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Guanine, xanthine and hypoxanthine have been methylated with dimethyl sulfate in dimethylacetamide to  give a good 
yield of the  corresponding 7,9-dimethylpurine betaine, Methylation of 6-hydroxypurine-2-thiol ( V I )  and 2-aminopurine- 
&thiol under similar conditions resulted in alkylation of the sulfur in addition to the introduction of the i- and 9-methyl 
groups. Direct methylation of adenine with methyl p-toluenesulfonate in dimethylacetamide gave a good yield of &methyl- 
adenine (XVIII). Methylation of purine-6-thiol (6-mercaptopurine) under similar conditions gave 3-methyl-6-methylthio- 
purine (XT'I). The biochemical implication of these studies is discussed 

In recent years a rather substantial number of 
methylated purines such as 1-methylhypoxanthine, 
1 -methylguanine,2-4 6-hydroxy-2-methylamino- 
purine,2-4 2-amino-8-hydroxy-i-methylp~rine,~ (5- 
methylaminopurine, 3,5 Ci  - dimethylaminopurine,fi 
7,0 - dimethylguanine73E and 1 - methyladenineg,lo 
have been discovered in material of biological origin. 
These methylated purines are known in addition 
to the naturally-occurring methylated xanthine 
derivatives, caffeine, theophylline, theobromine 
and paraxanthine found in plants. Salmon and 
Kruger,11.12 as early as 1S98, isolated ?-methyl- 
guanine, 7-methylxanthine and 1-methylxanthine 
from human urine. Although the biochemical 
role of these methylated purines is as yet obscure, 
i t  seems likely that in general they might well arise 
by in vivo methylation of the natural purines or 
purine nucleosides. Most of the laboratory methyl- 
ation studies of purine derivatives have to date 
been achieved in basic media. Since the in vi00 
methylation of the natural purines presumably 
occurs close to neutral pH, the present study was 
initiated to approximate more closely these physio- 
logical conditions. Dimethylacetamide was chosen 
as the reaction media since most of the natural 
purines show a t  least some solubility in this polar 
solvent which also acts as a buffer in the presence of 
dimethyl sulfate and other alkylating agents. I n  
most instances methylation in this solvent occurred 
a t  a PH of 6 to 6 without the addition of a basic 
reagent. In a number of cases methylation stud- 
ies were made with the simple purines and methyl 
p-toluenesulfonate in dimethylacetamide because 
the initial tosylate salt could often be readily iso- 
lated from the reaction mixture. In all purines 
studied both dimethyl sulfate and methyl p- 
toluenesulfonate provided the same methylated 
purine derivative. 
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Brookes and Lawley13 have recently studied the 
methylation of adenosine in dimethylformamide 
with dimethyl sulfate. Biltz and Beck'? report 
that caffeine results from the methylation of 
xanthine with dimethyl sulfate in the presence of 
sodium hydroxide. Biltz and Strufelj report that 
the methylation of 9-methylxanthine in the pres- 
ence of sodium hydroxide and dimethyl sulfate 
gave 3,9-dimethylxanthine. Later Biltz and Sauer16 
corrected this original structure and reassigned the 
product from this methylation as 6,9-dimethylxan- 
thine. This rather unusual reported alkylation of 
the &carbon in the purine molecule was reinvesti- 
gated in our laboratory. Following the directions 
of Biltz and co-workers,15,16 9-methylxanthine" 
was treated with dimethyl sulfate. X small 
amount of product was obtained which melted in the 
range described.15316 However, the product ex- 
hibited two spots when chromatogrammed and 
was found to consist of unreacted starting material 
and a dimethylxanthine derivative which has now 
been identified as i,F)-dimethylxanthine"" (VI 11). 
Further examination of the reaction conditions 
of Biltz revealed that during the methylation 
of 9-methylxanthine, the solution had become 
acidic and the product, VI I I ,  resulted from the 
action of dimethyl sulfate under neutral or a t  
slightly acidic conditions. An extended study of 
the methylation of xanthine (VII )  revealed that 
dimethyl sulfate in  dimethylacetamide a t  130' 
gave i',F)-dirnethylxanthine (VIII) in excellent 
yield. The preparation of VI I I has been reported1X 
in poor yield by the niethylation of  xanthine with 
methyl iodide in a sealed tube. The structure of 
VIII was established by alkylation of S-methyl- 
xanthine" and 7-methylxanthine19 independently 
under similar conditions which resulted in each 
instance in the same product, T.!)-diinethylxanthiiie. 

The alkylation of guanine with dimethyl sulfate 
in dimethylacetamide gave T,n-dimethylguanitie 
(XI)") in over 905~; yield. The synthesis of XI 
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has not previously been reported by the direct 
alkylation of guanine. This reaction is of interest 
since 7,9-dimethylguanine (herbipolin) has re- 
~ e n t l y ~ . ~  been isolated from natural sources. 
Treatment of XI with nitrous acid gave 7,9- 
(dimethylxanthine, thus verifying the assigned 
structure and relationship of VIII and XI. Hypo- 
xanthine, methylated with dimethyl sulfate in di- 
methylacetamide a t  t (io-1 6.5’, gave a quantitative 
yield of 7,g-dimethylhypoxanthine (11). The struc- 
ture assigned I1 was verified by unambiguous 
synthesis of 7,0-dimethylhypoxanthine from i- 
methylhypoxanthine (I  11) and g-methylhypoxan- 
thine (I)21 by methylation with methyl p-toluene- 
sulfonate in dimethylacetamide. The general na- 
ture of 7,Cbdimethylation under these reaction 
conditions was further illustrated by methylation 
of 6-hydroxypurine-2-thiol (VI) which yielded 
i,9-dimethyl-2-methylthio-li-purinone (V). The 
structure of V was established by conversion to i,9- 
dimethylxanthine (VIII) with aqueous hydrogen 
peroxide. Kaney nickel and V provided i,9- 
dimethylhypoxanthine (11) which furnished addi- 
tional structural proof for V. 

