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The low- and h igh- reso lu t ion  m a s s  s p e c t r a  of pachycarp ine ,  t e t r a h y d r o d e s o x o c ~ i s i n e ,  
mat~kline,  a - i so lupan ine ,  t e t r ahydrocy t i s ine ,  mat r ine ,  d - the rmops ine ,  cyt is ine ,  and i s o s o -  
phoramine ,  as well  as some  of the i r  s t e r e o i s o m e r s  and deutero analogs,  make it poss ib le  
with a high deg ree  of probabi l i ty  to r e l a t e  the inves t igated compounds to one or  another  
group of quinolizidine alkaloids .  

The m a s s  s p e c t r a  of the thoroughly s tudied cyt i s ine  and spa r t e ine  der iva t ives  [1-3] and the c o n s i d e r -  
ably less  well  s tudied mat r id ine  der iva t ives  [4-6] have many  fea tures  in common .  On the basis  of an 
analys is  of the l i t e r a tu r e  and our own expe r imen ta l  invest igat ions c a r r i e d  out in the case  of pachycarp ine  
(Ia), ma t r id ine  (IIIa), a l lomat r id ine  (]]l-b), i sosophor idan (TIIc), sophor idan (IIId), ~ - i so lupan ine  (IVa), lup-  
anine (IVb), ma t r ine  (Via), a l lomat r ine  (VIb), i sosophor id ine  (VIc), sophor id ine  (VId), d - t h e r m o p s i n e  (VIIa), 
cy t i s ine  (VIIIa), is osophoramine  (IXa), sophoramine  (IXb), and a number  of ~ e i r  deutero  analogs,  we a t -  
t empted  to make a c o m p a r a t i v e  m a s s - s p e c t r o m e t r i c  invest igat ion of alkaloids of these  three  types with the 
a im of poss ib ly  identifying them.  Since d i f fe rences  in the m a s s  s p e c t r a  of s t e r e o i s o m e r s  a r e  mani fes ted  
in m o s t  cases  in a change in only the r e l a t ive  intensi t ies  of the individual peaks ,  we will d i scuss  the pecu l i -  
a r i t i e s  of the m a s s  s p e c t r a  in the cases  of s t r u c t u r a l  i s o m e r s  - alkaloids Ia (Fig. la ) ,  IIa, lIIa (Fig. lc) ,  
IVa (Fig.  2a), Va, Via (Fig. 2c), and VIIa, VIIIa,  IXa {Fig. 3a-c) o The s p e c t r a  of alkaloids Tla and Va a re  
p re sen ted  in [1, 3]. 
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VIIa d - the rmops ine ;  VIlb anagyrine;  VIIIa cyt is ine (R = H); VIIIb N-methylcyt i s ine  (R = CH3); IXa i soso-  
phoramine;  IXb sophoramine .  

Only in individual cases ,  p r ima r i l y  in the examination of alkaloids of the HI and VI type, will we deal 
with problems associa ted  with the s t e r eochemica l  pecul iar i t ies  of the molecules .  

According to the data in [1-4], ion peaks with m / e  84 (a), 96 (b), 97 (b'), 98 (b"), 136 (c), 137 (c'), and 
150 (d), which apparent ly  cha r ac t e r i z e  the quinolizidine sys tem [7], a re  typical  for  a lmost  all of the quinol- 
izidine alkaloids.  The or igin  of the ions, the peaks of which a re  si tuated in the h igh-molecula r -weight  r e -  
gion of the spec t r a ,  has not been adequately discussed.  

