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The f ragmenta t ion  under  e l ec t ron  impact  (EI) of na tura l  monohydroxy-  and monoacyloxy-subs t i tu ted  d thy -  
d ropy ranocoumar in s  and d ihydrofu rocoumar ins  has  been  studied p rev ious ly  [1-4]. In the p r e sen t  p a p e r  we c o n -  
s ide r  the f ragmenta t ion  of this  c l a s s  of compounds (I-X) under  the condit ions of chemica l  ionization (CI) in o r d e r  
to de t e rmine  the f ea tu r e s  of t he i r  f ragmenta t ion  by this method in c o m p a r i s o n  with e lec t ron  impact  and to d e t e r -  
mine  the s t ruc tu ra l  and analyt ical  poss ib i l i t i e s  of the method of chemica l  ionization in this  s e r i e s  of compounds.  
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I R , = - - H ,  I I R 2 = - - H ,  I I I R , = - - C O C ( C H 3 ) = C H C H 3 ,  I V R ~ =  
- -  COC (CH.~) = CHCHa, V Ra = --H, VI R~ = - H, VIIR8 = -- COCH3, 
VIII R3= --  COC (CHs) = CHCHa, IX R4= --  COC (CH3)= CHCHs, X R3= 
= - -  COCH=CHCHa 
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Below we give the chemica l  ionizat ion m a s s  spec t r a  of compounds (I-X) and the s tabi l i ty  of the quas imolec t f l a r  
ions Q+ (WQ+) (the m a s s  n u m b e r s  of the ions a r e  given in m / e  and t he i r  intensi t ies  in pe rcen tages  of the m a x i -  
m u m  peak  a re  shown in pa ren theses ) :  

A gasyllol  (I) 

288(0.8), 287(4.0), 277(0.4), 276(1.5), 275(8.5), 257(0.3), 250(0.5), 249(3.5), 248(15.5), 247(100), 246(5.4), 
245(0.3), 231(0.4), 230(0.4), 229(2.3), 203(0.9), 187(I.2), 177(0.4), 176(0.4), 175(2.7). WQ+ = 80~. 

Xanthogalol (II) 

288(0.7), 287(3.5), 277(0.9), 276(1.4), 275(8.0), 257(0.3, 250(0°3), 249(2.9), 248(15), 247(100), 246(5.8), 245 
(1.2), 231(0,5), 230(0.8), 229(5.6), 203(0.3), 176(0.3), 175(0.2). WQ+ = 84%. 

Agasyllol angelate (Ill) 

371(1.2), 370(3.6), 369(Iio8), 359(2.2), 358(8.0), 357(29.8), 355(0.4), 346(0.8), 345(3.2), 343(0.7), 332(1.8), 
331(10.1), 330(40.2), 329(I00), 328(5.0), 327(0.7), 319(0.6), 318(2.1), 317(10.6), 275(0.8), 269(0.7),257(2.2), 248(0.8), 
247(5.0), 231(1.0), 230(4.0), 229(25.0), 228(6.2), 213(1.7), 83(1.9). WQ+ = 70%o 

Xanthogalol angelate (IV) 

371(0.4), 370(1.8), 369(7.0), 359(0.6), 358(3.6), 357(14.1), 355(0.2), 343(0.2), 332(0.4), 331(3.6), 330(21.4), 
329(I00), 328(4.2), 327(1.1), 247(0.2), 230(0.4), 229(3.0), 228(0.4), 213(0.1), 83(0.9). WQ+ = 92%. 
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Marmezin (V) 

289(0.2), 288(1.5), 287(7.8), 277(0.5), 276(3.5), 275(19.1), 273(0.2), 261(0.2), 257(0.9), 250(0.2), 249(2.4), 
248(16.4), 247(100), 246(5.5), 231(0.3), 230(1.4), 229(9.7), 203(0.1), 188(0.3), 187(0.4). WQ+ = 87%. 

Columbianetin (VI) 

288(0.7), 287(3.7), 276(1.3), 275(8.1), 269(0.5), 257(1.7), 250(0.3), 249(2.6),248(14.8), 247(100), 246(5.6), 
245(0.7), 231(1.6), 230(6.0), 229(39), 228(1ol), 227(0.4), 217(2.0), 215(0.6), 188(0.6), 187(3.0). WQ+ = 63%. 