The synthesis of a i,9-dimethylpurine betaine 
by alkylation of the simple purine was successful 
only when a keto group was present in position 6. 
Methylation of 2-aminopurine-6-thioI with methyl 
p-toluenesulfonate in dimethylacetamide gave 2- 
amino-i,9-dimethy1-C7-methylthiopurine p-toluene- 
sulfonate (XIX) which, as expected, could not be 
successfully freed from the tosylate anion. The 

(20) H .  Bredereck, 0. Christmann and W. Koser, C h e m .  Bel,.,  SS, 

(21) R. K.  Robiris and H. H. Lin, J .  Airz. Chern. Sor. ,  79, 490 
1206 (1960). 

(1927). 

structure of XIX was established since 2-amino-7- 
methylpurine-6-thiol, l9 2-amino-9-methyl-6-methyl- 
thiopurine, 2-amin0-9-methylpurine-6-thiol’~ and 
2-amin0-6-methylthiopurine~~ all gave the same 
product, XIX, when methylated with methyl p -  
toluenesulfonate in dimethylacetamide. 

CH3 

I 

SCH, 
XIX 

Attempts to form the 7,g-dimethyl betaine of 
purine-6-thiol (6-mercaptopurine) were unsuccess- 
ful. Llethyl p-toluenesulfonate and XV in di- 
methylacetamide gave a dimethyl derivative in 
approximately 50% yield which was identified 
as 3-methyl-6-methylthiopurine (XVI) . The syn- 
thesis of XVI has recently been reported by Berg- 
mannZ3 by methylation of 3-methylpurine-6-thio1, 
although no structure proof of the methylated 
product was given. The structure of XVI was 
established in our laboratory by its conversion to 
3-methyIhypoxanthinez3 with hydrogen peroxide. 

Adenine and methyl p-toluenesulfonate gave 
a good yield of 3-methyladenine (XVIII) uncon- 
taminated by other isomers. 3-Methyladenine 
was also prepared from XVI with methanolic 
ammonia a t  looo, which constitutes an unambigu- 
ous synthesis. Brookes and Lawley13 report the 
isolation of &methyladenine from the methylation 
of adenosine and adenylic acid. The alkylation of 
adenosine a t  the 3-position was first reported by 
Clark, Todd and Zussman?4 from 5’-tosyl-2’,3’- 
isopropylidene adenosine which forms a cyclo- 
nucleoside derivative. 

The fact that adenine can be readily alkylated 
a t  position 3 is of considerable significance,?*“ espe- 
cially in view of the recent work of Forrest, rf (LL.,~” 
which indicates the existence of uric acid-3- 
riboside. Of the common nucleic acid purines 
studied, adenine is the only purine which is alkyl- 
ated a t  position 3 in neutral media. The currently 
proposed mechanism of in vi@o utilization of pre- 
formed nucleic acid purines for ribonucleic acid 
biosynthesis involves alkylation of the appropriate 
purine with 5-phospho- 1-a-D-ribofuranose phos- 
phate.26 It is therefore quite possible that the as 
yet unknown adenine-3-riboside is the biological 
precursor of the purine-3-ribosides. 
3-Nethyl-6-methylthiopurine (XVI) was treated 

with aqueous methylamine on the steam-bath to 
(22) G. I). Daves, Jr.,  C. W. Noell, R .  K .  Robins, H. C. Koppel 

(23)  F. Bergmann, et ai., J .  Org. C h ~ m . ,  26, 1504 (1961). 
(24) V. hl. Clark, A. R. Todd and J. Zussman, J .  Chem. Soc . ,  2952 

(1951). 
(24a) .\‘ole Added in Pi,oo.f.-h-. J .  Leonard and J. A. Deyrup 

J .  Am.  C h e m  SOL. (in press) have also alkylated adenine a t  position 3 
These authors and R .  Denayer, A Cave and R .  Goutarel, Compl. 
Rend., Z63, 2994 (1961), recently have shown the  alkaloid triacanthine 
t o  be a 3-substituted derivative of adenine. 
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(26) G .  R. Barker, in “Chemistry of S a t u r a l  Products,” Proceedings 
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give 3-methyl-6-methylaminopurine (XIII)  . The 
greater mobility of the methylthio group over 
that of 6-methylthiopurine, 27 when attacked by 
nucleophilic reagents, can be explained by the 
assumption that such resonance forms as XVIa 
and XVIb contribute significantly to the lowering 
of the electron density in the pyrimidine ring. 

