
HETEROCYCLES, Vol. 4, No. 1 1 ,  1976 

* 
Georgii Lazurjevski and Ida Terentjeva 

h e  Institute of Chemistm of the Acadeny of Sciences 

of the Noldavian SSR, Xishinev,= 

The paper describes new natural heterocyclic 

compounds, alkaloids of Carex brevicollis DC., 

which are 1,4-substituted 0-carbolines. There are 

discussed the results of studies of thier physi- 

cal properties and chemical transformations which 

are used to deternine the structure of the alka- 

loids and to put forward suggestions about tbeir 

biogenesis. 

1. Introckction 

The indole compounds of C?..e 0-carboline series are 

cornmonly found in plants, nrimzrily, ia tile form of tet- 

rahydro derivativas. Considerably fewer com$ov.nds with 

totally aronatic structure are known, approximately 2% 

of all indole alkaloids reported so far / I ,  2 / .  Among 

the simple derivatives of a-carbolire (la) the most po- 

pular ones are harman (Ib), harm01 (Ic) a d  harnine(1d) 

/ 3 . Many new elkaloids of this 



kind have been found recently. Pavettine (Ie) has been isolate& 

from Pavetta Lanceolata /4/. Alkaloids have been found which 

contain heterocyclic fragments as substituents - the furan 
one in perlomerine (If), the pyridine one in bases from genus 

Pauridiantha, for instance,(Ig), etc. 

;,a. R = R'= H. 

b. R = CH Re= H. 3' 
d 

c. R = CH R '= OH. 
R 

3' 
d. R = CH R'= OCH I 

3" 3. 

Also found in plants are the ester8 of the 5-carboline-3- 

carboxylic acid (11) t'nd the complex dimer alkeloids of the 

type of uzambarenzine (111). 

Moreover, the alkaloids with the aromatic bond system in 

the 8-carboline part have been found among the group of bases 

of the cantine type (IVa) and tuboflavine (IVb) which have a 
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s i m i l a r  s t ruc tu re .  

A s  we do not  in tend  t o  give here complete information on 

the  a lka lo ids  we a r e  i n t e r e s t e d  i n ,  we s h a l l  mention i n  

add i t ion  only the anhydrobases found i n  the p l an t s ,  f o r  in- 

s tance ,  a l s ton ine  (V). 

O f  e s p e c i a l  i n t e r e s t  among t h e  above he terocycl ic  compounds 

a r e  the 1,4-derivat ives of 8-carboline which we i s o l a t e d  

from Carex b r e v i c o l l i s  DC. 5 namely, brevicollinel;VI),  

b revicar ine(VII ) ,  dehydrobrevicolline(VIII) and homobrevi- 

c o l l i n e  (IX). 

V I I  

I!. $\ 

The formulas show t h a t  these  compounds have r e l a t e d  

s t r u c t u r e s  and the first three  compounds d i f f e r  only i n  the 



degree of hydrogenation of the  s u b s t i t u e n t  group. Bravicol l ine  

and its immediate d e r i v a t i v e s  a r e  i n t e r e s t i n g  i n  t h a t  they  

combine 8-carboline wi th  f ive-  and six-membered nitrogen-con- 

t a i n i n g  cycles.  No such a l k a l o i d s  have been described s o  

f a r ,  v i t h  the  exception of n i t r a r i n e  wi th  t h e  suggested 

s t r u c t u r e  (XI. 1 6 1 ,  

OCH, 
I 

S u b s t i t u t i o n  a t  the  f o u r t h  p o s i t i o n  of 13-carboline is not  

t y p i c a l  of the  n a t u r a l  compounds. Among these  few compounds 

the re  a r e  a l s o  crenatine(X1a) and c rena t id ine  (XIb) i s o l a t e d  

from Aeschrion c rena ta  and the  v i n y l  analogue of c rena t ine  

(XIc) i s o l a t e d  from Picrasma javanica /7/. 

The novel ty  of t h e  a l k a l o i d s  of Carex b r e v i c o l l i s  and t h e  

f a c t  t h a t  they  a r e  found only i n  one p l an t  spec ie s  suggest 

t h a t  a review of t h e i r  chemical p rope r t i e s ,  t ransformations 

and syntheses  w i l l  be of i n t e r e s t  f o r  the chemists who work 

wi th  the he te rocyc l i c  compounds. 

11. General information on Carex b r e v i c o l l i s  DC. 

This  grassy  p l an t  which belongs t o  the  Cyperaceae family 

i s  common i n  the south-westem p a r t  of the  USSR. It grows 

i n  beech, hornbeam and a s h  woods; i ts  mode of reproduct ion is, 

pr imar i ly ,  vegeta t ive  though reproduct ion wi th  seeds  is of 

some importance, too. The p l an t  i s  hardy and can be r e a d i l y  

cu l t iva ted .  A p l an ta t ion ,  once e s t ab l i shed ,  can be explo i ted  

f o r  s e v e r a l  yea r s  without r ep lan t ing  s ince  the  cu t  leaves  soon 
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grow again. The mean y i e l d  of a lka lo ids  i n  the  favourable 

period is 0.65% ca lcu la t ed  f o r  abso lu te ly  dry p lant  mass. 

The t o t a l  of seven a lka lo ids  has  been found i n  the p l an t ,  

brevicollineCQ1) and brevicarine(VI1) which comprise 9% of 

the t o t a l  content  of the a lka lo ids  a n  the  most important 

among them. 

The p lan t  is f i r s t  t r e a t e d  with am-onia and then t h e  

a lka lo ids  a r e  ex t r ac t ed  wi th  c h l o r ~ f o r m  o r  dichloroethane. 

The e x t r a c t s  a r e  t r e a t e d  with d i lu t ed  su lphur ic  ac id  t o  

transform a l k a l o i d s  i n t o  water-soluble sulphates ,and then  

the  f r e e  bases a re  sedimented with ammonia. Brevicarine i s  

i s o l a t e d  i n  the  form of bas i c  s a l t  which is poorly so luble  

i n  water. The mixture of a lka lo ids  is f u r t h e r  t r e a t e d  with 

b o i l i n g  methanol. Cooling of the s o l u t i o n  leads  t o  c rys t a l -  

l i z a t i o n  of b rev ico l l ine , the  minor a lka lo ids  remain i n  the  

mother l iquour  and b r e v i c a r i m i s  i n  the  insoluble  residue.  

