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In view of the pecul iar  structure of b r ev i co l l i ne - - l -me thy l -4 - (N-me thy l -2 -py r ro l i dy l ) - / 5 - ca rbo l ine  (I) [1, 2], it 
was of  interest to study the mechanism of its biosynthesis. 

Table  1 

Results of Experiments on the Introduction of Radioactive Preparations 
into Carex brevicol l is  

Preparation 

DL-[ 2-14C ] tryptophan 

sodium [ 2-14C ] pyrotartrate 
L-[ 14C ] glutamic acid 
sodium [ 14C]-formate 

Amount Dilu- 

~Ci : mg 'don* 

0.25 I 1.30 

0.50 /20.20 
0.50 I 1.15 
0.50 [ 4.00 

13.6 

6.5 
21.8 
23.9 

N u m -  
b e r  of I 
plants 

12 

20 
14 
23 

Amount Specific acti- 
of brevi- vity, counts/ 
eolline 
isolated, min/mmole • 
mg • 105 

20 

52.8 
12 
26 

6.30 

6 . 7 9  
0.824 
0.594 

Specific 
incorpor- 
ation**, 
% 

0,010 

0.017 
0.0009 
0.012 

* The di lut ion was defined as amount of brevicol l ine  after dilution, mg 
amount of  ac t ive  brevicol l ine isolated 

** The specific incorporation is defined as number of counts in the brevicol l ine  isolated 
total  number of  counts introduced into the plant" 

Wel l -known ideas [3, 4] give grounds for assuming that the B-carboline skeleton arises by the condensation of 
tryptophan ( t ryptamine)  with ace ta ldehyde  or its b io logica l  equ iva l en t -py to t a r t a r i c  acid.  The pyrrolidine grouping, by 
analogy with nicot ine,  which has the same structural fragment,  can be formed from glutamic  acid,  and the N-methy l  
group from formic acid.  

Table  2 

Absolute and Relative Activi t ies  of  the Compounds Obtained 

Preparation introduced Compounds obtained 

Activity 

counts/rain/ Ito the activity 
mM• 10 s ]of the brevicol- 

! line 

DL-[ 2-14 C ] tryptophan 

[ 2-14 C ] pyrotartaric acid 

L- [ U- 14 C ] glutamic acid 

Sodium [ I4C I -formate i 
i 

Brevicolline* 
Harmane-4-carboxylic acid 
Harmane** 
Barium carbonate 

Brevicolline * 
Acetic acid * * * 
Barium carbonate 
N-Methylbenzamide 

Breviconine* 
Harmane-4-carboxylic acid** 
Harmane** 

Brevicolline* 
Trimethylammonium iodide 

6.30 
6 . t7  
5.80 
0 

6.78 
6.44 
5.92 
0.13 

0.82 
0.51 
0.42 

0.59 
0.52 

100 
98 
92 

0 

100 
95 
87.3 

1.9 

100 
61.4 
50.7 

100 
87 

* Measured in a toluene scint i l la tor;  ** in a d ime thy l su l fox ide -d ioxane  scint i l la tor  
( 1 : 9 ) ; * * * i n  the form of a -naph thy lace t amide .  

To confirm the above, .experiments with labe l led  substances have been carried out. From the plant  Carex brevicol-  
li_! DC grown in a nutrient solution containing DL-[2-14C] tryptophan, rad ioac t ive  brevicol l ine  with a specific incorpora- 

t ion of 0.01% was isolated (Table  1). Oxidation of the la t te r  gave ha rmane -4 -ca rboxy l i c  acid  (II) containing p rac t i ca l ly  
a l l  the ac t iv i ty  of  the brevicol l ine .  The harmane (III) formed by the decarboxyla t ion of the acid,  had 92°]0 of the ac t iv -  
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iodiIl~ ¥~fFt~ i i I l t a $ 1 i t l 0 d v i d ~ l l ~ I n l ~ t e i l l ~ h e h h a ~ l r b d t h o ~ t D ~ g a ~ s : , § u ~ ~ u ~  ~rill:t~llIerflTher¢o~llll~c.~ttlllgl~at.ion 

b r e R i ~ t l ~ a ~ r n  al~ea~uolXo~h~b~eN~¢ri~flle~ ~ e  t~Jal:h~alfioal ~faflienetlte0h wts M ~ m + m i m l e d n f i i o r l t e f l ~ r ~ ~  fchghereliabil- 
UV $le)g~nt~fethcu~tle~gtll~h~hl~a~m~ralfOimtellty pure brevicol l ine  was diluted with a known amount  of  an inact ive  
sample.  The rap, UV and IR.sRectr~, and ch~omatograms of the brevicol l ine  ~bta ined a~reed with those.for an authentic 
sample  'th~fi~eX°~tacot~v~t¥ t ~  t~e suostar~ceg~n.tne, e-xpenm~t~s, is , ~ e  to . m e j a c t  tnat tFe m D e m a m a t e r l a t s  en:ereo through 

