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In a study of the eoumar in  compounds f r o m  the roots  of P rangos  fe ru lacea  (L.) Lind1., col lected in the 
Bichenak mountains  of the Nakhichevan ASSR, we isola ted a substance (I) of tool. wt. 286 (mass s p e c t r o m e t -  
r ical ly)  with the composi t ion  Ci6H1405, mp 136.5-138.5°C. 

Substance (I) p o s s e s s e s  the p rope r t i e s  cha rac t e r i s t i c  of coumar in  der iva t ives  and gives  a UV spec-  
t r u m  in which there  a re  absorp t ion  m a x i m a  at 222, 250, 258, 266, and 310 nm (log e 4.19, 4.24, 4.09, 4.16, 
and 4.04, respect ively) ,  which indicate that (I) belongs to the group of 5-monosubs t i tu ted  fu rocoumar ins .  

The IR s p e c t r u m  of (I) shows cha rac t e r i s t i c  absorp t ion  bands at  (cm -1) 3455 (OH), 1715 (C = O of an 
a - p y r o n e  ring), 1630, 1610, 1585, and 1555 (aromatic  nucleus).  The UV and IR spec t r a  of (I) coincide com-  
ple te ly  with those desc r ibed  prev ious ly  [1] fo r  (=~)-pranferol. A mix tu re  of authentic s amp le s  of the sub- 
s tances  mentioned gave no depress ion  of the mel t ing  point, which shows the i r  identity. However,  the chem-  
ical  composi t ion  of (I) d i f fers  f r o m  that p roposed  [1] fo r  (~.)-pranferol by two hydrogen a toms .  Prev ious ly  
[1], on the bas i s  of a study of spec t ra l  and chemical  cha rac t e r i s t i c s ,  the m o l e c u l a r  fo rmula  C1~H1605 was 
found fo r  p ranfero l ,  and the s t ruc tu re  5 - (2" -hydroxy-3" -me thy lbu toxy) fu ro -2 ' , 3 '  : 7, 6 -coumar in  was p ro -  
posed fo r  it. 

In o r d e r  to ref ine the s t ruc tu re  of (I), we have compared  the NMR and m a s s  spec t r a .  In the NMR spec-  
t r u m  of (I) (Fig. 1, I) in the region of a r o m a t i c  protons  there  a r e  four  doublets with chemica l  shifts  of 6 6.19, 
8.11 (J=9.7  Hz), 6.91~ and 7.48 (J=2.8  Hz) due to the 3 ,4-pro tons  of the coumar in  nucleus and the 4 ' , 5 ' - p r o -  
tons of the furan  nucleus.  The singlet  at 5 7.07 ppm is  due to the proton in posit ion 8. This  ass ignment  is  
conf i rmed by the long- range  s p i n - s p i n  coupling constants  obse rved  on recording with a b road  scan  (J4',8 ~ 

J t , ,8~  0.7 Hz). As is well-known, such split t ing is absent  f o r  H-5.  
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Fig.  1. NMR s p e c t r u m o f g o s f e r o l  
(I) and i ts  ace ta te  (II). 

Consequently,  the side chain is  p r e sen t  in posi t ion 5. In the region 
of olefinic pro tons  there  a r e  s inglets  with 5 5.01 and 5.17 ppm with 
in tensi t ies  of one proton unit each, apparent ly  due to the protons  of 
a CH 2 group. These  s inglets  a r e  broadened because  of geminal  i n t e r -  
action and in terac t ion  with a CH 3 group (shown by double resonance) .  
This  group is  r ep re sen ted  by a broadened signal at  6 1.81 ppm with 
an intensi ty of three  proton units .  The mult iplet  in the 6 4.25-4.60 
ppm range of th ree  proton units  may  be a sc r i bed  to a - C H - C H  2-  
O - A r  group. A doublet with 5 2.33 ppm (JCHOH = 3.5 Hz) with an in- 
tensi ty  of one proton unit is  due to the pro ton  of an OH group at tached 
to a sa tu ra ted  carbon a tom.  (The s ignal  shif ts  with a fal l  in the t e m -  
pera ture . )  It was  shown by means  of double resonance  that the spl i t -  
ting of this signal i s  due to in terac t ion  with the methine proton in a 
--CH--CH2--O grouping. 
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Fig. 2. Mass  spec t rum of gos fe ro l  (I) and its ace -  
tate (II). 

