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Biosynthesis of&;some Alkaloids of Punica granatum and Withania 
somnifera 
By M. F. Keogh and D. G. O'Donovan," Chemistry Department, University College, Cork, Ireland 

The biosynthesis of isopeietierine [I - (2-piperidyl)propan-2-one], N-methylisopelletierine, and pseudopelletierine 
(9~methyl-9-azabicylo[3.3.1] nonan-3-one) in intact Punica granatum plants has been studied. N-Methylisopel- 
letierine i s  shown to be derived from lysine and acetate. Acetate is shown to be the precursor of the three-carbon 
unit in isopelletierine and pseudopelletierine. N-Methylisopelletierine is shown to be the immediate precursor of 
psueudopelletierine. 

The derivation of anaferine from lysine and acetate has been demonstrated in intact Withania somnifera plants. 
lsopelletierine has also been shown to be a precursor of anaferine. 

Pzcvtica graizatzm and Withania somnifera contain a 
number of structurally related piperidine alkaloids : 
isopelletierine (V) , N-methylisopelletierine (VI), and 
pseudopelletierine (IX) in P. granatum,2 and anaferine 
(VIII) in W .  somaifera.3 Isopelletierine and N-methyl- 
isopelletierine are structurally related to the hemlock 
alkaloids , coniine and N-methylconiine , which have been 
shown to be of polyketide origin.4 More recently it has 
also been shown that pinidine is derived from acetate in 
Pinm je$reyi,5 a result in agreement with our findings 
that pinidine and Z-methylpiperidine are acetate- 
derived in P. sabiniana.6 Preliminary results 1,7 point 
to the pomegranate and withania alkaloids being derived 
from lysine and acetate, in agreement with the classical 
hypothesis of Robinson.8 

The role of lysine in the biosynthesis of the piperidine 
nucleus of several alkaloids has been established by 
tracer experiments. [2-14C]Lysine is incorporated into 
the piperidine nucleus of anabasine.9 Again, 2,3,4,5- 
tetrahydro[2-14C]pyridine is incorporated unsymmetric- 
ally into this alkaloid.10 Carbon-2 and carbon-6 of 
the hetero-ring of sedamine are specifically derived 
from this precursor.11 The piperidine nucleus of 
piperidine-2-carboxylic acid is also derived unsymmetric- 
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ally from lysine.12 Recently, the incorporation of 
radioactivity from [6-14C]lysine into carbon-6 of 
N-methylisopelletierine in Sedum saymentosum has been 
reported.13 In each of these alkaloids the E-amino-group 
of lysine furnishes the nitrogen of the heterocyclic 
nucleus.12J4 

The three-carbon unit of N-methylisopelletierine 
has recently been shown to arise from acetate.15 

In the pyrrolidine series of alkaloids we have demon- 
strated the precursor role of hygrine in the biosynthesis 
of cuscohygrine and hyoscyamine.16 We consider that 
the piperidine analogues , anaferine and pseudopelletier- 
ine, should be formed from isopelletierine and N-methyl- 
isopelletierine respectively. 

We now outline a biosynthetic scheme (Scheme 1) for 
these alkaloids which is compatible with the studies 
mentioned. Lysine (I) undergoes a-oxidative deamin- 
ation to yield 6-amino-2-oxohexanoic acid (11) which 
on cyclisation and decarboxylation yields 2,3,4,5-tetra- 
hydropyridine (111). Condensation of this with aceto- 
acetyl-coenzyme A (IV) yields isopelletierine (V) ; 
this reaction has been achieved in v i t d 7  Methylation 
of isopelletierine yields A'-methylisopelletierine (VI) a 
Condensation of isopelletierine (V) with another mole- 

lo E. Leete, J .  Amer. C h e m  SOL, 1969, 91, 1679. 
l1 R. N. Gupta and I. D. Spenser, Canad. J .  Chem., 1967, 45, 
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SOG., 1964, 86, 3907. 
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Natztrfovsch, 1968, 23b, 1116. 
l8 D. G. O'Donovan and M. F. Keogh, J .  Chew. SOG. (C) ,  

1969, 223. 
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cule of tetrahydropyridine (111) yields anaferine (VIII), 
while cyclization of N-methylisopelletierine yields 
pseudopelletierine (IX) . 

