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The unsubstituted 3,7-dialkylxanthines, or those substi-

tuted at position 1, are important precursors or inter-

mediates in the preparation of pharmaceuticals. Thus, the
compound 3,7-dimethylxanthine
example, be used as a precursor in the preparation of the

{theocbromine)

active pharmaceutical constituent pentoxifylline

(US 3 737 433) of the formmla VIII
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and of similar compounds which possess vasotherapeutic

properties.

may, for-
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medi ates in the preparation of pharnaceuticals. Thus, the
conmpound 3, 7-di met hyl xant hi ne (theobronine) may, for

The unsubstituted 3, 7-di al kyl xant hi nes, or those
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fication, theobromine must be employed in sufficiently
high purity. Interfering effects are produced in
particular by the starting compound 3-methylxanthine (II,
R' = CH;), the overmethylated compound caffeine (IX} and
the isomeric compound theophylline (X)
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as well as coloring impurities.

Processes for preparing the compound of the formula {(I)
are known in the literature. In these processes the main
alkylating agents employed are dimethyl sulfate, dimethyl
carbonate and methyl chloride, ethyl chloride, propyl
chloride, diethyl sulfate, dipropyl sulfate, diethyl
carbonate or dipropyl carbonate.

The processes using dimethyl sulfate as the methylating
agent for preparing theobromine from 3-methylxanthine are
summarised in the patent ‘DD 222 026. Depending on the
methylation method employed, theobromine is obtained in
yields of 65 to 76 ¥ of theory, based on pure theobrom-
ine. However, im the processes with high -theobromine
yields, relatively large quantities of byproducts still

‘usually arise, which byproducts, because -of the quality

requirements for the preparation of active pharmaceutical
constitunents, must be removed by an additiomal purifica-

tion procedure.

.The process using dimethyl carbonate as the methylating
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Interfering effects are produced in patttcular by the starting compound
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only be carried out in special autoclaves which withstand
pressures of 80 to 160 bar. In this process, the yields
obtained are between 65.8 and 73.2 % of theory of pure
.5 theobromine with a content of at least 99.6 %, determined
by HPLC. ' ' '

The process using methyl chloride as the methylating
agent for preparing theobromine (CS 267 100} in an
agueous or aqueous/alcoholic medium shows high yields.

10 However, in this case, the theobromine must be very
heavily contaminated with byprodﬁcts, since the reported
melting points are very far removed from the melting
point of pure theobromine. For example, a mixture of pure
theobromine and about 5 % of 3-methylxanthine still shows

15 a melting point which is about 100°C higher than that of
theobromine prepared according to CS 267 100. It must
therefore be assumed that considerable quantities of
caffeine "(IX)_.and possibly theophylline (X), which must
be removed by purification, are still present in the

20 isolated product. The loss of yield in the additiomal
‘working up necessary to obtain pure theobromine is likely
' to be quite substantial.

Additionally, a process for preparing 3-methyl-7-propyl-
xanthine (CS 267 796) is known, and the process is said
25 to be improved by addition of small quantities of cata-.
lysts for interphase transfer, such as tetraalkylammonium
salts or dimethylbenzylalkylammonium salts with 8 to
18 carbon atoms. However, the exambfl.es show that the
addition of about 0.26 mmol of dimethylbenzylalkyl-
30 ammonium bromide decreases the yield by 5 % while the
melting points of the products prepared with or without
catalyst are the same. |

In addition, the examples presented in Patent CS 267 100

show that the yield is smaller with larger batches. This

35 fact has also been described in Patent DD 222 026. Our
' own experiments, in which the batch size was increased
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the conmpound of the fornmula (1) 10 are known in the literature.
processes the main
di met hyl
chl ori de,
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as well as coloring inpurities.

al kyl-ati ng agents enpl oyed are di net hyl
~ carbonate and nethyl chloride, ethyl chloride, propyl
di ethyl sulfate, dipropyl sutféte, diethyl carbonate or

car bonat e. ]
one hundredfold, show a clear diminution in the yield

under the conditions described in CS 267 796.

- It is the object of the ' preéent invention to find a
process by which 3,7-dialkylxanthines may be selectively
5 prepared from 3-alkylxanthines in high yields and with
very high purities and very good space/time yields.
The invention therefore relates to a process fox: obtain-
ing 3,7-dialkylxanthines of the formula I
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10 where R! and R?, independently of each other, are (C,-C¢)-
alkyl, which may be straight-chain or branched,
wherein a 3-alkylxanthine of the formula II
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in which R* is (C,~C¢)-alkyl, which may be straight-chain

15 or branched, _
a). is converted in aqueous phase and using a basic

Processes for preparing
In these
sul fate,

agent into its salt and
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15 The processes using dinethyl sulfate as the nethylating agent for
preparing theobrom ne from 3-net hyl xant hi ne are sumarised in the
patent DD 222 026.  Depending on the met hyl ati on met hod enpl oyed,

t heobromine is obtained in yields of 65 to 76 % of theory, based on
pure theobrom 20 ine. However, in the- frocesses with high theobronine
yields, relatively |arge quantltles of byproducts still usually ari se,
whi ch byprodubys, bbisuseldf ishregotedt jn a tworphasemixtufrerwibth an

preparation of aCtlf‘iT‘XR %gggjtc%érp@lwn lcwtﬁt%& G¥shsPsd epRyed by

an additional puri rocedure. process using di net hyl
carbonate as the merepeRcenPt at least one quaternary ammonium com=_ 3. :

pound and/or phosphonium compound of the
5 , formulae III and IV '

(IIT) (IV)

where _
R® to R™ are identical or different and, independently of
each other, are

10 a) (C,—C,)-alkyl, which 'may be straight-chain or
branched, '
b} benzyl or
c) phenyl and

X is an anion, and.

15 ¢) where appropriate the alkylation is carried out in
' the presence of alinear polyether of the formula V

- Rll_o_(Y)n_Rli . {v)
where , .
R and R are identical or different and, independ-
20 ently of each other, are (C,~Cg}-alkyl, '

Y is a radical from the group
. a) ~CH,~CH,~0~- or eet Has Been Replaced
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agent (DE 3 741 883) is a high pressure process which can oftty—be
carried out in special autoclaves which w thstand pressures of 80 to

160 bar. In this process, the yields - obt ai ned are bet et H placeg.
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case, the theobrom ne nmust be very heavily contami nated with _ :
byproducts, since the reported. ol nts are very far. renoved from
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t heobrom ne and about 5 % of" 3-nmet hyl xanthine still shows 15 a nelting
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20 isolated product. The loss of yield i'n the additional “wor Ki ng up
necessary t o BRI n pure theobromne is likely to be quite

subst anti al . , .. _
- 3,7-Dialkylxanthines which are particularly pre_ferred'for
the process are

3,7-dimethylxanthine o {= compound of the formula I
10 - with R! = R? = —CH,)

3-ethyl-7-propylxanthine (= éompo_und of the formula I
' with R' = <~CH,~CH, and
'R? = —-CH,~-CH,—CH,)

, 3—methﬁrl—7—propylxanthin‘e_ (= compound of the formula I
15 with R = CH, and
' ~ R? = —-CH,~CH,~CH,) .
_ . :

It is ad%antageous that there is a surprisingly high .
selectivity for alkylation in the 7 position on the
xanthine, while alkylation at the 1 position hardly
20 occurs. In addition, the compounds of the formulae IIX
and/or IV, as well as of the formula V, where apéro—-
priate,. may be readily separated from the agueous phase

and used for further reactions. '

Alkali metal hydroxides .and/or alkali metal carbonates,
25 such as, for example, sodium hydroxide, potassium hydrox-
ide, sodium hydrogen carbonate, potassium hydrogen
carbonate, sodium carbonate or potassium carbonate are

preferred basic agents.

The quaternary ammonium or phosphonium compounds of the
30 formulae III and IV which are emploved are advantageously



Additionally, a process for prepari ng 3- met hyI

_ xant hine (CS
267 796) i.s known, and the process is said 25 T e“Relc y addi tion
of small quantities of cata- | ysts for int . such as
t etraal kyl ammoni um salts or dinethyl benzyl aI ts with 8
to 18 carbon atons. However, the é&xdhpl es show that the addi tion

of about 0.26 mmol of_dinmethyl benzyl al kyl 0. .amoni um , br oni de, decr eases
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-4 5 octylammonium chloride, ethyltrioctylphosphonium chloride

and hexadecyltributylphosphonium bromide are preferred
quaternary ammonium or phosphonium compounds of the
formulae III and IV.

