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The seeds o f  the cotton plant occupy the second place af ter  soybeans as a source of vegetable oil. In the 
10th F ive -Year  Plan it is proposed to produce more  than 8 million tons of cotton plant f rom which about 5 m i l -  
lion tons of technical  seeds can be obtained. 

The seed of the cotton plant cons is t s  of husk and a kernel  that contains oil, proteins,  phosphatides, phytin, 
carbohydrates ,  tocopherols ,  carotenoids,  s terols ,  and the toxic pigment gossypol,  which is a charac te r i s t i c  
component only of cotton seeds and the amount of which var ies  f rom 0.8 to 2~ of their  weight [1]. 

At the present  t ime, only an edible oil is extracted from cottonseed kernels,  and the residue in the form 
of meal  is fed to cattle. In the existing technology of obtaining oil by using h igh- tempera ture  effects (steaming 
and pressing),  substances still m o r e  valuable than the oil - t h e  protein, phyt ins ,andphosphat ides  - a r e  devalued 
by interacting with the gossypol  and with one another, their  amount falls considerably,  and the food value of the 
meal  is reduced [2]. 

Great attention should be devoted to the use of the protein of cottonseed meal as a supplementary food 
product,  par t icu lar ly  in those regions of the t e r r e s t r i a l  globe where a considerable  deficiency of proteins is 
experienced [3, 4]. In view of this, questions of the composi te  t rea tment  of cotton seeds are  acquiring grea t  
importance - in par t icular ,  a method of d i rec t  extraction which excludes the action of high t emper tu res  on them. 
And while the necess i ty  for  passing to the d i rec t  extract ion of the oil from cotton seeds envisaged by the future 
plan of development of the oils and fats industry is not a mat te r  of doubt at the present  time (cotton seeds  were  
p rocessed  by this method as e a r l y a s  1936) [5, 6], the question of the extract ion of all the components of the 
seeds with the aim of their  complete utilization has not yet  been answered.  

The main fac tor  limiting the production of protein and other  useful substances f rom these seeds is that, 
in the technology for  the production of oil used at the present  time, the gossypol is distributed between the oil 
and the meal. It is eliminated from the oil by alkali refining, the consumption of alkali being 1.5-2 t imes  the 
calculated amount. In the f i rs t  place, this leads to an increase in the loss of oil and, in the second place, the 
toxic gossypol  remaining in the meal  reduces its fodder value. Futhermore ,  under the influence of high t e m p e r -  
a tures  in the p roces s  of roast ing and p repress ing ,  the proteins  of the kernel are  denatured, passing into difficult-  
ly ass imilable  form. The gossypol,  by react ing with the e-amino group of lysine - one of the mos t  important 
amino acids of cotton seeds - reduces  the yield and quality of the protein. 

Another  ser ious  disadvantage of this technological scheme is its incomplete comprehens iveness :  in p a r -  
t icular ,  no use is made of such substances of physiological  value as phytin, the proteins,  phosphatides, t oco -  
pherols ,  and s t e ro l s ,  and even the same gossypol  that today finds independent application. 

Two methods have been proposed to get rid of the gossypol.  The f i rs t  is t heb reed ing  of gossypol - f ree  
var ie t ies  of the cotton plant, but this p roces s  is laborious and lengthy and moreove r ,  in pract ice  these var ie t ies  
have proved not to be res is tant  to any ot d iseases .  The other  method is to extract  the gossypol into the oil and 
remove it f rom the la t ter  by refining and, finally, to  use the method of selective extract ion for  the stagewise 
isolation of the individual components of the seeds. 

In recent  yea r s ,  in o rde r  to obtain edible f lour the development has begun of a method of separat ing the 
gossypol  glands from the protein fract ion of the seeds° The use of so-cal led dry  fractionation, based on the use 
of v ibros ieves  and the aerodynamics  and dielectr ic  proper t ies  of the gossypol  glands has not given the resul ts  hoped 
for  [7]° 
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However ,  if in the wet f rac t ionat ion the hexane-defa t ted  f lakes  a r e  intensively s t i r r e d  with a mix tu re  of 
hexane and t e t r ach lo roe thy lene  (sp. gr .  1.378), the glands f loat  and the pro te in  f rac t ion  of the ke rne l s  sinks.  
Th i s  method is r ecommended  fo r  obtaining gossypol  glands with the a im of the i r  f u r t he r  study [8]. In this way 
it is poss ib le  to isolate  gossypol  glands even f r o m  undefatted ma te r i a l ,  but the oil  f rom this p r o c e s s  re ta ins  
the odor  o f  the t e t r ach le roe thy lene .  

