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Pavlova 

We have previously  reported [1] the isolat ion f rom Colladonia t r ique t r a  (family Umbell tferae) of two new 
coumar ins ,  C 1 and C 2. This paper  gives the resu l t s  of a study of the s t ruc tures  of these compounds which we have 
called "eoUadin" (C1) and "colladontn" (C2). The invest igat ion of these substances  shows that colladin (I) has the 
composi t ion C26H3205, mp 153-154°C, [~]% - 65 ° (c 0.45; chloroform),  and colladonin (II) C24H3004, mp 158.5-160°C, 
[a]2~ _ 50 ° (c 0.60; chloroform). 
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Fig. 1. UV speetra  of eolladin (1) and eoUadonin (2). 

The UV and IR spect ra  (Figs. 1 and 2) conf i rm that these substances  belong to the coumar in  group [2, 3]. In 
addition to this,  the IR spect rum shows the presence  of a hydroxyl groLfp in the molecule of II (3535 cm-l) .  
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Fig. 2. IR spect ra  of col ladin (a) and eolladonin (b). 

The NMR spect ra  of I and II (Fig. 3, Table 1) show that both compounds are  7-monosubst i tuted coumar ins  with 
a number  of common s t rue tura l  e lements*  The differenee in the speet ra  of these compounds is  connected with the 
p resence  in I of an O-acetyl  grouping in plaee of the hydroxyl in II. In aeeordanee with this, when eolladin was 
saponffied with caustic potash in methanol ,  eolladonin was obtained, and the acetylat ion of eolladonin with acetic 
anhydride in pyridine gave eolladin. Thus, the two compounds a re  in a close s t rueturM relat ionship:  colladin is the 
acetyl  der ivat ive  of colladonin, and the study of their  s t ruc tu res  reduces  to a considerat ion of the s t ruc tu re  of one of 
them, colladonin. 

The oxidation of II with Beckmann ' s  mixture  gave compound III, C24H2804, the IR spect rum of which lacked the 
hydroxyl band, while there were two bands in the carbonyl region, at 1741 cm -1 ( C ~ O  of an o~-pyrone ring), and 1719 
cm -1 ( C ~ O  of a sa turated ketone). The compound obtained is therefore  a ketone which shows that the hydroxyl group 
in II is attached to a secondary carbon atom (this corresponds  to the fea tures  of the NMR spectrum).  Compound IlI 

*The ass ignments  of the s ignals  in the spect ra  were made on the bas is  of r e su l t s  of our previous works [4, 5]. 

170 



Table I. F e a t u r e s  of the NMR Spectra of 

Colladin and Colladonin 

Chemical Inten- - 
shift, Multiplicity, J, Hz sity Assignment 
6, ppm 

0.85 
0.88 

2,04 
4.20 
4.53 

4,90 

4.55 
6.20 
6,79 
6,79 

7.35 
7.61 

0.80 

0.83 

1 .00  
3.25 

4.18 

4.53 
4.90 
6,21 
6.79 
6.81 

7.35 
7.61 

Colladin 
Three superposed 

singlets 
Singlet 
Doublet 6.0 
Singlet 

Singlet 

Multiplet 
Doublet, 10.0 
iDoublet, 1.6 
Quartet, 1.5; 

8.5 
Doublet, 8.`5 
Doublet, 10.0 

Colladonin 
Singlet 

Singlet 

Singlet, 
Multiplet 

Doublet 6.0 

Singlet 
Singlet , 
Doublet, 10,0 
Doublet, 1.,5 
Quartet 
1.5; 8 . 5  
Doublet, 8.5 
Doublet, 10.0 

I 
9H 3CHa--C-- 

I 
3H O 
2H 
]H IF 

CHa--C--O 

? C H - C H , - - O A r  
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IH 
I 

1H > C H - - O - C = O  
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1H He 

IH H~4 , 
1H 

3H 

3H 3CI-la-- C-- 

3H 
1H > CH--OH 
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Fig.  3. NMtt s p e c t r a  of eol ladin  (a), eol ladonin 
(b), and the keto ac id  IV (e). 