Ethylene glycol dibutyl ether, diethylene glycol dibutyl
10 ether, triethylene .glycol dibutyl ether, tetraethylene
glycol dibutyl ether, diethylene glycol ethyl tert-butyl
ether, propylene glycol dibutyl ether, dipropylene glycol -
dibutyl ether, polyethylene glycol dibutyl ether and
polypropylene glycol dibutyl ether of different ether
15 chain lengths (where n in the formmla V is 2 to 8) are
preferred polyethers of the formula V. -

Preferred a.lkylating agents are (C,-C;)-alkyl halides such
as alkyl chloride, alkyl -bromide, alkyl fluoride or alkyl
iodide, in particular methyl chloride, ethyl chloride or
20 propyl chloride; (C,~C;)-dialkyl sulfate such as dimethyl,
diethyl, dipropyl, dibutyl, dipenﬁyl or dihexyl sulfate;

or (C,~C¢)-dialkyl carbonate such as dimethyl, diethyl,
dipropyl, dibutyl, dipentyl or dihexyl carbonate.

_The term anion is understood to mean chloride, bromide,
25 hydrogen sulfate or hydroxide. '

The term alkyl is understood to mean hydrocarbon radicals
such as methyl, ethyl, propyl, butyl, pentyl or hexyl.

3-(C,~C¢)-alkylxanthines as starting substances for the
alkylation reactiom 'accdrd:_i.ng to the invention can be
30 prepared by processes known from the literature, for
| example by a modified “Trauben synthesis® (Ullmanns
Enzyklopiddie der Technischen . Chemie  [Ullmann‘s
Encyclopedia of Industrial Chemistry], 4th Edition,



one hundredfold, show a clear dimnution in the yield under the

conditions described in CS 267 796. It is the object—ofﬁthe—present——
invention to find a process by which 3, 7- dlalkylxan

sel ectively 5 prepared from 3-al kyl xanthines in high y| aced
very high purities and very.good space/ isme yi el ds. I I

therefore relates to a process for obtain- ing 3, 7-di

the fornul a | Volume 19 ([LaBP} page 579}.

In process step a) the approach is first to convert the
3-(C,-C¢)—alkylxanthine in aqueous phase into the corres-
" ponding salt using an alkali metal hydroxide and/or
5 alkali metal carbonate, such as, for example, sodium
hydroxide, potassium hydroxide, sodium hydrogem carbon-
ate, potassium hydrogen carbonate, sodium carbonate or
potassium carbonate. 100 to 120 mol of the abovementioned
alkali metal hydroxides or alkali metal carbonates are

10 preferably used per 100 mol of 3-alkylxanthine.

Subsequently a quaternary ammonium or phosphonium com-
pound of the formula IITI or IV is added in process
step b) to the solution or suspension of the 3-alkylxan-
thine salt. Mixtures.'of ammonium and)or phosphonium
15 compounds may also be used. The compounds of the form-
ula III and/or IV are either insoluble or only sparingiy
soluble in water. For this reason, @ two-phase mixture is
formed, which is composed of the aqueous phase and the
pb«ise which is formed by the ammonium and/or phosphonium
20 compounds of the formulae III and IV. The term two-phase
mixture is understood to mean the mixture of two liguid
phases : a water phase’ and the phase which contains the
ammonium and/ or phosphonlum compounds of the formulae IIX
and IV. As a rule the two-phase mixture does not contain
25 any further solid/liquid.phasé boundary. It .can, however,
come about that flocculation occurs at. low temperatures
and high concentrations of the xanthine . salts. The
two~phase mixture is stirred and mixed according to
customary methods so that good dispersal of the phases is
30 ensured. _ - '
5 to 100 mol of the compounds of the formulae III.
and/or IV, preferably 10 to 60 mol, in particular 10 to
50 mol, are preferably used per 100 mol of 3-alkylxan-
thine of the formula IT. . .

35 Where appropriate, a linear polyether of the formula V
may be added to increase the speed of the  reaction



10 where Rerr] and R err], independently of each other, are

(derr]-derr])- al kyl, which may be straight- Chﬁkﬂm&&hb&aﬂk ed
wherein a 3-al kyl xant hi ne of the formula II |n mhlch
Rierr] is (Cferr]-Cerr]) -alkyl, mﬂchrmybesual

br anched, a) 1is converted in aqueou59phase and

agent intoits salt and
= further. 3 to 100 mol of the linear polyethers of the

formula V, preferably 5 to 80 mol, 1n particular 10 to
50 mol, are preferably used per 100 mol of 3—a1kylxan—
thine of the formula II.

5 Addifionally, an organic solvent, éuch as, for example,
heptane, cyclohexane, dimethylcyclohexane, butyl acetate,
amyl acetate, . dioxane, anisole or amyl alcohol, can be
added to the compounds of the formmlae III, IV and V in
order to improve the separation of the two-phase mixture

10 of < the abovementioned reaction mixture. Preferably,

however, no additional solvent is used.

It is advantageous for the added solvent to be insoluble
or only sparingly soluble in water. The .quantities
. employed of the solvents may vary over. a wide range and
15- can easily be established by a person skilled in the art.

Subsequently, the alkylating agent is added. 102 to
150 mol of methyl chloride,-in particular 105 to 140 mol, .
preferably 108 to 120 mol, or 102 to 150 mol of dimethyl
. sulfate, in particular 105 to 130 mol, preferably 110 to
20 120 mol, are required for the méthylation of 100 mol, for
example, of 3-methylxanthine. :

' The reaction temperature may vary over a wide range. It
is generally -10 to +140°C, preferably from 40 to 110°C.

. L
In the alkylation process using methyl chloride, an
25 excess pressure of at most 5 bar is attained in the
reaction vessel, so.that the reaction can be carried. out
using equipment which is customary for chemical

reactions.

The time for the reaction is generally between 1 hour and
30 4 hours.

In the alkylation reaction using dimethyl sulfate, the
methylsulfuric acid which forms during the reaction is



5 b) this salt is reacted in a two-phase mxture with an

al kyl ating agent it $hed HaOBdn Repldoalin at ons in the presence of at
| east one quat er nar pound and/or phosphoni um
conmpound of th lae 11l and IV [err]

- 10 - :

5 ' neutralized by the slow addition of alkali metal hydrox-
ide, alkali metal carbonate, alkaline earth metal hydrox-
ide or alkaline earth metal carbonate.

After the time for the reaction has expired, the phases

5 of the two-phase mixture are separated from each other.
Then alkali metal hydroxide and/or alkaline earth metal
hydroxide and/or alkali metal carbonate is initially
added to the 3,7-dialkylxanthine of the formula I, which
has flocculated out, until an emulsion is formed. For

10 this purpose, about 80 to 120 mol are as a rule required
for the batch size described above.

The phases of the two-phase mixture .are now separated
from each other according to customary methods. The
_ organic phase, in which the compounds of the formula III
15 and/or ]fV, as well as, where appropriate, the com'pound of
| the formula V, are mainljr present, may be employed again
for an alkylation reaction, either directly or after
washing with water. The aqueous phase, which now contains |
the 3,7-dialkylxanthine salt and the impurities, is mixed |
20 with filtration aids which are based on cellulose or
‘silica, or with active charcoal, and filtered. The
filtrate is heated and a mineral acid is quickly added
until the pH is favorable for removing the byproducts, at
which point the pure 3,7-dialkylxanthine is precipitated.
25 Examples of mineral acids which may be m_entioned are:
hydrochloric acid, sulfuric acid or nitric acid. Carbonic

acid may also be e_mpioyed.,

The temperature at which the precipitation takes place is
generally about 50 to 110°C, in particular 75 to 105°C,

30 preferably 85 to 95°C. After the precipitation, the pH of
the solution is generally 7 to 10. -

The quantity of mineral acid needed is generally 88 to
110 mol. ' ' '

The .solid is subsequently isolated by filtration with
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The process according to the invention is now illustrated
in more detail by the following examples.

Example 1

2000 ml of water, 400 g of 3-methylxanthine, 310 g of
33 % strength sodium hydroxide solution, 20 g of sodium
bicarbonate and 200 g of methyltrioctylammonium chloride

. are introduced into a reactor. Once the reattor has been

tightly sealed, 135 g of methyl chloride are passed in at
about 50°C. Subsequently, the reaction is allowed. to
continue at about 110°C until there is no further fall in

the internal pressure. The reactor is cooled to about

60°C and briefly evacuated. 310 g of 33 % Btréngth sodium
hydroxide solution are then added and the organic phase
is subsequently separated off. This is then washed with
100 ml of water. The methyltrioctylammonium chloride
recovered in this way may be employed again for the next
methylation. Active charcoal is added to the aqueous
phase and the solution is filtered. Subsequently, the
thecbromine is precipitated at 85 to 95°C by dropwise
addition of a total of 252 g of 37 % strength hydro-
chloric acid. After coocling, the theobromine is filtered

off with suction and then washed with water. After drying -

to constant weight, 367 g of theobromine are obtained
with a content of 99.5 % (BPLC); melting point 350.5' to
351°C. This amounts to 84.5 % of the theoretical value,
based on the startlng product 3-methylxanth1ne.