V. P. l~zhekhin et al. [9] have proposed  a mix tu re  of gasol ine  with ca rbon  t e t r ach lo r ide  in a ra t io  of 3 : I 
to s epa ra t e  the gossypol  glands [9]. The resul t ing mea l  contained 0.01% of f r ee  gossypol ,  but the high toxici ty 
of the vapo r s  of the mixed solvent  did not p e r m i t  this method to be  r ecommended  f o r  industr ial  use.  

In o r d e r  to obtain high-quali ty oils  and meal ,  the method of the UdifferentiatedW prec ip i ta t ion  of the g o s -  
sypol glands has  been deve loped  [10] which, in improved fo rm,  has found semi indus t r i a l  use as the Wliquid c y -  
clone ~ [11]. The  method is as follows. The m a t e r i a l  with a mo i s tu r e  content of 2.5-3% is ca re fu l ly  comminuted  
to pa r t i c l e s  of a s ize of 180-300 mesh ,  mixed with hexane in a ra t io  of 1 : 1, and fed into a cyclone where  it is 
s epa ra t ed  into two f rac t ions :  the f i r s t ,  with a high pro te in  content and a lmos t  no f r ee  gossypol  (0.04-0.07%) and 
the second enr iched with gossypol .  

The f i r s t  f rac t ion  can  be used as an edible f lour .  The oil obtained in this  way is light in co lo r  and eas i ly  
ref ined.  However ,  this  method does not solve the p rob lem of the use  of the f rac t ion  enr iched with gossypol .  

Mul le r  e t  al. [12] have proposed  to t r e a t  the second l a y e r  with a sa tura ted  solution of sodium sulfate  
which, while dissolving the prote in ,  does not affect  the gossypol  glands.  In this case ,  to p rec ip i t a te  the d isso lved  
p ro te in  the sodium sulfate  solution mus t  f i r s t  be t r ea t ed  with a l a rge  amount of wa te r .  

One of the mos t  p romis ing  methods,  permi t t ing  the product ion of high-quali ty oil, edible prote in ,  phytin, 
and o ther  subs tances  by the compos i t e  t r e a t m e n t  of cotton seeds  is the s tagewise  isolat ion of the components  of 
the seed. V. P. Rzhekhin et  al. [13] have r ecommended  the p r e l im ina ry  t r e a t m e n t  of the pulp with hydrophil ic  
solvents  which would ex t r ac t  the m a x i m u m  amount of gossypol  and f r e e  fat ty ac ids  and the min imum amount of 
g lyce r ides .  As hydrophil ic  solvent  they se lec ted  dilute ethanol.  

The oil obtained by p r e s s i n g  o r  by gasol ine  ex t rac t ion  f r o m  pttlp t r ea t ed  in this  way and dr ied  in the a i r  
was  light in co lo r  and had an acid n u m b e r  of 0.46-0.8 mg of KOH. 

M a r k m a n  and Rzhekhin [1] cons ide r  that  o the r  alcohols  bes ide  ethanol can be used as  hydrophil ic  solvents .  

A. L. M a r k m a n  et  al. have used aqueous acetone f o r  the p r e l i m i n a r y  t r e a t m e n t  of  cot tonseed pulp in o r d e r  
to ex t r ac t  va luable  components  f r o m  it m o r e  comple te ly  [14-171o They have r ecommended  a two-s t age  e x t r a c -  
t ion of the pulp: the f i r s t  with 70-75% aqueous acetone,  and the second with gasol ine  a f t e r  the e l iminat ion  of 
the acetone and w a t e r  f r o m  the pulp. In these  c i r cums t ances ,  the gossypol  and f r ee  fatty acids pass  into the 
f i r s t  ex t rac t ,  and the g lyce r ides  into the second; however ,  the s t e ro l s ,  caro tenoids ,  and phosphat ides  a r e  d i s t r i -  
buted be tween these  two f rac t ions .  

On vary ing  the wa te r  content of the acetone,  the au thors  found that  when the acetone  concentra t ion was  
ra i sed  f r o m  60 to 80% the amount of gossypol  ex t rac ted  ro se  slowly, while at  a h igher  concentra t ion the amount 
of  gossypol  in the ex t r ac t  fel l  sharply .  The amount  of phosphat ides  in the ex t r ac t  feU, since they a re  insoluble 
in acetone.  

