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CCCC1X.-Cyclic Organo-metallic Compounds. Part 
I I .  Tellurylium Compounds, a New Series of 
Intensely Coloured Tellurium Derivatives. T7ze 
Migration of Anions in Solids. 

By HAXXY DUGALD KEITH DREW. 
WHEN phenoxtellurine (I) is treated with nitric acid under coil- 
ditions which preclude nitration of the nucleus, it becomes intensely 
bluish-violet and is then transformed to  colourless phenoxtellurinc 
dinitrate (11; see this vol., p. 223). Reduction of the dinitratc 
with sulphurous acid gives a similar bluish-violet, intermediate 
substance, which is ultimately transformed completely to yellow 
phenoxtellurine. Each of the following processes, therefore, givcs 
rise to an intensely coloured compound : 

An insight was obtained into the nature of the phenomcnon 
when it was found that the intense violet colour was developed on 
merely mixing and rubbing together the dry Substances (I and 11) 
between glass surfaces. The action of such solvents as water, 
alcohol, ether, benzene, and chloroform discharged the colour, 
reproducing the original substances, which could be recovered and 
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recombined. A glas, rod coated with a film 01 thc violet substance 
bccnnie cdourlws on being plunged into ether vapour, the colour 
returning on withdrawal into the air. 

A series of nitro- and dinitro-derivatives of substance (11), of 
which 2-nitrophenoxtellzi?.ine 10 : 10-dinitratc and 3 : 8-dinitrophenox- 
tellurine 10 : 10-dinitrate arc examples, was nest prepared; and it 
was found that these substances produced similzr violet compounds 
when combined with phenoxtellurine or with a nitro- or dinitro- 
derivative thereof, although, cwiug to steric or other hindrance, 
not every pair could bp causcd to interact (see tablc, p. 3066). 

It was therefore cvident that the reaction between a dinitrate, 
of type similar to (II), and its reduction product, of type similar 
to (I), occasions gcncrdfy the formation of a n  intensely coloiired 
>,uhstancc. The object of the siibaequcnt investigation was to 
chliiciclate the mecliaiii:;m of thia remarliable reaction and to  f i d  
the extent of its npplicability to SilltS other than the dinitrates. 

The foregoing methods were inconvenient for the production 
of the coloured scbstances in a pure state, since the complexes 
containing nitrate groups underwent considerable decoinposition 
in the most favourable solvent medium, viz., warin glacial acetic 
acid. The possibility of substituting the less oxidising bisulphate 
radical for the nitrate radical mas thereiore examined. 

The author had previously noted (7oc. cit.) the production of an 
intensely red colour when phenoxtellurine was dissolved in con- 
centrated sulphuric acid. This rezction is accompanied by the 
twdution of sulphur dioxide, pointing to the intermediate pro- 
duction of a sulphate of phenostellurinc. To isolate the colouring 
matter, water was cautiously mixed in small proportion with the 
red solution, and the liquid allowed to stand. There separated 
bright red crystals of dip72enoxtellur~lizim clibisulphate disulphuric 
acid trihydmte (111). On exposure on porous tile to moist air, this 
hygroscopic substance loses the attached " free " sulphuric acid, 
and becomes transformed quantitatively into an intensely violet- 
blue snbstancc having a greenish-bronzc reflex, vix. , diphenox- 
fellziry7ium dibiszi@7iafe di- or iri-lydrctfe (PV), in which the con- 
ditions of drying determine the final degree of hydration. 

Similarly, when the rccl solution of phenostellurine in concen- 
trated sulphuric acid was diluted with a greater proportion of water, 
the colour changed from red to blue with eventual production of 
n violet precipitate ; and the latter, when crystallised from glacial 
acet'ic acid, was transformed into d i ~ 7 ~ e . l z o x t e l l u ~ ~ l i u ~  hydroxy- 
tisulphnte monohydmte (V), which separated in copper-coloured 
needles giving tl violet-black powder. The change was evidently 
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due to the removal of part of the water followed by hydroxylation 
of one of the bisulphate radicals of the intermediate compound (IV). 

moist air 

OT glacial acetic acid 
coutaining H,SO, 

glacial 

acetic acid 
-- + 

/-\ w ... OH 
(V.) /--N 

r\ 
\J 

>=<Te-T/ \O”~H20 >=< So*H...*=O\ // 
\-/ 

(The dotted bonds in the above and the following formula 
indicate polar linkings.) 

Crystallisation of the red compound (111) from glacial acetic 
acid Wewise resulted in the almost quantitative production of 
compound (V), “ free ” sulphuric acid and water being removed, 
part of the latter then producing hydroxylation. When, however, 
compound (111) was dissolved in acetic anhydride, which would 
have the effect of permanently removing the water, i t  was decom- 
posed without production of (V), behaviour which confirms the 
foregoing view of the change in glacial acetic acid. 

The above changes and the additional reactions indicated in 
the following statement show that the transformation of the three 
comnounds (111, IV, and V) can be carried out in either direction : 

Crystallisation of (111) from glacial acetic acid containing a little conc. 

Crystallisation of (V) from glacial acetic acid containing considerable 

The action of (I) on glacial acetic acid containing a little conc. H,SO, 

The action of (I) on glacial acetic acid containing more conc. H,SO, 

H2S04 yields (IT). 

conc. H,S04 yields (111). 

yields (IV), together with SO,. 

yields (111), together with SO,. 

