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From the epigea l  part of Peti l ium raddeana Rgl. we have isolated imper ia l ine  [1-9] ,  edpet i l ine .  [10] and a new 

alkaloid,  pet i l ine  with mp 205--206 ° C, [a ]  D -- 51.07 ~, and composit ion C~TH~O~N. This base contains four C-me thy l  
groups, and forms a crystal l ine hydrochloride,  hydrobromide,  and oxime.  

The IR spectrum of pet i l ine  has absorption bands of hydroxy, carb0nyl,  log ~ 
and NH groups and of a double bond, and the UV spectrum has absorption bands a0 
with Xmax 240, 290 m~ (log s 2.66, 1.9) (Fig. 1), which are character is t ic  for 
a ,  B-unsa~:urated ketones [11, 12]. 

The ace ty la t ion  of pet i l ine  gave a neutral O, N-d iace ty l  derivat ive.  The / 
IR spectrum of this compound has absorption bands of ketone, amide,  and ester 
carbonyl groups and of a double bond. Consequently, pe t i l ine  is a secondary Z0 
base in which one a tom of carbon is present in the form of a hydroxy group and 
the other in the form of a carbonyl group. The hydrogenation of pet i l ine  formed 
tetrahydropet i l ine.  The IR spectrum of the la t ter  had no absorption bands for a 
double bond or a carbonyl group. On oxidat ion with chromic acid,  te t rahydro-  
pet i l ine  gave dihydropeti l inone,  the IR spectrum of which has the absorption 
band of a carbonyl group and lacks absorption bands for a double bond or a /'~ 

hydroxy group. 

The formation of a diketone shows the secondary nature of the hydroxy 
group of pet i l ine.  I 

The UV spectrum of dihydropeti l inone has an absorption band with >,max 0 ~  . . . . . .  ~ , , 
280 m~ (log ~ 1.09) (see Fig. 1) which is character is t ic  for steroid a lkalo ids[10] .  ~## 3#0 .t, mp 

The NMR spectra of pet i l ine ,  N, O-d iace ty lpe t i l ine ,  and te t rahydropet i -  Fig. 1, UV spectra (in ethanol) 
l ine show that these substances have two secondary and two ter t iary methyl  of pet i l ine  (1) and d ihydropet i -  
groups. The data presented give grounds for assigning pet i l ine  to the solasodine linone (2). 
or solanidine group of alkaloids [18]. The absence from pet i l ine of an inert 
oxygen atom in the form of an ether, as in solasodine, the presence in the mass spectrum of  pet i l ine  of the peak of max-  
imum intensity for an ion with m / e  125, and the s imilar i ty  of the IR spectra of tetrahydrosolasodine and te t rahydropet i -  

l ine in the 1400-800 cm "1 region permit  the suggestion of  structure (I) for pet i l ine .  

[2f) 
C,.H3 

c,8~ I~--~ 2 j~'-CH3(~) 
CH3] " "N, ~--~u 

f H (~ ~ H , ~:H 3 CH~ CH 3 
('=) H o C H  ml ~ l  ,5, !(=O)l H ' - - ' ~  . .v  'H .~ CH, 

[ . {.(-OH) Zl 

This structure is confirmed by the NMR spectra of pet i l ine,  N, O-d iace ty lpe t i l ine ,  and te t rahydropet i l ine,  and by 
the mass spectrum of pet i l ine.  

The NMR spectrum of pet i l ine  has signals from chemica l ly  equivalent  protons: singlets at 9.87 ~- (3H, C-18 CHs), 
9.82 r (at-t, C-19 CHs) and doublets at 9.17 r (3H, C - 2 1  CHs) and 8.99 r (3H, C-26 CHs). The NMR spectrum of O, N- 
d iace ty lpe t i l ine  has singlets at 9.43 r (8H, C-18 CHs), 9.81 r (3H, C-19 CHs), 8.08 r (3H, OCOCHs), and 7.94 ~- (3H > 
> N--COHz), doublets at 9.11 r (3H, C-21 CHs) and 8.86 r (3H, C-26 CHs), and mult iplets  at 5.4 r ( a -H ,  H at C~ and 
C22 ) and 4.9 r (2H at C~7) (Fig. 2). In the NMR spectrum of te t rahydropet i l ine there are singlets at 9.38 r (3H, C-18 CHs) 
and 9.0a r (all, C-19 CHs) and doublets at  9.27 r (3H, C-21, CHs) and 9.10 r (3H, C-26 CHs) [14-21]o 
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Under mass spectrometry conditions, the act ion of e lect ronic  impacts  decomposes pe t i l ine  in the  same way as the 
steroid alkaloids [22] with the formation of fragments having m / e  97, 98, !11, 125, 161, 1~8, (M - 87) +, (M - 48) +, 
(M - 29) +, (M - 18) +, (M - 15) + and 418 (M +) (Fig. 3). 
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Fig. 2. NMR spectra of pet i l ine  (a) and d iace ty lpe t i l ine  (b). 

The NMR spectra given show that pet i l ine  has a 3~-OH group. This is confirmed by the formation with digitonin of 
a digi tonide insoluble in ethanol.  

