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Abstract-Three 7-acylaminolmidazo[4,5-b]pyndines, namely 7-pentanoylaminoimidazo[4,5-blpyri- 
dine (l), 7-benzoylaminoimidazo[4,5-h]pyndine(Z), and 7-(2-furoylammo)lmldazo[4,5-b]pyndine(3), SIX 
4-acylammoimldazo[4,5-clpyrldines, namely 4-propionylammolmldazo[4,5-c]pyndine(4), 4-butyryl- 
ammoimidazo[4,5-c]pyndme(S), 4-pentanoylammoimldazo[4,5-c]pyndme(6), 4-hexanoyIammoiml- 
dazo[4,5-c]pyndine(7), 4-benzoylammoimidazo[4,5-c]pyndine@), and 4-(2-furoylammo)imldazo[4,5-cl- 
pyridme(9), and seven 7-acylaminolmidazo[4,5-clpyrldines, namely 7-propionylaminoimidazo[4,5-cl- 
pyridine(lO), 7-butyrylaminoimidazo[4,5-c]pyridine(ll), 7-pentanoylammoimidazo[4,5-c]pyridine(l2), 
7-hexanoylaminoimidazo[4,5-c]pyr~dine(13),7-benzoylamino~m~dazo[4,5-c]pyridine(l4),7-phenylacety1- 
ammolmldazo[4,5-c]pyndme(l5), and 7-(2-furoylamino)lmldazo[4,5-clpyridine(l6) were synthesized 
and tested for their cytokmm activity with the tobacco callus bioassay. 2 showed a cytokimn activity 
at 1 x 10e8 M and gave a callus yield about 72% of that produced by kmetm at 1 x 10e6 
M. 1, 3 and 8 showed the optimum growth responses m the range of 10-7-10-6 M. 4, 5, 7, 9-16 
were slightly active These results support previous reports that a nitrogen atom at the 3-position 
m the purme rmg plays an Important role m conferring high cytokimn activity. 

INTRODUCTION 

It 1s well known that the structure of cytokmins 
possessmg a high activity includes an intact 
adenine ring with a N6-substltuent of specific 
alkyl [1] or acyl [2-4] groups. The following 
exceptions have, however, been reported [IS, 61. 
Cazakmetin and 6-benzylammo-%azapurine [7] ; 
1-deaza- and 3-deaza- analogs of kinetm and 6-(3- 
methyl-Zbutenylamino)purine PIi %benzyl- 
ammo-2-methyl-s-triazolo[ 1,5-alpyrazine and 8- 
benzylamino-2-methyl-s-triazolo[ 1,5-a]pyrldme, 
and 4(7)-benzylammoimldazole [9]. These com- 
pounds show cytokinin activity on tobacco callus 

and contain a common structural moiety, namely 
either an imldazole or a triazole ring and an 
ammo group at posltlon-6 of the heterocychc ring 
corresponding to the purine ring. 

On the other hand, cytokinin activity of N6-acyl 
derivatives of adenine has been described [4, lo]. 
For example, 6-benzoylaminopurine shows almost 
the same cytokinin activity as 6-benzylamino- 
purine at its optimum concentration. 

In this connection it seemed interestmg to exa- 
mme the cytokmm activity of kmetin analogs modl- 
fied both m the purme ring and in the side chain 
of the same molecule. We have now synthesized 
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three 7-acylammolmldazo[4,5-hlpyridmes, SIX 4- 
acylammolmldazo[4,5-clpyrldmes and seven 7- 
acylammolmldazo[4,5-clpyrldmes, and tested 
them for cytoku-nn activity with the tobacco 
callus assay The results are reported in this 
paper. 

