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delayed several hours and then but a slight amount of yellowish
product appeared. The thiosulphate is therefore protected from
decomposition by the presence of the sulphur dioxide.

The cinnabar is easily formed from the oxychloride of anti-
niony without addition of acid. Some recently precipitated and
well washed oxychloride was mixed with water and thiosul-
phate solution of the strength used before. The characteristic
color soon appeared and in a short time the whole product
seemed to be cinnabar. ‘The reaction is doubtless aided by the
hydrochloric acid liberated by the decomposition of the oxychlo-
ride in presence of water. 'The acid in turn attacks the thiosul-
phate, and so the process becontes continuousand rapid. These
reactions are all niuch hastened by application of heat and the
quautitative relatious are also altered, but at a temperature of
20° C. thiosulphuric acid seems to be the active precipitating

agent in the cases investigated.
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I. INTRODUCTION,

HE formation of periodides by organic bases has been
known as far back as 1839." Their methods of prepara-
tion, their composition and properties have been subjects of
investigation at different periods since then. Jorgensen,® in
1870, niade a coniplete review of the subject, and has contributed
a long list of new periodides. In 1887, Gunther® made a com-
pilation of all the periodides known up to that time, and reported
many new ones. More recently Prescott’ offered a classification
of all know periodides of both organic and inorganic bases, pre-
senting at the sanie time a history of the principal advances in
the study of the subject.
A strict separation of the periodides as such into those of

alkylamines and those of pyridine and of its derivatives, seems

I Bouchardat, 1838: Compt. Rend.. 9, 475.
2 J. prakt. Chem. [21, 2. 347, 433, 1870.

8 Ann. Chem. (Liebig), 240, 66.

4 This Journal, 17, 775.
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hardly necessary. We know of no property, as to composition
or stability, which is characteristic of one class of the periodides,
and is not shared equally well by the other. At one time, Dit-
mar’ thought to have found such a distinguishing reaction in
the formation of chloriodides of the bases. According to him,
it is only the bases of pyridine structure that are attacked by
chloride of iodine, with the formation of cliloriodides, RNCIL.I.
Yet it has been shown® previously to his report that this is not
the case. Later, Ostermayer’ reported the formation of such a
chloriodide of caffeine, and recently Pictel and Krafft* obtained
by tlie action of trichloride of iodiue a similar chloriodide of tri-
niethylamine,

All the periodides of primary, secondary, and tertiary ammo-
nium salts, including those of pyridine and its derivatives, con-
tain liydriodic acid as the saltforming acid, and the ‘‘ periodine”’
is supposed to be linked to the iodine of this acid. The iodine
of the acid, being linked directly to the nitrogen of the base, is
not affected by reducing agents, such as sulphurous acid,
sodium thiosulphate, nascent hydrogeun, etc., while the ‘‘ perio-
dine’’ is readily attacked under such treatinent, and yields
hydriodic acid. The coustitution of guaternary ammnionium
periodides, including those of the quaternary pyridine salts, is
entirely similar to that of the tertiary class, the hydrogen of the
acid being replaced by an alkyl. The following formulas will
make this clear :

R”IN<%{I periodides of tertiary ammonium salts.

R’”N<¥I periodides of quaternary ammonium salts.

ny

The organic bases are also capable of forming other halogen
additive conipounds, besides the simple periodides. These can
be classified as follows :

1. Compounds wherein iodine or bromine is linked directly to
the nitrogen without the intervention of a halogen acid, such as

1 Ber. d. chem. Ges., 18, 162, 1885.
2 7. Chem. Soc., 19, 145, 71866.

8 Ber. d. chem. Ges., 18, 2298, 1885.
4 Bull, Soc. Chim, [3], 7. 72, 1892
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pyridine tetraiodide, CH,N.I,,' quinoline tetrabromide, C.H,N.
Br,.?

2. Those obtained by the action of monochloride® and tri-
chloride* of iodine upon bases. They contain both chlorine and
iodine linked directly to the nitrogen. Their structure can be

represented by the general formula R'”N<§:l. Tliese com-

pounds still retain the power.of forming salts by union with
acids, as (R"NCLI).HCIL

3. Periodides wherein the ‘‘ periodine”’ is linked to another
halogen not iodine. These are few in number, and are all on

¢

the quaternary ammonium type, R”’N<]1§r I

4. Periodides containing another acid® in addition to hydriedic
acid, such as in herapathites, periodo selenites, phosphates, chlo-
rides, etc. But as each contains hydriodic acid, Jdrgensen
legitimately infers that the ‘‘periodine’” 1is in all probability
linked to this acid and not to the other.

5. Perbromidesof the hydrobromidesof bases. Only very few
of these have been reported, although it is well known that a
great number of alkaloids are precipitated by bromine dissolved
in hydrobromic acid. Pyridine,® quinoline,” and nicotine® form
such perbromides.

All the perhalides of organic bases, so far reported, (except
the simple periodides) can be referred to one of these five classes.
And yet it cau hardly be doubted that periodides and perbrom-
ides of other salts than hydriodides and hydrobromides respec-
tively, are capable of existence. I have not been able to find
any reports upon periodides in which either hydrochloric or
hydrobromic acid has exactly the same function as hydriodic
acid has in the simple periodides. Such derivatives can only be
prepared when precautions are taken to strictly insure the
absence of hydriodic acid during the preparation of the periodide,

1 Dafert, Monaish. Chem., 4 509, 1883 ; Prescott and Trowbridge : This Journal, 17, 865.
2 Grimaux, 71882 : Bull, Soc. Chim., 58, 124.

8 Dittmar, 71885 » Ber, d. chem, Ges., 18, 162,

4 Pictel and Krafft: loc. cit., 72.

5 Jorgenson, 1876 : /. prakt, Chem, [2]. 14, 213, 356; 15, 65.

8 Grimaux : Bull, Soc. Chim., 38, 127, 71882.

7 Ber. d. chem. Ges., 19, 2766, 1886.

8 Ann, Chem. (Liebig), 131, 260.
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and this has never been the case in the methods that have
hitherto been employed for that purpose. In the following
pages will be found a description of suclh periodides of caffeine,
which hiave been obtained by a method different from those that
have been described. The compounds have all been prepared
by substituting cliloroform for alcoliol as the medium of reac-
tion, thus eliminating the action of iodine upom alcoliolat liigher
temperatures, and the subsequent formation of hydriodic acid.
Not ouly periodides, but perbromides of similar composition and
coustitution have been prepared by this method. Tle method
is, indeed, of very general application for such purposes. Perio-
dides of lydrobromides and liydrochlorides of the following
bases have thus been obtained : Quinine, quinidine, cinclhionine,
ciuchounidine, stryclhinine, bricine. atropine and quinoline {(of
tlie hiydrobromide ouly).

It lias been said of the periodides that “*if thev coutaiu, as
their beliavior lias been interpreted to imiply, for every atom of
iodine that is linked to thie base, a number of atoms of iodine
linked only to iodine, they offer a striking exauple of the influ-
cuce of a basal group upon iodine atowms to which it is not
linked."""  T'his naturally suggested thie question, whether this
influence is or is mot proportional to the basal power of the
group: in other words, is the number of iodine atoms thns
attaclied nuder given conditions, an index of the basic power of
the different bases ?  Again, we might ask whether the same
influence is exerted in the same degree npon bromine. And
furthermore, we might inquire, in llow {ar does the nature of the
lialogen acid modify thie influence of tlhie base npon the
© The following pages give anacconnt

0

perio-
dine.”’ or ' perbrominc :
of such a comparative study of perlialides of oune base. caffeine.

