucleus. In marked contrast to the univalent
thallous salts, the dialkyl halides do not obey the formulas
for strong electrolytes; +the bases from which they are
derived are also considerably weaker than thallous hydroxide,
and can no longer be classed with the alkalls as examples of
tcomplete ionizastion'. There can therafore be little doubt
that the dialkyl halides, and the bases from which they are
derived, as well as the corresponding trihalides and their
bages, are capable of ylelding non-conducting molecules, such
as Me,Tll, Me,T10H and T1Br,, which are of the same order of
stability as thelr univalent lons. The spectroscopic evi-
dence, however, indicates that the non-conducting forms of
these salts may be ionic doublets, rather than covalent
moleculea. The existence of systems in which the thallium
nucleus is surrounded by 84 elsctrons in molecules such as
Me,T1Br and T1Bry 1s therefore less well-established than

in the case of mercury, where it is unlikely that the three
halogens in the ion HgBr, are related unequally to the metal,
The doubt which thus arises as to the real existence of the
B84-electron system, with only two electrons less than the
next inert gas, may furnish & clue to the reason why it has
not been found possible to prepars the trialkyl derivatives
of thallium, since these could not be expected to exlst in
a form corresponding with the ifonized molecules of T1lue,I,
and could therefore only be produced 1f the 84-eleetron
system ware stable."

Goddara*®
of thellium compounds of the type R4T1l in an investigation

came very near to the truth about the stability

which had for its objJect not only the synthesis of the R,Tl
type, but also of the mixed type R;R,R,Tl.. He proposed to
exemine the stability of R,T1X compounds toward various
.reagents, and tried first the action of a large excess of an
alkyl Grignard reagent upon thallium trichleride. Whereas

1

Meyer and Bertheinm 12 by the action of four moles of methyl-

magnesium bromide on one mole of thallium trichloride obtalined



- 13 -

dimethylthallium bromide in 62.5% yleld, Goddard found that
when five moles of the Grignard reagent wes employed to one
of thallium trichloride the yield always approximated to 50%.
Since one half of the thallium trichloride was all that was
thus accounted for, he speculated "1t 1s possible that the
other half goes to form a trialkyl compound, which may be
oither a gas, and is evolved during the reaetioﬁ, or a liquid
decomposed by water."” Unfortunately, Goddard's observations
were not as complete &s would huve been desired, for he does
not mention how much thallium should be accounted for by
reduction to thallous chloride, and certainly it would have
been possible to definitely ascertain whether there was any
gas evolution and if so what the gas was, He was, however,
correct in his surmise that a trialkylthallium compound might
be hydrolyzed by water. A further experiment by Goddard would
seem to cast doubt on this alkylation by the Grignard reagent
all the way up to the R,Tl type: he first isolated his diethyl-
thallium bromide and then subjected it to the action of phenyl-
magnesium bromide-~there was no reaction either in the c¢old or
on haatiﬁg. Of course, there might be some differencs in the
activity of ethylmagnesium bromide as compared with phenyl-
megnesium bromide with respect to the power of settling up the
third carbon-thallium llnkage; at uny rate the experiments
were never pushed to the point of absolute certainty.

It was left to Grollsz in 1930 to see what was necsessary
for the successful synthesis of triethylthallium: +the careful
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experimental technique of working in a dry inert atmosphere
and & more reactive alkylating organometallic. He employed
the reaction

(CaHg) o T1C1 + C,HgLi —— (C,H,),T1 + LiCl
with complete success; the overall yield was 79%. The reac-
tion was carried out in petroleum ether at room temperature;
even & temperature of 50° was found to cause decomposition and
a lower yleld. Al room temperature the reaction proceeded
slowly and smoothly with little side reaction. When the ether
had been removed with the aid of a slight vacuum, the triethyl-
thallium distilled between 54.6° and 54.8° at a preasuré of
1.50-1.55 mm. The specific gravity was sp. gr.gg::z = 1,971,
Although quite dense the liquid was described ag mobile, with
an odor similar to that of tetraethyllead. Intereastingly
enough the color was found to be distinotly yellow, although
it paled when the temperature was lowered to -80°, at which
temperature the triethylthallium was still liquid; at liquid-
air température i% had solidified to nearly colorless orystals.
Groll did not mention molecular welght determinations on the
compound, which is important in view of the known great tend-
ency of thallium to undergo association., Certainly a disturbed
elegtron state; or even & pecullar type of unsaturation is
indicated by the color, which increases with increase in
tempsrature, until finally, undexr atmospheric pressure, sponta-
neous decomposition takes place at 128°,

Soluble in the ususal organic solvents, triethylthalllum
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is much more reactive than its neighbors in the periodic
table, diethylmercury and tetraethyllead, reaqting with water
according to the equation:

(CoHg) 5Tl + HaO =———p (CoHy),T10H + C, H,
The compound is steble toward dry oxyegen, although it fumes
in the air due to the presence of molsture. |

Groll synthesized diethyltriphenylmethylthallium in an
analogous reaction between diethylthailium chloride and tri-
phenylmethylsodium in ether, The compound was not distilled,
and no properties were recorded beyond the faet that it like-
wise was a yellow liquid which fumed in air and whieh reacted
with water to give triphenylmethane and diethylthallium hydrox-
ide.

It is interesting to note, in view of the negative
results reported by Hansen®® that Groll found that triethyle
thallium could also be prepared by direct reaction between
ethyl chloride and alloys of thallium with sodium. Finely
divided alloys containing 7, 10, and 15% of sodium were shaken
for seversl hours with ethyl chloride. The reaction was very
slow at room tempsrature. Small amounts of triethylthallium
were formed in each experiment, but it was reported that no
way had been found to increase the yisld.

Groll uged these discovsries as the basis of two patents55
wherein he described the preparation of trialkyl compounds of
gallium, indium, thallium, and gold. An interesting point is
amplified in the patent literature: "The maximum allowable
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temperature is much below the decomposition tempersture of
either of the reaction componsents or of the finished product,
for example, diethylthallium chloride and ethyllithium are
each stable up to about 200°, and triethylthallium is stable
up to about 130°; nevertheless, the reaction mixture consist-
ing of diethylthallium chloride and ethyllithium under
petroleum ether must not be heated above atmospheric temper-
ature. Even heating to only 40° causes decomposition to grey
spongy metalllic thallium, vitiating the yield. Decompogition
can easily be recognized and the most guitable temperature
.may be found from case to case by trial experiments.”

Triethylthallium, as far as can be determlined, was never
put to the use which had been the announced reason for the
first attempts to synthesize it--the classical determination |
of the molecular welght of a thallium compound in the vapor
phage, This was because the atomic weight had long sluce
been made sacure hefore the triethylthallium ever bhecanme

1 to determine the

available. However, it was used by Aston
isotopic constitution and physical atomlc weight of thallium,

A sample of triethylthallium especially prepared for the pure-
pose by v. Grosse and Bergmann boiled at 64° under 3 mm. pressure,
but showed some vapor pressure even at 0°, Lines were obtained
on the plate whiech gave the constitution of thallium exactly

as expected; Its mass numbers are 203 and 205, the hsavier
predominating. The presence of the lines of mercury in suit-
able strength made the determination of the relatlve abundance
and the packing fraction unusually easy. The ratio worked

out to be 2.40 and the packing fraction 1.8, which after the
necessary corrections gave the atomic weight of thallium as

204.41 * 0,03, in excellent agreement with Hgnigschmid‘s value

204,39 now in use,
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An extension of Goddard's%® work, in which he had
examined the guestian whether it was possible to perform the
alkylation of the third valence of tervalent thellium by means
of the Grignard reagent, was ocarrled out by Menzies and COpegg
who examined the action of ethylmagnesium bromide on thallous
chloride. Here oxidation ms well as complete alkylation is
- required. They found that on heating one mole of thallous
chloride with two moles of the Grignsrd reagent under reflux
for three hours, quantitative reduction to metallic thalllium
took place; but without heating a 12.4% yield of diethylthallium
bromide was obtained. It has thus been definitely established
that the Grignard reagent is capable of oxidizing unlvalent
thallium,

However, the reaction was slow, perhaps because of the
ingolubility of thallous chloride in organic solvents. Thallous
ethoxide does not have this disadvantage, sineé?is miscible
with ether and benzene. In an experiment with two moles of
ethylmagnesium bromide and one mole of thallous ethoxide, therse
was immediate alkylation of 22-24% of ths metal contained in
the ethoxide. Since the maximum possible would be 33% (two-
thirds of the univalent thallium is necessarlly reduced to the
metal) that represents a theoretical yleld of 72%. Even more
important, however, especially with reference to Goddard‘'s
work previously discussed, was the observation that in all the
cases where thallous chloride and thallous ethoxide were used,

the alkylated thallium was found before addition of water
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almost entirely dissolved in the ethersal solution, apd little,
if any, in the dark gray precipitate formed on addition of the

thallous compound to the Grignard solution, The order in which
the addition was performed 1s to be noted-~it is the reverse

112 with thellium

- of that recommended by Meyer and Bertheim.
trichloride, however, direct conversion into the dialkylthallium
halide took place, the ethereal layer yielding only a negli-
gible amount. Thus it is seen that the alkylation of the third
valence in tervalent thallium by means of the Grignard was
demonstrated conclusively. The observed facts and ylelds may

be expressed in the equation:

3T1C1l + 3EtMgBr —p Et;T1 + 2T1 + 3MgBrcl
The reaction is thus comparable to the one demonstrated pre-
viously for lead chloride and mercurous chloride.lgl Menzies
and Cope concluded that when thallous ethoxlide was used, the
first reactlon was one of double decomposition with the Grignard
reagent to give a precipitate of finely divided and highly
active thallous bromide, which then underwent further reaction
with more of the Orignard reagent. Low yields when only one
equivalent of ethylmagnesium bromide was taken were regarded
as confirmation ¢of this interpretation.

Two years later, Birch? doubled the number of known RgT1
compounds when he published the synthesis of triisobutylthallium
and triphenylthallium. In addition he improved the synthesis
of triethylthallium by using the simplified methods of prepara-

tion for alkyl- and aryllithium compounds devised by Gilman,
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Zoellner and Selby,45 which required an inert, dry atmosphere
but no special apparatus. Phenyllithlum, prepared in ether
from bromobenzene and lithium, readily reacted with a suspen-
sion of diphenylthallium bromide in ether to give the expected
triphenylthallium; the diphenylthallium bromide reacted and
disappeared as fast as the phenyllithium was added. The tri-
phenylthallium was obtained by removal of the ether, extraction
with benzene and precipitation with petroleum ether (b.p. 60-80°)
to give white needles, m.p. 188-189°, dec. 215-216°., The

yield was 46%. VWhen heated, the compound decomposed to metallioc
thallium and biphenyl. Molsture hydrolyzed the compound in
much the same way as trisethylthalliunm,

By similar means triisobutylthallium was prepared in 73%
yield. The liquid distilled at 74-76° under 1.6 mm. pressure,
with slight decomposition, to give a pale lemon-yellow liquid
which tended to decompose and deposit metallic thallium on
~ exposure to light. The compound was hydrolyzed to diisobutyl-
thallium hydroxide and cleaved by glacial acetic acid to
diisobutylthallium acetate.

The compounds could also be prepared, but less satisfac-
bo;ily, in one operation by the action of the lithium compound
upon thallous ehloride suspended in pentane. The gquantity
of metellic thallium formed by reductlion indicated that the
reaction probably took place through the univalent RT1 com-~
pound, in essential accordance with the equation:

3RLi + 3T1Cl —(3RT1 + 3LiCl)-— K,T1 + 2T1 + 3LiC1



This is in agreement with the work of Menzies and Cope®®
discussed above. Another variant of the method was to suspend
éiethylth&liium bromide ip pentane, add lithium in very small
plsces, and then slowly add ethyl bromide. The reaction |
began almost immediately, and was over in an hour. The crude
diethylthallium acetate, formed by the cleavage of the filtered
solvent layer by acetlc acid, indicated that the reaction had
teken place to the extent of 80% of the theoretical. Birch
reported a boiling point of 50-51° at 1.5 mm. without dscompo-
sition for triethylthallium. As would be expéctad from analogy
with other organometallic compounds, the compound with primary
alkyl radicals proved to be more steble than the onse with
secondary alkyl groups. The yellow color and heavy nauseat-

ingly sweet odor reported by Groll52

wers confirmed.

The reaction of alkyllithium compounds with dialkyl-
thallium halides should provide a useful method t;r the prepara-
tion of mixed alkylthallium compounds. Birch made an attempt
to prepare diethylisobutylthallium by the astion of isocbutyl-
lithium on diethylthallium bromide; fractionation of the product
gave small quantities of yellow liquids lighter in color than
triethylthallium and apparently less stable, but no analyses
were obtained.

The original purpose of the investigation had been to
test the suggestion advanced by Egerton and Gates®% that
thallium, like lead, should possess marked anti-knock properties

in an intarnal#embustion engine. The compounds obtained were
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soluble in gasoline, but their anti-knock rating was only
about ohe-tenth that of tetraethyllead.

The only recorded attempt to synthesize a tervalent
organothallium compound with three carbon-thallium bonds and
containing thallium in a ring is that reported by PlHtz, 122
who unsuccessfully endeavored to prepare cyclopentamethylene-
phenylthallium according to the equation:

CoHsT1Cl, + BrMg(CH,)  MgBr ———

He concluded, perhaps unwisely, that thallium is not capable
of forming ring systems. The fanciful tables in which the
methyl compounds of mercury, thallium, lead and antimony are
neatly arranged in rows and columns do not add anything to the
theory of R,T1 compounds which had not been already more
adequately expressed in terms of the eleotronic theory by
Y. Gresse.54 The same may be sald for similar papers, devoid
of experimental results, by Erlenmayergﬁ and by Garzniy-Janke.sz
Their discussions concerning the radical R,Tl-, however, are
of more interest and will be considered elsewhere in this
Revieé.

A careful synthesis of triethylthallium was undertaken by

136 who investigated the chemical and

Rochow and Dennlis,
physlical properties more thoroughly than had been previously
reported, Three negative syntheses were tried for the prepa-
ration of trimethylthallium: (a) the interaction of dimethyl-
mercury and metallic thallium at elevated temperatures,

{b) methyl iodide and an alloy of sodium and thallium, and



(e} thallium-copper couple on methyl iodide. No apprecisble
yield 0of a volatile thallium compound could be obtained.
The authors make no reference to the_previous unsuccessful

56 which are somewhat

attempts slong these lines by Hangen,
contradicted by Groll,sz who did succeed in obtaining small
yields of triethylthallium by the reaction of ethyl chloride
on sodium~thallium alloys. Rochow and Dennis then turned to
the only successful method then known for the synthesis of a
trialkylthallium compound, nsmely the interactiosm of diethyl-
thallium chloride end ethyllithium; they chose to Trepeat the
work of Grallsg in order to gain experience in the method
preparatory to undertaking the synthesis of trimethylthallium,
which they had first begun by the three fruitless methods
given above,

Some corrections and additions were supplied to those
érepertiés published by Groll: instead of "moblle", triethyl-
thallium was desoribed as an "oily", yellow liquid, which slowly
decomposed on exposure to light, less rapidly when in evacuated
containers in the derk. No explanation was given for the
yellow color; & complete resonance picture of the electron
gystem in‘trialkylthallium compounds would be interesting and
valuable,

The density was found to be ggg = 1,957, the melting
point -63,0°, Near the melting point the compound was reported
to become exceptionally viscous, From measursments made on

the vapor preassure between O and 80°, the equation for the
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vapor pressure curve was determined as

log P = -1.032 x 10%(1/7) + 2224
The vapor pressure was found to be 1 mm. at 9°, and 25 mm,
at 74°. Extrapolation of the vapor pressure curve gave 192.1°
as the normal bolling point, but this can not be checked
directly, as decomposition is rapid at this temperature.

Ro indication of an etherate could be found at room
temperature, nor was there any apparent reaction with ligquid
ammonia or with carefully dried oxygen. The anncunced exten-
sion of the method to the synthesis of trimethylthallium was
evidently never carried out, _

Mel'nikov and Gracheva®® also recognized that R,Tl
compounds result from the action of RILi on T1Cl,, they believed
with the intermediate formation of R,T1X. They inveétigated
three lithium compounds: ethyl, phenyl, and p-tolyl. In every
cagse there was also partial reduction to T1Cl and to metallic
thallium., However, the R,Tl compounds were not isolated as
such, but hydrolyzed to give R,T1X in each instance. Hence
nothing is.known of the properties of tri~§gtelythallium
itself, and it can not be regarded as a new compound of the
type R,Tl. The Russian scientists formulated the reaction as
taking place in two stages:

2RLY + TiCl; = R,T1Cl + 2LiC1
R,T1C1l + RL} -3 R,T1 + LiCl

They regarded it as probable that in the reaction inves-

tigated by Bireh? where R T1 compounds were produced by the



action of an organolithium compound on thallous chloride the
reaotion also proceeded in two stages:

2RLi + 3T1C1l —— R,T1C1l + 2LiC1 + 2T1

R T1Cl + RLYI —— R,T1 + LiCl

The most complete investigation of the chemical properties

of R,Tl compounds, and especially of triphenylthallium, was made
by Gilman and Jones,57 who reported the action with several
common functional groups and gave a general plcture of the
relative reactivity of this type of compound as compared with
similar compounds of mercury, magnesium , aluminum, gallium, and
indium. As might have been expected, one of the phenyl groups
was found to be more reactive than in the symmetrically sub-~
stituted diphenylmercury. Triphenylthallium was found to
behave as a moderately reactive organometallic compound in
reactions with compounds such as benzaldehyde, benzoyl chloride
and phenyl isocyanate, whereas it was definitely less reactive
than phenylmagnesium bromide toward ethyl benzoate, benzonitrile
and benzophsnone.

. When the reactivities of organometallic compounds of
Group III were compared 1t was found that aluminum was defi-
nitely more reactive, all three R groups being involved in
reactions with funetional groups. Then in Group IXI B the
order of decreasing reactivity was found to be indium, gallium,
thallium; two R groups were found to react in the case of
RaB compounds and again three R groups in H,In compounds,
hence it is more difficult to specify the exact order of



43 and indium®%--the specific reactant

reactivity between boron
used as a test reagent would have to be mentioned in every

case 1f one had to be absolutely definite. It is to be noted
that indium and gallium58 are given in the reverse order of
thelr position in the periodic system. The ionization potentials
of the metals are: In, 5:76; Ga, 5.97; T1, 8.07 V., Only one

R group rescted in experiments with triphenylthallium; with
benzaldehyde a 76% yield of benzohydrol was obtained b} Te-
fluxing in benzene for two hours; with phenyl isocyanate a

40% yield of benzanilide was obtained by refluxing in benzené

for seven hours; with benzoyl chloride an 89% yield of benzo-
phenone wag obtained by refluxing in benzene for two hours.

44 were %0 hest s

Optimum conditions for the color test
small sample of triphenylthallium for six or seven minutes at
80° with a saturated solution of Michler's ketone in benzene.
Very reactive organometallics, of caurse; react practically
ingtantly at room temperature. A more exact measure of the
relative reactivity of triphenylthallium was obtained from the
reaction with benzalacetophenone; it had been previocusly shown9®
that a very reactive organometallic compound would add exclu-
sively 1,2; that less reactive compounds add excluaively 1,4;
and that organometallic compounds of intermediate activity
exist which add both 1,2 and 1,4. A l,4-addition would be
expectsd from an organometallic compound somewhat less reactive
than a Grignard compound, and in the reaction between tripheanyl-

thallium and benzalacetophenone the reactlon products to be
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expected from such an addition were found, namely #,f-diphenyl-
proplophenone andA?-phanyloxibenzoyl~31benzohyarylbutyrophenone.72

Triphenylthallium and p-butylthallium®® were found to
undergo prompt metal-metal interconversion in accordance with
the equation:

 (CeHy)aT1 * 30-C HyLL ——» 3C,H,Li + (n-C,H,),T1
The reaction between triphenylthallium and p-butyllithium was
allowed to take place for ten mlinutes 1n‘ether and then the
reaction mixture was carbonated by pouring on crushed dry ice,
The yield of pure benzoic acid wasg 66%. Thus, thé tri-n-
butylthallium was not isolated as such, and no further knowledge
1s possessed of its properties.

Whereas Birch’ had found that dry air was without action
on triphenylthallium, Gilman and Jones found that if the pass~
age of dry oxygen were continued through a benzene solution
for forty-eight hours, although the color test was still posi-
tive, an 11% yield of phenol (as tribromophenol) could be
isoclated. There was also an odor of biphenyl, No chemilumi-
nescence wag observed during the oxidation. In agreement with
Bireh, they found that triphenylthallium was unaltered by a
short exposure of the compound to the alr. The odor of the
compound was found t0 resemble that of tetraphenyllead.

With mercury, triphenylthallium gave diphenylmercury
and thallium amalgam. Diphenylthallium bromide gave diphenyl-
mercury and thallous bromide. Pure carbon dioxide was without

action at room temperature on a benzene solution.



The synthesis of trimethylthallium, intendsd by Rochow
and Dennisl?® but never published by them, was accomplished

by Gilman and Janea,41

employing the reaction between dimethyl-
thallium chloride and methyllithium, They described the
compound as & c¢olorless mobile liquid which boiled as follows

under the speciflied pressure:

P mm, B. p.° C.
36 54.5
38 56
40 57
45 60
49 62
51 63
55 65
80 66.5
85 )
71 71
73 71.8
75 72
85 76

From these data they derived the equation for the

pressure-temperature curve.
log P = -1980(1/T) + 7.603
which by

extrapolation gave a normal boiling point of 147%

The compound erystallizes in long colorless needles which
show a melting point at 38.5°. It does not become viscous
near its melting point as reported for triethylthalllum.l36
The ethyl compound would normally be expected to melt below
the methyl compound, as 1s the case. It is interesting that
the compound, both as a liquid and as a solld at ordinary

temperatures is colorless. Measurement of the freezing-point
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depression of bvenzene indlcated that the compound is
monomolscular, However, the compound becomes light yellow at
higher temperatures. This would seem to indicate that the
degree of "unsaturation” is less in the case of trimethyl-
thallium than for triethylthallium.

Another method of synthesis of R,Tl compounds, of great
potential importance, was discovered by Gilman and Jonest?
when they reexamined the reaction between a thallous halide and
an alkyllithium compound. Consldering separately the three
equations

3CH,Li + 3T1X — (CH,),T1 + 271 + 3LiX

2CH,I + 2T1 —» (CHg),T1I + T1I

CHaLi + (CH,),T1I — (CH,),T1 + LiI
the first equation has ﬁeen emply demonstrated by ilenzies and
Cope®® and by Birch.’ The third is the well known method of

synthesls employed by Groll,sz 156

Rochow and Dennils, ete.
The novelty lay in making the second reaction quantitative
by combining all three equations into one operation represented
by the equation:

2CH,Li + CH,I + T1X —= (CH,),T1 + LiX + LiI
Actually when the proper amount of methyllithium was added to
a solution of methyl lodide in ether containing a suspension
of thallous lodide a quantitative yleld of trimethylthallium
was obtained. The order of addition was found to make no
difference, althcugh‘alkyl lodides were found to give a better

yield than alkyl bromides, and alkyl chlorides & still poorer



yield. The Grignard reagent did not give as good yields as
organolithium compounds. Triethylthallium alsc could be pre-
pared in nearly quantitative yields by this reaction. A
reaction between phenyllithium, thallous chloride and iodo-
benzene gave a 79% yield of triphenylthallium; thus, the
reaction is seen to give somewhat lower yields with aromatiec
derivatives than with alkyl.

It was also shown that the reactlion was capable of
extension to other metals. Thus, methyllithium and lead iodide
reacted in the presence of methyl fodide to give a quantita-
tive yield of tetramethyllead.

Several additional properties of trimethylthallium
are recorded in this paper. Light causss decomposition with
the separation of metalllc thallium. Trimethylthsallium is
appaerently perfectly stable, however, if kept in the dark. It
is spontanecusly inflammeble and detonates when suddenly
strongly heated. A weak positive color test was obtained after
refluxing with Michler's ketone for twelve hours in benzene.
With mercury, trimethylthalllium reacted to glve dimethylmercury

and thallium amalgam,
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TABIE I

COMPOUNDS OF THE TYFE R4TL

Compound M.p., °C. B.p., °C. References
Diethylisobutyl- (?) - — 7
Diethyltriphenylmethyl- (?) =~-- - 582, 53
Tri-p-butyl- (?) - - 40
Triethyl- -63.0 54.6-54.8/1.5 mm. 7, 42, 52,

53, 136
Triisobutyl- . 74-76/1.6 mm. 7
Primethyl- 38.5 60/45 mm. 41, 42

Triphenyl- 188-189 == 7, 37




Compounds of the Type R,Tl

No compound of this type has been isolated, but much
information hes beeﬁ gained about the essential nature of
organothallium compounds in attempts which wers made to
prepare these compounds, either as the R,T1l type or as the
dimer R,T1-T1R,. Moreover, thelr transient existence has
been demonstrated and their decomposition products identified.
Almost necessarily, then, it was found advisable to approach
such problems through physico-chemical methods, such asg
conductivity measurements, dissoclation constants, and
oxidation-reduction potentials{ An additional difficulty
was presented by the lnsolubility of most R,T1X compounds
in water, which mekes more difficult the examination of the
dissociation according to the equation

" RyT1X —— R,T1* + 1~

in aqueous solution,
which is desirable if the data obtained are to be comparable
with the vast body of such knowledge in the literaturs.
shukof£338 studied the conductivity of diethylthallium chlo-
ride and found it to be a strong electrolyte, but nevertheless
appreciably hydrolyzed at high dilutions. His values for the
molar conductance, 4, at 25° are as followa:
VvV =20 40 80 160 320 640 1280 2560
/M= 84 93.5 100,.4 105,92 111.9 120.3 131.3 149.

It is to be noted that the conductance does not reach a



limiting value with increasing dilution.

When an aqueous solution of diethylthallium chloride was
subjected to electrolysis between two platinum electrodes,
erystalline metallic thallium snd a gas separated at the cath-
ode. Shukoff assumed that thallium ions wers present in
equilibrium with the organometallic cations and formed from
them by dissociation. Accordingly, he measured the potential
developed by the following half-cells st 25°¢:

0.05 B (C.Hy),T1C1 |  Normsl Electrode 0.750 V.
0.05 N (C.H,),T1C1 I 0,005 N (C4H,),T1CL 0.029 V.
0.005 N (C,H,),T1C1 |  0.0005 N (C,H,),T1C1L ©0.001 V.
0.05 N (C,Hg)gTICL |  0.0005 N (C,Hg),TICL 0.030 V.

The effect of dilution in these concentration cells does not
follow the Nernst eéuation, which réquires that the potential
difference between solutions diluted in the ratio 1:10 be
0.059 volt. However, the measurements were constent and re-
producible, and could not be attributed to anomalies that
might be caused by the solution of the thallium metal deposited
on the electrode with the resultant formatlion of a layer of
thallium ions, for care was taken to have the electrode
continually washed by fresh solvent.

Shukoff then made another series of measurements against
a saturated thallous chloride solution, which he found to be

0.0161 N at 25°, with the following results:



0.0181 ¥ {C,MH,)e TI1CL I 0,0161 ¥ T1C1 0.042 V.
0,0161 § {C,M,), TIC | Hormal Zleotrode 0.769 V.
0,0161 K T1C1 | Hormul Hlectrode 0.727 V.

From these concordant values the thallium ion concenw
trations were deternined by the Herpst equation, although its
ugse without corrections for activities is certainly open to
obJjsotion &s shown by the data in the first experiment. PFor
0.0181 ¥ squeous thallous chloride solution the fonle concen-
tration was found to be 10'2‘07, and for the corresponding
dilethylthallium c¢hloride solution, 107278 uhence Shukoff
coneluded: "From these potantiometric determinations 1t can
be stated only qualitatively that the univalesnt dialkylthalliun
cation funotlons as 8 complex 105 gram which thallous ions are
dissociated $o the extent of 107%«Y, j.e., to sbout 1/300 of
its concentraetion. It is presuppoged, naturally, that the
potential of a thallium electrode is determined only by the
eoncentration of thallous iona. In this gense it is at any
rate wordh noting that the ljons of a dlalkylthallium compound
&re oapable of exerting definite potentimls.*

In an effort to eutablish whether an squilibrium sxisted
in sccordance with the equation

(CoHy } 4T1Y e T1Y ¢ C Hyo
he exanined the

gas colleoted at the cathode, but the aamount was insufficient

to enable any ooncluzion to be formed other thuan that the gus
contained about 15% of unsaturated hydrcoearbons.

Although working only with inorganic nambterials, Spence 142
exanined several oxidationereduction equilibris which are
gignificant when considered in the light of Shukoffta findings.