~ ' ~ H  ~ N + ~ c H  2 

b" m/~ 98 . . . .  /r 13e 

b' .,/~ o7 

c' m/e 137 

One should f i r s t  note that the affiliation of the alkaloids w i t h  the group of cyt is ine  alkaloids (II, V, VIII) 
can usually be es tabl ished f rom the molecular  weight because  of the absence of a ]3 ring in them. The task 
is somewhat  complicated if the subst i tuent  attached to the ni trogen atom of the C ring is l a rg e r  than a 
methyl  group or  if the alkaloid is d imer ic  (as, for  example,  argentine,  octahydroargent ine  [8], or  d imeth-  
amine [9]). But he r e  also, as a resu l t  of a c leavage and elimination of a large  port ion of the substi tuent  
f rom the ni trogen atom or  dis integrat ion of the molecular  ion of the d imer ic  alkaloid, the low-molecu la r -  
weight regions of the spec t r a  a re  prac t ica l ly  identical to the spec t r a  of the corresponding cyt is ine de r iva -  
t ives .  

In the case  of alkaloids of the I type with a formal ly  sy m m et r i c a l  s t ruc tu re ,  it  might be expected that 
the a, b - b " ,  c, and c'  ions are  formed equally probably as a resu l t  of c leavage of the bonds in the B and C 
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Fig.  I .  Mass spec t ra :  a) paehycarpine;  b) 3,3-D2-pachycarpine;  c) m a t r i -  
dine; d) 5 ,17-dehydroal lomatr id ine .  
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r ings and contain A and D or  AB and CD r ings ,  r e spec t ive ly .  However,  in the ca se  of spa r t e ine  [1], these  
ions contain chiefly an A r ing (or AB r ing,  r espec t ive ly ) ;  Neuner - Jeh le  and c o - w o r k e r s  [1] explain this by 
the effect  of the s t e r e o c h e m i s t r y  of the fusion of the A / B  and C / D  r ings .  A s i m i l a r  s i tuat ion is also r e -  
tained in paeyca rp ine  Ia, which is the d - i s o m e r  of spa r t e ine  (Ib) and has the s a m e  s t e r e o c h e m i s t r y  of fusion 
of the A / B  and C / D  r ings .  In fact ,  the peaks of the a, b - b " ,  c and c '  ions in the mass  s p e c t r u m  of 3,3-D~-Ia 
(Fig. lb) a r e  shif ted bas ica l ly  by 2 amu.  The fo rmat ion  of these  ions for  alkaloids II is also p r i m a r i l y  a s -  
soc ia ted  with c leavage  of the bonds in the B or  C r ing and with local izat ion of the cha rge  on the f r a g men t  
containing the A o r  AB r ing,  r e spec t ive ly .  

On the bas i s  of an analysis  of the m a s s  s p e c t r u m  of the 15,15-D~- analog of  mat r id ine  (IIIa), Yunusov 
and c o - w o r k e r s  [4] a r r i v e d  at  the conclusion that  the a and b - b "  ions for  IIIa contain A or  B rings and a r i s e  
as a r e s u l t  of th ree  C - C  bonds in the A (or B) and C r ings with migra t ion  of two hydrogen a toms .  However ,  
this r equ i r ed  subsequent  re f inement ,  s ince  the fo rmat ion  of ions with local iza t ion of the charge  on the D 
ring should p roceed  v ia  a s i m p l e r  m e c h a n i s m  with c leavage  of only two C - C  bonds in the C ring, just  as in 
the ca se  of alkaloids I .  We the re fo re  s tudied the m a s s  s p e c t r a  of 14,14-D 2 analogs of alkaloids I I Ia-c  .* It 
has been  shown [10] that,  depending on the s t e r e o c h e m i c a l  pecul ia r i t ies  of the invest igated alkaloids,  the a 
and b - b "  ions may  contain both an A (or B) r ing and a D ring.  Thus, for  example ,  in the ca se  of IIIb, the 
b" ion p r i m a r i l y  includes a D ring, while an A or  B r ing is included in the ca se  of IIIa and IIIc .  

