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Isolation from seeds of Haplophyllum perforatum of the new alkaloids perforine and haplophyllidine has been 
reported previously [1, 2]. Perforine (I), ClsHi~OeN, is a weak optically-active base, a functional analysis of which 
shows that it contains two hydroxy and two methoxy groups and no N - - C H s  group. 

The IR spectrum ofpefforine has bands characteristic for substances containing a furan group [3]. The developed 
formula of the base is CI~HxTN (OCHs)z(OH)z(--O-). 

The presence of a hydroxy group in (I) is confirmed by the preparation of a ehlomacetyl derivative (IV). 

C i6HlvN(COHa)2 (OCOCHD (C1) (--O--). 

Frequency of the carbonyl absorption of (IV) (1740 cm-1),  the replacement of a second hydroxy group by chlorine 
under the action of acetyl chloride on pefforine, and the insolubility of the alkaloid in alkali show that both hydroxy 
groups are alcoholic and one of them is tertiary. The preparation of a ketone (XI) by the oxidation of perforine with 
chromic anhydride in glacial acetic acid shows the secondary nature of the other hydroxy group in (I). 

The action of (I) of zinc and hydrochloric acid forms anhydroperforine (III), ClgHzsO4N, and a chlorine-containing 
substance (V), C:THm OiNClz, which are also obtained by the action of anhydrous zinc chloride on perforine. Anhydro- 
perforine (III) does not undergo acerylation. Its IR spectrum lacks the absorption bands of OH and CO groups, and, con- 
sequently, the splitting out of water takes place at the expense of the two hydroxy groups with the formation of an ether 
bridge. Thus, the developed formula of anhydropefforine can be represented in the following way: 

C16HlvN (OCHa)2 ( - - 0 - - ) 2 .  

The oxidation of pefforine (I) and anhydroperforine (III)by the Kuhn-Roth method gives acetone. 

All these data show the presence in perforine (I) of the grouping 

CH3 OH 
\ /  

C 
/ \ 

CH3 

Boiling chloroacetylperforine (IV) with pyridine leads to the splitting out of hydrogen chloride and the formation 
of a substance (VI) identical with acetylhaplophyllidine [2]. When the latter is saponified, haptophyllidine (II) is formed. 
The passage from perforine to haplophyllidine shows that these alkaloids have the same heterocyclic skeleton. Their 
difference is that substance (II) contains an isopropylidene grouping 

CHa 
\ / 
/ c = c \  

CH3 

in place of the dimethly carbinot group in (I). This is shown by the production of acetone when haplophyllidine is sub- 
jected to ozonolysis [4]. The oxidation of (II) by the Kuhn-P, oth method also gives acetone. The composition of (II), 
C18His 04N, is confirmed by a mass-spectrometric determination of its molecular weight and by the number of protons 
in its NMR spectrum. 

The UV spectra of (I)-(III)are almost identical (table), but they differ from the UV spectra of the furoquinoline 

alkaloids. 

The IR spectra of (I) and (II) have absorption bands characteristic for the furan ring, the presence of which has been 
shown by the catalytic hydrogenation of these substances. Under these conditions perforine gives tetrahydroperforine (VII), 
ClsH29OsN, and haplophytlidine gives tetrahydrohaplophyllidine and hexahydrohaplophyllidine (VIII), CIsHzgO4N. The 
IR spectra of (VII) and (VIII) exhibit the absorption band of an amide carbonyl (1640 cm-1).  Consequently, the furan ring 
is condensed linearly with the pyridine ring in (I) and (II). The UV spectra of (VII) and (VIII) are similar to those of the 
2-pyridones [5]. 
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The hydrogenation of perforine in the presence of Raney nickel gives dihydroperforine (IX). Its UV spectra is 
similar to that of fabianine, which has a 5, 6, 7,8-tetrahydroquinoline structure [6]. 

The similarity of the UV spectra of the products of the hydrogenation of (VII) and (VIII) to the corresponding 
spectra of ~:-pyridone derivatives and of the spectra of dihydmperforine (IX) to those of 8, 6, 7, 8-tetrahydroquinoline de- 
rivatives, and also the mass spectrometric data of a study of haplophyllidine permit the conclusion that the alkaloids (I) 
and (II) are based on a 8, 6, 7 ,8- tetrahydro-2,3-furoquinoline structure. 

