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Gummosin has been isolated previously from Ferula gummosa, F__. pseudorooselinum Rgl. et Schmalh, 
and F__. samarcandtca Eug. Kor. [1] and badrakemin from F._. badrakema [2 ]. The i r  s tructures have been 
established on the basis of chemical reactions and spectroscopic character is t ics ,  and it has been shown that 
they are isomers  with respect to the orientation of the substituent at C 8 (-CH2OAr): in gummosin (I) the 
la t ter  is present in the axial position and in badrakemin (II) in the equatorial position [3, 4]. The authors 
came to this conclusion after  the passage from gummosin to farnesiferol A which they effected by the oxida- 
tion of gummosin to a ketone and its subsequent reduction with sodium tetrahydroborate.  From its melting 
point and IR spectra,  the reduction product was identified as farnesiferol A [1, 4]. 

The results of a comparative study of the NMR spectra of farnesiferol A, colladin, colladonin, iso-  
badrakemin, badrakemin, and gummosin enabled us to identify isobadrakemin and colladonin with farnesi-  
ferol A and to propose configurations for gummosin and badrakemin. According to this, in gummosin the 
substituent at C s is in the equatorial position and in badrakemin it is in the axial position [5]. Our conclu- 
sions did not correspond to those drawn by Kir'yalov and Movchan [1] on the basis of chemical reactions, 
which caused us to doubt the correctness  of the passage effected from gummosin to farnesiferol A [1, 4]. 

The configuration of farnesiferol  A has been shown convincingly by chemical reactions: the substi- 
tuent at C9 is in the axial orientation [6]. Since in gummosin it is located in the equatorial orientation [5], 
it  is impossible to pass from gummosin to farnesiferol A via the ketone with subsequent sodium tetrahydro- 
borate reduction. This must form not farnesiferol A but the epimer of gummosin at C 3, since the asym- 
metr ic  center  at C 9 is not affected by this transition. 

We have repeated this transition under the conditions described by Kir'yalov and Movchan [1] and have 
studied the products obtained by spectroscopy, comparing them with an authentic sample of farnesiferol A 
[the sample of the lat ter  was given to us by A. P. Prokopenko and was characterized by us through its 
physieoehemical constants (rap 155-156°C, [~]D -60°) and its NMR spectrum (Fig. 1, curve a)]. 

The oxidation of gummosin with chromium trioxide gave a ketone with the composition C24H2804 (III), 
M + 380 (mass spectrmn), mp 132-133°C, [~]~-42 ° (c 1.1; chloroform) in the IR spectrum of which an ab- 
sorption characterist ic  for  a carbonyl group in a six-membered ring appeared at 1690 cm -i .  On subsequent 
reduction of the ketone with sodium tetrahydroborate,  a substance was isolated with the composition C24H30 
O4, M + 382 (mass spectrum), mp 157-158°C, [~] ~ - 6 0  ° (e 1.0; chloroform), the IR spectrum of which lacked 
the absorption band of a carbonyl group and had~a maximum at 3400-3600 cm -1 due to a hydroxy group. 

The NMR spectrum of this product (substance IV) has singlets at 0.90 ppm (3 H, angular CI0-CH 3 
group), 0.72, and 0.95 ppm (3 H each, axial and equatorial methyl groups at C4) , 4.58 and 4.65 ppm (1 H 
each, exocyclic methylene group at C8), two quartets with centers at 3.85 and 4.18 ppm, Jgem = 10.5 Hz, 
Jvic = 6 Hz (methylene protons in the .Ar-O-CH2-grouping) ,  and a broadened signal with its center  at 
3.14 ppm, 1/2 ~ = 16 Hz (C3-HProton gemimal to a hydroxy group). In the 6.05-7.49-ppm region there are 
the signals of five protons of a 7-hydroxy-substituted cournarin ring. 

It has been shown previously that when the substituent A r - O - C H 2 - - i s  present  in the axial orientation 
the methylene protons of this grouping appear in the NMR spectrum in the form of a doublet With a coupling 
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Fig.  1. NMR s p e c t r a  of f a rnes i f e ro l  A (a), 
gummos in  (b), and subs tance  (IV) (c). 

cons tant  of 4-6  Hz o r  a doublet with insignif icant  split t ing; in the case  of the equator ia l  posi t ion they have 
the f o r m  of two quar te t s  with J g e m  = 10-12 Hz and Jv ic  = 4-6 Hz (5]. 