In this connection, it is in te res t ing  to note that  the peaks of the a, b ' ,  and b" ions in the mass  s p e c -  
t r u m  of 6 ,17-dehydroa l lomat r id ine  (X) (Fig. ld),  which contains a double bond in the C ring, a r e  p rac t i ca l ly  

* The t h r ee -d imens iona l  s t r u c t u r e s  of the i r  carbonyl -conta in ing  der iva t ives  (Via-c) a r e  p resen ted  in Table 1. 
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Fig.  2. Mass s p e c t r a :  a) ~ - i so lupan ine ;  b) 3,3-D2-c~-isolupanine; c) 
ma t r i ne ;  d) 14 ,14-D~-matr ine;  e) 11,12,13,14-D4-al lomatr ine .  
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absent ,  while the ion peak with m / e  95, to which s t r u c t u r e  b i can be ass igned,  is a max imum.  

Insofar  as ions with m / e  136 and 137 a re  concerned,  for  alkaloids III they f o r m  exclus ive ly  as a r e -  
.suit of c leavage  of the bonds in the C r ing with local izat ion of the cha rge  on the f r agmen t  containing the A 
and B r ings .  In c o n t r a s t  to the analogous f ragments  of alkaloids I and II, these  ions apparent ly  have ci and 
cl '  s t r u c t u r e s ,  r e s pec t i ve l y .  The intensi ty  of the peaks  of these  ions is natura l ly  cons iderab ly  reduced  in 
the s p e c t r u m  of X (Fig.  ld}. 

According to the data in [1], the fo rmat ion  of a d ion with m / e  150 in the case  of alkaloids I does not 
depend on the s t e r e o c h e m i s t r y  of fusion of the A / B  and C / D  r ings ,  and ion d is due approx imate ly  to an 
equal degree  to local izat ion of the cha rge  on both ni t rogen a toms .  This conclusion is also in ag reemen t  with 
our observa t ion  that  the intensi t ies  of the peaks with m / e  150 and 152 in the m a s s  s p e c t r u m  of the 3,3-D 2 
analog of Ia a re  approx ima te ly  equal (Fig. lb}. 

cl m/e 150 

In the ca se  of the s t e r e o i s o m e r s  of alkaloids Ill, ions d a re  fo rmed  exclus ive ly  through c leavage  of 
the bond in the C r ing and as a consequence of local iza t ion of the charge  on the ni t rogen a tom of the A and 
B r ings .  This is indicated by the absence  of a shif t  in thei r  peaks in the mass  s p e c t r a  of the 14,14-D 2 
analogs [10]. 

The m a s s  s p e c t r a  of Il ia and HIe contain r a t h e r  intense ion peaks with m / e  162, the intensi ty of which 
in the s p e c t r a  of la ,b is cons iderab ly  lower  (Fig. l a , c ) .  However,  this ion can s c a r c e l y  have subs tant ia l  
diagnostic value,  s ince  the intensi ty of its peak in the s p e c t r u m  of der iva t ive  IIIb is also somewhat  lowered 
[10]. It  is difficult  to f o r m  a judgment regard ing  the nature  of the ion with m / e  162, and one can only note 
that  i t  does not include the C-14 [10] and C-15 [4] a toms,  but, according to the data f rom the h igh- reso lu t ion  
m a s s  s p e c t r u m  of HIc, has the composi t ion  CiIHi6N. 

The m a s s  s p e c t r a  of alkaloids I and HI contain low intensity N-43 and M-29 ion peaks with m / e  191 
and 205, r e spec t ive ly .  Since the f i r s t  of these  peaks in the s p e c t r a  of the 14,14-D 2 analogs of III [10] a re  
only pa r t i a l ly  shif ted to m / e  192 and 193, it can be supposed that  they a re  fo rmed  due to eject ion of a propyl  
r ad ica l  o r  an e thyleneimine molecu le .  The fo rmat ion  of ions with m / e  205 is assoc ia ted  with eject ion of 
an ethyl r ad ica l  f r o m  the A or  B r ings .  The peaks of these  ions in the s p e c t r a  of the deutero analogs of III 
a re  comple te ly  shif ted to m / e  207. 

