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Phenanthroindolizidine and Related Alkaloids : Synthesis of Tylophorine, 
Septicine, and Deoxytylophorinine t 
By John E. Cragg, Richard B. Herbert,' Frederick B. Jackson, Christopher J. Moody, and Ian T. 

Nicolson, Department of Organic Chemistry, The University, Leeds LS2 9JT 

Tylophorine (1) is synthesized in two ways. The first method begins with the synthesis of the amide-ester (7 ) ,  
which on reaction, successively, with triethyloxonium fluoroborate and sodium borohydride, gives the amino- 
ester (8) selectively ; hydrolysis and polyphosphoric acid-catalysed ring-closure of compound (9) gives the ketone 
(1 0) which yields tylophorine (1) on Clemmensen reduction. An alternative approach is by a biogenetically 
patterned sequence which involves condensation of (3,4-dimethoxybenzoyI)acetic acid (26) with 1 -pyrroline 
(24) generated either in situ from putrescine by pea-seedling diamine oxidase or from ornithine by oxidation with 
N- bromosuccinimide ; the product (1 6) condenses with 3.4-dimethoxyphenylacetaldehyde in benzene to give an 
enamine [as (1 2)]. This undergoes cyclisation and dehydration in methanol ; sodium borohydride reduction then 
gives the alkaloid septicine (1 9) which, on oxidation with thallium(lll) trifluoroacetate, yields tylophorine (1 ) .  
Deoxytylophorinine (34) is made in an exactly analogous manner to the latter method for tylophorine. 

TYLOPHOK~NE (I) ,  which is one of the major alkaloids of 
Tylophora asfhrnatica Wight et Am. and is also found in 
other species,l has been the subject of several syntheses.lP2 
An interest in the biosynthesis of the unusual phen- 
anthroindolizidine skeleton exemplified in tylophorine (1) 
has prompted us to develop two syntheses of this alka- 
loid. The second of these is based on a consideration of 
the likely biosynthesis of phenanthroindolizidine alka- 
loids (cf. ref. 3) .  

Our first synthesis involved the construction of the 
phenanthrene (9) as a key intermediate. Photolysis of 
the methyl ester of 3,4-dimethoxy-or-(3,4-dimethoxy- 
pheny1)cinnamic acid (3),4 in the presence of air and 
iodine, gave methyl 2,3,6,7- t e tramet hoxyphenant hrene- 
9-carboxylate (5) as the major product. Whilst this 
photolytic reaction does not proceed in outstanding 
yield it has the advantage over the comparable Pschorr 
reaction 596 in giving a much improved yield over fewer 
steps. Hydrolysis of the ester (5) gave the acid (6) which 
was condensed with methyl prolinate using dicyclo- 
hexylcarbodi-imide. The amide (7) was obtained in 
good yield. I t  could be prepared more conveniently, 
and in slightly better overall yield, under conditions 
similar to those used above, by reaction of the cinnamic 
acid (3) with methyl prolinate followed by photolytic 
cyclisation of the product (4). 

It has been shown that sodium borohydride reduction 
of the salts formed by O-alkylation of secondary and 
tertiary amides with triethyloxonium fluoroborate gives 
the corresponding a m i n e ~ . ~  As simple esters are re- 
ported to be unreactive towards the latter reagents it 
seemed likely that the amide-ester (7) could be reduced to 
the amino-ester (8). In the event, a good yield of the 
desired product (8) was obtained. 

Hydrolysis of the ester (8) to the corresponding amino- 
acid (9) was achieved under basic but not acidic con- 
ditions. Polyphosphoric acid-catalysed cyclisation of 

t Part  of this work has appeared in preliminary form: C .  J.  
Moody and R.  B. Herbert, Chem. Commun., 1970, 121; R. B. 
Herbert, F. B. Jackson, and I. T. Nicolson, J .  Chem. Soc., Chem. 
Commun., 1976, 450. 

this product gave the unstable ketone I t  was not 
successfully characterized but the alcohol, obtained by 
sodium borohydride reduction, gave physical data con- 
sistent with the structure (11). The alcohol (11) would 
not give tylophorine (1) by hydrogenolysis but the ketone 
(10) was converted into tylophorine (l),  albeit in poor 
yield, by a Clemmensen reduction (cf. ref. 9). 

A consideration of the likely biosynthesis of alkaloids 
such as tylophorine (1) suggested that compounds with 
structures represented by (16) and (19) were likely to be 

( 1  1 R1 =OMe, R2 = H  
( 2 )  R ~ = H , R ~  = O H  

Me 

( 3 )  R =OH 
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key intermediates. Indeed, compound (19) is the natur- 
ally occurring alkaloid, septicine.lOJ1 We were inter- 
ested to see if we could usefully effect the synthesis of 
septicine (19), and from it tylophorine (l), by mimicking 
the likely biosynthetic pathway to these alkaloids (see 
Scheme). In addition, a successful synthesis along these 
lines would make available compounds which could be 
tested as biosynthetic precursors. 

+ 
A ~ ~ C H O  

(12) 

1 

(13) 
SCHEME 

Our first synthetic goal was 2-pyrrolidin-2-ylaceto- 
phenone (14). This we sought to synthesize first by 
hydrogenation of 2-phenacylpyrrole (21) (cf. ref. 12) 
(prepared by condensation of pyrrole with diazoaceto- 
phenone l3 in the presence of copper powder) ; however, 

R2 

R15 ’ I  
R ’ V  

( 1 4 )  R1 = R2 = R 3 = H  R 

( 1 5 )  R1 = R 2  = H , R 3 = M e  
( 1 6 )  R1 = R2 = OMe, R3 = H  
(17 1 R1 = OMe, R2 = R3 = H  

(181 R’ = R2 = H 
( 1 9 )  R1 = R2 =OMe 
(20)  R ‘ =  OMe, R 2 = H  

(21) (23) R = H 

the hydrogenation was unsuccessful under a variety of 
conditions. An alternative route, which gives com- 
pound (14) directly and in good yield, involves the bio- 
genetically modelled condensation of unstable 1-pyrro- 
line (24) (conveniently prepared by reaction of the a- 
amino-acid, ornithine (22), with N-bromosuccinimide 14) 

with benzoylacetic acid (25). Eschweiler-Clark methyl- 
ation of compound (14) gave N-methyl-2-phenacyl- 
pyrrolidine (15), which was identical with material 

prepared by another route.16 Further characterization 
of compound (14) was through its N-benzoyl- and N -  
acetyl-derivatives. 

