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Abstract—A series of 4-substituted-7-(-pD-ribofuranosyl)-pyrrolo[2,3-d}pyrimidines in which the 4-sub-
stituents were systematically varied has been synthesized and tested for anticytokinin activity in the
tobacco callus bicassay. Qualitatively the activity of effective compounds were in order of cytokinin
activity of the corresponding N°®-substituted adenine derivatives, suggesting that the site of action
is related to that of cytokinins. Single modification at the 7-position of active cytokinins seemed
to be required for the expression of anticytokinin activity.

INTRODUCTION

Recent development in the biochemistry of cyto-
kinins has shown that a wide variety of plants
convert cytokinins to their 7-glucosides{1,2].
Because these metabolites are themselves active
as cytokinins and are highly resistant to enzyme
degradation, it has been suggested that the 7-
glucosyl compounds may be the active form [1]
or the storage form [2] of cytokinins. If this con-
version process 1s indispensable to evoke the
growth response, the 7-deaza analogs of cyto-
kinins occur as possible cytokinin inhibitors
because the structure is sufficiently similar to
allow participation in the same type of enzyme-
substrate complex with cytokinins but the lack
of a N atom at the 7-position will prevent the
successive glucosylation. In our preliminary com-
munication we reported the results obtained with
one member of that class, 4-furfurylamino-7-(8-p-
ribofuranosyl)pyrrolo{2,3-d]-pyrimidine, the 7-
deaza analog of kinetin riboside [3]. Here we
report on the synthesis and tests for anticytokinin
activity of ten compounds in the pyrrolo[2,3-d]-
pyrimidine series in which the 4-substituent was
systematically varied.

t To whom inguiries should be addressed.
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RESULTS

Synthesis of 4-substituted-7-(f-D-ribofuranosyl)pyr-
rolo-[2,3-d]pyrimidines

Syntheses have been reported previously for 4-
furfurylamino-7-(f-p-ribofuranosyl)pyrrolo[ 2,3-d]
pyrimidine(IV) [3], 4-methylamino-7-(f-D-ribofur-
anosyl)pyrrolo[2,3-d]pyrimidine(IX)[4] and 4-
amino-7-(8-D-ribofuranosyl)pyrrolo[ 2,3-d]pyrimi-
dine(X) [5]. The following compounds were pre-
pared by treatment of the intermediate, 4-chloro-
7-(B-p-ribofuranosyl)pyrrolo[2,3-d]Jpyrimi-
dine [5], with the appropriate amine at reflux
temperature or at elevated temperature in a
sealed tube: 4-(3-methyl-2-butenylamino)-7-(f-D-
ribofuranosyl)pyrrolo{ 2,3-d]pyrimidine(1), 4-ben-

zylamino-7-(8-D-ribofuranosyl)pyrrolo[ 2,3-d pyr-
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imidine(2), 4-n-pentylamino-7-(-p-ribofuranosyl)- pyrimidine(8). The compounds were isolated and
pyrrolo[2,3-d]pyrimidine(3),  4-(3-methylbutyla- purified as picrates.

mino)-7-(f-b-ribofuranosyl)pyrrolo(2,3-dJpyrimi-
dine(5). 4-n-butylamino-7-(8-p-ribofuranosyl)pyr- .
rolo[2.3-d]pyrimidine(6), 4-n-propylamino-7-(f-p- The tobacco tissues were grown on medla con-
ribofuranosyl)pyrrolo[2,3-d]pyrimidine(7) and 4- taining various concentrations of kinetin and Fhe
ethylamino-7- (f-p-ribofuranosyl) pyrrolo [2.3-d 7 test compounds. The results are shown in Figs.

