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ABSTRACT 

It is investigated the effect of synthesized organic compounds of 6-hydroxy-2,2,4-trimethyl-1,2-
dihydroquinoline, its derivatives, and hydrogenated analogs. These compounds affected the height of seedlings 
when they were used for pre-sowing seed treatment of the following ornamental plants: annual ornamental 
grass – scarlet sage (Salvia splendens) and woody plant – yellow rhododendron (Rhododendron luteum). Prior 
to the sprouting process, the seeds of Rh. luteum and S. splendens were soaked in water solutions of 
compounds with concentrations of 0.01%, 0.05%, and 0.1% for 18 hours. Dihydro- and tetrahydroquinolines 
with a concentration of 0.05% proved to be the most effective for both plants. For Rhododendron luteum, the 
compounds of 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline, its derivatives, and hydrogenated analogs with a 
concentration of 0.1% proved to be the most effective. Dihydroquinolines at concentrations of 0.05 and 0.1% 
proved to have the strongest effect when applied to the studied perennial woody plant (Rhododendron luteum). 
Dihydroquinoline at the concentration of 0.05% also proved to be effective when applied to the annual grass 
(Salvia splendens). For annual S. splendens, tetrahydroquinoline at concentrations of 0.01 and 0.05% appeared 
to be the most effective. The pre-sowing seed treatment of grass Salvia splendens and woody plant 
Rhododendron luteum with the studied compounds demonstrated that their effect on the height of the seedlings 
is species-specific. The pre-sowing seed treatment of Rh. luteum and S. splendens allows increasing the height 
of the seedlings by 3-61 % and 17-25 %, respectively. It is suggested using the compounds of 6-hydroxy-2,2,4-
trimethyl-1,2-dihydroquinoline, its derivatives, and hydrogenated analogs as effective growth stimulators for 
ornamental grasses and woody plants. 
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1. INTRODUCTION

Several heterocycles have shown 
biological activity: a potent antibacterial (Brown et 
al., 2004), anti-inflammatory (Gavrilov et al., 
1988), antitrypanosomal (Fotie et al., 2010) and 
other effects. The same quinolinic compounds at 
different concentrations may either stimulate or 
inhibit the biological processes (Gavrilov et al., 
1988; Litvinov, 1998; Dorey et al., 2000; Brown et 
al., 2004; Le et al., 2007; Fotie et al., 2010). 

Some papers also study the biological 
effect of quinolinic compounds, such as dihydro– 
and tetrahydroquinoline, on seed germination and 
the root growth of the stem cuttings of woody 
plants (Shmyreva, 2000; Butorina et al., 2002; 
Baranova, 2013 a). Over the last years, attempts 

have been made to synthesize new quinolinic 
compounds that can be used as growth 
regulators (Dorey et al., 2000; Croisy-Delcey et 
al., 2000; Pravin et al., 2000ab, 2003; Abadi, 
Brun, 2003; Denmark, Venkatraman, 2006). The 
effect of certain quinolines on seed germination 
and the size of the seedlings of Rhododendron 
ledebourii was also investigated (Moiseeva et al., 
2012 a; Kalaev et al., 2013). However, the effect 
of 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline, 
its derivatives, and hydrogenated analogs on the 
growth of other plants has not been studied yet.  

Therefore, the aim of our research was to 
study the effect of synthesized organic 
compounds of 6-hydroxy-2,2,4-trimethyl-1,2-
dihydroquinoline, its derivatives and 
hydrogenated analogs on the height of seedlings, 
when used for pre-sowing seed treatment of the 
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following ornamental plants: annual ornamental 
grass – scarlet sage (Salvia splendens) and 
woody plant – yellow rhododendron 
(Rhododendron luteum).  

The annual ornamental grass, scarlet sage 
(Salvia splendens Ker Gawl.), was selected as 
the study material because it is often planted in 
urban gardens and grows slowly in the early 
stages of its development (Nikolaenko 1971, 
Gladky 1977). Highly decorative deciduous shrub 
yellow rhododendron (Rhododendron luteum 
Sweet.) is quite winter-hardy and drought-
resistant (Alexandrova 2003; Vostrikova 2011; 
Moiseeva et al., 2012 b; Baranova, 2013 b). It is 
planted in urban and residential areas, and its 
propagation requires additional stimulators of 
growth and seed germination. 

