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We have previous ly  [1] r epo r t ed  the isolat ion f r o m  the roots  of Peucedanum mogol tav icum Korov.  
of th ree  new coumar ins :  mogoltin C24H30Os, mogoltavin C27H3406, and mogoltavinin C29H3606. As shown by 
the products  of acid  c leavage ,  these  lac tones  a re  e the r s  of umbel l i fe rone  and sesqui te rpene  alcohols.  We 
have continued our study of these  coumar ins  using spec t roscop ic  methods.  In the p resen t  paper  we give 
the r e su l t s  of a study of mogoltin,  C24H3005, mp 183-185°C, [a] '~)-63.3 ° (chloroform).  

As follows f r o m  the empi r i ca l  formula ,  the composi t ion  of the terpenoid  moiety of mogoltin is ClsH2502; 
it contains one hydrogenatable  double bond, which is conf i rmed by the production of a dihydro der iva t ive  
C24H320 s with mp 107-108°C and by NMR spec t roscopy  (see below). Both oxygen a toms a re  p resen t  in hy-  
droxy groups  (diacetate C28H340? with mp 197-198°C). F r o m  these  considera t ions  it may be concluded that  
the sesqu i te rpene  moiety  of mogolt in cannot have an open chain or  a monocycl ic  s t ruc ture ;  it mus t  be b i -  
cycl ic .  This  conclusion is in a g r e e m e n t  with the f ragmenta t ion  of the lactone under the influence of e l e c -  
t ron  impact ,  which is ex t r eme ly  s i m i l a r  to that for  a laetone of the type of kamolone and others  [2]. The 
dehydrogenation of mogolt in with se len ium yielded a hydrocarbon C14H16 , M + 184, giving a p ic ra te  with mp 
148-149°C, which was identified as 1 ,2 ,5 ,6- te t ramethylnaphthalene .  The format ion  of the l a t t e r  pe rmi t s  
the assumpt ion  that  the sesqui te rpene  moiety  is r e p r e s e n t e d  by a decalin s t ruc tu re  and that  one of the hy-  
droxy groups is p resen t  in posit ion 6. Because of the re t ropinacolone  r e a r r a n g e m e n t  poss ib le  when a hy-  
droxy group is p r e sen t  on a neighboring carbon a tom,  one of the gem-d ime thy l  groups at C-5 mig ra t e s  on 
dehydrogenat ion to C-6,  as a resu l t  of which not 1 ,2 ,5 - t r i -  but 1 ,2 ,5 ,6- te t ramethylnaphthalene  is fo rmed .  

The m a s s  s p e c t r u m  of mogolt in (Fig. 1) contains the peak of the molecu la r  ion with M + 398 a n d s  group 
of high-intensi ty  peaks ,  among which those with m / e  162 and 163 a re  probably due to the molecu la r  and 
protonated ions of umbel l i fe rone  and the peak with m / e  237 to the terpenoid  moiety  of the molecule .  Me- 
d ium-intens i ty  peaks  with m / e  175 and 176 a re  apparent ly  connected with a - c l e a v a g e  with r e s p e c t  to the 
oxygen a tom of the e ther  l inkage with and without the t r a n s f e r  of hydrogen f r o m  the te rpene  pa r t  of the mo l -  
ecule to the coumar in  pa r t ,  and the peaks  with m / e  145 and 119 a re  connected with the products  of the sub-  
sequent degradat ion of the coumar in  moiety .  Mogoltin contains two hydroxy groups [1], and the re fo re  the 
f r a g m e n t s  with m / e  219 and 201 co r r e spond  to the success ive  spli t t ing off of two molecules  of wa te r  f r o m  
the te rpenoid  res idue .  

The NMR s p e c t r u m  of mogolt in (Fig. 2) has doublets at 7.59 and 6.20 ppm, J=10 .5  Hz, cor responding 
to the H-4 and H-3 protons;  a quar te t  at  6.79 ppm, J1 =9.5, J2 =2.0 Hz; a doublet at  7.34 ppm, J = 9 . 5  Hz; and 
a broadened singlet  at  6.83 ppm, due, r e spec t ive ly ,  to the H-6,  H-5,  and H-8 protons of the eoumar in  nu- 
cleus [3, 4]. In the s t rong- f ie ld  region there  a re  the s ignals  of the gem-d imethy l  group on carbon a tom 5 - 
s inglets  at  1.08 and 0.99 ppm (3H each) - and of the angular  methyl  group - singlet  at  0.91 ppm (3H). In 
addition to this ,  the mogolt in molecule  contains one methyl  group located  on a double bond, as is shown by 
a broadened singlet  at  1.67 ppm. The broadening of the l a t t e r  is caused by long- range  allyl  interact ion of 
the protons  of the methyl  group with the olefinic proton,  which appea r s  in the f o r m  of a mult iplet  at 5.48 
ppm. The half-width of this mult iplet  is 10 Hz and is somewhat  g r e a t e r  than that  for  a methyl  group. Con- 
sequently,  there  is a secondary  or t e r t i a r y  carbon a tom in the vicinal  posit ion.  Judging f r o m  the values  
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Fig. 1. Mass spect rum of mogoltin. 