So f a r  as conce rns  the fat ty acids  and neu t ra l  fat, with a r i se  in the concentra t ion  of acetone the i r  so lu-  
b i l i t y d e c r e a s e d .  Within the range  f r o m  0.5 to 1.5 h, the durat ion of the p r o c e s s  has  no apprec iab le  influence on 
the amount  of  components  ex t rac ted .  

The oil and m e a l  obtained by this  scheme  contains p rac t i ca l ly  no f r ee  gossypol .  The acid n u m b e r  of the 
oil was  0.27 mg of KOH and its  co lo r  in a 13.5 c m  l a y e r  was 8 red units .  

Ports [18] has  a lso  used aqueous acetone  fo r  ext rac t ing  gossypol  f r o m  cot tonseed pulp and has conf i rmed 
the r e su l t s  obtained by A. L. M a r k m a n  et al. In addition, Ports showed one m o r e  advantage of the scheme  of 
double ext rac t ion,  which cons i s t s  in a reduction of the toxici ty of such metabo l i t e s  as aflatoxins,  which a r e  
fo rmed  as a resu l t  of the act ivi ty  of the m i c r o o r g a n i s m s  Asperg i l lus  f lavus when the conditions of s tor ing  the 
seeds  a r e  unfavorable .  

The oil and gossypo l  have been ex t rac ted  with 99.9% ethanol [19]. On cooling, the resul t ing  ex t rac t  s e p a -  
ra ted into two l aye r s :  a lower  one containing the oil, and an uppe r  one into which the gossypol ,  phosphatides,  
and suga r s  passed .  
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Ethanol has  been  used as a vegetable  oil ex t rac tan t  in Japan  [20], India, Argentina,  the USA, and o ther  
coun t r i es  [21, 22]. In the Soviet Union, oil and v i tamins  a r e  ex t rac ted  f r o m  wheat  g e r m s  with ethanol [23]. 
The ex t rac t ion  of vegetable  oils  has  been p e r f o r m e d  with a mix tu re  of ethanol and isopropanol  (8 : 2) and a lso  

w i t h  pure  isopropanol  [24]. 

Inves t iga t ions  have been  c a r r i e d  out in which the oil was  ex t rac ted  with acetone; this does  not f o r m  
azeo t rop ic  m i x t u r e s  with water ,  which fac i l i t a tes  its r egenera t ion  [23]. 

Acetone is a solvent that  is s imul taneous ly  lipophilic and hydrophil ic .  This  p rope r ty  of it has been  made 
use  of by Vaccar ino  [25, 26] and a lso  by A. L. M a r k m a n  et  aL [27] fo r  ex t rac t ing  oil and gossypol  f r o m  cot ton-  
seed ke rne l s .  According  to the r e su l t s  of A. L. Markman  et  al. ,  the mea l  obtained a f t e r  ex t rac t ion  with acetone  
contained 0.08-0.14% of f r ee  gossypol .  The o i lwas  ref ined in the m i s c e l l a  with 5% a m m o n i a  solution. The m i s -  
ce l l a  was  prev ious ly  t r e a t ed  with w a t e r  to give an 80% concent ra t ion  of acetone.  Ammon ia  gossypola te ,  soap, 
and a c e r t a i n  amount  of neu t ra l  f a t p a s s e d  into the aqueous  acetone layer .  

B ina ry  m i x t u r e s  consis t ing of gasol ine (85% by v o l u m e ) t o  which 15% by volume of acetone,  d ichloroethane,  
o r  benzene had been added have a lso  been  used for  the combined ex t rac t ion  of oil and gossypol  [27-29]. 

On compar ing  va r ious  solvents ,  Markrnan et al. [28] c a m e  to the conclusion that  "The  bes t  r e su l t s  in r e -  
lat ion to the speed and comple t eness  of  the ex t rac t ion  of gossypol  a r e  obtained by using 70% aqueous acetone  
as ex t rac tan t ,  and the next  be s t  a f t e r  aqueous acetone is dry  acetone,  followed by g a s o l i n e - a c e t o n e  mix tu re ,  n 
They a lso  showed that  gasol ine  is l e s s  sui table  fo r  th is  purpose .  

Good r e su l t s  have been  obtained in the ex t rac t ion  of cot tonseed and soybean f lakes  with b ina ry  mix tu r e s  
consis t ing of n-hexane  and ethanol [30]. 

