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It has  been shown p rev ious ly  that  bucharidine (I) is a product  of the anomalous  (fl) Claisen r e a r r a n g e -  
ment  of bucharaine  (I1) [2] (Scheme 1). The g rea t  s imi l a r i t y  of the m a s s  spec t r a  of I and II was  noted (Fig. 1). 
The fundamental  d i f ference  in the s pec t r a  of these  subs tances  is  the p r e sence  of the peak of the ion of 4-  
hydroxyquinol in-2-one with m / e  161 in the spec t rum of II,  and i ts  absence  f r o m  the spec t rum of I.  This  
ion de r ives  f r o m  the mo lecu l a r  ion of II by the cleavage of an O - C  bond of the side chain with the migra t ion  
of one hydrogen atom. In I,  the split t ing off of the substi tuent  at C3, which is unlikely,  would be n e c e s s a r y  
for  the appearance  of a s i m i l a r  ion. 

The m a s s  num ber s  of the ma jo r i t y  of the other  ions in the spec t r a  of I and II ,  taken at ~100°C with 
an ene rgy  of 40 V for  the ionizing e lec t rons ,  a re  sa t i s fac to r i ly  explained by the r ing-cha in  t a u t o m e r i s m  of 
the side chains .  A study of the spec t r a  of I and II shows [1] that under  the conditions of m a s s  s p e c t r o m e t r y  
there  a r e  ions which der ive  f r o m  the chain f o r m  (CF) of the molecule  I and, converse ly ,  ions f r o m  the ring 
f o r m  (RF) II. 

To study the t a u t o m e r i s m  of the side chains of I and II, solutions of the subs tances  in CD~OD were  
heated  in sea led  tubes at 100°C for  a day. As a resu l t ,  the M + peak  in the m a s s  spec t rum of the deutero 
analog of I was  shifted by three  m a s s  units and th e peak with m / e  143 by one m a s s  unit in accordance  with 
the number  of act ive hydrogens  in the molecule  under  considera t ion .  This shows that  in buchar id ine ,under  
the usual  conditions, the equi l ibr ium is  shifted comple te ly  in the RF direct ion.  
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In the spec t rum  of buchara ine  II deutera ted  in the same  way, the shift in the M + peak amounted to six 
uni ts .  The i nc rea se  in the n u m b e r  of hydrogen a toms  replaced  by deu te r ium is due to a labi le  equi l ibr ium 
between the CF and RF of II (Scheme 2). Thanks to the p r i m a r y  isotope effect [3], in the c leavage of the 
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Fig. 1. Mass spect ra  of I) buchardine and II) 
bucharaine.  
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ring it is mainly a hydrogen atom that splits off f rom 
the fi- or  8 - c a r b o n  atom and passes  into the hydroxy 
group. Then the la t ter  undergoes exchange with the 
deuter ium of the solvent and on renewed ring closure 
adds to the corresponding carbon atom. 
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Fig. 2. Mass spectra  of bucharainal  (III) at 60, 
100, and 110°C. 

The brief  deuteration of II in the lock sys tem of 
the mass  spec t rometer  led to the displacement of M + 
by only three mass  units, as in I. 

Let us consider  more  s t r ic t ly  the probable 
causes of the s imi lar i ty  of the spectra  of I and II. All 
the most common ions in the region of low masse s  
(< 150 ainu) originate f rom the ion with m / e  143, 
whose s t ructure  is s imi lar  in both cases .  A ser ies  of 
comparat ively  weak peaks is formed at the expense of 
a phenyl nucleus with an amide group which is also 
present  in both molecules.  Considerably more  unex- 
pected is the coincidence of the intensities of the peaks 
with m / e  189, 188, and 174 in the spectra  of I and II. 
While in I the ions with m / e  189 and 188 appear  as the 
resul t  of the ~ cleavage that is charac te r i s t ic  for a r o m -  
atic sys tems ,  in 1I these ions must be due to y cleavage, 
and only f rom the RF. If this is t rue,  the displacement 
of the peaks with m / e  189 and 188 in the spec t rum of 
the product of the rapid deuterium exchange of II must 
amount to two units (a D atom attached to N and one in 
the t e r t i a ry  hydroxy group, passing to the f i -carbon 
atom on ring closure) ,  and the displacement of the peak 
with m / e  143 must  amount to one unit. An analysis  of 

