
HETEROCYCLES. Vol 11. 1978 

RECENT PROGRESS I N  ME CHEMISTRY OP 

PHENANTHROINDOLIZIDINE A L ~ A L O I D S ~  

* 
ggf&GCkJ gr G,GT$gPgsQ& . 22 Crescent Park S t r e e t ,  

Madras-60001 7, India 

g ~ ~ g w I x g g  Pli3~f&o@@g, - - -- -- - - CIBA-GEIGY Research Centre,  

Bombay-400063. India  

'Phis review gives  a survey of developments 

s ince  1972 in t h e  f i e l d  of phenanthroindolieidine 

a lka lo ids  under the  following sub-divisions - 
(1 ) I so la t ion ,  s t ruc tu re ,  stereochemistry 

(2) Synthesis (3) Biogenesis (4) Bio logica l  ac t iv i ty .  

The phenanthroindolizidine a lka lo ids  comprise a small group 

of  a lka lo ids  i so l a t ed  mainly from p lan t s  belonging t o  the  

Ascle~iadaceae  family. The bes t  known sources a re  p l an t s  of the 

genus Ty lo~hora  and the p lan t  Cynanchum vincetoxicum. Some of 

theae a lka lo ids  have a l so  been isolated from Picus serrtica which 

belongs t o  the Moraceae family. Their chemistry has been reviewed 

on two previous occasionsls2,  i n  1967 and 1973, and the  objec t  

of the  present  review is t o  document subsequent developments in 

t h i s  f i e ld .  The l i t e r a t w e  is covered till the end of 1977 under 

the following four  sub-divisions : 

t Dedicated t o  Professor Tetsuo Nozoe on the occasion of 

h i s  77th bir thday.  



1. Isolation, structure, stereochemistry 

2. Synthesis 

3 Biogenesls 

4. Biological activity 

1. Isolation, structure, stereochemistry. 

Tylouhorhe 

The gross structure of tylophorlne, the major alkaloid of 

Tylouhora asthmatics Wight et Arn. ( T lndica) had been shown 

by degradation and synthesis to be 9, 11, 12, 1 a 14-hexa- 

hydro-2,3,6,7-tetramethoxydibenzo [f ,h] pyrrolo U ,2-g isoqulnoline 
(1). The a'dereochemistry with S-conflguration at C was 

3 
13a 

determined by exhaustive ozonolysle of tylophorine which yielded 

(S)-pyrrolidine-2-acetic acid (2 )  identical with a sample 
synthesized from (S)-proline through the intermediates & to z. 
Because of the poor yleld in the ozonolysis, the acid was converted 

to themethyl ester and coupled with N-trifluoroacetyl - (S)- 
prolyl chloride to give the dipeptide (4) which was examined by 

g.1.c. with the synthetic diester. 

OMe 
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The O.R.D. of tylophorine shows a negative Cotton effect  in 

the region near 260 nm and t h i s  serves as  a tool  for determining 

the absolute configuration a t  ClYa of the aUraloide l a c k i w  

functionality a t  Ciq. 

T~louhorinidine, tu lo~hor in ine  

Tylophorinidine, C22H2gli04, was i n i t i a l l y  assigned 4 

structure 2 which was incompatible with i ts  spectral 

5 characteristics. Reinvestigation of the structure of tylo- 

phorinidine led t o  the revision of its structure to.&. 



OMe OMe 

The N.M.R. spectrum of 0-methyltylophorinidine ( a )  was found 

t o  d i f f e r  from t h a t  of i ts  diastereoisomer, tylophorinine u). 
I n  6J, i n  CDCLJ, C1-H is deshielded and the  C8-H i s  heavi ly  

shielded. This has been ra t ional i sed  on the  basis  of a hydrogen- 

bonded dimer of a ' a r i s i n g  from two in te rac t ions  between the C14 

hydroxyls and the ni trogen lone pair. An X-ray study6 of the 

methiodide of diacetyltylophorinidine confirmed t h i s  assignment 

of the  r e l a t i v e  stereochemistry a t  Cl5, and C14 and t h i s  a l s o  

showed the  absolute configuration a s  shown i n  &. 