This scheme precludes the involvement of a sym- 
metrical intermediate, such as cadaverine, in the 
biosynthesis of these alkaloids. Recently, however, it 
has been reported that [I ,5-14C]cadaverine is incorpor- 
ated into N-methylisopelletierine in P. granatum.l5 

H2N n-n-0 H2N C02H H2N 0 C02H N j  C02H 

(1) (II) 1 

4 a 

0 \ 
'i 

HC 
' c  cs 

7 -6 t 3 :  2 

0 

(Un) 
SCHEME 1 

The incorporation of [2-1*C]lysine into carbon-2 of this 
alkaloid in P. gralzatunz now reported establishes ca- 
daverine as a compound which, while not a normal 
intermediate in the biosynthetic pathway, can be 
rnetabolised by the plant t o  a normal intermediate, 
presumably 2,3,4,5-t etrahydropyridine. This finding 
is in agreement with the role of cadaverine in the bio- 
synthesis of anabasine.18 

To substantiate the acetate origin of the three-carbon 
unit in isopelletierine, methylisopelletierine, pseudopelle- 
tierine, and anaferine, sodium [1-14C]acetate (total 
activity 2.2 x 108 counts/min.) was fed in separate 
experiments by the wick method to three two-year old 
P. gmnatum plants and six one-year old, W .  somnifera 
plants. The alkaloids from P. granatunz were isolated 
and separated as outlined in the Experimental section. 
On purification to constant activity they had the follow- 
ing specific activities : isopelletierine 6-51 x lo4 counts 
rnin.-l mmole-l (incorporation 0-021 yo), methyliso- 
pelletierine 8-9 x lo4 counts m h - l  mmole-l (0.024y0), 
pseudopelletierine 6.92 x lo4 counts min.-1 mmole-1 
(0.020~0). Anaferine from W .  sonznifeeya was isolated by 

established methods and purified to constant activity 
(specific activity 1.08 x lo5, incorporation O.O1yo). 

The alkaloids, in turn, were treated with phenyl- 
magnesium bromide to yield the corresponding car- 
binols (X), (XI), and (XII) which, on oxidation with 
chromium trioxide-sulphuric acid afforded benzoic 
acid. The specific activities of the alkaloids and their 
degradation products are reported in Table 1. The 

TABLE 1 
Activities of isopelletierine, methylisopelletierine, anaferine, 

and their degradation products from sodium [l-W] 
acetate feed (counts min? mmole-1 x 
Methylisopelletierine 8.9 
1- (N-Methyl-2-piperidyl) -2-phenylpropan-2-01 8.7 1 
Benzoic acid 8-74 
Isopelletierine 6.5 1 
2-Phenyl-1-( 2-piperidyl)propan-2-01 6.30 
Benzoic acid 6.24 
Psuedopelletierine 6.92 
9-Methyl-3-phenyl-9-azabicyclo[3,3,l]nonan-3-ol 6.61 
Benzoic acid 6.70 
Anaferine 6.53 
2-Phenyl- 1,3-di- (2-piperidyl) propan-2-01 6.37 
Benzoic acid 6-56 

concordance between the specific activities of isopelle- 
tierine, methylisopelletierine, pseudopelletierine, and 
anaferine and their degradation products proves that 
these alkaloids were labelled only on the starred carbon 
atoms in (V), (VI), (VIII), and (IX). In a separate experi- 
ment sodium [2-14C]a~etate was fed in a similar manner 

0 CH2- F YH - CH2R 2 - PhC02H 

Ph 
(UIII) 

R1 c) 

~- 

SCHEME 2 

to three two-year old P. granatum plants, and N-methyl- 
isopelletierine was isolated. The 9-carbon atom was 
isolated as iodoform and found to contain one half 
of the total activity of the methylisopelletierine. These 

18 L, C. Craig, J .  Anzer. Chem. SOC., 1933, 55, 295. 
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results establish the acetate origin of the three-carbon 
fragment of all these alkaloids. 