CH, 

SCHn 
XVIa 

SCH, 
XVIb 

Such structures could be considered as a favorable 
distribution of electrons in an effort to maintain 
aromatic character of both the pyrimidine and 
imidazole ring. 3-Amino-1-propanol and p-chloro- 
benzylamine with XVI in refluxing ethanol gave 
3-methyl-6-1-propanolaminopurine and p-chloro- 
benzylamino-3-methylpurine, respectively. The 
fact that 2 N sodium hydroxide a t  room tempera- 
ture converted XVI to 3-methylhypoxanthine is 
additional support for structures XVIa and XVIb. 
3-Methyladenine could not be changed to 3- 
methylhypoxanthine under the standard diazoti- 
zation conditions, which suggests a lack of the usual 
basicity of the G-amino group. 

On the basis of present evidence i t  is not possible 
to make a definite assignment of the position of the 
negative charge in the 7,O-dimethylpurine betaines. 
Thc negative charge has been designated on the 
oxygen atom a t  position 6 by Bredereck, ct (11 , 1 x * 2 "  

aiitl 011 nitrogen 1 by Brookes and Lawley2h who 
have recently described the synthesis of 7,9-di- 
(2-hydroxyethyl)-guanine froin 7-(2'-hydroxy- 
ethyl) -guanine and ethylene oxide. The strong 
carbonyl absorption observed in the infrared spec- 
trum (KRr or Nujol mull) of the tosylate salt of 
7,O-dimethylhypoxanthine in the region 1720 cm- '  
is shifted to 1050 cm.-l with 7,9-diniethylhypoxan- 
thine betaine (VIII). 

The ultraviolet absorption spectra of the 3- 
iiiethylpurines and purine betaiiies are recorded in 
Table I. 

(27)  G B Elion, E. Burgi and G. H. Hitchings, J .  A m  Chem 

( 2 8 )  P Bruokes and P D. 1-awley, J .  Chem. S O L ,  3923 (1961). 
Sor , 74, 411 (1952) 

TABLE I 

PURINES 

Compound hmsx,  mp 

ULTRAVIOLET ABSORPTION SPECTRA OF h ' h T I i Y L A T E D  

---pH 1--- - p H  11-- 
hrn.x, 

e m+ c 

6-Amino-3-methylpurine 
(XVIII) 274 17,900 2 i3  

3-Methyl-6-methyl- 
aminopurine (XIII)  281 19,620 287 

3-Methyl-6-methylthio- 235 9,200 237 
purine23 (XVI) 274 4,860 311 

317 25,200 
Tosylate salt of 2-amino- 248 10,100 

7,9-dimethyl-6-meth- 320 11,100 
ylthiopurine (XIX) 

7,9-Dimethyl-2-methyl- 269 17,200 211 

7,9-Dimethyl-6-purinone 
(11) 251 10,800 265 

7,9-Diiiiethylguaiii1ie 255 6,650 2G2 

3-Methyl-6-n-propanol- 

thio-6-purinone (V)  275 

270-280( S) 4,600 

aminopurine 283 21,600 287 

13,100 

11,500 
10,250 
17,200 

17,850 
10,900 

11 ,200 
G ,  550 

IG, 400 
6-p-Chlorobenzylamino- 

3-methylpurine 285 24,800 289 18,600 

Experimentalz9 
7,9-Dimethyl-6-hydroxy-Z-methylthiopurine (V).- 

Ten grams of 6-hydroxypurine-2-thiol ( VI)3o was stirred 
in 100 ml. of N,N-dimethylacetamide and treated with 30 
g. of methyl p-toluenesulfonate in one portion. The mix- 
ture was heated at 116-120' for 2.5 hours and then allowed 
to cool at room temperature for 6 hours. The precipitate 
that separated was filtered and washed with cold methanol. 
After drying under an infrared lamp, the tosylate salt 
weighed 13 g. A portion of the crude product (6.5 g.) was 
then dissolved in 75 ml. of hot methanol (95%). The 
filtered solution was allowed to crystallize at 15' for 15 hours, 
and the tosylate salt weighed 4.5 g. after filtering and drying 
(infrared lamp). The pure product melted a t  255-257'. 

Anal. Calcd. for C15H~8N'40&.H?O: C, 45.05; H ,  5.00; 
N, 14.03. Found: C,45.04; H,5.01; 9, 13.94. 

The tosylate salt of 7,9-dimethyl-2-methylthio-6-purinone 
(6.5 9.) was dissolved in 150 ml. of hot methanol, and the 
solution was adjusted to pH 8 with concentrated aqueous 
ammonium hydroxide. The white precipitate that sepa- 
rated was filtered after 15 hours at 15" and dried to con- 
stant weight of 3 g., m.p. 330-332'. 

Anal. Calcd. for C8HlnN40S: C, 45.6; H, 4.76; A-, 
26.62. Found: C,45.12; H,4. i6 ;  N,26.7. 

2-Amino-7,9-dimethyl-6-methylthiopurine Toluenesulfo- 
nate (XIX). Method 1.-A mixture of 10 g. of 2-amiiio- 
purine-6-thiol,22 35 g. of methyl p-tolueuesulfonate and 25 
nil. of ~,N-ditnethplaceta;nide was heated a t  170' for 103 
minutes. The reaction mixture was coolcd to rooiii tcinperx- 
turc and diluted to 250 nil. with cold methanol. The mix- 
ture was allowed to stand a t  rooiii tctiiperature for 3 lioiirs, 
then the product was filtered, washed xvith cold t i ic that~ol ,  
and air-dried to yield 10 g. A small sample was recrystal- 
lized from methanol to give a product with a melting point 

Method 2.-9-Metliyl-6-tliiogunnine'7 (1..5 g.) w:ls sus- 
pended in 25 inl. of K,N-dimethylacetamlde and treatctl 
with 2.0 g. of methyl p-toluenesulfonate. The mixture 
was stirred at 120-121O for 2 hours. The reaction mixture 
was then chilled at 10-15" for 5 hours and filtered. The 
product was washed with cold methanol and dried under a 
drying lamp to yield 1.8 g. Recrystallization from xneth- 
anol gave a product with a melting point of 289-292'. 

of 291-294'. 