Marmezin acetate (VID 

331(0.2), 330(I.I), 329(5.8), 319(0.4), 318(2.9), 317(15.2), 303(0.2), 292(0.3), 291(2.9), 290(17.4), 289(100), 
288(3.3), 287(0.2), 275(0.4), 269(0.3), 258(0.2), 257(1.2), 248(0.3), 247(2.2), 231(2.7), 230(2.7), 229(1.8), 228(1.8), 
213(0.4). WQ+ = 81%. 

Marmezin angelate (VIH) 

370(0.9), 369(2.8), 359(0.7), 358(2.4), 357(10.1), 355(0.7), 332(1.3), 331(5.9), 330(21.7), 329(100), 328(3.7), 
327(0.7), 287(0.7), 275(0.9), 269(0.9), 259(0.9), 258(0.7), 257(2.8), 249(0.7), 248(1.3), 247(7.0), 246(0.7), 245(0.7), 
244(0.7), 232(0.9), 231(4.2), 230(11.2), 229(72), 228(9.6), 227(1.1), 215(0.9), 214(0.7), 213(2.2), 203(0.7), 187(2.2), 
83(11). WQ+ = 43%. 

Columbianetin angelate (IX) 

371(0.7), 370(3.4), 369(13.1), 359(1.2), 358(7.4), 357(30), 355(0.4), 331(3.6), 330(21), 329(100), 328(9.6), 
327(1.6), 257(1.0), 231(1.2), 230(9 3), 229(60), 228(3.0), 83(0.6). WQ+ = 59%. 

Marmezin cis-3-methylthioacrylate (X) 

389(0.4), 388(I.0), 387(4.3), 378(0.2), 377(1.2), 376(3.4), 375(14.5), 373(0.I), 361(0.3), 351(0.I), 350(1.3), 
349(8.3), 348(21.4), 347(I00), 346(3.1), 345(0.2), 333(0.3), 329(0.1), 317(0.3), 301(0.4), 287(0.8), 276(0.2), 275(1.6), 
257(0.3), 248(0.6), 247(3.7), 246(0.1), 231(0.2), 230(0.5), 229(3.6), 228(0.3), I01(1.2). WQ+ = 88%. 

In the CI mass spectra of compounds (I-X), the peaks of maximum intensity are those of the quasimolecu- 
lar ions Q+ = (M + H) +. The ions Q~- = (M +C2Hs) + and Q2 + = (M + C3H5) + are also observed, and in the case of 
compounds (III-V and VII), in addition, the ions Q3 + = (M + CH3) + are present with considerably lower intensity. 
The stabilities of the ions Q+ (Wo+) * calculated in a similar manner to the stability of the ions M+'(WM+), in 
electron-impact mass spectra [51 are 43-92%, while on CI they are 1.5-8.0%. 

For the hydroxydihydropyranocoumarins, the values of WQ+ for the linear and angular isomers (I, II) are 
approximately the same, while in the case of the hydroxydihydrofurocoumarins (V, VI) the value is far higher 
for the linear isomer (V). For acyl derivatives, the values of WQ+ are greater for the dihydropyranocoumarins 
than for the dihydrofurocoumarins isomeric with them. In the mass spectra of the angular acyloxydihydropy- 
ranocoumarins and dihydrofurocoumarins the stability of the ion Q+ is 1.3-1.4 times greater than for their lin- 
ear isomers.  

Under the conditions of chemical ionization, unlike those of electron impact, the hydroxy derivatives of 
the dihydropyranocoumarins and dihydrofurocoumarins (I, II, V, VD split off mainly a molecule of H20, giving, 
like the acyl derivatives, the ion (Q - ROH) + with m/e  229, where R = H, Ac (Scheme 1). 

+ + 
*In calculating WQ+ the contributions of the ions Q1, Q2, and Q3 + and the fragments formed from them were ex- 
cluded from the total ion current. 
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Scheme 1 

