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The genus Haplophyllum A. Juss .  (family Rutaceae) is r ep resen ted  on the World sca le  by 50 spec ies  [11, 
32 of which a r e  known in the Soviet Union, including 23 in Centra l  As ia  [2], which is a cen te r  of spec ies  di- 
ve r s i t y  of these  p lants .  

Sys temat ic  invest igat ions of alkaloids of the genus Hapiophyllum were  begun by S. Yu. Yunusov and G. P. 
Sidyakin in 1948 [3]. Alkaloids we re  found in all the plants  of this spec ies  invest igated:  12 Centra l  Asian 
[4, 5], and four  Azerbaidzhanian [6]. Abroad,  the alkaloids of Haplophyllum hispanicum [7], H. suaveolens  [8], 
and H. tubercu la tum [9], which a r e  taxonomical ly  c lose  to the Centra l  Asian  plants,  have been studied. F r o m  
these  19 spec ies  of Haplophyllum alone, 46 alkaloids have been obtained (see below), including 34 new ones. 
With the exception of acetylevoxine [7] and 3-d imethyla l ly l -4-d imethyla l ly loxy-2-quino lone  [9], all the new 
alkaloids have been  isolated f rom Centra l  Asian  plants  of the genus Haplophyllum. 

Haplophyllum alkaloids belong to the quinoline der iva t ives  and only two of them have proved  to be amides  
[10] (see below). The ma jo r i t y  of the alkaloids (furanoquinoline, d ihydropyrano-4-quinol0ne,  2 -a lky l -  and 2- 
phenyl-4-quinolone alkaloids,  and others)  a r e  weak bases ,  and because  of the hydrolys is  of the i r  sa l t s  they 
pas s  into an organic  solvent  f r o m  an acid solution. This enables them to be  separa ted  f rom the s t ronge r  bases  
such as,  for  example ,  the dihydrofuranoquinoline alkaloids.  A number  of compounds (pyrano-2-quinolones,  
some modified furanoquinoline der iva t ives ,  and amides)  do not exhibit bas ic  p rope r t i e s ,  and if a phenolic hy- 
droxyl is p r e sen t  they show acidic p r o p e r t i e s .  Consequently,  alkaloids can be found not only in the basic  but 
a l so  in the neut ra l  and acidic f rac t ions  of a plant  ex t rac t .  

An invest igat ion of plants  of the genus Haplophyllum has shown that they contain new r ep re sen t a t i ve s  of 
a l m o s t  all  the known va r i e t i e s  of quinoline alkaloids,  in which plants  of the family  Rutaceae  a r e  r i ch  [11, 12]. 
Toge ther  w~th these ,  in Haplophyllum spec ies  pecu l ia r  quinoline alkaloids not found in plants  of o ther  genera  
of the family Rutaceae  have been  d i scovered :  quinoline alkaloids containing a f r agmen t  of two i soprene  units 
(Ie, IIa, and XVI), glycoalkaloids  of the furanoquinoline s e r i e s  ([Xj and IXk) and modif ied furanoquinole de r iva -  
t ives  (XIa, XIb-XIII) (see below). 

We have subdivided the quinoline alkaloids isolated up to the p r e sen t  t ime  f r o m  plants  of the genus Haplo- 
phyl lum into seven  groups.  In this rev iew we discuss  the cha r ac t e r i s t i c  reac t ions  and spec t ra l  p r o p e r t i e s  of 
each group.  

Below we give the alkaloids obtained f r o m  plants  of the genus Haplophyllum (alkaloids i so l a t edprev ious ly  
f r o m  o ther  gene ra  of the family  Rutaceae a r e  marked  with an a s t e r i sk ) :  

4 -  H Y D R O X Y -  2 -  Q U I N O L O N E  D E R I V A T I V E S  

~ 0  

R R 2 
I 

Alkaloid 

1. Robustinine (edulitine) Ia, R=OCHs; 
RI=CHa; R2=H 

2, Folifidine,Ib, R=OH; RI=R~=CH *. 
3. Folimine, Ic, R=OCHa; R~=R2=CHa 

OR 

Plant 

H. bungei [13], H. foliosum [14], 
H. robustum [15] 
H. dubium [16], H. foliosum [14] 
H. foliosum, [17] H. perforatum [18] 
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Alkaloid 

4. Foiiosidine; Id 
R = OCH~CH (OH) C (OH) (CH3) z; 
RI=Rz=CHs 

5. Bucharaine, le, R = R~ = H; 
R~=CH:CH= 

~ C  (CH~} CH2CHgCH ~OH~ C (OH) (CHs) 
6. Bucharidine, IIa,_R=l~ = H 

H3C CH2--CH2 
\ /  \ 

RI=CH(CH~)--C CH--OH 
\ / 

O--C 
/ \  

H:tC CHs 
7. 3 -Dimethy la l lv l -4 -  dimethylaUyloxy- 

.2-.quin01one. l ib,  R=Rt=CH~CH= 
=C(CH3h 

Plant  

H. dubium [16], H. foliosum (19], 
H. perforatum [18] 

H. bueharicum [20] 

H. bucharieum [21] 

H. tuberculatum [91 

P Y R A N O -  2 - Q U I N O L O N E  D E R I V A T I V E S  

H 

iii 

8. Flindersine,* Ilia. RocH 
Haplamine,  Illb, R = 3 

H. bucharicum [221, H. perforatum [23] 
H. perforatum [241 

D I H Y D R O P Y R A N O -  4 -  Q U I N O L O N E  D E R I V A T I V E S  

O 

I 

10. Haplofoline, lVa R=R~=H 
11. Folifine (ribalini~ie), IVI5, R=CH3; 

RI=OH 
12, Haplobucharine, IVc, 

R = CH2-CH=C (CHz)2; RI=H 

R 

N 

H. foliosum [25], H. suaveolens [8] 

H. bucharicum [t4, 20], H. foliosum [14]. 
H, bucharicum [22] 

2 - P H E N Y L Q U I N O L I N E  A N D  2 - P H E N Y L -  

A N D  2 - A L K Y L - 4 - Q U I N O L O N E  D E R I V A T I V E S  

13. Dubamine,  V 
14. 1-Methyl-2-phenyl-4-quinolone,  * 

Via R = R I ( ~  s" " * 1,5. Grav~otine ~ otto xneJ, 
V'Ib, R + Rt=O2CH2 

16. Folimidine, VIe,  R---OCHs, R~=OH 
17, Aeutine, VII 

0 

v vI 
0 

H 
VII 

H. dubium [26], H, lafifolium [5] 
H. foliosum [27], H. perforatum [18] 

H. dubium [16, 28], H. foliosum [19] 
H. perforatum {18] 
H. foliosum [29] 
H. acutifolium [30] 
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F U R A N O Q U I N O L I N E  D E R I V A T I V E S  

OCH a OCH 3 

R 0CH~ 

vii i  IX 

R " OOH~ 

R 2 , 

A l k a l o i d  

18. [ ) ic tamine,*VIIIa ,  R=H 

19. Robusfine, VIllb, R-*OH 

20, 7-Fagar ine ,*  Vile, R=OCHs 

21. Haplofidine, VIIId, 
R = OC'H=CH = C (CHs) 

22. Haplopine, IXa, R = H  

23. Skimmianine,* IXb, R=CHs 

24. 7-Isopentenyloxy-7-fagar ine ,*  IXe, 
. R=CH2CH=C(CHs)2 

25. ~taplatine, IXd, 
R=CH2CH=C(CH3) (CH2OH) 