   

2. MATERIALS AND METHODS  

   

 The research was conducted at the B. 
M. Kozo-Polyansky Botanical Garden of 
Voronezh State University in 2017. The study 
focused on the following organic compounds 
synthesized at the Department of Organic 
Chemistry of Voronezh State University: 

6-hydroxy-2,2,4-trimethyl-1,2,3,4-tetrahy_ 
droquinoline (compound 1), 

6-hydroxy-2,2,4-trimethyl-1,2-dihydroquino_ 
line (compound 2), 

7-[(dimethylamino)methyl]-6-hydroxy-2,2,4-trime_ 
thyl-1,2,3,4-tetrahydroquinoline (compound 3), 

7-[(dimethylamino)methyl]-6-hydroxy-2,2,4-trime_ 
thyl-1,2-dihydroquinoline (compound 4), and 

1-ben_zoyl-6-hydroxy-2,2,4-trimethyl-1,2-dihy_ 
droquinoline (compound 5), and the way they 
influence the height of seedlings of Rh. luteum. 

The effect of 6-hydroxy-2,2,4-trimethyl-
1,2,3,4-tetrahydroquinoline and 6-hydroxy-2,2,4-
trimethyl-1,2-dihydroquinoline on the height of the 
“Hot fire” variety of scarlet sage (Salvia 
splendens Ker Gawl.) was also studied. 

Prior to the sprouting process, the seeds of 
Rh. luteum and Salvia splendens were soaked in 
water solutions of the above-listed compounds 
with concentrations of 0.01%, 0.05%, and 0.1% 
for 18 hours. The control group consisted of the 
same type of seeds soaked in a tap water 
solution of a commonly used growth stimulator, 
Epibrassinolide (commercial fraction Epin Extra 
produced by NNPP NEST M, Russia), with the 

concentration of 0.05% (following the instruction 
of commercial fraction). In the case of each of the 
studied concentrations of the acids, as well as the 
control group, the experiment was conducted 
three times using a set of 100 seeds. After 
soaking, the rhododendron seeds were placed in 
Petri dishes containing blotting paper and 
germinated in the laboratory conditions at a 
constant temperature of 22 оС. On the 21st day, 
the sprouts were planted in containers filled with 
high-moor peat and then kept in a greenhouse. 
The height of the seedlings of Rhododendron 
luteum was measured with a ruler, 7 months after 
the start of the experiment. After the first true 
leaves appear, young plants are considered 
seedlings (Korovkin 2007).  

The seeds of S. splendens were sown in 
containers filled with a mixture of soil and sand (3 
parts soil/1 part sand) and kept in a greenhouse 
at 20 оС, as recommended in (Nikolaenko 1971, 
Gladky 1977). Seed germination was evaluated 
on the 20th day of the experiment. On the 42nd 
day of the experiment, the seedlings, having 
been preliminarily hardened for 12 days, were 
removed from the greenhouse and planted on the 
field. The field experiment was designed 
according to B. A. Dospekhov (1985). The height 
of the seedlings was measured on the 42nd day 
using a ruler. The results were statistically 
processed using the STADIA software package. 
The procedures of data grouping and processing 
were described by A. P. Kulaichev (2006). The 
mean values were compared using Student's t-
test. The variances were compared using the F-
test. The coefficient of variation (Cv) was 
counted, according to G. F. Lakin (1990). If Cv 
was below 10%, it meant that the degree of 
variation was low, with Cv between 10 and 25%. 
The degree of variation was medium, and when 
Cv was over 25%, the degree of variation was 
high (Lakin 1990). To estimate the influence of 
various concentrations of the chemical 
compounds on the height of the plants, a one-
way analysis of variance was used. The power of 
influence was estimated, according to Snedecor 
(in %). 