The potential for ths genersl equation of reduotlon he found
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to be
1t — T1* - 2e, 1.99 volts
Thallic ions tend to go to thallous lons, and not the reverse.
The tendency of the thallic ion to form complexes with anions
he foupd to increase in the followlng order: chloride, tartrate,
acetate, cyanate, oxalate, bromide, nitrite, ilodide, thio~
cyanate, sulfite, cyanide and thiosulfate. It is seen that
Shukoff was fortunate to have chosen the chloride ion, thus
evoiding :urther complication of hls results. And finally
Spencer determined that thallic and thallous salts are in
equilibrium with metallic thallium when the ratic of concen~
trations is T1***/71% - 107922 halilic lon is thus seen to
be completely reduced to thallous ion by metallic thallium,
This is true even in solutions which, because of complex |
formation, contain only small concentrations of thallic ions.
Thus, the value of the above ratio in solutions containing
thiosulfaete ion he found was stlll no larger than 10'36. The
eéuatien for the reduction of thallie ion to thallium metal
he found to be L
P1*** s T1° - 3e, 0.685 volts

The work makes 1t at least understandable why in thallium
chemistry, orgenic as well as inorganic, the tendeney to find
reduction to thallous salts and metallic théllinm is always
so great,

In a more direct chemieal attack on the problem of pre-

paring R,T1 compounds, Goddard®® found that copper bronze or



metallic sodium in anhydrous solvents had no action on
dialkylthallium halides. In one experiment two grams of
dimethylthallium iodide and one-half gram of copper bronze
powder were refluxed in 15 mi. of dry acetone for seven
hours. The solution was filtered and the dimethylthallium
iodide recovered unchanged. By treating a like quantity of
the iodide with metallic sodium in anhydrous benzene a simi-
lar result was obtained. No compound of the type R ,Ti-TIR,
was isolated in either case,

Hein and Markert®C attempted to isolate the dialkyl-
thallium radical by the same general electrolytic procedure
which they had used 80 successfully in the preparation of
triphenylchromium and tetraphenylchromium. But parallel
experiments designed to study the electrochemical behavior
of diethylthallium were completely negative, as in the case
of Shukerr}zs Invariably only metallic thalllum separated,
although the eléctrolyte was shown to contain not even a
trace of & thallous or thallic salt. Both diethylthellium
hydroxlide and diethylthallium iodide were subjected to elec-
trolysis, even at temperatures as low as -70%, in liquid
ammonia and in methanol, with platinum and with mercury
cathodes, but only metallic thallium was obtained. The
diethylthallium radical must, therefore, even under these
favorable conditions, decompose instantly in acocordance with
the equation:

(CaHg)oTLl —=T1 + CoH, + C,Hy (or C H,,o)
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The same reaction was observed by Shukoff to take place at
ordinary temperatures. Hein and Markert decline the suggestion
that the source of the metallic thalllum is T1Cl in equilibrium
with undecomposed diethylthallium chloride, as advanced by
Shukoff, for they point out that the reaction

(CeHy ) T1C1 ~—p C Hyo + TICL

can only be

irreversible. It is important to add that diethylthallium
iodide is easily soluble In liquid ammonia to a colorless
solution,

. Berry and Lowry6

mention that dialkylthallium halldes
can not be condensed by the action of metallic sodium to
molecules of the type Ry,T1~TlRg. This is presumebly a refer-
ence to Goddard’'s work,4® but thers is no exact citation and
the reaction is not further discussed in the experimental
part of their work. The ability of thallium to form compounds
of the type R,T1-T1R, 1s indirectly related to the tendency

of thallium to form the thallium-thalllum linkage. The eéua—
tion

271% o T1,**

was advanced by Druekar,as

suggesting thet thallium forms
diatomic cations, like mercury, but by & reversible process.
This hypothesis was advanced to explain freezing-point data,
transference numbers and conductivities of dilute thallous
nitrate solutions, but it 1s not supported by any independent
evidence. Berry and Lowry, in particular, reject it on the

ground that, whereas the presence of pairs of mercury atoms



can he inferred from the X-ray analysis of crystalline
mercurous chloride, the same X-ray shows that the thallium in
thallous halides is present exclusively in the form of single
thallium atoms or ions., Also mercurous ions, by forming a
diatomie molecule, mailntain the duplet theory, with 80 slec-
trons around each nueclsus, Jjust as in the monoatomie vapor,
but thallium would have 8l electrons on the same basgis,

Another connection between the lnorganic chemistry of
thallivm and the possibility of the univalent diaslkylthallium
radical is considered by Berry and Lowry in an examination of
the effect of progressively stripping electrons from the hsavy
metals: "The formation of the 78-electron group in Au*, Hg'",
717, and Pb**** involves the removal of two electrons from
the stable mercury configuration. This becomes progressively
more difficult as the charge on the ion inocreases, so that
we ¢an not be sure whether the relatively high conductivity
of aqueous solutions of thallic ohloride is due to the ablility
of the salt to behave as a quaternary electrolyte or merely
to hydrolysis; on the other hand, the low conductivity of the
salt in non-aqueous solutions shows that, under less favor-
able conditions, it behaves only as a binary electrolyte,

T1C1l, <— T1Cl; + C1~
Me,T1I v Me,T1 ¥ + I~
The existence

of thallic ions in infinitesimal quantities can, however, be
inferred from potentiometric measurements.”

Some ocareful experimental work by Perret and Perratlac
on compounds of the type RHgX led them to state some similari-
ties these compounds have with the alkall salts; for instance,
the lack of color and the solubility in alcohol of methyl-
mercury sulfide can be duplicated in the alkali sulfides.

P1atz12® gided with Perret end Perrot in maintaining the
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poeudometallic character of the radiecsl R,Tl~, but claimed that,
contrary to the opinion of Irlenmeyer®® and of Garzuly-Janke,d?
and following the belief of Perret and Perrot, the salts of
R.Tl~ do not rasemhlé those of iAg*, Hg"', or Hg** or of the
~alkall metals, but rathexr 1%, 4 lively polemical discussion
aﬁsueﬁ, without benefit of experimental work. Haturaslly,
similarities can be found betwesen thallium and all i%s near
neighbors in the perlodic system, and the debate did not con-
tribute greatly to the advancement of thallium chemiatry.

4n important and interssting ooncept was advenced by
Gilman anﬁAJoses,*O who suggested that diphenglthallgum might
be an intermediate in the transition of phenylthallium to
triphenylthallium and thallium metal. They showed that when
diphenylthallium bromide was treated with one equivalent of
sed;um.ia 1iquid emmonia, triphenylthallium and thallium metal
were formed, for whioh they suggested the squations:

(CaHy) oaTIBT + H& wmep (0,H,)},TL + NaBr
B{CaHy) gT1 b 2{C, Hg),T1 + T1

4lthough to date no R,T1 compound has been isoluted,
it is posaible that under the proper experimental conditions
and with the ocorrsct choice of the radical to be introduced
such a compound might by synthesized. The cyclohexyl and
naphthyl radicals would be preferable to the phenyl group.
It muat be acknowladged, however, that it is only to be expected
that it would be more difficult to remove ons group from a

trivalent thallium than from a tetravalent lead.



Compounds of the Type RT1

56 contalns reactions

The sarliest paper by Hansen
‘which might have been expected to lead to the discovery of
ethylthallium. These reactions were between dlethylzine
and and thallous chloride, diethylzinc and metallie thallium,
ethyl iodide and metallic thallium, and ethyl jiodide and
thallium-sodium alloy. Howsver, in no case was an organo-
thallium compound obtained. Hansen himself did not definitely
gay that the axﬁected compounds would have a valence of one;
it remained for Hartwigss to point out thsat Hansen's work
econtained that possibility. But in view of the negative
gsuccess, Hartwig was led to seek more especially trivalent
thallium compounds by starting directly from thallium tri-
chloride. In a later publication that was essentially a
more extended diseussion of the work in his first paper,
Hartwigsg declared that thallium, like lead, apparently could
combine with "aleoholic radicals"™ only in its highest state.
This argument is now obviated,‘of course, by the possession
of lead compounds with an "apparent valence", as determined
by quantitative analysis, lesg then four.

These first few tentative gropings in an obscure field
remained the only knowledge on univalent orgsnothallium come
pounds for fifty years. Then in 1927 Hein and Segitz%?
publishad some brilllant experimental work in which they

presented very good evidence for the +transient existence of



ethylthallium, Their classical experiments on the electroly-
gis of ethylscdium in dlethylzinc, using various metals as
ancdes, have been discussed in detail in the section on R,T1
compounds. It should suffice here to emphasize those phases
of the work which bear most directly on univalent thallium
compounds. VWhen thallium was used as the anode, an immediate
darkening not only of the metal but also of the liquid in the
bath took place. This was shown to be due to metalllc thallium
by measuring the loss in weight of the electrode and by quanti-
tative analysis of the black precipitate. It was hard to
imagine any other explanation than that the ethyl radicals, at
the moment of thelr being set free, attacked the metalliec
thallium with the formation of ethylthallium., This in turn
was very unstable and underwent oxldation-reduction to tri-
ethylthallium and metallic¢ thallium, which separated partly
in the solution and partly was redeposited on the anode. It
is to be regretted that there was no actual isolation of tri-
ethylthallium from the electrolytic flulds--although admittedly
this would involve a very difficult separation of three reac-
tive organometallic compounds, all of which are altered by
contact with moist air. Also the temperature of 50° employed
in this experiment seems rather high for the isolation of
unstable compounds. The current density was very modest,
only 0.02 amperes,

The formation of a trivalent organothallium compound

from an univalent salt almost neceasarily demands the



postulation of an RT1 compound as Intermediate. That this
will then be transformed by a stepwise rsaction through an
Ro,T1 compound as an intermediate is not so necessary, espe-
cially since thalllum never has the valenee of two., But the
valence of one is the common inorganic valence, which makes
the existence of RT1 compounds muoch more likely than R,Tl.
Meyer and Bartneim;lz failed to alkylate thallous chloride
by the action of alkylmagnesium halides, only metallic
thallium being isolated. Groll,sz however, did succeed in
igolating triethylthallium in small yield by the direct action
of ethyl chloride on sodium-thallium alloys. And Menzies
and Ccpeg9 foﬁnd that 1f two molss of ethylmagnesium bromide
were reacted with one mole of thallous chloride without heat-
ing, a 12.4% yleld of diethylthallium bromide was obtalned.
Thallous ethoxlide, being soluble in organic solvents gave even
better yields, some as high as 24%. Birch’ used ethyllithium
to alkylate thallous chloride, which procedure gives somewhat
better ylelds than the method employing the Grignard reagent.
All these reactlions must be presumed to pass through an RT1
compound as an intermediate, but there the matter was alleﬁed
to drop, and further work in these papers must be consldered
rather from the viewpolint of R,T1 compounds and is so considered
in that section.

Gilman and Jones,*? however, in the most extensivs
investigation to date on the chemicel properties of an RT1

compound, were not content to present one bare sentence to



- 4P -

the effect that univalent organothallium ccmpounds may
exist as transitory forms--such as the above papers had
chiefly done. Their choice of an aryl compound, phenyl-
thallium, algo favored greatly the examination, inasmuch as
alkylmetallic radicals are less stable than arylmetallic
radicals having the same metal. Pyrolysis of triphenylthallium
was the source of the radical; earlier, triphenylthallium
had been found to remain unaffected when carbon dloxide was
passed for long periods through a solution in boiling beniene,
and the same was true of solutions in boiling toluene. In
other words, triphenylthallium must be sharply sensible to
temperature, for when carbon dioxide was passed through a
solution in boiling xylene a 70% yleld of benzoic acid and
a 73% yleld of biphenyl was obtained. This suggests the
following reactions:
(CeHp) Tl —mmepr CoHGTL + C HgCWH,
G H,TL + GOy ——p G H,COOTL

However, another mechanism was sxamined which does not
require the postulation of phenylthallium as an intermediate.
One of the valence bonds in tervalent organothalllium compounds
is known to be distinctly more reactive than the other remain-
ing two; it was considered possible that carbon dioxide might
insert itself between the thallium atom and one phenyl group
to give diphenylthallium benzoste, which would then break
down to thallous benzoate and biphenyl, as in the following

scheme:
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(CeHy)3T1 + COy ——r (C4H,) T1O0CC Hy
(C‘H‘).TIOOCC‘H' """"'" C.H.COQ’P}. + G‘H“C‘H‘

But when an authentic sample of diphenylthallium benzoate was
refluxed in xylene in & stream of carbon dioxlde, no benzoic
acid was obtained, and the diphenylthallium benzoate was re-
covered almost quantitatively. Hence the first reaction
mechanism is greatly to be preferred, and finds support in
other chemical reasetions of triphenylthallium. For instance,
triphenylthallium was found to react with benzophenone in
boiling xylene to give triphenylcarbincl and biphenyl, as if
the Intermediate reactlon had been the formation of biphenyl
and phenylthallium, Again,no reaction was observed in benzene,
end the sensitivity of trivalent thallium compounds to temper-
ature must be stressed. Somewhat similar situations can be
found among the inorganic trivalent thallium compounds,lil for
instance the decomposition of thellium trichloride to the
sesquichloride and chlorine, and the impossibility of completely
precipitating all the chlorine from thallium trichloride by
silver nitrate.

In analogous fashion triphenylthallium was found to
react with benzonitrile to give benzophenone. But, whereas in

the Entemann-Johnson®?

series of the relative reactivitises
of various funetional groups toward phenylmegnesium bromide
ethyl benzoate is placed above benzonitrile in reasctivity,

triphenylthallium was shown not to react with ethyl benzoate



under conditions comparable to those used with benzonitrile,
one of the several illustrations that a series of relative
reactivities established with one organometallic compound

may not have exactly the same order when determlned by another
organometallic compound.

Since 1t had been found that phenylthallium was moder-
ately reactive and, more especially, thermally unstable,
attempte were made to prepare the compound at lower temperatures
by the reaction between thallous chloride and phenyllithium,
but even at -70° there was an immediate deposition of metallie
thallium, whleh seems to indicate that the phenylthallium first
formed has a very short life, and that disproporticnation to
thallium and triphenylthallium takes place in accordance with
the equations:

CgHell + T1C1l —» CH T1 + LICL
3CeHy Tl —p (CoHg) 4Tl + 271

Since the amount of biphenyl isolated from the reaction
was larger then that which normally 1s encountered as resulting
from the Wurtz reaction incidental to the prepuaration of
phenyllithium from bromobenzene and lithium, it was suggestedv
that part of the thallium may have resulted from reactlons
such as

2CoHy Tl —— C HyC,Hy + 271
and the coupling reaction
2C4Hgll + 2T1C1 —+C H,C H, + 2LiC1 + 2T1
To complete the picture of the chemical properties of



- 45 -

phenylthallium, Gllman and Jones stated the dscreasing order
of reactivity of some RM compounds to be:

RigX, RT1, RsIn, R,Ga, R,Tl.
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Compounds of the Type R.TI\
X

Trivalent organothallium compounds of this type, where
thallium has a covalence of four, were first prepared by
Menzies and cowcrkerslca in 1928, It was already known that
the many dialkylthallium compounds of the type R,T1X were salts
of a stropng univalent base, R,T10H. They accordingly prepared
a gaeries of derivatives of dimethylthellium hydroxide and
diethylthallium hydroxide with the two f—diketones , acetylace-
tone and benzoylacetone, with ethyl acetoacetate, and with
salicyaldehyde, in order to determine whether the products were
chelate compounds or salts, Simple salts would have the general
properties of R,TlX compounds (g.v.), for instance, very high
melting points (or more often no melting points at all), great
insolubility, lack of volatility, etc. But the presence of
the two alkyl groups would give the thallium in a monochelate
derivative a stable covalence of four, hence it seemed more
than likely thet derivatives of this covalent type should bde
formed--much more readily than in the case of the alkali metals,
for instance, where the valence of the free base 1s also one.

Actually, it was found that covalent compounds were
readily formed by three reactions: (1) by double decomposition
of the dialkylthallium halides with thallous acetylacetone and
gimilar compounds, (2) by the action of erude dialkylthallium
ethoxide (from the lodide or bromide and thallous ethoxide)
on the diketone, and (3) from the dialkylthallium carbonate
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and the diketons. It was found that the products have unusual

properties, quite different from those met with in compounds

of the type R,T1X. They are crystalline solids, which can be

sublimed with ease under reduced pressure and sre readily

soluble in benzZene and even in hexane. This indicates that

they are not ionized. It seemed reasonable, then, to assign

- structures of the type:

R //0-——0-3 R
N Ny
/SN 7N

R Q===( - R R Q=0 —

Surprisingly sesnough, however, the compounds (with the
exception of the benzéﬁaoeton& derivatives) are extremely
soluble in water, whioh this structure would not lead us to
expect, and they are clearly ionized, since the solutions have
a strong alkaline reaction (containing the salt of a strong
base end a weak acid) and can be titrated quantitatively, using
methyl red ag an indicator. Also, potassium iodlde gives a
precipitate of the sparingly scluble dialkylthallium lodide
from aqueous solutions. Thus in water they pass, like hydro-
gen chloride and stannlc chloride, from the covalent to the
ionized state. Dimethylthallium benzoylacetone and diethyl-
thallium benzoylacetone dissolve in water very slowly, even on
boiling; their alcoholic solutions, however, remain clear on

mixing with much water, and can be titrated quantitatively.
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By reference to Table II at the end of this section it
will be seen that in every case the ethyl compound melts lower
than the corresponding methyl derivative. The lowest melting
compound of all in this particular group is dibutylthallium
dipropionylmethane, which melts at 41°., It also is the most
soluble in organic solvents.

Advantage was taken of the low melting points of this
class of compounds to determine the parachor value for the
element thallium. Sugdenlés determined the density and sur-
face tension on a sample of dimethylthallium benzoylacetone
supplied by Menzies. The sample melted at 128~129°¢ corr. and

was atable up to 170°, Values were obtained as follows:

t 133° 142.5° 149° 157°
Y 32.08 31.1 30.52 29.85
d 1.795 1.783 1.773 1.763
P 524.0 523.4 523.7 523.8 Mean 523.7

Values for the other elsments and for a six-membered
ring and s singletylinkage were deducted from the above values
of P to give a parachor value for the element thallium 1tself,
P = 64,6, Other measurement® were made on thallous ethyl
acetoacetate, ethoxide, formate, and acetate. As a mean value
Sugden assigned P = 64 for the element thallium., It is inter-
esting to compare this value with PHg = 69 and PPb = 76; thus
there is a minimum at thallium between mercury and lead.

1

Sidgwick and Brewer 39 pointed out that compounds of the
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alkali metals with,ﬂ-diketones and related substances might

be divided into three classes: (1) salts, insoluble in organic
solvents, and charring without melting on being heated; (2)
intermediate compounds, soluble in organic solvents immediately
on formation, but reverting on isolation to class (1); (3) che=-
late compounds, soluble in organic solvents and having definite
melting points., It is readily seen that the dimethylthallium
and diethylthallium chelate derivatives described above, where
acetylacetone and benzoylacetone are the chelating agents,

106 showed Turther

belong to elass (3). Menzies and Wiltshire
that it is possible to prepare non-alkylated thallous chelates
which belong to cless {(3), and even dialkylthallium chelates
which belong to elass (1), For instance, the thallous deriva-~
tive of tetraacetylethane belongs quite definitely to class (1).
The dorresponding dimethyl compound also belongs in this cate-~
gory, as does the dlethyl compound, although less closely; on

the other hand, the thallous and dimethylthallium derivatives

of tetraacetylpropane, although very unstable, behave as chelate
compouhds belonging to class (3). It is understandable that

this regular gradation in properties should exist. If the
chelating group is sufficiently "organic" in its nature, then
even & thallous derivative may be moved from class {1l) to

class (3). Tetraacetylethane is not sufficiently “organio®,

but the larger tetraacetylpropsne is. On the other hand, a
dialkylthallium derivative requires much less help from the
chelating group to enter class (3). This gradual and predictable
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shift in properties may be seen from an examination of the

following sumnary of the solubilities of'the tetraacetylethane

derivatives:

Water Soluble Soluble Soluble {on heat;
. ing

Benzene Insoluble Insoludble Slightly soluble

Toluene Insoluble Soluble ( on heating } Soluble

Following the same line of reasoning, one‘is not surprised to
find that by the time dimethylthallium tetraacetylpropane is
reached, the "organic nature"” and membership in class (3) is
completely established: dimethylthallium tetraacetylpropane
melts at 98°,

Also, the dlelkylthallium derivatives are much more stable
than the thallous chelates; o.g., thallous ethyl acetosacetate
and acetylacetone darken on'standing, but the corresponding
dialkylthallium compounds appear to keep indefinitely. More-
over, chelate thallous compounds are very easily hydrolyzed in
solution, and require much more care in their preparation and
recrystallization than the chelate dialkyl compounds; aqueous
solutions of the latter can often be boiled almost to dryness.

Another interesting gradation in properties in this series
of gompounds is observed in the decrease in color. Whereas the
thallous compounds are a distinc§ yellow, the dimethyl com-
pounds are much paler, and the disethyl compounds are almost

white. This is a general effect, observed in most colored
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thallous and dialkylthallium derivetives. It thus appears
that the decreass in color is assoclated with the attachment
to the thallium atom of inert radicals.

Further generalizations can be made from an sxtension
of woik on these compounds which was carried out by Menzies
and Wiltshire.1°7 The more stable chelate compounds, the
derivatives of polyvalent metals with acetylacetone and simi-
lar substances, contain two or more rings attached to each
metallic atom. Compounds containing only one chelate ring
are, as a rule, unstable, the ring structure easily reverting
to the open enolic form. Importance.should be ascribed, there-
fore, to the chelate deri&atives of dialkylthallium, all of
which are stable crystalline solids containing only one chelate
ring attached to each metallic atom. The molecules are un-
symmetrical, but they are frequently volatile. The following
compilation will serve to make clear certailn additional general~

ized relationships:
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Compound M.p.
Thallous acetylaeetonesz 1ele
Dimethylthallium acetylacetone 215°
Diethylthallium acetylacetone 200°
Di-n-propylthallium acetylacetone 181°
Di-p~-butylthallium acetylacetone 139°
Thallous diproplionylmethane 70°
Dimethylthallium dipropionylmethane 121°
Diethylthallium dipropionylmethane 1l6°

Di-n-propylthallium dipropionylmethane age

Di-p-butylthallium dipropionylmethane 41°
.Dimethylthallium propionylacetone l62°
Dilethylthallium propionylacetone 147°

The first series with acetylacetone presents a graduated
gcale in which the thallous compound approaches, but does not
reach, the instabllity of sodium or potassium acetylacetone,
whereas dibutylthallium acetylacetone in 1ts greater stability
and insolubility in water resembles copper or beryllium acetyl-
acetone, Inspection of the melting points shows that in pass-
ing from the thallous to the dimethylthallium compounds there
is a considerable rise in melting point, followed by a gradual
fall on passing to the higher dialkylthaellium derivatives. It
would be interesting to extend the series to still higher
dialkyl derivatives, for at some point the melting points
should reach a minimum and then rise again slightly. Also, the



replacement of methyl by ethyl groups attached to carbon has
a greater effect on the melting point than the replacement of
ethyl by methyl groups attached to thallium, for dimethyl-,
diathyle, and dipropylthallium dipropionylmethane have each,
in turn, lower melting points than the respectively isomerie
diethyl-, dipropyl-, and dibutylthallium acetylacetone.

All the alkylated thallium compounds listed above can be
sublimed in air by careful heating in a test tube. It is to
be regretted that no determination of the vapor pressures of
dialkylthallium chelates has ever been made, for it does not
necessarily follow that the vapor pressure will obey the same
generalizations as the melting points. A compound may be a
liquid, such as hexyl sebacate, and have no measurable vapor
pressure; 1t may be a solid, such as camphor, and have a con-
giderable vapor pressure.

Further insight into the essential nature of chelated
dialkylthallium compounds was afforded by an investigation

151 on their degree of

conducted by Wiltshire and Menzies
association and spparent molecular weights, as determined by
cr&oseopic measurements on thelr benzene solutions. For the
purposes of the following discussion it will be convenient to
regard the dialkylthallium derivatives of A-diketones and

p-ketonic esters as having the Beneral structure

CH
¢ ¢ - &,

Ry
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Differentiation in position between the organic radicals R,
and Ry 1s immaterial, as the ring strusture is probably
symaetriecal.

It was found that the compounds are associated in benzene
solution, and that the degree of association depends to a
marked extent both con the nature of the groups R, and R, and,
to a smaller extent, on the alkyl groups attached to the thal-
lium atom. The compounds show & degree of association from
slightly more than one to slightly leass than two. The sssoc~
lation at first increases slightly with concentration, but in
most cases an approximately constant value is reached below
a molecular concentration of 0.0l g.-mole/ioo g. of benzene,
The following rapresentntive data will serve as & basis for

comparison and generalization.

Dimethylthallium~ Diethylthallium-
Mol, conec. Association  Mol. cone. Association

Ethyl acetoacetate  0.00932 1.8l 0.0102 1.63
Hethyl acetoacetate 0.00715 1.73 0. 0107 1.81
Propionylacetone Too sparingly soluble 0.0109 1.33
Zthyl benzoylacetate 0.00974 1.44 0.0113 1.28
Benzoylacetone 0.0103 1.37 0.0112 l.28
Diproplonylmethane 0.0111 1.20 0,00975 1.08
Dibenzoylmethane 0.00621 1.11 0.007%86 1.08

Wiltshire and Menzles summarize the influence of the

groups R, and R, attached to the chelate ring as follows: "In



both the dimethyle and the diethylthallium series of derive-
tives the association is very small when R, and K, are the

same hydrocarbon radieal, as in the compounds of diproplonyl-
methane (R; = R, = C,H,) and dibenzoylmethane (R, = R, = C.H,).
When R, is changed to CH,, as in the propionylacetone (R, = CH,;
Ry = CgHy) and benzoylacetone (R, = CHg; R, = C,Hy) derivatives,
the assoclation is increased. Another increase in association
resulting from a similar change is seen by comparing the deri-
vatives of ethyl benzoylacetate (R, = C Hy; R, = OC,H,) and
ethyl acetocacetate (R, = CH,; R, = OC.H,), the latter being
more assoclated.

" An increase in assoclation is alsc observed when an
oxygen atom is Introduced into R, or R,, diethylthallium
ethyl acetoacetate (R, = CH,; R, = 0C,Hg) being considerably
more assoclated than diethylthallium proplonylacetone (R, = CH,;
R, = C H,)}. Moreover, the derivatives of ethyl and methyl
acetoacetate, in which R, 1s a methyl group and R, an alkoxy
group, are the most highly assoclated of all the compounds
studied. The methyl ester, however, is slightly less assocociated
than the ethyl, indicating that substituting a methyl for an
ethyl group in this position has not the same effect.

" Summarizing, it can be said that the dimethylthallium
derivatives investigated form a well-defined series in which
the association decreases ln the order given sbove., In the
diethylthallium derivatives the association decreases in the
same order, but the separation between the curves represent-
ing successive members is in several lnstances much smaller,
Moreover, preliminary experiments with several dipropyl-
and dibutylthallium derivatives indicate that in these cases
the order is slightly different, probably owing to the effect
of the groups R, and R, being modified as the slize of the
alkyl groups attached to thallium is increased.”

In every case investigated, the dimethylthallium deriva-
tive exhibits a slightly greater agsociation than the corres-
» ponding diethylthallium derivative at the specified moleculer
concentration. Thus, again, the effect of substituting methyl
for ethyl groups in the molecule is to cause an incresase in
agsociation,

Sidgwick and Suttenléc

found that thallous ethyl aceto-
acetate has a double molecular weight in bolling benzene, and

accounted for the association by assuming that the octet of
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electrons around the thallium atom is thereby completed,
either by a double bond betwesn two thallium atoms (which now
seens less likely) or by coordinate links between the thallium
of one molecule and an oxygen of another. But in the dialkyl~
thallium compounds now under consideration, the thalllum has,
in the unimoleculer formula, an effective atomic number of

86, and its eleoctronic octet is thus complete, Hence it

is rather surprising to find associsastion in these compounds.
The thallium atom, however, is certainly concerned in this
agssociation, for ethyl acetoacetate itself, for instance, is
unassociated in freezing benzene.3 It must be assumed, there-
fore, that, although the unimoleculer form of chelate dialkyl-~
thallium compounds, containing an electromnic group of 8 is
very stable, yet there is a less strong tendency for the
number %0 be inc¢reased above 8., Examples are definlitely known
in the inorganic chemistry of thallium where the effective
atomic number is greater than 86. Compounds of all three types,
MT1X,, M,T1X,, and M,T1X, have been describeal®9, 110, 133
where the thallium atom possesses & covalence of 4, 5, and 6
and an effective atomisc number of 86, 88, and 90. The sub-
stitution of the smaller methyl for the ethyl or phenyl group,
either in the positions R, and R,'or on the thallium atom,

may inorease the probability of codrdination by allowing the
atoms taking part to approach closer together. In addition,
the molecules are asymmetric, and if they have a dipole moment,

the association may also be due t0o electrostatic attraction



between similar molecules oriented in opposite directions.

Menzies and Wiltshiralos also found that trimethyl-
platinum chelate compounds are more highly asscciated than
dimethylthallium derivatives., Usually the platinum compounds
decompose without melting on heating, and are less soluble in
water, although they resemble the corresponding dimethylthallium
compounds in being soluble in organic solvents and in being
quite volatile. But platinum has an effective atomic number
of 84 in these compounds, or two less than the next lnert gas.
Hence it is pnot surprising that the molecular welght conmes
out nearly double, thus increasing the effective atomic number
to 86 and the coordination number of the metal to six.

Some observations by Menzies and Overtonlei on chelate
compounds of seversl heavy metals c¢an be correlated in the

following fashion:

Valence 4 3 e 3 4
Effective cogrdination

number 6 4 2 4-6 4
Chelate compounds Yes }Ybs No Yes No

Molecular association

of halides 2.3-4.5 2 1 Up to 8 1

It will be noticed that the compounds with diketones have been
made only in those cases where the effective colrdination
number is greater than the valence, and where the organometallic

halldes are assoclated. Methylmercury iodlde and triethyllead



chloride have the simple molecular weight in benzene. Thallium
displays an unusually high degree of coordination,

It was later pointed out by Menzies®? that not only does
the stability of a number of compounds of the heavier metals
depend on the tendency for the central atom to attain a rare-
gas structure, but also on the preference for an even rather
then an odd covalence. Triethyllead acetylacetone, for exampls,
requires a coordination number of five and an effective atomio
number of 88, and thus fulfills neither of the above condi-
tions, and attempts to prepare it falled.

The hypothetieal ethylthallium would also have in its
codrdineted form an effective atomic number of 82 with a
coordination number of unity. It has been shown that under
conditions where its formation might be expected (see the sec-
tion on RT1 Compounds) triethylthallium and metallic thallium
are obtained instead. Both the steble dlethylthallium lon and
ethylthallium have the same effective atomic number; bhence
the difference in stability is apparently connected with the
even and odd coordination numbers of two and one.

Compounds with an effective atomic number of 84 are also
unstable when they have an odd covalence. Such compounds in-
clude the reactive triethylthallium and the monomeric undis-
sociated dialkylthallium halides, which have been shown to be
highly associated in the few cases in which their solubility
in benzene allows thelr molecular weights to be determined.’4

Essentially the same arguments were advanced by Menzies%8



- 50 -

in a summery designed to repel some attacks made by others
on the theory of codrdinate linkages. This summary contains
no new material that need be considered here.

Two distincet dlalkylthallium compounds from a single
chelating agent have never been obtained. In all the compounds
of the type under discussion there are two equally probabls

positions of the bonding electrons:

x ;
AN VA N
L =" |
Nt Su
Rz Ry Ry R,

Stability 1s thus associated with the possibility of resonance,
Ho mixed dielkylthallium compounds are known, &s is 1ndioatéd
by both alkyl groups attached to thalllum being denoted by R,.
Menzies and Walkerl°4 attempted unsuccessfully to prepare
derivatives in which the median hydrogen atom is substituted.
Methylecetylacetone and ethyl methylacetoacetate both gave very
unstable dialkylthallium,derivatives.

These same workers did provide a striking demonstration
of the greater stability toward hydrolysis of the higher dialkyl-
thallium compounds, and showed at the same time that it is not
conditioned merely by thelr greater lnsolubility in water, by
examining the volatility with steam of a series of dialkyl-
thallium compounds from 0.2 N alkaline solution. Theilr results
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may be summarized as follows:

Tl" 3&8 ng" Et‘Tl‘ PI‘,T].‘- Bu‘Tl"

Acetylacetone - - - + +
Propionylacetone - - - Me Do m. P.
Dipropionylmethane - + m. P. M. pP. M. D.

A minus sign indicates that the distlillate contained no
thallium; a plus sign, that the distillate gave & precipi-
tate with potassium iodide; the designation m. p., that the
compound distilled with steam so readily that a sample could
be collected and its melting point determined, It is evident
that an increase in the size of the alkyl groups leads to
increased protection.

