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III. DIHYDROFUROCOUMARINS AND DIHYDROPYRANOCOUMARINS* 
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Recently, a considerable number of dihydrofuroeoumarins  and dihydropyranocoumarins  having anum-  
bar  of common s t ructural  elements  as a consequence of a common biosynthetic pathway have been isolated 
f rom plant mater ia ls .  Consequently, it is desirable to consider  the NMR spect ra  of these substances to- 
gether,  concentrat ing attention on their  differences:  in pract ice  the problem frequently a r i ses  of assign- 
ing a new compound to one of these groups. 

The bulk of the dihydrofurocoumarins  and dihydropyranocoumarins  known at the present  time can be 
represented by the s t ructural  types shown below. 
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* For  Communications I and II, see [1, 2]. 
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TABLE 1. NMR Spectra of Dihydrofurocoumarins and Dihydropyr- 
anocoumarins* 

Marmesin 
I; R = Hh 

Deltoin 

Sol- I Chemical shift, 6, ppm; 
Comp ound~ vent multipticity,t J, Hz 

i 6,17 (d.: 10,0) e3,24 (d; 9.1) 
7.58 (d; I0.0) f 4.74 (d; 9.1) 

=DCIs 7.17. s g 1.23. s 
6.65. s 1.37. s 

h 2,08 br 

CHal 
/ 

!; R=- -C - -C=  c 

h 

pranchimgin 

CHs i 
/ 

I; R = - - C - C H = C  

0 
SeseUflofin 

S--CH3 
/ J 

!; R = - C - - C  =C 
fl w \ 
O H H 

h i 

Smymiofln 
l l ; RI= R2=-C--CHs 

ff h 
O 

Smyrnioddin 
CHsI 

II; Rt= - -C~C= C j 

R~----- - -  C--CHs k 
II 
O 

5'- (1- Acetoxy-l-melhylethyl)-4'- 
metl)oxy-4', 5' - dihyd ro-3',2': 6, 7-cou. 
r/1&rln 

II; RI=--OCH~; R s = - C - O - I  3 
h lI i 

O 

CDCIs 

~DCi 3 

CCI, 

CC16 

CCI4 

CCI~ 

a6.19 (d; 9.6) f 5.08 (t; 8.6) 
bT.60(d; 9.6) g 1.62. s 
e7.~Y2. $ h 1.66. us 
d6,71, s i 1,89 (q; 
e 3,28 (d; 8,6) j 5,99, m 

a 6,08 (d; 10,0) f 5,09 (t; 
b 7,56 (d; 10,0) g 1,48, s 
c7.18. $ 1,53, s 
d6.66, s h 5.46. us 
e3.18 (d; 8.0) i 1.79. us 

2.04, us 

a6,05 (d; 9,8) f 5,19 (t; 
b7.41 (d; 9.8) g 1.48. s 
c7.07, s 1.64. s 
d6.64, s h 5.63 la; 
e3.20 (d; 8.8) i 6.38 (d; 

j 2,38. S 

a6,10 (d; 9.6) f 5.14 (d; 
b7.51 (d; 9.6) g 1.62,s 
c7.41, s 1.70. ! 
d6.71, $ h 1.97. s 
e6.29 (d; 5,5) 2,03, s 

a6,11 (~; 9.1) g 1.62. s 
b7.50 (d; 9.1) 1.71. 
c7,46,  s h 1,84, 
d6,75, a i 1,98. m 
e 6 , 4 1 ~  6 . 3 ) 6 , 0 8 ,  
 5,19 e,3) 1.95.,  

7,9; i,5) 

8,0) 

8,8) 

10,o) 
I0.0) 

5,5) 

a6.18(d; 9.8) f4.79(d;315) 
b7.57 (d; 9.8) g 1.64. s 
c7.42, s 1.49. $ 
d6.78, s h 3.40. s 
e5,01 (d'; 3.5) i 1,97, s 
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TABLE i. (Continued) 