Anticytokinin activity of the test substances
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Fig. 1. Yield of tobacco tissue cultured on serial combination of kinetin and 1; Fig. 2. Yield of tobacco
tissue cultured on serial combination of kinetin and 2: Fig. 3. Yield of tobacco tissue cultured on serial
combination of kinetin and 3; Fig. 4. Yield of tobacco tissue cultured on serial combination of kinetin
and 4 (filter-sterilized); Fig. 5. Yield of tobacco tissue cultured on serial combination of kinetin and §; Fig.
6. Yield of tobacco tissue cultured on serial combination of kinetin and 6: Fig. 7. Yield of tobacco tissue
cultured on serial combination of kinetin and 7: Fig. 8. Yield of tobacco tissue cultured on serial combination
of kinetin and 8; Fig. 9. Yield of tobacco tissue cultured on serial combination of kinetin and 9: Fig. 10. Yield
of tobacco tissuc cultured on serial combination of kinetin and 10.
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1-10. At zero concentration of kinetin, none of
the test compounds showed significant growth-
promoting activity in the concentration range
tested. Compounds 1-3 showed a strong growth
inhibitory effect at a concentration of 4 or 5 uM
under conditions where the growth of the callus
tissue is promoted by kinetin. Because it has pre-
viously been shown that the N°®-substituted
adenylate cytokinins which have the isopentenyl,
benzyl and pentyl side chains are highly active
cytokinins [6], it seemed reasonable to expect the
above results. In line with this, furfuryl (4), isopen-
tyl (5), butyl (6), propyl (7) and ethyl (8) deriva-
tives are expected to be less active. This effect
can be observed, qualitatively, from the yields of
tobacco callus tissue grown on media containing
the antagonists at 3-4 uM in Figs. 4-8 in com-
parison with those of the compounds 1-3 in Figs.
1-3. Markedly reduced inhibitory activity was
seen in the case of compound 8. This serial de-
crease of the anticytokinin activity could not be
quantitatively estimated as was done for the
cytokinin activity of N°-substituted adenine deri-
vatives [6], but the striking results in connection
with this were obtained in the tests of methyla-
mino (9) and amino (10) derivatives. As seen from
Fig. 9, compound 9 did not show either anti-
cytokinin activity or cytokinin activity. On the
other hand, the amino derivative (10) exhibited
strong inhibitory effects (Fig. 10), the extent of
which almost corresponded to that of the most
active ones (I-3). Compound 10 is known as an
antibiotic, tubercidin, and has been isolated from
culture filtrates of Streptomyces tubercidus [7]. 1t
exhibits antimicrobial and at the same time
strong cytotoxic activity [8]. The cytotoxicity of
tubercidin is greatly reduced when substituted at
N* by an alkyl group [5]. The lack of anticyto-
kinin activity of methylamino derivative (9) is then
explained by the fact that it has lost tubercidin-
like cytotoxicity by N*-alkylation and at the same
time has no more anticytokinin activity in the
sense that its Me side chain is not that of active
adenylate cytokinins. This means that the growth
inhibitory activity of the N*-alkylated pyrrolo-
pyrimidines is not due to the tubercidin-like cyto-
toxicity, and suggests that the site of their action

* This test was carried out at Kyoto Prefectural University
by Dr. S. Matsubara. The authors express sincere gratitude
for his help.
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is related to the processes through which N°-
adenylate cytokinins express their activity. In
addition, the behaviour of this derivative is im-
portant in the sense that it makes the possibility
unlikely that the series of active 7-deaza com-
pounds may exert their growth-inhibiting activity
after the degradation in vivo of alkyl side chains,
ie. the really active species may be tubercidin.
If the side chains were removed after incorpor-
ation into the tobacco tissues, compound 9
should exert as strong a growth inhibitory effect
as tubercidin. Alternatively the side chains may
be eliminated during autoclaving, but this possibi-
lity is also unlikely because compound (4) exhi-
bited the activity after filter-sterilization (Fig. 4)*
as well as after autoclaving.