  

3. RESULTS AND DISCUSSION:  

   

 The height of the seedlings of 
Rhododendron luteum 7 months after the seeds 
were treated with the studied organic compounds 
are given in Table 1 and Figure 1. The seedlings 
in all the experimental groups were higher than 
the ones in the control group, with 6-hydroxy-
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2,2,4-trimethyl-1,2-dihydroquinoline (compound 
2) demonstrating the stronger stimulating effect 
than 6-hydroxy-2,2,4-trimethyl-1,2,3,4-tetrahy_ 
droquinoline (compound 1).  

It is demonstrated that 6-hydroxy-2,2,4-
trimethyl-1,2,3,4-tetrahydroquinoline (compound 
1), 6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline 
(compound 2) and 1-benzoyl-6-hydroxy-2,2,4-
trimethyl-1,2-dihydroquinoline (compound 5) 
appear to have strong stimulating effect with any 
of the studied concentrations: 0.01, 0.05, and 
0.1% (differences with the control group are 
reliable, P<0.001). 1-Benzoyl-6-hydroxy-2,2,4-
trimethyl-1,2-dihydroquinoline shows the 
strongest stimulating effect and 7-[(dime_ 
thylamino)methyl]-6-hydroxy-2,2,4-trime_ thyl-
1,2,3,4-tetrahydroquinoline (compound 3) 
appears to be less active. But 7-[(dime_ 
thylamino)methyl]-6-hydroxy-2,2,4-trimethyl-
1,2,3,4-tetrahydroquinoline (compound 3) and 7-
[(dimethylamino)methyl]-6-hydroxy-2,2,4-trime_ 
thyl-1,2-dihydroquinoline (compound 4) at 
concentrations of 0.05 and 0.1% (Tables 1, 2) 
also demonstrated a stimulating effect. However, 
7-[(dimethylamino)methyl]-6-hydroxy-2,2,4-trime_ 
thyl-1,2-dihydroquinoline (compound 4) is more 
effective. 7 months after the start of the 
experiment, the height of Rh. luteum seedlings 
increased by 3.0–61.2% (Table 2). For Rh. 
luteum the strongest stimulating effect was 
demonstrated by all the studied compounds with 
the concentration of 0.1%. 

The study also determined the effect of 
the chemical compounds on the height of Salvia 
splendens and the variation coefficient for this 
parameter (Table 3). Variance analysis 
demonstrated that the studied quinolinic 
compounds influence the height of plants. The 
power of influence is given in Table 4.  

Quinolinic compounds 6-hydroxy-2,2,4-
trimethyl-1,2,3,4-tetrahydroquinoline with 
concentrations of 0.01% and 0.05% and 6-
hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline with 
the concentration of 0.05% can be used as 
growth stimulators for scarlet sage plants, 
increasing their height by 17-25%.  

 

4. CONCLUSIONS:  

   

 The conducted experiments demonstrated 
that the stimulators have both similar and 
species-specific effects on annual grasses and 
perennial woody plants. 6-Hydroxy-2,2,4-
trimethyl-1,2,3,4-tetrahydroquinoline and 6-

hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline with 
the concentration of 0.05% have the most 
substantial growth stimulating effect on the 
seedlings of all the studied plant species. 
However, the effect of the compounds on annual 
grass is different from the one they have on 
woody plants. For the annual grass 
tetrahydroquinoline with concentrations of 0.01% 
and 0.05% proved to be the most effective. For 
Rhododendron luteum compounds of 6-hydroxy-
2,2,4-trimethyl-1,2-dihydroquinoline, its derivati_ 
ves, and hydrogenated analogs with the 
concentration of 0.1% proved to be the most 
effective. Dihydroquinoline at the concentration of 
0.05% also proved to be effective when applied 
to the annual grass (Salvia splendens), while the 
other studied concentrations did not influence the 
height of the seedlings. The effect of synthesized 
chemical compounds of 6-hydroxy-2,2,4-trime_ 
thyl-1,2-dihydroquinoline and its hydrogenated 
analog on grasses and woody plants is species-
specific. Tetrahydroquinolines are more effective 
than dihydroquinolines for the annual grass 
(Salvia splendens). Dihydroquinolines are 
stronger than tetrahydroquinolines for the woody 
plant (Rhododendron luteum). The pre-sowing 
seed treatment of Rh. luteum and S. splendens 
allows increasing the height of the seedlings by 
3-61 % and 17-25 %, respectively. It is suggested 
using the compounds of 6-hydroxy-2,2,4-
trimethyl-1,2-dihydroquinoline, its derivatives, and 
hydrogenated analogs as effective growth 
stimulators for grasses and woody plants. 

