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Abstract-Experiments in which [2’,6:-3H; l’-“%Z] phenylalanine and various labelled norbelladine and 
0-methylnorbelladine derivatives were examined as test precursors to the octahydroindole class of mesembrine 
alkaloids in Sceletium strictum are reported. The evidence presented leads to the conclusion that the mode of 
incorporation of phenylalanine differs from that found for the structurally analogous Amaryllidaceae alkaloids 
of the crinine group. Radiolabelled alkaloids which resulted from administering labelled norbelladine derivatives 
were shown to occur by fragmentation of the test precursors prior to incorporation. 

EARLIER studies on the biosynthesis of mesembrine (1) have established that the basic 
skeleton of this alkaloid and its relatives is constructed from tyrosine and phenylalanine.’ 
Each of these amino-acids is used separately to provide the C&-N unit and the aromatic 
&-fragment which together comprise the 3a-aryloctahydroindole nucleus of the mesem- 
brine group. 

OMe 

(3) R= Me (8) 
(4) R=H 

* Part V in the series “Sceletium Alkaloids.” For Part IV see JEFF$ P. W., ARCHIE. W. C., HAWKS, R. L. 

and FARRIER, D. S. (1971) J. Am. Chem. Sot. 93, 3752. 

’ Some of this work has been published previously in preliminary form; JEFFS, P. W., CAMPBELL, H. F., 

FARRIER, D. S. and MOLINA, G. A. (1971) Chem. Commun. 288. 
’ JEFFS, P. W., ARCHIE, W. C., HAWKS, R. L. and FARRIER. D. S. (1971) J. Am. Chem. Sot. 93, 3752. 
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Since the role of these two amino-acids as progenitors of the C&--N and aromatic 
&-units in mesembrine is in direct parallel with the results obtained for the structurally 
similar Amaryllidaceae alkaloids of the crinine series, such as haemanthamine (2), further 
experiments on the biosynthesis were guided initially by consideration of a common 
pathway. 

In the Amaryllidaceae, the extensive researches of Barton,” Battersby and Wildman 
and their coworkers4 have established that biosynthesis of the crinine alkaloids of this 
family can be derived by the oxidative cyclization of the norbelladine derivative 3. In 

this case the dienone 8, which is formed, can undergo an intramolecular Michael addition 
to provide the crinine skeleton. The details of the formation of the pivotal 4(-O- 
methylnorbelladine from phenylalanine and tyrosine are well established and are known 

to involve the enzyme mediated selective 4’-0-methylation of norbelladine (4) as the 
penultimate step in the sequence.’ 

OMe 

(5) R=R’=H; 2’,6’-3H. he 

(6 ) R = Me; R’=H,2:6’-%I. 
(7) R=H; R’= Me, 5’-=H. (9) 
(10) R =Me; R’=H, I-‘%. 
(11) R=H; R’=Me, I-%. 

To test the intermediacy of norbelladine-type precursors in the biosynthesis of 
mesembrine, radiolabelled norbelladine (5) 4’-0-methylnorbelladine (6) and 3’-O- 
methylnorbelladine (7) were synthesized and administered separately to live Sceletium 

stricturn plants by the methods which have been described previously.’ After a period of 
7-10 days the plants were harvested and the major alkaloid. mesembrenol (9).6 was 
isolated and purified to constant activity. The results of these experiments. which are 
summarised in Table 1, were somewhat surprising in that ?‘-0-methylnorbelladine 
appeared to be incorporated more efficiently than its 4’-O-methyl derivative. In addition, 
the level of incorporation of each of these test precursors was much lower than that of 
[S-methyl-‘4C]methionine, which had been fed simultaneously as a control, and also 
significantly lower than the incorporation levels obtained previously with radiolabelled 
tyrosine and phenylalanine. The possibility that seasonal variation in alkaloid production 
was responsible for the low levels of incorporation was examined by a repeat feeding 
with [ l-14C] labelled 0-methylnorbelladines (10) and (11). While the incorporation of 
each of these compounds was both substantially higher than the corresponding radio- 
isomers fed previously, the 3’-O-methyl isomer again provided the more efficient 
utilisation of the radiolabel (Table 1). Consideration of this incorporation data suggested 

’ BARTOK, D. H. R., KIRBY. G. W.. TAYLOK. J. B. and TI-IOMAS. G. M. (1963) J. Chm. Sot. 4545. 
’ BATTERSBY, A. R., BINKS, I~.. BREUEK, S. W.. FALES, H. M., WII.DMA~. W. C. and HIGEET. R. J. (1964) 

J. Clwm. Sm. 1595. 
’ Mash, J.. Fl\r.ts, H. M. and Mung. S. H. (1963) J. Biol. C’lwm. 238. 3820. 

’ Jrws, P. W.. AHMAN~. C.. CAMPBELI. H. F., FAKKIEK. LX S., GAUNT and HAWKS. R. L. (1970) J. Org. 
Chrrn. 3s. 15 12. 
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it was unlikely that the biosynthesis of the mesembrine alkaloids proceeds by a 
pathway involving an extension of the route to the crinine alkaloids. 

TABLE 1. INCORPORATION OF RADIOLABELLED TEST PRECURSORS INTO ALKALOIDS OF Sceletium stricturn 

Precursor 
Sp. act.* Sp. act.* 

mCi/mmol 3H-14 C Alkaloid(s) &i/mm01 3H-‘4C 

[‘HJnorbelladine (5) 5.10 
4’-O-methyl[3H,]norbelladine (6) 5.23 
3’-O-methyl[3H,]norbelladine (7) 6.36 
4’O-methyl[ l-‘“Clnorbelladine (10) 0.902 
3’-O-methyl[l-‘4C]norbelladine (11) 2.04 
DL-[2’,6’-3H,1’-14C]phenylalanine (15) 3.35 

3’-O-methyl[3’-O-methyl-‘4C,l-14C]norbel- 
ladine (18) 

[5’-3H,1-14C]norbelladine (19) 

1.64 

1.20 

3’-0-methyl[2’,6’-3H,l-14C]norbelladine (20) 0.380 5.12 
N-methyl[2’,6’-3H,l-‘4C]norbelladine (21) @896 21.2 
N-methyl[5’-3H,1-14C]norbelladine (22) 0.96 9.92 

3’-0,N-dimethyI[5-3H,l-14C]norbelladine (23) 0.168 

3’-deoxy[3,5’-3H,1-‘4C]norbelladine (25) 
3’-deoxy-N-methyl 3’,5’-3H,1-‘4C nobel- 

ladine (26) 