Results of a study of the NMR spectra confirm this hypothesis. In the aromatic region in the NMR spectra of (I)-(III)  
there are only two one-proton doublets at r 2.53-2.61 and 3.13-3.24 (J = 3 Hz), the chemical  shifts and spin-spin coup- 
ling constants of which are typical for the a -  and B-protons of a furan ring [7]. There are no signals of other aromatic 
protons. 

The NMR spectrum of (I)-(III)  have two three-proton singlets in the r 5.78-5.85 and 6.92-6.95 regions correspond- 
ing to two methoxy groups, the signal in the weaker field relating to a 4-OMe group in a pyridine ring and that in the 
stronger fie.ld to a methoxy group in a hydrogenated ring. 

The presence in the spectrum of (II) of a one-proton triplet at r 4.72 (J = 7 Hz) and of two three-proton singlets 
at r 8.27 and 8.33 shows the presence in this base of the side chain 

CHa 

C = C H - - C H , ,  -- 

CHa 

The strong peaks of ions with m /e  248 in the mass spectra of (II) and (VI) show the splitting off to a side chain of 
such a structure from haplophyllidine. 

The oxidation of haplophyllidine with chromic anhydride in glacial acetic acid with the consumption of three 

UV Spectra in Ethanol 

Compound 

Perforine (I) 
Haplophyllidine (II) 
Anhydroperforine (III) 

(IV) 
(vii) 
(VIII) 
Ox) 
(xiI) 

(V) 

(XIII) 
(xlv) 

(xv) 

~'max, mp {10g ~) 

256 (4.00) 
258 (4.18) 
258 (4.08) 
219, 258 (4.52; 4.14) 
233, 302 (3.64; 3.92) 
236, 300 (3.64; 3.93) 
210, 278 (4.38; 3.76) 
233, 282, 292, 318 (4.18; 4.10; 

4.12; 4.27) 
234, 252, 280, 296, 319 (4.O8; 

4.02; 4.05; 4.06; 4.30) 
255. 262, 354 (3.66; 3.63; 4.26) 
212, 252, 302, 336 (4.04; 4.18; 

4.19; 4.10) 
219, 295, 315 (4.4; 4.26; 4.32) 

~min, m~z (log :) 

233 (3.58) 
234 (3.68) 
233 (3.64) 
232 (3.68) 
228, 253 (3.62; 2.88) 
230, 253 (3.62; 3.04) 
743 (3.40) 
220, 263, 300 (4.04; 

3.82; 4.08) 
220, 264, 300 (3.93, 

3.78, 4.04) 
240, 270, 295 (3,62; 

3.48; 3.20) 
229, 266 (3.72; 3.70) 
260, 302 (3.67; 4.21) 

oxygen atoms gives a lactone (X), CIsHIsOsN. The absorption band at 1790 cm "1 in its IR spectrum shows that it is a 
7-1aetone and not a 5-1actone [8]. This means that the hydroxy group and the side chain in (I) and (II) must be present 
on adjacent carbon atoms of the tetrahydroquinoline nucleus. 

TTe absorption band at 1740 cm -z in the IR spectrum of the ketone (XI) shows that the carbonyl group in it is 
conjugated with the pyridine ring, and ,  therefore, the hydroxy group in (I) and (II) may assume position 6 or 7. 

The NMR spectra of (I) and (II) contain a one-proton signal in the ~" 8.88-6.24 region the chemical  shift of which 
corresponds to a proton in the neighborhood of a hydroxy group [9, 10]. The shift of this signal in the spectrum of (VI) 
(r  = 4.72) shows the correct assignment of the signal and the secondary nature of the hydroxy group located in the ring. 

The absence of a signal from a proton adjacent to a methoxy group [10] shows that the OCHs group is located on 
a tertiary carbon atom, i . e . ,  on the same carbon atom as the side chain. 

The action of mineral  acids on (I)-(III)  forms a substance (XII), C,~HxgOsN, the composition of which was con- 
firmed by mass-spectroscopic data and also by the results of a determination of the number of protons in its NMR spec- 
trum. Compound (XII) lacks hydroxy and carbonyl groups but has one methoxy group: CmH16N(OCHa) (--O--)z.  
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The IR spectrum of (XII) has the C--H stretching vibrations of a furan ring which disappear when this compound is 
hydrogenated.  