In a second series of experiments we investigated the 
role of lysine as a precursor of the piperidine nucleus in 
two of these alkaloids, namely methylisopelletierine and 
anaferine. ~~-[2-1~C]Lysine was fed to three two-year 
old P. granatum and six six-month old W .  somnifera 
plants, and N-methylisopelletierine and anaferine were 
isolated as already described. The alkaloids were 
purified to constant activity and had the following 
specific activities : N-methylisopelletierine 8.18 x lo4 
counts min.-l mmole-1 (incorporation 0.010%), anaferine 
1.08 x 10" counts min.-l mmole-l (0-012~0). 

The methylisopelletierine, on oxidation with chromium 
trioxide-sulphuric acid, yielded N-methylpiperidine- 
2-carboxylic acid (XIII) which, on refluxing in ethanol 
saturated with dry hydrogen chloride, afforded the corre- 
sponding ethyl ester. The ester was subjected to a modi- 
fied Barbier-Wieland degradation, which yielded 
N-methyl-2-piperidone (XIV) . Reaction of the piper- 
idone with phenylmagnesium bromide, followed by 
oxidation of the resulting 1,2,3,4- t e t r ahy dro 4- methyl- 
6-phenylpyridine (XV) gave benzoic acid. 

The anaferine was oxidised to piperidine-2-carboxylic 
acid (XVI) with chromium trioxide-sulphuric acid. 
The amino acid was readily N-methylated with form- 
aldehyde-formic acid and the product was degraded 
as before. 

The specific activities of methylisopelletierine, ana- 
ierine, and their degradation products are reported in 
Table 2. It was found that in both anaferine and 

TABLE 2 
Activities of methylisopelletierine, anaferine, and their 

degradation products from lysine feed (counts rnin.-l 
mmole-1 x 10-4) 
Methylisopelletierine 
N-Methylpyridine-2-carboxylic acid 
1,2,3,4-Tetrahydro-N-methyl-6-phenylpyridine 
Benzoic acid 
Anaf erine 
Pyridine-2-carboxylic acid 
1,2,3,4-Tetrahydro-N-methy1-6-phenylpyridine 
Benzoic acid 

8-18 
7.85 
7.90 
7.93 
10.8 
5.3 
5.4 
5.5 

methylisopelletierine the activity was confined to the 
marked (m) carbon atoms in (VI) and (VIII). These 
results substantiate the role of lysine in the biosynthesis 
of the piperidine nucleus of these alkaloids and show that 
lysine is incorporated as in the case of anabasine, sed- 
amine, and lobinaline, via an unsymmetrical inter- 
mediate. 

The conversion of N-methylisopelletierine into pseudo- 
pelletierine was investigated by feeding [N-rnethyZ-J4C, 
8-14C]methyli~opelletierine to two two-year old P. 
gyanatzm plants. The plants were harvested after 7 
days and after the addition of inactive pseudopelletierine 
(100 mg.), to serve as carrier, radioactive pseudo- 
pelletierine was isolated. It was purified to constant 
activity (specific activity 4.22 x lo5 counts rnin.-l 
mmole-l, incorporation 1.2%). 

The active pseudopelletierine was subjected to a 
Hertzig-Meyer reaction, the methyl iodide (XVII) 
being isolated as triethylmethylammonium iodide. 
Treatment of the pseudopelletierine with phenyl- 
magnesium bromide yielded the carbinol (XVIII) 
which, on oxidation, yielded benzoic acid. As a result 
of this degradation the pseudopelletierine was found 
to have the same ratio of activity a t  N-methyl to ac- 
tivity at C-3, as the administered methylisopelletierine. 
The specific activities of the pseudopelletierine and its 
degradation products are listed in Table 3. This result 

TABLE 3 
Activity of pseudopelletierine and its degradation pro- 

ducts from double-labelling experiment (counts min.-l 
mmole-l x 
Pseudopelletierine 4.42 
Benzoic acid 0.96 
Triethylmethylammonium iodide 3.26 
Ratio of activity at N-methyl to activity at  C-3 3.4 : 1 

establishes that methylisopelletierine is incorporated 
into pseudopelletierine without degradation. 

