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250 ml. of saturated ethanolic ammonia was heated in an auto- 
clave a t  135' for 12 hr. The resulting solution was evaporated to 
dryness and the residue recrystallized from butanol. A final 
recrystallization from aqueous ethanol afforded an analytically 
pure product. 

The structural assignment (see Discussion part) in this group of 
compounds was further substantiated by paper chromatographic 
measurements (one spot in each case). Rr values for 2,4-diamino- 
6-( p-bromoanilino)-5-pyrimidinecarbonitrile: 0.71 (isopropyl al- 
cohol-water, 7 :  3), and 0.80 (butanol saturated with acetic acid); 
for 2,4-diamino-6-(p-iodoanilino)-5-pyrimidinecarbonitrile: 0.73 
and 0.81, respectively. 

2,4-Diamino-6-( substituted-anilino) -5-pyrimidinecarboxamide 
(Table I). General Procedure.-With good stirring, 2,4-diamino- 
6-(substituted-anilino)-5-pyrimidinecarbonitrile (0.05 mole) was 
added slowly to 50 ml. of concentrated sulfuric acid a t  30-35". 
The solution was stirred a t  this temperature for 12 hr. and then 
added, with stirring, to 500 g. of flaked ice. The precipitated 
product was separated by filtration and washed well with ice- 
water. The crude product was dissolved in hot, dilute sulfuric 
acid, treated with charcoal, and filtered. The filtrate was ad- 
justed to pH 8 with aqueous ammonia and the product filtered 
while hot, washed with water, and dried at  100'. Repeated 
reprecipitation afforded product of analytical purity. 
4,6-Dichloro-2-methylaminopyrimidine.-In a flask equipped 

with two modified Friedrichs condensers designed to retain low 
boiling liquids was added 23 g. (0.23 mole) of triethylamine and 
7 g. (0.23 mole) of methylamine diluted with 200 ml. of ethyl 
acetate. To this solution was added 30 g. (0.154 mole) of 4,6- 
dichloro-2-( methyl~ulfony1)pyrimidine~~ dissolved in 200 ml. of 
ethyl acetate. The temperature was kept below 35" during the 
entire reaction. After 2 hr. of stirring the reaction mixture was 
evaporated and the pale yellow residue recrystallized from ethanol 
to give 13 g. (77%) of white crystals, m.p. 162-163". The prod- 
uct was found to be identical with that reported by Winkel- 
mann'4* and B 0 0 n . l ~ ~  

4-Amino-6-chloro-2-methylaminopyrimidine.-A mixture of 
4,6-dichloro-2-methylaminopyrimidine ( 10.8 g.) and ethanolic 
ammonia wm heated a t  80' for 8 hr. in a sealed vessel. Evapora- 
tion of the reaction mixture and purification of the product from 
methanol afforded 7 g. (657,) of white crystals, m.p. 193-194". 

Anal .  Calcd. for CsH7ClN4.H20: N, 31.8. Found: N, 
31.9. 

General Preparations of 4-(Substituted-anilino)-5-nitrosopy- 
rimidines (V). A.-A mixture of the appropriate 4chloropyri- 
midine, an equivalent amount (plus a 10% excess) of the substi- 
tuted aniline, and several milliliters of concentrated hydrochloric 
acid was heated in an oil bath. A clear, dark colored melt was ob- 
served around 150" followed by an exothermic reaction that 
caused the temperature to rise to ca. 200". The reaction mixture 
was held at  this temperature for several minutes. It was then 
cooled, dissolved in boiling ethanol, treated with charcoal, and 
filtered. The filtrate was made basic with dilute aqueous am- 
monia and cooled. The precipitated 4-(sabstituted-anilino)pyri- 
midine was filtered and washed with water. Nitrosation of the 
intermediate to the desired product was carried out  by the pro- 
cedure of 0'Bric:n. et aLz 

B.-A solution of 0.10 mole of the appropriate 4-chloropyrim- 
idine, 0.11 mole of the substituted aniline, and 2 ml. of concen- 
trated hydrochloric acid in 200 ml. of 50% ethanol was refluxed 
for 4 hr. The reaction mixture was poured into 800 ml. of boiling 
water. The resulting solution was treated with charcoal, filtered, 
and the filtrate adjusted to pH 8 with aqueous ammonia. On 
cooling it deposited the intermediate 4-( substituted-anilino j- 
pyrimidine, which was then isolated and nitrosated as described 
in Method A. 
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The syntheses of the 9-(tetrahydro-2-furyl) derivatives of hypoxanthine, guanine, and 2-amino-6-purinethiol 
(6-thioguanine) have been accomplished. The reaction of 2,3-dihydro-2-methylfuran with 6-chlcropurine has 
been studied. Several of the 9-(tetrahydro-2-furyl)purines exhibit significant antitumor activity against a variety 
of experimental mouse tumors. The significance of these results is discussed in terms of therapeutic index, trans- 
port, and structural relationship to various purine-2'-deoxynucleosides and other biologically active purine deriv- 
atives. 

The synthesis of certain 6-substituted-9-(tetrahydro- 
2-pyrany1)purines and 6-substituted-9-(tetrahydro-2- 
fury1)purines has recently been r e p ~ r t e d . ~ , ~  The pre- 
liminary antitumor activity of several of these deriva- 
tives has prompted a detailed study of this group of 
compounds. Since the 9-(tetrahydro-2-furyl)purines 
appeared to  be superior in the early stages of animal 
testing, attention was directed to these derivatives. 
Because the 9-(tetrahydro-2-furyl)purines can be en- 
visaged as analogs of the important naturally occurring 
purine deoxynucleosides, the first major goal of this 

(1) This investigation was supported by Research Grants CY-4008(C3) 
and CY-4008(C4) from the National Cancer Insti tute of the National Insti- 
tutes of Health, Public Health Service, Bethesda 14, Md. 

(2) R. IC. Robins, E. F. Godefroi, E. C. Taylor, L. R. Lewis, and A. 
Jackson. J .  Am. Chem. Soc., 83, 2574 (1961). 

(3) L. R. Lewis, F .  H. Schneider, and R. K. Robins, J .  Ow.  Cham., 26, 
a837 (1061). 

work was to synthesize the 9-(tetrahydr0-2-furyl) 
analog of 2'-deoxyguanosine and 2 'deoxyinosine. 6- 
Amino-9-(tetrahydro-2-furyl)purine, the analog of 2'- 
deoxyadenosine, had previously been prepared3 and 
exhibited definite antitumor activity. An attempt to 
prepare 6-hydroxy-9-(tetrahydro-2-furyl)purine (IT7 
directly from 6-chloro-9-(tetrahydro-2-furyl)purine with 
aqueous sodium hydroxide resulted in degradation of 
the purine ring to give 6-chloro-4,5-diamin~pyrimidine~ 
as the only isolatable product. In order to obtain IV, 
6-benzyloxypurine (I) was prepared from 6-chloro- 
purine by the general method of Huber.6 Treatment 
of I with 2,3-dihydrofuran in the presence of acid gave 

(4) R. K. Robins, K. J. Dille, C. H. Willits, and B. E. Christensen J .  A m .  

( 5 )  Q, Huber, Chrm. Bar., 00, ti98 (1957). 
Cham. Soc., 76, 263 (1953). 