~ t t e r n ~ t s '  t o  hydrogenolyse 0-methyltylophorinid&ne (a) gave 

only the racemic desoxy-base (&) by racemuation a t  C13a. 

Tylophorinidine (68) however yielded the op t i ca l ly  a c t i v e  

desoxy-base (8b) having a negative O.R.D. i n  t h e  region 

200-280 nm region in agreement with the  X-ray study. 
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Tylophorinine (1) had been shown t o  be a diastereoisomer of 

0-methyltylophorinidine. Examination of the O.R.D. of tylo- 

phorinine, i ts a c e t a t e  and desoxy der iva t ive  showed t h a t  tylo- 

phorinine is race mi^.^ The C8 hydrogen i n  tylophorinine is not 

shielded to  the same degree a s  i n  0-methyltylophorinidine (9) 
presumably because s t e r i c  in te r ference  of the C13a hydrogen 

r e s u l t s  i n  weaker hydrogen bonding i n  dimeric tylophorinine. 

The N.M.R. spec t ra  of acetyl tylophorinine and a c e t y l  O-methyl- 

tylophorinidine a r e  v i r t u a l l y  superposable and show a low coupling 

of  2 Hz between C14-H and C13a-H. I n  C-methyltylophorinidine 

t h e  C14-hydroxyl and the  C13a-hydrogen a re  khown t o  be axial .  

It appears t h a t  i n  tylophorinine a l s o  the  C14-hydroxyl is  a x i a l ,  

t h e  C13a-hydrogen being equator ia l  to  account f o r  the  low C13a-C14 

~ o u p l i n g . ~  It has  been suggested8 t h a t  a s a t i s f a c t o r y  dimer of 

tylophorinine may be obtained when r i n g  D is i n  a f la t tened  boat 

conformation thus forclng the  C14-hydroxyl i n t o  a pseudo- 

equator ia l  diaposi t ion.  An answer t o  t h e  problem seema possible  

only from an X-ray study of tylophorinine. 



P e r m l a r i a  pa l l ida  
9 Mulchandani and Venkatachalam have obtained from the  plant  

Pernular ia  ~ a l l i d a  (Asclepiadaceae) f i v e  phenanthroindolizidine 

a lka lo ids  - tylophorine, tylophorinidine, two new bases designated 

as pergular inine and desoxypergularinine and an unidentif ied base. 

Pergular inine,  map. 233-235O(d), &F -16" (c 0.25, CHC13), 

hMeO* 260, 287, 313, 341, 357 nm (log c 4.7, 4.4, 3.9, 3.2, 2.8), 
mEII 

C23H25N04 (M+ m/e 379) has  a hydroxyl et C14 a s  shown by i t s  mass 

spec t ra l  fragmentation. Its I . R .  spectrum is nearly superposable 

with 0-methgltylophorinidine. I t  yields an ace ta te ,  map. 177-178' 

( a ) ,  La]i5 -17.4' (c 0.112, CHC~~),~:; 1725, 1615, 1539, 1510, 

1250 c m l .  The alltaloid was assigned s t ruc tu re  2 o r  its mirror 

image. Since t h i s  a c t u a l l y  represents  tylophorinine, pergularinine 

i s  only opt ica l ly  a c t i v e  (-)-tylophorinine and there  does not seem 

t o  be need f o r  a new name f o r  the alkaloid. 

25 -13.6O (c  0.25, CHCLJ), Deoxypergularinine, m.p. 208'(d). Lain 
A~~~~ 258, 286, 311, 341, 360 nm (log t 4.3, 3.9. 3.5, 3.1, 2-61. max 
CZ3Hz5NO3 (M' m/e 363) was found t o  be i d e n t i c a l  with the 

hydrogenolysis product of  pergularinine and was hence assigned 

s t ruc tu re  &. The stereochemistry a t  C13a follows from i ts 

negative Cotton ef fec t  a t  270 nm of the  same order of magnitude 

as tylophorine. Deoxypergularinine hence represents  o p t i ~ a l l y  

ac t ive  (-)-desoxytylophorinine. 