(29) Paper chromatography was accomplished on Whatman Kc). I 
filter paper, the  following solvents being used: A,  5% aqueous am- 
monium bicarbonate; B, isopropyl alcohol-water (6:4); C, l-butanol- 
acetic acid-water ( 5 : 2 : 3 ) ;  D, 570 disodium phosphate saturated with 
isoamyl alcohol. 

(30) A. G. Beaman. J. Am. Chcm. Soc., 76, 5633 (1964). 
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Anal. Calcd. for C I S H ~ ~ N ~ O ~ S Z :  C, 47.25; H,  5.0; N, 
18.38. Found: C, 46.88; H,  4.86; N, 18.15. 

Method 3.-One gram of 7-methyl-6-thiog~anine~~ was 
stirred in 20 ml. of N,N-dimethylacetamide and treated 
with 2 g. of methyl p-toluenesulfonate. The mixture was 
heated a t  140' for 2 hours and then cooled a t  room tem- 
perature for 5 hours. The precipitate that separated was 
filtered, washed with acetone, and dried under an infrared 
Limp to give a crude yield of 1.5 g., m.p. 264-268'. Asmall 
sample was recrystallized from methanol to give a product 
that melted at  289-291'. The ultraviolet and infrared 
spectra were identical to those of the products isolated by 
methods 1 and 2. 

Method 4.-2-Amino-6-methylthiopurinez2 ( 1.5 8.) was 
suspended in 25 ml. of N,N-dimethylacetamide a t  120- 
125" and treated with 3.5 g. of methyl p-toluenesulfonate. 
The mixture was allowed to stir a t  125' for 2 hours. The 
reaction mixture was chilled a t  15' for 2.5 hours, and the 
precipitate that separated was collected, washed with cold 
methanol, and dried under an infrared drying lamp to 
yield 1 g. of product. A small sample was recrystallized 
from methanol to provide a product which melted at  
293-294'. The infrared and ultraviolet spectra were 
identical to those of the products prepared by methods 1, 2 
and 3. 

Anal. Calcd. for C15HlgNj03S2: C, 47.25; H, 5.0; If, 
18.38. Found: C, 46.98; H,4.75; X, 18.05. 

Method 5.-9-Methyl-6-niethylthiog~anine~~ (0.5 g.) was 
suspended in 10 ml. of N,N-dimethylacetamide, treated 
with 2 g. of methyl p-toluenesulfonate, and stirred for 3 
hours a t  120-125". The reaction mixture was cooled to 
room temperature and filtered. The yellow product was 
washed with cold methanol and dried under an infrared 
drying lamp to yield 1 g. Recrystallization from methanol 
gave a product which melted a t  293-294". The infrared and 
ultraviolet spectra were identical to those of the products 
obtained by methods 1 ,2 ,3  and 4. 

Anal. Calcd. for Cl3Hl0N503S2: C, 47.25; H, 5.0; N, 
18.38. Found: C,46.82; H, 4.94; N, 17.85. 

7,QDimethylguanhe (=).-Fifty grams of guanine (X) 
was suspended in 500 ml. of N,N-dimethylacetamide, and 
the stirred suspension was treated a t  90' with 100 g. of 
dimethyl sulfate. The temperature was allowed to in- 
crease to 140-145' during the addition which required 20 
minutes. Stirring was continued a t  145' for 105 minutes, 
and then the resulting solution was allowed to cool to room 
temperature. One liter of methanol was added to the solu- 
tion, followed immediately by the addition of concentrated 
aqueous ammonium hydroxide until the solution was pH 8. 
A heavy precipitate separated and was filtered and washed 
with 250 ml. of methanol. The resulting white product 
was then suspended in 1 1. of hot methanol, stirred for 30 
minutes, and finally filtered and dried at  85' for 15 hours 
to yield 48 g. of white product. A small sample was re- 
crystallized from a mixture of methanol and water to give 
a product with a melting point of 310-312'. This product 
was found to be identical to that prepared by Bredereck, 
et as judged on the basis of comparison with an au- 
thentic sample. There was no depression in the mixed 
melting point, and the ultraviolet spectra were identical. 

Preparation of 3-Methylhypoxanthine (XIV) from 3- 
Methyl-6-methylthiopurine (XVI).--One gram of 3-methyl- 
6-methylthiopurine (XVI) was suspended in 75 ml. of water 
and then treated dropwise with 20 ml. of 30y0 hydrogen 
peroxide over a period of 30 minutes. The mixture was 
stirred for 8 hours a t  room temperature after the final addi- 
tion. The solution was then allowed to evaporate to 10- 
15 ml. in an open beaker a t  room temperature. Acetone 
(200 ml.) was added, and the solid that immediately sepa- 
rated was filtered and washed with 15 ml. of acetone. The 
white solid was transferred to a beaker containing 25 ml. 
of isopropyl alcohol, and the resulting mixture was treated 
with 3 ml. of concentrated aqueous hydrochloric acid and 
stirred for 20 minutes a t  room temperature. The crystal- 
line solid that resulted was filtered, washed with excess 
isopropyl alcohol, and air-dried. The ultraviolet spectra 
and Rf values in solvents C (0.2'1) and D (0.60) were iden- 
tical to those of 3-methylhypo~anthine.~3 

Anal. Calcd. for CJ&".~/~HZO.HC~: c, 36.85; H,  
4.09; N, 28.6. Found: C, 37.2; H, 3.99; N, 28.3. 

