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Continuing a chemica l  s tudy of the coumar in  compounds f rom the roots  of P rangos  f e ru l acea  (L.) 
Lindl . ,  we have i so la ted  an op t i ca l ly  inact ive  subs tance  C 1 8 H 2 2 0 5  with mp 167.5-169°C and mol.  wt. 318 
(mass  s p e c t r o m e t r i c a l l y ) ,  which we have ca l led  p r a n f e r i n .  

In UV light,  p r a n f e r i n  (I) p o s s e s s e s  a br ight  blue f luorescence  and it gives a UV s p e c t r u m  with ab-  
so rp t ion  max ima  at  246, 256, and 320 nm (log ~ 3.52, 3.56, 4.18). This shows that it is  in fact a coumar in .  

The IR s p e c t r u m  of I (Fig.  1) has a b road  band at 1710-1730 cm -1 (C = O of an ~ - p y r o n e  ring) and 
a lso  bands at 1505, 1570, and 1610 c m  - i  ( a romat ic  nucleus) ,  and i ts  UV and IR s p e c t r a  a r e  v e r y  s i m i l a r  
to  those  of os thole  and m e r a n z i n  hydra t e ,  which p e r m i t s  (I) to be ass igned  to the 7 ,8 -d i subs t i tued  cournar ins .  

When (I) was oxidized with ch romium t r iox ide  in g lac ia l  ace t ic  ac id ,  a subs tance  (II) with mp 253°C 
was obtained which was i den t i f i ed  by i ts  IR s p e c t r a  and the absence  of a d e p r e s s i o n  in admix tu re  with the 
os thol ic  acid  obtained p r ev ious ly  f rom osthole and m e r a n z i n  hydra te  [1]. This shows that  I is a 7 -me thoxy-  
coumar in  in pos i t ion  8 of which the re  is a subs t i tuent  a t tached to the r ing through a - CH 2 - group. 

The reduc t ion  of I with sodium borohydr ide  in methanol  gave a subs tance  III with mp 100-102°C. Its 
IR s p e c t r u m  had absorp t ion  bands at 3490 cm -1 (OH group),  1715 cm - i  (o~-pyrone r ing) ,  and 1500, 1570, 
and 1615 cm - i  ( a romat i c  nucleus) .  Consequent ly ,  in the  s ide  chain of I t h e r e  is an a l ipha t ic  C = O group 
which can be reduced  to a hydroxy  group.  

When compound I was t r e a t e d  with a mix ture  of g lac ia l  ace t ic  and concent ra ted  su l fur ic  a c i d s ,  c o m -  
pound IV with mp 115-117°C was obtained.  Its IR s p e c t r u m  contained bands at  3420 cm - I  (hydroxy group),  
1725 c m  -1 ( a - p y r o n e  r ing) ,  and 1500, 1570, and 1610 cm -1 (a romat ic  r ing) .  The ace ty la t ion  of IV with a c e -  
t ic  anhydr ide  in pyr id ine  led to a monoacety l  de r iva t ive  V with mp 218-220°C, the IR s p e c t r u m  of which 
lacked the abso rp t ion  band of a hydroxy  group.  The ease  of ace ty la t ion  shows that  the OH group is e i t he r  
p r i m a r y  o r  s econda ry .  The o c c u r r e n c e  of acid  c leavage  shows the p r e s e n c e  of an e the r  group in I .  

In the NMR s p e c t r u m  of I ( Fig .  2), in the weak f ield t he re  a r e  four  doublets  with chemica l  shif ts  
5 6.20 and 7.60 (J = 9 Hz) and 7.33 and 6.84 (J = 8.3 Hz) belonging to the pro tons  of the c o u m a r i n  nucleus 
in pos i t ions  3 and 4 and pos i t ions  5 and 6, r e s p e c t i v e l y  [2, 3]. These  r e su l t s  conf i rm the s t r u c t u r e  of com-  
pound I as  a 7 ,8 -d i subs t i tu ted  coumar in .  A quar te t  in the 4.06 ppm region  (with an in tens i ty  of one pro ton  
unit) and two quar t e t s  at 3.05 ppm (with an in tens i ty  of two proton  units) can be a s s igned  to  the CH and C H  2 

groups in the - -O- -CH--CH2--Ar  f ragment .  The s t ruc tu r e  of the s ignals  is de t e rmined  by  the two v ic ina l  
1 