BPLC determination

| Sample preparation

50 ing of theobromine (sample) are suspended in

90 ml - of water, and -
1 ml of 1 M sodium hydroxide solution is added



a) -CHerr]-CHerr]-0O orl

_ . -6-
b ) -CHerr]-CHerr]-CHerr] - arfisghee eqn ¢ from1 to
8. In the process accordlng to the inventio -
‘xanthines of the fornula | are preferably prepare Rlerr} and

Rlerr], independently of each other, arel@Crerr]-Jerr])- al kyl .

. and the sample is dissolved to produce a
clear solution.
Then the sample is acidified with
2 ml . of 1 M acetic acid and the solution is
5 | - made up to 100 ml in a volumetric flask
- with water.
Solutions for comparison: 1 mg of caf-
" feine, 3-methylxanthine and theophylline

are dissoclved as described above.

10 Analysis conditions

Quantity injected: 10 pl
Column: RP 8, 250 -4, 10 pm *Lichrosorb
_ {from E. Merck, Darmstadt),
Flow rate: - 1 ml/min
15 Mobile phase: - 80 % by volume of 0.1 %

- strength KH,PO, solution
20 % by volume of methanol

Detection: UV detector 273 nm
Running time: - 20 min :
20 Retention time: ' 3-methylxanthine 4.05 min,
theobromine 5.47 min, caffeine
11.15 min

Melting point determination

The melting points were .determined by differential
25 thermal analysis using the Mettler TA3000 system.

 Example 2

2000 ml of water, 400 g of 3-methylxanthine, 310 g of
33 & strength sodium h&droxide solution, 20 g of sodium
bicarbonate and 200 g of methyltrioctylammonium chloride
30 and 100 g of diethylene glycol dibutyl ether are intro-
duced into a reactor. Once the reactor has been tightly
sealed, 134 g of methyl chloride are'passed in at about
50°C. Subsequently, the reaction is allowed to continue
at about 90°C until there is no further fall in the
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are 3, 7-di net hyl xant hi ne (= corrp a
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Cerrpound of tlig:tfa;mnjl predsure. The reactor is cooled to abouti 58°C
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aqueous phasedlethﬂmmgi&dqir dijntiydr ethest regovered in this manner
may be employed again for the next methylation. Active

charcoal is added to the aqueous phase and the solution
is filtered. Subsequently, the theobromine is precipitat-
10 ed at 85 to 95°C by the dropwise addition of a total of
about 252 g of 37 % strength hydrochloric ~acid. After
cooling, the theobromine is filtered off with suction
and then washed with water. After drying to constant

weight, 376 g of theobromine are obtained with a content
15 of 99.5 % (HPLC). This amounts to 86.5 % of the

theoretical value, based on the starting product

3-methylxanthine. | -

Example 3

2000 ml of water, 400 g of 3-methylxanthine,. 294 g of
20 33 % strength sodium hydroxide solution, 200 g of methyl-
‘ trioctylammonium chloride and 100 g of triethylene glycol
dibutyl ether are introduced into a stirring apparatus.
Subsequently, 351 g of dimethyl sulfate are added
dropwise at about 50 to 60°C. Toward the end of the
25 addition, 16 g of 33 % strength sodium hydroxide solution
are additionally added dropwise to the reaction mixture.
Subsequently, the reaction is allowed to continue at
about 60°C. The mixture is cooled and then 310 g of 33 %
strength sodium hydroxide solution are added. Subsequent-
30 ly the organic phase ~is separated off. This is then
washed with 100 ml of water. The methyltrioctylammonium
chloride and triethylene glycol dibutyl ether recovered
in this manner can be employed again for the next
methylation. The aqueous phase is mixed with active
35 charcoal and filtered. Subsequently, the theobromine is
precipitated at 85 to 95°C by the dropwise addition of a
total of about 250 g of 37 % strength hydrochloric acid.



Al kali netal hydroxides and/or alkali netal carbonates, 25 such as, for
exanpl e, sodi um hydr oxi de, potassi um hydr ox- i de, sodi um hydr ogen

car bonat e, potassium hydrogen car bonat e, sodi um carbonate or

pot assi um car bonate are preferred basic agents. The

quat ernary anmoni um or phosphoni um conpob4ds of the 30 forrmulae Il and
IV whi ch are enpl oyed are advant ageously
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hydr oxi de, tricapryl anmoni
constant we1ght, 361 g of theobromine are obtained with.

a content of 99.5 % (BPLC). This amounts to 83.2 % of the
5 theoretical value, based on the starting product
" 3-methylxanthine.
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chl ori de, net ltrica Haqynnlun1hydrOX|de ethyltri- 5 octylammoni um
. ace
chl ori de, -@h Sphoni um chl ori de and
hexadecyl tri um brom de are preferred “guat ernary anmmoni um

or phosphoni f the formulae Il and IV Et hyl ene

gl ycol dibutyl ether, diethylene glyco @bbatyl 10 etherHOEr$2¢{RyBEke

gl ycol dibutyl ether; tetraethylene . glycol dibutyl ether, diethylene
gkycol et hyl FQF?BEUF}leﬂ- et her, propylene glycol dibutyl ether,

di propyl ene gl ycol dlbutyl et her, polyethyl ene glycol di'butyl ether

and . pol ypropyl en i et her of different ether 15 chain
| engt hs" (Wnerg rP‘f?Fe‘g‘F% gﬂFa"% n%“ﬁo%a) -dialky ix xagtbanes. phothet her s
of the fornulﬁoﬁmula I Preferred alkylating agents are (CJerr]-Cerr])

. -al kyl halides such - as al kyl chloride, alkyl. bromde, alkyl fluoride
or al kyl "~ iodide, in particular nethyl chloride, ethyl chloride or 20
propyl chloride; (Cerr]-Cerr])-dialkyl sulfate such as dinethyl, '

di et hyl, dipropyl, dibutyl, dipentyl or dihexyl sulfate; or
(Clerr]-Cerr])-dial kyl carbonate such as dinethyl, diethyl, . di propyl,
di butyl, dipentyl or dihexyl carbonatﬁ. gt The termanion is understood
to mean chloride, brom de, l
AN, N |
)\' P R §
0 N~ N . ’

5 where R' and R?, independently of each other, are (C,~Cq)~
alkyl, which may be straight-chaim or branched,
wherein a 3-alkylxanthine of the formula II

{11}

in which R' is (C,~C4)}-alkyl, which may be stra:.ght-cha:.n
10  oxr branched,

a) is converted in agueous phase and using a basic
agent into its salt and

b} . this salt is reacted in a two-phase mixture with an
alkylating agent with 1 to 6 carbon atoms in the
15 presence of at least one quaternary ammonium com-

* [ L L] s *



75 hydrogen sulf

each
a)

b)
10 c)

15

ate or'hydroxide. The'tern1a|ky| i s understo

.mean hydrocarbon radicals such as nethyl, @&hi eﬁ Rﬁnbutyl
or hexyl. 3-(Cerr]-Cerr])- alkylxanthines bstanc
t he aIkyIatlon reaction according to the |n 30 pr
by processes known fromthe literaturer L6r- exanp e by a nodi f
"Trauben synthesis" (Ulmanns = Enzykl opdie der Technlschen_
[U | mann' s Enepepdpaudiosfphorphenivn commaund of the fommlanlII
Vol ume 19 (1180) page1g79). '
R? R’
| i
R‘__"-.___R; x- R"_‘P'—R" X~
ke 2
.(III) (IV)
where )
5 R® to R™ are identical or different and, independently of

other, are
(C,~Cy0)—alkyl, which may be straight-~chain or
branched,

benzyl or
phenyl and

is an anion, and

where appropriate the alkylation is carried out in
the presence of a linear polyether of the formula V

RM-0-(Y),R” (v)

where

R and R¥ are identical or different and, independ-

20

ently of each other, are (C,~C;)-alkyl,
Y is a radical from the group
a) ~CH,-CH,~0- or

b ) -CHZ"CHZ"’Cﬁz-O’
and n is an integer from 1 to 8.

od to
pent yl
es for
epared

Chenie

A



I'n process step a) the approach is first to converrﬁlsgﬁgaHaSBeeggeplaced

(derr]-derr]) -alkylxanthine in aqueous phase int mi‘ Haﬂlmm '
al
ﬂ! hydr oxi de,

