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To all whom it may concermn.

Be it known that I, FRITZ ACH, a citizen of
the Empire of Germany, residing at Mann-
heim, in the Empire of Germany, have invent-

¢ ed certain new and useful Improvements in
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the Art of Preparing Homologues of Xanthin;
and I do hereby declare the following to be a
full, clear, and exact description of the inven-
tion, such as will enable others skilled 1n the

art to which it appertains to make and use the
same.

The present invention relates to the art ol
preparing derivatives of xanthin with special
veference to the homologues of this purin, its
object being the preparation of homologues
in which the hydrogen atom bound to the
carbon atom in the position 8 is replaced by
an alkyl radical.

The structural formula of xanthin is:

(6)
(LHHN — CO
(7)H
(2)OC(5)C—N
| CH(8)
(8)HN — C—N
(4) (9)
(See, e. g, Berichie der Deutschen Chemischen |
Gesellschaft, Vol. 30, page 549, and Letters
Patent of the United States No. 631,706.)
The general formula of these homologues
would be: | |
HN—CO
H
OC C—N
NQ
/C.R
HN—-C—N
or
RIN"""'CO
=
OC C—N
N
/C'R3

or the like, where R, R, R,, and R; repre-
sent alkyl radicals. These xanthin deriva-

tives have not hitherto been known or pro-
duced. Ihave found inthe course of my ex-
periments and researches that such alkyl- 55
xanthins may be readily prepared by causing

an organic acid anhydride to act upon urie
acid, such as uric acid proper or its alkyl de-
rivatives. The reaction takes place with the
evolution of carbon-dioxid on heating the 60
reagents together under pressure, as well as
by boiling in an open vessel combined with a
reflux apparatus. This conversion of the
urie acid into the corresponding 8-alkyl-
xanthin takes place in most cases apparently 65
without the formation of a solution, and itis

| completed when a sample of the separated

product of the reaction will no longer reduce

an ammoniacal silver solution after thor-

oughly boiling the two together. This new 7o

process renders it possible for the first time

to proceed directly and in one operation from

the uric-acid series to the xanthin series.
According toexperiments and observations

hitherto made the uric acids which are sus- 75

ceptible to the above reaction are uric acid

proper and the derivatives of the same, in

which the alkyl radical or radicals are bound

to the alloxan nucleus—such, for example, as

3-methyl-uricacid or 1-3-dimethyl-uricacid— 8o

while those uric acids in whieh the alkyl
radical or radicals are bound to the nitrogen
atoms oceupying the positions 7 or 9—such
as 7-methyl-urie acid, 3-9-dimethyluric acid,
or 1-3-7-trimethyl-uric acid—are not changed 835
on treating them with acid anhydrides. My
present invention may therefore be generic-

| ally expressed by the following general equa-

tion: _ |
R,N—CO OC—R, 9¢
| i H | |
OC C—N + O —
>00 95

R.N—C—NH OC—R,

| H 100

OC C—-N\ 4-CO,+R,;. COOH
/O.Rg
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‘and the formation of a
evaporated tocre‘nhel with conecentrated nitric.

lation.

: finally washed with aleohol.

=2

.The new xanthin homologues are by the |
above methods obtained in an almost pure
condition, and in general they possess the -

properties characteristic of xanthins—viz.,
complete stability and indifference with re-
spect to ammoniacal silver solutions, the for-
mation of murexid when they are treated with
chlorate of potassium and hydrochloric acid,
yellow residue when

acid.

In order to enable those skilled in the art
to practice my invention, I will now desecribe
the same in detail with the aid of several ex-
amples constituting the preferred embodi-
ment of the same. The proportions are all
given by weight.

