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The a lkaloids  of  the plant Ziziphus jujuba Mill. ( family Rhamnaceae) ,  which is widely cul t ivated in the 
south of the Soviet Union, including the cen t ra l  Asian region [1, 2], have not been studied prev ious ly .  F rom the 
l eaves  of the plant  Z. amphib ia  A. Cheval i sola ted the aporphine alkaloid nuciferine [3], f rom the b a r k  of the 
roo ts  of  Z. jujuba the benzyl te t rahydroisoquinol ine  alkaloid coclaur ine  [4], and f rom the l eaves  of Z. mucrona ta  
Willd. N-methy lcoc laur ine  [5] and a number  of peptide bases .  In all the spec ies  of Ziziphus studied, the main 
a lkaloids  were  peptide compounds [6-8]. 

We have inves t igated the l eaves  of Z. jujuba col lected in the Tashkent  oblast  in the per iod of r ipening of 
the frui t  on October  3, 1975. Ord inary  ch lo ro fo rm ex t rac t ion  yielded 0.031% of combined e the r - so lub le  and 
0o017% of combined ch lo ro fo rm-so lub l e  alkaloids.  T r e a t m e n t  of the combined e the r - so lub le  a lkaloids  with 
acetone yielded coclaur ine  (I) [4, 9], which p roved  to be the main component  of the mix tu re  of bases .  The mo th e r  
l iquor  a f t e r  the separa t ion  of the (I) was s epa ra t ed  into phenolic and nonphenolic f rac t ions .  Chromatography  of 
the phenolic f rac t ion  of the combined alkaloids  on a column of s i l ica gel yielded isoboldine [10], norisoboldine 
[11, 12], as imi lob ine  [13], and new base s  which we have cal led juziphiue (II) and juzlr ine  (III). 

Juziphine,  C18H21NO3 (II), is an opt ical ly  act ive  phenolic base  and f o r m s  a c rys ta l l ine  hydrochlor ide.  I ts  
UV s p e c t r u m  [~ max  227, 286 am (log e 4.33, 3.92)] is s i m i l a r  to that  of coclaur ine .  The IR spec t rum of (II) has 
s t rong absorp t ion  bands at 3210-3030 ( -OH) ,  2845, 1245 (-OCH3),  1610, 1590 cm -1 (a romat ic  ring). The m a s s  
spec t rum of juziphine does not show the peak  of the molecu la r  ion but it has the peaks  of~ ions with m/e  192 
(100%), 177, 148, and 107, which a r e  c h a r a c t e r i s t i c  for benzyl te t rahydroisoquinol ine  a lkaloids  with methoxy and 
hydroxy groups  in the isoquinoline and hydroxy groups  in the benzyl  par t  of  the molecule  [14]. 

The PMR s p e c t r u m  of (II) (CDC13) (Fig. la) has the s ignals  f rom a N-methyl  group (2.36 ppm, 3H, singlet),  
a methoxy  group (3.82 ppm, 3H, singlet),  and three  methylene groups  (2.30-3.45 ppm, 6H, multiplet) ,  f rom C1-H 
(4.19 ppm, 1H, quarte t ) ,  and f rom two hydroxylic protons  (5.96 ppm, 2H, broadened singlet).  

Two-pro ton  doublets at 6.35 and 6.99 ppm (J =8 Hz) have been ass igned  to two equivalent  p a i r s  of ortho 
protons  of a p -hydroxybenzyl  substi tuent ,  and two other  one-pro ton  doublets at  6.56 and 6.70 ppm (J =8 Hz) to 
the o r t h o - a r o m a t i c  pro tons  of the te t rahydroisoquinol iue  pa r t  of the juziphine molecule .  Consequently, the 
methoxy group and the seconda ry  hydroxy group may  be p re sen t  e i ther  at G 5 and C~ or  at C~ and C 8. The r e su l t s  
of m e a s u r e m e n t s  of the i n t r amolecu l a r  nuclear  Overhause r  effect  showed that  i r rad ia t ion  with a s t rong  r ad io -  
f requency  field of the protons  of the methoxy group (3.82 ppm) led to a 25% inc rease  in the intensi ty of the doub- 
let at 6.70 ppm. At the s a m e  t ime,  the intensi ty of the second one-pro ton  doublet at 6.56 ppm rema ined  un~ 
changed, but when the methylene pro tons  at C a ( ~  2.3 and ~ 2.7 ppm) were  i r r ad i a t ed  this l ikewise rose  by 21%. 
These  facts  p e r m i t  an umambiguous  a s s ignmen t  of the doublet s ignals  at 6.56 and 6.70 ppm to C 5 - H  and C 6 - t t ,  
r e spec t ive ly ,  and es tab l i sh  the posi t ion of the methoxy group at Cy and of t~e hydroxy group at C6, as is shown 
in the s t ruc tu ra l  fo rmula  of juziphine (II). 