6-benzyloxy-9-(tetrahydro-Zfuryl)puriiie (11), which 
was debenzylated catalytically with palladiuni-oii- 
carbon to give the desired compound, G-lipdroxy-9- 
(tetrahydro-2-fury1)purine (IT), the analog of 2'- 
deoxyinosine. It was later discovered that tiinietliyl- 
[9-(tetraliydro-2-furyl)-G-puriiiyl]aninioniurii clilorid(~ 
(111),3 in the presence of very dilute base, gave IIT 
directly in good yield. Since the stiucture of I11 had 
been previously established as 9-wbstituted. it fol1on.s 
that IV prepared from I1 is iiideed G-liydrosy-!~-(tetra- 
hydro-2-fury1)puriiie because an idciitical product n-a. 
obtained by both methods. Furtlier proof of .;ti urturc 
of 11- was obtained from iiltraviolet absorptioti studies. 
n-~\ethylhypoxaiitliiiiefi in cthaiiol sliows A,,, at 240 
inp. 7-1\Ietl.iylhypoxaiitliiiic7 in d ia i io l  exhibits A,,,,, 
a t  257 nip. The 9-(tetraliSdi.o-2-ful.y1) derivati111 
('ItT) exhibits a A,,,,, of 248 nip i l l  etliatiol n-liich is iridic3:i- 
t ivr of substitution at position 9 instead of i. 

The synthesis of D-(tetraliydi.o-2-furq.l)puiiii~~.s poh- 
sessing a substituent other thair liydingen at positioti 
2 has not heen repoitcd prerioiisly. rI'lius, the war- 
tioii of 2,G-dicliloropiirine~ a i d  2.3-dihydrofuiaii  as 
investigated. ;2 good yield of ?,C,-dicliloro-Fi- (tetra- 

HE: \( r Io\  >( I I ~ ~ I I I .  I 

hydro-2-fury1)purine (V) was readily obt)ained. The 
structure of V was certain since the ultraviolet absorp- 
tion spect'runi of 2,  G-dichloro-7-niet hylpuriiie9, in 
ethanol is A,,, 282 nip; 2,6-dicliloro-9-nietliylp~iriiie~~~~~ 
exhibits A,,, of 274 nip in ethanol. 2,G-Dichloro-9- 
(t,etrahydro-2-furyl)puriiie (V)  in ethanol showed A,,, 
274 nip. 

Treat'ineiit of Y with aqueous niethylaniiiie gare 
2- chloro - 6- methylaniiiio -9- (tetrahydro -2 - furyl) purine 
(VII) . Nethanolic ammonia at' room tempera- 
ture and TT led to  (i-aniino-2-chloro-9-(tetrahydro-2- 
fury1)purine (VI). Treatnieiit of T'I with sodimni 
methoxide in methanol furnished 6-aniino-2-niethoxy-O- 
(tetrahydro-2-fury1)puriiie (YIII). Compound T'III 
is of iiit,erest because of its structural relationship to 
the nucleoside, ~pongos i i ie .~~ (O-amino-2-methoxy-O- 
B-n-ribofuranosylpurine) isolated from a Caribbean 
sponge. 

The attachment of the tet,rahydrofuran ring to the 
purine nucleus uia 2,3-dihydrofuran has been sho~v-11~ 
t,o proceed best when electron-withdran-ing substituents 

16) R. IC. Robiriv and I€. H. Lin,  J .  A m .  Cltcm. SOC., 79, 490 (1957). 
17) R. S. I'rasad and R. 1C. Robins-. ibid. ,  79, 0401 (1957). 
( 8 )  A .  ( k .  Rminan and R. I<. Robins, J .  A p p l .  Chern.. 12,  43'2 (196'2). 
(9) E. Fischer, Ber. ,  30, 2400 (18RT).  
(10) (;. T. Uretskaya, F:. I .  Rybkiri;i. :inil (i. P. lIt.nsIiikriv, Zh. O b  

(11) J. M. Gullarid and L. I'. Story,  J .  Cliem. SOC., 692 (1938). 
( 1 2 )  A. G. Aearnan and R. IC. Robins, J .  010. Chern., 28, 3310 (19831. 
(13) I F .  Bergmann and AI. 17. Steiiipien, J r .  ;bid., 22, 1575 (1957). 

Khim., 30, 327 (1900). 

OH 
Sl l l  SI\ 

Since some of' the most, activc. aiititumior ageiith 
anioiig purinc derivatives have beeii ceitaiii !)-alkyl 
derivatives of 2-aiiiiiio-G-purinetliio1, l i  it was desimblr 
t'o obtain 2-arnino-D-(tetrahydro-2-furyl)-G-purinethiol 
(XIX). Because XIT' could not be converted directly 
to XIX with phosphorus pentasulfide and pyridiiw 
without loss of the tetrahydrofuran group, other nietli- 
ods had to be devised. 

i i  4) G. I ) .  I h w s ,  Jr . ,  C .  W. S 
Reaninn, J .  . l  m. Ch,~rn. S o c . ,  82,  

(1960). 
1 1 s )  J. A .  lluntwjitipvy ani1 i w r ,  J .  0 !I. ( ' I , < m . ,  25. I .  

!I(;) €1. C. I i o ~ ~ r ~ l  i t i d  11. F;. Robins. .J .  ' lm. Chrnt .  ,qor., 50, 2 
i 17) (', by. Noel1 :iud R. IC. l l ~ ~ l ~ i n ~ ,  J .  U e d .  I 'hui~m, < ' / J P v I . ,  5, 
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Selective acetylation of the 2-amino group of 2- 
amino-6-chloropurine (IX) was investigated under a 
variety of conditions, and it was found that selective 
acetylation of the 2-amino group could be obtained 
with acetic anhydride in K,S-dimethylacetamide to 
give 2-acetylamino-6-chloropurine (XV) . Reaction of 
XV with 2,3-dihydrofuran gave 2-acetamido-6-chloro- 
9-(tetrahydro-2-furyl)purine (XVI). Treatment of 
XVI with 2 N sodium hydrosulfide resulted in removal 
of the acetyl group and simultaneous replacement of the 
chlorine to yield the desired 2-amino-9-(tetrahydro-2- 
furyl)-6-purinethiol (XIX) . A comparison of the 
ultraviolet absorption spectra of 2-amino-9-methyl-6- 
purinethiolL6 and 2-amino-7-methyl-6-purinethiol' with 
that of XIX at  pH 11 revealed that the 9-methyl de- 
rivative exhibited A,,, 252, 268, 317 mp; the 7-methyl 
derivative showed A,,, 273, 325 mp, while XIX showed 
A,,, 250, 269, 315 mp. These data are strong support 
for the 9-position as the point of attachment of the 
tetrahydrofuran ring. 