To i s o l a t e  brevicar ine , the  residue which is insoluble  i n  

methanol i s  t r e a t e d  with 5% sulphur ic  ac id ,  c l a r i f i e d  with 

carbon and f i l t e r e d .  The f i l t r a t e  i s  a lka l i zed  wi th  

sodium hydroxide and the  i s o l a t e d  a lka lo id  i s  c r y s t a l l i z e d  

from acetone o r  chloroform. 

The minor a lka lo ids  a r e  divided according t o  the  degree 

of b a s i c i t y  us ing  f u r t h e r  var ious  chromatographic techniques. 

Another method i s  t o  e x t r a c t  a lka lo ids  from the p l a n t s  

with 2% sulphuric  acid. The a c i d i c  e x t r a c t s  a re  t r e a t e d  with 

ammonia and completely ex t r ac t ed  with chloroform. The follow- 

ing  procedures a re  c a r r i e d  out  a s  described above. 

The proport ions of various a lka lo ids  i n  the  mixture depend 

on the  plant 's age, i ts  development s t age  and its growth 



loca t ion .  The mean proport ions of the  a lka lo ids  a r e  given i n  

Table I along wi th  the  most important phys ica l  p rope r t i e s  of 

t h e  a lka lo ids .  

Table I 

Alkaloid 

Brevicol l in  

Brevicarine 

Dehydrobm- 
v i c o l l i n e  

Homobrevi- 
c o l l i n e  

Harman 

Harmol 

Harmine 

Formula point  
ihydro- 
h lo r ide  

Mean cont- 
e n t  i n  

mixture (%) 

Three Carex a lka lo ids  which conta in  17 carbon atoms i n  

the molecule and homobrevicolline a r e  s o l i d s  which p r e c i p i t a t e  

a s  well-formed c r y s t a l s .  They a re  insoluble  i n  water  but 

so luble  i n  aqueous ac id  so lu t ions ,  odourless  and have b i t -  

t e r  t a s t e .  These a lka lo ids  a r e  b i a c i d i c  bases; the  ioniza- 

t i o n  cons tants  of b rev ico l l ine  and brevicar ine  were determined 

by means of potent iometr ic  t i t r a t i o n  i n  dimethylformamide 

/8/; f o r  b r e v i c o l l i n e i t  was determined pKaI 7.12 and pKa24.48 

and f o r  brevicarine,respectively, 9.43 and 4.05. 

The a l k a l o i d s  give r i s e  t o  two s e r i e s  of s a l t s  both wi th  

mineral and organic acids.  The d i l u t e d  so lu t ions  of the s a l t s  

of V I ,  V I I I  and I X  possess  in tens ive  blue fluorescence and 

t h e  s a l t  of V I I  possesses v i o l e t  fluorescencn. 
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111. The s t r u c t u r e  of b rev ico l l ine ,  brevicar ihe  a&d 

dehydrobrevicolline 

The i n i t i a l  information on the s t r u c t u r e  of t h e  Carex 

a lka lo ids  has been obtained by comparing t h e i r  UV spec t r a  

wi th  the spectrum of harman. Both the  n e u t r a l  and ac id i c  

so lu t ions  of these a lka lo ids  have been found t o  possess 

i d e n t i c a l  absorpt ion pa t te rns .  The following va lues  of 

)\max ("in)( lg ) have been found f o r  the compound V I :  

242 (4.42). 288 (3.981, 338 (3.64), and 352 (3.69). In  the  

a c i d i f i e d  so lu t ions  each of the maxima i s  s h i f t e d  by a  c e r t a i n  

i n t e r v a l  towards the long-wavelength region. These da ta  

suggest t h a t  the compounds have common chromophore, namely, 

the  13-carboline fragment. 

The ana lys i s  of the  I R  spec t r a  has yielded da ta  on the  

na ture  of the atom groups. The spec t r a  have many s i m i l a r  

f ea tu res ,  pr imar i ly ,  the  band t y p i c a l  of the  ortho-substi-  

tu ted  de r iva t ives  of benzene. This band is found a t  740 om-' 

i n  the  spec t r a  of the compounds V I  and V I I I  and a t  770 cm-I 

i n  the spectrum of the  compound V I I .  Absorption i n  the 

3440 - 3400 cm-I range ind ica t e s  the  NH group of the indole 

ring. The bands a t  1625, 1575 and 1460 cm-' correspond t o  

the v i b r a t i o n s  of the benzene and pyridine r i n g s  and the 

bands a t  1160, 1060, 910 and 670 cm-I correspond t o  the 

CH groups of the same r ings.  The absorpt ion d i f fe rence  

between the  a lka lo ids  i s  most c l e a r l y  seen i n  the  range 

between 1110 and 1000 cm-' and a t  1200 cm-l. These absorpt ion 

bands correspond t o  the f o u r t h  r i n g  i n  the compounds V I  and 

V I I I  while the compound V I I  has p r a c t i c a l l y  no absorpt ion 

a t  t h i s  range. The add i t iona l  d i f fe rence  is the band a t  
- 1789 - 



810 cm-' f o r  the  compound V I I I .  

The formulas of a lka lo ids  a r e  subs t an t i a t ed  by the molec- 

u l a r  ion  s i g n a l s  a t  m/e 265 (VI),  267 (VII) and 263 (VIII).  

The maximum i n t e n s i t y  peak i n  the mass spectrum of the  compo- 

und V I  is a t  m/e 84. The same s i g n a l  is found i n  the spect-  

rum of n i co t ine ,  it is a t t r i b u t e d  t o  the fragment 

G@- CH3 which i s  produced due t o  the  &-rupture of 

the  C - C bond between pyrro l id ine  and pyridine r i n g s  / 9 / .  