In a further experiment [8-14C]isopelletierine was 
administered to six three-month old, W .  somnifeera 
plants as before. The plants were harvested after 10 
days and labelled anaferine was isolated ; inactive 
anaferine (100 mg.) being added as carrier. The ana- 
ferine was purified to constant activity (specific activity 
3.5 x 105 counts min.-l mmole-1, incorporation 2.1y0). 

The active anaferine was degraded as before to 
the carbinol (XII) and benzoic acid. The specific 
activities of anaferine and its degradation products are 
shown in Table 4. 

TABLE 4 
Activity of anaferine and its degradation products from 

isopelletierine feed (counts min.-l mmole-1 x 10-5) 
Anaferine 3.50 
2-Phenyl- 113-di-( 2-piperidyl)propan-2-01 3.47 
Benzoic acid 3-48 

The high incorporation (2-1 yo) of isopelletiei-ine 
into anaferine strongly suggests that isopelletierine is 
incorporated directly into anaferine. 

EXPERIMENTAL 

M.p.s are corrected. Radioactive assays were carried 
out with a Nuclear-Chicago model D-47 gas-flow counter, 
with a Micromil window, on samples of finite thickness with 
appropriate corrections for efficiency and self-absorption. 
The ethyl [3-14C]acetoacetate was purchased from the 
Radiochemical Centre, Amersham. 

Administration of Tracevs to P. granatum and Isolation 
of Isopelletierine, Methylisopelletierine, and Pseudopelle- 
tierine.-~~-[2-~~C]Lysine (total activity 0.1 mc) in water 
(3 ml.) was fed by the wick arrangement to three two- 
year old P. granatuin plants growing in soil in a greenhouse. 
The plants were allowed to flag slightly before feeding. The 
tracer solution had been absorbed by the plants after 24 hr. 
Water (3 ml.) xvas fed to  each plant through the wick for 2 
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days. The plants were then grown-on in the normal manner 
and harvested after a further 12 days. They were homo- 
genised in a Waring blendor with a mixture (1 : 1) of 95% 
ethanol and concentrated hydrochloric acid ( 5  ml.) ; the 
mixture was kept cool by the addition of solid carbon 
dioxide. After the addition of methylisopelletierine 
hydrochloride l9 (100 mg.) as carrier, the mixture was kept 
a t  4' for 3 days and filtered through cloth, and the plant 
residue was washed with ethanol. The combined washings 
and filtrate were concentrated to ca. 10 ml., water (10 ml.) 
was added, and the aqueous solution was washed with 
chloroform-ether (1 : I) to remove non-basic material. 
After basification with 20% sodium hydroxide, the solution 
was extracted with chloroform. Evaporation of the 
dried (Na,SO,) extract yielded a yellow oil. 

T.1.c. analysis of this oil on silica gel with chloroform- 
methanol-diethylamine (90 : 5 : 5) showed the presence of 
methylisopelletierine (RF 0.43) and pseudopelletierine 

The alkaloid mixture was dissolved in ethanol saturated 
with dry hydrogen chloride and a little ether was added. 
The mixture, when left overnight, deposited a white solid 
which yielded methylisopelletierine hydrochloride (102 mg.) , 
m.p. 158-159" (from ethanol-ether). 

In a second experiment sodium [l-14C]acetate (total 
activity 0.2 mc) was fed in a like manner to three more 
Punica plants. After the addition of inactive methyliso- 
pelletierine as carrier, the active methylisopelletierine 
hydrochloride was isolated as before. 

