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Abstract - Research works on the isolation, classification, biosynthesis,

and biological  act ivi t ies of quinoline alkaloids from Orixa  japonica

(Rutaceae), done mainly by these authors, are reviewed.
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1.   Introduction

Orixa japonica  THUNB. (Rutaceae) is  one of the materials of the crude drug “JOHZAN”.

Dichroa febrifuga LOUR. (Hydrangeaceae) is also used as a material of a crude drug of the

s a m e  na m e .    I t  s ee m s  t ha t  c u r r e n t l y  th e  l a t t e r  i s  ma i n l y  u s e d  a s  t he   ma t e r i a l  o f

“JOHZAN”. However, it was pointed out that the description of the material of “JOHZAN”

in the literature formerly corresponds to O. japonica.2

“JOHZAN” has been mainly  appli ed  for  symptoms corresponding to malar i a .  For  th is

purpose, the material of the crude drug “JOHZAN” was changed gradually from O. japonica
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to D. febrifuga, which was previously called “KEIKOTSU-JOHZAN”.

As a par t of  a  program on the medicinal  resources of natural  products origin , chemical

research of the crude drug “JOHZAN” was planned.   As a result, research on the chemical

components of O. japonica, one of the materials of “JOHZAN”, was initiated. 

I t  was  e s tabl i shed  tha t  th is  p lant  conta in ed  many  kind s  of  have  been a lk aloids ,  an d,

including our research results, 3 ~ 8  24  different  quinoline alkaloids were reported to  date .

Through this research, we succeeded in the isolation of a quinoline alkaloid which seems to

be an important biosynthetic intermediate of certain quinoline alkaloids, and determined

the absolute stereochemistry of this alkaloid.   Antimalarial and rat small intestine muscle

relaxation activities of some of these alkaloids were investigated.   This review describes

the research works on the isolation, classification, biosynthesis and biological activities of

quinoline alkaloids from Orixa japonica, done mainly by these authors.

O th e r  t ha n  a lk a lo id s ,  be rgap ten ,  xan tho toxi n ,  f r i ede l in ,  i s oa rbo r i no l ,  s pa thu leno l ,

carvomenthol, a-terpineol, a- and b-pinenes, camphene, g-terpinene, limonene, cineol, and

five unidentified compounds were reported as neutral constituents of O. japonica.9

2.   The isolation of quinoline alkaloids from Orixa japonica

Fr om an  inves t iga t ion of  the chemica l  co ns t i tuen t s  o f  Orixa  j apon ica ,  14  q uin ol ine

alkaloids, including 7 new components, were isolated from the stems, roots and leaves of

th i s p lant  ma ter ia l  by us . 3 ~ 8    Thus ,  to ta l ly  24 quinol ine alkaloids,  inc luding 10 othe r

quinoline alkaloids as will be described below, have been isolated from this plant to date.

These 24 quinoline alkaloids can be divided into following four categories.

  1)   Alkaloids in which a C5 unit is combined with the quinoline moiety

  2)   Alkaloids which are generated by cyclizing the C5 unit to the quinoline moiety

  3)   Alkaloids which are generated by the elimination of the C3 unit from the cyclized C5

        unit on the quinoline moiety

  4)   Alkaloids in which a benzene ring is combined with the quinoline moiety

1)   Alkaloids in which a C5 unit is combined with the quinoline moiety

The alkaloids in this category possess a C5 unit combined with a quinoline skelton which

has not cyclized.    Quinoline alkaloids of this category isolated from O. japonica included

dihydroxylunidonine (nororixine, 1),1 0 (+)-orixine (2),1 1 and orixinone (3).1 2    Recently, we

have isolated eight such quinoline alkaloids from O. japonica, i.e., N-demethyl　lunidonine

(4 ) , 4  (+)-isoptelefol id ine (5 ) , 4  isopteleprenine (6 ) , 4  N -methylatanine (7 ) , 5  8-O-methyl-



glycosolone (8); (+)-3'-0-methylorixine (9),13 (-)-preorixine ( lOI3  and pteleprenine (ll).' 

Alkaloids (4)" and (11)" were formerly isolated from Ptelea trifoliata (Rutaceae), and 

alkaloids (7)  and (8) were previously isolated from Almeidea guyanenis (Rutaceae)16 and 

Citrus grandis (Rutaceae),'? respectively. Alkaloid (10) was synthesized previously with 

asymmetric induction." 

NR 2 : R =  AH 6 : R =  4 
0 OCH, 
LO 3: R  = .-;I-- 9 : ~ -  ACH3 

5: R = 10: R  = 2 
OH 

.'-to 

7: R = H  

I3 CH3 8: R  =OCH3 

The quinoline alkaloids &om 0. japonica have two distinctive features. The first is that 

most of these alkaloids possess a methylenedioxy moiety at the C-7 and C-8 positions, and 

the second is that many of the alkaloids possess a methoxyl group at the C-2 position. 

