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OF F O L I O S I D I N E  

An alkaloid foliosidine isolated from the plant Haplophyl!um foliosum Vved. (Rutaceae family) has the for- 
mula Cld-I~zOsN. Its expanded formula is CmHm (N-CHs) (OH)2 (OCHs) (CO) (-O-), and it is 4-methoxy-8- 
- (2', 8'- dihy drox y- 8'- methyl- bntoxy)- N- methylcarbostyryl (I). 

We have previously reported the isolation of an optically active alkaloid, foliosidine [1], revised formula 
Cz6H2zO ~ N [2], from the aerial part of Haplophyllum foliosum Vved. (Rutaceae family). 

Analysis of functional groups shows that foliosidine contains two hydroxyls, a methoxyI group, and a methylimide 
one. The alkaloid does not give a specific reaction for the carbonyl group. However, its IR spectrum exhibits the ab- 
sorption band of amide carbonyl (1645 c m "  ), as well as a band in the region 8270-8400 cm -z , characteristic of the 
hydroxyl group. The fifth oxygen atom is inert and ethereal, the IR spectrum of the alkaIoid containing an absorption 
band at 1150 cm -I corresponding to it. Hence the formula of foliosidine can be expanded in the form CmHz3 (N-CHs) 
(oPIh(OCHs) (co) (-o-). 

The treatment of the alkaloid with acetyl chloride gives diacetylfoliosidine, C18HIs(N-CHs) (OCOCHs) 2 (OCH~) 
(CO) (-O-). The hydroxyl absorption band is absent from the IR spectrum of this derivative, its pIace being taken by 
the carbonyl group of a complex aIcohol ester (1725 cm "z ), the intensity corresponding to two acetyl groups. Hence 
both hydroxyls in foliosidine are alcohol hydroxyls. 

Saponification Of diacetylfoliosidine yields the initial base. The alkaloid is not hydrogenated in the presence of 
platinum, and its IR spectrum lacks the 8110-3150 cm -1 absorption band corresponding to the valence vibrations of C-H 
in the furan ring ['3]. 

The UV absorption spectra of foliosidine and its derivatives (Fig. 1) c losely  
resemble those of quinoline derivatives. Since the IR spectrum of the base 

t~£ , ~  (Fig. 2a) exhibits a band of high integral intensity in the region 1615-1650 cm -1 
/r~ ~ ~. foliosidine must be a derivative of N-methylquinolone-2 [4, 6]. 

4.0 Foliosidine (I) can readily be demethylated by heating with an alcoholic solu- 
~".-. tion of hydrogen chloride, and this is characteristic of 7-methoxyquinolones. Nor- 

...... I i. foliosidine (It)results, with formula CIsH m (N-CHs) (OH).q (CO) (-O-), and methyl- 
. . . .  .f~~5~~....... " ~ ~ i :  , ation of it with diazomethane gives back the original base. Alkali fusion of the 
• alkaloid gives an optically inactive substance (III) of phenolic character U.* '. 

• r CsH 4 (N-CHs)(OF0(OCHs)(CO), differing from the initial foliosidine by the group 
~0z0~ ' " ' ' 30o A~x,q~ of atoms CsHs(OH)9. • A phenolic hydroxyl can be formed by saponifying the 

simple ether linkage between the quinoline nucleus and the side chain CsHg(OH)2. 
Fig. 1. UV spectra: 1) Foliosi- Thus the phenol (III) is a derivative of 4-methoxy-N-methylquinoline-2 in which 
dine; 2) ether (IV); 8) 4, 8-di- the hydroxyl group can be present in one of five positions (8, 5, 6, 7, 8). 

• methoxy-N-methylquinolone-2. With acetic anhydride and pyridine [6] the phenol (III) forms an acetyl de- 

rivative (Ilia), Call 4 (N-CHs)(OCOCHs)(OCHs)(CO), the IR spectrum of which 
1atlas a hydroxyl band but exhibits a carbonyl absorption band of a complex phenol ester (1770 cm -z ). 