0.80 
0.82 

16.6 

18.5 
19.5 

21.0 

2.45.t 

9.1 

Mesembrenol 0.30 
Mesembrenol 0.07 
Mesembrenol 0,209 
Mesembrenol 0.039 - 
Mesembrenol 0.208 
Mesembrine 0.012f 20.2 
Mesembrenone OGO9$ 21.0 
Mesembrenol 0.072 0.27t 
Mesembrenone 0.012 
Mesembrenol OGO6: 1.18 
Mesembrine 0.41 
Mesembrenone 1.0 
Mesembrenol 0.20 0.51 
Mesembrine Inactive ~ 
Mesembrine Inactive ~ 
Mesembrenone Inactive 
Mesembrine Inactive - 
Mesembrenone Inactive 
Mesembrine Inactive - 
Mesembrine Inactive ~ 

* For doubly labelled samples the value quoted is for the 14C isotope. 
t This value represents the ratio of 14C labels in the methoxyl group to that at the C-l atom 
1 This figure represents % incorporation of radioactivity into the specified alkaloid. 

If 3’-0-methylnorbelladine is a true precursor to the mesembrine series then the 
formation of the dienone 8, which occurs as a necessary intermediate in the formation 
of crinine alkaloids, is precluded, and the his-spirodienone 12 becomes a reasonable 
alternative. This intermediate appeared particularly attractive since not only is its genesis 
from 3’-0-methylnorbelladine readily derived but, also, its subsequent conversion to the 
mesembrine series can be visualized to occur by a simple fragmentation-aromatisation 
reaction of the p-aminomethyldienone system (Scheme 1). Precedent for this kind of 
fragmentation of p-methylaminodienones exists in the biosynthesis of the erythrina 
alkaloids, where the conversion of 13-14 has ‘been demonstrated.’ Also, a laboratory 
analogy for this reaction has been utilised in an elegant synthesis of protostephanine.* 

Because of the low levels of incorporation experienced with the norbelladine derivatives 
cited above, we felt that the question of the possible intermediacy of a his-spirodienone 
intermediate could be approached more effectively, at least in the initial phase, by a study 
of the mode of incorporation of the aromatic ring of phenylalanine. The first 
objective was to determine in an unequivocal manner which of the nuclear carbons 
of the aromatic ring of phenylalanine corresponded to the C-l’ position in the aromatic 
ring of the mesembrine alkaloids. Since the loss of the C-3 side-chain occurs during the 

’ BARTON, D. H. R., JAMES, R., KIRBY, G. W., TURNER, D. W. and WIDDOWSON, D. A. (1968) J. Chem. Sot. 
C, 1529. 

8 BATTERSBY, A. R., BHATIJAGAR, A. K., HACKETT, P., THORBER, C. W. and STAUNTON, J. (1968) Gem. 
Commm 1214. 
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Phenylalanine Tyrosine 

I I 
A.-C,-.\ /,/ C,-CC,-N 

, (1) - 

‘h--R 
II 

lile bl, 

S~HFMF I. 

incorporation of this amino acid into the alkaloid skeleton, it is not possible to derive 
this information by inference. To overcome this problem Dr,-[2,6-“Hlphenylalanine was 
prepared by reduction of DL-2’-bromophenylalanine with tritium gas over palladium. 
Combination of this tritiated product with DL-[I-‘“C]phenylalanine gave the doubly 
labelled compound 15, which from symmetry consideration may be viewed as containing 
equal amounts of tritium at the equivalent 2’,6’-positions. When this compound was 
administered to S. stricturn and the plants extracted after 9 days, a radioscan of a thin 
layer chromatoplate of the crude alkaloid fraction showed that the majority of the activity 
was associated with mesembrine and mesembrenone. Purification of these two alkaloids 
after addition of carrier showed that each alkaloid possessed the same tritium to C-14 
ratio as that of the administered phenylalanine. 

‘OH 

It is clear from this result that the biosynthesis of mesembrine cannot involve an 
intermediate of the crinine-type otherwise a 50:‘;, loss of tritium would have occurred 
from 15 as a consequence of its conversion to the dienone 8. which is an obligatory 
intermediate on the crinine pathway. The location of the tritium labels at the 2’,6’-positions 
in mesembrine derived from IS was established by oxidation of the alkaloid to veratric 
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acid 16 with a large excess of potassium ferricyanideg and subsequent conversion of the 
latter to 6-bromoveratric acid. The 3H: I4 C ratio remained essentially unchanged in the 
conversion of mesembrine to veratric acid while 47% of the tritium was lost on 
conversion to 6-bromoveratric acid (17). Several attempts to introduce an iodine 
substituent in the 2-position of 6-bromoveratric acid through an aryl thallation reaction 
were unsuccessful and although direct proof that the second tritium in the mesembrine 
from this experiment is indeed located at the 2’-position was not obtained, its assign- 
ment to this location can be made with some degree of confidence. 

OMe 

Bco- J&- R/@:e 

MeN 

(15) 3~:%=21 ‘H : 1% = 20 (16) R = T, 3H:‘k = 19 

(17) R = 13, 3H:‘4C = 11 

Thus, these results are fully consonant with the proposed pathway outlined in Scheme 1. 
In particular, the retention of both tritium labels at their original sites implies, (i) that 
bond formation (presumably through phenol oxidative coupling) occurs at the C-l’ 
position of an aromatic ring in an intermediate derived from phenylalanine, and (ii) the 
logical consequence of the former is to provide a ring A spirodienone which in order to 
retain both tritiums at their original sites must undergo aromatisation of ring A by a 
process which is at least mechanistically analogous to the fragmentation pathway portrayed 
in Scheme 1. 

(16) I 
Me R=Me(iv)_R=H 

(rma = I.001 (rma = 0.20) (rma = 0.07) 

?Me ?Me 

.l.sMe (ii’ - goM: C&z= CH2 +(r~‘l”“,‘,,2, 

(rma = 0.22) 

(i) HZ-Pt; P205-toluene; Mel-6H. (ii) Mel-OH (iii) KMn04. (iv) Her. 

SCHEME 2. 

9 HAWORTH, R. D. and DE RLVA, L. B. (1951) J. Chem. Sot., 3511. For a more recent application in the 
alkaloid field see LEETE, E. and NEMETH, P. E. (1960) J. Am. Chem. Sot. 82, 6056. 



