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An analysis  of l i t e ra ture  information on the  fragmentat ion of individual representa t ives  of sesquiterpene 
lactones of the g e r m a c r a n e  and eudesmane ser ies  [1-5] does not show any de£mite regular i ty  in the m a s s - s p e c -  
t rome t r i c  behavior of these compounds. It is obvious that the nature and position of  oxygen substituents sharply 
changes the pat tern of breakdown. 

We have suggested that a part ial  solution to this problem consists  in the considerat ion of a set of lactones 
with one constant substituent and one or  two variable ones, and for this purpose we have taken a number of eudes-  
manolides with a CI-OH group:  a rsanin  (I) [6], arabsin  (II) [7], and ar tecal in  (III) [8] and their  acetates  (IV, V, 
VI}, and dihydroarabsin  (VII) and dihydroarsubin (VIII) [9]. 

The mass  spect ra  of a rsanin  (I) and its s t e r eo i somer  at C I , O H ,  arsant in ,  and of their  acetates  were  given 
in a paper  in which the s t ruc tu res  of these compounds were  proved by independent synthesis [10], but the authors 
concerned did not discuss  fragmentat ion p rocesses .  It has been reported [1-3, 5] that in the f i rs t  stage of the 
fragmentat ion of the M + ions the ions (M-CH3) + , (M - H20) +, and (M - CO) + a re  formed and the elements of 
the lactone r ing a r e  split out,  giving peaks of var iable  intensity. In the fragmentation of a rsanin  (I), the ejection 
of the la te ra l  f ragments  takes place to an insignificant degree  and the fragmentation process  leads mainly to 
the formation of  an ion with m/e  167 (Fig. 1). The same pattern of fragmentation is given by arabs in  (II), for 
which the s t ruc ture  of 8-hydroxy-3-oxoeudesmanol ide  (IIa) was previously put forward.  In addition to this,  the 
spectra  of the acetates  of (IV) and (V) a re  s imi lar .  If we neglect the low probabili ty of the production of s imi lar  
spect ra  in the fragmentat ion of s t ruc tures  (I) and (IIa), the formation of the fragment with m / e  167 can be i l -  
lus t ra ted in the following way: 
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Scheme .1. 

167 Cg Ht10 ~ (I,]Ia+L~) 

However,  in the spec t rum of f l - te t rahydrosantonin  (IX), the molecule of which lacks an OH group in the 3- 
decalone ring,  no s imi la r  direct ion of fragmentat ion is observed.  The spectrum of (IX) is charac te r ized  by a 
multitude of peaks and the splitting of the major i ty  of  the s t rong peaks in the high-resolut ion spec t rum into doub- 
lets of t r ip le t s ,  Which shows different routes for the fragmentat ion of the M + ion of (IX). The peak of an ion with 
m / e  167 is a t r iplet  the components of which have the compositions C~I-t1103 (0.06)*, Ct0Hl~O2 (0.64), and CllH190 
(0.3). The ion with the composit ion CsHllO 3 is probably formed by Scheme 1, but in ve ry  smal l  amount. 

The ion with a m a s s  number  of 167 in the spectrum of arsanin (I) is a singlet and has the composition 
C10H1502, which agrees  with the s t rongest  component of the ion of the same mass  from te t rahydrosantonin  (IX). 
This c i rcumstance  is evidence in favor of the assumption that the fragment  with m / e  167 (I) and (IX) originates  
by the cleavage of the C1-Ci  0 and C4-C 5 bonds with the migra t ion of one hydrogen from the neutral  f ragment .  

* The relat ive amount of  the ion of the given composit ion in the measured  peak. 
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Fig. 1. Mass spectra  of arsanin  {i), arabsin  (II), d ihydro-  
a rabs in  (VII), dihydroarsubin (VITD, and ar tecal in acetate 
(VI). 

