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F rom the epigeal part  of Thermopsis  lanceolata,  in addition to thermopsamine,  thermopsine,  cytisine, 
N-methylcytis ine,  pachycarpine,  and rhombifoline, we have isolated a base with mp 235°C [1]. The resul ts  
of a molecular  weight determination by a compar ison of osmotic p res su res  [2], by titration, and by m a s s -  
spec t romet r ic  methods has shown that this base possesses  diacid propert ies  and has mol. wt. 488, which 
corresponds  to the resul ts  of e lementary analysis ,  C30H40N402 (perchtorate,  mp 221-222°C, ethanol; picrate,  
mp 203-204°C, ethanol). The IR spec t rum of the alkaloid has absorption bands at 2600-2800 cm -1 showing 
the presence in it of a t rans-quinolizidine grouping, and at 1670, 1645, and 1610 cm -1 (Fig. 1), having some 
similar i ty  to the bands for an a -pyr idone  fragment  but shifted in the high-frequency direction [3]. What 
has been said above shows that the alkaloid is the ances tor  of a new bimolecular  ser ies  of quinoltzidine 
alkaloids. Consequently, we have called it di thermamine (I). The UV spect rum of di thermamine (Xmax 
280 nm, log ¢ 3.61) has no absorption maxima charac ter i s t ic  for a -pyr idone-conta in ing  alkaloids [4]. 

In the mass  spec t rum of (I), the peak of the molecular  ion has a low intensity. The peaks of ionswith 
m/e  146 and 160 confirm the presence  in the alkaloid of a 1,3-disubstituted tetrahydroquinolizone (Fig. 
2a) [5]. 

The noncorrespondence of the spectral  charac te r i s t i cs  can be explained by the conjugation of the a -  
pyridone fragment with other chromophoric  elements.  The ozonolysis of di thermamine formed a product 
identical with that obtained f rom thermopsine.  This shows that (I) is based on thermopsine with a subst i t -  
uent having the composition C15H21N20 in ring A. 

The hydrogenation of di thermamine in glacial acetic acid in the presence  of platinum black Led to the 
formation of a te t rahydro product (III) with mp 274-276°C the mass  spect rum of which showed, in addition 
to the peaks of ions with m/e  160, 161, and 146, peaks of ions with m/e  162, 163, 148, and 149 (Fig. 2c). 
The IR spec t rum of (III) showed an absorption band at 1630 cm -1 (lactam carbonyl) and a weak band at 1680 
cm -1 (double bond). 

When the alkaloid was subjected to catalytic hydrogenation in an ethanolic solution of hydrogen chlo- 
r ide,  3 moles of hydrogen were absorbed and hexahydrodithermamine (VI) with the composition C30H46N402, 
mp 298°C, was obtained. The mass  spec t rum of the lat ter  (Fig. 2c) lacked the peaks of ions with m/e  146 
and 160, and the peaks of ions with m/e  148, 151, 163, 177 which are  charac te r i s t ic  of lupanine and aphyi- 
line [6], had appeared.  

The reduction of (IV) with LiA1H 4 gave an oxygen-free base the mass  spect rum of which had peaks 
with m/e  233,208 (100%), 136, 134, 124, 122, 110, 96, 95, 81. 

Interest ing resul ts  were obtained in a comparison of the mass  spectra  of di thermamine and its hy- 
drogenation products in the region of the molecular  weight of thermopsine.  In the spec t rum of the initial 
alkaloid (I), the peak of the ion with m/e  244, corresponding to M ++ of di thermamine and to M + of ther -  
mopsine, predominates .  In the spect rum of the te t rahydro base, the s t rongest  peak is that of the ion with 
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Fig. 1. IR s p e c t r u m  of d i the rmamine  (KBr). 
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Fig. 2. Mass spec t r a  of d i thermamine  (a), t e t r a -  
hydrod i the rmamine  (b), and hexahydrod i therm-  
amine  (c). 

m / e  246 (48%) r a the r  than that with m / e  244 (22%). Consequently,  the decomposi t ion of d i t he rmamine l eads  
only to the ion of the rmops ine ,  while (III) f o rms ,  in addition to this ion, a f ragment  with m / e  246 to a g r e a t e r  
extent .  In the decomposi t ion of hexahydrodi thermamine  the pat tern  of the s p e c t r u m  changes.  The intensity 
of the peak of the ion with m / e  246 is 100%, but the peak of the ion with m / e  244 has d isappeared .  This  
course  of the f ragmenta t ion  conf i rms  the conclusion that  under  the action of e lec t ron  impact  the d i the rm-  
amine molecule  spl i ts  with the fo rmat ion  of two molecules  of the rmops ine .  In the decomposi t ion of t e t r a -  
hydro-  and hexahydrod i the rmamines ,  however ,  no migra t ion  of hydrogen f r o m  one par t  of the molecule  to 
the other  takes  place ,  since in nei ther  of the spec t r a  was a peak with m / e  248 observed .  Taking this into 
account,  it may be a s sumed  that in the decomposi t ion that  par t  of the molecule  at which the double bond 
a r i s e s  acqu i res  the posi t ive charge .  

The d i the rmamine  molecule  decomposes  even on ord inary  dist i l lat ion in vacuum, giving a quantitative 
y ie ld  of / - t h e r m o p s i n e .  The vacuum dist i l lat ion of t e t r ahydrod i the rmamine  gave a mixture  of t he rmops ine  
and a base  which r ema ined  at the s t a r t  on ch romatography .  
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Fig. 3. NMR spect rum of d i thermamine  
(CDC13). 

