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Continuing an investigation of the alkaloids of Sophora alopecuroides [1], we have studied the epigeal 
par t  of this plant col lected by I. A. Gubanov in Central  Asia (at the village of Tyul 'kubas) on August 8, 1966 
in the f ru i t -bear ing  stage. The combined alkaloids obtained by the usual dichloroethane method (2. 570 ) we re 
separated into weakly and strongly basic f ract ions .  The following alkaloids were ex t rac ted  f rom the weakly 
basic f ract ion with various solvents in combination with chromatography on alumina: sophoridine, cytisine, 
and three unknown bases  (III with the composit ion ClaH18N202, IV with the composit ion C15H24N202, and VI 
also with the composit ion ClsH24N202). F ro m  the strongly basic f ract ion we obtained sophoridine, cytisine, 
and baptifoline (V). This is the f i r s t  t ime that the alkaloids cytisine and baptifoline have been isolated f rom 
this plant. 

The IR spec t rum of the base (ilI) shows absorption bands at 3500 and 3700 cm -1 {free and bound al- 
coholic hydroxyls) and 1660 cm - i  (a, fl, T, 6-unsaturated lactam carbonyl).  The mass  spec t rum of this base 
contains peaks with m/e  234 of M + (9%) and 203 (100%) and also 160 (20g0), 146 0470), 117 (7~), 88 (49~) 
and 58 (8470). In the nature of its f ragmentat ion it r esembles  the mass  spec t rum of methylcyt is ine [2] (peaks 
of f ragments  with m / e  160, 146, 117, and 58) but differs f rom it by the fragmentat ion peaks with m /e  88 
and 203. The difference of 30 ainu between the peaks with m / e  in the mass spec t rum of the base (III) and 
m/e  58 [CH 2 = N (CH3)2] in the mass  spec t rum of methylcytisine shows the presence  of an additional CH20 
group in the f ragment  with m / e  88. In addition, the peak with m /e  203 (M-31) shows the elimination of a 

CHaO group. Since, according to its NMR spectrum, the base (ill) has a N-CH~-CH2OH group (a-CH23.40 
ppm, t, e j = 1 2  Hz, 2H; fl-CH a 2.35 ppm, t, e j = 1 2  Hz, 2H) it must  be ascr ibed the s t ruc tu re  of N-hydroxy- 
e thylcyt is ine.  Thus, this compound is an ar tefac t  and is formed f rom cytisine during the dichloroethane 
extract ion.  

The IR spec t rum of the base (IV) (Fig. 1) shows absorption bands at 3620 cm -1 {free hydroxyl), 2180 
cm -1 (trans-quinolizidine),  and 1620 cm - i  (lactam carbonyl).  The mass spec t rum of this base contains the 
peaks 264 M + (78g0), 263 ( M - l )  (100g0), 205 (31%), 193 (26%), 166 (3770), M - 1 7  (10g0) and others .  T h e p r e s -  

ence of the M--1 peak, and also the nature of the 

~ 0 (  ! i ~  L ~ ' / ~ j S ~ j  fragmentation,  makes it possible to assign the base 
~. 80 (IV) to the alkaloids of the matr ine se r i e s  [4], with 

a different configuration at C 6 f rom sophoridine, 

ea 
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Fig. 1. IR spec t rum of the base (IV). 

for  example,  where M - 1  likewise represen ts  100°70 
[5]. Its molecular  peak differs  f rom that o fsophor i -  
dine by 16 mu; i.e.,  it also shows the presence  of a 
hydroxy group in it. The IR spect rum of (IV) is ex- 
t r emely  s imi la r  to that of sophoridine, differing 
f rom it only by an additional adsorption band at 3620 
cm -~ (OH group). Fu r the rmore ,  its spect rum differs 
f rom the spec t ra  of other  known i somers  of the 
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TABLE 1 

Substance 
M+ 

Ma~ine { 248 
(100) 

The base (IV) { 264 
(78) 

rn]e (% intensity) 

