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Abstract-Forty-five 1,3,5-triazine-2,6-dione derivatives were synthesized and their plant growth-promoting activi- 
ties examined by the rice (Uryza satiua) seedling test in the presence or absence of gibberellic acid (GA). For high 
activity in promoting the growth of rice seedlings and acting as active GA-synergists, a para-substituted or a 2,4- 
disubstituted phenyl group, a hydrogen atom and an alkoxy group were required in the l-, 3- and 4-positions of the 
1,3,5-triazine-2,6-dione molecule. 4-Ethoxy-1-(p-tolyl)+triazine-2,6(lH, 3H)-dione [TA], one of the most potent 
triazinones, synergized the effect of GA on the shoot elongation of different varieties of rice including normal type, 
dwarf mutants and chlorophyll-mutants. TA synergistically increased the growth-promoting activity of GA by both 
a simultaneous treatment at the same sites and separate treatments at separate sites of rice seedlings. 

INTRODUaON 

Our discovery of alkoxycarbonylisoureas as growth 
stimulants and GA-synergists has led to a new class of 
plant growth modifiers, the triazinones [l, 23. We 
suggested that the action of triazinones was intimately 
related to that of alkoxycarbonylisoureas in rice seed- 
lings. 4-Ethoxy-1-(p-tolyl)-s-triazine-2,6(lH, 3H)-dione 
[TA], one of triazinones was shown to be produced 
biologically, as well as chemically, from 2-ethyl-3- 
methoxycarbonyl-1-(p-tolylcarbamoyl)isourea, one of 
alkoxycarbonylisoureas [2]. Both compounds pro- 
moted the growth of rice seedlings, and also synergistic- 
ally enhanced the elongation of rice shoots induced by 
GA. If the alkoxycarbonylisoureas are generally con- 
verted into their counterpart triazinones by intramole- 
cular cyclization in plant tissues, the structure-activity 
relationships for the alkoxycarbonylisoureas previously 
reported [3] will be valid for the triazinones as well. GA- 
synergists have been shown to be of potential value in 
studies of the mechanism of GA action [4]. Therefore, 
further study on the physiological properties of the 
triazinone derivatives may provide new insight into the 
role of GA in plant growth and development. 

In this paper we report the effects of a large number of 
triazinone derivatives on the growth of rice seedlings in 
the presence and absence of GA, and to assess their 
structure-activity relationships. This paper also de- 
scribes the synergistic interaction of GA ‘and TA, one of 
the most potent triazinone compounds, in promotion of 
rice shoot growth. 

* Part 4 in the series ‘Plant growth-regulating activities of 
isourea derivatives and related compounds’. For Part 3 see 
ref. [2]. 

t Permanent address: Agricultural Chemicals Research Lab- 
oratoms, Sankyo Cu. Ltd.. Hiro-machl, Shmagawa-ku. Tokyo 
140, Japan. 

RESULTS AND DISCUSSION 

Strucrure-activity relationships 

Forty-five triazinone derivatives were synthesized, and 
the substituents R,, R, and R, in the structure were 
varied systematically, as shown in Table 1. Evaluation 
of the plant growth-promoting activity was conducted 
by testing their abilities to promote the growth of rice 
seedlings and to enhance the effect of GA on rice shoot 
elongation. It is clear from Table 1 that large variations 
in activity resulted from relatively small structural 
changes in the substituents. The principal structural 
requirements for high biological activity were the same 
in both growth promotion and GA-synergism tests. 