~ t, . e om ounas O talnen w 8 e taDllSnefl In s lmi la  mann 
the roots. Sodz~n I2-  4~] pyrotgrtrate N o  prove~aSo ~e a source o~acuverbrewc~e~ihe.  In the dis t i l la te  after its ox~da- 
t i ~.. ~ t i o  n t ~  b ~ t ~ o t ~ l ~  d~r~icf~t l i~a(dg~a-~y ~ a ~ o  N ~ a  ~ ~rith folgom~gxan~#tt~h~ll~cla~alal i t~[Nlas~] c ~-i~in e d 

the 0 I ~ t i f f ~ e a r ~ e v ~ y t o ~ a ~ h p r l ~ p i e a ~ i o ~ . b ~ h m ~ t ~ m t n ~  ~fas _ r s~ ip_mmag~ayeehg t t i f fm~  thec~atf.c/d 8Ot~ hk~ium 
p r e c d p ~ I x f l t t ~ g r / t ~ ' } + t t i a  l~ei~r~noSftl:arkomti~ l ~ d g ~ g n t . p m - n ~ n a t l t l ~ ¢ ~ a ~ e 0 t ~ l ¢ l t ~ f ~ l ~ a t l D l ¢ ~ f i ~ a t e d  in 

vacuum to 10 ml.  Acidi f ica t ion  of the so[ut ionwith  .~ulfuric acid  gave a vellow.~recApitate~of haxmane-4-carboxvl ic  
- c i d  ""~ ,,T_he~e,4ggp~mental.gesul~s cor~l$~ tgat In toe ca.se, oLtNrex nrevlc911ts u %  me o-carnoaxne sKein:on arises :rom 
a ,trw~o~na-nt'~u'v ,rag1 and  pvro~artanctS~l' s n q  esrennca,tac~On o~ t u ) m m  memanoi  in the p~e~u ,~  o~ ~ulfuric ac id  formed methyl  ha rmane-4-  
carDoxy~ate. ~ " 

DecHrabhn ~t a j .  hay9 shown [8.] tha~ trg.p~amir~%,.hy cgndensin~ with enolized a -ke rn  ac ids ,  forms te t rahydro-3-car -  
a'Dox non o r n a  man - ~ - c a r a  c [ a sus e on o m o II nd " bo . . . . . . .  ~ta2 . . . . . . . . . .  ~ . . . .  ~ . . . . . . . .  %xYgg_~..~a__ ~9_- _ a 30 o . 

o o n z e : n ~  m. t o $  a~ama on  was. e a e a a t 2 . 0  ~ m  cu ent rt e n f o r  5 m . . brewooll ne   expe  ments introduction  ?g yro ar ra d the plant perm.s the assumption 

62%) was f i l tered off and washed with water, ethanol_ and ether 
When the plant  was grown on a nutrient sotunon containing labeled sodium formate,  we again obtained radioac t ive  

b ~ b f ~ i ~ r o ~ l ~ e e ~ ¢ t ~ o a , s l ~ h e i f J ~ i c l ~ J ~ m a ~ o m o f e ~ t D ~ i ~ e f f ~ ~  offe~fie~e a ~ f ~ } f ~ q ~ r ~ 4 ~ e l ~ ] ~ l ~ i ~ 1 $ ~ t ~ a ~ h o d  

with[51~lhTglmlehlloric~la~dh a l i l d I l g a ~ 6 ~ g u ~ l  I g g ~ a l h ~ d ' r i ~ d g q ~ l ~ l ~ i l ~  with ammonia  and extracted with ether. ~ : 
The e thereal  solution was again  treated with hydrochloric acid and the alkaloids from the aqueous solution were extrac-  
ted with chloroform. The residue after the e ~ i x ~ a t i o n  of  the chloroform was chromatographed in a layer  of a lumina in 
the b e n z e n e - m e t h a n o l  (97 :3 )  system. The ~q~'&i"f~i~th R~ 0.9.7 w a s ~ e d  with ether,  and the solvent was evaporated 