247 
(98,7) 
24-7 

(1oo) 
263 

(I0O) 

d g 

205 177 
[77,6 (23,5) 
205 177 
(25) (19,3) 
205 193 
(3D. (26) 

150 
(14,6) 
150 
(37,5) 
166 
(37) 

96 
(37,5) 

96 
(37) 
112 
(26) 
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Fig. 2. F ragmen t  of the NMR spec t rum of the 
O-ace ty l  der iva t ive  on the base  (IV) [the double 
resonance  s p e c t r u m  with the f requency of an 
additional rad iof requency field cor responding  
to the chemica l  shift of the H - C - O A c  proton 
(4.82 ppm) is shown at the top]. 

ma t r ine  alkaloids [6]. The fact  that the alkaloids be -  
long to the sophoridine s e r i e s  is also shown by the 
nea r  coincidence of the optical  ro ta to ry  d ispers ion  
curves  that we have obtained for  these two alkaloids,  
which have a smooth negative c h a r a c t e r  in the 600- 
300-nm region.  On compar ing  the m a s s  spec t r a  of 
mat r ine ,  sophoridine [4, 5], and the base  (IV) (Table 1) 
it can be seen that the peaks  cor responding  to the 
f r agments  g, i, and o containing r ings  A and B are  
shifted by 16 m a s s  units in the case  of the base  ffV). 
Consequently,  these f ragments  contain the hydroxy 
group, while, as can be seen f r o m  Table 1, the c o r -  
responding f r agmen t s  of both alkaloids p o s s e s s  s i m i -  
l a r  intensi t ies .  According to S. Iskandarov,  S. Yu. 
Yunusov, et al.  [4, 5] the ion with m / e  205 in the m a s s  
spec t r a  of the ma t r ine  alkaloids is fo rmed  by the 
e l iminat ion of the C 3, Ca, and C 5 carbon a toms f r o m  
rings A and C and has the s t ruc tu re  d. 

HaC 

HO 

H O ~ N ~ , t '  d 
+ 

HO + HO~+N~ HO ~CH 2 

g i o 

The m a s s  spec t rum of the base  (IV) and that of 
its O-ace ty l  der iva t ive  [rn/e 306 M + (21%), 305 M - 1  
(20%), 246 M - 6 0  (100%), 231 (17%), 218 (22%), 205 

(6%), 190 (18%), 148 (27%), 134 (22%), 96 (14%), 84 (13%), 69 (13%), 55 (24%)] a l socon ta ln  this ion, which p e r -  
mi ts  the hydroxy group to be located in the f r agmen t  that is e l iminated.  However,  in the m a s s  spec t rum of 
the acetate  of the base  (IV), Lhe s t ronges t  peak is the ion with m / e  246 (M+-60),  due to the split t ing out of 
acet ic  acid with the fo rmat ion  of a double bond in ring A, which p reven ts  fu r the r  decomposi t ion with the 
fo rmat ion  of ion d with m / e  205, and the re fo re  the l a t t e r  has a low intensity (6°70). 

The posit ion of the hydroxyl was de te rmined  f rom the NMR spec t rum of the O-ace ty l  der ivat ive  of 
the base  (IV). The signal of the proton geminal  to the acetoxy group appears  in the f o r m  of a mul t ip le twi th  
i ts  cen te r  at 4.82 ppm. The sum of the s p i n - s p i n  coupling constants  (25 Hz) shows that the proton under  
cons idera t ion  is axial and has two methylene groups in the ~ posit ion.  It  was shown by the double resonance  
method (Fig. 2) that the spec t ra l  p a r a m e t e r s  of one of these methylene groups a re  as follows: 63=2.43 ppm, 
6 e = 2.65 ppm, J g e m  = 13.2 Hz, Jaa  = 6.2 Hz, J e a = 2 . 1  Hz. The values of the chemical  shifts show the loca -  
tion of this group adjacent  to the n i t rogen atom, and the nature of the split t ing of the signals excludes the 
p resence  of additional vicinal protons .  Thus,  the NMR spec t rum shows that the hydroxy group is located 
in posi t ion 3 (ring A) or  9 (ring B). However,  the m a s s  spec t rum pe rmi t s  posit ion 9 to be excluded; con- 
sequently,  to base  (IV) may be a sc r i bed  the s t ruc tu re  of 3a~hydroxysophoridine,  which ag rees  well with the 
biogenetic  scheme connecting the alkaloids of the ma t r ine  and the spar te ine  s e r i e s  [7] 