They also put the famlliar inoresse in solubility in
organic solvents, as solubility in water and reactivity with
aqueous solutions diminish, on a quantitative baslis by measur-
ing the solubility in n-hexane at 27° of the above series of

compounds in terms of grams of substance im 100 grams of

solution:

Tl- Me,Tl- Et,Tl- Pr,7l- Bu,Tl-
Acetylacetone 0,012 0.12 0.20 0.15 1.32
Propionylacetone 1.52 0,77 4.65 12.4 49.3 (at 18°)
Dipropionylmethane 41.1 14.5 17.0 21.7 very soluble

Cox, Shorter and Wardlaw®® examined the stereochemistry

of both univalent quadricovalent and trivalent gquadricovalent
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thallium in the light of their generalization: *"so far, no
exception has been found to the rule that a tetrahedrsl
valency distribution is shown by a metal atom whenever its
effective atomic number in the complex is that of an lnert
gas, but the converse is not true, and no simple rule appears
to be applicable to those cases in which the four metal
valencies lie in a plane.” They found it difficult to get
very precise results from thalllum, partly because few com-
pounds suitable for investigation were known, and partly
because of the high atomic¢ number of the element, 81, But

in general their results indicated that the thallous compounds
have a planar distribution of the four valences, whereas the
thallic compounds seem to follow the above generalization and
have a tetrahedral structure. The only thallous compounds
found suitable for investigation were the thiourea deriva-
tives /T1 4CS(NH,),._/ X, first prepared by Rosenheim and

L&wenstamm.ls? A

complete investigation was not possible on
account of the small size of the orystals, but the general
results indicated that the four valences have a planar distri-
bution {(or very nearly so).

Dimethylthallium acetylacetone was examined as a typical
trivalent quadricovalent compound, which was known to have the
rare-gas étructure, and which should, therefore, be tetrahe-~
dral in obedience to the above general rule. The molecule in
the orystalline state was found to have a two-fold axis of
symmetry, which 1s possible with either a tetrahedral or
planar configuration if it is assumed that the acetylacetone
group has a symmetrical resonance structure. Considerations

of the probable method of packing in the unit cell suggested



that of the two possibilities the tetrahedral configuration
was to be regarded as most likely. A dimeric formulation,
either planar or tetrahedral, was definitely excluded. It
was thought that by replacing the methyl groups by the larger
phenyl groups & subject more favorable for corystallographie
analysis might be obtained. Diphenylthallium ascetylacetone
was accordingly synthesized, but it proved to be less sym-
metrical than the methyl derivative. It remains the only
diarylthallium chelate compound.

The optical resolution of an organothallium compound
haa never been reported. From the above work it would seenm
that there should be at least a good chance that the type of
organothallium compound discussed in this section actually
hasg a tetrahedral structure, and that an optical resolution
should be possible. The reaction between methylthallium
dichloride and p-aminophenyllithium might well be the first

step in such a synthesis.
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TABLE II
RD
COMPOUNDS OF THE TYPE R,T1_
Y

Compound M. p., °C. References
Dl-n~butyl- acetylacetone 139 104, 107
Di-n-butyl- dipropionylmethane 41 104

Di-n-butyl- propionylacetone 72 104

Diethyl- acetylacetone 200 102, 106, 107, 151
Diethyl- benzoylacetons 118 102, 181
Diethyl- dibenzoylmethane 112 151

Diethyl- dipropionylmethane 116 104, 107, 151
Diethyl- ethyl acetoacetate 90 102, 107

Diethyl- ethyl benzoylacetate 95 107

Diethyl- methyl acetoacetate 127 107

Diethyl~ proplionylacetonse 149 104, 107, 151
Diethyl- tetraacetylethane dec, 165

Dimethyl- acetylacetone 215 20, 102, 104, 106
Dimethyl- benzoylacetone 129 102, 107, 145
Dimethyl- dibenzoylmetheane 175 107 A
Dimethyl- diproplonylmethane 121 104, 107, 108, 151
Dimethyl- ethyl acetoacetate 130 . 102, 107, 108
Dimethyl- ethyl benzoylacetate 133 107

Dimethyl-~ methyl acetcacetate 184 107

Dimethyl- proplonylacetone 162 104, 107, 151
Dimethyl- salicylaldehyde dec., 200 102
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TABLE II (Continued)

Compounds M. p., °C. References
Dimethyl~ tetraacetylethane dec. 106
Dimsthyl- tetraacetylpropane 98 106
Diphenyl- acetylacetone - 20
Di-p-propyl- acetylacetone 181 104, 151
Di-n-propyl- dipropionylmethane 89 104, 151
Di-n-propyl- propionylacetone 108 151
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Compounds of the Type RT1X,

An unguccessful attempt was made in 1926 by Krause and
von Grosse’’ to synthesize compounds of the type RT1X,. They
started from compounds of the type R,TlX, and made use of
their method of controlled bromlnation in pyridine. This
method had been used by Krause and coworkers with great
guceess in the moderated cleavage of alkyl and aryl radicals
from organolead and organotin compcunds.75 However, no com-
pound of the type RT1X, was obtained, but instead complex
compounds with the empirical amalysis T1X,, RX, C H,N. Several
possible structural formulas were considered for these unusual
cagpounds. The gsupposlition that there is present such a
grouping as RT1X,, C,H/,NX,, with the alkyl group directly
attached to thallium and thus representing an addition product
of an alkylthallium dihalide to an addition product of halogen
and pyridine, is not Justified by the facts available on the
chemical behavior of the compounds. For exemple, alkall very
readily causes decomposition, with the separation of thallice
hydroxide, which would be unusual in the case of an organo-
metallie compound. Rather Krause believed that the complex
TlBr, 1s present. They can be formulated as addition products
of alkylpyridinium halide with thallic halide; that is, as an
alkylpyridinium tetrabromothallate (C Hg NR)(Tl1Br,). This would
correspond to‘the inorganic compounds of the type T1Cl,,

CeHyN, HC1l, of which a great many have been prepared by
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Heyer.log Or s formulation more in keeping with Werner's
r‘

, with thalliun
sHeH ,
having a codrdination valence of six, might be borrowed from

B
conception of complex compounds, 15

the inorgenic chemistry of thallium trichloride tripyridine,
as slucidated by Meyer.llo In general, however, the compounds
of T1X, with C,H,N, HX have been shown by Renzl>® to have a
much more complicated structure.

This somewhat extended discussion of struocturs would not
be Justified if it were not for the unusual nature and proper-
ties of these compounds. These complex compounds are crystal-
line &nd characterized by sharp melting points. In genersl,
they ere almost insoluble in water, slightly soluble in ben-
zene and ether, readily soluble in hot alechol, and very
soluble in cold pyridine. By double decomposition with aleoholic
potagsium iodide the magnificently red tetraiodo compounds may
be obtained. The tetrabromo compounds vary from colorless to
straw yellow. The lodldes also have a red color in solution.
Several instances have already been pointed out in this Review
of the color change of organothallium compounds with tempera-
ture, 1. 8., triethylthallium and trimethylthallium in the
section on compounds of the type R,Tl (g. ¥.). Instances are
even known in thallous compounds. But all other thallium
compounds are surpassed by the remarkable thermochromatic
properties of the tetralodo comylexes here under discussion.

The followlng description will serve as an example:
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~-180° 15-20° 100-200°
(CeHgN"CHy) (T1I4) light red dark violet-red violet-black
(CgHgN*C,H,) (T1I,) orange-yellow dull meuve-red violet-black
(CaHgN+n~C H,) (T1I,) pale yellow vermilion violet~black

BEven more remarkable 1ls the stabllity of the compounds.
They can be heated sbove 200° without decomposition. They are
completely stable toward hydrolysis. p~Butylpyridinium

tetrabromothallate can even be reorystallized from hot 20%

hydrobromic aeid! Hot concentrated sulfuric acid or fuming

nitric acid do cause decomposition.

This stability led to a simple method of preparation
which gives much better ylelds than the method of cleavage of
R,T1X compounds by an sexcess of bromine in pyridine solution:
it is by the action of a halogen on a thallous halide in pyri-
dine in the presence of an alkyl halide, in accordance with
the equation:

T1X + Xy + RX + CgHgN —me» (C H NeR) (T1X,)

This synthesis also sheds further light on the essential
composition and structure of the compounds. The great variety
of the melting points obtained from the different alkyl hal-
ides makes it & possible means for the ready identification
of this eclaas of compounds.

Even more interesting are the mixed melting pointas. The

melting-point depressions are so large that it is possible to
obtain liquld mixtures from two low-melting solid compounds.




In an attempt to prepare n-octylpyridinium tetralodothallate
from a ssmple of Kahlbaum p-octyl lodide, no solid product
could be obtained even with the strongest cooling. Krause
and von Grosse attribute this to impurities in the alkyl
iodide~--although it was purchased from one of the finest
sources of pure chemicals. But it must not be forgotten
that this method of eutectic mixtures as & means of obtaining
liquid thallium compounds can be resnforced by the known
tendency of longer alkyl groups to lower the melting point of
thallium eompounds., This generalization has been discussed
at some length in the sec¢tion on diaslkylthallium chelate com-
pounds (g. ¥.). It should be pointed out now that Menzies
prepared, as the lowest~-melting representative of the dialkyl-
thallium chelate compounds, di-n-butylthallium dipropionyl-
methane, which melts at 41°. He d4id not go beyond butyl
groups, and it is quite posslible that the liquidity of Kreuse's
n-octylpyridinium tetraiodothallate may be, in part, dus to
the longer alkyl group as well as to the eutectic properties
of mixtures.

It is possible, therefore, by combining the generaliza-
tion on the length of alkyl groups with the generalization on .
euteetic properties to produce liquid thallium compounds which
resist hydrolysis. No information, however, is avallable on
the vapor pressures of this class of compounds. Two more
interesting generalizations can be introduced in this connec-

tion, however: it 1s known that a great variety of nitrogen
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bases can be substituted for pyridine in the purely inorganie
complexes of trivalent thallium, among them such compounds as
éiethylamine.lgg The possibility of varying the nitrogen base
in the alkyl-nitrogen base tetrahalothallates most certainly
will exist also, and here is a method for increasing the
volatility of this class of compounds by the proper cholece of
base, Jecondly, it 1s obvious that the halogen can be varied
also. Fluorine is the natural cholce here, both for its
known great lowering of the boiling points of many organic
sompounds and for 1ts known effect of promoting stability,

Finally, it is not at all unlikely that two or more of
the halogens might be replaced by sulfur and other negative
elements., This would permit further wide wvariations in the
properties of these compounds. There is great latitude in the
replacement within the complex in thallium chemistry.

The first true RT1X, compounds were synthesized by
Challengexr and Parker,15 who employed the reasotion between an
varylboric acid and a thallic halide. They reasocned correoctly
that since Michaelis and Becker™'® had shown that phenylboric
acid and mercuric chloride react in hot aqueous solution to
give insoluble phenylmercury chloride, by analogy the same
reaction might work with phenylboric acid and thallic halides.
Actually, it was found that two reactions can tske place,
depending on the relative amoﬁnts of reactants used:

ATB(OH), + T1X, + Ha0 — APTIX, + HX + H,BO,
and 2ATB{OH), + T1X; + 2Ha0 ———p Ar,T1X + ZHX + 2H,BO,
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Thallic ochloride and bromide reacted at once in hot
aqueous solution with phenylboric acid, glving, according to
the proportion of phenylboric acid employed, either R,T1X or
RT1X, compounds, or a mixture. The mixed chlorides could be
easily separated by taking edvantage of the much greater solu-
bility in water of the RT1X, type. The mixed bromides are
not so easlly separated, since the decomposition reaction

2AYT1X, ~—p Ar,T1X + T1X,
takes place rapidly with the dibromide. Phenylthallium
dichloride or dibromide gave an immediate yellow precipitsate
with potassium iodide which quiockly turned black, eliminating
iodobenzene., Hence it appears that the diiodides are sponta-
neously unstable and decompose according to the equations:

2ATT1Iy —— T1I, + Ar,TiIX

CgileI, -—»-§Tll +c§kr1

Phenylthaellium dibromide nndeégoes a similar decomposi-
tion on heating, thallous bromide and b:omcbenzene being formed,
whereas diphenylthallium bromide gives biphenyl.

Challenger and Parker alsc demonstrated that RT1X, com~
pounds can be synthesized by the usual Grignard reaction:

RilgX + T1X, ——r RT1X, + MgX,
This iz the reaction that is ordinarily used for the prepara-
tion of R,Tl1X compounds. However, when the insoluble precipi-
tate obtalned in these reactions is recrystallized from
pyridine, small amounts of‘RTlX. compounds can be thrown out

of the mother-liquor by the addition of water. There is no
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report in the literature that this reaction has been put on

a preparative basis, but that is not surprising, since a large
excess of Grignard reagent has always been used., It would be
significant to try the resaction with only one equivalent of
Grignard reagent, as demanded by the above equation, and add
the Grignard reagent to the ether solution of thallium tri-

- ¢hloride., Also, a great variety of organolithium compounds
with functional groups might be employed. To date, however,
this is not a practical method for the synthesis of RTI1X,
compounds.

These same workers‘also showed that RT1X, compounds
form addition compounds with pyridine. This is to be expscted.
Phenylthallium dibromide tripyridine and phenylthallium di-
bromide tetrapyridine were both obtained with sherp melting
points. Apparently the vealence bonds approach in indefinit-
ness those enoountered in solvent of erystallization. The
complexity and extent of the codrdination valences of thallium
have already been discussed at length in this Review. The
relationship with the alkylpyridinium tetrshalothallates
investigated by Krause and discussed above should, however,
'be commented on at this point. It will be recalled that
Krause arrived at one and the same c¢ompound whether he pro-
ceeded from the cleavage of R ,T1X compounds in pyridine by
an excess of bromine or whether he started from a thallous
halide, alkyl halide and pyridinium dihalide. In the former
case the alkyl group wes known to be attached to thallium;
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in the latter, to a halogen atom. The experiment should now
be tried with the pyridine addition ocompounds of Challenger -
and Parker to see whether the addition of X, to RTIX *C HN
would not also give the same compound as obtained by Krause
and von Grosse, 1n accordance with the equation:
RT1X4*CeHeN + Xy ——p (CoHgN<R) (T1X,)
This should be the case if the compounds are to be

formulated as entirely within the radical in the complex
BT,

CoHy
tural isomers is presented, with the same empirical formula

;] « If this is not the case, the possibllity of struc~

but different melting polnts, colors, etec. acecordingly as
different parts are within or without the complex. Also the
possibility of obtalning optically active stersoisomers from
this class of compounds should not be entirely neglected. It
should be possible to prepare compounds with mixed halogens-;
parhaps'with varylng combinations within and without the com-
plex, as ipn the ocase of chromium and other well-known examples
in inorganic chemistry.

Egasntially the same material was presented by Challenger
and Parker in a paper read before the Chemical Society.l%
Several years later, Challenger and Richardsl® published addi-
tional information on RT1X, compounds. They found that double
decomposition reactions are possible according to the equation:

AXT1X, + 2KY —y APT1Y, + 2KX
From phenylthallium dichloride they prepared the dihydroxide,
diazide, dicyanide and dithioeyahate. The last two compounds



were found to lose benzonitrile and phenylthiceyanate at
228° and 120°, respectively. Phenylthallium dichloride is
more stable than the didbromide, which rather easlly loses
bromobenzene, The corresponding diiodlde is unknown, iodo=-
benzene being immedlately liberated. With an excess of
potassium cyanide, phenylthallium dicyanide was found to form
a complex, which on boiling in water breaks down thus:
ZK/CyHgTL(CN) 3/ ———p ZKON + (C H,),TICK + T1(CN),

A striking difference was found when the reaction be-
tween alkylboric acids and thallium trichloride was attempted.
n-Propylboric aeid was found to remain unaffected by thallium
trichloride at 140°, Hence alkylthallium dihalides must be
prepared by reversing the reaction previocusly discussed:
2RT1X, —> R ,T1X + T1lX,. This may be done by boiling the
dialkylthallium halide, prepared by the Grignard reasction or
other reactions disoussed in the section om R,T1X compounds,
with a large excess of thallium trichloride:

R,,T1X + T1X, ~——» 2RT1X,

This extension to the synthesis of alkylthaellium dihal-
ides was first carried out by Mel'nikov and GracheVa.aa They
did state that the boric acid synthesis might be made to give
small yields in the case of alkyl compounds if high molecular
waight alkylboric aclds were used, but they gave no compounds
thus prepared as examples.

15

Challenger and Richards found that phenyl- and p-hromo-

phenylthallium dichlorides react with mercuric chloride by
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transferring their aryl group, giving phenyl- and p-bromo-
phenylmercury chlorides, and eliminating thalllum trichloride:;
ArT1Cl, + HgCl, ——p ATHgCl + T1Cl,

It might be imagined possible to synthesize mixed organo-
thallium compounds of the type R,R,T1X by subjecting an RTI1X,
compound to the further reaction of a Grignard reagent:

RyT1X, + R MgX —p RyR,T1X + MgX,
This reaction was tried by Challenger and Richards,}d wﬁo
reacted phenylthallium dichloride with ethyl- and cyclohexyl-
magnesium bromides, but a mixed halide could not be isolated.
Instead, diethylthallium bromide, dicyclohexylthallium bromide
and diphenylthallium bromide were obtained, the latter natur-
ally from both reactions. This recalls the behavior in certain
cirocumstances of aryl- and alkylmercury chlorides,.%4, 69

Another possible reaction for the synthesis of RyR,T1X
compounds is represented by the equation:

RyT1X, + RyB (OH), + HgO — RyR,T1X + H;BO, + HX
Actually Challenger and Richards synthesized phenyl-p-tolyl-
thallium chloride by this reaction. Moreover, it could be
obtained as well by starting from phenylthallium dlchloride
and p-tolylboric aclid as by starting from p-tolylthallium
dichloride and phenylboric acid. This compound still stands
as the only organcothallium compound of the type R ;R,T1X yet
synthesized. |

The orientation phenomena encountered in the nitration

of organometallic compounds contalning the phenyl group were
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studied by Challenger and Rothstein,l® who examined the phenyl
derivatives of Hg, Tl, Pb, Bi, Sn, I. In every case, nitra-
tion is found to take place predominately in the meta-position,
with small amounts of the para isomer, and still smaller
amounts of the ortho. The compounds investigated and their

results may be presented as follows:

Compound % grﬂitration
Phenylmercury nitrate 50
Diphenylthalliunm oxide 74
Diphsnylthallium nitrate 75
Phenylthallium hydroxynitrate 86
Diphenyllead dinitrate 94
Triphenylbismuth dinitrate 86
Diphenyltin oxide 79
Diphenyliodonium nitrate 82,5

It is readily seen that m-~orientation is stronger
with an RT1X, compound than with an R,T1X compound. Also
m-orientation is stronger toward the middle of the periodic
table, reaching a maximum with lead. No theoretical expla-
pnation has ever been presented why this is so.

Nametkin, Mel'nikov and C!r:ratcxhe'sre.,ll8 although they devel-
oped no new method of synthesis for RT1X, compounds, d4id extend
the general methods of Challenger, which are presented above,
to the creation of a large number of compounds, and in so

doing recorded various interesting details. For example, not



all arylboric acids gave good yields with thalllium trichloride.
Ortho-substitution seems to cause some steric hindrance. And
anisylboric acids also give low yields, apparently due to come
plex formation with the ether linkage. Benzylboric acid was
found to undergo oxidation in accordance with the equation:
CeHeCH B(OH), + 3H,0 + 2T1Br, — 2T1Br + 4HBr + H,BO, + C H,COOH
These authors also pointed ocut that, whereas Ry,T1lX compounds are
colorless, most RT1X, compounds are colored yellow or orange.
Molecular welight determinations are unfortunately still lack-
ing for this class of compounds buit it is probable that they
will be found to be associated.

Mel*nikov and Grachevass

prepared R,T1X compounds by cleav-
ing R,T1 compounds with T1lX;. This they found to be a very
violent reaction, for which they advanced three possible equa-

tions:

R,T1 + T1X; —» R, T1X + T1X + RX

2R,T1 + T1lXy =~ 2RGT1IX + T1X + R-R
They also found that alkylthaellium dihalides, as well as the
~arylthallium dihalides reported by Challenger, form complex
compounds with pyridine, but they d4id not investigate the
properties of such compounds in detall., It is to be noted
that the solubility of R,T1X compounds in pyridine is also prob-
ably due to complex formation, but the isolation of definite
compounds has not been rsported.

Another exemple of the failure of the reaction
R,T1X + T1X, —» 2RT1X,
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toc take plate was dlscovered by Mel'nikov and Rokitakayagl
when they boiled dibiphenylylthallium chloride with an excess
of thallium trichloride. However, they found that the corres-
ponding bromldes, in the presence of traces of copper selts,
react easily to give biphenylylthallium dibromide. This 1is
§erh&ps an example of catalysis in the preparation of orgeno-

thallium compounds.

These same workers also provided the sollitary example
recorded in the literature of still another method of prepar-
ing RT1X, compounds: the controlled cleavage of one radical
from an R,T1X compound. VWhereas Krause’’ had started with the
avowed purpose of doing Jjust this, and had obtained instead
complex compounds with his method of controlled bromination in
pyridine, Mel'nikov and Rokitskaya started with the intention
of nitrating diphenylthallium chloride in acetic anhydride
at ~20®, They obtained no nitrophenylthallium eompounds, but
instead phenylthallium diacetate. The only other compound re-
ported isolated from thils reaotion was nitrobenzene,

The most recent paper in the literature on compounds of
the type RT1X, is aléa by Hel'nkov and Rckitakaya.gz Interest-
ingly enough, 1t is from the Soviet Laboratory of Insecticides
and Fungicides, & ssection of the Institute of Fertilizers and
Insecticides. This suggests that thallium oompounds were
"examined as a possible alternative for mercury compounds in
seed treatment. It is quite within reason to imagine that

thaellium compounds could be developed which would not have



some of the objectiocnal features of mercury compounds, such
as high toxieity to workers, etc. This would not exclude

even more general use as insecticldes and fungicides.
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TABLE III
COMPOUNDS OF THE TYPE RT1X,

Compound ' M. p., °C. References
Benzylthallium dibromide 205 118
Biphenylthallium dibromide 185 dec, 91
2,4-Bromamsthylphenyltnallium dibromide 180 92
2,4-Bromomethylphenylthallium dichloride 177 92
p-~Bromophenylthallium dibromide dec. 200 118
p-~Bromophenylthallium dichloride 263 15,88,118
n-Butylpyridinium tetrabromothallatse 119 77
n-Butylpyridinium tetrachlorothallate (?) - 77
g~Butylpyriﬁin1um tetraiodothallate 193.5 77
éachloraphenylthallium dibromide not at 250 118
Q:ChlorOPhenylthalliua dichloride not at 250 88,118
2,4,5~Dimsthylbromophenylthallium dibromide 192 92
2,4,5-Dimethylchlorophenylthallium dibromide 190 92
?,?=Dimethylphenylthallium d;bromide 215 92
gyEthylphenylthallium dibromide 170 92
p-Ethylphenylthallium dichloride dec. 155 82
Ethylpyridinium tetrabromothallate 119 77
Ethylpyridinium tetraiodothallate 130 77
Ethylthallium dibromide dec. 160 88

Ethylthallium dibromide pyridine (%) -

8
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TABLE IIX (Continued)

Compound ‘ e Peoy °C. References
Ethylthallium dichloride dec., 180 88
Iscamylthallium dibromide deoc, 110 88
Isoamylthelliunm dichloride dec., 210 es
2,swﬁethylehlerephenylthallium dibromide 182 92
4,5-Methylchlorophenylthallium dibromide 188 a2
Methylpyridinium tetrabromothallate 171.5 77
Methylpyridinium tetralodothallate 132 77
Methylthallium dibromide dec. 160 88
a~Naphthylthellium dibromide 185 82
a~Nephthylthallium dichlorids 144 92
m-Nitrophenylthallium dibromide 178 dec. 91
m-Nitrophenylthallium dichloride 217 dec. 91
n-Octylpyridinium tetraiodothallate (?) — 77
Phenylthallium diacetate (%) —— 91
Phenylthallium diazide -
stable

_ to 200 15
Phenylthallium dibromide 153 13,88
Phenylthallium dibromide pyridine 85 13,15
Phenylthallium dibromide tripyridine 92 13,18

90 13,18

Phenylthallium dibromide tetrapyridine
Phenylthallium dichloride
Phenylthallium dichloride pyridine

234 dec. 13,88
172 dec. 13,15
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TABLE III (Continued)

Compound - M.,p., *C. References

Phenylthallium dicyanide 228 dec, 15
Phenylthallium diocyanide potassium cyanide 265.5 deoc. 15

Phenylthallium dihydroxide dec. 285 15
Phenylthallium dinitrate (?) —— 91
Phenylthallium dithioocyenate dec. 120 15
Phenylthallium hydroxynitrate expl. 268 16
gyPrapylpyridinium tetrabromothallate 118 7
grPropylpyriﬁinium tetraiodothallate 127.5 77
p-Tolythallium dibromide 165 13
p~Tolythallium dibromide pyridine (?) -— 13

p~Tolythallium dichloride 224 15,88
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Compounds of the Type R,T1X

Methods of Synthesls and Chemical Properties

By far the greater number of the known organothallium
compounds belongs in this sectlion now to be considered.

R,T1X compounds are the most stable organothallium representa-
tives. But whereas they have hitherto been considered in con-
nection with other compounds and types, they will now be
eensidered with special emphasis on their own methods of
synthesis, chemical and physiecal properties. The equations
representing a distinct method of synthesis are numbered
eongsecutively in the following section.

Hansen,ss in an attempt to synthesize triethylthallium,
actually obtained diethylthallium chloride. This work has
been discussed in detail in the section on compounds of the
type R,T1. It will be sufficient here to recall that he ob-
tained his organothallium compound by the action of diethyl-
zinoc on a solution of thallium trichloride in anhydrous ether,
in essential asccordance with the equatiqn:

(CyHg) gZn + TICly ~——» (CoHy),TIC1 + ZnCl, (1)
It must not be overlooked in this and following methods of
synthesis that alkylation of the third valence may partially
take place, and that a method of synthesis of R,T1l compounds
may be represented by the equation for hydrolysis of R,T1l

in acid solution:
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R,T1 + HA —» R,T1A + RH (2)
Gilman and Jones*® have actually shown that this 1s a method
of choice for the synthesis of diphenylthallium benzoate. It
is to be recommended in ceses where the organic acid is not
too stable: the diethylthallium salt of oysteine, for
instance, might be made by this method of cleavage of tri-
ethylthallium, itself very easily prepared by the unpublished
method of Gilman and Jones.42

The diethylthallium chloride Hansen obtained directly
in his synthesis wes converted to the sulfate and nitrate by
double decomposition between the dlethylthallium chloride and
the soluble silver sulfate and silver nitrate, respectively.
This represents another general method of synthesls of R,T1X
compounds from R,T1Y compounds:

ReT1Y + AgX ——» R, T1X + AgY (3)
Many variations of this equation have been used since the
time of Hansen, but they are too obvious to be listed as
separate methods of synthesis. Perhaps the commonest method
of preparing long series of salts from a given organothallium
compound has been to syntheslze first the organothallium
hydroxide or carbonate, and then neutralize this with a variety
of aclds.

Hartw1358 employed the same reaction between diethylzine
and thallium trichloride in ether to synthesize diethylthallium
ochloride, and then used the method of double decomposition with
silver salts to extend somewhat the list of diethylthallium



salts then known. The only compound of particular interest
here is diethylthallium acetate, which he reported could be
distilled. It is certain that the thloacetate would be even
more volatile., This compound has never been reported, how-
ever, 80 an exact comparison can not be made at this time.
The efforts of Carius and Fronmulleri2 to synthesize
triethylthallium from diethylthallium chloride and diethyl-
mercury have been discussed in the seoction on R, ,T1 compounds.
Their only direct contribution to the chemistry of R,T1lX com-
pounds was the observation that diethylthallium bromide and
diethylthallium lodide reacted rather slowly with moist
silver oxide. They did, howsver, prepare diethylthallium
hydroxide by this method, but the reaction was very sluggish.
Hartwigd9 later published a more detailed account of his
preparation of several dlethylthallium salts, and gave the
following data on the solubllity of these compounds:

Compound S01./100 g. water Sollllcojgg_glcbhq;
Chloride 3.37g20 2.76500 0.33nge 0.12500
Todide O.349g¢° 0.10g0¢° 0.089ge 0.0720¢°
Sulfate Very soluble Very soluble
Phosphate 20.70950 33.6620° Quite soluble
Nitrate 5.6790e 3.19p0¢ Difficultly soluble
Acetate Quite soluble : Quite soluble

A dlalkylthallium bromide is less soluble than the chloride,
and the iodide less soluble than the bromide. The salts of
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oxygen a¢ids are much more soluble in water than the salts

of halogen acids. It is rather surprising to find that
dlethylthallium chloride has a moderate solubility in water
but such a small solubility in alcohol. The decrease in solu-
bility of the phosphate in hot water is probably due to
hydrelysis;

Hartwig also prepared diethylthaellium hydroxide, but
was puzzled when it would not react with carbon dioxide,
although it formed the correct salts with all mineral acids.
Meyerl13 showed twant}-five years later that Hartwig had had
the carbonate and net the hydroxide. Hartwig had exposed
his preparation of diethylthallium hydroxide to the air, and
it hed very rapidly taken up cerbon dloxide. Other examples
of similar behavior are krnown among orgenocmetallic hydroxides;
for example, triethyllead hydroxide rapidly‘turns to the
carbonate on exposure to air. All the diethylthallium salts
prepared by Heartwlg decompose with a small puff or explosion
in the neighborhood of 200°,

No new organothallium compound was reported until Meyerll2
and hils pupil Bertheim employed the Grignard reagent in the
synthesis of R,T1X compounds and enormously added to the small
stock of knowledge then avallable on these compounds. The re-
action may be formulated as follows:

2RMgX + T1Cl, —— R,T1X + 2MgXCl (4)
From the date of this publication there is no further record

of orgenozinec compounds ever having been used in the synthesis



of organothallium compounds. The only thallium halide that
can practicably be used in this syntheals is the trichloride.
The tribromide undergoes too much reduction to thallous
bromide, and the triiodide is of very doubtful existence.
Alkyl Grignard reasgents are preferably prepared from alkyl
chlorides for use 1n this reaction, for then the reduction
caused by the Grignard reagent--and there is always some--is
at a minimum, and the product is quite pure. In the aryl
series convenlience requires the use of the aryi bromide, but
in this ocase the product is always a mixture of R,TICl and
R,T1Br. Grignard raagents‘prepared'from iodides cause much
reduction. Meyer and Bertheim recommended that four moles
of the Grignard reagent-~twice the amount calculated for the
above equation--~be added to the ether solution of thallium
trichloride.

