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Aphyllic acid (AA) (I) possesses  bronchospasmolyt ic  proper t ies  [1], inhibits the t ransmiss ion  of impulses 
f rom the vagus nerve to the hear t  [2], and attenuates the toxic action of anticholinesterase substances [3]. In 
the present  paper  we give the resul ts  of the synthesis  of a number of derivat ives of AA containing functional 
groups charac ter i s t ic  for spasmolyt ic  drugs [4]. The compounds synthesized were derivatives at the nitrogen 
atom and at the carboxyl group. When AA was condensed with diethylaminoethanol in the presence of thionyl 
chloride, the main product  formed was aphylline (75%), and the yield of the diethylaminoethyl es te r  of AA (II) 
did not exceed 25%. 

To increase its yield, (II) was synthesized f rom thefl-chloroethyl es te r  of AA (HI). The action on (HI) of 
diethylamine in an autoclave at  120-140°C formed (II) (yield 30-35%). The B-chloroethyl e s t e r  of AA (Ill) was 
obtained by the action of dichloroethane on the sodium salt of AA in the presence  of methanol (10:1) .  Yield56~.  

The condensation of N-methyl-AA with diethylaminoethanol and with piperidine in the presence  of thionyl 
chloride gave the fl-diethylaminoethyl e s t e r  of N-methyl-AA (IV) and N-methylaphylloylpiperidine (V), respec-  
tively. The condensation of N-ni t roso-AA with fl-diethylaminoethanol and with piperidine in the presence  of 
phosphorus pentoxide at 130-140°C [5] yielded the fl-diethylaminoethyl e s t e r  of N-ni t roso-AA (VI) and N-ni t ro-  

1. Rt=H; Rs=OH; 
II. Rt=H; R2=OOt=CI'I2N (G~HDs 

111. Rt=H; R==OCH~CHtCi; 
IV. RI=CH3; Ra=OCH2CH~N (C2H~)~ 
V. RI=CH~" R~=NC, sl'Ilo 

VI. Rt=NO" 'R:=OCH._CH:N (C2H~)~ 
VII. RI=N()'; R=--NC~HIo 

TABLE 1 

Compound 

Diethylamlnoethyl esmr of 
AA (ID 

8-Chlomethyl ester of AA 
(III) 

Dlethylaminoethyl ester of 
N-methyl-AA (IV) 

N- Methylaphy lloylpipcr- 
idine (V) 

Dierhylaminoethyl ester of 
N- mtroso-AA (VI) 

N- nit ros oaphFlloylpiperi- 
dine (VII) 

Empirical for- 
mula 

CmH~N~Z)2 

C17H2~N~C[O~ 

mp,°C 

69 - 70 

bp, °C 
(mm) 

19~8~197 

C.~.~H,tN302 

C~,H~N~O 

C..., }l ~sN,03 

144--142 

R; t%'; 

0,31 

0,50 

-- 0,47 

 r,221074 

*TLC,  sys tem 1, acetone; PC, sys tem 2, bu tano l -ace t i c  a c i d -  
water (100 : 13.5 : 27). 
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soaphyUoylpiperldine (VII). The phys icochemica l  constants  of the compounds obtained a r e  given in Table  1. 
The r e su l t s  of the pharmaco log ica l  invest igat ion will be published separa te ly .  
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The alkaloid lindelofine is widely dis t r ibuted in plants of the family  Boraginaceae  and has been detected 
in va r ious  spec ies  - Rindera  cyelodonta,  L indelofia anchusoides ,  L~ s tylosa~ and o thers  [1-4]. 

The exis t ing method of obtaining lindelofine by ext rac t ion  with ch lo ro form is compara t ive ly  laborious 
and uses  la rge  amounts of expensive solvent .  

We have studied the poss ib i l i ty  of  using ion-exchange res ins  for  the isolation of the alkaloid lindelofine 
f rom aqueous ex t r ac t s  ot  the epigeal  p a r t  of L. anehusoides and, in pa r t i cu la r ,  the p r o c e s s e s  of  the extract ion,  
sorpt ion,  and desorpt ion of the combined alkaloids.  Exper iments  have shown the economic des i rab i l i ty  of  using 
water  to ex t rac t  the alkaloids,  the sorpt ion  of  the l a t t e r  on KU-1 cat ion-exchange res in ,  and the desorpt ion of 
the alkaloids f rom the r e s in  by a 2% solution of ammonia  in 80% ethanol.  

The comminuted  raw ma te r i a l  (50 kg), col lected on April  4, 1974 in Chimgan (Tashkent oblast) in the 
budding phase  was charged  into a ba t te ry  of two e x t r a c t o r s  and was ex t rac ted  continuously with water .  The 
aqueous e x t r a c t  of the alkaloids was pa s sed  through a ba t te ry  of a d s o r b e r s  consis t ing of four columns filled 
with KU-1 ca t ion-exchange res in  in the H fo rm (2.2-2.5 kg each).  The ra t e  of flow of the ex t rac t  was 600-700 
l i t e r s / h ,  m 2. 

After  the complete  ext rac t ion of the alkaloids f rom the raw ma te r i a l ,  they were  desorbed f rom the cat ion- 
exchange res in  with a 2% solution of ammonia  in 80% ethanol. The ra te  of flow of the eluent was 200 l i t e r s / h .  

9 
m-. The ethanolic solution was concent ra ted ,  the aqueous res idue  was made alkal ine with 25% ammonia  solution, 
and the alkaloids we re  exhaust ively  ex t rac ted  with ch loroform.  The N-oxide fo rms  of the alkaloids were  r e -  
duced with zinc dust and ex t rac ted  with ch lo ro fo rm.  The ch lo ro form ex t rac t  was concentra ted  in vacuum to d ry-  
ness .  This gave 1511 g of combined alkaloids,  o r  302%ofthe weight of the raw m a t e r i a l .  

F r o m  the combined alkaloids by t rea tment  with acetone we isolated 702 g of  lindelofine with mp 105-106°C 
(1.4% of the weight of the raw mate r ia l ) .  

Thus,  we have developed a s imple  and economical ly  favorable  method of obtaining lindelofine f rom the 
epigeal  pa r t  of L. anchusoides and have es tabl i shed the epigeal pa r t  of this plant in the budding s tage  as a bas ic  
source  for  the product ion of l indelofine.  
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