The f i f t h  alkaloid from the  plant ,  m.p. 210-212"d). 

25 -9.4' (c  0.04, CHC13), Amax CaI :.31, 
258, 287, 302, 339, 355 nm 

(log t 4.4, 4.2, 3.6, 3.1, 2.9), 3480, 1614, 1535, 1510, 
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1250 cm-', CZ4Hz7NO5 (M' m/e 409) has a hydroxyl a t  C I 4  a s  shown 

by i t s  mass spec t r a l  cleavage and four  methoxyl groups. Its 

U.V. spectrum is very c iose  t o  t h a t  of tylophorine and the  alkaloid 

i s  probably 14-hydroxytylophorine. 

Antofine (2) 
Antofine, i so l a t ed  from Cynanchum vincetoxicum L. Pere,  had 

been aeeigned the  R-configuretion a t  C l j a  s i nce  ozonolysia yielded 

D-proline. 10 

OMe 

The 0.R.D. of antofine is i n  agreement with t h i s  assignment. 3 

P a r t i a l l y  racemic antofine has been Pound t o  be the major 

a l k a l o i d i n  young t r e e s  of Ficus septica. Other minor bases 

of unknown s t r u c t u r e  were a l s o  isolated.  

Isotylocrebrine 

(+)-Isotylocrebrine (s), obtained a s  a minor alkaloid from 

T. asthmatica5, has been shown t o  have the R-configuration a t  

C q j a  by O.R.D. 3 



Recent invest igat ions of Tylouhora spp. 

The genus Tylophora comprises some 50 spec ies  and most of the  

known phenanthroindolizidine a lka lo ids  have been obtained from 

T. asthmatica and T. c rebr i f lora .  , 
T. d a l z e l l i  has a low a lka lo id  content,  demethyltylophorinine 

being the major alkaloid. 12 

Samples of l e a f ,  stem and root  of'some Tylouhora species  from 

S r i  Lanka have been screened f o r  theii. a lka lo id  content. 8 

l ' e  presence of tylophorinine and three  unknown a lka lo ids  is 

indicated i n  T. co rd i fo l i a  and tylophorine, tylophorinine and four  

unknown a lka lo ids  i n  T. flava. Eight d i f fe rent  samples of 

T. asthmatica were screened and tylophorinine shown t o  be the  

major alkaloid i n  cont ras t  t o  Indian T. asthmatica i n  which 

tylophorine i s  the  major alkaloid. 

72. h i r su ta  Wight i s  reported t o  have a lka lo ids  but  none has 

been ident i f  led. 1 3  

Seventee'n spec ies  of Tylouhora have been screened fo r  t h e i r  

a lka lo id ,  flavonoid, s t e r o l  and tannin content. Examination of 

the t o t a l  percentage of tylophorine and tylophorinine in 

T. asthmatica a s  a function of growth phase revealed the highest 

content in the leaves during t h e  flowering period. 14 

The i s o l a t i o n  of two furoquinoline a lka lo ids ,  Y-fagarine and 

skimmianine, from the roots  and a e r i a l  pa r t s  of T..asthmatioa, 

may be of taxonomic importance. 15 

T. mollissima has a low a lka lo id  content,  ca f f e ine  be& t h e  

major alkaloid and tylophorine and tylophorinine b e i w  minor 

const i tuents .  16 
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Quaternary a lka lo ids  

Besides t h e  t e r t i a r y  bases reported e a r l i e r ,  water-soluble 

quaternary a lka lo ids  have been i so la ted , f rom T. as thnat ica.  17 

Conversion t o  t h e  perohlorate gave a yellow s a l t ,  C24H24N08c1, 

m.p.>28O0, 12: 287, 330 nm ( log E 4.56, 4.01). whose N.M.R. 

spectrum ( i n  CF3CO2E) showed the presence of s ix  aromatic protons 

a s  s i n g l e t s ,  four  methoxyl groups and th ree  methylens groups. 