Compound "t 
ISol- [ Chemical shift, 6, ppm; 
vent multiplicityfl: ]; Hz 

Zosimol 

lll; R=H h 

Libanoridin 

111; R = -  C--CHa h 
II 

O 

Zosi min 
O CHa i 

111; R~--  C - C = C  

•H] 
CHa 
h 

Libanorin 
CHa 

1.11; R=--C--CH=C / i 
II \ 
O h CHa 

Athamantin 
CHa 

/ 
IV; RI~R2=-C--CH~--CH i 

II \ 
0 h CHa 

Edukin 
CHa i 

/ 
IV; R,=--C--C =C ~ 

, I \ 
O CHa H j 

h 
R==--C --CHa k 

]l 
O 

5'- ( 1 - Aeetoxy- 1 - methy lethyl)-4'- 
methoxg-4',5'-dihydrofuro -2',3'  : 7, 8- 
coumarln 

IV; RI~-OCH3 h 
R~=-- ¢-CHs i 

II 
O 

Agasyllin 
CH a h 

/ 
V; R=--C--C=C 

II I \ 
O CI-I a H i  

h 

a6,14 (d; 9,6) e 3,31 (d; 8,4) 
i b 7,55 (d; 9,6) f 4,74 ~d; 8,4) 

g 1,25, CDCIa c 7.20 (d; 8,2) 
d6,67 (d; 8,2) h ll.83,'35'Sbr 

a6.17(d:lO,O) 3.30(t; 8.5, 
b 7,62 (d;10,0) ~ 5,14 (t; 8,5) 

CDCI c7,25 (d; 8,5) g 1,49, s 
d 6,72 (d; 8,5) 1,56, s 

h 1,97, s 

CCI, 

CDCI3 

3DCIa / 

a6,05 (d;10,0) f 5,12 (t; 8,5) 
b7,54(d;10,0)  g 1,62, $ 
~ 7,18(d;  8,0) h l ,62 ,  us 

6,57 (d; 8,0) i 1,85, m 
e 3,33 (d; 8,5) j 5,92, m 

a 5.17 (d; 9.3) f 5.13 (t; 8.6) 
b 7.62 (d; 9.3) g 1.51. s 

159. s 
c7,26 (d; 8,7) h5,'55, us 
ed6,72 !d;; 8 , 7 ) i  1,84, us 

3,32 ~ 8,6) 2,08, us 

a 6,29 (d;10,0) f 5,50 (d;7.0) 
b 7,70 (d;10,0) g 1,63, s 
e7,50 (d; 8,0) 1,74, s 
d6,92 (d; 8,0) h2o18, us 
e 7,03 (d; 7,0) i 0,97. br 

CDC13 

6.22 (d;10,0) g 1.60. s 
~7.64 (d;10.0) 1.68. s 
c7.44 (d; 8.3) h 1.85. us 
d6.86 (d; 8.3) i 1.99 (q;8.5; 1.5) 
e 7.08 (d; 6.5) j 6.06, m 
f5,29 (d;  6,5) k 2,02, s 

CC14 

CCI~ 

a 6.14 (d; 9.8) f 4.70 (d; 3.5) 
b7.58 (d; 9.8) g 1.46. s 
c 7.28 (d; 8.4) 1.60. s 
d6.71 (d; 8.4) h3.58, s 
e5.15 (d; 3.5) i 1.93, s 

a 6.05 (d; 9.2) e 3.20 (q; 18.5; 4.9) 
b 7.43 Id; 9.2) 2.83 (q; 16.5. 5.7) 
c 7.06. s f 5.05 (t; J1+J2= 

=10.6) 
d6.64, s g 1.38. 

h 1,8--2,0, m 
i605. m 
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T A B L E  1. (Con t inued)  

] Sol- ] Chemical shift, 6, ppm, 
C°mp°undT [vent [ multiplicity f ,  I, Hz 

Decullin 
CH3 

/ 
V; R=--C--CH=C i 

[I 
0 h ~CH3 

Xanthalin 
CH3 h 

/ 
VI; R t = R ~ - C - - C : C  

O CH3 HI 
h 

Andelin 
CH 3 h 

/ 
VI; RI==--C--C=C 

U I \ 
O CH3 Hi 

h 
CH3 

/ 

R~------- C--CH=C / k 
, J \ 
0 CH3 

6'6', -Dimethyl-5'-senecioyloxy-4', ' 
methoxy-4',5'-dihydropyrano- 
3'2' : 6,7-coumarin 

VI; RI=--OCH3 h 
CH3. 