II. PERIODIDES O CATPFEINE.

Caffetne  Hydriodide Diiodide, C H, N,0, HI.I,.—Tilden re-
ported in 1865,” that when a solution of caffeinie in dilute alco-
liol, comtaining some hydriodic acid, is exposed to sunlight,
there appears in a few days a deposit of beantiful crystals, with
a metallic greenisli appearrnce, nustable, readily decomposing

U Prescott, 1395 This Jonrnal, 17, 77s.
27 Chewt. Soi.. 18, o
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even at the water-bath heat. He assigned to the compound the
fornula (C,H,,N,0,.HI.1,),.3H,O, and this agrees closely with
the results of his analysis. In repeating the experiment, I find
that under certain conditious a diiodideis formed, but the results
of my analysis show no water of crystallization. Again, the
diiodide is formed only when the formation of the crystals is
tolerably rapid, as when the solution is kept in a warm place and
exposed to direct light, conditions favoring oxidation of hydri-
odic acid. If, liowever, the liberation of iodine be very slow,
vielding about a half gram of periodide in six or seven weeks, a
tetraiodide is produced. The diiodide, obtained as above
described, was filtered on a pump, washed with water containing
some hydriodic acid, dried on porous plates and finally over sul-
phuric acid #% wacwo. The samples were analyzed for total
iodine and for the ¢ periodine,”” or, as Tilden calls it, the
‘““exterior”’ iodine. 'The first is estimated by suspending a
weighed sample in water, treating with a solution of sulphur
dioxide, then precipitating with silver nitrate and nitric acid.
The ‘‘periodine” is estimated by titrating with a standard solu-
tion of sodium thiosulphate. 'The difference between the total
and ‘‘exterior’’ iodine is that which corresponds to the hydri-
odic acid. Two independent samples thus prepared gave the
following results :

Calculated for Found.
CeH (N0, HL.I,. I 1.
Total iodine.....covvvvianiiiins 66.06 65.12 64.29
Periodine covveveievirnnernnoss o 44.04 44.04 44.18

The diiodide consists of long hexagonal prisms, with a nietal-
lic greenish luster. It decomposes readily when moist, but is
quite stable when dry. When suspended in water the crystals
lose their luster and become coated with a brown-red layer of
the tetraiodide. It is soluble in warm alcohol with decomposi-
tion, insoluble in ether and chloroform. It melts at 171° C.

Caffeine Hydriodide Tetraiodide, C.H,\N,0,.HI.I,.—Thisis the
periodide whiclh caffeine usually forms when it forms any at all,
except as above described. It is the miost stable periodide of
caffeine, and is formed under many different conditions, in both
the amorphous and crystalline state. It has been obtained by
the following methods :
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I. When a solution of caffeine is treated with a solution of
iodine in potassium iodide (Waguer’s reagent), there is no visi-
ble reaction. Omn the addition of sonie mineral acid, a heavy
amorphous dark-red precipitate is at once tlirown down. The
precipitation of caffeine in this way is quantitative, and forms
the basis of a niethod for tlie estimation of caffeine.” 'The com-
position of this precipitate is, as I have fully described,”
CH, N,0, HI.I,. Itwas obtained for analysis in many differ-
ent ways by varying the relative quantities of the reagents
employed, but it has always proven to be of the same composi-
tion. The samples for analysis were obtained by filtering the
aniorphous precipitate oun a punip, washing with water to remove
tlie potassium salts. drying rapidly on porous plates, and finally
in wacuo over sulphuric acid. The following are the results of
analysis :

Calculated for Found.
CgH, (N Op.HLI,. I 11 IIL v.
Total iodine....... 76.43 75.12 75.66 75.84
Periodine......c.uve 61.15 60.79 60.11 60.81 60.76

2, When caffeine is dissolved in chloroform and is treated
witl a solution of iodine also in chloroform, no formation of any
periodide could be noticed, even when the mixture is allowed to
stand for weeks. If into this solution dry hydriodic acid gas be
now passed, there is at once precipitated an amorphous dark-red
periodide, identical in composition with that described under
1. Upon analysis it gave the following figures:

Per cent.
A0tAl 10118 « v vttt v ettt terenesnnssnnsnnnsnnsennnnneas 75.14
Periodife «oveir ittt sttt iinsterosssraeassasaanaans 60.23

3. Wlen a solution of caffeine in hydriodic acid is exposed to
sunlight, but the liberation of iodine is hindered either by low
teniperature, or the presence of some reducing agents in the
solution, then the crystals that are formed have tlie composition
of the tetraiodide, and not that of diiodide. They also have a
different appearance, being short prisms of a deep blue color.
Several samples obtained in this way furnished the following
figures :

1This Journal, 18, 331,
2 Loc.cit.
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I. II. III. 1v,
Total iodine «+veveves ceee 75.11
Periodine «.vovvvvvvnnn 60.26 59.86 59.75 60.60

4. Wheneither caffeine hydrobromide dibromide ortetrabromide
is triturated with a solution of potassium iodide in water, there is
again produced the same amorphous periodide. It gives upon
analyses 59.90 per cent. of ‘‘exterior’’ iodine.

These four different methods show the great tendency of
caffeine to form the higher periodide, which is apparently more
stable than the the diiodide. Weak base as it is, caffeine readily
forms a higher periodide than is produced under similar condi-
tions by many other organic bases.

Properties.—The periodide in the amorphous state aud when
dry, is of a dark blue-red color. It is quite stable when dry,
and can be heated at 100° C. for many days without any appre-
ciable loss of iodine. When moist it readily gives off iodine.
Suspended in water, it gives up sufficient iodine to saturate the
liquid, and after that remains unchanged. A solution of potas-
siuni iodide removes only a little more iodine than pure water
alone. The periodide cannot be recrystallized from alcohol
without considerable decomposition into caffeine and iodine. It
is niore soluble. in methyl alcohol, and if not too much heat be
used in dissolving it, the periodide can be obtained unchanged
on spontaneous evaporation of the alcohol in the form of dark-
blue needles. Ethyl acetate is, however, the best solvent for
this periodide, as the latter dissolves in acetic ether without
decomposition, even when heated. On cooling, the periodide
separates in fine compact crystals. It isinsoluble inchloroforn:,
ether, benzene and carbon disulphide. It melts at 215° C.

Caffeine Hydrobromide Tetraiodide, CH, N ,O, HBr.I,.—Caf-
feine forms with hydrobromic acid a salt of the following com-
position, C,H, N,0, HBr 4 2H,0." The salt can best be
obtained in the pure state by passing dry hydrobromic acid gas
into a solution of caffeine in chloroform. The white crystalline
precipitate is filtered, washed with chloroform and dried in an
atmosphere free from moisture. Thus prepared it has the com-
position C,.H, N,0,.HBr. The periodide of this hydrobromide

1.E, Schmidt, 1881: Ber, d. chem. Ges., 14, 815.
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can ouly be prepared in the absence of other halogen acids,
especially of hydriodic acid. Therefore the addition of iodiue
as a solution in potassium iodide, to a solution of caffeinehydro-
bromide. is out of tlie question, as in sucl a case the periodide of
the liydriodide will be fornied. Nor can alcoliol be successfully
employed as a solvent for iodine, because this will furnish hydri-
odic acid, and also because tlie periodide of the hydrobrowmide
itself is more ot less dissociated by alcohol. 'This periodide is,
however, readily obtained when a slow stream: of dry hydro-
broniic acid gas is led into a solution of caffeine and iodine in
chloroform. 'The addition of the acid miust be very slow, and
care must be taken to have tlie iodine in excess, otlierwise the
pure liydrobromide, or lower periodides of it will be thirown down
together with the tetraiodide. In such cases redigesting the
mixed periodides in a fresh solution of iodine inn chloroforn: cou-
verts them into the tetraiodide. Further digestion shows no
absorption of iodine. The periodide is filtered, washed with
chloroforin to remove the excess of caffeine or iodine, asthe case
may be, dried on porous plates, and finally inn a desiccator. The
““exterior '’ iodine is estimated by titration with sodium thiosul-
phate. 'The bromiune is found by subtracting from tlie total
mixture of silver halides, as obtained by precipitation with silver
nitrate, the quantity of silver iodide correspounding to the
“periodine’’ asfound by titration. This difference represents the
amount of silver bromide. 'The accuracy of this metliod was
tested in several instauces by actually estimnating the amount of
silver as such in the precipitate of the mixed halides, aud from
this the relative proportions of tlie two lialogens were calculated.