172 



proved to be identical with badrakemone*, a ketone obtained by N. P. Kir'yalov by the oxidation of the terpenoid 

coumarin badrakemin, for which the following structural formula has been proposed [6]: 

CH CHz 

UO ~ ~ 

CH~ OH 3 

The reduction of II with sodium borohydride gave colladonin, which shows the equatorial position of the 
hydroxyl group in ito From its physicochemical constants, II is identical with isobadrakemin, which is formed in the 
reduction of badrakemone [6]. As was to be expected, the dehydrogenation of II with selenium led to the formation of 
i, 2, 5, 6-tetramethylnaphthalene and umbelliferone. 

The position of the exocyclic methylene group of C(s) given by Kir'yalov [6] was put forward on the basis of 
indirect considerations. For a definitive solution of this question, we oxidized II with chromic anhydride to a keto 
acid which, in accordance with the results of dehydrogenation, should have structure IV or IV'. 

COON CHa 

O ~  cHz O ~  c°°H 
H~ c~ H~C C% 

IV IV' 
The choice between these formulas was made on the basis of the NMR spectrum of the keto acid. For structure 

IV the signal of a proton on a carbon atom should appear in the form of a feebly resolved signal, and for structure 
IV' in the form of a triplet or a multiplet. In the spectrum of the keto acid (see Fig° 3), there is a somewhat 

broadened singlet signal with an intensity of one proton unit at 2.85 ppm, which permits the clear choice of structure 
IV° 

Thus, the structure of colladonin is similar to the structure of farnesiferol A [7]. Table 2 compares the constants 
of a series of derivatives of colladonin that we have obtained (see Scheme) and those of farnesiferol A [7]. 

T a b l e  2. S o m e  C o n s t a n t s  of C o l l a d o n i n ,  F a r n e s f f e r o l  A, 

and  T h e i r  D e r i v a t i v e s  

Compound C o m p o s i t i o n  

Colladonin 
Farnesiferol  A 

Colladonin acetate (I) 
Farnesiferol A ace ta te  

The ketone In  
The k e t o n e  f r o m  farnesiferol A 

The keto acid IV 
The keto  acid f r o m  farnesiferol A 

The diol VIII 
The diol X 
The  diol  f r o m  farnesifero! A 

M o n o a c e t a t e  of the diol Vlt 

M o n o a c e t a t e  of the diol from farnasiferot A[ 
[ 

Diace ta te  o f  the  diol IX 
Diacetate  o f  the  diol  f r o m  farnesiferol A. 

C24H3o04 
C~H3oO~ 

C2sH3205 
C~H32Os 

C~H~sO~ 
C2~H280~ 

C,~H~03 
C~H2~O3 

C,5H~802 
C,~H2sO~ 
C,~H2s02 

C17H3oO3 

C19H3~0, 
C~9H3~O~ 

Mp'°C [~]D' deg 

158,5--160 --50 
155 --155,~ --55 

154 --155 --65 
142 --144 --55 

184 --185 --40 
134 --135 -43 

179 --180 "56 
179 --180 --60 

177 - 178 +26 
177 --178 --28 
183 --I~5 +29 

107 --108 --35 

137 --138 
ll7 --119 ~11.6 

I t  c a n  b e  s e e n  f r o m  T a b l e  2 t h a t  c o l l a d o n i n ,  and  f a r n e s i f e r o l  A d i f f e r  in  t h e  c o n s t a n t s  of a n u m b e r  of d e r i v a t i v e s  
and  a r e  t h e r e f o r e  i s o m e r i c  c o m p o u n d s .  On t he  b a s i s  of wha t  h a s  b e e n  s a i d  a b o v e ,  the  f o l l o w i n g  f o r m u l a s  m a y  b e  
p r o p o s e d  f o r  e o l l a d i n  (I) and  c o l l a d o n i n  (II): 