~ponding salt using an al kali netal hydroxi de and/or

carbonate, such as, for. exanple, sodium hydr oxi
sodi um hydr ogen car bon- ate, potassi lith kydrogen carbonate, sodi um
car bonat e -or " potassium carbonate. 100 to 120 nol of the abovenentioned

akkal i netal Rydbgi BescessapRarilakeed| inarbaimt bs wherabn Pprifdiabky used

per 100 nol 0§1§aa£hihéanbhlﬂﬁe formuiH b SGU Rl R Gl B DalydepERA-UM or
phosphoni um c© oungll the formula |11 9.%;(1;,/ I S added in process -
step b) to th&I‘EGYuPifoﬁaG okbEZnsPER &F1 1% ~ | REF- PXePaLR%e salt .-

M xt ures of ammoni um and/ or phosphonl um 15 conpounds may al so be used. The
compounds  of Ehe Fx rocess é]lgm?eﬁ/ﬁ{ d1a: & eA]{ r];r Péiﬁ’l? L _onI y
sparingly : e In water reason, ase mxtlre is

formed, whi chdmetbyﬁumheneuh%-qmmbu%-mwmlmnthm or 3-m%hﬁlmhrch i s

formed by the,ag) @kgp&ﬁgggorispgggggggaum 20 conpounds of the fornulae I
and IV. The terrr‘ wo- phase m Xture is understood to nean the m xture

of two |iquid phases : a water phase and the phase which contains the
anmoni um and/ gt mih&spbﬁaéeskcarﬁpmlmhmﬁ ihe oher reit amotél of clamdsli!/ As a

rul e the two- haemxture dos ntaln f rtlgr, | uid
phase boundarg‘? t ST e R f8aqt 3‘%'§° atéj(f"f C’Sgtﬂg ffd H8%curs
at | ow tenper fibumeda III, phosphonlum compounc_i of the formula IV,

10 polyether of the formula V, or an organic solvent, is .

employed, each of which is insoluble or sparingly soluble

in water.

5. The process as claimed in one or more of claims 1
to 4, wherein an alkali metal hydroxide and/_or alkali
15 metal carbonate, such as sodium hydroxide, potassium
bydroxide, sodium hydrogen carbonate, potassium hydrogen
carbonate, sodium carbomate or potassium carbonate, is
employed- as the basic agent, and methyltrioctylammonium
chloride, methyltrioctylammonium hydroxide, methyltri-
20 caprylanunonlum chloride, methyltricaprylammonium hydrox-
ide, ethyltr1octy1amnon1um chloride, ethyl trioctyl-
phosphonium chloride or hexadecyltributylphosphonium
bromide is employed as the quaternary ammonium or phos-
phonium compound of the formulae III -and IV as given in
25 claim 1, and ethylene glycol d:l.butyl ether, diethylene
glycol dibutyl ether, tr:.ethylene glycol dlbutyl ether,
tetraethylene glycol dibutyl ether, diethylene glycol
ethyl tert-butyl ether, propylene glycol dibutyl ether,
dipropylene glycol dibutyl ether, polyethylene glycol
30 dibutyl ether or polypropylene glycol dihutyl ether is
employed .as the polyether of the formula V. '

6. The process as claimed in one or more .of claims 1

" to 5, wherein a (C,-C¢)-alkyl halide, (C,~C¢)-dialkyl
sulfate or (C,~C;)-dialkyl Carbbnate, in particular methyl

35 chloride, ethyl chloride, propyl chloride or dimethyl

A



-

and hi gh concentrations of the xanthine salts. The tm:‘ﬁmw

Is stirred and m xed according to
di sper sal

of the formulae 111 and/or 1V, preferably 10 to 60 nol,

10to

of the phases is 30 ensured. 5 to 100 nol of ﬂm“
50 nol, are preferably used-pe8 4200 nol of 3-al kyl

customary nmet hods so}03feetdDOHeen Re

i

tzhi ne of the forrrula 1. 35 Were appropriate, a linear polyether of the
fermula V

further.

Bulﬁayebeladémlpweﬂneseabe ahky3pbiéngohgent.- r eact i on

3 to 100 nol of the linear polyethers of the formul a V,

preferably 5 to 80 nmol, in particular 10 to 50 nol, are preferably used

per

100 nol

10

15

20

of » 31 mwmas as claimed in one or more of claims 1

to 6, wherein 5 to 100 mol of the compounds of the

formula III and/or IV, preferably 10 to 60 mol, in
particular 10 to 50 mol, are employed per 100 mol of 3-
alkylxanthine of the formula II and, where appropriate,

3 to 100 mol of the linear polyether of the formmla Vv,

preferably 5 to 80 mol, in particular 10 to 50 mol, are
added.

8. The process as claimed in one or more of claims 1

to 7, wherein the alkylation is carried out at tempera-
tures of -10 to +140°C, preferably from 40 to 110°C.

9. The process as claimed in one or more of claims 1
to B, wherein the molar ratio of 3-alkylxanthine to
alkylating agent is 1:1.02 to 1.5, preferably 1:1.08
to 1.2. '

10. The process as claimed in one or more of claims 1
to 9, wherein the compound of the formulae III and/or IV,
as well as, where appropr:.ate, of the formula V, origin-

ate from a previous reaction as claimed in claim 1.

| R A A



.thine of the formula I1I. 5 Additionally, an organic solvent, such as,
f-or..exanpl e, hept ane, cycl ohexane, di nethyl cycl ohexane, butyl .acetate,
anyl écetave, di oxane, anisole or amyllatcohol, can beHOE 92ddedS5% t he
conpounds of the formulae Ill, IVand Vin order to inprove the

Separ at i onagkti-Ret! WE lethgeg_tdg&elo of the abovenentioned reaction

m xture. Preferably, however, no additional solvent is used. I t

i s advant ageous for the added sol vent to be insol uble or only sparingly
sol ybl e i nPwatess Toa gbtatinines 3, 7-dialkpednthines febwedt-alkgi-vary over
a mnde rangggggg nka can easily be establ i shed by a person skilled in the

art. sequently, the alkylating agent is added. 102 to 150

nol of met hyl chloride, in partlcular 105 to 140 nol, preferably 108

to 120 nol 3 W—Di@.@.kgﬂx efard 'E?Jt@i d £roitlthdl BorkRepRnkiiGlY ar 105
110 to 20 12 EF afé req U|rgg P P hﬁfﬂ&

to 130_nol
met hyl 3t i oA~ 8§§¥g 1WQﬁ uSLHQMdeIea gyl %th%9hyF§%ﬂFh|ﬁB the

presence of quaternary ammonium and/or phosphonium
compounds and, where approprlate, " of additional
polyethers in a two-phase mixture. '

This Sheet Has Been Replaced
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:-10 to +140[err]C, preferably from40 to 110[e

WoLsa1-2 3005

The reaction tenperature nay vary over a w de range. It I's generally

eT] . N émys SG
al kyl ati on process using nethyl chloride, an ZT £X equEME

;;.ﬁre@suﬁe ah élycﬂqfit
5 bar is attained in the reaction vessel ' *rer gt 10R I %ﬂdbﬂ
carried out usi ng equi pment which is cust@ s _ﬁ-
reactions. The tinme for the reaction is ?"-:‘~bétWeen T hour’
30 4 hours. In the al kyl ati on reaction si»"fngJﬁH'rEt hyt-sal Tatre!*Hhe
met hyl sul furic acid which forms during the reagtion is
- 10 - Description % DATE OF RECEIFT arhelas

Process for obtaining 3,7-dialkylxanthines from 3-alkyl-
xanthines

3,7-Dialkylxanthines are compounds of the formula I.

0 R?
" !
5 TN, 7 ' (1)
% |
0 N N
by

The unsubstituted 3,7-dialkylxanthines, or those substi-
tuted at position 1, are important precursors or inter-
mediates in the preparation of pharmaceuticals. Thus, the
compound 3,7-dimethylxanthine (thecbromine} may, for
10 example, be used as a precursor in the preparation of the

active pharmaceutical constituent  pentoxifylline
(US 3 737 433) of the formula VIII

0  CHy

“sc“l‘i’ (C“z)c\ : _
0 )\ _ (VIII)

cu,

and of similar compounde which possese vasotherapeutic
15 properties.

wEm . sy

anfus

-~ :a,.-:"-\u:__




neutral i zed by the slow addition of alkali nmetal hydrox- i de, al kal i

:metal carbonate, alkaline earth netal hydrox- I de or alkaline earth

net al carbonate. After the time for the reaction has expired, the
phases 5 of the two-phase m xture are separated from each other. Then
al kali metal hydroxide and/or al kaline earth netal hydr oxi de and/ or

al kali nmetal carbonate is initially added to the 3,7-dial kyl xant hi ne of
the formula |, which has floccul ated=cdits until an emulsion is formed

For 10 this purpose, about 80 .,to0_120 qui i.red

the batch size ebtain m‘fyﬁ"‘mn?hﬁ%%ha@gé’%o b‘ﬁéifﬂo bﬂ%&?@“?ﬂ xt ure

are now separ at eﬂicationf,rmheobtbm@nhemtchedlmlwedummﬁ)ﬁmy The

or gani ¢ phase, ]ﬁg\g’u comﬁh thgfffg&ﬁyl Aakbl yi-odaaé&or ihV, as
rapri

well as, where

present, may be R&HH at e tfﬂ‘ee Cmggpg "a%"‘ﬂﬁ ﬁ%%‘?‘iﬁ?‘“a(wl "

directly or Saftat‘ = cn,)/yasthmg:mnmthﬂ.etedwemnqummm (4% )c landow
cont ai ns 717\£deiji@hﬁﬁgbﬁhaetﬁ@$ d'gxynpurities, is mxed 20
Ich are

vvlthflltratlon al ds ased on cel’l ul ose or S|I|ca or with
active charcoal, and filtered. The

0 f“s 9 "'
H,C\“ ; ] “sc\“ N
* I >
P g o)\'l‘ é
(l:H, . CHy

as well as coloring impurities.

