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Radioactive nicotine has been degraded by the  fol lowing sequence: nicotine - cotinine - cis-5’-phenylnicotine - benzoic acid [C-5’1 + nicotinic acid - bar ium carbonate [C-2’1. T h e  structure o f  5’-phenylnicotine was con- 
f i rmed by a n  unambiguous synthesis. On applying th is  degradation t o  nicotine and nornicotine isolated f rom N .  
glut inosa plants which h a d  been fed [2-14C]ornithine, equal label ing was found a t  C-2 and C-5’ o f  the pyrro l id ine 
r ing  o f  b o t h  these alkaloids. Nicot ine isolated from N.  tabacum plants  which h a d  been exposed t o  [14C,*W]carbon 
dioxide also had equal label ing a t  C-2’ and C-5’. A l l  these results are thus consistent w i t h  the formation o f  the pyr- 
rol idine r ing  o f  nicotine and nornicotine f rom orn i th ine via a symmetrical intermediate. 

It is more than 20 years since Byerrum2 and I3 first re- 
ported that ornithine (1) is a precursor of the pyrrolidine ring 
of nicotine (2). By chemical degradations,4g5 it was established 
that [2-14C]ornithine yielded nicotine equally labeled at (2-2‘ 
and C-5‘.6 These results led to the proposal that the pyrrol- 
idine ring is formed from ornithine via putrescine, N-meth- 
ylputrescine, and an N-methyl- Al-pyrrolinium salt.7 Indeed, 
enzymes which carry out these metabolic steps have been 
isolated from tobacco roots.8 Symmetrical labeling of the 
pyrrolidine ring is a result of the intermediacy of free pu- 
trescine, a symmetrical compound. However, Rapoport and 
co-~orkers,6,~ on the basis of several short-term feeding ex- 
periments with 14C02, have suggested that the formation of 
nicotine from ornithine, via a symmetrical intermediate, may 
be a minor or aberrant pathway. This proposal was made 

since, on occasions,lO the exposure of tobacco plants to 14C02 
led to unsymmetrical labeling of the pyrrolidine ring. In par- 
ticular, unequal labeling was reported at C-2’ and C-5’. On the 
other hand, Byerrum and co-workersll found symmetrical 
labeling in the pyrrolidine ring of nicotine obtained from N. 
glutinosa and N. r u s t i c a  plants fed 14C02. 

I t  is generally accepted that nicotine is a precursor of nor- 
nicotine (3).12J3 However, the pattern of labeling in norni- 
cotine after feeding [2-14C]ornithine to tobacco has been re- 
ported in only one publication,14 and in this case it was 
claimed that the pyrrolidine ring of nornicotine was unsym- 
metrically labeled.15 

In view of these conflicting results, and possible  error^,^^,^^ 
in the methods used for determining the pattern of labeling 
in the pyrrolidine ring of nicotine, we have now developed a 
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Scheme I. Degradation of Nicotine and Nornicotine 
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new degradative scheme, illustrated in Scheme I, whereby the 
activity at  C-2’ and C-5’ can be unambiguously determined. 
Bromination of natural (-)-(2’s)-nicotine yielded 4’,4’-di- 
bromocotinine which on reduction with zinc afforded (-)- 
(2’s)-cotinine (5).l8 Phenyllithium reacted with cotinine in 
tetrahydrofuran at -78 OC, presumably yielding, after acid- 
ification with hydrochloric acid, l-methyl-2-phenyl-5-(3- 
pyridy1)-Al-pyrrolinium chloride (7).19 Reduction of this 
compound, without isolation, with sodium cyanoborohydride 
afforded a mixture of cis- (2’S)-5’-phenylnicotine (9) and 
trans- (2’S)-5’-phenylnicotine (10) in a ratio of 14:1, readily 
separated by TLC. Structures were assigned on the basis of 
their optical rotations, the cis isomer having the smaller spe- 
cific rotation. The predominance of the cis isomer was ex- 
pected since the bulky cyanoborohydride anion would ap- 
proach the pyrrolinium salt 7 from the less hindered side. 
Reduction of 7 with sodium borohydride afforded a greater 
proportion of the trans isomer.*O The structure of 5’-phenyl- 