A slightly different route to compound (14) involves 
the preparation of 1-pyrroline (24) by oxidation of putre- 
scine (23) using pea-seedling diamine o ~ i d a s e . l ~ * ~ ~  The 
reaction is carried out in aqueous buffer solution at 
pH 7 and, apart from the diamine oxidase, the enzyme 
catalase is present to decompose hydrogen peroxide 
formed in the putrescine oxidation. Benzoylacetic 
acid is also present in the reaction mixture and reacts 
with the 1-pyrroline (24) to give compound (14) in 
excellent yield. We confirm that this is a very efficient 
way of making such compounds in high yield (see also the 
following paper); the preparation of a large number of 
diamine oxidase units is simple, and partially purified 
enzyme is entirely satisfactory for synthetic purposes. 
We have used both methods for the preparation of 
3’,4’-dimet hoxy-2-pyrrolidin-2-ylacetop henone (1 6) and 
have obtained 51 and Srj70 yields for the sequences 
beginning with ornithine and putrescine, respectively, 
It is to be noted that since both putrescine and ornithine 
are available commercially with a variety of radioactive 
labels, access to suitably labelled 2-pyrrolidin-2-yl- 
acetophenones for biosynthetic experiments is simply 
gained either from appropriately labelled putrescine or 
appropriately labelled ornithine. It may be noted that 
[5-l4C] ornit hine is converted into 2-p yrrolidin-Z- ylacet 0- 

phenone which is labelled exclusively at C-5.19 
Further consideration of the likely biosynthesis of 

tylophorine indicated a pathway essentially as outlined 
in the Scheme. It was hypothesized that reaction would 
occur between a keto-amine of type (14) and a phenyl- 
acetaldehyde derivative (or equivalent a-keto-acid) to 
give the enamine (12). Reaction of enamines with 
ketones is fairly uncommon.20 Reaction here would 
give compound (13) which on reduction would afford 
compound (18), a simple analogue of septicine (19). It 
has been reported that pyrrolidine condenses with 
phenylacetaldehyde in refluxing benzene with azeo- 
tropic removal of water to give compound (28). We 
found that the condensation occurred rapidly in benzene 
at room temperature (in the presence of molecular sieve). 
Under similar mild conditions, 2-pyrrolidin-2-ylaceto- 
phenone (14) reacted with phenylacetaldehyde (29) to 
give the enamine [as (la)]. The two reactants were 
mixed in hexadeuteriobenzene and examined immedi- 
ately by n.m.r. spectroscopy; the aldehyde proton had 
disappeared to be replaced by a signal at 6 5.4, which is 
assigned to one of the enamine protons. No further 
reaction occurred in benzene but when the solvent was 
changed to dry methanol the signal for the enamine 
proton was absent from an n.m.r. spectrum taken after 
an hour. It is apparent that under these protic con- 
ditions cyclisation and dehydration occurs via the enol 
(13) (or equivalent structure) ; sodium borohydride re- 
duction of the reaction mixture appropriately gave 6,7- 
diphenyl-l,2,3,5,8,8a-hexahydroindolizine (1 8) (30%) 
with physical data corresponding to those previously 
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recorded.22 No other significant products could be 
detected. 

Encouraged by the observation that N-styrylpyrroli- 
dine (28) was formed rapidly even in methanol, we inves- 
tigated whether the reaction of compound (29) with 
compound (14) to gi\Te, ultimately, compound (18), could 
be carried out in methanol alone : we obtained compound 

( 2 5 )  R’ = R 2  = H 
(26 1 R’ = R2 = OMc 
( 2 7 )  R’ = OMc, R2 = H  

R2 

( 3 1  1 R’ = H , R 2  = OMc 
( 3 2 )  R ’ = O M c , R 2 = H  

OMc 

OMc 

( 2 8 )  

R \  WCH0 R 

( 2 9 )  R : H 
(30) R = OMc 

OMc 

( 3 3  1 ( 3 4 )  

(18), again in 30% yield. Use of sodium cyanoboro- 
hydride as a reducing agent under conditions known 23 to 
favour reduction of immonium salts rather than carbonyl 
functions did not improve the yield. 

Septicine (19) was prepared from 3’,4’-dimethoxy-2- 
pyrrolidin-2-ylacetophenone (16) and 3,4-dimethoxy- 
phenylacetaldehyde (30) .24 The pyrrolidine (16) was 
synthesized by reaction of 1-pyrroline (cf. above) with 
(3,4-dimethoxybenzoyl)acetic acid (26). This acid was 
obtained by alkaline hydrolysis of the corresponding 
ethyl ester, itself prepared by adaptation of a convenient 
procedure.25 The condensation of compound (16) with 
compound (30) was carried out in benzene; cyclisation 
of the enamine [as (12)] and subsequent dehydration and 
reduction was in methanol. A 24% yield of (&)- 
septicine (19) was obtained. The synthetic septicine was 
identical with the natural material (apart from optical 
activity). 

’Thallium( 111) trifluoroacetate has found application as 
an efficient coupling reagent for the synthesis of bi- 
a r y l ~ . ~ ~ ~ ~ ’  We found that one equivalent of this reagent 
very efficiently converted septicine (19) into tylophorine 
(1); none of the isomeric, more sterically hindered, 
alkaloids, e.g. tylocrebrine (31), was obtained. When 
two equivalents of thallium(Ir1) trifluoroacetate were 
used a different product was obtained. It was clear from 
its mass and n.m.r. spectra that its structure corres- 
ponded to tylophorine plus an extra phenolic hydroxy- 
group; it gave a methyl ether on treatment with diazo- 
methane. The same phenolic product was obtained from 
tylophorine (1) on treatment with one equivalent of 
thallium(II1) trifluoroacetate. Comparison of the n.m.r. 
spectrum of the new product with that of tylophorine (1) 
showed that the two lowfield protons associated with 
C-4 and C-5 were still present, although one was shifted 
due to the presence of the hydroxy-group (6 7.80 to 
7.45). In the n.m.r. spectra of tylophorine ( l ) ,  tylo- 
crebrine (31),9 and isotylocrebrine (32) l1 the C-8 proton 
gives a signal a t  higher field (6 7.12-7.25) than the 
signal for the C-1 proton (6 7.30-7.77). Since the 
remaining proton in the new product gave a signal at  
6 7.15 we conclude that its structure is (33). A related 
aromatic acetoxylation with thallium(m) acetate has 
been observed in the synthesis of i soq~inol ines .~~ 

Tylophorinine (2) is, like tylophorine (l), a major 
alkaloid of T .  astlzmatica.l Deoxytylophorinine (de- 
oxypergularinine) (34) has been isolated from PerguZaria 
paZlida.28 It was simply synthesized by adaptation of 
the route to septicine (19) and tylophorine (1). The key 
intermediate (17) was easily prepared. Condensation 
with 3,4-dimethoxyphenylacetaldehyde, dehydration, 
and subsequent reduction gave the indolizine (20). 
Interestingly, a three-fold higher yield (62%) was ob- 
tained if the reaction was carried out in methanol rather 
than using titanium(1v) chloride (cJ ref. 29) in benzene 
for the condensation and cyclisation. On the other 
hand, septicine (19) was obtained in higher yield by using 
titanium(1v) chloride than by using methanol (29% as 
against 17%). The indolizine (20) was converted into 
deoxytylophorinine (34) with thallium(Ir1) trifluoro- 
acetate. 

Although the yields of compounds (19), (ZO), and re- 
lated compounds prepared by the route illustrated in the 
Scheme are not outstandingly good, the products, e.g. 
compounds (19) and (20), are the only significant ones to 
be detected. In spite of the moderate yields obtained 
generally, the sequence to, c.g., compounds (19) and (20) 
is short and readily adapted to the preparation of various 
indolizines and of other alkaloids; 29930 the overall yield 
is good. The useful application of the route in the study 
of the biosynthesis of tylophorine (1) and related alka- 
loids has been demon~tra ted .~  

EXPERIMENTAL 

M.p.s were obtained on a hot-stage. N.m.r. spectra were 
recorded a t  90 MHz on a Perkin-Elmer R32 unless otherwise 
noted, and mass spectra were obtained on an AEI MS902 
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mass spectrometer. Column chromatography was carried 
out using Kieselgel.31 Organic extracts were dried with 
magnesium sulphate. Throughout, ether refers to diethyl 
ether. 