Treatment of 2-amino-9-(tetrahydro-2-furyl)-6-pur- 
inethiol (XIX) with benzyl chloride in the presence of 
base readily gave 2-amino-6-benzylthio-9-(tetrahydro- 
2-fury1)purine (XVIII) which proved to be insoluble 
in strong base. This was further evidence that the 
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tetrahydrofuryl group was indeed attached to an 
imidazole nitrogen since a free imidazole hydrogen 
mould have given a base-soluble product. Because of 

the interesting antitumor properties of XVIII, a second 
more direct route of synthesis was explored. 2-Amino- 
6-benzylthiopurine14 was acetylated with acetic an- 
hydride in toluene to give a diacetyl derivative which 
has been assigned the structure, 9(7)-acetyl-2-acet- 
amido-6-benzylthiopurine (XXI). Since Montgom- 
eryls has shown that dilute base at  room temperature 
readily removes an acetyl group attached to position 
Y(7) of a purine, XXI was selectively deacetylated with 
0.1 N sodium hydroxide at  0" to give 2-acetamido-6- 
benzylthiopurine (XX). Treatment of XX with 2,3- 
dihydrofuran provided an excellent yield of 2-acet- 
amido - 6 - benzylthio - 9 - (tetrahydro - 2 - fury1)purine 
(XVII). Boiling N sodium hydroxide converted 
XVII to  2-amino-6-benzylthio-9-(tetrahydro-2-furyl)- 
purine (XVIII), identical in every respect to the prod- 
uct obtained from XIX. 2-Amino-6-benzylthio-9- 
methylpurine and 2-amino-6-benzylthio-7-methylpur- 
iiie were prepared by direct benzylation of the req- 
uisite 9- and 7-methyl derivatives of 2-amino-6- 
purinethiol, respectively, in order to compare their 
ultraviolet absorption spectra with that of XVIII. 
The ultraviolet absorption spectra revealed that in 
methanol XVIII possessed A,,, at  247 and 314 nip. 
2-Amino-6-benzylthio-9-methylpurine in methanol gave 
A,,, a t  247 and 312 mp, while 2-amino-6-benzylthio-7- 
methylpurine showed only one absorption maximum in 
methanol a t  325 mp. This is additional confirmation 
of the structural assignment given 2-amino-6-benzyl- 
thio-9-(tetrahydro-2-furyl)purine (XVIII). 

Because of the structural resemblance of the 9- 
(tetrahydro-2-fury1)purine derivatives to the purine-2'- 
deoxynucleosides, it was decided to  carry the analogy 
one step further by preparing certain methyltetra- 
hydrofuran derivatives. The ready availability of 
2-methy1-2,3-dihydrof~ran~~ suggested the use of 
this intermediate. Thus, 2-methyl-2,3-dihydrofuran 
and 6-chloropurine (XXIII)8,20 gave an excellent yield 
of 6 - chloro - 9- (tetrahydro-5-methyl-2-furyl)purine 
(XXIV). Treatment of XXIV with methanolic sodium 
sulfide led to 9-(tetrahydro-5-methyl-2-furyl)-6-purine- 
thiol (XXV). Ethanolic ammonia a t  85' changed 
XXIV to B-amino-9-(tetrahydro-5-rnethyl-2-furyl)- 
purine (XXVI). Inspection of formula XXIV and 
the method of synthesis employed reveals that  this 
preparation should consist of two m-pairs. Several 
attempts to separate the diastereoisomers of 6-chloro- 
9- (tetrahydro-5-methyl-2-furyl)purine (XXIV) were un- 
successful. Treatment of XXIV with trimethylamine 
in benzene gave trimethyl [g-(tetrahydro-bmeth- 
yl-2-furyl)-6-purinyl]ammonium chloride (XXVII) . 
This compound is of interest since Horwitz and Vaitke- 
viciusZ1 report that  6-purinyltrimethyl-ammonium 
chloride is active against Ehrlich ascites mouse tumor 
epidermoid carcinoma DC-5. 

Discussion of Antitumor Activity.22-The synthesis 
and antitumor activity of certain 9-substituted purines 
has been the subject of several previous communica- 
tions from this laboratory.6 17,23-26 Koteworthy among 
(18) J. A. Montgomery, J .  Am. Chem. Soc., 78.  1928 (1956). 
(19) P. Dimroth and H. Pasedaoh, Angew. Chem., 72, 865 (1960). 
(20) A. Bendich, P. J. Russell, Jr., and J .  J. Fox, J .  Am. Chem. Soc., 76,  

6073 (1954). 
(21) J P. Hornitz and V. h. Vaitkevicius, Ezperzentta, 17, 552 (1961). 
(22) The synthesis of the 9-(tetrahydro-?-furyl)purlnes discussed will be 

(23) C. W. Noel1 and R. K. Robins, J. M e d .  Pharm. Chem., S, 1074 (1962). 
found either in the present worh or in reference 3. 
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TABLE I 
'I'IIERAPE writ IXIIICES OF CERTAIN 9-( TETRAHYDRO-~-FURYL)- 

PL-RISES AGAIXST .$DENOCARCINOMA 'i% 

1 

Ri  

_ ,  
R2 E3 

H FI 
€1 H 
H M 
H H 
H €1 
H CH, 
NHz H 
NHr H 
H CH3 
I 1  I1 
H TI 1 . 00 

0 Therapeutic index for rldenocarcinoma 755 is defined by the 
Cancer Chemotherapy National Service Center as follows: 
therapeutic index = bITD/MED, where MTD = (maximum 
tolerated dose) killing not more than 3 out of 10 animals (LD,o) 
with a weight loss between treated and control animals of 5 g. or 
less. MED (minimum effective dose) = lowest dosage having 
:J T/C of 40Yo or less. 

the compounds described is the activity of 2-amino-Y- 
n-propyl-6-p~rinethiol.~~ Skipper and co-workersZ8 
have reported the activity of certain 9-alkylpurines 
against Adenocarcinoma 755 in experimental mice. 
It' has been found recently t,hat certain cycloalkyl 
groups a t  position 9 convert 6-chloropurine and 6- 
piirinethiol to compounds which are active against 6- 
purinethiol-resistant lines of H.Ep. No. 2 in tissue 
cultmure studies. 27 Similarly, LePage and Jones2* have 
observed that 2-aniino-9-methyl-6-purinethiol was in- 
hibitory to a thioguanine-resistant cell line of ascites 
cells. 

(21) A. G .  Beaman and R. IC. Robins, J .  .%fed. Pharm. Chem., 5,  10B7 
(lW2).  

(25 j  11. C. Koppel arid R. K. Robins. .I. Am. Chem. Soc.. 80, 2761 (1958). 
tgomery, J .  R. Thornson. and F. M. Srhahpl. 

127) C:. G. Kelley, 0. P. Wheelpr, nnrl . J .  .A, 11ontgoiiierp. +), id.,  22, :iB 

LePagr and 11. .Jones, i b i d . ,  21, b.12 (1901). 

*Illthough the mechanism of action of these !)-alkyl- 
purines is presently unknown, it appeared possible that 
tlie functional group at positioii 9 might be taking tllv 
place of tlie carbohydrate moiety and thc purine there- 
fore acting at thc nucleoside level. 
*ome support from the work of Kelley, Wheeler, ant1 
.\lontgomery"' siiice the 9-cyclohexyl derivative of ti- 
purinethiol was found to be more inhibitory than t l i ~  

other 9-alkyl-6-purinethiols tested. From this  poi^ 1 
of view it seemed highly desirable to obtain conipoiiiids 
with the tetrahydrofuran ring at position !), and, a:, 
predicted, th(2 Y-(tetrahydro-2-furyl)purines possess :1 

high degree of antitumor activity in experimental 
animals. The greatest amount of testing data prw- 
cliitly available is against Adenocarcinoma 733. l'akl(~ 
I gives the derivatives most active against this tumor 
The actual testing data for ,\denocarcinoma 755 at ( 1  

given in Tahle TI. Inspection of Table I reTealn that 
!)-itetrahydro9-furyl)-A-purinetliiol exhibits a tliria- 
prutiv index (if approximately 200 agaiiist this tunioi . 
This is compared with a therapeutic index of 30 for  0- 
mercaptopurine (8-purinethiol) 2R for the h a i i i ~  tinnot 
Li iiiore rigorous therapeutic index c ~ p l o y c d  I)! 

