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Two new e s t e r s  have been isolated f rom the roots  of Ferula  tenuisecta  by column chromatog-  
raphy: fer tenidin,  C~2H3205, mp 236-238°C, [a] D +145 ° {c 0.5; ethanol) and fer ten ic in ,  
C22H3004 (amorphous),  and the following mos t  probable  s t ruc tu re s  have been suggested for  
them:  6 ,10-d ihydroxy-8-@-hydroxybenzoy l )ge rmacr -4  (14)-ene and 10-hydroxy-8 - (p -hydroxy-  
benzoyl )germacra  -4,6 -d iene ,  respec t ive ly .  

Among the species  of plants of the genus Ferula  studied, Ferula  tenuisecta  is dist inguished by a qual i ta -  
t ive d ivers i ty  of the e s t e r s  that i t  contains.  Eight e s t e r s  of sesqui te rpene  alcohols of the daucane,  g e r m a c r a n e ,  
and guaiane s e r i e s  have been isola ted f rom the roots  and f rui t  of this plant [1-5]. Studying roo ts  col lec ted  in 
the upper  reaches  of the R. Angren (Tashkent province) we have isolated two m o r e  e s t e r s  differ ing in the i r  phys -  
icochemieal  c h a r a c t e r i s t i c s  f r o m  those a l ready  known, and we have cal led them fer tenidin ([) and fer tenic in  (II). 

Fertenidin is  a c rys ta l l ine  substance with the composi t ion C22I-I320~, soluble in ethanol and pyridine.  Its 
UV spec t rum shows an absorpt ion maximum at 260 nm (log e 3.6), the bathochromic shift  of which when the 
spec t rum is r e c o r d e d  with the addition of alkali  is cha rac t e r i s t i c  for  a p-hydroxybenzoyl  chromophore .  The 
good solubil i ty of the substance in aqueous solutions of alkalis  with the format ion of phenolates conf i rmed the 
p r e s e n c e  of a hydroxybenzoyl  res idue .  

According to its I1~ spec t rum,  the fer tenidin molecule  includes the following functional groups:  an exo-  
methylene group (885, 1610 em -1), [6], and e s t e r  carbonyl  at tached to an a romat ic  r ing (1050, 1280, 1680 cm- l ) ,  
a hydroxy group (8200-3600 cm-1),  and also an a romat ic  nucleus (1520, 1590, 1610 era-l) .  The PMR spec t rum 
of (I) conf i rmed the p re sence  of these  groupings:  the protons of the exomethylene group gave signals a t  4.86 
and 5.18 ppm - broadened singlets  of 1 I-I each; the gem-hydroxyl ic  proton gave a one-pro ton  quar te t  at  4.15 
ppm (Jl = 10.5 ttz~ J2 = 5 Hz) and the gem-acy l  proton gave a mult iplct  at  5.35 ppm (1 I-I). Two doublets of 2 I-I 
each at  6.84 and 7.88 ppm with the same spin - s p i n  coupling constant  (SSCC), J = 9 I-Iz, were  due to four o r tho -  
in teract ing protons  of an a romat ic  nucleus.  In addition to th is ,  the signals of the following protons were  ob-  
se rved  in the s t rong field:  those  of isopropyl  groups at 0.81 ppm (6 H, t ,  J1 = J2 = 6 I-Iz)~ of a methyl  group of 
a carbon atom bear ing an oxygen-containing functional group at  1.15 ppm (3 I-I t s)~ and of methylene protons at 
2.65 ppm (2 I t ,  d, J = 5 I-Iz). 

The acetylat ion of fer tenidin  with acet ic  anhydride in pyr idine  gave a d iace ta te ,  C2~I3607 (HI), in the II~ 
spec t rum of which the re  were  the absorpt ion bands of the carbonyl  of an aliphatic acid (1710, 1740, and 1760 
cm-1), while a t  the same t ime ,  the absorpt ion band of a hydroxy group was re ta ined ,  i . e . ,  the fer tenidin molecule  
contains secondary  and t e r t i a r y  alcohol groups.  The PMB spec t rum of (m) conf i rmed the p r e sence  of  a second- 
a ry  hydroxyl,  since in the spec t rum of the diaceta te  (In) the signal of the gem-hydroxyl ic  proton had undergone 
a paramaguet ic  shif t  (A~ = 1.1 ppm). F u r t h e r m o r e ,  the signals of two acetyl  groups appeared ,  at 2.0 ppm (al- 
coholic) and 2.25 ppm (phenolic). The signals of the methyls  of an isopropyl  group in the PiVIR spec t rum of (HI) 
had the fo rm  of two doublets (3 tt each) at 0.75 and 0.80 ppm, with the same SSCC, J = 6 Hz. 