A s i m i l a r  rupture  seems t o  occur i n  the  case of the com- 

pound VI .  Fragmentation of the  compound V I I I  i s  s i m i l a r  t o  

t h a t  of the  compound VI .  The maximum peak i n  t h i s  case i s  

found a t  m/e 82 which agrees  wi th  the presence of the 

pyrro l ine  r ing .  I n  the  high-mass reg ion  the re  a r e  r e g i s t e r e d  

t h e  s i g n a l s  of the fragments M - 1 and M - 29 which a r e  due 

t o  removal of the  hydrogen adjacent  t o  N - CH3 and the  e t h y l  

r a d i c a l  formed following opening of t h e  pyrro l id ine  ring. It 

is more d i f f i c u l t  t o  account f o r  the fragment M - 43 s ince  

i t  n e c e s s i t a t e s  rupture  of s eve ra l  bonds. Nevertheless,  i t  

i s  found i n  the  mass s p e c t r a  of the  compounds wi th  the 

pyrro l id ine  bond system. 9 I n  the  low mass number reg ion  

i t  corresponds t o  the s i g n a l  m/e 42 which must be due t o  the  
+ 

s t a b l e  s t r u c t u r e  CH - N E CH. 3 
The mass spectrum of brevicarine(VI1) shows a f t e r  the  

molecular peak the ions  wi th  t h e  masses M - 15, M - 30, 

M - 44, M - 58 and M - 72. Their  appearance is due t o  

sequen t i a l  rupture  of the C - C bonds of the open alkylamine 

chain a s  i s  the case wi th  e l e c t r o n  impact i n  the  molecules 

of a l i p h a t i c  mines .  In  the low-mass region the  maximum- 
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i n t e n s i t y  s i g n a l  a t  m/e 44 seems t o  correspond t o  the ion  
+ 

CH3 - NH = CH2. 

For a l l  t h ree  a lka lo ids  the aromatic p a r t  of the molecule 

g ives  weak s i g n a l s  i n  the  spec t r a  owing t o  the  s t a b i l i t y  of 

t h i s  fragment. 

The PMR s p e c t r a  of brevicol l ine and brevicarine e r e  c l e a r l y  

s i m i l a r  owing t o  the s t r u c t u r a l  s i m i l a r i t y  between these  

a lka lo ids  but a l s o  there  a re  some d i f f e rences  which r e f l e c t  

the  p e c u l i a r i t i e s  of s t ruc tu re .  The i n t e g r a l  curves show t h a t  

the spec t r a  represent  a l l  the hydrogen atoms of the a lka lo ids  

studied. The low-field spec t ra  f o r  both a lka lo ids  e x h i b i t  

groups of l i n e s  of the aromatic protons. 

According t o  the c h e ~ i c a l  s h i f t s  ( 6 7.50 ppm) one of the 

l i n e s  i s  a t t r i b u t e d  t o  the protons c: d' and e'. They a re  

equivalent  and t h e i r  s i g n a l s  a re  i n  the same reaion. The 

s igna l s  of the protons b' a r e  found a t  8.35 ppm f o r  the  

compound VI and 7.95 ppm f o r  the  compound V I I .  The l a r g e r  

s h i f t  i n  the compound V I  is due t o  the e f f e c t  of not only 

the benzene r i n g  but of the proximate pyrrol idino r i n g  

while the  alkylamine chain i n  the  compound VII e x e r t  no such 

s t rong e f f e c t .  

The presence of t h e  s i g n a l s  of the  & hydrogen atoms 

belonging t o  the  pyridine r i n g  ( the  protons a' with the chemical 



s h i f t s  8.55 and 8.10 ppm i n  the s p e c t r a  of the  compounds V I  

and VII)  s t rong ly  sugges ts  1 ,4-subs t i tu t ion  i n  the  B-carboline 

fragment. 

According t o  the  chemical s h i f t  va lues  the  h igh - f i e ld  

peaks have been a t t r i b u t e d  t o  the  a l i p h a t i c  protons. For 

ins tance ,  the  s i n g l e t  a t  2.80 ppm which is found i n  both 

spec t r a  is a t t r i b u t e d  t o  the  protons of the  CH group bonded 
3 

t o  t h e  carbon of the pyridine r i n g  and the  peaks a t  2.25 and 

2.35 ppm have been a t t r i b u t e d  t o  M - CH i n  the  compound V I  
3  

and RHCH i n  the  compound V I I .  S a t i s f a c t o r y  i d e n t i f i c a t i o n  3 
has been done a l s o  f o r  the methylene protons a ,  b and c  i n  

the above formulas. The proton d corresponds t o  the  s i g n a l  

a t  3.90 ppm i n  the spectrum of t h e  compound V I .  Brevicarine 

has  a t  t h i s  s i t e  the  group CH2 bonded t o  the aromatic r i n g ,  

the  s i g n a l  of its protons is a t  3.10 ppm. 

The s i g n a l  a t  10.70 ppm has been c l e a r l y  i d e n t i f i e d  a s  

t h a t  of the  proton of the YH indole  group s ince  t h i s  s i g n a l  

was s h i f t e d  t o  9.74 ppm when the  spectrum was recorded a t  

the  temperature increased  by 30 OC and t h i s  corresponds t o  

the chemical s h i f t  data .  Thus, the  s p e c t r a l  c h a r a c t e r i s t i c s  

of the Carex a l k a l o i d s  make poss ib le  well-founded conclusions 

about t h e i r  s t ruc tu re .  A s tudy of t h e i r  chemical p rope r t i e s  

discussed i n  the following sec t ion  supports the above conclu- 

s ions.  

IV.  The chemical p rope r t i e s  of the  Carex a l k a l o i d s  

1. Alkylat ion a t  n i t rogen 

The first s t age  of a l k g l a t i o n  of the  carbol ine de r iva t ives  

g ives  r i s e  t o  the products which convert under the  e f f e c t  of 

a l k a l i e s  i n t o  anhydrobases of b r igh t  yellow colour  /lo/. 
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The methyl iodides  of the  Carex a lka lo ids  t r e a t e d  with so- 

dium hydroxide a l s o  give r i s e  t o  coloured compounds of a 

s i m i l a r  s t ruc tu re .  

Varying the  condit ions of methylation various r eac t ion  

semences  can be ca r r i ed  out. For ins tance ,  a t  the  room tem- 

pera ture  i n  the acetone so lu t ion  brevicol l ine  r e a c t s  with 

methyl iodide a t  the n i t rogen of the pyridine r i n g  g iv ing  

r i s e  t o  the  compound XI1 which corresponds t o  the anyhdrobase 

X I I I .  When the compound V'I and CH31 a r e  heated i n  methanol 

a lky la t ion  of the  amino group of the pyrro l id ine  group 

(XIV) occurs. The a lka lo ids  which have hyclrogen a t  the  

indole n i t rogen r eac t  wi th  potassium hydroxide i n  bo i l ing  

xylene g iv ing  r i s e  t o  potassium der iva t ives .  These intermed- 

i a t e  compounds lead  t o  ind-E-methyl compounds (XV). The compl- 

e t e  methylation product i s  the compound XVI. 