What has been  said above shows that the molecule  of (I) has f r agmen t s  f r o m  which the following s t ruc -  
ture  fo r  (I) unambiguously  follows: 

O-OHm- ~H- 

~ O ~ ' - ~ i ~  0 , O/f:'H3 ,-OH - ~CH? 

The facts  given agree  well with the resu l t s  of chemica l  and m a s s - s p e c t r o m e t r i c  invest igat ions.  

The acetyla t ion of (I} with acet ic  anhydride in pyridine fo rmed  the acetyl  der ivat ive  (if) with mp 121- 
122°C, the IR spec t rum of which lacked the absorp t ion  band of a hydroxy group and showed, in addition to the 
band at 1725 cm -1 (C=O of an o~-pyrone ring}, an absorp t ion  band at 1740 c m  -1 (C = Ogroup of an es te r ) .  
The NMR spec t rum of (II) (Fig. 1, II) showed an additional singlet  f r o m  COCH~ at  5 2.10 ppm (3 H). 

The t r ea tmen t  of (I) with 20% sulfur ic  acid gave a substance (Ill) with mp 146.5-147°C, identical  with 
a known f u r o c o u m a r i n -  isooxypeucedanin according to a mixed mel t ing point and the s imi la r i ty  of the i r  IR 

CH3 
/ 

spec t ra .  The nature of the i some r izat ion taking place under  these  conditions shows that the re is  a --CH--C" 
I % 

OH CH l 

grouping in the side chain of (I) [2]. Compound (1]Z) is a lso  fo rmed  by the oxidation of (I) with ch romium t r i -  
oxide in glacial  acet ic  acid [1]. Apparently,  in a dense medium in addition to the oxidation of the secondary  
OH group, the migra t ion  of hydrogen a toms  takes  place with the fo rmat ion  of isooxypeucedanin.  

The hydrogenation of (I} with Pt  (in the f o r m  of PtO 2) leads  to substance (IV} with mp 105.5-106°C. 
F r o m  the s imi la r i ty  of the i r  IR spec t r a  and by means  of a mixed mel t ing point of authentic samples ,  this 

/ C H s  
was identified as  pranfe~ol,  which a g r e e s  well  with the p re sence  of a --C grouping in the side chain 

%CH2 

of (I). Substance (IV} f o r m s  an ace ty l  der iva t ive  (V) with mp 111-112°C. In addition to (IV}, a substance (VI) 
with rap 109.5-110.5°C and (VIII} with mp 161-163°C were  isolated f r o m  the products  of the hydrogenation 
of (I}. 

In UV light compound (VI) p o s s e s s e s  a violet  f luorescence ,  which shows that in the hydrogenation of 
(1) not only the double bond in the side chain but a l so  the double bond in the furan ring is  reduced, since this 
f luorescence  is  cha rac t e r i s t i c  of d ihydrofurocoumar[ns .  This is conf i rmed by the m a s s  spec t rum of (VI), 
which c lea r ly  shows the mo lecu l a r  ion M + with m / e  290 and the peak of a f r agment  with m / e  204. 

+ O H  
I t .  

I II 
\ / \ 1 \ / ~  

o o 0 

[Compare  the fo rmat ion  of f ragment  a with m / e  202 in the decomposi t ion of (I).] The IR spec t rum of (VI) 
has absorpt ion bands at (cm -1) 3400 (OH group), 1695 and inflection at 1715 (C =O of an ~ -py rone  ring), 1620, 
1610, and 1580 (aromat ic  nucleus}. The p re sence  of an OH group is conf i rmed by the format ion  of an ace -  
tate (VII} with mp 117-118°C. 