RESLLTS AlCD l~ISCC’SSIO\ 

SIxteen acyl derivatives (Table 1) were prepared 
by condensation of several acyl chlorides with 7- 
ammolmldazo[4,5-hlpyrldlne [I I- 131, 4-ammo- 
Imidazo[4,.5-clpyridme and 7-ammolmldazo 
[4,5-c]pyr~dme[11,12.14],respect1vely Allthecom- 
pounds gave satisfactory elemental analysis and 
their structures were verified by spectrophoto- 
metric determmatlons. Their physicochcmlcal 
characterizations are described In the experlmen- 
tal section The cytokmm activity of these com- 
pounds (1-16) was determined by the fresh weight 
yield of the callus obtained with the optimum 
concentrations of the compounds used III the 
tobacco callus bioassay 

Three 7-acylaminolmldazo[4.5-hlpyridmes 
were as active as kmetm and 6-benzylamino- 
purine on the tobacco callus as shown m Fig. 1. 
7-Benzoylammoimldazo[4.5-blpyridine showed 
cytoklmn actnq at 1 x IO ’ M and gave a 
callus yield of about 72”, of that produced by 
kmetm at 1 x IO-’ M. 7-Pcntanoylammolml- 
dazo[4-5-hlpyridme and 7-(I-furoylammo)lml- 
dazo[4,5-hlpyndine showed optimum growth re- 
sponses at I x 10m’ M and I x IO- ’ M. respec- 
tively 

Table I List of compounds tested for cytokmm actlwty 

1 7-Pentanoylammolmldazo[4 5-h]pqrldme 
2. 7-Bewoylammo~mldaro[4,M]pyrldlne 
3, 7-(2-Furoylammo)mndazo[4 5-hlpyrldmc 
4. 4-Proplonyldmmolmldazo[4 S(]py~~dlnc 
5. 4-Butyrylammolmldazo[4,5-c]pyrldlne 
6, 4-Pentanoqlamlnolmldazo[4,5-[]pyrldlne 
7 4-Hexanoylnmlnolmldd7o[4.5-[]p~rldlnz 
8. 4-Ben7o4lamlnolmldaroC4.5-( Jpyrldrnc 
9 4-(2-FLlroylamlno)lmIdaro[4.5-~]~~~rldlne 

IO, 7-Proplonylammo~mldazo[4.5-(]pyrldme 
Ii. 7-ButyrylamlnolmldazolJ,5-~]p~r~d~~~e 
12, 7-Pentanoylamlnolmld~~~o[4.5-~]~~~rldlnc 
13. 7-Hexano)lali1117olmldnzo[4,S-~,]p~r ldme 
14, 7-Benzoylamlnolmldazo[4.5-~]pyrldlne 
15. 7-Phenylacetylammolmldazo[4.5-c]pyrldme 
16. 7-(2-Furoqlamlno)lmldalo13,5-~]p~rldln~ 

--- 

‘09,o concn. ,uM 

Fig 1 Effect of 1 2, 3 BA and kmetm on fr wt yield of 
tobacco callus BC tJdSdl medtum control, BA 

6-Bcnr\ilrzminopicrIne 

However, 4-acylammolmldazo[4,5-c]pyndmes, 
except for 4-benzoylaminolmldazo[4.5-clpyrtdine, 
showed lower actlvlty (Fig 2) 4-Pentanoyl- 
aminolmtdazo[4,5-clpyrldine and 4-(Z-furoyl- 

I P 
,‘Kinetln 

I 

Fig 2 Etrect of 4. 5. 6. 7. 8. 9 and kmetm on fr wt yield 
of tobacco callus BC Basal mcdmm control 
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amino)imrdazo[4,5-clpyridine showed the opti- benzylammoimidazole, 8-benzylamino-2-methyl-s- 
mum growth response at 1 x lo- 5 M and 1 x triazolo[ 1,5-alpyrazine and 4-(3-methyl-2-butenyl- 
1O-4 M, respectively. 4-Benzoylaminoimi- ammo)imidazo[4.5-clpyridine show the optimum 
dazo[4,Sc]pyridme showed unexpectedly high growth response at about 10m5 M, whereas 7-(3- 
cytokinin activity [S] and its optimum con- methyl-2-butenylammo)imidazo[4,5-hlpyridme 
centration was in the range of 10-7-10-6 M. shows cytokimn activity at lo-” M. 