 
5. ACKNOWLEDGMENTS:  
   

The study received financial support from 
the Ministry of Science and Higher Education of 
the Russian Federation within the framework of 
State Contract with universities regarding 
scientific research in 2020–2022, project No. 
FZGU-2020-0044. 
 
6. REFERENCES:    
 

1. Abadi, A. H., Brun, R. Synthesis and 
evaluation of novel 7-trifluoromethyl-4-(4-
substituted anilino) quinolines as 
antiparasitic and antineoplastic agents 
Arzneimforsch. Drug. Res., 2003, 53, 
655–663. 

 
2. Alexandrova, M. S. Rhododendrons. 

Moscow: ZAO Fiton+, 2003. 
3. Baranova, T. V. Accelerated production of 

plants resistant to urban conditions. 



 

SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY.   
ISSN 0104-5431. vol.28, n°28. 2020. Downloaded from www.sbjchem.com 

Established in 1993. 
  13 

Ecology and Industry of Russia, 2013a, 4, 
65–67. 

4. Baranova, T. V. Phenological 
characteristics of species of the genus 
Rhododendron L. in the Central Black 
Soil. Bulletin of Krasnoyarsk State 
Agrarian University, 2013b, 4, 74–79. 

5. Brown, C. W., Liu, S., Klucik, J., Berlin, K. 
D., Brennan, P. J., Kaur, D., Benbrook, D. 
M. Novel heteroarotinoids as potential 
antagonists of Mycobacterium bovis BCG. 
Journal of Medicinal Chemistry, 2004, 47 
(4), 1008–1017. 

6. Butorina, A. K. Vostrikova, T. V., 
Shmyreva, J. V., Belchinskaya, L. I., 
Kondaurova, V. A. The effect of chemical 
stimulants on germination and cytogenetic 
indicators of seedlings of birch seeds 
hanging. Forestry, 2002, 5, 33–35. 

7. Croisy-Delcey, M., Coroisy, A., Carrez, D., 
Huel, C., Chiaroni, A., Ducrot, P., Bisagni, 
E., Jin, L., Leclercq, G. Bioorg, Diphenyl 
quinolines and isoquinolines: synthesis 
and primary biological evaluation. Med. 
Chem., 2000, 8(ii), 2629–2641. 

8. Denmark, S., Venkatraman, S. On the 
mechanism of the Skraup-Doebner-Von 
Miller quinoline synthesis. J. Org. Chem., 
2006, 71, 1668–1676. 

9. Dorey, G., Lockhart, B., Lestage, P., 
Casara, P. New quinolinic derivatives as 
centrally active antioxidants. Bioorg. Med. 
Chem. Lett., 2000, 10, 935–939. 

10. Dospekhov, B. A. The methodology of 
field experience (with the basics of 
statistical processing of research results). 
5th ed. add. and reslave. Textbook: 
benefits for high school. Moscow: 
Agropromizdat, 1985. 

11. Fotie, J., Kaiser, M., Delfı´n, D. A., 
Manley, J., Reid, C. S., Paris, J.-M., 
Wenzler, T., Maes, L., Mahasenan, K. V., 
Li, C.,  Werbovetz, K. A. Antitrypanosomal 
Activity of 1,2-Dihydroquinolin-6-ols and 
Their Ester Derivatives. Journal of 
Medicinal Chemistry, 2010, 53, 966–982. 
doi: 10.1021/jm900723w 

12. Gavrilov, M.Y., Mardanova, L.G., Kolla, 
V.E., Konshin, M.E. Synthesis, 
antiinflammatory and analgesic activities 
of 2-arylamino-5,6,7,8-
tetrahydroquinoline-3-carboxamides. 
Pharmaceut. Chem. J., 1988, 22, 554-
556.  

