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The review is devoted to a study of the sequiterpene derivatives of the plants 
of the genus Feru/a (ApiaCeae). Information is given on the determination of 
the structure, stereochemistry, and characteristic reactions of 78 coumarins, 39 
esters, and six sesquiterpene alcohols isolated from plants of the genus Ferula. 
The possible biogenetic interrelationships and mutual transitions of the ses- 
quiterpenes that are derivatives of aliphatic and of mono- and bicyclic hydro- 
carbons are discussed. Some information confirming the hypotheses made is given. 

The genus Ferula Eug. Kor., family Apiaceae, is represented on the world scale by more 
than 150 species of plants [i], of which about i00 grow in the Soviet Union. The flora of 
central Asia include more than 70 species of Ferula. Extracts of some species of Ferula 
have long been used in folk medicine for treating various diseases [2], possess an anti- 
microbial and estrogenic action [3, 4], and are natural plant growth inhibitors and stimula- 
tors [5 ]. 

I. P. Tsukervanik et al. first began to occupy themselves with chemical investigations 
of plants of the genus Ferula as early as 1935. They limited themselves to the characteris- 
tic resin of certain species of Ferula [6-11]. From the beginning of the sixties, N. P. 
Kir'yalov et al. took up the study of the components of Ferula, having shown that this genus 
is a source of biologically active compounds [12-21]. They were the first to establish that 
ferulas contain not only terpenoid coumarins but also sesquite~pene lactones and alcohols 
[22, 23]. Thanks to the investigations of A. I. Ban'kovskii, M. E. Perel'son, K. S. Rybalko, 
V. I. Sheichenko, Yu. E. Sklyar, and others, the structures and stereochemistries of more 
than 30 Ferula coumarins and lactones have been demonstrated [24-37]. The sesquiterpene 
lactones of species of Ferula growing in Turkmenia are also being studied by N. P. Kir'yalov, 
S. V. Serkerov, and V. Yu. Bagirov [38-44]. 

A systematic study of the chemical compositions of various species of the genus Ferula 
growing in the territory of Uzbekistan and neighboring republics is being carried out in 
the Institute of the Chemistry of Plant Substances of the Academy of Sciences of the Uzbek 
SSR. As t:he result of investigations of about 30 species of Ferula, the structures of more 
than 70 new terpenoid coumarins and esters have been established. 

All the compounds in plants of the genus Ferula are divided into three groups accord- 
ing to their chemical structure: coumarins, esters of terpene and sesquiterpene alcohols 
with aromatic and aliphatic acids, and sesquiterpene lactones [23, 45]. The compounds of 
all three groups each include a sesquiterpene residue CIsH19-2701_~. 

The present review gives information on the chemical and spectral properties of ses- 
quiterpene derivatives of plants of the genus Ferula and methods of determining their struc- 
tures and stereochemistries. Questions of the presence of these groups of substances in na- 
ture and methods for their detection and isolation have been considered elsewhere [45, 46]. 

Ferula CO~4ARINS 

Up to the present time, more than 70 coumarins have been isolated from plants of the 
genus Ferula and their structures have been demonstrated (Table i). The overwhelming major- 
ity of them are derivatives of umbelliferone -- 7-hydroxycoumarin. Furocoumarins are found 
extremely rarely [47, 48], and pyranocoumarins have not yet been discovered [49, 50]. In 
accordance with the structure of the sesquiterpene moiety, the terpenoid coumarins of Ferula 
are divided into three types: a) coumarins having an aliphatic sesquiterpene substituent, 
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TABLE i. Terpenoid Coumarins (R = umbelliferone residue) 

Compound Structural formtda I Literature 

L Coumarins having an aliphatic sesquiterpene substituent 

1. Umbelliprenin C~HsoO~ mp 
6 | --63" 

2. Cocanikin C2,H3oO3, nap 
34--35 ° 

3. Karatavikin C24H3005. mp 
59--60 ° 

4. Kamtavilanol C2~H3205, mp 
52--53°, [¢]D--t2° 

5. Tadzhifedn C~4HsoOo nap 
68--70 ° 

6. Tadzhikod.n C~HmOe, [=]D + 
715 ° 

7, Reosetin C~Hs~Ots, nap 
155--156 °, ["]O --22,5 ° 

8. Reoselit~ A C:~-I5~0t5, nap 
t60--161% [=]D--73, 50 

9. l~e~selin A CaaH~2Ots, mp 
155--155 ~ 

10. Fe~side. CaoH~Oto, nap 
110"-111°, [~']D +18,10 

11. Divezsin C19H2oO,, mp 
97--98 ° 

12. IXvexsinin C19H2oO10, nap 
55--57 ° 

13. Divessoside C2aH3~OI0 , mp 
154--155°, [=]o +I0°  

CH£OR 

Ra=O 
R t = O  Ac 

R~=H 
Rt=OH 

GlycoSide of karatavikinol 

The same 

The same 

Glycoside of karamvikin 

O~CH20R 

• CH20R 
Glycoside of marmin 

IL Cotmaadm with a monocyclic sesquiterpene substituent 

CH20R 

R (  " 

14. Farnesiferol B C24H3oO4, 
mp I13,5--I14,4 °, [a] o + I 0  ° 

[55,66] 

[~5.66] 

115] 

[16] 

[67] 

[67] 

[69l 

[70.71] 

[69] 

[72,73] 

[771 

[74] 

[751 
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TABLE i (Continued) 

Compound Structural fonuula Literature 

[761 15. Fekolone C ,~H~O~, [aid -t-47° 

16. Fe.me.~eaol C C2~H3oO4, 
mp 84--85 °, [=]D--29° 

17. Kopetdaghin C~=Hs004, nap 
125.5°, [=1o "1"1" 280 

18. Fekolin C=6H8205, [=]o - -  

29,8 ° 

19. Kopeolin C2al-[3~Os~ nap 
146--147°, [=]o -- 15,9 

Rt=OH 

RI=O 

.CH20R 

C.N20R • 

RI=OH 

R,=OAc 

20. Feropolol C,aH3~Oa, mp 
96--98 °, [=]o -I-38.2 ° 

21. Fel~polone C~4H3206, ml~ 
225--226°' [=]O--7,5° 

22. Fempolin C=oHs~O~, nap 
63--65 °, [al D +8,5  ° 

23. Folffe~x~_ C=4Hs40~, nap 
240--241 °, [aID -I-128 ° 

24. Kope, o~de C30H~O10, nap 
177-- 178 °, [=]D --22,1 ° 

25. G albanic a d d  C~¢Hs0Os, 
, mp 94--95 °, [alp --25 ° 

26. Methylgalbanate 
C25Hs205, [=]o--25'8~ 

27. KaratavitO.c acid 
C2~H.805, m 89--90 °, 
[=1o =105° p 

O.H20R 

Rt=~OH 

R.,=O 

Rt=[~OAc 

RI==OH 

, C,20  ~ COOR! 