Methylation of phenol (III) with dimethyl sulfate gives a methyl ether (IVi, CsH4 (N-CHs) (OCHs) ~ (CO), and the 
latter on heating with hydrochloric acid is demethylated to base (VII), CsH4(N-CHs) (OH) (OCH~) (CO), which is isomer- 
ic with phenol (III), and which on methylation gives ether (IV). With sodium nitrite in acid medium the phenol (VII) 
gives a nitroso derivative (VIII) C~-t40 (N-CHs) (NO) (OCH~) (CO) which could arise only in the absence of a substituent 
at Cs of the quinoline nucleus, so that the side chain does not occur at that position. Thus, four positions in the ben- 
zene nucleus of 4-methoxy-N-methylquinolone-2 are possible for the side chain. 

The constants of the ether (IV) and related substances (VII, VIII) are close to those given in the literature [8, 9] for 
4, 7-dimethoxy-N-methylquinolone-2 and corresponding derivatives. Furthermore, in known quinoline alkaloids the 
side chain joined to the quinoline benzene nucleus through a simple ester linkage is at position 7 [6, 7]. 4, 7-dimethoxy- 
N-methylquinolone-2 was therefore synthesized by a method described in the literature [8], but was found to differ 
from the substance obtained from the foliosidine ether (IV). 
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The hydroxyl group of phenol (III) appears as a continuous absorption from 2500-3300 c m - '  (Fig. 2b). which can be 
ascribed to strong intermolecular hydrogen bonding between the hydroxyl and the nitrogen or carbonyl of the pyridine 
ring. This kind of bonding can exist if the hydroxyl group of 
the phenol (III) is at C s or Cs. Since foliosidine and its de-  
rivatives are not substituted at C s, the only remaining possi- 
bility is C s, and this was shown to be correct by direct c o m -  
parison cf the ether (IV) with 4, 8 -dimethoxy-N-methylquin-  
olone-2. For preparation of the latter the alkaloid 7 - f aga -  
fine was submitted to oxidative degradation to the known 
8-methoxy-4-hydroxyquinolone-2 [9], whlcn was then t reat-  
ed with dimethyl sulfate to give 4, 8 -d imethoxy-N-methyl -  
quinolone-2. A mixed mp test, as well as comparison of 
UV and IR absorption spectra (Figs. 1 and 2), showed that 
the substance obtained was identical with the ether (IV). 

This established the basic nucleus and point of at tachment 
of the side chain in foliosidine, which is 4 -methoxy-N-methyl -  
carbostyr,/1 with an ethereal side chain CsHg(OH)~(-O- ) at C8. 

To elucidate the nature of the C~Hg(OH)~ portion, foliosi- 
dine was oxidized with chromic acid in sulfuric acid and ace-  
tone was very readily formed, identified as the 2, 4-dinitro- 
phenylhydrazone showing the presence of  the CHs-C-CH s group 
in the residue CsHg(OH)z. 

Foliosidine is oxidized by iodic acid, so that the hydroxyl 
groups in the side chain are on adjacent carbon atoms. Acetone 

^ 

36t~ 3200 /soo /400 /ooa 7oo soo Vmax, c i t  

Fig. 2. IR spectra: a. foliosidine; b. phenol (III); 
c. ether (IV); d. 4, 8-Dimethoxy-N-methylquino- 
lone -2. 

and the heterocyclic aldehyde foliosidinal (V) were isolated from the oxidation products. Such scission o f  foliosidine 
could occur only if the side chain contained the grouping (CHs)zC(OH)-CH(OH)-. 

Foliosidinal is an optically inactive compound with the formula CzgHlsO4N, or expanded, CIoHI(N-CHs) (OCHs) 
(CO) (-O-);  it gives a silver mirror reaction, condenses with dimedone, and forms an oxime and 2, 4-dinitrophenyl- 
hydrazone. Further, formaldehyde is among the products of oxidation with iodic acid. Alkaline 8 % hydrogen peroxide 
converts foliosidine into the phenol (III). Hence foliosidinal contains the grouping OHC-CH2-O- [6, 7]. These facts 
and the presence of an asymmetric carbon atom in the alkaloid indicate that the side chain of foliesidine has the 
structure (CHs)2C(Ot-D-CH(OH) -CH 2-O- [6, 7, 10]. 