/ 
R~=--C - C H :  C 

0 CH3 

Xanthogalol 

VII; R=Hh 

Xanthogalin 

CH 3 i 

Vll; R = - - C - C = C  / 
rl I 
0 CH3 \ H i  

h 
Visnadin 

Viii; Rt-------C--CH3 h 
H 
O 

R2 =- -  C --CH--CH2- C.H3 
11 1 ] 
0 CHa 

i 

l a 6,02 (d; 9,5) f 4,98 (t; 5,1) 
b 7,42 (d; 9,5) g 1,35, $ 
¢7.05. s 1.40. s 

CCI, d 6,59, $ h 5,57. us 
e 2,83 (q;17,0; i 1,88, us 

5,1) 2,16, us 
3,18 (q; 17,0; 5,1) 

a 6.2~ (d; 10,0) f 5,52 (d; 4,5) 
b 7,62 (d'; I0.0) g 1,46. s 

CDCI3 ¢~ 7,36, s 1,49, $ 
6.79. s h 1.6--2.1. m 

e 6.34 (d; 4.5) i 6.10. m 

CCI, 

CCI, 

a 6,11 (d; 9,8) g 1,37, s 
1,44. $ 

b 7,55 ¢1; 9,8) h 1,84, us 
c 7,34, s 1,99 (q; 6,9; 1,3) 
de 6.66, $ i 6,04, m 

6.01 ~d; 5.7) j 5.64. 
f 5.24 ~d; 5.7) k 1.90. us 

2.14 us 

a 6.11 (d; 9.3) g 1.37. s 
b 7.47 (d; 9.3) 1.42. $ 
~ 7,33, $ h 3.50. s 

6.70. s 1 5,65, us 
4,22 (d; 4,4) j 1,92, us 
5.19 (d; 4,4) 2,19, us 

7,61 ; I0,0) g 1,36, s 
^ c 7,23 8,8) 1,41.6 
.DCI3 6,77 ; 8,8) h 2,18, $ 

2,96 (q; 17.9; 5 , 0  
3,15 Cq; 17,9; 5,1) 

CCI, 

CCI, 

a 6.24 (d; I0,0) f 5,21 (t; 5,5) 
b 7,64 (d; I0,0) gi ,39,  s 

7,27 (d: 8,0) h l  87, us 
d 6,79 Id; 8,0) | I',92. m 
e 2,96(q; 18,0;5,5) j 6,10, m 

3,20 (q;18,0; 5,5) 

a 6,09 (d; 9,5) f 5,21 (d; 4,8) 
b7,47 (d; 9,5) ~1,41,s  
c7,28 (d; 8.5) h2,06, z 
ed6 67 (d; 8.5) i 1.17ftd; 7.0)7.5, 

6~38 (d; 4,8) , 0,91 
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T A B L E  1. (Con t inued)  

Compound'f Sol- I Chemical shift, 6, ppm, 
vent multiplicRy,$ I, Hz 

Dihydrosamidin 
VIII; RI=--C-CO~ h 

H 
O 

CH3 
/ 

R~--C-  CH~-- C, I 
II i \ J 
(9 CH3 

pteryxin 
CHa i 

/ 
Vlll; Rt=--C--C---C' 

O CH~ H j 
h 

R.~= - C-CH~ k 
[i 
O 

AnomaUn 
CH~ ] 

/ 
Vlll; R t = R = ~ - C - C ~  C. 