Processes for preparing the compound of the formmla (I)

10 are known in the literature. In these processes the main
alkylating agents employed are dimethyl sulfate, dimethyl
carbopate and methyl chloride, ethyl chloride, propyl
chloride, diethyl sulfate, dipropyl sulfate, diethyl
carbonate or dipropyl carbonate.

15 The processes using dimethyl sulfate as the methyiat:l.ng
agent for preparing theobromine from 3-methylxanthine are
summarised in the patent DD 222 0_26.' Depending on the
methylation method employed, theobromine is obtained in
yields of 65 to 76 & of theory, based on pure theobrom-

20 ine. However, in the processes with high theobromine
yields, relatively large quantities of byproducts still
usually arise, which byproducts, because of the quality
requirements for the preparation of active pharmaceutical
constituents, must be removed by an additional purifica-

25 tion procedure.

The process using dimethyl carbonate as the methylating



filtrate is heated and a mneral acid is quickly added "~ until the pHis

«favorabl e for renoving the byproducts, at whi ch point the pure 3,

7-di al kyl xanthine is precipitated. 25 Exanples of mneral acids which nmay
be nentioned are: hydrochl oric acid, sulfuric acid or nitric acid.
Car boni ¢ acid may al so be enpl oyed. The tenperature at which the
precipitation takes place is general ly about 50 to 110[err]C, in

parti c_u![ a{_ 75 toh105[err] C, 30 prefer&bl3y_'85 to 95[err]C. After the
Dbt 13"or BEABEofOB. Y 743 3B L BrOSREES pobkenytfon, e
The solid is subosiwehe |garnisidapel by qnacial FB%"‘G\}‘%‘FFS which withstand
pressures of 80 to 160 bar. In this process, the yields
obtained are between 65.8 and 73.2 % of theory of pure
5 theobromine with a content of at least 99.6 $, determined

by HPIC.

The process using methyl chloride as the methylating
agent for preparing theobromine (CS 267 100) in an -
aqueous or aqueous/alccholic medium shows high yields.

10 However, in this case, the theobromine must be very
heavily contaminated with byproducts, since the reported
melting points are very far removed from the melting
point of pure theobromine. For example, a mixture of pure
theobromine and about 5 % of 3-methylxanthine still shows

15 a melting point which is about 100°C higher than that of
theobromine prepared according to CS 267 100. It must
therefore bhe assumed that considerable gquantities of
caffeine (IX) and possibly theophylline (X), which must
be removed by purification, are still present in the

20 isolated product. The loss of yield in the additional
working up necessary to obtain pure thecbromine is likely
to be quite substantial.

Additionally, a process for preparing 3-methyl-7-propyl-
xanthine (CS 267 796) is known, and the process is said

25 to be improved by addition of emall guantities of cata-
lyste for interphase transfer, such as tetraalkylammoninm
salts or dimethylbenzylalkylammonium salts with 8 to
18 carbon atoms. However, the examples show that the
addition of about 0.26 mmol of dimethylbenzylalkyl- '

30 ammonium bromide decreases the yield by 5 & while the
melting points of the products prepared with or without
catalyst are the same.

In addition, the examples presented in Patent CS 267 100
ghow that the yield is smaller with largex batches. This
‘35 fact has also been described in Patent DD 222 026. Our
own experiments, in which the batch size was increased



- 11 - - suction and washed with water in order to renove

‘bypr oduct s. The process according to the invention is nowillustrated
in nore detail by the foll ow ng exanpl es. 5 Exanple 1 2000 M of
wat er, 400 g of 3-nethyl xanthine, 310 g of 33 % strength sodi um

hydr oxi de sol ution, 20 g of sodium bi carbonate and 200 g of

nmet hyl tri octyl anmoni um chl ori de are introduced into a reactor. Once the
reactor has been 10 tightly sealed, 135 ¢t of net hyI chl oride are passed in

ot mue ot o, RS . o LSS B A A A8 rapg

i nt ernal pressuuadefheheeaond;tx.sna:cdﬁmmmdalwuﬁs 2676+ r]C and briefly
evacuated. 310 g of 33 % strength sodium 15 hydroxi de soI ut i on are t hen

added and the organjc ggase sggse uent | %?5 s S
r.

then washed wit is rﬂbJ(?FfWa‘?fe ThETREERY I mﬁ'h? hfori de
procegs by which 3,7-dialkylxanthines may he selectively

5 ' prepared from 3-alkylxanthines in high yields and with
very high purities and very good space/time yields.

The invention therefore relates to a process for obtain-
ing 3,7-dialkylxanthines of the formula I

0 R?
“\" tll
I »
02\“ i (x)
b

10 where R! and R?, independently of each other, are (C,~C¢)-
alkyl, which may be straight-chain or branched,
wherein a 3-alkylxanthine of the formmla XII

0 ||4
RN N |
)\ I ) (XI)
0% N |
||
R

in which R* is (C,-C¢)-alkyl, which may be straight-chain
15 or branched,
a) is converted in agueous phase and using a basic
agent into its salt and



recovered in this way may be enpl oyed again for the next et hyl ati on.
Active charcoal is added to the aqueous 20 phase and the solution is

filtered. Subsequently, the t heobrom ne is precipitated at 85 to
95[err] C by.dropw se addition of a total of 252 g of 37 % strength
hydr o- chloric acid. After cooling, the.theobromne is filtered

off with suction and then washed with vvat-er. After drying 25 to constant
wei ght, 367 g of theobroaine are obtai ned” 3 = with a content of 99.5 %

(HPLCO); nelting |nt 20. 5 35 C  This. anpu t08 % of
the theoretical g this “@rgséﬁ B?F‘ftrf%fs‘t'%?’t ¥ %ﬁﬁ&j&’é’ APhi ne.
HPLC det ermi nati on wkysmm mgepdr aiitbn 1 to 6 carbon S@toms J-noﬂ:he

t heobr oni ne (sanpl e) egrfes%a&eruie%ﬂ Neast one AAQriflary atfuchRbf" coﬁln'd
1m of 1 M sodium hg/drdom ol uti on I s, added
and/or osphon:uuu compound of the

5 formulae IIXI and IV .

(IIT) (V)

where

R® to R are identical or different and, independently of
each other, are '

10 a) (C;~C,y0)~alkyl, which may be straight-chain or
branched, '
b} benzyl or
c) phenyl and

X is an anion, and

15 ¢) where appropriate the alkylation is carried out in
. the presence of a linear polyether of the formula V

RM-0-(Y),~R?? ' (V)
where
R™ and R™ are identical or different and, independ-
20 ently of each other, are (C,~Cg)-alkyl,

Y is a radical from the group

a) ~CH,~CH,~0~ or



- 12 - and the sanple is dissolved to produce a
.cl ear sol ution. Then the sanple is acidified with
2 m of 1 Macetic acid and the solution is made up to 100 M in a
volumetric flask with water.
Sol utions for conparison: 1 ng of caf-

f ei ne,
3- net hyl xant hi ne and t heophyl |i ne

are di ssol ved as

descri bed above. 10 Analysis conditions$ - Quantity injected:
pl Col um: RP 8, 250 -4, 10 pm *Lichrosorb
(fromE Merck, Darmstabl), —CHFCHrGHro- 1 n/mn

and n is an integer from 1 to 8.

In the process according to the invention, 3,7-dialkyl-
xanthines of the formula I are preferably prepared in

5 which R' and R?, independently of each other, are (C,-C,)-
alkyl. '

3 1-D.1a1kylxanth:|.nes which are particularly preferred for
the process are

3,7-dimethylxanthine (= compound of the fornmla I
10 . with R* = R* = -CH,)

3-ethyl-7-propylxanthine (= compound of the formula I
with R!' = «CH,-CH, and
Rz = -cnz—CHz‘-CEs)

" 3-methyl-7-~propylxanthine (= compound of the formula I
15 with R? = CH, ‘and
: R? = -CH,~CH,-CH,) .