26. Evodine,* IXe, 
, R = CH2CH (OH)C (CHz) = CH~ 

27. ~voxoiaine,"  IXt, 
R = CH2COCH (CH3)~ 

28. Evoxine (hapmperine),* !Xg, 
R = CH2CH (OH) C (OH) (CHa) 2 

29. Methylevoxine, IXh, 
.R = C.H2CH (OHLC. (OCHs)(CH~)2 

30. Aeetylevoxine,  tx~, 
R=CH~CH (OCOCH3) C (OH) (CHs) 2 

31. Glyeoperine, IXj, 
R = a-L-rhamnose  

32. TriaeetyIglyeoperine,  IXk, 
R = t r iacetyl -  a -L-rhamnose  

33.Kokusaginirie, ~ Xa, 

R=H, R2=OH, 
R~=CH2CH2C(OH) (CH3h 

35. ~otiminine,  Xc, R:H, 
R, +R2=CH~CH~C (CH3) 20-- 

X P l a n t  
H. bucharicum [31], H. bungei [13], 
H. perforatum [18], H. robustum [4], 
H. ramosissimum [32], H. suaveolens [8] 
H. bucharicum [31] H. pedicellatum [31], 
H. dubium [16], H. robustum [33] 
H. bucharicum [31], H. kowalenskyi [6], 
H. pedicellatum (34], H. robustum [33], 
H. schelkovnikovii [6], H. tenue [6], 
H. villosum [6] 
H. pedoratum [35] 

H. bucharicum [20], H. dubium [16], 
H. foliosum [14], H. latifolium [5], H. pe- 

dicellatum [31], H. perforatum [36], 
H. robustum [33] 

H. acutifolium [30], H.bueharicum [3, 20], 
H. bungei [13], H. dubium [28], H. fo- 
liosum [19, 34], H. kowalenskyi [6], 
HH I. latifolium [5], H. obtusifolium [31], 
,.. pedicel!atum .[3.], H, perforatum [3], 
H. popovii [37], H. ramosissimum [32], 
H. robustum [33], H. schelkovnikovii[6], 
H. suaveolens [8]' H. tenue [6]. 

H.latifolium [10], H. perforatum [38] 

H. latifolium [39] 

t1. perforatum [40] 

H. perforatum [40] 

H. dubium [16, 28], H. hispanicum [7], 
H. latffoli.um [5], H. obtusifolium [31], 
H. perforatum [3], H. popovii [37], 
H. ramosissimum [13], H. suaveo- 
lens [8]. 

H. perforatum [41] 

H. hispanicum [7] 

H. perforatum [42] 

H. perforatum [43] 

H. suaveolens [8] 

H. [oliosum [44] 

H. foliosum [45] 

M O D I F I E D  

36. Haplofilidine, . XIa, 
R ~ CH~CH-~ C (CH~) 2 

3% verIo_rine, .Rib, 
R = CH~CH2C (OH) (CH3) 

38. Anhvdroperforine, XII 
39. Perf~tmine, Xfll 

F U R A N O Q U I N O L I N E  

0CH 3 ~H  3 

. ~ / N ~ "  ~ u ~'K~'.,~I"~0 -~ 
n3uu ~ ~yzJ~0CH3 

XI Xll 

O~H 3 

H3CO ~ 

• XH! 

D E R I V A T I V E S  

H. per[oratum [46] 

H. perforatum [47] 

H. pedoratum [48] 
H .perforatum ~9] 
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D I H Y D R O F U R A N O Q U I N O L I N E  A N D  D I H Y D R O P Y R A N O - 4 - Q U I N O L O N E  

D E R I V A T I V E S  

Alkaloid 
40. Platvdesmine, = XIVa I~=H 
41. Dublnidine, XIVb, R='OH 

42, Dubinine, XIVc,R==OCOCH3 
43, Folisine, XV 
44. Bucharaminol, XVI 

OCHs 0 

XlV xv 

0 

H HO OH 
XVI 

Plant 
H. perforatum [18] 
H. dubium [26, 98], H. foliosum [19, 34] 
H. perforatum [18] 
H. dubium [96] 
H. foliosurn [50] 
H. bucharicum 

A M I D E S  

XVII 

45. Haplamide, XVIIa, R=C6Hs H. lati,folium [10] 
46. Haplarnidine, XvIIb, R=CH=CH--CJ-Is H. latifolium [10] 

4 -  H y d r o x y -  2 -  q u i n o l o n e  D e r i v a t i v e s  

In plants of the family Rutaceae, 38 alkaloids of this group have been found, seven of them in represen ta -  
t ives of the genus Haplophyllum. 

A common proper ty  of 4-methoxy-2-quinolones  is their  capacity for  undergoing demethylation in an 
acid medium with the format ion  of the corresponding 4-hydroxy-2-quinolones [15, 51]. 4-Hydroxy-2-quinolones 
unsubstituted at C a give ni t roso derivat ives  [ 15]. The fusion with alkali of compounds containing a hydroxylated 
O-isoprenoid chain tn the homocyclic  ring leads to the cleavage of the e ther  bond [51]. Alkaloids with a 4 - 0 -  
allylalkyl side chain undergo hydrogenolysis  when subjected to Adams hydrogenation [9, 20], when there is no 
substituent in posit ion 3 they undergo the Claisen rea r rangement  [52]. 

The UV spect ra  of 4-hydroxy-2-quinolone derivatives (Fig. la) a re  charac te r ized  by three absorption 
regions.  ~210-260 nm (log e4.4), 260-295 nm (log e 3.9), and 310-360 nm (log e 3.5-4.0) [15, 17, 51, 53]. 
The bands a re  frequently split  into two and do not change on acidification and alkalinization [17]. Angular 
dihydrofurano-  and dihydropyrano-2-quinolones have s imi lar  spec t ra  (Fig. la) [54, 55]. The values of Xmax 
~nd log e in the spec t ra  of these compounds depend on the posit ion of the alkoxy substituent in the homocyclic  
ring (Fig. lb) [51, 55, 56]. The band at 260-295 nm appears in the longer-wave region for alkaloids of type II 
than for  compounds of type I having no substituent in position 3 (Fig. lc) [20, 21]. In cont ras t  to the 4-alkoxy- 
2-quinolones, the spec t ra  of the 4-hydroxy-2-quinolones  show a charac te r i s t i c  hypsochromic displacement of 
the curve in an alkaline medium (Fig. lc) [57, 58]. 

In the IR spec t ra  of the 4-alkoxy-2-quinolones and also in those of the angular dihydrofurano- and di- 
hydropyrano-2-quinolone derivat ives  an absorpt ion band is found in the 1670-1630 cm -1 region (amide c a r -  
bonyl) ,  the intensity of which far  exceeds the intensity of the absorpt ion bands in the 1610-1500 cm -1 region. 