Since the results of the phenylalanine experiment appeared to provide support for 
the modified scheme, we sought to extend the investigation of the possible role of the 
various norbelladines in the biosynthesis of mesembrine. Rather than use the labelling 
pattern selected previously for 3’-0-methylnorbelladine a more decisive test of the ideas 
presented in Scheme 1 could be made by testing its bioconversion to mesembrine if it 
were labelled at the O-methyl and C-l carbons with ‘-‘C in a known ratio. Utilisation of this 
labelled precursor in the manner envisioned should give rise to mesembrine alkaloids 
containing 14C labels at the 3’-O-methyl and C-2 carbons. Compound 18 (3’-0- 
methyl-14C: I-“C ratio = 71: 24) was synthesized and fed to S. .st~Vct~~ The majority of 
the activity of the alkaloid fraction from this feeding experiment was associated with 
mesembrenol and the necessary degradation experiments, which are discussed, are depicted 
in Scheme 2. When the mesembrenol was oxidized to veratric acid only 20”,, (instead 
of the expected 71%) of the relative molar activity (rma) was present in the acid. This 
result was corroborated by an independent series of reactions in which the radio-labelled 
mesembrenol was reduced to mesembranol and then converted to 3,4_dimethoxybiphenyl 
(0.22 rma) by a series of reactions which have been previously described.“,” The 
latter sequence showed that 0.12 rma was present in the N-methyl group. Furthermore, 
selective demethylation of the radiolabelled veratric acid to isovanillic acid. which could 
be achieved with HBr under carefully controlled conditions, showed that the label was 
distributed between both methoxyl groups. It was evident from this information that 
3’-0-methylnorbelladine is not incorporated intact into the mesembrine ring system. 

Scatter of the activity between the two methoxyls and the N-methyl group indicated that 
the C-l pool was being labelled. presumably through 0-demethylation of the 3’-O-methyl 
group of the test precursor or one of its transformation products. 

OH 

.OH 

(19) R=R’=H, 2’,6’-3H; I-‘% 

(20) R = Me, R’= H, E~‘-~H; I -14C 
(21) R=H, R’=Me,2’,6’k; I-“C 
(22) R=H, R’=Me,5’-‘H,Q4C 
(23) R = R’=Me, 5’-‘H; I-14C 

(24) 

OH 

(25) I? = H, 3’, 5’-3H; I-14C 

(26) R = Me,3’, 5’-3H; I-% 

Confirmation that 3’-0-methylnorbelladine was not simply undergoing 0-demethylation 
to norbelladine before incorporation was obtained by the observation that both norbel- 
ladine and its 3’-O-methyl derivative. containing “H and “C-labels as indicated in 
structures 19 and 20, respectively, when fed to S. stricturn plants resulted in mesembrine 
alkaloids in which the “H: ‘-I C ratios were markedly different in each case from that of 
the test precursors (see Table 1). Obviously both norbelladine and its 3’-O-methyl 
derivative suffer cleavage prior to incorporation into the alkaloid ring system. Thus the 
hypothesis outline in Scheme 1 is incorrect despite the results of the phenylalanine 
experiments. 
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Despite these discouraging results with the norbelladine series, it seemed worthwhile 
to examine two further examples of this ring system as possible precursors to the 
mesembrine alkaloids. Previous studies by Barton and coworkers3 on the biosynthesis of 
the Amaryllidaceae alkaloid galanthamine in a Narcissus species of daffodil have 
demonstrated that whereas norbelladine was not incorporated into this alkaloid, 
N-methylnorbelladine proved to be a good precursor. Obviously this plant is unable to 
convert norbelladine to its N-methyl derivative. ’ 1 Therefore to cover the possibility of 
this contingency in S. stricturn it was necessary to examine N-methyl and 3’-O,N- 
dimethylnorbelladines as possible biosynthetic intermediates in the mesembrine series. The 
two doubly labelled radioisomers of N-methylnorbelladine 21 and 22 and the doubly 
labelled 3’-O,N-dimethylnorbelladine 23 were synthesized and then administered in 
separate experiments to S. stricturn plants. A radioscan of the TLC plate of the crude 
alkaloid fraction from each of the three experiments showed only a single radioactive 
zone, in each case, which exhibited 3H: 14C ratios similar to the corresponding values 
of the respective test precursors. The R, value of the radioactive component corresponded 
approximately with the R, values of mesembrine and mesembrenone. However, subsequent 
dilution experiments with cold mesembrine and mesembrenone demonstrated that the 
radioactivity was not associated with either of these alkaloids. Since the sub-milligram 
amounts of the radioactive metabolite precluded attempts to carry out structural investi- 
gations, the possibility that it was an aberrant product derived from the test precursors 
through simple 0-methylation, or 0-demethylation and 0-methylation at a different site, 
was examined by chromatographic comparisons with all six O,N-dimethyl- and O,O,N- 
trimethylnorbelladines and belladine. Of these compounds, only belladine had comparable 
chromatographic properties to that of the radioactive component. However, the non- 
identity of the radiolabelled metabolite and belladine was demonstrated by the isotope 
dilution method. In our experience all radiolabelled precursors which are incorporated 
intact have resulted in a distribution of activity among all the alkaloids of S. stricturn. It 
would appear that this test precursor is being converted to a single metabolite as a 
result of the occurrence of an aberrant pathway (vide in@). 

The last remaining possibility that appeared worthwhile investigating in terms of a 
C&-N-C,&, precursor to the mesembrine series was prompted by a report of the 
isolation of joubertiamine 24 and several related alkaloids from S. joubertii. 1 2 The single 
oxygen function on the aromatic ring in a ring system which is obviously biogenetically 
related to the octahydroindole skeleton of the mesembrine alkaloids suggested con- 
sideration be given to the possibility that one of the aromatic oxygen functions in the 
mesembrine series is introduced at a late stage in the pathway.13 3’-Deoxynorbelladine 
and 3’-deoxy-N-methylnorbelladine were synthesized to provide the labelling pattern as 
indicated in 25 and 26 respectively. When these compounds were administered indepen- 
dently to S. strictum and the alkaloid fraction subsequently isolated, examination of the 
radiochromatogram indicated the presence of a single radiolabelled component in each 
case. Although it was not possible to identify either of these metabolites, the suggestion 
that they occurred as a result of an aberrant process was supported by the large 

I’ More recently a report has been made that 4’-O-methylnorbelladine can serve as a precursor to galanthamine 
in Leucojum aestitwn [FUGANTI, C. (1969) Chim. Ind. (Milan) 51, 12541. 