H~ H 4 
~ H ~  

H Hj C~,~ C'Hzk H8 

~H~ CH~ ~ ~t 

C 

0, i] 

H 4 H s H: 6 H~ ~m ~,f g n / n , - 

7 6 ,~ ~ 3 2 p p m  

Fig. 2. NMR spect ra  of mogoltin in deuteropyridine (below) and of 
mogoltin acetate in deuterochloroform (above). 

of the chemical shifts and their  integral intensities,  the neighboring position is most probably occupied by 
a methylene group, appearing in the form of a multiplet at 1.97 ppm (2H). These resul ts  show that the mo-  

CH3 H 
I i 

goltin moleclfle contains the --C=C--CH~--CH fragment.  This is confirmed by a band at 812 cm-1 in the 

IR spect rum of the lactone, corresponding to a tr iply substituted C =C group (Fig. 3). 

A multiplet at 5.48 ppm possesses  an intensity corresponding to two protons,  which is due to the su-  
perposit ion of the signals of the olefinic proton and one of the hydroxyl protons.  (On deuterium exchange, 
the intensity of the signal decreases  to one unit.) The presence of one double bond in the mogoltin molecule 
is shown by the production of dihydromogoltin, C24H3205, M + 390, in whose NMR spect rum the signals of 
the olefinic proton and of the methyl on a double bond have disappeared and a doublet has appeared at 0.82 
ppm, J = 8  Hz, corresponding to a methyl group on a secondary carbon atom. 

A broadened multiplet in the 3.8-4.3 ppm region (3H) is due to the methylene protons in an Ar -OCH 2- 
grouping, and its increased intensity to the superposit ion on it of the signal of a methine proton on a carbon 
atom to which a hydroxyl is attached. In the NMR spect rum of the monoacetate (see Fig. 2), the methylene 
protons give a poorly resolved quartet  at 4.07 ppm, J=  4.5 Hz (2H), and in the diacetate a well-defined doub- 
let with t races  of secondary splitting at 3.98 ppm, J1 =4.5 and J2 =1.0 Hz. The splitting of the lat ter  signal 
shows that there is a methine proton adjacent to the methylene group. As V. Yu. Bagirov et al. have shown 
by the double-resonance method [5], the signal of the methylene proton in an ArOCH 2-  CH grouping is in 
the region around 1.9 ppm, and in our case it appears in the form of a poorly resolved multiplet at 2.19ppm 
(1H). The half-width of the lat ter  is equal to that of the doublet at 3.98 ppm, f rom which it follows that there  
is only one methine proton in the vicinal position. The facts presented permit  the conclusion that the t e r -  
penoid moiety of mogoltin is based on the following skeleton: 
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The determination of the positions of the two hydroxy groups (at C-4a,  C-6, C-7, or  C-8) was based 
on a compar ison of the NMR spect ra  of the initial lactone and its mono- and diacetates.  The spect ra  of 
the initial lactone showed the signals mentioned above of two methine protons on carbon atoms to which 
hydroxyls are  a t t a c h e d -  a doublet at 3.27 ppm, J = l l  Hz, and a t r iplet  with appreciable secondary splitting 
at 3.78 ppm, J l = l l  Hz and J2 =4.7 Hz - and those of two hydroxy groups in the 5.47 and 2.45 ppm regions 
which disappeared on deuterium exchange. In the monoacetate,  the signals of the methine protons are  r ep -  
resented by a doublet at 4.58 ppm, J = l l  Hz, and a tr iplet  at 3.78 ppm, J1 =11 Hz, J2 =4.7 Hz, while in the 
diacetate they are  represen ted  by a quartet  at 4.97 ppm, J1 =11 Hz, J2 =4.7 Hz, and a singlet at 4.76 ppm. 
The existence of the signals of methine protons that have been mentioned exclude the possibility of a hy- 
droxy group at C-4a,  while the nature of the s p i n - s p i n  coupling shows that the hydroxy groups occupy vic-  
inul positions at C-7 and C-8 or at C-6 and C-7. The choice between these s t ructural  var iants  can bemade  
on the basis  of the chemical  shifts of the signals of the methyl groups at C-8a and C-5 in the spec t ra  of the 
mogoltin aceta tes .  Because of the e lec t ron-accept ing  influence of an es te r  carbonyl,  in the case of the f i rs t  
var iant  a paramagnet ic  shift of the signal of the methyl at C-8a was to be expected, and in the second a s im-  
i lar  shift of the gem-dimethyl  groups at C-5. The resul ts  of a considerat ion of the NMR spect ra  of the 
mono-  and diacetates showed that in both cases  the signal of the C-5 methyl groups is shifted by 0.08 ppm, 
which is in favor of the second s t ruc ture  (C6-OH , CT-OH). 