In  a third experiment sodium [2-14C]acetate was fed to 
three Punica plants and radioactive methylisopelletierine 
was again isolated. 

In a fourth experiment sodium [l-l*C]acetate was fed 
to P. granatwn ; isopelletierine and pseudopelletierine 
were isolated and found to be radioactive. 

Degradation of Methylisope1Zetierine.-(a) Sodium [l-14C]- 
acetate feed. 1 - (N-Methyl- 2-fiifieridyl) - 2-phenylpropan- 2-01. 
The active methylisopelletierine (50 mg.) in absolute ether 
(4 nil.) was added to a two-fold excess of phenylmagnesium 
bromide. The solution was stirred under nitrogen at  room 
temperature for 24 hr. The magnesium complex was 
hydrolysed with a cold saturated solution of ammonium 
chloride, and the mixture was extracted with ether. 
Evaporation of the ether yielded a viscous oil which gave 
the carbinol (61 mg.), m.p. 114-115" (from ether) (Found: 
C, 76.8; H, 10.3; N, 5.8. Cl,H,4N0 requires C ,  76.85; 
H, 10.3; N, 5.9%). 

The carbinol (50 mg.) was refluxed with 
a 10% solution of potassium permanganate (100 ml.) for 
4 hr. The mixture was cooled, ethanol (2 ml.) was added 
to decompose the excess of permanganate, and the solution 
was extracted with ether. Evaporation gave benzoic 
acid, which was purified by crystallisation from water 
and sublimation (10 mg.), m.p. 120-121". 

(b) Sodium [2-14C]acetute feed. The active methyliso- 
pelletierine hydrochloride (60 mg.) was dissolved in 2N- 
sodium hydroxide and treated with a solution of iodine 
(0.12 g.) and potassium iodide (0.2 g.) in water (5 ml.). 
The mixture was stirred for 20 min. and the precipitated 
iodoform was filtered off, m.p. 120". 

The active methylisopelletierine was 
diluted with inactive alkaloid to give a total weight of 
500 mg. 

N-LWethylpipe~idine-2-ccc~boxylic ncid. Methylisopelle- 
tierine hydrochloride (500 mg.) was dissolved in sulphuric 

( l i p  0.54). 

Bevzzoic acid. 

(c) Lysine feed.  

acid (20%; 25 ml.) and chromium trioxide (1 g.) in water 
(35 ml.) was added. The mixture was heated at  90" for 
4 hr., then cooled to room temperature; water (10 nil.) 
was added, and the solution was extracted with ether. 
This extract was inactive and was discarded. 

Sulphur dioxide was passed through the solution, which 
was then heated to remove excess of the gas. Sulphate 
ion was removed by the dropwise addition of a saturated 
solution of barium hydroxide. Barium sulphate was 
filtered off, and the filtrate, after neutralisation with 
ammonium hydroxide, was concentrated to small volume. 
This solution was applied to a column (2 x 30 cm.) of 
Amberlite IR 120 (H+). The column was washed with 
water (200 ml.) and eluted with 1% ammonium hydroxide. 
Evaporation of the eluate gave a white solid which yielded 
N-methylpiperidine-2-carboxylic acid (246 mg.) , m.p. 
214-216" (from ethanol-ether) (Found: C, 58-75; H, 
9.0; N, 9.6. Calc. for C,H,,NO,: C, 58.7; H, 9-15; N, 

Ethyl N-methylpiperidine-2-carboxylate. The amino-acid 
(220 mg.) was dissolved in absolute ethanol (10 ml.) satur- 
ated with dry hydrogen chloride and the mixture was 
refluxed for 4 hr. It was then cooled and concentrated; 
water (10 ml.) was added, and the solution was neutralised 
with 5% sodium carbonate and extracted with ether. 
Evaporation of the dried (Na,SO,) extract yielded the ethyl 
ester, which was identical (i.r. spectrum) with an authentic 
sample. 