Consequently foliosidine is 4 -methoxy-8-  (2 ' ,  8 ' -dihydroxy-S ' -methylbutoxy)-N-methylcarbostyryl  (I), and its 
decomposition can be represented as follows:- 

CH3 ~ OCH3 

I • ! / 

" o 

HsCO ~H 3 ~3~C-CH-H2C-O CH s HO CH, 
HO OH / Cyril) J (1) / (m) 

oH 0OH,/ 

=o =o 

H3CO CH 3 H380 CH 3 H380C0 8H 3 

(vii) (IV) (IIIo) 
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Exper imental  

Foliosidine was isolated from the to ta l  alkaloids of Haplophyllum foliosum Vved. by the method previously/describ-  
ed and chromatographing on a lumina.  After recrystal l iz ing from acetone and alcohol it  has mp 141-142", [c~]~ + 41.6* 
(c 3. 006; ethanol).  

IR spectrum Umax: 3350, 16f15, 1150 cm -I . 

UV spectrum }'max: 232, 252, 326 m g  (log e 4. 50, 4 .46,  3.50 resp. ) 

Found %: C 62.70; 62. 70; H 7.30; 7. 05; N 4. 60; 4. 76; OCH s 11. 12; 11.46; N-CH 8 4. 56; 4. 41. Cz6HzlOsN. Calc.  
%:C 62.52; H 6.88; N 4. 55; OCH s 10.09; N-CH s 4 . 8 9 .  

Diacetylfol iosidine.  0.5 g foliosidine and 7 ml  acetyl  chloride were heated together in a sealed tube; after 

24 hr the tube was opened and excess ace ty l  chloride dist i l led off. The residue was suspended in water and 4% aqueous 
ammonia  added t i l l  a faint a lkal ine  react ion was obtained.  The precipi ta te  (0 .7  g) was f i l tered off and crysta l l ized 
from acetone and alcohol;  mp 142-143 °, [ a ] ~  + 5.4* (c 4.41;  ethanol) .  

IR spectrum Vmax: 1780, 1640 crn -z . 

Found %: C 61.4; 61.4; H 6. 64; 6. 64; N 3. 54; 8.68; OCH~ 9.0; 9.7; N-CH s 3. 2. C20H25OTN. Calc. %: 

C 61.36; H 6. 43; N3.57; OCH s 8.0; N-CH~ 8.9. 

Action of hydrochloric acid on foliosidine. Norfoliosidin. 0.5 g alkaloid were dissolved in 6.5 ml alcohol and 

1.5 ml  cone. HC1, and heated for 6 hr on a s team bath.  When the react ion was comple te  the alcohol  was dist i l led 
off and the residue taken up in 4% aqueous sodium hydroxide.  The a lkal ine  solution was washed with chloroform to 
remove unreacted a lka lo id ,  and then acidif ied with acet ic  ac id .  The resultant precipi ta te  of norfoliosidine (0 .35 g) 
was crysta l l ized from water; mp 285-236", [a]lD8 + 50.4* (c 1.984; pyridine ) .  

IR spectrum Vmax: 8800, 1650 cm -I .  

UV spectrum Xmax: 234, 252, 278, 290, 326 m g  ( l og  e 4.16; 3.58; 3.56;  3 .12 resp. ) .  

Found % • C 61.1; 60.9; H 6.82; 7.02; N 4. 90; 5.041 OCH 8 not de tec ted .  C15Hz9OsN. Calc .  % • C 61.4; H 6.52; 

N 4,77.  

Meth}rlation of norfoliosidine.  0.2 g norfoliosidine were suspended in 5 ml absolute alcohol ,  and an e thereal  
solution of d iazomethane  added.  The oily residue was crystal l ized by tr i turating with acetone.  Mp 141-142" (from 

a c e t o n e ) ,  mixed mp with authentic foliosidine undepressed. 