3-Methyl-6-methylthiopurine (XVI).-Twenty grams of 
purine-6-thiol (XV) was added a t  135-140' to 20 ml. of 
N,N-dimethylacetamide containing 50 g. of methyl p- 
toluenesulfonate (in 4 equal portions). The vigorously- 
stirred solution was heated a t  140' for 2.5 hours and cooled 
to room temperature. The resulting gummy residue was 
extracted three times with 100-ml. portions of boiling ethyl 
ether. The ether extract was discarded, and the residue 
that remained was dissolved in hot acetone (250 ml.). 
The solution was allowed to stand at  15" for 15 hours, and 
the precipitate (15 8.) that separated was filtered and 
washed with 50 ml. of acetone. Recrystallization from 
methanol gave the tosylate salt, m.p. 269-271'. 

Anal. Calcd. for ClaHlsN40aS2: C, 47.7; H, 4.55; X, 
15.9. Found: C, 47.94; H,  4.48; N, 15.75. 

The tosylate salt of 3-methyl-6-methylthiopurine ( 15 g. ) 
was dissolved in hot water and cooled to 30". The solution 
was then adjusted to pH 8 with concentrated aqueous am- 
monium hydroxide. The precipitate (5 g.) that sepa- 
rated at 15' for 15 hours was filtered and washed with a 
small quantity of cold water. A small sample was re- 
crystallized once from water, followed by recrystallization 
from acetone, to provide a product which melted at  163- 
165". 

Anal. Calcd. for C7H8NnS.2Hz0 (air-dried): C, 38.9; 
H ,  5.56; N ,  25.9. Found: C, 38.91; H,  5.16; N, 26.1. 
Calcd. for C7H8NaS (after drying at 112' for 48 hours): 
C, 46.7; H, 4.44; N, 31.1. Found: C, 46.7; H, 4.9; N, 
31.1. 

3-Methyl-6-methylaminopurine (XIII).-One gram of 3- 
methyl-6-methylthiopurine (XVI) was dissolved in a mix- 
ture of 20 ml. of 40y0 aqueous methylamine and 50 mi. of 
methanol. The solution was allowed to stand a t  room 
temperature for 15 hours in a tightly-sealed flask and was 
then evaporated to dryness on a steam-bath under reduced 
pressure. The resulting residue was dissolved in 50 ml. 
of methanol and again evaporated as before. The solid 
residue was suspended in 50 ml. of acetone, filtered, and 
washed with 10 ml. of cold acetone. The air-dried product 
yielded 0.8 g. A small sample was recrystallized from a mix- 
ture of methanol and acetone to provide a product which 
melted a t  314-315" dec. 

Anal. Calcd. for C7HnX5: C, 51.5; H, 5.52; N, 42.9. 
Found: C, 51.69; H, 5.54; N,42.5. 

3-Methyladenine (XVIII). Method 1 .-Ten grams of 
adenine (XVII) was added to a mixture of 40 g. of methyl 
p-toluenesulfonate and 20 ml. of N,N-dimethylacetamide. 
The mixture was heated on the steam-bath for 1 hour, then 
cooled to room temperature. The resulting viscous mass 
was extracted three times with 500 ml. of acetone. The 
acetone extract was allowed to evaporate a t  room tempera- 
ture in an open dish to approximately 350 ml. and then 
chilled a t  10-15' for 8 hours. A white crystalline precipi- 
tate (5.5 g.) was collected and air-dried. Recrystallization 
from methanol (95%) gave a product with a melting point 

Anal. Calcd. for C11H16N~03S.1/4H~0: C, 48.0; H, 
4.76; N,21.5. Found: C,48.13; H,4.98; N,21.1. 

A small sample of the tosylate salt of 3-methyladenine 
was dissolved in hot water and adjusted to p H  7.5 with 
concentrated aqueous ammonium hydroxide. Recrystal- 
lization was effected from water. Theo product which 
began to sublime at  250' melted a t  310-313 . 

Method 2.-Two grams of 3-methyl-6-methylthiopurine 
(XVI) in 50 ml. of methanolic ammonia, saturated a t  0", 
was heated a t  100' for 2.5 hours in a high-pressure reaction 
vessel. The resulting solution was boiled with charcoal, 
filtered, and evaporated to dryness on the steam-bath under 
reduced pressure. The crude product (0.8 g.) was re- 
crystallizedotwice from water to give a product which melted 
a t  309-312 . No depression of the melting point was ob- 
served when the pure products prepared by methods 1 and 2 
were mixed. Identical ultraviolet spectra and Rf values 
( R t  = 0.18 in solvent C) were observed. 

Anal. Calcd. for C6H7N6: C, 48.2; H, 4.81. Found: 
C, 48.3; H, 4.7. 