Juz i r ine  CffH15NO3 (II1) is an opt ical ly  inactive c rys ta l l ine  base  spar ingly  soluble in  the usual organic  so l -  
vents .  Its UV spec t rum  [~ m a x  239, 273, 280, 319, 331 nm (log e 4.48, 3.63, 3.63, 3.31, 3.32)] is c h a r a c t e r i s t i c  
for  the benzylisoquinol ine alkaloids and is s i m i l a r  to that  of papaver iue  [15, 16]. The IR spec t rum of the  alkaloid 
has a b road  absorpt ion  band at  3380-3200 cm -1 showing the p r e sence  of hydroxy groups in the molecule .  The 
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Fig. 1. PMR s p ec t rum of juziphine in CDC13 (a) and of 
juz i r ine  in CF3COOH (b). 
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acety la t ion  of (III) with acet ic  anhydride in pyridine gave O,O-diace ty l juz i r iae .  The mass  spec t rum of juzi r ine  
( m / e  281 (M+), 280 (100%), 265, 264, 249, 236, 220, M ++ 140.5) is a l so  c h a r a c t e r i s t i c  for  the benzylisoquinoline 
a lkaloids  [16]. The PMR spec t rum of the alkaloid (CF3COOOH) {Fig. lb) shows s ignals  f rom the protons  of a 
methoxy group (3.82 ppm, 2H, singlet),  a methylene group (4.37 ppm, 2H, singlet),  and eight a roma t i c  protons  
(6.64-7.60 ppm). The facts  given enable juzir ine (HI) to be ass igned  to the benzylisoquinoline alkaloids  and the 
fo rmula  to be developed in the following way: C1GHt0 ( > N - )  (--OCH 3) ( -OH)  2. 

The developed fo rmulas  of juzir ine and coelaurine (1) have the same substi tut ing groups but differ  f rom 
one another  by four hydrogen a toms .  Consequently, it may be a s sumed  that  (III) is t e t radehydrococ laur ine .  
In actual  fact, when coclaur ine  was dehydrogenated over  pal ladium black a base  identical with juzi r ine  was ob-  
tained. Thus,  juzir ine (II1) has the s t ruc ture  of 7 -hydroxy- l - (4 ' -hyd roxybenzy l ) -6 -me thoxy i soqu ino l ine .  

F r o m  the phenolic f ract ion of the combined e the r - so lub le  a lkaloids  of .Corydalis gor t schakovi i  col lected in 
the upper  reaches  of the r i v e r  P s k e m  [17, 18] a base  was isolated with mp 158-159°C (methanol, [a]D +18° (c 
0.33; ch loroform) ,  giving a c rys ta l l ine  hydrochlor ide with mp 230-231°C (acetone). A di rec t  compar i son  of this 
base  with juziphine (TLC, NMR and m a s s  spectra)  showed the i r  identi~y. A mixture  of the hydrochlor ides  of the 
two bases  showed no depress ion  of the mel t ing point. The ORD curve  of juziphine, having two negative Cotton 
ef fec ts  at 241 and 289 nm, p rac t i ca l ly  coincides with that of gor tschakoine [18, 19]. Consequently, the a s y m e t r i c  
cen te r  of juziphine has the R con f i gu ra t i on .  

