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The quanti tat ive and qualitative composi t ion of the alkaloids in plants of the genus The rmops i s  de-  
pends marked ly  on the vegetat ion per iod [1]. We have begun to invest igate  the epigeal pa r t  of the plant  co l -  
lected in the environs of the vi l lage of Ulakhol, Kirgiz  SSR (southern shores  of Lake I s syk-Kul ' )  at the 
beginning of the vegetat ion period.  A distinguishing fea ture  of this plant  is its high content of ex t rac t ive  
subs tances  which does not pe rmi t  it to be ext rac ted with water  using cat ion-exchange r e s ins  [2]. 

Chloroform extract ion yielded 4.14% of combined alkaloids.  Repurif icat ion showed that m o r e  than 
J % consisted of substances  of nonalkaloid nature.  The alkaloids p r e s e n t  in l a rges t  amount a re  t he rmop-  
sine, cytis ine,  paehyearpine ,  and N-methylcyt i s ine .  In o r d e r  to isolate  these components,  the combined 
alkaloids were  sepa ra ted  into ethereal ,  benzene, and ch lo ro fo rm fract ions .  

The pachycarp ine  pas sed  into the ether ,  f rom which it was readi ly  prec ip i ta ted  in the f o r m  of the 
perch lora te .  The total amount  of pachycarp ine  in the combined alkaloids was 14%. 

The the rmops ine  (35%) was also obtained f r o m  the e thereal  fraction,  by concentrat ion.  The cyt is ine 
was found mainly  in the benzene and chloroform.  To de te rmine  the amount of cyt is ine present ,  pa r t  of the 
combined alkaloids was separa ted  by a published method [3] and the yield of cyt is ine  was found (30% of the 
total). 

The e therea l  f rac t ion  was separa ted  in detail.  After  the main alkaloids had been removed,  the 
mother  l iquor yielded N-methylcy t i s ine  and a licfuid base  with the composi t ion CijH20N20, optically active,  
giving a c rys ta l l ine  pe r ch lo ra t e  and picra te .  A study of its II~, mass ,  and NMR spec t ra ,  and also the r e -  
sults  of a compar i son  of its phys icochemical  p rope r t i e s  showed that the alkaloid was s imi l a r  to rhombi fo-  
line [4]. Because  we had no authentic sample  and some  of the constants did not agree  with those  given in 
the l i t e ra tu re ,  it was imposs ib le  to identify the substance definitively. Consequently, we p repa red  the 
dihydro base  and compared  it with the N-butylcyt is ine f rom cytisine.  By de te rmin ing  the melt ing points 
of mix tu re s  and by compar ing  the IR spect ra ,  the pe rch lo ra t e s  were  shown to be identical.  

When the components  of the e therea l  mothe r  so lu t ionwere  separa ted  with r e s p e c t  to their  bas ic i t ies ,  
the s trongly bas ic  f rac t ion  yielded two crys ta l l ine  bases  with mp 235 and 154-155 ° C. The la t te r  was opt i-  
cal ly act ive and had the composit ion CljH26N20 (both ni t rogen a toms being t e r t i a ry )  and gave a c r y s t a l -  
line methiodide and dipicra te .  Since the given constants  differed f rom those of known alkaloids, we have 
called it t he rmopsamine .  In o rde r  to de te rmine  the nature  of the hydroxy group, the base  was subjected to 
Oppenaner  oxidation, giving a ketone in the IR spec t rum of which there  was an absorpt ion band at 1720 
cm -1. To es tab l i sh  i ts  bas ic  skeleton, the alkaloid was heated with phosphorus  pentoxide. A mixture  of 
three  anhydro products  was obtained. Although the mix ture  was difficult  to s epa ra t e  and the f i r s t  product  
eluted on chromatography  on a column of alumina changed into a d i f ferent  compound af ter  concentrat ion 
and standing [5], neve r the l e s s  the NMR spec t rum of this product  exhibited signals  of olefinic protons  in 
the 5 -6 -ppm region.  The catalyt ic  hydrogenation of this mix tu re  in the p resence  of Pt yielded spar te ine  
and ~ - i sospa r t e ine .  Consequently, the rmopsamine  is a hydroxy der iva t ive  of the spar te ine  s e r i e s .  The 
oxidation of the alkaloid with po ta s s ium fe r r i cyan ide  fo rmed  an amide with mp 221 ° C; its IR spec t rum 
exhibited absorpt ion bands of an amide carbonyl at 1645 em -1 and of a hydroxy group at  3430 cm -~ . 
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The results of a comparison of the mass spectra  of this amide and of 17-oxosparteine showed that 
there is a hydroxy group in ring D. The mass and IR spectra of thermopsamine and of 13-hydroxyspar- 
teine agreed completely [6, 7]. Thus, thermopsamine is the optical antipode of the 13-hydroxysparteine 
obtained by the reduction of hydroxylupanine. 