1. Pfrepcwaiwn of 8-methylxanthin from
uric acwd proper.—One part of urie acid
proper is boiled, together with ten parts of
acetic-acid anhydnde in a reflux apparatus.
Carbon-dioxid is very soon liberated ste&dlly,
while at the same time the uriec acid is con-
verted into 8- methylxanthm without going
into solution. The conversion is eomplete
after the lapse of about eighty hours’ contin-
ned boiling. Toascertain whether this con-
dition has ta,lzen place, the slightly-yellowish
brown produect, which is insoluble in the an-
hydr 1de is tested with ammoniacal silver so-
If the latter ceases to be reduced by
the product, the process has been-completed.
The whole is now allowed to cool and is then
drained by siphoning or by other means and
I'rom seventy-

- five to eighty per cent. of the theoretical
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yield of almost pure methylxanthin is thus
obtained. To obtain the same as a colorless
produet, the xanthin thus obtained is advan-
tageously converted into the mono-potassium
salt, which crystallizes in the form of fine
colorless needles. This salt is dissolved in
water and precipitated from the solution by
acetic acid or by a dilute mineral acid. The
base is thus thrown out in the form of a fine
granular powder. The 8-methylxanthin so
obtained is free of water. An ana,lysm of the
same gives values corresponding to the equa-
tion C;H,N,O, or, structurally,

HN—CO
H
0OC C—N
AN
_C.CH,
HN—C—N

The reaction of its formation, as described
above, proceeds according to the equation:

N —CO CO.CH,
H _
OC‘ C N O —
Nco
J/ |
HN—-C—N CO.CH,
(Uric acid.) (Acetic anhydride.)

| ing.
in mtme acid a flaky double salt is thrown

potash - lye (KHO solubmn)

q
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HN—C
| b
0C C—N +CO0,+CH, COOH
I \\ -
| >c.oH,
HN—C—N-

{(8&-methylxanthin.) (Acetic acid.)

This new xanthin is soluble in the usual sol-
vents only with extreme difficulty. While
the solubility of xanthin in water is usually
considerably increased anderthe influence of
the methyl radical, in the present case the
addition of methyl_ to the carbon atom 8
strongly reduces such solubility. Thus, for
exawmple, xanthin proper requires about fif-

| teen hundred parts of boiling water for com-

plete solution, while 8-methylxanthin re-
qunires about three thousand three hundred
parts, crystallizing from such solution on
slowly cooling the same in the form of color-
less short prismsor tablets. 3- methylxanthin
as a base is soluble with tolerable ease in di-
lute mineral acids on heating or warming.
When dissolved in coneentr ated hydrochloric
acid and allowed to cool, a hydrochlorate of

the same is thrown Qn.t,in the form of color-

less shining prismatic erystals, which hydro-
chlorate, however, gives up its hydrochloric
acid on being treated with water. KFrom a
solution in concentrated sulfaric acid the 8-
methylxanthin,
precipitated by water. It is readily soluble
in alkalies and ammonia. On adding to a

‘solution of the same in ammonia nitrate of

silver a gelatinous colorless silver salt is pre-
eipitated which remains nnchanged on boil-
From a solution of the S-methyltanthm

out by nitrate of silver. On treating the -
methylxanthin with chlorin water murexid is
formed. Onevaporating the same with nitrie
acid of a specific gravity of 1.4 a pale-yellow
residue is left, which, on being heated with
gives an in-
tensely orange-colored solutlon

8- methyhanthm hasno melting-point. At
substantially 380° centigrade it begins to turn
brown, and at a temperature above 400° cen-

. tigra,de 1t 18 decomposed.

The abovereaction of acetic-acid anhydride

or uric acid may be accomplished in a briefer

period of time than stated above if the re-
agonts are caused toact npon each othereither

| under pressure—e. ¢., in a digester—or in the

presence of a eondensmﬂ* agent. For exam-
ple, if one partof urie acid proper is heated to-
gether with from five to six parts acetic acid
in a closed vessel, such as an autoclave,

| while constantly stlrrmﬂ' or agitating the

mass, to a temperature of 180° eentwmde and
maintained at this tempemtare for twenty-
four hours the conversion into 8-methylxan-
thin will be completed. After cooling a con-
siderable pressure exists in the autoclave,
while the methylxanthin will be obfained in

| the form of a rather brown powder, which
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from 8-methyl - uric acid.—One
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may be isolated and purified in the manner ]

above given. The same acceleration of the
reaction may be obtained when a condensing
agent is added to the mixture of uric acid
proper and acetic-acid anhydride. Thus, for
example, I may add 0.5 parts of pyridin to
one part of uric acid proper and ten parts ot
acetic anhydride. Under these conditions
the formation of 8-methylxanthin will have
been accomplished after the boiling for from
forty to forty-five hoursin a reflux apparatus.
The new product is thereby obtained inavery
pure condition and may be isolated in the
manner above given. .