Kuhn-Roth oxidat ion.  0.5 g foliosidine were mixed with an oxidizing mixture of 5 g chromic anhydride,  5 ml 
cone.  HzSO 4, and 20 ml  water.  A vigorous react ion took place  with evolution of gaseous products, the la t ter  being 
trapped in a 0 .1% solution of 2, 4-dini t rophenylhydrazine hydrochloride.  The react ion was brought to a conclusion by 
heating for 6 hr on a s team bath and 2 hr on a sand bath.  There was a precipi ta te  of 2 .4-dini t rophenylhydrazone ace -  

tone with mp 123-124~; 

Alkal i  fusion of fol iosidine.  A mixture of 1 g foliosidine,  2 g KOH, and 0.5 ml  water were heated for 3 min at 
150", cooled,  and dissolved in water.  The a lkal ine  solution was washed with chloroform to remove unreacted a l -  
kaloid,  then acidif ied with ace t ic  acid.  The phenol (III) (0.6 g ) precipi ta ted was crysta l l ized from ace t ic  acid and 

alcohol;  mp 227-228 * 

IR spectrum Umax: 2500-8800, 1635 cm -t  . 

UV spectrum ) 'max:  212, 225, 254, 382 m g  (log e 4.36; 4.88;  4.42; 3 . 3 4 r e s p . )  

Found % :  C 64.5; 64.5; H 5.87;  5.87; N 6.72; 6 .68.  CtlHnOsN. Calc .  %: C 64.88; H S . 4 0 ; N  6.82. 

Acety la t ion  of the  phenol (III). 0.5 g phenol (III7 were mixed with 10 ml  ace t ic  anhydride and 2 drops of pyridine. 

The mixture was heated 2 hr on a s team bath,  and the excess of ace t ic  anhydride dist i l led off. 

The resultant ace ty l  der ivat ive  (0 .55 g) was crystal l ized from ethyl ace ta te  and alcohol;  mp 150-151°. 

IR spectrum Umax: 1760, 1660 cm -1 . 

UV spectrum kmax:  230, 272, 282, 820 m/J (log e 4. 68; 8.81; 3.82;  3.63 resp. ) 

Found % ; C 68.6; 63.9; H 5.84;  6.06; N 5.77;  5 .88;  OCHs 18.2; 13.82; N-CH s 6.2; 6.4. C1sHI3OaN. Ca le .  % : 

C 68.14; H 5.80; N 5.66; OCH 3 12.6; N-CH 8 6.07.  

Methylat ion of the phenol ( I I I ) .  A solution of 0 .5  g phenol (III) in 2 .5  mt 10 a/o sodium hydroxide solution was 
added to 2 .5  ml d imethyl  sulfate,  a further 4 ml  of 20 sodium hydroxide solution was added,  and the mixture shaken. 
The precipi ta ted crystals of the ether (IV) were taken up in chloroform and run through a column of a lumina,  then 
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IR s3ectrum Ymax: 

UV spectrum Xmax: 

Iodic acid oxidation 

crystallized from benzene-petroleum ether; mp 139-140". 

IR spectrum Umax: 1640 em "1. 

UV spectrum )'max: 232, 252, 286, 328 m~ (log s 4.38; 4.34; 3.74; 3.38 resp.) 

Found %0 : C 65.6; 65.8; H 6.13; 6.27; N 6.48; 6.74; OCH 3 28.4; 28.7. CI~HIsO3N. Calc. % : C 65.73; 

H 5 . 9 8 ; N  6.39; OCH s 28.2. 

De__j!aethylation of ether (IV). 0.5 g of the methyl ether (IV) were mixed with 20 ml 5 N hydrochloric acid and 
boiled for 1 hr. The mixture was cooled and made alkaline with a 20 %0 sodium hydroxide solution. The alkaline 
solution was extracted with chloroform and then acidified with acetic acid. The resultant precipitate was isolated 
(O.35 g) and crystallized from alcohol; mp 268-270*. 

IRspectrum Umax: 2800-3100, 1645 em -1. 

UV spectrum Xmax: 234, 252, 288, 314 mg (log s 4.44; 4.40; 3.84; 3.38 resp. ) 

Me!hylation of phenol (VII). 0.3 g phenol were methylated with dimethyl sulfate as described above. The re- 
action p:mduct was isolated, and crystallized from benzene-petroleum ether; mp 139-140", mixed mp with the ether 
(]:V) was undepressed. 