XIV 



Since brevicar ineconta ins  the group NHCH i t  g ives  r i s e  t o  3 
methylbrevicarine(XVI1) according t o  Wallach.The complete 

methylation r e a c t i o n  proceeds a s  described above g iv ing  r i s e  

t o  a l l  the poss ib l e  products (XVII - X X I I ) .  
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2. Acylation 

The acyla t ion  r eac t ion  is t y p i c a l  of the  Carex a lka lo ids .  

Acylation of brevicarineoccurs  v i a  the  usual  pathway. For 

ins tance ,  the r eac t ion  between brevicarineand a c e t i c  anhydride 

r e a d i l y  g ives  r i s e  t o  the N-acetyl der iva t ive  and benzoyla- 

t i o n  of brevicarineoccurs  under the condit ions of the  Schotten- 

Baumann reac t ion  (XXIII a and b). 

XXiL 
When b r e v i c o l l i n e i s  t r e a t e d  with the same r e a c t a n t s  the 

r eac t ions  involve opening of the  pyrro l id ine  ring. Boil ing of 

the  compound V I  wi th  a c e t i c  anhydride a t  the  f i r s t  s t age  

y i e l d s  0,N-diacetate (XXIV) which is converted by means of 

a l k a l i n e  hydrolys is  i n t o  amino alcohol  (XXV). Heating of 

the a lka lo id  with benzoyl ch lor ide  g ives  r i s e  t o  unsaturated 

N-benzoyl de r iva t ive  XXVI. 

The acyla t ion  r eac t ion  made it possible  t o  convert brevi- 

c o l l i n e  i n t o  brevicar ine ,  f o r  ins tance ,  by aebenzoylation 

and hydrogenation of t h e  compound XXVI. The rezu l t ing  com- 

pound VII was i d e n t i c a l  with the  compound i s o l a t e d  from 

t h e  p l an t  i n  a l l  i t s  proper t ies .  
- 1795 - 



3. Formation and decomposition of the N-oxides 

The r eac t ions  between brevicol l ine(V1) O r  N-methyl- 

brevicarine(XV1)with the concentrated hydrogen peroxide i n  

methanol i n  the presence of sodium tungs ta te  give r i s e  t o  

the r e spec t ive  N-oxides ( X X V I I  and XXVIII). These s o l i d s  

c r y s t a l l i z e  from aqueous acetone a s  t h i n  needles.  The pyro- 

genic decomposition r eac t ion  g ives  r i s e  t o  deamination of 

a lka lo ids .  

A t  the  f i r s t  s t age  of the r eac t ion  the B-oxide of brevi- 

c o l l i n e  undergoes regrouping /11/ g iv ing  r i s e  t o  the oxazine 

de r iva t ive  (XXIX) whose reduct ion over  the  Adams c a t a l y s t  

produces amino a lcohol  (XILV) which is i d e n t i c a l  wi th  t h a t  

produced by hydrolys is  of d i a c e t a t e  (XXI7). Hydrogenolysis 

of t h i s  amino alcohol  g ives  r i s e  t o  brevicarin.  This is 

another  of the  r eac t ions  which i l l u s t r a t e  the  r e l a t i o n s h i p  

between the Carex a lka lo ids .  

i n s  
XXVII 

Deamination occurs a t  t h e  decomposition s t age  of the com- 

nound XXVIII wi th  hea t ing  i n  vacuum. This  g ives  r i s e  t o  

4-butenylharman (XXX) whose melting poin t  is 181 - 182 OC 

(from acetone).  The c a t a l y t i c  hydmgenation of t h i s  com- 

pound over  platinum dioxide  r e s u l t s  i n  add i t ion  of 1 mole of 

hydrogen g iv ing  r i s e  t o  4-butylharman whose melt ing point  is 



We managed t o  compare t h i s  product with the compound 

produced by dehydrogenation of b rev ico l l ine  over s e k 3 i W  

and t o  demonstrate t h e i r  i d e n t i t y  

4. Hydrogenation and dehydrogenation 

Hydrogenation of b rev ico l l ine  proceeds v i a  d i f f e r e n t  path- 

waus according t o  t h e  condit ions.  A s  vas  expected acceding 

t o  t h e  r e s u l t s  of Schwarz and S c h l i t t l e r  /12/, i n  t h e  a c e t i c  

ac id  so lu t ion  over platinum ciioxide the  r eac t ion  occurs a t  

the  benzene r i n g  leading  t o  c r y s t a l l i z a t i o n  of 5,6,7,8- 

tetrahydrobrevicolline(XXXI1) from acetone, the melt ing 

';A-85 O. The UV absorpt ion spectrum poin t  234 - 237 OC, - 

e x h i b i t s  the  following va lues  of (nm)( lg ,! ): 

227 (5.69), 278 (4.86) and 302 (4.91) i n  alcohol.  The band 

a t  740 cm-I i n  the I R  spectrum is absent.  The molecular 

i o n  i n  the  mass spectrum: M' 269. 

Treatment of methiodide of brevicol l ine(XI1)  and the resp- 

e c t i v e  chlorobenzylate with sodium borohydrid r e s u l t s  

i n  hydration of the pyridine fragment g iv ing  r i s e  t o  

1,2,3,4-tetrahydro derivztivcs(XXXII1 a  and b) .  This r e s u l t  

agrees wi th  the e a r l i e r  reported da ta  on the r eac t ions  with 

s impler  carbol ines  /13/. 1,2,3,4-Tetrahyrlrobenzylbrevicolline 

(XXXIII) i s  a c r y s t a l l i n e  s o l i d w i t h  the  melt in€ poin t  of 

166 - 167 OC (from methanol). Its W spectrum i s  t y p i c a l  

of the compounds with the indole chromophore. The I R  absorpt ion 
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spectrum lacks the band at 1600 cm-' which is typical of the 

pyridine ring bonds. The molecular ion in the mass spectrum: 

M+ 359. 