As to R, in the 4-ethoxy-s-triazine-2,6(lH, 3H)-dione 
series, higher activities were obtained when R, was a 
phenyl group substituted with a suitable atom(s) or 
group(s). Substitution with a chlorine atom at the para- 
position of the benzene ring (compound 8) produced the 
most active structure. The replacement of the chlorine 
atom by other halogen atoms such as fluorine, bromine 
and iodine in the para-position (27-29) maintained the 
high biological activity. Derivatives substituted with a 
methyl (IS), an ethyl (25) or a methoxy (30) group in the 
para-position were also highly active. When a nitro 
group (31) was introduced at the para-position, the 
biological activity decreased slightly. The introduction 
of a n-propyl group in the para-position (26), however, 
resulted in the disappearance of the biological activity. 
These results suggest that it makes no difference whether 
these substituents at the para-position are electron with- 
drawing or electron donating groups. The biological 
activity seems to be associated with the size of the 
substituents. 

The substitution at the ortho- or meta-position of the 
ring by a chlorine atom (6 and 7) or methyl group (I6 
and 17) caused loss of activity. Of the di- or tri-substituted 
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Table 1. Plant growth-regulating activities of s-triazine-2,6(1H, 3H)-dione derivatives 
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Activity 

No. R, R, R, Mp(“) 

Growth- Synergistic 
Cone promoting action with 
(ppm) activity* GAt 
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Table l- continued 

Activity 

NO. 4 % R3 MP(“) 
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Table l- c ontinued 

Activity 

No. R, R, R, MP(“) 

Giowth- Synergistic 
Cone promoting action with 

(ppm) activity* GAt 
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* Growth-promoting activity was measured as a percentage of control shoot length and expressed as follows: 
%ofcontrol;<84:-;85-115:0;116-135:+;2136:++. 

i Synergistic action with GA was expressed as follows: [Elongation due to (10 ppm GA + test compoiiiid)]/ 
[Elongation due to 1Oppm GA] + [Elongation due to test compound] x lOO(%), <84: -, 85-l 15: 0; 116135: 
+ ; 1X-155: + + ; 156-175: + + + ; 3 176: + + + + Control shoot length: with GA,41 mm; without GA 22 mm. 

compounds, 2&dichloro (lo), 2,4-dimethyl (19) or 4- 
chloro-Zmethyl (22) phenyl derivatives were also effec- 
tive, but further changes in the ring abolished or greatly 
decreased the biological activity. Compounds having 
aliphatic groups as R, had little or no activity, although 
the compound having an iso-propyl group (3) was 
weakly active. The replacement of a hydrogen atom at 
the R, position by a methyl group (41-45) completely 
destroyed the biological activity. 

In the group of compounds possessing a para-methyl- 
phenyl or a para-chlorophenyl group as R, and a 
hydrogen atom as R,, the number of carbon atoms of an 
alkyl or an alkynyl group in R, affected the biological 
activities: growth promotion and GA-synergism. The 
most effective substituents as R, were methyl (32 and 
37) and ethyl (18 and 8). Increasing the number of 
carbon atoms decreased the biological activity (see 32-36 
or 37-40). Of the R,-substituents examined, the n-butyl 
group represented the least active compounds (36 and 

40). 
Several triazine triones were synthesized and evaluated 

for biological activity; all were inactive. The inactivity 
of 1-(p-tolyl)-s-triazine-2,4,6(lH, 3H, SH)-trione com- 
pared to the high activity of 18 indicates the importance 
of the presence of an -OR, group for the development 
of the biological activity. 

These results suggest that all the substituents in the 
l-, 3- and 4-positions of s-triazine-2,6(1H, 3H)-dione are 
required for biological activity. It is clear from our 
present and previous work [3] that the structure- 
activity relationships for the alkoxycarbonylisoureas are 
correlated well with those of triazinones. This is com- 
pletely consistent with the results of our previous work 

PI. 
Response of various rice varieties to TA and/or GA 

The interaction between GA and TA was examined in 
various rice varieties including normal varieties, dwarf 
mutants, and chlorophyll-mutants. In normal varieties 
as Kinmaze, Norin No. 8, Nihonbare, Kinpa, and 
Honenwase the growth-promoting activity of TA applied 
alone or in combination with GA was observed (Fig. 1). 
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TA, mg/L. 

