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CHEMICAL-IONIZATION MASS SPECTRA OF DITERPENE 

ALKALOIDS 

E. G. Mil'grom, V. N. Plugar', and Ya. V. Rashkes* UDC 543.51 + 547.944/945 

The chemical-ionization spectra of diterpene alkaloids have been investigated for the first time with the 
recording of positive and negative ions [CI(+) and (-)]. A comparison has been made of the CI(+) spectra 
with the EI and SIMS spectra. It has been shown that the nature of the CI( + ) and ( - )  spectra depends greatly 
on the type and position of substituents in the lycoctonine skeleton. 

With the aim of a more complete determination of the mass-spectral properties of diterpene alkaloids [1-3] , we have 

studied the chemical-ionization (CI) mass spectra of this series of compounds with the recording of both positive and negative 

ions. There is no information in the literature on the CI of diterpene alkaloids. We made use of a collection of lycoctonine 

bases, which were divided into four groups: 1) 8-monools; 2) 6-OMe-7,8-diols; 3) C18-alkaloids with a 3,4-epoxy group; and 

4) bases with a 7,8-methylenedioxy group (MDOG). 
The spectra of 19 alkaloids were recorded in the CI(+)  regime. The reagent gas used was methane. Table 1 gives the 

relative intensities of the key ions of the CI(+) spectra. Common for all the spectra is the presence of a triplet of ions in the 
molecular region: (M + H) +, M +, (M - H) + but the intensities of the components varied greatly not only on passing from 

group to group but also within subgroups. The peaks of characteristic ions in the EI [2-4] and SIMS [5] spectra were also 

present in the CI(+)  spectra. However, the relative intensities of the key fragments were different. 
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13. Rt=CH3. R2+R3=O. R4 =OH 
14. RI=CH20('H3. R2=OH, R~y=R4 =H 
t5. RI=CH3, R2=Rn=OH, R3 =H 
lg. Rt=CH2OCH3, R2=OCHa, R3=R4 =H 
17. R,c~CFIa, R2=OCH3, R3 =H, I~=OH - 
18. R~=CH2OCH3, R2=OAc. R3=R4 - H  
t 9 .  Rt=CH:~, R2=R4=OAc, R3 =H 
20. Rt=Rs=Ac. R2=CH3, R3=OCH3, R,I =OH 
2t. RI=H, R2=OH 

*Deceased. 

Institute of the Chemistry of Plant Substances, Academy of Sciences of the Republic of Uzbekistan, Tashkent, fax 
(3712) 89 14 75. Translated from Khimiya Prirodnykh Soedinenii, No. 1, pp. 114-122, January-February, 1995. Original 

article submitted October 31, 1994. 

0009-3130/95/3101-0091512.50 ©1996 Plenum Publishing Corporation 91 



o 

0 J  
,-.+, 

+ 
v 

+ 

r~ 

+ 

~+ 

m- 

+,+. 
o 

t~  

v 

+- ,  

v 

m g  

<~ 

, + +i+ .+. + + ~ + ~ -  + + + + . 

, + + , , , F + ++ 

Z 

+ 

~+. 

_,+ 
,..+ 

--L 

,.+. 

- -L  

I +  

i +  

+ 

i o  
i0 

i 

92 



t",t 

e-, 

e , l  

I 

0 

0 

g 

I 
v 

v 

:=_ 

_= 

--1 

.< 

0 

0 

I. 

:',,I 

f .  

, I I 
-2" 

; "2 -~ 

% 

~ ~ ~ z ~ - 

I I I I 

I I I I ~ I  

"~" ~_ ~z ~ ~ ,_'2 

93 



" o  

c -  

o 

[.-, 

._o 

-S 
0 

Z 

e -  - -  

T 

/.L. 

P 

5 

2 

. & ,  

2. 

"2 

w 
l 

A Z 

94 



In the CI (+ )  of the 8-monools (1, 2), as also in the El spectra, the maximum peak was that of the (M - OR1) + ion, 

and the next strongest peak was given by the elimination of the OH group at C-8. Thus, in the spectrum of talatisamine (2), 

(M - 17) + had an intensity of 83% (Table 1). 
The spectra of the 7,8-diols (3-8) were characterized by a slight fall in the stability of the protonated molecular ion in 

the series CI-OH, C1-OMe, CI-OAc, which agrees with Hammond's postulate [6]. As compared with the EI spectra, the CI (+)  

spectra of the alkaloids of this group were less selective (Table 1). For the 1-hydroxy-, (3) and (4), and 1-methoxy- bases (5-7) 

the maximum peak in the CI (+ )  spectrum was ( M -  17) +, the main source of its formation being the diol chain at C7-C. 8. The 

splitting out of C1-OR in the series under consideration became predominating for the C1-OAc base (8). In the spectra of  the 

alkaloids of the second group, the peaks of the ( M -  15) + were strongest for the 1-OH- and decreased for the 1-OMe- and 1- 

OAc-bases (Table 1). An analogous tendency has been observed in the EI spectra [1]. 