The Carex alkaloids are dehydrogenated when heated over 

the palladium charcoal. The compound VI gives rise to pyr- 

roloharman (IM-XIV) due to the reaction which occurs at the 

pyrrolidine ring. Nicotine undergoes a similar transformation 

under the action of some dehydrating agents. In contrast to 

the starting brevicollin, 4-(N-methyl- 2 -pyrryl)harman 

is a monoacid base since the pyrrole nitrogen lacks the 

basic properties; potentiometric titration in anhydrous 

acetone exhibits only one potential drop. 

A side product of dehydrogenation of brevicolline is 3,4- 

benzoharman (XXXV). The initial stage of the process seems 

to be the opening of the pyrrolidine ring, then deamination 

is accompanied by ring formation and, finally, aromatization 
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S i m i l a r  cases  have been repor ted  i n  l i t e r a t u r e  /28/ .  This  

r e a c t i o n  mechanism agrees with t h e  r e s u l t s  of dehydration 

of  t h e  compound VII which g ives  r i s e  t o  only t h e  compound 

XXXV under s i m i l a r  condit ions.  

It is appropr ia te  t o  remember t h a t  the  minor a lka lo ids  of 

Carex include dehydrobrevicolline(VIII). However, we f a i l e d  

t o  f ind  it o r  a s i m i l a r  compound i n  the  products of dehydro- 

genat ion of brevicol l ine .  

5. Oxidation 

The Carex a lka lo ids  a re  r e a d i l y  oxidized g iv ing  r i s e  t o  

complex mixtures which a re  hard t o  separa te  i n t o  indiv idual  

compounds. However, some of the r eac t ions  y i e l d  valuable 

r e s u l t s .  Heating of brevicol l inewi th  concentrated n i t r i c  

ac id  gives r i s e  t o  3 ,5 -d in i t roan th ran i l i c  acid. Under the  

condit ions of the Kuhn - Roth r eac t ion  there occurs 

removal of 1 mole of a c e t i c  acid. This r eac t ion  confirms 

the presence of the group C - CH i n  the molecule. 3  
The f a c t  t h a t  t h i s  group is adjacent  t o  the n i t rogen of 

the  pyridine r i n g  has  been confirmed i n  the r eac t ion  with 

benzaldehyde; when it is boiled with brevicol l ine the  

benzylidene de r iva t ive  (XXXVI) is produced. m i d a t i o n  with 

selenium dioxide g ives  r i s e  t o  the aldehyde XXXVII. 



Oxidation of brevicollinewith chromium trioxide in aqueous 

solution of sulphuric acid gives rise initially to a golden 

yellow chromate sediment which is gradually dissolved with 

heating; the processes of oxidative decomposition occur and 

the solution turns green. The following products of the 

reaction have been identified: N-succinimide, 1,3,4-tri- 

keto-1,2,3,4-tetrahydro-B-carboline (XXXVIII) and harman-4- 

carboxylic acid (XXXIX). 

The triketo-derivative has been identified by its IR 

spectrum which exhibits three intensive bands (at 1740, 

1660 and 1620 cm-') which are typical of the -CO- and 

-CO-NH-CO- groups. 

The heating of the acid XXXIX in vacuum up to the melting 

point results in its decarboxylation giving rise to harman 

(Ib). To confirm the structure of the acid its methyl ester 

has been synthesized according to the following scheme: 

C 0 2 C H 3  
I CO,CH, 
C H-C (('0, H ) ~  - 

NHCOiH? F C C ~ , , P  PA 

H H 
CH3 
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The methyl e s t e r  of the indoly lg lycol ic  ac id  has been prod- 

uced by reduct ion of  the indolylglyoxylic  e s t e r  with amalgam- 

a ted  aluminium. Condensation and hydrolysis  have been c a r r i e d  

out according t o  I .  The remaining processes have been 

c a r r i e d  out i n  one s t age  using phosphorous oxychloride i n  

polyphosphoric acid. 

The methyl e s t e r  of the  harman-4-carboxylic ac id  synthe- 

s i zed  i n  t h i s  way and the e s t e r  produced by oxidat ion of 

b rev ico l l imhave  proved t o  be iden t i ca l .  

This oxidat ion r eac t ion  was repeated by Kompish e t  a l .  

/15/ i n  t h e i r  s tudy of brevicollinebiosynthesis. 

Blaha e f  a l .  /16/ have c a r r i e d  out oxidat ion of brevicol -  

l i n e  methyl iodide (XII) with potassium fer r icyanide  t o  

determine t!?e absolu te  co:?.f i~urat ion:  

The r e a c t i o n  g ives  r i s e  t o  the compound XL f o r  which the  

UV, I R  and PMR s p e c t r a  have been recorded and its p i c r a t e  

has been analyzed. This product has been f u r t h e r  oxidized 

with chromium t r i o x i d e  t o  the  o p t i c a l l y  a c t i v e  hygric  ac id  

(XLI). The S configurat ion of the asymmetric cent re  of 

brevicol l inehas  been confirmed by d i r e c t  comparison wi th  

the L-hygric ac id  produced from Is-proline and by comparing 

with the  spectropolarometric r e s u l t s  f o r  (-)-nicot ine,  

( - h e t h y l a n a b a s i n e  and ( - ) -brevicol l ine .  



6. Nitration 

Nitration reactions for brevicoll ine,brevicsrineand their 

N-methyl-, N-acetyl- and hydroxy derivatives have been studied 

/ IT/ .  Nitration was carried out using the nitric acid (speci- 

fic weight 1.52) in the presence of concentrated sulphuric 

acid. The reaction with brevicollinegave rise to 6- and 8- 

mononitro- and 6,8-dinitro compounds while brevicarineyielded 

only the 6.8-dinitro derivative (XLII, XLIII and XLIV). 

Interestingly, nitration of the hydroxy derivative of bre- 

vicarine is accompanied by concurrent ring formation giving 

rise finally to the compound XLII. This illustrates transi- 

tion from compound VII to VI. 

All the nitro compounds have intensive colouration vary- 

ing from bright yellow to red. This seems to be due to possible 

formation of quinoid structui.es. This is confirmed by the 

fact that the mass spectra of 6-nitro-and 6,8-dinitro 

derivatives exhibit the fragment M - 17 whose formation 
must be attributed to removal of the OH group. 