N-Metl~yl-2-piperidone. The ethyl ester (200 mg.) in 
ether (8 ml.) was added to a solution of phenylmagnesium 
bromide at  -30". The mixture was stirred under nitrogen 
and at  room temperature for 24 hr. The magnesium 
complex was hydrolysed with cold 1 yo hydrochloric acid. 
The aqueous layer was separated, washed with ether, 
basified with dilute sodium hydroxide, and extracted with 
chloroform to yield the carbinol, which was not purified 
further but was immediately dehydrated by refluxing for 
1 hr. with a mixture of acetic acid (15 ml.) and acetic an- 
hydride (15 ml.). Evaporation left a brown residue, 
which was dissolved in ether (5  ml.) and pyridine (0.3 ml.). 
The solution was cooled to -40°, osmium tetroxide (100 
mg.) in ether was added, and the mixture was stirred for 
40 min. It was then allowed to come to room temperature 
and the osmate ester-pyridine complex was filtered off 
and added to a solution of sodium sulphite (260 mg.) 
and potassium carbonate (80 mg.) in 50% ethanol (12 ml.). 
After being stirred for 1 hr. the solution was extracted 
with ether to yield the glycol as a viscous oil which, on 
treatment with sodium periodate (150 mg.) in water (30 ml.), 
yielded N-methyl-2-piperidone, identical (i.r. spectrum 
and m.p. of picrate) with an authentic sample. 

1,2,3,4-Tetrahydro-N-methy1-6-~henylpyridine. The pi- 
peridone (40 mg.) in ether was added to an excess of phenyl- 
magnesium bromide. The product (picrate m.p. 144- 
145") was isolated by the method of Craig.l* 

Benxoic acid. The tetrahydro-N-methyl-6-phenylpyr- 
idine (40 mg.) was refluxed for 2 hr. in a 1 % aqueous solution 
(100 ml.) of potassium permanganate. Ethyl alcohol was 
added to decompose the excess of permanganate, the 
mixture was filtered, and the benzoic acid was isolated by 
extraction with ether (9 mg.), m.p. 120-121" (from 
water). 

9.sy0>. 

1 9  C1. Schopf, A. Komaz, Fr. Braun, and E. Jacobe, Annalen, 
1948, 559, 1. 
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Administration of Labelled Methylisopelletierine to P. 

granatum and Isolation of Pseudope1Zetierine.-( -J-)-[N- 
methyl-l4C, 8-14C]Methyli~~pelletierine (3 mg. ; total activity 
2.3 x 107 counts min.-1; ratio of activity a t  N-methyl to 
activity at C-8 3.6: 1) was administered by the wick 
method to two two-year old P. granaturuz plants. After 7 
days, the plants were harvested and homogenised in a 
Waring blendor with a mixture (1 : 1; 5 ml.) of 95% 
ethanol and concentrated hydrochloric acid (5  ml.) , with 
inactive pseudopelletierine (100 mg.) as carrier. After 
3 days at  0' the mixture was filtered and the filtrate was 
concentrated. The residue was dissolved in water and the 
mixture was washed with chloroform-ether (1 : 1) to remove 
non-basic material. The aqueous solution was basified 
and extracted with chloroform to yield a yellow solid, 
which, on crystallisation from pentane followed by sub- 
limation (40"/0.3 mm.), gave pseudopelletierine (98 mg.), 
1n.p. 63-64". 

Degradation of the PseudofielZetierine.-The active pseudo- 
pelletierine (40 mg.) was dissolved in ether (10 ml.) and 
added to an excess of phenylmagnesium bromide. The 
mixture was stirred for 24 hr. and the phenyl derivative 
(52 mg.) was isolated as described for l-(N-methyl-2-piperid- 
yl) - 2-phenylpropan- 2-01. 

Hertzig-Meyer Reaction of PseudopeZZetierine.-This re- 
action was carried out as previously described; l6 the 
methyl iodide was isolated as triethylmethylammonium 
iodide, m.p. 2 9 6 2 9 7 "  (from propan-2-01). 

