
ALKALOIDS OF Liriodendron tulipifera 

R. Ziyaev, A. Abdusamatov, 
and S. Yu. Yunusov 

UDC 547.944/945 

The alkaloids of the tulip tree Liriodendron tulipifera L., family Magnoliaceae, 
are considered. More then 20 alkaloids have been isolated during different vege- 
tation periods from various organs of the plant growing in Uzbekistan, and these 
have been assigned to the aporphine alkaloids and their dehydro, oxo, and 7-hy- 
droxy derivatives; only two alkaloids proved to be derivatives of proaphorphine 
and of tetrahydroberberine. On the basis of the results of a comparative study 
of the NMR spectra of aporphines unsubstituted in ring D and some chemical trans- 
formations, the structure and configuration of the (R)-3-hydroxy-l,2-dimethoxy- 
aporphine have been proposed for the new alkaloid lirinine. The absolute con- 
figurations, possible biogenetic interconnections, and mutual transitions of the 
alkaloids of L. tylipifera that are derivatives of aporphine, oxoaporphine, and 
dehydroaporphine are discussed. A summery table is given which includes 41 al- 
kaloids found in this plant. 

The tulip tree Lir~odendron tulipifera (in the country of its origin -- the USA -- it is 
also called the yellow poplar) is one of the most interesting representatives of the Magnolia- 
ceae family. At the present time it is being:widely cultivated in Central Asia, including Uz- 
bekestan. 

The biology, anatomy, morphology, and methods of propagating Tulip~fera have been 
studied by F. M. Murzova [i]. In the dendrarium of the Botanical Garden of the Uzbek SSR 
Academy of Sciences there are tulip trees aged 27-30 years 30-60 m high with trunks 50-60 cm 
in diameter covered with grey~finely fissured cork. Depending on the meteorological conditions 
in winter and spring, the flowering of the tulip tree takes place either in the second half 
of April and throughout May or at the beginning of May and the first half of June and lests 
45-48 days. The leaf buds open in April, and complete leaf formation is complete by the end 
of April, or the beginning of the autumn and winter. Mass leaf-fall of the tulip tree begins 
in October-November, The tree is propogated by seeds. 

The presence of alkaloids in the leaves of L. tul~pifera was first determined in 1935 by 
A. P. Orekhov [2]. In 1960, M. A. Buchanan and E. E. Dickey [12] and, somewhat later, M. Tay- 
lor [13] isolated from the wood of this species glaucine (XXV), and also liriodenine (XXX) and 
O-methyllatheroline (XXXV), which are representatives of the 7-oxodibenzo[de, g]quinoline (7- 
oxoaporphine) group. 

A more detailed chemical investigation of the tulip tree was begun in 1973 by workers 
at the Institute of the Chemistry of Plant Substances of the Uzbek SSR Academy of Sciences 
[6-9, 16-23]. Alkaloids were detected on all the organs of the plant. More than 20 alka- 
loids were isolated from various organs of L. tulipifera in different periods of vegetation 
(Table i). 

Later, abroad, the alkaloids of this plant were studied by A. Chen and coworkers [29, 
32, 37 50]. More than 40 alkaloids were isolated from L. tul~pifera including 22 new ones 
(Table 2). 

The alkaloids of L. tupilifera are aporphine alkaloids or their dehydro, oxo, or 7- 
hydroxy derivatives, only two bases (N-methylcrotsparine and isocorypalmine) having proved 
to be derivatives of proaporphine and of tetrahydroprotoberberine, respectively. The larger 
number of alkaloids isolated belongs to the aporphine group, and of the 20 alkaloids of this 
group 17 proved to be new. The structures and absolute configurations of the new alkaloids 
have been established on the basis of the results of a study of UV, IR, NMR, and mass spec- 
tra, inacombination with chemical transformations. 
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The aporphine alkaloids were isolated mainly from the green leaves of the tulip tree 
collected in the flowering and fruit-bearing stages. The aporphines isolated are representa- 
tives of this group unsubstituted or monosubstituted in ring D and 1,2,9,10-tetrasubstituted. 
However, the 1,2,10,11-tetrasubstituted aporphines of the corydeine group have not yet been 
found in this plant. 