Compound (XII) differs in composit ion from haplophyl l idine (II) by CHaOH and from perforine (I) by CHaOH and 
H20. In this react ion,  the formation of a new ring takes p lace  (in perforine by the spli t t ing out of a molecu le  of water 
from two hydroxy groups and in haplophyl l id ine  by the transition from a chain isomer to a ring isomer [11]). 

Split t ing out of a methoxy group in the form of methanol  leads to the formation of a double bond conjugated with 
the pyridine ring, since in the IR spectrum of (XII) there is a bathochromic shift, in comparison with the corresponding 
spectra of ( I ) - ( I I i ) ,  accompanied  by a hyperchromic effect ,  

This ease of spli t t ing off of a methoxy group under the act ion of acids with the formation of a conjugated double 
bond shows that  the OCH3 group and, consequently,  the side chain occupy position 5 or 8 of the tetrahydroquinoline 
nucleus.  

The NMR spectrum of (XII) has no signals of olefinic protons, which means that the double bond in this compound 
is tetrasubsti tuted.  

+ c 

CH H oHO ~,°cH3 CH ! ['OCH3 C 3~C.. " ~,.CH 2 \ 3 ~ . , , ~  ~1-t_.....'el f'2 C.H?C~.c _H2 
CH3 CH2 NN~H3 1 III 3 ' 2 V 

2 H O  H 3  

CH 3)C_., /CH 2 CH XII 
CH "<OH CH 3 

3 II 

Product (XII) undergoes the conversion into the iso compound C17HlsOaN [12], that is character is t ic  for 4 -a lkoxy-  
quinolines, l ike many 4-quinolones,  f i rmly retaining a molecule  of water [18]. The developed formula of the iso prod- 
uct (XIV) is CzsHz6(N--CHa) ( - O - - ) z  (CO). Under s imi lar  conditions, the bases ( I ) - ( I I I )  give substance (XIV). 

In the mass spectrum of (II) there are intense peaks of ions with m / e  285 and 216 corresponding to the expulsion 
from the molecu la r  ion first of a molecu le  of CHsOH and then of the side chain.  The s tabi l i ty  of the ion (M-101) is due 
to the formation of a system of conjugated double bonds: 

1- 

OCbl a 
or 0 , ~ ~ ,  

m/e 216 (M-~01) 

On the basis of at l  that has been said above,  the following structures may be proposed for (I) and (II): 

CHsO ./R OCH3 

" 0 " > < ' " ~ " ~  .o~ 
R OCH~ 

a b 

The action of concentrated sulfuric acid on (I) and (II) gives an opt ica l ly  inact ive  base C~THlsOaN (XV). Its mass 
spectrum has a 100% molecu la r  ion, which is character is t ic  for aromat ic  systems. 

In the NMR spectrum of (XV) in the region of aromat ic  protons, in addit ion to signals from the a -  and ~-protons 
of a furan ring, there are two doublets at r t .85 and 2.97 0ortho = 8 Hz). The values of the chemica l  shifts of aromat ic  

protons [7] make  i t  possible to consider formula a as more l ike ly .  

Below we give the scheme of the transformations of perforine (I) and haplophyl l id ine  (II) (see figure on p. 773). 

Expe[imental  

Perforine ( I ) .  This substance was obtained with mp 182-183 ° C (methanol) ,  [ a ] ~  + 14.5& (c 1.579; methanol) ,  
[c~]~ + 14.32 ° (c 0.3044; chloroform). IRspec tmm:  3380-3470 cm -1,  3148, 3118, 1610, 1267, 1100, 875 cm_ -1. 
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I R=H; 
/CHs 

R=-CHz-CHz-~CH ' 

11 R=H; 

=-  Ct'Iz- C z=C\cH 3 

R = COCHs~ 

R'=- CHz--CH~C/.,CC~ 3 
Cl: 3 

V] R=COCHs; p, ./-r~, 3 
p I= _ CH~-CH =C x CH3 

Found, °]e. C 64.4, 64.5; H 7.70, 7.61; N 4.27, 4.42; OCH3 18.49, 18.77. Calcula ted  for CzsHzsOsN, °]o: C 64.45; 
H 7.81; N 417;  OCH3 18.5. 