the spect rum gives an intermediate pic ture:  approximately 50% of the ions with m / e  189 and 188 contain 
two deuter ium atoms each and about 50% of the ions with m / e  143 contain two deuterium atoms.  Let us al-  
so consider  the ion with m / e  174 result ing f rom the detachment of a methyl radical  f rom the ion with m / e  
189, which is confirmed by a metastable peak at 160.2 ainu. If this p rocess  began with the RF of H, the 
peak with m / e  174 should have been shifted by one unit {only through N-D)  in the spectrum of the product 
of the prolonged t reatment  of II with deuteromethanol.  In actual fact, the peak with 174 ainu is shifted com-  
pletely by two and part ial ly by three mass  units. These facts,  and also the great  s imi lar i ty  of the mass  
spectra  of bucharaine and bucharidine taken under s imi lar  conditions permit  the assumption that during 
mass  spec t romet ry  II is converted into I in the manner  of a Claisen rea r rangement .  
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We may  note, in the f i rs t  place, that there is not one peak in the spect rum of I which could not be 
present  in the  spec t rum of II, while the r eve r s e  does not hold. Now let us consider  the cause of the 
"anomalous" shift of the peaks in the spect ra  of the deutero analogs. If the Claisen rea r rangement  (CR) 
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does actual ly  take p lace ,  then in the r ing c losure  of the CF of I the deu te r ium a tom appea r s  in the me thy l -  
ene group of the t e t r ahyd ropy ran  r ing and the peak  of the ion with m / e  143 is  shifted by one additional unit, 
while the ions with m / e  189 and 188 will contain only one D a tom at tached to the ni t rogen.  If  the CR does 
take p lace ,  the deu te r ium a toms  in the side chain of the molecule  of II subjected to prolonged deutera t ion,  
a r e  d is t r ibuted  in such a way that the ion with m / e  174 can contain one additional deu te r ium a tom (in the 
a - m e t h i n e  group).  The par t ia l  shift by three  units is explained by the fact that  in the fo rmat ion  of the ion 
with m / e  189 e i ther  H o r  D m a y  m i g ra t e  to the ion of the a roma t i c  rad ica l .  

To p rove  the occu r r ence  of a CR in the m a s s  s p e c t r o m e t e r ,  we studied the spec t r a  of the product  of 
the per ioda te  oxidation of buchara ine ,  the aldehyde bucharainal  (liD, in whose molecule  the fo rmat ion  of the 
RF of the side chain with the par t ic ipa t ion  of the ethylene bond is  unlikely.  The spec t r a  were  taken at dif-  
ferent  t e m p e r a t u r e s  in the inlet tube (Fig. 2). Table 1 gives  the in tens i t ies  of the main peaks  of the m a s s  
spec t r a  of III  r e la t ive  to the total ion cur ren t ,  Z %. 

