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Lobiualine, the major alkaloid of-m, was 

first isolated in 1938 by Man&e (l), who carried out soms pre&minary 

chemical studies on the constitution of the compound. Sincethattime 

little has been published on the subject other than a report (2) on the 

paper chromatographic behavior of the alkaloid. In the course of a 

progrm of routine plant screening we isolated a crystalline alkaloid 

from Lobelia cardinalis, vfiich appears to be the same as the earlier 

reported lobinaline. We wish to report here the results of de@adative, 

spectral and synthetic studies which have enabled us to sssig~ skeletal 

structure &to lobinaline (stereochemistry unspecified). 

1 a, R = CRs L a,R=& 2 
Ilm 

b,R = H b,R - CR 

1513 



1514 Strnctnre of lobineline No.24 

l&n&e reported loblnalipe to be a crystalline substance, m.p. 

94-95’, [ar +22.3’, with the empiricsI composition ca&,~&O, though 

this rolnnrla WELIJ later recognlsed as that of a monohydrate and modified 

to Gzdklf4H2 (3). In this laboratory the alkaloid was isolated by what. 

vas essential.lyMenske~~ method, except that the crude free base was 

puririad886mby cbrcmatographyonalumina. kthismannercrystal- 

limsmaterialwasreadllyobtained. Althou& the melting points 

of various batches were saeeuhat OartabLe, an analytical sample ob- 

tained by n?crystallizatlons from hexane and sublimation bad m.p. lO8- 

llv, [a $e +w (CECl.a). Iha analysis,' ww spectrum and n.m.r. 

spectnnu2 of the alkaloid as well as the structural studies indicated 

that the correct empirical rarmuls is CarBa&J2. The ultraviolet 

spectrum showed only benzene absorption, while the infrared indicated 

the absence of 1w groups and the presence of 8 monosubstituted benzene 

moiety. A strong absorption band was also observed at 1665 CIII. 
-1 

. 

Potentianstric titration showed the presence of two weakly basic groups 

vitb pKA values of 5.7 and 8.2, while the mass spectrum showed a small 

1. Satisfactoryanalytical values were obtainedforall compowds 
reported. 

2. Spectra were obtained with the Varian A-60 spectrometer at 60 mc./eec. 
using tetramethylsllane as the dnternal reference in deuteriochloroform 
solution. Chemical shifts are quoted In field-independent &? units 
(P.p.m.) and coupling constants are expressed in c.p.s. 
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parent peak at 386, the strongest signal at 186 (lOO$), and further 

significant peaks at 200 (94), 201 (40$) and 187 (26). the n.m.r. 

spectrum confirmed the proton count as well as the presence of two 

monosubstituted benzene rings and revealed the presence of one N- 

methyl~group but nd vinyl protons. 

The alkaloid proved itself remarkably inert to a variety of 

reduction and dehydrogenation reagents. The degradation scheme finally 

employed followed from the initially somewhat unexpected observation 

that the substance reacted readily with refluxing acetic anhydride to 

form a monoacetyl derivative, C&&N20. The appearance of a single 

broad vinyl proton signal in the n.m.r. spectrum of the derivative 

(indicative of a$=CH-CH2 group) and of a split absorption band at 

1670 and 1655 cm. 
-1 

in the infrared, together tith the ready hydrolysis 

of t'qe derivative to regenerate lobinaline, suggested acetylation of a 

6-substituted 2,3,4,5-tetrshydropyridixx (or a similar ring system) at 

tine nitrogen atom, and eventually allared formulation of the acetyl 

derivative a6 2a. 
*Vn 

AcetyLlobinaline, m.p. 159-160", was further chsrac- 

terised by a sinele pKA value of 8.2 and [ a 1; +67” (CHCls). 

Treatment of acetyllobinaline with cyanogen brdde in ether re- 

sulted almost exclusively in demethylation without ring opening to form 

the corresponding desrwthyl N-cyan0 compound (z), C.~sHssN30. Although 

this substance could not be obtained in crystalline form, the amorphous 

glass was broqht to analytical. purity by chromatography on alumina ad 

evaporative distillation in vacua. -- ?he nitrile amide, C a 1: +64", 

shoved strong infrared absorptions at 2215, 1670 and 1650 CL 
-1 

. 



1516 Structure of lobinaline No.24 

hydrolysis and decarboxylation of 2b in refluxing 6~ hydrochloric 

acid led to the formation of desmethyllobinaline (lb), CaHoaN2, again 

obtained only as an uncrystallizable glass, but again purified by chroma- 

tography and evaporative distillation. !I'he observed optical rotation 

was, coincidentally, 0 + 2". The infrared spectrumwas very similar to 

that of lobinaline, except for the appearance of a broad, weak NH band 

in the 3200-3300 cami region. 

