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Description 

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

xanthines 

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

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-dimetbylxanthine {theobromine) 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 

(VIII) 

and of similar compounds which possess yasotherapeutic 

15 properties. 
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To obtain pentoxifylline (VIII) which fulfills the speci­

fication, theobromine must be ~ployed in sufficiently 

high purity. Interfering effects are produced in, 

particular by the starting conipound 3-methylxantbine (II, 

5 R1 = CH3 ), the overmethylated compound caffeine (IX) and 

the isomeric compound theophylline (X) 

as well as coloring impurities. 

Processes for preparing the compound of the forlltllla (X) 

10 are known in the literature. In these processes the main 

a1kylating agents employed are dimethyl sulfate, dimethyl 

carbonate ·and methyl chloride, ethyl chloride, propyl 

chloride, diethyl sulfate, dipropyl sulfate, diethyl 

carbonate or dipropyl carbonate. 

15 The processes using dimet~yl sulfate as the methy1ating 

agent for preparing theobromine from 3-methylxanthine are 

swmnarised in the patent ·DD 222 026. Depending on the 

metbylation method employed, theobromine is obtained in 

yields of 65 to 76 % ~f theory, based on pure theobrom-

20 ine. However, in the processes with high -theobromine 

~ields, relatively large quantities of byproducts· still 

.usually ariser which byproducts, because-of the quality 

requirements for the preparation of active pharmac.eutical 

constituentsr must be removed by an additional purifica-

25 tion procedure • 

. The process using diinethyl carbonate as the methylating 
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agent (.DE 3 74i 883) is a high pressure process which can 

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 tbeobromine with a content of at least 99.6 %, determined 

by HPLC. 

The process using methyl chloride as the methylating 

agent for preparinq theobromine (CS 267 100) in an 

aqueous or aqueous/alcoholic m~inm 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 frODI the melting 

point of pure theobromine. For example, a mixture of pure 

theobroinine 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), whicli must 

be removed by purification, are still present in the 

20 isolated product. The loss of yield in· the additional 

workinq 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 t? 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 exa.mPies show that the 

addition of about 0.26 nnnol of dimethylbenzylalkyl-

30 ammonium bromide decre_ases the yield by 5 % whil.e 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 1arger 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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one hundredfold,. show a clear diminution in the yield 

under the.conditions described in CS 267. 796. 

It is the object of t~e present invention to find a 

process by which 3,7-dialkylxanthines may be selectively 

5 prepared from 3-alkylxantbines in high yields and with 

very hiqh purities and very good space/time yields • 

• 
The invention therefore relates to a process for obtain­

ing 3, 7-dial:-kylxanthines of t·he formula I 

(I) 

10 where R1 ~nd R2
, independently of each other, are (C1-C,)­

alkyl,. which may be straight-chain or branched, 

wherein a 3-alkylxanthine of the formula .II 

(II) 

in which R1 is (C1-C5 )-alky1, which may be straight-chain 

15 or branched, 

a). is converted in aqueous phase and using a basic 

agent into its salt and 
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this salt is reacted in a two-phase mixture with an 

alkylating agent with 1 to 6 carbon atoms in the 

presence of at least one quaternary ammonium com~ 

pound and/or phospbonium compound of the 

formulae III and IV 

(III) (IV) 

where 

R3 to R16 are identical or different and, independently of 

each other, are 

a) 

b) 

c) 

x 

c) 

(C1-C20}-alkyl, which may be st_raight-chain or 

branch04, 
benzyl or 

phenyl and 

is an anion, and 

where approp~iate the alkylati~n is carried out in 

the presence of a·linear polyether of the formu1a V 

(V) 

where 

R11 and R12 are identical or different ~nd, independ­

ently of each other, are (C1-C8 )-alkyl, 

Y is a radical from the group 

a) 
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and n is an.integer from 1 to 8. 

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

5 which R1 and R2
, independently of each other, are (C1-C3 )­

alkyl. 

10 

.15 

3, 7-Dialkylxanthines which are particularly pre~erred for 

the process are 

3,7-dimethylxanthine 

3-ethyl-7-propylxanthine 

3-methyl-7-propylxanthine 

.. 

(= compound of the formula .I 

with R1 = R2 = -CH3 ) 

(= compound of the formula I 

with R1 = -CB2 -CH3 and 
· R2 = -CB2-CH2-CB3) 

( = compound of the formula I 

with R 1 = CB 3 and 
R2 = -CB2-CB2-CB3 ) • 

It is advantageous that there is a surprisinqly bi.gh 

selectivity for alkylation in the 7 position on the 

xanthi~e, 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 formula V, where appro­

priate,. may be readily separated from the aqueous 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, pota·ssium hydrogen 

carbonate, sodiwn carponate or po~assium carbonate are 

preferred basic agents. 