Each of the compounds (111), (IV), and (V) is decomposed into 
its constituents by an excess of water. The reaction is quantitative 
in a rough sense; and it has been shown that approximately equi- 
molecular proportions of phenoxtellurine and its (hydroxylated 
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salt are produced in each case, these substances being readily 
separable. I t  thus bccones clear why the gradual addition of 
water to a solution of phenoxtellurine in concentrated sulphuric 
mid changes the red colour to blue and violet and finally leaves 
oilly a pale yellow turbidity due to phenoxtellurine. 

Each of the nitro- and dinitro-substituted pheiioxtellurines 
yields a n  inteiisely coloured violet or greenish-violet substance when 
its red solution in sulphuric acid is cautiously diluted with water. 
The same holds even in the case of 2 : 8-diaminopheiior,tellurine. 

Compound (V) shows remarkable bshaviour in glacial acetic acid 
solution. P t  is practically insolubls in the cold; but in the hot 
solrent it gives intense cherry-red solutions which become very 
pale yellow whcn diluted with more solvent. Solutions sufficiently 
dilute to be nearly colourlcss when hot develop intense cherry-red 
colorat8ions on cooling, whilst more concentrated solutions become 
cherry-red and then deep violet-blue on cooling, owing to the 
deposition of the finely-divided solid. Compound (IV) shows 
similar beliaviour. 

It will be clcar that, on the foregoing hypothesis, the violet 
compounds (I17 and V) result from a combination of phenoxtellurine 
aiid its dibisulphate or hydroxybisulphate. To confirm this view, 
it was necessary to combine these constituents directly. 

To obtain the sulphate, it was found best to prepare first phenox- - -~ 

telltirine 10 : 10-dimelute, O<c6114>Te(O*CO*CEI,), C K  (VI). This 
6 4  

was readily obtained, in the form of colourlcss needles soluble in 
organic solvents, by the action (i) of hydrogen peroxide, or (ii) of 
sodium nitrite, upon a glacial acetic acid solution of phenoxtellurine ; 
and these reactions were found to be of general application to the 
members of the phenoxtellurine and cyclotclluropeiitanedioiie series 
of tellurides . 

The use of an excess o€ hydrogen peroxide occasions the pro- 
duction of phenoxtellzu-one, an insoluble white powder (see experia 
mental section). 

When a solution of phenoxtellurine diacctate (VI) in boiling 
watcr ~ ~ 1 s  t'rzated with sulphuric acid, a crystalline sulphate 
separated, which, on recrystallisation from sulphuric acid, gave 
crystals whose composition depended upon the concentration of 
acid present. With the minimum of sulphuric acid necessary to 
cause precipitation, almost colourless needles of phenoxtellurine 
szdphate (VI I  ; or, less probably, its monomeric form) separated. 
This substance occasioned little, i f  any, development of colour with 
phenoxt ellurine. 

From more strongly acid solutions, cream-coloured crystals were 
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obtained, approximating in composition to a complex compound 
(see experimental section) containing phenoxtellurine hydroxy- 
bisulphate (VIII). This substance (or mixture) gave considerable 
development of violet colour when rubbed with phenoxtellurine. 

When, however, the crude sulphate was dissolved in warm con- 
centrated sulphuric acid, and a relatively small proportion of water 
added, the orange solution crystallised on cooling to a mass of 
yellow plates, which, after being drained on clay in a desiccator, 
became transformed into pale yellow phenoxtellurine dibisulphute 
trihgdmte (IX), obtained in a pure state. 

(VIII.) 

This substance combined with tellurides to form intensely violet 
products. With phenoxtellurine, either in the dry state or in 
presence of glacial acetic acid, compound (IV) was produced; 
and, from it, compounds identical with (111) and (V) were readily 
obtained in the pure condition. 

These syntheses demonstrate the truth of the initial hypothesis. 
Phenoxtellurine dibisulphatc, unlike the dinitrate and diacetate, 

is yellow. Its solution in sulphuric acid is bright yellow, or orange- 
red when hot or concentrated. For this reason, formula (X) must 
be considered as an alternative to formula (IX), or, at  least, as 
representing a possible phase. In any case, phenoxtellurine dibi- 
sulphate behaves as a salt, and must be coilsidered to possess one 
anion in the phase represented by (IX), and possibly two anions in 
that represented by (X). 

When phenoxtellurine diacetate is treated with syrupy phosphoric 
acid or with a concentrated solution of perchloric acid, salts are 
obtained which resemble the dinitrate and dibisulphate in that 
they give rise to intensely coloured tellurylium compounds (although 
of a bluer shade) when combined with tellurides. The salts are 
probably di-dihydrogen phosphates and diperchlorates, respectively. 
They and the dcrivcd telluryliuin cornpouida are extremely sensitive 
to moisture. 
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Telluride salts containing nitrate, bisulphate, dihydrogen phos- 
phate, or perchlorate radicals therefore possess an anion, a i d ,  
when this migrates from tellurium (as in S), n further anion may 
develop. The tellurium atom in these cases is satisfied with one 
polar and three non-polar ban58 ; but where chloride, bromide, or 
acetate radicals are present, the compounds are non-polar and do 
not give rise to  coloured complexes. The tellurium atom is here 
associated with four non-polar bonds. Quadrivalent tellurium can 
thus be associated with 54 or with 56 electrons. 