* T h e  s a m p l e  of b a d r a k e m o n e  w a s  k ind ly  g i v e n  to u s  by  N. P° K i r ' y a l o v  (BIN AN SSSR [ K o m a r o v  B o t a n i c a l  
I n s t i t u t e ,  AS USSR]). 
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XI,  

RO I1 R = H 

HsC CH 3 

A c c o r d i n g  to the r e s u l t s  p r e s e n t e d ,  b a d r a k e m i n  [6], s a m a r c a n d i n ,  and s a m a r c a n d o n e  [8] m u s t  have  s t r u c t u r e s  
XII, and XIIIo 

H~C CH 3 X[ R~C' "CH.~ "0H ~I R OH 

XIll R=D 

F~C~ 

H3C CH.~ ~ ~ / Se 

o F  -T7 " ""° F " F ' r  
c-o'~><-v .o~ "°~>C'-/ 

CH 3 PI3C CH~ H.~ CH 3 I[ 

c"~"'°" c~c°°" ~ c . ,  
y - o  0 ,o  ~ v 
C~ s ,-,.,c CH~ H~C CH s %C CH~ 

Vll tV X 

~I c. c~-oH 

,,c c., ~:o- > (  
VIII CH3 ~ CH3 LX 

S c h e m e  of the  t r a n s f o r m a t i o n s  of  co l l ad in  and co l l adon in  

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

The  IR s p e c t r a  w e r e  taken  on a UR-10  s p e c t r o m e t e r  (mul l s  in p a r a f f i n  oil), the UV s p e c t r a  on an S F - 4 A  
s p e c t r o p h o t o m e t e r ,  and the  NMR s p e c t r a  on a J N M - 4 H - 1 0 0  i n s t r u m e n t  ( d e u t e r o c h l o r o f o r m ) .  The  c h e m i c a l  sh i f t s  a r e  
g iven  r e l a t i v e  to t e t r a m e t h y l s i l a n e ,  the  s igna l  of which is  taken as  0. 
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The optical rotations of the substances studied were measured in chloroform solution. The samples for 

microanalysis were dried at 60 ° C in vacuum for 6-8 hr. The melting points of the compounds are not corrected. The 

analytical results for all the compounds corresponded to the calculated figures. 

O-Acety lcol ladonln  (I)o A solution of 100 mg of eolladonin (II) in 2 ml of a mix ture  of pyridine and acet ic  
anhydride (1: 1) was heated in the water  bath for  1 hr. Af ter  the e l iminat ion of the solvent,  substance I, C26H320~, was 
obtained with mp 154-155°C (ethanol), [a]~ - 65 ° (c 0.50). F r o m  the IR and NMR spec t ra  and the absence of a 
depress ion  of the mel t ing  point of a mix ture ,  the compound obtained was shown to be identical  with colladin. 

Oxidation of II to I~ In drops, 2 ml of Beckmann's chromic acid mixture was added to a solution of I00 mg of 

colladin in 15 ml of acetone, and the resulting mixture was left at room temperature for I0 rain. Then it was diluted 
with 50 ml of water and extracted with diethyl ether (4 x 20 ml). The extract was washed with water, and dried with 

sodium sulfate, and the solvent was distilled off. This led to the deposition of crystals of III, C24H2804, nap 184-185 ° C 

from ether, [c~]~ - 40 ° (c 1.02; chloroform). IR spectrum, cm-l: 1738 (C=O of an ~-pyrone), 1715 (C--~O of a 

saturated ketone), 1631 (C~C bonds of aromatic rings). 