An exception is formed by the fragmentat ion of agasyllol  {!), in which the cleavage of the dihydropyran ring with 
t h e  format ion of ions having m / e  176 and 175 takes place with a probabili ty approximately 1.5 t imes  g r ea t e r  
than the elimination of an H20 molecule.  In the mass  spec t ra  of the angular  hydroxy derivat ive (II) and (V1), the 
intensity of the f ragment  (Q - H20) +" is 2.5-4 t imes  g rea t e r  than for  the i r  l inear i somers  (I) and (VD. In the 
case  of the acyl der ivat ives ,  conversely,  the spec t ra  of the l inear i somers  contain a more  intense (Q - ROH) +" 
f ragment  with m / e  229: in the mass  spec t rum of the l inear linked compound (HI) the intensity of the ion with 
m / e  229 is 6.7 t imes  higher than for the angular  i somer  (IV), and in the case of the l inear acyloxydihydrofuro-  
coumar in  (VIII) the intensity of this ion is 1.2 t imes  higher  than that of its angular i somer  (IX). Fur themore ,  
fo r  the dihydrofurocoumarins  {V-X) the format ion of the f ragment  {Q - ROH) +" takes place with a considerably 
g r ea t e r  probability (approximately three  t imes  and more) than for  the d ihydropyranocoumarins  i somer ic  with 
them. In the mass  spec t ra  of (I-X), the loss of a ROH molecule (R = H, Ac) is also observed in the decompos i -  
tion of the ions Q~- = (M + C2H5)+o However, the intensities of the f ragments  (Q1 - ROH) +" formed are  not in 
harmony with the rules  mentioned above for  the intensity of the (Q - ROH) +" f ragments  with the exception of the 
fact  that the l inear  acyloxy derivat ive (HI and VIII) give a l a rge r  peak of the ion (Q1 - AcOH) +" than thei r  angular  
i somers  (IV and IX). The la t ter  also show a smal le r  number  of daughter  f ragments  (Q1 - AcOH) +" with m / e  257, 
(Q2 - AcOH} +" with m / e  269, [Qi - (Ac - H) ]+ with m/e  275, and [Q2 - (Ac - H) ]+ with m/e  287 as compared with 
the l inear compounds (HI, VII, VIII, and X). This rule also applies to the m a s s  spect ra  of the hydroxy de r iva -  
t ives of the d ihydropyranocoumarins  (I and II), while in the case  of the decomposit ion of the hydroxydihydrofuro-  
coumar ins  {V and VI) i somer ic  with them a l a rge r  number  of these ions is observed in the mass  spec t rum of 
the angular i somer  (VI). The elimination of a ketene molecule by the quas imolecular  ion Q+ of the acyl de r i va -  
tive (III, IV, VII-X) leads to the format ion of the f ragments  [Q - (Ac - H)] + with m / e  247 having a g r ea t e r  inten- 
sity in the case of compounds of the l inear  type. 

Fragments  with m /e  176 and 175 formed by the cleavage of the dihydropyran or  dihydrofuran ring of one 
of compounds (I-X) on e lectron impact are  observed in the CI mass  spect ra  only for the hydroxydihydropyrano-  
coumarins  {I and II)o Their  appearance,  like that of the ions with m/e  188 and 187 in the CI mass  spec t ra  of the 
hydroxydihydrofurocoumarins  (V and VI), and also of the f ragment  with m / e  213 in the case of the acyl de r iva -  
t ives (III, IV, VII, and VIII), is readily explained by the fragmentat ion of the M +" ions ar is ing together  with the 
quas imolecular  ions Q+ under the conditions of the chemical  ionization of (I-X). This hypothesis is based on 
the fact that these f ragments  have the maximum intensities in the CI mass  spec t ra  of the corresponding c o m -  
pounds, while in the CI mass  spectra,  with the exception of (I), they do not undergo shifts by 1 amu in the d i r e c -  
tion of higher masses .  At the same time, the ions with m/e  231 and 203 having a low intensity on e lec t ron  im-  
pact  and, consequently, being formed only through the fragmentat ion of the ion Q+ under the conditions of chemi -  
cal  ionization, do not show a shift by 1 amu in the CI mass  spect ra  of substances (I, II, and V). The appearance 
of these ions can be explained by the protonation of the oxygen of the dihydropyran and dihydrofuran rings o f  the 
molecules  of (I, II, and V) followed by the elimination of the neutral  par t ic les  CH 4 and CO (see Scheme 1). 
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Scheme 2 