In addition to the pract ical  identity of the spectra  of {i) and {iI), and also of those of the acetates  (IV) and 
(V), the shifts of the mass  numbers  of the fragments  in the spectra  of the OD analogs (T) and {iI) and in the spec-  
tra of  the products of the replacement  of H at C 2 and C 4 by D in a weakly alkaline deuterodiethylamine medium 
also coincide. This indicates the absence of a substituent at  C 8 in the arabsin  gT) molecule.  It is mos t  likely 
that arsanin {i) and arabsin (II) a re  s t e reo i somers .  

The maximum intensity of the peak with m / e  167 in their  spectra  is due to the preferent ial  cleavage of 
the bond at. the quaternary C10 atom activated by the presence  of an Oil group at C i. i lere  it is possible to draw 
an analogy with the fragmentation of 1-oxo-5~-andros tane  [11]. To test  this hypothesis ,  let  us consider  the 
mass  spectra  of ar tecal in (III), dihydroarabsin (VII), and dihydroarsubin (VIII). In these spec t ra  the above- 
mentioned fragmentation pathway is retained in all cases  (scheme 2) and only the mass  numbers  vary.  In the 
case  of  ar tecal in  (III), the maximum ion contains 165 m.u. and in the case  of dihydroarbusin (-VIII) 183 (167 + 16) 
m.u. Then the ions with ra/e 167, 165, and 183 break up with the ejection of  a molecule of water  and of the e le -  
ments of  the lactone ring. The spectra  of (VII)and (VIII) contain satelli te ions with m / e  166 and 182, r e s p e c -  
tively, formed without the migrat ion of a hydrogen atom. (See scheme 2 on following page.) 

In s imilar  bond cleavages in the cases  of compounds (I), (II), and {ilI) an ion with m / e  100 and the c o m -  
position C5ii802 a r i ses  from the elements of r ing A (see Hg. 1 and Table ]), which is confirmed by the shift of 
the peak of this ion in the spectrum of the OD analogs by 1 and 4 amu in the spectra of the products of alkaline 
deuteration, i lowever,  in the spectra  of dihydroarabsin (VII) ions with such a composition can be formed not 
only with the inclusion of the elements of ring A after  the elimination of two atoms of hydrogen but also from 
the lactone ring C with the migrat ion of two hydrogen atoms to the charged fragment.  Only the second variant  
is possible for dihydroarsubin (VIII). 

The spectrum of arsubin acetate (VI) completely reproduces the pattern of the acetates  (IV) and (V), but 
with a shift of the peaks of all the key ions by 2 ainu in the direction of low masses .  A feature of the spectra  of 
the acetates {IV-VD is the elimination from M + of a CH3COOH molecule, which, in these cases ,  leads to the peak 
of maximum intensity. Apart from this,  the fragmentation of the acetyl group at C~ takes place by the ejection 
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TABLE 1. Resul t s  of M e a s u r e m e n t s  of the Accu ra t e  M a s s e s  of the Ions of Compounds (I), (ill),  and (VI)- 
(VIII) 

Arsa~ln (1) ArlecaRn ( r r I )  Artecalinace- Dihydroarabsin tam (VI) (VII) Dihydroarsubin (VIII) 

966M+C~H.O, 1" 
167 CtoH~O~ 1 
151' CeHnO= 0.9 
1~1" CloHl~O 0,1 
149' C~HoO~ 0,05 
149" CtoH,30 0,9 
149 ~ CuHtr 0,05 
123' CsH~xO 0,25 
123 ~ C~H,~ 0,75 
12V CsH~O 0,1 
121" C~Ht~ 0,9 
100 C~HsO~ I 
93 C#'~ I 

264M+CmH~O, 
165 CtoHtaO = 
149" C~HgO ~ 
149" CloH130 
149 ~ CIIHI~ 
147 CtoH~tO 
123 CsHnO 
121 CoHz~ 
119 C~H n 

C~HsO2 
C,~ 

91 C~H, 

1 306 M+C~H~O~ 1 
I 246 CtaHtsOz I 
0,6 165 CzoH~zOz I 
0,25 142 CTH~oOs 
0,15 1O0 C~H80= 
l 93 C~H~ 