Thie analysis of several samples furnished the following
figures:

Calenlated for Fomd.
CgH |, N,0p HBr1,. L 11 111,
Todine + - vvvvvnneann 64.79 63.56 63.91 62.28
Hydrobromine ....... 10.37 9.63 cens

This periodide is usually obtained as an amorplious powder.
But when thie addition of hiydrobromic acid is very slow, it can
be obtained in 1icroscopic crystals. It is of a dark-brown
cliocolate color, and melts at 183° C. It is decomposed by water
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but slowly, more readily, however, than the corresponding
hydriodide. It dissolves readily in alcohol, with considerable
decomposition. It is more soluble in niethyl than in ethyl alco-
hol, and also with less decomposition. On evaporating the
methyl alcohol the tetraiodide can be obtainedin brow1 crystals.
It can also be recrystallized froni ethyl acetate. Ether remnoves
considerable iodine, and chloroforin, hotor cold, does not affect it.
On exposure to air the periodide gradually, but slowly, loses
iodine, aud hardly any if protected from mioisture. By heating
to 100° C. the iodine can be driven off completely. Thus this
periodide is in all respects a less stable compound than the cor-
responding tetraiodide of caffeine liydriodide.

Caffeine Hydrochloride Ditodide, C,;H,)N,0,. HCl.I,.—Caffeiueis
capable of uniting with hydrochloric acid under certain condi-
tions, and the salts have been assigned the following coniposi-
tion: C,H, N,0,.HCl+4 2H,0 and C,H,,N,0,.2HCl." Pure caf-
feine hydrochloride is however much easier obtained by simply
passing dry hydrochloric acid gas into a solution of caffeine in
chloroforni. Washed with chloroform, and dried in an atmos-
phere free of moisture, it has the composition C,H,,N,0,.HCI.

Compounds coutaining both chlorine and iodine have been
reported before. 'Tilden® obtained a chloriodide of caffeine by
the action of chloride of iodine upon caffeine. Itcombines with
acids to form salts, and Tilden assigns to it the composition
C,H, N,0,.CLI, or CH, N,OICLHCl But from Dittmar's®
latest reports upon the action of chloride of iodine upon bases in
general, the caffeine compound most likely lias the composition
as expressed by the second formula. The periodide presently
to be described is however the first periodide of caffeine wherein
the hydrochloric acid has the same function in the molecule as
hydriodic acid usually has in the other periodides. And, to my
knowledge, this is the first periodide of its kind ever reported of
any base. The ‘‘periodine’’ in the hydrobromide is linked to
the nitrogen through the bromnine, in the periodides of the
hydrochloride it is linked through the chlorine.

Caffeine hydrochloride diiodide is prepared by passing hydro-

1 E. Schmidt: Ber, &. chem. Ges., 14, 815.
2 J. Chem. Soc., 19, 145.
8 Ber. d. chem. Ges., 18,162,
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cliloric acid gas into a solution of caffeine into chloroform con-
taining iodine. The periodide separates almost immediately in
the form of compact, small, crystalline granules, of light-brown
to brown color. Tlie saniples for analysis were prepared simi-
larly to tlie other periodides described, and furnished the follow-
ing results :

Calculated for Found.
Cgll;(N,0g.HCLI,. 1. 1I. 111 1v. V.
Toieninnns 52.34 53.38 52.44 53.44 52.88 53.64
HCloooo 7.53 7-40

The periodide is of a light brown color, crystalline, and melts
at 165° C. Digested with excess of iodine for several days, it
refuses to take up any more iodine. It is rapidly decomposed by
water. Botli niethyl and ethyl alcoliol remove the iodine readily
and conipletely, leaving a white powder of caffeine hydro-
chloride. 'The periodide is soluble in etliyl acetate with
partial decomposition, is insoluble in either cold or hot chloro-
form, and is not affected by ether. Exposed over potassium
hydroxide in a desiccator it remains unchanged, but slowly loses
iodine when exposed to air not freed from moisture. On heating
to 100° C. all the iodine is driven off. 'Thus in all its properties
it is even less stable than the periodide of caffeine hydrobromide.

III. PERBROMIDES OF CAFFEINE.

The action of bromine upon caffeine has been the subject of
investigation many times. Wlen pure bromine is employed, in
absence of water, the final action of bromine results in the for-
mation of a substitution product, bromocaffeine, C.H,BrN,O,.!
In presence of water the action of bromine upon caffeine is for
the most part that of an oxidizing agent, as has been shown by
Maly and Hinteregger.? But uuder whatever couditions bro-
mine is added to a solution of caffeine or to the dry base, be it
as bromine-water or pure bromine, there is at first thrown down
an orange-red to a brick-red precipitate. According to Maly
and Hinteregger’s results of analysis it is a mere addition prod-
uct, caffeine dibrouiide, and E. Fisher’ expresses the same opin-
ion. 'The constitution of thie compound is presumably this :

10. Schultzen : Zischr. Chem., 1867, 614, E. Fisher: Ann. Chem. (Liebig), 215, 264.
2 Monatsh. Chem., 3. 83, 1882.
8 Ann. Chem, (Liebhig), 215, 264.
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y Br
N.CH—CH
%
co C.Br—N.CH,
N | Nco
N.CH,—~C=——=N 7

I have subjected caffeine to the action of bromiue under many
varied conditions, but in no case have I been able to obtain this
addition product. Indeed, as will be shown, its existence is en-
tirely hypothetical. Although Maly and Hinteregger’s results
of analysis agree with the theoretical figures of the formula
assigned by them to the compound, yet their method of obtain-
ing and purifying the substance for analysis is such, as to pre-
clude the reliability of the results of analysis. The addition
compound will be shown to have the composition C,H, N,O,-
HBr.Br,, and not C,H,,N,0,.Br,. This perbromide loses a por-
tion of its bromide quite readily; consequently, it must be
analyzed, or at least protected from exposure, as soon as dry.
Hence, Maly and Hinteregger’'s results, obtained upon samples
which have been previously exposed over lime in a desiccator
for several weeks, cannot furnish reliable data as to the compo-
sition of the original substance. Just as under the action of
iodine in presence of hydriodic acid, caffeine exhibits a great
tendency to form higher periodides, so under the action of bro-
mine it always forms the tetrabromide of the hydrobromide.
This takes place whether hydrobromic acid be added as such
or not. When none is added, some hydrobromic acid is pro-
duced, either by the action of bromine upon water or by the
direct action upon caffeine,

C,H, N,0, + Br,= C,H,BrN,O, + HBr.
It is only under special conditions that lower perbromides of
caffeine are obtained.