3,4-Dimethoxy-u-(3,4-dimethoxypheny1)cinnamic A cid (3) 
(cf. Ref. 4) .-Veratraldehyde (7.8 g) , homoveratric acid ( 10 . O  
g) , acetic anhydride (20 ml) and triethylamine (10 ml) were 
heated together at 100 "C for 16 h with the exclusion of 
moisture. Water was added and, after being set aside for 1 h 
at room temperature, the mixture was poured into a solution 
of aqueous potassium carbonate (75 g in 475 ml). This mix- 
ture was refluxed until nearly all the gummy material had 
dissolved. The solution obtained was cooled, extracted 
twice with ether, and then carefully acidified with concen- 
trated hydrochloric acid. The solid which separated was 
collected and recrystallized from methanol to give 3,4- 
dimethoxy-a-(3,4-dimethoxyphenyl)cinnamic acid (3) (1 2.3 g, 
75y0), m.p. 217.5-220 "C (lit.,4 215-217 "C); Amax. (EtOH) 
(log e), 237 (4.14), 285 (3.91), and 324 nm (3.77); v,,,,. 
(Nujol) 1 675 cm-l; m/z 344 ( M + ) ,  329, and 299 (Found: C, 
65.3; H, 5.6. C,,H200, requires C, 65.3; H, 5.65%). On 
treatment with ethereal diazomethane, the acid (3) gave a 
methyl ester (77%), m.p. 125-126 "C (from cyclohexane); 
v,, (Nujol) 1712 cm-l; 6(CDC13, 60 MHz) 3.5 (3 H, s), 
3.80, 3.82, and 3.84 (3 x 3 H, each s), 3.9 (3 H, s), 7.04- 
6.55 (6 €3, unresolved), and 7.8 (1 H, s) (Found: C, 66.9, 
H, 6.15. C,H,,O, requires C, 67.0; H,  6.14%). 
Methyl 2,3,6,7- Tetramethoxyp henanthrene- 9-carboxylate 

(5) .-Methyl 3,4-dimethoxy-u-( 3,4-dimethoxyphenyl)- 
cinnamate (300 mg) and iodine (10.5 mg, 5 mol yo) in 
Spectrosol cyclohexane (430 ml) were irradiated with a 
Hanovia U.V.S. 500 A quartz lamp; the apparatus was 
water cooled and the reaction mixture was agitated by a 
stream of air. By U.V. analysis the reaction was judged to 
be complete after 35 min. The solvent was evaporated and 
the residue subjected to column chromatography. After 
initial elution with benzene-ether, elution with ethyl acetate 
gave methyl 2,3,6,7-tetramethoxyphenanthrene-9-carboxy- 
late (30y0), m.p. 202-204 "C (lit.,5 195 "C); A,,,. (EtOH) 
(log e) 226 (4.02), 264 (4.74), 281 (4.44), 290 (4.49), and 327 
nm (40.5) ; vmx. (Nujol) 1 720 cm-1; G(CDCl,, 60 MHz) 2.93 
(3 H, s), 2.95 (3 H, s), 3.02 (9 H, s), 6.04 (1 H,  s), 6.46 (1 H, 
s), 6.52 (1 H, s), 7.19 (1 H,  s), and 7.52 (1 H, s) (Found: C, 
67.5; H, 5.7. Calc. forC,,H,,O,: C, 67.4; H, 5.6%). The 
same ester was obtained from 2,3,6,7-tetramethoxyphen- 
anthrene-9-carboxylic acid (6) (see below) on treatment with 
methanol and hydrogen chloride under prolonged reflux. 
The ester was hydrolysed to the acid (6) on refluxing for 
3 h with 10% aqueous sodium hydroxide. The acid (6) was 
identical with the authentic materiaL5 
Methyl N- (2,3,6,7-Tetramethoxy-9-phenanthrylcarbonyl) - 

fiyrrolidine-2-carboxylate (7) [from Compound (S)] .-2,3,6,7- 
Tetramethoxyphenanthrene-9-carboxylic acid (6) (40 rng) 
was stirred with dicyclohexylcarbodi-imide (26.8 mg) in 
dichloromethane (2 ml) at 0 "C. Methyl L-prolinate (ca. 
17 mg) in dichloromethane (2 ml) was added. After the 
mixture had been stirred a t  room temperature for 3.5 h, 
a few drops of glacial acetic acid were added to it,  and i t  was 
then washed with aqueous sodium hydrogen carbonate and 
filtered. The filtrate was washed with water, dried, and 
evaporated. Column chromatography (ether-benzene, 
chloroform, and 5% methanol in chloroform) gave methyl 
N-( 2,3,6,7-tetramethoxy-9-phenanthryl~a~bonyl)~yrrolidine-2- 
carboxylate (7) (40 mg, 76%) as a solid. It could be re- 
crystallized from benzene-cyclohexane, m.p. 203 "C ; vmx 

(CHCI,) 1 740 and 1 635 cm l ;  A,,,,. (EtOH) 260, 286, 305, 
314, 341, and 357 nm; mlz 453 ( M A )  and 325 ( M +  - 
C,H,,NO,, un* 233) (Found: C, 65.8; H, 5 .85;  N, 3.45%; 
M+, 453.179 16. C,,H,,NO, requires C, 66.2; H, 5.96; N, 
3.09%; M, 453.178 74). 
Methyl N-[3,4-Dimethoxy-u-(3,4-dimethoxyphenyl)cinn- 

amyl]pyrrolidine-2-cavboxylate (4) .-To a mixture of methyl 
L-prolinate (ca. 226 mg) and dicyclohexylcarbodi-imide 
(378 mg) in dichloromethane (10 ml) was added, with stir- 
ring, 3,4-dimethoxy-u-(3,4-dimethoxyphenyl)cinnamic acid 
(550 mg). The mixture was stirred for 18 h a t  room tem- 
perature. The product methyl N-[3,4-dimethoxy-cr-(3,4- 
dimethoxyphenyl)cinnamyl]pyrrolidine-2-carboxylate (4) was 
isolated as described for compound (7) immediately above. 
The pure compound (4) (600 mg, 82%) was obtained by 
column chromatography using chloroform as the eluant. 
It could be crystallized as a yellow gummy solid from cyclo- 
hexane, m.p. 42-46 "C; An,a,. (EtOH) (log E) 207 (4.40) and 
320 nm (4.15); vn,ax. (CHC1,) 1740 and 1635 cm-l; m/z 
455.195 73 (MC)(C25H29N07 requires M ,  455.194 40), 327 
(M' - C,H,,,NO,, m *  235), 299 (m* 273.5), and 278; 6 
(CDCl,, 60 MHz) 1.55-2.32 (6 H, unresolved), 3.58 (3  H,  
s), 3.78, 3.85, and 3.89 (12 H, visible as 3 singlets), 4.45 (1 H,  
broad), and 6.60-6.96 (7 H, unresolved). 
Methyl N- (2,3,6,7- Tetramethoxy-9-phenanthrylcarbonyl) - 

pyrrolidine-2-carboxylate (7) [from Compound (4)] .-A mix- 
ture of methyl N-[3,4-dimethoxy-u-(3,4-dimethoxyphenyl)- 
cinnamyl]pyrrolidine-2-carboxylate (300 mg) and iodine in 
Spectrosol cyclohexane (300 ml) was irradiated in a quartz 
flask in three equal portions for 2 h each using a Hanovia 
U.V.S. 220 arc lamp. Evaporation of the solvent and 
column chromatography of the residue [ether-benzene (1 : 1) 
through to ether-chloroform (1 : l)] gave the amide (7) 
(27%) identical with material prepared by the alternative 
route (above). 
Methyl N- (2,3,6,7-Tetramethoxy-9-phenanthrylmethyl) - 