The mass  spec t rum of fer tenidin  is s imi la r  to that of o ther  e s t e r s  of terpenoid alcohols [5, 7-11],  having 
a cha rac t e r i s t i c  peak with m / e  333 (M -- C3I~Iy) + cor responding  to the f ragment  of the molecule  without an i so -  
propyl  group,  and also a peak at 238 (M - C7I-I603) + [the res idue  of the sesqui terpene alcohol] and at 138 (C~H603) + - 

the p-hydroxybenzoic  acid molecule .  

In view of  the composi t ion,  the developed formula ,  and the p r e sence  of the (M - 43) + peak in the mass  spec -  
t r u m ,  and also the na ture  of the manifestat ion of the t e rmina l  methyls  in the II~ and PMI~ spect ra  and of the oxy-  
gen-containing functional groups ,  for  the terpenoid moie ty  of  fer tenidin the mos t  probable  skeleton is that of  the 

insti tute of the Chemis t ry  of Plant Substances,  Academy of Scieaces  of the Uzbek SSB, Tashkent.  T r a n s -  
la ted f rom I~ imiya  Pr i rodnykh Soedinenii, No. 1, pp. 42-46,  J a n u a r y - F e b r u a r y ,  1980. Original a r t i c l e  sub-  
mitred July 16, 1979. 
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PMB spectrum of fertenidin (CDCI3). Fig. 1. 
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sesqu i t e rpene  monocycl ic  hydrocarbon  g e r m a c r a n e  with an exomethylene group and a t e r t i a r y  hydroxy  group.  

The chemica l  shif t  of  the signal of the gem-hydroxy l i c  proton (4.15 ppm) p e r m i t s  us to cons ide r  that  i t  is 
p r e s e n t  c lose  to a double bond and is  subjec t  to i ts  influence. On cons ider ing  the mul t ip l ic i t ies  and the SSCCs 
of the s ignals  of the methylene  pro tons  (d, J -- 5 Hz) and of the gem-hydroxy l i c  protons  (q, J l  = 10.5 Itz; J2 = 
5 Hz), in the i r  in te r re la t ionsh ip  it  can be seen  that they a r e  adjacent  and undergo a vicinal in teract ion.  Thus ,  
the secondary  hydroxy group is located a t  C 6. 

On the bas i s  of the multiplicit-y of  the signal of the g e m - a c y l  protons  On, ~'1/2 = 22 I-Iz) only two posi t ions  
r e m a i n  for  i t :  a t  C 2 o r  C 8. 

It m u s t  be mentioned that  in all the tens of sesqu i te rpene  e s t e r s  of the g e r m a c r a n e  s e r i e s  isolated f r o m  
plants  of  the genus Ferula  [7-11], C 6 and C 8 have  proved  to be hydroxyla ted  and acyla ted ,  this evidently being 
connected with fea tu res  of  the b iogenesis  of these  subs tances  in giant  fennels and t he re fo re  s t ruc tu re  (I) is the 
m o s t  l ike ly  for  fer tenidin.  