The quaternary ammonium or pbosphonium compounds of the 
30 formulae III and IV which are employed are advantageously 
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those which are either insoluble or only ·sparingly 

soluble in water. Metbyltrioctylammonium chloride, 

methyltrioctylammoniumhydroxide,methyltricaprylmmnoniUDI: 

chloride, methyltricaprylammonium hydroxide, etbyltri-

5 octylanononium chloride, etbyltrioctylphosphonium chloride 

and hexadecyl~ributylphospho:pium bromide are preferred 

quaternary ammoninm or phosphonium compounds of the 

formulae III and IV. 

Ethylene glycol d.ibutyl ether, diethylene glycol dibutyl 

10 ether, triethylene .glycol dibutyl ether, tetraethylene 

qlyc~l dibutyl ether, diethylene g~ycol ethyl tert-butyl 

ether, propylene glycol dibutyl ether, dipropylene glycol 

dibutyl ether, polyethylene glycol dibutyl ether and 

polypropyle~e glycol dibutyl ether of different ether 

15 chain lengt~s (where n in the fo.rDlUla V is 2 to 8) are 

preferred polyethe~s of the formula v. 

Preferred. alkylating aqents are (C1-C,)-alky1 halides ~uch 

as alkyl chloride, alkyl bromide, alJtYl fluoride oz: alkyl 

iodide, in particular methyl chloride, ethyl chloride or 

20 propyl chloride; (C1-C6 )-:dialkyl sulfate such as dimethyl, 

diethyl, dipropy1, dibutyl, dipentyl or dihexyl sulfate; 

or (C1-C6 )-dialky1 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 

sue~ as methyl, ethyl,. propyl, butyl, pentyl or hexyl. 

3.:...(C1-C6 )-alkylxanthines as startinq substances for the 

alkyla.tion reactio~" . according to the invention can _be 

30 prepared by processes known frolll. the literature, for 

example by a modified '"l'rauben synthesis" (Ullmann a 

Enzyklopad.ie der Technischen Chemie [Ullmann' s 

Encyclopedia of Industrial Chemistry]~ 4th Edition, 
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Volume 19 (1180) page_ 579). 

In process step a) the approach is first to convert the 

3-(C1-C6 )-a1kylxanthine in aqueous phase into the corres­

ponding salt using an alkali metal hydroxide and/ or 

. 5 alkali metal carbonate, su~h 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 above.mentioned 

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 III or IV is added in proces!i 

step b) to the solution or suspension of the 3-alkylxan­

thine salt. Mixtures of ammonium and/Qr phosphonium 

15 compounds may 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 aqueous phase and the 

phase wh~ch is formed by the ammonium and/or phospbonium 

20 compounds of the formulae III and IV. The term two-phase 

mixture is understood to mean the mixture of two 1iqnid 

phases : a water phase·· and the phase whic.h contains the 
. . 

ammonium and/or phosphonium. compom;1ds. of .the formulae III 

and IV. As a rule the two-phase mixture does not contain 

25 any fu;rther solid/liquid phase boundary. :rt .can, however, 

come about that floocul·ation occurs at. low temperatures 

and high concentrations of the xanthine. salts. The 

two-p~se mixture ·is stirred and mixed accordinq to 

customary methods so that good dispersal of the phases is 

30 ensured. 
5 ~o 100 mol of the compounds of the formulae III. 

and/or IV, preferably 10 to 60 mol, in particular 10 to 

50 mol, are prefera~ly used per ·100 mol of 3-alkylxan­

thine of the fo:anu1a II. 

• 
35 Where appropriate, a linear polyether of the formula V 

may be added to increase the speed e>f the· reaction 
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further. 3 to 100 mol of the linear polyethers of the 

formula v, preferably 5 to 80 mol, in particular 10 to 

50 mol, a:i;e preferably used per 100 ·mol of 3-al.kylxan­
thine of the formula II. 

5 Additionally, an orqanic solvent, such as, for example, 
heptane, ·cyclohexane, dimethylcyclohexane, butyi acetate, 

amyl acetate, . 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· ,quantities 

employed of the solvents may vary over.a wide ranqe 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 mo1,. 

preferably 108 to 120 mol, or 102 to 150 mol of dimethyl 
sulfate, in particu1ar·1os to 130 mol, preferably 110 to 

20 120 I11ol, are required for the metbylation of 100 mol, for 

example, of 3-methylxantbine. 

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 reaction is 
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neutralized·by the slow addition of alkali metal hydrdx­

ide, alkali metal carbonate, alkaline earth metal hyd;rox­

ide or alkaline earth metal carbonate. 

After the time for the reaction has exp~red, the phases 

5 of the two-phase mixture are separated from each other. 