pyrrolidine-2-carboxylate (8) and the Corresponding Acid (9). 
-Methyl N -  (2,3,6,7- tetramethoxy- 9-phenanthrylcar- 
bonyl)pyrrolidine-2-carboxylate (400 mg, 0.87 mmol) in dry 
dichloromethane (12 ml) was added in one portion to tri- 
ethyloxonium fluoroborate (200 mg, 1.05 mmol) . The 
mixture was stirred for 20 h a t  room temperature with the 
exclusion of moisture. The dichloromethane was removed 
under reduced pressure and absolute alcohol (16 ml) was 
added. The mixture was stirred a t  0 "C and sodium boro- 
hydride (93 mg) was added. A yellow suspension formed. 
The mixture was stirred overnight a t  room temperature and 
then poured into water (130 ml). Extraction several times 
with chloroform gave an oil which was crystallized from 
benzene-cyclohexane to give methyl N-( 2,3,6,7-tetramethoxy- 
9-phenanthryZmethyl)pyrrolidine-2-carboxylate (8) (297 mg, 
76%), m.p. 160-163 "C; A,,, (EtOH) (log E) 221 (4.32), 258 
(4.91), 287 (4.49), 302 (4.26), 339 (3.4), and 353 nm (3.2); 
vmaX. (CHCL,) 1 740 cm-l; m/z 439 (A!!+), 424, 408, and 380; 
6 (CDCl,, 60 MHz) 3.7 (3 H,  s), 4.04 (3 H, s), 4.14 (9 H, s ) ,  
4.56 (1 H, d, J 12 Hz), 7.2 (1 H,  s), 7.48 (1 H, s), 7.82 (2 H, 
s), and 8.2 (1 H, s). 

Hydrolysis of the ester (8) (200 mg) with potassium hy- 
droxide (12 g) in water (80 ml) and ethanol (20 ml) a t  reflux 
for 5.5 h gave the acid (9) (79y0), m.p. 203-205 "C (from 
benzene-petroleum); v,,,. 1 710 cm-l; mlz 425.184 29 
(M+)  (C,,H,,NO, requires M ,  425.183 82), 381, 380, 342, 
328, 312, and 311. 
2,3,6,7- Tetramethoxyfihenanthro[9,10-b]indolizidin- 1 &one 

(10) .-A mixture of N-(2,3,6,7-tetramethoxy-9-phenan- 
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thrylmethyl)pyrrolidine-2-carboxylic acid ( 100 mg) and 
polyphosphoric acid (cu. 1 ml) was heated a t  104-114 "C 
under nitrogen and with the exclusion of moisture for 20 
min. The mixture was poured into alkaline ice-water. 
Extraction with chloroform, drying, and evaporation gave 
2,3,6,7-tetramethoxyphenanthroC9,lO-b] indolizidin- 14-one 
(35 mg) which was used immediately for further reactions. 
Starting material (60 mg) could be recovered from the 
aqueous solution above on acidification with acetic acid. 

2,3,6,7- Tetramethoxy~hen~nthro[9~1O-b]indolizidin- 14-01 
(1 1) .-Crude 2,3,6,7-tetramethoxyphenanthro[9,10-b]indo1- 
izidin-14-one (35 mg) was treated with an excess of sodium 
borohydride in ethanol at room temperature overnight. 
Usual product isolation gave material which was purified by 
preparative t.1.c. (20% MeOH in CHC1,) to give two 
products. The first (10 mg) had A,, (EtOH) 243,252,260, 
284, 290, 305, 341, and 368 nm; m/z 409.188 44 (M') 
(C,,H,,NO, requires M ,  409.188 91), 340.130 95 (C2,H2,0, 
requires m/z 340.131 06), 325, 324, 312, and 311. The 
second compound (2 mg) had a very similar mass spectrum 
to that of the first compound. It is deduced that these 
compounds are diastereoisomeric forms of 2,3,6,7-tetra- 
methoxyphenanthro[ 9,lO-b] indolizidin- 14-01. 
(f)-TyZophorine (1) [from Comfiound (lo)].-To amal- 

gamated zinc [prepared from zinc wool (2 g) and mercury(I1) 
chloride (0.18 g)] was added 2,3,6,7-tetramethoxyphenan- 
thro[9,10-b]indolizidin-14-one (13 mg) in dilute hydrochloric 
acid (8 ml of concentrated acid in 6 ml of water). The mixture 
was refluxed for 15 h and then filtered; the solid residue was 
washed with 2~ hydrochloric acid. The combined aqueous 
solutions were adjusted to pH 8 with aqueous potassium 
hydroxide and then extracted several times with chloroform. 
The combined extracts were washed with water, dried, and 
evaporated to give material which was shown by t.1.c. (20% 
MeOH in CHC1,) to be a mixture. The material was treated 
overnight with an excess of ethereal diazomethane; t.1.c. 
analysis indicated that this had increased the amount of 
(f )-tylophorine present. Preparative t.1.c. gave pure (&)- 
tylophorine (2 mg, 16%) which was identical with an authen- 
tic specimen (i.r., u.v., and mass spectra). 

2-Phenucylpyrrole (21) .-Diazoacetophenone l3 (6.97 g) 
was dissolved in dry ether (200 ml). Copper powder (ca. 
100 mg) and redistilled pyrrole (3.48 g) were added. The 
mixture was refluxed under nitrogen for 2 h. It was filtered 
and the solvent was removed under reduced pressure to 
leave a brown solid residue. The solid was recrystallized 
[benzene-light petroleum (boiling range 60-80 "C)] to give 
2-phenacylpyrrole (3.0 g, 32y0), m.p. 137-138 "C; v,,, 
(Nujol), 3 350, 1 685, 1 605, and 1590 cm-'; Amx. (EtOH) 
(log E) 215 (3.89) and 243 nni (4.11); G(CDC1,) 4.30 (2 H,  s ) ,  
5.90-6.25 (2 H, m), 6.60-6.85 (1 H,  m), 7.20-7.67 (3 H, m), 
and 7.80-8.17 (2  H, m ) ;  w/z 185 (M' ) ,  105, 80, and 77 
(Found: C, 77.85; H, 5.9; N, 7.25. C,,H,,NO requires C, 
78.00; H, 5 . 8 5 ;  N, 7.600/,). Attempted hydrogenation for 
periods of  up to 3 d with platinum in acetic acid (1 atm) or 
trifluoroacetic acid (1 and 2 atm),  or with 5% rhodium on 
alumina (up to  100 atm) in trifluoroacetic acid or acetic 
acid, failed to give material identifiable as 2-pyrrolidin-2- 
ylacetophenone ( 1  4). 

1-PyrroZine.-This compound was prepared by modi- 
fication of the published procedure.'* DL-Ornithine mono- 
hydrochloride (1.67 g) was dissolved in water (20 ml) and 
the solution was cooled in ice. Bromine liberated during the 
reaction was driven from the reaction flask by a stream of 
nitrogen into a solution of 40% aqueous potassium iodide. 

To the aqueous solution, N-bromosuccinimide (1.75 g) was 
added with stirring during 30 min. Stirring was continued 
for a further hour with ice coolin6 The yellow solution was 
then warmed on a steam-bath for 5 min to give a colourless 
solution of 1-pyrroline which was used immediately. The 
yield (typically 50-60 yo) was assayed using o-amino- 
benzddehyde as described. 

2-PyrroZidin-2-yZuceto~henone ( 14) .-Ethyl benzoylacetate 
(1.1 g) was stirred in 2.5% aqueous potassium hydroxide 
(50 ml) for 40 h a t  room temperature. The solution was 
extracted with ether, then cooled, and acidified with cold 
1~ sulphuric acid. The precipitate was taken into ether 
and the aqueous solution was extracted several times with 
ether. The ether extracts were combined and dried. 
Evaporation in the cold gave benzoylacetic acid (0.69 g, 
74%) which was used immediately. 