It can be concluded that the nitrogen atom at 
the 3-position of the purme ring plays an impor- 
tant role in the exhibrtion of cytokimn activity 
when the cytokinin activities of 4-acylammoimi- 
dazo[4,5-clpyridines are compared with those of 
7-acylaminoimidazo[4,5-blpyridmes. In order to 
examine whether the nitrogen atom at the 3-pos- 
ition of the purme ring is necessary for a high 
cytokinin activity or not, seven acyl derivatives 
of 7-aminoimidazo[4,5-c]pyridine(l-deaza-2-aza- 
3-deazaadenine) were synthesized and tested for 
their cytokmin activity. As shown in Fig 3, 7- 
acylammoimidazo[4,5-clpyridines gave the opti- 
mum growth response m the range lo- s-1O-4 
M. 7-Phenylacetylammoimidazo[4,5-clpyridme 
showed cytokinin activity at 1 x lo- 5 M and 
gave a callus yield about 70% that produced by 
kinetin at 1 x low6 M. Therefore none of these 
compounds showed such high cytokmin activity 
as that found for the 7-acylaminoimidazo[4,5-b]- 
pyridines. In addition it is known that 4(7)- 

It is consequently evident that the nitrogen 
atom at the 3-position of the purme rmg plays 
an important role in the exhibition of a high 
cytokinin activity as shown by Rogozinska et al. 
[8]. On the other hand, 4-benzoylaminoimi- 
dazo[4,5-clpyridme showed a higher cytokinm 
activity than that given by other 4-acylammoimi- 
dazo[4,5-clpyridines Generally the substitution 
of aromatic acyl groups as the side chain 
appeared to increase the cytokmm activity when 
compared with that found with aliphatic acyl 
groups. However, n-pentanoyl derivatives showed 
exceptionally good activity. The relationship 
between the length of the acyl group side chain 
and the cytokinm activity corresponds to that 
found in the case of alkyl group side chains [l]. 
It is thus inferred that the size of the side chain 
acyl group influences the cytokmm activity. 

All new compounds described here which were 
modified in both the pyrimidme moiety of the 
purme rmg and with alkyl side chain showed 
cytokmin activity m the concentration range 
10-8-10-4 M Among them, 7-benzoylaminoimi- 
dazo[4,5_b]pyridine, 7-pentanoylammoimidazo- 
[4.5-hlpyridme and 4-benzoylammoimidazo- 
[4.5-clpyridine were found to show excellent cyto- 
kinm activity. 
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Fig 3 Effect of 10, 11, 12, 13, 14, 1.5, 16 and kmetm on fr 
wt yield of tobacco callus BC Basal medium control 

EXPERIMENTAL 

Bzoassay procedure Cytokmm actlvlty of the compounds 
was assayed by the method of Lmsmaler and Skoog [lS] 
Tests were carried out m Erlenmeyer flasks contammg 20 ml 
of culture medium and various concentrations of the test com- 
pounds Each Rask was sterlhzed and Inoculated with 3 pieces 
(8 mg) each of the tobacco pith callus The flask was kept 
m the dark for 30 days Fresh wt of the callus was measured 
and the average wt of 12 calluses was compared with the 
wts of basal and kmetm treated controls 

Synthehfs oftest compounds All UV spectra were determmed 
m 95% EtOH, and all mp’s were measured on a micro-meltmg 
point apparatus 

7-Pentanoylam~,lo~mlda~o[4,5-b]pyr~dlnr(l) 7-Ammolml- 

dazo[4,5-hlpyrldme sulfate (0 7 g, 4 mmol) was suspended m 
10 ml dry Py to which 0 5 ml (5 mmol) pentanoyl chloride 
was added and the reactlon mixture was refluxed for 2 hr 
After coolmg, excess Py was removed under red pres and 
residue was neutrahzed with an aq soln of NaHCO, The 
soln was cone under red pres The resultmg ppt was filtered, 
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