Ca ta ly t i c  reduction of  the s a l t  yielded dl-tylophorine thus 

showing t h e  perchlorate  t o  have s t ruc tu re  11 (X = C104). 

OMe 

OMe 
11 - 

C a t a l y t i c  reduction af the crude perchlorate  obtained from 

the  mother l i quor s  of 11 yielded dl;tylophorine contaminated with 

dl-desoxytylophorinine and z-desoxytylophorinidine. This - 
indicated t h e  presence of t h e  salts and 12b i n  the  crude s a l t *  

Phenanthroindolizidfne a lka lo ids  a re  known t o  be unstable 

when exposed t o  l ight .  Exposure of a so lu t ion  of tylophorin? 

in chloroform t o  l i g h t  and a i r  gives the  c r y s t a l l i n e  ch lor ide  



11 (X = C1) which can be converted t o  t h e  perchlorate  11 (X = C104) - 
i d e n t i c a l  with t h e  s a l t  obtained f ~ o m  the  plant .  I n  view of this 

f a c i l e  oxidation, i t  is l i k e l y  t h a t  the salts ll, x a  and 12b a re  

a r t i f a c t s  formed during the  i so l a t ion .  17 

Oxidation of (-Myloorebrine (3) and (-Wepticine (2) with 

H-bromosuccinimide i n  chloroform y ie lds  the corresponding 

tetradehydroiminium s a l t s  2 and 16." The oxidat ion proceeds 

v i a  t h e  didehydroiminium s a l t  such a s  17, which is  obtained with 

i n s u f f i c i e n t  reagent o r  time. Reduction of t h e  quaternary s a l t s  

9 and 116 w i t h  sodium borohydriae gave the  racernic bases a and 

2 respect ively.  

OMe OM e 

DMe OMe 
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OMe 

2. Synthesis 

1. Chauncy and ~ellert" have described the syntheses of 

racemic antofine, tylocrebrine, tylophorine and 2,3- 

dimethoxyphenanthroindolieidine. These involve the 

condensation of the appropriate chloromethylphenanthrenes 

with bemyl prolinate, hydrolysis, cyclization to the ketones 

18a - and reduction of the tosylhydraeones with sodium - 
borohydride. 

OMe 
I 

R1 - - R2 - R3 

a H OMe K 

b H OMe OMe 

c OMe OMe H 
d H H H 

Shah and ~ r i v e d i ~ ~  have syntheeized the unsubstituted parent 

phenantbroindolieidine by this method, using sodium dihydrobis- 

(2-methoxyethoxy)aluminate for the reduction of the carbonyl 

group. The reduction however could not be carried out on the 

6-methoxy analogue. 



2. The pyrroloisoquinoline~ (9) was synthesized2' by Friedel- 

Crafts cyolization of 1-(9-phenanthrylmethyl) pyrrole-2-carbonyl 

chloride. 

3. Vanadium oxytrifluoride was found to convert a variety of 

1,2-diarylethylene derivatives into phenanthrenes in high yield 

and provided the means for a. new synthesis of dl-tylophorine as 

depicted below. 
22 

?Me 

Me% , + MeoqcN20pe 02Me 

Op e  OMe 
\ 

I 
Me0 

OMe 

Me0 
Me 

OMe Me 
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4 .  A novel synthesis  of the phenanthroindolizidine r ing  system 

from phenanthrene has been d e ~ c r i b e d . ' ~  The sequence involves 

t h e  addit ion of dichlorocarbene t o  the 9,lO-double bond of 

phenanthrene and f u r t h e r  e labora t ion  of the s ide  chain a s  

outlined below. 