constants  (J1 = 4.7 Hz and J 2  = 7.6 Hz) and the geminal  constant  for  the - C H  2 - group, Jgem = 13.5 Hz. A 
s ignal  at 3.92 ppm c o r r e s p o n d s  to a methoxy group in posi t ion 7. In the 1.19-1.29 ppm reg ion  t h e r e  a r e  
t h r e e  s ingle t  s igna l s  (of th ree  pro ton  units  each) which must  be ass igned  to the methyl  groups in a (CH3)3C - 
O - grouping,  s ince  the e l e m e n t a r y  compos i t ion  does not p e r m i t  any o ther  combinat ion with t h ree  methyl  
groups at tached to qua t e rna ry  carbon  a toms .  F o r  the s ingle t  at 1.43 ppm (with an in tens i ty  of t h r ee  pro ton  
units) only an a s s ignmen t  to a CH3CO group of the s ide chain is  pos s ib l e ,  although the value of 6 obtained is 
lower  than that  gene ra l ly  obse rved  for  such groups .  It may be a s sumed  that  this  d i sp l acemen t  of the s ignal  
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Fig. 1. IR s p e c t r u m  of p ran fe r in .  
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Fig. g. NMR s p e c t r u m  of p ran fe r in .  

in the upfield d i rec t ion  is due to the p r e s en ce  of the CHACO group above the ring in the region of sc reen ing  
by the a roma t i c  r ing.  

Thus,  the combinat ion of chemica l  and spec t r a l  informat ion shows the p r e s e n c e  of the following 
groupings in the molecule  of compound I: 

//\/~ 

I 
HaCO_% ~ / ~  ~0,  

] O Ar--CH2-CH-O--, (CHa)aC--O--, CHACO-- , 
I 

from which the structure of compound I and derivatives II-V follow clearly: 

//X/~ 

H a C O i I - - O  - - ~ / - . / - -  
I 0 

CHa 
[ 

I R =CH~--CH--O--C--CHa; 
I I 
c=o CH, 
t 
CHa 

II R=CH2--COOH; 

CH3 
/ 

|If R=CH2--CH--OiC--CHa, 

i ~CH~ HO--CH 
i 
CHa 

iV R=CH--CH--OH; 
I 
C=O 
I 
CHa 

V R=CH2--CH--O--CO--CHI. 
I 
c=o 
l 
CHa 
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Fig° 3. Mass spec t rum of pranfer in .  

The s t ruc ture  proposed agrees  well with the mass spect ra .  

In the mass  spec t rum of compound I (Fig. 3) the molecular  ion with m/e  318 and fragments  c o r r e -  
spondingto thedecomposi t ion  of an e ther  - by the cleavage of an c ~ - C - O - C  bond (peaks at 303, 129, and 189 
m/e) - a re  c lear ly  shown. The fur ther  decomposit ion of the ion with m / e  189 is analogous to the decom-  
posit ion of  the fragment  with the s t ruc tu re  

/ V ~  ] +  

¢H~- 

m/e  189, found in the spec t ra  of compounds IV, meranzin  hydrate ,  and ulopterole [4]. In the spec t rum of 
I the re  is a s t rong peak with m/e  59 which may be due to the cleavage of an o~-bond with the migrat ion of 
hydrogen that is cha rac te r i s t i c  for an e ther  [5] [n the 303 m/e  fragment (M+-CH3). 

C=O 
I 
Cl-~ ~03 role 

59m/e 

The p resence  in the spec t rum of peaks at 303 and 59 m/e  is in harmony with the existence of an 

O-C(CH3) 3 group in the molecule.  

Mass spec t ra  also conf i rm the s t ruc ture  of IV, giving a molecular  weight of 262 m / e  and also show- 
ing peaks of the f ragments  M - 1 7  (M+-OH) and M - 1 8  (M+-H20), which are  charac te r i s t i c  for hydroxyl -  
containing compounds.  