II f \ 
O CH~ Hi 

h 
Floroselin 

H Hi 
h I C / Vlll; R,----C--C = 
11 \ 

O S - C H;3 
J 

CH~ k 
/ 

R:= - C - C = C  

O CH~ H l 
k 

6, 6' - Dimethyl- 5'- angeloyloxy- 4'- 
methoxy- 4', 5'- dihydropyrano- 2', 3' : 
7, 8- coumarin 

VIII; R~=--OCH~ h i 
CH~ 

/ 
R ~ = - C - C  =C 

]I I \ 
O C.H3 H 

j 

3DCI~ 

_a6,25 (d; 10.0) g 1.41,s 
b 7.63 (d; 10.0) 1.44.s 
c7.38 (d; 8.2) h 2.14. s 
d6,81 (d; 8.2) i 2.18 (d; 7,5) 
e 6.55 (d; 5,4) j 0,96 (d; 6.9) 
f 5,3~ (d; 5,4) 

I ~6,23 (d; 9,3) g 1,45,s 
7,62 (d; 9,3) 1,47, s" 

CDC13 c 7,39 (a; 8,6) h 1,86, us 
d 6,82 (d; 8,6) i 1.97 (q; 7.2; 2.0) 

[ ~ 6,63 (d; 4,9) 6,00,m 
5,35 (d; 4,9) ~ 2,10, s 

( 

a 6,21 (d; 10,0) f 5,43 (d;5,1) 
b 7 6 2  10.0) g 

CDC~3 c 7,39 (d; 8,2) 1,50, S 
d 6,81 (d; 8,2) h 1,84, m 
e 6,69 ¢I.; 5,1) i 6,08, m 

j 1,97 (q; 8,3; 1,8) 

=DCI 3 , 

CDCh 

~ 6,[9 Id; I0,0) RI,44, s 
7,58 (d; I0,0) ~ 1,49, s 

c 7,35 ~d; 8,5) h5,77 (d; I0,0) 
d 6,79 (d; 8,5) i 7,08 td; I0,0) 
e 6,65 (d; 5,0) j 2.37, .s 
f 5,43 (d; 5,0) ki ,8--2,0,  m 

l 6 , ¢ 5 ,  m 

a 6,25(d; 9.9) g 1.46,s 
b 7,61 (d; 9,9) 1.50, s 

7,32 (d; 9.0) h $,80, s 
26,79 (d; 9,0) t 1,76--I,95. m 

4,50(d; 2,0) j 6,10, m 
5,29 (d; 2,0) 

* Spectra obtained on HA-100D and JNM-4H-100 instruments;  0 -TMS.  
The Roman numerals  denote one of the s t ructural  types shown above. 
s -  singlet; d -  doublet; t -  tr iplet;  q -  quartet;  m -  multiplet; b r -  

broad signal; us - unresolved or  weakly resolved signal appearing in 
the form of a singlet. 

The  c h e m i c a l  s h i f t s ( C S s )  and s p i n -  s p i n  c o u p l i n g  c o n s t a n t s  (SSCCs)  in  the  s p e c t r a  of t he  c o m p o u n d s  
t h a t  we  h a v e  s t u d i e d  a r e  g i v e n  in T a b l e  1. An  a n a l y s i s  of the  f i g u r e s  of  T a b l e  i e n a b l e s  a n u m b e r  of c o n -  
c l u s i o n s  of  i n t e r e s t  f o r  t he  s t r u c t u r a l  a n a l y s i s  of the  c o m p o u n d s  s t u d i e d  to  b e  d r a w n .  

The  l i n e a r  d i h y d r o f u r o c o u m a r i n s  and d i h y d r o p y r a n o c o u m a r i n s  c a n  e a s i l y  b e  d i s t i n g u i s h e d  f r o m  t h e i r  
a n g u l a r  a n a l o g s  by  a n a l y z i n g  the  r e g i o n  of a r o m a t i c  p r o t o n s .  In the  s p e c t r u m  of  t he  l i n e a r  c o m p o u n d s  t h e r e  
a r e  two  s i n g l e t s  f r o m  the  p r o t o n s  a t  C s and  C8, and  in  the  s p e c t r a  of the  a n g u l a r  a n a l o g s  t h e r e  a r e  two  doub-  
l e t s  f r o m  the  p r o t o n s  a t  C5 and C 6 w i t h  S S C C s  of 8 . 2 - 9 . 0  Hz.  
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i~c,, .o 
I H; ° = ' ; - c - ° ~  

H , "  - [3 OGH~ ' 

:~ .c:~,-c-o -..~''~'~ 

.~: CH a . j ~  

I i i i I i ; i i 

8 7 8 3 4 3 2 ~ 7 

ppm 

Fig.  i. 