Fer tenic in  (I1) is an amorphous  subs tance  with the composi t ion C22I-I300 o soluble in po la r  solvents  and 
aqueous solutions of a lkal i s .  The UV s pec t r a  of subs tances  (I) and (I1) each have an absorp t ion  m a x i m u m  at  
260 n m ,  which shows the p r e s e n c e  of the s a m e  p-hydroxybenzoyl  ch romophore ,  but the values  of  log £ d i f fer  
subs tant ia l ly  (A log ~ = 0.76). It is known that  values  of log ~ > 4 apply to molecu les  with conjugated double 
bonds. Among e s t e r s ,  this phenomenon has  a lso  been obse rved  in the UV spec t ra  of ferocin  [12] and jufer in  
[13]. Consequently,  the fer tenic in  molecule  mus t  a lso  have  conjugated double bonds. The I1~ s p e c t r u m  (I1) also 
contains the absorpt ion  bands of an a r o m a t i c  nucleus (1520, 1590, 1615 cm-~),  of an e s t e r  carbonyl  (1690 c m - l ) ,  
and of a hydroxy group (3200-3600 cm-1).  
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The na tu re  of the s ignals  in the PMB s p e c t r u m  of 019 (deuteropyridine) is c lose  to that  fo r  the PMB s p e c -  
t r u m  of (I): s ix -p ro ton  t r ip l e t  a t  0.94 ppm (J1 = J2 = 7 I-h), methyls  of an isopropyl  group; s ingle t  a t  1.25 ppm 
(3 H), methy l  on a ca rbon  a tom at tached to oxygen; s ingle t  a t  1.76 ppm (3 I-I), methyl  on  a double bond. In add i -  
tion to th is ,  the s ignals  of two c i s -o le f in ic  protons  appea r  a t  5.45 and 5.76 ppm in the f o r m  of  one -p ro ton  doublets 
with the s a m e  SSCC, J = 10 Hz. A mul t ip le t  at  6.15 ppm (1 H) m u s t  be a sc r ibed  to a g e m - a c y l  proton.  The p a r a -  
magne t ic  shif t  of this s ignal  into such a weak field may  be due to the p r e s e n c e  in the molecu le  of conjugated 
double bends c lose  to the g e m - a c y l  proton and to a reduct ion of the e lec t ron densi ty  on it. In the weak-f ie ld  r e -  
gion, as  in the PIVIB s p e c t r u m  of (I), a r e  obse rved  the s ignals  of the protons  of  a p -hydroxybenzoio  acid res idue :  
doublets a t  7.03 and 8.05 ppm with the s a m e  SSCC, J = 9.5 Hz. 

The peaks  of the ions in the  m a s s  s p e c t r u m  of (11) with m / e  236 (lVl - C7H603) + and 138 (C~H603) s e r v e  as 
a proof  of the s t ruc tu r a l  s i m i l a r i t y  of subs tances  (1) and (II). 

The s p e c t r a l  c h a r a c t e r i s t i c s  of fer tenic in  c o r r e s p o n d  to those  of an e s t e r  of a g e r m a c r a n e  alcohol  having,  
as  in fer tenidin ,  a t e r t i a r y  hydroxyl ,  an acyl  r es idue  (on the bas i s  of the chemica l  shif t  and the mul t ip l ic i ty  of 
the signal of  the gem-,acyl  proton it  m a y  be a s s u m e d  that  i t  is located  a t  C@, and a lso  two conjugated double 
bonds and a meihyl  group on a double bond. 

In a g r e e m e n t  with the facts  g iven,  s t r u c t u r e  (II) is  sugges ted  for  fer tenic in .  

Fer tenic in  is p robably  a p roduc t  of the dehydrat ion of fer tenidin  in the plant.  

E X P E B I M E N T A L  

The conditions for  r ecord ing  the spec t r a  have  been given p rev ious ly  [5]. 

Separat ion and isolat ion were  c a r r i e d  out by the method desc r ibed  p rev ious ly  [3]. F rom 20 g of r e s in  
containing the phenolic components  of the roots  of F. tenuisec ta  we obtained 0.11 g of fer tenidin  and 0.12 g of  
fer tenic in .  

Fer tenidin (1), C22H3205, mp 236"238~C, [~]D +145° (c 0.5; ethanol). Mass  s p e c t r u m :  333 (M--C3H?) +, 
238 (lVI -- C~HI603) + , 220 (M - -  C T H t 6 0 3  - H20) + , 195 (M - -  C 3 H  7 - C 7 H 6 0 3 )  + , 138 (C7H603) +. 

Fer tenic in  (ll), C22H3004. Mass s p e c t r u m :  236 (lVl- C7HI603) + , 218 ( M -  C7H603 - H 2 0 )  + , 193 ( M -  CTHI603 - 
C3I-I7) + , 175 (lVI - CvHI603 - C3Ht 7 - H20) + , 138 (C7HI603) + , 121 (C~H603 - OH) +. 

The ace ty la t ion  of (I) was  p e r f o r m e d  with acet ic  anhydride  in pyr id ine ,  giving the d iace ta te  C26H3607 with 
mp 108-110 °C. 

S U M M A R Y  

Two new e s t e r s  have  been i so la ted  f r o m  the roo ts  of F. tenuisecta.:  fer tenidin  and fe r ten ic in ,  and the s t r u c -  
t u r e s  of 6 ,10 -d ihyd roxy -8 - (p -hyd roxybenzoy l )ge rmac r -4  (14)-erie and 1 0 - h y d r o x y - 8 - ( p - h y d r o x y b e n z o y l ) g e r m a c r a -  
4 ,6 -d iene ,  r e spec t i ve ly ,  have  been p roposed  as  the m o s t  p robab le  for  them.  
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