When phenoxtellurine dibisulphate (IX) is treated with hot 
aqueous barium chloride, it gives 10 : 10-clichlorophenoxtelliirine 
(loc. c i t . ) ,  from which the dibisulphat,e is regenerated by warming 
with concentrated sulphmic acid. The latter reaction gives a 
further general method for the preparation of the dibisulphates of 
the phenoxtellurine series. 

Mechanism of the Decelopment of the Colozcred Complex. 
A large number of experiments have shown that  a coloured 

complex of this series is developed only by the interaction of a 
telluride and a salt of the type already indicated. The author 
considers it probable tha t  the process involves the migration of an 
anion from the salt member to the reduced (telluride) member of the 
pair of ger,erntors, accompanied by unioa of the two residues. 

The salt member (e.g., 11) would thus become the " donor " of 
an acid radical, the reduced member (e.g., I) being the " acceptor." 
For the sake of brevity, these tcrms will be employed in the 
following discussion. The presence of the phenoxtellurine ring 
system in one member of this pair of generators is essential. 

Evidence has been obtained that  coloured complexes of the 
type shown in (XI), in which the right-hand inember may bc m y  

organic telluride or sulphide, are capable of existence; but these 
substances are so readily dissociated that  it has hitherto proved 
impossible to  isolate any of them in a pure condition. 

Each of the coloured complexes so fa,r obtained in a pure state 
belongs t o  the t y p ~  (XI), in which occur two phenoxtellurine 
(or substituted phenoxtellurine) rings. 

The following table shows the types of substances capable of 
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producing coloured complexes by interaction with acceptors or 
donors of the phenoxtellurine series. 

Donors. Acceptors. 
Salts of phenoxtellurine, etc. 
Salts of cyclotelluropentanediones. * cycZoTelluropentanediones. 
Salts of diethyl sulphide (not isolated). 
Basic tellurium nitrate or sulphate. 
Concentrated nitric or sulphuric acid. 

Phenoxtellurine, e tc .  

Tellurodiacetic acid. 
Ditellurodiacetic acid. 
Diethyl sulphide. 
Hydrogen sulphide. 
Sulphurous acid. 
Base metals (Fe, Cu, Na, etc.). 
1 : 2-Dihydroxybenzenes (pyrogallol). 

* Tho majority of the cyclotdluropontanediones can be employed only in 
the dry way, since the mixed pr0duct.s are decomposed by hot acetio acid 
with liberation of tellurium. Only the products from 4 : 4-dialkylcyclo- 
telluropenfanediones are stable to acetic acid. 

The reactions of tellurides with phenoxtellurine dibisulphate 
afford a very delicate test for the presence of these substances. 

These apparently unrelated reactions are unified by adopting 
the hypothesis that in every case of interaction between a donor 
and an acceptor there occurs an exchange of anions from the former 
for an equal number of electrons from the latter. The exchange 
is followed by the union of the two residues with production of the 
coloured complex, the extent to which this is formed being governed 
by the prevailing conditions of temperature and concentration as 
well as by the nature of the interactants. 

Substances which act as donors or acceptors but do not them- 
selves enter into the molecule of the resulting complex are inter- 
mediary suppliers or receivers of anions. They create donors or 
acceptors, respectively, of $he phenoxtellurine series. 

Thus, between diethyl sulphide and phenoxtellurine dibisulphate 
there is set up the equilibrium : 

where R represents the bivalent carbon grouping of phenoxtellurine. 
Free phenoxtellurine is therefore present in the system and unites 
with its dibisulphate t o  give the violet complex, which is in turn 
in equilibrium with its constituents : 

TeR - so4H>TeR. - TeR + SO,H 
RTe 

"=s O,H s o~H-." 
The two remaining possible complexes, viz., 

are similarly in equilibrium with their constituents. Naturally, 
the tendency towards formation of some of the possible complexes 
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will be small or nil and will in general be governed by the affinities 
of the active atoms (Te and S in the above case) for anions and by 
the tendency of these atoms to unite together. 

The system in dilute solution is therefore equivalent to  one in 
which there are present in equilibrium only the uncharged substances 

RTe and Et,S and the ions SG4H,RTe(SQ,H) and Et,S(SQ,H). 
That this is so has been shown by a variety of experiments; 

e.g., (i) in the above case, phenoxtellurine dibisulphate becomes 
violet in gaseous diethyl sulphide; excess of the gas (or presence 
of liquid diet'hyl sulphide) chaiigcs the coloar to  red; the violet 
solid loses diethyl sulphide and becomes pale yellow when removed 
from the gas. Crystallisation of the violet solid from glacial acetic 
acid gives only compound (V) in sinall yield. If phenoxtellurine 
dibisulphate is exposed on clay to the vapour of diethyl sulphide, 
n part of it remains permanently violet, showing that a small 
proportion of Et,S(S0,H)2 has been absorbed by the clay, its removal 
disturbing the normal equilibrium. (ii) The combination of a pair 
RlTe and R2Te(S04H), gives the same result as that of the reversed 
pair, R2Te and RITe(SQ,H),. Thus 4-ethylcycZotelluropentanedioiie 
and phenoxtellurine dibisulphate, when combined as solids or in 
acetic acid, give the same violet complex (IV or V) as does the 
combinat ion of 4 - et h y IcycZot elluropentanedione dibisulp ha t e and 
p henoxt ellurine. 