DISCUSSION

Ten compounds in the 4-substituted-7-(f-D-
ribofuranosyl)pyrrolo[ 2,3-d]pyrimidine series
were synthesized and tested for anticytokinin acti-
vity. These analogs represent the systematic varia-
tion of the 4-substituent from isopentenyl to
methyl. If the site of anticytokinin action of these
compounds were related to the mechanism
through which cytokinins themselves exert their
effect, the structure-activity relationship for the
adenylate cytokinins would be valid for the pyr-
rolof2,3-dJpyrimidine series of anticytokinins as
well. The results depicted in Figs. 1-10 are sum-
marized in Table 1 with the reported data [6] of
corresponding adenylate cytokinins. The N*-alky-
lated pyrrolopyrimidine derivatives (Table 1) can
be arranged in order of cytokinin activity of the
corresponding adenine derivatives without signifi-
cant inconsistency with the order of their anti-
cytokinin activity. The lack of anticytokinin activity
of the methylamino derivative (9) strongly sup-
ports this because the corresponding methyl-
adenine is not active as a cytokinin in the tested
range of concentrations. Formal removal of the
side chains gives compound (10) (tubercidin) which
is known as antimicrobial and cytotoxic [8]. Thus
the apparent anticytokinin activity of this com-
pound (10) is considered to belong to that of non-
specific growth inhibitors like, for example, 2,6-
diaminopurine [9]. If the activity of the anticyto-
kinins described here is real and if it is due to
tubercidin generated by degradation of the side
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Table 1. Relation of the structure of 4-substituents to anti-
cytokinin activity of 7-(8-D-ribofuranosyl)pyrrolof2,3-dJ-
pyrimidines
Cytokinin activity of the
corresponding adenine
derivative [6]
Concentrations needed for:-
Maximum Detectable
Compound Anticytokinin vield responsc
No. 4-Substituent activity (M) {pM)
(1) HNT=( ‘o 0-02  (0-0001)
(2) HN/\@ 4o+ 0-07 {0-0008)
(3) HN7 P o1 (0-0008)
(4) HN/\Q + o+ 01 (0-001)
(5) HN/\—< + o+ 01 (0-004)
(6) HN- > + o+ 1-0-5 (0-004)
(T) HN-T o+ s (0-02)
(8) HN-T + 12°5 (0-5)
(9) HN" - ® (0-5)
(10) HzN + o+ 4+ © (200)
chains. methvlamino compound (9) should be
active.

The pyrrolopyrimidine anticytokinins were
designed at first as blocking agents for the 7-glu-
cosylation of cytokinins which may be an indis-
pensable process for the expression of cytokinin
activity. Because the glucosidic bond of a pyr-
rolof 2,3-d]pyrimidine nucleoside is resistant to
acidic hydrolysis, it is also possible that the anti-
cytokinin activity may be duec to the resistance
to enzymic cleavage of that bond prior to meta-
bolic conversion. Incidentally a recent report [ 10]
has shown that, in the case of Zea mays, a major
metabolite of exogenously supplied zeatin is 9-
glucosylzeatin, although its physiological signifi-
cance is unknown. The speculations described
here do not, however, necessarily mean that any
pyrrolo[2.3-d]pyrimidine species is active as anti-
cytokinin. Some pyrazolo[4,3-dpyrimidines are
active as cytokinin antagonists but others are
active as cytokinins [ 10]. We feel from the evi-
dence presented here that the close structural re-
semblance of our compounds to cytokinins, in
other words, the single modification at the 7-pos-
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ition in adenine moiety of active cytokinins, ren-
dered them active as anticytokinins.