In the CI (+)  regime, the C18-3,4-epoxy alkaloids (9, 10) gave a fragmentation pattern practically identical with that 

obtained by the SIMS method [5]: the most stable ion was (M + H) + and the second strongest peak was that of the (M - 

OH) + ion, followed by the peaks of ions corresponding to the splitting out of C ' H  3 or O ' C H  3. 

As compared with the third group, the behavior of C19-diterpene alkaloids with a 7,8-MDOG (11-19) on chemical 

ionization with methane had a greater analogy with EI [3]: the maximum peak was that of the (M - OCH 3) + ion, but the 

contributions of the molecular and fragmentary ions were 5-7 times greater than in EI. Characteristic for the spectra for this 

group of bases was the presence of the peak of the even-electron ion (M - 29) +, formed from the MH + ion on the elimination 

of a CH20 molecule at the expense of the MDOG. 
In more than half the CI (+)  spectra of the compounds under consideration there were peaks of cluster ions. These were 

medium-intensity peaks o f (M + 29) + [MCaHs] + ions or, in the spectrum of (16) the peak of the MCH3 + ion (Table 1). The 

spectra of some alkaloids contained the peaks of ions with masses 11 a.m.u, greater than the molecular mass (1-3, 5, 6, Table 

1). The nature of these ions can be represented in the following way: MC2H5 + - H 2 0  ---- (MC2H 5 -  H20) + • Also in favor 

of this is the presence of peaks in the spectra of the bases with the (M - 17) + ion having an intensity of 100% or close to it. 

Thus, the spectra obtained in the CI regime with the recording of positive ions possess a number of characteristic ions: 

MH +, M +, (M - H) +, (M - 15) +, (M - 17) +, and (M - OCH3) + and represent an average pattern of the EI and SIMS 

spectra, but for some subgroups they are closer to EI and for others to SIMS. 
In the investigation of the behavior of the diterpene alkaloids in the CI regime with the recording of negative ions, as 

the reagent gas we used a mixture of methane and nitrous oxide in a ratio of 1:1. When the reagent gas mixture is bombarded 

with electrons, as a result of the reaction 

N20 + e- --~ N2+ O-- 

O-'+ CH 4 ---~OH-+ CH 3 

the anions O-" and O H -  possessing high proton affinities are formed [7, 8]. 

o~, I ~--o.j 9H f- '~--o~ OH ff-X,-O~l 

3 (~H-t.~'" (~a4)'" 

H ~  .___. H ~  __.._,, H ~  

~2 M'" g~-3of 

one-electron transfer 
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A common feature of the C I ( - )  spectra of the compounds of the ftrst three groups of alkaloids is the presence of the 

peak of the deprotonated molecular ion as the 100% peak or the second-strongest peak (Table 2). Its formation probably takes 

place through an ion-molecule reaction with the transfer of a proton from one of the hydroxy groups of the molecule (Scheme). 

In all the C I ( - )  spectra there is a medium-intensity peak of the (M - H - H2)-  ion the origin of which can be explained by 

the dehydrogenation of the (M - H ) -  ion. In addition to this, in the C I ( - )  spectra there are two groups of peaks differing 

from the molecular mass by 15-19 and 30-36 a.m.u. The qualitative and quantitative features of these groups of ion peaks 

will be considered in an analysis of the spectra of the individual groups of alkaloids. 

In the C I ( - )  spectra of the 8-monools (1, 2), the peak of the [M - H] - ion is the maximum peak, and there are no 

peaks of (M - 15)- and (M - H 2 0 ) - '  ions. Each spectrum contains a doublet of the peaks of (M - O H ) -  and M - H - 

H 2 0 ) -  ions, the relative intensity of the latter being higher for the 1-hydroxy compound (1), which shows the partial 

involvement of the 1-OH group (Table 2). A triplet of peaks of the (M - 3 2 ) -  - (M - 3 4 ) -  ions with a maximum on the 

(M - 33)-  peak also stands out in the spectra. The formation of these ions takes place through the elimination of CH3OH from 

the M - . ,  (M - H ) - ,  and (M - H a)-- ions, respectively. One of the possible variants of the formation of the (M - 33)-  ions 

is shown in the scheme. 

Because of the occurrence of ion-molecule reactions in the spectra of the compounds of the ftrst group, and also in the 

spectra of many other alkaloids, weak peaks of (M + 32)-- ions arising on the addition of methanol to M - -  are present. 

The C I ( - )  of the 6-OMe-7,8-glycols (3-8, 20) depends greatly on the nature of the substituent at C-1. In the spectra 

of the 1-hydroxy- (3, 4) and 1-acetoxy- (8, 20) bases the maximum peak is that of the (M - H ) -  ion (Table 2). In the case 

of compounds (3 and 4) the peak of the (M - H - H 2)- ion has increased. With a decrease in the number of hydroxy groups 

in the molecule the intensity of this peak also falls. The distribution of the peaks of the (M - 15)- - (M - 19)- ions is 

monotypical for this subgroup: the peak of the (M - OH)-  group appears while the peaks of the (M - H 2 0 ) - .  and (M - 

H - H 2 0 ) -  ions are weaker. 