It is advantageous that there is a surprisingly high
selectivity for alkylation in the 7 position on the
xanthine, while alkylation at the 1 position hardly

20 occurs. In addition, the compounds of the formulae III
: and/or IV, as well as of the formumla V, where appro-

priate, may be readily separated from the agueous phase
and used for further reactions. ' '

Alkali metal hydroxides and/or alkali metal carbonates,

25 such as, for example, sodium hydroxide, potassi.tmi hydrox-
ide, sodium hydrogen carbonate, potassium hydrogen
carbonate, sodium carbonate or potassium carbonate are
preferred basic agents.

The quaternary ammonium or phosphonium compounds of the
30 formulae IITI and IV which are employed are advantageously

10



15 Mbbile phase: 80 % by volume of 0.1 %

strength KHerr]PJ err] sol ution 20 % by

vol ume of net hanol Det ect i on: WV detector 273 nm

Runni ng time: 20 min 20 Retentlontlrre

3- et hyl xant hi ne 4.05 mn, t heobr om ne

5.47 mn, caffeine 11.15 mn Mel ting

poi nt determ nation The nel ting poi At S were deterni ned by

cEi;( ffelrentz Pal 25 twséwh#%ial %ﬁés é’%%ﬂ&thﬁswﬁ%iér J;AEQQQ ySY, @EE ngly
anpl e . of. wat er xan ne,

33 % strength soﬂ?g\'k%dr &R d&aLEFqt | Sﬁ%t%if&%ggg?%m at e

and 200 g of mtmny1m¢mmmwumm®o me&h#ltﬁﬁcgpujlumﬂwwne

gl ycf' d'thtY' e&?féz-ﬂ@ | Qlotfyltri cap | d tﬂ’i- q
reactor e Boen g onsom ghISEbR: e s%gﬁ 3
continue aandb hexadeyil ti(buty lphosphoniun rhrdmm@hetré api:eferrettb

quaternary ammonium or phosphonium compounds of the
formulae III and IV. '

Ethylene glycol dibutyl ether, diethylene glycol dibutyl

10 ether, triethylene glycol dibutyl ether, tetraethylene
glycol dibutyl ether, diethylene glycol ethyl tert-butyl
ether, propylene glycol dibutyl ether, dipropylene glycol
dibutyl ether, polyethylene glycol dibutyl ether and
polypropylene glycol dibutyl ether of different ether

15 chain lengths (where n in the forammla V is 2 to 8) are
preferred polyethers of the formula V.

Preferred alkylating agents are (C,~C;)~alkyl halides such
as alkyl chloride, alkyl bromide, alkyl fluoride or alkyl
iodide, in particular methyl chloride, ethyl chloride or
20 propyl chloride; (C,~C;)~dialkyl sulfate such as dimethyl,
diethyl, dipropyl, dibutyl, dipentyl or dihexyl sulfate;

or (C,~-C;)~dialkyl carbonate such as dimethyi, diethyl,
dipropyl, dibutyl, dipentyl or dihexyl carbonate.

The term anion is understood to mean chlqride, bromide,
25 hydrogen sulfate or hydroxide.

The term alkyl is understood to mean hydrocarbon radicals
such as methyl, ethyl, propyl, butyl, pentyl or bhexyl.

3—-(C;—C¢)-alkylxanthines as starting substances for the
alkylation reaction according to the invention camn be
30 prepared by processes known from the literature, for
example by a modified *“Trauben synthesis"” (Ullmanns
Enzykloplidie der Technischen Chenie (Ullmann’s
Encyclopedia of Industrial Chemistry], 4th Edition,



- 13 - I nternal pressure. The reactor is cooled to about 50[err]C

.and briefly evacuated. 310 g of 33 % strength sodi um hydr oxi de sol ution
are then added and the organi c phase i s subsequently separated off.
This is then washed with 5 100 M of water. The nethyltrioctyl amoni um

chl oride and di et hyl ene gl ycol dibutyl ether recovered in this manner
may be enpl oyed again for the next nethylation. Active charcoal is

added to the aqueous phase and the sol utd @&~ is filtered. Subsequently,

the theobromine is precipitat- 10 ed at 85 to 95[err]C by the dropwise
addition of a tVelwmeflS (LEHuiPame2 539+ 37 % strength hydrochloric acid.

Af ter cooling, the theobronmine is filtered off with suction and

thoobr o ne ar o BbEEoRess, bftp BY fife dheidiehyls, g1zal Ll hpngidfe el
anounts to 8635(G~Gs) —alkglxanthing dn. pARgPUG PRASe Jada  th CAETF (i ng
pr oduct ponding salt using an alkali wmetal hydroxide and/or
5 alkali metal carbonate, such as, for example, sodium
hydroxide, potassium hydroxide, sodium hydrogen carbon-
ate, potassium hydrogen carbonate, sodium carbonate or
potassium carbonate. 100 to 120 mol of the abovementioned
alkali metal hydroxides or alkali metal carbonates are
10 preferably used per 100 mol of 3-alkylxanthine.

Subsequently a quaternary ammonium or phoéphonium com-
pound of the formula III or IV is added in process
step b) to the solution or suspension of the 3~-alkylxan-
thine salt. Mixtures of ammonium and/or phosphonium
15 compounds majr also be used. The compounds of the form-
ula III and/or IV are either insoluble or only sparingly
soluble in water. For this reason, a two-phase mixture is
formed, which is composed of the agueous phase and the
phase which is formed by the ammonium and/or phosphonium
20 compounds of the formulae III and IV. The term two-phase
mixture is understood to mean the mixture of two liguid
phases : a water phase and the phase which contains the
ammonium and/or phosphonium compounds of the formulae IIT
and IV. As a rule the two-phase mixture does not contain
25 any further solid/liquid phase boundary. It can, however, .
come about that flocculation occurs at low temperatures
and high concentrations of the xanthine salts. The
two-phase mixture is stirred and mixed according to
customary methode so that good dispersal of the phases is
30 ensured. '
5 to 100 mol of the compounds of the formulae IIIX
and/or IV, preferably 10 to 60 mol, in particular 10 to

50 mol, are preferably used per 100 mol of 3-alkylxan-
thine of the formula II.

35 Where appropriate, a linear polyether of the formula V
may be added to increase the speed of the reaction



3- et hyl xant hi ne. Exanpl e 3 2000 M of water, 400 g of
3- net hyl xant hi ne, 294 g of 20 33 % strength sodi um hydroxi de sol uti on,

200 g of nethyl - trioctylamoni um chloride and .100 g of triethyl ene
gl ycol di butyl ether are introduced into a stirring apparatus.
Subsequently, 351 g of dinethyl sulfate are added dropw se at
about 50 to 60[err]C. Toward the end of the 25 addition, 16 g of 33 %
strength sodi um hydroxi de sol ution are® addi tional |l y added dropwi se to
the reaction m xture, Subsequently, the reaction is allowed to -
continue at fythersod el WM@#stEEOF-gHe%dPPMﬁt%ﬁW gobr the o

strength sodi um Hcmaliad¥,s greiferablyeSatde@0 fobseduephrtiéulay Lbheto
organic_phase i s sPRAA! ke ifrefbiably® deliN per 10423030 o Bh-alﬂgfl.%ngf
wat er. The net hyl tr, oc%yé %EQTDE' um hl ori'de and triethyl ene glycol

di butyl et her rec%biéﬁa RTERIR %hner can be enployed again for the
next nmet hyl ati on. The aqueous phase Is mxed wth active 35 charcoal
and filtered.5 SUBGRHUSRIdaY 1!, N@nt '&% Bh98 8814ént, sudl &H,Pifoat 1&5 to

gtS L g\({:}lﬁ Ez dﬁ gghW"ﬁfe ag ittallxgagane, gimethyi%call.oh%cxa%%?%ngélo e?:ate, &
amyl a.cetate, dioxane, anisole or amyl alcohol, can be
added to the compounds of the formulae III, IV and V in
order to improve the separation of the two-phase mixture.
10 of the abovementioned reaction mixture. Preferably,
however, no additional solvent is used.

- It is advantageous for the added solvent to be insoluble
or only sparingly soluble in water. The gquantities
employed of the solvents may vary over a wide range and

15 can easily be established by a person skilled in the art.

Subsequently, the alkylating agent is added. 102 to
150 mol of methyl chloride, in particular 105 to 140 mol,
prefexrably 108 to 120 mol, or 102 to 150 mol of dimethyl
sulfate, in particular 105 to 130 mol, preferably 110 to

20 120 mol, are required for the methylation of 100 mol, fox |
example, of 3-methylxanthine.