Caffeine Hydrobromide Tetrabromide, C.H N,O, . HBr.Br,.—
Whenever bromine is allowed to act upon caffeine, this perbro-
mide is one of the first products of the reaction, if not the only
one. It is produced in presence or in absence of hydrobromic
acid, in presence of water, of chloroform, or when pure bro-
mine is employed.
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1. /n Presence of Water—When bronmine-water is gradually
added to a solution of caffeine acidulated witlh liwdrobroniic
acid, there is produced a yellow amorplious precipitate, which
beconies darker and more compact ; also, if the addition of bro-
mine be very gradual, the precipitate beconies crystalline. The
same compound is however obtained easier, and niore crystal-
line, by tlie following method of procedure: A stream of carbon
dioxide is allowed to bubble tlirough a columu of pure bromine,
and the fumes of the latter, greatly diluted with carbou dioxide,
are carried iuto a solution of caffeine coutaining sonie hiydro-
bromic acid. As the bromine first reaclies the solution, the
bubble of the gas becomes surrounded with a pale-yellow film,
which soon grows darker, and the product finally settles to the
bottont as an orange-red crystalline deposit, cousisting of dis-
tinct small prisms. If the bromine fumes be passed into the
solution too rapidly, the resulting product is amorphious. Omne
gram of caffeine furnishes by this method two and three-tenths
grams of tlie perbromide, which is about eiglity per cent. of the
theoretical value. The saniples for analysis were filtered, by the
use of a pumtp, washed with weak bromine-water, and dried by
pressing ou very porous plates. When dry, in about two hours,
thie upper layer of the mass is removed, and the rest is put away
in small glass-stoppered bottles, where it remains unchauged for
weeks. ‘The washing aund drying should unot be prolonged any
niore than is necessary, as the conipound loses bromine readily,
especially when moist and exposed to open air. The saniples
were analyzed for the ** exterior’’ bromine aud for total bromine.
The first was estimated by suspending a weighed quantity of
tlie sample in a solution of potassiuin iodide, and theiodine thus
liberated is titrated with a standard solution of sodium thiosul-
phate. 'The total broniine was estimated by precipitation with
silver nitrate, i1 a mauuer entirely similar to that employed in
the estimation of total iodine in the periodides. Several sani-
ples, prepared separately, gave the following results :

Calculated for Found.
C H (N O, HBr.Iir. I. II. III. IV, V. VI
Total bromine...... 67.23 67.37 65.74 67.89 e e
“ Perbromine” ...-. 53.78 54.00 52.07 54.04 54.18 353.1T 52.58

The addition of liyydrochloric acid or sulphuric acid, instead of
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the hydrobromic, does not give perbromides of salts of these
acids, but the same perbromide of the hydrobromide of caffeine.

The same product is obtained even if no acid whatever be
added. Thus, when fumes of bromine, absolutely free from
hydrobromic acid, are passed into a solution of caffeine, there
appears after a short time a precipitate of exactly the same
appearance and composition as the perbromide described above.
The precipitation is much slower than when hydrobromic acid
is present, nor is the yield so large. Omne gram of caffeine
yields from two-tenths to three-tenths gram of the perbromide,
which is only about eight to ten per cent. of the theoretical
value. Samples for analysis, prepared as previously described,
gave the following figures:

L I 1L
Total bromifie . vvvvvrnrservnanss 65.92

S Perbromine’’ ceeeccaiatararanes 52.57 53.27 54.75

This is undoubtedly the same perbromide as obtained in pres-
ence of hydrobromicacid. The slow precipitation and the small
yield point conclusively that a large portion of the caffeine suf-
fers some other changes, namely, those of oxidation and substi-
tution, either of which would give rise to hydrobromic acid.
The acid thus produced would at once tend to form the perbro-
mide of the hydrobromide of caffeine. Filtrates from such per-
bromides invariably give within a short time bulky precipitates
of the white bromocaffeine, C,H,BrN,O,.

Great precautions were taken to insure the absence of hydro-
bromic acid in the bromine used. For this purpose the latter
was washed with a solution of sodium hydroxide, then with sul-
phuric acid, and finally kept under a column of sulphuric acid
saturated with silver sulphate. In some experiments the fumes
were also passed through a second bottle containing sulphuric
acid and silver sulphate. But the perbromide of the hydrobro-
mide was always produced even under these conditions.

Properties,—The perbromide consists of small orange-red pris-
matic crystals. It melts sharply at 170°C. with previous decom-
position into the dibromide, and finally decomposes completely.
When suspended in water, it gives up some of its bromine, and

then gradually and slowly changes into the white bromocaffeine.
(€Y
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Two grams of the perbromide change in this way completely in
about one week. Wheun spread out on plates and exposed to air
for about twenty-four hours, it loses two atoms of bromine, leav-
ing a more stable residue, the corresponding dibromide, which
suffers very little loss of bromine on further exposure. The
tetrabroniide is quite soluble inn alcohol, more so when warm,
from which it separates, on cooling, in the form: of a lower per-
bromide mixed with some pure caffeine. Methyl alcohol dis-
solves the tetrabroniide very readily, with the production of large
quantities of formic aldehyde, and almost complete reduction of
tlie bromine. It dissolves iu1 warm ethiyl acetate, aud this on
evaporation furnishes yellow crystals of a lower perbromide.
The perbromide is only slightly soluble in eitlier hot or cold
chiloroforni.  Ether removes two atoms of browmiue, leaving
the yellow dibromide of caffeine liydrobromide. When lieated,
the tetrabromide loses a portion of its bromine, aud finally
changes into bromocaffeine, especially at a higher temperature,
about 160°-170° C.

2. Action of Bromine in the absence of Waler —When a weak
solution of browmine in chloroform is added to a solution of dry
caffeine in the same solvent, there appears after some hours’
standing a deposit of flaky crystals. With strong solutions of
bromine the formation of crystals begins to take place at once,
the amount constantly increasing. The motlier liquids, after
filtering off the crystals, give new crops of the same compound.
It was the compound thus produced that was analyzed by Maly
and Hiunteregger, after being allowed to stand several weeks
over linte. 'The perbromide was filtered, washed with chloro-
form containing bromine, and dried on porous plates. It was
found to be identical in composition with the oune obtained sini-
ilarly but with the previous addition of hydrobromic acid gas
also dissolved in chloroforni. 'The analyses I. and II. are upon
samples obtained without the use of hydrobromic acid, while
analyses III. and IV. are upon saniples prepared with the addi-

tion of the acid.
I. II. III. v,
Total bromine........ 68.25 e e
Perbromine ...o...vt 52.25 54.79 54.40 32.82
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The perbromiide thus obtained is entirely identical in its
behavior towards different reagents and solvents with that
obtained by the action of bromine upon caffeine in presence of
water. It melts at 170° C.

The question may be asked, whence comes the hydrobromic
acid that furnishes the hydrobromide of the base? ‘T'he bromine
used in all these experiments was carefully freed from any
hydrobromic acid that might have been originally present. The
chloroform also was dehydrated for several days over fused cal-
cium chloride, and finally carefully distilled. Blank experi-
ments with absolutely dry chloroform (distilled over phosphorus
pentoxide) have established that there is practically no absorp-
tion of bromine by the chloroforni, when a three per cent. solu-
tion of the halogen in that liquid is exposed to light for several
days. Therefore, the hydrobromic acid in the reaction could
not have been produced from the substituting action of bromine
upon chloroform, a reaction which takes place only at higher
temperatures. From the rapid formation of the perbromide
when strong solutious of bromine are used, it may reasonably be
assumed that at least a portion of the hydrobromic acid, if not
all of it, must have been produced directly as one of the prod-
uctsof the substituting action of bromine upon caffeine itself, thus:

C,H, N,0, +Br,= C,H,BrN,O, + HBr.

Additional proof to this theory is lent by the fact that by frac-
tional precipitation, products are eventually obtained which give
somewhat higher results for total bromine, while the ‘ perbro-
mine’’ is about the same. This would point towards tlie forma-
tion of C.H,BrN,O0,.HBr.Br,, a comipound, the description of
which will be given further on. 'The last crops of crystals show
also a lower melting point, 150°-~156° C.; and when the crystals
are suspended in water and treated with sulphurous acid, they
yield besides caffeine an insoluble precipitate of the white bromo-
caffeine.

3. Action of Pure Bromine.—When dry caffeine is slowly
added to pure bromine the first portions go into solution, but
further addition produces a dark-red insoluble mass, which was
supposed by Maly and Hinteregger, and by E. Figher, to be the
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caffeine dibromide, C,H, N,0,.Br,. It is, however, not that, but
the same tetrabromide of caffeine hydrobromide just described,
mixed with a similar perbromide of bromocaffeine.