nicotine was confirmed by an independent synthesis, also il- 
lustrated in Scheme I. Michael addition of the anion of a- 
morpholino-a-(3-pyridyl)acetonitrile (4)21 to phenyl vinyl 
ketone afforded compound 6, which on acid hydrolysis yielded 
1-phenyl-4- (3-pyridyl) butane- 1,4-dione (8). The structure 
of this diketone was confirmed by the formation of l-benzyl- 
2-phenyl-5-(3-pyridyl)pyrrole (1 1) by reaction with benzyl- 
amine. Reductive amination of this diketone with methyl- 
amine and sodium cyanoborohydridezZ afforded racemic 
cis- 5’-phenylnicotine as the major product, having an infrared 
spectrum identical with that of the optically active compound 
derived from (2’s)-cotinine. Oxidation of cis- 5’-phenylnico- 
tine with permanganate yielded a mixture of benzoic acid 
(representing the activity a t  C-5’ of nicotine) and nicotinic 
acid, readily separated on the basis of their solubilities in ether 
and dilute acid (see Experimental Section). Refluxing the 
nicotinic acid in quinoline in the presence of copper chromite 
yielded carbon dioxide (representing C-2’) and was collected 
as barium carbonate.23 Heating nicotinic acid with calcium 
oxide afforded pyridine, assayed as its picrate. Activity at  C-2’ 
was thus determined directly, and by the difference in activity 
between nicotinic acid and pyridine picrate. 

This degradative scheme was carried out on nicotine and 
nornicotine obtained from N.  glutinosa plants which were fed 
(RS)-  [2-14C]ornithine for 7 days. The nornicotine was con- 
verted to nicotine by the Eschweiler-Clark method.12 The 
results recorded in Table I clearly indicate that the pyrrolidine 
rings of both nicotine and nornicotine were symmetrically 
labeled, equal activity being found at  (2-2’ and C-5’. We have 
also carried out this degradation on labeled nicotine obtained 
from N. tabacum plants which were fed 13C02 [97% 13C] 
containing a tracer amount of 14C02.24 This nicotine was also 
found to have equal labeling a t  C-2’ and C-5’. 

We thus consider that these results corroborate previous 
work on the origin of the pyrrolidine ring of nicotine, and 
support the hypothesis that it is formed from ornithine via a 
symmetrical intermediate. 

Experimental Sectionz5 
Conversion of Nicotine to Cotinine. The following oxidation is 

a modification of that previously described,I8 carrying out the reac- 
tions on a small scale. Nicotine diperchlorate (1.0 g) was dissolved in 
80% (by volume) acetic acid (3 ml) and cooled to 0 “C, and a solution 
of bromine (1.2 ml) in 80% acetic acid (3 ml) slowly added with stirring 
during 1 h. The mixture was stirred overnight while the temperature 
was allowed to rise to room temperature. Water (10 ml) was added and 
the mixture heated on a steam bath until a clear red solution was 
obtained (Le., until excess bromine had vaporized). On slow cooling 
dibromocotinine hydrobromide perbromide separated as orange 
needles (1.3 9). Zinc dust (1.5 g) was added, during 0.5 h, to a stirred 
suspension of this dibromo derivative in a mixture of water (10 ml), 
acetic acid (10 ml), and concentrated HCl (0.5 ml) a t  20 “C. After 
stirring overnight, the filtered mixture was made basic with concen- 
trated NHs and extracted with chloroform. The residue obtained on 
evaporation of the dried (MgS04) extract was distilled (140 “C, 0.01 
mm) affording cotinine as a colorless, viscous oil (0.36 g, 74%). 

Phenylation of (-)-(B‘S)-Cotinine. Cotinine (3.25 g, 19 mmol) 
dissolved in tetrahydrofuran (10 ml) was added rapidly, under Nz, 
to a stirred ether solution of phenyllithium (20 mmol), prepared from 
bromobenzene (2.1 ml), lithium ribbon (0.28 g), and ether (10 ml), a t  
-78 “C. After stirring for 1 h a t  -78 “C the mixture was allowed to 
warm up to room temperature during 3 h. Concentrated HCl(3 ml) 
was then added, and the mixture evaporated to small volume. The 
residue was dissolved in methanol (30 ml), sodium cyanoborohydride 
(2 g) added, and the mixture stirred at room temperature for 18 h. The 
solution was then evaporated to dryness, and the residue suspended 
in 5% NaOH and extracted with chloroform. The residue obtained 
on evaporation of this extract was dissolved in ether and extracted 
with 2 N HCl (3 X 20 ml). This acid extract was made basic with 
NaOH and extracted with chloroform. Evaporation of the dried 
(MgS04) extract yielded an oil which was subjected to preparative 
TLC on several plates of silica gel PF-254 (Merck), developing with 
a mixture of chloroform, ethanol, and concentrated NH3 (200:lO:l). 
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Table I. Activities of the Degradat ion P roduc t s  of Nicotine a n d  Nornicot ine 