” ARNDT, R. R. and KRUGER, P. E. J. (1970) Tetrahedron Letters 3237. 
I3 A recent example of such a process has been reported, see COLLINS. J. F., DONNELLY, W. J., GRUNDON, 

M. F.. HARRISON, D. M. and SPYKOPOULOS, C. G. (1972) Chrm. Commun. 1029. 
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differen_ce observed in their 3H : 14C ratios from that of the administered test precursors 
(see Experimental) and the demonstration of their non-identity with any of the known 
alkaloids of the plant. 

Thus, the evidence described clearly demonstrates that despite the strong structural 
similarity between the crinine and mesembrine alkaloids and derivation of the basic 
skeletons of both from tyrosine and phenylalanine to provide analogous structural 
entities, the metabolic pathways involved in the biosynthesis of the alkaloid families are 
fundamentally different. This is evident in the mesembrine series both from the manner 
in which phenylalanine is incorporated. which must surely implicate a ring A-spirodienone 
intermediate. and by the elimination of the logical precursors based upon an 
Arm-C,-fi--C2PC, structural unit. 

In retrospect, such differences in the metabolic pathways to the crinine and mesembrine 
alkaloids are not entirely unexpected in view of the widely different phylogenetic origins 
of the Amaryllidaceae and Aizoaceae families. 

In comparison with other similar studies reported on biosynthesis of alkaloids, the 
studies reported in this account indicate that S. strict~nz exhibits a remarkable versatility 
in its ability to metabolise unnatural substrates in various ways. Some of these aberrant 

pathways with radiolabelled compounds lead to incorporation of significant levels of 
radioactivity in the alkaloids of this species. This presents potential pitfalls for inter- 
pretation of the results which are only avoided by carefully selected experiments with doubly 
labelled test precursors in which labels are judiciously positioned. Much of the foregoing 
results reported herein would have led to erroneous conclusions with singly labelled 
substrates. 

EXPERIMENTAL 

The general procedures and the methods of administering labelled test precursors are as described 
previously’ unless otherwise noted, Plants used in these studies were grown in an artificial medium in the 
Duke University Phqtotron facility with conditions controlled to give a 16 hr photo period with an X hr 
day temp. of 20 and a 16 hr temp. of 17 All rad~olabelled synthetic Intermediates were assayed ftor purity 
by TLC and subsequent radioscanning of the plate. 

[3H,]Norhelludine (5). Tyramine (225 mg) was heated at 100 for 2.5 hr in 1.0 ml “H,O \120 mCi] to 
whxh 0.16 ml SOClz had been previously added. [3.5-,‘H]Tyramine (200 mg : 245 mC‘i mmol) was obtained 
hq dilution of the reactlon mlrture Mlth H,O. baslticatlon with NH,OH and rcpeatcd cktractlon with 
CHCI, followed by crvstallisatlon from C,H, MeOH. .4 portion of the sample was diluted with cnrrler 
and converted to 3.5-dlbromot!ramine hydrobromide. m.p. 267.5 268.5 [lit.‘& m.p. 270 ] which showed less 
than 0,5”,> of the activity 01 the starting malerial. O,O-Dibenry1[2.6-‘Hlprotocatcchuic aldehyde (120 
mg : 2.97 mCi #mmol). obtained from 12.6-‘Hlisovanillln.‘~ was combined with tyramme (50 mg: 2.05 
mCi:mmol) and the mixture dissolved in 10 ml MeOH under refux for 30 min. The soln on cooling 
deposited the imine, m.p. 16& 162 after recrystallization from MeOH. A soln of the imine (145 mg) in 
MeOH (20 ml) was stirred with H, over lo”,, Pd,C (65 mg) in 5 ml MeOH until there was no 
further uptake of Hz. To this soln was added 0.1 ml cont. HCI and the hydrogenation continued for B 
further 15 min until the uptake of Hz ceased. After filtration of the soln. the solvent was rcmoked and 
the residue crystalhzed from MeOH -acetone to give norbelladine hydrochloride (70 mg : 509 mCi.mmol). m.p. 
192~-195 dec. (lit.’ m.p. 175 I76 )_ 

I-0-.24r/h!,/ C-~H,],~o~ht~//trrii)~~, (6). [3’.5’-3H ]Tyramine (25 mg: 2.05 mC‘i:mmol) and [2.6-‘Hliso~anillin (28.0 
mg : 3.05 mCi’mmo1) were mixed in 1 ml MeOH- EtOH (1 : 1). After standing for 31 hr. the soln was 
hydrogenated (2 hr) in 15 ml EtOH contaming 20 mg lo”,, Pd;C. After removing the catalyst on celitc. 
the soln was concentrated and treated with ethanolic HCI. The hydrochlol-ide of 6 was obtained from 
EtOH~Et,O as tali cr\lstals (ix.4 mg : 5.53 mCi,mmol). Two recrystallizations from EtOH Et,0 gave radio 
chemically pure material (5.33 mCi mmol). m.p. 206 207 ’ (lit.lh 2OS- 207 ), 

I4 ZEYP\EK. R. (1921) Z. Phi,. C‘l~r,n. 114, 283. 
” KIRBY. G. W. and ONGIIKOYA. L. (1965) J. Churn. SK. 6914. 
” KIRRY. G W. and TIW,IKI. H. P. (1060) J. C’hc~rr~. Sot 676. 
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3’-0-Methyl[‘H,]norbelladine (7). A soln [5-3H]vanillin (28.9 mg, 0.19 mmol : 4.21 mCi/mmol) and 
[4,6-3H,]tyramine (25 mg, 0.18 mmol : 2.05 mCi/mmol) in MeOH (1.0 ml) was allowed to stand at room temp. 
for 22 hr. The imine (43.5 mg: 88.3% yield; 6.34 mCi/mmol), which separated as gold crystals, was collected 
and washed with MeOH (1 ml). The imine was converted to the hydrochloride of 7 as described above 
to give crystals, m.p. 176-177’ (lit.i6 m.p. 170-171”) (34.5 mg: 68.57; yield) after crystallization from EtOH-Et,0 
(6.36 mCi/mmole) (Found: C, 62.61; H, 6.42; N. 4.27. Calc. for C,,H,,NO,CI: C, 62.03; H, 6.51; 4.52%). The 
free base regenerated from the hydrochloride crystallized from EtOAc to give prisms m.p. 143-143.5” 
(Found: C, 70.26; H, 6.83; N, 5.12. C,,H,,NO, requires: C, 70.31; H, 7.01; N, 5.12%). In later experiments 
it was sometimes found that catalytic reduction of the imine double bond caused cleavage at this site. The 
borohydride reduction, described below is therefore recommended over the procedure used above. 