By this method they prepared dimethylthallium, diethyl-
thallium, dipropylthallium, and diphenylthallium salts. Al-
though the effect of varying the X group in R,T1X compounds
had been studied on the diethylthallium salts, it was now
possible for the first tims to study the effect of varying the
R groups. The solubility of the dialkylthallium salts was
found to increase with respect to organic solvents as the
length of the alkyl chaln was increased, but the alkyl groups
were still too short to have more than a bare solubility in
alcohol, ether, and like solventas. Pyridine proved to be an

excellent solvent for the R.Tlx_compounds. Diphenylthallium



bromide could be very readlly recrystallized from this solvent,
but the dialkylthallium halides were almost too soluble. They
could be better recrystallized from concentrated aqueous
ammonia, or from strong potassium hydroxide solution, naither
of which strangely enough attacks the halogen atom. Solubil-
ity in these solvents must in every case be atiributed to
complex formation.

Goddard*’ made a large number of dimethyl- and diethyl-
thallium salts of nitrophenols. They were prepared by neutral-
izing the dialkylthallium hydroxide with the calculated amount
of the nitrophenol. Goddard announced his interest in the
great resemblancs between dlalkylthallium hydroxides and thale
lous hydroxide, énd between alkali salts of nitrophencls and
dialkylthallium salts of nitrophenols. Although he did not
say 8o, he may also have been lnterested in the explosive
properties of such compounds. Diethylthallium chloride tends
to "puff" when heated, and a dlethylthallium nitrophenoxide
much more so. Langhansa4 has found that the thallous salts of
nitrophenols resemble in thelr detonation and explosive prop-
erties the alkall metal nitrophenoxides rather than the salts
of the heavy metals, such as lead, with nitrophenolsg,

Goddard also found that all dimethylthallium nitrophen-
oxides have a more intense color than the diethylthalliunm
nitrophenoxides. This is the reverse of the situation with
trimethyl- and triethylthallium. This Yelectron unsaturation®

so often sncountered in thallium chemistry is further
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strengthened by the evidence for residual affinity in dimethyl-
thallium m-nitrophenoxide, which was obtained both as the simple
salt and also crystallized with one mols of g-nitrophenol. |
The color of the latter complex salt was deep red, whereas
the color of the simple salt was light orange. The conclusion
that Goddard immediately jumped to--that thalllium requires an
acid group for coordination-- is patently not true; many
examples of coOrdinetion with emines have been presented in
this Review, and complex formation between amines and these
dialkylthallium nitrophenoxides could undoubtedly easily be
demonstrated. Some further observetions by Goddard cn the
color changes ocoasioned by shifting the position of the nitro
group around in the ring are of too small general interest to
be considered here.

By means of the well-known reaction with silver salts,
Goddard4® prepared further diethylthallium derivatives, such
as the thiocyanate, chromate, and trichloroacetate. Something
better than this somewhat random production of compounds was
Goddard's48 synthesis of the series of diethylthallium salts
of the normel fatty aclds, from formate to n-octoate. The
predictions that are now obvious after the gesneralizations
which have already heen disoussed inthis Review were completely
verified: salts of these organic acids have a good melting
point, unlike salts of inorganic acids; the melting point
talls as the length of the alkyl chain in the fatty acid is

increaged; and the solubility in water decreases and the
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solubility in organiec solvents increases markedly as the
length of the chain is increased.

Goddard demonstrated the stability of diethylthallium
chloride when he found that concentrated hydroohloriec acid,
thionyl chloride, ammonia gas, and mercuric ochloride were with-
out astion, Iodine trichloride, however, even in the cold,
violently attacked the corresponding dlethylthallium bromide,
with the production of thallous iocdide. In reality this prob-
ably amounts to cleavage by chlorine, the lodine acting as a
carrier, since iodine added to a boiling aqueous solution of
diethylthallium bromlde had practically no action.

- Two further reactions by which R,T1X compounds could be
synthesized have never reached any great preparative importance.
They may be 1llustrated by the equations:

2(CeHy ) 4Bl + TIC1ly ——p 2(CyH) 4BiC1l + (CHg)4.TIC1 (5)
2(CeHy ) sHg + T1C1l; —ey 2C H HECLl + (CgH,),T1C1 (6)
Synthetic possibilities from organomeroury compounds should
be more completely lnvestigated, as a variety of organomsrcu-
riala with interesting substitﬁents is available.

Triphenylstibine and thallium trichloride, however, were
found to reaoct quantitatively and immediately in the cold in
accordance with the equation:

(CoHg) gSb + T1Cly —+ {(C4Hg)4SbCl, + TIC1
Thellium trichloride here acts as & chlorinating agent and ie
itself reduced to thallous chloride. There are other examples

of this chlorinating action and reduction to thallous chloride
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in the chemistry of thallium.

In the reaction between triphenylarsine and thallium
trichloride, a precipitate of yellow scales was cobtained
after some time, but the product was not further identified.

Further similar reactions were investigated by Goddard
and Goddard.5° They may be represented by the equations:

(CeHy) oSn + TICL, ——» (CgH,),T1C1 + (C.H,),SnCl, (7)

(CoHy) JFPb + TICl; ~—r (CgHg),TICL + (C H,) o FbC1, (8)
Tetraphenyltin and tetraethyllead also were found to give the
corresponding reasctions.

Goddard and Goddard®! also studied the cleavage of some
unsymmetrical organolead compounds by thallium triéhloride.
Triethylmethyllead gave triethyllead chloride, thallous chlo-
ride and methyl chloride; diethyldiphenyllead gave diethyllead
dichloride and diphenylthallium chloride; and diphenyldi-a-
naphthyllead gave diphenyllead dichloride and di-C~-paphthyl-
thellium chloride. These results agree with the gensral ordér
of cleavage of groups from organolead compounds by halogen.
The general equatlion is:

R! ,PbR, + T1Cl, ———r R!,PbCl, + R,T1C1l

Triphenylphosphine was found to react with thallium
trichloride after the manner of triphenylstibine: thallous
chloxride and triphenylphosphine dichloride were produced, the
latter being unstable and bresking down to triphenylphosphine
and chlorine.

In another publication Goddard4® recorded the preparation
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of the series of the diphenylthallium salts of the normal
fatty mcids up to the octoate. As in the corresponding series
of diethylthallium salts, the melting point was observed to
fall as the length of the acid chain increased. The solu-
bility in organic solvents, however, décraaseﬂ. The diphenyl-
thallium salts also were reported to crystallize with & second
molecule of fatty acid, which was not removed by recrystalli-
zation from some solvents. This is a rather unexpected prop-
erty, the known grest power of the thallium atom for complex
formation notwithstanding.

A very important contrihutibn to the knowledge of organo-
thallium compounds of the type R,T1X was made by Krause and
v. Grosse,” who prepared the first dialkyl- and diarylthallium
fluorides., Chlorides, bromldes, and iodides in both series
were known, and thelr general properties, especlally solu-
bility, have been discussed above., Silver fluoride, in great
contrast to the other silver halides, was known to be readily
soluble in water; thallous fluoride was known to occupy a
similer position with respect to the other thallous halides.
It is not altogether surprising, therefore, that dialkylthallium
fluorides wsre found to be extremely soluble in water. Dimethyl-
and diethylthallium fluorides even orystallize from water as
the dodecahydrate. IEven diphenylthallium fluoride was found
to be much more soluble in water than the other diphenylthal-
lium halides, although understandably less soluble than the
dialkylthallium fluorides. Allthe organothallium fluorides



were reported as insoluble in ether and benzene. A polar
solvent and the possibility of dissociation seem necessary for
these fluorides to go into solution,

These compounds could be readily prepared by the general
double decomposition reaction betﬁoen an organothallium halide
and a silver salt previously mentioned. In this case gilver
fluoride wes naturally used. The fluorides were found to be
markedly more volatile than the other dialkylthallium halides,
which was apparent even by their strong odor at room temperature,
Dimethyl~ and dlethylthallium fluorides could be sublimed with-
out daegapesition.

VA one per cent solution of nitrate, nitrite, chlorate,
carbonate, oxalate, chromate, shloride, bromide, or lodide
ion gave & precipitate with a diphenylthallium fluoride solution,
A five per cent solution of sulfate, phosphate, perchlorate,
or aéetate ion falled to do so. The insolubility of the nitrate
is very striking: a precipitate could even be obtained from
a solution diluted 1:10,000 in two minutes. Krause guggssted
the possibility of finding diarylthailium compounds whose nitrate
would be even more insoluble, so that the corresponding fluoride
could be used as & reagent for the qualitative detection and
quantitative determination of the nitrate ion.

Later the dialkylthallium fluoride series was extended’®
to include di-pn-butylthallium fluoride and diisocamylthallium

rluerida, Also, other halides were prepared of diisopropyl-
thallium, 4i-seo.~butylthallium, and dicyclohexylthallium,
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The organothallium compounds with branched chains were found
to be less stable than those with normal radieals. XNo
tertiary organothallium compound of the type R,TlX has ever
been reported.

Di--thienylthallium bromide, the only heterocyclie thal-
lium compound of the type now under discussion, whose analysis
has been reported, was prepared by Krause and Renwanz78 by the
usual Grignard reaction. The compound, as might be expected,
was found to be insoluble in water and the usual organic
solvents, bht soluble in pyridine. 4 dilute solution in alco-
hol gave a precipitate with the following ions: nitrate, nitrite,
chloride, carbonate, and oxelate. There was no precipitate with
the following lons: phosphate, arsenate, ilodide, chromate,
sulfate, perchlorate, and acetate. The presence of the iodide
ion in.this latter group is somewhat disconcerting, and might
well be an error. The other acids are all found in their
expected greup.

A different type of dialkylthallium salt was prepared by
Menzies,®® who obtained a dialkylthallium alkoxide by the action
of thallous ethoxide on a dialkylthallium halide, in essential
accordance with the equation:

ReT1X + TIOR' w9 RoT10R' + T1X (9)
The first compound prepared was dimethylthallium ethoxide, which
Menzies found to be a yellow oil bolling at 110-120° under
15 mm. pressure. The freshly distilled liquid is, however,

water-white and very mobile, but soon turns yellow and becomes



cloudy on exposure to air. A glass rod dipped in the liquid
fumes in air. This is due to the rapid hydrolysis, to which
the compound is very sensitive. Later, Menzies and Walkeri03
synthesized dimethylthallium methoxide, which they found to be
a crystalline solid, melting at 177-181°, On attempted distilla-
tion in vacuum, it decomposed at sbout 120-130° with some
violence. The differences between dimethylthallium ethoxide
and methoxide thus resemble those between thallous ethoxide
and methoxide, and ﬁetween aluminum ethoxide and methoxide.
All three pairs constitute examples of the familiar high melt~
ing points of many methyl as contrasted with the corresponding
ethyl compounds.

All these dialkylthallium alkoxides are so completely
hydrolyzed that their thallium content may readily be determined
simply by dissolving the compound in water and titrating the
thus liberated dialkylthallium hydroxide with standard acid,

Diethylthallium ethoxide has also heen studied3d to
determine the effaot of altering the alkyl groups attached to
the thallium atom. This compound was found to boil at 1l0l-1l02¢
under 0.1 mm. pressure, the pale yellow liquid solidifying on
cooling to a nearly colorless crystalline mass which melted
at 43-45°.

Volatility may be readily obtained in this class of
compounds, but resistance to hydrolysis is a more difficult
matter. This is primarily due to the weakly acidic nature of

the alkoxy group. Hence to attain greater stability towards



hydrolysis, it is necessary to employ groups whose &acid nature
is more pronounced. Two good possibilities are mercaptans

and fluorinated alcohols. For example, dimethylthallium
n-butylmercaptide should be & distillable liquid with fair
resistance to hydrolysis.

Also, these compounds hitherto have always been made
through a thallous alkoxide, which is convenient, but expen-
sive., It should be possible to develop a method using the
ordinary sodium salt.

Another clossly related type of compound about which very
little is known should be mentiocned here, although it is not
aﬁ organometallic¢ type. Criegee, Kraft and Rankal mention com-
pounds of the type ethoxythallium diacetate, stating mersly
that they are crystalline solids. ilany interesting varistions
in both the alkoxide group and in the acid could be imagined
which might increase the volatility of such compounds.

The reaction between an arylboric acid and thallium
trichloride or tribromide, which was first investigated by
Challenger and Parker,l3 has been discussed in great detail in
the seotion on RT1X, compounds, primarily because when first
discovered the main direction given to the early investigations
wag toward RT1X, compounds, It should not be overlooked, ho%-
ever, that R,T1X compounds san also be made by this reaction,
either directly, in essential accordance with the equation:

2ATB(OH), + T1X, + 2H,0 —— (Ar),,T1X + 2HX + 2H,BO, (10)
or by first using the arylboric acid synthesis to prepare an
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RT1X, compound and then decomposing this by heating in water:
2AYT1X, — AT,T1X + T1X, (11)
Another variant15 is represented in the following equation:
ArT1X, + AT'B(OH), + Hge0 —— Arar'TlX + H;BO, + HX (12)
Challenger and Richards actually found it possible to obtain
phenyl-p-tolylthallium chloride either by the reaction between
phenylboric acid end p-tolylthallium dichloride, or by the
reaction between p~tolyboric acid and phenylthallium dichloride.
This is the only RR'T1X compound recorded in the literature.
They found that an RR'T1X compound could not be made by the
Grignard reaction &g suggested by the equation:
RT1X, + R'MgX —— RR'T1X + MgX,
A full discussion of this negative reaction may be found in the
section on RTlX. compounds.
By far the most extensive use of the arylboric acid syn-
thesis in the preparation of R,T1X compounds was made by

Mel'nikov and cownrkera,gl’ 92, 118

who reported a long series
of compounds which will be found in Teble IV at the end of
this seetion. By this means they found it possible to prepare
compounds which could not be made directly by the customary
Grignard reaction, for example, di-m-nitrophenylthallium chlo-
ride, In genéral, however, these three papers represent
routine production work, with little in the way of essentially
new chemistry involved. One interesting bit of inforﬁation

reported by these workers is the poor yilelds when some heavily

substituted arylboric acids are employed in this synthesis.
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This seems to be a case of steric hindrance in orgenothallium
chemistry. ‘, '

Whereas Meyer and BertheimllZ failed in thelr attempt to
alkylate thallous chloride by means of the Grignard reagent,
Menzies and Gopegg showed that if only two equivalents of the
Grignard reagent were taken and the refluxing omitted, alkyla-
tion with oxldation to the trivalent state found in R,T1lX
could be shown to teke place. The great drawback to this
method is that necessarily two-thirds of the total thallium
must appear as metal, in accordance with the equation:

Z2RMgCl + 3T1Cl —~—— R,T1C1 + 2MgCl, + 2T1 (13)
Even better yields were obtained when thallous ethoxide was
substituted for thallous chloride. Still better ylelds were
obtained by Biroh? when he alkylated thallous chloride with
ethyllithium, instead of with the Grignard reagent, as shown
in the reaction:
2RLi + 3T1C1 ——— R,TICl + 2LiCl + 2T1 (14)

This reaction also was used by Mel'nikov and Gracheva®®
to prepare several simple R,/T1X compounds. A more extended
discussion of this reaction can be found in the section on
RT1 compounds, through which intermediate the reaction is
assumed to proceed. An interesting application is the prepara-
tion of di-p-dimethylaminophenylthallium chloride from p-dimethyl-
aminophenyllithium and thallous chloride. If thallium tri-
chloride is used, it acts as a chlorinating and oxidizing
agent on the amine, & violet dye is produced, and no R,T1X

eempeund.35
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This ability of thallium trichloride to act as a
chlorinating and oxidizing agent has been known for some time.
A brief consideration of a few examples is not out of place
here because of the connectlon with the direct thallation of
an organic molecule, as that term is understood for the well-
known reactions with derivatives of mercury and arsenic.
Renzt33 prepared many complex compounds of thallium trichloride
with derivatives of pyridins and quinoline, and with many
alkaloids. These are stable, crystalline compounds, usually
possessing a sharp melting point. /?~Naphthy1amine hydrochloride
.readily.forms sueh a compound. But, in gharp contrast, (-naph-
thylamine formed no such crystalline ocompound with thallium
trichloride. When alcoholic solutions of d-paphthylamine and
thallium trichloride were mixed, the solution turned deaep
violet, and after standing several days deposited a violet
precipitate. Anllipne and its homologa also underwent radical
change. Renzl34 also discovered that an alcoholic solution of
dimethylaniline and thallium trichloride immsdiately turned
green, and after standling a week deposited dark violet orystals,
together with much thallous chloride. The organic dye could
be recrystallized, and was shown to have the same analytiscal
composition as crystal violet. Dimethyl-o-toluidine and
methyldiphenylamine gave similar dyes.

MarinoB? found that X-naphthol underwent a similar reac-
tion with thallium trichlori&e; and that if a very sméll
quantity of dimethyl-p-phenylenediamine then be added, the
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characteristic blue color of the indophenols was produced.
The reaction was much more sensitive than the detection of
thallous ion with potassium ilodide, and allowed thallic ion to
be demonstrated even in the presence of thallous ion. The
sensitivity was found to be about one part in 30,000,

Mel'nikov and Grachevagc investigated the very similar
reactions of thallium trichloride and thallium tribromide with
a variety of phenols. - and #-Naphthols were transformed
té the corresponding naphthoxides, for which they gave the
equation:

3C30HyOH + T1lX; ~—p (C;5,Ha0),T1 + 3HX

It would be interesting to confirm this unusual reaction.
Hydroquinone they found was oxidized to quinone; this is the
expected reéction. Othsr more complex phenols formed coordina-
tion compounds. This was the case with pyrocstechol, pyro-
gallol, and phloroglucinol. The latter complex was mentioned
as "very toxio", but details were not given.

Thus it is seen that the problem of direct thallatiecn
is made difficult by several factors not encountered in the
chemistry of mercury and arsenic: (1) TlX, can act as a chlo-
rinating agent; (2) it can act as an oxidizing agent, itself
being reduced; and (3)it can form complex compounds. The
tendency for aphydrous thallium trichloride to lose chlorine
even at 25° 1s especially vexatious. However, the direct
- thallation of an organic molecule has besn acoomplished54 by

selecting a compound which is pot readily oxidized,
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dibenzofuran, and by making use of thallium trichloride
tetrahydrate, which is stable at 100°., Reaction takes place
to give an R,T1X compound, di-4~dibenzofurylthallium chloride.
Mercury, the c¢lose neighbor of thallium in the perieodic
table, readily undergoes another reaction which has not as
yet been successfully carried out with thallium: the decompo~
sition of the double salt formed between an aryldiaszonium
halide and the heavy metal salt, Thallium trichloride and
thallium tribromide very readily form such complex sealts,
which have sharp decomposition points, but no orgenothallium

compound was reported formed by the deccmposition.71’116'117’119

In a similar experiment by Waters,lso

an aryldiaszonium chlo-
ride was warmed under acetone containing chalk and a metal.
Arsenic and gold were attacked, but thallium was not. It is
probable, however, that means will be found to so conduct the
decomposition that R ,T1X compounds may be obtained.

It would also seem likely from considerations of the
great gtabllity, resistance to acid cleavage, and high melting
point of R,T1X oompounds, that new and important organothallium
compounds might be made by direet nuelear substitution.
Challenger and Rothsteinle studied the nitration of diphenyl-~
thallium nitrate and phenylthallium hydroxynitrate, but
immediately clsaved their nitration produets by bromine and
determined the amount of m-bromonitrobenzene. Mel'nikov and
Rokitskeya®l attempted to nitrate diphenylthallium chloride,
but obtained only nitrobenzene and phenylthallium dinitrate.
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However, it has recently been found possible to carry out
suceessfuily both the nitration and sulfonation of diphenyl-
thallium bromide.3® Monosubstitution in the m-position takes
place in both nuclei:

2(CuHy ) oT1Br + S5HS0, - /(3-HOSO,CoH,) Tl /4,50, + 4H,0 + 2HBr

(15)
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Physical Properties

Some of the more common physical properties of R,T1X
compounds have already been mentioned in the above discussion
of methods of synthesis. In general these compounds are color-
less, crystalline, high-melting solids. They are salts, formed
from the base R,T10H and an acid, and thus have most of the
csustonmary properties of salts. The dialkylthallium bases re-
semble thallous hydroxide, belng soluble in water and alcohol;
the diarylthallium bases are much less soluble. R,T10H com-
pounds are styong enough bages to rapldly take up carbon
dioxide from the air and form carbonates. When peutralized by
inorganic ecids, these bases form salts which in general do not
melt, but rather decompose more or less rapldly at 200-300°,
The compounds with secondary alkyl groups are appreciably
less steble, and it is to be expected that the (still unknown)
compounds with tertlary alkyl groups will scarcely be capable
of existanée above 100°., The solubility of the salts in
organic solvents, such as alcohol and pyridine, is slight in
the case of the lower members, but increases greatly with
increasing length of the alkyl groups. It also increases
greatly when the "X group™ 1is an organic acid. The halide
salts are quite insoluble in water, with the notable exception
of the fluorides. Salts of oxygen-containing acids are in
general fairly soluble in water, with the surprising excep-

‘tion of the nitrates. R,T1lX compounds that are salts of
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organic acids generally have a good ﬁalting point.

The first extensive physico-chemical measurements on
R,P1X compounds were made by Shukoff138 in 1905, who studied
the conductivity of diethylthallium chloride and found it to
be & strong electrolyte, but nevertheless appreciably hydro-
lyzed at high dilutions. Complete details and an extended
discussion of their significance may be found in the sectlon
on R,T1 eompounds (3. Ef)‘

Hein and Meininger®l twenty years later measured the
baslc strength of several dialkyl- and diarylthallium hydroxides,
both in aqueous and in methyl alcoholic solution, and compared
their strength as bases hoth with thallous hydroxide and with
other orgenometallic bases., They found that orgapothallium
hydroxides must be numbered among the strong bases, although
they were not found to be so gstrong as thallous hydroxide
itself, which resembles in baslic strength the univalent alkali
metals. In the following list the compounds are arranged from
top to bottom in decreasing order of basic strength:

1. Thallous hydroxide

2. Dimethylthallium hydroxide
3. Diethylthallium hydroxide

4. Diphenylthallium hydroxide
5. Ammonium hydroxide

The increase in length of the alkyl chain is seen to
meke diethylthallium hydroxide a slightly wesaker base than
dimethylthallium hydroxide. This may in part be due to the
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lessening of mobility of the ilon under migration as the alkyl
chain becomes longer. As would be expected, the introduction
of the negative phenyl group causes a further decrease in the
basic strength, but all these compounds are still much stronger
bases than ammonium hydroxide.

The comparison by Hein andlﬁeininger of the strength of
several organometallic bases of different metals is even more
interesting. The examples in the following list are arranged
from top to bottom in the order of their increasing basic

strength:
Molecular conductivity of
Compound 0.0156 molar solution
l. Triethyltin hydroxide 0.45
&. Ethylmercury hydroxide 1.20
3. Triethyllead hydroxide : 8.10
4, Diethylthallium hydroxide 140,00
5. Triphenylchremium hydroxide 212.0

Tin is seen to be strongly non-polar, trisethyltin hydroxide
approaching in character triethyl carbinol. Thus, it would
gseem reasonable to0 suppose that even very complicated tin
compoundg might be distilled in a high vacuum., And at the
other extreme of the list, if triethylohromium hydroxide had
been available for comparison, it naturally would have been
found an even stronger base than triphenylchromium hydroxide.

6

Berry and Lowry- measured the conductivity of dipropyl-

thallium and dibutylthallium hydroxides, and found them to be
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slightly weaker bases than dimethyl- and diethylthallium
hydroxides. This is in conformity with the generalizgtion

on the effect of increasing the length of the alkyl groups.
Some further details of a theoretical nature discussed in this
paper by Berry and Lowry are considered in the section on
R,T1 compounds,

When Menzies 4 examined the action of thallous hydroxide
and dimethylthallium hydroxide on tartaric acid he found that
thallous hydroxide neutralized four hydrogen atoms, but di-
methylthallium hydroxide only three. In the first instance,
there can be no great doubt about the structure, since there
are only two carboxyl groups and two hydroxyl groups. In the
second instance it would seem reasonable to suppose that both
the carboxyl groups are neutralized by dimethylthallium hydrox-
ide, end ons of the hydroxyl groups, steric considerations not
allowing the possibility of another dimethylthallium group,
but this has never been demonstrated experimentally.

The striking insolubility of R,Tl1X compounds in general,
and more especlally of the chlorides, bromides, and iodides,
led Krause and Dittmar’4 to examine the reason for this anom-
alous behavior. That R,T1 compounds were then still unknown
seemed to them to be a closely related phenomenon exhibited by
this unusual element. It seemed likely to them that secondary
valence forces, such as Krause had already observed in boron
and aluminum, might well be found in thallium to explain at

least a part of the obwvious peculiarities,
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It was apparent to all that molecular weight determina-
tions were needed on RgT1X compounds, but the general insolu~
bility of this class of compounds mede the matter difficuls,
Kraugse and Dittmar solved the problem by selecting the dialkyl-
thallium fluorides for examination, and when the known dimethyl-
and diethylthallium fluorides proved to be too insoluble in
benzene, they increased the solubility by synthesizing
diisobutyl-, diiscamyl-, and di-p-hexylthallium fluoriées.

These compounds ware all found to be strongly associated, the
moleoular weight varying from two to five times the simple
calculated value. They carefully proved that their method was
valld by examining the molecular weight of triisoamyltin fluoride,
which algso has a somewhat limited solubility. It was shown to

be monomolecular, as were triphenyltin chloride and triphenyl=-
lead chloride.

The more exact nature of this polymolecular gstructure
of R,T1X compounds was elucidated by Powell and Crowfoot,124
who found that the observed crystallographic and x-ray proper-
ties could best be explained by assuming a layer-chain
{Schichtkette) structure:

R R ?
TleX o Tl-X « T1-X « Tl-X
| ] ]
R
In this structure the chains do not rotate, nor are they

zlg-zag., The two alkyl groups on a single thallium atom are
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at an angle of 180°, Thalllum and halogen atoms alternate
along an axis, and the coOrdinate valence is in this direction.
Dimethylthallium halides orystallize in the tetragonal systenm,
diethyl- and dipropylthallium halides are orthorhombic and
pseudo-tetragonal. All exhibit the face-centered cubic struc-
ture found in sodium chloride. Thse crystals are double-
refracting, with the following sign:
Me ,T1=~ Bt ,Tl- n-Pr Tl

T - - -

Br - | + -

Cl + + +

In another article, Powell and Crowfootl25 examined more
fully the cerystallographic properties of dimethylthallium
chloride, bromide, and lodide. The length of the thallium-
halégen bond was found for the chloride to be 4.29 3; for the
bromide, 4.47 &; and for the lodide, 4.78 A. The length of
the thallium-carbon bond was found for the chloride to be
14.02 A; for the bromide, 13.78 A; and for the iodide, 13.48 A.
Thus it is seen that as the length of the thallium-halogen
bond nmust be lncreased as the molecular weight of the halogen
atom is increased, the carbon atom is pulled in to the thallium
atom somewhat,

Powell and Crowfoot then concluded that if the helogen
ion radius were still further reduced by the substitution of
fluorine, the thallium-halogen dimension would be reduced to
about 3.5 R. But two carbon atoms on adjacent dimethylthallium



ions could not approach s0 close together, hence dimethyl-
thallium fluoride must have a different structure. They
promicsed "an account will be given later of investigations

which have confirmed this supposition." It is to be regretted
that long search has not turned up this promised article,

for it would probably afford a clue to the solubility of dialkyl-
thallium fluorides in water, to their ability to cobrdinate

with water to form a dodecahydrate, and to theirmuch greater
volatility as compared with other dilalkylthallium halldes.

A small observation by Menzies®® on the crystal structure
of dimethylthallium iodide might be mentioned in conclusion,
although itiis more of the nature of a laboratory curlosity
than a scientifically important observation, He found that a
solution of dimethylthallium ilodide on c¢ooling formed a crystal
pattern on the surface of the liquid, rather than through
its interior, and described this phenomenon as a "two-dimen-

sional space lattice."”



- 109 -

TABLE IV
COMPOUNDS OF THE TYPE R,T1X

Compound M. p., °C. Heferences

Di-p-acetoxyphenylthallium bromide —— 21
Diviphenylylthallium bromide not at 3085 91
Dibiphenylylthallium chloride 245 81
Di-2,4~bromomethylphenylthallium bromide 253 92

Di-2,4~-bromomethylphenylthallium chloride dec. 223 92

Di-p-bromophenylthallium bromide - not at 250 118
Di-p-bromophenylthallium chloride dec. 300 15, 118
Di-p-butylthallium bromide ———— 76
Di-n~butylthallium carbonate - 76
Di-p-butylthallium chlorate _ —— 78
Di-n~-butylthallium chloride - 76
Diﬁg-butylthallium ethoxide (?) - -— 104, 107
Di-pn~butylthallium fluoride —— 76
Di-n-butylthallium hydroxide - 76, 107
Di-p~butylthallium iodide ' -—— 76
Di-p-butylthallium nitrate —— 76
Di-p~butylthallium nitrite . —— 76
Di-p-butylthallium oxalate ——— 76
Di-p-butylthallium sulfate - 76
Di-p butylthallium thiocyanate -— 76

Di~-p-carboxyphenylthallium bromide 260 gl
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Di-p-chlorophenylthallium bromide
Di-p~chlorophenylthallium chloride
Dicyelohexylthallium chloride
Dicyclohexylthallium lodide
Dicyclohexylthallium nitrate
Di~4-dibenzofurylthallium chloride
Biﬁéaﬂmm&hylamlnopﬁenylthallium bromide
Di-éfdimethylaminophenylthall1um bromide

Di-(2,4,5-dimethylbromophenyl)thallium bromide
Di-(2,4,5~dimethylbromophenyl)thallium chloride 268 dec.
Di~(2,4,5-dimathylchlorophenyl)thallium_bromide 195
Di-{2,4,5~-dimethylechlorophenyl)thallium chloride 248 dec.
Di-%-(1,3-dimethylphenyl)thallium bromide 196
Di-p-sthylphenylthallium bromide dec., 280
Di-p~ethylphenylthallium chloride o dec, 260
Diethylthallium acetate ’ 233
Diethylthallium p-benzoquinone oxmime,

quinhydrone ——
Diethylthallium bromide ——
Diethylthallium m-bromobenzoate 220 dec.
Diethylthallium carbonate dec. 204

1lis
1i8
76
15
76
34
35
35
g2
92
92
92

49

112

48

58,
112
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Diethylthallium (acid) carbonate

Diethylthallium ¢hloride

Diethylthallium e¢hromate
Diethylthallium oyanide
Diethylthallium dichromate (?)

expl.
not at

Diethylthallium 4,5~é1nitro-2+amiaophencx1ée

Diethylthallium ?,?-dinitro-2-paphthoxide

Dlethylthallum 2,4-dinitronaphtoxide~7-
sulfonate

Diethylthellium 8,4~din1trophanoxide
Diethylthallium 2,6-dinitrophenoxide

Diethylthallium ?,%?-dinitro-o~tolyloxide

Diethylthallium ethoxide

Diethylthallium ferricyanide (?)
Diethylthallium ferrocyanide (%)
Diethylthallium fluoride
Diethylthallium formate
Diethylthallium hexanitrodiphenylamine
Diethylthallium n-hexoate
Dliethylthallium hydroxide

not at

not at

expl.