o f f .  This gave 21.4 mg (62.60/0)of ~ . ~  ~ ' %  

Oxidation Of brevicolline by . ,~e~~method~l~t~' " ~ t  brevico'l~m?~60~O~;; m" i0 ml of 2 N sulfuric' 
acid  was added to a stirred solution of  c h r ~ n i e c ~ y d r i d e  (2.0 g~ in  sfilSuric ac id  (20 m~l) an~n~he mixture was heated for 
2 hr. Then dis t i l la t ion with s team in a c~rrent of  nitrogen gave l~p ml  of  a dis t i l la te  V~ich was neutral ized with 0.5 N 
caustic soda and evaporated to dryness (30 mg). The presence of  sodium ace ta te  was established bypaperchromatography  
[9]. For measurin~ its ac t iv i ty ,  the ~od" a c e t t e  a o verte i to the a - n  th ine der 'va t i  e 

Thus, file part o~ me brev:cao: :~ne mo~cu~V~ ~I~ :~own ~y~eavy hnes~otrhnYul~ar~ar:ses ~rom Y~y~ohan. Carbon 

a t ~ g m d a N o M a o ¢ t i m ~ e m - a f l d ~ h N e  8¢ t imi l i t c~¢~dne [~va3~¢~©l~ l~ t~ r ; i~  ¢ ~ e i e d r ~ t  N i ~ p ~ r r ~  ~-fe4t~-igreethyl 
s o d i ~ u p c ~ N i N  f o ~ i t e o n c e n t r a t e d  sulfuric ac id  and 50 ml  of sodium azide.  

The ~ g h ~ o n ~ l ) v k s  l~ed~t 6A ~ - n ~ m  lb ra~idf ~ba~ii.~ ~ o ~ t a ~  (~ 7~ ~ l ) ~  ahd htl~v m e t l ~ l ~ i ¢ l t ~  ~lgql~af~mC~lDC i fic 
m e t ~ b c ~ i ~ ( ~ . @ J ) ~ b ~ s 2 ~ b t a i n e d .  This does not permi~ an unambiguous conclusion that this acid  is a precursor of the 

pyrrol idine ring in brevicol l ine .  
Conclusions 

Expe~i~e_nral 
~. ~ . . . . . . . . .  - [9.-~4C] tryptophan, sodium [2-14 C] pyrotartrate,  sodium [X4IC]- formate,  !and universally labeled L- [,4(;] 

g lu tamic  aCl~l~l ~ t  e ~ t i t ~ l  u~egh t i~e l~k  alie~ ~ o m i n a y m ~ m n i a t / m ~ ~  ~ s  ~ ~ ~ | ~  ~ ~ b t  ~ . U R -  10 

sp ~ t r ~ ~ e l l ~ d I N ~ k ~  q ~ ] I a l ~ e ¢ ~ e  lteeem~i~eab ~ ~l-mnN-t~hN~ili~tiq~ixl e~yi mS k l ~ i b m e v ~ e  ~ l ~ e a ~  tai  n- 
sodi~l~g f 3 N f ~ o ~ O f l ~ l ~ l o ~ t l ~ e l ~ - l l ~ h F t d g i ~ o ~  i ,  4-bis(5-phenyl-2-oxazolyl)benzene(POPOP),  and 2) in a mixture 

ofa~ioT~drg41~ltlltiatla~f ~ l ~ 9 1 o . b ) e t ~ d ~ t r i g ~ t t ~ m i t ~ c a o ~ i e & ~ s t a h l e l ~ & ~ ' / m c g m a p h f i ] b l s n o e s ( ~ / ~ ~ f  ahd t~I~Sa]o of 
of  t ~ ) p O ~ . ~ s o r  in the biosynthesis of  brevicol l ine .  

REFERENc~hromatography was carried out in a thin layer  with a lumina (neutral,  ac t iv i ty  grade II), and in a fixed layer with 
~ W o e l m  (neutral).  