91 C71"1 ? 

1 
1 
1 
1 

268 MWCz~H~,O~ I 
196 Ct~H~Oz 1 
195 Ct~H~O~ I 
177 C~H;~O 
167 CzoH~50~ 
166 C~oH~O~ 1 
151' CwH~O 0,5 
151" Cu[l~ 0.5 
123" CsIlizO 0,35 
123" Col '~, 0,65 
I19 C~H H l 
100 C~HsO~ 1 

268 M+CtsH~40~ 1 165 CzoHzzO~ 
222 C~H~zO= 1 15V C9[-[1102 
213 CHH170. ~ I 151" CioH~50 
204 Cx~H~00 1 149' Ct0H~30" 
195" Ct~H~Oz 0.35 149" CHH~7 
195" CnHt~Oa 0,65 137' CsH~O~ 
193 Ct~H~70= 1 137" C~,I-t~O 
192 CtzH,aOe 1 137" Ct0H~ 
189 CzaH~O I 123 CsHt~O 
183 C~oHI~O~ I 10W. CTH~O 
182 C~oHHO~ 1 109" CsH~ 
177' CHH~zO~ 0.35 
177" Ct~H~O 0,65 

1 
0,5 
0,5 
0,5 
0,5 
0,25 
0,5 
O, 25 
1 
0,5 
0,5 

* The r e l a t i ve  amoun t  of the  ion of the g iven compos i t i on  in  the m e a s u r e d  peak. I H,014 - I+ ' ,  
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Scheme 2 

z- ]z 151 Cg H~t 0, z 
m 149 Cg H~ O~ 

vii 165 C10H1402 
viii 189 CfoH1403 

z)z~mr t21 CgHI3  

If] 119 C 9 I'ltl 
-CO" 

wzz 137 CgH1~Q 

of a ke tene  m o l e c u l e  f rom M +. A p r o c e s s  so u n c h a r a c t e r i s t i c  for the ace t a t e s  of cyc l ic  a lcohols  can be ex -  
p la ined  by the p rev ious  c l eavage  of the C1-C10 bond. The (M-- CH2CO) + ions then form the s a m e  f r a gmen t s  as  
the m o l e c u l a r  ions of the in i t ia l  l ac tones  (I-III). So fa r  as  c o n c e r n s  the ion OVI--AcOH) +,  it d e c o m p o s e s  with 
the e l i m i n a t i o n  of H20, CH 3, and CO. 

We may  note the ex i s t ence  of the m a i n  m a n n e r  of f r a gme n t a t i on  m e n t i o n e d  above in the c a s e  of the M + 
ions of (IV-VI),  which leads  to the ions with m / e  167 (IV, V) and 165 (VI), and a l so  142 {IV-VI). The c o m p o s i -  
t ion of the l a t t e r  was con f i rmed  by m e a s u r i n g  i ts  a c c u r a t e  m a s s  (Table 1) in the s p e c t r u m  of a r t e c a l i n  ace ta t e  
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(VI). Subsequently, this f r agment ,  losing a ketene molecule is converted into an ion with m / e  100. The ion 
with m / e  100 can be obtained direct ly  from the ion (M - CH2CO) +. 

Thus, the overal l  direction of fragmentation of the eudesmanolides with a C1-OH group that have been 
considered consists  in the cleavage of the Ct-Ct0 and C4-C ~ bonds and the formation of ions including the e le -  
ments  0f rings B and C. The presence  of an additional OH group at C 3 (VII) and C 5 (VIII) somewhat changes 
the qualitative aspect  of the decomposition of dihydroarabsin (VII) and dihydroarsubin (VIII). Thus, the process  
of eliminating a molecule  of water  with the formation of the ions (M - H20) + and (lVl -213~O) + and the products 
of their  decomposit ion (Schemes 3 and 4) is considerably intensified. 

