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6 -Bromobrev ico l l i ne ,  6 ,8 -d ib romobrev ico l l ine ,  6 ,8 -d ib romobrev i ca r ine ,  and t r i b r o m o -  
b rev ica r ine  were  obtained by d i rec t  b romina t ion  of brev ico l l ine  and b r e v i c a r i n e .  6 - B r o m o -  
brevico l l ine  was isola ted f rom the mix tu re  obtained by bromina t ion  of b r ev i ca r ine  dihydro-  
chlor ide .  

Li t t le  study has been devoted to the b romina t ion  of f i - ca rbo l ine  der iva t ives ,  although the f i r s t  s tudies 
of this sor t  were  accompl i shed  by O. F i s che r  in the 1930"s. In pa r t i cu la r ,  the brominat ion  of ha rmine  was 
studied, but the posi t ion of the bromine  in the product  was not es tab l i shed  [1, 2]. 

The brominat ion  of brevicol l ine  with bromine  in acet ic  acid gives 6 -b romobrev ico l l ine  (I, the base)  
d ihydrobromide ,  the yield of which is r a i s ed  cons iderab ly  when brevicol l ine  monohydrochlor ide  is in t ro -  
duced into the reac t ion  instead of the base .  
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The bromina t ion  of brevicol l ine  hydrochlor ide  under  the conditions of b romina t ion  of ha rmine  [2] 
with an equ imolecu la r  amount of b romine  in sulfur ic  acid gives v e r y  low yie lds ,  and mos t  of the s ta r t ing  
alkaloid is r egene ra t ed .  

The 6 -b romobrev ico l l i ne  (I) fo rmed  by d i rec t  b romina t ion  is ident ical  to the product  obtained in [3]. 
I ts  IR spec t rum contains the absorpt ion  band at 605 cm -~ that  is c h a r a c t e r i s t i c  for  the C - B r  bond, but the 
band at 740 cm -1 (substituted benzene r ings containing four adjacent  CH groups)  that  is p resen t  in the spec -  
t r u m  of the s t a r t ing  alkaloid is absent ,  and a band at 810 cm -1, which co r re sponds  to a 1 ,2 ,4- t r i subs t i tu ted  b e n -  
zene r ing [4, 5], appea r s .  The UV spec t rum of b romide  I d i f fers  lit t le f rom the spec t rum of brev ico l l ine  
i t se l f  [6], but two new m a x i m a  appea r  at 203 and 238 nm, and a sma l l  ba thchromic  shift is observed .  

The m a s s  spec t rum of I is c h a r a c t e r i z e d  by the p re sence  of m o l e c u l a r  ion peaks  of equal  intensi ty 
with m / e  343 and 345; this r e f l ec t s  the na tura l  b romine  isotopic ra t io  and shows that  the substance under  
invest igat ion is a monobromide .  Peaks  of doubly charged  m o l e c u l a r  and f ragment  peaks  were  also r e -  
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corded.  Dis in tegra t ion of the m o l e c u l a r  ion leads to b r o m i n e - c o n t a i n i n g  f r agmen t s  that  a re  fo rmed  due 
to d is in tegra t ion  of the pyr ro l id ine  r ing,  but, as  in the d is in tegra t ion  of brev ico l l ine  [6], the ion peak with 
m / e  84 has the m a x i m u m  intensi ty.  

The me ta s t ab l e  ion peaks  conf i rm the p roposed  scheme of the t r ans i t ions .  

6 ,8 -Dibromobrev ico l l ine  is obtained by bromina t ion  of the d ihydrobromide  of I. The IR spec t rum of 
the brominat ion  product  contains absorp t ion  at 810 and 830 cm -t ,  which is c h a r a c t e r i s t i c  for  a 1 ,2 ,3 ,5-sub-  
st i tuted benzene ring, and at 600 and 685 cm - I  ( C - B r  bond). The m a s s  spec t rum is c h a r a c t e r i z e d  by th ree  
m o l e c u l a r  ion peaks  with m / e  421,423,  and 425 in a configurat ion co r respond ing  to the isotopic b romine  
composi t ion  and by peaks  of the co r respond ing  f r agmen t s  fo rmed  v ia  a scheme analogous to the d i s in t eg ra -  
tion of I. 

The bromina t ion  of b r e v i c a r i n e  gave a mix tu re  of two products ,  which were  separa ted  by r e c r y s t a l -  
l izat ion f rom methanol .  The compound with a lower  ch romatograph ic  mobi l i ty  on pape r  co r re sponds  to the 
6 ,8 -d ib romobrev i ca r ine  composi t ion  (H). I ts  IR spec t rum contains an absorp t ion  band at 610 cm - t  ( C - B r  
band) and at 850 cm - t ,  which is c h a r a c t e r i s t i c  for  1 ,2 ,3 ,5-subst i tu ted  benzenes .  A group of m o l e c u l a r  ion 
peaks  with m / e  423, 425, and 427 is obse rved  in the m a s s  spec t rum of d ibromide II; this  indicates  the p r e -  
sence of two bromine  a toms .  A m a x i m u m  intensi ty peak  with m / e  44 (CH 2 = N - C H  3) is also obse rved .  Jus t  
as in the case  of  b r ev i ca r ine  [6, 7], the m o l e c u l a r  ion of 6 ,8 -d ib romobrev i ca r ine  undergoes  f ragmenta t ion  
through the alk-ylamino chain and gives a set  of M-15, M-30,  M-44,  M-58,  M-72, and M-84 f r agmen t s  con-  
taining two b romine  a toms  in the a rom a t i c  port ion of the molecule ,  as well  as f r agmen t s  with one bromine  
atom, which are  fo rmed  f rom the M + - B r  ion. 