193
310
159
280
280

174
190
219

190
128

dec,

112
49, 50,
59, 88,

89, 112
138

46
47
49
4

47
49
49

35, 1086,
107, 181,

46
48
75

49
48

47, 49,
58, 59,
€0, 61
136
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TABLE IV (Continued)

Diethylthallium iodide

Diethylthallium p-iodobenzoate
Diethylthalllum jsovalerate
Diethylthallium lactate
Diethylthallium methoxi&e (?)

Diethylthallium 1,2-naphthaquinone l-oxime

Diethylthallium nitrate

Diethylthallium nitrite
Diethylthalliﬁa,ﬁynitrobonzoaté
Diethylthallium‘gfnitrOphenexiao
niethylthallium.grnitrephenoxids
Diethylthallium p-nitrophenoxide
Diethylthellium p-nitrosophencxide (?)
Diethylthallium 3-nitro-p~-tolyloxide
Diethylthallium 3-nitro-p-tolyloxide
Diethylthallium &-nitro~§-tolylox1de
Diethylthallium S5-nitro-o-tolyloxide
Diethylthallium 8-nitro-m-tolyloxide
Diethylthallium n-octoate
Diethylthallium phenoxide (?)
Diethylthallium phenylacetate (?)
Diethylthallium phosphate
Diethylthallium propionate

dec,

dec.

dec,

expl.

not &t

195

220

-~

267

217
236

290
213
210
196
238

191

expl.

deo,

206
228
181
216
159

189
229

dse,

dac.

58, 59,

48
67

151
49

56, 58,
59

48

47
47
47
47
47
47
47
47
47

47
115
58, 59
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TABLE IV {Continued)

Diethylthallium saccharide 221
Diethylthallium sulfate dec, 208
Diethylthallium (aeid) sulfide -—
Diethylthallium thioc¢yanate ) not at 300
Diethylthellium trichloroacetate ' not at 300
Diethylthallium ?,%,?-trinitro-l-naphthoxide 220
Diethylthallium 2,4,8-trinitrophenoxide 204
Diethylthallium ?,7,%?-trinitro-m-tolyloxide dec, 214
Diethylthallium g-valerato 215
Di-pn-hexylthallium bromide ' expl, 2186
Di-p-hexylthallium chloride ‘ dec. 198
Di-p-hexylthallium fluoride dec. 185
Di-n-hexylthallium ilodide dec. 190
Di-p~hexylthallium nitrate deo. 271
Di-o-hydroxyphenylthallium bromide not at 340
Diisoamylthellium bromide —
Diisocamylthallium chloride -
Diiscamyltﬁalliu& cebalticyanide -
Diisoamylthellium ferrocyanide N
Diisoamylthallium fluoride -
Diiscamylthallium nitrite  —
Diisocamylthalllum perchlorate —
Dilgobutylthellium acetate 215

Diisobutylthallium cshloride

dec,

dec,

dec.

35

56, 58
59, 156

112
46
46
49
47
49

74
74
74
74
74
35

76
76
76
74, 76
76
"6

76
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Dilscobutylthallium fluoride

Diisobutylthallium nitrate

Diisopropylthallium ohloride

Diisopropylthallium nitrate
Di~g-methoxyphenylthallium bromide
Di-pemathoxyphenylthallium bromide not at
Di-({2,5-methylehlorophenyl)thalllum bromide
Di-@4,5-methylehlorophenyl)thallium bromide dec,
Di~(2,5~-methylehlorophenyl)thallium chloride |
Di-(4,5-methylehlorophenyl)thallium chloride deo.
Dimethylthallium acetate

Dimethylthallium bromide

Eimsthylﬁhallium carbonate dec.
Dimethylthallium ehloride

Dimethylthallium chromate des.
Dimethylthallium 4,6~dinitro-2-aminophenoxide
Dimethylthallium ethoxide

Dimethylthallium fluorids
Dimethylthallium hydroxide

Dimethylthallium iodide not at

Dimethylthalliws methoxide

- as
> onn e
-

L2 2 3

250
200
290
238
260
293

255

265
256

- ——

-

300

181

deec,

74
76
76
76
35
35, 118
92
92
82
o2

4, 112,
125

112,
125

a8
a7

85, 107,
151

75, 125

32, 61,
107

20, 46,

108, 151
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PABLE IV (Continued)

Dimethylthallium nitrate
Dimethylthallium o-nitrophenoxide
Dimethylthallium m-nitrophenoxide

not at 300

Dimethylthallium m-nitrophenoxide, m-nitrophenol

Dimethylthallium p-nitrophenoxide

Dimethylthalilum p-nitrosophenoxide {?)
Dimethylthallium 3-nitro-o-tolyloxide

Dimethylthallium phenoxide {?)
Bimethyltﬁallium saocharide
Dimethylthallium (acid) sulfide
Di~-o~paphthylthallium bromide
 Di-O-naphthylthellium chloride
Di-m-nitrophenylthallium bromide
Bi~§rniﬁrophenylthallium chloride
Di-m-nitrophenylthallium halide (?)
Di-m-nitrophenylthallium nitrate
Diphenylthallium aaetato
Biphenylthéllium benzoate
Diphenylthallium bromide

Diphenylthallium o-bromobenzoate
Diphenylthallium m~bromobenzoate
Diphenylthallium {acid) butyrate
Diphenylthallium butyrate

expl.

not at

237
202
159
278
lsé

233

272

et

238
245

-

268

290

243
247
171
230

dec.

dec.

46
47

47

47

47

47

47

47

35
112, 125
56

50, 51
o1

35, 91
18

35

2, 51
40

13, 2q
7, 11
49

49

49

49
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PABLE IV (Continued)

Diphenylthallium caerbonate
Diphenylthallium ehlorate

Diphenylthallium chloride not at

Diphenylthallium chromete | not at

Diphenylthallium cyanide

Diphenylthallium fluoride

Diphenylthallium (acid) gyhexoate
Diphenylthallium n-hexoate
Diphenylthallium hydroxide
Diphenylthallium iodide

Diphenylthallium 1, 2-naphthaquinone l-oxime
Diphenylthallium nitrate

Diphanylthailium nitrite
Diphanylthallium.grnitrobanzeate
Diphenylthallium o-nitrophenoxide
Diphenylthallium p-nitrophenoxide
Diphenylthallium p-octoate

Diphenylthallium oleate (?)

Diphenylthallium oxalate

Diphenylthallium oxide not at

Diphenylthallium (acid) propionate

-

310

290
318
191
208

238

az8
247
251

dec,

dec,

49, 61
75

49
18, 51,
75

51, 75
49

49

49

49
115
75

7, 16,
49, 51

49
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PABLE IV {Continued)

Diphenylthallium pyrophosphate
Diphenylthallium saccharide
Diphenylthallium sulfanilate

Diphenylthallium ?,?,%?-trinitro-l-naphthoxide
Diphenylthallium ?,?,?-trinitro-m-tolyloxide

Diphenylthallium {a0id) valerate
Pi-n-propylthallium bromide
Di-n-propylthallium chloride

Di-p-propylthallium ethoxide ({?)
Di-n~-propylthallium hydroxide

Bi~§¢prepylthallium lodide
Di-n-propylthallium nitrate
ﬁnogrﬁropyithallium propionate (?)
Di~n~pyridylthallium chloride
Di-o-pyridylthallium lactate
Difggg.-batylﬁhallium chloride
.Bifggg.- wtylthallium nitrate
Di-2~-{4-sulfotoluene)thallium sulfate
Di-d~thienylthallium bromide
Di-o~thienylthallium ehlagido
Di~o-tolylthallium bromide
Di-m~tolylthallium bromide

dec,

dec.

320

232
231
176

208

S -

-——

205

- -

8

49
49
49

15, 49,
112

107’

107,

1l2
112
104
35

76

76

78
78
35
91
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TABIE IV (Continued)

Di-p-tolylthallium bromide

Di-o-tolylthallium chloride
Dl-m~tolylthallium chloride
Di-p-tolylthallium chloride

Di-p-tolylthallium fluoride
Di-p-tolylthallium nitrate
Phenyl-p~tolylthallium ehloride

not at

not at

- -

290
238
298

- .
- -

13, 50
50
91

15, 50
89

76
76
15
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Physioclogical Properties of Organothallium Compounds

A great deal has been written about the physiological,
toxicologieal and therapeutic properties of inorganie
thallium compounds, but very little is known about the
corresponding properties of organothallium compounds. Only
brief mention can be made here of inorganie thallium compounds.
The wide-spread use of thaileus salts in rodent polsons,
and the ready avallability of these preparations and of
thallous salts in general are the reason why the forenslc
medicine of thallium is so well developed. Cases of industrial
thallium poisoning, resembling industrial lead poisoning, are
not unknown. One of the most marked physiologieal properties
of thallium--whether thallous, thalliec or organothallium com-
pound--is its depilatory action. Pharmaceutical preparations
containing thallium and intended for use as depilatants at
one time were actually widely available in the drug market.
Thallous salts, for example sulfate or acetate, are very
poisonous. In the strength of thelr toxicity they exceed’ 0
lead and approach mercury in their physiological action. An
oral a&ministration of one-half gram of thallous acetate
rapidly causes death in a rabbit. Much smaller doses (forty
to sixty milligrams) ecan be fatal when injected subcutaneously.
The therapeutic oral dose of a rabbit (one-tenth gram) is
sufficient to cause the characteristic depilatory action.

In seriocus cases of thallium poisoning the symptoms become
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much more diverse: atrophy of the peripheral nerves, including
the optic nerve (which leads to blindness), stunting of the
growth and of the sexual development, rachitic disturbances
of the skeletal system, neuralgia, and not infrequently
payohoses are oommon. When administered in larger doses,
irritation of the muoous membranes, vomiting, pains in ths
body, increased reflex sensibility, toniec cramps, motor and
sensory paralysis of the legs, bleeding from the lungs and
cardiac hemorrhage lead to death. The development of a
tolerance for thallium (as is possible, for inmstance, with
arseniec) does not take place. Thallium belongs to the oumula-
tive polsons. The review article by Steidlel4® on the
physiology and toxicology of thalllum 1s representative of the
mapy to be found in the literature,

There is no specific therapy ror°thalliug polisoning.
Brumm® states that sodium sulfite and vitemin By have been
found to be of some aid. Buschke and Konheiml® reportea that
dihydrotachysterol had been found to remove some of the
growth-disturbances caused by thallium poisoning in rats,
but it did not reduce the strong depilatory action of the
thallium, v

A preliminary testing of organothallium compounds wes
reported by Avatisyan,* who administered to Angora rabbits
dilsoamylthallium bromide, diethylthallium bromide, and
dimethylthallium bromide, whose depilatory and toxioc action
he found to decrease in that order. This work was all in-
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cluded in a later publiecation whioch, as far as can be
ascertained, contains all the information that has ever been
published on the pharmacology of organothallium eompounds.
In this work it appesrs that Il'in and ooworkers®? studied
around rifty thallium compounds, both thallous salts and
orgenothallium compounds, although data for all the compounds
tested, or even their names, were not preseanted in the article.
Wool~bearing and fur-bearing animasls have an important
position in the animal husbandry of Russia, and the extent
and completeness of the work under the direction of Il'in,
director of the Institute of Medicine of Moscow, attest the
importance and significance sttached to the seareh for a
pharmacon which will produce a rapld and synchronous wool-
shedding, without harm to the animel. Very large resources
were evidently svailable, for the work included large numbers
of animals, ineluding Angore rabbits, Tine-wooled sheep,
sheep with mixed wool, goats, reindeer, and others.
Unfortunately, all thallium compounds used up to this time
have had eertain toxioc effects, and research work on thallium
detoxication was carried out in the following prineipal
directions: (1) the determination of the least toxic method
of introdueing thallium into the organism; (2) the determination
of external eonditions (keeping, feeding, etc.) optimal for
the least toxic and highest depllatory effeoct of the drug
upon the experimental animals; (3) the introduction of different
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substances into the thallium-treated animals in oxder to

prevent or reduce the symptoms of thallium poisoning (sodium
thiosulfate, ete.); end (4) the change of the chemical struoture
of both univalent and trivalent thallium compounds,

It was eonelusively'shown that the depilatory and
toxic effects of thallium could be completely dissociated
by the use of certain trivalent organothallium eompounds:
it was possible to obtain a distinot moult without toxic
after-effects. The Angora wool rabbit waes found to be the
| nmost suitable test énimal, for its long fur responded readily
to thallium depilation, and a single dose of compound would |
permit the wool to be completely removed by hané as a maas of
more or less lnterwoven hairs, leaving the animal entirely
denuded, ‘

It was established that all thallous salts, irrespec- '
tive of the acld radical, function in exactly the same manper,
and have the same moult dose and toxic dose when the amount
employed 1s caleunlated in terms of actual thallium content,
Such thallous salts as the aminoacetate, arsanilate,
anthranilate, m-aminobenzoate, p-aminobenzoate, albuminate,
acetate, ete, all had the same moult dose of from sight to ten
milligrams of actual thallium per kilo of body weight in the
Angora rabbit; and the minimum lethal dose was also the same
in terms of actual thallium content, being sixteen to eighteen
nill;grana per kilo of body weight. In every case the thallium

funetiongd as the thallous ion, which was shown to be converted
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t0 thallous chloride in the body of the animal. The toxicity
of univalent thallium compounds depends solely on the absolute
quantity of thallium contained in doses of these eompounds,
and does not depend on the structure of the compound,

In sharp contrast, the effects produced by trivalent
thallium compounds were found to be extremely varied, and
the greatest variations were encountered in the trivalent
organothallium compounds. The depilatory dose and toxic dose
are summarized for the compounds reported in Table V, where
in every cass the figurs refers to the number of milligranms
of astual thallium eontent per kilo of body weight in the
Angora rabbit,
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TABIE V

COMPARISON OF MINIMAL DEPILATORY ARD LETHAL DOSES

OF TRIVALERT THALLIUM COMPOURDS

Compound Depilatory+ Iethals

| dose dose
Thallium tribromide-phloroglucinol

less than
complex above lethal 10

Thalliua tribromide-pyridine complex above lethal over 20
Ethylthallium didbromide 115-20 40
Di-p-bromophenylthallium bromide 30 40
DieX-naphthylthallium bromide 15-30 15-30
Dimethylthallium bromide 400 600
Diethylthallium phenylacetates 60 20
Diethylthallium ehloride 40 90
Diethylthallium bromide 40 60
Di-p-tolylthallium bromide &0 over 30
Thallic acetate 10-15 20
Phenylthallium dibromide 15 30
Di-m~tolylthallium bromide 15 30
Diphenylthallium bromide 1eag0than 60
Di-p-carboxyphenylthallium bromide 15-20 30-60
Diisoamylthallium bromide above lethal lasgathm
Diethylthallium isovalerate above lethal 40

*Milligrams of actual thallium content per kile of body weight

in the Angora rabbit



- 125 -

The number and variety of compounds in Table V per-
mit some interesting generalizations to be made as to the
sfteét of structure on depilation and toxieity, The complexes
with thallium tribromide are seen to be extremely toxiec, and
the rabbits died before any depllatory action was observed.
Thus it is concluded that the ﬁqpilatary dose lies above the
lethal dose in the eaée of these eompounds,

Dimethylthallium bromide is seen to have a strikingly
low toxieity. A similar low toxicity has been observed with
trimethyllead derivatives, However, the amount necessary for
depilation also had to be increased, hence the therapeutic
index--the quotient obtained by dividing the lethal dose by
the depilatory dose--was only 1.5. It 1s naturally desired
to have as wide & mergin as possible between the depilatory
dose and the lethal dcse. Dliethylthallium chloride and |
diethylthallium bromide were much more effective depllatants,
but they were also more toxic, and the therapeutic index remained
at 1.5. It ié to.ba noted that apparently there is no choice
between an organothallium bromide and an organothallium chloride.
No mention was made of testing organothallium fluoridss or
io&ides. When, however, the halide group was changed for the
isovalerate group in dlethylthallium isovalerate, there was a
decrease in depilatory action and an inerease in toxieity,
hence this direction of investigation wes abandoned. The un-
favorable effect of lengthening the hydrocarbon chain can be
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seen from the data on diisocamylthallium bromide, which is
quite toxie and has no depilatory action.

The most saﬁ}sractory compound is seen to be
diphenylthallium biomide, with a therapeutie index of two,
Nothing essential was gained by substituting in the phenyl
group, &s can bhe seen by ocomparing the data for
di-p-bromophenylthallium bromide, di-p~tolylthallium bromide,
di-m~tolylthallium bromide, and d1f2¢carbaxyphenyltha111um
bromide. And errect;venéss wag diastinetly lost by going
to a heavier radical, as can be seen from the data on
di-XK-naphthylthallium bromide. Also, the R,TIX type 1s
more desirable than the RT1X, type, as can be seen by com~
paring the data on diethylthallium bromide and ethylthallium
dibromide.

From the data presented in Table V, Il'in stated two
broad generalizatiana: (1) "certain structural groups in the
molecule of thallium compounds increase preferentislly,
selectively, the toxic while other groups inorease preferentially
%EE"EEETTE%@ry effect of these compounds; and (2) the depilatory
action is not a direct result of the toxic action of thallium.”
This leaves the possibility of a further dissocation of these
two effects in the future preparation of organothallium com-
pounds. Thallium is actually used in several Buropean
countrles as a depilatant in human therapy, especially in
the treatment of certain myootic diseases of the hairy part of
the head, and Kahlbaum markets tablets containing thallium

which are used in dermatological practice in the cure of
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certain skin diseases in children. The synthesis of
orgenothallium compounds promises the discovery of further
variation in the properties of these compounds, so that it

is likely that more extended application can be made to other
ills, both humean and animal,
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Analytical Procedures

ualitative Analysis

Probably the simplest and surest qualitative
detection of the element thallium is by means of the strong
and characteristiec green color produced in the ordinary flame
test. Potassium lodide is another excellent means of deteection:
when added to a solution of a thallous salt it gives the lemon-
yellow precipitate of thallous iodide, whose color and structure
the analyst soon learns to distingulsh at a glance from the
insoluble iodides of meroury, lead and silver, the only other
elements whose insoluble halides are likely to be found with
thallium. With the thallioc ion potassium iodide gives a dark
purple-black precipitate. If this is collected on a filter and
dried at 110°, two atoms of jodine are driven off and yellow
thallous iodide remains. The delicate qualitative test for
thallie fons developed by Marinosv has been aiscusae& ga the
geotion on R,T1X compounds. He found that when a soluﬁian ¢on~-
taining thallic ions was treated with O -naphthol and then with
dimethyl-p-phenylenediamine a light blue color was produced.
Behreng® has developed micro-methods for the detection of
thallium.



guantitative Analysis

Although a good volumetric method has been worked out
for the determinationl?® of thallium in organothallium com-
pounds, we have in genersl roung it more expedient to determine
thallium gravimetrically as th; ieaide. A thallous salt, for
example thallous p-toluenesulfonate, need not be treated with
nitrie acid or other asgents to destroy the organic material, dut
instead iz merely dissolved in hot water and the thallium is
precipitated with slightly mors than the caleulated quantity of
10% potessjum iodide solution. In an organothallium compound the
destruction of the organic material must first be completed bhe-
Tfore preecipitation. If possidble this should be done with nitric
aoid alone, ﬁhe excess acid removed by gentle heating, the
solution taken’up in water before it quite reaches dryness,
and after reduction with sodium arsenite prescipitated with
potassium lodide. Alkyl organothallium compounds can readily
be brought into solution with nitriec aeid, but aryl compounds
are more resistant. In the latter case, hydrogen peroxide has
been found a very satisfactory oxidizing egent. The customary
oxidation with hot sulfuric and nitric aecids is to be avoilded,
because of the diffioulty of removing the sulfuric acid, and
an excess of sulfurie scid leads to low results, because of the
solubility ef thallous sulfate. After the eomplete destruction
of the organie matter has been accomplished, the trivalent
thallium must be reduced to the thallous state. We have found
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godium arsenite the most convenient reagent for this purpose.

A drop of the solution can be tested from time to time with
potassium iodide solution to determine when complete reduction
has been reached. However, the experienced analyst soon learns
to tell by the way the powdered sodium arsenite behaves when it
strikes the solution whethar‘reduation is complete or not. As
long as trivalent thallium ion is present, a faint yellow color
passes through the solutiah for two or three seconds as each
small portion of sodium arsenite is added.

Most of the men who have done extensive work on
organothallium compounds have published thsirlmethed of analysis.
Hartwigh®¥ destroyed the orgenic material im his compounds with
nitric asid in a sealed tube~-a very excellent method--and
weighed as thallous iodide. Meyer and Bertheimll® aaded a few
improvements, and their method is substantially the one we have
used, except they performed the reduction with an aqueocus solution
of sulfur dioxide, which we have found to be much less convenient
than sodium arsenite. Xurther valuable details have been given
by'!syen}eg We bhave also found suggestions by Goddard and
Gaadarﬁ,51 by Mach and Lopper,as and by Proszt127 ¢o be helpful
%0 the organic chemist.
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Summary

An attempt has been made in the present Review to
survey the literature on organothalllium sompounds up to
November, l942. The position at‘thallium‘in the periodic
table and some of the general chemistry of thallium of
interest to the orgsnic chemist have been briefly mentioned.
The history, preparstion, chemical and phyesical properties of
the six known types of organothallium eampaundsthave been
discussed at length. What little is known on the physiclogical
preperties of organcthallium compounds has been presented as
eompletely as possible. It has been the constant alm in writing
this Review to stress completeness, and it is hoped that the
organization of the many detalils of the organic chemistry of
thallium, with the inclusion of all known references, will
provide in one plage by far the larger part of the essential
knowledge availsble on organothallium chemistry.
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EXPERIMENTAL

( The chief emphasis in the preparation of the organo-
thallium compounds dsscribgd in the following sectlon has been
upon the introduction of new groups into the molecule. In
general, the introduction of water-solubilizing groups has
received more attention in this work than the synthesis of
compounds which are substltuted by non-functional groups,
such as methyl or p-bromophenyl. Thus, it haé been found
possible to effect the direct nitration and the direct sulfona-
tion of an organothallium compound. In these cases substitution
is found to follow the general rule observed with most organic
derivatives of elements in the lower portion of the periodie
tadble: ﬁisratién and sulfonation are found to take place in
ths\gggg-poaition.

In many cases detalled directions are given before a
preparation for the synthesis of certain starting materials,
such ag thailium trichloride or thallous ethoxide, although
these compounds are known. In these cases ecertain improvements
heve been discovered which simplify the preparation of large
quantities of the materials.

Cexrtain other organle compounds of thallium are also
mentioned. Yor instance, thallium trichloride tripyridine and
thallium tribromide tripyridine are described; these compounds
were prepared in order to eliminate by their melting points any
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chance of confusion with such compounds as dil-X-pyridylthallium
bromide,

The Preparation of an Anhydrous Ether Sclution of
?hallium.Triéhiaggég.l A weighed amount of pure thallous chloride

was placed in an Erlenmeyer flask, covered with the amount of

water calculated for the formation of thallium trichloride
tetrahydrate plus ten percent, and heated by an oil bath at

60° while a slow stream of c¢hlorine was bubbled through the
thick paste. The time required for everything to go into .
solution depended on the amount of thallous chloride taken,

and varled from two or three hours to several days. When
everything was in solution, the heating was discontinued, and the
chlorine passed into the solution for three or four hours as it
cooled to room temperature. Then the excess chlorine was re-
moved by passing a stream of pure dry nitrogen through the
heavy colorless liquid until the emerging gas no longer smelled
of chlorine, whereupon the flask was cooled at 0° until
erystallizatian took place. A tendency to supersaturation wag
often noticed, and crystallization was accordingly induced by
the addition of a orystal of thallium trichloride tetrahydrate
from a previous run. The hard white crystals whieh separated
were filtered from the mother-liquor through sintered glass,

- pressed very dry and washed intq a glass-stoppered bottle with
anhydrous ether. Anhydrous caleium sulfate was aﬁded_ae a

(1) %gggg, anorg. Chem., 24, 321 (1900); Ber., 35, 1319
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drying agent, and after being allowed to stand for several
days with occasional shaking, the sqlution's titer was
determined by the analysis of an aliquot portion.

The Preparation of Bi-o-tolylthellium Bromide, The
Grignard reagent prepared from 85 g. (0.5 mole) of o-bromotoluene

and 12.2 g. (0.5 g. atom) of magnesium in a total volume of 400
ml, of anhydrous ether was added over a periocd of one hour to
a solution of 50 g. (0.18 mole) of thallium trichloride in 500
ml, of ether cooled to -15°. The reaction was allowed to warm
up to room temperature, and was then stirred for one hour.
The color test was negative at the end of this time, and may
have besen negative earlier. The solution was hydrolyzed by
the addition of 300 ml. of 10% hydrobromie acid, and the
precipitate whioch separated was filtered, washed with methanol
and dried. The orude product weighed 30 g., which represented
a 40% yleld, Purification was readily carried out by re-
crystallization from pyridine. The pure sompound formed color-
less erystals, which did not melt at 340°,

Anal. Caled, for O, H; BrTl: T1, 43.8. Found: T1, 43.5.

The Attempted Preperation of Di-o-tolylthallium Sulfemate.
Two grams (O.Gl mole) of gilver sulfamate, prepared by the double

decomposition bhetween equim@lanular quantities of sodium sulfamate
and silver nitrate, was suspended in pyridine {it appeared to

- be absolutely insoluble even in boiling pyridine) and 4.7 g.

(0.01 mole} of di-o-tolylthallium bromide was added. The reaction

was bolled over a amall flame for one-half hour. The organothallium



compound went into solution, but the silver sulfemate did
not, and there was apparently no reaction, for no silver
bromide wes formed, and filtration of the reaction left behind
the water-soluble silver sulfamate., The compound could, of
course, readily be prepared by the direct titration of
di-o-tolylthallium hydroxide with aulfanilie aeid, if it were
so desired,

Qgg_Prgggration of Di-2-(4-sulfotoluene)thallium
Sulfate. Nine and two-tenths grams (0,02 mols) of di-o-tolyl-

thallium bromide ground to a very fine powder was sdded over a
period of fifteen minutes to 25 ml. of fuming sulfuric acid
cocled to -20°. The reaction was stirred for 45 minutes, and
then poured on ice. When éll the ice had melted, the mixture
was warmed until nearly everything had gone into solution,
filtered, and then cooled strongly. Fine white crystals
separated, which after drying welghed 5.6 g., which represented
a 50% yleld of di-2-(4-sulfotoluene)thallium sulfate.

The compound was somewhat soluble in water, especially
on werming. It was immediately soluble in 10% potassium
hydroxide solution. |

Anal. Caled. for C,, H,,0;,S,T1,: T1, 36.4; neut. equiv.,
281.5. Found: T1, 36.0; neut. equiv., 292.
The Preparation of Thallous g—Brdmotolu§ge~41ggg;ggate.

The position of sulfonation in the above compound was established
by cleaving 5.6 g. (0.0l mole) suspended in 50 ml. of chloroform
by the gradual addition of 3.8 g. {0.02 mole) of bromine in
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25 ml. of shloroform. The stirring was continued until
complete disappearsnce of the bromine color was notieced,
The chloroform was then removed on the steam-bath, the
residue taken up in water, neutralized with thallous
hydroxide, apd gxtracted with hot water to remove the
thallous 2-bromotoluene-4-sulfonate from the thallous bromide.
The yield wasz 5.8 g. or 64% of thallous 2-bromotoluene-4-
sulfonate, melting sharply at 220-222° after recrystalliza-
tion from aleohol,

Anal. Caled. for C.HgOaBrsTl: 71, 44.8. Found:
T1, 44.6.

The Preparation of Thallous 2-Bromotoluene-4-

sulfonate by an Authentic Reaction. Fifty grams (0,268 mole)
of 2-aminotolusne~4-sulfonic asid was dissolved in 125 ml. of

2 N sodium hydroxide solution (from 10 g. of sodium hydroxide),
and to that solution was added 19 g. (0.275 mole) of sodium
nitrite dissolved in 250 ml. of water. This combined solution
was cocled to 0° and added dropwise toc 200 ml. of 48% hydro-
bromic acid cooled to and maintained at 0°. Vigorous stirring
was maintained throughout the addition. The reaction was
allowed to stand for one-half hour at $°, and then decomposi-
tion of the diazonium complex was carried out by the gradual
-addition of very amall portions of copper bronze powder, care
being taken that the escaping nitrogen did not at any tinme
becpmn 80 vigorous as to projeot the contents from the flask.

The reaction was completed@ by warming to 35°, and the absence



- 146 -

of any diazonium salt was demonstrated by the usual test

with A -pnaphthol. The solution was then neutralized with
sodium hydroxide solution and evaporated to dryness in a
vacuum desiccator over sulfurie acid. The thoroughly

dried residue was extracted with 95% alcohol until the
extracted solution on cooling overnight at 0° deposited no
more crystala. Five or six extractions were necessery. The
combined crystalline material was reerystallized once from |
95% alocohol to effect a further separation from sodium bromide,
the ohief contaminant, The yleld was 53 g, or 72% of sodium
2-bromotoluene-4-sulfonate.”

Two and seven-tenths grams (0.0l mole) of this sodium
2-bromotoluene-4-sulfonate was dissolved in the minimum amount
of hot water and added to a similar solution of 2.5 g. (0.0l
mole) of thallous formate. A small precipitate of inorganie
thallium salt was filltered from the hot solution, and the
solution was then allowed to ¢ool. The yield was 3.8 g. or
84% of white orystals which melted at 220-222° and which gave
no depression in a mixed melting point with the thallous

- 2~-bromotoluene-~-4~sulfonate prepared from the di~a~(&-aulratoluens)- ‘
thallium sulfate by bromine cleavags.

The Preperation of Di-m-nitrophenylthallium Nitrate

by Dirsct Nitration. A mixture of 10 ml. of fuming nitriec

acld and 8 ml, of fuming sulfurlc acid was placed in a small

(2) Hayduek, Ann., 172, 205 (1874).
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round-bottomed flask equipped with a stirrer and cooled by
means of ice-hydrochlorie seid to -20°., To this solution
was added over the period of one-half hour 4.2 g. {0.0l mole)
of diphenylthalliwm nitrate, prepared in essential accordance
with the directions of Goddard and Goddard® by the double
decompoaition between diphenylthallium bromide and silver
nitrate in hot pyridine. The solution was stirred for 15
minutes efter the addition was completed and then poured on
iee. The precipitate was filtered, washed tﬁice with water
and dried. The material proved to be very soluble in pyridine--
toc soluble to permit reorystallizastion from that solvent.
Hence puritication4was achieved by solution in pyridine,
filtration from a small amount of undissolved meterial, and
reprecipitation by the addition of water. Finally, the slightly
yellow crystalline powder was boiled with absolute alcohol to
remove traces of pyridine and water and dried thoroughly in
a vaocuum.

Qualitative analysis demonstrated the presence of
nitrogen and thallium and the absence of sulfur. When heated
on a spatula the eompound flashed with a sharp puff.