This  hypothes is  p e r m i t s  an explanation of the appea rance  of f r a g m e n t s  with m / e  176, 175 and 188, 187, 
f r o m  the ion Q+ of compounds (ID and (V, VD, r e spec t ive ly  (Scheme 2) and a lso  of the f r agmen t  with m / e  213 in 
the decomposi t ion  of the Q+ ion of the acyl  de r iva t ives  (III, IV, VII, and VIII) (see Scheme 1). The d i sp lacemen t  
of the peak  of the f r agmen t  with m / e  176 in the CI m a s s  spec t rum of substance (I) by 1 amu con f i rms  the p o s s i -  
bi l i ty of the c leavage  of the d ihydropyran  r ing under  the conditions of the chemica l  ionization of the compounds 
(I and ID and shows that  the protonat ion of the i r  molecu les  apparent ly  t akes  place  not only a t  the oxygen a tom 
of this ring. The fo rmat ion  of a f r agmen t  with m / e  187 in the CI m a s s  s p e c t r a  of (D and (11), th is  f r agmen t  
having a low intensity on e l ec t ron  impact ,  can be explained by the r e a r r a n g e m e n t  of the Q+ ions of compounds 
(I and ID into the quas imo lecu l a r  ions of subs tances  (V and VI) i somer i c  with them.  The  absence  of a f r agmen t  
with m / e  188 in the CI m a s s  s p e c t r a  of (D and (ID, in con t ra s t  to the m a s s  s p e c t r a  of (V and VI) indi rect ly  c o n -  
f i r m s  the f r a g m e n t a r y  na ture  of this  ion under  the conditions of the chemica l  ionization of the hydroxydihydro-  
f u rocoumar in s  (V) and (VI) (see  Scheme 2), since the r e a r r a n g e m e n t  of the Q+ ions of subs tances  (D and (ID as 
a r e su l t  of which the f r agmen t  with m / e  187 is fo rmed  r educes  the i r  s to re  of internal  ene rgy  as  c o m p a r e d  with 
the quas imo lecu la r  ions (V) and (VI). 

+ 
The CI m a s s  s p e c t r a  of the acyl  de r iva t ives  (HI, IV, and VII-X) contain the frag~ment R C ~ O ,  as in the 

case  of the e lec t ron  impact  f ragmenta t ion  of these  subs tances .  The  l inear  i s o m e r s  (Ill and VI I I )g ive  a m o r e  
intensive peak  of the R C ~ 8  than the angular  i s o m e r s  (IV and IX). In addition to common fea tures ,  some  of 
compounds (T-X) show specif ic  f ragmenta t ion  c h a r a c t e r i s t i c s  under  the conditions of chemica l  ionization. Thus, 
the m a s s  s p e c t r a  of subs tances  (I, VI, and VIII) show the fo rmat ion  of the f r agmen t  (Q - ROH - C3H8) + with 
m / e  215, and the m a s s  spec t r a  of compounds (III and VI) show the fo rmat ion  of the ions (Q3 - CO) + with m / e  317 
and [Q1 - (CH3)2CO] + with m / e  217, r e spec t ive ly .  Compound (X) g ives  the f r agmen t  (Q - SCH2) + with m / e  301, 
which is not fo rmed  in the e lec t ron  impact  of (X). 

Thus, in spi te  of the substant ia l ly  s m a l l e r  number  of f r a g m e n t a r y  ions and the i r  ve ry  low intensity in 
c o m p a r i s o n  with e l ec t ron  impact ,  the chemica l  ionization m a s s  spec t r a  of the monohydrexy-  and monoaey loxy-  
subst i tuted d ihydropyranocoumar ins  and d ihydrofuranocoumar ins  make it poss ib le  to dis t inguish hydroxy f r o m  
acyloxy der iva t ives ,  l inear  i s o m e r s  f r o m  angular ,  and d ihydropyranocoumar ins  f r o m  d ihydrofurocoumar ins .  
The m a x i m u m  intensity of the quas imo lecu la r  ions p e r m i t s  the m o l e c u l a r  weights  of this  group of compounds 
to be es tab l i shed  m o r e  re l iably,  enables  the mo lecu l a r  ions to be identified when mix tu re  a re  being studied, and 
cons iderably  (by a f ac to r  of 5-8) i n c r e a s e s  the sensi t iv i ty  of the method in the detect ion of sma l l  amounts  of the 
subs tances  under  invest igation.  

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

The chemica l  ionization m a s s  spec t r a  of compounds (I-X) w e r e  obtained on a Finnigan 3200-F quadrupole 
m a s s  s p e c t r o m e t e r  with the d i rec t  introduction of the s amples  into the ion source .  Methane at a p r e s s u r e  of 
0.5 m m  Hg was used as  the reagent  gas.  The ene rgy  of the ionizing e l ec t rons  was 140 eV, the t e m p e r a t u r e  of 
evapora t ion  of the sample  120-200°C, and the t e m p e r a t u r e  of the ionization c h a m b e r  ~ 125°C. 