The r e su l t s  of a compar i son  of the NM1R spec t r a  of f a rnes i f e ro l  A, g u m m o s i n ,  and subs tance  (IV) 
(see Fig.  1) show that in the l a s t -men t ioned  compound the snbst i tuent  at C 9 ( - C H 2 - O A r )  is  p r e s e n t  in the 
equator ia l  or ienta t ion,  i .e. ,  in the s ame  or ienta t ion  as  in gummosin .  The mul t ip l ic i t ies  of the s ignals  of the 
methylene  protons  in the A r - O - C H  2 - groupings  in the NMR spec t r a  of subs tance  (IV) and f a rnes i f e ro l  A 
d i f fe r  sha rp ly ,  as  can be seen f r o m  Fig.  1. The signal of the methylene protons  of the A r - O - C H  2 -  g roup-  
ing in the NMR s p e c t r u m  of f a rnes i f e ro l  A appea r s  in the f o r m  of a doublet,  and in the NMR s p e c t r u m  of 
gummos in  and in that of  subs tance  (IV), in the  f o r m  of two quar te t s .  Consequently,  the subst i tuent  at C 9 has  
d i f ferent  or ien ta t ions  in f a rnes i f e ro l  A and in substance  (IV). The posi t ion (3.14 ppm) and the half-width 
(16 Hz) of the signal of the C 3 methine  proton in the i r e s a n e  nucleus show that  the hydroxy group i s  p r e s e n t  
in the energe t ica l ly  favorab le  equator ia l  posi t ion and the methine proton in the axial posi t ion.  

GH2OAr CH OAr e- "~r 
_ c,, _ ° 

H ,r'C. "I"I ~ F / y  ~'~NaBH, ,--~',,I--~'~GH: 

3 un3 - "a u CH:~ HaC "~H.l 

Pr ='~0 
The h igher  value of Rf fo r  gummos in  than of f a rnes i f e ro l  A and subs tance  (IV) and the s i m i l a r  Rf 

va lues  of f a rnes i f e ro l  A and subs tance  (IV) on th in - l aye r  ch roma tog raphy  a re  due to the fact  that  alcohols 
with an axial  hydroxy group a re  adsorbed  m o r e  feebly than those with an equator ia l  group [7]. 

The specif ic  rota t ion changes  on pass ing  f r o m  gummosin  ( -54  °) to subs tance  (IV) ( -60°) .  This  is 
in ha rmony  with the law found p rev ious ly  fo r  the c a s e  of 5-c~-s teroids  of the choles tane  and andros tane  s e r i e s  
on the bas i s  of which subs tances  with an equator ia l  group at C 3 have  a h igher  levorota t ion  than those with an 
axial equator ia l  group [7]. 
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The facts given confirm that the product obtained by the reduction of the ketone from gummosin [sub- 
stance IV)] is an epimer of gummosin at C a but is not farnesiferol A. Finally, a mixed melting point of an 
authentic sample of farnesiferol A (rap 155-156°C and o f  substance (IV) (mp 157-158°C) melted at 135-136°C, 
i.e., showed a depression of the melting point. 

The results obtained permit  the conclusion that the product of the reduction of the ketone of gummosin 
is not identical with farnesiferol A and the passage from gummosin to farnesiferol A performed previously 
does not correspond to the facts. 

We have shown [5] that the fourth and last i somer  of famesiferol  A with a diequatorial arrangement 
of the substituents at C 3 and C 9 has not yet been found in nature, and the product of the reduction of the ke- 
tone of gummosin [substance (IV)] in this isomer.  

The experimental results confirm the corrections that we have proposed previously [5] to the config- 
uration of gummosin and badrakemin and the above-mentioned identity of isobadrakemin, colladonin, and 
farnesiferol A. 

EXPE RIME NTAL 

The conditions for taking the spectra have been described elsewhere [5]. Chromatography was per- 
formed in a thin layer of silica gel in the solvent system heptane-ethyl acetate (3 : I) with Kutacek's rea- 
gent to reveal the spots. 

Oxidation of Gummosin. A solution of 0.08 g of chromium trioxide in 6 ml of 80% acetic acid was 
added to a solution of 0.15 g of gummosin in 6 ml of glacial acetic acid. The reaction mixture was left 
overnight, and the ketone of gummosin was isolated in the usual way, giving colorless crystals with mp 
132-133°C, Rf 0.27. 

Reduction of the Ketone of Gummosin. A solution of 0.1 g of the ketone in 20 ml of 85% aqueous 
methanol was treated with 0.05 g of sodium tetrahydroborate. After an hour, the reaction mixture was 
diluted with water and acidified with 5% sulfuric acid, and the reaction product was extracted with ether. 
Acicular crystals  were isolated with mp 157-158°C [heptane-ethyl acetate (3 : 1) ], Rf 0.17; for  farnesiferol  
A, Rf  0.17. 

C O N C L U S I O N S  

On the basis of the results of a spectral study of the products formed in the oxidation of gummosin and 
the reduction of the resulting ketone to an alcohol, it has been shown that the la t te r  is not identical with 
farnesiferol  A and has the substituent at C 9 in the equatorial orientation. It has been shown that the transi-  
tion from gummosin to farnesiferol A performed previously does not correspond to the facts. 
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