In the mass  spec t ra  of compounds (Ia-Ic) the peak of the molecular  ion has the maximum intensity. The 
• main  f ragments  a re  formed as the resul t  of the detachment of a methyl radical  f rom the methoxy group at C 4 

followed by the elimination of carbon monoxide. The presence  of a methoxy group at C 8 leads to the appearance 
of the peaks of the tons (IVl - 1) +, (M - 29) +, and (M " 30) +, which have diagnostic value [59]. In the mass  spec-  
t rum of foliosidine, the peak of the ion (M - 102) + formed through the detachment of the isoprenoid chain is 
three t imes s t ronger  than the peak of the molecu la r  ion. The mass  spect ra  of bucharaine and bucharidine 
a re  a lmost  identical, which is a consequence of the convers ion of bucharaine into bucharidine by a Claisen 
r ea r r angemen t  taking place in the mass  spec t romete r  [60]. 
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In the NMR spec t r a  of {Ia-Ie) a s inglet  in the 4.00-4.07 ppm region indicates  the absence  of a subst i tuent  
at C3 [17, 54, 61]. When deu te roch lo ro fo rm is replaced  by t r i f luoroacet ic  acid, a pa ramagne t i c  shift of the H 3 
signal by 1.05 ppm in the s p e c t r u m  of ([d) [62] and by 0.40 ppm in the spec t rum of (Ic) is observed .  Amethoxy  
group at C 8 d e s c r e e n s  the protons  of the methyl imide  group by 0.15-0.20 ppm. 

B u c h a r a i n e  a n d  B u c h a r i d i n e  

The 4-gerany loxy-2-qu ino lone  s t r u c t u r e  Of bucharaine ,  es tabl ished on the bas i s  of the NMR and m a s s  
s p e c t r a  of i ts  i sopropyl idene  der iva t ive  (XVIII) [63, 64] and of bucharainal  (XIX) [52], obtained by thepe r ioda te  
oxidation of the base ,  is in harmony with the fo rmat ion  of 4-hydroxy-2-quinolone [20] and of d ihydrobucharaine  
(XX) in the Adams  reduct ion of (Ic) (Scheme 1). 

"o,, l oH, 

xx XXI l,a 

Scheme i 

The chemica l  p r o p e r t i e s  of bucharidine,  the c h a r a c t e r i s t i c s  of its NMR and m a s s  spec t r a  [21], and a lso  
the poss ib le  biogenetic  link with buchara ine  on the bas i s  of an anomalous  Cla i sen  r e a r r a n g e m e n t  and subse-  
quent cycl iza t ion  at the expense of the t e r t i a r y  hydroxy group and the double bond of the side chain have p e r -  
mit ted s t r u c t u r e  {Ila) to be put forward  for  bucharidine (see Scheme 1) [52]. 

The heating of buchara ine  in t e t ra l in  or  its py ro lys i s  [52, 54] f o r m s  bucharidine.  The py ro lys i s  of 
(XVIII) leads to anomalous  products  of the Cla i sen  r e a r r a n g e m e n t :  compound (XXII) ( isopropylidene de r iva -  
t ive of (XXD) and subs tances  (XXIII) and (XXIV), formed by the l inear  and angular  cycl iza t ions  of (XXII) 
(Scheme 2). 

0 OH . 

XXV ~ ~ XX(I 

0 

.,I~ VI XXlll XXW 

Scheme 2 

The isolat ion of (XXW) (yield 93%) in the fo rm of r a c e m i c  d i a s t e r e o m e r s  in approx imate ly  equal amounts  
shows the nons te reod i rec ted  nature  of the cycl izat ion.  

When (XVIII) is fused with alkali ,  the norma!  Cla isen  r e a r r a n g e m e n t  products  a r e  formed" (XXV) and 
(XXVI) (see Scheme 2). One of the s t e r e o m e r s  of (XXV) has proved  to be identical  with bucharamine .  

Quinoline alkaloids  with i soprene  subst i tuents  containing an s -g lyco l  s y s t e m  frequent ly  f o r m  isopropyl -  
idene de r iva t ives  in the p r o c e s s  of separa t ing  mix tu re s  of ba se s  with the aid of acetone [61]. The separa t ion  
of the combined alkaloids  of H. buchar icum without acetone leads to the isolat ion of, in addition to bucharamine  
{XXV), the diol (XVI), the i sopropyl  der iva t ive  of which is identical  with bucharamine .  Consequently,  the plant 
does not contain bucharamine ,  which is an ar t i fact ,  but (XVI), which has been called bucharaminol .  
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P y r a n o - 2 - q u i n o l o n e  D e r i v a t i v e s  

This  group of subs tances ,  r ep re sen ted  in the family Rutaceae  by four  alkaloids,  is based on the skeleton 
of f l inders ine ,  f i r s t  isolated f r o m  the plant F l inders ia  aus t ra l i s  [65]. Fl inders ine  and the new alkaloid hapl-  
amine  have been found in Haplophyllum spec ies .  

The p r e s e n c e  of an a , a - d i m e t h y l p y r a n  ring in these  compounds explains a number  of reac t ions  c h a r -  
ac t e r i s t i c  fo r  this group of a lkaloids:  hydrogenat ion of the double bond of the py ran  ring in the p r e s e n c e  of 
pla t inum or  nickel ca ta lys t s ,  the c leavage  of the py ran  ring on dist i l lat ion with a 30% solution of alkali  to give 
4-hydroxy-2-quinolone  de r iva t ives  and acetone; and oxidation with po ta s s ium pe rmangana te  in an acid medium 
with the fo rmat ion  of ~-hydroxyisobutyr ic  acid [65]. 

The UV spec t r a  of f l inders ine  and haplamine (Fig. ld) contain two absorp t ion  bands, a t  210-260 nm (log 
4.4) and a t  300-380 nm (log e 4.0), and a min imum at  280 nm (log £ 2.6); the second band is spl i t  into s e v e r -  

al peaks .  The spec t r a  of the dihydro de r iva t ives  (Fig. la) a re  s i m i l a r  to those  of the 4-a lkoxy-2-quinolones  
[55, 65]. 

The IR spectra of (ilia) and (IIIb) have the strong absorption band of an amide carbonyl in the 1640-1660 
em -t region and a weak maximum at 3160 cm -! (NH group) [23, 24]. 

The main peaks in the mass spectra of flindersine and haplamine are those of the ions M + and (IV[ - 15) +. 
The ejection of a methyl radical favors the formation of a stable pyrylium ion [9, 23, 24]. The mass spectra 
of the dihydro derivatives (XXVIIa) and (XXVIIb) are characterized by strong peaks of the molecular ions and 
of peaks of the ions formed by the elimination of isopropyl and isobutylene radicals and of an [sohutylene 
molecule (Scheme 3) [55]. 

OH 
R R 

"~--'~N--'~- 0 0 
H H 

xxvL,a R=H M+ I X . ~  M-~5 
XX vllb R=OC~ 3 + 

R R 7 + 
0 -~..,"-l~-"~ 0 " 

H H 

M-43 M-SB 

Scheme 3 

Such decomposi t ion  is cha r ac t e r i s t i c  of compounds containing an ~ ,~-d imethyld ihydropyran  ring [66]. 

In the NMR spec t r a  of (IIIa) and {IIIb), the protons  of the py ran  ring resona te  in the fo rm of two doublets 
at 3.23-3.28 ppm (HT) and 4.44-4.57 ppm (H/~) (J = 10 Hz) and of a s ix -p ro ton  singlet  at 8.45-8.50 ppm (gem- 
dimethyl  group).  In the spec t r a  of (XXVIIa) and (XXVIIb) in p lace  of the signals of the olefinic protons  two 
two-pro ton  t r ip le t s  a r e  observed  in the  reg ions  of 7.25-7.53 ppm (CH2T) and 8.12-8 22  ppm (CH2fl) (J= 6.5 Hz) 
[23, 24, 55, 67]. 