The reaction temperature may vary over a wide range. It
is generally ~10 to +140°C, preferably from 40 to 110¢°C.

In the alkylation process using methyl chloride, an
25 excess pressure of at most 5 bar is attained in the
reaction vessel, so that the reaction can be carried out

using equipment which is customary for chemical
reactions. '

The time for the reaction is generally between 1 hour and
30 4 hours.

. In the alkylation reaction using dimethyl sulfate, the
methylsulfuric acid which forms during the reactiom is



- 14 - After cooling, the theobromne is filtered off wth suction
.and then washed with water. After drying to constant weight, 361 g of

t heobrom ne are obtained with a content of 99.5 % (HPLC). This anounts

to 83.2 %of the 5 theoretical value, based on the starting . product
3- et hyl xant hi ne.

- 10 -

neutralized by the slow addi.tioh of alkali metal hydrox-
ide, alkali metal carbonate, alkaline earth metal hydrox-
ide or alkaline earth metal carbonate.

After the time for the reaction has expired, the phases

5 of the two-phase mixture are separated from each other.
Then alkali metal hydroxide and/or alkaline earth metal
hydroxide and/or alkali metal carbonate is initially
added to the 3,7-dialkylxanthine of the formula I, which
has flocculated out, until an emulsion is formed. For

10 this purpose, about 80 to 120 mol are as a rule required
for the batch size described above.

The phases of the two-phase mixture are now separated
from each other according to customary methods. The
organic phase, in which the compounds of the formula XIX

15 and/or IV, as well as, where appropriate, the compound of
the formula V, are mainly present, may be employed again
for an alkylation reaction, either directly or after
washing with water. The aqueous phase, which now contains
the 3,7-dialkylxanthine salt and the impurities, is mixed

20 with filtration aids which ave based on cellulose or
silica, or with active charcoal, and filtered. The
filtrate is heated and a mineral acid is quickly added
until the pH is favorable for removing the byproducts, at
which point the pure 3,7-dialkylxanthine is precipitated.

25 Examples of mineral acids which may be wmentioned ares:
hydrochloric acid, sulfuric acid or nitric acid. Carbonic
acid may also be employed.

The temperature at which the precipitation takes place is
generally about 50 to 110°C, in particular 75 to 105°C,

30 preferably 85 to 95°C. After the precipitation, the pH of
the solution is generally 7 to 10.

The quantity of mineral acid needed is generally 88 to
110 mol. '

The solid is subsequently :lsolaﬁed by fi.itration with



Patent cl ai Ims: 1. A process for obtaining 3,7-dialkyl xant hi nes of the

dJormula | [err] 5 where Rerr] and R err], independently of
é'%lch other, are (CJerr]-Cerr])- P g

- 11 -

suction and washed with water in order to remove
byproducts.

The process according to the invention is now illustrated
in more detaill by the following examples.

5 Example 1

2000 ml of water, 400 g of 3-methylxanthine, 310 g of
33 ¢ strength sodium hydroxide soclution, 20 g of sodium
bicarbonate and 200 g of methyltrioctylammonium chloride
are introduced into a reactor. Once the reactor has been
10 tightly sealed, 135 g of methyl chloride are passed in at
about $0°C. Subsequently, the reaction is allowed to
continue at about 110°C until there is no further fall in
the intermal pressure. The reactor is cooled to about
60°C and briefly evacuated. 310 g of 33 % strength sodium
15 hydroxide solution are then added and the organic phase
is subsequently separated off. This is then washed with
100 ml of water. The methyltrioctylammonium chloride
recovered in this way may be employed again for the next
methylation. Active charcoal is added to the aqueous
20 phase and the solution is filterxed. Subsequently, the
thecbromine is precipitated at 85 to 95°C by dropwise
addition of a total of 252 g of 37 ¥ strength hydro-
chloric acid. After cooling, the thecbromine is filtered
off with suction and then washed with water. After drying
25 to constant weight, 367 g of thecbromine are obtained
with a content of 99.5 % (HPLC); melting point 350.5 to
351°C. This amounts to 84.5 % of the theoretical value,
based on the starting product 3-methylxanthine.

BPILC determination
30 Sample preparation
50 mg of theobromine {sample) are suspended in

90 ml of water, and
1ml of 1 M sodium hydroxide solution is added



al kyl, which may be straight-chain or branched,
.3-al kyl xant hine of the formula I

(Cerr]-derr])-alkyl, which nay be straight-chain 10 or
Is converted in aqueous phase and using a basic

and b)

10

15

20

25

30

wherein a

br anched,

and the sample is dissolved to produce a
clear solution.
Then the sample is acidified with

2 ml of 1 M acetic acid and the solution is
made up to 100 ml in a volumetric flask
with water. '

Solutions for comparison: 1 mg of caf-

feine, 3-methylxanthine and theophylline .

are dissolved as described above.

Analysis conditions

Quantity injected: 10 pl

Column: - RP 8, 250 -4, 10 pm *Lichrosorb
(from E. Merck, Darmstadt),

Flow rate: 1 ml/min

Mobile phase: 80 % by volume of 0.1 %

strength EH,PO, solution
20 % by volume of methancl

Detection: i UV detector 273 mm
Running time: 20 min _
Retention time: 3-methylxanthine 4.05 min,
. theobromine 5.47 min, caffeine
11.15 min

Melting point determination

The melting points were determined by differential
thermal analysis using the Mettler TA3000 system.

Example 2

2000 ml of water, 400 g of 3-methylxanthine, 310 g of
33 % strength sodium hydroxide solution, 20 g of sodium
bicarbonate and 200 g of methyltrioctylammonium chloride
and 100 g of diethylene glycol dibutyl ether are intro-
duced into a reactor. Once the reactor has been tightly
sealed, 134 g of methyl chloride are passed in at about
50°C. Subsequently, the reaction is allowed to continue
at about 90°C until there is no further £all in the

[err] in which R err]

presence of at

S
a)

_ _ _ agent into its salt
_ this salt is reacted in a two-phase m xture with an
al kylating agent with 1 to 6 carbon atons in the 15

| east one quaternary ammoni um com - 12 -



or

16 -
IV

10

15

20

25

30

35

pound and/ or phosphoni um conpound of the fornula 111

[err]

- 13 -

internal pressure. The reactor is cooled to about 50°C
and briefly evacuated. 310 g of 33 % strength sodium
hydroxide solution are then added and the organic phase
is subsequently separated off. This is then washed with
100 ml of water. The methyltrioctylammonium chloride and
diethylene glycol dibutyl ether recovered in this manner
may be employed again for the next methylation. Active
charcoal is added to the aqueous phase and the solution -
is filtered. Subsequently, the theobromine is precipitat-
ed at 85 to 95°C by the dropwise addition of a total of
about 252 g of 37 % strength hydrochloric acid. After
cooling, the theobromine is filtered off with suction
and then washed with water. After drying to constant
weight, 376 g of theobromine are obtained with a content
of 99.5 % (HPIC). This amounts to 86.5 % of the
theoretical wvalue, based on the starting product
3-methylxanthine.

~Example 3

2000 ml of water, 400 g of 3-methylxanthine, 294 g of
33 % strength sodium hydroxide solution, 200 g of methyl-
trioctylammonium chloride and 100 g of triethjlene glycol
dibutyl ether are introduced into a stirring apparatus.
Subsequently, 351 g of dimethyl sulfate are added
dropwise at about 50 to 60°C. Toward the end of the
addition, 16 g of 33 % strength sodium hydroxide solution
are additionally added dropwise to the reaction mixture.
Subsequently, the reaction is allowed to continue at
about 60°C. The mixture is cooled and then 310 g of 33 %

. strength sodium hydroxide solution are added. Subseguent- -

ly the organic phase is separated off. This is then
washed with 100 ml of water. The methyltrioctylarmonium
chloride and triethylene glycol dibutyl ether recovered
in this manner can be employed again for the next
methylation. The aqueous phase is mixed with active
charcoal and filtered. Subéemxently, the theobromine is
precipitated at 85 to 95°C by the dropwise addition of a
total of about 250 g of 37 % strength hydrochloric acid.