7. Bromination 

Bromination of the hydrochloride of the compound VI with 

bromine in acetic acid /18/ gives rise to 6-bromo- and 

6,8-dibromobrevicolline(XLV and XLVI). Bromination of 
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brevicarineyields three compounds, namely, di- and tribro- 

mobrevicarine(XLVI1 and XLVIII) and 6-bromobrevicolline(XLV). 

The latter may be produced from a hypothetical intermediate 

bromoamine which we could not find in the reaction products. 

The structures of the bromides of the Carex alkaloids have 

been confirmed by the W, IR and mass spectra. 

8. Total synthesis of methylbrevicolline 

Methylbrevicollinewas synthesized to illustrate production 

of 1.4-substituted B-carbolines /19/. The starting compound 

was the ester XLIX which had been produced bv condensation 



of methylphenylhydrazine with the ethyl ester of the 

pyroracemic acid. The compound XLIX converted with ammonia 

into the respective lactam (L). Reduction of the compound L 

with lithium aluminium hydride gave rise to the compound LI. 

Oxidation of this amino alcohol with lead tetracetate gives 

rise to dihydro-3-carboline (LII) which is readily alkylated 

at the position 1 with the Grignard reactant. Oxidation of 

the com2ound LIII yields the aldehyde LIV. 
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This aldehyde is a key compound for synthesizing the 4-pyrro- 

lidine derivatives of 8-carboline, including 2-methylbrevi- 

colline.The reaction with morpholine and cyanide ions 

(the Michael addition) yielded morpholinodinitrile (LV). 

Acidic hydrolysis of this product produces ketonitrile via 

reducing ring formation which gives rise to the compound 

LVIa which yields N-methylbrevicolliae(racemate) LVI b 

following methylation with formaldehyde and cyanoboro- 

hydrid. The base LVIbis identicalwithmethylated brevicolline 

isolated from plants as evidenced by spectroscopic results 

and thin-layer chromatography. 

9. Synthesis of brevicarine 

An earlier study /20/ shows that the Beckman regrouping 

of oximes of the 8-(indolyl-3)-ketones produces 4-substituted 

3.4-dihydro-13-carbolines which can be dehydrated yielding 

the respective 8-carbolines. 

This reaction was used also for synthesizing brevicarine 

and its lowest homologue /21/. The starting compound in 

synthesis of brevioarindwas piperidylindole LIT11 which was 

produced by condensation of indole with I-methylpiperidone-2 

according to Powers /22/. 



The compound LVII is t r e a t e d  wi th  benzyl bromide y i e ld ing  

the  quaternary s a l t  LVIII. Condensation of t h i s  gramine 

analogue wi th  potassium de r iva t ive  of benzylsulphanilacetone 

g ives  r i s e  t o  B-ketosulphoxide LIX which y i e l d s  the  ketone 

LX fol lowing treatment  wi th  amalgamated aluminium i n  aqueous 

tetrahydrofuran.  The oxime of t h i s  ketone underwent the  

Beckman regrouping under t h e  ac t ion  of phosphorus penta- 

ch lor ide  i n  nitrobenzene. The process was accompanied by 

concurrent r i n g  formation and gave r i s e  t o  the  dehydro 

de r iva t ive  LXI. F ina l ly ,  dehydration of t h i s  product us ing  

the palladium black i n  ethylene g lyco l  produced brevicarine,  

A s  evidenced by the  I R  and mass spec t r a  and by the tem- 

pe ra tu res  of melting of the mixed samples, the r e s u l t i n g  

base and i ts  dihydrochloride a re  f u l l y  i d e n t i c a l  with t h e  

n a t u r a l  brevicarineand its hydrochloride. 

A s i m i l a r  process produced a l s o  the  N-methyl de r iva t ive  

of the lowest homologue of brevicarine(LXI1). 
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V. Qual i ta t ive  and quan t i t a t ive  determinat ions 

The a lka lo ids  of Carex b r e v i c o l l i s  DC. a r e  deterained 

us ing  the s tandard techniques and a l s o  t h e i r  fluorescence 

under W i r r a d i a t i o n .  If a  drop of sap  from a f r e s h  p lant  

l ea f  i s  put  on paper and observed through a f i l t e r  which 

absorbs the  v i s i b l e  l i g h t  one can see a luminous spot.  

This provides a  simple and easy technique f o r  d i s t ingu i sh ing  

t h i s  p l an t  from others  with s i m i l a r  morphological s t ruc tu re .  

Q u a l i t a t i v e  determinat ions of brevicol l ineand brevicarine 

i n  the e x t r a c t s  a re  made using the s tandard paper chromatogra- 

phic techniques f o r  a lka lo id  determinat ions o r  i n  a  t h i n  

l a y e r  of aluminium oxide of the t h i r d  degree of a c t i v i t y  

wi th  the chloroform - methanol o r  benzene - methanol (95:5) 

systems. The moist chromatogram is sprayed with the 

Dragendorf reagent  ( t h i s  g ives  r i s e  t o  orange-coloured 

s p o t s )  o r  observed under W l i g h t  when the a lka lo id  spo t s  

have in tens ive  blue fluorescence. 

Quanti tat ive determinations a re  made wi th  a  modified 

spectrophotometric technique /23/ based on the UV absorpt ion 

p rope r t i e s  of the s a l t s  of the  a lka lo ids .  In  con t ra s t  t o  the  

f r e e  bases which have i d e n t i c a l  absorpt ion spec t r a , the  

s a l t s  d i f f e r  by t h e i r  absorpt ion and, what is very important,  

t h e i r  absorpt ion maxima have d i f f e r e n t  r e l a t i v e  s h i f t s .  Hence, 

the absorpt ion curves f o r  b rev ico l l iwand  brevicar ine in ter -  

s e c t  at  var ious  po in t s  (see Fig. 1).  The i n t e r s e c t i o n  point  

a t  = 256 nm has been chosen a s  the reference point  f o r  
- 1807 - 



analys is .  Since both bases have i d e n t i c a l  concent ra t ions  
D 

a t  t h i s  poin t  which can be found from the  formula C = - , 
& 

we can c a l c u l a t e  the  value of & from the  o p t i c a l  dens i ty  

values f o r  the  so lu t ions  of known concent ra t ions  and thus  

determine the  t o t a l  content  of these  a lka lo ids  i n  so lu t ions  

of var ious  mixtures o r  e x t r a c t s  from plants .  