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

Isolation of Pranfer in  (I). Five grams of the mixture of crys ta l l ine  substances obtained f rom the 
22nd and 23rd fractions af ter  the isolation of pranferol  [6] was chromatographed on KSK si l ica gel (30 g). 
Elution was pe r fo rmed  with benzene,  b e n z e n e - c h l o r o f o r m ,  and ch loroform.  The volume of each fraction 
was 50 ml.  The solvent was distil led off f rom the benzene fractions to give I with mp 167.5-169°C (from 
benzene),  [~]~ ~ 0 ° (c 3.88; chloroform),  Rf 0.70 [A1203, activity grade II, ethyl a c e t a t e - b e n z e n e  (1 : 4)]. 

Found, %: C 67.46; 67.51; H 6.79; 6.86. Mol. wt. 318 (mass spect rometr ica l ly) .  Calculated for 
C18H2205° %: C 67.92; H 6.91. Mol. wt. 318. 

Oxidation of I. A solution of 0.12 g of I in 5 ml of glacial acetic acid was t rea ted  with 0.2 g of ch ro -  
mic anhydride in 10 ml of 50% acetic acid and the mixture was left at room tempera tu re  for 48 h. F rom 
the react ion products a substance II, C12Ht00 ~, mp 253°C (from ethanol) was isolated.  A mixture of II with 
an authentic sample of ostholie acid obtained s imi la r ly  f rom natural  osthole and meranz in  hydrate  gave no 
depress ion of the melting point. 

Reduction of Io A solution of 0.031 g of I in 10 ml of methanol was t rea ted  with 0.2 g of sodium boro-  
hydride,  and the mixture was left for 3 days.  Then it was acidified with 20% sulfuric acid, and the reaction 
product was extracted with ether .  The ethereal  solution was washed with water  and dried with anhydrous 
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sodium sulfate. The resinous residue af ter  the distil lation of e ther  was separated prepara t ively  in thin 
layers of alumina. This gave substance III, C18H2405, mp 100-102°C (from petroleum ether),  Rf 0.24 [A1203, 
activity grade II, ethyl a c e t a t e - b e n z e n e  (1 : 4)]. 

Acid Cleavage of I, A solution of 0°0742 g of I in 10 ml of glacial acet ic  acid was t reated with ten 
drops of Conc. sulfuric acid and the mixture was heated in the water  bath for 45 min. Then it was diluted 
with water  and extracted with ether.  The ethereal  solution was washed twice with water  and was dried with 
anhydrous sodium sulfate. The solvent was distilled off and the residue was deposited on a mic ro l aye r  of 
alumina. Elution was ca r r i ed  out with pet ro leum ether  and pet ro leum e t h e r - c h l o r o f o r m .  Elution with the 
mixed solvent gave IV, C14H140 ~, mp 115-117°C (from a mixture of ch loroform and pet ro leum ether),  Rf 
0.25 [A1203 of activity grade II, ethyl a ce t a t e -benzene  (1 : 2)]. 

Acetylation of IV. A mixture of 0°0059 g of IV, 2 ml of acetic anhydride,  and 0.5 ml of pyridine was 
heated for 4 h. Then it was cooled, diluted with water ,  and extracted with ether.  The ethereal  ext rac ts  
were washed with water  and dried with anhydrous sodium sulfate. The ether was distil led off and the r e s -  
idue was recrys ta l l i zed  f rom benzene. This gave substance V, C16H1606, mp 218-220°C (from pet roleum 
ether),  Rf 0°63 [Al203 of activity grade II, ethyl a c e t a t e - b e n z e n e  (1 : 4)]. IR spect rum,  cm- l :  1750, 1740, 
1615, 1570, 1505, 1380, 1280, 1250, 1120, 1080, 1040, 830. 

The IR spec t ra  Were taken on a UR-10 spec t romete r  (as mulls in paraffin oil), the UV spec t rum on an 
SF-4A spect rophotometer  (as a solution in e¢.hanol), the NlVIR spec t rum on a JNM-4H-100 spec t romete r ,  
and the mass  spec t ra  on an MKh-1303 instrument at an ionizing voltage of 30 eV. The melting points were 
determined on a Kofler  block. 

SUMMARY 

From the roots of Pra~ ferulacea (L) Lindlo a new coumarin has been isolated, C18H2205, mp 
167.5-169oc (from benze 7 chloroform), and it has been called pranferin. 

By a study of its UV, IR, NMR, and mass spectra and chemical properties, its structure has been 
established as 8-(2'-aeetyl-2'-tert-butoxyethyl)-7-methoxycoumarin. 
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