Schahel and co~iorkei~s'~ is defined a9 

tiier:apeutic incle\ = ~- 

This idea recrix 

1ii:txiniuni tolerated dose (Ll)lo ) 

rnininiiirn effective dose (T/C 0.101 

When this definition i i  employed, 9-(tetrahydro-2- 
fury1)-6-purinethiol possesses a therapeutic index of 33 
as compared with 13 for A-purinethiol.LY By this 
criterion 9- (tet rah ydro-%fury 1) -6-purinet hiol posseswb 
a therapeutic index against Xdeiiocarcinoma 755 supr- 
rior to all known purine derivatives ith the exceptioii 
of 6-purinethiol ribonucleoside. The antitunior ac- 
tivity of 9-(tetrahydro-2-furyI)-Ci-purinetliiol is not 
limited to Adenocarcirioiiia '73,;. Table 111 gives pre- 
liminary testing data against Osteogenic Sarcoma €11: 
10734, L-1210, and hlurphy-Sturm Lymphosarcoii~. 
T h e  definite activity of this compound against the tu o 
latter tumors is readily apparent. Brockniaii and 
c o - ~ o r k e r s ~ ~  3 1  havc attributed the resistance of iieo- 
plasins to 6-purinethiol to be due to  a lack of pyruphoh- 
phorylase (enzyme activity) which coiivei tu 6-purincl- 
thiol to its ribonucleotide. 9011,~~ h o w v r ,  ha:, 
found that a ti-puriiietliiol-r t subline of Ehrlich 
ascites tumor cells contai enzyme phospho- 
ribosylpyrophosphate hut W ~ I  e resistant to ti-pnriw- 
t hiol because the ability to traiisport 6-purinethiol 
tlirough the cell wall has hcen lost. ? 'huh. it is quit(, 
possible that thc transport characteristics 01 thr par- 
ticular form of the drug are extremely important ill thih 
instance. I t  is generally accepted that the nucleotide< 
Iiavc great difficulty crossing cell membranes, and it 1. 

quite probable that the more lipid-soluble derivatives. 
such as 9-(tetrahydro-2-furyl)-6-purinetliiol, h a w  littlo 
trouble in this regard. Iiimball and I,ePage33 ha\ 1% 

recently studied the metabolisni of radioactiv-c 2- 
amino-$1-n-butyl-G-purinethiol in the niousp and noted 
that the majority of radioactivity was found ill the 
lipid fraction. 

1'1 I A1 v l i a h r i  I r  J Iorltyulner\ 13 1 . -k ip)  r r  !i t< [.nut* I 

(40)  R W. Brucknian, C R. Spar63 A I .  * > ~ t n p < , n  111<1 I I  I *hijj1wi 

Ir , anil I It Thornson zCld 21, b90 (19OIJ 

B L o r f e m  Phnrtnuro?., 2, 77 (1959) 
31) R.  R' Brockman, Cuncei  lie^, 20, 0 4 , 3  ( I ' i l i O i  

'1 4. R. I' Pateison Can J B i o r h e m ,  40, 195 ( 1 9 b l )  '. P Iiirriball and C;, 4 1,ePaw. Canter  R e d  22, lJOl (IQtZi. 
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TABLE I1 
ANTITUMOR ACTIVITY O F  9-( TETRAHYDRO-2-FURYL)PURINES AQAINST ADENOCARCIKOMA 755 

Compound 

6-Chloro-9-( tetrahydro-2-fury1)purine 

6-Methylthio-9-( tetrahydro-2-fury1)purine 

6-Iodo-9-( tetrahydro-2-fury1)purine 

9-( Tetrahydro-2-furyl)-6-purinethiol 

6-Bromo-9-( tetrahydro-2-fury1)purine 

6-(o-Fluorobenzylthio)-9-( tetrahydro-2-furyl)-purine 

9-( Tetrahydro-Bfuryl)-adenine 

Dose, 
me./ke 

300 
150 
75 
37.5 
37.5 
18.75 
9.37 
4.68 
2.34 

150 
75 
37.5 
18.75 
9.37 
4.68 
2.34 

200 
100 
50 
25 
12.5 
6 . 2  

200 
100 
50 
25 
12.5 
6.25 
3.12 
3.1 
1.56 

.5  

.39 

200 
100 
50 
25 

200 
100 
50 
25 
25 
12.5 
6.75 

300 
250 
150 
85 
25 
18.7 

60 
30 
20 
15 
7 . 5  
3 . 7  
1.8 

Sur- 
vivors 

4/10 
8/10 
9/10 

10/10 
l o l l 0  
8/10 
7/10 
9/10 

l o l l 0  

0/10 
7/10 

l o l l 0  
9/10 
9/10 
9/10 
8/10 

4/10 
8/10 

10/10 
9/10 
9/10 
9/10 

0110 
9/10 
9/10 
8/10 
9/10 
9/10 

10/10 
l o l l 0  
10/10 
9/10 

l o l l 0  

8/10 
9/10 

l o l l 0  
l o l l 0  

6/10 
8/10 
9/10 

l o l l 0  
10/10 

9/10 

9/10 
9/10 

10/10 
lo l l0  
9/10 

l o l l 0  

7/10 

7/10 

8/10 
1/10 

lo l l0  
l o l l 0  
8/10 

l o p 0  

Animal 
wt. diff. 
(T - C) 

-4 .3  
-4 .0  
-1.9 
-1 .9 
-2.7 
-1.7 
-0.5 
-1.1 
-1.4 

-3.0 
-2.4 
-2.5 
-2 .6  
-1.7 
-0.7 

-1.8 
-1.1 
-0 .8  
-0.3 
-0 .8  
-1.5 

-3.5 
-3 .1 
-2.4 
-1.9 
-2 .4 
-4 .3 
-2 .0 
-3.0 
-1.0 
-1 .o  

-2.6 
-1.4 
-1.0 
-0 .6  

-4 .2  
-2.7 
-1.3 
-1.7 
-0 .5  
-0.6 

.7 

-6 .2 
-4.0 
-5 .3  
-0 .8  
-0.4 

.9 

-4 .3  
-3 .1 
-3 .1 
-2 .5  
-1 .6 
-1 .3  
-1.1 

Tumor wt.  
(test/oontrol) 

011573 
011573 
011106 

151996 
150/1573 
14311106 
73311106 
35611 106 
800/1573 

01996 
01996 

1711033 
011033 

122/1033 
47911033 

01574 
131574 
251574 

1001574 
225812705 
2058/2705 

6911057 
6411057 
011290 

2211290 
5011290 
9011505 

11711290 
37011505 
27711057 

1210/1505 

011762 
4411762 

25511762 
955 / 1762 

0/476 
01476 
61476 
5/476 

851541 
1431541 
5231541 

28711240 
01517 

654/1240 
51517 

111517 
1381 / I  240 

01412 
1412 

201676 
01412 

111412 
57011240 
844/1240 

475 

Per cent 
V / C )  