Inves t igat ions  [31, 32] in which the t e r n a r y  azeo t rop ic  mix ture  of acetone,  hexane, and wa te r  (42.5 -" 55 : 2.5) 
(in some expe r imen t s ,  the hexane was rep laced  by pe t ro l eum ether) was used fo r  the ex t rac t ion  of oil and g o s -  
sypol a r e  interest ing.  Although the mea l  obtained by this method contained insignificant  amounts  of f r ee  g o s -  
sypol, it p o s s e s s e d  an unpleasant  smel l  and, in addition, the separa t ion  of the substances  ex t rac ted  by this  m i x -  
tu re ,  and its regenera t ion ,  were  assoc ia ted  with ce r t a in  diff icult ies.  

At tempts  have been  made to ex t r ac t  the oil  and gossypol  with dichloroethane,  carbon te t rach lor ide ,  and 
t r i ch loroe thy lene ,  but chlor ina ted  organic  solvents  a r e  toxic and c o r r o d e  the appara tus  [33-35], and t he re fo re  
they a r e  unacceptable  in the food industry° 

T h e r e  is also informat ion on the use  of liquefied ga se s  (butane, propane ,  and mix tu res  of them) as solvents  
f o r  oil [23]. 

The ma jo r i t y  o f  the invest igat ions mentioned he re  we re  directec] mainly  to obtaining g o s s y p o l - f r e e  oil and 
to increas ing  the fodder  value of the meat .  

In view of the potent ial  poss ib i l i ty  of using the mea l  as a raw m a t e r i a l  fo r  obtaining edible p ro te in  and 
phytin, we have proposed  in the t r e a t m e n t  of cot tonseed flake by the method of double ext rac t ion,  f i r s t  to ex t r ac t  
the oil f rom it with hexane and then, a f t e r  drying, to t r e a t  it with 70-80% aqueous acetone to ex t r ac t  the gossypol .  

The choice  of this  sequence of solvents ,  the opposi te  of that p roposed  by A. L. M a r k m a n  et  al., is due to 
an a t t empt  to lower  the t e m p e r a t u r e  of dis t i l l ing off the ex t rac tan t s  f r o m  the meal ,  which, in compos i te  t r e a t -  
ment  a f t e r  aqueous acetone ext ract ion,  is sent  fo r  the product ion of edible prote in  and phytin. 

If, however ,  the pulp is f i r s t  t r ea t ed  with aqueous acetone,  for  subsequent ex t rac t ion  of the oil with a non-  
p o l a r  solvent  such as  hexane it mus t  f i r s t  be carefu l ly  dr ied.  The el ininat ion of acetone and wa te r  f r o m  the 
pulp r equ i re s  higher  t e m p e r a t u r e s  and the dis t i l la t ion of dry  hexane f rom it, and a r i se  in t e m p e r a t u r e  is unde-  
s i r ab le  f rom cons idera t ions  of the re tent ion of the pro te in  complex  in the mea l  in its nat ive state.  

Since edible p ro te in  is obtained with the aid of aqueous solutions,  in the proposed sequence of use  of so l -  
vents  the necess i ty  fo r  carefu l ly  drying the mea l  vanishes .  F u r t h e r m o r e ,  in this t r e a t m e n t  of the pulp the edible 
oil does  not come into contact  with acetone which some t imes  contains the toxic methyl  ethyl ketone as  an i m -  
pur i ty .  

In our  exper iments ,  as  a nonpolar  ex t rac tan t  we selected hexane, which ex t rac ted  mainly t r ig lyce r ides .  
Hydrophil ic  solvents  were  aqueous solutions of alcohols  and acetone of var ious  concentra t ions .  F o r  the s imu l -  
taneous ex t rac t ion  of oil toge ther  with some subs tances  accompanying it we used b inary  mix tu r e s  consis t ing of 
hexane and acetone (85 : 15 by volume) and the t e r n a r y  azeot ropic  mix tu re  of acetone,  hexane, and wa te r  
(42.5 : 55 • 2.5) [36]. 
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Thus,  we have studied th ree  va r i an t s  of  the t r e a t m e n t  of cot tonseed flake:  1) twofold ext rac t ion:  f i r s t  
hexane and then aqueous acetone;  2) ex t rac t ion  with b ina ry  solvents;  and 3) ex t rac t ion  with a t e r n a r y  azeo t rop ic  
mix ture .  

With r e s p e c t  to the quality of the oil and meal ,  the durat ion of the p r o c e s s ,  and the consumption of so l -  
vents ,  the b e s t  r e su l t s  we re  obtained by  the scheme  of twofold ext rac t ion.  Incidentally,  A. L. M a r k m a n  et  aL 
have a lso  shown that  the mea l  f r o m  b e n z e n e - a c e t o n e  ex t rac t ion  is in fe r io r  to the mea l  f r o m  acetone ex t rac t ion  
in re la t ion  to the amount  of soluble f o r m s  of p ro te in  contained in it [29]. 