Rt=H 
Rz----CH3 

[751 

[77l 

[761 

[78] 

[79,80] 

[79,80] 

[79,80] 

[81] 

[78] 

[25] 

[821 

[17,83,84] 
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TABLE i (Continued) 

I 

Compound Structural formula ] Literature 

tIL C o ~  having a bieyelie sesquiterpene mbstituent 

28. Fam~iferol  A C2~H~00~, 
mp 154--155 °, [a[ D --56 ° 

~ .  Polyanl:hitl C2sH~Os. nap 
148--149 ° , [al D --50 ° 

30. Gummo~an C2~H~O~, nap 
176--177 °, [a] o - - 5 4  ° 

31. Polyanthinin C~HmO~, nap 
127--129°, [~]D--32° 

32.MogoltedotmC ~HmO;, nap 
132--133 ~, [a] o --41,7 ° 

• 33. Cotladonin C2~H3oOo mp 
158--160", [a]o --60° 

34. Colladin C:6Hs205, mp 
153 -154°, [~lo--65° 

35. Colladonin isovalemte 
C~H~Os, mp 86--88% 
[~h> -65° 

36. Badrakemin C~Hs0Oo mp 
199--~00°- [~]O--64° 

37. Badrakeminacetate C2sH~ys, 
mp 173--174 °, [a]D --37, 8 

38. Badrakemonec~4H2sOo nap 
185--186% [a] D --39,8 ° 

39. Confeml C2J.H3oO4 mp 
137--1-38°, [=]o --84,2~' 

40. Mosehatol C~H3oO4, mp 
78--80 °, [a]t~--77,4 ° 

41. Moschatol~angelate C~gH~Os, 
rap 6 6 - ~  °, [~]D--35,8° 

42. Confemne Cs~HssOo nap 
142--143 °, [a] o --5t ° 

43. Mo~oltin C2,H3oOs, nap 
183--'185% [=]D --68,3° 

44. Mog01t.avin C26H3206, mP 
196--397% [a]D --108 ° 

45. Mogoltavinin C29H3606, mp 
180--7182 °, N D - - I I 9 , 2  ° 

Rt=M)H 

Rt----~OAc 

Rt=~OH 

Rt=t~OAc 

Rt=O 

~H2Oa 

RI=~OAc 

Rx=aCsHgO 

RI =~OH 

Rt=~)Ac 

RI=O 

CH OR 

Rt---~OH 
RI=,,OH 

Rt=aOAng 

Rx=O 

CH OR 

Rt=OH 
RlffiOAc 

Rt=OAng 

[85,861 

[87,881 

[20,891 

[87.881 

[9o] 

[24,631 

[24.631 

[~31 

[191 

[911 

[911 

[31,921 

[93,94I 

[95l 

t31,96t 

[s01 

t611 

[621 
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TABLE 1 (Continued) 

Compound Structural formula Litexaturc 

46. Tavicone C~3H~O4, mp 
141--142°, [=]o--77° 

47. Corff.eRn C~6H3208, mp 
141-- 142 °, [~]O --124° 

48. Confexdione C2,H~6Os, mp 
150--i52% [=]o --51,9 ° 

49. Fexocaulidin C2~H~805. mp 
75--77°, [~]D--75° 

50. Fexocaulin C~4H.0805, mp 
120--121% [a]D--20 ° 

51. Ferocaulicin C26H3oO6, mp 
161-- 162,5% l=Jo -120 ° 

52. Fexoeaulinin C~4H2sOs, nap 
84--85 °, [alo--40 ° 

53. Fete.tin C2eH~Os, mp 
160-- 162 °, ["]O --40° 

54. Caufexin Cz41-1soOs, mp 
104--105 °, [a] u --50 ~ 

55. Cau~.ezidin C~4H~804, mp 
184--185, 50, [~]D --60~ 

56. Fexopo~din C~,H3oO,, mp 
154--~155, [~lD + 155° 

57. Folifel idin C~4H3oO4, mp • 
154--155°, ["]O + 217° 

58. Samatcandin C2,H3~Os, mp 
176--177°, ["]D +24° 

CHzOR 

, ~ H20R 

Rt 
Rt=~ OAc 
Rs----O 
Rx-----R~-----O 

RI~O 
R~=,BOH 
Rt=aOH 
R2=O 
R~=O 
R2=~OAc 
RI=~OH 
R2=O 

c oR 

a ~  

CH20R 
! I 

CH£OK 

! 

RI =~,O H 
RI=~OH 

GH20R 
, I 

, . OH 

[97,98~ 

[34] 

[a31 

[99] 

[99] 

[99] 

[991 

[lOOt 

[10111 

{IOII: 

[79,80I 

[lO21 

[18,24,106,157 
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TABLE 1 (Continued) 

Compound Stracmr.al formula Literature 

59. Samamandin acetate 
C_~6Ha~O~, nap 152--153 °, 
[a]O +29,4 °" 

64). Isosamarcandin C~, b13..O5, 
mp 22i °. [a]D +26, 75° 

4H. Isosamazcandin apgelate 
C~9H3,O~, mp 176--178 °, 
[aid --26 ° 

~62. Samaz'candoneC~,H3oOs, nip 
216--217°, [a]o + 25° 

,63. Fenlc~n C24]-],3205, nap 
213--215% l=]o +32 ° 

64, Femczin acetate C26H3LO6, 
nap 145--147 c, [=]o +20° 

,65. Kellefin - C26H3~O6, mp 
76--78°, [~]o -t-66,8° 

~66. Nevs/dn C24H3205, nap 
193--194% [a]D --79° 

67. Peshurin C2~Ha20~, mp 
213--215 °, [a]D--54 ~ 

68. Nevskone C~H3oO4, nap 
183-18~ ° 

.69. CoIladocin C26H3~O6, nap 
219~, [aiD--4,58° 

:70. Kamolol C24i'1320~, nap 
141--142°, [~]D -~55° 

71. Fecaz~n C24H3204. nap 
186--168 °, [a]o --20° 

-.72. KamoloneC2~H3004, nap 
191 --192 ° 

RI=~OH 
Rt=~OA c [91,106.157| 

[26,106,157l 

[1o3] 

Rt=aOH 

Rl==OAng 

Rt=O 

, CH20R 

R1 =aOH 
RI=aOAc 

Rt= ~OAc 

RI=~OII 

RI=~OH 

R1=O 

"8}t 
hcO" 

2 
RI=eOH 

Rz = 3OH 

RI=O 

[18.24.106,157] 

[104.105] 

[1051 

[35.105, I06] 

[21 ,I07,108] 

tto8.109] 

[11o] 

[27,1o81 

[29,111,112] 

[1131 

[29,111,I12] 
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TABLE i (Continued) 

.... I Compound Szructural formula Literature 

Yczula htrocouma~rm 

73. Pranchimgia ClgH~oOs ' rap 
138:--14.9 ° 

74. ImperatoHn CI6HI~O~, nap 
102--103 ° 

75. Saxalin CIsHI~OC I, rap 
159--161 ° 

76. Ox~eucedan/.n CleHuOs, 
mp 141--148 ° 

77. ~peucedantn hydrate 
Cm. lm08, nap 132--J34 ~ 

78. IsoJa-npematorl n CmHl~Oo 
rap 109-;-110 ~ 

H s C x  _ 

o 

O-CH~-CH--C(CH3) 2 

O-(]H~CH(OHJ-G-(CH3) z 

-CH~CH - -  ~-(0H3)2 

OiCH~CHOH - ~(CH3)2 

O-CH~H--C-(CH3)2 

[47,47a, 47 b] 

[47,47a,47 c ] 

[47a, 48] 

[47,47a, 48a] 

[47a,48 b] 

[47,47a,48 c] 

b) coumarins having a monocyclic sesquiterpene substituent, and c) coumarins with a bicyclic 
sesquiterpene substituent. 