The double bond in pet i l ine  can be only between C8 and Cs, Cs and C14, C17 and Cz0, or C20 and C22. The other 
positions are excluded because of the absence from the NMR spectrum of the signal of an olef inic  proton. According to 
the UV spectrum, the carbonyl group must be conjugated with the double bond. Consequently, this group may be pres- 
ent  in position 7, 11, 15, 16, or 23. If the double bond is between Cs and C9, the carbonyl group may occupy position 7 
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Fig. 3. Mass spectrum of pet i l ine.  

or 11. In both cases, the signal from the protons of the C-19 methyl  group must appear a t  8 .85-8 .9  r, i . e . ,  strongly 
displaced toward the weak- f i e ld  region. In peti l ine,  this signal is found in a compara t ive ly  strong field at 9.32 r .  Con- 
sequently, the double bond conjugated with the carbonyl group cannot be in the positions mentioned.  The formation 
from pet i l ine  under the conditions of mass spectrometry of fragments with m / e  111 and t25 excludes the locat ion of the 
double bond between C17 and C~0 or C20 and C22, and position 16 or 23 for the carbonyl group. Moreover, the double 
bond cannot be located in these positions because the NMR spectrum of pet i l ine  and its conversion products lack  a signal 
from the protons of  a methyl  group at tached to an unsaturated carbon atom. Consequently, the double bond in pet i l ine 
is loca ted  between C8 and C14 and the carbonyl group is in position 7 or 15. i f  the carbonyl group were at  position 7, the 
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signal from the protons of the C-18 methyl group should be observed in a weak field, i . e . ,  at approximately 8.9-9.1 r. 
In petiline, the signal from the C-18 methyl group is strongly shielded and is located at 9.37 r. Thus, the carbonyl group 
in petiline is located in position 15. 

In the NMR spectrum of tetrahydropetiline, the signal from the protons of the C-19 methyl group is foufid at 9.03 r. 
Such a chemical shift of the protons of a C-19 methyl group in steroids is found only with a cis-linkage of rings A and B, 
the C-19 methyl group and the hydrogen at C s being in the B positions. 

Moreover, in tetrahydropetiline the resonance signal from the C-18 methyl group is found at 9.38 r, which shows 
the c~ position of the hydrogen atom at CI4 and the /3 position of the C-18 methyl group. 

On ~:he basis of the data given, we propose for petiline the most probable structure and partial configuration II. In 
the mass spectrometry of petiline (II), the fragment with m/e 98 is formed by a-bond cleavage. This cleavage with 
migration of a hydrogen atom from Cz~ to C20 leads to the appearance of an ion with m/e 97. Because of B-cleavage and 
the migral:ion of hydrogen from Czz to C20 with subsequent loss of the C-21 methyl group, an ion with m/e 111 is formed. 

Cleavage of the bond between CI5 and C16, migration of hydrogen from Czz to C~, and further cleavage of the 
bond between C17 and C20 form the ion with m/e  125. The fragment with m/e 125 may also arise from the ion with m/e  

CH 3 

/n/e 98 II. 
CH2- CH3 

/ 1  "- 

H m/0124 

412 (M - 1) on B-cleavage and from the molecular ion on cleavage of the bond between C17 and C~0 and migration of a 
hydrogen ~tom from Cz2 to C17. The ion with m/e 124 is obtained after the elimination of hydrogen from the fragment 
with m/e 125. 

Experimental 

By the usual chloroform extraction, from 70 kg of the epigeal part ofP. raddeana collected in the flowering and fruit- 
bearing stage on the Chindirskii Road in the Kizyl-Arvat region, (Ashkhabad Oblast of TurkmSSR), we obtained 512.2 g 
of ether-soluble and 190.4 g of chloroform-soluble alkaloids (1% of the weight of the dry plant). 

From the total chloroform alkaloids, by treatment with methanol, we isolated 67.2 g (9.6%) of edpetiline (from 
methanol). 

When the ethereal solution was concentrated, 296.5 g of imperialine deposited (from methanol). The mother li- 
quor from dae imperialine was evaporated in vacuum and the dry residue (215.7 g) was dissolved in methanol and the so- 
lution was then mixed with an ethanoiic solution of hydrochloric acid. Petiline hydrochloride was formed, with mp 
281-284 ° (3. Yield 42.1 g, mp 288-289" C (from acetone-methanol). 

The hydrochloride was decomposed with ammonia, and the base was extracted with chloroform. Evaporation of 
the solvent yielded 25.8 g of petiline with mp 205-206 ° C (from acetone). The methanolic mother liquor from the peti- 
line hydrochloride was evaporated in vacuum, the residue was dissolved in water, a 5% solution of hydrochloric acid 
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was added, and the solution was exhaust ively extracted with chloroform. The acid solution was made a lka l ine  with 12.5% 
ammonia  solution and the alkaloids were extracted with ether (26.8 g) and chloroform (3.2 g). By t rea tment  with a c e -  
tone, the 26.8 g of mixed bases yie lded 21.7 g of imper ia l ine .  The acid chloroform extract  was made a lka l ine  with 
12.5% ammonia .  The a lkal ine  solution was separated off and the chloroform extract  was t reated with 5% sulfuric acid.  
The washed acid solution was made a lkal ine  with ammonia  and extracted with ether and chloroform. Concentrat ion of 

the e thereal  extract  y ie lded  9.6 g of pet i l ine.  