The m o s t  subs tant ia l  (from a diagnostic point of view) di f ference  between the mass  s p e c t r a  of alkaloids 
o f  the I and III type is the p r e s e n c e  in the s p e c t r a  of I of r a t h e r  intense M-41 ion peaks with m / e  193, which 
a re  p rac t i ca l ly  absent  in the s p e c t r a  of III (Fig. 1, s p e c t r a  a and c). In the case  of alkaloids of the I type, 
this ion is apparen t ly  fo rmed  as a r e s u l t  of e l iminat ion f r o m  the molecu la r  ion of a cyclopropyl  rad ica l  du r -  
ing c leavage  of the bonds in the B and C r ings .  This is conf i rmed  by the shif t  in its peak by 2 ainu (to m / e  
195) in the m a s s  s p e c t r u m  of the 3,3-D 2 analog of la  (Fig. lb) ,  and also by the shifts  of 16 ainu to m / e  209 
in the mass  s p e c t r a  of 13-hydroxy- Ib  [1] and 14-hydroxy- Ib  [2]. Ejec t ion  of a cyclopropyl  r ad ica l  f rom the 
molecu la r  ion is l e s s  l ikely in the ca se  of alkaloids III .  

The p r e s e n c e  of a l a c t am  carbonyl  group in alkaloids IV-VI has a substant ia l  effect  on the c h a r a c t e r  
of the d is in tegra t ion  of the i r  mo lecu la r  ions under  e lec t ron  impact ;  this cons iderab ly  fac i l i ta tes  d i f fe ren t ia -  
t ion of the i r  mass  s p e c t r a  (Fig. 2, s p e c t r a  a and c) .  

The mos t  c h a r a c t e r i s t i c  pecu l ia r i t i es  of the mass  s p e c t r a  of alkaloids VI a r e  the e x t r e m e l y  intense 
M + and M-1 ion peaks ;  the dominant  ion peak in the case  of Via is M +, while M-1 ions dominate  in the case  
of VIc -d  (Table 1). The intensi t ies  of these  peaks a re  cons ide rab ly  lower  in the s p e c t r a  of alkaloids IV 
and V. 
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TABLE 1. Data  f r o m  the Mass Spect ra  of Alkaloids VI (the in tensi t ies  
a r e  given in pe rcen t  of the max imum)  

ra/'e 

Ma'trine, (VI) 

0 

Allomatr ine  I Isosophoridine (VIc) 
(VIb) _ 

Spp.ho- 
rl(~lne , 

(VIb) ~ _. 

249 
248 
247 
22O 
219 
206 
205 
192 
178 
177 
164 
163 
162 
161 
151 
150 
149 
148 
138 
137 
136 
135 
134 
122 
120 
l l0  
98 
96 
86 
85 
84 
83 
82 

* The 

19 
I00 
92 
14 
16 
25 
58 
33 
5 

16 
5 
6 

14 
12 
10 
27 
10 
17 
11 
20 
14 
5 
7 
9 

l0 
6 

17 
33 

l 
7 
7 
9 

10 
59 

100 
1 
3 
3 
6 
3 
9 

49 
1 
2 
4 
3 
7 

39 
19 
14 
7 

10 
21 

4 
7 
8 
3 
5 
7 

10 
5 
7 
5 
6 
7 

s t e r e o c h e m i s t r y  has not been 

13 
86 

100 
7 
7 

12 
26 

8 
5 

20 
3 
4 

10 
7 

14 
36 
12 
15 
8 

12 
17 
4 
5 
8 
5 
4 

12 
25 

1 
I 
4 
5 
4 l 

, 

defini t ively es tabl i shed.  

9 
53 

100 
1 
3 
4 
7 
2 
3 

10 
1 

3 

5 
24 
10 
8 

17 
6 

16 
2 
3 
8 
3 
8 
7 

3O 

7 
8 
7 

The intensi t ies  of the peaks of ions a and b - b "  in the s p e c t r a  of alkaloids IV and VI a re  genera l ly  
lower  than in the s p e c t r a  of I - I I I .  In the case  of alkaloids IV, these  ions contain exclus ive ly  a D ring, as 
a t tes ted  to by the absence  of a shif t  in the i r  peaks in the s p e c t r u m  of the 3,3-D 2 analog of IVa (Fig. 2b). 
However ,  in the ca se  of alkaloids VI, these  ions a re  fo rmed  due to the A or  B r ings;  this is conf i rmed  by 
the absence  of a shif t  in the i r  peaks in the s p e c t r u m  of the 14,14-D 2 analog of Via (Fig. 2d). 