4’-O-Methyl[l-‘4C]norbelladine (10). This material was prepared from [1-i4C]tyramine hydrobromide 
(4.1 mg : 100 mCi) and isovanillin (20 mg) according to the lit. procedure to give 18 mg of norbelladine 
as its hydrochloride (0,902 pCi/mmol). 

3’-0-Methyl[ 1-i4C]norbelfadine (11). A mixture of vanillin (20 mg, 0.131 mmol), Na,CO, (25 mg, 0.236 mmol), 
and [1-i4C]tyramine hydrobromide (4.1 mg : 0.0187 mmol; 0.10 mCi) in MeOH (0.5 ml) was briefly warmed 
with shaking and then allowed to stand for 2 days at room temp. The soln was diluted with 10 ml 
MeOH and stirred with an excess of KBH, (ca 50 mg) until effervescence ceased. HZ0 (5 ml) was 
added and the MeOH evaporated. Enough cont. HCI was then added cautiously to the aq. residue to give 
an acidic soln and 19 mg of inactive 11 added. The soln (ca 5 ml) was transferred to a Gould 
extractor,” basified with Na,CO, and continuously extracted with CHCI,. The CHCI, extract was evaporated 
and the residue was taken up in 10% HCI (ca 5 ml) and washed 1 x with Et,0 (10 ml). The acidic soln was 
neutralized with Na,CO, and extracted with EtOAc (2 x 10 ml). After evaporation of the EtOAc the 
hydrochloride of 11 was prepared in EtOH and addition of Et,0 gave crystals of 3’-0-methyl[l-‘4C]norbel- 
ladine hydrochloride (14 mg: 639 LtCi/m,mol). This procedure was repeated several times to furnish additional 
quantities of 11 of higher specific activities. 
DL-[~',~'-~H, l’-‘4C]Phr,lylalailinr (15). 2’-Bromo-aL-phenylalanine (20 mg) in I.0 ml 1.5 N KOH was 

reduced with tritium gas (3 Ci) in the presence of 10 mg 10% PdjC for 2 hr.i8 The reduction was com- 
pleted with H, for an additional 1 hr and the product was distilled under reduced pressure to remove 
labile tritium. The residue (10 mg: 16.5 Ci/mmol) was dissolved in 10 ml HZ0 and stored at - 15”. A sample 
(0.1 ml) from the solution of the labelled phenylalanine was removed and 9 mg inactive DL-phenylalanine 
added. The soln was acidified with dil. HCI and then lyophihzed to a solid which was crystallized 2 x from 
EtOH to give the pure hydrochloride of oL-[2’,6’-3H]phenylalanine. A mixture of this tritium labelled material 
(0.234 mg. 1.05 mCi) with DL-[I’-i4C1DhenVlalanine (2.4 mg. 0.05 mCi1 was dissolved in 0.5 ml 0.1 N HCl 
to give the double labelled amino-acid “’ which possessed 3<: 14C = 21.6. 

3’-O-Methy1[3’-O-merhy~-‘JC, I-i4C]norbelludine (18). Radiolabelled Me1 (11.9 mg : 0.084 mmol; 250 &i) was 
transferred on a vacuum line to a soln containing 4-benzyloxy-3-hydroxybenzaldehyde (57.5 mg, 0.252 mmol) 
and anhyd. K,CO, (55 mg) in dry acetone (4 ml). The contents were sealed in LUCUO and heated at 
65” for 96 hr with stirring. After cooling (liq. NZ), the seal was broken and 2 ml inactive Me1 added. 
The soln was refluxed for 8 hr to complete methylation and the contents then filtered through cotton 
to remove solid K2C03 which was washed with acetone. The filtrate was concentrated under vacuum to 
afford 0-benzyl[methyl-‘4C]vanillin. This was mixed with 0-benzyltyramine hydrochloride (75 mg, 0.284 mmol), 
and K&O, (65 mg, 0.47 mmol) in MeOH (1 ml) and allowed to stand at room temp. for 12 hr. 
The solid imine which precipitated was collected and washed successively with 2 ml portions of cold 
EtOH and H,O. The imine (60 mg) was next reduced with an excess of KBH, (170 mg, 3.15 mmol) in MeOH 
(12 ml) at room temp. After standing for 2 hr. H20 (2 ml) was added and the MeOH removed. The 
aq. residue was extracted continuously with CHCI, in a Gould extractor, and the CHCI, subsequently 
removed in uacuo. The residue provided crystals of the dibenzyloxy amine hydrochloride (53 mg; 80% yield; 
1.59 mCi/mmol) upon treatment with ethanolic HCI. This material was hydrogenated in 5.5 ml EtOH 
containing 10% Pd,C (5 mg) to give 3’-O-methyl[methyl-14C]norbelladine hydrochloride. Recrystallisation from 
EtOH-Et,0 afforded 25 mg of crystalline material which was radiochemically pure by autoradiography 
(1.52 mCi/mmol). The title compound was prepared by mixing accurately weighed portions of the hydro- 
chlorides of the above compound and 3’-O-methyl[l-‘4C] norbelladine in H,O (0.5 ml) prior to feeding. The 
activity of the composite was thus 1.64 mCi/mmol, and the methoxyl to C-l activity ratio was set at 2.45. 

[5’-<H, 1-“C]Nbrbelladine (19). (a) [5’-3H]Norbelladine. 3-Benzyloxy-4-hydrdxybenzaldehyde (210 mg, 
0.92 mMI was heated at 100” for 96 hr in 0.3 ml 3H,0 (0.25 Ci1 to which sodium t-butoxide (50 mg, 0.52 mM) 
had been previously added. Recovery and purification of the product gave 143 mg (63%) of-the [5-“HI: 
aldehyde (6.54 mCi/mM). A mixture of this aldehyde (70 mg, 03 mM) and tyramine (46 mg, 0.3 mM) was 
dissolved in MeOH (5 ml) and the sols reiluxed for 5 hr. The imine was not isolated but hydrogenated 