1. a) . y .  Terent  ,eva, in the co l l ec tmn:  Alkalmd-Bear~lag Plan~.of  Moklawa [In Russ:an]., Kishmev, p. 2 1 . .  
1,,6 ̂  ,_, pm~Zoq, u ct~pn o t . t t ~  ae j ive  p~ecursors~a~o gx t~c t io~  o/,oI'ev~£941~p.~. At~e.r me.qlattin~.o.ytne root~., pkanks.~r toarex 

u; o~ . . ~cm~c- a z. v ,  ~ c g .  qva, an . . . . . .  azuz ~-¢;bai,...,~, o,t,onem~s~ry Or ~ a t u ~ l  qmmpounosl, a .  z ~  - " 7  
196~rev ico l l i s  DC conec te~  in me t<isninev region were grown Dy me nyaropomc memoo m a solun(rn containing u.n g or 

c a l ~ i u ~  r~ra~.lle0fi2~ of mon~oatassiuth ~h~halat.e_ 0 R~oLma~ngs i~ro~ul fa t~ , .  0~2 Z oi~ pq~0~sium nitrate ,  OA ~ of 
• . now, m i n e  o e n o n : ~ t g a o m - t ~ e ' n  v±a igor  ~ v a [ i n  u.~ian s mev p. 49 196ff; 

i~otassium chl~id.e ,  and  0.0~.g ~!~ ferric.cbaori~e ~n ~#~n~hl o~:w.0.~er~.q~ ~a~ys. T~e rooat§ o r ~ e  wml-:lev~lope plants 
M. . ~v:asn~ovsm~, ~vre9%clnaA ~u~stances,tm tq~ssmn], moscow, p, ~, Aup.4._ _ . . . . . . . .  

were ae .a i~snar tenea av ~.-Z.cm ano me  radioa~tlveDr~nar~.l.ron !~a.~aaeaea to the smunon (m . t m t  oI water for one 
~. *~. omes ana re. ~. ~cnutte, Angew. unemle, 7"o, ~'lo, J.st~. 

pla t) ~. "E. Leete, J. Amer. Chem. Soc . ,  82, 6388, 1960. 
5. l~fth©e~,hr~.t l~hnladie~ndo~tNil lr~l~,a~d~l~gzChh~mi t$~pla~g,wg~t~gv~968.it  for another six days. Then the 

pla~t ~ s l~a~£~dlt~I~tIhl~i~lgtl~lVaea[~g~OP~tgl~nt~12olgttn~Jl~I~ ~ t l l ~ i f ~ , l  ~t~lltll~h~i~ttgt0~ ~ .5~ / i~ .o f  chloro- 

scha{'g~fh, B~l~,x t$~t~e~tg~e mixer for 2 min. The suspension was left  for 24 hr and the chloroform was separated off. This 
t r e ~ r n ~ n t P . a a $ C ~ ; e l ~ i ~ k t ~ o t D ~  ~il~ifltNpllllgaIliNg~nr6tleIltillrlllld t ~ i l ~ g t l ~ t ~ h e ; e ~ i ~ g ~ s  lq~mtfl- with 

scha~r~l l~NlSgnz~3% ~qf~6zhe alkaloids were extracted with 0. Sffo of hydrochloric acid  (5 • 20 ml).  The acid  extract  was 

made  a lka l ine  with ammonia  and ext rac ted  with ether (5 • 20 ml).  The ether was driven off and the residue was chro- 
matographed on a layer  of a lumina in the b e n z e n e - m e t h a n o l  (98 :2)  system. After the spots had been revealed with 
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iodine vapor, in an individual sample the band with R~ 0.19 was cut out and eluted with ether. The concentration of 
brevicolline in an aliquot of the residue after the evaporation of the ether was determined from the eminction in the 
UV region of the spectrum. Chromatographically pure brevicolline was diluted with a known amount of an inactive 
sample. The mp, UV and IR spectra, and chromat0grams of the ibrevicolline obtained agreed with those for an authentic 
sample (the identity of all the compounds obtained was established in a similar manner). 

Oxidation of brevlcollLue. Brevicolline (100 mg) was oxidized with chromic acid as described previously lib], with 
the ordy difference that the precipitate of barium chromates was separated by centrifuging and ~the solution after the 
precipitation of the Ba ++ in the form of carbonate (reagent--ammonium carbonate) and filtration was evaporated in 
vacuum to i0 ml. Acidification of the solution with sulfuric acid gave a ye~ow precipitate of harmane-4-carboxylic 
acid (10.9 nag) (If). The esterification of (If) with methanal in the presence of sulfuric acid formed methyl harmane-4- 
carboxylate,, 

Decarboxylation of harmane-4-carbox)rlic acid (11)o A suspension of 26.5 mg of (II) and 300 mg of fine copper 
bronze in 3 ml of paraffin oil was heated at 250* C in a current of nitrogen for 5 min. 