In re la t ion  to t he i r  capaci ty  fo r  ex t rac t ing  f r e e  gossypol  f r o m  petal ,  dehydra ted  solvents  f o r m  the sequence 
acetone > isopropanol  > ethanol [37]. The opt imum concentra t ion  of the solvents  is 70-80%, since a h igher  con-  
cent ra t ion  leads  to a fal l  in the ex t rac tab i l i ty  of the gossypol  because  of a d e c r e a s e  in the deg ree  of breakdown 
of the gossypol  glands.  The op t imum ext rac t ion  t e m p e r a t u r e  is 40°C; at  a h igher  t e m p e r a t u r e  the degree  of 
ex t rac t ion  of the gossypol  and of the phosphat ides  fa l l s  because  of the i r  in teract ion with one ano ther  with the 
fo rma t ion  of gossyphospha t ides  and through the reac t ion  of the gossypol  with p ro te ins .  

In our  e x p e r i m e n t s ,  the ra t io  of m a t e r i a l  and hexane was 1 : 6, and the ra t io  of m a t e r i a l  and aqueous a c e -  
tone was  1 : 8. On ex t rac t ion  with the b inary  mixture ,  the liquid: solid ra t io  was f a r  higher ,  but the  repea ted  
use  of a weak m i s c e l l a  fo r  sprinkl ing the m a t e r i a l  pe rmi t t ed  it to be reduced somewhat .  

Since the ex t rac t ion  p r o c e s s  is affected not only by the cons t ruc t ion  of the appa ra tus  but a lso  by the s ta te  
of the m a t e r i a l  undergoing ex t rac t ion  we have es tab l i shed  the op t imum conditions of i ts  p r e p a r a t i o n  f o r  e x t r a c -  
tion: m o i s t u r e  content  of the ke rne l s  10-11%, t ime  of t he i r  s teeping 2.5 h; th ickness  of the f lake  0.25-0.3 mm,  
mo i s tu re  content of the f lake 4-5% [37]. 

The resul t ing  mea l  contained only 0.02-0.06% of f r ee  gossypol  and 0.8-0.9% of oil, and the yield of p ro te in  
f rom it had r i s en  by 5%, amounting to 20%. 

The ex t rac t ion  of the gossypol  and the ref ining of the oil in the m i s c e l l a  was  p e r f o r m e d  by methods  d e v e l -  
oped prev ious ly  [39]. An aqueous acetone ex t r ac t  was  cooled f i r s t  to +5°C, whereupon the suga r s  deposited.  
On cooling to -15°C the p rec ip i ta te  cons is ted  main ly  of phospha t ides .  Then the ex t r ac t  was  evapora ted  at  35°C 
in vacuum to 50% of its or ig inal  volume pe t ro l eum e the r  was added, and then, with s t i r r ing ,  a sa tu ra ted  solution 
of common  salt .  Af t e r  set t l ing fo r  one hour, two l a y e r s  w e r e  obtained: a lower  l aye r  cons is t ing  of water ,  salt ,  
and a smal l  amount  of  acetone,  and an upper  l aye r  containing pe t ro l eum ether ,  acetone,  gossypol ,  and fatty acids .  

The acetone  was  washed out and regenera ted ,  and the res idual  gossypol  being insoluble in pe t ro l eum ether ,  
p rec ip i ta ted .  

The gossypol  was  isolated f r o m  the h e x a n e - a c e t o n e  m i s c e l l a  by its t r e a t m e n t  with a 3% solution of c a u s -  
t ic  soda in an amount  s t r i c t ly  ca lcula ted  f r o m  the acid number ,  as  has  been  p roposed  by A. L. Markman  et al. 
[40]. The solution of a lkal i  was  t r ea t ed  with 5 g / l i t e r  of sodium hydrosul f i te  to p reven t  the  oxidation of the 
gos sypola tes  [41]. 