{3) Goddard and Goddard, g, Chﬂm. Soe., 121, 482 (1l922).
{4) Meyer and Bertheim, ggg., , 2051 (19 04) .
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Challenger and Rothstein® have shown that the nitration takes
place in the meta-position, but they 4id not actually isolate
their compound, but instead oleaved the crude nitration produect
with bromine and determined the amount of m-nitrobromobenzene.
Anal, Caled. for C, H,0,N,Tl: T1, 40.0 TFound: T1, 39.8,

The Preparation of Di-m-nitrophenylthallium Nitrate
from m-Nitrophenylboric Acid and Thallium Trichloride.

Di-m-nitrophenylthallium chloride was prepared from m-nitro-
phenylboric acid® and aqueocus thallium trichloride solution in
sssential accordance with the dirsctions of Mel'nikov and
Rakitskaya.? Their melting point of 245° with decomposition
was confirmed. This compound was converted to the corresponding
nitrate by warming 4.8 g. (0.0l mole} in pyridine with 1.7 g.
(0.0l mole) of silver nitrate, which is also very soluble in

hot pyridine. The hot solution was filtered from silver
bromide. The di-m-nitrophenylthallium nitrate was precipitated
from the pyridine solution by the addition of wsater, washed

once with wa%er, and then bolled with absolate alecohol,
filtered, and carefully dried in a vacuum. Above 300° the
compound shows gradual decomposition, which tekes place with

(gg ghallenger and Rothstein, J. Chem. Soc., 1258 (1934;.
{ ean and Johnson, J. Am. Chem. Soc., 54, 4415 {1932

7) Mel'nikov and Rokilskaya, 4. Gen. Chem. (U.S.S.R.),
7, 1472 (1937).
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a sharp flash if the compound is rapidly heated above this
temperature. The absence of a definite melting polnt un-
fortunately precluded the possibility of a satisfactory test
of the identlty of the eompdunﬁ as compared with the product
obtainsd by direct nitratioﬁ of @iphenylthallium nitrate, but
in appearance, orystal structure under the mieroscope,
behavior on heating end solubility the two compounds were
1dentical,
Anal. Caled. for C,,.H,0,N,71: T1, 40.0, Found: T1, 39.9.

Thé.PrsgérétianverThalloﬁé deroxid@. Thallous
hydroxide has been prepared in a variety of ways, including
from thallous sulfate by double decomposition with barium
hyéroxiﬁa.s This is the method used in the following prepara-
tion, since thallous sulfate 1s the moast readily available
commercial form of thallium at the present time. A weighed
amount of thallous sulfate, usually 100 g., was plaged ine
two-liter flask, and just brought into solution wiﬁn the minji-
‘mum smount of water at the boiling point. While waiting for
completes solution, a large excess of barium hydroxide solution
saturated at room temperature was prepared by placing several
inches of C. P. barium hydroxide octahydrate in a liter bottle
and £illing with distilled water, shaking vigorously, end
allowing to settle. Preeipitation of barium sulfate was carried
out in hot solution by adding barium hydroxide solution to the

(8) Menzies, J. Chem. Soc., 1571 (1930).
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thallous sulfate solution until addition of barium hydroxide
solution to a small, filtersd, clear test-portion from the main
solution barely produced an opalescence, indieating that sulfate
ion, and thsrefore thalllium, was st111 1n very slight excess.
It is absolutely necessary to have thallous sulfate in very
slight excess, singe otherwise barium hydroxide is present,
which will contaminate all thallous salts prepared from the
solution with barium salts., It is not possible to obtain
barium hydroxide pure enough and contalning sufficiently
constant water of hydration to permit simple double decomposi-
tion with the weighed amount of barium hydroxide octahydrate

as demanded by the stoichiometric equation, and resort must be
had to the tedious but very accurate method of testing small
filtered portions of the solution with sulfate and barium lons.
Naturally, in case to00 much barlum hydroxide has been added,

it 1s possible to back-titrate with thallous sulfate solution.
All unnecessary exposure to the air should be avoided, as both
barium and thallium very readily form insoluble carbonates from
the carbon dloxide in the air, When the proper ena-peint’haa
been reached, the barium sulfate was allowed té digest on the
steam-bath for two or three hours to improve its filtering
qualities, Filtration was carried out using a 20 om. funnel

in order to perform the operation as rapidly as possible. The
elear filtrate was concentrated under 15 mm. pressure until a
yellow precipitate started to form. At this point the eoncentra-

tion was discontinued and a small amount of water added to get
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rid of the yellow color (solid thallous hydroxide is yellow,
but dissolves in water to & colorless solution), and then the
solutién wag filtered from small amounts of white precipitate
{mostly barium sulfate). If an a@uaous thallous hydroxide solu-
tion was desired, this very nearly saturated solution was
bottled and standardized by titration against standard acid.
If the solid thallous hydroxide was desired, the evaporation
under reduced pressure was continued in & clean flask to the
point of dryness. Dry, solid thallous hydroxide will keep
indefinitely, but the aqueous solution slowly undergoes oxida-
tioen, with the deposition In the bottle of brown thallie
hydroxide. The yield in this preparation was about 80%. The
filter papers, washings, precipitates, eta.centainaﬁ.the rest
of the thailium, and were added to "thallium recovery".

The Preparation of Thallous Ethoxide. Thallous
ethoxide has been generally prepared either by the aetion of
ethanol on metallic thallium in the presence of oxygen or by
the aotion of aleohol on thallous hydroxide.e It has been
found more convenlent to employ the latter method, especially
sinee thallous hydroxide may be readily prepared from the
commercially available sulfate. Advantage is teken of the
equilibrium reaction:

TI1OH + O H,0H <-+ TI10C. H, + H,O

(9) Menzies, J. Chem. Soc., 1571 (1930).
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which in the presence of an excess of aleohol is displaced
far 0 the right. In a separatory funnel was placed 100 g.
of thoroughly dried thallous hydroxide, which was thea Just
covered with absolute aleohol which had been prepared from
the "commercial absoclute alcohol” by distillation from
mnagneajium ethoxide. After thorough shakling, the solid appeared
to crumble somewhat. The material was allowed to settle, and
the ¢lear aloohol was poured off. Two more extractions with
alechol were sufficlent to remove all the weter, and the
thallous ethoxide remained as & heavy oily layer below the
eloohol, It was tapped off from the bottom of the funnel,
and filtered through sintered glass directly into seal-off
vials, whieh were immediately sealed to protect the compound
from hydrolysis by the moisture in the air. The yield was

90 g. or 80%

The Preparation of Diethylthallium Ethoxide.
(I) From Thallous Ethoxide. Fifteen grams (0,05 mole) of

diethylthallium chloride was suspended in 100 ml. of ether and

12.5 g. (0.05 mole) of thallous ethoxide added. The mixture
was refluxed for four hours, but apparently there was no
reaction, since a tesi~portion of the clear ether solution when
evaporated left practieaily no residue. Accordingly most of
the ether was distilled off and replaced by 100 ml. of pyridine,
and the reaction was heated on the steam-bath for one hour.

At the end of this time almost ell the material had gome into

solution, except for a small emount of thallous chloride. Ths
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solution was filtered and the solvents removed under 15 mm.
pressure. The liquid residue was then distilled under greatly
reduced pressure: b. p. 101-102° / 0.1 mm. The pale yellow
liquid, which had an odor somewhat resembling tetraethyllead,
solidified on cooling to a nearly colorless crystalline mass,
which melted at 43-45°. The yleld was 10.2 g. or 86.7%., The
compound wes immediately soluble in water because of complete
hydrolysis. | A
_ Amel. Celed. for CeH, OT1: T1, 66.5. Found: T1, 66.3.

(11) ?&dﬁlsédiﬁm.ntheiiﬁv. One and two-tenths grams
{0.05 g. atom) of sodium was dissolved in 100 ml, of absolute
alochol, and then 15,0 g. (0.05 mole) of solid diethylthallium
chloride was added, and the reaction was warmed on the steam-
bath and stirred for t@Wo hours. Nearly everything went into
soiutiaﬁ. and the reaction was filtered, and the solvent was
removed from the clear solution under reduced pressure. The
compound was then distilled as above. The same physical oon-
stants were observed. The yiela‘was 10.8 g. or 70%.

?2!2 P:ape;_@sion of m-d-l_xzargzgnegynng_mm srmaé'.
To 23.5 g. {0.136 mols) ar‘g-bromnphenol in 200 ml. of ether
¢ooled to O° was added 0,272 mole of butyllithium (as determined
by the "double titration" method of Raubein)® in 425 ml. of
ether . After the addition was coapleted,ll the coo0ling bath

(10) Heubein, Ph. D. Thesis, Iowa State Collegs, l942.
(11) Arntzen, Ph. D. Thesis, Iowa State College, 1942.
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was removed, and the reaction was allowed to stir for one-
half hour at room temperature, then cooled to -15°, A 60%
yield on the halogen-metal interconversion was assumed,
Accordingly, 12.7 g. (0.041 mole} of thallium trichloride in
200 ml. of anhydrous ether was added slowly to the solution of
the lithium compound, A white precipitate formed, the solution
gradually turning first green, and then blue, After five
&1nu§es a color test was negative, and:may have been negetive
sooner. The reaction was hydrolyzed by the addition of 200 ml,
of 5%»hydrabremie acid, The precipitate whiah was insoluble
in both water and ether wasg filtered off, dried, and extracted
with pyridine, which dissolved the organothallium compound
away from a large amount of thallous halides, The organothallium
compound was then obtained from the pyridine solution by adding
water, The compound eould be quite readily recrystallized from
dioxane. The yleld of di-o-hydroxyphenylthallium bromide,
whiech d4id not melt at 340°, was 3.1 g. or 15.6% based on thallium
trichloride. The compound was slightly soluble in hot 10% potas-
sium hydroxide solution, from which it was reprecipitated by
acidification,

Anal. Caled. for G, H;, 0,BxTl: T1, 43.4. Found:
T1, 43.1.

The Preparation of Dimethylthallium Saccharide.
Two and seven~%tenths grams (0.0l mole) of dimethylthallium

chloride, prepared in the ususl manner from methylmagnesium
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chloride and an anhydrous ether golution of thallium
trichlaride,lz and 2.9 g. {0.01 mole) of silver saccharide
were each dissolved in the minimum amount of hot pyridine,
and the two solutions were poured together. There was an
immediate precipitate of silver chloride. The dimethylthellium
saccharide was very soluble in pyridine, and did not precipitate
on cooling the solution. Accordingly, the pyridine was removed
under 15 mm. praséure, with slight warming, and the white
erystals were washed with alcohol, dried, and weighed: the
yield was 4.0 g. or 95%. After recrystallization from alcohol,
the compound melted at 231-233°, The oompound was obviously
. muoch more than one percent soluble in water, hence the exaot
solubility was not éotarmined. The material was recovered
unchanged after solution in water, hence there was no hydralysis.
Qualltative analysis demonstrated the presence of thallium,
nitrogen, and sulfur.

Anal., Caled. for CyHy, O,NST1: T1, 49.2. Found:
T1, 49.0.

The Preparation of Diethylthallium Saccharide. Three

grams (0.0l mole) of diethylthallium chloride, prepared in the

usual manner from ethylmagnesium chloride and an anhydrous
ether solution of thallium trichloride,l2 and 2.9 g. (0.01 mole)
of sllver saccharide were each dissolved in the minimum amount

of hot pyridine, and the two solutions were poured together.

(12) Meyer and Bertheim, Ber.,_ 37, 2051 (1804).
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There was an lmmedlate precipitate of silver chloride, The
diethylthallium saccharide was very soluble in pyridine, and &id
not precipitate on cooling, Accordingly, The pyridine was re-
moved under 15 mm, preasare; uith slight ﬁarming, and the white
crystals were washed with alcohol, dried, and welighed: the
yield was 4.1 g. or 92%. Artér recrystallization from alcohol,
the compound melted at 220~-221°, and was 1,55% soluble in
water at 25°, The material obtained by the eveporation of the
solvent from the clear filtrate 1n the solubility determination
melted at 220° and showed no dspression_with material which had
not been dissolved ln water, hence there was no hydrolysis,
Qualitative analysis showed the presence of thallium, sulfur,
end nitrogen. This compound, as well as the other organothallium
saccharides pregared; hed a sweet taste, although it 4id not
seem as strong as that gxperienced with pure saccharine.

Anal, Calod. for Cy.H.,0,NSTl: T1, 45.8 Found:
T1, 45.?,v‘ N

ggg_fraparat;gg_cr Qighanzlﬁha;;ium‘Saeegggide. Two

and nine-tenths grams (0,01 ﬁals) of silver saccharide (pre-

pa~ed by the doudble aeeampésitien hatwean equimolesular
quantities of sodium saccharide and silver nitrate in aquecus
solution, filtration of the precipitate, and ecareful drying)
and 4.4 g. (0.01 mole) of diphenylthallium bromide wers mixed
in a small flask, covered with 40 ml. of pyridine, and warmed
on the steam-bath for one-half hour. Most of the material went

into solution, leaving a small amount of yellow precipitated
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silver bromide on the bottom of the flask. The clear solu-
tion was filtered hot, and the filtrate cooled in ice for several
hours, during which time long white needles separated. These
were filtered off and dried over sulfuric acid at less than
one mm. pressure. Very thorough drying was found to be necessary
to prevent the orystals from powdering (apparently due to the
loss of pyridine of crystalllization still contained in them
after insufficient drying) on the melting point block as the
temperature range 70-~100° was passed through in the course of
the melting point determination, The total yleld of erude
material was 4.6 g. or 85% melting at 315-320° with slight
decomposition. The compound was recrystallized from pyridine,
when it melted at 322-324°, still with slight decomposition.
Qualitative analysis demonstrated the presence of anitrogen,
sulfur, and thallium. The compound wes 0.17% soluble in water
at 25°. The materisl recovered by the evaporation of the
6lear riltrate in the solubllity determination started to melt
at 225° and continued melting in very indefinite fashion on up
to 300°, indicating that hydrolysis had taken place.

This same reaction could not be made t¢ take place
using chloroform instead of pyridine as a solvent.

Apal. Caled. for Cg H, O N8T1: T1, 37.8. Found:

71, 37.6.

The Preparation of Diphenylthallium Sulfanilate. One

and four-tenths grams (0.005 mole) of silver sulfanilate
{prepared by the double decomposition reaction between
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equimclecular quantities of sodium sulfanilate and silver
nitrate, filtration and drying of the precipitate in the
dark) and 2.2 g. (0.005 mole) of diphenylthallium bromide
were each dissolved in the minimum amount of hot pyridine.
The solutions were poured together, boiled three minutes,
filtered from silver bromide and cooled. Beautiful white
crystals deposited, which melted at approximately 345° with
decomposition. The compound was only 0.06% soluble in water
at 25°, Qualitative analysis demonstrated the presence of
sulfur, nitrogen, and thal;ium.‘
Anal. Caled. for C, HyyO4NS8T1: T1, 38.5.
Found: Tl, 38.3.

The 2-bromopyridine used in this preparation was first purified
by careful distillation through & modified Vigreux column

under redused pressure, The compound boiled at 76° / 13 mm,
(bath at 97°) and showed these physicel constants: n2°> 1.5682,
ggg 1.6110., To 190 ml. of ether containing 0.127 mole of

pyridine, whilc its silver salt was cansiﬂerabla redusad to
metallic silver by bolling in pyridine. Potassium chloride
was insoluble in boiling pyridine, and the whole solution took
on somewhat of a "ecolloidal gel" look. Silver chloride was
insoluble in pyridine, silver bromide was very slightly
soluble, and silver 1odide was definitely more soluble. Silver
nitrate was very soluble in hot pyridine, and separated readily
from the solution in large crystals on sooling. Potassium
gluconate waas insoluble in hot pyridine, and would not resct
with diphenylthallium bromide dissolved in pyridine.
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butyllithium and cooled to -25° was added over a period of
five minutes 20 g. (0.127 mole) of 2-bromopyridine in 75 ml,
of ether.l® ®he reaction was stirred for ten minutes at -259
and the temperature was then lowered to -75°. During one hour
200 ml. of ether containing 21l.1 g. (0.0676 mole) of thallium
trichloride was added dropwise. The characteristic red color
of 2-pyridyllitbhium diseppeared and a oreamy precipitate
separated. The reaction was stirred for three hours, during
which time it was allowed to warm up to room temperature.
The reaction mixture was hydrolyzed by the addition of 100 ml.
of water and the precipitate was collected on a filter, boiled
out first with water and than.with methanol. After thorough
drying it weighed 22.4 g., which represented an 83.5% yleld
of di-2-pyridylthallium chloride, which melted at 288-291°
eand was insoluble in water, chloroform, alcohol, and dioxane,
Apal. Caled, for C, HN,CITl: T1, 54.2 ©Pound: T1, 54.0.
The Preparation of Di-2-pyridylthallium Lactate.
When the pyridine sclutions prepared separately from 4.0 g.
(0.01 mole) of di-2-pyridylthallium chloride and 2.0 g.
(0.01 mole) of silver lactate (which was very readily soluble
in warm pyridine) were mixed, a precipitate of silver chloride
separated almost immedliaetely. The reaction mixture was filtered,
and the clear solution cooled to -20°., Long white orystals

(13) Gilman and Spatz, Unpublished data,
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deposited, which after filtration, drying with methanol, and
strong drying over sulfuric acid in a vacuum.desiéﬁter melted
with decomposition at 205-208°. The yleld was 3.4 g. or 75%.
The eompound was rairly'soluble in water,

égéé. Caled., for C, HyoO0,K,T1: Tl, 45.4. Pound: T1, 45.1.

?ha A&tgggted Rearrangggpnt of the Pyridine Complex

of ?halliuméﬁiienlexiae to_an Organot 'l‘uh.eam auaé. Thallium
trichloride tripyridine has been described by Meyerl and by

Reaz,l‘ but nsither worker mentioned the melting point, which

we have found to be 148-150° without decomposition. To 300 ml,
of an ether solutlon contalning 31.1 g. (0.1 mole) of thallium
trichloride weas slowly added 100 ml. of an ether solution con-
taining 26.1 g. (0.3 mole plus 10%) of pyridine. The precipita-
tion of thallium triechloride tripyridinp was immediate ang
complete. The eompound is very insoluble in sther, but may
readlily be recrystallized from absolute aleohol. The quantita-
tive yleld (54 g.) of the crude product was added without

Turther purification to 200 ml. of pyridine, and the entire
reaction was heated at 180° for 10 hours. At the end of this A
time, the cooled solution was goncentrated under reduced pressure,
and the erystalline material whiech deposited was washed with
methanol and then recrystallized from absolute alcohol, It

was shown by its nalting paiat and mixed point with,an'anthentic
specimen to be the starting material., The recovery was 83%.

(14) ?gnz,rs__e;., 35, 1110 {1902); Z. anorg. Chem., 36, 100
903). - =



of Pyridine. Although mention has besen mede of thallium
tribromide tripyridine in the 1iteraturel®s 18 o analyses
were presented, and the melting polnt of the sompound was not
recorded. Since the melting point was desired in connection
with other work, its preparation was accordingly carried out,
At the same time a new method of preparation was tried. The
previous method of msking the thallium tribromide complex of
pyridine and related amines was to mix an ether solution of
thallium ¢ribromide with an ether solution of pyridine. The
following method oxidizes a suspenslon of thallous dbromide in
pyridine in the presence of pyridinium bromide.

Two and eight-tenths grams (0.0l mole) of thallous
braﬁiﬂe was eovered with 10 ml., of pyridine andrmanhanioally
stirred while a solution of 1.6 g. (0.0l mole) of bromine in
10 ml. of pyridine was added dropwise. When the addition was
ecomplete, the reaction was haatéd gently on the steam-bath
until a clear solution was obtained {five minutes). The flask
was then strongly cooled in an ice-hydrochloric acid bath. Fine
needles separated, which "felted" together when filtered,
Undexr the microscope they appsared as slim rods with blunt ends.
(15) Berry and lLowry, J. Chem. So0c., 1748 (1928).

(18) Il'in Hofman, Mel'nikov and Avetisian . terv.
rmacodypanie, 58, 371 (1038); / C. A.ES, ) vaa
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The yield was 5.2 g. or 76%., The compound was readily re-
erystallized from absolute alcohol, and then melted at 113-115°
without decomposition. |

Anal. Caled. for C,4H o NaBryTl: T1, 30.0 TFound:
T1, 298.8.
The ; eparation of the Thallium Trichloride Complex

of a-Bramagzri&inﬁ. The solutions prepared by dissolving
4.8 g. (0.03 mole) of 2-bromopyridine in 10 ml. of ether and
3.1 g. (0.01 mole) of thallium trichloride in 35 ml. of ether
were mixed and allowed to stand overnight at 0°., The shining
white orystals, when filtered and dried, welghed 5.4 g., which
represented a 79% yleld of thallium trichloride tri-(2-bromo-
pyridine). The compound melted sharply at 145-146° and was
decomposed by water. It was insoluble in gasoline; very
slightly soluble in ether, benzene, and chloroform; and some-
what more soluble in pyridine.
Anal. Calod. for C,,H; NgClyBr,Tl: T, 29.8.

Found: T1, 29.43 | o | |

Thé Pregaxatian'af the Thalliuﬁ Trichloride Complex of
8~Amina§1;1§;§g. The solutions prepared by diassolving 2.85 g,
(0.03 mole) of gZ-aminopyridine in 10 ml. of ether and 3.1 g.
(0.01 mole) of thallium trichloride in 35 ml. of ether were
mixed and allowed to stand overnight. The orystals were gummy,
even when allowed to stand for a considerable time at 0°,
Aocordingly, dry hydrogen chloride gas was passed into the
mixture in order to form the hydrochloride of the complex.
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Upon standing, 4.8 g. of slightly yellow orystals deposited,
which represented a 68% yield of thallium trichloride
tri-{2-aminopyridine hydrochloride). The compound melted
not too sharply and with some decomposition at 121-125°.
Ko attempt wes made to recrystallize the compound, as pre-~
liminary experiments showed the stability to be unsatisfactory.
ggg;, Caled, for O, ,H,,NeC1,T1l: 71, 26,1

Found: T1, 28,1

The Preparation of the Thallium Trichloride Complex
of Cysteine Hydrochloride., One and six-ﬁanﬁhs grams (0.0l mole)
of cysteine hydrochloride was dissolved in the minimum amount

of water at room temperature, and a saturated solution of
thallium triehloride tetrahydrete was added dropwise until
precipitation was complete. The shining yellow platelsts were
filtered and driocd. The yield was 3.8 g. or Bl% of thallium
trichloride oysteine hydrochloride, melting at approximately
350°, The compound was 0.29% soluble in water at 25°,
Qualitative analysis demonstrated the presence of sulfur,
nitrogen, chlorine, and thallium,

Anal, Galed. for C,H,0,NC1,STl: T1, 43.5.
Found: T1, 43.2.

compound was prepared in essential accordance with the dlrections

of Gilmen and Bannert? by the action of methyl sulfate on

(17) Gilman end Banner, J. Am., Chem. Soc., 62, 344 (1940).




- 164 -

grbiﬂmaaniline. The yileld, however, has been raised from
704 to a nearly quantitative figure by the use of more methyl
sulfate, The purity of the product 1s chiefly dependent on the

purity of the grbramoaniline uged as starting msterial. The
| o-bromoaniline used in this preparation was the Eastman Kodak
Co., C. P. grade, but was liquld at 25¢ ané slightly colored
(the melting point of very pure o-bromoaniline 1s reacrée& as
31-32° in Beilstein). Its index of refraction was nZ> 1.6145,
and its piorate melted at 127-128°. Holleman and Rinkes'®
reported the purification of o-bromeoaniline over the pierate,
but 4id not give the melting point of the plerate, Contrary to
their statement, the plorate 1s not "extremely insoluble” in
95% alcohol, and is not nearly so insoluble as the plorate of
o-bromodimethylaniline,

In a three-necked flask equipped with stirrer, dropping

funnel and air ocondenser were placed 100 ml. of water and
100 g. {(0.582 mole) of o-bromocaniline. Then 70 ml. of methyl
sulfate which had been carefully purified by vacuum distillation
was added dropwise at room temperature over a peried of two
hours. At the end of this time the solution had become clear
and homogeneous; it was made alkaline with saturated sodium
carbonate solution, whereupon two layers were agasin formed.
A second and then a third 70 ml. portion of methyl sulfate were
added, all heating belng avoided, and the neutralization with

(18) Holleman and Riﬁk@ﬂ, m. LXay. Ghmo, “'3_‘9., 49 (3-911‘)0




- 1885 -

sodium carbonate being repeated after each addition was com-
pleted, Care was taken at the end of the reaction to destroy
any unused methyl aulrate'with an excess of sodium carbonate,
After extraction with ether, drying over sodium sulfate, and
removal of the ether on the steam-bath, thelaampound wag dis-
tilled under reduced pressure in the usual manner: b, p.
101-102° / 12 mm., The colorless olily liquid, which was a
glass both at 0° and at -75°, welighed 111 g., which represented
a 95,7¢ yield, The following physical eonstants wers obteined:
a5 1,5748, 432 1.3880, The pierate melted sharply at
150-151°,

The FPrep _of Di-o-dimethyleminophenylthallium
ggggzgg. The Grignard reagent was prepared in 62.5% yleld,
as determined by titration of a § ml. aliquot portion with
0.1 N sulfuric acid, from 40 g. (0.2 mole) of o-bromodimethyl-

at O

aniline and 4.8 g. (0.2 g. atom) of magnesium in a total volume
of 250 ml. of anhydrous ether. The Grignard solution was

sooled to ~75° and 150 ml, of ether contalning approximetely
15.5 g (0.05 mole) of thallium trichloride was added dropwise.
The reaction was allowed to warm up to room temperature and wes
then stirred for cone hour. I;vwas hydrolyzed b{:tkp addition of
150 ml. of 10% ammonium ahloride solutiont‘ Reeéﬁstallizad from
pyridi#e in the usual manner, the compenna‘rormsd eoloxrless,
vnryvhara ocrystals, which contained nitrogen and thallium.,

The yield was 15 g. or 60%.
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Anal,., Caled. for C, H, N,Brfl: T1, 39.0.
Found: T1, 39.0.

The  ac§1on between p-Dimethyleminophenylliithium end
Thallium Triehloride. The solution of p-dimethylaminophenyl-
lithium prepared from 60 g. (0.3 mole) of p-bromodimethylaniline
and 4.5, g, {0.65 g. atom) of lithium in a total volume of
400 ml, of ether was allowed to settle and the clear, pale
yellow, supernatant liquid was decanted into a dropping funnel.
The lithium compound was then added dropwise to a solution of
31.0 go (0.1 mole) of thallium trichloride in 250 ml. of
anhydrous ether cooled to -20°. A brownish precipitate formed
around every drop as it hit the solution, which soon turned
derk blue-green. The reaction wgs stirred for 15 minutes at
0® after the addition was completed and then hydrolyzed by the
addition of 5% aquaous'hydrubramiaAaeid until the aquecus layer
showed a faint acid reaotion. An excess of acid was thus care-
fully avoided. The ether layer contained all the eolor,‘the
aqueous layer being colorless. The deep blue ether layer was
separated and washed several times thoroughly with water to re-
move any thallium trichloride which might have been present,
but teats on the washings with potassium iodide showed that
there was no thallium trichloride present., Nevertheleass, the
ether layer was shown to contailn thallium, presumably either
as an erganeﬁhallium compound or as a complex which could not be
broken up by water and which was not soluble in water. The
original water layer contained 8.1 g. of an inorganic material
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which was identified as thallous chloride; this represented
33.7% of the thallium in the reaction. The ether layer was
dried over anhydrous sodium sulfate and the ether was removed.
The sticky violet tar which remained could not be nmade to
erystallize by any of the usual methods, which were sontinued
over a period of eight weeks. It does not seem likely that
an R,T1X compound, which is the type expected from this reaction
would be soluble in ether. The similar chlorinating and
oxidizing action of thallium trichloride on many amines with
the resultant production of dyes has been discussed in detall
on p. 98 of this Thesis.

The solution of p-dimethylaminophenyllithium prepared from
20.0 g. (0.1 mole) of p-bromodimethylaniline and 2.1 g.
(0.3 go atom) of lithlum in a total volume of 150 ml. of
anhydrous ether was allowed to settle until oleer and then
carefully decanted into a dropping funnel. The lithium solution
wes then added dropwise to 23 g. (0.1l mole} of n-butyl borate in
100 ml. of ether cooled to -75°. No precipitate was formed,
although the solution turned very slightly darker. The addition
required one-half hour, and the solution was then allowed to
warm up to room temperature, which required about two hours.

It was then cooled to 0° and hydrolyzed by 60 ml. of 10%
sulfuriec eacid., The.ether layer was separated and the aqueous
layer extracted twice with 50 ml. of ether. The combined ether

extracts were warmed on the steam-bath to remove the ether,
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25 ml. of 10% potassium hydroxide solution were added, and the
n-butanol removed under reduced pressure. A slight precipitate
separated, whioch was filtered off. Then the clear solution
was exactly neutralized with 10% sulfuric acid. A white pre-
eipitate separated, which when filtered off and carefully
dried weighed 10.2 g. which represented a 62,54 yleld of
p-dimethylaminophenylborie acid. The compound was found to
contain both nitrogen and dboron, to be goluble in both acid and
haae; t0 be very soluble in slechol, and not very soluble in
water, It melted at 243-245° with decomposition.

Anal. Gal#é. for C,H,,0,NB: N, 8.49; B, 6.56.
Found: N, 8.34; B, 6.21.

The Pregaratiog;gr g—nimethxlaminoghagxlaaregg:
Chloride. Wwhen the solutions prepared from 1.65 g. (0.0l mole)
efﬁErdimnthylaminaphonylberie acid and 2.72 g. (0.01 mole) of
mercuriec echloride, each dissolved at $0° in the minimum amount

of 50% ethanol, were poured together an immediate white

erystelline precipitate formed, which was allowed to stand at

0° for two hours and then filtered. The shimmering white crystals

were recrystallized from alechol, when they showed the melting

point 224-225° with decomposition, (the value 225° with decémpesi-

tion is found in the literatnra).ls The yleld was 2.6 g. or 73%.
Anal. Caled. for C,H, NClHg: Hg, 56.3. Found: Hg, 56.0.

Ihe Reaction Between p-Dimethylaminophenylboric Acid

{19) Michaelis and Rabinerson, Ber., 23, 2342 (1890).
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énd Thallium Trichloride. When the solutions prepared from
1.68 g. (0.0l mole) of p-dimethyleminophenylboric acid and
1.91 g. {0.005 mole) of thallium trichloride tetrahydrate,

each dissolved at 40° in the minimum smount of 704 ethanol,
were poured together an immediete purple color resulted, The
reaction was sllowed to stand overnight and then was filtered,
The precipitate was washed free of the purple eolor and then was
found to consist of shimmering white crystals, contalning only
thallium and chlorine, which would not melt or burn. The
precipitate weighed 1.1 g., which indicated & quantitative re-
duction to thallous chloride. The aqueous purpls solution was
not further examined.