Administration of Tracers to W. somnifera and Isolation 
of Anaferine.-( f)-[2-14C]-Lysine (14 mg. ; total activity 
5.76 x 106 counts minT1) and sodium [1-l4C2acetate (4 mg. ; 
total activity 2.2 x 10s counts minP1) were administered, 
in separate experiments, to six six-month old W.  somnifera 
plants growing in an aerated inorganic nutrient solution.B 
In both experiments, over 90% of the activity had been 
absorbed by the plants after 36 hr.; uptake of tracer 
was followed by measuring the loss of activity from the 
solution. After a further 24 hr., the plants were harvested 
and homogenised in a Waring blendor with a mixture 
(1 : 1) of ethanol and concentrated hydrochloric acid ( 5  ml.) . 
Inactive anaferine hydrochloride ( 100 mg.) was added 
as carrier and the mixture was left a t  4" for 48 hr. It was 
then worked up as described for the isolation of methyl- 
isopelletierine, and yielded, in both experiments, radio- 
active anaferine. 

In a third experiment ( f)-[8-14C]isopelletierine (2 mg. ; 
total activity 5.76 x lo6 counts rnin.-l) in 0-Oh-hydro- 
chloric acid was administered by the wick method to six 
three-month old W .  somnifera plants. The solution had 
been absorbed by the plants after 24 hr, The plants were 
watered through the wick for 2 days and were then grown 
normally. After 8 days, they were harvested and radio- 
active anaferine was isolated as before. 

2-Phenyl- 
1,3-di-(2-piperidyl)firofian-2-01. Anaferine (60 mg.) was 
treated with phenylmagnesium bromide and the resulting 
magnesium complex was hydrolysed with ice-cold dilutc 
ammonium chloride solution. The carbinol (50 mg.) was 
refluxed in a 1% solution of potassium permanganate (200 
id.) for 3 hr., then cooled and ethanol was added dropwise 
to decompose excess of permanganate. The filtered solution 
was acidified with 10% hydrochloric acid and extracted 
with ether. Evaporation of the dried (Na2S04) extract 
yielded benzoic acid, which was purified by sublimation 
(15 mg.), m.p. 120-121". 

Degradation of Anaferine.-(a) Acetate feed. 

(b) Lysine feed. Piperidine-2-carboxylic acid. Ana- 
ferine hydrochloride (240 mg.) in sulphuric acid (50% v/v; 
50 ml.) was added to chromium trioxide (714 mg.) in water 
(6 ml.) and refluxed gently for 3 hr. The mixture was 
cooled and the excess of chromium trioxide was decomposed 
as before with sulphur dioxide. The concentrated filtrate 
was applied to a column of Amberlite IR-120 (€I+). The 
column was washed with water and eluted with 3% am- 
monium hydroxide to yield a yellow solid, which yielded 
the (&-)-acid (120 mg.), rn.p. 270-272" (from methanol- 
ether). 

N-MethyZ~yridine-2-carboxylic acid. Pyridine-2-carboxy- 
lic acid (100 mg.) was refluxed for 3 hr. with a mixture 
of formic acid (90%; 5 ml.) and formaldehyde (40% v/v; 
5 ml.). Excess of formaldehyde and formic acid were 
evaporated off under reduced pressure and the resulting 
oil crystallised from methanol-ether to yield the N-methyl 
acid (104 mg.), identical (i.r. spectrum and mixed m.p.) 
with an authentic sample. 

(c) Isopelletierine feed. The anaferine was treated with 
phenylmagnesium bromide and the resulting carbinol 
was oxidised to benzoic acid as before. 