Fig. 1 

F r agm en t  of the NMR spec t rum of agasyl l in  in CC14, HA-100D. 

I i l L i 
6 5 4 

8. ppm 

Fig. 2 

(The double- re  sonance 
spec t rum is given at the top; it shows long- range  SSC between the proton at C 5 and the protons  of 
the methylene group at C 4,.7 

Fig.  2. F ragmen t  of the NMR spec t rum of 6 ' , 6 ' - d i m e t h y l - 5 ' - s e n e c i o y l o x y - 4 ' - m e t h o x y - 5 ' , 6 ' - d i h y -  
d r o p y r a n o - 3 ' , 2 '  : 6 ,7 -coumar in  in CC14, HA-100D. (Pa r t s  of the doub le - resonance  spec t rum are  
shown at the top; they demons t r a t e  long- range  SSC between the protons  at C 5 and C4,.) 

In the l inear  d ihydrofurocoumar ins  and d ihydropyranocoumar ins  long- range  s p i n - s p i n  coupling (SSC) 
between the C5--H and the protons  at C 4, of the dihydrofuran and d ihydropyran  r ings ,  shown up by means  of 
double resonance ,  is found. Consequently,  the signal f r o m  C s - H  is somewhat  broadened as compa red  with 
the signal f r o m  C s - H ;  for  compounds of types  (It and (V) the peak intensity of the signal f r o m  C s - H  is 
70-74% of the cor responding  intensi ty for  C 8 -  H. In compounds of types  (II) and (VI)the broadening of the 
signal C s - H  is somewhat  l e s s  (peak intensi ty  80-90% of that of the C s - H  signal). At the same  t ime,  in the 
l a t t e r  case  a broadened signal f r o m  C 4 , - H  is c l ea r ly  seen,  which is e l iminated when the singlet  f r o m  C 5 - H  
is i r r ad ia ted .  As examples ,  pa r t s  of the s pec t r a  of agasyl l in  and of 6 ' , 6 ' - d i m e t h y l - 5 ' - s e n e c i o y l o x y - 4 ' -  
m e t h o x y - 5 ' , 6 ' - d i h y d r o p y r a n o - 3 ' , 2 '  : 6 ,7 -coumar in  a re  shown in Figs .  1 and 2. Informat ion on long- range  
SSC can a lso  be used in s t ruc tu ra l  s tudies  of the compounds under  considera t ion .  

DLhydrofurocoumarins  with a hydroxyisopropyl  group in posit ion 5' ( types I and III; R = tD and the 
i somer i c  d ihydropyranoeoumar ins  (V and VII; R = H) can be different ia ted f r o m  the posi t ions and mul t i -  
p l ic i t ies  of the s ignals  of the protons of d ihydrofuran and d ihydropyran  groupings.  F o r  the f o r m e r ,  the s ig-  
nal of the methyl  proton at C 5, is at 4.74 ppm, and for  the l a t t e r  the cor responding  C 6 , - H  signal is located 
at 3.90 ppm. 

The proton at C 5, is deshielded,  since the coumar in  nucleus exhibi ts  an acceptor  influence [3, 4] with 
r e s p e c t  to the subst i tuent  in posi t ion 7. In (V) and (VII),  the deshielding influence of the hydroxy group is 
s m a l l e r ,  and the signal f r o m  C 3 , - H  is found in the s t ronge r  field.  