A parallel result occurs when RlTe and R2Te represent two 
different members of the phenoxtellurine series. (iii) The behaviour 
in glacial acetic acid solution of compound (IV) precisely corre- 
sponds with the scheme : 

+ -k 

-rl lepu dilute A or ho t  RTe + SO,H--,. so H/TeR. RTe 
4 P ".-s O,H s o,H-*" conc. or cold 

(solution deep cherry-red) (solution pale yellow) 

The colour of hot dilute solutions is of the same order of intensity 
as that of phenoxtellurine alone. 

Moreover, when the analogous compound (XIII) is similarly 
treated, hot dilute solutions show the much enhanced yellow 
colour due to free 2-nitrophenoxtellurine. 

+ 
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(iv) When a subsidiary reaction can occur to disturb the equilibrium, 
there is the expected quantitative production of a violet complex. 
Thus, gaseous or dissolved hydrogen sulphide almost completely 
converts phenoxtellurine dibisulphate into a violet complex (IV 
or V), because the intermediate compound H,S(SO,H), changes 
rapidly to sulphur and sulphuric acid. Diethyl sulphide, however, 
has no permanent action, because the corresponding compound 
Et,S(SO,H), cannot undergo such a change. Similarly, liquid or 
gaseous sulphur dioxide has no action upon phenoxtellurine dibi- 
sulphate, but the addition of water causes conversion into the 
violet complex. The compound SO2( SO,€€), is stable ; while the 
hydrated substance, SO(OEI)2(S04H)2, undergoes change to sulphur 
trioxide and sulphuric acid. It is not suggested that compounds 
such as SO,(SO,H), are present in more than a minute proportion. 
The smallest proportion would suffice were the compound immedi- 
ately removed by a subsidiary reaction. 

The reverse phenomenon is seen in the action of sulphuric and 
nitric acids upon phenoxtellurine. The acids supply anions to  
tellurium in exchange for electrons, leaving nascent (uncharged) 
hydrogen, which is removed by its subsidiary reducing action upon 
the excess of acid. 

Reducing agents are thus pictured as those which can supply 
electrons and receive anions, oxidising agents receiving electrons 
and supplying anions. (Compare the oxidising action of nitrous 
acid upon phenoxtellurine, see p. 3057, in which hypoiiitrous acid 
or nitric oxide is doubtless formed.) 

Some of the phenomena seem to suggest that acceptors in solution 
are to  some extent separated from their unshamd valeency electrons 
(extra-valency electrons). 

It is suggested that basic tellurium nitrate, which is known 
to have the empirical formula 2Te02,HN03, has the structure 

OTe<g>Te<gg3, and that the donor prepared by the author 

from tellurium tetrachloride and concentrated sulphuric acid is the 
analogous bisulphate or dibisulphate. 

I n  the case of o-dihydroxybenzenes (pyrogallol), the oxygen 
atoms probably receive the anions, which are immediately removed 
by a subsidiary reaction, such as the formation of o-quinoncs and 
sulphuric acid. 

Colour Development with Metals. 
On rubbing phenoxtellurine dibisulphate (IX) upon porous tile 

with a steel knife, a surprising development of intense violet colour 
was noted. The same action occurred with all the other base 
metals tried (Nay Al, Fey Ni, Cu, Zn, Sn, As, Sb), used either in 
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thc form of polishcd strips or as powder, liut no effect w n ~  pro- 
duced with the noble metals (As, Pt, Au, and also Hg);  sulphur 
and tellurium were also clevoid oi action. The reaction can there- 
fore be used to distinguish base from noble metals. 

The members of the phenostellurinc dinitrate series behave 
generally in the same manner, but the corresponding salts of those 
tellurides which do not contain a phenostellurine ring produce no 
colorations with the mctals. 

The base metals eshibit select,i\-c action towards diff erentl anions. 
Iron, for example, produces ,z coloration with both dinitrate and 
dibisulphate of phenoxtellurine ; copper or nickel, only with the 
lattcr salt. These reactions thercfore afford a rough indication of 
t h e  relative attractions of different mctals for certain anions. 

The liase metals do not enter into thc molcculc of the violet, 
substances which they pr.oduce in this manner. The action of the 
metallic particles is to  remove anions, in exchange for electrons, 
from the salt molecules, forming free phenoxtellurine, which then 
combines with unchanged salt to  produce substances (IV) and (V). 
Salts of the metals are thus present in equilibrium with the violet 
tellurium compounds, and in the czse of the dibisulphate the 
balance is controlled by the proportion of water present. This is 
rendered visible in the action of iron upon phenoxtellurine dibi- 
sulphate. for the violet misture becomes red when dried on clay 
in a desiccator, but the violet colour is restored on exposure to 
moist air. I n  this alternation, which can be repeated indefinitely, 
the red stage denotes the presence of compound (111), and the 
violet that  of cornpound (IV) or (V). The hydrated iron sulphate 
or basic sulphate present must therefore have a greater affinity 
for sulphuric acid than the corresponding anhydrous iron salt, the 
affinity of compound (IV) for sulphuric acid being intermediate 
between these two values. Whcn nickel is substituted for iron, 
reversibility is no longer manifest, the violet stage being permanent. 

The above view of the action of base metals upon the salts of 
phenoxtellurine is supported by the fact that  the violet mixtures 
produced by the action of such metals arc decomposed by water 
with liberation of " free " phenoxtellurine, which is obtained in a 
pure state by extraction with ether. 