Then aikali metal hydroxide and/or alkaline earth metal 

hydroxide and/or alkali metal carbonate is initially 

added to the 3,7-d.ialkyl.xanthine 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. 

~he phases of the two-phase mixture .are now separated 

from each other accordinq to customary methods.· The 

organic phase, in which the compounds of the formula III 
. . . 

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 

washinq with water. The aqueous phase, which· now contains 

the 3, 7-dialkylxanthine salt and the impurities, is mixed 

20 with filtration aids which cil-e 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 l, 7-dialkylxanthine is precipitated. 

25 Examples of mineral acids which may be mentioned are: 

hydrochloric acid, sulfuric acid or nitric acid. Carbonic 

acid ·may also be employed •. 

'l'b.e temperature at which the precipitation takes place is 

qenerally about 50 to _110°C, in particular 75 to 105°C, 

30 preferab1y 85 to 95°C. After the precipitation, the pH of 

the solution is qenerally·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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suction and washed with water in order to remove 

byproducts. 

The process according ~o the invention.is now illustrated 

in more detail by the ~ollowing example~. 

5 Example 1 

2000 ml of water, 400 g of 3-methylxanthine,· 310 g of 

.33 % strength sodiwn hydroxide solution, 20 g of sodi11JD 

bicarbonate and 200 g of inethyltrioctylammoniwn chloride 

are introduced into a reactor.. Once the rea.Ctor has been 

10 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. '!'he reactor is cooled to about 

60°c and briefly evacuated. 310 g of 33 % strength sodium 

15 hydroxide solution are then added and the 9rganic phase 

is subsequently separated off. '!'his is then washed with 

100 in1 of water. The methyltrioctylammonium chloride 

recovered in this ·way may be employed again for the next 

methylation. A,ctive charcoal is added to the aqueous 

20 phase and the solution is filtered. Subsequently, the 

theobromine ·is precipitiited at 85 to 95°C by dropw~se 

addition of a total of 252 9 of 37 _% strength hydro­

chloric acid. After cooling, the theobromine is filtered 

off with suction and then washed with water. After drying 

25 to constant weiqht, 367 9 of theobromine are obtained 

with a .content of 99.5 % (BPL~); melting point 350.S·to 

351°C. This amounts to 84.5 % of the theoretical value, 

based on the starting product 3-methylxanthine. 

BPLC detenninatio:n: 

30 Sample preparation 

50 mg 

90 ml 

1 ml 

of theobromine (sample) are suspended in 

of water, and 

of 1 M sodiwn hydroxide solution is added 

.. . 
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and the sample is dissolved to produce a 

clear solution. 

Then the sample is · acidif.ied with 

of 1 M acetic acid and the solution is 

made up to 100 _ml in a volumetric £1ask 

with water. 

Solutions for comparison: 1 mg of caf­

feine, 3-methylxanthine and tbeophylline 

are dissolved as described above. 

10 Analysis conditions 

15 

20 

Quantity injected: 

Column:. 

Flow rate: 

Mobile phase: 

Detection: 

Running ti.me: 

Retention time: 

10 µl 

RP 8, 250 -4, 10 µm •Lichrosorb 

(from E. Merck, Darmstadt), 

1 ml/min 

80 % by volwite of 0 .1 % 

strength KB2P04 solution 

20 % by volwne of methanol 

UV detector 273 nm 

20 min 

3-methylxantbine 4.05 min, 
theobromine 5.47 min, caffeine 

11.15 min 

Melting point determination 

The melting points were determined by differential 

25 thermal analy~is U:sing the Mettler TA3000 system. 

Example 2 

2000 ml of water, 40.0 g of 3-methylxanthine, 310 g of 

33 % strength sodium hydroxide solution, 20 g of sodium 

bicarbonate and 200 q of methyltrioctylammonium chloride 

30 and 100 g of diethylene glycol dibutyl ether are intro­

duced into a reactor. Once ~he reactor has been tightly 

sealed, 134 g of methyl chloride are passed in, at about 

50°C. Sub~equently, the reaction is allowed to continue 

at about 90°C until there is no further fall in the 
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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 

5 100 ml of water. The methyltrioctylammoni11Dl chloride and 

die~hylene glycol dibutyl ether recovered in this manner 

may .be employed again for the next methylation. Active 

~harcoal 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 

coo1ing, the theobromine is filtered off with suction 

and then washed wit.h water. After drying to constant 

weight, 376 g of tbeobromine are obtained with a content 
15 of 99.S % (HPLC). This amounts to 86'!5 % of the 

theoretical value, based on the starting product 

3-methylxantbine. 

Example ~ 

2000 ml of water, 400 q of 3-methylxanthine,. 294 g of 

20 33 % strenqth sodium hydroxide solution, 200 q of methyl­

trioctylammonium chloride and 100 g of triethylene qlycol 

dibutyl ether. are introduced into.a stirring apparatus. 