13. Gladkiy, N. P. Decorative floriculture in the 
garden. Reference book. Leningrad: 
Kolos (Leningrad branch), 1977. 

14. Kalaev, V. N., Moiseeva, E. V., Baranova, 
T. V., Medvedeva, S. M., Shikhaliev, H. 
S., Voronin, A. A. Growth stimulants for 
species of the genus Rhododendron L.: 
Patent 2490892 Russian Federation. 
2012112006/13, declared 29. 03.12, 
published 27. 08.13, 24. 

15. Korovkin, O. A. Anatomy and morphology 
of higher plants: a dictionary of terms. 
Moscow: Drofa, 2007. 

16. Kulaichev, A. P. Methods and tools for 
integrated data analysis. Moscow: 
FORUM: INFA-M, 2006. 

17. Le, T. C., Berlin, K. D., Benson, S. D., 
Eastman, M. A., Bell-Eunice, G., Nelson, 
A. C., Benbrook, D. M. Heteroarotinoids 
with Anti-Cancer Activity Against Ovarian 
Cancer Cells. The Open Medicinal 
Chemistry Journal, 2007, 1, 11–23. 

18. Moiseeva, E. V.,  Baranova, T. V., Kalaev, 
V. N., Kuznetsov, B. I., Shcherbakov, G. 
S., Voronin, A. A., Potapov, A. Yu., 
Shikhaliev, H. S. The effect of compounds 
of the quinoline series on the germination 
and growth processes of Ledebour's 
rhododendron (Rhododendron Ledebourii 
Pojark.). Basic Research, 2012a, 5 (1), 
172–176. 

19. Moiseeva, E. V., Baranova, T. V., Voronin, 
A. A., Kuznetsov, B. I. A collection of 
representatives of the genus 
rhododendron (Rhododendron L.) in the 
botanical garden B.M. Kozo-Polyansky 
Voronezh State University. Ecosystems, 
their optimization and protection, 2012b, 
7, 39–44. 

20. Nikolaenko, N. P. Handbook of the florist. 
Moscow: Kolos, 1971. 

21. Pravin, M. P., Rajini, T. P., Rajini, M. P. 
Study on the copolymerization kinetics of 
8-quinolinyl methacrylate, n-butyl 
methacrylate and styrene. Int. J. Polym. 
Mater., 2000a, 46, 471–476. 

22. Pravin, M. P., Rajini, T. P., Rajini, M. P. 
Synthesis and characterization of 8-
quinolinyl methacrylate with methyl 
acrylate and vinyl acetate copolymers. Int. 
J. Polym. Mater., 2000b, 46, 141–150. 

23. Pravin, M. P., Rajini, T. P., Rajini, M. P. 
Acrylic homo- and copolymers based on 
2,4-dichlorophenyl Methacrylate and 8-



 

SOUTHERN BRAZILIAN JOURNAL OF CHEMISTRY.   
ISSN 0104-5431. vol.28, n°28. 2020. Downloaded from www.sbjchem.com 

Established in 1993. 
  14 

Quinolinyl Methacrylate. J. Polym. Res., 
2003, 11, 65–73. 

24. Shmyreva, J. V. 2, 2, 4-Trimethyl-
hydroquinolins. Voronezh: VSU, 2000.  

25. Vostrikova, T. V. Ecological and biological 
features of rhododendrons during 
introduction in the conditions of the 
Central Chernozem region. Bulletin of 
Krasnoyarsk State Agrarian University, 
2011, 4, 27–30. 

26. Williamson, N., Ward, D. The preparation 
and some chemistry of 2,2-dimethyl-1,2-
dihydroquinolines. Tetrahedron, 2005, 61, 
155–165. 