What has been said above shows the bimolecular  s t ructure  of the alkaloid. Several variants  of the 
addition of the C15H21N20 moiety to ring A of thermopsine are  possible.  The choice was made on the basis 
of a study of the NMR spect rum of di thermamine (Fig. 3), which has the signals of two olefinic protons 
(doublet at 5 5.75 ppm and doublet at 6.12 ppm). These signals are  in the weak-field part  of the spectrum, 
which shows the presence of a conjugated sys tem in (I). The hydrogens on the double bonds have the ortho 
ar rangement ,  since Jl =J2 =10 Hz. The resul ts  of an integral measurement  of the signals of the protons 
are  also in harmony with the resul ts  of elementary analysis.  

The presence  in the molecule of the alkaloid of three double bonds while there are  signals f rom only 
two olefinic protons permi ts  us to put forward for di thermamine the alternative s t ruc tures  (I) and (/2). 

0 

On comparing the NMR spect ra  of the a -pyr idone-conta in ing  alkaloids, the following values of the 
s p i n - s p i n  coupling constants were found: Jfi ,7=9-10 Hz, and Ja,fl =7.5 Hz [7]. 

In the di thermamine spect rum,  J=10  Hz, and fur thermore ,  it shows long-range interaction (3 Hz), 
which is possible only when a Y proton is present .  Consequently, di thermamine corresponds  to s t ructure  
(I): 3 ' , 4 ' -d ihydro-3 ,5 ' -b i the rmops ine .  

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

Ozonolysis of Dithermamine.  The base (0.3 g) was ozonized in chloroform for 20 h. The products 
were extracted f rom the chloroform with 5% H2SO4, and the extract  was washed with ether,  made alkaline, 
and extracted with chloroform.  The mixture of products (0.180 g) was separated preparat ively on sil ica 
gel in sys tem 1 [1]. This gave 30 mg of c rys ta ls  with mp 227°C having the same Rf values as the product 

of the ozonolysis of thermopsine per formed s imilar ly .  Ill spectrum, cm- l :  1640 \ C= o , 2700-2800. 

Mass spect rum:  M + 194. 

Hydrogenation of (I) in Acetic Acid. The hydrogenation of 0.506 g of di thermamine was performed 
with heating in 17 ml of acetic acid in the presence  of 0.3127 g of PtO 2 for 80 h. After  the separation of 
the catalyst ,  the solution was concentrated,  made alkaline, and extracted with ether and chloroform. The 
resul t ing mixture of four substances was repeatedly separated by means of their  different basicit ies,  and 
then on a column of A1203 (elution with ether,  e t h e r - c h l o r o f o r m ,  and chloroform),  and they were finally 
purified preparat ively on silica gel. In this way, 80 mg of the base (III), 30 mg of the base (IV), and 40 mg 
of the initial alkaloid were isolated. 

Tet rahydrodi thermamine (III). Melting point of the base 274-276°C (decomp.), [~]D+3 ° (c 1.1; chlo- 
roform),  Rf 0.47 (1), no absorption in the UV region. The NMR spect rum lacked signals of olefinic protons.  
The distillation of (III) in vacuum at 280°C (8 mm Hg) gave thermopsine,  this being identified by its R / v a l -  
ues in three sys tems and by its UV spect rum in comparison with an authentic sample,  and also a carbon-  
izing residue which remained at the s tar t  on chromatography and amounted to ~ 50% of the weight of t e t r a -  
hydro base taken. 
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Hydrogenat ion of (I) in an Ethanolic Solution of Hydrogen Chloride.  Di thermamine  (0.1 g dissolved 
in 7 m[ of 2 N ethanolic HCI) was hydrogenated over  0.250 g of PtO 2. After  the appropr ia te  working up and 
purif icat ion,  the initial base  and 70 mg of hexahydrodi thermamine  (IV) with mp 298°C (decomp.),  Rf  0.4 
(1), we re  obtained. The NMR s p e c t r u m  of (IV) lacked s ignals  in the 5-7 ppm region (on the 5 scale) .  The 
IR s p e c t r u m  showed s t rong bands at  1680 and 2680-2800 cm-1. On vacuum dist i l lat ion,  substance (IV) de-  
composed  into two bases  with Rf  0.15 and 0 ( sys t em 3) [1]. 

Reduction of (IV) with LiAIH 4. A solution of 0.1 g of hexahydrodi thermamine  in 12 ml of t e t r a h y d r o -  
furan  was t r e a t ed  with 0.2 g of LiA1H 4. The mix tu re  was heated in the wa te r  bath for  4 h. Then it was de-  
composed,  and the product  was worked up and purified.  The hexahydrodeoxydi thermamine  isolated con-  
s is ted  of an oil r emain ing  at the s ta r t ing  line on chromatography  (1). In its IR s p e c t r u m  the band at  1630 
cm-1 had d isappeared .  

Vacuum Disti l lat ion of (I). The vacuum dist i l lat ion of 0.109 gof d i the rmamine  at 240-250°C (9 m m  
Hg) gave 0.1065 g of a base  with mp 205-206°C, laiD -150°  (c 1; ethanol), Rf  0.7 (1), and 0.0012 g of r e s -  
idue. The base  obtained was identified as the rmops ine  by means  of its IR spec t rum.  

S U M M A R Y  

The epigeal  pa r t  of T h e r m o p s i s  lanceola ta  has yielded a new alkaloid - d i thermamine  - which is the 
f i r s t  r ep r e sen t a t i ve  of a b imolecu la r  s e r i e s  of quinolizidine alkaloids.  As the r e su l t  of a study of the NMR 
and m a s s  spec t r a  of d i thermamine  and its r eac t ion  products ,  and also by its convers ion  into the rmops ine ,  

f 
its s t ruc tu re  has been es tab l i shed  as 3-(A5 - d e h y d r o - a - i s o l u p a n - 5 ' - y i ) t h e r m o p s m e .  
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