EXPERIMENTAL 

Chromatography was performed with type KSK silica gel, neutral alumina, and type M ["slow ~] paper 
of the Volodarskii Leningrad Mill, and the following solvent systems: I) chloroform-methanol (4 : I), 2) 
chloroform-benzene-methanol (5 : 4 : I), and 3) isobutanol-eone. HCl-water (I00 : 13 : 27). The spots 
were revealed with Dragendorff's reagent. 

The epigeal part of the plant (120 kg) was moistened with 8% ammonia and treated with chloroform 
until the alkaloids had been extracted completely. The extract was treated with 5% H2SO 4. The acid solu- 
tion was made alkaline with cone. ammonia and the free bases were extracted with chloroform. This gave 
4.97 kg of combined alkaloids (4.14%). They were dissolved in 6 liters of 5% H2~K) 4 and the acid solution was 
washed with ether, made alkaline to pH ~ II, and exhaustively extracted with ether (2124 g), benzene (500 
g), and chloroform (980 g). 

Substances were detected with IRf (system I) 0.05, 0.3, 0.7, 0.81, 0.87, and 0.92 (ethereal fraction), 
0.05, 0.3, 0.69, (max), and 0.82 (benzene fraction), and 0.3 (max), 0.69, 0.82 and 0.87 (chloroform fraction). 

Thermopsine. When the ethereal extract was concentrated and the residue was triturated with ace- 
tone, 443 g of thermopsine with mp 203-206 ° C was obtained. 

Pachyearpine. The mother liquor after the separation of the thermopsine was mixed with ethanol, 
and perehloric acid was added to pH 6; the crystalline perchlorate of pachycarpine with mp 169-170° C 
deposited immediately (557 g). The residue from the mother li0uor was recrystallized from water, giving 
an additional 70 g of panhyearpine perehlorate. 

N-Methylcytisine and Bhombifoline. The mother li0uor from the perehlorates, after the water had 
been driven off, was treated with acetone. This gave 620 g of a mixture of perchlorates with l~f 0.92 (rain), 
0.87, and 0.7 (max). This mixture could not be separated according to differences in the solubilities of the 
salts and the bases. Consequently, 405 g of the saltswere converted into the bases (260 g) and these were 
dissolved in 1.3 liter of 5% H2SO 4 and separated according to their base strengths into five fractions. 
Of the first fraction, 6 g was passed through a column of silica gel (180 g). The chloroform eluate yielded 
0.2 g of rhombifoline in the form ofviseous, rapidly darkening oil, [a]D - 151° (e 0.6; chloroform), IRf 0.92 
(system 1). Its perchlorate had mp 232-234° C and its picrate mp 139-141 ° C. IR spectrum, Vma x, cm-l: 
978, 1468, 1554, 1660. Mol. wt. 244 (mass spectrometry; the 100% peak was M-41). The second to fifth 
fractions yielded 200 g of N-methylcytisine. 

Base with mp 235 ° C and Thermopsamine. The alkaloids in the mother liquor from the perchlorates 
of the ethereal fraction, after the separation of the alkaloids mentioned above, were converted into the 
bases (602 g). These were dissolved in 5.5 liters of 2.5% H2~) 4 and, with the addition of 35-mi portions of 
10% caustic soda, were extracted with chloroform. A total of 31 fractions was obtained. Fractions 1-7 
contained practically no alkaloids. Fractions 8-17 yielded 85 g of thermopsine perchlorate (from acetone). 
Fractions 18-20 gave 80 g of paehyearpine perehlorate. By the treatment of fractions 20-28 with a mixture 
of ether and acetone, 52 g of cytisine with mp 151-153°C was isolated. When fraction 29 was triturated with 
acetone, colorless crystals deposited with mp 235 ° C, [a]D + 121"8° (c 1.0; chloroform), Rf 0.3 (system I). 

Since fractions 30-31 could not be separated by means of the differences in the solubilities of the 
salts, they were separated into water-soluble and water-insoluble components. The aqueous solution was 
made alkaline and extracted with petroleum ether, ether, and chloroform. On concentration, the petroleum 
ether and ether fractions deposited colorless needles with mp 154-155 ° C, [~]D + 26"4° (c 0.9; ethanol), Rf 
0.05 (system I), 0.2 (system 2), and 0.4 (system 3). IR spectrum, Vmax, cm-l: 3370 (OH group) and 2680- 
2800 (trans-quinolizidine). No absorption in the UV region. Mol. wt. 250 (mass spectrometry). Yield of 
technical thermopsamine 4 g. The substance forms a dipicrate with mp 130-131 ° C and a methiodide with 
mp 244-246° C (decomp.). 
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Cytisine. When the benzene f rac t ion  was  concentrated and the ch lo ro form frac t ion  was t rea ted  with 
benzene and acetone, 420 g of cyt is ine with mp 151-153 ° C, R f  0.3 ( sys tem 1), 0.23 ( sys tem 3) was isolated. 

