
THE PAPILIONACEOUS ALKALOIDS 
XIX. THE STRUCTURE OF LUPANOLINE1 

ABSTRACT 
Lupanoline whicli contains both a carbonyl and a hyclrosyl group was reduced 

by lithium alurniti~~ni hydride to @-isosparteine. The identity of 8-isosparteine was 
established by its conversion into sparteine by dehydrogenation and subsequent 
rehydrogenation. Attempts to acylate lupanoline resulted in the lornlatio~l of 
anhydrol~~panoline which was hydrogenated to dihydroanhydrolupanoline, a 
compound also obtained by the direct oxidation of 8-isosparteine:It is concluded 
that lupanoline is 2-hydroxy-17-0x0-8-isosparteine. 

The alkaloid lupanoline, the occurrence of which has been reported re- 
cently (4), is an isomer of hydroxylupanine, C15H2402N2. I t  behaves as a 
monoacidic base, giving rise to a monohydrochloride and a monomethiodide 
so that one of its two nitrogens is neutral. The infrared absorption spectrum 
of lupanoline shows absorption peaks a t  3591 cm.-' and 1624 cm.-l corre- 
sponding to a hydroxyl group and a carbonyl respectively, and thus accounting 
for both oxygen atoms. 

The carbonyl group of lupanoline is inert towarcls the usual ltetone reagents 
and is apparently Iactamic in character. The presence of a nonbasic nitrogen 
in the n~olecule and the location of the carbonyl absorption band in the 
infrared spectrum support this conclusion. The hydroxyl group could not be 
acylated. Under the wide variety of conditions investigated, the group was 
invariably eliminated with the formation of anl~ydrolupanoline, C16H2?ON2, 
a substance which regenerated lupanoline on treatment with nlineral acids. 
This characteristic behavior of the hydroxyl group of lupanoline is noteworthy. 

Reduction of lupanoline with lithium' alunlinum hydride in dioxane pro- 
ceeded smoothly, leading to the complete removal of oxygen from the molecule 
with the production of an oily base, Cl6HzGN2. Hence the reaction involved 
not only the conversion of the carbonyl to a methylene group thus confirming 
its lactamic nature, but also involved the reductive elimination of the hydroxyl. 
The reduction product was identical neither with sparteine nor with a-iso- 
s9arteine although isomeric with them, and it appeared possible that it might 
be the so far unltnown P-isosparteine. 

I t  has already been shown (2, 3) that of the three possible stereoisomeric 
forrns I ,  11, and I11 of the sparteine structure two represent sparteine and 
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a-isosparteine. In formula I which represents sparteine the CG-hydrogen is cis to 
the 7,9-methylene bridge whereas the C1l-l~yclrogen is trans. In a-isosparteine 
(11) both the C6-hydrogen and the CI1-hydrogen are cis to the 7,9-nlethylene 
bridge (3). This structure which was assigned to a-isosparteine on the basis 
of hydrogenation results (3) has since been confirmed by a detailed X-ray 
crystallographic examination (5). P-Isosparteine should then be represented 
by 111 in which both the C6-hydrogen and the C11-hydrogen are trans to the 
7,9-methylene bridge. Winterfeld and Rauch (6) converted sparteine into 
a-isosparteine by dehydrogenation with mercuric acetate, which removed 
two moles of hydrogen, and subsequeilt rehydrogenation. This conversion 
must therefore have resulted froin the elimination of the cis Cc-hydrogen and 
the trans Cll-hydrogen, and their replacement both in the cis position. The 
same reaction should convert p-isosparteine to a-isosparteine if  it renlovecl 
two moles of hydrogen, or to sparteine if  it removed only one mole. The re- 
duction product of lupanoline was therefore oxidized with mercuric acetate 
and immediately rehydrogenated catalytically. The quantity of precipitated 
mercurous acetate corresponded to one mole of hydrogen, and the base 
obtained after rehydrogenation was identical with 1-sparteine. Hence, the 
reduction product is P-isosparteine and lupanoline is an hydroxy-0x0-P-iso- 
sparteine. 

Information as to the positions of the substituents in lupanoline has been 
clerived from a study of anhydrolupanoline and its derivatives. Anhyclro- 
lupanoline was readily hydrogeilated over Adams' catalyst to yield the satu- 
rated dihydroanhydrolupanoline, C15H240K2, which had thecomposition of an 
oxosparteine, and could be preparecl by the direct oxidation of p-isosparteine 
with alkaline potassium ferricyanide. By analogy with the similar oxidation 
of sparteine to oxosparteine, it is reasonable to assume oxidation to have 
occurred a t  the 17-position (or equivalent 10-position) in P-isosparteine (111). 
Dihydroanhydrolupanoliile could also be obtaineel directly from lupanoline 
by catalytic hydrogenation in acid solution. The failure of the carbonyl to 
reduce under these conditions also militates in favor of its occupying the 
17-position. 