N 

H0 
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Fig. 3. IR spec t rum of the base  (VI). 

The base  W) with mp 206-208°C, [ ~ ] ~ - 1 4 9  ° 
(c 0.243; ethanol), mol .  wt. 260 (mass  s p e c t r o m e t -  
r ical ly)  was isolated in smal l  amount (0.07 g). The 
nature of its f ragmenta t ion  under e l ec t ron  impact  
shows that this compound is analkaloid  of the spar te ine  
s e r i e s  [2]. In the m a s s  spec t rum of the base  (V) [m/e  
260--M + (59~), M - 1 7  (17%), 160 (20%), 146 (40%), 114 
(100%), 96 (43%), 70 (43~)] the peaks  with m / e  146and 
160 coincide with the peaks of the m a s s  spec t rum of 
anagyrine [2], and the s t ronges t  peak with m / e  114 is 
shifted by 16 ainu (just like M +) as compared  with the 

s t ronges t  peak in the m a s s  spec t rum of anagyrine,  which shows the p resence  of a hydroxyl in ring D. The 
coincidence of the IR spec t r a  of the known alkaloid baptifoline, which contains a hydroxyl in ring D, and the 
base  (V) enabled it to be identified as baptifoline.  

The base  (VI), mp 214-215°C, mol.  wt. 264 (mass spec t romet r i ca l ly ) .  I ts  IR spec t rum (Fig. 3)shows 
absorpt ion bands at (cm -1) 3630 {free hydroxyl),  3400 (bound hydroxyl), 2815 (trans-quinolizidine),  and 1620 
and 1670 (amide carbonyl) .  The m a s s  s pec t r a  of the bases  (IV) and (VI) are very  s i m i l a r  and differ  only in 
the intensity of the peak with m / e  193 [26% for  the base  (IV) and 4270 for  the base  {VI)]. The s imi la r i ty  of 
the m a s s  spec t r a  of these alkaloids shows that  the i r  s t ruc tu re s  are  s imi l a r .  

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

The IR s p e c t r a  were  taken on a UR-10 ins t rument ,  the m a s s  spec t r a  on an MKh-1303 at 100°C with 
an ionizing voltage of 706 V, and the NMR spec t r a  on a Var ian  HA 100D (CDC13,0 -- HMDS). The melt ing 
points were  de termined on a Kofler  block. The analyses  of all the compounds cor responded  to the calcu-  
lated f igures .  

Isolat ion of the Alkaloids. The comminuted herb Sophora alopecuroides  (5.5 kg) was mois tened with 
10% ammonia ,  and the alkaloids were  ex t rac ted  exhaust ively with dichloroethane.  The dichloroethane ex-  
t r a c t s  were  t rea ted  with 10% sulfuric  acid, the acid solution was made alkaline with ammonia ,  and the a lka-  
loids were  ex t rac ted  with chloroform,  which gave 138 g (2.5%) of total  alkaloids.  Th in - l aye r  ch romatog-  
raphy on a lumina [activity grade IV, pe t ro l eum e ther  - diethyl e the r  (1 : 1)-5% methanol sys tem] showed 
the p resence  of about 14 alkaloids.  