2. Preparation of 3-8- demethylecanthan
part of 3-
methyl-uri¢c acid, which 18 identical with 3-
methyl-uric acid, as described—e. g., in Be-
richie der Deutschen Chemischen Gesellschaft,
Vol. 32,page 2726—is heated 10 ebullition with

- ten parts of acetic-acid anhydride in a reflux

cooler and with the addition of 0.5 parts pyri-
din. The conversion into the corresponding
xanthin takes place without apparent solu-
tion of the methyl-uric acid. After the lapse
of about forty hours’ continued boiling the
difficnltly-soluble product ceasesto redace am-
moniacal silver solution. The whole isthere-
upon allowed to cool and the liquid isdrained
from the resultant slightly-colored granular
powder by filtration, and the same 1s then
crystallized from boiling water having animal
charcoal added thereto for decolorizing pur-
poses. The new body 3-3-dimethylxanthin
is thus obtained in the form of fine colorless
erystals in the form ot needles which are mat-
ted or felted asbestos-like and which contain
one molecule of water of erystallization. This
water escapes at 110° centigrade. Analysis
of the compound thus dried yields figures,
which show its composition to be C;HgN,O,.

Its structural formula 1s:

HN—CO
i
0o¢ C—N
L
_C.CH,
CH, N—C—N

The addition of the methyl radical to the
carbon-atom 8 greatly enhances the solubil-
ity of the 3-methylxanthin in water. While
3-methylxanthin requires three handred and
fifty parts of boiling water for complete solu-
tion, (Berliner Berichie, Vol. 31, page 1986,)
3-8-dimethylxanthin requires only seventy-
five parts of boiling water and crystallizes
from such solution in the form of fine color-
less needles matted together like asbestos and
containing one molecule of water of crystal-
lization.

3.8-dimethylxanthin is readily soluble 1n
dilute alkalies, including ammonia. When
concentrated soda-lye (NaHO solution) is
added, a sodium salt of the same, which erys-

2

tallizes in fine needles, is soon separated from

the whole. Dilute mineral acids readily take.

up 3-8-methylxanthin on heating. I¥rom a
solution of the same in dilute nitric acid &
double salt, erystallizing in fine needles, 18
thrown out by nitrate of silver. On adding
silver nitrate to an ammoniacal solution of
the same a colorless gelatinous silver salt is
thrown cut, which remains unchanged on
boiling. .

3-8.dimethylxanthin assumes & brownish
color on being heated to above 320° centigrade,
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and at about 350° centi@n*ade it melts with de-

composition.

3. Preparation of 1 3-8 -trimethyleanthin
from 1-8- dimethyl- uric acid.—One part ot
1-3-dimethyl-uric acid free from water is
heated with ten parts of acetic anhydride and
0.5 parts pyridin in a reflux apparatus to boil-
ing temperature. The dimethyl-uriec acid
will thereby be gradually dissolved. After
boiling the mixture for twenty hours the for-

| mation of the new xanthin will be accom-

plished. The product,which on cooling crys-
£allizes from the clear anhydride solution, is
not reducible by a silver solution—a fact
whichindicates the end of the reaction. From
the trimethylxanthin which separates in the

| form of fine needles the mother-liquor is

drained by siphoning or any desired method,
and the residual trimethylxanthin is then
purified by dissolving in boiling water or al-
cohol and recrystallizing from such solution.
The resultant fine acicular or prismatic crys-
tals, for the most part aggregated in the form
of fagots, contain no water of crystallization.
The product when dried at 120° eentigrade
and analyzed gives figures from which the
formula of the same is ascertained to be
C.H,N,0,. Its structural formular is:

CH, N—CO
51
0C C—N
N\ OF
_C.CH,
CH, N—C—N

| The reaction to which its formation is due 1s

| 'indicated in the equation:

| T

CIL, N —CO 0C.CH,
cCO C—NH 0O =
>@o
CH.N—C—NH  OC.CH,
CH, N—CO

CO (}é§?+{K5+OH@COOH.
_ _C.CH,
CH,.N—C—N
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This new trimethylxanthin is soluble in about | HN—CO

forty parts of boiling water. Hence by the |
formation of this body the solubility of 1-3-|

dimethylxanthin, which is the same as the-

5 ophyllin and which requires only eight parts |

of water for solution, (see Berichie, Vol. 28,
page 3189,) has been very materially reduced
by the 8-methyl. o
- 1-3-8-trimethylxanthin is rather soluble
to in boiling alcohol and moderately so in boil-
ing chloroform. Moreover, it is readily solu-
ble in ammonia and dilute alkalies. From
concentrated alkali solutions the correspond-
ing alkali salts are immediately thrown out in
15 theformof fineacicularcrystals. Itisreadily
soluble in dilute mineral acids. " With nitrate
of silver in nitrie-acid solution a double salt,
crystallizing in fine needles, is formed. An
ammoniacal solution of the same forms with
20 nitrate of silver a silver salt, which is very
difficaltly soluble in aminonia and which is
perfectly stable when boiling. “ |
1-5-8-trimethylxanthin melts to a pale-col-
ored liquid at 325° centigrade and sublimes
25 almost without decomposition when continu-

ously heated to a higher temperature in the |

form of fine colorless needles.

4. Preparation of 8-ethyl xanthin from uric |

acid proper.—One part of uric acid proper
30 i1s heated to boiling temperature, together
with ten parts of propionic-acid anhydride
and 0.5 parts of pyridin in a reflux appa-
ratus. After boiling for twenty hours the
~ conversion of the uric aeid into S8-ethylxan-
35 thin will be completed—a stage of the process
which is indicated by the fact that the prod-
uct which remains undissolved in the anhy-
drid ceases to reduce an ammoniacal silver
solution. The resultantslightly-colored crys-
1o talline powder is dissolved in dilute alkali
and treated with carbon (such as animal car-
bon or bone-black) for the purposes of de-
coloration. From such solution the 8-ethyl-
xanthin is precipitated by dilute acids as a
45 colorless fine granular powder, whose analy-
818 gives figures corresponding to the formula,
C,HgN,O, or, structurally,

HN—CO
50 | &

0C O—N

_ >C. C,H.
‘s HN—C—X

The reaction to which the formation of this
new compound 18 due proceeds according to
the equation:

6o AN —CO CO.CH,CH,
. H |
0OC C—N 4O —
\
65 | | D0
HN—C—NH C.CH,.CH,
(Uric acid.) (Propionic anhydride.)

-

}

|

l

H
0C C—N

>O.OH2. CH,+C0,+-C,H..COOH
HN—C—X

(8-ethylxanthin.) (Propionic acid.)

Right hundred and fifty to nine hundred
parts of boiling water are required to dissolve
one part of 8-ethylxanthin. From such
solution the new xanthin erystallizes in the
form of small colorless tablets. It isreadily
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solublein alkalies,includingammonia,and on -

“heating also in dilute acids. A solution of the

same givesrise to a colorless gelatinous silver
salt when nitrateofsilveris addedthereto,said
silver salt being soluble only with difficulty in
excess of ammonia and remaining unchanged
on boiling. If the new base be dissolved in
dilute nitric acid and silver nitrate be added
to such solution, a colorless double salt, which
crystallizes in fine needles, is precipitated.

g-ethylxanthin on being heated above 350°
centigrade assumes a brownish color, and at
about 390° centigrade it is decomposed with
effervescence or frothing.