Thus, the diversity of Fer~la coumarins is due to the structure of the sesquiterpene 
residue -- different types of carbon skeleton, different positions and natures of the sub- 
stituting groups (hydroxy, oxo, acyloxy groups), absence or presence and positions of double 
bonds, and different configurations at the asymmetric centers. 
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Since in all Fe~la coumarins with the exception of the furocoumarins the aromatic moiety 
consists of an umbelliferone residue, the chemical study of one of these substances reduces 
to establishing £he structure of the terpenoid part of the molecule. The chemical and spec- 
tral properties of umbelliferone have been described in monographS and reviews [51-59], and 
we shall therefore not discuss this question. Our review also includes coumarins from the 
genera Peuce~ [60-62] and Colla~nia [24], since they are close in structure to the Ferula 
coumarins and some have even been isolated from Fe~la species [63]. Terpenoid coumarins 
have also been isolated from representatives of the genera Artemisia [64], Anthe~s [65], 
and others. 

Coumarins Having an Aliphatic Sesquiterpene Substituent. Of this series 13 coumarins are 
known, and in three of them the terpenoid part is represented by a monoterpene [74-74]. The 
determination of the structures of the first representatives- umbelliprenin [55, 66], co- 
canikin [66], karatavikin [15 ], and karatavikinol [16 ]-- reduced to a study of the products of 
acid and oxidative cleavage. The acid cleavage of umbelliprenin (I) gave umbelliferone (145) 
and a terpene oil. A determination of the number of C-CH3 groups by the Kuhn--Roth method 
showed that the terpenoid part contained three C-CH3 groups, and on hydrogenation it absorbed 
4 moles of hydrogen. The hydrogenation of umbelliprenin gave hexahydroumbelliprenin (146), 
farnesane (147), and umbelliferone (145) (Scheme i). Ozonization of the substance gave levu- 
linic aldehyde, an umbelliferone ether, and hydroxyacetie acid. On the basis of the facts 
given it was established that umbelliprenin is the farnesyl ether of embelliferone [66]. 
This has been confirmed by a stereospecific synthesis [148]. 

~ 0  CHzOR 

" ' ~ . . ~  ,~ 
147 

Scheme 1 

Recently, in proving the structure and stereochemistry of coumarins, as of other natural 
compounds, spectral methods of investigation have been used to an increasing extent. A proof 
of the structure of tadzhiferin (5) -- a hydroxy derivative of umbelliprenin -- is an example 
of the possibilities of nuclear magnetic resonance spectroscopy in determining the structure 
of coumarine derivatives [6]. Perel'son et al. [67] convincingly showed the structures of 
the two fragments of the terpenoid moiety of tadzhiferin by the double-resonance and INDOR 
methods, and their linkage by two methylene groups enabled a structure to be suggested for 
the coumarin [67]. Among the coumarins with an aliphatic terpene substituent are diversin 
(ii) and diversinin (12), which are isomers with respect to the position of a double bond. 
It must be mentioned that this series of coumarins also includes the coumarin glycosides 
diversoside [74], feroside [69], reoselin [68], and the reoselins A [69-71], the aglycones 
of which are marmin, karatavikin (3), and karatavikinol (4), respectively. 

Coumarins with a Monocyclic Sesquiterpene Substituent. The coumarins of this series are 
represented bY i4 compounds. The first two substances -- farnesiferols B (14) and C (16) -- were 
isolated as early as 1959, and their structures were shown by a chemical method [75]. The 
reduction of farnesiferol B (14) with sodium in liquid ammonia led to an unsaturated alcohol 
(148), the oxidation of which with chromium trioxide yielded the ketone (149). The reduction 
of the semicarbazone of the ketone by the Kizhner-Wolff [Wolf f--Kishner] method gave compound 
(151), the subsequent oxidation of which with osmium tetraoxide and lead tetraacetate led to 
the diketone (152). The latter, on passage through alumina, cyclized to the hydroxy ketone 
(153), which proved to be an enantiomer of the hydroxy ketone (154) obtained from ambrein 
[75]. The structure and stereochemistry (14) of farnesiferol B are given in Scheme 2. The 
axial orientation of the hydroxy group at C6, was determined on the basis of biogenetic con- 
siderations, starting from farnesiferol A (28) [85]. 

The structure of other terpenoid coumarins have been proved by a combination of chemical 
and spectral methods [76-81]. Coumarins with two (kopeolin (12)) and three (foliferin (23) 
and feropolol (20)) hydroxy groups in the terpenoid moiety on dehydration under various con- 
ditions form coumarins with monocyclic and bicyclic terpenoid residues. The dehydration of 
feropolol (20) with sulfuric acid in ethanol likewise gave two anhydro derivatives -- gummo- 
sin (30) and feropolidin (56), and the dehydration of foliferin (23) gave farnesiferol A (28) 
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OH 

15a~ 

.CH~OR CH=OH COOH 

14 148 t49 R=O 15o R=N-NH'CONH~, 
OH 0 0 ~ COOH 

153 '~52 151 

Scheme 2 

and foliferidin (57). On the basis of the results obtained, absolute configurations shown 
were suggested for feropolol (20) and foliferin (23) [80]. A comparison of the established 
absolute configurations of hydroxy coumarins -- foliferin (23) and farnesiferols B (14) and 
C (16) -- permits the conclusion that foliferin (23), kopeolin (19), kopetdaghin (17), and 
farnesiferols B (14) and C (16) are products of a single chain of the biogenesis of terpenoid 
coumarins (Scheme 3). 

2°~ c~oe . CHlOe 

~'Z ] CH.OR ~ 14 []H20R 
' ~ "~  

16 
Scheme 3 

Another chain of hydroxycoumarins (20 ÷ a ÷ b ÷ c) formed from feropolol (20) and dif- 
fering from the preceding chain only by the orientation of the hydroxy group at C~' has not 
yet been found in ferulas (Scheme 4). 

P_~OR 

OH2 0~" • CHeOIt HO ~. , , , . ,  L..~ 

C 
Scheme 4 

Coumarins Having a Bicyclic Sesquiterpene Substituent. Plants of the genus Fe~la are 
the richest in coumarins with a bicyclic sesquiterpene substituent -- 38 such coumarins have 
been found. They are derivatives of bicyclofarnesane with the exception of four coumarins -- 
tavicone ~97, 98], kamolol and kamolone [29, iii, 112], and fecarpin [i13]. 

Coumarins of this type can be divided into three series according to the position of the 
double bonds and the presence or absence of a hydroxy group at C2, : 

the farnesiferol A series with an exocyclic double bond at C2, (i0 coumarins); the 
conferol series with an endocyclic bond at C2'-C3, (15 coumarins); and the samar- 
candin series with a hydroxy group at C2, (nine coumarins). 

The structure of the first representatives of this series- farnesiferol A, badrakemin, 
gummosin, samarcandin, and colladonin- like those of coumarins with apiphatic and monocyclic 
terpenoid residues, has been shown on the basis of chemical transformations. 