Subsequently, 351 g of dimethyl sulfate are added 

dropwise at about 50 to 60°C. 'l'oward the end of the 
25 addition, 16 q of 33 % strenqth sodium hydroxide solution 

are additionally added dropwise to the reaction mixture. 
Subsequently, the reaction is allowed to continue at · 
about 60°C. The mixtu+e is cooled and then 310 9 of 33 % 

strength sodiUm. hydroxide solution. are added. Subsequent-

30 ly the or.ganic phase . is separated off. This is then 

washed with 100 ml of water. The methyltrioctylamm.onium 
ch~oride and triethylene glycol dibutyl eth~r rece>Vered 
in this manner can be employed again for the next 

metbylation. 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 hydro~h1oric acid. 
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After cooling, the theobromine is filtered of:f with 

suction and then washed with water. After drying to 
constant weight, 361 g of theobromine are obtained with. 

a content of 99.5 % (BPLC). This amounts to 83.2 % of the 
5 tbeor.etical value, based on the starting product 

3-methylxanthine. 
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.Patent claims: 

1. A process for obtaining 3, 7-dialkylxantbines of the. 

formula I 

. (I) 

5 where R1 and R2 , independently of each other, are (C1-C,)­

a1ky1, which may be straight-chain or branched, 
wherein a 3-a1kylxanthine of the formula II 

H 3:0 i 'N N 
. J . I /) 
o~N N 

1 ' R . 

(II) · 

in which R1 is (C1-C6 }-alkyl, which. may b~ straight-chain 
10 or branched., 

a} 

b) 

15 

is converted in aqueous phase and using a b~sic 

agent into its salt and 

this salt is reacted in a two-phase mixture with an 
alkylatinq agent with 1 to 6 carbon atoms in the 

presence of at least one quaternar'Y ammonium com-

111111111111111111111111111111 
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pound and/or phosphonium compound of the formula III 

or IV 

(III) (IV) 

where 
5 R3 to R10 are identical or different and, independently of 

each other, are 

10 

15 

20 

a) (C1-c20 )-alk}rl, which may be straight-chain or 

branched, 

b) benzyl or· 

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 formula V 

(V} 

where 
R11 and R12 are identical or different and, independ­

ently of each oth~r, are (C1-C8 )_-alkyl, 

Y is a radical from the group 

b) 
and n is an integer from 1 to 8. 

1111111\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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2. The process as claimed in claim 1 ~ _wherein 3, 7-dialk­
ylxanthines of the formula I in which R1 and R2

, independ­

ently of each other, are (C1-C3 )-alkyl, are prepared. 

3. The process as claimed in claim 1 or 2, wherein 3,7-
dimetbylxanthine, 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 allllllonium compound of the 

formula III, phosphonium compoun~ of the formula IV, 

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

employed, each of which is insoluble or sparingly solubl,.e 

in water. 

5. ~he 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 

hydroxide, sodiuin hydrogen carbonate, potassillDl hydrogen 

carbonate, sodium carbonate or potaseiwn carbonate, is 

employed as the basic agent, and methyltrioctylammonium 

chloride, methyltrioctylammonium hydroxide, m.etbyltri-

20 caprylammoniwn chloride, methyltricaprylammoniUJD hydrox­
ide, ethyltrioctylammonium chloride, ethyl trioctyl­
phosphoniW'll chloride or hexadecyltributylphosphonium 

bromide is emp1oyed as the quaternary 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, triethyl.ene _glycol dibutyl ether, 
tetraethylene glycol dibutyl ether, diethylene gJ.ycol 
ethyl tert-butyl ether, propylene glycol dibutyl ether, 
dipropylene glycol diJ::lutyl ether, poly_ethylene glycol 

30 dibutyl ether or pol-ypropylene glycol_ dibutyl 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· (C1-C&)-alkyl halid~, (C1-C6 )-dialkyl. 
sulfate or (C1-C6 )-dia1kyl carbonate, in particular methyl 

·JS chloride, ethyl chloride, propyl chloride or dimethyl 

111111111111111111111111111111 
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sulfate, is employed as the alkylating agent. 

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

to 6, wherein 5 to 100 mol of the compounds o:f the. 

formula III and/or IV, preferably 10 to 60 mol, in 

particular 10 to 50 mol, are employed per 100 mo1 of 3-

alkylxanthine of the .formu~a II and, where appropriat~, 

3 to 100 mol of the linear polyether of the form.u1a v,_ 
preferably 5 to 80 mol, in particular 10 to 50 mol, are 

added. 

10 B. 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 

1.5 alkylatinq 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, oriqin-

20 ate from a previous reaction as claimed in claim 1. 

, flllllf fllllf lllfl f llf I If f llf 
* C L M S * 