Orgin of the alkaloids 

From N .  t abacun  fed [14C,13C] 
From N .  glutinosa fed (RS)-[2-14C]ornithine c024 

Nicotine Nornicotine Nicotine 

Specific Specific Specific 
activity, Relative activity Relative activity Relative 

dpm/mmol specific dpm/mmol specific dpm/mmol specific 
x 10-5 activity x 10-5 activity x 10-6 activity 

Nornicotine dipicrate 1.08 f 0.02a 103 
Nicotine diperchlorate 3.12 f 0.05 100 1.05 f 0.02 100 1.30 f 0.01 100 
Cotinine dipicrate 3.18 f 0.05 102 1.00 f 0.02 95 1.31 f 0.01 101 
cis-5'-Phenylnicotine 3.13 f 0.05 100 1.02 f 0.03 97 1.31 f 0.01 101 

Pyridine picrate <0.02 0 <0.01 0 0.77 f 0.01 59 
Nicotinic acidb 1.57 f 0.03 50 0.50 f 0.01 48 0.86 f 0.01 66 

Barium carbonate [C-2'1 1.54 f 0.03 49 0.49 f 0.01 47 0.087 f 0.002 6.7 
Benzoic acid [C-5'] 1.59 f 0.03 51 0.48 f 0.01 46 0.090 f 0.002 6.9 

actions: by the oxidation of nicotine,23 and by the oxidation of cis- 5'-phenylnicotine. 
Standard deviation from the  mean as determined from the average of a t  least three samples. Obtained by two independent re- 

The zone with the highest Rf  (0.8) was extracted with methanol af- 
fording cis- (2'S)-5'-phenylnicotine as a colorless, sweet-smelling oil, 
reminiscent of moist woods in the spring (1.24 g, 27%): [aIz2D -9.3", 
[aIz2365 -67.2" (c 4.5, MeOH); uv (95% EtOH) A,,, 258 nm (t 3690), 
262 (3880), sh 268 (2960), in H+ solution 260 (4960); mass spectrum 
m/e (re1 intensity) 238 (36) M+, 161 (100) M+ - Ph, 160 (95) M+ - 
pyridyl. In contrast to nicotine, this phenyl derivative is sparingly 
soluble in cold water. I t  afforded a diperchlorate as colorless plates 
from ethanol-ethyl acetate, mp 232-233 "C. 

Anal. Calcd for C16Hz&lzN&: C, 43.75; H, 4.59; N, 6.38. Found: 
C, 44.06; H,  4.82: N, 6.29. 

Its dipicrate was obtained as fine yellow needles from ethanol, mp 
152-153 "C. 

Anal. Calcd for C28H24N8OI4: C, 48.28; H, 3.47; N, 16.09. Found: 
C, 48.39; H, 3.64; N, 15.37. 

The zone (Rf  0.7) immediately below that of the cis-5'-phenylni- 
cotine was extracted with methanol, and yielded on evaporation 
trans- (2'S)-5'-phenylnicotine (89 mg, 2%) as a colorless oil: [a]''D 
-122" (c 3.2, MeOH); uv (95% EtOH) A,,, 257 nm ( e  3540), 262 
(3520), sh 268 (26801, in H+ solution 260 (4870); mass spectrum m/e 
(re1 intensity) 238 (30) M+, 161 (100) M+ - Ph, 160 (95) M+ - pyridyl. 
I t  yielded a dipicrate, mp 184-185 "C. 

Anal. Calcd for C28Hz4N8014: C, 48.28; H, 3.47; N, 16.09. Found: 
C, 48.51; H, 3.62; N, 15.94. 