By carrying out the following reaction at various pH 
values it was determined that pH 7 is optimal. To a solu- 
tion of benzoylacetic acid (0.69 g, 3.7 mmol) in methanol 
(50 ml) was added IM phosphate buffer (pH 7.26, 4 ml) and 
a freshly prepared solution of 1-pyrroline (10 ml, 3.0 mmol). 
The pH was adjusted to 7.0 (IM KOH) and the reaction 
mixture was stirred under nitrogen for 60 h at room tem- 
perature. The brown solution was acidified to Congo Red, 
cooled, and extracted with ether. The aqueous layer was 
basified with potassium carbonate and was extracted 
several times with chloroform, then continuously for 6 h. 
The combined extracts were dried and the solvent was 
removed under reduced pressure to leave a brown oil (0.63 
g). This was purified by preparative t.1.c. (60% MeOH in 
CHC1, plus 1% concentrated aqueous NH,) to  give 2- 
pyrrolidin-2-ylacetophenone (14) as a colourless oil (0.30 g, 
53%) which rapidly went brown in air a t  room temperature: 
A,, (EtOH), 211,234, and 288 nm; v- (film) 3 360,l  680, 
1605, and 1585 cm-l; m/z 189.114 86 (M+)  (C12H,,N0 
requires M ,  189.115 38), 120.057 52 (C,H,O requires m/z 
120.056 99; McLafferty rearrangement), 105.034 09 (C,H,O 
requires m/z 105.034 04), 84, 77, and 70; G(CDC1,) 1.2-2.1 
(4 H ,  unresolved), 2.8-3.06 (2 H ,  unresolved), 2.9-3.17 
(2 H ,  m), 3.22 (1 H, s, NH), 3.5 (1 H,  m), 7.1-7.6 (3 H, m), 
and 7.64-8.10 (2 H, m). The pyrrolidine (14) gave an N- 
acetyl derivative (Ac,O, pyridine, 4 h reflux under N,) which 
was distilled in a Kugelrohr (oven temperature 200 OC/O.S 
mmHg); v,,,. (film) 1 680, 1 640, 1 600, and 1585 cm-1, 
Amx. (EtOH) 205 and 246 nm; G(CDC1,) 1.6-2.3 (4 H ,  m), 
2.08 (3 H, s), 2.5-4.2 (5  H, m), 7.4-7.65 (3 H ,  m), and 
7.98-8.2 (2 H, m) ;  m/z 231 (M'), 188, 105, 84, and 77. It 
also gave an N-benzoyl derivative (benzoyl chloride, pyri- 
dine, steam-bath for 30 min under nitrogen); vmx. (film), 
1680 and 1635 cm-l; m/z 293.141 043 (M+)  (Cl,HlgN02 
requires M ,  293.141 570), 188, 105, 84, and 77. 

N-~ethyZ-2-phenacyZpyrroZidine ( 15) .-To a solution of 
2-pyrrolidin-2-ylacetophenone (70 mg) in formic acid (200 
mg, 98%) was added formaldehyde (100 mg of a 37-41% 
aqueous solution). The mixture was heated on a steam-bath 
for 14 h. Concentrated hydrochloric acid (1 drop) was 
added and the mixture was evaporated. The residue was 
dissolved in 2~ sulphuric acid and the solution was extracted 
with ether. It was basified (concentrated aqueous NH,) 
and then extracted with chloroform; the extract was dried. 
Removal of the solvent left N-methyl-2-phenacylpyrrolidine 
as a brown oil (65 mg) which was purified by preparative 
t.1.c. (50% MeOH in CHC1, plus 1% concentrated aqueous 
NH,) to give the pyrrolidine as a colourless oil (64% yield) 
which went brown in the air. It was identical by t.1.c. (3 
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solvents) and n.m.r. and i.r. spectra with authentic material 
prepared by another route l6 from N-methyl- l-pyrroline 
and benzoylacetic acid. 

N-StyryZpyrro1idine.-To a solution of redistilled phenyl- 
acetaldehyde (0.8 g, 6.7 mniol) in dry benzene (10 ml) was 
added freshly distilled pyrrolidine (0.5 g, 7 mmol) and the 
solution was stirred a t  room temperature with 4A molecular 
sieve (0.5 g). At intervals, samples were taken; the solvent 
was evaporated and the residual oil was dissolved in dry 
ether for U.V.  assay (An,,x. a t  ca. 305 nni). The optimum 
reaction time was found to be 30 min. The N-styrylpyrrol- 
idine was isolated after 80 min. I t  was distilled in a Kugel- 
roihr (oven temperature 142-146 OC/0.9 mmHg) ; A,,,. 307 
and 225 (shoulder) nm;  wz/z, 173.119 58 ($1') (C12H15N re- 
quires M ,  173.120 44), 172, and 104; S(CDC1,) 1.5-2.18 
(4H,m),3.0-3.5(4H,m),5.19(lH,d, J14Hz),7.09(1I-I ,  
d ,  J 14 Hz), and 6.88-7.82 (5  H, m) .  The product was 
also obtained in similar yield using dry methanol as solvent. 

2-Phenacyl-N-styryZpyr~oZid~ne [as ( 1 2)] .-Z-Pyrrolidin-Z- 
ylacetophenone (105 mg, 0.56 mmol) and phenylacetalde- 
hyde (67 mg, 0.56 mmol) were dissolved in dry hexadeuterio- 
benzene (2 ml). The solution was stirred in the dark. 
N.ni.r. analysis after less than 5 min showed the presence of 
a doublet a t  8 5.4, J 14 Hz, assigned to an enamine olefinic 
proton; no signal due to an aldehyde proton remained. 
The n.m.r. spectrum was unchanged when examined after a 
further 2 h. The solvent was removed. The residual oil 
was identified as 2-phenacyl-N-styrylpyrrolidine; Amax. (ether) 
238 and 304 nm; vlnnx. (film) 1685, 1635, and 1 600 cm-l; 
m/z,  291.161 57 (M+)  (C20H21K0 requires M ,  291.162 31), 
275 [structure corresponds to (IS)], 206 (reverse Diels-Alder 
on nz/z 275), 172, 120 (McLafferty rearrangement), and 105; 
G(CDC1,) 1.3-5.0 (9 H, unresolved), 5.1 (1 H. d,  14 Hz), 
and 6.7-8.1 (11 H, m) .  

6,7-DzphenyZ-l,2,3,5,8,8a-hexa~iydrozndoZizzne ( 18)-2- 
Phenacyl-N-styrylpyrrolidine was prepared as above (same 
quantities). It was dissolved in dry methanol (10 ml) and 
set aside a t  room temperature for 1 h.  Evaporation gave 
an oil which showed no enamine proton signals in the n.m.r. 
spectrum. The oil was redissolved in dry methanol and 
sodium borohydride (50 mg) was added. The mixture was 
stirred in the dark overnight and then partitioned between 
water and chloroform. The chloroforin layer was dried 
and evaporated to leave a brown oil which was chromato- 
graphed on a column using a solvent elution gradient of 
chloroform through to 20% methanol in chloroform. 6,7- 
Diphenyl- 1,2,3,5,8,8a-hexahydroindolizine (8) was obtained 
and further purified by preparative t.1.c. (5% MeOH in 
CHC1,); yield: 25%. 