It is known that aporphines unsubstituted and monosubstituted in ring D are usually levo- 
rotatory with the (R) absolute configuration [67]. In addition to the levorotatory aporphines 
of this type, caaverine (V), lirinidine (XI), nornuciferine (VIII), and remerine (III), which 
are dextrorotatory, with the (S) absolute configuration, have also been isolated from L. tuli- 
pifera. All the 1,2,9-10- tetrasubstituted aporphines found are dextrarotatory and, consequently, 
have the (S) absolute configuration. 

Together with aporphine alkaloids (III, V, XI, XII, XIX), the leaves contain oxoaphorphine 
bases corresponding to them -- liriodenine (XXX), lysicamine (XXXI), O-methylmoschatoline 
(XXXIII), and lanuginosine (XXXIV), and also a proaporphine alkaloid -- N-methylcrotsparine 
(ex). 

Oxo- and dehydroaporphine alkaloids have been found in the wood and the bark. It must 
be mentioned that in the green leaves the main alkaloid is remerine (III), while yellowed 
leaves contain a smaller amount of remerine than liriodenine. 

Passages have been performed from the aporphines (III, VIII, IX, XIV) to the oxoapor- 
phines (XXX, XXXI, XXXIII, and XXXIV), the dehydroaporphines (XXXVII, XXXVIII), and the 
proaporphine (LX), and from the oxoaporphine alkaloids (XXX, XXXI) to the aporphine alkaloids 
(III, VIII), and so on [16, 17, 23]. 

The detection in L. tulipifera of the aporphine alkaloids and the oxo, dehydro, and hy- 
droxy derivatives corresponding to them show that redox processes take place in the plant or- 
ganism between which there is a definite relationship, and that there are mutual transitions 
that depend on the vegetation period and the organ of the plant [4, 5, 22]. 

LITERATURE CITED 

i. R. M. Murzova, The Introduction and Acclimatization of Plants [in Russian], Fan, Tash- 
kent, No. II (1974), p. 37. 

2. A. P. Prekhov, The Chemistry of the Alkaloids of Plants of the USSR [in Russian], Nauka, 
Moscow (1965), p. 5. 

3. S. Yu. Yunusov, Alkaloids [in Russian], FAN, Tashkent (1981), pp. 154-169; Alkaloids 
(1980-1984) [in Russian], FAN, Tashkent (1984), p. 42. 

4. S. Yu. Yunusov, Chemistry in Uzbekistan [in Russian], FAN, Tashkent (1965), p. 26. 
5. S. Yu. Yunusov and S. T. Akramov, Dokl. Akad. Nauk UzSSR, No. 5, 38 (1966). 
6. R. Ziyaev, A. Abdusamatov, and S. Yu. Yunusov, Khim. Prir. Soedin., 108 (1973). 
7. R. Ziyaev, A. Abdusamatov, and S. Yu. Yunusov, Khim. Prir. Soedin., 760 (1973). 
8. A. Abdusamatov, R. Ziyaev, and S. Yu. Yunusov, Khim. Prir. Soedin., 112 (1974). 
9. R. Ziyaev, A. Abdusamatov, and S. Yu. Yunusov, Khim. Prir. Soedin., 67 (1973). 