EXPERIMENTAL

4-(3-Methyl-2 - butenylamino}- 7 - (ff - D - ribofuranosyl)pyr-
rolo[2,3-d]pyrimidine(picrate} (1). A mixture ol 512mg of 4-
chloro-7-(f-p-ribofuranosyl)pyrrolo[ 2.3-d|pyrimidine [ 5]. 06 g
of 3-methyl-2-butenylamine hydrochloride [12] and Sml of
triethylamine in 20 ml of n-BuOH was refluxed for 5hr. The
reaction mixture was evaporated in vacuo leaving an oil which
was extracted with hot Mc,CO. The extract was evaporated
in vacuo and residue was dissolved in 3ml of EtOH. To the
EtOH soln was added dropwise a satd picric acid soln in
EtOH and the mixture was stood at 4° for 18 hr depositing
905 mg (90%/) of yellow crystals. Recrystallization from EtQH
gave 793mg (78%) of yellow platelets. mp 200-203°: 219
269 nm (e 21600). 353 (15200): A2 NHC 270 (22100). 352
(13800); A2\ NMOH 269 (21 600). 353 (15300). (Found: C, 46-84;
H. 435; N. 17443, C,,H;:0;N- requires C. 46:90: H. 4:47:
N, 17-40°%).

4-Benzylamino-7-(f-v-ribofuranosyhpyrrolol 2.3-dpyrimidine-
(picrate) (2). A mixture of 330 mg of 4-chloro-7-(fi-p-ribofur-
anosyl)pyrrolo[2.3 -d]pyrimidine [5] and 3 ml of benzylamine
in 20 ml of n-BuOH was refluxed for 5 hr. The reaction mix-
ture was cvaporated in vacuo leaving an oil which was dis-
solved in 3ml of EtOH. To the soln was added dropwisc
a satd picric acid soln in EtOH. The mixture was stood at 47 for
18 hr depositing 666 mg (99°;) of yellow crystals. Recrystalliza-
tion once from McOH-EtOH gave 369 mg (55%) of yellow
leaflets, mp 185-1887: 2% 270 nm (e 21100), 353 (14800);
A0 UNRCL 272 (21 100), ~S’ "(13500): / 201 NNaOH 70 (21 600), 353
(14800). (Found: C, 49-04; H. 3-80: N, 16:68. Cy4H,0 N,
requires C, 49-23; H. 3:96; N, 16:74%,).

4-n-Pentylamino-T-(f-pD-ribofuranosyl)pyrrolo[ 2.3-d]pyrimi-
dinelpicrate) (3). A mixture of 301 mg of 4-chloro-7-(-p-ribo-
furanosyl)pyrrolo[ 2,3-d]pyrimidine [5] and 3Iml of n-pentyl-
amine in 20 ml EtOH was refluxed for 5 hr. The reaction mix-
ture was evaporated in racuo leaving an oil which was
extracted with EtOAc-Me,CO (3:1) with heating. Removal
of solvents left a glass which was dissolved in 3 ml of EtOH,
To the soln was added dropwise a satd picric acid soln in
EtOH and the mixture was stood at 4” for 18 hr depositing
562 mg (95%) of yellow crystals. mp 201-204", Recrystalliza-
tion from EtOH-MeOH mixture gave 410 mg (69°,) of yellow
platelets, mp 204-206°: ‘:” 270 nm (e 19600). 355 (14600):
/O INHC) 272 (19900) 354 ( zw()()) /0 INNaOH 271 (19400) 355
(14600) (Found: C. 47:01: H. 468; N. 17-44. C,,H,-0,N-
requires C. 46:73; H, 4-81; N. 17:34%,).

4-(3-Methylbutylamino)-7-(-n-ribofuranosylpyrrolo[ 2.3-d -
pyrimidine(picrate) (5). A mixture of 312 mg of 4-chloro-7-(f-n-
ribofuranosyl)pyrrolo[ 2,3-d]pyrimidine [5] and 3 ml of 3-meth-
ylbutylamine in 20 ml of EtOH was refluxed for 5hr. The
reaction mixture was evaporated in tacuo leaving an oil which
was dissolved in 3ml of EtOH. To the soln was added drop-
wise a satd picric acid soin in EtOH and the mixture was stood
at 4" for I8 hr depositing 563mg (91%) of yellow crystals.
Recrystallization from EtOH gave 394 mg (64“ ) of needles,
mp 202-205%; A%20 269 nm (e 20800}, 353 (15200); A0 1NHC
269 {21000). 352"(13900); 75 LNNGOH 269 (70700) 352 (15400,
(Found: C. 4698 H, 4-65: N. 17-61. C,,H,,0, N, requires
C. 4673; H, 481; N, 17- 43‘,‘(,).