where 5 Rlerr] to Rlerr] are identical or different and, independently of

.each other, are a) (Jerr]-Cerr])-alkyl, which nmay be
straight-chain or br anched, b) benzyl or 10 c¢) phenyl and
X is an ani-on, and c) where appropriate the alkylation is carried
out in the presence of a linear polyether of the formula V [err]
15 wher e Rlerr] and Rlerr] are identical or different and,

i ndepend- : ently of each other,=at® Tt err]-Cerr])-alkyl,

Y i radical fromthe grot :
s a radica Afiq.ert ceoo i%%e the thecobromine is filtered off with

suction and then washed with water. After drying to
constant weight, 361 g of theobromine are obtained with
a content of 99.5 % (HPLC). This amounts to 83.2 % of the
5 theoretical value, based on the starting product
3-methylxanthine. : '



a) -CH err]-CHerr]-O or 20 b) -CH err]-CHerr]-CHerr]-0

and n is an integer froml to 8. -

17 - 2. The process as clainmed in claim1, wherein 3,7-dial k-

yl xanthines of the formula I.in which Rerr] and R err], independ-

ently of each other, are (CJerr]-(err])-alkyl, are prepared. 3. The

process as clainmed in claiml or 2, wherei 953_,.7- 5 di net hyl xant hi ne,

3-et hyl - 7-propyl xant hi ne or 3-nethyl-7- propyl xant hi ne is prepareéed.
Patent claims:

1. A process for obtaining 3,7-dialky1:§anthines of the
formula I '

0 !it’
H\“ N
/l\ L » m
) N N )
‘l
R

5 where R' and R?, independently of each other, are (C,~C¢)~
alkyl, which may be straight-chain or branched,
wherein a 3-alkylxanthine of the formula IX

|
“\“ N

g
o ~u” W |
i |

in which R! is (C,~C¢}—~alkyl, which may be straight~chain -
10  or branched, '

a) is converted in agqueous phase and using a basic
agent into its salt and

b} this salt is reacted in a two-phase mixture with an

alkylating agent with 1 to 6 carbon atoms in the
15 presence of at least one quaternary ammonium com-

* c L M S *




4. The process as clainmed in one or nore of clains 1 to 3, wherein at

;| east one anmoni um conpound of the formula.lll, phosphonium conpound
of the formula IV, 10 polyether of the formula V, or an organic sol vent,
is enpl oyed, each of which is insoluble or sparingly soluble in

wat er . 5. The process as clainmed in one or nore of clains 1 to 4,
wherein an al kali netal hydroxide and/or al kali 15 netal carbonate, such
as sodi um hydroxi de, potassium . hyd' de, sodi um hydrogen carbonate,

o o ) oyeq as R B5A70E Fhoditicn el BRBBRGLS ¥ +RE Aaswin cprponal e
chl ori de, nethyltrloﬁtyﬂénnnnlunlhydrOX|de nethyltrl- 20 capryl anmoni um

chl oride methyltricapryl anmoni um hydr ox- i de, ethyltrioctylannonium
chloride, ethyl trioctyl- phosphoni um chloride or
hexadecyl tri but yl phosphoni um broni de i sktnpl oyed as t quaternary
anmoni um or phos- phoni um conpound qf the fogrmul ae IIH .and 'V as given
in 25 claim1, and ethylene glycol dlﬂhf“T“éTﬁér xdle'fﬁ"]eneR x gl yco
di butyl ether, triethylene glycol dibutyl etger, tetraéthylene gl ycol
di butyl ether, diethylene glycol . et hyl tert-butyl et her, propyl ene
gl ycol dibutyl ether, di propyl ene glycol dibutyl ether, polyethylene
gl ycol : .
(III) (IV})
where

5 R? to R are identical or different and, independently of
each other, are

a)  (C;~Cy)-alkyl, which may be straight-chain or
branched,
b) benzyl or
10 c) phenyl and

X is an anion, and

c¢) where appropriate the alkylation is carried out in
the presence of a linear polyether of the formuia V

R¥-0-(Y),~R* 44
15 where .
" RM and R¥ are identical or different and, independ-
ently of each other, are (C,~C,)-alkyl,
Y is a radical from the group

a) -CH,-CH,-0- or

20 b) ' "CH:’CB:"CH,"O"
and n is an integer from 1 to 8.

A



30 .dibutyl et her or polypropyl ene glycol dibutyl ether is enpl oyed as

the polyether of the fornula V. 6. The process as clained in one or
nore of clains 1 to 5 wherein a (CJerr]-Cferr])-al kyl halide,
(derr]-Cerr])-dialkyl sulfate or (CJerr]-Cferr]) -dialkyl carbonate,
in particular methyl 35 <chloride, ethyl chloride, propyl chloride or

di met hyl - - 17~ =~ 18- sulfate, is
enpl oyed as the al kyl ati ng agent. 7. Ehe process as clainmed in one or.

more of clainme 1y, rhéCplocedif=d Blaimed 199 dMlinPf,! BRezIROYManf1k-he
ylxanthines of the formula I in which R! and R?, independ-
ently of each other, are (C,~C,)~alkyl, are prepared.

3. The process as claimed in claim 1 or 2, vwherein 3,7-
5 dimethylxanthine, 3-ethyl-7-propylxanthine or 3-methyl-7-
propylxanthine is prepared. '

4. The process as claimed in one or more of claims 1
to 3, wherein at least one ammonium compound of the
formula IXII, phosphonium compound of the formula IV,
10 polyether of the formula V, or an organic solvent, is

employed, each of which is inscluble or sparingly soluble
in water. ' .

5. The process as claimed in one or more of claims 1
to 4, wherein an alkali metal hydroxide and/or alkali
15 metal carbonate, such as sodium hydroxide, potassium
bydroxide, sodium hydrogen carbonate, potassium hydrogen
carbonate, sodium carbonate or potassium carbonate, is
employed as the basic agent, and methyltrioctylammonium
chloride, methyltrioctylammonium hydroxide, methyl‘ﬁri-
20 caprylammonium chloride, methyltricaprylammonium hydrox-
ide, ethyltrioctylammonium chloride, ethyl trioctyl-
phosphonium chloride or hexadecyltributylphosphonium
bromide is employed as the quatermary ammonium or phos-
phonium compound of the formulae III and IV as given in
25 claim 1, and ethylene glycol dibutyl ether, diethylene
glycol dibutyl ether, triethylene glycol dibutyl ether,
tetraethylene glycol dibutyl ether, diethylene glycol
ethyl tert-butyl ether, propylene glycol dibutyl ether,
dipropylene glycol dibutyl ether, polyethylene glycol
3o 'di.butyl ether or polypropylene glycol dibutyl ether is
employed as the polyether of the formula V.

6. The process as claimed in one or more of claims 1
tp 5, wherein a (C,-C¢)—alkyl halide, (C,-C;)-dialkyl
sulfate oxr (C,;-C,)-dialkyl carbonate, in particular methyl
35 chloride, ethyl chloride, propyl chloride or dimethyl

Y




formula Il and/or 1V, preferably 10 to 60 nol, in 5 particular 10 to

.50 nol, are enployed per 100 nol of 3- al kyl xant hi ne of the fornula I
and, where appropriate, 3 to 100 nol of the linear polyether of the
formul a V, preferably 5 to 80 nol, in particular 10 to 50 nol, are
added. 10 8. The process as clainmed in one or nore of clains 1 to 7,
wherein the al kylation is carried out at tenpera- tures of -10 to
+140[err]C, preferably from40 to 110[errl€ = 9. The process as

claimed in one or nore of claifs erein the nolar ratio of

o 8
3- aIknyanth|nesPéfEBe'aiRy?%E*ﬂﬂ“%jﬁhfﬁ*%3}3§QB§*?Q)ﬁg?Ftbreferably 1:1.08

to 1. 2. 10. The process as clained in one or nore of clains 1

to 9, wherein the %ﬁstﬂé EQAfbACih! bn@"dO Tmdde of clagmsell as,

- where approprlate

where appropriale, (O wierd it T %o’ 180" Sb1 oF ¢hl © cbhpludaR’ B Olie
formula III and/or IV, preferably 10 to 60 mol, in

5 particular 10 to 50 mol, are employed per 100 mol of 3-
alkylxanthine of the formula II and, where appropriate,

3 to 100 mol of the linear polyether of the formula V,

preferably 5 to 80 mol, in particular 10 to 50 mol, are
added.

10 8. The process as claimed in one or more of claims 1
to 7, wherein the alkylation is carried out at tempera-
tures of -10 to +140°C, preferably from 40 to 110°C.

9. The process as claimed in one or more of claims 1
to 8, wherein the molar ratic of 3-alkylxanthine to

15 alkylating agent is 1:1.02 to 1.5, preferably 1:1.08
to 1.2.

10. The process as claimed in one or more of claims 1

to 9, wherein the compound of the formulae III and/or IV,

as well as, where appropriate, of the formula V, origin-
20 ate from a previous reaction as claimed in claim 1.

R
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Abstract of the disclosure |
Process for obtaining 3,7-dialkylxanthines from 3-alkylxanthines

3,7-Dialkylxanthines are obtained from the corresponding 3-alkylxanthines using
an alkylating agent in the presence of quaternary ammonium and/or phosphonium
compounds and, where appropriate, of additional polyethers in a two-phase
mixture.