Reduction of IIl with sodium borohydride. A solution of 50 mg of the ketone in 15 ml of 95% methanol was 

treated with 50 mg of sodium borohydride for 15 hr. The mixture was diluted with water, acidified with 20% H2SO4, 

and extracted with ether. The extract was washed with water and dried with sodium sulfate, and the solvent was 

distilled off. The residue consisted of a substance with the composition C24H3004, mp 155-156°C (from aqueous 
methanol),  [~ ]~  - 50 ° (c 0.40). The IR spec t rum of this compound was ident ical  with that of eoltadonin. A mix ture  
gave no depress ion  of the mel t ing  point. 

Dehydrogenat ion of II [6]. A mix ture  of 250 mg of the substance and 200 mg of se lenium was ground to a fine 
powder and heated at 280-290°C for  30 rain. The reac t ion  product was t rea ted  with pe t ro leum ether  (bp 40-60  ° C). 
This gave 60 mg of an oil, which was chromatographed on alumina (10 g, act ivi ty  grade II). The pe t ro leum e ther  
eluate gave 30 mg of an oil  which c rys t a l l i zed  f rom ethanol, mp 111-112 ° C. The 1, 3, 5 - t r in i t robenzoa te  of the 
hydrocarbon had mp 177-178 ° C (from ethanol). 

Umbel l i f e rone  (VI). Af te r  the dehydrogenation product  had been f reed f rom hydrocarbons ,  the res idue  was 
t rea ted  with e ther  (8 x 25 ml) and the ex t rac t  was shaken with 2% caust ic  potash solution (5 x 20 ml). The alkal ine 
solution was acidif ied with 20% H2SO 4 and ex t rac ted  with e ther ,  the ex t rac t  was washed with wate r  and dr ied  with 
sodium sulfate,  and the solvent  was d is t i l led  off. The res idue  (40 rag) yielded c rys t a l s  in the fo rm of needles with 
mp 224" C (from water).  The IR spec t rum of the substance was ident ical  with that of umbel l i ferone.  The sample  for  
ana lys is  was sublimed in vacuum at 200 ° C. 

The unsaturated keto acid IV. In 6 ml of glacial  ace t ic  acid, 500 mg of II was dissolved.  Then the solution was 
oxidized with 50% ch romic  anhydride solution at room t empera tu r e  for  5 hr. The reac t ion  mixture  was poured into 
cold wate r  and ex t rac ted  with e ther  (6 x 25 ml). The ex t rac t  was shaken with 2% potass ium bicarbonate  solution (8 x 
x 25 ml), acidif ied with 20% H2SO4, and ext rac ted  with ether.  The organic  l aye r  was washed with wate r  to neutral i ty ,  
d r ied  with sodium sulfate,  and evaporated.  The re s idue  (110 rag) was chromatographed on a column of s i l ica  gel (10 g), 
and was eluted with ether.  

On standing, a mix ture  of the e therea l  eluate and pe t ro leum e ther  deposited c rys t a l s  (60 mg) with mp 179-180 ° C, 
[oz]2~ + 56 ° (c 0.49}. IR spec t rum,  cm-l :  3220 (OH of a carboxyl),  1740 ( C = O  of a ketone~, 1685 ( C = O  of a carbexyl) ,  
1648 (C=CH2). NMR spec t rum (signals  in ppm, s = singlet): 1.05 (s, 3H), 1.09 (s, 3H}, 1.24 (s, 2H) ( three t e r t i a ry  
methyls) ,  2.85 (s, 1H) ( > C H - C O O H )  4.84 (s, 1H); 4.96 (s, 1H) (>C=CH2)  , 8.93 (1H) (COOH). 

Found, %: C 72.10, 72.05; H 8.95, 9.07. Mol wt 250 (mass spec t romet ry) .  Calculated for  C~hH2zO3, %: C 71.97; 
H 8.86. 

Hydrogenation of IL 400 mg of the substance was d isso lved  in 15 ml of glacial  acet ic  acid and hydrogenated in 
the p r e s e n c e  of 90 mg of Adams platinum catalyst .  