H a p l a m i n e  

The s t ruc tu re  of haplamine,  which was es tabl ished on the bas i s  of the spec t ra l  c h a r a c t e r i s t i c s  of com-  
pounds {IIIb) and (XXVIIb) and the product ion of 4 -hydroxy-6-methoxy-2-qu ino lone  by the dist i l lat ion of the 
alkaloid with 30% caust ic  soda solution [24, 55] has been conf i rmed by synthesis  [68]. 

It follows f r o m  the IR spec t r a  of (IIIb) taken in ch lo ro fo rm solution and in a table t  with KBr  [55] that  
haplamine ex is t s  in the l ac tam fo rm in the c rys ta l l ine  s ta te  and in ch lo ro form solution. However,  i nmethy la -  
tion and aceWlation haplamine r eac t s  in the lac t im form,  yielding O-methyl  and O-acetyl  der iva t ives  (XXVIIIa, 
XXVIIIb) (Scheme 4). 

0 C O . ( ~  t t ~ t ] O . ~  H 3 

H 
l l lb xxvlt[a. RfCH 3 

xxvm b. R= COCH 3 

Scheme 4 
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The capaci ty  of haplamine for  reac t ing  in the l ac t im fo rm is probably  due to a redis t r ibut ion  of the 
e lec t ron  densi ty  under  the influence of the e lec t ron-donat ing  substituent,  which i nc rea se s  the delocal izat ion 
of the double bonds in the sys t em.  The e lec t ronic  effect  of the methoxy group in posi t ion 6 in haplamine and 
dthydrohaplamine is a lso  shown on the UV spec t rum,  the long-wave band of which undergoes  a ba thochromic  
shift  (by ~20 nm) in c o m p a r i s o n  with its posi t ion in the s p e c t r a  of f l inders ine  and dihydrof l inders ine  (Fig. l a  
and d). A s i m i l a r  shif t  is c h a r a c t e r i s t i c  of 4 ,6-dimethoxy-2-quinolone [56], of 5 -hydroxy-  and 5 -me thoxy-2 -  
oxindoles and of 4-methoxyace tan i l ide  [69], in Which, as in haplamine,  the methoxy group is located in the 
p a r a  posi t ion to the n i t rogen a tom.  

D i h y d  r o p y r a n o -  4 - q u  i n o l o n e  D e r i v a t i v e s  

Six compounds of this type a r e  found in the family Rutaceae and th ree  of them (IVa-IVc) have beenshown 
to be  p r e s e n t  in r e p r e s e n t a t i v e s  of the genus Haplophyllum. 

The r a c e m i c  f o r m  of folifine (the alkaloid ribalinine) has been detected in the plant Balfourodendron 
r iede l ianum [70]. The s t r u c t u r e  of folifine and ribalinine was es tabl ished in 1967 [14, 70] on the bas i s  of 
spec t r a l  c h a r a c t e r i s t i c s  and has been conf i rmed  by the synthesis  of r ibal inine.  Syntheses of haplofoline [71] 
and of haplobucharine [10] have also been effected. 

On acetylat ion,  haplofoline f o r m s  an O-aee ty l  der iva te  (Vmax 1762 cm-1), and on methyla t ion gives a N- 
methyl  der iva t ive .  The oxidation of haplofoline with po ta s s ium permangana te  in acetone leads to oxalylanthran-  
lic acid [25]. 

The UV s p e c t r a  of {IVa-IVc) (Fig. le),  l ike the spec t r a  of o ther  alkaloids containing a 4-quinolone sys -  
t em [53], contain two absorp t ion  bands at  220-260 nm (log e 4.5) and 295-340 nm (log e 4.0). Absorpt ion in 
the 260-290 nm region,  which is c h a r a c t e r i s t i c  of 2-quinolones and, especia l ly ,  d ihydropyrano-2-quinolones  
(Fig. la) is absent .  Asecond  band, frequently split  into two or  m o r e  max ima ,  undergoes  a hypsochromic  shift  
in an acid medium and is observed  in the fo rm of a single max imum at ~300 nm. 

The absorp t ion  curve  of haplofoline, l ike that  of other  4-quinolones containing NH groups  [30, 72], shows 
a hypsochromic  d i sp lacement  in an alkaline medium,  which enables haplofoline to be distinguished f r o m  its 
N-alkyl  analog by means  of the i r  UV spec t r a .  Fu r the rmore ,  the spec t rum of haplofoline is shifted in the sho r t -  
wave d i rec t ion  by 5-7 nm in c o m p a r i s o n  with those of (IVb) and (IVc) (Fig. le ) .  

The IR s p e c t r a  of the d ihydropyrano-4-quinolones  have absorpt ion  bands at 1635, 1605, 1585, 1555, and 
1515 cm - I  of approx ima te ly  equal intensi t ies  which a r e  typical  for  2-a lkoxy-4-quinolone der iva t ives  [73]. 

The m a s s  s p e c t r u m  of haplofoline [66] is a lmos t  identical  with that  of its angular  i s o m e r  - dihydro-  
f l inders ine  [9]. The f ragmenta t ion  of haplobucharine [22] begins with the eject ion of an i soprene  molecule  
and the fo rmat ion  of an ion with m / e  227, which then decomposes  in the s ame  way as the molecu la r  ion of 
haplofoline [66]. 

In the NMR spec t r a  of (IVa-IVc), the signal of the pro ton  at C 5 is observed in the fo rm of a quar te t  at 
1.55-1.73 ppm in a weake r  field than the s ignals  of the other  a romat i c  protons ,  which appea r  in the fo rm of 
a mult iplet  in the 2.50-3.03 ppm region.  The descreening  of H a is due to the influence of the anisot ropic  field 
of the p e r i - c a r b o n y l  group [74]. The protons  of the d ihydropyran ring in the spec t r a  of (IVa and Wc), l ike 
those  of (XXVIIa) and (XXVIIb) r e sona te  at 7.31-7.46 ppm (2 HT) and 8.22-8.25 ppm (2 Hfl) in the fo rm of t r ip -  
le ts  (J =7 Hz) and of a singlet  at 8.59-8.63 ppm (6 H, gem-d ime thy l  group) [14, 22]. In the spec t rum of (IVb), 
which has a hydroxy group in the fl posi t ion of the d ihydropyran ring, the fl- and T-protons  a r e  observed in 
the f o r m  of a one-pro ton  t r ip le t  at 6.14 and a two-pro ton  doublet at 7.12 ppm, and because  of the magnet ic  
nonequivalence of the methyl  groups the gem-d ime thy l  group appea r s  in the fo rm of s inglets  at 8.52 and 8.65 
ppm [ 14]. 

2 - P h e n y l q u i n o l i n e  a n d  2 - P h e n y l -  

a n d  2 - A l k y l - 4 - q u i n o l o n e  D e r i v a t i v e s  

This  group of alkaloids is r ep resen ted  in Haplophyllum plants  by five compounds (see above), of which 
graveol ine  and (Via) were  f i r s t  isolated f rom Ruta graveolens  [75] and B. r iede l ianum [73], respec t ive ly .  

Dubamine is the only r ep resen ta t ive  of Haplophyllum alkaloids which lacks  a subst i tuent  in posi t ion 4. 
Its oxidation with po ta s s ium pe rmangana te  in an acid medium f o r m s  quinaldinic acid, while oxidation in acetone 
solution gives  oxalylanthrani l ic  acid [76]. The 2-piperonylquinoline s t ruc tu re  of dubamine has been conf i rmed 
by synthesis  [77]. 
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The s t ruc ture  of folimidine (VIe) has been established by a cor re la t ion  with graveoline and by the p ro -  
duction of a monodeutero derivative on its deuterat ion [29]. 