Dry caffeine was slowly added to a large excess of bromine
free from hydrobromic acid, and the mixture was allowed to
stand six hours. 'The thick dark mass was then spread out on
porous plates, and allowed to remain over lime for three days.
It was then divided into three portions: (a) was analyzed at
once, (4) was washed with chloroform, and (¢) was again redi-
gested in pure bromine. The results of analysis are as follows :

Q. b. o
Total bromine «..covvvvveeninnns 69.45 68.350 68.03
Perbromitte « voveiviern e enns. 53.88 54.60 53.07

Ou treatment with reducing agents there is left a slight resi-
due of the insoluble bromocaffeine, and its formation would
readily account for the high results of total bromine. Tle reac-
tion then in this case is the same as when chloroform is em-
ployed. A small portion of the caffeine is at once attacked by
the bromine and forms broniocaffeine and hydrobromic acid.
The acid at once unites with the unchanged caffeine and forms
the insoluble perbromide, thus protecting it against further
direct action of bromine; then the bromocaffeine is in its turn
slowly changed into a similar perbromide.

So far, then, as experimental evideuce goes, tlie caffeine dibro-
mide, C,H,,N,0,.Br,, is entirely liypotlietical. It may still be
said that the evidence does not exclude the possibility that only
two atoms of broniine go to form the perbromide, while the other
two atoms are retained by caffeine through the unsaturated liu-
ing between the two carbon atoms. Against this view there
stands the simiple fact that iodine, even in dilute solutions in
water, forms the analogous tetraiodide. It is lhiardly probable
that iodine would attach itself so readily to carbon. Then again,
no assimilation of either bromine or iodine by caffeine takes
place unless some acid be present. Heuce, the constitution of
this perbromide niust be analogous to that of the periodide, 7. e.,
it is a pure and simple caffeine hydrobromide tetrabromide.

Caffeine Hydrobromide Dibromide, C.H, )N ,0, . HBr.Br,.—When
the tetrabromide is exposed to air it loses broniine, and after
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twenty-four to forty hours there is left a yellow amorphous pow-
der, which is tolerably stable and can be further exposed for
many days without any appreciable loss of bromine. The
results of analysis show this to be caffeine hydrobromide dibro-
mide. The same compound is obtained by treating the tetra-
bromide with anhydrous ether. Samples of the tetrabromide
were finely powdered under ether, and the digestion with ether
was continued until fresh portions of the solvent showed no color-
ation when added to the perbromide. The yellow residue was
filtered, washed with ether, and dried by exposure. It is iden-
tical in composition and properties with that obtained by simple
exposure of the tetrabromide. Analyses I, II, and III are upon
samples obtained by exposing the tetrabromide to air. Amnaly-
ses IV and V are upon samples obtained by treatment with
ether.

Calculated for Found,
CgH, N,Oq. HBr.Bry. I 11. 111 1v. V.
Total bromiine... 55.17 cees 5345 .0 54.99
Perbromine ..... 36.78 36.48 35.50 35.93 36.87 35.83

The dibromide ranges in color from pale-yellow to a decided
yvellow. It is aniorphous, and melts at 170° C. When sus-
pended in water it turns orauge-red, and, as analysis shows, is
changed into the tetrabromide. It is soluble in ethyl alcohol
with less decomposition than the higher perbromide. On cool-
ing the alcohol it separates in distinct tetrahedral crystals, con-
taining less bromine than the original compound (total=42.50
per cent.,and ‘ ‘exterior”’ bromine27.8 per cent.) Methyl alcohol
dissolves the dibromide even more readily than ethyl alcohol,
also with less decomposition than it does the higher perbromide.
It is slightly soluble in ethyl acetate, insoluble in chloroform
and ether. It remains tolerably permanent when heated to 100°
C., but, on prolonged heating, or at higher temperature, it is
rapidly converted into bromocaffeine.

Caffeine Hydrockloride Tetrabromide, C,H N,0,.HCl.Br,.—
The preparation of this perbromide requires many precautions,
for otherwise the product is impure, being mixed with the per-
bromide of the hydrobromide. First of all, the bromine must
be perfectly free from hydrobromic acid, and the chloroform
must be free from alcohol and moisture. Second, a dilute solu-
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tion of bromine must be emiployed, so dilute that the addition of
it to caffeine should produce no precipitation of the perbromide
of caffeine hydrobromide withiu at least one-half hour. When
all these conditions are observed, the perbromide of the hydro-
chloride is readily obtained by passing a stream of dry hydro-
chloric acid gas into a dilute solution of caffeine aud broniine in
chloroform. It separates in compact red crystals. The acid
must be passed into the solution very slowly to prevent the for-
mation of pure caffeine hydrochloride ; care must also be taken
to replace the bromine as it is gradually being used up, avoid-
ing, however, a large excess of it at any time. The substitu-
tion of carbon tetrachloride for chloroform will not auswer, for
although caffeine is so readily soluble in the latter, it is almost
ingoluble in the former. Samples were washed with chloroforn,
dried in the usual manner, and analyzed for the exterior bro-
mine and for hydrochloric acid. 'The latter was estiniated by
subtracting from the total weight of the niixed silver halides
the quantity of silver bromide corresponding to the bromine as
found by titration with sodium thiosulphate. Tle analysis fur-
nished the following figures :

Calculated for Found.
CsH,,N,0,.HCL.Br,. I, 1I. 111,
Bromine «.oecevvnnns 58.14 56.75 56.70 56.00
b5 (0] 6.61 6.98 cees

This compound is of a somewhat lighter color than the corres-
ponding hydrobromide. The crystals, when examined under
the microscope, present the appearance of the distinct prisms.
The perbromide melts at 149° C. sharp. Suspended in
water, it remains unchanged for a time, then decomposes, and
finally yields bromocaffeine. Methyl and ethyl alcohol, as well
as ether, convert it into caffeine hydrobromide dibromide.
Exposed to air, it loses bromine more rapidly than the corres-
ponding tetrabromide of the hydrobromide. Oun gentle warm-
ing for two or three days it still retains a decidedly yellow color.

IV. PERHALIDES OF CHLOROCAFFEINE.
It appears from the results whicli have been presented that
caffeine, although a weak base, forms tolerably stable and rather
high perhalides. I have next attempted to prepare perhalides
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of chloro- and bromiocaffeine, and compare these with those of
caffeine itself. Omne would judge, a priorZ, that the introduc-
tion of such strong negative elements as chlorine and broniine into
a weak base, would greatly weaken its tendency to form per-
halides. And yet, experience shows that the halogen substitu-
tion derivatives of caffeine are still capable of forming definite
salts, and that they also form even higher perhalides than caf-
feine itself.

Chlovocaffeine Hydriodide, CH ,CIN,O,.HI.—Thissalt can only
be prepared in absence of water. Clorocaffeine, prepared accord-
ing to E. Fisher’s’ method, is dissolved in chloroform, and a
streani of dry hydriodic acid gas is passed into the solution. The
salt soon separates in the form of white heavy crystals. These
are filtered, washed with chloroform, dried first by exposure
and finally over solid potassium hydroxide. The acid was esti-
mated by suspending a weighed quantity in water and titrating
with a twentieth-normal solution of potassium hydroxide,
using phenolphthalein as an indicator.

Calculated for
CgH,CIN,0,4.HI. Found.

5 8 (S 35.82 35.69

The salt is decomposed at once by water and alcohol. It
gives up its hydriodic acid when exposed to air, probably through
absorption of moisture, for when kept over potassiuni hydroxide
for twenty hours it still contains 35.45 per cent. of hydriodic
acid.

Chlorocaffeine Hydrobromide, C,H,CIN O, HBr.—This salt is
prepared similarly to the hydriodide. It is, however, less stable
and loses its acid more readily. Analysis gives the following
figures:

Calculated for
CgH,yCIN,Oy. HBr. Found.