S U M M A R Y  

The chemica l  ionization m a s s  spec t r a  of ten compounds of the group of na tura l  monohydroxy and mono-  
acyloxy de r iva t ives  of d ihydropyranocoumar ins  and d ihydrofurocoumar ins  have been  studied. T h e i r  d i f ference  
f r o m  the e lec t ron  impact  m a s s  spec t r a  has  been  shown. The s t ruc tu ra l - ana ly t i ca l  poss ib i l i t i e s  of the method 
of chemica l  ionization fo r  this s e r i e s  of subs tances  has been  de te rmined .  
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13C N M R  S P E C T R A  O F  3 -  A N D  5 - S U B S T I T U T E D  

F L A V O N E  D E R I V A T I V E S  

G.  A.  K a t a b i n ,  N.  N.  P o g o d a e v a ,  
N.  A.  T y u k a v k i n a ,  a n d  D.  F .  K u s h n a r e v  

UDC 547.972+543.422.25 

In a study of  the a c i d - b a s e  c h a r a c t e r i s t i c s  of flavone compounds [1-3] a number  of fea tu res  of the b e h a v -  
ior  of compounds with the 3 -  and 5-  models  of substi tution have b e e n  detected the r eason  for  which cons i s t s  in 
the specif ic  na tu re s  of t he i r  e l ec t ron ic  and geome t r i ca l  s t r u c t u r e s  [4, 5]. 

In view of the fact  that  changes  in the lSC chemica l  shifts  ag ree  semiquant i ta t ive ly  with changes  in the 
e l ec t ron  densi t ies  on the co r r e spond ing  ca rbon  a toms  under  the influence of subst i tuents  in an a roma t i c  s y s t e m  
[6, 7], we have studied the laC NMR s p e c t r a  of the compounds  of in te res t  to us in o r d e r  to obtain informat ion  on 
t h e i r  e lec t ron ic  s t ruc tu res .  

In  the p resen t  work  we have cons idered  the t3C s p e c t r a  of 3-hydroxyf lavone (II), 3-methoxyf lavone (III), 
5-hydroxyf lavone (IV), and 5-methoxyf lavone (V) and have identified all the s ignals  (Table 1) 

I. R=H 

III. R = 3-OCH3 
R ~ a  8' ' I', R = 5 - O H  

~ ~". R = ~-OCHa 

The ass ignment  of the s ignals  was based  on the r e su l t s  obtained both f r o m  high-resolu t ion  13C NMR s p e c -  
t r a  and f r o m  s p e c t r a  with the b road-band  suppress  ion of s p i n - s p i n  coupling with 1H nucle L 

The p rocedure  for  the in te rpre ta t ion  of the spec t r a  has  been explained for ,  as an example ,  the case  of 
3-hydroxyflavone,  the 13C N1VIR s p e c t r u m  of  which is shown in Fig° 1. Under  the conditions of b road-band  d e -  
coupling f r o m  the protons ,  the s ignals  cor responding  to the pa i r s  of equivalent  carbon a toms  C-2 ' ,  6' ,  and 
C-3% 5' of the a roma t i c  r ing B (127.63 and 128.46 ppm) a re  dist inguished f r o m  the signals  of the o ther  13C nu-  
clei  having d i rec t ly  at tached p ro tons  by t he i r  approx imate ly  doubled intensity. The i r  r e la t ive  a s s ignmen t  is 
s imple,  since the t 3 C -  IH constants  through th ree  bonds in the benzene ring a r e  a lways cons iderably  g r e a t e r  in 
absolute  magnitude than through two or  four  bonds [10] and have va lues  of the o rde r  of 6-10 Hz. The signal with 
6 127.63 ppm appea r s  in the h igh- reso lu t ion  spec t rum as a doublet  of t r i p l e t s  (1JcH 163.2 Hz; 3JcH 6.6 Hz), i .e.,  
it can be ass igned to the C-2 ' , 6 '  a toms ,  each  of which has two pro tons  at tached to the m e t a  carbon a toms  
(C-4 ' ,6 '  and C-2 ' , 4 ' ,  r espec t ive ly) .  

The signal with 5 128.46 ppm is a doublet of doublets  (1JcH 162.1 Hz, 3JCH 6.2 Hz) with a smal l  
additional splitting of the components ,  i .e.,  it co r r e sponds  to the C-3 ' , 5 '  ca rbon  a toms .  In the h i g h - r e s o l u -  

I rku tsk  Inst i tute of Organic  Chemis t ry ,  Siberian Branch of the Academy of Sciences of the USSR. Ao A. 
Zhdanov I rku t sk  State Univers i ty .  Trans la ted  f rom Khimiya Pr i rodnykh  Soedinenii, No. 4, pp. 513-519, J u l y -  
August, 1977. Original  a r t i c l e  submit ted F e b r u a r y  24, 1977. 
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