A nhydrqperforine (III). Several  small  pieces of zinc were added to a solution of  1 g of perforine in 12 ml  of con- 
centrated hydrochloric acid,  and the mixture  was left  to stand at room temperature .  After 5 days, i t  was f i l tered and 
made a lkal ine  with ammonia  and the prec ip i ta te  that deposited was treated with chloroform. The oil  remaining after the 

solvent had been dist i l led off crys ta l l ized on the addit ion of e thanol .  The yie ld  of anhydroperforine was 0.7 g, mp 
143.5-144 ° C (ethanol),  [c~]Z~)-36.02 * (c 2.208; methanol);  IR spectrum: 3130 cm -1 , 1610, 1265, 1100, 878 cm -1. 

Found, %: C 68.18, 68.18; H 7.35, 7.34; N 4.59, 4.47; OCH3 19.3, 18.8; tool .  wt. 317 (mass spectrometry) ,  Cal -  
culated for CzsHzsO4N, °]o: C 68.11; H 7.3; N 4.41; OCHs 19.5; mol. wt. 317.37. 

From the mother liquor, after the isolat ion of the anhydroperforine, a chlor ine-conta in ing substance (V) was ob- 
tained with mp 217-218" C (from ethanol);  [ a i d  0". 

Found, oj¢. OCHz 8.5, 8.2; C1 20.0, 20.0. Calcula ted for C17HIgO2NClz, °7o: OCH3 9.1; C1 20.8. 

Chloroacetylperforine (IV). A mixture of 1 g of perforine and 10 ml  of ace ty l  chloride was left  in a sealed tube at 

room temperature .  After 7 days, the tube was opened and the excess of ace ty l  chloride was evaporated off. The residue 
consisted of an oil  which crystal l ized on the addit ion of water,  mp 157-158 ° C (ethanol); [ a ]~ - -21 .3  ° (c 2.490; chloro-  
form); IRspectrum: 3145 cm " l ,  3120, 1730 cm "1. 

Found, o/¢, C1 8.74, 8.60. Calcula ted  for Cz0Hz6OsNC1, %: C1 8.97. 

Acetylhaplophyl l id ine  (VI). A solution of 1 g of  chloroacetylperforine in 10 ml of dry pyridine was boi led  for 8 
hr [14]. Then the solution was acidif ied and extracted with chloroform, the dis t i l la t ion of which yie lded 0.6 g of tech-  
nical  acetLlhaplophyl l idine with mp 145-146 ° C (methanol).  

ttapl~3phyllidine (II). The substance was formed by the saponification of ace ty lhaplophyl l id ine  with a lcohol ic  
a lka l i ,  mp 110-111 ° C. 

Found, ~[~. C 68.20, 68.10; H 7.37, 7.49; N 4.40, 4.46; tool .  wt. 317 (mass spectrometry) .  Calcula ted  for 
CzsH2304N, o]~. C 68.11; H 7.3; N 4.41; tool .  wt. 317.37. 

Oz0nolysis of haplophyl l id ine .  Ozone was passed through a solution of 0.4 g of haplophyl l id ine  in 3 ml  of g lac ia l  
acet ic  acid for 1.5 hr. The solution was treated with 10 ml of water and boi led  for 10 rain, and then 16.5 ml of 2 N 
caustic soda solution and 5 ml of 1 N potassium permanganate  solution were added. The react ion mixture was dist i l led 
with s team. The dis t i l la te  was co l lec ted  in a solution of 2 ,4-d in i t rophenylhydraz ine  hydrochloride.  A prec ip i ta te  de -  
posited with mp 123-124 ° C (ethanol)  which gave no depression of the mel t ing  point with acetone 2 ,4 -d in i t rophenylhy-  
drazone. 

Kuhn-Roth oxidat ion of perforine. 0.5 g of perforine was oxidized with a mixture of 5 g of chromic anhydride,  5 
ml of concentrated sulfuric acid,  and 20 ml  of water.  The vola t i le  react ion products were trapped in a 0J  , ;  solution of 
2 ,4-d in i t rophenylhydraz ine  hydrochloride.  A prec ip i ta te  of acetone 2 ,4-din i t rophenylhydrazone with mp t2;3-124 ~ C 
deposited.  