Anal, Caled. for T1Cl: T1, 85.2. Found: Ti, 85.0.

gﬁa Preparation of Bi-g;dimathzlemineghanzlthalliﬁa

Bromide. A solution of p-dimethyleminophenyllithium, prepared
from 40 g. (0.2 mole) of p-bromodimethylaniline and 3.5 g.
(0.5 g. atom) of lithium in a total volume of 250 ml. of

ether, was added dropwise to a suspension of 24 g. (0.1 mole)

of thallous chleride in 250 ml. of ether. Metallie thallium
rapidly separated. The reaction was allowed to stand overnight,
pouzed on 200 g. of ice, and acidified by the addition of 100
ml. of 10% hydrobromic acid. After thorough stirring, the
precipitate was filtered off, washed with a small quantity of
methanel,'and dried. The organothallium compound was dissolved
away from the metalliec thallium and thallous halides by boiling
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pyridine, from which it was reprecipitated by the addition of
water. After washing with methenol to remove pyridine and
water, the compound was carefully dried, and weighed 11.8 g.
which represented a 68% yleld besed on one-third of the
thallium available in the reaction--two-thirds of the thallium
in this reaction was necessarily reduced to the free metal,
The compound gould be recrystallized from a small amount of
pyridine, in which it wes found to be very soluble. It did
not melt at 350°, Qualitative analysis demonstrated the
presencs of thallium, bromine, and nitrogen. |
A trace of blue color was produced in this reactioen,

but nothing like the amount produced when thallium trichloride
was used, and what little there was could be completely re-
moved by the treatment with boiling pyridine. The eompound
would not undergo salt-formation with moderately consentrated
aqueous aolds,

Anal. Calod. for G 4H, N,BrTl: Tl1, 38,0, [Found:
71, 38.6,

Ihe Preparation of Di-p-anigylthallium Bromide. The
Grignard reagent prepared from 2.4 g. (0.1 g. atom) of magnesium

and 19,0 g. (0.1 mole) of p-bromoanisole in a total volume

of 250 ml. of anhydrous ether separated into two layers during
the course of its preparation, similar to the phenomenon ob-
served with the Grignard reagent prepared from p-dibromobenzene.
The Grignard solution was cooled to -75° and 200 ml, of ether
contalning 13.1 g. (0.042 mole) of thallium trichloride was
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added dropwise over a perlod of one hour. The reaction was
allowed to warm up to room temperature, and was then stirred
for one hour. The white precipitate formed when the reaction
was hydrolyzed by the addition of 100 ml, of 104 hydrobromic
acild, when filtered, washed and dried, welghed 10.2 g., which
represented a 48.7% yleld of di-p-anisylthallium bromide.
Recrystallized from pyridine, the compound formed glistening
white needles whieh 4id not melt at 330°. %The qualitative
presence of thallium and bromine was demonstrated,

égg;. Caled, for C; H,0,BrTl: T1, 41.0,
Found: T1, 40.8.

The Preparation of Di-o-anisylthellium Bromide. The

Grignard reagent prepared from 2.4 g. {0.1 g. atom) of megnesium

and 19.0 g. (0.1 mole) of o-bromecanisole in a total volume of
250 ml, of anhyd:?us other wasg cooled to -75°% and 125 ml, of
ether aeataiaing‘ls.l 8. (0,042 mole) of thallium trichloride
was added dropwize over the period of one hour. The reaction
was allowed to warm to room temperature and stand overnight,
The precipitate formed when the reaction was hydrolyzed by the
addition of 100 ml. of 10% hydrobromic aeid, when filtered,
washed with methanol and dried, weighed 10.0 g., which
represented a 47.7% yield of di-p-anisylthallium bromide,
Recrystallized from pyridine, the compound formed long white
needles which 41d not melt at 330°. Qualitative analysis

showed the presence of thallium and bromine,
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Anal. Calecd. for C,,H,,0,BrTl: T1, 41.0.
Found: T1, 40.9.
The Attempted Coupling of p-Nitrobenzenediazonium

Chloride with Di-p-dimethylaminophenylthallium Bromide.

To prepare the diazonium solution 1.4 g. {0.01 mole) of

p-nitroaniline was dlssolved in 10 ml, of water and 4 ml, of
conc. hydrochloric acid, cooled to 0°, and then 16 ml., of a
sodium nitrite solution prepared from 1.0 g. of sodium nitrite
and 20 ml. of water was added all at once. After ten minutes
the solution was clear, and the starch-iodide test slightly
positive., The exeeaé nitrous acid was removed by the addition
of traces of sulfamic acid until the starch-iodide test was
negative. This diazonium salt solution was addéﬁ all at once
to the solution of 4.8 g. (0.005 mole) of di-p-dimethylamino~-
phenylthallium bromide in 100 ml. of glacial acetic acid. A
faint red color appeared almost immediately, and inoreased
considerably when the solution was buffered with 20 g. of
sodium acetate. The reaction was stirred for two hours, during
which time a heavy precipitate rermﬁd as the solution was
allowed to warm up to room temperature. At the end of this
time it appeared that no more precipitate was forming, hence
the reaction was filtered, the precipitate stirred into 75 ml.
of water, filtered again and washed with water, and dried over
potassium hydroxide in & vacuum. The precipitate melted at
227-230°, weighed 2.1 g., and contained no thalliwm. Apparently
cleavage with coupling into the para-position had taken place,
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with the formation of 4'-nitro-4-dimethylaminoazobenzene,
which has been reported melting at 229-250°.20 fthe aquecus
filtrate from the precipitate contained large amounts of
thaliium in solution.

A blank experiment In which di-p-dimethyleminophenyl-
thalliua bromide was treated with glacial acetic ascid,
hydrochlorie acid, sulfamic acid and sodium ascetate in exaotly
the above quantities, manner and times ylelded the organo-
thallium compound unchanged. This is the normal behavior of
R,T1X compounds, which ars not usually cleaved even by strong
mineral acids, |

Ihe Attempted Coupling of E;Hitrcbeggéggdiaggg;ﬁh
cﬁloride with‘Di-g?ggiazlthailium‘ﬁigg;de. A diazonium salt
solution was prepared from 1.4 g. (0.0l mole} of p-nitroaniline,
10 ml, of water, -4 ml., of cone, hydrochloric acid, and 16 ml, of
a sodium nitrite solution prepared from 1.0 g. of sodium
nitrite and 20 ml, of water. The temperature was carefully
maintained at 0°, and the solutlion of sodium hitrite was added
all at once to the suspension of p-nitroaniline hydrochloride.
The usual precautions mentioned in the preceding experiment to
133ﬁre\eamplete diazotization and the absence of an excess of
nitrous acid were taken. To this diazonium salt solutica
was added 2.5 g. (0.005 mole) of di-p-anisylthallium bromide
and 10 g. of sodium acetate. The reaction was stirred at 5°

(20) Mendola, J. Chem. Soc., 45, 107 (1884).
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for ten hours, but there was no evidence of reaction, and when
the mixture was warmed at the end of this time, there wes a
vigorous evolution of nitrogen and the unchanged di-p-anisyl-
" 4hallium bromide was reoovered in practicelly gquantitative
amounts. The great insolubility of the R,T1X ecompound and
the known difficulty of coupling phenol ethers in general
probably account for the absenee of reaction.

ggg Attempted Coupling of p-Nitrobenzenediazonium

Chloride with Di-o-anisylthallium Bromide., Exactly the same

quentities, temperature and time were employed as in the

preceding experiment, except di-o-anisylthallium bromide was
added instead of diﬂg-anisylthallium bromide to the diazonium
salt solution. The reaction was stirred for ten hours, but
there was no evidence of reaction, and unchanged di-g-anisyl-
thallium bromide was recovered from the reaction., The reasons
for lack of reaction are the same as in the preceding experiment:
insolubility and general low reactivity toward the coupling

reaction,

The Attempted Goupl&gg;otAg:ggtrabenzenédiazoniﬁm
Chloride with Di-p-anisylthallium Bromide in the Presence of
Ethyl Acetate. A dlazonium salt solution was prepared from
l.4 g. (0.01 mole) of p-nitroaniline, 10 ml. of water, 4 ml.

of cone. hydrochlorie acid, and 16 ml. of a sodium nitrite
solution prepared from 1.0 g. of sodium nitrite and 20 ml. of

water. The temperature was carefully maintained at 0°, and
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the solution of sodium nitrite was added all at onoce to the
suspension of p-nitroaniline hydrochloride. The usual pre-
cautions were taksn'ta insure oomplete dlazotization and the
absence of an excess of nitrous acid. To this diazonium salt
solution was added 2.5 g. {(0.005 mole) of di-p-anisylthallium
bromide end 10 g. of sodium acetate suspended in 100 ml. of
ethyl acetate, The reaction was stirred at 5° for ten hours,
but thers was no evidence of reaction, and when the mixture
was wermed at the end of thls time, there was a vigorous
evolution of nitrogen, and the unchanged difgfanisylthallium

bromide was recovered practically quantitatively.

The A&teggted Coupling of B:Nitrohenzegoﬁiazonium

Chloride with-ﬁi»gfaniszlthallium Bromide in the Presence of
Ethyl Acetste. The sams materials, quantities, temperature,

and time were employed as in the preceding experiment, with

the sole exception that di-o-anisylthallium bromlde was sub-
stituted for di~-p-anisylthallium bromide. There was no evidence
of resction, and when the mixture was warmed at the end of ten
hours, there was a vigorous evolution of nitrogen, and the

unchanged di-o-anisylthallium bromide was recovered practically

quantitatively.,

The Attempted Coupling of g—Nitrobenzenadiazen;

Pyridine. A dlazonium salt solution was prepared from 2.8 g.
{0.02 mole) of p-nitroaniline, 20 ml. of water, 8 ml. of conc.
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hydrochloric acid, and 32 ml. of a sodium nitrite selutiaa
prepared from 2.0 g. of sodium nitrite and 40 ml. of water.
The temperature was carefully maintained at 0°, and the solu-~
tion of sodium nitrite was added all at onoe to the suspension
of p-nitroaniline hydrochloride. The usual precautions were
taken to insure complete dlazotization and th& absence of an
excess of nitrous aeid. After the dlazonium salt solution
hed been stirred for 15 minutes, 5.0 g. (0,01 mole) of
di-p-anisylthallium bromide was added as a suspension in 50
ml. of 70% pyrldine~30% water mixture. The reaction was
allowed to stand for 48 hours, but there was no evidence of
reaction with the di-p-anisylthallium bromide, which was re-
goversd iuryraetieally'quantitatzve amounts. There was some
tar formation, probably due to the slow reaction of the
diazonium salt with the pyridine.2l, 22, 23

Zhe Reaction between Methylmagnesium Chloride and
Thalloug Sulfete., As determined by titration, the yield in

the preparation of the Grignard reagent‘fram 9.7 8. (0.4 g.
atom) of magnesium and an excess of methyl chloride (the methyl
chloride gas was passed through the solution until all the
magnesium had disappeared) in 500 ml. of ether was practically
quantitative. The solution was cocled to ~75°, and 25 g.

22 .ing, Ber., 28, %3, (I895); ibid., 28, 165 (1896).

galg gﬁgiau and Berger, §%§,, 26, 1994 (1893),
23) Forsyth » 3. Chem. Soc., 2912 TI9z26).
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{0.05 moles, 0.1 g. oquiv,) of very finely powdered thallous
sulfate was added., There was no sign of reaction, and the
golution was sllowed to warm up to room temperature, and then
was stirred overnight. In the morning there was no sign of
reaction, such as the deposition of metallic thallium, and an
aliquot portion of the solution was titrated: there was no
change in titer. The solution was refluxed for four days, and
then another aliquot portion was titrated: again there was

no signifieant ahange in titer.

The Reaction between <x-Haghtgzllithinm and Thallcus
Sul;gt&. As determined by titration, X-pnaphthyllithium was
prepared from 40 g. (0.2 mecle) of X -bromonaphthalene and
3.5 g. (0.5 g. atom) of lithium in 75% yleld. This solution
was added éropwiaa ta a suspension of 12.5 g. (0.025 mole,
0.05 g. aquiv.} 1n 100 ml. of ether cooled to -75°, There was
no svidence or_reaetien, and the mixture was allowed to warm up
to room temperature, and was stirred overnight. An aliquot
portion of the solution then showed no significant change in
titer., The reaction was cooled to 0° and hydrolyzed by the
gradual addition of 100 ml. of 10% hydrobromic acid. The
ether layer was steam distilled, and 17.8 g. or 91.7% of
naphthalene melting at 78-80° was obtained,

The Action of Diszomethane on Thallium Trichloride.

Three and one-tenth grams (0.0l mole) of thallium triehloride
in 40 ml. of anhydrous ether was treated by a constant streanm
of bubbles of dilazomethane gas for a period of ten hours. At
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no time was there any evidence of chemical reaction, suoh
as evolution of nitrogen bubbles. At the end of this time,
the ether was removed under reduced pressure, and the residue
was examined by the conventional procedures for carbon and
nitrogen, neither of which was found., Ansalysis showed the
residus to be nearly pure thallium trichloride, with a trace
of insoluble thallous ohloride, evidently formed by a slow
loss of chlorine from the trichloride.

Anal, Caled. for TICl,: T1, 84.3. Pound: T1, 65.0,

The E;anai&tian of Thallous 8,4l§~§rin1§£g§gnzea§g.

Two and six-tenths grams (0.0l mole) of 2,4,6-trinitrobenzoic

acid was dissolved in 100 ml. of 70% alcchol at 50° and slowly
titrated with a 0.4 N solution of thallous hydroxide. A blood-
red precipitate formed as each drop of thallous hydroxide
solution hlt the 2,4,6-trinitrobenzoic acid solution, evidently
due to the momentary excess of thallous hydroxide forming a

salt not only with the carboxyl group, but also with a nitro
group. However, each drop of red precipltate redissolved as

it sank to the bottom of the flask and thus came under the
influence of an excess of 2,4,6-trinitrobenzolc acid. Accordingly,
no indicator was necessary in the titration, for the instant
there was an exoess of thallous hydroxide above the oneequivalent
necessary for the titration of the carboxyl group, the whole
solution turned blood-red. A few tiny crystals of the free

acld were then added to decolorize the solution, end nearly
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oolorless needles precipitated rapidly as the solution
cooled. The yield was 4.3 g. or 93% of thallous
2,4,6~trinitrobenzoate melting at 160-163° with decomposi-
tion and gas evolution. The compound flashed with a loud
report when heated on a spatula,
Anal. Caled. for C.H,0.N,Tl: TIl, 44.3.

Found: T1, 44.1.

The Reaction between 2,4,6-Trinitrobenzoiec Acid and
Two Equivalents of Thallous Hydroxide. In order to demonstrate
that the red precipitate transitorily encountered in the

preparation of thallous 2,4,6-trinitrobenzoate actually
contains more than one equivalent of thallium, 2.6 g. (0.01
mole) of 2,4,8-trinitrobenzoio acid was dissolved in 75 ml.

of warm methanol and titrated with 9.6 ml. (0.0l mole) of

1.04 N thallous hydroxide solution., The same momentary
formation of a red precipitate was observed as in the prepara-
tion of thallous 2,4,6-trinitrobenzoste. Then a second
equivalent, 9.6 ml, {0.0] mole), of 1.04 N thallous hydroxide
solution was added, and a heavy red precipitate formed rapidly.
The flask was stoppered and shaken for one hour in a shaking
machine and then allowed to stand at 0® for ten hours. The
chosolate~red preclipitate was filtered and dried, and then
weighed 5.6 g. It was very explosive when heated on a

spatula by an open flame. Analysis showed that a large addi-
tional amount of thallium had been taken up from the second
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aqﬁivalent of thallous hydroxide, but did not give good
agreement for any definite compound.

Anal. Caled. for C,H,0,N,Tl,: T1, 6l1l.7.
Found: TI1, 59.#.

The Action of Thallous Hydroxide on 1,3,5-Trinitro-

benzens. .Two and one-tenth grams (0.0l mole) of
1,3,5-trinitrobenzene was dissolved in hot methanol and 9.6
ml, (0.01 mole) of 1.04 N thallous hydroxide solution was
added, The red precipitate which formed was allowed to stand
at 0° overnight, and was then filtered and dried. The yleld
was 3.3 g The compound did not melt, and was not especlally
explosive when heated on a spatula by an open flame. Analysals
showed the compound to have nearly the thallium content de-
manded for the complex addition product of thallous hydroxide
with 1,3,5-trinitrobenzene,

Anal. Caled. for C,H O,N,Tl: T1, 46.9.
Found: T, 41.1.

When in a similar experiment 0,01 mole of 1,3,5-trinitro-
benzene was titrated with 0.02 mole of thallous hydroxide
solution, the precipitate obtalned welghed 5.5 g. Analysis
showed greater departure from the thallium content demanded
by the complex addition product of 1,3,5-trinitrobenzene
with two moles of thallous hydroxide.

Anal. Caled. for C,Hy0.N,T1,: T1, 62,5,
Found: T1, 56.8%.
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Similarly, when 0.0l mole of 1,3,5-trinitrobenzene
was titrated with 0.3 mole of thallous hydroxide solution,
the precipitate ebtainéﬁ welghed 6.7 g. Analysis showed
gtill greater departure from the thallium content demanded
by the complex addition product of 1,3,5-trinitrobenzene with
three moles of thallous hydroxide.

Anal. Caled. for C4H O4N,T1l,: T1, 70.0.
Found: ?1 68.5.

The Dacarbg;zlatien er Thalleug 2,4,6—Trin1trobenzaate
gzgidln « Four snd six-tenths grams (0.0l mole) of thallous

2,4,6-trinitrobenzoate was covered with 25 ml. of pyridine

and slowly heated to bolling. At first the solution was c¢lear,
and the light yellow-brown crystals of thallous 2,4,6-trinitro-
benzoate could be seen on the bottom 6f the flask. They
appeared to .be quite insoluble in pyridine. As the reasction was
slowly warmed, solution took placs, bﬁt apparently not without
chemical regction: for a short time the solution had an intense
green color and all material appeared dissolved. Gradually,
however, the color faded to a light brown that was almost
transparent, and a very fine miecroerystalline precipitate

began to separate. The pyridine was rernlxed,gantly for fifteen
minutes after the first appearance or this preeipitate, and
then the reaction was allowed to stand overnight at 0°, The
reaction mixture was then filtered, and water was added to the
clear filtrate. A light yellow crystalline precipitate
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graduslly separaeted, and after the crystals had bsen allowed
to grow overnight at 0° they were filtered off and dried.
The yield was 1.4 g. (67%) of material melting at 120-122°
and showing no depression in a mixed melting point with an
authentio sample of trinitrobenzene (m. p. 120-122°), The
entire thallium content in the filtrate from this 1,3,5-
trinitrobenzens was determined as thallous iodide, of which
only 0.413 g. was obtained, showing that all but an insignificant
smount of the original thallium was present in the mioro-
erystalline precipitate whioh separated during the course of
the reaction.

This precipitate was erystalline under the microscope
and weighed 2.1 g. ({84%). It melted in the neighborhood of
320° with decomposition and gas evolution, When heated in a
test tube, no charring took place; instead, there was a strong
gas evolution {(the gas was identified with barium hydroxide
water as carbon dicxide) and a droplet of molten thallium
metal remained in the bottom of the test tube. The material was
fairly readily soluble in hot water, and contained all its
thallium in the univalent sondition and none in the trivalent
state, The compound contained no nitrogen, and was practically
insolubls in boiling pyridine. The results in the quantitative
determination of thallium gave reason to believe that the
compound was thallous oxalate, This belief was strengthened
by the oomparison of the properties of an authentio sample of

thallous oxalate as recorded below.
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Anal, Caled. for C,0,Tl,: T1, 82.5. Found: T1, 82.7.
The Preparation of Thallous Oxalate. Although this
compound is fairly well known.,?‘*’asia6 no record could be

found of its melting point. This information was desired

in aanneetioﬁ with the identification of the thallous salt
obtained in the pyridine dscarboxylation of thallous 2,4,6-
trinitrobenzoate. Nine-tenth gram (0.0l mole) of oxalio acid
was covered with 50 ml. of water and brought to a vigorous
boil while 26 ml, (0.02 mole) of 0,77 N thallous hydroxide
solution was slowly added dropwise. During the titration the
monothallous salt started to separate, but it went into solu-
tion as the remainder of the thallous hydroxide was added.

The bolling solution was filtered from turbidity and allowed
to cool., Glistening platelets separated rapldly, and the

salt was quite insoluble in ¢old water. The solution was
allowed to stand overnight at 0°, and was then filtered. The
yield was 4.7 g. or 94%. The ocompound melted at 315-320° with
decomposition and gas evolution., When heated in a test tube,
there was no charring, but instead gas evolution and the forma-
tion of a droplet of molten thallium metal in the bottom of
(24) Kuhlmann, QQ?BE, rend., 55, 607 (1862).

{(25) Carstanjen, J. prakt. Chem., 102, 129 (1867),
(28) Lamy and des Cloisssux- ARa. sEim. phys., 17, 335 (1869).



the tube. Thallous oxalate was found to be practically
insoluble in bolling pyridine,
Anal, Caled, for C,0,T1l,: T1, 82.5. Found: T1, 82.3.

ghb Preparation of p-Iodophenylmagnesium Todide.

The reaction of magnesium on p-diiodobenzene has been studied

by several workers.27:28,29,530 poarglysis has been used to
determine the yield of Grignerd reagent, but this is not a
satisfactory method, and carbonation by means of dry ice was
used in the present stu&iea, which were maede to investigate
the possibilities of this method for introducing the
p-iodophenyl group into organometallie compounds. In & three-
necked flask were placed 16.5 g. (0.05 mole) of p-diiodobenzene,
1.2 g. (0.05 g. atom) of magnesium, and 100 ml. of n-butyl
ether. It had bheen found in a preliminary experiment that
nelther ethyl ether nor toluene could be used as a solvent
because of the extreme insolubility of the p-iodophenyl-
magnesium iodide (or its etherate); the reaction would dbegin
in these solvents, but when a small amount of gummy material
had coated over the magnesium, the reaction would stop. The
remction was heated with stirring on the steam-bath overnight
and everything went into solution. Titration of an aliquot
(27) Votodek and Kdhler, Ber., &7, 1219 (l914).

(28) Thomas, Compt. rend., 181, 218 (1925).

(29) Bruhat an omas, Compt. rend., 183, 297 (1926).

(30) MihEilesou and Caragea, Bull. sect. sci. acad. roumaine
12, No. 4-5, 7 (1929); /°G. A., 24, 2116 (1930) T«




portion by the usual method employing an excess of dilute
acid as the hydrolyzing agent and back titration with
standard base indicated a 54% yleld., The remainder of the
solution, when carbonated by pouring on dry ice and worked up
by the usual procedures for the isolation of an agid, gave
6,2 g. or a 50% yleld of c¢rude griodobeazoic acid, m, p,.
254-265°, from which the purs acid melting at 288-270° was
readily obtained by sublimation, This yleld by carbonation
is in substantial agreement with the value found by titration,
| The Halogen-Metal Interconversion of p-Iodophenol.
To 11,0 g. (0.05 mole) of p-iodophenol in 100 ml, of ether at

room temperature was added slowly 0.1 mole of butyllithium in
150 ml. of ether. There was vigorous refluxing during the
addition of the first equivalent {active hydrogen) and somewhat
less vigorous refluxing during the addition of the second
squivalent of butyllithium. The reaction was stirred for
twenty minutes, and then carbonated by pouring on dry ice. The
tube projecting into the flask containing the dry ice was nearly
choked by the dilithium salt of the Erhydraxybenzoie acid
formed by the gaseous carbon dioxide rushing out of the mouth
of the flask, The repidity of formation and great insolubility
of this precipitate was very striking. At the same time a

very characteristic red color was formed. Water was added,

and then hydrochlorie acid to acld reaction. The ether layer
wag separated and extracted three times with 104 potassium
hydroxide solution. The alkaline layer was wermed and air
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passed through to remove the small amount of ether it con-
tained, and then a small emount of phenols was removed by
passing carbon dioxide through the solution, until there
was no further precipitate. The phenols were then extracted
with ether, and the aqueous alkaline layer thus purified was
acidified with cone., hydroechloriec acid. fha p~hydroxybenzolc
aold was allowed to orystallize overnight at 0°, and the
weight of acid obtained was corrected for the known solubility
of p-hydroxybenzolc acid im water et 0°, viz., 0.17%. The
corrected weight was 3.3 g., which represented a 47.8% yield.
The erude aclid melted at 211-215°, and after one recrystalliza-
tion from 704 methanol, melted at215-216°,
?he.Pzegarationvof‘Théllsgg Haghthalenow/@ -gsulfonate.
Two and three-tenths grams (0.0l mole) of naphthalene- S -sul-~

fonie acid monohydrate was dissolved in a very small emount of
warm water and titrated in the usual manner with thallous
hydroxide solution, using phenolphthalein as an indiecator,
The precipitate which formed was dissolved by heating the
solution to boiling, and a small amount of turbidity, perhaps
due to traeces of inorganiec thallous saits, was removed by
filtration. The solution on cooling deposited beautifully
defined shining white orystals, which melted at 234-236°., The
yield was 3.8 g. or 92%.

Anal. Calod. for C,,He0,87T1: 71, 49.7. Pound, T1l, 49.5.

The Preparation of Thallous Benzenssulfonate. Three



and two-tenths grems (0.02 mole) of benzenesulfonlic acid was
titrated with thallous hydroxide solution in the usual manner,
The salt proved to be very soluble in water, and the volume
of water had to be reduced by 80% in order to obtain a proper
yield: 3.4 g. or 94% of thallous benzenesulfonate was thus ob-
tained melting at 185-187°, '
éggl. Caled, for C,Hy0,5T1: T1, 56.5.’ Pound: T1, 56.3.
ggg‘_ : Preg _arag_.oh a; ‘i‘halleué Lag_x:z} 1@, b#ﬁte. Two and
seven-tenths grems (0.0l mole) of sodium laurylsulfonate and

2.5 g, (0.0l mole) of thallous formate were each dissolved
in a'amall amount of water with warming, and the two solutions
were poured together. There was no izmediate precipitate.
On ecooling a soapy precipitate separated, and its crystalline
gtructure ﬁaa considerably improved by allawing it to stend
overnight at 0°, The preecipitate was filtered, twice re-
erystallized from water and once from 95% alcohol, and then
thoroughly dried. The yleld was 2.4 g. or 53%. The erystals
sintered at 125° and showed a peeuliaﬁ'halt-transpar&ncy,
although the outlines of the orystal fozm'we:s malntained,
The compound remaeined in this condition until it melted fairly
sharply at 143-145" to a clear melt.

Anal. Caled. for C,,H,e0,8T1: T1, 45.1. Found:
T1, 44.6,

The Preparation of Thallous p-Toluenesulfinate.

One and eight-tenths grams (0.0l mole) of sodium p-toluene-
sulfinate and 2.5 g. (0.0l mole) of thallous formate were each
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dissolved in the minimum amount of hot water, and the solu-
tions were poured together, There was an immediate white
precipitate, which when filtered and dried welghed 3.2 g.,
whieh represented an 89% yleld. The compound melted sharply
at 154-156° without deeambositian. i
éggé. Caled, for C,H,0,STl: T1, 5€.7. TFound:
=—— 71, 56.3, |
- The Preperation of lLead c-Tolnenaéultoaagg.. Four and
two-tenths grams (0.02 mole) of go-toluenesulfonic acid
dihydrate was dissolved in a small amount of warm water, and
to this solution was added 3.3 g. (0.0l mole) of lead acetate
dissolved in a small amount of warm water, For nearly a
minute after mixing the solutions there was no precipitate,
then hard, well-defined orystals rapldly separated. They were
filtered and dried, and then weighed 5.0 g., which represented
a 904 yleld. The compound could be very satisfactorily re-
orystallized from hot water, but it showed no melting point
| up to 360°, The salt, but no melting point, has been widely
described,
Anal. Caled. for C, Hy,0,8,FPb: Pb, 37.6, Found:
Pb, 37.6.

The Preparation of Monothallous Phenylphosphonate. One
and six-tenths grams (0.0l mole) of phenylphosphonic acid was

dissolved in 20 ml. of water at room temperature and 23 nml,
(0.01 mole) of 0.438 N thallous hydroxide solution was sdded.
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A slight turbidity was filtered off, and the clear flltrate
was evaporated to dryness in e vacuum desiccator over caleium
chloride. The residue was reerystallized from 70% alcohol
(the salt was found to be very soluble in water and practically
insoluble in bdoiling abzolute alecohol)., On ceooling, glistening
white platelsets deposited from the solution. After filtration
and thorough drying, they weighed 3.1 g,, which represented an
86% yield of monothallous phenylphosphonate, melting very sharply
at 200-201° without decomposition. ,

ggg;, Caled., for C H,O0,PT1: T1, 56,5, Found: T1, 56.3,

The Preparation ogugithallous,Phenxiphosphaﬁégg.

Three and two-tenths grams {0.02 mole) of phenylphosphonic
acld was dissolved in 30 ml. of water at room temperature and
52 ml, (0.04 mole) of 0.77 N thallous hydroxide solution was
added., There was no true precipitate, but a slight amount of
turbidity, probably due to traces of inorganic thallous salts,
was removed by filtration. The clsar filtrate was evaporated
to dryness in a vacuum desiccator over calcium chloride. The
residue was recrystallized from 50% aleohol (the salt was

very soluble in water, but practiecally insoluble im boiling
absolute aleohol). On cooling large shining orystals formed,
which after filtratlon and careful drying weighed 4.5 g., which
represented a 79% yield., When the melting point was determined
under the mieroscope, a transition point was found at 260°, at
which temperature a momentary liquid wave-front was seen to

start from some point in each corystal and pess aeross and
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through the entire crystal, solidification taking place
immediately behind this wave-front. The compound then melted
properly to a clea: liquid phass at 317-320°. The yield was
4.5 g. or 79%. |
. Apal. Caled. for C He0,PTl,: T1, 72.5 JFound:

T1, 72.3. | |

gpo'Prépaxaggpn of Thallous Diphenylphesphonate.
Nine-tenths gram (0.G041 mole) of diphenylphosphonie acid
{m. p, 193-198°) wes covered with 10 ml. of water and heated

to 80°; the compound was quite insoluble even in hot water.
The gentle heating was continued while 5.4 ml. {0.0041 mole)
of 0.77 ¥ thallous hydroxide solution was added, when the
undissolved diphenylphosphonic acid rapidly went into solutioen,
.showing that the thallous salt was much more soluble in water
than the free acid. The solution was cooled and allowed to
gstand at 0° for five hours, but no crystals separated, again
showing the solubility of the thallous salt in water. The
olear solution was accordingly evaporated to dryness in a
vacuun desiccator over calejium chloride, and the dry residue
was recrystallized from 70% alcohol. The yield was l.4 g. or
82% of glistening white orystals which melted at 203-205°,
A mixed melting point with a specimen of the monothallous
phenylphosphonate {m. p. 200-201°) prepared asbove started to
melt at 140® and was nearly all liquid at 150°,

Anal. Caled. for C, H,.0,PPl: T1, 48.5. Found:
T1, 48.3.
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The Preparation of the Thalloug Salt of Hitromethane,

Six-tenths grem (0.0l mole)‘er nitromethane was added to §
ml, of methanol and titrated by 9.6 ml. (0.0l mole) of 1.04
N thallous hydroxide solution. A ocanary-yellow precipitsate
formed immediately, and was filtered and dried. The compound
did not have a definite melting point, but decomposed gradually
at temperatures above 160°, The compound darkened somewhat on
standing, was readily soluble 1ln water, and burned with a small
flash but without explosion., The yleld was 2.2 g. or 85%.
Anal, Caled, for CH,0,8T1: T1, 76.8. Found:

Tl, 76.6.