I7 GOULD, B. S. (1943) Science 98, 546. 
I8 The catalytic tritiation was carried out by New England Nuclear, Boston, Mass. according to directions 

kindly supplied by Drs. J. W. Daly and G. GurotT, National Institutes of Health. 
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directly to [5’--‘H]norbelladine hydrochloride (67 mg, 4.5 mCi:mM) as indicated previously. (b) [I-‘*Cl- 
Norbelladinc. A soln of [l-‘4C]tyramine hydrobromide (9.3 mg, 0.043 mM, 0,143 mCi). 3.4-dibcnzylouybenz- 
aldehyde (205 mg, 0.645 mM) and K,CO, (16 mg, 0.116 mM) in 25 ml MeOH was refluxed for 17 hr. After 
cooling the soln. 200 mg KBH, was added and the mixture stirred for 3 hr. The soln was acidified with 
H04c and the product isolated. Chromatography over alumina (act III) and then rcchromatography over 
alumina (act II) in CHCI, was necessary to remove traces of contaminating tyramine from the 3’.4’- 
dibenzyloxy[l-‘lC]norbelladinc (37 mg. 1.2 mCi;mM). This sample was combined with 36 mg of inactive 
material and hydrogenolysed with 10 mg Pd:C in MeOH (5 ml) containing 3 drops cont. HCI to give 
[ l-“Qorbelladine hydrochloride (48 mg. 56 pCi,,mM). The radiochemical purity of this sample was established 
by TLC on silica gel H in MeOH-CHCI, -NH,OH (10 : 9 : 1) followed by a radioscan of the plate. Tyramine. 
which was previously shown to be well separated from norbelladine in this solvent system, was absent. The 

. doubly lahelled sample [5’-3H. I-“(‘~lnorbclladlne was obtained b! mixln, cr the t\&o smgl> iabellcd cnml~~unds 

to gibe ‘H:“C = 9.1. 

3’-O-Meth~1[2’,6’-“H.l-‘“C]itor-hclluiiinr (20). A mixture of O-benzyltyramine hydrochloride (210 mg, 0.79 
mmol). 3-hydroxy-4-benryloxybenzaldehyde (194 mg. 0.85 mmol). and 220 mg (1.7 mmol) of K,CO, were 
reiluxed for 1 hr in MeOH. The soln was cooled to room temp. and KBH, (200 mg. 3.7 mmol) was added 
with stirring. After 2 hr the reaction mixture was diluted with an equal vol. Hz0 and the solvents removed on 

therotovac.The residue was acidified with dil. HCI. then brought to pH X with Na,CO,. l‘hc reselling SllSp~llS~Ol~ 

was continuously extracted with EtOAc. Evaporation of EtOAc and treatment of the residual oil \\lth ethanolic 
HCI afforded 4-benzyloxy-N-(3-hydroxy-4-b~n~yloxybenryl)phenethyla~~ine as its hydrochloride which formed 
plates upon recrystallization from EtOH (250 mg; 66”,, yield). m.p. 204-206 (Found: C. ‘3.29: H. 6.25: 

N. 3.05. C*,H,,NO, requires: C. 73.17: H. 6.35: N. 2,91”,,). In another expel-iment. the amlnr was isolated as 
its free base in 76”,, )teld. m.p. 125.5 126.5 : Ili (CHCI,): 3.550 cm ’ (sharp, OH): NMR (fiT$‘a): 7-38 
(s, 10 H). 7.25-6-25 (complex. 7 H ). 5.03 (h\. 4 H). 3.85 (broad signal. 2 H). 3.67 (\. 2 H). 2.7s (.\. 4 H): 
MS: ,)I C’ 439 (M ‘). The amine (64 mg) was tritiated under has~c conditions in 0.25 ml (250 mCi) tritiated 
H,O. After addition of 13.5 mg of carrier on completion of the rachange. the crude product \k\ri> chromato- 
graphed on neutral alumina (activity V) in CHCI, to giv-e the pure trltiated amine (30.8 mg: 5.29 mCi, mmol). 
This material was then dissolved in MeOH -Et20 (5 ml. I : I) and diluted with an equal vol. of freshly 
distilled ethereal CH2NZ. The soln was allowed to stand at - 25 for ? days. rhen at 10 for 19 days. and 
at room temp. for 4 days. The solvents were removed by slow evaporation ;,I roc~o to obtain an oil which 
solidified. Treatment of the solid with cthanolic HCI and crystallisation from EtOH pro\idcd 19 mg of the 
hydrochloride of I-bc~~rylo~~-~~-~?-~ncthox~-4-benryl~~~y[~~6-~H~]hc~~z~lp1~~nctl~~l:~~~~i~~ei (Si”,, !~clci; 5.34 
mCi’mmol) as crystals. Hydrogenolysis of this material was carried out as previously de\crihed to affbrd 
3’-Gmethy[2’,6’-‘H]norbelladine (10 mg. 4.82 mCi;mmol). The radiochcmical purlt!, of this material was 
ascertained when the single spot on the papergram contained 99,%“,] of the total acti\it> of the strip (liquid 
scintillation counting of cut sections). The double isotope lahclled 3’-O-mcth~lnorh~lladlne (20) was then 
prepared by mlxlng welghed quantities of the ahovc materlnl alth 3.0.mrth!l[ I-’ ‘(‘1 norhclladinc u hich 
had been prepared as previously de\crihcd. The calculated and ohacrvcd ‘H : ‘V ratro \\:I\: Z I” and 5.12. 
respectively. 