The compound with higher  ch roma tog raph ic  mobi l i ty  contains  th ree  bromine  a toms  - t r i b r o m o b r e v i -  
car ine  (HI). I t s  IR s pec t rum  contains two absorpt ion  bands at 620 and 635 cm -1 ( C - B r  band) and an in-  
tense  band at 860 cm -l ,  which is c h a r a c t e r i s t i c  for  1 ,2 ,3 ,5-subst i tu ted  benzene der iva t ives .  The UV spec -  
t r u m  of t r i b r o m o b r e v i c a r i n e  differs  f rom the spec t rum of 6 ,8 -d ib romobrev ica r ine ;  this  is due to the effect  
of the s ide-cha in  b romine .  
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The m a s s  spec t rum of t r i b r o m i d e  III contains four  m o l e c u l a r  ion peaks  with m a s s  numbers  500-505 
and f r a g m e n t -  ion peaks  each containing th ree  b romine  a toms  and assoc ia ted  with c leavage of the a lkylamino 
chain. The p r e sence  of a peak with m / e  429 ([M-72] +) p roves  that  the th i rd  b romine  atom is at tached to 
the a - c a r b o n  a tom of the al iphatic  chain. Cleavage with the loss  of a b romine  a tom in the f i r s t  s tep occu r s  
s imul taneous ly  with the f ragmenta t ion  path desc r ibed  above; the m o s t  typ ica l  f r agment  r eco rded  at d i f fe r -  
ent t e m p e r a t u r e s  (even at 0 ~ is a group of peaks  with m / e  421, 423, and 425. 

Compounds I - IH were  isola ted ch romatograph ica l ly  in the bromina t ion  of b r e v i c a r i n e  dihydrochloride 
under  s i m i l a r  conditions.  The fo rmat ion  of 6 -b romobrev ico l l i ne  (I) f rom b r e v i c a r i n e  might  have been r e -  
p r e sen t ed  as p roceeding  through b romoamine  IV o r  b romide  V with subsequent  c los ing of the al iphatic  
chain to a pyrro l id ine  r ing with subsequent  b romina t ion  of the resu l t ing  brevicol l ine .  

Br 

C H 2 ( C H . ) . N <  Br I C I t ( C I I ~ ) 3 N I t C H  3 
I " ~ CH  a J - 

U I 
C1-13 It I 

CH 3 

I~'/ V 

However ,  we were  unable to r e c o r d  in t e rmed ia te s  IV or  V. 

We obse rved  s i m i l a r  cycl iza t ion in the ni t ra t ion of hydroxybrev ica r ine  [8]. The di rec t  t r ans i t ion  
f rom b rev ica r ine  to brevicoUine by means  of m i c r o o r g a n i s m s  was recent ly  accompl ished.  
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E X P E  R I M E N T A L  

The IR spec t ra  of KBr pellets of the compounds were recorded  with a UR-10 spect rophotometer .  
The UV spect ra  of ethanol solutions were recorded  with a Specord UV-vis spect rophotometer .  The mass  
spec t ra  were obtained with an MS-1302 mass  spec t romete r  with direct  introduction of the samples into 
the ionization chamber  at a hea te r  t empera tu re  of 100-150", an emiss ion  cur ren t  of 20 mA, an acce le ra t -  
ing voltage of 3 kV, and an ionizing voltage of 40 eV. The pK a values were determined by potentiometric 
t i t ra t ion of 0.01 M solutions of the substances with 0.1 N hydrochlor ic  acid in 67% dimethylformamide (DMFA) 
with a pH-340 pH-mete r -mi l l ivo l tme te r .  Chromatography was accomplished with activity III aluminum 
oxide in columns and on plates with a loose layer  of activity HI A1203 (the solvent for the plates was chloro-  
form containing 5%methanol). Ascending chromatography on paper  (Leningrad slow filtering) was accom-  
plished with n - b u t a n o l - a c e t i c  a c i d - w a t e r  (10 : 1 : 5), organic phase. 