The selenium dehydrogenation of gummosin (30), badrakemin (36), and related compounds con- 
taining an oxygen function at C6, led to 1,2,5,6-tetramethylnaphthalene (155). In this 
transformation, the angular methyl group was split out and the tetrasubstituted naphthalene 
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was formed as the result of a retropinacol rearrangement, which is a chemical proof of the 
carbon skeleton of the sesquiterpene part and of the position of the substituents (--OH, =0, 
--OAc) at C6, of the respective coumarins (Scheme 5). Such coumarins as kamolol (70), kamo- 
lone (72), and fecarpin (71), which do not contain an oxygen function at C6, of the sub- 
stituent, give a trisubstituted naphthalene derivative on dehydrogenation, namely 1,5,6-tri- 
methylnaphthalene (156) . 

39,40 s0,3, ~55 

CH~0R 

70,71 tSS 5R 

Scheme 5 

The hydrogenation of gummosin and badrakemin in alcoholic solutions in the presence of 
catalysts leads to the dihydro derivatives (!57), and in acetic acid to the tetrahydro de- 
rivatives (158) with a reduced double bond in the u-pyrone ring and cleavage of the ether 
bond with the formtion of saturated sesquiterpene diols (159) (Scheme 5). The hydrogena- 
tion of farnesiferol A, gummosin, badrakemin, and colladonin has yielded stereoisomeric 
diols with the composition CzsH2802 differing in their physicochemical constants [19, 20, 24, 
85]. 

CHzO C~'~ L.,~."~',. O-'~ u CH~OJ~o 

HO ~ . <  ° HO~ ~'~8 

157 tSg lSO 

Scheme 6 

Oxidation of hydroxy groups in terpenoid coumarins with chromium trioxide in acetone and 
pyridine solutions gives oxo derivatives [20, 24, 85], and in acid solutions it leads to the 
cleavage of the ether bond and to the formation of keto acids. The oxidation of colladonin 
in an acetic acid medium with chromium trioxide gave the keto acid (160) [24]. An analysis 
of the PMR spectrum of the latter enabled the position of the aryloxymethyl group of CI' to 
be determined and the structures of badrakemin, samarcandin, and samarcandone to be refined 

[24]. 

The dehydration of the tertiary hydroxy group in coumarins of the samarcandin series is 
usually Carried out in 10% ethanolic sulfuric acid solution [18,1105], or with phosphorus 
pentoxide in benzene. Under these conditions one of the possible dehydration products is 
formed predominantly- with an endocyclie or an exocyclic double bond. 

In the study of the structures and stereochemistries of coumarins with bicyclic terpenoid 
residues information from PMR spectroscopy is decisive. Analysis of the PMR spectra of a 
substance makes it possible to determine the coumarin series: in the spectra of coumarins of 
the farnesiferol A series there are signals from the protons of the exomethylene group in 
the 4.50-4.90 ppm region, in coumarins of the conferol series the signals of the vinyl 
methyl group and of an olefinic proton at 1.6-1.75 ppm and 5.4-5.9 ppm, respectively, and 
in the spectra of coumarins of the samarcandin series the signal of a methyl geminal to a 
hydroxy group at 1.16-1.33 ppm together with the signals of an angular methyl group and of 

gem-dime thyl groups. 
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The formation from mass spectrometry amounts to determining the molecular weights of 
the substance, of the terpenoid moiety, and of the ester groups and also the number of 
hydroxy and acyloxy groups [149-151]. 

The majority of acylated coumarins contain residues of acetic [60, 99, ll0], angelic 
[62, 75], and tiglic and isovaleric [63] acids, the presence of which is demonstrated from 
the results of alkaline hydrolysis and PMR spectra [59, 152]. 

It is interesting to note that up to the present time no terpenoid coumarins esterified 
with aromatic acids have been found. 

Stereochemistry of the Coumarins with a Bicyclic Sesquiterpene Residue. The diversity 
of the terpenoid coumarins with a bicyclofarnesyl residue is due to the presence of asym- 
metric centers in them at CI', C2', C4,, C6', C9', and C:o,. As mentioned above, they are 
subdivided into three series differing from one another in the position of the double bond 
and in the presence or absence of a hydroxy group in the terpenoid moiety. 

Previously, because we had available an inadequate sample of farnesiferol A, we put for- 
ward an erroneous hypothesis concerning the relative configurations of gummosin, badrakemin, 
and colladonin [154a, 154b]. 

M. E. Perel'son et al. were the first to use PMR spectroscopy with a paramagnetic shift 
reagent (PSR) for determining the structures and stereochemistries of terpenoid coumarins, 
and they showed the relative configurations of gummosin, badrakemin, colladonin [32, 154], 
kellerin, samarcandin, and isosamarcandin [106]. They showed that in the coumarins of the 
farnesiferol A series with the axial orientation of the CI,--CH20R group the signals of the 
C2,=CH2 protons in the PMR spectra are present at a distance of 0.I ppm from one another, 
while in the case of the equatorial orientation this distance is 0.29-0.39 ppm [i00]. By 
studying the circular dichroism curves of coumarins of this series it was found that the 
amplitude of the Cotton effect in the 200 nm region depends on the orientation of the sub- 
stitutent at CI' [155]. 

The absolute configuration of the first representative of coumarins of this type -- far- 
nesiferol A -- was shown chemically by comparing the ORD curves of the diketones obtained 
from farnesiferol A and from ~-amyrin [85]. Later, it was confirmed by an x-ray structural 
analysis of its epimer-- gummosin [89]. The absolute configuration of ferucrin (63) has 
recently been established by passage to farnesiferol A (28) and deacetylkellerin (161) 
[105]. Thus, on tNe basis of chemical transformations, the passage to substances with 
established absolute configurations, the configurations of substances with the axial orienta- 
tion of the C~,--CH2OR substituent -- ferucrzn (63), deacetylkel]erin (161), anhydroferucrin 
(162), and anhydrodeacetylkellerin (163) -- have been determined [105] (Scheme 7). 

, C~O~ : CH20R : CH~OR ~ CH20R 

HO-" HO HO- HO . 

63 1~1 162 ~$3 

Scheme 7 

Relative configurations have been put forward [31, 32, 106, 152, 154] for another group 
of terpenoid coumarins with the equatorial orientation of the substituent at Cz' -- conferol 
(39), moschatol (40), samarcandin (58), isosamarcandin (60), badrakemin (36), and colladonin 
(33). 

The passage from samarcandin (58) via conferol (39) to tetrahydrobadrakemin revealed the 
interconnection of the coumarins with the equatorial orientation of the C~,--CH= OR group. 
These facts and also a comparison of the signs of the optical rotations of the coumarins of 
the three series by analogy with zonarol derivatives [156] have permitted the determination of 
the type of linkage of the bicyclofarnesyl group in the compounds under consideration as 
trans-nonsteroid and the proposal of absolute configurations for samarcandin (58), isosamar- 
candin (60), conferol (39), moschatol (40), badrakemin (36), and colladonin (33) [157] 
(Scheme 8). 

A chemical proof of the absolute configuration of colladonin (33) recently provided by 
Spanish workers [63] has confirmed our results obtained on the basis of a comparison of the 
signs of specific rotation of the coumarins and their interconversions [157]. The same re- 
sults have enabled us to identify mogoltavidin, mogoltavicin [79a], and mogoltacin [79c] 
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Scheme 8 

with samarcandin (58), samarcandin acetate (59), and conferol (39), respectively [157]. 
Mogoltadin [79b] had previously been shown to be identical with farnesiferol A (28) [32]. 