The Preparation of the Thallous s#lt of_§it;g§§gggg.
One and five-tenths grams (0.02 mole) of nitroethane was
dissolved in 10 ml; of methanol and 26 ml. (0.02 mole) of
0.77 N thallous hydroxide solution was added dropwise; there

was no preeiplitate., The clear solution was svaporated to
dryness in a vaouum desioccator over sulfuric acid. The golden-
yellow, hard, well-defined crystals thus obtained melted at
80-82° with &aeaa@osition and gas evolution. The yield was
4.5 g., which was practically quentitative. Becauase of the

low decomposition temperature no attempt wes made to re-
erystallize the compound. The compound burrned with a flash
when heated on a spatula by an open flame, but there was no
explosion. A small pile of the salt was plesced on an anvil

and repeatedly hammered without any noticesble effect,
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Anal. Caled. for C,H,O0,NT1: T1, 73.4. Found: T1, 73.2.
The Preparation of Thallous Methylmeroaptide. Four

and eight-tenths grams (0.1 mole) of methyl mercaptan were
dissolved in ‘20 ml. of methanol and titrated with thallous
hyéroxidé solution until no further formation of the canary-
yollow precipitate could be observed. The precipitate was
quantitative, as it was very insoluble. It was noticed with
this ané the other aliphatic msreapténs mentioned below that
the vapor alone of the mercaptan was sufficient to give a
yellow precipitate with solutions of thallous hyﬁrqxide three
or four feet distant, Also, the instent a stream of thallous
hydroxide was allowed to fall from a burette into the flask
containing the volatile aliphatic merocaptan in methanol solution,
a solid yellow column sprang llke a stalagmite up fraom the
surface of the solution to the tip of the burette., Ths melting
points of the aliphatic mercaptides were rather poor, often with
some decomposition, and the thallous aliphatic mercaptides were
evidently unstable, since they turned dark on standing in
tightlf stoppered vlials. The aromatic mercaptides, however,
were stable, and showed sharp melting points that could readily
be used in the identification of these sompounds. Thallous
methylmercaptide ltself melted at 136-140* with decomposition,
the melt turning a striking dark red,

Anal. Calod, for CH,ST1: }Tl, 80.9. Found: T1, 80,5,

The Preparstion of Tha;;ggg,E&hylmaregptidé. The

compound was prepared as above, and decomposed at 96-100°
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without melting. ,
Apnal. Caled. for C H,ST1l: T1, 76.8. TFound: T1l, 76.4.
The Preparation of Thallous n-Butylmercaptide. The

compound wes prepared as above, and melted very poorly at
84-90° with decomposition,
gggg. Caled., for C,H,ST1l: 7T1, 69.4, Found:
7?1, 69.1. | o
The Pregaration of Thallous Thioghenolate. The compound
was prepared by the gpneral method gliven above. Recrystallized
from absolute alcohol, it formed bright yellow needles which
melted at 2858-260°, ,
Apnal., Calod. for C H,ST1l: T1, &5.2. Found:
T1, 65.90.
zgo Praparation 6& Thallous B-Thiesreaolagg, The com-

pound was prepared by the general method given sbove. Re-
cryestallized from absolute alechol, it formed pale yellow
erystels which nelted at 178-180°,
Qi.&i- Caled. for C,H,8T1: T1, 62.3. Found:
71, 62.0,
Zhe Preparation of Thallous Thio- & ~naphtholate.

The eompound was prepared by the genersal method given above,
Recrystallized treﬁ asbsolute alcohol, it formed pale yellow
erystals which melted at 185-168°,

Anal. Caled. for C ,H.8%1: T1, 56.2. [Found:
T1, 55.9.
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The Attempted Preparation of Thallous Allylarsonatse.

In this attempted preparation a sample of allylarsonic acld
purchased fram the Eastman Kodak Company was titrated in the
usual manner with one equivalent of thallous hydroxide., As
furnished, the compound is without a melting-point specifica-
tion. The melting point, which is widely given in the
literature as 128-129°, was found to be 129-135°. The fact
that the melting point was high suggested the presence of
inorganic matter, which 1s slow in dissolving in the melt of the
allylarsonic acid, which begins to melt at the correct tempera-
ture, Actually as much as 104 of the compound was not soluble
in water, and when filtérad'ofr would neither burn nor melt.
Allylersonic acid is readily soluble in water, and is stable
t0o one eguivalent of sodium hydroiide at the boiling point of
the aqﬁeons solution.

One ard seven-tentha grams (0.0l mole) of this sample
of allylarsonic acld was dissolved 1n‘2d ml. of water, filtered
from the insoluble matter and titrated with 23 ml. of 0.436
N thallous hydroxide smolution (0.0l mole). Again a small
amount of precipitate formed, but this likewise proved to be
inorganie., The clear solution was evaporsted to dryness, and
an oll was thus obtained, After standing one week at 0°, the
compound was again dried over sulfuriec acid in a vecuum
desiccator. Gradually gunmy crystals réxmoa. These were
covered with 95% aloohol, in which the greater part of
the material was quite soluble; the insolubdle material
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appeared to be inorgesnie, and was filtered off, On cooling
the aleoholis solution a small smount of fine qrystals was

obtained whioh melted paorly over a wide range and with de-
composition in the neighborhood of 200°,

| Tha Pregaratiog or Thallium Diehloride p-Toluenesulfinate.
(1) Frcm«Sodium.E:Toluanoggltinazg, Seventeen and eight-tenths

grams (0,1 mole) of sodium p-toluenesulfinate and 38.2 g,
(0.1 mole) of thallium trichloride tetrahydrate were each
dissolved in the minlmum emount of water at 40° and the
solutions mixed., There was an immediate precipitate, with a
very slight gas evolution and odor of P-toluenesulfonyl
chloride. The preeipitate was filtered, washed with water,
and dried over caleium chloride. It welighed 38 g., which
ropresented an 84% yleld of thallium dichloride p-toluene-
sulfinate melting at 203-205‘ with decomposition. Qualitative
analysis demonstrated the presemce of sulfur, echlorine, and
thallium. Boiling in water 4id not eliminate sulfur dioxide
with the formation of a carbon-metal linkage, as has been
observed with related mercury oom@ounés.51'33’55

Anal. Caled. for C,H,0,C1,STl: T1, 47.4.
Found: T1, 47.6.
(31) Peters, Ber., 38, 2567 (1905),

(32) Kharaseh, J. Am. Gh Sac. %g 610 (1931).
(33) Loudon, J. Gham, ea., ! 11 55)
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(II) From p-Toluenesulfinie Acid. One and six-tenths
grems (0,01 mols) of p-toluenesulfinic acid and 3.8 g. (0.0l

mole) of thallium trichloride tetrahydrete were each dissolved
in the minimum amount of water at 40° and the solutions mixed.
A precipitate gradually formed, and after it had been allowed
to digest for two hours at 0° it was filtered, washed, dried,
and weighed: 3.2 g. of material was obtained, which represented
a 75% yleld of théllium dichloride p~toluenesulfinate which
melted at 203-205° with decomposition and showed no depression
in & mixed melting point with the thallium dichloride
p-toluenesulfinate prepared from aediuﬁ p-toluenesulfinate.
The‘Prggaﬁatioﬁ of Thal1cus Terephthalate, One and
seven~tenths grams (0.0l mole) of purs terephthalisc acid was
covered with 15 ml, of water and boiled vigorously while
titrated with thallous hydroxide solution, using phenolphthalein ,
as an 1nd1eator; Por an instant Jjust as the end point was reached,
everything was in solution, but then the thallous terephthalate
rapidly sterted to separate from the boiling solution, and
more geparated as the solution was allowed to cool. The yleld
was 5.2‘&. or %1% of shining colorless crystals which d1id not
melt at 340°,
Anal. Caled. for C H,0,Tl,: T, 71.4. Found:
T, 71.3.
ThevAetien of Thallous Formate on Acetone Sodium
Bigulfite. One and six-tenths grams (0.0l mole) of acetone
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sodium bisulfite was dissolved in a small amount of water and
treated with a solution of 2.5 g. (0.0l mole) of thallous
formate dissolved in a small amount of water. There was an
immediate white precipitate, which would not burn or char.
This compound eontaining no carbon was shown by analysis to
be thallous bisulfite.

Anal. Caled. for T1HSO,: T1, 71.5. TFound: 71, 71.1.

The Recovery of Thallium, All organie residues,

filtrates, filter papers and other similar material containing
thallium were pleced as they accumulated in a four-liter beaker,
and the greater part of the organic matter was destroyed by
heating with one liter of nitriec acid on the steam-bath. The
residue was taken to fumes with sulfuric acid, and any small
amount of organic matter remaining was oxidized with hydrogen
peroxide. Two or three liters of water were then added, what
ever amount was necesgsary to dissolve the salis at the boiling
point, the solution was filtered from insoluble matter (barium
sulfate, etc.), the filtrate was reduced to the thallous state
by sodium arsenite, and then precipitated by sodium ohloride
{or bromide, iodide, or other ion whieh would produce an in-
soluble thallous salt). The precipitate was washed by
decantation (the precipitate was found to be very heavy,
and always settled rapidly) five or six times very thoroughly,
and then was washed with alcohol several times, filtered and
dried. The material may then be used dirsctly for the prepare-
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tion of thallium trichloride or other inorganic thallium
preparation. From two to three hundred grams of thallous

chloride wers thus recovered at one time in one operation.
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DISCUSSION OF RESULTS

In general, two methods are avallable for the synthesis
of water-soluble organothallium compounds: the organothallium
molecule may be solubilized through the acid radical or
e group” {only R,T1X compoundz are ccnsidered in this discussion)
or it may be solubilized by the introduction of certain groups
into the sromatic nuclei in compounds such as diphenylthallium
bromide, Water-solubility in itself is not difficult to attain
in the three types of organothallium compounds which are stable
enough to be employed pharmacologically: RTIX,, R, TI1X and
R,ﬂgz. Very many compounds are known which have the necessary
one percent solubility in water, for instenee, ethylthallium
dibromide, phenylthallium. K dichloride, diethylthallium chloride,
diphenylthallium fluoride, dimethylthalllum acetylacetone, or
diethylthallium acetoacetate. But some of these compounds,
for instence ethylthallium dibrami&e,ls have been found to dbe
very toxic, while others, such as diphenylthallium fluoride
might well be assumed to be toxic, sinoce the compounds are
known to ionize into R,T1% and X~, and the fluoride ion is
known to be toxic., Although in genersl RTIX, compounds are
much more soluble in water thamn R,T1X compounds, they are
also less stable, In some respects the chelate compounds of
the type R.,ii are also rather unstable, and the members of
the aliphatic series which are soluble in water (inm general,
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methyl, ethyl, and in some lnstances propyl derivatives) are
also quite extensively hydrolyzed, the solution really con-
taining the dialkylthallium hydroxide and the chelate compound,
Indeed, it is likely true that the relatively low toxiocity
of diphenylthallium bromide is due to its great insolubility
in water, the thallium thus becoming only very slowly available
as an active partieipant in body processes, This explanation,
however, iill not hold for dimethylthallium bromide, which is
the least toxie of all trivalent thallium oompounds tested and
reported, and yet it is fairly soluble in water. A similar
- lack of toxicity has been reported for certain trimethyllead
aerivativea,sé One of the most fundamental questions yet to
be anéweraa, a question on which the choice of organometallic
compounds for therapsutic application must be based, is whether
the organometallic mnleoulqlexerta its physiq}ogical action as
an entire molecules, or whether its action is due to a gradual
cleavage of the organiec groups from the molecule. Probably
both modes of action are possible, and they may even be
simultaneous. In general, the synthesis of extremely insoluble
crganothallium compounds, while it might produce hon—toxie
material, would also in all probability vitiate at the same
time any physiological aetivity the metal might have; the material

(34) Sobmidt, Med. u. Chem, Abhandl. med.-ghem. Forschungstitten
I. G. Far enin d., %, 418 (1936); /~C. A., smﬁmyj, 11933) 7.
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would simply be excreted unchanged. Thus, the non-toxioc
water-soluble type (such as dimethylthallium bromide) is to
be preferred to the non-toxisc water-insoluble type. An
investigation might well be made to determine whether various
organometallic compounds are cleaved by the meximum acid and
alkaline pH values found anywhere in the body of various
animals, 7 ,
Since there never has been any great difficunlty in
finding a number of acid radicals ("X groups") whereby
dlalkylthallium eompounds of the type R,T1X c¢ould be made
water-soluble, more attention was given to diarylthallium
galts. Since the usual starting materisl is the diarylthallium
bromide, the common double-decomposition reaction in pyridine
with a silver salt is in general the most direct method of
syntheslis, but it is not infallible. Diphenylthallium
sulfanilate thus was readily prepared from diphenylthallium
bromide and silver sulfanilate, both of which are readily
soluble in hot pyrldine, whereas silver bromide is not,
Unfortunately, diphenylthallium sulfanilate was found to be
insoluble in water, thus demonstrating that the numbaer of
non-toxioc aclds capable of putting any given diarylthallium
base into aqusous solution is certainly limited. Other
difficulties are encountered in using this method: certain
silver salts are insoluble in pyridine, suech as gilver sulfamate,
while other silver salts react in hot pyridine, such as silver
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aminoacetate, which is considerably reduced by bolling in
pyridine. Silver lactate was quite soluble in warm pyridine,
and by this method di-2-pyridylthallium lactate was prepared
from the insoluble di-2-pyridylthallium chloride. It proved
to be quite soluble in water,

Silver saoccharide was found to be very soluble in warm
pyridine, end dimethyl-, diethyl-, and diphenylthallium
saccharides were prepared from the corresponding halides by
this double~decomposition method, Dimethyl- and dlethyl-
thallium seecharides were found to be readily scluble in water,
but diphenylthallium saccharide was too insoludble., For com-
parison, thallous saccharide was prepared: it melted at 228-
229° and was very soluble in water, o0

It would be interesting to employ thallous sslts in
those casea where the silver salt was lnsoluble in pyridine,
or was otherwise unsatisfactory. It is entirely possible that
thallous salts would be found to be soluble in cases where the
corresponding silver salts were insoluble, because the
solubility of an inorganie salt in pyridine is probably not a
case of simple solution, and thsllium has a much stronger
codrdination force than silver. If some such double-decomposi-
tion resetion is not employed, the most general method would
be to first prepare the organothallium base from the halide

{35) Studies by Mr. Gordon O'Donnell,
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‘with silver oxide, and then neutralize this with the desired
acid, a method which has been widely used, but which requires
an additional step.

| The other general method whereby organothallium com-
pounds of the type R,T1X may_be made water-soluble 1s to

modify the "R group”. Agein, the chief present consideration
will be confined to diarylthallium selts. Challenger and
Rothstein showed® that the nitration of diphenylthallium nitrate
takes plaae'in the meta-position, but they did not attempt to
isolate any organothallium compound trum this reaoction, but
instead cleaved the entire reaction mixture with bromine and
and isolated m-nitrobromobenzens. Mel'nikov and Rokitskaya’

were unable to isolate any di-m-nitrophenylthallium salt from
the nitration of diphenylthallium bromide, but tﬁafr reaction
temparature was probably too high., However, by employing the
proper conditions it has been found possible in the present
studies to carry out this direct nitration in reasonable yield,
The compound, however, is more readily prepared from
m-nitrophenylboric acid in the customary manner with aqueous
thallium trichloride. The corresponding di-m-aminophenylthallium
galt has never been prepared, and great diffloulties would have
to be faced in the synthesls of this compound.

Two methods are open for the synthesis of di-m-aminophenyl-

thallium chloride: (1) the reduction of di-m-nitrophenylthallium
chloride, and (2) the reaction between thallium trichloride and
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m-eminophenylborie aciq.3¢ Di-m-nitrophenylthallium chloride
is very insoluble; in fact, the only solvent in whieh it has
any appreciable solubility is pyridine, which is a poor
solvent for reductions, either direct catalytic redustion by
hydrogen, or by more usual reductions using the common
inorganic reducing agents. In the second instence, thallium
trichloride is known to exert a strong oxldizing effect on
‘aniline and related derivatives (see p. 98) with the forma-
tion of chlorinated dyes.

The direct sulfonation of an organothallium com-
pound has not previously been attempted. It has bean faund‘
.passibla, however, to take}advantage of the great insolubility
of R,T1X compounds and their resistance to acid cleavage to
directly sulfonate diphenylthallium bromide, onoe in each
aromatic nucleus, in the meta-position. The extreme
insolubllity in water of diphenylthallium bromide is thus
reduced to a point where the compound may be easlly re-~
orystalllized from water. At low temperaturss there does not
appear to be any very great tendency for fuming sulfuric seld
to cleave diphenylthallium bromide. However, an exchange of
salt radicals does take place, and the final product is
41-2~(4-sulfotoluene)thallium sulfatse. The compound is
readily soluble in sodium hydroxide solution, mey be titrated
‘'with standard base to a good end-point with phenolphthalein,

(36) Seaman and Johnson, J. Am. Chem. Soc., 53, 711 (1931).
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and the sodium salt.thus obtained is readily soluble in
water, ,

The position of sulfonation was established by
cleaving the di-2-(4-sulfotoluene)thallium sulfate by bromine.
The thalléus galt of the x~-bromotoluenesulfonic acid thus
obtained gave no depression in a mixed msltling point with an
authentic sample of thallous 2-b:9antaluene-i-;ulronata.

The discovery that the thallous salts of sulfoniec acids
possess sharp melting points and melt without decomposition
opened up some important possibilities. A variety of thallous
salts of different sulfonic acids was prepare657 and without
exception they all showed good melting points, usually with-
out decomposition. Two general methods of preparation were
used, depending on whether the starting material was in the
form of the free sulfonic acid or as a sodium sulfonate., When
the starting material was in the form of the free sulfonic
acld, titration with thallous hydroxide invariably gave a
good derivative., When resort had to be made to the double
decomposition betwesen thallous formate and a sodium sulfanate,
in a few cases the thallous sulfonate was Just as soluble as
the sodium sulfonete, and no precipitate could be obtained;
such was the case, for example, with sodium benzenesulfonate.

Thallous benzenesulfonate was prepared, however, by the direct

(37) Gilman and Abbott, J. Am. Chem. Soec., 65, 000 (1943),
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titration of benzenesulfonic acid, end the compound proved to
be extremely soluble in water,

If the thallous hydroxide solution is first standardized,
the process of preparing a derivetive of a sulfonic acid also
provides a neutral equivalent on the compound. The thallous
sulfonate can then readily be alkylated, for instance with
methyl iodide, to obtain another derivative. Generally, the
compounds ¢rystallize very well, can be easily recrystallized
from water or wvarious water-alecohol mixtures, exhibit a
variety of melting points, possess a wide range of solubllitles,
and show large depressions in mixed melting polint determinetions.
It was found that very small amounts of materisl could readily
be characterized by this simple and quick method. Ko resord
could be found in the llterature of the preparation of any
thallous sulfonate, although a large number of various types
of thallous salts has been recorded, many of which also show
excellent melting point characteristics.

No alkylsulfonic acid was available for direct titration
with thallous hydroxide solution. Accordingly, the only
method used was the double decomposition between thallous
formate and a sodium sulfonate. Several attempts to obtain
thallous p~butylsulfonate by this method were unsuccessful;
an inorganic preciplitate was obtained, and no pure thallous
aait could be isolated. Thallous laurylsulfonate, however,
was obtained by this method, although not in very good yield.

The melting point phenomena obgerved under the miocroscops made
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it seem very probable that this compound fcxms'liquié crystals,
and really has two melting points, as has been observed by
several workers for all the thallous salts of the fatty

acids above butyric.58'39'4°’4l Further work on several
compounds, preferably with the aid of the polarizing micro-
scope, would be necessary to establish this point definitely,

Lead, mercury, and silver salts were made of several
aromatic sulfonie acids. Although these heavy metal salts
were all known, no record could be found of attempts to take
their melting points., Actually it was found that such salls
40 not melt at 350° and the belief in the apparently unique
property of thallium was strengthened. The bivalent nature
of lead and mersuric mercury is also a disadvantage., On
gseveral grounds it could be predisted that the cesium salts might
most nearly approach the thallous sulfonates in melting point
and solubility characteristics.

The work on the preparation of thallous salts waa
sxtended to inelude some of the related acids. Salts of
sulfinle, and phosphonic aclds were prepared, and meny other
- obvious possibilities aweit trial. Both the mono- and
dithallous salts of phenylphosphonic acid were obtained, and
{38} Vorlilnder, Ber., 43, 3120 (1910).

(39) Holde and Selim, Ber., 58, 523 (1925).

540) Holde and Takehara, Ber., 58, 1788 (1925).
41) Walter, Ber., 59, 962 (1926).
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both possessed good melting points.

The alkyl mereaptaﬁs}f@rmsd very insoluble thallous
salts, but the melting points were poor. Thess salts, however,
would provide a réady method for the detection and separation
of a mercaptan in mixtures with neutral components. The
| thallous salts of aromatic thiophenols, in sharp contrast,
were stable well-defined orystailine bodles with satisfactory
melting points. | | |

Nitromethane gave & crystalline thallous salt which
d4id not melt; nitroethana, one which melted with decomposition.,
The usefulness of this class of thallous salts would thus
'aypaar to be limited. Trinitrobenzene formed blood-red
thallous salts of rather indefinite composition: the amount
of thallium in the salt was regularly inoreased as the
trinitrobenzene was treated with an inereasing number of
equivalents of thallium. These compounds were all somewhat
explosive, but in varying degree,

It was hoped that the thallous salt of terephthalic
acid would melt, and that it would thus be possible to deriva-
tize this troublesome compound more rapldly and easily than
at present may be done by the preparatiocn of the methyl ester.
Thallous terephthalate did not melt at 340°. Thallous oxalate
melted with decomposition in the neighborhood of 320°,

Attempts to prepare organothallium compounds directly
from thallous sulfate, using either methylmagnesium chloride
or K-naphthyllithium, were unsuccessful. Thallous sulfate
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is completely inscluble in ether, and could be refluxed for
long periods with active organometallic compounds without the
slightest sign of action. It would be of some advantage if the
commsreially available form of thallium, thallous sulfate,
could be used directly im the preparation of organothallium
compounds, without first being converted tc the chloride or
trichloride, but its actlion appears to be unlike that of the
halldes,

It was likewise without suceess that attempts wers made
to react diazomethene with thallium trichloride in ether solu-
tipn. This 1s somewhat surprising, sinse mercuric chlorids
is nearly insoluble in ether and yet reacts as a guspension
to glve high yields of chloromethylmercury chleride,4?
whereas thallium trichloride is completely soluble in ether,
and yet gives no éign of reaction. Ipvhad been intended to
extend this reaction, if successful, to the introduction of
the A -chloroethyl group into organothallium compounds.

The preparation of organclead compounds containing
diazo linkages has been carried out with striking success .43
Similar efforts to obtain related orgasnotin compounds were
not very fruitful.ll This is distinotly unusual, end at the
present not completely explalnable, for in general it is true
that many reactions have been found to take place with tin,

(42) Hellerman and Newmen, J. Am. Chem. Soc., 54, 2859 (1932).
(43) Stuokwisech, Ph. D. Thesis, Iowa State College, 1943.
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but not with lead; the oonverse of this statement, that
reactions that take place with lead 4o not take place with
tin--with the exception of cleavage reactions--rarely has been
found to hold good. ,

On the contrary, this very resistance of tin compounds
to acid cleavage should meke it easier to obtain diazo com-
pounds. The same may be gaid for thallium compounds of the
type R,T1X, which are very much more resistant to acid
oleavage than are lead compounds; yet in the only case where
any action was observed with R,T1X compounds, the reaction
was demonstrated to be that of cleavage. Two major difficulties
{omitting such considerations as inherent chemical reactivity
toward the eoupling reaction, since it is stil)l unknown
whether the presence of a metal increases or decreases the
tendency to undergo coupling) stand in the way of preparing
organothallium ccmpounds containing the diazo linkage: (1)
the diffieculty of preparing starting materials which would be
likely to undergo ready coupling, and {2} the insolubility of
R,T1X compounds in nearly all solvents., When a fourth group,
such éa o-hydroxyphenyl or p-aminophenyl, is added to an
R,PbX compound there are in general only two simple
possibilities: elther a 1ead-carbon linkage results or a lead-
oxygen (or lead nitrogen) bond is formed, Probsbly both
reactions take place, with the formesr predominating, but the
second has been little investigated. Such an 1nfeatigation

would require the preparation of such typical compounds as
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triphenyllead phenoxide and triphenyllead N-anilide. With
thallium the case 1s more scomplicated, sines the usual start-
1ng mate?i&l is thallium trichloride, which has three valences
which may be substituted either by a carbon-bond or by an
oxygen~bond, or--as is more likely--by a combination of such
bonds, The yield in the preparation of di-o-hydroxyphenyl-
thallium bromide was only 15%, and this partieular application
of the halogen-metal interconversion reasoction was abandoned;
this meant that the compounds whioh could be more readily
prepared in higher yields, such as di-p-dimethylaminophenyl-
thallium dbromide, di-o-anisylthallium bromide, and di-p-
anigylthallium bromide, were subJjected to the action of
diazonium salts, although it 1s reasonable to believe that.
they would be less reactive toward coupling.

 The second difffoulty, the great insclubility of
R,T1X compounds in most solvents, also eould not be satis-
factorily met. In several experiments ethyl acetate was used
as a solvent, partly because R,T1X ocompounds do have some
small solubllity in this solvent, which does not interfere
in the ocoupling resction of a diazonium salt, and partly
because it had been sucoessfully used with lead compounds,
Pyridine was also used, but a gradual reaction of this solvent
with the diazonium salt was noticed.

The reaction of di-p~dimethylaminophenylthallium

bromide with p-nitrobenzenediazonium chloride to give
4'-nitro-4-dimethylaminoazobenzene, i. ., a cleavage product
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is very 1nterastiné, since a parallel experiment containing
exactly the same substances with the exception of sodium
nitrite showed no cleavage. In other words, thn acid present
‘apparently was not responsible for the cleavage as such, and
it may be assumed that the p-nitrobenzenediazonium chloride,
either direotly or indirectly, itself functioned as a oleavage
agent. Much further work would, of course, be necessary to
eonfirm this assumption.

In conclusion it might bs mentioned that the double-
decomposgition reaction between acetone sodium bisulfite and
thallous formaté gave a precipitate of thallous bisulfite,
Until further experiments are eonducted on related aldehyde
and ketone bisulfite addition produocts, and the ébsenee of
such impurities as sodium bisulfite is demonstrated, it
would be hasty to assume that a carbon-sulfur linkage is not
present, as is now generally believed.®* It should be pointed
out, however, that thallium might be a powerful tool in such
investigations, for the probability is high that melting
point determinations eould be made on various isomerie structures
and mixed melting points would then afford positive identifioca-
tion,

(44) ﬁggg)and Langkammerer, J. Am. Chem. Soc., 57, 2360
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SUMMARY

By means of the double-decvomposition reaction between
a diarylthallium halide and a silver salt of a water-solubls
acid various diarylthallium salts have been prepared which
have some slight solubility in water; but it was shown that
the choice of acids is limited if both the criteria of water-
solubility and non-toxicity are to be met., Certain salts,
moreover, could not be prepared by this reaction.

The direct nitration and sulfonation of an R,TIX com-
pound was successfully carried out for the first time, and the
position of substitution was carefully established., It was
‘found that di-m-nitrophenylthallium chloride was prepared
more readily end in better ylelds, however, by the reaction
between m-nitrophenylboric acid and thallium trichloride in
aqueous solution. Di-2-(4~sulfotolusne)thallium sulfate was
found to have a very favorable solubility in water, and its
sodium salt was readily prepared by direct titration, and
wag found to be stable and easily soluble in water., The use
of the thallous salt of 2-bromotoluene-4-sulfonic acid as a
derivative of a sulfonic acid--since it possessed a sharp
melting point--led to the preparation of several thallous
sulfonates, all of whioh were found to possess excellent
maiting points. The work was then extended to include
thallous salts of sulfinie acids, mono- and disubstitutéd
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phosphonic acids, all of which likewise proved to be suitable
derivatives.

Carefully detailed conditions were worked out for the
preparation of thallous hydroxide and thallous ethoxide in
one-hundred gram quantities., Diethylthallium ethoxide was
prepared from diethylthallium chloride and thallous sthoxide,
also by using the cheaper sodium ethoxide. The compound
oould be readily distilled, but was immedlately hydrolyzed by
contaect with water,

2-Pyridyllithium, when reacted with thallium
trichloride, gave di-2-pyridylthallium chloride in very good
yield. Various thallium tribromide and trichloride ocomplexes
of pyridine, 2-aminopyridine, 2-bromopyridine, cysteine, and
related ecompounds were prepared and their melting points
determined., Useful solubility data were also obtained, which
were compered with the solubility of dl-2-pyridylthallium
chloride. Various organolithium compounds with functional
groups were prepared by the interconversion of the correspond-
ing halides, but they gave only very low ylelds of R,T1X com-
pounds when reacted with thallium trichloride. For instance,
di-o-hydroxyphenylthallium bromide was obtained in 15% yleld
by this resaction.

Amino and phenolic compounds were desired as starting
material for the preparation of R,T1X compounds containing the
dlazo linkage. The low yields of these compounds as obtained
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via the halogen-metal interoonversion reaction made it seem
more expedient to prepare such compounds as were available
by the direct Grignard reaction, although it was believed
thoy would be less reactive toward the coupling reaction.
Di-o- and di-p-anisylthallium bromide and di-o- and di-p-
dimethylaminophenylthallium bromide were prepared, but

they could not be made to undergo coupling with Eynitroé
benzenedlazonium chloride, The diazonium salt apparently
cleaved di-p-dimethylaminophenylthallium dbromide, since the
product 1501339& from the reaction was 4'-nitro-4-dimethyl-
aminoazobenzene, Di-p-dimethylaminophenylthallium bromide
was shown to be stable to the same acid concentrations employed
in the reaction with p-nitrobenzenediazonium chloride.

The reaction of thallous hydroxide with several
nitroparaffins, alkyl mercaptans, thiophenols, dibasic acids,
allylarsonic acid, and acetone sodium bisulfite is also
recorded.
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