In  an alternative procedure, 2-pyrrolidin-2-ylacetoplien- 
one (160 mg, 0.85 mmol) and phenylacetaldehyde (120 mg, 
1.0 mmol) were dissolved in dry methanol (10 nil). The 
mixture was stirred in the dark for 1 h. An excess of sodium 
borohydride (60 mg) was added and the mixture was stirred 
for a further 2 h. The indolizine (18) (300/,) was isolated and 
purified as above. It was crystallized from acetonitrile- 
methanol to give a creamy white solid, m.p. 106-107 'C 
(lit.,22 109 "C), identical by t.1.c. (Me,CO; 5% MeOH in 
CHC1,; 20% Et20 in C,H,) and i.r. with authentic materialz2 
nz/z 275.167 75 ( M + )  (C,,H,,N requires M ,  275.167 39),  
206.108 82 (reverse Diels-Alder, C1,H14 requires 206.109 55), 
and 198 (Found: C ,  87.1; H ,  7.85; N, 5.05. Calc. for 
C2,H2,N: C, 87.27; H, 7.64; N ,  5.09%). 

3,4-DirnethoxybenzoyZ Chloride.-To 3,4-T>imethoxy- 
benzoic acid (7.25 g) and oxalyl chloride (4 ml) in dry ben- 

zene was added dimethylformamide (1 drop). The mixture 
was stirred a t  rcom temperature until no more gas was 
evolved (ca. 2 h).  The solvent was removed to give a solid 
(7.97 g, 98%) which was used in the next step without puri- 
fication. A small sample recrystallized from dry benzene 
had m.p. 69-71 "C (lit.,32 69-70 "C); vmax. (Nujol) 1768, 
1 750, and 1592 cm-l (Found: C, 53.95; H, 4.35; C1, 17.9. 
Calc. for CQHQC1O,: C, 54.0; H, 4.5; C1, 17.8%). 

Ethyl 2-(3,4-Di~nethoxybenzoyl)acetoacetate (cf. Ref. 25) .- 
Sodium wire (0.8 g) was stirred with a solution of ethyl 
acetoacetate (5.2 g) in dry ether (40 ml) under nitrogen. 
The suspension of the sodium salt obtained was stirred while 
a solution of 3,4-dimethoxybenzoyl chloride (3.0 g) in dry 
ether (40 ml) was added dropwise. The mixture was re- 
fluxed for 5 h and set aside overnight. The precipitate was 
collected, washed with ether, and dried. It was then dis- 
solved in water and the solution was acidified with 10% 
hydrochloric acid. The resulting oil was extracted into 
ether which was dried and evaporated to leave ethyl 2-(3,4- 
dimethoxybenzoyljacetoacetate as a yellow oil which was 
used without purification for the next step. The oil crys- 
tallized with time and a small sample was recrystallized 
from ethanol to give a white solid, m.p. 86-88 "C; vmrtX. 
(Nujol) 1 725, 1 713, 1 680, and 1 598 cm-l; m/z, 294.109 99 
(M')  (C1,H180, requires M ,  294.110 33), 252, 248, 165, and 
137; S(CDC1,) 1.27 (3 H,  t ,  J 7 Hz), 2.36 (3 H, s), 3.96 (3  H ,  
s), 3.99 (3 H, s), 4.29 (2 H, q,  J 7 Hz), 5.38 (1 H,  s), 6.93 
(1 H, d,  J 9.5 H z ) ,  and 7.52-7.64 (2 H ,  m) (Found: C, 
60.65; H ,  6.3. C15H180, requires C, 61.0; H ,  6.1%). 

Ethyl (3,4-DimethoxybenzoyZ)acetate (cf. Ref. 25) .-A 
solution of ethyl 2-(3,4-dimethoxybenzoyl)acetoacetate (3.8 
g) in 90% ethanol (50 ml) was refluxed with sodium acetate 
(50 mg) for 6 h and then set aside overnight The solvent 
was removed under reduced pressure; water (50 ml) was 
added, and the insoluble brown oil was extracted into ether. 
The ether extract was dried and evaporated to leave ethyl 
(3,4-di1nethoxybenzoyl)acetate as a brown oil (2.8 g, 86%) 
which was purified by chromatography (CHC1,). It crys- 
tallized with time and could be recrystallized from ethanol, 
m.p. 41-43 "C, (lit.,33 37.5-39.5 "C); v,,,,,, (film), 1 740 
and 1 680 cm-l; w/z 252.099 09 (M')  (Cl3Hl,O5 re- 
quires M ,  252.099 77), 222.088 65 (Cl2K,4O, requires ?n /z  
222.089 20), 210.089 65 (C1lHIIOI requires nz/z 210.089 20), 
and 180.079 56 (Cl,Hl,O, requires m/z 180.078 64) ; 
G(CLX1,) 1 .25 (3H, t ,  J 8 H z ) , 3 . 9 3 ( 2 H , s ) , 3 . 9 4 ( 6 H , s ) , 4 . 2 1  
( 2 H , q ,  J 8 H z ) , 6 , 9 3 ( l H , d ,  JgHz) ,7 .55(1H,broads) ,and  
7.59 (1 H, d,  J 9 Hz; further small splitting seen on one arm 
of signal) (Found: C, 61.95; H, 6.6. Calc. for C13Hl,05: 
C, 61.89; H,  6.39%). 

3',4'- Dimethoxy-2-pyrrolidin-2-ylacetophenone ( 16) .-(a) 
The synthesis was closely similar to that of 2-pyrrolidin-2- 
ylacetophenone (14) above. Ethyl (3,4-dimethoxybenzoyl)- 
acetate was converted into the acid (67%) by alkaline 
hydrolysis characterized via 3,4-dimethoxyacetoplienone 
[v,,,,. 1 688 cm-1; m/z 180 ( M + )  165, and 137; 6(CDC1,) 2 . 5 5  
(3 H, s), 3.94 (6 H, s),  6.92 (1 H, d ,  J 9 Hz), and 7.55-7.7 
(2 H, m)] obtained by heating the acid in concentrated 
hydrochloric acid for 30 niin on a steam-bath. From the 
(3,4-dimethoxybenzoyl)acetic acid and ornithine was ob- 
tained 3',4'-dimethon.y-2-pyr~oZidin-2-ylacetophenone ( 16) 
(0.5 g, 51%); v,,,. (film), 1 695 and 1668 cm-l; AInitx. 
(EtOH), 231, 277, and 305 nm;  m/z ,  no hTf, 180 (McLafferty 
rearrangement), 165, 137, 77, and 70. Compound (16) was 
unstable and intractable ; i t  was further characterized as its 
N-acetvl derivative (Ac,O, pyridine. 3 h reflux) : vlltilY (film) ~ 
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1715, 1668, 1645, and 1590 cm-l; m/z 291.148 17 (M') 
(C16H2,N04 requires M ,  291.147 05) ,  262 (C,,H,,NO, re- 
quires m/z 262.107 93) 221, 180.078 82 (McLafferty re- 
arrangement; C10H1,03 requires m/z 180.078 64), 165.055 67 
(C,H,O, requires nz/z 165.055 16), 137, 126, 111, 83, and 69; 
6(Cr>C1,) 1.62-2.18 (4 H, m), 2.09 (3 H, s), 2.28-2.87 (2 H, 
m), 3.28-3.68 (2 H ,  m), 3.74 (1 H, m), 3.98 (3 H, s), 4.0 
(3 H, s ) ,  7.0 (1 H,  d, J 8 Hz), 7.7 (1 H, d,  J 2 Hz), and 7.95 
(1 H, dd, J 2 and 8 Hz). 