We have also shown that in coumarins of the samarcandin series the signs of the specific 
rotation depend on the orientation of the methyl group at C2': substances with an equatorial 
methyl group rotate to the right and those with an axial methyl group rotate to the left 
[157]. Consequently, samarcandin (58) must have eight isomers with the trans-nonsteroid 
type of linkage in the bicyclofarnesane residue. 

From Shurovskii's ferula we have isolated feshurin (67), which is an epimer of nevskin 
(66) at the secondary hydroxy group [108, 109]. The dehydration of (67) with sulfuric acid 
in ethanol led to conferol (39), and oxidation with chromium trioxide led to nevskone (68) 
[ii0]. The formation of conferol on the dehydration of samarcandin (58) and feshurin (67) 
shows that they are isomers with different orientations of the methyl group at C2'. On the 
basis of these facts, feshurin and nevskin must have the absolute configurations 67 and 66, 
respectively (Scheme 9). 

CH~OR Ce~OR C%m 

H~ 0 NO-" 
67 68 66 

Scheme 9 

The acylcoumarin colladocin has been described in the literature by authors who state 
that it differs from isosamarcandin acetate (164) [27] and nevskin acetate (165) [107]. Ac- 
cording to recent results it is not identical, either, with ferucrin acetate (64) [105]. 
Taking into account the possibility of the existence of eight isomers of samarcandin, it may 
be concluded that colladocin has the absolute configuration (69) and is an isomer of feru- 
crin acetate at the C2,--CH3 group (Scheme i0). 

CH 2 OR CH~OR CH~OR CH20R 
J i J t 

I I I'o l ! "~oH t i J'-o~t ! T h < o H ,  

15"1- 165 54 § g  

Scheme i0 

Thus, at the present time seven isomers of samarcandin, or their acetates, have been 
isolated-- samarcandin (58), isosamarcandin (60), ferucrin (63), kellerin (65), nevskin (66), 
ferushin (67), and colladocin (69). In this series the isomer of deacetylkellerin at the 
C2'--CHs group has not been discovered. 

Previously, the determination of the orientation of the methyl group at C=, in coumarins 
of the samarcandin series was based on the formation of anhydro products on the dehydration 
of the coumarins: from coumarinswith an axial hydroxy group the main products were substances 
with an endocyclic double bond, while those with an equatorial hydroxy group gave mainly 
products with an exocyclic methylene [105, 158]. Since the dehydration of coumarins isomeric 
at C2,--CH3 (samarcandin and feshurin) led to con~erol, the determination of the orientation 
of the methyl group at C2' in this way is not, in our opinion, always reliable. 
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Recently, coumarins of the conferol and farnesiferol A series having two oxygen-con- 
taining substituents, at C~, and C6,, have been found in ferulas. This permits the as- 
sumption that the possible variants of the structure of the terpenoid coumarins have still 
not yet been exhausted, and coumarins of the samarcandin series may be found with an oxygen 

function at C~,. 

ESTERS OF TERPENOID ALCOHOLS 

Terpenoid alcohols in the free form have been isolated from various species of Ferula 
by Kir'yalov [23], Borisov [179], an~ Bagirov [180]. We are the first to have shown that 
the genus Ferula contains another group of natural compounds in addition to terpenoid cou- 
marins and sesquiterpene lactones -- esters of terpenoid alcohols with aromatic and aliphatic 
acids (Table 2). 

The terpenoid alcohols entering into the composition of the esters are, like the cou- 
marins, subdivided according to the structure of the carbon skeleton into derivatives of 
monocyclic and bicyclic sesquiterpenes. The monocyclic alcohols of fe~L~ are represented 
by derivatives of germacrane (a) and humulane (b), and the bicyclic alcohols are represented 
by derivatives of carotane (c), himachalane (d), camphane (e), and guaiane (f) (Scheme Ii). 
We are the first to have isolated substances with humulane and himachalane skeletons from 
plants of the genus Ferula (125-129, 144). 

a 

d e 

Scheme ii 

As esterifying acids of these esters are found vanillic, isovanillic, p-hydroxybenzoic, 
trimethoxybenzoic, veratric, 3,4-dihydroxybenzoic, angelic, tiglic, and acetic acids. 

The fact that a substance is an ester of an aromatic acid is shown by absorption bands 
in the IR spectrum at 1520-1620 cm -~ (benzene ring) and 1690-1710 cm -~ (ester carbonyl) and 
by maxima in the UV spectra at 255-262 and 292-300 nm. Esters with aliphatic acids have ab- 
sorption bands in their IR spectra at 1720-1735 cm -~ [46]. 

Esters of sesquiterpene alcohols have also been isolated from representatives of the 
genera Laserpitzum [159 ], Bud~leia [160 ], Selinium [161], and others. 

Derivatives of Monocyclie Sesquiterpenes. ' Among the esters, germacrane derivatives are 
represented by two alcohols -- angrendiol (166) [23, 116] and ugamdiol (shiromodiol) (167) 
[162-164], and humulane derivatives by juniferol (168) [127], fecerol (169) [124], and fexe- 
rol (170) [128] (Scheme 12). 

la§ 167 t88 

• . ~ g  ~70 

Scheme 12 

Attempts to determine the carbon skeleton by dehydrogenation with selenium or sulfur do 
not give unambiguous results since in this process cyclization takes place and derivatives 
of guaiane, selinane, and other bicyclic hydrocarbons may be formed [165]. In establishing 
the skeletons of sesquiterpene alcohols, PMR and mass spectroscopy provide valuable infor- 
mation. Thus, the PMR spectra of germacrane derivatives show two three-proton doublets from 
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TABLE 2.  Esters of Fe~u;a 

Compound Structural formula Literature 

79. Ferolin C~HsoO,, mp 
190.5 °, [a] D --91,6 ~ 

80. ChimganidinC.~H~.O~. mp 
140--141 ~, [alp ~97,9 ° 

81.Fedetin C~H~Os, mp 179-- 
180% [~ln -86,1 

82. Ugafelin C~sHssO~, nip 123-- 
124% lain--24, 3o 

F.stem of monocyclic alcohols 

189-- 

 oT=" "[ 
Rt=C~I-I, {OH)CO--; R=H 
R~=CoH~ (O H) (OCH~) CO-- 
R=H 
R=Ac 
R~=CsH~ (OH) CO-- 

83. Fcko~n C~H~Oa, [~t]~ --29 ° 

84. Rubafe, O~n C~3Ha~O~, mp 
105--105°, [=]D--M° 

85. Rubafe,~.din C=2H~oO~, mp 
162 -1~4°. 1~1~ -40° 

86. In'voluc~,n C~H~Os, mp 
154--155% [~]D--33,4° 

87. Involucriain CaoH4~Os, 
[~]o -28.2~ 

88. Fe~x/n " C~H=aO3, mp 127-- 
t28~, [~]z)--200~ 

89.Fetocinin C..3HsoO4, mp 107-- 
108% |a]~--197,4 ° 

90. lufe~n C~H~sO3, rap 90--91 °, 
[a]~ +120.4 ° 

91. Jtmifeliu C2.~H3205, mp 85-- 
86% [ a ] ~ - - 1 , 6  ° 

92. Iunifexinin C~h~O~, rap 
t64-165°, laiD +33,5° 

93. Iunifelidin C24Hs20~, mp 
162--163% [a]D +2,1 ° 

94, F ~  C.~oO32Oa , [=10 --2.4 ° 

95. Fexe.~n!n C-.3H~_.O~, [e]O --64° 

96. Fex~din  C.~3Ha,O~, mp 
141--143°, laID ~ 40~ 

R=H 
RI=CeH ~ (OCH ~)3 CO-- 
R=Ang 
RI=Ac 
R=H 
RI=C6H s (OH) (OCHz)CO-- 
R=H 
Rt=CBH~ (OH) CO ~ 
R=Ac 
Rt=C6H 2 (OCHa)zCO- 
R=Ang 
Rt = C6H2 (OC H3)3CO-- 