Under s imilar  conditions,  anhydroperforine and haplophyl l idine also gave acetone.  

Tetrahydroperforine (VII). 0.5 g of perforine in 10 ml  of ethanol  was reduced with the plat inum cata lys t  prepared 
from 0.2 g of plat inum oxide.  After 1 hr, 75 ml  of hydrogen had been absorbed. The catalyst  was f i l tered off with 

307 



suction and washed with ethanol .  After the ethanol  had been dist i l led off, an oil  remained which c rys ta l l i zed  on tr i tu-  
ration with absolute ether.  Mp 105-107 ° C (absolute ether); [c t ]~ + 16.1 ° (c 1.301; ethanol) .  IR spectrum: 1640 cm "1. 

Found, %: N 3.86, 3.96; OCHa 18.56, 18.09. Calcula ted for Clg-t29OsN, ~¢. N 4.13; OCI-I3 18.3. 

Hexahydrohaplophyl l idine (VIII). 1.3 g of haplophyl l id ine  in 15 ml  of g l ac ia l  ace t ic  acid was hydrogenated over 
the p la t inum catalyst  prepared from 0.2 g of plat inum oxide.  Hydrogenation took 12 hr and 320 ml  of hydrogen was 
absorbed. The cata lys t  was separated off and the f i l t ra te  was evaporated at room temperature .  The residue was dissolved 
in water ,  the solution was made a lkal ine  with ammonia ,  and the base that deposited was crys ta l l ized from acetone,  mp 
146-147 ° C. This gave a depression of the mel t ing point with te t rahydrohaplophyll idine [2]. IR spectrum: 1645 cm ° l .  

Found, %: C 67.4; H 8.81; N 4.4. Calcula ted for C18Ha904N, %: C 66.81 H 8.98; N 4.33. 

Dihydroperforine (IX). In the presence of Raney nickel ,  0.1 g of perforine in 50 ml  of ethanol  was hydrogenated 
for 3 hr, 5 ml  of hydrogen being absorbed. The cata lys t  was f i l tered off with suction and washed with e thanol  to give 
0.08 g of dihydroperforine with mp 169 ° C. 

Oxidation of haplophyl l id ine  with chromic anhydride.  A solution of 1 g of haplophyl l id ine  in 10 ml  of g l ac ia l  
ace t ic  acid was treated with 0.63 g of chromic anhydride in 20 ml  of g lac ia l  ace t ic  acid.  The mixture was left  at room 
temperature unti l  the solution had acquired a green color, after which i t  was extracted with ether.  The e therea l  extract ,  
after being washed with water and 4% sodium carbonate solution, y ie lded  substance (X) with mp 153-154 ° C (methanol);  

- 1  IRspec tmm;  1790 cm 

Found, %: N 4.69, 4.49. Calcula ted  for CzsHlaOaN, %: N 4.84. 

Oxidation of perforine with chromic anhydride.  A solution of 0.3 g of  chromic anhydride in 15 ml  of g lac ia l  ace t ic  
acid was added to 0.5 g of perforine in 5 ml  of g lac ia l  ace t ic  acid.  The mixture was left  at room temperature  for 48 hr. 
The ether extract  of  the solution, after dilution with water (20 ml) ,  and the dis t i l la t ion of the e thereal  extract  after its 
washing with 4% sodium carbonate solution gave a technica l  product which formed a 2 ,4-d in i t rophenylhydrazone  with 
mp 138-140 ° C; IR spectrum; 1740 cm -1 

The product (XII). A solution of 1 g of perforine in t0  mI of 25% sulfuric (or hydrochloric)  acid was heated in the 
water  bath for 2.5 hr. The ethereal  solution obtained by extract ion of the mixture made a lka l ine  with 25% ammonia  
y ie lded,  by dis t i l la t ion of the solvent,  a substance with mp 125-126 ° C (ethanol); z t [ a ]D + 9.04 ° (c 6.194; chloroform); 
IRspec tmm:  1655 cm " l ,  1600, 3145, 3123 cm "1 

Found, %: C 70.5, 70.7; H 8.04, 8.00; N 4.92, 4.86; OCH 3 10.6, 10.5. Calcula ted  for C17H23OsN , %: C 70.5; 
H 8.01; N 4.84; OCH 3 10.7. 