Separat ion of the Alkaloids.  The total alkaloids (138 g) were  dissolved in 5% sulfur ic  acid and the 
solution was made alkaline with sodium bicarbonate ,  permi t t ing  the i r  separa t ion  into two f rac t ions  with pH 
6.0 and 8.0. The f rac t ion  with pH 6 (98.7 g) was t r ea ted  success ive ly  with low-boil ing pe t ro leum e ther  
(fraction A), acetone (fraction B), and benzene (fraction C). F r o m  f rac t ion  A, 16.55 g of sophoridine with 
mp 208-210°C was obtained (a mixture  with an authentic sample  of the alkaloid gave no depress ion  of the 
melt ing point, and their  IR spec t ra  were  identical).  Frac t ion  B yielded 0.15 g of the base  (VI) with mp 214- 
215°C (from acetone); mol.  wt. 264 (mass spec t romet r i ca l ly ) .  Frac t ion  C was chromatographed  on aco lumn 
of a lumina (activity grade IV, 1 : 50). Benzene eluted 3 g of sophoridine, and the benzene-5% ch lo ro form 
eluate gave 2.5 g of cyt ls ine with mp 151-153°C, [ ~ ] ~ - 1 0 8  ° (c 0.499; ethanol). A mixture  with an authentic 
sample  gave no depress ion  of the melt ing point, and the i r  IR spec t r a  were  identical.  The combined residual  
benzene- insoluble  alkaloids were  chromatographed  on alumina (activity grade IV, 1 : 50). The ch lo ro form 
eluate yielded 2.27 g (0.042%) of N-hydroxyethyleyt is ine with mp 63-65°C, [ a ] ~ - 1 8 7  ° (c 0.725; ethanol) (hy- 
driodide, mp 249-251°C). NMR spec t rum (CD3OD): C 3 - H  6.33 ppm; C 4 - H  7.37 ppm; Cs--H 6.20 ppm; J ~ =  
9.7 Hz; J ~ = 1 4  Hz; J45=6.9 Hz. 

A chloroform--5% methanol eluate yielded 1.16 g (0.021%) of 3a~-hydroxysophoridine wi thmp 162-164°C, 
[~ ]~ -50 .6  (c 0.555; ethanol), tool. wt. 264 (mass spec t romet r i ca l ly ) .  

Acetylat ion of 3ot-Hydroxysophoridine. A solution of 0.07 g of 3~-hydroxysophoridine in 10 ml of chlo- 
r o f o r m  was t rea ted  with 0.6 ml of acet ic  anhydride, and the mixture  was boiled under  reflux for  4 h. The 
res inous prec ip i ta te  was passed  through a column containing 20 g of alumina (activity grade  IV) and was 
eluted with a mixture  of benzene and ch lo ro fo rm (1 : 1). The c ry s t a l s  of 3a-acetoxysophor id ine  so obtained 
were  r ec rys t a l l i z ed  f r o m  ether ,  mp 145-147°C. NITIR spec t rum (CD3OD): 1.98 ppm (CH3COO). 

The f rac t ion  with pH 8 (32 g), consist ing,  according to th in - l aye r  chromatography,  mainly of cytisine,  
was c rys ta l l i zed .  After  the separa t ion  of the c ry s t a l s  and the i r  repeated  r ec rys t a l l i za t ion  f r o m  acetone, 
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6.65 g of cytisine was isolated (the total yield of cytisine being 8.9 g, 0.16~). The residual part was sep- 
arated on a column of alumina (activity grade IV, 1:50). The benzene eha te  yielded 0.6 g ofsophoridine 
(total yield 20,15 g, 0.37~) and the benzene-5% chloroform eluate,0.07 g of baptifoline with mp 206-208°C, 
[(~]}~-1490 (c 0.263; ethanol). 

SUMMARY 

The epigeal part of Sophora alopecuroides has given 2.5°~ of combined alkaloids, from which sophori- 
dine (0.37°/c), cytisine (0.16%), N-hydroxyethylcytisine (0.042%), baptifoline (0.0013°7o), and the new bases 
(IV) (0.021%) and (VI) (0.0027%) have been isolated; the structure of 3~-hydroxysophoridine has been pro- 
posed for (IV). 
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