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

For  ch roma tog raphy  we used KSK si l ica  gel. The UV spec t r a  were  taken on a Hitachi spec t ropho tomete r  
(in ethanol), the IR spec t r a  on a UR-10 spec t ropho tomete r  (molded tab le ts  with KBr),  the m a s s  spec t r a  on a 
MKh-1303 m a s s  s p e c t r o m e t e r ,  and the PMR spec t r a  on a JNM-4H 100/100 MI-Iz ins t rument  with hexamethy l -  
dis i lane as  in ternal  s tandard  (5 scale) .  
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Isolation of the Alkaloids. The a i r - d r y  comminuted leaves of Z...: ju]uba Mill. (25 kg) were wetted with 
10% ammonia  solution and the alkaloids were exhaustively extracted with chloroform.  The ch loroform extract  
was t rea ted  with 10% sulfuric acid. The acid solution was washed with ether  and, with cooling, it was made 
alkaline with a 25% solution of ammonia.  The alkaloids were ext rac ted  f i rs t  with e ther  and then with ch loro-  
form.  This gave 7.8 g of e ther-soluble  and 4.2 g of ch loroform-soluble  alkaloids (total yield 0.048% of the 
weight of the dr ied plant). 

Coelaurine (I). When the combined e ther -so luble  alkaloids were t rea ted  with acetone, 3.2 g of a base was 
isolated. After  crys ta l l iza t ion from methanol, its mp was 218-220°C. A mixture with an authentic sample of 
coclaur ine  gave no depression of the melting point. Thei r  IR spect ra  were identical. 

F r o m  the eoelaurine mother  l iquor by the addition of an e thanolic solution of hydrogen chloride we ob- 
tained 0.38 g of a mixture of hydrochlorides.  Coclaurine hydrochloride with mp 261-263°C {methanol, decomp.) 
was isolated f rom them by fractional  crys ta l l iza t ion f rom methanol. The mother  solution of hydrochlorides 
was evaporated,  the residue was dissolved in water,  the solution was made alkaline with ammonia,  and the 
alkaloids were ext rac ted  f i rs t  with ether  and then with ch loroform {0.41 g). The ethereal  ex t rac t  was t rea ted  
with a 5% solution of caust ic  soda, af ter  which it was washed with water and dried with anhydrous potassium 
carbonate.  This gave 0.40 g of the nonphenolic fraction of the combined e ther-soluble  mater ia l .  The alkaline 
solution containing the phenolic bases  was acidified with hydrochloric  acid, made alkaline with 25% ammonia  
solution, and the alkaloids were ext rac ted  with ether.  

The phenolic f ract ion of the bases  obtained (3.42 g) was chromatographed on a column of sil ica gel, using 
mixtures of benzene and methanol (98 : 2, 95 : 5, and 9 : 1). The benzene -me thano l  (98 : 2) eluate yielded iso- 
boldine (0.25 g), asimilobine (0o16 g), and juziphine (0.05 g). Elution with the 95 :5  mixture gave coclaurine 
(0.22 g) and a mixture of three bases  (1.35 g). When this mixture was rechromatographed  on a column of silica 
gel, juzir ine (0.12 g) and norisoboldine (0.51 g) were isolated. 

Isoboldine, mp 123-125°C (benzene-methanol};  hydroehloride with mp 257-259°C (decomp.). A mixture 
with an authentic sample of isoboldine gave no depress ion  of the melting point. 

Asimilobine,  mp 175-177°C {acetone), [ a ] ~ - 2 1 0  ° (c 0.17; chloroform);  hydrochloride with mp 242-244°C 
(decomp.; acetone). A mixture with an authentic sample of asimilobine gave no depression of the melting point. 

Juziphine (II), mp 158-159 °C (methanol), [a]D + 18° (CHC13), hydrochloride with mp 230-231 ° C (decomp.; 
acetone). 

Norisoboldine, mp 192-194°C (acetone}, [ a ] ~ + 4 2  ° (c 0.2; ethanol}. 

Methylation of Norisoboldine r Norisoboldine was methylated by G r e s s ' s  method, and a crysta l l ine  sub- 
stance was obtained with mp 122-124°C (benzene-methanol)  which gave no depress ion of the melt ing point with 
an authetic sample of isoboldine. 