(b)  A solution of (3,4-dimethoxybenzoyl)acetic acid (0.87 
g), putrescine (40 ml of a 0 . 1 ~  aqueous solution), and potas- 
sium phosphate buffer (13 ml of a 0 . 2 ~  aqueous solution, 
pH 7) was prepared, and adjusted to pH 7. Catalase (0.20 
mg) and diamine oxidase (purified to the stage prior to 
hydroxyapatite chromatography) (3 ml, activity: 6.7 
units ml-l) were then added. The solution was incubated on 
a rotary shaker a t  27 "C for 24 h ;  as the reaction proceeded 
the solution was occasionally readjusted to pH 7. The 
solution was acidified with dilute sulphuric acid and was 
extracted with ether. The aqueous solution was basified 
with concentrated aqueous ammonia and was extracted 
thrice with chloroform. The combined extracts were dried 
and were then evaporated under reduced pressure to give 
3',4'-dimethoxy-2-pyrrolidin-2-ylacetophenone (16) (0.818 g, 
8 5 % )  as a brown oil which was a single component on t.1.c. 
(20% MeOH in CHC1, plus a few drops of concentrated 
aqueous NH,); G(CDC1,) 1.1-2.2 (4 H ,  unresolved), 2.35 
(1 H,  broad s, exchanged with D,O), 2.7-3.2 (2 H, un- 
resolved), 3.11 (2 H, d, J 6 Hz), 3.37-3.65 (1 H, m), 3.93 
(6 H, s ) ,  6.89 (1 H, d, J 9 Hz), and 7.55 (1 H, broad s), 7.60 
(1 H, d ,  J 9 Hz; further small splitting seen on one arm of 
signal). 

An N-toluene-p-sulphonamide derivative was prepared : 
to a solution of compound (16) (50 mg) in pyridine (2 ml) was 
added toluene-p-sulphonyl chloride (100 mg) in pyridine (2 
ml); the mixture was heated on a steam-bath for 30 min. 
After cooling, the reaction mixture was poured into dilute 
hydrochloric acid (30 ml). The product was extracted into 
ether. Evaporation of the dried ether solution gave an oil 
which crystallized from ethanol to give the N-toluene- 
sulphonamide derivative, m.p. 108-110 "C (Found: C, 
62.7; H, 6.35; S,  3.25; S, 7.95. C,,H,,NO,S requires C, 
62.51; H, 6.24; N, 3.47; S, 7.95%). 

2- (3,4-Dimethoxyp henacy Z) - 1 - (3,4-dimethoxystyryZ)pyrroZ- 
idine [as (1 2)] .-3,'4'-Dimethoxy-2-pyrrolidin-2-ylaceto- 
phenone (210 mg, 0.84 mmol) and 3,4-dimethoxyphenyl-. 
acetaldehyde 24 (250 mg, 1.39 mmol) were stirred in sodium- 
dried benzene (10 ml) for 1 h in the dark. The solvent was 
removed under reduced pressure to give 2- (3,4-dimethoxy- 
phenacyZ)-l-(3,4-dimethoxystyryyl)pyrrolidine [as (12)] as a 
red oil; vmax. (film) 1 678, 1 637, 1 598, 1 590, and 1 517 cm-l; 
A,,,. (MeOH) 279 and 303 nm; m/z 411.20598 (M') 
(C,,HZ9NO, requires M ,  41 1.204 56), 395 [corresponds to 
structure (19) 1 ,  326 (reverse Diels-Alder reaction on m/z 
395), 295, 258, 256, 246, 231, 230, 195, 180, 165, and 151; 
G(CDC1,) 1.1-4.2 (9 H, m),  3.76 (12 H, s), 5.10 (1 H, d,  
J 14 Hz), and 6.6-7.6 (7 H, m). 

( &)-Septicine (19) .-3',4'-Dimethoxy-2-pyrrolidin-2-y1- 
acetophenone (210 mg, 0.84 mmol) and 3,4-dimethoxy- 
phenylacetaldehyde (250 mg, 1.39 mmol) were stirred in 
sodium-dried benzene (10 ml) for 30 min in the dark. The 
solvent was removed under reduced pressure and the residual 
red oil was dissolved in dry methanol (10 ml). The solution 
was stirred in the dark for 2 h. (The same yield to septicine 
was obtained if the reactants were dissolved in dry methanol 

and stirred for 2 h, i.e. omission of the step involving ben- 
zene.) Sodium borohydride (60 mg) was added to the 
methanol solution and the mixture was stirred for 1 h. 
The reaction mixture was partitioned between chloroform 
and water and the aqueous layer was extracted several times 
with chloroform. The chloroform extracts were combined, 
dried, and evaporated to  leave a brown oil (230 mg) which 
was purified by column chromatography using chloroform 
through to 20% methanol in chloroform as eluants. Fur- 
ther purification on preparative t.1.c. gave a colourless oil 
(66 mg, 20%) which was crystallized from acetonitrile- 
methanol, to give septicine, m.p. 132-134 "C (1it.,lo 
135-136 "C) A,, (EtOH) (log E ) ,  235 (4.17) and 283 nm 
(4.02); m/z 395.209 38 (M') (C,,H,,NO, requires M ,  
395.209 65) and 326 (reverse Diels-Alder) ; G(CDC1,) 1.2-4.1 
(10 H, unresolved), 3.09 (1 H, d,  J 16 Hz), 3.57 (3 H, s), 
3.60 (3 H, s), 3.80 (6 H, s), 6.55 (2 H,  s), and 6.67 (4 H, s); 
(Found: C, 73.1; H ,  7.3; N, 3.45. Calc. for C,,H,,NO,: 
C, 72.89; H, 7.39; N, 3.54%). The synthetic septicine was 
identical by u.v., i.r., and mass spectrometry and by t.1.c. 
(Me,CO, tetrahydrofuran, 2% MeOH in CHC1,) with the 
natural material. 

In  a later experiment the procedure used for the synthesis 
of julandine a8 was followed using 1 equiv. of titanium(1v) 
chloride ; sodium borohydride reduction was in propan-2-01. 
A 29% yield of crystalline matrial (m.p. 135-137 "C) was 
obtained compared with a parallel experiment under the 
conditions described above which gave 17% (map. 134- 
137 "C). 
(j--) Tylophorine (1) urom Septicine (19)].-To a stirred 

solution of thallium(II1) trifluoroacetate (60 mg, 0.12 mmol) 
in trifluoroacetic acid (5 ml) was added septicine (44 mg, 
0.11 mmol). Stirring was continued for 20 min when the 
colour of the solution changed from green to brown. The 
mixture was poured into water (50 ml) and the aqueous 
solution was extracted thrice with chloroform. The com- 
bined extracts were washed with saturated aqueous sodium 
hydrogen carbonate and were then dried. Evaporation 
gave a solid (44 mg) which was essentially pure tylophorine 
by t.1.c. (10% MeOH in CHC1,). Chromatography of the 
tylophorine (2% MeOH in CHCl,) gave pure synthetic 
alkaloid (41 mg, 95%); Am, (EtOH) (log E) 258 (4.61), 
289 (4.32), 304 (4.07), 341 (3.17), and 358 nm (2.95); v,, 
(CHC1,) 1622 and 1513 cm-l; m/z 393.193 15 (M+)  
(C,,H,,NO, requires M ,  393.194 00) and 324.137 11 (reverse 
Diels-Alder fragmentation ; C,oH,oO4 requires m/z 
324.136 15); G(CDC1,) 1.4-3.8 (10 H ,  unresolved), 4.02 
(6 H, s), 4.07 (6 H, s), 4.60 (1 H, d,  J 15 Hz), 7.14 (1 H, s ) ,  
7.29 (1 H, s), 7.79 (2 H ,  s). The synthetic material was 
identical by t.1.c. (5 and 10% MeOH in CHC1,) and by n.m.r., 
i.r., and U.V. spectrometry with natural tylophorine. 