i0. J. Cohen, W. Zangetal, and W. J. Taylor, J. Org. Chem., 26, 4143 (1961). 
ii. M. Tomita, and H. Furakawa, J. Pharm. Soc. Japan, 82, 4616 (1962). 
12. M. A. Buchanan and E. E. Dickey, J. Org. Chem., 25, 1389 (1960). 
13. W. J. Taylor, Tetrahedron, 14, 42 (1961). 
14. R. Ziyaev, A. Abdusamatov, and S. Yu. Yunusov, Khim. Prir. Soedin., 505 (1973). 
15. M. H. Zarga and M. Shamma, J. Nat. Prod., 45, 471 (1982). 
16. R. Ziyaev, A. Abdusamatov, and S. Yu. Yunusov, Khlm. Prir. Soedin., 478 (1975). 
17. A. Abdusamatov, R. Ziyaev, and S. Yu. Yunusov, Kh~m. Prir. Soedin., 813 (1975). 
18. R. Ziyaev, A. Abdusamatov, and S. Yu. Yunusov, Khim. Prir. Soedin., 685 (1974). 
19. R. Ziyaev, A. Abdusamatov, and S. Yu. Yunusov, in: lllrd Indosoviet Symposium on the 

Chemistry of Natural Compounds: Abstracts of Lectures [in Russian], Tashkent (1982), 
p. 3. 

20. R.Ziyaev, in: Proceedings of the Republican Scientific and Technical Conference of 
Young Scientists Devoted to the 50th Anniversary of the UzSSR and of the Communist 
Party of Uzbekistan [in Russian], Tashkent (1974), p. 119. 

21. R. Ziyaev, T. Irgashev, I. A. Israilov, N. D. Abdullaev, and S. Yu. Yunusov, Khlm. 
Prir. Soedin., 239 (1977). 

22. R. Ziyaev, M. S. Yunusov, and S. Yu. Yunusov, Khim. Prir. Soedin., 715 (1977). 
23. R. Ziyaev, A. N. Arslanova, A. Abdusamatov, and S. Yu. Yunusov, ibid., 428 (1980). 

527 



24. C.D. Hufford, Phytochemistry, 15, 1169 (1976). 
25. C, D. Hufford, J. Nat. Pfod. (Lloydia), 38, 536 (1975). 
26. S. Pfeifer and L. Kuhn, Pharmazie, 20, 394 (1965). 
27. P. Tscheche, P. Welzel, P. Moll, and G. Zegler, Tetrahedron, 20, 1435 (1964). 
28. E. Gellert and R. Rudzats, Aust. J. Chem., 25, 2477 (1972). 
29. L. C. Chen, H. M. Chang, E. B. Cowling, C. H. Hsu, and R.P. Gates, Phytochemistry, 15, 

1161 (1976). 
30. H. Guinaudeau, M. Leboeuf, and A. Cave, J. Nat. Prod. (Lloydia), 38, 275 (1975). 
31. A. Jossang, M. Leboeuf, and A. Cave, Planta Med., 32, 249 (1977). 
32. G. L. Chen, H. M. Chang, and E. B. Cowling, Phytochemistry, 15, 547 (1976). 
33. H. Guinaudeau, M. Leboeuf, A. Cave, S. Duret, and R. R. Paris, Planta Med., 30, 201 

(1976). 

34. V. Preininger, J. Appelt, L. Slavikova, and J. Slavik, Collect. Czech. Chem. Communs., 
32, 2682 (1967). 

35. T. H. Yang, J. Pharm. Soc., Japan, 82, 794 (1962). 
36. J. Kunitomo, M. Migoshi, E. Yuge, T. H. Yang, and C. M. Chen, Chem. Pharm. Bull., 19, 

1502 (1971); Ref. Zh. Khim., 2Zh630 (1972). 
37. C. L. Chen and H. M. Chang, Phytochemistry, 17, 779 (1978). 
38. J. R. C. Bick and G. K. Douglas, Austr. J. Chem., 18, 1997 (1965). 
39. I. A. Israilov, S. U. Karimov, M. S. Yunusov, and S. Yu. Yunusov, Khim. Prir. Soedin., 

279 (1980). 
40. M. Shamma, The Isoquinoline Alkaloids, Academic Press, New York (1972), p. 195. 
41. S.R. Johns, J. A. Lamberton, and A. A. Sioumis, and H. J. Tweeddale, Austr. J. Chem., 