On reductioi~ with lithium aluminum hydride, anhydrolupanoline afforded 
an unstable oily dehydro-base which was readily converted to P-isosparteine 
on catalytic hydrogenation. No stereochemical inversion, therefore, is involved 
in the series: lupanoline --+ anhydrolupanoline --+ dehydro-P-isosparteine --+ 8- 
isosparteine. Thus it is clear that,  i f  the possibilitj- of migration be discounted, 
the double bond of anhydrolupanolii~e and the hydroxyl group of lupanoline 
itself cannot involve an angular position. The characteristic properties of the 
hydroxyl group (ready elimination and reductioll) suggest association with a 
basic center in the for111 of an aldehyde-ammonia. The reductive elimination 
of the hydroxyl bj. lithium aluininun~ hydride particularly is indicative of 
such a grouping. The formulation of lupanoline as an aldehyde-ammonia is 
supported by the facile rehydration of anhydrolupanoline to the parent 
alltaloid under the influence of mineral acid. Thus anhj-drolupanoline woulcl 
appear to he best forn~ulatecl as 1V and lupanoline as 2-h~~clroxy-I 7-0x0-8- 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
ni

ve
rs

ity
 o

f 
A

uc
kl

an
d 

on
 1

1/
11

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



MOORE AjYD d l / l K I O X :  l 'dI ' l l>IONrlCEOUS ,ILII/! LOIDS. -YI-T 1 S!) 

isosparteinc (\'). >An alternative formulation with a 10-h).clrosyl groul, is 

considered unlikely as the preparation of a n  :tnhydro-base irom such a syste~ii 
\\:auld require the formation of a double bond a t  ':I bridge head, in violation 
of Bredt's rule. IVlzether the h?.dros?.l group a t  the 2-i)ositio1z is cis or t ~ a n s  is 
not yet known. 

1,upanoline is thus the first alkaloicl I;no~~rn to be derived il-0111 0-isosparteillc. 
, . I he hitherto ~lnknown P-isosparteine prepared from it is all oil which like 
sparteine discolors on standing in ail-. It has not !.et been i>ossible to induce 
its picrate to crystallize, but like its t\vo other stel-eoisolners it forms a crystal- 
line perchlorate. For the infrared absorption spectrum oi p-isosi~arteine and 
the spectra of its two stereoisonlers see Fip. 3, lief. ( I ) .  

Xnh~~drolupanoline and its hydrogenation product are. isomers of Inon- 
spessulanine ancl dihydron~onspessulanine, ant1 their meltin: ~loints are about 
the same. However, ad~nixture with authentic samples oi these two bases 
caused depressions in the melting points, ant1 the infrared absol-ption spectra 
were quite dist-inct from those of the t\vo clerivatives of lupanoline. The 
sample of monspessulanine was kindly given to us by Dr. E. P. White. 

EXPERINIENTAL3 

1,upanoline has been described previousl>- (4). I t  melts ;it- 174-176" and 
has [a]:= + 64.4O f 0.8  (c ,  0.88 in water). I t  forms a monoh~drochloricle, 
111.1). 275-27G0, and a methiodide, C15H2402K?.CH31, m.p. 230-231". Its 
infrared absorption spectrum showed absorption peaks a t  1624 cm.-I and 
3593 cnl.-' indicating the presence of a lactam carbonyl and a hydroxyl group 
respective1)-. 

Redziction of Lzipa7toline with Lith.iunz A l u m i n u m  FIydride 

A solution of lupanoline (250 mgm.) in pure, dry dioxane (5 n~l . )  was treatecl 
nrith an ethereal solutioll of lithium alumin~u~z hydricle (3 rill.! 0.016 gm. per 
mole, 1 . 3  moles) and the mixture refluxed in an atmosphere of nitrogen for 
four hours (the ether being allowed to escape). The mixture was cooled, 
treated with a little ethanol to destro~- excess hj-dride, and then acidified with 
dilute hydrochloric acid. The solution was freed from nonbasic impurities I)?- 
extraction with ether and alkalized with aqueous potassium~ hydroxide. The 
liberated base was e~t rac ted  with ether and after evaporation of the extract 
was distillecl i n  vaczio. The main fraction afforded P-isosparteine as a colorless 
oil, b.p. 110-120" (air bath) at 1 nun., which gave a crystalline cliperchlorate 
crystallizing from methanol as colorless pris~ns, m.p. 255" (clec.). Calccl. for 

All ~nel l ing points are corrected. 
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C'lsH26Nr.2HC104: C,  41.38; H ,  6.48;  N, 6.43. Found: C, 41.3G, 41.22; 
H ,  6.28, G.55; N,5.95%. 