4—n-Bu[ylamino-7-(ﬁ-1)-rihqfi/mnosyl)pyrrolo[Z.R—d]p_,\*rim[-
dine(picrate) (6). A mixture of 301 mg of 4-chloro-7-(f-p-ribo-
furanosyl)pyrrolo[ 2.3-4]pyrimidine [5] and 3 ml of »-BuOH
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in 20ml EtOH was refluxed for 5hr. The reaction mixture
was evaporated in vacuo leaving an oil which was dissolved
in 3ml of EtOH. To the soin was added dropwise a satd
picric acid soln in EtOH and the mixture was stood at 4°
for 18 hr depositing 536 mg (92%;) of yellow crystals. Recrystal-
lization from EtOH gave 443 mg (76%,) of yellow needles, mp
210-212°; AH219 271 nm (e 19300), 356 (14500); ALLNC 270
(19100), 355 (14100), ASLNNOH 271 (19100), 356 (14400).
(Found: C, 4571; H, 438; N, 1773, C,;H,;0,,N, requires
C, 4574; H, 457; N, 17-38%).
4-n-Propylamino-7-(8-p-ribofuranosyl)pyrrolo{2,3-d]pyrimi-
dine(picrate) (7). A mixture of 311 mg of 4-chloro-7-(f-p-ribo-
furanosyl)pyrrolo[2,3-d1pyrimidine [5] and 3 ml of n-propyl-
amine in 20 ml EtOH was refluxed for 5 hr. The reaction mix-
ture was evaporated in vacuo leaving an oil which was dis-
solved in 3 ml EtOH. To the soln was added dropwise a satd
picric acid soln in EtOH and the mixture was stood at 4°
for 18 hr depositing 535 mg (91%) of yellow crystals. Recrystal-
lization from EtOH gave 455 mg (78%,) of yellow needles, mp
210-213°: 120 270 nm (e 18900), 355 (14300); /g 271
(19100), 354 (12100); ASLN™OH 270 (18700). 355 (14300).
(Found: C, 4464; H, 409; N, 1799. C,;,H,;0,,N; requires
C, 44-70; H, 431; N, 18-24%).
4-Ethylamino-7-(B-D-ribofuranosyl)pyrrolo[2,3-d]pyrimidine-
(picrate) (8). A mixture of 373 mg of 4-chloro-7-(f-D-ribofur-
anosyl)pyrrolo[2,3-d]pyrimidine [S]. 110mg of ethylamine
hydrochloride and 0-6 ml of triethylamine in 15 ml EtOH was
heated at 120° for 4 hr in a sealed tube. The reaction mixture
was made alkaline using 25% NH,OH soln and evaporated
in vacuo leaving an oil which was extracted with EtOH. Remo-
val of the volatiles left an oil which was dissolved in 3mli
EtOH. To the soln was added dropwise a satd picric acid
soln in EtOH and the mixture was stood at 4° for 18 hr depo-
siting 436 mg (64%) of yellow crystals. Recrystallization from
FtOH gave 294 mg (43%) of yellow needles, mp 202-205°:
A0 271 nm (e 18700), 355 (14400); AZLNH 271 (19200), 354
(13200); A%, NNOH 271 (18600), 355 (14400). (Found: C, 4375;
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H, 3-75; N, 1893. C,4H,,0,;N; requires C, 43-60; H, 4-05;
N, 1873%).

Tobacco callus bioassay. Anticytokinin activity was mea-
sured in terms of fr. wt yield of tobacco callus tissue derived
from Nicotiana tabacum var. Wisconsin No. 38. The tobacco
callus was grown at 28° for 4 weeks on the standard medium
specified in [13] to which kinetin and the test compound were
added in different concentrations. Testing was done between
December 1973 and December 1974
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