In addition, the s p e c t r u m  of de r iva t ives  IVa (Fig. 2a) is c h a r a c t e r i z e d  by a peak of medium intensi ty  
with m / e  110, which is absent  in the s p e c t r u m  of Va and is of insignificant  intensi ty in the s p e c t r u m  of Via. 
According to the data f rom the h igh- reso lu t ion  m a s s  s p e c t r u m  of alkaloids IVa, this ion has the C7H12 N c o m -  
posi t ion and, according  to the ass~umption in [3], may  have the e or  e '  s t r u c t u r e .  The ions with m / e  110 in 
the case  of alkaloids J - I I I  p robab ly  also have a s i m i l a r  s t r u c t u r e .  

According to the data in [3], a c h a r a c t e r i s t i c  pecul ia r i ty  of the mass  s p e c t r u m  of alkaloid VA is the 
p r e s e n c e  of a r a t h e r  in tense  ion peak with m / e  82 and a m a x i m u m  peak with m / e  95, while the peaks of 
the a and b - b "  ions a r e  of low intensi ty .  The ions with m / e  82 and 95 contain a C ring,  s ince  the i r  peaks 
a r e  shif ted by 14 ainu (to m / e  96 and 109) in the m a s s  s p e c t r u m  of N-methy l t e t r ahydrocy t i s ine  (Vb) [3]. 
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Fig .  3. Mass spec t r a :  a) d - the rmops ine ;  b) cyt is ine;  c) i sosophoramine .  

The m a s s  s p e c t r a  of alkaloids IV-VI differ  subs tant ia l ly  with r e s p e c t  to the intensi t ies  of the peaks 
of the c and c '  ions.  In the s p e c t r u m  of IVa, the peak of ion c is a max imum,  while the peak of ion c'  is in- 
s ignif icant .  The peaks  of these  ions in the s p e c t r a  of Va,b a re  p rac t i ca l ly  absent  [3], while they a r e  of 
medium intensi ty  in the s p e c t r u m  of Via (the c '  peak is g r e a t e r  than the c peak).  The p re sence  in the 
s p e c t r a  of I v a  and Via of peaks of me tas tab le  ions with m* = 74 (calculated 73.7) and 75 (calculated 74.9), 
r e spec t ive ly ,  is evidence that in the f i r s t  case  ion c is fo rmed  d i rec t ly  f r o m  the molecu la r  ion, while in the 
second ca se  ion c '  a r i s e s  f r o m  the M-1 ion. 

The ion peak with m / e  150 in the s p e c t r u m  of IVa is of medium intensi ty and, judging f r o m  its ins ig -  
nificant shif t  in the s p e c t r u m  of the 3,3-D 2 analog, IVa contains p r i m a r i l y  C and D r ings and has a s t r u c -  
ture  of the b type.  A dis t inct ive c h a r a c t e r i s t i c  of the s p e c t r u m  of IVa is the p r e sence  of a cons iderab ly  
m o r e  intense ion peak with m / e  149, to which the d' s t r uc tu re  is ass igned [3]. 

~ H 2 

0 
d' ,~/c 149 i :,~/e t s o  

The peak with m / e  150 in the mass  s p e c t r a  of alkaloids V is of low intensi ty  and, f r o m  its nature ,  
differs  sha rp ly  f rom ion b, s ince it  contains A and B r ings ,  as a t tes ted  to by the absence  of its shif t  in the 

s p e c t r u m  Of Vb [3]. It  apparent ly  has the f s t r u c t u r e .  