Conversion of p-Isosparteine to Sparteine 
A mixture of P-isosparteine (234 mgm., 1 mM.), 5% aqueous acetic acid 

(35 ml.), and mercuric acetate (2.5 gm., 8 mM.) was stirred under an atmos- 
phere of nitrogen and heated on a water bath for three hours. The mixture 
was cooled and the crystalline mercurous acetate collected by filtration 
(1 n1M. obtained = 2H). The clear aqueous solution was saturated with 
hydrogen sulphide and the precipitated mercuric sulphide filtered off. The 
aqueous filtrate was evaporated in vacuo to a sinall bulk, diluted with water, 
and evaporated again in order to ensure complete removal of hydrogen sul- 
phide. The concentrated liquor was alkalized with aqueous sodium hydroxide 
and extracted with chloroform. The washed chloroforn~ extract was dried 
rapidly over anhydrous potassiu~n carbonate, filtered, added to glacial acetic 
acid (7 ml.), and the resulting solution heated on a steam bath until all the 
chloroform had evaporated. Since the dehydro-base thus obtained was not 
stable i t  was not isolated from the acetic acid concentrate, but was hydro- 
genated directly over fresh Adams' catalyst for 12 hr. The hydrogen uptake 
(ca. 40 ml.) corresponded approximately to 2H. After filtration the solution 
was alkalized with aqueous sodium hydroxide and extracted with chloroforn~. 
Evaporation of the chloroform extract yielded a base which was distilled; it 
consisted of a colorless oil (80 mgm.), boiling a t  0 .4  mm. a t  an air bath 
temperature of 95-105", which did not crystallize. The dipicrate of this base, 
which crystallized from a solution of the components in methanol, was re- 
crystallized from methanol. I t  consisted of bright yellow needles, 1n.p. 20g0, 
undepressed in admixture with authentic I-sparteine dipicrate. The infrared 
absorption spectrum taken as a Nujol mull was identical with that of L-spar- 
teine dipicrate measured under the same conditions. 

Anhydrolupanoline 
A solution of lupanoline (500 mgm.) in purified acetic anhydride (3 ml.) 

was refluxed for one hour, cooled, and treated with cold water. I t  was extracted 
twice with ether and alkalized with aqueous sodium hydroxide. The liberated 
base was extracted with ether, recovered from the extract by evaporation of 
the solvent, and distilled i n  vaczbo. Anhydrolupanoline was thus obtained as 
a colorless oil, b.p. 145-150" a t  0 .1  mm., which crystallized readily from 
ligroin (60-80') in colorless prisms, rr1.p. 94-95', Srield 315 mgm. Recrystal- 
lization did not alter the melting point. [a12 - 43. lo f 1 (6, 0.58 in water). 
Calccl. for C15H220N2: C,  73.13; H,  9.01. Found: C, 73.15, 73.30; H ,  9.03, 
8 .85y0. In admixture with monspessulani~le (rr1.p. 100') of which it is an 
isorrler it melted a t  65-70'. Admixture with aphyllidine also caused a de- 
pression. 

Anhydrolupanoline formed a perchlorate in the usual way which separated 
from niethanol as colorless, elongated prisms, 1n.p. 252-253' (dec.). [a]iG - 57" 
f 1 (c,,. 0.912 in water). Calcd. for C15H~ON2.HC104: C,  51.94; H, 6.68; 
N,8 .08 .  Found:C,51.77;H,G.G8;N,7.71%. 
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Dihydroanhydrolupanoline 

Anhydrolupanoline (100 mg~n.)  was llydroge~latecl in ethanol (10 ml.) a t  
room temperature and at~nospheric pressure in the presence of freshly pre- 
pared Adams' catalyst (50 ~ngm.).  IHyclrogenation proceedecl rapidly and was 
essentially conlplete within 15 ~nin .  After one hour (hydrogen uptalte ca. 15 rill.) 
the mixture was filtered and the liltrate evaporated on a steam bath. 'The 
residual dihyciroanhydrolupanoline crystallized readily fro111 ligroin (60-80") 
in colorless sheaves, m.p. 103-104" (yield 70 mgm.). Calcd. for C15H2.10x\i2: 
C, 72.51; H ,  9.74; N ,  11.28. Found: C ,  72.56, 72.78; H ,  9.59, 9.58; N, 
11.15%. The infrared absorption spectrum of the base was not identical with 
that of the isomeric dihydromo~~spessulanine.~ 

A snlall quantity of the base was dissolved in methanol and the solution 
made just acid to Congo red by the dropwise addition of 67% perchloric acid. 
On standing the solution deposited a crystalline perchlorate which after several 
recrystallizations from methanol consisted of colorless prisms, n1.p. 224-225'. 
Calcd. for ClsH240N2.HC104: C, 51 .65; H ,  7.17. Found: C, 51 .GI, 51.72; 
H ,  6.84, 6.75%. 