Juzir ine  (III), mp 203-205°C (acetone); hydrochlor[de with mp 237-239°C (decomp.; acetone). 

Dehydrogenation of Coclaurine. A careful ly ground mixture of 0.1 g of coclaurine,  0.2 g of palladium 
black, and 1 g of naphthalene was heated in a cur ren t  of nitrogen at 205 ° C for 5 h. Then the react ion mixture 
was t rea ted  with chloroform,  the catalyst  was f i l tered off, and the reaction product was ext rac ted  from the 
ch loroform with 5% sulfuric acid. The acid solution was washed with ether  and was made alkaline, and the 
bases  were extracted with chloroform.  The solvent was evaporated off, the residue was dissolved in 5 ml of 
acetone,  and the solution was made weakly acid with an ethaaolie solution of hydrochloric  acid. The c rys t a l s  of 
hydroehlor ide that deposited had mp 235-237°C (decomp.). A mixture with'the hydroehloride of juzirine (III} 
gave no depress ion  of the melt ing point. Thei r  IR spect ra  were identical. 

S U M M A R Y  

Six bases  have been isolated f rom the leaves of the plant Ziziphus jujuba Mill. family Rhamnaceae,  cult i-  
vated in Tashkent: coclaurine,  which has been isolated previously,  and isoboldine, norisoboldine, asimilobine, 
which have been isolated for the f i rs t  t ime,  and the new juziphine and juzir iae.  It has been established that 
juziphine has the s t ruc ture  of 8 -hydroxy- lR- (4 ' -hydroxybeazy l ) -7 -methoxyte t rahydro i soquino l ine ,  and juzirine 
that of 7 -hydroxy-  1- (4 ' -  hydroxybenzyl) -6-methoxyisoquinoline.  

Juziphiae has a lso been isolated from the epigeal par t  of Corydalis  gortschakovii-  
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B I O S Y N T H E S I S  O F  A L K A L O I D S  IN S o p h o r a  a l o p e c u r o i d e s  

Yu .  K. K u s h m u r a d o v ,  K h .  A.  A s l a n o v ,  
K h .  R .  S o h i i t t e ,  a n d  S. K u c h k a r o v  
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The alkaloid composi t ion of Sophora a lopecuroides  L. has been studied by va r ious  w o r k e r s  [1-4]. This  
plant is cha r ac t e r i z ed  by a high content of quinolizidine alkaloids of the matr ine ,  spar te ine ,  cyt is ine,  and 
a loper ine  groups.  

We [5] have es tabl i shed that in S. a lopecuroides  sophoridine, ma t r ine  and sophocarpine,  and sophocarpidine 
a r e  fo rmed f rom lysine or cadaver in~.  It was shown that when shoots were  fed with [1,5-14C]cadaverine the 
propor t ion  of it included in the sophoridine was cons iderably  higher than in the matr ine .  It is obvious that this 
plant spec ies  contains specif ic  enzymes  ensur ing  the format ion  of a A/B,  A/C,  C /D- t rans ,  and B / C - c i s  confo r -  
mat ions  and of r ings B/C in the boat fo rm (sophoridine) that a r e  cons iderably  more  effective than in the case  
of the synthes is  of ma t r ine  (A/B- t rans ,  A / B - c i s ,  B / C - c i s ,  C / D - t r a n s  linkage). 

The schemes  for  the b iosynthes is  of alkaloids known in the l i t e ra tu re  [6], de termined with the aid of 
label led a toms ,  do not explain fine detai ls  of the alkaloid spec t ra  connected with the s te reochemica l  fea tu res  
of b iosynthesis .  In view of this we shall cons ider  how the conformat ional  s tate  of the p r e c u r s o r  of the quino- 
l izidine alkaloids  can affect  the i s om er i c  composi t ion of the alkaloids formed.  In the f i r s t  place,  we may note 
that, depending on the spec ies  of plant within a given family  and its vegetat ion phase,  a l - (amino  acid) - lysine 
- leads to the format ion  of both the l -  and d - f o r m s  of the quinolldizine bases  (for example ,  pachycarpine,  
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