Pairs containing Mixed  Nuclei. 
A preliminary study has been made of the action between phenox- 

tellurine dibisulphate and 2-nitrophenoxtellurine. The violet-blue 
product, when crystallised from glacial acetic acid, was found t o  
be a mixture of the complex derived from 2-nitrophenoxtellurine 
with the salt of phenostellurine, togcther with a much smaller 
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proportion of the complex derived from phenoxtellurine and its 
salt. 2-Nitrophenoxtellurine did not occur as a donor, two of the 
possible four coloured complexes being thus eliminated. The 
reversed pair (2-nitrophenoxtellurine dibisulphate and phenox- 
tellurine) gave an exactly similar product. 

The tellurium atom in phenoxtellurine has thus a much greater 
affinity for bisulphate radicals than has that in 2-nitrophenox- 
tellurine. 

This behaviour affords a means of pitting, as it were, two differ- 
ently combined tellurium atoms against one another in contest for a 
series of anions, and enables, for example, the effect of different 
ring substituents upon the electropositiveness of the tellurium 
atom in phenoxtellurine to be assessed. 

The method of examining a coloured complex consists in treating 
it with water, when the acceptor is set free and can be extracted 
by ether ; the residual salt can then be reduced by adding potassium 
bisulphite, and the nucleus of the donor again extracted by ether. 
The products are insoluble in water, so that fresh equilibria cannot 
presumably be set up. 

The addition of a molecular proportion of phenoxtellurine 
dibisulphate, which is insoluble in ether, to 2 : 4-diethylcyclo- 
telluropentanedione dissolved in ether led to the precipitation of 
blue complexes and the rapid removal of the cyclotelluropentane- 
dione from solution, its place being supplied by free phenoxtellurine. 
The tellurium atom of this cyclotelluropentanedione has therefore a 
much greater affinity for bisulphate radicals than has that of 
phenoxtellurine . 

These methods should yield results of value in the study of the 
polarity of groups. 

Colour production among the tellurylium compounds is ascribed 
to the occurrence of the structure (XIV), in which A, and A, 

4 
.ol=K he(=jo (xvI.) 

.-* \\ p- 
/=\ A,*. /--\ 

represent HSO,, ClO,, NO,, H,PO,, or OH radicals; but it should 
be pointed out that structures (XV) and (XVI) are possible altern- 
atives. Again, tellurium might conceivably be joined to “oxon- 
ium ” oxygen, or the two oxygen atoms might be united. These 
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formulq however, do not reflect so well as (XIV) the fact that  the 
presence of the phenoxtellurine ring is essential, such substances as 
diphenyl ether yielding no coloured complexes. 

The reason why A, and A, caiinot represent C1, Br, or @H,*CO*O 
is probably the very small tendency of thesc radicals t o  ionise when 
united with tellurium. The tendency nevertheless exists, for 
reduction is possible in these instances when a subsidiary reaction 
can occur. 

It is noteworthy that each of the mobile acid radicals possesses 
doubly-bonded oxygen. The nitrate ion appears to be mobile even 
in reaction between dry solids (phenoxtellurine and its anhydrous 
dinitrate). 

Phenothioxin, which gives an intensely violet solution in con- 
centrated sulphuric acid, probably forms a series of coloured salts, 
and it is hoped to apply to that problem the experimental methods 
developed in the present paper. The foregoing principles have also 
possible application in many other directions. The author desires 
to reserve for the present the study of this subject. 

E x P E R I M E N T A L. 

Phenoxtellurine 10 : 10-dinitrate (11), large, colourless needles or 
glistening plates, m. p. 258" (efferv.), was prepared by crystallising 
phenoxtellurine ( 1  9.) from nitric acid (105 c.c., made by diluting 
2 vols. of the concentrated acid with 1 vol. of water). It is stable 
in moist air, but is slowly hydroxylated by water (Found : C, 
34.4; * H, 2.0.* 

The following were similarly prepared from the nitro-derivatives 
of phenoxtellurine : 

2-Nitrophenoxtellurine 10 : 10-dinitrate formed minute, colourless 
needles, m. p. 196-197" (efferv.), from dilute nitric acid and was 
slowly decomposed by moist air (Found : N, 8.2.* C,,H,O,N,Te 
requires N, 9.1 yo). 

2 : 8-Dinitrophenoxtellurine 10 : 10-dinitrale crystallised from con- 
centrated nitric acid in large, colourless, serrated needles, m. p. 
259" (efferv.). It was slowly decomposed by moist air (Found : 
N, 10.0." 

When a 4-nitro-group was present in the phenoxtellurine ring, 
basic nitrates appeared to be produced, for which the following 
constitutions are conjectured : 

4 -Nitro- 10 - hydrox yph enoxt el 1 urine 10 -?Lit rate monohydrate crystal- 
lised from dilute nitric acid in minute, white rods, m. p. 243" (de- 
camp.) (Found : N, 6.3." 

4 : 8-Dinitro-10-hydroxyphenoxtellurine 10-nitrate monohydrate 

C,,H,O,N,Te requires C, 34.3; H, 1.9%). 

Cl,H,OllN,Te requires N, 11.0%). 

C,,H,,O,N,Te requires N, 6.4%). 