227 250 272 313 hnm 

Fig. 1. The absorpt ion curves f o r  brevicol l ineand brevicarine 

( 1  and 2 )  i n  hydrochloride so lu t ion .  

The r a t i o  between the  o p t i c a l  d e n s i t i e s  of so lu t ions  

f o r  given wavelengths i s  known t o  be a constant .  This makes 

i t  poss ib le  t o  determine the propor t ions  of the  components 

i n  so lu t ions  of mixtures. Fig. 1 i n d i c a t e s  t h a t  the  d i f f e r -  

ence between the o p t i c a l  d e n s i t i e s  of our compounds is the  

highest  a t  247 nm; hence, t h i s  poin t  is the  bes t  f o r  a n a l y t i c a l  
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D247 - purposes. The experimental determinations yielded dD = .-- 
256 

= 1.60 f o r  p u n  brevicarineand 0.80 f o r  brevicol l in .  Then 
(1.60 - dDmix.).10O 

the formula was used f o r  c a l c u l a t i n g  
0.80 

the  content of b rev ico l l ine in  the mixture; the only experim- 

e n t a l  determinat ions requi red  f o r  t h a t  were measurements of 

the o p t i c a l  d e n s i t y  of the  so lu t ion  s tudied  a t  two points.  

The r a t i o  between these  a lka lo ids  can be found using the 

c a l i b r a t i o n  p l o t  which is prepared us ing  the o p t i c a l  d e n s i t i e s  

of the  so lu t ions  of pure compounds and t h e i r  known mixtures 

f o r  given wavelengths. This p l o t  is straigh.t; l i n e  which 

connects two po in t s  on the  axes of ord ina tes  f o r  brevicol l ine  

D247 and brevicarine(dD = -) (see Fig. 2). 
256 

b rev ico l l ine  brevicarine 

Fig. 2. Ca l ib ra t ion  p l o t  f o r  determination of the brevicarine:  

b r e v i c o l l i n e r a t i o s  i n  the  mixtures. 



The e f f e c t  of the  minoc a lka lo ids  i n  the mixture on the 

determinat ion r e s u l t s  was not  taken i n t o  considerat ion.  Due 

t o  the  low content  of the  minor components t h e i r  e f f e c t  was 

s l i g h t .  The con t ro l  determinat ions showed devia t ions  i n  the  

brevicol l ine  content  of no more than 2.5%. 

V I .  Biochemistry 

The above determinat ion techniques have been used t o  

s tudy var ious  f a c t o r s  and e x t e r n a l  e f f e c t s  which inf luence 

accumulation of the a l k a l o i d s  by the  p l an t ,  proport ions of 

the  main a l k a l o i d s  and t h e i r  d i s t r i b u t i o n  over indiv idual  

p a r t s  of the  p lant .  

It has been found t h a t  t h e  t o t a l  content  of  a l k a l o i d s  

p r a c t i c a l l y  does not  depend on the loca t ion  o r  condi t ions  

of growth of the  p lants .  The specimens co l l ec t ed  from d i f f e r -  

e n t  t e r r i t o r i e s  of n a t u r a l  h a b i t a t  and from c u l t i v a t e d  

p l an ta t ions  revealed no d i f fe rence  i n  t h e  content of accumul- 

a t ed  a lka lo ids .  

Hviever, the  Carex p l a n t s  e x h i b i t  considerable ontogenet ic  

v a r i a t i o n  a s  regards  the  content of a lka lo ids .  The seeds have 

a  small a l k a l o i d  content ,  a s  low a s  0.17% f o r  d ry  weight. But 

even i n  the seed l ings  the  a lka lo id  content  increase8 by a  

f a c t o r  of tens .  Young leaves  a l s o  e x h i b i t  an increased alka- 

l o i d  content.  The r a t i o  between the components a l s o  var ies .  

While the  seeds conta in  equal  amounts of brevicarineand bre- 

v i c o l l i n e t h e  content  of b rev ico l l ine inc reases  i n  the leaves,  

sometimes up t o  90%. I n  the mature leaves  the  mean b rev ico l l ine  

coxtent v a r i e s  from 55 t o  60% of the  t o t a l  a l k a l o i d  content 

which i s  t y p i c a l l y  0.5 - 0.6% by the  dry weight. The r o o t s  

have a  low a lka lo id  content  (0.20 - 0.25%) and they e x h i b i t  
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a higher  proport ion of brevicarine- up t o  70 - 75% of the 

t o t a l  a lka lo id  content.  

The a c t i v e  synthes is  of a lka lo ids  i n  most p l a n t s  is known 

t o  occur i n  the  r o o t s  /24/ from where the r e s u l t i n g  a lka lo ids  

a re  t ranspor ted  t o  o t h e r  p l an t  p a r t s  mhere they a re  accumul- 

a t ed ,  transformed o r  d is in tegra ted .  If t h i s  is the  case i n  

Carex p l a n t s  i t  can be suggested t h a t  b rev ica r ine i s  the 

primary a lka lo id .  It is j u s t  brevicarinewhich dominates i n  

the root  c e l l s ,  t h a t  is, i ts  synthes is  i s  predominant here. 

Further ,  the  a lka lo ids  a r e  t ransported with the c e l l  sap t o  

the  leaves where they accumulate i n  d i f f e r e n t  proport ions 

with the increas ing  share of brevicol l ine.This  assumption 

was subs t an t i a t ed  by the experiments on i n f i l t r a t i o n  of 

b rev ico l l ineo r  brevicar ine in to  the  p l an t  v i a  the  roo t  system. 

I n i t i a l l y ,  the  content of a lka lo ids  i n  the leaves  increased 

but l a t e r  i t  was l eve l l ed  out t o  the normal l e v e l ,  apparent ly,  

owing t o  the e f f e c t  of an enzyme system which regula ted  

the content and r a t i o  of alkaloids.  

Possible  transformation of b r e v i c a r i w i n t o  brevicol l ine  

was demonstrated by growing Penici l l ium on the s tandard 

cu l tu re  media containing brevicarine/25/.  This transforma- 

t i o n  due t o  c los ing  of t h e  alkylamine chain of the a lka lo id  

producing pyrro l id ine  r i n g  was repea tedly  observed i n  chemic- 

a l  transformations of brevicarin.  P ina l ly ,  we could observe 

r i n g  formation due t o  prolonged i r r a d i a t i o n  of the so lu t ion  

of brevicarinehydrochloride with the UV l i gh t .  I n t e r e s t i n g l y ,  

t h i s  process gave r i s e ,  f i n a l l y ,  t o  a  mixture containing 

only 2/3 of brevicol l ine .This  r a t i o  between the components is 

observed a l s o  i n  the p l an t  leaves. 