On Adams hydrogenation, acutine fo rms  a dihydro derivative which has been found to be identical with 
a synthetic sample of 2-heptyl-4-quinolone.  The posit ion of the double bond in {VII) has been deduced by a 
comparat ive  study of the mass  and NMR spect ra  of acutine and its dlhydro derivative [78]. 

The UV spec t ra  of the 2-alkyl-4-quinolones and 2-phenyl-4-quinolones (Fig. lf, g), each containing two 
absorpt ion bands at ~210-240 nm (log ¢ 4.4) and 290-350 nm ( loge  4.0), each of which is split into two and 
more  maxima, differ by the fact that in place of the minimum at 260 nm charac te r i s t i c  of the 2-alkyl-4-quin-  
olones the spec t ra  of the 2-phenyl-4-quinolones have a number of peaks in the 260-300 nm region (log ~ 3.8). 
The double maximum of the long-wave band undergoes a hypsochromic shift on acidification s imi la r  to that 
in the spec t ra  of the 2-alkoxy-4-quinolones (Fig. le ,  l ) and it is  observed in the form of a single maximum at 

300 nm in the case  of the 2-alkyl-4-quinolones and ~ 328 nm in the case of the 2-phenyl-4-quinolones.  The 
spect rum of acutine (Fig. lf) undergoes a hypsochromlc shift on alkalinization, which is typical for  4-quino- 
lones containing no alkyl group on the nitrogen atom [72]. 

In the IR spect rum of acutine there  are  four bands in the 1635-1500 cm -I  region, at  1635, 1577, 1560, 
and 1510 cm -1, and the intensity of the absorption band of the 4-quinolone carbonyl group (1635 cm -1) does 
not exceed the intensity of the absorpt ion bands of the aromat ic  system.  A s imi la r  pat tern  is observed in the 
spec t ra  of {VIa-VIc) with the only difference that the absorption maximum of the carbonyl group in the spec t ra  
of the 2-phenyl-4-quinolones is found in a lower-frequency region (~1624 cm-i) .  

Distinguishing features of the mass  spec t ra  of the 2-phenyl-4-quinolones a re  the maximum intensity of 
the peak of the mo lecu l a r  ion, the high intensity of the peak of the ion (M - 28) +, corresponding to the ejection 
of carbon monoxide, and the presence  of the peak of the ion (M - 1) +, having a considerable  intensity (10-16%) 
[29]. 

The main pathway for the fragmentat ion of the 2-alkyl-4-quinolones is due to the cleavage of the C - C  
bonds present  in the ~ and the T positions to the 4-quinolone nucleus, E-cleavage being accompanied by the 
migrat ion of the T-hydrogen atom through a s ix -membered  transi t ion state (Scheme 5) [30]. 

OH 0 - ÷  OH 7.+ 

H H . (]H2 

m/e 172 w~ M + m/e 15@(I00"Y,,.) 

Scheme 5 

In the NMR spect ra  of the 2-alkyl-  and 2-phenyl-4-quinolones,  the proton at C 3 resonates  In the form 
of a singlet in the 3.51-3.79 and 3.81'3.83 ppm regions, respect ively [29, 30]. When deuterochloroform is 
replaced by t r i f luoroacet ic  acid, there  is a paramagnet ic  shift of the H 3 signal in the spec t ra  of the alkaloids 
of the 2-phenyl-4-quinolone ser ies  by 0.66 ppm. 

F u r a n o q u i n o l i n e  D e r i v a t i v e s  

This group of compounds is found in the major i ty  of species of the family Rutaceae that have been in- 
vestigated [111. The number of alkaloids of the furanoquinoline ser ies  known is 36, 18 of which, including 
10 new ones, have been found in representa t ives  of the genus Haplophyllum. All the alkaloids of this genus 
are  derivat ives  of dictamine, and in the major i ty  of them the substituents a re  p resen t  in positions 7 and 8. 

A methoxy group at C 4 in the alkaloids of this group is demethylated in an acid or  alkaline medium [79], 
and therefore  when phenolic alkaloids of the furanoquinoline ser ies  are  detected, their  presence  in the native 
state is usually a ma t te r  of doubt in those cases  where the phenolic hydroxyl is located at C 4 [80]. A study of 
the proper t ies  of the Haplophyllum alkaloids has shown that the hydrolysis  of (VIIId), (IXc), and (IXj), contain- 
ing O-prewyl [35, 38] and O-carbohydrate  [42]) substituents takes place more  readily. For  example, 7- iso-  
pentenyloxy-T-fagarine is converted into haplopine on standing in 1% sulfuric acid solution at room tempera -  
ture,  and even during the recording of the NMR spectrum in CF3COOH. Consequently, doubt about the native 
nature of the phenolic alkaloids of the furanoquinoliue nucleus with the hydroxy group in the homocyclic ring 
is just as justified as when this group is p resen t  at C 4. The fact that in some plants we can easily detect phe- 
nolic alkaloids in the acid fract ions of an ethanolic extract  [10] and in others they are  absent even when bases 
with O-prenyl  and O-carbohydra te  substituents are  present  in the plants (robustine is not isolated when haplo- 
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fldine is present  [35], nor  is haplopine when glycoperine and 7- isopentenyloxy-T-fagarine a re  present  [35]), 
p e rmi t s  the assumption that phenolic alkaloids do actually exist in plants, playing the role of intermediates  in 
the synthesis  of O- der ivat ives  of the quinoline ser ies .  

The furanoquinoline alkaloids have been the subject of numerous papers  and reviews [79, 81], and we 
shall therefore  limit ourse lves  to giving the most  important  of the charac te r i s t i c  react ions of this ser ies  of 
substances:  I somer iza t ion  on interact ion with methyl iodide and on hydrogenolysis  under the conditions of 
Adams reduction, leading to the format ion of the iso compound (XXIX) and the te t rahydro  derivat ives (XXX), 
respect ively (Scheme 6). 

0 OCH3 ~ ,OCH~ 

~ H CIt a 
XXIX  ',/I t! {1 X X X  

Scheme 6 

Hydrogenation over  a palladium catalyst  leads to a,fl-dihydro derivatives (XXXI) and over  Raney nickel to a 
mixture  of (XXX) and (XXXI) [81]. At the present  time, charac te r i s t i c  features  of the spectral  behavior  of 
compounds of the furanoquinoline and of their  iso (XXIX), te t rahydro (XXX), and dihydro (XXXI) derivat ives 
have been determined which a re  used in establishing the s t ruc tures  of new furanoquinoline alkaloids. 

The UV spec t ra  of the furanoquinoline alkaloids (Fig. lh, i) have two absorption bands in the ~ 230-260 
am (log e 4.7) and 280-350 am (log e 3.8) regions. The second band is frequently split into two and more  peaks 
and is separated f rom the f i rs t  maximum by a deep minimum at 260-280 nm (log e 3.00). A compar ison of the 
absorption spec t rum of dictamnine - the s implest  representat ive  of this group - with that of the O-substituted 
analogs shows that the bands of the la t ter  are  present  in the longer-wave region. The spec t ra  of alkaloids 
with different alkoxy substituents in one and the same position of the homoeyelic ring a lmost  coincide. Iso- 
mer iza t ion  in the 1-methyl-4-quinol ine compounds (XXIX) causes  aba thochromic  shift of the bands by ~ 10 nm 
and their  change on acidification [45, 53]. The absorption spect ra  of the te t rahydro derivat ives (X~'X) are  
charac te r ized  by the appearance of maxima in the 260-295 am region that are  typical for  the 2-quinolones 
and do not change on acidification o r  alkalinization [45]. 