7,Q-Dimethylh oxanthine (11). Method 1.-Ten grams 
of hypoxanthineTV) was suspended in 100 ml. of N,N-di- 
methylacetamide and treated in one portion with 20 g. of 
methyl p-toluenesulfonate. The mixture was then heated 

of 209-210°. 
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to 120-126' and stirred €or 1.5 hours a t  125". A clear 
solution resulted during the first 30 minutes of stirring, and 
later a precipitate began to separate. After the solution 
was allowed to cool a t  room temperature for 2 hours, a 
white solid was collected and washed with 10 ml. of cold 
methanol. The product was dried to constant weight 
(7.5 g.) under an infrared drying lamp. Chilling the com- 
bined filtrates a t  15" for 20 hours yielded an additional 1.5 
g. Recrystallization of the tosylate salt from methanol gave 
an analytically pure sample, m.p. 258-260". 

Anal. Calcd. for C I ~ H ~ S N ~ O ~ S :  C, 50.0; H, 4.76; N, 
16.7. Found: C, 50.49; H,  5.1; N, 16.4. 

Method 2.-7-Methylhypo~anthine~~ ( 5  g.) in 50 ml. of 
h',N-dimethylacetamide containing 5 g. of methyl p- 
toluenesulfonate was heated at 120-125'. The mixture 
was stirred for 1.5 hours a t  125' and then chilled a t  15' for 
15 hours. The resulting precipitate was filtered and washed 
with cold methanol. The tosylate salt was recrystallized 
from methanol to give a melting point of 258-260". 

Method 3.-9-MethylhypoxanthineZ1 (2 g.) in 50 ml. of 
N,N-dimethylacetamide containing 5 g. of methyl p- 
toluenesulfonate was heated a t  120-125' for 1.5 hours. The 
mixture was then cooled a t  15' for 6 hours. The product 
that separated was filtered and washed with cold acetone. 
The crude tosylate salt (3.5 g.) was recrystallized from hot 
methanol. The pure crystalline product melted a t  258- 
260'. 

Anal. Calcd. for Cl4H16N404S: C, 50.0; H,  4.76; N, 
16.7. 

The tosylate salt of 7,9-dimethyl-6-purinone (5  g.) was 
dissolved in 100 ml. of hot methanol, and the solution 
was adjusted to pH 8-9 with concentrated aqueous ammo- 
nium hydroxide. The mixture was allowed to stand at  15" 
for 15 hours and was then filtered and washed with cold 
methanol. The crude product (1.5 g.) was recrystallized 
from methanol to give a product with a melting point of 
330-332'. (The tosylate salts of 7,9-dimethylpurine 
prepared by methods 1, 2 and 3 were each treated as de- 
scribed immediately above and gave identical products.) 

Found: C,49.77; H,5.11; h', 16.25. 

Anal. Calcd. for C7HaN40: C, 51.1; H, 4.88; N, 34.1. 
Found: C, 51.03; H,4.88; N,34.2. 

Method 4.-Fifty grams of hypoxanthine (IV) was added 
to a mixture of 100 g. of dimethyl sulfate and 300 ml. of 
N,N-dimethylacetamide at 140'. The temperature of the 
mixture increased rapidly to 160-165' while stirring vigor- 
ously. The solid dissolved rapidly. The solution was 
allowed to cool to 135-140", and stirring was continued for 
1.5 hours. After cooling to room temperature, the solu- 
tion was adjusted to pH 8-9 with concentrated aqueous 
ammonium hydroxide. The resulting precipitate was 
filtered and washed with excess acetone. The white prod- 
uct was dried to constant weight (60 g.) under an  infrared 
heat ray lamp. 9 small sample was recrystallized from 
methanol. There was no depression of the melting point 
when this product was mixed with pure samples isolated 
by methods 1, 2 or 3. The ultraviolet and infrared spectra 
were identical for the products isolated by each of the four 
methods. Identical Rf values were observed for these 
products: solvent A, RI 0.80; solvent B, RI 0.59. 

Method 5.-Three grams of V was dissolved in 100 ml. 
of water, and the solution was made alkaline with 6 ml. of 
concentrated aqueous ammonium hydroxide. Raney nickel 
(4 g., wet) was added, and the mixture was refluxed for 
5 hours. The hot solution was filtered and the Raney 
nickel washed with hot water. The filtrate was evaporated 
to dryness, and the residue was recrystallized from meth- 
anol. There was no depression of melting point when this 
product was mixed with the tosylate salt of 7,g-dimethyl- 
6-purinone. This identification was further substantiated 
by identical ultraviolet and infrared spectra with the tosylate 
salt prepared by methods 1 through 4. The product iso- 
lated from an ammoniacal methanolic solution of the de- 
thiated material was identical to the betaine of i,g-dimethyl- 
6-purinone (11) as shown by mixed melting point, ultraviolet 
spectra and paper chromatography (solvent B, RI 0.59). 