* Indicates a figure obtained by micro-analysis. 
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separated from concentrated nitric acid in small, white needles, which 
decomposed violently a t  237-239" (Found : C, 30.4*; H, 1.9"; 
N, 8.9," 9.1,* 9.2." C,,H,O,,N,Te requires C, 29-9; H, 1.9; N, 
8.7 %). 

Reduction of the above nitrates and basic nitrates showed that  
further nitration of the nucleus had not occurred during the treat- 
ment with nitric acid. 

Note.-The micro-Dumas method of analysis for nitrogen, which 
was employed to obtain the above figures, appears to give results 
which are only approximate for tellurium compounds containing 
nitrate groups. The results are recorded, therefore, merely for 
reference. The method is accurate when applied to  tellurium 
compounds containing the whole of the nitrogen in the form of 
nitro -groups. 

The nitrates were unaffected by liquid sulphur dioxide, but the 
addition of a trace of water to the mixture caused in several cases 
the instant development of a violet colour, which changed to the 
yellow or orange of the reduction product on the addition of more 
water. The permanence and intensity of the violet coloration 
varied among different members of the series. 

The following phenomena were noted on rubbing together between 
glass surfaces the substances indicated : 

Acceptor. 
Phenoxtellurine . 
2-Nitrophenoxtellurine. 
Phenoxtellurine. 
2-Nitrophenoxtellurinc. 

3 : 8-Dinitroplienoxtelluriric. 
2 : 8-Dinitrophenoxtellurine. 
Phenoxtellurine. 
4 : S -Dinitrophenox tellurine. 

Donor (in form of nitrate 
or basic nitrate). 

Ylienoxtellurine . 
Phenoxtellurine . 
2 : 8-Dinitrophenoxtellui~ie. 
2 -Nit rophenos tellurino. 

Ylieiiostelluriric. 
2 : 8-Dinitrophenoxtellurinc. 
4 : 8-Dinitrophenoxtellurinc. 
4 : 8-Dinitrophenoxtellurim. 

Colour 
produced. 

Intense violet. 

Feeble violet. 
Rather feeble 

None. 
None. 
hitense violet. 
None. 

3 9  9 )  

violet. 

These results clearly indicate the iiihibitory effcct of an accuiiiu- 
lation of nitro-groups upon the ease of development of the coloured 
compounds, especially when the nitro-groups are in the 2- and 
8-positions (ix., meta- to the tellurium atom). That t'his effect 
is due less to  a depression of mobility of the nitrate ion than to  R 

depression of receptiveness in the tellurium atom of the acceptor 
is shown by the fact that the effect is greater when the nitro-groups 
are in the acceptor than when they are in the donor of the same 
pair. I n  other words, $he presence of nitro-groups in the acceptor 
depresses the mobility of the electron available for exchange. 

Diphenoxtellurglium dibisulphate disulphuric acid trilzydrate (111) 
was prepared by the Following nicthods : (1) Action of sdphuric 

* hdicatcs  e figuro obtairied by micro-itrictlj sis. 



CYCLIC ORUANO-METALLIC COMPOUNDS. PART II. 3067 

acid on phenoxtellurine. Phenoxtellurine (6 g.) was dissolved in 
concentrated sulphuric acid (40 c.c.), and the intensely red solution 
kept for 8 hour, sulphur dioxide escaping. The liquid was then 
cooled in ice and salt, and water (25 c.c.) gradually stirred in. 
After about an hour, the red crystals were filtered off through 
sintered glass and kept on porous tile in a desiccator. The same 
substance was produced when 1.1 g .  of phenoxtellurine was treated 
with 15 C.C. of concentrated sulphuric acid and 10 C.C. of water. 
The yield is about 94% of the theoretical [Found : C, 27.5 ; H, 2.9 ; 
0, 32.5 (by diff.); S, 12.6; Te, 24.5. C,,M2s0,1S,Te2 requires 
C, 27.8; 13, 2-7;  0, 32.5; S, 12.4; Te, 24.6%]. The red crystals 
mere hygroscopic, becoming moist with sulphuric acid and gaining 
about 30% of their weight of water when exposed t o  air for several 
days in a glass dish. When exposed on clay, the substance lost 
sulphuric acid and was transformed quantitatively into the greenish- 
violet compound (IV) . Gaseous ammonia occasioned a similar 
change. When the red crystals (0.544 9.) were treated with cold 
water (15 c.c.), decomposition ensued and phenoxtellurine (0.13 g. ; 
calc., 0.155 g.) became extractable by ether. The residue, after 
reduction by aqueous potassium bisulphite, gave a further mole- 
cular proportion of pheiioxfellurine (0.155 g. ; calc., 0.155 g.). The 
red crystals had no definite melting point, becoming slowly blue- 
black near 100" and decomposing indefinitely near 165" to a black 
mass which became violet above about 235" but did not melt. 

(2) Pheiioxtellurine was dissolved in glacial acetic acid, and a 
corisiderable proportion of concentrated sulphuric mid containing 
a little water added ; the red crystals separatcd on kecping. 

(3) When either of the violet substances (IV and V) n-as trcsted 
with sulphuric acid containing a little water, or with acetic-sulphuric 
acid, the red crystals were produced, proviclcd the coiicentratioii 
ol sulphuric acid was sufficiently high. 

(4) Thc same result was obtaiiied by mixing phe:iostelluriiie aiid 
its hydrated dibisulpliate (IX) in glacial acetic acid and adding a 
little coilcentrated sulphuric acid. 