Dehydrogenation of desmethyllobinaline was effected by palladium- 

charcoal in refluxing diphenyl ether. Mfficulty vas at first encountered 

in the separation of the reaction products, and repeated chroumtography 

on alumina afforded only the partially dehydrogenatedZ(C26II22N2) in 

crystalline form. It was apparent from the ultraviolet spectra that 

the substance, m.p. XX-12'2", [ 01 17 +161°, contained two isolated alkyd- 

pyridine rings. In ethanol solution the values for 
A=* 

rnp (E) were 

262 (79201, 269 (7830) and 277 (4520) and minima were observed at 235 

(18701, 266 (7560) and 275 (4470). In acid solution the maximum was ob- 

served at 267 (13700) and the minFmum at 236 (4130). Further, the n.m.r. 

spectrum revealed the presence of two overlapping O-pyridine protons 

centered at 8.47 p.p.m. as well as four aliphatic protons at 3.4-3.9 

(complex) and one tertiary aliphatic proton centered at 4.138. The last- 

named appeared as a doublet (J = 10.4) with indication of additional 

long-range coupline. Treatment of the compound with sodium me&oxide in 

deuteriomethanol at 100" for two weeks resulted in about &$ replacement 

of the 4.88 p.p.m. Proton by d.euterkms and about 00: replacemnt of two 

3. It is interesting to note that although t'ne intensity of the 4.08 
p.a.m. band was reduced, the general shape T&S unchanged, indicating 
that the other protons involved in the long-range coupling were not 
greatly affected. 
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of the protons in the 3.4-3.9 region. 

p33sib1e to zww&ze the presence of 

became still more easily recognizable 

was &euupled4. 

Iq$he latter signalit wa0mf 

m A3 qwu-kt (J =11.8) imf& 

when the signal at 4.83 p.p.m. 

Chemical evidence for the nature of the bonding of the pyridlne 

rings was gained by oxidation ofA with potassium permnganate. Al- 

thou& ztenslve degrad&ion of the pyridine rings was encountered, it 

was possible to isolate (in addition to benzoic acid) a very ~11, 

polar, acidic fraction which had an ultraviolet absorption mximm at 

262 W. Since the quantity obtained was insufficient for separation, 

the mixture was methylated directlywith diazonuzthme and comparedby 

paperandthin-layer chromatographywith knownmsthylesters ofpyricllne 

mono- and dicarboxylic acids. Comparisons in several systems demon- 

strated that the two oxidation products obtained were dimthy quinolinate 

and methyl picolinate. It could thus be concluded at this point that the 

pyridine ring yielding methyl picolinate represented the original tetra- 

hydropyridine grouping in lobinaline (5) since a vinyl proton had ken 
- 

obsemd on acetylation; accordingly, the ring yielding dirnethyl quino- 

linate represented 831 N-methylpi~ridine moiety (A). 

4. We wish to thsd Yenkert of the Departmnt of Chemistry, 
Indiana University, in carrying out the spin-spin 
decoupling experiments a Vnrisn ~3-60 instrument. 
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!The preceding results beceme much clearer when an effective method 

for separating the total desmethyllobinaline dehydrogenation mixture was 

found and when, for the first time, the completely dehydro&enated& C&IrsN2, 

was obtained in crystalline form. The two dehydrogenation products were 

separated essentially completely by partitioning between methylene chloride 

and 0.12 hydrochloric acid in seven funnels. The weaker base 4, m.p. 156- 

157” was optically inactive and showed only aromatic proton signals in the 

n.m.r. The isolation of an aromatic product which differed froni,_Lby the 

loss of four hydrogens prompted the reco@ition of a possible quinoline- 

tetrabydroquinoline relatl.onship. The ultraviolet spectrum of 9 was entirely 

consistent tith that of a quinoline bearing three large, pianar, aromatic 

rings in adjacent positions, with resulting marked steric inhibition of con- 

jugation. The maximum was observed at 242 mu (41000) with a shoulder at 32o 

(4600) while the minimum was found at 226 (3280). lhsse data,, together with 

consideration of the frequent occurrence of the phenylethylpiperidlne moiety 

in alkaloids of related bbelig species, suggested,&as the most likel: 

structure for the quinoline and structure la for lohinaline itself. Xlese 

structures were also compatible with the previously mentioned deuteration 

studies onA on the basis that the two replaceable protons at 3.14-3.;) p.n.m. 

would be Cs hydrogens and the partially replaced 4.8.i p.p.m. proton would be 

in the 5-position. If the CY-picolyl proton at Cs were prevented from ex- 

changing by steric effects, then the two unexchanged 3.4-3.9 p.p.m. protons 

would Occupy positions 6 and 7 of the ring and would be expected to appear 

as doublets, as observed, on blanking out of the Cs and Cs hydrogens by 

deuteration and decoupling. 

Althou& the above data, together with biogenetic considerations, 
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seemed to point most strongly to structure I.&for lobinaline, it was felt 

that they were not sufficiently conclusive defioitely to preclude the 

biogenetically less attractive expression%Lfol lobinaline, and&for the 

dehydrogeuated compound. This question was settled conclusively by in- 

depkndeni, unequivocal syntheses of the two inaneric dipheuylpyridyl- 

quinolines. The synthesis of )-resulted in a nrrterial which was identical 

in all respects with the natural degradation product as shown by infrared, 

ultraviolet and mixture melting point camparition. The synthesis of the 

isomerica resulted, as expected, in a product with a similar ultraviolet 

spectrum, but with m.p. 193-194' and an infrared spectrum wi-&Kdiffered 

greatly in positions of absorption bands in the fingerprint region. The 

details of these two independent syntheses will be reserved for a later 

full publication on lobinaline. 

C& 
7 
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