( f ) -[8-14C]lsopeZZetierine. 2o Finely powdered dodeca- 
hydro-lH, 6H, 1 lH-tripyrido[l,2-a: 1',2'-c: l",Z"-e]-~-triazine 
(83 mg.) was added to a solution of [3-14C]-acetoacetic acid 
(prepared by dissolving ethyl [3-14Cj-acetoacetate (260 mg. ; 
specific activity 5.5 x 108 counts min.-l mmole-1) in a 
solution of sodium hydroxide (93 mg.) in water (5 ml.) 
and leaving the solution a t  4" for 24 hr.). The mixture 
was stirred for 3 hr., after which the terpiperidyl had dis- 
solved and the solution had a pH of 11.5. The solution 
was left a t  20" for a further 20 hr.; the pH was kept 
constant (&O-5) by addition of 2% sodium hydroxide. 
After acidification with dilute hydrochloric acid, the 
solution was extracted with ether, basified with 200/;, 
sodium hydroxide, and extracted with chloroform. Evapor- 
ation of the dried (Na,SO,) extract yielded a colourless 
oil, which was dissolved in ethanol saturated with dry 
hydrogen chloride, and ether was added. The mixture de- 
posited a white solid overnight, which yielded isopelletierine 
hydrochloride (81 mg.), m.p. 145-146" (from ethanol- 
ether) (specific activity 5-1 x lo8 counts min.-l mmole-l, 
identical (mixed m.p. and i.r. spectrum) with an authentic 
sample. 

( f)-[N-methyl-14C]Methylisopelletierine. Isopelletierine 
(80 mg.) was dissolved in absolute ether (20 ml.) and 
[Wlmethyl iodide (70 mg.; specific activity 2.2 x lo8 
counts min.-l mmole-1) was added. The mixture was stirred 
at  room temperature for 3 days then added to 2N-sodium 
hydroxide (60 ml.), and the ether was separated. The 
aqueous solution was extracted with ether (5  x 20 ml.). 
Evaporation of the dried (Na,SO,) extracts yielded a 
yellow oil which, on a t.1.c. plate (silica gel G) with benzene- 
diethylamine-methanol (99 : 5 : l), showed the presence of 
isopelletierine RF 0.36), methylisopellerine (RF 0.41), 
and an unidentified compound (RF 0). 

The mixture was chromatographed on a column (1 x 
10 cm.) of basic alumina (activity I) with chloroform as 
eluant. The initial fractions were shown to consist of 
methylisopelletierine. Evaporation of the chloroform 
gave a colourless oil which was converted into the hydro- . 
chloride as described for isopelletierine and crystallised to 

20 F. Galinovosky, A. Wagner, and R. Eeiser, Montash., 1951, 
82, 551. 
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constant activity (20 mg.), m.p. 157-158' (specific ac- 
tivity 1.89 x los counts min.-l mmole-l). 

( f ) - [ 8 - 1 4 C ] - N - n ~ e t ~ ~ y Z ~ ~ ~ ~ e Z Z e ~ ~ e ~ ~ ~ e .  [3-14C]Acetoacetic 
acid, prepared as before from the ester (260 mg.; specific 
activity 5.5 x los counts min.-l mmole-l) was treated 
with N-methylpiperidin-2-01 in ether [prepared from 
N-methyl-2-piperidone (2 10 mg.) as described by Galinovo- 
sky Is]. The ether was evaporated off and the aqueous solu- 
tion, adjusted to pH 7 with 1% hydrochloric acid, was 
kept at  room temperature for 48 hr. Basification followed 
by extraction with chloroform yielded an oil, which was 

dissolved in ethanol. The solution was saturated with dry 
hydrogen chloride and treated with ether. The resulting 
solid was crystallised from ethanol-ether to give methyliso- 
pelletierine hydrochloride (106 mg. ; specific activity 
5-2 x 10s counts min.-l mmole-I). 

Equimolar amounts of the two labelled hydrochlorides 
were mixed and recrystallised from ethanol-ether to give 
( &)-[methyZ-14C, 8-14C]methylisopelletierine hydrochloride 
(specific activity 1.2 x lo9 counts minF1 mmole-1; ratio of 
activity at  N-methyl to activity at  C-8 3.6 : 1). 

[OlOZO Received, January 5th, 19701 
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