The IR spec t ra  of the alkaloids of the dictamnine group contain two bands of low to medium intensity 
at 3175-3145 and 3140-3112 cm -1 [35, 38-4t ,  43-45] which are  charac te r i s t i c  of the unsubstituted furan ring 
[82]. A number of other bands has been reported [82] at 1639-1616, 1274-1253, 1109-1088, and 885-816, the 
presence  of which the authors concerned connect with the presence  of the furan ring. However, these bands 
are  unsuitable for identification purposes  since they appear in the spect ra  of many quinoline alkaloids con- 
taining no furan ring. 

In the mass  spec t ra  of the major i ty  of furanoquinoline alkaloids the peak of the molecu la r  ion has the 
maximum intensity. Its f ragmentat ion begins in  each case with the loss of a methyl radical  followed by the 
elimination of carbon monoxide at the expense of the OCH 3 group at C4. Compounds containing an OCH3group 
at C 8 undergo fragmentat ion with the formation of the ions (M - 1) +, (M - 29) +, and (M - 30) + [83, 84], which 
are  charac te r i s t i c  of all quinoline alkaloids with a n  O C H  3 group at C s. The m a s s - s p e c t r o m e t r i c  fragmentat ion 
of the bases (IXc-IXk) begins with the ejection of the substituent at C7 and the formation of the stable ion of 
the phenolic compound [38-42], the fur ther  fragmentat ion of which does not differ f rom that of haplopine [85]; 
the fragmentat ion of haplofidine [35], af ter  the ejection of 68 mass  units, is correspondingly s imi la r  to the 
fragmentat ion of robustine [84]. 

The NMR spec t ra  of the furanoquinoline alkaloids (VIII)-(X) is charac te r ized  by the p resence  in the 
aromat ic  region of, in addition to the signals of the protons of the benzene ring, the doublets of the protons 
of the furan ring at 2.42-2.47 ppm (Ha) and 2.98-3.07 ppm (Hfl) ( J=2.5-3  Hz), which cor re la tes  qualitatively 
with the calculated values of the r - e l e c t r o n  densit ies on the corresponding carbon atoms [86]. Passage  to 
the isofuranoquinolines (XXIX) causes  no appreciable shift inthe signal of the fl proton, while the signal of the 

• a proton undergoes a diamagnetic shift by 0.25 ppm. 

• The protons of the methoxy group at C 4 resonate  in a weaker  field (5.54-5.70 ppm) than the protons of 
the other methoxy groups,  which appear  in the form of singlets at 5.90-6.30 ppm. 

The signal of the proton at C~, which is p resen t  in the peri  position with respect  to the methoxy group 
at C4, in the alkaloids (VIH-X) is observed in a weaker  field than the signals of the other aromat ic  protons.  
Its assignment  may be confirmed by a comparat ive  study of the spec t ra  of the base and of its iso compound 

2 7 0  



in which the pro ton  at  C a is se lec t ive ly  desc reened  by the p e r i - c a r b o n y l  group at  C4, while the s ignals  of the 
other  a romat i c  protons ,  pa r t i cu la r ly  that  at C 8, undergo a diamagnet ic  shift  [45, 87]. 

M o d i f i e d  F u r a u o q u i n o l i n e  D e r i v a t i v e s  

This  group of compounds,  which have been found only in the plant H. penfora tum,  differs  f rom the furano-  
quinoline alkaloids by the s t ruc tu re  of the homocycl ic  ring A. 

Haplofilidine, per for ine ,  and anhydroper for ine  a r e  der iva t ives  of 5 ,6,7,8- tetrahydrofuranoquinol ine,  and 
pe r f amine  is the only r ep re sen ta t i ve  among the furanoquinoline alkaloids in which the homocycl ic  ring A is 
modified to a gem-disubs t i tu ted  cyclohexadienone ring. 

The alkaloids {XIa), (Xtb), and (XII) a r e  s table  to the action of alkalis ,  but when they a r e  heated with 
mine ra l  acids  [88], cycliz 'ation takes  place  with the subsequent  el iminat ion of a molecule  of methanol ,  leading 
to the fo rmat ion  of (XXXII) (Scheme 7). The Adams hydrogenation of {XXXII) leads to the hydrogenolysis  of 
the furan ring and the fo rmat ion  of the t e t r ahydro  der iva t ive  (XXXIII). We have also made  the pa s sage  to 
(XXXIII) by heating with mine ra l  acids te t rahydrohaplof i l idine (XXXIVa), t e t r ahydrope r fo r iue  (XXXIVb), and 
t e t r ahydroanhydroper fo r ine  (XXXV), obtained by the reduction of the cor responding  bases  (XIa, XIb, and XII, 
respec t ive ly)  ove r  a plat inum ca ta lys t .  

In con t ras t  to the si tuat ion in the case  of furanoquinoline der iva t ives ,  a methoxy group at C 4 in com-  
pounds with a par t ia l ly  hydrogenated homocycl ic  ring is not demethylated on being heated with solutions of 
acids or  a lkal is  and is not i somer ized  under  the act ion of methyl  iodide. The heating of haplofilidine, per for ine ,  
and anhydroper for ine  with methyl  iodide in a sealed tube leads to the methiodide fX~:~CVI) which is a l s o f o r m e d  
in a s i m i l a r  manner  f rom (XXXII). Under the action of an ethanolic solution of alkali  the methiodide is con- 
ver ted  into the iso compound (XXXVII). 

Such behav ior  of compounds with a par t i a l ly  hydrogenated homocycl ie  ring (XIa, XIb, XII, and XXXII) 
pe rmi t s  them to be  dist inguished by chemica l  means  f rom the furanoquinollne alkaloids.  
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In addition to the co r r e l a t i on  of haplofilidiue with pe r fo r ine  and with anhydroperfor ine ,  t rans i t ions  have 
also been effected f r o m  per fo r iue  to anhydroperfor ine  [48, 88] and to haplofilidine [89]. 

Pe r famine ,  l ike compounds with a gem-disubs t i tu ted  cyclohexadieuoue ring, tends to undergo a t rans i t ion  
to substance  with an a roma t i c  s t ruc tu re  in an acid medium [90], and on being heated with acid in dioxaue solu- 
tion it is conver ted  into 8-hydroxy-4,7-dimethoxyfuranoquiuol iue  (XXXVIII) and on hydrogenat ion ove r  a p la t -  
inum ca ta lys t  in glacia l  acet ic  acid into 3 -e thy l -8 -hydroxy-7 - i sopen ty l -4 -me thoxy-2 -qu ino lone  (XXXIX)(Scheme 
8) [851. 
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XXXVl l  i X l t  I xxxlx  

Scheme 8 

Consequently, on the reduction of perfamine in an acid medium, in addition to the hydrogenolysis  of the furan 
ring and the hydrogenation of the double bond of the isopentenyl chain, the hydrogenolytic splitting out of the 
methoxy group takes place, accompanied, as in the case  of the cleavage of perfamine in an acid, by enolization 
to form a phenolic compound. 

The UV spect ra  of (XIa), (XIb), and (XII) have an absorption band in the 250-290 nm region (log e 4.1) 
which is split to  severa l  maxima and a minimum at 235 nm (log e 3.6), and (XIII) has a double maximum at 
265 and 273 nm (s 4.4) and a broad band with its maximum at 345 nm (log v 3.9) (Fig. ]j) [85, 88]. 