R=C6H4 (OH) CO-- 

R=C~Ha (OH) (OC{-Is)CO-- 

R=C~W~ (OH)CO-- 

R=14 
R,=%H~ (OH) (OCH3) CO-- 

R=Ac 
RI=C~4 4 (OH) CO-- 

R=Ac 
RI=C6I-t~ (OH) CO-- 
R=CsH~O 
R~=H 
R=C~H3 (OH) (OCH~)CO-- 
R,=H RO~H 
R=CeH3 {OH) (OCt%) riO-- 

[114--1t7t 

[ l l4-11gi 

[1181 

[II9l 

[1201 

[1211 

11211 

[1221 

[1221 

[128, t241 

[123,124] 

[125,12(: i 

U25,1271 

[125,127] 

[1261 

[1281 

[1291 

[129] 
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TABLE 2 (Continued) 

Compound Structural fonuula Lite.raturc 

IL Estezs of Mcyclic aIcohols~ 

Laid t~,~ 

98. d-Chimganin CtsH.~O4, mp 85 °, 
[~Io + 5° 

99 Z-Chimgin C,7H~O3 mp 158-- 
159% [~lo --60,2 

100.l- Chimganin C~sH ~O~, nap 
85--86% [a]O --41,7 ~ 

101. Palbafezi/1 CmH240~, mp 
106--107 °, [a]D --45,08o 

102.. Fea'utin C~3Ha~Os, mp 130-- 
131°, bqo +I01 .8  ° 

10K Fenrdain C..d%oO~, mp 
120-i9-1°. [=]o +66,1 ° 

104. Fealtidin C~3H3~O. nap 
102--i03 °, I=lo +103,5 ° 

105. Te~r ia  C~aH3.~,Os, rap 78-- 
80% [=10 +8~:5 ° " 

106. Tcfe.l:idin C:2I~a~Oa, {a]O +37,5 ° 

107. Akife, fin C~t-I3~O ~, nip 102-- 
103 °, [~1o +69,1 ° 

108. Akifcrldin C~.=Ha00~, mp 
87--88 °, [a] D +28,5 ° 

109. Linkiol C~oHa~O~, mp 
123--125% [~]D--17° 

110. Akichenin C:~H~60~, rap. 
160--1(~t ~, laid - 8 . ~  ° 

I l l .  Al~eridinin C27[13607, nap 
66--67 ~, [~1~ +46 ° 

112. TellufeMa C.3H~O~ mp 
176--178:, [aID -7134,6 

113. Temlfezin~ C:sHa~O~, mp 
t02--10;3 °, [~X]D +106,8 ° 

114. Teauff.ea:idin C~HsoO~, mp 
, 1£4--165% LaID +75° 

OR 

R= C~Ha (OH) CO-- 
R=CcHa (OH) (OCHa) CO-- 

R-----C6H4 (OH)CO-- 

R=C6Ha (OH) (OCNa)CO-- 

R =%H3 (0 C HD (OH)CO-- 

R=C~H3 (OCHa) (OH) CO-- 
R=C61-14 (OH) CO-- 

R =C~H ~ (OCtt3)CO-- 

R =C6H3 (OH) (OCH~)CO-- 

R=C~HsCO-- 

R =C8H3 (O CH3)2CO-- 

R =C6H3 (0 H)~CO-- 

0R 

R=C~HTO 

P~ 

R =C~H:O 
Rt=C~H; (OH)CO-- 
R=CsH~O 
Rt=C6H3 (0 HhCO-- 

Jill 

O ~  OR 

R =Cal-13 (OCH3) (OH)CO-- 
R=C~H3 (OH) (OCH3)CO-- 

R =CBH~ (0 !~)CO -- 

I1301 

Uao] 

Ilall 

[114] 

11211 

I132,13a1 

1133,134 .] 

ItaSl 

[1361 

I l a l  

I138] 

[13Ol 

[14ot 

[1411 

I13O1 

[142] 

[1421 

[1421 
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TABLE 2. (Continued.) 

Compound Structural fommla Literature 

115. Allife.lilK~ C24I{34OB, mp 
t76--11/°, [~]O -r7"3,1° 

1 16. Microfelin C.~2H~,~Oa, mp 
144 145% [a]D +122, 9o 

117. Micm:~fe.finin C23l T3oO4, mp 
152--IM °, [aJo -I-89.3 ° 

118. Xerofelin C~3I-t320 s, mp 
1t8--120 ° 

R-- C6H3 (OCH3)2CO-- 

y- 
R =C~.~, (OH)CO-- 

R=C6H3 (Of [) (OC[~a)CO-- 

R = C6Hs (O H) (OCHs} CO -- 

[1431 

[113] 

[113] 

[144I 

the isopro~yl~_ group [116, 119], and the mass spectra have the peaks of ions with m/e M i--n 43 
(M -- CaHT) . The absenceot a singlet signal from an angular methyl in the PMR spectrum " 
the 0.8-1.1 ppm region permits the assumption that the substance belongs to the germacrane 
derivatives. 

The germacrane skeleton of sesquiterpenes is also shown by pyrolysis. This process 
leads to a Cope rearrangement with the formation of elemane derivatives [166]. Thus, the 
pyrolysis of angrendiol gives isomeric elemane alcohols (166a, 166b), the formation of 
which shows the skeleton of angrendiol and the position of the secondary hydroxy group at 
Ce [166] (Scheme 13). 

I~ a, lsbb 

Scheme 13 

The PMR and mass spectra of humulane derivatives -- juniferol, fecerol, and fexerol -- 
Show a different picture: in the PMR spectrum there are two three-proton singlets from the 
tertiary methyl groups at C~. The multiplicity of the latter is determined by a comparison 
of the values of the CSs of the gem-dimethyls in the spectra of juniferol, fecerol, and 
fexerol derivatives. In addition, the mass spectra of humulane derivatives have no peak 

of an ion with m/e M-- 43. 

The position and nature of the double bonds are determined by the results of chemical 
transformations and by UV, IR, and PMR spectroscopy. The UV spectrum of fecerol has a maxi- 
mum at 244 nm (log c 4.44) due to a conjugated dienic group, and the PMR spectrum has the 
signals from the protons of an exocyclic methylene at 4.72 and 4.78 ppm and of trans-di- 
substituted olefinic protons at 5.32 and 5.74 ppm. The latter are also shown by an absorp- 
tion band at 970-980 cm -I~ in the IR spectrum [124, 167]. The protons of a cis-disubstituted 
double bond in the PI~fR spectrum of angrendiol appear with a SSCC of 6-7 Hz [116]. 
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A characteristic feature of ge~acrane derivatives is their cyclization ~der the ac- 
tion of acidic reagents (10-50% sulfuric acid, perchloric and formic acids, p-toluenesulfonyl 
chloride) to form derivatives of guaiane and selinane. The cyclization of chimganidin by 
sulfuric acid in ethanol has given a guaiane derivat~e, which is e~lained by the position 
of the double bond at Cx-Cxo and the hydroxy groups in angrendiol. The same s~stance has been 
isolat~ as a natural compo~d from Fe~la ~croca~a [113]. 