Toxic 
0 
0 
1 
9 

12 
66 
32 
50 

Toxic 
0 
0 
1 
0 

11 
46 

Toxic 
2 
4 

17 
83 
76 

Toxic 
6 
6 
0 
1 
3 
5 
9 

24 
26 
80 

0 
2 

14 
54 

Toxic 
0 
1 
1 

15 
26 
96 

23 
0 

52 
0 
2 

111 

0 

2 
0 
2 

45 
68 

Toxic 
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'Trimethyl [9-(tetr:ihj dr(1-2-fur~ l)-ti-piii-inyI] -amnionitiiii 
chloride 

It would be of considerable interest t o  examine some 
of the tetrahydrofurylpurines against various purine- 
resistant iieoplasnis. There ia now ample evidence 
that suggests these $substituted purines do 72ot exert 
their biological activity by nierely being dealkylated to  
the parent purine.28 3 3  Kinihall and LePage33 have 
recently shown that 2-amino-9-n-butyl-6-puriiiethiol is 
neither dealkylated nor incorporated into nucleic 
acid in the mouse. The compound 6-aniino-g-(tetra- 
hydro-2-fury1)purinc is of considerable interest he- 
cause of its structural relationship t o  2'-deoxpadeno- 
iiiir. This compouiid exhibits a therapeutic index of 
10 (Table I) against .4denocarcinonia 735 and also slioivs 
sonic indication of activity against Solid Friend Virus 
Leukemia (Table 111). If the tetrahydrofuran TI ere 
just a carricr for the adeninr ~ i io l ecu l~ ,  110 such anti- 
tumor activity would he expected. 

Tt is of intcrest that in genrral tlie .i'-inctliyltctix,- 
Iiydi.ofuran derivativcs (Tables 1 and TI) are less activr 
t 1 i a i  the. correspoiiding dcrivatives of the  uiisub- 
stitiited trtrahydrofuran nucleus This could be duc 
to tlie larger number of isoinei'i iuvolved or otlicr 
s t P vi c' fact 01's. 

T<ecently Elioii, et ~ 1 . ~ ~  l i a \ ~  slioi~ 11 that poteiitiatioii 
of the antitumor action of 6-puriiiethiol was possible by 
tlic coilcurrent use of another purine antagonist, 4- 
liydi oxypyrazol0(.7,3-d)pyrimidiiie,~~ which decreased 
tlie degradation of 6-purinethiol by inhibiting xanthine 
oxidase. It is quite possible that mnie of the present 
9-(tetrahydro-2-furyl)purines could be used to inhibit 
ciizyniatic hydrolysis of other tumor-inhibitory purine 
nuclcmides thus resulting ill a similar potentiation. 
' 1 ' 1 1 ~  qiinultaneous i i s ~  of more than one active purinc 

derkative has been discussed in a previous paper.Ii 
It i q  intrrestiiig to iiotc that ofteli the actilc 9- 

(tet1~aliydro-2-fiiiyl)purines nliicli cxliibit antitumor 
actiT-ity are acti1.e as the parent puiiiir. This is tllc 
case 11 ith 6-clilo~~opurinc, 57 6-broniopurinr, 35 (i-iodo- 

6-nietliplthiopuri11c, 26 and G-pui~iiiylti~iiiiethyl- 
snimoiiium chloride.21 The artivitJr of D-itetraliydro- 
2-furyl)adeiiiiie is lion ever a iiotahlc exceptioii. TI1c 
9-tetrali ydrofuryl derii.ati1-c. of t 11 ioguaiiiiie (2-aiiiii io- 

6-purinethiol) slion-s good activity i n  hoth A l d e ~ ~ o -  
carciiioina 735 aiid Sarconia 180. This compound is 
iiot a? toxic a i  2-amino-6-purinethiol aiid s11on.s a niuch 
3iiperior inliihitioii index in  Sarcoma 180. 

The aiitituiiior acti\ ity of tlie !)-(tctraligdro-2- 
fury1)puriiies c o ~ e r s  a ratlicr wide spcctruiii of tunlor.;. 
Ik-cn tliough limited tciting data arc piw~ii t ly  avail- 
ill~lc, inspection of Tabk I11 show3 s ~ \  era1 derivativeh 
significantly actii r k  again-t sucli c~pri.i~iicntal t1iouw 

t uniors as ~ l i i r p h y  -Stuiin I,yinphosarcoiiia, lhiiiiiiiig 

.Iscites I,eukcmia, and SpoiitniiPoii- .\laniiiiaiy Tu- 
iuors. Of iiitcrcst is tlic activity, wliicli awaits further 
coiifirniatioii. of !~-(trtraliyd~o-~-iui~~l)adenirie against 
Solid Friend Yirus 1,eukemia (Tahlc HI). 

Testing piwodures, methods, aiid protocol air ado- 
quately described el~e-\vliere~~ 40 aiid n-we executed 
under the aiispiccs of th r  Cancer Clicniotlierapy 
Sational Serviw Center. 
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TABLE I11 
TESTING DATA O F  g-(TETRAHYDR0-2-FVRYL)PURINES AGAINST OTHER EXPERIMENTAL MOGSE TUMORS 

Animal Tumor wt.  or 
Dose, wt. diff. Survival, days 

(test/control) Compound mg./kg. Survivors (T - C) 

Adenocarcinoma of the duodenum 
9-( Tetrahydro-2-furyl)-adenine 143 616 3 . 0  820/864 

71.5 616 3 .0  446/864 

Murphy-Sturm lymphosarcoma 
9-( Tetrahydro-2-luryl)-G-purinethiol 43 6/6 5 . O  1 .9/1.9 Cr 

50 6/6 5 . O  3 .0/1.9 
25 6/6 15 . O  3.511.9 

150 4/6 - 2.0  3,711.9 
ammonium chloride 100 616 11 .o 2 .1/1.9 

7 7 .  1 runethyl [9-( tetrahydro-2-furyl)-G-purinyl] - 

50 6/6 20 .o 2,711.9 
37.5 6/6 0 5.7/4.3 
25 6/6 11 .o 2.511.9 

Osteogenic sarcoma HE 10734 
9-( Tetrahydro-2-furyl)-6-purinethiol 25 5/6 - 0 . 3  3001491 

12.5 4/6 - 3 . 4  3311491 
6 5/6 - 1.2  332/491 

Sarcoma 180 
2-Amino-6-benzylthio-D-( tetrahydro-2-f ury1)-purine 50 6/6 - 2 . 3  2531468 

2-Amino-9-( tetrahydro-2-furyl)-6-purinethiol 30 616 - 2 . 4  13211002 
30 6/6 0.2 32911101 
45 616 2 . 5  293/1593 
90 5/6 - 3 . 1  96/982 
20 5/6 - 1.6  416/956 

Dunning ascites leukemia 
250 6/6 -122.0 10.0/7.5 
125 6 16 - 6 . 0  9.017.5 
62.5 616 - 2 . 0  9.0/7.5 

Lymphoid leukemia L-1210 
144 6 /6 - 1 . 8  13.717.8 
96 516 - 1 . 7  11.8/7.8 
75 6/6 - 2.7 14.819.3 
50 616 - 1.9  12.2/9.3 
33 .3  6/6 - 1 . 7  12.519.3 

22.2 6/6 - 1 . 4  12.0/9.3 

2-Amino-9-( tetrahydro-2-fury1 j-ti-purinet hiol 15 6/6 0 . 6  11.319.2 

Trimethyl [9-( tetrahydro-2-furyl)-6-purinyl] - 100 6/6 - 1 . 2  9.219.7 
ammonium chloride 50 6 16 0 .3  9.0/9.7 

Solid friend virus leukemia 
9-( Tetrahydro-P-furyl)-adenine 165 3/10 - 2 . 0  132/327 

110 4/10 - 0 . 6  851218 
110 9/10 - 0.7 222 1430 
74 10/10 - 0.7  232/327 
74 in/ io  - 0 . 4  4171430 

Spontaneous mammary tumors 
Daily 
dnsr. G r o a t h  NO. 