HBf o ovreennnnersnrssananss 26,18 26.80

Kept over potassium hydroxide for ten hours it showed only
24.80 per cent. of hydrobromic acid.

Chlovocaffeine Hydrockloride, C,H,CIN,0,.HCl.—This salt is
still less stable than the hydrobromide. It is necessary to wash
it with chloroform saturated with hydrochloric acid, and dry for
analysis as rapidly as possible.

1 Ann. Chem. (Liebig), 218, 262,
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Calculated for
C:H,CIN,0,.HCL Found,

HCl cvveii i it ananns 13.75 12.92

Kept over potassiuni hydroxide for 6 hours it showed only 6.15
per cent. of hydrochloric acid.

Chlovocaffeine Hydviodide Pentiodide, CH,CIN,O, HI.I,.—
Chlorocaffeine is disselved in chloroforn: and is mixed with a
solution of iodine in the sanie solvent. A slow stream of dry
hydriodic acid gas is now passed into the wixture. A black
amorphous powder separates at once. This is finely powdered
and redigested with a fresh solution of iodine in order to insure
complete reaction. If it had been previously completed, no
furtlier absorption of iodine will take place. The periodide is
filtered, washed with chloroform, and dried in the usual mau-
ner. The ‘ periodine” is estimated by titration with sodium
thiosulphate. The total iodine is estimated by subtracting from
the mixed silver lhalides (by Carius’ method) the quantity of
silver chloride which corresponds to the chlorine in the chloro-
caffeine. 'The results of analysis are as follows :

Calculated for Found,
CeH,CIN, O, HLI,. I. 11, 1II.
Total iodine«ceeevvan.n, 76.78 76.15
Periodine +ceevvvvenannn 63.99 63.08 62.66 62.75

This periodide is a black amorphous powder with a slightly
bluish tint. It melts at 185°—6° C. It is decomposed by water,
alcohol, more readily by methyl alcohol, by etherand ethyl ace-
tate, giving in all cases the white chlorocaffeine. It is slightly
soluble in chloroform. Washing the periodide with a large
aniount of chloroform does not diminish the per cent. of the
halogen in the compound. When exposed to air it shows only
slight signs of alteration, and even on heating the periodide at
100° C. for twenty-four hours, only a portion of the iodine can
be driven off.

Chlorocaffeine Hydrobromide Pentiodide, C.H,CIN,O,. HBr.I,.—
This periodide is prepared by the same method as the periodide
just described, substituting hydrobromic for hydrioedic acid. If
the acid be passed rapidly, the periodide comes down amorphous;
if slowly, it assumes a crystalline appearance. Redigestion in
a fresh solution of iodine shows no increase in the per cent. of
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iodine in the periodide. On being washed with pure chloroform
the periodide suffers no appreciable loss of the halogen. It was
analyzed with the following results :

Calculated for Fouud.
CgH, CIN,O5 . HBr.I; 1. 11. 111,
Todine «vvvvvvierinns 67.15 65.5 67.07 66.29
HBrvvvrosvsnnssnsnnns 8.49 8.21 ..

The hydrobromic acid was estimated by subtracting from the
mixed silver halides (by Carius’ method) the quantities of sil-
ver chloride and iodide which correspond to the chlorine of
chlorocaffeine, and to the iodine as found by titration respec-
tively.

In appearance this periodide is not quite as black as the
periodide of the hydriodide. It melts at 16¢° C. It is however
far less stable than the hydriodide, giving up its iodine very
readily to water, alcohol, ether and ethyl acetate; somewhat
soluble in chloroform. When exposed to air it loses its iodine
very rapidly, and on gentle warming leaves pure chlorocaffeine.
It is even more unstable than the periodide of the hydrochloride
of chlorocaffeine, an irregular gradation of stability as compared
with that of the periodides of caffeine itself.

Chlorocaffeine Hydrochloride Tetraiodide, C.H,CIN O, .HCLI,.
—The preparation of this compound has been attended with
some difficulties, because of its greater solubility in chloroform
than the other periodides. Theresults of analysisby themselves
would not entirely justify the formula of the compound as given,
had it not been supported by the analysis of the far more stable
periodide of bromocaffeine hydrochloride, which certainly has
the analogous constitution. Washed with chloroform and dried
this periodide furnished upon analysis these figures:

Calculated for Found.
CeH,CIN,0,. HCLI,. 1. II. 111

Todineg «covvevvnns 70.49 72.70 70.28 73.51 (2)

This periodide is of a blue-black color, and is crystalline. It
melts at 137° C. Itis decomposed by the different reagents simi-
larly to the other periodides. Itis however more stable thanthe
periodide of the hydrobromide, losing iodine only very slowly on
exposure to air. When gently heated it takes several hours to
drive off all the iodine from a small sample of the periodide.
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Chlorocaffeine Hydrobromide Pentabromide, C.H,CIN,O, . HBr.
Br,.—When a solution of chlorocaffeine in chloroform is treated
with bromine and set aside, tliere appear within tweuty-four
hours long beautiful red crystals. ‘The more bromine added,
the quicker and more abundant is the crop; if guite a strong
solution of bromine in chloroform be ewployed, the crystals
appear within ten to fifteen minutes. Ou the other hand, the
more carefully the bromine and cliloroform are freed from traces
of moisture, alcohol, and hydrobromic acid, the longer is the
formation of the crystals delayed. But even with the wost care-
fully purified reagents I have never failed to obtain them sooner
or later. Several samples prepared independently were filtered,
washed witl: chloroform: containing some bromiiue, and rapidly
dried. The total bromine was estiniated by Carius’ method.
The analysis gave the following results :

Calculated for ¥ound.

CgHCIN,Oy. HBr.Bry. 1. II. 11r. v,
Total bromine..... 67.66 65.98 e 66.57
Perbromine........ 56.38 55.25 35.02 55.42 55.00

The results of analysis show conclusively that we have here a
perbromide of a hydrobromide. To confirm this, I have prepared
the sanie compound by passing hydrobromic acid gas into a
solution of chlorocaffeine and bromine in chloroform. The per-
bromide, which separated as a heavy amorphous sediment, gave
these figures :

Total DrOMIINE: coevnvtnerr eeversssrreseeroneransonnnss 67.04
PerbrOmINe core s vesss senrssnassassesassssssaassesnsssans 55_87

Whence comes the hydrobromic acid? Some of it at least is
probably produced by the action of bromine upon traces of
moisture present in the reagents. It is not improbable that
some hydrobroniic acid results from the substituting action of
bromine upon chloroform, a reaction which is extremely slow
when the reagents are pure, but may be induced or facilitated
by the preseunce of foreign bodies, like chlorocaffeiniein this case.
Then again, a small portion of chlorocaffeine is probably decom-
posed, in some way, by bromine with the production of hydro-
bromic acid ; and this, as soon as formed, unites with the unat-
tacked chlorocaffeine and forms the perbromide. This would
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explain why, even when pure reagents are employed, the forma-
tion of crystals begins very soon after the addition of bromine,
provided it be added in large excess.

The perbromide, when crystalline, consists of dark-red short
thick prisms. It melts at 151° C. It is decomposed by water,
alcohol, ethyl acetate, giving a residue of pure chlorocaffeine.
It is ingoluble in chloroform. Ether removes only four-fifths of
the ‘‘exterior’’ bromide, and gives a lower perbromide.
Exposed to air it loses bromine quitereadily, and if the exposure
be prolonged, it loses all its bromine. Gentle heatig greatly
hastens the liberation of bromine.