The re la t ive ly  g r e a t e r  ins tabi l i ty  of the mo lecu l a r  ion at a low t e m p e r a t u r e  can be explained by the 
ease  of the ~ rup ture  of the side chain of III which r e su l t s  in peaks  with m / e  161 (charge in the nucleus) 
and 111 (charge in the side chain) appear ing  as the s t ronges t  in this spec t rum.  When the t e m p e r a t u r e  is  
r a i sed ,  the propor t ion  of these ions d e c r e a s e s  sharp ly ,  the s tabi l i ty  of M + i n c r e a s e s  and so does the o ccu r -  
r ence  of the ions with 186-190,214,  and 215 ainu. The fo rmat ion  of the two l a t t e r  ions,  and espec ia l ly  the 
group  of ions with m / e  186-190, f r o m  the mo lecu l a r  ion of III  appea r s  difficult .  However ,  if the occu r rence  
of a CR is  a s sumed ,  the appearance  of these  ions can be explained. As a resu l t  of the CR, the ion of the 
aldehyde I I Ia  (see Scheme 1) is  obtained, f r o m  which the dihydrofuranoquinol in-2-one IIIb is  eas i ly  fo rmed  
[4]. The ions with m / e  214 and 215 resu l t  f r o m  the splitting out of a p r i m a r y  propanol  radica l  o r  a m o l e -  
cule of acro le in  f r o m  IIIb.  The fo rmat ion  of these  ions takes  place by a s i m i l a r  m e c h a n i s m  in the f r a g m e n t -  
ation of buchara ine ,  but the fo rmat ion  of a r ing via the double bond, even with the phenolic hydroxyl ,  is ob-  
v ious ly  l e s s  l ikely  than the fo rmat ion  of a t e t r ahyd ropy ran  ring by molecule  I. In addition to this ,  the peak  
with m / e  214 is  a lso  p re sen t  in the s p e c t r u m  of I, although it is l e s s  s t rong.  I ts  appearance  is  due to the 
r ing c losure  of the CF of I at the phenolic hydroxyl  under  the conditions of m a s s  s p e c t r o m e t r y .  

We also r eco rded  the m a s s  s pec t r a  of I and II with a low t e m p e r a t u r e  at the inlet sy s t em,  under  
which conditions the s pec t rum  of I s c a r c e l y  changed. The values  of Z% obtained for  II a r e  given in Table 2. 

Thus,  when the t e m p e r a t u r e  is lowered,  the contribution of the ions a r i s ing  f r o m  s imple  c leavage of 
the bonds of the side chain of II i n c r e a s e s  and the intensi ty  of the peaks  of the ions fo rmed  as a resu l t  of CR 
(143, 188, and 189 amu) d e c r e a s e s .  A mos t  in te res t ing  fact  is the m a r k e d  inc rea se  in the intensi ty  of the 
ions with m / e  214 and 215, the f i r s t  of which becomes  the m a x i m u m  ion. A sa t i s f ac to ry  explanation of th is  
can be found if it is a s sumed  that,  in addition to the "anomalous"  (fi) CR, the "norma l"  CR (y  inversion) 
t akes  place  in the m a s s  s p e c t r o m e t e r  and p redomina te s  ove r  the fi r e a r r a n g e m e n t  at low t e m p e r a t u r e s .  
The usual t r ea tmen t  of the m e c h a n i s m  of y invers ion  [4] can eas i ly  be desc r ibed  using the symbo l i sm of 
m a s s  s p e c t r o m e t r i c  s y s t e m s  (Scheme 3). The molecu la r  ions II  and III (j) a re  conver ted  v ia  an i n t e rmed i -  
ate s i x - m e m b e r e d  s tate  into the ions k and l ,  and then undergo ring c losure  to f o r m  the ion m.  The ions e 
and i obtained through CR, and a lso  the ions l and m,  by split t ing off a CH2R radica l ,  a re  conver ted into an 
ion with m / e  214. The ions of type e a re  conver ted  by the scheme proposed  by Cor ra l  [5] into ions with 
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m / e  188. Scheme 3 gives a va r ian t  for  the molecule  II (f) and shows that ,  in addition to the ion with m / e  
188 (g), the neutra l  radica l  h, coinciding in s t ruc tu re  with the ion having m / e  143, is fo rmed.  Under c e r -  
tain conditions, this  f r agment  may  be charged.  Consequently,  this  p r o c e s s  may  be an additional source  of 
the ions mentioned above. The ion with m / e  187 (p) read i ly  a r i s e s  f r o m  the ion m,  although it is produced 
with fa r  g r e a t e r  difficulty than f r o m  the ion e. The proposed  scheme is  in ag reemen t  with the following ex-  
pe r imenta l  facts :  in the spec t rum of III taken at 60°C, in the group of peaks  with 186-190 ainu the peak  p 
p redomina tes , and  in the s pec t rum  taken at l l0°C it is the peak  with m / e  188. The ion with m / e  190, whose 
peak is p resen t  in the spec t r a  of III ,  apparen t ly  cons is t s  of a protonated f o r m  of the ion of 3 -e thy l -4 -  
hydroxy-quinol in-2-one .  