7,9-Dimethylxanthine (VIII). Method 1.-Fifty grams 
of xanthine (VII) in 500 ml. of N,N-dimethylacetamide 
was heated to 150". The mixture was then treated with 
100 g. of dimethyl sulfate. The temperature of the mixture 
incrcaaod to 165' during the addition which required a0 

minutes. The temperature wd5 then lowered to 140" atid 
stirring continued a t  this temperature for 2 hours. The 
resulting solution was cooled to room temperature and 
adjusted to pH 8 with concentrated aqueous ammonium 
hydroxide. The precipitate that separated was filtered, 
vvashed with excess acetone, and air-dried to yield 42 g. of 
white product. A small sample was recrystallized from a 
mixture of water and methanol to provide a product that 
melted a t  3T8-379" dec.18 The ultraviolet absorption 
maxima were identical to those previously reported.'* 

Method 2 (According to Biltz's Procedure).l5J6--Five 
grams of 9-methylxanthine (IX)" was dissolved in 190 ml. 
of water containing 10 ml. of 10% sodium hydroxide. The 
mixture was treated with 8 g. of dimethyl sulfate a t  room 
temperature, and the pH of the resulting solution decreased 
to the acid region during the first 30 minutes of stirring. 
After the first hour an additional 4 g. of dimethyl sulfate was 
added. The solution was allowed to stand a t  room tem- 
perature for 15 hours. The volume of the solution was 
then reduced to 50 ml. The solution was first made am- 
moniacal with concentrated aqueous ammonium hydroxide 
and then acidified to pH 5-6 with glacial acetic acid. A 
precipitate separated after 15 hours a t  15'. The solid 
was collected, washed with cold water, and dried a t  80". 
The crude product melted a t  343-345" and chromato- 
grammed to show two spots-one identical to 9-methyl- 
xanthine ( IX)  (Rf 0.66, solvent D). Repeated recrystal- 
lizations from a mixture of water and methanol increased 
the melting point to 376-378" dec., and the product chro- 
matogrammed (Ri 0.81) as a single spot in solvent D. These 
data are identical to those of 7,9-dimethylxanthine (VIII)  
prepared by Bredereck, et al.,18 which also gave identical 
ultraviolet spectra. 

Method 3.-Two grams of 7-methylxanthine ( XII)Ig 
was suspended in 100 ml. of N,N-dimethylacetamide and 
treated with 2.5 g. of dimethyl sulfate in one portion a t  
room temperature. The mixture was stirred at  120-125' 
for 1 hour. The solution was then chilled to 15' neutral- 
ized to pH 8 with concentrated aqueous ammonium hy- 
droxide, and filtered after 30 minutes. The white product 
vias washed with methanol and air-dried. The ultraviolet 
spectra were identical to those of 1711. 

Method 4 (from 7,9-Dimethylguanine (XI)).-One 
gram of 7,9-dimethylguanine (XI )  was dissolved in 5 ml. of 
10% aqueous hydrochloric acid a t  38-40'. The resulting 
solution was treated a t  this temperature with 1 g. of solid 
sodium nitrite in one continuous portion. The reaction 
mixture was stirred for 1 hour a t  40°, cooled to room tem- 
perature, and adjusted to pH 8 with concentrated aqueous 
ammonium hydroxide. Glacial acetic acid was then 
added until the solution was pH 6. Finally the solution 
was reduced to one-half its volume and allowed to stand a t  
15' for 24 hours. The precipitate that separated was 
filtered and recrystallized from a mixture of water and 
methanol to provide a product which melted at 380" dec. 
There was no depression of the melting point when this 
product was mixed with the products isolated by methods 
1, 2, or 3. Furthermore, the ultraviolet spectra were iden- 
tical to those of 7,9-dimethylxanthine prepared by the other 
methods. 

Method 5.-The betaine of 2-methylthio-6-purinone 
(V, 0.5 g.) was stirred in 10 ml. of 30y0 hydrogen peroxide 
for 48 hours. The soIution was allowed to evaporate to 
dryness at room temperature. The residue was then sus- 
pended in ethanol and filtered. The product was identical 
to  7,9iiimethylxanthine (VIII) prepared by the other 
methods. 

3-Methyl-6-n-propanolaminopurine .-3-Methyl-6- 
methylthiopurine (XVI, 1.5 g.) was dissolved in a solution 
of 3 g. of 3-amino-1-propanol, 45 ml. of ethanol and 5 ml. 
of water. The solution was heated to gentle reflux for 2 5 
hours and then allowed to stand a t  room temperature for 15 
hours. The solvent was then removed under reduced pres- 
sure a t  70". Methanol (50 ml.) was added, and the volume 
of the resulting solution was reduced as before. This process 
was repeated twice more. To the final residue was added 50 
ml. of acetone and the suspension allowed to stand for 1 hour 
a t  room temperature. The white precipitate was collected 
(1.2 g.), washed with acetone, and dried. A small sample 
was recrystallized from ethanol to yield a pure product, m.p. 
213-2 16 O .  

Anal. Calcd. for CgHI3iT~O: C, 52 2; H, 6.3: X, 33,9, 
Found: C, 52d2; H, 6 . 5 ;  N. 33.6. 
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6-(p-Chlorobenzylamio)-3-methylpurine.--A solution Recrystallization from 
of 3-methyl-6-methylthiopurine (XJ-1, 1 g.) and 3 g. of methanol gave a pure product that melted at  263- 
p-chlorobenzylamine dissolved in 50 rnl. of 90% ethanol 
was refluxed for 2 hours and finally cooled and filtered. Anal. Calcd. for Cl3H1&5C1: C, 57.1; H, 4.4; S, 25.6. 
The white product was washed with methanol and dried 

a t  45" for 10 hours to yield 1.2 g. 

265'. 

Found: C, 57.3; H, 4.5; N,  25.4. 
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Studies on Phytoalexins. V. The Structure of Pisatin from Pisum satiuum L.'z2 
BY DAWN R. P ~ ~ R R I N  AND U'. BOTTOMLEY 

RECEIVED OCTOBER 27, 1961 

Chemical and physicochemical studies of pisatin and so n e  of its degradation products indicate that pisatin has the chro- 
rnanocoumarane ring skeleton and is 3-hydroxypterocarpin (IIb). 