Af t e r  the separa t ion  of the lower  l ayer ,  the m i s c e l l a  was sent to the final refining p r o c e s s ,  and the lower  
layer ,  containing the sodium sa l t s  of gossypol  and of the fat ty ac ids  and a ce r t a in  amount  of neu t ra l  oil was  
s epa ra t ed  to i so la te  the oil and was decomposed  with 5% sulfur ic  acid (pit 5). Af te r  settl ing, the uppe r  l a y e r  
containing the gossypol  and fatty acids  was diluted with hexane (1 : 1), and the fat ty ac ids  w e r e  separa ted  f r o m  
the gossypol .  The pur i ty  of the gossypol  isolated f r o m  the aqueous acetone  ex t r ac t  and f r o m  the h e x a n e - a c e -  
tone mix tu re  amounted to 60-65%. 

Thus,  with the s tagewise  ex t rac t ion  of the components  f rom cot tonseed ke rne l s  a high-quali ty oil and a 
m e a l  with a hig h content of nat ive pro te in  and f r e e  f r o m  gossypol  a r e  obtained.  This  m e a l  is a good raw m a t e -  
r i a l  f o r  the product ion of food and fodder  pro te ins ,  edible f lour,  and phytins.  

On compos i te  t r e a tmen t ,  1 ton of cotton seeds  can give 190 kg of oil, 60 kg of prote in ,  12 kg of technica l  
phytin, 3.5 kg of technical  gossypol ,  3.5 kg of sugar ,  0.2 kg of s t e ro l s ,  200 kg of spent pulp, and 500 kg of husks,  
and a lso  phosphat ides  and tocophero ls .  

The ra t ional  fo rmula t ion  of the technological  scheme fo r  t rea t ing  cotton seeds  excludingthe  act ion of high-  
t e m p e r a t u r e s  will enable  the subs tances  ment ioned to be obtained in the nat ive s tate  and to be  used in the na t ion-  
al economy.  
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B I S B E N Z Y L I S O Q U I N O L I N E  A L K A L O I D S  

O. N. T o l k a c h e v ,  E .  P .  N a k o v a ,  
and  R .  P .  E v s t i g n e e v a  

UDC 547.944/945 

D i s t r i b u t i o n  in  N a t u r e  

Bisbenzylisoquinoline alkaloids form a large group of natural bases found in plants of the families of 
MeniSpermaceae, Berberidaceae,  Ranunculaeeae, Lauraceae, Annonaceae, Hernandiaceae, Magnoliaceae, and 
Nymphaeaceae. 

At the present  time, more than 150 bisbenzylisoquinoline bases are  known the structure of which includes 
two benzylisoquinoline fragments connected by one, two, or three ether bonds. The number of e ther  bonds and 
the positions which they link are used as c r i t e r ia  for  classifying these alkaloids. As exceptions, compounds 
are  found with a ca rbon-ca rbon  bond between the benzyl residues for example, rodiasine, ocotine, and til iacorine 

In recent years ,  with the development of instrumental methods ofdeterminiug structure,  and also in con- 
nection with the discovery of a ser ies  of active drugs among bisbenzylisoquinoline alkaloids interest in th i s  
class of natural compounds has risen considerably. The list ofb imolecular  e ther  alkaloids (see Table 1) is not 
limited only to bisbenzylisoquinoline bases. It is constantly being supplemented by new types of bases geneti- 
cally connected with them: benzylisoquinoline-aporphine (see the reviews [120-122]), benzylisoquinoline-proa- 
porphine, bishomobenzylisoquinoline, benzylisoquinoline-benzazpine, aporphine-pavine and others (I-VIII). This 
shows that the chemistry of these alkaloids is far  from being exhausted. 

C h e m i c a l  M e t h o d s  o f  S t u d y i n g  t h e  S t r u c t u r e  o f  t h e  

B i s b e n z y  l i s o q u i n o l i n e  A l k a l o i d s  

The chemical methods of determining the structure of bisbenzylisoquinoline alkaloids consist in the c lea-  
vage of the i r  molecules to give simpler fragments of known structure,  which provides a possibility of determin-  
ing the positions of the substituents and of the ether bridges. For  this purpose oxidation, reduction, Hofmann 
degradation, etc., are used. As a rule, phenol-containing alkaloids are  previously protected by O-methylation 
or  O-ethylation, and are then cleaved into simpler fragments. Quaternary ammonium salts can, where neces-  
sary, be converted into te r t ia ry  bases with a yield of 64-84% by heating them with ethanolamine [127] or with 
sodium thiophenolate [105]. 

All-Union Scientific-Research Institute of Medicinal Plants, and M. V. Lomon0sov Moscow Institute of 
Fine Chemical Technology. Translated from Khimiya Prirodnykh Soedinenii, No. 4, pp. 451-484, July-August, 
1977. Original art icle submitted March 15, 1977. 
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