The IR spec t ra  of (XI-XIII} contain the bands of the s t re tchingvibra t ions  o f C -  H bonds of the furan ring 
at 3165-3145 and 3145-3115 cm -1 [85, 88]. The total integral intensity of the bands of the skeletal vibrations 
of the he teroaromat ic  nucleus in the 1630-1480 cm -1 region in the spec t ra  of compounds with a 5.6-7.8 t e t ra -  
hydro furanoquinoline nucleus is less than that in the spec t ra  of the furanoquinoline alkaloids (2A 4.25-3.10 
and 6.84-4.90, respectively) [91]. 

In the mass  spec t ra  of perfor ine  and haplofilidine [92], the most  intense peaks of the ions with m / e  
248, 216 (100°) and 188 a re  formed as a resul t  of the splitting off of the side chain and the subsequent e l imina-  
tion of m o l e c u l e s  of methanol and carbon monoxide. The methoxy group at C 8 and the hydroxy group at C7 
take par t  in the format ion of the la t ter  ions. 

A feature of the fragmentat ion of the molecular  ion of anhydroperforine [92] is due to the presence  in 
its molecule of an allyl methoxy group at the nodal point of rings A and D, through which ions with m / e  288, 
287, 286, and 285 ar ise ,  the m / e  287 ion being the maximum ion in the spectrum.  

In the mass  spec t rum of (XXXII) (M +, 285, 100~0) [92], the s t rongest  peaks, of ions with m / e  242 (62). 
230 {72), and 229 {72), a r i se  as the result  of the elimination of (sopropyl and isobutenyl radicals  and an [so- 
butylene molecule,  which is typical for compounds containing dimethyldihydropyran rings. 

The main f ragmentat ion pathway of the molecular  ion of perfamine is the elimination of an isoprene 
mOlecule with the format ion of an ion with m / e  245 (100~o) the fur ther  fragmentat ion of which is analogous 
to that of haplopine [85]. 

In the NMR spect ra  of {XIa), (XIb), (XII), and (XIII), in the region of aromat ic  protons only doublets 
(J--3 Hz) of the protons of a furan ring in the 2.53-2.61 (Ha) and 3.13-3.24 ppm (Hfi) regions are  observed.  
In the spect rum of perfamine in this region - in addition to the doublets at 2.36 and 2.92 ppm (J=3 Hz) of the 
protons  of the furan ring - doublets at 2.10 and 3.88 ppm (J =9 Hz) of the olefinic protons of the cyclohexa- 
dienone ring a re  observed [85, 88, 92]. 

In the spec t rum of perfamine,  the protons of the methoxy group at C 4 (singlet at 5.66 ppm) are  found 
in a weaker  field than in the spect ra  of haplofilidtne, perforine,  and anhydroperforine (5.78-5.85 ppm region). 
The protons of the allyl methoxy group in ring A in the spect ra  of all the compounds are  observed in the form 
of a singlet at 6.87-6.96 ppm [85, 88]. 

D i h y d r o f u r a n o q u i n o l i n e  a n d  D i h y d r o f u r a n o - 4 - q u i n o l o n e  D e r i v a t i v e s  

Of the 17 compounds of this group known in the family Rutaceae, five a re  found in representa t ives  of 
the genus Haplophyllum (see above). With the exception platydesmine, which was f i r s t  isolated f rom Pla tydesma 
campanulata [93], all the alkaloids a re  new. 

In contras t  to the furanoquinoline alkaloids, the dihydrofuranoquinoline alkaloids are  not reduced with 
the opening of the dihydrofuran ring and on being heated with methyl iodide they form methiodides C~L) [19|. 
which a re  converted into the iso compounds on pyrolys is  or  on being heated with anhydrous pyridine (Scheme 
9) [50]. 
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Quaternary bases  of the dihydrofuranoquinoline ser ies  a re  found in the family Rutaceae, but they have 
not been detected in Haplophyllum species.  

A charac te r i s t i c  proper ty  of the qua ternary  salts of the dihydrofuranoquinoline alkaloids is the i rcapac i ty  
for  being converted in an alkaline medium into 2-quinolone derivatives (XLI) by the hydrolysis  of the dihydro- 
furan ring [94]. However, in the case  of dubinidine methiodide under these conditions isodubinidine (~LII) is 
formed (Scheme 10) [95]. It was not possible to isolate the intermediate 2-quinolone compound (~LI) even 
when an alkaline solution of (XL) was heated with a 1 N solution of caustic soda for one minute. 

l 
OH3 CH~ 

XLI XMI 

Scheme 10 

Being vinyl ethers, 4-methoxT-2-quinolone compounds 0eLI), unlike the initial bases (X[Va-;~[Vc) are 
readily demethylated to 4-hydroxy-2-quinolone derivatives,  and therefore  the formation of isodubinidine can 
be explained by the cyclodehydration of (XLI) through the t e r t i a ry  hydroxy group of the side chain and the 
phenolic hydroxyl formed as a result  of the saponification of the methoxy group at C a. 

The UV spect ra  of (XIVa-XIVc) (Fig. lk) contain three absorption bands in the regions 220-245 mm 
(log ~ 4.5), 250- 29 0 nm (log ~ 3.7), and 300-330 nm (log ~ 3.5), and those of (XV) and (XVI) (Fig. 1/) contain two bands 
in the ranges 210-240 am (log E 4.3) and 290-325 nm (log r 3.8) and also an inflection at 250 am (log r 4.0) 
[50, 93, 96]. 

The spectra  of the dihydrofuranoquinoline and dihydrofurano-4-quinolone compounds taken in an acid 
medium are  a lmost  identical (Fig. lk, l). 

In their  IR spectra ,  both groups of alkaloids give absorption bands in the 1640-1630 cm -1 region. But 
the dihydrofuranoquinoline bases can be distinguished f rom the i somer ic  dihydrofurano-4-quinolones by the 
absence of the strong maximum at 1550 cm -1 that is charac te r i s t i c  for the 2-alkoxy-4-quinolone compounds 
[73]. 

In the mass  spectra  of (XIVa-XIVc), the main peaks of the ions with m / e  200 is formed as a resul t  of 
the splitting out of a side chain [93, 95]. 

The main directions of fragmentat ion of folisine are  the splitting off of the side chain and the cleavage 
of the C~-Cf l  and O - C a  bonds, which leads to stable ions with m / e  200 and 188 (Scheme 11) [50]. 

(;H3 CH 3 + 
m/e |$8(70%.~ xv M + m/e ~oo(e;%) 

Scheme 11 

In the mass  spect rum of bucharamine (XXV), which is the acetonide of bucharaminol  (XVI), the maxi-  
mum peak of the ion with m / e  214 is formed by the splitting off of the side chain. To this ion corresponds  
an ion with m / e  215 (80~c) ar is ing as a result  of the migrat ion of a hydrogen atom to the position of detach- 
ment of the side chain. The elimination of one of the methyl groups f rom the ion with m / e  215 leads to an 
ion with m / e  200 (18~0) [31, 64]. 

Thus, the m a s s - s p e c t r o m e t r i c  behavior  of the alkaloids of this group depends on the s t ructure  of the 
nucleus (dihydrofurano-4-quinolone or  dihydrofurano-4-methoxyquinolone) at the position of the substituents 
in the dihydrofuran ring. 
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In the NMR spect ra  of (:XIV-XVI), the protons of the dihydrofuran ring resonate  in approximately the 
same region r31, 50, 94, 97] as the corresponding protons of dihydrodictamnine (XXXI)and dihydroisodictamnine 
(XLUI) [67]. 