0---~ 0 O-~O 

~50 , 2aged "~.,~+ O'--'~O ' -H~O. I -CH~ 

++.= P~ - 2+7 
-c~H~O~ -CH~ 

Scheme 3 

+~ ~,~0 

207 

2 0 6  

On passing from one s t ruc ture  to another,  a number of singularit ies of fragmentation appear.  The peak of 
the ionvcith m / e  151 in the spectrum of (I) has a doublet nature (Table 1) and the main component,  C~t~O2, ap-  
parently a r i ses  from the elements of rings ]3 and C, as is shown by the increase  in the contribution of the ion 
with the composition CgEsO2 in the group of isobaric  ions with m / e  149 in the spectrmn of ar tecal in  (III). The 
ejection of a molecule  of water and of the elements of rings B and C from M + of  (I-III) in one stage leads to the 
appearance of an ion with the composition CsI-tuO having m / e  123. In the spectrum of {III) it has a singlet  nature ,  
and in the case  of arsanin (i) the ion with this composit ion is present  in a proportion of 0.25 and is accompanied 
by the main ion CgI-It~ (0.75) formed from the ion with m / e  167 (Scheme 2). Almost the same quantitative r e l a -  
tionship is observed in the case of the ion with m/e 123 (Fig. 1) in the spectrum of dihydroarabsin (VII). Here 
the ion with the composition CBI-IuO is obtained from (]VI - H20) + (Scheme 3). The next peaks in o rder  of de-  
c reas ing  intensity in the spectrum of (VII) are  those of  ions with m / e  195 and 196. According to their  compo-  
si t ions,  they a re  formed by the elimination of the C1-C~ chain from the M + ion (Scheme 3). This process  is 
activated by the presence  of the two hydroxy groups.  The same elements of the eudesmane skeleton a re  ob-  
viously present  in the fragments  with m / e  192 and 193 in the spectrum of dihydroarsubin (VIII), but they originate 
via the ( M -  HzO) + ion (Scheme 4). 

HO +, 7 +  . 

t :' I 

wJi 2~.s ,.~,,240,, 151 C9HI+0 ~ ~2 C~2HmO ~ 

~ ~ 260  "~'3 ~4~Hf/O~ 
- t ;2MsU 1 7) ~ 

;-H,O ~ -~20 177 C12H~'70 
0 

. Scheme 4 
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We have detected the eject ion of  a C4E 7 f r agmen t  by the M + ion (VIII), which is favored by the p resence  
of the C1-OH and C s - O H  groups .  The subsequent  el imination of a water  molecule  f rom (M - C4H7) + gives ions 
with m / e  195 and 177. However ,  both peaks of this m a s s  a r e  doublets the heavy components  of which a r e  fo rmed 
f rom the (M - E20) + ion as the r e su l t  of the breakdown of r ing C (Scheme 4). 

The ion with m / e  109 (Fig. 1) is a lso  a doublet,  with the components  C~HgO (0.5) and CsH13 (0.5). The 
fo rmat ion  of the f o r m e r  can be followed in Scheme 2, while the l a t t e r  probably  appea r s  as the r e su l t  of  the one-  
s tage  decomposi t ion  of the M + ion of  d ihydroarsubin  (VIII). 

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

The low-resolution mass spectra were obtained on a MKh-1303 instrument using a system of direct intro- 
duction of the sample, at a temperature of II0°C with an ionizing voltage of 40 V. The deutero analogs of com- 
pounds ([-III) were obtained by briefly heating solutions of the compounds in CD3OD or (C2Hs)2ND followed by 
the pumping off of the excess of solvent in the lock system of the mass spectrometer. 

The elementary compositions of the ions were measured on a MKh-1310 mass spectrometer. 

S U M M A  BY 

The f ragmenta t ion  of some  C t - O H  eudesmanol ides  has been studied with the aid of  an isotopic label  and 
h igh- reso lu t ion  m a s s  s p e c t r o m e t r y .  It has been shown that the m o s t  cha r ac t e r i s t i c  f ragmenta t ion  is that with 
the c leavage  of the C1-C~0 and C 4 - C  5 bonds. The sesqu i te rpene  lactone a rabs in  has also been ass igned to the 
C~-OH eudesmanol ides  and this has been conf i rmed by its convers ion  into anhydroarabs in  - a n  ~, f l -unsaturate~ 
ketone. 
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