Reaction of Septicane with Two Equivalents of Thallium(m) 
Tri$uoroacetate.-To a well-stirred solution of thallium(II1) 
trifluoroacetate (60 mg, 0.12 mmol) in trifluoroacetic acid 
(5 ml) was added septicine (25 mg, 0.06 mmol). The solu- 
tion first turned green then dark brown. After 15 min the 
solvent was removed under reduced pressure and the residue 
was taken up in chloroform. The chloroform solution was 
washed with water, dried, and evaporated to  leave an oil 
which was purified by preparative t.1.c. (10% MeOH in 
CHC1,) t o  give an oil (10 mg, 40%) which could be cry- 
stallized from ethanol-chloroform; A,, (EtOH), 261, 270, 
286, 303, 316, 347, and 366 nm; m/z 409.187 78 (M') 
(CZ4H,,NO, requires M ,  409.188 91), 394, 366, 340.131 78 
(C,,H,oO, requires m/z 340.131 06), 325, 310, and 297; 
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G(CDC1,) 1.0-4.0 (11 H, unresolved), 4.02 (3 H, s), 4.07 
(3 H, s), 4.10 (6 H ,  s), 7.15 (1  H, s), 7.45 (1 H ,  s), and 7.80 
(1 H, s). The same product was obtained on treating 
tylophorine with 1 equiv. of thallium(rI1) trifluoroacetate. 

(4-Methoxybenzoy1)acetic A cid.-4-Methoxybenzoyl chlor- 
ide [8.9 g, S8yo; b.p. 135-137 OC/l mmHg; v,,,. 1 770 
cm-l (GO)]  was prepared from 4-methoxybenzoic acid (9.0 
g) and oxalyl chloride (7 ml) in dry benzene (100 ml) con- 
taining one drop of dimethylformamide a t  room temperature. 
Ethyl (4-methoxybenzoy1)acetate 34 was prepared in 90% 
yield exactly as described for ethyl (3,4 dimethoxybenzoy1)- 
acetate from 4-methoxybenzoyl chloride and ethyl aceto- 
acetate. Alternatively it was prepared from monoethyl 
malonate (4.5 g) and 4-methoxybenzoyl chloride.,5 Aque- 
ous alkaline hydrolysis gave 4-methoxybenzoylacetic acid 
(99%) under the same conditions as those described for 
(3,4-dimethoxybenzoyl)acetic acid above. 

4'-Methoxy-2-pyrrolidin-2-ylacetophenone (1 7) .-Reaction 
of 4-methoxybenzoylacetic acid with putrescine in the pres- 
ence of diamine oxidase and catalase gave 4'-methoxy-f- 
pyrrolidin-2-ylacetophenone (88%) ; A,,,. (EtOH) (log E )  

220 (3.91) and 276nm (4.10); v,,,. (film) 1 675, 1 605, 1 589, 
and 1 513 cm-l; m/z 219.125 99 (M+)  (Cl,Hl,N02 requires 
M ,  219.125 92), 150, 135, 107, 84, 70, and 56; G(CDC1,) 1.1- 
2.2 (4 H, unresolved), 2.54 (1 H, s, D,O exchangeable), 2.7- 
3.2 (2 H, unresolved), 2.57 (2 H, d, J 6 Hz), 3.3-3.7 (1 H), 
3.83 (3 H, s), 6.89 (2 H, d,  J 9 Hz), and 7.92 (2 H ,  d, J 9 
Hz). I t  could be converted into an N-toluene-p-sulphon- 
amide, m.p. 102-104 "C (from EtOH) (Found: C, 64.35; 
H ,  6.3; N, 3.9; S, 8.6. C2,H2,N0,S requires C, 64.32; H, 
6.21; N, 3.75; S, 8.58y0). 

Methoxy-2-pyrrolidin-2-ylacetophenone was reduced with 
an excess of sodium borohydride in propan-2-01 at room 
temperature overnight t o  give 1- (4-methoxyphenyl)-2- 
pyrrolidin-2-ylethanol as a solid, m.p. 93-97 "C (from 
EtOH); vmax. (Nujol) 3 500-3 000, 1 612, 1 587, and 1 510 
cm-l; A,,,. (EtOH) (log E )  229 (3.78), 277 (3.18), and 283 nm 
(3.10) ; m/z 221.145 00 (M+)  (C1,Hl,N02 requires M ,  
221.141 57), 150, 135, 84, and 70; G(CDC1,) 1.3-2.1 (6 H, 
unresolved), 2.94 (2 H, broad t, J 6 Hz), 3.35 (1  H, t, J 6 
Hz) ,  3.79 (3 H ,  s ) ,  4.01 (2 H, broad s, D 2 0  exchangeable), 
4.96 (1 H, t, J 6 Hz), 6.96 (2 H, d,  J 9 Hz), and 7.30 (2 H, 
d,  J 9 Hz) .  

methoxyPhenyZ)indolizine (20) .-Reaction of 3,4-dimethoxy- 
phenylacetaldehyde and 4'-methoxy-2-pyrrolidin-2-ylaceto- 
phenone either in benzene (enamine formation seen in the 
n.m.r. spectrum) followed by treatment with titanium(1v) 
chloride and then sodium borohydride in propan-2-01 as 
described for j~ l and ine , ,~  or by condensation in methanol 
without catalyst and then reduction as described for septi- 
cine above gave the indolizine (20) (22% or 62%, respec- 
tively) as an oil; A,,,. (EtOH) (log E) 232 (4.08) and 281 nni 
(3.89); vmax. (CHC1,) 1610 and 1 512 cm-l; m / z  365.199 14 
(M+)  (C,,H,,NO, requires M ,  365.199 O S ) ,  296, 281, and 
265; G(CDC1,) 1.4-2.2 (11 H, unresolved), 3.56, 3.70, and 
3.78 (3  x 3 H, s), 6.49 (1 H, broad s), 6.65 (2 H, d,  J 9 Hz), 
6.66 (2 H, s), and 6.95 (2 H, d ,  J 9 Hz) .  

( -j- ) -DeoxytyZophorinine (34) .-The indolizine (20) (5 1.2 
mg) was oxidized with thallium(xI1) trifluoroacetate (76.0 
mg) in trifluoroacetic acid (10 ml) as described above for 
tylophorine. The product obtained was shown by t.1.c. 
(10% MeOH in CHC1,) t o  contain several components. 
Purification by column chromatography (CHC1, to  3% 

1 - (4-Methoxypheny l) - 2-pyrrolidin-2-yZethanoZ.-4'- 

6- (3,4- Dimethoxyphenyl) - 1,2,3,5,8,8a-hexahydro- 7- (4- 

MeOH in CHC1,) gave deoxytylophorinine (34) (18.3 mg, 
36%). It was recrystallized from acetone, m.p. 206-210 "C 
(lit.,2s 208-209 "C) ; A,,,. (EtOH) (log e) 260 (4.73) and 287 
nm (4.49) ; vmX. (Nujol) 1 620 and 1 512 cm-l; wz/z 363.183 32 
( M + )  (C,,H,,NO, requires iW, 363.183 43), 294, and 279; 
G(CDC1,) 1.7-3.9 (9 H, unresolved), 3.64 (1 H, d,  J 16 Hz) ,  
4.02, 4.06, and 4.10 (3 x 3 H each, s), 4.62 (1 H,  d, J 16 Hz). 
7.21(1H,d ,  J g H z ) , 7 . 2 6 ( l H , s ) , 7 . 4 6 ( 1 H , d ,  J 9 H z ) , 7 8 9  
(1 H,  s), and 7.92 ( 1  H, s ) .  
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