Diphenoztellurylium hydmxybiszclphate monohydrde (V) was pre- 
~~arecl  (1) by dissolving phenoxtellurine in warm glacial acetic acid 
and adding zt few drops of concentratcd sulphuric acid, the intensely 
coloured solution crystallising on cooling ; (2) by crystallising the 
red substance (111) or the greenish-violet substance (IV) several 
times from glacial acetic acid, with filtration through sintered glass, 
if necessary ; (3) by warming together, in glacial acetic acid, phenox- 
tellurine and its hydrated dibisulphate (IX) and recrystallising the 
product from glacial ncc t i c  acid ; (-I) by dissolving pheiiclstelIurinc 
in conceiitrated sulphuric acid, cautiously stirring in water until 

5 M  
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the solution began to deposit a blue precipitate, allowing it to stand, 
and then collecting the precipitate and crystallising it from glacial 
acetic acid; (5) by grinding together phenoxtellurine and its 
hydroxybisulphate or dibisulphate and recrystallising the product 
from glacial acetic acid. 

The product forms copper-coloured flakes or rosettes of needles 
giving a violet-black powder. It has no definite melting point, 
losing colour gradually at  205-245" and forming phenoxtellurine 
and a whitish solid which is unmelted a t  300". Heated a t  100" in 
a vacuum, it does not lose its molecule of combined water. The 
change on heating represents a decomposition into phenoxtellurine 
and its hydrosybisulphate, since partial redevelopment of violet 
colour occurs on cooling and grinding the whitish mixture. 

The compound is decomposed only slowly by ether and other 
organic solvents (contrast the similar substances containing nitrate 
radicals, which are decomposed much more rapidly), but it is 
quickly disrupted by cold water; e.g., 0.404 g., on being shaken 
with 10 C.C. of water, generated a molecular proportion of free 
phenoxtellurine (0.186 g. ; calc., 0.166 g.), which was extractable 
by ether [Pound : C, 39.7, 39-6, 39.6; H, 2.6, 2.5, 2.9; 0, 17.5 
(by diff ., in a single sample) ; S, 4-0, 4-9 ; Te, 35.1. C,,H,o08STe, 
requires C, 39.8; H, 2.8; 0, 17.7; S, 4.4; Te, 35-25%]. 

When pure, the substance gives in hot glacial acetic acid a clear 
solution which is colourless when dilute and intensely cherry-red 
when concentrated. Cold solutions are much more coloured than 
hot solutions of the same concentration. Solutions in glacial 
acetic acid immediately reduce anhydrous ferric chloride. The 
compound dissolves in syrupy phosphoric acid to an intensely blue 
solution. 

Diphenoxtellurylium dibisulphate di- or tri-hydrate (IV) is best 
prepared by leaving the powdered red substance (111) on porous 
tile in moist air for a few days, with occasional turihg. A deep 
bluish-black, stable, crystalline powder, with greenish reflex, 
remains. It may also be prepared by any of the methods indicated 
for the hydroxy-compound (V), if the product be crystallised finally 
from glacial acetic acid containing a little concentrated sulphuric 
acid (too great a proportion of sulphuric acid leads to  the pro- 
duction of 111). Two different samples were prepared by the first 
method, one being apparently a di- and the other a tri-hydrate; 
the difference is probably due to a slight variation in the con- 
ditions during drying [Found, for sample prepared by transforming 
V to I11 and then exposing this to air and finally drying it on clay 
in a desiccator during 2 days : C, 34.5; H, 2.9. C,,H,,O,,S,Te, 
(the trihydrate) requires C, 34.35; El, 2.85%. Found, for sample 
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prepared by crystallising I11 from glacial acetic acid containing 
4% by volume of concentrated sulphuric acid, and then exposing 
the product on clay and finally drying it in a vacuum over sulphuric 
acid during 12 hours : C, 35.3 ; H, 2.8 ; 0, 25.9 (by diff .) ; S, 7.3 ; 
Te, 31.7. C2,H22012S2Te2 (the dihydrate) requires C, 35.1 ; H, 2.7 ; 
0, 23.3; S, 7.8; Te, 31-050/]. The dihydrate seemed slowly to  
absorb moisture when exposed to the air. Both the di- and the 
t,ri-hydrate were decomposed by cold water, first into sulphuric 
acid and compound (V), and filially into phenoxtellurine and its 
basic bisulphate. 

PhenoxtellzLrine 10 : 10-Dincetate (VI).-A solution of phenox- 
tellurine in hot glacial acetic acid was allowed to cool and then 
aqueous hydrogen peroxide mas stirred in drop by drop until the 
yellow colour of the solution was discharged. The solution was 
heated to boiling and treated with sufficient water to  produce a 
faint turbidity ; the diacetate slowly separated in long, colourless 
needles. Concentration of the mother-liquor gave a further crop, 
the total yield being more than 90% of the theoretical. The 
substance is soluble in hot water with hydrolysis, sparingly soluble 
in ether or petroleum, and easily soluble in hot benzene, from 
which it crystallises readily. It gave no coloration when ground 
with phenoxtellurine or with metals (Found : C, 46.5; H, 3-4. 
Cl6Hl,O5Te requires C, 46.4; H, 34%) .  The diacetate melts with 
effervescence a t  205-207". It is readily redilcd to pheiioxtellurinc 
by aqueous alkali bisulphites. 