.6-Bromobrevicoll ine (I). A 1-g (3.3 mmole) sample of brevicoll ine monohydrochlor ide was dissolved 
in 25 ml of 50%acetic acid, and 0.4 ml (7.3 mmole) of bromine was added to its dropwise with vigorous 
s t i r r ing .  The resul t ing b r i ck - red  precipitate of the dihydrobromide of I was removed by fil tration and r e -  
c rys ta l l ized  from methanol to give 1.4 g (83.4%) of a product with mp 270-272% 

Base I was obtained by t rea tment  of an aqueous alcohol solutions of the salt  with 25%ammonium hydro-  
xide. The yield of shiny co lor less  c rys ta l s  with mp 240-242 ~ (from methanol) was quantitative. A mixture 
of this product  with 6-bromobrevicol l ine  obtained by the method in [3] melted without depress ion at 240- 
243 ~ . 

The samples were identical with respec t  to the i r  chromatographic  mobili t ies (Rf) on paper  (0.58) and 
on plates (0.67) and with respec t  to the i r  IR spect ra .  UV spectrum,  )'max: 203, 240, 248, 258, 285, 294, 
350, and 364 nm (log e 4.15, 4.58, 4.58, 4.42, 3.75, 3.08, 3.60, and 3.66, respect ively) .  PKal 6.64~=0.02, 
PKa2 3 .54"  0.03 [9]. 

Similarly,  0.38 g (45.5%) of 6 ,8-dibromobrevicol l ine  hydrodromide,  with mp 254-256 ~ was obtained 
from 1 g (2 mmole) of the dihydrobromide of I in 25 ml of 50%acetic acid by brominat ion with 0.3 ml (5.5 
mmole) of bromine. Found: N 8.4%. CI~HI~Br2Ns. HBr. Calculated: N 8.3%. Rf 0.62 (A1203). IR spec- 
trum: 600, 685 (C-Br), 810, and 830 cm -i (l,2,3,5-substituted benzene). UV spectrum, )'max: 205, 238, 
247, 258, 286, 294, 350, and 364 nm (log e 3.96, 4.40, 4.38, 4.26, 4.11, 4.31, 3.93, and 3.98, respectively). 
pKal 6.05 ~-0.02, and PKa2 3.46 ~:0.03. 

6,8-Dibromobrevicarine (II). A 0.38-mi (7 mmole) sample of bromine was added dropwise to a solu- 
tion of I g (3.3 mmole) of brevicarine in 25 ml of 50%acetic acid, and the mixture was allowed to stand in 
a refrigerator. The resulting precipitate of gold-yellow needles was removed by filtration and recrystal- 
lized three times to give 1.46 g (66.7%) of white crystals of 6,8-dibromobreviearine dihydrobromide with 
mp 269-270 ~ Found: N 7.2%. C1?HIgBr2N 3. 2HBr. Calculated: N 7.2%. UV spectrum, kmax: 203, 242, 
248, 282, 293, 350, and 364 nm (log ~ 4.33, 4.57, 3.92, 4.01, 3.79, and 3.77, respectively). 

The action of a concentrated alkali solution on a hot aqueous alcohol solution of the salt gave a greenish 
resin; the solution was decanted from it, and it was washed thoroughly with distilled water and treated 
with ether. White crystals of II with mp 153-155 ~ precipitated from the ether solution. Found: C 48.1; 
H 4.8; Br 36.8; N 10.2%. CITHIgBr2N 3. Calculated: C 48.0; H 4.5; Br 37.6; N 9.9%. UV spectrum, kmax: 
205, 242, 249, 283, 293, 350, and 366 nm (log e 4.45, 4.48, 3.88, 3.96, 3.78, and 3.85, respectively). PKal 
9.58~:0.01, PKa2 4.93 ~0.02. 

Tribromobrevicarine (III). The methanol mother liquor from the recrystallization of II was evapor- 
ated, and the resulting precipitate was dissolved in water and treated with concentrated sodium hydroxide 
solution. The resin that formed was extracted with hot benzene to give 0.18 g (10%) of colorless crystals 
with mp 187-188 ~ Found: C 41.1; H 3.4; Br 47.6; N 8.8%. CITH~sBr3N 3. Calculated: C 40.5; H 3.6; Br 
47.6; N 8.3%. UV spectrum, kmax: 253, 286, 295, 357, and 371 nm (log e 4.13, 3.52, 3.42, and 3.48, re- 
spe ctive ly). 

A 1-g  (2.7 mmole) sample of breviear ine  dihydrochloride was brominated with excess  bromine as in 
the case of I-III .  The react ion product was separated,  r ec rys ta l l i zed  f rom methanol, dissolved in a small  
amount of water,  and t rea ted  with concentrated alkali solution. The result ing res in  was washed with water,  
dried on a watch glass,  and dissolved in a smal l  amount of alcohol. Aluminum oxide (1 g) was added, and 
the methanol was evaporated.  The res idual  mixture was t r a n s f e r r e d  to a column filled with 10 g of the 
same adsorbent  and eluted with benzene containing 1% methanol to  give 0.4 g(39%) of 6 ,8 -bromobrev icar ine  
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0.3 g (24%) of 6,8-dibromobrevicarine (II) and 0.3 g (200/0) of t r ibromobrevicar ine (HI). The isolated bro-  
mides were identified from their melting points, chromatographic mobilities, and UV and IR spectra.  
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