Chlorocaffeine Hydrobromide Monobromide, C.H,CIN,O,.HBr.
Br.—When the pentabromide of chlorocaffeine, finely powdered,
is digested with anhydrous ether for several days, it gives up
four-fifths of its ‘‘exterior’’ bromine. The reaction is slow
towards the end and care must be taken to replace the ether
with fresh portions of the solvent. The yellow residue is filtered
off, washed with ether and rapidly dried. Several samples were
analyzed with the following results :

Calculated for Found.

C¢H,CIN,O HBr.Br. 1. 1I. 11I.
Total bromine........ 41.08 42.34
Perbromine «..oovvvnn 20.54 22,11 20.89 20.04

It is a yellow amorphous powder, of a darker shade than
the corresponding derivative of bromocaffeine. It melts at 189°
C., being previously decomposed into chlorocaffeine and bro-
mine. It resembles the pentabromide in most of its properties,
but seems to be somewhat more stable toward methyl and ethyl
alcohol.

Chlorocaffeine Hydrochlovide Pentabromide, CH,CIN,0,. HCI.
Br,.—Chlorocaffeine is dissolved in dry chloroform containing
bromine free from hydrobromic acid. A slow stream of dry
hydrochloric acid gas is now passed into the solution. Beauti-
ful well defined crystals soon separate. These are filtered,
washed with chloroform containing bromine, and rapidly dried.
Several samples gave the following results upon analysis:

Calculated for Found,
C3H,CIN,0,. HCL Brg. 1. 1L 111.
Br coeeeseeesssnnnsans 60.17 58.88 57.62 58.50

HClovvviiivininnin,s 5.48 5.61
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The crystals, small prisms, are of a red to a scarlet-red color.
The perbromide melts at 153° C. It is decomposed by water,
alcohol and ethyl acetate in about the same degree as the per-
bromide of the hydrobromide. On exposure to air, or on gentle
heating, it does not seem to lose bromine any faster than the per-
bromide of the chlorocaffeine hydrobromide.

V. PERHALIDES OF BROMOCAFFEINE.

Bromocaffeine, like the chloro compound, is capable of form-
ing salts and perhalides, provided the proper conditions are
observed. In general, the salts are even more stable,than those
obtained from chlorocaffeine; this is also true, in general
terms, of the perhalides.

Bromocaffeine' Hydriodide, C,H BrN,0,.HI.—Prepared and
analyzed like the corresponding salt of chlorocaffeine, it fur-
nished these figures:

Calculated for Found.
C3H,yBrN,Oq.HI. 1 1I. IIL
HI...oon vvvnn 31.83 31.49 32.18 32.52

Kept over potassium hydroxide for two days it showed no loss
of hydriodic acid.

Bromocaffeine Hydrobromide, CH BrN,O,.HBr.—This salt has
to be washed with chloroform saturated with hydrobromic acid,
for otherwise it dissociates and gives upon analysis low results:

Calculated for Found.
CgHyBrN,O,. HBr. 1. 11 111,

HBreoereeveoans 22.89 21,22 19.00 23.50
The salt is tolerably stable when protected from moisture,
Bromocaffeine Hydrochloride, C.H,BrN,0, HCl.—Prepared in
the same manner as the other salts, it furnished the following
results :

Calculated for Found,
CgH,yBrN,0,.HCL 1. 1I.
D & (0} 11.77 11.79 11.43

This salt is far more stable than the hydrochloride of chloro-
caffeine. Left over potassium hydroxide for twenty hours, it
lost only o.70 per cent. of hydrochloric acid.

Bromocaffeine Hydriodide Pentiodide, C,H,BrN,0,.HI.I,.—
This periodide has been prepared similarly to the analogous

1 Prepared according to E. Fisher's method, Ann. Chem. (Liebig), 215, 264.
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periodide of chlorocaffeine. Washed with chloroform, dried and
analyzed, it gave the following results, as obtained upon sepa-
rate samples:

Calculated for Found.
C¢HyBrN,Oq. HLI,. 1. 1I. 11I.
Total iodine.+.s.ovvn 73.42 72.86 e
Periodine «..vvvvuenns 61.22 60.52 60.22 61.27

It is a dull-black amorphous powder, melting at 183° C. It
is decomposed by water, alcohol, ether and ethyl acetate, but
slower than the analogous periodide of chlorocaffeine. It is
insoluble in chloroform. The sample that furnished analysis I.
was boiled for some time with chloroform, and still gave upon
titration with sodium thiosulphate 60.39 per cent. of iodine. It
loses iodine very slowly on exposure, and even on warming the
liberation of iodine is slow.

Bromocaffeine Hydrobromide Pentiodide, C,H,BrN, 0, . HBr.I,.
—This periodide forms very slowly, and the product, as first
obtained, must be redigested in fresh solutions of iodine in chlo-
roforni, in order to insure a uniform and constant sample. When
all the salt has been thus converted into the pentiodide, further
digestion with iodine does not give any higher periodide ; and
when the pentiodide is washed with large quantities of pure
chloroform, it loses none of its ‘ exterior’ iodine. Several
samples were analyzed with the following results:

Calculated for Found.
CgHyBrN,O, HBr.I;. 1. 11, 111.
) 64.12 65.40 63.88 64.53
HBr cvcvvttvenaasnnns 8.12 8.42

This periodide is amorphous, of a dark-brown color, and
melts at 160° C. It is decomposed by the different reagents like
the similar periodide of chlorocaffeine. Unlike the latter, it
loses iodine only very slowly on exposure, but quite rapidly
when warmed. In this respect, then, it is a more stable com-
pound than its analogue of chlorocaffeine.

Bromocaffeine Hydrochloride Tetraiodide,, C,H,BrN,0,.HCLI,.
—Just as the hydrochloride salt of bromocaffeine is more stable
than the hydrochloride of chlorocaffeine, so is the periodide of
the former easier obtained in pure state than that of the latter.
When hydrochloric acid gas is passed into a solutiou of bromo-
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caffeine and iodine in chloroform, the periodide comes down at
ouce pure, either in brown or dark-blue crystals, depending upon
the rate with which tlie hydrochloric acid is passed into the solu-
tionn. Samiples were washed with chloroform containing hydro-
chloric acid, dried and analyzed with the following results :

Calculated for Found.
CgHHBIrN, O, HCLT,. 1. I1. L
) R 62.06 61.50 60.53 61.14
HClovvriinvinneene s 4.46 4.27

Bromocalffeine, then, agrees with chlorocaffeine in that respect
that they both forni fefraiodides of their respective hydroclilo-
rides. The periodide of bromocaffeine hydrochloride is much
less stable than the periodide of the hydrobromide, and iu this
respect bromocaffeine differs from clilorocaffeine, for in the latter
the gradation of the stability is in the reverse order. This
periodide consists of well defined brown or dark-blue crystals,
nielting at 136° C. It is readily decomposed by tlie various
reagents. Exposed to air, it loses nearly all its iodine in a
comparatively short time, and still more rapidly when warnied.

Bromocaffeine Hydrobromide Pentabromide, C.H,BrN,O,.HBr.-
Br,.—All that has been said about the formation of the perbro-
niide of chlorocaffeine applies equally well in the case of bro-
mocaffeine. A solution of the latter in chloroform containing
broniine begins to deposit long slender crystals within five to six
hours, and the crop gradually increases as the solution is allowed
to stand. Even when the reagents employed are carefully freed
from traces of moisture and hydrobroniic acid, the formation of
tlie perbromide still takes place, being more rapid as the amount
of bromine added is increased. The perbromide, thus obtained,
is entirely identical with the one whicl is forined when dry
hydrobroniic acid gas is passed into a solution of bromocaffeine
and brontine in chloroform, except that in the latter case the
product is amorphous. All that has been said about the possi-
ble sources of the hydrobromic acid in the case of the perbro-
mide of chlorocaffeine, must apply fully as well to the perbro-
mide of bromocaffeine, TUnfortunately, neither of the two halo-
gen substitution products of caffeine are soluble in carbon tetra-
chloride, and therefore the latter could not be used iustead of
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chloroform. The total bromine was found by subtracting from
the total silver bromide, as obtained by Carius’ method, that
amount of it which corresponds to tlie bromine in bromocaffeine
proper. 'The results of the analysis of several samiples are as
follows :

Calculated for Found,

C¢HyBrN,Oy. HBr.Br;. 1. 1L 111, 1v. V.
Total bromine. ... 63.68 64.17 e 64.31 cees 64.53
Perbromine ...... 53.05 54.15 53.23 53.40 53.25 53.65

AnalysesI., II., ITII.and IV. areupon samples prepared without
the addition of hydrobromic acid, while Analysis V.is upon a
sample obtained with addition of the acid.