Phenoxtellzwone, O~C6H~>Te0,.-When /C H phenoxtellurine is dis- 

solved in acetone aiid treated with an excess of 30% aqueous 
hydrogen peroxide, a white, amorphous precipitate is thrown down. 
The same result occurs if an excess of hydrogen peroxide be used 
in the preparation of phenoxtellwine diacetate. The substance, 
which is insoluble in water or acetone but soluble in hot glacial 
acetic acid, is reduced to  the telllurous state by concentrated 
sulphuric or hydrochloric acid, oxygen or chlorine being evolved 
with production of a salt of phenoxtellurine. Hydriodic acid pro- 
motes a similar reduction, with liberation of iodine. The product 
is insoluble in dilute mineral acids but is soluble in aqueous caustic 
alkali. After heating in a vacuum a t  110" during an hour, it had 
the composition of the half-anhydride of the semi-ortho-form of 

6 4  

- 

the tellurone, viz., O<~~>Te(O)(OH)-O.(oH)(O)Te<~6~>0 6 4  
6 4  

(Found : C, 42-5 ; H, 2.7. Ci4H180,Te, requires C, 42.8 ; H, 2.7%). 
Xulphates of Phenoxtellur ine .-Phenoxt ellurine 10 : 10 -diac e t a te  

(7-1 g.) was heated with 300 C.C. of water, nearly all dissolving. 
5 ~ 2  
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To tEe hot solution was added a mixture of 100 C.C. of water and 
100 C.C. of concentrated sulphuric acid, and the whole was heated 
to  the boiling point. The clear solution obtained, on cooling, gave 
6.5 g. of cream-coloured crystals. 

Portions of this substance were then crystallised from sulphuric 
acid of various concentrations, and the products examined : 
(i) The material was dissolved in a large volume of boiling water, 
and to  the cold solution a minimum of sulphuric acid was added 
to  effect separation of crystals. The liquid slowly deposited 
phenoxtellurine sulphate (VII) in thin, almost colourless, very 
refractive needles, which became slightly cream-colourcd on drying 
oil clay in a vacuum during a day (Found : C, 36.5, 36.7; H, 2.4, 
2.5. C,,N,,O,,S,Te, requires C, 36.8 ; H, 2.0574). This substance 
developed only a trsce Q€ colonr when ground with phenostdusine. 

(ii) The material mas dissolved in a boiling mixture of 1 vol. of 
concentrated sulphuric acid and 1.22 vols. of water. Voluminous 
cream-coloured flakes separated, and these, after being drained on 
clay and then heated during 5 hours a t  about 115" in a vacuum 
(loss = 2*4y0), gave analytical figures which corresponded with a 
mixture or compou?zd containing two molecular proportions of 
phenostellurine hydroxybisulphate (VIII) and one of phenox- 
tellurine dibisulphate, together with a molecule of water [Found : 
C, 32.3, 32.35; H, 2.6, 2-6; 0, 26.5 (by dif€.); S, 994; Te, 29-1. 
C3,H3,0,,S,Te3 requires C, 32-55; H, 2.4; 0, 26.5; S, 9.65; Te, 
2S.S~o]. The substance gave a violet colour when ground with 
phenoxtellurine. Its solution in concentrated sulphuric acid was 
orange-red. 

(iii) When the material was dissolved, with gentle warming, in 
concentrated sulphuric acid (1.7 g. to  10 C.C. of acid) and the clear 
orange-red solution treated with the minimum of water (about 
1 c.c.) sufficing to cause slow separation of crystals, bright yellow, 
glistening plates were obtained. When filtered off rapidly through 
sintered glass and drained on clay in a vacuum, the crystals changed 
to  a creamy-yellow powder of phenoxtellurine dibisulphate trihydrate 
(IX) [Found : 6,  26.4; H, 3.0; 0, 34-5 (by diff.); S, 12.2; Te, 
23.9. C1,H1,Ql,S,Te requires C, 26.5; W, 2-9 ;  0, 35.3; S, 1143; 
Te, 23.5y0]. The substance gave an intense violet coloration with 
phenoxtellurine and other tellurides, or with iron and other base 
metals. I ts  solution in sulphuric acid became intensely red-brown 
on addition of hydrogen peroxide. 

Each of the above sulphates of phenoxtellurine, when reduced 
by alkali bisulphite, gave phenoxtellurine as the sole organic 
product, showing that in no case had nuclear sulphonation occurred. 

Note on the Analysis of Aromatic Tellurium Cornpounds containing 
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Sulphurr..-It was found necessary, in determining sulphur and 
tellurium in the same sample, to adopt the following procedure : 
The sample was heated with fuming nitric acid during 24 hours at 
250-280" in a Carius tube, the contents of the tube dissolved in 
about 100 C.C. of concentrated hydrochloric acid, and the solution 
evaporated to a, few C.C. on the water-bath. Thc residue was taken 
up in dilute hydrochloric acid (about 200 c.c.), with filtration from 
traces of glass or silica if necessary. Sulphur was estimated by 
digestion during 12 hours with a slight excess of barium chloride. 
The liquid (filtrate from barium sulphatc) was then freed from 
excess of barium by digesting it similarly with a slight excess of 
sulphuric acid and evaporated completely 011 the water-bath, and 
tellurium was estimated in the residue by the usual method. 
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