 
 

 
   

 
 
 
 

 
 

Figure 1.  Comparative height (in mm) of Rh. luteum seedlings 7 months after the start of the 
experiment for the compounds 1-5  
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Table 1. The height (in cm) of Rh. luteum seedlings 7 months after the start of the experiment  
 

Con
centr
ation  

Сontrol 
group, %  

Epin Extra 
group, %  

compound 
1 

compound 
2 

compound 
3 

compound 
4 

compound 
5 

0.01
% 

6.7±0,2 6.9±0,2*  

6.9±0,2* 7.6±0,1**2 6.8±0,2 6.8±0.2 7.7±0.2**2 

0.05
% 

7.8±0,2**2 7.9±0,2**2 7.0±0,2* 7.1±0.2 *1 
8.9±0.3***
3 

0.1
% 

8.4±0,2***
3 

9.4±0,2***
3

8.3±0.2***
3

9.5±0.2***
3 

10.8±0.3**
*3

Reference for Table 1-2:  

* – differences with the control group are reliable (p<0.05)  

* – differences with the control group are reliable (p<0.01)  

* – differences with the control group are reliable (p<0.001) 

1 - differences with the Epin Extra group are reliable (p<0.05);  

2 - differences with the Epin Extra group are reliable (p<0.01);  

3 - differences with the Epin Extra group are reliable (p<0.01); 

6-hydroxy-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline (compound 1), 
6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline (compound 2), 

7-[(dimethylamino)methyl]-6-hydroxy-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline (compound 3), 
7-[(dimethylamino)methyl]-6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline (compound 4), 
1-benzoyl-6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline (compound 5). 
 
 
 
 
 
 
 
Table 2. The increase (in %) in the height of Rh. luteum seedlings 7 months after the start of the 
experiment 

 
Concen
tration 

Epin, % 
compound 

1 
compound 

2
compound 

3
compound 

4
compound 

5 

0,01% 

– 

3.0 13.4 – – 14.9 

0,05% 16.4 17.9 4.5 6.0 32.8 

0,1% 25.3 40.3 23.9 41.8 61.2 
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Table 3. The height of Salvia splendens seedlings after the pre-sowing seed treatment with quinolinic 
compounds 

 

concentration, 
% 

Average height 
of the plants, 

cm 

Max - 
min, cm 

Variation / 
Cv, % 

 
Increase in 
the height of 
the plants, %

Сontrol group 15.8±0.6 14 – 20 4.0 / 12.7 – 

Epin Extra 
group 

13.9±0.7* 12 – 18 4.3 / 15.1 
– 

6-hydroxy-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline (stimulator 1) 

0,01% 18.5±0.3**2 17 – 20 1.2а / 5.9 17,1 

0,05% 19.8±0.5***2 18 – 22 2.2 / 7.6 25,3 

0,1% 15.3±0.4 14 – 17 1.3 / 7.8 – 

6-hydroxy-2,2,4-trimethyl-1,2-dihydroquinoline (stimulator 2) 

0,01% 15.8±0.31 14 – 17 1.1а / 6.3  – 

0,05% 18.8±0.2***2 18 – 20 6.2б / 4.3  19,0 

0,1% 14.7±0.2 14 – 16 4.6б / 4.8 – 

Reference: Cv - variation coefficient; * - differences with the control group are reliable (p<0.05); ** - 
differences with the control group are reliable (p<0.01); *** - differences with the control group are reliable 
(p<0.001); 1 - differences with the Epin Extra group are reliable (p<0.05); 2 - differences with the Epin Extra 
group are reliable (p<0.001); а – differences with the Epin Extra group are reliable (p<0.05); б – differences in 
variation within the experimental group and control group are reliable (p<0.01). 
 
 
 
 
 
Table 4. The power of influence (in %) of the stimulator on the height of Salvia splendens on the 42nd 
day of the experiment  
 

compound 
as compared to 

the control 
group

as compared 
to the Epin 
Extra group

as is 

compound 1 5.2** 7.7*** 7.3*** 

compound 2 4.8*** 7.0*** 9.1*** 

Reference: ** - the influence of the factor is reliable (p<0.01); *** - the influence of the factor is reliable 
(p<0.001). 
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