Compound mg./kg.  wk. index Wt. change, 8.  Deaths inj's. 

6-Chloro-9-( tetrahydro-2- R 3 1.0711.49 - 2.51- 1 . O  1/10 11 
fur yl )-purine 16 2 1.4611.45 -1 .o/-1 .o 018 8 

6-Chloro-9-( tetrahydro-2-fury1)purine 

9-( Tetrahydro-2-furyl)-6-purinethiol 

Per cent 
(T/C) 

94 
51 

100 
157 
184 
194 
110 
142 
132 
131 

61 
67 
67 

54 

13 
29 
18 
9 

43 

133 
120 
120 

175 
151 
159 
131 
134 
129 

122 

94 
92 

40 
39 
51 
70 
96 

AV. 
survival, 

days 

64.9133.4 
42140.1 

Experimental41 
2-Chloro-6-methylamino-9-(tetrahydro-2-furyl )purine (VI ) . -  

To 50 ml. of a 40% aqueous methylamine solution was added 2 
g. of 2,6-dichloro-Y-(tetrahydro-2-furyl)purine (Vj. After heat- 
ing the mixture on a steam bath for 1 hr., a white solid appeared 
and was filtered t o  yield 1.7 g. of product, m.p. 183-185'. A 
small amount was recrystallized from a petroleum ether (b.p. 

(41) All meltin.. points, takpn on a Fisher-.Johns apparatus. were detpr- 
m i n d  without corrertion unless otllerivise stated.  J luch  of this work was 
completed in 1960 and sampies and meltinn point apparatus then used were 
not available tor melting point correction a t  the date of submission of this 
manuscript. 

60-110") and ethyl acetate mixture for analysis and gave a 
product melting at  186-188". 

Anal. Calrd. for CloH,,ClN60: C, 47.3; H, 4.73; C1, 14.2. 
Found: C, 47.2; H, 5.35; C1, 14.2. 

6-Amino-2-chloro-9-( tetrahydro-2-furyl) purine (VI) .-To 45 
ml. of methanol, which had previously been saturated with an- 
hydrous ammonia at  O", was added 5 ml. of concentrated aqueous 
ammonia, 1 g. of magnesium oxide, and 1 g. of 2,6-dichloro-9- 
(tetrahydro-2-furv1)purine (V). The mixture was allowed t o  
stand at  room temperature for 24 hr. and was then warmed on a 
steam bath for 1 hr. The solvent was allowed t o  evaporate at 
room temperature, and the resulting white solid was extracted 
with three 50-ml. portions of boiling ethyl acetate. The ethyl 
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crystallization of the product from petroleum ether-ethanol gave 
an analytically pure sample, m.p. 180-181'. 

Anal. Calcd. for CIJLzClN602: C, 46.9; H, 4.3; N, 24.8. 
Found: C, 46.7; H,4.2; N, 24.8. 
2-Amino-9-(tetrahydro-2-furyl)-6-purinethiol (XIX).-To a 

solution of 140 ml. of freshly prepared 2 N sodium hydrosulfide in 
water and 70 ml. of ethanol was added 5.0 g. of 2-acetamido-6- 
chloro-9-( tetrahydro-2-fury1)purine (XVI). The solution was 
refluxed for 1 hr. and then cooled rapidly in an ice bath. The cold 
solution was carefully neutralized to  pH 8 with dilute acetic acid. 
At  about pH 9 a yellow-white solid began to form. This solid 
waa filtered, washed with a little cold water, and dried in vacuo. 
The material was dissolved in base and reprecipitated twice 
with dilute acetic acid; yield, 3.7 g. (877,). Ultraviolet spectra: 
pH 1, A,,, 344, 259 mpr emax 20,900, 8150; pH 11, AmX 315, 250 
mp, emax 18,900, 13,300. 

Anal. Calcd. for C~HII_~ ;SOS.O.~  HzO: C, 43.9; H, 4.9; 
N, 28.4; HtO, 3.7. Found: C, 44.1; H, 4.8; N, 28.4; HaO, 
4.3 (Karl Fischer). 
2-Acetamido-9(7)-acetyl-6-benzylthiopurine (XXI).-To 100 

ml. of toluene were added 10.0 g. of 2-amin0-6-benzylthiopurine'~ 
and 9.0 ml. of acetic anhydride. The resulting solution was 
refluxed for 2 hr. and then allowed to cool overnight. The crys- 
talline product was filtered and washed with benzene and then 
with ether. Recrystallization from ethyl acetate yielded 11.5 g. 
of white crystals, m.p. 178-180". Ultraviolet spectra: pH 
1, A,, 252, 308 mp, emal 18,800, 16,000; pH 11, A,,, 243,302 mp, 
emax 27,300, 15,400; MeOH, A,, 240, 296 mp, emSx 26,200, 17,400. 

Anal. Calcd. for C16H15NsO?S: C, 56.3; H, 4.4; S, 20.5. 
Found: C,56.5; H,4.8; N,20.5. 
2-Acetamido-6-benzylthiopurine (XX).-To 100 ml of 0.1 N 

sodium hydroxide a t  0" was added with stirring 6.0 g. of 2-acet- 
amido-9( 7)-acetyl-6-benxylthiopurine (XXI),  and the mixture 
was stirred a t  0-5" for 2 hr. The pH of the solution was ad- 
justed to 7 by the addition of dilute hydrochloric acid, and the 
material was filtered, washed with water, and recrystallized from 
ethanol to yield 5.0 g. of white product, m.p. 257-259'. Ultra- 
violet spectra: pH 1, A,,, 252, 310 mp, emsx 15,500,15,000; pH 11, 
A,= 242, 302 mp, e,,, 25,200, 14,700; MeOH, pmax 249, 296 mp, 
erns, 26,000, 17,300. 

Anal. Calcd. for C ~ ~ H I ~ N ~ O S :  C, 56.2; H, 4.4; K, 23.4. 
Found: C, 56.4; H,4.7; N, 23.4. 