Nitioso derivative of phenol (VII). 0.3 g phenol (VII) in 10% sodium hydroxide solution and 0.12 g sodium 
nitrite v---~,ere mixed and cooled to -10°to -15 °, and acidified with 15 9o H2SO 4. A red precipitate of the nitroso de- 
rivative was formed, mp 187-188 * (from alcohol ). 

Fouzld 90 : N 12.04; 12.03; OCH 3 13.5; 14. 0. CtIHIoOaN2. Calc. 90 : N II.95; OCH 3 13.2. 

Pre__ ~!aration_ of 8-methoxy-4-hydroxyquinolone-2. 8 g ?-fagarin were dissolved in 50 ml acetone, and 5.52 g 
potassium permanganate in acetone added dropwise. The reaction mixture was stirred 2 hr, the manganese dioxide 

precipitate filtered off and treated alternately with 4%0 sodium hydroxide solution and hot water. The filtrate was 
acidified when cold, the precipitate of ), -fagarinic acid separated (2 g), mixed with 150 ml 3090 HCI, boiled for 
6 hr, and filtered hot. After 12 hr, there was a precipitate of 8-methoxy-4-hydroxyquinolone-2, with mp 243-245" 

(from acetic acid). 

Me__Jhylation of 8-methoxy-4-hydroxyq.uinolone-2. A solution of 1 g of the compound in 5 ml 109o sodium hydrox- 
ide solution was mixed with four portions of 5 ml dimethylsulfate and 8.5 ml 20% sodium hydroxide. The resultant 
precipitate of 4, 8-dimethoxy-N-methylquinolone-2 was separated off, and crystallized from benzene-petroleum 

ether; mp 139-140°/o. 

1645 cm -i. 

232, 252, 286, 327 mg (log e 4.48; 4.44; 3.80; 3.48 resp. ). 

of foliosidine. 

1. 0.5 g foliosidine was added to a solution of 0.5 g iodic acid in 12 ml water. After 24 hr, the precipitate of 
foliosidinal (0.4 g) was filtered off, and crystallized from methanol; mp 158-160". The filtrate was distilled off on a 
sand bath into a 0. 1% solution of 2, 4-dinitrophenylhydrazine hydrochloride, to give a precipitate of 2, 4-dinitrophenyl- 
hydrazone acetone with mp 123-124 °. 

2. 0.5 g foliosidine was oxidized with iodic acid in the way described above. The filtrate was distilled off on a 

sand bath into a hot i9o aqueous solution of dimedone. A precipitate of forrnaldehydedimidone formed immediately, 
ktsoluble on heating, with mp 187-188". 

Foliasidinaldimedoneo A hot 1%o dimedone solution was added to 0.1 g foliosidinal, the mixture was boiled for 
10-15 rain, and the precipitate filtered off and washed well with hot water. After drying and crystallizing from alcohol, 
the foliosidinaldimedone had mp 170-171". 

Foliosidinal oxime. A hot alcoholic solution of 0.2 g foliosidinal was mixed with 0. I g hydroxylamine hydro- 
chloride in water, and the mixture added to a warm solution of sodium carbonate (0.05 g). On standing, crystals of 
foliosidinal oxime with mp 202-208* (from alcohol) precipitated out. 

Found%:C 59.2; 59.4; H 5.53; 5.63;N 10.59; 10.57; OCH 3 12.5; 12. 98; CIaH~IOIN 2. Calc. %: C 59.5; 
H 5.38; N 10.68; OCH 3 11.8. 

Ox__~,ilation of foliosidinal with hydrosen peroxide. 0.2 g foliosidinal were added to 4 ml 10 %0 sodium hydroxide 
solution ,and 5 ml 3 % hydrogen peroxide. The mixture was heated on a steam bath, and after 10 min the clear 
solution ~as cooled and acidified with acetic acid. The resultant precipitate (0.1 g) was filtered off and crystallized 
from alcohol, mp 226-227". The mixed mp with the phenol (Ill) was undepressed. 
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IR spectra were observed using a UR-IO instrument, the mater ia l  being table ted  with KBr; UV spectra were de -  

termined with a SF -4 instrument,  the solvent being alcohol .  
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