Cotinine (0.62 g, 18%) was recovered from a lower zone ( R f  0.5) of 
the TLC. In a typical degradation of radioactive nicotine, the phen- 
ylation of cotinine was carried out on a 2-mmol scale and resulted in 
essentially the same yields of cis- and trans-5'-phenylnicotine. The 
use of commercially available phenyllithium dissolved in a 70/30 
mixture of benzene and ether led to lower yields of phenylated 
product, and the results were erratic. In preliminary work, the re- 
duction of the intermediate pyrrolinium salt 7 was carried out by re- 
fluxing a solution of this salt in ethanol with excess sodium borohy- 
dride for 10 min, followed by stirring at room temperature for 2 h. The 
ratio of the resultant cis- and trans-5'-phenylnicotine was 2:l. 
l-Phenyl-4-(3-pyridyl)butane-1,4-dione (8). Phenyl vinyl ke- 

tonez6 (2.64 g, 20 mmol) dissolved in a mixture of ethanol (5 ml) and 
ether (15 ml) was added slowly under NZ to a solution of a-morphol- 
ino-a-(3-pyridyl)acetonitri1ez1 (4.26 g, 20 mmol) in a mixture of eth- 
anol (10 ml) and ether (30 ml) cooled to -78 "C, to which had been 
previously added 0.5 ml of a methanolic solution of KOH (30%). After 
stirring for 1 h, the reaction mixture was allowed to warm to room 
temperature and stirred for an additional 12  h. The residue obtained 
on evaporation was warmed with a mixture of acetic acid (10 ml), 
tetrahydrofuran (3 ml), and water (5 ml) for 12 h a t  50 "C. The solu- 
tion was made basic with KzC03 and extracted with chloroform. The 
residual oil obtained on evaporation of the dried (NazS04) extract 
was distilled (140 "C, 0.01 mm) affording a mixture of an oil (mainly 
pyridine-3-aldehyde) and a white solid (1.6 g, 33%). Crystallization 
of this solid from a mixture of benzene and ether afforded colorless 
prisms of the diketone 8: mp 97-98 "C; uv (95% EtOH) A,,, 243 nm 
( e  19 200), sh 270 (4980), sh 278 (3930); ir (KBr) 1678 cm-l (C=O); 
mass spectrum m/e (re1 intensity) 239 (21) M+, 134 (17) Pyr- 

COCHzCHz-, 133 (10) PhCOCHzCH2-, 106 (87) PyrCO-, 105 (100) 
PhCO-, 78 (74) Pyr-, 77 (79) Ph-. 

Anal. Calcd for C15H13N02: C, 75.30; H, 5.48; N, 5.85. Found: C, 
75.12; H, 5.63; N, 5.92. 
cis-(RS)-5'-Phenylnicotine The diketone 8 (239 mg, 1 mmol), 

methylamine hydrochloride (80 mg, 1.2 mmol), and sodium cyano- 
borohydride (200 mg) were stirred in methanol (5 ml) at room tem- 
perature. The reaction mixture was monitored periodically by TLC. 
The main product which was being produced was cis-5'-phenylnico- 
tine, and only traces of the trans isomer were detected. After 5 days 
the reaction mixture was evaporated and the residue was suspended 
in dilute NaOH and extracted with chloroform. The residue obtained 
on evaporation of the dried (MgS04) extract was subjected to TLC 
(using the same solvent system as described previously) affording 
cis- (RS)-5'-phenylnicotine (123 mg, 52%) having an ir spectrum (neat) 
identical with that of cis- (2'S)-5'-phenylnicotine. It afforded a dipi- 
crate, mp 233-234 "C. In general the melting points of the dipicrates 
of racemic nicotine derivatives are higher than those of the optically 
active derivatives. However, the difference in melting point is not 
usually as dramatic as in this case. 

Anal. Calcd for C Z ~ H Z ~ N ~ O ~ ~ :  C, 48.28; H, 3.47; N, 16.09. Found: 
C, 48.16; H, 3.62; N, 15.72. 

l-Benzyl-2-phenyl-5-(3-pyridyl)pyrrole (1 1). The diketone 8 
(136 mg) was refluxed in benzene (5 ml) with benzylamine (0.3 ml) 
for 8 h. The residue obtained on evaporation was sublimed (100 "C, 
0.001 mm) and crystallized from a mixture of benzene and ether, 
yielding the pyrrole 11 (156 mg, 88%) as colorless prisms: mp 116-117 
"C; uv (95% EtOH) A,,, 304 nm (c  13 350) very similar to that of 1- 
methy1-2,5-diphenylpyrr0le,2~ 306 (18 750); mass spectrum mle (re1 
intensity) 311 (15) M+ +I, 310 (54) M+, 219 (74) M - PhCH2,91(100) 

Anal. Calcd for C22H1sN2: C, 85.13; H, 5.83; N, 9.02. Found: C, 85.37; 
H, 6.00; N, 8.74. 