2-Acetamid0-6-benzylthio-S-( tetrahydro-2-fury1)purine 
(XVII).-To 150 ml. of ethyl acetate were added 5.0 g. of 2- 
acetamido-6-benzylthiopurine (XX)  and 0.5 g. of p-toluenesul- 
fonic acid. 2,3-Dihydrofuran (5.0 g.) was then added with 
vigorous stirring, and the mixture was heated to 60'. After 30 
min. the solution was cooled, washed with saturated aqueous 
potassium carbonate, and dried over a mixture of anhydrous 
sodium sulfate and sodium carbonate. The excess ethyl acetate 
was distilled under reduced p r e ~ w e ,  and the sirupy rsidue was 
recrystallized from acetone-petroleum ether (b.p. 30-60") to give 
4.1 g. of white crystals, m.p. 129-131". Ultraviolet spectra: 
pH 1, A,,, 253. 306 mp, e,, 18,500, 15,900; pH 11, Am,, 250, 
297 mp> emx 21,400, 15,100; EtOH, A,, 252,297 mp, emax 25,100, 
18,500. 

Anal. Calcd. for CaHlsX'sOzS: C, 58.5; H, 5.2; N, 19.0. 
Found: C,58.6; H,5.3; N, 18.6. 
2-Amino-6-benzylthio-S-(tetrahydro-2-furyl)purine (XVIII). 

Method 1. -To 75 ml. of A' sodium hydroxide was added 
5 0 g. of 2-acetamido-6-benzylthio-9-( tetrahydro-2-fury1)purine 
(XVII). The mixture was refluxed with vigorous stirring for 2 
hr. and then cooled in an ice bath and filtered. The product 
was washed thoroughly with water, and recrystallization from 
benzene-petroleum ether (b.p. 60-110') gave 3 6g. of colorless 
crystals, m.p, 168-170". Ultraviolet spectra: pH 1, A,,, 2.7, 
321mp, emax 11,500, 17,300; pH 11, Amax 313mp, e,,,, 14,400 
EtOH, A,,, 247, 313 mp> e,,, 17,300, 15,400. 

Anal. Calcd. for C16H17N.OS: C, 58.7; H, 5.2; N, 21.4. 
Found: C,58.5; H,5.3; N, 21.3. 

Method 2.-To 15 ml. of N sodium hydroxide wm added 200 
mg: of 2-amino-9-( tetrahydro-2-furyl)-6-purinethiol (XIX). 
This solution was heated to 40°, and any undissolved material 
was filtered. The solution was cooled to room temperature, and 
while stirring 1 ml. of benzyl chloride was added dropwise over a 
15-min. period. The solution was stirred for an additional hour, 
during which time a white solid formed. The solid was filtered, 
washed with a small amount of cold water, and dried in vacuo. 
The material was recrystallized from benzenepetroleum ether to 
give a product melting at  168-170'. The product showed no 

depression in melting point when mixed with an authentic sample 
of 2-amino-6-benzylthio-9-(tetrahydro-2-furyl)purine. The in- 
frared spectrum was identical with that of the product prepared 
by method 1, and chromatograms in two solvent systems also 
showed this product t o  be identical with that prepared by method 
1. 
6-Chloro-9-(tetrahydro-5-methyl-2-furyl)purine (XXIV).-To 

300 ml. of ethyl acetate was added 10.0 g. of 6-chloropurine and 
0.5 g. of p-toluenesulfonic acid. This mixture was heated to  
50" while stirring, and 10.0 g. of 2-methyl-2,3-dihydrofuran12 
was added dropwise over a period of 1 hr. The ethyl acetate 
solution was filtered to remove traces of unreacted 6-chloropurine. 
The solution was washed with aqueous saturated sodium bi- 
carbonate solution and then with cold water and finally dried 
over sodium sulfate. The ethyl acetate was removed in  vacuo, 
and the yellow oil that remained was poured into 250 ml. of boil- 
ing petroleum ether (30-75") which after cooling yielded 10.4 g. of 
white needles, m.p. 73-74'. 

Anal. Calcd. for CloHnC1N40: C, 50.3; H, 4.6; iY, 23.5. 
Found: C, 50.3; H,4.5; N, 23.3. 
9-(Tetrahydro-5-methyl-2-furyl)-6-purinethiol (XXV).-To a 

solution of 80 ml. of sodium hydrosulfide in methanol (prepared 
by dissolving 5 g. of sodium in 100 ml. of methanol and saturating 
this solution at 0" with hydrogen sulfide) was added a solution of 
2.4 g. of 6-chloro-9-( tetrahj~dro-5-methyl-2-furyl)purine (XXIV) 
dissolved in 40 ml. of methanol. This solution was heated for 1 
hr. on a st,eam bath, cooled t o  O", and carefully neutralized t o  pH 
7 with glacial acetic acid. The white solid t,hat separated was 
filtered and washed with cold water. The solid was covered with 
50 ml. of water, and a small amount of sodium hydroxide was 
added until complete solution was obtained. The solution was 
then cooled to 5" and neutralized with glacial acetic acid. The 
product obtained (2.0 g.) melted at 223-225'. 

Anal. Calcd. for CloH1,NaOS: C, 50.8; H, 5.1; S, 23.7. 
Found: C,50.4; H, 5.0; N, 24.0. 
6-Amino-S-(tetrahydro-5-methyl-2-furyl)purine (XXVI).-6- 

Chloro-9-( tetrahydro-5-methyl-2-furyl)purine (XXIV, 2.0 g. ) 
was dissolved in 150 ml. of ethanolic ammonia (saturated at  0")  
and the solution heated to 85" for 5 hr. in a stainless steel bomb. 
The resulting brown solution was diluted with 150 ml. of ethyl 
acetate and filtered to remove the ammonium chloride. Potas- 
sium hydroxide pellets (0.5 g.) were added and the solution 
evaporated to dryness in vacuo. The remaining brown oil was 
extracted with 70 ml. of boiling petroleum ether (60-110") and 
then with 100 ml. of boiling benzene. The benzene extract was 
treated with Norit and evaporated to a total volume of 25 ml. 
Petroleum ether (30-60") was added to the benzene solution until 
a precipitate formed. This solid was filtered and recrystallized 
from benzene--petroleum ether (30-60") to yield 1.6 g. of white 
crystals, m.p. 127-128". 

Anal. Calcd. for CI~HI~KSO:  C, 54.8; H, 5.9; N, 32.0. 
Found: '2,543; H,5.7; 5,31.9. 

Trimethyl[%( tetrahydro-5-methyl- 2-furyl) -6- purinyl] ammo- 
nium chloride (XXVII).-To a solution of 5.0 g. of 6-chloro-9- 
(tetrahydro-5-methyl-2-furyl)purine (XXIV) in 50 ml. of an- 
hydrous benzene was added a solution of 3.0 g. of anhydrous tri- 
methylamine in 50 ml. of benzene. Immediately a white solid 
began to separate from the solution. The solution was stirred 
for 3 hr. a t  room temperature, after which time the white solid 
that had formed was filtered, washed with benzene, and dried 
in a vacuum desiccator to yield 5.3  g. of produrt,, m.p. 90-91 '. 

Anal. Calcd. for C13H20ClNj0: C, 52.4; H, 6.7; N, 23.4. 
Found: C,52.1; H, 7.2; N,23.0. 