2_/2, 1277 (1969). 
42. B.T. Salimov, N. D. Abdullaev, M. S. Yunusov, and S. Yu. Yunusov, Khim. Prir. Soedin., 

235 (1978). 
43. R. Ziyaev, O. N. Arslanova, and A. Abdusamatov, Khim. Prir. Soedin., 518 (1986). 
44. P. Johns, J. A. Lamberton, G. S. Li, and A. A. Sioumis, Austr. J. Chem., 23, 423 (1970). 
45. P. K. Mahanta, R. K. Mathur, and K. W. Geopinath, Indian J. Chem., 13, No. 3, 306 (1973). 
46. C. D. Hufford and M. J. Funderburk, J. Pharm. Sci., 63, 1338 (1974). 
47. C. D. Hufford, M. J. Funderburk, J. M. Morgan, and L. M. Robertson, J. Pharm. Sci., 

64, 789 (1975). 
48. C. D. Hufford and F. M. Morgan, J. Org. Chem., 41, 375 (1976). 
49. M. Akasu, H. Itokawa, and M. Fujita, Phytochemistry, 14, 1673 (1975). 
50. P. D. Senter and G. L. Chen., Phytochemistry, 16, 2015 (1977). 
$I. R. Huls, Bull. Soc. Roy. Sci., Liege, 41, 686 (1972), Ref. Zh, Khim., 17Zh457 (1973). 
52. M. P. Cava, K. T. Bick, J. Noguchi, M. Srinivasan; and M. G. Rao, Tetrahedron, 31, 1667 

(1975). 
53. O. R. Gottlieb, A. F. Magalhaes, E. G. Magalhaes, J. G. Maia, and A. J. Marsaioli, 

Phytochemistry, 17, 837 (1978). 
54. S. K. Talapatra, A. Patra, and B. Talapatra, Tetrahedron, 31, 1105 (1975). 
55. Y. Watanabe, M. Matsui, M. Libuchi, and S. Hiroe, Phytochemistry, 14, 2522 (1975). 
56. I. Ribas, J. Sueiras, and Z. Castedo, Tetrahedron Lett., 3093 (1971). 
57. R. Hocquemiller, P. Cabalion, A. Bouquet, and A. Cave, C. R. Acad. Sci. Paris, 285 

(1977); Chem. Abstr., 88, 152821y (1978). 
58. D. S. Bhakuni, S. Satish, and M. M. Dhar, Phytochemistry, 9, 2573 (1970); Ref. Zh. Khim., 

iZh569 (1971). 
59. S. Kh. Maekh, V. G. Khodzhaev, and S. Yu. Yunusov, Khim. Prir. Soedin., 381 (1971). 
60. M. R. Cava, V. Watanabe, K. Bessho, and M. Z. Mitchell, Tetrahedron Lett., 2427 (1968). 
61. A. Karimov, M. V. Telezhenetskaya, K. D. Lutfullin, and S. Yu. Yunusov, Khim. Prlr. 

Soedin., 412~(1978). 
62. V. G. Khodzhaev, S. Kh. Maekh, and S. Yu. Yunosov, Khim. Prir. Soedin., 631 (1972). 
63. L, Castedo, R. Suau, and A. Mourino, Heterocycles, ~, 449 (1975); Chem. Abstr., 83, 

11692 (1975). 
64. G. Casagrande and G. Ferrari, Farmaco Ed. Sci., 30, 479 (1975); Chem. Abstr., 83, 

93873p (1975). 
65. L. Slavikova, and J. Slavik, Collect. Czech. Chem. Communs., 36, 3285 (1973). 
66. S. U. Karlmova, I. A. Israilov, F. Vezhnik, M. S. Yunusov, Yu. Slavik, and S. Yu. Yunu- 

soy, Khim. Prir. Soedin., 493 (1983). 
67. M. Shamma, Experientia, 16, 484 (1960). 

528 