In the course of a study of the chemical basis 
of disease resistance in plants, an antifungal sub- 
stance, named pisatin, was isolated from the 
pods of garden peas (Pisum satiaum) which had 
been inoculated with fungal  spore^.^ Some bio- 
logical properties of pisatin have been discussed 
elsewhere.3 No other substance with antifungal 
activity was detected in the active extracts from 
which pisatin was isolated, and the activity of 
pisatin accounted for all the activity in those dif- 
fusates. At concentrations around llf pisatin 
possessed antifungal activity toward a wide range 
of plant fungi.*S3 

Pisatin has the molecular formula C17H1406 
and is optically active. It is sparingly soluble in 
water, but is soluble in organic solvents. I ts  ease 
of extraction by solvents from aqueous alkaline 
solutions indicates the absence of phenolic or acidic 
groups. Pisatin is stable in neutral or alkaline 
solutions but is very acid labile; for example, 
when solutions of pisatin in alcohol, acetone or  
water are made weakly acid and allowed to stand 
in the cold, pisatin loses a molecule of water and is 
transformed to anhydropisatin. Anhydropisatin 
is optically inactive. A comparison of the ultra- 
violet absorption spectra showed that the conversion 
of pisatin to anhydropisatin was accompanied by 
a marked shift to longer wave lengths and an inten- 
sification of the absorption maxima, indicating that 
dehydration had considerably extended the conju- 
gation pathway in the molecule. Both pisatin and 
anhydropisatin contained one alkoxy1 (probably 
methoxyl) group and both compounds gave a posi- 
tive color test for a methylene dioxy group.4 
Pisatin could not be methylated using either methyl 
iodide and potassium carbonate or methyl iodide 
and silver oxide, and attempts to methylate with 
methyl sulfate, or to acetylate, resulted in its 
dehydration to anhydropisatin. Both pisatin and 
anhydropisatin were extremely resistant to hydro- 
genation using Adams catalyst. 

No chemical evidence could be obtained for the 
presence of a carbonyl grouping in pisatin or anhy- 
dropisatin, nor were any strong bands observed in 

(1) Presented, in part, at the International Symposium on The 
Chemistry of Natural Products (International Union of Pure and Ap- 
plied Chemistry), Sydney, Australia, august ,  1960. 

(2) Part I V  of the series: I. A. &l. Cruickshank, Aust. -7, Bid. Sci., 
in press, (1962). 

(3) I. A.  M. Cruickshank and D. R. Perrin, ibid., 14, 336 (1961)# 
(4) J. A, babat, Brrll, soc. shim, b i d ,  16, 1344 (1938). 

the 1630-1800 ern.-' region of their infrared spectra 
(Fig. 1). The band at  3610 em.-' in the infrared 
spectrum of pisatin showed the presence of an 
alcoholic hydroxyl group. An integration of the 
area under this peak and a comparison with other 
hydroxyl-containing substances strongly suggested 
that only one hydroxyl group was present.j This 
band is absent from the infrared spectrum of anhy- 
dropisatin. ,\ccording to Briggs, et al.,6 a methyl- 
ene dioxy group attached to an aromatic ring gives 
twelve major bands, but most of these are also 
given by a methoxyl group; the strong band 
around 930-940 em.-' is the only one given by the 
methylene dioxy group alone. Other workers' 
attribute absorption bands near 1037 and 1165 
cm.-l to methylene dioxy groupings. All three 
bands are present in pisatin (945, 1047, 1163 cm.-l) 
and anhydropisatin (930, 1045, 1140 or 1170 cm.-l) 
and also in the two degradation products identi- 
fied below as V and VI. The inertness of the two 
remaining oxygen atoms suggested that they were 
present in other ether linkages. 

When an ethanolic solution of anhydropisatin 
was exposed to diffuse daylight or mercury 365 
mp light, a phenol was produced with a molecular 
formula corresponding to the addition of one mole- 
cule of ethanol to the anhydropisatin molecule. 
This phenol was presumably formed by the fission 
of an aryl ether moiety. On the other hand, if an 
alcoholic or aqueous solution of pisatin was ir- 
radiated briefly with mercury 253.7 mp light, a 
substance was formed whose ultraviolet spectrum 
differed from that of pisatin only by the absence 
of the maximum a t  280 mw and by a shift of the 
309 mp maximum to 312 mp. This substance had 
no anti-fungal activity3 nor was i t  dehydrated 
under the same conditions as those which trans- 
formed pisatin into anhydropisatin. The corn- 
pound could not be isolated because further ir- 
radiation or attempted evaporation gave a yellow 
material having two visible absorption maxima 

In strongly acid solutions the color changed to  a 
bright cherry-red, but the solution became yellow 
once more on dilution or neutralization. The 
yellow material could be extracted quantitatively 

(hmax 425 mw, log E 4.0; hmax 550 mp, log E 4.2). 

( .5)  E Spinner, private communication 
(6) L H Briggs, L. D. Colebrook, H M Fales and W C Wildman, 

(7) A Rohertnon and W. B. Whnlley, 1. Chrm. Sor., 1440 (1P64). 
~ n d  Chem , as, 904 (1957). 