2,6-Dichloro-S-( tetrahydro-2-fury1)purine (V).-To 150 ml. of 
ethyl acetate were added 10.0 g. of 2.6-dichloropurines and 0.5 
g. of p-toluenesulfonic acid. 2 ,3-Dih~drofuran~~ (5.6 g.) was 
then added dropwise with stirring. The mixture waa stirred 
at room temperature for 15 min. and then slowly heated to 50" 
at which point all solid material had dissolved. The solution 
was then cooled to room temperature, washed with saturated 
aqueous sodium carbonate, and dried over a mixture of anhydrous 
magnesium sulfate and sodium carbonate. The excess ethyl 
acetate was removed in vacuo and the liquid residue allowed to 
crystallize. Recrystallization from a mixture of petroleum ether 
(b.p. 6&110") and ethanol gave 8.3 g. of colorless crystals, m.p. 
110-11lo. Ultraviolet spectrum: EtOH, A,, 274 mp, emax 
9000. 

(42) See ref. 19. The authors wish to thank Badische Anilin- & Soda- 

(13) R. Paul, Bull. BOC. chim. Fiance,  F68 (1950). 
Fabrik A .  G. for a generous sample of 2-methyl-2,3-dihydrofuran. 



, I iU!Z.  CaICd. flJr CwI%aC1:S40: C, 41.7; H, 3.1; N, 21.6. 
I.'ound: c: 41.8; 13, 3 . 3 ;  x> 21.1. 
2-Amino-6-benzylthio-9-methylpu:ine.-To B stirred solution 

of 150 rnl. of c~onrentrated aqueoiis nnirnonirt, containing 7.0 
g. OF 2-nmino-$1-nret li!.l-A-piirinethi01,'6 w t s  :idded 'LO ml. of 
p-ilirixtne ant1 5.0 g. OF Iimzyl c~lrloridt~. This mixturr WI,S 

s t i r r id  arid he:tt,ed i10" j for 1 hr. during which t,irne tlie prciduc~i 
I)revipit:tt,ed froni the soliition :tncl w:ts I'iltered, wished with a.:iter, 
:tilt1 dried. '1'21~ rritde product WI.S recrystallized from 
:Ic,ct:ite-I.'etrolei!iii ether 160- I I O 0 )  t o  give 3.6 g. R.ec:r>,st 
tion froin benzene provided a sample with :i nieltirig po 
l ~ ~ l - l X 3 ° .  Ultrnviolet spectrrt: pH 1, A,,, 821 mp, enlax 11,ii)O; 

_ I  ne! ! .  C:tli,tl. for Cl,<Tl : C. 57,:; H, 1 . R :  S, 24.2. 
I:iii:ii(!: C! 3h .2 ;  E, 5 .  I : S 

2-Amino-6-'.en~ylthio-7-methylpurine. --2-Artiirio-7-met~h~~l-~~- 
~ii ir i i~cthi~il~ i 150 ing. j WV:LS suspended in 3 1111. of aat,er, and 

] I l l  1 I, A,,,,,:31:1 ill@, emnx 12, MeOH, A,,,,, :313 nip, 12,500. 

The Biological and Physical Properties of the Azaindoles 

Inc orpnration of an ~swlec tronlr nitrogen atom in place or a nietliirie group 111 tlic indolt. I 1 l I J l ~ ' L U k  in( iemcb t l i c ,  
I)asic strength and reduces the lipid-water distribution ratio. Ilepending or1 the  position of t l i ~  doubly bo~idcd 
nitrogen atom, the azaindoles exert pharmacological effects on smooth muscle and the cvntml nc'rvoiis systeni t h a t  
c.itlwr ni1niir or oppose the actions of indole 

l'liarmacological interest iii tlie azaindoles stems from 
ti!(> possibilit,y tliat they may serve as the parent nucleus 
of  activr or ant'agonist'ic analogs of naturally occur- 
ring iiidole derivatives sncli as the endogenously impor- 
tant serotonin. melatonin, and t r ~ . p t o p h a n ~ - ~  and the 
potrrit pliarmncological agclnts such as psilocybin and 
I-wrgic acid diethylamide. Fnrtherniore, it seemed 
likely tliat iiiisuhst)ituted azaindoles would have phar- 
niacological pmpcrtics lmause (uiisubstituted) indole 
Iias markcd p!inrmacologic effects: it depresses smooth 
iniisc'e and produces coiivnlsioiis originating in the 
spiiial cord and subthalamic areas of the t ~ a i n . ~ - - ~  
Of the six isomcric nionoazaindoles, only one, henzi- 
iiiidazolc (3-amindole) ~ 1'2s k i i  studied in z i z w :  it was 
f o i i i i d  t o  prodiice a transient flaccid paralysis owing to 
i I I  tcriic:iironal dcprcwion. 111--13 13ecause virt'iially noth- 
iiig is kuown of tlie t)iological actions of other inoiio- a i d  

I I j .5npliorted by Carrcr D e v t ~ l o ~ ~ m e n t  .%ward C:M-K3-7415 and rpsexrch 
xi-:int B-2508 froin the Xational Institutes of Health, VSPHJ.  I t  i i  a 
i , Imsi t r*  to acknowleiise, t l i e  a s ~ i s t n n c e  of L I r .  R. Friernan, 311. 31. Laupsnii. 
a n i i  X r .  AI. Abdrl-Hahnran in sonic? (11 t , l ir  r x p i . r i i n ~ n t ~ s  

m. Ciiem. S o r . . ,  79, 3215 ( l (Ji7) .  
Siii iapPlinrin.  :nilti It. I.. Hin:nsn, Arch .  Bioel icm.  
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polj-azaindoles, t I i r ~ i r  aclitc pliarmacological cflfects in  
mice and their iri rztro effect5 on smooth muscle lia\c 
been determined in the present study. Tlie detcrmina- 
tion of the lipid-Tt-ater solubility ratio of the nonion- 
ized form, and the calculatioii of the degree of ioniz- 
ation a t  bod-  pEI. are slso included in this paper hc- 
cause these physical properties are k n o i ~ n  to h : t ~ e  a 
marked influence on  the acti\ ity of centrally active 

Experimental 
MaterialY.---.Coiiiiiierc,i:il prep:ir:itions ~i iiidolc, IL-:tx:LiiidoIc 

(1H-indazole), 3-:iznindole (I-)enziniidazole), 7-aznindnle (1) (IFT- 
pyrrolo [2.3-b]pyridincl, :mt3 2.3-di:iz:tind(ile (Ijenzt riazole) ww 
purified by r~(.rpst,alliz3t,iori froni hot wtter followed l iy  higli 
~ i t ~ i i i i n i  sublimation. i\ll other mono- :inti polyazaindoles usw l  
in  this work wt'rfl syntliesizetl in t i l e  Department. of 1Iedir:il 
C'hemistry of tlie Australian ?;ation:tl I'niversity, Canlierra :inti 
their purification has lxwi described.'"-" The componnds in- 
dude:  1-azaindole i 1 H-pyrrolo [3,2-b] pyridine) ; 5- 
( 1 H-pyrrolo[3,2-c]p)ridine); 6-:tz:~indole ( lH-pyrrolo[2 
tline j :  :3,-t-diazaindolt: ( IT€-irnidaeo [1,.5-b]pyridine): 
iwtindole (lH-iinidozo[,~!.i-c] pyridine); and purine (7Tf 
[ 4,541 pyrimidinc~). 
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