The ~clization of uga~iol (167) has also given a guaiane derivative [164]. It must 
be mentioned that the position of the epo~ gro~ (C5-C~ or C~-C~o) affects the formation of 
cyclization products. Thus, Cs ,C6-epo~germacranes cyclize into guaianes and the C z-Cxo 
compo~ds into selinanes [168]. 

The cyclization of humulane derivatives leads to mixtures of bi- and tricyclic sesqui- 
terpenes: the treatment of humulene with perchloric acid has given bi~clic and tri~clic 
sesquite~e alcohols. Thus, the study of ~e products of the cyclization of mono~clic 
sesquite~enes gives useful information in structural investigations. As was to be e~ected, 
the o~dation of unsaturated monocyclic alcohols in an acid medium leads to bicyclic ketones, 
and therefore oxidation is carried out in pyridine, and ketones of the initial co~ounds are 
obtained. ~e Sarett oxidation [169] of the monoacetate of juniferol (172)forms the mono- 
ketone ~173), in the P~ spectrum of which a displacement of the signals of the C3-H end of 
t~ methylene protons at C6 is obse~ed. In addition to this, the ~ spect~m shows the 
maximum at 225 nm (log e 3.0) of an ~,~-~saturated ketone. On the basis of these facts, 
the position of the second ~dro~ gro~ in juniferol has been found to be at C5 [127] 
(Scheme 14). 

t71 172 173 

S ~eme 14 

Derivatives of monocyclic sesquite~enes of ~la are probably precursors of the bi- 
cyclic sesquiterpenes, as is confirmed by the finding Of esters of one and the same acid 
with mono~clic and bicyclic alcohols [142, 170]. 

Derivatives of Bicyclic Sesquite~enes. Fe~la esters, the terpenoid moiety of which 
has a bicyclic ca~on skeleton, are derivatives of carotane (ferutinol, akichenol) [132-139], 
of guaiane (microferol) [113], and of himachalane (xeroferol) [144]. 

In contrast to the monocyclic derivatives, the bicyclic sesquite~enes form by dehydro- 
genation hydroca~ons the skeleton of which corresponds to that of the initial s~stance. 
~us, the dehydro~nation of fe~tinol (174) and of the alcohol from tenuferidin (175) wit h 
selenium gives 4-isopr~yl-~met~lazu~ne (176) and guaiazulene (177), respectively (Scheme 
15). Under these c~ditions, himachalane derivatives form cadalene, 2-methyl-6-p-toluyl- 
heptane, and ar-himachalene [171]. 

174 17S 175 t77 

Scheme 15 

Carotane derivatives are the most widespread in plants of the genus Fe~l~ [132-139]. 
The structure of ferutinol (jaeschkeanadiol) was studied independently of one another by two 
groups of workers [132, 133, 172]. The oxidation of dihydroferutinol (178) with chromium 
trioxide led to the monoketone (179), in the IR spectrum of which an absorption maximum char- 
acteristic for a carbonyl group in a seven-membered ring appeared. The oxidation of feruti- 
nol yielded an ~,B-unsaturated ketone (180) with migration of the double bond from the C8- 
C9 to the CT-Cs position [133]. When jaeschkeanadiol was oxidized and then subjected to de- 
hydration, the ~,B-unsaturated ketone (181) was formed, which showed the 1,3-positions of 
the hydro~/ groups, and structure (174) was proposed for it [133, 173] (Scheme 16). A com- 
parison of the keto acids obtained from jaeschkeanadiol and from laserol, substances with 
known stereochemistries, showed the absolute configuration of jaeschkeanadiol [172]. 
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Scheme 16 

Esters of akichenol (182) have been isolated from Fe~la akitsc~<ensi8 which also con- 
tains esters of ferutinol [139, 141]. The multiplicities of the olefinic and hemihydroxylic 
protons in the PMR spectra of the akichenol derivatives excluded the possibility that the 
second secondary hydroxy group was present at C7 or Czo, and its stability to periodic acid 
excluded C2, and the structure (182) was proposed for it. 

The comparative study of the influence of aromatic acid residues in the P~ spectra of 
esters of ferutinol and akichenol on the CSs of the signals of the isopropyl group revealed 
a relationship which permits the determination of the position of the ester groups in akiche- 
nol esters. On the basis of these facts the relative configuration of akichenol has been 
suggested [173]. 

The presence of an epoxide ring in the alcohol from tenuferidin (183) was shown by its 
opening to form the glycol (184) on treatment with a solution of oxalic acid, and by the 
production of acetyl derivatives. The positions of the tertiary hydroxy group and of the 
epoxide ring were determined by the oxidation of the alcohol, which gave the monoketone (185) 
with its carbonyl group in the seven-membered ring [142] (Scheme 17). 

OH OH OH 

,,,, P,:%,4(oH)cO- 

Scheme 17 

SESQUITERPENE LACTONES 

From six species of FeruLe, 21 lactones have been isolated and their structures have 
been shown (Table 3). They are derivatives of only two types of sesquiterpenes -- guaiane 
and selinane. Of them, six have proved to be hydroxy lactones and the remainder esters of 
hydroxy lactones with aliphatic and aromatic acids. It must be mentioned that diversolide 
is the first sesquiterpene lactone esterified with an aromatic acid [146]. 

Biogenetic Link is the Series ofFe~la Sesquiterpenes. The first hypotheses concern- 
ing the biosynthesis of sesquiterpenes were put forward by L. Ruzicka [174] and were subse- 
quently confirmed by Hendrickson [175]. According to this hypothesis, sesquiterpenes are 
formed from 2,3-cis-farnesol or trans-farnesol- three isoprene units linked in series in 
the "head-to-tail" manner. 

Up to the present time, derivatives of nine types of sesquiterpenes have been isolated 
from plants of the genus FeruL~ -- acyclofarnesane (f), monocyclofarnesane (g), bicyclofarne- 
sane (h), germacrane (a), humulane (b), carotane (c), guaiane (d), himachalane (e), and 
selinane (j), the precursors of which are apparently acyclofarnasane. 

The terpenoid moiety of the coumarins is represented by only three types -- f, g, and h. 
In this respect, the sesquiterpenes of the esters are far more diverse and so far five types 
have been found- a-e (Scheme 18). This permits the assumption that other types of sesqui- 
terpene may be found among the esters. 