In UV light, substance (VIII} has a br ight  blue f luorescence  and it gives an IR spec t rum showing ab- 
sorpt ion bands at (cm -1} 3250, 3480 (OH group}, 1675 (C = O of a carboxy group}, and 1590, 1575 (aromatic  
ring}. The s t ruc ture  of (VIII} has not yet been establ ished.  
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The f ea tu res  of the s tzucture  of (I) a lso  a p p e a r  in i ts  f ragmenta t ion  under  e l ec t ron  impact  (Scheme 1). 
The main  p r o c e s s  of the decomposi t ion of (I) is de te rmined  by an energe t ica l ly  favorable  r e a r r a n g e m e n t  with 
the migra t ion  of an a tom of hydrogen through a f o u r - m e m b e r e d  t rans i t ion  s ta te  to an oxygen a tom with the 
fo rma t ion  of f r agmen t  a w i t h m / e  202 andthe  neutra l  molecule  2 -hydroxy-3-methy lbu tad iene  CH2=C--C----CH2. 

/ t 
OH CH3 

The expuls ion of carbon monoxide f r o m  the ~ -py rone  ring that is cha rac t e r i s t i c  fo r  coumar in  de r iva t ives  
then leads  to the appea rance  of an ion b with m / e  174. 

OH /CH. 
H;-r.,- G,~ 

• ~,  cH OH C,H~ +OH 
20 CH~C- C=Clt 2 

,,(. • 0 

M'286 / a m/e 202 

/ +OH 

b m/g t74 

Scheme 1 

The decomposi t ion of the ace ta te  (II) takes  place in two competing d i rec t ions  (Scheme 2). On the one 
hand, there  is the fo rmat ion  of ion a wi th .m/e  202, and on the other  hand the c leavage of the - O - C H  2 -  bond, 
giving the ion c with m / e  127. The subsequent decomposi t ion of f r agment  c takes  place with the success ive  
e ject ion of ketene and w a t e r  to f o r m  f r agmen t s  d and e with m / e  85 and 67. The m a x i m u m  peak in the spec-  
t r u m  is  the peak of f r agmen t  f with m / e  43. 
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E X P E R I M E  N T A  L 

Isolat ion of Gosferol  (1). The mix ture  of c rys ta l l ine  subs tances  (3 g) obtained f r o m  fract ions  22 and 23 
a f t e r  the isolat ion of p ranfe ro l  [3] and pranfe r in  [4] was chromatographed  on a lumina (50 g, act ivi ty grade  II). 
Elution was p e r f o r m e d  with benzene,  b e n z e n e - c h l o r o f o r m  (2:1 and 1 : 1), and chloroform.  The volume of 
each f rac t ion  was 50 ml.  Elution with the mixed solvent gave (i), C1GH14Os, with mp 136.5-138.5°C (from eth- 
anol), ~ ~ 0 ° (chloroform),  R f  0.62 (A1203, act ivi ty grade  II, ethyl ace ta te  sys tem).  Yield 1.5 g. 

Found, %: C 67.24; 67.11; II 5.0; 5.10. M 286 (mass - spec t rome t r i caUy) .  C16Hi405. Calculated, %: 
C 67.13; H 4.88. M 286. 

Acetylat ion of (I). A mixture  of 0.1 g of (I), 2 ml  of acet ic  anhydride, and 0.5 rnl of pyridine was heated 
for  2 h. Then it was diluted with wa te r  and worked up in the usual  way. This  gave 0.075 g of the acetyl  de- 
r ivat ive  (II) with mp 121-122°C (from pe t ro leum ether),  Rf  0.62 [A1203, act ivi ty grade  II, ethyl a c e t a t e - b e n -  
zene (1 : 4) sys tem] .  