Together  with the in te rconvers ion  f o r m s  of the molecu la r  ions of the molecule  CIII) desc r ibed  above,  
some other  convers ions  take place in the m a s s  s p e c t r o m e t e r .  Thus,  for  example ,  the compara t ive ly  s t rong 
peaks  of the ions M - H 2 0  can be explained by the r ing c losure  of the aldehyde group with a methyl  group 
(see Scheme 1, IIIc and IIId). The in te reonvers ion  III  ~ IIIc takes  place  even in the cold and, t he re fo re ,  in 
the spec t rum of the product  of the rapid deuterat ion of HI the peak of the mo lecu l a r  ion is shifted by two 
m a s s  units  and the peak of the ion with m / e  111 by one m a s s  unit. In the spec t rum of III  there  a re  a lso  
other  peaks  cor responding  to the degradat ion of the f o r m s  IIIc and IIId (M-19, M-33, l l l - H 2 0  ). 

e ~ j H OH 7 
OH / ~  , 07.. I~I , + . .  

 r.H3 ----=-[214,215] I N20 %RI 
, " - CHzR i ~ I k , H CH., I 
" + O ~ H  f ~ I , "  

O,XZR 1OH c, . 
~ J  / ~ - - -~H ;  ] \  I _  I / O H  3 ~ .  

uH 3 s C,. " 

a H m H H 
1 

+ CH2 + ~ R O- CH = CH 2 
CHs 

o H p H 
(m/el87), 

i 'r R,CFhCF ] l )= CH~CH-C :,"CH3 
I I "  OH OH CH3 

R (I[~,IiIct) = CH~CHO 

The ease  with which the r e a r r a n g e m e n t s  of molecu les  II and III occur  is obviously re la ted  to the i r  
t he rma l  instabi l i ty.  We have r eco rded  the spec t r a  of the subs tances  in which the energy  of the ionizing 
e lec t rons  (14-18 V) is reduced at a t e m p e r a t u r e  of about 100°C. Under these  conditions,  the peaks  of the 
ion f r agmen t s  mus t  be p rac t i ca l ly  absent  o r  be of low intensity.  In actual fact ,  the spec t r a  contain a fa i r ly  
l a rge  number  of s t rong peaks  predominat ing  ove r  the M + peaks ,  ions with odd m a s s e s  (189,215,  and 243 
ainu) apparent ly  r ep resen t ing  the molecu la r  ions of the products  of the rma l  decomposi t ion,  whose occu r -  
r ence  is  the mos t  widespread .  Of the ion f r agmen t s ,  peaks  appear  with m / e  143 (I and ID and 161 and 214 
(II and Ill),  and 272 (I-Ill),  which c h a r a c t e r i z e s  the low stabi l i ty  of the cor responding  bonds. The re  is  no 
doubt that in the r e a r r a n g e m e n t s  d i scussed  a cons iderable  role  is played by the t e m p e r a t u r e  conditions of 
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the mass spectrometer ,  and the molecules undergoing change are part icularly subject to electron impact. 
Also, the contribution of the ionizing energy is certainly large. Under laboratory conditions the CR of II 
into I takes place at a considerably higher temperature .  It has also been found that the prolonged heating 
of II at ll0°C (in deuteration) preserved the differences in the spectra of I and II. 

The investigation of the mass spectra of substances similar to those studied is of interest for under- 
standing the mechanism of chemical reactions and for finding relationships between the chemical and mass 
spectrometr ic  behavior of compounds. 

C O N C L U S I O N S  

The Claisen rearrangement  of bucharaine and of the aldehyde bucharainal takes place under the con- 
ditions of mass spectrometry.  At low temperatures  y inversion predominates and at high temperatures the 
anomalous fl rearrangement .  
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