5. Previous syntneses of the phenanthroindolizidlne a lka lo ids  

had given racemates because they involved hydrogenation of a  

pyrrole  der iva t ive  o r  because the intermediates had a  carbonyl 

u t o  the  a s p m e t r i c  carbon atom a t  Clja Faber and Wiegrebe 
24 

have carr ied out  t h e  s te reospeci f ic  synthesis  o f  the o p t i c a l  

antipode of (-)-antofine (2) from the desoxybenzoin (20) by the 

route  outlined below. The c h i r a l  s t a r t i n g  mater ia l ,  (s)-(2- 

pyrrolidon-5-yl) methyl ptoluenesulphonate (2) was only 50% 

o p t i c a l l y  pure and the  f i n a l  product had a lso  5@ Of the  

o p t i c a l  ro t a t ion  expected f o r  the pure opt ica l  antipode. 



OMe OMe 

OMe 
I 

OMe OMe 

antipode. of 2 
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The synthesis established that natural anto fhe  (2) has the 

R configuration a t  C13a. 

6. A new synthesis of the w-phenan th ro indo l i z id ine  

alkaloid septicine (2) has been published.25 The synthesis, 

Involving We acid-catalysed rearrangement of a cyclo- 

propylimine to generate the 3-phenylthio-2-pyrrolhe synthon, 

i s  brief ly  depicted below. 

> 
Me0 

OMe OMe Me 

h e  OMe 



7. A new synthesis of septicine which is patterned on the 

likely biosynthetic pathway has been described.26 Reaction 
I 

of 3.4-dirnethoxybeneoylacetic acid with A -pyrroline gave 
the phenacylpyrrolidine (22). Condensation of 2 with 3,4- 

dimethoxyphenylacetaldehyde and subeequentredmtion with 

sodium borohydride yielded dl-septicine (B). 

OMe 
I 

OMe 

OMe 
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I 
Since A-pyrro l ine  may be prepared from e i t h e r  o rn i th ine  

o r  putrescine,  both of which a re  avai lable  with a v a r i e t y  of 

l a b e l s ,  the route lends i t s e l f  t o  the synthesis  of l abe l l ed  

compounds of biosynthet ic  i n t e re s t .  

8. The phenanthroquinolizidine a lka lo id  cryptopleurine 

(3) has  been synthesized from the s t i l b e n e  derivat ive (3) 
by anodic oxidation followed by a dienone-phenol rearrangement. 

27 

2 3 

The method o f fe r s  some advantages over the  chemical phenol- 

coupling r eac t ions  and i s  capable of being extended t o  the 

synthesis  o f  phenanthroiodolizidine alkaloids.  



3. Biogenesis 

Previous studies 28t29 had shown that the phenanthro- 

indolizidine alkaloids are derived from phenylalanine, tyrosine 

and ornithine according to the general scheme depicted below. 

from ornithine 
OH 
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By using t y r o s i n e - ~ 2 - ~ ~ ~ ]  and phenylalanine-[2-14~] and degrada- 

t i v e  s tud ie s  on t h e  rad ioac t ive  tylophorine, it was establ ished 

'15 and C14 a r e  derlved from phenylalanine. Transformation of 

phenylalanine t o  tyros ine  did not take place during the  

administrat ion of the former precursor. It was therefore 

sumested  tha t  phenylalanine could possibly be incorporated 

v i a  cimamic , pcoumaric  and ca f fe i c  acids.  Cinnamic acid 

-LZ-'~C] has been found to  be incorporated in to  tylophorine more 

e f f i c i e n t l y  than phenylalanine30 and gave the a lka lo id  label led 

a t  CI4.  The genes is  of the  2-phenacylpyrrolidine (3) has been 

v i sua l i sed  a s  follows. 