In the ca se  of alkaloid Via, the ion with m / e  150 fo rms  d i rec t ly  f rom the M-1 ion; this is conf i rmed  
by the p r e sence  of a peak  with m* = 91.3 (ealculated 91.1). According to the data of the h igh- reso lu t ion  
m a s s  s p e c t r a  of Via  and Vie, the peak with m / e  150 is a compos i te  and is caused  by i sobar ic  CIoHI6N and 
CgHI2NO ions in a ra t io  of 65 : 35. The dominant ion apparent ly  has a s t ruc tu re  of the b type, while the 
second has a s t r u c t u r e  of the f type.  However ,  it should be noted that  these  data do not ag ree  with the r e -  
sults obtained f r o m  the m a s s  s p e c t r a  of the 14,14-D 2 and 11,12,13,14-D 4 analogs of Via (Fig. 2, s p e c t r a  d 
and e), in which such a l a rge  shif t  in the peak with m / e  150 is not observed .  This places  in doubt the.data  
on the quanti tat ive ra t io  of the i sobar ic  ions with m / e  150. 

The h igh -mo lecu l a r -we igh t  region of the m a s s  s p e c t r a  of alkaloids IV (from m / e  150 up to M +) con-  
tains only low intens i ty  peaks ,  in con t r a s t  to the s p e c t r a  of alkaloids VI (Fig. 2, s p e c t r a  a and c;  Table  1). 

According to the data of the h igh- reso lu t ion  m a s s  s p e c t r u m  of Via, the peak wi~da m / e  161 is due to 
the CIoHIINO ion, while the peak with m / e  162 is a compos i te  and co r re sponds  to CIoHI2NO and C11Ht6N ions 
in a ra t io  of 55 :45 .  According to the s a m e  data, the peak with m / e  177 is due to an ion with the c o m p o s i -  
tion C11HI6N 2. The comple te  shif t  of this peak by 1 ainu to m / e  178 in the s p e c t r u m  of 11,12,13,14-D 4 analog 
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of VIb (Fig. 2e) indicates that  it contains A = C  r ings  and apparent ly  has the g s t r u c t u r e .  According to the 
data of the h igh- reso lu t ion  m a s s  s p e c t r u m  of IVa, the low-in tens i ty  peak  with m / e  177 is also due to the 
ion with compos i t ion  ClIHlTN~ , which poss ib ly  has the g' s t r u c t u r e .  

Ejec t ion  of a por t ion  of the D r ing f r o m  the mo lecu l a r  ion as C3H40 leads ,  in the ca se  of alkaloid Via, 
to a r e l a t ive ly  s tab le  CI2H2ON 2 ion rad ica l ,  which p robab ly  has the h s t r u c t u r e .  

One of the m o s t  intense peaks in the s p e c t r u m  of Via with m / e  205 (Fig. 2c) is comple te ly  shif ted by 
2 amu to m ~ e  207 in the s p e c t r u m  of the 14,14-D 2 analog (Fig, 2d), According to the data of the h i g h - r e s o l u -  
t ion m a s s  s p e c t r u m ,  the ion co r respond ing  to this peak has the composi t ion  C~2H17N20. Consequently,  it is 
f o r m e d  as a r e su l t  of e ject ion of a C3H s pa r t i c l e  (most  l ikely f r o m  the A or  B ring) and migra t ion  of two 
hydrogen a toms f r o m  the C r ing and has the i or  i '  s t r u c t u r e .  

Ok 

i t~l/e 205 i' 

In c o n t r a s t  to this ,  the peak with m / e  206 is a compos i t e  (of i somer i c  ~ons of the composi t ion  
CI~H18N20 and C14H21N); this is conf i rmed  by the pa r t i a l  sh i f t  in this peak in the s p e c t r u m  of the 14,14-1) 2 
analog of Via (Fig.  2d). 