It is assumed t h a t  i n  b iosynthes is  the c3-carboline skele- 

t on  i s  produced by condensation of tryptophan wi th  ace t -  

aldehyde o r  i t s  biochemical equiva lent ,  namely, the  pyro- 

racemic acid /26/. !'le can mention the  glutamic ac id  as  

one of the precursors  of the  py r ro l id ine  r i n g  and t h e  

formic ac id  a s  the c o n t r i b u t o r  of the  methyl group. 

These compounds l a b e l l e d  with I4C mere used i n  the  exper- 

iments on b iosynthes is  of brevicol l ine / l5 / .  

The r ad ioac t ive  'orevicolline with the r e l a t i v e  content of 

0.01% was i s o l a t e d  from the Carex b r e v j c o l l i s  p l a n t s  grown 

on n u t r i e n t  s o l u t i o n  wi th  the add i t ion  of l a b e l l e d  t rypto-  

phan (DL-~- '~c ) .  Its oxidat ion yielded harman-4-carboxylic 

ac id  which r e t a ined  ~ r a c t i c a l l y  the t o t a l  r a d i o a c t i v i t y  of 

brev ico l l ine .Decarboxyla t ion  of the ac id  gave r i s e  t o  harman 

wi th  92% of the  i n i t i a l  a c t i v i t y  and carbon dioxide which 

contained p r a c t i c a l l y  no labe l .  These r e s u l t s  and the  loca- 

t i o n  of the  l a b e l  i n  the s t a r t i n g  tryptophan show t h a t  the 

l abe l l ed  carbon is a t  the  pos i t i on  3 i n  the 8-carbcline skel-  

e ton  of b rev ico l l ine .  

The l a b e l l e d  sodium pyroracemate (2-I4C) a l s o  gave r i s e  

t o  l abe l l ed  brevicol l ineand the l a b e l  was concentrated a t  

the C-methyl group. Oxidation accordins  t o  Kuhn-Rotk gave 

r i s e  t o  a c e t i c  ac id  with 91% of the a c t i v i t y  of brevicol l ine  

while decomposition of sodium a c e t a t e  gave r i s e  t o  barium 

carbonate wi th  98% of the  a c t i v i t y  of a c e t i c  ac id  and inac t ive  

methylamine hydrochloride. Thus, these  r e s u l t s  t e s t i f y  t o  

1 4  inc lus ion  of the CH3- C fragment of the  pyroracemic ac id  

i n t o  the 8-carboline system of brevicol l ine  wi th  the l a b e l  at  

t h e  pos i t i on  1. 
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On the whole, formation of the 5-carboline system of brevi- 

co l l ineagrees  wi th  accepted concepts on b iosynthes is  of the 

a lka lo ids  of t h i s  group. 

Experiments wi th  labe l led  sodium formate have shown t h a t  

i t  a c t s  a s  the precursor  of the  N-methyl group. Hovrever, the 

experiments wi th  the un ive r sa l ly  l abe l l ed  glutamic ac id  

produced ambiguous r e s u l t s  y i e ld ing  no suggest ions about i ts  

p a r t i c i p a t i o n  i n  formation of the pyrro l id ine  r ing.  

14 When l abe l l ed  ly s ine  (L-2- C) was added t o  the n u t r i e n t  

s o l u t i o n  i t  was determined only i n  which of the Carex alk- 

a l o i d s  t h i s  ac id  is pr imar i ly  incorporated. To do t h i s  the 

rad ioac t ive  precursor  was introduced v i a  the root  system 

t o  the  p lant  and then the  a lka lo ids  were i s o l a t e d  from it. 

The paper chromatography was used t o  separa te  the a l iquo t  of 

the so lu t ion  prepara t ive ly  i n t o  indiv idual  compounds and 

then the a c t i v i t y  of the appropriate  s i t e s  was measured. 

The predominant l a b e l  content was found i n  one of the minor 

a lka lo ids  (over 75% of the t o t a l  amount). 

This compound was found e a r l i e r  among the Carex a lka lo ids  

though i n  small  quan t i t i e s .  When lys ine  was added t o  the 

n u t r i e n t  so lu t ion  i t s  content was markedly increased. This 

compound was i s o l a t e d ,  i ts  molecular weight was found t o  

d i f f e r  from t h a t  of brevicol l inc ,by14 u n i t s  (mass-spectrum) 

and the  primary s i g n a l s  of the  fragmentary ions a re  s h i f t e d  

accordingly. The nature of fragmentation i s  s i m i l a r  t o  t h a t  

of brevicolline.The compound was ca l l ed  homobrevicollineand 

i t  has been suggested t h a t  i t  is the p iper id ine  analogue of 

the  p r i n c i p a l  a lka lo id  of Carex b r e v i c o l l i s  DC. (IX). This 



suggest ion i s  supported by the  well-known f a c t  t h a t  l y s ine  is 

the precursor  of the p iper id ine  fragment of many a lka lo ids .  

V I I .  Pharmacology 

The s p e c i f i c  pharmacological e f f e c t  of the a l ak lo ids  of 

Carex b r e v i c o l l i s  DC. i s  t h e i r  s t imu la t ing  e f f e c t  on the  

con t rac t ion  funct ion  of the  smooth muscles /27/. This e f f e c t  

i s  e s p e c i a l l y  marked i n  the case of brevicollineowing t o  

tvhich i t  is used i n  medical p r a c t i r e  a s  an o b s t e t r i c a l  drug. 

ldonohydrochloride of b r e v i c o l l i n e i s  used i n  the  form of 1% 

aqueous s o l u t i o n  f o r  i n j ec t ions .  There a re  some prospects  

f o r  us ing  the drug i n  v e t e r i n a r y  p r a c t i c e  f o r  t r e a t i n g  

i n f e r t i l i t y  of c a t t l e .  

Brev icar ined ihydrochlor ide  has a  weaker e f f e c t  on the smooth 

muscles than brevicol l ineand the re fo re  i t  has no app l i ca t ions  

ve t .  
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