Oxidation of cis-(2'S)-5'-Phenylnicotine. cis- (2'S)-5'-Phenyl- 
nicotine diperchlorate (106 mg) was dissolved in water (5 ml) a t  35 
"C. Sodium hydroxide (0.5 ml of a 10% solution) and potassium per- 
maganate (150 mg) were added. After stirring for 1 h, additional 
permanganate (150 mg) was added and stirring continued overnight. 
Sulfur dioxide was passed into the reaction mixture until a clear so- 
lution was obtained. A continuous ether extraction of this solution 
yielded on evaporation a white solid which was extracted with cold 
ether (2 X 15 ml). This ether extract was washed with 2 N HCl(2 X 
5 ml) and then dried (Na2S04). The residue obtained on evaporation 
was sublimed affording benzoic acid (18.9 mg, 64%) which was crys- 
tallized from hot water. The initial residue, sparingly soluble in cold 
ether, was sublimed (120 "C, 0.001 mm) affording nicotinic acid (22.8 
mg, 77%) which was crystallized from absolute ethanol. 

The nicotinic acid was further degraded as previously de~cribed.'~ 
The barium carbonate obtained from the decarboxylation was assayed 
by dissolving in an aqueous solution of tetrasodium ethylenediamine 
tetraacetate.28 

Feeding of ( R S )  -[2-14C]Ornithine to Nicotiana glutinosa 
Plants and Isolation of t he  Alkaloids. (RS)-  [2-14C]Ornithine (2.7 

PhCH2-. 
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mg, 1.56 X los dpm, N e w  England Nuclear) dissolved in water was 
fed by the wick method t o  40 3-month-old N. glutinosa plants growing 
in soil in a greenhouse (June). Af ter  7 days the plants (fresh wt 2.8 kg) 
were harvested (residual act ivi ty no t  absorbed by the plants: 0.07%), 
macerated w i t h  chloroform and concentrated "3, and worked up 
as previously described.29 T h e  crude alkaloids (1.76 X lo6 dpm, 1.1% 
incorporation) were separated by TLC,29 affording nornicotine (187 
mg), crystallized t o  constant act iv i ty  as i t s  dipicrate (1.08 X l o5  
dpm/mmol), and nicotine (472 mg), assayed as i t s  diperchlorate (3.12 
X l o 5  dpm/mmol). T h e  anabasine (3.1 mg) and anatabine (16.6 mg) 
pur i f ied as the i r  dipicrates h a d  negligible act iv i ty  (< lo3  dpm/ 
mmol). 

Registry No.-RS-1, 616-07-9; 2, 54-11-5; 2 diperchlorate, 
59888-66-3; 3, 494-97-3; 3 dipicrate, 6255-01-2; 4, 36740-09-7; 5, 
486-56-6; 5 dipicrate, 59888-69-6; 8,49835-54-3; 9,59888-67-4; 9 di- 
perchlorate, 59888-68-5; 9 dipicrate, 59951-82-5; 10,59951-83-6; 10 
dipicrate, 59980-68-6; 11,59888-70-9; nicotinic acid, 59-67-6; pyridine 
picrate, 3480-66-8; bar ium carbonate, 513-77-9; benzoic acid, 65-85-0; 
COz, 124-38-9; phenyl  v iny l  ketone, 768-03-6; cis- (RS)-5'-phenylni- 
cotine, 59951-84-7; cis- (RS)-5'-phenylnicotine dipicrate, 59951-85-8; 
benzylamine, 100-46-9. 
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In addi t ion t o  lupanine (1) and 13-hydroxylupanine, original ly reported in flowering p lants  o f  L. hartwegii, four 
oxosparteines, aphyl l ine (3), epiaphylline, 13-hydroxyaphyl l ine (virgiline), and 10,17-dioxosparteine, n o t  previous- 
ly reported in any Lupinus  species were isolated. 4-hydroxylupanine (nuttaline), a-isolupanine (6) ,  and gramine 
(7) were also present in addi t ion to  f ive other par t ia l ly  characterized alkaloids. Even though carefully looked for, 
n o  sparteines 2,5,8, lupinine, or angustifoline were detected. 

Lupanine (l), the major alkaloid reported in Lupinus 
hartwegii, i s  viewed as being an oxidation product of spar- 
te ine  (2).2-4 However, this plant apparently forms l i t t l e  or no 

sparteine, but has been genetically crossed with L. arboreus, 
whose alkaloid i s  sparteine, to produce hybrids whichcan form 
both 1 and 2.5 