F u r t h e r m o r e ,  for  these  types  of compounds d i f fe rences  a re  found in the mult ipl ic i ty  of the s ignals  of 
the protons  of the methylene group. In the spec t r a  of (I) and (HI) (R = I-l) the methylene group appea r s  in 
the f o r m  of a doublet at 3.24-3.31 ppm with J = 8.4-9.1 Hz. In this case ,  the protons of the dihydrofuran 
r ing probably  gives a degenera te  ABX spec t rum,  in which the CS between the AB protons  and the ra t io  
( J A X - J B x ) / 2 J A B  are  substant ia l ly  s m a l l e r  than JAB. Consequently,  the SSCC found of 8.4-9.1 Hz is the 
ave rage  for  JAX and JBX. A s i m i l a r  si tuation has  been  repor ted ,  for  example ,  in the spec t rum of 2- 
fu r fu ra l  [5]. 

In the s p e c t r a  of d ihydrocoumar ins  of types  (V) and (VII) (R = H), the methylene protons  have two 
quar te t s :  at 2.96 and 3.15 ppm, Jt = 17.9 and J2 = 5.1 Hz. 
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TABLE 2. Average Increments  for Calcu- 
lating the Posit ions of the Signals of the 
Protons in the NMR Spectra 

Ineremo,nt, ppm 
linear angular 

Sub~tituent through l through lthro~T T Through 
2bonds 13bonds [2bonds I 3 bonds 

At C 4, and C~, for the dihydrofurocoumarins 

--OH, OAlk -t- 1,75 +0,05 +1,87 +0,05 
--O--C--R 43,13 +0,33 +3,77 +0,39 

II 
O 

At C 4, and Cs, for the dihydropyranocoumarim 
I 

--OH,--OAIk +2,20 +0,15 [ +2,12 +0,17 
--O--C--R +3,20 +0,20 [ +3,36 +0,20 

II 
O 

TABLE 3 

Compound 

IJ 
0 ~'CH~ 

R ~ = H  

RL=H 

CH3 H 
1 / 

R..= -C--C=C 

0 CHa 

cis- Rt=CH3 
R2=H 

trans-Rt = CH3 

R~=H 

Assignment 
accord.to [6] 

H 3 , H 4 , 

6,38 

5,08 

Calculated 
v al ues 

4,71 

4,65 

H 3 , H 4 , H 3 , 

4,02 4,17 6,44 4,02 

5,32 5,38 5,23 5,32 

3,88 4,14 5,20 3,88 

3,92 4,14 5,20 3,92 

C o r r e c t  

assignment 
H 4 , 

6,38 

5,08 

4,71 

4,65 

In the spect ra  of the acylated derivat ives (R = Ac) of the compounds considered,  the positions of the 
methine protons are s imilar .  (In both cases ,  the signals are in the range f rom 4.98 to 5.21 ppm.) The dif- 
ferentiation of types (I) and (III) and of (V) and (VII) can be performed in the f i rs t  place f rom the multiplic- 
ity of the signal of the CH 2 group, which is retained on passing f rom the hydroxy to the acyloxy derivat ives 
and, in the second place, f rom the position of the signal of the gem-dimethyl  grouping" for (I) and (III) at 
least one of the singlets is in the 1.53-1.64 ppm range, while for (V) and (VII) the CSs of these signals do 
not exceed 1.40 ppm. 

In the spect ra  of compounds of types (II, IV, VI, and VIII), the protons of the dihydrofuran and di- 
hydropyran rings give two charac te r i s t ic  one-proton doublets, which distinguishes these types of s t ruc tures  
f rom compounds (I, III, V, and VII), each of which has the signal of a cyclic methylene group in its spec- 
t rum.  The assignments  of these doublets given in Table 1 were made by taking into account the influence 
on the CSs of the R 1 and R 2 radicals , the  magnetic anisotropy of the benzene ring, and also information on 
the long-range SSC observed with the aid of double resonance.  

In order  to distinguish the diacyloxydihydrofurocoumarins f rom the diacyloxydthydropyranocoumarins  
[types (II and IV) f rom (VI and VIII), R 1 = Acl, R 2 = Ac2] , it is most  convenient to use the CS values of the 
protons of the gem-dimethyl  grouping. In the f i rs t  case ,  the spectrum contains two singlets:  one in the 
1.60-1.66 ppm range and the other at 1.68-1.74 ppm. In the spec t ra  of the diacyloxydihydropyranocoumarins,  
the gem-dimethyl  group gives one or two signals in the 1.37-1.50 ppm range. In addition to this, some dif- 
ferences  must be noted in the position of the doublet of the proton at C4,: for (II) it is at 6.29-6.41 ppm, 
for (IV) at 7.0.3-7.08 ppm, for (VI) at 6.01-6.34 ppm, and for (VIII) at 6.33-6.69 ppm. 