Action of Mineral Acid on Anhydrolupanoline 
A solution of anhydrolupanoline (100 n~gm.)  in N hgldrochloric acid \\.-as 

heated to 100" for two hours, then cooled ancl allcalized with aqueous soc!ium 
hydroxide. The product, isolated by extraction with chloroform, crystallized 
from ligroin (60-80") in colorless rhombs, n1.p. 163-l.67° (65 mgm.). 'I'wo 
recrystallizations raised the melting point to  169-170" (with previous shrinl<- 
ing). The material gave no depression in melting point on aclmixt~~re wit11 
pure lupanoline. Calcd. for C15H2402N2: C ,  68.14; H ,  9.15;  X, 10.60. Found: 
C, 67.53, 67.83; H ,  9.27, 8.91; N,  10.5070. This base was converted by thc 
action of lithium aluminum hydride into P-isosparteine which \\;as identified 
as its perchlorate. I t  is thus identical with lupanoline but probably contains a 
trace of an isomer sufficient to cause the unsharp melting point behavior. 

Reduction of Anhyctrolz~panoline with Li th ium A l z ~ m i n u m  Igydride 
Anhydrolupanoline (100 ~ngm.) in dry ether (10 rnl.) was treated with 

ethereal lithium a lu~ninun~ hydricle (1 ml., 0.015 gm. per ml.) and. the mixture 
refluxed for four hours. Water was then added cautiously, followed by aqueous 
sodium hydroxide, and the product isolated \vith ether. .A portion of the oily 
base thus obtained decomposed on attempted distillation i n  oaczlo and formed 
an oily perchlorate. The remainder of the product was hydrogenated in acetic 
acid solution over fresh Adanls' catalyst for 12 hr. The basic product, isolated in 
the usual way, distilled as an oil, b.p.110-120" (air bath) a t  0 . 2  mm. ?'he 
diperchlorate, 1n.p. 255' (dec.), provecl to be identical with that of 8-iso- 
sparteine. 

0x0-  8-isosparteine 
8-Isosparteine (freshly distilled, 130 mgm.) was shaken vigorously ~vith 

Dihydroanl~ydrol~rpanoline i s  also obtainable directly by catalytic l~ydrogenatiotr of lzrpano- 
line. T l ~ i s  experiment as  well as the cornparison with dihydrotr~onspessuhnine was carried out by 
Dr. Bryce Douglas. 
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colt1 water (25 ml.j, the resulting suspension treated with a solution of  PO- 

tassiurn ferric).nnide (GGO mgm.) and potassium hydroxide (GO mgln.) in 
\vater (10 ml.) :uncl slnalien mechanic all?^ for one hour. The resulting straw- 
colored solution \\-as allowed to stand overnight a t  room temperatt~re, ant1 
then extracted \:.it11 chloroforn~. The crude base obtained b>- evaporation oi 
the chloroform extract was distilled in vacuo and afforded a pale yellow oil 
(35 mgm.), b.p. 133-140' (air bath) a t  0 . 3  min., together with a considerable 
nvhvolatile residue. 'The distillate was dissolvecl in ligroin (GO-&OO), the 
solution filtered, evaporated to a small bull;, and allowed to stand. Oxo-p- 
sparteine crystallized which after recr~~stallization fro111 ligroin (GO-SO0) con- 
sisted of colorless sheaves, m.p. 103-104", undepressed on adrnixt~~re with a 
specimen of cli11~-clroa~nh?drolui~anoline. 

We her&). ncli~~o\\-ledge our indebtedness to Dr. M'. G. Bg-water, Vice- 
President and Directvr vf liesearch, S. B. Penicli and Company, New Yorl;, 
and to his firin ior their generosit). in supplj.ing us with the plant which 
?.ielded lupai~oline: and to Dr. E. P. M'hite, Chemical Laborator!., Iiualiura 
.\nirnal Research Station, Hamilton, ?Jew Zealand, \\rho liindl>- supplied us 
11-ith an authentic sa~mple of monspessulanine. 
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