The intermediacy of benzoylacetic ac ids  i n  the formation 

of 2-phenac y l p y ~ o l i d i n e s  has been demonstrated by the  f inding 

t h a t  compounds 3 (. = 14c) and 3 a re  incorporated i n t o  

tylophorinine i n  T. asthmatica. 31 



The phenacylpyrrolidines 28, a and 2Sf! have been found 

t o  be in t ao t  precursors f o r  tylophorinine. 31 

The incorporation of in to  tylophorinine resul ted i n  l o s s  

of half the tritium and impliee ent ry  of a hydroxyl group a t  one 

of the  t r i t i a t e d  positions. Phis study and t h e  sub.sequent one 

using label led 6 ,~-d.iphenylhexahydroindolieines32 lead t o  the  

following scheme f o r  the biogeneeis of tylophorlne and 

tylophorinine. 
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Condensation of t h e  2-phenacylpyrrolidine with tyrosine 

could lead t o  the hexahydroindolizine which can undergo 

oxygenation. t o  give first f?l and then s. Oxidative phenol- 

Coupling of would lead t o  the  dienone 2. Rearrangement of 

the  l a t t e r  gives tylophorine whereas reduct ion to  2 followed by 

rearrangement gives u l t imate ly  tylophorinine. 

Convincing proof f o r  the  above 'scheme was obtained by the  

f inding t h a t  the 6,7-diphenylhexahydroindolizines 2, 2 and 

labe l led  with 14c a t  the  s i t e s  indicated and t r i t i a t e d  a t  the  

posi t ions ortho to  the f r e e  phenolic hydroxyls are incorporated 

in to  tylophorine, tylophorinine and tylophorinidine. 

We dienone 2 provides an opportunity f o r  e i t h e r  a s t y r y l  

migration which leads t o  tylophorine or  an a r y l m i g r a t i o n  which 

would lead t o  isotylocrebrine (lo) which is a minor a lka lo id  of 

T. asthmatics. 

Amino-acids of the  type 2 have been proposed a s  possible  

intermediates between 2-phenacylpyrrolidines and 6,7-diphenyl- 

32 hexahydroindolizines. 
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The recent  isolat ion33 of the  2-phenacylpyrrolidine a lka lo ids  

ruspolinone (m) and norruepolinone (m) &d a s tyry lpyrro l id ine  

norruspoline ( from the  p h n t  Ruspolia hmercra ter i formis  M. R 

(Family Acanthaceae) fits nea t ly  i n t o  the above biogenet ic  scheme. 

The biogenesis of the phenanthroquinolizidine a lka lo id  

cryptopleurine (3) which co-occurs with pleurospermine (Z) 34 

i n  Cruptocarya pleurosperma o f f e r s  a close p a r a l l e l  t o  the 

above scheme. 

Callus t issue35 of T. ind ica  was Y-irradiated and both 

cont ro l  and i r r ad ia t ed  groups lacked the a b i l i t y  t o  synthesize 

alkaloids.  



4. Bio lonica l  a c t i v i t y  

The antitumour a c t i v i t y  of the phenanthroindolizidine 

alkaloids has been well establ ished but t h e  high tox ic i ty  of 

these precludes t h e i r  use i n  therapy. The mechanism of t h e i r  

e f f ec t  on protein synthesis  has  been studied. Tylocrebrine 

i r r eve r s ib ly  inh ib i t s  pro te in  biosynthesis in He La c e l l s  and 
36 rabbi t  re t icu locytes  and the main e f f e c t  was, on chain elongation . 

Mutants r e s i s t a n t  t o  tylophorine and tylocrebrine have been 

isolated from the yeast Saccharomyces cerevisiae.  The mode of 

act ion of these a lks lo ids  has been examined and they appear t o  

i n h i b i t  the  t ranslocat ion phase of protein synthesis3'l. I n  v i t r o  

amoebicidal a c t i v i t y  has been observed f o r  tylocrebrine and the  

alkaloid has been found to  inh ib i t  protein synthesis  in 

E. h i ~ t o l s t i c a ~ ~ .  
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