The carbon dioxide was trapped with a saturated solution of barium hydroxide. The barium carbonate (14.1 mg, 
61%) was filtered off and washed with water, ethanol, and ether. 

After t ae reaction, the suspension was cooled, diluted with 10 ml of ether, and filtered. The filtrate was extracted 
with 1% hydrochloric acid, and the aqueous acid solution was made alkaline with ammonia and extracted with ether. 
The ethereal solution was again treated with hydrochloric acid and the alkaloids from the aqueous solution were extrac- 
ted with chloroform. The residue after the evaporation of  the chloroform was chromatographed in a layer of alumina in 
the benzene--methanol (97:3) system. The section with R~ 0.27 was e luted with ether, and the solvent was evaporated 
off. This gave 21.4 mg (62.5°70) of harmane. 

Oxidation of brevieolline by the Kuhn-Roth method. A solution of hrevicolline (260 nag) in 10 ml of 2 N sulfuric 
acid was added to a stirred solution of chromic anhydride (1.0 g) in sulfuric acid (20 ml) and the mixture was heated for 
2 hr. Then distillation with steam in a current of nitrogen gave 100 ml  o f  a distillate which was neutralized with 0. 5 N 
caustic soda and evaporated to dryness (30 mg). The presence of sodium acetate was established bypaper chromatography 
[9]. For measuring its activity, the sodium acetate was converted into the a-naphthylamine derivative [5]. 

Degradation of sodium acetate by the Schmidt reaction [7]. The reaction was carried out with 25 mg of active 
sodium acetate in 1 ml of concentrated sulfuric acid and 50 ml of sodium azide. 

The carbon dioxide was isolated in the form of barium carbonate (75 mg) and the methylamine in the form of N- 
methylbenzamide [10] (Table 2). 

Conclusions 

1. When DL- [2-14 C] tryptophan, sodium [2" 14 C] pyrotartrate, sodium [14]C]- formate, ~and universally labeled L- [14C] 
glutamic acid were introduced through the root system into Carex brevicollis DC, active brevicolIine was obtained. 

2. Tryptophan and sodium pyrotartrate are precursors of the tS-earboline moiety of the brevicolline molecule, and 
sodium formate is a precursor of the N-methyl grouping. 

3. The introduction of universally labeled L-glutamie acid does not lead to an unambiguous indication of the role 
of this prectJxsor in the biosynthesis of brevicolline. 

~ E F ~ m ~ C E S  

1960; 
1967. 

M. D. 

51 
6. 

schafren, 
7. 

schaften, 

1. a) I. V. Terem'eva, in the collection: Alkaloid-Bearing Plant~ of Moldavia [in Russian], Kishinev, p. 21, 
b) P. A. Bember, L V. Terent'eva, and G. V. Lazur'evsMi, KhP$ [Chemistry of Natural Compounds], 3, 249, 

2. V, M. Chemov, in the collection: Alkaloid-Bearing Hams of Moldavia [in Russian], Kishinev, p. 49, 1960; 
Mashkovskii, Medicinal Substances [in Russian], Moscow, p. 88, 1964. 
3. K, Mothes and H. P.. Schutte. Angew. Chemic, 75, 370, 1963. 
4. E. Leete, LAmer .  Chem. Soc., 82, 6388, 1960. 

E, Leete, A. Ahmad, and I. Kompi~, J. Amer. Chem. Soc., 87, 4168, 1963. 
H tL Sehutte, l~dioaktive Isotope in der organischen Chemic und Biochemie, Deutsche Verlag d. Wissen- 
Berlin, 154, 1966. 
H~ P.. Schutte, P.adioaktive Isotope in der organischen Chemic und Biochemie, Deutsche Verlag d. Wissen- 
Berlin, 183, 1966. 

34 



8. G. Hahn, L. Barwald, O. Schales, and H. Werner, Ann. 520, 107, 1935; G. Hahn and F. Rumpf, Ben, 71, 
2141, 1938. 

9. E. P. Kennedy and H. A. Barker, Anal. Chem., 23, i033, 1951. 
i0. E. Leete, H. Gregory, and E. G. Gross, J. Amex. Chem. Soc., 87, 34q5, 1965. 

4 December 1967 Institute of Chemistry, Slovak AS 

Institute of Chemistry, ASMoldav$SR 

35 