A comparison of the structures that have been established for the terpenoid coumarins, 
esters, and sesquiterpene lactones permits the positions of the double bonds and of the hy- 
droxy groups in the terpenoid part to be suggested hypothetically. Since the double bond in 
isoprene itself is present at C3-C4, in the majority of Fe~la sesquiterpenes the double 
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TABLE 3. Sesquiterpene Lactones of Ferula 

Compound Structural fomaula Literature 

I19. Fexulin C15H1603, nap 176--178 ° 

120. BadkhyziB C.~oH2405, mp 139--140 °, 
D]D + 68° 

12l. Femzlidin CasHasO~ 

122. Olgofeaia G.,aHa607, nap 240--244 °, 
[a] O +46,9 ° 

123. Olgino C=iHaOv nap 176--178oi 
[=]D +25 

124. OfcliB C2aH=sOT, nap 214--216o; 
Dlo +0 ° 

125. Laferin C~2H~607, nap 142_144 o, 
[~]D --3,1 ° 

126. Talassia A C24H3oO7, nip 205_208 °, 
[=]D --72, I ° 

127. Talassin B C~aHaoO~, nap 205_208 o, 
[~]O --29.6° 

128. !Xve.molide C~HnOo, mp 185_186 o, 
[~]o--284 ° 

129. MalaphyllC=gHa.~O0, nap 2040--205 ° 

130. MalaphyllinC~6H28Og, mp 216--217 ° 

0 

R=C~,H~O 
o 

0 
R=RI=C4HsO 
R = C4H50 
RI=Ac 
R=C4H~O 
RI=C4HTO 
R=CsHTO 
R~=Ac 
R=Rt=C~H~O 

R=CsH 70 
R,=C~HTO 

\ 0 

0R1 
P = C6H3 (OCHshCO-- 
R,=CsHTO 

0 

I 

II 
R =G, Ha (OCHahCO-- 
RI=CsHTO 
R=C6Ha (OCH3)2CO-- 
RI=Ac 

I381 

[161 

[1451 

[471 

[37] 

[37] 

[37] 

[371 

1371 

[1461 

[441 

1441 
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TABLE 2 (Continued) 

Compound Structural ~ r m ~ a  M t ~ a t u r e  

131. G~klact~ne C1~1-|2oO2, mp  
[~ lm - -  125  '~ 

79,5 -81 ° , 

.132. Oopodin C2oH2sO~, mp  127-128 ° 

133. Dehydm-oopod/n (CmHz40 ~ nap 
113-114 ° 

208 --209 ° 

134. Badkhyzidin C2oH260~, mp  

135. Seanopodin ~oH2~O5, mp  

117--118 ° 

t77--178 ° 

136. Badkhyzinin C2oH2~O5, m p ,  104.105 ° 
[ = ] o  - -  2 1 2 , 4  ° 

137. Feropodin C~5H2oO2, mp  

t38. Malaphyl l in in  CaH2~Or, nap 

I40--141 ° 

0 

OR 

R=CsH~O 

R=CsHTO 
OR 

R=CsHTO 

0 

R---C~4-I~O 
0~ 

R =C5H70 

0 

0 

R = c6Hsc° 
RI=Ac  

[147.14Sl 

[421 

[42] 

[41] 

[431 

t4Ol 

[391 

t44al 
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TABLE 3 (Continued) 

Compound 

138a. Malaphyllidin C,5H,203 m p 

139. Angrendiol CmH2602, nap 135-- 137 °, 
. [~]~ =-s6 o 

Sn~cmxal fomaula 

0 

256° 

0 
Sesquiterpine alcohols 

H O0~ 

140. Jaeschkeartadiol (chimgandiol, femfinol) 
C,51-/,.,oO~, nap 91--92°,I=]o +~s,8 ° 

141. Ugamdiol(shixomodiol) C~sH:oOs, nap 
82--83% [a]o -k-47,5 ° 

142. Ovindiol CmH.~O.., mp 137--138% 
[a]D --74 ° 

143. Guaiol C,sH.-50, nap 9t% [aid--26,3 ° 

1,14. Karatavin CtsH~00, nap t36--137% 

Literature 

[446l 

[23,116] 

[23,133,172] 

[23.163] 

[23l 

[471 

26] 

/ I \. 

Scheme 18 

bonds and the epoxy and tertiary hydroxy groups also occupy these positions in the carbon 
atoms of the isoprene units. For example, in umbe!liferone (i), diversinin (12), ugamdiol 
(167), ferutinol (174), and juniferol (168) the double bond and the epoxy group (167) are 
present at C3-C~ of an isoprene unit. A deviation from these positions of the double bonds 
is apparently observed in those cases in which double bonds are formed by the dehydration of 
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tertiary hydroxy groups (coumarins of the farnesiferol A and conferol series) or by the 
migration of the double bond with the formation of conjugated systems (fecerol (169), diver- 
sin (ii)). 

The secondary hydroxy groups and carbonyl groups in Ferula sesquiterpenes also occupy 
definite positions in the isoprene chain. They are most frequently found at the first and 
fifth carbon atoms. For example, in mogoltin (43) and tadzhiferin (5) the hydroxy groups 
are present on the fifth carbon atoms of the first and third isoprene units, and in feracolin 
(50) and conferdione (48) the oxygen substituents are located on the fifth carbon atoms of 
the second and third units, and in tadzhikorin (6) and juniferol (168) on the first and fifth 
carbon atoms of the terminal isoprene unit. In all sesquiterpene lactones of Ferula, the 
hydroxy groups are present on the first and fifth carbon atoms of the first isoprene unit, 
forming the lactone ring [176]. 

It must be mentioned that in all Ferula coumarins the umbelliferone residue is connected 
to the terpenoid moiety by an ether bond with a primary hydroxy group, and the residues of 
aromatic and aliphatic acids in esters are connected with a secondary hydroxy group. 

Up to the present time, it is mainly the epigeal organs of the plants that have been in- 
vestigated. On this basis, it has been observed that, as a rule, ferulas producing esters 
do not contain terpenoid coumarins and sesquiterpene lactones, i.e., only one group of com- 
pounds is present in definite form [46]. But there is information in the literature which 
does not agree with this. For example, a given plant is found to contain both coumarins and 
esters in the case of Ferula samarcandica, F. korshinskyi [120, 177], and F. microcarpa [113], 
and coumarins and sesquiterpene lactones simultaneously in F. diversivitata [72-74, 146] and 
F. malacophylla [44, 178]. It may be assumed that when the same species of Ferula from dif- 
ferent growth sites and in different phases of vegetation in each of them are investigated, 
these three main groups of natural compounds will probably be detected, although one of them 
may be quantitatively predominating. 
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POLYSACCHARIDES OF IRIS 

I. GLUCOIIANNAN FROM f~s sogdiana 

D. A. Rakhimov, M. I. Igamberdieva, 
and Z. F. Ismailov 

UDC 547.917 

Several fractions of alkali-soluble polysaccharides have been %solated from the 
seeds of Iris sogdiana Bge. The separation of one of the fractions has yielded 
a glucomannan consisting of glucose and mannose residues in a ratio of 1:1.2. 
On the basis of the results of oxidation with chromium trioxide of the acetate 
of the glucomannan, and of periodate oxidation and methylation, it has been es- 
tablished that its molecule consists of a linear chain composed of B-D-gluco- 
pyranose and 3-D-mannopyranose residues connected by B-I÷4 bonds, although the 
presence of branching is not excluded. The possibility has been shown of isolat- 
ing D-mannose by the hydrolysis of the seeds. 

In Uzbekistan, the genus Iris (family Iridaceae) is represented by nine wild-growing 
species [i], There are reports in the literature on the study of the monosaccharide compo- 
sition of the alkali-soluble polysaccharides from the seeds of I. versicolor L. and I. 
~n~chu~ca Meissn. [2]. Andrews et al. [3] have studied a glucomannan from the seeds of 
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