Fig 1. Effect of TA on the shoot growth of various rice varieties. -o--, without GA: -_t, with GA (10 mg/l.). 
Standard errors were given as vertical bars; where no bars appear. the standard errors were smaller than the 

symbols. Each point represents the average of three to four replications. 

The synergistic interaction between GA and TA in the 
seedling stage (var. Kinmaze) is diagrammatically illus- 
trated in Fig. 2. The combination of GA and TA caused 
the unusual and excessive elongation of the first leaf and 
the second leaf sheath. Note that TA promoted the root 
growth of rice seedlings and overcame the inhibition of 
root growth caused by GA. A definite synergism between 
GA and TA was also observed in two dwarf varieties, Tan- 
ginbozu and Waito-C, which are defective in the GA 

345 6 ‘Idays 

(b) TA lO%l 

synthesis pathway [S]. When applied alone to these 
dwarf varieties, however, TA showed only a httle growth- 
promoting activity as compared with those for normal 
varieties. The results suggest that TA requires endo- 
genous or exogenous GA for its action. 

The white (albina, CM-33) and the yellow (xantha, 
CM-123) mutants created by irradiating a normal 
variety, Norin No. 8, with gamma-rays, lack pigments 
essential for photosynthesis [6]. TA applied alone 

(c)GA 106M td)TAVhi 
plusG4lO% 

I * 

Fig. 2 Effects of 10m4 M TA and/or 1O-5 M GA on growth ofrice seedlings. Arrows indicate 
of the second leaf. In each plot 3- to 7-day-old seedlings were shown. 

joint 
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Fig. 3. Effect of TA on GA-induxd elongation of rice shoots. 
Both TA and GA were applied to the roots. Standard errors 

were given as vertical bars, as in Fig. 1. 

promoted shoot growth and the combined application 
of GA and TA was shown to be synergistic, in both 
chlorophyll-mutants as in the normal green varieties. 
There was no significant difference in the activity pattern 
between the chlorophyll-mutants and Norin No. 8. The 
results indicate that the action of TA is not associated 
with photosyntheslo or with the chloroplast functions. 

Application sites of GA andJor TA 

To determine if the biological activity depended on 
the sites of application of GA and TA, the compounds 
were simultaneously applied to the roots or shoots in 
some experiments, and separately applied to the roots 
or shoots at different times in other experiments. With 
simultaneous application of GA and TA to the roots, 
TA greatly enhanced the stimulative effect of GA on the 
shoot growth of rice seedlings (Fig. 3). Rice seedlings 

TA,GA 

treated with combination of 10m3 M TA and 10m6 M to 
low4 M GA grew crookedly due to the excessive elonga- 
tion. Note that TA could still promote growth when 
optimal or supraoptimal GA concentrations were 
applied. 

In experiments employing simultaneous application 
of TA and GA to the shoots, the response to GA was 
increased by adding TA (Fig. 4). The synergistic effect of 
TA increased with increased concentrations of TA. 
Similarly, the response of shoot elongation to GA applied 
to the roots was observed to be increased by TA applied 
to the shoots (Fig. 5). The TA effect shown in Figs 4 and 5 
was a true enhancement or synergism of the GA effect 
since TA alone did not promote the shoot growth of rice 
seedlings. GA applied alone to the shoot promoted shoot 
growth in relation to concentration. Application of TA 
to the root further increased the shoot elongation 
induced by GA applied to the shoot (Fig. 6). 

As shown in Figs 3-6, the synergistic interaction 
between GA and TA was observed in the shoot elonga- 
tion of rice seedlings regardless of the method of applica- 
tion. The facile translocation of GA around most parts 
of various plants is well established [7]. The results 
reported herein strongly indicate that TA, as well as GA, 
is a systemic growth regulator. Since TA synergistically 
promoted the growth of rice seedlings when optimal or 
supraoptimal GA concentrations were applied and when 
GA was applied to a different site from that of TA 
application, it may be affecting some cellular meta- 
bolism(s) rather than changing the absorption or meta- 
bolism of GA. 