In all the spectra of the compounds of the second group the peak of (M - 34) - .  ion had a high intensity; for (3) and 

(4) it was the second strongest, while for (5-7) it was the 100% peak. The probable mechanism of its formation is shown in 

the scheme: the anion-radical O- .  abstracts protons from M - . ,  leaving in a form of an H20 molecule, and the subsequent 

elimination of methanol gives (M - 34)-.  ions. The main source of the latter is the 6-OMe group. For compounds (5-7), an 

additional contribution to the formation of the (M - 34)-. ions is made by the 1-O-Me group, although, judging from the 

intensities of the peaks of the (M - R1OH)-- and (M - H 2 - -  R1OH)-  ions (3, 4, 8, 20, Table 2), the mobility of the 1-OR 1 
substituent is low. 

The peaks of the (M - 3 6 ) -  ions in the C I ( - )  spectra of (3-7 and 20) are fairly intense, the sequence of their 

formation probably being as follows: (M - H ) -  --, (M - H - H 2 0 ) -  --- (M - 36)- . .  In addition to the peaks described 

above, in the spectra of the 6-OMe,7,8-diols attention is attracted by the peaks of the odd-electron fragments with MMs smaller 

by 48, 50, 52, 62, 64, 66, 78, and 80 a.m.u. They may originate by various alternative routes. 

The peaks of the deprotonated molecular ions are the maximum peaks in the C I ( - )  spectra of the 3,4-epoxy- bases 

(9, 10, 21, Table 2). Within the subgroup the spectra are highly monotypical. A characteristic feature of these spectra is the 

presence of a triplet of the (M - 17)-,  (M - 18)--, and (M - 19)- ions with a well-defined maximum on the (M - 18)-- 

peak probably owing to the presence of the epoxy group. Another characteristic feature of the spectra of this group is the 

appearance of the peaks of the (M - 30)-- [(M - CH20) - ' ]  peaks. 

Among the cluster ions there is an ion with a mass 15 a.m.u, greater than the molecular mass which is due to the 

addition of a CH 4 molecule to the (M - H ) -  ion (11-15, 17). 

The C I ( - )  spectra of alkaloids with a 7,8-MDOG form systems depending extremely sensitively on a change in the 

substituent at C-6. The distribution of the intensities of the peaks of the ions in the molecular region is uncharacteristic: in 

addition to the deprotonated molecular ion, of medium intensity, in the spectra of (13), (15) and (17) there is the 2.5-times 

weaker peak of the (M - H - H 2)- ion, while for (15) in this region the strongest peak was that of the (M - H 2)-.  ion 
(Table 2). 

The peaks of ions differing from the MM by 15-19 a.m.u, are of medium intensity. Each compound had an individual 

pattern in this region. Let us dwell further on the nature of the ions giving the maximum peak in the C I ( - )  spectra of the 

alkaloids of the fourth group. The substituents at C-6 and the 7,8-MDOG probably participate in its formation. For the 6- 

dehydro derivatives (12, 13) the 100% peak is that of the (M - 30)--  ion. The unstable molecular ion, eliminating a CH20 

molecule, is stabilized in a resonance-delocalized form (Scheme). In the spectra of deoxydelcorine (11) and 6-O-OMe-eldelidine 

(17) the maximum peaks are those of the (M - 31)-  ion. Its origin is the loss of CH20 from the 7,8-MDOG and of an H atom 
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from C-6. Characteristic for the 6-hydroxy derivatives (14, 15) is the presence of the (M - 32)-" ion as the 100% peak. In 
addition to the substituents mentioned above, the hydrogen of the C6-OH group participates in its appearance. In the CI ( - )  
spectra of the alkaloids of the fourth group there are, likewise, intense peaks of the (M - 46)- ' ,  (M - 48)--, (M - 60)-.,  
and (M - 62)-. ions, but we shall not consider the mechanism of their formation, since the participation of various alternative 
substituents in this process is possible. 

Thus, the C I ( - )  spectra of the diterpene alkaloids are characteristic only within narrow subgroups of compounds. 

EXPERIMENTAL 

The CI(+) and ( - )  spectra were obtained on a MS 25 RF (KRATOS) instrument. Combined CI/EI ion source, 
accelerating voltage 4 kV, ionization voltage 70 V, collector-stabilizing regime, emission current 50 ~tA, source temperature 
250°C, temperature of the sample injection system 150-200°C. 

The reagent gas for CI(+) was CH4, and for CI ( - )  it was CH4:N20 (1:1), the pressure in the ionization zone being 
0.1 mmHg.  
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