The s p i n - s p i n  coupling constant of the H-6 proton (11 Hz) shows its axial position [6]. The nature 
of the splitting of the signal of the H-7 proton, interacting with two axial protons (H-7 and H-Sa) and one 
equatorial  proton (H=Se), confirms the axial position of the la t ter .  Thus, both hydroxy groups in the mole-  
cule of mogoltin are  equatorial  (see also the strong absorption bands at 3396 and 1030 cm -1 in the IR spec-  
t rum).  The methylene protons at C-8 appear in the form of a t r iplet  at 1.38 ppm, J=4 .7  Hz (2H), which 
is charac te r i s t i c  of gemtnal r ing protons interacting with axial protons.  The half-width of the signal of the 
H-7 methine proton at C-7 is equal to that of the sum of the signals of the H-6 and H-8 protons.  The po- 
sitions of the hydroxy groups on vieinal carbon atoms is confirmed by the read)' oxidation of mogoltin by 
lead te t raaceta te  to an aldehyde, which was obtained in the amorphous state (bands in the IR spect ra  at 1740- 
1720, 2870, 2740, 1360, and 1400 cm -1) (see Fig. 3). 

On the basis of the resul ts  presented,  it may be concluded that mogoltin is the ether of umbelliferone 
and 6 ,7-dihydroxy-2,5 ,5 ,Sa- te t ramethyl-A2-octahydro- l -naphthylmethanol  and has the s t ructure  shown in 
Fig. 2. 

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

The IR spect ra  were taken on a UR-10 spec t romete r  (KBr), the NMR spect ra  on a JNM-100/100-4H 
MHz instrument  (solutions of the substances in pyridine and deuteroehloroform,  signals given on the 5 scale 
f rom the signal of HMDS taken as 0), and the mass  spect ra  on an MKh-1303 instrument  fitted with a sys tem 
for the direct  introduction of the substance into the ion source at an ionizing potential of 40 V and a t em-  
pera ture  of 180°C. The purity of the substances was checked by chromatography on paper impregnatedwith 
a 10% solution of formamide in methanol in the hexane -  benzene -  methanol (5 :4  : 1) sys tem.  

1,2,5,6-Tetramethylnaphthalene.  A mixture of 0.5 g of mogoltin and 5 g of powdered selenium was 
heated in an oil bath to 250-270°C for 2 h. Then the mixture was cooled and t reated with ether  (3× 30 ml). 
The ethereal  extract  was washed with a 2% solution of caustic potash, dried, and distilled. The res idue 
was dissolved in 10 ml of pet roleum ether and passed through a column of A1203 (12 × 2 cm), which was 
washed with a fur ther  10 ml of the same solvent. The eluate was distilled, the residue was dissolved in 
1 ml of ethanol, and 0.5 ml of a 1% ethanoltc solution of picr ic  acid was added. After a day, the r e d c r y s -  
talline precipitate that had deposited was f i l tered off. Then it was reehromatographed under the conditions 
descr ibed above. This gave a color less  oily residue with M + 184, forming a crystal l ine picrate with mp 
148-149°C corresponding to the adduct of 1,2,5,6-tetramethylnaphthalene.  
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Fig. 3. IR spec t rum of mogoltin. 

Dihydromogoltin. At room tempera ture ,  0.84 g of the substance in 15 ml of acetic acid was hydroge-  
nated in the presence of 0.05 g of PtO 2. About 60 ml of hydrogen was absorbed.  The catalyst  was fil tered 
off, the fi l trate was distilled off in vacuum, and the residue was recrys taUized  f rom methanol. A color less  
substance with mp 107-108°C, M + 400, was formed.  

Oxidation with Chromium Trioxide.  To 0.25 g of the substance in 25 ml of acetone was added 5 ml 
of Beckmann's  mixture,  and the result ing mixture was left at room tempera ture  for 10 min. Then the liquid 
was diluted with 50 ml of water  and t reated with ether.  The extract  was distilled and the residue was c r y s -  
tall ized f rom the same solvent. This gave color less  c rys ta l s  with mp 115°C (decomp.); the 2,4-dini t ro-  
phenylhydrazone had mp 137-140°C. 

Oxidation with Lead Tetraaceta te .  To 0.7 g of the substance in 45 ml of chloroform was added 1.5 
g of lead te t raaceta te ,  and the mixture was left for a day. Then the liquid was diluted with ether (1 : 1), 
washed with water ,  dried, and distilled to give an amorphous substance with Rf 0.90. 

S U M M A R Y  

The s t ructure  of the coumarin mogoltin isolated previously f rom the roots of Peucedanum mogoltav- 
icum Korov has been established on the basis of NMR, mass ,  and IR spectroscopy and the preparat ion of 
derivatives.  It has been shown that mogoltin is the ether of umbelliferone and 6 ,7-dihydroxy-2,5 ,5 ,Sa- te t ra-  
methyl-A2-octahydro- l -naphthylmethanol  with the equatorial a r rangement  of the hydroxy groups.  
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