The consumption of hydrogen was about 150 ml a f te r  4 hr ,  and af ter  this absorpt ion ceased.  The cata lys t  was 
f i l t e red  off, and the f i l t r a te  was diluted with wate r  and ext rac ted  with ch loroform.  The ex t rac t  was washed with water  
and dr ied  with sodium sulfate.  The solvent  was d is t i l led  off, and the res idue  was saponified with 30 ml of 3% caust ic  
potash solut ion in methanol  in the wa te r  bath for  30 min. 
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The mixture  was diluted and extracted with diethyl ether (4 × 20 ml). The ethereal  solution was dried with 
sodium sulfate and evaporated. This gave 90 mg of c rys ta l s  with mp 177-178 ° C, [a]2~ _ 28 ° (c 0.42). 

Found, %: C 74.74, 75.21; H 11.72, 11.90. Calculated for C15H2802, %: 74.95; II 11.74. 

Hydrolysis  of I. 200 mg of the substance was saponified with 20 ml of 3% caustic potash solution for 30 min. The 
alkaline solution was diluted with water and acidified with 20% H2SO 4. Colladonin (II) precipi tated,  and it  was 
r ec rys t a l l i zed  f rom ethanol. 

The oxidation of the hydrolysis  product with Beckmann ' s  chromic  acid mixture  gave the ketone III. 

Hydrogenolysis  of col ladin (I). In solution in 15 ml of glacial  acetic acid, 500 mg of the substance was 
hydrogenated over a pla t inum catalyst  (100 mg) for 5 hr. After this t ime, 150 ml of hydrogen had been absorbed. The 
usual  working up gave 510 mg of a res idue  which was chromatographed on a column of a lumina  (40 g, activity grade 
IV). Evaporat ion of the benzene eluate gave 120 mg of fine c rys ta l s  of the mono-O-ace ty ld io l  VH, with mp 107-108 ° C, 
[~]2~ _ 35 ° (c 0.50). IR spect rum,  cm-l :  3290 (OH) and 1730 (C-~O of an ace ty lgroup) .  

Found, %: C 72.15, 72.40; H 10.59, 10.86. Calculated for C17H3003, %: C 72.30; H 10.71. 

P repa ra t ion  of the diol VIH. 95 mg of the mono-O-acetyldiol  VII was saponified in 20 ml of 3% caustic potash 
solution in methanol in the water bath for 30 rain. The alkaline solution was diluted with ice water and extracted with 
ether (5 x 20 ml). The extract  was washed with water,  dr ied with anhydrous sodium sulfate, and distil led. This gave 
80 mg of a res idue  c rys ta l l i z ing  in the form of needles with mp 177-178 ° C [from a mixture  of ether and petroleum 
ether (bp 40-60  ° C)], [oz]2~ + 26 ° (c 0.62). IR spectrum,  cm-l :  3230 (OH). 

Found, %: C 74.86, 74.75; H 11.72; 11.88. Calculated for C15H2802, %: C 74.95; H 11.74. 

The d i -O-ace ty ld io l  IX. 55 mg of the diol VIII was acetylated with 2 ml of a solution of acetic anhydride in 
pyr idine (1 : 1). The usual  working up led to the format ion of c rys ta l s  in the form of needles with mp 137-138 ° C (from 
ethanol). IR spectrum,  cm- l :  1732 (C---=O of acetyl  groups). 

CONCLUSIONS 

1o The s t ruc tures  of two new terpenoid coumar ins  have been established:  colladin, C26H3205, with mp 153-154 ° 
C (from ethanol), [~]~ - 65 (c 0.45; chloroform) and colladonin, C24H3004, mp 158.5-160°C (from ethanol), [~]2i~ - 
- 50 ° (c 0°60; chloroform). 

2. The s t ruc tu res  of the coumar ins  badrakemin,  samarcandin ,  and samarcandone  have been corrected.  
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