N-~Llrrh~/~2’.6’-ZH,1-‘~~‘]no~hr//u~/irle(21). 3-Hydroxy-4-benrylox! benzaldehydc (l-00 g. 4.39 mmol) was dis- 
solved In 40 ml EtOH m a flask litted with a dr) ice-acetone condenser. An c\ce\s of gaseous hleNHz 
was passed into the 3oln and the reaction mixture was stirred at room temp. for 2 hr. KBH, (550 mg) was 
added and stirring was continued for an additional 4 hr. The ethanol uas evaporated under reduced 
pressure and H,O was added to the residue followed by adjustment of the pH to 8 by addition of lO”,, HCI. 
The aq. suspension was extracted with CHCI, and the CHCI, sohl was dried. The CHCI, was evaporated 
leaving behind I.06 g (99”,, yield) of a grey solid. This material was sho\vn to be the desired secondary 
amine (31) by its spectral properties: IR (CHCI,), 3650 cm- ’ and 3550 cm ‘. NMR (CDCI,). (i 7.35 (5, 5H). 
S 6.78 (m, 3H), 6 5.01 (,Y. 5H). <i 3.53 (5. ZH), 6 2.30 (5. 3H): (CDCI, 4 D,O). 5 5.01 (s. ZH). remainder 
of spectrum was unchanged. The secondary amine (549 mg. 2.36 mmol) was dissolved in 20 ml drv Ci,H, and 
294 mg (1.13 mmol) of 4-ben7yloxyphenvlacet~~ chloride (25) in 15 ml dr> C,H, was added dripwise with 
stirring. The reaction mixture was siirred at room temp. for 6 hr and then filtered to r’emo\e solid material. 
The C,H, filtrate was washed witk IO”,, HCI 13 x i. NaHCO, so111 (3 x 1. and H,O (5 x ) and then drlcd. 
Evaporation of the C,H,, resulted In 5I’k rng ($8” ,, \i~cld of ;I clear 011. This matc;ial was shown to he the 
desired amide by its spectral properties: IR (CHCI,). 3550 cm-~ I and 1640 cm I: NMR <S:Fs” 7.28 (,\. 10H). 
6.80 (111. 7H). 4.92 (X 2H). 6 4.90 (s. 2H), ci 440 (.s. IH), 4.2x (,x. lH), 360 (5, ZH). 2.82 (,s. 1,5H). and 2.72 0. l.5H). 
The tertiary amide (3 15 mg. 0.675 mmol) dissolved In 10 ml drq C,H, was added dropwiw to a relluxing 
suspension of 250 mg LiAIH, III 20 ml Et20 and refluxing was continued fol- IO hr. The reaction was 
quenched by dropwise addition of lo”,, NH,Cl and the reaction mixture v.ab filtered to I-emo~r the ~I-c! past) 
solid. The organic and aqueous Ialcrs m the filtrate wcrc heparatsd and the aq. phase \\;t1\ cstractcd 
with Et,O. The combined Et,0 soins were dried. The soJvent was eva porated under reduced pressure leaving 
behind 263 mg (86”; yield) of a light yellow solid. Recrystalkation fl-om EtOH gave 4-henzyloxy-N- 
(3-hyd~-osy-4-hen~~l~~~~ben~~l)-.T-mcthylJ~hen!,~cn~Icthylamine as needles. m p. 9X 99 YMR. $$,i;‘l 7.28 ih. 1OH). 
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C,IH,,NO, requires: nt;r 347.1885). Hydrogenolysis of the 0-benzylamine gave the tltlc compound as an 
amorphous solid from EtOH- Et,0 (Found: de 257.1410. C,,H,,NOZ requires: 257.1416). 3’-Deoxy-IV- 
methyl[3’,5’-3H]norbe11adine was obtained by subjecting .~-(4-benzyloxyphenacetyl)-?-hydr~~xybe~~~yl~~ethyl- 
amine (110 mg) to exchange in “H,O (0.10 ml. 250 mCi) in DMF (0,3 ml). After purification of the tritiated 

_I _  

material, it was hydrogenolysed and the product recrystallized (x 2) from EtOH Et,0 to g~\e the pure 
3’-De~xvf3’-5’-ZH1-I-methvlnorbelladine (55 my. 2.93 mCi,,mmol). Admixture of this sample with I’(<‘-1abcllcd ,- 
material (0.82 mi(‘i;mmol) prepared from “C~carboxyl’ labcllcd 4-ben7yloxyphenylacetic acid ga\e double 

labelled compound 25 with ‘H : ‘“C = 19.5. 
Isolation and purificatiou oj trl/tu/ods tlwiwd jrorn c~spc~rimewt.~ with ~.triiiol~lhr,ll~,ti pw~ur.wr~. The crude 

alkaloid extract. obtained as previously described. was examined on a silica gel TLC plate in CHCI, MeOH 
(3 : 1) against standards of known alkaloids. and radioscanned to determine the amount and distribution of 
radioactivity amongst the alkaloids. For additional verification. the active Tones were scraped off the TLC‘ 

plate. the compound extracted and then examined bq GLC on SE-30 and Carbo\vax 20 %l COIUII~S. 111 

all cases where incorporatlon of activity into the alkaloids occurred the radio-label M:LS dibtributed 
among several alkaloids. In feeding experiments where incorporation of activity was associated with the 
alkaloid fraction. most resided in mesembrenol. mesembrenone and mesembrinc. In such casts. the crude 
alkaloid fraction (ca 20 50 mg) was combined with inactive mesembrenol. mesembrenonc and mcsembrme 
and the mixture chromatographed on neutral alumina (act 2. 20 30 g) in C‘,H,-EtOAc- MeOH. To achieve 
radioachemically pure samples. mesembrenol was crystallired from EtAc. m.p. I44 145 and mc~cmbrenone 
and mesembrine were crystallized as their hydrochlorides from propan-2-al and MeOH Et,O. rcspcctivcly. 

Fwtlirq r.xpwkwnra und riryrcdrrtior~ of ratlio/&/lcrl all\cz/oirls. Experiments with the feeding of the test 
precursors 5, 6. 7. 10 and 11 since they Aid not involve degradation of the derived alkaloids arc adequateI> 
described by the results reported in Table 1. 

/,l(,r,~po~rt/iorl of u~-(2’.h-~H, I ‘-I i(‘]l’/~m?./o/anirlr (15). Radioscanning of a TLC chromatoplatc of a portion 
of the crude alkaloid fraction (20 mg) derived from administering the doubl) labellcd am.ino-acid (IS). 
3H:‘“C = 21.0, showed that the major region of activity was present in a region corresponding to the K i \alues 
of mesembrine and mesembrenone. Addition of inactive samples of mcsembrine (?I I mg) and mescmbrcnonc 
(I 11 mg) to the 20 mg of crude alkaloid and subsequent column chromatography ga\c aftcl- sc!cral 
crystallizations of the hydrochlorldcs. mcsembrlne (‘H : “C’ = 20.2) and mcsemhrenonc (.‘I] : ‘Y‘ =- 110). 

Furrlcyarrrdr ovitfatiorl of ruthucrwe nwsernhrirw to wratru rrcitl. Mesembrinc (7X0 mg .‘H : “C’ = W?I 
derived from the feeding of 15. 17.5 g KOH, 100 g K,Fe(CN),. and 200 ml H,O wcrc btlrred on a 
steam bath for 22 hr. The same amount of KOH and ferricyanide were addcti and the reaction was 
continued for 23 hr after which another equal portion of KOH and ferricyanide were added. After 24 hr of 
heating, the reactlon mixttlre was filtered and acidified with iO”,, H$O,. Continuous cutraction with Et20 
for 3 days resulted in 138 mg of a light yellow solid. Recrystalliz.ation of this solid from I : 5 McOH Hz0 
yielded veratric acid (75 mg, 42”;) yield) m.p. 179-182 (3Hi:‘JC = 19.1). 