Action of H2SO 4 on (I). A solution of 0.0541 g of {I) in 5 ml  of ethanol was t r ea ted  with 10 ml of 20% 
H2SO 4 and heated in the wa te r  bath fo r  3 h. The react ion products  yielded 0.04 g of substance (III) with mp 
146.5-147°C (from ethanol), identified as  isooxypeucedanin.  

I Iydrogenat ion of (I). The exhaustive hydrogenation of 0.1025 g of (I) was p e r f o r m e d  in 50 ml of etha- 
nol ove r  a plat inum cata lys t .  The ca ta lys t  was f i l te red  off and washed with ethanol. Dist i l lat ion of the f i l -  
t r a te  yielded 0.095 g of a residue consis t ing of th ree  substances .  The p r epa ra t i ve  separa t ion  of this mix-  
ture  in a thin l a y e r  of a lumina (activity grade II) in the ethyl a c e t a t e - b e n z e n e  (1 : 2) sy s t em gave 0.05 g of 
(IV) with mp 105-106°C (from benzene),  identified as  pranferol ;  0.02 g of (VI) with mp 109.5-110.5°C [from 
b e n z e n e - p e t r o l e u m  e the r  (1 : 1)], and 0.015 g of {VIII) with mp 161-163°C (from pe t ro leum ether) .  

Acetylat ion of {IV). A mix tu re  of 0.03 g of (IV), 2 ml of acet ic  anhydride, and 0.5 ml  of pyridine was  
heated for  2 h. Then it was cooled, diluted with water ,  and ex t rac ted  with ether .  The e therea l  e x t r a c t s w e r e  
washed with wa te r  and dried with anhydrous sodium sulfate.  Then the e the r  was dist i l led off and the residue 
(0.025 g) was r ec rys t a l l i zed  f r o m  pe t ro l eum ether .  This  gave (V) with mp 111-112°C, Rf  0.86 [A1203, ac t iv-  
ity grade ]I, ethyl a c e t a t e - b e n z e n e  (1 : 2) sys tem].  A mix tu re  of (V) with an authentic sample  of p ranfe ro l  
ace ta te  gave no depress ion  of the melt ing point~ and the IR spec t ra  of the two subs tances  coincided com-  
pletely.  

Acetylat ion of (VI). A mix ture  of 0.0064 g of (VI), 2 ml  of acet ic  anhydride,  and 0.5 ml of pyridine was 
heated for  1 h. Then it was cooled, diluted with water ,  and worked up in the usual  way. Ac icu la r  c r y s t a l s  
of (VII) (0.0055 g) deposited with mp 117-118°C (from pe t ro leum ether),  Rf  0.83 [A1203, act ivi ty  grade II, 
ethyl a c e t a t e - b e n z e n e  (1 : 2) sys tem] .  

The IR spec t ra  were  taken on a UR-10 s p e c t r o m e t e r  (mulls in paraf f in  oil), the UV spec t rum on a n S F -  
4A spec t ropho tomete r  (solution in ethanol), the NMR spec t r a  on a JNM-4H-100 s p e c t r o m e t e r  (solution in 
CDC13, in ternal  s tandard TMS), and the m a s s  spec t r a  on a MKh-1303 ins t rument  at an ionizing voltage of 
30 V. The melt ing points were  de te rmined  on a Kof le r  block. 
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SUMMARY 

From the roots of Prangos feralacea (L.) Lindl. has been isolated a new furocoumarin (I), C10H1405, 
with mp 136.5-138.5°C (from ethanol), [~]~ ~= 0 ° (chloroform), which we have called gosferol. 

On the basis of a study of the UV, IR, NMR, and mass spectra and the chemical properties of gosferol, 
the structure 5-(2"-hydroxy-3"-methylbutenyloxy)furo-2',3' : 7, 6-coumarin has been proposed for it. 
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