The peaks with m / e  219 and 220 in the s p e c t r u m  of Via a re  comple te ly  shif ted to m / e  221 and 222 in 
the s p e c t r u m  of its 14,14-D 2 analog.  The second of these  peaks is due to the C14H24N2 ion, which is fo rmed  
as a r e s u l t  of e l iminat ion of a CO group f r o m  the molecu la r  ion, while the f i r s t  is a compos i t e  and is due 
to M-C2H 5 (C13H19N20) and M - C O - H  (Ci4H23N 2) ions.  In the fo rmat ion  of the f i r s t  of these,  an ethyl 
rad ica l  is apparen t ly  e l iminated  f r o m  the A o r  B r ings ,  and it has the j or  j '  s t r u c t u r e .  

j , , ,/e ~ 9  j" 

The introduction of two double bonds into the l ac tam r ing of alkaloids IV-VI leads to the appearance  
of subs tan t ia l  d i f fe rences  in the m a s s  s p e c t r a  of the co r respond ing  alkaloids (VII-IX) (Fig. 3, s p e c t r a  a -c ) .  
As in the ca se  of alkaloids VI, the dominant  peaks in the s p e c t r a  of alkaloids IX a re  those of the M + and 
M-1 ions,  while peaks of b" ions with m / e  98, which a re  f o rmed  with re ten t ion  of the D ring,  p redomina te  
in the s p e c t r u m  of VII .  The peaks of b" ions in the s p e c t r a  of IX a re  of insignif icant  intensi ty,  while they 
a r e  comple te ly  absence  in the s p e c t r a  of alkaloids VIII (Fig. 3, s p e c t r a  a -c ) .  

The peak of the b ion with m / e  96 is r e l a t ive ly  intense in the s p e c t r u m  of IXa, while the remain ing  
peaks of the l ow-m ol ecu l a r -we i gh t  region a r e  of low intens i ty  (Fig. 3, s p e c t r u m  c). 

Low intensi ty  of the peaks of the c ion ( m / e  136), which contain C and D r ings ,  and of ions with m / e  
146 and 160, which have the k and l s t r u c t u r e s ,  i s  c h a r a c t e r i s t i c  for  alkaloids of the VII type: These ions 
contain A and B r ings ,  s ince  they a r e  not shif ted in the s p e c t r u m  of 13-hydroxy-VIIa  (argentamine)  [11], 
while the peak  of ion c is shif ted by 16 amu to m / e  152. 

The peak of ion k in the s p e c t r u m  of Vil la  is a max imum,  while the in tensi ty  of the peaks of ions l 
is low (Fig. 3, s p e c t r u m  b).  

I t  should be noted that  the s p e c t r a  of the homologs of VllIa and ViiIb differ  subs tant ia l ly .  The m a x i -  
mum peak with m / e  58 in the s p e c t r u m  of VIIIa is due to the M e 2 ] ~ C H  2 ion, the intensi ty  of the molecu la r  
ion i nc rea se s  sha rp ly ,  and the  r e m a i n i n g  peaks a r e  of insignif icant  magni tude.  
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The peaks of ions c, k, and I are small in the spectrum of IEa. A distinctive peculiarity of the spec- 

trum of this compound is the r a t h e r  s ignif icant  intensi ty of the ion peak with m / e  149, which probably  has 
the d" s t ruc tu re ,  and the p r e s e n c e  of a peak with m / e  215, which, according to the data of the h i g h - r e s o l u -  
t ion m a s s  s p e c t r u m ,  is a compos i t e  caused by i sobar ic  CI3H15N20 and Ci4H19N2 ions,  the f i r s t  of which is 
~ormed as a r e s u l t  of e l iminat ion of an ethyl r ad ica l  f rom the molecu la r  ion (apparent ly f r o m  the A o r  B 
r ings ,  as in the fo rma t ion  of ion j o r  j.'), while the second is fo rmed  by el iminat ion of a CO group and a 
hydrogen a tom.  The ion with m / e  201 is s i m i l a r  to the i or  i' ions, differ ing f rom them only with r e s p e c t  
to the p r e sence  of two double bonds in the D r ing .  

d" role 149 

Thus the data a r e  evidence that i t  is poss ible ,  with a high degree  of re l iab i l i ty ,  to r e l a t e  an inves t i -  
gated compound to one or  another  group of quinolizidine alkaloids,  as was used  to es tab l i sh  the s t ruc tu re  of 
.a rgentamine  [1.1]. 