5. Preparation of 8-wsopropyleanthin from
uric actd proper.—QOne part of uric acid, to-
gether with six parts of isobutyrie aecid an-
hydride and 0.4 parts of pyridin are heated to
170° to 175° centigrade in a closed tube and
maintained at this temperature for thirty-six
hours, the mass being continuously agitated
during this treatment. On thereafter allow-
ing the mass to cool strong pressure will exist
in the tube, and the almost colorless resultant
undissolved produet will not reduce a silver
solution on boiling. Theliquoristhen drained

from the solid product, and the latter is dis-

solved in dilute alkali and treated with car-
bon in the ordinary manner and acidulated
with a dilute mineral acid. Thereby a col-
orless powder, consisting of compact granular
crystals, is obtained, which on analysis has
been found to have the formula C,H,,N,O, or,
structurally expressed,

HN—CO

| H
0C C—N

' >O.CH(CH3)2
HN~C—XN

The formation of the 8-isopropylxanthin
under the above reaction proceeds according
to the equation: |

O H o
HN—CH C—C(CH,),
OC C~§; 40 —
/OO |
NH—-C—NH " C—C(CH,),
* O H

(Uric acid.) (Isobutyric acid anhydride.)
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HN—-CO

H
00 C—N -4C0,--(CH,),.CH.COOH

>0.0H(01+13)2
AN —C—N

(8-isopropylxanthin.)

(Isobutyric acid.)

This new alkylxanthin is soluble in about
four hundred and fifty parts boiling water,
crystallizing therefrom in well-developed
short prisms obliquely truncated at both ends,
when the solution is allowed to cool slowly.
It is readily soluble in alkalies, including
ammonia, and also in dilute mineral acids
when gently warming the latter. IKrom an
ammoniacal solution of the same a colorless
celatinous silver salt is precipitated with a
solution of nitrate of silver, which precipi-
tate is unchanged on boiling.

On heating the 8-isopropylxanthin above

340° centigrade it assumes a gold-brown color, |

and at about 380° centigrade it melts with ef-
fervescence or frothing.

Having thus fully described my invention,
what I elaim as new, and desire to secure by
Letters Patent, is— |

1. The process of preparing xanthin homo-
lognes, which consists in heating a uric acid
together with an organic-acid anhydride.

2. The process of preparing xanthin homo-
logues, which consists in heating a uric acid
together with an organic-acid anhydride un-
der pressure.

3. The process of preparing xanthin homo-
logues, which consists in heating a uric acid
together with an organic-acid anhydride and
a condensing agent.

4. The process of preparing xanthin homo-
logues, which consists in heating a uric acid
together with an organic-acid anhydride and
a condensing agent under pressure.

5. The process of preparing an 3-alkyl-
xanthin which consists in heating uric acid

>

| proper together with an organic-acid anhy-

dride.

6. The process of preparing an 8-alkyl-
xanthin which consistsin heating under pres-
sure uricacid proper together with an organic-
acid anhydride.

7. The process of preparing an 8-alkyl-
xanthin which consists in heating uric acid
proper together with organic-acid anhydride
and a condensing agent.

3. The process of preparing an 8-alkyl-
xanthin which consists in heating under pres-
sure uric acid proper and an organic-acid an-
hydride together with a condensing agent.

9. The process of preparing an 8-alkyl-
xanthin which consists in heating a uric acid |

and an organic-acid anhydride together with
pyridin. | f

10. The process of preparing an 3-alkyl-
xanthin which consists in heating under pres-
sure a uric acid and an organic-acid anhy-
dride together with pyridin.

11. AS a new chemical compound, a homo-
logue of xanthin having an alkyl radical
bound to the position 8, and having the prop-
erties of xanthin proper.

12. As a new chemical compound, 8-alkyl-
xanthin whose formula differs from that of
xanthin proper by having an alkyl radieal
substituted for the H in the position 8§, which
is readily soluble in alkalies including am-
monia, and in dilute acids and difficultly
soluble in boiling water, which is precipi-
tated from the alkaline solution by dilute
acids in the form of a granular powder, which
becomes colored on heating to a high tem-
perature and which has no melting-point but
decomposes with frothing on heating to a still
higher temperature. |

In testimony whereof I affix my signature
in presence of two witnesses. |

| * FRITZ ACH.
Witnesses:

J. ADRIAN,
MAX BONHUER.
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