Pet i l ine is readi ly  soluble in methanol,  ethanol,  and chloroform, modera te ly  soluble in ether and acetone,  spar- 
ingly soluble in petroleum ether, and insoluble in water. IR spectrum: umax 3310 (>NH); 3400 (OH), 2840-2940; 1470 
(C--CHa) , 1718 (C=O);  1675 (C=C)  cm -1, [a]D -51 .07  ° (c 1.2; CzH~)H), Rf 0.75 [ethyl ace ta te - -pe t ro leum ether--  

ethanol  (5 : 5 : 1.5)]. 

Found, %: C 78.2. 78.4; H 10.40, 10.5; N 3.35, 3.36. Calcula ted  for C27H43NO2, %: C 78.40; H 10.47; N 3.38; 

tool. wt. 413 (mass spectroscopy). 

Hydrochlor ide--mp 288-289 ° C [ a c e t o n e - m e t h a n o l  (3 : 1)]. 

Found, %: C1 7.8, 7.94. Calcula ted  for C27H4aNO 2 • HC1, %: C1 7.89. 

Hydrobromide,  mp 314-316 ° C [ a c e t o n e - m e t h a n o l  (3 : 1)]. 

N2_, O-Diace ty lpe t i l ine .  A mixture of 0.29 g of pet i l ine,  4 ml of dry pyridine,  and 3 ml  of ace t i c  anhydride was 
lef t  at  30 ° C for 72 hr. The mel t ing point of the d iace ty lpe t i l id ine  formed was 188-189 ° C (from acetone):  IR spectrum: 

vmax 1745, 1260 (OCOCH3), 17t8 (C=O); 1680 (C---q ,  1660 em -1 (N--COCH3). 

Found, %: C 74.65; H 9.48. Calcula ted for C~IH4sNO 2, %: C 74.8, H 9.5. 

Pet i l ine oxime,  obtained by the usual method, had mp 218-220 ° C [from m e t h a n o l - w a t e r  (2 : 1)]. 

N-Methylpet i l ine .  A mixture of 0.2 g of pefi l ine,  0.1 ml of formalin,  and 0.05 ml of 98% formic acid was heated 
in the water bath for 4 hr. The mel t ing point of the N-methylpe t i l ine  was 219-221 ° C (from acetone) .  

Tetrahydropet i l ine .  In 30 mt of ethanol, 1.1 g of pet i l ine and a plat inum catalyst  (from 0.3 g of PRO2) was shaken 
in an atmosphere of hydrogen. The te t rahydropet i l ine  formed had mp 209-210 ° C (from methanol) ,  [a ]  D -11.5° [c 1.3; 

m e t h a n o l - c h l o r o f o r m  (1 : 1)]. 

Dihydropeti l inone.  A mixture of 0.3 g of te t rahydropet i l ine,  0.15 g of chromic anhydride, and 12 ml of acet ic  
acid was heated at  50 ° C for 30 rain. The mel t ing  point of the dihydropeti l inone obtained was 229-281 ° C (from a c e -  
tone); IR spectrum: Vmax 1722 cm -1 (C=:O). The mel t ing point of dihydropeti l inone dioxime obtained by the usual 

method was 161-163 ° C [from methanol - -wate r  (3: 1)]. 

D e o x o h ~ e t i l i n o n e ,  obtained by the Huang-Minlon reduction of dihydropet i l inone had mp 171-172 ° C 

(from acetone),  [a ]  D -29-2° (c 0.48; chloroform). 

N-Acetyldeoxohexahydropet i l inone.  A mixture of 0.05 g of deoxohexahydropeti l inone,  0.7 mt of pyridine, and 
0.5 ml--of ace t ic  anhydride was left  at 30 ° C for 72 hr. The mel t ing point of the N-acety ldeoxohexahydropet i l inone  was 

155-156 ° C (from acetone).  

The IR spectra were recorded on a UR-10 doub le -beam spectrophotometer (motded tablets with KBr); the UV 
spectra on an SF-4spect rophotometer  (e thanol ic  solutions); the mass spectra on a MKh-1303 mass spectrometer  with a 
glass inlet  system at 40 eV and 50 mA; and the NMR spectra (in deuterochtoroform) on a JNM-4H-100 instrument with 

hexamethyld is i loxane  as internal  standard. 

Conclusions 

1. Imper ia l ine ,  edpet i l id ine ,  and the new alkaloid pet i l ine C27H43OiN have been isolated from the epigeM part of 

P. raddeana.  

2. On the basis of a study of the chemica l  properties and the IR, UV, NMR, and mass spectra a most probable 

structure and a part ia l  configuration have been proposed for pet i l ine .  
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