Thus, the doublet mentioned appears in weaker  fields for the angular compounds than for the l inear 
compounds. Simultaneously, on comparing the CSs of the proton at C 4, it can be seen that it is g rea te r  for 
the dthydrofurocoumarins  than for the corresponding dihydropyranocoumarins .  

To evaluate the positions of the signals f rom the atoms at C 4, and C s, in the dihydrofurocoumarins  
and in the dihydropyranocoumarins  it is possible to use the average increments  calculated f rom the figures 
of Table 1 and shown in Table 2. The initial data in the calculation of the CSs are the values of the CSs of 
the corresponding protons in 5 ' - i sopropy l -4 ' , 5 ' -dLhydrofu ro -3 ' , 2 ' :  6 ,7-coumarin  (IX) and dihydrosesel in (X) 
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[for (IX) : 4 '  - 3.28 ppm; 5, - 4.70 ppm; for  (X) : 4 '  - 2.91 ppm; 3' - 1.85 ppm].* 

The use  of the inc remen t s  given in Table 2 will  enable a number  of e r roneous  a s s ignments  given in 
the l i t e r a tu r e  to be c o r r e c t e d .  Thus, Bohlmann and Rode [6] have given the NMR spec t r a  of a number  of 
khel lactone de r iva t ives  of the genera l  fo rmula  (VIII).  

Table 3 shows the a s s ignments  for  the H 3, and H a, s ignals  given by Bohlmann and Rode [6], the CS 
values  calcula ted for  these  compounds by means  of the inc remen t s  of Table  2, and the c o r r e c t  ass ignments  
made on the b a s i s  of the r e s u l t s  of the calculat ion.  

An e r roneous  ass ignment  of the s ignals  of the protons  of the dihydrofuran r ing may lead to incor rec t  
ideas of the s t ruc tu re  of a new compound. Thus,  Seshadri  and Sood [7] proposed s t ruc tu re  (XI) for  vagin- 
idin, a new d ihydrofurocoumar in  f r o m  the roots  of Selinum vaginatum. 

, f - c "  o oH ,,cH~ ,3c ~ c /  c-~-cx,-v, ,  " 
O-C-CH~-CH OH \~H 3 

~'CH 3 

The posi t ion of the i sova le ry loxygroup  was  es tab l i shed  on the ba s i s  of the NMR spec t rum,  in which 
the 4 ' -  and 5 ' - p ro tons  gave two doublets at 7.0 and 4.5 ppm (J = 7 Hz). Seshadr i  and Sood [7] ass igned the 
doublet at 7.0 ppm to H 5, and that  at 4.5 ppm to H4,. 

An evaluation of the CSs of the C 4 , - H  and C s , - H  with the aid of the inc rements  of Table 2 shows that 
for  s t ruc tu re  (XI) both s ignals  should be found at about 5.15 ppm.  If, however ,  it is  a s sumed  that  vaginidin 
has  the s t ruc tu re  (XII ) , the  calcula ted CSs for  C 4 , - H  and C s , - H  will  be 7.05 and 5.14 ppm, which are  much 
c l o s e r  to the expe r imen ta l  va lues .  Thus,  vaginidin mus t  have the s t ruc tu re  (XII).  

C O N C L U S I O N S  

1. The NMR s p e c t r a  of 27 d ihydrofurocoumar ins  and d ihydropyranocoumar ins  have been studied. 

2. A number  of laws have been found which are  of in te res t  for  the pu rposes  of the s t ruc tu ra l  ana lys is  
of the d ihydrofurocoumar ins  and d ihydropyranocoumar ins .  

1. 

2. 
3. 

4, 
5. 

6. 
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