Substances (II) and (III) formed (XlI) under the same conditions. 

Hydrogenation of XII. 0.5 g of substance (XII) with mp 126 * C in 10 ml of ethanol  was hydrogenated over a p la t -  
inum catalyst .  After 1 hr, 85 ml  of hydrogen had been absorbed; the catalyst  was f i l tered off with suction and washed 
with ethanol.  Dist i l la t ion of the f i l t ra te  y ie lded  substance (XIII) with mp 225-226 ° C (ethanol); [a]DZl ± 0 o. 

Found, %: C 70.5, 70.7; H 8.04, 8.00; N 4.92, 4.86; OCH3 10.6, 10.5. Calcula ted for CnH19OsN, %: C 70.5; 

H 8.01; N4.84; OCH 3 1 0 . 7 .  

Product (XlII) was also obtained by the act ion of 25% sulfuric {or hydrochloric)  acid on tetrahydroperforine (VII) 
and te t rahydrohaplophyl l id ine .  IR spectrum; 1655, 1630 cm -1 

Methiodide of (XII). In a sealed tube,  0.5 g of substance (XII) in a mixture of 3 ml  of methanol  and 5 mt of methyl  
iodide was hea ted  in the boi l ing water bath for 20 hr. The crystals that  deposited on cooling were separated off (0.3 g): 
mp 221-222 ° C (methanol) .  Found, %: I 30.39, 30.51. Calcula ted for C17HzsOaN" CHsI, o/¢. I 29. 

Isomerizat ion of (XII) into (XIV). A solution of 0.6 g of the methiodide  of (XII) in 10 ml  of methanol  was treated 
with 10 ml  of 30°70 a lcohol ic  potash and the mixture was boi led  for 3 hr. The dry residue obtained after the evaporat ion 
of the solvent was washed with water .  This gave 0.3 g of substance (XIV) with mp 168-169 ° C (acetone);  IS]D+ 13.5 ° 
(c 0.884; ethanol);  IRspectrum: 3140, 1645 cm-l~ 

Found, %: C 67.3, 67.4; H 7.03, 6.94; N 4.75, 4.88; N--CH 3 i0.05, 10,44. Calculated for CITHIgOaN • H20 , %: 

C 67.3; H 6.97; N 4.62; N--CH 3 9.5. 

The same compound (XIV) was obtained in a similar manner from perforine, halophyllidine, and anhydroperforine. 

Action of concentrated sulfuric acid on perforine. Fifteen milliliters of concentrated sulfuric acid cooled with a 

mixture of ice and salt, was added to 0.8 g of perforine (or haplophyllidine). The solution was left at room temperature 

for 1 hr. Then, it  was poured into 150 ml  of ice  water and extracted with chloroform. Dist i l la t ion of the solvent yie lded 
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0.25 g of substance (XV) with mp 125-126 ° C (from ethanol). A mixture with compound (XII) gave a depression of the 
melting point. IRspectrum: 8145 em "1. 3120, 1005, 1240, 1090, 870, 833 cm "1. 

Found, %: C 77.11 77.1; H 6. 30, 5.50; N a.3a, 5.24; OCUs 11.38, 11.19; mol. wt. 268 (mass spectrometry). Cal- 
culated for C17HmNO2, %: C 77.0; 14 5.66; N 5.28; OCH3 11.7; mol wt. 265.30. 

Conclusions 

1. The alkaloids perforine and haplophyllidine isolated from the seeds of H. perforatum have the developed 
formuIas ClstttTN(OH)2(OCH3h(--O--) and ClsHlsN(OH ) (OCHs)2(--O--). 

2. Perforine is 7-hydroxy-8-(a ' ,hydroxy-a ' -methylbutyl)-4,  8-dimethoxy-5,6,  7,8-tetrahydrofuroquinoline, and 
haplophyllidine is 7-hydroxy-4, 8-dimethoxy-(3 ' -methyl-g ' -butenyl)-6,  6, 7, 8-tetrahydrofuroquinoline. 

3. The transition from perfotine to haplophyllidine has been effected by the splitting off of hydrogen chloride 
from chloroacetylperforine. 
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