As described subsequently, (-)-preorixine (10): which possesses an epoxide moiety in the 

side-chain, is considered to be a very important biosynthetic intermediate for the formation 

of various quinoline alkaloids such as (+)-orixine (21," orixinone (3),12 (+)-3'-0- 

acetylisopteleflorine (12); and kokusagine (13).19 



2) Alkaloids which aregenerated by cyclizing the C5 unit to the quinoline moiety 

The alkaloids of this category seem to be formed by cyclization of the CS unit attached to 

the quinoline moiety. Six alkaloids of this category were isolated from this plant material. 

Quinoline alkaloids possessing a furan ring formed by cyclization include (+)-3'-0-acetyl- 

isopteleflorine (12), 4-0-methylhydroxyluninium chloride (14); and 4-0-methyl- 

balfourodinium chloride (I@." 

In addition, isobalfourodine (16),13 8-methoxy-N-methylflindersine (17); and N-methyl- 

flindersine (18)4 were isolated in which a pyran ring was formed by cyclization. Among 

these alkaloids possessing a pyran ring, the third ring is attached to the C-2 and C-3 

positions of the quinoline ring (linear type) i n  isobalfourodine (16) , and this third ring is 

attached to the C-3 and C-4 positions of the quinoline ring (angular type) in the case of 

alkaloids (17) and (18). 

I 
R CH, 

Alkaloid (14) was isolated previously from Ptelea trifoliata? and alkaloids (161, (IT), and 

(18) were isolated from Balfourodendron riedelianum ( R ~ t a c e a e ) , ~  Zanthozylum simulance 

(R~taceae),~' and Spathelia sorbifolia (Rutaceae)? respectively. 

3) Alkaloids which aregenerated by the elimination of the C3 unit from the cyclized 

C5 unit on the quinoline moiety 

The alkaloids classified into this category were biosynthesized by the elimination of a C3 

unit from the furan ring formed as  described above. Five such alkaloids, namely, 





two steps.   Initially, the alkaloids belonging to category 1), with an epoxide moiety in the

side-chain, would become alkaloids of category 2) by epoxide ring opening and formation of

the furan r ing.    Then,  the alka loids belonging to ca tegory 3)  would be formed by the

elimination of a C3 unit attached to the furan ring.

Thus, the alkaloids of category 1) possessing an epoxide ring in the side-chain appeared to

be a biosynthetic intermediate for the initial stage of the formation of alkaloids belonging to

categories 2) and 3).   However, such an alkaloid had not been isolated previously.   One of

the reasons for this was considered to be the following.   For the quinoline alkaloids with a

C5 unit as the side-chain, in most cases, a carbonyl group also exists at the C-2 position.

Therefore, an intermediate with an epoxide ring in the side-chain will be rapidly cyclized.

A research group in the United Kingdom noticed1 8  the fol lowing two points.   One is that

many of the alkaloids  isola ted f rom O .  japonica  possess  a  me thoxyl  group at  the C-2

position instead of a carbonyl group, and the other is that as an example of such alkaloids,

o r ix in e  ( 2 )  was  a l r eady  i s ol a t ed  f rom  t h i s  p l an t .    Base d on  thes e  two  po in t s ,  t hey

synthesized (10 )2 0  as a  postulated precursor of alkaloids such as (2),  (3),  (12 ) and  (13 ).

Then, the existence of this compound in O .  japonica  (cul tivated in the United Kingdom)

was  inves t iga ted by th e same  gr ou p. 2 0    However ,  they fa i l ed  in  th e is olat ion an d/or

de tec t ion  o f  th i s  a lka lo id  in  th e  ex t r ac t i on  o f  O .  j apon ica . 2 0    Whereas ,  du r ing  t he

investigation of the alkaloidal constituents of this plant, we encountered just this alkaloid.

Therefore, we named th is  alkaloid  as  ( - ) -preor ixine (10)  and reported i t 's  exis tense in

nature.3

4.  Investigation of the absolute stereochemistry of an important biosynthetic intermediate,

(-)-preorixine

Thus, (-)-preorixine (10) was considered to be both the biosynthetic precursor of alkaloids

(2), (3), (12) and (13), and the first example of a very important  type of alkaloid as a key

precursor for the biosynthesis of various other quinoline alkaloids.

The absolute configuration of the C-2’ position was deduced.   Two alcohols (2) and (5) were

obtained by treating (-)-preorixine (10) with a d ilu te sulfuric  acid.   Af ter preparing the

M os her ' s  e s t e r s  o f  t h es e  t wo  a lc o h o l s ,  t h e i r  s t e r eo c h emi s t r y  w as  ex a mi n ed  b y  t h e

application of the extended Mosher's method.   As a result, the absolute configuration of the

C-2'  position of these two alcohols was determined to be R . 7    The summary of the NMR

spectral data of the Mosher's esters of orixine (2) is  shown in Figure 1.   In addition, (+)-



orixine (2) and (+)-isoptelefolidine (5) were obtained by hydrolysing the Mosher's esters of 

each of the derivatives mentioned above. 