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

The low-resoIu t ion  m a s s  s p e c t r a  were  r eco rded  with an MKh-1309 s p e c t r o m e t e r  with d i rec t  in t roduc-  
tion of the s a m p l e  into the ion s ou rce  at an ionization energy  of 70 eV and sample -vo la t i l i za t ion  t e m p e r a -  
tu res  of 30 ~ (Ia, IIIa-d) and 50-70 ~ (IVa,b, Via-d,  VIIa,  VIIIa,  and lEa,b) .  The h igh- reso lu t ion  mass  s p e c t r a  
of IIIc, IVa, and IXa were  r e c o r d e d  with an M8-3301 s p e c t r o m e t e r ,  while the h igh- reso lu t ion  m a s s  s p e c t r a  
of VIa,e we re  r e c o r d e d  with a JMS-01-S s p e c t r o m e t e r .  

3 ,3-D~-d-Lupanine .  A 3 - m g  s am p l e  of Na and 20 mg of d- lupanine (IVb) were  d issolved in a mix tu re  
of 3 ml  of absolute  t e t r ahydro fu ran  (THF), 1 ml  of D20, and 1 ml  of C2HsOD , and the solution was ref luxed 
for  6 h, a f te r  which it was cooled and evapora ted .  The res idue  was ex t rac ted  with ch lo ro fo rm,  and the ex-  
t r a c t  was dr ied over  Na2SO 4 and f i l t e red .  The f i l t ra te  was evapora ted  to d ryness ,  and the c rys t a l s  of 3,3- 
D2-IVb , with mp 50 ~ were  used without fu r ther  pur i f icat ion for  the record ing  of the mass  s p e c t r u m .  The 
isotopic pur i ty  of the product  was 97~c D 2, 2~ D1, and 1~ D o analogs.  A s i m i l a r  method was used  to obtain 
3 ,3-D2-~- i so lupanine  (3,3-D2-IVa), with mp 49 ~ (ether),  and 3 ,3-D2-matr ine  (3,3-D2-VIa), with mp 79 ~ 
(petroleum ether) ,  the m a s s  s p e c t r a  of which a r e  p resen ted  in Fig.  2 ( spec t ra  b and d). 

l l ,12 ,13 ,14-D4-Al lomat r ine  ( l l ,12,13,14,D4-VIb) .  A solution of 20 nag of i sosophoramine  IXa in 3 ml  
�9 of ethanol was hydrogena ted  with gaseous deu te r ium over  Raney Ni, a f te r  which the ca ta lys t  was r emoved  
by f i l t ra t ion,  and the f i l t ra te  was evapora ted  (with the addition of acetone) to give 15 mg of a product  with 
mp 105-106 ~ which was used to r e c o r d  the m a s s  s p e c t r u m  (Fig. 2, s p e c t r u m  e). According to the mass  
s p e c t r u m ,  the product  contains 4.3% D 0, 5.4% D 1, 7.5~0 D 2, 40.8% D 3, 20.5Tc D4, and 21.5~c D 5 analogs .  The 
p r e s e n c e  of the D5 product  is evidence for  par t i a l  deuter ium exchange of one of the hydrogen atoms of the 
A - C  r ings  in the hydrogenat ion ove r  Raney Ni. This effect  has been prev ious ly  obse rved  [12]. 

3 ,3-D~-Pachycarp ine  (3,3-D2-Ia).  A solution of 14 mg of 3,3-D2-d-lupanine in 1 ml  of THF was added 
dropwise  to a suspens ion  of LiA1H 4 in absolute THF, and the mix tu re  was ref luxed for  3 h.  It  was then 
cooled, and the LiA1H 4 was decomposed  with ethyl ace ta te .  The mix tu re  was f i l tered,  and the f i l t ra te  was 
evapora ted  to give 3 ,3-D2-pachycarpine  , the mass  s p e c t r u m  of which is p resen ted  in Fig.  1 ( spec t rum b). 
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