Brornincltion of cerutric acid to (,-hrornorerutric mid The doubly labclled veratric acid (42.5 mg) from the 
previous experiment was dissolved in 6.5 ml H,O at 90’ and 0.02 ml Br, in 3 ml Hz0 was added dropwise 
over 10 min with stirring. Upon cooling. crystallization occurred to gi\c 39 m+ I&+“,, lieId of light t,in 
crystals which were recrystallircd ( x 2) to give h-bromovcratric acid. m.p. I X3 1x4 ( ‘II :“C’ : lO9). 

.A ttc’wpt\ to prepare 2-iono-6-h,o/no[,~r~~t~j~ ucid. h-Bromoveratric acid I XX mp. 0.3.37 mmol) was dissol\ ed 
in 3 ml of acetonitrile and 273 mg (0.41 I mmol) of thallium (3) triiluoroacctalc \\a~ added. Stirring at 
room temperature for 24 hr and refluxing for 22 hr were tried in separate experiments followed b> cooling 
and adding 392 mg (2.36 mmol) KI in 2 ml H,O. After 15 min at room temp.. 230 mg sodium mcta- 
bisulfate was added and stirring was continued for IO min followed by filtration After the usual worh up. 
starting material was recovered. 

Lkyradatrot~.s of rrwwmhrirw d~‘riwd from 3’-O-Mrr/1yl[.3’-O-m~~t/r~/-’ ‘C‘. I -“<‘],~o~hc//otii,lr (18). (a I Radio- 
labelled mesembrenol (137 mg, OQ73 yrCi,!mmol) derived from S. .\trictum to which the test precursor 18 had 
been administered was hydrogenated in EtOH (5 ml) containing PtOz (17.5 mg). The mesembranol (O-082 
pC,‘mmol)whcnsubjcctedto dehydration and twosuccessive Hofmann dcgr;ldationsasprcviousl! dchcrlbed’ga\e 
3.4-dimethoxybiphenyl m.p. 69. 70 (0.0166 /Qrnmol) and trimethylamine (0.005 &‘i~mmol).* (h) Radto- 
labelled mesembrenol was combined with inactive carrier to give 163 mg (0.157 mmol. 0.043 &i mmol) 
and dissolved in dioxane (5 ml). After adding IO ml lo”,, Na2C0, soln. the mixture was stirred and brought 
to 100 During I hr. 47 ml 5”:, KMnO, was added dropwise. Thereafter, the purple color of unrcduced 
permanganate persisted for several min. The soln was allowed to stir an additional 10 min. then cooled 
(ice bath), and decolorized with excess NaHSO,. After acidification with cont. HCI (added tiropwise with 
stirring). the solution was continuously extracted with C,H, for 8 hr. The C‘,H, extract was processed to 
provide 8 mg veratric acid from McOH H,O. m.p. 1X0 1X2 Upon rccrystalliration. the \ct-atI-ic acid 
(OUX &i mmol) showed one spot (Rr 0.61) b> TLC on sihca gel G with 90 : 25 : 4 C‘,H, dioxanc .AcOH). 
(c) Lkwethrlatio~~ of wratric acid 10 itowrrillic acid. The above veratric acid (X mg: 0.00X Ii<‘i mmol) was 

* The low activity of this sample measured as NMe,I introduces the possibility of considerable error in 
the quoted activity. 
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suspended in 0.1 ml 48% HBr. After heating at incipient boil with intermittent shaking for 6 min the 
material dissolved. Heating was continued for 3 min at which time crystals began to separate. The soln was 
then cooled, diluted with an equal vol. Hz0 and filtered to give a solid residue.TLC analysis of a portion of 
this substance using 90 : 25 : 4 C,H,-dioxane-AcOH” revealed this material was composed of roughly 80% 
isovanillic acid (R, 0.5) with -19% veratric acid (R,. 0.62) and - 1% vanillic acid (Rs 0.55). The desired 
isovanillic acid component was separated by TLC in the same manner from the ca 5 mg product and counted 
as crude crystals (0.0031 pCi/mmol); too little material remained to be recrystallized. 

Incorporation of [5’-3H, I-14C]-Norhrlladine (19) and 3’-O-Methyl[2’,6’-3H,1-‘4C]norhelladine (20). A TLC 
radioscan of each of the crude alkaloid fractions resulting from feeding 19 and 20 showed that radioactivity 
was associated with several zones corresponding to known alkaloids. Preparative TLC separation of the 
alkaloids derived from administering 19 provided mesembrenol and a mixture of mesembrine and mesem- 
brenone (22 mg). The mesembrenol and the mesembrine-mesembrenone fraction were diluted with known 
amount of carrier and rechromatographed on alumina. Each of the alkaloids was eventually obtained radio- 
chemically pure after several recrystallizations. The values of 3H:‘4C ratio obtained are recorded in Table 1. 
The crude alkaloid fraction derived from the feeding experiment with 19 was chromatographed (x 2) on 
alumina and the mesembrenol isolated and purified by crystallization ( x 3) to constant activity (see Table 1). 

Feeding experiments with doubly labelled N-methylnorbelladines 21, 22 and 23. The radiolabelled compounds 
21, 22 and 23 were administered to S. strictum plants; their hydrochlorides in 1% aq. soln of Tween 20. 
A TLC radioscan of the crude alkaloid fraction derived from the experiment with compound 21 showed two 
zones of activity at R, 0.76 and 0.83. Addition of mesembrine (320 mg, R, 0.83) and mesembrenone 
(115 mg, R, 0.76) to the crude alkaloid fraction and subsequent chromatography over alumina afforded, 
mesembrine and mesembrenone devoid of radioactivity. The two radioactive components were eluted in a MeOH 
wash of the alumina column and were not associated with any of the known alkaloids. Belladine hydro- 
chloride” was added to a small portion of the crude alkaloid extract. Four recrystallisation followed by two 
preparative TLC separations produced a progressive decrease in activity of the belladine sample indicating 
the radioactive component (‘H : “C = 48.7) was not associated with belladine. Exactly parallel results were 
obtained with the feeding experiments with compounds 22 and 23. 

Feeding experiments with doubly labelled 3’-deoxynorbelladines 25 and 26. Compounds 25 and 26 were 
administered in ca 1 ml 5% aq. Tween 20 to S. strictum. A TLC radioscan of the crude alkaloid fraction 
showed single zones of activity at R, 0.82 and 0.84, respectively. The radioactive component(s) was removed 
from the TLC plate and examined by GLC and also counted. The GLC showed the same two components in 
each case, neither corresponding to any known mesembrine alkaloid. The 3H : 14C ratio in the material 
derived from 25 showed a large increase ca 500 while the ratio in the unknown material from 26 also showed 
a very different ratio. ca 200 from that of the starting precursor. 
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