This perbromide consists of short prisms of a dark orange-red
color, melting at 156° C. It resembles in general behavior the
analogous perbromide of chlorocaffeine. It is decomposed by
the various reagents, and on exposure loses all its bromine.
When treated with ether it, too, forms the lower perbromide.

It may be said, that whatever the case be with pure caffeine
itself, the perbromides of the halogen substitution derivatives of
the base may after all have two bromine atoms linked to the
unsaturated carbon atoms, and only the three remaining bro-
mine atoms form the true perbromide. Thatis, the constitution
of the perbromides should be represented by Formula I, and not
by II.

1.
Br
CH,.N—CX
CO CBr.N.CH,
CH,N—C:N~C0O (HBr.Br,).

II.
CH, N—CX
CO C.N.CH,
CH,N —C: N>CO ,(HBr.Br,).
In favor of this view, we have the fact that the introduction
of a negative group (X) into the caffeine niolecule favors the

formation of such additive products. Thus, E. Fisher' has found
1 Ann, Chem. (Liebig), 215, 272.
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that hydroxycaffeine readily unites with bromine, and the result-
ing additive product has not unlikely this composition: C,H,(OH)
N,O0,.Br,. But against this view we liave (1) that no such
dibromo-additive conmipounds of either cliloro or bromocaffeine
have ever been isolated ; (2) that even iodine makes the penta-
perhalides, and not the tri-perhalides, as we should otherwise
expect, and (3) that the formation of the perlialides of bromo
and chlorocaffeine takes place only in presence of sonie lhalogen
acid.

Bromocaffeine Hydrobromide Monobromide, C H,BrN,0,.HBr.-
Br.—This is forined when the liiglier perbroniide is treated with
anhydrous ether until fresh portions of thie latter are no longer
colored by the perbromine, Waslied with ether and dried,
several independent samples were analyzed with the following
results :

Calculated for Found.
C¢HBrN,0, HBr.Br. I II. 111
Total bromine........ 36.86 37.35 cees
Perbromine «......... 18.43 18.68 20.39 20.04

This perbromide is of a lighter yellow color than the corres-
ponding perbromide of chlorocaffeine ; in all other respects the
two compounds apparently agree. It melts at 206° C., suffering,
previously to nielting, decomiposition into bromocaffeine, hydro-
bromic acid, and broniine.

Bromocaffeine Hydrochioride Pentabromide, CH BrN,0,. HCl. Br,.
—Broniocaffeine is dissolved in chloroform, bromine free from
hydrobrowmic acid is added, and a slow stream of hyvdrocliloric
acid gas is now passed into the mixture. The separation of the
perbromide begins to take place at once, in the form of deep-red
needle-like crystals. Sawples thus prepared were analyzed with
the following results:

Calculated for Found.

CsHyBrN,0, HCL.Br;. 1. 11
Broveereisevnnnnennns 56.40 55.25 55.18
HCL ovvvirviiiinianass 5.13 5.02

This perbromide resembles very closely the perbromide of the
hydrobromide, but it seems to give off bromine niore readily
than the latter. It melts at 157° C. It is decomposed by the
various reagents, and gives pure bromocaffeine,



PERHALIDES OF CAFFEINE. 375

VI. SUMMARY.

The results described in the preceding pages are presented in
a condensed form in the subjoined table. In general terms, the
perhalides, as given in the table, decrease in stability'as we read
from left to right. For example, of the periodides of the
hydriodides, that of caffeine is the most stable, next comes that of
bromocaffeine, and this is followed by the one of chlorocaffeine.
The same is true of the periodides and perbromides of the other
salts. While the line is quite sharp between the perhalides of
caffeine and those of bromocaffeine, it is 1ot so between the per-
halides of the latter and those of chlorocaffeine. We can speak
only in general terms of a difference in stability between the
perhalides of the two halogen caffeines, respectively. Thus, we
notice such a difference in stability between the periodides of the
two hydrobromides, and also between the perbromides of the two
hydrochlorides respectively. The gradation in stability among
the periodides of one and the same class is usually, but not
always, regular. In all three cases, however, the periodides of
the hydriodides are far inore stable than those of the other
salts. If a, 4, and ¢ should represent different degrees of sta-
bility, decreasing in alphabetical order, then the rélative sta-
bility of the members of each class of the perhalides is as is
given in the table. It must be understood that the term stadlity
is used here in its broad and general sense, such as the behavior
of the compounds towards different solvents, and on exposure to
air. The comparison is made between the perhalides of each
class, and the periodides, as well as the perbromides of each of
the three bases (caffeine, bromocaffeine, and chlorocaffeine)
form separate classes for coniparison. When two perhalides of
the same salt exist, only the higher one is taken into account.

There appears to be a regular lowering in the melting points
of the periodides of each class, it being the highest in the
hydriodides and the lowest in the hydrochlorides. It is a cur-
ious coincidence that the melting points of the analogous perio-
dides of chlorocaffeine and bromocaffeine are so uear alike,
while the pure halogen caffeines theinselves nielt at 188° C. and
206° C., respectively. The perbromides do not show such a
regular gradation. There is a difference in stability of the
periodides of each class, corresponding to the lowering of the
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melting points, this being true of caffeine and bromocaffeine,
where the periodide of the hydrobromide is less stable than the
hydrochloride. Thereisa uniformity in composition between the
periodides on one hand and the corresponding perbromides on
the other, in each of the three bases. Thus, in caffeine it is
always the tetrahalide compound that is more easily formed, and
in chlorocaffeine and bromocaffeine it is the pentahalide. It will
be noticed that all three hydrochlorides carry less iodine in the
periodides than the salts of the other two halogen acids.

It is difficult to draw very general conclusions froni the study
of perhalides of only one base, but so far as they go, the results
preseuted in the preceding pages justify in a certain degree the
following conclusions :

(1) Organic bases are capable of forming periodides not only
of their hydriodide salts, but also of the hydrobromides and of
the hydrochlorides. The stability of the resulting periodide
will be governed, all other conditions being equal, by the nature
of the halogen through which the ‘‘ periodine’’ is linked to the
nitrogen, decreasing as the volatlitity of the halogen increases.

(2) When a base forms periodides, it is also capable of form-
ing perbromides, which probably posses an analogous composi-
tion and constitution.

(3) If two nearly related compounds form under similar con-
ditions periodides (or perbromides) of different degrees, then the
periodide (or perbromide) containing the highest number of
‘“ perhalogen’ atoms is not necessarily the more stable of the
two. Compare, for instance, the tetraiodide and tetrabromide
of caffeine with the pentiodide and pentabromide of bromocaffeine.

(4) The number of iodine atoms which a base takes up in
the formation of a periodide is i1 no way an index of the basal
power of the base. Caffeine, for instance, is a very weak base,
vet it forms higher periodides than the comparatively stronger
bases of niorphine, strychnine, atropine, etc. Again, chlorocaf-
feine and bromocaffeine, although far weaker than caffeine itself,
forms higher periodides than the latter.

In conclusion, I wish to express my thanksto Mr. J. A. Keat-
ing and Mr. W. J. O’Brien, who have kindly helped me in this

work.
ANN ARBOR, MICHIGAN.