/ Figure I .  Extended Neuman Projection of the (3- and (n)-Mosherls Esters (2A 
and 26) of itl-Orixine (21. 

On the other hand, when (-)-preorixine (10) was treated with dilute hydrochloric acid in 

methanol, compound (9), which possessed a methoxyl group at the C-3' position, was 

obtained. k o m  this fad, it was clear that an inversion of the stereochemistry at the C-2' 

position, as proposed by Bowman et a1.T did not occur by treating with a dilute sulfuric 

acid. They carried out the ring-opening reaction on the epoxide ring of the 

stereoselectively synthesized (-)-lo using formic acid, and an erroneus judgment 

(stereoinversion of the C-2' position) was made. It appears that an ester interchange from 

the C-3' to C-2' position occurred during the ring-opening reaction of the epoxide by 

treating (-)-lo with formic acid. Thus, we succeeded in the determination of the absolute 

configuration at the C-2' position of the epoxide moiety of a key biosynthetic intermediate 

quinoline alkaloid. It was accomplished because of the success in isolating of (-)-preorixine 

(10) from 0. japonica. Thus it was estimated that alkaloids (I), (12), (14), (15) and (16) 

possess R configurations at C-2' position. 

Many of the quinoline alkaloids isolated from the Rutaceae possess a structure in which a 

C5 unit is attached to the quinoline skeleton. Among these alkaloids, those which possess 

an epoxide ring on the C5 unit appear to be the biosynthetic intermediates of those 

quinoline alkaloids with a furan or a pyran ring. Also, it was considered that the so-called 

furoquinoline alkaloids were formed by the elimination of a C3 unit from the quinoline 

alkaloids with a furan ring. 

5. Antimalarial activity of the quinoline alkaloids 

The in vitro antimalarial activity of the quinoline alkaloids isolated from Orixa japonica 

was examined. Among them, N-methylatanine (7)  and 4-0-methylbalfourodinium Cl(15) 



showed ant ima lar ial  act iv i ty (EC5 0  values :  3  mg/mL and 21 mg/mL,  respect ively) for

falciparum (Plasmodium falciparum).32

Concern ing the  an t ima la r i a l  ac t iv i ty ,  t he  me t ha no l  e xt ra c t  o f  the  roo t s  o f  D ich ro a

febrifuga, which also comprises the crude drug “JOHZAN”, showed stronger activity (EC50

value:  0 .025 µg/mL) agains t Plasmodium  falciparum . 3 2    Therefore,  the history  that  D .

f ebr i fuga  gr adua l ly  replaced O .  j aponica  a s  the  base mater i al  p l ant  of  “JOHZAN” i s

understandable, i f i t is  only judged from the viewpoint  of d irect  activi ty for the d isease

which corresponds to malaria in modern medicine.

6.   Rat small intestine muscle relaxation activity of the quinoline alkaloids

Eduline (23) and japonine (24) were found to possess rat small intestine relaxation activity

(23: 0.17 ± 0.00 g relaxative tention/10 µM, and 24: 0.12 ± 0.03 g relaxative tention/5 µM,

respect ively), and it  was found that this activi ty was comparable to that  of papaverine 8

(0.16 ± 0.03 g relaxative tention/10 mM).   The same kind of activity of pteleprenine (11),

was reported separately.33

7.   Conclusion

Recently, it  appears that  few scientists conduct research on the chemical const ituents of

the extract of a  plant which is not connected with any biological  act ivi ty.   On the other

hand,  we at tempted to  clarify  the chemical  cons t i tuents of the crude drug “JOHZAN”,

which has been used in Chinese Traditional Medicine for a long time.   That is to say, this

research was  under taken f rom the viewpoint  to establ ish  a  monograph of  the chemical

aspects of “JOHZAN”.   Then, as a prelude to this research, we undertook the investigation

o f  the  a lk a lo ida l  con s t i tuen ts  o f  Orixa  j aponica ,  wh ich i s  a l so  a  ma te r i a l  k no wn as

“JOHZAN”.

Actually, the target compounds to be isolated from the plant material were decided by the

technique of “the chemical screening”.   Namely, the spots which showed a Dragendorff 's

reagent  posi tive reaction on TLC were selected.    As a  result ,  i t was established that  O .

j apon ica  co nta in ed a mul t i tu de  o f  qu in ol ine  a lka lo id s .    We  have  newly iso lat ed 14

quinoline alkaloids,  in  addit ion to the 10 known such alkaloids.    This number  (24)  of

quinoline alkaloids isolated from a single plant is  second to that (31 alkaloids) of Ptelea

trifoliata.
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