N-Butylcyt is ine.  Rhombifoline (0.05 g) was hydrogenated in ethanol ove r  0.0261 g of P rO  2 for  10 
rain. The amount of hydrogen absorbed was 4.7 ml. The solution was sepa ra ted  f r o m  the c a t a l y s t .  The 
pe rch lo ra t e  of the product  gave no depress ion  of the melt ing point with an authentic sample  of N-  
butylcytis ine.  

Dehydration of Thermopsamine .  Thermopsamine  (0.5 g) was mixed with sand, and 8 g of P20~ was 
added and the resu l t ing  mix tu re  was heated at  170-180 ° C fo r  2.5 h. Then it  was decomposed with ice, 
made alkaline, and ex t rac ted  with ether .  The mix ture  of products  (0.35 g) with R f  0.9, 0.6, 0.4, and 0.2 
(initial) ( sys tem 2) was passed  through A1203 , and pe t ro leum e t h e r - e t h e r  (10 : 1) eluted (fraction 1) 40 mg  
of a base  with R f  0.9 which, on standing, fo rmed  a subs tance  with R f 0.6 (~ 50% of the original),  and then 
pe t ro leum e t h e r - e t h e r  (4:1  and 1 : 1) eluted (fraction 2) 0.98 mg of a mix ture  of bases  with R f  0.6 and 0.4 
( sys tem 2). The hydrogenat ion of the mix tu re  of anhydro products  fo rmed  ~ - i so spa r t e ine  and spar te ine ,  
which were  identified by means  of their  R / v a l u e s  in th ree  sys t ems .  

Oxidation of Thermopsamine .  A solution of 100 mg .of the base  in 3 ml  of 3% HCI was t rea ted  with 
1.3 g of K 3 [Fe(CN)6] and lef t  at  room t e m p e r a t u r e  for  2 days.  After  alkalization with NaOH, the products  
were  ex t rac ted  with ch loroform.  The resul t ing amide had mp 221 ° C, R f  0.6 ( sys tem 1). Yield 75%. 

Oppenauer  Oxidation. In a cu r r en t  of ni t rogen at 5 ° C, 0.2 g of the rmopsamine  in 10 ml  of absolute 
benzene was added to a mix tu re  of 0.6 g of f resh ly  sublimed po tass ium ter t -butoxide,  10 ml  of absolute 
benzene, and 0.4 g of f luorenone.  The mix ture  was lef t  at  room t e m p e r a t u r e  for 5 h and was then t r ea ted  
with acet ic  acid, made  alkaline,  and ext racted with ether .  The resul t ing mixture ,  with Rf  0,2 (initial) and 
0.6 ( sys tem 2) was pa s sed  through a column of s i l ica  gel. IR spec t rum of the product: 1720 cm -1 

(<°) 
Reduction. Red phosphorus  was added to a solution of 100 mg of t he rmopsamine  in 1 ml  of acet ic  

acid and 2 ml  of HI, and the mix ture  was boiled in an air  bath for  about 40 h. Then the react ion  mix ture  
was chromatographed  on pape r  in s y s t e m  3, giving spots with R f  0.4 and 0.67, the R f  value of the initial 
substance being 0.4 and that of pachycarp ine  0.65. 

Chlorination of Thermopsamine .  With cooling to -10 ° C, f resh ly  dis t i l led SOC12 was added to a solu-  
tion of 0.2 g of the base  in 2 ml  of dry  pyridine.  The mix tu re  was left  at  room t e m p e r a t u r e  for  3 h and was 
then heated in the water  bath  with a ca lc ium chloride tube for  4 h. Yield 30 rag. The produc t  was shown 
to be  identical  with pachycarp ine  by its R f  values in th ree  sys t ems .  

S U M M A R Y  

The plant  T h e r m o p s i s  lanceolata  is r i ches t  in cyt is ine and pachycarp ine  at the beginning of the vege-  
tation period,  which m a k e s  it poss ib le  to obtain these subs tances  f r o m  a single r aw  ma te r i a l  s imul taneous-  
ly. The rmopsamine  has been shown to be the optical  antipode of the 13-hydroxyspar te ine  obtained by the 
reduction of hydroxylupanine.  
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