OCH~ H O 

5,40 5~20 
CH 3 

XXXI XLIII 

The charac te r i s t i c  nature of the chemical  shifts of the o~- and fl-protons of the dihydrofuran ring is used 
as a c r i t e r ion  in determining the position of substituents in this ring [31, 50, 97]. Tr i f luoroacet ic  acid af- 
fects the chemical  shifts of these protons,  shifting them downfield [72]. 

D u b i n i d i n e  

The s t ruc ture  of dubinidine (XIVb) proposed on the basis  of chemical  reactions and spectral  cha rac t e r -  
ist ics [97] has been confirmed by synthesis [98]. In contras t  to all other  known ~-isopropyldihydrofurano-  
quinoline and the i somer ic  4-quinolone alkaloids, dubinidine contains two adjacent hydroxy groups in the iso-  
propyl substituent. This led to an unusual method of proving its s t ructure ,  permit t ing the revelat ion of prop-  
er t ies  unknown in this ser ies  of compounds. Thus, when dubiuidinone (XLIV), obtained by the oxidation of 
dubinine with per iodic  acid, is subjected to Clemmensen reduction, the dihydrofuran ring undergoes hydro- 
genolysis,  which is not charac te r i s t i c  for  the dihydrofuranoquinoline alkaloids, accompanied by the migrat ion 
of the methyl radical  f rom the methoxy group to the keto group, which leads to the ketal (XLV) (Scheme 12) [57]. 

F r o m  the products of reduction of (XLIV), we isolated negligible amounts of (XLVI), formed by hydro l -  
ys is  of the ketal via heating in dioxane in the presence  of sulfuric acid, or  by the action of t r i f luoroacet ie  
acid (Scheme 12) [57]. 

~ CH 3 

XLVI 
XLVII XL, IV XLV 

Scheme 12 

The Adams hydrogenation of dubinidinone leads to (XLVII). On attempted reduction over  a platinum catalyst  
or  amalgamated zinc in hydrochlor ic  acid, dubinidine is recovered  unchanged. Consequently, hydrogenolysis  
of the dihydrofuran ring under the conditions of Clemmenseu reduction takes place when there  is a keto group 
in the a posit ion to the ring. 

At the present  t ime,  more  than 150 quinoline alkaloids are  known which have been found in 64 genera  of 
the family Rutaceae, which numbers about 150 genera  [99]. Almost  one third of them have been found in the 
representa t ives  of the genus Haplophyllum. 

Furanoquinoline alkaloids have been found in all the plants of this genus with the exception of H. tuber-  
culatum. Among the plants studied, pa r t i cu la r  interest  is presented by H. buchar icum and H. perforatum,  
which contain pecul ia r  s t ructura l  modifications of this c lass  of compounds. The biogenetic link of the alkaloids 
of H. bucharicum, which contain a f ragment  of two isoprene units, is obvious, since experiments  withlabelled 
compounds have shown that the Claisen rear rangement ,  with the aid of which the transi t ions f rom bucharaine 
to bucharidine and bucharaminol  take place, occurs  in the plant [100]. 

The plant H. pe r fo ra tum is marked by the p resence  of furauoquinoline compounds the diversi ty of which 
is due not only to differences in the s t ruc ture  of the substituents and their  positions in the homocyclic ring 
but also to a modification of the la t ter  into a gem-disubst i tuted cyclohexadienone ring or  into part ial ly hydro-  
genated rings.  The s t ructura l  s imilar i ty  and the combined presence  of furanoquinoline and modified furano- 
quinoline alkaloids in the plant permit  the assumption that in the alkylation of haplopiue t ransi t ion f rom an 
aromat ic  s t ruc ture  to a cyclohexadienic s t ruc ture  is possible under cer ta in  conditions. The isolation of per f -  
amine f rom the plant shows that this alkylatiou route is apparently followed in vivo. Perfamine  is capable, 
by the elimination of the alkyl substituent, of being recouverted into a compound of aromat ic  s t ructure .  The 
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fo rmat ion  of a lkaloids  with a 5 ,6 ,7 ,8- te t rahydrofuranoquinol ine  skeleton can be r ep re sen ted  through a reduc-  
tion of  compounds of a pe r f amine  type (Scheme 13). It follows f r o m  this Scheme that the p e r c u l i a r  alkaloids 
of Haplophyllum containing no anthrani l ic  acid f ragment  can be fo rmed by the genera l  anthrani t ic  acid m e c h -  
an i sm of b iosynthes i s .  

OCH 3 00113 f- OCi.1, 3 7 

. . . .  f RO HE] 0 
, co , co L  col % j 

R=Me, P~', Rh Haplopine (IXa) J 
H ..~H~ 00"13 i OCH3 

Perfarnine ~Xt11) x ~ x v t  iI Xl a 

The detect ion in plants  of the genus Haplophyllum of specif ic  quinoline alkaloids together  with r e p r e s e n t a -  
t ives  of a lmos t  all  the known modif icat ions of this c lass  of compounds p e r m i t s  the conclusion that among the 
plants  of the family  Rutaceae  that have been studied this genus is unique as a sou rce  of var ious  quinoline sub- 
s t ances .  
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Biological m e m b r a n e s  cons is t  mainly  of p ro te ins  and lipids, and the bulk of the l a t t e r  a r e  composed of 
phospholipids,  of which phosphatidylcholine (PC) p redomina tes .  The s t ruc tu re  and a number  of impor tant  
p r o p e r t i e s  of b i o m e m b r a n e s  depend on the mo lecu l a r  s t ruc tu re  of the PC. 

tn recent  y e a r s ,  the s t ruc tu ra l  e lements  of b iomembranes ,  pa r t i cu la r ly  the phospholipids (PLs) of animal  
origin,  have been studied ex t r eme ly  intensively,  but invest igat ions devoted to the PLs  of plants  and the i r  m o -  
l ecu l a r  s t ruc tu re  a r e  st i l l  inadequate; consequently,  the analys is  of plant  PLs  is of g rea t  in teres t .  

We have repor ted  [1-3] poss ib le  mo lecu l a r  f o r m s  of the main  groups of PLs  of the cotton plant de t e r -  
mined by calculat ion on the bas i s  of the posi t ion dis t r ibut ion of the fatty acids in the i r  molecules .  In the p r e s -  
ent pape r  we give the r e su l t s  of exper imenta l  invest igations of the fine mo lecu l a r  s t ruc tu re  of the PC of the 
seed ke rne l s  of the cotton plant of var ie ty  S-6029 [4]. The total fa t ty-ac id  composi t ion  and posi t ion d is t r ibu-  
tion of the fatty acid radica ls  of the g lycer ide  pa r t  of the PC molecule  of this var ie ty  of cotton plant  has been  
repor ted  prev ious ly  [3]. 

The phosphatidylcholines were  studied by means  of the Scheme shown. For  be t t e r  separa t ion  into m o -  
lecu la r  types,  the PC was conver ted  by the action of phosphol ipase into d iglycer ide  (DG) and also into mono-  
ace ty ld ig lycer ide  (MADG) der iva t ives .  The DG and MADG were  separa ted  according to the i r  degree  of un- 
sa tura t ion  on a rgent ized  pla tes  in s y s t e m s  1 and 2. The yields  of the individual f rac t ions  a r e  given in Tables  
1 and 2. 
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