EXPERIMENTAL 

Preparation of chemicals. Compounds 14 in Table 1 were 
synthesized according to the method previously reported [2]. 
Compounds 414 were obtained by stirring compounds 1,4, 
5, 8 and 18. respectively, with Me1 and K,CO, at room temp. 
for 5 to 6 hr in Me?CO. s-Trrazme-2,4,6(1H, 3H, SH)-trione 
derivatives were prepared by retking the selected s-triazine- 
2,6(1H, 3H)-diones with HBr (47%) for 1 hr in MeOH. Mps 
(uncorr.) are listed in Table 1. Their purities were checked by 
Si gel TLC, and their structures were confirmed by elemental 
analyses, IR and NMR spectra. GA chiefly composed of GA, 
was obtained from Walco Pure Chemical Industries, Ltd. 

a 
t 

Second leaf sheath lkmgth 

7- 

$ lip/ 
4- 

4’ 
0 ‘oa 

III :I 
00501 02 05 IO 

- Shoot length 

w- 
-GA 

TA, &plant 

Fig 4. Effects of TA and/or GA on rice shoot growth. Both TA and GA were applied to the shoots. -+, 
without GA; +-, with GA (0.2 ug/plant). Standard errors were given as vertical bars, as in Fig. 2. 
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FJ 

t 

Second leaf sheath length 

41 Ii::’ 
0 /OOl 00501 02 05 IC 

TA, 

T_ 
pg/plant 

Shoot length 

Fig. 5. Effects of TA and/or GA on rice shoot growth. TA was applied to the shoots, while GA was applied to the 
roots 0 without GA: -+-. with GA (10-s M). Standard errors were given as vertical bars. as m Fig 1. 

* Second leaf sheath length 
1 

&+---k-k 0 002 02 2.0 
I: Al- 

0 002 02 20 2o 2oc 

GA, ng/plont 

Ftg. 6. Effect of TA on GA-induced elongation of rice shoots. GA was applied to the shoots, while TA was applied 
to the roots --o-, without TA; --t, with TA (2 x 10 ’ M). Standard errors were given as vertical bars, as in 

Fig 1. 

Plant material and bioassay. In all experiments rice (Oryza 
satiua L.) was used, and the bioassay was carried out at 28” 
under continuous fluorescent illumination of 4500 lux at plant 
level. For an assessment of structure-activity relationships of 
triazinones, 5 germinated seeds of rice (var Kinmaze) were 
planted on 10 ml of 0.5% agar medium containing each test 
compound with or without 10 mg,% GA in a test tube (2.6 cm 
dia. x 6cm). Rice seedlings were incubated for 4 days and 
thereafter their shoot lengths were measured. In a second 
experiment, the interaction between GA and TA in shoot 
growth of various rice varieties was investigated. 25 germinated 
seeds were planted on 35 ml of 0.5% agar medium containing 
TA with or without 10 mg/l. GA, in a 7.5 cm Petri dish. Five-day- 
old seedlings were harvested and their shoot lengths were 
measured. To examine the influence of application sites of GA 
and TA, a third experiment was set up, using normal variety 
Kinmaze. Root application was conducted under the same 
conditions as the second experiment: rice seedlings were 
incubated on the agar medium containing TA and/or GA. 
Shoot application was carried out according to the microdrop 
method of ref. [S]. Rice seedlings incubated for 2 days on the 
agar medium were treated by applying GA and/or TA in a 1 ~1 
drop to the coleoptile surface. In both applications, rice seed- 
lings were allowed to grow for 5 days after planting, and their 
lengths of shoots or second leaf sheath were measured. This 

experiment consisted of four groups: 11) root application of GA 
plus TA; (ii) shoot apphcation of GA plus TA: (iii) root apphca- 
tion of GA and shoot application of TA. and (IV) root applica- 
tion ofTA and shoot apphcation of GA. There were three to four 
replications through the experiments. 
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